
¿ 
'(___ 

_,. 

FACUL TAO .;E iN~ENÍ~RfA-ú,.....,"'"'"" 
DIVISIÓN· DE EDUCACIÓN .CON TI N·.UA . 

' . - -- ... ~: ... - ' 

"Tres décadas lile. orgullosa excelencia'" 1S71 -· zillo1·. 
- ·- .. ~:·(:.;~;·¡ 

~URSOS 1 N S-T 1 T U C 1 .O N ·A. L E S 
'~' ' . ;., . -:., :~ " '· ' 

DIPLOMADO EN., MEDICIÓN DE 
IDDROCAIUlURO~ _· · .. 

MOD. Ill SISTEMAS DE_,GASNATURAL Y L.P.G. 
·: .. : 

Dell5all9deoctubrede200l 

APUNTES 

;' 

GENERALES 

... 

lng. Javier Valencia Fígueroa 
lnstitUío:MeXicano del Petróleo 

Re y n:os a 
Octubre !2S&I 

. ' 



/~ 
' 

¡ 

.. · .. ' 

DIPLOMADO DE M~DICION DE HIDP.OCI:.P.EUP.OS. 
SISTEMAS DE MEDICION DE GAS MATUPJI.L BAJO MORM.4 API. 

CONTENIDO. 

1. RESUMEN DE PROPIEDADES Y LEYES. . 1. 
2. CLASIFICACIOH DE MEDIDORES DE FLUJO. 12. 
3. PARTES Y OBJETIVOS DE UN SISTEMA DE MEDICION DE. 15. 

GAS NATURAL. 
4. CAPITULO 14. MEDICION DE FLUIDOS DEL GAS NATURAL. 21. 
5. ECUACIONES GENERALES Y LINEAMIENTOS DE. 22. 

INCERTIDUMBRE. 
6. ESPECIFICACIONES Y REQUERIMIENTOS DE INSTAL.I.CION. :;2. 
7. APLICACION DEL ESTANDAP. EN LA MEDICION DE GAS. . !8. 

NATURAL. 
8. RESUMEN 14.2. FACTORES DE COMPRESIBILID~.D PAR~t 4~. 

GAS NATURAL Y OTROS GASES DE HIDROCARBUROS. 
9. RESUMEN 14.5. CALCULO DE LA CAPACIDAD CALORIFICA. 54. 

BRUTA. DENSIDAD RELATIVA Y FACTOR DE COMPRESIBILIDAD 
PARA MEZCLAS DE GAS NATURAL A PARTIR DE:: UN ANALISIS 
COMPOSICIONAL. 

10. RESUMEN 14.4. CONVEP.SION DE MASA DE LIQUIDOS Y. . 58. 
VAPORES DE GAS NP.TURJI.L A SU EQUIVALENTE EP! VOLUMEN 
LIQUIDO. 

11. RESUMEN 14.1. RECOLECCION Y MANEJO DE MUESTRAS. 58. 
DE GAS NA1'URAl PARA TRANSFERENCIA DE CUSTODIA. 

12. RESUMEN 14.6. MEDICION CONTINUA DE DENSIDAD. 62. 
13. RESUMEN 14.7. ESTANCAR PARA LA MEDICION. DE MASA. 67. 

DE LIQUIDOS DE GAS NATURAL. 
14. RESUMEN 14.8. MEDICION DE LPG. e9. 

APENDICE A. CAP!TULO 14.3.1. GENEP.AL EQUATIONS AMO 
- UNCERTAINTY GUIDELINES. 

APENDICE B. CAPITULO 14.3.2. SPECIFICATION ANO INSTALLATION 
REQUIREMENTS. 

APENDICE C. MODIFICACIONES DE NORMA 14.3.2. 
APENDICE D. CAPITULO 14.3.3. NATURAL GAS APPLICATIONS. 
APENDICE E. CAPITULO 14.8. LIQUEFIED PETROLEUM GAS 

MeASUREMENT. 



.. , 

_,_ 

14 ESTÁTICA DE FLUIDOS; 

Densidad de una mezcla dt líqu~s zdeall!s 

'· ' I -
La densidad de una m.,zcla d., líquidos id.,al.,s (aqudlos qú., al me•cla.-.., 
no' r.,rluc.,n sn volnm.,n) pu"d" calculane a parlir d.,: · 

_,-- 1 

pmezcla 

"" . :' 

~ x, 
+,-:¡;---_+ 

PI P'J-
,.; . + 

X" == fra~ción, ~a~a d,_el líquido n. 
p,. = den~idad del uquido puro n. 

. ' 

Demidad en los gases 

x • 
P. 

·- .,, 

Ji. 

La manera común de obtener la densidad de un gas es a_ travi:s de una 
ecut~ciún de estado que rel=lciona su ¡}'resión'; temperatura, y volumen. Lns 
ga-"e-" ideales obedecen la eCu3ción: 

11RT 
/11 

presiéu1( =-)ML _, e-2 l'l' = --RT !' 
1'111 1' volumen(= )L5 

·M T = temperatura(= )T 
fJga~ :v; . '1 ~ R.- cónstante de los gases 

., - (tabla•H, apéndice) 
n número de moles 
M masa (=)M 1'-l'M 

pga~ PM peso molecular(- )M mol·-' 
RT 

Loe; ~;p;r~ siguen e,.~a ley a lef!1pcralur3s reducirl;n·maynres de 2 y a pre· 
siont"" reclu<·irlas menores de l. es decir, 3 presioneS menni-es de 10 atm 
\- rcmperaruras rnayoreo¡; a fi",C. -

!' T p, 
" h = 

, __ .¡· 

'.• i)r [e 

pr eo¡;iún reducida ( =.) adimcno¡;ional 
prc\IÚil nílira (=) ~rr.-l n-'1 (=) FL-l 

lcmperalura 1ecludd;l f =) oulimf"n'iional 

Tr ~empct·"""" n íwa ( =) 1 

--

( 
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E) PLACA DE ORIFICIO 

Esta es 1~ forma más común de reducción del ár~a de circulación para producir diferencia 
de presiones y sus caracterfsticas son: 

a) Máxima pérdida de presión permanente. 
b) Es el más comúnmente usado. 
e} Más fácil de instalar. 
d) Fácilmente reproducible. 
e) _B~_quiere inspección periódica. 
f) Es el de más bajo costo. 

Este tipo de elemento primario de medici6_n para medir flujo es una placa delgada de me· 
tal con una abertura generalmente redonda y concéntrica como se muestra en la fig. 1·21. 

Pl~tee de orificio y unlbn de brida. (Cor· 
tesfa The Bristol Co.) 

o 
Orificio concéntrico 

FIG. 1 · 21 

Orificio sqmenbll 

FIG. 1 · 21A 

'I~~C.r rl 1 O"lficio tipo o_..i•l. CCortetf• 
de Oaniellnc.l. 

o 
Orificio exctntrieo 

CConnla The Foxboro CoJ 
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Dale ollasue: July 1991 
Aflecled Publlcallon: Manual of ,.,lroltmm Mt!nsu,.~mr.lll Standards, <.1mplcr 1~ • 

''Natural Ga-; Fluids Meaanrement,"' Scctinn 3, ''Concr.ntrir., 
:lqnnrr.-r-.dgcll Orintc Meter.t," r:ut l, "Genenll!qU:lllnrt.~ Rnd 
Uncertainty Guit.lelines," 111irc.l P..dition, Sertemher 1 C)C)O 

ERRATA 

On png~ 2, Fonlnntc 1 .shmtld n:ad a.sfo/lnw:r: 

1 Ametft.:un Nl'lliunal S1~ds fn~tlitute. 11 West 4lnd Sucet., New YDfk, New Yort I003fí. 

Utr pnR~ 3, /•~iRWC 1-1 .thortld OfJptmr n.s fo/lnw.s (lhal ir. lhe lellers PB .shoultl bt' u.sed 
tn repre.senttlzc downstrcam static prcs.mrc clcmcnt}: 

8 Ce) ':\ 
es~~ ~ 

~>~~-1· G) ~-¡ 

Upslream piping secUon 

. ------1 
Downstream pfplng sectlon 

GJ OriOec plato holder (flanges or fl!llng) 

~ StraiQhlening VAAe assembly (opUonol) 

~> Wolding .,.el< nanoo 

8 Dlllorcnhol prossuro elnment 

8 Downsheom sl•llc prossuru olornorU 

8 Downstroam temperatura elemenl 

e Thermowell 

Figure 1-1-0rifice Meter 

On tmge /.1, file fh si tmmgrnph shnuld rtnd O.f fo/low$ (thnt ls, thc wmd Ohin :rfrnuld l't'· 

place the wnrd Oklnhomo): 

A lthough it cin~1: nnt menn that other dnta a m nf infc1 ior qunlily, ir is knnwn llmt in!;urn. 
cicnt infotmation e~ists to Uetenninc wlt4"ther lhe indcpc1tdent vnrinhl<"~'ii WCI'C cnntmllect nnd 
quantlfied. Sorne exnmrlc.lllj nf compnti!;OO q••ality dala are the Ohio Slate tlnivel~ity DAta 
Dose (303 flange-lopped potnls), lhe 198.1 NBS linulder Experirnents, the Poxhoro Coluhl
bus-Dnniel 1000 Point Dato Dnse, nnd lhe Jnpnnr-•c Wolcr Onla B•••· 

::i:lpyrlght by the M-ERICJIJl PETROI.EIJtl lll'iTtTIITE !I'J"!) 
'·-Oct 013 13tl7•13 1~6 
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The Danalyzer measures the BTU of gasto withln ± ~ B1lJ In 1000 over 
· _ 16_ the full amblent range of 0-130°F. -

The system includes: 
• Sample condHioning system • Analyzer • Model 2251 controller 

CONTlNUOUS 
ANAI.YZERS 

lnputs 

4-20mA 

• Up to five sample streams from 
the pipeline or sample cylinders. 
Four streams with automatic 
cahbratio!L 

• Two 4-20 mA signals from any 
continuous analyzer, such as 
a moisture or hydrogen sulfide 
monitor. : 

• Complete remote operation of 
system via a personal computer 
or host with true bi-<iirectional 

mmunicatio!L 

PRINTER 

HOSTOR 
PERSONAL COMPUTER 

untmES 115 v 
OR 230\I<C 

CALIBRATION 
GAS 

HEUUM 
CARRIERGAS 

Outputs 

RS232 

-.-CitllfW:'I'a.osa. ....... 
!IOIIDCC.IIC.O J'!o- lOW. 
IIDIStWf: 31 !. .. MIUCfM 

LOCAL PRtNTEA 

• Chromatogram, bargraph or input 
signa! to Daniel' s flow computer to 
provide therm calculatio!L 

• Three 4-20 mA trends of any 
component, BTU, specific gravity, 
compressibility, Wobbe, and ratio. 
Up to 18 optional trends. 

• Alarms: 15 programmable 
HIILO alarms, 12 hardware 
alarms. 

• RS232C serial port for printer, 
RTU, host computer or modem. 

• Remote chromatogram available 
via digital link to personal com
puter printer. 



Otromatogram. Complete 
Separation in Four Minutes, 
± lh BTU Repeatability. 
The chromatograrn is a graphic rep
resentation of the measured com
ponents' concentration in the gas. 
Each peak represents a component 
The area under a peak is propor
tional to the component' s concen
tration. Notice how each peak is 
dearly separated from the others. 
The Danalyzer easily performs the 
tough nitrogen/methane/carbon 

4 

dioxide separation. To provide the 
best repeatability available from any 
BTU analyzer, Daniel directiy mea
sures each peak. The Danalyzer is 
the or!ly BTU analyzer that will pro
vide you repeatable results to witlün 
:t V, BTU in 1000 over the complete 
ambient temperature range of 
O-l30°F. Only the Danalyzer can 
provide the highest repeatability 
available over a wide ambient tem
perature range within a 4 minute 
analysis time. 

-17-
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o o 

o --------------·------- o 

o ANALYSIS o 

o o 

o D~TE: 05/01/86 ANALYSIS TIME: 225 STREAM SEQUEN~E: ·1 o 
TIME: 07:47 ~Y~E TIME: 240 STREAM•: 1 

o ANALYZERII: 5488 MODE: RUN ~Y~E START TIME: 07:41 o 

o ~OMP NAME ~OMP ~ODE MOLE 7. B.T.U.* SP. GR.* o 

o ~ 6 + 108 0.028 1.50 0.0009 
PROPANE 102 l.004 25.33 0.0153 

o 

o 1-BUTANE 103 0.308 10.03 0.0062 
N-BUTANE 104 0.302 9.89 0.0061 

o 

o NEO ~S 107 0.103 4.09 0.0026 
IPENTANE 105 0.099 3.96 0.0025 

o 

o NPENTANE 106 0.098 3.95 . 0.0024 o 
NITROGEN 114 2.488 0.00 0.0241 

o METHANE 100 89.583 906.58 0.4962 o 

o 
~ o 2 117 0.981 o.oo 0.0149 
ETHANE 101 5.006 88.79 0.0520 ... o 

.... 
o TOTAL S 100 .. 000 1054. 12' 0.6231 -:;.u o 

~ *@ 14.730 PSIA DRY.~ UN~ORRECTED FOR ~OMPRESSIBILITY º r~t-

~~::· 

1 
... 

~OMPRESSIBILITY FA~TOR (1/Z) o 

o 1 

1 

DRY B.T.U. @ 14.730 PSIA ~ 60 DEG. F ~ORRE~TED FOR 11/Z) 
SAT B.T.U. @ 14.730 PSIA ~ bO DEG. F ~ORRE~TED FOR 11/Z) 
REAL SPE~IFI~ GRAVITY 

a 1.0024 
a 1056.6 
m 1038.3 
a 0.6246 
- 99.96 

o 

o o 

1 

UNNORMALIZED TOTAL MOLE 'l. 

o 

o 1 
1 
1 

A~TIVE ALARMS 

NONE 

o 1 
' 

80-CohUlUl Fonnat for complete 
data presentation and .easy operator 
reVJew. 

Analysis Report provides com
plete compositional analysis and 
BTU factors for diagnostic purposes. 

Short Report allows operator the 
ability to select or edit for printout 
of any data available in the analysis 
report For exarnple, the operator 
can select BTU muy to be printed 
Ahe 24-hour average printed or 
• combination of the analysis 
report variables. The short report 
allows the operator to see only the 

6 

data of specific interest without 
burdening him with the complete 
analysis report each printout 

Extended Averages 
36 extended averages are available. 
The extended averages can be 
hourly, daily or monthly. The 
extendoo average provides thé 
high, aver.¡ge and low value that 
occurred during that period. Each 
extended average will be stored 
for three time periods. 

Calibration report first checks 
the calibration gas. Once the 
calibration gas concentration is 

o 

o 

o 

determined to be within operator
selectable limits, the controller cali
brates the analyzer's output The 
Danalyzer measures the calibration 
gas before calibrating, ensuring 
reliable results. 

.. -- .. 

,, 



INTRODUCCION. 

El 1énnino nom1a o estándar se define como una regla establecida, por la que se rige la mayoria de las 
personas, para caraclerizar un producl~ o mélodo de trabajo. Asl, un estándar puede llegar a definir las 
cond1ciones técnicas de fabricación, operación y verificación de un determinado equipo o sistema. 

Hoy en dia. no es posible concebir un sislema de medición de flujo de gases y liquidas sin considerar el 
empleo de estándares que regulen su manufactura, diseño, calibración, prueba, operación y mantenimiento. 
La imporlancia del empleo de los e<lándares se fundamenta en dos aclividades principalmenle; una es el 
manlencr cierla uniformidad denlro del equipo de lJabajo y la olnl es el conlar con el mínimo de fuenles 
potenciales de incertidumbre en la medición. Ambas actividades repercuten directamente en el aspecto 
económico de toda aquella industria cuyo principal ingreso y/o egreso monetario se encuentra en función 
de la comerciali7.ación de algün fluido, como es el caso de la industria petrolern. 

Todas y cada una de las reglas que se establecen en los estándares están respaldadas por un gran numero de 
pmcbas de laboratorio y por un gran nUmero de revisiones y verificaciones del desempeño obtenido. Con 
esto se garantiza que al seguir de fonna rigurosa los lineamientos de un estándar. el sistema de medición a · 
ser diseñado. integrado y probado temJr::í de fonna implfcita una serie de pruebas de desempeño superadas. 
Esla afirmación se basa en la Ley de Similitud, la cual especifica que todos aquellos resollados oblenidos 
en instalaciones c:~tperimentales pueden ser obtenidos nuevamente si existe una similitud dinámica y 
geométrica cnlre la inslalación del medidor en proceso y la instalación donde se obtuvieron los dalos 
e'perimenlales. La similitud geométrica requiere que el sislema de flujo experimental sea un modelo a 
escala de las inslalaciones de campo, r.1ientras que la similitud dinámica implica una co~ndencia de las 
fuerzas del fluido enlre el sislema de flujo ex¡>erimental y el sistema de campo. Hoy en día eslá ley es el 
principio bá,ico para presentar resultados leóricos y experimenlales de la mecánica de fluidos. 

Los eslándares de medición emilidos por ellnslitulo Americano del Petróleo (API) detenninan como punto 
de entrada las siguientes notas aclarntoria5": 

l. Las puhlicacionc'li API visualizan problemas de tipo general. Para situaciones de tipo particular. leyes 
y lo regufacioncs locales. estatales y federales deben ~er consultadas. 

2. L'< publicacione. API no !Talan de definir las obligaciones de empleados, fabricanles o 
suministradores. La información relacionada a precauciones y medidas de seguridad con respecto a 
malerialcs y práclicas de ingenieria, deberán ser oblenidas del fabricanle o en su Caso de la hoja de 
datos del material o producto que se esté manejando. 

3. Nada de lo escrilo en alguna publicación API está orieniBdo a una man:a o patente especifica. (Al 
conlrario. los fabrican les o palenles tralan de apegarse a lo que dicen las normas API). 

4. Generalmenle las publicaciones API son revisadas cada cinco años, o antes en caso de ser necesario. 
En algunos casos se adicionan dos años m:is a e~te ciclo. 

5. Todas las publicaciones de API han sido desarrolladas bajo los procedimientos de eslandarización A PI, 
los cuales a•eguran una apropiada participación y documentación dumnle el proceso de desarrollo. 

6. Los e<lándare.< API lienen por objelivo el facilitar una amplia disponibilidad de adecuada• práclicas de 
ingeniería. operación y prueba de lo~ equipos y sistemas a ser habi1itados. 

7 .... :El fabricanle que marca sus prnduclos con la leyenda de conformidad con algtin eslándar A PI, es el 
. ·linico responsable de que el produ.:lo efeclivamenle haya sido desarrollado tal y como lo man:a .el 

l/2 
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est:indar. Esto quiere decir que API no garantiza ningún material que este marcado con la leyenda de 
conformidad con los estándares A PI. 

8. Las recomendaciones estipuladas en las publicaciones API pueden ser seguidas por quién así quiera 
hacerlo, ror lo que su aplicación es entenmente voluntaria. 

9. El instituto ha hecho esfuenos por asegurar la exactitud y fiabilidad de los datos contenidos en sus 
publicaciones, razón por la cual los estándares .A PI consideran solo diseños, técnicas, procesos y 
materiales que han demostrado ser satisfactorios para ·el servicio requerido. Jnnovacione~ en esto~ 
campos, serán consideradas por los estándares cuando pruebas de desempeño son disponibles. 

10. El Instituto Americano del Petróleo instituto no se responsabiliza por pérdidas o daños n:sultantes que 
podrían llegar a generase por el empleo de los estándares, o bien, por si llegara a violarse alguna ley o 
regulación local, estatal o federal 

Las caracteristicas de tipo general del Manual de Estándares en la Medición del Petróleo (MPMS) emitido!~ 
por el API son: 

Incluyen definiciones y terminología dentro de sus lineamientos para evitar ambigüedades. 
Describen los principios, caracteristicas y limitantes de desempeño de los equipos o dispositivos 
que estén involucrados en el e.c;tándar. Asimismo, establecen los procedimientos de instalación y 
prueba de los equipos mencionados. 
En algunos casos, determinar el nivel de exactitud de los equipos o dispositivos, por posibles 
variaciones en el medio ambiente o en las condiciones de instalación, operación y mantenimicnlo. 
Describen cuando es primordial seguir las recomendaciones de los fabricantes. 
Son imparciales y no involucran aspectos de tipo comercial. 

·Los principales beneficios,que pu~den ser obtenidos por el empleo y seguimiento de los lineamientos de los 
estándares API son: ·•· ., .. 

Permiten definir de forma clara los términos de un producto o servicio 'que ha sido contratado, y de 
lo que ha sido o será suministrado. 
Permite determinar con un alt<J nivel de certidumbre la fiabilidad y exactitud de un producto o 
servicio desde la etapa de diseño y conceptualización. 
Permiten realizar adquisiciones de equipo de diferentes origenes. (Dispositivos intercambiables y 
compatibles). ... . 
Permiten minimizar la capacitación del personal. (Y a que la terminología y métodos de prueba son 
comunes para todos los fabricantes). 
Permite reducir costos de los equipos o dispositivos. (Ya que los diseños o características finas del 
producto se han definido por consenso de varios expertos y fabricantes de dispositivos). 
Pemliten eliminar .. estándares propietarios" emitidos de manera unilateral por un fabricante. 

Los pre.entes apuntes, sólo son un resumen de los siguientes capitulos del MPMS. Capitulo 4 "Sistemas de 
Prueba". Capítulo 5 "Medición. Capítulo 6 "Ensambles de Medición", Capitulo 7 "Detenninación de 
temperatura". Capitulo R "Muestreo. Capitulo 10 "Agua y Sedimento", Capitulo 12 "Cálculo de cantidades 
de petróleo" y el Capitulo 14 "Medición de fluidos de gas natural". Todos las nota< y comentarios 
existentes en estos apuntes, están orientados a los sistemas de medición de flujo (pipeline systems) para 
aplicaciones de transferencia de custodia. Si el lector desea un mayor detalle de la información contenida 
en estos apuntes, es necesario consultar directamente las nonnas correspondientes. 

En el Anexo A de este documento, se incluye un sumario de todos los estándares que conforman el MPMS. 
Este sumario se extrajo directamente de la página del API en interne!. En el Anexo B de este documento, se 
incluye un glosario de ténninos de tipo general donde el autor de estos apuntes considera que son de vital 
importancia para el mejor enlendimiento de los eslándares. Para ver a detalle todo el glosario de ténninos 
que maneja el MPMS, se recomienda consultar el Capitulo 1 "Vocabulario" de este manual del MPMS. 

212 
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CAPITULO 14. l\IEDICION DE FLUIDOS DEL GAS NATURAL. 

SECCION 14.0. PROLOGO. 

El Capítulo 14 del Manual de Está11dares en la Medición de Petróleo (MPMS) es una guía para el diseño. 
instalación, calibnición y operación de los sistemas de medición de fluidos del gas natural. 

El capítulo 14 se divide en las secciones siguientes: 

14.1 Recolección y manejo de muestras de ga.< natural para transferencia de custodia. 
14.2 Factores de compresibilidad del Gas Natural y otros hidrocarburos gaseosos relacionados. 
14.3 Medición de gas naturnl y de otros hidrocarburos relacionados, mediante medidores de orificio. 
14 4 Convirtiendo masa de líquidos y vapores de gas natural a su equivalente en volumen liquido. 
14.5 Cálculo de la capacidad cakrifica · (Gross Heating Value), Densid~d Relativa (Grnvedad 

especifica)y del Factor de compr<:sibilidad de Mezclas de Gas Natural a partir de su análisis 
compo~icional. 

14.tl Medición continua de densidad. 
14.7 Estándar parn la medición de masa de Liquidas de Gas Natural. 
14.R Medición de Gas Licuado de Petróleo. 

Parn fines didácticos, dentro de estos apuntes se cambia la secuencia del orden de los estándares parn una 
mcj('lr comprensión de los sistemas de medición de fluidos de gas natural. Siendo así, la secuencia de 
exposición será como sigue: 

Sección 14.3 Medición de gas naturnl y de otros hidrocarburos, mediante medidores de orificio. 
Scccic\n 14.2 r actores de compresibilidad del Ga.< Naturnl y otros hidrocarburos ga<eosos relacionados. 
Seccic\n 14.4 Convirtiendo ma.<a de líquidos y vapores de gas natural·a su equivalente en volumen líquido. 
Sección 14.5 Cálculo de la capacidad calorifica, Densidad Relativa y del Factor de compresibilidad de 

Mezclas de Gas Naturnl a partir de su análisis composicional. 
Sección 14.1 Recolección y manejo de muestras de gas natural para transferencia de custodia. 
Sección 14.6 MC"dición continua de densidad. 
Sección 14.7 Estándar parn la medición de ma.<a de Liquidas de Ga.< Naturnl. 
Sección 14.R Medtción de Gas Licuado d< Petróleo. 

Se hace notar que In~ estándare~ contenidos en este capítulo están fuertemente ligados con los estándares y 
lineam1entos emitidos por organizaciones especializadas en el manejo y medición del gas natural. como lo 
es, Gas Research ln<titute (GRI), Gas Proeessors Association (GPA) y American Gas Association (AGA). 
De forma particular y a manera de información se menciona que la American Ga~ As.c;ociation ha emitido 
estándares dirigidos hacia la medición de gas natural mediante otros tipos de medidores como son los 
medidores de tipo turbina (AGA Reporte No. 7) y los medidores de tipo ultrasónico (AGA Reporte No. 9). 

--
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SECCION 14.3 MEDICION DE GAS NATURAL Y DE OTROS 
HIDROCARBUROS MEDIANTE MEDIDORES DE ORIFICIO. 

El eslándar se desarrolló en conjunlo por API, AGA, GPA y con valiosas contribuciones de CMA 
(Cbemical Manufaclureres Associalion), CGA (Canadian Gas A!ISOCiation), EC (European Communily) y 
diversas organizaciones de Japón y Noruega. El estlndar esli organizado en cuatro partes. La parte l, 2 y 4 
aplican en la medición de cualquier fluido Newtoniano de la industria petrolera y qufmica (incluyendo 
líquidos). La parte 3 se enfoca a la aplicación de las partes 1, 2 y 4 en la medición de gas na rural. 

En general la sección 14.3 del MPMS aplica para fluidos que pnlcticamenle son considerados como 
limpios. de una fase, homogéneos, Ne"1onianos y con Número de Reynolds ~ 4000. Todos los gases, la 
mayoría de los líquidos y la mayoría de los fluidos en fuse densa asociados con la industria del petróleo, 
pe!roqulmicas y de gas nalural son usualmenle considerados como fluidos Newtonianos. 

El eslándar da especificaciones y requerimientos de Íllsta(ación de placas de orificio, portaplacas, tomas 
barrenadas para sensores (tap hole), tubos de medición, tc:rmopozos y acondicionadores de flujo. Para 
aplicaciones de transferencia de custodia, los medidores de orificio y su luberia adyacente debenln 
apegar.;e, e.<triclamente, a los requerimientos del estándar, ya que posibles desviaciones invalidanln los 
eslimados de incertidumbre que se especifican. 

Se hace notar que la incertidumbre del sistema de medición no depende únicamente del "hardware" que se 
emplee, sino que también dependen! del desempeño del "hardware y "software", del método, equipo y 
procedimienlos de calibmción y sobre todo, del faclor humano. Para consb'Uir, oper11r y manlener las 
instalaciones de un sistewña de medición dentro de un nivel de incertidumbre deseado, el usuario debe 
definir eSie nivel de incertidumbre desde la etapa de diseilo, ya que la exactilud en la medición depende de 
la combinación de: 

a. El diseño, inslalación y operación de las instalaciones del medidor de orificio. 
b. La selección del equipo de medición. 
c. El medio de transmisión de los datos. 
d. El procedimienlo de cálculo y el medio de cómputo. 
e. Los efeclos de las condiciones ambientales sobre el equipo de operación y/o de calibración. 
f. La variación de temperalura y presión c!el fluido. 
g. Elliempo de respuesta. 
h. Las fuerzas de gravilación locales. 
1. La cadena de trazabilidad asociada con los palrones portáliles de campo. 

l. ECUACIONES GENERALES Y LINEAMIENTOS DE INCERTIDUMBRE. 

1.1 Resumen. 

En esla parte del estlndar se describen las ecuaciones para Ó~lc:rminar la razón de flujo de masa y de 
volumen a condiciones eslándar. Se presenlan las ecuaciones emplricas para determinar el coeficienle de 
descarga y el faclor de expansión, se de:inen la.• propiedades flsicas del fluido que influyen directamenle en 
la medición de flujo y se describen los lineamienlos que permiten estimar la incertidumbre asociada al 
di5eño. instalación y mantenimiento de los medidores de orificio. 

1.2 Algunas definiciones. 

MEDIDOR DE ORIFICIO. El medidor de orificio es un dispositivo que infiere una razón de flujo mediante 
la diferencial de presión que produce en el fluido. El medidor consisle de los elemenlos que se describen a 
conlinuación: 

1124 
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a) Una placa con orificio concéntrico de borde cuadrado. 
b) Fiuings o bridas para sujetar la placa equipadas con las apropiadas tomas para el sensado de la 

presión diferencial. 
e) Un tubo de medición que conforma las secciones de tubería adyacentes a la placa. 

COEFICIENTE DE DESCARGA DE LA PLACA DE ORIFICIO {C,). Es la relación que existe entre el 
flujo real y el flujo teórico que pasa a lnlvés del orificio de la placa. Se aplica en la ecuación de flujo teórica 
para obtener el flujo real. En olnls palabras, es un factor de compensación entre el flujo teórico y el real. 

FACTOR DE EXPANSION {Y). Es una expresión empírica usada para corregir la razón de flujo por la 
reducción en la densidad que un fluido compresible experimenta cuando pasa a lnlvés del orificio de una 
placa. Para fluidos incompresibles el factor de expansión es igual a 1.0 

VELOCIDAD DE ACERCAMIENTO {Ev). Es la expresión IJ!atemática que relaciona la velocidad del 
fluido en el tubo de medición aguas arriba y la velocidad del fluido en el orificio de la placa. 

FACTOR DE COMPRESIBILIDAD {Z). Es el factor de-iijuste uS2do para contabilizar la desviación que 
experimenta un fluido gaseoso con respecto a la ley de los gases ideales. 

EXPONENTE lSENTROPICO {k) Es una propiedad termodinámica que establece la relación entre la 
densidad y la presión de un fluido cuando pasa a lnlvés del orificio de_la placa. 

VISCOSIDAD. E• la medición de las fuerzas intennoleculares de un fluido para resistir su deformación 
cortante. Para muchas ap1icaciones con alto número de Reynolds las variaciones de viscosidad son 
prácticamente ignoradas ya que no repercute en mayor manera en el cálculo del flujo. Para aplicaciones con 
bajo número de Reynolds es de vital importancia el determinar con exactitud el valor de la viscosidad y las 
variacione~ que puede llegar a sufrir con los cambios de condiciones de operación, ya que si influye de 
manera significativa en el cálculo del flujo. 

DENSIDAD. Es la masa por unidad de volumen del fluido que está siendo medido a determinadas 
condiciones de temperatura y presión. La densidad puede ser obtenida ya sea mediante la aplicación de una 
ecuación de estado, o bien, mediante la aplicación de un densitómetro en linea. Para la instalación, 
operación y calibración de densitómetros empleados en la medición de densidad de 0.30 gr/cm1

, refiérase al 
API MPMS 14.6; para valores de densidac! menores refiérase a los manuales del fabricante. Los fabricantes 
del densitómetro deberán demostrar que la operación de éste no interfiere con las operaciones básicas del 
medidor de orificio. Para fluidos cuya densidad cambia rápidamente por cambios en la temperatura del 
fluido, para fluidos a baja velocidad y/o para minimizar los efectos de la lnlnsferencia de calor debido a la 
temperatura ambienlal, se recomienda aislar térmicamente el tubo de medición entre el elemento primario y 
la toma de lectura de temperatura. 

1.3 Ecuacionrs para determinar la razón de Oujo. 

La ecuación aceptada para determinar el flujo má!'>ico a través de un medidor de orificio es: 

Donde: 
C¿ = CoefiC''iente de descarga de la placa de orificio. 
d = Diámetro del orificio de la placo calculatlo la temperatura del fluido (Tp . 
.dP "" Pre,,.ión diferencial provocado por/a placa de orificio. 
E, = Velocidad de acercamiento = ~ ..¡,_,. 
Rr = Con.uome de conversión dimen.sional. 
tr = Con.'ila,te rmivt!rsol = 3.14/59 
q.,. = RozOn de Jlii)O de ma.'ia. 
f',, =Densidad del fluido a las condiciones de fluido (P,. TJ 
Y= Factor de expamión 

2/24 

{1) 



-24-

Para delenninar la razón de nujo volumetrico, a condiciones del fluido y a condicion~ ba"'e (estándar). !le 
emplea la expresión: 

q. = q. 
P,., 

Donde: 
q, = Fl11jo vol11métnco a condiciones de temperahtf'tJ y presión J~l f/uúla. 
Q~= F/11}0 volumétrico a condicioMS de lempc!Tdlura y prr!SiÓn base (estándar). 
Pr.p = Den.,idad de masa a condiciones de tem~ratura y praión del fluido. 
p,: Densidad de masa a condiciones base (estándar) deljluiJo. 

(2) 

(3) 

El coeficiente de descarga y el factor de expansión son funciones emplricas obtenidas a partir de datos 
experimentales. El coeficiente de descarga depende del número de Reynolds, de la localización de las 
tomas de presión, del diámetro del tuoo de medición y de la relación de dimnetros 11. La ecuación para 
determinar el coeficiente de descarga es aplicable para tubos mayores o iguales a SO mm (2 in) y relaciones 
ll de 0.1·0.75, por lo que los orificios le las placas de orificio debedn ser mayores a 11.4 mm (0.45 in) y 
número de Reynolds mayores o iguales z 4000. La ecuación del coeficiente de descarga está dada por. 

c,(FT)= c,(FT) + o.ooos11 [
106 

P]o., + (O.o210 + o.0049 A>P'c 
Re 0 

Donde: 

'C,(FT) = C,(CT) + TapTerm 

C,(CT) = 0.5961 + 0.291p' + 0.003(1- p)M 
TapTerm = Upstrm + Dnstrm 

Upstrm = [g~0433 :+-O. 712e-B.SL, - 0.1145e-6.0L1 XI- 0.23A)B 

Dnstrm = -0.0116[M 2 -0.52M~·3 ]pu(1-0.14A) 

M = 2L¡ . 
l i-p' 

p• 
B = --'-~ 

1- p• 

M 1 = max( 2.8- ~. ,0.0) 

A= l19,000P]
08

; 

Re0 

C=[~Jo.Js 
Re0 

f1 = diO = Relación uis.tente entre el diámetro del orificio de la placa y el diámetro de/tubo de medición. 

d = d. (1 + a 1 (T, - T.)} d. = d. [1 +a 1 (T. - T.)) 
o= o.(l + a,(r,- r.)} o.= D.[l +a,(T,- r.)) 
T, = Temperawra del fluido a condicionr.v de flujo. 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(JO) 

(JI) 

(12) 

T~ = Temperan1ra referencia para determinar el diámetro del orificio de la placa .V dt-1 tubo de medición, para 
propóJilo de e.o;te e.o;ttindar . .'ie comidem que T,. = 68°F (10°C). 

r ... = T~nrperatura de la placa de orificiO y del tubo de medición o la hora de medir SIIS diámetros. 

3124 
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O 1 = C oefit·if!me dt: f"T('dn.firin térllfÍCO para e/ nMt~riof J~ /o placa tf~ orificio. 

a.• "" Cneficu·me de i.tfJfln.t:iÓn térmica para~; mat~rial d~ltubo de mMición. 
d, = DiOmetro del orificio de la placa o trm¡wronuu T,._. 
d,.. =Diámetro del orificio de lo placa a tem~rat11ra T,. 
d =- DiOmetro órl orificio de la placa o la trm~roturo de flujo Tt· 
O, =Diámetro interior del tubo de medición o ie~rtJtura T,._. 
D,.. = Diámetro interior de/tubo de mrdición a tem~rotura T. 
D =Diámetro interior del htbo de mHición a lo trm¡Nratura de flujo T,. 

Re0 = Mime ro de Re)wóltls -= :~ • 
p = ViJcosidad ob.mlrtlo del flllido. 
C,IFT) = Coeficiente de descargo o un Upt!ciflcodo Reo para un IMditlor dt orificio ctJn bridas barnnadas poro 

toma de pn-5iÓn. 
C.(FT) = Coeficiente de descarga a un infinito Re0 para un medidor de orificio t!On brillas borrrntJtias ptJratomo Je 

pre:riOn. 
C,(FT) "" Coeficiente de de.'Ccorga a un infinito R~0 poro un mftiitlor d~ orificio con Ut(llituJJ btzrrrnodas pam tomD á~ 

f'~SIÓn. 
~ = Conslonte rmil-~rsal = 1. 71818. 
L 1 "" Corrección dimensional para/o localiZtJción de los ba~nos • L1• N6 /D paro britl.a.J borrrnodas. 
N1 = 1.0 cuando Des/O en pulgada.s ó 15.4 CUtJndu D~stti en milimttrm. 

Desde un punto de visla práctico, se define que la expansión de un fluido es reversible y adiabática (sin 
ganancia o ~dida de calor. Parn gases perfectos (gas ideal con calores especlficos conslantes) el 
exponente isentrópico kr es igual a 11 evaluado a las condiciones base. P11111 un gas real, el exponente 
isentrópico k, es una función de las condici!.'nes de presión y temperatunl del fluido. ). Dentro de rangos de 
operación prácticos de presión diferencial, presión estltica y temperatura del fluido, el factor de expansión 
es insensible al exponente isentrópico por lo que asume la existencia de un exponente isentrópico ideal, 
esto es que. como k1 ;; k,;; k, entonces es común emplear k1 en las ecuaciones de flujo. Para un gas ideal el 
exponente i~entrópico es igual a la relación de calores espec:lficos a presión y volumen constante. siendo 
independiente de la presión i.e. 

Donde: 
k, = COejicienle r.tttnlrópico de un ga.f üfeol. 
CP = Calor f'.tpecifiro a pres1ón coru1an1e. 
C, =Calor especifico a volumen coi1Stante. 

( 16) 

Teniendo este concopto como referencia se estipula que existen dos métodos p11111 determinar el factor de 
expansión de un fluido. El primer método (Y 1) se recomienda por su simplicidad. El segundo método (Y 2) 

es más exacto que el primero ya que considera la presión estltica del fluido antes y después de la placa de . 
orificio. Las expresiones matemáticas que determina el factor de expansión son: 

Donde. 

Y,= 1-(0.41 +0.3sp•)5. 
k 

Y, =Y, 

para cuando se mide la p~.tión estática ogr1as a"ibtJ 

para cuando se mid.e la presión ~slática aguas abtJjo 

x 1 = Re lactó" enlre pre.'iió, diferencial y ('lf?~ión atOtica absol11ta agr~os arribo o agua.f abajo de la placa. 
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JI' = D,Jácncinl clf! prr.nOn pm,·nc:ada por la placa ,/e ñrificio . 
. V, = Fo~mr de conren1ón de un,/ades ""' I.Ocuanclo la presión se mide tr~lbsHn: O m Pasea/es. 
P, = Prr:fiOn e.tttilico ab.Joltllo ap:ua.t arriba de la plaro. 
Pr: = Pre.oriOn e.stóllca ab.mlfiiO OI(IID.f abajo de la placo. 

Jc = Erponente ist>ntrópico. 

La ecuación presentada para el factor de expansión es vil ida bajo las siguientes condiciones: 

Relaciones ~ que estén dentro del rango de O. 1 O a 0.75 
Idéntica temperatura del fluido aguas laTIDO y aguas abajo de la placa. 
Que se cumplan las siguientes criterios de relación de presiones: 

M' 
0<--<0.20; 

N,P¡, 

1.4 Condiciones de Flujo. 

(15) 

Las condiciones de flujo pueden afectar significativamente la exactitud en la medición. El estado del tubo 
de medición, el acoplamiento de la tubería, las tomas de la presión diferencial, las longitudes de tuberia 
recta aguas arriba y aguas abajo de la placa de orificio y varios detalles miis relacionados a la instalación, 
son factores que influyen en las condiciones de flujo. Par.~ garantí= exactitud en la medición dentro de un 
nivel de incertidumbre definido, deber. asegurarse como mínimo, las siguientes condiciones de flujo: 

a) El flujo debe aproximar.;e a condiciones de fluido en estado estable. El fluido debe ser limpio, de 
una fase, homogéneo y Newtoniano. 

b) No deberá existir ningún cambio de filse en el fluido cuando pase a través del orificio del medidor. 
e) El flujo deberá ser subsónico cuando pa.o;e a través del orificio y del tubo de medición. 
d) El número de Reynolds deberá estar dentro de las limitaciones que especifican los coeficientes 

empíricos del coeficiente de descarga y del factor de expansión. 
e) El flujo debe entrar al orificio de la placa con un perfil de velocidad completamente desarrollado. 
f) No deberá existir en ninguno de los casos un bypass de flujo alrededor del medidor de orificio. 

Las mediciones de flujo t_omadas por un medidor de orificio no son conliables cuando existen pulsaciones 
apreciables en el punto de medición. ya que provocan cambios repentinos en la velocidad, presión y 
densidad del fluido. Las fuentes más comunes de pulsación en el flujo de fluidos son las que se mencionan 
a continuación: 

a) lntercambiadore~. compresores, impulsores y/o motores. 
b) Bombeo y reguladores de presión mal dimensionados. 
e) Válvulas. configuraciones de tuberia y elementos similares en mal estado o mal instalados. 
d} Movimiento:" irTeglilares de agua o aceites conden~dos en la línea. · 
e) Cavidades en la linea provocados por malos terminados en las juntas de la tubería. 
f) Ba.o;ura o residuos en los separadores y/o goteos. 

Hasta la fecha, no existen ajustes teóricos o empíricos que permitan compensar los efectos que causan las 
pulsaciones en la medición de flujo, por lo que se recomienda eliminar o disminuir la presencia y/o efectos 
de tales pulsaciones. Algunas de la.• acciones que se pueden llevar a cabo par.~ lograr este cometido son: 

a) Reubicar el tubo de medición en un Iugai má.• adecuado, o bien, incrementar la distancia existente 
entre el medidor de orificio y la fuente de las pulsaciones. 

b) Insertar entre el medidor de orificio y la fuente de las pulsaciones filtros diseñados espcclficamente 
para la causa, o en su caso, tanques (capacitares de volumen) y restricciones de flujo. 

e) Adicionar al instrumento de medición de presión diferencial, manifolds de aproximadamente el' 
m•smo tamaño de las tomas de presión. 
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d) Reemplazar la placa de orificio por una que tenga el diámetro del orificio más pequeño. o en su 
caso. concentrar el flujo que pasa a través de varios medidores a través de un número restringido de 
ellos. - - · 

e) Usar tubos de medición más pequeños y mantener en esencia el mismo diámetro del orificio de la 
placa, de tal forma que se mantengan los límites de la presión diferencial. 

J. S Ley de Similitud 

Los coeficientes empíricos calculados como se especifica en el presente estándar son válidos si existe una 
similitud dinámica y geométrica entre la instalación del medidor en proceso y la instalación donde se 
obtuvieron los datos experimentales. A este concepto se le denomina Ley de Similitud. Hoy en di a está ley 
es el principio básico para presentar resultados teóricos y experimentales de la mecénica de fluidos. 

La similitud geométrica requiere que el sistema de flujo experimental sea un modelo a escala de las 
instalaciones de campo. Esto incluye las especificaciones mecénicas del tubo de medición, la placa de 
orificio, las bridas para la sujeción de la placa, los requerímientos de tuberia recta aguas arn'ba y aguas 
abajo del elemento primario, el acondicionador de flujo y la instalació11 del termopozo. 

La similitud dinámica implica una correspondencia de las fuet235 del fluido entre el sistema de flujo 
experimental y el sistema de campo. Para el medidor de orificio, las fuet235 inerciales y viscosas son 
consideradas como significativas dentro de este estándar. Como resultado, se debe verificar que el número 
de Reynolds de los dos sistemas de medición s2 similar. · 

1.6 Calibración "ln-Situ~. 

Para a.egurar la exactitud de las mediciones de flujo, el usuario debe llevar a cabo calibraciones del 
medidor ln-Situ: Se entiende por calibración /n-Situ a aquella calibración que se lleva -a cabo bajo 
condiciones de operación nonnales. con la misma configuración de.tuberia. con el mismo fluido y con la 
placa de orificio y sistema de registro de mediciones que se encuentran·realmente instalados en la estaci6n 
de medición del fluido. Prefen'blemente, las calibraciones ln-Situ deben ser realizadas sobre todo el rango 
de Oujo. temperatura y presión para asegurar un alto nivel de confidencialidad en todo el rango de variación 
de las condiciones de flujo. 

La calibración ln-Situ requiere el uso de un sistema de medición de referencia cuya incertidumbre total sea 
menor que la incertidumbre total del sistema de medición que se está calibrando. Este sistema puede ser 
portátil o instalado permanentemente (medidor maestro que haya sido calibrado con un sistema primario de 
Oujo másico). 

La calibración /n-Situ provee un factor del medidor (MF) que puede ser utilizado para corregir la razón de 
O u jo de ma<a calculada por el sistema de medición. El Factor del Medidor se define como: 

MF= qm =~ 
qm, q,,ql,p 

Dnnd~: 

q .. , = Razón de flujo de masa determinado pc:r el sistema de medición de referencia. 

q ... = Razón de flujn de masa detenninado por el sistema de mtdición que está siendo co/ibrodo. 

q,, = Razón de flujo volumétrico indicado por el sistema de medición que está siendo calibrado. 

p,-1' ~ D•n-•itlad dt ma.<a dtl fluido a condiciones de te~raturn y praión T¡ y P1: 

(16) 

Cuando se obtienen diferentes factores del medidor para varias condiciones de operación, se recomienda 
trazar una curva de la variación del factor del medidor contra la variación del número de Reynolds. Si el 
factor del medidor se emplea en la medición de cantidades de Oujo para propósitos de transferencia de 
custodia. entonces las calibraciones /n-Situ deben realizarse de forma periódica para asegurar mediciones 
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"acta<. Una nueva calibración deberá llevarse a cabo siempre que el si.tema de medición sufra cambios 
fisico~ o de 'ondiciones de operación que sean significativos. 

Los resultados de la calibración pueden ser empleados para verificar que el sistema de medición se 
encuentra dentro de los niveles de incertidumbre considerados para su diseño. Si el factor del medidor está 
fuera de los límites de 0.9$ MF :S 1.1, entonces se deberá verificar el sistema de medición basta determinar 
y corregir las causa físicas que propiciaron dicha desviación. 

La calibración de la instrumentación secundaria también contribuye a la incertidumbre total de la medición 
de nujo. Los estándares de calibración de esta instrumentación normalmente no consideran correcciones en 
las lecturas por la fuerza de gravedad local o alguna otra eorTOCCión que se itidique en los estándares que 
rigen su calibración. Todos estos fa:tores deben de incluirse dentro del cálculo de Dujo, ya que es m6s 
exacto este procedimiento que el de permitir que la persona que está llevando a cabo la calibración realice 
las compensaciones fuera de línea. 

1.7 Incertidumbre. 

Existen muchos factores que contribuyen a la incertidumbre total de la medición de Dujo mediante wi 
medidor de orificio. Entre estos factores se enuncian las tolerancias de construcción de los componentes del 
medidor. las tolerancias de los coeficientes empíricos de descarga, variaciones en las propiedades física.< 
del nuido. incertidumbres asociadas con la instrumentación secundaria e incertidumbre asociada con los 
procedimientos de calibraciones de los dispositivos. En la Fig. 14.1 se mueslr.l una gula de tipo general 
para valorar el nivel combinado de la incertidumbre asociada a los siguientes parámetros: 

a. Coeficiente de descarga. 
b. Efectos del Perfil de velocidad. 
c. Rugosidad de la tubería, excentricidad de la placa con el tubo de medición y filo del borde del 

orificio de la placa. 

' Como se muestra en la Fig. 14.l,las mejores mediciones de Dujo se obtienen dentro del rango de 0.10 < 
fl < 0.60 y que el limite de un nivel de incertidumbre aceptable se da para relaciones 13 de hasta 0.75. 
NOTA: El nivel de incertidumbre que se mueslr.l en la Fig. 14.1 considera que el perfil de velocidad está 
libre de efectos de tipo swirl. 

J 
] 
-11 
·~ 

~ .... 

ll 

Fig. /4-/ Nn·e/e.'i di? Incertidumbre asociados a las condiciones de instalación del medidor de orificio. 
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la incertidumbre total eri la medición de flujo se detennini mediante la suma cuadrálica de la..; 
incertidumbres a<ociada< a cada una de las variables que intervienen el cálculo del Oujo. De la ecuación ( 1) 

~e tiene que la razón de flujo de masa es una función de 

La incertidumbre asociada al coeficiente de descarga está en función de la relaCión P y del Re0 y su valor 
será igual al valor que se obtienen de las-gráficas que se muestran en la Fig. 14-2 y 14-3. Las placas con 
diámetro de orificio menor de 11.4 mm (0.45 in) pueden llegar a tener un 3.0"/o de incertidumbre asociada 
al coeficiente de descarga, este aumento en incertidumbre se debe a los problemas que existen con el filo de 
borde del orificio. . 
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; Frg. /4-l/ncertrdumbre a Reo rnfimto del Coefic.en/e de descarga de un medrdor de orificro. ·· 
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Fig. /4-3 Factor de a¡uste del m>el de rncertrdumbre del coeficrente de descarga 
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La mcertidumbre asociada al factor de expansión se presenta en la Tabla 14-1. P81ll fluidos que no son 
eompresibles el factor de expansión es 1.0 y •u incertidumbre es cero. 

TABLA 14 1 Detenninación del niwl de incertidumb~ asociado al Factor dr Expansión Empírico 
Common U. S. Units .. 

¿p Expansion Factor Uncertainty (%) When P¡(psia) Equals 

(inches Psid 50 100 250 500 . 750 1000 1250 1500 
H,Ooo) 

10 0.36 0.03. 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
50 1.80 0.14 0.07 0.03 0.01 0.01 0.01 0.01 0.00 
100 3.61 .29 0.14 0.06 0.03 0.02 0.01 0.01 0.01 
150 5.41 0.43 0.22 0.09 0.04 0.03 0.02 0.02 0.01 
200 7.22 0.58 0.29 0.12 0.06 0.04 0.03 0.02 0.02 
250 9.02 0.72 0.36 0.14 0.07 0.05 0.04 0.03 0.02 
300 10.83 0.87 0.43 0.17 0.09 0.06 0.04 0.03 0.03 

Common SI Units 
¿p Expansion Factor Uncertainty ("'o) When P¡(psia) Equals 

(inches kPa 0.3 0.7 1.7 3.4 5.2 6.9 8.6 10.3 
H20 60) 

10 2.49 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
50 12.44 0.14 0.07 0.03 0.01 0.01 0.01 0.01 0.00 
100 24.88 0.29 0.14 0.06 0.03 0.02 0.01 0.01 0.01 
150 37.33 0.43 0.22 0.09 0.04 0.03 0.02 0.02 0.01 
200 49.77 0.58 0.29 0.12 0.06 0.04 0.03 0.02 0.02 
250 62.21 0.72 0.36 0.14 0.07 0.05 0.04 0.03 0.02 
300 74.65 0.87 0.43 0.17 0.09 0.06 0.04 0.03 0.03 

La incertidumbre asociada al diámetro del plato de orificio y del diámetro interno del tubo de medición 
puede ser determinada a pártir del proceso de la medición del diámetro. P81ll esto, se emplea la siguiente 
ecuación: 

(17) 

d. 
X lOO 

pD =mM = [~(óDJ2 /n-Ir 
'" D,. D,. 

X 100 ( 18) 

Donde: 
lif,.. = Difer~nCIO del diámetro del orificio con n!SfHCIO al valor prom~dio d~ lm mMiciones tomadas a r .. 
liD,.. -= Diferencio dt>l dicimf'tro del tubo de medición con respecto al Wllor promedio de las mrtliciones tomodm a T,. 
J..KI.,. = lncertidumhrf! cuociada al diámetro del orificio de lo plactL 
pi).,= Incertidumbre a.~ociada al diámetro de/tubo de medición. 

La incertidumbre asociada a la presión diferencial (1\.p) se obtiene a partir del propio análisis de 
incertidumbre que se !leva a cabo para el proceso de toma de lectura.• de la presión diferencial. Este análisis 
debe considerar entre sus parámetros la incertidumbre especificada en el certificado de calibración del 
in<trumento, y lo• efectos de la temperatura ambiental, mecanismos de manejo y el tiempo de respue•ta del 
in"'rumento. Se hace notar que la selección del instrumento P""' la medición de la presión diferencial, se 
basa en el nivel de incertidumbre que se desea tener asociado a este proceso. Pant fmes prácticos. se asume 
que la incertidumbre asociada a esle parámetro es de O.So/o. 
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La incertidumbre asociada a la densidad del fluido _. obtiene a partir del propio análisis de incertidumbre 
que se lleva a cabo para el proceso de toma de lecturas de la denSidad del fluido; ya sea que la densidad se 
obtenga por una correlación empírica, t.~l como se descnbe en el estándar API MPMS 11.3 para líquidos o 
la descrita en el estándar API MPMS 14.2 para gases, o bien, que se obtenga a partiT de un clensitómetro en 
línea. 

2. ESPECIFICACIONES MECANICAS Y REQUERIMIENTOS DE INSTALACION. 

Esta parte del estándar provee especificaciones para el diseño y construcción de los sistemas de medición 
de flujo que emplean medidores de orificio. Es estándar detalla las tolenmcias mecánicas caracterizadas por 
resultados experimentales disponibles. 

2.1 EspecificacionfS de la placa de orllido. 

2.1.1 En la Fig. 14.4 se muestra un esqr•ema de las partes que conforman 1ma placa de orificio . 

r 
M...c•deednda 
LObre el llpo • 
c....aete de a. pb<'• 

. , 

-~-.(·!J·± u-:¡ 

··· .. 
Fig. 14-4 Esquema y símbolos de los componmtes de una placa de orificio. 

2.1.2 Las superficies de la placa de orificio deberán ser planas. La máxima desviación de planicidad es 
igual al 1% de la altura del terrnplén formado por la superficie de la placa aguas abajo. La altura 
del terraplén se puede calcular por la expresión (D~ - d.J/1. Esta especificación aplica para 
cualesquiera dos puntos de la superficie de la placa de orificio que estén dentro del diámetro del 
tubo de medición. La rugosidad de las superficies de la placa no debed tener abrasiones o 
ralladura• que sean visibles a simple vista y que excedan en 50 micropulgadas. La placa deberá 
mantenerse siempre limpia y libre de acumulaciones de suciedad o de cualquier otro material 
extrnño. 

2.1.3 El borde del orificio de la placa de la superficie que está aguas amba deberá ser cuadrado y 
afilado. Se considera que el borde es inadecuado para llevar a cabo mediciones con alta exactitud 
si llega a reflejar un haz de luz desde cualquier perspectiva, o cuando un haz de luz se llega a 
filtrar cuando se sobrepone contra una placa de orificio con borde calibrado. Los bordes de la 
placa de orificio (aguas arriba y aguas abajo) deberán estar libres de defectos visibles a simple 
vista tales como manchas, rugosidades, rebabas, muescas, ralladuras o protuberancias. 

2.1.4 La medición·del diámetro del orificio (d,) se defme como el promedio aribnético de cuatro 
lecturas independientes del diámetro. Ninguna de las lecturas puede variar del valor promedio 
determmado más allá de las tolerancias que se muestran en la Tabla 14.2. La temperatura a la que 
se encuentra la placa de orificio debe ser tomada al mismo tiempo que se realizan las mediciones 
de d1ámetro. El diámetro del orificio (d,) se define como el diámetro de referencia calculado a la 
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t~mperatura de refe,ncia (T,) y se det~nnina como se ~ifica m la ·seedón.l.3. dentro de la 
d~<enpción de parámetros de la ecuación de coeficiente de descarga. · · · 

TABLA 14 1 Tolerancia de redondez en la medición del diámetro del orifrcio de una placa. 
d. (in) Tolerancia(* In) 

:!>0.250 0.0003 

0.376 0.375 0.0004 
0.376- 0.500 0.0005 
0.501- 0.625 0.0005 
0.626-0.750 0.0005 
0.751 - 0.875 0.0005 
0.876 1.000 0.0005 

>1.000 0.0005 in por pulgada de diAmebo 

2.1.5 La superficie interior del orificio de la placa deberá ser de la forma de un cilindro de diámebo 
constante y no deberá tener defectos tales como ranuras, picaduras o grumos visibles a simple 
vista. La altura del cilindro es el grosor del orificio de la placa (e). El mlnimo grosor del orificio 
de la placa será igual al valor más grande que se obtenga de las siguientes desigualdades. 

e~O.Old. 

e > 0.005 in 

El máximo grosor del orificio de la placa será igual al valor más pequeño que se obtenga de las 
siguientes desigualdades. 

e:<; 0.02D. 

e:<;0.125d. 

De cualquier forma el grosor del orificio (e) no deberá ser mayor que el grosor de la placa. 
2.1.6 El mínimo, máximo y recomendado valor del grosor de la placa de orificio (E), para placas de 

orificio de acero inoxidable se definen en la Tabla 14-3. Los valores de la tabla son válidos para 
presiones dife=ciales que r.o ''xcedan 200 inH10 y que las temperaturas de opéración no sean 
mayo= de 150°F. 

2.1.7 El ángulo de biselado del orificio de la placa (9) se define como el ángulo entre el biselado y la 
superficie aguas abajo de la placa. El ángulo permisible del bisel es de 45 ±15 grados. 

TABLA 14 3 Especificación de Grosor de una placa de orificio 
Diámetro 

2 
interior (in) 

J • 6 8 tO 12 t6 20 24 JO 

Mimmo o 115 llttl . O.lll 0.11l O.t1l 0.11l 0.17l 0.11: O.l<OO 0.2<00 0.370 
Má:~uno 0.130 0.130 0.130 0.16] 0.2S4 OJI9 0.379 0.490 o .sos O .!lOS 0.562 

Rn:om•mda o.m 0.125 o. m o.m 0.125 0.250 0.250 O.J7S O.J1S O.J7S 0.!100 

2.2 Especificacionl'S del tubo de medición. 

2.2.1 El tubo de medición se define como el conjunto que conforma los bamos de tuberia recta aguas 
arriba y aguas abajo de la placa de orificio, los acondicionadores de flujo y el portaplaca, todos 
ellos deben ser del mismo diámetro. A lo largo del tubo de medición, no deben existir conexiones 
de tubcria a excepción de las tomas de presión y de temperatura, y el acoplamiento del 
acondicionador de flujo el cual deberá ser bridado. 

2.2.2 La rugosidad de la superficie interna del tubo de medición debe ser verificada en 
aproximadamente las mismas localizaciones axiales que se emplean para determinar y verificar el 
diámetro interno del tubo. La rugosidad interna del tubo de medición no deberá exceder las 
siguientes tolerancias: 
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a) 300 micropulgada< •i la "'!ación 13 es menor que 0.6 
b) 250 micropulgadas si la :elación 13 es mayor o igual que 0.6 

2.2.3 No deberán existir i=gularid•des, tales como surcos, raspaduras o anugas provocadas por 
uniones, soldaduras,.distorsiones y compensaciones que afecten el diámetro interno del tubo de 
medición más allá de las tolerancias especificadas en la sección 22.6. Cuando estas tolerancias 
sean excedidas, las irregularidades deben ser comgidas. El interior del tubo de medición deben 
e•tar siemp"' limpio y libne de acumulaciones de contaminantes o de sustancias extrañas. 

2.2.4 La medición del diámetro interno del tubo de medición (D.) se define como el promedio 
aritmético-.¡;; cuatro lecturas independientes del diámetro del tubo en un solo plano. La 
temperatura a la que se encuentra el tubo de medición debed ser tomada al mismo tiempo que se 
realizan las mediciones del diámetro. El diAmetro interno del tubo de medición (D,) se define 
como el diámetro de nefenencia calculado a la temperatura de nefenencia (T,) y se determina como 
se e.pecifica en la sección 1.3. dentro de la descripción de parámetros de la ecuación de 
coeficiente de descarga: 

2.2.5 Se debenl verificar el diámetro interno del tubo de medición en un mlnimo de dos secciones 
transversales adicionales. Una de las secciones adicionales de verificación deberá estar localizado 
en una región que tenga como mínimo, dos diámetros nominales de distancia de la superficie de la 
placa de orificio aguas abajo. La otra sección de verificación deberá loealizane en cualquier 
región intermedia del tubo de medición aguas arriba de la placa de orificio. Estas mediciones son 
utilizadas para verificar la uniformidad del diámetro interno del tubo de medición y no deben 
formar parte de la determin•~ión del valor promedio del diámetro interno del rubo como se 
e•pecifica en el punto 2.2.4. 

2.2.6 Tolerancias y restricciones. 
a) El valor absoluto de la diferencia porcentual existente entne la medición del diámetro interno 

del tubo de medición OM y cualquier medición individual dentro de la distancia de un 
diámetro nominal de la su¡>erficie aguas arriba de la placa de orificio no deberá 
exceder del 0.25% de o •. 

b) La diferencia porcentual entne el máximo y mínimo valor de medición de diámetro interno 
del tubo de medición aguas aml>a de la· placa de orificio no deberá exceder de 0.5"/o. 

e) El valor absoluto de la diferencia porcentual existente entne la medición del diámetro interno 
del tubo de medición o. y cualquier medición individual del diámetro interno del tubo 
de medición aguas abajo de la placa de orificio no deberá exceder de 0.5%. 

d) No deberán existir cambios abruptos en la superficie interna del tubo de medición 
(protuberancias resultantes por juntas o sellos, compensaciones, crestas, soldaduras· y/o 
uniones.). 

e) No deben existir rebajos, provocados por una junta o sellado, mayones a 0.25 pulgada< de 
profundidad. Cuando existan rebajos mayores a 0.25 pulgadas, el nivel de incenidumbne 
e~pecificado en la sección 1 puede aumentar considerablemente. 

f) T odo• lo• dispositivos de sellado y de sujeción de la placa de orificio deberán tener el mismo 
diámetro interno que el tubo de medición. 

2.2.7 El aislamiento térmico del tubo de medición puede ser requerido en caso de que existan extnemas 
diferencias entre la temperatura ambiente y la temperatura del"fluido, o bien. para el caso de que 
los fluido• que e•tán siendo medidos estén cerca de su punto critico, donde pequeños cambios de 
temperatura provocarán significativos cambios en la densidad del fluido. 

2.3 Especificación de las Bridas. 

2.3.1 Las bridas para la instalación del tubo de medición deberán ser construidas y acopladas de tal 
forma que las especificaciones mecánicas del tubo de medición sean consideradas . 

. 
2.4 Especificacitln de las Tomas de Presión. 

2.4.1 Las toma• de presión en las bridas (para la presión diferencial) deberán estar localizadas a 1 
pulgada de la superficie de la placa de orificio. La tolerancia de la ubicación de las tomas de 
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presión en las bridas se muestra en la Fig. 1 4·5. Por ninguna circunstancia. estas tomas deberán 
ocupar.<e para alguna otra aplicación que no sea la de la toma de JlfC"ión . 

• 
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ll .. .. .. 
Fig. 14-5 Tolt-rancras en la ubrcac10n de la.t tomm d~ pres1on en las bndas de SU)«ton de placa de orificio . 

El diámerro de las toma.• de presión, medido en la superficie interna del hlbo de medición, deberá 
ser de 318 ±/!M in para hlbos con diámetro nominal de 2 ó 3 pulgadas y de lS ±//M in para hlbos 
de 4 pulgadas o mayores. 
El acabado de las. tomas de presión, en la superficie interna del hlbo de medición, deberá estar 
libre de rebabas por lo que puede ser ligeramente redondeado. 

2.5 Especificación de Acondicionadores de Flujo tipo "Tube Bundle". 

2.5.1 Tomando como referencia la l'ig. 14-6 se especifica que la sección tr.msvenal (a) de las vena.< del 
acondicionador no deberá ser mayor a un cuarto del diámetro (D,) del hlbo de medición El érea de 
la región existente en!Te cada vena (A) no deberá ser maynr a un dieciseisavo del érea del hlbo de 
medición. La longihld (L) de lns venas, deberá ser como mínimo 10 veces la máxima longihld de 
(a). La longihld (L) no deberá exceder un medio de la distancia C' que se muestrn en las Figs. 14-
7, 14-R, 14-9, 14-10 y 14-11; en el dado ca.<o de que esto llegase a suceder, entonces las distancias 
C" y A· en dichas figuras deberán ser incrementadas. No necesariamente todas las venas deben ser 
del mismo tamaño; máo; sin embargo, su arreglo siempre debe ser sim~trico. 

Dr 

a L----+~•1 
F1g. 14-6 Acondicionador dt' flujo de tipo '"Tube-Bundlt' ··. 
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2.5.2 Las venas pueden ser construidas de tubos de pared delgada, Ct'n material de unifonne·suavidad y 
pueden tener forma circular. hexagonal o cuadrada. Deberán e>:!M sujetados con un anillo en cada 
uno de sus extremos de tal fonna que puedan deslizarse dentro del tubo de medición. 

2.5.3 La sujeción al tubo de medición deberá ser segura y firme y deberá renene cuidado de no 
distorsionar la simebia de las venas dentro del tubo de medición. 

2.5.4 La especificación de otro tipo <!e acondicionadores, deben\ estar soportada por datos de 
desempeño técnico y las partes involucradas en la medición debenln estar de acuerdo con su 
empleo. Este estándar no presenta especificaciones de otro tipo de acondicionador de flujo. 

2.5.5 Los acondicionadores de flujo deberán mantenerse limpios y libres de residuos que pueden irse 
acumulando conforma pasa el tiempo. 

2.5.6 El empleo de acondicionadores de Oujo no garantiza la eliminación de los efectos swirl en el perfil 
de velocidad, por lo que si esto llegase a suceder entonces existiría un incremento en el nivel de 
incertidumbre de la medición de flujo. 

2.6 Especificaciones de Instalación de la Placa de OrifiCio. 

2.6.1 La placa de orificio deben\ ser concénbica, aguas am"ba y aguas abajo, con el elemento de 
sujeción de la placa de orificio. La excenbicidad de la placa de orificio, medida en paralelo a los 
ejes de las tomas de presión, cíebenl ser menor o igual que la tolerancia defmida por la siguiente 
ecuación: 

0.0025D. 
&:5. • 

0.1 +2.3P 
(19) 

Donde: 
e = E'f:c~nlricidad del orificio de la placo. 

2.6.2 La excenbicidad de la placa medida perpendicularmente a los ejes a los de las tomas de presión 
puede ser hasta cuatro veces la cantidad calculada por la ecuación (19). 

2.6.3 El dispositivo de sujeción de la placa de orificio, deben\ mantener el plano de ~la a un ángulo de 
90° con respecto al eje del tubo de medición. 

2.6.4 La tolerancia de excenbicidad especificada por la ecu&ción (19) puede ser aumentada al doble si 
las bridas de sujeción de la placa cuentan con dos tomas de presión (distanciadas 180°) de tal 
forma que la presión que se obtiene de ellas sea promediada. 

2.6.5 La excenbicidad relativa en la superficie que está aguas arriba es la más critica. 

2.7 Especificación de Termopozos. 

2:1.1 Tomando como referencia las Figs. 14-7, 14-8, 14-9, 14-10 y 14-11; los termopozos debenln 
localizarse aguas abajo de la pl~ca de orificio y no deberán instalarse a una distancia menor que B 
y mayor que 48 a partir de la superficie de la placa de orificio. 

2.8 Esp•cificación de Longitudes de Tubos de Medi<íón. 

NOTA. Existen evidencias de que los efectos de swirl en el flujo requieren 100 o más diámetros de tuberla 
recta para decaer. Dado que no hay duros empíricos que predigan con exactitud el incremento de 
incertidumbre debido a este efecto, la información que se presenta en esta parte del estándar es sólo una 
guia para el diseñador de un sistema de medición. En la actualidad. el estudio de los efectos swirl en los 
~istemas de medición. son un tema de investigación. 

-
2.8.1 Cualquier variación significativa del perfil de flujo provocari errores en la medición. Previniendo 

esta situación. el estándar presenta una guía para determinar las longitudes mínimas de tuberla 
recta aguas arriba y aguas abajo del elemento primario de medición. Las configuraciones que el 
estandar presenta se muestran en las Figs. 14-7. 14-8. 14-9. 14-10 y 14-11. Se especifica que para 
todas aquellas instalaciOnes que no estén cubiertas explícitamente en alguna de las figuras 
mostradas. el arreglo de la Fig. 14-7 deberá ser seguido. 
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2.R.2 Las gráficas que acompañan a la< figuras indican los mínimos de longitud de rubo de medición. el 
cua 1 va variando en función de la relación de diametro,; p. -

l.R.3 El criterio de di~eño para in!>talaciones nuevas deberá considerar que la relación de diámetros ~e~ 
igual a 0.75. 

2.R.4 Las dimensiones C y C' no deberán ser menores a las que se indican en las gráficas, aun cuando se 
usen rubos de medición equipados con acondicionadores de flujo y que excedan las 
·e<pecificaciones que se muestran en las gráficas correspondientes. 

2.8.5 En la Fig. 14-7 se muestra el arreglo bésico de longitudes del rubo de medición. En esta 
instalación se considera una restricción_pan:ial en la ruberia aguas am"ba de la placa de orificio. 

2.8.6 En la Fig. 14-8 se muestran dos codos en ángulos rectos uno del otro (no en el mismo plano) · 
separados uno del otro por menos de IOD de ruberia recta y localizados antes de la tubería recta 
que conforma el rubo de medición. Cuando la distancia entre los dos codos es muy cercana (menos 
que 30) y que están precedidos por un tercer codo que no eslll en el mismo plano, los 
requerimientos de tubería recta estipulados para A deben de ser doblados. 

2.8.7 La Fig. 14-9 muestra dos codos (en el mismo plano) y separados uno del otro por menos de lOO 
de tubería recta, localizados antes de la tuberia recta que conforma el tubo de medición. 

2.8.8 La Fig. 14-10 muestra dos codos (en el mismo plano) y separados uno del otro por més de IOD de 
tubería recta, localizados antes de la tuberia recta que conforma el rubo de medición. 

2.8.9 La Fig. 14-11 muestra el empleo de un reductor o expansor de diámetro localizados antes de la 
tubería recta que conforma el tubo de medición. En este caso la longitud A' = A + Longitud del 
acondicionador de flujo. Esta figura aplica solo para reductores o expansores concéntricos. 
Cuando los expansores o reductores son excéntricos las longitudes de tuberla recta corresponderán 
a la< indicadas en la Fig. 14-7. 
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/4. 7 Longiwde.~ del who de medición cnn:rid~rando 11110 vál\'ula parcialmente 
cet'rada aguas arriba Jc lo placa de nr!ficio. 
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Frg 14-8 Longitudes de/tubo de medición considerando dos codos (no en el mismo plano) 
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Fig. 14-9 Longiludes dellllho de ml!dición con.<iderando menos de IOD de tubería ·recta entr<• 
do.< codo.< ten el mismo plano) ubicados aguas arriha de la placa de orificio. 
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Fig. /4-10 Longitudes del tubo de medición considerando más de,JOD e tuberta recta entre 
dos codos (en el mismo plano) ubicados agrms arriba de la placa de orificio. 
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Fig. 14-// Longitudes del tubo de medición considuando reducciones o expansiones de 
diámetro en el tuba de medición aguas arriba de la placa de orificio. 

3 APLICACION DEL EST ANDAR EN LA MEDICION DE GAS NATURAL. 

En esta parte del estándar se presenta una aplicacíón específica del la Parte 1 del estándar a la medición de 
gas natural Las me7clas de gas natural que contempla este estándar son aquellas cuyas composiciones en 
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"•mol ""encuentran dentro de los r:mgos que se especifican en el estándar API MPMS 14.2. El eslánd3r 
~ta ori~ntado al empl~o de unidades del si~tema inglés. En ca~ de que- se requiera conocer el flujo d~ 
ma~ o volumétrico en el si~tema métrico. deberá aplicar.:.e un factor de conversión al final de los cálcuh .... :::. 
ya que conversiones intermedias de unidades, pueden no llegar a conducir a resultados con~istentes. El 
medidor de orificio debe ser conslruido e insralado de acuerdo a los lineamientos que se estipulan en la 
Parte 2 de este estándar. 

NOTA. Los cálculos especificados en esra parte del estándar, son consistentes con los mostrados en la Parte 
1; por lo que solo se hará referencia a aquellos cálculos o conceptos que estén directamente relacionados 
con fa medición de gases naturales. 

3.1 Rozón de flujo do masa de un gas natural. 

la razón de flujo de masa de un gas natural, puede ser calculada en función de la densidad del fluido a 
condiciones de flujo, de la densidad relativa de un gas ideal o de la densidad relativa de un gas real. La 
ecuación que determina la razón de flujo de masa en función de la densidad deifluido es: 

(20a) 

Para calcular la razón de flujo de masa en función de la densidad relativa de un gas ideales: 

(20b) 

Para calcular la razón de flujo de masa en.función de la densidad relativa de un gas real se ru;ume que las 
condiciones base de "'ferencia son 14.73 psia y 519.67"R (60"F), por lo que la compresibilidad del aire se 
incorpora a la constante numérica de la ecuación. Asf. la ecuación de flujo de masa que está en función de 
la densidad relativa de un gas real es: 

Qm ~ 590.006C)FT)E,Y,d 2 

Donde: 
Q .. = Rozón de flujo de ma.~a (lh,./h). 
T1 =Temperatura de/fluido fR). 
h. ""Pre.t1Ón d1(erenciol pm .. •ocad.1 por lo piara de orificio (inH~ o 60 .. F). 
r,, = Pre .. ión de fluJo medida en lo toma de prrsión agua.~ arriba de la placo de orificio (psia). 
p, r• = Dentidad de/fluido a condiciones de flujo agua.t arriba de lo placo de orificio (Pp. T,_ y Z-,tJ. (lh..l/f). 
r. = Demidad del jlwdo o condiciones e.ttánJar (P,. T,.J. (lb.,ljf) 
G, = Den.ndnd relntn:o dt ''"-~a~ ideal (gravedad especifico). 
G, = Den .. ,tfad relam·a de un 1!GS real (gro .. •edod especifica). 
Z, == Cnmpre.Hh11idnd o condicione.~ estándar (P,. T,). 
z,, =Compresibilidad a condicione.s de flujo agua.f arriba de la placo de orificio (Pp. r;. 

(20c) 

la• respectivas ecuacion.,; para calcular la razón de flujo volum~bico de gas natural a condiciones 
.,;tándar, !l<ln: 

Q,. ~ 359.072C.{FT)E,Y1d
2 ~P •. , h. 

(21a) 
P, 

Q. ·~ 7711.19C_{FT)E,Y,d 1Z, 
G;Z 1,T1 

(2lb) 
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Q. ~7709.6lC.(FT)E,Y,d1 P1,Z,hw 

G,z,,r, (21c) 

En la ecuación (2lc) se incorpora dentro de la constante numérica el valor de compresibilidad del aire (Z... 
~ 0.99959) a condiciones estándar de referencia. Para propósitos de la Parte 3 del estándar, se asume que las 
condiciones base y la.< condiciones estándar de referencia son las mismas. En el caso de que llegasen a ser 
diferentes, la razón de flujo voluml!trico calculada a condiciones estándar puede ser convertida a 
condiciones ba<e a través de la siguiente relación: 

Donde: 
Q,. = Razón de flujo vo/,mhrico a cond:cion~s b2..~f! (fr1/h). 
Q, = Razón Je flujo \'0/umétrico a condicionl!s ~slándar (fr'lh). 
P,. = Pre.tión base (p.tia). 
P1 = Pre."fiñn e.Jtándar (p:ria.). 
Tb "" Temperatura bcue {R) 
T, = Tempt!ratura estándar ("R) 
z,. = Cnmpre."fibilidad a condicione."f base fP,. T,J. 
Z1 = C ompn'.~ih;/idad o condiciones estándar (P,. TJ. 

(22) 

La relación de diámetros p, el coeficiente de descarga FT(C,¡), el factor de velocidad de acercamiento E,. y 
el factor de apansión Y se obtienen tal y como se especifica en la Parte 1 de este estándar. El número de 
Reynolds del flujo de un gas natural, se obtiene directamente de la expresión 

1. 
R = 0.0114541( Q.P¡,G, J 

... pDT.Z . ·- (23) 

Usando un valor promedio para la visco<idad del gas de J.l = 0.0000069 lb,lft-s, y sustituyendo las 
condiciones estándar de P, ~ 14.73 psia y T, = 5/9.67°R (60°F), la ecuación (23) se reduce a 

R = 47.0723 Q,G, 
•n l) 

(24) 

3.2 Propiedades del gas. 

El estándar incluye dentro de uno de sus anexos, un resumen del estándar GPA 2172 (API MPMS 14.5) en 
donde se especifican los procedimientos de calculo para calcular la capacidad calorifica, la densidad 
relativa y el factor de compresibilidad de una mezcla de gas natural a partir de su análisis composiciona1. 
En el estándar GPA 2172 (API MPMS 14.5) se incluye una lista de propiedades fisicas de los componenl03 
predominanles de un gas natural. La lista está considerada como la base de datos más actualizada y 
completa con respecto a las propiedades fisicas de los gases naturales. La lista está tomada del estándar 
GPA 2145-91. 

1 

COMPRESffiiLIDAD (Z). 

Partiendo de las leyes pe los gases ideales· 

Dnndc· 

l44PV = nRT 

P,V, P,V, --=--
T, T, 
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P = Prenó11 t~lnolllln ,/t'l ~af. 
, · = f 'olumt'll ,{~,•/ 2'(11' 

T = Tt.•mpt•tatUr(l ah,olutll (/('/ ga.'i. 

-41:-

R = Cnmtmu~ um,·e~trl tle lo ... gn.'ies = 1545.35 (lbf-ftJ. (/bmoJ.~>R). 
n = Nú"'ero de moles que componen el gas. 
/44 es una constante numérica requirida para poder manejar la prrsión en psia. 
El .'lufljo 1 indico que un volumen de gas es medtdo a deurminadas condiciones de ptnión .v lt!nt¡WfYituro ." el sufijo 1 
indica que se esta midienJo el mi.Jmo volumen de ga.r a difenntu condiciona de presión y t~ratum. 

Se define como compresibilidad a la desviación que tienen los gases con respecto a la ley de los gases 
ideales. El estándar AGA No. 8 (API MPMS 14.2) detalla el m~todo para determinar su valor. Aplicando el 
término de compresibilidad en la ley de los gases ideales, se obtiene la expresión que representa a los gases 
reales 

l44PV =nZRT 
P.V, ~~ --=--
Z,T, z,r; 

De la ecuación (26b) .e deduce la ex:>r.sión que permite convertir l'í, a V. i.e. 

Donde: 
J'6 = Volumen de un ga:r a condiciones ba.te (P,. T,) {fr1

). 

V1 = l'o/umf'n de un grua condiciones defluio (P,. Tp (fr'). 

(26a) 

(26b) 

(27) 

La relación que exi.re entre z, y z,. se le denomina factor de supercompresibilidad (F,.. ). Matemáticamente, 
se define como 

(28) 

DENSIDAD RELATIVA. (GRAVEDAD ESPECmCA). 

La densidad relativa G se define como un número adimensional que expresa la relación que existe entre la 
densidad del fluido y la densidad de un gas de referencia a las mismas condiciones de temperatura y 
pre~ión. La industria del ga" ha design:1do como su gac; de referencia al aire y la.~ condiciones de referencia 
de temperatura y presión son 14.73psia y 5i9.67'R (60'F). 

La densidad relativa de un gas ideal G. ~e dr:fme como la relación que existe entre la densidad ideal de un 
gas y la densidad ideal del aire seco a las mismas condiciones de temperatura y presión. Como las 
densidades ideales son referidas a las misma, condiciones de presión y temperatura, la relación se reduce a 
una relación de masas molares, por lo que G,. Puede obtenerse a partir de 

G. ~ Mr"" = Mr"" 
' Mr;,,, 28.9625 

O,nde: 
Mr ... = Mn.fa en mnle.t (pe:m mnleculnr) del aire= 28.9625 (lb. IIb.-J. 
,\.fr~, = Mmn en mole.f tre.to mnler:ular) del gas (lb., 1 /b-J 
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DENSIDAD REAL TIV A DE UN GAS REAL. (GRAVEDAD ESPECIFICA REAL). 

La densidad relativa de un gas real G, « define como la relación que exi.re entre la densidad real del gas 
con la densidad real del aire seco detenninadas amabas a las mismas condiciones de temperatura y presión. 
Para aplicar correctamente G, al calculo de flujo, las condiciones de referencia para la detenninación de G, 
deben ser las mismas que las condiciones do referencia para el cálculo de flujo. A condiciones de referencia 
(P .. T,) la densidad "'lativa de un gas real se expresa como sigue: 

(JO) 

Cuando G, se determina directamente por sistema de medición de densidad, deberá aseguranre que las 
mediciones de densidad del gas y del aire sean llevadas a cabo bajo las mismas condiciones de presión y 
lemperatura. 

DENSIDAD DEL FLUIDO A CONDICIONES DE FLUJO. 

La densidad del flujo (p, .. J se define como la masa por unidad de volumen a las condiciones de presión y 
temperatura del fluido. El valor de p, .. puede ser calculada por ecuaciones de estado o medida por 
densitómetros comerciales. Idealmente la densidad debe medine en· la misma lugar donde su ubican las 
tomas que se emplean para medir la calda de P"'5ión en la placa de orificio (flange hole tap), como esto no 
es posible, entonces debe tenene presente que si existe una variación significativa de la presión y 
temperatura entre el punto donde se encuentra la placa de orificio y el punto donde se toma la muestra para 
el análisis de densidad, entonces puede ser que exista una variación significativa de la incertidumbre en la 
medició,, de flujo. Para verificar la oper3eión del densitómetro, se recomienda hacer una comparación entre 
los valores reportados por el densitómetro y por los valo= obtenidos de la ecuación de estado. 

Cuando la composición del gas es conocida, la densidad del fluido a condiciones de flujo (p, .. J y la 
densidad del gas a condiciones base (A.) pueden ser obtenidas a partir del peso molecular del gas, como 
sigue. El Peso molecular de un gas se obtiene por la exp=ión 

w 

Mr;.,-= «l>,Mij +«l> 2Mr, + ... +«l>wMr. = L«l>1Mt¡ 
;.¡ 

Drmde: 

<fl, = Fracdcln molar del i-~eavo componente. 
Mr1 = Masa en moles (peso molecular) del i-sc:avo componle ((lb. 1 /b-J 

De (31) se deduce que 

m 
n=-

Mr,., 

Sustituyendo (32) en (26a) y despejando los componentes de volumen y masa, se tiene que 

· _ m _ l44P¡,Mr,., 
P •. ,.. -v-- Z RT 

fí Ji f 

_m _ I44P.Mr,., 
P.---V, z.Rr. 
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Pal'3 detemtinar f'•r y P• a partir de la densidad reliuiva del gas ideal. es necesario despejar .llr,..:de (29) y 
su<liruirlo en (33) y (34). obteniéndose ~ue 

(35) 

(36) 

Pal'3 determinar p,,, y p. a partir de la densidad relativa del gas real, es necesario despejar G1 de (30) y 
sustiruirlo en (35) y (36). obteniéndose que 

_ 2.69881P,G,Z6_ 

P •. ,.,- Z T Z 
Ji 1 ,...,. 

(35) 

_ 2.69881~G, 
Pb- T.Z 

b ·-

(36) 

3.3 CAlculo de la razón de flujo empleando ~1 mEtodo de fa<lores; 

El método de factores puede proveer cálculos de flujo idl!nticos a los que se obtienen por el método 
descrito a lo largo del estándar. Aunque el método de los factores, es y ha sido el método m>\s empleado en 
la< instalaciones de medición de flujo, tiene la desventaja de que es mucbo mb estricto que el método 
formal. esto se debe principalmente a que los valores obtenidos para cada factor son únicamente válidos 
pal'3 aquellos valores de variables que se ajustan exactamente a los especificados dentro de la< bases de 
daros que se incluyen en el estándar. El manejo de conversiones de unidades debe Jlevane a cabo con sumo 
cuidado y la extrapolación de los datos mostrados en las tablas de datos no es permitida. 

El método de factores tiene como finalidad el calcular la razón de flujo a condiciones estándar mediante el 
empleo de bases de datos que evitan el manejo de una gran cantidad de cálculos que pueden propiciar 
errores o relardos en el cálculo. Para este propósito se asumen las siguientes condiciones estándar o base. 

G, = 1.000 -
P, = P, = l4.73psia 

r. = r, =519.67°R 

T1 = 519.67°R 

Z6 =Z, 

z._ = 0.999590 

A pan ir de la ecuación de razón de Oujo a condiciones bac;e 

Q 2 r. • =2l8.573C.(FT)E,.Y1d -
- p• 

P,z.z._h. 
G,Z,T1 

Si ahora se susttiUye (32) y (37) en (22) y se resuelve para Q,. se tiene que 
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(
Sl967)Q; ( ~ -) ~-·:(-T•HJ-~ Q =21~.57.1--·- ---C,(FTJEl",d 1 

-'- .J0.99'1S90• -·-. 
. 14.73 519.67 . 519.67 P. 

·sl9.117l··l"fZ.--=~JPh 
T G Z '· • , . '• 

reagrupando se tiene que 

Donde: 

Cada uno de eslos factores puede ser calculado individualmente a partir de las siguientes expresiones 

F _ 338.196D2P2 

. - ~~-p· 

Fe = C,(fT) = f(p, Re0 , D) 

F,, = 0.000511 JO fJ + (0.0210+0.0049A){J4C = f(p, Re0 ) 
[ 

6 ]"·' 

Re 0 

F 
- 14.73 

pb-
P¡, 

F = Tb 
lb 519.67 

F, = tl9.67 
T¡ 

F =jf ttr G . , 

F =Jtb pv z 
. . Ji 

(32) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

El estándar incluye tablas de valores para diferentes datos de enlnlda de cada uno de los factores. Existen 
algunos limitanles para el empleo de c•da una de las tablas. La tabla de valores para F., Fr y F,1 consideran 
que T1= 68"F, G,= 0.6,1J = 0.000069, k= 1.3, P,= 14.73 psia y T, = SI9.67"R.l..a tabla para F .. s61o aplica 
para gases con gravedad especifica de 0.6 y que no contengan nitrógeno o dióxido de carbono. Por ninguna 
razón debe interpolar::e algún dato, es su caso, se recomienda seguir el procedimiento de cálculo que se 
enuncia en el estándar AGA No. 8 (API MPMS 14.2). 

4. ANTECEDENTES, DESARROLLO, PROCEDIMIENTOS DE IMPLEMENTACION Y 
DOCUMETNACION DE SUBRUTINAS. 

En esta parte del estándar se describen ios antecedentes e historia del desarrollo del estándar. Además, se 
recomienda un mélodo prototipo para solucionar las ecuaciones de masa y/o de volumen que se mencionan 
en la parte 1 del estándar. 

4.1 Reseña histórico del estándar. 

En 1924. la Natural Gas Associalion (l'osterionnente llegó a ser el Natural Gas Department del AGA) 
conformo un comilé de trabajo (Gas Measuremnt Committee) que se abocaría exclusivamente a la 
med1ción de gas natural. Lo~ objetivos miciales fueron: 

• Determinar lo~ correctos métodos de mstalación de medidores de orificio. 
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• Determinar lo• requenm'ie~tosoperillivos y los· factores de corrección n.CesariOí:.para el.éinpleo.dc ¡,,-, 
medidore5 de orificio en la medicióri. · 

En 1927 el comité presentó su primer repoa1e, el cual fue publicado hasta 1930. En la introducción de dicha 
publicación se especificaba que aunque se habían encontrado resultados coherentes, era necesario continuar 
con los estudios ·analíticos y experimentales, aun inclusive sobre los resultados ya encontrado•. ya que 
había algunos datos que no habían quedado del todo cerrados. 

En 1931 el comité comenzó a trabajar en conjunto con el Special Research Comminee of Fluid Meter. de 
la ASTM con la principal finalidad de que la.• publicaciones de estos dos comités estuvieran en arrnonia. El 
segundo reporte del Gas Measurement Comminee fue publicado en 1935 y la gran diferencia que exi<tia 
con respecto al primero el rango de condiciones de aplicación era mucho más amplio. Este segundo reporte 
estuvo basado en un reporte técnico elaborado en conjunto por AGAJASME. 

Fue hasta 1955 cuando apareció el Report~ No. 3 del comité. En este se incluían las especificaciones de 
medidores de orificio de mayor diámetro y se consideraban los adelantos que tenia la industria para fabricar 
las placar de orificio. En 1969 hubo una revisión del Rporte No. 3, la cual no tuvo mayores cambios y solo 
se adicionó información que babia sido desarrollada desde su publicación original. 

En 1975 el Comminee on Petroleum Measurement de la API adoptó el Reporte No. 3 como parte de su 
manual de estándares en la medición del petróleo (MPMS) y lo aprobó para publicarlo como el capitulo 
14.3 del MPMS. El API sometió el Reporte No. 3 al ANSI para convertirlo en un estándar nacional. El 
ANSI aprobó el Reporte No. 3 en 1977 y fue identificado como ANSIIAPI 2530. 

Durante 1982-1983 el API trabajó en cor.junto con el AGA y la GPA para revisar el estándar. La revisión 
de 1983 provocó cambios de forrna ya que el forrnato original fue alterado para proveerlo de mayor 
claridad y facilidad en su aplicación. Asimismo, se adicionaron varias representaciones equivalente5 de las 
fórmulas que determinan la razón de flujo. La ecuación de estado para el gas natural y un amplio trahajo 
relacionado al cálculo del factor de compresibilidad también fue incluido dentro de esta revisión. Todo el 
trabajo relacionado al cálculo del factor de compresibilidad fue adoptado por el AGA y lo emitió como su 
Reporte No. 8. ANSI aprobó la revisión de 1983 en 1985. 

En la actual revisión, la principal actualización consistió en la ecuación que detennina el coeficiente de 
de~carga. E!;ta nueva ecuación está soportada por una extensa colección de datos de alta calidad. Las 
condiciones de instalación no han cambiado de.<de la revisión de 1983. Actualmente, los grupos de 
investigación están trabajando sobre este particular, pudiendo ser posible que nuevas especificaciones de 
niveles de incertidumbre sean provistos en la nueva revisión. 

4.2 Procedimientos de implementación . 

... -· 
Los procedimientos de implementación que se presentan consisten en razones de flujo calculadM a partir de 
direrentes datos d;, entra-da. Se detalla el procedimiento de tipo general que se sigue para obtener tales 
resultados; posteriormente, y mediante un programa de computadora, se obtiene una serie de resultados, los 
cuales pueden ser empleados para verific>r cualquier programa de cómputo desarróllado para llevar a cabo 
los cálculos que se presentan dentro del est~ndar. El procedimiento de implementación detalla dos casos 
especificos; la aplicación de los cálculos presentados en la parte uno del estándar (aplicación de tipo 
general) y la aplicación de los cálculos presentados en la parte tres del estándar (aplicación para gases 
naturales). 
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SECCION 14.2 FACTORES DE COMPRESIBILIDAD PARA GAS l'iATURAL Y 
OTROS GASES DE HIDROCARBUROS. 

l. RESUMEK 

La medición de.flujo de gas requiere para su cálculo el factor de compresibilidad a condiciones de flujo (Zil 
y el factor de compresibilidad a condiciones base (Z.); asimismo, requiere la densidad del fluido a 
condiciones de flujo y a condiciones base (p¡y p¡,). 

En este estindar se precisan los cálcuios para estimar, con una alta exactitud, las densidades y los factores 
de compresibilidad del gas natural y/o de otros hidrocarburos que se encuentren en forma gaseosa como lo 

. es el metano, etano, nitrógeno, dióxido de carl!ono, hidrógeno y mezclas de gas de hasta 21 componentes. 
Las ecuaciones de estado que se presentan describen. su incertidumbre asociada, la cual, forma parte del 
total de incertidumbre asociada a la medición de flujo. 

La metodología que se presenta en este estindar puede ser aplicada directamente en los cálculos de 
volumen y/o de razón de flujo de gas. Asimismo, puede ser empleada en todo aquel cálculo donde sea 
importante o predominante la relación entre temperatura, presión y volumen de gas, como es el caso de 
estudios de capacidad calorífica, entalpi'l. entropía, factor de flujo critico, diseño de toberas sónicas, diseño 
de intercarnbiadores de calor, etc. 

El alcance del estindar, contempla a todas aquellas mezclas de gases que estén dentro de los rangos de 
propiedades fisicas y de composicior.es molares que se muestran en la Tabla l. NO SE RECOMIENDA 
EMPLEAR LOS CALCULOS DESCRITOS EN ESTE ESTÁNDAR PARA AQUELLOS CASOS 
DONDE LAS COMPOSICIONES MOLARES DE LOS GASES ESTEN FUERA DE LOS RANGOS '·~ 
ESTIPULADOS EN LA TABLA l. LOS CALCULOS SOLO APLICAN PARA AQUELLOS FLUIDOS 
QUE SE ENCUENTREN EN FASE GASEOSA Y QUE SE ENCUENTREN DENTRO DEL RANGO DE 
TEMPERATURAS DE , 130°C a 4oo•c ( -200°E a 760°F) Y CON PRESIONES DE HASTA 280 MPa 
(40000 psia). EL USO DE LOS METODOS DE CALCULO NO SE RECOMIENDA CUANDO LAS 
CONDICIONES DEL GAS ESTEN DE:'ITRO DE LA VECINDAD DEL PUNTO CRITICO. ·•. 

Tabla 1 Características v Rangos de me::clas de gas que aplican en el presente estándar 
Cantidad Rango Normal Rango Expandido 

Densidad Relativa• 0.554 a 0.87 0.07 a 1.52 
Capacidad calorífica bruta .. 477 a 1150 Btu/scf O a 1800 Btu/scf 
Capacidad calorifica bruta• .. 18.7 a45.1 MJ/m O a 66 MJ/m' 
%mol de Metano 45.0 a 100.0 O a 100.0 
%mol de Nitrógeno O a 50.00 O a 100.0 
%mol de Dióxido de Carbono O a 30.0 O aiOO.O 
%mol de Etano O a 10.0 O a 100.0 
%mol de Propano Oa4.0 O a 12.0 
%mol de Butano O a 1.0 Oa6.0 
%mol de Pentano O a 0.3 Oa4.0 
%mol de Hexano + Oa0.2 O a punto de condensación 
%mol de Helio Oa0.2 Oa3.0 
%mol de Hidrógeno O a 10.0 O a 100.0 
0/omol de Monóxido de Carixmo Oa3.0 Oa3.0 
%mol de Argón # O a 1.0 
%mol de Qxígeno # O a 21.0 
%mol de Agua O a 0.05 O a punto de condensación 
%mol de Acido Sulfhídrico O a 0.02 O a 100.0 
• o Condtcwn de referencia. Dens1dad rela11va a 60 F y 14.73 ps1a . 
•• CondiciÓn de referencia: CombustiÓn a 60°Fy /4.73 p.sia: densidad a 60°F_v /4.73 ps1a. 
••• CondiciÓn de rejerenc1a: CrJmbusl!Ón a 25°C v 0.101325 MPa: densidad a 0°C v 0.101325 MPa. 
#El rango normal es considerado a :;er cero paro.estos componentes. · 
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En general. el estandar describe dos ecuaciones de estado. El "Método de Caracterización Detallado'' y el 
"Metodo de Caracterización Grosso". La diferencia entre los dos métodos son los datos de entrada que 
necesita cada ecuación. En el primer caso. se debe conocer a detalle la composición del gas por lo que 
puede ser empleado dentro de todo el rango de presiones. temperntUias y composiciones que se especifican 
en la Tabla l. El segundo método solo requiere un conocimiento grosso de la composición del gas (dado 
por la capacidad calorifica (HcH) y/o por la densidad relativa) y se recomienda su uso para aquellos gases 
que se encuentren dentro del rango de tempernrura de o•c a ss•c (32"F a 130"F) y presiones de basta 8.3 
MPa (1200 psia). ademas de que sus caracteristicas fisicas estén dentro de las que se estipulan en la 
columna de "Rango Normal~ de la Tabla l. 

NOTA l. Ambos métodos requieren el empleo de temperatura y presión en unidades absolutas, así como 
un análisis inicial del gas para determinar el método que puede ser aplicado. 

NOTA 2. La capacidad calorifica de una mezcla de gas (HCH) puede ser calculada a partir del valor ideal de 
capacidad calorífica bruta de Jos componentes del hidrocarburo. Cuando la composición del gas natural no 
es conocida. HcH puede ser estimado a partir de datos de caracterización del gas natural. (Véase estindar 
GPA 2172/APJ MPMS 14.5). Los datos necesarios de caracterización son la densidad relativa del gas 
natural (G,). la capacidad calorífica bruta por unidad de volumen (HV), la cantidad existente en la mezcla 
de gas de dióxido de carl>ono y de Nitrógeno. 

2. MÉTODO DE CARACfERIZACIÓN DETALLADO. 

Este método fue desarrollado para describir con una alta exactitud el componamiento de la presión
temperatura-densidad de las mezclas de gas narural. así como el de ciertos componentes puros (en estado 
gaseoso) como lo es el metano. etano, dióxido de carbono, nitrógeno. hidrógeno sobre un amplio rango de 
condiciones fisicas. Adicionalmente, se desarrolló· una correlación de baja densidad para el propano e 
hidrocarburos mas pesados. así como· para aquellas mezclas binarias de éstos con el metano, etano, 
nitrógeno y dióxido de carl>ono. El método reduce la incertidumbre asociada al factor de compresibilidad y 
a los dlculos de densidad para gases naturales que provienen de separadores los cuales pueden llegar a 
contener mas del 1% de %mol de hidrocarburos mas pesados que el C.+. 

Correlaciones del componamiento de la densidad del acido sulfhídrico puro (H~J. así como mezclas 
binarias del H ~ con metano. etano. nitrógeno y dióxido de carbono. fueron desarrolladas para reducir el 
estimado de incertidumbre para gases naturales que contengan H~ (Gases amargos). 

Fmalmente, se desarrollaron correlaciones viriales para el agua y mezclas binarias de agua con metano, 
etano. nitrógeno y dióxido de carbono para reducir el estimado de incertidumbre para gases narurales que 
contienen vapor de agua (Gases humedos). 

2.1 Ecuación de estado para determinar el factor de compresibilidad, 

La ecuación de estado que se determina es el resultado de una formulación híbrida, ya qÚe combina 
las caracteristicas de una ecuación vinal de estado para condiciones de bajas densidades (series de 
potencia en densidad) y funciones exponenciales para aplicaciones de altas densidades. La ecuación 
de estado provee una alta exactitud en un amplio rango de temperatura-presión-composición del gas y 
provee propiedades termodinámicas asociadas al gas. La ecuación de estado para determinar el factor 
de compresibilidad del gas está dad<; por. 

(1) 

Do11de· 

a .• D: c .• 1._ 11 .. g .• q,. ( ... s .• ~t-- Conslanres de Tablas 
E. A·. G. Q. F. S¡· U' fParametros caracteri=ados dt> Energia. Tamaño. Orr~ntacton. Cuatnpo/os. Alta T~m¡Nratl1raa. 
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Bth()/ns _1 A ~oetunon rC'sptrflvamenu·¡ Con.uantrs Jc Tablas. 
E.~ l.··~ A·.~ G., l'aiort>s deparámetro.t t•mpleados en la inreracmin btnaria de los cornponmus = ConstaNt>S de Tablas .. 
d = den u dad molar 
.V "" .\'1/mC'm de componl"NeS t>n la mlo:cla dC' gas 
x - F racc1ón molar de cada componente de la me: e/ a . 

D - ¡; 'd . . . 1 DensiiJad reducida) ¡ . . r . . . 
K'= ~:r,K,!' +2~ 1~ 1.r,r¡fK:-I)(K,K 1 ): 

,, 
' ' -

K/rs:, 8 . ¿ •. , .. ¿ ¿ :s.~.E;·(K ... .. . .. . 
e; • a.IG • l·g.J'·rQ' • 1-q.J'·rF + 1-f.J'·v·· 

' 1 s· 
"' 

= !G" + 1-g. J'·IQ,Q, + 1-q. i'"IF,' Fl + 1-f. ¡r·rs,s r + 1-s ,J'"(W,W1 + 1-w .r· 
' E • . E;fE,E,/! 

G •• G ;re. + G, J 
2 

l"··[f.,:r.,t 
' . . ' t:,. ... v·:->XE.E.} 

G . I x,G, + f I•.s,(G;- 1XG. + G,) ... ··1 , •.• ¡ 

' Q . L'·º· ... 
' F . L x.'F, ... 

Cuando la composi"¿ión, temperaturn y presión (absoluta) del gas son conocidas, lo que se requiere es •·: 
determinar la densidad molar. Para esto se sustituye la ecuación de estado en la expresión de densidad 
molar, dando como resultado: 

(2) -' 

La densidad molane obtendrá empleando procedimientos iterativos apropiados sobre la ecuación (2). 
Como se puede observar, antes de calcular la densidad molar será necesario obtener los coeficientes B 
y e" los cuales deben ser calculados a partir de la composición y la temperatura del gas. 

3. MÉTODO DE CARACTERIZACIÓN GROSSO. 

En este metodo la caracterización del gas natural es ya sea por un análisis composicional, o bien, usando 
una combinación de las características a, b y e; o una combinación de .. t.as •. caracteristicas a, b y d que se 
enuncian a continuación: 

a) La capacidad calorifica bruta por unidad de volumen a condiciones de referencia de 77°F, 14.696 
ps1a para moles ideales y de 32°F, 14.696 ps1a para densidad molar. 

b) La densidad relativa (gravedad específica) a condiciones de referencia de 32°F, 14.696 psia. 
e) La fracción en moles de dióxido de carbono. 
d) La fracción en moles de Nitrógeno. 

Este metodo fue desarrollado considerando las características de gas natural que se muestran en la Tabla 2, 
para calcular con exactitud los fr.ctores de compresibilidad de gases naturales dulces y secos; Se 
recomienda usar este método para cálculos de factores de compresibilidad y densidades de gases que se 
encuentren a temperatura de 32°F a 130°F, presiones de hasta 1200 psia y que sus caracteristicas fisicas 
esten dentro de las que se estipulan en la columna de .. Rango Normal .. de la Tabla l. 
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Tabla 2 Rangos nominales de caracteristicas de gas natural a partir datos usados en la pru.,ba de los 
métodos detallado v grosso para la obtención del factor de comprHibilidad 

Cantidad Rango 
Densidad Relativa* 0.554 a 0.87 
Capacidad calorifica bruta** 477 a 1150 Btu/sc:f 
Capacidad calorifica bruta••• 18.7 a45.1 MJ/m 
%mol de Metano 45.2 a 98.3 
%mol de Nitrógeno 0.3. 53.6 
%mol de Dióxido de Carbono 0.04 a28.94 
%mol de Etano 0.24 a 9.53 
%mol de Propano 0.02 a 3.57 
%mol de Butano 0.01 a 1.08 
%mol de Pentano 0.002 a 0.279 
o/omol de Hexano + 0.0005 • 0.1004 
%mol de Helio Oa0.158 

•, ••, ••• se defmen de la mtsma forma que en la Tabla l. 

3.1 Ecuación de Htado para factor de comprHibilidad. 

La ecuación de estado determina con una alta exactitud los factores de compresibilidad para gases 
naturales cuyas concentraciones de componentes están dentro de los rangos dados en la Tabla 2. con 
menos de 0.1% de moles de agua y 0.05% de moles de ácido sulfhídrico. La ecuación de estado es de 
tipo virial ya que es una expansión polinomial de la densidad. Cada término de la densidad es 
precedido por un coeficiente virial. Los coeficientes viriales .son función de la temperatura y de la 
composición. Aplicando la metodologia descrita por SGERG, la ecuación virial es truncada después 
del tercer término de la serie. Este método provee alta exactitud en la determinación del factor de 
compresibilidad en lineas de transmisión de gas normal, pero esta limitada su aplicación para sistemas 
con densidades y presiones moderadas. 

El método gros~_ trata a una mezcla de gas como una mezcla de solo tres· componentes. Un 
htdrocarburo equivalente, nitrógrno y dióxido de carbono. El hidrocarburo equivalente CH representa 
a todos los hidrocarburos que se encuentran en la mezcla de gas. El nitrógeno y el dióxido de carbono 
son los diluentes. El método puede también incluir hidrógeno y monóxido de carbono con una 
relación fija. En el caso del est1ndar. estos últimos no son considerados ya que el gas que se emplea 
en USA raramente contiene estos elementos. 

El método grosso expresa el factor do compresibilidad en términos de la densidad molar y del segundo 
y tercer coeficiente virial de la mezcla (Bmu y C.u respectivamente). Matemáticamente, la expresión 
para determinar el factor de compresibilidad es: 

Donde: 
d "' dt>n.sidad molar 
N "' NIÍmuo de componenus ~n lo mee/a de gas. 
x~ .r,. XA::: Fraccion molar de cada componente de la me:cJo. 
B_, =Segundo coe(tc1en~ ~Vir1al de Jo me:cla. 
C_, "' Tercer cot{icit>nle Virio/ de la mr..clo 

• • 
B_. = ¿¿.s.,x,x, 

•~1 ¡TI 

(3) 
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Sólo se consideran treS componentes en la mezcla del gas (comP.:,nentes i.j y k) los cuales son CO,. N, y 
CH. donde los dos primeros son los diluentes. Los tenninos B,¡ y C,,. y son funciones que dependen de la 
temperatura absoluta en una fonna de ecuación cuadrática. Para los coeficientes viriales del Nitrógeno y del 
Dióxido de Carbono la expresión que los detennina es: 

Donde: 

B" =b0 +b,T+b2T
2 

2 cij, = Co + c,T + c2T 

b()o b1• b;:. e o. c1• c1, se obtienen de la Tahi:J 3. 
T = Temperatura absoluta 

Para los coeficientes viriales del CH se emplea 

Donde: 

2 
Bm-eH = Bo + B,H CH + B2H eH 

B, = b,0 + b,,T + b,2T
2, i = 0,1,2 

2 
CCH-CH-CH =c.+ C,HCH + C2HCH 

C, = c10 + c"T + c,2T
2, i = 0,1,2 

8,0• b,1• b,1• c10• c11• C1J. se obtienen de la Tabla 4. 
HcH = Capac1dad ca/orifica brota molar. 

(4) 

(5) 

(6) 

(7) 

La Capacidad calorífica· bruta molar se obtiene a partir de dos diferentes métodos iterativos, los cuales 
toman como datos de entrada la densidad relativa (G,), la composición del dióxido de carbono y la 
capacidad calorífica por unidad de volumen (HV) o la composición del nitrógeno. 

Tabla 3 Constantes para determinar los coeficientes viriales del Nitrógeno y Dióxido de Carbono 
Fluido para Br b0 (dm /mol) b1 (dm /mol K) b2 (dm /mol K ) 

NrN.~ -0.144600 0.7409JOXJO-' -0.91I950X 1 o~ 
co,-co, -0.868340 0.403760Xt0· -o.St657ox 1 o· 
CO,-N, -0.]39693 0.161176XJO-• -0.204429X 1 o·' 

Fluido para BJ!K eo (dm"imon e, (dm"/mol' K) C, (dm"/mol' K') 
N~-NrN1 o.784980X w·- -0.398950X JO 0.611870XIO' 
co,-co,-co, o.205130X w· 0.348880X 1 O -0.837030XJO. 
C02-N2-N2 0.552066Xl0'' -0.168609X 1 O 0.157169XIO' 
CO,-CO,-N, 0.358783XIO' 0.806674XJO. -0.325798XIO-

Tabla 4 Constantes para determinar los coeficientes viriales del Hidrocarburo equivalente CH . 
i b~ bu bu 

B0(dm·imol) o -0.425468 0.286500XIO'' -0.462073X 1 o· 
B,(dm lkJ) 1 0.877118XJO. -0.556281XIO-' 0.881510XJO~ 

B2(dm· mollkJ') 2 -0.824747XIO~ 0.431436XIO -0.608319XIO. 
i e,. C. o Co 

C0(dm"/moi') o -0.302488 0.19586IXIO. -0.316302XIO'' 
C 1(dm /mol-kJ) 1 0.646422Xto· -0.422876X 1 o·· 0.688157XIO~ 
C2(dm"/kJ') 2 -0.332805X JO 0.223160XIO -0.367713XIO'" 

4. INCERTIDUMBRE. 

La evaluación de la incenidumbre del factor de compresibilidad calculado ya sea por el método detallado o 
grosso. se dedujeron a panir de la comparación de los resultados que arroja el método contra los factores de 
compresibilidad definidos en las tablas de datos emitidos pnr el GRl y el GERG. Las bases de datos se 
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obtuvieron mediante procedimientos e>perimentales con gas natural cuyas caracteristicas físicas son las 
que se describen en la Tabla 2. También se hicieron comparaciones con datos experimentales de 
componentes puros y mezclas bmarias. 

1 valor de incenidumbre asociado al factor de compresibilidad calculado por el método de caracterización 
detallado son los que se muesttan en la Fig. 1 siempre y cuando los gases se encuentren dentro de los 
rangos estipulados c;n la columna de "Rango Normal" de la Tabla l. Para aquellos gases cuyas propiedades 
físicas están dentro de los rangos estipulados en la columna de "Rango expandido" de la Tabla 1 la 
incenidumbre asociada a la aplicación del inétodo será mayor que los que se describen en la Fig. 1, 
quedando panicularmente fuera de la Región l. 

lO.OOO -tJC 6l !lO lOO 
140 

10,000 

-! 
~ 

,; 

~ l,500 .. 
1750 

o 

1 1 1 1 1.0% 
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...... 
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t- -
Regióa 2 o.J•; • 

f--
0.1•!. 

-
Reaióa 1 

-lOO -80 17 143 l50 400 
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70 

:. 
:11 
,; 

17 ~ .. 
tl 

o 

Fig. l. Estimación de incenidumbre para factores de compresibildad calculados mediante el método de 
caracterización detallado. 

Cuando el factor de compresibilidad es calculado mediante el empleo del método de caracterización grosso, 
el valor de incenidumbre asociado será el que se muestra en la Fig. 1 dentro de la Región 1 siempre que se 
emplee este método pahi-gases naturales cuyas características físicas estén dentro de las que se describen en 
la columna de "Rango Normal" de la Taola l. EL METODO NO DEBERA SER EMPLEADO FUERA DE 
ESTOS LIMITES. Se sobrentiende que el valor de incenidumbre que se muestra en la Fig. 1 ya aglutina 
todas las posibles fuentes de error qt~e pueden incurrir en la aplicación de las ecuaciones que se descn'ben 
en el estándar. 

5. PROGRAMAS DE CÓMPUTO DE LOS FACTORES DE COMPRESIBILIDAD, DE 
SUPERCOMPRESIBILIDAD Y DE DENSIDADES. .. 

En la F 1g.2 se muestra un diagrama a bloques sobre la secuencia que debe llevar un programa pr..ra 
determmar computacionalemente el factor de compresibilidad, el factor de supercompresibilidad, la 
densidad molar y la densidad de masa de una mezcla de gas, empleando el método de caracterización 
detallado. Si se desea incluir este procedimiento computacional a un programa en linea de la medición de 
gas entonces se deberá tener presente la secuencia de subrutinas que se muestran en la Fig. 3 para optimizar 
los tiempos de cálculo y desemp.:ño del algoritmo. Para el caso del cálculo por el método de 
caracterización gros so, se muesttan las figuras 4 y 5. 

El estándar presenta un algoritmo detallado para poder implementar los procedimientos de calculo descritos 
dentro de un programa de computadora. Los algoritmos presentados consideran el empleo de unidades de 
ingeniería en el Sistema Métrico por lo que la temperatura absoluta estará dada en Kelvins (K), presión en 
Megapuscales (MPa), densidad molar en moles por decimetro cúbico (molldm3

), la capacidad calorífica por 
unidad de volumen de un gas real en Kilojoules por decímetro cúbico (kJ/dm3) y la capacidad calorífica por 
moles ideales de un gas real en Kilojoules por mol (kJ/mol). 
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No 

,.----.,....-'-¡ -, 
Itera te 

P•dRTfi+B •.. f 
L.._ _ _:T.:.o 1e1 d 

____ ¡ 

Z=I+Bd+ ••• 

[F •. • ,¡z.¡z 

Salida 

z.r, .. d.p 

Fig. 2. F1g 4. Procedimiento para calcular z. F ""' d y p. por el método de caracterización detallado. 
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.. Flg. 3 Secuencza de programa de compf!tadora para el metodo de caracten.;aczon detallado . 
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H CH ílettrm uudo por 
ilertcionu . 

.. 
BcH-CM • 8 1 + B 1Hc 11 + 8 2HJcM 

CcH-CH-CM- e,+ c,HcH 

l 
B_ =L:L: B,x,x, 

e_, :t :[ ¿: e. x ,x ,x, 
' 
1 No 1 ... _ 

•E• -
conocido 

¡-s;-1 di? 
1 

[z•I+Bd+ ... 1 

l 
1 F ,,• -~1 

ltente 
P•dRTII+B-.-1 

To grt d 

1 
-

Fig. 4. Procedimiento para calcular Z. F ,.. d y p. por el método de caracterización gros so. 
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Cambio de: caracte:rizadón .. F1g. 5. Secuencza de programa de computcuiora para el metodo de caractenzac,zon gros so . 
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SECCION 14.5 CALCULO DE LA CAPACIDAD CALORIFICA BRUTA, DENSIDAD 
RELATIVA Y FACTOR DE COMPRESIBILIDAD PARA MEZCLAS DE GAS 
NATURAL A PARTIR DE UN ANALISIS COMPOSICIONAL. 

l. RESUMEN. 

Este estándar es publicado por la Gas Processors Association ( GPA) como estándar GP A 2172. El estándar 
presenta el procedimiento para calcular, con base al análisis composicional, la capacidad calorífica bruta, la 
densidad relativa (real e ideal) y el factor de compresibilidad de una mezcla de gas natural. Para esto, es 
necesario incluir dentro del análisis practicado a la muestra, todos aquellos componentes (exceptuando el 
agua) que tengan fracciones molares mayores o igual a 0.0001. Algunas rutinas de análisis ignoran algunos 
componentes como lo son el Helio y el Acido Sulfhídrico, pero se hace notar que su consideración es 
unportante para la exactitud de los cálcalos. La aplicación de este estándar está orientada a las estaciones 
de transferencia de custodia. 

La capacidad calorífica es una propiedad del gas evaluada sobre una base por unidad de masa Hm. Esta 
propiedad es técnicamente catalogada como una propiedad ideal Hm id. Desde un punto de vista práctico, 
la medición de flujo de masa no encuentra diferencia entre un gas ideal y un gas real. El valor es convertido 
a capacidad calorífica por pie cubico HV usando la siguiente relación El valor de HV se usa como un factor 
para calcular la razón de flujo de energía, o la energía total que pasa a través del medidor de flujo. HV es 
un parámetro que se emplea en las ~cificaciones del producto (gas natural) 

2. ECUACIONES. 

La Capacidad Calorífica Bruta por unidad de volumen de un gas seco se determina a partir de la expresión 

Hv'd (sal)= (1- xw }Hv"' (dry) 
Donde: 
Hv'd = Capac1dad Calorífica Brota por unidad de Volumen a temperatura y presión base. 
x, = fraccwnes de moles por cada compone11te de la mezcla de gas. 
N = Número total de componentes. excluyendo al agua. 

p~· 
x = _._ =fracción de moles de agua en el gas. 

• P, 

P:'11 :presiÓn de vapor del agu.a a la Iemperaturo base. 

Pb =Presión base. 
el superlativo (td) mdtca proptedad de un gaJ ideal, (sal) mdtCD gas saturado con agua, (dry) indica gas seco .. 

( 1) 

(2) 

En la ecuación {2) se presenta el caso de que el análisis composic'ional se hace considerando que el gas es 
seco pero en realidad el gas está saturado con agua, es necesario ajustar las fracciones en mol para tomar en 
cuenta el hecho de que el agua ha desplazado algo de gas disminuyendo por lo tanto su capacidad 
calorífica. En el caso de que el análisis composicional determine la fracción en moles del agua, entonces la 
expresión que se emplea para determinar la capacidad calorífica bruta es: 

N 

Hv"' = ""x""' Hv"' - x Hv"' ,¿_./ 1 ww (3) 

Es necesario remover el efecto del agua porque, aunque el agua tiene un determinado poder calorífico, éste 
sólo es un efecto de condensación. 
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En la siguiente tabla se dan algunos vzlo:-es (dentro de USA) para el efecto de la preserii:ia de agua en la 
mezcla de gas para algunas presiones t-ase considerando una temperatwa base de 60"F y una presión de 
vapor del agua de 0.25636 psia. 

P• (psia) 1 -x ... 
14.50 0.9823 

14.696 0.9826 
14.73 0.9826 

15.025 0.9829 

En la siguiente tabla se dan algunos valores (fuera de USA) para el efecto de la presencia de agua en la 
mezcla de gas para algunas temperaturas base considerando una presión base de 1 atm. 

T•("C) 1-:x.., 
o 0.9940 
15 0.9832 
20 0.9769 
25 0.9687 

El cálculo de la densidad relativa a partir de la composición de la mezcla de gas se obtiene por la expresión: 

(4) 

Donde. 
G,'d es la densidad relativa de un gas ideal Datos de tabla de propiedmle.s de componentes de gas n.atural a 6l.JOF y 
/4.696 psia (Esuindar GPA 2145).. · • 

FACTOR DE COMPRESIBILIDAD. 

El factor de compresibilidad a ser utilizado en aplicaciones de transferencia de custodia, es el que se 
obtiene a partir de la metodología que se presenta en el estándar AGA Repone No. 8 (APl MPMS 14.2). 
Sin embargo, si el usuario desea obtener dicao factor de una manera simple y rápida, se recomienda 
emplear la siguiente fórmula 

Z = 1-P.[fx,b,] ,., (5) 

Donde: 
B, =Factores md1cados por tabla de prop1edades de componentes de gas nll/Ural a 60°F y 14.696 psia (Estizndar GPA 
2145) -
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SECCJON 14.4 CONVERSION DE MASA DE LIQUIDOS Y VAPORES DE GAS 
NATURAL A SU EQUIVALENTE EN VOLUMEN LIQUIDO. 

t. RESUMEN. 

Este estándar es técnicamente idéntico al estándar GPA 8173. Fue desarrollado en conjunto por el API y el 
GPA. El estándiu- describe un método para convertir la masa medida de gas narural a condiciones de 
operación, a su equivalente en volumen a temperarura estándar l5°C (60°F) y presión de equilibrio. 

La determinación del volumen y de la densidad absoluta, y la toma de mueslnl y su análisis. deberán 
llevarse a cabo como se indica en el API MPMS 14.7. La densidad absoluta de un hidrocarburo puro en 
Kglm' (poundslgallon) se determina en el estándar GPA 4125. 

2. PRECAUCIONES. 

a. El equipo, instalación y operación del sistema de medición deberá cumplir estrictamente con lo 
especificado en el API MPMS 14.7. 

b. El estándar solo aplica para fluidos de una fase, homogéneos y Newtonianos. 
c. Para determinar con exactirud la masa de un fluido, se deberá determinar la densidad a la misma 

presión y temperarura con que se llevó a cabo la medición de volumen. La densidad puede ser medida 
directamente o calculada de acuerdo a lo que se especifica en el estándar API MPMS 14.7 

d. El equipo de medición y de mue;treo deberán ubicarse en un lugar que no sean afectados por 
pulsaciones del fluido. 

3. METODO DE CALCULO. 

3.1 CONVERSION DEL o/oMOL DE LA MEZCLA DE GAS, EN FRACCIONES DE PESO. 
Dado el análisis composicional de la mezcla en %mol y el peso molecular que se muestra en el 
estándar GPA 2145 para cada componente. ·· 
a. Multiplicar el porcentaje en mo!es de cada componente por su respectivo peso molecular. 
b. Dividir el producto de la multiplicación realizada a cada componente, entre la suma de los 

productos de todos los componentes, obteniéndose de esta forma la fracción de peso de cada uno 
de los componentes. 

3.2 CALCULO DE LA MASA DE CADA UNO DE LOS COMPONENTES. 
Dada la masa total en Kg (pounds) y lz fracción de peso de cada componente. 
a. Multiplicar la fracción de peso por el total de masa, obteniéndose así, la masa en pounds (Kg) por 

cada componente. 
b. Sumar la masa de todos los componentes para asegurarse de que la suma es igual a la masa total. 

3.3 CALCULAR EL VOLUMEN DE CADA COMPONENTE A 60°F (l5°C} Y A LA PRESION DE 
EQUILIBRIO. 
Dado la densidad absoluta de cada componente del estándar GPA 2145 y la masa de cada uno de los 
componentes. 
a. Dividir la masa de cada componente entre su densidad absoluta para obtener su equivalente en 

volumen. 
c. El equivalente en volumen total será igual a la suma de todos los equivelentes de volumen de cada 

componente. 

4. EJEMPLO. 
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PASO 1 --
PorcentaJe Suma de 

Molecular X Porcentaje 
Porcentaj Peso Peso Molecular X Fracción de 

Componentes e Mol Moiecular Molecular Peso Molecular Peso 
co, 0.11 X - 44.010 4.84 1 437:.27 - 0.001107 
e, 2.14 16.043 34.33 4372.27 0.007852 
e, 38.97 30.070 1171.83 4372.27 0.268014 
e, 36.48 44.097 1608.66 4372.27 0.367923 
IC, 2.94 58.!23 170.88 4372.27 0.039083 
NC, 8.77 58.123 509.74 4372.27 0.116585 
IC, 1.71 72.150 123.38 4372.27 0.028219 
NC, 1.82 72.!50 131.31 4372.27 0.030032 
e,+ 7.06 87.436 617.30 4372.27 0.141185 

100.00 4372.27 1.000000 

PAS02 
Fracción de Masa Composición 

Componentes Peso Masa Total (Kilogramos) (Kilogramos) 
e o, 0.001107 X 374,350 - 414 
e, 0.007852 374,350 2,939 
e, 0.268014 374,350 100,331 
e, 0.367923 374,350 137,732 
IC, 0.039083 374,350 - 14,631-

NC, 0.116585 374,350 43,644 
IC, 0.028219 374.350 10,564 
NC, 0.030032 374,350 11.242 
C,+ 0.141185 374,350 52,853 

1.000000 374,350 

PAS03 
Masa -

Composición Metros Cubcos a 15 
Componentes (Kilogramos) Densidad (Kilogramoslm3

) °C, EVP 
e o, 414 1 821.94 - 0.50 
e, 2,939 300.00 9.80 
e, 100.331 357.76 280.44 
e, 137.732 507.30 271.50 
IC, _ 14,631 562.98 25.99 
NC, 43,644 584.06 74.73 
IC, 10.564 624.35 16.92 
NC, - 11.242 631.00 17.82 
C,+ 52,853 713.10 74.12 

374,350 771.82 
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SECCION 14.1 RECOLECCION Y MANEJO DE MUESTRAS DE GAS NA TlR\L 
PARA TRANSFERENCIA DE CUSTODIA. 

l. RESUMEJii. 

La medición, el muestreo y el análisis son las tres principales funciones criticas para determinar con 
exactitud el valor de un gas natural. En esta sección se descn"bcn el sistema de muestreo que conglomera 
los procedimientos de recolección, acondicionamiento y manejo de muestras de gas natural. El estándar 
considera el muestreo de gases dulces y amai-gos y la toma de muestras en líneas de baja y alta presión. No 
se incluye el muestreo de líquidos o de fluidos multifiisicos. El estándar está orientado a sistemas de 
medición de transferencia de custodia. 

2. SONDf\S DE MUESTREO. 

El objetivo de la sonda es recolectar una muestra del fluido que sea lo suficientemente representativa. El 
diseño de la sonda debe considerar la posible resonancia que se llega a inducir en ella debido a la alta 
velocidad del fluido. 

Para seleccionar el tipo de sonda de muestreo, se debe definir el tipo de flujo que fluye en la linea. En 
general, el flujo turbulento es ventajoso para cualquier sistema de muestreo, ya que la misma turbulencia 
conduce a un fluido bien mezclado evitando la separación de los componentes del gas debido a la gravedad.' 
La exi•tencia de liquido en la línea puode provocar daños en el sistema de muestreo, además de que no se 
obtendni una muestra representativa del gas. Cuando se llega a tomar una muestra de un fluido de dos 
fases, lo que se recomienda es separar el gas y el liquido y bacer el análisis por separado aunque esto· · 
conducirá a un análisis.con poci. exacntud, ya que se corre el riesgo de condensar parte del gas, o bien, de '; 
extraer el gas del separador a una temperatura diferente que la de la linea 

Las lineas de gas libres' de líquidos y que se encuentren a condiciones de temperatura muy por arriba de su 
punto de condensación,' pueden emplear cualquier tipo de sonda. Para lineas de gas que estén operando 
cerca del punto de condensación ne ~eberán emplear diseños especiales de sondas las cuales puedan• '• 
afrontar posibles problemas de condensación y/o de partículas de liquides que fluyen con el gas.''" 
Básicamente, extsten dos tipos de sonda que se emplean en el muestreo de gases, Sondas de Muestreo de· 
Tubo Recto y Sondas Reguladas. En cualquiera de los dos casos, la sonda deberá estar instalada de tal 
forma que el extremo recolector esté ubicado en la parte central de una división en tres partes del tubo. La 
sonda puede estar opcionalmente fija al sistema o puede ser rernovtb!e. Se recomienda que la sonda esté 
localizada como mínimo 50 aguas abajo de cualquier elemento que provoque disturbios en el flujo. El 
matenal de la sonda, debe ser el apropiado para usarse con las características del fluido considerando las 
impurezas y la• condic10nes ambientales. Las sondas pueden ser modificadas para alguna aplicación en 
especifico. como lo es caso de proveerlas con aletas para incrementar la transferencia de calor entre la 
muestra de gas y el gas que está fluyendo (para que la muestra se mantenga a la misma temperatura del 
fluido). o bten, de proveerlas con dispositivos de calefacción para garantizar que la muestra se mantenga en 
estado gaseoso. Opcionalmente, se pueden adicionar filtros, que se colocan en el extremo recolector, para 
reducir la posibilidad de que partículas de líquidos entren a la sonda. 

El extremo recolector de las Sondas de Muestreo de Tubo Recto puede ser ínclirtado o recto y su 
orientación no es importante. Las Sor.das Reguladas se emplean comúnmente cuando existe un analizador 
continuo y deben estar diseñadas de tal forma que el gas que llegue al artalizador sea a presión reducida. Se 
debe tener especial cuidado en el empleo de este tipo de sondas, ya que al regular la presión se puede dar el 
caso de la muestra que está dentro de la sonda se condense por el efecto del regulador de presión, por lo 
que muestra no ser.i lo suficientemente representativa Para evitar el problema de condensación, se puede 
emplear un regulador de presión que utilice un método de regulación por calentamiento. 

3. TRANSMISION DE LA MUESTRA HACIA EL ANALIZADOR O COSTENEDOR. 
(CIRCUITO DEL SISTEMA DE MUESTREO). 
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El c1rcuito del Sistema de muestreo debe ser corto y debe estar diseñado de tal forma que permita que la 
razón de nujo de la muestra sea relativamente alta; esto para evitar que exista una disgregación de la 
mezcla del •as. Los circuitos del sistema de muestreo no deben purgar a la atmósfera ya que esto provo.:a 
la emisión de desechos de gas al medio ambiente y puede contraponen<e a las regulaciones ambientales. Se 
debe tener cuidado de que no exista una caida de presión alta en el circuito ya que la muestra puede llegar a 
condensarse y rCdundar en la exactitud del análisis. En el caso de que se llegase a dar la condensación. se 

. deberá asegurar que todos los gases condensados sean reVa¡!orizados antes de proceder a su análisis. Se 
recomienda equipar al sistema con un sensor que mida la presión diferencial entre los dos extremos del 
circuito para monitorear la pérdida de presión en el circuito. En el caso de que se requiera, puede incluirse 

.dentro del circuito un sistema de bombeo. Deberá cuidarse de que el sistema de bombeo no provoque 
inestabilidad y/o pulsaciones en el flujo. En caso de ser necesario, se recomienda aislar térmicamente el 
circuito para evitar la condensación de la muestra. 

4. VELOCIDAD DE MUESTREO. 

La velocidad del intervalo de muestreo se determina en función de las variaciones que pueden sufrir la 
velocidad de flujo y la composición del fluido en la linea. Se recomienda que la velocidad de muestreo sea 
proporcional a las variaciones de flujo y de composición del fluido. 

S. CONTENEDORES DE MUESTRAS. 

Un contenedor de muestras es el dispositivo que se emplea para retener la muestra ha.Sta que su 
composición haya sido determinada El contenedor no deberá afectar por ningún motivo la composición del 
gas. por lo que su limpieza y manejo debe ser la adecuada para asegurar que la muestra del gas no sea 
contruninada. Como medida preventiva, l0s contenedores deberán etiquetarse con su ID y especificar su 
máxima presión de trabajo. 

Se recomienda el empleo de contenedores de acero inoxidable y puede ser del tipo de una o de dos válvulas 
o bien, del tipo de pistón flotante. Para aplicaciones de gases amargos los contenedores· deberán estar 
cubiertos de teflón o resina epoxid1ca, no obstante con esto, se recomienda que las muestras de este tipo de 
gases. sean analizados en sitio ya que el contenedor cubierto puede no eliminar totalmente la absorción o 
reacción de los contaminantes. El uso de metales suaves como cobre, aluminio o bronce deberán ser 
evitados debido a sus_ excesivas razont."S de corrosión. El factor corrosión siempre deberá ser considentdo 
para el diseño de los sistemas de muestreo. Una descripción general de los contenedores de muestreo se 
encuentra en el estándar GPA 2166. Si el contenedor va a ser transportado deberá cubrir las regulaciones 
del US Departrnent ofTransportation (DOn. 

Los contenedores deben ser purgados y limpiados antes de cada recolección de muestras. Deberán 
emplearse solventes que no dejen residuos después del secado, como lo es la acetona. El Nitrógeno y el 
Helio son un buen ejemplo de gases que pueden ser empleados para el secado o purga de los cilindros, ya 
que el cromatógrafo no cuantificará a estos gases como parte de la muestJa a ser analizada. Por tal razón es 
común que los cilmdros o contenedores estén precargados y que empleen como gas de arrastre al Nitrógeno 
o al Helio. 

La lunpieza con vapor solo se aceptará si el vapor es limpio y no contiene elementos que propicien la 
corrosión. Si la muestra contiene componentes de azufre, entonces no se deberá ocupar el vapor para 
limpieza de los contenedores por ninbuna circunstancia. 

Todo el sistema de. muestreo, incluyendo cualquier separador que se encuentre dentro del sistema, deberá 
ser purgado y limpiado de contaminantes y liquides acumulados aotes de la recolección de la muestra. 

6. METODOS DE MUESTREO ESPORADICOS. 

Hay siete diferentes méwdos que son aceptados por APL Para detalle de los métodos consultar GPA 2166. 
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a. MÉTODO DE CONTE!'Io"EDOR EVACUADO. Las válvulas y finings del contenedor de muestra 
deberán estar en buenas condicio.1es y libres de fuga. Si pudiese llegar a existir condensación en el 
contenedor (ya que la temperarJra en el contenedor es menor que en la linea). se recomienda usar 
el método de presión reducida. 

b. MÉTODO DE PRESIÓN REDUCIDA. Es método es similar a la del contenedor evacuado solo 
que en esté caso el contenedor es llenado lentamente basta llegar aproximadamente a un t=io de 
la presiÓn de linea. La presión reducida es necesaria para evitar la condensación de la muestra, ya 
que la temperatura de la muestra en el contenedor cis menor a la de la linea. 

c. MÉTODO DE HELIO COMPRIM!pO. Es método es similar a la del contenedor evacuado solo 
que la carga de helio se usa pa.-a mantener el contenedor libre de aire antes del muestreo. 

d. METODO DEL CILINDRO DE PISTÓN FLOTANTE. Es conocido que una muestra depositada 
en un cilindro de pistón flotante, a la presión de linea y con lineas de muestreo calentadas, 
proporcionará resultados de análisis muy cercanos a los que se obtienen con un analizador en 
linea. El cilindro de pistón flotante deberá calentarse en el laboratorio basta alcanzar una 
temperatura necesaria para asegurar una completa vaporización de cualquier liquido. 

e. MÉTODO DE PURGA. (LLENADO Y VACIADO). Es el más simple y el que requiere menor 
equipo. El número de ciclos de purga se descn'be en la Tabla l. 

f. MÉTODO DE DESPLAZAMIENTO DE AGUA. Precaución: El agua puede absorber o 
desprender C02, H2S y/u otros ccmponentes dependiendo de la cantidad de agua y del"tiernpo de 
contacto. Usando agua destilada se evitará el desprendimiento, pero no la absorción, de C02 o 
orros componentes. El despl3Z3111iento del fluido puede contaminar los sistemas de muestra del 
cromatógrafo. 

g. MÉTODO CONTROLADO DE PURGA. (SOLO PARA GAS SECO). Si el gas que se muestrea 
no es seco, el liquido p!Jede acumularse en el rubing que se encuenrra a la salida del contenedor de 
la muestra. .,, 

Tabla 1 Ciclos de Purga- Método de llenado v vaciado 
Máxima Presión del gas en Número de ciclos de 

el contenedor purga. 
(psig) 
15 -l9 13 
30-59 8 
60-89 6 
90·· 149 5 
150-500 4 

> 500 3 

7. MUESTREO AUTOMATICO. 

Las muesrra.' son automáticamente tomadas por un largo periodo de tiempo y una determinada velocidad de 
muestreo. De los muestreadores comerciales se recomienda el de tipo desplazamiento. el cual bombea la 
muestra hacia el cihndro de pistón flotante con una presión de linea constante~ además, se recomienda uno 
que tenga retroalimentación del computador de flujo para que este pueda ajustar el periodo de muestreo en 
función de la razón de flujo, o bien. en función de las variaciones de la composición del fluido. En caso de 
que la composición y la razón de flujo sean relativamente constantes, el ajuste del periodo de muestreo será 
por tiempo. 

El SIStema de muesrreo puede incluir un regulador de presión que se encargará de elevar la presión de la 
muesrra que está Siendo recolectada en el contenedor, hasta un máximo de la presión de linea. Este 
regulador no se recomienda para lineas de baja presión, o para lineas donde las razones de flujo son muy 
variables. ·· 

A excepción de los gases muy secos, el circuito, el dispositivo de muestreo y el contenedor deben ser 
aislados para evitar una posible condensación de la muesrra. En el caso de que el analizador sea de tipo 
contmuo. tal como los cromatógrafos o los gravitómetros. se deberá cerrar el circuito de conducción de la 
mues~ra hacia un punto de retomo de mas baja presión hacia la línea. por lo que el analizador deberá estar 
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localizado lo mas cerca posible de la toma de muestra para mantener las lineas del circuito lo más conas 
posible. Se recomienda que las lineas del circuito sean de tubing de acero inoxidable de •.;. o de '·: pulgada. 
El circuuo del SIStema de muestra no debera conformar un sistema de bypass para el elemento de medición 
primario. 

8. ANALISIS DE LAS MUESTRAS. 

Para evitar un analisis no representativo debido a la condensación dlll3ltte el manejo de la muestra. éstas 
deberan ser calentadas uniformemente al menos por dos horas a una temperatura mínima de 140°F ó de 20 
a 50°F por abajo de la temperatura de la linea, cualquiera que sea mayor. Baños de agl!ll a temperatura 
controlada es un aceptable método para calentar los contenedores de muestras de gas natural. No siempre 
sera necesario calentar los contenedores de muestras, aunque sera indispensable si es necesario. Especial 
cuidado deber3 tenerse para no sobrepresionar el contenedor y deber3 considerarse el efecto del calor sobre 
los sellos y/o sobre cualquier otro material. 

Las calibraciones de cromatógrafos que utilizan factores de respuesta publicados, no son adecuadas para 
aplicaciones de transferencia de custodia, ya que estos factores asumen que el cromatógrafo (columnas y 
detectores) trabajan exactamente en las mismas condiciones que con las que se obtuvieron los mencionados 
factores. Asimismo, asumen que el sistema de muestreo esta libre de contaminación y/o de cualquier otra 
complicación. Los cromatógrafos deben ser calibrados con estíndares gravimétricos preparados con 
tolerancias mínimas y con composiciones similares a las del gas natural que esta siendo analizado. Los 
gases estíndar deberan ser mantenidos al menos 20°F por arriba de su punto de condensación durante todo 
el tiempo que dure la calibración. Los factores de respuesta obtenidos por este tipo de calibración son los 
aceptados para aplicaciones de transferencia de custodia. Para saber si los factores de respuesta fueron 
determinados correctamente. es necesario graficar sobre una escala logarítmica los factores obtenidos 
contra el peso molecular de las fracciones; si la gr3fica da como resultado una linea recta, entonces los 
factores fueron determinados correctamente; si no es así, quiere decir que las columnas del detector no 
están trabajando en óptimas condiciones. Es comim que los analizadores de gas natural trabajen 
componente a cOmponente hasta Cs posteriormente agrupan los componentes más pesados en un solo valor 
que se jenomina C6+. Cuando es necesario llevar a cabo analisis de composiciones mas allá del rango de 
C6 +. entonces es necesario utilizar columnas capilares en el cromatógrafo. 

La composición del fluido, asi como la presión y velocidad del fluido, deberan ser consideradas para 
especificar el hardware que conformar.á. el sistema de muestreo. 
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SECCION 14.6 MEDICION CONTINUA DE DENSIDAD. 

l. RESt::vtE:-.i. 

Este estándar provee criterios y procedimientos para el diseño. instalación y operación de un sistema de 
medición continua de densidad para fluidos newtonianos de la industria del petróleo y de gas natural. La 
aplicación de .Ste estándar se limita a fluidos limpios, homogéneos y de una sola fase. Los fluidos 
criogénicos son excluidos del alcance de este estándar. El seguimiento de Jos lineamientos de este estándar, 
garantiza una alta exactitud en la medición de la densidad del fluido, pudiendo llegar a tener hasta un 
0.10% de error. Los procedimientos y criterios que se especifjcan hao sido aplicados a fluidos cuya 
densidad de flujo es mayor que 0.3 glcm3 a temperatura de operación por arriba de 60°F ( 15.6°C) y a 
presión de saturación. 

2. ESPECIFICACIONES GENERALES. 

Todo el equipo deberá ser diseñado para :;aportar la máxima presión de operación a la cual será expuesto. 
Todos Jos materiales deberán ser resistentes a la corrosión. Las instalaciones deberán estar adecuadas para 
ser provistas de aislamiento térmico, drenado, despresurización, purgado y calentamiento. Todo el equipo 
deberá ser inspeccionado y mantenido de forma regular. 

Antes de que el sistema de medición de densidad sea diseñado, es necesario tener un amplio conocimiento 
del fluido y del equipo de medición para lograr el 0.10% de error que garantiza la aplicación de este 
estándar. Para un aprovechamiento sistemático del diseño se deberá considerar principalmente Jos aspectos 
siguientes: 

a. Propiedades y comp;,¡iamiento del fluido. 
b. Sistema de muestreo para determinar la densidad. 
c. Equipo de prueba de\ sistema de medición de la densidad. 

Para determinar la densidad del fluido con exactitud es necesario aplicar correcciones a la medición de la 
densidad por los efectos de la temperatura y de la presión. De hecho, se recomienda aislar térmicamente el 
medidor de flujo, el medidor de densidad, el elemento de calibración del densitómetro y toda la tubcria de 
interconexión; esto para minimizar las desviaciones de densidad debidas a la diferencia de temperaturas 
que existe entre estos elementos. ' 

2.1 PROPIEDADES Y COMPORTAMIENTO DEL FLUIDO. 

S1 la composición del fluido es constante, entonces la densidad del fluido estará en función de su 
temperatura y presión. La sensibilidad de la densidad del fluido a las variaciones de temperatura y presión 
debe ser analizada mediante un diagrama de entalpía o curvas generalizadas de desviación de densidad. La 
temperatura y presión existente en el medidor de flujo, el medidor de densidad y el elemento de calibración 
del densitómetro d~ben ser lo más idénticas posible. de tal forma que los siguientes criterios se cumplan: 

a. Durante la operación normal. la desviación de densidad entre el medidor de densidad, el elemento de 
calibración del densitómetro y el medidor de flujo no deberá exceder el 0.05%. 

b. El error resultante por diferencias de presión no deberá exceder el 0.01% 6 1 psig, cualquiera que sea 
más grande. 

c. El error resultante por diferenci2S en la temperatura no deberá exceder el 0.04% ó 0.2°F, cualquiera 
que sea mayor. 

En el caso de que el si-stema esté operando cerca del punto de equilibrio, Jos criterios de desviación son:: 

a. Durante la calibración (proving), la desviación de densidad entre el medidor de densidad, el 
picnómetro y el medidor de flujo no deberá exceder el 0.05%. 

b. El densitómetro deberá instalarse tan cerca como sea posible del medidor de flujo para evitar 
desviaciones debidas a la presión. 
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c. Para evitar desviaciones debidas a la temperatura. el ruberia principal que existe en¡re el medidor de 
fluJO y el punto de muestreo deber.i ser aislado térmicamente .. 

En la Fig. 1 se muestra un arreglo esquemático para la ubicación de los puntos de medición de presión y 
temperatura que permitan llevar a cabo la verificación de las desviaciones estipuladas . 

..... 

Medtria ~~~ dNsklad 
Local (V«det~~lk' A) 

Ftg. l. Puntos de toma de /ecluras de Presión y Temperatura para infen·r las de.sviac,one.s de densidad 

Cuando se lleva a cabo-la calibración del medidor de flujo, deberá cuidarse que las conexiones del prover 
lleguen a provocar una diferencia de densidad entre el flujómetro y el prover, porqué eso redwularia en un 
error que no es real. Asimismo, deber.i cuidarse la no-existencia de dispositivos que no teStrinjan el flujo 
enrre el medidor de flujo, el medidor de dens1dad, el picnómetro y el prover, de tal forma que puedan 
resultar en diferencias en densidad. 

2.2 SISTEMA DE MUESTREO PARA DETERMINAR LA DENSIDAD. 

El dens1tómerro a ser instalado debe ser sometido a un análisis de geneibilidad a la razón de flujo del 
sistema áe muestreo, a la· velocidad del sonido en el fluido que está fluyendo, a las variaciones de 
temperatura y presión, a la rugosid"d de la tuberia, a la acwnulación de liquidas o partículas, a la vibrac;ón 
mecámca y a las pulsaciones en el fluido. 

Los densitómetros continuos son los más empleados para instalarse en los sistemas de medición de 
densidad. Esto porque permite conocer en todo momento las variaciones de densidad que pudiera llegar a 
tener el fluido. Entre los densitómetros continuos los m3s comunes son los de resonancia natural o de 
elemento vibratori~ Estos densitómetros se basan en le principio de que la densidad es inversamente 
proporcional a la frecuencia de vibración. Este tipo de densitómetros es sensible a los efectos de la 
velocidad del sonido y a los efectos provocados por las impurezas del fluido. Los densitómetros de tipo 
flotante y de pesado continuo normalmente son aplicados en aquellos sistemas cuyo fluido es de bajo o 
moderada viscosidad. Los dos tipos de densitómetros son sensibles a la vtbración y a la posición horizontal. 
El densuómetro a ser instalado. deber.i \<Der una exactitud minima de 0.001 gr/cm3 y una repetibilidad de 
O 0005 gr/cm 

1 

sobre el rango sobre e! cual vaya a operar. 

215 
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El sistema de muestreo para la densidad deber.i de: 
• Instala= en una localidad donde el fluido sea homogéneo y que no induzca la separación del fluido al 

proceso. 
• Proveer los suficientes puntos de medición para determinar la temperatura y presión de cada 

dispositivo. 
o Proveer el. suficiente flujo para min:mizar el retardo de la respuesta entre el densitómetro y el 

picnómetro. 
o Ser instalado de tal forma que minimice la pulsación y cavitación del fluido. 
o Ser instalado de tal forma que permita su limpieza sin llegar a impactar en la medición de la densidad. 
o Proveer conexiones para uno o más elementos de calibración (picnómetros), que esté lo más cerca 

posible del elemento de flujo (sin llegar a afectar su desempeño por variaciones en el perfil de 
velocidad). 

o Contemplar la instalación de la sonda de muestreo tal y como se especifica en el estándar APl MPMS 
14.1. 

Los errores en la medición de den>idacl grneralmente se debenca: 

o Cambios en la temperatura y presión del fluido. 
o Variaciones de la temperatura ambiente. 
o Cambios en la composición del fluido. 

Para minimizar el efecto de las diferencias de temperatura. el sistema de muestreo para el densitómetro 
deber.i incluir enlaces térmicos, los cuales pueden ser provistos por aislamiento térmico o bien por su 
instalación cerca de una fuente de cabr. 

Hay dos tipos de sistemas de muestreo, los cuales se clasifican seglin el tipo de montaje del densitómetro. 
Los sistemas de inserción y los sistemas de slipstream. Los sistemas de inserción son aquellos donde el 
densitómetro se inserta directamente en la linea pero el arreglo para la calibración del densitómetro sigue 
montandose en modó slipstream. En la Fig. 2 se muestra un arreglo tipico de muestreo continuo tipo 
mserción. 

__.r 
FluJo 

F1g. 2. SIStema de muestreo de densu:iad conllnua llpo Inserción. 

Los sistemas de muestreo tipo slipstream son los más empleados y son aquellos que desvian parte del fluido 
hacia un ctrcuito donde se mide la der,sidad. El circuito debe proveer lo necesario para llevar a cabo la 
calibración del densitómetro. En la Fig. 3 se muestra un arreglo típico de muestreo continuo tipo slipstream. 
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Fig. 3. Sistema de muestreo de densidad continua ripo Sbp~tream. 

Para la gran mayoría de las aplicaciones el densitómetro es instalado en serie con el picnómetro. Deberá 
asegurarse que la muestra que toman ambos dispositivos tengan la misma homogeneidad. 

Z.3 EQUIPO DE PRUEBA DEL SISTEMA OE MEDICIÓN DE LA DENSIDAD. 

Se recomienda llevar a cabo la calibración del densitómetro In-situ. con está acc1on se eliminará la 
necesidad de introducir correcciones por la fuerza gravitacional. El equipo de calibración o prueba consiste 
en un picnómetro, un dispositivo para pesar las muestras, un conjunto de pesos muertos certificados, un 
instrumento de temperatura y un instrumento de presión. El instrumento de temperatura deberá tener una 
exactitud de 0.2°F (0.1°C} y la exactitud del instrumento de presión deberá ser de 1 psi (6.9 kPa) ambos 
trazables a un patrón primario. 

El picnómetro es el dispositivo más exacto y por lo tanto recomendado para llevar a cabo la calibración de 
un densuómetro bajo condiciones de fluJo. El picnómetro es una vasija de tipo flow-through que atrapa una 
muestra representativa del fluido a condiciones de operación, permitiendo el manejo de fluidos a alta 
preSión durante el muestreo y el transpone y permiten determinar la densidad del fluido con una precisión 
del 0.02%. El p1cnómetro deberá someterse a un análisis de sensibilidad a la razón del flujo del sistema de 
muestreo, a la acumulación de líquidos y panículas y a la condensación de agua atmosférica. 

Antes de llevar a cabo una prueba o calibración del densitómetro, se debJ:rán llevar a cabo las siguientes 
3CCIODCS. 

• Lavar y secar con aire seco el picnómetro. 
• Calibrar el dispositivo de pesado de las muestras con los pesos muenos cenificados. 
• Verificar el desempeilo de los instrumentos de presión y temperatura. 
• Verificar el peso del p1cnómetro totalmente evacuado. (W0 ). Para esto hay que tomar de referencia el 

valor especificado en el cenificado de calibración del picnómetro. El peso obtenido en W0 no deberá 
diferir más allá del 0.02%. 

• Obtener el valor ¡!el peso del picnómetro lleno de aire. (W,). 
• Instalar el picnó.metro y ventear el arre del picnómetro. 
• Llenar el picnómetro con el fluido y cerrar (parcialmente o totalmente) la válvula para desviar el flujo 

hacia el sistema de muestreo. 
• Verificar la desv1ación de densidad y estabilidad. 
• Cuando se haya estabilizado la~ ccnd1ciones de temperatura y presión en el picnómetro tomar las 

lecturas del densitómerro. temperatura y presión del densltómetro y temperatura y presión del 
picnómetro 
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• Abnr la vahula de bypass y quitar el ptcnómetro del sistema de muestreo. 
• Pesar el picnómetro lleno y registrar la lectura. 
• Calcular el factor de corrección del densitómetro. (DMF) 
• Repetir la operación completa para verificar la repetibilidad del densitómetro. 
• Calcular la repetibilidad y el promedio de los factores de corrección del densitómetro. 
• En caso de que se haga un ajuste a la salida del densitómetro repetir al menos dos veces el 

procedtrniento para verificar el desempeño del densitómetro ya ajustado. 
• ·vaciar el picnómetro y limpiarlo perfectamente. 
o Verificar nuevamente el peso del picnómetro evacuado (W0 ). Si el peso del picnómetro evacuado 

difiere del valor estipulado en el cenificado de calibración máS allá del 0.02% los resultados de la 
prueba serán invalidados. 

Los requerimientos de repetibilidad son que dos pruebas consecutivas tengan una tolerancia de 
repetibilidad no mayor que el 0.05o/, Si la variación de la densidad en el intervaiÓ de dos muestreos es 
mayor que 0.05%, entonces la condición de repetibilidad es prácticamente inalcanzable por lo que será 
necesario aumentar la tolerancia requerida. 

515 
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SECCION 14.7 ESTANDAR PARA LA MEDICION DE MASA DE LIQUIDOS 
DE GAS NATURAL. 

l. RESl'\IE:\1. 

El esllindar fue desarrollado en conjunto por la GPA y la API. La publicación silve como referencia para 
la selección. diseño. instalación. operación y mantenimiento de sistemas de medición de masa de líquido 
de gas narural. <!e una sola fase, los cuales operan en el rango de densidad de 300 a 700 kglm'. 

La medición de masa es utilizada donde las condiciones de temperatura, presión y composición de la 
mezcla del fluido presentan dificultad para convenir el volumen de condiciones de flujo a condiciones 
esllindar. Ejemplo de este tipo de fluidos es el etano. los líquidos de gas natural (NGL) y/o mezclas de 
etano y propano. Dentro del esllindar se considera que las condiciones esllindar de temperatura y presión 
son l5°C y presión de vapor en equilibrio. 

2. MEDICION DE MASA. 

La medición de la masa puede ser llevada a cabo por medidores tipo twbioa, de desplazamiento positivo 
o de orificio. En el caso de los dos primeros, la determinación de la masa se lleva a cabo mediante la 
expresión: 

Factor de Densidad en masa por 
Factor de 

Volumen medido corrección del 
a condiciones de X Medición a 

X 
unidad de volumen a 

X deositómetro a 
operación 

condiciones de condiciones de 
condiciones de 

operación operación 
operación 

Para el caso de placas de orificio, la determinación de la masa es a panir de la expresión que se indica en 
el esllindar APl MPMS 14.3 Pane l. 

3. DETERMINACION DE· DENSIDAD. 

La medición de densidad será mediante el empleo de deositómetros instalados y calibrados tal y como se 
especifica en los lineamientos establecidos el esllindar API MPMS 14.6. En el caso de que el uso de 
densitómetros no sea práctico, la densidad del liquido a condiciones de flujo puede ser calculada como 
una función de la composición. temperarura y presión. Es recomendable que la densidad ya sea calculada 
o medida sea aplicada en tiempo real a la medición de flujo de masa. Sin embargo, por el tiempo que 
tarda en llevarse a cabo el análisis composicional del fluido, comúnmente se emplea el promedio de 
temperatura y presión que se registra entre cada análisis composicional. 

El empleo de correlaciones empíricas y/o ecuaciones de estado generalizadas adiciona un determinado 
valor de incertidumbre a la medición total de flujo. El nivel de incertidumbre que incorpora dependerá del 
método o ecuación de estado empleada. 

4. MEDICION VOLUMETRICA. 

La medición volumétrica podrá ser llevada cabo por medidores de desplazamiento positivo, de tipo 
rurbina o de orificio. El medidor de desplazamiento positivo deberá cumplir con las recomendaciones del 
esllindar API MPMS 5.2 y los accesorios relacionados deberán cumplir con el esllindar API MPMS 5.4. 
Los medidores tipo rurbina deberán cumplir con las recomendaciones del eslliodar API MPMS 5.3 y los 
accesorios relacionados deberán cumplir con el esllindar API MPMS 5.4. Estos medidores deberán ser 
probados de acuerdo aios lineamientos estJpulados en los esllindares API MPMS 4 y API MPMS 5. Si las 
presiones y lemperaruras existentes en el medidor de flujo y el probador varían. entonces se deben de 
aplicar las correcciones que se especifican en los esllindares API MPMS 11 y API MPMS 12." 

Si la medición volumétrica se lleva <.. cabo por un medidor de orificio, éste deberá cumplir con las 
recomendacwnes del esllindar API MPMS 14.3. El cálculo del volumen a condiciones esllindar puede ser 
llevado a cabo mediante el empleo de los procedimientos especificados en el esllindar GPA 8173 (API 
MPMS 14.4). 
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5. :\ll'ESTREO. 

El muestreo deberá ser llevado a cabo de acuerdo a los lineamientos establecidos en el estándar APl 
MPMS 14.1 además de los puntos que se exponen a continuación. 

La sonda de muestreo debera instalarse al centro del flujo de corriente. Una linea de bypass alrededor de 
un dispositivo que provoque una presión diferencial deberá ser provisto pan1 suministrar producto a las 
válvulas de myección de la muestra. El oypass no debera ser sobre el medidor de flujo. 

Precauciones deberán ser tomadas pan1 evitar la vaporización en el circuito del sistema de muestreo, 
sobre todo cuando la operación se lleva a cabo cerca de la presión de vapor del producto. En algunos 
casos es necesario controlar la presión o temperatura de los contenedores de la muestra para evitar su 
vapoñzación. 

El circuito del sistema de muestreo deberá ser corto y de diámetro pequeño. El circuito debera ser 
purgado completamente antes de la toma de la siguiente muestra. La obtención de una muestra 
representativa deberá llevarse a cabo de acuerdo a los lineamientos establecidos en el estándar 14.1. 

El sistema de recolección de la muestra debera ser diseñado para mantener la muestra en estado liquido. 
Esto se logra si se emplea un cilindro de pistón flotante como contenedor, el cual emplea un gas inerte 
que se opone a la inyección del liquido y mantiene el nivel de presión por arriba de la presión de vapor de 
la muostra. La transferencia de la muestra bacia un cilindro portátil para su análisis en el laboratorio, 
debera llevarse a cabo de acuerdo a los procedimientos recomendados por los estáridares GPA. 

6. ANALISIS DE LA MUESTRo\. 

Dependiendo de la. composición de la corriente, el análisis de una muestra liquida deber3 seguir los 
procedtmientos cromatográficos descntos en los estándares GPA 2165, 2177 y 2186. Donde sea . 
aplicable, puede ser requerido un ana.lisis extendido para determinar el peso molecular y la densidad de la 
fracción del C6 +. 

7. CONVERSION DE LA MASA MEDIDA A VOLUMEN. 

La conversión de masa a su volumen equivalente debera . ser llevada a cabo de acuerdo a los 
procedtmientos que se especifican en el estándar GPA 8173 (API MPMS 14.4). Para este efecto, un 
anahsis cromatográfico. es usado para detenninar la masa de cada uno de los componentes que conforman 
la masa totaL 
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SECCION 14.8 MEDICION DE LPG. 

l. RESDIEN. 

Este estindar describe los srstemas de medición estiticos y dinámicos usados para medir LPG en un 
rango de densidad rdativa de 0.350 a 0.637. El estindar sirve como una guia para la selección, 
mstalación. operación y mantenimiento de los sistemas de medición de LPG. El estindar no especifica 
tolerancias o limites de exactitud. 

2. CARACTERISTICAS DEL FLUIDO. 

Ciertas caracteristicas fisicas del LPG requieren especial atención para lograr mediciones con un nivel 
aceptable de exactitud. El LPG permanecerá en estado líquido solo si una presión suficientemente más 
grande que la presión de equilibrio es mantenida. En los sistemas de medición de líquidos una adecuada 
presión deberá ser mantenida para prevenir la vaporización causada por pérdidas de presión atribuibles 8 

la tuberia y válvulas. 

El LPG es más compresible y tiene uu coeficiente más grande de expansión térmica ·que hidrocarburos 
más pesados. La aplicación de los factores de compresibilidad y de corrección de temperatura son 
requeridos para determinar la medición a condiciones estindar. 

La prueba o calibración de los medidores empleados en la determinación del flujo deberá cumplir con los 
lineamientos establecidos en las normas API MPMS 4 y API MPMS 5. 

3. REQUERIMIENTOS PARA LA MEDICION DE FLUJO. 

Provisiones deberán ser tomadas para a•egurar que el LPG sea mantenido totalmente en fase liquida. Para 
esto. la presión a la entrada del medidor deberá ser como minimo 1.25 veces la presión de equilibrio a la 
temperatura en que se esté llevando la medición, mas dos veces la caida de presión a través del medidor 8 

máxl!Da razón de flujo, o bien, a una presión de 125 psi más grande que la presión de vapor a la máxima 
temperatura de operación. Cualquiera que sea más baja. Los eliminadores de aire deben ser usados con 
mucha precaución particularmente porque pueden provocar la vaporización del fluido. Se recomienda 
tener una medición contmua de temperatura para una mayor exactitud en la medición de flujo. 

La determinación de densidad del fluido deberá llevarse a cabo tal como se descnbe en los estindares API 
MPMS 9.2 y 14.6. El equipo de muestreo deberá estar localizado como es requerido en el estindar API 
MPMS 8. Muestras representativas deberán ser obtenidas como se especifica en el estindar GPA 2166. 

La instalación de las estaciones de medición, el cálculo de la razón de flujo volumétrico, la prueba o 
cahbración de los medidores, la recolección, manejo y análisis de las muestras, la determinación de la 
densidad, la determinación de la masa y la conversión de la masa medida a unidades de volumen 8 

condtctones estindar se lleva a cabo tal y como se especifica en el estindar API MPMS 14.7. 
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· Chapter 14-Natural Gas Fluids Measurement 

SECTION 3-CONCENTRIC, SQUARE-EDGED ORIFICE METERS 

PART 1-GENERAL EQUATIONS ANO UNCERTAINTV GUIDELINES 

1.1 lntroduction 
1.1.1 SCOPE 

This standard provides a single reference for engineering equations, Uncertainty estima
tions, construction and installation requirements, and standardized implementation recom
mendations for the calculation .Jf flow rate through concentric, square-edged, flange-tapped 
orifice meters. Both U.S. customary (IP) and Intemational System ofUnits (SI) units are in
cluded. 

1.1.2 ORGANIZATION OF STANDARD 

The standard is organized into four parts. Parts 1, 2, and 4 apply to the measurement of 
any Newtonian fluid in the petroleum I;Uld chemical industries. Pan 3 focuses on the appli
cation of Parts 1. 2, and 4 to the measurement of natural gas. 

1.1.2.1 Part 1-General Equatlons and Uncertelnty Guldellnes 

The mass ftow rate and base (or standard) volumetric flow rate equations are discussed, 
along with the terms required for solution of the ftow equation. 

The crnpirical equations for the coefficient of discharge and expansion· factor are pre
sented. However, the bases for the empirical equations are contained in other sections of 
this standard or the appropriate reference document. 

Por thc proper use of this standard, a discussion is presented on the prediction (or deter
rnination)·of the ftuid's properties at flowing conditions. The fluid'.s physical properties 
shall be detennined by direct measurements, appropriate technical standards, or equations 
of state. 

Uncertainty guhlelines are presented for determining the possible error associatcd with 
the use of thi~ standard for any fluid applicatíon. User-defined uncertainties fOr the fiuid's 
physical properties and auxiliary (secondary) dcvices are required to salve the practical 
working formula for the estirnated uncertainty. 

1.1.2.2 Part 2-Speclflcations and lnstallatlon Requlrements 

Spccifications are presented for orifice meters, in panicular, orifice plates, orifice plate 
holder5', sensing taps, meter tubes, and flow conditioners. 

lnstallation requirements for orifice plates, meter tubes, thennometer wells, ftow condi
tioners, and upstream/downstTeam meter tube lengths are presented. 

1.1.2.3 Part 3-Natural Gas Applicatlons 

The application of this standard to natural gas is presented, along with practica! guidc
linc.o;. Mnss flow rate and base (or standard) volumetric flow rate methods are presented in 
conformance with North American industry practices. 
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1.1.2.4 Part 4-Background, Development, end lmplementetion 
Procedure end Subroutine Documentetion lor Emplrlcal 
Flange-Tapped Dlscharge Coelllclent Equatlon 

The coefficient of discharge data base for fiange-tapped orifice meters and its back
ground, development, and limitations are presented. ~ 

Implementation procedures for flange-tapped orifice meters are presented, along with a 
set of example calculations. The exwnples are designed to aid in checkout procedures for 
any routincs that are dcveloped using the implementation proccdures. 

1.1.3 REFERENCED PUBLICATIONS 

Severa! documents served as :-eferences for the revision of this standard. In particular, 
previous editions of Chapter 14.3 (ANSI1/API 2530; A.G~A.2 Report No. 3) provided a 
wealth of infonnation. The laboratory reports for the experimental data bases also provided 
valuable infonnation conceming the control of independent variables, both qualitatively 
and quantitatively. Othcr publications, symposium proceedings, trade joumals, textbooks, 
and society papers were consulted for the revision of this standard. 

A complete bibliography is availnble upon request from the American Petroleum Insti
tute. A reduced list, referencing the majar experimental research, is contained in Appendix 
1-A. 

1.2 Fleld of Applicalion 
1.2.1 APPLICABLE FLUID S 

This standard applies to st~dy-state mass ftow conditions for ftuids that, for all practica! 
purposes, are considered to be clean, single phase, homogeneous, and Newtonian and ha ve 
pipe Reynokls· number.s of 4000 or greater. AH gases, most liquids, and most dense phasf! 
fluids associated with the petroleum, petrochemicnl, and natural gas industries nre usually 
considered Newtonian ftuids. 

1.2.2 TYPES OF METERS 

This standard provides desig11, construction, and installation specifications for flange
tapped, concentric, square-edged orifice meters of nominal2-inch Schedule 160 and larger 
pipe diameters. 

An orificc meter is a fluid flow menr;uring de vice lhat produces a differentia1 pressure to 
infer ftow rate. The meter consists of the following elements (see Figure 1-1 ): 

a. A thin, concentric, square-edged orifice plate. 
b. An orifice plate holder consisting of a set of orifice ftanges (oran orifice fitting) equipped 

with the appropriate differential pressure sensing taps. 
c. A meter tubc consisting of the adjaccnt piping scctions (with or without flow condition

ers). 

Thc auxiliary (sccondary) dcvtccs nccessary for the prccJsc dctcnnination of ftow rate are 
not included in the scope of this standard. TI1ese devices are usually instrumenlS that sense 
the differential and static pressure, Huid tempernture, and fluid density ami/or relative den
sity (specific gravity), and either mechanical recording devices or electronic calculators. 
Publications uf the A.G.A., API, GPA.3 and others should be used to specify and install 
thcse auxiliary (secondary) devices. 

1Amcncan SocJcty forTcstmg nnd Matcnals, 1916 Racc Strcel, PhLiadclphla, Pcnnsylvania 19103. 
1American GAS Association, 151 ;'í Wilson Doulevard, Arlington, Virginia 22209. 
3Ga.!> Processors Association, 6526 East 60th Street, Tulsa, Oklahoma 74145. 
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SECTION 3-CONCENTRIC, SaUARE-EDGEO 0RIACE METERS, PART 1-GENERAL EOUATlONS ANO UNCERTAINTY GUIDELINES 

Upstream p1ping section Oownstream p1plng sectlon 

GJ Orifica plata holder (ffanges or fitting) 

~ Straightenlng vana assembly (optional) 

~ Welding-neck flange 

8 Dlfferential pressure element 

G Downstream statlc pressure etement 

0 Downstream temperatura elemont 

G Thermowell 

Figure 1-1-0rifice Meter 

1.2.3 UNCERTAINTY OF MEASUREMENT 

Many factors influcnce the ovrrall measurement uncertainty ossociated with a metering 
application. Majar contributors include construction toJerances in the meter components, 
tolerance..c.; of empirical coeffic:ent of discharge data bases or in-situ flow calibrations, pre
dictability of and variations in the fiuid's physical properties, and unccnaintics associated 
with the aux.iliary (secondary) devices. 

Using thc guidclines contained in this standard in combination with the associated uncer
tamty toletances for the ftmd's physical properties, in-sttu calibrations, or coefficient of dis
charge data bases, and the appropriate auxiliary (secondary) device.s, the user can estimate 
the overall measurement unccrtainty associated with a propcrly dcsigned, instnlled, and 
maintained thin pi ale, concentric, square-edged orifice metering application. 

1.3 Method of Calculation 

Tiús standard provides recommended standardized calculation implementation methods 
for the qunntificntion of fluid flow under defined conditions, regardless of the point uf origin 
or destination or the units of measure required. by govcmmcntal customs or statutc. Thc rcc
ommended implementation procedures provided in Chapter 14.3, Part 4, allow different en
tities "::"'ing vario.us computcr languagcs on different computing hardware to arrive at nearly 
identical results using the same standardized input data. 

