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1.1. ORIGEN Y OCURRENCIA GEOLOGICA. 

DEFINICION HIDROCARBlJROS. 
SON COMPUESTOS FoRMADOS liNICAMENTE POR HJDROOENO Y !'ARHONO. 

CARBONO. 
EL CARBONO SE LOCALIZA EN EL GRUPO IVA DE LA T.A.BLA PERIODICA. 

LOS ATOMOS DE CARBONO PUEDEN UNIRSE MEDIANTE ENLACES. 
SENCILLOS, DOBLES O TIUI'LES. 
EL ENLA.CE ES SATI.TRADO CUANDO LA UNIONES SENCILLA Y. NO SATIIP-".DO 
CUANDO ES DOBLE O TRIPLE. 

1 1 1 1 
-e-e- e=e -Cm~C-

l 1 1 1 
llgaduJa sencilla Doble ligadura Triple ligadura 

LA CONCATENACION (CADENAS) PUEDEN SER ABIERTAS (EN FORMA LINEAL 
O TENER RAMll-1CACIONES). 

1 1 
-C-C-

1 1 

1 ·¡ 1 1 
-C-C.:...C-C-

1 l. 1 1 

1 1 1 1 1 
-C=C-C-C-C-

,: 1 . ,J. 1 
1 

1 1 1 1 
-:r-~~-?-r-

-C-

-):-1 1 1 1 
-C-C-C-y-C-C-

1 -y-
-C-

1 

~' ... 
O SER CERRADAS ( CICLO ). 

-- - - - - -
/ 1 1 1 1 ', 
·-r-r-r~r-· 
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EN OENERAL, LOS HIDROCARBUROS SE PUEDEN CLASIF1CAR COMO SE 
· INDICA EN LA TABLA. 

lliflror:'lr h1rro"' 

Arft·lko~ 
(C~uh•n:~. ~hiert:.) 

Cklirn!ll 
(Ctulrn~t cernui11) 

ALCANOS O PARAFINAS. 

llohle liR::tdura { N;.,rm:-tlP"' o linr:Jir"~ 
(Aiqu<'no~) Arhore<~C'entt-"1 

No !'atuntdo!t 

TripiP liR:Hlura { Norm:1lf"!' n lilrr:"'lf""' 
(Aiquino!l) ArhoreSC'Pnle!t 

SaturAdo!' { Clkhmo" o 1\lldclkn!'l 

,, 
No !llllturado" { Aencé-nko!ll o :uonu~li~o!l 

NO SON ACITVOS QUTMICAMF.NTE Y POR F.I.LO SF. J.F.S I.I.AMA PARAFINAS. 
DEL LATIN PARUM (POCA). AFFINIS (AFINIDAD). POCA AFINIDAD. 
E.JEM:PLOS: METANO, ETANO, PROPANO, n DUTANO, ETC. 

PROPIEDADF.<; FTSICAS. 
SON lNCOLOROS. TIENEN OWR CARACTERISTICO, SU DENSIDAD. PUNfO DE 
FUSION Y EL DE EBULLICION AUMENTA CONFORME SE JNCREMENTA EL 
NUMERO DE A TOMOS DE CARBON. 

PROPIEDADES QUIMICAS. 
SON BASTANTE INERTES, DAJO COMBUSTION PRODUCEN COZ Y H20, 
LIBERAN GRAN CANTIDAD DE ENERGIA TERMICA Y LUMINOSA 

ALQUENOS O OLEFINAS (ASPECTO AClE TOSO ) 

LOS ALQUENOS SON HnJROCARBUROS NO SAllJRADOS CON DOALF. 
LIGADURA, SU TERMINACIONES "ENO", ETENO. PRO PENO. BUTENO. ETC. 
LA FORMULA GENERAL DE LOS ALQUENOS ES Cnll2n, DONDE n ES EL 
NUMERO DE A TOMOS DE CARBONO. . 
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PROPIEDADES FISICAS. 
LOS PRIMEROS TitES COMPUESTOS SON GASEOSOS A PP..ESION Y 
TEMPERATURA AMBIENTE. LO$ SIGUIENTES SON LIQUIDI)S. LOS ALQT_TEN(l<; 

'CON MAS DE 16 A TOMOS DE CARBON~) EN SU MOLF-:Cm.A. SON SuLII>Il 
SON INSOLUBLES EN AGUA. SU DENSIDAD. PUNTO DE FUSION Y DE 
EBULLICION SE ELEVAN CONFOR!\tE Al.JMENTA SU PESO MOLECl-'LAR. 

PROPIEDADES QUJMICAS. 
LOS ALQUENOS PRESENTAN REACCIONES DE ADICION RELATIVA1\1ENTE 
SENCILLAS. 
CON lllDROGEN(l. EN PRESENCIA DE CATALIZADORES, FORMAN ALC ANOS. 

ALQUINOS O ACETILENICOS. 

SON IDDROCARBUROS NO SATIJRADOS CON TRIPLE UGADURA. SU. 
TER.'\IINACION ES "INO". 
LA FORMULA GENEK'\L DE LOS ALQUINOS ES CnH2n-2. 

PROPIEDADES FISICAS. 
LOS TR.ES PRIMEROS SON GASEOSOS EN CONDICIONIIS NORMALES, I:L 
CUARTO .'\L DECIMO SON UQUIDOS Y SOLIDOS A PARTID. QUE TIENE 16 
A TOMOS DF. I~AllRONO. 

PROPIEDADES QUIMICAS. 
PRESENTAN REACIONES DE ADICION.CON lllDROOENO Y SEGUN L".S 
CONDJCTONF.S DE LA RF.AfX'JON, FORMAN ALQtTF.NOS .o Al .CANOS. 

I>RFINICION·I>It: PKIROJ,J<:O. 

LA r ALADRA "PETROLEO" SIGNifiCA ACIETE DE PIEDRA, SUS RAICE.<; 
ETIMOLOCJICAS SON PETRA (PIEDRA) Y OLEUM (ACEitE). 
EL PETROLEO F.S HN MEZCLA DE HII>ROCARRIIROS Y OTROS COMPIJK<;ToS 
(AZUFRE. NITROGENO, ETC.) 

-
LA PALABRA "Clli\POPOTE" PROVIENE DEL NAHU'ALT CHAPOPOCTLI, Qt'E SE 
DERIVA J>E CHJAHHATI. ( ORASA) Y POGnJ ( HIIMO ). 

EL PIITROLEO AMERICANO AI'ROXIMADAMENTE EN UN 90 % SON ALCANOS, 
EN EL CASO EUROPEO, PREDOMINA LOS CICLANOS ( CICLOPENT.-<\.1110, 
CJCLOHI':XANO, ETC). 
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CLASIFICACION DE LAS ROCAS. . . ' 

LAS ROCAS PUEDEN DIVIDIRSE EN TRES GPA"'DES GRUPOS, DE i\Ct"ERDO A 
SUORTGEN· 

A) ROCAS IGNEAS. 
B) ROCAS SEDIMENTARIAS. 
C) ROCAS META.".fORFICAS. 

LA FlGURA SIGl.iTE~IE MUESTRA EL CICLü EVüLFTIVO DE LAS ROCAS. 

A) N.OCAS IGNJ<:AS. 
CUMl)O OCURRE UNA ERUPGON. EL MAGMA LANZADO A LA SllPERFIGE. 
AL SER ENrRJADO FOR..\IA LAS ROCAS IGNI:AS ... 

B) ROCAS SEDIMENTARIAS. 
COMO PRODUCCJON OR LOS PROCF~<>OS EROSIVOS, Y POR LA ACCJON DE 
AGENTES DE TRANSPORTE COMO VIENTOS, RIOS Y MARES. ASI COMO LA 
PROPIA ACCION DE LA VIDA GENERADORA DE SEDIMENTOS ORGA.."'ICOS, DA 
ORIGEN A lAS ROCAS SEDIMENTAP..l<\5. 

PARA LA Thi'DUSTRIA DEL PETROLEO. ESTAS ROCAS SON LAS MAS 
IMPORTANTES, YA QL'E DE EN ELLAS OCURRE EL ORIGEN, M1GRACION Y 
ACUMUI.ACION DE DEPOSITOS DE HIDROCARBUROS. 
K'iTAS ROCAS SE CLASIFICAN A SIJ VEZ EN: 
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L CLASTICAS .. 
• QUIMICAS. 
* ORGA!~CAS. 

LA.S ROCAS SEDIMENTARIA.$ ('lASTICAS. SON AQT..TEllAS FOP~.-!A.D.<i.S A 
.PARTlR DE LUS FkAGMENIU~ IJE UIKA~ IWCA~. (,!UE YA t<.Xl:>IIAN U 
COMPl)ESTOS DE 1\.IINERALES. 

lAS ROCAS SEDIMENTARlA.S QUIMICAS. SON L.i.S QUE SE FORM.A._N POP. L<i. 
PRECll'fl'ACJUN, EVAPORIZAUON DE AGUAS ~ALOH.l{&; Y !iliACCIONts 
Qu1MICAS DE SALES DISUELTAS. 

LAS ROCAS SEDIMENTARlA.S ORG.A._NICAS. SON LAS QT_TE SE FORM.A.._l\1 POR 
DESECHOS ORGAMCOS DE PLANTAS Y ANiMALES. 

ESTAS ROCAS POSEEN DOS PP,OPIEDADES IMPORT~iES QL'E SON: 

POROSIDAD. 

POROSIDAD 
PF.RMF.ARJI .liJAD. 

LOS ESPACIOS ENTRE LAS PARTICULAS DE UNA ROCA SE DENOMINA.~ 
POROS, ESTOS Pl..TEDEN OCUPARSE POR FLUIDOS COMO AGUA ACEITE O GAS. 
EN AI"OUNAS ROCAS ¡.;~')TOS F'.'>f'AClOS Pllr:J>I<:N ()No l-~'>'l'AR COMIÍNICAJ>OS, 
LO CUAL ES MUY IMPORTANTE. YA OUE DE ESTO DEPENDE OUE Pl.JEDA 
EXISTIR FLUJO A 11'-A VES DE LA ROCA. 

PER._l\1EABILIDAD. 
LA PERMEABILIDAD DE UNA ROCA, ES LA M.tillfDA OE SU CMACIDAD 
ESPECIF1CA PARA QUE EXISTA FLUJO A TRA \o 'ES DE ELLA.. 

¡¡r, •. •· .. ' ..... ~ ... ,-;,; 
A. .... 

!J!\ ~~ ~¿·Y~' 

-., ;: ., ,~-:~,.f.. 
.'- ·;::" :·- , .... _. 

...... .A .J,.. ·.J,.., «· ,,,, ...,.,,_. ~,~ 

.':' . / ~~' :·-, 
. -

POROS GRANOS POROS GRANOS 
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C) ROCAS MET AMORFICAS. 
CUANDO LAS ROCAS DE LA CORTEZA TERRESTRE, :;E ENCL'D.'TRA.."'l' DAJO LA 
INFLUENCIA DE PRESION POR COLUMNAS DE SEDIMENTOS, TP~'\CCION POP. 
MOVTMIENTOS TFJ.TTRWOS, FT.F.VACTON OF. TF.MPFRATITRA pop 
ACTIVIDADES IGNEAS. ETC. LLEGAN A TRANSFORMARSE EN ROCAS 
METAMORFICAS, Y COMO SE APRECIA EN EL CILO DE LA ROCAS, ESTAS 
PUEDEN FUNDffi.SE Y VOLVERSE .MAGI\iA. 

TEORIAS SODRE EL ORIGEN DEL PETROLEO. 

AASICAMF.NTE SE MANEJAN I>OS TF.ORIAS: LA INOROANICA Y I.A 
ORGANICA. 

TEORIA INORGANICA. 
ESTA TEURIA .ESTAHLECE 1¿UE EL ACb:rtE SE 1-URMO. AL REACCIONAR EL 

. AGUA, CON CARBUROS METALICOS INCRUSTADOS EN EL MAGMA. 
DESPLAZANDOSE POSTEH.IORMENTE A TRAVES DE LAS ROCAS POROZAS. 
HASTA ACUMULARSE EN TRAMPAS NATITRAI.ES. 

TEORIA ORGANICA. 
ES LA MAS ACEPTADA POR LOS CIENTIFICOS, AFIRMA QUE EL CARBONO E 
HIDROOENO QUE FORMAN EL PFI'ROLEO, PROVIENEN DE RESTOS DE 
PLANTAS Y ANIMALES ACUMULADOS A TRAVES DFL TIEMPO 
GEOLOGICO.(CPJITACICO, JURASICO, TRIASICO, CAMBRICO, SILURICO, ETC). 

A MEDIDA QUE SE ACOMODARON LOS SEDIMENTOS, LA AC'CION DE LAS 
BACTERIAS. JUNTO CON LAS CONDIC10NES DE PRESION Y TEMPERATIIRA 
DIERON LUGAR A LA FORMACION DE HIDROCARBUROS. 

MIGRACION DEL PETROLEO. 

POR MIORACION SE ENTIENDE EL MOVIMIENTO DE UQUIDOS O GASES DEL 
ARF.A OONnF. SF. FORMARON (ROrA MAORF.) Y QTIF. VAN HArTA T.A ROrA 
DONDE SE PUEDEN ACUMULAR (ROCA ALMACEN. LA MIORACION ES UN 
PROCESO CONTINUO. 

! 
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LOS ESQUE.'v1AS Q1'E A CON 11\liACION SE PRESBH AN ivf'u'ESTRAN. EL 
MOVIMIENTO DE EllOS. 

ETAPA l. SE MUES1RA LA ES!KA.TIFICACION DEL GAS. ACEITE Y AGUA 
ARRIBA DEL P1'0.'TO DE REBOSE DE LA TRA!\IP A 

ETAPA 2. SE MUESTRA COMO LOS HIDROCARBUROS LLENAN LA TFA1\1PA 
HASTA EL PliNTO DE REBOSE. CAUSANDO QUE EL AC1ETE MIG'RE. 

ETAPA 3. SE SEÑALA QUE LA TP~'\..\iPA ESTA LLENA DE GAS, ESTE SE MUEVE 
DESDE ABAJO, ENTFAl'I!DO A LA TRAMPA. PERO UN VOLUMEN IGUAL SE 
REBASA AL MISMO TIEMPO Y EL ACEITE SE DES\.'IA COMPLETAMENTE DE LA 
TRAL'vfP A. 

DE LA INTERPFEI'AC10N ANTERIOR. SE DEDUCE QUE DEBERA E:XJSTIR, UNA 
BARRERA NECESARIA PARA IMPEDIR UNA MIG'RAC10N. CON OBJETO DE 
TENER UNA ACUMULACION DE HIDROCARBUROS. 

,UNTO 
DI AI90SI 

/"us~ / 
/~ ~ .... 
./....... ...... --+ - - - PUIITO 

./' DI RIDotl 
ETAPA :S 

Al ,MACENAMIENTO DE HIDROCARRl TROS. 

LAS ROCAS DE DEPOSITO (ARENISCAS Y CALIZAS SON LAS COMUNES) SON 
ROCAS POROSAS CAPACES DE ALMACENAR GAS, ACEliE Y AGUA. 
LA FlGURA SIGUIENTE MUESTRA UN YACIMTF.NTO TIPICO. 
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r:cT 
L.::.J 
AltiNIICA LUTITA 

AL TENER LOS TRES FLtJlDOS (GAS. ACEITE Y AGUA) DIFEREN!ES 
DENSIDADES, OCUPA!~ DETER.i'\1INADOS ESPACIOS EN LA TRA!.\iPA 
DE ESTA FOR..\tA LOS IITDROCARBL'ROS MIGRA."l" HACIA ARRIBA:\ TRAVES 
DE LA ROCAS Y A LO LARGO DE V ARIOS KILO METROS. 

ESTRUCTURAS GEOLOGICAS (CAPACF.S OF. C'ONTF.NF.R H.) 

A) ANTICLINAL. 
B) TRAMPAS POR FALLAS. 
C)ESTRATIGRAFICA 
D) ESTRUCTURA SALINAS. 

ACEITE 

_-_ ---=....-:._ -:...A"eu'A.::: ~ ~,::-_-_-
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ESTRATIGRAF1CA 
ESTRUCTURA O TRAMPA QUE TIENE UN ACill-1AMIENTO DE t!NA ARENA 
PRODUCTIVA, ATRAPADA POR CAPAS IMPERMEABLES. ESTAS 
DISCORDANCIAS O PERIODOS DE EROSION SEGUIDOS DE DEPOSITACION. 
llEGA.'! A FORMAR TRAl\1PAS RICAS EN HIDROCARBUROS. 

ESTRUCTURA SALINAS. 
EN ESTE TIPO DE ESTRUCíURAS, EL NUC'LEO O TAPON SALINO, SALIO POR 

. ENTRE SEDIMENTOS SUPRA YACENTES. 

CLASIFICACION DE YACIMIENTOS. 

POR EL TIPO DE EMPUJE. 
E.J.'\IPUJE HIDRAULICO. 
E:MPUJE VOLUMETRICO POR EXP ANSION DE GAS. 
E.J.'\IPUJE MIXTO. 
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1.4. COI\lPOSICION DEL GAS NATURAL. 

('la'' ( 'uiiiJlnllL'Ill h,llllllia Sh•Hlii.Uld 
-------- -------- ---

II).IH•L.IIIhlll\ l\kth.mc Cll, ( '1 
l·.tl1;mc 

(' ~''" ('2 
!'11 'l'~lllC C ,IIK C\ 
1 Blli.LilC ¡('~1111! ¡('-l 

u But.mc nC 111 111 nl'-1 
1 J\~111am: ¡('\1111 ¡(.") 

11 1\:1\I.IIIC nC~II 1 ! n( ·-; 

( 'yt '''l'l'lll:tlll' <',11 10 

1 k'lolllC' ,Jiltf ( '(¡ 1 

lie,I\'ÍL'I 

ln~·rt 1 i.I'L'' N1trn~en N, N2 
lkllum lk 

"• g"ll e\ 
lly¡hngen 11! 112 
Ch)gl.'ll ()! 02 

A Lid ( iaw .. ll)drngt.:n Sulhdc 11 ,s 1125 
('.u hnn l>io.'l id.: <:< )! C()~ 

Sullur ( 'ompunmh tl.kil";ijll.tll\ H-SII 
Sullidó 1{-S H' 
1 h~tdfulr.:~ H S-SR' 

\\'atea v .• pnr 11,0 
lupttd \lug.., Fre-e wah.:r or 

hrmc 
( 'ouo~inn 

lnhlhlhJr' 
fo.ktham,l CII,OII 

Sol id' ~1111\t:.lh: ami ru~t 
lwn ~ullidc FeS 
lk\clvoir linc' 

-- -------
Tahl• 2-S Typical Gas Analyscs (Mol Percenf) 

Natural Natural C\lmleno;;Jte Sc¡Mrat••r 
Cumpunenl Gas Gas Fluid Cia10 

Nl o 51 4.H5 
COl o 67 O. 24 o 47 
Cl 91.94 8.1.74 82 u )1) (1' 

Cl 3.11 5.68 6.37 111 ~2 
Cl 1.26 3 47 4 0'1 15 12 
i ·l'4 0.)7 O. JO (1 50 2. JI) 
n·C-' o 34 1.01 I.R5 7..1) 

i-C5 O IK 0.18 o 55 2.!Kl 
n.C5 0.11 0.19 o ó7 172 
C6 0.16 0.0'1 1 O.l 1 IK 
CH 1.35 0.25 2.34 O KO 

100.00 I!Ml.!Ml I!Xl.!MI 100 un 

C7 .. Moi.WI. 172 115 114 
C7 t Sp <ir. {) 803 0.744 {) 765 
C2 1 CiPM 2 5 3.2 5 5 12 J" 

Suur~c. Kaa\a 1 IIJ7K) Ka.tsa ( 19781 Allcn ( PJ52) llnknown 
a \hc~l pu•pcrtu:s of 11 C8 for ('71 111 cakulo~tc GPM Cl f 
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Vl'nl 

Figure 2-3. Basic chromatography system (leisey et al. 
1977). 

{OLUWN-SIUCON( 2oa,/SOO, JO'T 
l(J,IP[RATUAE-90( ~ 

% 
IHLET PII:[SSU~(- JO PSIG ;:'-
SAt.IPl[ SI lE- S Ul ~ ~ 

~ :il % • • ~ 

~ ~ ~ ~ 

~ ~ 
~ ~ " ~ • ~ ~ 
~ ~ :¡' ~ 

o 
~ ~ : ~ o 

~ < 

" ~ i" z 
'i o 

~ 
e 
~ 
u • 

~ 
~ 

E 
~ 

1 

"' 25 ,. " 10 
TI U[ IIINUT[S 

Figure 2-4. Chromatogram of natural gas (Silicone 200/ 
500) (GPA. 1986, Std 2261-86). 

o 
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DEIT'l1CIONF.S. 

GAS :-lA Tt'R\L. GAS Qt'E PRO'.'IE:'TE DE YACI:',flE:'!TO Y :'!0 !L\ U::'!IDO 
AT .<;Ti~ PROIF.SO DF. SFPAR..\IJOS, 10'\fPTTF.STO PRPWTPAI.Mr.NTF. flF 
:\IETA.t"iO Y ETANO ( COMPFESTOS i'iO LICUABLE A BAJAS PRESIOl'o"ES Y 
TE:\IPERA TL'UA A .. '\ffilENTf. ). 

' 

GAS LICUABLE DEL rETROLEO (Lr): COi\1rVESTO DE rnorA."iO, 
PROPILENO. BUTA .. NO (P'SOBUTAl',¡O) Y BFTIU:.NOS, LICUAELE A BAJAS 
PRESIO~ES Y TE:MPKRAHJRA. A :t'W:StON ATMOSFERICA Y A 
TE:i\IPER.-\.TURA .. UIDIE~TE. SE EV.\FOR.\ YFl.'EDE SER rs.\DO C0:\10 GAS 
~ PL"-..1\il.-' .. S DE ESTABU.IZADOR\S DE G.\SOLIN.\ ). 

GAS ,\..'\HRGO. ES EL QVE CONTIENE H1S (.\CIDO SL'LFHIDRICO) E:'f :'\'1.-\.S 
1>~~ 14 PI' M Y C02 (I>IOXII>O IW. CAI{HOMl) ~:N MAS ll~: 4 PPM. 

GAS OUT,IF,. GAS AMAR<;o TRATADO ION SOLTTrJON .AClTOSA DF 
DIETA.t"iOL A.t'\UNA PARA DISJ.\IINulR AL 1\IINThlO EL Hl.S ( ACIDO) Y C02. 

GAS HUMEDO. GAS QlJE CONTIE:"<"E HIDROCARBu"ROS MAS PESADOS Qu"E 
EL MET ..\."<O Y ET A."iO. 

GAS SECO. GAS QUE SE E~CUE~'TRA EN "L'NA FASE Y LAS CAl'HID.\DES DE 
LIQUIDO QVE LLEVA SON DESPRECL\BLES YP.\R.\ SU USO NO REQUIERE 
S~PAAAC10N. 

PliNTO CRITICO. ):STAJ>O I>ONI>~: I.A ~·As~: VAI'OI{ PIJHA. Tl~:IW. 

IDENTICAS PROPIEDADES DE LA FASE DE LIQUIDO Pl.JRO A LA 1\-llS:MA 
PRESION Y TEMPERATURA. 

P"Lr;'iTO TRIPLE. ESTADO EN EL CL'AL ES POSffiLE :\U."'TE!\'ER L'NA 
MEZCLA DE LAS TRES FASE EN EQUILIBRIO. 

TEMPERo\Tl.JRA CRITICA. TEMPERUURA SOBRE LA CU.-'.l ES IMPOSmLE 
LICUAR lJ"N GAS MEDIANTE LA APLICAC.10N DE PRESION. 
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1.2. RESERVAS Y PRODlJCCION DE GAS NATURAL. 

RESERVAS PROBADAS DE GAS NATIJRAL A NIVF:I. MT1NT1TAL SON DE 107 5 
BILLO"N'ES DE METROS ClJBICOS. 

MUNDO 
RESERVAS Pl=lOBADI\S DE GAS NATURAL 1 1')87 

"' "<: 

··~PAISES ECON CENTR 40 

" ' MEDIO ORIENTE 29 

" AME RICA DEl NORTE -· .. , A FRICA ., 
.. AMERICA LATINA ., 
e 'LEJANO OTE OCEAN1.4 •· 
" EUROPA OCCIDENTAL •· •o' ~ !00\ 

Fuente BP S!~t•lcal RE"v•ew 1988 

LOS DIEZ PRIMEROS SON: 

LOS DIEZ PRIMEROS 
RESERVAS PROBADAS GAS NATURAL 1987 10 MC 

U R S.S 

IRA N 13.8 
~~-41 

USA .5.3 

ABU OHABI -5.2 
QATAR .... 

ARABIA SAUDITA •• 
NORUEGA .3 

ARGELIA .3 
VENEZUELA • 28 

CA NADA ••a 
Fuente. BP Stet!ecat Revlew 1888 
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CONCEPTOS BASICOS DE MEDICION 

l. _ltlTRODUCClON 

La m~dición es una actividad básica para la ciencia y lR 
ingeni~ría, así· como para la vida diaria de las personas. p,.ra 
poder decir algo concr~to acerca de una cosa es indispensable poder 
describir cuantitativamente sus propiedades, lo cual se logra sólo 
a través de la medición de las mismas. 

rodl':!mo:q p~n~ar en la rnedición.como el proceso de ~signar números. 
en form" empírica y objetiva, a las propiedades de objetos o 
fenómenos en el mundo real, con ef propósito de describirlos. L-. 
acción de m~dir implica la comparación de una cantidad fisica con 
ttn patrón de referencia apropiado, a fin de cuantificarla con un 
ntimero. 

~n la práctica la medición ee de primordial importancia en el mundo 
moderno, ya que es fundamental en toda transacción comercial, y es 
la base para poder ejercer un control real en cualquier proce~o u 
organización, estando íntimamente ligada a los sistemas de control 
y aseguramiento de calidad. 

A continuación se presentan algunos conceptos básicos relacionados 
con la medición. 

2. ERROR DE MEDlCION 

El error absoluto de medición o simplemente error de medición es. 
por definición, la diferencia entre el valor medido, ~· y el valor 
real, ~. de la cantidad considerada: 

(1) 

En esta definici6n, el valor medido, qm, es simplemente el valor 
inditado por el instrumento de medición. Por otro lado, el valor 
real o verdadero, qr, esto es, el número que corresponde a esa -
cantidad suponiendo una medición perfecta, es un concepto 
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idealizado que no puede ser determinado empíricamente. Sin embargo. 
el valor verdadero puede ser estimado, generalmente por medio de 
métodos estadísticos. 

En ocasiones en la práctica se utiliza un valor verdadero 
convencional, que es una aproximación de.l valar verdadera lo 
suficientemente cercana para que la diferencia entre ambos valores 
pueda ser despreciada, según la aplicación de que se trate. Es 
común ~ue se use como valar verdadero convencional la indicación de 
un instrumento de alta exactitud. · 

~ veces es más útil considerar el error relativo de medición, que 
se. define como el error absoluto dividido entre el valor real: 

q~ - q, 
)( 100 ( 2) 

q, 

El error de medición puede ser sistemático, aleatorio o una 
combinación de ambos. El error sistemático es el que no cambia con 
el tiempo, o sea, es constante al realizar var1as mediciones 
sucesivas. Por otro lado, el error es aleatorio cuando cambia con 
el tiempo en forma aleatoria. 

3. EXACTITUD 

Exactitud es la habilidad de indicar valores muy cercanos al valor 
real de la variable medida. Se debe considerar como un concepto 
cualitativa asociado al instrumento o procedimiento de medición. 
Mientras m1s exacto sea un instrumento, menor ser1 el error de las 
mediciones efectuadas con él. 

sin embargo, en la pr1ctica es frecuente encontrar la palabra 
exactitud en lugar de incertidumbre. La incertidumbre, uno de los 
términos mAs importantes en metrolog1a como veremos mAs adelante., 
nos da un· intervalo dentro del cual es probable que se encuentre el 
valor real; ea un concepto cuantitativo que acompa~a siempre al 
resultado de toda medición y normalmente forma parte de las 
especifícaciones:de los instrumentos de medición. 
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4. INCERTIDUl~BRE 

4. l DEFINICION DEL CONCEPTO DE INCERTIDUMBRE 

Cada vez 
estimación 

que realizamos una medición estamos haciendo una 
del valor real de alguna cantidad fisica nue no . ' ., 

conocemos y nos 1nteresa conocer. Nótese que aunque se presupone 1~ 
existencia de un valor real, al mismo tiempo se acepta que ~ste 
nLtnca podrá ser determinado empíricamente con total certeza y ~e 
trata de un concepto idealizado.'Al reportar el resultado de 1~ 
medición. no es suficiente con proporcionar el valor medido o 
estimado, se requiere contar con alguna indicación de "u 
confiabilidad o de la calidad de la estimación hecha. Para ello es 
necesario establecer un intervalo de incertidumbre, que es un 
intervalo de valores dentro del cual existe una probabilidad 
determinada de que est~ contenido el valor real!A la probabilidad 
de que el intervalo de incertidumbre contenga al valor real se le 
llama nivel de confianza (simbolizado por a). y-normalmente es de al 
menos 95\-. Al intervalo de incertidumbre' tambi~n se le llama 
intervalo de confianza. 

La manera usual de reportar el resultado de una medición por medio 
de un intervalo de confianza es como sigue: 

"Cantidad" a q~ ± 6 , aa95\-

lo anterior nos dice que hay una probabilidad de 95\- de que el 
intervalo (q~-6.~+6) contenga al valor reál de la cantidad medida, 
q,. 

En la práctica, generalmente se expresa la incertidumbre de la 
medición diciendo simplemente que es igual a t6. De acuerdo con 
esto, podríamos decir que la incertidumbre de medición es igual a 
la mitad de la magnitud del intervalo de incertidumbre. Por otro 
lado, vale la pena sei'lalar , tambi~n que cuando hablamos de la 
incertidumbre de algún instrumento, en realidad nos estamos 
refiriendo a la incertidumbre de las mediciones realizadas con 
dicho instrumento. 

cuando se realiza una 
instrumento de medición, 
instrumento, mientras 
especificaciones del 
f-'lbricanto). · 

medición directa, utilizando un solo 
q. estará dado la indicación o lectura del 
que 6 y a estarán dadas por las 
instrumento (proporcionadas por el 

cu~ndo se realiza una 
medido qm se calcula 

medici6n indirecta, en la cual el valor 
por medio de alguna expresión matemática 
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partir.de la.medición de otras cantidades, es necesario obtener 1~ 
1nce:t1dumbre total de la medición combinando las incertidumbres 
asoc1adas. _a las diferentes mediciones directas involucradas. 11 
cont1nuac1on presentaremos las d,istintas formas de combinar la 
lncertidumbre para encontrar la incertidumbre total de una medición 
indirecta. 

4.2 COMBINACION DE INCERTIDUMBRES 

El primer requisito para poder combinar correctamente las 
incertidumbres es que todas tengan el mismo nivel de confianza a. 
En caso contrario es necesario aplicar técnicas de la teoría de 
probabilidad y estadística a fin de ajustar los intervalos de 
coniianza de modo que todos tengan el mismo nivel de confianza. 