The following two recommended implementation procedures have been prepared to il
lustrate the standardized set of mathcmatical exprcssions and sequcncing, including itera
tion/rounding techniques: 
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CHAPTER 14-NAnJRAl GAS FLUDS MEASUAENENT 

a. Mass flow rnte. 
b. Standard volumetric ftow rate. 

The procedures prcscnted address only thc solution of the ftow rate equation and require 
specific inputs (fixed and variable). Typical fixed inputs include meter tube interna! diam
eter, orifice plate bore diameter, and linear coefficieilt of expansion for steels (pipe and 
orífice plate). Typical variable inputs may include differential and static pressure, temper· 
ature, fluid density, isentropic exponent for compressible ftuids, and fluid viscosity. 

The fluid's physical properties shall be deteirnined by direct measurements, appropriate 
technical standard&, or equations of state. lf multiple parties are involved in the measure
ment, the npproprinte tcchnicnl method selected for detennining the fluid's physical prop
erties shall be mutual! y agreed upon. 

1.4 Symbols 

This standard reftects orifice meter application to fluid ftow measurement with symbols 
in general technical use. 

Symbol 

cd 
CAFr) 

e, 
C,(CT) 

C,(Ff) 

d., 
d, 
D 

D., 
D, 

t;p 
'C 
'F 
K 

'R 
E, 
g, 
G, 
k 
k, 
k, 
k, 

MF 
Mt~1, 
Mr,u 

N, 
N, 
N, 
N, 
P, 

Represented Quantity 

Orifice plate coefficient of discharge. 
Coefficienl of discharge ata specified pipe Reynolds number for ftange-tapped 
orifi.ce meter. 
Coefficient of discharge at infinito pipe Reynolds number. 
Coefficient of discharge at intinite pipe Reynolds number for corner-tnpped 
orifice meter. 
Coefficient of discharge at infinite pipe Reynolds number for flange-tapped 
orifice meter. 
Specific heat at constant pressure. 
Specific heat at constant volume. 
Orifice platc bore diameter calculated at flowing temperature, T1. 

Orifice plate bore diameter measured at T,,. 
Orifice plate bore diameLCr at reference temperature, T,. 
Meter tu be intemal diameter calculated at ftowing temperatu.re, T1. 

Meter tu be intemal cliameter measured at T,.. 
Meter tu be inteÍnal diameter at referencc tcmperaturc, T,. 
Orifice differential pressure. 
Temperature, in degrees Celsius. 
Temperature, in degrees Fahrenheit. 
Temperaturc, in kelvins. 
Tempernturc, in dcgrecs Rankinc. 
Velocity of approach factor. 
Dimensional conversion constant. 
Ideal gas relaüve density (specific gravity). 
Isentropic exponent. 
Idenl gns isentropic cxponent. 
Perfect gas isentropic exponent. 
Real gas isentropic exponent. 
In-situ calibration meter factor. 
Molar mass of air. 
Molnr mnss of gas. 
Unit conversion factor (orifice How). 
Unit conversion factor (Reynolds number). 
Unit conversion factor (expansion factor). 
Unil conversion factor (discharge coefficient). 
Base (reference or standard) pressure. 
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SECTION 3-CONCENTRIC, SOUARE·EDGED 0RIRCE METERS, PART i-GENEAAL ECUATIONS ANO UNCERTAINTY GUIOELINES 

P1 Static pressure of fluid at the pressure tap. 
P¡, Absolute stntic pressure at the orifice upstream differentiol prcssurc tap. 
P11 Absolute statíc pressure at tbe orifice downstream differential pressure tap. 
q111 Mass fiow rate. 
q,,, Mass flow rate indicated by the orifice meter being calibrated. 
q.., Mass flow rate detennined by the primaiy mass flow system (or master meter). 
Qv Volume flow rate at ftowing (actual) conditions. 
q ,

1 
Volume flow rate indicated by the orífice meter being calibrated. 

Qv Volwne flow rate at base{standard) conditions. 
R Universal ga~ constnnt. 

R., Roughness average value from continuously avcraging meter readings. 
Re0 Pipe Reynolds nnmber. 

T Tempcrature. 
Tb Base (reference .-.u standard) temperature, 
T1 Tempernture of fluid nt flowing condition.s. 

Tm Temperature of the orifice plate or meter tube at time of diameter measure
ment.s. 

Tr Refercnce temperature of orificc plate borc diameter and}or meter tu be inside 
diameter. 

x Ratio of differential pressure to absolute stntic press':lre. 
~~ Ratio of differential pressure to absolute static pressure at the upstream pres-

S( ) 
y 

Y, 
Y, 
z 
z,. 
z,, 
Z¡, 
a 
a, 
a, 
{J 

sure tap. 
Sensitivit;y coefficient (infiuence cocfficient). 
Expansion factor. 
Expansion factcrr based on upstrenm nbsolute static pressure. 
Expansion factor based on downstream absolute static pressure. 
Fluid compressibility. 
Fluid compressibility at flowing conditions. 
Compressibility of the fluid ftowing at the upstream pressure tap location. 
Compressibility of the fluid fl.owing at the downstream pressure tnp locntion. 
Linear coefficient of thennal expansion. 
Linear coefficient of thennal expansion of the orifice plate material. 
Linear coefficient of thennal expansion of the meter tubc material. 
Ratio of orifice diameter to meter tube diameter calculated at flowing condi-
tions. 

11 Absolute viscosity of fluid flowing. 
1r Universal constant. 
p Density of the fluid. 

pb Density of the Huid at base conditions (P,, T,). 
p1.p Density of tht: fluid at flowing conditions (P¡, T1). 

1.5 Definitions 

This standard retlects orific! meter application to ftuid flow measurement. 'I11e defmi
tions are given to emphasize the particular meaning cf the tenns ns used in this standard. 

1.5.1 PRIMARV ELEM1:NT 

The primary element is defined as the orifice plate, the orifice plate holder with its asso
ciated differential pressure sensing taps, nnd the meter tube. 

1.5.1.1 Orífice Plate 

The orifice plate is defined as a thin plate in which a circular concentric aperture (bore) 
has been mnchined. The orifice platc is described as a thin plate with sharp, square edge be· 
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CHAPTER 14-.. "'fATURAL. GAs fWIOS MEASUREMENT 

cause the thickness of the plate material is small, compared with the intemal diameter of the 
measuring aperture (bore), and because the upstream edge of the measuring aperture is 
sharp and square. 

1.5.1.2 Orlflce Plate Bore Dlameter (d, d,., d,) 

The calculated orífice plate bore diameter (d) is the interna! diameter ofthe orífice plate 
measuring aperture (bore) computed at ftowing temperature (T1), as specified in 1.6.2. The 
calculated orífice plate bore diameter (d) is used in the ftow equation for the determination 
of ftow rate. 

The measured orifico plate bore diameter (d"') is the measured interna! diameter of the 
orífice plate measuring aperture at the temperature of the orífice plate (Tm) at the time of 
bore diameter measurements, detennined as specified in Chapter 14.3, Part 2. 

The reference orifice plate bore diameter (dr) is the intemal diameter of the orifice plate 
mensuring aperture at reference temperature (T,), calculated as specified in Chapter 14.3, 
Part 2. The reference orifice plate bore diameter is the certified or stamped orifice plate bore 
diameter. 

1.5.1.3 Orifica Plata Holder 

The orifice plate holder is defined as a pressure-containing piping element, such as a set 
of orifice flanges oran orifice fitting, used to contain and position the orifice plate in the pip
ing system. 

1.5.1.4 Meter Tube 

The meter tu beis defined as the straight sections ofpipe, including all segments lhat are 
integral to thc orifice pinte holder, upstrcam and downs.tream of the orifico plate, a.s spcci
fied in Chapter 14.3, Part 2. 

1.5.1.5 Meter Tuba Interna! Dlameter (D, O,., D,) 

The calculated meter tu be intemal diameter (D) is the inside diameter of the upstream 
section of the m~~~r tubo computed at ftowing temperature (T1), as specified in 1.6.3. The 
calculated meter tube intemal diameter (D) is used in the diameter ratio wtd Reynolds num
ber equations. 

The measured meter tu be interna! diameter (D,) is the inside diameter of the upstream 
section ofthe meter tube at the temperature of the meter tube (T111 ) at the time of intemal Ui
nmeter mcnsurcments, dctcnnincd as spccificd in Chapter 14.3, Part 2. 

The reference meter tu be intemal diameter (D,) is the inside diameter of the upstream 
section of the meter tu be at the reference temperature (T~), calculated as specified in Chnpter 
14.3, Part 2. The reference meter tube mtemal diameter is the certified or stamped meter 
tube interna! diameter. · • 

1.5.1.6 Dlameter Ratio (/3) 

Thc diamctcr ratio ({J) is defined as the calculated orifice plate bore diameter (d) divided 
by the calculated meter tube internal diameter (D). 

1.5.2 PRESSURE MEASUREMENT 

1.5.2.1 Tap Hale 

A tap hole is a hole drilled radially in the wall of the meter tube or orifice plate holder, 
thc insidc cdgc of which is flush and without any burrs. 
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1.5.2.2 Flange Taps 

Flange taps are a pair of tap boles positioned as follows (see Figure 1·2): 

ao The upstream tap center is located 1 inch (25.4 millimeters) upstream of the nearest plate 
face. 

b. The downstream tap center is locnted l inch (25.4 millimeters) downstream of the near
est plate face. 

1.5.2.3 DIHerentlal Pressure (LI. P) 

The diffcrential pressure (M) is the sta.tic pressure difference measured between the up
stream and downstream flange iaps. 

1.5.2.4 Statlc Pressure (P,) 

The stntic pressure (P1) is the absolute flowing fluid pressure measured at one of the 
flange tap holes. The absolute pressurc may be mcasured directly or can be obtained by 
adding local barometric pressure to measured gauge pressure: 

Absolute static pressure = Gaugc static prcssure + Local barometric pressure 

Flow 
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1.5.3 TEMPERATURE MEASUREMENT (T,) 

The temperature is thc flowing fluid tempcrature (T¡) measured at the designated up
streai'n or downstream location, as specified in Chapter 14.3, Part 2. 

In fl.ow mea.surement npplications where the fluid velocity is wcH below sanie, it is com
mon practice to insert a temperature sensing device in the middle of the flowing stream to 
obtain the ft.owing temperature. For practical applications, the sensed temperature is ns
sumcd to be thc static tcmperature of the flowing fluid. · 

The use of flowing temperature in this part of the standard requires the temperature to be 
measured in degrees Fahrenheit or degrees Celsius. Howevcr, ifthe flowing tempcrature is 
used in an equation of state ~o determine the density ofthe flowing fluid, it may require that 
the Fahrenheit or Celsius values be converted to absolute temperature values of degrees 
Rankine or kelvins through the :7o1Iowing relationsbips: 

'R = 'F + 459.67 

K = 'C + 273.15 

1.5.4 FLOW RATE DETEI'IMINATION 

1.5.4.1 Orifica Flow Rata (qm, q, Q,) 

The orifice flow rate is the mass or volume flow through an orit¡ce meter per unit of time. 

1.5.4.2 Orlflce Plate Coefflclent of Dlscharge (C.) 

The orifice plate coefficient of discharge (Cd) is the ratio of the true ftow to the theoretica! 
ftow and is applicd to thc theoretical ftow equation to obtain the acrual (true) flow. 

1.5.4.3 Veloclty of Approach (E,) 

The velocity of approach factor (E,) is a rnathematical expressiori that relates the velocity 
of the ftowing fluid in the orifice meter approach section (upstream meter tu be) to the fluid 
vclocity in the orificc platc bore. 

1.5.4.4 Expanslon Factor (Y) 

The expansion factor (Y) is an empirical expres~ion used to correct the flow rate for the 
reduction in fluid density that a comnressible fluid experiences whcn it passes through the 
orifice plate bore. 

1.5.4.5 Pipe Reynolds Number (Re0 ) 

The pipe Reynolds number is a dimensionless ratio of forces !.!Sed to correlate the vari
ntions in the orificc pinte coefficicnt of dischargc (Cd) with changes in thc ftuid's propcrtlcs, 
flow rate, and orífice meter geotnetry. 

1.5.5 FLUID PHVSICAL PROF'ERTIES 

1.5.5.1 Denslty (p, .• , p.) 

The ftowing fluid density (p1.,) is the mass per unit volume of the fluid being measured 
at flowing l:onditions (T1, P1). 

Thc base fluid dcnsity (p6) is thc ms.ss per unit volumc of thc fluid being measured at 
base conditions (1'6, Ph). 

1.5.5.2 Absolute Viscosity (¡t) 

The absolute viscosity (J.l.) is the measure _of a ftuid's intennoleculnr cohesive force 's rc
sistance to shear per unit of time. 
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1.5.5.3 Compresslblllty (Z) 

The compressibility (Z) is an adjustment factor used to accountfor the deviation from the 
ideal gas law. 

1.5.5.4 __ l_sentropic Exponen! (k) 

The isentropic exponent (k) is a the~odynamic state property that establishcs thc rela
tionship between an expanding fiuid's pressure and density as the fluid fiows through the 
orifice plate bore. 

1.5.6 BASE CONDITIONS (P., T.) 

Historically, the flow measwement of sorne fluids, such as custody transfer and process 
control, have been stated in volume units at base (reference or standard) conditions of pres
sure and temperature. 

The base conditions for the flow measurement of fluids, such as crude petroleum and its 
liquid products, whose vapor pres:iure is equnl to or less than atmospheric at base temper: 
ature are defined in the United States as a pressure of 14.696 pounds per square inch abso
luto (101.325 kilopascals) ata temperature of.60.0°F (15.56°C). According tu the 
Intemational Standards Organization, base conditions are defined as a pressure of 14.696 
pounds per square inch absolute (101.325 kilopascals) ata temperature of 59.00°F 
(15.00°C) 

For ftulds, such as liquid hydrocarbons, whose vapor pressure is greater than atmospheric 
presswe at base tcmperature, the base pressure is customarily designated as the equilibrium 
vapor pressure at base temperaturc. 

The base conditions for the ftow measurement of natural gases are defined in the United 
S tates as a pressure of 14.73 pounds per square inch absolute (101.560 kilopascals) ata 
temperature of 60.0°F (15.56°C). According to the Intcmational Standards Organi7..ation, 
base conditions are defined as a pressure oí 14.696 pounds per square lnch absolute 
(101.325 kilopascals) ata temperamre of 59.00°F (15.00°C). 

For both liquid and gas applicauons, these base conditions can change from one country 
to the next, one state to the next. or one industry to the next. Therefore, it is necessary that 
the base condtrions be identificd for standard volumetric flow measurement. 

1.5.7 SENSITIVITY COEFFICIENT (S) 

In estimating the uncertainty associated with the metering faciiity, a number of variables 
must he comhined. The mathematical relationships among the variables establish the sen
sitivity of the metered quantities to each of thcsc variables. As such, each variable that may 
influence the flow eq_uation has a specific sensitivity coefficient. The derivation of this coef
ficicnt is based on a mathematical relatlonship or estimated from calculations, tables, or 
curves. 

1.5.8 METER FACTOR (MF) 

The meter factor (MF) is a number obtained by dividing the quantily of fluid measured 
by the primary mass ftow systcm by thc quantity indicated by the orifice meter during cnl
ibration. 

1.6 Orifice Flow Equation 

The accepted one-dimensional equation for mass ftow through a concentric, square
edged ori-fice meter is stated in Equation 1-1 or 1-2. The derivation is bascd on conscrvation 
of ma.ss aml energy, ene-dimensional fluid dynamics,- and empirical functions such as equa
tions of statc and thermodynamic p~ocess statements. Any derivation is accurate when all 
the assumptions used to develop it are valid. As a result, an empirical orifice plate coeffi-
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cient of discharge is applied to the theoretical equation to adjust for multidimensional vis
cous fluid dynamic effects. ln addition. an empirical expansion factor is applied to the the
oretical equation to adjust for the reduction in fluid density that a compressiblc fluid 
experiences when it passes through an orifice plate. 

The fundamental orífice meter mass fl.ow equation is as follows: 

Where: 

Cd = orífice plate coefficient of discharge. 
d = orifice plate bore diameter calculated nt flowing temperature (1"1). 

llP = orifice differential pressure. 
E., = velocity of approach factor. 
g-: = dimensional convcrsion co~stant. 
n = universal constant 

; 3.14159. 
qlf, = mass ftow rate. 
p,.P = density of the fluid at flowing conditions (P1, Tj). 

Y = expansion factor. 

(1-1) 

Tite practical orifice meter fiow equation used in this standard is a simpHfied form that 
combines the numcrical constants and unit conversion constants in a unit conversion factor 
(N,): 

(1-2) 

Where: 

cd ::;:: orificc plate cocfficlent of discharge. 
d = orifice plate bort diameter calculated at ftowing temperature (1'1). 

AP = orifice differential pressure. · 
E., = velodty of approach factor. 
N 1 = unit conversion factor. 
q ,.. = mass flow ratc. 
p,.f' === density of the fluid at fiowing conditions (P1• T1). 
Y === expansion factor. 

The expansion factor, Y, is included in Equations l-1 nnd 1-2 because it is applicablc to 
all single-phasc, homogcncous Ncwtonian fluids. f--or incompressible fluids, such as water 
at 60°F ( 15.56°C) and atmosphenc pressure, the empirical expansion factor is detined as 
1.0000. 

The orifice plate coefficient of discharge, Cd, and the expansion factor, Y, are empirical 
functions derived from experimental data. 

The orifice meter is a mass meter from which a differential pressure signa! is developed. 
as a function of the velocity of the fluid as it passes through tht:: orifice plate bore. Manip
ulation of the densily variable ln the equation pennits calculation of ftow rate in either mass 
or volume units. The volumetric flow rate at ftowing (actual) conditions can be calculated 
using the following equalion: 

(1-3) 

The volumetric flow rate at base (standard) conditions can be calculated using the follow
ing equation: 

(1-4) 

The mass fiow rate (q,,) can b~ converted to a volumetric flow rote at base (standard) 
condilions (Q,.) if the fluid dcnsity at the base conditions (Pu) can be detennined or is speci
fied. 

The unit conversion factor, N 1, is defined and presented in 1.11. 
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D, = reference meter tu be interna\ diamcter at T r 
T1 ; temperature of the ftuid at flowing conditions. 
Tr = reference temperarure of the meter tu be intemnl dinmeter. 

Note: a, T¡. and T, must be m conslstcnt units. for the purpose ofthis standard, T, is assumed to be 6S"F (20°C). 

The meter tubc interna! diametcr. D,.. calculated at T, is the diameter deterrnined in ac
cordance with the requirements contained in Chapter 14.3. Part 2. 

1.7 Emplrlcal Coefflclent of Dlscharge 

Empirical coefficients of discharge for ftange-tapped orifice meters have been detennined 
from experimental data by comparing the measured and theoretical ftow mtes. A major fac
tor in the definition of the experimental pattems for this orifice research wns dynamic sim
ilarity. Using Reynolds' Law of Similarity, experimental correlations can be applied to 
dynamically similar meters. 

To accurately predict the coefficient of discharge, Cd(Ff), for a ftange-tapped orifice me
ter manufactured to the specifications of this standard, certain parameters conceming the 
orifice meter and the fluid must be known. The relationships between these functions can 
be simplified for application to commercial use. In fact, the coefficient of discharge can be 
shown to depend on a number of parameters, the majar ones being the Reynolds number 
(ReD), sensing tap location, meter tu be diameter (D), and f3 ratio: 

Cd = f(Re0 , Sensing tnp locntion, D. /3) 
In 1978, Jean Stolz presented an equation form that correlates the, near vicinity taps for 

orifice meters based on the near fidd static wall pressure gradient. A complete discussion 
of the bases of the equntion is beyond the scope of this standard. However, the bibliography 
contained in Appendix l-A will allow the reader to further explore th.is technical discussion. 

1.7.1 REGRESSION DATA BASE 

Working jointly, a group of technical expcrts from the United States, Europc, Canada, 
Norway, and Japan have developed an equation using the Stolz linkage fonn that fits the 
Regression Data Set more accurately than have previously published equations. The new 
equation was developed from a significantly larger data base than was previously used for 
discharge coefflcient equation development. 

Thc Regression Data Sct consists of data takcn on four fluids (oil, water, natural gas, nnd 
air) from different sources, 11 different laboratories, on 12 difterent meter tubes of difiering 
origins and more than 100 orifice ~lates of differing origins. The data provided a pipe 
Rcynolds nurnbcr rangc from acccptcd turhulent flow of 4000 to 36,000,000 on which to 
select the best model. The 01 ifice configurations included flange, comer, and radius taps. 
Nominal pipe sius investignted were 2, 3, 4, 6, and 10 incht!s, in compliancc with 
ANSi/APl 2530 spec1ficat10ns. Nominal p ratios u sed in the equation detennination were 
0.100, 0.200, 0.375. 0.500, 0.575, 0.660, and 0.750. 

Thc bivariatc data (Cd. Re0 ) wcrc mcasurcd in a manner appropriate for the test fluid and 
laboratory. 1l1e method of determining mass ftow rate, expansion factor, fluid density. and 
fluid viscosity varied with the laboratory appnratus and test fluid. 

Rather than including possibly erroneous data in the equation regression, the API/GPA/ 
A.G.A. technical experts envisioned two classes of data sets for orifice research-regres
sion and comparison. At a meeting of interested intemational orifice metering experts in 
November 1988, it was mutually agreed that the Regression Data Set be defmed as follows: 

Thc RcgressLOn Uata Sct .~hall consL~t ofthmc ctata pomt!l contained m the API/GPA and EC di~· 
charge coefficit:nt expenments whkb were perfoonecl on orificc pl11tcs whose cliamcterwas greuter 
than 0.45 m eh ( 11.4mm) and if the pipe Reynolds number was equal to or greater than 4000 (tur
bulent flow rcg1me). 

Data which dm:s not satisfy these criteria shall be included in the Comparison Data Set. 
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Although it does not mean that other data are of inferior quality, it is known that insuffi
cient information exists to determine whether the independent variables were controlled and 
quantified. Sorne examples of comparison quality data are the Oklahoma State University 
Data Base (303 flange·tappcd points}, the 1983 NBS Boulder Experiments, the 
Foxboro-Columbus-Danie11000-Point Data Base, and the Japaoese Water Data Base. 

The exclusion for orifice bore diameters 1ess thao 0.45 inch (11.4 millimeters} was due 
to the increased uncertainty associated with the relative sharpness of the orificc plate up
stream edge. 

The Regression Data Set, as defincd above, consists of data generated on orífice meters 
equipped with comer, radius, and ftange tappings. The number of regression data points are 
summarized as follows: 

Tapping No. of poinls 

Fhmge 5,734 
Come< 2,298 
Radius 2,160 

Thta( 10,192 

Thc cmpirical data associated with the APT/GPA Data Base nnd the EC Data Base are the 
highest quality and 1argest quantity availab1e today. 

Detailed infonnntion on the experiments~ regression data, statístical fit, and other perti
nent infonnation may be found in Chapter 14.3, Part 4, or the referencc.o; contnincd in Ap
pcndix 1-A. 

1 .7.2 EMPIRICAL COEFFICIENT OF DISCHARGE EQUATION FOR 
FLANGE-TAPPED ORIFICE METERS 

The concentric, square-edged, flange-tapped orifice meter coefficicnt of discharge, 
C.(Ff), equation, developed by Reader-Harris/Gallagher (RG), is structured into distinct 
Iinkage terms and is constdered to rest represent the current regression data base. The equn
tion is applicable to nominal pipe sizes of 2 inches (50 millimeters) and Jarger; diameter ra
tios ({3) of 0.1-0.75, provided the orifice p1ate bore diameter, d, is greater than 0.45 inch 
(11.4 millimeters); and pipe Reynolds numbers (Re0 ) greater than or cqual to 4000. Fnr di
ameter ratios and pipe Reynolds numbers below lhe limit stated, refer to 1.12.4.1. The RG 
coefficient of discharge cquation for an orifice meter equipped with flange taps is defined 
as follows: 

C,(Ff) ~ C,(Ff) + 0.000511[
10'/3]'·' + (0.0210 + 0.0049A)f3'C (1-9) 
Re0 

C,(Ff) ~ C,(CT) + Tap Term 

C,(CT) 0.5961 + 0.0291/l' - 0.2290{38 + 0.003(1 - {3)M, 

Tap Term = Upstrm + Dn.Hrm 

Upstrm ~ [0.0433 + 0.07l2c-•·•L, - 0.1145c_."L•](I - 0.23A)B 

Dnstrm ~ -0.0116[M, - 0.52Mi'l/3'"1(1- 0.14A) 

Also, 
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Althongh it doe~ not mean tha[ other da:lt ere of inferiorquality, it is knuwn that insuffi
cient information exists to determine whether the indepemlent variable!'! wcrc controllcd and 
quantlfied. Sorne e-,:amptes of comparison quality data are the Oklahoma S tate University 
.Data Dase (303 flangc-tappcrl points), thc 19R3 NRS Rnutder Experlments, the 
Poxboro-Colurnbus-Daniel 1000-Point Data _Base, and the' Japanese Water Data Base. 

Thc cxclnsion fm oriOce bore dinmeters les!; than 0.45 inch (11.4 millimetet!'l) was due 
to the increased uncertainty associaled with the relntive shaqmes<:!. of thc orificc pinte ur
stream edge. 

The Regres.o~ion Dntn Sct, 8!'1 dcfincd nhove, consisfs of dntn genernted on orífice meten: 
equipped with corner, radius, nnd flange tappings. 1be number of regre.c;sion data points m-e 
summnrlzed n~ fnllows: 

Thpping No. orpoinl'l 

Flnng(' 5.7J4 
Comer 2,2Q8 
Rmliu~ 2,160 

Thlnl 10,192 

Thc cmpiricnl datn ft~~oclatcd with the API/GPA Dnta Bnse nnd the EC Dntn Bn~c nre thc 
l1ighest quality and largest quantity available todRy. 

Dctnllcd infonnntlon on the experiments, regression dn.ta, statistlcul fit, amJ other perti
nent information may be found in Chaptct 14.3, Pnrt4, or thc rcfcrcncc.q contnincd in Ap
pendix 1-A. 

1.7.2 EMP1fl1CAL COEFFICIENT OF DISCHARGE EQUAT10N FOR 
FLANGE-TAP;>ED ORIFICE METERS 

The concentric, square-edRed, flange- tapped orifice meter coefficicnt of di5cluugc, 
C,t(Ff), cqnation, developed by Reader-Harris/Gallngher (RO), is sltuctmed inlu di~tincl 
linknge tenns ami is considered lo bc..c;t represen! thc currcnt rcW"cssion dntn hnse. The equn
tion is applicahle tu nominal pipe si Les o[ 2 inches (50 millimeters) and larger; dimnetcr ra
tios ({J) nf 0.1-0.75, prov 1ded the orifice plate bore dinmcter, dr, ls greater than 0.45 inch 
(11.4 millimeters); and pipe Rcynolds numbers (Re0 ) grc<'ter than or cqnal to 4000. Fnr fli
nmetcr ratios and pipe Rcynulds numbcrs below lhe limil stated, refe1 to 1.12.4.1. Thc RO 
coefficicnt of rli~chnrgc cquatinn for nn oriflce meter equipped wirh flange tnps is deflncd 
as fulluws: 

~ C1(1'T) + 0.000511 
10 f3 + [ ' ]'·' 
Re0 

(0;0210 + 0.0049A){J'C 

C,(IT) ~ C1(CT) + Tap Term 

C,(CT) 0.59ól + 0.0291/l' - 0.7.?.90/l" + 0.003(1 - {J)M, 

Tnp TP1m f!p.~trm 1 /Jwom 

Uptrrm =[O 0433 + 0.07l?..c ~~t., -· 0.\145c-Mn.,](l - 0.23A)n 

U11s11m ~ -O.OIIóiM, - 0.52Mi'lfl"(l - 0.14A) 

Al so, 
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Where: 

CHAPTEP 14-NATURAL GAS FlUIOS MEASUAEMENT 

{J = diameter ratio 
~ d/D. 

A ~ [19,000/J]" 
Re0 

e ~ ['o'p]"" 
Re0 

(1 -18) 

(1-19) 

C,(FT) = coefficient of discharge ata specified pipe Reynolds number for llnnge-tapped 
orificc meter. 

C¡(Ff) = coefficient of discharge r.t infinite pipe Reyno]ds number for flange-tapped ori
fice meter. 

C,(Cf) = cocfficient of di scharge at infinite pipe Reynolds number for comer-tapped on-
fice merer. 

d :;::: orificc pi ate hore diameter calculatcd at T1. 

D = meter tube interna! diameter calculated at T1. 
e = Napierian constant 

= 2.71828. 
L 1 = Uimensionless <.:orrection for the tap location 

~L, 

= N,/D for ftange taps. 
N~, = 1.0 when D is in inches 

= 25.4 when D is in millimeters. 
Re0 = pipe Reynolds numbcr. 

1.7.3 REYNOLDS NUMBER 1Re0 ) 

Thc RG cquation uses pipe Reynolds number as the correlating parameter to represent 
the change in the orifice pi al~ coefficient of discharge, Cd, wilh referenc~ to the fiuid's mass 
fiow rate (its velocity through the orifice), the fluid density, and the fluid viscosity. 

The pipe Reynolds numbcr can be calculated using the following equation: 

(1-20) 

The pipe Reynolds number equation used in this standard is in a simplified form that 
combines the nurnerical constnnts and unit convcrsion constants: 

(1-21) 

For thc Rcynolds numbcr cquations presented above, the symbols are described as fol
lows: 

D = meter tu be interna! diameter calculated at flowing temperature (T1). 
J1 = absolute viscosity of fluid. 

N2 = unit convcrsion factor. 
;r = universal constant 

= 3.14159. 
q.,, = mass fiow rate. 

ReD = pipe Reynolds number. 

The unit conversion factor, N2, for the Reynolds number equatmns is defined and pre
sented in 1.11. 
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Affected Publication: Ch"Ptcr 14, "Natural Gas Auids Measuremen~" Section :l: ''Con
centric, Square-Edged Orifice Metcrs," Part 1, "General Equations and Uncertainty Guide
lines" of the Manual of Petroleum MeasuTemenl Sttuukmls, Third Edition, September 1990 

ERRATA 

On page 1, the lllst seiitence of 1.1.1 should read asfol/ows: 

U.S. customary [Incb-Pound (IP)) and lntemational System 
of Units (SI) units are inc1uded. 

On page 13, Equatwns 1-16 and 1-17 should read asfol
lows: 

M, max( 2.8 - ~: , 0.0 J 

~ 
1 - {3 

(1-16) 

(1-17) 

On page 14, the nommc/atu"' should read as fol/ows (thot 
is, D, shOuld be inserted in !he lisr): 

Where: 

fJ = diameter ratio 
= d/D. 

C,<n) = coefficient of dischargc at a specified pipe 
Reyno1ds number for flange-tapped orifice me
ter. 

C,(Ff) = coefficient of discharge at infinite pipe Reynolds 
number for flange-tapped orifice meter. 

C,(CI) = coefficient of discharge at infinite pipe Reynolds 
number for comer-tapped orifice meter. 

d = orifice plate bore diameter calculated at T1. 

D = meter tllbe intemal diameter calculated at Tt 
D, = meter tube interna) diameter at reference tem-

peraturc. T.-
e = Napierian constant = 2.71828. 

L1 :::: 1""'=' = dimensionless correction for the tap location 
= N, ID, for flange taps. 

N4 = 1.0 when D, is in inches 
= 25.4 when D, IS in milhmeters. 

Re,J = pipe Reynolds Dumber. 
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1.7.4 FLOWCONDmONS 
1. 7 .4.1 General 

The condition of the meter tube, the mating of the piping sections, the l1P sensing tap 
bOles, thc straight lengths of pipe preceding and following the prirnary element, and so 
forth, are factors that influence the flowing conditions. Although sorne factors may be con
sldered inslgnificant for commercial purposes, fiowing conditions can infiuence field accu
racy. 

To assure accuracy within the uncertainty stated. certain flow condition limitations must 
be followed: 

a. The flow shall approach steady-state mass flow conditions on fiuids that are considered 
clean, single phase, homcgeneous, and Newtonian. 

b. The fluid shallnot undergo any change of phase as it passes through lhe orifice. 
c. Thc flow shall be subsorUc through the orifice and the meter tube. .-
d. The Reynolds number shall be within the specified limitations of the empirical coeffi

cients. 
e. No bypass of flow around the orifice shall occur at any time. 

1. 7 .4.2 Law of Slmllarlty 

The empirical cocfficients calculated from the equations in this standard are va lid if dy
namic similarity exists between the metering installation and the experimental data base. 
Technically, this npproach is termed the Law of Sirnilarity. 

Dynarnic similarity ts the underlying principie for present-day theoretical and experimen
tal fluid mecharúcs. The prir.ciple states that two geometrically similar meters with identical 
initial fl.ow dircctions shall display gcometrically similar strcamlines. 

The mechanical specifications for the meter tube, the orifice plate, the orifice fl.anges or 
fitting, the differential pressure sensing taps, the upstream and downstream piping require
ments, the ftow straightencr (if applicable), and the thcnnowell rnust be adhered to, as 
stated in the standard, to assure geometric similarity. 

Gcomctric similarity requires thnt the experimental flow system be n sc~e model of the 
field installations. The experimental pattem 's design identifies sensitive dimensional re
gions to explore, mensure, and empirically fit A proper experimental pattem for orifice me
ters allows thc uscr to cxtrapolatc to larger meter tu be diameters without incrcasing the 
uncertainty. 

Dynamic similarity implies a correspondence of fluid forces between the two metering 
systems. The Reynolds number is a mcasure of thc ratio of thc incrtial to viscous forccs. Por 
the orifice meter, the inertial to viscuus forces are the forces considered significant within 
thc application limitations of this stnndard. As a result, the Reynolds number is the tenn that 
con-elates dynamic similarity in all empirical coefficient of.discharge equations. In fact, the 
Reynolds number correlation provides a rational basis for extrapolation of the empirical 
equation, provided the physics of thc Huid does not changc. Por instancc. thc physics asso
ciated with subsunü: now is not smlilar to that associated with sonic fiow. 

For the empírica! data base, undisturbed tlow conditions (fl.ow pattem and fully devel
oped velocity profile) were rchieved through the use of straight lengths of meter tu be both 
upstream and downstream from the orifice and the use of flow straighteners. For both the 
APrtGPA and EC cxperiments, an undisturbcd flow condirion was defincd as the equivalent 
of a syrnrnetrical, approxirnately swirl~free velocity protile located approxirnately 45 pipe 
dinmeters downstream of a Sprenkle flow conditioner, in circular pipes with an average in
temal surface wall rougtu1ess, Ra, of approximately 150 microinches. 

1.7.5- PULSATING FLOW 

Reliablc mcasurcmcnts of fl.ow cannot be ohtained with en orifice meter whcn apprecia
- ble pulsations are present at the point of measurement. Currently, no satisfactory theoretical 
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or empirical adjustrnent for orifice measurement in pulsating tlow applications exists that, 
when applied to custody transfer measurement, will maintain the measurement accuracy 
predicted by this standard. 

1.7.5.1 Saurces 
Pulsations in a pipeline, originating from a reciprocating device, a rotary device, val ve 

actions, piping configuration, or another similar source, consist of suelden changes in the ve
locity, pressure, nnd density of the fluid flowing. The most conunon sources of pulsation are 
the following: 

a. Reciprocating comprcssors, cngines, or impellcr·type boosters. 
b. Pumping or improperly sized pressure regulators and loase or wom val ves. 
c. Irregular movement of quantities of water or oil condensntes in the line. 
d. Intcrmitters on wclls, automatic drips, or separator dumps. 
e. Dead-ended piping tee junctíons and similar cavities. 

1.7.5.2 Pulsatlon Reductlan 

To obtain reliable measuremen:s, it is necessnry to suppress pulsation. In general, thc fol
lowing practices ha ve been effective in diminishing pulsation and/or its effect on orifice 
flow measurement: 

a. Locating the meter tu be in a more favorable location with regard to the source ofthe pul
sation, such as the i'nlet side of regulators, or increasing the distance from the source of 
the pulsation. 

b. lnserting capacity tanks (volumc), ftow restrictions, or specially designed filters in thc 
line betwcen the source of pulsation and the meter tube to reduce the amplitude of the 
pulsation. 

c. Using short-coupled impulse tubing and/or manifolds of approximately the same size as 
the pressure taps to the differential prc~~ure measurcment instrument. 

d. Operating at differentials as high as is practicable by replacing the orífice plate in use 
with a smaller orifice bore plate or by concentrating flow in a multiple meter tu be instal
Jation through a limitcd number of tubes. 

e. Using smaller sized meter tubes and keeping essentially the same orífice diameter while 
maintaining the highest practicallimh of the differential pressure. 

Considerable study and experimentation ha ve bee~ conducted to evaluate the re
quirements nnd methods necessnry to nchieve pulsation reduction. This material is outside 
the scope of this standard and may be found in many publications that are readily available. 

1.7.5.3 Pulsatlan lnstruments 

lnstruments, both mechanical and electronic, have been developed that indicate the pres
ence of pulsation. These devices are used to determine the effectiveness of pulsntion sup
pression practices. 

1.8 Empirical Expansion Factor (Y) for 
Flange-Tapped Orlflce Meters 

Ex.pansibility re.11carch on water, air, steam, and natural gas using orifice meters equipped 
with various sensing taps is the basis for the present expansion factor equation. The empir
ical research cornpared the ftow for an incompressible fluid with that of seveml compress
iblc fluids. 

The expansicn factot, Y, was defined as follows: 

Y= cd, 
e,, 

(1·22) 
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Where: 

e,, = coefficient of discharge from compressible fiuids tests. 
Cr~, ;;: coefficicnt of discharge from incompress_ible fluids tests. 

Buckingham derived the empirical expansion factor equations for orifice meters 
equipped with various sensing taps bnsed on the following correlation: 

Where: 

f3 = diameter ratio (d/D). 
k = isentropic exponenl. 

Y = f({J, k, x) 

x = ratio of differential pressure to absolute static pressure. 

(1-23) 

Compressible fluids expandas they flow through a square-edged orifice. POr practica! ap
plications, it is a.c;;sumed thnt the expansion follows a polytropic, ideal. ene-dimensional 
path. 

This assumption defines the expansionas reversible and adiabatic (no heat gain or loss). 
Within practical opcrating rar.ges of differential pressure, ftowing pressure, and tempera
ture, tlie expansion factor equation is insensitive to the value of the isentropic exponent. As 
a result. the assumption of a perfect or ideal isentropic exponent is reasonable for field ap
plications. This approach was adopted by Buckingham and Bean in their correlation. Thcy 
empirically developed lhe upstream expansion factor (f1) using the downstream tempera
ture and upstream pressure. 

Within the limits of this standard's application, it is assumed that the temperatures of the 
fluid at the upstream and downstream differential sensing taps are identical for the expan
sion factor calculation. 

The applicatiun of the expansion factor is valid as long as the following dimensionless 
pressure ratio criteria are followed: 

o < < 0.20 

Or, 

lí. 0.8 < < 1.0 

Where: 

ilP = orifice differential pressure. 
N, = unit conversion factor. 

P¡, 

P¡ = absolute static pressure at the pressure tap. 
P11 = absolutc statlc pressurc at thc upstrcam prcssurc tap. 
Pli = absolute static pressure at the downstream pressure tap.-

Although use of the upstrcam or downstrcam expnnsion factor equntion is n mntter of 
choice, the upstream expansion factor is recommended because of its simplicity. lf the up
stream expansion factor is chosen, then thedetennination of the flowing fluid compressibil
ity should be based on thc upstrcam absolutc static pressure, Pk Likewisc, if the 
downstream expam.ion factor is selected. then lhe determioation of the fiowing fiurd com
pressibility should be based on the downstrenm nbsolute stntic pressure. P1,. 

The expansion factor equation for flange taps is applicable over a {3 range of 0.1 0-0.75. 

1.8.1 UPSTREAM EXPANSION FACTOR (Y,) 

Thc upstrcam cxpansion factor rcquires detennination ofthe upstream static pressure, the 
diameter ratio, a.nd the isentropic exponent. 
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On page 14, Equalion 1-19 slwuld read asfollows: 

e = _!Q_ 
[ 

6 ]''" 
Re0 

On page 17, the second equalionfor the dimensioniess pressure ratio should read asfol
!ows: 

lj, 
0.8 < < 1.0 

F;, 

On page 26, Equation 1-40 should read asfollows: 

8C,(FT)/ oC,(FT) = 1 + 0.7H95(4000)" 
Ren 

On page 30, lhefirst IWO paragraphs under J:l2.4.5 should read asfollows (lhat is, lhe 
words meter tu be should 1eplace the word plateJ; 

The meter tube diameter uncenainty may be detennined from dimensional measurements 
or, altematively, from the roundness specifications presented in Chapter 14.3, Part 2. 

If the dimensional measurements are available, the meter tu be diameter unccrtaiflty is 
equatcd to the root mean square (nns) of the differences hetween each reading nnd the mean 
value. 

NOTICE TO USERS OF PART 1 

Chapter 14.3. Part 4, "Background, Development, lmplementation Procedure, and 
Subroutinc Documcntation for Empirical Flangc-Tapped Discharge Coefficient Equation'' 
wiJl provide the calculation prcced•Jre necessary to obtain unifonn answers. Users of Part 
1 may find it desirable to obtain Part 4 befare atternpting tu prugram the equalions con
tained in Part 1. 
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If the absolute static pressure is taken at the upstream differential pressure tap, then the 
va1ue ofthe ex)>ansion factor, Y1, sha11 be ca1cu1ated as follows: 

Y, = 1 - (0.41 + 0.35/J')-T 

When the upstream static pressur«? is measured, 

IV' 
X¡=--

NJP¡, 

When the downstream static pressure is mcasured, 

Where: 

!:J..P = orifice differential pressure. 
k = isentropic exponent. 

N3 = unit conversion factor. 

I!.P 
X¡=::-.,:::-=-~ 

N,P1, + I!.P 

P1, = absolute static pressure at the upstream pressure tap. 
P1, = absolute static pressure at the downstream pressure tap. 

(1-24) 

(1-25) 

( 1-26) 

x1 = ratio of differential pressure to absolute static pressure at the upstream tap. 
x 1/k = upstream acoustic ratio. 

Y 1 = cxpansion factor based on the absolulc static pressurc measured at the upstrcnm 
tap. 

1.8.2 DOWNSTREAM EXPANSION FACTOR (Y,) 

The downstream expansion factor requires detennination of the downstream static pres
surc, thc upstream static prcssure, the downstream compressibility factor, the upstream 
compressibility factor, the diameter ratio, and the isentropic exponent. The value of the 
downstream expansion factor, Y2, shnll be calculated using the following equation: 

Or, 

Y, = [1- (0.41 + 0.35{J')i] 

When the upstreom ·"tatic pressure is measured, 

I!.P 
xl =-

N3P1, 

Whcn the downstream stat1c pressure 1s measured, 

Where: 

!:lP = orifice differential pressure. 
k = iscntr~pic cxponcnt. 

!\'~ = unit convers10n factor. 
Pr. = absolute static pressure at the upstream pressure tap. 
P1l = absolutc static prcssurc at the downstream prcssurc tap. 

( 1-27) 

(1-28) 

(1-29) 

(1-30) 
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x1 = ratio of differential pressure to absolute static pressure at the upstream tap. 
x¡/k = upstream acoustic ratio. 

Y 1 :;;: expansiun factor based on lhe absolute static pressure measured at the upstream 
tap. 

Y1 :;;; expansion factor based on the absolute static pressure measured at the downstream 
tap. 

Z~¡ = fluid compressibility at the upstream pressure tap. 
z,l ::::: fluid compressibility at the downstream pressure tap. 

1.9 ln-Situ Calibration 
1.9.1 GENERAL 

The statement of the uncertainty of the empirical coefficient of discharge for concentric. 
square-edged orifice meters, Cd, is predicated on compüance with the requirements of this 
standard. 

For accurate mensurement npplicntlons, the ftowmeter and adjacent piping should meet 
the requirements of the relevant, preferably the most stringent, specification of the standard. 
Deviations from the standard's specifications (for example, eccentricity, steps between ad
jacent sections of pipe, pr:run lengths with or without a fiow conditioner, post-run lengths, 
and pipe wall roughness) will invalidate the uncertai.nty statement 

To nssure the accumcy of such flow measurements, the user may wish to calibrote the 
meter in situ. This is particularly suggested for orifice meters under 2 inches (50 millime
ters) nominal pipe size. In situ is defined as being under normal operating condittons, with 
the actual appmach piping configuration, using the actual fluid with thc actual orificc plate 
and 1ecording system in place. 

Calibmtion of an orifice meter in situ requires the use of a primary mass ftow system. 
This primary mass ftow system may be portable or pennanently iilstalled. A mastef meter 
that has been calibrated with a primary mass ftow standard can also be used for in~situ cal
ihration. 

The in-si tu calibration should be performed with a prunary mass ftow system (or master 
meter) with an overall uncertainty less than the overall uncertainty of q,, of the meter being 
calibrated. Refer to the working uncertainty equation givcn in 1.12. 

Tu per[urrn an in~situ calibration, the primary mass fiow system (or master meter) should 
be installed cithcr upstrcam or downstrcam of the pipe fitting nearest to the meter tu be or 
meter tu be manifold so tltat it provides a calibration of the meter in its normal flowing 
configuration (that is, velocity profile).ln-situ calibration should be perfonned at the nor
mal ftow ratc, tcmpcrafure, and pressurc of the meter station. Additionnlly, in-situ cnlibra
tion m ay be performed over the range of ftow rates, temperatures, and pressures to assure 
a higher confidence leve} over the complete range of ftowing conditions. 

1.9.2 METER CORRECTION FACTOR 

The in~situ cahbration can providc a meter factor (MF) that may be uscd to corrcct the 
calculated mass now rateas detennined by Equation 1-1, if agreed upon by the parties. The 
MF is defined ns follows: 

MF 

Where: 

q,p == ~ 
q,, q.,,Pt,p 

(1-31) 

q,,
1 

= mass ftow rnte determined by the primnry mass flow system (or master meter). 
q,,, == mass ftow rate indicated by the orifice meter being calibrated. 
q~. = volumetric fl.ow rate indicated by the orifice meter being calibrated. 

p,.P == dcnsity (mass) of fluid at thc meter at flowing conditions. 
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Altematively, ¡he results may b<> used to identify installations that exceed the uncertainty 
estimated using 1.12. lf the MF fnlls outside the 0.9 .:5 MF .:5 l.llimits, the system should 
be investigated until the physical c!luse for the deviation has been identified and corrected. 

When.the meter factors are determined over n rnnge of opemting conditions, severa! val
ues ofMF may result. A plot ofMF versus pipe Reynolds number (ReD) should provide a 
single curve that may be used for detennining MF conections. 

If the .MF is applied to the metered qunntities for custody transfer purposes, then in-si tu 
calibration should be periodically repeated to ensure accurate measurement. Additional in
situ calibrations should be performed when physical chnnges to the metering systcm or 
significantly different opcrating conditions are encountered. 

1.10 Fluid Physical Properties 

Certain fluid physical properties are required to salve the orífice flow equation. 
For the mass fiow cquation. the following fluid properties are required: 

a. The viscosity at flowing conditions, JL 
b. The fluid density at flowing conditions, Pr,p· 
c. The isentropic exponent, k, for compressible fluids. 

For the standard volumetric ftow equation, the dcnsity at bac;e conditions, Pb• is rcquircd 
for solution. 

1.10.1 VISCOSITV (¡t) 

The absolute (or dynamic) visr.osity of the fluid at fl.owing conditions is required to com
pute the pipe Reynolds numher. Fluicl viscosities may he measured experimentally or com
puted from empirical equations. 

For high Reynolds number applications, viscosity variations nre usually ignored, sincc a 
sensitivity analysis indicates negligible effect in the fl.ow computation. For low Reynolds 
number applications, accurate. viscosity values and their variation with composition, rem
perature, nnd pressure may ha ve a significant affect on the flow computation. 

1.1 0.2 DENSITV (p,,., P•) 

Appropriate values for the density of the fluid, p,l' and Pb• can be obtained using one uf 
two methods: 

a. Empirical density correlation. Tite empirical density value may be calculated by an e4ua
tion of state or another technically qualified expression. 

b. On-line density meters. An on-line density meter can meas u re the fluid density at oper
ating conditions (ur ba~~ <..:onditions). 

For on-line density meter applications where thc dcnsity at ftowing conditions (or base 
conditions) is greater than 0.30 gram per cubic centimeter, refer to Chapter 14.6 for"tht: in
stallation, operation, and calibration of these devices. 

For on-linc dcnsity meter applicarions where the density at ftowing conditions (or base 
conditions) is less than 0.30 grrun per cubic c.:entirneter, refer to the manufacturen;' recom
mendations for the instnllation, operation, nnd calibration of thcse deviccs. Thc manufac
turcr should be able to demonstrate that operation of the on-line density measurement 
dev1ce will not interfere with the bas)c operation of the orifice meter. 

From a practical standpoint, the fluid temperarure differences between the upstream sens
ing tap, the downstream sensing tap, and the temperature sensing device are assumed to be 
insignificant when the temperature device is installed llS required in Chapter 14.3, Part 2. 
for fluids whose density changes rapidly w1th changes in ftowing temperatme, for low fluid 
velocities, and/or tu minimize ambient temperature and heat transfer effects, the tL'ier may 
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wish to thennally insulate the meter rube between the primary element and the temperature 
device. 

1.10.3 ISENTROPIC EXPONENT (k) 

The isentropic exponent, k, is required in the solution of the empirkal expansron factor 
(Y) equation. 

As a compressible fluid ftows through the reduced area of an orifice platc borc, it under
gocs a contraction and then an expansion. The expansion, which resultS in a change in the 
static pressure, is assumed to follow a polytropic path expressed by the following relation
ship: 

Constant 

Where: 

P1 = absolute static pressure. 
p,.¡J = density of the fluid at fl.owing conditions (P1, T1). 

n :::: polytropic exponent. 

(1-32) 

However, if thc cxpansion is ossumed to be relatively rapid (that is, short in ltmgth) and 
the pressure change relatively small in magnitude, the polytropic relationship can be re
placed by an idealized (reversible and adiabatic) ene-dimensional isentropic expansion re
lationship of the fol1owing fonn: 

Constant 

Where: 

P1 :;;;: absolute static pressurc. 
p1.p :;;;: density of the fluid at fiowing conditions (P1, T1). 

k :;;;: isentmpic exponent. 

(1-33) 

The real compressible fluid isentropic exponent, k, is a function of thc fluid and the pres
sure nnd temperature. For an id~al gas, the isentropic exponent, k1, is' equal to the ratio of 
its specific heats (cpfcv) and is indepcndent of pressure. A perfect gas is an ideal gas that has 
constant speciHc heats. The perfect gas isentropic exponent, kP, is equalto k; cvaluated at 
hase conditions. It has been found that for many applications, the value of kn is nearly 
identical to the value of k;. which is ncarly identical to kp. From a practical standpoint, the 
flow equation is not particularly sensitive to small variations in the isentropic exponent. 
Therefore, thc pcrfcct gas iscntropic exponent, kp, is often used in the Oow equatiuns. This 
greatly simplifies the calculations. This approach was adóptcd by Buckingham in his cor
relation for the expansion factor. 

1.11 Unit Converslon Factors 
1.11.1 ORIFICE FLOW EQUATION 

The vnlues for the unit conversion factor, N 1, for the orifice Oow rate equation are sum
marized in Table 1-2. Thc tablc contains common engineering units, along with their cor
responding conversion factor value. 

1.11.2 REVNOLDS NUMBER EQUATION 

Thc valucs for the unit conversion factor, N2, for the Reynolds number equation are sum
marized in Table 1-3. The table contains common cngineering units, along with their cor
responding conversion factor value. 
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1.11.3 EXPANSION FACTOR EQUATION 

The values for the unit conversion factor, N3, for the expansion factor equation are sum
rnarized in Table 1-4. The tnble contains common engineering units, along with thcir cor
responding conversion factor value. 

1.11.4 FLOW RATE PER UNIT OF TIME CONVERSION 

To convert the mass or volume fli>w riie per unit of time to another unit of time, the fol
lowing multiplication factors are applicable: 

rrom 

Units per second 
Umts pcr second 
Units per second 

To 

Unlts per minute 
Umts per hour 

. Units per da y 

Multiplying 
Pactar 

60 
3,600 

86,400 

Tabla 1-2-0rifice Flow Aate Equation: Unit Conversion Factor (N1) 

Mass Rate 

q,., = N1C"E,Yd
1 ~P1o~~t1P 

Volumetric Rate at Flowing (Actual) Conditioru. 

q N1CdE.Yd
2 ~P,,,M' 

q = -· = --'--.:....:-==---,. p,., P,,, 

Volumetric Rate at Oa<ie Conditions 

q N¡f.;.~E~Ydzr¡;;;¡;:p 
Q.:~ ~ 

p. P~ 

Where: 

IPUnits SI Units 

" ) 141593 3.141593 

8< 32 1740 NA ,, NA 1.0000 
d Fcel Mctcrs 

AP lbf/fl1 p, 
p,. lbm/ft3 kg/m1 

p, lbm/ft3 kg/m' 
q. lbm/scc kg/scc 
q, ft 3/sc:c m3/scc 
Q, Sft1/sec Nm1¡sec 

N, 6.30025 E+OO 1.11072 E+OO 
6.30025 1.!1072 

U.S. Units U.S. Units U.S. Unils Mctric Umts 

" 3.14159 3.14159 3.14159 3.14159 
g, 32.1740 32.1740 32.1740 NA 
g, NA NA NA 1.0000 
d lnchc:s Ltches Inchcs Millimetcrs 

tJ.P lbf/in2 in H10N, in H206H Mil libar 
p,. lbm/ft1 lbm/ft' lbm/ft1 kg/m1 

p, lhm/ft1 llml/f¡J lhm!ft1 kg!ml 
q. lbm/sec. · lbmhcc 1bm/sec · kg/sec 
q, ft1/sec ft1/sec ft1/sec m1/sec 
Q, Stt1/sec Sft1/scc Srt1/se:=c Nm1/sec 

~·. 5.25021 E-01 9.97424 E-02 9.97019 E-02 3.51241 E-04 
0.525021 o 0997424 0.0997019 0.000351241 
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Univc:~al constant 
lbm-fl/(lbf-sec2) 
kg·m/{N·sec2) 

Mctric Units 

3.14159 
NA 

1.0000 
Millimc:ters 
kPa 
kglm1 

kg/m1 

kg/sc:c 
m3/sec 
Nm1/sec 

3.51241 E-05 
0.{XXl035J241 

Universal constant 
lbm-ft/ (lbf-scc~) 
kg·m/ (N·secJ) 
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Table 1-3-Reynolds Number Equation: Unit Conversion Factor (N2) 

R 4qm R ~ !!.&_ 
~n = tr}lD or t!o pD 

Whe-11!: 

IPUnits SI Unit.s 

q. lbm/sec kg/sec 
n 3.14159 3.14159 Universal constan! 
!1 lbm/ft-sec kglm·sec SI Unit equal to Pa·sec 
D Feet Meten 

N, 1.27324 E+OO 1.27324 E+OO 
1.27324 1.27324 

U.S. Units U.S. Unit¡; Metrlc Units · Metric Units 

lbm/sec lbm/sec 
. 

kg/sec kg/sec Q., 
n ).14159 3.14159 3.14159 3.14159 tJnivern] constan! 

!1 Centipolse Po5se Centipoise Poise 
D Inchcs In ches Millimeters Millimeters 

N, 2.27375 E+04 22.7375 E+Ol 1.27324 E+06 1.27324 E+04 
22,737.5 227375 127,324 12,732.4 

1.12 Practica! Uncertainty Guidelines 
The rnost important assumption underlying the calculation of the orifice discharge coef

ficient equation is that laboratories• systematic equipment biases are randomized within the 
data base. This means that there is no bias in the cquation 's ability to rcpresent rcality duc 
to equipment variety in the various laboratories. Such an assumption of randomization has 
precedent in ISO 5168, estnblished in'l978, and n 1939 paper by Rossini nnd Deming. This 
allows the use of results from the world's finest laboratories without requiring that exper
imental equipment be identical. 

Tabla 1-4-Empirical Expansion Factor Equation: 

AP 
p 
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N, 

Unit Conversion Factor (N,) 

M' 
x~

N,P 

1P Units SI Unlts 

M lbf/ftl PascuJs 
P lbf/ftl Pascnls 

N3 1.00000 E+OO 1.00000 E-t-00 
1.00000 1.00000 

U.S. Unib U.S. Uniu. U.S. Unib 

lbs/in2 

lbs/in2 

1.00000 E+OO 
l.•)()(l()() 

Metric Units 

Kilup.ascals 
Megapascals 

1.00000 E+03 
lOOú.OO 

lnHlOoo 
lbslin1 

2.77070 E+OI 
27.7070 

Metric Unit-; 

Millibar 
Bu 

1.00000 E+03 
1000.00 

Tf' 

lnH10 61 

1bs/in1 

2.77300 E+OI 
27.7300 

Metric Units 

Millibar 
Megapascals 

1.00000 E-02 
0.0100000 
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Every effort has beco made to remove residual bias from the representation of thc expcr
intental data by the equation for mass fto~. Consequently, the subsequent precision state
mcnts are valid·for an individual mifice meter installation for which physical charactcristics 
and measurements of these characteri~tics are maintained within the precision that is used 
to detennine the contributions to imprecision in mass tlow measurement caused by vnrious 
factors. 

In accordance with prudent statistical and engineering practice, the estimated orifice flow 
ratc uncertainty shall be calculated at the 95-perccnt confidence level. 

1.12.1 GENERAL 

Many factors associated with an orifice installation influence the overall error in flow 
mcasurement. These errors are du~ to uncertainties abmit thc following: 

a. Represemation of reality hy th!! m.tSs ftow equation. 
h. Uncertainty ahout actual physical propertics ofthe fluid being mensured. 
c. lmprecision in the measurement of important installation parameters (such as orifice di

ameter and fJ ratio) 

Examples of the calculations of the overall uncertainty as it depends on these rnajor cat
egories are given below. Por case of understanding, graphical summaries are presented 
where feasible. 

1.12.2 UNCERTAINTY OVER A FLOW RANGE 

From a practica! standpoint. the accuracy envelope for an orifice meter is usually esti
mated using the uncertainty assignec! to the differential pressure sensing device. This tech
nique realistically estimatcs the uncertainty associated with thc designer's flow range. 

An accurucy envelope incorporares the inftuence quantities associaled with the 1:1P sens
ing device. The significant quantities include ambient temperature effects, static pressure ef
fects, long-tenn drift, hysteresis, linearlty, repeatability, and the calibration standard\ 
uncertainty. 

For sorne appiiCalions, parallel orifice meters are requireO to meet the user's desired uJJ
certainty and rnngeability. In addition, the designer may choose to instan stacked AP 
de vices calibrated for different ranges to mmimize uncertainty whilO. maximizing rangeabil
ity for a given orifice plate, as shown in Figure 1-3. 

1.12.3 UNCERTAINTY OF FLOW RATE 

The overaH uncertainty is the quadrature sum (square ro:Jt of the sum of the squares) of 
thc uncertainties associatcd with the pertinent variables: 

For practica! considerations, the pertinent variables are assumed to be independent to 
pro vide a simpler uncertmnty calculation. In fact, no significant change in the uncertainty 
estimate will occur if the user applies the bimplified uncertainty equaüons presented below. 

Thc total unccrtamry of th~? ftow ratc through an orificc meter may be calculatcd by onc 
of two methods: 

a. Empirical cocfficient of dischargc using flnngc-tappcd orífice mctcrs. 
b. ln-situ caUbration using onfice meters. 

1.12.3.1 Uncertainty Using Emplrical Coefflclent ol Dlscharge lor 
Flange-Tapped Orillce Meter 

The basic ftow equation used is as iollows: 

q., = C,E,Y(7< 14)d' ~2g,p,_,t>P 
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Note; Thc prec1sion of the diJferentiol pressure device used in this example ls ±0.25 percent of full bcale. 

Figure 1-3-Contribution to Flow" Error dueto 
Differential Pressure lnstrumentation 

Where: 

E, =_~clocity of approach factor 

1 
= F"fi'" 

f3 = diameter ratio (d/D). 

Using differentiation, one can show that 

(oq.lq.) = Sc,(oC,!C,) + S,,(oE.IE.) + S,(oY/Y) + S,(od/d) 

+ S,, (op,_,l P,.,) + S._(ol>.P/ l!.P) 

Where: 

S = sensitivity coefficient of the particular variable. 

'Therefore, 
' 

Aml, 

Se, and S, = 1.0 

s. = 2 
s., = ~ . " S~p ::: f1 

(1-34) 

By continuing this process to put OE./E, in tenns of &i/d and óD/D, it can be shown that 
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(oE,/E,) = 1 2_!~,[(od/d)- (oD/D)] (1-35) 

Assuming that independent estimares are availab1e for l'C,JC,, 8Y/Y, Od/d, and OD/D and 
substituting for óE.IEv gives us the following worldng equation for the uncertainty of the 
mass ftow rate: 

(oq,/q.) = {<oc,tc,)' + (oY!Yl' + [
1 

_
2 
¡rJ'<odldl' 

+ [~-~/3;, r(ó"D/D)' + Y.(ó"p,,,IP,,,)' + Y.(o6.P/l>P)'}os (l-3ó) 

1.12.3.2 Uncertainty Uslng an ln-Situ Callbration 

Whcn thc orificc meter has been calibrated in situ, the practica! working formula for the 
uncertainty of the mass flow rate can be expressed as follows: 

(oq,,lq,.) = [<oMF/MF)2 + Y,(oM/6-P)' + Y,(op,,,IP,.,)']" (1-37) 

The meter factor (MF) term is e"timated from the combination of thc primary mass flow 
uncertamty, the master meter uncertainty, and the precision of the orifice meter calibralion. 
Note that the meter factor (MF) detennined for the orifice pinte and tube is a combination 
of severa! possiblc crrors. No additional uncertainty is necessary for installation conditions 
or expansión factor. 

1.12.4 TYPICAL UNCERTA1NTIES 

For precise rnetering applications, such as custody trnnsfer, the ftowmetcr and adjnccnt 
piping should meet the requirements ofthe relevant, prefcrably the most stringent, specifi
cation of the standard. In th~ following sections, the typical uncertainties expressed can be 
obtained only through compliancc with thc spccifications of thc standard. 

1.12.4.1 Empirical Coefficlent of Discharge 

The estimated uncertainty of the empüical coefficient of discharge for concentric, ~4uare
edged, ftange-tapped orificc meters that are in cornpliance with this standard is n function 
of thc Reynolds number ami the diameter ratio ({J). At very high Reynolds numbcrs the un
cer1ainty is only a Cunction uf the diameter ratio ({J). This um;ertainty estimate is shown 
graphically in Figure 1-4. As the Reynolds numher dccren.scs, thc uncertainty of thc orificc 
plate coeffictent of discharge increases. The ratio of the uncertainty al a given Reynolds 
nurnber to the uncertainty al infinitc Reynolds number is shown graphically in Figure 1-5. 
Thc ovcralJ uncertainty of the empirical coefficient of discharge is the product of the value 
1ead from Ftgure 1-4 and L.he value read from Figure l-5. The values for Figure 1-4 may be 
approximnted hy the following: 

Por {3 > 0.175, 

8C,(Fl') 1 C,(FT) 

Por {3,; 0.175. 

0.5h00- 0.2550/3 + 1.9316Jl8 

oC,(FT)¡ C,,(FT) = 0.7000- 1.0550{3 

The values for Ftpure 1-5 m ay be approximated by the following: 

8C,(IT)/8C,(Fl') ~ 1 + 1.7895(
4000

)'·' 
Ren 

(1-38) 

(1-39) 

(1-40) 
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These estimates for the uncertainty were developed using the regression data base dis
cussed in 1.7 .1. Orifice plates with bore diameters less than 0.45 inch (ll.4 millimeters), in
stalled according to Chapter 14.3, Part 2, may have coefficient of discharge [C,(Ff)] 
uncer1ainties as great as 3.0 percent. This large uncertainty is dueto problems with edge 
sharpness. These types of problerns are discussed further in Chapter 14.3, Part 2. Deviations 
from the installation specificntions in Chapter 14.3, Part 2. will invalidate this uncertainty 
statement. 

1.1 2.4.2 Empirical Expanslon Factor for Flange-Tapped Orifica Meters 

The vnlues of Y computed by the empirical equations are subject toa tolerance varying 
from O, when x::::: O, to ±0.5 percent, when x;: 0.2. Por larger values of x, a somewhat larger 
uncertainty may be expected. 

An altemative approach for detennining the uncertainty for the expansion factor, which 
has been proposed in the intemational community1 stipulates that when fJ, AP, P1, and k are 
assumed to be known without error, the percentage uncertainty of the value of Y is esti
mated by 

t.P] ± 4l-- when {3 S 0.750 
N,P1 

The expansion factor uncertainty is presentcd in Tablc 1-5. For fluids thnt are not com
pressiblt?, the expansion fa~,;tor cquat; 1.000 by definition, and the estimated uncertainty is 
zero. 

Table 1-5-Uncertainty Statement for Empirical Expanslon Factor 

Common U.S. Umt~ 

6? Expnnsion Fnclor Uncenainty {%) When P1 (psla) Equal::; 
(im:hes 
H20w) psid so 100 250 500 7SO 1000 . 1250 15(}[) 

10 0.36 o.m 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
so 1.80 0.14 007 0.03 0.01 001 0.01 0.01 o.uu 

100 3.61 0.29 0.14 0.06 0.03 0.02 0.01 0.01 0.01 
\50 5.41 0.43 0.22 0.09 0.04 0.03 0.02 0,02 0.01 
200 7.22 0.5R 029 0.12 0.06 0,04 0.03 0.02 0.02 
2SO 9.02 0.72 0.36 o 14 007 005 0.04 0.03 0.02 
300 10.83 0.87 0.43 0.17 0.09 0.06 0.04 0.03 0.03 

Conunon SI Units 

AP Expunsion Fac10r Unccnrunty (%) Whcn P1 (MPa) Equals 
(in~:he!> 

H10w) kPa 0.3 0.7 1.7 34 S 2 6,9 R.fi 10.] 

10 2.49 o.m 0.01 001 0.00 0.00 0.00 0.00 . 0.00 
so 12.44 0.14 0.07 003 0.01 0.01 0.01 0.01 0.00 

100 24.88 0.29 0.1·1 0.06 0.03 0.02 0.01 001 0.01 
150 37.:n 0.4! 0.22 0.09 0.04 0.03 0.02 0.02 0.01 
200 49.77 0.58 0.29 o 12 ().()6 O.ll4 0.03 0.02 0.02. 
2SO 62.21 0.72 0.36 0.14 0.07 0.05 0.04 0.03 0.02 
1(Xl 74.65 0.87 0.43 0.17 0.09 0.06 0.04 0.03 0.03 

N ores: 
1. Oriftcc platcs havmg bore dmmctcrs less than 0.45 inch (11.4 milhmelers), lnstalled according to Ouapter 14.3, 
Part 2, mny ha ve coeffictent uf dt~charge (Cd) •JnccrtaintiCII as grcat as 3.0 pcrccnt. This lnrgc uncenainty is due 
to problems wlth c!dge sharpncss 
2. 'lhe relntivc uncertainty leve! depicted in Figure 1-6 assumes a swirl-free in!ct vclocity profile. 
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1.12.4.3 lnstallatlon Condltions 

To assure accurate flovr measurement, the fluid should enter the orifico plate with a fully 
. developed flow profile, free from swirl or vortices. Such a condition is best achieved 
through the use of flow conditioners and adequate lengths of straight pipe preceding and 
following the orífice plate. 

For various tedmical reasons, the uncertainty associated with installation conditions is 
difficultto quantify. Thcrefore, Figure 1-6 hos been provided os a general guide. This figure 
represents a combined practica! uncertainty level attributed to the following parameters: 

a. Empírica! coefficient of discharge. 
b. Installation conditions, such as velocity profile and swirL 
c. Mechanical specifications, such as pipe wall roughness, plate eccentricity, and orifice 

plate bore edge sharpness. 

Figure 1-6 depicts the prospective combined uncenainty level as a function of diameter 
ratio (/3). It is apparent from the figure that the lowest rclative combined unccrtainty levcls 
occur over a diameter ratio range of 0.10-0.60. 

The approach length (upstream meter tube), piping configuration, and flow conditioning 
recommendations presented in Chapter 14.3. Part 2, are essentially unchanged from the sec
ond ( 1985) edition of the standard. Substantial research programs in these arcas are cur
rently under way by the APl, the EC,4 and the GRI.5 A restatement of thc orifice meter 

4Comntission of the European Communlties, ruede la Loi 200, B-1049, Brussels, Belgium. 
'Gas Research Institute, 8600 West Bryn Mawr Avenuc, Chicago, llhnois 60631. 
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uncenainty will naturally follow the conclusion ofthe current research and may offer aba
sis for future changes in this standard. 

1.12.4.4 Orífice Plate Bore Dlameter 

The plate diameter uncertainty may be detennined from dimensional measurements or, 
altematively, from the roundness specifications presented in Chapter 14.3, Part 2. 

lf the dimensional mcasurements are available, the plate diameter uncertainty is equatcd 
to the root mean square (m1s) ofthe differences between each reading and Ll¡e mean valuc. 

For example, if the four measurements for d., are 20.005, 20.002, 19.995, and 19.9980, 
then the mean value is 20.000. 

The deviations from the rneaa are +0.005, +0.002, -0.005, and -0.002, so 

±[ (0.005)
2 

"

±0.0044 

lid. ± 0.0044 
d. 20.00 

(0.002) 2 + (-0.005)2 

3 

; ±0.00022 X 100 

±O. 022 percent 

1.12.4.5 Meter Tube Interna! Diameter 

+ ( -0.002 )2r, 

(1-41) 

The plate diameter uncertainty may be determined from dimensional measurements or. 
alternativcly, from the roundness specifications presented in Chapter 14.3, Part 2. 

If the dimensional measurements are available, the plate diameter uncertainty is equat~d 
to the root mean square (rms) of the differences between each reading and the mean value. 

For examplc, if thc four measurcmcnts for D, are 20.050, 20.020, 19.950, and I9.9HU, 
thcn the mean value is 20.000. 

The deviations from the mean are +0.05, +0.02, -0.05, nnd -0.02, so 

liD. ; 

[ t.{8Llm,}T 
n- 1 

= ±[ (0.05)
2 + (0.02)

2 + ( -0.05)2 + (-0.02)']" 
3 

±0.044 

liD. ± 0.044 

D,, 20.00 

; ±0.0022 X 1GO 
; ±0.22 pcrcent (1-42) 

1.12.4.6 Dijferentlal Pressure Device 

Performance speciticatlons fm tite differential pressure device must be provided by the 
manufacturer. The user selects a device based on its perfonnnnce specifications and thc dc
sircd unccrtamty associated with the application. 
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When consídering the uncertainty, care sbould be taken to take into account the effects 
of ambient temperature, humidity, sta~ic pressure, driving mechnnism, and response time on 
the user-selected device. 

1.12.4.7 Fluid Denslty 

When an empirical correlation is used to predict a liquid density, the uncenainty should 
be estimated based on the statfXruncertainty ofthe corrclation and the estimated uncertainty 
of the variables required to calculate the density. The following example for proplyene, cal
culated using the method of Chapter ll.3.3.2, demonstrntes this procedure. 

Proplyene is being metered at 60°F and 800 pounds per square inch absolute. The stated 
uncertainty of the Chapter 11.3.3.2 melhod for calculating !he density ofproplyene is ±0.24 
percent. The stated uncertainty of the tempcrature mcasurement is ±0.50f'. Thc statcd nn
certainty of the pressure measurernent is ±4 pounds per square inch absolute. The uncer
tainty in thc density is calculated according to the following formula: 

(8P,., 1 P,,) ~ { (Sp,., 1 P,.,)' +[a:~, I (S TI 1 P,., )
2 +[ a;;l, I (8 PI 1 P,., )' r (1-43) 

Using this method, thc following calculated values can be used to cstimatc (ap,.P/(}T1)p
1 

and (ap,_;aP1),,: · 

Titen, 

r, PI Density 
(OF) {psi a) Qb/ft') 

60 800 33.3413 
60 780 33.3215 
60 820 33.3611 
58 800 33.4445 
62 800 33.2376 

[ ~;'] " (33.2376- 33.4445)/4 ~ -0.052 

1 " 

[
a:;,] "(33.3611- 33.3215)/40 ~ -o.ooo99 

1 T¡ 

Op,.p 1 P,,p - ±[(0.0024)2 + (-0.052)'( o.s )' + (0.00099)'( 
4 

)']" 
33.3413 33.3413 

±[0.0024 2 + 0.00082 + 0.0001']" 

±0.0025 or ±0.25 pcrccnt 

Therefore, the estimated overall uncertainty in the proplyene density is ±0.25 percent. 
When on-líne density rneters are used, the uncenainty should be estimated based on the 

calihration tcchniquc, dcnsity differcnccs bctwccn thc orificc and dcnsity meter locations, 
and the density meter manufacturer's recommendations. 

1.12.5 EXAMPLE UNCERTAINTV CALCULATIONS 

Example uncertaint) calculations for liquid and gas flows are presented in 1.12.5.1 and 
1.12.5.2. 

1.12.5.1 Example Uncertainty Estimate tor Liquid Flow Calculation 

An exnmple of the effect of uncertainties is provided in Thble 1-6, using thc following 
flow equation: 
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Table 1-6-Example Uncertainty Estimate for Uquid Flow Calculation 

e, 
d 
D 

M' 
p 

Basic discharge coefficient 
Orificc dinmeter (Tablc 2-1) 
Ptpe diamcter (2 5.1.3) 
Differential pressure 
Density 

Sum of squares 
Square root of su m of squnres 

Unccrtainty, 
ll~s(%) 

0.45 
0.05 
0.25 
0.50 
0.45 

Sensllivlty 
Co~fficient, S 

1.0 
210 - P'l 

-2/J'/(1 - fJ') 
0,5 
0.5 

(U,,S)' 

0.2025 
0.0114 
O.OOll 
0.0625 
0.0506 

0.3281 
0.5728 

Note: As thc Jable shows, tht: uverallli4uid fluw meli!.Urt':ment uncertainty ata 95-percent confidcncc levcl is 
±0.57 percent. 

q., = CJE,Y(1!/4)d' Y2g,p._t1P 

The following assumptions and conditions were selected for the calculation: 

a. The fluid ftowing is proplyene. The liquid density will be calculated using the Chapter 
11.3.3.2 method. The viscosily will be estimaled using Procedure llAS.l from the API 
Technical Data Bnnk-Petmleum Refining. The expansion facmr will be assumed to he 
1.0. 

b. A 4-inch meter with a f3 ratio cf 0.5, a static pressure of 800 pounds per square inch ah
salute, a ftowing tempcrature of 60°F, and a differential pressure of 50 inches of water 
(60°F) is selec1ed for the oalculation. 

c. For cach variable, thc uncertainty listcd rcpresents random error only. 

As a result of the tirst two assumptions, the estimated values of the required physical 
properties are as follows: 

p,, = 33.3413 lbm/ft'. 
Op1,p/p1.p = 0.25 percent (as shown in liquid density sensitivity section). 

J1 = 0.0956 centipoise = O.OOJ0643 lbm/ft-sec. 

As a result of lhe calculations for the flow rate, 

Ci~T) = 0.603659. 
q"' = 10.148 lbm/sec. 

Re0 = 603,400. 
liC,(FT)/C,(Ff) = ±0.44 peroent (from Figure 1-4). 

liC,(FT)/IiC1(FT) = 1.02 (from Figure 1-5). 

This gives 

liC,(Ff)/C,(l'T) = 1.02 x ±0.44 = ±0.45 percent. 

1.12.5.2 Example Uncertalnty Estlmate for Natural Gas Ffow Calculatlon 

For natur,d gas fiow. fluid density is defined as follows: 

Pt.r = 

Where: 

G1 M~¡, 1Jf 

z1R1j 

G, = ideal gas relative density (specific gravity) of the gas (Mr, .. ,/Mru•r>· 
Mrou = molar rnass of air. 
t't-ft¡al =: molar mnss of thc gas. 

P1 = static pressure of fluid. 

(1-44) 
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R = universal gas constant. 
T1 = temperature of the fluid at ftowing conditions. 
Z, = fluid comprcssibility at ftowing conditions. 

The fluid density uncertainty terrn, Y.(l5p,,fp,,)' in 1;!2.3.1 is replaced by the following 
tenns for natural gas application: 

(M(óG,fG,l]' + [*óP1JP¡l]' + (-M(óZp1l]' + (-M(óT1/T1l]' 

An example of the effect of uncertainties is provided in Table 1-7, using the following 
gas flow equation: 

q., = C,E,Y(1</4)d' 
G1Mr.~rP1 2g, Z RT I!.P 

1 1 

The following assumptions and conditions were selected for the calculation: 

a. For each variable, the uncertainty listed represents random error only. 

(1-45) 

b. A 4-inch meter with a f3 ratio of 0.5 and static and differential pressures equal to 250 
pounds per square inch absolute and 50 inches of water, respectively, was selected for the 
calculation. 

Note: TI1e precision ofthe liP devioe used in this e.xample wAs ±0.25 percent of full scalc. 

Tabla 1-7-Example Uncertainty Estimate for Natural Gas Aow Calculation 

Unccrtainty, Sen.sitivity 
U,:;s(%) Coetficient, S (U~jS}1 

e, Basic dischargc coefficJent (Figure 1-4) 0.44 1 0.1936 
y E.xpansion factor (fable 1-5) 0.03 1 0.0009 
d Orifice diameter (Thble 2-1) 0.05 21(1 - fl'> O.Oil4 
D Ptpe di1101eter (2.5.1,3} 0.25 -2fJ•t( 1 - fJ•) 0.0110 

M' DiffercntiAI pre.~sure oso 0.5 0.0625 
p Static pre:.surc 050 05 0.0625 
z Compressibility factor(A.G.A. 8) 0.1 -05 0.0025 
T Flowing tcmpemturc 0.25 -05 0.01.56 
G Relative dcnsity 0.60 0.5 0.0900 

Sum of squarcs 0.4.500 
Square root of sum of square:s 0.6700 

Note: As thc tnblc sho ...... s, the ovcrnll g¡u flow measurement uncenmnty o.t a 95·percent confidence leve! is 
±0.67 pcrcent. 
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On page 23, the /astline ofTable 1-3 should read asfollows: 

22,737.5 '127.375 1,273,24() 12,732.4 

On page 25, SE. should be added to the following fine: 

Therefore, 

S,,. Se,. and S, = LO 

On puge 26, Equations 1:38 and 1-39 should read asfollows: 

I00[8C,(FT)/C,(Ff)] = 0.5600- 0.2550tJ + L9316tJ'o-3s) 

IOO(SC,(Fr)/ Cd(Ff)] = _0.7000 - L0550tJ ( 1-39) 

On page 33, Tab/, 1-7 shou/d read asfollows: 

Table 1-7-Example Uncertainty Estimate for Natural Gas Flow Calculation 

C,~ Rasic di!>ehargecoefficiem(Figure 1-4) 
Y Ex.pamion factor(Table 1-5) 
d Oritice diameter (fable 2-1) 
D Pipe dtameter(2.!i.l.3) 

6P Differemial pres.sun::: 
P Static oressure 
Z Compresstbllity faclor (A.G.A. 8) 
T Flowmg temperature 
e Rela\IVC dcnsily 

Sum of squares 
Square ~~~ ot su m of squares 

llrn.."t=nainty, 
U~(%) 

0.44 
O.oJ 
0.05 
0.25 
0.50 
0.50 
0.1 
025 
0.60 

Sensttivity 
Coeffic1ent, S 

1 
1 

21(1 - /l'l 
-2/f'/( 1 - /l') 

O.:'i 
0.5 

-0.5 
-0.5 

0.5 

o 193tl 
0.0009 
00114 
0.0011 
0062..'i 
00625 
00025 
00156 
0.0900 

0.4401 
0.6634 

Note: As the table shows. the overall gas ftow meao;urement uncertainry ata 95-percent confidence leve! is ±0.67 
percent. 
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APPENDIX 1-A-REFERENCES 

Note: Th.is appendix is nota part of lhi.~o ~otand;ud but is included for infor· 
matlonal purposes only. 

The following references are pertioent to the discussions 
conrained in Part l. 

1-A.1 Discharge Coefficient Studles 

1-A.1.1 APIIGPA EXPERIMENTAL PROGRAM 

Britton, C. L., Caldwell, S., and Seidl, W., "Measurements of 
Coefficients of Discharge for Conccntric, Flange-Tapped, 
SquareREdged Orifice Meters in White Mineral Oil Over 
a Low Reynolds Number Range," American Petroleum 
Instituto, Washington, D.C., 1988. 

"Coefficients of Discharge for Concentric, Square-Edged, 
Flange-Tapped Orifice Meters: Equation Data Set-Sup
porting Documentatio11: for Floppy Diskettes," American 
Petroleum Instituto, Washington, D.C., !988. 

Whetstone, J. R., Cleveland, W. G., Baumgarten, G.P., and 
Woo, S., "Measurements of Coefficient.s of Dh,charge for 
Concentric, Flange-Tnpped, Square-Edged Orifice Meters 
in Water Over a Reynolds Number Range of 600 to 
2,700,000" (Technical Note 1264), Nationallnstitute of 
Standards and Technology, Washington, D.C., 1989. 

1-A.1.2 EC EXPERIMENTAL PROGRAM 

Hobbs, J. M., ''Experimental Data for the Deterrnination of 
Basic IOOrnm Orifice Meter Discharge Coefficients" (Re
port EUR 10027), Commission of the European Commu
nities, Brusscls, 1985. 

Hobbs, J. M., "The EEC Orifice Plate Project: Part l. Trace
abilities of Facilities U sed and Calculation Mcthods Em
ployed" (Report PR5:EUEC/17), Commission of the 
European Communities, BrusselB, 1987. 

Hobbs, J. M., "The EEC Orífice Plate Project: Part II. Críti· 
cal Evaluation of Data Obtaineci During EEC Orifice Plate 
Tests" (Report EUEC/17), Commíssion of the European 
Communitics, Brussels, 1987. 

Hobbs, J. M., "The EEC Orifice Plate Project: Tables of 
Valid Data for EEC Orífice Analy.<i<" (Report EUEC/17), 
Commission of the European Communities, Brussels, 
1987. 

Hobbs, J. M., Sattary, J. A., and Maxwell, A. D., "Experi
mental Data for the Deterrninaüon uf Basic 250mm Orí
fice Meter Discharge Coefficients" (Repon EUR 10979), 
Commisston of the European Communities, Brussels, 
1987. 

1-A.1.3 OSU EXPERIMENTAL PROGRAM 

Beitler, S. R., "T11e Flow uf Water Through Orifices" (Bul
letin 89), Engineering Experimcnt Station, Ohio State 
University, Columbus, 1935. 
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Fling, W. A., "A PI Orifice Meter Program" (Paper 83-T-23), 
Operating Section Proceedings, American Gas Associa
tion, Arlington, Virginia, 1983, pp. 308-311. 

1-A.1.4 EMPIRICAL COEFFICIENT EQUATIONS 

Beaty, R. E., Fling, W. A., Gallagher, J. E., Hoglund, P. A .. 
Tessandier, R. G., and West, K. l., "The API/GPA Exper
imental Data Base," Papcr presented at the American Gas 
Association Distributionffransmission Conference, New 
Orleans, May 22-24, 1989. 

Gallagher, J. E., "The A.G.A. Report No. 3 Orifice Plate Dis
charge Coefficient Equation," Paper presented at the Sec· 
ond International Symposium on Fluid Flow 
Measurement, Calgary, J une 6-8, 1990. 

Stolz, J., "A Universal Equation for the Calculation of Dis· 
charge Coefficient of Orifice Plates," Flow Measurement 
of F/uids, North-Holland, Amsterdam, 1978. 

1-A.2 Expansion Factor Studles 

Bean, H. S., "Values of Discharge Coefticients of Square· 
Edged Orifices: Compatison of Results Obtained by Tests 
Using Gases with Tho~e Ohtained by Tests Using Water," 
American Gas Association Month/y, July 1935, Volume 
17, p. 259. 

Buckingham, E., "'Note on Contraction Coefficients for Jets 
of Gas," National Bureau of Standards Journal of Re
search, May 1931, Volumc 6, RP 303, p. 765. 

Buckingham, E., .. Notes on the Orifice Meter: The Expan
sion Factor for Gases," National Bureau of Standards 
Joumal ofResearch, July 1932, Volume 9, RP 459, p. 61. 

Murdock, J. W., and Fo!ts, C. J., "Experimental Evaluation 
of Expansion Factors for Steam," Transactinns of the 
ASME, July 1953, Volume 75, No. 5, p. 953. 

Smith, Jr., Edward S., "Quantity-Rate Fluid Meters" (Paper 
719), Paper presentcd at the World Engineering Congress, 
Tokyo, 1929. 

1-A.3 Conversion Constants 

Manual of Petroleum Measurement Standard:;, Chapter 15, 
"Guidelines for the Use of the lnternational System of 
Units (SI) in the Petroleom and Allied Industries" (2nd 
ed.), American Petrolcum fnstitute, Washington, D.C., 
December 1980. 

1-A.4 Uncertainty Estlmatlon 
ASME MFC-2M, Measurement Uncertainty for Fluid F/ow 

In Cfosed Conduits, American Society of Mechanical En
gineers, New York, 1988. 
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ISO 5168, Measúrement Uncertainty for Fluid Flow in 
C/osed Conduirs, Intemational Standards Organization, 
Geneva, 1978. 

Rossini, F. D., and Deming, W. E., Jo1unal of the Wa.:;hing
ton Academy of Sciences, 1939, Volume 29, p. 416. 

1-A.5 Material Properties 
ASME B46.1, Surface Texture (Surface Roughness, Wavi

ness and Lay, American Society ofMechanical Engineers. 
New York, 1985. 
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ASME PTC 19.5, Application, Part /1 of Fluid,Meters: ln
lerim Supp/ement on iliSlruments and Apparatus, Ameri
can Society of Mechanical Engineers, New York, 1972. 

Metals Handbook (Desk Edition), American Society for 
Metals, Metals Park, Ohio, 1985. 

1-A.6 Boundary-Layer Theory 
Schlichting, H., Boundary-Layer Thc01y (7th ed.), McGraw

Hill, New York, 1979. 
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APPENDIX 1-B-DISCHARGE COEFFICIENTS FOR 
FLANGE-TAPPED ORIFICE METERS 

Note: This appcndix ts nota part of lhts standard but is included for mformationa.l purposes only. 
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SectiON 3-CONCENTRIC, SÓUARE-EDGED ÜRIF!CE METERS, PAAT 1-GENERAL EQUATIONS ANO UNCERTAitm' GUIDELINES 

Table 1-B-1-Discharge Coafficients for Flange-Tappad Orífice Matars: Nominal 2-lnch (50-Millimater) Meter 

f! 4000 10,000 

0.02 0.60014 0.59940 
0.04 0.60102 0.59981 
O.D6 0.60178 0.60016 
0.08 0.60248 0.60050 
0.10 0.60315 0.60083 

0.12 0.60381 0.60116 
0.14 0.60448 0.60150 
0.16 0.60515 0.60187 
0.18 0.60586 0.60226 
0.20 0.60660 0.60269 

0.22 0.60738 0.60315 
0.24 0.60823 0.60367 
0.26 0.60914 0.60423 
0.28 0.61014 0.60487 
030 0.6L123 0.60557 

0.32 0.61243 0.60635 
0.34 0.61375 0,60722 
0.36 0.61522 0.6081R 
0.38 0.6l683 0.60926 
0.40 0.61862 0.61044 

0.42 0.62059 0.61175 
0.44 0.62276 0.61319 
0.46 0.62515 0.61476 
0.48 0.62777 0.61647 
050 0.63063 0.61833 

052 0.63374 0.62034 
0.54 0.63712 0.62249 
0.56 0.64077 0.62479 
0.58 o 64470 0.62722 
0.60 0.64890 0.62979 

0.62 0.65337 0.63246 
0.64 0.65811 0.63.524 
0.66 0.66309 0.63809 
0.68 0.66829 0.6409R 
0.70 0.67369 0.64389 

072 0.67925 0.6467Q 
0.74 0.68494 0.64964 

0.75 0.6R781 0.65103 
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50,000 

059883 
059890 
0.59895 
0.59901 
0.59908 

0.59916 
0.59927 
0..59940 
0.59955 
059974 

0.59996 
0.60022 
0.60052 
0.60087 
0.60127 

0.60173 
0.60224 
0.60282 
0.60347 
0.60419 

0.60499 
0.60586 
0.60682 
0.60784 
0.60895 

0.61012 
0.61136 
0.61265 
0.61399 
0.61535 

0.61671 
0.61806 
0.61937 
0.62061 
0.62174 

0.62274 
0.62~58 

0.62394 

[D = 1.939 lnches (49.25 Milllmeters)J 

Pipe Reynolds Number (R~D) 

100,000 500,000 1 X 106 S x 106 10 X lO' SO X 106 100X 10' 

059873 0.59862 059860 0 . .59858 0.59857 0.59857 0.5985"1 
0.59873 0.59854 0.59851 0.59847 0.59847 0.59846 059846 
059872 0.59848 059844 0.59839 0.59838 0.59837 0.59837 
0.59873 0.59843 059838 0.59832 0.59831 0.59830 0.59829 
0.59875 0.59840 0.59R34 0.59827 0.59826 0.59824 0.59824 . 

0.59879 0.59839 059832 0.59824 059823 0.59821 0.59821 
0.59886 0.59841 059832 0.59823 0.59821 0.59820 0.59819 
0.59894 0.59844 0.59835 0.59825 059823 0.59820 0.59820 
0.5990.5 0.59850 0.59840 0.59828 - 0.59826 0.59824 0.59823 
0.59919 0.59859 0.59848 0.59835 0.59832 0.59829 059829 

0.59936 0.59871 059858 059844 0.59841 0.59838 0.59837 
0.59957 0.59886 O.$R72 0.59856 0.59853 0.59849 0.59848 
0.59982 0.59904 0.59889 0.59871 0.59867 0.59863 0.59862 
0.60011 0.59926 0.59909 0.59889 059885 0.59880 0.59878 
0.60045 0.59952 059933 0.59911 0.59906 0.59900 0.59898 

0.60084 0.59982 0.59962 0.59936 059931 0.59923 059921 
0.60128 0.60017 0.59994 0.59965 0.59959 0.59950 0.59948 
0.60l78 0.60056 0.60030 0.59998 059990 0.59980 0.59978 
0.60234 0.60100 0.60071 0.60034 0.60026 0.60014 0.60011 
0.60296 0.60149 0.60117 0.60075 0.60065 0.60051 0.60047 

0.60365 0.60202 0.60167 0.60119 0.60108 0.60091 0.60087 
0.60440 0.60261 0.60221 0.60167 0.60154 0.60134 0.60129 
060522 0.60324 0.60279 0.60218 0.60203 0.60180 0.60174 
0.60610 0.60391 0.60341 0.60271 0.60254 0.60228 0.60221 
0.60703 0.60462 0.60406 0.60327 0.60307 0.60278 0.60270 

0.60803 o 60536 0.60473 0.60384 0.60361 0.60327 0.60318 
0.60906 0.60612 0.60541 0.60441 0.60415 0.60376 0.60366 
0.61014 0.60688 0.60609 0.60497 0.60467 0.60423 0.60411 
0.61123 0.60763 0.60675 0.60549 0.60516 0.60465 0.60451 
0.61233 0.60836 0.60738 0.60596 0.60558 0.60501 0.60486 

0.61341 0.60903 ·0.60794 0.60636 0.60593 0.60529 0.61B11 
0.6144.5 0.60963 0.60842 0.6066.5 0.60617 0.60545 0.60525 
0.61542 0.61012 0.60878 0.60681 0.60628 0.60546 0.60523 
0.61629 0.61047 0.60899 0.60680 0.60621 0.60529 0.61B04 
0.61703 0.61066 0.60902 0.60660 0,60.593 0.60491 0.60463 

0.61762 0.61064 0.601Hl4 0.60615 0.60542 0.60428 0.60396 
0.61802 0.61040 0.60842 0.60>46 0.60464 0.60338 0.60303 

0.61815 0.61019 0.60812 0,60501 0.60415 0.60282 0.6024> 

39 

.,> 



API MPMS*14·3·1 90 .. 0732290 0094763 T .. 

40 CHA?TER 14-NATURAL GAS fLUIDS MEASUAEMENT 

Tabla 1·B·2-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal3·1nch (75-Millimeter) Meter 

fJ 4000 10.000 50.000 

0.02 0.59763 0.59688 0.59632 
0.04 0.59859 0.59737 0.59646 
0.06 0.59942 0.59780 0.59659 
0.08 0.60019 0.59821 0.59672 
0.10 0.60094 0.59861 0.59687 

0.12 0.60167 0.59902 0.59703 
0.14 0.60241 0.59944 0.59721 
0.16 0,60316 0.59989 0.59742 
0.18 0.60394 0.60036 0.59766 
0.20 0.60475 0.60086 0.59792 

0.22 0.60561 0.60140 0.59822 
0.24 0.60652 0.60199 0.59855 
0.26 0.60751 0.60263 0.59893 
0.28 0.60857 0.60333 0.59935 
0.30 0.60973 0.60410 0.59983 

0.32 0.61099 0.60495 0.60035 
0.34 0.61238 0.60589 0.60093 
0.36 0.61391 0.60691 0.60158 
0.38 0.61558 0.60804 0,60229 
0.40 0.61742 0.60929 0.60306 

0.42 0.61945 0.61064 0.60391 
0,44 0.62167 0.61213 0.60483 
0.46 0.62410 061374 0.60581 
0.48 0.62676 0.61548 0.60687 
0.50 0.62966 0.61737 0.60799 

0.52 0.63280 0.61939 0.60917 
0.54 0.63620 0.62155 0.61040 
0.56 0.63987 0.62383 0.61166 
0.58 0.64380 . 0.62625 0.61295 
0.60 0.64800 0.62877 0.61425 

0.62 0.65246 0.63138 0.61552 
0.64 0.65716 0.63406 0.61674 
0.66 0.66209 o 63679 0.61788 
0.68 0.66723 0.63953 0.6!889 
0.70 0.67253 0.64223 0.61974 

0.72 0.67797 0.64486 0.62038 
0.74 0.68348 064736 0.62075 

0.75 0.68624 o 64855 0.62083 
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[D = 2.900 lnches (73.66 Millimeters)] 

Pipe Reynolds Number (ReD) 

100.000 500.000 1 X 1()6 5 X 10' lOx 10' 50 X 106 IOOx 1()6 

0.5%22 0.5%11 0.59609 0.59606 0.5%06 0.59606 0.:59605 
0.5%29 0.59611 0.59607 0.59604 0.59603 0.59602 0,59602 
0.5%36 0.5%12 0.59607 0.59603 0.5%02 0.59601 0.59601 
0.5%45 0.59615 0.5%09 0.59603 0.5%02 0.59601 0.:59601 
0.59655 0.59620 0.59613 o 59606 0.5960.5 0.59603 0.59603 

0.5%66 0.59626 0.59619 0.59611 0.59609 0.59608 0.59608 
0.59680 0.5%35 0.59627 0.59618 0.59616 0.59614 0.59614 
0.5%97 0.59647 0.5%38 o 59627 0.59625 0.59623 0.59623 
0.59716 0.5%61 0.59650 0.59639 0.59637 0.59634 0.59634 
0.59737 0.5%77 0.59666 0.59653 0.5%51 0.59648 0.59647 

0.59763 0.5%97 0.5%84 0.59670 0.5%67 0.59664 0.59663 
0.59791 0.59120 0.59706 o 59690 0.59687 0.59683 0.59682 
0.5~824 0.59746 0.59730 o 59713 0.59709 0.59704 0.59703 
0.:5986C 0.59775 0 . .597.58 0.59738 0 . .59734 0.59729 0.59728 
0.59901 0.59808 0.59790 0.59767 0.59762 0.59756 0 • .597.55 

0.:5!1947 0.59846 0.59825 0.59800 0.59794 0.59787 0.59785 
0.59998 0.59887 0.59864 0.59835 0.59829 0.59820 0.59818 
0.60054 0.59933 0.59907 o 59874 0.59867 0.59H57 0_')9854 
0.601l6 0.59982 0.59954 0.59917 0.59908 0.59896 0.59893 
0.60184 0.60037 0.60005 0.59963 0.59953 0.59939 0.59935 

0.602:57 0.60095 0.600.59 0.60012 0.60001 0.59984 0.59980 
0.60337 0.60158 0.60118 0.60064 0.60051 0.60032 0.60027 
0.60422 o 60224 0.60179 () 60Jl8 0.60103 0.60081 0.60075 
0.60512 0.60294 0.60244 0.60175 0.60157 0.60131 0.60125 
0.60ú08 0.60366 0.60310 0.60232 0.60212 0,60182' 0.60174 ' 

0.60707 0.60440 0.60377 o 60289 0.60266 0.60232 0.60223 
0.60810 0.60515 0.60444 0.60344 0.60318 0.60279 0.60269 
0.60914 0.605RR 0.60509 0.60397 0.60367 0.60323 0.60311 
0.61019 0.60658 0.60570 060444 0.60410 o ú01({) 0.60346 
0.61121 . 0.60723 0.60625 0.60483 0.60445 0.60388 0.60373 

0.61219 0.60780 0.60671 O.G0512 0.60470 O.fi0405 0.60387 
0.61310 0.60826 0.60704 0.60527 0.60479 0.60407 0.60386 
0.61389 0.60856 0.60722 0.60524 0.60471 0.60389 0.60366 
0.61453 0.60868 0.60719 0.60499 0.60439 O.lio:\48 0.60322 
0.61l'98 0.6085.:5 0.60691 0.60447 0.60381 0.60279 0.60250 

0.61519 0.60814 0.60633 o 60363 0.60289 0.60176 0.60144 
0.61510 0.60740 0.60541 0.60243 0.60161 0.60035 0.59999 

0.61494 0.60689 0.60480 0.60167 0.60081 0.59948 0.59911 
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Tabla 1-B-3-Discharge Coefflclents for Flange-Tapped Orifica Meters: Nominal 4-lnch (1 00-Millimeter) Meter 

{J 4000 10,000 

0.02 0.39764 0.59689 
0.04 0.39861 0.59739 
0.05 0.39945 0.59784 
0.08 0.60024 0.59826 
0.10 0.60100 0.39868 

0.12 0,60175 0.59910 
0.14 0.60230 0.39934 
0.16 0.60326 0.60000 
0.18 0.60403 0.60048 
0.20 0.60488 0.60099 

0.22 0.60575 0.60155 
0.24 0.60667 0.60215 
0.26 0.60767 0.60280 
0.28 0.60874 0.60352 
0.30 0.60991 0.60430 

0.32 0.61118 0.60516 
0.34 0.61258 0.60610 
0.36 0.61410 0.60713 
0.38 0.61578 0.60827 
0.40 0.61763 0.609!51 

0.42 0.61965 0.610R6 
0.44 0.62187 0.61233 
0.41'í 0.62429 0.61393 
0.4~ 0.62694 0.61567 
0.50 0.62983 0.61753 

0.52 0.63296 0.61952 
o 54 0,63634 0.62164 
0.36 0.63999 0.62389 
0.58 0.64389 0.62625 
0.60 0.64806 0.62871 

0.62 0.65247 0.63124 
0.64 0.65713 0.63384 
0.66 0.66201 0.63645 
0.68 0.66708 0.63905 
0.70 0.67230 0.64160 

0.72 0.67764 0.64403 
0.74 0.68303 0.64629 

0.75 0.68573 0.64733 
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[D= 3.8261nches (97.18 Millimeters)) 

Pipe Reynolds Number (ReD) 

50.000 100,000 500,000 1 X 1()6 5 X 10& 10 X J()6 50x 10' lOOx 10' 

0.59633 0.39623 0.59612 0.59610 0.59601 0.59607 0.59607 0.59607 
0.59648 0.39631 0.59613 0..59610 0.59606 0..59605 0.59605 0.59605 
0.59662 0..59640 0.59616 0..59611 0.59606 0.~9605 0.59605 0.59604 
0.59677 0.59650 0.59620 0.59615 0.39609 0.59608 0.59606 0.59606 
0..59693 0.59661 0.39626 0..59620 0.39613 0.!59612 0..59610 0.59610 

0.59711 0.39515 0.59635 0.59627 0.59619 0.59618 0.59616 0.59616 
0.59731 0.39690 0.39645 0.39637 0.59628 0.59626 0.59624 0.59624 
0.59754 0.59708 0.59658 0..59649 0.59639 0.59637 0.59635 0.59634 
0.59779 0.59729 0.59674 0.59664 0.59632 0..59650 0.59647 0.59647 
0.59807 0.59752 0.59692 0.59681 0.59668 0.59666 0.59663 0.59662 

0.59838 0.59779 0.39713 O.!i9701 0.59686 0.59684 0.59680 0.59680 
0.39873 0.59809 0.59737 0.39723 0.39708 0.59104 0.59701 0.59700 
0.59912 0.59842 0.39765 0.59749 0.59732 0.59728 0.59723 0.59722 
0.59935 0.59880 0.39793 0.59179 0.59759 0.39755 0.59749 0.59748 
0.60004 0.59922 0.39830 0.59811 0.~9789 0.39784 0.59778 0.59776 

0.60057 0.59969 0.59868 0.59847 0.39822 0.59816 0.59809 0.39807 
0.60116 0.60021 0.39910 0.59887 0.39838 0.59832 0.59843 0.39841 
0.60181 0.60078 0.59956 0.59930 0.59898 0~9891 0~9880 0.59878 
0.6025?. 0.60140 0.60006 0.59978 0.59941 0.!19932 0.59920 0.59917 
0.60330 0.60207 0.60060 0.60028 0.!59987 0.!59977 0.59963 0.59939 

0.60414 0.60280 0.60118 0.60082 0.6003!5 0.60023 0.60007 0.60003 
0.60504 0.60358 0.60180 0.60140 0.60086 0.60073 0.600~4 0.60048 
0.60601 0.60442 0.60245 0.60200 0.60139 0.60123 0.60101 0.60095 
0.60705 0.60530 0.60312 0.60262 0.60192 0.60175 0.60149 0.60142 
0.60814 0.60623 0.60381 0.60325 0.60246 0.60226 0.60197 0.60189 

0.60928 0.60719 0.60451 0.60388 0.60300 0.60277 0.60243 0.60234 
0.61047 0.60817 0.60521 0.60450 0.60350 0.60324 0.60285 0.60273 
0.61168 0.6091!5 0.60588 0.60509 0.60396 0.60367 0.60323 0.60310 
0.61290 0.61013 0.60651 0.60563 0.60436 0.60403 o 60352 0.60338 
061411 0.61106 0.60707 0.60609 0.60467 0.60429 0.60372 0.60356 

0.61528 0.61194 0.60753 0.60643 0.60484 0.60442 0.60377 0.60359 
0.61638 0.61272 0.60785 060664 0.60486 0.60438 0.60365 0.60345 
0.61737 0.61333 0.60800 0.6066.5 0.60467 0.60413 0.60332 0.60309 
0.61820 0.61381 0.60792 0.60643 0.60422 0.60362 0.60271 0.60245 
0.61884 0,6\403 0.60756 0.60591 0.60347 0.60280 0.60178 0.60149 

0.61921 0.61396 0.60686 0.60504 0.60234 0.60160 0.60046 0.6001~ 

061926 0.61354 0.60577 0.60377 0.60078 0..59996 0.59869 0.59834 

0.61915 0.6131B 0.60505 0.60295 0.59981 0.!59895 0.59762 0.!59725 
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API MPMS*14-3.1 90 .. 0732290 0094765 3 .. 

42 CHAPTER 14-NATURAL GAS FLUIOS ME.A8UAEMENT 

Tabla 1-B-4-Discharge Coefficients for Range-Tapped Orifica Meters: Nominal6-lnch (150-Millimeter) Meter 
[D = 5.761 lnches (146.33 Millimeters)] 

fJ 4000 10,000 50,000 

0.02 0.59765 0.59691 0.59635 
0.04 0.59864 0.59742 0.59651 
0.06 0.59950 0.59788 0.59667 
0.08 0.60030 0.59832 0.59683 
O. lO 0.60107 0.59876 0.59701 

0.12 0.60184 0.59920 0.59721 
0.14 0.60260 0.59965 0.59743 
0.16 0.60339 0.60013 0.59767 
0.18 0.60419 0.60063 0.59794 
0.20 0.60503 0.60116 0.59824 

0.22 0.60592 0.60173 0.59857 
0.24 0.60686 0.60235 0.59894 
0.26 0.60786 0.60302 0.59934 
0.28 0.60895 0.60374 0.59979 
0.30 0.61013 0.60454 0.60029 

0.32 0.61141 0.60540 0.60083 
0.34 0.61281 0.60635 0.60143 
0.36 0.61434 0.60739 o 60208 
0.38 0.61602 0.60.852 0.60279 
0.40 0.61786 0.60976 0.60356 

0.42 0.61988 0.61111 0.60439 
0.44 0.62210 0.612~7 0.60528 
0.46 0.62452 0.61415 0.60623 
0.48 0.62715 0.61586 0.60723 
0.50 0.63002 0.61769 0.60829 

0.52 0.63313 0.61965 0.60938 
0.54 0.63649 0.62172 0.61050 
0.56 0.64011 0.62391 0.61163 
058 0.64398 o 62620 o 61276 
0.60 0.64810 0.62858 0.61386 

0.62 0.65247 0.63101 0.61489 
0.64 0.65707 0.63349 0.61583 
0.66 0.66188 0.63596 0.61663 
0.68 0.66688 0.63839 0.61723 
0.70 0.67201 0.64073 0.61758 

072 0.67724 0.64291 0.61762 
0.74 0.68250 0.64487 0.61726 

0.75 0.68512 0.64575 0.61690 

Copyrtght by the AMERICAN PETROLEUM INST!TUTE (API) 
Tue Oct 08 13:17·13 1996 

Pipe Reynolds Number (ReD) 

100,000 500,000 1 X 106 5 X 1()6 

0.59624 0.59613 0.596ll 0.59609 
0.59634 0.59616 0.59613 0.59609 
0.59644 0,59620 0.59616 0.59611 
0.59656 0.59626 0.59621 0.59615 
0.59669 0.59635 0.59628 0.59621 

0.59685 0.59645 0.59637 0.59629 
0.59702 0.59657 0.59649 0.59640 
0.59722 0.59672 0.59663 0.59653 
0.59744 0.59690 0.59679 0.59668 
0.59770 0.59710 0.59698 0.59686 

0.59798 0.59733 0.59720 0.59706 
0.59830 0.59758 0.59745 0.59729 
0.59865 0.59787 0.59772 0.59755 
0.59904 0.59820 0.59803 0.59783 
0.59948 0.59855 0.59837 0.59814 

0.59995 0.59894 0.59874 0.59849 
0.60048 0.59931 0.59914 0.59886 
0.60105 0.59984 0.59958 0.59926 
0.60167 0.60034 0.60005 0.59968 
0.60234 0.60087 0.60055 0.60014 

0.60306 0.60144 0.60108 0.60061 
0.60382 0.60204 0.60164 0.60110 
0.60464 0.60266 0.60221 0.60160 
0.60549 0.60330 0.60280 0.60211 
0.60637 0.60395 0.60339 0.60260 

0.60727 0.60460 0.(,()396 o 60308 
0.60819 0.60523 0.60452 0.60352 

. 0.60910 0.60582 0.60502 0.60390 
0.60997 0.60634 0.60546 0.60419 
0.61079 0.60678 0.60579 0.60437 

0.61153 0.60709 0.60600 0.60440 
0.61214 0,60724 060602 0.60424 
0.61258 0.60718 0.60582 0.6f'\~84 

0.612'19 0.60685 0.60535 0.60314 
0.61272 0.60618 0.60453 0.60207 

0.61230 0.60512 0.60329 0.60057 
0.61144 0.60358 0.60156 0.59856 

0.61083 0.602ñO 0.6004R 0.59733 

ji?-

10 X 1()6 5Dx 106 IOOx 1()15 

0.59608 0.59608 0.59608 
0.59608 0.59608 0.59607 
0.59610 0.59609 0.59609 
0.59614 0.59613 0.59612 
0.59620 0.59618 0.59618 

0.59628 0.59626 0.59626 
0.59638 0.59636 0.59636 
0.59651 0.59649 0.59648 
0.59666 0.59663 0.59663 
0.59683 0.59680 0.59680 

0.59703 0.59700 0.59699 
0.59726 0.59722 0.59721 
0.59751 0.5974ñ 0,59745 
0.59779 0.59773 0.59772 
0 • .59810 0.59803 0.59802 

0.59843 0.59836 0.59834 
0.59879 0.59871 0.59868 
0.59918 0.5lJ9Qg 0.59905 
0.59960 0.59948 0.59945 
0.60004 0.59990 0.59986 

0.60049 0.60033 0.60029 
0.60097 0.60078 0.60073 
0.60145 0.60123 0.60117 
0.60193 0.60167 . 0.60161 
0.60240 0.60211 0.60203 

0.60285 0.60251 0.60242 
0.60326 0.60287 0.60276 
0.60360 0.60316 0.60303 
0.60385 O.f10335 0.60321 
0.60399 0.60342 0.60326 

0.60398 0.60333 0.60315 
0.60376 0.60303 0.60283 
0.60330 0.60248 0.60226 
0.60254 0.60162 0.60137 
0.60140 0.6003R 0.60010 

0.59983 0.59869 0.59837 
0.59773 0.59647 0.59611 

0.59646 O . .'i9513 U.59476 



S~::;cnoN 3-CONcENTRrc, SouARe-EociEo 0RrFrce METERS. PART 1-GENERAL. ECUATIONS ANO lJNc:ERTAINTY GuroEL.INES 

Tabla 1-B-5-Discharge Coefficients for Aange-Tapped Orifica Meters: Nominal 8-lnch (200-Millimeter) Meter 

fJ 4000 10,000 

0.02 0.59766 0.59691 
0.04 0.59865 0.59744 
0.06 0.59952 0.59791 
0.08 0.60033 0.59835 
0.10 0.60111 0.59880 

0.12 0.60189 059925 
0.14 0.60266 0.59971 
0.16 0.60345 0.60020 
0.18 0.60427 0.60071 
0.20 0.605U 0.60125 

0.22 0.60601 0.60182 
0.24 0.60695 0.60246 
026 0.60797 0.60313 
0.28 0.60906 0.60387 
0.30 0.61024 0.60467 

0,32 0.61153 0.60.'5.54 
0.34 0.61293 0.60649 
0.36 0.61447 0.607-'3 
0.38 0.6161.5 0.60866 
0.40 0.61799 0.60990 

0.42 0.62001 0.61124 
0.44 0.62222 0,61270 
0.46 0.62464 0.61427 
0.48 0.62727 0.61597 
0.50 0.63013 0.61778 

0.52 0.63323 0.61972 
0,54 0.63658 0.62177 
0.56 0.64018 0.62393 
0.58 0.64403 0.62618 
0.60 0.64814 0.62851 

0.62 0.65248 0.63089 
0.64 0.65706 0.63330 
0.66 0.66183 0.63570 
0.68 0.66679 0.63804 
0.70 0.67188 0.64027 

0.72 0.67705 0.64233 
0.74 0.68225 0.64413 

0.75 0.68484 0.64491 

Capynght. by the AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct. 08 13:17 13 199o 

[D = 7.6251nches (193.68 Millimeters)] 

Pipe Reynolds Nwnber (Reo) 

50,000 100,000 500,000 J X 10' .5xl00' 

0.59635 0.59625 0.59614 0.59612 0.59610 
0.59652 0.59636 0.59617 0.59614 0.59610 
0 . .59669 0 . .59647 0.59623 0.59618 0.59613 
0.59687 0.59659 0.59630 0.59624 0.59618 
0.59706 0.59674 0.59639 0.59632 0.59625 

0.59727 0.59690 0.59650 0.59643 0.59635 
0.59749 0.59708 0.59664 0.59655 0.59646 
0.59775 0.59729 0.59680 0.59670 0.59660 
0 . .59803 0.597.53 0.59698 0.59688 0.59677 
0.59833 0.59n9 0.59719 0.59708 0.59695 

D.S9867 0.59808 0.59743 0.59731 0.59717 
0.59905 0.59841 0.59770 0.59756 0.59740 
0.59947 D.S98n 0.59800 0 . .59785 0.59767 
0.59992 0.59917 0.59833 0.59816 0.59796 
0.60042 0.59961 0.59869 0.59851 0.59828 

0.60097 0.60010 0.59909 0.59888 0.59863 
0.60157 0.60062 0.59952 0.59929 0.!59901 
0.60223 0.60120 0.59999 0.59973 0.59941 
0.60294 0.60182 0.60049 0.60020 0.59983 
0.60371 0.60248 0.60102 0.60070 0.60028 

0.60453 0.60320 0.60158 0.60122 0.60075 
0.60541 0.60395 0.60217 0.60177 0.60123 
0.60635 0.60475 0.60278 0.60233 0.60172 
0.60734 0.60559 0.60340 0.60290 0.60220 
0.60837 0.60645 0.60403 0.60346 0.60268 

0.60943 0.60732 0.60464 0.60401 0.60312 
0.61052 0.6Ó820 0.60523 0.60452 0.60352 
O.til\61 0.60906 0.60578 0.60498 0.60386 
0.61269 0.60989 0.60625 0.60536 0.60410 
0.61372 0.61065 0.60662 0.60563 0.60421 

0.61468 0.61131 0.60686 0.60576 0.60416 
0.61554 0.61182 0.60691 0.60569 0.60390 
{J.fll623 0.61215 0.60673 0.60538 0.60339 
0.61671 0.61224 0.60627 0.60476 0.60255 
0.61691 0.61201 0.60544 0.60378 0.60132 

0.61676 0.6:140 0.60418 0.60234 0.59962 
0.61619 0.61032 0.60240 0.60037 0.59736 

0.61571 0.60957 0.60128 V.59916 0.59599 

;ro 

JO X 10' .50 X 11J6 100 X lO' 

0.59609 0.59609 0.59609 
0.59610 0.59609 0.59609 
0..59612 0.59612 0 . .59611 
0.59617 0.59616 0.59616 
0.59624 059623 0.59622 

0..59633 0.59632 0.59631 
0.59645 0.59643 0.59642 
0.59658 0.59656. 0.59656 
0,.59674 0.59672 0 . .59671 
0.59693 0.59690 0.59689 

0 . .59714 0.59710 0.59710 
0.59737 0.59733 0.59733 
0.59763 0.597.59 0.59758 
0.59792 0.59787 0.59786 
0.59823 0 . .59817 0.59816 

0.59857 0.59850 0.59848 
0.59894 0.59885 0 . .59883 
0.59933 0.59923 0.59920 
0.59975 0.59963 0.59960 
0.60018 0.60004 0.60001 

0.60063 0.60047 0.60043:t 
0.60110 0.60091 0.60086~-. 
0.60157 0.60134 0.60128'~ 
0.60203 0.60177 0.60170 
0.60248 0.60218 0.6021{1 

0.60289 0.602.'5.'5 0.60246 
0.60326 0.60287 o.602n 
0.60356 0.60312 0.60299• 
0.60376 0.60325 0.60312 .•• 
0.60383 0.60326 0.60310:· 

0.60373 0.60309 0.60291· .. 
0.60342 0.60270 0.60249 
0.60285 0.60203 0,60180 
0.60195 0.60103 0.60078 
0.60065 0.59963 0.59934 

0.59888 0.59774 0.59742 
0.59654 0 . .59.527 0.59492 

0.59513 0.59379 0.59342 
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API MPMS*14.3.1 90 .. 0732290 00947b7 7 .. 

44 CHAFlTER 14-NATURAL GAS FLUJOS MEASUREMENT 

Tabla 1-B-S-Discharge Coetficients for Flange-Tapped Orifica Meters: Nominal 1 0-lnch (250-Millimeter) Meter 
[D = 9.562 ln~hes (242.87 Millimeters)] 

~ 4000 10,000 50,000 

0.02 0.59767 0.59692 0.59636 
0.04 0.59866 0.59745 0.59653 
0.06 0.59953 0.59792 0.59671 
0.08 0.60035 0.59838 0.59689 
0.10 0.60114 0.59883 0.59709 

0.12 0.60192 0.59928 0.59730 
0.14 0,60270 0.!59976 0.59754 
0.16 0.60350 0.60025 0.59780 
0.18 0.60432 0.60076 0.59808 
0.20 0.60517 0.60131 0.59840 

0.22 0.60607 0.60190 0.59874 
0.24 0.60702 0.60253 0.59913 
0.26 0.60804 0.60321 0.59955 
0.28 0.60914 0.60395 0.60001 
0.30 0.61032 . 0.60475 0.60052 

0.32 0.61161 0.60563 0.60107 
0.34 0.61302 0.60658 0.60167 
0.36 0.61456 0.60763 0.60233 
0.38 0.61624 0.60876 0.60304 
0.40 0.61809 0.61000 0.60381 

o 42 0.62010 0.6\134 0.60463 
0.44 0.62231 0.61279 0.60551 
0.46 0.62473 0.61436 0.60643 
0.48 0.62735 0.61605 0.60741 
0.50 0.63021 0.61785 0.60843 

0.52 0.63331 0.61977 0.60947 
0.54 0.63665 0,62181 0.61054 
0.56 0.64024 0.62395 0.61161 
0.58 0.64408 0.62618 0.61265. 
f'UiO 0.64817 0.62848 0.61365 

0.62 0.65250 0.63083 0.61457 
0.64 0.65706 0.63320 0.61536 
0.66 0.66182 0.63555 0.61599 
0.68 0.66675 0.63784 0.61639 
0.70 0.67181 0.64000 0.61650 

0.72 0.67696 0.64198 0.61624 
0.74 0.6A212 064369 0.61553 

0.75 0.68468 0.64441 0.61497 

Copyright by the AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct 08 13•17•13 1996 

Pipe Reynolds Number (Re0 ) 

100,000 500,000 tx1!1i 5x 10' 

0.59625 0.59614 0.59612 0.59610 
0,59637 0.59618 0 . .59615 0.59611 
0.59649 0.59624 0.59620 0,59615 
0.59662 0.59632 0.59627 0.59621 
ú.59ó77 0.59642 0.59635 0.59628 

0.59694 0.59654 0.59646 0.59638 
0.59713 0.!59668 0.59660 0..:59651 
0.59734 0.59685 0.59676 0.59665 
0.59758 0.59704 0.59694 0.59682 
0.5!1785 0.59726 0.59714 0.59702 

0.59816 0.59750 0.59738 0.59724 
0.~9849 0.59778 0.59764 0.59748 
0.59886 0.59808 0.59793 0.59775 
0.59926 0.59842 0.59825 0.59805 
0.59971 0.59879 0.59860 0.59838 

a.fl0019 0.59919 0.59898 0.59873 
0.60072 0.59962 0.59939 0.59911 
0.60130 0.60009 0.59983 0.59951 
e.60I92 0.60059 0.60030 0.59994 
0.60259 0.60112 0.60080 0.60038 

0.60330 0Ji016R 0.60132 0.60085 
0.60405 0.60226 0.60186 0.60132 
0.60484 0.60286 0.60241 0.60180 
0.605(16 0.60347 0.60297 0.60228 
o 60651 0.60409 0.60352 0.60274 

0.60737 0.6046H 0.60405 0.60316 
o 60822 0.60525 0.60454 0.60354 
0.60906 0.60577 0.60497 0.60384 
0.60985 0.60621 0.60532 0.60405 
0.61057 0.60654 0.60555 0.60412 

0.61118 0.60672 0.60562 0.60402 
0.61164 0,60672 0.60549 0.60371 
0.61190 0.60647 0.60511 0.60312 
0.51190 0.60592 0,60441 0.60219 
0.61158 0.6049Y 0.60332 0.60086 

0.61085 0.60361 0.60176 0.59903 
0.60963 0.60167 0.59964 0.59663 

C.60880 0.60047 0.59834 0.59517 

11 '1 

lOx 1~ 50 X IIJ6 lOO X 1()6 

0.59610 0.59609 0.59609 
0.59611 0.59610 0.59610 
0.59614 0,59613 0.59613 
0.59620 0.59618 0.59618 
0.59627 0.59626 0.59625 

0.59637 0.59635 0.59635 
0.59649 0.59647 0.59647 
0.59663 0.59661 0.59661 
0.59680 0.59678 0.59677 
0.59699 0.59696 0.59696 

0.59721 0.59718 0.59717 
0.59745 0.59741 0.59740 
0.59772 0.59767 0.59766 
0.59801 0.59796 0.59795 
0.59833 0.59827 0.59825 

0.59867 0.59860 0.59858 
0.59904 0.59896 0.,9893 
0.59944 0.59933 0.59931 
0.59985 0.59973 0.59970 
0.60028 0.60014 0.60011 

0.60073 0.600~7 0.60053 
0.60119 0.60100 0.60095 
0.60165 0.60143 0.60137 
0.60210 0.60185 0.60178' 
0.60253 0.60224 0.60216 

0.60293 O.M2'i9 0.60250 
0.60328 0.60289 0,60278 
0.60355 0.60310 0.60298 
0.60371 0.60321 0.60307 
0.60374 0.60317 0.60301 

0.60360 0.60295 O.f:IJ277 
0.60323 0.60250 0.60229 
0.602~8 0.60176 0.60153 
0.60159 0.60067 0.60042 
0.60019 0.591)!6 0.59888 

0.59829 0.59715 0.59683 
0.59580 0.59453 0.59418 

0.59430 0.59297 0.59259 



API MP~S*~~ ~3~ 1 90 • [1]32290 0094768 9 • 

SECTJON 3-CONCENTRIC, $OUARE-Eoaeo 0RIFICE METERS, PART 1-GENERAL ECUATIONS ANO UNCERTAINTY GUIDELINES 45 

Tabla 1-B-7-'--Discharge Coefficients for Flange-Tapped Orifica Meters: Nomlna112-lnch (30D-Millimeter) Meter 

{J 4000 10,000 

0.02 0.59767 0.59692 
0.04 0.59867 0.59745 
0.06 0.59954 0.59793 
0.08 0.60037 0.59839 
0.10 0.60116 0.59885 

0.12 0.60194 0.59931 
0.14 0,60273 0.59978 
0.16 0.60353 0,60028 
0.18 0.60435 0.60080 
0.20 0.60521 0.60135 

0.22 0.60611 0.60194 
0.24 0.60707 0.60258 
0.26 0.60809 o 60326 
0.28 0.60919 0.60401 
0.30 0.61038 0.60481 

0.32 0.61167 0.60569 
0.34 0.61308 0.60665 
0.36 0.61462 0.60769 
0.38 0.61630 0.60883 
0.40 0.61815 0.61006 

0.42 0.62017 0.61140 
0.44 0.62237 0.61285 
0.46 0.62479 061442 
0.48 0.62741 061610 
0.50 0.63027 0.61790 

0.52 0.63336 0.61982 
0.54 0.63670 0.62184 
0.56 0.64028 0.62397 
0.58 0.64412 0.62619 
0.60 0.64821 0.62847 

0.62 0.65253 0.63080 
0.64 0.65708 0.63315 
0.66 0.66182 0.63548 
0,68 0.66674 0.63773 
0.70 0,67179 0.63985 

0.72 0.67692 0.64178 
0.74 0.68206 0.64343 

0.75 0.68461 o 64412 

Copyr19h~ by tne AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct 08 13:17:13 1996 

[D ~ 11.374 lnches (288.90 Millimeters)] 

Pipe Reynolds Nwnber (Reo) 

50.000 100,000 500,000 1 X 10' Sx 10' 

0.59636 0,59626 0 . .5961.5 0.59613 0.59610 
0.59654 0.59637 0.59619 0.59616 0.59612 
0.59672 0.59650 0.59625 0.59621 0.59616 
0.59691 0.59663 0.59634 0.59628 0.59622 
0.59711 0.59679 0.59644 0.59637 0.59630 

0.59733 0.59696 0.59656 0.59649 0.59641 
0.59757 0.59716 0.59671 0.59663 0.59654 
0.59783 0.59738 0.59688 0.59679 0.59669 
0.59812 0.59762 0.59708 0.59698 0.59686 
0.59844 o 59790 0.59730 0.59719 0.59706 

0.59879 0.59820 0.59755 0.59743 0.59728 
0.59918 0.59854 0.59783 0.59769 0.59753 
0.59960 0.59891 0.59814 0.59799 0.59781 
0,60007 0.59932 0.59848 0.59831 0.59811 
0.600.58 O.!"i9977 0.59885 0.59866 0.59844 

0.60113 0.60026 0.59925 0,59905 0.59880 
0.60174 0.60079 0.59969 0.59946 0.59918 
0.60240 0.60137 0.60016 0.59990 0.59958 
o 60311 0.60199 0.60066 0.60037 0.60001 
0.60388 0.60265 0.60119 0.60087 0.60045 

0.60470 0.60336 0.60175 0.60139 0.60092 
0.60557 0.60411 0.60233 0.60193 0.60139 
0.60649 0.60490 0.60292 0.60247 0.60186 
0.60747 0.60572 0.60353 0.60302 0.60233 
0.60847 0.60655 0.60413 0.60357 0.60278 

Ó.60951 0.60740 0.60472 0.60408 0.60320 
0.61056 0.60825 0.60527 0.60456 0.60356 
0.6ll62 0.60907 0.60577 0.60498 0.60385 
0.61264 0.60984 0.60619 0.60530 0.60403 
0.61362 0.61053 0.60650 0.60551 0.60408 

0.61451 o 61111 0.60665 0.60555 0.60395 
0.61527 0.61154 0.60661 0.60538 0.60360 
0.61586 0.61176 0.60632 0.60496 0.60296 
fl.6162l 0.61171 0.60572 0.60421 0.60199 
0.61627 0.+'51133 0.60473 0.60306 0.60059 

O.fl\594 0.61053 0.60327 0.60142 0,59869 
0.61514 0.60922 0.60124 0.59921 0.59619 

Ofl\453 o 60834 0.59999 0.59785 0.59468 

!Lo 

tox 10' sox 10' IOOX 106 

0.59610 0.59609 0.59609 
0.59611 0.59611 0.5961l 
0.59615 0.59614 0.59614 
0.59621 0.59620 0.59620 
0.59629 0.!59628 0.59627 

0.59639 0.59638 0.59637 
0.59652 0.596.50 0.59650 
0.59667 0.59665 0.59664 

.. 0.59684 0.59681 0.59681 
0.59704 0.59701 0.59700 

0.59726 0.59722 0.59722 
0.59750 0.59746 0.59746 
0.59777 0.59773 0.59772 
0.59807 0.59802 0.59800 
0.>9839 0.59833 0.59832 

0.59874 0.59867 0.59865 
0.59911 0.59902 0.59900 
0.59951 0.59940 0.59938 
0.59992 0.59980 0.59917 
0.60035 0.60021 0.6001~ 

0.60080 0.60064 0.60059l 
0.60126 0.60107 0,60101~ 
0.60171 0.60149 0.60143": 
0.60216 0.60190 0.60183 
0.602.58 0.60229 0.60221 

0.60297 0.60263 0.60254 
0.60330 0.60291 0.60280 
0.60355 0.60311 0.60299; 

. 0.60370 0.60319 0.60305 ' 
0.60370 0.60313 0.60297 

0.60352 0.60288 0.60270 
0.60312 0.60239 0.60219 
0.60243 0.60161 0.60138 
0.60139 0.60047 0.60021 
0.59992 0.59890 0.59861 

0.59795 0.59680 0.59649 
0.59536 0.59410 0.59374 

0.593RI 0.59247 0.59210 

~-
,,, 

., 
., 
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46 CHAPTER 14-NATURAL G.-.s FLUIOS MEASUREMENT 

Tabla 1-B-8-Discharge Coefficients for Flange-Tapped Orífice Meters: Nominal16-lnch (400-Millimeter) Meter 
[D = 14.68Binches (373.08 Mlllimeters)] 

~ 4000 10.000 50,000 

0.02 0.59767 0.59693 0.59637 
0.04 0.59868 0.59746 0.59655 
0.06 0.59956 0.59794 0.59673 
0.08 0.60038 0.59841 0.59692 
0.10 0.60118 0.59887 0.59713 

0.12 0.60197 0.59934 0.59736 
0.14 0.60276 0.59982 0.59760 
0.16 0.60356 0.60032 0.59787 
0.18 0.60439 0.60084 0.59817 
0.20 0.60526 0.60140 0.59849 

0.22 0.60616 0.60200 0.59885 
0.24 0.60712 0.60264 0.59924 
0.26 0.60815 0.60333 0.59967 
0.28 0.60925 0.60408 0.60014 
0.30 0.61044 0.60489 0.60066 

0.32 0.61174 0.60577 0.60122 
0.34 0.6131.5 0.60673 0.60183 
0.36 0.61469 0.60777 0.60249 
0.38 0.61638 0.60891 0.60320 
0.40 0.61823 0.61015 0.60397 

0.42 0.62025 0.6l149 0.60479 
0.44 0.62246 0.61294 0.60566 
0.46 0.62487 0.61450 0.60658 
0.48 0.62749 0.61618 0.60754 
0.50 0.63035 0.61798 0.60854 

0.52 0.63343 0.61988 0.609.57 
0.54 0.63677 0.62190 0.6[061 
0.56 0.64035 0.62402 0.61164 
0.58 0.64418 0.62622 0.61265 
0.60 0.64826 0.62848 0.61360 

0.62 0.65258 0.63079 0.61446 
0.64 0.65711 0.63312 0.6!519 
0.66 0.66185 0.63541 0.61573 
0.68 0.66675 0.63763 0.61603 
0.70 0.67179 0.63971 0.61602 

0.72 0.67690 0.64158 0.61562 
0.74 0.68202 0.64316 0.61473 

0.75 0.68456 0.64382 0.61406 

Copyright oy t~e AMERICA~ PETROLEUM INSTITUTE {APl l 
Tve Oct 08 13:17:13 JCJCJo 

Pipe Reynolds Number (Re0 ) 

100.000 500,000 lx106 5 X LO' 

0.59626 0.59615 0.59613 0.59611 
0.59638 0.59620 0.59617 0.59613 
0.59651 0.59627 0.59622 0.5%17 
0.59665 0.59635 0.59630 0.5962-6 
0.596BI 0.59646 0.59640 0.59633 

0.59699 0.59659 0.59652 0.5%44 
0.59719 0.59615 0.59666 0.5%57 
0.59742 0.59692 0.59683 0.59673 
0.59767 0.59713 0.59702 0.59691 
0.59795 0.59735 0.59724 0.59711 

0.59826 0.59761 0.59749 0.59734 
0.5~860 0.59789 0.59776 0.59760 
0.59898 0.59821 0.59806 0.59788 
0.59940 0.59855 0.59839 0.59819 
0.59985 0.59893 0.59874 0.598.52 

0.60034 0.59934 0 . .59913 0 . .59888 
0.60088 0.59978 0.59955 0..59926 
0.60146 0.60025 0.59999 059967 
0.60208 0.60075 0.60047 0.60010 
0.60275 0.60128 0.60096 0600.5.5 

0.60345 0.60184 0.60148 0.60101 
0.60420 0.60242 0.60201 060148 
0.60498 0.60301 0.60256 0.60195 
0.60579 0.60361 0.60310 0.60241 
0.60<>62 0.60420 0.60363 0.6028.5 

0.60746 0.60478 0.60414 0.6032.5 
0.60829 0.60532 0.60461 0.60360 
0.60909 0.60580 0.60500 0.60387 
0.60984 0.60619 0.60530 0.60403 
0.61051 0.60647 0.60548 0.60405 

0.61106 0.60659 0.60549 0.60389 
0.61145 0.60651 0.60528 0.603.50 
0.61162 0.60617 0.60481 0.60281 
0.61152 0.60551 0.60400 0.60178 
0.61107 0.60445 0.60278 0.60031 

0.61019 0.60291 0.60106 0.59833 
0.60878 0.60078 0.59874 0.59572 

0.60784 0.59947 0.59733 0.59415 

lO X 10' 50 X 106 100 X 106 

0.59610 0.59610 0.59610 
0.59612 0.59612 0.59611 
0.59617 0.59616 0.59615 
0.59623 0.59622 0.59621 
0.59631 0.59630 0.59630 

0.59642 0.59641 0.59640 
0.59655 0.59654 0.59653 
0.5%71 0,59669 0.59668 
0.59689 0.59686 0.59686 
0.59709 ().59706 0.59705 

0.59732 0.59728 0.59728 
0.59757 0.59753 0.59752 
0.59784 0.59780 0.59779 
0.59815 0.59809 0.59808 
0.59847 0.59841 0.59t!40 

0.59882 0.5987.5 0.59873 
0.59920 0.59911 0 . .59909 
0.59960 0.59949 0.59947 
0.60001 0.59989 0.59986 
0.60045 O.ó{XJ31 0.60027 

0.60089 0.60073 0.60069 
0.60134 0.60115 0.60110 
0.60179 0.60157 0.60151. 
0.60223 0.60198 0.60191 
0.60265 0.60235 0.60227 

0.60302 0.60269 0.60259 
0.60334 0.60295 0.60285 
0.60358 0.60313 0.60301 
0.60370 0.60319 0.60305 
0.60367 0.60310 0.60294 

0.60346 0.60281 0.60264 
0.60302 0.60229 0.60208 
0.6022R 0.60146 0.60123 
0.60118 0.60026 0.60000 
0.59964 0.59862 0.59833 

0 • .59758 0.59644. 0 . .59612 
0 • .59489 0.59362 0.59327 

0.59328 0.59194 0.59157 
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SEOTIOO 3-CONCENTRIC, SaUARE·EDGED ÚRIFICE METERS, PA.RT 1-GENERAL EauATIOHS ANO UNCERTAINTY GuiOEUNES 47 

Tabla 1 -8-G-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal 20-lnch (500-Millimeter) Meter 
[D = 19.000 lnches (482.60 Millimeters)] 

Jl 4000 10,000 50.000 

0.02 0.59768 0.59693 0.59637 
0.04 0.59868 0.59747 0.59656 
0.06 0.59951 0.59796 0.59674 
0.08 0.60040 0.59842 0.59694 
0.10 0.60120 0.59889 0.59715 

0.12 0.60199 0.59936 0.59738 
0.14 0.60279 0.59984 0.59763 
0.16 0.60360 0.60035 0.59790 
0.18 0.60443 0.60088 o 59821 
0.20 0.60529 0.60144 0.59854 

0.22 0.60620 0.60204 0.59890 
0.24 0.60717 0.60269 0.59930 
0.26 0.60820 0.60338 0.59973 
0.28 0.60930 0.60413 0.60020 
0.30 0,61050 0.60495 060072 

0.32 0.61180 0.60583 0.60129 
0.34 0.61321 0.60680 0.60190 
0.36 0.61476 0.60784 0.60256 
0,38 0.61645 0.60898 0,60328 
0.40 0.61830 0.61022 0.60404 

0.42 0.62032 0.61156 0.60486 
0.44 0.62253 0.61301 0.60574 
0.46 0.62494 0.61458 0.60665 
0.48 0.62756 0.61625 0.60762 
0.50 0.63042 0.61804 0.60861 

0.52 0.63350 0.61995 0.60963 
0.54 0.63684 0.62196 0.61066 
0.56 0.64042 0.62407 0.61169 
0.58 0.64424 0.62626 0.61268 
0.60 0.64832 0.62851 0.61361 

0.62 0.65263 0.63081 0.61445 
0.64 0.65716 0.63311 0.61515 
0.66 0.66189 0.63539 0.61567 
0.68 0.66679 0.63758 0.61593 
0.70 0.67181 0.63963 0.61588 

0.72 0.67691 0.64146 0.61542 
0,74 0.68201 0.64300 0.61446 

0.15 0.68455 0.64363 0.61376 

Copyright by the AMERICAN PETROLEUM lNSTlTUTE {APl} 
Tue Oct 08 13:17:13 ¡qqo 

Pipe Reynohb Number (Re0 ) 

100.000 500.000 1 )( 10' Sx lQII 

0.59626 0.59615 0.59613 0.59611 
0.59639 0.59621 0.59617 0.59614 
0.59652 0.59628 0.59623 0.59619 
0.59667 0.59637 0.59631 0.59626 
0.59683 0.59648 0.59642 0.59635 

0.59701 0.59662 0.59654 0.59646 
0.59722 o.s96n 0.59669 0.59660 
0.59745 0.59696 0.59686 0.59676 
0.59771 0.59716 0.59706 0.59695 
0.59799 0.59740 0.59729 0.59716 

0.59831 0.59766 0.59753 0.59739 
0.59866 0.59795 0.59781 0.59765 
0.!'9904 0.!59827 0.59812 0.59194 
0.59946 0.59862 0.59845 0.59825 
0.59992 0.59900 0.59881 0.59859 

0.60041 0.59941 0.59920 0.59895 
0.60095 0.59985 0.59962 0.59934 
0.60153 0.60033 0.60007 0.39975 
0.60216 0.60083 0.60054 0.60018 
0.60283 0.60136 0.60104 0.60063 

0.60353 0.60192 0.60156 0.60109 
0.60428 0.60249 0.60209 0.60156 
0.60506 0.60308 0.60263 0.60202 
0.60587 0.60368 0.60317 0.60248 
0.60669 0.60427 0.60370 0.60292 

0.60752 0.60484 0.60420 . 0.60331 
0.611834 0.60537 0.60466 0.60365 
0.60913 0.60584 0.60504 0.60391 
0.60987 0.60622 0.60533 0.60406 
0.61052 0.60648 0.60548 0.60406 

ü.61105 0.60657 0.60547 0.60387 
0.61141 0.60647 0.60524 0.60345 
0.61155 0.60609 0.60473 0.60273 
0.61141 0.60539 0.60388 0.60166 
0.61091 0.60428 0.60261 0.60014 

0.60997 0.60268 0.60083 0.39809 
0.60850 0.60048 0.59844 0.59541 

0.60752 0.59912 0.59698 0~9380 

lOx )()11 sox t()ft 100 X 10" 

0.59611 0.59610 0.59610 
0.59613 0.59612 0.59612 
0.59618 0.59617 0.59616 
0.59624 0.59623 0.59623 
0.59633 0.59632 0.59632 

0.59645 0.59643 0.59643 
0.59658 0.59656 0.59656 
0.59674 0.59672 0.59672 
0.59693 0.59690 0.59690 
0.59713 0.59710 0.59710 

0.59737 0.59733 0.59732 
0.59762 0.59758 0.59757 
0.59790 0.59186 0.59785 
0.59821 0.59816 0.59814 
0.59854 0.598-48 0.59846 

0.59890 0.59882 0.59880 
0.59927 0.59919 0.59917 
0.59967 0.59951 0.59955 
0.60009 0.59997 0.59994 
0.60053 060039 0.60035r 

0.60097 0.60081 0.60071· 
0.60142 0.60123 0.601181

' 

0.60187 0.60165 0.60159' 
0.60231 0.60205 0.60198 • 
0.60272 0.60242 0.60234 

0.60309 0.60275 0.60265 
0.60339 0.60300 0.60290 
0.60361 0.60317 0.60305 
0.60372 0.60321 0.60308í 
0.60368 0.60310 0.60295"'. 

0.60344 0.60279 0.60262, 
0.60297 0.60224 0.60204' 1

' 

0.60219 0.60137 0.60115 
0.60105 0.60014 0.59988 
0.59947 0.59844 0.59816 

0.59735 0.59620 0.59589 
0.59459 0.59332 0.59296 

0.59293 0.59159 0.59122 

.. 
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48 CHAPTER 14- \JATURAL GAS FLUJOS MEAiUREWlNT 

Tabla 1-8-1 0-Discharga Coafficiants for Flanga-Tappad Orifica Maters: Nominal 24-lnch (600-Millimeter) Meter 
[D = 23.000 lnches (584.20 Millimetars)] 

/3 4000 10,000 50.000 

0.02 0.59768 0.59693 0.59637 
0.04 0.59869 0.59747 0.59656 
0.06 0.59957 0.59796 0.59675 
0.08 0.60041 o 59843 0.59695 
0.10 0.60121 0.59890 0.59716 

0.12 0.60201 0.59937 0.59739 
0.14 0.60280 0.59986 0.59765 
0.16 0.60361 0.60037 0.59793 
0.18 0.60445 0.60090 0.59823 
0.20 0.60532 0.60147 0.59856 

0.22 0.60623 0.60207 0.59R93 
0.24 0.60720 0.60272 0.59933 
0.26 0.60823 0.60342 0.59977 
0.28 0.60934 0.60417 0.60024 
0.30 0.61054 0.60499 0.60076 

0.32 0.61184 0.60587 0.60133 
0.34 0.61325 0.60684 0.60195 
0.36 0,61480 0.60789 0.60261 
0.38 0.61649 0.60903 0.60333 
0.40 0.61834 061027 0.60410 

0.42 0.62036 0.6ll61 0.60492 
0.44 0.62257 0.61306 {) 60579 
0.46 0.62498 0.61463 0.60671 
0.48 0.62761 0.61630 0.60767 
0.50 0.63046 0.61809 0.60866 

0.52 0.63355 0.6!999 0.60968 
0.54 0.63688 0.62200 0.61070 
0.56 0.64046 0.62411 0.61172 
0.58 0.64429 0.62629 0.61271 
0.60 0.64836 0.62854 0.61363 

0.62 0.6S267 0.63083 0.61446 
0.64 0.65720 0.63313 0.61515 
0.66 0.66192 0.63539 O.ól5ñ5 
0.68 0.66682 0.63757 0.61589 
0.70 0.67184 0.63960 0.61581 

0,72 0.67693 0.64142 0.61533 
0.74 0.68203 0.64293 0.61433 

0.75 0.68456 0.64355 061361 

Copyright by the AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct 08 13:17.13 1000 

Pipe Reynolds Number (Re.D) 

100,000 500,000 1 X ]()6 :5 X 10' 

0.59627 0.59615 0.59613 0.59611 
0.59639 0.59621 0.59618 0.59614 
0.59653 0.59628 0.59624 0.59619 
0.5%68 0.59638 0.59632 0.5%26 
0.59684 0.59649 0.59643 0.59636 

0.59703 0.59663 0.59656 0.59648 
0.59724 0.59679 0.59671 0.59662 
0.59747 0.59698 0.59689 0.59678 
0.59773 0.59719 0.59709 0.59697 
0.59802 0.59743 0.59731 059719 

0.59834 0.59769 0.59757 0.59742 
0.59869 0.59798 0.59785 0.59769 
0.59908 0.59830 0.59815 0.59798 
0.59950 0.59866 0.59849 0.59829 
0.59996 0.59904 0.59885 0.59863 

0.60046 0.59945 0.59925 0.59900 
0.60100 0.59990 0.59967 0.59938 
0.60158 0.60037 0.60012 0.59980 
0.60221 0.60088 0.60059 0.60023 
0.60288 0.60141 0.60109 0.60068 

0.60358 0.60197 0.60161 0.60114 
0.60433 0.60255 0.60215 0.60161 
0.60511 0.60314 0.60269 0.60208 
0,60592 0.60373 0.60323 0.60253 
0.60674 0.60432 0.60375 0.60297 

0.60757 0.60488 0.60425 0.60336 
0.60838 0.60541 0.60470 0.60369 
0.60917 0.605f!7 0.60507 0.60394 
0.60989 0.60624 0,60535 o 60408 
0.61054 0.60649 0.60550 0.60407 

0.61105 0.60658 0.60547 0.60387 
0.61140 0.60646 0.60523 0.60344 
0.61153 0,60607 0.60470 0.60270 
0.61137 0.60534 0.60383 o 60160 
0.61084 O.rot21 0.60.,3 0.60006 

0.60987 0.60257 0.60072 0.59798 
0.60836 0.60034 0.59829 0.59526 

0.60736 0.59895 0.59681 o 59363 

1 ;;,_ 3 

lO X lO' ~o x to~ lOOx 106 

0.59611 0.59610 0.59610 
0.59613 0.59613 0.59613 
0.59618 0.59617 0.59617 
0.59625 0.59624 0.59624 
0,59635 0.59633 0.59633 

0.59646 0.59645 0.59644 
0.59660 0.59658 0.59658 
0.59676 0.59674 0.59674 
0.59695 0.59693 0.59692 
0.59716 0.59713 0.59713 

0.59740 0.59736 0.59736 
0.59766 0.59762 0.59761 
059794 0.59789 0.59788 
0.59825 0.59820 0.59818 
0.59858 0.59852 0.59851 

0.!59894 0.59887 0.59885 
0.59932 0.59923 0.59921 
0.59972 0.59962 0.59959 
0.60014 0.60002 0.59999 
0.60058 0,60044 0.60040 

0.60102 0.60086 0.60082 
0.60148 0.60129 0,60123 
0.60192 0.60170 0,60164 
0.60236 0.60210 0.60203 
0.60276 0.60217 0.60239 

0.60313 0.60279 0.60270 
0.60343 0.60304 0.60294 
0.60365 0.60320 0.60308 
0.60375 0.60324 0.60310 
0.60369 0.60312 0.60296 

0.60345 0.60280 0.60262 
0.60296 0.60223 0.60202 
0.60216 0.60135 0.60112 
0.60100 0.60008 0.59983 
0.59939 0.59837 0.59808 

0.59724 0.59610 0.59578 
0.59444 0.59317 0.59281 

0.59276 o 59142 0.59105 



API MPMS*14-3-~ ~O .. 0732290 0094772 O .. 

SECTION 3-coNCENTRIC, SauAR&EDGEO 0RIF1CE METERS, PART 1-GENERAL EOUAJlONS ANO UNCERTAINTY GUIDEUNES 49 

Tabla 1-B-11-Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal30-lnch (750-Millimeter) Meter 
[Da 29.000 lnches (736.60 Millimeters)) 

fJ 4000 10,000 50,000 

0.02 0.59768 0,59693 0.59637 
0.04 0.59869 0,59748 0.59657 
0.06 0.59958 0.59797 0.59676 
0.08 0.60041 0.59844 0.59696 
O. lO 0.60122 0.59891 0.59717 

0.12 0.60202 0.59939 0.59741 
0.14 0.60282 0.59988 0.59767 
0.16 0.60363 0,60039 0.59795 
0.18 0.60447 0.60093 0.59825 
0.20 0.60534 0.60150 0.59859 

0.22 0.60626 0.6021(1 0.59896 
0.24 0.60723 0.60275 0.59936 
0.26 0.60826 0.603:45 0.59980 
0.28 0.60937 0.60421 0.60028 
0.30 0.61057 0.60503 0.60081 

0.32 0.6ll88 0.60592 0.60138 
0.34 0.61329 0.60689 o 60199 
0.36 0.61484 0.60794 0.60266 
0.38 0.61653 0.60908 0.60338 
0.40 0.61838 0.61032 0.60415 

0.42 0.62041 0.61166 0.60497 
0.44 0.62262 0.61312 0.60584 
0.46 0.62503 0.61468 0.60676 
0.48 0.62766 0.61635 0.60772 
0.50 0.63051 0.61814 0.60871 

.' 0.52 0.63360 0.62005 060973 
0.54 0.63693 0.62205 0.61075 
0.56 0.64051 0.62415 0.61177 
0.58 0.64434 0.62634 061275 
0.60 0.64841 0.62858 0.61366 

0.62 0.65272 0.63086 o 61448 
0.64 0,65724 0.63315 0.61516 
0.66 0.66197 0.63540 0.61564 
0.61! n.666R6 0.63757 o 61587 
0.70 0.67188 0.63959 o 61577 

0.72 0.676Y7 0.64139 0.(11526 
0.74 0.68206 0.64289 0.61424 

0.75 (J.6R459 0.64349 0.61350 
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Pipe Reynolds Number (Reo) 

100,000 500,000 l X 1()6 Sx 10' 

0.59627 0.59616 0..59614 0.59611 
0.59640 0.59622 0.59618 0.59615 
0.59653 0.59629 0.59625 0.59620 
0.59668 0.59639 0.59633 0.59627 
0.59685 0.59651 0.59644 0.59637 

0.59704 0.59665 0.59657 0.59649 
0.59726 0.59681 0.59673 0.59664 
0.59749 0.59700 0.59691 0.59681 
0.59776 0.59721 0.59711 0.59700 
0.59805 0.59745 0.59734 0.59721 

0.59837 0.59772 0.59760 0.59746 
0.59872 0.59802 0.59788 0.59772 
0.59911 0.59834 0.59819 0.59801 
0.59954 0.59870 0.59853 0.59833 
0.60000 0.59908 0.59890 0.59867 

0.60050 0.59950 0.59929 0.59904 
0.60105 0.59995 0.59972 0.59943 
0.60163 0.60043 0.60017 0.59985 
0.60226 0.60093 060065 0.60028 
0.60293 0.60147 0.60115 0.60073 

0.60364 0.60203 0.60167 0.60120 
0.60439 0.60260 0.60220 0.60166 
0.60517 0.60319 0.60274 0.60213 
0.60597 0.60379 0.60328 o 60259 
0.60679 0.60437 0.60380 0.60302 

0.60762 0.60493 o 60430 . 0.60341 
0.60843 0.60545 0.60474 0.60374 
0.60921 0.60591 0.60512 0.60399 
0.60993 0.60628 0.60539 0.60412 
0.61057 0.60652 0.60553 0.60410 

0.61107 0.60660 0.60549 0.60389 
0.61141 0.60646 0.60523 0.60344 
0.61152 0.60606 0.60469 0.60269 
0.6113-1 0.60531 0,60380 0.60158 
0.61080 0.604(6 0.60248 0.6000[ 

O.thl9HO 0.60249 0.600()4 0.59790 
0.60825 0.60022 0.59818 0.59515 

0.60724 0.59882 0.59668 0.59349 

IOx lO' 50 X 10'1 IOOxiiJ6 

0.596ll 0.59611 059610 
0.59614 0.59613 0.59613 
0.59619 0.59618 0.59618 
0.59626 0,59625 0.59625 
0.59636 0.59634 0.59634 

0.59648 0.59646 0.59646 
0.59662 0.59660 0.59660 
0.59679 0.59676· 0.59676 
0.59698 0.59695 0.59695 
0.59719 0.59716 0.59715 

0.59743 0.59739 0.59739 
0.59769 0.59765 0.59764 
0.59798 0.59793 0.59792 
0.59829 0.59824 0.59822 
0.59863 0.59356 0.59855 

0.59899 0.59891 0.59889 
0.59937 0.59928 0.59926 
0.59977 0.59967 0.59965 
0.60020 0.60008 0.60005 
0.60063 0.60049 0.60046 

0.60108 0.60092 0.60087' 
0.60153 0.60134 0.60129 
0.60198 0.60176 0.601701 

0.60241 0.60216 0.60209 
0.60282 0.60252 0.6024 ... 

0.60318 0.60284 0.60275 
0.60348 0.60309 0.60298 
0.60369 0.60325 0.60312' 
0.60378 0.60328 0.60314 
0.60372 0.60315 0.60299. 

0.60346 0.60282 0.60264 
0.60296 0.60223 0.60203' 
0.60215 0.60133 0,60111 
0.60097 0.60006 0.59980 
0.59934 0.59831 0.59803 

0.59716 0.59601 0 . .59570 
0.59432 0.59305 0.59270 

0.:'19262 0.59128 0.59091 
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APPENDIX 1-C-ADJUSTMENTS FOR INSTRUMENT 
CALIBRATION ANO USE 

Note: This append.ix is not a pan of thls standard but is included for informatiooal purposcs only. 

This appendix dillcusscs the need to consider the detennination of flow rate from a holis
tic viewpoint. To build, operate, and maintain the facility properly, the user must have 
defined. the desired uncertainty for the designer. 

The accuracy of the metered quantities depends on a combination of the following: 

a. The design, instnllation, nnd operntion of the orífice mctering facility. 
b. The choice of measurement equipment (charts, transmitters, smart transmitters, ana
log/digital converters, dat•loggers, and so forth). 
c. Thc mcans of data transmission (analog, pneumatic, digital. manual). 
d. The calculatioq. ptocedure and means of computation (chart integration, ftow computer, 
mainframe. minicomputer, personal computcr, and so forth). 
e. The effects on the operating/calibration equipment of ambient temperature, fluid temper
ature and pressure, response time, local gravitational forces, atmospheric prcssure, and the 
likc. 
f. The traceability cha'n associated with lhe portable field standards. 

The unccrtainty depcnds notjust on the hardware but also on the hardware's perfor
mance, the software 's performance, the method of calibration, the calibration equipment, 
the calibration procedures. and the human factor. 
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Chapter 14-Natural Gas Fluids Measurement 

Section 3-Concentric, Square-Edged Orifice Meters 

PART 2-SPECIFICATION ANO INSTALLATION REQUIREMENTS 

2.1 Construction and lnstallation Requirements 
1ltis document outlines the various design parameters that must be considered when designing metering facilities using orifice 

meters. The mechanical tolerances found in thls docurnent encompass a wide range of orifice diameter ratios for which experi
mental results are available. In several sectioru. of this docurnent, tolerances for ilie mechanical specifications have been changcd 
relative to previous editions. In particular, this n:.vision includes a change to the installation requirements (meter rube lengths). 
This change reduces the uncertainty atrributable to installation effects toa magnirude smaller than the uncertainty of the database 
supporting the Reader-Harris/Gallagher (RG) equation and, therefore, should not affect the uncertainty previously defined for that 
equation. 

This document does not require upgrading existing installations. {f the meter installations are not upgraded to meet this current 
standard, however; measurement bias errors may erist due to inadequate flow conditwning and upstream straight pipe lengths. 
The decision to upgrade an existing in.stallation shall be at the discretion ofthe panies involved. 

Use of the calculation procedures and techniques shown in the Manual <!f Petroleum Measurement Standards, Chapter 14, Sec
tion 3, Pans l and 3, with existing equipment is recommended, since these represent significant improvements over the previous 
methods. However, the uncertainty levels for fiow measurement using existing equipment may be different from those ~uoted in 
Pan l. 

Use of orifice meters at the extremes of their diameter ratio (jJ,.) ranges should be avoided whenever possible. Good metering 
design and practice tend to be somewhat conservative. This means that the use of the tightest tolerances in the mid-diameter ratio 
(/3.-J ranges would ha ve the highest probability of producing the best measurement. An indication of this is found in the section on 
uncertainty in Pan l. 

1
:; 

This standard 1s based on /3.- between 0.10 and C.75. Minimum uncertainty of the orifice plate coefficient of dischai\ie (Cd) is 
achieved with /3, between 0.2 and 0.6 and orifice bore diarneters greater than or equal to 0.45 inch. Diameter ratios áhd orifice 
bore diameters outside of this range may be used; however, the user should consu]t the uncenainty section in Part 1 for limitations. 

Achieving the best leve] of measurement uncertainty begins with, but is not limited to, proper design. Two other aspects of the 
measurement process must accompany the design effort; otherwise it is of lirtle value. These aspects are the application of the 
metering system and the maintenance of the meters, neither of which is considered directly in this standard. These aspects cannot 
be govemed by a single standard as they cover metering applications that can differ widely in fiow rate, fluid type, and operational 
requirements. Therefore, the user must therefore detennine the best meter se)ection for the application and the level of mainte
nance for thc measurement system under consideration. 

2.2 Symbols/Nomenclature 
This standard reftects orifice meter application to fluid ftow measurement with symbols in general technical use. 

Symbol 

a 

cd 
Cd(Fl) 

t1Cd (Fl)/Cd 
d 

dm 
d, 
D 
D, 
DL 
Dm 
Dn 

Represented Quantity 

Speed of sound 
Orifice plate coefficient of ~ischarge 
Flange tap orifice plate coefficient of discharge 
Percent difference between baseline Cd and installation effect Cd 
Orifice plate bore diarneter calculated at fiowing temperarure, T¡ 
Orifice plate bore diarneter measured at temperarure, T m 

Orifice plate bore diameter calculated at reference temperarure, T, 
Meter tu be intemal diarneter calculated at tlowing temperarure, T¡ 
Published meter rube intemal pipe diarneter 
Meter rube length downstream of orifice plate in multiples of published interna] pipe diameters (see Figure 2-6) 
Meter rube intemal diameter n1easured at T m 

Nominal pipe diarneter 

11 e 
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2 

E 

f 
OF 

NPS 
!J.P 

Ma~·g 

!J.P '"'' 
!J.P, 

P¡ 
OR 

Ra 
Re 

T¡ 
Tm 

T, 
UL 
ULI 
UL2 
a 
(l¡ 

a2 
fl. 
flm 
fl, 
E 

e 
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Merer tube intemal diameter calculated at reference temperature, Tr 
Orifice plate bore thickness 
Orifice plate thickness 

Frequency 
Temperature, in degrees Fahrenheit 
Recommended lengths of gauge line 
Nominal Pipe Size 
Orifice plate differential pressure 
Average orifice plate differentia1 pressure 
Root mean square of the fiucruating differential pressure 

lnstantaneous orifice plate differential pressure 
Static pressure of the fluid at the pressure tap 
Temperature, in degrees Rankine 
Absolute roughness average 
Reynolds number 
Temperature of fluid at flowing conditions 
Temperature of the orifice plate and/or meter tube at time of dia.meter measurements 
Reference temperarure (68°F) of orifice plate bore diameter and/or meter tube interna! diameter 
Meter tu be length upstream of onfice plate in multiples of published interna! pipe diameters (Figure 2-6) 
UL- UL2 
Meter tu be length from flow conditioner exit to orifice plate in multiples of published interna! pipe diameters 
Linear coefficient of thermal expmsion 
Linear coefficient of thennal expansion of the orifice plate material 
Linear coefficient of thermal expansion of the meter tube material 
Ratio of orifice pláte bore diameter to meter tu be interna! diameter (d/D) calculated at ftowing tcmperature, T¡ 
Ratio of orifice plate bore diameter to meter rube interna! diameter (dm1Dm) calculated at temperarure. Tm 
Ratio of orifice plate bore diameter to meter tube interna! diameter (d,ID,) calculated at refercnce temperature, T, 
Orifice plate bore eccentricity 
Orifice plate bevel angle 

Definitions 

The definitions are given to emphasize the panicular meaning of the terms as used in this standard. 

2.3.1 PRIMARY ELEMENT 

The primary element is defined as the orifice plate, the orifice plate holder with its associated differential pressure sensing taps, 
the meter tube, and flow conditioncr, if used. 

2.3.1.1 Orifice Plate 

Thc orifice plate is defined as a thin square-edgerl plate with a machined circular bore, concentric with the meter tube ID, when 
installed. 

2.3.1.2 Orifice Plate Bore Diameter (d, d,. d¡J 

The calculated orifice plate bore diameter (d) is the interna! diarneter ofthe orifice plate rneasuring apenure (bore) computed at 
flowing temperature (T¡). as specified in 1.6.2 in Part l. The calculated orifice plate bore diameter (d) is used in the flow equation 
for the detennination of fiow rate. 

The measured orifice plate bore diameter (dml is the measured interna! diarneter of the orifice plate measuring apenure at the 
temperature of the orifice plate (Tml at the time of bure diameter measurements, detennined as specified in 2.4.3. 

The reference orifice plate bore diameter (dr) is the interna! diameter of the orifice plate measuring aperture at reference tem
perature (T,), calculated as specified in 2.4.3. The reference orifice plate bore diameter is the certified or stamped orifice plate bore 
diameter. 
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2.3.1.3 Orifice Plate Holder 

The orifice plate holder is defined as a pressure containing piping element, such as a set of orifice llanges or an orifice fitting, 
used to contain and position the orifice plate in the piping system. 

2.3.1.4 MeterTube 

The meter tube is defined as the straight sections of pipe, including all segments that are integral to the orifice plate holder, 
upstream and downstream of the orifice plate, as specified in 2.5.1. 

2.3.1.5 MeterTube Interna! Diameter (D, D, D, DJ 

The calculated meter tube interna! diameter (O) is the inside diameter of the upstream section of the meter tube computed at 
llowing temperature (T¡). as specified in 1.6.3 of Pan l. The calculated meter tube interna! diameter (0) is used in the diameter 
ratio and Reynolds number equations. · 

The published meter tube interna! diameter (O¡) is the inside diameter as publisbed in standard handbooks for engineers. This 
interna! diameter is used for determining the required meter run length in Tahles 2-7 and 2-8. 

The measured meter tu be intemaJ diameter (Dm) is the average inside diameter of the upstream section of the meter rube mea
sured 1 inch upstream of the adjacent face of the orifice plate and at the temperature of the meter tube (T ml at the time of interna! 
diameter measurements. as specified in 2.5.1.2. 

The reference meter tube interna! diameter (Dr) is the inside diameter of the upstream section of the meter rube calculated at the 
reference temperature (T,), as specified in 2.5.1.2. The reference meter tube interna! diameter is the certified meter tube interna! 
diameter. ··~ 

2.3.1.6 Diameter Ratio(~.~"" ~J 

The diameter ratio (J)) is defined as the calculated orifice plate bore diameter (d) divided by the calculated meter tube interna! 
diameter (0). 

The diameter ratio (J3m) is defined as the measured orifice plate bore diameter (dm) divided by the measured meter tube interna! 
diameter (Om). •. 

The diameter ratio (J),) is defined as the reference orifice plate bore diameter (d,) divided by the reference meter tube interna! 
diameter (0,). 

2.3.1.7 Flow Conditioners 

Row conditioners can be classified into two categories: straighteners or isolating flow conditioners. 

Flow straighteners are de vices that effectively remove or reduce the swirl component of a ftowing stream, but may have limited 
ability to produce the flow conditions necessary to accurately replicare the orifice plate coefficient of discharge database values. 

Isolating fiow conditioners are devices that effectively remove the swirl compÜneñt from the flowing stream while redisrribut
ing the su-eam to produce the ftow conditions that accurately replicate the orifice plate coefficient of discharge databJSe values. 

2.3.2 PRESSURE MEASUREMENT 

2.3.2.1 Tap Hole 

A tap hok is a hole drilled radially in the wall of the meter rube or through the orifice fitting and perpendicular to the centerline 
of ~e meter tu be or orifice plale holder, the inside edge of which is llush and without any burrs. 

2.3.2.2 Flange Taps 

Flange taps a:-e a pair of tap boles positioned as follows: 

a. the upstream tap center is located 1 inch upstream of the nearest plate face, 

b. the downstream tap center is located 1 inch downstream of the nearest plate face, 

c. the upstream and downstream taps must be in the same radial position. 

'· ,, 
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2.3.2.3 Ditlerential Pressure (M~ I!.Pavg I!.Prms. I!.PiJ 

The differential pressure (IV') is the static pressure difference measured between the upstream and the downstream flange taps. 

The average differential pressure (!V'avg) is a time mean of the static pressure difference measured between the upstream and 
downstream flange taps. 

The instantaneous differential pressure (!V'1) is a single measurement of IV' at any instance in time. 

The root mean square differential pressure (IV' rm.,)is the square root of the sum of squares of the difference between the instan
taneous differential pressure (!V'1)and time mean differential (IV' ovgl· 

2.3.3 TEMPERATURE MEASUREMENT ( T~ T,. T,} 

The temperarure (T¡) is the flowing fluid temperarure measured at the designated location, as specified in 2.6.5. 

ln fiow measurement., the t.emperature sensing device is inserted in the fiowing stream to obtain the ftowing temperarure. How
ever, if the fluid velocity is higher than 25% of the fluid sound speed at the point of measuremen~ corrections for the increase in 
temperarure due to dynamic effects will ha ve to be applied. Care should be taken to ensure that the temperature sensing elements 
are coupled to the fiowing stream and not to the steel in the meter rube. 1bis practice is recommended for all orifice meter instal
lations. The sensed temperarure is assumed to be the static temperature of the fiowing fluid. 

The temperarure (Tm) is the measured temperarure ofthe orifice plate añd/or the meter tube at the time ofthe diameter measure
ments, as specified in 2.4.3 and 2.5.1.2. 

The temperature (Tr) is the reference temperature used to detennine the reference orifice plate bore diameter (dr) and/or the ref
erence interna! meter rube diameter (D,}, as specified in 2.4.3 and 2.5.1.2. 

2.3.4 ROUGHNESS AVERAGE (Ra) 

The roughness average (R0 ) used in this standard is that given in ANSI B46.1, and is "the arithmetic average of the absolute val
ues of the measured profile height deviation taken within the sarnpling length and measured from the graphical centerline" of the 
surface profile. 

2.4 Orifice Plate Specifications 

The symbols for the orifice plate dimensions are shown in Figure 2-1. 

2.4.1 ORIFICE PLATE FACES 

The upstrearn and downstrearn faces of the orifice plate shall be flat. Deviaüons from flatness on the orifice plate of less than or 
equal to 1% of dam height (that is, O .DIO inch per inch of darn height) under nonflowing conditions are allowed. The dam height 
can be calculated from the formula Wm - dm)/2. This critenon for tlatness applies to any two points on the orifice plate within the 
dimensions of the inside diameter of the pipe. The deparrure from fiatness is illustrated in Figures 2-2a., 2-2b and 2-2c. 

The surface roughness of the upstream and downstream faces of the orifice plate shall ha ve no abrasions or scraiches visible to 
the naked eye that exceed 50 microinches R0 • 

Thc orifice plate surface roughness may be verified by using an electronic-averaging-type surface roughness instrument with a 
cutoff value of not less than 0.03 inch. Other surface roughness devices (for example, a visual comparator) are acceptable for 
determining orifice plate surface roughness if the sarne repeatability and reproducibility as those of the electronic-averaging-type 
surface roughness instrumem can be demonstrated. 

Due care shall be exercised to keep the plate clean and free from accumulation of ~ ice, gri~ grease, oil, free liquid and other 
extraneous materials, to the extent feasible, by instiruting a regular mspection schedule (daily, weekly, monthly, quarterly, etc., 
depending on the service conditions). Damage and/or accumulation of extraneous mat.erials on the orifice plate may result in a 
greater uncertainty for the orifice plate coefficient of discharge [ Cd (F7)]. After any inspection of the plate, it shall be thoroughly 
cleaned (free from accumulations as stated above) prior to being placed back in service. 

2.4.2 ORIFICE PLATE BORE EDGE 

The upstrearn edge of the orifice plate bore shall be square and sharp. The orifice plate bore edge is considered too dull for 
accurate ftow measuremem if the upstre<úll edge .--eftects a beam of light when viewed without magnificatio11 or if thc: upstream 
edge shows a bearn of light when checked with an orilice edge gauge. 



SECTJON 3, PART 2-8PECfFICATION ANO INSTALl.ATION AEOUIAEMENTS 

Mark inlet on 
paddle-type plates 

/ 

.... 
~ 
~¡.-

~ 
~~e 

/ 
/ 

E 

/ 
/ .. , 

/ Bevel anQie 
(45' ± 1 5') 

1 1- e 

Dm dm-

Flow ----1•~ l_ 
~ ', 
~~e 

~ 
¡§ 

Mark outlet on 
,..__..,.. orifice fiHing plates 

Figure 2-1-symbols for Orifice Plate Dimensions 

Orifice plate outside diamE:ter 

Parallel bar 
·¡ ¡· Pipe inside diameter, Dm 

~//q///Et~ 
O r b dDepa r1u re from 

n ICe ore, m flatness 

Maximum allowable departure from flatness = 0.005 (Dm- d,J 

Figure 2-2a-Driftce Plate Departure from Flatness 
(Measured at Edge of Orifice Bore and Within lnside Pipe Diameter) 

Orifice plate outside diameter 

¡• Length of parallel bar, Dm •¡ 
h1 Parallel bar 

~: ~1?/f//(~ 
~rpendicular 

parallel bars (3) 

Figure 2-2b--Aiternative Method for Determination of Orifice Plate Departure from Flatness 
(Departure from Flatness = h;_ - h-) 

5 
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Maximum departure 
from flatness 

Figure 2-2c-Maximum Orifice Plate Departure from Flatness 

An estimation of suitable sharpness can be rr.ade by comparing the orifice piare bore edge with the bore edge of a properly 
sharp reference orifice plate of the same nominal diamerer. The orifice piare bore edge being evaluated should feel and look the 
same as the edge of the reference orifice plate. 

The upstream and downstream edges of the orifice piare bore shall be free from defects visible to the naked eye, such as fiar 
spots, feathered texture, roughness, burrs, bumps, nicks, and notches. 

If there 1s any doubt about whether the edge has sufficient quality for accurate metering, the orifice plate should be replaced. 

2.4.3 ORIFICE PLATE BORE DIAMETER (dmo d,) and ROUNDNESS 

The measured orifice bore diameter (dm) is defined as the mean (arithmetic average) of four or more evenly spaced diameter 
measurements at the inlct edgc. None of the four C'':" more diameter measurements may vary from the mean value by more than the 
tolerances given in Table 2-1. The orifice plate tempe~ture shaU be recorded at the time the bore diameter measurements are 
made. These measurements shall be made under thermally stable conditions; i.e., during the measurement, the temperature should 
be constant within ± l °F (± 0.5°C). 

The orifice piare bore diameter (d,) is defined as the calculated reference diamerer at reference remperature (T,) and can be 
deterrn.ined using the following equalion: 

d, = d.,[I +a1(T,-T.,)j (2.1) 

wherc 

a 1 = linear coefficient of thermal expansicn for the orifice piare material (see Table 2-2), 

d, orifice plate bore diameter calculateJ at reference temperarure (T,), 

dm = orifice plate bore diameter measured at Tm. 

1~n = temperarurc of the orifice plate at time of diameter measuremems, 

T, = reference temperature of the orifice plate bore diameter. 

Note: a¡, T m· and T, must be 1n cons1stent unlts. For the purpose of tlus standard. T, is assumed to be 68°F. 

The orifice piare bore diameter (d,) calculated at T, is the reference diameter·used to calculare the bore diamerer (d) at flowing 
conditions, as specified in Pan L 

2.4.4 ORIFICE PLATE BORE THICKNESS (~ 

The inside surface of the orifice plate bore shall be in the fonn of a constant-diameter cylinder having no defects, such as 
grooves, ridges, pits, or lumps, visible ro the naked eye. The length ofthe cylinder is the orifice piare bore thickness (e). 

The minimum allowable orifice plate bore thickness (e) is defined by e~ O.Oid, ore> 0.005 inch, whichever is larger. 

The maximum allowable value for the orifice piare bore thickness (e) is defined by e S 0.02D, ore S 0.125d~ whichever is 
smaller, but e shall not be greater than the maximum allowable orifice piare thickness (E). 

/)J-. 
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Table 2-1-Roundness Tolerance for Orifice Plaie Bore Diameter, dm 

Office Bore Diameter, dm 
(inches) 

~0.250' 

0.251 - 0.375' 

0.376- 0.500' 

0.501 - 0.62.5 

0.626-0.750 

0.751-0.875 

0.876-1 000 

>1.000 

Tolerance 
(± inches) 

0.0003 

0.0004 

0.0005 

0.0005 

0.0005 

0.0005 

0.0005 

0.0005 inch per inch of diameter 

Note: <~Use of dJameters below 0.45 inch is not prohibited, but may result in 
uncertaint1es greater than those specified in Chapter 14, Section 3, Part l. 

Table 2-2-Linear Coefficient of Thermal Expansion 

Matenal 

Type 304 and 316 stamless steela 

Monela 

Carbon Steelb 

Linear Coefficient ofTherrnal 
Expansion. a 

[U.S. Units (inJin. "F)] 

0.0000092.5 

0.00000795 

0.00000620 

Note: For flowing temperature conditions other than those stated in footnotes a 
and b and for·other materials. refer to the American Society for Metals. Mela/.~ 
Handhook. 
aFor flowing conditmn.; between -100°F and + 300°F. ref. ASME PTC 19.5. 
bfor flowing conditions between- 7°F and + l54°F. ref. API MPMS Chapter 12. 
SectJOD 2. 

7 

When the orifice plate thickness (E) exceeds the orifice bore thickness (e), a bevel (see 2.4.6) is required on the downstream 
side of the orifice borc. 

Note: Existmg orifice plates. whose edge thickness meets the value defined by e < 0.033Dm· need not be rebeveled unless reconditioning is 
reqmred for other reasons. 

For e ase in machining, the next smaller values of e, in multiples of 0.03125 ('132 inch), rnay be used. 

Orifice plate bores that demonstrate any convergence from inletto outlet are unacceptable. 

Bi-directional ftow through an orifice meter tube requires a specially configured meter tube and the use of an unbeveled orifice. 
plate. Use of an unbeveled orifice plate with bore thickness (e) thal exceeds the limits specified in this table is outside of the scope 
of this standard. 

2.4.5 ORIFICE PLATETHICKNESS (E) 

The minimum, maximum, and recommendec\ values of orifice plate thickness (E) for Types 304 and 316 stainless steel orifice 
plates are given in Tablc 2-3. 

Maximum allowable differential pressures for lhe recommended orifice plate thicknesses in Table 2-3 are for operating temper
atures not exceeding l50°F. For operating conditions, orifice diameter ratios, meter tube sizes, and orifice plate thicknesses not 
covered in Table 2-3, see the tables found in Appondix 2-E. lf a specific application is not covered by Table 2-3 or Appendix 2-E, 
the orifice plate and/or holding device manufacturer should be contacted for specific inforrnation on deftection (see 2.4.1 and 
Appendix 2-F-AGA Engineering Technical Note-High Differential Pressure Across Orifice Fittings) for a given diameter ratio, 
temperature, orifice plate material, orifice plate holder. and differential pressure. 

J 



8 MPMS CHAPTER 14-NAlURAL GAS FLUIDS MEASUREMENT 

The use of an orifice plate thickness other than the recommended thickness is acceptable in either new or existing orifice plate 
holding devices as long as the thickness is within the maximum and minimum range shown in Table 2-3; and the orifice plate 
eccentricity, bore thickness, differential pressure tap hole, and expansion-factor pressure-ratio tolerances and limits are satisfied. 

For incompressible fluids, the maximum differential pressure across the plate is limited by the structural integrity of the fitting 
design. The maximum differential pressure should be limited to those shown in Table 2-3 and Appendix 2-E. lf the maximum dif
ferential pressure is to exceed the limits specified, the manufacÍ.Urer should be consulted for allowable maximum pressure for the 
fitting design. In addition, the flowing conditions downstrearn of the orifice plate must remain above the local vapor pressure of 
the flowing fluid. 

Orifice fitting manufacturers should be consulted to determine the maximum allowable differential pressure during the chang
ing of orifice plates under flowing conditions. The high forces associated with using high differential pressures may make it diffi
cult to remove the plate, and may possibly result in darnage to the orifice plate or fitting. 

The use of high differential pressures (!!J'IP¡> 0.7 inch of water/psia, where the f!J' is in inches of water at 68°F and P¡ is in 
psia) will result in expansion factor uncertainties in excess ofO.l% (See 1.12.4.2 of Part 1). 

Operators should be aware, for a given orifice plate size, that when there is a wide swing from high to low flows, significant 
measurement errors will occur during the low-flow period if'the orifice plate remains unchanged. Generally, operation between·· · 
10% and 90% ofthe calibrated differential span is considered good practice. Rangeability can also be increased using today's dig
ital (electronic) transminers. The effects on the accuracy of transducers andlor transminers used for wide range should be evalu
ated versus savings on installation cost. 

For the full range of orifice plate thicknesses, the maximum allowable orifice plate differential pressure can be obtained from 
Appendix 2-E. 

Higher differential pressures will result in lugher meter-run gas velocities and higher permanent pressure losses. lt is recom
mended that the gas velocities be evaluated on a individual installation basis for such things as noise. erosion, and thermowell vibra
tion. The meter run velocity is dependent on severa] different factors, and each individual user will have different practices and limits 
on velocity. Therefore, the allowable maximum differential pressures, shown in Table 2-3. do not consider meter-run ga." velocity. 

2.4.5.1 Permanent Pressure Drop 

The permanent pressure drop is significant because the energy has been lost to transpon the fluid through the pipeline. Several 
technical books list the permanent'pressure loss versus ~ ratio for the concentric, square-edged. flange-tapped orifice meter. 

The permanent pressure loss = f!J'(I - ~2) 

Below is a table of these approximate vaJues: 

Examples: 

0.20 
0.30 
0.40 
0.50 
0.60 
070 
o 75 

/ 

Losses as a % of M 

95 
90 
85 
75 

/ 
/ 65 

/ 50 
45 

a. lf the user chooses to use a 1> of 0.30 at a f!J' of 400 inches of H20, then the permanent pressure loss would be approximately 
90% of 400 inches of H20, which is about 360 inches of H20 (about 13 psi). 
b. lf the user chooses to use a j)-of 0.50 at a f!J' of 100 inches of H20, then the permanent pressure loss would be approximately 
75% of 100 inches of H20, which is about 75 inches of H20 (about 3 psi). 

2.4.6 ORIFICE PLATE BEVEL (9) 

The plate bevel angle (9) is defined as the angle between the bevel and the downstrearn face of the plate. The allowable value 
for the plate bevel angle (9) is 45 degrees :t 15 degrees. 

The surface of the plate bevel shall ha ve no defects visible to the naked eye, such as grooves, ridges, pits, or lumps. 
lf a bevel is required, its minimum dimension, (E-e), measured along the axis ofthe bore shall not be less than 0.0625 (tlt6) inch. 

1 1 7 



TUBE BUNDLE STRAIGHTENING VANES 

19 CONCENTRIC SAME SIZE TUBES 

'1 

NEW, TIGHTER TOLERANCES ¡! 



TUBE BUNDLE STRAIGHTENING VANES 

1 
1 

/ 

HEX PATTERN 

NOTALLOWED 

1¡. 



TUBE BUNDLE STRAIGHTENING VANES 

END BANDS 

NOTALLOWED 



TUBE BUNDLE STRAIGHTENING VANES 

7 TUBE BUNDLE 

NOTALLOWED 



FLOW CONDITIONER 

ELIMINA TE SWIRL 

GENERA TE A NEAR FULL Y 
DEVELOPED FLOW PROFILE 

'1 



Disturbance Tests 

•Good Flow Conditions - test evaluating impact of 
flow conditioner on fully developed velocity profile. 

•Two 90° Elbows in Perpendicular Planes - testing of 
flow conditioner performance in handling combination of 
a modest swirl and a non-symmetrical velocity profile. 

•Gate Valve 50°/o Closed - test evaluating flow conditioner 
performance in strongly non-symmetrical velocity profile 

• High Swirl - test assessing flow conditioner performance 
in flows with high swirl angle ( over 25°). 



Additional Tests 

- Orifice J3 ratio: Check swirl test at J3=0.40 and 
~=0.67 

- Reynolds Number Sensitivity: Test at two 
ranges 104 < Re <5 x 105 and Re > 106 with 
approximately a 7:1 ratio. 'Í 

- Scaling: Test at two sizes selected from 
D < 4" and D > 8" 



THE USE OF FLOW 
CONDITIONERS MAY RESUL T 

IN SHORTER UPSTREAMS 

BUT 

A SERIES OF TESTS MUST BE 
RUN TO PROVE THE DEVICE 

MEETS REQUIREMENTS 



UPSTREAM LENGTH SELECTION 

4 CATEGORIES 

•BARE TUBE ( no vane or conditioner) 

•SHORT TUBE WITH VANE 

•LONG TUBE WITH VANE 

•TUBE WITH CONDITIONER 

- ; 



UNIVERSAL "CATCH ALL" METER TUBE 
(no vane or conditioner) 

WAS44D 
NO CHANGE 

NOW 151450 



UNIVERSAL METER TUBE WITH VANE 
SHORT VERSION 

130 
new locatton NO CHANGE 

WAS 17.50 

NOW IS 17-290 

MAX .46 BETA 



SHORT UPSTREAM LENGTH WITH TUBE BUNDLE 

NEW vs OLO 
. . . . 

· C4TEGORY J-J':4S BETA . 'IS . BETA 
ftL4X MAX 

1 ELL 16.5D .75 17-29D .75 

2ELLS 15D .75 17-29D .67 
out ofplane 

TEE NIA 1 NEW 1 17-29D .54 

V ALVE 50% MIN 17.5D .75 17-29D .47 
OPEN 

HIGH SWIRLW/ NIA 1 NEW ¡· 17-29D .54 
90"TEE 

ANY 17.5D .75 17-29D .46 
CONFiGURATION 

(CATCHALL) 
2ELLS 13.5D .75 

close coupled 

2 ELLS /lOD+ 16.5D .75 NO LONGER 
space between SHOWN 

Concentrlc 13.5D .75 
Reducer 



UNIVERSAL METER TUBE WITH VANE 
LONG VERSION 

130 
new tocatlon NO CHANGE 

lj 

WAS 17.50 

NOW IS 290 OR MORE 

MAX .67 BETA i) 



LONG METER TUBE WITH VANES 

NEWvs OLD 
CATEGORY WAS BETA IS BETA 

. · . · ·. .MAX . . hL4X 

1 ELL 16.5D .75 29D/+ .75 

2 ELLS 15D .75 29D/+ .75 
out or plan e 

TEE NIA NEW 29D/+ .75 

VALVE 50% 17.5D .75 29D/+ .75 
OPEN+ 

Hlgh swlrl NIA NEW 29D/+ .75 
combined with 
single 90° Tee 

Any ConliguraUon 17.5D .75 29D/+ .67 
(CATCH ALL) 

2ELLS 13.5D .75 
el ose coupled 

2ELLS 16.5D .75 
NO LONGER 

lOD + space 
SHOWN 

between 
Concentrlc 13.5D .15 

Reducer 



THERMOMETER WELLS 
PRECEDING THE ORIFICE 

• WAS 12" TO 36" BEFORE VANE 

• NOW 15 36" BEFORE VANE 

' 

WAS 1211 -36 11 

NOW IS 36 11 

!:::::) 



PLATE THICKNESS CHANGE 
8" SIZE 

• WAS 1/8" THICK 

•NOW IS 1/4" THICK 



IMPACT OF 1/4" THICK. 8" PLATES 

'PLATES WILL NOT INTERCHANGE WITH 
EXISTING FIELD UNITS 

SEAL RINGS OR PLATE CARRIERS WILL 
DIFFER FROM EXISTING FIELD UNITS 

POSSIBILITY EXISTS FOR WRONG 
PLATE IN RIGHT FITTING 

·¡ 



DP TAP CONNECTION LINE LENGTHS 

TRANSMITTER 



DIFFERENTIAL TAP LINE LENGTH 

• EQUAL LENGTH LINES 

• SHORT AS POSSIBLE or 
• CALCULATE PROPER LENGTH 

- 5 EQUATIONS BASED ON FREQUENCY (f) AND 
SPEED OF SOUND IN FLUID (a) . 

• length L = .25 a 1 (2 O f) 

2.5 

5.5 

8.5 
11.5 

.. 

1 i 

¡ j 



INCREASED DIFFERENTIAL PRESSURE 

• TABLES SHOWING MAXIMUM DP FOR 
RECOMMENDED PLATE THICKNESSES 

- 30455 AND 31655 

- TEMPERATURE5 TO 150°F (65°C) 

- INSTALLED IN BOTH FITTING5 AND FLANGE5 
• FLANGES ALLOW MUCH HIGHER DIFFERENTIALS 



INCREASED DIFFERENTIAL PRESSURE 
CONTINUED 

• SOME SIZES ALLOW UP TO 1000" DP 

- VALUES BASED ON PLATE DEFLECTION ONLY 

- ANY OPERATIONAL EFFECTS ON ORIFICE FITTINGS 
NOT CONSIDERED 

• ADDITIONAL TABLES FOR OTHER THAN STANDARD 
PLATE THICKNESSES IN APPENDIX 



POSSIBLE EFFECT OF DIFFERENTIAL 
PRESSURES EXCEEDING VALUES SHOWN 



GRANDFATHER CLAUSE 

•UPGRADING OF EXISTING INSTALLED UNITS 

•NOT REQUIRED 

•EARLIER METER TUBE DESIGNS MAY CREATE 
ERRORS 

•TUBE BUNDLE DESIGN AND/OR LOCATION MAY 
CAUSE BIASED MEASUREMENT · 

•NEW INSTALLATIONS SHOULD MEET 

NEW GUIDELINES 

•SHORTER THAN RECOMMENDED BARE TUBES 
MAY HAVE GREATER UNCERTAINTY 

- . 1 .. -



Manual of Petroleum 
Measurement Standards 
Chapter 14-Natural Gas Fluids 
Measurement 

' Section 3-Concentric, Square-Edged 
Orifice Meters 

Part 3-Natural Gas Applications 

Measurement Coordinatio:l Department 

THIRD EDITION, AUGUST 1992 

Ccpvr¡gn~ b• the AMERICAN PETPOLEUM INSTITUTE (AP¡) 
tue Oc':. 0€ l•L;7:i6 ¡oqo 

American 
Petroleum 
lnstitute 



----~~------~~--~~-~~ 
API NPMS*1~.3.3 92 .. 0732290 0503&47 523 .. 

ACKNOWLEDGMENTS 

From the initial data-collection pha.se through the final publication of this revision of 
Chapter 14, Section 3, of the Manual of Petroleum Measurement Standards, many individ
uals ha ve devoted time and technical expertise. However, a small group of individuals has 
been very active for much of the project lite. This group includes thc following pcoplc: 

H. Bean, El Paso Natural Gas Company (Retired) 
R. Beaty, Arnoco Production Campan y, Com"}_!_Uee Chairman 
D. Bell, NOVA Corporation 
T. Coker, PhiUips Petroleum Company 
W. Fling, OXY USA, lnc. (Retired), Project Manager 
J. Gallagher, Shell PipeLine Corporation 
L. Hillbum, Phillips Penoleum Company (Retired) 
P. Hoglund, Washington Natural Gas Company (Retired) 
P. LaNasa 
G. Less, Natural Gas F-ipeline Company of America (Retired) 
J. Messmer. Chevron U.S.A. lnc. (Retired) 
R. Teyssandier, Texaco lnc. 
E. Upp 
K. West, Mobil Research and Dcvelopmcnt Corporation 

During much of the corresponding time period, a similar cffort occurred in Europe. The 
following indivtdual.s pruvided valuable liaison between Lhe Lwo efforts: 

D. Gonld, Comm•ssion of the European Communtties 
F. Kinghom, National Engrneenng Laborntory 
M. Reader-Hanis, National Engine~ring Laboratory 
J. Sattary, National Engincering Laboratory 
E. Spencer, Consultant 
J. Stolz. Consulrant 
P. van der Kam, Gusunie 

The American Petroleurn InstitUie providcd mo!>tof lhe fundinp: fur lhe research pruject. 
Additional suppon was provided by the Gas Processors Associahon and the American Ga!> 
AssociatiOn. Spec1al thanks is given to rhe Cias Hesearch lnsmnte and K. Kothari for pro
viding funding and manpower for the muural gas calculations used in this projec: and to the 
National lnstitute of Standards and Technology m Boulder. Colorado, for addtUonal ftow 
work. 

J. Whetstone and J. B1 ennan were responsible for the collection of water data at the Na
ti anal Instinue of St~nclarrl ... ancl Technnlogy m Uaithcr-;hurg, Maryland. C. Bntton, S. Cald
well, and '0'· Se1d] oi thc Colorado Engineering Experimcnt Stauon lnc. were responsible 
for the oiTdata G. Less, J. Brcnnan,'l. El y, C. Sindt, K. Starlmg, and R. Ellington WCH! re
!!.pomible fur the Natural Ga!> P1pchne Compauy of America test data on natural gas. 

Over the year!:. mi1ny mrl1viduals have heen a part of thc Chaptcr 14.3 \Vorkmg Uroup 
and its many task force.o;, Thc llst hclow is thc rostcr of thc working group and its task forces 
at the time of pubhcauon but is by no mcans a complete list of the individuals who paroc
ipated in the development of this documcnt. 

R. Adnmsk1. Exxon Chemical Americas-BOP 
R. Bas~ 
J\._{- Bayhs:::., Ü<.:<.:ic.h:ntal Petroleum (Caledonia) Ltd. 
R. Beaty, Amoco Production Company 
D. Bell. NOVA Corporat10n 
B.Berry 
J. Bos1o, Statoil 

Copv~lgr"lt ov tr>e AMERICAN PETPOLEU"1 INST!TUE \AP;' 
Tue Oct 08 14:)7:18 lQQo 

'V 

.. ; 



J. Brennan, Nationa!Institute of Standards and Technology 
E. Buxton 
S. Caldwell 
T. Coker, Phillips Petroleum Company 
H. Colvard, Exxon Company, U.S.A. 
L. Datta-Barua, United Gas Pipeline Company 
D. Embry, Phillips Petroleum Company 
W. Aing 
J. Gallagher, Shell PipeLine Corporation 
V. Gebben, Kerr-McGee Corporation 
B. George, Amoco Production Company 
G. Givens, CNG Transmission Corporation 
T. Glazcbrook, Tenneco Gas Transportation Company 
D. Goedde, Texas Gas Transmission Corporation 
D. Gould, Ccmmission of the EurolJ"an Communities 
K. Gray, Phillips Petroleum Company 
R. Hankinson, Phiilips 66 Natural Gas Company 
R.Haworth 
E. Hickl, Union Carbide Corporation 
L. Hillbum 
P. Hoglund, Washington Natural Gas Company 
J. Hord, National Institutc of Standards and Technology 
E. Jones, Jr., Chevron Oil Field Research Company 
M. Keady 
K. Kothari, Ga~ Rcsearch Institute 
P. LaNasa 
G. Less 
G. Lynn. Oklahoma Natural Gas Company 
R. Maddux 
G. Matüngly, Nationallnstttute of Standanls and Technology 
B. McConaghy, NOVA Corporauon 
C. Mentz 
L. Norris, Exxon Production Research Company 
K. Olson, Chemical?\~anufacturers Associarion 
A. H.aether, Gas Company of New Mexico 
E. Raper. OXY USA. !nc. 
W. Ryan, El Paso Natural Gas Company 
R. Segcr3 
J. Sheflield 
S. Stark, Wllha.ns Natural Gas Company 
K. Srariing 
J. SIOIZ 
J. Stua.~ l. Pacific Gas anc.J Electric Campan y 
W. Sllldzinski, NO'./NHusky Rcsearch Company 
:vi. Sutton, Gao; Proces.c;ors Assoctation 
R. Teyssandier, Texoco Inc. 
V. Tmg, Chevrcn Oil Field Research Company 
L. Traweek, American Ga~ Association 
E.Upp 
F. Van Orsdol, Chevron U.S.A. Inc. 
1\. Watanabe, Nauonal Resenrch Labomtory of Mctrology, Japan 
K. West, Mobil Research and Development Corporation 
P. Wilcox, Total of France 
J. Williams, Oryx Energy Company 

Copvr¡gl"'.t e~ tn~ AMEPJCAN PET::<OLEU,.. INSi!TUTE (AP: i 
iu~ Oc:t oe 14:!7:16 ¡c;~o;e 

V 



------- -- ---------
API MPMS*14·3·3 92 .. D?3229D 0503&49 3Tb .. 

M. Williams, Amcoo Production Company 
E. Woomer, Uni[ed Gas Pireline Company 
C. Worrell, OXY US -\, !.oc. 

: 

Copy,.¡ cu·•~ tl• th~ A""E~ ICAt; PET~C~EU"" INSI: TUTE (A;:: l 
Tue Oc:~ Oe lt.-17:18 ¡qc;¡c 

VI 

r.; 



API MPMS*14·3·3 ~2 .. 07322~0 0503850 018 .. 

CONTENTS 

CHAP'IER 14-NATURAL GAS FLUIDS MEASUREMENT 
SECTION 3-CONCENTRIC, SQUARE-EDGED 

ORIFICE METERS 
3.1 Introduction ..................•••....•.•..•.•.•.•.....•.•.•.••.•..............•.•.•......•••••...•............... 

3.1.1 Application .................................................................•..•.............••••........ 
3.1.2 Basis for Equatioi:S ..........................•.•....•.•..........•.•.................................. 
3.1.3 OrganizationofPart3 .............•.....•.•..................••.........••.•....................... 

3.2 Symbols, Units, and Terminology .................................................................. . 
3.2.1 General .................................................................................................... . 
3.2.2 Symbols and Units ........................•................................••.••••..••..........•.•.. 
3.2.3 Tenninology ....•................•.................•.•................................................... 

3.3 Flow Measurement Equations ........................................................................ . 
3 .3.1 General .....•..•.•.........•.....................•....•...............•...........••.••...........•..•.•.... 
3.3.2 Equations for Mass Flow of NalWRI Gas ...........•••......•.•.•••...................... 
3.3.3 Equations for Vclume Flow ofNatural Gas ........................................... .. 
3.3.4 Volume Conversion From Standard to Ba~e Conditions ......................... . 

3.4 Flow Equation Cor.,ponents Requiring Additional Computation .................. . 
3.4.1 General ............................................••......•.•...............•.•.•..........•............... 
3.4.2 Diarneter Ratio ........................................................................................ . 
3.4.3 Coefficicnt of Discharge for Flange-Tapped Orifice Meter .................... . 
3.4.4 Velocity of Appro,r.h Factor ...•...........•.•...................•.............................. 
3.4.5 Reynolds Numb:r .........•..................•.........................•.............................. 
3.4.6 Expansion Factor .......................................................•............•..........•...... 

3.5 Gas Propenies ............................................................•............••...................... 
3 .5 .1 General .................................................................................................... . 
3.5.2 Physical Properties ..................................................•................................ 
3.5.3 Compressibility ....................................•..............•........................•........... 
3.5.4 Relative Density (Specific Gravity) .....................•.........................•......... 
3.5.5 Density of Fluid at Flowing Conditions .................................................. . 

APPENDIX 3-A-ADJUSTMENTS FOR INSTRUMENT CALlliRATION ...... . 
APPENDIX 3-B-FACTORS APPROACH ..............................................•........... 
APPENDJX 3-C-I'LOW CALCULATION EXAMPLES ................................... . 
APPENDIX 3-D-PIPE TAP ORIFICE METERTNG .......................................... . 
APPENDIX 3-E-SI CON\TERSIONS ................................................................ .. 
APPENDIX 3-F-HEATING VALUE CALCULATION ..................................... . 
APPENDJX 3-G-DEVELOPMENT OF CONSTANTS FOR 

FLOW EQUATIONS .............................................................. . 

Figures 
3·D-1-Maximum Percentage Allowable Meter Tu be Tolerance Versus 

1 
1 
1 
1 
1 
1 
2 
4 
5 
5 
5 
6 
7 
7 
7 
8 
8 

10 
10 
11 
13 
13 
13 
14 
15 
17 

21 
29 
53 
67 
91 
95 

99 

Beta Ratio................................................................................................. 73 
3-D-2-Ailowablc Variations in Pressure Tap Hale Location.............................. 78 

Tables 
3-1-Linear Coefficienl ofThcrmal Expansion .................................................. 8 
3-A-1-Water Density Based on Wegenbreth Equation ...................................... 24 
3-A-2.::.._MercuT)' Manometer Factors (F11,.) ....................................................... 27 
3-B-1-Assumed Reynolds Numbcrs for Various Meter Thbe Sizes .•............... 35 
3-B-2-Numeric Conversion Factor (F.) ............................................................ 36 
3-B-3-0rifice Calculation Factor: F; From Equations in 3-B.5 ........................ 39 

Copvr1ght by the AMERICAN PET~OLEUM INSTITUTE (AP!J 
Tue O~t 06 14, 17. le 1'<9o 

VIl 

1 

1 

1 

1 
¡ 

1 



API MPMS*1~.3.3 92 .. 0732290 0503651 T5~ .. 

3-B-4-0rifice Slope Factor: F,¡ From Equations in 3-B.6 ................................ . 
3-B-5-Conversion of Re,/1ff' to Q./1000 (Q. in Thousands of 

Cubic Feet per Hour) ............................................................................ . 
3-B-6-Expansion Factors for Aange Taps (Y,): Static Pressure Thken From 

Upstream Taps ...................................................................................... . 
3-B-7-Fpb Fnctors Used to Change From a Pressure Base of 14.73 Pounds 

Force per Square lnch to Olher Pressure Bases ................................... .. 
3-B-8-F, Factors U sed to Ch.111ge From a TempcnUure Base of 60"F to Other 

Temperature Bases ................................................................................ . 
3-B-9-1';1 Factors U sed to Chango From a Aowing Tcmperature of 60°F to 

Actual F1owing Temperature ................................................................. . 
3-B-10-F,, Factors U sed to Adjust for Real Gas Relativo Density (G,): Base 

Conditions of 60°F and 14.73 Pounds Force per Sqoare Inch Absolute 
3-B-11-Supercompressibility Factors (F,.) for G, = 0.6 Without Nitrogen or 

Carbon Dioxide ................................................................................... . 
3-D-1-Basic Orifice Factors (F,) for Pipe Taps ................................................ . 
3-D-2-Meter Tu be Pressure Tap Holes ........................................................... .. 
3-D-3-b Values for Determil'ing Reynolds Number Factor F, for Pipe Taps ... 
3-D4-Values of K to Be U sed in Detennining R¿ for Calculation ofF,. Factor .. 
3-D-5-Expausion Factors for Pipe Taps (Y1): Static Pressure Taken From 

Upstream Taps ..................................................................................... .. 
3-D-6-Expansion Factors. for Pipe Taps (Y,): Static Pressure Thken From 

Downstrcwn Taps .................................................... : ............................. . 
3-E-1-VoJume Refcrcnce Cm.ditions for Custody Transfcr Operations: 

Nntural Gns Volume .............................................................................. . 
3-E-2-Energy Reference Conditions ............................................................... .. 
3-E-3-Heating Value Reference Conditions .................................................... . 
3-F-1-Physical Properties of Gases at Exactly 14.73 Pounds Force per Square 

lnch Absolutc and 60"F ......................................................................... . 

: 

Copyr¡ght by th~ AMERICAN PETROLEUM INSTITUT~ (API) 
Tu~ Oct 08 14:17.18 199c:. 

vil/ 

Pate 

42 

44 

-47 

49 

49 

50 

51 

52 
74 
78 
80 
H4 

85 

87 

93 
93 
93 

96 

.. 

;;!; 

"''1, ~·'',}' ... 
~ ., 

lo'¡ 

. : ... •• 



0?32290 0503652 990 

Chapter 14-Natural Gas Fluids Measurement 

SECllON 3-CONCENTRIC, SQUARE-EDGED ORIFICE METERS 

PART 3-NATURAL GAS APPLICAllON 

3.1 lntroduction 
3.1.1 APPLICATION 

3.1.1.1 General 

This part of Chapter 14, Section 3, has been developed asan application guide for !he 
calculation of natural gas llow through allange-tapped. concentric orifice meter, using !he 
inch-pound system ofunits. For applications involving SI units, a conversion factor may be 
applied to !he results (Q •• Q,. or Q,) detennined from the equations in 3.3. Intennediate 
conversion of units will not necessarily produce consistent rcsults. As an altcmative. the 
more universal approach specified in Chapter 14, Section 3, Part 1, should be used. The me
ter must be constructed and installed in accordance with Chapter 14, Section 3, Part 2. 

3.1.1.2 Deflnlllon of Natural Gas 

As used in this part, the tenn natural gas applies to lluids that for all practica! purposcs 
are considered to include both pipeline- and production-quality gas with single-phase tlow 
and mole percentage ranges of components as given in American Gas Association (A.G.A.) 
Transmission Measurement Committee Report No. 8, "Compressibility and Supercom
pressibility for Natural Gas Wld Other Hydrocarbon Gases." For other hydrocarbon mix
tures, the more universnl approach specified in Pan 1 may be more applicable."Dilucnts or 
mixtures other than those stipulated in A.G.A. T~mission Measuremen[ Committee Re
port No.8 may increase the ft.ow measurement uncertainty. 

3.1.2 BASIS FOR EQUATIONS 

The computation methods used in this part are consistent with those developed in Part 1 
and include the Reader-Harris/Gallagher equation for flange-tapped orifice meter discharge 
coefficient.- The equation has been modified to reftect the more common units of thc inch
potmd system. Since the ne,P coefficient of discharge equation does not address pipe tap 
meters, the pipe tap metho<lology of the 1985 edition of ANSI/API 2530 has been retained 
for reference in Append1x 3-D. 

3.1.3 ORGANIZATION OF PART 3 

Chapter 14, Section 3, Part 3, is organized as follows: Symbols and units are defined in 
3.2. thc basic ftow cquation is prcscntcd in 3.3, thc key cquatJ.on components are defined in 
3.4, and the gas propenies applicable to orifico metering of narunal gas are developed in 3.5. 
All values are assumcd to be absolute. Factors to compensate for meter calibration and lo· 
cation are included in Appendix 3-A. The factor approach to orífice measurement is in
cluded in Appendix J-D. Append1x 3-C covers examples to assist the user in interpreting 
this pan. 1\ppendtx 3-D cov< rs pipe tap meters. Appendi.x 3-E covers SI convcrsions, Ap
pendix 3-F covers heating value calculation. and Appendix 3-G covers derivation of con
stants. The user b cautioned that the symbols as defined in 3.2 may be different from those 
used in previous orifice metering standards. 

3.2 Symbols, Unlts, and Termlnology 
3.2.1 GENERAL 

The symbols and units used are specific to Chapter 14, Section 3, Pan 3, and were devel
oped ba~ed on the cu~tomary inch·pound system of units. Regular conversion factors can 
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be used where applicable; however, if SI units are used, the more generic equations in Part 
1 should be used for consistent results. 

3.2.2 SYMBOLS ANO UNITS 

Symbol Description UnitsNalue 

c. Orificc plate cocfficicnt of discharge 
Co(FT) Coefficient of discharge nt a specified pipe 

Reynolds number for flange-tapped orifice 
meter 

C,(Cf) Coefficient of d1scharge at infinite pipe 
Reynolds number for comcr-tappcd orifice 
meter 

C,(FT) Coeffident of discharge at infinite pipe 
Reynolds number for fiange-tapped orifice 
meter 

e, Specific heat at constant pressure Btu/(lbm-°F) 
e, Specific heat at constam volume Btu/(lbm-°F) 
d Orífice plate bore diameter calculated at 

flowing temperature, T¡ in 
D Meter tu be mrcmal diamett:r calculated at 

ftowing temper.iture, T¡ in 
d, Orifice plate bore diameter calculated at 

reference temperature, T, in 
D, Meter rube intemal diameter calculated at 

refcrcncc tcmpcraturc, 1; m 
e Nap1erian constant 2.71828 

E, Velocity of approach factor 
OF Temperature, i11 Uegrees Falmnheit 
OR Temperarure. m ciegrees Rankme 459.67 + OF 

F,w Supcrcomprcssibility factor 
G Gas relative density (spccific gr.:wity) 
G, Ideal gas relative density (specifit:.: graviry) 
G, Real gas relauve density (specific gravity) 
h. Orifice diffcrential pressure inche'i of water col u m:~ at fiOuF 

k Isentropic exponent (see 3.4.5) 
k, Ideal gas isentrop1c exponcnt 
1., Perfect ga:-. i:-.entroplt:.: exponem 
k, Real ga~ IsemmplC exponen! 
m Mass lhm 

l\-tra" M.olar mnss (molecular weight) of :ur 28.9625 lbmllb-mol 
.Hl~a< Molar mas~ (molet:.:ular WClf!ht) of gas lbm/lb-mol 

Afr, Molru mass (molecular weight) of component lbm/lb-mol 
n Numhcr ot mole .. 

.f\~ Unit convcrston factor (dischargc cocfficJcnt) 
p Pressure lbf¡in' (abs) 
P, Base pressun: lbf/in' (abs) 

P~. Base pressure of a ir lbf/m' (abs) 
P~;,., Base prcssurc of ga.~ lhf/;n' (abs) 

lf Stau_e pressure of fluid at thc prcssurc tap lbf/in' (abs) 
P¡, Absolme static pressure at the oriflce 

upsrream Uiffercntial pressure tap lbf/in' (abs) 
1'¡, Absolure stahc pressure at the onfice 

downstrcam diffcrCntJ:il prcssurc tap lbf/in' (ahs) 
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P, Standard pressure 
Q, Volume ftow rate at base conditions 

q. Mass flow rote per second 
Q. Mass flow rate per hour 
Q, Volurne ftow rote per hour at standard 

conditions 
R Universal gas constant 

ReD Pipe Reynolds number 
T Thmperature 
T, Base temperature 

T.,, Base temper?ture of air 
T..,, Base ternperature of gas 

T, Temperature of flrtid at ft.owing conditions 
T,. Reference temperature of the orifice plate . 

bote diameter and/or meter tube inslde 
diameter 

T, Standard temperature 
U¡, Aowing velocit;' at upstream tap 
V Volume 
v, Volume at base conditions 
lj, Flowmg volume at up!.itrcam tap 
X Ratio of differential pressure to n.bsolute 

static pressure 
x, Raüo of diffcrential pressure to absolute 

static pressure at ltl~ Jpstream pressure tap 
x, Ratio of differential prcssurc to absolutc 

static pressure at the downstream press:rre tap 
x/k Acoustic ratio 

y Expansion factor 
Y, Expansion factor based on upstream absolute 

static pressure 
Y, Expansion factor based on downstream 

absolute stutic pressure 
z Compressibiltty 
z, Comprcssibility at base conditJOm 

Z¡,.,,, Compressibility of atr at 14.73 psia and 60°F 

zhs~· Compressibility of the gas at base conditions 
(P,. T,,) 

¿ 
1 Comprco;;sJhllity at flowing conditions (/}, 7j) 

Z¡, Compreo;;sibihty at upstrcam ftowing 
_ conditions 

z.'l Cumpr~~~ibility at downstream flowing 
conditions 

Z, Comprcssibility at sto:.ndard cond!tions 
(P,, T,) 

a Linear coefñcient of thennal expansion 
a, Linear codficu:nt uf Lhermal expansion of the 

onfice piare material 
a, Linear coefñctent of thcrmal cxpansion of thc 

meter tube material . 
/3' Ratio of orifice plate bore diameter to meter 

tube intettlal diameter (d/D) calculated at 
flowmg temperature, 1j 

Jl Absolute vrscosity of fl.owing fluid 

Co.pvr¡grn. bv tne AMERICAN PETROLEUM !NST!TUTE (APl l 
r.,.e Oc: OS 1.::17 lB !9Cio 

14.73lbf{m' (abs) 
ft'/hr 
lbm/sec 
lbm/hr 

ft'/hr 
1545.35 (lbf-ft)/(lb-moi-0 R) 

- OR 
OR 
OR 
OR 
OR 

68°F 
519.67°R 
ft/sec 
ft' 
ft' 
ft' 

0.999590 

in/in-°F 

infm-°F 

in/in-°F 

lbm/ft·sec 
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n Universal constan! 3.14159 
p, Density of a fluid at base conditions (P,, T,) lbmlft' 

p._. Density of air at base conJitions (P,, T,) lbmlft' 
p,,., Density of a gas at base cunditions (P,, T.) lbm/ft' 

p, Density of a fluid at standard conditions 
(P,, T,) lbm/ft' 

p,p Density of a fluid at flowing conditions 
(P,, 1j) lbm/ft' 

Pt,p 1 Density of a fluid at ftcwing conditions at 
upstream tap position (IÍr• T¡) lbm/ft' 

p,, Dcnsity of a fluid at flowing conditions at 
downstream tap posiúon (P¡,. T¡) lbm/ft' 

t?. Mole fraction of comouuent %/100 

N01e: Factors, ralios and coeffictents are dimenstonless. 

3.2.3 TERMINOLOGY 

3.2.3.1 Pressure 

One pound force (lbf) per square inch pressure is defined as the force a 1-p<Íund mass 
(lbm) exerts when evenly distributed on an area of 1 square inch and when acted on by the 
standard acceleration of free fall, 32.1740 feet per second per second. 

3.2.3.2 Subscrlpts 

The subscripl 1 on the expan~-:ion factor(~). the flowing density (p,P1). the fluid flowing 
static pressure (/f

1
), and the flui~ fiowing compressibiliry (Z

11
) indicates tbat these variables 

are to be measured, ca!culated, or otherwtse detennined relative to the Huid Howing at the 
conditions of the upstrenm differentinl tap. Variables relnted to the downstream differcntial 
pressure tap are identified by the subscript 2, including Y2, p1.P

1
, /}

2
• and Zh, and can be used 

in the equattoüs with equal prer;ü,ion of the calculated flow rates (except for fi, which has 
a separare equation). 

The subscript 1 is arbitrarily used in the equations in this part to emphasize thc ncccss1ty 
of maintaining the relationshlp of thes~ four variables to the chosen static pressme reference 
tap. 

3.2.3.3 Temperature 

The temperature of the ftowin:J: !luid (T¡) does not have a numerical subscript. This tem
pt:ralure is usually mt:asurt!d duwn~tream of the oriftce plate for minimum ftow disturbance 
but may be measured upsrream withm the locations prescribcd i.n Part 2. It is assumed that 
thcr~ rs no ctifference hetween fluid ternperatures at the two differential pressure tap loca
uons and the measurement poin~. so the subscript is unnecessary. 

3.2.3.4 Standard Condlllons 

Standard condittons are defined as a designated set of base conditions. ln this part, stan
dard conditions are dcfined as the absolute static pressure, P.. of 14.73 pounds force per 
square mch absolute; the absolute temperature, T,, of 519.67°R (60°F); and the fluid com
prcssibihty, Z1 , for a statcc1 rclativc dcnsJty (specific gravlty). G. 

3.2.3.5 DeÍinitions 

General definitions are covered in Parts 1 and 2. Definitions specific to Part 3 are incor
poratcd m thc tcx t 
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3.3 Flow Measurament Equations 
3.3.1 GENERAL 

The following equations e>.press flow in terms of mass and volumc per unit time and pro
duce equivalen! results. Since this section deals exclusive! y with the inch-pound system of 
units, the numeric constants defined in Part 1 bave been converted ro reflect thcsc units. 

The numeric constants for the basic flow equations, unit conversion values, density of 
water, aod density ofair are given in 3.5 andAppendix 3-G. The tables in this part that list 
solutions to these equatiotlS incOiporate these constants and values. Other physical proper
ties are givcn in 3.5. Key equation componcnts are dcvcloped in 3.4. 

3.3.2 EQUATIONS FOR MASS FLOW OF NATURAL GAS 

The equations for the mdss 6ow of natural gas, in pounds mass per hour, can be dcvel
oped from the density ofthe floWing fluid (sce Appendix 3.()), thc ideal gas relativc dcnsity 
(specific gmvity), or the real gas rellltive deasity (specific gravity), DBing thc following 
equations. 

The mass flow developcd from thc dcnsity of thc ftowing fluid (p,,,) is expressed as fol· 
lows: 

Q. = 359.072C1 (FT)E.Y,d' ~ p,_Ah. (3·1) 

Mass flow developed from thc ideal gas relativc density (specific gravity), G., is ex
pressed as follows: 

Q. = 589.885C,(FT)E.Y,d2 G1Jf¡h., 

Z¡. 1j 
(3·2) 

The mass flow equation developed from the real gas relative density (specific gravity), 
Gr. assumes a pressure of 14.73 pounds force per square inch absolute anda temperature 
of 519.67°R (60°F) ns the reference base conditions for the detennination of real gas rela
tive density (specific gravity~. This assumption allows the base compressibility of air at 
14.73 pounds force per square inch absolute and 519.67°R (60°F) to be incorporated into· 
the numeric constant of the flow rate equation. If the assumption about the base reference 
conditions is not valid, th: rr.sult" obtained from this How rate equation will have an added 
increment of uncertainity. The mass flow equation developcd from real gas rclative density 
(specific gravity), Gro is expres:;ed as follows: 

(3·3) 

Where: 

Cd(IT) = coefficient of d!.scharge for Oange-Lapped urifice meter. 
d = orificc plate bore diameter, m inches, caJculale.d al flowing temperamre (7¡). 

E, = velocity of npproach factor. 
G, = ideal gas relative density (spccific gravity). 
G, :: reaJ gas relalive dersity (specific gravity). 
h .. = orific~ differential pressure, in inches of water at 60°F. 
P¡1 = flowing pressurc at upstream tap, in pounds force per square inch absolute. 
Q .. = mass tlow rate. in pounds mass per hour. 

T¡ = ftowing temperawre. in degrees Rankine. 
Y1 = expansiun factor (upstream tap). 
Z.¡- = compressibility at standard conditions (P,, 'T,). 
z1• = comprcssibility at up5tream flowing conditioos (1}

1
, T,). 

p,.p
1 

= densily of the fluid at upstremn flowing conditions (1}
1
• ¡¡, and Z

11
), in pounds 

mass pcr cubic foot . 
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3.3.3 EQUATlONS FOR VOLUME FLOW OF NATURAL GAS 

The volume flow rate of natural gas, in cubic feet per hour at base conditions, can be de
veloped from the densities of the fluid al ftowing and base conditions aod tbe ideal gas rel
ative density (specific gravity) or real gas relative deosity (specific gravity) using the 
following equations. 

The volume flow rate at base conditions. Q,. devéloped from tbe density of the fluid at 
fl.owing conditions (p,.p

1
) and base conditions (pJ is expressed as follows: 

359.072C,(FT)E,Y,d1 ~ p,..,h.. 
~- 0~ . p, 

The volume ftow rate at base conditions. developed from ideal gas relativo density (specific 
gravity), G1, is expressed as follows: 

Q = 218.573C (FT)E Y:d' T,Z, !},h. (3-5a) 
' ' '

1 R GZ T. 
" 1 1. 1 

To correctly apply the real gas relativo dens1ty (specific gravity) 10 tbe flow calculation. !he 
reference base conditions for the detennination ofreal gas relative density (specific gravity) 
and the base conditions for the flow calculation must be the same. Thcrefore, the volume 
fl.ow rate at base conditions, developed from real gas relative density (specific gravity), Gn 
is expressed as follows: 

Q. = 218.573C,(FT)E,Y1d' !j,_ 
;: 

P¡,Z,Z,,_h. 
G,Z¡,Tj 

(3-6a) 

If standard conditions are substiUJted for ba.c;;e conditions in Equations 3-4a, 3-Sa, and 3-
6a, then 

p~> = P. 
= 14.73 pounds force per square inch ahsolute 

T, = 7; 
= 519.67"R (60"F) 

z~~,,. = z...., 
= 0.999590 

The volume ftow rate at srandarC conditions. Q •. can then be detennined using the follow
ing equations. 

The volmne flow rate at standard conditions, developed from the density of the fluid at 
ftowing condttions (p,"') and standard condition~ (P~), ts cxprcssed as follows: 

Q. = 359.072C,(FT)E,Y,d' ,¡¡;:::( 
P, 

(3-4b) 

The volume flow rate at 'l.tandanJ conditions, developed from ideal gas relative density 
(specific gravlty). G, !S expressed as follows: 

1 P¡h. 
Q. = 7711.19C,(FT)E.f,d Z, 

G,Z1,Ij 
(3-5b) 

The volume Oow rate equation at standard conditions. Q •• developed from the real gas rel· 
attve denstty (specihc grnvity), rcquire.c;; ~tandard condtrions a.c; the reference base condtttons 
for G, and incorporales z~. nt14.73 pounds force per square inch nbsolute and 519.67°R 
(60°F) in its numeric consmnt. Therefore, the volume flow ratc at standard conditions, de
veloped from Teai gas relative density '(specific gravity). G, is expressed as follows: 

Copyright by tMe AMERICAN PETROLEUM INSTITUTE (APl) 
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Where: 

c.(FT) = coefficient of discharge for fiange-tapped orifice meter. 
d = orifice plate '>ore diameter calculated at fiowing tempemwre (T¡), in inches. 

E,. = velocity of approach factor. 
G; = ideal gas relative density (specific gravity)_ 
G, = real gas relarive density (specilic gravity). 
h. = orifice differential pressure, in inches of water at 60"F. 
Pu = base pressiJ)e, in pounds force per square inch absolute. 
P¡, = ftowing pressurn (upstrearn tap), in pounds force per square inch absolute. 
P, = standard pressure 

= 14.73 pounds force per squnre inch absolute. 
Qh = volume flow rate per hour at base condiúons. in cubic feet per hour. 
Q, = volume flow cate per hour at standard conditions, in cubic feet per hour. 
T,. = base temperature, in degree.s Rankine. 
T¡ = flowing temperarure, in degrees Rankine. 
T, = standard temperature 

= 519.67"R (60"F)_ 
Y1 = expansion factor (upstream tap). 

Zb = compressibility at base conditions (P,., 7b). 
Z¡,r = compressibility of air at base conditions (Pb, 76). 
Z¡, = compressibility at upstream flowing conditions (f},. T¡). 
Zs = compressibility at standard conditions (/!, 1:;). 

Zl<lr = compressibility of air at standard conditions (/!, J:). 
p,. = density of the flowing fluid at base conditions (P6, T6), in pounds mass per cu

bic foot. 
P. = density of the fl.owing fluid at standard conditions (P,, T,), in pounds mnss per 

cubic foot. 
p,P1 = density of the Huid at upstream flowing conditions (P¡1, T¡), in poWlds mass per 

cübic foat 

3.3.4 VOLUME CONVERSION FROM STANDARD TO BASE CONDITIONS 

For the purposes of Part 3. standard and base conditions are assumed to be the same. 
However, if base conditions are different from standard conditions, lhe volume flow rote 
calculated at standard conditioris can be converted to the volume fl.ow rate at base condi
tions through the following relationsh1p: 

º" = Q.( f.)(~ )( ~:) 
Whcrc: 

Pb = base pressure, in pounds force per square inch absolutc. 
E; = standard pressure, in pounds force per square inch abSoluie. 

Qb = base vol u me ftow rate, in cubic feet per hour. 
Q,. = standard volume How rate, in cubic feet per hour. 
Tb = base tempcrnture, in dcgrces Rank.ine. 
T, = standard temperature, in dcgrees Rankine. 
Zb = compre~sibiJity at base conditions (P11 , T11). 

ZJ = comprcssibility at standard conditions (/!. T,). 

(3-7) 

3.4 Fl~w Equatlon Components Requiring Addltional Computation 
3.4.1 GENERAL 

Sorne of ll1e tenn~ tn Equation~ 3·1 through 3·6 require additional computation and are 
developed in th1s seclion. 
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3.4.2 DIAMETER RATIO (fJ) 

The diameter ratio ({J), which is used in determining (a) the orifice plate coefficient of dis
charge (C,), (b) the velocity ofapproach factor (E,), and (e) the expansion factor (Y), is the -· 
ratio of the orifice bore diaroeter (e!) to the in tema! diameter of the meter tube (D). For the 
most precise results, the actual dimensions should be used. as determined in Pans 1 and 2. 

f3 = d/D (3-Bl 

Where 

d = d,[l + a,('l¡ - 7;)] (3-9) 

And 

D D,[l + a,CI; - T,:)] (3-10) 

\Vhere: 

d = orifice plate bore diameter calculated at ftowing temperature, 7¡. 
d. = reference orifice plate bore diameter calculated at reference temperature, T.. 
D = meter tu be internal diameter calculated at ftowing temperature, T¡. 
Dr = reference meter tu be intcrflal d!amcter calculated at rcference tempernture, T.. 
T¡ = temperature of the fluid at ftowing condirions. 
T. = reference temperature for :ne 'Jrifice plate bore diameler aml/or the meter tubr: in-

remal diameter. 
a 1 = linear coefficient of thennal expansion of the ontice pi ate material (see Tahle 1-1 ). 
a 2 = linear cocfficient of thermal expanstOn of the meter tu be material (sec Toblc 3-1). 

{3 = diameter ratio. 
Note: a. T¡. and T. must be m consislent urut.s. For the purpose of tlus s1anoanJ, T, ts assumed to be 68°!-. 

Thc orifice plate bore diameter, d,, and the meter tu be intemal diameter. D,, calculated at 
T, are the diameters determined in accordance with Part 2. 

3.4.3 COEFFICIENT OF DISCHARGE FOR FLANGE-TAPPED 
ORIFICE METER, c.(FT) 

The coefficient of discharge for a fiange-tapped orifice meter (C,,) has been detemuned 
from test data It has been correlatej a~ a tunction of diameter ratw l/3). tube diameter. and 
pipe Reynolds numbcr. In this part, the equntion for the Hnnge-tapped orifice meter 
coefficient of discharge developed in Part 1 has been adapted ro the inch-pound system of 
unirs. 

The equ.dtion fur the cum.:entric, square-edgc:d ftange-tappcd orifice meter coefficicnt of 
ciischarge, C¡¡(FT), developed by Reader-Hams and Gallaghcr, 15 structurcd into distmct 

· Table 3- '-Linear Coefficient of Thermal Expans1on 

M:; tena! 

Typc 304 and 316 staL'liCSs stccl' 
Moncl• 
Cnrbon steel~ 

Linear Cocffic¡cnl of 
lherm;¡Jl:.xpansiOn (a), 

m/m-°F 

o 00000925 
0.00000795 
o 00000620 

Note For nnwwg temperature condtttons other than 1nose s1ated in Foot· 
note5 a and b and for other matcnals. rcfer to thc Amcncan Soctety tor MCI· 
als Mttaullandbook (Uesk Edtl!on. 1985). 
"For flowm11. condlt!ons between -IOOcF and +300°F, refer tome American 
Soctety of Mechamcal Engmeers data U\ PTC 19.5, Appl1cation, Part JI of 
Flmd Meu' 1 Supplemtnt 011 J,strumt'nl.t and ltpparattu 
"For flowtng cond11ton~ between -7°f and + 154°P', refer to Chapter 12, Sec
tion 2 
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linkage tenns and is considered 10 best represen! the current regrcssion data base. The equa
tion is applicable to nominal pipe sizes of 2 inches and larger; diameter ratios (/J) of 
0.1-0.75, provided the orifice piare tare diameter, d,. is greater than 0.45 inches; andpipe 
Reynolds numbers (Re0) greater than or equal to 4000. For orifice diametcrs, diameter ra
tios, and pipe Reynolds numbers outs.ide the stated limits, the 1mcertainty statement in
creases. For guidance, refer to Part l. 1.12.4.1. 

The Reader-Harris/Gallagher equation is defined as follows: 

Also, 

e,(F[) = e,(FT) + 0.00051,(!0'/l)"' + (0.0210 + 0.0049A)¡J'e (3-11) 1 ReD 

e,(FT) 

e,(cr) = 
Tap Term = 

Ups11m = 
Dnstrm 

e, ~Cf) + Tap Term 

0.5961 + 0.0291_8' 0.2290_8' + 0.003(1 - _8)M1 

Upstrm ...1... Dnstrm 

[0.0433 + 0.0712e""'•- 0.!145e'"" )(1 - 0.23A)B 

-0.0116[M, - 0.52M,"J/l"(1 - 0.14A) 

B = _1_ 
1 - .8' 

M, max(2.8- !?..., 
N, 

0.0) 

M, = .l:!:L 
1 - f3 

A ( 19.000/l r 
ReD 

e =(~r ReD 

(3-12) 

(3-13) 

(3-14) 

(3-15) 

(3-16) 

(3-17) 

(3-18) 

(3-19) 

(3-20) 

(3-21) 

Where: 

C,iFf) := cocfficicnt of disc..1argc ata specified p1pe Reynolds number for a flange
t<:.pped orifh.:e meter. 

C,(CT) = coefficient of discharge at an infinite pipe Reynolds number for a comer
tapped mifice meter. 

e,Wl') = coeffic¡ent of d¡scharge at an infinite pipe Reyno1ds number for a nange-
-tuppcd orifice meter. 

d = oriflce plate bore diamerer calculnted at r¡. in i.nches. 
D = meter tu be intemal diameter calculated at Tj. in inches. 
e = Napienan constan. 

= 2.71H2~. 
L1 = L2 

= dimensionless correction for tap location 
= N,.f D fur flange taps. 

/1.~ :;:: 1.0 when D is in inches. 
Re0 = pipe H.eynolds number. 

fJ = diameter ratio 
= d/D. 

Note: The equ;~tion for thc coefficient of discbarge for a flange-tapped ori6ce meter, C.,(FT), is differcnt from th.ose 
included in pnor edilions or th.is c;uuulanl 
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3.4.4 VELOCITV OF APPROACH FACTOR (E,) 

The velocity of nppronch factor (E.) is a mathematical expression that relates the velocity 
of the fl.owing fluid in the orifice meter approach section (upstream meter tube) to the fluid 
velocity in the orifice plate bore. 

The velocity of approach factor, E~ is calculated as follows: 

E - 1 
• - ~1 - /3' 

Where: 

E, = velocity of approach f:t:~or. 
fJ = diameter ratio 

= d/D. 

3.4.5 REYNOLDS NUMSF.R (Re0 ) 

(3-22) 

Tite pipe Reynolds number (Re0 ) is used as a correlation parameter to represent the 
change in the orifice plate coefficient of discharge wirh reference to the meter tube diameter, 
thc fluid flow ratc, thc Huid density, and tbc fluid viscosity. The use of the pipe Reynolds 
number is an additional change from prior editions of this standard. The Reynolds numbcr 
is a dimensionless ratio when consistent units are used and is expressed as follows: 

Or 

ll¡,Dp,.p¡ 

12¡1 

Re = 48q,, 
D tr¡.J.D 

No1c: Thc cons!ant, 12. m the denomina•or or Equauon 3-23 tS required by lh~ us~ of D m inches 

(3-23) 

(3-24) 

Thc fluid vclocity can he obtamed in tcnns of the volumctric flow rate at base condH10ns 
frorn the followmg relationship: 

¡; = Q,p, [(4)(144)] 
¡, D'p,,,, 3600n: 

= o. 0509296 ~,p, (3-25) 
D p,"'' 

Substttuting Equation 3-25 into Equation 3-23 results in the following relationship: 

( 
0.0509296 )( Q,p, X Dp,., J 

12 J.l.D Dp,,p, 

= (000424413{ ~~·) (3-26) 

The Reynolci'i number tor natural ga~ can be approximated by substituting the following 
relntionsh1p for Pb (scc 3.5.5.3 for cquation dcvclopmcnt) mto Equation 3-26: 

O:::opyr¡ gr1':. O• ':."'~ A"1ERICAN PETRO!..EUM IN Sil TUTE ( AD: l 
Tu,., Qc~ 02 lt. 1"':12 ¡Q<;io 

P, = 2.69881?. (G Z4_ ) (3_27> 
r,z,._ ' z._ 

Re0 = 0.0114541( Q,P,G, ~ (3-28) 
J.1D7;z...,; 
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By using au average value of 0.0000069 pounds mass por foot-second for p and substituting 
the standard conditions of 519.67"R, 14.73 pounds force por square inch, and 0.999590 for 
T¡,, P,, and z._. Equation 3-23 reduoes to the following: 

Where: 

Re
0 

= 47.0723 Q.G, 
D 

(3-29) 

D = meter tube intem>l diameter calculated al the flowing tempernture {Jf). in inches. 
G, = real gas relative density (specific grnvity). 
Pb = base pressure. 

Q& = volume flow ratc nt base conditions. in cubic feet per hour. 
qm = mass ftow rate, in pounds mass per second. 
Q, = volume flow ra.te at standard conditlons, in cubic feet per hour. 

Re0 :;:; pipe Reynolds numLer. 
T, ;;;:: base temperatJte, in degrees Rauk.ine. 
U1, = velocity of the flowing fluid at the upstream tnp location. in feet per second. 

z._ = compressibility of air at 14.73 pounds force per square inch absolute and 60°F. 
Z;p, = compressibility ofthe gas al base conditions (P,, T,). 

J1 = absolute (dynamic) viscosity, in pounds mass pc:r foot-second. 
Tr = 3.14159. 

pb = density of rhe flowing fluid at base conditions (Pb, Tb)• in pounds mass per cubic 
fool. 

p,~ 1 = densiry of the fluid at upstream flowing conditions {1}
1
, 7{), in pounds mass per 

cubic foot. 

[f the fluid being metered has a viscosity, temperature, or real gas relative density 
(specific gravity) quite different from those shown above, the ~sumptions are not applic
able. For variations rn viscosity from 0.0000059 to 0.0000079 pounds mass per foot-sec
ond. variations m tcmpcnturc from 30°F to 90°F, or variations in real gas relativo density 
(specific gravity) from 0.55 ro 0.75. the vo.riation should not be significan! in tcrms of its ef· 
fect on the orifice plate coefficient of discharge at higher Reynolds numbers. 

When the ftow rate is not known, the Reynolds number can be developed through itera
ti en, assuming an initial •tal :~e of 0.60 for the coefficient of discharge for a flange-tapped 
orifico meter. Cd{Ff), nnd using the volume computed to estímate the Reynolds numbcr. 

3.4.6 EXPANSION FACTOR (Y) 

3.4.6.1 General 

When a gas tlows lhrough an orifico. 1he chango in fluid velocity and staric pressure is ac
cornpamcd by a changc in thr. d!'nsity. anda factor must be applicd to thc coefficient toad-

.. just for this change. The factor is k.nown as the expansion factor (Y) and con be calculatcd 
from the following equations taken from the repon to 1he A.G.A. Committee by the Na
tional Bureau of Standards datt:J May 26, 1934, and prepared by Howard S. Bean. Th~ ex
pansion factor (Y) is a functi:.m of dtameter r3tio ({J), the ratio of differential pressure to 
stntic prcssurc at thc dcsinnatcd tap, and thc 1sentropic cxponent (k). 

Thc real compressible Huid isentropic exponent, k,.. is a function of the fluid and thc prcs
sure and lemperature. For an ideal gas, the isentropic exponent, k., is equal to the ratio of 
the specific heats (c,,/c.) of 1:1e gas at constant pressun:: (cp) and conslant volume (e,.) and is 
independent of pressure. A perfect gas is an ideal gas that has constant specific heats. The 
perfect gas ¡scntroplc exponen t. kP. is equal to k, evalua1cd at base conditions. 

lt has been found that fur many applications, the value of k,. is nearly identical to thc 
value uf k1, which is nearly identical to k,.. From a practical standpoint, the ftow equation is 
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not particularly scnsitive to nnall variations in the isentropic exponent. Thcrefore, thc per
fect gas isentropic exponen!, J:,. is often used in the flow equation. Accepted practice for 
natural gas applications is to use k, = k = 1.3. Tiús greatly simplifies the calculations and 
is used in the tables. This approach was adopted by Buckingham in bis conelation for the 
expansion factor. 

The application of the expansion factor is valid as long as the following dimensionl~ss 
criterion for pressure ratio is followed: 

o < h. 
27. 7011} 

,.; 0.20 (3·30) 

Or 

0.8 ,.; < 1.0 (3·31) 

Where: 

h,.. = fl.ange tap differcntial pres.c:r;ure across the orific.e platc, in incbes of water at 60°F. 
P¡ = ftowing pressure, in pounds force per square inch absolute. 

1}1 = absolute static pressure at the upstream pressure tap. in pounds force per square 
inch absolute. 

P¡z = absolute static pressure at the downstream pre.c;sure tap, in pounds force per square 
inch absolute. 

The expansion factor equation for flangc taps mai be used for a range of diameter ratios 
from 0.10 to 0.75. For diameter ratios ({:J) outside the stated 1imits, increased uncertainty 
will occur. 

3.4.6.2 Expansion Factor Referenced to Upstream Pressure 

If the absolure static pressure is taken at the upstream differential pressure tap. the value 
of the Cxpansion factor, Y1, can be calculated using the following equation: 

Y, = 1 - (0.41 + 0.3S{:J'{ T) (3·32) 

Whcn thc upstrcam static pressure I!'! rneasured, 

1}. - E{, - h. 
¡¡ 27. 7011}, 

(3-33) 

When the downstream statrc pre.o:;sure 1.~ mea-.ured, 

P,, + (f¡, - E{) 27. 7011}, + h. 
(3-34) 

Wileu. 

h.., differenunl pressure, m inches of water nt 60°F. 
k isentropic exponen! (see 3.4.6.1 ). 

P¡
1 

= ab~olute static pressure at the upstream tap, in pounds force per square inch ah
salute. 

Ph absolutc stattc prcssure at thc downstrcam tap, m pounds force per square inch ah
salute. 

x 1 ratio of differcntial presswe lO absolute static pressure at the upstream tap. 
Y¡ = expa(lSion factor based on the absolute static pressure measured at the upstream 

tap. 
{:J = diameter ratio (d/D). 

The quantity x1/ k is knt;wn as the ac:oustic: ratio. 
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3.4.6.3 Expanslon Factor Referenced to Downstraam Pressura 

If the absolute static pressure is taken at the downstream diffen:ntial tap, thc value of the 
expansion factor, Y,, can be calculated using the following cquation: 

Y, = Y; _(3-35) 

And 

1 {f'· 1~ = Y; /1 -v -x1 zli 
(3-36) 

Or 

(3-37) 

And 

lf. = h. (3-38) 
27.7071[, 

Where: 

h.., = differential pressure, in inches of water at 60°F. 
k = isentropic exponent (see 3.4.5.1). -

P¡, = absolute static pressure at the upstream tap, in pounds force per square inch ab
solute. 

Ph ;; absolute static pressure at the downstream tap, in pounds force pcr square inch ab-
solute. 

x 1 = ratio of differential pressure to absolute static pressu.re at the upstream tap. 
x2 = mtio of diffcrential pressure to absolute static pressure at the downstream tap. 
Y1 = expansion factor bnsed on the absolute static pressure measu.red at the upstream tap. 
Y2 = expansion factor based on the absolute static pressure measured at the downstream 

tap. 
z1, = compressibility at upst:rf':am ft.owing conditions (/j

1
,1.f). 

Z11 = comprcssibility at rtownstream ftowing conditions (Ph, T,). 
(3 ~ diameter ratio (d/D). 

Note: x1 «¡unls the rntio ot thc diffcrential prc::ssure to the static pressurc at tbe downsrream tap (/}
1

) 

3.5 Gas Properties 
3.5.1 GENERAL 

The measurement uf gaseous flow rate in volume units under other than standard or base 
conditions requu-es conversion for pressure, temperature, and the'deviation of the measured 
volumc from thc ideal gas laws (compressibility). Energy measwement also requires adjust
ment for heat coment. The srandard conditions uscd in Part 3 are a base pressure of 14.73 
pounds force per square inch absolute anda base temperature of 519.67°R (60°F). 

As a mixture of compounds, natural gas complicates the calculation of sorne of these 
conversion tactors. The factors that cannot be detennined by simple calculadons can be de
rived from gas composition and/or othcr mcasurements. Certain factors can be measmed in 
the field, using instruments calibrated against standard gas ~arnples. Either approach will 
produce equivdlent rt:!)ults when rigorous methods are applied. 

3.5.2 PHVSICAL PROPERTIES 

Table 3-1'-1 in Appendix 3-F lists physical propenies taken from OPA 2145-91. The data 
for ideal density nnd ideal healing valuc percubic foot from GPA 2145-91 have, where nec-
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essary, been corrected in Tab1e 3-F-1 for.the base pressure of 14.73 pounds forre per square 
inch absolute tluuugh the following relationship: 

14.73 
Tab1e 3-F-1 value = -- X GPA 2145-91 tab1e value 

14.696 
(3-39) 

Tab1e 3-F-1 provides the best curn:núy availab1e data on physical pmperties. These data are 
subject to modification yearly as additional research is accomplished. Futurc revisions to 
GPA 2145 mny include updated values. The va1ues fmm the most recent edition of GPA 
2145 should be used, and the values for density and British::_thermal units per cubic foot 
should be corrected through the use ofEquation 3-39. 

In addition, GPA Publication 2172 and Publication 181 are incorporated in this standard 
a'li the method of calculating hea.tmg values of natural gas mixtures from composition.o.l 
analysis. An abbreviated form of that methodology is included in Appendix 3-F as a refer
ence. 

In this edition, the compressibility of air at standard conúitions (2,....,) has been updatcd 
to tl1e va1ue of 0.999590. 

3.5.3 COMPRESSIBIUTY 

3.5.3.1 Ideal and Real Gas 

The tenns ideal gas and real gas are used to define calculation or interpretation methods. 
An ideal gas is one that conforms to the thermodynamic laws of Boyl!! and Charl~s (itleal 
gas laws), such that the following is true: 

;44PI1 = nRT (3-40) 

lf Subscript 1 represents a gas volurne measured at one set of temperature-pressure r.::un
ditions and Subscript 2 represents the ¡,ame volwne measured at a sccond set of tempera
ture-pressure condinons, then 

r,v; = r:v; 
7; 7; 

(3-41) 

·¡he numen cal constant m Equauon 3-40 is rcquircd to convert P. tr pounds force per square 
inch absolute, to unirs that are consistent with the value of R given in Part 2. 

All gases deviate from the ideal gas laws to sorne ex.tenl. Thi~ deviation is knuwn u::, 
compws~úbduy and i!> t.k:noted by the symbol Z. Additional discussion of compressibihty 
and the method for detenmnmg the value of Z for natural gas are dcvclopcd in dctail in 
A.G.A. Transmtssion !Ylcasurcment Commlttee Report No. 8. The method used in that re
pon is included as a pan of this standard. 

The application of Z changes the tdeal relatlonship in Equatlon 3-40 Lo the followin~ rt:al 
Ielationslup: 

!44?1' = nZRT (3-42) 

As modified by Z, Equauon 3-41 allows the vo1ume at tht: upsrrearn fiuwing l:unrJiliuns tu 
b:: convened to lhe volume at base con.ditions by use of the following equation: 

(3-43) 

Where: 

11 = number of pounrl-moles of a ga" 
P absolutc static prcssurc of a gas. in pounds force per square inch absolute. 
Pb absolute static pressure of a gas at base conditions, in pounds force per square inch 

absolute. 
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P¡, = absolute static pn:sswe of a gas at the upstream tap, in pounds force per square 
inch absolute. 

R = universal gas constllllt 
= 1545.35 (lbf-ft)/(lbmoi-0 R). 

T = absolute temperature of a gas, in degrees Rankine. 
T, = absolute temperature of a gas at base conditions, in degrees Rankine. 
T¡ = absolute temperature of a ftowing gas, in degrees Rankine. 
V = volwne of a gas, in cubic feet 
V. = volwne of a gas at base conditions (P,, T.), in cubic feet. 
V¡1 = volume of a gas at flowing conditions (J}1.7j), in cubic feet. 
Z = compressibility of a gas at P and T. 
z, = compressibility of a gas at base conditions (P,, T,). 
Z¡, = compressibility of a gas at ftowing conditions (P¡,. T¡). 

3.5.3.2 Compresslbllity at Base Conditions 

Thc value óf Z at base conditi•>ns (Z,) is required and is calculated from the procedures 
in A.G.A. Transmission Mensuremeot Committee Report No. 8. 

3.5.3.3 Supercompresslblllty 

In orifice measurement, Zb and l 11 appear as a ratio to the 0.5 power. This reJationship is 
termed the supercompressibility faciOr and may be calculated fmm the following equation: 

F. = ~ ,. z 
~ 

Or 

Wlzere: 

¡;,,. = supercompressibility factor. 
Zt> = compressibility of the gas at base conditions (Pt,, Tb). 

Z¡
1 

= compressibility of the gas .J.t flowing conditions (1}
1

, T¡). 

3.5.4 RELATIVE DENSITY (SPECIFIC GRAVITY) 

3.5.4.1 General 

(3-44) 

(3-45) 

Rclative denstty (.;;pectfic graviry). G, 15 a component in severa! of the ftow equations. 
The relativc dcnsity (spccific gravity) i!i defined as a dimensionless number that expreSSC!) 
the ratio of the-density ofthe flowing fluid to thc dcnsity of a referen~ gas at the same ref
erence condiliom. uf tcmpen1ture and pressure. The gas industry has histoncally rcfcrrcd to 
the relative density (speciflc gravity) as either ideal or real and has designated the reference 
gas as air and thc standard reference conditians as a pressure of 14.73 pounds force per 
square mch absolute and n tcmpcraturc of 519.67°R (60°P). The value for relative density 
ü.pecific gravlly) may be dctermined by measurement or by calcu.lation from the gas com
position. 

3.5.4.2 Ideal Gas Relative Density (Specific Gravity) 

The ideril gas relative densny (specific gruvity), G,. is dcfined as the ratio of the ideal den
sil y of the gas to the 1deal density of dry air at the same reference conditions of prcssurc and 
tcmperanrre. S mee thc ideal dcnsitit:s are defined at the same refereoce conditions of pres
sure and tcmperaturc, the ratio reduces toa ratio of molar masses (molecular weights). 

<.Apvr-¡gh':. t>• tf'1e AMERICAN PETROLEUM INSTITUTE (AP: i 
Tu.e Oc-:. 08 14:17:18 1'l9o 

15 



16 

API nPnS•14.3.~ ~2 .. 0732290 0503ab7 311 .. 

CHAPTER 14--NATURAL GM FUJDS MEASUREMENT 

Therefore, the ideal gas relative density (specific gravity) is set forth in !he following equa
tmn: 

Where: 

Mr,..,. 
28.9625 

G, ; ideal ga< relative density (specific gravity). 
M1~" ; molar mass (molecular weight) of air 

; 28.9625 pounds mess per pound-mole. 

(3-46) 

Mr,(J. = molar mass (molec~lar weight) of a fiowing gas, in pounds mass per pound
mole. 

3.5.4.3 Real Gas Relative Denslty (Real Speclflc Gravlty) 

Real gas relauve denstty {:;pecific gravity), G, is defined as !he ratio of !he real density 
of the gas to thc real denstty of diy air nt the same reference conditions ofpressure and tem
perarure. To correctly apply !he real gas relative density (specific gravity) to !he flow cal
culation, the reference conditions for the determination of the real gas relative density 
(specific gravity) must be tlle same as the base conditions for the fiow calculatlon. At ref
erence (base) condition< (P,, 1b), real gas rclative density (spccific gravity) is expressed as 
follows: 

G, = R Me 144 l;.... Qlr 

Z,_RT.., 

Since the pressures and temperatures are defined to be at the same destgnated base con
ditions, 

Pb,.., = p~>..r 

T~;r.., = TJJ., 

And th~ real gas 1elative den:>ity (sreclfic gravlty) IS expressed as follows: 

G ; ( M1;., )( ~) 
' Mr." ~ Z~;. 

(3-47) 

The use of real gas lel.atl\'1: dens,t) (specific gravity) in the flow calculations has a his
tonc basis but may add an increment ot uncertamty to thc calculation as a result of the hm
JtatJOns of ficld grantomctcr de· tices. When real gas relative densities (specific gravities) 
are c!irectly determined by relative density measurement equiprnent, the observed values 
must be adjusted so that both air and ga~ measurements renect the same pressure and tem
peraturc. The fact that thc ter.1perature and/or pressure are not always at base condttlons rc
sults m small vanatJOn'i m dctcrmmatJon.s of rclativc dcnstty (specific gmvity). Another 
sourcc of variauon ts thc use of atmosp;-¡eric air. The composition of atmospheric air-and 
its molecular weight and density-varies with time and geographicallocation. 

\Vhen recording graviLOmeters are used and calibration is performed with reference 
gases, either ideal or real gas relat1ve densuy (specific gravtty) can be obtaincd as a 
recorded relat1ve den<Jty (spcct5c gravtty) by propcr certification of !he reference gas. The 
rclat10nship between ideal gas rclative density (specific gravity) and real gas relativc den
sity (specifk !;ravity) is expressed as follows: 

G, = 
z,_ 

G'z ... (3-48) 

Copvr-19'1t bv tn~ AMERICAN PETROLEUM INST!TUiE (AP]) 
Tu~ O.::t 08 14· :7 18 199o 



-------------------------------------------
API MPMS*l4.3.3 92 .. 0732290 OS03&b& 258 .. 

Where: 

G, = ideal gas relative rlensity (specific grnvity). 
G, = real gas relative density (specific gravity). 

Mr.,, = molar mass (molecular weight) of air 
· = 28.9625 pounds mass per pound-mole. 
Mr,.. = molar mass (molecular weight) of the flowing gas, in pounds mass per pound

mole. 
Pb = absolute static pressure of a gas a1 base conditions, in pounds force per square 

inch absolute. 
P._. = base pressure of air, in pounds force per square inch absolute. 
P•flllJ = base pressure of a gas. in pounds force per square inch absolute. 

R :;;: universal gas conlitant 
= 1545.35 (lbf-ft)/(lbmol-"R). 

7b = absolute temperature of a gas at base conditions. in degrees Rankine. 
T.., = base temperature of air, in degrees Rankine. 
T•.- = base temperarure of a gas. in degrees Rankine. 
z .... = compressibility of air at base conditions (P6 , :7;,). 
z.,..: = compressibility of a gas at base conditions (P6 , TJ. 

3.5.5 DENSITY OF FLUID AT FLOWING CONDITIONS 

3.5.5.1 General 

The ftowing density (Pt.,) is a key component of certain fiow cquations. It is defined as 
che mass per unit volume at flowing prcssure and temperature and is measurcd at the se
lected static pressure tap !ocation. The value for flowing density can be calculated from 
equations of state or from ú1e relative density (specific gravity) at the selected static pres
sure tap. The fluid density at fl.owing conditions can also be measured using conunercial 
densttometcrs. Most densitometers, bccause of their physical installation requiremenl~ and 
design. canoot accurately r,teasure the density at the selected pressure tap location. Therc
fore, the fluid density diff:rence between the density measured and that existing at the 
defined pressW"e tap location must be cbecked to determine whether changes in pressure or 
temperature ha vean tmpact on the flow measurement uncertainty. 

An npproximation for iield calculation is the direct application of tables from the equa
tion of state. Such densiry tables ha ve considerable bulk if they cover a wide range of con
ditions in small increments. Tables have a further deficiency in that they do not readily lend 
themselves to inrerpolatbn or extrapolation with fiuctuaring temperature and/or pressure. 

At the time of publicaticn. tt VIBS anticipated that a computer program for IBM and com
patible personal computers th.at generates density and/or compressibility tablcs for user
defined gas and pressure-temperamre ranges would be available through A.G.A. Thls 
program uses the equations in A.G.A. Transmission Mea::.urement Comminee Report No.8. 

3.5.5.2 Denslty Bascd on Gas ComposHion 

When the composition of a gas mixture is known, the gas densities p,, and pb may be cal
culated from tite ga~ law equatio11s. The molecular we1ght of the gas may be detennined 
from composition data, using mole fracuons of the components and thcir respective mole
cular wcights. 

(3-49) ,., 
In the following, the gas law equntion, Equation 3-42, is rcammgcd to obtain denc;ity val
ues: 
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144PV = nZRT 

m 
n = 

Mr,.. 
(3-50) 

Therefore: 

l44PV = (M:JZRT (3-51) 

And 

m 144~ Mr,.. 
P1.p, = 

~ Z~R7j 
(3-52) 

Or 

m 144/l Mr,., 
fl" = = V. Z,RT, 

{3-53) 

Where: 

G1 = ideal gas relative density (specific gravity). 
m = moss of a fluid, in pounds mnss. 

Mt¡m = molar mass (moleculru weight) of air 
= 28.9625 pounds mass per pound-mole. 

M'iru ;;;; molar mass (molecular weight) of the flowing gas, in pounds mass per pound
molc. 

Mr1 = molar mass (molecuJIU' weight) of a component. in pounds mass per pound-
mole. 

n = number of moles. 
P = absolute static pressure of a gas, in pounds force per square inch absolute. 
Pb = absolutc static pressure of a gas at base conditions, in pounds force pcr squarc 

inch absolute. 
P¡1 = absolute static pressure of a gas at the upstream Lap, in pounds force per square 

inch absolute. 
R = universal gas con~tant 

= 1545.35 (lbf-ft)/(lbmoi-'R). 
T= 
Te= 
T¡= 
V= 
z 

absolute temperature of a gas, in degrees Rankine. 
absolute lemperature of a gas at base conditions, in degrees Rankine. 
absolule temperaturc of a ftowing gas, in degrees Rankine. 
volumc of a gas. m cubic fcct. 
compressibiliry of a gas at P. T. 
compres1)ibility of a gas at ba!)e conditions (Pb, T¡,). 

= compressibihty of a gas at ftowing conditions (1(
1

, Tr). 
z, 
Z¡, 
p, 

Pt"' 1 

dcnslty of a gas at base condltlons (P¡,, 'Ji,). in pounds mass pcr cuhic foot. 
density of a gas nt upstream flowing conditions (P¡

1
, 7j), in pounds mass per cu

bic foot. 
(/J1 = mole fraclion of a componen t. 

3.5.5.3 Density Based on Ideal Gas Relatlve Denslty (Speclfic Gravlty) 

The gas densilie1) P1.; 1 
and pb may be calculated from the ideal gas relative density 

(specific gravity), as defined in 3.5.5.2. The following equations are appltcable when a gas 
analysis is av_ailable: 

-- M~ ... q = 
Mr,., 

(3-46) 
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'Note.: Thc molecularweigbt of dJy air, from OPA 2145-91, isgiven as 28.9625 poonds mass perpound-mole(u
actly). 

Mr,. = G,Mr.- = G1(28.9625) (3-54) 

Substituting for Mr,., in Equations 3-52 and 3-53, p,., and p, are determined as follows: 

P..., = 
~G,(28.9625)(144) 

Zr.R7f 
P.G 

= 2.69881-.L!._ 
Z~¡T¡ 

And 

p, = 
P,G,(28.9625)(144) 

Z,RT, 

= 2.69881 P,G¡ 
Z,.l; 

Where: 

G, = ideal gas re1ative density (specific gravity). 
Mroir = molar mass (molec:.dar weight) of air 

= 28.9625 potmdo mass per pound-mo1e. 

(3-55) 

(3-56) 

Mrwru = molar mass (molecular weight) of a flowing gas, in pounds mass per pound
mole. 

Ph = absolute static pres!iure of the gas at base condiúons, in pmmds force per square 
inch absolute. 

P¡, = absolutc static pressure of a gas at the upstream tap, in pounds force per square 
inch nbsolute. 

R = universal gas constant 
= 1545.35 (lbf-ft)/(lbmo1-0 R). 

Tb = absolute temperature of a gas at base conditions, in degrees Rankine. 
T¡ = absolutc tcmperaturc of a flowing gas, in degrces Rankine. 

Z, = compressibility of n ¡;ns nt base conditions (P,. T,). 
Z1, = compressibi!i(y of a gas a( flowing conditions (1}

1
• 7¡). 

p, = density of a gas al base cunditions (P¡¡,. T&, and Z..,), in pounds mass per cubic 
foot. 

p,.r1 = density of a gas nt upstrenm ftowing conditions (/}
1
, T¡. and Z¡

1
), in pounds mass 

per cubic foot. 

3.5.5.4 Denslty Based on Real Gas Relative Denslty (Specific Gravity) 

The relationship of real gas relative density (specific gravity) to idr!al gas relntive density 
{specific gravily) ~~ gtven by the fullowing equation: 

G, 
z.._ 

(3-48) = G-'z '·· 
Or 

z 
G = G~ 
' ' z 'M 

Note: Thc real gas rela11VC density (o;pecific grav11y) of dry air nt base condilions is defined as exactly 1.00000. 

Substituting for G, in Equntions 3-55 and 3-56 resu1ts in the followmg: 
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= 

p, = 

2. 6988Ifí, G, z._ 
z~ 1;z.._ 

2.6988IP,G, 

r.z._ 

(3-57) 

(3-58) 

To corrcctly apply thc dcnsity cquations, Equations 3-57 and 3-58, which were devel
oped from the real gas relative density (sp~cific gravlty), to the ftow calculation, the refer
ence base conditions for the detennination of real gas relative density (specific gr•vity) and 
the base conditions for the ftow calculation must be the same.'When standard conditions are 
substituted for base conditions, 

P, = P, 
14.73 pounds force per square inch absolute 

1b=:Z:. 
= 519.67°R (60°F) 

= 0.99959(• 

The ga:. density baseJ on real gas relative density (specific gravity) is given by the folluw
mg equauons: 

And 

Wherc: 

= 
2.6988IIí, G, z,. 
o. 999590 z~ 1¡ 

P. Z G 
= 2.69992 /, ;. ' 

1deal gas relauve density. 
real gas relative density. 

Z¡,1j 

(2.ó98H 1)(14. 73)G, 

(0. 999590)(519.67) 

0.0765289 C, n-óO) 

c. 
G, 
P, absolute stati~: pressure of a gas al base conditiom,, in pounds force per ~quan:: 

inch abs0lute 
P¡

1 
;:; absolutc static prcssurc of u gns at the upstream lnp, in pounds force pcr squarc 

inch absolute. 
Tr ab!)olute temptTJLure of <t ga~ at ba~e condiliom., in dt:gree.s Rankine. 
T¡ = .absolu~e temperature of a ftowing gas, in dcgrccs Rankine. 

Z¡,." = ·compre~"ihil!ry of air at ha"c condit1on" (P~:. 1i,). 
ZJJ,..., compressJbihty of n gas at base conditions (P1 .. T,). 

211 = compressibility of a gas at ftowing conditions (!j
1

, T¡). 
Z1.,. compressi~ility of a1r at standard ¡;undilions (~. T,). 
z.,." compressibihry of a gas at standard conditions (~. J:). 

P~: = densny of a ga.<; at base conditions (Pb,r¡,, and 2 11), in pounds mass pcr cuhic foot. 
p, density of a gas :u sw.ndard conditions (P,, T,. and 2,). m pounds mass percubic foot. 

p,.p
1 

= density of a gas at upstream fiowing conditions (P¡
1

, T¡, and 211), in pounds mass 
pe1 cubic foot 

The density equauuns for sL.andard conditions ba!)ed on the real gas relative density (~pt:<.:ifi¡; 
gravuy) developed above 1equire standard conditiom. HS the dcsignated reference base con
daions for Gr and incorporatc z •• , at 14.73 pounds force pcr squarc inch absolutc and 
519.67°R in their numenc constants. 

Copvr¡gh<;. bv tfle AI-'EPICAN PETROC.EUM INSTíTUTC:: (AP:) 
Tue Oct 08 l4:li:l8 !99>:> 

• 



API HPHS*l4·3·3 92 .. 0?32290 05038?2 ?89 .. 

APPENDIX 3-A-ADJUSTMENTS FOR INSTRUMENT CALIBRATION 

3-A.1 Scope 
This appendix provides equations and procedures for adjusting and correeting lield mea

surement calibrations of secondary irstrumcnts. 

3-A.2 General 
Field practices for secondary instrument calibrations and calibration standard applica· 

tions con tribute to the overall uncertainty of ftow measurement. 
Calibration standards for differential pressure and static pressure instruments are often 

used in the field withoutlocol gravitstional force adjusttnent or correetion of the values in
dicated by the calibrating standards. For example, it is common to use water column 
manometers to calibra te d:.tferential pressure instruments without making field corrections 
to the manomtter rendings for changes in water density. The manometer readings are af
fected by local gravitstional effccts, water temperatures, and the use of other than distillcd 
water. 

Pressure devices that employ weights are also used to calibrate differential pres~ure in
struments without corrcction for the local gravitational force. Similar! y, deadweight testers 
are used to calibrate static pressLre mensuring equipment without correction for the local 
gravitational force. It is usually more convenient and accurare to incorpomte these adjust
ments in the fiow computation than for the person calibratmg the instrument to apply these 
small corrections during rhe calibration process. Therefore, adrlitional factors are added to 
rhe fiow equation for the purpm:c of including thc appropriate caJibration standard correc
tions in the fl.ow computation either by the flow calculation procedure in the officc or by thc 
meter technician in the field. 

Six factors are provided thl:it may be used individually or in combination, depending on 
the cnlibrntion de vice nnd thc calibration procedure used: 

F;.,. Correction for a ir over the water in thc water manometer during the diffcrcnüal in
strument calibration. 

F.,1 Local gravitational correction for the water column caJibrdtion standard. 
F .. , Water dcnsity corT"ection (tempe:-ature or composition) for the water colunm calibra-

tion standard. 
F;-..1 Local gravitational correC":tion for the deadweighr tester static pressure standard. 

Fit¡¡"' Manometer factor ~correction for the gas column in mercury manometers). 
F11 , M~rcury ma,lometer temperature tactor (span correction for insoumenttempt!rature 

chilllge nfter cnlibration). 

Thest: fac.:tors expnnd rhc ba!Je volume flow equation to the following: 

(3-A-1) 

All of the now foctors that are pcrtmcnt to gas fiow and are defined in this standard are 
included in Equation 3-A-l. Son1e of the factors are not npphcable to all mcnsurcmcnt sys
tems ami may therdure be considered equal to 1 or ignored, as preferred by the user. For 
other apphcations, panicularly those involving mass llow calculation, specific factors may 
be includcd in the selected e~uation as appropriate for the system, the calibration of Lhe in· 
strumenration. and particular opcrating proccdurcs. 

3-A.3 Symbols, Unlts, and Terminology 
3-A.3.1 GENERAL 

The symbols and units uscd are spccific to th1s append1x and were developed based on 
the customary inch-pound system of unilS. Regular convcrsion factors can be used where 
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applicable; however, if SI urnts are used, the more genenc equations in Part 1 should be 
used for consistent results. 

3-A.3.2 SYMBOLS AND UNITS 
Symbol Descriptlon Unhs/Value 

Of Temperarure, in degroes Fahrenheit 
•R Temperaturc, in degrees Rnnkine 
FM, Correction for air over the water in the water 

manometer 
Fh,,., Manometer factor 

F.,, Mercury manometer temperature factor 

F,wi Local gravitational Clm·ection for deadweight 
tes ter 

F., Local gravitational correction for water column 
F., Water density correction 
g, Local acceleration dae to gravity ft/sec2 

g. Accclcration of gruvity used to cnlibmte 
weights or deadweight calibrator ft/sec• 

G, Ideal gas relative density (specific gravity) 
G, Real gas relative dF.nsity (specific gravity) 

huu Differential prcssure above atmospheric inches of water column at 60°F 
H Elevation nbove sea l~vel ft 
L Latitude on earth 's surface degrees 

Mr Molar mass of gas lbm/lb-mol 
MrQJr Molar mass of air 28.9625 lbm/lb-mol 

p Absolutc gas prcssurc lbf/in' (abs) 
P,.,., Locn.l atmospheric pressure lbflin' (nbs) 

P, Base pressure lbf/in' (abs) 
P¡ Absolute pressure of Oowing gas lbf/in' (abs) 

Q,' Volume ftow rate at standard condttions 
modified for mstrume.nt calibmtion 
adjustments fr'/hr 

R Universal gas com.~nt 1545.35 (lbf-fl)/(!1>-mol-•R) 
T Absolute gas temperature OR 
1¡ Base temperature "R 
T¡ Absolute temperature of a flowmg gas OR 

I;,,n Mercury ambient temperature OR 

T,m~ Gas ambtent tt:mperature OR 

z Compressibihty of a gas at T and P 
z, Compressthiltty of a ras at standard 

conditions (G .. Pv, and T11 ) 

Z,. Compress1bility of a ir at Par, _,_ h,.Yl and 
519.67"R 

Z.,~.,., Compres'ilhility of air at /~,, and 519.67°R 
zb., Comprcsstbihty of au at 14 73 psm and 

5!9.67•R 0.999590 
z, Compressibilny of gas at ftowmg condilions 

(G,. P¡. and T¡'> 
Po Density of air at pres.c;ure above atmospheric lbm/ft3 

pd,.,, Dcns.iry of atmospheric air lbm/ft' 
p, Derisity of gas or vapor in the differential 

pressure instrument lbm/ft' 
p¡,, Density of metcury in the dtfferential pressure 

insttument lbm/ft' 
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p. 

Density of mercury in !he differential pressure 
instrument 81 the time of its calibration lbmfft' 
Density of men:ury in lhe differential pressure 
instrument at !he mexury gauge operating 
conditions lbm/ft' 
Density of water in !he manometer 81 other 
than 60•F lbmfft' 

3-A.4 Water Manometer Gas Leg Correctlon Factor (F.m) 
The factor F_, corrects for the gas leg overwatcr when a watcrmanometer is used to cal

ibmte a different.J.al pressurt mstrument: 

F..=~p.-p, 
P. 

(3-A-2) 

When atmospheric air is used as the mediwn to pressure both the differential pressure in
strument and the water U-tube ra.anometer during calibration, the density of air at atmos
pheric pressure and 60°F must be calculated using the following equation: 

MrG,P 
p = -

RZT 
(3-A-3) 

Substituting local atmospheic pressure (P_) for absolute pressure (P), 519.67°R (60°F) for 
the absolute tempernture (1), 28.9625 for Mr.;,.. 1.0 for the ideal relative density (specific 
gravity) of air (G,), and 1545.35 for the universal gas constan! (R) providcs !he following 
relationship: 

= 

(28. 9625)(1.0)P,~ 

1545.35 z (519.67) 
144 ._ 

P.~ 
192.5562._ 

(3-A-4) 

The local armospheric pressure may be calculated using an equation published in the Smith
snnian Meteorologtcal Table:;: 

/~,. = 14_54 [55096 - (Elevation, ft - 361)] 
55096 + (Elevation, ft - 361) 

(3-A-5) 

The density of nir at any givcn differential pressure (h. 0 ) above aonospheric pres:,ure can 
then be represented by the following: 

D ~ ,_,., + 
27.707 (3-A-6) 

192.477 Z, 

The dcnsity of water can be obtdtned from Table 3-A-1 or calculated from the following 
Wegenbreth density equation: 

P. = 0.0624280[999.8>95639 + 0.067982999897;, - 0.009!06025564T_' 

+ 0.000l005272999T.' - 0.000001126713526T.' 

+ 0.000000006591795606T;J 

Where: 

G, = ideal gas rclative densily (specific gravity). 
11, .. , = differential pressure above atmospheric, in inch.es of water at 60°F. 
Mr = molar mass of a gas, in pounds mass per pound-mole. 
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Table 3-A-1-Water Denslty Basad on 
Wegenbreth Equation 

Tc:mpen~.ture Dcmny ~ Dcnsily 
("F) (lbm/ft') ("F) Obml!l'l 

45 62.4212 63 62.3490 
46 62.4193 64 62.3427 
47 62.4172 65 62.3363 
48 62.4148 66 62.3297 
49 62.4121 67 62.3228 
50 624092 68 62.3157 
51 624060 69 62.3085 
52 62.4026 70 62.3010 
53 623980 71 62.2934 
54 62.3949 72 62.2835 
55 623908 73 62.2775 
56 62.3863 74 62.2692 
57 62.3817 75 62.2608 
58 62.3768 76 62.2522 
59 62.3717 77 62.2434 
60 62.3663 78 62.2344 
61 62.3608 79 62.2252 
62 62.3550 80 62.2159 

P = absolutc gas prcssure, in pounds force ~r square inch absolute. 
P.u,., ;::; local ntmospheric pressure, in pounds force per square inch absolute. 

R = universal gas constant 
= 1545.35 (lbf-ft)/(Jbmd-0 R). 

T = absolute gas temperaturc, in degrees Rankine: 
T = temperature of water, in degrees Celsius. 
Z = compressibility of a gas at P and T. 

Z" = compressibility of air at P..,"' + h..,. and 519.67QR. 
Za.- = compressibihty of a1r at f!t 111 and 519.67~. 

p = denstty of a gas, in pounds mnss per cubic foot. 
Pa = density of air at pressure above atmospheric, in pounds mass per cubic foot. 

P111, 1 = densiry of atrnospheric a.ir, in pounds mass per cubic foot. 
p.., = density of water in a manometer at a temperature other than 60°F, in pounds 

mass per cuhic foot. 

3-A.S Water Manometer Temperature Correction Factor <Fwtl 
The factor F .. 1 corrects for variations in the density of water u.<r¡ed in the manometcr whcn 

the water 1S ata remperature other than 60°F. Thc F..., corrcctton factor should be included 
in thc ftow mensurement computaLion when a differential instrumcnt is calibrated with 8 

water manometer. 

F.,, = P. (3-A-8) 
62.3663 

Where. 

p .. = densny ot water m a manomctcr 81 8 tcmperature other thon 600F. in pounds mass 
per cubtc foot. 

3-A.6 local Gravltational Correctlon Factor for 
Water Manometers (Fw~) 

Thc factor F," corrccts thc weight of the manometer fluid for the local gravitational force. 
The effect on the quantiry is the square root of the ratio of the local gravitatiOnal force to 
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the standard gravital!onal force used in the equation derivations. This relationship is ex· 
pressed as follows: 

(3-A-9) 

Where: 

g1 = local acceleration dueto gravity, in feet per second per second. 

The local value of gravity at any location may be obtained from a U.S. Coast and Geo
detic Survey reference to aeronnutical data or from tbeSmithsonian Meteorologica/ Tables. 
Using Equation E 11 from the 1985 edition of ANSI/API 2530 and the 45°-1atitudc-at-sea· 
level reference value, approximate values of g1 may be obtained from the following curve
fit equation covering latitudes from 0° to 90°: 

g1 = 0.0328095[978.01855 - 0.0028247L + 0.0020299L' 

- 0.000015058L' - 0.000094H] (3-A-10) 

Where: 

L = latitude, in degrees. 
H = elevation, in feet above seu level. 

3-A.7 Local Gravltatlonal Correction Factor for Deadweight 
Calibrators Used to Callbrate Differential and Static 
Pressure lnstruments (lj;w~) 

The factor Tp.. 1 is u sed to correct for the effect of local gmvity on the weights of a dead
weight calibmtor. Thc calibrator weights are usually sized for use ata standard gravitational 
force or at sorne specified gravitational force. A correction factor must then be applied to 
correct the calibrations to the local gravitational force: ""-

(3-A-11) 

Where: 

g1 = acceleration duc tC' Local gravitational force, in feet per second per second. 
Ca = acceleratton of graviry used to cnlibrate thc weights of a deadweight calibrator, in 

feet per secoml per second. 

When a dcadwetghr calib:ator is used for the differential pressure and the static pressure, 
both must be correctcd for local gravity. This involve.s usmg F,.. 1 twice. 

3-A.B Correction for Gas Column in Mercury 
Manometer lnstruments (Fhgm) 

The factor F.,.., corrccts forthc ga.s or vapor leg of fluid at static pressure and the temper
ature of the manomcter ~r other instrument. Mercury U-tube manometers and mercury
manometer-type diffcrential pressure instruments are somettmes used to measurc h..,. The 
manometer factor F~x"' is addt:d to the Oow equation to correct for the effect of the gas col
umn abovc thc mercury during flow measurements: 

F.,.= ~ (3-A-12) 

Where: 

p,~ = density of mercury in the diffcrential pressure instrument, in pounds mass per cu
bic foot. The effecr. of atrnospheric air (usually defined as the weight in t.'acuo of 

25 

------------~~~---------------------------------
Copvrig~t or tMe AMERICAN PETROLEUM INSTITUTE (AP!l 
Tue Oc:~ 06 14:17: !S jQ<k, 



API MPMS*l4.3.3 ~?. .. 07322~0 05360&5 5Sb .. 

Date ollssue: March 1994 
Affected Publication: API Chapter 14 "Natural Gas Fluids Measurement." Section 3, "Concentnc. Square-Edged 
Orifice Mctcrs." Part 3, .. Natural Gas Applicaúons" of the Manual of Petroleum Measurement Srandards, Third Edition, 
August 1992 

ERRATA 

011 page 25. Equatirm 3-A-10 shnu.ld read as follows: 

g, = 0.0328096[978.01855 - 0.0028247 L + 0.0020299L' 

- 0.0000150851.' - 0.000094H] 

On page 33, Equalion 3-B-9 shou.ld read as follows: 

F = 
" 

0.0005! 1( I.OJO.OOO,B)"' 
Reu 

(3-A-10) 

+ [0.0110 + 0.0049( 19•000,6)08 ],6'( !.OOO,OOO)o" (3-B-91 
~ ReD \ Rev 

On page 56, thc sccmzd equat1or.. undcr 3-C.3.1.7 should rcad asfoltows: 

= (0.01 14541¡( Q, 04·73)(0.S 701 ) 
(0.0000069)(8.07085 )(51 9.6 7)(0.999590) 

3 32.!.!6Q 

On page 57. Equatwn J-6h should read as follows: 

Q, = 
' . P. z h 

7709.61C(FfiE l:d· '~ ' ... , CZ T 
\ ' ' ' 

- 7709.61(0.601(1 03160¡(0.998383)(3.99989)' 

' (370 0)(0 997971 )( 50.0) 
\ (0.570)10.951308)(524.67) 

61-.i. u:= 3 cubzc lcct pcr hour at standarJ condlf10n.s 

Or1 pa¡:;r 57. ti¡!' Sf'CI>nd muat/On m 3 -6b shuuld rc·wl a.!> foiltm·s. 

R(
0 

= _":;_.32446Q 

.3.32446( 6 j ...;_ 033 j 

= ~- ().41. 3 28 ( mllt.il e!>timalt.: of Rcynolos numbcr) 
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!he mercury sample at !he base pressure and temperature defined for the flow mea
surement) is excluded. 

p
1 

= density of the gas or vapor in thP- differential pressure instrument, in pounds mass~-
per cubic foot. The effect of atmospheric air ( usuall y defmed as weight in vacuo 
of the Huid sample at the ftowing pressure existing at the orifice meter during the 
ftow measurement and at the temperature existing at the diffe.rential pressurc in
strument during the ftow measurement) is excluded. 

The density of mercury at ambient temperature T.,.. in degrees Rankine. may be calcu
lated from the following equation: 

p,, = ~46.324[1.0 - O.OOOIOI(T,.,. - 519.67)] (3-A-13) 

The density of a gas at ambient tcmperature rnay be calculnted using the following equa-
tion: 

P, 
Mr,rrZbG,lf 

Z4.RZ/T.~~4-
(3-A-14) 

For standard conditions of 

F, = P. 
14.73 lbf 1 in' (abs) 

T, = T, 
519.67"R (60"F) 

z,_ = z,_. 
= 0.999590 

Then 

P, = 2.69992 P, Z,G, 
z,r,.,._ (3-A-15) 

Where: 

G, = real gas relatlve density (specific gravity). 
M1~" = molar mass of atr 

28.9625 pounds mass per pound-mole. 
P¡ = absolute pressure of a fiowing gas, in pounds torce per square inch abo;olute 
R :;;; umvcral gao; constant 

= 1545.35 (lbf-ft)l(lbmoi-"R). 
T¡ ~ absolutc tcmperature of a flowing gas, in degret!s Rank.ine. 

T,n," ga~ arnbienl ll.:rnpemlure, in úegrces Rankine. 
T¡,10 :;;;, mercury amh1ent temperature, in degrcc.'i Rankinc. 

Zb = comprcssJbihty of a ga.-; at G, T¡,, and Pt. 
zb ... = comp¡es.-;ibility of air at 519.67°R and 14.73 pounds force per square inch ab

solute 
= 0.999590. 

Z1 = compresstbility ot a gas at flowmg conditions (G" 'If and P¡). 
z .. = comprcsstbllny of 11 gas at 519.67°R and 14.73 pounds force per square inch ab

solute. 

Tabular data for f'.,8 , are gl\'en in Table 3-A-2. 
Correction.for a hquid Jeg over the mercury can al so be madc íf the liquid dcns1ty ts sub

stituted for p, in Equauon 3-A-12.lf the mercury differential pressure mstrument is cali
brated using a warer column ora weight calibrator, the F •. , and F,... factors are also needed. 
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Tabla 3-A-2-Mercury Manomater Factors (F,..J 

Real Gas Ambient Static Pn:ssure (pounds force per squan: inch ¡auge) 
Rclative Tempenuure 
Density ("F) o 500 1000 1500 2000 2500 3000 

0.550 o 1.0030 1.0019 11l006 0.9990 0.9973 0.9960 0.99!11 
0.600 o 1.0030 1.0018 1.0002 0.9982 0.9962 0.9949 0.~ 

0.650 o 1.0030 1.0017 09997 0.9971 0.9950 0.9938 0.9930 
0.700 o 1.0030 1.001!5 0.9991 0.9957 0.9937 0.9926 0.9920 
0.750 o 1.0030 1.0014 0.998-C 0.9940 0.9923 0.9913 0.9910 
0.550 20 1 01)2¡) 1.0010 0.9997 0.9983 0.9969 0.9956 0.9947 
0.600 20 l.G020 1.0009 0.99'M 0.9977 0.9959 0.9946 0.9937 
0.650 20 1.1)020 1.0008 0.9990 0.9968 0.9'M9 0.9936 0.9927 
0.700 20 1.002L 1.0007 0.9985 0.9957 0.9936 0.9924 0.9917 
0.750 20 1.0020 1.0005 0.9980 0.9944 0.9924 0.9912 0.9907 
0.550 40 l.IX:lU 1.0000 0.9989 0.9977 0.9964 0.9952 0.9942 
0.600 40 1.0010 0.9999 0.9986 0.9972 0.9956 0.9943 0.9933 
0.650 40 1.0010 0.9998 0.9983 09965 0.9947 0.9933 0.9923 
0.700 40 1.0010 0.9997 0.9980 0.9957 0.9936 0.9922 0.9913 
0.750 40 1.0010 0.9996 0.9975 0.9947 0.9925 0.9912 0.9903 
0.550 60 1.0000 0.9991 0.9980 0.9969 0.9957 0.9'M6 0.9936 
0.600 60 1.0000 0.9990 0.9978 0.9965 0.9951 0.9938 0.9928 
0.650 60 10000 0.9989 0.9975 0.9959 0.9943 0.9929 0.9919 
0.700 60 1.0000 0.9988 0.9972 0.9953 0.9933 0.9919 0.9909 
0.750 60 1.0000 0.9987 0.9968 0.9944 0.9923 0.9909 0.9900 
0.550 80 0.9990 0.9981 0.9971 0.9961 0.9950 0.9940 0.9931 
0.600 80 0.9990 0.9980 0.9969 0.9957 0.9945 0.9933 0.9923 
0.650 80 Q_f'l9'}0 0.9979 0.9967 0.9953 0.9938 0.9925 0.9915 
0.700 80 0.9990 0.9978 0.9964 0.9948 0.9930 0.9916 0.9905 
0.750 80 0.9990 0.9977 0.9961 0.9941 0.9921 0.9906 0.9896 
0.550 100 0.9980 0.9972 0.9962 0.9953 0.9943 0.9933 0.9925 

' 
0.600 100 0.99t,;O 0.9971 0.9960 0.9949 0.9938 0.9926 0.9917 
0.650 100 0.9980 0.9970 0.9958 0.9945 0.9932 0.9919 0.9909 
0.700 100 0.99&0 0.9969 0.9956 09941 0.9925 0.9912 0.9901 
0.750 100 0.~980 0.9968 0.9953 0.9935 0.9917 0.9903 0.9892 
0.550 120 1.1.~70 0.9962 0.9953 0.9944 0.9935 0.9926 0.9918 
0.600 120 0.9970 0.9961 0.9951 0.9941 0.9930 0.9920 0.991! 
0.650 120 o.mo 0.9960 0.9949 0.9937 0.9925 0.9914 09904 
0.700 120 0.9970 0.9959 0.9947 09933 0.9920 0.9907 0.9896 
0.750 120 0.9970 0.9958 0.9945 0.9929 0.9913 0.9899 0.9888 

Note: This t.able IS for use wi1h m.:r-:ury-1ype ~cnrdmg gauges lhat havc gas 10 comact wlth the mercwy surface. 

A.9 Mercury Manometer lnstrument Temperatura Factor (F,g1) 

The facror F;,_~, corrects for the change in mercwy density in the mercury differential pres-
sure instrument duc to tcmpcrat Jre change from the time of instrument calibration. The 
mercury manomcter temperature factor is introduccd to corrcct for the error in differential 
ptessure reading caused by 1.:hange in mercury temperarure and the associated change in 
the density of mercury afler calitration of the instrument. The factor is defined by the fol-
lowing cquation: 

F,.., = ~ (3-A-16) 
~ P,.~ 

Where· 

P ... = density of the mercury in the differcntial prcssure instrument. in pounds mass per 
cubic foot, at the mercury gauge operating condlttons. The effect of atmosphenc 
a ir (usually defined as the weight m vacuo of the mercury sample at the prcssurc 
foT thc How measurc::ment and the temperarure of the mercury gauge) is excluded. 

~ p,, = density of thc mcn:ury in thc diffc::rential prc:ssure instrument. in pounds mass per 
' cubic foot. at the time of its calibration. The cffcct of atmosphc::ric air (usually 
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defined as the weight in vacuo of the mercury sample at a pressure of 1 atmos
phere and the temperature of the mercury gauge) is excluded. 

The mercury manometer t~mperature factor applies only to mercury-manometer-type 
gauges.without interna! temperature compc:nsation when such gauges are used at opernring 
temperatures different from the temperaturc of calibration. 
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APPENDIX 3-B-FACTORS APPROACH 

3-8.1 lntroductlon 
The factors approach can provide answcrs identical to those dcvcloped in this pan of 

Chapter 14, Section 3. The user is cautioned that whLn the t11blu in this appendix éti u.ud. 
the values are only preciu for the variables staud. For diffcrcnt dimensions or mher input 
parameters, the true value can only be developed from computation. 

3-8.2 Symbols, Unlts, and Tennlnology 
3-8.2.1 GENERAL 

Sorne oftbe symbols and units listed below are specific to this appendix and were devel
oped based on the customary inch-pound system of units. Regular conversion factors can 
be used where applicable; however, if SI units are used, the more generic equations in Pan 
1 should be used for consis.:ent results. 

3-8.2.2 SYMBOLS ANO UNITS 

Symbol Descript10n 

e· Composite orifice fl.>w factor 

c.<Fn Orifice plate coefficient of discharge 
d Orifice plate bore diameter calculated·8.t 

ftowing temperature, 7J 
D Meter tu be intemal diameter calculated at 

flowing tcmperatlL.""e,1¡ 
e Napierian constant 

E, Velociry of approach factor 
•F Temperature, in degrees Fahrenheit 
•R Absolute temperarurc, in degrees Rankine 
F; Orifice calculauon factor 
F.' 
' 

Orifice calculation factor for D < 2.8 
F,, Real gas rclativc density factor 

F. 
" 

Numeric conversiou factor (see Table 3·B-2) 
F, Base pressure facmr 
F,. Supcrcomprcssibility factor 
F,, Orifice slopc factor 
F. Base temperature factor 
F,¡ flowing temperature factor 
G, Real ga::. rclative density (specific gravity) 

"· Orificc rliffcrcntial pressure 
P, Absolute base pressure 

Fj, Absolute fiowing pressure (upstream tap) 
P, Standard pressure 

Ren P1pe Reynolds number 
Q, Volume flow rate pcr hour at base conditions 
Q, Volume flow rate per hour aL standard 

conditions of z •. Tb, and Pb 
T, Absolutc base temperature 
T¡ Absolute fiowing temperature 
Ts ~~Standnrd temperntu~ 
y Expansion factor 
Y, Expansion factor (upstream tap) 

29 

Units/Value 

in 

in 
2. 71828 

•F 
•R 

mches of water column aL 60°F 
lbf/in' (abs) 
lbf/m' (abs) 
14.73 lbf/in' (abs) 

ft'lhr 

ft'lhr 
OR 
OR 
519.67°R 
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Y, Expansion factor (downstrearn tap) 
z, Compressibility at base conditions (P,. T,J 
z1, Compressibility at upstream fiowing 

condition• (1',,. T¡) 
Z, Compressibility al standard conditions 

(P.. T,) 
{J Diameter ratio (d/D) 

3-8.3 Equatlons for Volume Flow Rate of Natural Gas 
In the measwernent of natural gas, the general practice is to state the flow in cubic feet 

per hour at sorne specified standard or base conditions of pressure and temperature u~Sing 
the real gas relative density. For !he pliiJJOSe of thls appendix, the following standard or base 
conditions are assumed: 

G,_ = 1.00000 (exactly) 
pb ::;; P, 

14.73 pounds force per square inch absolute 
T11 ; 1"s 

519.67°R 
T¡ = 519.67°R 

Z11 = Zs 

The volwnetric flow rate equation, Equation 3·6a. can be expressed in the historically 
more familiar format through the inclusion of calculation factors. These factors (ratios) are · 
fonned to allow the vanous terms in Equation 3-6a to be calculated individually. 

The factors are derived from combining Equation·3-6a with four nwneric ratios,:each 
having a valuc of 1.00000 (exact1y). These ratios are 14.73/14.73, 519.67/519.67, 
(519.67/519.67)", and 1/1. One half of each ratio is combined with P,,7¡, T¡. and G., re
spectively, to form the F,b• F;b, F,1, and F,r factors. The other half of each ratio is combined 
with thc numeric constant in Equation 3-6a to fonn the numeric conversion factor,~
Therefare, starting with Equation 3-6a, 

7:/P.ZZh 
Q = 218.573C (Fr)E Y.d' :t.. " ' '- " 

h d ~'R1GZT. 
b 1 r '/1 1 

(3-6a) 

Reformatting to incorporntc thc factor appro<1ch and standard conditions resu1ts in thc fol
lowing: 

Q ~ 218.573l' 519· 67 )~ 1 e (FrJE r:d'(~).Jo.999S9o 
• 14.73 519.67 ' • l 519.67 

X (14.73'¡.1(519.67)(_!_)( s_) ~ (3_8 _1) 
f' ·¡ T G ;¿; V " " b ./ \ 1 ' \ ,, 

NNe V<~.nat10ns m the ha~e cnmpre~~tbthty of dry au-, 2;., ... from the nlue grvcn at 14.73 pouñcb force pcr Bquan:: 
u1ch dO~olute anU 519 67°R (60"F) for base pressures oetwecn 14 4 and 15.025 pounds force per squRre inch Ab
solute at 519.67°R (60°F), are wJthm rhe baste uncertamlty ¡¡arement of the compreulbllty data detenninat1on. 
Thcrcfore, the value 0.999590 can be m~cd m thc dcvclopmcnl ofthc nwnenc constan! for the flow equotJOn 

Thus, Equatwn 3-B-1 can be stm'Jlitied to the foUowmg fonn: 

Q, = F. ( F, + F.,) YJ';. F~ F,¡ F,.F',. Pi"· (3-B-2) 

Or 

Q, (3-B-3) 

Where 

e· (3-B-4) 
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Where: 

e· = composite orifice flow factor. 
C,¡(FT) = coefficient of discharge for a llange-tapped orifico plate. 

d = orifice plate bore diametcr calculated at flowing tcmperature (T,J, in inches. 
E, = velocity of approach factor. 
F,. = orifice calculation factor. 
F; = orifice calculation factor for D < 2.8. 
F;,~ ::;;: real gas relative density factor. 
Fn = numcric conversion factor (see Table 3~B~). 

Fpb = base pressure factor. 
F,.~ = supercompressihility factor. 
F,1 = orifice slope factor. 
F,b = base temperature factor. 
F,, = ftowing temperature factor. 
G; = real gas relative density (specific gravity). 
hw = orifice differential pressure. in inches of water at 60°F. 
Pb = base pressure, in pounds force per square inch absolute. 
/f

1 
= absolute flowing pressure (upstream tap). in pounds force per square inch 

nbsolute. 
Qy = volume ftow rat'! at standard cond.itions of Zb. r •. and Pb. in cubic fcct p:r 

hour. 
T, = base temperature, in degrees Ranlcine. 
T¡ = absloutc fiowing temperature, in degrees Rankine. 
Y, = expansion factor (upstream tap). 
z, = compressibility at base conditions (P,, T.,). 
Z11 = compressibility at upstream fiowing conditions (lj

1
.7j). 

The contcnt of thc composite orifice flow factor C' is differcnt from what has br::en used 
in the past. The F,(f;; + F,,) product is n replacement for thc F. and F; factors previously u sed 
in e: Beca use of the form of the new discharge coefficient equation, the numeric constant 
(F,) has been separated, and F.. aod F,1 are trec.ted as combined additive terms. The composite 
orifice flow factor assumes that the measured values are absolute. Adjustment factors to 
compensatc for thc typc of im:trumcntation used, th.e calibrati•Jn methods, and the elements 
of meter location are treated separately in Appendix 3-A. When the instrumcnts are not cal
ibrated or read to absolllle values, adjustment factors may be applied as 11 multtplicr toe: 

3-8.4 Numeric Conversion Factor (F,;) 

The numeric conversion factor F;. (see Table 3-B-2) combines thc numeric element of 
Equation 3-B-1 with Lhe orifice diameter (d) and the velocity of approach factor (E,) Lo pro
vide the following equation: 

F,. (21 H.573)(L54761)E, d'~ Z._ 

= J38.265E,d'~z._, 
J38.265E, D'f3'~ Z,_ 

When standard conditions are substitutcd for base conditions, , 

ph;;: ~ 

Copvr¡gh~ Dv the AMERICAN PETROLEUM INSTITUTE (AP;) 
Tue Oc~ 08 1.4: l 7: lE ¡oqo 

= 14.73 pounds fon:e per square inch absolute 
'T¿,=~ 

= 519.67'R (60'F) 
zb~v = z .... ~ 

= 0.999590 

(3-B-5) 

31 

, __ .. ~ 
' 



32 

API MPMS*14.3.3 92 .. 0732290 0503883 Sb4 .. 

The numeric conversion factor, F.. reduces to the following: 

F. = 338.196E,d' (3-B-5a) ··-· 

Or 

F. = 338.196E,D'P' (3-B-5b) 

Where: 

d = orífice plate bore diameter calculated at flowing temperatun:, T¡, in inches. 
D = meter tu be interna! diameter calculated at fiowíng temperature, 7j, in inches. 
E~ = velocity of approach factor 

= 1/(1 - {J')". 
F, = numeric conversion factor. 
(3 = diameter ratio (d/D). 

For the purpose of the tabh:s in this appendix, the numenc conversion factor, F,, is 
specified at standard conditJons. The vclocity of approach factor is more fully described in 
3.4.4. 

3-8:5 Orlflce Calculatlnn Factor (F.) 
A modification of the basic form of the equation for the orifice plate coefficient of dis

charge in 3.4.3 resulted in the equation being divided into two parts. The first pan is the 
orífice calculation factor (E;). The second part is the slope factor (f;1). The orifice plate 
coefficient of discharge, C,(FT), is the sum ofF; (see Table 3-B-3) aod F, (see Table 3·fl·4): 

e, wn = F; + F,, (3-B-6) 

The sum ofF; and F;1 is applicable to nominal pipe sizes of 2 incbes and larger; diamett:r 
ratios ({J) of 0.1-0.75, provided the orifice pi ate bore diameter, d, is greatcr than 0.45 inch; 
and pipe Reynolds numbers (He0 ) greater than or equal to 4000. Por diameter ratlos and 
pipe Reynolds numbcrs outsidc the limits stated, refer to Po.rt 1, 1.12.4.1, and Pan 4. 

The orifice calculation factor (F;) for meter tu bes whose intemal diameter is greater than 
or equal to 2.8 inches is computed by the folluwing equation: 

F; = 0.5961 + 0.0291(3'- 0."1290(31 

+ ( 0.0433 + 0.07 12é'):, - 0.1 145é'"' )l-1- 0.2l 19
•
000

(3 )"]~ l Re0 l - (3 

- O.Ollór 2 - 0.52( 
2 )'"]{J"[I- O.li 19

•000fJJ"] (3-B-7) e D(l - {J) D(l- {J) l Re0 

Fur meter tu bes whos~: intemal diameter i~ les!:. than than 2.8 im:hes, F; is modified by an ad
ditional terrh such fhat 

F.' = F; + 0.003(1 - jl)(2.8 - D) (3-B-8) 

Whcre: 

d = orifice plate bore diameter calculated at flowing tempemture, 1f, in inches. 
D = meter tu be m tema! d1amctcr calculated at fiowmg tcmpcmturc, r¡. in inchcs 
e = Napicrian constnnt 

= 2.71828 
F;. = orifl¡;c calculatlun factor. 
Fe' - oriñce calculatJOn factor for D < 2.g. 

lle0 = p1pe Rcynolds number. 
/3 = dinmeter rntio 

= d/D. 

Copyright tl> the AMERICAN PETROLEUM lNSTITUTE (APi) 
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Equation 3-B-8 is only valid for tubes wbose intemal diameter is less Iban 2.8 inches. 
The inclusion of Reynolds numbcr in tbe calculation tenn (f,;) malees Ibis ftmction !bree

dimensional, including {3, D, and Re0 • The expnession can be simplified by assuming 
Reynolds number values for various meter tubes from Table 3-B-1. These assumed values 
can introduce an error greater Iban 0.01 percent for meter tu bes with nominal diameters of 
less Iban 3 inches and p ratios g¡eater than 0.6. The most pnecise values ane obtained by 
computing the orifice calcutation factor (F,;) using tbe actual Reynolds number. 

Toble 3-B-3 was developed using the approximate values for Re0 from Table 3-B-1. 
The assumed values for Rcynolds number may not be used to compute tbe orífice slope 

factor (F.). The value of F;1 can only be oblained through ileration. 

3-8.6 Slope Factor íF.1) 
The slope factor, F,, (see Table 3-B-4), is the slope term from the coefficient of discharge 

equation developed in 3.4.3. It is expnessed as follows: 

¡;;, = 

(3-B-9) 

Wherc: 

d = orifice plate bore diameter calculated at flowing tempemture. T,. in inches. 
D = meter tu be inte:nal diameter calculated at A.owing temperature, T¡, in inches. 
F,1 = slope factor for Jlange-tapped coefficient of discharge equation (see Table 

3-B-4). 
Re0 = pipe Reynolds number. 

fJ = diameter ratio 
= d/D. 

Since Re0 is a function of lhe flow cate (Q.,). F,1 can only be obtained through iteration. 
The values of Ren given 1r. Table 3-B-1 will not provide precise results but can be used as 
the first approxunation in an ircrative solution. Typically, three iterations of Q .. and ReD are 
rcquncd to providc an accuratc solution for F;1• 

As covered in 3.4.5, for most natural gases Equation 3-29 can be used to estimare ReD 
from Q" and D: 

Where: 

= 47.0723 Q"G, 
D 

(3-29) 

Q, = volumc ftow ratc at standard conditions (Zs, T,, and P,), in cubic feet pcr hour. 
D = meter tu be intemal dia.:neter calculated at ftowing temperature,Tj. in inches. 
G. = real gas relative density (specific gravity). 

Table 3-B-5 was developed using Equation 3-29. Table 3·8-4 provides values for F,1 

bascd on a normahzcd pipe Rcynolds numbcr (Re0 /I,()(KJ,OOO) and diameter ratio (p).lj 

3-8.7 Expansion Factor (Y) 

The expansion factor, Y, :.s a function of f3 ratio, the ratio of differential pressure to static 
prcssurc, and thc ratio of spccific hcats (also callcd the isentropic exponent, or thc ratio of 
specific bcat capaclty). Equations for the determinations of Y, and Y, are found in 3.4.6. Tab
ular values for Y, are fou'KI in Table 3-B-6. 

Copyr1ght b~ tne AMERICAN PETROLEUM !NSTITUTE {APJ) 
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3-8.8 Pressure Base Factor {F.,) 

The pressure base factor, F,.., i• applied to change the base pressure from 14.73 pounds 
force per square inch absolute and !S calculated bydividing 14.73 by the required (contmct) 
absolute base pressure (see Tab1e 3-B-7). Using this factor is equivalen! to substituting the 
contmct obsolute base pressure for P, in Equation 3-<ia: 

Where: 

14.73 
F,.. = (3-B-10) 

P, = contrae! absolute base pressure (see Table 3-B-7), in pounds force per square inch 
absolute. 

3-8.9 Temperatura Base Factor {F,b) 

The temperature base factor, F,., is applied wbere the base temperoture is other thon 60°F 
and is calculated by dividing the required (contract) base temperature in degrees Rankine 
by 519.67"R (see Table 3-B-8). The use ofthis factor is equivalen! to substituting the con
tract absolute base tcmperature for 7l, in Equation 3-6a: 

F. = .....!.._ 
,, 519.67 (3-B-11) 

Whcrc: 

Tto = contract absolute base temperarure. in degrees Rank.me. 

3-8.10 Flowing Temperatura Factor{F,1) 

The flowing tempcrature factor, F,1, is required to change from the ossumcd fiowing tcm
perarure of 60°F to the actual !'lowing temperarure, r,. F,1 is calculated by dividing S 19.67°R 
by the fiowing temperature in de-grees Rankine and tak.ing the ~quare root of the result (see 
Tablc 3-B-9). Thc u~c of th1s factor 1s equivalent to substituting the actual absolute fl.owing 
temperature for T, in Equation 3-6n: 

Where: 

F;, = pl9.67 
-¡; 

·¡¡ = flowrng temperature, in d~grees Rankine. 

3-8.11 Real Gas Rei<Jtive Density (Specific Gravity) 
Factor ( Fg,) 

(3-B-12) 

The real gas relat1ve dem1ty (specific grav1ty) factor, F,n is applied to change from a real 
gas rclntivc dcnsity of 1.0 to thc real ~as relative density ofthe tlowmg gas and is obtained 
as shown in Equation 3-B-13 (see Tablc 3-B-10). Thc use of thi.< factor is equivalent to sub
stituung the real gas rclat1ve denc;íty for G~ in Equation 3-6a: 

1' = {J: 
" \ G, 

Where: 

G, = real gils rclativc dcn."iity ( .. pecific gravity). 

Real gas re1ative density (specific gravity) is defined in 3.5.4.3. 

Copy.-¡gnt D• tr1e AMERICAN PETRO!..EU"'. !NSTITUTE IAPI) 
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3-8.12 Supercompresslblllty Factor (F,...) 

The supercompressibility factor, F,... may be calculated from the following equation: 

F. = ~ Z, (3-B-14) ,. z~ 

Wllere: 

z, = gas compressibility at base conditions (P., T,). 
z1, = gas comprcssibility at upstream flowing conditions (J},. T¡). 
The deve1opment of compressibility and supercompressibility is covered in 3.5.3.2 and 

3.5.3.3. 
Historically, the natural gas industry has uscd a tabular approach to compressibility for 

field applications wbere there is no ready access toa computcr. Table 3-B-11 has been in
cluded as a typicRI supercompressibility factor (F,..) table. lt is only applicable to a hydro
carbon gas with a specific gravity of 0.6 and no nitrogen or carbon dioxide. The rabie is 
provided as an example onl y and m ay not be interpolated; neither may values from the table 
be adjusted for diluent content. lt is typical of the tables that can be developed for Ote u ser 's 
s¡)ecitic application (gas quality, temperature range, and pressure range). 1be altemative is 
the direct cnlculntion ofF,.. fC'r the spccific measurement conditions using ~G.A. Transmis
sion Measurement Committee Repon No. 8. 

3-8.13 Tables 

The values of nllthe fnctors of C' as defined in Equnlion 3-B-4 are obtaincd from Equa
tions 3-B-5 through 3-B-14. Tabular data are included in this appendix as alternative means 
of detennining all factor va loes except for F¡rr.. values. The tables can also be used to check 
calculated values. The tables are only precise for the values listcó.. 

: 

Copyright by the AMERICAN PETROLEUM INSTITUTE (AP!) 
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Tabla 3-B-1-Assumed Reynolds Numbers ter 
Various Meter Tuba Sizes 

Nominal Tube 
Diamc:ler 
(·nches) 

2 
3 
4 
(, 

8 
!O 
12 
16 
20 ,. 
30 

Assumed 
Reynolth 

Number,Rf!p 

500,000 
7$0,003 

l,OOO,OOJ 
1500,000 
2.000,000 
2.500.000 
3,000,000 
4,000,000 
5,000,000 
6 000,000 
8.000.000 
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Table 3-B-2-Numeric Conversion Factor (F,;) 

F. 
338.196D'Jl' 

~1- p• 

Nominal Pipe Ilianwer 

2 Inches 3 Inches 4 ln<:hcs 
fJ 

Ratio 1.687 1.939 2.067 2.300 2.624 2.900 3.068 3.1~ 3.438 3.826 4.D26 

0.200 38.531 50.902 57.844 71.620 93.219 113.86 127.43 134.51 160.03 198.18 219.44 
0.220 46.639 61.614 70.017 86.692 112.84 137.82 154.25 162.82 193.70 239.89 265.63 
0.240 55.532 73.362 83.367 103.22 134.35 164.10 183.66 193.86 230.63 285.63 316.27 
0.260 65.214 86.152 97.902 121.22 157.77 192.71 215.69 227.66 270.85 335.43 371.41 
0.280 75.693 99.995 113.63 140.70 183.13 223.68 250.34 264.24 314.37 389.33 431.09 
0.300 86978 114.90 I:W.57 16167 210.43 257.02 287.67 303.63 361.23 447.37 495.36 
0.320 99.080 130.89 148.74 184.17 239.71 292.79 327.69 345.88 411.50 509.62 564.29 
0.340 112.02 147.98 168.16 208.21 271.00 331.01 370.47 391.04 465.22 576.15 637.96 
0.360 125.80 166.19 188.86 233.83 304.35 371.75 416.07 439.16 522.47 647.06 716.47 
0.380 140.46 185.55 210.86 261.08 339.81 415.06 464.54 490.32 583.34 72244 799.9<' 
0.400 156.01 206.10 234.21 289.99 m.44 461.02 !51.5.98 ,...,62 647.94 80244 888.!52 
0.420 172.49 227.87 258.95 320.62 417.31 509.72 570.48 602.15 716.38 887.20 982.38 
0.440 189.93 250.91 285.13 353.04 459.51 561.21; 628.17 663.04 788.83 976.92 1.081.7 
0.460 208.38 275.29 312.83 387.34 50415 615.78 689.20 727.45 865.45 1,071.8 1,186.8 
0.480 227.89 301.06 342.12 423.60 551.34 673.43 753.71 795.55 946.47 1.1722 1,297.9 
0.500 248.52 328.31 373.08 461.93 601.24 734.38 821.93 867.55 1,032.1 1,278.2 1.415.4 
0.!520 270.33 357.12 40.5.83 502.48 654.02 798.84 894.07 943.70 1,122.7 1,390.4 1.539.6 
0.540 293.42 387.62 440.49 545.39 709.87 867.06 97043 1,024.3 1.218.6 1,509.2 1,671.1 
0.560 317.87 419.93 477.21 590.85 769.05 939.33 1,051.3 1,109.7 1,320.2 1,635.0 1,810.4 
0.580 343.82 454.21 516.16 639.09 831.82 1,016.0 1,137.1 1,200.3 1,428.0 1,768.5 1,958.2 
0.600 371.40 490.64 557.56 690.35 898.54 1.097.5 1.228.4 1,296.5 l.s-42 . .5 1.910.3 2,115.2 
0.620 400.78 529.45 601.66 744.95 969.62 1,1843 1,325.5 1,399.1 1.664.5 2,061.4 2.282.5 
0.640 432.1.5 .570.90 648.77 803.27 1,045.5 1,277.0 1.429.3 1.508.6 1,794.8 2,222.8 2,461.2 
0.660 46.5.78 61.5.32 699.24 86.5.TI 1,126.9 1.376.4 1.540.5 1,626.0 1,934 . .5 2,395.7 2,652.7 
0.680 50194 663.10 7.53.54 932.99 1,214.4 1.483.3 1,660.1 1,7.52.2 2,084 7 2..581.7 2,8.58.7. 
0.700 541.02 714.73 812.21 1.005.6 1.308.9 1.598.8 1.789.4 1,888.7 2.247.0 2,7R2.R 3,081.3 
0.720 .583.48 770.82. 875.95 1.084.6 1,411.6 1,724.2 1.929.8 2.036.9 2,423.3 3.001.1 3,323.1 
0.740 629.90 832.14 94.5.63 1.170.8 1.523.9 l.H61.4 2.083.3 2,198.9 2,616.1 3.239.9 3.587.5 

Note: This lable was deveioped for lnfonnational purposes only and is specific tO the following condition&: T1 • 68"F; G, = 0.6; p. = 0.000069; k "" 1.3; P. 
= 14.73; Rnd T. = 519.67°R. 

: 
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Tabla 3-B-2-(Contlnued) 

F. - 338.196D1P1 

~1 - p• 

Nominal Pipe Diamcter 

6lnches 8Inches IOlncbe$ 12lnchos 

fJ 
R.B1io 4.897 5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 10.036 ll.374 11.938 12.090 

0.200 324.67 364.26 449.34 498.01 787.15 862.36 881.92 -1-.237.9 1.359.3 1.363.6 1,751.5 1,929.5 1,978.9 
0.220 392.99 440.92 543.90 602.82 952.80 1,043.8 1,()67.5 1,498.4 1.645.4 1.650.6 2.120.1 2.335.5 2.395.4 
0.240 467.92 524.98 647.60 717.75 1,134.5 1,242.9 1,271.1 1,784.1 1.959.1 1,965.3 2.524.3 2.780.8 2.852.1 
0.260 549.50 616.51 760.51 842.89 1.332.3 1,459.6 1,492.7 2.095.1 2.300.6 2.308.0 2,964.4 3,265.7 3_349.4 
0.280 637.80 715.58 882.71 978.33 1.546.3 1,694.1 1,732.5 2.431.8 2,670.3 2,678.8 3,440.7 3,790.4 3,887.6 
0300 732.89 822.26 1,014.3 1,124.2 1,776.9 1,946.7 1.990.8 2.794.3 3,068.4 3,078.2 3,9!53.7 4.355.5 4,467.1 
0320 834.87 936.68 1,155.5 1,280.6 2.024.1 2.217.5 2.267.8 3,183.1 3.495.4 3.506.5 4.503.8 4,961.6 5,088.7 
0.340 943.86 1.059.0 1,306.3 1,447.8 2.288.4 2.507.0 2.563.9 3.598.7 3,951.7 3,964.3 5.091.8 5.609.3 5,753.1 
0.360 1,060.0 1.189.3 1,467.1 1,626.0 2.570.0 2,815.6 2,379.4 4,041.6 4.438.0 4.452.2 5.718.4 6.299.6 6.461.1 
0.380 1,183.5 1,327.8 1,638.0 1,815.4 2.869.4 3,143.6 3,214.9 4.512.4 4,955.0 4,970.9 6,384.7 7.033.6 7.213.8 
0.400 1.314.6 1,474.9 1,819.3 2.016.4 3,187.{ 3,491.7 3.570.9 5,012.1 5.503.7 5.521.3 7,091.6 7,812.4 8,012.6 
0.420 1,453.4 1,630.7 2,011.5 2.229.4 3.523.8 3,860.5 3.948.1 5.541.5 6,085.1 6,104.5 7,840.8 8,637.6 8.859.0 
0.440 1,600.4 1,795.6 2,215.0 2.454.9 3.880.2 4,250.9 4.347.3- 6,101.9 6,700.5 6,721.9 8,633.7 9.Sll.l 9,754.9 
0.460 1.755.9 1.970.0 2,430.1 2.693.4 4_2!7.1 4,663.9 4,769.6 6.694.7 7.351.3 7,37.C.8 9,472.4 10.435.0 10,702.5 
0.480 1.920.2 2.154.4 2.657.6 2.945.5 4.651.6 5.100.5 5.216.2 7.321.4 8.039.5 8.065.2 10.359.1 ll,4ll.9 ll,704.4 
0.500 2.094.0 2,349.4 2,898.1 3,212.1 5,076.9 5.562.1 5,688.2 7,984.0 8.767.2 8,795.2 11.296.6 12.444.8 12.763.7 
0.520 2,277.8 2,555.6 3.152.5 3,494.0 5.522.6 6,050.3 6.187.5 8,684.8 9.536.7 9.567.2 12.288.2 13.537.1 13.884.0 
0.540 2,472.4 2,773.9 3.421.8 3,7924 5.994.2 6.567.0 6,716.0 9.426.5 10.351.1 10.384.2 13,337.6 14,693.2 1S,D69.7 
0.560 2,678.5 3,005.1 3,707.0 4,108.5 6,493.9. 7,114.4 7.275.8 10.212.3 ll,214.0 11,249.8 14,449.4 15,918.0 16.325.9 
0.580 2.897.1 3.250.4 4.009.6 4,443.9 7,D24.0 7,695.2 7.869.7 11,045.9 12.129.4 12,168.1 15,628.9 17.217.3 17,658.6 
0.600 3,129.5 3,511.1 4.331.2 4.800.4 7.587.4 8.312.4 8.500.9 11.931.9 13.102.3 13.144.2 16.882.5 18.598.4 19.075.0 

' 
0.620 3,377.0 3.788.8 4,673.8 5,180.0 8,187.5 8,969.9 9,173.3 12,875.7 14.138.6 14.183.8 18.217.9 20.069.4 20.583.7 
0.640 3.641.4 4,085.4 5,039.7 5,585.6 8.828.5 9,6721 9.891.5 13,883.7 15,245.5 15,294.3 19,644.2 21,640.7 22,195.2 
0660 3.924.7 4,403.3 5.431.8 6,020.2 9.515.4 10,424.6 10,661.1 14,963.9 16.431.7 16,484.2 21,172.5 23.324.3 23.922.1 
0680 4,229.4 4,745.2 5,853.5 6,487.6 10.214.2 11,234.1 11,488.9 16,125.8 17,7Cr1.6 17.764.2 22.816.5 25.13.5.4 25,779.6 
0700 4,558.8 5,114.7 6.309.3 6,992.7 ll,052.6 12,108.8 12.383.4 17,381.4 19.086.3 19,147.3 24,593.1 27,092..5 27,786.8 
0.720 4,916.5 5,516.1 6,804.-4 7.541.5 ll.920.0 13.059.1 13.355.2 18.745.4 20.584.1 20,649.9 26.523.0 29.218.6 29,967.4 
0.740 5.307.6 5,954.9 7,345.8 8,141.5 12,868.3 14,097.9 14,417.7 20,236.6 22.221.7 22.292.7 28.633.0 31.543.1 32..351.4 

Note: This cable w:~s developed for lnformauonal purposes onlyand is specitic to tbe (ollowing OODdilions: T1 = 68°F; G, "" 0.6; ~ = 0.000069; k .. 1.3; P• 
= 14.73; ancl T¡, = 519.67°R. 
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38 CHAPTCR 14- NATuRAL GAs Fwos MEAsuRBIEHT 

Tabla 3-B-2-(Continued) 

F, - 338.1%D'{J' 

~1 - {J' 

Nominal Pipe Diamcter 

16lnches 20 lnchos 241nchco 30 lnches 
fJ 

Ratio 14.688 15.000 1.5.2!10 18.812 19.000 192'50 22.624 23.000 23.250 28.750 29.000 211.250 

0.200 2.920.8 3,046.2 3,148.6 4,7?1.2 4,887.5 5,016.9 6,929.7 7,1620 7,318.3 11.190.6 11.386.0 11.583.2 
0.220 3,535.5 3,687.3 3.811.2 5,799.5 5,916.0 6,072.7 8,388.1 8,669.2 8,858.7 13,545.6 13,782.2 14,020.9 
0.240 4,209.6 >1",390.3 4,537.9 6,905.3 7,044.0 7.230.6 9,987.4 10,322.1 - 10.347.7 16.128.3 16,410.0 16,69<4.2 
0.260 4,943.3 5,1!1!5.8 5,329.0 8,109.2 8,2721 8,491.2 11,728.7 12,121.8 12.3M6.7 18.940.2 19.271.1 19,604.8 
0.280 5,737.8 5,984.2 6,185.3 9,412.2 9,601.3 9,855.6 13,613.3 14,069-' 14,3n.o 21.983.6 22.367.6 22.754.9 
0.300 6.593.3 6,876.4 7,107.5 10,815.5 11,0328 11,325.0 1.5,642.9 16,167.1 16,!120..:5 ~.261.1 25,702.4 26,147.4 
0.320 7,510.7 7.833.2 8,096.5 12,320.5 12.568 o 12,900.9 17,819..5 18,416.8 18,819.3 28,n6.2 29.278.8 29,785.8 
0.340 8,491.3 8,855.9 9,153.5 13.928.9 14.208.7 14,585.1 20,145.9 20,821.1 21.276.2 32,533 o 33,101.2 33,674.4 
0.360 9.536.2 9,945.7 10.280.0 15.643.1 15,957.3 16,380.0 22,625.1 23.383.4 23,894.5 36..536.5 :\7,174.7 37.818.4 
0.380 10.647.2 11,104.4 11,477.6 17,465.5 17,816.3 18.288.3 25.261.0 26.107.6 26.678.3 40.793.1 41.505.7 42,224.4 
0.400 11,826.2 12,334.0 12,748.5 19,399.5 19,789.2 20,313.3 28,058.1 28.998.5 29,632.3 45.310.2 46.101.6 46,899.9 
0.420 13,075.5 13.636.9 14,095.2 21.448 7 21,879.6 22,459.1 31,0220 32,061.8 32,762-' 50,096.5 50,971.5 51,854.1 
0.440 14.397.8 15,015.9 15,520.6 23,617.8 24,092.2 24,730.4 34,159.2 35,304.1 36,075.7 !55,162.6 56,126.2 57,098.0 
0.460 15,796.3 16.474.6 17,028.3 25.912.0 26,432.5 27,132.7 37,477.~ 38.733.5 39,580.1 60,521.1 61,578.3 62,644.3 
0.480 17,275.1 18.016.8 18.622.4 28.337.8 28,907 o 29.672.7 40,985.9 42.359.5 43,285.4 66,186.8 67.342.8 68,508.9 
0.500 18,838.6 19,647.4 20,307.8 30,902.5 31,523.2 32.358.2 44.695.3 4ft, 193.3 47,202.9 12.1n.o 73,437.7 74.709.3 
0.520 20.492.2 21,372.0 22,090.3 33,615.0 34,290.2 35,198.5 48,618.5 50,248.0 51,346.2 78.512.4 79,883.8 81,267.0 
0.540 22,242.2 23,197.2 23,976.9 36,485.7 37.218.6 38.204.5 5Z.no.6 54,539.2 55,731.2 85,217.5 86,705.9 88.207.3 
0.560 24,096.3 2.5,130.8 25,975.5 39.527.1 40.321.0 41.389.1 57,169.3 59,08SA 60,376.8 92,320.9 93,933.5 95,560.0 
0.580 26,063.2 27,182.3 28.095.9 42,753.6 43,612.4 44,767.7 61,836.1 63,908.5 65,305.4 99,857.1 101,601.3 103,360.6 
0.600 2!!.153.8 29,362.6 30.349.5 46,182.9 47,110.6 48.358.5 66,796.0 69,034.7 70,543.6 107,R66.7 109,750JI 111,651.2 
0.620 30,380.7 31,685.0 32,750.0 49,835.8 50,836.9 52.1835 72.079.3 74.495.1 76.123.3 116.3985 118,431.6 120,482.4 
0.640 32,759.1 34,165.7 35,314.0 53,737.5 54,816.9 56.268.9 n,722.4 80,327.3 82,083.0 125,511.3 127,703.6 129,91'.9 
C.S60 35,307.9 36,823.8 38,061.5 57,918.3 59,081.7 60,646.8 83,7@.3 86,576.8 88,469.2 135,276.3 137,639.2 140,022.5 
0.680 38,049.5 39,683.1 41,016.9 62,415.6 63,66).4 6S,3SS.9. 90,273 9 93.299..5 9!1,338.7 145,780.4 148.326.8 150,895.1 
0.700 41.012.1 42.772.9 44,210.6 67 ).75 4 68,626.R 70,444.6 97,3(12 7 100.563.9 102,761.9 157,13!.0 159,875.6 162,644.0 
0.720 44.230.5 46,129.6 47,680.0 72.554.9 74,0124 75,972.9 104,91R.7 10R,455.8 110,826.3 169,462.1 172,422.1 175,407.7 
0.740 47,749.2 49,799.3 51,473.2 78,326.9 79.900.3 82.016.8 113.287.0 117,083.8 119.642.9 182,943 4 186,138.Q 189,362.0 

Note: This table was developed for informalion¡¡l purposes only and Ls specific to the followin.: conditions: T1 = 68~; G, = 0.6: 11 "" O.<X>0069: k = 13; P, 
= 14.7:1;nndT11 = 519.67°R. 

Copvr1g~t by t~~ AMERICAN PETROLEUM lNSTITUTE (APIJ 
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SEcnoN 3-CONCENmiC, Sau>.u-Eooa> OAIFa Memos, PART 341An-. GAS API'UcAllONS 39 .. Tabla 3-8-3-0ritice Calculation Factor: F;, From Equations in 3-8.5 

Nomiaal Pipe Diame1cr 

21nchcs (Rt0 • 500.000) 3lnchcs (Ren • 750,00()) 41nches (ReD "" 1.000.000) 
fJ 

Ratio 1.687 1.939 2.067 2.:l00 2.624 2.900 3.068 3.152 3.438 3.8:u; 4.D26 

0.200 0.59879 0.59828 0.59801 0.59752 0.59683 0.59646 0.59649 059651 0.59655 0.59661 0.59663 
0.220 0.59884 0.59836 0.59810 0..59763 0.59697 0.59662 0.59665 0.59667 0.59612 0.59678 0.59681 
0.240 0.59892 0.~9846 0.59822 0.59777 0.59713 0.59680 0.59684 Q.S9686 0.59691 0.59698 0.59701 
o.~ so 0.59903 0.59860 0.59837 0.51'794 0.59733 0.59701 0.59705 O.s<l707 0.59713 0.59720 0.59723 
0.280 0.59918 0.59876 0.59855 0.5Y814 0.397.55 0.59725 0.59730 o..s9732 0.59738 0.59745 0.59749 
0300 0.59935 0.598% 0.59875 0_,9836 0.59780 0.59752 0.59757 0.59759 O_"i976tí 039773 0.59777 
0.320 0.599S6 0.59919 0.59899 D-~9:!62 0.59809 0.59782 0.59787 o..s9789 0.59796 0.59804 0.59808 
0340 0.59980 0.59946 0.59927 0.59892 0.59841 0.59815 0.59820 o.s9823 0.591130 0.598..'9 O.s<l842 
o 360 0.60009 0.59976 0.59959 0.59925 o.s9r77 0..59852 0.59857 O.S0860 0 • .59867 0.59876 0.59880 
0.380 0.60041 0.60011 0.59994 0.59962 0.59916 0.59893 0.59898 O.s<l900 0.59908 0.59917 o.S9920 
0400 0.60079 0.60050 0.60034 0.60004 0.59959 0.59937 O.S-3 o.S9945 0.59952 0.59961 O.s<l965 
0.420 0.60121 0.60093 0.60078 0.60050 0.60007 0.59986 0.59991 O.s<l993 0.60001 0.60009 0.60012 
0440 0.60168 0.60142 0.60128 0.60100 0.60059 0.60039 0.60044 0.60046 0.60053 0.60061 0.60064 
0.460 o 60221 0.601% 0.60182 0.60156 0.60116 0.60097 0.60101 0.60103 0.60110 0.60117 0.60120 
041<0 060281 0.602j6 o 60243 0.601.17 0.60179 0.60159 0.60163 0.60165 0.60111 0.60177 0.60180 
o.soo 0.60347 0.60323 0.60309 0.60284 0.60246 0.60227 0.60231 0.60232 0.60237 0.60242 0.60244 
0.520 0.60420 0.603% 0.60383 0.60358 0.60320 0.60301 0.60303 0.60305 0.60308 0.60312 0.60313 
0.540 o 60502 0.60477 0.60463 O.W438 0.60400 0.60380 0.60382 0.60383 0.60385 0.60386 0.60387 
0.560 0.60592 0.60566 0.60552 O.b0526 0.60488 0.60466 0.60467 0.60467 0.60467 0.60467 0.60466 
0.580 0.60693 0.60664 0.60650 0.6()(.2) 0.60583 0.60560 0.60559 0.60559 0.60556 0.60553 0.60551 
0.600 o 60805 0.60773 0.60757 O.o0729 0.60686 0.60661 06065~ 0.60657 0.60652 0.60645 0.60641 
0.620 0.60929 0.60894 0.60876 0.60845 0.60800 0.60772 0.60767 0.60764 0.60756 0.607+1 0.60739 
0.640 0.61069 0.61028 0.61008 0.60974 0.60924 0.60892 0.60884 0.60881 O.fiM68 0.608..~2 0.60&44 
0.660 0.61226 o:6t t78 0.6ll55 0.61116 0.61060 0.61024 0.61013 0.61008 0.60990 0.60%8 0.60957 .. 0.680 0.61404 0.61347 0.61320 o 61275 0.61212 0.61169 0.61154 0.61147 0.61123 061093 0.61079 
0.700 0.61608 0.61538 0.61506 0.611,54 0.61380 0.61330 0.61310 0.61302 0.61270 0.61231 0.61213 
0.720 061842 0.61758 0.61719 0.61657 0.61571 0.61511 0.61485 0.61474 0.61433 0.61384 0.61360 
0.740 o 62117 0.62012 0.61965 0.61890 0.61788 0.61716 0.61683 0.61668 0.61617 0.61554 0.61524 

Nore· Assumed values of Rt0 are used tn th1s rabi~ TI..:..se may induce an error greater than O 01 pm:ent for lme sius less than 4 mches with {Jratios greuer 
lhan O 60. This table .,..a,s developed. for infonnanonal JH1lP05CS only snd IS speci.fl::: to the following condinons: T1 "' 68"F: G, = 0.6; p = 0.000069; t • 1.3; 
P0 = 14 73; and 7 0 = 519.67°R 
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CHAPTEA 14-NAT\JRAI. GAs FLUIDS MEASURBIEHT 

Tabla 3-B-3- Continuad 

Nominal Pipe Diamctcr 

6lncbes (Re0 _ .. 1.500,000) 81ochcs (Re0 • 2,000,000) 10 lochcs (Reo a 2.!500.000) 12 lncbe! (ReD = 3,000.000) 
Ji 

Ratio 4.897 5.181 5.161 6.065 7.625 7.981 8.071 9.562 10.020 10.036 11.374 11.938 12.090 

0.200 0.59612 0.59674 0..59679 o 59680 0.59688 0..59689 0..59690 0..59695 0..59696 0..59696 0..59699 0.59700 0..59700 
0.220 0.59690 0.59693 0.59698 0.59700 0.59708 0.59710 0.59710 0..59715 0..59717 0.59111 0..59720 0.!59721 0..59722 
0.240 0.597ll 0.59714 0..59719 0..59721 -0..59731 0..59732 0..59733 0..59738 0..59740 0..59740 0.59744 0..59745 0,59745 
0.260 0.59735 0.59738 0.59743 0.59746 0..59756 0..59751 0..59758 0..59764 0..59766 0..59766 0.59770 0..59771 0..59771 
0.280 0.59761 0.59764 0.59770 0.59TI2 0.59783 0..59785 0.59785 0.59792 0..59794 0..59794 0.59198 0..59799 0..59800 
0.300 0.59790 0.59793 0.59799 0.59802 0.5981J 0.59815 0.59815 0.59822 0.59824 0.59824 0.59829 0.59830 0.59831 
0.320 0.59821 0.59825 0.59831 0..59834 o .59845 0..59847 0.59848 0.S9855 0..59857 0..59857 0.59862 0.!59864 0.59864 
0.340 0.59856 0.59859 o 59866 0.59869 o.s9ssa 0..59883 0..59883 0.59891 0..59893 0,59893 0.59897 0,.59899 0..59900 
0.360 0.59893 0.59897 0..59903 0.59906 0.59016 0..59921 0.59921 0..59929 0.59931 0..59931 0.59936 0.59931 0.59938 
0.380 0.59~34 0.59938 0.59944 059947 0.59959 059961 059962 059969 0.59971 0.59971 0.59976 0.59918 0..59979 
0.400 0.59978 0.59982 0.59988 0.59991 0.60002 0.60005 0,60005 0.60013 0.60015 0.60015 0.60020 0.60021 0.60022 
0.420 0.60025 0.60029 0.60035 0.60037 0.60049 0.60051 0.60051 0.60058 0.60060 0,60060 0.60065 0.60067 0.60068 
0.440 0.60076 0.60079 0.60085 0.60087 0.60098 0.60100 0.60100 0.60107 0.60109 0.60109 0.60114 0.6011!5 0.60116 
0.460 0.60131 0.60133 0.60138 0.60141 0.60150 0.60152 0.60152 0.60158 0.60160 0.60160 0.60164 0.60166 0.60167 
0.480 0.60189 0.60191 0.60195 0.60197 0.60205 0.60207 0.60207 0.60212 0.60214 0.60214 0.60218 0.60219 0.60220 
0.500 0.60251 0.60253 0.60256 0.60257 0.60263 0.60264 0.60265 0.60269 0.60270 0.60270 0.60274 0.60275 0.60275 
0.520 0.60317 0.60318 0.60320 0.60321 0.60324 0.60325 0.60325 0.60328 0.60329 0.60329 0.60332 0.60333 0.60333 
0.540 0.60388 0.60388 0.60388 0.60388 0.60189 0.60389 0.60389 0.60390 0.60391 0.60391 0.6031}2 0.60393 0.60393 
0.!560 0.60463 0.60462 0.60460 0.604!59 0.604'56 0.604!56 0.604!56 0.604!5!5 0.60455 0.60455 0.60455 0.60456 0.60456 
0.580 0.60543 0.60540 0.60536 0.60534 0.60.52':' 0.60525 0.60525 0.60522 0.60521 0.60521 0.60520 0.60520 0.60520 
0.600 0.60627 0.60623 0.60616 0.60613 0.60'100 0.60598 0.60598 0.60!591 0.60590 0.60590 0.60!587 0.60581 0.60586 
O.tí20 06071R 0.60712 0.60701 0.60696 O.ti0677 0.60674 0.60673 O.tiOM:l 0.60661 0.60661 0.606~6 0.60655 0.60654 
0.640 0.60814 0.60805 0.6079i 0.60784 0.60757 0.60153 0.60752 0.60737 0.60734 0.60734 0.60727 0.60724 0.60724 
0.660 0.60917 0.60905 06088!5 0.60876 0.60841 0.60835 0.60833 0.60814 0.6080') 0.60809 0.60799 0.60795 0.60794 
0.680 0.61027 0.61012 0.60986 0.60974 0.6C928 0.60920 0.60918 0.60892 0.60886 0.60886 0.60872 0.60867 0.60866 
0.700 0.61146 0.61127 o 61094 0.6107é 0.6101~ 0.61009 0.61006 0.60973 0.60965 0.60965 0.60947 0.60940 0.60939 
0.720 o 61275 061251 0.61209 0.61190 0.61115 061102 0.61098 0.61056 0.61046 0.61046 0.61022 o 61014 0.61012 
0.740 0.61417 o 61387 0.61334 O.líl310 0.61216 0.61199 0.61196 0.61143 0.61130 0.61129 0.()1099 0.61089 0.611386 

Note: Assumcd vatues of Rtn are used m th.ls table. These mny mduce an error grea¡cr than 0.01 percent for !me sizes te&! than 4 inchcs w1lh fJ rattoS greater 
thnn 0.60. 1hts tnble WQS developc.d for tnfonno.uonal purposes o;lly o.nd !S speclfic to the followlllg condltions: r, "" 68""fo'; G, a 0.6; JJ. "" 0.000069: k - 1.3; 
P6 = 14.73; and r. = 519.67•R. 
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SECTIOH 3-CoNcaml1c, 5auARE-Eooa> OluFice METEAS, PART 34ionnw. GAs AP!>ucATIONS 41 

Tabla 3-B-3-Conlinued 

NomiDal Pipe Diamctcr 

16lnches CRe0 • 4,000.000} 20 1ncbos CR<n • 5.000,000) 24 lnchcs (IU0 a ó.OOO.OOC)) 30 lncbes (Reo • S..OOO.OIX)) 
p 

Ratio 14.688 15.000 1S.2S() 18.812 19.000 19.2SO 22.624 23.000 23.250 28.7SO 29.000 29.250 

0.200 0.59704 0.5970S 0.59705 059708 059'709 059109 059711 059711 059711 0.59714 0.59714 059714 
0.220 059126 059726 0.59727 059731 059731 059731 059134 059734 059134 0.59737 0.59737 059731 
0.240 0.59750 0.59751 059151 0.59755 0.59756 059156 0.59759 059759 0.59759 0.59762 0.59762 059762 
0.260 0.59n7 0.597n o.sm8 0 . .59782 0.59782 059783 059186 0.59786 0.!!9786 0.59790 0~9790 0.!19790 
0.280 0.59805 0.!19806 059806 0 . .59812 0.!19812 0.!19812 0.!19815 0.59816 0.!19816 0.!19820 0.!!9820 0.!19820 
0.300 0.59837 0.!19837 059838 0.59843 0.59843 059844 0.59847 0.59848 0.59848 0.59852 0.!19852 0.!19852 
0320 0.591!70 0.59871 0.59871 o.s98n 0.!19877 0.!19878 0.!19881 0.59882 0.!19882 0.59886 0.59886 0.59887 
0.340 0.59906 0.59907 0.59907 0.59913 0.59914 0.59914 0.59918 0.59918 0.59919 0.59923 0.59923 0.59923 
0.360 0..59945 0.59945 0.59946 0.59952 0..!59952 0.59953 0.59957 0.59957 0.59958 0 . .59962 0.59962 059963 
0.380 059986 0.59986 0.59987 0.59993 0.!19993 0.!19994 0.!19998 0.59998 0.59999 0.60004 0.60004 0.60004 
0.400 0.60029 0.60029 0.60030 0.60036 0.60037 0.60037 0.60041 0.60042 0.60042 0.60047 0.60047 0.60048 
0420 0.60074 0.60075 0.60076 0.60082 0.60082 0.60083 0.60087 0.60088 0.60088 0.60093 0.60093 0.60093 
0.440 0.60122 0.60123 0.60124 0.601:!0 O.GOI30 0.60131 0.60135 0.60136 0.60136 0.60141 0.60141 0.60141 
0.460 0.60173 0.60174 0.60174 0.60180 0.60181 0.60181 0.60185 0.60186 0.60186 0.60191 0.60191 0.60192 
0.480 0.60226 0.60226 0.60227 0.60233 0.60233 0.60233 0.60237 0.60238 0.60238 0.60243 0.60243 0.60244 
0.500 0.60281 0.60281 0.60282 0.60287 0.60287 0.60288 0.60292 0.60292 0.60292 0.60297 0.60297 0.60298 
0.520 0.60338 0.60338 0.60338 0.60343 0.60344 0.60344 0.60348 0.60348 0.60348 0.603.53 0.60353 0.60353 
0.540 0.60397 0.60397 060397 0.60402 0.60402 0.60402 0.60405 0.60406 0.60406 0.60410 0.60410 0.60411 
0.560 0.60458 0.60458 0.60458 0.60461 0.60461 0.60462 0.60465 0.00465 0.6046.'i 0.60469 O.ffi469 0.60469 
0.580 0.60520 0.60521 0.60521 0.60523 0.60523 0.60523 0.60525 0.60525 0.60525 0.60529 0.60529 0.60529 
0.600 0.60585 0.60585 0.60585 .0.60585 0.60585 0.60585 0.60586 0.60587 0.60587 0.60589 0.60589 0.60590 
0.620 0.60650 0.60650 0.60650 0.60648 0.60648 0.60648 0.60648 0.60649 0.60649 0.606S0 0.60650 0.606SO 
0.640 0.60717 0.60716 0.60716 0.60712 0.60712 0.60712 0.60711 0.60711 0.60711 0.60711 0.60711 0.60711 
0.660 0.60784 0.60783 0.60782 0.60776 o.60n6 0.60775 0.60773 0.60773 o.60n3 0.60772 0.60772 0.60772 

' 
0.680 0.60851 0.60850 0.60849 0.60839 0.60839 0.60838 0.60834 0.60834 0.60834 o 60831 o 60831 0.60831 
0.700 0.60919 0.60917 0.60916 0.6090~ 0.60901 0.60901 0.60894 0.60894 0.60893 0.60889 0.60889 0.60888 
0.720 0.60986 0.60984 0.60982 0.60963 0.60963 0.60962 0.60952 0.60952 0.60951 0.60944 0.60944 0.60943 
0.740 0.61053 0.61049 0.61047 0.61023 0.61022 0.61021 0.61008 0.61007 0.61006 0.60996 0.60996 0.60995 . 

Note: Assumed values of R~0 are used in dus table. 'Ibe:se msy induce an error gruter than 0.01 pemmt roe Une sizes less than 4 inches with fJ ntios gn:ater 
than 0.60. This ti\ble was developed for inform<~tional pu:rposes only ant.l i.s speciC.:: to the fol1owing condilions: T1 = 68"F; G, = 0.6; p = 0.000069; 1 .= 1.3; 
rb = 14.73; and r~ = 519.67"R. 