4. 2. 1 METODO DE LA. RAlZ CUAPRAPA PE LA SUMA DE LOS CUADRAPOS !RSCl 

Supongamos que tenemos una cantidad z que es función de x y y: 

Si x y y son 
usualmente en la 
a partir de las 
general: 

Z ~ f (X, y) 

estadísticamente independientes, como ocurre 
práctica, la incertidumbre de z se puede obtener 
de. x y y por medio de la siguiente expresión 

llz = 
( 3 ) 

Esta expresi6n es para una función de dos variables (x Y Y~· pero 
se puede" aplicar- a funciones de un número mayor de var1ables. 
simplemente aumentando el número de términos en la raíz cuadrada. 

Desarrollando la ecuacion 3 (o sea, efectuando el proceso de 
diEérenciación parcial de la función) podemos l~e'!ar a fÓrmulas 
particulares aplicables a diferentes casos espec1f1cos, algunas 
de las cuales se muestran a continuación. 
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a) Suma o resta de variables, z=x• y, z=x- y: 

b) Producto o cociente de v"riables, z=x· y, z=x•y: 

~z 

z 
= 

e) Caso general de potencias y productos, z=~·V: 

' ~z 
z 

• 

4.2.2 METODO DE LA SUMA ARlTMETICA 

11) 

( 5) 

En los casos en que no es posible asegurar que las cantidades que 
intervienen en la medición indirecta de la cantidad z•flx,y) sean 
independientes, se deben combinar las incertidumbres por medio de 
la suma aritmética de las mismas, de acuerdo con la siguiente 
expresión: 

( 7) 

Igual que con el método RSC, a partir de la ecuación 7 podemos 
desarrollar fórmulas particulares para los casos más comunes, como 
las que se muestran a continuación. 

a) Suma o resta de variables, z=x•y, z•x-y: 

1 A) 

... 
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b) Producto o cociente de variables, zsx·y, z~x~y: 

= 

e) Caso general de potencias y productos, z=x"·;l: 

l>z 
z 

= a ~x • b l>y 
X y 

( 9) 

( 1 o) 

n difer~ncia de lo que ocurre con el m~todo RSC, la incertidumbre 
obtenida con el .método d"' la suma aritmética ya no se apega al 
concepto probabilístico de incertidumbre presentado en la sección 
1 .1' en el sentido de que ya no es posible decir cuál es la 
probilbilidad de que el intervalo (z.{)z, z•6z) contenga al valor 
verdadero z,. Este método es más conservador que el RSC en la 
evaluación de la incertidumbre combinada y proporciona los límites 
dentro de los cuales podría estar el valor real en "el peor de los 
casos•, esto es, suponiendo que los errores de medición 
involucrados fueran máximos y en el mismo sentido. 

5. PRECISION Y RESOLUCION 

La precisión es una característica de los instrumentos de medición 
que indica el grado de variación en el resultado proporcionado por 
el instrumento al realizar varias mediciones de una misma cantidad. 
En otras palabras, se relaciona con la repetibilidad del 
instrumento. · 

A~uí cabe senalar que un instrumento puede ser muy preciso, en el 
sentido de que el resultado de sus mediciones sucesivas de una 
misma cantidad no varia mucho, y al mismo tiempo ser inexacto, ya 
~ue no sabemos si los resultados obtenidos, a pesar de presentar 
poca variación, son cercanos al valor real. o sea, exactitud 
implica precisió~ pero precisión. no implica exactitud. 

La resoluci6n de un instrumento es el mínimo ca~bio en la varia
ble medida que 'ste es capaz de detectar. En ins~rumentos de indi 
cación analógica, la resolución es igual a la magnitud de la di -
visión mínima de la escala, y en instrumentos digitales está de
terminada por el dÍgito menos significativo. Aqui también un ins
trumento 
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puede tener una muy alta resolución mas no por ello s~rá exacto. 

Se debe tratar de evitar confundir los términos precisión y 
resolución con exactitud. ya que cada uno t1ene un significado 
propio diferente y bien definido. 

6. 1\LCNICE E INTERVALOS DE MEDICION 

El alcance de un instrumento nos da toda la gama de valores que e9 
posible medir con él, y va desde el valor mínimo (normalmente cero) 
al máximo. 

El alcance total del instrumento puede estar dividido en varios 
intervalos de medición, cada uno con sus propias especificaciones 
de exactitud, resolución, etcétera. Cabe aquí señalar la frecuente 
~ incorrecta utilización de la palabra rango (que en castellano 
significa jerarquía social o grado militar) en lugar ·de alcance o 
intervalo: esta practica común deriva de la incorrecta traducción 
del vocablo inglés "range". 

7. CALlBRAClON 

La calibración es el proceso de determinár o estimar el error de 
medición de un instrumento con el fin de saber si se encuentra 
dentro de limites aceptables, normalmente dados por las 
especificaciones del fabricante o por alguna norma técnica. 

Dependiendo del instrumento, el proceso de calibración puede 
terminar con la determinación del error o puede incluir ajustes al 
equipo para disminuir dicho error, o la determinación de factores 
de corrección para compensarlo. 

Todos los instrumentos de medición deben ser calibrados, al momento 
de ser fabricados y después a intervalos regulares para asegurar la 
exactitud y confiabilidad de sus mediciones. 

La calibración es un proceso especial y altamepte refinado por 
medio del cual se establece la relación entre los valores indi
cados por un instrumento o sistema de medición y los valores -
correspondientes proporcionados por un· patrón de r,eferencia ele 
incertidumbre conocida. La incertidumbre del patron debe ser -
mucho menór que la del instrumento que se calibra. 

/ 
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No se puede exagerar la importancia, dentro de cualquier ~mpr~: 3 , 
de un adecuado programa de calibración, ya que es la única garant[a 
de la integridad y validez de la medición. Por otra parte, contar 
con plan establecido de calibración es un requisito importante en 
cualquier sistema de aseguramiento de calidad y es una exigencia de 
las nuevas normas de la serie IS0-9000. 

8. ''TRAZABILIDAD" O RASTREJ\BlLIDAD 

L~ definición formal de "trazabilidad" o rastreabilidad dada en el 
Vocabulario de Términos Básicos y Generales en Metrolog1a de la ISQ. 
es "La propiedad del resultado de una medición por la cual puede 
ser relacionado con los patrones apropiados, generalmente patrones 
internacionales o nacionales, a trav~s de una cadena ininterrumpida 
de comparaciones". La palabra "trazabilidad• es una traducción 
incorrecta del término en inglés •traceability• y una traducción 
más apropiada seria rastreabilidad, sin embargo dado que 
"trazabilidad" es ampliamente usada, será la· que emplearemos aqui 
para evitar confusiones. 

La cadena ininterrumpida de comparaciones consiste, por lo general, 
en una serie de ·calibraciones que comienzan con el instrumento 
usado en la medición y llegan hasta el patrón nacional o 
internacional correspondiente. Por lo tanto, la evidencia de la 
trazabilidad de la medición está en los certificados de calibración 
de los instrumentos y patrones involucrados, emitidos por 
laboratorios acreditados por el orga_nismo nacional rector 
correspondiente. 

La existencia de trazabllidad·en las mediciones es .también, al 
igual que el plan de calibración, un requisito para cumplir con las 
normas sobre sistemas de aseguramiento d~ calidad como las de la 
serie IS0-9000. 

9 . NORMJ\LIZAGION 

con el fin de establecer criterios y procedimientos de medición 
uniformes que favorezcan la armonía en l~s med~ciones efectuadas 
por diferentes personas y sirvan para e~1tar d1sc~ep7ncias en.
las transacciones comerciales, las dist1ntas asoc1ac1ones ~rofe
sionales y los organismos de normalización elaboran y publ1can 
normas para la medición de las cantidades mas diversas. 
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En 1~ que se refiere a la industria petrolera en particular, el 
/1Jner1can Petroleum Institute (APIJ publica su "Manual of Petrol..,um 
Measurement Standards", que contiene los métodós y pautas el" 
medición recomendados para efectuar las mediciones que se requieren 
en esta industria. 

Otras org~niz~ciones que publican normas de medición aplic~bl~s ~n 
la ind~stria petrolera son: 

American ~etroleum lnstitute (APIJ 
- American Gas Association (AGA) 
- Gas Processors Association (GPAJ 
- Instrument Society of America (ISA) 
- American Society of Mechanical ·Engineers (ASMEJ 
- American Society for Testing and Materials (ASTMJ 
- Institute of Petroleum (IPJ 
- British Standards Institute (BSIJ 
- International Organisation for Standardization (ISO) 

Por otra p~rt~. como ee mencion6 en la sección 7, la calibraci6n eg 
un aspecto fundamental en cualquier sistema de medición, y existen 
distintas normas, publicadas por organizaciones competent.,s, que 
establecen los requisitos que debe cumplir un sistema de 
calibración. 
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Chapter 13-Statistical Aspects of Measuring and Sampling 

SECTION 1-STATISTICAL CONCEPTS ANO PROCEDURES IN MEASUREMENT 

13.1.0 lntroductlon 

Th¡; nature of physical measurement:- make~ 1t impo~· 

,.hle to meJ.surt: a phys•cal variable wnhout aror. Abso· 
lute a~.:<.:uracy i!. only acl11evable when it 1::. pmsible to 
counr the objects or event!-: e\'en then. ""hen large num
her:-. are mvolved. it may be necessary to approx1mate. 
W1th the best eqUipment and dirocuons. the potential 
for error~ in fluid volume m~a.;;urements •nvolv•ng \arge 
amount!'l of matenal is large. 

Manim1zing errors. estimatmg the remaining errors. 
and kec:ping all partie~ mformed of errors is 1ncrea~tngly 
important to the petroleum indu~try. Equally 1mportant 
i:-. an under~tandtng of the size and significance of error!'~. 
Providing e~timates of errors and statements concerning 
errors 111 a ~tandard form can hdp avoid disputes and 
di~pd delus1ons of accuracy m statements of quantity. 

Chapter 13 or the Manual of Perro/eum Measureme111 
Stumlurd.f b destgnc:d to help thoSc: who make measure
menb of bulk oil quJnllties 1mprove the value of their 
re~ult Matement by makmg proper estimates of the un
certaanty or probable error mvolved in measurement~. 
During the development or Chapter 13 l. reference wa
madc to Part XIV. Section 1 (Tentativo) or the Perroleum 
M,~uwrement Manual published by the lnstitute of Pt:· 
troleum. London. England. 

13.1.1 Scope 

Thi-. chapter covers the basic concept~ involved in e~
timaung errors by stat1~tical techn&que~ and en~uring 
that n:~ult~ ;He quoted in the mo~t meaningful way. The 
~tJU:o.ttcal procedures that should be followed in estimat
ing a true quantity from one or more measuremenb and 
in deriving the range of uncertainty of the results are dt~
~..:u~~ed. Sources of error are ex.amined and example~ are 
prov1ded showing how a statement of the overall unl·er
tamty in completed mea~urement~ &s denved. 

The ~ub~equent section~ (in preparauon Jt the ume 
thl~ ~et:tiOil was puhlbhed) or Chapter 13 will deal v.ith 
the apphcauon of the concepts dbcussed in Section 1 to 
v;..mnu' mt:thods for bulk 01! mc:asurement wrdc:ly usc:d 
rn the pt:troleum mdustry. Chaptc:r 13.1 is a refc:rt:nce 
Jocument c:xplarning theory and the application or Sta· 
u-.ucJI prfx:c:dures wherca~ ~ub~equt:nt ~ections wdl pro
\lde ~tatblical equatlon-. anJ typ1~..:al ex.ample:-a for 
vanou~ type~ of measurc:ment 

13.1.2 Definitions 

Thc rollowing term:-a are u sed throughout Chaptcr 1 J. 
AcC"uraq is the ahility to indicate values closely ap

proximating the true value of the measured variable 
Bias is any influence on a result that produces an rn

c.:orrect approximation of the true value or the vanahle 
being measured. Bias is the resull or a predictable ;ys· 
tema tic error. 

Confidence inren•al or range of uncerlamty, C. i~ the 
range or interval within which the true value is expected 
to lie with a stated degree or confidence. 

Conjidence /e~•e/ is the degree or confidence that may 
he placed on an estimated range or uncertainty. 

Dep,rees of freedom is the number or independent re· 
~ults used in estimating the standard deviation. 

Direct mea.wremem is a measurement that produces a 
final resull directly rrom the scale on an mstrument. 

Error is the difference between true and observcd 
values. 

/mlirut measuremenr is a rneasurement that produce:-. 
a final result by calculation using re~ults from one or 
more direct measurements. 

Mean. X. is the .average of two or more observed 
values. 

Meuwremelll is .a procedure for determrnrng a value 
ror a physical variable. . 

Normal (Guussian) distrthution (see Append1x. A). 
The ohserved value is the result obtarned rrom a 

measurement. 
An outher i~ a result that differs considerably from the 

marn body or result~ in a set. 
Parumeters are the values that characterize and sum

marize thc esscntial reaturcs of mcasurcmcnts. 
Preos1on is the degree to which data withrn a set clu~

ter together. 
A random error is an error that varies in an unpredlct

Jhlf! manner when a large number of measuremenh nf 
tht! -.ame vanable are made under etfectively idenllcJI 
~..:onduions. 

Range. M', is thc region between the limits ~1thin 

wh1t:h a quantity is mf!asured. 
Rept.·awhili~,._ r. 1:-a a mea~ure or the agreement he· 

twt!t!n the result:-a or succes~¡ve mea:-auremenb of the 
-.o.~ me Vdriable carned out hy the -.ame method. w1th thc 
-.ame instrument, at the ~ame location. and w1thin a 
.. hort period or (¡me. 
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l<t'f'lodu( 1htlll\ 1:-. ~~ me.t.,ure of the ag.reement hetwccn 
thc r'-·-..ult-, (ll me.t-.,un.:nH.:nt' of the :-.Jmt: variahle \\hcn: 
111d1\ 1Lludl nh.:.r-,urL·menh are L'Mnt:d out hy the :-.Jmr: 

mcthPLJ, \\llh thc '.11111.: tvpe of 1n:--trumcnt:-. hut h~ dlf
l1.:r-.:nt llh,er\t.:r:-. .• 11 ddlt:rent locat10n~. and :.~fter a long 
rLr~tld nf (1011..' · 

:\ rt·\11/t ¡.._ the oh:-..:r,ed VJiue of J vanable determtnetl 
h~ .1 ''nglc nH:J:-urernent 

A 1(1111111/11 t:rror 1:.. a gros\ error 111 procellure (fl)f ex
dlllple. human error:.. or mach1ne malfutH.::tiOn~). 

Stu11dard devwtw11. s, i~ the root mean square J .:·:ta
uon of the observed value from the _average. 

Swndard normal Jeqafe (see AppCnd1x A). 
Srudem·~ r 1s a sratt.o:.tlcal function that varíes in m..Ig· 

llltude \I.Jth degrees of freedom. 
A sptemauc error. e. IS one that. in the course of a 

number of rneasurements made under the same cond1· 
11ons. on matenal having the ~ame true value of a van
able, e1ther rema1ns constant in absolute value and :::.1gn 
or vanes m a predictable manner. Systemat1c errors re
sult 10 a h1Js 

True value. X. is the correct value of a vanable. 
Vanance. ~' vr 1·, !S the measure of the dispersion or 

scatter of the values of the random variable about the 
mean IJ.. 

13.1.3 Nomenclature 

The following algebra.c symbols are used throughout 
Chapter 13. 

A True ilmit of range of uncertainty for 
random errors. 

a Estima te of A. 
8 True limit of range of uncertainty for 

systematic errors. 
h Esumate of B. 
C True total limll of range of uncertamty. 
e Estimate of C. 

D Conversion factor (used to derives from K'). 

e Est1mate of systematic error. 
n Number of repeated measurements. 

m Number of quantities incorporated in a final 
indirect quantity measurement. 

p Number of independent 'ources nf 
systematic error. 

P. Q C on~tants 
r Est11nate of repeatability. 

S True value of standard dev1ation 
s Est1mate of standard dev1at1on. 
r Value of Student'~ t distnbutwri 

V True vanance. ~. 
l' Estímate of variance. S1

• 

K' Range of a set of data. 

X True V..Ilue of a v.tnahle. 
x Oh~erved mean value of a set llf dJt:t 
.>. Oh.sc:rvcd value of a vanable. 
1 Oh~crved mean valuc correctc:d for htas. 
r Oh~ervCd value of a variable= correctt:d for 

htas. 
Jl Mean of Gausstan normal dtstnhutton. 
a Standard dev1at1on of a Gauss1an normal 

d1~trihuuon. 

<P Degrees of freedom. 

13.1.4 Statlstical Control 

Proper u~e of statistical techniques requires that the 
measurement process be in a state of st<Htstlcal control. 
Unless this is achteved. any statement concerning the es
tima te of the true value of the quantity bemg measured. 
and the statistical uncertainty a:,sociated with 11. 1s not 
stnctly valid and may even be meanmgle~s. A measure
ment process that ts under statisttcal control wtll; tf 
measurements on the same quantity are repeated by the 
<.;ame method and under essentially the same conditlons, 
'how stahihty of the mean value and regular scatter of 
individual result' (see also 13.1.7). 

Repeatability and reproducibility. when properly es
tablished. can be used to monitor statistical control on a 
routtne hasis (see 13.1.7.1 and 13.1.7.2). 

Strict stattst1cal control is usually very difficult to en
\ure. An important !-ltep in establishing any measure
ment procedure 1s to decide which variables should be 
u~ed to momtor statistical control and 10 establish target 
values required to maintam an appropriate degree · of 
conststency. Sorne essential elements m statisucal con
trol are listed h<re. 

Thc l'ntin: lllt:;J!-.Urc:ment procedure and in,trucllon' 
mu~l he dcarly ddined and do~ely followed. 
2. lndcpendent procedure~ for chccking and matnt..tm
mg cqUipment muM he avaibhlc:. 
1 Mc:an~ for dcte.,;ting and eliminaung equ¡pment 
malfum.:tiom and human mi\t.tkt:~ (leading to 'puriou~ 
l'rror~) 'hould he incorporated hee 13.1.6.1 ). 

These fea tu re~ Óf the measurement procedure must be 
adhered to at all times. Furthermore. control charts and 
other record~ of equ1pment performance. maintenance, 
and cahbrat1on checks must be used asan int~gral part 
of statistical control procedures. 

13.1.5 Measurements 

13.1.5.1 TRUE VALUE 

One pnmary a~~umption is made: that i~. an exact or 
rrue value exists for any vanable. valid for the condi
uons that exist at the moment when the result is deter-
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nnned (ienc:rdlly. the true value X cannOt be 
deranuned. hut .1 vahd esumate r can he obtatned by 
ng{)f¡)uo;; .1ppltcauon of the apprtlpn:.Jte method of meas
un:ment u~;,ing the specified mstrumt:nt' By stati~tical 

anal:-~1s Pl tht: vanous errors mvolved. lt t.'! po,ssthle to 
u~e oh.'!crvcJ \al u es to obtain an esum:He of the true 
\J.Iue i.ind to quanufy the rehabduy of that e~llmate In 
,tn~ .... et nf measuremenb, the best esttmate of :( wdl be 
the mean X after rejectmg outliers and correl:tmg for ~ys
tem:Htc c:rrors. 

:-.een JI .:1 gbnce. Results should be wnlten as follows· 
\· :!" n \) 95. 11 (Q5 percent confidence leve l. 1/ meJsure
menb) !rnm "htch the following relevant rnformatlon 
c:.1n h~..: llht:uncd· 

i t~ .t nh::tn \.Jiue of 11 mea~urements. ¡.., l'Om:cted f¡)f 
Jll.~thmn ,\..,te~..ttlc aror~. and ts the ~sttmate uf the 
llliL' \ ,tiLIL 

~ rllt:rl' ~. ... l)5 percent prob:thdny that the true value 
lt<.:' hl't\\l'<.:nl- C(\)and.\' + C(ll 

·¡ ht:r.: 1, l)5 pt:rcl!nt probabdtt! th:tt any further \tn· 
g.k· tlh::'t,urL'ment wtll lle wtthtn ¡: .:.=- = C(\)ln"' 13.1.5.2 UNCERTAINTY OF ME~~UREM,..,E~N_o_T _______ _ 

The u: .. dulness of d re:-.ult t.':l grcatly increa~ed when it 
t~ .Kc..:ompanied hy a .statement of its reliabdtty. The sta· 
rr~tical cJkul::wons provided in th1s chapter gtve a range 
or tnterval within which the true value of ·the variable 
can be expected to he with a ..,tated degree of confidence 
The stattsticul term for, such an interval is the wnfidence 
mtt'r;a/ (also referred lo as the range ofuncerramty of the 
measurement) The limits of a confidence interval about 
an estímate X. are expressed as X ±C{X): the magmtude 
of :±: C(i') depends on the random variability of the 
measurements. unknown systematic errors. and the con· 
fidence level. As an example. consider the following 
staternent: lOo ± 1 oc. In this statement. the estima te X 
tS 10• and the confidence mterval tS ::: 1·. 

13.1.5.3 CONFIDENCE LEVEL 

Sewng absolute limits to a rangc: of uncertainty IS 

rardy poss1ble. It is more practicarto gtve an mdication 
or the degree or confidence that may he placed on an 
e.\limated rdnge of unccrtaanty. Thts degrec of éonfi~ 
dence. or confidence level. mdicates the probabihty that 
the range quoted will include the true value of the quan
ttty be10g rneasured. The most common statistical prac
t•ce is to use the 95 percent confidence level. This leve! 
tmpltes that there ts a 95 percent probability (19 chances 
'" 20) that the true value will he within the stated range. 
The 95 percent leve! is recommended for all commercial 
apphcattons m petroleum measurement and wtll be used 
throughout thts chapter. In certain hmited circum
:-tances. a dlfferent degree of confidence may be 
required. 

NOTE Stnctly. a cunfidence leve! or confidence lOtC'rval can only be 
u.-.ed tu account for Gaussian random errors or erro..Jrs th.at may bt: so 
treated. Systematlc errors must be accounted for beforC' the confidence 
leve! and mterval are apphed. and substantial contnbuttons to the to
tal uncertatnty should be separately recorded 

13.1.5.4 REPORTING RESULTS 

All results should be reponed so that the estimate or 
the true value. and the limits wtthin wh1ch the true value 
ts expected to lie with a given leve! of confidence. can be 

E'pandtng on the example. assume that the following 
temperature measurements were taken for a delivery 
h.Jtch or crude oil: 10. 8. 11. 9. and ¡z•c: and the confi· 
denL·~ tnterval was determined to be ~ zoc. Then Y = 
10." = 5 and the result statement would be: 10•::: 2'C 
(95 ren.:ent confidence leve\, 5 measurements) 

13.1.6 Types ol Errors 

Th~: J¡fference between the observed value o.( a vari~ 
able and tts true value includes all errors assoc1a~ted with 
the pcrson actually taking and recording the results, in
~trumt:nt errors, procedure errors.' and errors resulung 
from samphng procedures or changes m conditwns dur· 
ing thc period of measurement. There are three basic 
types of errors that must be cons1dered · spunou~ eirors. 
!:l)~temalu.:: t!rrors. and random errors. 

13.1.6.1 SPURIOUS ERRORS 

Spunous errors are gross errors. such as m1sapplica· 
ti\1n ~1f method. incorrect reading or recording. and 10· 

~trum~:nt malfunction. These errors cannot be incor· 
por:.Jted mto any statistical analysis and the results must 
be dLScarded. 

Thcre are statistical methods of testtng for outlier> 
(see Appendix B), but these methods should only be ap· 
plied if there is good reason to believe that spurious er· 
rors exist. Data should not be discarded lightly. and the 
observer should record what information has been dtS· 
Larded and state the reasons. 

13.1.6.2 SYSTEMATIC ERRORS 

A :-y<.,¡t:mattc error ts one that. 10 the course of a 
numher of measurements made under the same condi· 
tions on the same vanable. remams constant or vanes 
pred1rtahly. Thus. systemattc errors cause bias in the re· 
sults. Thc: b1as can be poslltve or negauve. leading to 
over· or underestimation of the true value of the vanable 
heing meJsured. In many liquid measurement applica· 
uons. systematic errors may rnake a larger contnbut10n 



-31-

4 CHAPTER 13-ST A TISTICAl ASPECTS Of MEASURING AKJ 5AMPLING 

ro the overall uncertainty of a result than random errors 
l;ee 13.1.6.3) Systemalic errors must be idenlified and 
c1ther ellminated or compensated for befare mterpreung 
nverall rc;ults stattsttcally (see note tn 13.1.5.3). 

ldeally. btas could be constdered as constan! for all 
measurements made by the same operator and equlp
mcnt. Unfortunately. assessment of bias is complicated 
by the fact that sorne contributions to btas do vary wtth 
lime. For example. knowledge and control of test condi
tions may be madequate oran instrument may wear pro
gresstvdy. Such factors will probably not change 
stgmficantly dunng the course of one set of measure
ments but could change both in magmtude and sigo over 
a longer penad. 

Assessment of systemat1c errors by experimental 
means is difficuh. especially when variation with time is 
1nvolved. Errors tntroduced by the observer or by 
changes tn operatmg conditions are probably easiest to 
identify. but any experimental evaluation of systematic 
error may mvolve a complete change of equipment. 
wh1ch is often not feas1ble. The alternative to expenmen
tatlon is to make a subjective assessment on the basis of 
experience and knowledge of the instruments involved. 

In any event, if the conditions o{ measurement are un
changed. increasing the number of measurements will 
not reduce the effects of systematic error. 

All conceivable sources of error must be identified. ex
amined methodically. and assessed quantitatively lo es
tabltsh whether they make a significan! contribution to 
bia~. 

13.1.6.3 RANDOM ERRORS 

Random error; are caused by small independent influ
ences that preven! a repeated measurement from giving 
an identical result. although the true value of the vari
able involved remains the same. Results that contain 
only random errors are amenable to statistical analysis. 
Random errors are assumed to follow a normal (Gaus
sian) distribuuon, descnbed in Appendix A. Provided 
that all systemattc errors can be accounted for. the cor
rected mean value y and the range of uncertainty :!:C(y) 
can be calculated. Increasing the number of measure
ments reduces the value of C(y) and hence improves the 
rehabtltty of the final estimate y. 

13-1-7 Accuracy and Preclslon 

A set of measurements sub;ect to the smallest system
atic errors will be ex.pected to have their mean closest to 

...... the true value. and this is said Ll give the most accurate 
sel. ll is also ev1dent that the :-.et or measurements sub
ject to the smallest random errors will be expected to be 
clustered closest together. and so form the most precise 

set Wnhm these rather narrow stausucal definitions. 
prec1se nieasurements are not necessanly accurate. since 
they could cluster about a potnt that is not the true 
value. Conversely. 11 1s possible to ha ve a set of measure
ments that are accurate taken as a group although 
widely scattered and of doubtful reliability when taken 
singly. 

This dJstinction is important smce any statement con
cerning reliabality must account for both systematic t:r
rors and random errors. as statJstically defined. In 
pracuce. accuracy m measurement cannot exist WJthout 
prec1sion. so every eH'ort must be rnade to satisfy both 
criteria of reliability. 

The precision of a method of measurement can be de
termined quantitatively and is conventwnally expressed 
as repeatability an~ reproducibility. 

13.1.7.1 REPEATABILITY 

The repeatability of a method of bulk measurement ts 
a quantitative measure of the random error associated 
with a single operator at a g.ven location. obtaining suc
cessive measurements on the same body of material over 
a short time interval. w1th the same measuring devices. 
and under constan! operating conditions. Repeatability 
is defined as the difference between two such measure
ments that would be exceeded in the long run in 1 case 
m 20 tn the normal and correct operation of the method 
of measurement. Repeatability is the range of uncer
tainty (95 percent confidence leve() for the difference be
tween two measurements obtained under the same 
conditions. 

The short time interval between measurements is es
sential to ensure that ex.ternal conditions are kept as 
nearly constan! as practicable. The time interval should 
be of the same arder of magnitude as the duration of a 
single measurement. For ex.ample. if a measurement 
takes 5 minutes to carry out. the interval befare a second 
measurement should not exceed 10 minutes. 

13.1-7.2 REPRODUCIBILITY 

The reproducibility of a bulk measurement method is 
a quantitative expression or the random error assoc1ated 
w1th d1fferent operators working in d1ffcrent locauons 
with diH'erent instruments, with each operator obtammg 
Single measurements on the same body of material by 
usmg thc same method and the same types of measunng 
devices. lt is defined as the diH'erence between two such 
single and independent measurements that would be ex
ceeded in the long run in only 1 case tn 20 in the normal 
and correct operation of the method or measurement. 
Reproductbihty ts the range of uncertamty (95 percent 
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contidencc level) for the ditference between two meas
urement<-. obtJ.med undcr the same condlt!Ons. 

GooJ reproducibi!tty •ndicates that random errors are 
acceptahly ,mall (g0od repeat"billly) and that system
J.tJc arors mher than those mherent m the method are 
probably abo very limucd m s¡ze and number. Repro
du<.:•h•lity conJJtJOO!-. a~ defined. can rarel) be met in 
quantitauve bulk oil measurement because the ident1ty 
of a body of 011 is almost mvanably lost during its move
ment from one place to another (the only possible excep
tiOn bemg measurement by gage or weighing of a vehicle 
or ship). However. a clase approximatlon to reproduc
Jbility condnions could be ach1eved for measurements 
-,uch as gaging a storage tank if two operators each set 
up the1r own apparatus for the prescnbed method of 
mea~urement at the same location. 

13.1.7.3 APPLICATION OF PRECISION TOA 
SINGLE MEASUREMENT 

A~ <.,lated prevwusly, reproducibility of a measure
ment method. strictly defined. is not a concept that can 
often be utilized. The appilcatwn of ropeatability is also 
ltmited in normal commerctal transfer measurement. 
since the second measurement required to establish a 
difference between two resuhs ts not a practical propos1- .. 
tion m everyday work using meters. 

ln practice 1t is necessary to conducta special exercise 
and obtain repeated determinations of the result with 
the dpparatus that 1s to be used al a given ~1te and to use 
the..,e determinations to esumate=the random error of a 
single measurement. Thts random ~rror ts expressed as 
the range of uncenatmy about a sangle measurement 
rather than the range for the difference between two 
measuremonts as would be the case for repeatability and 
reproducibility. This os tima te of the range of uncertainty 
i~ then used for aH rouune measurements until such time 
a> " complete re-check of the apparatus and method is 
undortaken (usually at prescribed regular intervals). 

The esumated range of uncenainty so obtained would 
cover t:rrors both from the instrumenls used and from 
the calibration system employed. 1t should also be noted 
that. without repeated measurements, it JS impossible to 
use the range of uncertainty as a means of monitoring 
statistical control on a short-term basi~. as was the casc
with repeatability (soe IJ.I.7.1 ). 

13.1.8 Statlstical Procedures 

Truc: value and r.:mgt: of uncenainty are two impor
tant charactt:risuc'> Jc:~~.:nhmg the measuremt:nt of any 
phy:-.ical vanahlt: Thc:rc: are ch;uacten~tics that descnbe 
otht:r fea tu res ·or tht: rt:~ult~. ~uch as random error. stan
dard deviation. and h1a~. and tht:se are called the param-

eters of the populatwn of observed vana bies Parameters 
are all assumed to ha ve true va\ues. The procedures de· 
scnhed 1n th1~ secuon are used to den ve esttmates of the 
parameters. known as stal!Stlcs. from the ~et of measure
ments obtatned. Parameters Wlll be represented algebraJ
cally either by Greek letters (for e.ample, p. and a) or 
true values by capnal Roman letters. and observed val
u..:~ will be represented by lowt!rcase Roman letters. 