------------------·------------------------------
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42 CHAPTER 14-t~ATUFW. GAs FWIOS ~ 

Table 3-B-4-0rifice Slope Factor: F. From Equations In 3-8.6 

fJKatio 

Rt!0 }10' 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.44 0.46 

0.020 0.00270 0.00294 0.00320 0.00348 0.00379 0.00413 0.004SO 0.00492 0.00539 0.00591 0.006S0 0.00716 0.00790 0.00873 
0.030 0.00205 0.00224 0.00244 0.00266 0.00291 0.00318 0.00348 0.00382 0.00420 0.00463 0.00511 0.00.5~ 0.00626 0.00694 
0.040 0.00168 0.00184 0.00201 o.Q0220 0.00241 0.00264 0.00291 0.00320 0.00353 0.00390 0.00432 0,00480 0.00533 0.00593 
0.050 0.00145 0.1)()159 0.00174 0.00190 0.00209 0.00230 0.00253 O.Q0279 0.00309 000342 0.00380 0.00423 O.oo471 0.00525 

0.060 0.00128 0.00140 0.00154 0.00169 0.00186 0.00205 0.00226 0.002.50 0.00277 0.00308 0.00343 0.00383 0.00427 0.00477 
0.070 O.OOIIS 0.00127 0.00139 0.00153 000169 O.U0186 0.00206 0.00228 "0.00254 0.00282 0.00315 0.00352 0.00393 0.00440 
0.080 0.00105 0.00116 0.00128 0.00140 0.00155 0.00171 0.00190 0.00211 0.00235 0.00262 0.00292 O.UU32i 0.00366 0.00410 
0090 0.00097 0.00107 0.00118 0.00130 0.00144 0.00139 0.00177 0.00197 0.()()1.19 0.00245 0.00274 0.00307 0.00344 0.00386 
0.100 0.00091 0.00100 0.00110 0.00122 0.00135 0.00149 0.00166 0.00185 0.00206 0.00231 0.00259 0.00290 0.00326 0.00366 

0.150 0.00069 0.00076 0.00085 0.00094 0.00105 0.00117 0.00130 0.00146 0.00164 0.00185 0.00208 0.00235 0.00265 0.00299 
0.200 0.00057 0.00063 0.00070 0.00078 0.00088 0.00098 0.00110 0.00124 0.00140 0.00158 0.00179 0.00203 0.00230 0.00260 
0.250 0.00049 0.00055 0.00061 0.00068 0.00077 0.00086 0.00097 0.00110 0.00124 0.00141 0.00160 0.00181 0.00206 0.00233 
0.300 0.00044 0.00049 0.00054 0.00061 0.00069 0.00077 0.00087 0.00099 O.<XH12 0.00128 0.00145 0.00166 0.00188 000214 
0.350 0.00039 0.00044 0.00049 0.00055 0.00063 0.00071 0.00080 0.00091 0.00104 0.00118 0.00135 0.00153 0.00175 . 0.00199 

0.400 0.00036 0.00040 0.00045 0.00051 0.00058 0.00065 0.00074 0.00085 0.00097 0.00110 0.00126 0.00144 0.00164 0.00187 
0.450 0.00033 0.00038 0.00042 0.00048 0.00054 0.(}('()61 0.00070 0.00079 0.00091 0.00104 0.00119 0.00136 0.00155 000177 
0.500 0.00031 0.00035 0.00039 0.00045 0.00051 0.00058 0.00066 0.00075 0.00086 0.00098 0.00113 0.00129 0.00148 0.00169 
0.600 0.00028 0.00031 0.00035 0.00040 0.00045 0.00052 0.00059 0.00068 0.00078 0.00090 0.00103 0.00119 0.00136 0.00156 
0.700 0.00025 0.00028 0.00032 0.00036 0.00042 0.00048 0.00055 0.00063 0.00072 0.00083 0.00096 0.00110 0.00127 0.00145 

0.800 0.00023 0.00026 0.00030 0.00034 0.00039 0.00044 0.00051 0.000~9 0.00068 0.00078 0.00090 0.00104 0.00119 0.00137 
0.900 0.00021 0.00024 0.00028 0.00031 0.00036 0.00041 0.00048 0.00055 0.00064 OJXl074 0.00085. 0.00098 0.00113 0.00130 
1.000 0.00020 0.00023 0.00026 0.00030 0.00034 0.00039 0Jl0045 0.00052 0.00060 0.00010 0.00081 0.00094 0.00108 0.00124 
1.500 0.00015 0.00018 0.00020 0.00023 0.00027 0.00031 0.00036 0.00043 0.00050 0.00058 0.00067 0.00078 0.00090 0.00104 
2.000 0.00013 0.00015 0.00017 0.00020 0.00023 0.00027 0.00031 0.00037 0.00043 0.00050 0.00059 0.00069 0.00080 0.00092 

2.500 0.00011 0.00013 0.00015 0.00017 0.00020 O/X}024 0.00028 0.00033 0.00039 0.00046 0.00053 0.00062 0.00072 0.00084 
3.000 0.00010 0.00012 0.00013 0.00016 0.00019 0.00022 0.00026 0.00030 0.00036 0.00042 0.00049 0.00057 0.00067 0.00078 
3.500 0.00009 0.00011 0.00012 0.00014 0.00017 0.00020 0.00024 0.00028 0.00033 0.00039 0.00046 0.00054 0.00063 0.00073 
4.000 0.00008 0.00010 0.00011 0.00013 0.00016 0.00019 000022 0.00026 0.00031 0.00037 0.00043 0.00051 0.00059 0.00069 
4.500 0.00008 0.00009 0.00011 0.00013 0.00015 0.00018 0.00021 0.00025 0.00030 0.00035 000041 0.00048 0.00057 0.00066 

5.000 0.00007 0.00009 0.00010 0.00012 0.00014 000017 000020 0.00024 0.00028 0.00033 0.00039 0.00046 0.00054 0.00063 
5.500 0.00007 1.00008 0.00010 0.00011 0.00013 0.00016 0.00019 O.fKXl2J 0.00027 0.00032 000038 0.00044 0.00052 0.00061 
6,000 0.00007 O.OOlKH! 0.00001) U.OOOll 0.00013 0.00015 0.00018 0.00022 0.00026 0.00031 0.00036 0.00043 0.00050 0.00059 
6.500 0.00006 0.00007 0.00009 0.00010 0.00012 0.00015 . U.U0018 0.00021 0.00025 0.00030 0.00035 0.00041 0.00049 0.00057 
7.000 0.00006 0.00007 0.00008 0.00010 0.00012 OJXl014 0.00017 0.00020 0.00024 0.00029 0.0003< 0.00040 0.00047 0.0005~ 

7.500 0.00006 0.00007 0.00008 0.00010 0.00011 0.00014 0.00017 0.00020 0.00024 0.00028 0.00033 0.00039 0.00046 0.00054 
8.000 0.00005 0.00007 o 00008 0.00009 O.OOOll 0.00013 o 00016 0.00019 0.00023 0.00027 0.00032 0.00038 0.00045 0.00052 
8.500 0.00005 0.00006 0.00008 0.00009 0.00011 0.00013 0.00016 0.00019 0.00022 0.00027 0.00031 0.00037 0.00044 0.00051 
9.000 0.00005 OOOOOG 000007 O.Q()(X)9 0.00010 0.00013 0.00015 000018 0.00022 0.00026 0.00031 o 00036 0.00043 0.00050 
9.500 0.00005 0.00006 0.0000? 0.00008 0.00010 0.00012 0.00015 O.OOOJR o 00021 0.00025 0.00030 0.00035 0.00042 0.00049 

10.000 0.00005 0.00006 0.00007 0.00008 0.00010 0.00012 0.000\4 0.00017 0.00021 o 00025 0.00029 0.00035 0.00041 0.00048 
12.000 0.00004 0.00005 0.00006 0,00008 0.00009 0.00011 0.00013 0.00016 0.00019 0.00023 0.00027 o 000"2 0.00038 0.0004!5 
!5.000 0.00004 0.00005 0.00006 0.00007 0.00008 0.00010 0.00012 0.0001-4 0.00017 0.00021 0.00025 o 00030 0.00035 0.00041 
18 000 0.00003 0.00004 0.00005 0.00006 0.00007 0.00009 0.00011 0.00013 0.00016 0.00019 0.00023 000027 0.00032 0.00038 
21.000 o 00003 0.00004 0.00005 0.00006 0.00007 0.00008 0.00010 0.00013 0.00015 0.00018 0.00022 OUOU26 0.00031 0.00036 

24.000 0.00003 0.00004 O.(X)()(y. 0.00005 0.00007 0.00008 U.UOOIO O.l)(X)I2 0.00014 0.00011 0.00021 0.00025 0.00029 0.00034 
27.000 0.00003 0.00003 O.()()()()G 000005 0.00006 0.00008 0.00009 0.00011 0.00014 0.00016 0.00020 0.00023 0.(XJ028 0.00033 
30.000 0.00003 0.00003 0.()()()()4 000005 0.00006 o 00007 0.00009 000011 0.00013 0.00016 0.00019 0.00022 0.00027 0.00031 

N01e: Th1s tnblc was developed for info:mauona1 purposes ooly and 1S specific to the following conditiono;: T1 = 68"F, G, = O 6; p = 0.000069; k = 1.3; P• 
:::: 14.73; and T6 "" 519.67°R 
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5ecnoN 3-CoNcen'Ric, Sau•~~~<-F.DOED Ooln:E ME1cAs, PART 3-NA,.__ GAs APPI.lcATlONS 

• T!lble 3-B-4-{Continued) 

flhtio 

Rt0 /ICI 0.48 0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 

0.020 0.00966 0.01069 0.01184 0.01312 0.01453 0.01609 0.01782 0.01972 O.o2181 0.02409 0.02659 0.02932 0.03229 0.03552 
0.030 0.00770 0.00856 0.00951 0.01056 0.01173 0.01302 0.01445 0.01601 0.01774 0.01962 0.02168 0.02393 0.02638 0.02904 
0.040 000659 0.00734 0.00818 0.00910 0.01013 0.01126 0.01~2 0.01389 0.01541 0.01706 0.01887 0.02085 0.02300 0.~33 

0.050 000586 0.00654 0.00729 0.00813 0.00906 0.01009 0.01123 0.012AR 0.01385 0.015'16 0.01700 0.01879 0.0207-4 0.02286 

0.060 0.00533 0.00596 0.00665 0.00743 0.00829 0.00925 0.01030 0.01145 0.01272 0.01412 001.564 0.01729 0.01910 0.02106 
0.070 000492 0.00551 0.00616 0.00689 0.00770 0.00859 0.00958 0.01066.. 0.01186 0.01316 0.01459 0.01614 o 01783 0.01961 
0.080 000460 0.00515 0.00577 0.00646 0.00723 0.00807 0.00901 0.01003 0.01116 0.01239 0.01374 0.01522 0.01682 0.01855 
0.090 0.00434 0.00486 0.00545 0.00611 0.00684 0.00764 0.00853 0.00951 0.01059 0.01176 0.01305 0.01445 0.01598 0.01763 

0.100 0.00411 0.00462 0.00518 0.00581 0.00651 0.00728 0.00813 0.00907 0.01010 0.01123 0.01246 0.013lll 0.01527 0.01686 

0.150 0.00337 0.00380 0.00428 0.00482 0.00541 0.00607 0.00679 0.00759 0.00847 0.00943 0.01048 0.01163 0.01287 0.01422 
0.200 0.00294 0.00332 0.00375 0.00423 0.00476 O.OOS35 0.00600 0.00671 O.Q0750 0.00836 0.00930 0.01032 0.01144 0.0126:5 
0.250 0.00265 0.00300 0.00339 0.00383 0.00432 0.00486 0.00545 0.00611 O.o0683 0.00762 0.00848 0.00942 0.01045 0.01156 
0.300 0.00243 0.00276 0.00313 0.00354 0.00399 0.00449 0.00505 0.00566 0.()()633 0.00707 0.00788 0.00876 0.00971 0.01075 
0.350 0.00227 0.~8 0.00292 0.00331 0.00373 0.00421 0.004T.3 0.00531 O.o0595 0.00664 0.00741 0.00824 0.00914 0.01012 

0400 000213 0.00243 0.00276 0.00312 0.00353 0.00398 0.00448 0.00503 O.!m63 0.00630 0.00702 0.00781 0.00867 0.00960 
0450 O!l0202 0.00230 0.00262 0.00297 000316 1).00379 0.00427 0.00480 0.00537 000601 0.00670 0.00746 0.00828 0.00917 
0.500 0.001'13 0.00220 0.00250 0.00284 0.00321 0.00363 0.00409 0.00460 O.OOSI5 0.00576 0.00643 0.00716 0.00795 0.00881 
0600 0.00178 0.00203 0.00231 0.00263 0.002S8 0.00337 0.00311) 0.00427 O.Q0479 0.00536 0.00599 0.00667 0.007-41 0.00821 
0700 0.00166 O.IXH90 OJXI217 0.00247 0.00280 0.00316 0.00357 0.00402 O.o0451 0.00505 0.00564 0.0062H 0.0069H 0.00774 

0.1!00 O.IXH57 0.00180 0.00205 0.00233 0.002US 0.00300 0.00331! O.U03HI 0.00428 0.00479 0.00535 0.00597 0.00663 0.00736 
0.900 0.00149 0.00171 0.00195 O.Q0?-22 O.C0252 0.00286 0.00323 0.00364 0.00409 0.00458 0.00512 0.00570 0.00634 0.00703 
1000 0.00143 0.00163 0.00187 0.00213 0.00242 0.00274 0.00310 0.00349 0.00392 0.00439 0.00491 0.~8 0.00609 0.00676 
1 500 0.00120 0.00138 0.001~8 0.00181 0.00206 0.00233 0.00264 0.00298 0.00335 0.00376 0.00421 0.00470 0.00523 0.00581 
2000 0.00101 0.00123 . 0.00141 0.00161 0.0018( 0.00200 0.00236 0.00267 000301 0.00337 o.oom 0.00422 0.00470 0.00522 

' 
2.500 0.00)1)1 0.00112 o 00129 0.00147 000168 0.00191 0.00217 0.00243 O.D0276 0.00310 0.00347 0.00388 OJX)432 0.00480 
3000 0.00090 0.00104 0.00120 0.00137 0.00131 0.00178 0.00202 0.00229 0.00258 0.00290 0.003~ 0.00363 O.D0404 0.00449 
3.500 0.00085 0.00098 0.00113 0.00129 0.00148 0.00168 0.00191 0.00216 O.D0243 0.00274 0.00307 0.00343 0.00382 000425 
4000 0.00080 0.00093 0.00107 0.00123 0.00140 0.00160 0.00181 0.00205 0.00232 0.00260 0.00292 0.00326 0.00364 0.00404 
4.500 0.(X:XJ77 0.00089 0.00102 000117 0.00134 0.00153 0.00174 0.00196 0.00222 0.00249 0.0027'1 0.00312 0.00348 0.003117 

5.000 0.()(()73 O.OOUHS 0.()()()9g U.(XJII3 0.00129 0.(XJI47 0.00167 O.lXHHIJ 0.00213 0.002AO 0.00269 0.00301 0.00335 0.00373 
5.500 O.()(XJ.I 0.00082 0.00094 0.00109 O.CX>l24 0.00142 0.00161 0.00182 0.00206 0.00231 0.00260 0.00290 0.0032-4 000360 
6000 000068 0.00079 0.00091 0.00103 0.00120 0.00137 0.001~ 0.00176 0.00199 0.00224 0.002SI 0.00281 0.00314 0.00349 
6500 000066 o 00077 0.00089 0.0010:. 0.00117 0.00133 0.00151 0.00171 0.00193 0.00218 0.00244 0.00273 0.00305 0.00339 
7000 000064 o 00075 O.OOO¡yl OJX)()Q9 OOOliJ 0.{Xl129 000147 000167 OOOIIUl 0.00212 000238 000266 000296 0.00330 

7 500 000063 o 00073 0.00084 000096 O.OOJlO 0.00126 000143 o 00162 0(()183 0.00206 o 00232 0.002.59 0.00289 0.00322 
R 000 000061 o 00071 0.00082 O.i)()()q4 000108 0.00123 0.00140 o 00139 0.00179 0.002D2 OJXI226 0~3 0.00282 000314 
8 500 0.00060 0.00069 0.00080 0.00092 0.0010:i 0.00120 0.00137 0.00155 o.oom 0.00197 0.00221 0.00248 0.00276 . 0.00307 
9.000 0.00058 0.00068 0.00078 0.00090 O.OOIOJ 0.00118 0.00134 0.00152 0.00172 0.00193 0.00217 0.00243 0.00271 0.00301 
9500 0.00057 0.00066 0.00077 0.00088 0.00101 0.00115 0.00131 0.00149 0.00168 0.00189 0.00213 0.00238 O.oo265 0.00295 

10000 O OOOSó 0.00065 0.00015 O.{X)I)l!ó O.u.:m9 0.00113 0.00129 0.00146 0.0016.5 0.00186 0.002l.Jl) 0.00"'..33 0.00260 0.00290 
l2000 0.00052 0.00061 0.00070 0.00081 O.OOJ93 0.00106 0.00120 0.00137 O.OOIS4 0.00174 0.00195 0.00219 0.00244 0.00271 
1~ 000 0.00048 0.00056 0.00064 0.{))(}14 0.(0)85 000097 0.00)11 0.00126 0.00142 0.00160 0.00180 0.00202 0.00225 0.00251 
IXOOO o 00045 0.00052 0.00060 O.OCI069 o 00080 000091 o 00104 0.00118 O.<XH33 0.00150 0.00169 0.00189 0.00211 0.00235 
21000 o ()(X)42 0.00049 0.00057 000065 000075 0.00086 0.00098 0.00111 00012.6 0.00142 0.00159 0.00179 0.00199 0.00222 

2"000 o 00040 o 00047 0000~ O.OCI06:': 000072 0.00082 0.00093 000106 00012D 000135 000152 0.00170 0.00190 000212 
27000 0.0003R 0.00045 0.00052 0.00060 0.00069 o.ocmR 0.00089 0.0010:. 000115 000130 0.0014l. O.<XH63 0.00182 0.00203 
30000 0.00037 0.00043 0.00050 0.00057 0.00066 0.00076 0.00086 0.00098 0.00111 0.00125 0.00140 0.00157 0.00175 0.00195 

l"ote: 11m table was developed for infonnauonal PUfl)OSCS oo.ly and u spec;lfic totbe follo~ c.onchbons: T1 = 6rf; G, = 0.6: JJ .. 0.000069; k • 1.3; P. 
= 14.73; and T" = SI967°R. 
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44 CtiAPTER 1<4-NA~ GAs FWtDS MEASUFiEMENT 

Tabla 3·6·5-Conversion of Re0 /1 O' to 0,/1000 (0, in Thousands of Cubic Feet per Hour): 
0,11000 = Re0 /10000/28.2435 

Nominal Pipe Diameter 

21uches 31ncl= 4 lnches 

Rt'oi1Qii 1.687 1.939 2.067 2.300 2.624 2.900 3.068 3.152 3438 3.826 

O.D20 1.:! 1.4 1.5 i.6 1.9 2.1 2.2 2.2 2.4 2.7 
0,03G 1.8 2.1 2.2 2.4 2.8 3.1 3.3 3.3 3.7 4.1 
0.040 2.4 2.7 2.9 3.3 3.7 4.1 4.3 4.5 4.9 5.4 
0.050 30 3.4 3.7 4 1 4.6 5.1 5.4 5.6 6.1 6.8 

0.060 3.6 4.1 44 ._, 5.6 6.2 6.5 6.7 7.3 8.1 
0.070 4.2 4.8 5.1 5.7 6.5 7.2 76 7.8 8.5 9.5 
0.080 4.8 5.5 5.9 6.5 7.4 8.2 8.7 8.9 9.7 10.8 
0.090 5.4 6.2 6.6 7.3 8.4 9.2 9.8 10.0 11.0 12.2 
0.100 6.0 6.9 7.3 f.! 9.3 10.3 10.9 11.2 12.2 13.5 

0.150 9.0 10.3 !LG 12.2 13.9 15.4 16.3 16.7 18.3 20.3 
0.200 1!.9 13.7 14.6 16.3 18.6 20.5 21.7 22.3 24.3 27.1 
0.2.50 14.9 17.2 18.3 20.4 23.2 25.7 27.2 27.9 30.4 33.9 
0.300 17.9 20.6 22.0 24.4 27.9 30.8 32.6 33.5 36.5 40.6 
0.350 20.9 24 o 25.6 28 5 325 35.9 38.0 39.1 42 6 47.4 

0.400 23.0 27.5 29.3 32.6 37.2 41.1 43.5 44.6 48.7 54.2 
0.450 269 30 9 32 g 36.6 41R 46.2 48 9 50.2 54.8 61.0 
0.5C{) 29 9 30 366 407 4(,1 51.3 54.1 55.8 60.9 677 
0.600 35.8 41.2 439 48.9 55.7 61.6 65.2 67.0 73.0 Rl3 
0.700 418 48.1 5).2 57.0 65.0 71.9 76.0 78.1 8.5.2 948 

0.!!:00 47 E 54.9 58.5 65. 74.3 82.1 86.9 89.3 97.4 108 
0.900 53' 61.8 65 9 73.3 83.6 92.4 97.~ lOO 110 122 
l.OW 59 7 6S.7 73.2 I!JA 92.9 103 1()9 112 122 135 
J.5ú0 89 6 103 110 1 ,. 139 1S4 163 167 183 203 
2.0CO 119 13"7 146 16: 186 205 21"7 223 243 271 

2 . .500 149 172 183 20..: 232 237 27: 279 304 339 
J.OGO 179 206 220 '"'"' 279 ]08 32(1 335 36, 406 
3,5CO 200 240 256 18~ 325 359 380 391 42r. 474 
4.Wli 2]') 2.75 293 3::!(: 372 41: 435 446 487 '"'' 4.500 26~ 309 329 366 418 462 484) 502 548 610 

5.000 291) ]-<!3 365 40i 465 513 :,43 558 609 677 
5.500 32~ 37!3 403 "'' 511 565 .59"i 614 670 745 
6.(00 358 41::: 439 4S9 557 616 652 670 730 813 
6.500 38:0: "' 476 529 6Jl.t 667 706 725 791 881 
7 r:oo 41.;; "' "i1:: ~";'(: 610 719 760 781 852 948 

7 500 44R 515 541) 611 691 770 81 ~ 837 913 1,016 
R 000 47S :'iAG 51li (j~ 1 743 R21 Ró9 893 974 I,OR4 
H 500 503 584 6'' 6S::: 7~0 873 9" 949 1.035 1,151 
:;oou 53~ 6Hi 65'J . : ' "" 1)2..: 9n 1.004 1.096 1.219 
9 so:J 567 652 69::; 7/4 883 915 1,032 1.060 1.15ó 1.2~7 

JO.OOJ 597 6S·; 732 !:il; 1)2') 1.02-;' 1.086 - 1.116 1.217 1.355 

:--.ut~ Ti m t..1hl~ W<l~ d::-velop-t!d fa~ mformauonJ! purroses only and 1~ spe::1fl:.: 10 !he foUowmg condmons: T1 = 68°F; G, = 0.6. p "' 0.000069; k :-
- ¡..: 71. <J.n:i Tb -=- 519 r:;o~R 

;::opvr-¡c¡r-.~ p. :1">~ A"'E:J:CAI< PETPC!.EU"" lt.S~7TUTE IAP; 1 
7ue Oc:~ OE :.:. :-; :S !OCle; 

4.026 

2.9 
4.3 
5.7 
7.1 

8.6 
lO.O 
11.4 
128 
14.3 

214 
28.5 
35.6 
42.8 
49.9 

57.0 
64.1 
71.3 
85.5 
99.8 

114 
128 
143 
214 
285 

356 
428 
499 
570 
641 

713 
784 
855 
927 
998 

1,069 
1,140 
1,212 
1,283 
1,354 

1.425 

1.3~P, 



Re0 /10S 4.897 

0.020 3.5 
O.oJO 5.2 
0.040 6.9 
00~0 8.7 

0.060 10.4 
0.070 12.1 
0.080 13.9 
0.090 15.6 
0.100 17.3 

0.15() 26.0 
0.200 34.7 
0.250 43.3 
0.300 52.0 
0.350 60.7 

0.400 69.4 
0450 780 
0500 8(,.7 
0.600 104 
0.700 IZ1 

0.~00 139 
0.900 156 
1.000 173 
1.500 260 
2.000 347 

2.~00 433 
).000 520 
3.500 607 
4.000 6').; 
4.500 780 

5.0<:<1 867 
s.5r.() 95·\ 
6000 1.~0 

6.500 1,127 
7.000 1,214 

7 500 1,300 
HOOO I.JSi 
11500 1,474 
9.000 l.SóU 
9.l00 1 ,&17 

10.000 J,7).; 

------------------~~~~-=~ API MPMS•14.;.3 92 .. 0732290 050389b 112 .. 

SECTION 3-CoNce>muc, Sa.J.w¡.EooEo ORIFI:E METB<S, PART 3--NAnA\L GAs iiPPucATKJNS 

Tabla 3-B-5-Continued 

Nommal Plpc Diamctt:r 

6Jncbes 8 Inches 10 Inc:bos 

5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 

3.7 4.1 4.3 5.4 5.7 5.7 6.8 7.1 
5.5 6.1 6.4 8.1 8.5 8.6 10.2 10.6 
7.3 8.2 8.6 10.8 11.3 11.4 13.5 14.2 
9.2 10.2 10.7 13.5 14.1 14.3 16.9 17.7 

ll.O 11.2 12.9 16.2 17.0 17.1 20.3 21.3 
12.9 14.3 1.5.0 189 19.8 20.0 23.7 24.8 
14.7 \6.3 11.2 21.6 22.6 22.9 27.1 28.4 
16.5 18.4 19.3 24.3 25.4 25.7 30.~ 31.9 
18.4 20.4 21.5 27.0 28.3 28.6 33.9 35.5 

275 30.6 32.2 405 42.4 42.9 !'iO.R 53.2 
36.7 40.8 42.9 54.0 56.5 57.2 67.7 71.0 
45.9 51.0 53.7 67.5 70.6 71.4 114.6 88.7 
55.! 6>.2 64.4 81.0 84.8 85.7 102 106 
64.3 71.4 75.2 94.5 989 100 118 124 

73.5 81.6 85,9 108 lll 114 135 142 
82.6 91.8 96.6 121 127 129 !52 160 
91 R 102 107 l3l 141 143 169 177 

110 122 129 162 170 171 203 213 
129 143 150 189 198 200 237 248 

147 163 172 216 226 229 271 2R4 
165 184 193 243 254 257 305 319 
184 204 215 270 283 286 339 355 
275 306 322 405 424 429 508 532 
367 408 429 540 565 572 677 710 

459 510 037 675 706 714 846 887 
551 (,[2 644 810 848 857 1,016 1,064 
643 714 752 945 989 1.000 1,1R5 1.242 
735 816 859 1.080 1.130 1.143 1,354 1.419 
826 918 966 1,215 1.272 1.286 1,524 1,596 

91, 1.020 1.074 1.350 1.413 1.429 1.693 1.774 
1,010 1,122 1.181 1,485 1.554 1,572 1.862 1,951 
1.102 1,220: ! .288 1,620 1,695 1.715 2,031 2.129 
1,194 1.326 1.396 1,7.:55 1,837 1.8.57 :2,201 2,306 
1.28G 1 ,421i 1.~03 1,890 1.978 2,000 2,370 2,483 

1.377 !,530 1,611 2,025 2.ll9 2.143 2,539 2,661 
1.469 l ,tí12 1,7JR 2.160 2.261 2,2BG 2,708 2,838 
1.551 1.7)4 1.825 2.295 2.402 2.429 2.sn 3,016 
1,653 l .tlJtJ 1,933 2,430 2.543 2572 3,047 3,193 
1.745 I.93S 2,04•) 2.565 2,685 2.715 3,216 3,370 

1,837 2,0·10 2,147 2.700 2.M2ú 2,858 3,386 3,548 

45 

IOD36 

7.1 
10.7 
14.2 
17.8 

21.3 
24.9 
28.4 
32.0 
35.5 

53.3 
71.1 
88.8 

107 
124 

142 
160 
178 
213 
249 

284 
320 
355 
533 
711 

888 
1,066 
1.244 
1,421 
1.599 

l. m 
1.954 
2,132 
2,310 
2,487 

2,665 
2,843 
3,020 
3.198 
3,376 

'3553 

N me· Tlm 1able was éeveloped fGr mfo:nlttor:al ourpv~es onl): and 1S spcclfic tothe followmg conditions: T1 = 68"F: G, = 0.6; Ji = 0.000069; k = 1.3; P., 
"" 14.73. and -;·~ = ~ 19.G7"R 

Co:h'"'lG"~ c. tn.,. ;:. ... ¡:::-:,:A•, PEr;:::~EU"' ¡"::;r:7lJ~E ¡o~.:::: 
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46 CHAPTCR 14-NATlJRAL GAs FwDs MEAS_,. 

Tabla 3-B-5-Continued 

Nommnl Pipe Duuncter 

12 Incites 16 Inches 20 lnc:hes 24lndlcs 30 lnches 

ReD/10' 11.374 11.938 12.090 14.688 15.000 15.250 18.812 19.000 19.250 22.624 23000 23.250 28.750 29.000 29.250 

0.150 60.4 63.4 64.2 78.0 79.7 81.0 99.9 101 102 120 122 123 153 154 155 
0.200 80.5 M4.5 85.6 104 106 108 133 135 136 160 163 165 204 205 207 
0.250 101 106 107 130 E3 135 !67 168 170 200 204 206 254 257 259 
0.300 121 127 128 !56 1>9 162 200 202 204 240 244 247 305 308 311 
0.350 141 148 !50 182 186 189 233 235 239 28(1 285 288 356 359 362. 

0.400 161 169 171 208 212 216 266 269 273 320 326 329 407 411 414 
0.450 181 190 193 234 239 243 300 303 307 360 366 370 458 462 466 
0500 201 211 214 260 266 270 333 336 341 401 407 412 509 5!3 518 
0.600 242 254 257 312 Jl9 324 -400 404 409 481 489 494 611 616 621 
0.700 282 296 300 364 372 378 466 471 477 561 570 576 713 719 725 

0.800 322 338 342 416 425 432 533 538 545 641 651 659 814 821 829 
0.900 362 380 385 468 478 486 599 605 6!3 721 733 741 916 924 932 
1.000 403 423 428 520 53! 540 666 673 682 !W! 814 823 1,018 l,02'i 1,036 
1.500 604 634 . 642 780 797 8!0 999 1.009 1,022 1,202 1,222 1,235 1,.527 1,.540 1,.553 
2.000 805 845 856 1,040 1,062 1,080 1,332 1,34.5 1,363 1,602 1,629 1.1\46 2,036 2,054 2,071 

2.500 1,007 1,057 1,070 1.300 1,328 1,350 1.665 1,682 1.704 2.003 2,036 2.058 2,545 2,.567 2,.589 
3.000 1,208 1,268 1,284 1,560 1.593 1,620 1,998 2,018 2,045 2,403 2,443 2.470 3,054 3,080 3,107 
3.500 1,409 \,479 1,498 1,320 1.859 I,R90 2,331 2.355 2,386 2,804 2,850 2,RR1 3.563 3,5Q4 3,625 
4.000 1.611 1.691 1,712 2.080 2.124 2.160 2,664 2.691 2.726 3.204 3,257 3.293 4,072 4,107 4,143 
4.500 1,812 1.902 1,926 2,340 2.390 2,430 2,997 3,027 3,067 3,6<)5 3.665 3,704 4.5!H 4,621 4,660 

5.000 2.014 2.113 2,140 2.600 2.655 2.100 3.330 3,364 3.408 4,005 4.072 4.116 5.090 5.134 5.178 
5.500 2.215 2.325 2.354 2.~60 2.921 2.970 3.663 3,700 3,749 4.406 4.479 4.521:! 5.599 5.647 5.696 
6.000 2Al6 2.536 2,568 3,110 3.187 3,240 3,996 4,Q36 4,089 4,806 4,886 4.919 6,10S 6,161 6,214 
6.500 2,618 2.747 2,782 3.380 3 4::.2 3,SJO 4.329 4,373 4,430 5,207 5,293 5.351 6,617 6,674 6,732 
7.000 2.819 2,959 2,996 3.640 3.718 3,78(1 4,662 4,709 4,771 5,607 5,700 5.762 7,126' 7,188 7,249 

7 500 3.020 3,170 3.210 3,900 3.983 4,050 4.996 5,045 5.112 6,008 6,108 6,174 7,635 7,701 7,767 
8.000 3,222 3,381 3.425 4,16() 4,249 4,320 5,329 5,382 5.453 6,408 6.515 6,586 8,143 8,214 8,285 
8.500 3.423 3.593 3.639 4,420 4.514 4590 5,662 5,718 5,793 6,809 6,922 6.997 8,652 8.728 8,803 
9.000 3.624 3.804 3.853 4,680 4,7SU 4,860 5.995 6,055 6.134 7.209 7,329 7.409 9.161 9,241 9,321 
Y.50U 3.026 4,015 4,067 4,\.140 5.045 5.!30 6.32H 6,391 6,475 7,610 7,736 7.1'!20 9,670 9,754 9,839 

10.000 4,027 4.227 4.281 5.201 5.311 5.399 6.661 6.727 6.816 8.010 8.143 R,232 10,179 10,268 10.356 
12.000 4,E33 5.072 5,137 6,2<: 1 6,373 6,479 7,993 8,073 8.179 9,612 9.772 9.87~ 12.215 12,321 12,418 
15.000 6,041 6,340 6,421 7,801 7,966 8,099 9,99! 10.091 10.224 12,016 12.215 12.348 15,269 15,402 15,.535 
18.000 7,249 7.608 7.705 9.361 9.560 9,719 11,989 12,109 12.268 14.419 14,658 14,81S 18.323 18,482 18.642 
2: ()0(1 R.4.'i7 !Unú 8.989 lO,Q:'_ 1 11, l.'i3 IU~Q 1 3,9FI7 14,127 14,113 16,R22 17,101 17,'U1.7 21,377 21,563 21,748 

24.00() 9,66.'i 10. 14-! 10.274 12,481 12,746 12.95Q 15,98b 16,145 16,358 19.225 19.544 19,757 24.430 24,643 24,855 
27.000 !O.F73 1 ,412 ll .. "i5R 10:,0.!1 14,)40 14579 17,9R4 IR,IM 1n,4m 21.62R 2 !,987 22,226 27,484 27,723 27,962 
30.000 12,081 :0.680 12.842 1 ~ .60: 15.9)3 16,198 19.93:2 20,182 20.447 24,0)1 24.430 24,696 30..538 30.804 31,069 

t-:otc 11m 1ablc was dcvclopcd for m:ormat!On:LI purposes onl~ anc 1S S?CCtñc te !he fol!cwm~ condiuons: 1¡ "' 68el-: G, = 0.0, Ji = O 000069; k • 1.3;P,. 
= 1473;andT0 = 51967~R 
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Tabla 3-B-6-Expansion Factors tor Flange Taps (Y,): Stalic Pr&Ssure Taken From Upstream Taps 

p ~ d/D 

h,,Jij, 0.1 0.2 0.3 04 o.•5 0.50 0.52 0.54 ll.5ó 0.58 0.60 0.61 0.62 

o .o 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.1 0.9989 0.9989 0.9989 0.9988 0.9988 0.9988 0.9988 0.9988 0.9988 0.9988 0.9987 0.9987 0.9987 
0.2 0.9977 0.9977 0.9977 0.9977 0.9976 0.9976 0.9976 0.9976 0.9975 0.9975 0.9975 0.9975 0.\197. 
03 0.9966 0.9966 0.9966 0.9965 0.9965 0.9964 0.9964 0.9963 0.9963 0.9963 0.9962 0.9962 0.9961 

. 0.4 0.9954 0.9954 0.9954 09953 0.9953 0.9952 0.9952 0.9951 0.9951 0.9950 0.9949 0.9949 o.m9 
O .S 0.9943 0.9943 0.9943 0.9942 0.9~41 0.9940 0.9940 0.9939 0.9938 0.9938 0.9937 0.9936 0.9936 

0.6 0.9932 0.9932 0.9931 09930 0.9929 0.9928 0.9927 0.9927 0.9926 0.992!5 0.9924 0.9924 0.9923 
0.7 0.9920 0.9920 0.9920 0.9919 0.9918 0.9916 0.9915 0.9915 0.9914 0.9913 0.9912 0.9911 0.9910 
0.8 0.9909 0.9909 0.9908 0.9907 0.9906 0.9904 0.9903 0.9902 0.9901 0.9900 0.9899 0.9898 0.9897 
0.9 0.9898 0.9897 0.9897 0.9895 0.9894 0.9892 0.9891 0.9890 0.9889 0.9888 0.9886 0.9885 0.9885 
1.0 0.9886 0.9886 0.9885 0.9884 0.9882 0.9880 0.9879 0.9878 0.9877 0.9875 0.9874 0.9873 0.9872 

1.1 0.9875 0.9875 0.9874 0.9872 0.9870 0.9868 0.9867 0.9866 0.9864 0.9863 0.9861 0.9860 0.9859 
1.2 0.9863 0.9863 0.9862 0.9860 0.18.59 0.98>6 0.9855 0.9853 0.9852 0.9850 0.9848 0.984? 0.98% 
1.3 0.9852 0.9852 0.9851 0.9849 G.9847 0.9844 0.9843 0.9841 0.9840 0.9838 0.9836 0.9835 0.9833 
1.4 0.9841 09840 0.9840 0.9837 0.98::t::i 0.9832 0.9831 0.9829 0.9827 0.9825 0.9823 0.9822 0.9821 
1.5 0.9829 0.9829 0.9828 0.9826 0.9823 0.9820 0.9819 0.9817 0.981.5 0.9813 0.9810 0.9809 0.9808 

1.6 0.9818 0.9818 0.9817 0.9814 G.9R11 0.9808 0.9806 0.9805 0.9803 0.9800 0.9798 0.9796 0.9795 
1.7 0.9806 0.9806 0.9805 0.9802 0.5~00 0.9796 0.9794 0.9792 0.9790 0.9788 0.9785 0.9784 0.9782 
1.8 0.9795 0.9795 0.9794 0.9791 0.9788 0.9784 0.9782 0.9780 0.9778 0.9775 0.9772 0.9771 0.9769 
1.9 0.9784 0.9783 0.9782 0.9779 0.9":76 0.9772 0.9770 0.9768 0.9766 0.9763 0.9760 0.9758 0.9756 
20 0.9772 0.9772 0.9771 0.9767 09764 0.9760 0.9758 0.9756 0.9753 0.9750 0.9747 0.9745 0.9744 

2.1 0.9761 09761 0.9759 0.9756 0.9753 0.9748 0.9746 0.9744 0.9741 0.9738 0.9734 0.973~ 0.9731 
2.2 o 9750 09749 0.9748 0.9744 0.9741 0.9736 0.9734 0.9731 0.9729 0.9725 0.9722 0.9720 0.9718 
2.3 0.9738 0.9738 0.9736 0.9732 0.9729 0.9724 0.9722 0.9719 0.9716 0.9713 0.9709 0.9707 0.9705 
2.4 0.9727 0.9726 0.9725 0.9721 0.9117 0.9712 0.9710 0.9707 0.9704 0.9700 09697 09694 0.9692 
2.5 0.9715 o 9715 0.9713 0.9709 0~705 0.9700 0.9698 0.9695 0.9692 0.9688 0.9684 0.9682 0.9680 
2.6 0.9704 0.9704 0.9702 0.9693 0.9694 0.9688 0.9686 0.968~ 0.9679 0.9675 0.9671 0.9669 0.9667 
2.7 0.9693 09692 0.9691 0.968G 0.9682 0.9676 0.9673 0.9670 0.9667 0.9663 0.9659 0.9656 0.96>4 
28 0.9681 0.9681 0.9679 0.9674 0.9670 0.9664 0.9661 0.96!18 0.9654 0.9650 0.9646 0.9644 0.9641 
2.9 0.9670 0.9669 0.9668 0.9663 0.9658 0.96.52 0.90.9 0.9b46 09642 0.9638 0.963:\ 0.9631 0.9628 
3.0 0.965K 0965!i 0.965tí 0.9651 0.9647 0.9640 0.9637 0.9634 0.9630 0.9626 0.9621 0.9618 0.9615 
3.1 0.9647 0.964/ 0.9645 0.9639 0.9635 0.9628 0.9625 0.9622 0.9617 0.961] 0.9608 09605 0.9603 
3.2 09636 0.9635 0.9633 09()28 0.9623 0.%16 0.9613 0.9609 0.9605 0.9601 0.9595 0.9593 0.9590 
3 3 0.9624 0.9624 0.9622 0.9616 09611 0.9604 0.9601 0.9597 0.9>93 0.9588 0.9583 0.9580 o.95n 

" 0.9613 0.9612 0.9610 0.96().1 0.9>99 0.9.592 0.9589 0.9585 0.9580 0.9576 0.9570 0.9567 0.9564 
J.~ 0.9602 0.9601 0.9599 0.9593 (l,Qj88 0.95HO 0.9577 0.9573 0.9568 0.9563 0.9558 0.9554 0.9551 
3.6 0.9590 0.9~90 0.9587 0.9581 0.9.176 0.9568 0.9565 0.9560 0.9>56 0.9551 0.9545 0.9542 0.9538 
3.7 0.9579 0.957e 09576 0.9570 09564 0.9556 0.9553 0.9548 0.9543 0.9538 0.9532 0.9529 0.9526 
H" 0.95(,7 UIJ56'7 0.9564 0.9553 0.9552 0.9544 0.9540 0.9536 0.9531 0.9526 0.9520 0.9516 0.9513 
39 0.9556 o 9~55 0.9553 0.95-15 0.9540 0.9532 0.9528 0.9524 0.9.519 0.9513 0.9507 0.9504 0.9>00 
4.l• 0.9545 o 95~~ o 95~2 0.9535 0.9529 0.9520 0.9516 0.9512 0.9506 0.9501 0.9494 0.9491 0.9487 

CoD""lS'"':. D• tr>~ AMf!;'!CA'< DfT>:'O:..EU~-' li'>ST:TUTE (A~!: 
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h.JP¡, 0.63 0.64 0.65 0.66 

0.0 1.0000 10000 1.0000 1.0000 

o 1 0.9987 0.9987 0.9987 0.9987 
0.2 0.9974 0.9974 0.9974 0.9974 
0.3 0.9961 0.9961 0.9961 0.9960 
04 0.9948 09948 0.9948 0.9947 
0.5 0.9935 o 9935 0.9934 0.9934 

06 0.992) 09922 0.9921 0.9921 
07 0.9910 09909 0.9908 0.9907 
0.8 0.9897 0.9896 0.9895 0.9894 
09 0.9HK4 0.9883 0.9882 0.9881 
1.0 0.9871 09870 0.9869 0.9868 

1.1 fl.t,JHSR 0.9857 0.9856 0.9854 
1.2 0.9845 09844 0.9843 0.9841 
!.3 0.9832 0.9831 0.9829 0.9828 
1.4 0.9H11J 0.9818 0.9816 0.91H5 
!.5 0.980ó 09805 0.9803 0.9802 

i.t 0.9793 09792 0.9790 0.9788 
1 7 0.9780 09779 0.9777 0.9775 
!.8 0.9768 o 9766 0.9764 0.9762 
!.9 0.9755 0.9753 0.9751 0.9749 
2.0 0.9742 o 9740 0.9738 0.9735 

2.1 0.9729 0.9727 0.9725 0.9722 
2.2 O.Q71G 0.9714 0.9711 0.9709 
2.3 0.9703 09701 0.9698 0.9696 
2.4 0.9690 0.9688 0.9685 o 9683 
2.5 0,9(,7'7 0%75 0.9672 0.9ó6Q 

:;,6 o 9óó4 0.9662 0.9559 0.9656 

" 09651 o 964~ 0.9645 0964:\ 
2.8 o 9638 0.9636 0.9633 09630 
::!.9 o 9625 0962~ 0.9620 09616 
3.0 u 'Jó .3 U.%10 0.9606 0.9603 

3.! 096DG 0.9597 0.9593 o 9590 
J.2 u ~·5!::-:' U.<J5M4 0.9580 o 9577 

- ' .... o 9.'\74 o 9571 0.9567 --0 9564 
3 .! 0.95é. o 9558 0.9551 --'0.9!550 
3.5 O 05~E 0.0545 o 9541 o 9!53"1 

3.6 0.9535 o 9.:532 0.952S o 9!5~t1 
: . .' u <:•5:-o:: U.'J5Ul o ')515 0.?511 
e k 00"(1\) O,Q"iO"i o 9502 o e¡~ o., 
:: 9 o 949(• (1 049::'_ 0.9488 09.:¡...: 

'• ·~· o(,. ',f:; (• :) \70 0.9475 o 94'7 

:op,-:,-·. ~. ~,..., ..... ¡::::-:::.·.:::¡::~;::~~u ... u~s::ru~t: ,;.:::: 
~""' C:: O~ :¿ . .~ .Gc. 

Tabla 3-B-6- Continuad 

p ~ d!D 

0.67 0.68 0.69 0.70 0.71 

1.0000 1.0000 1.0000 1.0000 1.0000 

0.9987 0.9987 0.9986 0.9986 0.9986 
0.9973 0.9973 0.9973 0.9973 0.9972 
0.9960 0.9960 0.9959 0.9959 0.9958 
0.9947 0.9946 0.9946 0.9945 0.9945 
0.9933 0.9933 0.9932 0.9931 0.9931 

0.9920 0.9919 0.9918 0.9918 0.9917 
0.9907 0.9906 0.9905 0.9904 0.9903 
0.9893 0.9892 0.9891 0.9890 0.9889 
0.9880 0.98'79 0.9878 0.9877 09875 
0.9867 0.9865 0.9864 0,9863 0.9861 

09853 0.9852 0.9851 0.9849 0.9848 
0.9840 0.9838 0.9837 0.9835 0.9834 
0.987.7 0.9825 0.9823 0.9822 0.9820 
0.9MJ3 0.9812 0.9810 0.9808 0.9806 
o.9BnJ 0.979ll 0.9796 0.9794 0.9792 

0.9787 0.9785 0.9783 0.9781 0.9778 
0.97í3 0.9771 0.9769 0.9767 0.9764 
0.9760 0.9758 0.9755 0.9753 0.9751 
0.9747 0.9744 0.9742 0.9739 0.9737 
09733 0.9731 0.9728 0.9726 0.9723 

0.972(} 0.9717 0.9715 0.9712 0.9709 
0.9706 0.9704 0.9701 0%98 0.9695 
0.9693 0.9690 0.9688 09685 0.0681 
0.9680 0.9677 0.9674 0.9671 0.9668 
0.9666 0.9663 09660 0.9657 0.9654 

0.9653 0.9650 0.9647 09643 0.9640 
0.9640 09617 0.9633 0.%30 0.9626 
0.9626 0.9623 0.9620 0.9616 0.9612 
0.9613 0.9610 0.9606 0.9602 0.9598 
0.9600 0.9596 0.9592 0.9588 0.9SM4 

0.9586 0.9583 0.9579 0.9575 0.9571 
0.9573 0.9569 0.9567 0.9561 0.9557 
0.9560 0.9556 09552 09S47 0.9543 
0.9546 0.9542 0.9.B8 0.95)1', 0.9529 
0.9533 o 9529 0.9524 0.9520 0.9515 

0.9!52C 0.9515 0.9!Hl 0.9.:506 0.9SOI 
0.9506 0.9502 0.9497 0.9492 0.9487 
O.CJ4<JJ O 94RR O 94R4 0.9470 0.9474 
09480 0.9H5 0.9470 0.9465 0.9460 
0.946.5 0.9·162 0.9457 09<15! 0.9446 

0.72 0.73 

1.0000 1.0000 

0.9986 0.9986 
0.9972 0.9972 
0.9958 0.99ó8 
0.9944 0.9943 
0.9930 0.9929 

0.9916 0.9915 
0.9902 0.9901 
0.9888 0.9887 
0.9874 0.9873 
0.9860 0.9859 

0.9846 0.9844 
0.9832 0.9830 
0.9818 0.9816 
0.9804 0.9R02 
0.9790 0.9788 

0.9T16 0.9774 
0.9762 0.9760 
0.9748 0.9745 
0.9734 0.9731 
0.9720 0.9717 

0.9706 0.9703 
0.9692 09689 
0.9678 0.9675 
0.9664 0.9661 
0.9650 0.9646 

0.9636 0.9632 
0.9622 0.9618 
0.9608 0.9604 
0.9594 0.9590 
0.951i0 0.9576 

0.9566 0.9.562 
0.9552 0.9547 
0.9538 0.9533 
0.9.524 0.9519 
0.9510 0.9505 

0.9496 0.9t191 
0.9482 0.9477 
0.9468 09463 
0.94.54 0.9448 
0.9440 0.9434 

0.74 0.75 

1.0000 1.0000 

0.9986 0.9986 
0.9971 0.9971 
0.9957 0.9957 
0.9943 0.9942 
0.9929 0.9928 

0.9914 0.9913 
0.9900 0.9899 
0.9886 0.9884 
0.9871 09870 
0.9857 0.9855 

0.9843 0.9841 
0.9828 0.9826 
0.9814 0.9812 
0.9800 0.9798 
0.9786 0.9783 

0.917\ 0.9769 
0.9757 0.9754 
0.9743 0.9740 
0.9728 0.9725 
0.9714 0.9711 

.1 
'~"• 

09700 0.9696 ,. 
0.9685 0.9682 f¡'\ 
0.9671 0.9667 .,. ~-¡ 
09657 0.9653 .~ 

09643 0.9639 ~ 

0.9528 0.9624 
09614 0.9610 -0.9600 0.959!1 
0.9585 0.9SSI 

1 ·' 
0.9571 0.9566 

0.9S57 0.9552 J!' 
0.9542 0.9537 < 

0.9528 0.9!525 
0.9514 0.~ 

0.9500 0.9494 

0.9485 0.9480 
0.9471 0.9465 
0.9457 0.9451 
0.9442 0.9436 
0.9428 0.9422 



Table 3-B-7-F,.. Factors Usad to Change Fmm a 
Pressure Base of 14.73 Pounds Force per Square 

lnch Absoluta to Other Pressure Bases 

F,. 
14.73 

Contract pressure base, psia 

Pre.ssun: Base 
(pounds force pcr squl!te lllch absolutc) F_. 

14.4 1.0229 
14.525 1.0141 
14.65 1.0055 
14.696 1.0023 
14.70 1.0020 
14.725 1.0003 
14.73 1.0000 
14.735 0.9997 
14.775 0.9970 
14.90 0.9886 
15.025 0.980.: 
15.15 0.97~3 
15.225 0.9675 
15.275 0.9M3 
15.325 O.S.612 
15.40 0.9~65 

15.525 0.948f 
15.65 0.9412 
15.775 0.9338 
15.90 0.9264 
16.025 0.9192 
16.15 09!2 1 

16.275 090!)1 
16.40 0.8982 
16.70 U.l:l82ü 

• 
Coch·~:9~~ ::¡, t~">e A~E::>:CA~; PET"C~EU~ !N::;T!TUTE lA~:, 
TveOc:.Of: ;"'·-.:~:oc¡" 
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Tabla 3-B-8-F., Factors Usad to Changa Fmm a 
Temperatura Base ot so•F to Other 

Temperatura Bases 

F.. = 
Base °F + 459.67 

60 + 459.67 

Temperature Tempcnttu~ 

("1') F• (oF) Fo 

40- 0.9615 65 1.0096 
41 0.9634 66 1.0115 
42 0.9654 67 1.0135 
43 0.9673 68 l.OIS4 
44 0.9692 6Q 1.0173 
45 0.9711 70 1.0192 
46 0.9731 71 1.0212 
47 0.9750 72 1.0231 
48 0.9769 73 1.0250 
49 0.9788 74 1.0269 
50 0.9808 75 1.0289 
51 0.9827 76 1.0308 
52 0.9846 77 1.0327 
53 0.9865 78 1.0346 
54 0.9885 79 1.0366 
55 0.9904 80 1.0385 
56 09923 81 10404 
57 0.9942 82 10423 
58 0.9962 83 1.0443 
59 0.9981 84 1.0462 
60 1.0000 85 1.0481 
61 1.0019 86 1.0500 
(>2 1.0038 87 1.0520 
63 1.0058 RR 1.0539 
64 1.0077 89 1.0558 

90 1.0577 
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Table 3-B-9-F, Factors U sed to Change From a Ftowing 
Temperatura al 60'F to Actual Ftowing Temperatura 

Temperature 
(OF) F, 

-20 1.0872 
-19 1.0859 
-18 1.0847 

-17 1.0835 
-16 1.0823 
-!5 LOS JO 
-14 1.07~t! 

-13 1.0786 
-J2 1.0774 
-ll 1 C762 

-JO 1 0750 
-9 1.0738 
-8 1.0726 
-7 1.0715 
-<i 1 0703 
-~ 1.0691 
-4 1.0679 

-3 1.0668 
-2 1.0656 
-l 1.0644 
o 1.0633 
1 10621 
2 1.0610 
3 1.0598 
4 1.0587 
5 1.0575 
6 1 056'1 
7 1.05:5:3 
R 1 0';41 
9 1 05]0 

JU l LI51Y 
ll 1.050~ 
12 1.0497 
13 t 0485 
14 1 O-l74 
15 1 0463 
16 1.0452 
17 1l't141 
18 l f'130 
1G 1 041'1 
20 1 l-401) 

21 1 P19;¡ 
22 1 ('387 
23 ¡ CJ'l(l 

2·1 1 C36~ 
25 1 C355 
26 1 034.! 
27 1 (1111 

2B 1 032} 
2'J ! 031: 
30 j 0382 
31 1 0291 
32 1 02Hl 
33 1 C27(1 
34 1 0260 
35 1 G251J 
36 1 023') 

-:o 0v,.~g-.·" ::: t"~ AME:;:cA:. c:::~;;:::~EI.J~ It<s·;7UTE ¡.:..:::: 
iu" Oc. 0~ ;,:. '.- i2 '.OGc 

~ = 
60 + 459.67 

T, + 459.67 

Tcmpenuure Tem~nlture 
("<) F, ("F) 

37 1.0229 94 
38 1.0219 9~ 

39 1.0208 96 
40 1.0198 97 
41 1.0188 98 
42 1.0178 99 
43 1.0168 lOO 
44 1.0158 101 
45 1.0148 102 
46 1.0137 103 
47 1 0127 104 
48 J.OJJ7 JOS 
49 1.0108 106 
50 1.0098 107 
51 1.0088 JOS 
52 1.0078 109 
j3 1.0068 110 
54 1.~8 Jll 
55 1.0048 JJ2 
56 1.0039 Jl3 
57 1.0029 JJ4 
58 UXH9 JJ5 
59 1.0010 JJ6 
60 1.0000 ti? 
61 0.9990 JJ8 
62 0.99Ml JJ" 
63 0.9971 120 
64 09962 121 
6' 0.9952 122 
66 0.9943 123 
67 o 9933 124 
68 09924 l25 
60 0.9915 126 
70 09905 127 

09896 128 
1: o 9887 129 
73 09877 130 
74 09868 131 
75 09859 132 
76 0985U 133 
,- 09840 134 
7R 09811 135 
79 o 9822 136 
80 0981~ 137 
'1 098~ 138 

" o 9795 139 
íi} OQ7Ró 140 
R4 Orr777 141 
85 O 976R 142 
86 U.IFJ5'J 143 
8' 09750 144 

" 09741 145 
8Q 09732 146 
90 o 972l 147 

" 09714 148 
n U97Ub WJ 
9J 09697 150 

F, 

0.9688 
0.9679 
0.9671 
0.9662 
0.9653 
0.9645 
0.9636 
0.9627 
0.9619 
09610 
0.9602 
0.9593 
0.9~85 
0.9576 
0.9')68 
0.9559 
0.9551 
0.9543 
0.9534 
0.9526 
0.9518 
09509 
09501 
09493 
0.9485 
UIJ477 
0.9468 
09460 
OQ452 
09444 
IJ.'J436 
09428 
09420 
09412 
09404 
0.9396 
09388 
09380 
09372 
09364 
09356 
0914R 
09340 
U.CJ332 
09325 
09]17 
09309 
09101 
09294 
U.IJ2Mó 
0.9278 
09271 
09263 
0.9255 
09248 
U.'J24U 
0.9232 
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Table 3-B-10-F,, Facto:-s Usad to Adjust lar Real Gas Relativa Density (G,): 
Base Conditions o! 60°F anc 14.73 Pounds Force par Square lnch Absoluta 

F,. jt 
F,. 

G, 0.000 0.001 0.002 0.003 0.004 0.003 0.006 0.007 

0.550 1.3484 1.3472 0.3460 1.3447 1.3435 1.3423 1.3411 1.3399 

0.560 1.3363 1.3351 1.3339 1.3327 1.3316 1.3304 1.3292 1.3280 
0.570 1.3245 1.3234 1.3222 1.3211 1.3199 1.3188 1.3176 1.31155 
0.580 1.3131 1.3119 1.3108 1.3097 1.3086 1.3074 1.3063 1.3052 
0.590 1.3019 1.3008 1.2997 t.:986 1.2975 1.2964 1.2953 1.2942 
0.600 1.2910 1.2899 1.2888 1.2878 1.2867 1.2836 1.2846 1.2835 

Q.6l0 1.2804 1.2793 1.2783 1.2772 1.2762 1.2752 1.2741 1.2731 
0.620 1.2700 1.2690 1.2680 1.26o9 1.2659 1.2649 1.2639 1.2629 
0.630 l 2599 1.2589 1.2579 1.2569 1.2559 1.2549 1.2539 1.2529 
0.610 1.2500 1.2490 1.2480 1.2471 1.2461 1.2451 1.2442 1.2432 
0.650 1.2403 1.2394 1.2384 1.2375 1.2363 1.2356 1.2347 !.2337 

0.660 1.2309 1.2300 1.2290 1.2281 1.2272 1.225~ 1.2254 1.2244 \ 
0.670 1.2217 1.2208 1.2199 1.2190 1.2181 1.2172 1.2163 1.2154 
0.680 1.2127 1.2ll8 1.2109 1.2100 1.2091 1.2082 1.2074 1.2065 
0.690 1.2039 1.2030 1.2021 1.2012 1.2004 1.1995 l.l986 l.l978 
0.700 1 1952 1.1944 .1.193.'5 l.l927 1.1918 1.1910 l.l901 l.lB93 

0.710 1 1868 l.l859 l.l851 1.1843 1.1834 1.1826 l.l818 1.1810 
0.720 1 1785 l.1777 1.1769 1.1761 1.1752 1.1744 l.l736 1.1728 
0.730 1.1704 1 1696 l.lliRR 1.1680 1.1672 1.1664 l.l656 1.1648 
0.740 l.l625 l.l6l7 l.l609 1.1601 l.t.593 1.1586 l.l578 1.1570 
0.750 1.!547 1.1539 1.153:! 1.1524 1.1.516 l.l509 l.l501 1.1493 

0760 1 1471 l.l463 1.14.'56 1.1448 1.1441 l.l433 l.l426 1.141R 
0.770 l.l396 l.l389 1.1381 1.1374 1.1366 l.l359 l.l352 L.L345 
O. ?RO 1.1323 1.1316 1.1308 1.1301 1.1294 u21n l.l279 l.l272 
0.790 1 1251 1.1244 l.l237 1.1230 1.1222 1.1215 1.1208 1.1201 
O.ROO 1.11 so 1 1173 1.1166 1.11.'59 l.ll52 1.1146 1.1139 1.1132 

O.RIO 1.111 i l.ll04 1 1097 1.1090 1.1084 1.1077 1.1070 1.1063 
O.H20 1 104:1 1.103tí 1.1030 1.10:!3 l.l016 1.1010 l.l003 1.0996 
0.!!30 1.0976 1.0970 1.0963 1.09.'57 1.09.50 1.0944 1.0937 1.0930 
0.840 1.0911 l.()9(}t 1.089!\ 1.0891 1.0885 1.0078 1.0872 1.0866 
0.850 1.0846 1 0840 1.083·1 1.0627 1.011:21 1.0815 1.0808 1.0802 

O.BW 1.0733 1 0777 1.0771 1.0764 1.0758 1.07.5:! 1.0746 1.0740 
0.870 1.072: 1 0715 1.07{}') 1.0703 1.0696 I.OflJO 1.0684 1.0678 
0.81{0 1.0660 1.0654 10648 1.0642 1.0636 1.0630 1.0624 1.061M 
0.890 !,()(,.¡)() 1 0594 1.058S 1.0582 1.0516 1.0~70 1.0.564 1.05!i8 
0.900 1.0541 1.0535 1.0529 1 ·u:~ 1.0518 1.0512 l.OS06 1.0500 

0.910 1 04i\i 10477 1.0471 1.0466 1.0460 1 0454 1.0448 1.0443 
O.Y20 1.0426 LN20 1.0414 1.040Q 1.0403 1.0398 1.0392 1.0386 
0.930 1 0370 1.03&; 1.0358 1.03~) 1.0347 1.0342 1.0336 1.0331 
0.9~0 1 031·1 1.030') l.O]QJ I.U21J.!l 1.0292 1.0237 1.0281 1.0276 
09.)0 10260 IC25~ 1.0149 1.024-! 1.02JS 1.0233 1.0228 1.0222 

0%0 1 0206 1 0201 1.019<i 1.0!90 1.0185 1.01!!0 1.0174 1.0169 
OQ70 1015.3 1 0148 1 0143 t.o:Js 1.0132 1.0127 1.0122 1.01 I7 
09\{0 1 010~ l 0096 1 0091 1.008f 1.0081 1.0076 1.0071 1.006(, 
0.9;0 1.0050 1 OQ.ll 1 01\40 I.I)J35 1.00)0 1.0025 1.0020 1.0015 
! ())0 l 0000 

Coporl,:~: :o. ~"" A"'EP:.::Ar; PE~~O~EU"' !tiS~!TUTE \AP: 
7ue 0~~ 02 l<l 1 ';" li;, ¡GQe;, 

1 
1 
' 

51 1 

0.008 0.009 

1.3387 1.3375 

1.3269 1.3237 
1.3153 1.3142 
1.3041 1.3030 
1.2932 1.2921 
1.2825 1.2814 

1.2720 1.2710 
1.2619 . 1.2609 
1.2520 1.2510 
1.2423 1.2413 
1.2328 1.2318 

1.2235 1.2226 
1.2145 1.2136 
1.2056 1.2047 
1.1969 1.1961 
l.1BB4 1.1876 

l.l802 1.1793 
1.1720 J.l712 
1.1640 J.l633 
1.1562 l.l555 
1.1486 1.1478 

1.1411 1.1403 
1.1337 l.l330 
l.l265 1.1258 
1.1194 1.1187 
1.112.5 l.lll8 

1.1057 l. LOSO 
1.0990 1.0983 
1.0924 1.0911 
1.0859 1.08.53 
1.0796 1.0790 

1.0733 IJJ727 
1.0672 1.0666 
1.0612 1.0606 
1.0553 1.0547 
1.0494 1.0489 

1.0437 1.0431 
1.0381 1.0375 
1.0325 1.0320 
1.0270 1.0265 
1.0217 1.0212 

1.0164 1.0159 
l.Oll2· 1.0107 
1.0060 l.005l 
1.0010 1.0005 



API HPHS*14.3.3 92 ~ 0732?.90 0503903 162 .. 

52 CHAPTER ,4-NATUAAI... GAS FWIDS MEASI.IBIENT 

Table 3-B-11-Supercompressibility Factors (F .. ) for 
G, = 0.6 Wnhout Nitrogen or Carbon Dioxide 

Tem¡>erUI!lO ('!') 

""""'""' (psin) 20 M) 60 80 100 120 

100 1.00947 1.00807 1.00687 1.00504 1.00496 1.00419 
200 1.02058 1.01762 1.01:512 1.01294 1.01116 1.00958 
300 1.03218 ~ .!:2748 1.02355 1.02022 1.01740 1.01497 
400 1.04427 1.03764 1.03216 1.02756 1.02367 1.02035 
500 1.05688 1.04810 1.04093 1.03497 1.02996 1.02572 
600 1.0&199 1.0')~1!4 1.049H3 1.04243 1.03625 1.03104 
700 1.08360 1.06983 1.05885 1.04990 1.04251 1.03631 
800 1.09766 1.08103 1.06793 1.05737 1.04871 1.04149 
900 l.ll209 1.09237 1.07703 1.06479 1.0.5482 1.046:56 

1000 1 12679 ; 10375 I.OR(I(}R 1.07211 1.06081 1.05150 
1100 1.14156 l.ll~OJ 1.09501 1.07927 1.06663 1.05628 
1200 1.15616 l.12ó21 1.10372 1.08622 1.07225 1.06087 
1300 1.17029 1.13696 1.11211 1.09289 1.07763 1.06524 
1400 1.18358 1.14715 1.12007 1.09922 1.08271 1.06935 
1500 1.19565 1.15657 1 12749 1.10512 1.08745 1.07318 
1600 120615 1 16504 l.l3425 1.11054 1.09180 1 07669 
1700 1.21481 l.i.72J7 1.14025 !.11540 1.09573 1 07986 
1800 1 22146 1.17845 1.14541 1.11965 1.09919 1.08267 
1900 1.22606 1.18318 l.l4965 l.l2324 1.10216 I.OH509 
2000 1.22868 l.l8ú:S3 1.13294 1.12615 1.10462 1.08710 

Note Tne data ir1 th1s tabk v.·ere gc-ncrated usmg thc A.G.A. Gas Measurement Program. Copyright~ 1988 
American Ga~ A'\~OC1at1on. All righl~ rc:..~rved. Ga~ mpul data are a~ fol!ows:% C02 = 0;% N:= O; ~reufic 
gravity"' 0.6. Thls tablc was aevelopert 1or infonnat10nal purposes only and ts specific to the gas quality ltsted. J. 
The dntn in thts tnble are not subje.ct to adJWUm:nt tor rutrogen or carbon d•ox1de content anc!, becausc ot theu ~ 

broad range. should not be imenx.Jated. Wnh lhe A.G.A Program, the u¡,er estabhshes the gas composinon 
parameters and spee~fie.s tne table range ¡;1at ts conststent Wtth ftek1 or measuremem condinons 

Copr¡g~~ C· tr-., AMfP1CA..N PETPO_!::U~ INSTlTUTi:: (AP; • 
Tue Oc·. OE 14.: ~ lQQo 
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APPENDIX 3-C-FLOW CALCULATION EXAMPLES 

3-C.1 General 

This appendix presents two methods for calculating the volume ftow rate of natural gas 
through an orífice meter equipped with ftange taps. 1be first melhod uses thc equations pre
sented in 3.3 through 35. The second method is based on the more ttaditional calculation 
fonnat, which involves the computation ofvarious factors. The equations used for the factor 
approach are presented in Appendix 3-B. 

To assist the user in interpreting the calculatton methodology, the data set given below, 
which is for a single orifice meter. is used consistently throughout tbe flow calculation ex- • 
amples. The volume ftow ratc is computed under tbe assumption that the measurements are 
absolute and wit.huut error. It should be noted that depending on the type of instrumenration 
used and the calibr:uion methods employed, calibration and correction factors may need to 
be applied. For simplicity in u.sing hand calculalwns andfor ~au ofinurpretalion in the 
fo/lowíng cxamplcs. mtermediate wzlues are rounded to six significant digits. Part 4 should 
be used for any 1mplemenration of lhe equaJions. 

3-C.2 Given Data 

The orifice meter consists r.t a carbon steel meter tube equipped with nange tnps and n 
Type 304 stainless steel orifice plate. Scatic pres~ure measurements are taken from the up
Mream tap. 

d, = mean orificc borc diameter at 1~ of 68°F, in inches 
= 4.000. 

D, 

= 
G, = 

h. = 
= 

P, = 

mean meter tu be imemal diameter at T, of 68°F, in inches 
8.071. 
real gas n:Jat¡ve density (specific gravity) 
0.570. 
average differential pressure. in inches of water nt 600F 
50.0. 
contract base pressure, in pounds force per square inch absolulc:: 
14.65 

P¡, = avewge upstream Jbsolutc static prcssurc, in ¡x>unds force pcr squarc inch ;¡h<;o\urc 
370.0. 

T., ::; cuntract b.t..,t: temperdturc of 50°F, in degrees Rankine (50°F + 459.67) 
; 509.67 

1[ == flowmg tcrnpcraturc of tí~ 0 F. m degrees H.ankmc: (65°F + 459.67) 
524.67 

>.e = carbo:1 <.liDX1de contcr.t, in mole percent 
; 0.00 

xn nllrnp,cn conlcnt. m mole percent 
1.10 

J. == iscntrop1c cxponent (e,.! c:T) 

= 1.3 
a 1 = lmear rocfhc¡ent ol fhennal expansion for a stainless steel oriflce plak, in inche~ 

p::-mch·°F 
= 0.000009Z5 

a~ = lmear cocfflcicnt of thermal expans1on for acarbon steel meter rube. in inches pcr 
Hll.:h-°F 

= 0.()()()00620. 
J.i = dynum1c v¡scosny. in pounds mass pc.r foot-second 

= 0.0000069. 

53 
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3-C.3 Calculatlon Examples 

3-C.3.1 METHOO 1: VOLUME FLOW RATE CALCULATION BASED ON 
3.3 THROUGH 3.5 

3-C.3.1.1 General 

Using the given data sel, the valum~ flow rate of natnral¡!:as, in cubic feet per hour at 
stnndrud conditions, can be calculated usirlg Equation 3-6b: 

J
P.Zh 

Q, = 7709.61C,(fT)E,Y,d' ...l!....!_.!.. 
G,Z,,T¡ 

0-6b) 

Note· Since the @:h·en data con1:1in vRiues for the contrnct base prenure (14.6S pounds force per ttquare mch ah
o;nlutc) f!nd lcmpcrttiiiTC (50T) li1111 úiffcr ;rom !he vnh~ established in Pnrt J as !tandard conditions (14 n 
flOillld~ forC"~ per 'tqu:ur iuch ;¡!J~nlule :tml fin"F},Ihe initi11l ClllcU!ftte.l nnw rntc AI-"U.fllhml n.mditionll wiJI n"'I!Hiff' 
conversion lo the flnw rate ttt t>asc conditions of 14.65 rounds force per square inch 11moh1te •_nd 50"'P 

llte ~ystematic approach to solving the volume now rnte equn.tion above involves thc c:ll
culation of lhe intenm:úiate values described 3-C.3.1.2 throuf!h 3-C.3.1.7. 

3 -C.3.1.2 Flenge-Tappe<1 Orlllce Meter Coetllclent ol Dlscharge [C.(FT)J 

The following equr1tion.!l" nre used to colculnte lhe coefficient of dischnrge, C,..(fT): 

C,(I'T) C,Wl") + 0.00051I(IO'/J)" + (0.0210 + O.OCM911)/J'C {3-11) 
/leo 

C, (Fr) = C,(CT) + Tap Tenn 

C,ICI") O.í961 + 0.0291/l' - 0.2290/l' + O.O!n(l - /l)M, 

1flp Trrm ::::: Ur.Hrnr + Dm;trm 

Upr¡ttm = (0.0433 + J.0712e-•~L- 0.1145e-60l'J(J- 0.23A)R 

nnsfi!J/ -O.fliiC.[M, - 0.52M;·'Jfl"(l- 0.1411) 

n /1' 
J:--ji' 

M! m"'( 2.R 
{) 

o o J N • 

M, 
_ 2L2 

1 - {1 

" 
11 r~~~-) 

. Rr,, 

e [ to' r = --
llr0 

H ¡,,.,r 

(:1-12) 

(~-1~) 

(}-14) 

(3-15) 

(3-ló) 

{3-17) 

(.1-19) 

U-211) 

(3-21) 

f } FT) -- codfk1r-nt nf di~rlmrgc :H ~ sprrifu·d pipe Rcynolrl<: nnmhr.r fnr n nanp.r
tapr!"rl nnficc mete-r 

C.,rCr) - crl('f{ie~cnt nf di.o;,char~e atan in imite pipe Reynnlds numher for corner
lapped or ilicc meter 

1 ',(fT) rnefr.rirnl nf rl«rhorge "' "" inlinile pipe Reynnlcl< numller fnr R n.n~·
lnppcd orificc meter. 

~r,.,~·~ ~ "• '"r(l¡".~" r~rr~':'1'" ¡n-:rpt~Jr 1t.r¡1 
\.,. '"': • ('n 1 .1' 1 - ¡ r: ¡ -:~~ 

,, 
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d ; orífice piare bore diarneter calculated at Jj. in inches. 
D ; meter rube interna! diameter calculated at Jj. in inches. 
e = Napierian constant 

; 2.71828. 
L,; L, 

= dimensionle:ss correction for tap location 
; N,l D for llange taps. 

N. = 1.0 when D is in inches. 
&, ; pipe Reynolds number. 

{3 ; diamerer mrio 
; d(D. 

Note: For lhis c:~uunplc. M1 IS equal 10 0.~. aince thc gtvt:D mctc:r Uibe diamc:tcr (D) U gruter rhan or eqnillto 2.8 
inchc:s. For meter tubc dtameten (D) ~S tlw\ 2.8 inches, MI 0::: 2.8 - D. n~esolution oftbc intcnncdiate cqua
tions Pfl='SeDled above for the fiow c:oefficient calcula.tion follows.. 

3-C.3.1.3 Meter Tuba Diámatar, Orlfice Plate Boro Dlameter, and 
Dlameter Rallo (C, d, and Pl 

Calculate the values of d, D. and pala flowing temperature of 65°F from the gi\·cn di
ameters dr nnd D~ · 

d ; d,[l + u,rr, - 7;)] 

And 

4.000[1 + 0.00000925(524.67 - 527.67)) 

; 3.99989 

D = D,[I - a,(1j - 7;)] 

8.071[1 + 0.00000620(524.67 - 527.67)1 

= 8.07085 

Sobsritute lhc givcn values of d and D at 65°F into Equaúon 3-8: 

{3; d!D 

= 3.99989/8.07085 

= 0.495597 

3-C.3.1.4 Veloclty of Approach Factor (E,) 

Thc followmg equ:-~:ion IS usea to calculate the velocity of approach faclor: 

yl-jJ' 

,¡ l - 0.495597' 

; 1.03160 

3-C.3.1.5 Expans1on Factor (Y) 

The foliowmg equ:mon i.s used. to colculatc thc cxpans10n factor: 

Y, ; l - (0.41 + 0.35{3'{ T) 
The intcrmcdiatc value, ..\ 1, is calculnted as follows. 

Qpvr)Cll'"\t c. t"'~ A"1EP!CA.N PETROLEU"' IN:::T:TUTE (APl' 
... ~Oc~ o~ :.!·!"7 lE t~<;c, 

(3-9) 

(3-10) 

(3-R) 

(3-22) 

(3-32) 

65 
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l!-l! h.. 
x, = " ,, = =-==-=:-?¡, 27. 7CT7 P, 

Substitute the given values of h. a.1d r¡, into Equation 3-32: 

50.0 

(27. 7CT7)(370.0) 

= 0.00487729 

Substitute the values for k, x 1, and flinto Equation 3-32: 

Y, = 1 - (C 41 + 0.35fl'{ ~~) 

l- [O.dt ' O 35(0 495597)'](
0

'
00487729

) . . L3 

0.998383 

3-C-3.1.6 Compresslblllty (Z., Z, and z,¡ 

(3-33) 

(3-32) 

The denvation of the eG,uation for compressibility 1s pn::sented in A.G.A. Transmission 
Measurement Comminee Repon No. 8. It is not within !he scope ofthis example to present 
the calculauon procedures necessa.ry for dete.nnining the compressibi.lity at base conditions 
(ZJ, standard conditions (Z,). or Oowing conditions (211). The following "alues for gas com
prcssibility ar thc conditions gi.ven in the dnt.n set were obtained from the A.G.A. compucer 
program that uses the calcul.:uon given m A.G.A. Transmiss1on Measurement Committee 
Repon No. 8. At G. = 0.57, 

z, = 0.997839 at 14.65 pounds force per square inch absolute and 509.67°R (50°1') 
Z, = 0.997971 at 14.73 pounds torce per square inch absoluto and 5l9.67°R (60°F) 
z1, = 0.951308 at 370 pounds force per square inch absolutc and 524.67°R (65°F) 

3-C.3.1.7 Reynolds Number (Re0 ) 

Thc following cquat1on 1s uscd ro calculare thc pipe Reynolds number: 

R' = o.r·. 14541( Q,J¡G, ) 
n "nr.z "'"' . ... (3-2R) 

~ubstltutmg the calculated value fo, D. standard condit10ns for P,. and Tb, a valuc of 
0.999590 for 2" ... and lne data !.ét values for G" and ).l in Eqllation 3-28 produce lhe follow-

lie = (0.0114541/ Q.04.73)(0.570) ) 
,, \ (0.0000069)(8.07085)(519.67)(0. 999590) 

~ 3.32449Q. 

\Vhen the flm.,· rate is not known, thc P.cynolds numbcr can be dcveloped by assummg <~n 
Jnill<'Í value for thc flan~c-tappeO oriíu.:c: meter coefficient of discharge, C.,.(FI), anO ill!rdt

mg for the correct va\ue.<;, ns sta.ted in 3.4.5. The following ftow rate calculation provides 
the Jrutial JteratJon of tne Reynolds number. This irutial iteratLon is based on an assumed 
value for C.,.(FT) of0.60. Based 01. experience, from three to f1ve iterations should pruvidc 
rcsults conststcnt w1th thc rcquarcment-. nf Part 4. 

3-C.3.1.8 \lolume Flow Rate (0, and 0 0 ) 

1ñe volumc flow rarc can be ca1t:ulatcd hy .suh~tltutmg thc given paramcten;, thc intcr
rnediate calculatcd valucs, andan asswned value of 0.60 for C...(FT) in Equatiou 3-6b and 
iter.J.ting for the final solution: 

:co,..r-JQ": b~ th~ AMEPiCA'l PETPO~EU"' INST!TUE (A.Pl) 
:uoe 0::~ 0.: l~:::':lE jQO~ 



API MPMS*11¡.3.3 '12 - 07322'10 0503'101! 7b&¡ -

Jí,Z1 h. 
Q. = 7109.61CiFr)E,Y,d' /-"-'--:::.. 

G,Z~Tj 

7709. 61(0.60)(L 03160)(0. 998383 )(3. 99989)' 

(370.0)(0.997971)(50.0) 
X 

_(O. 951308)(0.570)(524. 67) 

614,033 cubic feet per bOID' at standanl cooditions 

(3-6b) 

[This is an cstimate of !he in;tial flow mtc bascd OD an llSS1DDed C.,(FT) of 0.60.] 
Substituto the estimatc of iritial flow ratc into the Rcyno1ds numberequation and calcu

late the estimated initial Reynolds number: 

ReD = 3.32449Q, 

= 3.32449(614,033) 

= 2,041,347 (initial estímate ofReynolds numbcr) 

Substitute the calculated value of {3 into Equation 3·17: 

fJ' 
B=l-{3' 

0.495597' 
= 

1 - 0.495597' 
0.0642005 

Substitme the calculated values of f3 and D inro Equation 3-19: 

.l:..h.. A:l = 
1 - fJ 

2 
8.07085(1 - 0.495597) 

= 0.491284 

Subsntute the calculated values of Ue0 and f3 into Equation 3·20: 

A = ( 19,000/l)"' 
ReD 

= [19,000(0.495597)]
0

' 

2,041,347 

= 0.0135261 

Substitutc thc cnlculatcd Vuluc of Re0 tnto Equatmn 3-21: 

( 
' ,., 

e = ~~J 

( 
JO' )

0

"' 

= 2,041,347 

= 0.778985 

(3-17) 

(3-19) 

(3-20) 

(3-21) 

Substllute the appropnate cr.lculated values into Equauon 3-13 to determine the C,(CT) 
terrn of thc cocffic1cnt of discharge, Ca{Ff): 

:C,(Cf) 0.5961 + 0.0291/l' - 0.'2290{3' + 0.003(1 - {J)M, (3-13) 

:cp,.-¡~"·· b• tt>~ AMEI'<ICAN PET~<OLEUM INSTITUTE (API: 
·,,~Oc. 0" 14 ~7 .'0 J<lCio 

0.5961 + 0.0291(0.495597)' - 0.'2290(0.495597)1 

+ O.fJ03(1 - 0.495597)(0.0) 

0.602414 
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Substitute the npplicable calculated values in10 Equation 3-15 10 compute the Upstrm 
tenn of the coefficient of dischar¡¡e, C~: 

Upsmn : [0.0433 + 0.0712e....., - 0.114Se..._., K1 - 0.23A)B (3-15) 

: [0.0433 + O.a712e-- 0.1145e-] 

X [! - 0.23(0.0135269)](0.0642005) 

: 0.000851774 

Substitute !he applicab1e calculated values into Equation 3-16 to compute !he Dn.rtrm 
tenn of the coefficient of discharge. C.,(Fi): 

Dnstrm : -0.0116[M, - 0.52M,u¡pu(l - 0.14A) 

: -0.0116[0.491284 - 0.52(0.491284)..,](0.495597)':' 

X [1 - 0.14(1).0134223)] 

: -0.00149777 

(3-16) 

Substitute the applicable calculated values into Equation 3-14 10 compute the Tap Term 
of the coefficient of discharge, C.,(FI): 

Tap Term : Upsmn + Dnstrm 

= 0.000851774 + (-0.00149777) 

~ -0.000645999 

(3-14) 

Substitute the applicable calcul•ted values into Equation 3-13 to compute the C,(FT) 
tenn of the coefficient of discb~e. C~: 

C,(FT) : C,(CT) + Tap T.rm 

= 0.602414 - 0.000645999 

= 0.601768 

(3-12) 

Substitute the value for C,(FT) and tlx:: intermediate values into Equation 3-11 to calcu
late the di~chargc coefficicnt, C¡{FI}: 

C,(FT) = C,(FT) + O.tl0051l(I0'/3)" + (0.0210 + 0.0049A)tJ'C (J-11) 
ReD 

0.601768 + 0.000511[ I0'(0.495597>]"' 
2.041,347 

+ [0.0210 .¡ .1.0049(0.0135261)](0.495597)' (0.778985) 

= O. 602947 (second estimate of the coefficient of discharge) 

Hy substnutinb thc valuc of C.-(1-l') mto thc apphcablc cquauons, thc volumc fl.ow rdtc 
can be recalculated follov. mg thc same process outlined in thts exnmple. The rcsultmg vol
ume flow rate value is as follows: 

And 

Resulting m 

Q~ ::: 617.049 cut.:c feet per hour et standard conditions 

!ha<edo¡;C,(Ff) = 0.602947] 

Rc
0 

= 3 32449(1, " 3.32449(617,049) 

2. 051,373 (second estimate of Reynolds number) 

C, ( FT) = O. 602944 (third ewmate of coefficient of discharge) 

Copvr-'9"·":. t>> tr't., A.MEPJCAJ-.; PETROLEU"' l~J:iilTUTE (A.P; J 
~u~ O::·. OE J-'·:7.1E ¡oqe_, 



On page 57, Equalion 3-20 should read as follows.

A = (19,000¡J)" 
Re0 

= [19.000(0.495597)J' 
2,041.328 

= 0.0135262 

Un page 57. Equarior. 3-21 show.J ~ad asfoliows: 

( )"' e- w· 
Re0 

= ( ¡()" J
0

" 
2,041,328 

0.778988 

On page 58. Equaticm 3-15 shouJrl rt!ad a5 fnllnws: 

Upstrm [0.0·133 + 0.0712e-"'·- 0.1145e-""JO- 0.23AlB 

[0.0.:33 + 0.0712é"'- - 0.1 145é'''"-] 

X 11 - 0.23(0.0J352fi2))(0.0fi420Q5¡ 

0.000876388 

Or. pagc 58. Equatwn 3-16 shouui read as (o/Jows: 

Dn.<rrm -001161M, - 0.52M;'J/i"(l- 0.14A) 

= -0.0116[0.49128~ - 0.52(0.491284)' '](0.495597)'' 

X 11- 0.14(0.0!35262)} 

- (l (}() 152379 

Oro pa,r!f' ,58. Eqtumm: 3-I.J .fhnuld ,rada~ Jnliow:r;: 

Tap Tcrm Upsrrm ~ Dnsrrm 

0.000876388 + (-0.00152379) 

= -o 000f>l7402 

Or pagc 58. Equarir•r 3-12 :,l¡uuld n.'t.ul wJullu~>'>s; 

("¡Ff, C::(CT~ + Tap Term 

O.fi02414 - 0.000647402 

= 0.601767 

Ur' pO!(t' 58. E1fWllll'fl 3-11 .shou(d remi a-1 (ofiow.t 

13-201 

13-211 

13-151 

13-/6) 

13-/4) 

{3-/ 21 

)
,, 

1 IO"¡J 
C!FT1 ~ 0.00051 Ji-- + 10.0210 + 

\ Re0 

0.0049A)¡r'C 

u(>(/ 1767 - 0.00051 { I0'(0.4955971J" 
" 2,041.328 

- [0.021 o + 0.0049(0 o 135262) )(0.495597)' (0. 778988) 

O.b02Y47lsecond est1matc of lhe coefficient of discharge) 

Copv1"19"'~ tl• ~n" AMEP!CAt; P:O>>:C:-ELI'"' !N$~;TL:T:: ¡¡~;:;, 
Tue 0:: OE 1<!: l ~ lE JOOc 

2 

13-111 
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Following !he same calculation procedure for iteralion of flow rate. !he resulting volu
metric flow rate is as follows: 

And 

Resulling in 

Q. = 617,046 cubicfeet pcr hour 81 standanl couditions 

(basedonC.(Ff) = 0.602944] 

R•D = 3.32449Q, = 3.32449(617,046) 

2,051,363 (third estimate ofReynolds nurnber) 

e, (Ff) = 0.602944 (fourth cstimate of eo<fficicnt of discharge) 

The volume ftow rate ealculation based on !he fourth estimate of C.,(Ff) follows. As 
stated above, !bree estimates of C.(FI) should normally provlde volmne flow rate calcula
tion results that are consistent with the requirements ofPart4. 

Q. = 617,046 cubicfeet pcr hour at standanl conditinns 

[based on e, (Ff) = 0.602944] 

Since !he given dala conlain values for !he base pressure (14.65 pounds forre pcr sqnare 
inch absolute) and temperature (50°F) that differ from !he valucs established in Part 3 as 
standard conditions ( 14.73 pounds force per square inch absolute and 60°F), the initial eal
culated flow r:ne is the standard volume ftow rate. To calculatc the flow ratc at thc given 
base condinons (P, = 14.65 pounds force per sqwue inch absolute and T, = 509.67"R), 
the slandanl volullle fiow rate and the appropriate values for P. T. andZ are substituted into 
Equation 3-7 as follows: 

Q, = Q.(r,}(T.)(z,) 
P, T, l z, 

= 617.046(509.67)(14.73'\(0.997839) 
519.67 14.65J\.0.99797! 

= 608,396 cubic feet per hour Bl base conditions 

(3-7) 

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON 
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B 

3-C.3.2.1 General 

Using: the given dat.:l, the volumc flow rate of natural gas, in cubic fcct pcr hour at stan
dard conditions. can be calculated using Equation 3-B-2. as stated in Appendix 3-B: 

Q. = F; (l';. + F,,)Y,F,..F~f',i¡J;.;j P,,h.. (3-B-2) 

S mee thc gtvcn datZt contaln values fnr tne hase pres.sure (14.65 pounds force per square 
mch absolute) and 1cmperarure (50°F) thnt differ from the values cstablished in Part 3 as 
slandanJ conditions ( 14.73 pounds force per square inch absoluteand 60°F), the initial cal
culaled ftow rate requnes conversion tu the ciow rate at base conditions of 14.65 pounds 
force per square inch absolute and 60°F 

The systcmatic approach to solving Equation 3-B-2 involve.s calculation of the individual 
factors as shown m 3-C.3.2.2 through 3-C.3.2.10. 

3-C.3.2.2. Numeric Converslon Factor(/¡;) 

Equnt10n 3-B-Sh t<> tLc:;cd to calculate the numeric conversion factor. 

F, ; 338.196E.D'Il' (3-B-5b) 

or:r..,~l""'. ~· tne ~'-"'EP!CI'-', r::;::c.EU"" H~:;T¡TUTE (A.=>:; 
,,- ::~~ :: :~.;- :~ :o~,_ 
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CHAPTER 14--·Ha.TURAL GAS FLUJOS MEASUREMEHT 

Where 

E - 1 
• - ~ 1 - fJ' 

Ca!cu1ate !he value of d. D. and f3 ata ftowing temperature of 65'F from !he given diam
eteno d, and D,: 

And 

d = d,[l + a,(T¡ - 7;)] 

D 

= 4.000[1 + 0.00000925(524.67 - _ _527.67)] 

3.99989 

D,[l + a,CT¡ - 7;)1 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

fJ = d/D 
= 3.99989/8.07085 

= 0.495597 

Substitutc thc values for {3 and TI into Equation 3-8-5: 
' f;, = 33H.196E,D'¡J' 

338.196 
1 D'f3' 

y 1 - [3' 

338.196 l (8.070RS)'(0.495597)' 
..,¡ 1 - (0.495597)' 

5581.82 

(3-9) 

(3-10) 

(3-8) 

(J-R-5) 

3-C.3.2.3 Flange-Tapped Orilice Meter ~oefficient of Dlscharge (C.(FT)] 

The followmg equat1on IS used to calculate the coefficlcnt of dischnrge: 

(3-8-6) 

~Vhere · 

0.5961 + O 02~ 1/l' - 0.2290¡3 3 

+ r 0.0433 _ o 0712c'"· _ 0.1145c·,, lf~ _ 0.2l 19·000il )" ]...JL 
· \ Re0 1 - fl' 

-~ o.o1-;6¡· : -o. 52¡· : )"]ll'.f1- o.1t.( 19·000il'J"] o-8-7> 
_ /!(o - (i) • /l¡ 1 - {lJ L /le0 > • 

,o' 
1 1 111111.1\llllfl ' 

0.000511¡ 1 

1. Re0 / 

í . \'"1' )"' - l0.0210 - 0.0049119,000/l i iJ'[ 1.000.000/l 
\ RctJ J Rcu 

' ' 

(3-B-9¡ 

(3-28) 

Coc"r-l!'"~ D• t"e A~E;:¡:CM; PETRCLEU"' !NSTiTUTE IAe:: 
Tue 0=: OE! ¡.:.¡7 1: ¡oo::; 



On page 58. the third tn the last equation should read as fullows: 

Q. = 617.048 cubk feer per hour at standard condilion.s 

[based en c. (Ff) = 0.602947( 

On paRe 58, rhe second to the last equation should read as follows: 

Re0 3.32446Q, = 3.32446(617,048) 

= :.051.351 (second esllmate ofReyno1ds number) 

On page 59, rhe secor.d eq¿a~wn should read asfollows. 

Re0 3.32-!-+6Q. = 3.32446(617,046) 

= 2.051.34) (third esumate of Reynolds number) 

On page 59. Equation 3 7 s~>?uid read as follows: 

º· = º (!:.X T,. )r z, ,! 
. ., P T 'Z ' 

1.. ~ • \ • J 

617_046( 14 73 i( 509.67x0.997839, 
\14.65) 'i19.67 0.99797!_, 

= fíOR. 39ií cuhic feet per hnur at ha"e condition.'\ 

On page 60. EquatWil 3-B-9 should read asfollows: 

~- ~ oonosJJ coo.ooofJ'¡" 
l Re, , 

~ . o.o~1o- o0049( 19· 0001lf~rr( 1.ooo.ooo)'" 
RcL, ) , Re1) 

On pape 6~. the _t:rHcquation .rhould read as fOllows· 

F; = 0.5%1- U0291IJ'- 0.2~90IJ. 

- 1 0.0-l.'.'- 11 07 12C':. 

( 
-oolth: -os~· 

,JJI-fl> 
l 

. (3-7; 

(J-8-Y/ 

- () t¡.:._;_\- [)O? L:!e"'•u--._ U 1 145e~~,.,.... )!J- U.'2'J(Ü.Ül37493)](0.0tH~005) 

- (lOillli(J~l¡J:!XJ -ll <2¡0Jli12X-l';i](()JlJ."i"'J7) 111- () l.t¡00\~7-tln,¡ 

= (J(¡()j/fi7 

Coov~¡c;:-: !::- :"~ A.,.:;::;;CAJJ DET=C-EU" !N:::~:7•_,-:;: ,·;.~: 
iue C:: C~ ;~ ;:. !~ :oQo 

'. 

3 
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B ~ f3' (3-17) 
1 - {3' 

M, ~ _}6_ (3-19) 
1 - f3 

A ( 19.000{3r (3-20) 
Re0 

e ~(~r (3-21) 
Re0 

Note: In th1s example, sin:e the glven meter tube dlametc:r (D) ls greater than 2.8 inches, Equation 3-B-7 ls used 
to calculale the F.: term. For meter ::"J.be dlamet~ (D) len than 2.8 inches. Bqullrion 3-B-8 must b: used 10 calcu
late the Fe tenn. The solulion of the uuermediate equatiDJU p~ above furtbe ftow coefficient calculatim fol
lows. 

Substituti:J.g the calculated values of f3 and D gives the following: 

_L._ 
~ 

(0.495597)' 

1 - {3' 1 - (0.495597)4 

~ 0.0642005 

2 2 
~ 

D(1 - {3) 8.07085(1 - 0.495597) 

~ 0.491284 

As d1scussed in 3 4.5, thc Reynolds number (Re0 ) for natural gas can be approximated 
usmg Equation 3-28. Note that the parameters ofthis example are within the recommended 
tolcraoccs for viscosity, tcrllperature, and specific gravity. Furthennorc, 3.4.5 statcs that 
when the flow rate is not kn~wn, a more precise value for the Reynolds number can be de
tennined through ireration cf Equation 3-28 and that three lo five iterations will provide re
sults that are cons1stent with the requirements of Pan 4. The imtial assumption needed fm 
thc first ncrauon can come from assuming a value for CJCF1) as in the previous cxamplc or 
from assuming an mittal Royno1ds number for the pipe Reyno1ds number. Tab1e 3-B-1, Ap
pendix 3-B, provides values for ptpe Reynolds numbers versus nominal pipe diameters for 
the purpose of imtiatmg the iteration p1 ocess. This example uses Table 3-B-1 for lhe initial 
estimate ot p1pe Rcynold<; numhú. 

Ren = 2,000.00'J (inillal assumption from Table 3-B-1) 

Suh<;titutmg thc va!uc.s o Reu and fi g¡vcs thc following: 

(
19,000[1'¡"" = 

Rc11 / 

r 19. 000(0. 495597) J" 
- 2,000,000 

0.0137493 

( 106 )"' 
l2.000.000 

= 0.784584 

Subst!rute the appropriate calculated values imo Equauon 3-B-7 to determine the orifice 
calculation factor, F..· 

:opvr¡g"'~ p. th~ A""'Ei:<ICA.t~ PET::;OLEU"' lNSTJTUi:: IAP!, 
Tu~ O=~ 0!: :J ;7· 1:: l'l'lt 
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¡; = 0.5961 + 0.0291{3' - 0.2290/J' 

+ ( o.0433 + o.o112e'Y.. - o.u45e•o;; )[1 - o.23( 
19

•
000f3J .. J_rr__. 

ReD l-/3 

- 0.0116[ 
2 

0.52( 2 . )IJ]¡:¡u[;'- 0.14( 19•000/3 .) .. ] 
D(1 - fJ) · . D(l - /J) . ReD j 

= 0.5961 + 0.0291(0.495597)'- 0.2290(0.495597)8 

+ ( o.0433 + o.o712e..,.-· - o.1145e""- )11 - o.23(0.0137493lJ(0.0642005l 

- 0.0116[0.491284- 0.52(0.491284)]"(0.495597)"[1- 0.14(0.0137493)] 

0.601767 

Substitute the apphcable calculaled values into Equation 3-B-9 to compute thc orificc 
slupe factor, ~1: 

0.000511( 
1
•
000

·
000/3 )" 

ReD 

+ r 0.0210 ... 0.0049r 19.000/3 J"'J/3·( 1.000.000/JJ~" 
L , R~ . Re0 

= 0.000511( 1,000,000(0.4955972))
07 

2,000.000 

+ 10.0210 + 0.0049(0.0137493)](0.495597)'(0. 784584) 

0.00118960 

(3-B-9) 

Substitute the values for F, and F m Equation 3·B-6 tO cnlculatc thc d1schargc 
coefficient, C,.,(FT): 

Cd(FT) = ~ -t- F,1 

= 0.601767 + 0.00118960 

= 0.602957 

3-C.3.2.4 Expanslon Factor (Y,) 

Thc followmf: cquatlon JS uscd td calculare the expansmn factor: 

Y,= 1- (0.41 + 0.~5/J'{.:_,_) 
' k 

The tntcrmed1ate valuc .. t" is calculatcd as follows: 

X = r;,. - P¡, 

r;, 2i. 707f!. 

Substuute the gwen values of 1:~. and P¡
1
'iilto Equauon 3-33: 

50.0 
27 707(370.0) 

0.00487729 

Subsututc thc valucs for k, x 1• and f3 into ... ..quatlon 3-32: 

(3-:12) 

(3·33) 

.::.:uv..-:g~·. D· t""' A~ERICAr. PET~O!...EU~ lNSTITUTE (AP:) 
« .. t-Oe~ OS:.!::·:~ l~<lo 
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3-C-3.2.8 Flowlng Temperatura Factor (F,) 

The flowing temperature factor i; calculated using Equation 3-B-12 as follows: 

F.¡ = t1~67 (3-B-12) 

Substitute the given flowing temperature, T,. into Equation 3-B-12: 

lf: = 1/519.67 
'1 1j 

519.67 
524.67 

= 0.995224 

3-C.3.2.9 Real Gas Relativa Denslty Factor (Fg,) 

Equalion 3-B-13 is used to calcuhte the real gas relative density factor. 

Substnute the given specific gn!\'ity, G, mto Equauon 3-B-13: 

F;. = 
!¡ 
y G, 

r--¡
= vo.57o 

1.32453 

3-C.3.2.10 Supercompresslbllity Factor (F .. ) 

(3-B-13) 

As statcd in thc·calculauons in·3-C.3.1, thc deriv:nion of the equation for compressibihty. 
ts prcsented in A.G.A. Transmission Me::J.suremcnt Comrruucc Repon No. 8. lt IS not v.:!_!.hl_n:. 
the scope of thh. example to presenr the procedures necessary for cr·lculating the compress
ihi!tty at standard condirions (Z,) or at flo"·mg conditions (Z~r). 

Z, = O. 997971 
21, = O 95!30R 

Equation 3~B~I4 ~~ u~t:d (u l:alculatt!' tn:: ~upercompressibility factor: 

3-C.3.2.11 Vo1ume F1ow Rale (Q,) 

f Z, 

\ ?-1 
! ll. 997971 

\ 0.951308 

1.02423 

1ñe volume flaw r:ne ts c.alculnted by subsutuung thc gtvcn paramctcrs and the rntennf'
dtate calculated facwrs tnto Equauon 3-B-2. 

(j_ f.'(/; • 1;,) Y, 1',¡, 1;"1;~ ¡~·, /~\~ lf h .. 

= 617,057 

(3-H-2) 

Coov~lS'"'~'· b· t"~ A"'E:<:CAt, c:>ET>:"OLEU"' !N$7;;:,.JT~ IAD; 
Tue o::~ oe tt. :~::e ;Q<:<;:, 
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The calculated llow rate above is based on an initial assumed valuc for the Reynolds 
number (Re0 ) of 2,000,000. For the second estimate, the value of Re0 is calculated as fol
lows: 

Re0 = 0.0114588( Q,P,G,) 
p.DT, 

= 3.J2449Q, 

= 3.32449(617,057) 

= 2,051,400 (second iteration) 

By substituting the second estimare of Re0 into the applicable equations. the volume flow 
rate can be recalculated by following the process ouúined in 3-C.3.1. The resulting volwne 
ftow rate is as follows: -·· 

Q, = 617,01-; (based on the second cstimate of Re0 ) 

The same calculation procedures are used to obtain the third estimate of Re0 : 

l?.e0 = 3.32449Q. 

= 3.32449(617,013) 

= 2,051.254 (lhird iteration) 

The volume flow rate ca1culation based on rhe third estimare of Re0 follows. As stated 
above, three to five estimates of Ren will provide calculation results that are consistent with 
the requirements of Par 4. 

Q.. 1~ (~ - F,1 )Y/pb~FC'F,~F,..~~h. .. 
(5581.82)(0.601767 + 0.00117736)(0.998383)(1.00000)(1.00000) 

X (0. 995224 )(i. 32453)(1.02423).,1(370.0)(50.0) 

==: 617,044 cubic feet per bour 

Note: The ca!culated volume flow m te LS b:I.Sed on the úurd estimare of Re0. The small dLscrepancy bc.ween rhe 
calcu!ared volumc flow rate, Q .. m Methods J and 2 resul!s ftom the roundmg techmques used m thc senes of 
cquations in the examples 

Since thc gtvcn data mcluded vah•:.c; 1-or the hac;e pressure (14.65 pounds force per square 
inch absolute) and temperarure (50°F) that dificrcd from thc values cstahlished in Pan 3 for 
standard conditiuns (14.73 pouncs force per square inch absolute and 60°F), lhe initial cnl
culared flow cate 1s the sta.tdard volume flow rate. Tu cakulate the flow rate at base condi
ttOns (Pe = 14 65 pounds forc~ per square inch absolute and Tb = 509.67°R), d1e standard 
volume fiow rme nnd the npproprime vnlucs for P. 1: and Z are substituted into Equation 3-
7 as follows: 

Q, 

Cop•r-lo--:. ::¡. tt-oe ~ .... ¡::o:.:A~, :::¡::T:::)~El!"" !N:;~!~~TE r,~¡;:;:. 

iue o~:. o: i4•: :- ·- :QQ~ 

Q, ( ~ )( i: )( ~: ) 
Gi 7_044r 509.G7 )( 1~. 73 )(O. 997839 l 

. 519.67 14.65 0.997971) 

608.394 cubtc feet per hout at base conditiof)!) 

(3-7) 
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3-0.1 Symbols, Unlts, and Tennlnology 

3-0.1.1 GENERAL 

Sorne ofthe symbols listed in 3-0.1.2 are specific to this appendix. Unless otherwise 
noted. all of these symbo1s are dimensionless. Symbols that are used in Ibis appendix but 
not 1istcd in 3-0.1.2 are clefined in 3.2.2 

3-0.1.2 SYMBOLS ANO UNITS 

Symbol Descripuoo 

C' Orifice flow constant 
F, 
K, 
K, 
p 

Basic orifice factor 
Coefficient of discharge when Reyno1ds number = (1,000,000d)/15 
Coeffic1ent of dtscharge for infinite Reynolds oumbcr 
Specific weight of a gas at 14.7 pounds fon:e per squaze inch 
absolute and 32°F 

3-0.2 Scope 

3-0.2.1 INTRODUC110N 

l!miS/Valuc: 

1bmlft' 

Recent research worl on orih:e measuremeot has been restricted ro flange. comer. and 
radtus tap merers.lt is recognized that a nwnbcr of .. pipe tap" meters continue in op:ration 
in natural gas measurement in the Uruted States. The provisions ofthe second (1985) edi
tion of Cbapter 14. Section 3. that are applicable to p1pe tap configurations 8.J"e included in 
thts appendix. The dimensional information: tolerances. and'computation merhods ln thts 
appendix are only applicable to pipe tap meters .. - . . . 

: .. , . This· aPPendt~ ¡)rovtdes recommeildations arid specifications ~J8ting to the·m~un::ment 
of natural gas and other relatcd hydrocarbon fluids by means of orifice meters equipped 
with·pipe taps. It includes definitions. consttuction and installation specifications. and in
strucuons for compuung flow rare and volume. Also included·are equations and tables that~ · 
provide facmrs necessary to apply adjustments to.the basic pipe tap orifice ftow. 

Th1s append1x covers the measurement of natural gas by pipe tap orifice meters, includ
mg the primary clcmcnt and the ncthod.-. of c.alculation. lt does not cover the eqmpment 
used to deterrnme the press~. 1emperarure. specific gravity, and other variances that rnust 
bt: known for the accurate measurement of natural gas. 

3-0.2.2 GENERAL 

Uniess specifically nuted m this append1~. all irúormation and data presented in the body 
of this standard-JncludJng recommendations. specifications. and symbols-are applicable 
to p1pc tap onficc mctcnng. 

3-0.2.3 TYPE OF METER 

llus append1x is límncd to orifice meters that have circular orifices located concentncally 
m the meter rube. having upsrream and downstream pressure taps as specified for prpc taps. 

3-0.2.4 DEFINmON OF PIPE TAP PRESSURE MEASUREMENT 

Tbe definition of pipe tap pressure measure~nt is based on Ebe position of the pair of 
tap hole~. The upstceam tap center is located 2.5 times the inside pipe diameter upsrream 
tmm lhe: ne"arest piare: tace. and tile do\lonstream tap center is located 8 times thc inslde pipe 
d1.uneter downstream from the nearest plate face (see ~0.3.4.1 ). 

Copvr¡gr.<t C• tM~ AMER!CAr, DEr:;C'.EU"' !r<::;~;TUTE (A"':¡ 
1u~ O::: oe 14: ¡;,:e J<;19o 

71 



72 Ctu.PTeR 14-i\IAT\.IW.. GAs FLLIDS MEAsuRBEHT 

3-0.3 Constructlon and lnstallatlon Speciflcatlons 
3-0.3.1 BETA RATIO LIMITATIONS OF ORIRCE PLATES 

The orifice-to-meter-tube (pipe) diameter ratio CP = d/D) should fall within the range 
from 0.20 to 0.67 inclusive. These limits, with an uncertainty as bigh as ±0.75 pereent. may 
be exceeded when additional ft0w uncertainty is acceptable. Beta ratios that exceed the 
range from 0.20 to 0.67, with an uncertainty as higb as ±l.!i percent. may be used; however, 
the ftow constants for these extreme values of f3 are subject to higher tolerances. and the use 
of !.hese extremes should be avoided. 

3-0.3.2 METER TUBE SPECIFICATIONS 

3-0.3.2.1 Deflnltlon 

The terrn m<ter wbe rcfers to !he straigbt upstream pipe of Iength A orA· on thc instal
lation sketchcs in Part 2 (including the straightening vanes, if used), the oritice flonges or 
fittings, and the downstream pipe Oength B on the installation sketches in Part 2) beyond 
the orifice. The length of upstrca¡p and downstream pipe is specified in Part 2. TI1e toler
ances for the di ame ter and the rest.rictions on the mside surface of the meter tu be are 
specified in 3-0.3.2.4. There shall be no pipe connections wíthin tbese distances other than 
stre.ightening vanes, the thennometer wells specified in Part 2. and the pressure taps 
specified in 3-D.2.4 and Pan 2. 

3-0.3.2.2 Inslde Surface 

The sections of pipe to wh1ch the orifice flanges or fittings are attached and the adjaccnt 
pipe sect1ons that conc;titute the meter tube, a!i. defined in 3-0.3.2.1, shall comply with the 
following: 

a. The roughness of the inside pipe walls shall not exceed 300 microinches. Carefully se
Iected smooth commercial pipe may be used. Seamless pipe or cold drawn seamless pres
~ure tubing may be uset..l, provided its inside wall is smooth. Drawn-over-mandrel (DOM), 
elecrric-resistance-welded (ERW), stratght-seam tubing manufactured to the requirements 
of ASTM A 5 t 3, T-5, m ay also be used. To improvc smoothncss inside the meter tu be. thc 
mside pipe waUs may be machined, ground, or coated. 
b. Grooves, scoring, pits, and ridges resultmg from seams; c!istonion caused by welding; 
offsets; and other irregularities (re.~ardless of their size) that affect the inside diameter at the 
pomts identihed in Ptgure 3-D-1 by more than the toleranceo;; shown are not permitted. 
\Vhcn these tolerances are cxceedcd, thc irrcgularitics must be corrected. 
e. The interior of the meter nt.Je shall be kept clean and free from aecumulations of eont
aminanrs, such as dm and liqu1d::., at alltimt:s. 

3-0.3.2.3 Meter Tu be Dlameter 

The m~an mside chnme1er of the meter tu be !>hall be dctcnnincd·as Mllows: 

\teasurements shall be made on atleast tour diameters equally spaced in aplane 1 mch 
up<:trcam from thc upo;;trcam facc of thc orificc platc. Thc mean (ruithmetic average) of these 
m~Jsurements is defined as the mean meter tu be diameter to be used in calculating the ftow 
ccefficient when rnimmum uneertain1y of this variable is desired. 
l1 Check measUiemems of the upstream inside diameter of the meter tu be shall be made at 
twn or more addttJOnal croc;c;-SC";CtiOns. Thc acruallocations of thc check measurcmcnts of 
tne dtameter. c•rcumferentially and axially a long the tu be, are not specified. These checks 
.should be tak~n at pomts that will indicate the maximum and minimum diameters that exist 
and should cOver at least rwo pipe dtameters from the face uf lhe orifice plate or exlt:nU past 
111e flange ur fmmg weld. whichever dtstance is gteater. Check measurements are used to 
-.cnfy the unifonn1ty ot !he upstream meter tu be hut do not hecome a part of the mean me
ter tu be diamctcr. 

Cop.-~l-::~·. IJ, ':."l~ .:. ... ;::;:;::.:..•. ::o::T=~-Eu,.. INSTlTUTE (A¡:,;; 
7ue O:·. 00: i.!·:· ·:. :c¡c;: 
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Figure 3-D-1-Maximum Percentage Allowable Meter Tuba Tolerance 
Versus Beta Ratio 

c. The inside diameter of the downstream scction of the meter tu be shall be measured in a. 
plane 1 inch downstream·from the downstream face of the orifi.ce pinte: Check mea5urc-. 
ments of the diameter of the downstream section of the meter tube, sirmlar to those de
scribed in hem b 3bove. shall be made al 'two addLHonal·crOss-sections.· 

3-0.3.2.4 Tolerances and Restrlctions 

The tolerances for the dtameter and the resaictions on tite inside surfnce of the meter.rubc 
are as follows: 

a. The difference between the maximum measured diarneter nnd tite minimum mcnsurcd 
diameter on the inlet section shall not exceed the tolerancc shown in Figure 3·D-l as a pet
centage of the mt:an (hameter <.Jefmed in 3-0.3.2.3. l11e relationship below may be u sed to 
calculare the variance of tite diameter of the upstrenm sectton of the merer n1bc· 

Maximum d:·unetr:- Mm1murn d1ameter 
100 

p 
1 

. F 
1 

D 
D x S crccnt to crancc m tgure . - -1 

b. Abn1pt changes m d1ameter (shoulder.-.. offsets. ridges. and so forth) shall not exisr in the 
meter t.ube (se~ 3-D 3.:2.3, ltem b·J. 
c. \Vhen Tnbl.c 3-D-1 '" u<;cd for flnw mca<;urcmcnt cc;um:mon, thc meter n1be dt<lmerer, as 
defined m 3-D J '2 J. snaH a~ree Wtth the mside dtameters ltsted in the tables withinLhe tol
erance shown in Figure 3-D-l. 
d. Any dtamctcr mc?.surcment in the downsrream section shall not vary from the mean di
ameter of the mete! tu be. as defmed in 3-0.3.2.3. by mure tltan the tolerance shown in Fig
ure 3-D· l. The fol!owmg rcl.o.tionship may he u<;cd to calculatc thc variance of the diameter 
of the downstn:am sectton of the meter tubc:. 

1 

Anv dtameter - DI 
- )<. 100 S: Percemtol~rance in Figure 3-D-1 

- D 

Application of th1~ c::quauon doubles the tolerance for the downstream secuon of the meter 
tube. 

Ctl;:t-.<r¡c~~ tl· ~r.., A'-1ER!CA~l PETROLEUio' INST!iUiE (Ar:>:' 
T.....eo Oc:: 02 1.L~ :7 lE :Q«~ 

73 



74 

( 1nflce 
D1.1.rne1~: 

().2.5U 
0.37." 
o 500 
0.625 
(1 7~[J 

o 875 
! ,(}JJ 

1.12~ 

1.250 
LJ7:' 
1 . .50[1 
1.625 
1.75'1 
un~ 

2 Ql}) 

~.12" 
::::.25i') 
2.375 
2 SIFI 
2 62S 
2.750 

---------------
API MPMSU4.3.3 '12 • C:'1322'1C ·c.SC3'122 C34'-

CHAPTER 14-NATURAI.. GAS Fw:DS MEAsuREMENT 

e. The temperalure al which the meter tube IJIC8Burements are mwle should be n:cordc:d for 
correction to the opernting conditions. 

For new installations, in which the beta ratio is likely lo be changed, the tolemnce per
mitted for variations in pipe size, as shown in Figure 3-D-1, should be the same as that 
given for a maximum orifice plate dtameter ratio ({J) of 0.75. 

3-0.3.2.5 Use of Tabla 3-D-1 

IfTable 3-D-1 !s used forfiow estimation. the mean ioside diameterofthe upstream sec
tion of the meter tube should be as nearly the same as the published inside diameter given 
m Table 3-D-1 as is possibJe. Thc.. inside diametc:rs given in the table wcn: used to calculate 
the constants in lhe table. If tk mean meter tu be diameter differs from the table inside di
amctcr by an amount grcatcr than the tolerance set forth in Figure 3-D-1 or if minimum un
certainty is desired, the mean m•:ter tube dtameter should be used to compute the orifi.cc
to-meter-rube diameter rauu. [3. <..s ''1ell as the ft.ow coefficient Other factors should be cal
culated for this exn1:t value of /3. 

3-0.3.3 LENGTH OF PIPE PRECEOING ANO FOLLOWING ll-IE ORIFICE 

The installation sketchec; anu. accompanying graphs are not duplicated in this appcndix 
but are available m Pan.:, F1gures 2-5 through 2-9. The graphs show the mínimum lengths 
of straight pipe required (expressed in nominal pipe diameters) versus beta ratio.lt must be 
nmcd that whcn pipe raps are used, lcngths A, A: and C shall be increased by two nominal 
p1pe diameters and length B shall be increased by eight nominal pipe diameters. The lengths 
of straight pipe should be &ose required for the maximum beta ratio thnt may be used. 

3-0.3.4 PRESSURE TAP HOLES 

3-0.3.4.1 Locatlon 

Meter tu bes thar use pipe taps shall ha ve the center of the upstream tap hale located 2.5 
t1mes the publishe.U or at:tual inside diameter from the upstream fuce of the orifice plate. 

Table 3-D-1-Baslc Onflce Factors (F.) for Pipe Taps (AII Dimensions tn Inches) 

Pub!J~hct. In~ id:: Oiametc:r.~o at Pub1c.hc<.J 1 :~i<.Jc Duunc:ters 111 Published lnsk!t: Diamctcrs at 
Somm:~l P:pe S1ze or 2 lnche5 Nommal Ptpe Stze of 3 lnches Norruna.1 Pipe S1ze of 4 lnches 

1.687 1 939 2.067 ::300 2.624 2.900 3.068 3.152 3.438 3.826 

!2.850 12.813 12.800 1~.782 ::.76~ 12.754 12..74!) 12.745 12.737 12.727 
29.3G:' 2<1.093 29 OCXJ 2f\ 883 2E 772 28.711 28 G82 28.670 28.635 26.599 
53."'13 52.817 ~2 482 52.020 51.59.; .51.354 51 244 .51.197 .51.065 50.937 
37 2J" !l·1.920 ~·~ OS'\ 82.924 S1.802 81 1-13 80.83' - 80.704 80.334 79.976 

1 12 '2ll 126 ~7 12 .. y.¡ 122..1~ 12o.m 11Kfl7 11 ¡.¡(K) 117.70 116.87 111\.0'i 
Fl2 S7 181.02 !Ti 0:¡ i 71 93 167.26 lb4.5R 163.3! 162.76 l6l.li 159.58 
275 7 3 2..'i l.!. 2~].2S 2J:uo 22<1.6! 219.77 217.53 216.55 213 79 211.03 

392 50 3-l-2 QQ 3:27.9~1 31)9 4.: 29~ 87 285 4Q 281 67 2R0.03 275 43 270.9: 
466.00 43E (}) .\1)4 53 377. ".! J(j) 41 357.13 354.45 347.04 339.88 

5!!3.lJ~ 524.ó9 4'Jii.tN 455 !!3 445 ..,~ 441.49 429.R4 41H.HO 
GN 1: (,()2.80 565 80 549.95 543.32 525.41 508.77 

75~.89 697.<15 672.96 ó62.83 635.77 611.12 
r,n.8'J 856.39 81?0'7 803.79 763.53 727.55 

J.O'i04 9Q4 01 971.22 91200 860.19 
1.290.7 1,205.6 1,171.9 1,085.5 I,Oil.7 

1,465 1 1.415.0 1,289.7 1.185.4 
1.5320 1.385.4 
1.8229 1,617.2 

1,8R7.7 
2,206.1 

Copyri9.,._ c. :r.e AME:q;CA~< P!:TPC~EIJM JN$i;TUTE IAP!' 
Tue 0-:: Oe 14.:- 1& )Qoe 

.'l 

: ¡ 

4.026 

12.723 
28.585 
50.887 
79.837 

115.73 
158.94 
209.92 

26~.10 
337.06 
414.51 
502.39 
601.81 
714.17 
841.21 
985.07 

1,148.4 
1.334.5 
1,547.4 
1,792.3 
2.076.0 
2.407.0 
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Table 3-0-1-Continued 

Published lnside Diameters 11 Publisbed lnside Dlameten al Pubüshed- Diamolen. Publisbod lmidc Diamcccn at 
Nominal Pipe Siz.e of 6 Inches Nonma.l Prpe Siu: of 8 1nc:ha NonunaJ. Pipe SJZ:e of 1 O lncbe:s NomiDal Prpe Su:c of 121Dc:hc:$ 

Orifice 
Diam= 4 897 

0.500 50.740 
0.625 79.438 
0.750 114.81 
0.875 157.11 
l.OOC' 206.63 

l.l25 263.71 
1.:!50 J28.73 
l.375 402.07 
1.500 484.21 
1.6:!.5 575.75 
1.750 6D.39 
1.875 790.00 
2000 914.59 

2125 1.052..3 
2.250 1,204.7 
2.375 1.373 4 
2.500 1.560.5 
2.025 1.7óH.3 
2.750 1.999.9 
2.875 1.258 6 
3.000 2,548 6 

3.125 2.875.3 
3.~5() 3.244.9 
3 375 3.665.7 
3 500 
) ó25 
2 750 
:J 875 
4 000 

4 230 
·1.500 
~.'"'50 
5.{)(() 

5.2:'i() 
5.500 
5.7~0 

t 000 

1::.2~0 

tJ.:.l'Ü 
é .,50 
7 Ofo() 

7 ~~ú 
f.~(() 

7.'"'.<0 
E.OC>C• 
f.2~l· 

5.187 5.761 6065 7.625 7.981 8.071 9.562 10.020 10.136 11.374 

50.707 50.653 50629 
79.351 79.219 79.164 

114.62 114.32 114.20 
156.72 156.13 155 89 155.11 1S4.99 154.97 
205.92 204.85 20441 203.01 202.80 202.76 201.16 

262.52 260.72 25999 ~7.62 257.28 257.20 256.23 256.01 255.96 
326.87 32403 32287 319.10 318.57 318.44 316.90 316.57 316.49 31.5.82 
399.32 395.09 393 34 3fi;J.63 386.RI 386.63 384.30 383.80 383.68 38267 
480.26 474.21 471.70 463.40 462.20 461.93 <58.53 457.80 4S7.64 456.17 
570.19 561.74 558.25 !46.62 544.93 544.54 539.73 538.70 538.47 536.40 
669.69 658.09 653.34 637.52 635.20 634.67 62H.05 626.63 626.30 623.46 
77949 763.79 757 41 736.36 733.25 7J2.S3 723.63 721.72 721.28 717.45 
900.39 87940 87095 84336 839.31 838.37 826.66 824.14 823.56 818.51 

1.033.4 1.005.6 994.54 958.80 953.61 952.40 937.31 934.04 933.29 926.74 
l.l79 6 1.143.2 1.1289 1,0830 1,0764 1,074.9 1,055.8 1.051.6 l,OS0.7 1.042.3 
1.340.5 1,293.: 1.274 6 J.216.3 1.208.0 1.206 1 1,1823 1.177.0 1,175.8 1.165.3 
1.517.5 1.456..5 1.432.8 1.359.1 1,348.9 1.346.5 1,3169 1.310.5 1,3090 1 296.0 
1.712.6 1,6344 1.604 3 1.512.1 1,499.3 1.496.4 1.~1 1.452.2 1,450.4 1,4344 
1,928.1 1.828.3 1.7904 !.675.4 1,659.7 1,656.1 1.611.8 1.602.3 1.600.1 1.580.7 
2.166.5 2.040.0 1,992 3 1,849.9 1,830.7 1.826.3 1.771.6 1.161.1 1,758.4 1.735.2 
2.431.0 2.271.2 2.211 6 2.0361 2.012.7 2.007.4 1.942.6 1.928.8 1.925.6 1.897.9 

2.725.3 2.524.3 2.450.2 2.234 7 2.206 4 2.200.0 2.122.2 2,10S.8 2,102.0 2.069.1 
3.054 o 2.801.9 2.7100 2,446.6 2,412.5 2.404.8 2.311.8 2.292.3 2.287.8 2.249.0 
3.422 4 3.1069 2.993 4 2.61..6 2,631 7 2.622 o4 2.511.7 2.488.7 2.483.4 2.437.8 
3.837 6 3,443.1 3.303 1 2.913.7 2.864 ti 2.853.7 2. 722.5 2.695.4 2.689.2 2.635.8 
4.308.1 3.814.~ 3.642 4 J.l71.2 3,112.6 3.099.6 2.9«.5 2.912.8 2.905.5 2.R43.2 

4,::!2b ~ 4.0141) 3.-146.1 3,376 7· 3.361.1 3.178.:. 3.141.3 3.132.8 3.060.3 
4,68.5.0 4.415 ::! ],739.9 3.657.7 3.639.3 3,424.6 3.381.4 3.371.5 3.187.5. 
5.197.9 4,tns :5 4,!)54.3 3.957.1 3.93,.3 3,683 9 3.633.6 3.622.2 3.525.2 

·1.751.6 4.6167 4,.!i86.7 4.144.2 4.176 9 4.161.7 4,033.1 
5~54.8 5369.1 5.328.1 4,865.6 4.776.3 4,756.2 4.587.4 
6.485 5 6,231 ~ 6.175 4 5..555 6 5.438 o 5,411.6 5.191.9 
7..571fl 7.224 .:'i 7.14A 11 6.32~ 1 6.1694 6.135.0 5.851 1 

P.ESO 5 8,376 6 8,274.2 7,1788 6.9791 6,934.6 6.570.1 
9,7240 9..585 4 8.1355 7.R77 4 7,820.2 7.:3549 

9.208 6 8.876.6 8,803.3 8.2124 
10.418 9.991 5 9.898.0 9.150.7 

11.786 11240 11.121 10 179 
13344 12.644 12.493 11.309 

14.231 14.038 12.55::!. 
16.035 15.790 13,925 

15.440 
17.135 
19.021 

The cemer of the aownstrearn tap hole shall be located c:1ghL times the published or actual 
tnSJdc diamctcr from thc down~tream tace of the oritice plate. F1g:ure 3-D-2 shows the al
lowable tolerances. A max.imum beta rat1o of 0.75 should be used in the design of new in
sta.llations 

3-0.3.4.2 Fabrication 

Meter rubes that use pipe taos shall ha ve a hale of !he propcr s¡zc drilled tl!rough !he pipe 
wall. Proper hole size< are listed in Table 3-D-2. Tbe hole shall no! be tlueaded. A fitting 

Ccpv.:¡gr->'. tl> tM~ AMER!CAI~ PETROt.[U"' !NS~!TU~E (AP]; 
Tu~ Ce~ 05 i4:: 7:16 !OQt> 

11938 12.090 

315.57 315.51 
382.31 382.22 
455.65 455.53 
535.67 535.49 
622.46 6= 
716.12 715.79 
816.75 816.32 

924.46 923.90 
1,039.4 1.038.7 
1.161.7 1,160.8 
1,291.4 1,290.3 
1 ,428.R 1,427.4 
1.573.9 1.572.2 
1.727.0 1.725.0 
1,888.2 I,MMS.I:S 

2.057.6 2,054.7 
2.235.4 2..232.1 
2,421.9 2,418.0 
2,617.2 2.612.7 
2.R21.tl 2,816.4 
3.035.4 3,029.3 
3.258.8 3.251.8 
3.492.1 3,4&4.0 

3.989.6 3.979.1 
4.530.9 4,517.3 
5.119.1 5,101.6 
5,757.9 5,73!5.6 

6,451.7 6,423.4 
7.205.3 7,169.7 
8.024 4 7,979.8 
8.915.6 8.860.0 

9.8S6 4 9,817.5 
10,946 10.860 
12.103 11.998 
13.371 13.242 

14.763 J-4,b05 
16.295 16,102 
17.986 17,750 
19.861 19~72 
21.94R 21,594 
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Tabla 3-D-1-Continuad 

Published lnside Diameters ar Pubhshed hside D1ameten at Published lnside Dlarncr:crw at Published ln.s1de Diamett:n at 
Nominal Pipe Sue of 16 Inchcs Nominal I'ipe Su.e of 20 lnches Nominal Pipe Siz.e of 24 lnches Nonuna.l Ptpe SllC of 30 Inches 

Orificc 
Diame1er 14.688 15.000 15.250 11!.812 19.CXXJ 19.250 22.624 23.000 23.250 28.750 

1.!500 453.93 4!53.79 
1.625 533.28 533.09 532.94 
1.750 61920 618.94 618.74 
1.875 711.75 711.41 7Il.l4 
2.000 811.01 810.55 810.21 806.73 80ó.59 806.42 

2.125 917.03 916.45 916.01 911.54 911.37 911.15 
2.250 1.029.9 1,029.2 1,028.6 1,022.9 1,022.7 1,022.5 
2.375 1,149.7 1,148.8 1,148.1 1.141.0 1,140.7 1,140.4 1,136.8 1,136.5 1,136.3 
2.50(1 1,276.6 1,275.4 1,274.5 1,265.7 1,265.4 1,265.0 1.260.6 1.2150.2 1,260.0 
2.625 1,410.5 1,409.1 1,408.0 1,397.2 1,396.8 1.396.3 1.390.9 1.390.5 1.390.2 
2.750 1,551.7 1,550.0 1,548.6 1,535.5 1.535 o 1,.534.4 1.527.9 IS'n.4 1,527.0 
2.875 1,700.2 1,698.1 1,696.5 1,680.7 1,6801 1,679.4 1,671.6 1,670.9 1,670.5 1,663.7 
3.000 1.856.1 1,853.6 1,851.7 1.832.8 1.832.1 1.831.2 1,821.9 1,821.1 1,820,6 1,821.6 

3.12~ 2.019.6 2,016.6 2.014.4 !,991.9 1,991.1 1,990.0 1,979.0 1,978.1 I,9TI.5 1,968.0 
3.250 2.190.7 2,187.2 2,184.6 2.158.1 2.157 1 2.155.8 2,142.9 2.141.8 2,141.1 2,130.0 
3.37.5 2,369.7 2.365.6 2,362.5 2,331.4 2,330.3 2.328.8 2,313.6 2.3123 2,311.5 2,29R.6 
3.50C 2.556.5 2,551.7 2,548.1 2.512.0 2,jl0.6 2,j08.9 2,4'11.2 2,489.8 2,488.8 2.473.9 
3.62.5 2.751.5 2.745.9 2.741.7 2.699.8 2.698.3 2.696.3 2.675.8 2.674.1 2,673.0 2,655.8 
3.750 2,954 6 2,948 2 2,943 4 2,S95.1 2,893.3 2,891.0 2.867.4 2,865.5 2,864.2 2.R44 4 
3.875 3.1660 3,158.7 3,153.2 3,097.8 3.095 7 3.093.1 3.066.1 3,()63.8 3,062.4 3,039.7 
4.000 3,385.8 3:377.5 3,371.3 3.308 J 3,305.7 3,301. 7 3.271.9 3,269.3 3,267.7 3,241.8 

4.2SG 3,851.7 3.841.0 3,832 9 3,751.8 3,748.8 3,744.9 3,705.1 3,701.8 3,699.7 3,66ú 5 
4.500 4,353.5 4,339.9 4,329.7 4.226 9 4,223.1 4.218.2 4,167.7 4,163.5 4,160.8 4,118.7 
4.750 4,893.0 4,875.9 4,863 o 4,734.3 4,729.5 4,723.4 4,660.2 4,654.9 4,651.5 4.59t!.~ 

5.000 5,4i2.1 5,450.6 5,434 5 5,2741 5,2118.8 5.261.3 5,183.1 5,176.6 5,172.4 5,107.3 

5.2'ir. 6,092.7 6,066.0 6,046 o 5)149.:.! 5.842.0 5.tl32.tl 5.737.2 5,729.2 5,724.1 5.644.3 
5.500 6.15.1.2 6,724.3 6,699 6 6,458 S 6,450.1 6.438.8 6.323.1 6.313.4 6,307.2 6.210 ~ 
5.750 7.468.2 7.427.8 7,397.6 7.104.i 7,094.2 7,080.6 6,941.5 6,929.8 6,922.4 6,806.0 
6.000 8.22E 7 8,179 4 8,142 5 7,778.: 7,775.5 7,759.3 7.593.1 7.579.2 7.570.3 7,431.5 

6.250 9.041.9 8.981.9 8.937.: 8,5\0.S 1.495.6 8.476.2 8.278.b 8,262.2 8.251.7 8,087 . ."i 
6.50() 9,91 1.4 9,tl3tl.9 9.7~14 lj 'J,27J.b 9.255.!S '),232.7 ts.999.1 8.979.7 8.9b7.3 8,774 3 
6 75(1 10,842 10,754 10.689 10,079 10.0:-.'! 10.031 9,755.4 9,732.6 9,718 1 9,4':120 
7.000 11,83i !1,732 11.654 10,929 10,903 !0.871 10.548 10,522 10,505 10,243 

7.250 12,902 12,777 12,6R4 11,824 11.79~ 11.757 11,380 11,349 11.329 11,026 
7.500 14,04<1 13,894 13,784 12.768 12.733 12,689 12,2.50 12,214 12,191 11,841 

'7,750 15.269 1~.091 14.959 13.763 13.72:! 13.671 13.161 13.119 13,093 12.691 
'000 i6,56'l 16.372 ltl,211Í 14,Xl 1 14,í64 14,704 14.11] 14,065 14.036 13.575 

-;huuld bt: fastt::ned lo the p1pe at tius pomt. and great care must be exercised to ensure tltat 
the ins1de of the p1pe 1s not diston¡;d in any way. 

Thc dmmctcr of tn::- w.n hale sh<lll not be rcduccct w1thm a lcngth cqual ro 2.5 times thc 
tap hole diameter a:-. mea~ured trom thc im.ide ~urface of the meter tube. If thc fitting is 
V.'cldcd to thc ptpe U'\ed to fnhricnte the meter tube. the tnp holc shall not be drilled until af-
tet the weldm~ 1:0. done 

In Table 3-D-:2. rhe ilmshed tap hale shall be±~ mch fram thc selected naminaltap hale 
dmmeter a!ong 1he dniiC'd Jcngth o~ thc holc. 

3-0.4 Computing the Aow of Natural Gas and Other 
Related Hydrocarbon Fluids Through OrHice 
Meters Equipped With Pipe Taps 

3-0.4.1 GENERAL 

The reconlmendauons 111 3-D.~.2 through 3-0.4.8 concemin8: calculations and compu-
rauons ore confined srrictly to p1pe tap orifice meters installed nnd operated according to thc 
¡Jrov1Sions of th1s appcnd1x. Thc cquations use inch-pound umts and absolure valucs 

Coov,..lgM':. t-• tMe A"'EP:CAN PETROl.EUM INSTITUTE (AP:' 
Tue Oc. OS 14::· :e J<l<;lo 

29.000 29.250 

1.812.3 1.812.1 

!,967.7 !,967.4 
2.129.7 2.129.3 
2.,298.2 2,297.8 
2,473.4 2,472.9 
2.655.2 2.654.7 
2.843.7 2.843.1 
3,039 o 3.038.3 
3,241.0 3,240.2 ... 
3,665 4 3.664.4· J 
4,ll7.4 4,116.1 ·r 
4,597.2 4.595.5·r• 
5,105.2 5,103.lf.;, 

5.641.1:! 5,639.3 
6,207.3 6.2043 
6,802.3 6.798.7 
7.427.1 7,422.8 

8.082.2 8,077.17 
8,768.1 8,762.1•':.. 
9,485.4 9,478.44 

10,234 10,226 

11,016 11,007 
11,830 l1,819 
12.678 12.666 
13.560 13.546 

•• 
" r.;i 
'!; 

;i 
; ji-'' 

1 •• .. 
·' 
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Table 3-D-1-Continued · 

Published lnslde Diameten: m Publlshed lniJdc Dlamcla:s ai Pu.blisbed IDs.ide Diameters at Publisbed Inside Diameters .. 
Nomiml. Pipe Size of 16 lncbes Nominal Pipe S izo of 20 lncbc.s Nommal Pipe SJZe of 24 lnc:bcs Nominal Pipe Size of 30 lnc:hcs 

Orifiee 
Diametc:r 14.688 

8.250 17,996 
8.500 19,517 
8,750 21,157 
9.000 22,927 

9.250 24,842 
9.500 26.917 
9.750 29,173 

10.000 31,630 

10.250 34,316 
10.500 
10.750 
11.000 

11.250 
11.500 
11.750 
12.000 
12.500 
13.000 

lJ.SfXI 
14.lXXl 
14.500 
15.000 
15.500 
16.000 

16.500 
17.000 
17.500 
18.{XXI 
18.500 
19.000 

19.500 
20.000 

15.000 15.25() 18.812 19.000 19.2.50 22.624 23.000 23.250 28.750 

17,746 17,562 15,915 15,861 15,791 15,109 15,055 15,020 14,494 
19,221 19,004 17,079 17.016 16,935 16,150 16,08ll 16,048 15,448 
20,807 20,551 18,306 18,233 18,140 17,238 17,166 17,121 16,439 
22.515 22.214 19.600 19.515 19,408 18.374 18.293 18.241 17.468 

24,3.57 24,004 20,964 20,867 20,744 19,561 19,468 19,410 18.53.5 
26.347 25,932 22,404 22,293 22,151 20,801 20,695 20,629 19,642 
28,502 28,015 23,925 12,797 23,635 22.096 21,976 21,901 20,789 
30,840 30.269 2.5,!131 25,384 25,199 23,448 23,313 23.228 21,9TI 

33,384 32,714 27.229 27,062 26,850 24,861 24,708 24,612 23,208 
36.161 35,373 29,026 28,834 28,593 26,337 26.165 26,0$7 24,482 

30,928 30,110 30,435 27.879 27,686 27,564 25,802 
32,944 32,695 32,382 29,492 29,274 29,137 27,168 

35,082 34,799 34,444 31,ITI 30,933 30,780 28.582 
37.353 37,031 36,627 32,941 32,667 32,495 30,045 
39,766 39,401 38,942 34,786 34,479 34,286 31,559, 
42.336 41,921 41.400 36,717 36.374 36.158 33.126 
47,998 47,462 46,791 40,859 40,430 40,162 36.426 
54,472 53,779 52,915 45,410 44,878 44,545 39,960 

50,425 49,765 49,353 43,746 
55,965 55,148 54,640 47,805 
62,106 61,096 60,469 52.159 
68,938 67,689 66,917 56,M33 
76,572 75,027 74,075 Gl,&s7 

83,233 82.057 67,262 

73.087 ,, 79.372: 
86.165 
93,522 

101.506 
110.192 

119.667 
130.036 

throughout. Constams and V8.1Jaoles that ha ve a subscripl of 1 indicate upsl.n:am measure
ments: those that ha ve a suoscript of 2 indicate downstream measuremems. 

3-0.4.2 EQUATION 

In the measuremem of most gases, especially natural gas, the general prnctice is to ex
prcss thc flow ra1c m cnhic feet per hour at sorne specified reference or base conditions of 
pressure aud tempe1atu1e (lhat is, in standan.l cubiL: feel per hour). To calcula te the quanuty 
of gas. the followmg equation shall be used: 

Q, = c,l hJJ 0-D-1) 

Where: 

C' = unítce flow constanl. 
h .. = diffcrcntial prc~surc ar fi0°F. in mches of water 
!} = stat1c pressure, m pounds force pcr square inch absolute. 

Q, = valume flow rate at base conditions. in standard cubic feet per hour. 

3-DA.:l- ORJFJCE FLOW CONSTANT (C') 

The orifice ftow consmnt, e: is defined as the rate of a.irflow as a real gas, in standard cu
b!c feet per hour, when tbe extcnston, (h .. P,)0

.l, equals unity. The orifice flow constanl 

Copvr1g ... ~ o. tM~ AME~:CAN FET;<O:..EU"' lN$T!T!JiE: (A;:;, 
iue Oc: OE ;4:17·:E )ClQo 

29.000 29.25() 

14,477 14,461 
15,429 15.411 
16.418 l6398 
17,444 17.421 

18.508 18,482 
19,612 19,582 
20.755 20,722 
21,939 21,902 

23.165 23,124 
24,435 24,389 
25.749 25.698 
27.109 27,053 

28.517 28,454 
29,973 29,904 
31,480 31,403 
33,038 32,953 
36,319 36,216 
39,830 39,705 

43,590 43,438 
47,617 47,43!1 
51,933 51,115 
56_%3 56,303 
61,535 61.225 
66,879 66,511 

72,632 72,195 
78,833 78,31!1 

. 85;227 84,915 
92,767 92,044 

100,614 99,761 
109.137 108,130 

118.420 117,231 
128.559 127.153 
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CHAPTER 14-N,\T\J!W. GAS Fu.oos MEAsuRale<r 

Nominal <4·inch pipe and Jarger runs 

, e 
Ru11s smaUar than nommal4-tnch p1oe 

0.30 0.40 

p 
0.50 0.60 

Note A maximum p ratto of 0.75 should be used in !he desi~n of new inslallauoru. 

Frgure 3··0·2-AIIowable Variations in Pressure Tap Hola Location 

0.70 

should not be confused with the flow coefficient or coefficient of discharge (K). The follow
mg equauon is used to catculatc: tlle orifice flow constant: 

· Wftere. 

F, 
/" 

G:. = 

hasic oriíice fo.ctnr 
real spécitic gravJty (relative density) factor. 
base pressure factor. 

(3·D·2) 

r .. = su~rcomprcssibihty factor (from AG.A. TransmJSSIOn Measurement Corrumnec 
Repo11 No. S). 

P. Reynolds number factl.lr. 
T,1, ::= base temperarun.- facwr. 
F,.. Jlowin~ l:::rnp~:ratun:: factor. 
)' cxran<Jnn faclnr 

Tabre 3·0-2-Meter Tube Pressure Tap Holas 
(Dimensrons in lnches) 

Mc:cr Tu:J: 

ln~•tlc 

D1ametc:r 

Nommat Tap llole O•amcrer 

n.c:corruncnded Mtuumum Mtmmum 

1'\ou:: The fumttetl 11p hole shall be±~ rnch from lhe selcctcd nomina.t tap 
holc dtamc:ter along thc: dnlled Jc:ngth ofthc hole. 

Coo•--:s-: :;. ~'"''! .:. ... :;.=::~·. ::or~=:_EU"" INSTirurE fA~;; 

lue O::·. 0:: ;.!·:-·~:e~:: 

0.80 

'• 

.·. 
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The sequence of multiplicntian in Eqwuion 2 is not binding; however, to duplicatc the re
sults obtained using Eqwuion 2, the sequence of multiplication and the manner of rounding 
or truncation should be agreed u pon and pmcticed. Trim factors to compensare for the cy¡;e· of 
instrumentation used, the calibration methods, and !he elements of meter location are treated 
scparately (see Appendix 3-A). These trim factors may be applied as a multiplier toe: 

The values of al! the e· factors are detalled in subsequent sections ofthis oppendix. Both 
equations and tabular data based on the equations are provided. The tables are to be used 
as an altemative to calculations by equalions orto check computed results. 

3-0.4.4 COEFFICIENTS OF DISCHARGE (K) ::e 

To calculate the cocfficients of disclJarge, K. the followmg empirical equations are used: 

K = • 
K, 

1 + 15E 
l,OOO,OOOd 

Where 

K, = 0.5925 + 
0·~82 + ( 0.44 -

0~6 )p' + ( 0.935 + 
0
·: )P' 

- 1.35{1" + ~::(0.25 - {j)~ 
-.¡IJ 

E = d(830 - 5000{1 + 9000{1' - 4200{13 + 8) 

875 + 75 B 
D 

(3-D-3) 

(3-D-4) 

(3-D-5) 

(3-D-6) 

· Note: Ifl Equ.it,on 3·0-4, thC:. stgns of sorne ofthc te~s w¡th f,-act10nal e~ponents becomc ncgauvc for sorne val· 
ues of {J. In such cases,these terms are 10 be neplected or lhett vaJue ucated as zero, and where thesc tenns ~ n 
fnctor to another tern:, thc whole pnxluct ts to be treated ti zero. 

Where: 

d :;;; measured orifice diameter, in inchc:~. 
D :;;; measured mside meter tube diameter, in inches 
K. cocffictcnt of discha~c whcn Rcynoldc; numhcr ¡,. ct,~ual to (l,OOO,OOOd)/15. 
K" :;;; coeffic¡ent of discharge when Reynolds number equals mfinity, which will be thc 

minimum value for any panicular orifice and meter rube size. 
f3 :;;; beta ratio 

= d/U. 

Tnese values will be u~ed in subsequent intermedwte calculatlons of the orifice flow con
stant facturs 

3-DA.S 8ASIC ORIFICE FACTOR (F,) 

Tu calculutt: tht: ba:-1:.: orifice factor,/·~, use the follow¡ng equation and note the standard 
conditwns: 

When 

Ph Cba!>t: pressure) := 

Spcc1tiC gravity 
.~ Tb (base tcmpcraturc) = 

r; : 33H.l7Hd' K. 

14.73 pounds force per square inch absolute 
1.000 
60"F (519.67°R) 

(3-D-7) 

Table 3-D-1 was dcveloped using Equation 3-D-7 and various combinations of d and D; 
to use it, huwever. tln: mea!> u red inside d.iameter (D) of the mF:ter rube must be within the 
limits specified in 3-0.3.2 and Figure 3-D-1. Table 3-D-2 may not be iotetpolated. 

Coovnc¡'"l•. O• tM" A,..ED!CAJ< PETI;'OLEU.., INSTITUTE (A~:: 
,..,., Oc~ o;; :.:. : ~ lE ¡::)<:~~ 

79 
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3-0.4.6 REYNOLDS NUMBER FACTOR (F,) 

To calculate the Reyno1ds nurnber fact~r. F;. use the following equations: 

Re. = 220,858dF,.~ph. 

E F. = 1 + 
Rtd 

(3-D-8) 

x (0.613408- 0.152756/i + 0.803833/i' - L70ll11,6' + 1.569336,6') (3-D-9) 

p = (...!L)(49L67)G (3-D-!0) 
14.7 'f¡ 

Where: 

G = specific gravity. 
Red = orifice h'"lre Reynolds number. 

T¡ ::::: absolute fiowing tempernture, in degrees Rnnkine. 
p = specific weight of a gas at 14.7 pounds force per square inch abso1ute and 32"F. 

Table 3-D-3, wluch may not be interpolated, may be used to determine lhe value of b; 
th1s value m ay then be <.~pr,hed to Equauon 3-D-11: 

Table 3-D-3-b Val u es for Determinmn Reynolds Number Factor F; tor Pipe Taps (AII Dimensions in lnches) '•· 

Orificc 
Diame:er 

0.250 
0.375 
o.son 
O.ó~~ 

o 75(1 
0.~7' 
J.QOí_i 

l !:!.:-
l.:!5li 
1 .37~ 
l ."iOC• 
l,(i:;c 

!.75(• 
1.8?:' 
:.00( 

.!~: 
.25(. 
r~ 

.50í. 
(i:;< 

.75l· 

Pubhshed lnSJde D1ameters at 
t-.·omm.tl P1pe Stze of 2Inches 

L6Si 1.939 2.067 

o 1106 o 1091 0.1087 
00890 00878 0.087i 
00758. 0073~ 00729 
006Q.! 00ó47 Qfl(j1'i 

0.067(, 00608 0.0586 
0.0684 0.0602 U.U570 
o 0702 0.1.1614 O.C57ó 

007U<J 00635 0.05<J5 
00650 00617 

0062:) 

2.300 

0.1081 
0.0879 
0.0728 
0.0624 
0.0559 
0.0528 
0.0522 

u o~ 32 
0.0552 
o 0575 
0.05QO 

F = 1 + b 
' ~ ll,.lf 

Publ!shed lnside Diameters at 
Nominal P1pe Stze of 3 lnches 

2.624 2.900 

0.!078 0.1078 
0.0888 0.0898 
0.0737 0.07~0 
o Q(j2.! 0.0634 
e ··546 0.0548 
().0497 0.0488 
0.0473 0.0452 

u ()46') 00435 
o 0~78 0.0434 
00496 0.0443 
00518 o 0461 
OOS~Q 0.().;R2 
0.0~54 0.0504 

0.0521 
0.0.532 

3.068 

0.1079 
0.090~ 

o 0758 
o ()(~2 
0.0552 
0.0488 
0.0445 

0.0~22 

o 0·114 
00418 
QQ.lJI 
0.0450 
0.0471 
00492 
00508 

00519 

No< o ·¡he b \lnlues are C:llculated from the fo/Jowm¡¡: equaoon: 

E 
O e 

1'..!,835d,l: 

Wltl"lc 

d ,. r.Jean orihce dl4meler. m mches 
E = value from Equalion 3-D-5. 
K = n!ue approximated from Table 3-D-4. 

:..:n-."'t'? .. '- :::¡, t"'e A~ER:.:.:.:~ ~::;:;:!..EU"" !NSiiiUiE: ¡;,:;;;' 
;-~a~~ o: :.1:: ,, •= :Q«"' 

3.152 

0.1079 
0.0908 
0.0763 
0.0646 
0.0555 
0.0489 
0.0443 

0.0417 
0.0406 
0.0408 
0.0418 
0.0435 
0.0456 
0.0477 
0.049~ 

0.0509 

Pubhshed Im;¡de D1ametcrs at 
Nonunal Ptpe Size of 4 lnchcs 

3A3f 3.826 

0.1081 0.1084 
00918 0.0932 
00778 0.0800 
0.0662 0.0685 
0.0568 0.0590 
0.0496 0.0513 
0.0443 0.0453 

0.0407 0.0408 
0.0387 0.0376 
0.0379 0.0358 
0.0382 00350 
0.0392 0.03:'il 
O.D408 00359 
0.0427 0.0372 
0.04·18 0.0388 

0.0467 OU4U7 
0.0483 0.0427 
0.0494 0044~ 

00461 
00472 

4.026. 

0.1085 
0.0939 
0.0810. 
0.0697 
0.0602 
0.0524 
0.0461 

0.0412 
0.0377 
0.0353 
0.0341 
0.0336 
0.0340 
0.0349 
0.0363 

0.0380 
0.0398 
0.0417 
0.0435 
0.04SO 
0.0462 

., .. , 

., 
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Publishc:d Jnsidc 
Dtamelc:rs at 

Nonunal Pipe Sizc of 
6 Inchcs 

Orifice 
Di ame ter 4.897 5.187 !:.761 

0.500 o.mt5o 0.0862 00883 
0.625 0.0747 0.0762 00789 
0.750 0.065.5 0.0672 0.0703 
0.875 0.0575 0.0592 00625 
1.000 00506 0.0523 0.0556 

1.125 0.0448 0.0464 0.0495 
1.250 00401 0.0414 0.0442 
1.375 0.0363 0.0373 00397 
l.500 . 0.0334 0.0341 0.0360 
1.625 00313 0.0315 00329 
1.750 0.0300 0.0298 00304 

.. 1.875 0.0293 0.0287 0.0285 
2.000' 0.0292 0.0281. 0.0273 

2 125 0.0297 0.0281 0.0265 
2.250 0.0305 0.0285 0.0261 
2.375 O.D:\ 1 fi 0.0293 0.02fi2 
2.500 0.0330 0.0304 0.0267 
2.625 0.0345 0.0317 0.0274 
2.750 0.0362 0.0332 0.0284 
2.875 0.0379 0.0348 0.0295 
3.000 0.0395 0.0364 0.0308 

3.125 0.0410 0.0360 0.0323 
3.250 0.0422 0.0394 0.0333 
3.375 0.043) 0J)408 0.0353 
].500 00419 0.0167 
3.625 00426 0.0331 
3.750 0.0393 
3.!i15 0.!>'!>' 
HlOO 0.0411 

4.250 
4.500 
·1 750 
5.000 

5.250 
5.500 
:''i.750 
6.000 

G.250 
6.500 
ti 750 
7 001 

7.250 
7.500 
7.750 
,,000 
h.250 

Coo""l':'T".~ c. t>'~ A"'EP:CA1< ~f;;:;~~EUI-' !NS>:>UE IAC;, 
lue Oc~ Of; 14 ; ; e;;: JOOo 

6065 

0.0893 
0.0802 
0.0719 
0.064: 
0.057? 

0.0512 
0.0458 
00412 
0.0372 
0.0339 
0.0311 
0.0290 
0.0273 

0.0262 
0.0256 
00253 
o 0254 
0.0258 
0.026.5 
0.0274 
0.0285 

0.0297 
0.0311 
0.032~ 
0.())]'] 

00354 
00367 
00380 
OO:t91 

!' 1 + 
b 

(3-D-11) = 
~h..lj 

b 
E 

(3-D-12) = 
12,835dK 

Table 3-D-3- Continuad 

li = 1 b 
+ ~ h.l} 

Pubhshed Inside Publishc:d Inside Published Inside 
Dtamcten at Ilwncle<s •• Dia.meters llt 

Nominal Pipe Sa..e oí Nominal Pipe Sir.e of Nominal Pipe Size of 
8 Inches 10 lnc:hes 12 lnchc> 

7.625 7.981 8.071 9.562 10.020 10.136 ll.374 11.938 12.090 

0.0716 0.0730 0.0734 
0.0652 0.0668 0.0672 0.0728 

0.0593 0.0609 0.0613 0.0674 0.0691 0.0695 
0.0538 0.0555 0.0560 0.0624 0.0641 0.0646 0.0687 0.0704 0.0708 
0.0489 0.0506 00511 00576 0.0594 O.OS99 0.064~ 0.0661 0.0666 
0.0445 0.0462 O.oo;<; 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625 
t).0405 0.0421 0.0425 0.0490 0.0509 0.0514 0.0561 0.0580. 0.0585 
0.0369 0.0384 0.0388 0.0452 0.0471 0.0476 0.0523 0.0543 0.0548 

'. 0.0338 0.0352 0.0355. ·00417 0.0436 0.0440 0.0488 0.0508 .. 0.0513 
0.0311 0.0323 0.0327 0.0385 0.0403. 0.0407 0.04S4 0.0475' 0.0480 

0.0288 0.0299 0.0301 0.0355 0.0373 00377 0.0423 0.0443 0.0449 
0.0268 0.0277 0.0280 0.0329 0.0345 0.0349 0.0394 0.0414 0.0419 
0.0252 0.0259 0.0261 00305 0.0320 0.0324 0.0367 0.0387 0.()392 
0.0239 0.0244 0.0246 00283 0.0298 0.0301 0.0342 0.0361 0.0366 
0.02.30 0.0232 0.0233 0.0265 0.0277 0.0281 0.0319 0.0337. 0.0342 
0.0224 0.0224 0.0224 0.0248 0.0260 0.0263 0.0298 0.0316 0.0320 
0.0220 0.0218 0.0218 00234 0.0244 0.0246 0.0279 0.0295 0.0300 
0.0219 0.0214 0.021l 0.0222 0.0230 0.0233 0.0262 0.0277 0.0281 

0.0220 0.0213 0.0211 0.0212 0.0218 0.0220 0.0246 0.0260 0.0264 
0.0223 00214 0.0212 0.0205 0.0209 00210 0.0232 0.0245 0.0249 
0.0228 00217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.0235 
0.0235 0.0221 0.0218 0.0195 0.0195 0.0196 0.0210 0.0220 0.0223 
0.0243 00227 0.0224 0.0193 0.0191 00191 0.0200 0.0209 0.0212 
0.0:'52 0.0234 00230 00192 0.0188 0.0188 0.0193 0.0200 0.0202 
0.0262 0.02~3 0.0238 0.0193 0.0187 0.0186 0.0187 0.0192 . 0.0194 
0.027:\ 00252 0.024H 00195 0.0187 O.OIH6 0.01H2 0.0185 0.0187 

0.0?.97 00273 0.0268 0.0203 0.0192 0.0189 0.0176 0.0176 0.0177 
0.0J2! n02Qfi 00290 00215 0.0200 0.0197 001'75 0.0172 0.0171 
O.OH4 00320 0.0314 0.0230 0.0212 0.0208 0.01'78 0.0171 0.0170 
o 0364 O.OJ42 0.0336 0.0248 0.0228 0.0223 0.0185 0.017!5 0.0172 

O.G381 0.0361 0.0356 0.0267 0.0245 0.0239 0.0195 0.0181 0.0178 
0.0377 0.0373 0.0287 0.0263 0.02j7 0.0207 0.0190 0.0186 

0.0307 0.(1182 0.0276 0.0221 0.0202 0.0197 
0.0326 0.0302 0.0295 00236 0.0215 0.0210 

11.034] 0.0320 0.0314 0.0253 0.0230 0.022<4 
0.0358 0.0336 0.0331 00270 0.0246 0.02<0 

0.0351 0.0346 0.0288 0.0262 0.0256 
0.0363 0.0359 0.0304 0.0219 0.0272 

0.0320 o.om 0.0288 
0.0334 0.0310 0.0304 
0.03<47 0.0325 0.0318 

0.0338 0.0332 
0.0349 0.0344 
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Table 3-0-3-Continued 

F.= 1 + b 

~ 11.1} 

Published lnside Publisbed Inside Publishcd lrwde Publis.hed lnside 
Diametcn at Diameters ar Dia:meten at D1ameters at 

Nominal Pipe Sa:e of NorD.J..[J8J Pipe SJZe of Nommal Pipe Sb:c of Nomtnal Pipe Stze of 
16 Inche& 20 Inches 241n-

Orificc ---
Du1.meter 14.688 15.000 15.250 18 812 19.000 19.2.50 22624 23.000 23.2.50 28.7.50 

1.500 0.0697 0.0705 
1.625 0.0662 0.0670 0.0676 
1.750 0.0628 0.0636 0.0642 
1.875 0.0595 0.0603 0.0610 
2.000 0.0.563 0.0571 0.0)/8 O.Oó63 O.Oú67 0.0672 

2.125 0.0532 0.0541 0.0548 0.0635 0.(ó39 0.0645 
2.250 0.0503 0.0512 0.0519 00609 0.0613 00618 
2.375 0.0475 0.0485 0.0492 o 0583 O.QS¡;tS 0.0593 0.0658 0.0665 0.0669 
2.500 0.0449 C.0458 0.0466 0.0.558 0.05ó2 0.0568 0.0635 0.0642 0.0646 
2.625 0.0424 0.0433 0.0441 00534 0.0538 0.0544 00613 0.0620 0.0624 
2.750 00400 0.0409 0.0417 o 0510 0.0515 0.0520 0.0591 0.0.598 0.0603 
2.875 0.0378 0.0387 0.0394 0.0488 0.0492 0.0498 0.0570 0.0577 0.0582 0.0669 
3.000 0.0356 0.0365 0.0372 0.0466 00470 O.ll476 0.0549 0.0556 0.0561 0.0650 

3 125 o 0336 0.0345 0.0352 00445 00449 0.0455 0.0529 0.0536 0.0541 0.0632 
3.250 0.0317 0.0326 0.0333 0.0425 0.0429 0.043.5 0.0509 0.0517 0.0521 00615 
3.375 0.0300 0.0308 O.OJ14 00405 0.04!0 0.0416 00490 0.0497 0.0502 0.0597 
3 500 o 0283 0.0291 0.0197 0.038i 0.0391 0.0397 00471 0.0479 0.0484 00580 
3.625 0.0268 0.0275 0.0281 0.0369 O.'J373 0.0379 0.0453 0.0461 0.0466 0.0%1 
3.750 0.0254 0.0261 0.0267 O.OJ52 0.035fi 0.0362 00436 0.0444 0.0449 0.0547 
3.87~ 0.0240 0.0247 0.0253 0.0336 0.0340 0.0346 0.0419 0.0427 0.0432 0.0530 
4.00(1 0.0228 0.0235 0.0240 0.0320 0.0}24 0.0330 0.0403 0.0411 0.0416 o 051.~ 

4.250 00207 00213 0.0217 O.C291 0.0295 0.0301 0.0372 0.0380 0.0385 0.048~ 

4.500 0.0190 0.0194 0.0198 0.02M 0.0269 0.0274 0.0343 00351 0.0356 0.045.5 
4.750 0.0176 0.0180 0.0!83 0.0242 0.0246 00250 0.0116 00324 0.0329 0.042i 
5.0Ül' 0.0166 00168 00171 002?1 00115 00229 0.0292 00299 0.0303 0.0401 

5.25[t 0.0160 0016! 0.0!62 0.02U3 0020(, 0.0210 0.0269 00276 0.02RO 0.0376 
5.5Ul1 0.0156 00156 0015(1 O OIRR 00190 00194 0.0248 0.0255 0.02.59 0.0352 
5.750 0.0155 0.01.54 0.01.53 0.0175 O.Oiii 0.0!80 0.0230 0.0236 0.0240 0.0330 
6.cxx: 0.0157 0.015.: 0.0153 0.0164 00165 O.OibM 0.0213 0.0218 0.0222 O.OJO<l 

6.250 0.0161 001:1";' 0.0:5.: 0.0155 IJ.015(l 0.0158 o.o1rn 0.0203 0.0206 0.02M'J 
6.50C 0.0167 0016: 00l59 0.014~ 0.014') 0.0151 0.01R4 0011<9 0.0192 0.0271 
6.75(; 0.0175 0.0169 00164 o 0144 0.0144 00145 0.0172 0.0176 0.0179 0.0253 
7 .OIXl 00184 O.Ol7i 0.0!'7~ 0.0141 0.0141 0014: 0.016:! 0.0166 0.0168 0.0".37 

-:.250 0.0195 UOIF7 OOIR! o f114f1 0.0140 00139 0.01.53 0.0156 0.0159 0.0223 
J.500 0.0206 0019E 0.019 ü 014() 00140 o 0139 0.0146 0.0149 0.0150 0.02()<) 
-; 750 0.0219 O.C2C9 o.o:o~ 0.0143 0 Ll41 00140 0.0140 0.0142 00144 0.019(i 
¡..,000 U.0232 o 022: o 0214 ('o 1)14:í o 0144 0()142 0.0136 00138 00139 0.0185 

Tabk 3-D-4 rnu~a b~ u<>~d ro determme the volue of K m F.quannn 3-D-12.. Frrst-order 

linear tnrerpo)(l1ton of T<ihle 3·0-4 1s perrmssible. in calculatm~ the extension for t.letenm-

natJons ofF.. avewge or C!'>t!Tnated value1:. may be used. 

3-0.4.7 EXPANSION FACTOR (Y) 

3-0.4.7.1 Expansion Factor Based on Upstream Statlc Pressure (Y,) 

lf the stattc pressut e ts measuret1 at11ae up:.tream pre¡,~ure tap, the calculauons for the ex· 

pansJOn factor, rl. use !he iol\owmg equauom. 

r = 1 - [0.333 + l.l45(/l' + o. 7{J' + 12/l"JJ~ (3-D-!3¡ 
' J. 

C.opv~!<ltl~ ti· tn~ -'H-1E~iCAN PETROLEIJ~ lNST!TIJTE IAPi l 
Tue Ce~ oe t.::;:-. ce :qc,.~o 

30Jnch~ 

29JXXl 29.2.50 

0.0654 0.0657 

0.063& 0.0639 
0.0618 0.0622 
0.0601 0.0604 ~·· 
0.0584 0.0587 ·' 
0.0567 0.0571 ·.: 
0.0551 0.05S4 ?¡.! 
0.0534 0.0538 
0.0519 0.0523 

0.0488 0.0492 
O.Cl459 0.0463 
0.0431 0.0435 

"' 0.0405 0.0409 :l~" 

00380 0.0384 •J 
0.03.56 0.0360 r.~·· 
00334 o.0338 .r 
00313 0.0317 

0.0293 0.0197 
00274 0.0278 
0.0257 0.0261 
0.0241 0.0244 

0.0226 0.0229 
0.0212 0.0115 
00199 0.0201 
00187 0.0190 

:,~ 

.•.• 
" .. 
' 

; . .,!. . ,. 

"' ' 
"' ,·;¡.¡J 

,;J. 
:·: .' 

' 
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Tabla 3-D-3-Continued 

F. = 1+-m h.P¡ 

Published lnside Publisbed lnsXIc Publishcd lnsUie Published IDslcle 
Diameters Rt Diameten; at Diameters Bl Diatnell23 at 

Nominal Pipe Size of Nomiaal Pipe Size ot Nominal Pipe Size of Nominal P1pe Sizc of 

Onfice 
0J3meter 14.688 

8.250 0.0246 
R.500 0.0260 
8.750 0.0273 
9.000 0.0286 

~.250 0.0299 
9.500 0.0311 
9.750 0.0322 

10.000 0.0332 

10.250 0.0341 
IO.!iOO 
10.750 
11.000 

11.250 
11.500 
11.750 
12.000 
12!500 
13:000 

13500 
14000 
14.500. 
15.000 
15.500 
16.000 

16.500 
17.000 
17.500 
IH.CXXJ 
18.500 
liJ.OOO 

19.500 
20.000 

16 Inches 20 lnchcs 24 Inchcs 

IMOO 1.5.250 18.812 19.000 19~0 22.624 23.000 23~ 28.750 

0.0235 00227 0.0151 0.0149 0.0146 0.0133 0.0134 0.0135 00174 
0.0249 00240 0.0157 0.0154 0.0151 0.0132 0.0132 0.0132 0.0165 
0.0262 0.0253 0.0163 0.0160 0.0157 0.0131 0.0130 0.0130 0.0156 
0.0276 0.0267 0.0171 0.0168 0.0163 0.0131 0.0130 0.0130 0.0149 

O.U21UI U.02HO 0.0180 0.0176 0.0171 0.0133 0.0131 0.0130 0.0142 
0.0301 0.02~2 0.0189 O.DI85 0.0180 0.0136 0.0133 0.0132 0.0137 
0.0312 0.0304 0.0198 0.0194 0.0189 0.0139 0.0136 0.0134 0.0132 
0.0323 0.0315 0.02J9 0.0204 0.0198 0.0143 0.0140 0.0138 0.0129 

0.0333 0.0326 0,0219 OD214 0.0208 0.0149 0.0144 0.0142 0.0126 
0.0341 00335 0.0230 0.0225 0.0219 0.0154 0.01!50 0.0147 00123 

0.0241 0.02.36 0.0229 0.0161 0.0155 0.01!52 0.0122 
0.0251 0.0247 0.0240 0.0168 0.0162 0.0158 0.0121 

0.0263. 0.025R 0.0251 0.0175 0.0169 0.0165 0.0121 
0.027: 0.0268 0.0261 0.0183 0.0176 0.0172 0.0122 
0.0284 0.0278 o.om 0.0191 0.0184 0.0180 0.0124 
0.0293 0.0288 0.0282 0.0200 0.0192 0.0188 0.0126 
0.0312 0.0307 0.0301 0.0218 0.0210 0.0205 0.0131 
0.0327 0.0323 0.0318 0.0236 0.0228 0.0222. 0.0139 

0.0255 0.0246 0.0240 0.0148 
0.0272. 00264 Q_Q2j8 0.0159 
0.0289 0.0280 0.0275 0.0172 
0.0304 0.0296 0.0291 O.Dl85 
0.0318 0.0311 0.0306 00199 

0.0323 0.0319 00213 

0.0228 
0.0242 
0.0257 
0.0270 
00283 
0.0296 

00307 
0.0317 

).1 = 
27. 707FJ, 

h. (3-D-14) = 

Where: 

J· = ratio of speciñc heats, e,./ c. (that Js, the ratio ofthe specific heat of a ga!. al con
stant pres"ure to the specihc heat of the gas at constant volume at standard con
ditionsJ. 

x 1/k = acousuc ratio. 

Table 3-D-5 was developed using Equations 3-D-13 and 3-D-14 wilh a value ofk = 1.3. 
Ftrst- or second-orcter hnear interpolation ofTable 3-D-5 is pemrissible. 

Thc vñlucs of Y1 nrc subject toan uncerminty varying from O when x 1 = Oto ±0.5 per
cent when X: = 0.2. For larger values of x1• a somewhat larger uncenainity cnn be expected. 
Equation 3-D-13 may be u sed ovcr a range of 0.1 ,; p ,; 0.7. 

C.:.pv.-¡gn~ Cv tl'le A,._.ER:CAt~ I'ET;;>Q:_Eu'-' !NST:TUT:: IA='!I 
r .... e o::~ oe 1<~::7:\S ¡qq'"' 

30 lnches 

29.000 29.2SO 

0.0177 0.0179 
0.0167 0.0170 
0.0158 0.0161 
0.0151 0.0153 

0.0144 0.0146 
0.0138 0.0140 
0.0133 o.om 
0.0129 0.0130 

0.0126 0.0127 
0.0124 0.0124 
0.0122 0.0122 
0.0121 0.0121 

0.0121 0.0121 
0.0122 0.0121 
0.0123 0.0122 
0.0124 . 0.0123 
0.0130 0.0128 
0.0137 o.om 
0.0146' 0.0143 
0.0156 0.0153 
0.01~ 0.0165 
0.0181 .• 0.0177 
0.0194 0.0191 
0.0209 0.0205 

0.0223 0.0219 
0.0238 0.0233 
0.0252 0.0248 
0.0266 0.0261 
0.0279 0.0275 
0.0292 0.0288 

0.0303 0.0299 
0.0313 0.0310 

_; 
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Tabla 3-D-4-Vnlues ot Kto Be Used in Determining 
R. tor Calculatlon ol F, Factor 

fJ K(pipe) 

0.100 0.607 
0.12.1 0.608 
0."0 0.611 
0.17.5 0.614 
0.200 0.618 

0.225 0.623 
0.250 0.628 
0.275 0.634 
0.300 0.641 

0.325 0.650 
0.3.50 0.658 
0.375 0.668 
0.400 0.680 

0.425 0.692 
04.50 0707 
0.475 0.714 
0.500 0742 

0.525 076~ 

0.550 0.785 
0.515 0.810 
0.600 0.837 

0.6::6 0.86') 
0.650 0.904 
0.675 0.943 
0.700 0988 

3-0.4.7.2 Expanslon Factt'r Based on Oownstream Statlc Pressure (Y,) 

Jf thc stauc prcssurc is mcasurcd at thc downstream pressurc tap, the calculations for the 
expanswn factor. Y2, use the following equauons: 

Y, = .JI + X~ - [0.333 + 1.145(jl' O. 7/3' + 12jl")l x, (3-D-15) 
k~l + x, 

'i. - FJ. h 
x, = . (3-D-16) 

'i, 27.707 'i, 
Tablc 3-D-6 was dcvclcpcd u~ing Equations 3-D-15 and 3-D-16 with a valuc of k 1.3. 

fit st- or second-ordcr !mear m'erpolauon ofTable 3-D-6 is pcnnissible. 

3-0.4.8 OTHER C'FACTORS 

The remamw~ onfice f10w constant C' factors (namely, f;,¡,. F;b. F,1, E,. and F,.,} are calcu
la'.ed t!Xdc.:tly a'> de.-.cnb'!d tn the body of th1~ standard. Computauons usíng equations or ta
hl:.~ are permtsstble with theSe factors when calculating thc flow of natural gas through 
onrlcc meter.;; cqut.ppcd wuh pipe taps. 

3-0.4.9 EXAMPLES 

3-0.4.9.1 Example 1 

<i1ven the tollowmg phy~ical parameters and ftowing condttions, calculate the flow rate 
f,¡:- a p1pe tnp onflrt meter tnrough onc meter tubc: 

Tu be diameter 
Orífice diameter 

Sta tic pressure 
Differennal prcssurc 

2.067 in 
1 in 
500 psig (measured upstream) 
50 inchcs of water at 60°F 

Co::>•r¡!:'~~ o. ti".,. t..'"'Eo:ct..•; PE7;:C:~EU~ INSTíT~TE IAPI i 
jue 0:·. 0;;; 14::· •: OG 

.. ,, 
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Base pressure 14.73 psia 
Aunospheric pressure 14.7 psia (barometric) 
Flowing temperature IOO"F 

Base temperatu~ 60"F 
Relativo density (specific graviry) 0.600 

Carl>on dioxide 0.5 mole percent 
Nirrogen 0.5 mole percent 

Differential pressure device Bellows (recorder, dry) 

The solution is calculated as follows: 

Diameter ratio (p) = 0.483793 
Extension = 160.421 

Basic orifice fnctor (F,) = 243.279 
(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and 
3-D-7; or Table 3-D-2) 

Table 3-D-5-Expansion Factors ter Pipe Taps (Y,): Static Pressure Taken From Upstream Taps 

h.JP¡, 0.1 0.2 0.3 

n.o 1.000 1.1100 1.000 

0.1 0.9990 0.9989 0.9988 
02 0.9981 0.9979 0.9976 . 
0.3 0.9971 0.9968 0.9964 
0.4 0.9962 0.99~8 0.9951 
05 0.9952 0.9947 0,9939 

0.6 0.9943 0.9937 0.9927 
. 0.7 . 0.9933 . 0.9926 0.9915 

0.8 0.9923 0.991lí 0.9901 
09 0.9914 0.9905 0.9891 
1.0 0.99Q.t 0.9895 0.9878 

1.1 0.9895 0.9884 0.9866 
1.: 0.9885 0.9874 0.9854 

1 ' 0.987ó 09H63 0.9H42 
L 4 0.9866 0.9853 0.9830 
1 5 0.9857 0.9841 0.9818 

1.6 0.9847 o 9832 0.9805 
1 7 0.9837 0982! 0.9793 
1 X 0.9S2S 09!!!1 0.97HI 
1.9 0.9818 09800 OQ769 
2.0 0.9809 09790 (1 ;?57 

2.1 09799 o 9779 o.q745 
2.2 0.9790 09768 0.973:: 
2.3 0.9780 o 9158 O.'J72C 
2.4 0977(] [}9747 0.~7{)tl 

2.5 0.976! 0.97li 0.96% 

'" 0.97'\1 Q_972fi 0%Kl 

27 0.9742 o 97!6 09672 
2.8 0.9732 09705 0.%59 
2.9 o 9721 09695 u~&n 

30 0.9713 0.9684 o 9G3~ 
1.1 o 970-l 0.9674 0%21 
3.1 0.969-l 09663 0.%!1 
3.3 0.96!1-, 0.9653 0.9599 
3.4 0.9675 0.9642 0.9587 
).5 0,96(¡<; 0.9632 09574 

36 0.965ú 0.9621 0.956~ 
37 0.964(· 0.9611- 0.9550 
:lB 0.9637 0.9600 0.953F-
3.9 0.9627 0.9590 0.9.52é 
4.0 0.9617 0.9579 09:"il4 

Copy,-¡g,..,~ Dv ttl" AMER!CAtJ PETROLEUM !NST:TUH: (AP~: 

1u~ 0::•. o= 14: ¡- 113 !«'le 

0.4 

1.1100 

0.9985 
0.9971 
0.9956. 
0.9942 
0.9927 

0.9913 
0.9898 
0.9883 
0.9869 
0.9854 

0.9840 
09825 
09HI1 
0.9796 
0.9782 

0.9767 
0.9752 
o 9738 
0.972) 
o 9700 

0.9694 
0.9680 
o 9665 
{) 11650 
o 9636 

IJQó2: 
09607 
QQ!i92 
0957/\ 
o 9563 

0.9549 
09534 
0.9519 
0.9505 
0.9490 

09476 
09461 
0.9447 
0.9432 
0.9417 

p • d/D 

0.45 0.50 0.52 0.54 056 0.58 

1.000 1.000 1.000 1.000 1.000 1.000 

0.9984 0.9982 0.9981 0.9980 0.9979 0.9978 
0.9968 0.9964 0.9962 0.9961 0.995lJ' 09957 
0.9952 . 0.9946 0.9944 0.9941 0.9938 0.9935 
0.9936 0.9928 ' 0.992.1 0.9921 0.9917. 0.9913 
0.9919 0.9910 0.9906 0.9902 0.9897 0.9891 

09903 0.9892 0.9887 0.9882 0.9876 0.9870 
0.9887 0.98?4 0.9869 . 0.9862 '0.9856 0.9848 
0.9871 0.9h57 0.9850 0.9843 09835 . 0.9826 
0.9855 0.9839 0.9831 0.9823 09814 0.9805 
0.9839 0.9821 0.9812 0.9803 09794 0.9783 

0.9823 0.9803 0.9794 0.9784 o 9'773 0.9761 
09807 0.978:5 0.9775 0.97&1 o 9151 0.9739 
0.97~i 0.9767 U9756 0.9744 0~7)2 O 971H 
o9n5 0.974Q 0.9737 0.9725 09711 0.9696 
0.9758 0.9731 0.97H• 0.9705 0.9690 0.9674 

0.9742 0.9713 09700 0.9685 09670 09652 
0.9726 0.9695 0.968\ 0.9666 0.9&19 0.9631 
0.9710 0.9677 0.9662 0.9646 0.%28 0.9609 
0.%94 0.9659 O.CJ64~ 0.9626 0960R 0.9587 
0.9678 0.9641 0.962~ 0.9507 o 9!587 0.9566 

O.%fi2 o 962) o 9/\0ó 0.95R7 OQ~t'í6 0.9544 
0.964f 0.9605 o 9587 0.9567 0.9546 0.9522 
0.9630 0.9537 0.9568 0.9548 0.9525 0.9500 
0.~61! 09570 O.IJ.550 0.952H () ~~115 0.~79 
0.95~1 o 9552 09.531 0.9508 o Q484 0.9457 

O<J51-1 (J 9'i]4 0951:2 0.94R9 n 94ti1 0.94)5 
0.956~ 0.9516 09493 0.9469 09443 0.9414 
0.95-1S 0.9·198 o 9t.75 0.9449 09422 0.9392 
0.9:::3:: 0.94HO 1)~456 0.9430 0~401 09370 
o 95\i Q94G2 o 9437 0.9410 O 93RI 0.9348 

O<J:'illl 0.9444 0.~418 0.9390 09360 0.9327 
094F~ 0.942G 09400 0.9371 09339 0.9305 
09469 0.9o108 0.9381 0.9351 0.9319 0.9283 
0.9452 0.9390 0.9362 0.9331 0.929~ 0.9261 
OQ4~(, 0.9372 0.9343 0.9312 09277 0.9240 

OY42U 0.9354 ; OY324 0.9292 0.9257 0.9218 
09404 0.9336 09306 0.9272 0.9236 0.9196 
0.9388 0.9318 0.9287 0.92.53 0.9216 0.917' 
0.9372 0.930! 0.9263 0.9233 0.?1?5 0.9153 
0.9)56 09283 0.924<l 0.9213 0.9174 0.9131 

85 

0.60 

1.000 

0.9917 
0.995-4 
0.9931 
0.9908 
0.9885 . 

0.9862 
0.98-10 
0.9817 
0.9794 
0.9771 

0.9748 
0.972.5 
0.9702 
0.9679 
0.9656 

0.9633 
'0.9610 
0.9587 
0.9565 
0.9542 

0.9519 
0.9496 
0.9473 
0.9450 
0.9427 

0.9404 
0.9381 
0.9358 
0.9335 
0.9312 

0.9290 
0.9267 
0.9244 
0.9221 
0.9198 

0.9175 
0.9152 
0.9129 
0.9106 
0.9083 
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1!,/Fj 0.61 

o.o 1.000 

0.1 0.9976 
0.2 0.9953 
0.3 0.9929 
0.4 0.9906 
0.5 0.9882 

0.6 09859 
0.7 0.9835 
O.M 098\1 
o 9 o 9788 
1.0 0.9764 

1.1 0.9741 
1.2 0.9717 
1.3 0.9694 
!.4 09670 
1.5 0.9646 

1.6 0.9621 
1.7 0.9~~9 
!.8 0.9576 
!.9 0.9552 
2.0 0.9529 

2.! 09505 
2.2 0.9481 
2.3 0.945b 
2.4 09434 
2.5 09411 

2.ó 0.9387 
2.? 0.9364 
2.8 0.9340 
2.9 0.9]16 
3.0 0.9293 

] .. o 9269 
32 0.9246 
3.3 o 922:2 
3.4 . 0.9199 
]5 n QJ75 

lb (l ':ll51 
, : 0.9128 
38 o 9104 
)(_,¡ 09081 
41• {) 9:l"i7 
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Tabla 3-D-5-Continued 

fJ • d!D 

0.62 0.63 or,., 0.65 0.66 0.61 0.68 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0.9976 0.997.5 0.9974 0.9973 0.9972 0.9971 0.9970 
0.9951 0.9950 0.9948 0.9947 0.9945 0.9943 0.9941 
0.9927 0.9925 0.9923 0.9920 0.9917 0.9914 0.9911 
0.9903 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 
0.9879 0.9875 0.9871 0.9867 0.9862 0.98.'17 0.9851 

0.9854 0.9850 0.9845 0.9840 0.9834 0.9828 0.9822 
0.9830 0.9825 0.9819 0.9813 09807 0.9800 09792 
09806 0.9800 0.9794 0.9787 0.9779 0.9771 0.9762 
0.9782 0.9775 0.9':'6li 0.9760 0.9752 0.9742 0.9733 
0.9757 0.9750 O.Y742 0.9733 0.9724 0.9714 0.9703 

0.9733 09725 0.971..5 0.9707 0.9696 0.9685 0.9673 
0.9709 ') 9700 0.9690 0.9680 0.9669 0.9657 o 96<3 
0.9685 [}9675 0.9664 0.9653 0.9641 0.9628 0.9614 
0.9660 09650 0.9639 0.9627 0.9614 0.9599 0.9584 
0.9636 0.9625 0.%13 0.9600 0.9586 0.9571 0.9554 

0.9612 09600 0.9387 0.9573 0.9558 0.9542 0.9525' 
0.9587 0.957S 0.9561 0.9547 0.9SJI 0.9514 0.9495 
0.9553 o 9550 0.9535 09520 0.9503 0.9485 0.9465 
0.9539 o 9525 0.9510 0.9493 0.9476 0.9456 0.9435 
0.9515 09500 0.9484 0.9467 0.9448 0.9428 0.9406 

0.9490 094i;'i. 0.94.58 0.9440 0.9420 0.9399 0.9376 
0.9466 0.9<50 0.9432 0.9413 0.9393 0.9371 09:\46 
0.9442 OQ<2:'i 0.9406 o 9387 09365 0.9342 0.9317 
0.9418 -· 09400 0.9:..81 0.9360 0.9338 0.9313 0.9287 
0.9393 o 9375 0.9355 o 9333 0.9310 0.9285 0.9257 

0.9369 0.9350 0.9329 09307 0.9282 0.9256 0.9227 
0.9345 0.9325 0.93'JJ o 9280 0.9'2.55 0.9227 0.9198 
0.9321 09300 0.9277 0.9253 0.9227 0.9199 09168 
U929ó 0.927~. 0.9252 0.92~7 0.9200 09170 09138 
0.9272 OS25ü 0.9226 0.9200 0.9172 0.9142 0.9108 

OQ24.'1 o Q22~ 09200 o 9173 0.9144 0.9113 0.9079 
0.9223 0.9200 0.9174 o 9147 0.9117 0.9084 0.9049 
0.9199 0.9!75 0.9148 09120 0.90!!9 0.9056 09019 
0.9175 O.':ll50 0.9122 0 OQ9J 0.9062 0.9027 0.8990 
O 915 I 0.912~ 0.9097 () ()067 0.9034 0.8999 0.8960 

0YI2n 091(){1 0907! o Q040 0.900G o 8970 08930 
0':1!0::! 09075 09045 o 901] 0.8979 0.8941 0.8900 
09078 0.9050 QQOI9 0.898"; 0.8951 0.8913 0.8871 
OlJU54 O.'.KJ25 :LR993 O.R9M O.R9:;A o 8884 08841 
o 9029 0 G()(XJ o 896'1 o 8933 o 8896 o 8856 0.8811 

Hey.notci<.; numbe; Llctor (1-',) = l.OO()..l 
(from Equations 3-0·5. >·D-8, 3-D-9, and 3-D-10; 
or T.able :i-D-1 and Equat10n 3-0-11; or Table 3-0-3 
anú Eyuatiun> 3-D-5. 3-D-11. and 3-D-12) 

Expans10n factor (Y1) = 0.99R3 
(from Equat1ons 3-D-! 3 and 3-D-14 or Table 3-D-4) 

BID.e pres::.urc fac.lOr (~1.>1 = 1.0000 
Bose tcmpcrnturc factor (Fib) = l.OCOO 

Howmg temperalure ia~.:tor (F,1) = 0.9636 
Relativc.density fa:::tor (F,,) = 1.291 O 

SupercomprCssibiltty factor (f~.) ·- 1.0299 
Onfice nuw c.:umtant (C') = 311.284 

(from Equauon 3-D-2) 

Copv"!S"~ t~< tr>" AME;;>JCAN PET~O\..EU"' INST:TUTE u,p;, 
Tue oc::~ oe 14.:1 lE ¡Q<:;e, 

0.69 0.70 

1.000 1.000 

0.'1969 0.9968 
0.9938 0.9935 
0.9907 0.9903 
0.9876 0.9871 
0.9845 0.9389 

0.9814 0.9806 
0.9784 0.9TI4 
0.9753 0.9742 
0.9722 0.9710 
0.9691 0.9617 

0.9660 0.9645 
0.9629 0.9613 
0.9598 0.9581 
0.9567 0.9548 
0.9536 0.9516 

0.9505 0.941W 
0.9474 0.9452 
0.9443 09419 
0.9412 0.9387 
0.9381 0.9355, ... :.~ 
0.9351 0.9323. <¡¡< 
0.9320 0.9290 r.'t: 
0.9289 0.92.58'. :·~.\:· 

0.92.58 0.9226 "" 0.92:1.7 0.9194 ·.~ .J" 

0.9196 0.916. 
0.9165 0.9129 .. 
09134 0.9097 ·.1."'.-\ 
0.9103 0.90641 .... , ,., 
0.9071 0.9032: \ ~. 

0.9041 0.9000 ;1,, 

0.9010 0.8968c . :i 
0.8979 08935 
0.8948 0.8903 
0.8918 0.8817 

0.8887 0.8839 
0.8856 0.8806 
(J.HH2'í OR774 
0.8794 0.8742 
0.8763 0.8710 
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Aow ra!e (Q,) = 49.9367 MSCFH 

= 1.19848 MMSCFD 
(from Equation 3-D-1) 

3-0.4.9.2 Example2 

Given the following physical parameters and flowing conditions, calculare the flow rate 
from a ptpe tap orifice metr.:r through one meter tube: 

Tube dinmeter 10.020 in 
Orifice diameter 4.5 in 

Staric pressure 350 psig (measun:d upsrream) 
:lifferential pressure 40 inches of water at 60"F 

Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 

Tabla 3-0·6-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstream Taps 

/¡w/P¡
1 

0.1 0.2 0.3 

0.0 1.000 l.OUO 1.000 

0.1 l.OOOH 1.0008 1.0006 
0.2 1.0017 1.0015 1.0012 
0.3 1.0025 1.0023 1.0018 
0.4 1.0034 1.0030 1.0014 
05 1.0042 1.0038 1 0030 

o.n· 1.0051 1.0045 1 0036 
07 1.0059 1.0053 1.0041 
0.8 1.0068 1.0060 1.0047 
O.lJ 1.0076 1.006~ 1.0053 
J.[) 1.0085 1.0075 1.0059 

ti 1.0093 1.0083 1 0065 
1.2 1.0102 1.0091 1.0071 
1.3 1.0110 1.0098 1.0077 

'" 1.0119 1.0106 1.0083 
1.5 1.0127 1.0113 1.0089 

1(, I.ODfi 1.0121 1.0096 
t.7 1.0144 1.0126 1.0102 
I.H 1.0153 1.0136 l.OIOS 
1.9 1.0161 1.014t. LO! J.\ 
20 1.0170 1.0151 1.0120 

2. ¡ 1.0178 1.01.59 1.012:1 
22 1 0187 1.0167 l 0132 

" 1.019."í 1.0]7.:. 1 013~ 

2' 1.02f!..l I.OIR2 1 (]14-.1 
~ 5 1.0212 I.OIR9 1 0150 

2.6 1.0221 1.0\9';' 1 01% 
2 7 1.022'J 1.0105 1 0162 
2.!-1 1.023H 1.021::: 1 Ul6'J 
2.9 1.0246 . 1.0220 l 0175 
3.0 l 02!55 1 022b 1 OIRI 

3 1 102M 1.023~ I.Ol!l7 
J 2 1.0272 1.024j 1 0193 
3.1 1.02RO 1 0250 [ 01t)9 
3.4 1.0289 I.OZ5K 1 02fY, 
)3 1.029X 1.0266 1.0212 

3.6 1.0306 1.0273 L021R 
3.7 l,Qj 14 1.0281 1.0224 
J.H 1.0323 1.0289 1.0230 
3.9 1.0332 1.0296 1.0237 
4.0 1.0340 1.030.:. 1.0243 

Ccpvr\!'11'1'. tJ. U">!' 0:."'[0!CAN P[T;:;"QLEU"' IN::T!TUTE lA::'; l 
iu~ 0:~ Oe lt.:: ~ 12 !C<lo 

0.4 0.45 

1.000 1.000 

1.0003 1.0002 
1.0007 1.0004 
1.0010 1.0006 
l.OOU 1.0008 
1.0018 1.0010 

1.0021 1.0012 
1.0025 1.0014 
1.0028 1.0016 
1.0032 1.00!8 
1.0036 1.0021 

l.L039 1.0023 
1.0043 1.002.5 
1.0047 1.0027 
1 0051 1.0030 
1.0054 1.00]2 

1.0058 1.0034 
1.0062 1 0036 
1.0066 1.0039 
1.0070 1.0041 
1.0073 1.0044 

1.0077 1 J>046 
IMSJ 1.0048 
•. 0085 1 oos: 
I.OORQ I.OJ53 
1.0093 1.0056 

]_()()q7 1 JlO'iR 
1.010: I.OOfii 
1.0104 1.0063 
1.0108 I.UOóO 
1.0!12 1 0068 

1.0116 1.0071 
1.0120 1.0074 
1 0124 1.0076 
1.01/R 1.0079 
1.0133 1.0082 

1.('137 IJ)(}84 
1.0141 1.0087 
1.0145 l. ()()')O 

1.0149 1.0093 
1.01!53 1.009~ 

tJ = d/D 

o.so 0.52 0.54 0.56 0.58 

1.000 1.000 1.000 1.000 1.000 

1.0000 0.9999 0.9998 09997 0.9996 
1.0000 0.9999 0.9997 0.9995 0.9993 
1.0000 0.9998 0.9995 0.9992 0.9989 
1.0001. 0.9997 0.9994 0.9990 0.9986 t 
1.0001 0.9997 0.9992 0.9988 .0.9982 

1.0001 0.9996 0.9991 0.9985 0.9979 
1.0002 0.9996 0.9990 0.9983 0.9975 
1.0002 0.9995 0.9988 09980 0.9972 
1.0002 0.9995 0.9987 0.9978 0.9969 
1.0003 0.9994 0.9986 0.9976 0.9965 

1.0003 0.9994 0.998< 0.9974 0.9962' 
1.0004 0.9994 0.9983 0.~972 0.9959· 
1.0004 0.9994 0.9982 0.9970 0.9956 
1.0004 0.9993 0.9981 0.9968 0.99!53 
I.COOS 0.9993 0.9980 0.9966 0.99.50 

1.0006 0.9993 0.9979 0.9964 0.9947 
1.0006 0.9992 0.9978 0.9962 0.9944 
1.0007 0.9992 0.9977 0.99(,0 0.9941 
1.0008 0.9992 0.9976 0.9958 0.9938 
1.0008 0.9992 0.9975 0.1)956 0.9935 

1.0009 0.9992 0.9974 0.9954 0.9932 
1.0010 0.9992 0.9973 0.9952 0.9929 
1.0010 0.9992 0.9972 0.9950 0.9927 
1.0011 0.9992 0.9971 0.9949 0.9924 
1.0012 09992 0.9971 09947 0.9921 

1.0013 0.9992 0.9970 09945 0.9919 
1.0014 0.9992 0.9969 OQQ44 0.9916 
1.0014 0.9992 0.9968 09c:l42 0.9914 
1.0015 0.9992 0.9%8 0.9941 0.9911 
1.0016 0.9993 0.9967 U.IJ939 0.9908 

1.0017 0.9993 0.9966 0.9938 0.9906 
1.0018 0.9993 0.9966 0.9936 0.9'!04 
1.0019 0.9993 0.9965 0.9935 0.9901 
1.0020 0.9994 0.9965 0.9933 0.9899 
1.0021 0.9994 0.9964 09932 0.9896 

1.0022 0.9994 0.9964 0.9931 0.9894 
1.0024 0.9994 0.9963 O.QQ29 0.9892 
1.0025 0.9995 0.9963 0.9928 0.9R90 
l.0026 0.9995 0.9963 0.9927 0.9888 
1.0027 0.9996 0.9962 0.9926 0.9885 

87 

0.150 

l.(Xlf) 

0.9995. 
0.9990 
0.9986. 
0.9981 
0.9976. 

0.9972 
0.9967 
0.9962 
0.9958 
0.9954 

0.9949 
0.9945 
0.9941 
0.9936 
0.9932 

0.9928 
0.9924 
0.9920 
0.9916 
0.9912 

0.9908 
0.9904 
0.9900 
0.9896 
0.9893 

0.9889 
09885 
09882 
0.9878 
0.9874 

0.9871 
0.91167. 
0.9864 
0.98150 
0.9857 

0.98S4 
0.98SO 
0.9847 
0.9844 
0.9840 
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Tabla 3-D-6-Continued 

p • d/D 

h,.IP1, 0.61 0.62 0.63 0.64 0.65 0.66 0.67 

0.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 0.9989 
0.2 0.9989 0.9988 0.9986 09985 0.9983 0.9981 0.9979 
0.3 09984 0.9982 0.9979 0.9977 0.9974 0.9972 0.9969 
0.4 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 
0.5 0.9973 0.9970 0.9966 0.9962 0.9958 0.9953 0.99<8 

0.6 0.9968 0.9964 0.9959 OS954 0.9949 0.9944 0.9938 
0.7 0.9962 0.9958 0.9953 0.9947 0.994! 0.9935 0.9928 
0.8 0.9957 0.9952 0.9946 0.9940 0.9933 0.9926 0.9918 
0.9 0.9952 0.9946 0.9940 0:>932 0.9925 0.9917 0.9908 
1.0 0.9947 0.9940 0.9933 0992'i 0.9917 0.9908 0.9898 

1.1 0.9942 0.9935 0.9927 o 9>)18 0.9909 0.9899 0.9888 
1.2 0.9937 0.9929 0.9920 09911 09901 0.9890 0.9878 
1.3 0.9932 0.9924 0.9914 0.99<v. 0.9893 0.9881 0.9868 
1.4 0.9928 0.9918 0.9908 . 0.9897 0.9885 0.9872 0.9859 
1.5 0.9923 0.9912 0.9902 0.9890 0.9877 0.9~64 0.98-49 

1.6 0.9918 0.9907 0.9896 0.9883 0.9870 0.9855 0.98-40 
1.7 0.9913 0.9902 0.9B!!9 0.9876 0.9862 0.9847 0.9830 
1.8 0.9908 0.9896 0.9883 0.9870 0.9854 0.9838 0.9821 
1.9 0.9904 0.9891 0.9877 0.9863 0.9847 0.9830 0.9811 
2.0 0.9899 0.9886 0.98721 G9856 0.9840 09822 0.9802 

2.1 0.9895 0.9881 0.9866 0.9849 0.9832 0.9813 0.9793 
2.2 09890 o 9876 09860 0.9843 0.9825 0.9805 0.9784 
2.3 0.9886 o 9870 --- O.Q354 0.9836 0.9817 0.9797 0.9774 
2.4 0.9881 0.9865 - 0.9948 J.9830 0.9810 0.9789 0.9765 
25 0.9677 0.9860 0.9S4~ 0.98~3 09803 0.9780 0.9756 

2.6 U.9t)73 0.9855 0.9S37 O.!JHI7 0.9796 o.9n2 0.9747 
2.7 0.9868 0.98.50 0.9!01 0.9811 0.9788 0.9764 0.9738 
2.& 0.9864 0.9846 0.9326 0.9804 09781 0.97.57 0.9730 
2.9 o 9860 0.9841 09810 ú.97?J o 9774 0.9749 0.9721 
Jo 0.9856 09836 0.9R~5 0.9792 0.9767 0.9741 0.9712 

J 1 o 9852 0.9831 0.9809 o 9786 09760 0.9733 0.9703 
J~ 09R48 0.9826 O 9RO~ 097RO 09754 0.9725 0.9695 
3 J o 9&43 0.9822 0.9796 :J/''.'74 0.9747 0.9718 0.9686 
]4 0.9831) 0.9817 0.979:• O.lf768 09740 09710 0.9678 
]5 0.9835 0.9812 0.9788 0.9762 o 9733 0.9702 0.9669 

].6 0.9!:!32 0.980H O.!J78: 0975b 09727 0.9695 0.9661 
].7 0.9S28 0.9803 0.977~ 0.9750 09720 0.968H 0.9652 
3.8 09824 o 9799 09T:: 0.9744 o 9713 0.9680 09644 
]9 09820 0.9794 o 076";' O Q7JR o c¡707 09673 0.9636 
4.0 0.9816 0.9790 o 976: o 9':' J: 09700 0.9665 0.9628 

Flowmg tempera tUI e GQoF 
Base lemperature óO"F 

Rclo.tivc dcnsity (spcclflc gruvlty) 0.620 
Carbon dmxide 2 mole percent 

Nürogen 3 mole percenl 
Diffcrcntlal pressure dev1ce Bellows (recorder, dry) 

Thc solution is calcula1cd as follows: 

D1ameter ratio (/3) ~ 0.449102 
Exh:nsiun ~ 120.781 

Oas~r "Jrifice factor (J·t,) ; 4776.30 
H.cynolds numbcr factor (F,) = 1.0002 

Expansion fac10r (Y¡) ~ 0.9982 
Base pre!.Sure factor (F~) ~ 1.0000 

:C217Vrlgl-~ o. ~"" AME~lCAN PETROL.EU~>' INSTITUTE !AP:: 
r..eo::~ 01: :.:..¡:-,;e l'ilQo 

0.68 

1.000 

0.9988 
09977 
099fi5 
0.9954 
0.9942 

0.9931 
O.W2U 
0.9909 
0.9898 
0.9887 

0.9876. 
09865 
0.9R54 
0.9844 
0.9833 

0.9822 
0.9812 
0.9801 
0.9791 
0.9781 

0.9770 . 
0.9760 
0.9750 
0.9740 
0.9730 

0.9720 
0.9710 
0.9700 
0.9690 
0.9fiRi 

0.9671 
0.9661 
0.9652 
0.9M2 
0.9633 

0.9623 
0.9614 
0.9605 
0.95Qó 
0.9586 

0.69 0.70 

1.000 1.000 

0.9987 0.9986 
0.9974 0.9972 
0.9962 0.9958 
0.9949 0.9944 
0.9936 0.9930 . 

0.9924 0.9916 
0.9912 0.9902 
0.9899 0.9889 
0.9887 0.9875 
0.9875 0.9862 

0.9863 0.9848 
09851 0.9835 
0.9R::\9 0.9822 
0.9827 0.9809 
0.9815 0.9796 

0.9804 0.9783 
0.971)2 0.9770 
0.9780 0.9757 
0.9769 0.9744 
09757 0.9732 .,, 
0.9746 0.9719 

.·.,,. 
0.9734 0.9706 t.~ 

0.9723 0.9694 ']~ 

0.9712 0.9681 ''(~ 

0.9701 0.9669 .. 
0.9690 0.9657 ·'>,,. 

0.9679 0.9644 : ';· 
0.9668 0.9632. • '.f! 
09657 0.9620 " o 9(J4(i 0.96!J8 • ¿f 
09635 0.9.596 . :¡;;, 
0.9625 0.9584 .r•-
0.9614 0.9572 
0.9603 0.9561 
09593 0.9.549 

0.9582 0.9537 
09572 0.9526 
09562 0.9514 
0.9551 0.9503 
0.9541 0.9491 
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Base temperature factor (F,.) = }.()()()() 
Flowing tempcrature factor (F,1) = 1.()()()() 

Relativo density factor (J:;,) = 1.2700 
Supercompressibility factor (F.,.) = 1.0273 

Orifice f\ow constan! (C) = 6221.53 
Flow rate (Q.) = 7 51.441 MSCFH 

= 18.0346 MMSCFD 

3-0.4.10 ADJUSTMENTS FOR INSTRUMENTATION 
CAUBRATION ANO USE 

Other multiplying factors may be applied to the orifico flow constan!, e; as a function of 
the type of instrumentaüon applted, the method of calibration, the meter environmcnt, or 
any combination of these. These factors are discussed in the body of the standard and in 
other appcndixes to the standanl. These factors are calculated and appüed independently of 
tap type. With these factors, the orifice flow rate is calculated using the following equation: 

Where: 

F11, = mercury manomct:r factor (forrnerly F.,). 
Fa = orifice thennal expa~sion factor. 

(3-D-17) 

F1111 , = correction for air O'ler water in a water manometer during differential instrument 
calibration. 

F... 1 :;:: local gra .. ·itational correction for watercolumn calibration. 
F .. , :;: water dcnsity corrcction (tempemture or composition) for water column calibra-

tion. 
F;, .. 1 = local gravitational correction for deadweight tester stalic pressure calibratiun. 
fi.,, ;::; correction for gas column in a mercury manomctcr. 
F,.g, = mercury manomett:r span com:ction for I.JlSttument temperature change after cal

ibration. 

Copyr¡g'-.o:_ t>v tMe A~ER1CA"-< PETROLElJM INSTITUTE (AP; 1 
lue Oc~ 08 14:17 18 lQ«o 
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APPENDIX 3-E-SI CONVERSIONS 

This appendix conrains tables of SI conversions that are pertincnt to the information in 
this part ofChapter 14, Sectiof!3. For additional infonnation on SI units. refer to Chapter 
!5. 
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Tabla 3-E-1-Volume Reference Conditions for Custody Transfer Operations: 
Natural Gas Volume 

Common Refcrmce 
Conditioos (ftl) To Convert From 

Pressure Tempcrawre ft3 1om3, m1 ro ñ1, 

(psia) ("F) Muhiply by Multiplyby 

14.4 60 0.02769321 36.10994 
14.65 60 0.02817399 35.49373 
14.696 60 0.02826245 :- 35.38263 
14.7 60 0.0282701.5 35.37300 
14 73 60 0.02832784 :3!5.30096 
14 7~47 60 0.02833688 35.28970 
14.735 60 0.02833746 35.28898 
14.9 60 0.02865478 34.89819 
15.025 60 0.02889517 34.60786 

Note: The following standard coodidons we~ used for loch-powxi unir;-a tcmperarwe of60"'F anda p~ss~ 
of 14.73 pounds per square mch absolute. The following standard conditions were used for SI units-a 
temperature of 15°C andan absolute pn:s..sure of 101.325 kPa.1ñe following values wert: a.ssumed: 1 ft = 0.3048 

m, 1 psi • 6.894757 lePa. Tho following(::;t:xgy :¡)u~ ;:::~n ~' oonvcnion fac<on 

m )\ 1!, P-

Utút 

Table 3-E-2-Energy Reference Conditions 

lntemauonal 
.steern tables 

Deüniuo., 

l Drullbm =. 232611\g 

To Convert Btu to J, 
Multiply by 

1055.056 

Tabla 3-E-3-Heating Value Reference Conditions 

!<eterence Con1iltons (ftl¡ 

Press~ Temperouure To Convert From Btun/ft1 10 
t !'~"·) ("F¡ MJ/m1• Muhiply by 

144 60 0.0380980! 
14 ó5 6U 0.03744787 
1·1.696 60 O.Oj73306b 
¡.; 7 60 0.037320.50 
¡.: 7~ 60 0.03724449 
10:7'\·P (,() 0.01723261 
14.735 60 0.0372318.5 
14 'J 6U U.OJ6t:ll955 
15 025 60 o 03651323 

N01e: The followmg stAAtl.ml condmons were us.ed for inch.pound umts-a tempera~ of 60•F anda pressure 
nf 14.73 pound'\ per '\qua re rnch ablolu:e ll1e follnwmg Mandare! co11dition~ were use(! fur SI unu~-a 
ternperature 5lf l5°C and a.n absolute pn:ssun:: of 101.325 kPa The following va1ue'l were a.1swned: 1 f1 "' 0.304R 
m: 1 ps1 • ·6.t:l94757 k..Pt. 1 Hturr "' 10.55 056 J The followmc mcthodology was uscd to obtam thc: conven10n 
factors: 

Copv~¡a~.~ C• tne AMEP!CAN PETPC!..EU"" INSi:TUTE (t,P;; 
iue 0::: OC 14.;- li: JG9e 

- -1....!:!. ....:l!..... = fac·or ( 1 X MJ X"'\(T X P.) 
Btu ' 1 x 10" J) ml) Tv P_ 
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APPENDIX F-HEATING VALUE CALCULATION 

3-F.1 General 
Heating valuc is a gas propeny evaluated on a pcr-unit mass basis (H..,). This prupeny is 

tcchnicnlly tenned an "ideal propeny'' (H,,11
). From a pr.tctical standpoint, in ma._~s meaf<..ure

mcnt thcrc is no difYercnce bctween tite "ideal'' and the "real. "lhe value is converted to a 
hcating valuc pcr cub!c foot (HV) using thc followinJ; rclationships. The more common 
cunvcmion ha..; hccn upplicrl in this appendix. 

,, 
ll f1_ H ,., z/. = ,.,p,, IIV = (3-F-1) 

Ti u.! v;.¡luc of HF b uscd u~ ~~factor in calculating the energy ftow rme. or the··Íotal cnergy 
passing through the llow m~te1 H\7 is also used for product specitication'. 

lt io;; ;liso ccwvcnicnt to detine the following: 

H.''t 
HV = z, 

3-F.2 Heating Value Symbols 
!:1}111~:0! n.:scripuon 

ll,. 
H, , / 

fl.'' 
H\' 
Mr 

P. 
P,: 

·¡~ 

"R 
I, 
7.,, 
p, 

I Icating valuc pcr pound mn'is 
Ideal h.eating valuc pcr pound mass 
Ideal hc;Uinf! valuc pcr cubic fom 

G10"' heatmf! value 
Molar ma<.:;.;; of component 
Bo.1sc prcsst1rc 
Flowing prcssure (upsti\!Unt tapJ 
Va¡llll pres<.:;urc: of wah:r 
Ah,olurc temper.uure 
Ba'>e tcmpen.mm.: 
G.1') compres<;ibilay at ba~c condition.-. (P,,. T") 
Den!'ltty al b~M! CIHtd~tlOil~ (P, .• T1,) 

p,,"1 Ideal dcnsity ar b.~ .. e cnnditlllm 
O t\.lolc tractron 

O. 1\loh: fr:crion water 

3-F.3 Heating Value 

Btu!lbm 
Btullbm 
Btu!ft' 
Btu/ft\ 
lhm!lh-mol 
lbf/in' fabSI 
lhf/in' (abs¡ 
lbflin' tab>¡ 

'R 

lbm/ft' 
lbm/ft' 
'ff/HXI 
C,'G/100 

Thc ,;;w .... hl.'.llin;..: v.lluc i.-.. o.m ideal t!a' propcrty h.1::.cd un the it..h:a1 re;,u..:tion: 

l-'ud11 + ot __, co;·J + H :01 - so:·l 

Whal'. 

Supcr.;cnpt t:l = ideal gao.,. 
Suh,r.:upt 1 ::: hquid. 

0-F-2) 

O-F-3J 

(Each tucl r..:4tllrl.!.; differ..::m c;:oichimnt!tnc cocttir.::icnh.J This gross id~al hc;.uing value in
dudt..'' thc cnl.!rgy olH.um:d f,om thc comlens;uiun uf thc watt!r vapor ffomu~d by tht.: ideal 
1'-'<KIIun c-Apr~..· ...... cd m thc cquution1 to the hquid pha,c. 

lt :-.hould h.! notctl tll.lt thc gm"'" h~atmg valuc ts cxprc ...... ed per unit (pound m:.~:-." or cubtc 
toon uf <~y g.t ... Althnugh water 1., a product uf cumbu'itH>n. it is not mdicatcd on thc lcft
h:md 'id..: ot Equauon 3·F·3 111 cithcr the tucl or tht! oxyg:cn; water b a re ... uh. nota pan. uf 
thc &caction 

l-h::1tin~ value lll.1y be dctcnumcd Uirt!ctly by :.1 calorim.:tcr. eitherou Jint! or frum .1. "'am
pk cylmdcr. 1-ic:.Jtmg valuc may at ... n he cakulated. from ga ... analysi .... 
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3-F.4 Physical Proparties 
Table 3-F-1 lists physical pfO!'OrJes of many of the compounds present in natural gas in 

various hydrocarbon mixtures. The data in Table 3-F-1 have been adjusted to base or stan
dard conditions, as defined in 3.2.3.4. 

Table 3-F-1 provides tl1e l>:st currenlly available data on physical properties and is taken 
from OPA 2145-91. These dat• are subjecl to modifieation yearly as additional resean:h is 
nccomplished. Future rcvisicru to OPA 2145 may include updated values. The values of the 
most recent edition of OPA 2145 should be used. The user of the OPA Ulbles is cautioned 
that the infonnation present(.d in them is calculated from d.ifferent base conditions and that 
conversion is rcquired wheu the information is used witb Pan 3 (see 3.5.2). 

3-F.S Heating Value Determinad on a Volume Basls 
A calculation of a mixture's gmss ideal heatmg value, usmg H .. values from Table 3-F-

1 and using mole fractions of the ga~ composition. involves detennining thc heating value 
per unit volume of real ga~. HV can be detemúned by using Equation 3-F-2 and the follow
ing relationship: 

Table 3-F-1-Physical Properties al GaEes al Exactly 14.73 Pounds Force per Square lnch Absoluta and 60°F 
(See Note 1) 

ThermaJ Encrgy 
Ideal 

P, T, Dmsity Viscosily H •• ~ H" 
M• (~if) ("R) G, (lbm/ft~ (cp) (Btu/lbm)' (Btu/fl') 

Compound Fonnula (No!c 2) (No:c 3) !Note 3) (No~4) (Not<S) (Note 6) (Nme 7) (Note 7) 

1 Iyf'lrugcn H, 2.0159 1~7.5 59.36 0.06960 0.00532 0.00871 61.025 324.9 
H~hum Ho 4.0026 32.9 9.34 o. 13820 0.01057. 0.01927 o o 
Wuter H:O 18.01!5:' 3,200.1 1.164.8!5 0.62202 0.04738 1,059.8 S0.4 
Cdlbo:1 monox.Jde co 28.010 501.5 2lq,26 0.96711 0.07398 0.01725 4,342 4 321.3 
Nmo¡;c:1 K, 28.0134 493.1 227.16 0.%723 007399 0.01735 o o 
Oxy~en o, 3 !.99!\E 731.4 278.24 1.10484 0.00452 0.02006· o o 
Hydwgcn sui!1Je H1S Jt..O!I 1306 672.12 1.17669 0.09001 0.01240 7.094.2 638.6 
Argon IV 39.948 710.4 271.55 1.37930 0.!0551 0.02201 o o 
euboa diuxll.!t.! co, 44 OJO ! 071 o 547 42 1..519.55 O.ll624 0.01439 o o 
Alr (Nmc 8) 28 962~ 546.9 238.36 1.00000 0.076!50 0.01790 o o 
Mcthan~ CH, !6.04: 667.0 343.00 0..5.5392 0.04237 0.01078 23,891 1,012.3 
Eth.utl' C 1H" 30.070 707.8 .549 76 1.03&24 0.07942 0.00901 22,333 1,773.7 
PropJnc Clll, 4'.00/ 61.') o 6M.(14 1.5225(, 0.11647 0.00788 21,653 2.521.9 
L~i)·Duumc C.l! 10 5fl.l :~ 527.9 734.13 2.00684 0.15351 0.00732 21.232 3,259.4 
11-Hutvn:: c.l1,c su::: ~48.8 765.25 2.00684 0.15351 0.00724 21,300 3,269 R 
J~o-i'cnmne C,H,¡ ::.; 15l' .. ')0.4 M2b'.7{) 2.49115 0.19057 21,043 4.010.2 
n-P<!m.mt: C,H 1: ;¡ 1 ~(! 488 1 g..;j,l\11 2 49JJ!: 0.19057 21,085 4,018.2 
,..jkX.LfW C(H,. flü.l'77 .¡39 S 911Ai 2.97547 0.22762 20,943 4,766 9 
11·1-lc:nt.liiC: C7H,. ](10.2()-1 .397 4 970 5i 3.4597f: 0.26466 20,839 5.!115 2 
11-ÜCI<Hl: . C.li,, 1 ¡.¡_2:; 1 36\ 1 !.017ói 3.9441() 0.30172 20,759 6,2634 
11-NonJIII: CJ--11o :z~.~st 330 7 1,070.51 4.42!14:2 0.33876 20.701 7,012.7 
I!·IJc:;:u:l· C,.li¡, tt.:.~s~ 304.6 1,111 Ri -4.91273 0.37581 20.651 7.760.8 

Not~::. 

: TtiL' \!lllrcr for lln: riAIII m thi' umle P. r.w, Pru('o~un A~iOCIOil 011 2145-Q 1 The accuracy of th~ experimental numben ts e-.tlmated 10 be 1 1n 1000; the 
,'ildtt:ou;¡JJigure\ art: tor calculatmn coml'tc::1C)' 

"' '!he followm~ mo1c~ular wt:tghts wc:rc uscd· C :::. 12.011: 11 ::; 1.00794. O = 15.9994: N ,_ 14 0067; and S = 32.06 (1979) 
1 hl' dmn m these coi~,;mns come lrom the 1 hermodvnamacs Rcseorch Centcr, lcllas A&M Uruvcr31ty, lUPAC and Nattonal Bureau of Standards aclections. 
1 he 1deal relauve den~•tY ·~ the rat10 o! thc molecular wctght of thc -asto 1ha1 of au (Ml/Mr.J 
Ideal <:ensn~ = O 0026413Mr at 60"F and 14.73 pounds torce per -.quare mch absolure 

f: TIIL' d111a 111 th1~ column ttrc from N. B. \'¡trgaflil. Ta!J/~J o.1 Tl~rmod_)IJOtmc Pro{WrtrU ofl.JqmdJ and GauJ (2nd ed.), New York, \VIiey, 1975. 
Scc Louauon 3-r-3 Dcpcndmg on Cle iuel. thc rc:.!Ction h11~ vanou~ StOicmometnc coc:ffictcnt\ Thc H., u column come'i f1om data, whcreas the H.u comes 

lrom muluplymg H .. "' by th:: 1dcal gu dcnsll~ Thc idc~tl enc:r,a;;v rclc:IISc:d u heat IS /f..,~ mui11phed by thc: real Jas fiow rate (in cubic feet per hour) divided by 
Z Water h:ts ~ross valuc~ lor 1/.,14 and H."' O he •dc:al entho.lpy ot condenso.llon) 
~- 1 he data 10 nus row are frorr. F. E. Joncs, Nu1wnal JJw·~au of Stanaaldl Journal o{ ReJ~a~h. 1978, Volume 83, p. 491. 

Coov~lgt'l~ b. tt'l-, A,..E~!CAr; Cl~T::"O~EU"' !NS~!TUTE (A::>;' 
Tue Oc•. OC 1<~.:7:\E- ¡cc¡l:> 
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(3-F-4) 

Or 

H,'' ; I. ~.e u.~ J, (3-F-5) ... 
Wltcn 

/JI' 0-F-2) 

IVherc: 

t/J = mole fr.tction Cpercent/100). 

3-F.6 Heating Value Determinad on a Mass Basls 

Thc 4ucstion of compr!!S!o.ibillty factor disappears when the ideal heating value per pound 
1nas_., ¡.., ust:d with rhe m.as.s flow rate. The following equ.ation is applicable for using //,., and 
M1· valne"' from Tahlc 3-F-1 to calculatc the henting value: 

; 
(J,M•¡(H,':'J, + rp,MJ;(H;~¡, + ... + ~.Mr,.rH;~l .. 0-F-ó) 

Or 
.. 

Í.,9,Mr,CH;;'l, ,., 
1.1-F-7) 

,., 
Thc r~sult from Equolt1on 3-F-7 c.:;.m be convcncd to thc gross hcating valuc pcr cubJc foot 
of r~al gas at ha"'e conditions b:,· usmg Equ.ation 3-F-1: 

Hl' ; 1 !"' p,:· = H"1p 
•. 2,, .. , ~ 

3-F.? Heating Value of a Natural Gas Mixture 
Containlng Water 

To Uclin!.! hcating v:1luc on a dry hasis for gas containing water. the rel:.nionships in Equa
tion..., 3-F-1 ami :;-F-2 :1re val id if thc mole fr.1clion'-; of thc componem .... are l.'OI'Tt!Ctcd tor wa
t~r comcnt by u~in~ E4uatn:n .l.-F-1\ .uu.l thc.: comp~!<o!\ibi!Jty (2) refiect"' the W.ltci contcnt: 

9 .. -·; (J,fl- Ó.i f.l-F-X¡ 

\Vhcr~ thl.' ~.1 ... ¡,water !\aturntcd under ttowing condltions. Raouh's la\v may be u~ed to 
c-;mnat~ tht: mole {ra<.:t!on of water: 

Wherc· 

P. == ah..,oluh.· v.1por p:e ... ~un: of water at tlowmg condumns or T¡ 

Tl1cr~for~. 

Copvn9~: D· tne A"'EP!CAr< PET~Oé_EUM !NSTlTUTE IAP; · 
iue Oc: o;;, :.:.. :7 ;~ ;oc¡e> 

o .. P.. ! 
-P. 1 . } 

n-F-9¡ 

(3-F-10¡ 
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APPENDIX G-DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS 

3-G.1 General 
Thc pmctical oritice flow equation used in Pan 3 is given in P.m 1 of this stundard us 

Equmion 1-2: 

Cl-21 

Wllt•n·: 

Cj(IT¡ ; cncf1icient of tlixharge ata ~pccitic pipe Rcynolc.ls number for •t thmg~..·
tappetl oritice meter. 

Ami 

ti 
!'J.f 

E 
tj,. 

p,~. 

; 

; 

; 

; 

; 

oritice plate bore dirunetcr calt:ulatcd at ftowing temperJ.ture. 
(lritkc lliífcrcntial pr~~sun::. 
\'Ciocity of approach factor. 
¡nao;;..; flow r.uc. 
dcnsity of fluid at nuwing cumlitions (~. 1;). 

N1 = factor that incorporntcs th~ ··constants" fnnn Equution J-1 aml tite r~quircd 
numcric convcr:aons. including the folluwmg: 

3.i41SY 

4 
= COilSiant in Equmion 1-1. 

-.,'2C:.2.1740J = 

; Ci2.36(l3 

t:on.,.tant in Equ.niun 1-l. 

convcrr..; e'iffcrcntial prc:ssure (ó.P) from poumls fun.:c per squar~ Úlllt to 
inchcs of wm~r ar 60°F. \ 12 

= convcns the chaml.!tcr uf thc oritit:c hore (e/) from fl!t!t tu im.:hC' ... 

Tlu!tdllll.!. 

\" ; (:1.1415'!) .o 121740 [ñ2.3ññ:1(-'-J' '• l 4 ,.( .. 1\ 12 12' 

= o. 0'197424 

tThh ¡.., "howu "" th~ factor tor U.S. umr... in Pom l. Tahlc t<U 
Nnt~· St•m.: llllllL.'Lll .. lllLht,mh d•l uor h.w.¿ nlhtl(nt.¿ \',1111 .. ' ' ttur 1.'"-.ampk. ,-:;u11i ~ ). Ttl 1.'.\pr,: ........ ,., 'i;!llilLl",tm thgil~ 
:h.:.;m.lld). rl:.: \',dt:~-.. '' '-'•..: l'<LiliJltlf'-'llthmf! Llouhk PL'-'1.'1'-Iflllllh "I,L!IIItH.:.mt ~h~it ... ¡. Thl.' r.: ... u\1 .. \t~r.: !lll.'n wund.:1l 
1•1 ti:: \",L\11: .. -..lto•t•.n 1:! liLL• ·'!'1' ... '1uhx. ltlr¡,:,¡<-¿ ot tnu!~r .. r;mdm..:. th~ Cll!l\f'IUI.lmll'-' ~tri.' .. llll\tn t•l t•nh· ''" ~1\!lliltl.'ant 
d!,\!t1• .. .. • 

M.~ ...... lhl\\ l'.tn h~· tnculillcd to providl' voluml.! uma... by di\'iding rh~ m•''' by thi.! Ui.!n,ity 
~\t h<l"l: L'll\Hiillll!h' 

<{, 
!f._ 

P. 

,, = m.t ... , tlm•: tall.!. m ptltlllll' lll<l'' pcr \CL'tlll(l. ,, 
''·· 

= 
= 

voiliiiiC llnw mtl.! m ba'ic coudnum!-1. m cubic fcct pcr sccnnc.J. 
dctl\ity .n htht! ~.:undition...,, in pounds ma"' per l.'Uhic fnut. 

3-G.2 . Symbols and Unlts 
3-G.2.1 GENERAL 

Snmc nf tlt~: :-ymboh tmd uniN Ji.,.K•d bclow ur\! "Pct:ilic 10 Appendix :l-B anc.J wl.!r\! dc
\'\!lt1(1..:lll,a ... ~:d 1111 tl1:.: L'ltstumary mdl·pound ~}''it~m tlfunit-.. RegularconVL.T:o.ion t~tct~,r' t:an 

Copv"l9.,t bv tne A~EP:CAt< PETPOC.EU~ !t<S7iTUiE (ADj 
!u., Oct OS 1<~•17·16 ¡QGc 
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be used wherc applicable; howcv.=ry if SI units are used, the mOre generic equations in Pan 
1 should be used for consistent results. 

3-G.2.2 SYMBOLS ANO UNITS 
Symbol Description Untts/Vahlc 

C,(FT) Coefficient of dlScbarge ata specified pipe 
Reynolds number for llanged·tapped orifice 
meter 

d Orifice piare hore diameter calcu)ated at 
flowing temperature, r; in 

D Meter tube interna! diameter calculated at 
fiowing temperarure, 1j in 

E, Velocity of approach facmr 
OF Temperature, m degrees Fahrenheit 
OR Temperaturc, in degrees Rankine 459.67 + OF 

F;, Numeric conversion factor (see Appendix 
3-B) 

g, Gravitational constai1t 32.1740 (lbm-ft)/(lbf-sec1) 

G, Ideal gas relative den:sity (specific gravity) 
G, Real gas relative density (specific grnvity) 
h.,. Orifice differential pressure inches of water column at 60°F 
N, Numeric cunversion factor (see Part 1) 
p Pressure 1bf!in' (abs) 
P,. Base pressurc lbf/m' (abs) 
P¡, Flowmg pressure (upstream tap) 1bf/in2 (abs) 
P, Standard prcssure 14.73Ibf/in1 (abs) 

Q,, Mass ftow ratc per hour lbm/hr 
Q, Volumc ftow ratc per hour at standard 

(ba.scJ condiuons ft'!hr 
R ·U m versal ga¡;¡ constam 1545.35 (lbf-ft)/(lb·mol- 0 R) 
T Temp::rature OR 

T,, Base temperature OR 
·¡,; Flowmg tcmperature OR 

T, Standard tempernturc 519.67°R 
J' ' Expansion factor (upstream tap) 
z, Comptessibilily at Dase conditiom 

z .• , Compresc;ththty nf :1.11 at 14.73 psia and 60°F 0.999590 
Z:, Cornpn:sstbtllly at upstrcam ftowmg 

conditiom, 
Z, CompressibiiHy ac standard conditions (fs, T..) 
jJ Ratto of oriiice plate bote diamctcr to meter 

tuhe mremnl dt:tmeter (d/D) calculated ar 
flowmg tcmpcraturc. T¡ 

" L'mversal consram 3.14159 
p, Ga.-. 1.1t:mlty <1t b<1~~ cunditions (P,. T,, and Z,,) lbm/ft' 

P""' Denc;uy of a1r at base conditiom. (P¡,, T1, 

and Z~J lhm/ft' 
p,_~ Dcnsity at ftow1ng cor.dJUons (P¡. T¡. nnd Z1) 1bm/ft3 

P,r, Denc;ny at ftowmg conditions (P¡,. T_,, and 21,) lbm/ft' 

3-G.3 General Numeric Constant for Mass Flow 
Equauon 3-1 expre.<;¡;¡es flow in pounds mass pcr hour (Q.,) rather than poundc; ma"s per 

second (q .. J and requirc:-. an add:tional factor. 3600, to conven from seconds to hour~. 

Coovrlg": o• t"'~ AI-'E~:::.:.:, P¡:;~Qc_Eu~-' itlST:TUiE u.~; J 
iue 0:: 00: 14:; ~ :: JOC,:_ 

" 
•; 
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Therefore, in Equntion 3-1, 

And 

N, = 0.0997424(36\)0) 

= 359.072 

Q, = 359.072C,(Ff)E.Y,d' ~P,.,,h. (3·1) 

Equalion 3-4a is Equation 3-1 divided by Pb• as dcscribed above. 1be numeiic constant 
is the same. _ 

359.072C.(Ff)E,Y,d' ~ P,,,,h. 
Q, = 

p, 

3-G.4 Numeric Constant for Mass Flow Oeveloped From 
Ideal Gas Relative Denslty 

Equation 3-2 substitutes Equation 3-55 for p,fl
1 
in Equation 3-1. 

Q. = 359.072C (Ff)E Y:d' /lf. G, (ZB.962S)(1 44)h, 
'4 ~ ! V Z¡,RT¡ 

Where: 

28.9625 = molecular weight of dry air. 
1545.35 = universal gas constant (R). 

(3-4a) 

144 = factor to convert prcssure from pounds force per squarc foot to pounds 
force per square inch. 

In Equntion 3-2. therefore., 

N, 

,----..,----..,. 
359.072,/28.9625( 

144 
) 

1 1545.35 

589.885 

And 

f (; /' h 
Q = 589. 885C (IT)E l' d' · -· '-· -· 

~ t1 '''•ZT: 
~ /, 1 

3-G.S Numeric Constant for Mass Flow Developed From 
Pt!al Gas Relative Density 

(3-2) 

Equation 3-3 !-.Ub-.!Ltutcs G. for G, lfl EquatLon 3-2 thruugh the use ufEquation 3-48: 

Q ; 589 885C (Ff)E '!éd' ~· i;G;[h: 
• ·' ''\·ZZT. ~ ., ¡, 1 

And for standurd condltJOns. 

z,. = z,_ 
In Equat1on 3-J. thcrcforc, 

And 

Q., 

0.999590 at 14.73 pstaand 519.67°R (60°F) 

589.885 
N,= 

.Jr.. 999590 

= 590.006 

Z,G,f[,h. 

ZJ¡ 
(3·3) 

Copvr¡gl"'.: tl< tne AME¡:;:!CAN PET'"OLEU"' !NSTITUTE IAc: 
Tue Oc: OE \.i :<:!E :o«c 
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3-G.S Numerlc Constant tor Base Volume Developed From 
Ideal Gas Relative Denslty 

The constan! 359.072 in Equation 3-4a was developed in 3-G.3. Equation 3-5a substi
tutos Equation 3-55 for p,, and Eqt-ation 3-56 for p, in Equation 3-4a. 

Q, ; 
359.072C,(FT)E.Y,d' ,¡¡;;;:¡¡: 

359.072C,(FT)E)~d' ~G, (28· 9625
)(1

44)1!,. 
Z~R7j 

Where: 

1545.35 = univen;;al gas ct•llStant (R). 
28.9625 = molecular ·.vei~.n 'Jf dry air. 

;;,RT, 
P. G,(28. 9625)(144) 

(3-4a) 

144 = fue ror to com ert ftowing pressure (~) from pounds force per Square foot 
to pounds force per square inch. 

144 = factor to com·ert base pressure (Pb) from pounds force per square foot ro 
pounds force ~·t:r square inch. 

In Equation 3-5a, theretore, 

; 218.573 

And 

' P. h 
Q = 2!8.573C(FT)EY:d' T,Z, /-'-"-

¡, d v! P.1GZT. 
b y ' J. 1 

J·or the followmg stancüurl conditions: 

In Equation 3-5b, 

Therefore, 

P. = !; 
= 14.731bf(!n' (abs) 

7~ ;;;; T, 
= 519.67°R (60°F) 

z& = z, 
= C0mpress1bihty of thc gas at P, and 7; 

N = 218.573(
519

'
67

) 
, 14.73 

7711.19 

{3-Sal 

' P.}¡ 
(l. = 771i.I9C(FT)EY:d'Z .-'-· -··- (l Sh) 

' . ' '\1 G Z T. . -. 
y ' /, 1 

3-G.7 Numeric CÓnstant fcr Base Volume Developed From 
Real Gas Relative Density 

Equat10n 3-ia ~uh~t1tute~ G, for G, rn Equation 3-Sa through the use of Equation 3.48. 
The inclusJOn of pb mm· es this CO•TCction to thc numcrator: 

Copvr:!;_l"~ O· ~~'>e AM:0~1CAN PET¡:;C~fLJM !NST!TUOE ¡;.~; • 
lue O;t OE ¡~: :- l~ ¡QOo 
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In Equation 3-6a, therefore, 

N, = 218.573 

For the following standard oonditions: 

In Equation 3-6b, 

pb = Ps 
= 14.731bf/in1 (abs) 

Tb = 1"s 
= ~19.67"R (60°F) 

Z~>..., = Z...,, 
= 0.999590 

N, = 218.573(
519

·
67

Lio.999590 
14.73 )' 

= 7709.61 

.~ = 7709.61C (Ff)E r:d' flfZ:h: 
"· d • 1 ,/Gtí: 

' , 'J. 1 

(3-6b) 

3-G.S Numeric Constant tor Standard Volume Developed 
From Real Gas Relativa Denslty 

[n Appendix 3-B, F,. as cxprcsscd m Equation 3-B-5, includes addirional numeric ratios, 
as stated in Equation 3-B-1. including the following: 

519.67 = basl! temperature at 60°F, expressed in degrees Rankine. 

1 
base pressurc of 14.73 pounds force per square inch absolute. 

14.73 

~= llowinp: t~mperature at 60°F, expressed in degrces Rankine . 

.,Jo.999590 = compressibility uf air at the base pressure of 14.73 pounds force per 
square inch absolute anci lhe base temperature of 519.57°R. 

In Equation 3-B-5. thereiore. 

N, 218.573(519.67) 1 
14.73 ~ 519.67 

And 

Or 

Copv~!gi'".~ O• t"'e AMERICAN PET¡;;O~EU"' INSTlTUT:: IAP: l 

Tue l)c~ OE JA..:7 lE :QQc 

338.196 

F,. = 338.196E,d' 

1; = 33H.I96i:.D'Jl' 

(3-B-5a) 

(3-B-5b) 
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Chapter 14-Natural Gas Fluids Measurement 

SECTION 8-LIQUEFIED PETROLEUM GAS MEASUREMENT 

14.8.0 Scope and Purpose 
This publication describes dynamiC nnd static metering systems used to mcasurc 

ltquefied petrolcum gas m the density range of 0.30 to 0.70 grams per cubic centimctrc. 
Tbe physical properties of the components to be rneasured and the mixture campos ir ion of 
liquefied petroleurn gas should be rev1ewed to detennine thc mcasurement system to be 
u~d Vanous systems and methods can be used in metering the product, and mutual 
agreement on the sysrem and method between the contiilCting partics is required. 

This publication does not endorse or advocate the preferential use of any specific type of 
meter or rnetenng system. Further, this publication is not intended to restrict the future 
development of meters or measuring deviccs nor to in any way affect metering equipment 
already installed and in oper~ttor:. 

This publication serves as a guide in the selection. installntlon, operntion. nnd mainle· 
'lance of mcasuring Systems applicable to liquefied petroleum gases and includes func· 
tional descriptions for mdividual systems. 

14.8.1 Application 

This pub!ication docs not ser to!erances or accuracy limits. The apphcation of the 
informahon herc should be adequate to achieve acceptable measurement performance 
using good measurement prnctices, while in addition considcring user rcquiremcnt" and 
appltcablc. codc.s and regulativos. 

Systems for measunng liquefied petroieum gases use enher volumetric or ma.ss Jeter· 
mination methods, and both methods apply to either static or dynamic conditions. 

Volumctric mcthods of measurement are generally used where physical property 
changes in tcmperature and pressure are known and correction factors can be appltcd to 
correct the measurernent to standard condit1ons. 1 Volumctnc measuremcnt is applicablc to 
rnost pure coffiponcnt!) and many commercJal product grades. 

Mass dt:temlination methods of measurement are most comrnonly uscd where condi· 
tlons m addiuon ro tcrnpcraturc and prcssurc will affect the measurement. Such conditions 
mclude cornpos!ttonal chan~es, mtermolecular adhes1on. and volumetric changes caused 
by .solution mJxmg. :vlass m~asuremcnt i'i npplicahle to hquefied pctmlcum gas mixtures 
where accuratc phystcal corrcctlon factors havc not been detennined and in sorne man· 
utactunng ptocesscs íor a mas~ balance. 

Many of thc measurcment procedurc" pcrtammg to thc mcasurcrnent of othcr products 
ar:: appliczble to the measurement of hquefied petroleum gases. HoWever. cerlain charac
tt:t zstic~ uf li4uefi~::ú pctroleum gas requtre extra precautions to improve measurement 
accuracy. 

Ltquehed petrolcum gas will remam m the hquid state only if a pressure sufficiently 
g.rt:ater than thc equilibnum vapor pressure is mamtoined (see Ch.opteNi 5.3 and ó.ó). In 
liquid meter systems. adequate pressure must be maintained lo prevent vapunz.ation 
caused by prt:s!)urt: drops attributed to ptping, va\ves, and meter rubes. When liqucfied 

'Sto~.r\IJ..nl tcm~:rarurc ~~ 60•F m the Enf:ltsh (cr customary) system cnd J!5•c 1n the lnterRDtJonal Systcm of 
Unm (Sl) StJndard pressurc IS tnc vapor prcssure &1 60"F oswc¡ or 14 696 pound\ per square mch flh\nlute 
1101.325 ~lopa~caJs). wh1Cl"-cvcr 1s htghc.t Ttm i~ not tht: Sll.mc prcuure bbe ~tandard as that u sed for ga~. 

Copvr¡c;..,~ c. tl"1-e ;.~¡::P;ct..r. D~T;;C:..EU~ It<ST:TuTE lAP;' 
1ue Oc~ OE J5.25 52 )Q~o 

'· ~"';' l' ....... 
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2 CHAPTER 14-1\ATURAC GAS FWIDS MEÁsUREMENr 

petroleum gas is stored in tanlcs or containers, a portian of the liquid will vaporize and fill 
the space above the liquid. The amount vaporized will be relate<! to the temperature and 
the equilibrium constant for the mixture of components. --~-

Liquefied petroleum gas is more comprcssible and has a greatcr coeffi.cient of lhermal 
expansion thnn the heavier hydrocarbons. The applicalion of appropriate compressibility 
and temperature correction factors is required to correct measurements to standard 
conditions, except when measurement for mass detcrmination is from density and volume 
at metering temperatures and pressures. 

Meters should be proven on each product at or near the normal operating temperature 
and pressure. Should the product or operating conditions -Change so that a significan! 
chnnge in thc meter factor occurs, thc meter should be proveo again according to Chnpters 
4and5. 

14.8.2 Referenced Publlcatlons 
To the exteot spccified in the text, the lotest edition or reVision of the following 

standards and pub1ications form a part of this publication 
API 

Manual af Petro/eum Measurement Srandards 

ASTM 1 

Chapter 2, "Tank Calibration" (in preparation) 
Chapter 4, "Proving Systems" 
Chaprcr 5.2, "Measun:ment of Liquid Hydrocarbons by Positive Displacement 
Meter•· 

Cho.pter 5.3, ''Turbinc Mctcrs" 
Chapter 5.4, ''Instrumrntauon or Accessory Equ1pment for Liquid Hydrocarbon 
Metering Sysrems" 
Chuptcr 6.fi. "Pipeline Mctcring System!' · 
Chapter 9.!. "Hydrometer Te>t Method for Dt:nsity, Relative Dt:nsity, or API 
Gravity of Crude Petroieum and Liquid Pctrolcum Products" 
Chaptcr ll.l , "Volume CorrectJon f"'W:tors" 

Chapter 12.2. "Calculallon of Lrquid Perroleum Quantities Measured by Turbme 
or Displaccmcnt Mctcrs'" 

Chapter 14. I. ''Meas•mng, Sampüng, TestJng. and B< :;e Condilions for Natural 
Gas Ruids" 
C:haptcr 14.3, "Oriflce Metenng of Natw"al Gas" 
Chaptcr 14.4. (m prepamtton) 
Chapt"r l4.h, "lnstnlling nnci Pmvmg Dcn.-.ity tvíctcn" 
Chapte:- 14 7, (m preparnt1on) 

DS 4Á Ph_viH:a! Cmzstants of Hydrocarbons C, ro C10 

GPA¡ 

2140 Liquej1ed Petrolcu.m Gas Spccificazions and TeJ.t Methods (ASTM D 1265, 
ANSI Zl! 'll) 

2145 Pltysicai Constantsjvr lhe Puraj]in Hydrocarbons and Other Components of 
Natural Gas 

2165 M~rhorlfar Analys1s of Natural Gas Liqutd Mu:rures by Gas Chromatography 
2174 Merhud fCJI Obtaini11g Hydmc:urbon Flttid Sumples Using a Flauting Pt::.tun 

Cyhnder 

1 
Amencan Sncrety fnr Te\rmg and Materml.o;, 1916 Race Slrcd, Ph•ladelrtua, Penn,y!vanl8 19103 

'G¡u Prucc:)MJn Assoctalror., 1812 Frn1 Place, Tulsc, Oklahoma 74103 

Cop,..dgr1~ P• tM~ AMERiCAN PETRCLEUM INST!TUTE (AP1' 
Tu~ on OE 15:25 5:? !OQo 

' 
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SECTJON 8-UOUEAEO PETROlEUM GAS MEASUREMENT 

2177 T~ntative Method Jor t!Je Analysis of Demethaniud Hydrocarbon Liquid 
Mixtures Containing Nitrogen and Carbon Dioxide by Gas Chronwtography 

2261 Method of Analy.fis jnr Natural Gas and Similar Ga.,enu.v Mixtures "hy Ga.f 
Chromatography 

8173 A Standard for Converting Natural Gas Liquids and Vapors to Equivalem 
Liquid Vo/umes 

GPSA' 
Engmeering Data"Book 

14.8.3 Requirements for All Measurement Methods 

The following geiJeral requirements apply to dynamic measuremcnt systems usmg 
either volumetric or mass determination methods of measuring liquefied petroleum gases. 

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIOUID 
PHASE 

Provis1on~ ~hall be made to ensure that liquefied petroleurn gas measurement conditions 
of temperature and pressure will be adcquate to keep thc fluid totally in the liqutd phasc. 
Measurement m the liquid phase must occur at a pressure at least 1.25 t1mes the 
equilibrium vapor pre..ssure at rneasurement temperature, plus twice the prcssurc drop 
across rhc. meter at m<:I.Ximum operatmg flow rate, or ata pre.~ure 125 pounds per squarc 
inch h!gher than tht: vapor ¡;rcssurc at a maximum opcrating temperaturc, wh1chevcr i~ 
lower (see Chaptcrs 5.3 ond 6.6) 

14.8.3.2 ELIMINATION OF SWIRL 

To prevcnt sw1rl through the rneasunng dev1ce whcn using tt1rbmc or oriftcc mctcrs, 
stra1ghtcmng vanc!-. or adcquatc unrcstrictcO straight lengths of p1ping should be ..Jscd tn 

the upc;rream and ctnwnstrea.m metering rube. 

14.8.3.3 TEMPERATURE MEh~UREMENT 

T:mpcraturc mcasurements. wh:re requtred, should be made at a pmnt that mdtcates 
cond1tion~ 1n the mcasunng devtce. The accuracy of instruments and the type of meabure
ment uscd ar:: spcc;fted m Chaptcrs 5.2, .5.3.·'5.4, anct 14.6. 

14.8.3.4 PRESSURE MEASUREMENT 

Ptessure ll!easUJements, whe1e 1equ¡red, should be madc at a point that w11l be 
responsivc ro vary1ng pressure cond!llons in the measuring deviee. The aecuraey of 
instmments and thr typc of measurement uscd should be as described m Chapters 5.2 and 
14 6. 

14.8.3.5 DENSITY OR RELATIVE DENSITY MEASUREMENT 

., 

·• ~.~ <F,;~rró~r,l<~~JIIt~~er,: ~¡.;~~W II!'TfifYl~ ;,~;'Y~:~ ~~~l 1:l'"'t.b"~aa ; •• · <C>•""•"'• 

------

should be sensH1ve to varying eond1Uons m the measurin~ device. Densittes to be used for 
mas~ mea:.un;mcnt dctennmation must be obtained at the same flowing eonditwns that 
cxi."t ar the meter. Thc aceuracy of mstruments and thc typc of measurcmcnt u~cd should 
be as dC"Sl::nbed m Chapters 9 and 14.6. 

'Gas Processors SupplLen A&soclauon: On:ler from Gas Proceuors AssoclaUon, 1812 F111a PldCC, 1\l!sa, 
Oklahom11 7<1103 

Copv~¡g"1: e, tn" AMERlCAr< PEH'OLEUM JNS7:T:.JT:O (AP:) 
TucO~: Oi: :5.25:52 ¡<~«o 

3 
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4 CHAPTER 14~ATURAL GAS FWIOS MEASUREMEHT 

14.8.3.6 LOCATION OF M!:ASIJRING ANO SAMPLING EQUIPMENT 

Measuring and sampling r-qui;m1~nt must be locatcd to rninimize or eliminate the 
influence of pulsation or mechanic'll vibration cWJSed by pump or control val ve generated 
noise. Special precautions should be taken to m'inimi7.e or eliminare the effects of 
electrical interference that may be induced in the flow meter ptck-up coil circuit. 

14.8.4 Volumetric Determination In Dynamic Systems 

Measurement of ltquef!ed pP.troleum gas (liquid phase) in a dynamic condition can be 
performed using several measurement devices. The use of a specific type of measuring 
device is dependent upon muludl agreemem between the contracting parties. 

14.8.4.1 MEASUREMENT BY ORIFICE METER 

Mcasurement of liqueficd petroleum ga!lies by orifice meter shnll confonn to Chapter 
1 4.3, us1ng oriftce and line interna! diametc:r ratios and appropriate coefficients for flow as 
agreed upon between che parties. Location factors, F,. and orifice lhennal expansion 
factor. F •• should be used where applicable according lo thc procedure in Chapter 14.3. 
Appendix B.l4 and B .15 res~ec.tivc:ly. Manomc:ter factors, F., must be calculated accord
ing to the procedure in this scction for recorders utilizing mercury manometers. (F .. = 
1 000 for bellows typc differt!ntial pressure instruments.) 

Measurement of liquefled petroleum gas having a high vapor pressure is simplified 
where delivcries are obtamed in mass units, by multiplying the volumc nt flowing · 
cumlitlons t1mes the c..lensity or relat¡vc dens1ty (mcasured within prescribed limits at the 
samc flowing tcmperature and p1essure thac exists at the meter). times an appropriate 
constant. Calculation of the vo 1ume at standard condttions can then be made using 14.8.6 
or OPA Standard 8173. 

Thc following equatlon<; can be uscd to detennine flow rote: 

l. Flow rate m cubiL: feet per hour at flowmg condiuons 

Q, = ~ 134452 F,F,Y F.F,F, ,, h. 
G, 

Q, = 1.0618 F,F.i" FJ.F, J h. 
' 1 p, 

2. Flow ratc in puum.b nmss per hoUJ. 

Q. = S.3853 F,F.)' F.F.F, ~ 

Q. = 1.0618 F,F.Y F.F.F, ~ 
3. Fluw rate in Lulw .. k(.!t per huur at ba~(.! conditwns. 

(1 .. o.; 34452 F,F.Y F.F.F. ~ 
r;, 

1.0618 F,F,Y F.F.F, ~ 
r. 

U/here· 

F~ basic oriflce factor from Chapter 14.3 (F, = 33!i.17 dJK0 ). 

Copvr¡S'-,·· tlv tM,. A"'E~iCAIO PETI:;Q~EU .. !NS~:TUTE IAP: 
Tu., o~~ o~ :5:25.!52 !<l<lc 

' 



' 

11PM:S 14·11-83 

SECTION 8-LIOUEAEO PETROLEUM GAS MEASUREMEHT 

F.. manometer factor for mercury manometers only. 
Y expansion factor, calculated using a specific heat ratio for flowing conditions as 

detennined frorn data or an equation of state. 
F, Reynolds number factor. 

The Reynolds number factor may be calculated using b values from Table 5 or Table 9 of 
Chapter 14.3. CAtrriON: Do not use the equations for F, in Tables Sor 9, but use thc b 
values only in the followmg equalions to obtain the Reynolds number factor. 

F. + b 8,423,..,., = + b 1,061,...., 

~ VTCG. 

F + b 27l,000>J., = + b 34,316!;. 

~ \j7í:G.' 

F + h 5.66>J.~ + b 0.7167 ..... , 

~ ~ 

b = E 
12.835dK 

The Reynolds number factor also rnay be calculatetl from the following: 

Where. 

V.dp 

l2¡.L~·· 

F, = l + EIR, 

d d1ameter of orifice, in inche~. 
p density, m pounds pcr cuhic foot. 
\/1 veloc¡ty of ¡et in om·cc, m feet per sccond. 
f.L 111 , abso!Uie viscosny, m pounds per foot per second. 

R, 2,267.& dK '1./\;; 17,909 dK ~ 
""~ ""'· 

R, O .Oq)fi dK ...¡¡;:¡:;, 0.37405 dK ...¡-¡;:e, 
f', f', 

R, 1.523X dK '\[/;_e, 12.034 dK '\J h. G, 

""" ,.. ... 

H.~ can abo b:: Jctt:rnuned hy trml and error a~ follows: Set F, = 1.000 m the flow 
e4uauon ro get :m ;.~ppro:odmatc Q_ nr Q •. anc1 u'\c th1" rcsult ro calculare F, W1th thi'\ 
cnlculatcci val u e of /· .. obtam a new val u e of F, and of Q,.. or Q •. Re peal th1s procc:ss untd 
the valuc ur Q ... or Q. is wlthm lhc limtts desired. 

R, - R,/¡3 

R, __ ;?_4 30 Qbc. 
D¡.;.,p 

R,. 0.0001319 Q, 0.004244 Q. 
o,..,. 

C.ocv~l<l"'. p. ~r-e AMEPlCA.t, P(TPOLE.UM INST:TuTE (AP;) 
Tue O:;~ 0: :5,25.52 JOCio 
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K, 

F, 

F, 

Where: .... ... 
.... 
¡J., 

p, 

CHAPTER 14-NAT\JRAl GAS FWIOS MEASUREMENT 

+ 0.1582¡1 E D~ 1 + O. 00253913 E Dfl, 
Q. Q,G .. 

1 + 7581.5¡1 E D&, 1 + 235.63¡1 E D11,1 

Q. Q. 

absolute viscosity, in pounds per foot per second. 8J.l • 
absolute vi~cosity, in pounds per square foot per second . 
absolutc viscosity, in centlpoi~ . 
0.03108¡¡.,.. ; 0.00002089JJ.w 
density of liquid, in pounds per cubic foot al ba~e conditions. 

p, density of hquid, in pounds per cubic foot at flowing temperature and pres
sure. 

D 
d 

13 
G, 

G, 
K 
K 

K 

Where· 

diametcr tinside) of meter tube, in inches. 
diameter of orifice bore, in inches. 
d/D (cornmonly calied rhe beta ratio). 
relat1ve density at flcwling conditions. Ratio of the density of the liquid at 
flowing com.litiom to the density of water at. 60°F. (The U .S. National Dureau 
of Standnrd!'i has e:.mblished 0.999012 gram per cubic centimetre as the 
densuy of air-free pure water in a vacuum at a tempemture of 60°F and a 
pressure of 14.696 pounds per square inch and standard gravitational accclcra
tion of 9HU.665 centimetres per second per second.) 
rclative density of liquid at base conditlons. 
cocfficient of discharge for a sharp edge orifice. 
K. (1 + 1:./R,) 

1 + 

K 

15E 
I.OOO,OOOd 

K o coefficicnt of discharge for infimte Reynolds numbcr. 
K~ coefftctent of dischargc whcn the Reynolds number is equal to 

l,OOO,OOOd 
15 

E d!83o - sooo¡l + 9ooow 4200Jl' + 520 ), for flan~e taps. 
VD 

E ~ d(90' - 5000Jl + YOOO[I' - 4200P' + 875 ) ......:::_:e::_. for pipe taps . 
D 

For Oange tap . .., 

[0.3(,.; _ o o76 Jw 0.4 [~6 _ i T [ (0.07 0.5993 + + .,. o;} i-ll VD 

- [o.oo9 + u.~4J [o 5 _ 13r , t ~ + 3J [ll r 0.7 + 0.007 
V 

r 

Copv~lg">~ o. t~">., A"'EPlCA.N PETCOLEU .. !NSi!TUT:: (Ao;) 
~u., Oc~ Oe !5:2~:52 JQQ~ 
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SECTJOr J 8-LIQUEAEO PE'TROLEUM GAs MEASUREMENT 

For pipe taps [ 

K, = o.5925 + o.~82 + o.440 - o~6 Jw + [o.935 + o.:;-5 J ~· 
+ 1.35 ll" + 1.43 

VD 
(0.25- ~ )" 

NOTE: When any of lhc tenns in K. is ne.gative. that term is &el cqual to zero. 

F 1 = location factor. 

Thc location factor is used to correct for the change in specific weight of (a) 
the mercury in mercury manometer type differential gages, (b) the calibrating 
liquid in the test manometer, and (e) the weights for a deadweight gagc used in 
calibrating the instrumentl;. See Chapter 14.3, Appendix B. B. 34 for equa
tions. 

F,. manometer fact':.r 

The manomere:- factor is required only in mercury manometer typc gages to 
correct for the error in differenlial pressure indication causcd by the we!ght of 
the liqllld coliJmn nbove the mercury and the change in the density of the 
mercury at temperatures other than the base temperatun: of 60°F. 

Where: 

P. 

P. 

p, 

F. = 0.034374 "\)p. p, 

density of mercury at ambient tc:rnpeniture, in pounds pt:r cubic 
foot. 
846.324 [1 - O.OOOIOI(T, - 60)1 
T, = ambtent temperature, in degrees Rlhrenheit. 
density of liquid on mercury at ambient temperature, in pounds pcr 
cubic fool. See Chapter 11.1, Tabics 6, for denstty c:orrect10n. 

F, orificc thcnnal expansion factor. 

Th1s factor is u:.ed to correct for the error rcsulting from the expansion or 
t:ontra-.:tion of thc orif¡cc borc at operatmg temperatures different frum lhe 
tcmpcrmurc nf thc platc whcn horcd, usually assumcd lo be óR 0 F. 

F, 0.0000185 (•F - 68) for Typc 304 end 316 stamless stccls. 
F, "'- O 0000159 ("F - 68) for Monel. 

14.8.4.2 MEASUREMENT BY POSITIVE DISPLACEMEÑT METER 

The mnnufncturer'c; recommendation~ should be cnrcfully considered in sizing turbine 
and posH1ve d¡splncement meters (see Chapters 5.2 and 5.3). 

Air eliminators !:.hould be used with caution, particularly where lhe line in witich thcy 
are mstallcd could be shut-m occas10nally, and whcrc complete vaporization could occur 

Vapo~ funnaLiun. resul.ting frum tht: effccts of ambient temperature or heat tracing en 
the line <!head of the meter, could cause maccuracies and damagc, whicb are most likely to 
be encount~red dunng startup Caution must be exerctsed. 

Copvr-¡gnt by tne AMERJCAt< PETROLEUM JNSTITUTE (APJ l 
Tue Oct 06 15:25:52 ¡qqo 
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8 CHAPTER 14-NATURAL GAS FUJ10S MEASUREMENT 

14.8.4.2.1 Volume at Standard or Base Condltions 

Liquid measurement by positive displacement meters should conform to the procedurcs-· 
in Chapter 5.2. Appropnate correction factors should be used to adjust the measured 
volume to standard conditions by correcting for temperature, pressure, and meter factor. 
Facton; to be applied will be found 10 Cbapters 11 and 12. 

The positive displacement measurement equation is: 

V~ = Vr X M.F. X Ct X C¡:~ 

Where: 
Vb volume ar base or standard conditions. 
V1 volume at flowing conditions, indicated by a measuring device. 

M.F. meter factor, obtnined by provmg tbe meter occording to Chnpters 4 and 12.2. 
Cd correction factor for ternp;:rature to correct the volume at flowing temperature 

to standard temperature. See Chapter 11.1, Thbles 24, or other agreed·upon 
tables. 

C,-~ correction factor for pressure to correct the volume at flowing pressure to 
standard conditions. See Chnpter 11.1, Tnbles 24, or other ngreed-upon 
tables. 

14.8.4.2.2 Volume at Flowlng Condltlons for Mass Determlnatlon 

The vulume measured at flowing conditions (V .. ) times the meter factor equals tht! 
volume nt flowing conditions. Displacemcnt meters used for volumetric measuremem in 
deriving total mass shall conform to thc standards described tn Chapter 5.2 for the service 
intended. Temperaturc or pressure compensation devices are not to be used on these 
meters and the accessones used shall conform to Chapter 5.4. 

14.8.4.3 MEASUREMENT BY TURBINE METER 

See 14.8.4.2 for cautions about atr ehmmators and vapor fonnatton in lmcs. Also 
~,;arefully constder the manufacturer's recommer.dations about sizing of meters. 

L1qU1d mcasurcmcnr by turbinc meter should conform ro the proccdurcs describcd m 
Chaptet 5.3. Appropriatc correctton factors should be used that will adjust the measuted 
volurne to standard condittons by corrcctmg for tempernture, pu.::ssure, and meter factor. 
Pactors to be apphed will be found in Chapters 4, 11, and 12 

The followmg cqualion i~ used when measurmg by turbmc meter. 

~\ = Vr X M.F. X C,, X C" 

WJzcrc: 

V0 volumc él! b.1se or standard condH10ns 
V • volurm:: <~! nuwing com.iiuom •• imhcatetl by a rneasuring c.Jevice. 

M.F = mel~r fcctor. ohtmncd hy provmg the meter nccordmg to Chopters 4 nnd 12.2. 
C,, = corrcctlon bctor for temperarure to corrcct the vo!ume at flowing temperature 

10 stanrJa¡J tcmperature. See Chapter 11.1, Tablc!. 24, or other agreed-upon 
tahlc" 

Cr, ~ COllCCt!Oll factor f01 pressure to corrc:ct the voiume 8( flOYtmg prcssure tO 
standard condlllons. See Chaptcr 11.1. Tabies 24, or other agreed-upon 
table.~ 

Thrbme meters UM!d for voiumetric measurement in c.Jerivmg total mass shall conform to 
Chaptcr 5.:tfor thc scrv1cc mtcndcd. Tempernrure or pressure compensating dev1ces shall 
nol be useO un thes~ metc:rs unU accessones shall confom1 to Chapter 5.4. The mass 
dellvered nnd thc volumc of ench component at standard conditions may be detennmed 
accordmg to Chaptc:r 14.7. 
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SECTION 8-UQUEFIED PETHOLEUM GAS MEASUREMENT 

14.8.4.4 MEASUREMENT BY OTHER DEVICES 

Dynamtc measurement of liqur~ficd pctroleum ga.'\ can be accomplished using other 
types of equipment by muwal agreement of the contracting parties. 

14.8.4.5 METER PROVING 

The primary measuring device must be compared toa known standard. Comparison toa 
standard is accomplished by proving displncement and turbine mcters using a pipe prever 
calibratcd in accordance with Chapter 4. Tank-type provers are not recomrnended because 
liquefied petroleum g:!:.. may vaporize in the tank, making accountability for these vapors 
difficult When ll meter is used to measure more than onc product, thc meter shaH be 
provee! at thc operating rateS offlow, pressurc, and temperature and tbe specification of the 
liquid lhat il will measl·re :n routine operation. Several meter factors mny be requireC 
where norrnll operatiorts change significantly. The proving device should be installed so 
that the temperature and pressure within lhe pruver and meter coincrde ID~ closely as 
possibie. Should meter and prover tempernrures or pre.,sures vary, the prover vol u me shal! 
be cnrrecred to meter cperatmg conditions accordmg to Chapters 4, i 1, and 12 or as 
agreed to by the -:~mrracting parties. Fa.ctors shall be adjusted as required betwcen proving 
dates as a result of significnnt changcs in metenng prcssurc and/or temperaturc since the 
last provmg. 

14.8.4.6 · SAMPLING 

Sarnplmg shall be accornplished to y1eld a sample that is proportionaJ to, and representa
!! ve of. r.hc:: OuY..ing .\olream dunng the measuring interval. Pruponional samplcrs tak.c small 
.samplc.<\ of thc flowmg stn~am proport¡onal to the flow rate. T1me incremental samphng 
may be used only when the flow ralc Í.!. conM.anl. 

Thc .'lampl~ collecting systcm shall be designcxl to conulin the collc.cted samplc in thc 
ilqu1d .srat:. Th1s may be done using a pistan cyhnder ora cyhnder w¡th a bi:.:.Jder. Both 
the p1ston cylmder and bladUer cyhnder normally use inert gas vapor, hydraulic oil, or 
pipelmc fluid to oppose the liquid lnJCCtion anci mamtain a prcssure leve! Rbovc the va.por 
prcssure of thc sample. A typ1caJ pwport!Onal sampler !S descnbed in the appt:mhx tO thi~ 
pub!Jcatlon. 

Prccautmns shall be takcn .o avoid vaporizat1on m sarnple loop !mes when operating 
neat the product vupur pressure In sorne instances, msulating sample line!<. and sample 
contamers or controlling tbc prcssurc or tcmpcra.turc of samplc contamcrs containing 
volattk matenals may be necessary. 

Sample luop~ :.hould b.: shorc and of small diameter, sampling from the ccntcr of the 
.strc¡Jm. Arkquatc <..amplc loop flow rntes should be mamtained to k:eep fresh product at the 
samplc val ve anJ 1u reduce tl1t: ltm~ lag between the meter and thc sampler lo <t minimum. 

All s<Jmpie hnc:.,, pumps, nnd reluted equipment shnuld be purged or hled clown when 
sample collect!On cylmders ar: empt1cd to avoid contammation or distort¡on of the tlowing 
sampi!,; Sampler· :-.y.'llem~ .!.houlc.l be dcstgned to mimmtze dead product area.c;, which 
could d1stnn "amplcc; 

Obtdtnmg a rcp1esentatt•·e sample for transporllO the laboratory shall be in accun.lam;e 
with GPA 2174, Appendtx B of Chapter 14.1, or othcr recognized safety prncedurcs 
Sample conta1ncrs must be adec;uatcly sized. lf samples are to be sh1pped by common 
carne1. contamc:n, muM comply w1th the latest hazardous materials rcgulations of thc 
Unned:Statcs Depurtment nf Transportation. 

Products or mixtures th<.t have cquJI!bnum vapor p1essures above atmosphelic pressure 
sha!l be mamtamcd at a pressure wherc vaporization cannot occur within the on-line 
samplc sy<;tcm or rransfcr comamers. 

Copvr!g"''t O• t,.,,. AMERICAN PETROl.ElJ"" JNST:TUTE IAP! ¡ 
iu" oc~ oe 15.25·52 1ooc 

g 



10 

MPMS 14-8-83 

CHAPTEB 14-NimJRAl GAS FWIDS MEASUREMENT 

Use of sample collection anG tran~portation containers equipped witb floating pistons or 
bladders (and equipped to maintain sample storage pressures above vapor pressun:) is one 
effective way to avoid hquid· vapor separation. When using this type of equipment, 
adequate precautions must be o'>served to allow for thermal expansion of the product so 
that excessive pressure or release of product does not occur. Procedures dcsciibed in the 
appendix of this publication may be used. 

Sample handling procedures outlined in API Chapter 14.1, Appendix B, using immisci
ble fluid outage cylinders, may also be used. Water used with this method may result in 
removal of carbon dioxide or other water-soluble components from the sample. 

Sample injection pumps ot devices ~at inject the sample into containers sh.o.ll be 
designed to delivcr a constant volume per strokc over tbeir nonnal operating pressure 
range. Procedures as outlinea iu Chapter 14.1, the appendix to this publication, and GPA 
Publication 2174 shall be followed, as applicable. 

Samples taken over a period of time using a proportional sampler must be mixed to be 
truly representative befare tht":y are transferred to portable sample contniners. Product 
mix.ing should not be attempted until tbe samplcr has been isolat:ed from the source. 
Procedures for thorough mixing of samples shall be provided to ensure that samples 
transferred to transportation cylinders and the analysis obtained are rcpre.i~ientative of the 
flowing stream during the measured interval. 

After mixing, thc sampierl product is transfcrrcd to a portable pistan cylinder or a 
clouble valved sample cylin1er, using lhe inuniscible fluid displacement method. Transfer 
the snmpler to the portable crlinder using the same procedure used to take spot samples. 
When the required number of portable cylmders has been filled, the remaining product m 
the sampler mu.st be vemed back into the pipeline or disposed of befare the sampler is · 
retumed to scrvicc. 

Obtaining a representattv! sample of the stream liquid for transport to the laboratory 
shall be in accordance with GPA Publication 2174 or Appendix B of Chapler 14 .l. 
Provisions shall be madc for thl!nnal cxpansion. Deparunent of ltansponation aprnoved 
containers shall be used. 

14.8.4.7 SAMPLE ANALYSIS 

Depending upon rhc cor:mc.sitiOn nf thc strcam, liquid sample analysis shall follow the 
chromatographic procedures desc:ribed in GPA Publicataons 2165, 2177, and 2261, or 
othcr mcthods agreed upon by the contrncting pa.rties. 

\Vhere applicable. such as w1th liquef1ed petroleum gas mixtures. special cfforts shnll 
be made to accurately determine tilc molecular weight and the density of the heptanes plus 
fraction (or of thc last significan! frJ.Cuon determined by agreement). 

14.8.5 Mass Deterrr.iriation In ornamlc Systems (Denslty 
Range 0.30 to 0.70 g/cm3 

Mass me.asurcment JS appilc.able to liquefied petroleum gas mixtures and to components 
that are affected by composuional cnanges. intermolecular adhcsions, .solution mixing, or 
extreme pressurc and temperaturt: co'lLliuum. where accuratc physical correction tactors 
ha ve not hccn dctcnm ncd. 

Ma!>s mea...,urcmcnt Ht a dynamil: state normally utilizes ( 1) a volumetric measurmg 
devzce ot flowing condlt10ns, (2) n density or rclative density (specific gravity) mcasunng 
dev1ce for detcnnmmg dens1ty ur relativc densny at the sam~ flowing conditions as the 
mea!>uring device, and (3) a represcntative sample of the fluid flowmg through the 
mcasuring systcm. col!cctcd proport1onal to flow, as presented in Chapter 14.7. 

Mass measurement ¡s accomplishcd by multiplymg the measured volume Rt flowing 
condiuons ttmes tlowmg dcnsity measured ar the same conditions, using consistent umts. 
The equivalen! vol u me at st?ntlard conditions of each component in the mixture may be 
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SECTTON 6--LIOUEFIEO PETROLEUM GAS MEASUREMENT 

obtained by using a compositional analysis of lhe represcntativt: sample and the density of 
each component at 60°F anct the equilibrium pressure nt 60°F. 

Liquids with densJties '>elO'W' 0.3 and above 0.7 grams per cubic centimelre and 
cryogenic fluids are excluded from the scope of this document. Howcver, the principies 
can apply to these fluids with modified appHcarion techniques. 

Equipment exists which uses diverse principies for measuring volume, samphng the 
product, and detcrmining the composition and density of the product. This publication 
does not advocate the prefercntial use of any particular type of equ1pment. lt is not the 
intention of this publica1Ion to restrict future development or improvement of equzpment. 

14.8.5.1 BASE COND;TIONS 

Density is defined as mRss per unit volurne: 

Density = _M=ao:soos_ 
Volume 

Mass is an absolutc mcasurc of thc quanrity of maner. Weight is the force resultmg from 
an acceletalion due to gravtty actmg upon a mass. Changes of gravity accelerauon from 
one locality to another will affect the resulting weight force observed. Therefore, quan
tttres detcrrwncd in accordance with Chapter 14.7 shall be mru.s rather than weight. This 
may be accomphshed through procedures in Chapter 14.6 b)r referral to weighmg devtces 
used ro calibrare dcnsity mcters ro test we1ghts ofknown mnss. This referral or calibration 
is done at or near Lhe dcns1tometer locatJOn, eltmmattng the need for further corrccltoo for 
local gravitauonal force variances. 

Wcight obscrvallons to c'etermine fluid denstty shall be eorrected for atr houyancy 
(cornmonly called "weitberJ in v<~.cuum") and fur local gravity, a:; necessaty. Such 
obscrvntions can be used m conjunctJon with thc ca.libration of density mctcrs or for 
checking the performance of equalton of state correhuions. Procedures are outhnecl m 
Chaptcr 14 .6. 

Volumes and dcnsities formas.~ mcasurcment shall be detennined nt operaung tcmpcra
ture and prc~sure to eilmmate temperature and comprcssibihty corrections However, 
equivalent volumes of components are often computed for the detcrmmed mas.•.; nov.· 
Thcsc volumes wlll be stated as follows· temperaturc, I5°C (or 60°F); prcssurc, 101.325 
kilopascab ( 14.696 pou:uh pcr squan; inch absoluteJ. ur the product cquilibrium vapor 
pressurc nt 15°C loo 60°F), whichever "" higher . 

. 14.8.5.2 MASS MEASUREMENT USING DISPLACEMENT TVPE OR TUR· 
BINE METERS 

Thc cquniJon fo:- clctcrmming maso;; usmg dlsplaccmcnt-type or turbinc meters is: 

[

Mctcrctl volumc] 
Mas~ = Jt meter 

operatmg 
conc1111nn~ 

IMe<er factor] [Densuy per J [Dcnsuometer] 
>
. at meter umt voJume at correct1on 
. X . X . 

operatmg meter operatmg bctur (1f 
Lcnnrlittons conditions applicnhle) 

14.8.5.3 MASS MEA3UREMENT USING ORIFICE METERS 

The equat.on 101 dcternunmg mass usmg orú1ce meters is: 

Q ... """ C' '\[JCPr -=- now rate expressed in units of masslunits of ttme. 

Thc tcrms lar th1s c:quauon are: detmed and discussed m 14.8.5.1. 
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12 CHAFTEA 14-NATUAAI. GAS FWIOS MEASUREMENT 

14.8.5.4 DENSITY DETERMINATJON 

14.8.5.4.1 Emplrlcal Denslty 

Liquid density may be calculated as a function of composition, temperature, and 
pressure. It is preferred that the calculated or measured density be applied in real time to 
the flow meter. This provides for the maximum mass mcasurement prccision, that is. _the 
incremental volume of mensured liquid is always in direct time relation to the density 
measurcd or calcuJated. However. it is common practice to _use the composition of a 
sample taken contiouously during the delivery period prnportional to the volume deliv· 
ered, and to use the average temperature and pressure for the delivery period. 

Calculations may be made by means of empirical correlations or by gcneralized 
equations of state. The empirical correlations are derived from fitting ~perimental data 
covering specific ranges of compositions, tempcrature.s, and pressurcs and can be inaccu
rate outside these ranges. Gas Processors Association procedure TP-1 for elhanelpropane 
mix and TP-2 for high ethane raw make streams are examples. TP-3 is a more theorctical 
procedure for applicauon to lic¡~.efied natural gas. 

Generalized equations of state do not have strict limitations on ranges of compositions 
and conditlons and can be applied to a wide variety of systems; however, empírica! 
correlations are much more accurnte when applied to the specific systems for which they 
were derived. The Racken equation, the Starling~Han modificntion of the BWR equation 
of state, and several modified Rt'c'hcb-Kwong cquatlons of statc (Soave, Mark V, Pcng
Robinson) are exampies. 

lt IS thc rcsponsibilny of thc contracting partie.c; tó verify thc vnlidity nnd lirnits of the 
accuracy of methods considercd for. cmpincal density determination on the particular 
fluids to be measured. 

Significant errors can occur from inaccuracies in temperarurc and pressure measurc
ment, recording, or integration. Products with a density of less than 0.6 grams per cubic 
mctre are particularly susceptible to errors-and require n higher level of precision. See 
Chapter 14.6 for recommcnded precision levels of temperature and pressure. 

14.8.5.4.2 Maasurad Danslty 

Measured density of produc.ts between 0.3 and 0.7 grams pcr cuhic centimetre shall be 
determined usin~ density mcters installed and calibrated in accordance with Chapter 14.6 
or as othcrwisc agrccd hctwccn thc contracting pnrties. 

Density instruments or probes shaU be installc:d as follows: 

l. No intcractinn rhat wnuld advcrscly affcct thc flow or denslty measurement shall exist 
between the flow meter and the der.sity transducer or pro be. 
2 Tempermure and pressure differences among the fluid in the flow meter, the density 
measunng devJce, and the calibratmg dev1ces must be minimizcd and muse be wahin 
specified hm1t~ fur the fluid being mea~ured and thc mass measurement accuracy expected 
or rcqmrcd. 
3. Dens1ty meters may be mstallcd etthcr upstream or downstream of primal)' flow 
de vices in accordance wnh Chapt :r 14.6 but should not be located between flow stratght
cmng dcvices and mcters and must not bypass thc pnmary flow measurement device. 

Densitometer accuracy wtll be seriously affected by tlu: accumulation of fore1gn 
material from thc flowmg stream. Thc possibilny of accumulru.ion should be considered in 
selectmg densny measmement equtpment and in determining the frequency of dcnstty 
cqu1pment cnlibrntion nnd maintenance. Accuracy of the data recording, transmission, 
and computalion equ1pment and methods should also be considered in Rystem selection. 
See Chapter 14:6 for further comments. 
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SECTlO~ O -UauEFlEO PeTRolEUIA GAS MEASUREloiENT 

14.8.5.5 CONVERSIOW OF MEASURED MASS TO VOLUME 

Conversion from mass detcrmined into equivalent volumes of components shall be in 
accordance with the lates! revision ofGPA Publication 8173. as described below. In this 
procedure, a chromatographic analysis representative of the dclivered product is used to 
determine the mass af each individual component that comprised the total mass. The 
individual component m<~.sses are then converted. to their respective equivalent liquid 
volumes at l5°C (or 60°F) and equilibrium vapor pressure at lSoC (or 60°F), using 
componen! density values from GPA Publication 2145. 

The calculatmn of total rr.ass flowing must be performed continuously on-linc by a 
suitable device or by off-line integration of chans on which metered volume and density 
are continuously recorded so that at all times the density corresponds to the volume 
measured. 

Convennon of the determioed mass into an equivnlent volume of each component at 
base or standard conditions at equilibrium vapor pressure at l5°C (60°f) or 101.325 
kilopascals (14.696 pounds per "'~"""' inch absolute). whicbever is higher, shall be in 
accordance with Chapter 14.4. In this proced'Jre a chmmatographJc ana.lysis, rcpresenta
tive of the dehvered product, is used to detennine the mass of each individual component 
comprising the total mBi~. The individual component masses are then converted to their 
respective equivalcnt hqui:J vol u mes at l5°C (or 60°F) and the equiJibrium vapor pressure 
at l5°C (or 60°F) using componenl density values in vacuum from Chapter 11 or GPA 
Publication 2145. Example calculations, repented from Chapter 14.4, are provided in 
14.8.5.6 

14.8.5.6 CALCULATIONS FOR LIQUID·VAPOR CONVERSION 

The density of pure hydrocarbons in pounds mass per galJon (weight in vacuum) shnll 
be as stated in GPA Staodard 2145. Should constants be required for a hydrocarboo 
componen! that is not pre.;ented in OPA Standard 2145, the constants contained in thc 
GPSA Engineering Dauz Book, Section 16, "Physical Propenies," shnll be used. lf thc 
required conscant~ are not contamed m the GPSA EtJRineering Data B~ok, the ASTM 
Data Senes Publication, DS 4A, constants shall bt: uscU. The steps described in F1gure 1 
are requ ired. 

14.8.5.7 SPECIAL PRF.CAUTIONS FOR MASS MEASUREMENT 

Volume mca.,un:rnent must be made at tlowing condit10ns. The measuring device must 
be proven at flowing cc:nditions. 

Den.c>ity or rcla:1vc dcns1ty (spec¡ftc gravJt)') mea.surements must be made ¡J.[ the samc 
flowing condition'> as the volumt: measurcments. 

Tcmperature compensated metcring deviccs shall not be uscd in the mass measurement 
method. 

14.8.6 Volumetric Measurement in Static Systems 

Thc lu.JUid vulumc or liquefied petroleum gas cons1sts of the sum of the liquid volume 
and the volume of the vapor abovc the liquid convencd to its liquid equivalen!. 

Volumetric measurement is accomplished by usmg calibrated vessels or tank.s wilh 
gaging devices that can Ue read at thc vessel operatlng pressures to determine the liquid 
leve! Thc volumc of vapor abovc thc liqUJd 1s determmed by usmg the ideal gas law (PV 
= NRB conected by thc gas compre~sibility fllctor. The liquid and vapor are curn:cted for 
temperaturc and pressure to st<~ndnrd or ba~e conditions of temperature ond thc vapor 
pressure oF lhe producl at standard or base temperature. The vapor volumc can be 
convt:rted tu Cljuiv:dlent h(!uid volume by using the appropriate factors. 
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eHAPTER 14-I.ATURAL GAS FUJIDS MEASUREMENT 

Step 1-Convert to mass analysis. Given: 825,300 = TOla! pounds mass. 

COrnponent 
e o, 
e, 
e, 
e, 
1e, 

ne, 
le, 
ne, 
e,+ 

Moto 
Percent 

0.11 
2.14 

38.97 
38.48 

2.94 
8.77 
1.71 
1.82 
7.06 

100.00 

Mole 
Welghl 
44.01 
16.043 
30.069 
44.096 
58.123 
58.123 
72.15 
72 15 
87.436 

Molo l'en;enl 
X 

Molo Wslghl 
4.84 

34.33 
1171.79 
1008.62 

170.88 
509.74 
123.38--
131.31 
617.30 

4372.19 

Wolghl ot Fractlon e_-· 

ot 
Componen! 
0.001107 
0.007852 
0.268010 
0.367921 
0.039083 
0.116587 
0.028219 
0.030033 
0.141188 

1.000000 

Step 2-Calculate the mass of each component.as follows: Welght fractlon times 
total pounds mass equals pounds mass each componen!: 

Component 
e o, 
e, 
e, 
e, 
IC, 
ne, 
1e, 

nC, 
e,; 

Welght Fract!on 
ot Component 

0.001107 
0.007852 
0.268010 
o.3679:eo 
0.033ó061 
0.116587 
0.028219 
0.030033 
0.141188 

Total 
Pounds Mass 

825,300 
825.300 
825,300 
825,300 
825,300 
825,300 
825,300 
825,300 
825,300 

Pounds Mass 
of Component 

914 
6,480 

221,189 
303.645 

32.255 
96.219 
23,289 
24,786 

116.523 

625,300 

Step 3-Calculate the volume of each componen! al equillbrtum pressure and 
60'F as lollows: 

Comoonent 
e o, 
e, 
e, 
e, 
le, 

ne, 
le, 

ne, 
e,+ 

• From anatys1s. 

Componen! 
Pounds Mass 

914 
6,460 

221,189 
303,645 

32,255 
96,219 
23,289 
24,786 

116.523 

Denslty 
PoU1'1ds/Gallor. 

{In vacuum) 
6.817 
2.50 
2.97 
4.231 
4.694 
4.871 
5.206 
5.262 
5.951' 

Figure 1-Calculatlons for Uquid Vapor Conversion 

u.s. 
Gallons 

134 
2,592 

74,4711 
71,767 

6,A72 
19,785 
4,473 
4,710 

19,580 

204,355 

A prcssurc vcsscl or container must be able ro safcly wirhstond the vapor pressures of 
the cuntainell produl:L at the max1mum operaung temperature. 

14.8.6.1 TANK CALIBRATION 

Procedures ror calibrdtmg tanks arx.l vessels are prescntcd in Chaptcr 2. 

14.8.6.2 TANK GAGING OF LtOUEFIED PETROLEUM GAS 

Procedures for gaging liquefied petroleum gas in storage tanks are presented in Chaptcr 
3. Special precautlons are nc:cessary to accurately account for thc;.. vapors above thc liquid. 

' 
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SECTlON 8-UOUEAED PETROLÉUM GAS MEASUREMENT 

The composmon and volume of the vapors are dependcot upon thc temperature and 
pressure conditions of the liquid. 

14.8.6.3 TEMPERATURE MEASUREMENT 

Chaptcr 5.4 contains general reouircments for tempemrure rneasurement. Procedures 
for measuring the tempera.ture of hquefied petroleum gas in storage vesscls under static 
conditions are presented in Chapter 7. 

14.8.6.4 RELATIVE DENSITY MEASUREMENT 

Procedures for detennining relative density of liquefied petroleum gas are pre..c.;ented in 
Chapters 9, 11, 12. 14.6, aud 14.7. Observed relative Uensities (specific··gravtttes) are 
corrected to standarci or hase conditions by using tables in Chapter ll.l. 

14.8.6.5 WATER ANO FOREIGN MATERIAL 

Water and sed1mcnt content is notas serious a pmhlcm wlth liquefied petroleum gases 
as with crude oil Product specifications in contracts for custody transfer should contain a 
scctmn on product quality to provide for testing propane by the freeze valv(! method 
(ANSIIASTM D 2713-76), the coba! bromide method, or 1he Bureau of Mines me1hod. 
Other mutually acceptable methods for detennining dryness may be used for other 
hquc:fied pc:tro!eum gases having a high vapor prcs.'IUrc. 

14.8.6.6 SAMPL.ING 

The scope of Chapter 8 doc:s not include samplmg of liquefled pctrolcum gases; 
however, GPA Publication ~140 Contatns a section on sampling this type of pruduct. GPA 
Puhllcation 2140 LS al so dC!Signatcci as ASTM D 1265. lts scope covers the procedure for 
obtaining representattve samples of liquetied petroleum gases, such as propane, butanc, or 
mixtures thercof, in containers other than thosc uscd in laboratory testmg app:1ratus. A 
ltqu¡d samplc 1s transferrcd from the source lnt') a sample container by purging thc 
contamcr and filling 1t with liqutd to 80 percent of capacily. 

Considerable effort may be req 1Jiro.:d to obtain a representative samplc, especially if the 
maten al bemg sampled IS a m1xlure of liquefied pctroleum gases. The followmg factors 
rr..ust bt: l:Un~idert!d: 

1. Sarnplcs rnu<;;t he nt-.taincd tn thc hquid phaxe. 
2. When 11 !S defuutely kn:M'n that the material bemg sampled ts composed predomJ
nantly of only one hquefied petrolcum gas, a liquid sample may be taken from any part of 
thc VCS!ICI. 

3. Whcn thc matcn~.il bemg sampled has bcen agitated until uniformity is assured. a liquid 
sample moy h=: lakcn from an) par: of the vessel. 
4. Bcl:<!U:.~.: of wH.k \'analium. in thl.! construction dctails of containers for ltquefied 
petro\eum ga".!", H ¡,. difflcul tn specify a uniform method for obtainmg repn:~entativc: 
samples al heterogeneous miXtures. lf it is nol rracticable to Rgitatc a mi1Cturc for 
hornogenelty, obtam hquid sample~ by a prucedure that has been agreed upon by the 
contracting partlC.'\ 

Directions for sampling cannor be expliclt enou~h to cover all cases. They must be 
supplcmcntcd by JUdgment, skill. and sampling experience. Extreme carc anc.J good 
JUdgmeryt are necc.'\sary to ensure that samples rcprescnt the general charactcr and average 
cundniUn uf tht: material. Becau~e uf Lhc hazarc.Js involved, liquefted petroleum gases 
shou\d he samplcd hy, or undcr thc supcrvision of, persons fnmihar with the necessary 
saf~ty precaurions 
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CHAPTEA 14-NATUAAL GAS FWIDS MEASUAEMENT 

14.8.6.7 VOLUMETRIC CALCULATION 

Whcn product is removed frnrn or added to a tank, the beginning and ending liquid 
levels are-obtained along with corresponding temperatures and pressures. The volumes of 
liquid and vapor are calculated t'or the beginning and ending conditions, and the difference 
between the beginning and ending calculations of the total voJume of the vapor and liquid 
is the volume change in the v~sel. 

[

Total volume] 
at standard 
cond1tions [

Volurne o! liquidJ 
at standard 
conditions [~~~~~~f~~~~r l + m cqutvalcnt 

[~~~~;;'~, of ] = [~¡;~~~ volume ] X 

standard conditions 
conditions 

[

Volume of vapo] 
above lxquid in 
eq~ivalent liquid 
umts at base 
condJtions 

Where· 

[

Volume of ] 
v<.¡:mr above 
the liquid 

X , Po X 

P, 

liquid units at 
standard conditions 

[

Yolume correction] 
factor for 
temperatun: and 
gravity 

T, 

T, 
X 

[

Factor for liqmd ] 
volume per vapor 
vol u me 

Total volume = (volumc .Jf product in thc vessel as a Jiquid) + (vapor above the liquid 
convertcd ro Jts liquio volumc equivalen~). Volume measured at standarcLcondi
tions. 

Volume of llquid at standai-C.: ~nclitions = volume measured at standnrd temperature 
and vapor pressure of the liqmd at standard temperature. 

Volume of l!quid <ll tank cundil!on.!) = volurÍle of ve.!isel at liquid level detennined by 
tank calibration and gaging dcvicc 

Vol u me of vapor above th:- :tqutd = vol u me of ves se! a hove the liquid leve! determined 
by lank calibration and gagmg devtcc. 

Volumc corrcctton factor = factor uscd to correct the hquid volume to standard 
temperature Kctcr ta tables in Chapters 11 and 12. 

f'o = observcd pressure, m absolute unus. 
P. = standard pressure, m ai-Jsdttte unus. 
T,. = observed lt!mpcralure. m kelvim (K) or degree~ Rankine (0 R). 
T. = standmd tcmp:rntur~ 1n kclvmS (K) or dcgrccs Rankinc (0R). 
f"a.Ctor for hqU!d vo!ume per vapor volume = standarJ. cunversion unit for product 

betn¡; measured 

14.8.6.8 MIXTURE CALCULATION 

When m1xturc5-- are mcasurcd, thc compol\ition of thc hqllld and vapor will be diffcrcnt 
for varym~ condttJons ot ternpcrature and prcssurc. The composition of each phasc can be 
<klermmed by samplmg and analys1s of each. Refer to Chapter 14.4 for thc procedure for 
Clllculating hqUJd cqut valent of the vapor vol u me above stored natural gas liquid mixtures. 

14.8.7 Mass Measurement in Static Systems 

Mass ts determmcd by wetglung the canta..mer or vesscl befare and aftcr product has 
been added to, or removed from, the vessel. The difference m weight provides the bnsis 
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SECTION B-l10UEFIEO PETAOLEUM GAS MEASUREMBIT 

for total rnass of the pmduct cont!rlned in the vessel. 
To calculate the volume using mass units: 

Where: 
V, 

Mass 
Density 

v~ Mass 
Denstty 

volume at standard temperature and vapor prcssure of the product at 
standard trmperature. 
difference between befare and aftcr mass detennin&rt10n. 
density m vacuum of iiquid product at standard conditiom, in same unit~ as 
mass. 

Refer to Chapter 11 to dr..:tennine relatlve denslty at standard conditions. 

17 
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APPENDIX-INSTALLATION ANO OPERATION OF FLOATING PISTON SAMPLERS 

The procedures included hcre are presented to supplement other existing procedurcs, 
specifications, and standards in sampling bighcr than atmosphcric vapor pressure products 
where flashing of Hghter components within the container may cnuse distortion -of üie 
sample compos1tion. 

All sarnple. should be obtained using sorne type of probe from the center of the flowmg 
stream. A bypass around a device that causes a diffcrcntial pressurc, such as an orifice 
plate or small pump, is usca to supply fresh product to bypass-type sample inject10n 
valves. See Figures A-1 aod A-2. Bypass lines must not bypass prirnary volume measure
ment devices. 

Figure A-3 provides an example of a typical proporllonal samplcr. 

FLOW-THROUGH SAMPLE 
INJECTION VAL VE 

FLOW·THROUGH SAMPLE 
INJECTION V AL VE 

1/4 TO 1 /2-INCH TUBING 1 
PUMP (5 TO 1 O POUNOS 
PEA SOUAAE INCH .b.P} 

""' / 

¡ 

~ / ¡...._ 

b 
' V 

' 
f 

f! 
~ 
" \l v' 
~ ) 
\ 

CENTFZM·STREAM 
SAMPLE PAOBE 

Frgure A·1-Typrcal Sample Probe lnstallatron on an 
Onhce Flange 

19 

-......._ 
1/4 TO 1/2-INCH TUBING 

1 
CENTEn·STnEAM 
SAMPLE PROBE 

t 

Frgure A·2-Typical Sample Proba lnslallation 
ter a Pump 

Copv.-lght o~ tt"l" AMERICAN PETIWL.EUM !NSTlTUTE !APJ J 
Tue Oc~ 08 15:25:52 t00o 



MPMS 14-8-83 _l 0732290 oos7423 ol' 

20 

AC 
POWEP 

PROOUCT 
FLOW 
METER 

1 
I"X" PPB 
1 
1 
! 

METER 
TOTALIZER 

1 

: 1 PPB 
1 

CHAPTEA 1<-NATURAL GAS FUJIOS MEASUREMENT 

CENTER-STREA'-4 
SAMPLE PROBE 

~---

1., 
" 

ORIFICE 
FLANGE 

t 
1 
1 
1 

PULSE 1 
DIVIDEA 1 

FLOW-THRU SAMPLE 
INJECTION V N.. VE 

( 

CIRCUIT l 

1 1 
1 1 PULSE P=:A 1 
: "X" BAAAELS l 

1 
POWEA 1- _j 

INTERPOSER 

( 

PRESSUAE 
SUPPLY 

1/4" to H2- TUBING 

~~ 
~ 

SAMPLE 
...--TRANSt:EA 

TAP 

SAMPLE MIXING OEV\CE 

F1gure A·3-Typ1caJ Proportional Sampler 

o 
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Tabla 3-B-5-Conversion of Re0 /IO' to Q,/1000 (Q, in Thousands of Cubic Feet per Hour): 
Q,/1000 = Re0 1t OOOD/28.2435 

Nominal Pipe Diamet:er 

2 Inclu:s linche. 4 lnches 

Re0 /lfY> 1.687 1.939 2.067 2300 2.624 2.900 3.06R 3.152 3438 3.826 

0.020 1.2 1.4 1.5 1.6 1.9 2.1 22 2.2 2.4 2.; 
0.030 1.8 2.1 2.2 2.4 28 3.1 33 3.3 3.7 4.1 
0.040 2.4 2.7 29 3.3 3.7 4.1 4.3 4.5 4.9 5.4 
0.050 3.0 3.4 3.7 4.1 4.6 5.1 5.4 H 6.1 6.8 

0.060 3.6 4.1 44 4., 5.6 6.2 6.5 6.7 7.3 8.1 
0.070 4.2 4.R .11 5.7 6.5 7.2 76 7.8 .8.5 9.5 
0.080 4.8 5.5 5.9 6.5 7.4 R.2 8.7 8.9 ·9.7 10.8 
0.090 5.4 6.2 6.6 7.3 8.4 92 9.8 10.0 11.0 122 
O. lOO 6.0 6.9 ?.'] 1".1 9.3 10.3 10.9 112 12.2 13.~ 

0.150 9.0 !0.3 11.0 12.2 13.9 15.4 16.3 16.7 18.3 20.3 
0.200 11.9 13.7 14.6 16.3 18.6 205 21.7 22.3 24.3 27.1 
0,250 14.9 17.2 18.3 20.4 23.2 25.7 27.2 27.9 30.4 33.9 
0.300 17.9 20.6 22.0 24.4 27.9 30.8 32.6 33.5 36.5 40.6 
0.350 20.9 24.0 256 28.5 32.5 35.9 38.0 39.1 42.6 47.4 

0.400 23.Si 27.5 29 3 31.6 37.2 41.1 43.5 44.6 48.7 54.2 
o 450 269 30.9 32 9 36.6 41R 46.2 48 9 .50.2 54.8 61.0 
0.500 29.9 34.3 366 40 7 46.5 51.3 54.1 55.8 60.9 67 7 
0.600 35.8 41.2 43.9 48.9 55.7 61.6 65.2 67.0 73.0 Rl 3 
0.700 41 S 48.1 51.2 57.0 65 o 71.9 76.0 78.1 85.2 94R 

U.80ü 47 8 54,9 58.5 65 :-· 74.3 82.1 86.9 89.3 97.4 10R 
0.900 53J! 61.8 65.9 73.3 83.6 92.4 97!:! tOO 110· 122 
1.0({) 59.7 68.7 73 2 81.4 92.9 103 109 112 122 135 
1.500 89 6 103 110 1'- 139 154 163 167 183 203 
2.0CO 119 137 146 16:? 186 205 21';' 223 243 271 

2500 149 172 183 20.: 232 257 27~ 279 304 339 
3.0GO 179 20G 220 '"'"' 279 ]08 320 335 3M 406 
3.5CO 209 240 256 28~ 325 359 380 391 4U. 474 
4,(,'{)0 23:1 27: 2')3 32é 372 411 435 446 487 542 
4.500 269 309 329 366 418 462 4H9 502 548 610 

5.000 29~ }.!3 366 407 465 513 :,43 558 609 677 
5.500 329 37E 403 M> 511 565 !59'i 614 670 745 
6.(00 358 412 439 489 557 616 652 670 730 Hl3 
6 500 38S 4<6 476 57.9 604 66? 706 725 791 881 
7 noo 41_;¡ 4Rl 512 57() 650 719 760 781 852 948 

7 500 44S 515 549 611 69i 770 81~ 837 913 1,016 
BCOO 47R 549 5R5 (i~ 1 743 821 R69 893 974 1,084 
8500 so~ 584 622 692 790 873 92J 949 l.OJS 1,151 
SI OOU 53::! 61< 65') '"';~· 83ó ')24 978 1.004 1.096 1219 
9 SO'J 567.......- 652 695 ";'j.¡ 883 975 1,032 1,060 1,156 1.287 

10000 597 6Ei 732 ~ ~~ Y2') 1.02";' l.OHó 1.116 1.217 1355 

\lute Thl\ tdblc wao. dc•veloped toe mfonnatiOnJI purposes; only and IS spc:::1fi:: to the follow1ng condmons: T1 .. 68°F; G, "' 0.6. 11 = 0.000069; k ~ 
= ]O:. 71. anj Tb ..:c. 519 (,;nR 
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4.3 
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7.1 

8.6 
10.0 
114 
12.8 
14.3 

214 
28.5 
35.6 
42.8 
49.9 

57.0 
64.1 
71.3 
85.5 
99.8 

114 
128 
143 • 214 
285 

356 
428 
499 
570 
641 

713 
784 
855 
927 
998 

1,069 
1,140 
1,212 
1.283 
1.354 

1.425 

1.3;Ph 



-----------------------------------
API IIPM:SU4. ~. 3 'l2 • 07322'l0 OS038'lb• 112 -

SEcnoN 3-CciNcENTRtc, SauARE-:ooeo ORtFICE METERS, PART 3~ GAs APPUCATIOHS 45 

Table 3-B-5-Continued 

Nommal Pipe: Diamctcr 

61nches 8 Inches 10 lncbcs 

R~0!10S 4.897 5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 10.o36 

0.020 3.5 3.7 4.1 4.3 5.4 5.7 5.7 6.8 7.1 7.1 
0.030 5.2 5.5 6.1 6.4 8.1 8.5 8.6 10.2 10.6 10.7 
0.040 6.9 7.3 8.2 8.6 10.8 11.3 11.4 13.5 14.2 142 
0.0~0 8.7 9.2 10.2 10.7 13.5 14.1 14.3 16.9 17.7 17.8 

0.060 10.4 11.0 12.2 12.9 16.2 17.0 17.1 20.3 21.3 21.3 
0.070 12.1 12.9 14.3 1.5.0 189 19.8 20.0 23.7 24.8 249 
0.080 13.9 14.7 16.3 17.2 21.6 22.6 22.9 27.1 28.4 28.4 
0.090 15.6 16.5 18.4 19.3 24.3 25.4 25.7 30.5 31.9 32.0-
0.100 17.3 18.4 20.4 21.5 27.0 28.3 28.6 33.9 35.5 35.5 

0.15C 26.0 27.5 30.6 32.2 40.5 424 42.9 50.R 53.2 53.3 
0.200 34.7 36.7 40.8 42.9 54.0 56.5 57.2 67.7 71.0 71.1 
0.250 43.3 45.9 51.0 53.7 67.5 70.6 71.4 84.6 88.7 88.8 
0.300 52.0 55.! 61.2 64.4 81.0 84.8 85.7 102 106 107 
0.350 60.7 64.3 71.4 7.5.2 94.5 989 100 118 124 124 

0.400 69.4 73.5 81.6 85.9 108 113 114 135 142 142 
0.450 78.0 82.6 91.8 96.6 121 127 129 152 160 160 
0500 8li.7 9J.R 102 107 135 141 143 169 177 178 
0.600 104 110 122 129 162 170 171 203 213 213 
0.700 121 129 143 150 189 198 200 237 248 249 

O. !lOO 139 147 163 172 216 226 229 271 284 284 
0.900 156 165 184 193 243 254 257 305 319 320 
1.000 173 184 204 215 270 283 286 339 355 355 
1.500 260 275 306 322 405 424 429 508 532 533 
2.000 347 367 408 429 540 565 572 677 710 711 

2.~00 433 4>9 510 537 675 706 714 846 887 888 
3.000 520 551 ríl2 644 810 848 857 1,016 1,064 1,066 
3.500 607 643 714 752 945 989 1.000 I,lR.5 1.242 1.244 
4.000 694 735 816 859 1.080 1.130 1.143 1,354 1.419 1,421 
4.500 780 826 918 966 1.215 1.272 1.286 1.524 1.596 1.599 

5.000 867 918 i.02U 1,074 1.350 1.413 1.429 1.693 1.774 l. m 
5.500 95·i 1,010 1.122 1,18! 1.485 1.554 1,572 1.862 1,951 1.954 
6.000 1,040 1.102 1.224 1,288 1,621) 1.695 1,715 2,031 2,129 2,132 
6.500 1,127 1.194 1.326 1,396 1,7.55 1.837 1.857 2,201 2,306 2.310 
7.000 1.214 1,23G 1,42~ 1~":03 1.890 1,978 2,000 2,370 2,483 2,487 

7 500 1 ,3!Xl 1,377 1,530 1,611 2.025 2.119 2,143 2,.539 2,661 2,665 
HOOO 1.337 1,469 1,632 1,718 2.1li0 2.261 2,286 2,708 2,838 2,843 
lt50U 1.474 1.561 1.734 1,825 2.295 2,402 2.429 2,878 3.016 3.020 
9.000 1 ,56U 1,653 UUD 1,933 2.430 2.543 2.572 3.047 3.193 3,198 
9.500 1,647 1.745 1.938 2.~0 2.565 2.685 2,715 3,216 3,370 3,376 

10.000 1,7]·1 1,837 2,(}10 2,147 2,700 2.H2ú 2,858 3,31!6 3,548 3.553 

Nute. This mble w:lS developed for mfonnltiOr.at nurp<heS ooly and li spccifi.c wthe following conditions: T1 = 68°F; G, = 0.6; J.l = 0.000069; k = 1.3; P, 
= 14 73. and '7'~ = .'i 19.67°R. 
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Tabla 3-B-5-Continuad 

Nomlllnl Ptpe Diameter 

12 lnches J6lnches 20Inehes 24lnehes 30 !nches 

Rt!0 /10' 11374 11.938 12.090 !4.688 15.000 15.250 18.812 19.000 19.250 22.624 23000 23.250 28.750 29.000 

0.150 60.4 63.4 64.2 78.0 79.7 81.0 99.9 101 102 120 122 123 !53 !54 
0.200 80 . .5 84.5 85.6 1().4 106 108 133 135 136 160 163 !65 204 205 
0250 iOl 106 107 130 133 !35 167 !68 170 200 204 206 254 257 
0.300 121 127 128 !56 !59 162 200 202 204 240 244 247 305 308 
0.350 141 148 !50 182 186 189 233 235 239 280 285 288 356 359 

0.400 161 169 171 208 212 216 266 269 273 320 326 329 407 411 
0.450 181 190 193 234 239 243 300 303 307 360 366 370 458 462 
0.500 201 211 214 260 266 270 333 336 341 401 407 412 509 513 
0.600 242 254 257 312 310 324 400 404 409 481 489 494 61! 616 
0.700 282 296 300 364 372 m 466 471 477 561 510 576 713 719 

0.800 322 338 342 416 425 432 533 538 545 641 651 659 814 821 
0.900 362 380 385 468 478 486 599 605 613 721 733 741 916 92' 
1.000 403 423 428 520 531 S< O 666 673 682 801 814 823 1.018 1,027 
1.500 604 634 . 642 780 797 810 999 1,009 1,022 1,202 1,222 1,235 1.527 1,540 
2.000 805 845 856 1.040 1,062 1,080 1,332 1,345 1,363 1,602 1,629 1,646 2,036 2,054 

2.500 1,007 1,0.57 1,070 1,300 1,328 1,350 1,665 1,682 1,704 2,003 2,036 2.058 2..545 2,!'167 
3.000 1.208 1,268 1,284 1,560 1.593 1,620 1,998 2,018 2,045 2,403 2,443 2,470 3,054 3,080 
3.500 1,409 1.479 1,498 \,S20 1.859 I,R90 2,331 2,355 2.386 2,804 2,850 2,RR1 3,563 3,5Q4 
4.000 1.611 1.69! 1,712 2.080 2.124 2.160 2,664 2.691 2,726 3.204 3,257 3.293 4,072 4,107 
4.500 1.812 1.902 1.926 2.340 2,390 2,430 2,997 3,027 3,067 3,605 3,665 3,704 4.581 4,621 

5.000 2.014 2.11) 2,140 2,600 2.655 2,700 3.330 3.364 3,408 4.005 4,072 4.116 5,090 5,134 
5.500 2.215 :.!.325 2.354 2,1i60 2.921 2.970 3.663 3,700 3,749 4,406 4,479 4.528 5,599 5,647 
6.000 2.416 2.536 2,568 3.120 3.187 3240 3,996. 4,036 4,089 4,806 4$86 4.939 6,10H 6,161 
6.500 2,618 2.747 2,782 3.380 3.4!12 3.~10 4,329 4,373 4,430 5.207 5.293 5.351 6,617 6,674 
7.000 2.819 2.959 2.996 3,640 3.718 3,780 4,662 4,709 4,711 5.607 5,700 5,762 7,126 7,188 

7.500 3,020 3,170 3.210 3,900 3.983 4.0~0 4,996 5,045 ~.112 6,008 6,108 6,174 7,635 7,701 
8.()()(} 3.222 3,381 3.425 4,16() 4,249 4,320 5,329 5,382 5,453 6,408 6,515 6,586 8,143 8,214 
8.500 3,423 3.593 3.639 4.420 4.514 4.590 5,662 5,718 .5,793 6.809 6,922 6.997 8,652 8,728 
9.000 3.624 3.804 3.853 4,680 4.730 4.860 5.995 6,055 6,134 7.209 7.329 7.409 9.161 9,241 
Y.500 3,826 4,015 4,067 4,Y•W 5.045 5.!30 6,328 6,391 6,475 7,610 7,736 7.820 9,670 9,754 

10.000 4,027 4.227 4.281 5,201 5.311 5.399 6,661 6,727 6.816 8,010 8.143 8,232 10,179 10.268 
12.000 4,833 5,072 5,137 6,2<:1 6,373 6,479 7,993 8,073 8,179 9.612 9,772 9,87R 12.215 12,321 
15.000 6,041 6,340 6.421 7,801 7,966 8.099 9,99! 10,091 10.224 12,016 12.215 12.348 15,269 15,402 
18.000 7,249 7,608 7,705 9,361 9,560 9,719 11,989 12,109 12,268 14,419 14,658 14,818 18.323 18,482 
2!.000 8,457 8,R76 8.989 !0,921 11,153 11 .J~9 13,9lP 14,127 14,J 13 16,822 17,101 17,2R7 21,377 21,563 

24.000 9,665 10,144 10.27J 12,481 12,746 12,93Q 15,936 16,145 16,358 19,225 19,544 19,757 24.430 24,643 
27.000 !O.F73 1: ,412 11.55R 14,0.!1 14.340 14,S79 17,9H4 UUM 18,403 21.62H 21,987 22.22G 27.484 27,723 
30.000 12.081 :2.680 12.842 1~.60:. !5,933 16.198 19,982 20,182 20.447 24,031 24.430 24,696 30.538 30.804 

Kotc: This tablo wa.~ dcvclopcd for in:'orrnauon:ll purposes onl~ anc 1s spcc¡ñc 10 the follcwm~ condJttons: T1 == 68"¡.;; G, == O.ó; 11 = O 000069; k -
= 14 73; and T, = 519.67°R 

Copv.-19"'·: D· tr.'!' AMEPICAN PETI:'OL.E:JM lNST:TUH: (AP!) 
iu'!' Cct OS l.:· :7 !E !99o 

29.250 

!55 
207 
259 
31! 
362. 

4!4 
466 
518 
621 
725 

829 
932 

1,036 
1.553 
2,071 

2,589 
3,107 
3,625 
4,143 
4.660 

5,178 e 

5,696 
6,214 ... 
6,732 • '1 
7,249 

7,767 
.. 

8,285 
8,803 .. -' 
9,321 '"': 
9,839 

10,356 .\. 

12,42.8 
15.535 
18.642 
21,748 

24,855 
27,%2 
31,069 

l.3; P. 

• 
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SECT10N 3-CoNcerrRIC, SauARE-EDGEo ORIFICE METERS, PART 3-NAnlw.. GAs APPLJCATlONS 

Table 3-B-6-Expansion Factors for Flange Taps (Y,): Static Preissure Taken From Upstream Taps 

h .. ,/P1, 0.1 0.2 0.3 0.4 

0.0 1.0000 1.0000 1.0000 1.0000 

0.1 0.9989 0.9989 0.9989 0.9988 
0.2 0.9977 0.9977 0.9977 0.9977 
03 0.9966 0.9966 0.9966 0.9965 
0.4 0.9954 0.9954 0.9954 09953 
0.5 0.9943 0.9943 0.9943 0.9942 

0.6 0.9932 0.9932 0.9931 0.9930 
0.7 0.9920 0.9920 0.9920 0.9919 
0.8 0.9909 0.9909 0.9908 0.9907 
0.9 0.9898 0.9897 0.9897 0.9895 
1.0 0.9886 0.9886 0.9885 0.9884 

1.1 0.9875 0.9875 0.9874 0.9872 
1.2 0.9863 0.9863 0.9862 0.9860 
13 0.9852 0.9852 0.9851 0.9849 
1.4 0.9841 0.9840 0.9840 0.9837 
1.5 0.9829 0.9829 0.9828 0.9826 

1.6 0.9818 0.9818 0.9Bl7 09814 
1.7 0.9806 0.9806 0.9805 0.9802 
1.8 0.9795 0.9795 0.9794 0.9791 
1.9 0.9784 0.9783 0.9782 0.9779 
2.0 0.9772 0.9772 0.9771 0.9767 

2.1 0.9761 09761 0.9759 0.9756 
2.2 0.9750 0.9749 0.9748 0.9744 
23 0.9738 0.9738 0.9736 0.9732 
2.4 0.9727 0.9726 0.9725 0.9721 
2.5 0.9715 o 9715 09713 0.9709 

2.6 0.9704 0.9704 0.9702 0.9693 
2.7 0.9693 09692 0.9691 0.9686 
28 0.9681 0.9681 0.9679 0.9674 
2.9 0.9670 0.9669 0.9668 0.9663 
30 0.965H O Y65H 0.9656 0.9651 

3.1 0.9647 0.9641 0.9545 0.9639 
3.2 0.9636 0.963.5 0.9633 09628 
33 0.9624 0.9624 0.9622 09616 
34 0.961:3 0.9612 0,9610 0.96().1 
3.5 0.9602 0.9601 0.9599 0.9593 

36 0.9590 0.9.590 0.9587 0.9581 
3.7 0.9579 0.9578 0.9576 0.9570 
:u: 09567 09567 0.9564 o 9553 
3.9 0.9556 0.9555 o 9553 0.95-15 
4.0 0.9545 o 95.:!4 0.95<1:.?. 0.9535 

Copvr-¡ght p, t~">e AMERICMl PETPOLEUI-' INST:TUTE (AF!: 
jue Oc:t 08 J4,J7.¡e J99o 

0.45 0.50 

1.0000 1.0000 

0.9988 0.9988 
0.9976 0.9976 
0.9965 0.9964 
0.99.53 0.9952 
0.99U 0.9940 

0.9929 0.9928 
0.9918 0.9916 
0.9906 0.9904 
09894 09892 
0.9882 0.9880 

0.9870 0.9868 
0.9859 0.9856 
C.9847 0.9844 
0.98::t5 0.9832 
0.9823 0.9820 

0.9811 0.9808 
0.~800 0.9796 
0.9788 0.9784 
Q,9';']6 0.9772 
0.9764 0.9760 

0.9753 0.9748 
09741 0.9736 
0.9729 0.9724 
0.9717 0.9712 
0.~705 0.9700 

0.9694 0.9688 
0.9682 0.%76 
0.9670 0.9664 
0.9658 0.%52 
0.9647 0.9640 

0.9635 0.9628 
0.9623 0.9úHí 
0.9611 0.9604 
0.9.599 0.9592 
09~88 0.9580 

0.9.576 0.9568 
0.9564 0.9556 
09552 0.9544 
0.9.540 0.9532 
o 9529 0.9520 

fi ~ d{D 

0.52 0.54 ll56 0.58 0.60 0.61 

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.9988 0.9988 0.9988 0.9988 0.9987 0.9987 
0.9976 0.9976 0.9975 0.9975 0.9975 0.9975 
0.9964 0.9963 0.9963 0.9963 0.9962 0.9962 
0.9952 0.9951 0.99~1 0.9950 0.9949 0.9949 
0.9940 0.9939 0.9938 o,99JS 0.9937 0.9936 

0.9927 0.9927 0.9926 0.992S 0.9924 0.9924 
0.9915 0.9915 0.9914 0.9913 0.9912 0.9911 
0.9903 0.9902 0.9901 0.9900 0.9899 0.9898 
0.9891 0.9890 0.9889 0.9888 0.9886 0.9885 
0.9879 0.9878 0.9877 0.9ll75 0.9874 0.9873 

0.9867 0.9866 0.9864 0.9863 0.9861 0.9860 
0.9855 0,9853 0.9852 0.9850 0.9848 0.9847 
0.9843 0.9841 0.9840 0.9838 0.9836 0.9835 
0.9831 0.9829 0.9827 0.9825 0.9823 0.9822 
0.9819 0.9817 0.9815 0.9813 0.9810 0.9809 

0.9806 0.9805 0.9803 0.9800 0.9798 0.9796 
0.9794 0.9792 0.9790 0.9788 0.9785 0.9784 
0.9782 0.9780 0.9778 0.9775 U.9772 0.9771 
0.9770 0.9768 0.9766 0.9763 0.9760 0.9758 
0.9758 0.9756 0.9753 0.9750 0.9747 0.9745 

0.9746 0.9744 0.9741 0.9738 0.9734 0.9733 
0.9734 0.9731 0.9729 o.97n 0.9722 0.9720 
0.9722 0.9719 0.9716 0.9713 0.9709 0.9707 
0.9710 0.9707 0.9704 0.9700 09697 09694 
0.9698 0.9695 0.9692 0.9688 0.9684 0.9682 

0.9686 0.9683 0.9679 0.9675 09671 0.9669 
0.9673 0.9670 0.9667 0.9663 09659 0.9656 
0.9&51 0.9658 0.9654 0.9650 0.9646 0.9644 
0.9649 0.9646 0.9642 0.963R 0.9633 0.9631 
0.9637 0.9634 0.9630 0.9626 09621 0.9618 

0.9625 0.9622 0.9617 0.9613 o 9608 0.9605 
0.9613 0.9609 09605 0.9601 0.9595 0.9593 
0.9601 0.9.597 0.9593 0.9S88 0.9583 0.9.580 
0.9.589 0.9585 0.9.580 0.9576 0.9570 0.9567 
o.9sn 09.573 0.9568 0.9563 09558 09554 

0.9565 0.9560 0.9556 0.9551 0.9545 0.9542 
0.9553 0.9548 0.9543 0.9538 0.9532 09529 
0.9540 0.9536 0.9531 0.9526 0.9520 0.9516 
0.9528 0.9524 0.9519 0.9513 0.9507 0.9504 
0.9.516 0.9512 0.9.506 0.9501 0.9494 0.9491 

47 

0.62 

1.0000 

0.9987 
09974 
0.9962 
0.9949 
0.9936 

0.9923 
0.9910 
0.9897 
0.9885 
0.9872 

0.9859 
0.9846 
0.9833 
0.9821 
0.9808 

0.9795 
0.9782 
0.9769 
0.9756 
0.9744 

0.9731 
0.9718 
0.9705 
0.9692 
0.9680 

0.9667 
0.9654 
0.9641 
0.9628 
0.9615 

0.9603 
0.9590 
0.9577 
0.9.564 
0.95.51 

0.9538 
0.9526 
0.9513 
0.9500 
0.9487 
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Tl<l>le 3-B-6-Contlnued 

/l g d/D 

h • .IP¡, 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72 0.73 0.74 0.75 

0.0 1.0000 1.0000 1.0000 10000 1.0000 10000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

o 1 0.9987 0.9987 0.9987 0.9987 0.9987 0.9987 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 
02 0.9974 0.9974 0.9974 0.9974 0.9973 0.9973 0.9973 0.9973 0.9972 0.9972 0.9972 0.9971 0.9971 
0.3 0.9961 0.9961 0.9961\ 0.9960 0.9960 0.9960 0.9959 0.9959 0.9958 0.9958 0.99~8 0.9957 0.9957 
04 0.9948 09948 0.9948 0.9947 09947 0.9946 0.9946 0.9945 0.9945 0.9944 0.9943 0.9943 0.9942 
o.: 0.9935 o 9935 0.9934 0.9934 0.9933 09933 0.9932 0.9931 0.9931 0.9930 0.9929 0.9929 0.9928 

06 0.992) 09922 0.9921 0.9921 0.9920 0.9919 0.9918 0.9918 0.9917 0.9916 0.9915 0.9914 0.9913 
07 09910 09909 0.9908 0.9907 0.9907 0.9906 0.9905 0.9904 0.9903 0.9902 0.9901 0.9900 0.9899 
0.8 0.9897 0.9896 0.9895 0.9894 0.9893 0.9892 0.9891 0.9890 0.9889 0.9888 0.9887 0.9886 0.9884 
09 0.9HK4 O 9H83 0.9882 0.98!!1 0.9880 0.98'79 0,9R7B 0.9877 0.9875 09874 0.9873 0.9871 0.9870 
J.Ü 09871 09870 0.9869 0.9868 0.9867 0.986j 0.9864 0.9863 0.9861 0.9860 0.9859 0.9857 0.9855 

\.1 0.9858 0.9857 0.9856 0.9854 0.9853 0.9852 0.9851 0.9849 0.9848 0.9846 0.9844 0.9843 0.9841 
1.2 0.9845 09844 0.9843 0.9841 0.9840 0.9838 0.9837 0.9835 0.9834 0.9832 0.9830 0.9828 0.9826 
!.3 0.9832 0.9831 0.9829 0.9828 0.9827 0.9825 0.9823 0.9822 0.9820 0.9818 0.9816 0.9814 0.9812 
14 0.9819 09818 0.9816 0.9!!15 0.9!!13 0.9812 U.981U 0.9808 0.9806 0.9804 0.9802 0.9800 0.9798 
' < 09806 09805 0.9803 0.9802 0.980J 0.9'798 0.9'796 0.9794 0.9'792 0.9790 0.9788 09786 0.9'783 

\.6 0.979::. 09792 0.9790 0.9788 0.9787 0.9'785 0.9'783 0.9781 o.m8 0.9716 0.9774 0.9771 0.9'769 
1 7 0.9780 o 9779 0.9777 09775 0.97.,3 0.9'771 0.9769 0.9'767 0.9764 0.9762 0.9760 0.9757 0.9754 
J. E 0.9768 O<f766 0.9764 0.9762 0.9'760 0.9'758 0.9755 0.9753 0.9'751 0.9748 0.9745 0.9743 0.9'740 
!.9 0.9755 0.9753 0.9751 0.9749 0.9747 0.9744 0.9742 0.9'739 0.9737 0.9734 0.9731 0.9728 0.9725 
2.0 0.9742 09740 0.9738 0.9735: 01733 0.9731 0.9728 0.9'726 0.9723 0.9'720 0.9717 0.9714 0.9'711 . ~: 

2.1 0.97::!9 0.9727 0.9725 0.9722 0.9720 0.9717 0.9715 0.9712 0.9709 0.9706 0.9703 09700 0.9696; ~ 

2.2 097\ú 0.97i4 0.9711 0.9709 0.9706 0.9704 0.9701 0.9698 0.9695 0.9692 0.9689 0.9685 0.9682~ 'i 
2.3 0.9703 09701 0.9698 :_:: o 9696 0.9693 0.9690 0.9688 0.9685 0.9681 0.9678 0.9675 0.9671 0.9667 ." 

., 
2.4 0.9690 o 9688 0.9685 ' 0.9683 0.9680 0.9677 0.9674 0.9671 0.9668 0.9664 0.9661 0.9657 0.9653~ • ¡; 
25 o 9(,7'7 0%75 0.9672 0.966Q 0.9666 0.9663 0.9660 0.9657 0.9654 0.9650 0.9646 0.9643 0.9639 .• ¡, 

2.6 09ó64 0.9662 0.9659 0.9656 0.9653 0.9650 0.9647 0.9643 0.9640 0.9636 0.9632 09628 0.9624 "~1 2.7 09651 o 9ó4~ 0.9645 0.964] 0.9640 0.9637 0.9633 0.9630 0.9626 0.9622 0.9618 0.9614 0.9610 
2.8 o 9638 0.9636 0.9633 0.9630 0.9626 0.9623 0.9620 0.9616 0.9612 0.9608 0.9604 0.9600 0.9S9!i.. l 
2.9 o 9625 09623 0.9620 096\6 0.9613 0.9610 0.9606 0.9602 0.9598 0.9~94 0.9590 0.9585 0.9581'~ -~ 
3.0 o 'J6 .:! 09610 0.9606 -. 09603 09600 0.9596 0.9592 0.9588 0.9584 0.9580 0.9576 0.9571 0.9566',\ ., 
j ! 09600 0.9597 0.9593 09590 0.9586 0.9583 0.9579 0.9575 0.9571 0.9566. 0.9562 0.955'7 0.9SS2"' ~ 
. " ,_ u ~·se~ O.'J5S4 0.9530 0.9577 0.9573 0.9569 0.9567 0.9561 0.9557 0.9552 0.9547 0.9542 o.9sn ~- ~ 
3.3 o 95io! o 9571 0.9567-- -0 9564 0.9560 0.9556 0.9552 0.9547 0.9s.t3 0.9538 0.9533 0.9528 D.9S25 
3-! o 9~ó o 9558 0.955·1 -·-0.9550 0.9S46 0.9542 0.9538 0.953iJ 0.9529 0.9524 0.9519 0.9514 0.9508 

3 ' 
00)-;f, 0.9545 o 9541 0.9537 0.9533 0.9529 0.9524 0.9520 0.9515 0.9510 0.9505 0.9500 0.9494 

3.5 09~J5 09532 0.9523 0.95~4 0.952(, 0.9515 0.951! 0.9506 0.9501 0.9496 0.9iJ91 0.9485 0.9480 
::1 o<:-~~:: 0.9518 0.9515 0.9511 0.9506 0.~502 0.9<497 0.9492 0.9487 0.9482 O.IJ477 0.9471 0.0465 
~ .!-. OC.:""OC o 1}505 0.9502 09.!0": 0.9493 O.Q4RR 09484 0.947C! 0.9474 0.9468 09463 0.9457 0.9451 
:: 9 oc;.:go o 949:::: 0.9483 09.:f,.: 0.~80 0.9-H5 0.9470 0.946.5 0.946) 0.9454 0.9448 0.9442 0.9436 
'· •) O e:.~~' C• :'l-::o 0.9475 o 9.:-;-. 0.9465 0.9462 0.9457 0.94~ 1 0.9446 0.9440 0.9434 0.9428 0.9422 

:Op,~.;o:-·. :J. u·-: :. ... ;::~::A·. ~¡:r;c:_;::u ... ¡r;sr:rvoE 1AP;; 
:--.._.., C:: o:- :.! .ce._ 
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Table 3-B-7-F,. Factors Usad lo Change From a Tabla 3-B-B-F., Factors Usad to Changa From a 
Pressure Base o! 14.73 Pounds Force par Square 

lnch Absoluta to Other Pressure Bases 

~= 
14.73 

Cantract pressure base, psia 

Pre5sun: Base 
(pounds force pcr squere tnch absolutc) 

14.4 
14.525 
14.65 
14.696 
14.70 
14.725 
14.73 
14.735 
14.175 
14.90 
15.025 
15.15 
15.225 
15.275 
15.325 
15.40 
15.525 
15.65 
15.775 
15.90 
16.025 

• 16.15 
16.275 
16.40 
16.70 

Coo• .. 19"~ O• ::.roe A"'ER:CAIJ PETROC.EUM IN:;TJTUTE: IAP:' 
lueOc·. o:: 1<:.·:7·1E ¡qoo 

F,. 

1.0229 
1.0141 
1.0055 
1.0013 
1.0020 
1.0003 
1.0000 
0.9997 
0.9970 
0.9886 
0.980' 
0.97:3 
0.9675 
0.9(43 
0.~612 
0.95 55 
0.948F 
0.9412 
0.9336 
0.9264 
0.9192 
0.912 ~ 
0.90~1 

0.8982 
0.!!820 

Temperatura Base o! so•F to Olher 
Temperatura Bases 

F..= 
Base °F + 459.67 

60 + 459.67 

Thmpo-ature Tempen.rure 
(oF) Fo (oF) Fo 

40 ·- 0.9615 65 1.0096 
41 0.9634 66 l.Oll5 
42 0.91.'iS4 67 1.0135 
43 0.9673 68 1.0154 
44 0.9692 69 1 0173 
45 0.9711 70 1.0192 
46 0.9731 71 1.0212 
47 0.9750 72 1.0231 
48 0.9769 73 1.0250 
49 0.9788 74 1.0269 
50 0.9808 75 1.0289 
51 0.9827 76 10308 
52 0.9846 77 1.0327 
53 0.9865 78 1.0346 
54 0.9885 79 1.0366 
55 0.9904 80 1.038.5 
56 0.9923 81 1.0404 
57 0.9942 82 1.0423 
58 0.9962 83 1.0443 
59 0.9981 84 1.0462 
60 1.0000 85 1.0481 
61 1.0019 86 1.0500 
(,2 1.0038 "' 1.0520 
63 10058 "' 1 0539 

"' 1J.XJ77 89 1.0558 
90 1.0577 
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Table 3-8-9-F" Factors Usad to Changa From a Rowing 
Temperatura ot 60'F to Actual Flowing Temperatura 

Temperature 
(OF) F, 

-20 !.0872 
-19 1.0859 
-18 1.0847 
-17 1.083."i 
-16 1.0823 
-15 1.08 JO 
-14 1.0791:1 
-13 1.0786 
-12 1.0774 
-11 1 ')762 
-lO 1 0750 
-9 1.0738 
-8 1.0726 
-7 1.0715 
-6 1.0703 _, 

1.0691 
-4 I.Otí79 
-J 1.0668 
-2 1.0656 
-1 1.0644 
o 1.0633 
1 1.0621 
2 1.0610 
J 1.0598 
4 !.0587 
5 1.0.575 
6 1.056<\ 
7 1.0553 
8 - ·¡ 0').41 

9 1.0530 
10 l.U5 !!J 
11 !.OSOS 
12 1.0497 
13 l 0485 
14 l.f)47..t 

15 1.0463 
16 1 0452 
17 1.04<11 
18 1 0430 
19 1 041 1) 

20 1 (:40>J 
21 1 019~ 
22 1 0387 
23 1 C·376 
21 1 036~ 
25 l 0355 
26 1 034.! 
27 1 r.:n~ 
28 1 0323 
2'J 1 OJJ: 
30 1 OJQ2 
31 1 C29! 
32 1 02Hl 
31 1 C270 
34 1 0260 
35 1.0250 
36 - 1.02)') 

Copvr¡g~.: o. tn~ AMER:CM• I=ET~C:.El!"' !NSTli'JTE: lA;::;: 
iue Oc: o,;: 14=!:"·:1: :Q9o 

1 
1 
1 
' 

1 
1 

1 

' 

F, 
- /60 + 4~9.67 
- V r, + 459.67 

Tempenuure Tcmperalure 
('r) F, ('F) 

37 !.0229 94 
38 1.0219 9~ 
39 1.0208 96 
40 1.0198 97 
41 1.0188 98 
42 1.0178 99 
43 1.0168 lOO 
44 1.0158 101 
45 1.0148 102 
46 1.0137 103 
47 1.0127 104 
48 1.0117 105 
49 1.0108 106 
50 1.0098 107 
51 1.0088 108 
52 1.0078 109 
53 1.006!! 110 
54 1.0058 111 
55 1.0048 112 
56 1.0039 113 
57 1.0029 114 
58 1.0019 115 
59 1.0010 116 
60 1.0000 117 
61 0.9990 118 
62 0.991:il 119 
63 0.9971 120 
64 09962 121 
61 0.9952 122 
66 0.9943 123 
67 0.9933 124 
68 0.9924 125 
69 0.9915 126 
70 0.9905 127 

0.9896 128 
"O '- 0.9887 129 
73 09877 130 
'/4 0.9868 131 
75 0.9859 132 
76 0985U 133 
7" o Q840 134 
7A 09831 135 
79 0.9822 .. 136 
80 09813 137 
81 09804 138 
82 o 9795 139 
RJ OQ786 140 ,, 09777 141 
85 09768 142 
86 U.!fl5'} 143 

" 0.9750 144 
88 09741 145 
89 09732 146 
90 09721 147 
1! 0.9714 148 
IJ:! 0.97Ub l41J 
93 0.9697 150 

F, 

0.9688 
0.9679 
0.9671 
0.9662 
0.9653 
0.9645 -· .. 
0.9636 
0.9627 
0.9619 
0.9610 
0.9002 
0.9593 
0.9585 
0.9576 
0.9568 
0.9559 
09551 
0.9543 
0.9534 
0.9526 
0.9518 
0.9509 
09501 
0.9493 
09485 
OIJ477 
0.9468 
0.9460 
o Q.452 
09444 
IJ.~36 
0.9428 
09420 
09412 
09404 
0.9396 
09388 
0.9380 
0.9372 
09364 
09356 
09348 
09340 
0.9332 
09325 
09317 
o 9309 
0.9301 
0.9294 
li.IJ2B6 
0.9278 
09271 
09263 
O.Q2.'i5 
09248 
0.')240 
o.nn 
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SECTJON 3-CoNcENTRIC, SauAFE-E:oc!Eo ORIAcE METERS, PART 3--N.<!uRAL GAs APt>liCATIONS 

Table 3-B-10-F0, Factc;s Used to Adjust for Real Gas Relativa Denslty (G,): 
Base Conditions o! 60°F anc 14.73 Pounds Force par Square lnch Absoluta 

F,. Ri 
F• 

G, 0.000 0.001 0.002 0.003 0.001 0.005 0.006 0.007 

0.550 !.3484 !.3472 0.3460 1.3447 1.:\435 1.3423 1.3411 1.3399 

0.560 1.3363 1.3351 1.3339 1.3327 1.3316 1.3304 1.3292 1.3280 
0.570 1.3245 1.3234 1.3222 1.321l 1·.3199 1.3188 1.3176 1.3165 
0.580 1.3131 1.3119 1.3108 1.3097 1.3086 1.3074 1.3063 1.3052 
0.590 1.3019 l.J008 1.2997 1.2?86 1.2975 1.2964 1.2953 1.2942 
0.600 1.2910 1.2899 1.2888 1.2878 1.2867 1.2856 1.2846 1.2835 

0.610 1.2804 1.2793 1.2783 1.2772 !.2762 1.2752 1.2741 1.2731 
0.620 1.2700 1.2690 1.2680 1.26ó9 1.2659 1.2649 1.2639 1.2629 
0.630 1.2599 1.2589 1.2579 1.2.569 1.2559 1.2549 t.m9 1.2529 
0.640 1.2500 1.2490 1.2480 1.2471 1.2461 1.2451 1.2442 1.2432 
0.650 1.2403 1.2394 1.2384 1.2375 1.2365 1.2356 1.'2.347 1.2337 

0.660 1.2309 1.2300 1.2290 1.2281 1.2272 1.2263 !.2254 1.2244 
0.670 1.2217 1.2208 1.2199 1.2190 1.2181 1.2172 1.2163 1.2154 
0.680 1.2127 1.2118 1.2109 1.2100 1.2091 1.2082 !.2074 1.2065 
0.690 1.2039 1.2030 1.2021 1.2012 1.2004 1.1995 1.1986 l.l97t:l 
0.700 1 1952 1.1944 1.1935 1.1927 1.1918 1.19l0 1.1901 1.1893 

0710 1 1868 1.1859 1.1851 1.1843 l.l834 1.1826 1.1818 1.1810 
0.720 1.1785 1.1777 1.1769' 1.1761 1.1752 1.1744 l.l736 1.1728 
0.730 1.1704 1 1696 t.l688 1.1680 l.L672 1.1664 1.1656 l.l648 . 
0.740 1.1625 1.1617 l.l609 1.1601 l.t593 1.1586 1.1578 1.1570 
0.750 1.1547 1.1539 l.l532 1.1524 1.1516 1.1509 1.1501 1.1493 

0.7 60 1.1471 1.1463 1.1456 l.l448 l.l.WI 1.1433 1.1426 1.141R 
0.770 1.1396 1.1389 1.1381 1.1374 1.1366 1.1359 1.1352 1.1345 
o. no 1.1323 l.l316 Ll308 1.1301 1.1294 1.1287 1.1279 1.1272 
0.790 1.1251 1.1244 1.1237 1.1230 1.1212 1.121.5 1.1208 1.1201 
O.ROO 1.11 RO 1.1173 1.1166 1.1159 1.11.52 1.1146 1.1139 1.1132 

ORlO 1 111 i 1.11()..1 1.1097 1.1090 1.1084 1.1077 1.1070 1.1063 
O.R20 l.IO·D 1.103(, 1.1030 1.1023 l.1016 1.1010 1.1003 1.0996 
o.~nu 1.0976 !.0970 1.0963 1.09.57 1.0950 t ,OQ44 1.0937 1.0930 
0.8·i0 l.OCJ 11 1.0904 1.089R 1.0891 1.0885 l.OR7R 1.0872 1.0866 
0.850 1.0846 1 0840 1.0834 I.Ob27 1.0!:121 1.0815 1.0808 1.0802 

0.860 1.0783 1.0777 1.0771 1.0764 1.07l8 1.0752 1.0746 1.0740 
0870 1.0721 1 0715 1.0709 1.0703 1.0696 1.0690 1.0684 1.0678 
O R~O 1.0660 1.0654 1 0648 1.0642 1.0636 1.0630 1.0624 1.061H 
O.R90 1.()(!1)() 1 0594 1 OSSR 1.0582 1.0576 1.0570 1.0564 1.0558 
0.900 1.054: 1 0535 1 0.'52CJ l.'l52; 1.0518 1.0512 1.0S06 l.0500 

0.910 1.04R:I lf\477 1~71 1.0466 1.0460 10454 1.0448 1.0443 
0.920 1.0426 1.0420 1Ji414 1 040CJ 1.0403 1.0398 1.0392 1.0386 
0.930 1 0370 1.0364 1 0358 1.0351 1.0347 1.0342 1.0336 1.0331 
0.9~0 i.OJH 1.0309 I.O.!OJ 1 02~1-! 1.0292 1.0287 1.0281 l.0271í 
o 950 1 0260 l.C25.: 1 0249 1.0244 1.0238 1.0233 1.0228 1.0222 
0.90() l.020Q 1.0201 1.01% 1.0!90 1.0185 1.0180 1.0174 1.0169 o 970 1 0153 10148 1 014J 1.0:38 1.0132 1.0127 1.0122 1.0117 
o 9~0 1.010:! 10096 '0091 I.OOEE 1.0081 1.0076 1.0071 1.0066 
0.9'.)0 1 0050 1 0041 1.0040 l {J(J35 1.0030 1.0025 1.0020 1.0015 
lJ))O 1 0000 

Copyr-¡9-;~ D· tn,. 4~EPl(AN DET>:01..EU~ !NST:TUE ¡¡:,;o:' 
'rue O::t OS lJ. ¡- lE ¡Clqo 
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0.008 0.009 

1.3387 1.3375 

1.3269 1.3251 
1.3153 1.3142 
1.3041 !.3030 
1.2932 1.2921 
1.2825 1.2814 

1.2720 1.2710 
1.2619 1.2609 
1.2520 1.2510 
1.2423 1.2413 
1.2328 1.2318 

1.2235 1.2226 
1.2145 1.2136 
1.2056 1.2047 
1.1969 1.1961 
1.1884 1.1876 

1.1802 1.1793 
1.1720 1.1712 
1.1640 1.1633 
l.l562 1.1~~5 
1.1486 1.1478 

1.1411 1.1403 
1.1337 1.1330 
1.1265 1.1258 
1.1194 1.1187 
1.1125 1.1118 

1.1057 LIOSO 
1.0990 1.(1983 
1.0924 1.0917 
1.0859 1.0853 
1.0796 1.0790 

1.0733 1.0727 
1.0672 1.0666 
1.0612 1.0606 
1.0553 1.0547 
1.0494 1.0489 

1.0437 1.0431 
1.0381 1.0375 
1.0325 1.0320 
1.0270 1.0265 
1.0217 1.0212 

1.0164 1.0159 
1.0112• 1.0107 
1.0060 1.0055 
1.0010 1.0005 
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CHAPTER 14-NATUIW. GAs fWIOS MEAS\OlEMEHT 

Tabla 3-B-11-Supercompressibility Factors (F .. ) lor 
G, = 0.6 W~hou1 Nitrogen or Carbon Dioxide 

T.....,.,......("F) 
p.,.,qre 
(psm} 20 40 60 80 100 120 

100 1.00947 1.00807 1.00687 1.00504 1.00496 1.00419 
200 1.02058 1.01762 I.OISI2 1.01294 1.01116 1.00938 
300 1.03218 '.02748 1.02355 1.02022 1.01740 1.01497 
400 1.04427 1.03764 1.03216 1.02756 1.02367 1.02035 
500 1 05688 1.04810 1.04093 1.03497 1.029% 1.02572 
600 1.06991) 1.0"1884 1.04983 1.04243 1.03625 1.03104 
700 1.08360 1.06983 1.05885 1.04990 1.04251 1.03631 
800 1.09766 1.08103 1.06793 1.05737 1.04871 1.04149 
900 l 11209 l.G9237 1.07703 1.06479 I.OS482 1.04656 

1000 1 12679 uo:n5 l.OR(lDf! 1.07211 1.06081 1 05150 
1100 1.14156 1.11~08 1.09SOI 1.07927 1.06663 1.05628 
1200 1.15616 1.12621 l.l0372 1.08622 1.07225 1.06087 
1300 1.17029 1.13696 l.ll2ll 1.09289 1.07763 1.06524 
!400 t.l8358 1.14715 1.12007 1.09922 1.08271 1.06935 
1500 1.19565 l.l5657 I.t2749 1.10512 1.08745 1.07318 
1600 1.20615 1.16504 1 13425 1.11054 1.09180 1 07669 
1700 1.21481 i.l7237 1.14025 l.II540 1.09573 1 07986 
1800 1.22146 1.17845 1.14541 1.11965 1.09919 1.08267 
1900 1 22606 1.18318 1.14965 1.12324 1.10216 I.OX509 
2000 1.22868 U8655 l.l.S294 1.12615 1.10462 1.08710 

Note The data i:1 this tablc were grnerated using the A.G.A. Gas Measu~ment Program. Copynght CO 1988 
American Ga~ Ac;sociatiou All right~ re.c;erved Gu mput data are as follows: % C02 = 0; % N1 =O; ~pecific 
gravity =O 6. Tb!s table was ocveloper. for rnformat10nal pur¡x:tSes only and 1s spec:ific to the gas quahty hsted. 
·¡ne dnto. m th1s tnble ore not subjec:' lo ndJ~ent tor rutrogen or carbon d!ox1de content and, bc:causc ot tneu 
bread range. should not be mteruolated. Wllh lhe A.G.A Program, the uJier e,stablishes the gas composll10n 
parameters and specifies me table range t.1at 1s consisten! with tl.eki or measurement condiuons. 

Coo.r-191-~ o. t~'~" AMEPJCAt< PETPOL!::UM !NSTTTUTi:: (AP; • 
Tu" oc~ oe J.!·:7.1e ¡Q«o 
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APPENDIX 3-C-FLOW CALCUI.ATION EXAMPLES 

3-C.1 General 
This appcndix presents two methods for calrulating the volume flow rate of natural gas 

through an orifice meter equipped with flange taps. 1he first melhod uses !he equations pre
sented in 3.3 through 3.5. The second method is based on the more nditional calculation 
formal, which involves the computation ofvarious factors. The equations used for the faetor 
approach are presented in Appendix 3-B. 

To assist the user in mtcrprc:ting the calculation methodology, the data set given below, 
wbich is for a single orifice meter, is used consistently througbout thc flow calculation cx
amples. The volume ftow rate is computed under tbe assumption that the measurements are 
absolute and witJJout error. It should be noted that depend.ing an tbe type of instrumentation 
used and the calibnuon methods employed, calibration and correction factors may need to 
be applicd. For simplicity in ¡:sing hand calcJdations andfor.east! ofinurpretalion in lht! 
following cxamplcs. intumediate wzlues are rountkd to six significan! digits. Pan 4 shou/d 
be usedfor any implementation ofthe equmions. 

3-C.2 Given Data 
The orifice meter consists r.f a carbon steel meter tube equipped with Oange taps and o 

Type 304 srainless steel orifice plate. Slatic press~re measurements are taken from the up
Mream tap. 

d, 

D, 

G, 

"· 
P, 

mean orificc borc diameter at 1~ of 68°F, in inches 
= 4.000. 
= 
= 
= 
= 

= 

= 

mean meter tu be interna} diarneter at T,. of 68°F, in inches 
8.071. 
real ga.s rebttve density (specific gravity} 
0.570. 
average differential pressure. in inches of wnter at 6QOF 
50.0. 
contract base pressure, m pounds force per square inch absolutt! 
14.65 

l}, = average upstream Jbsolutc statlc prcssurc. in pounds force pcr squan: inch ah<::olutc 
370.0. 

T~ = t.:untract b:t'le ternper.:uurc uf 50°F, in degrees Rankine (50°F + 459.67) 
= )09.67 

T¡ :. flnw1ng tcmpcramrc of fi~0 l:. m degree<:: Rankme (6~ 0 r-' + 4.59.67) 
524.67. 

xc carbon dmxide contcr.t. in mole percent 
0.00 

xn mtmr,cn contc:nt, m mole percent 
1.10 

k tscntrop1c exponent (cr/t:~) 
1.3. 

a 1 hnenr coefticient ol thermal expansion for a stainless steel oriftcc:: plau:, 10 inche!. 
p::- inch· 0 t-
0.00000925. 

a 2 linear cocfficicnt of tbermal ex.pansion for a carbon steel meter robe, in inches pcr 
Htch-°F 
U.OU00062U. 

¡..t = dynumic vtscosity. in pounds mass pcr foot-second 
= 0.0000069. 
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3-C.3 Calculatlon Examples 

3-C.3.1 METHOO 1' VOLUME FLOW RATE CALCULATION BASED ON 
3.3 THROUGH 3.5 

3-C.3.1.1 General 

Using the given data c;et, the \':Jiume ftow rate of natural p:as, in cubic feet per hour at 
standard conditions, can be calcull'ted using Equation 3-6h: 

J 
1'. z ¡, 

Q. = 7709 61 C,(Fr)E.Y,d' ...L.:...::.. 
G,Zr,T, 

(3-6b) 

Note· Since the ~lv~ data com:tin VAlucs for the contrnct base pressure (14.6S pounds force per ~quare inch ah
snlute) 11nd tcmperAtme (50T) th11 diiTc1 from the vnlue1 establistted in Pnrt3 a! Slllndanl conditlons (lti.7J 
round<: for~ per <:qn:.n• Íllch :th~ule l111116fl'"f), the initi11l Cllfl;uJate~l nnw JniC R( !iilslnthlni rtmflitirm! wil\l'l"'JIIÍn" 
conversion to the now rote 11t t;.n:se conditions of 14 65 rmmds force per squan: inch llb:mlute and SO"P'. 

1lte systematic approach to solving the volume now rate equation_above involve!; thc cal
culaliun of the intermediate values described 3·C.3.1.21hrou{!h 3-C.3.1.7. 