In general. the result in question will be a function of · 
one or more mtermediate results. each of wh1ch could 
con tribute to both the final result estimate and its range 
of uncertainty. The statistics for each intermediate result 
should be established first. lntermediate results w11l be 
wmbined to give the statistics that relate lo the final 
rt!~ult. 

13.1.8.1 STATISTICAL PROCEDURE FOR A 
SINGLE SET OF DATA 

StatJ.'<!tic' are denved from a ~ingle set of " repeated 
mc.I,un:ment:-. .\ ,. for 1 = 1 ton. Each mea~urel}lent will 
h~ ;m eswnate of X. the true value of the var~able hut 
,,¡lJ he :-.uhjet·t to both systematic and random errors 
( ... ~..: IJ.1.6). All known sources of systema.tic error 
... hould he accoUnted for befare the true value and rang~ 
(lf lllll.:t:rtainty are estimated. In the interest of clarity. ~~ 

,.., good practice to record the source and magnitude of 
l!<~l·h aror separ;.Jtely. 

R.mdom . ..:rrors are as~umed to follow the normal 
1 G"u·'·"an) d1stnhution (see 13.1 6.3 and Appendix A). 
Y.IHch i:-. fully determaned 1f its parameters 1' (mean) and 
a btandard deviat.JOn) are determmed. These two pa
r.anlett:r!'o are estimated from the measurements obtained. 
Thc po:-.s1ble source~ and magnitudes of the systemat1c 
I.!Htlr:-. to bt: found 10 measuring system~ are given in de
tall 1n 13.1.8.1.1 through 1.1.1.8.1.7. 

13.1.8.1.1 Number ol Repeated Measurements 
Requlred 

There is no fixed value for the optimum number of 
measurements requtred to estabhsh a true value and a 
range of uncertainty. On the one hand. n. the number of 
repeated measurements. has no bearing on the determi
nauon of systematic errors that are present to the same 
e:J.tent in all measurements made under the same operat
mg condiuons (see 13.1.7.2). On the other hand, the sta
tJstic~ rdating to random errors ( for ex.ample. mean and 
\tandard devJat1on) are not independent or n. smce the 
brger n becomes. che closer estimates will approach 
thl!lr trut: values and the smaller will be tht: range of un
cenamtv (see 13.1.7.3). 

Very often it is only practica! to obtain from five to 
tt:n measurements in the field. This is perfectly accepta-

·¡ 

•. 
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ble for the day-to-day esumate of a mean value. but 
greatcr rehah1hty 1s required for a statist1c that 1s to be 
used as a .'-tandard measure. Th1s is the case for 
rcpeatabdtty (see 13 1 7 1 ). which should be esumated 
from at least 20 .md preferably 30 or more repeated 
measuremenb. A s1mdar Jrgument apphes when esU· 
maung the range (lf uncertainty for smgle mea!-turements 
(see 13 1.7 3) 

13.1.8.1.2 Outlylng Results 

Results that are subjed to spurious errors (see 
1) 1.6 1) may dtffer considerably from the remaining re
'ults m the se t. These are called outlying results. lf a re
~ult 1s suspected to be an outlier but is not easily 
tdenufiable. then the set of results should be tested for 
outlters accord1ng to the procedures g1ven in Appendtx 
B. The suspect result should be discarded tf the test 
proves stgntficant. It should be stressed. however. that a 
good reason ts requtred before a result ts re)ected, and 
that reason should be clearly stated. 

When the repeatabtlity of the method of measurement 
has been establtshed. itts possible to make a preliminary 
check for outliers by the range test illustrated in 
13.1.8.1.7. Note that constant systemattc errors cannot 
be detected m an outlier test because they are present to 
1he same extent in all results of the quanlity in question 
('ee13.1.62) 

13.1.8.1.3 Correctlng lor Bias 

If a constant systematic error e is k.nown to exist. for 
example, a depth gage is known to gíve a consisten! btas 
1 mtllimeter above the true reading dueto faulty calibra
lton, then each of the measurements x. should be ad
JUSted accordmgly. The adjusted results, r .. willthen be 
the mo;t accurate available (see 13.1.7) and are given by 
the expn: .... ~ton: 

y, = x, - e ( 1) 

Note that the ;ystemattc error could be leve! dependen t. 
that is. a constan! function (for example, percentage) of 
the measurement itself: 

e = f(x) (2) 

An example of this would be a direct reading meter 
known from experience to give a conststent btas 1 per
cent above the true value. In that case. Equation 1 
beco mes: 

y, = x, - f(x,) (3) 

There are u mes. however. when the systematic error is 
unknown in magmtude and/or sign, usually dueto van
attons m operaung condttions over a long interval (see 

13.1.6 2) In that (:t,c. the average systernattc error ~ 

..,hould he C!:olHnated. t.tkmg mto account the lOndttttlns 

that ... llfect the mt:.:tstm:ment~ at the ume. Very often the 
only \\<J.~ to c-.unutt: the average ts to calcula te the mean 
rangt! 111 whtch the enLlfS could lie. lf the errors were 
csttmated to ran~e fwm e 1 toe_. the a\erage sy:.temallc 
~rror would be: 

;; = (e, + e,)/2 (4) 

lndtvtdual measurements should then be adjusted by the 
mean value e as in Equation 5: 

_1\ = :el - e (5) 

Note that when the systemauc error takes po~itive or 
. negattve values up to the same max1mum (el = - e.J no 

correctton will be madc. Note also that unknown sys
temauc errors will contnbute to the range or uncertamty 
for the true value esttmate (see 13.1.8.1.6.3). 

13.1.8.1.4 Estlmatlng True Vatue 

The results y, (x, corrected for bias) are now subjectto 
random errors and unknown systematic errors. As previ
ously stated, the measurements y, are assumed to follow 
the normal dtstril:>ution with mean p. and standard devia
tton a. The estima te of the mean thatts most likely to be 
corree!, or the "maximum likelihood" estímate of p., is 
the average y of the set of corrected measurements: 

n 
1 1 

y = -;; (y, + y, + ... + y") = -;; :¡; 
i= 1 

y, (6) 

lf only one result is available, the result is the estímate of 
the true value. 

13.1.8.1.5 Estlmallng Standard Devlatlon 

Th~ ~tandard deviauon a (r) descnbes the random ~:r
Hlr of a ~ingle mea~urement." 

Thc maximum likelihood c~tlmJ.te s(\) of the !-.tand.HJ 
dt:'-I•Hion ~~ calculotted from thc: ~et of l:orre1.:ted re~ulh 
~ 1",) .1~ fl.lJIOW!.: 

11 

•(r) ~ 
t= 1 

'(rl = 

( 1'. - .1-l' 

nv~ 

n-1 

A le:"" nunplu:at~:d hut more approxtmatt: e~ttmJ.tc ts: 

(7) 
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<( 1') 
h' 

(8) 

IVhae 

u -= the rdngt: of the ~t:t nf mc:asurt:mt:nt:, (for 11 

< 12). 

D(!t) J ;,;onvcr~10n factor bee Tahk 1 ). 

A further approxímat10n can be made by replacing D(n) 

by 1 11)" ··. lt ;hould he stressed. however. that Equauon 8 
'' approx1mate ;mee 1t should theoretically apply to the 
average range W of a number of sets of n measuremcnh. 
A more reliable est1mate would be obtained from the av. 
~::rage range of stx pairs of re!!.ulls than from the range of 
a smgle set of twelve rcpeated results. For th1s n:a~on. 
the equa!lon should only be used as a qu1ck check t<l 
momtor statlsllcal control and not for data mterpreta· 
uon (~ee ll \.4). 

The standard dev1alion of the averJge of n repeated 
results can be calculated as: · 

_ al r• 
a( ' ) = ""'-' n"' 

(9) 

In terms of estimates. the standard de\iation. oras it 
1s more commonly called. the standard l!rTOr. of the aver
age becomes: 

( -) ili1 
S Y = no·, ( 10) 

As the number of measurements increases. the stan
dard error of the average will decrease. Th~refore, an av
erage based on a large numbcr of mcasurements would 
in th1s sense be more reliable than one ba.<ed on a small 
number of measurements (see 13.1.8.1.1 ). Furthermore. 
sinL.e the distribution of any average tends toward the 
normal as n becomes larger, Equation 10 would still hold 
true if the distnbution of individual results deviated 
from the normal distribution. 

13.1.8.1.6 Estlmatlng Range ol Uncertalnty 

For a mc:a..,un:mt!nt functinn. ht:rc called G. thc limtt 
C< G) of the range of uncertainty ( ~1!~ 1.1. 1 5.2) c:on.\Í.o;l.\ of 
two parts. the hmit A(G) dueto random errors and the 
limit B(G) due to unknown systematic errors (see 
13.1.8 1 3). The e;ttmation of A, 8, and C depends toa 
large extent on the nature of G, be it a smgle measure
ment or an average. and on the nature of the errors pre
sent. (In this ~ect10n. the expreo;sion ··timtt of the range 
of uncertainty" will often be referred to m shortened 
form as "limit of uncertamty" nr "uncertamty limit. ") 

Table 1-Range Convers1on Factor 

Number nf (' lmverswn Number of C,lnverSIOn 
Me.1~urement~. Factor. Me.tsurements Fa<.:tor 

" Din) " O(nJ 

1.!28 ~ 2 (1.47 
J 1 69) 9 2 970 
4 2.059 to 3 078 
5 2 326 11 J ! 7J 
6 2.5)4 12 ) 258 
7 2704 

SUliR<. t-. D<l\11!\. O L .. Stat1sf1<al Methods m Reuan'fr and Produwon, 
2nd Edlth'n. Longman. !984 

13.1.8.1.6.1 Uncertalnty Due to Random Errors 

Th< hm11 A( v) of the range of uncertamty dueto ran
Jorn errors ahout a single measurement y is simply the 

product of the standard deviation a( y) and the standard 
normal de\late (;ee Appendix A). For 95 percent 
prohabihty. the standard normal dev¡ate has a value of 
1 96. that IS. 

A(y) ~ 196 a(r) ( 11) ., 
In genaal. the standard dev1atlon wlil be ~Stimated 

from EquJtron 7 as s( r). To take this mto account. the 
1 hm!t of random uncenainty calculated from s(r) should 
be based not on the standard normal deviate. but on ·a· 
valu~ known as Student's t, wh1ch varíes m magmtude 
with the degree of freedom. For the purpose of th1s doc
ument. degrees of freedom may be regarded as the 
number of independent measurements used m esumat
ing the ~tandard deviaUon, wh1ch for n mea'\urements 
will be 11 - 1 (1 degree of freedom havmg been used m 
calculJting the average). The limit of the range of uncer
taillly f,lr ~ingl~ m~a~urement~ bc=c IJ.I.7.3). W1ll. in th1 ... 
l.'i.l~. he: e.-.timated a!'!: 

Where: 

t.,.. ~ 1 

a(y) = (r.,., •. ,) s(y) (12) 

the value of the r-distnbuuon for (n- 1) 
degrees of freedom and for a two-Sided 
probability of 95 percent (two-stded smce 
thc range of uncertainty covers both s¡des 
o( the true quantity esumate). 

Values uf the t-function are g.¡ven in Table 2. Once 
agarn. by usmg Equat1on 10. the hmit for an average w1ll 
bc=come: 

a( ¡:) ( r ... . ') X ~(\) 

~ 1 r ... ,) X ~ 
¡¡" 

( 13) 
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Table 2-t-Distribution Values lar 95 Percent 
Probability (Oouble-Sided) 

Degrecs Degrees 
uf Frecdom or Freedom 

• l., $ • '~· $ 

12706 18 2.101 
4 303 19 2093 
3 182 20 2.086 

4 2176 ~ 1 1.080 
5 2.571 21 1.074 
6 2.447 23 2.069 
7 2 365 24 2.064 
8 2 306 25 1.060 
9 2 261 26 1.056 
10 2 228 17 2 052 
11 2 201 28 1.048 
12 2 179 29 1045 
13 2160 JO 2.042 
14 2.145 40 2 021 
15 l\Jl 60 2 000 
16 2120 120 1 980 
17 2 110 1.960 

SOURCE. f1sher and Yates. Statuucal Tables f.x 810iog1roL Agr~cul· 
tural, and M~d1cal Research. 

Thus. combmmg Equatíons 12 and 13: 

( 14) 

lt is worth noting that as n becomes very large. so the 
1-value approaches the slandard normal deviate. and the 
standard deviation estímate s(y) approaches the true 
value a (y). · 

13.1.8.1.6.2 Uncertalnty Duelo Systematic Errors 

Systematic errors can affect results by creating a bias. 
an uncertainty. or both (see 13.1.6.2). When the errors 
are known. be they ievei dependent or not. the bias can 
be removed accordmg to 13.1.8.1.3 and no uncertainty 
wdl e>~st. On the other hand. when the errors are un
known m s1gn and/or magnitude and even though bias 
can be allowed for according to Equatíon 4. there w¡Ji 
stdl be an uncertainty asto the true value of the variable. 
Nor is it theoretJcaliy possible, dueto the very nature of 
systemat1c errors. to express the true limit B in terms of 
the mea~urements obtained. lt 1s necessary. therefore. to 
est1mate the lim1t for each source of systematic error by 
calculating the absolute value by wh1ch the corrected re
su\t!) could dev1ate from their true value with 95 percent 
confidence. Assummg that systematic errors are um
forrnly d1stributed and usmg the symbols defined m 
13.1.8.1.3. this means that: 

h(y) = 0.95 1 (e, ~ e.) 1 ( 1 S) 

Note that h( r) ~~ the hmu of d range of uncertainty. and 
~hould not he t:onfu,cd w1th the mJ..\Imum value (e, or 
e;) that a systemJtJc ~rror could take lf the error takcs 
po~1t1ve or negat1vc.: v .. .due:. up to the same max1mum (e, 

= e,) then 

h( 1') = 0.95 1 e, 1 = 0.95 1 e, 1 ( 16) 

Nl)l~ .11,,) th~ll ''IKt: :-.y,temJtu.: t:rror.., are prc:..,cnt tn the 
.... une e\tcnt for .111 mea:.urement:-. m<.~dc: umh:r the ,;_¡me 
t:nlll..ilthlll.., (..,ce 1 .'\ 1.6.2). the llmll of the r.mge of unL·er· 

I.JliH~ <~hout an aver:.~gt.: re:-.ult ¡:~,.~;di he identi<.:JI. th.ll ''' 

h( i') = h(y) ( 17) 

Although 1t " d¡fficult to handle systematlc errors 
w1th theoretu.:al JU"ittficauon. th1s should not detract 
from their irnportance m measunng systems. In many 
case"i. systematic errors create greater uncertainty than 
random errors. and for thzs reason. great care should be 
taken '" the1r 1dentification and esumauon. 

13.1.8.1.6.3 Comblnlng Random and Systematic 
Uncertalntles 

In Jttemptmg to allow for systemat1c uncertamtles. 
dafficultic:s will arise because systematic errors are often 
vanable with time and cannot be identified from a smgle 
set of measurements obtained under constant operating 
condition' (see 13.1.6.2). This is not to say that system
atic errors cannot be esumated at all smce good esll
mates can be derived from calibrat10n exerc1ses or from 
experience with and knowledge of the measunng system 
involved. A combination of uncertainties is feqUired be
cause it ¡s of great value to state the range m which a 
true value is expected to lie. 

There are two schools of thought on how uncenainty 
limits should be combmed: ( 1) by Simple addJtion or (2) 
by a method called root sum square. The latter method 
~~ theoretically correct if only random uncerta1nty lim1ts 
•re to be combined (see 13.1.8.2.2). but g1ves a narrower 
range and. therefore. a more opumistic v1ew than the 
former method. In choosmg between the two methods. 
considerarían must be given not only to theoreucal tm
plications. but also to the manner m which errors are 
found to behave in pracuce. 

Cons1der first a set of measurements of the same 
quanllty subject to p mdependent ~ources of ~ystemanc 
aror. ..all nr \\ohu.:h .trc: unknown hut ha ve hec:n e:-.tlm.JteJ 
..at:Cl,rding tn 13.1 X 1.3. Smce the errop, allcct the \ame 
mc.t!'>Urement. they tcnd to cam:d each mher out. Jt lea'' 
toa 1.:ertam extent. W1th thl!<. m mmd. it would he \C0\1-
hlc to take the more optlml...,tlc v1ew and comh1ne the 
!<.Y'h:malll.: uncertamty hmah hy the root ... um :-.quarc 
mt:thod. A.....,umang that 'Y't~mati'-= error.., fnllow J um-
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form dtstnbutlon-that there is an equal probabtlity that 
the error l1es anywhere throughout its full range-there 
wou!d he a theoreucal JUStilicatlon for thts choice. As a 
genera! rule. the total lim1t of the range of uncertatnty 
due to :.y~temattc errors ..,hould be calculated as. 

+ b,'(y) ( 18) 

In th1" eyuatu1n. the ')"ll.'rll.l!H.: uncertamties have 
heen l.:omhtneJ tn C\actly the '>:Jme manner as random 
uncertJtntte.-. ( .... ee 13.J.X.2.2). On a theoretical hasi~. sy-;
temJtl~o: and random um.:ertalntte.-. .... hould be combined 
tn tht: :-.ame fashton. There ~~ further JUStllication for this 
approach m practiCa\ terms. s•nce systematic and ran
Jnm error:. would be expected to average each other out 
w a certam extent Th1s lead~ to the root sum ~quare 
mc:thod for combmn1g system~tic and random uncer
taintie~. whtch. m term'l of average measurements. 1~: 

<(i') = Va'( V) + h'(y) (19) 

Note that a( 1") hecomt:!'! ~maller a:-. n hc.>comes \arger 
('« D.l R.l.l ). wherca> /(el "ill remain unchanged 
The total ltmtt <(e) will approach the limit h(i'l as 11 tn· 

aea'c.:". Th1.., ... hows the nec.>d for care 1n estimaung "Y!-
tem;.~uc error~. regardles~ of the numher of repeated 
mca,urcmcnh ohtained (see 13.1.6.2}. Note also that hy 
u!'!ing. b.¡uation:-. 14 ,md 17. the hmit ~)r tht: range or un
~:cnainty fnr ;.~ny rurther ~tngle mt::asurement (sce 
1.1. 1.5.4) become>: 

<(r) y11u'(y) +. h'( r) (20) 

13.1.8.1. 7 Esllmallng Repeatablllty 

S1nce repeatabllity 1s defined ·as th't: range or uncer
tamty due to random errors ror th~: difference between 
two measurements (see 13.1.7.1). it can be estimated di
rectly rrom Equation 12. In this case. the standard devia
uon relates to the absolute difference between lwo 
repeated measurements. _l-- 1 and r~. and rora normal dis
tnhution of errors this 1s: 

a(Jr,- y,J)- v'l a(r,) • ,:2 •t•·,) ~ y'la(rl (21) 

In terms or estimates this becomes: 

.<(r, - r,) = V2s (r) (22) 

Substituung Equation 22Jnto Equat1on 12. th~: ~:sumate 

r or rcpeatablllly wlll be g¡vcn hy· 

r = (l., ... ,) 1 y'2 s( ¡·)J (23) 

t ... ~-~ 1s described m 13.\.R.I 6. This estimate can be 
compared with a predetermined repeatahihty value for 
control purposes. Ir r were exce,sively gr~:at. it would 
imply that mcasurements wcre suhject to unusually larg~: 
~:rrors. Note that a repeatahihty e~timate that 1s to be 
u..,ed as a standard measure should be hased on as many 

results as possible. at least 20 and preferably 30 or more 
(see 13.1.8.1.1) and would normally be calculated at the 
end of a carefully controlled study. 

Rt::peatabihty JS most commonly used as a range test 
of the difference between two repeated measurements 
('ee 13.1 4 and 13 1.7.1). lt can also be used to construct 
a test on the range of three or more measurements. By 
combining Equations 23 and 8. the range can be repre
sented by: 

w = 
d(n)r 

(24) 
y'2r ... , •·' 

By substituting a previously determmed repeatab1lity 
value into this expression. a critica! value can be calcu
lated for the range ora set or n measurements. However. 
ll is advisable not to use this as a formal outlier test. 
Because the range represents only a part of the informa
tion on the variability wilhin a set of measurements (that 
is. the smallest and largest values). the test will only. be 
approxtmate. Nevertheless. it can be used to momtor 
:--tatisttcal control within a set or measurements (see 
13 1.4 and 13.1.6.2) and Hag the need for ngorous 
analysis. 

13.1.8.2. STATISTICAL PROCEDURE FOR TWO 
OR MORE SETS OF DATA 

In sorne cases, the quantity in quesuon 1s obta10ed 10-
directly rrom m intennediate and independent · results. 
each of whtch will have been estimated from a separa te 
;et of data according to the procedures tn 13.·1.8.1. In 
this section. procedures are g.¡ven 10 which the esttmates 
for the intermediate quantities are combined to gtve 
those relating to the final quantity. 

13.1.8.2.1 EsUmaUng True Value 

The value X of the final result ts assumed to be a func
tion F or the m intermedtate quanuues XI. X~ ... X.,, 

Algebraically, this can be represented by· 

X = F(X,. X, . ... Xm) (25) 

The maximum esttmate of X is obtained s1mply by 
¡;ubstJtuting into Equatlon 25 the appropriate estlmates 
for XI' X~. . X m In terms of measurements corrected 
ror bias (see 13 1.8 1.3). the estímate·" or the true van
ahle wtll become: 

(26) 

·\' .111 ~\.1111J1k. ~,.·lllhllkr .1 rei.HHlll,Jllp hl't\\CCil qu,tn

!lllt.> 11f th~..· lnrm 

\ = 1'\, \ + ()\ 
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p and (.) ,Jfl' knnv.·n C01l\{tll1\" rile C~trma\t' L)f thL' !mal 
qu.t!lltt\ ,tl'L•lrdrng tn l'-qu,ttlllll 26."' tht:n 

_, = rv, ), + Qi', i1R) 

Note thJt the cJkuldtton re:-.ultmg from .'IUL'h an equa
tll)n couiJ gr\e rt:.e toa further "''1urce of w .. temaw.: er

rnr ('-C:t' lJ 1 X 21) Tht.'l would be the ct~~e. for cxample. 
rn ótnnatlng the volume of a tank from tahles of hq01d 
dcpth The rntermedrate re:-.ult.-.. would uH.:lude a:.sumed 
\ .. .due:- !or tan k dJmen'oton.s. \~Jth further J..,...,umptron.-.. on 
envtfL)nment.d L·ond1tion.-... and the'>e CClLdJ ... d! cnntnbute 
!O unJ...nown 'l~'>tematJc crrors 

13.1.8.2.2 Comblning Random Uncertainties 

Random error t.'l repre~ented statistically by the stan
dard devtatlon (sometrmes callc:d 5aand;1rd error) associ
ated w1th a particular measuremc:nt fum:t10n (see 
13.1.8.1.5). lt 1.s usdul when combming random errors to 
con~ider another parameter called vanance. Standard 
dev1at1on o ts simply the square roOl of the ,·ariance V. 

V(X) = a'(X) (29) 

In tcrm.., of c..,tmlJ.tl!:o, corrccted for h1a,. 

•·( r) = ·•'( >') (10) 

An~ uf the expre:-.:o,IQil!'l dcalmg with ~tandard deviJ
uon lllJY he convc:rted to the correspondmg expre~!-IIOO!'I 
fnr \anance hy ~uhM1tutmg Equauon 29 or JO. 

Now con,ider the random errors a~Mlt.:lated w1th thc: 
m lntcrmc:dJJtc q_uantiue~. The variancc: of the mdirect 
mcJ,un:ment'> of the tina! q_uanuty 1' · gi\·C:Il approxt
match- h\o the expre'\!'!IOn: 

v(X) =UD' V( X) + ( aF)' 
1 oX_. 

V( X,) 

+ + ( XaF)' V(X.,) 
o "' 

(3 1) 

aFio X. repre>ents the partía! different1al coeftkient ofF 
wuh re>pect to X,. and F is Equation 25. aF!oX, may be 
regarded as the change m F brought about hy un1t 

change 111 X,. Equauon 31 only holds true. however. ,r 
the quanuues X 1• X~ . ... X,., are tndependent of each 
other. Furthermore. the equauon leads to the root sum 
:-.quare method of combmmg random uncertainty hmlls 
(>ee 1.11 R.L6.3). for by substltutmg ínto 1t Equatíons 11 
and 29. 1t becomes· 

fh~_· cnrrt'"'pPndlng equ.tiH.)Il 111 k'fllb (lf t:"llmJIL''-1 '.'di 
he 

- J[or -J ["r -J u(\) = ;:;--\, 111 1, ~ + a\' a(\ ~ -r [ 
"r + -

"'' 

13.1.8.2.3 Comblning Systematic Uncertalnties 

As pr~v10usly stated. there are theoretlcal d¡fficultles 
wht!n attemptlng to combme systematJC uncerta1ntie~ 

('ee 13 1 8 1.6). The ch01ce" between the anthmet1c and 
root ~um square method~ of combmmg and should take 
1nto account the manner m which the errors behave in 
pracuce. Th1s 1s someume> d1fficult to judge. part1cularly 
for the muluplicative terms m a relatwnshíp (see Equa
tton 27). As.)ummg a umform distribuuon of systematic 
errors. however, 11 is theoreucally correct to combine the 

~ sy~temat1c errors in a multiplicative functton by the root 
sum square method Th1s. coupled wtth the fact that sys
temauc errors combmed in an additive fashion are .ex
pected to ·cancel each other out to a certain extent. leads 
to the choice of the root sum square method as applica
ble 10 the general case. The appropnate formula 1s iden
tlcal m form to Equatwn 33 but with random 
uncertamty hm1ts replaced by the corresponding system
atic hmJts: 

+ [4 híi") 
a ...... ,, ~ 

(34) 

The pomt to remember when combming systemallc 
uncertamlles 1s that the relationship between quantiues 
(see Equauon 25) · may only be approx.imate (see 
13.1 8.2.1 ). In that case. a further unknown systemat1c 
error could be present. and the correspondmg uncer
tainty limit should be esllmated accordmg to Equation 
15. This should be included as another squared term m 
the uncertainty expressión (Equatíon 34). 

13.1.8.2.4 Estlmatlng Total Uncertalnty 

For the reasons already explamed in 13 1.8.1.6.3. the 
random and systematic components of the total uncer
tamty should be combined by quadrature accordmg to 
Equa1ion 19. In tlus case. however. a(.Y) wlil be esh
mated from Equation 33 and b(Y) from Equauon 34. 

13.1.8.3 ROUNDING STATISTICAL ESTIMATES 

When applying the procedures of 13.1.8.1 and 
13.1.8.2, 1t is important to cons1der the effect of round· 
1ng on the stallstical esumates derived. Roundtng that 1s 
roo coarse will become a slgmficant source of error. Any 
particular result will be reponed to the smaliest umt of 
measure of the mstrument mvolved, and the statisucs 
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that relate tP that result should reflect this leve! of accu· 
r,\C\ .. 1nd "hPuld he wunded accordingly For e:w;ample. a 
g.Jgl' rt:,¡~._!Jng \\Ould ht: reported to the n~are~t milhrneter 
1f th:.~t \\'.!:-. thl.' scJle unJt of the tape me.t~urc E .... ttmates 
l)f tht: mean gJgl;!, standard deviation. and the limtt of 
the rangl' l)i unten .. unry :.hould also he rounded to the 
neare~a mdltmeter. and the calculations leadtng up to 
th,y..,e c:~timates should mclude a sufficient numher of 
dtglts to ach1eve this. 

Parttcubr care should be taken when consJdenng 
more comphcated functJons. such as would be found in 
the mdtrect e.stimatwn ~fa parameter from a numher of 
intermedtate calculatiOns. lt is useful to relate the calcu· 
buons to the units in which the final est1mate is to be 
reported. In a root sum square eshmate. for example. 
\vh1ch i~ to be reponed lO two decimal places. the 
squared t~rms should be calculated to at least four deci
mal places to ach1eve the required leve! of accuracy. 
From the opposJte v1ewpomt. 1n terms of a root :-.um 
:-.quare estimate. 1f one or more of thc squared terms 
were calculated to only two dectmal.place;, tt would be 
mcorrect to repon the final estímate to any greater accu· 
racy than one decimal place. 

All e>timates. except repeatabilityc should be rounded 
up or down to the smallesLumt of measure (rounding 
unit). As a result of its definiuon (see 13.1.7.1), a 
repeatahllity esttmate should always be rounded up to 
the neart:st roundmg unit. 

13.1.8.4 EXAMPLE 

Clmsider the indirect measurement· of the volume at 
"andard temperature of liquid in a tank. This is to be 
esttmated from a set of repeated gage readmgs. a ~libra
tton tahle. a ~et of repeated temperature measUrements. 
Jnd a tt:mperature correction formula. Each set of direct 
mea;urements (gage readings and temperatures) will be 
con>~dered separately according to 13 1.8.1. and the ap
propnate stat1stics wtll be derived. These will then be 
combtncd to gtve estimates ín terms of the liquid volume 
corrected for expansion in the tank resulting from non· 
... t<indard temperature. 

For the purpose of this example. the procedures of 
13.1.8.1 w¡IJ only be descnbed m detail with respect to 
the 'iet of gage readings. Statlstics for thc set of tempera
tu re data wdl be given. Note that stat!!'!ltcs that are to be 
used ,Ha 1ater stage tn the calculations wtll be stated toa 

gre.Jtcr leve! of accuracy (one or two more decJmal 
place~) than that achieved m the corresponding meas
urements Th1s ts to ensure that the final estima te of vol
umt: tncludes no rounding errors. Note also that the 
flgure~ u sed JO the'example were chosen stnctly for illus
trattve purpl)!'!es. and are not nece~sanly typ¡cal of those 
to he found JO pracuce. 

13.1.8.4.1 Direct Measurements 

In this ~ecuon. the procedures nf 1 J 1 8.1 wdl be ap
plted to the single ~et of tank gage measurements. Th1s 
can be constdered as separate stcps as follows. 

Step 1-lnlormatlon avallable. 

Si\ g.1ge mea:-.urements x,. for t = 1 to 6 { ... ec 13 1 8 1) 
wae rccnrded to the nearest mdltmetcr 6534. 6544. 
6542. 6540. 6543. and 6544. Unknown >ystematic errors 
"ere cxpc:l'ted as a result of sludge at the honom of the 
t.1n~ and tnJt.:<.:uracy tn the tank gage tape. These errors 
(.'t:e 1 J.I.X 1.3) recorded m milltmeter:-. as: 

Sourc~ of 
Sy<itematic Error 

Maximum Range of Error 

Sludge 
Tape 

'· 
-4 
-t 

o 
+t 

lt ts a\so known from an independent study that the 
repe"tabd1t\ for tank gaging was 7 mtlhmeters. 

Step 2-0utlying results. 