1-C.3.1.2 Flange-Tapped Orlflce Meter Coefflclenl of Dlscharge [C.(FnJ 

Thc. following equí1lion~ are used to cnlculnte the coefficient of di!;charge, C,¡o(Ff): 

J\l<;o, 

c,<Frl c,wri + o.ooos11(
10'P)"' + ro.o210 + o.0049A>fJ'C (3-lll 
U en 

C.( Fr) = C, ( CT) + Tnp Tenn 

C,ICT) 

Up:rtrm 

nmrfm 

0.5961 + 0.0291/1' - 0.2290/1' + 0.00~(1 - {J)M, 

(0.0433 + J.0712e·"'- 0.1145e-"'']ll- 0.23A)R 

-O.OIIG(M, - 0.52M;')fJ 11 (1 - 0.14!1) 

R 
[J' 

1 - fl' 

MI ma<( 2.R 
/) 

o o J N ' 

M, - 2L, 
1 - fl 

A (IY~~r 
Rc1 , 

e = ( 10' r· l Re" 

(:l-12) 

(~-IJ) 

(3-14) 

(3-15) 

0-1(•) 

(3-17) 

(:l-1 Rl 

(1-19) 

0-211) 

(:l-21) 

r ',.¡(PT) -- codfirtcnl nf d!'!.chargc ata .o>pcciflr.d p1pc Rcynolc1o::: numhcr for n nanp,c
t3pr('ci orífice metf't 

C.,<CT) ,.... c-oerfiricnt of rti~clmrJ!e at cmmfinite pipe Reynolds numher fnr corner
lapped 01 ificc meter 

f )f7T') = C'n("HiciC"nt nf rl•o:::rhnrgc atan inlinit~ pipe Reynolclo::: num~r tnr a nanJ!f"
tnppcd orificc meter 

:~r•• 1•'•: :"· :'•'! f"Cc¡r:,•¡ ro-¡r,-,~~1>" !ll":Tfiii!O" (t,r¡¡ 
1 "- ro : • f"' 1 <l • ~ - "' 1 -: .., •• 

. ,. ·:;-
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d = orífice plate bore diameter calculated at 1j. in inches. 
D = meter tube interna! diameter calculated at T¡. in inches. 
e = Napierian constant 

= 2.71828. 
l., = l., 

::::; dtmensionlcss corrcction for tap loca.tion 
= N,/D for ftange taps. 

N4 = 1.0 when D is in inches. 
&, = pipe Reynolds number. 

fJ = diameter ratio 
= d/D 

NCJ(C: Forthlscxtunplc, M, IS equaJ lO o.~. Slnce the given mctc:r tubedtamett:t (D) lS greatulhan or CCJLI;!;lto 2.8 
~ For meter tube diamerers (D) le5s rluln 2.8 inchcs,M1 o:: 2.8 - D. TI.esolut.ion ofthc lntermcdil.uc equa
tions prescnted above for the fiow coefficicnt ca.lculatioo follows. 

3-C.3.1.3 Meter Tuba Diameter, Orlfice Plate Boru l>lameter, and 
Dlameter Ratio (D, d, and {J) 

Calculate the values of d, D. and fJ at a Howing temperature of 65°F from the givcn di· 
amerers d~ nnd D~; 

d = d,[! + a,a¡ - T,)l 

And 

D 

= 4.000[1 + 0.00000925(524.67 - 527.67)] 

3.99989 

D,[l - a,(I¡ - T,)] 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

Substitute thc gtvcn valucs of d and D at 65°F in lo Equation 3-8: 

fJ d/D 

3. 99989/8.07085 

0.495597 

3-C.3.1.4 Veloclty of Approach Factor (E.) 

Thc followmg equ;mon is used to calculate the vc:loctty of approach factor: 

E, 

,j 1 - 0.495597' 

= 1.03160 

3-C.3.1.5 Expansion Factor (Y) 

The foHowing equ~nion is m;ed to cnlculatc thc cxpansion factor: 

Y, = 1 - (0.41 + 0.35{3'{ 7) 
The intcrrncdiatc value, A 1, lS calculated as follows: 

o~y~¡~nt O• tne A~EP!CAN PETPOLEU~ !NSTITUTE (AP! 1 
u~· Oc~ OE 1.1.·! ~ :e lG-'l~ 

(3-9) 

(3-10) 

(3-8) 

(3-22) 

(3-32) 

65 
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1!-P. h. 
x, = " 11 = -...::!'::-=-

1}, 27.707 1}, 

Substitute the given values of h. and P,; into Equation 3-32: 

50.0 

(27. 707)(370.0) 

= 0.00487729 

Substitute the values for k, x,, and fJ into Equation 3-32: 

Y, = 1 - (C.41 + 0.35,8'{ :•) 

= 1- [0.41 + o.35(0.495597l'{ 0·oo;_~7729 ) 
= 0.998383 

3-e .a. 1 .6 Compresslblllty (Z., z~ and z,¡ 

(3-33) 

(3-32) 

The derivation of the eq.zation for compressibility is presented in A.G.A. Transmission 
Measurement Committee Repon No. 8. It is no! within the scope of Ibis example to present 
the calculation prcx::edures necessary for determining the compressibility at base conditions 
(ZtJ, standard conditions (Z,), or fiowing conditions (Zfl). The following values for gas com
prcssibility at thc condirions tven in the dntn set were obtained from the A.G.A. computer 
program that uses the calculz..tJOn given in A.G.A. Transmission MC3:S:uement Committee 
Repon No. 8. At G. = 0.57, 

Z, = 0.997839 at 14.65 pounds fort:e per square inch ahsolute and 509.67°R (So•r¡ 
Z, = 0.99797.1 at 14.73 pounds bree per square inch absolute and 519.67°R (60°F) 
z1, = 0.951308 ar 370 pounds force per square inch absolutc and 524.67°R (65°F) 

3-C.3.1.7 Reynolds Number (Re0 ) 

Thc following cquarion is uscd ro calculare the pipe Reynolds numbcr. 

Re = 0.0114541( Q,P,G, ) 
" ""T.Z -· .. (3-2R) 

Substitutmg the calcula red value fo, D, standard conditions for P¡. and Tb. a valuc of 
0.999590 for z ••.. :md thc data ;et values for G. and p. in Equation 3-28 produce the follow-
Lng: 

/le = f0.0114541/ Q.04.73)(0.570) J 
" ' \ (0.0000069)(R.07085)(519.ó7)(0.999590) 

= 3.32449Q, 

When the flow rnte ts not known. thc Rcynolds numbcr can be developed by assuming <tn 
Jmtiéil valut: fur the nanp:-t.apped oriflce meter codfictent of dtscharge, C.,(Fl), and iLerdl

mg for the correct va\ues, as stated in 3.4.5. The following ftow rate cnlculation provides 
the initial llerat\On of the Reynolds number. Ttus truUallterat!On is based on an assumed 
value for C.(FT) of0.60. Based OI. experience, from three to five 1terations should pruvidc 
rcsults conststcnt wlth thc rcquircrnent-. of Part 4. 

3-C.3.1.8 Volume Flow Rate (O. and 0,) 

1ñe vol u me flow ratc can be cak.ulatcd hy .suh!'ltiruring thc given parameten., thc intcr
mediate calculatcd valucs, and an asswned value of 0.60 for C.,(FI} in Equatiou 3·6b and 
iterating for the final solut10n: 

:epvr19M bY tr.., AMERICAN PET~OlEU~-' lN$TlTUTE: (AP!I 
"u" Oc~ O'! 14.:7 te J<l<lt. 
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Ií,Z,h .. 
Q. = 1709.6\C.fFI')E,Y,d'.f--:'--::'-::

G,ZATj 

= 7709.61(0.60)(L03160)(0.998383)(3.99989)' 

(370.0)(0.997971)(50.0) 
X 

(O. 951308)(0. 570)(524.67) 

614,033 cubic feet per hour atstandanl cooditions 

(3-6b) 

[This is an estimate of the iuitial ftow rate bascd on an assumed C.¡(FI) of 0.60.] 
Substituto tho estimate of ioitial flow rate into the Reynolds number equation and calcu· 

late the estimated initial Reynolds number: 

Re0 = 3.32449Q, 

= 3.32449(61J,033) 

= 2,041,347 (i.nitial estimate ofReynolds number) 

Substituto the calcu1an:d value of {3 into Equation 3-17: 

B = -.P:_ 
1 - fl' 

0.495597' 
= 

1 - 0.495597' 
= 0.0642005 

Substituto tho ca1cu1an:d va1ues of {3 and D into Equation 3·19: 

~ A:.l = 
1 - {3 

2 

8. 07085(1 - 0.495597) 

= 0.491284 

Substltute the calculaterl values of Ue0 and {Jinto Equation 3-20: 

A = ( 19,000/i)o.a 
ReD 

= [19,000(0.495597)]" 
2,041,347 

= 0.0135261 

Substitutc thc calculatcd valuc of Re0 mto Equation 3-21: 

( 

~ \OJ'i 

e= ~~J 

( 
JO' )'.l.) 

= 2,041,347 

= o. 778985 

(3-17) 

(3-19) 

(3-20) 

(3-21) 

Substitute the appropriate calculated values into Equalion 3-13 to detennine the C,(Cf) 
tcrm of thc cocfficicnt of discharge, C.,.(Ff): 

'C,(CT) = 0.5961 + 0.0291/3' - 0.2290{1' + 0.003(1 - {J)M, (3·13) 

:opyr,~~: bv t~~ AMERICAN PETROLEUM JNSTITUTE (AP!) 
:._~Oc: oe 14·:7 ;!; ¡Q<~o 

0.5961 + 0.0291(0.495597)2 
- 0.2290(0.495597)1 

+ 0.003(1·- 0.495597)(0.0) 

0.602414 
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Substitute the applicab1e calculnted values intu Equation 3-15 tu compute the Upstrm 
term of the coefficient of discharge, C.t!fii: 

Upstnn = [0.0433 + 0.0712e-UL,- 0.1145é_..r.,J(1 - 0.23A)B (3-15) 

= [0.0433 + 0.0712e- -.0.1145e41-] 

X [l - 0.23(0.0135269))(0.0642005) 

= 0.000851774 

Substitute the app1icab1e calculated values into Equation 3-1610 compute the Dn.ttrm 
term of the coefficient of discharge, C.,(FI): 

Dnstrm = -O.Oli6[M, - 0.52M,u],8u(1 - 0.14A) 

= -0.0116[0.491284 - 0.52(0.491284)u](0.495597)" 

X [1 - 0,14(.).0134223)] 

= -0.00149777 

(3-16) 

Substitute the app1icab1e calculated values into Equation 3-14 10 compute the Tap Term 
of the coefficient of discharge, C,¡{FT): 

Tap Tenn = Upstnn + Dnsrrm 

= 0.000851774 + (-0.00149777) 

~ -0.000645999 

(3-14) 

Substitute the app!icable calculoted values into Equation 3-13 to compute the C1(FT) 
tenn of the coefficient of discbuge, C~: 

C1(FT) = C,(Cf) + Tap T.rm 

0.602414 - 0.000645999 

= 0.601768 

(3-12) 

Substitute the value for C;(FI') and the intermediate values into Equation 3-11 lo calcu
latc the discharge cocfficient, C.,{FT): 

C,(FT) = C,(FT) + O.t100511(IO'/l)'·' + (0.0210 + 0.0049A).ll'C 
Re0 

= 0.601768 + 0.000511[ I0'(0.4
95597

']"' 
2,041,347 

+ [0.0210 + 0.0049(0.0135261)](0.495597)' (0.778985) 

= 0.602947 (second estímate ofthe coefficient of discharge) 

(3-11) 

By substnutinb thc vatuc of C.,(f-"'1) mto thc apphcablc cquabons, thc volumc ftow rdtc 
can be recalculated follo" mg the same process outlmed in this exnmple. The resulting vol
ume ftow rate value is as follows: 

And 

Resulung in 

Q. :; 61 i, 049 cubic feet per hour at srandard conditions 

[ha<ed 01; C,(I'T) = 0.602947] 

Re0 = 3 32449(1, " 3.32449(617,049) 

2, 051,373 (second esumate of Reyno1ds nurnber) 

C, (FT) = 0.602944 (third e"imate of coefficient of dischatge) 

Ccp><r-¡gl"lt b~ tl"le AMERICAN PETROLEUM INSIITUTE (AP;J 
Lue Oc·. oe ¡.: 17, lE ¡cqCJ 

_, 



API MPMS•l4·3·3 92 .. 0732290 053b08b 492 .. 

On page 57. Equarion 3-20 should read as follows: 

A = (19.000¡J)'' 
Re0 

= [19.000(0.495597)]'' 
2.041,328 

= 0.0135262 

Un page 57. Equation 3-21 shoulJ read a.sfollows: 

( )'" e - 10" 
Re0 

( 
10" )'" 

2,041.328 

0.778988 

On page 58. Equatum 3-15 should rt:ad asfnlinws: 

Upsrrm = [0.0433 + 0.0712e-"'·- 0.1145c'"~](l- 0.23A)B 

= ¡o.o~33 + o.0712e"'-- o.l145e'",-¡ 

X (1 - 0.23(0.01352~2))(0.0642005) 

0.000876388 

Or. pagc 58. Equatwr. 3-16 shouui read as (oliows: 

Dnsrrm -00116[M1 - 0.52M;'¡¡J"(I- 0.14A) 

= -0.0116[0.491284 - 0.52(0.491284)' '](0.495597)'' 

X (1 - 0.14(0.0135262)} 

= -000152379 

Tap Tcrm Upstrm + Dnstrm 

0.000876388 + (-0.00152379) 

- 0.000ó47402 

ú1: pape SS. EquatiN: 3-12 !liJould rt>ud m_{ullu~~~ts; 

C.(CTJ + Tap Term 

0.~02414 - 0.000647402 

O.tí01767 

Un pagt• 58. El¡utllttlfl 3-11 should retui mfoliows 

13-20! 

13-211 

13-151 

13-16) 

!3-/4) 

13-12! 

C,(FTt = C.IFTl + 0.000511~ 10'¡3)'' + (0.0210 + 0.0049A)jJ'C 
\ R'·o 

u 601767 - 0.000511[ I0'(0.495597>]"' 
2.041.328 

T (0.0210 + 0.0049(0.0135262))(0.495597)'(0.778988) 

O ó02947 (second es u mate of the coefficient of dJSCharge) 

CoO)'rign~ t>- t.n~ AMEPlCAt• Pf';";;Q_EU'-' !NSr:TUif (A:::;; 
TUe,Oc~ OE ¡,=.,:;,¡¡: JQ<ft> 

2 

(3-/1) 
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Following !he same calculation procedure for iteration of flow rate, the resulting volu
metric flow rate is as follows: 

And 

Resulting in 

Q,. = 617,046 cubic feet per hour al &landanl cooditions 

(based on e, (Fr) = 0.602944] 

R•D = 3.32449Q, ;; 3.32449(617,046) 

= 2,051,363 (thin:l eslimate ofReynolds nurnber) 

e, (Ff) = 0.602944 (fourth estimate of coefficient of discharge) 

The volume llow rate calculation based on lhe folD1h estímate of e..<m follows. As 
stated above, lhree estimates of C,(FI) should normally provlde volumc flow rate calcula
tion results that are consistent with the rcquiicnents ofPart4. 

Q,. = 617,046 cubic feet per hour at standanl conditions 

[based on C,(Ff) = 0.602944] 

Since lhe given data contain values for lhe base pressure (14.65 pounds force per square 
inch absolute) and temperature (50'F) lhBl differ from lhe values estahlished in Part 3 as 
standard conditions (14. 73 pounds force per square inch ahsohtte and 60°F), lhe initial caJ. 
culated flow rate is the standnrd volume flow mte. To calculate tbe ftow Jllle at thc given 
base conditions.(P, = 14.65 pounds force per square inch absolute and T, = 509.67"R). 
the standard volume fiow rale and the appropriate values for P. T. andZ are substlruted into 
Equation 3-7 as follows: 

Q, = Q,.(~J(n(tJ 
617.046(509.67)( 14.73 xo. 997839) 

519.67 14.65 0.997971 

608.396 cubic feet per hour 111 base conditions 

(3-7) 

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON 
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B 

3- C.3.2.1 General 

Using the given data, the volume ftow rate of natural gas, in cubic fcct pcr hour at stan
dard conditions, can be calculated using Equation 3-B-2. as stated in Appendix 3-B: 

Q. = F..U; + F,)Y,F,.F,.F~r¡,r;,.~!í,h.. (3-B-2) 

S mee thc g1vcn daw contain values for the: hase pres..o;.ure (14.65 pounds force per square 
mch absolute) and temperarure (50°F) thnt diffá from the values established in Part 3 a." 
standard contlttions ( 14.73 pounds force per square inch absolute and 60°F), the initial cal
culated ftow rate requi1es conversion lo the fiow rate al base conditions of 14.65 pounds 
force per square inch absolute and 60°F 

The systcmauc approach to solvmg Equation 3-B-2 involves calculation of the individual 
factors as shown m 3-C.3.2.2 through 3·C.3.210. 

3-C.3.2.2- Numeric Converslon Factor (1;;) 

Equation 3-B-5b 1" lL"i.Cd tn calculate the numeric conversion factor. 

F. = 338.196E,D'P' (3-B-5b) 

59 
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Where 

E - 1 
• - ~ 1 - fJ' (3-22F 

Calculate the value of d, D, and fJ ata ftowing temperature of 65'F from the given diam
eters d,. and D,.: 

And 

d d,[l + a,o; - 7;)] 

= 4.000[1 + 0.00000925(524.67 -_527.67)] 

3.99989 

D D,[! + a,CT, - T,)J 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

fJ d 1 D 

= 3. 99989/8.07085 

= 0.495597 

Substitutc thc ~alucs ior fJ and ') into Equation 3-8-5: 

T;, 33H.196E, o'¡i' 

= 338.196 
1 D'{J' 

..j 1 - /3' 

338.196 
1 

(8. 07085) 2 (0. 495597)2 

v 1 - e o. 495597)' 

= 5581.82 

(3-9) 

(3-10) 

(3-8) 

(3-fl-5) 

3-C.3.2.3 Flange-Tapped Orifice Meter Coefficient of Dlschsrge [ C•(FT)] 

The following equauon is used to calcul:ne !he coefficicnt of dJschnrge; 

C,(Fr) = F; T r; (3-B-6) 

F; 0.5961 ·1 0.02'J!fJ2
- 0.2290/l' 

... (o. 0433 _ 0.0712<'"· _ 0.1145c''" Jr~ _ 0.2l
19

·000fJ 'J" ]___p:__ 
\ Re0 1 - fl' 

. . r . )"] r ( '"] ·_ 0.01-!61 : -0.521 : fJ" 1- O.lt. 19·000/lJ (3-B-7¡ 
L/i(i-,li) ,flii-{J) l /lc0 

F ,, '" 1 l.llllll,lllllljl' 
0.110051 i¡ 1 

\ Re0 

- 0.0210 .,. 0.0049119.000/l ' fJ'!I.000,000/3 [ ' '"] ' )'" 
\ Rc0 ) , Rcv . \ 

= 0.0114541¡· Q,P,G. ' 
, ¡1n¡;,zc.. _, 

(3-B-9) 

(3-28) 

Ccp.,.,.¡gM~ O• tM" A"'EP::::AN PET>;OLEU"' JNST!TUTE lA';:; 
Tue Oc: 0€: l.!·: 7 le iQ9!: 
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On page 58. 1he rhird tn the lan equaziorr should read asful/ows: 

Q. = 617,048 cubic feer per hour at standard conditions 

(based on C" (i'T) = 0.602947) 

On pa~e 58, the second ro rhe lasr equallon should read as fol/ows: 

ReD 3.32446Q, = 3.32446(617,048) 

= ~- 05!. 351 (sccond estimate of Reynolds numbcr) 

On page 59, the second equarzon should read as jo/lows: 

ReD 3.3"·\46Q, = 3.32446(617,046) 

= 2,051. 345 (third esttmate of Reynolds numbcr) 

On page 59. Equ.ation j 7 s)¡rmJ.d read as follows: 

Q, = 

617_046( 14.73 )( 509.67X0.997839 ': 
14 ó5 '19.67 0.997971 1 

= flOR. 396 cuhic fect pcr hour at ha~¡c conditions 

On page 60. Equarum 3-B-9 should read a.sfollows. 

o.ooos11( L~oo.ooo¡J'J" 
\ R•· 

D ' 

+ : 0.021 o + 0.0049( 19· OOO/J r ~ rr( i.OOO. 000 y" 
Rc0 ) : Re, ) 

- " 
On paf!e 6~ wc_f;nr eqllatiOn shnuld read aJjO/lows· 

.e; () 5961 - 0.0291/J'- 0.2290/J' 

(.3-7; 

- io.o~-'-' -1•0?12<''"'- o.II~S<'''·--{1- o.23l 
19

-
000PJ'"']-fJ_'_ 

'L ~_ Rc11 1 - /3 1 

- ii.OIIh: e -o.:/ : '¡" 1/J' ,;1- O 14(
19

·000/J'i"l 
l/JI-/ll •.f>ll-/ll, , l \ Re, ) J 

1..1.5~16! · U.U21Jl1Ü.4~J5597l: U.22901U 49551}7)~ 

- U.l'-'.'.\- ~~O? 1'2c')., .... · O 1145<·· .. ,~- 111- U "Ji0.0137493J]IO.Ob4"l)(J5) 

- n fll 16! t l ..!lJ 1 :!X.l - fl "~iO -llJI2HJ 1 :< )1(0.495547) 111 - O l_.f O.Cl! :n..t41, 1 
= (l(lüil(i": 

C::oovr-19r.':. c. ~n~ A"1E~ICA!I PET::'O:..EU"" !NS~;:u7:: lA~; 
iue 0::~ OS 1~ ; 7 ;:: ¡QGo 

3 
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B = {3' 
(3-17) 

1 - {3' 

M, = _E:_¡_ (3-19) 
1-{3 

A = e9.000jlr (3-20) 
ReD 

e =(~r (3-21) 
ReD 

Note: In lhls examplc, sine e the glvcn meter tu be dlameter (D) ls greater than 2.8 inches, Equadon J-B-7 ls used 
to calculate the F. tenn. For meter lnbe dwneters (D) less tban 2.8 inches, Equarion 3-B-8 must be used lo calcu
late thc F; term. The solution of lhe mtennc:diate equations p~ a hove for thc ftow cocffi.cicnt calcuJarion fol
lows. 

Substituthtg the calculated values of f3 and D gives the following: 

_L 
1 - {3' 

2 

D(l - {J) 

(0.495597)' 

1 - (0.495597)' 

= 0.0642005 

2 
= 

8. 07085(1 o. 495597) 

0.491284 

As d1scussed in 3.4.5, lhc Reynolds number (Re0 ) for natural gas can be approximated 
using Equation 3-2R. Note that the parameters of this example are within the recommended 
tolcranccs for viscosity, temperature, and specific gmvlty. Furthermorc, 3.4.5 statcs that 
when the fiow rate IS not h1;:,wn, a more precise value for the Reynolds number can be de
term.ined lhrough iteration of Equation 3-28 and that three to ti ve itemtions will provide re
sults that are consistent with the requirements of Pan 4. The initial assumption needed for 
thc first itcrauon can come from assuming a value for Cd(FI) as in thc prcvious cxamplc or 
from assuming an imtial Reynolds nurnber for the pipe Reynolcls number. Table 3-B-1, Ap
pendix 3-B, provides values for ptpe Reynolds numbers versus nominal pipe diameters for 
the purpose of inittatmg the iterat10n process. Tbis example uses Table 3-B-1 for the inilial 
estimare of pipe Rcynold~ number. 

Rcn = 2,00C,OCYJ (mitla1 assumption from Table 3-B-1) 

Suh!'itituting !he valuco; o· Re0 and f3 gtvc~ thc following: 

119, 000(0. 495597)J" 

" 2,000,000 

0.0137493 

( 10' )"' 
l2.000.000 

0.784584 

Substirute the appropriate calculated values imo Equatton 3-B-7 to determine the orifice 
calculatiOn factor, F.. 

~r-í9t1: O· tt1e AME,lCAr: PET¡:;:OLEUM JN:;T:TUT::: IAPJ l 
;;~Oc~ oe ¡.:::-·:S JQ<~e 
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¡; = 0.5961 + 0.0291/l'- 0.2290/J' 

+ ( o.0433 + o.onz.;% - o.1145e•» )[1- o.23(
19

•
0001l) .. ]_L_, 

. Re" 1 -ll 

0_52( 2 )"']flu[1- 0_14(19,000/l)"] 
. D(l -/l) Re0 

= 0.5961 + 0.0291(0.'495597)2
- 0.2290(0.495597)8 

+ ( o.0433 + o.o7t2o..,.-· - o.u45e..,._ )r1- o.23(o.ot37493)J(0.0642005) 

- 0.0116[0.491284- 0.52(0.491284)1"(0.495597)"[1- 0.14(0.0137493)] 

= 0.601767 

Substitute the applicable calcu!ai.ed values into Equation 3-B-9 to compute the orificc 
slupe factor, F;1: 

F,/ = 0.000511( 1,000,000¡J)'·' 
Re~ 

+ [ 0.0210 + 0.004f
9
:.:

0fl J}f·0~:~00/l r 
o. 000511( 1, 000,000(0.4955972))'' 

2.000.000 

+ [0.0210 + 0.0049(0.0137493))(0.495597)'(0. 784584) 

= 0.00118960 

(3-B-9) 

Substitute the values for F"r and F in Equation 3-B-6 to cnlculatc thc dischargc 
coefficrent, C,,lFT): 

C,(FT) = ¡; + F,, 
0601767 + 0.00118960 

0.602957 

3-C.3.2.4 Expanslon Factor (Y,) 

Thc followmg cquatton !S uscd tu calculate the expansron tactor: 

Y, = 1 - (0.41 + 0.35/l' { ~') 

The intennediate valuc . .\,, is calculated as follows: 

X = 
27.707 P¡, 

Substitute the grven values of h ... and P¡-
1 

into Equation 3-33: 

50.0 
27. 707(370.0) 

0.00487729 

SubstJtutc thc valucs for k, x 1• and f3m[o J._.quation 3-32: 

(J-32) 

(3-33) 

C~-:!'1~"·':. O• ti"'e AMEi<'lCA.N PETPO!..EU"' INSTlTUiE (APll 
•~ Qc:~ CE 1.:::-:.:e !Q9o 

::: 
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On page 62, Equmiun 3·B-9 shou.ld read as follows: 

!;: = 0.000511(l.OOO,OOOp)" 
Re0 

+ [0.0210 + o.0049( 19·000p)•']¡r(I.OOO,ooo)•" 
Ren Re0 

= 0.000511( l. 000. 000(0.4955971 )o 1 

. :!.000.000 

+ [0.021 o + 0.0049(0.0137493)](0.495597)'(0.784584) 

. 0.00118960 

On page 65. the first equalion should read as follows: 

Rt·0 

~.32446Q, 

= 3 32446(617,057) 

2.051. 400 (second_ iteration) 

(3-8-9¡ 

Orz pagc 80. Equauon 3-D-9 should read asfollows (that is. Kpipe, should be insened in 
tlu• f'quatmn af/d tlw 'it>rnnd [in e of tlw equarinn.'ihould he deleted)-

Re" = 220.858dF¡_.,j ph, x (Kpipe} (3-D-9¡ 

()n page RO. rl:r nnmcndature shnufd read as fo/Jows (that rs. K pipe. should b~ ins~rted 
in rhe l1sr J · 

H"herc 

G = SpeclfiC grava;.. 
A:ptpe = value" from Table 3-D-4 
Re~ = nnnce hore Reynolds number 

7, = ab~olute tiowm~ temperalure. m degrees Rankme 
p :=: spectúc we¡g]u of a gas at 1~? pound!> force per square inch absolute and 3~oF 

nnJWJ.?,t' 9;", Cquar1nr!~ .~-T-4 and 3-F-5 sirouid read a'"follow:s: 

ll'' ~ ó,UI"'J. + o,ill'"i, + .. + r/>.(H:'J. (3-F-4¡ 

11,' 1 
' (W = L,.'/1. . ), (3-F-5¡ 

011 paf!e JO~ ;he sernnd /me nf Jiquatwn 3-4a 'ihould read as follows: 

y;~.nnc;.rn-JE):d'; P.0,r2~.'1625HI44lh_ .<;,R7,: 
\ Z¡RT, P,G,(28.9625)(144'> 

4 
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Y, = 1 - (0.41 + Ús.B'>(-=l) · ' '·· · 
k .. 

= 1 - [0.41 + 0.35(0.495597)'](
0

•
00487729

)· 
·1.3 

= 0.998383 

3-C.3.2.5 Compresslblllty (Z., z~ and Z,J 

(3-32) 

The derivation of the compressibility equation is presented in A.G.A. Transmission Mea
surement Commiuee Report No. 8. It is not within the scope ofthis example to present the 
procedures necessary for calculating the compressibility at base condirions (Z6), standard 
condirions (Z,), or ftowing conditions (Z1,).·The following values for gas compressibility at 
the given conoitions were obtained from the A.G.A. computer program. using the A.G.A. 
Transmission Measurement Committee Report No. 8 calculation. 

AtG, = 0.57, 

z, = 0.997839 at 14.65 pounds force per square inch absolute and 509.67"R (SO"F) 
Z, = 0.997971 at 14.73 pouuds force per square inch absolute and Sl9.67°R (60"F) 
Z1, = 0.951308 at 370 po~nds force per square inch absoluto and 524.67°R (65°F) 

3-C.3.2.6 Base Pressure Factor (F .. ) 

The base pressure factor is calculated using Equation 3-B-10 as follows: 

14.73 
F,. = 

14.73 

14.73 

= 1.00000 

(3-B-10) 

In this cxomple, F¡,b has been cnlculated for n base pressure of 14.73 pounds force per 
square inch absolme. instead of 14.65 pounds force per square inch absolute as in the given 
data, and a.b_~~e volume at the given base conditions has been calculated after the standard 
volume was determined. Th.is procedure was necessary hccause of the use of the hase com
prcssibility of nir (Zilw1.) of 0.999590 at 14.73 pounds force per square inch nbsolure and 
60°F m the development of the numerical constant 338.196 in !he F. factor (see Appendix 
3-G). 

3-C.3.2.7 Base Temperature Factor (F,.) 

Equation 3-B-ll is used to calculate the base temperature factor: 

r:~ = ___1;_ (3-B-11) 
519.67 
519.fi7 

519.67 

= 1.00000 

In th1s example. F0 ha'i been calculated for a base temperature of 519.67°l{ (60°F) in
stcad of 509.67°R(50°F) ns in the given data. anda base volume at the given base condi
uons has been calculated after the standard valume was detennined. 1lús procedure was 
necessacy because uf the use of the base compressibiltty of air (Zb_) of0.999590 at 14.73 
pounds force per square inch absolute and 60°F in the development of the numerical con
stan! 33R.I96 m the /·;factor (scc Appendix 3-G). 
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3-C.3.2.8 Flowlng Temperatura Factor (F,) 

The flowing temperature factor is calcu1ated using Equation 3-B-12 as follows: 

F.. -- ~519.67 , (3-B-12) 
r¡ 

Substirute the given ftowing temperature. T,. into Equation 3-B-12: 

lf: ~ 1/519.67 

~ r¡ 
519.67 

~ 

524.67 

~ 0.995224 

3-C.3.2.9 Real Gas Relativa Denslty Factor (Fg,.) 

Equation 3-B-13 is used to calcuhlte the real gas relative density factor. 

F : II .. ve: 
Substitute the given ~pecific grro ,•ity, G'"' mto Equation 3-B-13: 

~- = 
!¡ 

y G, 

! 1 

vo.s1o 
1.32453 

3-C.3.2.10 Supercompressibllity Factor (F .. ) 

(3-B-13) 

As smtcd in thc calculauons in 3-C.3.1, thc derivat1on of the equation for compressibillty 
is presented in AG.A. Tr::msmission Measurement Comrnittcc.Rcport No. 8. It 1s not w1thm 
the scope of this examplc: ro presenr the procedures necessary for c;~lculating the compress
Ibihty at standard conditions (ZJ) or at ftowmg conduions (Z11 ) 

Z, ~ 0.997971 
Z1, : 0.951308 

Equatwn 3-B-14 ts u!-.t:d to t:alculate tn~ ~upen:ompressibility factor: 

! z, 
\2; 

i 11.997971 

= \0.951308 

1 0242.l 

3-C.3.2.11 Vo1ume Fiow Aate (Q,) 

The volume flow rate ts calculnted by subsututmg thc gtvcn paramctcrs and the inrenne-
dtare caJculated factors mto Equauon 3-B-2. 

U. 1-.' U, + 1.~) Y: !~ 1;~ 1;~ 1;·, t.;,._\¡ lí h .. 

617.057 

(3-ll-2) 

Copv.-¡gn".. D• tn~ AM!::C!CAN DETROLEUM INSTITUTE IAP: 
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The calculated flow rate above is based on an initial assumed value for the Reynolds 
number (Re0 ) of 2,000,000. For lhe second estimare, the value of Re0 is calculated as fol
lows: 

Re, ~ 0.0114588( l2.P,Gi,) 
¡JIJT, 

~ 3.:;2449(2. 

~ 3.32449(617,057) 

~ 2,051,400 (second iteration) 

By substituting the seco11d estirnate of Re0 into the applicable equations, the volume ftow 
rate can be recalculated by following the process outlined in 3~C.3.1. The resuUing volume 
flow rate is as follows: -··· 

(2, ~ 617,013 (based on the secood cstimate of Re0 ) 

The same calculation procedures are used to obtain the third estimate of Re0 : 

'le0 ~ 3.32449(2. 

= 3.32449(617,013) 

= 2,051,254 (third iteration) 

The volume fl.ow rate calculation based on the third estimate of ReD follows. As stated 
above, three to five estimates of Re0 will provide calculation results that are consistent with 
the requirements of Par 4. 

Q. 1~ (J', - F,,)Y,f;,F.F,¡F,_F..,~ !},h. 

(5581.82)(0.60 1767 + 0.00117736)(0. 998383)(1.00000)(1.00000) 

X (0. 995224 )(i.32453)(1.02423)..j(37Q.0)(50,0) 

= 617,044 cubic feet per hour 

Note: The calculated volume ftow rute IS based on the tlurd estimare of R4; The $mall discn:pancy bc.wcen the 
calculated volurr.c ftow rate, Q •• in Methods 1 and 2 results from the rounding tec:tuuque5 used in thc senes of 
equations in the examples. 

Since thc givcn data mcluded val!' es t·or the ba<ie prt:Ssure ( 14.65 pcnmds force per square 
inch absolute) and temperruure (50°F) that dificrcd from thc values cstablished in Part 3 for 
standard condiuuns (14. 73 pouné.s force per square inch absolute and 60°F). the initial cnl
culated flow rate ts the sta.1dard volume fiow rate. To cakulate the fiow rate at base condi
tions (Pt = 14.65 pounds forcr per square inch absolute and 7b ;;;:. S09.67°R), tl1e standard 
volume fiow rate and the nppropnote vnlucs for P. 1~ and .Z are suhstituted into Equation 3-
7 as follows: 

Q, 

: 

Copvno;r-,: tJ. tr.e Af-.1E::;>;[I,r> PETl:'Ot.EU"' INST!T~T:O !A":\ 
iue O:t OC ¡¿.::-::E :oc;o 

º·(~ n x~:) 
617•044r 509.67 )( 14.73 )(o. 997839, 

.519.67 14.65 0.997971) 

608.394 cubic feet per hout at base conditioru. 

(3-7) 
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3-0.1 Symbols, Unlts, and Tennlnology 

3-0.1.1 GENERAL 

Sorne of the symbols listed in 3-0.1.2 are specific to this appendix. Un!ess otberwise 
noted. all of tbese symbols are du:neosionless. Symbols that are used in tbis appendix but 
not listed in 3-0.1.2 are defined in 3.2.2. 

3-0.1.2 SYMBOLS ANO UNITS 

Symbol Descripuoo l.'mts/Valuc 

e· Orifice ftow constant 
F, Basic orifice factor 
K, Coefficient of discharge when Reynolds number ~ {!,OOO,OOOd}/15 
K o Coeffi.cle'nt of discharge for infinite Reynolds number 
p Specific weight of a gas at 14.7 pmmds force per sq= inch 

absolute and 32"F Ibmlft' 

3-0.2 Scope 
3-0.2.1 INTROOUCTION 

Recent research worl on orif.ce measuremeot has been restricted to ftange, co~er, and 
radms tap meters. 1t is recogni:z.ed that a nwnber of'"pipe tap" meten continue in operdtion 
m natural gas measurement tn the Uruted States. The provisions ofthe sccond (1985) edi
tion of Cbapter 14. Sectton 3. that are applicable to pipe tap configurations an: included in 
thts appendtx. The dimensional information, tolerances. and computation metbods in this 
appendix are only applicable to pipe tap meters. 

This appendix provides recommendations and specifications rclating 10 the measun:::ment 
of natural gas and other related hydrocarbon fluids by means of orifice meters equ1pped 
w1th pipe taps. lt includes definitions. consuuction and installauon specifications. and in
snuctions for computing ftow rare and volume. Also included are equations and tables that 
provide factors necessary to apply adjustments to the basic pipe tap orifice flow. 

Th1s appc:nd1x covc:rs thc: measurement of natural gas by pipe tap orifice meters, includ· 
mg the primar)' clcmcnt and the mcthods of calculatmn. lt does not cover the eqmpmcnt 
used to determme the pressure. temperarure, spocitic gravny, and other variances that must 
be known for the accurate measurement of natural gas. 

3-0.2.2 GENERAL 

Uniess spccll'ically nuted in this append1x, al! irúonnation and data presented in the body 
ot t.hts standard--mcludmg n:commendations, specifications. and symbols-are applicable 
to p1pc tap onficc mctcnng 

3-0.2.3 TYPE OF METER 

Th1s appendtx is hmncrl to orifice meters that havc ctrcular orifices located concentncally 
tn the meter rube. having upstream and downstream pressure taps as specified for p1pc taps. 

3-0.2.4 DEFINITlON OF PIPE TAP PRESSURE MEASUREMENT 

The definiuon of pzpe tap pr~ssu.re m~asur~~nt 1s based on tbe position of the pair of 
tap holes: The upstream tap cent.cr is located 2.5 times the inside pipe diameter upstream 
tmm the ne.arest plate tace, and :he downstream tap center ts located 8 times the insidc pipe 
d1ameter downstream from the nearest plate tace (see 3-0.3.4.1 ). 

Copv.-¡ght b> the AMER!CAt~ PETPO~EU~ INS7:TUTE IAP: 1 
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3-0.3 Constructlon end lnstallatlon Speclflcatlons 
3-0.3.1 BETA RATIO UMITATIONS OF ORIRCE PLATES 

The orifice-to-meter-tube (pipe) diameter ratio ({J = d/D) should fall within the range 
from 0.20 to 0.67 inclusive. These limits, with an uncertainty as high as ±0.75 percen~ may 
be exceeded when additional flow uncertainty is acceptable. Beta ratios that exceed the 
range from 0.20 to 0.67, with an uncertainty as high as ±1.5 pert:ent, may be used; however, 
the fiow constants for these extrem~ valU.es of fJ are subject to higher tolerances. and the use 
of these extremes should be avoided. 

3-0.3.2 METER TUBE SPECIFICATIONS 

3-0.3.2.1 Deflnltlon 

The term meter tube rcfers to the straight upstrearn pipe of length A orA' on thc instal
lation sketches in Part 2 (including !he strnightening vanes, if used), !he orifice flanges or 
fittings, and the downstream pipe (length B on the installation sketcbes in Part 2) bcyond 
the orífice. The length of upstream hlld downstream pipe is specified in Part 2. TI1e toler
ances for the diamete~ and the -estrictions on the inside surface of the meter tu be are 
specified in 3-D.3.2.4. There shall be no pipe connections within these distances other than 
straightening vanes, the thennometer wells specified in Part 2, and the pressure taps 
specified in 3-D.2.4 and Pan 2. 

3-0.3.2.2 lnslde Surface 

The sections of pipe to which the orifice Hanges or fittings are attached and the adjaccnt 
pipe sect10ns that con!;titute the meter tube, &!; defined m 3-D.3.2.1, shall comply with the 
following: 

o. The roughness of the inside pipe waUs shall not exceed 300 microincbes. CarefuHy se
lected smooth commercial pipe may be used Seamless pipe or cold drawn seamless pres
::ure tubing may be us~::tl, provided its inside wall is smooth. Drawn-over-mandrel (DOM), 
electric-resistance-welded (ERW), srraight-seam tubing manufactured to the requirements 
of ASTM A 513, T-5, may also be used. To improve smoothncss inside the meter tubc, thc 
ms1de pipe walls may be machined, ground, or coated. 
b. Grooves, scorin¿:, plts, and ridges resulting from seams; éistortion caused by welding; 
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the 
pomts identihed m f1gure 3-D-1 by more than the tolerances !ihown are not pennitted. 
\Vhcn thcsc tolcranccs are cxceedcd, thc irregularities must be corrected. 
e:. The Interior of the meter ntC.e shall be kept clean and free from accumulations of com
.::minants, such as d1rr and liquid::;, at all times. 

3-0.3.2.3 Meter Tube Dlameter 

The mean ins1de ri1ameter nf the meter tubc !'hall be dctcnnincd o.~ klllows: 

,;. ~1easurements shall be made on at least four d1ameters equally spaced in aplane 1 inch 
upo;arcarn from thc upc;trcam facc of thc orificc platc. Thc mean (nrithmetic average) of these 
measurements 1s defined as the mean meter tu be diameter tO be used in calculating the How 
coeffic1ent when mmimum uncertainty of this variable is des1red. 
l1 Check measu1ements of the upsn-cam inside diameter ofthe meter tube shaU be made at 
two or more add¡Uonal crm<;-scctions. Thc actuallocatlons of the check mcasurcmcnts of 
tnc dtameter. clrcumferentially and axially along the tube, are not specifi.ed. These checks 
should be tak~n at pomts that will indicare the maximum and minimum diameters that exist 
:md should cOver at least rwo p1pe diameters from the face of the orifice plate or extend past 
lile fiange or fmmg weld. whichever distance is greater. Check measurements are used ro 
vcnfy the umformlty ot the up!itream meter tu be but do not become a part of the mean me
ter tu be dJametc:r. 
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Figure 3-D-1-Maximum Percentage Allowable Meter Tuba Tolerance 
Versus Beta Ratio 

c. The inside drameter of the downstream section of the meter tube shall be measun::d in a 
plane 1 inch downstream from che downstream face of che orifice pinte. Check measurc
ments of the diameter of the downstream sectton of the meter tube. similar to those de
scribed in Item b abovc::, shall be rnade aLLwo addll\onal cross-sections. · 

3-0.3.2.4 Tolerances and Restrlclions 

The tolerances for the diameter and the restrictions on the inside swfnce of the meter tu be. 
are as follows: 

a. The difference between the maximum measured dinmeter nn.d the minimum mcn~urcd 
diameteron the inlet secuon shall not exceed the tolerance shown in Figure 3·D·l as a pet
ccntage of the mt:an dmmeter Ueflflt:d in 3-0.3.2.3. 1l1e relationship below may be used to 
calculate the variance of the diameter of the upstream 5ectton of the meter h1hc· 

Maximum d:·.mett>r- Minimum d1ameter lOO p 
1 

. F 
1 

D 
D x :::; crccnt to crancc m 1gure . - -1 

b. Abmpt changes m dtameter (shou!den., offsets, ridges, and so forth) shall not exist in the 
meter t.ube (se~ 3-D.3.:2.3, I1em b'J. 
c. \VI'len Tnb1c 3-D-1 i" uscd for flnw mca<>urc:mcnt cstJmarion, thc meter n1be diameter, as 
defined m 3-0.3.'2.3. shall agree wuh the ms1de dJameters hsted in the tables within the 101-
erance shown 1n F1gurc 3-D-l. 
d. Any diamctcr mc<1surcment in the downsrream secuon shall not vary from the mean di
ameter of the meter tu be. as defmed in 3-0.3.2.3. by more than the tolerance shown in Fig
ure 3·D-l. The followmg rclntionship m ay he u<>cd m calculare thc variance of the diameler 
of the downstrcam scct10n of the meter tu be: 

1 

Anv chameter - n¡ . 
· x 100 .::;; Percem tolerance m Figure 3-D-1 

. V 

Applicaüon of th1s e4uat10n doubles the tolerance for the downscream section of the meter 
tu be. 
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e. The tempemture at which the meter tu be mcasurements are madc should be reconled for 
correction to the opernting conditions. 

For new installations, in which the bet1 ratio is likely to be changed, !he tolemnce per
mitted for variat1ons in pipe size, as shown in Figure 3·D-l, should be the same as that 
given for a maximum orifico plate dtarneter ratio (/3) of O. 75. 

3-0.3.2.5 Use of Tabla 3-D-1 

IfTable 3-D-1 is used for flow estimation, the mean insidc diameter of thc upstream sec
tion of the meter tube should be as nearly the same as the pubJished inside diameter given 
in Table 3-D-1 as is possible. The inside diameters given in the table wcrc used to calculate 
the constan !S in the table. If trc mean meter tube diameter differs from the table inside di
amctcr by an amount greater than the tolerance set fonh in Figure 3-D-1 or if minimum un
certainty is desired, the mean m1~Ler tube diameter should be used to compute the orificc
to-meter-tube diameter ratic, /3. as 1V.!ll as the ft.ow coefficient Other factors should be cal
culated for this exact value of fj. 

3-0.3.3 LENGTH OF PIPE PRECEDING ANO FOLLOWING THE ORIFlCE 

The installation sketchcs anú accompanying graphs are not duplicated in this appcndix 
but are available m Pan 2. Figures 2-5 through 2-9. The graphs show the minimum lcngths 
uf sLTaight pipe required (expressed in nominal pipe diameters) versus beta ratio. lt must be 
nmed that when pipe taps are used,lengths A, A: and C shall be mcreased b.y two nominal 
pipe diameters and length B shall be mcreased by eight nominal pipe diameters. The lengths 
of straight pipe should be th se required for the maximum beta ratio thnt may be used. 

3-0.3.4 PRESSURE TAP HOLES 

3-0.3.4.1 Locatlon 

Meter tu bes thar use pipe taps shall ha ve the center of the upstrearn tap bol e Jocated 2.5 
tirm:s the publishe.d or a~,;lual insitle diameter from Lhe upstream face of lhe orifice plate. 

Table 3-D-t-Basic Onflce Factors (F,) lar Pipe Taps (Al! D1mensions in lnches) 

Pubil~hcl! ImiU:: Diamt:lc:t:. at Publi:.hcú 1 :~uJc Duuneters til Published lnsit!c Diameters a: 
~omina\ P:pe Si:ze of 2 lnche5 Nominal P1pe S11e of 3 lnches Nomino.! Ptpe Sne of" Inches 

1 687 1.939 2 067 ::.:300 2.624 2.900 3 068 3.152 3 436 3.826 

12JI50 12.813 12.800 ~~ 782 2~.765 12.754 12.748 12.745 12.737 12.727 
29.36:' 29 093 29.00G 28 R83 28 772 28.711 28.682 28.670 28.ú35 26.599 
53 713 52.817 ~2 482 .52.020 .'11.594 51.354 51.244 S 1.197 51.065 50.937 
87.23'7 !l-1.920 8·~.085 82.924 111.802 81.143 80.83'7 - 80.704 80.334 79.976 

1n.2Y 120 )!7 124 y.¡ 12'24'i 120fl¡,; 11H.ñ7 II!UIO 117.70 116 87 116.0:Ci 
192 87 181.02 lii.O'> 17193 167.26 \64.58 163.31 162.76 161.17 159 58 
275 -;-:; 2'i 1.1 ' 2,13.25 233.30 22-1.6! 219.77 217.53 216.55 213.79 211.03 

Jnso 342 Q9 317 g:¡ 309 44 292 87 285 49 281 67 280.03 275.43 270.91 
466.00 -13E.QoJ 4o-.1.53 377 ""' 363 41 357.13 354.45 347.04 339.88 

51:i3.1}~ 524.69 47b.!il) 455.10 445 '5 441.49 429.84 4\IUtO 
679 1: 602.80 565 80 549.95 543.32 525.41 508 77 

75:'i.89 697A5 672.96 b62.83 635.77 611.12 
!).:7.87 856.39 819.07 803.79 763.53 727.55 

I,Oc;04 994 01 971.22 912.00 860.19 
1.290.7 1,205 6 1 ,(1!.9 1,085.5 I,Oll.7 

1,465 1 1,415.0 1,289.7 1,185 4 
1,532.0 1,385 4 
1.822.9 1.617.2 

1,8877 
2,206 1 

Copvr¡gr-~ e~ tl'l~ A'"1!::~!CAN D!::TRC!..ElJ"' lNST:TUTE (AP:) 
Tu.,. Oc::t 09 1.1:17:1€ !<l<lo 

4.026 

12.723 
28.585 
50.887 
79.837 

liS 73 
158.9<1 
209.92 

26~.10 

337.06 
414.51 
502.39 
601.81 
714.17 
841.21 
985.01 

1,1484 
1,334_, 
I.S .. 7.4 
(,792.3 
2,076.0 
2 ... 07.0 

•·.n 

'~ •,, ) 
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Table 3-D-1-Continued 

Pubüs.bec:llnside Dwneters at PubWhed lnside Daaman 11 Pubhshed blsiic I>iamc:re:rs • Publisbod hWdo o;......, .. 
N ominaJ Pipe SU.C of 6 Incia Nonin&l Pipe Sizc of 8 Incbes Nc:mmal P1pe Size of 10 lncbes NomiDal Pope S&Z< of 121Dcbcs 

Orífice 
Diameter 4 897 

0.500 50.740 
0.625 79.438 
0.7!50 114.81 
o 875 1!57.11 
1 ('{)() 206.63 

1.125 263.71 
1.2~0 328.73 
l.l75 402.07 
1.500 484.21 
1.625 515.15 
1.750 677.39 
1.875 790.00 
2.000 914 . .59 

2 125 1.0.52.3 
2.~50 1.204 7 
2.375 1.373 4 
2.500 1.560.5 
2.625 1.76ri 3 
2.750 1,999.9 
2.875 1.258 6 
3.000 2,548.6 

3.125 2.875.3 
3 250 3.244.9 
3 375 3.665 7 
3 500 
3.ó25 
3.?50 
J.875 
4.000 

4.~50 

4 500 
.; ?50 
5.000 

5.2;'\0 
5 500 
5.?~0 

6.000 

t.:! 50 
65(1{} 
é "50 
7 ()')(! 

7 ~3{) 
7 ~r,o 
7 .,~() 
8 000 
~-.~~l: 

5.18'7 5.761 6.065 7.625 7.981 8.071 9.562 10.020 10.136 11.374 

50.707 50.653 50629 
79.3!51 79.219 79.164 

IJ4.62 114.32 114.20 
156.72 1!56.13 155.89 1!55.11 1!14.99 IS4.97 
205.92 204.85 20441 203.01 202.80 202.76 202.16 

262.52 260.72 25999 2.57.62 257.28 2>7.20 256.23 256.01 255.96 
326.87 324.03 322 87 319.10 318.57 318.44 316.90 316.57 316A9 315.82 
399.32 395.09 393.34 JR7.63 386.Rl 386.63 384 30 383.80 383.68 38267 
480.26 474.21 471 70 463.40 462.20 461.93 458.53 45780 457.64 456.17 
570.19 561.74 558.25 516.62 !144.93 544.!14 539.73 538.70 538.47 536.40 
669.69 658.09 653 34 637.52 635.20 634.67 62M.05 626.63 626.30 623.46 
779.49 763.79 757 41 736.36 733.25 732.53 723.63 721.72 721.28 717.45 
900.39 87940 870.95 843.36 839.31 838.37 826.66 824.14 823.56 818.51 

1.033.4 1,00.5.6 994 !14 958.80 9.53.()1 952.4() 937.31 934.0< 933.29 926.74 
1.179 6 1.143.2 l.l28 9 1.083.0 1,0764 1.074.9 1,055.8 1.051.6 1,050.7 1.042.3 
1340.5 1,293.2 1.274 6 1.216.3 1.2080 1;06.1 1.182.3 1,177.0 1,175.8 1.16.5.3 
1.517.5 1.456.5 1.432 8 1.359.2 1,348.9 1.346~ 1.3169 1.310.5 1,309.0 1.296.0 
1.712 6 1.634.4 1.604.3 1~12.1 1.499.3 1.496.4 1.<460 1 1.452.2 1,450.4 1.434.4 
1,928 1 1.828.3 1.7904 1,6754 1,659.7 1.166 1 1,611.8 1.602.3 1.600.1 1.580.7 
2.166.5 2.040.0 1,9923 1,849.9 1.830.7 1,826.3 1,771.6 1,761.1 1,758.4 1.735.2 
2.431 o 2.:71.2 2.211 6 2.036 1 2.012 7 2.007.4 1,942.6 1.928.8 1.925.6 1.897 9 

2.725.3 2.524.3 2.450.2 2.234.7 2.206.4 2.200.0 2,1222 2.105.8 2.102.0 2.069.1 
3.054.0 2.801 9 2.7100 2.446.6 2.412 . .5 2.404.8 2.311.8 2.292.3 2.287.8 2.249.0 
3,422.4 3,106Y 2.993 4 2,672.6 2.631 7 2.622.4 2.511.7 2.488.7 2.483.4 2.437.8 
3.837.6 3,443.1 3.303 1 2.913.7 2.864 8 2.853.7 2. 722.5 2.695 4 2,6R9.2 2.635 8 
4.308.1 3,814.5 3.64:!4 3.171.2 3,112.8 3.099.6 2.944.5 2.912.8 2.905.5 2.843.2 

4,::!26 . .: 4.014 y 3.-l46.1 3,376 7 3J61.1 3.178 4 3.141.3 3.132.8 . 3.060.3 
4,685.0 4.4:!5 :! 3,739.9 3,657 7 3.639.3 3.424.6 3,381.4 3,371.5 3287.5 
5.197.9 4.FI78 5 4.~.54.3 3.957 1 3.935.3 3.683.9 3,633.6 3,622.2 3,525.2 

4,751.6 4.616.7 4j86.7 4,244.::: 4,176.9 4.161.7 4,033.1 
5.3.54 8 5.369 1 5.328.1 4,865.6 4,/76.3 4.756.2 4.587.4 
6.485.5 6.231 3 6.1754 5.555.6 5,438.0 5.411.6 5,191.9 
7.37Jf, 7.224 ~ 7.14-R fl 6.323 1 6,1694 6,135.0 5.851.1 

8.850 5 8.376 6 8.274.2 7,178 8 6,979.1 6.934.6 6.570.1 
9,i24.0 9.58.5 4 8,135 5 1.8714 7,820.2 7.3~4 9 

9.208.6 8.876.6 8.803.3 8.2124 
10.418 9.991.5 9.R98.0 9.150.7 

11.786 11.240 ll.l21 10.179 
13344 12.644 12.493 11.309 

14.231 14,038 12.552 
16.03.5 15,190 13.925 

15.446 
1 7.135 
19.021 

The cemer of the oownstream tap hale shall be located eight Limes the published or actual 
msJdc diamcter from thc down~tream face of the orifice plate. Figure 3-D-2 shows the al
lowable tolerances. A maxtmum beta ratJo of0.75 should be used m the design of new in
sta.llauons. 

3-0.3.4.2 Fabr~cation 

Meter tu bes that use pipe Ulps shall ha ve a hale of lhe pmpcr s1ze drilled tllrough the pipe 
wall. Proper hole s¡zes are listed in Table 3-D-2. Tbe hole shall no1 be tlueaded A fittmg 

Coov.-~gM r:o~ tne AMERlC"'-N PETROLEUM INS~lTUT!;: (AP! 1 
Tue O~~ O& 14:17·15 !Q'h• 

11938 12.090 

315.57 315.51 
382.31 382.22 
455.65 455.53 
535.67 535.49 
622.46 622.22 
716.12 715.79 
816.75 816.32 

924.-46 923.90 
1,039.4 1,038.7 
1.161.7 1,160.8 
1,291 4 1,290.3 
1,428 R 1.427 4 
1.573.9 1.572 .• 2 
1.727.0 1.725.0 
1,888.2 l.~S.H 

2.057.6 2.05-'.7 
2.235.4 2232.1 
2.42L9 · 2.418.0 
2.617.2 2.612.7 
2.R2l.fi 2,816.4 
3.035.4 3,029.3 
3.258.8 3.251.8 
3.492.1 3,484.0 

3.989.6 3.979.1 
4.530.9 4.5173 
5.119.1 5,101.6 
5,757.9 5,735.6 

6.451.7 6,423.4 
7.205.3 7,169.7 
R,024 4 7,979.8 
8.915.6 8.860.0 

9.8864 9,817.5 
10,946 10.860 
12.103 11.998 
13371 13.242 

14,763 14.605 
16,295 16.102 
17,986 17,7~ 

19.861 19,.572 
21.948 21 • .594 
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Tabla 3-D-1-Continued 

Published lnside D1ameters ar Publistled hslde D1amerer.o at Pub! ished lnside Thameten at P\lblished Jnsidr: Diameu:n at 
Nominal Pipe Sizc: of 16lm:hes Nominal Pif-C S1ZC of 20 lnches Nominal Pipe Size of 241nches Nominal Pipe Sae of30 Inches 

Oriflce 
Diamelcr 14.688 15.oo0 15.250 1H.812 19.1XXl 19.250 22.624 231100 23.250 28.750 

1.500 453.93 4!53.79 
1.625 533.2B 533.09 532.94 
1.750 619.20 618.94 618.74 
1.875 711.75 711.41 711.14 
2.000 811.01 810.55 810.21 806.73 806.59 806.42 

2.125 917.03 916.45 916.01 911 . .54 911.37 911.15 
2.250 1,029.9 \,029.2 1,028.6 1,1122.9 1,022.7 1.1122.5 
2.375 1,149.7 1,148.8 1,148.1 1,141.0 1,140.7 1,140.4 1,136.8 1,136.5 1,136.3 
2.500 1.276.6 1,275.4 1,274.5 1,265.7 \,26M 1,26.5.0 1,260.6 1,260.2 1,260.0 
2.625 1.410.5 1,409.1 l,40B.O 1,397.2 1.396 8 1,396.3 1,390.9 1.390.5 1.390.2 
2.750 1,551.7 1,550.0 1,548.6 1,535.5 1.!35 o 1.534.4 1,527.9 1,521.4 l,.'i27.0 
2.875 1,700.2 1,698.1 1,696 . .5 1,680.7 !,680.1 1,679.4 1,671.6 1,670.9 1,610.5 1,6637 
3.000 1.856.1 1,853.6 1,851.7 1,832.8 1,832.1 L.831.2 1.821.9 1,821.1 1,820.6 1,821.6 

3.12~ 2.019.6 2,016.6 2.014.4 1,991.9 1.991.1 1,990.0 1.979.0 1,978.1 1,977.5 1,968.0 
3.250 2.190.7 2,187.2 2,184.6 2.158.1 2.1!57.1 2.1!5!5.8 2,142.9 2.141.8 2,141.1 2,130.0 
3.375 2.369.7 2,365.6 2,362.5 2,331.4 2,330 J 2,328.8 2,311.6 2,312.1 2,311..5 2,298.6 
3.500 2.556.5 2,551.7 2,.548.1 2.512.0 2,510.6 2,.508.9 2,491.2 2,489.8 2,488.8 2,473.9 
3.625 2.751.5 2,74.5.9 2,741.7 2.699.8 2.698.3 2.696.3 2.67.5.8 2.674.1 2,673.0 2,655.8 
3.750 2,954.6 2,948 2 2,94) 4 2,895.1 2,893 3 2,891.0 2.867.4 2,86.5.5 2,864.2 2,R44 4 
3.875 3,166.0 3,158.7 3,153.2 3,097.8 ],095.7 3,093.1 3,066.1 3,063.8 3,062.4 3,039.7 
4.000 3,38.5.8 3;377 . .5 3,371.3 3,308.1 3,305.7 3,302.7 3.27 1.9 3,269.3 3.267.7 3,241.8 

4.250 3,851.7 3,841.0 3,832.9 3,?51.8 3,748.8 3,744.9 3,70.5.1 3,701.8 3,699.7 3,665 5 
4.500 4.353.5 4,339.9 4,329.1 4.226.9 4.223.1 4,218.2 4,167.7 4,163 . .5 4,160.8 4,118.7 
4.750 4,S93.0 4,875 9 4,86j o 4,734.3 4,729.5 4,723.4 4,660.2 4,654.9 4,651.5 4,59~.Y 

5 000 5,472.1 5,450 6 5,434 5 .5,274i 5,2tl6.8 5,261.3 5,183 1 5,176.6 5,172.4 5,107.3 

5.2.'5r. 6,092.7 6,066.0 6,046.U 5,H49.:l 5,K42.U 5,832.8 5,737.2 5,71.9.2 5,724.1 5.644.3 
5.500 6,751.2 6,724.3 6,699 6 6,458 S 6,450 1 6,438.8 6.323.1 6.313 4 6,307.2 6,2104 
5.750 7,468.2 7,427.8 7,397.6 7,104 7 7,094.2 7,080.6 6,941.5 6,929.8 6,922.4 6,806 o 
6.000 8.228.'/ 8.179.4 8.142 5 7,773.2 7,7i5j 7.759.3 7..S93.1 1,579.2 7.570.3 7,431 5 

6.250 9.0<11.9 8.981.9 8.937.2 8.510.8 8,195.6 8.476.2 8.278.6 8,262.2 8.251.7 8,087.5 
6.500 9,911.4 9.~38.9 9.784.~ 'J,273.b 9,255.l:i '),232.7 8.999.1 8.rn9.7 8,967.3 H,774.3 
6.750 10.842 10,754 10,689 10,079 lO.O~S \O,OJJ 9.75~.4 9,732.6 9,71K.I 1:1,492 f> 
7,000 11,837 11,732 11,654 10,929 10.903 IQ,871 10..548 10,522 10,505 10,243 

,.250 12,902 12,777 12,684 11,824 1 .. 795 1 t,?Si 11.380 11,349 11,32Q 11,026 
7.500 14,044 13,894 13,784 12.768 12.733 12,689 12,250 12,214 12,191 11,841 
1.750 15.269 15,091 14.959 13.763 13,72'2 13.671 13.161 13.119 13.093 12.691 
R ()()() 16,.'ifl~ 16,372 !6,21ó 14,Hll \4,i64 14,704 14,11] 14,065 J4,U3ó 13,575 

shuuld be lastened tu the p1pe at this poinl, and great care must be exercised to ensure that 
the mside or the pipe is not disron¡,;d in any wa:.-. 

Thc dmmctcr or thc tap holc sh;~ll nat be rcduccd WJthin a lcngth cqual to 2.5 umcs rhc 
tap hole diametcr a:-. mr.:a!>ured frmn lhe ms1de ~urface of the meter tube. If thc f¡uing ü. 
wcldcd to thc p1pe mert to fnhricare lhe meter tube, the tnp holc shall not be drilled until of-
te1 the welding 1~ done 

In Table 3-D-2. rhe ñn1shed tap hole shall be±~ mch from thc selected nominal tap hole. 
d1ameter along the drilled lcngth o ... íhc holc. 

3-0.4 Computing the Aow of Natural Gas and Other 
Relatad Hydrocarbon Flulds Through OrHice 
Meters Equipped With Pipe Taps 

3-0.4.1 GENERAL 

The reconlmendauons 1u 3-D.-.i 2 Uwugh 3-0.4.8 conceminEt calculat10ns and compu-
tations are confmed strictly to pipe mp oriflce merers instalJed and operated according to thc 
prov1sions of th1s appcndix. Thc equauons use inch-pounc1 units and absolute valucs 

C.Opvrl!;'~-~ b• tl"1e A'-'EI<ICA ... PEHlOLEUM JNSTJTUTE (AP!) 
Tue Oc~ 0:' 14·:7 18 ]QQt> 

29.000 29.250 

1.812.3 1.812.1 

1.967.7 1.967.4 
2.12?.7 2.1293 
2.298.2 2.297.8 
2,473.4 2,472.9 
2.655.2 2.654.7 
2.843 7 2.R43.1 
3,039 o 3.038.3 
3.241.0 3,240.2 ·: 

3,665 4 3.664.4 ':~ 
4,117.4 4,116.1 t.: 
4,597.2 4.59!5..5 .r· 
5,105.2 5,103.1 " ' 

5.641.~ 5.6393 
6,207.3 6.204.3 
6,802.3 6.798.7 
7,427.1 7,422.8 

8,082.2 8.017.1 ~" 
8,768.1 8,762.1 ::. 
9,485.4 9,478.4:: 

10,234 10,226 

11,016 11,007 
11,830 11,819 
12.678 12.666 
13,56U 13,546 

.:~ 

·'-
.,_ 
-:~x 

. ~-· 
';g-,· 
~: .. . ~ .. ;. 
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_[~ 

.:¡_ 
,, 



API MPMS*14.3.3· 92 .. 0732290 0503925 &43 .. 

SECTlON 3-CoNCENTRIC, SauARE-EooEo ORIFICE -· PART 3--NATt.I!W. GAs APRlcATIONS n 

Tabla 3-D-1-Continued 

Published Inslde Diametm m Publishcd Ins1de Diamctezs at Publisbed lnside Diamcren at Publishcd lnslde Diameters &1 

Nominal Pipe Size of I6lncbes Nominal Pipe Size of 20 lnches Nominnl Pipe Size of241ncbes Nominal Pipe SLzc of30 lnchc::s 
Orífice 

Diameter . 14.688 

8.250 17,996 
8.500 19,517 
8.75u 21,1.57 
9.000 22,927 

9.250 24,842 
9.500 26,911 
9.750 29,173 

10.000 31,630 

10.250 34,316 
10.500 
10.750 
11.000 

11.250 
11.500 
11.75\l 
12.00J 
12.500 
13.00) 

n.sno 
14.000 
14.500 
15.00J 
15.500 
16.000 

16.500 
17.000 
17..500 
HUXXJ 
18.500 
19.000 

19.500 
20.000 

15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 

17,746 17.562 15.915 15.861 15,791 15.109 15,055 15,020 14~494 
19,221 19,004 17,079 17,016 16.935 16,150 16,088 16,048 15,448 
20,807 20.551 18,306 18.233 18,140 17,238 17,166 17,121 16.439 
22,515 22,214 19.600 19.515 19,408 18.374 18.293 18.241 17,468 

24,3.57 24.004 20.964 20,867 20,744 19,561 19, .. 68 19,410 18.535 
26.347 25.932 22,404 22,293 22.151 20.801 20.695 20,629 19,642 
28.502 28.015 23,925 12,797 23,635 22.096 21.976 21,901 20,789 
30,840 30,269 25,531 25,384 25,199 23,448 23,313 23,228 2I,9n 

33,384 32,714 27,229 27.062 26.850 24,861 24,708 24,612 23.208 
36,161 35,373 29,026 28,834 28,593 26,337 26,165 26,0" 24,482 

30.928 30,710 30,435 27.879 27.686 27,564 25.802 
32,944 32.695 32.382 29,492 29,274 29,137 27,168 

35,082 34.799 34.444 3I,In 3D.933 30,780 28.582 
37,353 37,031 36.627 32,941 32,667 32.495 30.045 
39.766 39,401 38,942 34,786 34,479 34,286 31,559 
42.33€ 41.921 41.~00 36,717 36,374 36,158 33.126 
47,998 47,462 46,791 40,859 40..430 40,162 36.426 
54,412 53,779 52,915 45,410 44,878 44,545 39.960 

50,425 49,765 49,353 43,746 
55,965 55,148 54,640 47,805 
62,106 61.096 60,469 52.159 
68,938 67.689 66.917 56,833 
76.572 75.027 74,075 6!,857 

83,233 82,057 67,263 

73,087 
79,.372 
86.16.5 
93.522 

10! .506 
110,192 

ll9,6ll7 
130.036 

throu~hout. Constants and vuiaoles that ha ve a subscripl of l indicate upslream mt:asure· 
ments; those that ha ve a suoscript of 2 mdicate downsrream measuremenrs. 

3-0.4.2 EQUATION 

In the me<tsurcment of most gases, especially narural gas, the general prnctice is to ex
prcss thc flow ratc in cubic feet per hour at sorne specified reference or base conditions of 
pres<>ure and temperatme (that is, in standard cubic feel per hour). To calculate the 4uantity 
of gas. thc followmg equauon shall be used: 

Q, = C'~ hJí O·D·l) 

Wllere · 

C' :::: onfice nuw constan t. 
h .. = diffcrcntial prcssurc at 60°F. in mches of water 

P¡ = stauc pressure, in pounds force per square inch absolute. 
Q, = volume flow rate at base conditions, in standard cubic feet per hour. 

3-0.4.:!' ORIFICE FLOW CONSTANT (C') 

The orifice ftow constant, e: is defined as the mte of o.irfiow as a real gas, in standard cu
bJc feet per hour, when the extension, (h.IJ)0~, equals unlty. The orifice ftow constant 

C.opyng""t c. tf'1e AMEP:CAN PET;:;'O!.EU"' lNS';'!TUTE (A~¡ i 
TueÜC':. OE! l4:i7:lE! J<;19c 

29.000 29.250 

14,477 14,461 
15,429 15,411 
16,418 i6.398 
17,444 11,421 

18.508 18.482 
19,612 19.582 
20,755 20,72:2 
21,939 21,902 

23,165 23,124 
24,435 24,389 
25.749 25.698 
27,109 27,053 

28.517 28.454 
29.973 29,904 
31,480 31,403 
33,038 32.953 
36.319 36,216 
39,830 39,705 

43,590 43,438 
47,6l'7 47,435 
.51,933 S 1.71.5 
56,563 56,303 
61,535 61,225 
66~79 66.511 

72,632 72,195 
78,833 78..315 
85,227 84,'115 
92,767 92.044 

100,614 99,761 
109,137 108.130 

1 18.420 117,231 
128.559 127,153 
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Nominal 4-inch pipe and larger runs 

Runs smaller than nomtnal 4-mch proa 

(. 10 0.20 0.30 0.40 0.50 ·a.so 0.10 

p 

Note: A maxunum /3 ratio of 0.75 should be used in the design of new installatioru. 

F1gure 3-D-2-AIIowable Vanatians in Pressure Tap Hale Locatian 

should not be coniused wnh the ftow coefficient or coefficient of discharge (K). The follow
tng equation ts uscd to calcuJatc tO.e orifice tlow constant: 

F, 
1; ; 

Gc ; 

C' = F¿ F, YF,.F,¡,F,jF,F,.. 

ha.sic oriflce factor. 
real speCtti:::: grav1ty (reiattve density) factor. 
base pressure factor. 

(3-D-2) 

F,. ; supcrcornprcssrbiliry factor (from A.G.A. Transmission Measurcment Committec 
Repon No. 8i. 

F.. Reynolds number fnctür. 
r,¡, = base temperature factor. 
F,_, = flowing temperature factor. 
r = cxpam;¡nn factnr 

Table 3-D-2-Meter Tu be Pressure Tap Hales 
(Dimensians in lnches) 

Mc:cr Tu:.: 
,..,Offil0.11 

!mide 
Dtameter 

2 or ::= ,, 

Nommal Tap Holc Oiamcter 

R eeommentled MDXtmum Mtmmurn 

,.,;ot~·l he fuushetl tap hole shall be ±Ji. rnch from 1he selectcd nominal tap 
hole d!3rr.eter along lhe drilled length ofthe hok:. 

C:o~--:"-~ t:. t"'" "'"':;:;::,:::.:; ::o;::o;;:::~EU"" lt<STlTUTE (AP;l 
íu-, o:·. o: !.!: : ~ -~ :co;;:;. 

0.80 
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The sequence of multiplication in &¡untion 2 is not binding; however, to duplicatc the re
sults obtained using Equalion 2, the sequence of multiplication and the manner of rounding 
or truncation should be agreed upon and practiced. Trim factors to compensatc for the rype of 
instrumentation used, the calibral!on methods, and !he elements of meter location are trcated 
scparately (see Appcndix 3-A). llu:se trim factors may be applied as a multiplier to e: 

The values of all the e· factors are detailed in snbsequent sections of this appendix. Both 
equations and tabular data based on the eqcations are provided. The tables are to be used 
as an altemative to calculations by equations orto check computed results. 

3-0.4.4 COEFFICIENTS OF DISCHARGE (K)= 

To calculate the coeffi.cients of discharge. K, the following empirical equatioils are used: 

K, K ; 
' 1 + 15E 

I,OOO,OOOd 

Whcre 

K, ; o.5925 -
0·~82 + ( o.44 -

0
;

6 )P' + ( o.935 + 
0·~25 )p' 

~ !.35/3" + ~~(0.25 - P>~ 
-Jo 

E 

B 

d(830 - 5000/3 + 9000/3' - 4200/33 + B) 

875 .. 75 
D 

(3-D-3) 

(3-D-4) 

(3-D-5) 

(3-D-6) 

Note: In Equatíon 3-D-4, lhe Sl@'ns of sorne of thc tenns whh frc.ct¡on:¡! cxponcnts becomc negat!Vc for sorne val
ucs of {3. In such cases, mese terms are to be ne~lected or their vaJue trcatcd as zero, and wh.en: thesc tcnns nn: a 
factor to another tem:, thc whole produce tS ta be treated as zero. 

Where: 

d ;:: measured oriflce diameter, in inche!o. 
D ;:: measured inside meter tube diarneter, in inches 
K~ = cocfficicnt of discha--gc whcn Rcynolds numhcr is rqual to ( l,(XlO,OOOd)/15. 
Ko = coeffic¡ent of discharge when Reynolds number equnls infinity, which will be thc 

minimum value for any panicular orifice and meter rube size. 
f3 ;:: beta rallo 

; d!D 

These values wil\ be u sed tn subsequent intermed1ate calculations of the orifice Oow con
stant faclo~. 

3-DA.S 8AS1C ORIFICE FACTOR (F,) 

To calcuh.ttt: thc ba~1:: orifice factor, f~. use the followmg equation and note the standard 
condiuons: 

When 

P, (ba~t! preS!iUfe) 
Spccitic gravuy ;:: 

_- Tb (base tcmpcraturc) 

14.73 pounds force per square inch absolute 
1.000 
60°1-' (5!9.67°R) 

(3-D-7) 

Table 3-D-1 was dcveloped using Equation 3-D-7 and various combinations of d and D: 
to use il, howevcr, the mea~ured insidt! diameter (D) of the f!1eter rube must be wahin the 
limits specified in 3-D.3.2 and Figure 3-D-1. Table 3-D-2 may not be inte~polalec.l. 

Coovn<~"t o" tt1"' AMEP:CAN PETROLEUM INSTlTUTE !AP!! 
Tu"' Oc~ 02 1~:: ':" 12 ¡QQe 

79 
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3-0.4.6 REYNOLDS NUMBER FACTOR (F,) 

To calcula1e 1he Reynolds number factor, F,, use 1he following equarions: 

Re, = 220,858dF,...j ph. 

E ¡; = 1 + 
Re, 

(3-D-8) 

X (0.613408- 0.152756P + 0.803833P'- l. 701111P' + 1.569336P') (3-D-9) 

p = l' _!}__J(491.67)G (3-D-10) 
14.7 r; 

Where: 

G = specitic gravity. 
Red :; orifice hore Reynolrl.s number. 

T¡ = absoluto ftowing temperature, in degrees Rnnkine. 
p = specific weight of a gas at 14.7 pounds force per square inch absolute and 32°F. 

Table 3-D-3, which may nm be inrerpolated, may be used to determine tbe value of b; 
thn; value m ay then be •~pplted to Equation 3-D-11: 

Table 3-D-3-b Values for Determinin~ Reynolds Number Factor F, for Pipe Taps (AII Dimensions in Jnches) 

Orificc 
Dinme:er 

0.250 
0.375 
0.50() 
o rí~.~ 
0.75(1 
o.:H: 
1.00{) 

1.12~ 

1.:25(• 
1.37: 
1 50(· 
l.tí1c 
\.75(1 
1.875 
:.OOC· 

.1 ~: 

.25{: 
3':'~ 
jO{ 
.61.~ 

75l· 

Published lns1de D1arneters at 
f'oamm:1l P1pe S1ze of2 Jnches 

1.687 1.939 2.067 

0.1106 0.1091 0.1087 
00890 00878 0.0877 
00758 00734 0.0729 
00rí94 o Otí47 o fló1" 
0.0676 0.0608 0.058ó 
0.06~4 0.0602 O.U57ü 
0.0702 00614 0.0576 

0070') UU635 OUS'J:-
0.0650 00617 

0062;:: 

2.300 

0.1081 
0.0879 
0.0128 
0.0624 
0.0559 
0.052.'! 
0.0522 

Ull~ J2 
0.0552 
00575 
00590 

b 
F, = 1 + __,....,.... 

...j l1.lf . 

?ubhsh~d lnside 0Jameters at 
Nominal P1pe S1ze of 3 lnches 

2.624 2.900 

0.1078 0.1078 
o 0888 0.0898 
00737 0.0750 
00624 0.0634 
e ns46 0.0548 
00497 0.0488 
0.0473 0.0452 

0.0469 0.0435 
0.0478 o 0434 
0.0496 0.0443 
00518 00461 
005"39 O 04R2 
0.0554 0.0504 

00521 
0.0532 

3.068 

0.1079 
0.090.5 
0.0758 
00642 
0.0552 
0.().188 
0.0445 

0.0422 
0.0·114 
0.0418 
00-l]l 
00450 
0.0471 
o 0492 
0.0508 

00519 

Note· ·¡he b vn.lues nre c~lculnt.cd from thc fo!lowm¡¡: cquat10n: 

E 
n " 

12,835dK 

~hCIC. 

d .. menn orihce duuneter, m mches. 
E = value trom Equauon 3-D-5 
K = value approximated from Table 3-D-4. 

~<qr-· :¡, t"~ AI-'ER!CAt< ~t:T~OLEU"' INST:TUTE (AOl 1 
;....., o~; 0: 1.1:.¡?,¡:: JGQe 

3.152 

0.1079 
0.0908 
0.0763 
0.0646 
0.0555 
0.0489 
0.0443 

0.0417 
0.0406 
0.0408 
0.0418 
0.0435 
0.0456 
0.0477 
0.049) 

0.0509 

Published lnside D1arneters at 
Nof1llnBI Plpe Size of 4 lnchcs 

3.438 3.826 

0.1081 0.10811 
0.0918 0.0932 
0.0773 00800 
00662 0.0685 
0.0568 0.0590 
0.0496 0.0513 
0.04!\3 0.0453 

0.0407 0.0408 
0.0387 0.0376 
0.0371) 0.0358 
0.0382 0.0350 
0.0392 oo:t'il 
0.0408 0.0359 
0.0427 00372 
0.04·18 00388 

0.0467 0.0407 
0.0483 00427 
0.0494 0.0445 

00461 
0.0472 

4.026 

0.108.5 
0.0939 
0.0810 
0.0697 
0.0602 
0.0524 
0.0461 

0.0412 
0.0377 
0.0353 
0.0341 
0.0336 
0.0340 
0.0349 
0.0363 

0.0380 
0.0398 
0.0417 
0.0435 
0.04.50 
0.0462 

. ' 

r.r.: 

" ., 
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Publisbed Insidc 
Diameters at 

Nominal P1pe S1ze of 
6lnches 

Orifice 
Dmmeter 4.897 5.187 5.761 

0.500 0.01:150 0.0862 0.0883 
0.625 0.0747 0.0762 0.0789 
0.7~0 0.0655 0.0672 0.0703 
0.875 0.0575 0.0592 0.0625 
1.000 0.0506 0.0523 0.0556 

1.125 0.0448 0.0464 0.0495 
1.250 00401 0.0414 0.0442 
1.375 0.0363 0.0373 00397 
1.500 0.0334 0.0341 0.0360 
l.fi2'\ 0.03!3 0.0315 0.0329 
1 750 0.0300 0.0298 0.0304 
1.875 0.0293 0.0287 0.0285 
2.000 0.0292 0.0281 0.0273 

2.12.5 0.0297 0.0281 0.0265 
2.250 0.0305 0.028.5 0.0261 
2.375 0.031ó 0.0293 0.0262 
2.500 0.0330 o 0304 0.0267 
2.625 0.03·15 0.0317 0.0274 
2.750 0.0362 0.0332 0.0284 
2.875 00379 0.0348 0.0295 
3.000 0.0395 0.0364 0.0308 

3.125 00410 0.0380 o 0323 
3.250 0.0422 0.0394 0.0333 
3.375 0.043) 0.0408 0.0353 
3.500 0.{].419 o 0367 
3.625 00428 o 0331 
3.750 0.0393 
3.1HJ 00404 
4.000 00411 

4.25ll 
4.500 
•1.750 
5.000 

5.250 
5.500 
5.7'\0 
6.000 

G.250 
6.500 
6.750 
7.000 

7.250 
7.500 
7.750 
•. ooo 
H.2SD 

Copvrlo".: p, th'! A~ERlCAN PETPO'-EU"-' INST:TUE IAPl, 
Tue IJ::~ 0!: l4.l7 1<5 JOG~:¡ 

6065 

0.0893 
0.0802 
0.0719 
0.064: 
0.057::: 

0.0512 
0.0458 
0.0412 
0.0372 
0.0339 
0.0311 
0.0290 
0.0273 

0.0262 
0.0256 
0.025:; 
o 02S4 
0.0258 
0.0265 
00274 
0.0285 

0.0297 
0.0311 
0.032~ 

11.0339 
0.0354 
o 0367 
0.0380 
00l91 

F 1 + 
b 

{3-D-11) = ~h..P¡ 
b 

E 
{3-D-12) = 12,835dK 

Tabla 3-D-3-Continued 

Ji • 1 b 
+ ~h.IJ 

Published Inside Publishcd Inside Publishcd lnside 
Diametc:r3 11t Diamctasat Diametcrs at 

Nominal Pipe Size of Nominal Pipe Sitt of Nominal Plpe Siz.e of 
8 Inches !Olnd>5 12 lnc:hes 

7.625 7.981 8.071 9.562 10.020 10.136 11.374 ll.938 12.090 

0.0716 0.0730 0.0734 
0.0652 0.0668 0.0672 0.0728 

0.0593 0.0609 0.0613 0.0674 0.0691 0.0695 
0.0538 0.0555 0.0560 0.0624 0.0641 0.0646 0.0687 0.0704 0.0008 
0.0489 0.0506 0.0511 0.0576 0.0594 0.0599 0.0643 0.0661 0.0666 
0.0445 0.0462 0.0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625 
(.0405 0.0421 0.0425 0.0490 0.0509 0.0514 0.0561 0.0580 0.0!585 
00369 0.03R4 0.0388 0.0452 0.0471 0.0476 0.0523 0.0543 0.11548 
0.0338 0.0352 0.0355 0.0417 0.0436 00440 0.0488 0.0508 0.0513 
0.0311 0.0323 0.0327 0.038!5 0.0403 0.0407 0.0454 0.0475 0.0480 

0.0288 0.0299 0.0301 0.0355 0.0373 0.0377 0.0423 0.0443. 0.0449 
0.0268 0.0277 0.0280 0.0329 0.0345 0.0349 0.0394 0.0414 0.0419 
0.0252 0.0259 0.0261 O.D305 0.0320 0.0324 0.0367 0.0387 0.0392 
0.0239 0.0244 0.0246 00283 0.0298 0.0301 0.0342 0.0361 0.0366 
0.0230 0.0232 0.0233 0.0265 0.0277 0.0281 0.0319 0.0337 0.0342 
0.0224 0.0224 0.0224 0.0248 0.0260 0.0263 0.0298 0.0316 0.0320 
0.0220 0.0218 0.0218 00234 0.0244 0.0246 0.0279 0.0295 0.0300 
0.0219 0.0214 0.0213 00222 0.0230 0.0233 0.0262 0.0277 0.0281 

0.0220 0.0213 0.0211 00212 0.0218 0.0220 0.024() 0.0260 0.0264 
0.0223 00214 00212 0.0205 0.0209 0.0210 0.0232 0.0245 0.0249 
0.0228 0.0217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.0235 
0.0235 0.0221 0.0218 00195 0.0195 0.0196 0.0210 0.0220 0.0223 
0.0243 00227 0.0224 0.0193 0.0191 0.0191 0.0200 0.0209 0.0212 
0.0:'52 0.0234 0.0230 0.0192 0.0188 00188 0.0193 0.0200 0.0202 
0.0262 0.021\3 0.0238 0.0193 0.0187 0.0186 0.0!87 0.0192 ·0.0194 
o 02T'I 0.02.52 0.024K 00195 0.0187 0.0186 0.0182 0.0185 0.0187 

0.0297 0.0273 0.0268 0.0203 0.0192 0.0189 0.0176 0.0176 0.0177 
O.Qj2\ 002Q6 0.02QO 0.0215 0.0200 0.0197 0.0175 o.otn 0.0171 
0.0344 0.0320 0.0314 0.0230 0.0212 0.0208 0.0178 0.0171 0.0170 
0.0364 0.0342 0.0336 0.0248 0.0228 0.0223 00185 0.017:5 0.0172 

0.(,381 00361 0.0356 0.0267 0.024.5 0.0239 0.0195 0.0181 00178 
0.0317 0.0373 0.0287 0.0263 0.0257 0.0207 0.0190 0.0186 

0.0307 0.0282 0.0276 0.0221 0.0202 0.0197 
0.0326 0.0302 0.0295 0.0236 0.0215 00210 

11.0141 0.0320 0.0314 0.0153 0.0230 0.022. 
0.0358 0.0336 0.0331 0.0270 0.0246 0.02-ro 

0.03:51 0.03-46 0.0288 0.0262 0.02.56 
0.0363 0.0359 0.0304 0.0279 0.0272 

0.0320 o.~ 0.0288 
0.0334 0.0310 0.0304 
0.0).47 0.0325 0.0318 

0.0338 0.0332 
0.()349 0.0344 
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Tabla 3-0-3-Continued 

r; = 1 +-:¡&¡ 
h,.P¡ 

Published Inside Publisbed Inside Pub!Wicd lnside PubHshed Inside 
DlWlletcn at Diameters at Diamctc:n ll Dtameters at 

Nominal Pipe Size of Nominal Pipe Sae of Nominal Ptpe Sizc of Nommal Prpe Sizc of 
16 Inches 20 Inches 24Inche3 

Orifice 
Dit~.meter 14.688 15.000 15250 18.812 19.000 19.2.50 22.624 23.000 23~0 28.750 

1.500 0.0697 0.0705 
1.625 0.0662 0.0670 0.0676 
1.750 0.0628 0.0636 0.0642 
1.875 0.0595 0.0603 0.0610 
2.000 0.0563 0,0571 0.0578 0.0663 0.06ó7 0.0672 

2.125 0.0532 0.0541 0.0548 0.0635 o (ó39 0.0645 
2.250 0.0503 0,0512 0.0519 00609 00613 0.0618 
2.375 0.0475 0.0485 0.0492 00583 0.0588 0.0593 0.06.58 0.0665 0.0669 
2.500 0.0449 0.0458 0.0466 0.0558 0.05ó2 0.0.568 0.0635 0.0642 0.0646 
2.625 0.0424 0.0433 0.0441 0.0534 0.0538 0.0544 00613 00620 0.0624 
2.750 0.0400 0.0409 0.0417 o 0510 0.0515 0.0520 0.0591 0.0598 0.0603 
2.875 0.0378 0.0387 0.0394 0.0488 0.0492 0.0498 0.0570 0.0577 0.0582 0.0669 
3.000 0.0356 0.0365 0.0372 0.0466 00470 O.fl476 0.0549 0.0556 0.0561 00650 

3.115 00336 0.0345 0.0352 0.0445 0.0449 0.04!55 0,0529 0.0.536 0.0541 0.0632 
3.250 0.0317 0.0326 0.0333 0.0425 0.0429 00435 00509 0.0517 0.0521 00615 
3.375 0.0300 0.0308 0.0314 00405 'J.0410 0.0416 0.0490 0.0497 0.0.502 0.0.597 
3.500 0.0283 0.0291 0.0297 0.0387 0.0391 0.0397 00471 0.0479 0.0484 00580 
3 625 0.0268 0.0275 0.0281 0.0369 0.(1373 0.0379 0.0453 0.0461 0.0466 005tíl 
3.750 0025.t 0.0261 0.0267 O.Ol52 0.0356 0.0362 0.0436 0.0444 0.0449 0.0547 
3.87:" 0.0240 00247 0.0253 0.0336 0.0340 0.0346 0.0419 0.0427 0.0432 0.0.530 
4.000 0.0228 0.0235 0.0240 0.0320 0.0124 0.0330 0.0403 0.0411 0.0416 0.0515 

4.250 00207 0.0213 0.0217 0.0291 0.0295 0.0301 0.0372 0.0380 0.0385 0.0484 
4500 0.0190 0.0194 0.0!98 0.026.5 0.0269 0.0274 0.0343 00351 0.0356 0.0455 
4.750 0.0176 0.0180 0.0!83 0.0242 0.0246 00250 0.0116 00324 0.0329 0.0421 
5,0{,'1{.1 0.0166 00168 00!71 0.02/1 0.0225 00229 0.0292 00299 0.0303 0.0401 

5.25ü 0.0160 00161 0.0162 0.0203 0.0206 0.0210 0.0269 00276 0.02&0 0.0376 
55Ul1 0.0156 fl 0156 O Oi5ó O OlRH 0.0190 0.0194 0.0248 o 0255 0.0259 O.OJ52 
5.750 0.015.5 0.0154 0.0153 0.0175 O.Olil 0.0180 0.0230 0.0236 0.0240 0.0330 
6.0C~ 0.0157 O.OJ5.: 0.0153 0.0164 o 1165 0.016M 0.0213 0.0218 0.0222 0.0309 

6.250 00161 00151 0.0:54 0.0155 (1,0156 0.0158 0.0197 0.0203 0.0206 0.02MlJ 
6.500 0.0167 0.016: 0.0159 O.U14M O.OW.J 0.0151 O.DIR-4 0.01~9 0.0192 0.0271 
6.75{) 0.0175 0.0169 00164 00144 0.0144 00145 0.0172 0.0176 0.0179 0.02.53 
7 000 0.0184 00171 0017:! 00141 0.0141 0.0141 0.0162 0.0166 0.0168 0.0237 

·:.250 O.UilJ5 () 01!17 O 01R! () ()14[) 00140 00139 0.0153 0.0156 0.0159 0.0223 
7 500 0.0206 0.0196 0019 0.014(; 00140 o 0139 0.0146 0.0149 0.0150 O.OWJ 
7 750 0.0219 o 0209 o.o:o::! O.ü/43 O.Gl41 00140 0.0140 0.0142 00144 0019(i 
h 000 0.0232 0.022: O U2J4 (11')14(, 00144 00142 0.0136 00138 00139 0.0185 

Table 3-D-4 must be u'>cd to de1ermme thc volue of K m F.quauon 3-D-12. F1rs1-order 

hncar mrerpolat10n of T<thlc- 3-D-4 is penmssibJe. In calculatm~ the extension for deh:nni-

nauons ofF,, avc::ragt: or c~tunatt::d value~ may be used. 

3-0.4.7 EXPANSION FACTOR (Y) 

3-0.4.7.1 Expanslon Factor Based on Upstream Statlc Pressure (Y,) 

lf the statJc pressute 1s 1neasurec' atdtt: up~tream pressure tap. the calculations for the ex· 

panstOn factor, Y
1

, use rhe followlng equations. 

r = 1 - [0.333 + 1.145(/.l' + o. ?{J' + l2f.l" )]!!. (3-D-l3i ' k 

Cop,..rl<IM:. O• tne A~E;;>ICAN PETPOLE'J"" INSTlTUTE IAP:i 
ive Ce~ o: :-! ::- :E: !OOo 

30 lnches 

29.000 29.2>0 

0.0654 0.06.57 

00ól6 0.0639 
00618 0.0622 
0.0601 0.0604 •\ 
0.0584 0.0587 1' 
00567 o 0571 '<• 
0.0551 0.0554 •• 
0.0534 0.0538 
0.0519 0.0523 

0.0488 0.0492 
0.0459 0.0463 
00431 0.0435 ' 
0.0405 0.0409. 

0.0380 0.0384. 
., 

0.0356 0.0360 11. 

0.0334 o.o:ns · 
0.0313 0.0317 

0.0293 0.0297 
00274 0.0278 
0.02.57 0.0261 
0.0241 0.0244 

0.0226 0.0229 
0.0212 0.0215 
00199 00202 
0.0187 0.0190 

>l · .. ~, .. .,..:, 
~-.-,·¡ 

l;/i 
·~~ 

'• ·'. ,, 
!') 
t":'i 
'~~ 

,· .il6 
~;':<~ 
.( ~ 
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Tabla 3-D-3-Continued 

F, = 1 b 
+ ~ h.lí 

Pubüsbed lnside Published 1nside Published Inside Publishod IDslde 
Diameters flt Diamcters at Diunetenat Diameu::n at 

Nominal Pipe Size of Nominal Pipe Siz:e of NomiDal Pipe Size or Nominal Pipe Sizc of 

Onfi.ce 
Diame1er 14.688 

8.250 0.0246 
R 500 0.0260 
8.750 0.0273 
9000 0.0286 

9.250 0.0299 
9.500 0.0311 
9.750 0.0322 

10.000 00332 

10.250 0.0341 
10.500 
10.750 
11.000 

11.250 
11.500 
11.750 
12.000 
12.500 
13·0oo 

13 500 
14.000 
14.50:) 
15.000 
15.500 
16.000 

16.500 
17.000' 
17.500 
IK.OOO 
18.500 
1'1.000 

19.500 
20.000 

16lnches 20 Inme. 24lnches 

1!5.000 1.5.250 18.812 19.000 19.~0 22.624 23.000 23~ 28.750 

0.0235 00227 0.0151 0.0149 00146 0.0133 0.0134 0.0135 0.0174 
0.0249 00240 0.0157 0.0154 0.0151 0.0132 0.0132 0.0132 0.0165 
0.0262 0.0253 0.0163 0.0160 0.0157 O.OIJI 0.0130 0.0130 0.0156 
0.0276 0.0267 0.0171 O.ot68 0.0163 0.0131 0.0130 0.0130 0.0149 

O.U2!UI O.OlMO 0.0180 0.0176 0.0171 0.0133 0.0131 0.0130 0.0142 
0.0301 0.02()2. 0.0189 O.ot85 0.0180 0.0136 0.0133 0.0132 0.0137 
0.0312 0.0304 0.0198 0.0194 0.0189 0.0139 0.0136 0.0134 0.0132 
0.0323 0.0315 O.D2<B 0.0204 0.0198 0.0143 0.0140 0.0138 0.0129 

0.0333 0.0326 0.0219 0.0214 0.0208 0.0149 0.0144 0.0142 0.0126 
0.0341 0.0333 0.0230 0.0225 0.0219 0.0154 0.01.50 0.0147 0.0123 

0.0241 0.0236 0.0229 0.0161 O.OISS 0.0152 0.0122 
0.0252 0.0247 0.0240 0.0168 0.0162 0.0158 0.0121 

0.0263 0.025R 0.0251 0.0175 0.0169 0.0165 0.0121 
0.027:, 0.0268 0.0261 0.0183 0.0176 0.0172 0.0122 
0.0284 0.0278 0.0271 0.0191 0.0184 0.0180 0.0124 
0.0293 0.0288 0.0282 0.0200 0.0192 O.Dl88 0.0126 
0.0312 0.0307 0.0301 0.0218 0.0210 0.0205 0.0131 
0.0327 O.D.l23 0.0318 0.0236 0.0228 0.0222 0.0139 

0.0255 0.0246 0.0240 0.0148 
O.OZ72 0.0264 0.0258 0.0159 
0.0289 O.C280 0.0275 0.0172 
0.0304 0.0296 0.0291 0.0185 
0.0318 0.0311 0.0306 0.0199 

0.0323 0.0319 0.0213 

0.0228 
0.0242 
002S7 
00270 
00283 
0.0296 

0.0307 
0.0317 

h. 
0-D-14) 

27.707 f!. 
Where: 

k ;;:: ratio of spec1fic heats. e,./ e, (that is, the ratio of the specific heat of a gas at con
stant preso; u reto the specitic heat of the gas at coostant volume at standard con
ditions.l. 

x 1/ k ""' acoustic ratio. 

Table 3-D-5 was developed using Equations 3-D-13 and 3-D-14 wilh a value of k = 1.3. 
First- or second-orrler hnear interpolation ofTable 3-D-5 1s pennissible. 

Thc vñiucs of Y1 are subjcct toan unccrtainty varying from O when x 1 = Oto ±0.5 per
cent when ..l: = 0.2. For larger values of x 1, a somewhat larger uncenainity con be expecteá. 
Equauon 3-D-13 may be used ovcr a range ofO.I S p S 0.7. 

Coovrlgt'1<:. t>v tt'1e A.'"1ERlCAt: DETPOLEU~ INST:TUT~ IAD:) 
Tue Oc<:. 08 1.1.17 18 JQ<:io 

30 lnches 

29.000 29.250 

0.0177 0.0179 
0.0167 0.0170 
0.0158 0.0161 
0.0151 0.0153 

0.0144 0.0146 
0.0138 0.0140 
0.0133 0.0135 
0.0129 0.0130 

0.0126 0.0127 
0.0124 0.0124 
0.0122 0.0122 
0.0121 0.0121 

0.0121 0.0121 
0.0122 0.0121 
0.0123 0.0122 
0.0124 0.0123 
0.0130 0.0128 
0.0137 0.0135 

0.0146 0.0143 
0.0156 0.0153 
0.016R 0.0165 
0.0181 0.0177 
0.0194 . 0.0191 
0.0209 0.0205 

0.0223 0.0219 
0.0238 0.0233 
0.0252 0.0248 
0.0266 0.0261 
0.0279 0.027S 
0.0292 0.0288 

0.0303 0.0299 
0.0313 0.0310 
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Table 3-D-4-V!llues of Kto Be Used in Determining 
R. ter Calculatlon of F, Factor 

p K(pipe) 

0.100 0.607 
0.1~ 0.608 
0.1,0 0.611 
0.17~ 0.614 
0.200 0.618 

0.225 0.623 
0.~0 0.628 
0.275 0.634 
0.300 0.641 

0.3~ 0.650 
0.350 0.658 
0,37, 0.668 
0.400 0.680 

0.4~ 0.692 
0.450 0.707 
0.475 0.714 
0.500 0742 

0.525 0.763 
0.550 0.785 
0.575 0.810 
0.600 0.837 

0.6:l5 0.869 
0.650 0.9W 
0.675 0.943 
0.700 0.988 

3-0.4.7.2 Expanslon Factor Based on Oownstream Statlc Pressure (Y,) 

If thc static prcssurc Js rncasured at thc downstream pressurc tap, the calculations for the 
-::xpansion factor. Y2, use the following equauons: 

Y, -- \/l __ ~~~r~ - [0.333 + 1.145(/J' O. 7/J' + 12/J")l x, (3-D-15) 
k.,jl + x, 

lj - !-f. h. x, = (3-D-16) 
lj, 27. 707lj_ 

Tablc 3-D-6 was dcvclopcd u·;ng Equations 3-D-15 and 3-D-16 w!lh a valuc of k = 1.3. 
Fnst- or second-ordcr linear in(erpolatJon ofTable 3-D-6 is pennissible. 

3-0.4.8 OTHER C' FACTORS 

The remaining onfice ftow constant C' facrors (namely. F,,.. F;11 , F,1• E,, and íp~) are calcu
J.¡~ee exaclly a.-. tie.'lcrtbl!d 1n the body ofth1s standard. Computations usíng equations or ta
hl:~ are permiSSJbk with these factors when calculating thc flow of natural gas through 
onhcc meteN cqmppcd wirh p1pc taps. 

3-0.4.9 EXAMPLES 

3-0.4.9.1 Example 1 

(j¡ven the followmg phy,1cal parameters and flowing cond1tJons, calculate the fl.ow rate 
for a p1pe tnp orifice meter through onc meter tubc: 

Tu be diameter 2.067 in 
Orifice dtameter 1 in 

Static pressure 500 psig (measured upstrearn) 
Differential prcssurc 50 inches of water at 60°F 

Coo~~¡o-• P• • ..,~ Alo't:;;o;c:..·~ PE:T~C!..EU~ 

ru~ o~:.·o:: 1.1::7 ·-
W$TlT'JE (APJ) 
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Base pressure 14.73 psta 
Annospheric pressure 14.7 psia (barometric) 
Flowing temperature 100"F 

Base temperature 60"F 
Relative dcnsity (specific gravity) 0.600 

Carbon dioxide 0.5 mole percent 
Nitrogen 0.5 mole percent 

Differential pressure device Bellows (recorder, dry) 

The solution is calculated as follows: 

Diametcr ratio (/3) ; 0.483793 
Extension = 160.421 

Basic orifice fnctor (i',) ; 243.279 
(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and 
3-D-7; orTable 3-D-2) 

Table 3-D-5-Expansion Faclors for Pipe Taps (Y,}: Static Pressure Taken From Upstream Taps 

11,../P1, 0.1 0.2 0.3 

0.0 [.()()() !.000 !.000 

0.1 0.9990 0.9989 0.9988 
02 0.9981 0.9979 0.9976 
0.3 0.9971 0.9968 0.9964 
04 0.9962 0.99.58 0.9951 
0.5 0.9952 0.9947 0.9939 

0.6 0.99·13 0.9937 0.9927 
0.7 0.9933 0.9926 0.9915 
0.8 0.9923 0.991G 09901 
0.9 0.9914 0.9905 0.9891 
l. O 0.990.1 0.9895 0.9878 

l.l 0.9895 0.9884 0.9866 

" 0.9885 0.9874 0.9854 
1.1 0.9R76 0.9H63 0.9H42 

" 0.9866 o 9853 0.9830 
1.5 0.9857 0.9841 0.9818 

1.6 0.9847 09832 0.9805 
1.7 0.9837 0.9821 0.9793 

" 0.982!:: 0.98!1 0.9781 
1.9 0.9818 0.9800 o 9769 
2.0 0.9809 09790 o C..757 

2.! 0.9799 0977Q o Q745 
2.2 0.9790 0.9768 0.9732 
2.3 0.9780 09758 0972() 
1.' 0.977r; o 9747 0970H 
2.5 0.9761 0.97P l.l96% 

2.6 0.97.'i1 0.972/'i CLW.KI 
27 0.9742 0.97!6 0.9672 
2.8 0.9732 09705 0.9659 
2.9 0.972_1. o 9695 U9ó47 
30 0.9713 0.9684 o 963~ 

1.1 0.970-l 0.9674 0%2~ 

3.2 0.9694 0.9663 0%11 
3.3 0.96&~ 0.9653 0.9599 
3.4 0.9675 0.96-12 0.9587 
) . .'i 0.96tí'i 0.9632 09"i74 

3.6 0.96.56 0.9621 0.1}562 
37 0.964(· 0.9611 . 0.9550 
38 0.91537 0.9600 0.9531\ 
].9 0.9627 0.9590 0.952(;) 
4.0 0.%17 0.9579 0.9514 

Ülpvr-:gr-.t_ D.,. tn~ A,..ERlCM~ PET¡;:CLEU,.. IN:;T!TUTE (AP! J 
iu~ O:·. 0!: 14:17 16 1<:i9e. 

0.4 

1000 

0.9985 
0.9971 
09956 
0.9942 
09927 

0.9913 
0.9898 
0.9883 
0.9869 
0.9854 

0.9840 
0.9825 
0.9H\1 
0.9796 
0.9782 

0.9767 
0.97S2 
0.9738 
0972] 
0.9709 

09694 
0.9680 
0.9665 
o 9650 
o 9636 

CL9ó21 
09607 
0.9592 
0957K 
0.9563 

0.9549 
09534 
0.9519 
0.9505 
09490 

0.947ó 
0.946! 
0.9447 
0.9432 
0.9417 

p a d/D 

0.45 0.50 0.52 0.54 0.56 0.58 

!.000 !.000 !.000 !.000 !.000 !.000 

0.9984 0.9982 0.9981 0.9980 0.9979 0.9978 
0.9968 0.9964 0.9962 0.996\ 0.9951) 0.9957 
0.9952 0.9946 0.9944 0.9941 09938 0.9935 
0.9936 0.9928 0.992.l 0.9921 0.9917 0.9913 
0.9919 0.9910 0.9906 0.9902 0.9897 0.9891 

0.9903 0.9892 0.9887 0.9882 0.9876 0.9870 
0.9887 0.9874 0.9869 0.9862 0.9856 0.9848 
0.9871 0.9l;57 0.98.50 0.9843 0.9835 0.9R26 
0.9855 0.9839 0.9831 0.9823 09814 0.9805 
0.9839 0.9821 0.9812 0.9803 0979<: 0.9783 

0.9823 0.9803 0.9794 0.9784 0.9173 0.9761 
0.9807 0.9785 0.9775 0.9764 0.9752 0.9739 
097~1 0.9767 09756 0.9744 0~7]2 O 97tH 
09T75 0.9749 0.9737 09725 097!! 0.9696 
0.9758 0.9731 0.97 1 ~' 0.9705 0.9t~90 0.9674 

0.9742 0.9713 0.9700 0.9685 09670 0.9652 
0.9726 0.9695 0.9681 0.9666 0.96-19 0.9631 
0.9710 0.9677 0.9662 0.%46 0%28 0.9609 
0.9694 o 9659 09643 0.9626 09608 o 9587 
0.9678 0.9641 0.9625 0.9607 o 9587 0.9566 

O%fi2 o 962) 09Hl6 0.95R7 09.'ifi6 0.9544 
0.964é 0.9605 0.9587 0.9567 0.9546 0.9522 
0.9!:30 0.9587 0.9568 0.9548 0.9525 0.9500 
u ~óiJ u 9570 0~~50 0.952H 0.9:'i05 O.IJ479 
o 95~1 o 9552 o 9531 0.9508 o 9484 09457 

O.QS~ l 11.9c;)4 11.1;1512 0.94H9 094fi1 0.9435 
0.956~ 0.9516 0.9493 0.9469 o QJ.43 0.9414 
O 95·1S 09198 0.91.75 0.9449 0.942:!: 0.9392 
o 9~3? 09480 01)456 094)() {) ~401 0.9370 
09517 o 9462 o 9437 09410 093RI 0.9348 

09501 0.9444 OIM\8 0.9190 09360 0.9327 
o 941'~ 0.9426 0.9400 0.9371 0.9339 0.9305 
0.91\69 0.91108 09381 0.9351 0.9319 0.9283 
0.9452 0.9390 0.9362 0.9331 0.929!:1 0.9261 
o 941(, 0.9372 09343 0.9312 o 9217 0.9240 

o ~420. 0.9354 " 0.9324 0.9292 O.IJ257 0.92111 
09404 0.9336 09306 09272 0.9236 09196 
0.9388 0.9318 0.9287 0.9253 0.9216 0.917~ 
0.9372 0.9301 0.9263 0.9233 O.'J 1 'J5 0.9153 
0.9]56 0.9283 09249 0.9213 o 9\74 0.9131 

85 

0.60 

1.000 

0.9977 
0.99S4 
0.9931 
0.9908 
0.9885 

0.9862 
0.9840 
0.9817 
0.9794 
0.9771 

0.9748 
0.972.5 
0.9702 
0.9679 
0.96:16 

0.9633 
"0.9610 
0.9587 
0.9565 
0.9542 

0.9519 
0.9496 
0.9473 
0.9450 
0.9427 

0.9404 
0.9381 
0.9358 
0.9335 
0.9312 

0.9290 
0.9267 
0.9244 
0.9221 
0.9198 

0.9175 
0.9152 
0.9129 
0.9106 
0.9083 
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h,./ P¡, 0.61 

0.0 LOOO 
0.1 0.9976 
0.2 0.9953 
0.3 0.9929 
0.4 0.9906 
0.5 0.9882 

0.6 0.9859 
0.7 0.9835 
O.M 09Rl1 
09 o 9788 
LO 0.9764 

Ll 09741 
!.2 0.9717 
!.3 09694 
1.4 09670 
!.5 09646 

!.6 0.96":3 
1.7 0.9S:19 
!.8 0.9576 
!.9 0.9.552 
2.0 0.9529 

2.! 09505 
2.2 0.9481 
2.3 0.945~ 

2.4 09434 
2.5 09411 

2.6 0.93R7 
2.7 0.9364 
2.8 0.9340 
2.9 f) 9316 
3.0 0.9293 

3.; 0.9269 
3.2 09246 
3.3 0.9211 
3.~ 0.9199 
3.5 O.Q17.:'i 

3 6 {19151 
, ' 0.9128 
3R o 9104 
3.9 0.9081 
4,(1 n 9:1<i7 

CHAPTeR 14-NATURAL. GAS FwiOS MeAsuRBBlr 

Tabla 3-D-S-Continuad 

~ • d/D 

0.62 0.63 064 0.65 0.66 0.67 0.68 

LOOO LOOO !.000 LOOO LOOO LOOO LOOO 
0.9976 0.9975 0.9974 0.9973 0.9972 0.9971 0.9970 
0.9951 0.9950 0.9948 0.9947 0.9945 0.9943 0.9941 
0.9927 0.9925 0.9923 0.9920 0.9917 0.9914 0.9911 
0.9903 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 
0.9879 0.9875 0.9871 0.9867 0.9862 0.9857 0.9851 

0.9854 0.9850 0.9845 0.9840 0.9834 0.982B 0.9822 
0.9830 0.9825 0.9819 0.9813 09807 0.9800 0.9792 
0.9806 09800 0.979d 09787 0.9779 0.9771 0.9762 
0.9782 0.9775 OS768 0.9760 0.9752 0.9742 0.9733 
0.9757 0.9750 0.9742 0.9733 0.9724 0.9714 0.9703 

0.9733 09725 J.97h5 0.9707 0.9696 0.9685 0.9673 
0.9709 ').9700 0.9690 0.9680 0.9669 0.9657 0.9643 
0.9685 0.9675 0.9664 0.9653 0.9641 0.9628 0.9614 
0.9660 0.9650 0.9639 0.9627 0.9614 0.9599 0.9584 
0.9636 0.9625 09613 0.9600 0.9586 0.9571 0.9554 

0.9612 0.9600 0.9587 0.9573 0.9.558 0.9542 0.9525 
0.9587 0.9515 0.9561 0.9547 0.9531 0.9514 0.9495 
0.9563 o 9550 0.9535 0.9520 0.9503 0.9485 0.9465 
0.9539 o 9525 0.9510 0.9493 0.9476 0.9456 0.9435 
0.9515 0.9500. 0.9484 0.9467 0.9448 0.9428 09406 

0.9490 0.94-:'5 0.9458 0.9440 0.9420 0.9399 0.9376 
0.9466 0.9450 0.9432 0.9413 0.9393 0.9371 09]46 
0.9442 o 9425 0.9406 09387 09365 0.9342 0.9317 
0.9418 09400 0.9:...81 09360 0.9338 0.9313 0.9287 
0.9393 0.937.5 0.9355 0.9333 0.9310 0.9285 0.9257 

09369 0.9350 0.9329 09307 0.9282 0.9256 0.9227 
0.9345 o 9325 0.93'J3 0.9280 0.9255 0.9227 0.9198 
0.9321 0.9300 0.9277 09253 0.9227 0.919\1 0.9168 
0.929ií 0.9275 0.9252 0.9227 0.9200 0.9170 0.9138 
0.9112 0.9250 0.9226 09200 0.9172 0.9142 0.9108 

0.924R o 922:" 09200 0.9173 0.9144 09113 09079 
0.9223 0.9200 0.9174 o 9147 0.9117 0.9084 0.9049 
09!99 0.9175 0.9148 09120 0.9089 0.9056 0.9019 
09:75 0.'}15(.! 0.9122 09093 0.9062 0.9027 0.8990 
0.9151 0.912~ 0.9097 ú.<i067 0.9034 0.8999 0.8960 

09126 0.9100 0.9071 0.9040 0.9006 0.8970 0.8930 
0910::: 0.9075 0.9045 0.9013 0.8979 0.8941 0.8900 
0.9071! 0.9050 0.9019 o 898'; 0.8951 0.89!3 0.8871 
o \.1054 0.9025 D R991 OA9tí0 O.A<;24 08884 0.8841 
o 9029 o 9000 0.89Gt. 0.8933 0.8896 0.8856 0.8811 

Reynold<i nurnbe;- tactor (F,) == 1.0004 
(from Equauons 3-D-5, 3-D-8, 3-D·9, and 3-D-10; 
•)r Table 3-D-l and EquatJOn 3-D-ll; or Table 3-D-3 
and E4ualion> 3-D·5. 3-D-11. and 3-D-12) 

Exp::ms10n facror (Y1) = 0.99R1 
(irom Equauons 3-D-13 and 3-D-14 or Table 3-D-4) 
1.0000 

= 1.0000 
Ba:.e pressurc factor (F,,l 

Bn<ie tcmpcrnturc factor (F,¡,) 
Howmg ternperature ia.l:lOr (F,¡) 

Relauvc. densuy factor (f',,) 
Supcrcompresslbilny facror (f;,) == 

Orifice fluw (.;onstant (C') == 

= 0.9636 
1.2910 

1.0299 
311.284 
(from Equauon 3-D-2) 

CopvrlS''<: D• tMe AMEP!CA~< PETROi..EUM INSTITUTE u._p; 1 
Tue Oc: OE 14: l i :: JC/9e:. 

.' 

0.69 0.70 

LOOO LOOO 
0.'1969 0.9968 
0.9938 0.9935 
0.9907 0.9903 
0.9876 0.9871 
0.9845 0.9389 

0.9814 0.9806 
0.9784 o.9n4 
0.9753 0.9742 
0.9722 0.9710 
0.9691 0.9677 

0.9660 0.9645 
0.9629 0.9613 
0.9598 0.9581 
0.9567 0.9548 
0.9536 0.9516 

0.9505 0.9484 
0.9474 0.9452 
0.9443 0.9419 
0.9412 0.9387 
0.9381 0.9355 \1 

0.9351 0.9323• .• 
0.9320 0.9290 ~,o 

0.9289 0.9258 "' 0.9258 0.9226 41· 
0.91:1.7 0.9194 .. ro'~ 
0.9196 0.916. ':· 
0.9165 0.9129 ·' 
0.91]4 0.9097 ·-~ 
0.9103 0.9064 ·u 
0.9072 0.9032· 

.,, 
0.9041 0.9000' .,~ 
0.9010 0.8968! •.: 

0.8979 08935 
0.8948 0.8903 
0.8918 0.8817 

0.8887 0.8839 
0.8856 0.8806 
U.HH2"i 0.8774 
0.8794 0.8742 
0.8763 0.8710 
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Aow ra1e (Q,) = 49.9367 MSCFH 

= 1.19848 MMSCFD 
(from Equation 3-D-1) 

3-0.4.9.2 Example2 

Given the following physical parameters and f!owing condilions, calculate the flow rate 
from a pipe tap orifice meter through one meter tube: 

Thbe dinmeter 10.020 in 
Orífice diameter 4.5in 

Static pressure 350 psig (measured upsaeam) 
Differential pressure 40 inches of water al 60"F 

Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 

Table 3-D-6-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstream Taps 

h ... ! P¡l 0.1 0.2 0.3 

0.0 1.000 1.000 1.000 

0.1 l.OOOH 1.0008 1.0006 
0.2 1.0017 1.0015 l.{XJ12 
0.3 1.0025 1.0023 1.0018 
0.4 1.0034 1.0030 1.0024 
0.5 1.0042 1.003S 1.0030 

0.6 10051 1.0045 1.0036 
07 1.0059 1.0053 1.0041 
0.8 1.0068 1.0060 1.ron 
U.!J . 1.0076 1.006H 1.0053 
1.0 1.0085 1.0075 1.0059 

1.1 1.0093 1.0083 1 0065 
1.2 l.OJ02 1.0091 1.0071 
1.3 LO !lO 1.0098 1.0077 
1.4 1.0119 I.Ol06 t 0083 
1.5 1.0127 I.OllJ 1.0089 

!Ji I.ODri 1.0121 10096 
1.7 1.0144 1.0128 1.0102 
I.H 1.0153 1.0136 1.0108 
1.9 1.0161 1.014¿ 1 011·1 
2.0 1.0170 1.0151 1.0120 

' . -·· 1.0178 1.0159 1.0126 
2.2 1 0187 1.0167 1.0132 

" 1 019'i 1.017~ 1 on;; 
2.4 1.02()...1 1.01R2 1 014-l 
2.5 1.0212 1.01R9 1 0150 

2.6 1.0221 1.0197 1 Ol.'i(, 
2.7 !.022lJ 1.0205 1 0162 
2J\ 1.0230 1.0212 1 01()') 
2.9 1.0246. 1.0220 1 0175 
J.O 1 02~5 1 0128 1.01RI 

" 1.01M 1 023.5 1.0187 
3.2 1.0272 1.0243 1.019~ 
3.1 1.011\0 1.0250 I.OIQ~ 

3.4 1.0289 1.025H 1 020G 
3.5 1.029H 1.0266 1.0212 

].6 1.0306 1.0273 1.02!8 
3.7 1.0314 1.0181 1.0224 
3.H 1.0323 1.0289 1.0230 
3.9 1.0332 l.0296 1.0237 
4.0 1.0340 1.030.: 1.0243 

Copvd9"·~ o. t">~ Aut:O!CMJ ~ET¡:;-Ql.EUM INSiPUT~ !t.;:;) 
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0.4 

1.000 

1.0003' 
1.0007 
1.0010 
1.001"< 
1 0018 

1.0021 
1.0025 
!.0028 
1.0032 
1.0036 

I.OJ39 
1.0043 
1.0047 
l. )()51 
1.0054 

1.0058 
1.0062 
1.0066 
1.0(}70 
1.007: 

1.0077 
1 onst 
•. 0085 
IJXIRQ 
1.0093 

1.~7 

1.010: 
1.0104 
1.0108 
1.0112 

1.0116 
1.0120 
1 01:4 
1.012R 
1.0133 

1.0137 
1.0141 
!.0145 
l.Cl49 
1.01.53 

p = d/D 

0.45 o.so 0-'2 0-'4 0.56 0.58 

1.000 1.000 1.000 1.000 1.000 1.000 

1.0002 1.0000 0.9999 0.9998 0.9997 0.9996 
1.0004 1.0000 0.9999 0.9997 0.9995 0.9993 
1.0006 1.0000 0.9998 0.9995 0.9992 0.9989 
1.0008 1.0001 0.9997 0.9994' 0.9990 0.9986 
l.OOIO 1.0001 0.9997 0.9992 0.9988 0.9982 

1.0012 1.0001 0.9996 0.9991 0.9985 0.9979 
1.0014 1.0002 0.9996 0.9990 0.9983 0.9975 
1.0016 1.0002 0.9995 0.9988 0.9980 0.9972 
1.0018 1.0002 0.9995 0.9987. 0.9978 0.9969 
1.0021 1.0003 0.999-4 0.9986 0.9976 0.9965 

1.0023 1.0003 0.9994 0.9984 0.9974 0.9962 
1.0025 1.0004 0.9994 0.9983 0.9972 0.9959 
1.0027 1.0004 0.9994 0.9982 0.9970 0.9956 
1.0030 1.0004 0.9993 0.9981 0.9968 0.99.53 
1.0012 1.0005 0.9993 0.9980 09966 0.99.50 

1.0034 1.0006 0.9993 0.9979 0.9964 0.9947 
1.00]6 1.0006 0.9992 0.9978 0.9962 0.9944 
1.0039 1.0007 0.9992 0.9977 0.99(,0 0.9941 
1.0041 1.0008 0.9992 0.9976 0.9958 0.9938 
1.0044 I.OOJS 0.9992 0.9975 0.1)1)56 0.9935 

1.0046 1.0009 0.9992 0.9974 0.9954 0.9932 
1.0048 1.0010 0.9992 0.9973 0.9952 0.9929 
1 005: 1.0010 0.9992 0.9972 0.9950 0.9927 
1 0053 1.0011 0.9992 0.9971 0.9949 0.9924 
1.0056 1.0012 0.9992 0.9971 09947 0.9921 

1 rYl'iR 1.0013 0.9992 0.9970 09945 0.9919 
1.006i 1.0014 0.9992 0.9969 O.Q944 0.9916 
1.0063 1.0014 0.9992 0.9968 0.9942 0.9914 
1.0066 1.0015 0.9992 0.9968 0.9941 0.9911 
1.0068 1.0016 0.9993 0.9967 U.CJIJ39 0.9908 

IJXl7l 1.0017 0.9993 0.9966 0.9938 0.9906 
1.0074 1.0018 0.9993 0.9966 0.9936 0.9'J04 
1.0076 1.0019 0.9993 0.9965 0.9935 0.9901 
1 JXl79 1.0020 0.9994 0.9965 0.9933 0.9899 
IJXl82 1.0011 0.9994 0.9964 0.9932 0.9896 

1 JXlR4 1.0022 0.9994 0.9964 0.9931 0.9894 
1.0087 1.0024 0.9994 0.9963 O.Q929 0.9892 
1.0090 1.0025 0.9995 0.9963 0.9928 0.9R90 
1.0093 1.0026 0.9995 0.9963 0.9927 0.9888 
1.0095 1.0027 0.9996 0.9962 0.9926 0.9885 

87 

0.60 

1.000 

0.9995 
0.9990 
0.9986 
0.9981" 
0.9976 

0.9972 
0.9967 
0.9962 
09958 
0.9954 

0.9949 
0.9945 
0.9941 
0.9936 
0.9932 

0.9928 
0.9924 
0.9920 
0.9916 
0.9912 

0.9908 
0.9904 
0.9900 
0.9896 
0.9893 

0.9889 
0.9885 
0.9882 
0.9878 
0.9874 

0.9871 
0.9867 
0.9864 
0.9860 . 
0.98S7 

0.9854 
0.9850 
0.9847 
0.9844 
0.9840 
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Tabla 3-D-6-Continued 

f! • d/D 

h,~l P1, 0.61 0.62 0.63 0.64 0.65 0.66 0.67 

o. o 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 0.9989 
0.2 0.9989 0.9988 0.9986 0.9985 0.9983 0.9981 0.9979 
0.3 0.9984 0.9982 0.9979 0.9977 0.9974 0.9972 0.9969 
O< 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 
0.5 0.9973 0.9970 0.9966 09962 0.9958 0.9953 0.994l! 

0.6 0.9968 0.9964 0.9959 O.S954 0.9949 0.9944 0.9938 
0.7 0.9962 0.9958 0.9953 0.9947 0.994! 0.993.5 0.992H 
0.8 '. 0.9957 0.9952 0.9946 0.9940 0.9933 0.9926 0.9918 
0.9 0.99!52 0.9946 0.9940 0.?932 0.9925 0.9917 0.9908 
l. O 0.9947 o 9940 0.9933 0.992S 0.9917 0.9908 0.9898 

J.l 0.9942 0.9935 0.9927 QOYI8 0.9909 0.9899 0.9888 
1.2 0.9937 0.9929 0.9920 0.9911 0.9901 0.9890 0.9878 
1.3 0.9932 0.9924 0.9914 0.990' 0.9893 0.9881 0.9868 
1.4 0.9928 0.9918 0.9908 0.9897 0.9885 0.9872 0.9859 
l.! 0.9923 0.9912 0.9902 0.9890 o.9rm 0.9R64 0.9849 

1.6 0.9918 0.9907 0.9896 0.9883 0.9870 0.9855 0.9840 
1.7 0.9913 0.9902 0.~81:!9 ú.9876 0.9862 0.9847 0.9830 
1.8 0.9908 0.9896 0.9883 09S70 0.9854 0.9838 0.9821 
1.9 0.9904 0,9891 0.9877. 0.9863 0.9847 0.9830 0.9811 
2.0 0.9899 09886 09872 0.9856 0.9840 0.9822 0.9802 

2.1 0.9895 0.9881 0.9866 0.9849 0.9832 0.9813 0.9793 
2.2 0.9890 0.9876 0.9860 098B 0.9825 09805 0.9784 
2.3 0.9886 0.9870 O.Q854 0.9836 . 09817 0.9797 0.9TI4 
24 0.9881 0.9865 0.99<8 J.9830 0.9810 0.9789 0.9165 
:!.5 0.9877 0.9860 0.9842 0.98Z3 0.9803 0.9780 0.9756 

2.6 0.91:!73 09!:155 0.9.':137 0.9817 o 971)6 0.9772 0.9747 
2.7 0.9868 0.98.50 0.9831 0.9811 0.9788 0.9764 0.9738 
2.8 0.9864 0.9846 0.9826 09804 0.9781 0.9757 0.9730 
2.9 o 9860 0.9841 0.9820 ú.97qJ 09774 0.9749 0.9721 
JO O.Q8.'i6 o 9836 o 9815 0.9792 0.9767 09741 0.9712 

J 1 0.9852 0.9831 0.9809 o 9786 09760 0.9733 0.9703 
3 2 0.9R48 0.9826 0.980' 0.9780 09754 0.9725 0.9695 
3.3 0.9843 0.9822 0.9796 0.0~ 74 0.9747 0.9718 0.9686 
34 0.9839 0.9817 0.979~ 0.1,1768 09740 0.9710 0.9678 
3 5 0.9835 0.9812 0.9786 0.9762 09733 0.9702 0.9669 

36 0.9!:132 0.980H 0.978~ 0.9756 09727 09695 0.9661 
3.7 0.9828 0.9803 O 977E 0.9750 09720 0.968R 0.9652 
3 8 09824 o 9799 O.Q77: o 9744 o 9713 0.9680 0.9644 
39 09820 0.9794 o Q76'i o 9738 QQ707 0.9673 0.9636 
40 0.98!G 0.9790 0.976: 0.9-:'32 09700 0.9665 0.9628 

Flowing temperanu e G0°F 
Base te:mperature ~()''!' 

Rcluuvc dcnszty (spccific gruv1ty) 0.620 
Carbon dtoxtde 2 mole percem 

Nnrogen 3 mole percenL 
D1ffcrcntJal pressure devzce Bdlows (recorder, dry) 

Thc soluuon is calculatcd as follows: 

I•1amerer ratio ({J) = 0.449102 
ExLension = 120 781 

nas!C Jrihce factor (/·~) = 4776.30 
H.cynolds numbcr factor (F,) = 1.0002 

Expansion factor Oí) = 0.9982 
Base pre~ure factor (Fpb) = 1.0000 

::apv.-¡gr-.~ o. ~n., A~E;;;ICAN PETROLEUM !NSTITUTE IAPl i 
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0.68 

1.000 

0.9988 
0.9977 
0991l5 
0.9954 
0.9942 

0.9931 
0.9920 
0.9909 
0.9898 
0.9887 

0.9876 
0.9865 
0.9R54 
0.9844 
0.9833 

0.9822 
0.9812 
0.9801 
0.9791 
0.9781 

0.9770 
0.9760 
0.9750 
0.9740 
0.9730 

0.9720 
0.9710 
0.9700 
0.9690 
09(ífli 

0.9671 
0.9661 
0.9652 
0.9642 
0.9633 

0.9623 
0.96[4 
0.9605 
o 9,5Q() 
0.9586 

0.69 0.70 

1.000 1.000 

0.9987 0.9986 
0.9974 0.9972 
0.9962 0.9958 
0.9949 0.9944 
0.9936 0.9930 . 

0.9924 0.9916 
0.9912 0.9902 
0.9899 0.9889 
0.9887 0.987$ 
0.9815 0.9862 

0.9863 0.9848 
0.98.51 0.9835 
0.9R39 0.9822 
0.9827 0.9809 
0.9815 0.9796 

0.9804 0.9783 
0.9792 0.9TIO 
0.9780 0.9757 
0.9769 0.9744 
0.9757 0.9732 - / .. ·., 
0.9746 0.9719 ·~1~\ ,,, 
0.97J.t 0.9706 !.~"'!. 

0.9723 0.9694 PS 
09712 0.9681 ·J:\' 
0.9701 0.9669 .. 
09690 0.9657 -;~~-

09679 0.9644 .. ,~,· 
09668 0.9632 ·'JI 
09657 0.9620 ·:::! 
0964(1 0.9608 ~-t! 
09635 0.9596 - :;:m 
0.9625 0.9584 
0.9614 0.9512 
0.9603 0.9561 
09593 0,9549 

0.9582 0.9537 
0.9572 0.9526 
09562 0.9514 
09551 0.9503 
0.9541 0.9491 
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Base temperature factor (F,.) = 1.()()()() 
Flowing rempc111Wre factor (F,¡) = 1.0000 

Relativo density factor (F") = 1.2700 
Supercompressibility factor (r¡...> = 1.0273 

Orifico fiow constan! (C) = 6221.53 
Flow rate (Q.) = 751.441 MSCFH 

= 18.0346 MMSCFD 

3-0.4.10 ADJUSTMENTS FOR INSTRUMENTATION 
CAUBRATION ANO USE 

· Other muJtiplying factors may be applied m the orifice flow constant, e: as a function of 
the type of instrumentaüon applied, the method of calibrntion, the meter environmcnt, or 
any combination of these. These factors are discussed in the body of the standard and in 
othcr appcndixes to the stnndard. These factors are calculated and applied independently of 
tap type. With these factors, the orifice ftow rate is calculated using the following equation: 

Where: 

Fh,_ :;:: mercury manomct~r factor (fonnerly F,). 
Fa :;:: orifice thennal expar.sion factor. 

(3-D-17) 

FIU, = correction for airo· ter water in a water manometer during differential instrument 
calibration. 

F.., :;:: local gravitational correction for watercolumn calibration. 
F,., ::: water dcns1ty correction (tempernture or composition) for water column calibra· 

tion. 
F,. .. 1 = local gravirational correction for deadweight lester static pressure caltbratiun. 
F1~.., ::: correction for gas column in a mercury manomctcr. 
F;,111 = mercury manometer span correction for instrument tcmperature change after cal· 

ibration. 

Copyr-¡gh~ p, tne AMERiCA'< PETPO~EU~ lNST!TUTE IAP:) 
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APPENDIX 3-E-SI CONVERSIONS 

This appendix contains tables of SI conversions that are pertincnt to the information in 
this part ofChapter 14, Section 3. For additional information on SI units, refer to Chapter 
15. 

Co>J•~:::-: O· ~n~ "'"'::=::;.·,=~~=:::_::U", l/l!;7!TUit: lP."':; 
~u" C:: C~ :.:.:- :: :<:«~ 
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Tabla 3·E·1-Volume Reference Conditions for Custody Transfer Operations: 
Natural Gas Volume 

Common Rcfcrmce 
Cooditioos !ft') To Convert From 

Pressure Tempen.blte ftllo m3, ml ro ftl, 
(psia) ("F) Muhiplyby Multiply by 

14.4 60 0.02769321 36.10994 
14.65 60 0.02817399 35.49373 
14.696 60 0.02826245 .. - 35.38263 
14.7 60 0.02827015 35.37300 
14.73 60 0.02832784 35.30096 
14.7347 60 0.02833688 35.28970 
14.735 60 0.02833746 35.28898 
14.9 60 0.02865478 34.89819 
15.025 60 0.02889517 34.60786 

Note: The following standard condidons were uscd for inch-pound uni~-a tcmperature otOOOF anda pressure 
of 14.73 pounds per square inch absolute. The following standard conditions were used for SI units-a 
temperature of 15°C andan absolulc prc~ure of 101.3251cPa.1lle following values were a.ssumed: 1 ft = 0.304& 

m; 1 psi = 6.894757 kPa. The [ollowing(~~'lh)odo( T~gyXw¡)"~ ::~::~n !he eonvenion Cacton: 

m J:,, P.., 

Un..it 

Dtu!'T 

Tabla 3-E-2-Energy Relerence Conditions 

Used in Definiuon 
To Con ven Bru 10 J, 

Multiply by 

lntemalional 
stee.m tebles 

1 Dtu/lbm "" 2326 J/kg 1055.056 

Tabla 3-E-3-Haatlng Value Rafarance Conditions 

P.eterence Conc:httons tft1¡ 

Pressure TemperaiUre To Con ven From Brurr/ft1 to 
( 1'~1,1) C"F¡ MI/ml, Mul11ply by 

144 60 0.0380980! 
14 óS 60 0.03744787 
1·1 6Y6 60 0.03733066 
\~ 7 60 0.03732050 
¡.- 71 60 0.03724449 
1~ 73-17 (,() 0.01723261 
14 735 60 0.03723185 
14.') 60 U.OJ6Ml955 
15.02.5 60 0.03b51323 

Note: The followmg standard condlltons ~re USl"d for inch-pound unu..s-a tem~rarure of 6Q•F anda p~ssure 
of 14.73 poundo; per •quare mch atnolu:c. Tite followmg staudard condition~ were used for 51 unu~-a 
tempernture_of l5°C andan absolute pres~ of 101.32SkPII. The followmg values were as..~d: 1 ft =- 0.304R 
m: 1 pst • ·6.M94757 k..Pc: 1 Hturr "" 1055 056 J. Thc foUowing mcthodology was used to cblun thc conversion 
factors: 

Copvr-lc::'"'.~ PY tr.e AMEPlCAN o:>EH<m .. EUM INSTiTUTE ¡.=,p:: 
Tue Oc~ OE 14 ¡-,¡,:: JQ9o 
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APPENDIX F-HEATING VALUE CALCULATION 

3-F.1 ·General 
Hcating valuc is a gas property cvaluatcd on a pcr-unit mass basis (H,.,). This prupcny b 

tcchnicnlly tenned an "ideal propeny" (H~,"1 ). From a pr.1etical standpuint. in ma_.;;s mca!<.ure
mcnt thcrc is no ditlen::nce bctween tite "ideal" and the .. real."lhe value is converred to a 
hcating valuc pcr cubic foot (HV) using the following rclationships. The mor~ cnmmon 
cnnvcmion ha'\ hccn applied in this appendix. 

,, 
//F = 11,,, .&_ = H,.,p1, Z,, 

{3-f-1) 

Thc valuc of Ht·· is uscd •~· u iactor in calculating the energy ftow r::u:e. or the lOt:Jl cnergy 
passing through the tlo·.v me-ter. HV is also used for produc[ specificaJ.ions. 

lt i'\ also ccmvcnicnt to define the following: 

HV = 
H:·' 
Z,, 

3-F.2 Heating Value Symbols 
S)mbo! J).::scupc10n 

ll.. 1 lci.ltlllg valuc pcr pound ma'is 
1/, '' 1 Ideal heating vuluc pcr pound muss 
fl,'',. hlc•li hcating valuc pcr cuhi~.: font 
H\' Gt()'.,, heauug value 
M1. Mol;tr mas'i of component 

!~. Ba:-.c pr~sst~t·c 
1'¡. Flowing prcssurc (upo:;rream tapJ 
P. Vapor preso:;urt! of walt!r 
uR Ah,cllure tempernture 
'/,, B;;l.,l.! tcmpr::r.uun: 
7.,. Ga-. compn!so:;ibility at ba:-.c condilions CP,,. T~o) 
p.. Dt:tt..,ity ;;U b;;1~~ cc1mlirions (P1 •• T,,) 

p,."t Ideal dcnsity :tt b.~ ... e cnnditinn~ 
O Mote tracuon 

O Moh.: tr".ctJon \Valer 

3-F.3 Heating Value 

Unit:-

Btu/lbm 
Btu/lbm 
Btu/ft

1 

Btu/ft' 
lhm/lh-mol 
lbf/in' (absJ 
lbt/in' <•bs¡ 
lbtlin' ( abs¡ 

lbm/ft' 
lbm/ft' 
'ré-/100 
S!o/1 ()() 

Th!.! ~JO:-., hl.!atÍH;.! \'.Liuc ¡.., an ideal g . .h propcny ha~ed un !he ideal n:actinn: 

Fuc!' 1 + 0.:'1 
---7 CO~.J + H:01 ...... S0:'1 

Wht'lc. 

Supct -;cupt i:i = itlcal g .• -.. 
Suh.;ctipt 1 = llquid. 

D-F-2) 

0-F-3¡ 

(Eadt tucl r\!4111n.::.; diffcr~nt sroichmmetric coctticicnh.l This grD'is ideal heating valuc in
dude' thc cncrgy oht.uncd f,um thc comlt:nsallon uf thl! watt:r vapor lfomtl!d by thc i<.lcul 
l~iU .. "IIUil CApf!.!'>'Cd 111 thl: cqu;;JIJOn) :o the liquid ph.I..,C. 

lt ~lumltl he mltctl th.tr thc gm"'" heat1ng valuc ¡..., cxpn-... ,ect per unit (pOimd ma...,., ur c.:ubk 
temo uf <~ry g;_¡..,, 1\lthnu:;h wutcr ¡:,a product of combu ... uon. it is not indicatcd on thc lcft-
h:uul ~id\! ot Equation 3-F-3' 1 cithcr the fucl or the oxyg:cn: water is a result. nOta pan. of 
thc: 1cactiou. 

1-lc~Ltm!_! v.1luc m.Ly be dctcnuincd cJ¡recdy by a calorimt:lcr. either on line or from .t ... am
pk cylindcr. Hci.ltlll~ V<tluc nlily al-.n he cJiculated fmm g..t' analysi"i. 

Capvno;"l~ O• tr>e A~E;::!CAN PETPOLEU~ INS~!TUTE (ADi l 
í.ue Oct 0:: 14·: 7:1:: ¡QQo 
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3-F.4 Physical Proparties 
Table 3-F-1 lists physical P"'!"'rJes of many of the compounds prcsent in natural gas in 

various hydrocarbon mixtures. Tbe data in Table 3-F-1 have been adjusted 10 base or stan
dard conditions, as defined in 3.2.3.4. 

Table 3-F-l provides tlre b<st currently available data on physical properties and is taken 
from GPA 2145-91. These data are subject 10 modification yearly as additional research is 
nccomplished. Future revisicru to GPA 2145 may include updated values. The values of the 
mos1 recen1 edition of GPA 2145 should be used. Tbe user of the GPA tnbles is cautioned 
that the infonnation present(..d in them is calculated from different base conditions and that 
conversion is required when the infonnation is used with Pan 3 (see 3.5.2). 

3-F.S Heating Value Determinad on a Volume Basis 
A calculation of a mtxture's gmss ideal heating value, usmg H, values from Table 3-F· 

1 and using mole fractions of the gn!: composition. involves detennining the heating va1ue 
per unir volume of real gao. HV can be detemrined by using Equation 3-F-2 and the follow
ing relationsh1p: 

Tabla 3-F-1-Physicai.Praperties of Ga1:es at Exactly 14.73 Pouncls Force per Square lnch Absoluta and 60°F 
(See Note 1) 

Thermal Encrgy 
Ideal 

P, T, Density Viscosily H •• ~ H" 
M< (fl'i.ÍC,) ("R) G. (lbmllt') ,(<:p) (Btu/lbm) CBruJftl) 

Compound Fonnula (Note 2) lNo:e )J (Note 3) (No~4) (Note S) (Note 6) (Nme 7) (Note 7) 

llyrtrogcn H, :!.0159 1o7.5 j9.36 0.06960 0.00532 0.00871 61.02j 324.9 
H!hum He 4.0026 32.9 9.34 O.l3820 0.01057 0.019'I7 o o 
Wtt!t:f H10 18.01.5:: 3,200.1 1.164.8.5 0.62202 0.047.58 1,059.8 !10.4 
C.ubo:1 mono..:.tde e o 28.010 ~07.5 239.26 096711 0.07398 0.01725 4,342.4 321.3 
Nnrogen ¡.;, 28.0134 493.1 221.16 0.%723 o 07399 0.01735 o o 
O>:y~en o, 3!.?9H~ '731.4 278.24 1.10484 0.084j2 0.02006 o o 
Hydro¡;en suliitle H,S ]t..08 1306 672.12 1.17669 0.09001 0.01240 7 .()94.2 638.6 
1\~gon AJ 39 948 710.4 271.55 1.37930 O.IOjjl 0.02201 o o 
C.ubo:1 dimudc co, 44.01{) 1.071 o .547.42 1..519.55 O.Jl624 0.01439 o o 
All {Nmc 8) 18.962~ .546.~ 238.36 1.00000 0.01650 0.01790 o o 
Methane CH, 16.04~ 667.0 343.00 0..55392 0.04237 0.01078 23,891 1.012.3 
Eth.utc e~~ 30.07(\ 707.8 .549.76 1.03824 007942 0.00901 22,333 1.773.7 
PropJne CJH;; 4.!.0Qi Gl'i O (l(i.'i.fl4 1.5225(i 0.11647 0.00788 21,653 2.521.9 
i.w·Dutanc C.H¡o 5fi.l ::~ 527.9 7J4.13 2.00684 0.1j3jl 0.00732 21,212 3.259.4 
n-Hulmlc C.H, 0 5b 12:: :'i48.8 765.25 2.00684 0.15351 0.00724 21,300 3,269.8 
l~O·I'cnlnne C,h, 1 7:2.15l' .. 'Jo 4 ~!2!:L7ú 2.49115 0.19057 21.043 4.010.2 
11-P.:m:mc c,n,! ;~ ! .5l1 488.1 S~:HII 2.'1911~ 0.190.57 2l,OM5 4,018.2 
ll·(ic),.lnL C(H,. 8(•.177 .tJ') 5 911Ai 2 97jdj 0.22762 20,943 4,766.9 
n-Hem:t11e C,H,. 100.2ClJ JQ7,4 970 5i 3.4597f: 0.26466 20,839 5~15.2 
n·O>:r¡m: . C.li~, ll·l 2) 1 361.1 1.01767 3 94410 0.301'72 20,759 6,263.4 
II·NOIIJI\t' CJ-1Jo : ~b 25t 330.7 1.070.57 -1.4284:¡ 0.33876 20.701 7.012.7 
n-IJcc:u:c c,.,H¡¡ ¡.:::::.285 304.6 l,lli.Ri 4.91273 0.37581 20.651 7.760.8 

Note~ 

: Thc \IHtrcc fnr tl1c ct.~tll 111 rhr' 1anlt: h írw. PrUle:üun A:!!.socnu un 2145-() L The tu:curacy of the experimental numbers is eo;umated to be 1 m IOOCJ; the 
;,:tkltt:ounl figure.<. •~ tor calcula! ton coo~r\tency 
" Thc followmg moi~ular wt:rghts werc uscd. e = 12.011:11 = 1.00794. O = 15.9994; N ;.. 14.0067; andS = 32.06(1979). 

·¡he dma m rhese colcmns come trom the ·¡ nermodvnarmcs Hescorch Center, Texas A& M Uruvcrsny,IUPAC and Nanonal Bun:au or Standardsselections . 
.;, 1 he tdeal relauve den~rty IS the ratto ot dlC molecular weig~t of the ~as ro that of arr (Mr/Mr.). 
• lde:~l c.enm} = O 00264131\fr at60°fo and 14 73 pounds torce per square mch aDsolure 
(¡, llu: tlina 1n lht:!!. column Kit: frum N. R \'arg¡¡fiJl., Ta/Jie:s oa Tllermod)l/allllC Prorwrtru of Llq¡¡/J:s ond Gous (2nd ed.), New York, \Viley, 1975. 

Scc Ccuauon 3·f·3. Dcpcndmg on lhe iuel. 1he reacuon ha, variou~ ~totemometne coeffietent~. The H.,¡,¡ column come~ f10111 dara, whcn:a\ the H/~ comes 
trum mulr1plymg H,,"' by th: 1dcal glls dcn~n)" Thc u.lcal ene1gy released as he111 IS 11 .. ~M~ multtphed by tbc real gas flow 111tc (m cubtc fcct per hour) divided by 
Z W:~1.:r h:1s ¡;ross vnluc~ lor JI.,IMI and H.«~ (!he ideal en:hnlpy ot condens:utOn) 
f.. 1hc dala m thts row are frorr. F E. Joncs. Nauonal Jj¡uea11 oj~lonaardj Jaurnol o[Ruearch, 11)78, Volume 83. p. 491. 

Copvr19Mt e, tM~ A"'[I:I:(:AN P[TPOL.EU"' INS~:TUTE (AP: 1 
Tue Oc~ 010' ¡¿,J~·le ¡o<:;o 
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(3-F-4) 

Or 

H.'' = L ~,UI;~ J, 13-F-5) ... 
Whon 

111' (3-F-2) 

Wherc: 

f/J = mole fraction Cpercent/100). 

3-F.6 Heating Value Determinad on a Mass Basls 

Thc qucstion of compressibility factor disappears when lhe ideal heating value per pound 
ma.,s i~ used with the mas~ ftow mte. The following equation is applicable for using //,., and 
MI' val neo;; from Tahlc 3-F-1 to calculatc the henting value: 

= 
ó,M•¡rH,:''l, + ~,M,;rH;~l, + ... + 1/!.Mr,.rH;~). 

t;I,Mij + 1/J,M,; + ... + 9. MI; 
r3-F-6l 

Or 

H.~' = ~·-~·....,---- 13-F-7). 

Í..C,MI, 

·-· 
Thc r~sult from Equation 3-F-7 can be convencd to thc gross hcating valuc pcr cubi¡; foot 
of real gas at ha "'e conditions ty usmg Equation .3-F-1: 

Hl' = !!"'p.:·· = H,:;'p~ 
.. , Z,, 

3-F.7 Heating Value of a Natural Gas Mixture 
Containlng Water 

To Lictin~ hcatmg valuc on a dry husts for gas containing water. the rel:.nion~hips in Equa
tiou.., 3-F-1 ami 3-F-2 <tre val id if thc mole fraction'i of thc componem~ are <..'OITectt:d for wa~ 
t-:r comcm by lt-.m~ E4uat1u1 -'~F~t-1 ;md thc compn::-.sJbiltty (2) reflecto; the watct contcm· 

9 .. . ' = ó,f 1 - o. J !.1-F-N¡ 

\Vhcrl! th~: g:,,.., is w:1rcr saturatetl under ftowing condmon:-.. Raoult's la\v may be used to 
C'itiiUatl! thl: mole tracuon of water: · 

9 .. 

lVhL'rc: 

P. == ah\Ohlh.' v.lflOr p:l!'lStiJC of w;Jtcr at tlowmg conduions or 1j. 

Thcrdor..::. 

Ccov~¡g-.~ p. tne AME~lCAN PET~O!...EU~ lNSTITUiE tAP; l 
Tue 0:::~ Oi: :.:· ;7 !i: :QQt> 

ó, 
p i 
; j 

0-F-9¡ 

!3-F-10¡ 
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APPENDIX G-DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS 

3-G.1 General 
The practica! orilice Oow equation used in Prut 3 is given in P.Jrt 1 of this standard us 

Equation 1-2: 

fl-21 

lV/un:: 

( jWI) = cndticie11t of tl'.sch .. 'lrge ata spccitic pipe Rcynolds number for ¡¡ t\;¡ngc
wppl!d oritice meter. 

Ami 

el 
ó.P 
E 
q, 
p,~, 

= 
= 
= 
= 
= 

m Hice plate bore dirunl!tCr cak.•tdarcd ar Huwing temper.tture. 
{•riliu.: lliffcrcutial prl!ssurt:. 
\'Clocity of approach factor. 
1110\"i ... 00\\' r..ltl.!. 

dcnsity of !luid at tlowing c.:onditions (J1. 1;). 

N 1 = factor tilat inccrporntcs tht: ''con~tants•· from Equutmn 1-l amlthc r~qui~d 
umncric com·c~:;¡ons. including the following: 

3. i415lJ 

4 
::: COillitant in F.l]U;.ttiou 1-l. 

c.:on-.;tmn in Equmion 1-1. 

¡ 6236(13 

\ 12 
c.:tmvcn..; ,Jiffcrcmial pressur\! (!J.PJ from poumJ..¡ ft,n:c p.!r squ;1rt.> fl)llt hl 

· .inchcs of Watl!'r at 60°F. 

== cunvcns the dmml.!tcr of thc oritkc hore (l/) from t~t to indtc:-. 

ThcidUt~.:. 

N, = (1.1415'!)\ 2(32_1740 ¡\ih2.3hh3(_1 __ j' 

. 4 12 12-

= 0.0907424 

tTili' 1" -.hown "" th~ factor tor U.S. una" in Pan l. Tahh: 1-2.) 
t\'ot~· SPm..: J\Litll..'lh .. tPtht.mh tb uur hav..: nlhL)llll-= \".1111.''> lhlr c>.:unpk.:: .Ultl ~.). T11 ~\rr.:· ... ''1>. .. i;:::nitll:¡¡nt ¡\tglt ... 
:t-::m.t:dy. ti:.: \,ti!:.--.''·~~~ t<L!11put.:ll n .. mg thLubk Ph!...:Nt'lll 11" ... ~ntht-.ml ~~~~ihl, Th..: r..: ... uJt .. v.~r~· th~n nltullkd 
t" 11:.· ,.,,Ju.• .... hn•:.u h !In• ·'Pl'-~Lhlo ... ft)r\!:1'~ ot uml..'r ... t.mllm<=, th~ l:<>LLHlUI.\Ul'lh ~rl! 'lkl\\TI t•l L•nly ..,.,... 'i:,!llllt>:~llt 
dt_:!ll•_ 

~la-.-.lltt\\ ~._·,tn h~· tuodilicd to pro\'idt• volumc unih hy tli\•iding the ma ... , by th~ úcn.-.ity 
at ha,.; ~.:om\IIInJI\' 

''· 
lt'lt('/(' 

!1:_ 

P .. 

r¡ nl.t,,lltn•: 1a1~. 111 }111\HHI...m.a'' pcr '>I!'L'tlnt\. 
(/ \'<Lhnuc tlow ratf.! at ba'ic L:muhunn~.m cubk kct pcr ~ccnnd. 
p.. d~:nsity ar htht! ~:ondition-.. in poumb ma..; ... Jlt!T cuhic fum. 

3-G.2 __ Symbols and Unlts 
3-G.2.1 GENERAL 

Sume of thc :-ymbo!... muluuiN li~tt.!d below ar!o! ~pr.!citic to AppendiA .'l-B and wcr~ dc
vchlJl;:llll;¡,...:d <LII th~ l'U:o.tumotr}' im.'ll-pound :->}'!'!'t~nl <lf tulit..;. Regular conVL'T.-.ion f¡tctor ... ca11 

Copvr¡gl1t bv tne A"1EP!CA1< PETPOLEU"1 INST!TUTE ¡¡.o¡ • 
Tue Oct OE 1<11!7:18 ¡q9o 

99 



100 

API MPMS*14.3.3 'l2 •. D7322'lD DSD3'l44 7TS -

CHAPTEA 14--NATURAl GAs Fl.UIDS MEAsuREUEHT 

be used where applicable; however, if SI units are used, the more generic equations in Pan 
1 should be used for consisten! results. 

3-G.2.2 SVMBOLS ANO UNITS 
Symbol Descriplion 

C,(FT) Coefficient of diScharge ata specitied pipe 
Reynolds number for llanged-tapped oritice 
meter 

d Orifice pi ate hore diamet~r calcula red at 
ftowing temperature, Y¡ 

D Meter tu be imemal diameter calculaled at 
fiowing temperature, T¡ 

E, Velocity of approach factor 
o¡.: Temperature, in degrees Fahrenheit 
•R Temperature, in degrees Rankine 
F, Nurneric conversion factor (see Appendix 

3-B) 
8, Gravitational consta11t 

G, Ideal gas relativedensity (specific grnvity) 
G, Real gas relriuve density (specific grnvity) 
h... Orífice differential pressure 
N 1 Nurneric cunvers10n factor(see Part 1) 
P Pressure 
!'¡, Base prcssure 
P¡

1 
Flowing pressure (upstream tap) 

E; Standard prcssure 
Qm Mass flow ratc per hour 
Q, Volume ftow rate per hour at standard 

(bnscJ condiuons 
R 
T 
T,, 
'lj 

U m versal ga.:; constant 
Temperaturc 
Base-temperature 
Flowmg temperature 
Standard temperaturc 
Expansion factor (upstream tap) 
Comp¡eo;;sibility at base conduiom 
Compre_~;,.¡ht!uy of :nr at 14.73 psia and 60°r

Comprcssibiiity at upstrcam ftowmg 
condiuons 

Z, Compresstbilny at standard conditions (fr, ~) 
fJ Ratto of oriñce plate b01e diameter lo meter 

tu he 111tema! dtameter (d//)) calculated at 
fiowmg tcmpcraturc, T¡ 

.7 Vmversal constant 
p~ Ga1-. Uensity at ba¡,e conditions (P,.. T,, and Zh) 

pb.,, Demity of itir at base: condittons (Pu. Tb, 
and Z,) 

P •. ~ Dcnsny at flowmg conditions (P¡. T¡. nnd Z1) 
p,,

1 
Densny at Howmg conditions (P¡,. T_,, and Z1,) 

UruWValuc 

in 

in 

459.67 + •F 

32.1740 (lbm-ft)/(lbf-sec1
) 

inches of water column nt 60°F 

lbf/in' (abs) 
lbf/in' (abs) 
lbf/in2 (abs) 
14.73 lbf/in2 (abs) 
lbm/hr 

ft 3/hr 
1545.35 (lbf-ft)/(lb·mol· •R) 
•R 
•R 
•¡¡ 
519.67°R 

0.999590 

3.14159 
lbm/ft' 

lhm/ft' 
lbm/ft' 
lbm/ft3 

3-G.3 General Numeric Constan! for Mass Flow 
Equation 3-1 expreso;;e~; How in pounds mass per hour (Q.,) rather than pounds mat;s per 

second (q,..) and rcquirc~ an additional factor, 3600. to convert from seconds to hour.!:.. 

C= o.,. e> tr"'.- ~~¡::;;CAIJ P¡:r:;o:_;:u~ INSTlTUTE (AP; l 
~~·;~;: Oe ¡.:::: ·- ,or.-

·.• 

·' ( 

-· 
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Therefore, in Equntion 3-l, 

And 

N, = 0.0997424(3600) 

= 359.072 

Q, = 359.072C,(Ff)E,Y;d' ~ p,~,h. (3-1) 

Equalion 3-4a is Equation 3-1 divided by P•· as described above. The numeric constant 
is the same. 

Q, = 359.072C,(Ff)E,Y;d' ,¡p:::iC 
p, 

3-G.4 Numeric Constant for Mass Flow Developed From 
Ideal Gas Relatlve Denslty 

Equation 3-2 substirutes Equation 3-55 for p,.P
1 
in Equation 3-1. 

Q, = 359.072C,(Ff)E,Y;d' 

Where: 

28.9625 = molecular weight of dry air. 
1545.35 ;::; universal gas constant (R). 

1í, G, (28. 9625 )(144 )h,. 

z,RT¡ 

(3-4a) 

144 = factor to convert prcssure from pounds force per squarc foot to pounds 
force per square inch. 

In Equo.tion 3-2. therefore, 

N, = 359.072,/28.9625( 
144 

) 
1 1545.35 

589.885 

And 

1 (; 1 h 
Q = 589.885C (FT)E l' d' · -· '-· -· (3-2) 
~. d ''yz,,Ij 

3-G.5 Numeric Constant for Mass Flow Developed From 
Real Gas Relative Density 

Equation 3-3 suhstitutcs G, for G, in Equat1on 3-2 thruugh the use uf Equation 3-48: 

º· = 
589 885C (FT)E Yd' 1 Z,G,Ijh. 

'' ' ' \1 Z Z T t., ¡, 1 

And for swndurd conditJOns, 

Z,_ = z,_ ~ 0.999590atl4.73pSLaand519.67°R(60°FJ 

In Equnt10n 3-3. thcrcforc, 

And 

Ccovn~r~ tl• t"~ A"'ER:C..~o.~; PET::::QLEU"' INSí!TUjf (F-C'I 
i1..1."' Oc~ OE 1.!.:;:15 ¡qo;c 

589.885 
-Jo. 999590 

= 590.006 

1 Z G P.h 
Q = ~90.006C (FT)E Yd'~1 ' ' 1

' " 
•• J ' L z T 

f. f 

(3-3) 
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3-G.6 Numerlc Constant for Base Volume Developed From 
Ideal Gas Relative Denslty 

1be constan! 359.072 in Equation 3-4a wns devcloped in 3-G.3. Equation 3-Sa ~ubsti
tutes Equation 3-55 for p,., and Eqt.ation 3-56 for p, in Equation 3-4a. 

Q, ; 
359.072C,(FT)E,Y,d' ,j P,,,,h. 

p. 
(3-4a) 

359. 072C,(FT)E,Y,d' 
~ G,(28. 9625)(144)h. 1 Z,RI; 

Z~R'If '\ P,G1(28.9625)(144) 

Where: 

1545.35 ;; universal gas c<•nstant (R). 
28.9625 = molecular wei~ht ·Jf dry air. 

144 = f<J•:tor to com ert ftowing pressure (/},) from pounds force per square foot 
to pounds force per square inch. 

144 = factor to com·ert base pressure (Pb) from pounds force per square foot to 
pounds force ~,er square inch. 

In Equation 3-5a, thcrelore, 

N 
359.072,;1545.35( 

144 
) 

V 28.9625 
144 

218.573 

And 

Q ; 218.573C (Ff)E ~d' T,Z, 1 /!,h. 
¡, d • 1 Po ' G.Zt.1j 

¡:or the followmg standard conditions: 

In Equalion 3-5b, 

Therefore, 

P, :: E; 
= 14.731bf/in' {abs) 

T~;;;; ~ 
= 519.67"R (60"F) 

Zc = Z. 
= CümpressJbilny of the gas nt P, and T, 

N, ; 218.573(
519

·
67

) 
\ 14.73 

= 7711.19 

_, 2 ! lf h ... 
Q, = ,?11.19C,(FT)E.Y,d z,

1
¡ --
V G,Z1.1f 

(3-5a) 

0·5h) 

3-G.7 Numeric Constant f~r Base Volume Developed From 
Real Gas Relativa Density 

Equatmn 3--fia ~uh!'tltutes Gr for G, m Equatwn 3-5a through the use of Equation 3-48. 
The mclusion of Pll mm· es lfus co,Tcctlon to thc numcrator: 

CcpYrign~ C· tt'e AVE:::>l.:':AN DETPQ_ElJV !NSTJTUiE (AP! ~ 
Tue 0::~ 02 14.:7: ¡;;: J'<'h> 
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Q, = 21P.573C,(Ff)E,Y,d1 7; 
P. 

Z,Z,._I1,h. 
G,z,r¡ 

In Equation 3-6a, therefore, 

N, = 218.573 

For the following standard oonditions: 

In Equation 3-6b, 

pb = P, 
= 14.731bf(m1 (abs) 

T, = 1:, 
= 5!9.67"R (60°F) 

Zb..., = Z..,, 
= 0.999590 

N, = 218.573(
519

·
67

Lio.999590 
14.73 r 

= 7709.61 

-~ = 7709.61C (Ff)E Y:d' ~ "· ' . ' ,IGZT. 
Y r '/.. 1 

(3-6b) 

3-G.B Numeric Constant for Standard Volume Developed 
From Real Gas Relativa Denslty 

In Appendix 3-B, F,. as cxpresscd in Equation 3~B-5, includes additional numeric ratios, 
as stated in Equation 3-B-1, including the following: 

519.67 = basl! temperature at 60°F, expressed in degrees Rankine. 

14.73 
base prc~sure of 14.73 pounds force per square inch absolute. 

~= llowir.¡:z temperature at 60°F, expressed m degrees Rank.ine . 

.YO. 999590 = compressibility uf a ir at the base pressure of 14.73 pounds force per 
square inch absolute anct the base temperan1re of 519.57°R. 

In Equation 3-B-5. thereiore, 

N, = 218.573(519.67)' 1 
14.73 Vs19.67 

And 

Or 

Co;:iv-i;:-.~ O• tt"l~ AME~iCA.r. PETI:'OC.EU"' INST:TUT:: IAP: \ 
Tu!!: O=~ OE 14:1 i 12 :oGe 

338.196 

F, = 338.196E,d1 

1; ·= 33R.196E,D1Jl1 

(3-B-5a) 

(3-B-5b) 

1 
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Chapter 14-Natural Gas Fluids Measurement 

SECTION 8-LIQUEFIED PETROLEUM GAS MEASUREMENT 

14.8.0 Scope and Purpose 
This publication describes dynamiC and static metering systems used to mcasure 

hquefied petroleum gas m the density range of 0.30 toO. 70 grams per cubic centunctre. 
The physical properties of the components to be measured and the mixture composition of 
liquefied petroleum gas sho:.dd be reviewed to detenninc thc mcasurement system to be 
used. Various systems and methods can be used in metering the product, and mutual 
agrcement on the sysrem and method between the contracting parties is required. 

This publication does not endorse or advocate tbe preferential use of any specif1c type of 
meter or metering system. R.zrther, this publication is not intended ro restrict the future 
development of meters or measuring dev¡ccs nor to in any way affect mctering equipment 
already installed and in oper¡;tior:. 

This publication serves as J. guide in the selection, instnllntion, operntion, nnd mninte
nance of mcasuring ·systerns applicable to Iiquefied petroleurn gases and incJudes func
tional descnpuons for individual systems. 

14.8.1 Application 

This publicatton docs not set tolerances or accuracy limits. The application of the 
mformation berc should be adequate to achieve acceptable me&urement performance 
u1:>mg good measurement prnctices, whilc in addition considcring uscr rcquiremcnt." and 
nppl icablc codcs and rcgulat:ons. 

Systems for measunng hqucfied petroleum gases use cither volumetric or m~ Ut:ter
mination methods, and botb methods apply to either static or dynamic conditions. 

Volumctnc mcthods of measurcment are generally used where physicaJ property 
changes in tcmperature and pressure are known and correction factors can be applicd to 
correct the measurement to standard condttJons. 1 Volumctnc measuremcnt is apphcablc to 
most pure cOiñponcnb and many commercJal product grades. 

Mass dt::tt:rrninatiun method.; of measurement are most commonly used where condJ
tlons m additJon to tcmpcraturc and prcssure will affect the measurement. Such condJtions 
mclude composltional changes, mtermolecular adhesion. am.l volumetric changes cau~ed 
by solution mixmg: ~·13ss measuremcnt is npplicahle to Jiquetied petmleum gas mixtures 
where nccuratc phys1cal corrcction factors havc not been de1ennincd and ln sorne man
utacturing processcs ior a mas~ balam:t:. 

Many of thc measurcment proccdurc" pcrtammg to thc rncasurcment of othcr products 
nrc Hpphcable to the measurement oí hquefied petroleum gases. Ho\Yever. ccrtain charac
tenstic~ of hyuefietl pctroleum g3s requ¡re extm precautions to 1mprove measuremem 
accuracy. 

L1queiied petrolcum gas will r~::mam m the hquid state only if a prcssure sufficiently 
grt::.tler than thc equilibrium vapor pressure JS mamtoined (see Chapters 5.3 and 6.6). In 
liquid meter systems. adequate pressu1e must be maintained to prevent vaporii'.ation 
caused by pn:s~ure drops attributed to pipmg, vnlves, nnd meter rubes. When liqucfied 

' Si<~no.ud tefno:r;uure ~~ 60•F 1n Jhc Ent::lJsh (cr customary) sys1em ond J!l•c m the lntematJonal Systcm of 
Umts (SI) Standard pn:uurc 1S tnc vapor prcssun: al 60"F (15"CJ or 14 696 pound~ per square inch ah~olute 
( 101.325 l!lopa~cal~). wh1cMcver 1s higber Tui!> n not thc nme pn:uure bibe ~tandard as that used for ga~ 
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petroleum gas ts stored in tank:s or contamers, a portian of the Jiquid will vaporize and fiJ! 
the space above the liquid. The amount vaporized will be related to the temperature and 
the equilibrium constant for the mixture of compooents. ----

Liquefied petroleum gas is more compressible and has a grcater coefficient of lhennal 
expansion tho.n the heavier hydrocarbon~. The application of appmpriate compressibility 
and temperature correction factors is required to correct measurements to standard 
conditions, except when measurement for mass determination is from density and vol u me 
at metering temperatures and pressurcs. 

Meters should be proveo on cach product at or near the_ normal operating temperature 
and pressure. Should thc product Ór operating conditions -cbange so that a signifü.:ant 
change in the meter factor occurs, thc meter should be proven again according to Chnpters 
4 and 5. 

14.8.2 Referenced Publlcatlons 

To the exteot spccífied in the text. the lntest edition or reVision of the following 
standards and publicattons form a part of this publication. 
API 

Manual af Petroleum Measurement Srandards 

ASTM' 

Chapter 2, "Tank Calibration" (in preparation) 
Chapter 4, "Proving Systerns" 
Chaptcr 5.2, "Measurernent o(LiquJd Hydrocarbons by Positive Displacement 
Meter'' 
Chapter 5.3, "Tumine Meters" 
Chapter 5.4, ''lnstrumrntatlon or Accessory Equipment for Liquid HydroCarbon 
Metering Systems" 
ChRptcr 6.6, "Pipeline Mctenng System~·" 
Chapter 9.1. ''Hydrometer Test Method for Density, Relative Density. ur API 
Gravny of Crude Petroleum and Liqutd Pctrolcum Products" 
Chaptcr 11.1, "Volume CorrectJon factors" 
Chapter 12.2, "Calculalion of Liquid Petroleum Quantities Measured bv Turbine 
or Oisplaccmcnt Mcters" . 
Chapter 14.1, "Meas•ning. Sampling, Testing, and B; se Condilions for Natural 
Gas Fluids" 
Chnptcr 14.3, "Orifice Metenng of Natural Gas" 
Chaptcr 14.4, (m prepanllton) 
Chap¡··r 1-1.(1, "lnstnlhng nnd Proving Dcnc;ny Mete~" 
Ch~pte:- l-l 7, (m preparat1on) 

DS 4Á Ph.is¡cal CO!IStanrs of Hydrocarbons e, ro C,o 

GPA 3 

2140 Liqucfi.ed Petrolcum Gas Specificarions and Te~t Methods (ASTM D 1265; 
ANSI Zll '11) 

2145 Physical ConsJants jor the Paraj]in Hydrocarbons and Other Componems of 
Natural Gas 

2165 M~rhodfn,.. Anaiy.Hs of Natural Gas Ltquld Murures by Gas Clzromatography 
2174 Methud fUi Obtaining Hydrocurbon Fluid Samples Using a F/oating Pllton 

.¡::yltnder 

1 Ameriam Sm:1cty for Tc\tmg and Matcnah. 19Hi R~ Stn::ct, Philadclphra. Penn.,ylvama 19103. 
'Gas Pruct))IJO. Assoctallur., 1812 Frrst Place. Thlsa, Olr.b.twma 74103 
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2177 Tentative M~thod Jor tlze Analysis of Demethanized Hydrocarbotz Liquid 
Mixtures Containing Nitrogen and Carbon Dioxide by Gas Chromatography 

2261 Method of A.naly:r::üfnr Natural Gas and Similar Gcueous Mixtures hy Gat 
Chromatography 

8173 A Standard for Converting Natural Gas Liquids and Vapors 10 Equiva/em 
Liquid Volumes 

GPSA4 

Engineering Data Book 

14.8.3 Requirements for Afl Measurement Methods 

The foJiowing geHeral requirements apply to dynamic measun:ment systems using 
eith~r volumetric or mass detennmation methods of measuring liquefied petroleum gases. 

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIQUID 
PHASE 

Provis1on.s ~hall be made to ensure that liquefied petroleum gas measurement conditions 
of tempermure and pressure will be adequate to keep thc fluid totally m the liquid phasc. 
Measurement m the liquid phase must occur at a pressure at least 1.25 ttmes the 
cquil ibnum vapor pressure at measurement temperature, plus twice the prcssurc drop 
across thc meter at mrv:.imum operating flow rate, or at a pre.-.sure 125 pounds per squarc 
mch lngher than the vapor ¡;rcs~ure at a maximum opcrating temperaturc, whichevcr i~ 
lower (see Chaptcrs 5.3 and 6.6). 

14.8.3.2 ELIMINATION OF SWIRL 

To prcvcnt swirl through the measuring device whcn using ntrbine or orificc mctcrs, 
stratghtcrung vanc~ ur adequate unrestrictcd straight lengths of piping should be uscd in 
the up"tream and dnwn~treilm metenng tube. 

14.8.3.3 TEMPERATURE MEAWREMENT 

Tempcraturc mcasurements. '\'h::::re required, should be made at a point that mdicates 
condHions m the mcasunr¡g devtce. The accuracy of instruments and lhe type of rneasure
mcnf m::cd are spcc1ftcd m Chaptcrs 5.2, 5.3, 5.4, anc1 14.6. 

14.8.3.4 PRESSURE MEASUREMENT 

hc!isure measutements, where requared, should be made at a point that will be 
responsiw to v;:t~y¡ng pressure condmons in the measuring dev1ce. The accuracy of 
instmmcnts and thc typc of measurement used should be as described in Cha.pters 5.2 and 
14.6. 

14.8.3.5 DENSITY OR RELAnVE DENSITY MEASUREMENT 

' 
f';:. 

· '" ~.~ 'F~'nrró~r.l<)•,M~ ~e:~¡ '!!i'\!C~fl~r 1\!'!niW. ~¡,{¡'Y\.~ ~~~l 1l'"'t.~ljl¡'l'!aa ;•e · ,e,. to.~~a. 
should be sensitive to varying cond1ttons m the measuring deviee. Densittes to be used for 
mas:, measurcmcnt dctennination must be obtained at the samc flowing comJitiuns that 
cxist at thc meter. Thc accuracy nf m,~;truments anc1 thc typc of measurcmcnt uscct should 
be as deicnbed in Chapters 9 and 14.6. 

'Gas Proccssors Suppltcrs Assoctation: Order from Gas Proceswn Association, 1812 Fint Place, 1\.llsa, 
Oklahom!:l 74103 

Coov.-¡Q .. ~ ~· tn~ AMEPICA~J PET>:OLEU~ !NST!TUT!:: (AP; ¡ 
iue Oc~ 0: 15.25 ~2 lOQo 

3 

7 

.:.: 



MPMS 1'1.8-83 1 0732290 0057'108 3Jí 

4 CHAPTER 14-NATURAL GAs FWIDS MEASUREMENT 

14.8.3.6 LOCATION OF M~SURING ANO SAMPLING EQUIPMENT 

Measuring and sampling C'lfUÍpm>!nt must be located to minimize or eliminare the 
influence of pulsation or mechaniC1I vibration cWJSed by pump or control val ve generated 
noise. Special precautions should be taken to minimi7.e or eliminare the effects of 
electrica] interference that may be induced in the flow meter pick-up coil circuit. 

14.8.4 Volumetric Determination In Dynamic Systems 

Measurement of liquefied ~t.roleum gas (liquid pbase) in a dynamic condition can be 
pcrformed usmg severa! measurement devices. The use of a specific type of measuring 
device is dc:pemlenl upun mutual agreement betwecn tbe contracting parties. 

14.6.4.1 MEASUREMENT BY ORIFICE METER 

Measurernent of liquefied petroleum gases by orifice meter shall conform to Chapter 
14.3, usmg orifice and lme intr::mal diameter ratios and appropriate coefficients for flow as 
agreed upon between the parties. Location factors, F., and orifice thermal expansion 
factor, F •• should be used where applicable according to thc procedure in Chnpter 14.3, 
Appendix B.l4 and B.15 res!)ectively. Manometer factors, F.,., must be calculated accord~ 
ing to the procedure in thi.c: section for recorders utilizing mcrcury manometers. (F .. = 
1.000 for belJows typc differe11tial pressure instruments.) 

Measurement of liquefied petroleum gas having a high vapor pressure is simplified 
whcre delivcries are obtamed in mass units, by multiplying thc volumc at flowing 
coru.Jitions times the density or relativc density (measured within prescribed limits at the 
samc flowing tcmperature and pressure that exists at the meter) times an appropriate 
constant. Calculation of the volume at standard conditlons can then be made using 14.8.6 
or OPA Standard 8173. 

The following cquations car be uscd to determine flow rote: 

l. Flow rate in cubic r~~l pt:~ 11our at t1owmg conditions 

Q, ~ 0 134452 F,F,Y F.F,F, ,, h. 
G, 

Q, ~ 1.0618 F,F.Y FJ.F,"l! h. 
1 p, 

2. FIO'N rate in poumh lllctSS per hou1. 

Q. ~ 3.3853 F,F,Y F.F,r, .¡¡;:e; 
Q. ~ 1.06\8 F,F.Y F.F.F, ,¡-¡;:;; 

3. Flow r.tte 111 <.:Ubll fed per hour at bm.t: condJtiOn.s. 

o ¡ 34452 F,F,YF.F.f', ~ 

1.0618 
r. 

\Vhere 

Fb basic orihce factor from Chapter 14.3 (F, = 33H.l7 d 1K0). 

Copv,:19t1~ tlv t.Me A"'E:P!CAr; P(T::"O'...EU"" !NST:Tui;; ¡,c.o: 
Tue Oct. OE !5:25:~: !Q'lt> 
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F.. manometer factor for mercury manometers only. 
Y expansion factor, calculated using a specific heat ratio for flowing conditions as 

detennined from data or an equation of state. 
F, Reynolds number factor. 

TI1e Reynolds number factor may be calculated using b values from Table 5 or Table 9 of 
Chapter 14.3. CALrriON: Do not use tbe equations for F, in Tables 5 or 9, but use the b 
values only in the followmg equations to obtain the Reynolds number factor 

F, ~ + b 8,423,.,., 
~ 1 + b 1,067~. 

~ ~ 

F, + b 271 ,ooo,., + b 34,316!;. 

~ Vh.G. 
F, + b 5.66!J..., + b 0.7167~, 

~ ..¡-¡cc, 

b ~ E 
12.835dK 

The Reynolds number factor also may be calculated from the following: 

Where: 

R, \',dp 

12~ .• 

F, = 1 + EIR, 

d d1ameter of orifice, in inche~. 
p density, in pounds pcr cuhJC foot. 
Vr veloc¡ty of jet m orit·cc, m feet per second. 
f.L 1111 absolute viscosity, m pounds per foot per second. 

R, 2,267 ó dK .,¡,-:;; 17,909 dK ~ 

""· ..... 
R, O.Qq.J<i dK Vh¡ 0.37405 dK "'f'h:(i, 

""· ""· 
R, 1 s23x dK '\}},_e, 12.034 dK '\)h. G, 

""" """' 
R~ can abo b . .:: lh:tt:rmmt:d hy lriul antl error a~ follows: Set F, = 1.000 in the tlov.' 

t:LJuauon to ge¡ an ~pprox.•matc Q ... or Q,, and uc;;c th1" rcsul! ro calculare F,. Wirh this 
cnlcuhttcrl value of 1· .. obtam a new value ofF. and of Qm or Q~. Repeat this process until 
the valut.: ur Q., or Q. is \,'ithm rhc hmus deslred. 

R, ~ Rnlf> 

R,. ó.30_~ __ 294 30 Q,G, 
o,.,. o,. .. 

R,. 0.0001319 Q, 0.004244 Q. 
VI-L. DJ.L,,, 

Copv~¡!:lr-':. O• the A"'1ERICAN PfTPOLElJ"' INSTITUTE (API) 
Tu" O=t oe 15:25 52 ¡c¡qo 
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Where: 

..... ... 
.... ... 
p, 
p, 

D 
d 

13 
G, 

G, 
K 

K 

K, 

Where: 
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F, + 0.1582{! E Di!n 1 + O. 002539(3 E Dp... 

Q. Q"G. 

F, 1 + 7581.5{! E D.,.~ = 1 + 235.63[3 E D~J..o 

Q. Q. 

= absolute viscosity, in pounds per foot per second. = gJl. • 
absolute vi~cosity, in pounds per square foot per second . 
absolutc viscosity, in centlpoi~es . 

= 0.03108 ...... = 0.00002089p... . 
density of Iiquid, in pounds per cubic foot at ba~e condilions. 
density of hquid, in pounds per cubic foot at flowing temperature nnd pres
sure. 
diameter (inside) of meter tube, in inches. 
dmmeter of orifice hore, in inches. 

= d!D (commonly calied !he beta ratio). 
relahve density at flO'W'ing conditions. Ratio of the density of the liquid at 
flowing conditions to the density of water at 60°F. (The U.S. National Dureau 
of Standnrds hris er.tablished 0.999012 gram per cubic centimetre as the 
density of a1r-free pure water in a vacuum at a tcmpenuure of 60°F and a 
pressure of 14.696 pounds per square inch and standard gravitational accclcra
tmn o~ 980.665 centimctres pcr second per second.) 

= rclahve den::;ity of liquid at base conditions. 
cocfficient of discharge for a sharp edge orifice. 
K" (1 + 1:.'/R,) 

K 

1 + !SE 
l,OOO,OOOd 

K o coeff¡c¡cnt of discharge for infinite Reynolds number. 
K, coefficient of dischargc whcn the Reynolds number is equal to 

I,OOO,OOOd 
15 

E - d!83U - 5000f' + 9000(3' 4200~' + -~). tor flan~e taps 
VD 

E = d(905 - 5000(3 + YOU0(.1' - 4200W + 875 ) ----":-:'--- . for pipe taps. 
D 

For flangc tap.c; 

+ [0.31<~ _ o.o76 Jw 0.4 [~6 _ ~ r [ (0.07 0.5993 + 0~5 i-(3 VD 

[o.oo9 + o ~34 J [ 0.5 -13r , 1 ~ + 3J [~> _ 0.7r + 0.007 

V 

r 

Copyr-¡ght 0>' the AMEP:CAN f'ETI;'OLEUM INSi!TUTE (AO;) 
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For pipe taps 

K, = 0.5925 + 0.~82 + [ 0.440 - 0~6 J 13' + [o.935 + o.¡;s J 13' 

+ 1.35 J3" + 1.43 

VD 
(0.25 - J3 ) u 

NOTE: \Vhen any of the tcnns in .'( is negative, that tenn is sel cqua.l to z:ero. 

F 1 = location factor. 

The location factor JS used to correct for the change in specific weight of (a) 
the mercury in mercury manometer type differential gages, (b) the calibrating 
liqu1d m the test manometer, and (e) the weights for a deadwetght gage u sed in 
calibratmg the instrumenu.. See Chapter 14.3, Appendix B. B. 34 for equa
tions. 

F.. manometer facto' 

The manometer factor is required only m mercury manometer typc gages to 
correct for the error in differential pressure mdication caused by the we1ght of 
the liquid column nbove the mercury and the change in the density of the 
mercury at temperatures other than the b3:se temperature of 60°F. 

Where: 
p. 

p, 

F. = 0.034374 'J P. p, 

dcnsity of men:ury at ambient temperature, in pounds pc:r cubic 
foot. 
846.324 [I - O.OOOIOl(T, - 60)1 
T. = amb1ent temperature, in degrees Fahrenheit. 
density of hquid on mercury at amb1ent temperature, in pounds pcr 
cubic foot. See Chapter 11.1, Tablcs 6, for density correction. 

F. orífice thcrmal expanston factor. 

Th1s factor is u:.ed to correct for the error rcsulting from the expans1on or 
contraction of thc orif1ce borc at operating temperatures different frum the 
tcmpcraturc of thc platc whcn horcd, usually assumcd to be 6R 0 F. 

F. + O 0000185 (°F - 68) for Typc 304 and 316 s<ainless stccls. 
F, + 0.0000159 ("F - 68) fur Munel. 

14.8.4.2 MEASUREMENT BY POSITIVE DISPLACEMENT METER 

The mnnufncturer'" recommendation~ ~hould be carcfully considered in sizing nubine 
and posJ!JVe dtsplacernent meters (see Chaptet3 5.2 and 5.3). 

Atr climinators ~hould be used with caution, partlcularly where the line in whicb thcy 
are mstallcd could be shut-m occas¡onally, and whcrc complete vaporization could occur 

Vapor fonnaLJun. resulting from the effccts of ambient temperature or heat tracmg on 
[he line ahead of the meter. could cau~e maccuracies and damagc, which are rnost Jikely to 
be encount~red durmg startup Cauuon must be exerc1sed. 

Copvr¡cuo: ov tl'le AMER!CAr./ PEí;:;"Q:..EUM !NSTIT:.JTE (A::OIJ 
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14.8.4.2.1 Volume at Standard or Base Condltlons 

Liquíd measurement by po!>itive displacement meters should conform ro the procedurc.s::-· 
in Chapter 5.2. Appropriate com:ction factors should be used to adjust the measured 
volume to standard conditions by correcting for temperature, pressure, and meter factor. 
Rlctors to be applied will be found in Chapters 11 and 12. 

The pasitive displacement measurement equation is: 

V~ = Vr X M.F. X C 11 X C~'~ 

Where: 
Vb volume at hase or standard conditions. 
Vr volume at flowing ccnditions, indicated by a measunng device. 

M.F. meter factor, obtnined by provmg the meter nccording to Chnpters 4 and 12.2. 
C11 correction factor for temperature to correct the volume at flowing temperature 

to standard temperature. See Chapter 11.1, Thbles 24, or other agreed-upon 
rabies. 

C~1 correction factor for rressure to correct the volume at flowing pressure to 
standard conditions. See Chapter 11.1, Tables 24, or other agreed-upon 
tables. 

14.8.4.2.2 Volume at Flowlr.g Condltlons lar Mass Determlnatlon 

The vulume mea~ured at flowing conditions (V..) times the metr.r factor equals the 
volumc nt flowing conditions. Displacemcnt meters used for volumetric measurement in 
deriving total mass shall confonn to the standards described m Chapter 5.2 for the serv1ce 
intended. Temperaturc or pressure cornpensation devices are not to be used on these 
mcrcrs and the accessones used shall conform to Chapter 5.4. 

14.8.4.3 MEASUREMENT BY TURBINE METER 

Scc l4.B.4.2 for cautions about a1r eiLmmators and vapor formation in hncs. Also 
(.;arefully cons1der the manufacturer's recommen1ations about sizing of meten •. 

Liquict rncasurcmcnt by turbinc meter should confonn to the proccdurcs dcscribcd m 
Chapte1 5.3. Appropriatc correction factors should be used that will adjust the measu1ed 
volume to standard conditions by corrcctmg for tempernture. p1cssure, and meter fnctor. 
f'Clctors to be applied will be found in Chaptcrs 4, 11, and 12. 

The followmg cquation i~ uscd when measunng by turbmc meter. 

Whcrc: 

v. 
V, 

M.F. .~ 

e,,= 

\.-\ = Vr X M.F X C,1 X C~ 

volumc i\1 hase or standard condJIJons. 
volumc:: al nuwing cumlitlun~. imlicated by a mt!<jsuring device. 
met_e'r f.c.ctor, nhtlltncd hy provmg the meter according to Chnpters 4nnd 12.2. 
corrccuon factor for temp:rature to corrcct thc volumc at flowing temperature 
tu ~tanda! t..! tcmperature. See Chapter 11.1, Tablcs 24, or other agreed-upun 
Jahlc<; 

couecuon íactar f01 pn::ssurc:: to cor~ct the volume at flow1ng pressure to 
standard conditions. See Chapter 11.1. Tables 24, or other agreed-upon 
tables 

Thrbine meters u~ct! for volumetric measuremenl in tleriving total mass shall conform to 
C:haptcr 5.].for thc scrv¡c:; mrcndcd. Tempernture or pressure compensating devices shall 
not be useU un the.se nu::ters ant! accessoncs shall conform to Chapter 5.4 The mas!) 
delivered nnd the volumc af ench component at standard condiüons may be detennined 
according to Chapte1 14 7. 
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SECTIDN 8-UOUEFIED PETROL.EUM GAS MEASUREMENT 

14.8.4.4 MEASUREMENT BY OTHER DEVICES 

Dynnmic measurement of liqur~ficd petroleum ga.;. can be accomplished using other 
types of equipmenl by mutual agreement of the contracting parties. 

14.8.4.5 METER PROVING 

The primary measuring device must be compared lo a k.nown standard. Companson toa 
standard is accomplished by proving displncement and turbine mctcrs using a pipe prnvcr 
calibratcd in accordance with Chapter 4. Tank-type provers are not recommended because 
liquefied petroleum g:.:.!.. may vaporizc in the tank, making accountability for these vapors 
difficult. When n meter is 1a.sed to measure more than onc product, the·metcr shall be 
proved at the operating rates offlow, press~. and temperatu~ and the specification ofthe 
liquid that it will rr.easl•rc :n routine operation. Several meter factors mny be required 
where nonn1l opcratio11s change significantly. The proving device should be installed so 
that the temperatute and pressure wilhin lhe pruver and meter coincide as closely as 
possiblc. Should meter a11d prover tempernrures or pre.~.'mres vary, the prover vol u me shall 
be cnrrccrcd to meter cperating condiuons according to Chapters 4, i 1, and 12 or as 
agreed to by thc -:·,mtracting partie~. Rl.ctors shall be adjusted as required betwecn proving 
dates as a result of significont changcs in rnetering prcssure and/or temperaturc since the 
last proving. 

14.8.4.6 SAMPLING 

Samphng shall be accomplished to yield a sample that IS proportional to, and representa
ltvt! of. lhe Ou'Wing stream dunng the measuring interval. Pruportional samplcn. takc ::,mall 
samplcs of thc flowing sm;am proporttonal to the fiow rate. Time incremental sampling 
may be used only when the flow ratc IS con::,Utnt. 

Thc ::,arnple collecting system shall be designcd to contntn the collected snmplc in thc 
liqutd statc Th1s may be done usmg a pistan cylinder ora cyiinder w1th a bi2.Jder. Both 
the ptston cylmder and bladder cylinder normally use inert gas vapor, hydraultc oil, or 
p1pe!mc flUid lo oppo.se the liquid injcction and maintain a pressurc levcl abovc the vapor 
prcssure of the samole. A typicaJ pwporuonal sampler is described in the append1x. to thi!l 
publicatJon. 

Prccauuons shall be taken .o av01d vaponzation in sample loop lines when operating 
nea1 the product vapor pressure In ::,ume instances, msulating sample Iine::, ami sample 
contamer,;; or controlltng rhc prc.s~mrc or tcmpcraturc of samplc conraincrs containing 
volattlc matenals may be necessary 

Sample loop::, !~hould be short and of smal! diameter, sampling from the centcr of the 
strcam. Ad~quatc ~flmplc loop flow rntes should be mamtatned to keep fresh product at the 
samplc vnlve anJ tu reduce the lime lag between the rne;ter and thc ~ampler to fi minimum. 

All sampie hne::,, pumps. and relnted equipment should be purged or bled dnwn whcn 
samplc collection r:ylmders ar-_ emptlcd to avoid contarnination or disten ton ofthe llowmg 
samplc. Sampler :-.y::,tem::, ::,huuld be dcstgned to nümmize dead product arcas, which 
could d1stort <>amplc.s 

Obtaming a rcp1esentati'·e sample i"or transport tu the laboratory shall be m accunJam;e 
with GPA 2174, Append1x B of Chapter 14.1, or othcr rccognizcd safety proccdurcs. 
Sample contamcr.. must be ade<;uatcly sized. lf samples are to be shipped by common 
carriet, contamen. must comply w1th the latest haz.ardous materials rcgulations of thc 
United:Statcs Departmenr of Transportetion ' 

Products or m1xtures thr.t havc equtlibrium vapor p1essures above atmosphenc pressure 
::,hall be maintaincd at a pressure where vaporization cannot occur within the on-líne 
samplc .systcm or transfer contamers. 
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CHAPTER 1 4-NiiT\JRAL GAS FWIDS MEASUREMENT 

Use of sample collec1ion and traDsportation containers equipped witb floating pistons or 
bladders (and equipped to maintain sample storage pressures above vapor pressure) is ene 
effective way to avoid liquid·vapor separation. Whcn using this type of cquipment, 
adequate precautions mus! be o'Jserved to allow for thermal expansion of the product so 
that excessive pressure or release of product does not occur. Proced.ures described in the 
appendix of this publication may be used. 

Sample handling procedures outlined in API Chapter 14.1, Appendix B, using imrnisci
ble fluid outage cylinders, may also be used. Water used witb this method may result in 
removal of carbon dioxide or cther water-soluble components from the sample. 

Sample injection pumps or devices .d!at inject the sample into conta.iners shnll be 
designed to deliver a constant volume per stroke over their normal operating pressure 
range. Procedures as outline<i in Chapter 14.1, the appendix to this publication, and GPA 
Publication 2174 shall be folbwed, as applicable. 

Samples taken over a period of time using a proportional sampler must be mixed to be 
truly representative befare they are transferred to ponable sample contniners. Product 
mix.ing should not be attempted until thc samplcr has bcen isolated from the source. 
Procedures for thorough mixing of samp1es shall be provided to ensure that samples 
transferred to transportation cylinders and the analysis obtained are rcpre.,entativc of the 
Oowing stream during the measured interval. 

After mixing, thc sampit:d product is transfcrrcd to a ponable pistan cylinder or a 
Uouble valved sample cylin'ler, using the inuniscible fluid displaccment mcthod. Transfer 
the sarnpler to !he portable cylinder using !he same procedure used to take spol samples. 
Whcn the requircd number of portable cylindcrs has bccn filled, the remaining product m 
tht: sampler must be vented back into the pipeline or disposed of befare the sampler is 
rctumed to scrvicc. 

Obtainmg a representativo! sample of the sm:am liquid for transpon to the laboratory 
shall be in accordance with GPA Publication 2174 or Appendix B of Chapter 14.1. 
Provisions shall be madc for thermal cxpansion. Department of Transportation approved 
containers shall be used. 

14.8.4.7 SAMPLE ANALYSIS 

Depending upon thc cor.1n:1sition of thc .stream, Jiquid sample annlysis shall follow the 
chrumatographic procedures described in GPA Publications 2165, 2177, and 2261, or 
othcr mcthod.s agrced upon by the contracung parties. 

\Vhere applicable. such as witb Jiquef1ed petroleum gas mixtures, spedal efforts shnlt 
be made to accurately determine thc molecular weight and the density of the heptanes plus 
fraction (or of thc Jast significflnt fraction determined by agreement). 

14.8.5 Mass Deterrr.ination in Dynamlc Systems (Denslty 
Range 0.30 to 0.70 g/cm') 

Mass measurement is nppllcable to liquef1ed petroleum gas mixtures and to components 
that are affected by composJUonal changes. intermolecular adhcsions, solution mix.ing, or 
extreme pressurc and temperature conditiom where accuratc phys1cal correchon factors 
havc not hccn dctcrmmcd 

Ma&s mea.."urcmcnt 1n a <.lynamu.: statc normally utihzes (l) a volumetnc measunng 
dev1ce ot tlmving conditions, (2) a density or rclative density (speciflc gravity) mcasunng 
dev1ce for dctcrmmmg dens1ty or relalivc densuy at the samc flowing conditions as the 
mcasuring device, and (3) a represcntative sample of the fluid flowing through the 
mcasuring systcm, collcctcd proportional to fiow, as presented in Chapter 14.7. 

Mass measurement 1s accomphshcd by muit1plymg the measured volume at flowing 
conditions times flowmg dcnsity measured at the same conditions, using consistent umts. 
The eqUivalen! volume at Sl?udard conditions of each componcnt in the mixture may be 
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SECTlON 8-LIOUEFIEO PETROI..EUM GAS MEASUREMENT 

obtained by using a compo~itional analysis of the representative sample and the density of 
each component at 60°F antf the equilibrium pressure nt 60°F. 

Liquids with densities helow 0.3 and above 0.7 grams per cubic centimetre and 
cryogenic fluids are excluded from the scope of this documcnt. Huwever, the principies 
can apply to these fluids with modified applicarion techniques. 

Equiprnent exists which uses diverse principies for measuring volume, samplmg the 
product, and detcnnining the composition and density of the product. This publication 
does not advocate the pre:erentJal use of any particular type of equipment. lt 1.s not the 
intention of th1s publiCauon to restrict future development or improvemenl of eqlllpment. 

14.8.5.1 BASE COND;TIONS 

Dcm;;ity is defined as mnss per unir volume: 

Density = _:.;M:c•=•:::•_ 
Vol u me 

Mass is an absolutc mcasurc of thc quantity of maner. Weight is the force resulting from 
an accele1ation due te gravity acting upon a mass. Changes of gravity acceleration from 
one locality to another will affect the resulting weight force observed. Therefore, quan
titics detcrrruned m accordance with Chapter 14.7 shall be mrus rather than wcight. This 
may bt: accomplished through procedures in Chapter 14.6 by referral to weiglung dev1ces 
uscd to cahhratc rlcnsity mcters to test weights ofknown mnss. This referral or calibration 
is done al or m~ar tbe dcnsitometer Jocation, eliminating thc need for further corrcction for 
local gravitatlonal force variances. 

Wcight observatlons to d!temune fluid dens1ty shall be corrc:ctcd for air houyancy 
(commonly called "weigbed i:~. vacuum"') and fur local graviry. as necessaty. Such 
obscrvations can be used in .:onjunctlon with the calibration of density mcters or for 
checkmg the performance of equauon of state correlations. Procedures are outlmed in 
Chapter 14.6. 

Volumes and dcn.o~ities formas~ mcasurement shall he detennined nt opcrating tempera· 
ture and prcssu1e to eiim111ate temperatw·e and compressibility corrections However, 
equivalent volumes of componl.!nlS are often computed for the detcrmined ma.\..<; flow. 
Thesc volumes will be stated as follows: temperaturc, I5°C (or 60°F); prc.c;surc, 101.325 
k:ilopast.:ab ( 14.696 pour.ds pcr squarc inch absoiULe). or the product cquilibnum vapor 
prcssurc at I5°C: wr 60°F), whichever 1.~ higher. 

14.8.5.2 MASS MEASUREMENT USING DISPLACEMENT TYPE OR TUR
BINE METERS 

Thc cqmtllon io:- c1ctcnnining mas.~ using d1splaccmcnt-type or turbinc meters is: 

[

Metercd volumc] [Meter factor] [Densuy per J [Dcnsuometer] 
Mas~ = at meter X at meter X unH volume at X correcuon 

opcra{Jng_ operatmg · meter opernting factor (if 
conciltlom conc1tt10n<; conc1itions apfllicnhle) 

14.8.5.3 MASS MEA3URI:MENT USING ORIFICE METERS 

The equat1on 101 dcternunmg mass usmg oriiJce meters is: 

Q ... =- C' VJCP~ -=- now rate expressed m units of mass/units of time. 

Thc tcnns t'or this equa11oo are detmed and dlSCussed m 14.8.5.1. 
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12 CHAFTER 14-NATURAl. GAS FWIOS MEASUREMENT 

14.8.5.4 DENSITY DETERMINATION 

14.8.5.4.1 Emplrical Denalty 

Liquid density may be calculated as a function of composition, temperature, and 
pressure. It ts preferred that the calculated or measured density be applied in real time to 
the flow meter. Tbis providcs for lhe maximum mass measurement precision, that is, thc 
incremental volume of meosured Bquid is nlways in direct time relation to the density 
measured or calculated. However, it is common practice to use the cornposition of a 
sample taken contiouously during the delivery period proportional to the volume Ueliv
ered, and to use the average temperature and pressure for the delivery period. 

Calculations may be made by means of empirical corrclations or by generalized 
equations of stare. The empirical correlations are derlved from fitting experimental data 
covering specific ranges of compositions, tempemturcs, and pressures and can be inaccu
rate outside these ranges. Gas Processors Association procedure TP-1 for ethane/propane 
mix and TP-2 for high ethane raw make streams are examplcs. TP-3 i!; a more theorctical 
procedure for application to liqLiefied natural gas. · 

Generalized equations of state do not have strict limitations on ranges of compositions 
and conditions and can be applied to a wide variety of systems; however, empincal 
correlations are mucb more accurnte when applicd to the specific systems for which they 
wcrc derived. The Racken equation, the Starling-Han modificntion of the BWR equmion 
of state, and severa! modtfied Rcc'Jich-Kwong equations of state (Soave, Mark V, Pcng
Robinson) are examples. 

It IS thc rcsponsibility of thc contracting parties to verify thc vn1idity nnd limits of the 
accuracy of methods considered for ernpincal density determination on thc particular 
fluids to be measured. 

Signiftcant errors can occur from inaccuracies io temperature and pressure mensurc
ment, recording, or integration. Products with a dt:nsity of lcss than 0.6 grams per cub1c 
mctre are particularly susceptible to errors-and requlre n higher level of precision. See 
Chapter 14.6 for recommcnded prec1sion· levels of temperature and pressure. 

14.8.5.4.2 Moasurod Oonslty 

Measured density of produc.ts bctween 0.3 andO. 7 grams pcr cubic centimetre shall be 
tletennined using densily mcters installed and cahbrated in accordance with Chapter 14.6 
or as othcrwisc agrccd hctwccn thc contracting pnrties. 

Density instruments or probes shall be installed as follows· 

l. No intcraction that would advcrscly nffcct thc flow or density measurement shall exist 
between the flow meter and the der.stty transducer or pro be. 

2. Temperature and pressure differences among the fluid in the flow meter. the density 
measunng devtce, and the calibratmg devices must be mimm1zcd and must be within 
specifiet..! hmits fur the fluid bemg measured and the mass measurement accuracy expected 
or rcqU!rcd. 
3 Denslty meters may be mstallcd either upstream or downstream of primnry flow 
devices in accordance wJth Chapt:r 14.6 but should not be located betwecn fluw straight
cning dcviccs and mctcrs and must not bypass thc pnmary flow measurement dev1ce. 

Densitometer accurac; will be seriou.sly affected by tht: accumulauon of foreign 
material from thc fiowing strcam. Thc possibility of accumulation should be considered in 
selectmg den.sity measurcment equipment and in determining the frcquency of dcnsity 
cqu1pmenl cnlibrntion and maintenance. Accuracy of the data recording. tnmsmission, 
and computation equ1pment and methods should also be con~idered in Rystem selection. 
See Chapter 14.6 for further comments. 
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SECTJON O -LIQUEAEO PETR0L.EUU GAS MEASUREMENT 

14.8.5.5 CONVERSION OF MEASURED MASS iO VOLUME 

Conversion from mass detcnnined into equivalent volumcs of components shall be in 
accordance with the lotest ~i!iion of GPA Publication 8173, as describcd belmv. In this 
procedure, a chromatographic analysis rcprescntative of thc delivercd product is used to 
determine the mass of each individual componcnt that comprised the total mass. The 
individual component mhsses are then converted to thcir respective equivalent liquid 
volumes at ts•c (or 60°1') and· equilibrium vapor pressure Ht ts•c (or 60.1'), using 
componen! density values from GPA Publicalion 2145. 

The calculatmn of total mass flowing must be perfonned continuously on-lwe by a 
suitablc device or by off-line integration of cbarts on which metered volume and density 
are continuously recorded so that at all times the density corresponds to the volwne 
rneasured. 

Conversion of the determined. mass into an equ1valent volume of ench component at 
base or standard conditions at equilibrium vapor pressure at l5°C (60°F) or 101.325 
kilopascals (14.696 pouods per s4uare ioch absolute), whichever is higher, shall be in 
accordance with Chapter 14.4. In this procedt.:re a chromatographic analysis, representa
tive of the dehvered produc:t, is used to detennine the mass of each individual component 
comprising the total mw.s. The individual component mnsses are then converted to their 
respective equivalcnt Ji quid vol u mes at l5°C (or 60°F} and the equiJibrium vapor pressure 
at l5°C (or 60°F) using component density values in vacuum from Chapter 11 or GPA 
Publication 2145. Example calculations, repented from Chapter 14.4, are provided in 
14.8.5.6. 

14.8.5.6 CALCULATIONS FOR LIQUID·VAPOR CONVERSION 

The density of pure hydrocarbons in pounds mass per gallon (weight in vacuum) shall 
be as stated in GPA Standard 2145. Should constants be required for a hydrocarboo 
component that is not presented in GPA Standard 2145, the constants cuntaim:d in thc 
GPSA Engineering Data Book, Section 16. "Physical Properties," shn.\1 be used. lf thc 
requircd constant~ are not contamed in the GPSA Enxmeering Data Book, the ASTM 
Data Senes Publication, DS 4A, constants shaiJ bt: uscd. The steps described in Figure 1 
are rcquired. 

14.8.5.7 SPECIAL PRF.CAUTIONS FOR MASS MEASUREMENT 

Volume mca'iurt:ment mu).t be mac.Je at flowing cunditions. The measuring device must 
be proven at flow1ng con:iitions. 

Den~ity or rclat1vc dcnsity (spec¡f¡c grav1ty) measurements must be made at the samc 
flowing condttJonc;; as tht: volume measurcments. 

Tcmperature compen.sated metcnng dcviccs shall not be uscd in the mass measurement 
mcthod. 

14.8.6 Volumetric Measurement In Static Systems 

Thc li4u11.l vulumc uf liquefied petroleum gas consists of the sum of the Jiquid volume 
and the volume of the vapor abnvc thc hquid convencrl to its llquid equivalcnt. 

Volumetnc measurement is accomphshed by using calibrated vessels or tank.s with 
gagin¡,; dev1ces that can be read at thc vessel operating pressures 10 determme the liquid 
leve! Thc vnlumc nf vapor abovc thc liquid 1~ detennmed by using lhe ideal gas Jaw (PV 
.;. NRB corrected by thc gas cumpre!-.sibility factor. The liquid and vapor are cunected for 
temperaturc and pressure to stnndard or ba~e condittons of temperature and thc vapor 
pres~ure of the product at standard or base temperature. The vapor volumc can be 
convt:rLed tu C(.juivalent liquid volume by using the appropriate factors. 
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Step 1-Convert to mass analysis. Given: 825,300 = Total pounds mass. 

Co~nent 
eo, 
e, 
e, 
e, 
IC, 

nC, 
te, 

ne, 
C,+ 

Molo 
Percent 

0.11 
2.14 

38.97 
38.48 

2.94 
8.77 
1.71 
1.82 
7.06 

100.00 

Mole 
Welght 
44.01 

. 16.043 
30.069 
44.096 
58.123 
58.123 
72.15 
72.15 
87.436 

MoJe Parcent 
X 

Molo Walght 
4.84 

34.3:! 
1171.79 
1608.62 

170.88 
509.74 
123.38.::-
131.31 
617.30 

4372.19 

Welght d Fractlon _-_--
o1 

Componen! 
0.001107 
0.007852 
0.268010 
0.367921 
0.039083 
0.116587 
0.028219 
0.030033 
0.141188 

1.000000 

Step 2-Calculate the mass of each component.as follows: Welght fractlon times 
total pounds mass equals pounds mass each componen!: 

Componen! 
e o, 
e, 
e, 
e, 
te, 

nC, 
IC, 

nC, 
e,; 

Welght Fract!on 
of COmponent 

0.001107 
0.007852 
0.288010 
0.3679~0 
0.0338081 
0.116587 
0.028219 
0.030033 
0.141188 

Total 
Pounds Mass 

825,300 
825.300 
825,300 
825,300 
825.300 
825,300 
825,300 
825,300 
825,300 

Pounds Mass 
of Component 

914 
6.480 

221,189 
303,645 

32.255 
96.219 
23,289 
24,786 

116,523 

825,300 

Step 3-Calculate the volume of each componen! at equillbrium pressure and 
60"F as follows: 

Comoonent 
e o, 
e, 
e, 
e, 
te, 

nC, 
te, 

ne, 
e,~ 

• From ana1ys1s 

Componen! 
Pounds Mass 

914 
6,48J 

221,189 
303,645 

32.255 
96,219 
23,289 
24,786 

116,523 

Denslly 
Pounds/Oallor. 

(In 118CUUm) 
6.817 
2.50 
2.97 
4.231 
4 894 
4.871 
5.206 
5.262 
5.951. 

Figure 1-Calculatlons for Uquld Vapor Conversion 

u.s. 
Galk:ms 

134 
2,592 

74,474 
71,767 

6,R72 
·19,785 

4,473 
4,710 

19,580 

204,355 

A prcssurc vcsscl or contamcr must be ablc to safcly withstond the vapor pressures of 
the comainc:U produ<.:L at the max1mum operating temperature. 

14.8.6.1 TANK CALIBRATION 

Procedure.!. for calibrdtlng tanks arx.l vessels are presented in Chapter 2. 

14.8.6.2 TANK GAGING OF LIQUEFIED PETROLEUM GAS 

Procedure<; for gaging liquefied petroleum gas in storage tanks are presented in Chapter 
3. Spec1al precautlons are necessary to accurately account for thc. vapors abovc thc liquid. 
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SECTKJN 8-LICUEFIEO PETROLEUM GAS MEASUREMENr 

The composition and volume of the vapors are dependent upon thc temperature and 
pressure conditions of the liquid. 

14.8.6.3 TEMPERATURE MEASUREMENT 

Chapter 5.4 contains general requircments for tempernture measurement. Procedures 
for measuring the temperatnre of hquefied petroleum gas in storage vessels undcr static 
conditions are presented in Chapter 7. 

14.8.6.4 RELATIVE OENSITY MEASUREMENT 

Procedures for detennining relative density of liquefted petroleum gac; are presented in 
Chapters 9, 11, 12, 14.6. aud 14.7. Observed relative Uensities (speciftc ·gfavities) are 
corrected to standard or base conditions by using tablcs in Chapter 1 t .l. 

14.8.6.5 WATER ANO FOREIGN MATERIAL 

Water and sediment cn11tent is not as senous a pmhlcm with liquefied petroleum gases 
as with crude oil. Product specificalions in comracts for custody transfer should contain a 
scction on producl quality to provide for testing propane by the freeze valvc method 
(ANSI/ASTM D 2713-76), 1he cobal bromide rnethod, or the Bureau of Mines method. 
Other mutually acceptable methods for detennining dryness may be used for other 
hquefted petroleum gases having a high vapor prcs~urc. 

14.8.6.6 SAMPLING 

The scope of Chapter 8 does not include samplmg of liquefied pcrrolcum gases; 
however, GPA Publication :!AO Contains a section on sampling thts type uf product. GPA 
Puhhcation 2140 1.~ also dc.signatcd as ASTM D 1265. lts scope covers the procedure for 
obtaining representative samples of liquef1ed petroleum gases, such as propane, butanc, or 
mixtures thercof, m containers other than those used in laboratory testmg app;,¡ratus. A 
liquid samplc IS transferred from the source tnt') a samplc container by purging thc 
contamcr and filling it with hqu¡d tu 80 percent of capacity. 

Considerable effort may be reqtllro;d to obtain a representative samplc, especially if the 
mi\terial bemg sampled 1s a mixlure of liquefted petroleum gases. The followmg factors 
m.J~t be con~iden:d: 

l. Samplcs must he o)·,caincd m thc liquid phasc 
2. When 11 is defmitely kn')'Wn that the material bemg sampled 1S composed predomi
nantly of only one hquefled petrolcum gas, a liquid sample may be taken from any part of 
thc vcsscl 

3. Whcn thc mmeriJI bemg sampled has bcen agitated unlil unifonnity is assured, a liquid 
sample m<1y b:-:: laken from nny p:n: oi the vessel. 
4. Bct.:aw.~.: uf Wtlk variauon~ tn lln.: consu:uctJon dctails of containers for liquefted 
petroleum gast:s, 11 i<; difflcul· ro spccify a uniform method for obtainmg: reprc~entauve 
samples ot hetero_geneous m1xtures. If 1t 1s no~ rracttcable to ag¡tatc a mixture for 
homogeneJty, ob!am ltqUid sample~ by a procedure that has been agreed upon by the 
contractmg parttc.~ 

Dilections for sampling cannor be expiicu enough to cover al! cases. They must be 
supplcmcntcd by .tudgment, skJI!, and sampling experience. Extreme carc and good 
JUdgmeJ11 are necc.ssary to ensure that samples rcprcsent thc general charactcr and average 
conduiün of lht: matt:rial. Hecause uf lhc hazards invulved, liquefted petroleum gases 
5hould he samplcd hy, or undcr thc supcrvision of, persons familiar with thc necessary 
sat~ty precaut1ons. 

:~r-:gr.•. D• tr-e AMEPJCAN PETROLEU,.. lNSilTUiE: (A::OJ i 
!'"-: ac~ oe : s 25's.::: 1 Q<;Jo 
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16 CHAPTEA 14-NATUAAl GAs FWIDS MEASUAEMEHT 

14.8.6.7 VOLUMETRIC CALCULATION 

Whcn product is removed from or added to a tank, the beginning and ending liquid 
levels are obtaiocd along with corresponding temperatures and pressures. The volumes of 
liquid and vapor are calculated ror the beginning and ending conditions, and the difference 
between the beginning and ending calculations of the total volume of the vapor and liquid 
is the volume change in the vessel. 

[

Total volume] 
at standard 
condttions [

Volume of liquidj 
at standard 
conditions 

+ in cquivalcnt [~~!:'~~f1~~r ] 

[~~~~;:':, of ] = [~¡;~~~ volume ] X 

standard conditions 
conditions 

[

Volumc of vapor] 
above liqutd m 
eq~ivalcnt liquid 
umts at base 
condttions 

Wlzere: 

[

Volume of ] 
vapor above 
the liquid 

X Po X 

P, 

liquid units at 
standard conditions 

[ 

Volume correction] 
factor for 
temperature and 
g11:1vity 

T, 

To 
X 

[

Factor for liquid ] 
volume per vapor 
vol u me 

T01al volume = (volumc ~f produce in thc vessel as a liquid) + (Vapor above the liquid 
convertcd to ir~ hquio voiumc equivalent). Volume measured at standard condi
tions. 

Volume of }¡quid at stanr.iLrd conditions = volume mensured at standard tempernture 
and vapor pressure of the liquid at standard temperature. 

Volume of liquid at tank cundrt1om. = volume of vessel at iiquid leve) detennincd by 
tank calibration and gaging dcvice. 

Volume of vapor abovc: t:-:~ liquid =- volume of vesse! above the !iquid Jevel determined 
by tank calibrauon and gagmg devicc. 

Volumc corrccl10n factor = factor u5cd to corree! lhe hquid volume lo standard 
temperature. Rctcr to tables in Chapters 11 and 12. 

Po = observcd pressure, in absolute units. 
P. = ~tandard pressure, in absdure units. 
T,. = obscrved tt:mpt.:rature. m kelvim (K) or degrees R<tnk:ine (0 R). 
1~ = standard tcmporntur, o o kclvon.< (K) or ctcgrccs Rankonc ("R) 
f-actor for hquid volume per vapor volum~ = stam.lan.l cunversion unit for pru<.luc.:l 

bt:in¡; measured 

14,8.6.8 MIXTURE CALCULATION 

\Vhen mixture<-. are mcasurcd, thc compoc;ition of thc hquid and vapor will be diffcrcnt 
for varyin~ cond1tlons ot [emperature and pressure. The composition of each phase can be 
detennined by samplmg and analysis of each. Refer to Chapter 14.4 for the procedure for 
colculating ltquid cquiv<dent of rhe vapor volume above stored natural gas Hquid mixtures. 

14.8.7 Mass Measurement in Static Systems 

Mass is determincd by werglung the container or vesscl befare and after product has 
been added to, or removed from, the vessel. The difference in weight provides the bnsis 

Cop"r19r1~ C· tf'l.-, A~EP:CA~I PET;;C!..EU~ 1NS71TUTE !A0 : 1 
Tu~ O~t oe 15=25.52 tQQo 
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SECTION 8-LIOUEFJED PETAOLEUM GAS MEASUREMENT 

for total mass of thc product contained in the vessel. 
To calculate the volume w:ing mass units: 

Where: 
V, 

Mass 
Density 

vb Mass 
Density 

volume at standard tempcrature and vapor prcssure of the product at 
stand~ tr-mperature. 
difference betwt:en befare and after mass detennination. 
denslty in varuum of hquid product at standard conditiom. m same umts as 
mass. 

Refer to Chapter 11 to C:etemune relative dens1ty at standard conditions. 

Copy.-¡a~~ tl- ~,...,. "'":0¡:::CAN P¡;Tt;-QC.EU'"' INSTJTUTE jAOj\ 
iue Q~~ 05 :5:25 5;; J<lOp 
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APPENDIX-INSTALLATION ANO OPERATION OF FLOATING PISTON SAMPLERS 

The procedures included hcrc are presented to supplemcot other ex.isting procedures, 
spccifications, and standards in sampling bighcr than atmospheric vapor pressure products 
where flashing of lighter components within the contDiner may cause distortion·-af the 
sample composition. 

All samples should be obcained using sorne lype of probe from the cencer of lhe tlowing 
stream. A bypass around a ~.evice that causes a differential pressure, such as an orifice 
plate or small pump, is usea to supply frcsh product to bypass-type sample injectton 
valves. See Figures A-1 and A-2. Bypass lines must not bypass primary volume measure
ment deviccs. 

Figure A-3 provides an example of a typical proportional sampler. 

FLOW· THAOUGH SAMPLE 
INJECTION VAL VE 

FLOW-THAOUGH SAMPLE 
INJECTION V AL VE 

1/4 TO 112-INCH TUBING 1 

""' / 

¡ 
~~ 
? / 

~ 
" / 

' 
f 
8 

" ~ ~· \ 
\ 

CEf\ITI:A-STAEAM 
SAMPLE PROBE 

Figure A-1-Typical Sample Probe lnstallation on an 
Onfice Flange 

: 

- ..,_ 

19 

-----114 TO 1/2-INCH TUBING 

J 

CENTER-STnEAM 
SAMPLE PAOBE 

Figure A-2-Typical Sample Proba lnstallation 
for a Pump 

Copv-¡gr.t b• th~ A"'ERICAN PETROLEUM lNSTJTUTE (APJ) 
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PROOUCT 
FLOW 
METER 

1 
I"X" PPB 
1 
1 
1 

METER 
TOTALIZEA 

1 

: 1 PPB 
1 

CHAPTER 14-NATUAAL GAS FWIDS MEASUABIENT 

CENTER-STREAM 

SAMPLE PRDBE 

,1 
" 

~---

' 1 

ORIFICE 
FLANGE 

t 

1 
PULSE 1 

FLDW· THRU SAMPLE 
INJECTION V AL VE 

DIVIDER 1 
CIACUIT l 

1 1 PULSE PEA : I"X" BARRELS 1 
1 

POWER __ ] 

INTEAPOSER 

PRESSURE 
SUPPLY 

114~ to 1/2" TUBING 

~i 
;:; 

! 

SAMPLE MIXING DEVICE 

F1gure A-3-Typ<cal Proportional Sampler 

o PRESSURE 
RECORDER 

·•. 
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44 CtiAPTER 1 •-NATURAL. GAS FWIOS MEASUF\EMENT 

Tabla 3-B-5-Conversion of Ra0 /10' to 0.11000 (0, in Thousands of Cubic Feet per Hour): 
' 0,/1000 = Ra0 11 0000/28.2435 

Nominal Pipe Dwneaer 

2 luches linches 41nches 

RenllOe 1.687 1.939 2.067 2.300 2.624 2.900 3.061< 3.152. 3438 3.826 

0.020 1.2 1.4 1.5 1.6 1.9 2.1 2.2 2.2 2.4 2.7 
O .oJO 1.8 2.1 2.2 2.4 2.8 3.1 33 33 3.7 4.1 
0.040 2.4 2.7 2.9 3.3 3.7 4.1 43 4.5 4.9 5.4 
0.050 3.0 3.4 3.7 4.1 4.6 5.1 5.4 3.6 6.! 6.8 

0.060 3.6 4.1 4.4 4; 5.6 6.2 6.5 6.7 7.3 8.1 
O .o? O 4.2 4.R 5.1 5.7 6.5 7.2 7.6 7.8 .. 8.5 9.5 
0.080 4.8 5.5 5.9 6.5 7.4 8.2 8.7 8.9 97 10.8 
0.090 5.4 6.2 6.6 7.3 8.4 9.2 9.8 10.0 11.0 12.2 
0.100 6.0 6.9 7.3 l'.l 9.3 10.3 10.9 11.2 12.2 13.~ 

0.150 9.0 10.3 II.G 12.2 13.9 15.4 16.3 16.7 18.3 20.3 
0.200 11.9 13.7 14.6 16.3 18.6 20.5 21.7 22.3 24.3 27.1 
0.2!i0 14.9 17.2 18.3 20.4 23.2 25.7 27.2 27.9 30.4 33.9 
0.300 17.9 20.6 22.0 24.4 27.9 30.8 32.6 33.5 36.5 40.6 
0.350 20 9 24.0 25.6 28.5 32.5 35.9 38.0 39.1 42.6 47.4 

0.400 23.9 27.5 29.3 32.6 37.2 41.1 43.5 44.6 48.7 54.2 
0.450 26.9 30 9 32.~ 36.6 41.R 46.2 48 9 50.2 54.8 610 
0.500 299 34.3 36.6 40.7 4lí.5 51.3 54.:\ 55.8 60.9 67 7 
0.600 35.8 41.2 43.9 48.9 55.7 61.6 65.2 G1.0 73.0 Rl.3 
0.700 41.8 48.1 51.2 57.0 65.0 71.9 76.0 78.1 85.2 94 R 

O.HOO 47.8 54.9 58 5 65.! 74.3 82.1 86.9 89.3 97.4 10R 
0.900 53.8 61.8 65.9 73.3 83.6 924 97.H 100 110 122 
LOCO 59 7 68.7 73.2 81.4 92.9 103 109 112 122 135 
1.500 89 6 103 110 ¡o· 139 154 163 167 183 203 
2.000 110 137 146 16: 186 205 217 223 243 271 

2.500 149 1"2 183 20" 232 257 27:! 279 304 339 
3.000 179 20G 220 244 279 308 320 335 365 406 
3.500 209 240 256 285 325 359 380 391 426 474 
4.GCU 23:! 27: 293 32é 372 41! 435 446 487 542 
4.500 269 309 329 366 418 46:2 4tl9 502 548 610 

5.000 29Y J-<:3 365 407 465 513 >43 558 609 677 
5.500 3:29 37E 403 ""' 511 565 59'i 614 670 745 
6.(00 358 412 439 489 557 616 652 670 730 813 
6 500 38S 446 476 529 6().¡ 667 706 725 791 881 
7 000 41R 4RI 512 570 610 719 760 781 852 948 

7 500 44R 515 549 611 697 770 81~ 837 913 1,016 
B.COO 47R 549 5!!5 6':1 74J 82\ 869 893 974 1,084 
esoo 5os 564 622. 692 790 873 92J 949 1.035 1,151 
900U 53~ 618 65') ::.::• S lo 924 97E 1.004 1.096 1.219 
9 50'J 567 652 695 7i4 883 975 1,032 1.060 1.156 1.287 

JO.OOJ 597 687 732 ~¡..; 1)21) l,U2i' 1.086 1,116 1.217 1.355 

:-.¡utc Tlm f.¡blc w~ dl'vcloped fo: mformanon.tl purposes only and lS spcctfi:: 10 tlle followmg condnionl' T1 ~ 68°F; G, ~ 0.6. j1 = 0.000069; k ..-
=- 1.!.7l.and7b..:: 5!9(·7"R. 

C0ovr¡Qn: o• ti">,. IOME>;¡JCAN PETPCLEU'"' !NSTiTUTE (ADI) 
Tu,. oc: 05 ¡.:.: 7: lS )Q9c. 

4.026 

2.9 
4.3 
5.7 
7.1 

8.6 
10.0 
ll.4 
12.8 
14.3 

214 
28.5 
35.6 
42.8 
49.9 

57.0 
64.1 
71.3 
85.5 
99.8 

114 
128 .: 
143 • 214 
285 

356 
428 
499 
570 
641 

713 
784 
855 
927 
998 

1,069 
1,140 
1,212 
1,283 
1,354 

1,425 

1.3;P~ 



Rt0 !lrl' 4.897 

0.020 3.5 
O.o30 5.2 
0.040 6.9 
0.050 8.7 

0.060 10.4 
0.070 12.1 
0.080 13.9 
0.090 15.6 
0.100 17.3 

0.150 26.0 
0.200 34.7 
0.250 43.3 
0.300 52.0 
0.350 60.7 

0.400 69.4 
0450 78.0 
0500 Rfi.7 
0.600 104 
0.700 121 

o.wo 139 
0.900 156 
1.000 t7J 
1.500 260 
2000 347 

2 ~00 433 
3.000 520 
3.500 607 
4.UOO 61)4 
4.500 780 

5.000 867 
5.500 95·1 
6.000 1,040 
6 500 1,127 
7 OC<) 1,214 

7.500 1,300 
HOOO 1.397 
"500 1.474 
9.000 1.560 
9.500 1,6-17 

10.000 1,73·1 

--------------------~--~-=~ API MPMS•L4.;.3 92 .. 0732290 050389b 112 .. 

SECTION 3-CoNcam!Jc, SwARE· EooEo ClRJFJcs METERS, PART 3-NAl\JIW. GAs API'UcAT""S 

Table 3-B-5-Continued 

Nominal Pipe Diamctcr 

6 lnches 81nches 10 lncbcs 

5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 

3.7 4.1 4.3 5.4 5.7 5.7 6.8 7.1 
5.5 6.1 6.4 8.1 8.5 8.6 10.2 10.6 
7.3 8.2 8.6 10.8 113 11.4 13.5 14.2 
9.2 10.2 10.7 13.5 14.1 143 16.9 17.7 

11.0 12.2 12.9 16.2 17.0 17.1 20.3 21.3 
12.9 14.3 15.0 18.9 19.8 20.0 23.i' 24.8 
14.7 16.3 17.2 21.6 22.6 22.9 27.1 28.4 
16.5 18.4 19.3 243 25.4 25.7 30.5 31.9 
18.4 20.4 21.5 27.0 28.3 28.6 33.9 35.5 

27.5 30.6 32.2 40.5 42.4 42.9 50.8 53.2 
36.7 40.8 42.9 54.0 56.5 57.2 67.7 71.0 
45.9 51.0 53.7 67.5 70.6 71.4 84.6 88.7 
55.! 6i.2 64.4 81.0 84.8 85.7 102 106 
64.3 71.4 75.2 94.5 98.9 100 118 124 

73.5 81.6 85.9 108 113 114 135 142 
82.6 91.8 96.6 121 127 129 152 160 
91.R 102 107 l3l 141 143 169 177 

110 122 129 162 170 171 203 213 
129 143 150 189 198 200 237 248 

147 163 172 216 226 229 271 284 
165 1" 193 243 254 257 305 319 
184 204 215 270 283 286 339 355 
275 306 322 40l 424 429 508 532 
367 408 429 540 565 S72 677 710 

4S9 510 537 67l 706 714 846 887 
551 6\2 644 810 848 857 1,016 1,064 
643 714 752 945 989 1.000 1,1R5 1.242 
735 816 859 1.080 1,130 1,143 1,354 1.419 
826 918 966 1,215 1.272 1.286 1.524 1,596 

918 1,020 1,074 1.350 1.413 1.429 1.693 1.774 
1,010 1,122 1,181 1,485 1,554 1,572 1.862 1,951 
1.102 1,224 ! .288 1.620 1,695 1,71.5 2,031 2,129 
1.194 1.326 1396 1,7:55 1.837 1,8.!57 2,201 2,306 
1,286 1.42R 1.~03 1,890 1.978 2.000 2,370 2,483 

1.377 1.530 1,61! 2,025 2.119 2,143 2,539 2,661 
1.469 1,632 1,71R 2.1Gl 2.261 2.286 2.708 2,838 
1.561 1.734 1,825 2.295 2.402 2.429 2,87R 3,016 
1.653 l.83tJ 1,933 2.430 2.543 2.572 3,047 3.193 
1,745 1.938 2,04) 2,565 2,685 2,715 3,216 3,370 

1,837 2,0.10 2,147 2.700 2.826 2.1!58 3,386 3,548 

45 

10.036 

7.1 
10.7 
14.2 
17.8 

213 
24.9 
28.4 
32.0 
35.5 

53.3 
71.1 
88.8 

107 
124 

142 
160 
178 
213 
249 

284 
320 
355 
533 
711 

888 
1,066 
1.244 
1,421 
1.599 

1.777 
1.954 
2,132 
2,310 
2,487 

2,665 
2,843 
3,020 

·3.198 
3.376 

3.553 

Nüte: This mble was ceveloped for lnfo:mlttor.ll ourpo~es only and 1s spcclfic t.o the foUow1n8 conditions: T1 = 68°F; G, = 0.6; 11 = 0.000069; k = l.J;P., 
= 1473. anc! T~ = .5!9.67°R 
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Tabla 3-B-5-Continued 

Nom!Iltl.l ?!.pe Diamcter 

12 lnches 16lnches 20Inches 24 Inches JO lnc:lles 

Re0 110' 11.374 11.938 12.090 14.688 15.000 15.250 18.812 ·19.000 19.250 22.624 23.000 23.250 28.750 29.000 29.250 

0.150 60.4 63.4 64.2 78.0 79.7 81.0 99.9 101 102 120 122 123 153 154 155 
0.200 80.5 H4.5 8.'5.6 104 106 108 133 135 136 160 163 165 204 205 '1JJ7 
0.250 101 106 107 130 E3 135 167 168 170 200 204 '206 254 257 259 
0.300 121 127 128 156 159 162 200 202 204 240 244 247 305 308 311 
0.350 141 148 150 182 186 189 233 235 239 280 285 288 356 359 362 

0.400 161 169 171 208 212 216 266 269 273 320 326 329 407 411. 414 
0.450 181 190 193 234 239 243 300 303 307 360 366 370 458 462 466 
0.500 201 211 214 260 266 270 333 336 341 401 407 412 509 513 518 
0.600 242 254 257 312 310 324 400 404 409 481 489 494 611 616 621 
0.700 282 296 300 364 372 378 466 471 477 561 570 576 713 719 725 

0.800 322 338 342 416 425 432 533 538 545 641 651 659 814 821 829 
0.900 362 380 385 468 478 486 599 605 613 721 733 741 916 924 932 
1.000 /403 423 428 520 531 540 666 673 682 801 814 823 1,018 1.021 1,036 
1.500 604 634 . 642 780 797 810 999 1,009 1,022 1.202 1.222 1,235 1.527 1,540 1.553 
2.000 805 845 856 1,040 1,062 1,080 1.332 1,34.'5 1.363 1.602 1,629 1,646 2,036 2,054 2,071 

2.500 1,007 1,057 1.070 1,300 1,328 1.350 1,665 1,682 1,704 2,003 2,036 2.058 2.54.'5 2,!567 2,.'589 
3.000 1,208 1.268 1,284 1,560 1.593 1,620 1,998 2,018 2,045 2,403 2,443 2.470 3,054 3,080 3,107 
3.500 1,409 1.479 1,.498 1,820 1.859 1,890 2,331 2,355 2,386 2,804 2,850 2,881 3,563 3,5Q4 3,625 
4.000 1,611 1.691 1.712 2.080 2.124 2.160 2,664 2.691 2.726 3.204 3.257 3.293 4,072 4,107 4,143 
4.500 1.812 1.902 1,926 2.340 2.391 2.430 2.997 3,027 3.067 3,605 3.665 3.704 4.581 4,621 4,660 

5.000 2,014 2.113 2.140 2.600 2.655 2,700 3,330 3.364 3.408 4,005 4,072 4,116 5.090 5.134 5.178 
5.5üü 2.215 2.325 2,354 2.K60 2.921 2.970 3,663 3,700 3,74Y 4,406 4,479 4.528 5.599 5.647 5.696 
6.000 2.416 2,536 2.568 3,120 3.m 3~40 3,996 4.D36 4,089 4,806 4,886 4.919 6,10S 6,161 6,214 
6 500 2.618 2,747 2,782 3.380 3.4!>2 3.510 4.329 4,373 4,430 5.207 5.293 5.351 6,617 6,674 6,732 
7.000 2,819 2,959 2,9% 3.640 3.718 3.780 4,662 4,709 4,711 5,607 5,700 5,762 7,126 7.188 7,249 

7.500 3.020 3,170 3,210 3.900 3,983 4.050 4,996 5,045 5.112 6,008 6,108 6,17-l 7,635 7,701 7,767 
8 ()()() 3,222 3,381 3.425 4,16(1 4,249 4,320 5,329 5,382 5,453 6,408 6,515 6,586 8,143 8,214 8,285 
8.500 3,423 3.593 3.639 4,420 4514 4.590 5,662 5.718 5,793 6.809 6,922 6.9()7 8,652 fi,72R 8,803 
9.000 3,624 3.804 3.853 4,680 4,7!i0 4,860 5,995 6.055 6.134 7,209 7.329 7.409 9.161 9,241 9.321 
9.500 3.826 4,015 4,067 4,940 5,045 5.130 6.328 6,391 6,475 7,610 7,736 7.H20 9,670 9,754 9.839 

10.000 4.027 4,227 4.281 5.201 5311 5.399 6.661 6.727 6.816 8.DIO 8.143 8,232 10.179 10,268 10.356 
12.000 4,833 5.072 5,137 6,241 6,373 6,479 7,993 8,073 8.179 9,612 9.772 9,R7R 12,215 12,321 12,428 
15.000 6.041 6,340 6.421 7,801 7,966 8,099 9,99\. 10,091 10.224 12,016 12.215 12.348 1.5,269 1.5,402 13.533 
18.000 7,24Q 7,608 7,705 9,361 9,560 9,719 11,989 12,109 12,268 14,4!9 14,658 14.81R 18.323 18,482 18.642 
2!.00(1 8,457 R,R7ú R,9R9 10,921 1 1 '153 1 1 ,J3Q 13,9R7 14,127 14,:\13 16,822 17,101 17,2H7 21.377 21,563 21,748 

24 000 9.66:'i 10,144 10,274 12,481 12,746 12,959 15,986 16,145 16,358 19,225 19.544 19,757 24.430 24,643 24,855 
27.00() \O,R73 1 :.412 1 l..'i5R 14,041 14,340 14,'iiQ 17 ,9R4 18,1(,4 18,403 21,628 21,987 22,226 27.484 27,723 27,962 
30.000 12.081 ::!.680 12.842 15.602 15.933 16.198 19.93~ 20,182 20,447 24,031 24.430 24,696 30.538 30.804 31.069 

Kotc llus tablc was acvclopcd for informauon:l.! pLJrposes onh anc 1S spcculc to the followinJ: cond1t10ns: 1¡ = 68cf; G, = O.ó; ~~ "' 0.000069; k .. 1.3;P~ 
= 14.i3: and r. = 519.67~R. 
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Table 3-B-6-Expansion Factors for Flange Taps (Y,): Static Pre5sure Taken From Upstream Taps 

h,..IP¡, 0.1 0.2 0.3 0.4 

0.0 1.0000 1.0000 1.0000 1.0000 

0.1 0.9989 0.9989 0.9989 0.9988 
02 0.9977 0.9977 0.9917 0.9977 
03 0.9966 0.9966 0.9966 0.9965 
0.4 0.9954 0.9954 0.9954 0.9953 
0.5 0.9943 0.9943 0.9943 0.9942 

0.6 0.9932 0.9932 0.9931 09930 
0.7 0.9920 0.9920 0.9920 0.9919 
0.8 0.9909 0.9909 0.9908 0.9907 
0.9 0.9898 0.9897 0.9897 0.9895 
l. O 0.9886 0.9886 0.988S 0.9884 

1.1 0.9875 0.9875 0.9874 0.9872 
12 0.9863 0.9863 0.9862 0.9860 
13 0.9852 0.9852 0.9851 0.9849 
1.4 0.984\ 0.9R40 0.9840 0.9837 
1.5 0.9829 0.9829 0.9828 0.9826 

1.6 0.9818 0.9818 0.9817 0.9814 
1.7 0.9806 09806 0.9805 0.9802 
1.8 0.9795 0.9795 0.9794 0.9791 
1.9 0.9784 0.9783 0. 97M2 0.9779 
20 0.9772 0.9772 0.9771 0.9767 

2.1 0.9761 09761 0.9759 0.9756 
2.2 0.9750 o 9749 0.9748 0.9744 
2.3 0.9138 0.9738 0.9736 0.9732 
2.4 0.9727 0.9726 0.9725 0.9721 
2.5 0.9715 09715 09713 0.9709 

2.6 0.9704 0.9704 0.9702 0.9698 
2.7 0.9693 0.9692 0.9691 0.9686 
2.8 0.9681 0.9681 0.9679 0.9674 
2.9 0.9670 0.9669 0.9668 0.9663 
JI) 0.965H O 'i65H 0.9656 0.9651 

3.1 0.9647 0.9647 0.9645 0.9639 
3.2 0.9636 0.9635 0.9633 0.962R 
3J 0.9624 09624 0.9622 0.9616 
34 0.9613 0.9612 0.9610 0.960-1 
3.5 0.9602 0.9601 0.9599 0.9593 

36 0.9590 0.9,90 0.9587 0.9581 
3.7 0.9579 09578 0.9576 0.?570 
)ti 09567 0.9567 0.95~ 0.9558 
3.9 0.9556 0.9555 0.9553 0.9545 
4.0 0.9545 0.9544 0.95<1:! 0.9535 

Copv.-¡g.,t b• tl'1e AMEI:;l:CAN PET~OLEU"' !NS7:TUTE {AD¡; 
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0.45 0.50 

1.0000 1.0000 

0.9988 0.9988 
0.9976 0.9976 
0.9965 0.9964 
0.9953 0.9952 
0.99-11 0.9940 

0.9929 0.9928 
0.9918 0.9916 
0.9906 0.9904 
0.9894 0.9892 
0.9882 0.9880 

0.9870 0.9868 
0.9859 0.9856 
G.9847 0.9844 
0.98~5 0.9832 
0.9823 0.9820 

0.9811 0.9808 
OS8UO 0.9796 
0.9788 0.9784 
09~'.6 0.9772 
0.9764 0.9760 

09753 0.9748 
0.9741 0.9726 
0.9729 0.9724 
0.97.7 0.9712 
o.~nos 0.9700 

0.9694 0.961!8 
0.9682 0.%7G 
0.9670 0.9664 
0.9658 0.9652 
0.9647 0.9640 

0.9635 0.9628 
0.9623 0.%16 
0.9611 0.9604 
0.9599 0.9592 
0~588 0.9580 

o.9n6 0.9.568 
0.9564 0.9556 
09552 0.9S44 
0.95<0 0.9532 
0.9529 0.9520 

p = d!D 

0.52 O.S4 D.56 0.58 0.60 0.61 

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.9988 0.9988 0.9988 0.9988 0.9987 0.9987 
0.9976 0.9976 0.9975 0.9975 0.9975 0.9975 
0.9964 0.9963 0.9963 0.9963 0.9962 0.9962 
0.9952 0.9951 0.99SI 0.9950 0.9949 0.9949 
0.9940 0.9939 0.9938 0.9938 0.9937 0.9936 

0.9927 0.9927 0.9926 0.992S 0.9924 0.9924 
0.9915 0.991S 0.9914 0.9913 0.9912 0.9911 
0.9903 0.9902 0.9901 0.9900 0.9899 0.9898 
0.9891 0.9890 0.9889 0.9888 0.9886 0.9885 
0.9879 0.9878 0.9877 0.9875 0.9874 0.9873 

0.9867 0.9866 0.9864 0.9863 0.9861 0.9860 
0.98S5 0.9853 0.9852 0.9850 0.9848 0.9847 
0.9843 0.9841 0.9840 0.9838 0.9836 0.9835 
0.9831 0.9829 0.9827 0.9825 0.9823 0.9822 
0.9819 0.9817 0.9815 0.9813 0.9810 0.9809 

0.9806 0.9805 0.9803 0.9800 0.9798 0.9796 
0.9794 0.9792 0.9790 0.9788 0.978.5 0.9784 
0.9782 0.9780 0.9778 0.9775 0.9772 0.9771 
0.9770 0.9768 0.9766 0.9763 0.9760 0.9758 
0.9758 0.9756 0.9753 0.9750 0.9747 0.9745 

0.9746 0.9744 0.9741 0.9738 0.9734 0.9733 
0.9734 0.9731 0.9729 0.97~ 0.9722 0.9720 

. 0.9722 0.9719 0.9716 0.9713 0.9709 0.9707 
0.9710 0.9707 09704 0.9700 09697 0.9694 
0.9698 0.9695 0.9692 0.9688 0.9684 0.9682 

0.9686 0.9683 0.9679 0.9675 0.9671 0.9669 
0.9673 0.9670 0.9667 0.9663 0.9659 0.9656 
0.9661 0.9658 0.96.54 0.9650 0.9646 0.9644 
0.9649 0.9646 0.9642 0.9631'! 0.%33 0.9631 
0.9637 0.9634 0.9630 0.9626 0.9621 0.9618 

0.9625 0.9622 0.9617 0.9613 0.960R 0.9605 
0.9613 0.9609 0.9605 0.9601 0.9595 0.9593 
0.9601 0.9597 0.9593 0.9588 0.9583 0.9580 
0.9.589 0.9585 0.9580 0.9576 0.9570 0.9567 
0.9577 0.9573 0.9.568 0.9563 0.9558 0.9554 

0.9565 0.9560 0.9556 0.9551 U.IJS45 0.9S42 
0.9553 0.9548 0.9543 0.9538 0.9532 09529 
0.9540 0.9536 0.9531 0.9526 0.9520 0.9516 
0.9528 0.9524 0.9519 0.9513 0.9507 0.9504 
0.9516 0.9512 0.9506 0.9501 0.9494 0.9491 

47 

0.62 

1.0000 

0.9987 
0.9974 
0.9962 
0.9949 
0.9936 

0.9923 
0.9910 
0.9897 
0.988S 
0.9872 

0.9859 
0.9846 
0.9833 
0.9821 
0.9808 

0.9795 
0.9782 
0.9769 
0.9756 
0.9744 

0.9731 
0.9718 
0.9705 
0.9692 
0.9680 

0.96G7 
0.9654 
0.9641 
0.9628 
0.9615 

0.9603 
0.9590 
o.9sn 
0.9564 
0.95.51 

0.9538 
0.9526 
0.9513 
0.9500 
0.9487 
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Tabla 3-B-6-Contlnued 

p g d/D 

11 • ./P¡, 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72 0.73 0.74 0.15 

o o 10000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.1 0.9987 0.9987 0.9987 0.9987 0.9987 0.9987 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 0.9986 
0.2 0.9974 0.9974 0.9974 0.9974 0.9973 0.9973 0.9973 0.9973 0.9972 0.9972 0.9912 0.9971 0.9971 
0.3 0.9961 0.9961 0.9961 0.9960 0.9960 0.9960 0.9959 0.9959 0.9958 0.9958 0.99>8 0.9951 0.9957 
04 0.9948 0.9948 0.9948 0.9947 0.9947 0.9946 0.9946 0.9945 0.9945 0.9944 0.9943 0.9943 0.9942 
0' 0.9935 o 9935 0.9934 0.9934 0.9933 0.9933 0.9932 0.9931 0.9931 0.9930 0.9929 0.9929 0.9928 

Ofi 0.9923 09922 0.9921 0.9921 0.9920 0.9919 0.9918 0.9918 0.9917 0.9916 0.9915 0.9914 0.9913 
O.i 0.9910 09909 0.9908 0.9907 0.9907 0.9906 0.9905 0.9904 0.9903 0.9902 0.9901 0.9900 0.9899 
O. E 0.9897 0.9896 0.9895 0.9894 0.9893 0.9892 0.9891 0.9890 0.9889 0.91!88 0.9887 0.9886 0.9834 
0.9 0.9K84 0.9883 0.9882 0.981H 0.9880 0.9879 0.9R78 0.9877 0.9875 0.9874 0.9873 0.9871 0.9870 
J. O 0.9871 09870 0.9869 0.9868 0.9867 0.9865 0.9864 0.9863 0.9861 0.9860 0.9859 0.9857 0.9855 

1.1 0.9R58 09857 0.9856 0.9854 0.9853 0.9852 0.9851 0.9349 0.9348 0.9346 0.9844 0.9843 0.9841 
].2 0.9845 0.9844 0.9843 0.9841 0.9340 0.9838 0.9837 0.9835 0.9834 0.9832 0.9830 0.9828 0.9826 
!.3 o 9832 0.9831 0.9829 0.9828 0.9827 0.9825 0.9823 0.9822 0.9820 0.9818 0.9816 0.9814 0.9812 
!.4 0.9KJ9 0.9818 0.9816 0.9Kl5 0.9tll3 0.9812 0.9810 0.9808 0.9806 0.9804 0.9R02 0.9800 0.9798 
~ • .5 0.9806 09805 0.9803 09802 0.9P:OO 0.9798 0.9796 0.9794 0.9792 0.9790 0.9788 09786 0.9783 

].ó 0.9793 09792 0.9790 0.9788 0.9787 0.9785 0.9783 0.9781 0.9778 0.9776 0.9774 0.977! 0.9769 
1.7 0.9780 09779 0.9777 0.9775 0.97í3 0.9771 0.9769 0.9767 0.9764 0.9762 0.9760 0.9757 0.9754 
!.8 0.9768 o >766 0.9764 0.9762 0.9760 0.9758 0.9155 0.9753 0.9151 0.9748 0.9145 0.9743 0.9740 
1.9 0.9755 0.9753 0.9751 0.9749 0.9747 0.9744 0.9742 0.9739 0.9737 0.9734 0.9731 0.9728 0.9125 
2.{1 o.q142 0.9740 0.9738 0.9135 om3 0.9731 0.9728 0.9726 0.9723 0.9720 0.97l7 0.9714 0.97ll 

.• ~r;;. 

2.1 0.9729 0.9727 0.9725 0.9722. 0.9720 0.9717 0.9715 0.9712 0.9709 0.9706 0.9703 09700 0.9696' 
, ... ;. 

2.2 o.<nJ6 0.9714 0.9711 0.9709 0.9706 0.9704 0.9701 09698 0.9695 0.9692 0.9689 0.9685 0.9682:.~. ':• 
2.3 0.9703 0.9701 0.9698 : 0.9696 0.9693 0.9690 0.9688 0.9685 0.9681 0.9678 0.9675 0.9671 0.9667: .. 
2.4 0.9690 0.968S 0.9685 0.9683 0.9680 0.9677 0.9674 0.9671 0.9668 0.9664 0.9661 0.9657 0.9653 

. , 
2.5 096"'"' 09675 0.9672 O.Q66Q 0.9666 0.9663 0.9660 0.9657 0.9654 0.9650 0.9646 0.9643 0.9639 {.7 
2.6 o 9()64 0.9662 0.9651) 0.9656 0.9653 0.9650 0.9647 09643 0.9640 0.9636 0.9632 0.9628 0.9624 ! ' 
27 OQ6'i1 OQ649 0964fí 0.96-43 0.9640 0.9637 0.9633 0.9630 0.9626 09622 0.9618 09614 0.9610 

.. ;.: 
2.8 o 9638 0.%36 0.9633 0.9630 0.9626 0.9623 0.9620 09616 0.9612 0.9608 0.9604 0.9600 0.939S 

~ 

;!.9 096:!5 0.9623 0.9620 0.9616 0.9613 0.9610 0.9606 0.9602 0.9S98 0.9594 0.9590 0.9585 0.9581:-: •. - •fl 
J.D u.~ó .3 0.9610 0.9606 0.9603 0.9600 0.95% 0.9592 0.9588 0.9584 O.IJ5t!O 0.9576 0.9571 0.9566" ·"'.(. 

3.! 09600 0.9597 0.9593 0.9590 0.9.586 0.9583 0.9.579 0.9.575 0.9571 0.9566 0.9.562 0.9557 0.9552"' .::~ , __ u ~·58- O.'J584 0.9580 0.9577 0.9573 0.9569 0.9567 0.9561 0.9557 0.9552 0.9547 0.9542 0.9531 ~-
J.: o 957~ o 9571 0.9567---0.9.564 0.9560 0.9556 0.9552 09547 0.9543 0.9538 0.9.533 0.9528 0.9525 
j,-1 O~•%' 0.9558 0.955·1- . 0.9550 0.9S46 0.9542 0.9538 0.9534 0.9.529 0.9524 0.9519 0.9514 0.9508 
).5 O '::'S.;S 09545 0.9541 o 953 7 0.9533 0.9529 0.9524 0.9520 0.9515 0.9510 0.9505 0.9500 0.9494 

.6 o 9535 0.9532 0.9528 0.95:!<1 0.952C 0.9.51.5 0.951! 0.9506 0.9501 0.9496 0.9491 0.9485 0.9480 
()~·55:: o ~518 0.9515 o ')51! 0.9506 0.9502 0.9-497 0.9492 0.9487 0.9482 0.9477 0.9471 0.9465 

' ()OC(¡(¡ o l}'iO'i 0.9.'i02 o C)4Q7 0.9493 0.94RR 0.9484 0.9470 0.9474 0.9468 0.9463 0.9457 0.9451 
.9 OS~9o (1 Cl49:! 0.9488 o 94á4 0.9-180 09475 0.9470 0.9465 0.9460 0.9454 0.9448 0.9442 0.9436 ,, u c.:f~ (• 0.\70 o ll475 0.94';-. 0.9465 0.9462 0.9-157 0.9-151 0.9446 0.9440 0.9434 0.9428 0.9422 

:op,~,,~-. ~- :no:: .:.f.<E;:::.:.·. ~ETO:Q~EU"' UiSTlTUTE: 1AP!: 
~u~ C:·. G~ :.:· .: .<:r:: 
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Table 3-B-7-F.,. Factors Usad lo Change From a Tabla 3-B-B-F., Faclors Usad lo Changa From a 
Pressure Base of 14.73 Pounds Force per Square Temperatura Base of so•F lo Other 

lnch Absoluta lo Other Pressure Bases Temperatura Bases 

If,.= 
14.73 

F..= 
Base °F + 459.67 

Cantract pressure base, psia 60 + 459.6'7 

Presswe Base Temperatun: Tt!mperarun: 
(pounds force pcr square anch absolulc) F,. ("F) .F. (oF) F. 

14.4 1.0229 40- 0.9615 65 1.0096 
14.525 l.OI41 41 0.9634 66 1.0115 
14.65 1.0055 42 0.96S4 67 1.013.5 
14.696 1.(1(\23 43 0.9673 68 1.0154 
14.70 1.0020 44 0.9692 69 1.0173 
14.725 1.0003 45 0.9711 70 10192 
14.73 1.0000 46 0.9731 71 1.0212 
14.73.5 0.9997 47 0.9750 72 1.0231 
t4.ns 0.9970 48 0.9769 73 1.0250 
14.90 0.9886 49 0.9788 74 1.0269 
15.025 0.9804 50 0.9808 75 1.0289 
15.15 0.97:.3 51 0.9827 76 1.0308 
15.225 0.9675 52 0.9846 77 1.0327 
15.275 0.9<143 53 0.9865 78 1.0346 
15.325 0.~612 54 0.9885 79 1.0366 
15.40 0.9'"6.5 55 0.9904 80 1.0385 
15.525 0.948f 56 0.9923 81 1.0404 
15.65 0.9412 57 0.9942 82 1.0423 
15.775 0.9338 5H 0.9962 83 1.0443 
15.90 0.9264 59 0.9981 84 1.0462 
I6.02S 0.9192 60 1.0000 85 1.0481 
16.15 09121 61 1.0019 86 1.0500 
16.275 0.90~1 02 1.0038 87 1.0520 
16.40 0.8982 63 1.0058 " 1.0539 
16.70 0.8820 64 1.0077 89 1.0558 

90 1.0577 

C:oP•,.:cl~: O• :r-e A~EPlCMJ PET~O!..EUM IN:::7lTUTE IA.P: 
Tue Oc: 0;:' i.!:;7 !E !GC:o 
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Table 3·8·9-F" Factors Usad to Changa From a Rowing 
Temperatura of 60°F to Actual Flowing Temperatura 

Temperature 
(oF) F, 

-20 1.0872 
-19 1.08.59 
-18 1.0847 
-Ji 1.083:'i 
-16 1.082.1 
-15 1.0810 
-14 1.079tl 
-13 1.0786 
-12 1.0774 
-11 1 ')762 
-10 1 0750 
-9 1.0738 
-8 1.0726 
-7 1.0715 
-6 10703 _, 1.069! 
-4 1 .Otí79 
-J 1.0668 
-2 1.0656 
-1 1.0644 
o 1.0633 
1 1.0621 
2 1.0610 
3 1.0598 
4 1.0587 
5 1.0575 
6 1.0564 
7 1.0553 
R 1 0:\41 

9 1.0530 
10 I.USIIJ 
11 1.0508 
12 1.0497 
13 1 (1485 
14 ].()47~ 

15 1.046] 
16 1.(\452 
17 1.0411 
18 1 0430 
19 1 0419 
20 ' 1 (.o401l 

21 1 f¡]Qil; 

22 1 0387 

" l 0376 
24 1 036." 
25 1 0355 
26 1 034.! 
27 1 o:n1 
28 1 032] 
2~ 10312 
30 1 0302 
31 1 0291 
32 1 02KI 
33 1 027() 

34 1 0260 
35 1 0250 
Jo !.023') 

C:oovr1gn: O· tr>e AME=<:CAI~ DEi=<'.:::1.Elor-t lNSTiiUT~ (t..P~ ', 
íue Oc~ OE ;.::l~:lé J09o 

1 

1 
' 1 
1 

1 

l 
¡ 
' ¡ 

" 
/60 + 459.67 

= fr, + 459.67 

Temper:~~.ture Tempenlture 
("r) F, ("F) 

37 1.0229 94 
38 1.0219 95 
39 1.0208 96 
40 1.0198 97 
41 1.0188 98 
42 1.0178 99 
43 1.0168 100 
44 1.0158 101 
45 1.0148 102 
46 1.0137 103 
47 1.0127 104 
48 1.0117 105 
49 1.0108 106 
50 1.0098 107 
51 1.0088 108 
52 1.0078 109 
53 1.0068 110 
54 1.0058 lll 
55 1.0048 112 
56 1.0039 ll3 
57 1.0029 ll4 
58 1.0019 115 
59 1.0010 116 
60 1.0000 117 
61 0.9990 liS 
62 0.99Hl 119 
63 0.9971 120 
64 09962 121 
65 0.9952 122 
66 0.9943 123 
ó7 0.9933 124 
68 0.9924 125 
69 0.9915 126 
70 0.9905 127 

0.9896 128 ., ,_ 0.9887 129 
73 09877 130 
'/4 0.9868 131 
75 0.9859 132 
76 0.985U 133 
7' 09840 134 
78 09R31 135 
79 0.9822 . 136 

'" 0.9813 137 
81 0.9804 138 

" 09795 139 
RJ O.Q786 140 
R4 09777 141 
85 09768 142 

'b 0.975Y 143 

" 09750 144 

" 09741 145 ,, 09732 146 
00 09721 147 

'' 0.9714 148 
~2 0970b 149 
93 09697 150 

F, 

0.9688 
0.9679 
0.9671 
0.9li62 
0.9653 
0.9645 .---
0.9636 
0.9627 
0.9619 
0.9610 
0.9tí02 
0.9593 
0.9585 
0.9576 
0.9568 
0.9559 
0.9551 
0.9543 
0.9534 
0.9526 
0.9518 
0.9.509 
09501 
0.9493 
0.9485 
01)477 
09468 
0.9460 
OQ452 
09444 
IJ.')436 
0.9428 
09420 
09412 . 
09404 
0.9396 
0.9388 
0.9380 
09372 
09364 
09356 
0.9~4R 

0.9340 
0.9332 
0.9325 
09317 
09309 
o 9]01 
0.9294 
U.'J2Hó 
0.9278 
09271 
09263 
0.9255 
09248 
0.9240 
0.9232 

• 

• 

' 
... 
" 
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SECTION 3-CoocEHmiC, ScoAF .E-EoaED Oru11cE METERS. PART 3--N.<rulw. GAs APfoLICATIONS 

Tabla 3-B-1 0-F,, Fe.cto;s Used to Adjust for Real Gas Relativa Density (G,): 
Base Conditions of 60°F ene! 14.73 Pounds Force per Square lnch Absoluta 

F,. Jt 
F,. 

G, 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 

0.550 1.3484 1.3472 0.3460 1.3447 1.::\435 1.3423 1.3411 1.3399 

0.560 1.3363 1.3351 1.3339 1.3327 1.3316 1.3304 1.3292 1.3280 
0.570 1.3245 1.3234 1.3222 1.3211 1.3199 1.3188 1.3176 1.3165 
0.580 1.3131 1.3119 1.3108 1.3097 1.3086 1.3074 1.3063 1.3052 
0.590 1.3019 1.3008 1.2997 1.2986 1.2975 1.2964 1.2953 1.2942 
0.600 1.2910 1.2899 1.2888 1.2878 1.2867 1.2856 1.2846 1.2835 

Q.610 1.2804 1.2793 l.2783 1.2TI7 1.2762 1.2752 1.2741 1.2731 
0.620 1.2700 1.2690 1.2680 1.26<>9 1.2659 1.2649 1.2639 1.2629 
0.630 1.2599 1.2589 1.2579 1.2569 1.2.559 1.2549 1.2539 1.2529 
0.640 1.2500 1.2490 1.2480 1.2471 1.2461 1.2451 1.2442 1.2432 
0.650 1.2403 1.2394 1.2384 1.2375 1.2365 1.2356 1.2347 1.2337 

0.660 1.2309 1.2300 1.2290 1.2281 1.2272 1.2263 1.2254 1.2244 
0.670 1.2217 1.2208 1.2199 1.2190 1.2181 1.2172 1.2163 1.2154 
0.680 1.2127 1.2118 1.2109 1.2100 1.2091 1.2082 1.2074 1.2065 
0.690 1.2039 1.2030 1.2021 1.2012 1.2004 L.l995 1.1986 1.1978 
0.700 l.l952 1.1944 1.1935 1.1927 1.1918 1.1910 1.1901 1.1893 

0.710 1.1868 1.1859 l.l851 1.1843 1.1834 1.1826 1.1818 l.l8l0 
0.720 1 l7RS 1.1777 l.l769 1.1761 1.1752 l.l744 1.1736 1.1728 
0.730 1.1704 1.1696 1.1688 1.1680 1.1672 1.1664 1.1656 l.l648 
0.740 1.1625 1 1617 1.1609 1.1601 1.1593 1.1586 1.1578 l.l570 
0.750 l.l547 1.1539 1.1532 1.1524 1.1516 1.1509 1.1501 1.1493 

0.760 1.1471 l.l463 1.1456 1.1448 1.1441 1.1433 1.1426 1.1418 
0.770 1.1396 l.l389 1.1381 1.1374 1.1366 1.1359 1.1352 1.1345 
0.780 l.l323 l.l316 1.1308 l.l301 l.l294 1.12\H 1.1279 1.1272 
0.790 1.1251 l.l244 1.1237 1.1230 1.1222 1.1215 1.1208 1.1201 
0.800 1 1180 J.ll73 1.1166 1.1159 l.ll.52 1.1146 1.1139 1.1132 

O.RIO 11111 1110-l l.l097 1.1090 1.1084 1.1077 1.1070 1.1063 
0.820 1.104:1 1.103fi 1.!030 1.1023 1.1016 1.1010 1.1003 !.0996 
OJ:!JU 1.0976 1.0970 1.0963 1.0957 1.0950 I.OQ44 1.0937 1.0930 
0.8·10 l.O'J 11 1.0904 1.0898 1.0891 1.0885 1.007R 1.0872 1.0866 
0.!!50 1.0846 1.08•10 i.OE3·1 1.0827 1.0821 1.0815 1.0808 1.0802 

0.8ó0 1.0733 1.0777 1.0771 1.0764 1.0758 1.075:! 1.0746 1.0740 
0.870 1.072 i 1.0715 1.0709 1.0703 1.0696 1.0690 1.0684 1.0678 
OR~O 1.0660 1.0654 1.0648 1.0642 1.0636 1.0630 1.0624 1.06U! 
0.890 1 ,()(,()() 1.0594 1.0588 1.0582 1.0576 1 0570 1.0.564 1.0558 
0.900 1.054 ¡ 1.0535 1.0529 1.'lj2.1 1.0518 1.0512 1.0506 1.0500 

0.9\0 1 048\ 1.0477 1 0471 1.0466 1.0460 10454 1.0448 1.0443 
0.920 1.0426 1.0420 1.0414 1.0409 1.0403 1.0398 1.0392 1.0386 
0.930 1.0370 1.0364 1.0358 1.0.153 1.0347 1.0342 1.0336 1.0331 
0.9-W 1.0314 . 1.030Q I.OJOJ 1.0298 1.0292 1.02B7 1.0281 1.0276 
0,9j0 10260 I.C25~ 1.0249 1.0244 1.0238 1.0233 1.0228 1.0222 
0,91)() 1 0206 1.0201 1.01% 1.0190 1.018~ l.Ol!lO 1.0174 1.0169 
o q7o 1.0153 1 0148 1.0143 1.0:38 1.0132 1.0127 1.0122 1.0117 
091{0 1 010:! 1 0090 1 0091 I.OOF6 1.0081 1.0076 1.0071 1.0066 
0.990 1 0050 1 004.'i 1.0040 l.O.J.!5 1.0030 1.0025 1.0020 1.0015 
1 ()1)() 1.0000 

C00•'"19~.~ ~· tn~ AUEP!CA'; DEr::.'O'..EU'"' !NSr:ruTE (A;::!' 
Tue 0.:::~ 02 1.1::: lE ¡O<;lo 
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i 
1 

0.008 0.009 1 
1.3387 1.3375 

1.3269 1.32!17 
1.31.53 1.3142 
1.3041 1.3030 
1.2932 1.2921 
1.2825 1.2814 

1.2720 1.2710 
1.2619 1.2609 
1.2520 1.2510 
1.2423 1.2413 
1.2328 1.2318 

1.2235 1.2226 
1.2145 1.2136 
1.2056 1.2047 
1.1969 1.1961 
1.1884 1.1876 

1.1802 1.1793 
1.1720 1.1712 
1.1640 1.1633 
1.1562 l.l.5.5.5 
1.1486 1.1478 

1.1411 1.1403 
1.1337 1.1330 
1.1265 1.1258 
1.1194 1.1187 
1.1125 l.lll8 

1.1057 1.1050 
1.0990 1.0983 
1.0924 1.0917 
1.0859 1.08.53 
1.0796 1.0790 

1.0733 1.0727 
1.0672 1.0666 
1.0612 1.0606 
1.0553 l.OS47 
1.0494 1.0489 

1.0437 1.0431 
1.0381 1.0375 
1.0325 1.0320 
1.0270 1.0265 
1.0217 1.0212 

1.0164 1.0159 
1.0112· 1.0107 
1.0060 1.0055 
1.0010 1.0005 
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Tabla 3-8-11-Supgrcompressibility Factors (F..,) for 
G, = 0.6 W~holll Nitrogen or Carbon Oioxide 

Temporarure ("F) 
PICS3qre· 
(psin) 20 4lJ 60 80 100 120 

100 1.00947 1.!l0807 1.00687 1.00504 1.~96 1.00419 
200 1.02058 1.01762 1.01:512 1.01294 1.01116 1.00958 
300 1.03218 ~ .0!748 1.02355 1.02022 1.0174ll 1.01497 
400 1.04427 1.03764 1.03216 1.02756 1.02367 1.02035 
500 1.05688 1.04810 1.04093 1.03497 1.02996 1.02572 

• 600 1.06999 1.0')8>!4 1.049H3 1.04243 1.03625 1.03104 
700 1.08360 1.06983 1.05885 1.04990 1.04251 1.03631 
800 1.09766 1.08103 1.06793 1.05737 1.04871 1.04149 
900 l 11209 1.09237 1.07703 1.06479 1.0!1482 1.04656 

1000 1 12679 i.l0375 I.OUJOR 1.07211 1.06081• 1 05150 
1100 1.14156 l.ll~OE 1.09501 1.07927 1.06663 1.05628 
1200 1.15616 l.l2621 uom 1.08622 1.07225 1.06087 
1300 1.17029 1.13696 1.11211 1.09289 1.07763 l.Ob.!524 
1400 1.18358 1.14715 1.12007 1.09922 1.08271 1.06935 
1>00 1.19565 l.l56S7 1.12749 l.I0512 1.08745 1.07318 
1600 1.20615 1.16504 1.13425 1.11054 1.09180 1 07669 
1700 1.21481 l.l72J7 1.14025 1.11540 1.09573 1.07986 
1800 1.22146 1.17845 1.14541 1.1 1965 1.09919 1.08267 
1900 1.22606 1.18318 1.14965 1.12324 1.10216 I.OM509 
2000 1.22868 1.186.55 1.15294 1.12615 1.10462 1.08710 

Note: Tne data in this tablc were grnerated using thc A.G.A. Gas Measurement Prognun. Copyright <O 1988 
Amencan Ga.s Ac;~ociation. All right~ re.~rved Gas input data are a.s follows:% C02 =O;'% N2 =O; sret:ific 
gravuy =O 6. Ttus table was oevelopect ÍIJr rnformat10nal pufJXMes only and !S specific to the gas quality hsted. 
'Iñe dnto m th1s tnble nre nor subjoct tn ndJustment tor rutrogen or carbon d10X1de content and. becausc ot their 
broad range, should not be 1nteroo:ated. With the A.G.A Program, the u¡;er estabhshes the Ras composnion 
parameters and spccifies me table range Lut is conmrent with tieki or measurement condinons 

Capv~¡gr~ D• ton~ AMERlCAr. PETPGL~UM INST:TUiE IAP: 1 
i<l..l!' Oc~ O!: l<i· i 7 lE JOOe;, 

' 
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APPENDIX 3-C-FLOW CALCULATION EXAMPLES 

3-C.1 General 
This appendix presents two mcthods for calrulating the volume flow rate of natural gas 

tbrough an oñfice meter equipped with flange taps. The first melbod uses the equations pre· 
sented in 3.3 through 35. The second method is based on the more traditional calculation 
format, which involves the compmati.on ofvarious factors. Theequations used for the faetor 
approach are presente<! in Ap¡:endix 3-B. 

To assist the user in interpreting the calculation methodology, the data set given below, 
wbich is for a single orifice meter, is used consistently throughout thc flow calculation cx
amples. The volume fiow ratc is computed under tbe asswnption that the measurements are 
absolute and witl1oul error. It should be noted that depending on the type of instrumenration 
used and the calibrntion methods employed, caUbration and correction factors may need to 
be apphed. For simplicity in l.lSing hand calculations andfor ~ase ofinurpretation in the 
following cxamplcs. inurmediate YOlUI!S are roumU!d to six s1gnijicant digits. Pan 4 .should 
be used for any implementation of lhe equalions. 

3-C.2 Given Data 

The orifice merer consists r fa carbon steel merer tu be equipped with flange tops and n 
Type 304 stainless steel orifice plate. Sratic pres~ure measurements are taken from rhe up
!!.trea~n tap. 

d, = mean onficc borc diameter at 1~ of 68°F, in inches 

D, = 
= 

G, = 
= 

"· = 

P, 
= 

4.000. 
mean meter tu be ir.temal diameter at T, of 68°F, in inches 
8.071. 
real gas relattve density (specific g111vity) 

0.570. 
average differemial pressure. in incbes of water nt 600F 
50.0. 
contract base pressure, in pounds force per square inch absoluk 
14.65 

P¡, = nveruge ups1ream Jbsolutc stattc prcssurc, m pounds force per squarc inch ahc;olutc 
370.0. 

T~ = ..:unlract b:t'e tempcnuurc of 50°F, in degrecs Rankme (50°F + 459.67) 
509.67. 

T,r ;. flnwtng lcmpcraturc of ó:S°F, m degrecs H.ankme (65°f + 459.67) 
524.67. 

)..C: carbon uto'Ctde comer.t, in mole percent 
= 0.00 

xn mtmr-cn cnntent, m mole percenl 
l. !O. 

k = iscntroptc exponem (c,.h:~) 
= 1.3. ' 

a 1 == hnenr roefhc1ent o1 thennal cxpansion for a stainless steel oriflce platt:, in inche~ 
p::::- inch- 0 1-

= 0.00000925. 
a 2 = linear cocfficicnt of thermal expans1on for a carbon steel meter rube. in inches pcr 

Hu.:ii-°F 
= 0.00000620. 

).J ;. dynum1c vt5cosny. in pounds mass p:r foot-second 
= 0.0000069. 
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3-C.3 Calculatlon Examples 

3-C.3.1 METHOD 1: VOLUME FLOW RATE CALCULATION BASED ON 
3.3 THROUGH 3.5 

3-C.3.1.1 General 

Using the given data ~et, the \'Oiume flow rate of natural ~as, in cubic feet per honr at 
st~ndatd conditions, can be calculated using Equalion 3-Gb: 

¡P.Zh 
Q. = 7709-~IC,(Ff)E.Y,d' ____h_____!__:: 

G,Z1,T¡ 
(3-6b) 

Note· Since the 81'·en elata cont:~in values for the contr:1et base prenure (14.65 pounds force per ~quare inch ah
snlutc) 1111<1 tcmpcrature (."iO~F) thal diffcr from the values esrablishetl in Pnrt 3 as standanl conditlons ( 1 ~- ~J 
pnund<; fm~ per "qu:m• inch ah~olute :md M"F),the initi11l Cllicnh•te.l nuw rnlc al sl1tnthmt roncliti(lfls will ti"IJuin• 
conversion to the flow rate al hase conditions of 14.65 rounds force per sqn•~ inch a~olutc and 50"P. 

ll1e systematic approach to solving the volume How rnte eqmnion above involve!l thc cr~l
culal inn of lhe intermediate values 00!-cribed 3-C.3.1.2 through 3-C.3.1.7. . 

2-C.3.1.2 Flange-Tappe<1 Orlflce Meter Coefflclent of Dlscharge [ c.(FTJJ 

The following equntiom: are used to calculnte the coefficient of discharge, C.,(fT): 

C,(PT) C,(f'T) + 0.0005ll(IO'Jl)"' + (0.0210 + 0.00491\)jJ'C (3-11) 
ll~o 

Also. 

1\ ¡'¡¡•¡ (' 

C, (FI") = C,(CT) + Tnp Ten11 

C,ICT) = 0.5961 + 0.0291/l' - 0.2290{1' + 0.003(1 - {J)M, 

7i1¡J Trrm 

Up.rr1m 

nn.sfl 11/ 

U¡ut1m + Dn'ftrm 

[0_0433 + J.0712e·"'- - 0.1145e-'"· ]11 - 0.23A)R 

-(Ulli6JM, - 0.52M;'¡{l"(l- 0.1411) 

R _(3'___ 
1 - fl' 

M, m O>( 2. R 
[) 

00) -,.., . 
• 

M, 
_ 2L, 
1 - {1 

A r -'--'!_. 1111(1 fl r 
_ Rr, 

e = (~r Rr0 

(3-12) 

(3-IJ) 

(}-14) 

(3-1-~) 

(3-lr.) 

(3-17) 

C\-IR) 

(_1-19) 

fl-20) 

(3-21) 

r -,(IT) -- cncffimnr nf rh<rhnr¡!r M n 'Pmfocd pope Rcynnlrl' onmhcr fnr n Oangr
tappC"ñ ('lrificc metrr 

C )CT) - cnerliciclll of rl"char~e at mo infinite pope Reynnld' numher for cnrner
tapped 01 ificc meter. 

1 -,rPT) = rn<"rlicrrnr nf ilr<rhnrgr nt nn inlinite pipe Reynnlrl< numher lnr" 0Rn~•
tnppcd onficc meter. 

:~r'' !~··~ ~· ''·~ r":-(:'¡~_,., rrlr"~rl'" [!1':1[ !111r ¡t,r¡ 1 
¡.,_ 0;• 0" 1~·J"·t0 [~-:-

,•,; 
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d = orifice piare bore diameter calculated at r,. in inches. 
D = meter tube interna! diameter calculated at 7¡. in inches. 
e = Napierian constant 

= 2.71828. 
L, = L, 

== dimensionless correction for tap location 
= N,ID for fiange taps. 

N4 = 1.0 when D is in inches. 
/~ = pipe Reynolds number. 

fJ = diameter ratio 
= d/D. 

Note: For dtis cumple. M 1 1s equal to O.~,.!iince lhe givc:n rnc:u::r tnbe diametet (D) is greater dWl or equal to 2.8 
~ For meter tube diameten (D) kss dum 2.8 inc:hes, M 1 <= 2.8 - D. TI~t:solution ofLhe intermediate cqua
tions ~cnted abovc for the flow coefficient calcul.a.tion follows. 

3-C.3.1.3 Meter Tube Diameter, Orllice Plate Boro Dlameter, and 
Dlameter Ratio (C, d, and Pl 

Calculate the values of d, D. and fJ ata flowing temperature of 65°F from the givcn di
ameters d,. nnd D,.: 

d = d,[l + u,cr, - 7;)] 

And 

= 4.000[1 + 0.00000925(524.67 - 527.67)] 

= 3.99989 

D = D,[l ~ a,(1j - T,)] 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

Substitute thc givcn values of d and D at 65°F Uno Equation 3-8: 

fJ = d!D 

3. 99989/8.07085 

0.495597 

3-C.3.1.4 Veloclty of Approach Factor (E,) 

Thc followmg equ:t:10n is usea to calculate the velocity of approach faclor: 

E, .J¡ - /3' 

>/ 1 - 0.495597' 

= 1 03!60 

3-C.3.1.5 Expansron Factor (Y) 

The followmg equ:ll!on i~ used to cnlculalc thc cxpans10n factor: 

Y, = 1 - (0.41 + 0.35/3'{ f) 
Thc intcnncduuc value . .l 1, is calculated as follows: 

.opyrlg'"l~ O< the A"iEPlCAN Pi:TROLEU"'! lNSTiTUE IAPll 
u~ 0-::: o~ ¡¿,:;-;,: l~'k 

(3-9) 

(3-10) 

(3-8) 

(3-22) 

(3-32) 
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P.-P. h. 
x, = " ,, = ::::-=:'::-::-¡;, 27.707 E;, 

Substituto the givon values of h. and F1, into Equation 3-32: 

so. o 
x, = 

(27. 707)(370.0) 

= 0.00487729 

Substituto the values for k. x,. and ,Binto Equation 3-32: 

Y, = t - (C.4 t + 0.3S,8'{ :•) 

= t - [0.41 + 0.35(0.495597)'1( 0·~~7729 ) 
= 0.998383 

3- C-3. 1 .6 Compresslblllty (Z., Z~ snd z.) 

(3-33) 

(3-32) 

The derivation of tlle c:quati.on for compressibility is presentcd in A.G.A. Transmiss10n 
Measurement Comminee Report No. 8. It is not within the scope ofthis example to present 
the calculauon procedures necessary for det:ennining tbc compressibility at base conditions 
(ZJ, standard conditions (Z,). or ftowing conditions (211). The following values for gas com
prcssibility at thc conditions Jt.ven in the dota set werc obtained from the A.G.A. compmer 
program that uses the calculz.tton given m A.G.A. Transmis.sion Measurement Committee 
Repon No. 8. At G, = 0.57, 

z, = 0.997839 at 14.65 pounds force por square mch absolute and 509.67°R (50°1') 
Z, = 0.997971 at 14.73 pounds force per square inch absolute and 5!9.67°R (60°F) 
z1, = 0.951308 at 370 pounds fa= per square inch absolutc and 524.67°R (65"F) 

3-C.3.1.7 Reynolds Number (Re0 ) 

Thc following cquar1on 1.s uscd ro calculatc thc pipe Reynolds number. 

Re = 0.0114541( Q,J¡G, ) 
n ""T.Z ~ ... (3-2R) 

Substitutmg the calculared value fo, D. standard conditions for P11 and Tb, a valuc of 
0.999590 for Z,_. and the data ;et values for G,and iJ. in Equation 3-28 produce tho follow-
mg 

lie = 10.011454 ¡¡( Q.04.73)(0.570) ) 
" ' \ (0.00000<i9)(R.07085)(519.67)(0. 999590) 

~ 3. 3c•l49Q. 

\Vhen the fiow rate ts not known. thc Rcynolds numbcr can be developed by assuming <tn 
mitud value for thc flangc·t.appecl orif1ce meter coefficient of dtscharge, C.,(FI), amJ it.t:mt
mg for the correct va\ues, as stated in 3.4.5. The foUowing flow rate calculation provides 
the mlltalneratJOn of the Reynolds number. This initial itera! ton ts based on an assumed 
value for C..(FT) of0.60. Based 01. experience, from three to ftve iterat.ions should pruviúc 
rcsuhs cons1Sicnt with lhc rcquircment" of Part 4. 

3-C.3.1.8 Volume Flow Rate (Q,and 0 0) 

1ñe volumc ftow ratc can be ca1c.ulatcd hy sub~Ututmg thc given parameten;, thc intcr
mediate calculatcd valucs, and an asswned value of 0.60 for C~ in Equation 3-6b and 
iterating for the final soluuon: 

:cpy,-¡ght or the AMERICAN PETROC.EUM lNSTITUH CAPll 
;u., Oct oe l-!.:7 1€ JQ<::¡o 
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Ií,Z.h. 
Q. = 770S:.6\C.fFT)E,Y;d' 

G,ZAT¡ 

= 7709.61(0.60)(103160)(0.998383)(3.99989)' 

(370. 0)(0. 997971)(50.0) 
X .<o. 95 1308)(0.570)(524. 67) 

614,033 cubic feet per hour atstandanlconditions 

(3-&) 

[This is an estimate of the initial flow rate based on an assumed C.,(FI) of0.60.] 
Substitute lhe estimate of il"itial ftow ratc into thc Reynolds number equation and calco

late the estimared initial Reyno1ds number: 

Rc0 = 3.32~49Q. 

= 3.32449(614,033) 

= 2,041,347 (initial estimare ofReynolds number) 

Substitute the calculated value of f3 into Equation 3-17: 

B = __p:_ 
1 - /3' 

0.495597' 

1 - 0.495597' 
= 0.0642005 

Substitute the ca1culared val u es of f3 and D into Equation 3-19: 

A:l = 

= 

~ 
1 - f3 

2 
8. 07085(1 - 0.495597) 

0.491284 

Substitute the calculaterl values of Ue0 and f3 into Equation 3-20: 

A = ( 19.000/J)o.a 
Re0 

[ 
19,000(0.495597)]" 

2.041.347 

= 0.0135261 

Substitutc thc cnlcuiatcd vo.Juc of Re0 into Equation 3-21: 

( . '"' e = ~~J 

( 
ID' )'.l.l 

= 2,041,347 

= 0.778985 

(3-17) 

(3-19) 

(3-20) 

(3-21) 

Substltute the appropriate calculated values mto Equalion 3-13 to detennine the C,(cr) 
term of lhc cocfiicicnt of discharge, C.,.(Ff): 

'C,(CT) = 0.5961 + 0.0291/l' - 0.2290/J' + 0.003(1 - {J)M1 

0.5961 + 0.0291(0.495597)' - 0.2290(0.495597)1 

+ 0.003(1·- 0.495597){0.0) 

:ep.,...,o'">":. b> tt>e AMERICAN PETROLEUM INST!TUTE (API) 
•. ~ oc::" oe 14::7 ;: ;<lQo 

= 0.602414 

(3·13) 
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Substitute the applicable calculated values iniO Equation 3-15 10 compute the Upstrm 
tenn of the coefficient of discharge, C~: 

Upstrm ~ [0.0433 + 0.0712e-- 0.1145e_ .. ,.,K1 - 0.23A)B (3-15) 

~ [0.0433 + 0.0712e-- 0.1145e-) 

X (1 - 0.23(0.0135269))(0.0642005) 

~ 0.000851774 

Substituto the applicable ~ted values iniO Equalion 3-1610 compute the DrLrtnn 
tenn of the coefficient of discbarge, C.,(Fl1: 

Drutrm ~ -0.0116[M2 - 0.52M,u¡pu(l - 0.14A) (3-16) 

= -0.0116[0.491284 - 0.52(0.491284)u](0.495597)1
·' 

X (1 - 0.14l().0134223)) 

= -O.OOI49m 

Substitute the applicable calculated values into Bquation 3-14 10 compute the Tap Term 
of the coefficient of discharge, C,¡{FT): 

Tap Term ~ Upstrm + Dnstrm 

~ 0.000851774 + (-0.00149777) 

~ -0.000645999 

(3-14) 

Substitute the applicable calcuhted values into Equation 3-13 to compute the C1(FT) 
tern1 of the coefficient of discbarge, C,,(FI): 

C,(FT) = C1(CT) + Tap Term 

= 0.602414 - 0.000645999 

= 0.601768 

(3-12) 

Substitule the value for C1(FT) a.nd the int.ermedlate values into Equation 3-11 lo cale u
late the dischargc cocfficient, C.t{FT): 

C,(FT) = C,(Ff) + 0.<100511(!0'/3)" + (0.0210 + 0.0049A)#'C (3-11) 
Re" 

0.601768 + 0.0005!1[ 10'(0. 495597J]"' 
2,041,347 

+ [0.0210 + 0.0049(0.0135261)](0.495597)' (0. 778985) 

~ 0.602947 (second estimate of the coefficient of discharge) 

By substttutmg thc valnc of C~(f·!) into the apphcablc cquat:J.ons, thc volumc flow rdtc 
can be recalculated follov.. mg the same process outlined in this exnmple. The resultmg vol
umc ftow rate value is as follows: 

And 

Resulting m 

Qv = 617,049 cub1c feet per hour at standard conditions 

[ ba«d on CJ (Ff) ; 0.602947] 

Re, ; 3 32449?. " 3.32449(617,049) 

2,051,373 (second estimate of Reynolds number) 

e, (Ff) ; 0.602944 (third e>timate of coefficient of discharge) 

Copvr¡gnt bY the AMEPJCAN PETPOLEUM INSTITUTE (APJ) 
iue Oc:~ O:< ¡.:::7:1!: JO'fo 
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On page 57, Equauon 3-20 should read as follows: 

A = (19,000/3)'' 
Re0 

= [19.000(0495597)]
0

' 

2.041,328 

= 0.0135262 

On page 57. Equation 3-21 shoui..J read asfollows: 

e = (~J'" 
Re u 

= ( (f J'" 2.~1.328 
= 0.778988 

On page 58. Equat/Oil 3-15 should read a.~fnllnws: 

Upstnn [0.0433 + 0.0712e-"'·- 0.1145e·'"~]O 

[ 0.0.;33 + 0.0712é' ·- - 0.1145é'''"~ 1 

X )1 - 0.2:\(0.01352ó2))(0.0Íi42005) 

0.000876388 

01: page 58. Equatwn 3-16 shouui read as {oliows: 

0.23A)B 

Dn.<trm -0.0116[M, - 0.52M;'¡iJ' 1(1- 0.14A) 

-0.0116[0.491284 - 0.52(0.491284)1 '](0.495597)1
' 

X )1- 0.14(0.0135262)] 

= -000152379 

{Jr; pa,í!f' 58. Eq11ntrm: 3 -l.J <::hnu/d read a<:: jnllnw:c 

Tap Tam - Upsrrm -~"- Dnsrrm 

0.000876388 + 1-0.00152379) 

- 0.000f>l740" 

01: pa~(!C s:.,·. Ec.¡ual/(!1: 3-12 !>h.uu/J ntaJ to.fulicH .. 'l", 

C!FT• = ;-:_(CT¡ + Tap Term 

0.602414 - 0.()()()647402 

= 0.601767 

On page 58. Et¡m.JIIilfl 3-11 .should reml tl:J follow.L 
0' 

13-20! 

13-211 

13-15) 

U-16! 

(3-/4) 

13-12! 

(10'/3) CIFTI T 0.000511:-- + !0.0210 + 
\ Rc1, 

0.0049A)jJ'C 

o 601767 - 0.0005111
10

'
10

.4
955971

]"' 
" '2.041.328 

T [0.0210 T 0.004910 0135262))(0.495597)'(0.778988) 

O.ó02.947 tsecond est1matc of the coeffic1ent of discharge) 

2 

(3-11! 

C.~vrlo;~·. b· the AMER!CAN DETPO:..EU,.. lN$TiTUTE (AP!: 
Tue Oc':. o:.: 14:17: !E ¡QQo 



API MPMS*14·3·3 ~2 .. 0732290 0503910 312 .. 

Following the samc calculation procedure for itcration of ftow rate, lbe resulting volu
metric How rate is as follows: 

And 

Resul<.ing in 

Q. = 617,046 cubic feet per bour at standard c:ooditions 

[based on e, (FI') = 0.602944] 

Rt0 = 3.3244~Q. = 3.32449(617,046) 

2,051,363 (lhird estimate ofReynolds nmnber) 

e, (Fr) = O. 602944 ( fourth estima te of coefficient of discharge) 

The volume tlow rate ca1culation based on the fourth estim•te of e..<m follows. As 
stated above, three estimates of e,(Fl) should normally provlde vo1umc ftow mte calcula
tlon results that are consistent wilh thc requiiements ofPart4. 

Q. = 617,046 cubicfeet per hour at standard conditions 

[based on e, (Ff) = 0.602944] 

Since the given data contain values for lbe base pressure (14.65 pounds force per square 
inch absolute) and temperature (50°F) that differ from the values established in Part 3 as 
standard conditions (14.73 pounds force per square inch abso1uteand 60°F), tbe initial cal
culaled ftow r.ue is the standard volume flow rate. To calculatr: tbe ftow nue at thc given 
base conditions (P, = 14.65 pounds force per square inch abso1ute and T, = 509.67"R). 
the standard volume flow rate and tite appropriate values for P. T, andZ are substiruted into 
Equation 3-7 as follows: 

Q, = Q,( P.)(¡;)( z,) 
P, T, l z, 

= 617.046(509.67)( 14.73X0.997839) 
519.67 14.65 0.997971 

= 608,396 cubic feet per hour at base conditions 

(3-7) 

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULATION BASED ON 
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B 

3-C.3.2.1 General 

Using the given data, the volume ftow rate of natural gas, in cubic fcct pcr hour at stan· 
dard cond1tions, can be calculated using Equation 3-B-2. as stated in Appendix 3-B: 

Q, = F.(F;. + F,)Y,F,.F.,FrT¡,r-,..~lí,h.,. (3-B-2) 

S mee thc givcn dat.:t contam values fnr the hase pres.'iure (14.65 pounds force per square 
1nch absolute) and temperature (50°F) that differ from the vs.lucs established in Part 3 as 
standard cond1tion~ (14.73 pounds force per square inch absolute and 60°F}, the initial caJ. 
culated fiow rate requites conversion tu the Oow rate at base conditions of 14.65 pounds 
force per square inch absolute and 60°fo'. 

The systcmatic approach to solving Equation 3-B-2 involves calculation of the individual 
factors as shown m 3-C.3.2.2 through 3·C.3.2.10. 

3-C.3.2.2 .. Numeric Converslon Factor (f,;) 

Equat1on 3-B·5b 1'' tL<;cd to calculate the numeric conversion factor: 

:co,~¡c-:: ~- t.r>'" A"t:O!C.:.:. ::>::<~C-éU"' H;STiTUTC (A?!: 
-:: ::::~ :)':; :L:;i !~ ;<:;G,_ 

F. = 338.196E,D'P' (3-B-5b) 

59 
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CHAPTER 14--·NATURAL GAS FLUtOS MEASJREMENT 

Where 

E - 1 
' - ~1 - fJ' 

C3-22F 

Calculare the value of d, D. and fJ ata flowing temperarure of 65°F from the given diam
eters dr and Dr: 

And 

d = d,[1 + a,CI¡ - T,)] 

D 

4.000[1 + 0.00000925(524.67 -:_527.67)] 

= 3.99989 

D,[1 + a,CI¡ - T,)J 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

fJ = d/D 
3. 9998918.07085 

0.495597 

Substitutc thc valucs for f3 and ') into Equation 3-B-5: 
• 

F,. 33H.196E. D'¡J' 

338.196 
1 D'f3' 

..¡ 1 - /3' 

338.196 
1 

(8.07085)2 (0.495597) 2 

y 1 - (0.495597)' 

5581.82 

(3-9) 

{3-10) 

(3-8) 

(1-fl-5) 

3-C.3.2.3 Flange-Tapped Orilice MeterCoefficient al Dlscharge [C.(FT)] 

The following equauon zs used lo calcula te the coefficzent of dJschnrge: 

e, CFTJ = ¡; ~ F.. (3-B-6) 

~Vhere · 

0.5961 -1 o 0291/3 2
- 0.2290¡] 3 

+ ( o.o433- o.0712é'" - o.l145é'••{1 - o.2l 19·000fJ )~" ]___j[_ 
1 \ Re0 1 - fl' 

. - , - )"] r ( '"] ·_ o.o1.16¡· e - o.52[ = /3"11- o.1~o 19·000fl) o-B-7¡ 
_ /J( i - li) . /l( 1 - /ll l l lle0 , _ 

,o i 
i l.OOO.OOO{j , 

U.UUU511i j 
1,_ Re0 / 

r • \"1 . )"' - l0.0210 - 0.0049j19.000fJ . ll'[ 1.000,000/3 
\ Ren ) ~ , Rc0 

(3-B-9) 

(3-28) 

Coovr19~~ ~. t~e A~E~lCAN PETPOLEU~ INSTlTUTE (A~; 
iue 0::: 0;:' 1.::;7:;:': jOOe 
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On page 58. rhe th1rd tn rhe last equauon should rrad as ful/ows: 

Q_ = 617.048 cubicfee• per hour atstandard conditions 

(based or. cd 'FJ') = 0.602947) 

On pa¡::e 58, the second 10 the Jase equation should read as (ollows: 

ReD 3.32446Q, = 3.32446(617,048) 

= 2. 051.351 (second estimate of Reynolds numbcr) 

On page 59, the second equation should read as jollo.,.,-s: 

ReD 3.32 C46Q.. = 3.32446(617,046) 

= 2.051.345 (tlurd estimate of Reyno1ds numbcr) 

On page 59. Equatwn J 7 sh·Jui,l read as follows: 

º· = º ( ¡;X r:. )r z, '¡ 
. ' ?,. 7: \ z. 1 

617.04414.73 )( 509.67x0.997839 ': 
\14.65 519.67 0.997971) 

= ó08. 39ti cuhic feet per hour ar ha.;;e conditions 

On page 60. Equacwn 3-B-9 should read asfollows: 

0.00051/ l. OOO.OOO{J '¡'' l Rt•11 , 

~ ·o.o21o- o.0049( 19· 000fJJ"~rr[ 1 ·ooo.ooo)"' 
_ Rev ~ Re0 

On pape 62 rhc _t.rH cquarion should read asfollows· 

.e; = O 5%1- U.<C<J1{J'- 0.'2290/J' 

· - i o.o.t,;,; - o.<J? 12<'' :·, - o.1 l.tsé'''· {, 1 - o.23¡ 19· 000/3 ]"' J _L_ 
'· ' R 1 /3' L l t'n . -

' '"\e ( '"'l -O.OIIh; -U.S~~ :: ·¡ /3~dl-0.14¡l9.000JJ] 
lDI-fli '.D<I-fli, e l \ Re, ) J 

U.5~1b! · U.U2~Jl¡0.495S:IJ7¡: 0.2290!0.495597\~ 

- 0.1>4_\.\ • ll0'12e'>.,·- .. - 0.1145e· .. ,-·}¡1- U2Jl0.0137493J]IO.Oó42ll()5\ 

- ll O 11 f1[0 ...!lJ\2H.l- 11 '· 2W Jt¡ 12XJ: ~ )J(OAY))t,l7) 1¡1 - 0.14¡0 O! :174(.,)',] 

= OúOJ/(,-; 

ca'ovr"u~~: t-. :ne A"'1EPlCMl c¡::r;;o:..EU"' !NSi:ru7E r;.c: 
7ue Oc; Oé l.i 1 '7 lE JOOc 

3 
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SECTION 3-CONCENTRIC, SauAAE-EooEo OruF1Ce METEAS. PAAT 3-I\Wulw. GAs APPUCAr.oNS 

B = f3' (3-17) 
1 - f3' 

M, = ~ (3-19) 
1 - f3 

A = e9.000f3r (3-20) 
Re0 

e =(~r (3-21) 
Re0 .J 

Note: In this examplc, since the given meter tube dlameter (D) ls greater than 2.8 inches, Equation 3~B·? ls uscd 
to ca.lcuhue the F. term. For meter \libe diamd:ecs (D) less dum 2.8 inches, Bquarion ~B-8 must be used to calcu
late the F; term. The solution of the mtennc=diate equations presented above for the flow coefficient calcu1atlon fol
lows. 

Substituti:lg the calculated values of {J and D gives the following: 

__/!_'__ = 
1 - f3' 

2 
D(1 - {3) 

(0.495597)' 

1 - (0.495597)' 

0.0642005 

2 

8.07085(1 - 0.495597) 

0.491284 

As discussed in 3 4.5, thc Reynolds number (Re0 ) for natural gas can be approximated 
using Equation 3-28. Note that the parameters of this example are within the recommended 
tolcranccs for viscosity, temperature, and specific gravity. Funhermorc. 3.4.5 statcs that 
when the flow r:ue Js not ltnvwn, a more precise value for the Reynolds number can be de
termined through iteration cf Equation 3-28 and that three to five iterations will provide re
sults that are consistent with the .-equirements ofPart 4. The initial a.ssumption needed for 
thc first Hcrauon can come from assuming a valuc for CJ{FT) as in the prcvious cxamplc or 
from assuming an initial Reynolds number for the pipe Reyno1ds number. Tab1e 3-B-1, Ap
pendix 3-B, provides values for pipe Reynolds numbers versus nominal pipe diameters for 
the purpose of initiating the iteration pi ocess. This example uses Table 3-B-1 for the inilial 
est1matc ot pipe Reynolds numher. 

Ren = 2.0\,'X',OO'J (initial as>umpüon from Tab1e 3-B-1) 

Suhstitutmg thc valucs o· RF0 and fi givc~¡ thc following· 

119, 000(0. 495597) ]" 
- 2,000,000 

= 0.0137493 

( 10' )03' 
l2.000,000 

0.784584 

Subst!tl.Ite the appropriate calculated values into Equation 3-B-7 to determine the orifice 
calculation factor, F. · 

Copyr19.,~ O· tl'>e A"'ER!CAr; DET¡:;OLEU¡,o INST:Tul:: rAD! l 
Tue O=~ OS i.!.J; 13 ¡c;"~c 
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CHAF"'TER 14-NATURAI... GAS FLUIDS MEASUREMENT 

¡; = 0.5961 + 0.0291/l'- 0.2290/31 

+ ( 0.0433 + 0.0712e'lí> - O.l145e"'% )[1- 0.23(
19

•
000

/l) .. ]~ 
. ReD 1-{3 

- 0.0116[ D(1 ~ {3) 0_52( 2 )u]{J~[~- 0_14(19,000,8)
01

] 

. D(l - {3) ReD 

= 0.5961 + 0.0291(0.495597)1
- 0.2290(0.495597)1 

+ ( o.0433 + o.o712e'+'~ .. - o.1145e"'- )!1- o.23(0.0137493)J(0.0642005l 

- 0.0116[0.491284- 0.52(0.491284)] 03 (0.495597)"[1- 0.14(0.0137493)] 

0.601767 

Substitute the applicable calculaLed values mto Equation 3-B-9 to compute the orificc 
slope factor. F;1: 

~/ = 0.000511( 
1
•
000

•
000

{3 )" 
Re~ 

+ [0.0210 + 0.0049e 9~~0{3J}f· 0~~~00flr 
= 0.000511(1,000,000(0.4955972))

07 

2.000.000 

+ [0.0210 + 0.0049(0.0137493)](0.495597)'(0. 784584) 

0.00118960 

(3-B-9) 

Substitute the values for F, nnd F m Equation 3~B-6 to colculatc thc d1schargc 
coefficient, C,.,(Ff): 

C,(FT) = F, + F,, 
= 0.601767 + 0.00118960 

= 0.602957 

3-C.3.2.4 Expanslon Factor (Y,) 

Thc followmg cquation ts uscd tv calculate the expansmn factor: 

Y, = 1 - (0.41 + 0.35/l'{ : 1
) 

The intermediare value. X¡, 1s calculated as follows: 

1:, 

27.707 Fí. 
SubstHute the given values of h,., and Pr

1 
into Equation 3-33: 

50.0 
27. 707(370.0) 

= 0.00487729 

Subsututc thc valucs for k, .x 1, and f1 into 1-'..quation 3-32: 

(3-32) 

(3·33) 

Copv~ 1 g...,-:_ P• ':."'o:: A"'ER !CAN ~"ETRCLEU.., INST 1 TUTE (A? l ¡ 
Tuo:: Oct OE lt.:::-·:e 199o 



On page 62. &¡uullun 3 ·B·9 shouid rf.'ad as follows: 

o .<lOO 5 l 1 ( L 000. 000 ¡J )"' 
Re0 

+ [00210 + 0.0049( 1\~¡Jf]tr( 1·~;"000r 
= 0.000511( l. 000. 000(0.4955971 )o' 

l,OOO.OOO 

+ [0.021 o + 0.0049(0.0137493)](0.495597)'(0.784584) 

0.00118960 

Ort page 65. the first equazion should read as follows: 

:.32446Q, 

= 3 32446(617.057) 

2. 051.400 ( second. iterauon) 

(3·8-9! 

On pagc 80. Equauon 3-D-9 should read asfoliows (that is. K pipe. should b~ insened in 
rJw equatinn and tJw ftYnnd lme of rhr equat1011 fhnuld he deleted)· 

(3-D-9¡ 

()11 pair RO. thr nmnenclarure should read as follows (that ü. K pipe. should be inserred 
111 the i1st) · 

a·herc· 

G specttic g:ravtt~. 
;.,:plfX" = value~ from Table 3-D-4. 

Re_. = nrihce hore Reynolds number. 
7. = ab~olute tlowmg ternperature. m degrees Rank.me 
r = spt:ciíi ... - "'-t::lglu of a gas ar 14 7 pounds force per square mch absolute and 3~oF 

ún Jl<l_f!.t' 97. f::quarwwo -~-T-4 and 3-T-5 slwuid read a'ifollowJ. 

+ e>_ Uf'.' l. (3-F-4¡ 

I 'P. < H.'" ), {3-F-5¡ ... 
O,z pagr 102 rhr• secnnd hne oj 1iquntwn 3-4a .~hould read as follows: 

Q, 
,IP,G(2M.%25)(144)h 7R7: 

~'4 onc,rrrJE.rd· , · • <-t ' 
\ Z1RT, P,G,(28.9625)(144'> 

Ceov~l!:_lMt C• tM~ A"'E¡::CA~~ OET¡:Cc.EL'.., !N:T:TUTE lA";; l 
Tue O::~ oe ¡;::, 1; :e ¡oQ~ 
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8ECTION 3-CoHcENTRIC, 8a.J.A1[·EDGEO 0Rn=ce MET'ERS, PART 3-Nmnw. GAS APPUCATDNS 

Y, = 1 - (0.41 + 0.35P'{ -r) 
= 1 - [0.41 + 0.35(0.495597)'](

0
•
00487729

) 
1.3 

= 0.9?8383 

3-C.3.2.5 Compresslb:Uty cz •• Z., and Z,) 

(3-32) 

The derivation of the compressibility equation is presented in A.G.A. Transmission Mea
surement Commiuee ReportNo. 8. It is not within the scope ofthis example to present the 
procedures necessary for calculating the compressibility at base conditions (26), standard 
conditions (Z,), or flowing conditions (Zh). Tbe following values for gns compressibility at 
thc given conditions were obtained from tbe A.G.A. computcr program, using the A.G.A. 
Transmission Measurement Committee Report No. 8 calculation. 

AtGr = 0.57, i 

z, = 0.997839 at 14.65 pounds force per square inch abso1ute and 509.67°R (50"F) 
Z, = 0.997971 at 14.72 pounds force per square inch absolute aod 519.67°R (60"F) 
Z¡, = 0.951308 at 370 pcunds force per square inch absoluto and 524.67°R (65°F) 

3-C.3.2.6 Base Pressure Factor ( Fp,) 

The bnse pressure factor is calculated using Equation 3-B-10 as follows: 

F,. 
14.73 (3-B-10) = 

P, 
14.73 

14.73 

= 1.00000 

In thiS exnmple, F,.6 has been cnlculnted for a base pressure of 14.73 pounds force per 
square inch absolute, instead of 14.65 pounds force per square inch absolute as in the given 
data, and a ~ª~e vol u me at the given base conditions has been calculated after the standard 
volume was detennmed. 1bis procedure was nccessary hecause ofthe use of the ha~e com
prcssibihty of nir (Z.,,.) of0.999590 atl4.73 pounds force per squnre inch absolute and 
60°F in thc development of tlte numericnl constan! 338.196 in the F. factor (see Appendix 
3-G). 

3-C.3.2.7 Base Temperature Factor (F,.) 

Equation 3-B-11 is used to calculate the base temperature factor: 

F = ____!.__ ·. 
" 519.67 

(3-B-ll) 

519.67 
= 

519.67 
= J. 00000 

In th1s example, Fm has been calculated tora ba!'ie temperature of 519.67°l{ (60°1") ln
stcad of 509.67°R(50°F) lS in the given data. anda base volume at the given base condi
Uons has been calculated after the standard volume was detennined. lbis procedure was 
necessa~ because of the use of the base compressibilicy of air (Z~) of0.999590 at 14.73 
pounds force per square inch absolute and 60°F in the development of the numerical con
stan< 3JR.I96 in the /~factor (scc Appendix 3-G). 

C.o;:r:s:·: :;. ~"" ""'E:::c.:.•, ::::¡-:::~EU"' !NST!iUE IAPj: 
~u~ 0:: 0:': ;.:, : • .. :a.:.. 

., 



API nPnS*14·3·3 92 .. 0732290 0503915 9T4 .. 

84 CHAPTER 14--NAT\.IW. GAs FUJI)S MEAsunaiEm 

3-C.3.2.8 Flowlng Temperatura Factor (F,) 

The ftowing temperature factor is calculated using Equation 3-B-12 as follows: 

F. --l19.67 2 , (3-B-1 ) 
1f 

Substitute !he given flowing temperature. T¡. into Equation 3-B-12: 

p¿. = 1519.67 

1 1f 
519.67 

= 
524.67 

= 0.995224 

3-C.3.2.9 Real Gas Relativa Denslly Factor (Fg..) 

Equation 3-B-13 is used to caJculate the real gas relative density factor. 

/¡ 
F,. =ve. 

Suh5tÜute the given !;pecific gr;1vity, Gn mto Equatlon 3-B-13: 

F;. = 
!¡ 

~ G, 

r-] , __ 
'i o.57o 

1.32453 

3-C.3.2.10 Supercompressibllity Factor {F .. } 

(3-B-13) 

As stntcd in thc cnlculauons in 3-C.3.1, thc deriv.:ltion of the equation for compressibiluy 
is presented in A.G.A TransmissiOn Measuremcnt Committcc Rcport No. 8. lt ts not w1thm 
the scope of this exarnple w presenr the procedures necessary ior cnlculating the compress
ibiilty at standard condirions (Z,) or at flowing conditions (Z11 ) 

Z, = 0.997971 
z,, = 0.95ll08 

Equation 3-B-14 ¡s u~r:tl tu calculaLt: th:! ~uperr.:ompresstbility factor: 

3-C.3.2.11 Volume Flow Rate (Q,} 

i z, 

; 11. 997q7¡ 

\ O. 9; 1308 

1 0242.~ 

The volume tlow rnte ¡<; cnlculnted by subsututmg thc g1vcn paramctcrs and the mtennf'
diate calculated factors 1nto Equation 3-B-2: 

Coov~ 1 g..,~ o" tne A"'EP! CAr, PETf;'QLEUM JNST J TUTE ( AP; 
Tue o~: oe l'- :-·:e ;c¡c¡o 

íl. r; (f. + 1;;) l'. t;,J;~ 1;; 1;,1;_ ,_j 1} h. 

617.057 

(3-ll-2) 
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The calculated flow rate above is based on an initial assumed value for the Reynolds 
number (Re0 ) of 2,000,000. For lhe second estimate, lhe value of Re0 is calculated as fol
lows: 

Re, = 0.0114588( Q.P,<J,) 
p.DT, 

= 3.:;2449Q. 

= 3.32449(617,057) 

= 2,051,400 (second iteration) 

By substituting the seco'ld estimare of Re0 into the applicable equations. the volume flow 
rate can be recalculated by following the process outlined in 3~C.3.l. The resul~g volume 
flow rate is as follows: --·-

Q. = 617,013 (based on lhe second cstimate of Re0 ) 

The same calculation procedures are used to obtain the third estimate of Re0 : 

~.D = 3.32449Q. 

= 3.32449(617,013) 

= 2,051,254 (third iteration) 

The volume fl.ow rate calculation based on the third estimare of Re0 follows. As stated 
above, three to five estimates of Re0 will provide calculation results that are consistent with 
the requirements of Par 4. 

Q. = I;U;- F,1 )Y1 F;.F,.F,F,,F,.)P¡,h~ 
= (5581.82)(0.60 1767 + 0.00 117736)(0. 998383)(1.00000)(1.00000) 

" (0. 995224 )( i.32453)(1.02423)~(370.0)(50.0) 
617,044 cubic feet per hour 

Note: The calculaled volume flow rnte ts bnsed on the tturd estimare of Reo. Thc small dts~pancy be.wecn the 
calculated volumc flow rate, Q,. in Methods J and 2 n:sults from lhc rounding techmqucs used in thc senes of 
equations in the examples 

Since thc givcn data included vah es 10r the ba'ie pressure (14.65 powtds force per square 
inch absolute) and temperoture (50°F) that diffcrcd from thc values cstablished m Par1 3 for 
standard condilluns ( 14.73 pouncs force per square inch absolute and 60°F), the inuia.l cnl
culated flow rate is the sta.Jdard vol u me flow rate. To cakulate the ftow rate at base condi
tlons (Pt~ :::: 14.65 pounds force per square inch absolute and ~ : 509.67°R), the standard 
volume flow rate and the nppropnnte vnlucs for P. 1: and Z are substituted into Equation 3-
7 as follows· 

Q, = Q.( ~ J( i )( ~:) 

.-

CopY.-:9:'>'. p, tMe AM;:PlCA~,; PET;;'O~ElJ"' IN5TlT~JT;: !A¡:;' 
Tue O<::t Oe ¡¿::-:lE :oo~ 

= GJ7.().;4(509.G7)( 14.73)(0.997839\ 
,519.67 14.65 0.997971) 

608 394 cub1c feet per hou1 at base conditioru. 

(3-7) 
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3-0.1 Symbols, Unlts, and Tennlnology 

3-0.1.1 GENERAL 

Sorne of the symbols listed in 3-0.1.2 are specific to this appendix. Unless otherwise 
noted. all of these symbols are dimensionless. Symbols that are used in Ibis appendix but 
not listed in 3-0.1.2 are defined in 3.2.2 

3-0.1.2 SYMBOLS ANO UNITS 
Symbol Descripuoo l!nus/Valuc 

C' Orifice ftow constan< 
Fb Bas1c orifice factor 
K, Coefficient of discharge when Reynolds number = (l,OOO,OOOd)/15 
K" Coeffic¡ent of discharge for infinite Reynolds number 
p Specific weight of a gas at 14.7 pounds force per square inch 

abso1ute and 32•F 1bmlft' 

3-0.2 Scope 
3-0.2.1 INTRODUCTION 

Recent n:search worl on orif.ce measurement has been restricted to flange. comer. and 
rad1us tap meters. It is recogruzed that a nwnber of .. pipe tap" meters continue in operarion 
in natural gas measurement m the Uruted States. The provisions of the second ( 1 985) edi
tion of Cbapter 14. Secrion 3. that are applicable to ptpe tap configurations are included in 
this appendix. The dimensiona' information, lolerances. and computation methods m this 
a¡1pendix are only applicable to.pipe tap meters. 

This append1x provides recommendations and specifications relating.to the measurement 
of natural gas and other related hydrocarbon fluids by means of orifice meters equipped 
with pipe taps. It includes definitions. construction and installation specificattons. and m
structions for computing fl.ow rate and volume. Also included are equations and tables that 
provide factors necessary to apply adjustments to the basic pipe tap orifice flow. 

This appendix covers the measurement of natural gas by pipe tap orifice meters, includ
mg the primar)' clcmcnt and tlle mcthods of calculanon. lt does not cover the equipmen1 
used to detemune the pressure. temperarure, specific gravity. and other variances that must 
be knovm for the accurate measurement of narura.J gas. 

3-0.2.2 GENERAL 

Uniess speciítcally nuteC in Lhis appendi.lli.. al! information and data presented in the body 
of th1s standard-mcludmg recommendations, specification!l.. and symbols-are applicable 
to pipe tap onficc mctcnng. 

3-0.2.3 TYPE OF METER 

This appendtx ts limitcd ro orifice meters that havc circular orifice!; located concentncally 
m the meter rube. having upstream and downstream pressure taps as specified for p1pc taps. 

3-0.2.4 DEFINITION OF PIPE TAP PRESSURE MEASUREMENT 

Tbe definiuon of p1pe tap pr~ssure measure~nr is based on the position of lhe pa1r of 
t.ap hales. Th~ upstream tap cent.cr i.s located 2.5 rimes the inside p1pe diameter upstream 
trom the ne-arest plate tace, and !he do"'nstream tap center is located 8 times lhe inside pipe 
d1ameter downstream from the ncarest plate face (see 3-0.3.4.1 ). 

Copv,-¡gM~ b> tMo: AMERICAt; PET;;CLEU"' INSTlTUTE fAFI l 
Tuo: Oc:~ oe t4:17:!E JQ9o 
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3-0.3 Construcllon end lnstallatlon Speclflcatlons 
3-0.3.1 BETA RATIO UMITAllONS OF ORIFICE PLATES 

The orifice·1o·meter·tube (pipe) diameter ratio (/J = d/D) should fall within the range 
from 0.20 to 0.67 inclusive. These linúts, with an unoertainty as high as ±0.75 percent, may 
be exceeded when additional flow uncertainty is acceptable. Beta ratios that exceed the 
range fmm-0.20 to 0.67. with an uncertainty as high as ±1.5 percent. may be used: however. 
the flow constants for these extreme values of fJ are subject to higher 1olerances, and the use 
of these extremes should be avoided. 

3-0.3.2 METER TUBE SPECIFICATIONS 

3-0.3.2.1 Oeflnltlon 

Thc tenn meter tube rcfers to the straight upstream pipe of leogth A orA • on thc instal
lation skctches in Part 2 (including the srmightening vanes, if used). the orífice flonges or 
fittings, and the downsrrcam pipe Oength B on the installation sketches in Part 2) beyond 
the orífice. The length of upstream lHld d~wnstream pipe is specified in Pan 2. Tite toler
ances for the diameter and the ,.est.;ctions on the inside surface of the meter tu be are 
specified in 3-D.3.2.4. There shall be no pipe connections within these distances other than 
stra:ghtening vanes, t.he therrnometer wells specified in Part 2. and the pressure taps 
specified in 3·D.2.4 and Pan 2. 

3-0.3.2.2 Inslde Surface 

The sections of pipe to which the orifice ftanges or fittings are attached and the adjaccnt 
ptpe sections that con~titute the meter tube, as defined m 3-0.3.2.1, shall comply with the 
following: 

n. The roughness of the instde pipe walls shall not exceed 300 microinches. Carefully se
lected smooth commercial pipe may be used. Seamless pipe or cold drawn seamless pres
!lUre tubing may bt: ust:ú, provided its inside wall is smooth. Drawn·over·mandrel (DOM), 
elecrric-resistance-welded (ERW), straight-seam tubing manufactured to the requirements 
of ASTM A 513, T-5, mayal so be uscd. To improve smoothncss insidc the meter tu be. thc 
mstde pipe walls may be rnachined, ground, or coated. 
b. Grooves, scoring, pits,'and ridges resulting from seams; c!istortion caused by wekling; 
offsets; and other irregularities (regardless of their size) that affect the inside diameter at the 
pomts identlhed in f'tgure 3-D- J by more than the toleranccs shown are not pennitted. 
\Vhcn thcsc tolcranccs are excecdcd, the irrcgularities must be corrected. 
e The Interior of the meter mt,e shall be kept clean and free from accumulations of cont
G.minants, such as dirt and liquids, at all times. 

3-0.3.2.3 Meter Tu be Dlameter 

The mean mstde rhameter of the meter tu be shall be ctctennmcd-.a..'c.¡ follows: 

~teasurements shall be made on at least four ci1ameters equally spaced in aplane 1 inch 
up'>trcam from thc upstrcam facc of thc onficc platc. Thc mean (nnthmetic average) of these 
measurements 1s defined as the mean meter tu be diarneter ro be used in calculating the ftow 
coeffic1ent when minimum uncertainty of this variable is destred. 
b Cl1eck measme1t1ents of the upstream inside diameter of the meter tube shall be made at 
1 vm or mnre addJttonal croo¡¡o;-scctions. Thc actual locattons of the check measurcmcnts of 
tne dinmeter. cJrcumferentially and axially along the tube. are not specified. These checks 
should be tak~n at pomts that will indicare the maximum and minimum diameters that exist 
~nd should cOver at lea~t rwo ptpe diameters from the face of the orifice plate or extend past 
lllt= flange ur fitung wcld. whichever dtstance is greater. Check measurements are used to 
vcnfy thf'. untformtty nt !he up"tream meter tu be but do not become a part of the mean me
ter tube dtametcr. 
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c. The inside diameter of the downstream section of tlle meter tu be shall be measured in a 
plane 1 inch downstream from the downstream face of the orifice plate. Check measurc
ments of the diameter of the downstream sectJon of the meter tube, simiJar to those de
scnbed in llem b above, shall be mad.e at two additional cross-sections. 

3-0.3.2.4 Tolerances and Restrlctions 

The tolerances for the diarneter and the restrictions on the mside swince of the meter rubc 
are as follows: 

a. The difference between the m:J.ximum measured d1nmeter nr.d the minimum mcn~urcd 
diameter on the inlet secuon shall not exceed the tolerancc shown in Figure 3-D-1 as a pel
centage of the m~an Uiarneter UefmeU in 3-0.3.2.3. 1l1e relat10nship below may be used to 
calculare the variance of the diameter of the upstreom ~ecuon of the meter h1hc: 

Maximum d:·t...C!Cr- Minimum diameter 
00 

p 
1 

F' 
x 1 ::;; crccnr ro crancc m tgure 3-D-1 

D 

b. Abmpr changes in d1ameter (shoulders. offsets, ridges, and so forth) shall not exist m the 
meter t~be (se~ 3-0.3.2.3. hem b'J. 
c. \Vhen Tab1c 3-D-1 ¡o:;; mcd for ftnw mcao:;;urcmcnt c~ttmanon, rhc meter tu be dmmeter. as 
defined in 3-0.3.'2.3. snatl agree wuh the ms1de d1ameters ltsted m the tables within t..ht: wl
er.mce shown m Figure 3-D-I. 
d. Any dütmctcr mcasurcment in the downstream sect1on shall not vary from the mean di
ameter of the meter tu be, as defmed in 3-0.3.2.3, by more titan the tolerance shown m Fig
ure 3-D-1. The following rclntionsh1p may he uo:;;cd to calculatc thc variance of the diameter 
of the downstrt:am se cuan of the meter tu be: 

l Anv d1amerer - DI . 
~ · D x 100 $ Percenllolerd11ce in Ftgure 3-D-1 

Application of lhis equat10n doubles the tolerance for the downstream section of the meter 
lUbe. 

Co¡:>vrtgr.~ o" tMe AMEPICA~< I=>ETROLEUM !NSTITUi!: (AP; l 
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D1.amet~r 

0.25U 
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0.500 
0.625 
o 7.'i0 
O K75 
l.I}JJ 

1.12~ 

1.250 
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l.'iOO 
1.625 
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I.R7'i 
2 0~) 

2 12'> 
2.250 
2.375 
2.5(FJ 
2.625 
2.750 
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e. The temperature al which Úle meter 1ube mcasurcments are msde should be recorded for 
correction to the opernring conditions. 

For new installations, in which Úle beto ratio is likely to be chsnged, the tolernnce per
mitted for variations in pipe size, as shown in Figure 3-0..1, should be the same as that 
given for a maximum orifice plate dmmeter ratio (/3) of 0.75. 

3-0.3.2.5 Use of Tabla 3-D-1 

lfTable 3-D-1 is used for flow estimation, the mean inside diameter of the ups~ sec
tion of the meter tube should be as nearly the same as the published inside diameter given 
in Table 3-D-1 as is possible. The.. inside diameters given in the table were used to calculate 
lhe conslants in Úle table. If lhc mean meter tube diameter differs from Úle table inside di
amcter by an amount grcater than the tolerance set fonh in Figure 3-D-1 or if minimum un
certainty is desued, the mean m~t.er tube diameter should be used to compute the orifice
to-rneter-rube diameter ratic, /3. r..s weU as the ft.ow coefficient Other factors should be cal
culated for this exRct value of fi. 

3-0.3.3 LENGTH OF PIPE PRECEDING ANO FOLLOWING THE ORIRCE 

The installation sketchc~ anú accompanying graphs are not dupJicated in this appcnd1x 
but are available m Pan 2, Figures 2-5 through 2-9. The graphs show the mmimurn lcngths 
of straight pipe required (expressed in nominal pipe diameters) versus beta ratio. It must be 
nmed that whcn p1pc taps are used,lengths A, A: and C shall be increased by two nommal 
pipe diameters and lengt.h B shall be increased by eight nominal pipe diameters. The lengths 
of srraight pipe sbould be ttc•se required for the maximurn beta ratio.that may be used. 

3-0.3.4 PRESSURE TAP HOLES 

3-0.3.4.1 Locatlon 

Meter tu beS" that use pipe taps shallluwc thc ccntcr of thc upstream tap hale located 2.5 
times the pubJished ur m.:tual inside diameter from Lhe upstream face of lhe orifice platt:. 

Table 3·D·1-Bastc Onfice Factors (F,) for Pipe Taps (AII Dimensions tn lnches) 

Pull!J~Iu:t: 1miúc: Dismetel~ at Pub1istu:ú 1 1~iJ~.: Duune1en. 111 Published lnside Dtameters at 
Nommal P1pe S1ze of 2 lnches Nomtnal P1pe Stze of 3 lnche:; Nommnl Ptpe Sll.e of 4 Inches 

1.687 1.939 ::!067 :7:.300 2.624 2.900 3.068 3.152 3.438 3.826 

12.!!50 12.!!13 12.800 1~ 782 21.765 12.754 12.741) 12.745 12.737 12.727 
29.36::' 29 098 29.0()(, 28.R83 28 772 28.711 28.682 28.670 28.635 26.599 
53.:13 52.817 !'!2 482 52.020 51.594 51.354 51.244 51.197 51.065 50.937 
37.237 !!11.920 ~4 OS'í R2.92·1 81.802 81 143 80.837 - 80.704 80.334 79.976 

1.\2.2':1 126.!17 12-<l)-J 122.4'! 120.0R IIK ñ7 l!KOO 117.70 116.!17 11605 
192.87 181.02 177 og 171 93 167.26 164.58 163.31 162.76 161.17 159.58 
275.73 2.5 t.l ; 2•13.25 231.30 22'1.6! 2t9 77 217.53 216.55 213.79 211.03 

392.50 342 99 327 99 309.44 293 8'7 285.4Q 281 6"' 2R0.03 275.43 270.9! 
466.00 -138.00 4[)..1,5] 377 'V 363.41 357.JJ 3.54.45 347.04 339.88 

5HJ.\Jb 524.69 47!!.1:\IJ 455.83 445 7; 441.49 429.K4 41H.HO 
679.1: 602.80 565 80 54995 543.32 52541 508.77 

75,.89 697.45 672.96 062.83 635.77 611.12 
r,.:7.87 856.39 81907 803.79 763.53 727..55 

J.O'i04 99401 971.22 91200 860.19 
1.290.7 1,205 6 1,171.9 1,085.5 1,011.7 

1,465 1 1,415.0 1,289.7 1,185 4 
1.532.0 1.385.4 
1.822.9 1.617.2 

1.8R7.7 
2,206.1 

•~r-igt'~ D• tne A""f:R!C.A.N ~ETRCl.Elt"" !NSTl1UE (P.D:) 
~a=~ oe ¡,,:-.tE !QQ(¡ 

.. ~ :~ 

.... :~ ,. 
'::; ., 

4.026 

12.723 
28.585 
50.887 
79.837 

115.73 
158.94 
209.92 

26~.10 
337.06 
414.51 
502.39 
601.8\ 
714.17 
841.21 
985.07 

1,148.4 
1,334~ 

1.547.4 
1.792.3 
2.076.0 
2.407.0 
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Table 3-0-1-Continuild 

Publi:shed Jnside OWnetc:rs ar Publisbed lnside Dlanc:lcn at PubiJshcd. buidc Diamcu:rs at Publisbed iiWdc lliamct<n .. 
Nommal Ptpe Size of 61nchcs Nonma.l Pipe Size of 8 lncbes Nonmal Pzpe Size of 10 lnchcs Nommal Plpc Stze of 121Dcbcs 

Orifice 
Diamete: 4.897 

u.suo 50.740 
0.625 79.438 
07~0 114.81 
0.875 157.11 
1.()(1(] 20663 

1.125 263.71 
1.250 328.73 
1.375 402.07 
1.500 484.21 
1.625 575.75 
1.750 677.39 
1.875 790.00 
2000 914.59 

2.125 1,052.3 
2 :!50 1.204.7 
2.375 1.373.4 
2.500 1.560.5 
2625 1.761:1.3 
2.750 1.999.9 
2 875 ::.258 6 
3000 2.548.6 

3.1::!5 2.875.3 
3 :!50 3.244 9 
3.375 3.665.7 
3.500 
3.6:!5 
3 750 
J.87.5 
4.000 

4.:!50 
J 500 
..: 730 
5.00() 

5.2.."'0 
5.500 
~.7!'0 

é 000 

é 250 
tdOO 
6 "'50 
7 000 

7 ~~ú 
i V(} 

7."'~(.1 

8.()(~ 

~-~~(.: 

5.187 5.761 6.065 7.625 7.981 8071 9.562 10.020 10.136 11.374 

50.707 50.653 50629 
79.351 79.219 71J.Lb4 

114.62 114.32 114.20 
156.72 156.13 155 89 155.11 U4.99 154.97 
205.92 W4.85 20441 2C3.01 202.80 202.76 202.16 

262.52 Ui0.72 25999 257.62 257.28 257.20 256.23 256.01 2S5.96 
326.87 324.03 322 87 J19.10 318.57 318.44 316.90 31657 316.49 31,5.82 
399.32 395.09 393.34 JR'/.63 386.81 386.63 38430 383.80 383.68 382.67 
480.26 474.21 471.70 463.-10 462.20 461.93 458.53 457.80 4:'i7.64 456.17 
570.19 561.74 558.25 546.62 544.93 544.54 539.73 538.70 538.47 536.40 
669.69 ()58.09 <>53.34 637.52 ()35.20 634.67 62M.U5 626.63 62630 623.46 
TI9.49 763.79 757 41 736.36 733.25 m.s3 723.63 721.72 721.28 717.45 
900.39 879.40 87095 843.36 839.31 838.37 826.66 824.14 82B6 818.51 

1.033.4 1.005.6 994.54 958.80 953.61 952.40 937.31 934.04 933.29 926.74 
l.t79.6 1.143.2 U289 1,083.0 1,0764 1,074.9 1.055.8 1.051.6 1.050.7 1.042.3 
1,340.5 1,293.::. 1.274 é 1.216.3 1,208 o 1.206.1 1.182.3 1.177.0 1.175.8 1.165.3 
1.517.5 1.456.5 1.432.8 1.359.2 1.348.9 1.346.5 1.316.9 1.310.5 1.3090 1.2960 
1.712.6 1,6344 1.604 3 1.5121 1.499.3 1.496.4 l.-460.1 1,452.2 1,450.4 1.434.4 
1.928.1 1.828.3 1.7904 !.675.4 1,659.7 1.656.1 1,611.8 1.602.3 1.600.1 1.580.7 
2.166.5 2,040.(1 1.992 3 1.849.9 1.830.7 1.826.3 1,771.6 I.76l.l 1,758.4 1.735.2 
2.431.0 2.::71.1 1.211 é 2.(136.1 2,012.7 2.007.4 1,942.6 1.928.8 1.925.6 1.897.9 

2.725.3 2.524.3 2.450.2 2.234 7 2,2064 2.100.0 2.122.2 2,10S.8 2.102.0 2.069.1 
3.054 o 2.801.9 2.710.0 2,446.6 2,412 5 2,404.8 2.311.8 2.292.3 2.287.8 2.249.0 
3.422 4 3,1069 2.993 4 2.67:<.6 2,631 7 2,622 4 2.511 7 2.488.7 2.483.4 2.437.8 
3.837.6 3,443.1 3.303 1 2.913.7 2.864.8 2,853.7 2,722.5 2.695.4 2,6R9.2 2.635.8 
4.308.1 3.814.~ 3,64:!4 3.171.2 3.112.6 3.099.6 2.944.5 2.912.8 2.905.5 2.R43.2 

4,:!2b" 4,014.~ 3A46.1 3,376.7 3.36l.l 3.178..: 3.141.3 3.132.8 3.060.3 
4,685.0 4.425::! J.739.9 3,657 7 3,639.3 3.4:!4.6 3.381.4 3.371.5 3.:!87 .5 
!5.197.9 4.~78 5 4,:)54.3 3,9571 3,93$.3 3,683.9 3.633.6 3,622.2 3,525.2 

.:,751.6 4,616.7 4.586.7 4,244.:! 4.176.9 4,161.7 4.033.1 
5~54.8 5.369.1 5.328.1 4,86:56 4.TI6.3 4,756.2 4.587.4 
6.485.5 6.231.3 6.1754 5.555.6 5,438.0 5,411.6 5,191.9 
7.5716 7.224 ~ 7.14A8 6,323 1 6.1694 6,135.0 5 851.1 

!1.8505 8.376 6 8,274.2 7,178.8 6/T/91 6,934.6 6.570.1 
9,724 o 9.585 4 8.135 _c; 7.877 4 7,820.2 7.354.9 

9.208 6 8.876.6 8,803.3 8.2124 
10.418 9.991.5 9.898.0 9.150.7 

11.786 11.240 ll.l21 10.179 
13,144 12.644 12.493 11.309 

14.231 14,038 12..552 
16.035 15,790 13.925 

15.446 
17.135 
19.021 

The center of the aownstream tap hole shall be located eight Limes the published or acrual 
ms1dc diamcter from thc down~tream face of the onfice plate. Figure 3-D-2 shows the al
lowable tolerances. A maximurn beta rauo of0.75 should be .used in the design of new in
stallations. 

3-0_3_4_2 Fabrication 

Meter cubes that use p1pe taos shall ha ve a hole of the propcr size drilled through the pipe 
wall. Proper hole SIZes are listed in Table 3-D-2. Tbe hole shall not be threaded. A fitting 

Copy,."¡~r>':. t;:v ':.Me AMERICA/1 PETROt.EU"' INS71TUTE lA~!) 
1ue Oc:~ 0!: 14::7:16 !09o 

11938 12JJ90 

315.57 31!5..51 
382.31 38222 
455.65 4.55.53 
535.67 535.49 
622.46 6= 
716.12 715.79 
816.75 816.32 

92<.46 923.90 
1,039.4 1.038.7 
l.l61.7 1,160.8 
1,291.4 1,290.3 
1,428.8 1,427.4 
1.573.9 . 1..572.2 
1.727.0 1_725.0 
1,888.2 I,KK:i.M 

2.057.6 2.05-4.7 
2.235.4 2.232.1 
2,421.9 2,418.0 
2.617.2 2,612.7 
2.R21.6 2,816.4 
3.035.4 3,029.3 
3.258.8 3.251.8 
3,492.1 3.48<.0 

3,989.6 3.979.1 
4.530.9 -4.5173 
5.119.1 5.101.6 
5,757.9 5,73:5.6 

6,451.7 6,423.4 
7 ,.205.3 7,169.7 
8,024 4 7,979.8 
8.915.6 8,860.0 

9,886.4 9,817.5 
10,946 10,860 
12,103 11.998 
13.371 13,242 

14.763 14.605 
16.295 16,102 
17,986 17,7~ 

19.861 19.571 
21.948 21,5Q4 
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Tabla 3-D-1-Continued 

Published Insidc Diameters at Published hStde D1ameten at Pub! ished hwde lñatnCt~::t~ at Published JruJde D1ametus at 
Nomirud Pipe Sm of 16lnc:hes Nominal Pi~ Siu of 20 lnches Nominal Pipe Size of 24 lncltes Nominal Pipe Sw: of30 Incbes 

Orifice 
Diamctcr 14.688 15.110Ó 15.250 IK.812 19.!XXI 19.250 22.624 23.000 23.250 28.7511 29.000 29.250 

1.!100 453.93 4!53.79 
1.625 533.28 533.09 532.94 
1.750 619.20 618.94 618.74 
1.875 711.75 711.41 711.14 
2.000 811.01 810.55 810.21 806.73 806.59 806.42 

2.125 917.03 916.45 916.01 911.54 911.37 911.15 
2.250 1,029.9 1,029.2 1,028.6 I,CI229 1,022.7 1,022.5 
2.375 1.149.7 1,148.8 1,148.1 1,141.0 1,140 7 1,140.4 1,136.8 l,I36.S 1,136.3 
2..50C 1,276.6 1,275.4 1,274.5 1,265.7 1,265.4 1,265.0 1,260.6 1,260.2 1,260.0 
2.625 1,410.5 1.409.1 1.408.0 1.397.2 J,3Q6 8 1.396.3 1.390.9 1.390.5 1,390.2 
2.750 1.551.7 1.550.0 1,548.6 1,535.5 1.535.0 1.534.4 1,527.9 1.5'Z7.4 l,.lii27.0 
2.875 1,700.2 1,698.1 1,696.5 1,680.7 ~.680.1 1,679.4 1,671.6 1,670.9 1,670.5 1,663.7 
3.000 1.856.1 1,853.6 1,851.7 1,832.8 1,832.1 1.831.2 1.821.9 1,821.1 1,820.6 1,821.6 1.812.3 1.812.1 

3.12~ 2.019.6 2,016.6 2,014.4 1,991.9 1,991.1 1,990.0 1.979.0 1,978.1 1,977.5 1,968.0 1,967.7 1,967.4 
3.250 2.190.7 2,187.2 2,184.6 2,158.1 2,157.1 2.155.8 2,142.9 2.141.8 2,141.1 2.130.0 2.129.7 2.129.3 
3.375 2,369.7 2,365.6 2,362.5 2,331.4 2,330.3 2,328.8 2,31:\6 2.312.3 2,311.5 2,29R 6 2,298 2 2.297.8 
3.!100 2.556.5 2.551.7 2,548.1 2,512.0 2,.110.6 2.~08.9 2,491.2 2,489.8 2.488.8 2,473.9 2,473 4 2,472.9 
3.625 2.751.5 2.745.9 2,741.7 2,699.8 2.698.3 2.696.3 2.675.8 2,674.1 2.673.0 2,655.8 2.655.2 2.654.7 
3.750 2,954.6 2,948.2 2,943 4 2,R95.1 2,893.3 2.891.0 2.867 4 2.865.5 2,864.2 2,844 4 2,843 7 2.843.1 
3.875 3.166.0 3,158.7 3,153.2 3,097 8 ~.095.7 3,093.1 3,066.1 3.(>63.8 3,062.4 3,039.7 3,039 o 3.038.3 
4.000 3,385.8 3,317.5 3,371.3 3,308.1 3,305.7 3,302.7 3.271.9 3,269.3 3.267.7 3,241.8 3.241.0 3.240.2 

4.250 3.851.7 3,841.0 3,832.9 3,751.8 3,748.8 3,744.9 3,705.1 3,701.8 3.699.7 3.666.5 3,665 4 3,664.4 
4.500 4.353.5 4,339.9 4.329.7 4,226.9 4.223.1 4.218.2 4.167.7 4,163.5 4,160.8 4,118 7 4,117 ... 4,116.1 
4.750 4,893.0 4,875.9 4,863 o 4,734.3 4,729.5 4,723.4 4,660.2 4,654.9 4.651.5 4,591tY 4,597.2 4.595.5 
5.000 5.472.1 5,450.6. 5,434.5 5,2741 5,268.8 5,261.3 5,183.1 5,176.6 5,1724 5.107.3 5,105.2 5,103.1 

5.25C 6,092.7 6.066.0 6.046 o 5.!l49.~ 5.!!42.0 5.832.8 5.737.2 5.729.2 .5,724.1 5.644.3 5,641Jl 5.639,3 
5.500 6,751.2 6,724.3 6,6996 6.458 S 6,450.1 6.438.8 6,323.1 6,313.4 6,307.2 6,2104 6,207.3 6.204.3 
.5.7.50 7.468.2 7.427.8 7.397.6 7.104.7 7,094.2 7,080.6 6.941 . .5 6,929.8 6,922.4 6,806.0 6,802.3 6.798.7 
6.000 8.228.'/ 8,179.4 8,142 ~ 7,778.2 7.775.5 7.759.3 7..593.1 7SJ9.2 7.570.3 7,431..5 7,427.1 7.422.8 

6.250 9.0ó 1.9 8.981.9 8.937.2 8,510.8 8.<95.6 8.476.2 8.27&.6 8.262.2 8,251.7 8,087.~ 8,082.2 8.077.1 
6.500 9.911 4 9,838.9 9,7!l4'J 'J,27J.!:> 9.2.55!:> 9.232.7 !!.999.1 8,rn9.7 8,967.3 8,774.3 !!,761U 8.762.1 
6.750 10.842 10,754 10,689 10,079 L0.0~8 10.031 9.755 4 9,732.6 9,71!!.1 9,492 ti 9,485.4 9.478.4 
7.000 11.831 11,732 11,6.54 10,929 10,903 10.871 10,.548 10.522 10,.505 10,243 10,234 10,226 

7.250 12,902 12.777 12,684 11,824 1 i .795 i 1.757 11.380 11.349 11,32Q 11,026 11,016 11.007 
7.500 \4,044 13,894 13.784 12.768 12,733 12.689 12,250 12,214 12,19\ 11,841 ll,830 11,819 
7.750 !5.269 15,091 14.959 13.763 13.72'2 13.671 13.161 13,119 13.093 12.691 12.678 12.666 
8000 16.5R1 16,372 1fi,21f> 14,!ll1 14,i64 14,704 14.113 14,065 14,036 13,575 13,560 13.546 

should be fastened to the p1pe at thts pomt, and great care must be exercised to ensure that 
the inside of the p1pe is not distoncd m any wa;. 

Thc d!c.rnctcr of th::- tao holc shall not be rcduccd wtthin n lcngth cqual to 2.5 rimes rhc 
t~1p hole diametcr a:, mea~ured fnm1 the im..ide :,urf<1ce of the meter tube. If thc fitLing t!'> 
wcldcd ro thc p1pe usect to fahricnte the meter tu be, the tnp hole shall not be drilled until nf-
ter the welding ts done 

In Table 3-D-2. rhe tinished tap hole shall be±~ inch from th'e selected nominal tap hole. 
dtameter along the dnllcd lcngth oc \he holc. 

3-0.4 Computing the Flow of Natural Gas and Other 
Related Hydrocarbon Flulds Through OrHice 
Meters Equipped With Pipe Taps 

3-0.4.1 GENERAL 

The reconlmendatlons 111 3-D 4 2 through 3-0.4.8 concerning calculations and compu-
tations are conrlned strictly to pipe rap oriftce meters installed and operated according to thc 
provJstons of thts appcnd1x. Thc equauons use inch-pound units and absolutc valucs 
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Tabla 3-D-1-Continued 

Published Inslde Diameten: m PubUsbcd Inside Diamctcls at Publisbed lnsldc Diamelers &l Publi.shcd lnside ~ at 
Nomin31 Pipe Sizeaf 16 Incbes Nominal Pipe Sac of 20 lDchcs Nominal PJpc SI:Zie of 24 lnche:s NomiDal Pipe Sizc of 30 lnchcs 

Orifice 
Diameter 14.688 

8.250 17,996 
8.500 19.517 
8.750 21,1.57 
9.000 22,927 

9.250 24,842 
9.500 26.917 
9.750 29,173 

10.000 31,630 

10.250 34,316 
10.500 
10.750 
11.000 

11.250 
11.500 
11.750 
12.000 
12.500 
lJ.OOJ 

JJ.srxJ 
14.000 
14.500 
l5.fXX! 
15.500 
16.000 

16.500 
17.000 
17.500 
lH.OOO 
18.500 
19.000 

19.500 
20.000 

15.000 15.250 18.812 19.000 19.250 21.624 23.000 23.2.50 28.750 

17,746 17,562 15,915 15.861 15,791 15,109 1S.G.5S 15,020 14,494 
19,221 19,004 17,079 17,016 16.935 16,150 16,088 16,048 15.448 
20,807 20,551 18,306 18,233 18,140 17,238 17,166 17,121 16,439 
22,515 22,214 19,600 19.515 19,«)8 18,374 18.293 18.241 17,468 

24.357 24,004 20.964 20,867 20,144 19,561 19,468 19,410 18.535 
26.347 25,932 22,404 22.293 22,151 20.801 20,695 20,629 19,642 
28,502 28,015 23,925 12,797 23,635 22,096 21,976 21.901 20,78;) 
30,840 30,269 25,531 25,384 2.5,199 23,448 23,313 23.228 2t,9n 

33,384 32,714 27,229 27,062 26,850 24,861 24,'708 24,612 23,208 
36,161 35,373 29,026 28,834 28,593 26,337 26,165 26,0.!57 24,482 

30,928 30,710 30.435 27,879 27,686 27,564 25,802 
32,944 32,695 32,382 29,492 .29,274 29,137 27,168 

35,082 34,799 34,444 31,177 30.933 30.780 28,582 
37,353 37,031 36,627 32,941 32,667 32.495 30,045 
39.766 39,401 38,942 34,786 34,479 34,286 31.559 
42.336 41.921 41.400 36.717 36,374 36,158 33.126 
47,998 47,462 46,791 40,859 40,430 40,162 36,426 
54,472 53,779 52,915 45,410 44,878 44,545 39,960 

S0.425 49,765 49,353 43,746 
55.965 55,148 54,640 47,805 
62,106 61,096 60,469 52.159 
68,938 67,689 66,917 56.833 
76,572 75,027 74,075 61,857 

83.233 82,057 67.263 

73.087 
79.372 
86.16.5 
93.522 

101.506 
110.192 

119,667 
130.036 

throughout. Constants and vru.iaoles that have a subscript of 1 indicate upstream measure
ments; those that ha ve a suoscript of 2 indica te downstream measurements. 