The hr<t gage readmg differs from the others by· what 
dppears to be an apprectable amount. As a quick check 
on it< .. validity. the critlcal range fm· the set of measure
ments. rounded to the nearest milhmeter. is calculated 
from Equation 24 as: 

D(n)r 
• = 

,j1 X (t ..... ,.,) 

Wherc: 

n = 6. 

r = 
2.543 (see Table 1 ). 
7. 

t.,.. = 2.571 (see Table 2). 

Therefore: 

11 = 
D(l>)r 

v'l t ... 
2.5.14 X 7 
2 X 2.571 
S millimeter~ 

The ohserved range of 10 exceeds th1s value. so D1xon ·s 
outltcr test was apphed (see Append1x 8). The appmpn· 
ate Qp;on ratio for stx measurements and for tesu~g a 
low \al u e 1s: 

R"1 
6540 
6544 
06 

6534 
6534 

whu._.h e~ceeds the cntlcal ratio at the 95 percent 
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probability level. The first measurement was rejected as 
a faulty readmg (outlier). and alt foltowing calculations 
disregard. lt. 

Step 3-Correctlng for bias. 

Accordmg to Equatwn 4, the average systemaüc error 
due to tape •naccuracy 1s zero, but that for sludge is 
given by. 

(e 1 + e .. ) 
2 

-4 +o 
2 

-2 milti!ll<!ters 

The results x, must be adjusted according to Equation 
1 to give the corrected measurements Y, for i = 1 to 5: 
6546. 6544, 6542. 6545, and 6546. 

Step 4-EstlmaUng true gage readlng. 

This w•ll be the average ji of the results corrected for 
bias (Equation 5). that is: 

y 
6546 + 6544 + ... + 6546 

5 
= 6544.6 millimeters 

Step 5-EsUmaUng standard devletlon. 

Thc: .... tandard deviation of corrected measurcments 
can be e>limated both from Equation 7 as: 

1(1") = ¡ v'< 1.4' + 0.6' + 2.6' + 0.4' + 1.4') 
= 1 67 

and from Equauoo 8 as: 

s(y) = w 
D(5) 

4 
2.326 
1.72 

Statistics deri,·ed from the second and more approxi
mate estimate will be given in parentheses for compara
uve purposes. 

Step 6-Estlmating range of uncertalnty. 

By substituting the standard deviauon estimates into 
Equation 13. the limit of the range of uncertainty due to 
random errors becomes: 

2.776 X 1.67 
\!S 

2.07 (2.14) milhmeters 

Since there are two unknown sources of systematic er
ror, the corresponding limits of uncertainty will be esti
mated for each according to Equations 15 and 16, 
respectively, as: 

limit dueto sludge b,(y) = 0.95 X 1 (-
4 

2
- O) 1 

1.9 millimeters 
limit due to tape b,(y) = O. 95 X 1- ti 

= 0.95 millimeter 

Combining the systematic limits by the root sum 
;quar< method (Equation 18) gives the total hmit for 
:-.ystc:matic errors: 

1><. !") yl.9' + 0.95' 

= 2.12 millimeters 

The limits for systematic and random uncertamties 
should be combined in a similar manner (Equat1on 19) 
to give: 

'(el v'u'<fl + b'(y) 
= y2.07' = 2.12' 
= 2.96 (3.01) millimeters 

Step 7-Esllmatlng repeatablllty. 

To compare the variability within the set of measure
ments to that expected in practice, the repeatability can 
be estimated from Equation 23 as: 

r = (1.,.,) X Vl X s(y) 
= 2.776 X Vl X 1.67 
= 6.6 (6.7) millimeters 

Rounding up to the nearest unit of measure of 1 milli
meter (see 13.1.8.3). the repeatability estimates would 
becoíne 7 millimeters. This is identical to the value de
rived from the independent study. 

Step 6-Statlng the result. 

The estimare of the true gage reading should be stated 
alter rounding to the nearest unit of measure (see 
13.1 5.4): 

C(ji) = 2.96 - 3 

The result statement thus becomes: 

True gage reading = 6545 :±: 3 millimeters (95 
percent confidence level, 5 
measurements) 

NOTE. One further result u rejected &S a (aulty reading (outber). 
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T able 3-Denved Statistics for Example 

V .. duc 

a(~:J 
h(y) 

G.tgc= Reading. 
mtlllmeter~ 

5 
6544.6 

2 07 
2 12 

Thermometer 
Readmg."C 

9 
2J.l8 

!.l62 
O lOO 

Table 4-Symbols for Example 

Measurement 

Dc:pth 
Absolute volume 
Temperature 
Corrected mlume 

True Value 

X, 
X, 
X, 
X, 

13.1.8.4.2 Measurlng Volume 

Esumate 
Corrc~cted for Stas 

v, 
v, 
v, 
y, 

N ex t. the stattsttcs derived from the two sets of dtrect 
measurements are combined accordmg to the proce· 
dures or 13.1.8.2 as rollows: 

" Step 1-lnlormatlon avallable. 

The information corresponding to the direct measure
ments can be summarized in the form of den ved statis
IICS as m Table 3. Lec us also assume chal che symbols 
allocated to each quantity are as listed in Table 4. 

The calibrauon table, by which a gage re<~ding m mil
limeters can be con verted to a volume in liters. was ob
tained from an unknown function of tank dimensions. 

-No random error is cre<~ted in the use or such a table. 
but an unknown systemattc error is expected resulting 
from the approxtmate nature of the runction. This was 
assumed to be level dependen!. and the corresponding 
ltmn of uncertainty is estimated to be: 

h(X.I = 0.2% X, 

Finally. the Function (see Equation 25) used lo corree! 
the volume for ternpera1ure and expansion in thc tank. 
1~: 

X, F(X,. X,) 
F(X,) X, [1 + 0.000022 (X, - 151! 

Table 5-Volume Measurement Statistics tor 
Example 

Gagc: Rc:.uJmg. Volume Measurernent. 
\'.Jiu.:: nlllldit.:r' litcr!> 

" ' 5 
t-.544 6 17016 

'1\ \ J ~.07 5 
h,t ~ 1 ~ 12 6 

Where: 

F(X,) a Factor (rcad From tables) correspondmg 
to a temperature X,. 

Step 2-Estlmallng absoluta volume. 

The calibration table may be regarded as a means or 
conv<:rting a liquid depth measu·rement (gage readtng) in 
millimeters toa liquzd volume measurement in hters and 
may be represented by the runction· 

P ts nearly constant m this example. The statistics that 
relate to volume results should. thereFore, be read di
rectly From the table. In th1s case. they are assumed to be 
those in Table 5. 

The systematic error brought about by inaccuracies m 
the table should be cons1dered al this pomt. In terms or 

.. results corrected for bias. che corresponding limit or un
cenainty will be estimated as: 

h,<v,J o.2% p, 
= 0.002 X 17016 '! 
= 34 liters 

The two limits ror systematic errors that atfect volume 
results are then combined by the root sum square 
method (Equation 18) lo give: 

h(yJ = ,¡¡;,' (y,) + b,' (y,) 
= v'6' + 34' 
= 35 hters 

Step 3-Estlmatlng corrected volume. 

According to Equation 26. the estima te oF correet vol
ume will be obtained by substituting est1mates d~rectly 
mto the appropriate equation. Ir we assume that the 
temperature factor F(x,) is read From tables as: 

F( i',) = F(23.38) 
= 0.98 (given) 

Then the true corrected volume 1s estimated to bt:: 

y, 0.98 X 17016 [1 + 0.000022(23.38 - 15)] 
= 16678.9 liters 

Step 4-Estlmatlng random uncertalnty llmlt. 

The randorn errors for volurne and ternperature mea
surements are combmed according to Equatton 33 In 
our case, the derivatives of the function are: 

aF = 0.98 {1 + 0000022 (X,- 15)] 
a X, 

and 
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af = (1 9X X X. X 0000022 
nX 

Suh-"!ttutrng the est1mated values. 

\ = 2J JX (TJble JJ 
'· = 171116 1Tahk 5J 

For X, and X,. respeCtlvely, g1ves 

aF o 98018 
a X, 
aF o 36638 

a X: 

The total hmtt of random uncertainty w11l then be given 
by. 

a( y') y(0.98018 X 5)' + (0.36686 X 1.362)' 
4.9 hters 

Step 5-EsUmatlng systemaUc uncertalnty limlt. 

Systematic uncertainty limtts should be combtned in a 
fashion simtlar to random uncertainty limits according 
to Equation 34. The totallimit or systemauc uncertainty 
wtll be: 

b (y,) = y(0.98018 X 35)' + (0.36686 X 0.5)' 

v34 3ow + o 18343' 
34 3 ltters 

Note that the sy~tematic error tn temperature mea
surements rnakes l)llly a small contnbut¡on compared 
w1th that created by' 1naccuracies 10 the cahbr,ltlon tab\e 

Step 6-Stating the resull. 

Combmmg the random and systematlc components of 
uncertamty by quadrature (Equallon 19), the total un
certamty lim1t becomes: 

<( 1 ,l v'U' (_t ,¡ + h'( r.) 
= \/4 9' + 34.3' 
= J4 6 ltter~ 

Roundmg to the nearest umt of measurement, wtuch 
from the caltbratwn table was 1 liter, the final statement 
will be: 

True corrected volume 16,679 ± 35 ltters (95 
percent confidence leve!. 
5 gage measurements, 
9 temperature 
measurements). 

NOTE One- rurther gage readmg as rqected as a faulty readmg. 
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APPENOIX A 
NORMAL (GAUSSIAN) DISTRIBUTION 

Cl)ll\ltkr 3 ~et of 11 rt!pe.Jted rnea~urements t,. lymg m 
thc r.111ge u tn h ~o th.tt a;:; \', S b if the total range 1s 

. -..pl1t 11110 p equul .'.uhromge.;, of Jength dx = (h - a)lp. a 
rrequenly hJ<;togr<~m can he drawn. The h1:-.togrum (:-.ee 

F1gure A-!) con~t~t\ of a senes of p contlguou'i rectan
gk:-.. V.Jth ha\e equal to the "uhr.1ng~ dt: and he1ght pro
Pilr!llHJal to the numher of measurements falling m that 
r.1nge 

The he1ght of cach rectangle could justas easdy repre
sent the proportJOn of the total number falhng in the 
.-.ubrange or the relat1ve frequency. The total area of the 
h1stogram would then be:: l. and the area m each rectan
gle would become the probab1hty of a measurement fall
mg m the subrange. 

Now consider the number of measurements n becom
lllg very ldrge, and the length dx of each subrange be
commg very small. A contmuous line drawn through the 
rn1dpo1nl of the tops of each rectangle. whrch represents 
tht! rdatrve frequency of measurement~. would give a 
hell->hoped curve similar to F1gure A-2. 

Fnr the normal distnbuuon. the curve rs symmetncal 
<.Jhout the mean and has the formula: 

f(xl = -
1- exp ((x-¡t)') 

oy'21T yTa 

r---

.--

r--

r-

1 1 

Whcre 

cr = '>tandarJ devialion . 

The Mea under the curve once agam represent'i 
proh.¡bility. Each of the shaded regions shown has an 
are<! of: 

p 
1' -¡ 

J f(x) dx 

-oo 

+oo 

J f(x) dx 

¡t+c 

\VIlcn < = 1.96o. the probobdity P (one 'haded orea) 
wdl he O 025. or 2Y, percent of the total area under the 
curve. 

Now rf measurements x, follow the normal dJstnbu
tron wrth mean Ji and standard deviation o. then values 
¡t, will follow a normal distribution wHh zero mean and 
unu standard devtation where: 

¡t, = (x, -¡t) 
a 

Tht! value IJ., 1s termed the standard normal dewate. and 
has been tahulated for ddferent probabJht1es P. For a 

-
r--

.---

.--
f-

r-

r-

n 
A RANGE OF MEASUREMENTS 8 

F1gure A-1-Frequency Htstogram 

15 
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p ~ o 025 

" - e 

1 

1 
l. 

1 

1 

1 

1 
1 

1 

1 
1 
1 

p ~ o 025 

" + e 

Figure A-2-Beii-Shaped Curve 

probability P = 0.05, however, the standard normal de
vi ate has a value 1.96. Th1s probability is represented by 
both shaded areas in the distribution (Figure A-2) and 

includes all values of x wh1ch differ from the mean p. by 
more than 1.96o. 
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APPENDIX B 
DIXON'S TEST FOR OUTLIERS 

The followmg steps should be followed (see 
Table B-1) to use Dixon's test for outliers. 

Table B-1-Dixon's Test for Outliers 

l. Arrange the set of mcasurements x, in ascending or
der of magnitude x,. x~, .. Xn. 

2. Choo.'le the appropnate test critenon. depending on 
the value of n and whether the measurement 1n questaon 
,.., low or htgh. 
3. Calculate the Dixon R ratio. Ir this exceeds the criti
ca) ratio at the 5 percent probab•lity leve) (P = 0.95), 
then the measurement in question is highly suspect and 
could poss¡bJy be reJected. 

If the critica) ratio at the 1 percent probability leve) (P 
= 0.99) is exceeded, then the measurement in quesuon 
should be discarded. 

When a measurement is rejected, the outlier test 
should be repeated. 

NOTE· The two ~uffixes m thc Drwn rat10 rder 10 the ddferences m 
the numerator and denommator respect1vely 

17 

Number or Cnt1cal Values Test Cntenon 

Values, n p - 0.95 p - 0.99 Low Values H1gb Values 

3 o 941 0.988 
4 0.765 o 889 

o 780 R,. ' -' x"-x", 5 0.642 - -~· or 
6 o 560 0.698 

\,- t, 1(.-x, 

7 o 507 0637 

8 o 554 0683 
9 0.512 0.635 R., - x,-x, 

or 
x,-x,, 

10 0477 0.597 
x, ,-x, x,-x, 

11 0.576 0679 
o 546 0642 Rl, 

x -x x,-x •.. 
12 -~or 
13 0.521 0.615 

x. ,-x, x,-x, 

14 0.546 0.641 
t5 0.525 0.616 
16 0.507 0.595 
17 0.490 0.577 
18 0.475 0.561 
19 0.462 o 547 R, -~or x,-x,, 
20 0.450 0.535 x •. 1-X, x,-x, 
21 0.440 0.524 
22 0.430 0.514 
2) 0.421 o 505 
24 0.413 0.497 
25 0.406 0.489 

SOURCE' B1ome/rlcs, Vol. 9, p. 89, 1953. 
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Chapter 3 

Phase Behavior of Natural Gas 

INTRODUCTION 

Obvtou!'!ly, tldd procc~~ing of natural gas depends strongly 
nu tlw bchavior, .:haractcnstJcs, or prupert1es of the wt:ll 
!:llream involved. It ts important to know anJ predict the 
amount, ~:omposuion, and denstty of any phases pre~ent 

m any proce~~ situatton. Accordingly, hydrocarbon pluue 
beha1·wr i~ Ji~cus~ed, ti.rst for pure components and then 
fur mixwre!'t. The more commonly used plwse diagrams 
are presented. Pha~e-equtlibrium calculations are Tt!viewed 
next. incluJing both hand ami computer methods. Pha~e 
e4u1hbrium calculations requue componcnt K-values and 
Jcn~uic3. Two ~ource!) of thesc:: importan! data are reviewed: 
~..:harh anJ equatwn~ of 3tate. 

Pha3t: bchav!l.)f in the pre~ence of water is impurtant 
abo, :,1nce if wat~r (;ondt:n:,es a sccond liquid pha:,e will 
b~ prc:,t:nt. Watcr/hydrocarhon pha:,e bc!haviur is dbcus~ed 
w Ch<.~pter -L At luw tcmpcratures, carbon-diox1del 
hydilk,ubun pha:,e bchavior j:, important, and this topic is 
!:>llllllllJIILed in Chaptt:r 4 ahu. 

PURE-SlJBSTANCE PHASE DIAGRAMS 

A ~1mplc or one-(.;omponent syMem is dcfined as one that 
uuJt:Igocs no í..:hanges in compositwri; in practke, this means 
e1thcr a pure 5ubstance or a homogcneous mixture. 
Fn:4uently, a1r can be considered a pure ~ubstance e ven 
thuugh 11 is a mixture of nitrogen, oxygen, carbon dioxide, 
and water vapor, plu:, minor amounts of olher gase~. In 
tht: compression or heat exchange uf a1r, the air can be 
t11:atr.:J a::. homogeneou:,. Of cour~e air must be considered 
a ¡;omplex mixture whcn separated into oxygen ami nitrogen, 
or whc.:n partially conden:,ed into liqu1d and vapor phas~s 
having different compo:,¡Üons, or when one componcnt 
(oxygen) n:acts during \.:Ombustion. 

Everyday ex~ncnce le lis us the number of iudepemlent 
tlu:mwdyt~umic: vunuhJr:.l· that can be a:,signed arbitrary 

.. ,. 
, ... , •• ~~-l: •, 

values bcfore the state or condition of a pure substance is 
known. For exampk, if we choose pure H.!O as the ::.ystem 
and spcdfy the temperatun: tu be 20°C (6H°F) anJ thc 
pn:s~ure to be 1 alrn ( 101.3 kPa, 14.696 ps1a), we know 
th"t the H,O i> liqutd. In "ddJtton, "¡¡ othcr properlles 
( v, h, s, p. ~, etc.) are complete! y lixed all'lo. Two vanablt:~ 
h<.~vc JetermincJ the statt! of thc sy::.km. 

Wt! abo know that, at one atmo::.phere, water b01b at 
212"1' ( IIXl"C). Thermodyn"mics expl"ins this experimental 
f"ct "' follows: lf the pres;ure ;, tixcd "t 1 atm, then the 
tempcrature must be 212°F for e4uilibnum to exist betwecn 
h4uitl water anJ water vapor (stcam). Again we ha ve made 
two ~pec1licatlons: F1rst, thcn;: are two p~ase~ (liquid and 
vapor) in equ1hbrium aild, :,et..:ond, thc prc:,::.ure 1~ 1 atm. 
Agam two ::.t..ttemcnb fix allthe proJkrtic::. of the twu pha~e:, 
(v1, vg, h1, h¡;, s1, s

11
• etc.). In fact, everything is known 

about buth the l14uid <.~nJ the vapor phase:, except hllw 
mut..:h uf each pha¡,e ¡:, pre:,cnt. 

The above tacb \.:an bt: tlc:,í..:nhed from anolher viewpoint. 
We ~pec1fy thc liquid and vapor phases tu be an equilibrium 
two-phase ~y::.tcm Thcn only onc aJdit1onalthermudynami\.: 
property or variable can be chosen hefore thc sy~tem is 
fixeil 

The numbcr of choiccs requircJ lo spccify or tlx a sy::.tem 
complete! y IS callcJ the dt:Kree.\ of ji-cedom or l'W"Úmce 
(f). Gibbs' phase rule (Van Wylcn "ntl Sonntag, p. 5.14) 

is a convc::ment way of remembenng tht: numher uf degrccs 
uf freedom: 

f+<f>=C+2 (3-1) 

where f = number uf degrees nf freedom (the number of 
inJc::pendent, intensive thermodynamic 
variable::.) 

<f> = number of eqUJiihrium phascs 
C = numba of componc;:n~:, 111 sy::.tem (by definition 

l for apure :,ubstancc). 

Using the phasc ruh: for a pure :,ubstance we find: 

19 

. ~~- -~-. 
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when q, = 1, therc are 2 degrccs of frccdorn 
cf> = 2. there is 1 dcgrec of frcedom 
<b = J. there are no Jegrec.s of frccdom. 
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In <tddition. for a purc suhstancc it is impo..,o;;ihlc lo havc 
four diffcrent phascs coexisting in cquilihriurn. 

Thc phase bcha\'IOf or purc suhstanccs can he dcscrihcd 
using diagrams. Onc C'(amplc Í\ the prc"surc-tcmpcrature 
(P-T) diagram (Ftg. 3--1} whrch sh{lws vapor. liquid. and 
solld phases In many cases. pure suhstam:cs cxhihit severa! 
difTercnt solid phascs: c.g .. thcre are at lcast six difTerent 
phascs for ice (Van \V y len and Sonntag. p. 42). Note Figure 
3-1 also summarizcs our previous ''phase-rulc'' 
cnnclusions. Singlc-phase loci (cf> = 1) are arcas (f = 2). 
Two-phase loci (<j>= 2) are lines (r = 1). Thc three-phase 
locus. or triple pmnl. (<j> = 3) is apoint 1r = 0). 

Becausc a pure suhstance has. at most. two dcgrccs of 
freedorn. we can use any pair of indepcndent thermodynamic 
properties for the a:~tcs of our phasc diagram. Somc of thc 
more pnpu_lar diag1ams are the prcsslllc-volumc (P-v). 
tcrnperaturc-entropy (1'-s). prcssure-enthalpy IP-h, or log 
{P-hi), and Mollier or enlhalpy-cntropy (h-s) diagrams. 
Figure 3-2 shows cxamples of thcsc diagrams. 

The liquid phasc ahove (highcr P) and lcft (lowcr T) uf 
the vapor-pressurc curvc.··such as point 1\ in Figure J-1. 
is called "sub-couled .. or "comprcsscd" liquid Vapor 
below (lower P and/or highcr T) thc vapor-pressure curve. 
e g • B. is "supcrhcatcd" vapor. The vapor prc~o;;ure curve 
cnds at the critica! point. C. Abovc this cntical tcmperature 
it is no longer po~~iblc for a change in phase to on:ur as 
the pressure is incrcasc<.1. 

Considera supc1heatcd vapor at statc H in f"igmc 3-1. 

A • -< - .;., E Dense 
1 : 1 Flurd region 

LiQUid regían ' e· 1_ - - - -

' 

3 

. ' 
A : > 
1 :1 

0' :' v...::F~ • 1 
o~ 19 : t o 
~ • ->- --. 

~-\!; : 

.,~<f : 
Vapor reg~an Gas region 

~ 
e . g 

Solid regron ~· .r 

2 ..._Triple point 

'-.._ Sublimat1on curv9 

Temperatura 

Figure 3-1. Pressure-temperalure diagram. 

lf thc vapor is comprcssed :H constan! tcmpcrature 
(isothcrmally). as in a variahle-volume ccll in a nm,.tant
tcmperaturc hath. the path fnllowed is the vertical dnttc~l 
Jine shown. At first. the vapor is "irnply cnmpres..-cd untll 
the vapor pres..-ure curve is reached. Thcn furthcr attempt" 
at compressinn re~uh in condensntion. Note the flrt•ssmc 

remam~ con'iffmt unt1l al/ of the \'(tpor is condcn.\·ed to 

liquid. Only then does the prcssure hcgin to n"e agnin. 
and then very rapidly. 

Lct thc process described above start at B. but nnw Pt-cur 
in thrce steps (8 to D. D to E. anJ E to A) as shown hy 
the dashcd lincs in F1gure 3-1. Now a continuous path is 
followcd with no visible phase change hccau~e \\e chn~e 

a tcmperature higher than the critica! for thc comprc~sitm 
~tcp. At such a temperature. we cal! the fluid a "ga~" 
rather than a "vapor." the di~tinction bcing that a vapor 
is condcn~ible and a gas is not. 

To the right of and ahovc the critica! point (hig:hcr T 
andior P) on the P-T d1agram. the nu1d is called a 
"supercritical fluid," or more ~imply. a "dense fluid." 

Vapor-pressure curves (VP-T diagrams) can he plotted 
in various ways. One popular mcthod i" to plot log: vapor 
pressure versus reciprocal ahsolute tcmpe:atur7'.hecause_ttle 
resulting plot is very ncarly a "tra1ght hne. I he aho;;clc;;o;;a 
is oftcn plotted backwards and laheled as tcmpcratu:e mth~r 
than reciproca! absolute temperature, for convemcn~·e: m 
use. The resulting temperature scale is highly nm1hnear 
a~ shnwn in Figure 3-3. Another popular meth0d is lo 

plot log vapor pressure versus I/(T°F + .382). which is 
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Figure 3-2a. P-V diagram for pure substances thal conlract 
on lreezing (Lee and Sears, 1963, p. 40). 
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Figure 3-2b. P· V diagram for pure substances that expand 
on treez1ng (Lee and Sears, 1963, p. 40). 
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Figure 3-2c. Temperature·entropy (T-s) diagram for a 
s1ngle·component system (Smith and van Ness, 1975, p. 
213) 
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Salid 

Salid
hquid 

Sohd- vapor 

Enthalpy 

L1qu1d · vapor 

Vapor 

Figure 3-2d. Pressure·enthaipy ( 1 n P·h) d1agram for a 
Slngle·component syslem (Smilh and van Ness. 1973, p. 
214) 

ENTROPY, BTUILBM-~R 

ENTROPY, BTUILBM·"R 

Figure 3-2e. The Mollier (h·s) diagram for water (Lee and 
Sears, 1963, p. 259). 

Figure 3-2. Thermodynamic diagrams for pura substances. 
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Figure 3--3. High·temperature vapor pressures lar light hydrocarbons (GPSA, 1987, p. 23-41 ). 
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1' ,. <4u1vakn1 lo !he so-called Cox chart (Hougen ,¡ "'·· 1962, 
p. 85). 

TWO-COI\IPONENT SYSTEMS 

AdJitton ot a scconJ purc component complicates the 
P- f d1agram: ahhough thc P-v plot remams mw . .:h the same. 
Figure 3---l show::. that thc on1.:.component, vapor-pressure 
fine · 'bccomes'' an em't:/ope. For a two-component, two
pha::.e m1xtun: the pha!-~e rule ya:lds f ;:::: 2. Thus hoth P 
anJ T must be spe<.:!tlcJ lo Jcíine the state of thc system; 
the two-pha::.t: locus ts an arca rather than a line, as Figure 
3---t al::.o ::.hows. 

The location of thi::. phJsc cnvclope dcpcnJs on the vapor
pres::.un: curve::. ufthc pun: componcnts and the compo::.itiun 
llf the mixture. Vapor pre::.::.ure curves for the two pure 
cornponc:nt::. are ::.hown abo. The more volatile component, 
A, h<.~::. its vapor-pn;~~ure line to the lt:ft (lower T) of the 
mixture pha~c ~:nvdope. Tht: vapor-pressure curve for less
vulalíle pure B líes 10 !he ríghl (hígher T) of !he phase 
envelupe. Notice that thc critica! prcs~ure of the mixture, 
located al e' is much hlgher than the critica! pressure of 
cithcr pure componcnt. 

'The huhhle-poim fine is the locus al which vaporizarían 
bcgins. lf the uveral! binary-m1xture composition 1s given 
(une variable, since thc sccond composition b found by 
ditfen!lh.:l.!), thcn f .;:: 1 anJ tht: locus is a hne, as shown. 
Tbe dew-poilll ilne 1~ the locu~ at which cundcnsation begms 
for the givcn binary mixture. Again, th1s locus is a line. 

Cr1condenbar 

' ' 
1 ' 
l. 
' 

1 ' 
. bl 

~ ' o,_$¡ 1 e 
~..r¡, 1 : /(\0¡0c!' .l 'g 
,::j 1 : ~f" •HIO 

_.,8 ,._- -l- :j;~o;/oD-E , VaporPressure 

,( , al Pura B 
/ : 

' oF 

T, 
Temperatura 

figure 3-4. Phase envelope tor a mixture of two 
components 
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The dew-pom! and bubble-poínl líncs mee! each olher al 
the cruical point, C. Any partil:'ular P-T diagram correspond~ 
to a h xed compo~ition for the o ver<.~ 11 mixture. 

In adJJIJOn lo the bubblc- and Jcw-pomt línes, Figure 

3-4 ~how~ a constant percent-vaponzatlon line for 90 percent 
vaponzed. Thi~ hne converges to the critica! point, as Jo 
al! con~tant-pen.:cntage vaporiz<~thm lines. 

In F1gurc 3-4, A is a point in thc subcoolcd liquid region. 
Suppo~e we heat this liquiJ <~t con~tant pressure. Point B 
is. the bubhle point ofthe mixture. As v<.~porization continucs 
at constam pre~~urt!, the temperature tist!~. When tht: Ja~t 

drop uf liquid vaporizes, thl! t..lew-pomt curve is reached 
(poínl 0). In gomg al constan! prcssurc from !he bubble 
point to the dew point, the mixture undergoes a rise in 
temperature; 11 has a boi/mg rcmge, not a bullmg puitlt. 
Funher he<tting produces a superheated vapor, as at E. 

Another new type of behav10r arises with two-component 
mixture~. L1ne FG in F1gurc 3-4 shows a constant
temperature, or J~othermal, comprc~sion at a temperature 
lcss than the critical. The dew point 1s tir3t reached, then 
progre~sivt! condensation o,.:cur~ until the n11xture is all 
líquíd al !he bubblc poínl lpoínl G). Thís behavíor ís regarded 
as ··norm<~l. ·· 

Lme HJ ~hows the new possibliity. S tan wuh vapor at 
a tt.:mpcrature h1gher than the t.:ntical (point 11). lf we 
compress i~othcrmally, we reach the dew point and 
condcnsation rt!~ults, as expectcd. Furthcr increase in 
prc~~ure at first re~ults in more condcnsation, but a point 
is rea<.:hed at which condensare bcgin~ to de,-reuse in amount. 
With contmueJ pre~~ure increase, thc dew point is again 
reached at point J This phenomcnon is known as retrogrm/e 
vapvnzlllwtJ. 

Line KL depkt~ a second type uf rl.!trograJe vaponzauon. 
In thi~ ca~e a dccreasc m tempcraturc at constant pre~sure 
frum pmnt K at tir~t yielJs hqU!d form~tion in increasing 
amount, but at some point the li4uiJ bcgms to evaporate 
anJ the dew point is once agam rcached at point L. This 
is a bit confusing, bccause the tluiJ at puint L is pcrhaps 
more líqUJJ-líke than vapor-líke. Ncverthcless, íl is !he 
fluid remammg abuve the liquiJ phase at dew-point L. 
Onc might term it a dense plw:J·e • 

Thc highe~t pressure at which hquiJ anJ vapor can coexist 
in a mixture c<.~n be greater than the critica) pre~sure. Thts 
pres~ure, shown m Figure 3-4, •~ referred to as the 
cricom/enbar. Similarly, thc highcst tempcrature at which 
liqUJd and vapor can coex1~t for the mixture is called the 
crinmdemham. 

MULTICOMPONENT SYSTEMS 

The basic pha~e behavior of mullicomponent sysrems is 
the same as for binary mixtures. This is because 



' -
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compositions for all but one component, or C-1 variables, 
must be specified to define the mixt~re. Only two Jegrces 
of freedom remain-exactly the same as for a hinary· 
mixture. The P-T diagram for a multicomponcnt mixture 
nf given composition has a shape very s1milar to that of a 
binary mixture Phase envelopes for mnst naturally
occurring hydrocarhon mixtures are very hroad bccause 
thc components ha ve a wiJc boiling range. Phase diagrams 
of typical full wcllstrearns are shown as cxamples. 

Full Wellstreams 

Figure 3-5 shows the general shape of thc phase diagram 
for a reservmrfluid The type of reservoir and nuid produced 
from it depcnd upon the location ofthe reservoir ternperature 
ami prcssure rclative to the phase diagram. 

Line A-A' shows the situatíon for a low-GOR crudc 
oil, one in wh1ch the amount of gas evolved from the oil 
ís quite low. Pnint A represents the reservo ir prcssure and 
lemperature. As the nil flows out of the reservoir. into 
the wellbore. and up the producmg string to the wcllhead, 
both the temperature and the. pressure dccrease. 