3-0.4.2 EQUATION 

In the rneasurernem of most gases. especially natural gas, the general prnctice is to ex
prcss thc flow ratc in cnbic feet per hour at sorne specified reference or base conduions of 
pressurc aud tempe1atuae (that is, in standard cubic feet per hour}. To calculate the quanuty 
of gas. tnc fol!owmg equation shall be used: 

{3-D·l) 

Wilere: 

C' = unfn.:eo: flow c.:onstan1 
/;.,. = daffcrcntinl prcssurc at 60°F, m mches of water 
P1 = statlc pressure, in pounds force per square inch absolute. 

Q, = volume flow rate at base conditions, in standard cubic feet per hour. 

3-0.4.3: ORIACE FLOW CONSTANT (C') 

The orifice flow constant. e; is defined as the rate of airflow as a real gas, in standard cu· 
b1c feet per hour, when tbe extension, (h.J})0.l, equals unity. The orifice flow constant 

Copyr1ght o, the AMERICAN PETRGLEUM !NSi!TUTE (AP: i 
lo.~e O;::t oe lA·li:lB ¡Qc¡o 

29.000 29.250 

I4.4n 14,461 
15.429 15,411 
16.418 i6.398 
17.444 17,421 

18,508 18.482 
19,612 19,582 
20.755 20,722 
21,939 21,902 

23,165 23,124 
24,43S 24,389 
25,749 25.698 
27,109 27,053 

28.517 28,454 
29,973 29,904 
31,480 31,-403 
33.038 32,953 
36.319 36,216 
39,830 39,70,5 

43,590 43,438 
47,617 47,433 
.51,933 51.71.5 
.56,563 56,303 
61,535 61,225 
66.879 66,511 

72.632 72,19.5 
78.333 78.313 
85.227 84,915 
92,761 92,044 

100,614 99,761 
109,137 108,130 

118.420 117,231 
128.559 127,153 
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NomlnaJ 4·inch pfpe and IBIOEir runs 

Rum; smaller than nomlnal4-tnch pipe 

ü. i o 020 0.30 0.40 0.50 ·a.so 0.70 

p 

Note· A max1mum (J muo of 0.75 should be used in lhe design ofnew inslallBtiom. 

Figure 3-D-2-AIIowable Vanations in Pressure Tap Hale Location 

should not be confused with the flow coefficient or coefficient of discharge (K). Thc follow. 
wg equation is uscd to calculate tile orifice flow constant: 

Where: 

F, 
¡. 
' Go 

F,. = 

F; 
!~¡, = 
F,.- = 
r = 

basic orifice factor. 
real speéltic gravity (relative densrty) factor. 
base pressure facror. 

(3-0-2) 

supcrcomprcssibihty factor (from A.G.A Transmission Measurement Committee 
Repolt No. H). 
Reynolds number factl)r. 
base temperature factor 
flowing ternperature factor. 
cxpans1on factor 

Table 3-D-2-Meter Tube Pressure Tap Hales 
(Dimenstons in lnches) 

Mc:cr Tu:l: 
l'lonmm.nl 

!mide 
Dtameter 

2 or: 

Nommal Tap llole D•ameter 

Rr.commendcd Moxlmum Mtmmum 

" " " 
~ote 1 he fmhiled tap hale shall be±~ mch from 1he selectcd nommal tap 
hole dt:~meter along the drilled length ofthe hole. 

Coovr¡c-·" t-. tM~ ~'-'::;;o;:.:.~. o::~=:)~EU>.~ HlST:T:.JTE (AD!l 
lu~ o:=. o:: 14·¡-,·.: e:;: 
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The sequence of multipliauicm in Equation 2 is not binding; however, to duplicate !he rc
sulrs obtained using Equation 2, the sequence of multiplication and the manner of rounding 
or truncation should be agn:ed upon and practiced. Trim fllctor.; to compensate for the cype of 
instrumentation used, the calibration methods, and thc elements of meter location are trcated 
separately (see Appendix 3-A). These trim factor.; may be applied as a multiplier toe: 

The values of all the C' factor.; are detailed in subsequent sectioos of this appendix. Both 
equatioos and tabular data based on the equations are provided. The tables are to be used 
as an altemative to calculalions by equations orto check computed results. 

3-0.4.4 COEFFICIENTS OF OISCHARGE (K) ~ 

To calculate the coefficients of discharge, K, the following empirical equations are used: 

K ; 
' 

Wbere 

l + _....:I.::.SE:::___ 
l,OOO,OOOd 

K, o.5925 ~ 0·~82 + (o44- 0~6 )fl' + (o.9J5 + 
0·~25 )fl' 

- 1.35fl" + ~~(~.25 - fJ)% 
-viJ 

E 

B 

d(830 - 5000fl + 9000fl' - 4200fl3 + B) 

875 + 75 
D 

(3-D-3) 

(3-D-4) 

(3-D-5) 

(3-D-6) 

Note: 1n Equauon 3·0-4. lhe SI.@I'I.S of sorne of thc terms with lrn.ct!003! exponents bccomc negativc ror somc vaJ
ues of {J. In such cases, these terms are to be neplected or their va1ue trcated as zero, and where these tenns crt 11 

factor w anolher tern:, thc whole produc:: 1S to be treated as ze10. 

Where: 

d = measured orifice diameter, in inches. 
D ;;;; measured inside meter tube diameter, in inches. 
K, ;;;; cocfficicnt of dischao:-gc whcn Rcynolds numhcr i.o;; c'-1ual to (l,(XlO,OOOd)/15. 

K 0 = coefficient of discharge when Reynolds number cqunls mfinity, which will be thc 
minimum value for any panicular orifice and meter rube size. 

f3 ;;;; beta ratio 
; d/U. 

These val u es will be u sed in subsequent imermediate calculations of the orifice fiow con
stant factors 

3-0.:4.5 BASIC ORIFICE FACTOR (F,) 

To <.:alculate the ba~i-= urifice factor, F,, use the following equation and note the standard 
conditions: 

When 

Ph Cba~c pressure) 
Spccitlc gravity 

_- Tb (base tcmpcraturc) 

F; = 33H.I7Hd2K. 

14.73 pounds force per square inch absolute 
1.000 
60'1' (519.67°R) 

(3-D-7) 

Table 3-D-1 was dcveloped using Equauon 3-D-7 nnd various combinatlons of d and D; 
lo use il, howevcr. thc mea~ured inside diameter (0) of the m~ter tube must be within the 
limits specified in 3-0.3.2 and F1gure 3-D-1. Table 3-D-2 may not be inlc:rpolatecJ. 

Copv~¡gn~ D• trH' AMER!CA.N PETPOLEU"' INST!TUTE (.t.=->:~ 
lue 0:;~ 08 lA:::' lB ¡oc¡t> 
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3-0.4.6 AEYNOLDS NUMBEA FACTOR (F,) 

To ca1cula1e the Reyno1ds number !acto,, F,. use the following equations: 

1;'=1+ E 
Re, 

(3-D-8) 

Re, = 220,858dF,.~Ph. 

X (0.613408- 0.152756/i + 0.803833/i'- 1.701111/i' + 1.569336/i') (3-D-9) 

p = [...L)(491.67JG (3-D-10) 
14.7 r; 

Where: 

G = specific gravíty. 
Red = orifice ho"'e Reynolch number. 

T¡ = abso1ute ftowing tempernture, in degrees Rankine. 
p = specific weight of a gas at 14.7 pounds force per square inch abso1ute and 32"F. 

Table 3-D-3, which may not be inrerpolated, may be used to detennine the value of b; 
this value may then be é..ipplted to Equauon 3-D-11: 

Tabla 3-D-3-b Values for Determining Reynolds Number.Factor F, tor Pipe Taps (AII Dimensions in lnches) 

F, = l b 
+ ~ h,.Jt 

Publ!Shed InsJde Q¡amell:rs at Pilbhshed lnside D1arneters at 
Nommlll P1pe S1ze of 21nches Nominal P1pe S1ze of 3 lnctte5 

Orificc 
D1amc:er 1.687 1.939 2.067 Z.300 2.624 2900 3.068 

0.2SO o 1106 o 1091 0.1087 0.108! 0.1078 0.1078 0.1079 
0.375 00890 00878 0.0877 0.0879 0.0888 0.0898 0.090~ 
o son 00758 00734 00729 0.0728 00737 00750 o 0758 
0.62"· 00ó94 00647 O.Otí1'i 00624 00624 0.0634 0.0642 
0.75{1 0.0676 0.0608 0.0586 O.Oll9 e ')546 0.0548 O.Oll2 
0.37: 0.0634 00602 O.Ol70 0.0528 0.0497 0.0488 0.0488 
I.UOO 0.0702 OJJ614 0.0576 0.0522 L.0-173 0.0452 0.0445 

1.12~ o 070') 0.0635 u 054)5 u 0."'32 00469 (.1.0435 0.0422 
1 25(1 0.0650 00617 0.0552 0.0478 0.0<134 0.0·114 
1.37: 0062~ 0.0575 00496 0.0443 0.0418 
1 50(· 0.0590 o 05\8 0.0461 00431 
1.62~ o 0539 0.0482 00450 
1.75(• 00~54 0.0504 0.0471 
1.87:' 0.0521 o 0492 
100(· 0.0532 o 0508 

:.1 ::~ 0.0519 
:.::!5(· 
:.r~ 

~.50( 

::. 62" 
::. 75(· 

Note 'lh(: b vo.lues nre cnlruln~d from the followm~ eque.t10n· 

E 

12,835dK 

Wht1c 

d = mean onflced•ameter,ln mches. 
E = value from Equauon 3-D-5 
K = \oalue approximated from Table 3-D-4 

(..cpwr191"~ O• ti"'e AMEI<l::A~~ PET~OlElJf.' lNST¡TUTE (APJ \ 
•~ Oc~ oe lA 17·1& ¡Q«t> 

PubliEhed Inside D1ameters at 
Nonunal Ptpe Si%e of 4 lnches 

3.1l2 3.438 3.826 4.026 

0.1079 0.1081 0.1084 0.1085 
0.0908 00918 0.0932 0.0939: 
0.0763 00778 0.0800 0.0810 
0.064<; 0.0662 0.0685 0.0697 
O.Olll O.Ol68 O.Ol90 0.0602 
0.0489 0.0496 O.Ol13 O.Ol24 
0.0443 0.0443 0.04l3 0.0461 

0.0417 00407 0.0408 0.0412 
0.0406 0.0387 0.0376 0.0377 
0.0408 0.0379 0.0358 0.03~3 
0.0418 0.0382 0.03l0 0.0341 
0.0435 0.0392 00351 0.0336 
0.04l6 0.0408 0.03l9 0.0340 
0.0477 0.0427 0.0372 0.0349 
0.0495 0.0·148 0.0388 0.0363 

0.0509 0.0467 00407 0.0380 
0.0483 0.0427 0.0398 
0.0494 0.0445 0.0417 

00461 0.043l 
0.0472 0.0450 

0.0462 

........ 
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Publlshed Jns1dc 
Diameters at 

Nonunal Pipe S1ze of 
61nches 

Orifice 
Diame1er 4.897 5.187 ~.761 

fl.500 0.0850 0.0862 0.0883 
0.625 0.0747 0.0762 0.0789 
0.7.50 0.06.55 0.0672 0.0703 
0.875 0.0575 0.0592 0.0625 
1.000 0.0506 0.0523 0.0556 

1.125 0.0448 0.0464 0.0495 
1 250 0.0401 0.0414 00442 
1.375 0.0363 0.0373 00397 
1.500 0.0334 0.0341 0.0360 
1.625 0.0313 0.0315 00329 
1.750 0.0300 0.0298 0.0304 
1 875 0.0293 0.0287 0.0285 
2.000 0.0292 0.0281 0.0273 

2.125 0.0297 0.0281 0.0265 
2.250 0.0305 0.0285 0.0261 
2.375 O.OJ!ó 0.0293 00262 
2.500 0.0330 0.0304 0.0267 
2 625 0.0345 0.0317 0.0274 
2.750 0.0362 0.0332 0.0284 
2.875 0.0379 0.0348 0.0295 
3.000 0.0395 0.0364 0.0308 

3.125 0.0410 0.0380 0.0323 
3.250 0.0422 0.0394 0.0333 
3.375 0.0433 0.0408 0.0353 
3.500 00419 0.0367 
3.615 00428 0.038\ 
3.750 0.0393 
3.875 0.0404 
4.000 OM!1 

4.250 
~.500 

·1 750 
5.000 

.:5.2.50 
5.500 
.'i.750 
6.000 

6.250 
6.500 
fl.750 
7.000 

7.250 
7.500 
7.750 
•. ooo 
H.250 

Copv·,..~~n·.:. O• tr.'! A"'ERiCA/l PETRC~EU"' !NST:TUTE (;.P¡ > 

Tue Oc•. o:: 1<1:i7·!e )CIClo 

6.065 

0.0893 
0.0802 
0.0719 
0.064: 
0.0572 

0.0512 
0.0458 
0.0412 
0.0372 
0.0339 
0.0311 
0.0290 
0.0213 

0.0262 
0.0256 
0.0253 
0.0254 
0.0258 
0.026.5 
0.0274 
00285 

0.0297 
0.0311 
0.0325 
() 0339 
0.0354 
0.0367 
0.0380 
00]91 

r. 1 + 
b 

(3-D-11) 
Alí 

b 
E (3-D-12) = 

12,835dK 

Table 3-D-3-Continued 

¡¡ = 1 + b J h.P, 

Pubb~hed Inside Publisbcd Inside Publlshcd lnside 
Diameters al lllamctus at Diametcrs at 

Nominal Pipe Siz.é of Nominal Plpe Size of Nominal Pipe Siu of 
8 Inches 101ncho5 12 """""' 

7.625 7.981 11.071 9.562 10.020 10.136 11.374 11.938 12.090 

0.0716 0.0730 0.0734 
0.06!i2 0.0668 0.0672 0.0728 

0.0593 0.0609 0.0613 0.0674 0.0691 0.069.5 
0.0538 0.0555 0.0560 0.0624 0.0641 0.0646 0.0687 0.0704 0.0708 
0.0489 0.0506 0.0511 0.0576 0.0594 0.0599 0.064::\ 0.0661 0.0666 
0.0445 0.0462 0.0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625 
11.0405 0.0421 0.0425 0.0490 0.0509 O.OSJ4 O.OS61 0.0.580 0.11:58!1 
0.0369 00384 0.0388 0.0452 0.0471 0.0476 0.0523 0.0543 0.0548 
0.0338 0.0352 0.0355 00417 0.0436 0.0440 00488 0.0508 0.0513 
0.0311 0.0323 0.0327 0.0385 0.0403 0.0407 0.0454. 0.0475 0.0480 

0.0288 0.0299 0.0301 0.0355 0.0373 0.0377 0.0423 0.0443 0.0449 
0.0268 0.0277 0.0280 0.0329 0.034.5 0.0349 0.0394 0.0414 0.0419 
0.0252 0.0259 0.0261 00305 0.0320 0.0324 0.0367 0.0387 0.0392 
0.0239 0.0244 0.0246 00283 0.0298 00301 0.0342 00361 0.0366 
0.0230 0.0232 0.0233 0.0265 0.0277 0.0281 0.0319 00337 0.0342 
0.0224 0.0224 0.0224 0.0248 0.0260 0.0263 0.0298 0.0316 0.0320 
00220 00218 0.0218 00214 0.0244 0.0246 0.0279 0.0295 0.0300 
0.0219 0.0214 0.0213 0.0222 0.0230 0.0233 0.0262 0.0277 0.0281 

0.0220 00213 0.0211 00212 0.0218 0.0220 0.0246 0.0260 0.0264 
0.0223 00214 0.0212 O.D205 0.0209 0.0210 0.0232 0.024.5 0.0249 
0.0228 0.0217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.0235 
0.0235 0.0221 0.0218 0.0195 0.0195 0.0196 0.0210 0.0220 0.0223 
0.0243 0.0227 0.0224 O.Q\ 93 0.0191 0.0191 0.0100 0.0209 0.0212 
0.0:52 00234 00230 0.0192 0.0188 O.ot88 0.0193 0.0200 0.0202 
0.0262 00243 0.0238 0.0193 0.0187 0.0186 0.0187 0.0192 : 0.0194 
0.027:\ 00252 0.0248 0.0195 0.0187 0.01H6 0.0182 0.0185 0.0187 

0.0791 0.0273 0.0268 00203 ODI92 0.0189 0.0176 0.0176 0.0177 
O.OJ21 00296 00290 00215 00200 0.0197 00175 0.0172 0.0171 
0.03<l4 00320 0.0314 0.0230 0.0212 O.G208 0.0178 0.0171 0.0170 
0.0364 0.0341 0.0336 0.0248 0.0228 0.0223 O.Dl85 0.017S 0.0172 

O.C.381 0.0361 0.0356 0.0267 0.0245 0.0239 00195 0.0181 0.0178 
0.0377 0.0373 0.0287 0.0263 0.02.57 0.0207 0.0190 0.0186 

0.0307 0.0282 0.0276 0.0221 0.0202 0.0197 
0.0326 0.0302 0.0295 00236 0.0215 0.0210 

11.0343 0.0320 0.0314 0.02.53 0.0230 0.0224 
0.0358 0.0336 0.0331 00270 0.0246 0.0240 

0.0351 0.0346 0.0288 0.0262 0.02S6 
0.0363 0.0359 0.0304 0.0279 0.0272 

0.0320 0.029S 0.0288 
0.0334 0.0310 0.0304 
0.0~7 0.0325 0.0318 

0.0338 0.0332 
0.0349 0.03+4 
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r 
Tabla 3-D-3-Continued 

f;' = 1 b 
+ 4o.lj 

Publlshed Inside Publisbed Inside Publuhcd Insidc Published Inside 
Diametcn ar. Diameten ar Diamcrenat Diameters at 

Nominal P1pe Sizr: of Nummal Pipe Siz.c or Nominal Pipe Siz:c of Nomma.l Prpe Sszc of 
16 Inche6 20 Inch~ 24 Inche3 30 Inches 

Oritice ----
Di11.mcter 14.68B 15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.250 28.750 29.000 29.2SO 

1.500 0,0697 0.0705 
1.625 0.0662 0.0670 0.0676 
1.750 00628 0.0636 0.0642 
1.875 0.0595 0.0603 0.0610 
2.000 0.0563 0.0571 0.0578 0.0663 o.a667 0.0672 

2.125 0.0532 0.0541 0.0548 0.0635 0.(639 0.0645 
2.250 0.0503 0.0512 0.0519 00609 0.0613 0.0618 
2.J75 0.0475 0.0485 0.0492 00583 0.0588 0.0593 0.0658 0.0665 0.0669 
2.500 0.0449 0.0458 0.0466 0.0558 0.05ó2 0.0568 0.0635 0.0642 0.0646 
2.625 0.0424 0.0433 0.0441 0.0534 0.0538 0.0544 0.0613 0.0620 0.0624 
2.750 0.0400 0.0409 0.0417 0.0510 0.(1515 0.0520 0.0591 0.0598 0.0603 
2.875 0.0378 0.0387 0.0394 0.0488 0.0492 0.0498 0.0570 0.0577 0.0582 0.066Q 
3.000 0.0356 0.0365 0.0372 0.0466 0.0470 0.0476 00549 0.0556 0.0561 00650 0.0654 0.0657 

3.125 00336 0.0345 0.0352 0.0445 0.04 .. 9 0.0455 0.0529 0.0536 0.0541 0.063::! O.Oól6 0.0639 
3.250 0.0317 0.0326 0.0333 00425 0.0429 0.0435 0.0509 0.0517 0.0521 0.0615 0.0618 0.0622 
3.375 0.0300 00308 0.0314 00405 00410 0.0416 0.0490 0.0497 0.0502 0.0597 0.0601 0.0604 
3.500 0.0283 0.0291 0.0297 0.0387 0.0391 0.0397 0.0471 0.0479 0.0484 00580 0.0584 0.0587 
3 625 00268 0.0275 0.0281 0.0369 1.0373 0.0379 00453 0.0461 0.0466 0.0561 0.0567 0.0571 
3.750 0.0254 0.026! 0.0267 O.OJ52 0.0356 0.0362 0.0436 0.0444 0.0449 0.0547 0.0551 

\ 
0.05S4 •• 

3 R7.'i 00240 0.0247 0.0253 0.0336 0.0340 0.0346 0.0419 0.0427 0.0432 0.053U 
4.000 00228 0.0235 0.0240 0.0320 o 0124 0.0330 0.0403 0.0411 0.0416 0.051S 

4.250 00207 00213 0.0217 O.C29l 00295 0.0301 0.0372 0.0380 0.0385 0,048"· 
4500 0.0!90 0.0194 0.0198 0.026.5 0.0269 0.0274 0.0343 0.0351 0.0356 0.0455 
4.750 0.0176 00180 0.0!83 0.024'2 00246 0.0250 00116 00324 0.0329 0.0421 
5.00(.! 0.0166 0.0168 o 0171 0.0221 00225 0.0229 0.0292 0.0299 0.0303 0.0401 

.5.2.50 0.0160 0.0161 0.0162 0.0203 0.0206 0.0210 0.0269 o 02.76 0.0280 0.0376 
5.500 0.0!56 00!56 0.0156 OOIRB 00190 0019<4 0.0248 0.0255 0.0259 0.0352 
5.750 0.0155 0015<: 0.0!53 0.0175 0.0177 0.0!80 0.0230 0.0236 0.02-40 0.0330 
6.00C 0.0157 0.015.: 0.0153 0.0164 0.0165 O U 16M 0.0213 0.0218 0.0222 0.030li 

6.25(1 0.0161 OOI~'i 0.0!54 0.0!55 ú.0!56 OOJS8 0.019'7 0.0203 0.0206 0.02M~ 

6.500 0.0167 0.0162 0.0!59 O.U141i 0.0!4~ 0.0151 O.OIR4 O.OJA9 0.0192 00271 
ó.75C O.UI7.:í 00169 00!64 00144 0.0144 o 0145 0.0172 0.0176 0.0179 0.0253 
7.000 o 0!84 0.0177 00172 0.0141 0.0141 0.0141 0.0162 0.0166 0.0168 0.0237 

·:.250 U.UI9.5 OOIF7 () 018! fi 0140 00140 00139 0.0!53 0.0156 0.0!59 0.0223 
7.500 0.0206 0.0!98 0019' 0.014[) 00140 00139 0.0146 0.0149 0.0150 0.0209 
';,750 0.0219 O.C201J oo:.o~ o 0143 O.Gl4I 00140 00140 0.0142 00144 0019(, 
b.OOO (!.023:?. U 022: O.ú:Z14 (\ •)14:í 0.0144 00142 0.0136 00136 00139 0.0185 

Table 3-D-4 mus! be U<;Cd w determme rhe vn!ue of K in F.quation 3-D-12. F1rst-order 
hncar Jnterpolat1on of THb!r 3-D-4 IS pemussible.ln calculatin¡?. tite extension for c.Jei(!nni-
natwns ofF;. av(!ru¡;t: ur c~tunated value:. may be used. 

3-0.4.7 EXPANSION FACTOR (Y) 

3-0-4.7.1 Expanslon Factor Based on Upstream Statlc Pressure ( r;¡ 

lf the stattc pressu1e is measur.d atthe upstream pressure tap. the calculauons for the ex-
pans10n facwr. Y1• use the fol\owmg equalion~: 

r = 1 - [0.333 + 1.145(/l' + 0.7/l' + 12/l" )J~ (3-D-13) ' k 

Copv~ 1 gro~ O• tr"e A~ER!CAN PETROLEIJM INSTITUTE fAP!l 
Tue ce~ oe lt.:J:':!e lQ'lc 

0.0534 0.0538 
0.0519 0.0523 

0.048!\ 0.0492 
00459 0.0463 
00431 0.0435 
0040.5 0.0409 ,. 
00380 0.0384 

.. 
,. 

0.0356 0.0360 
0033-4 0.0338 
00313 0.0317 

00293 0.0297 
00274 0.0278 
0.02.57 0.0261 
0.0241 0.0244 

0.0226 0.0229 
0.0212 0.0215 
00199 0.0202 
0.0187 0.0190 

., 

"~ 

. L~ .. 
~ ... ~r· 

-.. 
;) 

S 

' 



API MPMS*~4.3.3 92 .. 0732290 '0503931 047 .. 

SECTlON 3-Cotlce<ml::, SWAAE-EDGED ORFicE MEmls, PART 3---NAlU!W. GAs AI'PucATIONS 83 

Table 3-D-3-Continued 

F. = 1 b 
+ ~ h,.P, 

Pubüshed lnside PublishedlnsXIe Publisb<d lmide Published IDslde 
Diameters fU Diamercrs at DiameletsOl Diameu:n at 

Nominal Pipe Size of Nomioal Pipe Size of Nominal Pipe Size of Nominal Pipe Size of 

Onfice 
Diameter 14.688 

8.~0 0.0246 
R.500 00260 
8.750 0.0273 
9.000 0.0286 

9.250 0.0299 
9.500 O.Olll 
9.150 0.0322 

10.000 0.0332 

10.~0 0.0341 
10500 
10.750 
11.000 

11.250 
11.500 
11.750 
12.000 
12.500 
13;000 

13.500 
14.000 
14.500 
15.000 
15.500 
16.000 

1Cí.500 
17.000 
17.500 
JH.OOO 
18.500 
PJ.OOO 

19.500 
20.000 

16lnches 20 lnches 24 !Debes 

1!5.000 15250 18.812 19.000 19.~0 22.624 23.000 23.= 28.750 

0.0235 0.0227 0.0151 0.0149 0.0146 0.0133 0.0134 0.0135 0.0174 
0.0249 0.0240 0.0157 0.0154 0.0151 0.0132 0.0132 0.0132 0.0165 
0.0262 0.0253 0.0163 0.0160 0.0157 0.0131 0.0130 0.0130 0.0156 
0.0276 0.0267 0.0171 0.0168 0.0163 0.0131 0.0130 0.0130 0.0149 

0.02!1!1 0.02!10 O.oi80 0.0176 0.0171 0.0133 0.0131 0.0130 0.0142 
0.0301 0.0292 0.0189 O.oi85 0.0180 0.0136 0.0133 0.0132 0.0137 
0.0312 0.0304 0.0198 O.Ol94 0.0189 0.0139 0.0136 0.0134 0.0132 
0.0323 0.0315 0.02:l9 0.0204 0.0198 0.0143 0.0140 0.0138 0.0129 

0.0333 0.0326 0.0219 0.()214 0.0208 0.0149 0,0144 0.0142 0.0126 
0.0341 0.0335 0.0230 0.0225 0.0219 0.0154 0.0150 0.0147 0.0123 

0.0241 0.0236 0.0229 0.0161 0.0155 0.0152 0.0122 
0.025:"! 0.0247 0.0240 0.0168 0.0162 0.0158 0.0121 

0.0263 0.025R 0.0251 0.0175 0.0169 0.0165 0.0121 
0.027' 0.0268 0.0261 0.0183 0.0176 0.0172 0.0122 
0.0284 0.0278 0.0272 0.0191 0.0184 0.0180 0.0124 
0.0293 0.0288 0.0282 0.0200 0.0192 0.0188 0.0126 
0.0312 0.0307 0.0301 0.0218 0.0210 0.0205 0.0131 
0.0327 0.0323 0.0318 0.0236 0.0228 0.0222 0.0139 

0.0255 0.0246 0.0240 0.0148 
0.0212 00264 0.0~8 0.0159 
0.0289 OC280 0.0275 00172 
0.0304 0.0296 0.0291 00185 
0.0318 0.0311 0.0306 0.0199 

0.0323 0.0319 00213 

0.0228 
0.0242 
0.0257 
00270 
0.0283 
0.0296 

0.0307 
0.0317 

~~ = 
I;, 

= 
h_ 

(3-D-14) 
lf. 27. 7071J, 

Where: 

): ;;; rauo of specific heats, e,./ e, (that is, the ratio of the specific heat of a gas at con
stant preso;; u re to the specitic heat of the gas at constant volume at standard con
dttJOns). 

xJ k ;;; acousuc ratio. 

Table 3-D-5 was developed using Equations 3-D-13 and 3-D-14 wilh a value of k = 1.3. 
F1rst- or second-orcter linear mterpolat10n ofTable 3-D-5 ts perm.issible. 

Thc inlucs of Y, are subjcct toan unccnainty varying from O when .x1 ;;; Oto ±0.5 per-
cent when X: ;;; 0.2. For larger values of x 1• a somewhat 1arger uncenainity cnn be expected. 
Equation 3-D-13 may be used ovcr a range ofO.l S fJ S 0.7. 

C:opyl"lght bv the A,..ERlCM~ DET~O:..EUM INSTlTUTE (A;>J J 
¡,_,e O::::t OS 14:17:18 ¡c¡qo 

301nchcs 

29.000 29.= 

0.0177 0.0179 
0.0167 0.0170 
0.0158 0.0161 
0.0151 0.0153 

0.0144 0.0146 
0.0138 0.0140 
0.0133 0.0135 
0.0129 0.0130 

0.0126 0.0121 
0.0124 0.0124 
0.0122 0.0122 
0.0121 0.0121 

0.0121 0.0121 
0.0122 0.0121 
0.0123 0.0122 
0.0124 0.0123 
0.0130 0.0128 
0.0137 0.0135 

0.0146 0.0143 
0.0156 0.0153 
0.0168 0.0165 
0.0181 0.0177 
0.0194 0.0191 
0.0209 0.0205 

0.0223 0.0219 
0.0238 0.0233 
0.0252 0.0248 
0.0266 0.0261 
0.0279 0.0275 
0.0292 0.0288 

0.0303 0.0299 
0.0313 0.0310 
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Table 3-D-4-Values of Kto Be Used in Determining 
R. tor Calculatlon of F; Factor 

fl K(pipe) 

0.100 0.607 
0.123 0.608 
0."0 0.611 
0.175 0.614 
0.200 0.618 

0.225 0.623 
0.250 0.628 
0.275 0.634 
0.300 0.641 

0.325 0.650 
0.3!50 0.658 
0.375 0.668 
0.400 0.680 

0.425 0.692 
0.4!50 0.707 
0.475 0714 
0.500 0.742 

0.525 0.763 
0.550 0.785 
0.575 0.810 
0.600 0.837 

0.625 0.861) 
0.650 0.904 
0.675 0.943 
0.700 0.988 

3-0.4.7.2 Expanslon Factor Based on Oownstream Statlc Pressure (Y,) 

If the static prcssurc ts mcasured at the downstream pressurc tap, the calculation5 for the 
expansion factor, Y1, use the followmg equations: 

Y, 11 - [0.333 + 1.145({3' T o. 7{3' + 12{313 )1 x, (3-D-15) \ .. _+._x, k.,j 1 + x, 

.r~ = 
h. (3-D-16) 

27. 707!j, 

Tablc 3-D-6 was dcvclopcd l'Sing Equations 3-D-15 and 3-D-16 w1th a valuc ofk = 1.3. 
F11st- or second-ordcr !mear m¡erpolauon ofTable 3-D-6 is permissible. 

3-0.4.8 OTHER C' FACTORS 

The remammg on fice ftow constant C' factors (namely, F;,,, F,b, F,1~t;, .. and Tpv) are calcu
Lned exa<.:tly a'> de.M.:nbcd m the body ofthJ!l standard. Computations usíng equations or ta
hl~~ are perm1ssib!e w1th these factors wben calculating thc flow of natural gas through 
onncc mctcrs cqutppcd w1th pipe taps. 

3-0.4.9 EXAMPLES 
3-0.4.9.1 Example 1 

Ci1ven the tollowmg phy111Cal parameters and ftowing conditions, calculate the flow rate 
for n ptpe tnp onfirt! meter through ene meter tu be: 

Tube diameter 2.067 in 
Onfice di ame ter l in 

Static pre.ssure 500 psig (measured upstream) 
Differennal prcssurc 50 inchcs of water at 60°F 

Co::»~:c:-·" t>• t"'~ "'"E::-::::.·; PE<:::C:_Eu,.. IN$1'ITUTE IAO: J 
iue 0::. CE 1.:::- ;: :o-:;~ 

. 
'" 
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SecnoN 3-CoNcENmiC, SauAF,:. -F.ooeo ORIACE METERs, P~ 3-~ GAs APPt.lcATIONs 

Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (baromeaic) 
Flowing temperature 100"F 

Base tcmpcrature 60"F 
Relative density (speeific gravity) 0.600 

Carbon dioxide 0.5 mole pen:ent 
Nitrogen 0.5 mole pen:ent 

Differential pressure device Bellows (n:corder. dry) 

The solution is calculated as follows: 

Diameter ratio (/1) = 0.483793 
Exlension = 160.421 

Basic orifice factor (FJ = 243.279 
(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6. and 
3-D· 7; or Table 3-D-2) 

Tabla 3-D-5-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Upstream Taps 

JJ.JP¡, 0.1 0.2 0.3 

n.o 1.000 1.000 1.000 

0.1 0.9990 0.9989 0.9988 
02 0.99R1 0.9979 0.9976 
0.3 0.9971 0.9968 0.9964 
0.4 0.9962 0.99!58 0.99.51 
0.5 0.9952 0.99~7 0.9939 

0.6 0.9943 0.9937 0.9927 
0.7 0.9933 0.9926 0.9915 
08 0.992~ 0.9916 0.9901 
0.9 0.9914 0.9905 0.9891 
1.0 0.990.t 0.9895 0.9878 

1.1 0.9895 0.9884 0.9865 
1.2. 0.9885 0.9874 0.9854 
1.' 0.9876 09H63 0.9K42 
14 0.9865 0.9853 0.9830 
1 5 0.9857 0.9841 0.9818 

1.6 0.9847 09832 0.9805 
l.i 0.9837 0.9821 0.9793 
1 H 0.91:12~ 0.9811 0.9781 
1 9 0.9818 09800 09769 
2.0 0.9809 09790 ¡. 757 

2.1 0.9799 09779 o 974~ 
2.1 0.9790 0.9768 0.9732 
2.3 0.9780 0.9758 O.IJ720 
2.4 0.977[; o 9747 0.970H 

2.5 0.9761 o 91.37 ..096% 

26 0.97S 1 09726 O 9f.K1 ,, 0.9742 0.97!6 o 9672 
2.8 0.9732 0.9705 0.9659 

'-" 0972~ 09695 Ul}h47 
JO 0.9713 0.9684 o 963~ 
J.l 0.97()..1 0.9674 0%21 
32 0.9694 0.9663 0.%11 
3.3 0.96&1 0.9653 0.95S9 
3.4 0.9675 0.9642 0.9587 
3.5 0.9(i(í'i 0.9632 09'i74 

3.6 0.9656 0.9621 ~ 0.9562 
3.7 0.964ú 0.961l. 0.955(1 
3.8 0.9637 0.9600 0.9!i3fi 
3.9 0.9627 0.9590 0.9526 
4.0 0.961i 0.9579 O.lJ514 

Capvr¡ght bv tn~ AMER:CAN PETRO!..EU,_.. INST!TUTE (AP: i 
:-~ o:::~ oe 14= 1:- lE :QCJo 

0.4 

1.000 

0.9985 
09971 
09956 
0.9942 
0.9927 

0.9913 
0.9898 
0.9883 
09869 
o 98~4 

0.9840 
09815 
09811 
09796 
09782 

0.9767 
o 9752 
09738 
0.972.1 
09709 

09694 
0.9680 
0.9665 
09650 
o 9636 

[) 9ó21 
0.9607 
o 9592 
o 1}51!\ 

09563 

o 9549 
09534 
0.9519 
0.9505 
0.9490 

0.9476 
0.9461 
0.9447 
0.9432 
0.9417 

p • d/D 

0.45 0.50 0.52 0.54 0.56 0.58 

1.000 1.000 1.000 1.000 1.000 1.000 

0.9984 0.9982 0.9981 0.9980 0.9979 0.9978 
0.9968 0.9964 0.9962 0.9961 09951J 0.9957 
0.9952 0.9946 0.9944 0.9941 0.9938 0.9935 
0.9936 0.9928 0.992S 0.9921 0.991i 0.9913 
0.9919 09910 0.9906 0.9902 0.9897 0.9891 

0.9903 0.9892 0.9887 0.9882 0.9876 0.9870 
0.9887 0.9874 0.9869 0.9862 0.9856 0.9848 
0.9871 0.91;;57 0.9850 0.984] o 98)5 0.9826 
0.9855 0.9839 0.9831 0.9823 09814 0.9805 
0.9839 0.9821 0.9812 0.9803 09791. 0.9783 

0.9823 0.9803 0.9794 0.9784 0.9773 0.9761 
0.9807 0.9785 0.9775 0.97&1 0.975:! 0.9739 
0.9791 0.9767 U.975ó 0.9744 0.9732 0.971K 
o9ns 0.9749 0.9737 0.9725 09711 0.96% 
0.9758 0.9731 0.97 1 9 0.9705 0.9690 0.9674 

0.9742 0.9713 0.9700 0.9685 09670 0.9652 
0.9726 0.9695 0.9681 0.9666 096-19 0.9631 
o.rnw 0.9677 0.9662 0.9646 09ó28 0.9609 
0.%94 09659 0.9641 0.9626 o.cu,oR 09587 
0.967E 0.9641 09623 0.9507 09587 0.9566 

O.%fi2 o 9623 091\()ó 0.95R7 n 9'iMi 0.9544 
0.964~ 0.9605 0.9587 0.9567 0.9546 0.9522 
0.9630 0.95S7 09.568 0.9.548 0.9525 0.9.500 
0.%1~ 0.9570 0';1550 0.952!-1 09505 0.9479 
0.95!J'i o 9552 o 9531 0.9508 QQ48-l 09457 

O.ti5k 1 0.9'i14 09512 O 94H9 09461 0.9435 
o 9565 09516 o 9493 0.9469 09443 0.9414 
0.9YI9 09498 0.9/.75 0.9419 09422 0.9392 
0.9~3: o 94!HJ 0.9456 0.9430 {) 1}401 09370 
0.951i O 94G2 09437 0.9410 0.93RI 0.9348 

0.9~01 0.9444 094118 09]90 09360 0.9327 
0.94!'5 09426 09400 0.9371 0.9339 0.9305 
0.91169 0.9-108 0.9381 0.9351 0.9319 0.9283 
0.9452 0.9390 0.9362 0.9331 U.'J29ij 0.9261 
094){, 09:\72 09343 0.9312 09217 09240 

u.~·no 0.9354 , O.IJ324 0.9292 0.9257 0.9218 
o 9404 0.9336 0.9306 0.9272 0.9236 0.9196 
0.9388 0.9318 0.9287 0.9253 0.9216 0.9115 
093n 0.9301 0.9263 0.9233 0.9195 0.9153 
0.9356 0.9283 0.924r; 0.9213 09174 0.9131 

B5 

0.60 

1.000 

0.9977 
0.99S. 
0.9931 
0.9908 
0.9885 

0.9862 
0.98<0 
0.9817 
0.9794 
0.9771 

0.9748 
0.972!5 
0.9702 
0.9679 
0.9656 

0.9633 
0.9610 
0.9587 
0.9565 
0.9542 

0.9519 
0.9496 
0.9473 
0.9450 
0.9427 

0.9404 
0.9381 
0.9358 
0.9335 
0.9312 

0.9290 
0.9267 
0.9244 
0.9221 
0.9198 

0.9175 
0.9152 
0.9129 
0.9106 
0.9083 



API MPMS*l4o3o3 ~2 .. 07322~0 0503~34 656 .. 

es 

llw/P¡, 0.61 

0.0 1.000 

0.1 0.9976 
0.2 0.9953 
0.3 0.9929 
0.4 0.9906 
0.5 0.9882 

0.6 0.9859 
0.7 0.9835 
O.H 0.9Rl 1 
0.9 0.9788 
l. O 0.9764 

l.l 09741 
1.2 0.9717 
1.3 0.9694 
1.4 0.9670 
1.5 0.9646 

1.6 096~3 
1.7 0.95-.19 
1.8 0.9576 
1.9 0.9552 
2.0 0.9529 

2.! 09505 
2.2 0.9481 
2.3 0.9458 
24 0.9434 
2.5 0.94ll 

2.6 0.93R7 
2' 0.9364 
2.8 0.9340 
2.9 0.9316 
3.0 0.9293 

3.. 0.9269 
3.2 09246 
33 0.9222 
J~ 0.9199 
:u 0.9175 

3.6 09151 
1;";' o 9128 
3.R 0.9104 
30 0.9081 

"' o 9[)57 

CHAPTER 14-NAru:w... GAS FwiDS MEAsuRaENT 

Tabla 3-D-5- Continuad 

fJ • d!D 

0.62 0.63 064 0.65 0.66 0.67 0.68 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0.9976 0.9975 0.9974 0.9973 0.9972 0.9971 0.9970 
0.9951 0.9950 0.9948 0.9947 0.9945 0.9943 0.9941 
0.9927 0.9925 0.9923 0.9920 0.9917 0.9914 0.9911 
0.9903 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 
0.9879 0.9875 0.9871 0.9867 0.9862 0.9857 0.9851 

0.9854 0.9850 0.9845 0.9840 0.9834 0.9828 0.9822 
0.9830 0.9825 0.9819 0.9813 0.9807 0.9800 0.9792 
0.9806 0.9800 0.9794 0.9787 0.9779 0.9771 0.9762 
0.9782 0.9775 0.976b 0.9760 0.97.52 0.9742 0.9733 
0.9757 0.9750 0.9742 0.9733 0.9724 0.9714 0.9703 

0.9733 0.9725 1).971.5 0.9707 0.9696 0.9685 0.9673 
0.9709 '.•.9700 0.9690 0.9680 0.9669 0.9657 0.~3 
0.9685 0.9675 0.9664 0.9653 0.9641 0.9628 0.9614 
0.9660 09650 0.9639 0.9627 0.9614 0.9599 0.9584 
0.9636 0.9625 o 9613 0.9600 0.9586 0.9571 0.9554 

0.9612 0.9600 0.9587 0.9573 0.9.5.58 0.9542 0.9525 
0.9587 0.9575 0.9561 0.9547 0.9531 0.9514 0.9495 
0.9563 09550 0.9535 0.9520 0.9503 0.9485 0.9465 
0.9539 0.9525 0.9510 0.9493 0.9476 0.9456 0.9435 
0.9515 09500 0.9484 0.9467 0.9448 0.9428 0.9406 

0.9490 09475 0.94.58 0.9440 0.9420 0.9399 0.9376 
0.9466 0.94.50 0.9432 0.9413 0.9393 0.9371 09346 
0.9442 o 9425 094(16 09387 0.9365 0.9342 09317 
0.9418 09400 0.9:..81 0.9360 0.9338 0.9313 0.9287 
0.9393 0.9375 0.9355 09333 0.9310 0.9285 0.9257 

0.9369 o 9350 0.9329 0.930' 0.9282 0.92.56 0.9227 
0.9345 0.9325 0.93'J3 09280 0.92.55 0.9227 0.9198 
0.9321 0.9300 0.9277 0.9253 0.9227 0.919~ 0.9168 
U.929ti 0.9275 0.9252 09227 0.9200 0.9170 0.9138 
0.9272 09250 0.9226 0.9200 0.9172 0.9142 0.9108 

o 92411. O.CJ2?" 09200 o 9173 0.9144 0.91!3 0.9079 
0.9223 09200 0.9174 09147 0.9117 0.9084 0.9049 
0.9!99 0.9175 0.9148 09120 0.9089 0.9056 O.CJOI9 
0.9!75 0.9150 0.9122 09093 0.9062 0.9027 ·0.8990 
o 9151 0.912S 09097 (J 9067 0.9034 0.8999 0.8960 

O.Y126 09!00 0907! 09040 09006 0.8970 0.8930 
09102 09075 0.9045 0.9013 0.8979 0.8941 0.8900 
0907R 0.9050 0.9019 0.8987 0.8951 0.8913 0.8!!71 
o ~054 0.1}025 l) 1!993 o fl<ltiO O R924 08884 08841 
0902Q 00000 0.89ó<i 0.8933 0.8896 0.88.56 0.8811 

Reynoldc; numbc:- fnctor (F.) = l.OOfJ..t 
(from Equations 3-D-5, 3-D-8, 3-D-9. and 3-D-10; 
nr Table 3-D-1 and Equa11on 3-0-11; or Table 3-D-3 
and E4uation; 3-D-5, 3-D-11, and 3-D-12) 

Expans10n factor (Y1) = 0.99H3 
(irom Equauons 3-D-13 and 3-D-14 or Tab1e 3-D-4) 

Ba~e pressurc factor (f'¡,t:>J = 1.0000 
Base tcmpcroturc factor (F11.) = 1.0000 

rlowing temperalure factor (F,¡) = 0.9636 
Relauvc.density factor {F,,) = 1.291 O 

Supercompressibiltty factor (f;J == 1.0299 
Orifice nuw r.:unstant (C') = 311.284 

(from Equation 3-D-2) 

Copv.-19.,t O> tP'1e AME~ICAN PETIWLEU"' INST!TUTE !AP:) 
Tu~ O.::t OE 1.1: :7.lE ¡oqo 

0.69 

1.000 

U.Y969 
09938 
0.9907 
0.9876 
0.9845 

0.9814 
09784 
0.9753 
0.9722 
0.9691 

0.9660 
0.9629 
0.9598 
0.9567 
0.9536 

0.9505 
0.9474 
0.9443 
0.9412 
0.9381 

0.9351 
0.9320 
0.9289 
0.92.58 
0.9227 

0.9196 
0.9165 
0.9134 
0.9103 
0.9072 

0.9041 
0.9010 
08979 
0.8948 
0.8918 

0.8887 
0.8856 
U.H825 
0.8794 
0.8763 

• 

0.70 

1.000 

0.9968 
0.9935 
0.9903 
0.9871 
0.9389 

0.91!06 
0.9774 
0.9742 
0.9710 
0.9677 

0.9645 
0.9613 
0.9381 
0.9548 
0.9516 

0.9484 
09452 
0.9419 
0.9387 
0.9355 ~,t¡ 

0.9323 
. ,, 

0.9290 .··~ 
0.9258 .. . .. 
0.9226 '. U'i 
0.9194 ~ ~rJ 

0.916. 
0.9129 
0.9097 ,',f! 

0.9064 .'':j 

0.9032 '~'~ 
0.9000 ,f ;,.¡;; 

0.8968 ' . . t-! 

08935 
•..;¡ 

0.8903 
0.8817 

0.8839 
0.8806 
0.817-4 
0.8742 
0.8710 



API MPMS*J.r¡. 3. 3 92 - C7322'1C 0503'135 792 -

SECTION 3-Ca<celmuc, SouAAe-EooEo 0ruAce ME1ERS, PART 3-NAruw. GAS AI'Pt.ICATIONS 

Flow ~<te (Q.) = 49.9367 MSCFH 

= 1.19848 MMSCfD 
(from Equation 3-D-1) 

3-0.4.9.2 Example2 

Given the following physical pai11111erers and fiowing conditions, calculare the fiow rate 
from a pipe tap orifice meter through one meter robe: 

Tube dinmeter 10.020 in 
Orifice diameter 4.5 in 

Static pressure 350 psig (measured upsaeam) 
Differential pressure 40 inches of water al 60"F 

Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 

Table 3-D-6-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstream Taps 

h,.JP1, o.r 02 0.3 

0.0 1.000 1.000 1.000 

0.1 1.000~ l.OOOB !.01Xl6 
0.2 1.0017 1.0015 UXJ12 
0.3 1.0025 1.0023 1.0018 
0.4 1.0034 1.0030 1.0024 
0.5 1.0042 1.0038 1.0030 

0.6 1.0051 1.0045 1.0036 
0.7 1.0059 1.0053 1 0041 
O.B 1.0068 1.0060 1.0047 
O.IJ 1.0076 1.006X 1.0053 
l. O 1.0085 1.0075 1.0059 

l.l 1.0093 1.0083 1.0065 
1.2 1.0102 1.0091 1.0071 
l.3 1.0110 1.0098 1.0077 
1.4 1.0119 1.0106 1 0083 
1.5 1.0127 1.0113 1 0089 

J.(j l.ODCi \.0! 21 1 0096 
1.7 1.0 14-! 1.0128 1.0102 
l.H 1.0153 1.0136 l.010S 
1.9 1.0161 1.014' 1 011·1 
20 LO 170 1.0151 1.0120 

2.i 1.0178 l.OI59 1.0126 
2.2 1.0187 1.016i 1.0132 
21 1 019.1 !.0\7.: 1 013'1 
24 1 mr....+ 1.01 R2 1 014--1 
2.5 1.0212 1.01 RS' 1 0150 

2.6 1.0221 1.0197 1.0 J:')(, 

2.7 1.0221) 1.0205 1 0162 
2.!-i 1.0238 1.0212 1 Uló9 
2.9 1.0246. 1.0220 1 0175 
3.0 1.02.55 1.0228 1 01RJ 

:u 1 02M 1.023.5 1.0187 
3.2 1.0272 1.0243 1.019.l 
J.1 1.02fi0 1.0250 1.01()~ 

3.4 1.0289 1.025H 1.02()() 
3.5 1.029K 1.0266 1.0212 

3.6 1.0306 1.0273 l.021B 
3.7 1.0314 1.0281 1.0224 
3.K 1.0323 1.0289 1.0230 
3.9 1.0332 1.0296 1.0237 
4.0 1.0340 1.031}; 1.0243 

Cocvd!:111~ b. tr>" A'-'EPICAN PET~OLEU~ !tJSTllUTE (A~j \ 
Tue Oc·, 08 l4t\7:12 jQQo 

0.4 

1.000 

1.0003 
1.0007 
1.0010 
1.00.4 
1.0018 

1.0021 
1.0025 
!.0028 
1.0032 
1.0036 

l.ll039 
1.0043 
1.0047 
:.0051 
1.0054 

10058 
1.0062 
1.0066 
r.ocno 
1.0073 

!.0077 
J.f)()81 
'0085 
I.OOR9 
1.0093 

1.0097 
1.010: 
I.Oll\4 
1.0108 
1.0112 

I.Oil6 
1.0120 
10:24 
1.0118 

"1.0133 

1.0137 
1.0141 
1.0145 
1.0149 
I.OIS3 

{J = d!D 

0.45 0.50 0 • .52 O .s-I 0 . .56 0 • .58 

1.000 1.000 1.000 1.000 1000 1.000 

1.0002 1.0000 0.9999 0.9998 0.9997 0.9996 
1.0004 1.0000 0.9999 0.9997 0.9995 0.9993 
1.0006 1.0000 0.9998 0.9995 0.9992 0.9989 
1.0008 1.0001 0.9997 0.9994 0.9990 0.9986 
1.0010 1.0001 0.9997 0.9992 0.9988 0.9982 

1.0012 UXXll 0.9996 0.9991 0.99&5 0.9979 
1.0014 1.0002 0.9996 0.9990 0.9983 0.991.5 
1.0016 1.0002 0.9995 0.9988 0.9980 0.9972 
1.0018 1.0002 0.9995 0.9987 0.9978 0.9969 
1.0021 1.0003 0.9994 0.9986 0.9976 0.9965 

1.0023 1.0003 0.9994 0.9984 0.9974 0.9962 
1.0025 1.0004 0.9994 0.9983 0.9972 0.9959 
1.0027 1.0004 0.9994 0.9982 0.9970 0.9956 
1.0030 1.0004 0.9993 0.9981 09968 0.9953 
IJXl32 1.0005 0.9993 0.9980 0.9966 0.9930 

1.00)4 1.0006 0.9993 0.9979 0.9964 0.9947 
I.OOJ6 1.0006 0.9992 0.9978 09962 0.9944 
1.0039 1.0007 0.9992 0.9977 0.9960 0.9941 
1.0041 1.0008 0.9992 0.9976 0.9958 0.9938 
1.0044 1.0008 0.9992 0.9975 U.IJ956 0.9935 

1.0046 1.0009 0.9992 0.9974 O.IJ954 0.9932 
1.004& 1.0010 0.9992 0.9973 0.9952 0.9929 
1 oos: 1.0010 0.9992 0.9972 0.9950 0.9927 
1 0053 l.OOll 0.9992 0.9971 0.9949 0.9924 
1.0056 1.0012 09992 0.9971 0.9947 0.9921 

1 005R 1.0013 0.9992 0.9970 0.9945 0.9919 
1.006: 1.0014 0.9992 0.9969 0.9944 0.9916 
1.0063. 1.0014 0.9992 0.9968 0.9942 0.9914 
I.UI.>ó6 1.0015 0.9992 0.9968 0.9941 0.9911 
1.0068 1.0016 0.9993 0.9967 U.Y~39 0.9908 

1.0071 1.0017 0.9993 0.9966 0.9938 0.9906 
1.0074 1.0018 0.9993 0.9966 0.9936 0.9'J04 
1.0076 1.0019 0.9993 0.9965 0.9935 0.9901 
lfJ079 1.0020 0.9994 0.9965 0.9933 0.9899 
1.0082 1.0021 0.9994 0.9964 0.9932 0.9896 

1 fJOR4 1.0022 0.9994 0.9964 0.9931 0.9894 
1.0087 1.0024 0.9994 0.9963 0.9929 0.9892 
1.0090 1.0025 0.9995 0.9963 0.9928 0.9R90 
1.0093 1.0026 0.9995 0.9963 0.9927 0.9888 
1.009.5 1.0027 0.9996 0.9962 0.9926 0.9885 

87 

0.60 

1.000 

0.9995 
0.9990 
0.9986 
0.9981 
0.9976 

0.9972 
0.9967 
0.9962 
0.9958 
0.9954 

0.9949 
0.9945 
0.9941 
0.9936 
0.9932 

0.9928 
0.9924 
0.9920 
0.9916 
0.9912 

0.9908 
0.9904 
0.9900 
0.9896 
0.9893 

0.9889 
0.9885 
0.9882 
0.9878 
0.9874 

0.9871 
0.9867 
0.9864 
0.9860 
0.9~7 

0.98.54 
0.9~0 
0.9847 
0.9844 
0.9840 
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Tabla 3-D-S-Continuad 

fJ • d/D 

h,.IP¡, 0.61 Q.62 0.63 0.64 0.6!5 0.66 0.67 

o. o 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

0.1 0.9994 0.9994 0.9993 0.9992 0.9991 0.9990 0.9989 
0.2 0.9989 0.9988 0.9986 09985 0.9983 0.9981 0.9979 
0.3 0.9984 0.9982 0.9979 Ot977 0.9974 0.9972 0.9969 
0.4 0.9978 0.9976 0.9972 0.9969 0.9966 0.9962 0.9958 
0.5 0.9973 0.9970 0.9966 0.9962 0.9958 0.9953 0.9948 

0.6 0.9968 0.9964 0.9959 os9;4 0.9949 0.9944 0.9938 
0.7 0.9962 0.9958 0.9953 0.9947 0.9941 0.9935 0.992M 

~ 0.8 0.9957 0.9952 0.9946 09940 0.9933 0.9926 0.9918 
0.9 0.9952 0.9946 0.9940 0.')932 0.992.!5 0.9917 0.9908 

' t. O 0.9947 0.9940 0.9933 09925 0.9917 0.9908 0.9898 

¡ 1.1 0.9942 0.9935 0.9927 QQ9J8 0.9909 0.9899 0.9888 

í 1.2 0.9937 0.9929 0.9920 0.9911 09901 0.9890 0.9878 

1 
1.3 0.9932 0.9924 0.9914 0.990' 0.9893 0.9881 0.9868 
1.4 0.9928 0.9918 0.9908 0.9897 0.9885 0.9872 0.9859 

\ 1.: 09923 0.9912 0.990:! 0.9890 0.9877 0.9864 0.98<9 

1.6 0.9918 0.990í 0.9896 0.9883 0.9870 0.9855 0.98<0 
1.7 0.9913 0.9902 0.98!19 0.9876 0.9862 0.9847 0.9830 
1.8 0.9908 0.9896 0.9883 0.9E'70 0.98.54 0.98.38 0.9821 
1.9 0.9904 0.9891 0.9877 0.9863 0.9847 0.9830 0.98ll 
2.0 0.9899 0.9886 0.9872 0.9856 0.9840 0.9822 0.9802 

2.1 0.9895 0.9881 0.9866 0.9849 0.9832 0.9813 0.9793 
22 0.9890 0.9876 09860 0.9843 0.9825 0.9805 0.9784 
2.3 0.9886 0.9870 0.9854 0.9836 0.9817 0.9797 o.9n4 
2.4 0.9881 0.9865 0.9948 3.9830 0.9810 0.9789 0.9765 
2.5 0.9877 0.9860 0.9g4::! 0.98:3 0.9803 0.9780 0.9756 

26 0.9873 0.9855 0.9837 0.9817 0.9796 0.9772 0.9747 
2.7 0.9868 0.9850 0.9831 0.9811 09788 0.9764 0.9738 
2.8 o 9864 0.9846 0.9826 0.9804 0.9781 0.9757 0.9730 
2.9 0.9860 0.9841 09820 0.-17?8 0.9774 09749 0.9121 
30 0.9856 0.9836 0.98~5 0.9792 09767 0.9741 0.9712 

3 1 o 9852 0.9831 0.9809 0.9786 09760 0.9733 0.9703 
1.2 0.9R48 0.9826 09RO.: 097RO o 9754 0.9725 0.9695 
3.3 0.9843 0.9822 0.9798 0.07''4 09747 0.9718 0.9686 
34 0.9831) 0.9817 0.9793 O.Y768 09740 0.9710 0.9678 
3.5 0.9835 0.981::! 0.9788 0.9762 09733 0.9702 0.9669 

36 U.91D2 0.980H o 978: 0.9756 0.9727 0.9695 0.9661 
3.7 09828 0.9803 0.97"76 09750 09720 0.968H 0.9652 
38 0.9824 0.9799 0.9771 09744 o 9713 09680 09644 
39 o 9820 0.9794 o 976'"i O 973F OQ707 09673 09636 
40 o 9816 0.9790 o 976: 0.9:-3:: 0.9700 0.9665 0.9628 

Fiowmg temperatwe G0°F 
Base lemperature 60°P 

Rclntivc dcnsny (spcctfic gruvity) 0.620 
Carb0n dJOxide 2 mole percem 

Nttrogen 3 mole percent 
Dtffcrcnttal pressure device Bellows (recorder, dry) 

Thc soluuon ts calculatcd as follows·. 

D.ameter ratio (/3) 0.449102 
ExtensJOn = 120.781 

nas le C'rifice factor (l·t.J = 4776.30 
l{cynolds numbcr factor (F,) = 1.0002 

Expansmn factor (}'1) = 0.9982 
Base p:e!.Sure factor (Fpb) = l.OOOO 

::.::C..r-igr-•. D• ~r-,~ AMERICAN DET><OLEUM lNSTITUTE (APl) 
>..-Oc~ Oé 14 17: le ¡qqo 

0.68 

1.000 

0.9988 
09977 
099t'i5 
0.9954 
0.9942 

0.9931 
0.9920 
0.9909 

. 0.9898 
09887 

0.9876 
09865 
0.9R54 
0.9844 
0.9833 

0.9822 
0.9812 
0.9801 
0.9791 
0.9781 

0.9770 
0.9760 
0.9750 
0.9740 
0.9730 

0.9720 
0.9710 
0.9700 
0.9690 
0.9fiRI 

0.9671 
0.966! 
0.9652 
0.9642 
0.9633 

0.9623 
0.96\4 
0.9605 
0.9."iQ6 
0.9586 

0.69 0.70 

1.000 1.000 

0.9987 0.9986 
0.9974 0.9972 
0.9962 0.9958 
0.9949 0.99+4 
0.9936 0.9930 

0.9924 0.9916 
0.9912 0.9902 
0.9899 0.9889 
0.9887 0.987.5 
0.9875 0.9862 

0.9863 0.9848 
0.9851 0.9835 
0.9R39 0.9822 
0.9827 0.9809 
0.9815 0.9796 

0.9804 0.9783 
0.9792 o.9no 
0.9780 0.9757 
0.9769 0.9744 
0.9757 0.9732 ~. 
09746 0.9719· ltf 

0.9734 0.9706 .. 
09723 0.9694" .;¡_· 

0.9712 0.9681 ~;. 

0.9701 0.9669 ' 
O.IJ690 0.9657 

. ~;·_ 

09679 0.9644 
,. 

0.9668 0.9632 ~' 

0.9657 0.9620· 
., 

0.9<"t4(i 0.9608 ·~, 

09635 0.9596' ·~ 
0.9625 0.9584' ¡~(; 

09614 0.9572 
0.9603 0.9561 
0.9593 0.9549 

0.9582 0.9537 
0.9572 0.9526 
09562 0.9.514 
09551 0.9503 
0.9541 0.9491 
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SECTION 3-CONCENTRIC, 8auARE-EDGED OAIFICE METERS. PART 3-NA.l\IW. GAS APPUCATJCWS 

Base temperature factor (F.,) = !.()()()() 

Flowing tempcrarure factor (F,¡) = !.()()()() 

Relative deosity factor (F,..) = 1.2700 
Supercompressibility factor (F,...) = 1.0273 

Orifice ftow constan! (C') = 6221.53 
Flow rate (Q.) = 751.441 MSCFH 

= 18.0346 MMSCPD 

3-0.4.10 ADJUSTMENTS FOR INSTRUMENTATION 
CAUBRATION ANO USE 

Other multiplying factor.; may be applied to the orifice flow constant. e: as a function of 
the type of instrumentaüon appl!ed, the method of calibration, the meter environmcnt, or 
any combination of these. These factors are discussed in the body of the standard and in 
othcr appendixes to the standard. These facto" ore calculated and applied independently of 
tap type. With these factors, the orifice flow rate is calculated using the following equation: 

(3-D-17) 

Where: 

FIIR mcrcury manomct:; factor (formerly F.,). 
~ orifice thennal expa'1sion factor. 

FQII. = correction for airo ter water in a water manometer during differential instrument 
calibration 

F... 1 = local gravitational correction for watercolumn calibratlon. 
F .. , ;:: water density correction (tempemture or composition) for water colunm calibra· 

tion. 
F, .. 1 = local gravitationa! correction for deadwelght tester static pressure calibration. 

fi~rrr = correct10n for gas column in a mercury manometcr. 
F11Q, ""' mercury manometer span correction for instrument temperature change after cal· 

ibration. 

C.Cpvr-¡g..,~ bv tM" A~EPiCA."I I=ET::10!..EU'-1 !NS~!TUiE (AP; l 
Tue Oc~ 08 1<1:!7 15 ¡QQc 
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APPENDIX 3-E-SI CONVERSJONS 

This appendix contains tables of SI conversions that are pertinent to the information in 
this pan ofChapter 14, Sectim, 3. For a:dditional i.nformation cm SI units, refer to Chaptcr 

15. 

Ce:.~~:,;-: D· ~ne ..... :;:::::;:;.~, :::;:;:::'.EU~ !NSO!TUT~ (,too:: 
~u" 8:: e:: :.: ·- ·- ·:::·~ 
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Tabla 3-E-1-Volume Reference Conditions for Custody Transfer Operations: 
Natural Gas Volume 

Common Rcfclcncc 
Cooditioos (ft') To Convert From 

Press~ Tcmperawre ft3 to m'. mJ to ft', 
(psta) ("F) Mulliply by Multi.plyby 

14.4 60 0.02769321 36.10994 
14.65 60 0.02817399 35.49373 
14.696 60 0.02826245~ 35.38263 
14.7 60 0.0282701!5 35.37300 
14.73 60 0.028.32784 1.5.30096 
14.7147 60 0.0283368R 35.28970 
14.735 60 0.02833746 35.28898 
14.9 60 0.02865478 34.89819 
15.025 60 0.02889517 34.60786 

N01e: The following standard conditions were used for inch·pound uni~-a tcmperanue ot60"F anda p~ss~ 
of 14.73 pounds per square ioch absolute. Thc: following standard conditions wcre used for SI unics-a 
remperature of l5°C anci an absolute prc:.sure of 101.325 k:Pa.iñe following values were assumed: 1 ft = 0.3048 
m, 1 psi "' 6.894757 kPa. The following mcthodology was used to obtain the convcnion factors: 

Un..it 

Btu:r 

(~ 1( T- X.!.._l = rac1,. 
m Jl. ~~ p-

Table 3-E-2-Energy Reference Conditions 

U sed in 

lntemattonal 
ste~ tables 

Definuion 

1 Drullbm = 23261/kg 

To Con ven Bru to J, 
Mulliply by 

1055.056 

Tabla 3-E-3-Heating Valua Raferanca Conditions 

Retcren=e Co~duions ¡fil¡ 

Pre'SS12"e Temperamre To Convert From Bturr/h1 ro 
1 ['\lol) (oF¡ MJ/m 1• Muhiply by 

IH 60 0.0380980! 
14.65 60 0.03744787 
l·t.696 60 0.03733066 
¡.:_7 60 0.03732.050 
14 71 60 0.03724449 
1-l.H·P (,{) 0.0172.3261 
14.735 60 0.03723185 
14.'J 60 U.OJ6Ml955 
15.025 60 0.03651323 

Nore: The followmg srandud rondilions we~ usrd for inch-pound umts-a tempenture or 60°F and n p~ssu~ 
nf 14.73 poundo; per ~quare inch ab\olu:c TI1e followmg standard cnndrlmn~ were u~ed for SI umt~-a 
temperarure _of I5°C ami an .1bsolute pressurc of 101.325 kPa The following value~ were n\UITied: 1 ft = 0.304R 
m; 1 ps1 • -61:194757 ltVc: 1 Ht.urr "' 1055.056 J. The foUowmc mcthodology was used to obtam thc converston 
factors: 

Coov'"l!'l~-: O• tne "'MEI:::CAN P~H<O!...EUM H-IST;TUE ¡,:.p; 1 

Tue 0::: OB 14::7·1: ¡qqo 

( _J A '" \{ .!!.'.)[ r_ Y .!k.l- fmo< 
Bm 1 x JO~ J A m' Ts, A. P_ -
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APPENDIX F-HEATING VALUE CALCULATION 

3-F.1 General 
Hcating valuc is a gas propeny cvaluatcd on a pcr·unit mass basis (H,.). This propcny h 

tcchnically tenned an ''ideal property" (H~://). From a pr.u:tit..iil standpoint. in mass mea,ure
mcnt thcrc is no ditler~nce between the "ideal" and the .. real."' TI1e vaiue is con verted to a 
hcating valuc pcr cubic foot (HV) using thc following rcJationships. The mor~ common 
convcntion ha" hccn applicd in this appendix. 

,, 
/Jt' !:: 11,., !±.. = H,.,p¡, 

Z,, 
C3-F-I) 

TI u.! v:.1luc uf Hl/ is uscd :.~:.a factor in calculating the energy flow r:ue. or rhei~tal cnergy 
passing through the llo·.v mrter. H\' is also used for product specificaJ:ions. 

It is al so convcnicnr to detine the following: 

H,''t 
HV = 

Z,, 

3-F.2 Heating Value Symbols 
S)mbol I1.:scup1ion 

!/,. I lcating valuc pcr pound ma'is 
!J,.''1 Ideal heating valuc pcr pound muss 
f!, .. : Ideal hcating- vulue pcr cubil: fnnt 
H\' Gw:-..., hemmg value 
Mr. Molar ma~c;; of comprinent 

P,, Bnsc pre.ssmc 
~: Flowing prcssurc Cupsti'Có.l.m tapJ 
P. Vapor pres~urt: of wmt:r 

0 R Ah ... nlutc temper.Uttre 
1,. Ihl'...; tcmpcratun.: 
z.. G:1.., compres'iibility ar ba:-.c condilions (P,,. T,.) 
p.. Dcu:-.ity alba~~ Cl'nclitton~ (['¡,. T1,) 

p,'.t Ideal dcnsity nt b..~ ... e conditinJh 
O l\.lolc fraction 

O.. l\.1ok fr: .ction wutcr 

3-F.3 Heating Value 

Unih 

Btu/lbm 
Btu/lbm 
Btu/ft' 
Blu/ft~ 

lhm/lh-mol 
lbllin' cabs¡ 
lbt/in' Cabs¡ 
lbllin' Cabs¡ 

CR 

lbm/ft' 
lbm/tt' 
'i(/100 
t;'c/100 

Thl! ;,:w-.-; hcatin;,! v~1luc i~ au ideal ga~ propcrty ha~cu un tht! idt!al T\!i.H.:tion: 

Fuc\''1 + o~·~ ---;. co;·J + H:0
1 

.... so~·~ 

U'ht'l(',' 

SUJ1Ctscnpt t:i = ideal ga~. 
Suh"ct ipt 1 = hquid. 

0-F-2) 

0-F-3¡ 

( Each tucl TI.!LJ.Uin.:.; dil"ferent sroichiometric cocftidcnh. 1 This gross ideal hcating valuc in~ 
dude:- thc cncrg.y oln.aincd Lom thc comk·no;aliun uf tht.: water vapor ffomtt!d by thc itlcal . 
rci.\L'tauu cAprl.!v .. cd in thc cyuation\ :o the laquitl pha,c. 

lt ,IJould hi.! notcd th.u thc gm'\., h~.umg: valuc i~ cxp~ ..... ed per unit (pound mm .... t.lr l.: u bu: 
fnnt) uf <~y gH:-.. Ahhtm~h W1ltcr is a product uf cumbu ... tion. it is not indicatcd on thc lcft-
h:md !-.idl! of h¡uatinu ?.-F-3 1 1 cithcr the tucl or the oxyg:cn: water h: a result. nota pan. uf 
thc acaction 

Hc~ltm!! v,llm:: nl.ly be dctcnuincLI tlirt:ctly by a c.alurim~.:tcr. eichcr on linc or frum .c~ -;am
pk cylitl!kr. 1-icmmg v<tluc lllil}' al~n he calculated frum ga' <.~nalysis. 

Copvngr,-:. o~ ti"1e AMERICAN PETPOLEU"' !NS1'!TUTE (APi 1 
Tve Oct OE 14::- lS !'l<fo 
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3-F.4 Physical Proparties 
Table 3-F-1 lists physical¡;roper:ies of many of the compounds prcsent in natural ga• in 

various hydrocarbon mixture5. TIJe da1a in Table 3-F-1 llave been adjusted to base or stan
dard conditions, as defined in 3.2.3.4. 

Table 3-F-1 provides tlte best currently available data on physical propel1ies and is taken 
from GPA 2145-91. These data are subject to modification year1y as additiona1 research is 
nccomplished. Future rcvisicn.s to GPA 2145 may include updated values. The values of the 
most recent edition of GPA 2145 should be used. The user of the GPA tub1es is cautioncd 
that the infonnation presentf.d in them is calculated from differenr base conditions and that 
conversion is requ1red wheu the information is used with Part 3 (see 3.5.2). 

3-F.S Heating Value Determinad on a Volume Basls 
A calculation of a m1xture's gmss ideal heating value, usmg H_ values from Table 3-F· 

1 and using mole fractions of the gn.s composition, in vol ves detennining the heating valuc 
per unir volume of real gas. }fl! can be determined by using Equation 3-F-2 and the follow· 
ing relationsh1p; 

Table 3-F-1-Physical Properties of Gases at Exactly 14.73 Pounds Force par Square lnch Absoluta and 60°F 
(Ses Note 1) 

Thermal Encrgy 
Ideal 

P, T, Dmsity Viscosily H.,• H." 
M< (Jl"ia) ("R) G, (lbm/0') (t:p) (Btu/lbm) (Bru/ftl) 

Corr.pound Fonnula rNotc 2) (No:e 3) CNoce 3) (Note 4) {Note 5) (Note 6) (Nme 7) (Note 7) 

Hyrrogzn H, 2.0159 lb1.5 59.36 006960 0.00532 0.00871 61.025 324.9 
H!hum H< 4.0026 32.9 9.34 0.13820 0.01057 0.01927 o o 
\\a!t:r H 10 18 Ülj:' 3,200.1 1,164.8!5 0.62202 0.047!18 1,059.8 50.4 
Carbo:J monmude e o 28 010 517.5 2JQ.26 0.96711 0.07398 0.01725 4,342 4 321.3 
Nnrogc:1 r-;, 28.0134 493.1 227.16 0.%723 0.07399 0.01735 o o 
0'1:YI!en o, 31.998E 731.4 278.24 1.10484 0.06452 0.02006 o o 
Hydrogcn sulfuJe H,S 3~.01i 1306 672.i2 1.17669 0.09001 U.OJ240 7,094.2 638.6 
Argon "' 39.946 7104 271.55 137930 0.10551 0.02201 o o 
Cubo;¡ dtoxide co, 44.01() !.071.0 54i.42 J.jl9!15 0.11624 0.01439 o o 
A.r {Nmc 8) 28.962:" .546.9 238.36 1.00000 0.07650 0.01790 o o 
Mcthane CH, \6.04:: 667.0 343.00 0.5:5392 0.04237 0.01078 23,891 1.012.3 
Etlmm· C!H~ 30.070 707.8 :549.76 1.03824 0.07942 0.00901 22333 1.773.7 
PropJne C¡H. 40:..09/ lil:'i.O M1:'i.f...: 1 522:'i(i 0.11647 0.00788 21,653 2.521.9 
L'>o·Dutar.c C.Hu> Sfl 1:!:: 527.9 734.13 2.00684 0.15351 0.00732 21,232 3.2594 
n-Huum::: C4E1o su::: 54R 8 7G5.25 2.00684 0.15351 O.OOn4 21,300 3.269.8 
L~o-l'cntane C,l-in 7:!.15L' .. ')U.4 1!2!:!.70 2.49115 0.19057 21.043 4.010.2 
n-P<!ntJnc e~~: :o.:.ISú 4811.1 llti.SIIt. 2.<1911!S 0.190.57 21,085 4,018.2 
n-1-iex.mL C,)iH 8(• li7 4J9.S 911 .:; l.97.54i 0.22762 20,943 4,766.9 
11-Heptam: C1H 1, 100 20-l 397 4 970.Yi 3 4597f: 0.26466 20,839 5~15.2 
n-Oct;m: C,Ji 1, 1\-l.?.jJ 361 1 1.0 t7 .m 3.94410 0.3011'2 20.759 6.263.4 
n-NouJru: CJ-i1o : :!~-~5t 330 7 I.Oi0.5i 4.42842 0.33876 20.701 7.012 7 
n-lkc:me c,,,H¡z 1.0:2.285 304.6 1,\11 R/ <4.91273 0.37581 20,651 7,760.8 

Note~· 

i íhe 'ourcc for th~ dHtR rr: tltr' tahl~ h era.,_ Prm·o~ur> A¡,sod;;r un 2145-Q l. The accuracy of the experimental numbers ic; ec;umated to be 1 m 1000; the 
.:ddt!:onalligures a~ for calculatmn CO!l\1\te:'lcy. 
~ Thcfollowmgmolc:::ularwctglllswercused·C"' 12.011:11 = J.00i94:0 = 1~.9994:N:... 140067;and.S = 32.06(1979). 

·¡he dma m r!tese oolr;mns come trom the 1 hermodvnamtcS R.cseorch Cenler, lt:ll8s A&M Uruvcnny,IUPAC md Nanonal Bun:au of Standards aclections. 
Tbc 1deal rel.1.uve densLty t~ the n.uo of the molecular wetgt>t of thc gasto th.111 of atr 04r{Mr.;. 

( Ideal nemLl} = O 0026413Mr at 6()°F and 14 73 pounds raree per square mch abtolure. 
(:. Thc d111a rn Lh1~ column 11.r~ frum f':l R \'ltigafLU., Ta!JI~:J o.1 Tltumod)IIOilll~ Pro~nltS ofúqládJ andGaus (2nd ed.), New York, Wilcy, 197!5. 
i Scc [,quauon 3-f-3. Dcpendmg on trie iuel. the reacuon hn \lanou' stmcmometne coefficLent\. The H .. w column come~ fLOill data, whcrr:a .. the H .. u comes 
lrom muhiplymg H,:" by Lhe 1deal g~s dens1t)' Thc 1dca! ener.¡:y re!e.11sed as heat 1s/l., >4 muhiphed by the real r;u ftow rate (m cub1c feet per hour) dividcd by 
Z. Wat.!r has gross valucs tor Jf.,111 and H,"' (the 1de01l enthnlpy ot condensouon) 
F. Thc data m th1s row are from J·. E. Joncs, N11twnal litutau of 3tandalds Journal of H.estarch. 1978, Volume 83, p. 491. 

C~r-¡ght th tf"1 .. A~EP!CAN PET~OLEU,.. IN$TJTUTE (AP! • 
r~ oc::~ oe t<~:J-·tt; ¡Clqr;, 
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Or 

H," = t 1/!, (! !~" ), 

Whcn 

IVhere: 

tP = mole fraction Cpercent/100). 

//1' 

,., 

= H, .. , 

Z, 

3-F.6 Heating ValuEl Determlned on a Mass Basls 

(3-F-4) 

13-F-5) 

(3-F-2) 

Thc 4UI!SÜon of compressibility factor disappears when the ideal heal:ing value per pound 
mas!-. is used with the mass fl.ow rme. The following equation is applicable for using 1 /~, and 
Mr· val neo;. from Tahlc 3-F-l to calculatc thc heating value: 

ó,M•¡CH,::'J, + 1/l,M•;CH;~J, + ... + (I,M¡;.CH;~) .. 
Q,M•; + 1/J,M•; + ... + 1/l .. M•; 

f3-F-6) 

Or 

H,~/ ::;: !:'"=-''--,.---- 13-F-7) 

L"·M•; ,_, 

Tite rcsult from Equat1on 3-F-7 can be convcrtcd to thc gross hcating valuc pcr cubil; fum 
of r~al g;.¡s m hao;.e conditions 'Jy using Equation ?.-F-1: 

HV = !!"' p,:·· = H~:P~ 
~· Z,, 

3-F.7 Heating Value of a Natural Gas Mixture 
Contalnlng Water 

To del m~ hc;.1tmg valuc on a dry hast~ for gas containing water. the relution~hips in Equa
tiou., 3-F-l .tml 3-F-2 are valid if thc mol~ fracuon\ ofthc components are t.-orrect~d tur wa
tl.!r comcm by U:>lllt! Eyt~atn,n 3-F-~ and lhc compn::-.:-.ibihty (2) ri!Oecto; the watct cnntcnt· 

9 .. =0,(1-9,1 U-F-RJ 

\Vhcrl.! thc ga .. h water :-.aturat!.!d under tlowing conduions. Raoult'sla\v may be u:-.ed m 
~.!'>timare th!.! mole Iraction of water: 

lV/u_·n·: 

P. = :th~nluh." v;tpor p:l!..,!'tlrl.! ot water at tlo\ving conditions or ~· 

Tl1crdorc. 

Cooyr-19'"'~~ C· tr.e AMERICAN PET::<OLEUM INSTITUTE (A?!) 
Tue O<::t Oe ¡.:.:7.15 !QQt> 

(!, 

n-F-91 

n-F-IO¡ 
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APPENDIX G-DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS 

3-G.1 General 
Thc practicaloriticc fiow equation used in Part 3 is given in P.drt 1 of this stundard ~L'i 

Equation 1-2: 

Cl-2> 

Wllt'll': 

c:,OT¡ ; cncflicicnt of tli5.ehar¿e at ~~ specitic pipe Rcynolc..ls number for a il<ln~l·
rappcd oritil:e ml!tcr. 

Ami 

el 
!J.P 
E 
e¡,, 
p, .. 

; 

; 

; 

; 

; 

urHice pi ate bore dimnctcr calculatcd at ftowing temperJ.ture. 
oritkc tliffcrcutial prt.:ssun:. 
vclocity llf approach factor. 
ma"' flnw ratc. 
dcnsity of fluk at nowing: «.:onditions (~. 1]). 

N1 = fm:wr that incorporatcs the "'constanrs·· fnnn Equation 1-J aml the r~qui~d 
Illllltcric COJl\'Cr .... ions. including the folluwing: 

~- i4J:'il) 

4 
= t.:Oil<iOtant in F.quation 1-1. 

,_1202.1740J = 

¡ 62.36(13 

con.,.mnt in Equation 1-1. 

ctmvcrt'>t~Iffcrential pressurt! (ó.P) frum pound-. fun:c p::r square ttn1t hl 

inchc.;; of water m 60°F. y 12 

= convcns the diamc.tcr ofthc. oritkc hore (c/) from tt!et to inc:hc~. 

Thc!dtne. 

,\, ; (1.1415'1) .o 1? 7 o ifi2.1fi61(_1_J' 
4 \-!.-.l 4 '\ 12 12' 

o.u9n424 
IThh ¡.., ..:IHl\':ll ,,.., !he Ü1ctor tor U.S. unn~ in Pom 1. Tahlc 1-2.) 
t\o!~: s.>m..: 1\lnll..'lh .. Ullhlallh do UIJT h:w.:' uh~tllllt>! \",lltt~- llurcl\ltlllpk. ,-; .ut•i ~ ). Ttl 1!.\pr~· ... ,¡,., •i;!nilt.:am th<;th 
:h.:.;m,t:,_•l).tl:..: \,111: ..... \' ~~~ ~·•'IHJlUT<:d !hin,!! thmbk pt.:¡;Ntlllllh ·i~llltll".llll digibl. Th.: r.:,ul!-. \\Ct\.' rh~n rtltmll.:d 
'''TI:.· \".1\tt..:• •h11\'.!l 1:1 \lu, ·'!'l'~uh>.. hlTI..':t~.: IJt und:r,r.mllmó=. lh,.' t.••mnut,llU'It<. ~11\.' •htl\\n l<lt•nly -.n. '-i;!IIIII\.'Jilt 

.1!¡!11• 

M., .... n.m· ~_·:m h~· tnndilled to JliO\'itk volumc unit!-> by di\'iding tht! m~'"' by thc ~.ku:.ity 
at ha ... .: ¡;nndJITtlll.., 

''· 
tVhr•J t' · 

,, . = lll.l..,.., lln\'.' ¡;uc. m¡toumh 11101..,, pc1 \CL\lnd. 

''· ¡>,. 

; vttlumc llow ratio! m ba'ic cmuliuom, m cubic fcct pcr ~ccnnt..l. 
dt:usity a! h;hc <.:oudüion .... u1 poumb ma"' per c.:uhic foot. 

3-G.2 . Symbols and Unlts 
3-G.2.1 GENERAL 

Souw nf tltl! ~ymboJ... llt)(i units listcd below urc spcdtic: to Appendu. 3-B and wcn.: dc
vdtTJt.:d ha ... ~.:d un th:.: ~o:ustumary inch-pound ~y.'itl!m l•f unih. Regular convcr!'<lion fw .. ·wr ... ~.·un 

Copv.-¡ght tlv tn~ AMEP!CA~l PETPO'..EUM !NST!TUTE (ADi • 
Tu~ Oc::t oe 14< 1 ;.¡e JCI<;leo 
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be used where applicable; howe·1er, if SI units are used, the rriorc generic cquations in Pan 
1 should be used for consisteot results. 

3-G.2.2 SYMBOLS ANO UNITS 
Symbol Description Umts/Vahlc 

C,(Fr) Coefficient of discharge at a specified pipe 
Reynolds number for tlanged·tapped orífice 
meter 

d Orifice plate hore diamet~r calculated at 
flowing temperature, r; in 

D Meter tube imemal diameter calculated at 
flowing remperarure, Tj in 

E, Velocity of approach factor 
Of Temperarure, in degrees Fahrenheit 
"R Temperature, in degrees Rankine 459.67 + "F 
F,, Numeric conversion factor (see Appendix 

3-B) 
g, Gravitational consta.nt 32.1740 (lbm-ft)/(lbf-sec2) 

G; Ideal gas relati ve densny ( specific grevity) 
G, Real gas relritive density (specific grevity) 
h ... Orifice differential pressure inches of water column at 60°F 
N, Numeric cunversion factor (see Part 1) 
p Pressure lbf/in2 (abs) 
P,. Base pressurc lbf/in2 (abs) 
P¡, Flowmg pressure (upstream tap) lbf/m2 (abs) 
P, Standard prcssure 14.73 lbf/in2 (abs) 

Q,, Mass flow ratc per hour lbm/hr 
Q, Volume fiow rate per hour at standard 

(base) conditions ft'!hr 
R Umversal g:ao; constam 1545.35 (lbf·ft)/(lb-mol· 0 R) 
T Temperature OR 

T,, Base temperature OR 
·¡,; Flowmg temperature OR 
T, Standard tempernturc 519.67°R 
r ' Expansion factor (upstream tap) 
z, Compressibility at base:! condittom 

z ...... Compresc;ihihty of ~~r at 14.73 ps1a and 60°f 0.999590 
z_,, Comprcssibiiuy at upstrcam fl.owing 

condition<; 
Z, CompresstbiiHy at standard cond!lions (!;., T,) 
fJ Rmio of onñc~ plate lxlle diamcter to meter 

tu he mtemal <!mmeter (d/D) calculated at 
ftowmg tcmpcraturc, T¡ 

:r Universal constant 3.14159 
p, Ga!<> 1.lt:n!.lly at ba!le condltions (P,.. T". and Zh) lbm/ft' 

P""' Den<;ity of air al base condiliou~ (Pu. Tb, 
and Z,) lhm/ft' 

p" Dcnsny nt Howmg ccnditions (P¡. T¡. and Z1) lbm/ft' 
p,,, Densuy at tlowmg conditions (P¡

1
, 7.,, and z1,) lbm/ft' 

3-G.3 General Numeric Constant for Mass Flow 
Equnuon 3-1 expres'\es ftow in pounds mass pcr hour (Q~,) rather than poundo.;. ma'\s per 

second (q,.,) and req01rc~ an additional factOr, 3600, to convert from seconds to hour~. 

Copv~¡c..,~ r;. U>~ A"-'E='::;..:~ PElPO!..EU"" WSTJTUTE (AP! J 
iue o~~ o:: 14-:- :e ¡«-;.-

• 
r 
. 
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Therefore, in Equation 3-1, 

N, 0.0997424(3600) 

= 359.072 

And 

Q, = 359.072C¿!Fr)E.l;d' ~P.~, h. (3-1) 

Equalion 3-4a is Equation 3-1 divided by Pb• as described above. The numeiic constant 
is the same. 

Q, = 
359.072C,(Fr)E,Y,d' ~ P •.• ,h. 

p, 

3-G.4 Numeric Constant for Mass Flow Developed From 
Ideal Gas Relative Denslty 

Equation 3-2 substirutc.s Equation 3-55 for Pr111 in Equation 3-1. 

359.0?2C (Ff)E Y.d' /Jh G,(28.9625)(144)h. 
' " ' 1: Z RT. 

~ '/, 1 
Q. = 

Where: 

28.9625 = molecular weight of dry air. 
1545.35 = universal gas constant (R). 

(3-4a) 

144 <== factor to convert prcssurc from pounds force per squarc foot to pounds 
force per square inch. 

In Equo.tion 3-2. therefore. 

And 

N, 359.072\/28.9625( 
144 

) 
1545.35 

= 589.885 

{r.l,"h 
Q = 589.885C (FT)E l' d' · -· -· -· 

., d ' t \1 z T. 
~ /, 1 

3-G.S Numeric Constant for Mass Flow Developed From 
Real Gas Relative Density 

(3-2) 

Equation 3-3 sub~tLtutcs Gr for G, in Equauon 3-2 thruugh the use uf Equatiun 3-48: 

Q = 589.885C (Fl')E Yd'/• i;i5)f/C 
• '' ''\·ZZT 

f.,, ¡, 1 

And for swndurd condiuons. 

Z,_ = Z,~ = O. 999590 at 14.73 pSia and 519.67° R (60° F ¡ 

In Equatron 3·3. thcrcforc. 

And 

Cop,r¡gr-':. tJv the A"1EJ<ICA~< PETROLEU~ !NST!TUTE (AP; 
Tue 0<::-:. oe t.:.~i.Je ¡qqo 

Q •. 

589.885 
.,Jo.99959D 

= 590.006 

590.006C (FT)E Yd' f Z,G,lf,h. 
J ' '\fzr: !. 1 

(3-3) 
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3-G.6 Numerlc Constant for Base Volume Developed From 
Ideal Gas Relatlve DensHy 

The constan! 359.072 in Equation 3-4a was developed in 3-<1.3. Equation 3-5a substi
tutes Equation 3-55 for p,., and Eqcation 3-56 for p, in Equation 3-4a. 

359.072C,(FI')E,Y,d' ~ p,, h. 
Q, = · ' (3-4a) 

p, 

359 072C (FI')E Y.d' 1,1 G, (28.9625)(144)h. 1 Z,RT, 
• ' '

1 Z~RTj '\ i¡G,(28.9625)(144) 

Where: 

1545.35 = universal gas c<•nstant (R). 
28.9625 = molecular weh,ht 'Jf dry air. 

144 = fuclOr to comcrt flowing pressurc (P¡,) from pounds force per square foot 
to pounds force per square inch. 

144 = facwr to convert base pressure (Pb) from pounds force per squnre foot to 
pounds force ¡ •er square inch. 

In Equation 3·5a, theretore, 

359.072,ÍI545.35( 
144 

) 
V 28.9625 

N, = 
144 

= 2~8.573 

And 

Q = 218.573C (FI')E Y.d' T,Z, 1 f!.h, 
/¡ d V 1 1! \ G:Z¡,T¡ 

l·or the followmg standard conditions: 

lo Equalion 3-5b, 

Therefore, 

P.- = ~ 
= 14.73lbf!in' (abs) 

T~ = 1's 
= 5!9.67°R (60°F) 

zt :;;; z. 
= cvmpress1biluy of thc gas atE: and T.t 

N 
' 

218.573(519.67) 
14.73 

1711.19 

(3-5a) 

• P.Jr 
Q. = 7711.19C(FI')EY.d'Z ,_,_ .. _. (1Sh) ' ·' ·yazT. .-. 

' 4/, 1 

3-G.7 Numeric Constant trr Base Volume Developed From 
Real Gas Relative Density 

Equation 3--tia ~ub~Ututes (j~ for G, m Equation 3-5a rhrough the use of Equation 3-48. 
The inclusmn of pb moves tltis CO•TCctwn to thc numcrator: 

Copvr¡gt"'~ o. tr.e A"'EP!CAN l'lETPO:..EU"1 INSi!TUTE (AP¡ i 
Tve Oct OE )4:1-.J:: ¡Oqo 
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In Equation 3-6a, therefore, 

N1 = 218.573 

Por the following slandarri conditions: 

In Equation 3-6b, 

pb ;;;; Ps 
= 14.73 lbf/in2 (abs) 

Tb = 1's 
= 519.67"R (60°F) 

Zb..., = Z...,, 
= 0.999590 

218.573( 
519

·
67 

yo.999590 
14.73 

7709.61 

, P, Z,h. 
Q, = 7709.61C.(Ff)E,Y,d G,z,r¡ (3-6b) 

3-G.B Numeric Constant for Standard Volume Developed 
From Real Gas Relatlve Denslty 

In Append1x 3-B, F,. as cxpresscd in Equation 3-B-5, includes additional numeric ratios, 
as stated in Equation 3-B-1. including the following: 

519.67 = ba~c. temperature at 60°F, expressed in degrees Rankine. 

-
1
- = base pressurc of 14.73 pounds force per square inch absolute. 

14.73 

~ 1 
= llowmp temperature at 60°F, expressed in degrees Rankine. 

519.67 

~0. 999590 = compressibility of air al the base pres~ure of 14.73 pounds force per 
square inch absolute and the base temperature of 519.57°R. 

In Equation 3-B-5. thereíore. 

= 218.573(519.67) 1 1 
N¡ 14.73 V519.67 

And 

Or 

Copv~~~~.~ b• tMe AMERiCAN PET~O~EU'"' INSrrruTE !AP:' 
iue Oc:~ 0!: ¡¿,,:; lE ¡QQ:;. 

~ 338.196 

338.196E.d' 

/~ 33H.I96E.D'jl' 

(3-B-5a) 

(3-B-5b) 

1 
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Chapter 14-Natural Gas Fluids Measurement 

SECTION 8-LIQUEFIED PETROLEUM GAS MEASUREMENT 

14.8.0 Scope and Purpose 
This publication describes dynamiC nnd stntic metering systems used to mcasurc 

hquefied petroleum gas in the density range of0.30 to 0.70 grams per cubic centlmctrc. 
Tbe physical properlies of the components to be measured and the mixture composition of 
liquefied petroleum gas should be reviewed to determine thc mcasurement system to be 
used Vanous systems and methods can be used in metering the product. and mutual 
agreement on the systcm and method between the contracting parties is required. 

This publication does not endorse or advcx:ate tbe preferential use of any specific type of 
meter or metering system. Further, this publication is not intcnded to restrict the future 
development of meters or measuting dev¡ccs nor to in any way affect metcring equipmcnt 
already installed and m operdioc. 

This publication serves as a guide in the selection. installntion, opecation, and mainte
'l:=:tnce of measuring Systems apphcable to liquefied petroJeum gases and includes func
tlonal descript10ns for Individual systems. 

14.8.1 Application 

This publicatlon docs not ser tolerances or accuracy limits. The application of the 
mformation here should be adequate to achieve acceptable mea.surement performance 
usmg good measurement prnctices, whilc in addition considcring user rcquirement~ and 
applicable corlcs and rcgulahons. 

Systems for measunng liquefted pelroleum gases use either volumetric or m~ Ueter
minallon methods, and both methods apply to either static or dynsmic conditions. 

Volumctric mcthods of measurement are gencrally used where physical property 
changes in tcmperature and pressure are known and correction factors can be appltcd to 
correct the measurement to standard condHions.' Volumctnc measurement is apphcablc to 
most pure coñlj:mncnt!l and many commercial product grades. 

Mass Uctt:nnination methods of mcasurement are most commonly used where condi
[Ions tn addil1on ro tcmpcraturc and prcssure will affect the measurement. Such condltions 
mclude compos!T10nal changes, mtermolt:cular adhe.sion. and volumetric change.s caused 
by solut10n mtxing. :VIass m.::asuremcnt is npplico.hle to ilquefied pctroleum gas mtxturc~ 
where nccuratc phystcal corrcction facrors havc not been detennined and in sorne man
utacturing process~s for a mass balance. 

Many of thc measurcment proccdurc" pcrtaining to thc mcasurcment of othcr products 
are apphcable to the measurement of liquetied petroleum gases. Howéver, ccrtain charac
tenstn.:~ of li4u~:fieJ pctroleurn gas requ1re extra precautions to 1mprove measurernent 
accuracy 

Ltquehed petrolcum gas will rc:main m the liquid state only if a pressure sufficiently 
greater than thc equiltbrium vapor pressure ts mamtained (see Chnpters 5.3 and ó.ó). In 
liqUid meter systems. adequate pressure must be maintamed to prcvent vapori:r..ation 
ca u sed by pressure drops attributed to piping, val ves, nnd meter tubes. When ltqucficd 

' Stdlll.IMr.i tefno::rarurc ~~ 60•F 1n thc: En~hsh (or customary) system and 13•c m the Jmcmnllontd Systcm of 
Unm (SI) Standard prcssurc •s tnc Vl!.por prtssurc: al 60"F (JY'CJ or 14 696 pound\ pe!" squan: inch ah\olute 
001.325 l!lopa"als), whoctlcvcr 15 lligber Tlm •~ not thc S11mc pn:uure bibe ~tandard as that usecl for gas. 

Coo-..r:9~: o. tn~ .:.~;::o¡:;;~: P;,:;;;o~<;:U"" !NST:TUTE fAP: 1 
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petroleum gas ts stored in tanks or containers, a portian of the liquid will vaporize and fill 
the space above the liquid. The amount vaporized will be related to the temperature and 
the equilibrium constant for the mixture of components. ~---

Liquefied petroleum gas is more compressible and has a greater coefficient of thermal 
expansion than the heavier hydrocarbons'. Thc applícation of appropriate compressibility 
and temperature correction factors is requircd to com:ct measurements to standard 
conditions, except when measurement for mass detennination is from density and volume 
at metering temperatures and pressurcs. 

Meters should be preven on each product at or near the normal operating temperature 
amJ pressure. Should thc product or operating conditions-Cbange so that a signifu.;ant 
change in thc meter factor occurs, thc meter should be proveo again according to Chnpters 
4 and 5. 

14.8.2 Referenced Publlcatlons 

To the extent spccifled in the text, the lntest edition or reVision of the following 
standards and publicatiOnS form a part of this pubhcation. 
API 

Manual af Petroleum M~asurem~nt Srandards 

ASTM 1 

Chapter 2, "Tank Calibration'" (in prepanllion) 
Chapter 4, "Proving Systems·· 
Chaptcr 5.2, "Meastrrm"~Cnt of Liqu1d Hydrocarbons by Fositive Displacement 
Meter'' 
Chnprer 5.3, "Turbinc Meters" 
Chapter 5.4, ''lnstrumr-ntation or Accessory Equipment fa¡· Liquid Hydrocarbon 
Metering Systems" 
Chnptcr 6 IÍ, ''Pipeline Mctcring System~" 
Chapter 9.l, "Hydrometer Test Method for Dt:nsity, Relative Density, ur API 
Gravit)' of Crude Petroleum and Liquid Pctrolcum Producl'i" 
Chaptcr 11.1, "Volume CorrectJon Iactors" 
Chapter 12.2. "Calculation o[ Liquid Petroleum Quantities Measured by Turbine 
nr f)¡splaccmcnt Mcrers" 

Chapter 14.1, ''Meas•Jnng, Samplin~. Testmg. am.J 8: se Conditions for Natural 
Gas Fluids" 
Chaptcr 14.3, "Oriflce Metering of Na~ Gas" 
Chaptcr 14.4. (m prepardtJon) 
Chap1··~ 14.(1, "lnstnlling nnd Pmvmg Dcn.,.Jty Mctcrs" 
Chapte-:- 1-4.7. Un preparntton) 

DS 4Á Ph.i:ncal Corwanrs oj H.vdrocarbons C, 10 C,~ 

GPA 1 

2140 Uc¡ucfwd Perruieum Ga.\ Specificarwns and TeM Methods (ASTM D 1265; 
ANSI Zt 1 '!1) 

2145 Physic..:al Conslants jvr the Puraj]in Hydrocarbons and Other Components of 
Narurai Gas 

2165 M~thodfru· A"alys1s of Natural Gas L1qUld M1xrures by Gas Chromatogrnphy 
2174 Mt:Ihuci fUI Obicúning Hydroc:arbotl Fluid Sumples Usmg u Floatmg Püton 

Cylmder 

¡ Amencan Socu:ty for Te~11ng and Matenal\, 191{1 Race Stred, Philadelptm, Penn\ylvama 19tOJ 
'G~ Pruce~wn. Assocumor., 1812 Fu-st Place, Thlsa, Oklahomil 74103 

Copv~¡~M~ cv t~~ A~ERICAN PETRClEUM INSTITUTE IAP!' 
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2177 Tentative Mdhod for the Analysis of Demethaniud Hydrocarbon Liquid 
Mixtures Containíng Nitrogen and Carbon Dioxide by Gas Chromatography 

2261 Method of A.naly.ri.'i fnr Natural Gas arul Similar Ga.tenu.v Mixtures hy Ga.t 
Chromatography 

8173 A Standard for Converting Natural Gas Liquids and Vapors to Equivalem 
Liquid Volumes 

GPSA'' 
Engineering Data Book 

14.8.3 Requirements for All Measurement Methods 

The following ge(teral requirements apply to dynamic measurement systems using 
either volumetric or mass detennination methods of measuring liquefied petroleum gases. 

14.8.3.1 PROVISIONS TO ENSURE THAT FLUIDS ARE IN THE LIOUID 
PHASE 

Provis1ons l:.h~ll be made to ensure that Jiquefied petrolewn gas measurement conditions 
of temperature and pressure will be adequate to keep thc fluid totally in the liqllld phasc. 
Measurement m the liquid phase must occur at a pressure at least 1.25 times thc 
cquilibnum vapor pre!sure at rneasurement temperature, plus twice thc pressurc drop 
across the meter at mrl.Ximum operatmg flow rate, or at a pres~ure 125 pounds per square 
mch higher than th~ vapor ¡;ressure at a maximum opcrating cempcraturc, whichever i~ 
lower (see Chaptcrs 5.3 and 6.6) 

14.8.3.2 ELIMINATION OF SWIRL 

To prcvcnt swtrl through the measuring device whcn using mrbinc or orif1cc mctcrs, 
stratghtcmng vancs ur adequate unrestrictc<.l straight lengths of piping should bl' uscd 111 

the upstream and dnwnstre.dm metering tube. 

14.8.3.3 TEMPERATURE MEAS:UREMENT 

l~mpcraturc rncasurements, \l'here requU"ed, should be made at a point that mdicates 
condition~ m the mcasurirg dev1ce. The accuracy of instruments and the type of m~asun::
mcnt u~cd are spcclficd m Chaptcrs 5.2, 5.3, 54, ami 14.6. 

14.8.3.4 PRESSURE MEASUREMENT 

Prcssure measmements, where requtred, should be made at a point that w!ll be 
responsivc to varymg pressure condlltons m the meilsuring device. The accuracy of 
instrumcnts and thc lype of measurement used should be as described in Chap!ers 5.2 and 
14.6. 

14.8.3.5 DENSITY OR RELATIVE DENSITY MEASUREMENT 

.. 

· "" ..,.,é'ró'nnó~¡,iU.M~~~r.i ~~t~}~lt!'Tfi~Yc~l,{i:'Y-r.~~~~)#.'t.~~aa i•c· <C>•loxllax 

should be senstt1ve 10 varymg condJtJons m the measurin~ devJce. Densities to be used for 
mas~ measun.:mcnt dcterminauon must be obrained at the same flowing condit10ns that 
cxi!'it at thc meter. Thc accuracy of mstruments and t11c typc of measurcment U!'Cd !'hould 
be as dC"S-cnhed in Chapters 9 and 14.6. 

'Qa¡ Procc.ssors Suppbe~ A¡soclatJon, On:ler from Gas Processors AssocJatJon, 1812 Fust Place, Thl.sa, 
Uklahom!l 7-4103 
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14.8.3.6 LOCA110N OF MEASURING ANO SAMPLING EQUIPMENT 

Measuring and sampling ('quipment must be located to minimize or eliminate the 
influence of pulsation or mechanical vibration caused by pump or control val ve generaled 
noise. Special precauuons should be taken to minimi7.e or eliminare the effects of 
eiectrical interference that may be induced in the flow meter pick-up coil circuit. 

14.8.4 Volumetric De~ermination in Dynamic Systems 

Measurement of liquefied ¡retr3leum gas (liquid pbase) in a dynamic condition can be 
performed using severa! measiJrement dev1ces. Tbe use of a specific type of measuring 
device is Uepcndent upon mutual agreemenl between thc: contracting parties. 

14.8.4.1 MEASUREMENT BY ORIFICE METER 

Measurement of liquefied petroleum ga!\es by orifice meter shnll conform to Chapter 
14.3. using orifice and line int~mal diameter ratios and appropriate coefficients for flow as 
agreed upon between che parties. Location factors, F,, aml orifice thermal expansion 
factor, F., should be used where applicable according to thc procedure in Chapter 14.3, 
Appendix B.l4 and B .15 respet:tiveJy. tvlanometer factors, F,., must be calculated accord· 
ing to the procedure in this s~c:tion for recorders utilizing mcrcury manometers. (F,. = 
1 000 for bellows typc differential pressure instruments.) 

Measurement of liquefied petroleum gas having a high vapor pressure is simplified 
where delivcries are obtamed m mass units, by multiplying thc volumc ni flowing 
condit10ns times tht: c.lensity or relatiVC dens1ty (measured within prescribed hmits at the 
sorne flowing tcmperature and p1essure that exists at the meter) times an appropriate 
constant. Calculation of the vo 1ume at standard conditions can then be made using 14.8.6 
or OPA Standard 8173. 

The following equarion<> can be uscd to detennine flow rote: 

l. Fluw rate in cubic ft:et per hour at flowmg conditJOns. 

Q, = ~ 134452 F,F.Y F.F.F, 'f h. 
G, 

2. FIO\.'v' rat~.: in puumb 111ass per hoU! 

Q. = S.3~53 F,F,Y F.F.F, ..¡¡;:e;; 
Q, = 1.0618 F,F.Y F.F.F, ~ 

3 Ruw rate in culHc feet per huur at base condiuons. 

0.134452 

1.0618 F.F,Y F.F.F, ~ 

~\!here 

F~ basic orif1ce factor from Chapter 14.3 (F, = 338.17 d 1K0). 

Copvr"!~H"I~ tl• <:.ne AMEPJ:Ar, DET~C~EU'"' !N!;T;TUtE IAP:. 
Tue O~! OE !5:25 52 !QQo 
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F.. = manometer factor for mercury manometers only. 
Y expansion factor. calculated using a speciíic heat ratio for flowing conditions as 

detennined frorn data or an equation of state . 
. F, Reynolds number factor. 

ll1e Reynolds number factor may be calculated using b values from Thble 5 or Table 9 of 
Chapter 14.3. CAUTJON: Do not use the equations for F, in Thbles 5 or 9, but use the b 
values only in the following equations to obtain the Reynolds number factor 

F, + b 8,423¡J.,., = + b 1,067 ""'· 

~ ~ 

+ b 271,000¡;., + b 34,316¡;., 

v:r;; ~ 
F, 

+ b 5.66¡;..., + b 0.7167¡;.., 

~ ..¡-¡;:-c. 
F, 

b = E 
12.835dK 

The Reynolds number factor also may be calculated from the following: 

F, = 1 + EIR, 

Where: 

R~ \'.dp 
12¡;.,., 

d d1ameter of orifrce, in inche~:~. 
p density, m pounds pcr cuhic foot. 
Vr veloc11y of jet m ont·cc, 10 feet per second. 
J.L 1111 :;;: absolute viscosity, m pounds per foot per second. 

R, 2,267.ó dK .,¡;;::p; 17,909 dK ...r;;::G: 
JJ.. ¡;.., 

R, O.Oq3t> dK ...¡¡;¡ 0.37405 dK ..,¡-¡;;e, 
f', J.l.. 

R, 5 23 H dK "\fh..e~ 12.034 dK '\Jh:G, 
f'" ¡;.., 

Ra can aho b:..: Uctermined hy lrial ;.md error a~ follows: Set F, = 1.000 m the fl()l.l.l 
e4uation !O gel an Jpproximarc Q~ nr Q •. and uo:;c thic;;, rcsult to calculatc F,. W1th thio; 
calculatcti value of 1, obtam a new value ofF, and of Q,.. or Q •. Repcat this process until 
the valuc uf Q .. or Q. is .~o·ithin rhc limus des1red. 

R,. 

R,. 0.0001319 Q, 
U¡;., 

R, ~ Rn!J> 

-~CJ4 30 Q_c, 
D¡..¡.,, 

0.004244 Q. 

Ccpvr¡c".: tl> tno: AMERICAN PETPOLEUM INST!TUTE (APlJ 
Tve O~~ OS :5:25:52 ¡cq~ 
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K, = 

Whue: 

~'-•· 
IJ.. 
IJ.,. 
IJ., 
p. 
p, 

D 
d 
(3 
e, 

c. 
K 
K 

K, 

Where: 

F, 

F, 

= 

CHAPTER 14-NATURAL GAS FIJJIOS MEASUREMENT 

+ 0.1582~ E Dll-u 
Q. 

1 + 7581.5(3 E D~J., 
Q. 

1 + 0.002539(3 E Dfl., 
Q,G, 

1 + __ ~23~5~.6~3~@~E~D~&~·~ 
Q. 

absolute VJscosity, in pounds per foot per second. = g¡.¡., 
absolute v¡scosity, in pounds per square foot per second. 
absolutc vJscosity, in centipoí~es. 
0.03108....,, = 0.00002089f'.w 
density of liquid, in pounds per cubic foot at base condítions. 
denstty of hquid, in pounds per cubic foot at flowing temperature and pres-
su re. 
d1ametcr tinside) of meter tube, in inches. 
d1ameter of orifice bore, in inches. 
d!D (commonly cahed the beta ratio). 
relative densuy at flowing conditions. Ratio of the density of thc liquid at 
flowing conditions to the density of water a1 60°F. (The U .S. National Bureau 
of Stnndnrds hns e:-:tnblished 0.999012 grarn per cubic centimetre as the 
density of air·free pure water in a vacuum at a temperature of 60°F and a 
pressure of 14.696 pounds per square inch and standard gravitational acccicra· 
tion of 9MO .665 centimetres pcr second per second.) 
rclative density of IJquid at base conditions. 
cocfficient of discharge for a sharp edge orifice. 
K, (1 + !::IR,) 

K 

1 + __ -,-e.I::.5"'E,.,-,-
1.000,000d 

,. 

K o coefficicnt of discharge for infinite Reynolds numbcr. 
K coeff1cient of dischargc whcn the Reynolds number is equal to 

I.OOO,OOOd 
15 

E d(83U - 50000 + 9000W - 4200W + 520 ), for flan~e taps 
VD 

E ~ d(90ó - 500013 + YOUOW - 4200P' + 875 ), for pipe taps. 
D 

For flange tap.<. 

r0.3(>~ _ o o76 Jw 04 [,6 _ t T [ (0.07 r o 5993 ~ + .,. o¡; l-(3 VD 

- [o.oo9 + 0~34 J [ 0.5 -(3r , [ ~ + 3J [(3 _ 0.7r + 0.007 
u 

Copyr1g11~ O• tt'le AMf¡:;>!CAN PETRQLEU"' lNSirTUTE !A~;) 
~ue Oc~ 09 15:2~·52 ¡qqo 
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SECTION 8-UQUEFIED PETRCI..EUM GAS MEASUREMEHT 

Foc pipe taps [ 

K. = o.5925 + o.~82 + o.440 - o~6 Jw + [o.935 + o.;:-5 J w 

+ 1.35 13" + 1.43 

'\[D 
(0.25 - J3 ) " 

NOTE: When any of the tcnns in K. is m:gative, that tenn is &el cqual to zero. 

F. = Iocation factor. 

The location factor JS used to correct for the change in specific weight of (a) 
!he mercury in mercury manometer type differential gages, (b) !he calibrating 
hquid in the test manometer, and (e) the weights for a deadweight gagc u sed in 
calibrating the instruments. See Chapter 14.3, Appendix B, B. 34 for cqua~ 
uons. 

F., manometer factc•· 

The rnanomete: factor is required only in mercury manometer typc gages to 
correct for the error in differential pressure indication caused by the we1ght of 
the liqutd column above the mercury nnd the change in the density of the 
mercury at temperatures other than thc: base temperaturc of 60°F. 

Where. 

P. 

F. = 0.034374 '\)p. p, 

density of mercury at ambient temperature, in pounds per cubic 
foot. 
846.324 [1 - 0.000!01{T, - 60)1 
T. = ambient temperature, in degrees Rlhrenheit. 

p, density of hquid on mercury at ambaent h~mperaturc, in pounds pcr 
cubic fom. See Chapter 11.1, Tabics 6, for density correction. 

F. orificc thcnnal expans10n fRctor. 

Thas factor 1s U!.ed to correct for the error rcsulting from the expansion or 
contractaon of thc oriflce bore at operating temperatures different frum the 
tcmpcraturc of thc platc whcn borcd, usually assumcd to be óR 0 F. 

F, ... 0.0000185 ("F - 68) for Type 304 and 316 stamless stccls. 
F, + 0.0000159 ("F - 68) for Munel. 

14.8.4.2 MEASUREMENT BY POSITIVE DISPLACEMEÑT METER 

The manufacturer·._ recommendatiom; should be carcfully considered in sizing turbine 
and positlve d1splacement meters (see Chapters 5.2 and 5.3). 

Air cllminators !)hould be used with caution, particularly where the line in which thcy 
are insta!lcd could be shut-m occas10nally, and whcrc complete vaporization could occur 

Yapa:- funnat10n, resulung frum the effects of ambient temperaturc or heat tracing on 
the hne ilhead of the meter, could cause maccuracies nnd damage, whicb are most likely ro 
be encount~red dunng startup Cauuon must be exerc1sed. 

Cocvngnt bv tn"' AMERICAr~ PETROL.EUM INSTITUTE IAD!) 
Tu.., Oct 08 15:25:52 !OOo 
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14.8.4.2.1 Volume at Standard or Base Condltlons 

Liquid mea.surement hy poJ:iitive displacement meters should conform to the procedurc.s-:-· 
in Chapter 5.2. Appropriate correcuon factors should be used to adjust the measured 
volume to standard conditions by correcting for temperature, pressure, and meter factor. 
Factors to be applied will be found in Cbapters JI and 12. 

The positive displacement measurement equation is: 

Where: 
V, 
V, 

M.F. 
e, 

e,, 

14.8.4.2.2 

V, = Vr X M.F. X C1 X Cp 

volume ar hase or standard conditions. 
volumc at flowing conditions, indicated by a measunng device. 
meter fnctm; obtnincd by proving the meter nccording to Cbnpters 4 and 12.2. 
correction factor for tempcrature to correct the volume at flowing temperature 
to standard temperature. See Chapter 11.1. Tables 24, or other agreed-upon 
rabies. 
correction factor for pressure to correct the volume at flowing pressure to 
standard conditions. See Chnpter 11.1, Tnbles 24, or other ngreed-upon 
tables. 

Volume at Flowlng Condltlons for Mass De1ermlnatlon 

Thc vulume measured at flowing conditions (V .. ) times the meter factor equals the 
volume nt flowing conditions. Dlsplaccmcnt meters uscd for volumetric measuremcnt in 
deriving total mass shall confonn to thc standards described m Chapter 5.2 for the service 
intended. Temperarurc or pressurc compensation devices are not m be used on these 
meter:; and the accessories used shall conform to Chapter 5.4. 

14.8.4.3 MEASUREMENT BY TURBINE METER 

Scc 14.8.4.2 for cautions about air eliminators and vapor fonnatton in lincs. Also 
~:arefully cons1der the manufacturer's recommendations abouc sizing of meter~. 

Liquicl mcasurcmcnr by turbinc meter should confonn to the proccdurcs dcscribcc1 in 
Chapter 5.3. Appropriatc correction factors should be useú that will adjust the measuted 
volume to standard conditlons by corrcctmg for tempernture, p1cssure, and meter factor. 
Pactors to be applted will be found in Chaptcrs 4, 11, and 12. 

The following cquat10n 1:. uscd when measuring by turbmc meter. 

Whac: 
v, 
1', 

M.F. = 
C,l = 

~\ = \/r X M.F. X C,1 X C~ 

volumc .1.1 h;-tse or standard conditJOns 
volumc d! nuwing l.omlittun:.. intlit.:alt:tl by a rnca~uring tlevice. 
rnet~ fc:ctor. ohtmncd hy provmg the meter nccordmg to Chnpten: 4 nnd 12.2. 
corrccuon factor for temp:rature to corrcct the vo!ume at flowmg temp:::rature 
tu i:otantlatd tcmperature. See Chapter 11.1. Tablci:o 24, or other agreetl-upon 
tah!c.;. 

Cr1 ,;:_ couectwu factor for pr~ssure to correct the volume at flCM'mg pressure to 
standard conduions. See Chapter 11.1. Tables 24, or other agreed-upon 
tablcs 

Thrbine meters u~etl for volumetric measurement in derivmg total mass shall conform to 
C:haptcr 5.:tfor rhc scrvtc::: mtcndcd. Tempernture or pressure cornpensating dev1ces shall 
not be useU un these meters ami accessones shall conform to Chapter 5.4. The mass 
delivered nnd the volumc of ench component at standard conditions may be determined 
accordmg to Chapter 14.7. 

Copvr¡gnt bv tn~ A~ERICAN PETROLEUM INST!TUTE (AP;' 
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14.8.4.4 MEASUREMENT BY OTHER DEVICES 

Dynamic mensurement of líqUf•.ficd pctmleum ga~ can be ac:complished usmg other 
types of equipment by mutual agreement of the contracting parties. 

14.8.4.5 METER PROVING 

The primary measuring device must be compared to a k.nown standard. Companson toa 
standard ls accomplished by proving dispiacement and turbine meters using a pipe provcr 
calibratcd in accordancc with Chapter 4. Tank-type provcrs are not rccommended because 
liquefied petroleum g<!:.. may vaporize in the tank, making accountability for these vapors 
difficult. When a meter is nsed to measure more than onc product, tbe· meter shall be 
proved at the operating rates of flow, pressurc. and temperature and tbe :spedfication of the 
liquid that it will meas•.•re :n routine operation. Several meter factors may be required 
where norrn:JI operatior.s change significantly. The proving device should be installed so 
that the remperatUie and pressure within the pruver and meter coincide as closely as 
possible. Should meter a11d prever tempernrures or pressures vary, the prever volume shall 
be cnrrcctcd to meter cperatmg condittons accorrlmg to Chapters 4, ll, and 12 oras 
agreed to by thc .:·.mtracting parties. Factors shall be adjusted as required betwecn proving 
dates as a result of significnnt changes in metering prcssure and/or tempemturc since the 
last provmg. 

14.8.4.6 SAMPLING 

Sampling shaJI be accomplished to yield a sample that ¡s proportionaJ to, and reprc:senta
tiVt! of. tht: Ouwing Mream dunng the mcasuring interval. Proportiona) samplcn; take small 
!'iamplcs· of thc flowmg stn.:am proportional to the flow rate. Time incremental sampling 
may be used only when the fiow ratc i.!l con~Lant. 

Thc ~ample collecting system shall be designed to contam the collected samplc in thc 
liqU!d statc. Th1s may be done using a pistan cylinder ora cylinder with a bhuder. 8oth 
the p1ston cylinder and bladder cyhnder normally use inert gas vapor, hydraulic oil. or 
pipeline Ouid to oppose the liquid m¡cct10n anc1 maintain a pressurc leve! abovc the vapor 
prcssure of thc sample A typical pwporttonal sampler is described in the appemJix lo thi~ 
publicat1on. 

Prccaut¡ons shall be taken .o av01d vaporization in sample loop hnes when opcrating 
near the product vapor pres~ure. In sorne instances, insulating sample Jine~ and sample 
container.; or cnntrollmg the prcssurc or tcmpcraturc of samplc containcrs contruning 
volattk matenals may be necessary. 

Sample loopb should bt: shon and of small dJameter, sampling from the ccntcr of the 
!itrcam Act~quatc ~nmplc loop flow rates should be maintamed to keep fresh product at the 
sarnplc val ve am.ILu reduce the ltmt: lag, between the meter and thc sampler toa minimurn 

All .sampte lmeb, pumps, nnd reloted equipment should be purged or hlcd clown whcn 
liarnple collec!JOn cyilnders ar-: emptted to avoid contammation or distortion of the llowmg 
samplc Sampler !<>yMem~ shuuld be dcstgned to minimize dead product arcas, whtch 
could distnrt "amplcs. 

Obtatmng a rcpJesentatJ"C sample for lransport to the laboraJ.ory shall be in accurdance 
wirh GPA 2174, Appendtx B of Chapter 14.1, or othcr rec'ogniz.ed safcty proccdurcs. 
Sample canta me~ must be ad~c;uatcly s1zed. U samples are to be sh1pped by common 
carrier, containt:rll rnust comply with the latest hazardous rnaterials rcgulations of thc 
United.Statcs Depurtment of Transportalion 

Products or m1xtures thr.~ havc: cqutlibrium vapor pressurcs abovc atmospheric pressure 
shall be maintained at a pressure wherc vaporizauon cannot occur within the on-line 
samplc systcm nr transfcr contamers. 
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CHAPTEA 14-NATUAAl GAS FWIOS MEASUREMENT 

Use of sample collection and transportation containers cquipped with floating pistons or 
bladders (and equipped to maintain sample storage pressures above vapor pressure) is one 
effective way to avoid liquid·vapor separation. \Vhen using this typc of equipment, 
adequate precautions must be o?served to allow for thermal expansion of !he product so 
that excessive pressure or release of product does not occur. Procedures described in the 
appendix of this publicat10o may be used. 

Sample handling procedure• outlined in API Chapter 14.1, Appendix B, using immisci
ble fluid outage cylinders, may also be used. Water used with this method may result in 
removal of carbon dioxide O! o:her water-soluble components from tbe sample. 

Sample injection pumps ur devices tl}at inject the sample into containers shnll be 
designed to deliver a constam volume per stroke over their normal operating pn::ssure 
range. Procedures as outlined in Chapter 14.1, the appendix to this publication, and GPA 
Publication 2174 shall be folh:wed, as applicable. 

Samples taken over a period of time using a proportional sampler mus! be mixed to be 
truly representative before tbey are transferred to portable sample containers. Product 
mixing should nol be attempted until the sampler has been isolatcd from the source. 
Procedures for thorough mixing of samples shall be provided to ensurc that samples 
transferred to transportation cylinders and the analysis obtamed are representativo of the 
nowing strearn during the measured interval. 

' After mixmg, thc sampi<"d product is transfcrrcd to a portable pistan cylinder or a 
Uouble val ved sample cylin':ier. using the inuniscible fluid displacement method. Transfer 
the sampler to the portable crlinder using the same procedure used to take spot samples. 
When the required number of portable cylmders has been filled, the remaining product in 
the sampler must be vented back into the pipeline or disposed of befare the sampler is 
retumed to scrvicc. 

Obtammg a representatlv.; sarnple of the strcam liquid for transport to the laboratory 
shall be in accordancc with GPA Publication 2174 or Appendix B of Chapter 14. l. 
ProvJSions shall be madc for tltennal cxpans10n. Deparunent of lhmsportation approved 
containcrs shall be used. 

14.8.4.7 SAMPLE ANALYSIS 

Depending upon thc cor.m.1sition of thc strcam, liquid sample annlysis shall foHow the 
chromale.Jgraphic procedures described m OPA Publications 2165, 2177, and 2261, or 
othcr mcthods agrced upon by the contracting pnrties. 

Where apphcable. such as with liquefJed petroleum gas mixtures, special cfforts shnll 
be made to accurately Jeterminc thc molecular weight and tbe density of the heptanes plus 
fraction (or of thc las! significont fa·acuon determined by agreement). 

14.8.5 Mass Deterrr.ination in Dynamlc Systems (Denslty 
Range 0.30 to 0.70 g/cm') 

Mass measurement is app!Jcable [0 liquefled petroleum gas mixtures and to components 
that are affected by compoS!UOnal changcs, intennolecular adhcsions, .solution mixing, or 
extreme pressurc antl tempcrature ct•ndition.) whcre accurate phystcal correction tactors 
havc not hccn dctcnmncd 

Mass measurcmcnt 111 a dynamil: state normally utilizes (1) a volumctric measuring 
device ot flowing condittons, (2) 11 densJty or rclative density (specific gravity) mcasuring 
device for dctcrmmmg densit:v or relallvc density at the sa~c flowing conditions os the 
measurinb device, and (3) a rl!prescntative sample of the fluid flowing through thc 
mcasuring systcm, collcctcd proportional ro flow, as presented in Chapter 14.7. 

Mass measurement 1s accomplishcd by muitiplymg the measured volume at nowing 
conditions times flowing dcnsity measured at the same conditlons, using consistent units. 
The equivalen! volume Rt st?TidRrd conditions of each component in the mixture may be 

Coovr¡gMt bv tM~ AMERICAN ~ET~OLEUM !NST!lUI~ lAPl) 
Tve Oct 06 15:25 52 JQQo 

• 



MPMS ],4.8-83 1 0732290 0057415 olí 

1 

SECTION 8--LICUEFIED PETROLEUM GAS MEASUREMENT 

obtained by using a compu~itional analysis of the rcprescntativc sample and the density of 
each cornponent at 60°F end the equilibrium pressure nt 60.0 F. 

Liquids with densities helOYI 0.3 and above 0.7 grams per cubic centimelre and 
cryogenic fluids are excluded from the scope of this document. Huwcver, the principies 
can apply to these fluids with modified applicatiOn techniques. 

Equipment exisls which uses diverse principies for measuring volume, sampling the 
product, and dctcnnining the composition and density of the product. This publication 
does not advocate the pre:ercntial use of any particular type of equipment. lt is not the 
intention of this publicauon to restrict future development or improvement of eqUipment. 

14.8.5.1 BASE COND'TIONS 

Density is defined as mass per unit volume: 

Density = Mass 

Volumc 

Mass is an absolurc mcasurc of thc quantity of matter. Weight is the force resulting from 
an accelelallon due to gravity acúng upon a mass. Changes of gravity acceleration from 
one locality to another will affect the resulting weight force observed. Therefore. quan
tiues determmed m accordance with Chapter 14.7 shall be mass rather than weight. This 
may be accomphshed through procedures in Chapter 14.6 by rcfcrral to weighmg devices 
used to calibrare dcnsity mcters to test weighrs ofknown mnss. This referral or caltbration 
is done at or near the dcns:tometer location, elirninating the need for further corrcction for 
local gravitauonal force vanances. 

Wcight observat1ons to d :tennine fluid density shall be correctcd for a ir houysncy 
(commonly called "weighed i~1 v.acuum .. ) and for loca1 gravuy, as necessaty. Sucb 
obscrvations can he used in conjuncuon with thc cahbration of density mctcrs or for 
checkmg the performance of equatlon of state correlauons. Procedures are outlmecl in 
Chapter 14.6. 

Volumes and dcnsitieo; for mass mcasurcment shall be detennined nt opernttng tcmpcrn
ture and prcssu1e to ehminate temperature and compressibility corrections. Ho~Never, 

eqUivalent volumes of compC'nt.!nts are often computed for the dctcrmined ma.o.s now. 
These volurnes will be stated as follows: temperaturc, I5°C (or 60°F); prcssurc, 101.325 
kilopast.:ab (14.696 pour.ds pcr squarc inch absolule). or the product cquilibnum vapN 
prcssurc ut 15.,C tor 60.,F), whichever '·" htgher. 

14.6.5.2 MASS MEASUREMENT USING DISPLACEMENT TYPE OR TUR· 
BINE METERS 

Thc cqunllon io:- cictcnmrung ma_c;.s usmg displaccmcnt-type or turbinc meters 1s: 

[

Mctcrcd volumc] [Meter fuc1or] [Dcns11y per J 
M 

at meter ar meter umt volume at 
a.s~ = X X . X 

operaHng. operatmg meter operatmg 
condttmn.' concht1ons conctitions 

14.6.5.3 MASS MEA3URHMENT USING ORIFICE METERS 

The equat.on lo1 dcterminmg mass usmg oriflce meters is: 

[

Dcnsl1ome1er] 
correct10n 
factor (if 
aprl1cnhle) 

Q .. =- C' "'\.[h:Pr = flow rate exprcssed in units of masslunits of time. 

Thc tcrms tor th1s equation are detined and discussed in 14.8.5.1. 
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12 CHAPTER 14-NATURAL GAS FWIDS MEASUREMENT 

14.8.5.4 DENSITY DETERMINATION 

14.8.5.4.1 Emplrical Denslty 

Liquid density may be calculated as a function of composition, temperature, and 
pressure_ It is preferred that !he calculated or measured density be applied in real time to 
the flow meter. This provides for the maximum mass measurement precision, that is, _tite 
incremental volume of mensured liquid is nlways in direct time relation to the density 
measured or caJculated. However, it is common practice to _use the composit10n of a 
sample taken continuously during the delivery perlad proportional to the volume Ueliv
ered, and to use the average temperature and pressure for the delivery period. 

Calculations may be made by means of cmpirical correlations or by generalized 
equations of state. The empirical correlations are derived from fitting experimental data 
covering specific ranges of compositions, temperatures, and pressures and can be inaccu
rate outside these ranges. Gas Processors Association procec.lure TP-l for cthane/propane 
mix and TP-2 for high ethane raw make streams are examplcs. TP-3 i~ a more theorctical 
proccdure for applicatton to liqueficd natural gas. 

Generalized equations of state do not hnve strict limitations on ranges of compositions 
and conditions and can be applied to a wide variety of systems; however, empirical 
correlations are much more accurnte when applied to the specific systems for which they 
wcrc derived. The Rackcn equation, the Starling-Han modification of the BWR equation 
of state, and severa! modified Rcc'Jich-Kwong equations of state (Soave, Mark V, Pcng
Robinson) are examples. 

It IS thc rcsponsibility of thc contractmg partie.~ tó verify thc vnlidity and limits of the 
accuracy of methods constdered for empirical density determination on the particular 
fluids to be measured. 

S1gniflcant errors can occur from inaccuracies in ternpcrnture and pressurc mcm:urc
ment, recording, or integration. Products with a density of lcss than O.ú grams per cubic 
mctre are particular! y susceptible to crrors and require n htgher level of precision. See 
Chapter 14.6 for recomrncnded precision levels of temperature and prcssure. 

14.8.5.4.2 Measured Denslty 

Measured dens1ty of produc.ts between 0.3 and 0.7 grams pcr cubic ccntimetre 5hall be 
deterrnined u:,mg dens1ty meter:) installed and calibrated in accordance with Chapter 14.6 
oras othcrwisc agrccd hctwccn the contracting parties. 

Density instrumenls or probes shall be installcd as follows: 

l. No intcraction that would advcrscly affcct thc flow or density measurement shall exist 
between tbe flow meter and the der:.sity transducer or probe. 
2. Tempernture and pressure differences among the fluid in the flow meter, the density 
measunng dev¡ce. and the calibrating dev1ces must be mlmmJzcd and must he within 
:,pecifieU hmils fur the fluu.l being meabured and lhe mass measurement accuracy expected 
or rcqmrcd. 
3. Dens1ty meters may be mstallcd either upstream or downstream of primBT)' flow 
devices in accordance Wlth Chapt!r 14.6 but should not be luc:ated between flow straig,ht
cning dcv1ces and mctcrs and must not bypass thc pnmary flow measurement device. 

Densitometer accurac) will be seriously affected by tht: accumulation of fore1gn 
miUcrial from thc fiowing strcam. Thc possibility of eccumulruion should be considered in 
sdecting density measurement cquipment and in determming the frequency of dcnsity 
cqu1pment cnlibrotion and maintenance. Accuracy of the data recording. lnlnSmission, 
and computation equipment and methods should also be considcred in Rystem selection. 
Scc Chapter 14.6 for furthcr comments. ' 
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SECTKJt..: O -UOUEAED PE'TROl..EtiL1 GAS MEASUREWENT 

14.8.5.5 CONVERSION OF MEASURED MASS lO VOLUME 

Convers1on from mass detennined into equivalent volumes of components shall be in 
accordance with the latest revi•ion of GPA Publication 8173, as described below. In this 
procedure, a chromatographic analysis rq>resentativc of the delivered product is used. to 
determine the mass of each individual componcnt that comprised the total mass. The 
individual component mhsses are thcn converted to their respective cquivalent liquid 
volumes at l5°C (or 60°F) and equilibrium vapor pressure at l5°C (or 60°F), using 
component density values from GPA PublicBlion 2145. 

The caJculatton of total mass flowmg must tx:: perfonned continuously on-linc by a 
suitable device or by off-line integration of charts on which metered volume and density 
are conlinuously recorded so rhat at all times the density corresponds to the volume 
measured. 

Convcrsion of the detcnnioed mass inro an equivnlent volume of ench component at 
base or standard conditions at equilibrium vapor pressW"e at l5°C (60°F) or l01.325 
kilopascals (14.696 pounds per square inch absoluto), whichever is higher, shall be in 
accordance with Chapter 14.4. In this procedure a chrom~tographic ana.lysis, representa· 
tive of the dehvered product, is used to detenninc the mass of each individual component 
comprising the total mass. The individual component mnsses are then converted te their 
respective equivalcnt ltquid volumes at l5°C (or 60aF) and the equiJibrium vapor pressure 
at l5°C (or 60°F) usmg component density values in vacuum from Chapter 11 or GPA 
Publication 2145. Example calculations, repented from Chapter 14.4, are pmvided in 
14.8.5.6. 

14.8.5.6 CALCULATIONS FOR LIQUID·VAPOR CONVERSION 

The denstty of pure hydrocarbons in pounds mass per gallon (weight in vacuum) shall 
be as stated in GPA Standard 2145. Should constants be required for a hydrocarbon 
componcnt that is not presented m GPA Standard 2145, the constants contained in thc 
GPSA Engineering Dala Book, Section 16, "Physical Propenies," shnll be used. If thc 
required constants are nat cantamed in the GPSA Enxin~~ring Data Book, the ASTM 
Data Senes Publicatian, OS 4A, constants shall be uscd. The steps described in Figure 1 
are required 

14.8.5.7 SPECIAL PRF.:CAUTIONS FOR MASS MEASUREMENT 

Volume mca.,urernent mu~t be made at flowing conditions. The measuring device must 
be preven at f1owmg conditions. 

Den~ity nr rcla!1Yc dcns1ty (specif1c gravlty) measurements must be made nt the samc 
flowing condjtJOll'> as the volum~ measurcments. 

Tcmperaturc compensated metcring deviccs shall not be uscd in the mass measurement 
mcthod 

14.8.6 Volumetric Measurement in Static Systems 

Thc li4u1d vulumt; or liquefied petroleum gas consists of the sum of the liquid volume 
and the volume of the vapor ahovc thc hquid oonvencc1 to its liquid equivalcnt 

Volumetnc measurement is accomplished by usmg calibrated vessels or lanks w1th 
gaging devices that can Le read at thc vessel operating pressures 10 determiríe the hquid 
leve!. Thc vnlumc nf vapor abovc thc liquid ~~ detenmned by using the ideal gas Ja'w (PV 
= NR7J corn::cted by thc gas compn:!<l!!>ibility factor. The liquid and va~r are currected for 
temperaturc and pressure to standard or base conditions of tempcrature and thc vapor 
pressure of lhe producl at standard or base temperature. The vapor volumc can be 
con verted tu e4uivalent liquid ~olume by using the appropriate factors. 
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Step 1-Convert to mass analysis. Giwn: 825,300 = Tolal pounds mass. 

Mole Parcent Welght cf Fraction 
Mole Mole X o1 

Componen! Percent Welght Mole Welght Componont 
e o, 0.11 44.01 4.84 0.001107 
e, 2.14 16.043 34.33 0.007852 
e, 38.97 30.069 1171.79 0.268010 
e, 38.48 44.096 1608.62 0.367921 
le, 2.94 58.123 170.88 0.039083 

ne, 8.77 58.123 509.74 0.116587 
le, 1.71 7215 123.38C- 0.026219 

ne, 1.82 72.15 131.31 0.030033 
e,+ 7.06 87.436 617.30 0.141188 

100.00 4372. te 1.000000 

Step 2-Calculate the mass ot each component.as follows: Welght fractlon times 
total pounds mass equals pounds maqs each componen!: 

Componen! 
e o, 
e, 
e, 
e, 
IC, 

nC, 
IC, 

nC, 
C,+ 

Wetght Fracii¡Jn 
of Compor.errt 

0.001107 
0.007852 
o 280010 
0.36792) 
0.033S081 
o 116587 
0.026219 
0.030033 
0.141188 

Total 
Pounds Mass 

825,300 
825,300 
825,300 
825,300 
825.300 
825.300 
825,300 
825,300 
826,300 

Pounds Mass 
ot Componen! 

914 
6.480 

221 ;189 
303.645 
32.255 
96.219 
23.289 
24.786 

116.523 

825,300 

Step 3-Calculate the volume ot each componen! at equillbrtum pressure and 
so•F as follows. 

Comoonent 
e o, 
c. 
e, 
e, 
IC, 

nC, 
IC, 

nC, 
C,+ 

• From analys1s 

Componen! 
Pounds Mass 

914 
6,480 

221.189 
303,645 
32.255 
96,219 
23,289 
24,786 

116.523 

Denslly 
Pounds/Gallor: 

(In vacuum) 
6.817 
2.50 
2.97 
4 231 
4.894 
4.871 
5.206 
5.262 
5.951. 

Figure 1-Calculatlons tor Uquid Vapor Conwrsion 

u.s. 
Gallons 

134 
2,592 

74,474 
71,767 

6,872 
19,785 
4,473 
4,710 

19,560 

204,355 

A prcssurc vcsscl or contamcr musr be ablc to safcly with~tond the vnpor pressures of 
the containeU pruduc.t aL the maximum operating tcmperature. 

14.8.6.1 TANK CALIBRATION 

Procedures for calibnttmg tanks anU vessels are prescnted in Chapter 2. 

14.8.6.2 TANK GAGING OF LfQUEFIED PETROLEUM GAS 

Procedure~ for gaging liquefied petroleum gas in storagc tanks are presented in Chapter 
3. Spec1al precaut10ns are necessary to accurately account for th(. vapors above thc liquid. 
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SECOON 8-UOUEF!EO PETROLEUM GAS MEASUREMENT 15 

The composltlon and volume of che vapors are depcndcnt upon the tcmperaturc and 
pressure conditions of the liquid. 

14.8.6.3 TEMPERATURE MEASUREMENT 

Chapter 5.4 contains general requircments for tempernrure measurement. Procedures 
for measuring the temperature of liquefied petroleum gas in storage vessels under star:ic 
conditions are presented in Chapter 7. 

14.8.6.4 RELATIVE DcNSITY MEASUREMENT 

Procedures for detenruning relative density of hquefied petroleum gas are presented in 
Chapters 9, 11, 12, 14.6, a1.1d 14.7. Observed reiativc densiües (speciflc··gravities) are 
corrected ro standard or base conditions by using tables in Chapter 11.1. 

14.8.6.5 WATER ANO FOREJGN MATERIAL 

Water and sedJment content is not as serious a pmhlcm with Iiquefied petroleum gases 
as with crude ail. Product specifications in contracts for custody transfer should contain a 
scction on product quality to provide for testing propane by the freeze valvc method 
(ANSI/ASTM D 2713-76), the coba! bromide method, or the Bureau of Mines method. 
Other mutually acceptable methods for detennining dryness may be used for other 
liquefied petroleurn gases having a high vapor prcssure. 

14.8.6.6 SAMPLING 

The scope of Chapter 8 does not include sampling of liquef1ed pctrolcum gases; 
however, GPA Publication :'..140 Contains a section on sampling this type of product. GPA 
Puhhcation 2140 1s also dcs,¡gnatccl as ASTM D 1265. Its scope covers the procedure for 
obtaming representattve samples of hquef1ed petroleum gases, such as propane, butanc, or 
mixtures thercof, in containers other than those used in laboratory testmg app~ratus. A 
liquid samplc is transferred from the source int'l a sample container by purging thc 
container and filling it with liquid to 80 percent of capacity. 

Considerable effort may be req11in:d to obtain a representative samplc, especially if the 
mcttenal bemg sampled 1s a miAlUre of Jiquefied petroleum gases. The followmg factors 
must be considen::d. 

l Samples musr he o~,tained m thc hqUid phase. 
2. When lt IS defmitely kn"JWn that the material being sampled is composed predomi
nantly of only one hquefied petroleum gas, a liquid sarnple may be taken from any part of 
thc vcsscl. 

3. Whcn thc rnatenal being sampled has bcen agitated until unifonnity is assureU, a Jiquid 
sample rnr~y he taken from any par: of the vessel. 
4. Bc~:ause of W11.k vanauom in tlu.: construction dctails of containers for liquefied 
petroleum gn.c;e<;, 11 is difflcul· ro specify a uniform rnethod for obtaimng reptc~c:ntative 
samples ot heterogeneous mixtures. If it is not rrachcable to ag1tatc a mbcrurc for 
homogeneity, obtam hquid samples by a proceU~n: that has been agrced upon by thc: 
contracting pan1cs 

Direct10ns for sampling camlO' be exphcn enous;h to cover all cases. They must be 
supplcrncntcd by JUdgment, sktll, and sampling experience. Extreme carc and good 
JUdgmc:Qt are neccssary to ensure that samples represcnt the general charactcr and average 
conditiOn uf the material. Becaulr!e uf Lhc hazards mvolved, liquefied petroleum gases 
should he samplcd hy, o~ undcr thc supcrvb;ion of, persons familiar with thc necessary 
saf~t y precaut 1ons. 
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16 CHAPTER 14-NATURAL GAS FWIDS MEASUREMEHT 

14.8.6.7 VOLUMETRIC CALCULATION 

Whcn product is removed fo-om or addcd to a tank, the beginning and end.ing liquid 
lcvels are obtained along wi:h c'Jrresponding temperatures and pressures. The volumes of 
Iiquid and vapor are calculated ior the beginning and ending conditions, and the diffcrence 
bctwecn the beginning and ending calculations of thc total volume of the vapor and liquid 
is the volume change in the vessel. 

[

Total volume] 
at standard 
conditions [

Volurne of liquidJ 
at slBndard 
conditions [~~!~:~;r1~·~~r ] 

+ m cqutvalcnt 

[~~~~;;~, of ] = [~¡;~~~ volume ] x 

standard conditions 
conditions 

[ :~~:~i::i~ai~orl = 
eq~ivalent liquid 
unlts at base 
conditions 

Whe,e: 

[

Volume of ] 
vapor above 
the liquid 

X Po X 

P, 

liquid units at 
standanl conditions 

[ 

Volume correction] 
foctor for 
tempcrature and 
gravity 

T, 

To 
X 

[

Rlctor·for liqmd J 
volume per vapor 
vol u me 

Total vulume = (volumc .Jf.producc m thc vessel as a liquid) + (vapor above the liquid 
convertcd to 11s liquio volumc equivalent) Volume measured at standard condi
uons. 

Volume of liquid at standard conditions = volume mensured at standnrd temperature 
and vapor pressure of the liqmd at standard temperature. 

Volume of liquic.J <H tank cum.liliom. = volume of vessel at liquid leve! detennincd by 
tank calibrntion and gaging devicc. 

Volume of vapor above th:- liquid = volume of vessel above the liquid leve! detetmmed 
by tank calibration and gaging devicc. 

Volumc corrcct10n factor = factor uscd to correct the liquid volume to standard 
temperature. Kcicr to tables in Chapters 11 and 12. 

ro observcd pressure. In abso!U!e units. 
P. o;;tandard pressure, in Rbsdute umts. 
T,, obscrved tempr.:rature, in kelvim (K) or degree~ Rank:ine (0 R). 
1~ stnndnrd lcmpomturc in kclvins (K) or dcgrccs Ronkinc ("R). 
factor for liquid volume per vapor volume = standard <.:unversion unit for p1odu<.:t 

bt:int; measured 

14.8.6.8 MIXTURE CALCULATION 

When mixture~ are mcao;;ured, thc cnmpno;;mon of the liquid and vapor will be diffcrcnt 
for varyin~ condttJons ot temperature and pressure. The composition of each phase can be 
determined by samplmg and analysts of each. Refer to Chapter 14.4 for thc procedure for 
cnlculattng hqu¡d cquivale,nt of the vapor volume above stored natural gas liquid mix.turcs. 

14.8.7 Mass Measurement in Static Systems 

Mass is determmcd by weighing Uu:: container or vessel befare and after product has 
been added to, or removed fr.Jm, the vessel. The difference in weight provides the bnsis 
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SEC'TION 8-LIOUEFIEO PETAOLEUM GAS MEASUREMENT 

for total mass of rhe pmduct contD.ined in the vessel. 
To calculate the volumc using mass units: 

Where: 
v. 

Mass 
Density 

v. = M::~ss 

Denstty 

volume at standard temperature and vapor pressure of the product at 
standard t~r1perature. 
difference betmxn before and after mass detennination. · 
density in vactmm of liquid product at standard condition~ in same units as 
mass. 

Refer to Chapter ll to dt..termine relattve denstty at standard conditions. 

, .. 
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APPENDIX-INSTALLATION ANO OPERATION OF FLOATING PISTON SAMPLERS 

The procedures_includl"..rl here are presCnted to supplement other existing procedures, 
spccifications, an.d stancUuds in sampling higher than atmospheric vapor pressure pnxlucts 

1. where flashing of lig_hter C?mponents within the contniner may cnuse distortion· of the 
samplc composition. 

AJI sample. should be obtained using sorne type of probe from the center of the flowing 
stream. A bypas..o¡, around a device that causes a diffcrential pressure, such as an orif1ce 
plate or small pump, is usea to supply fresh product to bypass~type sample injection 
valves. See Figures A-1 and A-2. Bypass lines must not bypass primary volume measure
ment deviccs. 

Figure A~3 providcs an example of a typical proportional sampler. 

FLOW-THAOUGH SAMPLE 
INJEb-noN VAL'-..'E . 

FLOW-THAOUGH SAMPLE 
INJECTION VAL VE 

114 TO 112-INCH TUBING / 
PUMP (5 TO 1 O POUNOS 
PEA SOUAAE INCH .O.PJ 

~ 
/ --

j " 
.. ~-.> 

:<' 
'. 

fi 
'::- :.é 

/ r-... 
. . . ' 

() 
....... V 

.. 

; 

. t 
8 ~ 
~ 
" 

,. 

\ v' 
-~ 

\ 
CE~l ~R-STREAM 
SAMPLE PAOBE 

F1gure A-1-Typical Sample Probe lnstallation on an 
Orífice Flange 

--.. 
--·· ; ... 

19 . 

......___ ! .. 

J 

1/4 TO 1/2-INCH TUBING 

CENTEn-srnEAM 
SAMPLE PAOBE ' 

1 

F1gure A-2-Typical Sample Proba tnstallalion 
tora Pump ·.-

Copy.-¡gnt Cv tne AMERICAN PETROL(lJ.u lNSTITUTE IAP;: 
Tue Oc~ OB 15:25:52 ¡qqo 
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AC 
POWEA 

PRODUCT 
FLOW 
METER 

1 
I"X" PPB 
1 
1 
1 

METER 
TOTALIZER 

• 

CHAPTER 1<-NATURAL GAS FUJIOS MEASUREMENT 

CENTER·STAEAM 
SAMPLE PAOBE 

~---

,., ,, 

OAIFICE 
FLANGE 

t \ 

' • :1 

1 
l. 
1 

PULSE 1 
OIVIDEA 1 

FLOW·THRU SAMPLE 
INJECTION VAL VE. 

:; 

CIACUIT l 
.. 1' 

1 1 PULSE PEA 1 ! "X" BARRELS l 
1 

POWER ¡,... _J 
'INTERPOSER . 

( 

PAESSUAE 
SUPPLY 

1/4" to 1/2~ TUBING 

~~ 
~ 

! 

SAMPLE MIXING OEVICE 

Figure A-3-Typical Proport1onal Sampler 

o 

• 

PAESSURE 
AECORDER 

. -· 

' -, 
ll__ __ ..:.___, ____ ~---,-----,..,----------..-......---- · .... 

c.op,..,..tS'"'~ O• t.t"le .t.ME:;>JCAA PETPOLEUM "INST!~UTE !AP: l 
i-."! 0::~ OE :5:25 5: JQ~~;, 
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FLUIDOS ',\ 16 

Para los gases reales se han desarrollado muchas ecuaciones de estado, 
pero en gen!'ral son complicadas y difíciles de aplicar. La ecuación de 
estado más simple hace uso del factor de compresibilidad: J "} ~~i1"' · 

, . . ' 1.Hf'~ 

Z "' factor de compresibilidad 
PV nZRT ,'.'· 

·z( ~) adimensional . \.::-. 

F.!Ua ecuación se usa para determinar la densidad de los gases en ~~al
quier condición de lemperarura y presión. El valor ile'Z se"PUede Obte
ner rlt> las gráFicas riel factor de compresibilidad cóntra la ~-presión y 
temperatura reducidas. Una dr :as ecuaciones más famosas para prede-· 
rir el cnmpnrtamientn rl<" lm. gases r-eales es la llamada ecuació-:- (le Van 
tl<-·1 \Vaals: 

( 

ar1
2

), · 
f' + - 2- (1' - nb) = nll.T , 

\' ' -. . :• ·' 
en donrle n y h son constantes para cada gas (apéndice X) . 

. ,. 
DPII.<idad dp una mezcla dP gn.ses reales 

P;~ra la me1rla ele g:ases reales s~ puede usar tamhi~n la gráfic'a del facfór 
de nllnprro;ihilirla.rl. o;j 'l;f' 11~<111 f"l1 \'("7•rlt>.la.oc; presiones y temper;~tura~ ca. 
rir<l" bs presiones r temperaturas.scurlocríticas. definida~ por: 

1'' r 

ro 
T'r 
Tn 

f'' r 
T'r 

~f'n· 'Ji 
r.Tri :y,.l 

r'~"'"' -.udnrdtir, 1-) MI.-' 8 -• = Fl.-• 
p•Psiún qitica. cid compuc~to i (=)'ML- 1 8 -? 

lempt:"ra.rltr.<~ scud~lníti~¡.1 { =) T 
lt:"mp('r:arura ni tira de! compont:"nle i ( =) T 
fl.trrir'lll tnol 

Ft.-• 

rlc- m;Jncr;-¡ qur J;-¡ prf'oc;ión :·· rcn~perarura seudocrítica son la~ que se usa· 
LÍn rn la gr=lfir;-¡ del farlor clf" romprcoc;ihili<bd 

1' 

f'' r 

T 

T'r 

¡. 

·7 

' :.J1• e 

" 

.. ·' 



Problema 1 .6 -3-

1·.1 ).\:1"' n;1111n1l .. :lllt•uh• tlt• 1111 ftuln tn•ltult•lu t•!llld 11 IUU 111111 tlt• tn•••ltiu 
y HO"C )' th•lú.~ l•' ~i~nil·ntt· t nm1w•~kifm: · 

metano 
etano 
nitrúgenn 

40% 
2% 

58% 

en mol 
~n mol 
en mol 

C:alcult:" el \'nlumen ocupado por 1000 kg de ese gas.,¿Cuálserá su ril!'nsi· 
dad ah,oluta? 

,, 



·-4-· --- :¡: 

·-· --·· .. - ....... _ . . --. 
PROBLEMAS RESUELTos·· 

~. CÁLCULOS 

3.1 Datos de los gases (apéndice VIII) 

l'/11 Te •e Pe alm j 

Mera no 16 ·82.5 45.8 0.4 
Etano 30 32.1 48.8 0.02 
Nítrúgeno 28 ·147.1 33.1i 0.58 

~-2 Condi'ciones ~eudocríticas 

T'M 0.4( 1 fi) + 0.02(10) + 0.58(28) = 23.24 g/gmol 
f'' r 0.4(45.R) + 0.02(48.8) + 05!1(33.5) = 38.726 atm. 
T'r 0.4(1905) + 0.02(%1;.1) + 0.58(125.!1) = 155.2811K 

3.~ Valor del factor de compresibilidad 

f'' r 

T'1 

100 otm 

1R.72f> Ollll 

RO + 273 

155.28 

1..1 Vol111nrn 

2.27 

1000 kg 

G = fl.9G (41 02) (0.082) (2n + 80) 

" . _..,. :1 flcnc;idacl 

1 ()()() kg 

I 1 ~Vd m 1 

L RFc;t 'l. l"AilOS 

11.954 m 1 

F.l vnlum~n C'"- rk 11.9:l4 m 1 '" ¡,, drnsirlad de 81.ó!l kg/m:\. 

....... ,...,. 
,¡ \' 

¡.' 31.:~ • ! lt 

:"'. 

': 1! 

·' 
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A~NDICES 

=-
·Apéndice VIII. Valores uíticos. 

Te •e Pc41• 

Ácido acético <;H,o, 321.6 57.2 

Ácidf, bromhídrico· HBr 90 114 

Áciclo clorhídrico HCI 51.4 81.6 
~ Ácido sulfuidrico .. , II,S IOOA 88.4 

Acetona <;H.o 235 47 

Acetonitrilo <;H,N 274.7 47.7 

Aire -140.7 37.2 

Agua H,O 374.15 218.4 

Alcohol metílico CH,OH 240 78.7 

Amoniaco NH, 132.4 111.5 

Renceno c .. u. 288.5 <17.7 

Rromo llr, 311 102 

n·hutano C~H 1n 153 3C, 

i-hutano C,.HIO 134 37 

Cidohexano C6Bn 281 10.·1 

Cloro Cl, 144 76.1 

Cloruro de metÚo CII,CI 143.1 65.R 

Diúxido de carbono e o, 31.1 73 
f);mo c,n. 32.1 111.11 

Etilcno ("'!114 9.7 50.5 

Fhíor F -155 25 

11 rl io lle -267.9 "2.2fi 

lJept;mo C,ll 1ñ 266.8 26.11 

IIC'X<tllO C,;fl 14 234.11 29.5 
lfitlrCr~eno H, 239.9 12.11 
1\lcttmo en, - 112.5 1'>.11 
1\fonftxido de cati)()no co -139 :l:l 

Nilrf,~eno N, -174.1 :n.'> 
Mr1 curio H~ 15'>0 2!1(1 

Oélann C,.ll 1" 296 21.6 

<hí~cnn o, -1111.11 49.7 
n·pr.ntano e~''" 197.2 33 
i-pcntniHl C~HI2 1117.11 32.11 
l'rnpano e~ 1-1,. 9fi.R 12 
J'¡ opdrno C,llr, 92.3 ,,:'! 

·¡ rt1<trloruro de c;uhono CCI, 2113.1 4:-i 
·¡llhiPIIIl C.,II;CII, 320.6 ·ll.fi 

\'~pnr d!:' a¡..nt;¡ n,o 371 • 217.7 
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AP~NDICES 669 

Apéndire VII. Valores de la cnmlanle de In• g;¡•e• (R). 

1.9R72 cal/gmni"K 

• .. , 
R.~ 144 joule• (ah<)/gmni"K 

R2.0!l7 cm' alh~mi"K 

O.OR2 h alm/gmol"li. 

O OR2 m~ arm/kgmolnK 

fi2.:Hl1 h mmltg/gmoi"K 

1.314 ft:l atmflhmrli"R 

1.9R72 BTlJ/lhmni"R 

2I.R:, ft' inHgllhmoi"R 

, - ' Rl7.~ m rk~lm )lkg nwi"R 

,_., 

,.,; 
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Metric Conversion Tables 

Mult1ply By To Obta1n Multrply By To Obta1n 

LENGTH YOLUIIE & CAPACITY 

ll'llllnneters OtO ............. cutiOCfeet 28.32 ..... 
lniUim8lers 0001 - cutiOCfeet 7<805 -f1"11lllffl8letS 0039 onc:hes - 1.0000 cutiOCan 
mdllmeters 000328 .... ..... 6102 .._,.,_ 
centwnelers 100 -... llters 003531 cutiOCfeet 
centltn8181s 0010 meters - 0001 cutiOC-
centmetdfs 0394 onc:hes .... ·o264 -~ .. , cenumeters 00328 , ... - 37850 C\bcan 
onches 2540 - ... - 231 o ..--
onches 254 c:enttmetms - o 1337 C\bcfeet 
oncnes 0.0254 meters gebls 3 785x10" 3 cubc ....... 
onclles 00633 .... - 3 78!> ..... 
leet 3046 molbrnelefs 
leet 3046 ,.,.......,. WEIGHT 
teet 0304 ....... - 00005 teet 12.0 '""""' """'"'" - O.OQ04.46 IDngiOn 

AReA - 0453 _. .. - 0000453 """"" ""' sq mtlllmeler 0010 oq centmoeer """'""' 20000 -sq mtlhmeter to• oqmolef """'"'" 0.8929 tongton 
sq mrlhmeter 000155 ""tnChOS """'""' !107.2 kllogram 
sQ mtllrmerer 1 07&10"' oqleet """'""' 0!1072 metnclon 
sq cenume~ers 100 sq. mdtmeters tongton 2240 paunds 
sq cenumeters 00001 SQ meters tongton 1120 shor11on 
sq centarneaers o 155 sqtrtdleS tongton 1016 lulogtam 
sq cen1rme1ers o 001076 ..,, ... tongton 1.016 metUCIOn 
SQ tOCheS 645.2 sq mtllmeters kllogram 2 205 paundS 
SQ lOCheS 6452 &q centlmelet& kllogram 00011 shorlton 
SQ lnCheS 0000645 sq me1ers tutogram o 00096 tonglon 
sq rnches 000694 sq foet ktlogram 0001 metuclon 
sq leer 9 29:c10" ..,_ ... 

metnclon 2205 -sq leet 929 sq centwne1ers ~ncaon 1 102 shorlton 
sq leer 00929 sq meters meUICton 0984 tongton 
sq lee! 144 5Q lnches mefiiCIOn 10000 tutogram 

FLOWRATES PRESSURE & HEAO 
gauons US1mmu1e PQ!Ild$/sq n::h 006895 bar 

GPM 3 765 hi81S 
gauons US.Immute o 133 ft31rJliO 

poundSisq lnCh o 06804 ~":r"'· 
gauons USim.nule 8021 11~/tu 

pounQSisq lllCh 00703 

ganons US.Imnute 0221 m31hr 
-sqtneh 6895 I<Pa 

gauons US.Im1nute 3429 BauetsJday, 
paundslsq tnCh 2.307 ftotH,0(40EGC) 

(42USgats) 
poundSisQ IOCh o 703 "!,ofH20(4DEGC) 

cub•c leet1m1nute 7 481 GPM poundSisq lf'ICh S 171 cmoiHg(OOEGC) 

cub•c leevm•nute 2832 llters.lrrunute 
poundSisq WlCh 51 71 IOii(mmoiHg) 

CUOIC leeVmtnute 600 h 3thr (OOEGC) 

cuOIC leeVm•nute 1699 malhr pourtdslsq tnCh 2036 wtoiHg(OOEGC) 

cub1c teeVm•nute 2565 Barrets/day atmosphere 14 69 "" cub•c leevnr o 1247 GfM atmosphefe 1013 ... 
cu01c leellhr 0472 hterS/ffiln atmosphefe 1.033 Kglcm' 
CUbiC leeVhr 001667 flatrrun atmosphere 101 3 !<Po 
cubiC leevnr 00263 malhr atmosphere 339 ftoiH,O 
cuo•c melerslhr 4 403 GPM atmosphefe 1033 moiH20 
cuD1c me1ersmr 1667 lnerslm~nute atmospnere 7600 cmotHg 
cub•C meterslnr o 5666 1t31mm a!mosphere 7600 IOfr (mm ot Hg) 
cub•c meterslhr 35 31 lr'tnr atmosphere 2992 tnoiHg 
CUOICfTlc!erslhr 1509 Barretstday Dar 14 50 

·~ .. , 09869 .. ...,.,.... 
VELOCITY ... 1 020 Kglcm' .. , 1000 !<Po 

leet pet second 60 11/'TliO ba< 33 45 ftoiH,O 
lee! per second 0~048 melerstsecond .. , 1020 moiH:P 
leE:! per secona 1097 kmllu ... 7501 cmofHg 
lee! per secona 06818 fl\lles/llr ... 750 1 IOrr(nmofHg) 
metets per secona 3280 lllsec ... 2953 wtoiHg 
meters per se cona 1969 U1m1n 
me1ers per secona 3600 kmllu 

ktiOgramtsq cm 14 22 "" meteis per second 2237 nuleSihr 
lulogramt&q cm 09807 bar 
lulogram'sq cm 09678 ............ 

VOLUME & CAPACITY 
tuiOgranvsq cm 9607 !<Po 
kiiOgram'sq cm 3281 ftoiH,(l 

CUbiCCm o 06102 CLobtC lllCheS lulogr am'SQ cm 1000 moiH,O 
CUbiCCm 353h10 ó cubrcleet kriOgram'SQ cm 7356 anoiHg 
CUbiCCffi la-" cubtc meters lulogram'sq cm 73>6 torr(nwnOIHg) 
CUbiCCffi 0001 ltters twogramlsq cm 28.96 wtoiHg 
cub•ccm 2 642x10""* gauons(US) -ascal o 145 poi 
cub1c meters lo' culltecm -ascal 001 bar 
CUbiC tnel8f5 61,023 o CllbiCII'ICheS kriOPascat 000966 =r-· cubiC meters 3531 cub1cleet krtoPascal 000102 
CubiC meters 10000 hi~S krtoPascal 0334 ttoiH,(l 
cub•c meters 264 2 gallons -ascal o 102 moiH,O 
cub1cleet 28,3200 CUbiCCITI tukJPascar o 7501 anoiHg 
CuDlCieel 17280 CIJ b1c 1nches -ascal 7 !;01 101r (rrwnol Hg) 
CUtJICI~I 00263 cuD1c meaers -ascal 0295 wtoiHg 

30 
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CAPÍTULOj 

Balance de masa y energía 
en flujo de fluidos 

CAUDAL 

Se denomina caudal al volumen del líquido o gas qu~ atraviesa una sec· 
ción en la unidad de tiempo. En México suele recibir también el nombre 
de gasto volumétrico. 

Ca = uA 

lA = caudal(=) L' e-· 
u Velocidad promedio del fluido ( •) L e-1 

A = Sección tran•versal de flujo ( ~) L • 

Gasto másico 

Con mucha frecuencia se utilira el término de gasto o flujo másico o RiiS· 
to o flujo mobr, el cual indica la cantidad de masa o moles que pasan 
pnr un punto darlo. 

flAp = Cn.p 
,\1 

f'¡\f 

M GaSin masico del fluido ( =) M e- 1 

p = Demidad del fluido ( =) MI._, 

M = GaSio molar del fluido ( =) moles e- 1 

PM = Peso molecular del fluido 

91 



-10-_.CBIIt. CENTRO NACONAL DE METRO LOGIA 

Ecuación de Bernonlli y ecuación d~ continuidad 

En la mecánica de los fluidos se c:onoccn dos expresiones m•lnn'tjces fimdamentales, a) la 
ecuación de continuidad, que es una apresión simplificllda de la ley de CIOIISCmiCión de la materia 
(ecuación 10) y b) la ecuación de BemouDi. que es una expresión simplificada de la ecuación de 
cOnservación de la energía. 

t1 principio de continuidád establece que el flujo misico es el mismo en todas las secciones 
transversales de una tubería. Esto es, la cantidad de materia que ingresa a la tuberia por un extremo 
es la misma que sale por la tubería en el extremo de salida. Por supuesto, esa úinnación asume que 
las paredes de la tuberia son suficientemente rígidas, y no existe 8CIIIIlulación de materia en el 
sistema. Si el fluido es incompresible, entonces el flujo volumétrico 111mbién es conslanll: a lo largo 
del sistema. Este principio es de grar. importancia al estudiar el funcionamiento de los medidores 
de flujo puesto que significa que cuar io la sección transversal disminuye, entonCes la velocidad 
del fluido se incrementa y viceversa. 

L rile = L IÍls 

.L(pvA)e=.L(pvA). 

(10) 

( 11) 

La ecuación de Bemoulli expresa, en términos matemáticos, que la energía que posee el fluido 
permanece constante en cualquier sección tranversal a lo largo una linea de corriente. Esta 
expresión es sumamente útil porque relaciona los cambios de presión con los cambios de velocidad 
y de nivel a lo largo de una linea de corriente. Sin embargo, mediante ella se consiguen resultados 
correctos sólo cuando se aplica a aquellos casos donde las restricciones siguientes se satisfacen · 
razonablemente, 

-<" Flujo estacionario 
-<" Flujo incompresible 
-<" Flujo sin rozamiento 
-<" Flujo a lo largo de una línea de corriente 

p y-2 p y-2 . 
-

1 + Z1 +-1 = __¡+ Z2 +__.l =Constante de Bemoulli (13) 
gp 2g gp 2g 

donde 

P: presión del fluido, [Pa] 
p: densidad del fluido, [kglm3

] 
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g: acelcn!Ción local de la ~vedad, [ m/s2
] 

V : velocidad del fluido, [mis] 
z: altmat cspcc:to ele un nivel ele referencia, [m] 

cilla ecuación 12, cada uno ele los tmninos rq~rcscnta CIICI'gía por unidad ele IIIIISL El término P/p 
representa la energía de presión, el término gZ rq~resenta la energía potencial; mientras que el 

t~rmino v2 representa la energía cinética. 

La ecuación 12 indica que la CIICI'gis 1tO'Ial a 
lo largo de una línea ele corriente es 
consunte. Lo que significa que para 
sistemas en los cuales la energía potencial es 
constante., entonces cualquier disminución 
en la energía de velocidad se verá 
compensada por un incremento en la energía 
de presión, y vice versa 

La combinación de la ecuación de 
continuidad y de Bemoulli son usadas para 
obtener los modelos matemáticos de 
funcionamiento de diferentes equipos de 
medición de flujo de fluidos. · 

Cavitación 

De la ecuación de Bemoulli se sabe que al 
incrementarse la velocidad del fluido, 
debido a una reducción en la ;ección 
transversal, entonces la presión que el fuido 
ejerce sobre las paredes de la tubería 
disminuiri. 

Y? ' ~ !L 
2g .:¡ 

- 1- 2g 

',-- -"5" '-> -r-
. . < PO 

~ 1 
2 

z. z. 
-ele -.a.. 

Fig. 9 Formas de energía en un fluido á 
traves de una tuberia reeta. 

Si la caída de presión es suficientemente grande entonces se presentará el fenómeno de cavitación. 
Este evento puede presentarse en dos formas básicas. En agua y en gases licuados, cuando la presión 
del fluido se aproxima al valor de la presión de vapor correspondiente a la temperatura actual. 
entonces se ;nicia la formación de pequeñas burbujas o bolsas de vapor. Dichas burbujas se colapsarán 
en cuanto se aproximen a una región de mayor presión. El colapso de las burbujas es conocido como 
implosión, y los efectos de este fenómer:o son muy dañinos para cualquier componente hidráulico. En 
la Fig. 1 O se ilustran los dailos por cavitación en un material de acero inoxidable con dureza de SO 
HRc. 
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