The fluid tempera_ture decreases for two reasons. First. 
the temperature of the surrounding rock decreases towan.J 
the surface. so that heat transfcr occurs between the hot 
well fluid and the cooler rock. Second. vaporizat10n may 
take place also. and the required energy is supplied by 
the fluid itself. causing a dwp in temperature. 

Sim1larly. the pressure decreases for two reasons. As 
fluid Ira veis up !he_ string. !he deplh decreases and !he 
hydrostatic head thus decreascs. In addítíon. there ís 
frictional pressure drop in the tubing 

The phenomena just described account for the general 

Oil 1 Condensate 
Reserv~r Reservoir 

ent ----"-'~e 

A' B' e· 

T emperature 

Gas 
Reservoir 

D E 

E' 

Figure 3-5. Typical phase diagram of a reservoir flUid (aHer 
McCain, 1990, and Sarssam, 1988). 

slmpe of curve A-A'. Thc nct efTt•ct j.¡; lo hring thc lluid 
hclow its hubblc curve and into the two-phasc rcgion. A 

few crude oils do not rcach the huhhlc-point curve and 
evo! ve no asso<..:iated gas; such oils are rcfcJJCd !()a<; ''drml'' 
oíls. 

Curve 8-B' corrcsponds lo the liituation of a high-CIOR 
crude oil. More gas is evo! ved than for curve A-A'. lf 
the reservoir flu1d T and P líe in the rcgion to the Jeft 
(\ower temperature) of the critica! point. thc pwduccd fluid 
is terrncd a crude oil. 

Rcservoir pressurc tcnds to dccreasc "~ 1hc oil fle\J is 
produced. Figure 3-5 shows that if point A fall<; bclow 
the bubblc-point line. vaporiza! ion wi\1 occur in the r.c~crvoir 
itself. Valuable hydrocarhons rnay remain in thc formatinn 
since the gas and liquid will not flow equally IP the producing 
well. This explains why water injection is pral.'liccd in some 
fie\ds almost from thc hcginning of ¡nodudinn. lo hclp 
rnaintain reservoir prcssurc. 

Líne C-C' shows thc hchavior of a retrograde condensare 
fluid as it is produccd. somcthing hci\\'Ccn n natural gas 
andan oil. In this case. thc rclative amnunts nf hnth liquid 
and gas may be vcry high. lf thc rcscrvoir tcmpcraturc 
lies between the criticotl tempcrature afl(lthe cricondcntlJcrm. 
the reservoir is usually tem1ed a cmulcnsatr rrsen·oir ami 
the produced Huid is often callcd a retwxuulc cmuh•11.mtc 
ga.f. 

An important conclusion can he drawn from, F1gure .. : 
3-5. lf the pressure in a condensare resenoir falls helow 
thc dew-point line during prm.luction. condcns~ttion will 
take place in rhe reservoir itscl( Valuahle hc<tvicr liquid -·· 
components will likely rcmain in the rcscrvoir and nnr he 
produced. Pressure maintcnance hy gas rcinjcction is 
sometimes practiced in such a reservoir. RcinJCCtinn ami 
other producing stratcgies for gas condcnsate llelds will 
be discussed in Chapter S_ 

Suppose line B-B' lies lo the lefl anú vcry ch"c lo the 
critical point and line C·C lies to the right and vcry clo-.e 
to the critica) point. Now these two lines are very close 
to each other. Clearly. mere observation of the well-hcad 
separator GOR is not suffient evidcnce lo decide the type 
of reservoir. Furthermore. thc arbitrary nature of calling 
the reservoir a crude oil or a condensate reservoir bccmncs 
obvious. 

Curve D-D' depicts the situatíon for a "wct" natural 
gas. Reservo ir conditions are in the gas or dense nuid reginn 
lo !he right of !he cricondentherm. When produccd. the 
fluid yields hydrocarbon condensate úuc lo thc tcmperature 
and pressure decrease. Point D' is within the two-pha~c 
region. below the dew-point line. The arhitrary dilitinction 
between a condensare reservoir and a wct gas reservoir 
become clear. 

Curve E-E' represents the reservoir and producing 



conditions for a "dry'' natural gas. No hy.drocarbon 

condcn~ah! is furmed in the surface separator. 
Note well. While Figure 3-5 illustrates and darifies the 

cla::,~ilication of well ftuids, the figurl! is, however, 
mi::,\cading in tht! ~cnse that pomts A', B', C', D'. anJ 
E' uctually r..:presenl approx1mately the same wellhead 
tempcrature, u~ually in the range of l00--l40°F. Poinh A, 
B, C, D, and E will not be the same for the reason thal 
tht: n:s~.:rvoir temperature and pres~ure are dependcnt on 
thc dcpth of thl! proJucing fomwlion. Nevertheless, these 
proJu~.:tion linl!~ will more or le~s comcidl!; it is thl! pha~e 
diagram of the reserv01r fluid that w11l change tts positwn 

rdative to thc line. 
Anothcr 1111portant point wtth respect ~o Figure 3-5 is 

that the ~ha pe of thc pha~e diagram and the relatlve location .. 
of the crillcal pomt is highly dependent on the reservoir 
l1u1d composllion. A dry natural gas has a fairly low range 
of ~.:omponents. lts phase diagram will be of relativt!ly narrow 
width; the critical point will !ie well down on the lefl side 
of the l!nvell>pe. Conversely, a crude oil has a very wide 
wnge of components. An oil l!nvelope will be very wide 
and thc critica) point near the top or somewhat to the right 
side of the envelope. Figures 3-6 and 3-7 show thcse 

features. 

Source of Phase Uiagrams 

Phasc: diagnuns are mcasured m the laboratory or predicted 
from cquilibrium t:alculations as shown below. Very briefly, 
..:xpemnc:nt:JI measuremcnts involve determining the locus 
of tht! dew and bubble points in a variable-volume cell. 
D~.:termination may be vbual, as in a windowed cdl, or 
haseJ on breo:ak points in the pre~sure-volume data. Jacoby 
and Yarbomugh ( 196 7) and others describe apparatus and 

tcdmiLtue~. 

Experimental measurements are extremely time
con~uming and expen~ive. Such data are used to develop 

Llqwd 
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vapor 
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Temperatura 

Figure :HI. Typ1cal phase diagram of a dry natural gas. 
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Cnt 

Llqutd 

Llquid-Vapor 

Gas 

Temperature 

Figure 3-7. Typical phase diagram ot a low-GOR crude 
oil 

ca\culational methods for prt!dicting phase behavior. 
lnvarit~bly. ~.:omputcr methods use equation::, of ~tate and 
require very complex calculations. lland calculation 
mcthoJs mu~t be much simpler to be pracl!cal, and cven 

then can be time-con~uming. 
Compwer methodl· are generally quite satisfactory for 

phase cakulation~. llowever, thc c;.¡lculation~ are only as 
gooJ a~ the analyses of the ~treams bcing con~idered. In 
general, ~amplmg and analy!-.is rc4uire great care, as 
dbcus~cd m Chaplcr 2. 

A ~c~.:ontl !-.Ource of error in computcr-generatcd phase 
diagrarn~ lics in the charactenzation of thc heavy ends. In 
natural ga~e~. thl! 4uan11ty of heavy cnJ~ may not be large, 
but the charactcrization of thcm inlluenccs the location of 
the tlew-point \me. Phasc tliagram~ developed from 
computer calculations for two :,unulatcJ natural gases and 
one !o.imulated ~eparator gas are ~hown in Figure 3-8. The 
two natural ga~cs, A and B, tliffer only in the identity of 
the small fraction of C7 + material as nC7 or nC8. Yet 
the dew-point lrK:us i~ shifted severa) degrees. 

Accurate location of the dcw-point locus is important 
in at least two cases. First is the snnulation of phase behavior 
in a rescrvoir, in which the calculations must represcnt 
the actual reservoir fluid as wcll as possible. Second is 
thc pipeline ftow in which small amounts of hydrocarbon 
conden~e. Liquid formation greatly increases the pressure 
drop in the pipeline and hence gas-compression 
requirements. An undersized compre~sor can limit the 

production from a field. 
The bubble-point locos in Figure 3-8 is clase lo the 

methanc vapor-pre.Ssure curve for both simulated natural 
gases, a!o. it is for all ga~es that contain more than about 
80 mole pcrcent of methane. A separator or associated 
gas, which conHuns a much higher amount of heavter 
components, has a broader phasc diagram, as is shown m 

Figure 3-M. 
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Figure 3-8. Phase diagrams for s1mulated natural gases. 

Hand phase-e4uilihrium calculations can also be uscd 
hut are not as accurate as computer calculations. as might 
be expected However. hand calculations are satisfactory 
for many pUrposes. These methotls are discussed below. 

Phase Behavior in Separators 

Figure 3-9 shows computcr-gencrated pha~e úiagrams for 
a separator feed (F) and the:liguid (FL) and vapor (fv) 
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Figure 3-9. Phase diagrams for separator streams. 

,'). ... 

products. The scparator products are assumed lo !cave in 
phase equilibrium with cach other. The separator pre~<:ure 
and tempcrature are locatcd at point A. where thc prm.lucts 
are saturatcd lh . .¡uid anJ saturatcd vapor. respccti\Ciy. 

I'HASE-EQUILIBRIUM CALCULATIONS 

There are three basic.: phase-equihbrium calculafinn<:: 

l. llubhlc-point 
2. Dew-point 
3. Eguilibnum-Fiash 

Typcs ( 1) and (2) determine pha•e envelopc• all(l the 
tcmpcrature or pressure at which a given mixture wlll hcgin 
to v':.tporize or condense. Type (3) cstimatcs thc perccntage 
vaporizcd and the equilibriurn-phase composit1ons for 
mixtures that are partly vaporized or condcn:-;cd 

The nomenclature for phase-equilihrium calculatJon~ is 
shown helow. 

Flash- Vaporization Nomcnclaturc 

1 

F Equilibrium 
Separator 

Z¡ P. T 

1 

F = feed rate. mollhr 
FL = liquid rate, mollhr 
Fv ::;:; vapor ratc, mol/hr 

_, 

\' . ' 

F l. 

-', 

Z1 ::;:; mole frac.:tion of componen! i in the feed 
X¡ = mole fraction of componen! i in thc hquid 
y¡ = mole fraction of componen! i in the vapor· 
P = pressure of the flash vaporization 
T = temperature uf the flash vaponzation 

Phase-equilibrium calculations use a quantity. K1 • callcd 
the l'llpor-liquid equilihrimn ratio. or more simply. the 
K·value. 

K¡ = y, 1 X¡ U--2) 

K, 's are funclions of component identity. tcmpcrature. 
pressure, and composition. The vapor-liquid eguilihrium 
ratio or K-value may be obtained from so-callcd K charts 
or calculated from equations of state using computer 
programs. The GPSA ( 1987) Section 25. Engincenng Data 
Book presents three sets or types of K chart.: 
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(Í) K-values for specific binary systems: CI---{:2, CI-C3, 
Cl-nC4, Cl-nC5, Cl-nC6, CI-nC?, N2-CI, N2-C2, 
<!lid e I-C02. These ~:harts are U~t!J for ttmpcratures 
h~.:lllw -JOWr. 

til) K-v,duc~ lor various cnmponcnts bascd on Jiffercnt 
conwrgcncr: pn:~~urc~ of hyJrocarbon systems. Thcse 
charts are Jescrihed and_ used in the examples that 
follow. 

(iit) K-valur:s of high-b01ling oil fractions. Poeuman and 
~taylund (1949) JcvelopeJ K charts for hcavier HC 
which are charach:ri:reJ by thcir nonnal boiling point 
tNBP) and characterization factor. Figure 2-5 shows 
a typical ch:H1 in whu.:h Pis plotted against K at various 
tcmpcraturcs. The GPSA (1987) presents charts for 
NBPs of J(X), 400, 500, 600, 700, and 800"F. 

The OPSIM computcr program (AppenJix 4) illustrates the 
l:aku!Jtion of K-valut!s u:::.ing the SRK equation of state. 

Vapor-llqutd e4uilibria will be dtscussed in more dctail 
in Volumc 2 

Fur ~implicity, the ~uh~cript i is now omittcd from x, 
y, 1 .• anJ K. Each component present is undt:r~tood to 
have ib own value for em:h uf these variables, ami the 
~ununatinn :-.ign rcfcr!:l to the !:~Ummatitm for all components 
prc~cnt. 

Buhblc-l'oint Temperature 

ComuJ~.:r a llquid mixture of compo~ition z at pressure P. 
Muk l1:.tction z 1s U!tcd becau~e the given composition is 

Comp. z 

C1 0.75 
C3 o 24 
nC6 O.Ot 

Su m 

rcgarJcd as the "feed." Actually, z plays the part of x, 
b~.:cau~e the feed is liguid. The quesuon is, at what 
h.:!llperature will the liguid fccd begin to vaporize at the 
gi ven pressure P"? Calculaüons are based on the concept 
thut the tir~t tiny bubble of vapor formed is in equihbrium 
with the fced at essentially unchanged composilion, z. The 
composition of the vapor bubble is, by the previous 
Jdirullon, 

y= K z (3-3) 

for cach componcnt. The surn of the mole fractions of 
any nuxture mu~t be identically one. 

~ y = ~ K z = 1.0 (3-4) 
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Thus, our task is to find T such that when the K's are 
obtained for that T and the given P, !he sum of Kz's is 
HH.kcd cqual to one, within an acceptable tolerance. The 
prm.:cJure b trial-anJ-aror. 

Example J-1. A m1xture has the composition below at 
400 psia. What is the bubble-point 
temperature? 

Solution: 

Component z 

C1 0.75 
('3 () 24 
nC6 0.01 

Look up !he component K's in the GPSA 
Data Book. UM:: a convergence pressure of 
800 psia (justJlicd later). Three trials are 
shown below. The lirst tt:mperature tried, 
-IOU°F, gives a sum grcater than 1 O. 
Thcrc:fore the second temperature chosen 
is lower, -120°F. Note that the K-values 
for nC6 are !:lO low that they are simply 
taken to be zero. The ~um at -120aF is 
still slightly bs than 1.0. The tina! tria! 
b for -126°F. Withm the ability toread 
the K-valucs, the !:~Uill is sufficiently close 
to one. At 400 psia, thc feed bubble-point 
ü. -126°F. 

K-IOWF 
4()0 1'~1 .. 

Kz K -•~o'l' 
41M) 1'"" 

KL K 126"F 
4111) p>lol 

Kz 

2.0 t.5tXl t .45 t.OH7 1.33 0.998 
0.030 o 007 0.019 O tKl5 0.016 o. ()(J.l 

-o 
O.tXXl O.tXXl 0000 

-o -o 
1.507 1.092 t.()(l2 

Convergence Pressure 

The above K-values are bascd on a convergence pressure 
of HOU psia. This choice must be ju~tJfied. Ftr!tl, the concept 
of convergence pres~ure JS reviewcd. 

Convergence pressure of a multicomponent mixture is 
somewhat analogous to critica! pressure of a bmary mixture. 
However, in the GPSA Data Book method, it is used as a 
correlatmg parameter for esttmating the etlect of 
compo!:~ition on K·values. There are 7 different scts of 
K-charts for 14 hyJrocarbons (C 1 thro~gh C 10) and N,, anJ 
H2S 111 Section 25 uf the Data Book, each set for a d1fferent 
convergence pre!:lsure. Figure 25-2 GPSA ( 1987) lists the 
components and convergem:e pre~sures, which vary from 
M(X) to IO<KIO psia. 
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To find the convergence pressure, the multicomponcnt 
mixture is treated as a pseudobinary. By convcntinn. the 
light component of the pseudohinary is the lightest 
hydrocarbon componen! prescnt lo at least 0.1 mol pcrcent 
in the liquid phase. The heavy componen! is rcprescnted 
hy the weight-average critical lemperature and pressure of 
the remaining heavier (lcss volatile} cornponcnts. 

The technique for finding convergence pressures. which 
is described in GPSA ( 1987) on p. 25-4 . is now illustrated 
using the above bubble-point calculation. A convergcnce 
pressure of 800 psia is used. Refer lo steps 1-8. p. 25-4, 
GPSA ( 1987). 

Example 3-2. Calculate the convergcnce pressurc for 
Example 3-1. 

Step l. Eo;;timate the liquid-phasc composition. 
llcre. the liquid composition is thc givcn 
fccd composition. 

Step 2. Selet.:t the light componen! as the lightcst 
hydrocarhon prcscnt with x > O 00 l. llere 
mcthane is the light componcnt (x = O. 75, 
which is >>0.001) 

Step 3. Calculate the ·weight-average critica) 
temperature and pressure of the remaining 
heavier components. 

Comp. X 

C3 0.24 
nC6 0.01 

Step 4. 

Step 5. 

MW g 

44 1 10 581 

86 2 o 86 

lg = 11 44 

g=xMW 

w = g /};g 

w 

0.925 
0.075 

1.000 

Tcm = ! W¡Tci = 225°F 

Pcm = l w.Pci = 603 psia 

Te 

20~.1 

45_3.6 

Pe 

óló o 
436.9 

(3-5) 

(3-6) 

Locate T,m• P,m on Figure 3--10 (GPSA, 
Fig. 25-11). Now. sketch in the locus of 
lhe pseudobinary crilical envelope. as 
shown. This is done by comparison with 
the critica! locus curves for actual binary 
mixtures shown in Figure 3-10. 
Read the convergence pressure from the 
envelope at the temperature of lhe 
calculation. For lhe bubble-point T of 
-126°F, go vertically to the critica! 
envelope just sketched. Read to the left lo 
estimate the convergence pressure. For the 
present example. lhe envelope lies to the 

Siep 6. 

Siep 7. 
Step 8. 

·.'• 

right of the operating temperaturc. In c;uch 
a case. thc convergence pressure ts choo;;en 
as the critica! pressure uf thc ltght 
cornponcnt, methane in this case. The 
convergence pressure is about 670 po;;m:Put 
the )owest. chart convergencc pres5ure is 
ROO psia. thus verifying lhe choice of 
800 psi a. Sieps 6. 7. and 8 need nl•t be 
repeated. since the cctlculatcd and assumed 
convergcnce pressure's are the same. lf the 
assumed and calculated convergcnce 
pressures were not the sarne, these stcps 
would be done. as follows. 
Look up lhe K's_for P = 400 P""· T = 
-126°F, P, = 800 pSia, as done in the 
example. 
Carry oul the huhble-poinl calculatioo. 
Repeat steps 2-7 as necessary for 
convergence. 

Dubble-Point Pressure 

lf temperature is given instead of preo;;sure, the hubhlc·pnint 
pressure is calculated sirnilarly. · · 

Example 3--3. The mixture of Example 3-1 is at -IOO"F. 
Whal is the buhhle-poinl pressure·> 

Solution: Trial-and·error is required. as before. A 
prcssure is gucssed and the K-values (at 
the given T and assumed Pl read frorn the 

Comp. 

Ct 
o 
nC6 

Su m 

· charts. The sum of Jhe Kz's i< Jetennined 
and compared to one. The convergcnce 
pressure can he dctermined directly. since 
the temperature is known. not guessed. The 
convergence pre~surc is ROO psia. as in 
Example 3-1. Only the final trial is shown. 

z K Wn'l' 
''10 r<~a 

Ki 

0.75 1.31 0.98) 
0.24 0.062 o 015 
0.01 -o 0.000 

0.998 Acccpt 

Dew-Point Calculations 

For dew-point calculations, ihe vapor feed comjmsition is 
given. We wish to know at whallemperalure will this gas. 
or vapor, begin to condense at lhe given pressure. When 
the first tiny drop of liquid is condensed, lhe feed 
composiJion is essenlially unchanged and the liquid is in 
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30 Phase Behavior of Natural Gas 

equilibrium with the vapor. The liquid mol fraction of each 
component is: 

X = z 1 K (3-7) 

As bcfore, the sum of thc x·s must be onc 

:Ox = ::ztK = 1.0 (3-8) 

Trial-and-error is rcquircd; a tcmpemturc t'> gue5sed and 
the K 's found from thc charts. The surTunation of x's is 
computed and compared to one. The tcmperaturc is adjusted 
as necessary to satisfy the dcw-point rcquircment. 

Example 3-4. Thc mixture previou-.Jy given in Ex.ample 
3-1 is at 400 psia. What 1s its dcw-point 
temperaturc? Assurnc a convergence 
pressurc of 2tX)0 ps1a .. 

Solution: Only thc final tri al at XJ"F is sh~1wn below. 

Normalizcd 
Comp. z KII,I'F 

X = 7_1K X 
1(~1 r'~a 

Cl O. 75 6.6 0.114 0.113 
C3 0.24 0.49 0.490 0.4RR 
nC6 0.01 0.025 0.41Kl o 399 
SU m I.IXJ4 I.IKKl 

Now check the assumcd convergence pressure. The light 
component is methane. The weight·average critica! 
temperature and pressure of the remaining liquid·phase C3 
and nC6 are 358°F and 506 p-si a. rcspcctively. Figure 
3-10 indicates a convergence pressure of about 2200 psia, 
which. for the present conditions. represents a close-enough 
check of the assumed value. 

A dew-point pressure can be calculaled similarly. if the 
temperature is specified instead of the pressure. 

Example ~5. The mixture given in Example 3-4 is at 

60°F. Whal is the lower dew-point pressure? 
The convergence pressure is 2000 psia, as 
in Example 3-4. 

Solution: Only the last lrial is shown. 

Comp. z K(-.()"F 
20~ r~1a 

ziK 

Cl () 75 11.7 0.064 
C3 o 24 () 60 0.400 
nC6 0.01 O.OIR8 0.532 
Su m o 996 Accept 

..•• ¡, 

F.:quilibrium Flash Vaporizatinn (F.:FV) Cakulatiun.'i 

Plash calculations combine the total strcam rnatcri<il ha lance. 
the component rnatenal balance. and thc cquilihriurn 
rclation. 

Total strcam balance F = FL + Fv (.1-U) 

Componcnt balance Fz = F1.:< + Fvy {_1-10) 

Equilibrium rclation y = Kx (.1 -1 1 ) 

Eliminate y hetwecn the last two equations and •mlvc 
for x 

Fz 
X= 

FL + FvK 

Let F be 1 mole. Then 

z 
X~ 

FL + FvK 

where 
; 

Fv = 1.0 - FL 1.1-14) 

Finally. 

lx= 1.0 

The usual calculation is the so-callcd isnthcnnal na,h. 
which does not mean the feed 1s nashcd isothcrmally from 
its initial conditinn, but that thc tcmperaturc and prc,sure 
of the flash are specificd. In this case. one can look up 
thc K's. The z's are known. The unknown is F1.. Wc gucss 
FL• compute fv by the next·to·last equation abo ve, thcn 
calculate the x's for each componen!. Thc sum of the x's 
should be one within a specified tolerancc: if it is not. F1. 
is adjusted and the calculalion repeated. 

In flash calculations. be sure the feed is indced flashed 
at lhe specified P and T. Check to be su re that lhe miXIure 
is above its bubblc·point and below its dcw·point 
temperature. Use the following relatinns. 

I Kz > 1.0 

l 1JK > 1.0 
guaranlees vapor is prcscnl (3-16) 
guarantees liquid is present (3-17) 

lf bolh sums are greater than one. proceed with the flash; 
otherwise only a single phase is prescnt. 

Example 3-6. The mixture of Example 3-5 is al 4lXl psia. 
0°F. Find the percent vaporizcd and the 
composilionsofthc vapor and liquid phases. 
Assume a convcrgence pressure of 
1500 psia and check as usual. 

,. 

.: 

-. : .. 
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Solut¡on: 

Cnmp. 

Ct 
CJ 
nC6 
Sum 

Look up the K-values al O"F and 400 psia 
amt obtain tht: check sums. 

L K1n· 
1(~11'"" 

zK z/K 

0.75 44 3.3lXI 0.170 
o 24 ll. 173 0.042 1.387 
(J.() 1 o 0048 0.000 2.083 

3.342 3 640 

Both ); Kz and l z/K are greater than one; 
therefore, the feed is a ftashed vapor-liquid 
mixture. Flash calculations are performed. 

Fo. = 0.1 S Fo. = 0.18 
Fv = O 85 Fv =O M2 

L z 

Phase Behavior of Natural Gas 31 

Ideal ga> behavior and idea!liquid solutions may be assumed 
for paraftin hy~rocarbon mixtures at low pressure. Nuw 
Raoult's Law gives the K-values. 

K= VP 1 P (3-18) 
where VP = vapor pressure of the component 

P = total pressure 

Taking logarithms, we obtain 

!og K = !og VP - !og P (3-19) 

At constant temperature, the vapor pressure ts constant so 
that the !alter equation has the form of a straight line, if 
plotted as !og K versus log P. The intercept is log VP 
anJ the slope is -l. GPSA (19M?) K-charts show this 

F1 = O 17<J 
Fv=--OH21 

L 
o 1· '= '= X = 

Cnmp L K~~-~~'""' F, t· KFv Ft. ·1 KFv F, t KFv 

C2 () 75 
C3 () 24 
nC6 () o 1 

Surn 

4.4 O. 193 0.198 
() 173 o 808 o 746 
O.IK)-18 o 065 0.054 

l.ll66 o. 998 

Note the check sum must be very clase to 
1.0000 in order that the solution be precise. 
Thc x's are nonnalized by dividing each 
by 1.0001. Then y = Kx is calculated. lf 
!he sum of the y's is not quite 1.0, the 
y·~ also mu~t be nonnalized. 

60°F 

Comp. ' y= KK 

Cl 0.1978 0.8704 
C3 o. 7475 0.1293 
nC6 0.0547 O !XXJ3 

Su m 1.0000 1.0000 

The weight-average critica! temperature and 
pressure of the pseudo heavy-liquid 
componen! are 237"F and 593 psia, 
rcspectively. Figure 3-10 confirms the 
convergence pres~ure 9f 1500 psia very 
clo,ely. 

K· Va!ue Behavior 

Thc K d1arts in the GPSA Data Book are plotted as 
lug K vc:rsus log pre~sure,_for lines of constant temperature . 

0.1978 
ll.747ó 
() 0547 

1 lKlO 1 

behav10r at low pressures; the isotherms indecd 
asymptotkally approach a straight line with ~lopt: - 1 at 
low pressure. At higher pre~surcs, the K-valucs deviate 
from this ideal behavior and approach a valuc uf 1.0 at 
the convergence pressure. This bchavior is typical of a 
true binary mixtun::, as is shown in Figure 3-11, forexample. 

Applicabilily of the Equilibrium Model 

The liquid and vapor products from a separator are assumed 
lo be in phase equilibrium. Similar assumptions are made 
about vapor and li4.uid streams in other process application~. 
For example, products from reb01lers are assumed to be 
in equihbrium; vapors and liquids from distillation tower 
reHux accumulators are also assumed to be in equilibrium. 

How good are these equilibrium assumptions? In general, 
the vapor and liquid from a separator approach equilibrium 
with each other. Entrainment of liquid droplets may cause: 
small devtatlons. As long as sufficient contact time is 
provided and entrainment is not excessive, separator 
prnducts are essentially in equilibrium (P!ane, 1966). Th1s 
model is used roulinely in proce.s calculations and yie!Js 
re"'onable results. The !iquid leaving a reboiler is 'lightly 
superheated compared to the vapor, but the mode! is still 
applicable as long as the ftow pattem matches that of the 
mode!, i.e., thorough mixing followed by efficient 
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CAPÍTULO 1 
~stática de fluidos 

FLUIDOS 

Todo"> los gases y líquidos reciben el nomine de fluidos, con lo cual se 
indica que no tienen forma definida como los sólidos, sino que fluyen, 
es decir, escurren hajo la acción de fuerzas. 

En los líquidos las moléculas están más cercanas entre sí debido a las 
fucJ7as de atracciún, y toman la forma del recipiente que los contiene, 
conscT\'ando su vohlllll'll práctinnnente nmstante. La superficie lihrc de 
un líquido en reposo es o;icmpre horizontal. 

Los p;ase~ están formados por moléculas que se mueven en torlas di· 
recciol!cs, por lo que ocupan todo el volumen del recipiente que los con
tiene. aunque sean n,Jorados en equip(,lS de diferentes forma-.. 

Propiedades de los fluidos 

Demidad Absoluta 

La dem;irlad absoluta de una sustancia expresa la cantidad de masa con· 
tenida en la unidad de volumen. 

1\1 
p ~ 

V 

donde: 

p - densidad ( ~ )ML _, 

M masa ( ~ )M 
V volumen ( ~ )L _, 

11 
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ESTA TIC A DE FLUIDOS 

En el Sistema Internacional (SI) la densidad se mide en kgim', aunque 
es frecuente obtener los da lOs de densidad en otras unidades tales como 
lh/gal. g/cm', lb/ft', etc. (Apéndice 111). 

Densidad relativa 

Se llama densidad relativa a la relación que existe entre la densidad de 
un material y la de una sustancia de referencia. En el caso de los líquidos, 
esta sustancia es el agua; tratándose de los gases, generalmente se adopta 
el aire. La p del agua entre O y 100°C puede considerarse cercana a 1000 
kgim' (ver Apéndice 11). 

pr 
p sustancia 

--'-------- ; pr 
p sust. referencia 

densidad relativa adimensional 

Debido a que la densidad varía con la temperatura, la densidad relativa 
se da mostrando la temperatura a la cual se hizo la medición y la tempe· 
ratura a la cual se obtuvo la densidad de la sustancia de referencia: 

(Ver apéndices IV y V.) 

Peso específico 

20°C 
pr---

40C 

Es el peso de la unidad de volumen de un material determinado. 

Pe = 
Pe~o 

~· 

Pe = Pg 

Pe = Peso específico 
Peso = MLB - 2 

\' = \'olumen = L' 
g = 9.81 m/seg2 

Las unidades en el SI son ~1m 3 , o sea kg-mlseg2 -m 3 . 

Principio de Arquímedes 

Cuando un sólido se sumerge en un líquido sufre una aparente pérdida 
de peso tgual al peso del líquido desalojado. Al establecerse un equili· 
brio entre el peso )' la fuerza debtda al peso del líquido desalojado. el 
cuerpo flota: por ello re~uha que mientras menos denso sea el líquido 
c:n el que flota un cuerpo más se .;u:.-nergirá. pue!'to que la menor densi
dad dellíqUJdo tiene que compensarse con un mayor volumen desaloja-
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ESTÁTICA DE FLUIDOS 

Densidtui de una mPZcla de liquido.< 1dea/e.1 

La densidarl rle una mezcla de líquido~ ideales (aquellos que al me7clarse 
no reducen su volumen) puede calcularse a partir de: 

XI x, 
-- + + 

pmezcla Pi 

Xn = fracción masa del líquido n. 
Pn = densidad del líquido puro n. 

Densidtui en los gases 

X, 
+ 

p, 

La manera común de obtener la densidad de un gas es a través de una 
ecuación de estado que relaciona su presión, temperatura y volumen. Los 
gases ideales obedecen la ecuación: 

M 
presión! = )ML _, e-' PV nRT -RT p 

PM V volumen(= ¡L3 

.~1 
T temperatura(= )T 

pgas R constante de los gases 
V (tabla 11, apéndice) 

n número de moles 

P.PM M masa (=)M 
pgas = --- PM peso molecular(= )Mmol- 1 

RT 

Los gases siguen esta ley a temperaturas reducidas mayores de 2} a pre
SIOnes reducidas menores de l. es decir. a presiones menores de 10 atm 
' temperamras mayores a 0°C. 

Pr 
p 

Pe 
Tr 

Pr pre!;ión reducida ( =) ad1mensional 

T 

Te 

Pe preSIÓn crÍtiCa 1 =) .\tL- 1 e-:! [ =) FL -:! 
Tr temperatura reducida ( ==' J adm1ensiunal 
Tr temperatura critica ( = J T 
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PROBLEMAS RFSUELTOS 

"¡\ 1' 1 -=-
f'l 

f'l' = 1'11:.!1) r c;u.stanci<l 

Volunlcll 

:L 1 lkn.sid;u\ 

1 ·11 '• 
(JI :-o 

1:\15 + 26 
kg 1'"" ~ II.S!IH-1 ( 1000 ---:¡-) 
111 

k~ ,, 71~7.2 kg X H 111 'l 

111 

Fl llailer tramp<OIIa 7.1H ton. 

Problema 1.6 

29 

7.1R Ion 

El gac; natural .saliente de un po1o petrolero está a 100 atm de ptc.siÚII 

y RO"C y tiene la siguiente compoc;idfm: 

11 J(' t;¡ 11 () 

el a no 

nitlc'l)J;CilO 

40% 
2% 

!iR% 

Cll 1110! 

en mol 
en mol 

Calndc el volumen (H·uparlo por 1000 kg de ese gas. ¿Cu;il será su dcn.si· 

dad absoluta? 



-7-

JO 

2 I'L:\.'-.)11 \\111·:"1'11 

ESTÁTICA DE FLUIDOS 

P =- 100 atm 
T ~ BO"C 
fl ,..,. 

F.slc prohlc111a se pnrdC' rra1ar co1110 una mezcla !Ct~l, u~ando la ley de 
los e<;;t:ulo'i cm n:..,pond irnl cs. 

2.2 Condiciones scudocrílicas 

P'l 
1' 

' 
T 

Tr 
Pe' T'c 

2.:l Volumen 

G ZGRTII' 

P m/v 
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PROALEMI\S nESUELTOS 

:LI ))aloe; de loe; g:-~c;cc; (apéndice VIII) 

/'¡11 '/'r n,; l'r :llrn _V 

r-.1('1;11111 lll -H'l..!'"t 1!l.R IH 

1·.1:1110 :w ~2.1 ·IH.R 11.112 
NilJÚgf'IIO 2H -1·17 1 T\ ;, O.!",H 

/'M - 11 1( 1 1;1 ·1 O 112(:111) + fl.'•R(2H) = 2:1 21 g/gn10l 
l''r - O l(·f!'·, H) t- 0.112( IH H) f O.!""•HCl:l.!",) = ~H.72l; :-11111. 

1 ', - 11 ·1( 1 !10.!'"•) i O 02(:\0!,.1) + 0.!"1R( 12!"•.9) = 1 :,:,_2H 11 K 

lilO :11111 

'!. '1.7 

__ _lfl''~~__k_g __ = 13.02 kgnwl 
2:1.2·1 kRikgmol 

G ~ O !In (·1:1 112) (II.OH2) (27~ < RO) 11.9~;-tm:l 

_ __i_f_lll!~__l:fl_ 
11.9!'d 111:

1 

RF-SliJ.I AllOS 

El 'olurnr'n r~ de ll.w·,,¡ 111
1 

)' la drn:'\idad de R~.O!"J kg/m 1 . 

31 



-9-

670 

Apt'ndke VIII. V;-~lo1 r·.-. n ítit n.o;;. 

¡\,ido ;u flit o 
¡\, ¡¡¡,, luntnhídr j,·n 

,.\, idn 1 lnr hídr il o 
,\, irln o;ulfhích ir 11 

,,, {'11111;1 

¡\c¡•lnnillilo 

¡\j¡ f' 

AJ!''a 
i\lf nhPJ IIH'IÍiil n 

Amnni;¡r n 

1\rnr rno 

1\r ntno 
n hulano 

i hnl.tllfl 

{ ,;, lohc-.::llur 

C:ln¡n 

( .lnr111 11 tlr mrl ilo 
fi¡,·,'Cidn dr rarhono 

1· 1 ano 

Ftiknn 
1 hinr 

llr!in 
ff,·plauo 

"'''<:lllfl 

11 id1 ,·,~rilo 
1\1 ,., ·11 )( 1 

1\lmu'r'<idn de (';11 hnno 

Nillf'lgf'tHl 

r-.1 r1 r 111 in 

()(1;-tlln 

( )x.ígrno 

11-flC'Ill;liHI 

i prnlano 

l'top;:~nn 

l'rnpilrno 

·r c!t;lrifuuto de Glllmno 

1 olucno 
\';-¡pqr ele agua 

Cz!fr02 
111\r 
IIC:I 
11,s 
(:,JI.,<) 
C2 11,N 

11 2<) 

CII;¡C H 1 

Nll, 
< :,,1 Ir, 
n,2 
<: 111 111 

C,ll tn 

C¡¡ll 11 

Cl 7 

C:ll ,el 
( ;( )2 

C211r, 

C2 11~ 
F 
llr. 
(:,TI Hl 

( :r,ll, 1 

11, 
Cll 1 

co 
N, 
IIR 
<:,_11,11 
o, 
C.,ll,, 
C,ll, 
C,ll" 
c.,llfi 
CCI 1 

Cr,II.,Cfl, 
11,o 

Tr "(: 

~21Ji 

!lO 

!í 1 ·1 
IOO..t 
2'\!"r 

270 
-1-1117 

17-1.1:; 

2·111 
11~ ·1 
2RR:; 
~11 
1 r,_:t 

11·1 
2HI 
IH 
1·11. 1 
~1 1 
~2. 1 
9.7 

~J:,;, 

~2fi7 ~~ 

21Jf, R 
2~·1.R 

2:'\11.9 
~ R2!", 
~J.'l(l 

~1711 

1 :;:,o 
2flfi 

~IIR.R 

1!17 2 
IR7.R 

9fi.R 
92.3 

2R3.1 
3211.fi 
371 

1\PÉNDICES 

l'r nfm 

!í7 2 
R·l 
Rl fi 

AH ·1 

·17 
·t7 i 
~7.2 

21R.·I 
7H 7 

11 l_r, 

17 7 
102 
:lli 
17 
·111-
71i. 
n:,.R 
71 
·IR R 
:;u r; 
2:; 

2.2fl 
'l(i.R 
2!1 :; 

12 R 
-1r, R 

1ft 
11 ... 

2011 

21 (j 

·1'1.7 
3~ 

12.R 

12 
·1:1 
.¡_r, 
,,, fl 

217.7 
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flri'NDICES 669 

O OH~ 11 al!nlgntni"K 

11 01-t~ 111'
1 :•l•n/kgn•oi"K 

1 :\1·1 11.1 atnllll11nni"R 

1 'IH72 1\ 1!1/li>iiH>I"R 

'\ - ~ H 17.:\ 111" (k¡4f111 )/kg moi"R 
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CAPÍTULO~ 
Dinámica de fluülos 

Un fluido f:'~ una su~tancia que sufre deformación continua cuando ~~;r 

su.ieta a un esfuerzo cortante. 
El esfuerzo cortame, también llamado fuen.a de dzallamiento, es af)ue

lla fuerla que se aplica tangencial mente a un área y qut- provoca defor
maciones en los cuerpos. Se distingue de la pr("sión en que esta última 
e" la fuena aplicarla perpendicularmente a un área, pron>rando com
presi6n. 

ESFUERZO CORTANTE 

F 
T e 

A 

A 

PRESIÓN 

F pe 
A 

A 

T 

/' 
F 
A 

e~~;f11en::n cortante ( =) 1\IL -ro-'.! ( =) FL -!! 
l"f''"'."l t =, ,\u.- 1 o-'.'(=, ¡:¡_-:.o 

h"·' "' 1 = 1 .11/B-' 1 =) F 
[n t·:• ( = ) L ~ 

F 
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DINÁMICA DE FLUIDOS 

Cuando ~e aplic.t un esfucfl.o cortante sohrc un fluido éste se dcfor· 
ma y fluye. La resistencia a la dcformadún ofrecida por Jos fluidos 'rct:J· 

be el nombre de viscosidad, la cual se define mediante la ley de Newton: 

du 
T = -jl--

dy 

p. 

du 
viscosidad del O u ido ( =) FL -'o ( =) ML -to-' 

dy 
gradiente de velocidad ( =) o-' 

u = velocidad ( =) LO-' 
y distancia 

La unidad de viscosidad en el Sistema Internacional es el kgl(m.seg), 
pero es más frecuente su medición en centipoise. Un poise equivale a 
1 glcm.s, y 1 centipoise = Jcp = 0.01 poisc. 

La viscosidad indica la facilidad con que un fluido fluye cuando ac· 
túan fuerzas externas sobre él. También se le considera como una con· 
ductividad de momento, análoga. a la conducti\'idad de calor o al 
coeficiente de difusión. En flujo de fl_uidos recibe el nombre de mamen· 
lO (en latín momentum) el producto de la masa por la velocidad. 

Momentum = M. u ( =) ML0- 1 

Considerando Jo anterior, el esfuerzo cortante puede tomarse como 
el mom~nto que pasa por unidad de área y por unidad de tiempo: 

ML.a-' M 
T (=) FL-2 (=) ML- 10-" (=) --'--'-"--:;-:-

L "o 
Viscosidad cinemática 

Con frecuencia se suele usar la llamada visrosidad cinemática, que se de· 
fine por: 

¡I 

p 
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v = vi!'lcosidad dnemática ( =) L j!o- 1 

p e densidad (e) ML _, 

La unidad en el ~istema cgs para la visco!'lidad cinemática es el stok.c, 
que es igual ~ 1 cm:t/~. 

Viscosidad en los gases 

Los valores para la viscosidad en los gases suelen obtenerse mediante 
nomogramas del siguiente tipo, los cuales se pueden encontrar en 
el apéndice XIX, o mediante tablas o gráficas de viscosidad contra 
temperatura. 

• 

En caso de que Liltaran datos experimentales, la viscosidad de los ga· 
ses se puede obtener mediante la ecuación de Enskog: 

p. = 2.6693 · J0- 21 JPM·T 

p. 
a 
¡¡ 
T 
f 

K 
PM 

a 2n 

g/cms 
diámetro de colisión ( =) L = cm 
integral de colisión 
temperatura absoluta ( =) T = "K 

= parámetro del potencial ( =) T = °K 

pes-o mulecular 

-8-
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Lo~ valores del diámetro de colisibn, integral de colisión y parámc· 
tro del potencial pueden encontrarse en los apéndices XI y XII. 

Si se está trabajando con presiones altas (mayores de lO atm). los va. 
lores de viscosidad deben corrcgir!-.c mediante gráficas dd siguil'nte tipo 
(apéndice XV): 

Tr 

J.lo == J.l a 1 atm. 

111 == "' corregida 

Pr 

Al tener una mezcla de gases, la viscosidad se calcula con la siguiente 
expresión: 

- - -
-

_P_M __ m_e_z_cl_a__ y1PM 1 _y2P,\12 y,PM, 
----+---+---+ 

¡¿mezcla 1' 1 1'2 1'3 

J!M. peso molecular del gas n 
y. = fracción mol del gas n 
IJ.n = viscosidad del gas puro n 

Viscosidad en los líquidos. Obtención 

Y.PM. 
+--

l'n 

Los \'alares de la viscosidad en los líquido.!! se pueden obrcncr mediante 
nornograrnas como Jos del apéndice XX. 

r--------------,r· 
•e 

o 
o 

o 
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Si faltan datos experimentales, la viscosidad de muchos líquidos or· 
gánicos se pueden calcular por la fórmula de Souders: 

1 
m "' PM 
1 r:An + r;p 

log ((le; K ¡<} 1 O) = mpl.- 2.9 

1 = constante que depende de la es· 
tructura (apéndice XIII). 

p. e:: viscosidad en cp 
pL = densidad del líquid.o a 20°C en g/cm' 

Para mezclas de líquidos ideales la viscosidad se obtiene a partir de: 

¡¡., = viscosidad del líquido puro n 
x, fracción mol de Jos líquidos 

La viscosidad en suspensiones diluidas se puede obterier mediante 
la siguiente ecuación para concentraciones de fase sólida menor del 10% 
en volumen: 

¡<Sus = I'L(I + 2.5.<¡>) 

1' Sus = viscosidad de la suspensión 
l'l. = viscosidad del líquido puro 
lf.J volumen del sólido en suspensión "" volumen fase sóJidalvo· 

Jumen total. 
Para concentraciones de fase sólida hasta 30% en volumen: 

[ 
0.59 J 

l's = I'L (0.77-<P)' 

La viscosidad de los líquidos varia con la temperatura. La siguiente 
fórmula representa la \'ariación de la \'iscosidad con respecto a la tempe· 
ratura: 

b 
lag¡< = a + T Fórmula de_ Andrade (apéndice XVIII) 

a y b = constantes de Jos líquidos. 
La viscosidad st mide con la ayuda de viscc,símetrns, de los cuales cxi~

ten \'arios tipo~. cnmo ~on los de Ostw¡¡ld. Englcr. Saybolt, etc 
En csws aparatos la vü.co;,idad s•: mide en sebrundns. Jos que .se deben 

cambiar a viscosidad cinemática mediante fórmulas adecuadas. 

-10-
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Depósito de latón 

da desagüei 

p - (!.001171 -(3.74/f) 

En doorle 1 ~on lo<> o;c~unclo!' qur larda en llenar~e ("( depó!Oito dd visco~í
lllf'tro En~/,.,. 

\'i.<rn.<Ímrtro dr O.<twald 

pi P191 
lt2 = p.¿f)2 

El c;uhíndi< r 1 indica al líquido que !>e quiere conocer la vi~co.sidarl, }'el 
suhínrlice 2 indica al líquido de referencia del cual se conOce la viscosidad. 

e 

,. 
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t-.1 ro:du('t711 rot tan te o flujo de rrwmento rst;í relacionado con la vk 
co~id;td mcdiantr· 

El t~1ovimicnto de lo~ fluidos a travé~ dt" htht'ria~¡ o de equipoc;. dr pro· 
ceso talt's romo torres dt" destilaci6n, cambiadores el(" calor, torn·s de ah 
sorci{m, etc, se encuentran constantemente en la práctica de la ingrn i<·t Í<t. 

Dependiendo de las condiciones, un fluido se puede rTiover en dos 
tipos de patrones de flujo, llamados laminar o turbulento. La di!Hinfi{m 
f'ntre estos patrones de flujo fue indicada por primera ve7. por Osbnrnc 
R<ynolds. 

A velocidades bajas el fluido tiende a nuir sin me1clado lateral, res· 
halando las capas adyacentes unas sobre otras como los naipes de ut1a 
ha raja. En e~ur ca~o no hay corrientes cruzadas perpf'ndirularmente a la 
dirf'cción df' Oujo ni tampoco remolinos. A e51e régimen o tipo de nujo 
se le llama flujo laminar. 

Válvula para 

control de 
número de 
Reynolds 

A velocidades más altas se forman remolinos, lo que provoca un m el
ciado lateral; ésre recibe el nombre de nujo IUrhulenlo. La \"f')OC"ifbd a la 
cual ocurre el cambio de laminar a turbulento recibe el nombre de velo
cidad crítica. 

Depósito de colorante 

Válvula para 
control de 
número de 
Reynolds 

El trabajo de Osborne Reynold• mo•tró qu• el tipo de Oujo <n una 
tubrría depende del diámetro de la misma. así como de la velocidad. den· 
si dad y viscosidad del fluido. El valor numfrico de la comhinacif>n de f'~ 
ta~ ruatro variables se conoce como nUmero de Re)nolds. }" s~ considera 
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que ro; L1 rd:u ir'111 rlr la~ furn;¡o; dinámira~ drl flujo al eo,;furr?n <ort;llltr 
dchido ;¡ 1;, vr«lo.sidad. El nlnncrn de Rq11oldc: r"i: 

N R 
D.u.p D.u 

n '~ ---~--
1" V 

P;u a lo-. propú .. ito!'i ingcnicriles !'ir considera que el flujo e u tuhrr í,1, 
f'S laminar si el Reynolds ~s menor de 2100 y turbulrnlo _,¡es mayor rlr 
10 000. Entre e111os do:rJ valores ~e encuentra la 1ona de tran.~>ición en donde 
existe el proceso de cambio de flujo laminar a turbulento. 

En un fluido en movimiento se consideran lineas de corrienle a las 
línf"as orif':ntadao; según la velotidad del líquido y que golan de la propif'· 
dad de no ser atravesarl<1s por partkulas del fluido. 

Cuanrlo un liquido fluye se efectlra un movimiento TC"Iativo entrr "iiL"i 

p<~rtírul;:l'•, rrsultanrlo una fricción o ro7.;unirnto entre las misma .... Exi"
trn dos tipo~ rlr fricción: 

• Frirrilm intnna. También llamarla viscosidad. Es la resistencia a la 
d{'fntl)laciún, que presentan todos los fluirlos. 

• Fnrriúu rxtPrna. Es la rcsisterÍria al d<>slizamiento de los fluidos a 
lo largo de- superficies sólidas. 

Cuando un líquido escurre a lo largo de una superficie sólida, existe 
~i("mpre una capa adherida a esta superficie que no se pone en mo\'i· 
miento. 

Se debe entender que la fricción externa es una consecuencia de la 
acci6n de freno ejercida por esa capa estacionaria sobre las demás partícu· 
las en movimiento. 

Un ejemplo Importante es lo que ocurre con el nujo de un líquido 
en un tubo: junto a las paredes existe una película del líquido que no par· 
tidpa del movimiento, !iiiendo la \·eloddad igual a cero. En la parte centt al 
sr encuentra la velocidad máxima. 

Pared del Tubo Pered del Tubo 

Vmh 

velocidad u 

Flujo Turbulento Flujo leminer 

A CWI"t'l urncia de la fricción intern;J y extf'rna el flujo de un lí(¡uido 
r-n un;¡ ndtf•ría "r w·rifira ~wlamrnte cün la pf.rdida dt• energía . 
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llc ;¡curtdo <oll b rnt:lci/111 de Nr\ .. ·lon, p;ua nr"1111ho por rl que flu· 
vr 1111 líqnido 

"" ---w----
d)' 

(1'1 - /'2) . , 
---------= 

l. 

(/'1 - /'2) . ' 
2·L 

(1'1 - 1'2) \" - rdr 
2 . l.¡.t • ' 

(1'1 - 1'2) 

4 . l. . ¡.t 
(R 2 

- r 2) 

11 velnddad puntual en el punto r 

l. Longitud de la tubería 

P2 / 

1 
S L 

/ ' P1 '-.. A _,) 
j 

(1'1 - f"2) . , "' 2 . l. ¡1 

Pant ohtener la velocidad promedio en un tubo teniendo r(·p;imen 
1<-uninar <;e aplica la entaciém de Pouseuille: 

Ca (PI - 1'2) · Ji 2 

ll = 
" . R' R . J . . fl 
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r:a cmd;¡l (--.) / .. 1e-- 1 

11 \'C]ncid:HI jlllllllCciio 

" 

1',11:1 finjo la1t1ill:ll en tulwJÍ;." ciJndatr" el prtlil dr \'f'lo¡ idadcs ('<; 

p:uah/dico. con llll:l \cln1idad máxi111a cn d ICiliiO (;qli·ndilt' XXIII). 
l';ua luho'\ \i<;oc; t'll flujo l!lthulf'nto sr prescni;HJ tn•<; 7on;p, de ll1~jo: 

• 11na 1ona p~'g:ul.t ;¡ b pared, en donde rl flujo ec; larnin:1r y e<;I;Í 

d:1d11 por: 

11 :• p:u a y < !l 

par<l _\' > :w 

• 1':11 :t rubo.;; 111go<;o-.. 

1' 

r 

,¡ \Tlocidad loc<~l a una cii<;tanci;'t dec;dc la parC"d drl 1uho 

11 1 (u 1 u*) 

11 (nv.¡<rlp) 

TW csfucr1o cortanle en la pared 
J(r faclor de con\'crsifm = 9.Rt kg m/kg scg'2 
p dcno;;idad del fluido(=) 1\f/.-:\ 

)'. ()'·"* . pi~) 
)' dist<1ncia desde la pared de la tuhcrÍil 
r altura de la Tugo~;idad ( =) /. 

A continuaci{m se ilustran diferentes perfiles de \Tlocidaclcs pata flt~jo 
turbulento. 



Problema 2.9 
-22-. 

Por 1111:1 lulu;r ía dr: lO nu de di;\rnetro interno fluye ~gua tt una Velocidad 
dt· ~ mi-. ;1 20"< :. llf·trr tnine s1 el fluJo es larniu~t o lurhulenro. 

11 ,.... f", 1111~ 

---··- ·-· 1-. 

r - 211"!: 
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'l 1'1,\NII·/\~111-.NI(l 

l'~r .1 r.::1lwr ,.¡ f'l flujo re; l:unin:u o 1111 hulrnlo o:c df'hr ohlr:-llf'l rl tll'nurt o 

d(' lb·r11old.o:;: 

1 J/lfl 
N"R<· - ·- · ,, 

0.1 ~~~.:< .. !~~~~~-!: _ _?~R.2 kglm~ 
1 00!"• x 111 -~ kgltn~ 

1 RF-Strl.rAilO 

F.l llujo r~ ttulmlrnto, pur~ el Re es 4~Hi0Hi.92. 
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·1. RESUL'I AIH ),S 

1.;\ caída de prcsiún es dt~ l·l (}()!) kg!m 2 por 100m de t11ho. l.a ,·cloci-. 
dad en el centro dd tuho es de O.OH4H m/.:;_ El e<;furT70 coll;-tnfl' es de q_J2A 

Problema 2.12 

Po1 una tnhctía ron O.fiH m de di{JIIIf'lro intcJno lluvr 1111 a~l'ile <nll 
'\ '\ ' 

lt -=-= ¡:, cps ~ p = HOO kg/m· y 1111 Cllldal de ·10 m·/h. 
llctennine el perfil de vclncid;ulcs y la caída dr presión por metro dc-
tu hería. 

1 R.\IJliCCIÚN 

~ 
Ca '1 

~ 
·10 111 lh 

p ROO kg1m ~ 

1' 1 !l cps 

11 

2 1'1 r\N 1 L\MIEN'I O 

2 1 Di.:;cusiún 

Si el lluiclo se mueve en IéKimcn laminar se puede aplica1· la enlaci{m 
de Pniseuillc. 

2.2. Perfil de veloddadcs 

Pata régimen laminar: 

11 = 2•i ( 1 - ~
2

, ) 

2.~ Caída de presiún 

Para régimen laminar: 

111'= 
32¡uiL 

V 2gc 
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:1 c:ALCUI.OS 

3.1 \' clot~idad 

Ca 40m 1 h 
1i = ------..--

}¡ (:16011 s) ~(ll.fiR)' 
·1 

().()306 mis 
;\ 

:1.2 N1imcto de Rq·nolds 

Oüp 
flp ~ --~ 

O.fi8 m (0.11~06) mis (800) kgim 3 

1 ~ x 1 O 3 kgims 

flp~ 1110 

3.:\ Perfil de velocidades 

( r' ) 11 ~ 2 (O.O:liH;) 1- ---.-
(O.:l-1)' 

~ O.OGI2 ( 1-

I\kdi~ntc la ccu;~cic'lll dt- Pniscuille .se obtienen los dato<; de r y u. 

r m 11 m/.t r 

o o {)(j) 2 ll 

± O IIR5 fUJ!l74 ± (l 05 
± 11.17 o 01!J!l ± 0.111 
± o 2!)5 0.02GR ± il.l5 
± o :qo 11 ± 1120 

± o 25 
± 0.~11 

± o.:H 
:1A Caída de presión 

32 x 15 x 10-·J kgims x 1m x 0.0306 mis 

(O.GH) 2m 2 x 9.81 Ns2 

4 RESULTADOS 

F.l perfil de velocidades es: 

11 

o 01112 
0.0~9RHI 

O O:í!"92 
iliH9:!2 
II.IHOII9fi 
O 02R22 

O.oJ:l717 
11 

0.00~237!) k~ 
m 
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CAPÍTULO J 
Balance de masa y energía 

en .flujo de fluidos 

CAUDAL 

S<' rknomin;l 'audal al volumrn del líquido n gas que atraviesa una o;rc· 
ciún t·n b tlt1id:ul dt> tiempo. En ~·féxico suele rccihir tamhii•n el nomlHc 
dC' g:J<;Iq volumétt irn. 

Ca uA 

r:n = ,-,wdal ( ::-) 1.~ O ~l 
11 Vd(l( idacl JllOnlt'dio del fluido ( =) l. e-l 
A = S<'criún tranwcro;al de flujo ( =) L 2 

Gasto másico 

Con mur ha frccuencb se utili1a el término de gasto o flujo másico o gas· 
tn o flt~jn molar, el cual indica la cantidad de masa o moles que pasan 
por un punto dado. 

w\p = Cn.p 
M 

f'¡\1 

M 
p 

¡\f 

rM 

l;asto má.;;ico del fluido ( =) '"o-' 
Densidad del fluido ( =) ¡\1/. -:l 

Gasto mobr del fluido ( =) moles O -l 

Peso molecular del fluido 

91 
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ECUACIÓN DE CONTINUIDAD 

Aplic::llldo rl halaiH (' dr 11\;ltcria ;1 llrl duelo por r.l (:u al nuye tlfl nuido 

a rf~imrn permanente 'W tiene: 

u, ---es, 

"' 

Suo;tituycndo 

M, 

u 1A 1 p 1 =- u 2A 1f> 1 

Ca 1p 1 "" CR 2 p 1 

p = 
I'.PM 

fl.T 

-

, 1 ¡\ 1 _.!:J!..~ 
fl . .,., 

u211.2 P2P!\12 

li.T2 

Si no hay rean:iún quírnit·a: P/l-1 1 Pf\.1 2 

por lo que: 

u1A ,r1 -------.,., 
1', T, A, 

"' r, 1', T, 

Si es fluido incomprc~dhle:. 

Pi P2 

u 1A 1 = ,u2A2 

A, 
u2 = ,, 

A, 
( D, )' "' --D, 

1', 

U¡ P, T2 

u2 ¡>2 T¡ 

M, 

--ca, 
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llalance de materia 

Balance de ~nergía 

(1-.h -- l·.f•d 1 (Fr.,- fir 1) 1 (lo:l'r2 - /J'r 1) ' (1!2 - 1! 1) 

S;dHrndn que 11 = U + /'V y /'F = /•./'f' 

u-;¡,,- Ff•,) + (l·.'r,- Fr 1 ) + (112 - lid ~ Q- .7" 

¡:;J./• + ó.Fr + ó./ 1 Q- Y' 

• \';11 iacit111 d(' cncq~í;1 pol('llcial ' 

1 ' -· (11'1 - IJ ?) ¡\1 
2 

• 1 :-.mhio d1' <'ntal pi.1 

ó./1 = (112 - 111) M 

Un tipo de balance de <'nergía más útil para flujo de fluidos es el que 
conr;idrra la energía mcránic:a. Los términos de calor y cner~ía interna 
no permiten una r:orn·cniún simple ('Jl trabajo, tal como lo indica la sc
gl.lllda ley de la knnodin;ímic<l, dependiendo la cfkicncia de l<t convcr· 
si/n1 de la tcmpc1 <Hura. Al hacer un hal;mcc de energía lllrcáni<·a la pallC 
de la rncrgí<~ me< cíni<;t •¡uc se <:onvicrte f'n calor "C considera como pér· 
dida de frilti•'m De acu('ulo con la primera ley de la termodinámica: 

ó.U = Q - T ( 1) 

T ¡ v, 
- 1' 

' v, 
· d\l.,- E F 
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r- fT.lll:~j'' l¡tll' ,,·,dita el llnido (=) Fl. 
(¿ - c;¡J,·r {-) 1-.1. 

""' \foll!tl]('ll (-) f.'\ 

L_¡.' -· JH.'ldid.!<.. JHII ITÍIIÍI,!Il (=-) /"/. 

M. - (~ -- \''/• · di', ' 'L/" 1~1 
. \', 

JH'Jp!/·- {i /'\ n r: 1 

MI-
\

.,. 
\11 . ,, • 

. r·, 

Su<.;tllii)'I'THio en l.1 e< 11.1< iún de hal.uH e de crwrgí:1· 

" 
,\1 (11/- 11¡'.!) • (¿ + 

(Z:.! -- /¡)g 1-

\

.,., - 'LF- .Y' 

. :.~ . di' = ----A~----

1.:1 c1 !J:lf i/n1 an11~1 1o1· <;e conoce Ulll ('\ llllllllll e de ¡·rnat iún d(' Bc1 · 

ll!Jidli. 
Fl \·alm de la int<'~Jal depc•Hlr de la t•tuarii'Hl d1· ('<;lado el('! !luido 

y de la trayrdoria del pnH.eso. Si el lluido es inrolllJII<'<;ihlc el \'olulllcn 
•wrá constante, pnr lo que la cularic'!n quf"daría: 

1 ' 2 1 (l2 - l 1 )¡¡ + - (u2 - u 1 ) + (1'2 - /',) • -
2 p 

/'- '[F 

"' 
La ecuaciún anterior se aplica al nujo isotérmko de 1111 fluido incom

presihlc que f1uye POI" Ull dueto, con pérdidas de fricdún r('ro sin <tdi
ciún de c<tlor. 

En las C'CU<t("ionco; :tntcriores la~ unirlades csc\n f'll ,_'!. o-·'2_ Si <;e ha

ert conve1 sioncs ron el factor II'" la o; unidadrs (lllccl:u ían F././,, r 
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lk ll1<1ÍH'Ja qnc la (·n•aciún anterior qncdaría: 

... ___ ¡_;¡. 

,\1 

en donde: 
l. 1'11 111 

1 (11'.!~- ll¡~). 

,; -= ~~ R 1 ml,.t·g\-1 
11 1'11 IIJ{<,t·~ 

/'en k~~~~~~ 
1' cr1 kgln1 : 
>' 

· ''11 kg rn/kg 
,\1 . 
¡_;¡. 
----~en ktr.Jn/h• ,\1 ,.., .~ 

1 
+ -u·~-,.,) 

fl 

99 

!· .... Ílnpoll:llllf' notar que cada uno de los t{·rmmo~ de energía ¡me· 

den <il;l ;;xptr<>adoo;; Cllll\C'IJns par<1 el sistrma ~ti<.S, o en pie'> para el sislc· 

ma in~lés. lOil'ilituycndo lo que se conoce como carga. allura o cahe7a. 
En c<;Jc c;-~píudo se Jcc;olvcrán problemas ·aplit'ando la ccuariún de 

fkrnonlh a -.io;tem:-. de tr;m-.portc lluido, dándose o ignor;'mdosf:' las pér
dida e;; por r. iccir'nl. 1\.<;imio;mo, se indicará posteriormente cc'nno obtener 
e:o.tas pf~• rlida-.. 

El tr·orcrna de BrnHnlili puede ser cnunci<Hio de la siKtlirnle mane· 

ra: "A lo largo de tualquicl línea de corriente la suma de las alturas dné· 
ticas, de prrsiún o piczomftricas y potcndal es constante". 

El le(IJCTIIa tlr Bcrnoulli no es más que el principio de la consen·a· 
<.i(',n de la energía, ya que cada término de la ccuaciún representa una 
fotma de energía. F..sla ccuaci6n pued~ simplificarse seleccionando loo;; 
límites del sistema apropiados. 

PROBLEMAS RESUELTOS 

Problemas 3.1 

( :akulc despreriando la~ pérdidas por fricci(Jil la potencia qut:" de.sat to· 
lla 1:1 turbina hidráulict de la figura sigúientc: 
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:. (~ ~ 1 o • 2. n ,. 1 H 

HF"I '1.1,\IH} 

F.l ( ;tlrn '-1'1,1 dr :W.27 k.callkg 

Problema 3.6 

107 

:HI.27 k• allk~ 

A !rav(c; de una tnherí.t d<: 201m de di;ímctro interno circula un g;1s con 

1111;1 pr<'"i/n¡ lllano•n{·ttict de 2 kg1nn 2. y una tcmpct·attlla de -tone:. Si la 

¡n r.si,'m haTnntf-11 ica t:'" dr I.O:\ kglnn:! y la vdnridad a que circula el gas 
<'S d(· !""1.0 tn/.;;, ¿cu;íl C<i (']gasto másho y el canda!? El peso molecular del 
g,t<i es d1• :l~L 

T :-= 40"C 

/'m ~ 2 kg/cm 2 

u =- 5 m/s 1 o~02m 
2 1'1.,\NTLAMIENT<) 

2. F.cuaciún de la continuidad 

'"' ¡\12 11 1 Pt A 1 = 112 P2 i\2 
1 

Ca M 11p 1 

2.2 Densidad 

1\1 /'f'l\1 
p -

V RT 

Ca 

M 
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(2 • I.O:l) í;icm 2 
X 2'1 kg/kgmol 

kgfclll:.> O.OR2 m~ atm 
1 o:n ------ x X (271 + 40)"K 

--X 

3.1 C;nHial 

;J!IIJ kgmol °K 

kg 
1.31·1 --, 

111 
X ~ (0.2) 2 

1 
0.52029 kg/s 

(:o O.!i202!1 kg/' X 
111 ~ 

0.1 !)fi!") tn '~fs 
:1.:114 kg 

·1 RF.Silf:I¡\OOS 

El g-a.•ao m;lsko I?S d~ 0.52029 kg/s y el caudal es .de 0.1 !)()9 m·'~Js. 

Problema 3. 7 

1\. tr:-~\'f>'i de una tuhrrí;1 hcnizontal rlc 5 cm de diámetro intrrno circula 
mcta11o a raltln d(' 1400 kgfh. El gas entra a la tu hería a la presión absolu-

ta de 70 kg/nn 2 ,Y a fiH'~C y sale a la presión atmosférica. ;_Qué canti(l:ld de 
calor h;tlnía que suministrat para que el gas saliera de la tubería a la nlis
ma temperatura rlc entrada? 

l. rR,\HUCCIÓN 

P, 70 ~/cm 2 

r, D 5 cm 
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2 1'1 AN 1 FAI\IIEN 1 o 

Con.sid(·rcsc al mct;lno como si fuera un ga" idral. 

2 2 Balano: ele cnc1 g-í:1 

Q -.?' 

F.n r<qc taso .Y'= O 

o 

r, ~ o MI 11 

2.:\ Velocidades 

M, ~ A, 11¡ Pt ,., '2 112 P2 

¡\ 1 A, 

11'1 ~ "' p¡lp'l 

111 /'!'M 
p ; T, T2 

lJ 1/T 

u'l "' 
/'1 /'i\1 1 R2 T2 

11, T, P, I'M, "' 
P, 

p• 

2 u'f (u, ~y - ur 
tJ./Ot-

fl2-

2gc 2gc 

Ca M 
"' A p;\ 
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{' 1 -o 

1 11111 k~/h x 1 J./:lt;l)ll s 
11¡ - ------------- ------- -~------------

:~ ~! 1\a\;\11( C '.\e f'IH'I gÍ;i 

[ ( 
-o ) J, f•.IOH -
1
-- -- ¡:,_¡mq 1 

' 1 IIJ:I 

2 X ~l Hl 
k'Ku1 

o 

m 

' S 

kgm ~IHIJ 
2:\7,1.2 ----- X ---=--·-X 

1 cal 1 k e al kral 
x---= -~-~,¡:; ---

k~ ·12J IIJI)(),,,I S 

tHSlJLIATH> 

Se deberán suministrar !'1.!1'15 kc~lls etl g;-~s pata ~¡uC salga a una tempera
lllr;~ de fiH°C. 

Problema 3.8 

Si C'll d problema 3.71a ulllducciún se reruhre con una t·apa de matcri;1l 
et i<il.mtc de fo1ma que la ri1 culacibn pueda considcr ar.s::.· adiahát ica, ~ndl 
sería b rempcrallll ;1 de <;a\ ida del metano~ Dato: Cp ,..... 9.2H kcallkg mol "C. 
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CAPÍTULO 4 

Pérdidas jJor fricción en 
flujo de fluidos 

Pa1 a la aplicadún industrial de la rcuarión de Ilernoulli es nccc'ial io c.:o· 
IHHTJ el I(Tmino de pérdida po1 fricciún po~ unidad de m<t'ia de !luido. 

Si se aplica la ecuaciún de 1\crnoulli al si~icnte sistema, donde el 
;Ífc;¡ e<; constante, la Jll esi{m de salida re; menor al;~ de entrada y el fluido 
en 111o\ imiPnlo es inco111pr csihlr . 

A, 

• 
z, 
P, 

"' 

IZ2- ll) .K_ 
gc 

112 u, 
z, z, 
:Y' () 

por lo que: 

.. 
2 1 "') ---

2 · gc 

1!.1' 

• 
1 

+ (1'2- PI)
p 

~ -f.F/M 
p 

A, 
z, 
P, 
u, 

p2 < p1 

A2 :: A, 

.'Y- [F 

M 

lo •¡ue sigrnfica que las pérdidas de presión son debidas a la fricción. 

129 
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Para obtener la forma en que influye la fricción en la caída de pre
si6n se dehen examinar las variables que influyen en el fll~jo de fluido<;. 
Entre ellas fib'lHan: 

• Caída ele JHC'._¡,·m 
• \'cloci{bd media 
• J)iámetro del tuho 
• Longitud del tubo 
• Rugosidad riel tubo 
• Viscosidad del lluido 
• I>rnsidad del fluirlo 

M' 
11 

/) 

/, 

' 
1' 
p 

Todas las variable<; son ya familiares, con cxc<'pcitm de la rugosidad 
del tubo; ésta c;;e debe a que en gent•ral el tuho no f''i liso, existiendo una 
longitud transversal desde la pared del tubo. 

Si se define la f1 icciún en las paredes rle la tu hería en términos de 
b cantidad de momento transferido, puede deducirse que: 

'[;F 

A 
p 

'f.F 
- f,(pu 2/2 ·¡;r) 

M 

fuerza de fricci{m 
área sobre la cual actúa la fuerza de fricci(m 1rDI. 
densidad del nuido 

u velocidad del nuido 
fF coeficiente llamado factor de ft icciún de Fanñing 

Efectuando un habnce de eneq~ía sobre una longitud de tubería ho
rilontal y recta y de diámetro D. 

¡ P, 

F ---
L 

'· 
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La furr7a requerida para sobreponerse a la hicciún dehc surninisrrarse 
por la l" c.c;;iún. 

EF7r/JI. 

M 
= tl.P · <Ílea de flujo 111'' 

La fnf'J7a de fril'< i/m ('": 

, por lo tanto: 

[F 

¡\f 

rr/)'2 
M' · ~ ¡;. (pu 21'.11(C) tr/1 · L 

1 

11/' 
[, 2 

4 - (pu /2/{r) ¡,. 
/) 

·1 , fr . P u' 
11/' ~ (1', - f',) ~ 

2 · gc 

[, 

/) 

1 

La C(:uad{,n anterior es rnuy importante y s~ conoce como ecuariún 
de Fanning. y se utilil'a para calcular la caída de presiún que se produce 
cuando un nuido drnda por el interior de una tubería. 

El rorficientc ¡,..se ( onocc como factor de Fanning y depende del nú
rncto de Reynoldc;; y de la rugosidad de la tu hería. No ha sido posihlc en
con llar una sola ecu<tc.:ir'm que prediga los valoree;; dC f¡: Para todo" los 
pat1onc"i de llujo, cnc:ontdndo'\C lac;; <iiguk111es Telacioncs a pa1tir de da 
toe; (:xpc1 imcntalco;;: 

a) Para flujo laminar 

lf> 

NoRe 

h) Para nujo turhulcnto. NoUe > 10000 
F.n ruhos lisos 

En tubos rugosos 

[1 4.06 log(/)/e) + 2.1 fi ..Jf,o 
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r:) Para flujo tran.sicional. 2100 < NnRf' < 10000 

1 
---- = ·l log( l>lf) 
-J(, 

+ 2.2R - ·1 
DIE 

lo~('1.G7 ---~ 
No/ir.J¡, 

(lito factor n.sadn con frf'ntcllcia e<;; el f<1ctor Darcy 

In ~ 4/¡ 

+ 1) 

P;ua <;er p1occ..ado por medio de COiliJlll!adOJ:J<;; el factor /(1 pn('de 
calcuJ;u.;;c nwdiantf'-t: 

}¡; [( R )" R X -- + 
/le (A 

1 J 1112 

+ R):11'2 

en donde: 

r 
( 

:17:.10) lfi 
¡¡ ~ --

Re 

l\foody fJH'!'<'nlfl una gr:í.lica basada en las correlaciones anterioJC". 
b t¡u<' permite obtener r:lpidamente el valor del factor de fricriún J de 
J)atcy en ftttH:iún del nümcto de Reynolds y de EIIJ. 

La gráfica de Moody aparece en el apéndice XXIV. El valor de di> 
se p~tede oh tener f;í.cilmente a partir de la gr;lfica del apéndice XXV. l.a 
Combinación de esta<; do.s gtáticali permite calcular las pérdidas por ft ic
ciltn en tubos de longitud/. y diámetro lJ cuando la velocidad promedio 
es 11 y las propiedades del nuído son p y J.L. 

PÉRDIDAS DE ENERGÍA POR CAMBIOS DE 
DIRECCIÓN Y POR ACCESORIOS 

Cuando la dil ecciún del flujo se alt~ra o distm siona, como ocurre en scr
pt:ntines, codos o a travé<;; de reducciones y v;ílvlilas. c;e prodm;en pétdida..., 

• S!uarl W. Chmchiii-Chem Eng. Nnv i. 1977 

• f 
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de frilciiln que no se n~cupet:m. E~t<l energía se di!<iipa en remolinos y 
1111 hulencias adicionales ~· se pierde finalmente en forma de c;-~lor. 

La-. pérdidas en Jo<; alTC"ot Ío<; "on proporcionales a la \'dncid;ul. Con 
ft,~nw111·ia c-.ta" ph·dHlas <;e encuentran rn forrna de tablas hasada<; cn 
dato<; I'XJH't imentales. ;unu¡uc en <'ÍeJtos <·aso<; pueden cakularse. 

1 !na forma de obtener cst<~<; pé1didas por fr icciún es medittntc la si
~uicnte n:I;H:iún: 

p 

l.:F 

M 

112 
K-

2gr 

donde K es 1111 coefkiente que depende del arccsorio y se obtiene por 
tabla" (apéndice XXVII). 

( )tt a mane1 a de cllcular esta<; pé1did;¡s es por b longitud equi\'alen
tc, de 111anera que: 

!!./' 

p 

u '2 [,l'q 
[,,-,,- -/) 

... I(C 

donde In¡ e<; la longitud equivalrntc, o;;icndo la longitud del tuhn recto 
que pro\'oc:u ía una caída de prcc;iún srmcj'ante a la cau!'ada por rl acce
"111 in f'"ludiado.·l.a longillHI cqui\·ak:ntc r.e obtiene por mcdiq de gr<Ífi· 
1 a" o tahb\ (;,péndiLc XXVI). 

l.as pérdidac; de fricci/JII tot;:rl en un si~tcma de hombco esl<u;ln dtl
lbs_ pm: 

!!./' 

p 

l.:F 

"' l. longitud del tuho r celo ( =) J. 
LF l.:F lllho recto + l.:F de ac<·csur ios 

Fntle los accesorios más comunes se encuentran los siguientes: 

• Válvula de globo (asiento) 

• Válnda de complll'f 1<1 (at:~jadcra) 

• Válvula de retenciún ·(check) 

• Válvula de mariposa 

• ···re" 

• Codo 90° 



-39-

134 P~RDIDAS POR FRICCIÓN EN FLUJO DE FLUIDOS 

• Corlo 45° 

• Ensanchamienw brusco 

• Contracción hrusca 

Para los flt~idos que pasan por tubos enroscados (serpentines) el va
lor crítico del nl1mero de Reynolds es mayor que en los tubos rectos y 
depf"nde de la relaciún d/D, donde des el diámetro del tubo y Del diáme· 
tro de las espiras del serpentín. Esta relación se observa en la siguiente 
figura: 

8000 
Flujo turbulento 1 -

6000 d 

/ L """'tr-
Flujo '-

laminar .._ R. 4000 

2000 

/ 
1 L D~ 
1 

o 0.01 0.02 0.03 0.04 0.05 0.06 0.07 

d!D 

La pérdida de presión por ro7.amiento en un tubo enroscado (serpen
tín) es mayor que en un tubo recto. 

llP,er = APrecio J/; 
"' = 1 + 3.54(d/D) 

Para los duetos de sección transvérsal no circular se introduce en el 
número de Reynolds el diámetro equivalente, que es igual a cuatro veces 
el radio hidráulico r11. El radio hidráulico eS la relaCión enlre el área de 
la sección transversal del flujo A y el perímetro mojado. 

' 1' '., 

TI/ 

Deq = 

(área de flujo/perímetro mojado) 
4 . '" . . . 

Cuando existe una contracción o expansión súbita se da una pérdida 
de energía por fricción. 

Para la expansión: 

EF 
M 

u,' 
KI!X---

2. gc 
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u1 = velocidad en el área más pequetla 
Kex = coeficiente de expansión (apéndice XXIX) 

Para la contraccit'm: 

J:F 

M 

tl22 
Kc---

2 · gc 

"' K e 
velocidad en el área más pequeña corriente abajo 
coeficiente de contracción (apéndice XXIX) 

EFECTOS DE LA TRANSFERENCIA DE CALOR 
EN EL FACTOR DE FRICCIÓN 

El factor de fricción se emplea para flujo isotérmico, y en el caso de que 
se tenga flujo no isotérmico se puede utilizar el mét¿_,do de Sieder y Tate 
para predecir el factor de fricción en líquidos y gases. 

En un líquido el cambio de 'temperatura afecta l~s propiedades físi· 
cas de dicho fluido, en especial lo que se refiere a Viscosidad. 

La secuencia del método de Sieder y Tate para el cálculo del factor 
de fricción es como sigue: 

l. Calcular la temperatura total media Tm como el promedio de las 
temperaturas de entrada y salida. 

2." Calcular el número de Reynolds con la densidad y viscosidad a la 
temperatura total media para que se pueda ohtener el factor de 
fricci6n f 

3. Determinar la viscosidad a la temperatura de la pared Tw. 
4. Calcular 1/1 según sea el caso: 

"' 
(¡<m/¡<w)O.I7 calentamiento NoR• > 2100 

"' 
(¡<m/¡<w)" 11 enfriamiento ·NoR• > 2100 

"' 
= (¡<m/¡<w) 0

·" calentamiento NoR• < 2100 

"' 
= (¡<m/¡<w)

0
·" enfriamiento NoRt < 2100 

donde: 

~'' ¡< a la T media del fluido 
¡<w = ¡< a la T de la pared 

5. Dividir el factor de fricción obtenido en el punto 2 entre el valor 
de >/1. obteniendo así el valor del factor de fricción final. 

Las tuberías utilizada~ para flujo de fluidos se dividen en dos gT3fl· 

des rubros: las tuberías basadas en el número de cédula NPT(nOminal pi· 



-41-

136 PÉRDIDAS POR FRICCIÓN EN FLUJO DE FLUIDOS 

pe tuhe) emplead:-ts para el tran~porre de fluicios y las tuherícts hasádas 
en <:;llihres A lVG(Anwt ican wire g:augr.) y BH:(;(Birmingham wirc gauge), 
empleadas t~n la <'Oil'ilrucci{lll de can'1hiadm (''i de calor y caldcra'i. 

F.l rnímcro de cédula C<;l;\ 1elanonado con la presiún por: 

No. cédula = lllllO(/'/S) 

1' prc'iiún intetna en ihJin 2 

S tensión a la ruptura ¡¡, /in 2 

Estas denominaciones se utilizan para tu herías de acero, an·ro inoxi· 
dable, <~cero g:alvani1.acio y hiet ro colado. Los dJtus más importantes so· 
bte estas tuberías aparecen en la t:1hla del apéndice XXXI. 

F.n las tuhería.lii para camhiadotcs de calor el diámetro externo 
coincide con el nominal, y a mayor calibre menor es el grueso de 
la tubería. 

En general se tiene diaKramtl para flujo de Huidos a través de tuho'\ 
de intcrcambiadorcs de calor para obtener el factor de fricciún c.:ontt a 
el min1eto de ~eynolds (ver gt<Hica del apéndke XXXII). 

Materiales empleados en las tuberías 

l.n:o; materiales usuales son: acero, aceto inoxidable, aluminio, plomo, as· 
bestn, cemento, cobre, concreto, hierro fmjado, hierro fundido, hierro 
negro. latón, cerámica vitrificada, plásticos y aun vidrio. 

Velocidades en las líneas 

Para evitar deposiciones en las tuberías la velocidad mínima gcneralmenrc 
es ~jada entre 0.25 y 0.4 m/seg. Si lo que se transporta tiene materiales 
en :o;uspensic'm la velocidad no deberá ser inferior a 0.6 m/seg. 

Velocidades recomendadas 

Las velocidades más comlmmente aplicadas en el diser-ru de n·des de tu· 
herías se indican en la siguiente. tabla:. 

Flujo 

Gases a tiro natural 
Gases a presión atmosférka o cercana a 
ésta en conductos de gas y tu herías de 
ventilación 

Velocidad miH•g 

2-4 

5-20 

.-
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1 ,íquidos ;1l dc.;;pl<l!:ll ~e por <l<'t iún de 

~~ :weclad 
l.íquido" en tuhe1 Íali de presiún 
V:1po1 de :tg:na a pre<;;it'lll ah.,oluta ma)or o 

igual a o . .r) atm 
De 0.'2 a O.:, at111 

11.1-0 ,, 

05·2.5 

1 !dO 
,10-tiO 

F.n cc;tc Clpíullo <;<' vcJ:ln <>ld:t11l('IIIC prohlcmac; rclauonado" con flui
do.;; incornpr csihlt's. 

Símbolo~ utilhnrlo~ P'l PJin of1rn 

• Tuht·ría 

• Codo 

• "Y c .. 

• Válvula de globo 

• V:ílvula de t·ompuclla 

• Cnntr:1.n:iún 

• Bomba 

• Tanque ahier to 

• Manómetro 

• Termúmctro 

• Nivel 

• Ventilador 

1 
y 
T 

--t><l-
--{:9<}-
----f'--.j----

-=c:::r--
~ 
----Q
t .. .. j 

<!{? 
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R.FSI'II·\IHI 

La~ pi'tdid.J<; por Íl ic ci{JIJ se¡;'m de 2 1 H kglll/kg: 

Problema 4.3 

f:;¡Jnd<' h pot('IICia qtlf' ~(' ff'IJIIÍt'l(' rat<l holld)(':l.f ;JCCif(' di' ckn<itd.uJ f('· 

I.Hi,·:• () H:1' \¡.,e o<;td:ul :1 e P" ;-¡ r:17r'1n d(' ,1· 11 .... :1 tr;né" dt· un:1 t1dw1 ¡,, dr 
:HI'Jo de~ pnJg.Hla., t:d ·!()) J()O 111 de lrll!gÍtlld l .• t!UherÍ~I (''\ hnJi/Oili:JJ 
~ l:1 fl'l'"l!.lll ele de<;r;uga e<; la nJi<;IIJ<l q11e la pre<;ir'¡n dr cnllac\a 

Si rotno PJflo;enH'IIna dt· la n•nc¡-.jr'lf¡ ,. de la fcJtlnacic.,n de CcJ<;ff:l<; 

I.Jtugo,.icbd •w inoemcJJta JO \ero, ~en qué poncntajc o;;e aumC'tlla!;ll.¡ 

poterH·ia df' bombeo 1 cqucrida? 

• )'1 = , 

E) Q 0 Ell 0 
L lOO m 

Ca ""' 4 1/s o 2 pulgadas 

~ 1'1..\'\J ~-\~IIL'\JIO 

2 h tJ:1riún de Retnoulli 

¡)J. !5.. A u!! !11' .r f.F 
+ + 

gr '2w: {1 .11 "' En eo;te caso Z 1 = 11 : r, p'J. y para un fluido incompresihl<· 

U¡A 1P1 
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.11 M 
'\ ( .. \ [ { 1 '\ { ),r, 

/JI = ~.flti7 pulg.1da" 

" 

11 r 

11.111).\ 111
1 

(·\ 1 lll 
.HI7-

S 

o o:;~~ (.~~,o kg~~-~~~~17 n~ 
:\ X [ () '\ k~!;/lllf._ 

' 1 )t'J .tphuiit t' XXV - = fl 000~1 

" Del ;¡p{·ndu e XXI\' fn = O 0'17 

f.F 

.11 

' 

1111~7 ti.R\7)' i\011) 

~ ('I.H 1 1 (11.11'•~'•) 
R.'l 1 kgrnlkg 

Si- dir1 \ecco; 111:1\0I' = fl OWl, In 

" 
¡11 o:l'll 

R.!l·l---
(11.11~7) 

:L2 Port•nt ia 

1 VIl fi k gmlkg 

.11 = 1 lis ¡O.H'i kgl/) = :1 1 kgls 

kgm kg 
H.94 -- r:u --1 

kg S 
30.3% kgmlk¡¡ 

.7', 12.!11 ti (~..! k gis) = ·1:1.!11 el kgmlkg 

.1':! 
:Y'¡ 

·1:1.91·1- 311.:1!lli 
X 1111) 

311.:1!\G 

143 
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Apéndice XXIV 

' ' 
11+\ .• ~ 7. ,=-. z, 

lamina< """ca' 1 07 

1 1 1 1 1 1 111 11 1~ 0.;,.,' ,~;~~a's 
'. ' ' 
: 1 ' ' . . ~ ' '··' 

' 

Diagrama de Moody. 

vo 
Número de Aeynolds Rt.> "" ·-·--!Ven m/seg O en m u en rn 2'seg.l ,. 

Fu.n<tr. 1., \I.H,tt~ \l~t<lrUo<l ,¡" ¡/¡w/,,. ll.ul.,, \le'"'' 1'17<1 

1 ' ' 

05 

~-'- 04 
1 ' 1:1 

C3 

02 
. ' 015 

.nnno 

~.0006 

"--------- ' 00000 5 

-------- 00000 1 

• 1 
> ,. 
~ en 
~ 1 

" • "O 

• o 

"' o 
a: 
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AprnOic(' XXV. Hng1t,id;1d rrl;lfn·;¡ p.n;¡ tnlw1 j·,¡ dr dik•cnlc" nt.1!rt i:1lr" 
' f.H lot dr fr H t i/111 p:11 a lnrltulrllci;~ t o!npll'ta. 
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CAPfrULO 1 ~ 
Fluidos rw newtaniarws 

FLUIDO NEWTONIANO 

c:l1:nulo un fluido pl<"'if'!lla una visco-.idad cnn5tantc- aun con el c1mhtll 

dc velo< idad de cut le, se trí\la de un fluHio ncwtoniano. 

du 

dy 

du -· -dy 

Lo" fluidos que presentan ramhios al variar la \'elocidad de corte reciben 
el nnmhre de fluidos no newtonianos, entre los que se encuentran· 

a) Fluidos Bingham 

Son a<l11ellos que necesitan de un cieno esfuerzo para comenzar a fluir. 
Como ejemplo podernos citar las suspensiones de rocas y arcilla. 

505 
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1>) Fluidos scudoplásticos 

FLUIDOS NO NEWTONIANOS 

du 
r == -¡¡a -- '" r 0 dy 

du 

dy 

Su "'"' n<>id;1.d de<' 1fT(' :-ti ;1111TH'Ill;\l el ~radien te d<"' l::t V(•\ot idad Cllll\O 

''Í<'IIIploo;; pode m o" HH'IIllllll<ll la" o;;u\ucione~ polimérilac; dr pr~o mokcu· 
\.11 clcv:Hlo. la pulpa de papel y b mayoncq. 

F.xio:;tcn V<lriao;; f'(uaciorH'" que ptedic('l\ el componamif'nto de C<;lqc; 

fluido<;; b más común('<; <:'imodc\o empírico de O.;t,valft.tfe \Vaelc·Nuuing 

e) Fluidos dilatantes 

n<\ 

n ::: lnd1ce de comportamiento del flujo 

du 

dy 

F.n elloo;; la viscosidad aumenta al aumentar el ~r;tdiente de \'clotidad. \.;;t<; 

suspensiones de almidún, de silicato de potasio y de goma <~ráhiga 'ion 
cjt'mplos de !luido~ dilatantes. 
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FLUIDO NEWTONIANO 

' = 

,,a 

n > 1 

d) Fluidos tixotr<ipicos y reopécticos 

du 

dy 

- ' 

507 

Si<,(' "fllnrtr IITI rluidu a trn'iinnc<; y \'Ciolicbdr.c; de <kfnnll:lf it'n1, prime· 
ro crt't icntr-. y lurgo drcrcrirnlc<:., }' plc.';Cillil un ciclo de ¡,¡.,¡(·te'""· 11 '\e;t 

qur l;¡o;, cnn·;,, ele c<;fUCT/O cortante con u a la vrlocidad de defoJ,Ill;H 1ú11 

o 1rngrarna."i no nnncidrn. se dice que csle fluido es lixotrc-'flico o H'o· 
pé< tico. 

Se dcnmnin;u;Í :1l fluido tixotn',picn <;j su viscosidad ilparentc di,mi· 
nuyt' cnn el tiempo y tenpért1co si :lllmrnta. Como ~jentplo<; de fluido<; 
flxott/lpico-. co;;tán In" flreite'i vrgetale" y minerales. Ja.c; gcbtina". la miel. 

Ll rtC'tlla de afritat.l,,, pintuta.s y la milyone"iil. (:onw ~jrmplo de f111ido"i 

rropfcti<o" rstán la-. <:.uspcnsiones de yc.so en agua}' las de henronit;¡ y 
per•H.,xido de \ anadio. 

Reopéctico seudoplástico 

--du/dy -du/dy 
Oesplazam,ento laminar de tos flUidos no newtonianos. 
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Chapter 14-Natural Gas Fluids Measurement 

SECTION 3-CONCENTRIC, SQUARE-EDGED ORIFICE METERS 

PART 1-GENERAL EQUATIONS ANO UNCERTAINTY 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 standardizcd implcmentation recom
mcndations for the calculation of ftow rate through com.:entric, square-edged, ftange-tapped 
oritice meters. Both U. S. customary (JP) and Intcmational System of Units (SI) unit<; are in
cluded. 

1.1.2 ORGANIZATION OF STANDARD 

The standard i" orgnnized into four parts. Parts l. 2, <1nd 4 apply to the measutement of 
any Newtonian Huid in the petroleum and chemical industries. Part 3 focuses on the appli
cnüon of Parts 1, 2, and 4 to the measurement of natural gas. 

1.1.2.1 Part 1-General Equatlons and Uncertalnty Guidellnes 

The mass ftow rate and base (or standard) volumenic ftow rate equations are discussed, 
along with the terms required for solut10n of the ttow equation. 

The empirical 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. 

For the proper use of this standard. a discussion is presented on the prediction (or deter
mination) of the fluid's properties at ftowing condiüons. The Huid's physical properties 
shall be detennined by direct measurements, appropriate technical sJandards, or equations 
of state. 

Uncertainty guidelines are presented for determining the possible error associatcd with 
the use of this standard for any fluid appHcation. User-defined uncertainties for the fluid's 
physical propert1es and auxiliary (secondary) deviccs are required to salve the practical 
worklng formula for the estimated uncertainty. 

1.1.2.2 Part 2-5peclflcatlons and lnstallatlon Requlrements 

Specifications are presented for orífice meters, in particular, orifice plates. orífice plate 
holders, sensing taps, meter tubes, and ftow conditioners. 

Installarion requirements for orifice plates. meter tubes, lhennometer wells, ftow condi~ 
tioners, and upstream/downstream meter tube lengths are presented. 

1.1.2.3 Part 3-Natural Gas Appllcatlons 

The application of this standard to natural gas is presented, along with practica! guide
lines. Mass ftow rate and base (or standard) volumerric ftow rate methods are presented in 
conformance wlth North American indusrry practices. 

Ccpyr¡ght by the AMER!CAN PET,.OLEUM INSTIIUTE (AP!l 
Tue Oct OB 13:17:13 l<;l96 
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2 CHA.PTER 14-NATURAL GAS FLUIDS MEASUREMENT 

1.1.2.4 Part 4-Background, Development, and lmplementation 
Procedure and Subroutine Documentation lar Empirlcal 
Flange-Tapped Dlscharge Coefflclent Equatlon 

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

Implementatron procedures for flange-tapped orifi.ce meters are presented, along with a 
St:t of t;!Xample calculations. The examples are designed to a id in checkout procedures for 
any routincs that are dcvcloped using thc implcmentation proccdurcs. 

1.1.3 REFERENCED PUBLICATIONS 

Several documents served as references for the revision of this standard. In particular, 
previous editions of Chapter 14.3 (ANSI'/API 2530; A.G.A.' Report No. 3) provided a 
wealth of infonnation. The laboratory reports for the experimental data bases also provided 
valuable infonnation conceming che control of independent variables, both qualitatively 
and quantitativcly. Othcr publications, symposium proccedings, tradc journals, tcxtbooks, 
and society papees were consulted for the revision of this 5tandard. 

A complete hibliography is avnilable upon request from the American Petroleum Insti
tute. A reduced llst, referencíng the majar experimental research, is contained in Appendix 
1-A. 

1.2 Fleld of Appllcation 
1 .2.1 APPLICABLE FLU1DS 

This standard applies to steady-state mass flow conditions for fluids that, for aLI practical 
purposes, are considered to be c]ean, single phase, homogeneous, and Newtonian and ha ve 
pipe Reynokls numbers uf 4000 or greater. All gases, most li4uids, and most denst: phase 
Huids associated with the petroleum, petrochemical, and natural gas industries are usunlly 
considered Newtonian ft.uids. · 

1.2.2 TYPES OF METERS 

This standard prOvides design, construction, and instaltation specifications for ftange
tapped, concentric, square-edged orifice meters of nominal2-inch Schedule 160 and larger 
pipe diameter~. 

An orificc meter is 8 fluid ftow me8o;uring de vice that produces 8 differenti81 pres~;ure to 
infer ftow rate. 'Ole meter consists of the following elements (see Figure 1-l ): 

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

with the appropriate differential pressure sensing taps. 
c. A meter tube consisting of the adjacent piping sections (with or without ftow condition

ers). 

The auxiliary (sccondary) devices necessary for the prectsc detennination offlow ratc are 
not included in the scope of this standard. 1l1ese devices are usually instruments that sen se 
the differential and static pressure, fluid temperarure, nnd fluid density ancVor relative den
sity (specific gravity), and either mechanical recording devices or electronic calculators. 
Publications of the A.G.A., API, OPA.' and others shou1d be used to specify and in;tall 
these auxiliary (secondary) devices. 

1Amcncan Soctety forTesttng and Matcnals, 1916 Race Street, Philadclph¡a, Pennsylvania 19103. 
lAmerícan Gas AssociRtion, 15\5 Wilson IloulevMd, Arlington, Yliginia 22209. 
1Gas Processors Assodation, 6526 East 601h Stree1, Tulsa. Ok.lahoma 74145. 

Copyr¡ght by the AMERICAN PETPOLEUM INST!TUTE (API) 
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SECT!ON 3-CONCENTRIC, SaUARE-EOGEO ÜRIFICE METEFIS, PMU 1-GENERAL EaUATJONS ANO UNCEFITAINTY GUlOELINES 

Upstream ptping sectron Oownstraam ptping section 

GJ Orifica plata holder (flanges or fitting) 

~ Straightenlng vane assembly (opltonal) 

F>- Welding-neck flange 

8 Dlfferential pressure etement 

0 Downstream statlc pressure etement 

G Downstream temperatura element 

G Thermowetl 

Figure 1-1-0ritice Meter 

1.2.3 UNCERTAINTV OF MEASUREMENT 

Many factors influcnce the overnll measurement uncertainty associated with a metering 
application. Major contributors i.nclude construction tolerances m the meter components, 
tolerances of empiri'cal coefficient of discharge data ba!:>eS or in-si tu flow calibrations, pre
dictability of and variations in the fiuid's physical properties, and unccrtaintic.;; as:mciatcd. 
with the aux.iliary (secondary) devices. 

Using thc guidcline.;; contnined in this standard in combination with the associated uncer
tainty tole1ances for the fiuid's physical properties, in-situ calibrations, or coefficient of dis
charge data bases, and the appropriate auxWary (secondary) devices, the user can estimate 
the overaU measurement uncertainty associated with a properly designed. installed, and 
maintained thin plate, concentric, square4 edged orifice metering application. 

1.3 Method of Calculatlon 
This standard provides recommended standardized calculation ímplementatlon methods 

for the qunntificatlon of Huid ftow under defined condiüons, regardless of the point uf origin 
or desrination or the units of measure required by governmental customs or statutc. The rcc
ommended implementation procedures provided in Chapter 14.3, Part 4, allow different en
tities using vario.us computer languages on different computing hardware to arrive at nearly 
identical results using the same standardized mput data. 

The following two recommended implementation procedures ha ve been prepared to il
lustrate the standardized set of marhematical expressions and scqucncing, including itera
tion/rounding techniques: 
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Date of lssue: July 1991 
Affected Publication: Manual of Petroleum Measwement Standards, Chaptt:r 14, 

"Natural Ga~ Fluids Measurcment," Section 3, "Concentric, 
Squarc-Edgcrl Orifice Meters,'' P<"rt l, "General Equattons and 
Unceltainly Guidt:lines," Third Edition, Seplcmber 1990 

ERRATA 

On page. 2, Footnotc 1 ~hou/d read asfollows: 

1 American Natiunal St.mdards In~ titule, 11 West 42nd Street, New York, New York 10036 

On page 3, Fi¡;:ure 1-1 should appear asfollows (that ú;, the /t;tters PE,:¡'/wuld be used 
to rep1 ese m tlle downstream static p1 essure elemem): 

Upstream piping s~ction Downstream plpmg section 

GJ Orillcc plato holder (!langas or llttmg} 

~ Stra1gt1tening vane assembly (optlonal) 

~ Wolding-neck flange 

8 Diffemntíal pressure element 

G Oownstream static pressure element 

0 Downstroam temperatura element 

e Thenmowell 

Figure 1-1-0rifice Meter 

On page 13, thejirst paragraphshould read asfollows (that ís, the word Ohio shnuld re
place the word Oklnhomn): · 

Although it docs not mean that other data are of infctior qualily, it is k.nown that insuffi
cient information ~xi~ts to detennine whether the independent variables wcrc controlled and 
quantified. Sorne examples of comparison quality data are the Ohto State Un1vetsity Data 
Base (303 ftange-tapped points), the 1983 NBS Boulder Ex.periments, the Fox.boro Colum
bus-DaniellOOO-Point Data Base, and the Japanese Water Data Base. 
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a. Mass How rate. 
b. Standard volumetric tlow rate. 

The proccdurcs prcscntcd addrcss only thc solution of thc ftow ratc cquation and rcquire 
specific inputs (Jixed and variable). Typical !ixed inputs mdude meter tube interna! diarn
eter, orifice piare bore dbmeter. and linear coefficient of expnnsion for stccls (ripc ami 
onfice plate) Typrc<~l variable inputs may include different¡a[ and static pressure, telllper
ature. fluid den~ity. isentropic exponent for compressible ftuids, and Huid viscosity. 

The ftuid's physical propcrtics shall be ctctennined by dircct mcasuremcnts, appropriate 
technical standards, or cquations of state. If m u !tiple parlies are! involved in the m~asure
ment, the appropriate technicnl methoct selected for detcrmining thc ftuid's phyídcnl prop
erties shall be mutually agreed upon. 

1.4 Symbols 

This standard reflects urifice meter application to Huid How measurement Wtth symbols 
in general techniclll use. 

Symbol 

cd 
C,(FT) 

e, 
C,(CT) 

C,(FT) 

d 

d. 
d, 
D 

o. 
D, 

¡;p 
'C 
'F 
K 

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

MF 

M.l'a!r 
Mr:~~ 

N, 
N, 
N, 
N, 
P. 

Represented Quantity 

Onfice plate coeffictent of discharge. 
Coefficient uf discharge ata ~pecified pipe Reynulds number fur flange-tapped 
orifice meter. 
Coefticient of discharge at intinite pipe Reynolds number. 
Coefficient of discharge at infinite pipe Reynolds number for corner-rapped 
orífice meter. 
Coefficient uf discharge at infinite pipe Reynulds number for flange-tapped 
orifice meter. 
Specific heat at constant pressure. 
Specific heat at constant volume. 
Orifico pi ate hore diameter calculated at flowing temperature, T1. 
Orifice pi ate bore diameter rneasured at T,.,. 
Ori~ce plate bore diameter at reference temperature, T,. 
Meter tu be interna) diameter calculated at flowing temperature, T1. 
Meter tube interna! diarneter measured at T,. 
Meter tu be internal diameter at refcrcncc tcmpcraturc, T,. 
Orifice differential pressure. 
Temperature, in degrees Celsius. 
Temperature, in degrees Fahrenheit. 
Temperature, in kelvins. 
Temperature, in degrees Rankine. 
Velocity of approach factor. 
Dimensional conversion constant. 
Ideal gas relative density (specific gravity). 
Isentropic exponent. 
Ideal gas isentropic exponent. 
Perfect gas isentropic exponent. 
Real gas isentropic exponent. 
In-si tu calibration meter factor. 
Molar mass of air. 
Molar mass of gas. 
Umt conversion factor (orifice ftow). 
Unil conversion factor (Reynolds number). 
Unit conversion factor (expansion factor). 
Unit conversion factor Cdischarge coefficient). 
Base (reference or standard) pressure. 
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P¡ 
P¡, 
P¡, 
q,. 

r¡ "'• 
q,., 
q, 
q,, 
Q. 
R 

R, 
Rev 

T 
T, 
T¡ 

'['m 

T, 

S( ) 
y 

1.5 

Y, 
Y, 
z 
z, 
z,, 
z,, 
a 
a, 
a, 
fJ 

!1 

" p 
p, 
p,, 

Static· pressure of fluid at the pressure tap.; 
Absolute static pres..o;ure at the orifice upstream differenrial prcso;urc tap. 
Absolute static pressure at the orifice downstream dlfferential pressure tap. 
Ma::.s Jlow rate. 
Mass flow rate indicatcd hy the orificc meter being calibratcd. 
Mass tlow rate détennined by the primary mass llow system (or ma.\tt:r meter). 
Volurne ftow mte at ftqwing (actual) conditions. 
Volume ftow rate indicated by the orifice meter being calibrated. 
Volume flow rate at base (standard) condiliuns. 
Universal gas con.<annt. 
Roughness average value from continuously averaging meter readings. 
Pipe Reynolds number. 
Tcmpcrahtrc. 
Base (reference or standard) temperature. 
Tempernture of fluid at flowing conditiom. 
Ternperature of the orifice plate or meter tube at time of diameter measure
ments. 
Rcfcrcnce temperatun~ of orificc platc borc diamctcr and/or meter tu be inside 
diameter. 
Ratio of differenÚal pressure to absolute·swtic pressure. 
Ratio of differential pressure to absolute static pressure at the upstream pres
::.ure Wp. 
Sensitivlly cocfficicnt (inftuencc coefficicnt). 
Expansion factor. 
EKpansion factor based on upstream absolute static pressure. 
E~panslon factor based on downstream abliolute static pressure. 
Fluid cumpressibility. · 
Fluid compressibility at flowing condition!l. 
Compressibility of the fluid ftowing at the upstream pressure tap locallon. 
CompressibiHty of the fluid flowing at the downstream pressure tap location. 
Linear coefficient of therrnal expansion. 
Linear coefficie~t of thermal expansion of the orifice plate material. 
Linea.r coefficieOt of thennal expansion o[¡ the meter tu be material. 
Ratio of orifice diameter to meter tu be diameter calculated at ftowing condi
tions. 
Absolute visc'?o;ity of fluid flowing. 
Universal constant. 
Density of the Huid. 
Density of th'e fluid at base conditions (P,.,. T¡,). 
Density of thii Huid. at Howing conditions (P1, T1). 

Deflnitions 
This standard refl.ects orifice meter application to fluid fl.ow measurement. TI1e defini

tions are given to emphasize the particular meaning of the tenns as used in this standard. 

1.5.1 PRIMARY ELEMENT 

The primary element is defined as the orifice plate, the orifke plate holder with its asso
ciated differential pressure sensing taps. and the meter tu be. 

1.5.1.1 Orillce Plate 

The orifice plate is defined as a ttiln plate in which a circular concentric aperture (bore) 
has been machined. Thc orifice plate is described as a thin plate with sharp, square edge be· 
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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 aperrure is 
sharp and square. 

1.5.1.2 ·orillce Piste Bore Diameter (d, dm, d,) 

The calculated orifice plate bore diameter (d) is the internal diameter of the orifice pi ate 
measurmg aperture (bore) computed at ftowing temperature (T1), as specified in 1.6.2. The 
calculated orifice plate bore diameter (d) is used in the flow e4uation for the determina ti un 
of ftow rate. 

The measured orifice plate bore d1ameter (d,.,) is the measured interna! diarneter of tite 
orifi.ce plate measuring aperture at the temperature of the orifice plate (T,) at the time of 
bore diameter measurements, detennined as specified in Chapter 14.3, Part 2. 

The reference orifice pi ate bore diameter (d,) is the interna! diameter of the orifi(;e plate 
mensuring aperture at reference tempernturc (T,), calculatcd as spccificd in Chaptcr 14.1, 
Part 2. The reference orífice plate bore diameter is the certified or stamped orífice pi ate bore 
diameter. 

1.5.1.3 Orífice Plate Holder 

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

1.5.1.4 Meter Tube 

The meter tu be is defined as the straight seclions of pipe, including all segments that are 
integral to thc orífice platc holder, upstrcam and downstream of the orificc plate, as <;pcci
fied in Chapter 14.3, Part 2. 

1.5.1.5 MeterTube Interna! Dlameter(D, D~ 0,) 

The calculated mecer tu be interna! diameter (D) is the inside diameter of the upstreum 
section of the meter tube computed at fiowing temperature (T¡). as specified in 1.6.3. The 
calculated meter tube internal diam¡::ter (D) is used in the diameter ratio and Reynolds num
ber equations. 

The m~asur~d meter tu be interna! diameter (D,) is the inside diameter of the upstream 
section of the meter tu be at the temperature of the meter tube (T,,) at lhe time uf intemal di
ameter mca.surcments, dctcnnined as ~pecificd in Chapter 14.3, Part 2. 

The reference meter tube interna! diameter (D,) is the inside diameter of the upstrerun 
section of the meter rube at the reference temperarure (T,), calculated as specified in Chapter 
14.3, Part 2. The reference meter tube interna! diameter is the certified or stamped meter 
tube interna! diameter. 

1.5.1.6 Olameter Ratio (/3) 

The diameter ratio (fJ) is defined as the calculated orifice plate bore diameter (d) divided 
by the calculated meter tube interna! diameter (D). 

1.5.2 PRESSURE MEASUREMENT 

1.5.2.1 Tap Hola 

A tap hale is a hale drilled radially in the wall of the meter tube or oritlce plate holder, 
thc inside edgc 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 huks positioned as follows (see Figure 1-2): 

a. The upstream tap center is located 1 mch (25.4 millimctc_Ts) upstrenm of rhe nearest plate 
face. 

b. The downstream rap ccnter is locntcd 1 inch (25.4 millimeters) downstream of the near
e!-it plate face. 

1.5.2.3 Oltlerential Pressure (ó. P) 

Thc diffcrcntial pressure (!J.P) is the static pressure difference measured between the up
stream and downstream ftange t'aps. 

1.5.2.4 Statlc Pressure (P,) 

Thc static pressure (P¡) is the absoiute flowing fluid pressure measured at one of the 
flange tap hales. The absolute pressure may be mcasured directly or can be obtained by 
adding local barometric pressure tu measured gauge pressure: 

Absolute statlc pressure ;;: Gauge static pressurc + Local barometric pressure 

Flow 
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1 .5.3 TEMPERATURE MEASUREMENT (T,) 

The tempcraturc is thc ftowing fluid tcmperature (T1) measured at the designated up
stream or downstreamlocation. as specified in Chapter 14.3, Part 2. 

In ftow measurernent npplications wherc the fluid velocity is wcll below sanie, it is com
mon practice to insert a temperature sensing device in the middle of the ftowing stream to 
obtain the ñowing temperature. For practica! applications, the sensed temperature is as
sumad to be thc static tcmperature of thc flowing ftmd. · 

The use of ftowing temperature in this prut of the standard requires the temperature tu be 
measured in degrees Fahrenheit or degrees Celsius. Howcvcr, if the flowing tcmperaturc is 
used in an equation of state to deterrnme the density of the ftowing fluid, it may require that 
the Fahrenheit or Celsius values be con verted to absolute temperature values of degrees 
Rankine or kclvins through the following relationships: 

'R = 'F + 459.67 

K = 'C + 273.15 

1 .5.4 FLOW RATE DETERMINATION 

1 .5.4. 1 Orlflce Flow Rate (qm, q,. Q,) 

The orífice ftow rate is the mass or vol u me flow through an oriflce meter per unit of time. 

1 .5.4.2 Orlflce Plate Coefllclent of Dlscharge (C.) 

The orifice plate coeffident of discharge (C<J) is the ratio of the true ftow to the theoretical 
flow and is applicd to thc theoretical ftow equation to ohtain thc actual (true) ftow. 

1 .5.4.3 Veloclty ot Approach (E,) 

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

1.5.4.4 Expanslon Factor (Y) 

llte expansion factor (Y) is an empirical ex.pression used to com:ct the flow rate for the 
reduction in fluid density that a compressible ftuid experiences when it p8sses through the 
orífice pi ate bore. 

1 .5.4.5 Pipe Reynolds Number (Re0) 

The pipe Reynolds number is a dimensionless ratio of forces used to correlate the var.i
ations in the orifice pJate coefficient of discharge (C<J) with changes in the ftuid's propcrties, 
flow rate, and onfice meter geometry. 

1 .5.5 FLUID PHYSICAL PROPERTIES 

1.5.5.1 Denslty (p,,,., p.J 

The tlowing fluid density (p,.p) is the mass per unit volume of the fluid being measured 
at Howing conditions (T¡. P¡)· 

The base fluid density (pb) is the mass per unit volume of the fluid being measured at 
base conditions (Tb, Pb). 

1 .5.5.2 Absoluta Vlscosity (Jt) 

The absolute viscosity (JJ.) is the measure of a fluid's intermoleculnr cohesive force 's rc
Slstance to shear per unit of time. 
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1.5.5.3 Compresslblllty (Z) 

The compn:ssibility (Z) is an adjustment factor used to account for the deviation from the 
ideal gn'i law. 

1.5.5.4 lsentropic Exponent (k) 

The isentlopic exponent (k) is a thermodynamic state property that cstablishcs thc rcla
tionship bet\Veen cm expanding fluid's pressure anU r.h:n~ity as the fluid flows tluough the 
orifice plate borc. 

1.5.6 BASE CONDITIONS (P,, T0) 

Historkally, the now measutement of sorne fluids, su eh as custody transfer and process 
control, hu ve been stated in volume units at base (reference or standard) conditions of pres
sure and temperature. 

The base conditiuns fur the flow measurement of Ouids, such as crude petroleum and its 
liquid products, whosc vapor pressure is equnl to or less than atmospheric at base temper
ature are detined in the United States as a pressure of 14.696 pounds per squruc inch abso
lute (101.325 kilopascals) ata ternperature of 60.0"F (15.56"C). Accurding to the 
lntemational Standards Organization, base conditions are dcfined as a prcssure of 14.696 
pounds p~r square inch absolute (101.325 kilopascals) ata temperature of SY.00°F 
(15.00"C) 

For ftuids, such as liquid hydrocarbons, whose vapor pressure is greater than atmosphcric 
pressure at base tempera rore, the base pressure is customarily designated as tht.: e4uilibnum 
vapor pressure at base temperaturc. 

The base conditions for the ftow measurement of natural gases are defined in the United 
S tates ns n pressure of 14.73 pounds per square inch absolute (101.560 kilopas<.:als) ata 
temperature of 60.0°F (15.56°C). According to the Intcmational Standards Organization, 
base conditions are defined as a pressure uf 14.696 pounds per square inch absolute 
( 101.325 kilopascals) ata temperarure of 59.00"F ( 15.000C). · 

Fof both liquid and gas applicauons, these base conditions can change from one country 
to the next, one S late to the next, or one industry to the next. Therefore, ít is nece.s:mry that 
the base conditions be identificó for standard volumetric flow measurement. 

1.5.7 SENSITIVITY COEFFICIENT (S) 

In estimali.ng the uncertainty assocíated with the metering facility, a aumber of vanab1es 
must be combined. The mathematical relationships among the variables establísh the sen
sitivity of the metered quantities to each of these variables. As such, each variable that may 
inftuence the flow equalion has a specific sensilivity coefficient. The derivation of thts coef
ficient is ba~ed on n mnthemnticnl relationship or estimated from calculations, tables, or 
curves. 

1.5.8 METER FACTOR (MF) 

The meter factor (MF) is a number obtained by divir.ling the quantily uf fluid measured 
by the primary mass flow system by the quantity indicated by the orifice meter during cnl
ibration. 

1.6 Oriflce Flow Equation 

The accepted ene-dimensional equation for mass ftow through a concentric, square
edged orifice meter is stated in Equation 1-1 or 1-2. The derivation ts based on cnno;;crvation 
of mass and energy, ene-dimensional fluid dynamics, and empirical functions such as equa
tions of statc and thermOdynnmic process statements. Any derivation is accurate when all 
lhe assumptions used to develop it are val id. As a result, an empirical orifice plate coeffi-
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cient of discharge is applied to thc rheoretical equation to adjust for multidimensional vis
caus Huid dynamic effects-. In addition, an empirica\ expansion factor is applied to the rhe· 
uretical equation to adjust for the reduction in fluid density that a cnmprcssiblc fluid 
cxpenences when it passes through an orifice plate. 

The fundamental orífice meter mass flow cquarion is as follows: 

Where: 

C.¡ :::: orifice pi ate coetticient of discharge. 
d = orífice plate borc diameter calculated at ftowing tempera tu re (T1). 

,\P == orífice differential pressure. 
El' = velocity of approach factor. 
g" = dimensional convcrsion constan t. 
;r = universal constant 

= 3.14159. 
q, ::: mass ftow rate. 
p,P = density of the fluid at ftowing condilions (P¡, T1). 

Y == expansion fuctor. 

(1-1) 

1l1e practica! ontk~ meter [low cquation used in this standard is a simplified fonn thnt 
combines the numcrical constants and unit c~nversion constants in a unit conversion factor 
(N,): 

Where: 

cd == orificc platc cocfficient of discharge. 
d == orifice plate bor~ diameter calculated at flowing temperature (T1). 

t1P == orifice differential pressure. 
Ey :;;: velocity of approach factor. 
N 1 = unit conversion factor. 
q,, = mass flow rarc. 
p,,f' = density of the fluid at ftowing conditions (P1, T1). 

Y = expansion factor. 

( 1-2) 

The expansion factor, Y, is included in Equations 1-1 and 1-2 because it is applicablc to 
all single-phasc, homogcncous Newtoman ftuids. Fe.: · ::ompressible ftuids, such as water 
at 60°F (15.56°C) and atmospheric pressure, the et:o -¡cal expansion factor is defined 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 the orifice plate bore. Manip
ulation of the density variable in the equation permits calculation of flow rate in either mass 
or volume units_ The volumetric flow rate at flowing (actual) conditions can be calculated 
using the following equation: 

(1-3) 

'l1te volumetric ftow rate at base (standard) conditions can be calculated using the follow
ing eqmltion: 

Q, = q.,fp, (1-4) 

The mass tlow rate (q,,) can be converted toa volumetric ftow rate at base (standard) 
conditions (Q,.) if the fluid density at the base conditions (Pu) can be detennined or is speci~ 
fied. 

The unit conversion factor. N 11 is defined and presented in 1. \l. 
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1.6.1 VELOCITY OF APPROACH FACTOR (Ev) 

Thc velocity of appronch factor, E,., is calculated as follows: 

1 
E,.=-=="' 
~ 

And, 

fJ = d!D 

\Vhere: 

d :::: orifice platc borc diamctcr calculatcd at ftowing temperature (T1). 

D ::: meter tu be interna! diameter calculated at Howmg temperature (1(). 

1.6.2 ORIFICE PLATE BORE DIAMETER (d) 

( 1-5) 

(1-6) 

The orifice pinte bore diameter, d, is defined as the diameter at tlowing conditiuns and 
can be calculated usmg the following equation: 

(1-7) 

Where: 

a 1 :::: linear cocfficicnt of thcnnal expansion for the orifice pinte material (see Table 1-1 ). 
d ::: orifice plate bore diameter calculated at Howmg temperature Cf(). 
dr = reference orifice place bore diameter at T,. 
T1 = temperature of the ftuid at flowing conditions. 
T, = reference temperature of the orifice plate bore diameter. 

Note: o:, T¡. and T, must be in consistent units. For tlte purpcse of this standard, Tris assumed to he fiH 0 1' (20~C) 

The orifice pi ate bore diameter. d,. calculated at T, is the diamcter determined m accor
dance with the requircments contamed in Chapter 14.3, Part 2. 

1.6.3 METER TUBE INTERNAL DIAMETER (D) 

The meter tu be internal diameter, D, is defined as the diameter at flowmg conditions and 
can be cnlculated using the following equation: 

D ; D,[1 + a,(T, - T,)J (l-B) 

Where: 

a2 = linear codficient of thennal expansion for the meter tube material (see Table l~ 1 ). 
D = meter tu be interna! diameter calculated at flowing temperature (T1). 

Tabla 1-1-Linear Coefficient of Thermal Expansion 

Material 

Type 304 and 316 stainless stcel' 
Monet• 
Carhon steelb 

Linear Coefficient of 
Thennol Exponsion (a) 

U.S. Untts 
(in/in-·F) 

0.00000925 
0.00000795 
o 00000620 

Metr1c Untts 
(mm/mm·"C) 

0.0000167 
0.0000143 
0.0000112 

Note. For flowing temperature condilions outside those stated above and for 
other materials, refcrto lhe American Sociec:y for Metals Mttals Ha11dbook. 
'For flowtng condJtions between -lOO"F and _.300~F. refcr to ASME PTC 
19.5. 
&For flowing condirions between -7"F and+I34"P, refer toOlapter 12, Sec~ 
tion2. 
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Dr == reference meter tube interna! diamctcr at T,. 
T1 = temperature of the Hmd at ftowmg conditlons. 
T, = reference temperature of the meter tu be interna! diameter. 

:'\'cte. a:, T1, and T, must be m consisten! um1s. For thc purpose of this standard, T, is assumed to be 68~F (20°C). 

Thc meter tubc intcmal diamcter, D,, calculatcd at T, is thc ciiameter ctetennined m <lc
cordance w1th the requirements contained in Chapter 14.3, Part 2. 

1.7 Emplrlcal Coefflclent of Dlscharge 

Empirical coefficients of discharge for ftangc-tappcd orífice meters ha ve been detennmed 
from experimental data by comparing the measured and theurctical flow rates. A major fac
tor in the defimtion of the experimental patterns for this orífice research wns dynamic .sim
ilarity. Using Reynolds' Law of Sim1larity, experimental correlahons can be applied to 
dynamically similar meters. 

To accuratcly predict the coefficient of discharge, C"(FT), for a ftange-tapped orifice me
ter manufactured to the specifications uf this standard, cenain pararneters conceming the 
orifice meter and the fluid must be known. The relationships between the."c 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 enes being the Reynolds numbcr 
(Re0 ), sensing tap location, meter tu be diameter (D), and f3 ratio: 

C, = J(Re0 , Sensing 1ap location. D. {3) 

In 1978, Jean Stolz presented an equatlon form that correlates the near vicimty taps for 
orifice meters based on the near field static wall pressure gradient. A complete discussion 
of the bases of the equation is beyond che .c;cope of this standa.rct. Howevcr, rhc hibliography 
contained in Appendix l-A will allow the reader to fUi1her explore this technicaJ discussion. 

1.7.1 REGRESSION DATA BASE 

Working jointly, a group of technical cxpcrts from the United States, Europc, Canada, 
1'\orway, and Japan have dcveloped an equatton 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 co~fncient equation development. 

Thc Regrcssion Data Set consists of data taken on four ftuids (oil, water, natural gas, rmrl 
air) from different sources, 11 different laboratories, on 12 diíferent meter tubes of ditlering 
origins and more than lOO orifice plates of differing origins. The data provided a pipe 
Rcynolds numbcr range from acccpted turbulent ftow of 4000 to 36,000,000 oñ which to 
select the best model. The orific'e configurations included flange, cerner, and radius laps. 
Kominal pipe sizes investigated were 2, 3, 4, 6, and 10 inches, in compliancc with 
ANSI/API 2530 specifications. Nominai.Bratios used in the equation deterrninat10n were 
0.100. 0.200, 0.375, 0.500, 0.575, 0.660, and 0.750. 

The bivariate data (Cd, Re0 ) were measured in a manner appropriate for the test fluid and 
laboratory. The method of determimng mass ftow rate. expansion factor, fluid density, and 
fluid viscosity varied with the laboratory apparatus and test fluid. 

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

The Regression D.lta Set ~haU consist of those data pomt~ contained in the API/GPA and EC di'l
charge coefficit:nt ~::x~riments wh.ich werc perfonned on orifice plates whose dl.ameter was greater 
than 0.4:5 lnch (ll.4mm) and if thc pipe Reynolds number was equlll to or greater than 4000 (tur
bulent How regime). 

Dat<t which does not sattsfy these criteria shall be mcluded in the Comparison Data Set. 
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Although it does not ÍÍlean thar other data are of inferior qualíty, it is known that insuffi~ 
cient infonnation exists to detennine whether the mdependent variables were controltcd and 
quantified. Sorne examples of comparisoi1 qualily data are the Ok.lahoma State University 
Data Base (303 ftangc-tappcd points), thc 19R3 NBS Boulder Experiments, the 
Foxboro-Columbus-Danid 1000-Point Data Base, and the Japanese Water Data Base. 

The cxclusion fnr orifice bore diameters less than 0.45 inch (tl.4 millimt:ter~) was due 
to the lUCreased uncertainty associated with the relntive sharpness of thc onficc platc up
stream edge. 

The Regrcssion Data Sct, as dcfincd above, consists of data generated on orifice meters 
equippeU wilh l:orner, radius, atld flange tappings. The number of regression data pomts are 
summarized as follows: · 

Tapping 

Flange 
Comer 
Radius 

Total 

No o[ points 

'i,734 
2,298 
2,160 

10,192 

The emptrical data lis.<;ociarcd with the APf/GPA Daro Base and the EC Data Base are the 
hlghest quality and largestquanuty available today. 

Dctailed infonnation on the ex.periments, regression data, statistical fit, and ulher perü
nent infonnatlon may be found in Chaptcr 14.3, Pnrt 4, or the references contnined in Ap
pendix 1-A. 

1.7.2 EMPIRICAL COEFFICIENT OF DISCHARGE EOUATION FOR 
FLANGE-TAPPEO ORIFICE ME TEAS 

The concentric, square-edged, flange-tapped orifice meter coeffiClcnt of dtschargc, 
ClFf), equation, developed by Reader-Harris/Gallagher (RG), is structureU into distinct 
linkage tenns and is considered to bcst represent the current regression data base. The equn
tion is applicablt: to nominal pipe sizes of 2 inches (50 millimeters) and larger; diameter ra
tios (/3) of 0.1-0.75, provided the orífice plate bore diameter, d,. is greater than 0.45 inch 
(11.4 millimeters); and pipe Reynolds numbers (Re0 ) greater than or cqual to 4000. For di
ameter ratios and pipe Reynolds numbers below the limit stated, refer to 1.12.4.1. The RO 
coefficient of discharge equation for an oriflce meter equipped with flange taps is deflned 
as follows: 

C,(Ff) = C,(Ff) + 0.0005ll[lO'¡J]'·' + (0.0210 + 0.0049A)fJ'C (l-9) 
Re0 

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

C,(CT) = 0.5961 + 0.0291/3 1 
- 0.2290/3' + 0_003(1- fJ)M, 

Tap Teml = Upstrm + Dnstrm 

Upstrm = [0.0433 + 0.07l2e-•·•L, - O_ll45e-'"L'](I - 0:23A)B 

D11strm = -0.0l16[M, - 0.52M{'J¡J'·'(l- 0.14A) 

Also, 
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Date of lssue: June 1993 
Affected Publication: Chapter 14, "Natural Gas Fluids MeasW"<men~" Section 3. "Con
centric. Square-Edged Orifice Metcrs.·· Part l. "General Equations and Uncertainty Guide
lines·· uf the Manual of Perrolewn Measurement Srandards, Third Edition, September l990 

ERRATA 

On page 1, the last sentence of 1.1.1 should read asfollows: 

U.S. customary [lnch-Pound (IP)] and Intemational System 
of Umts (SI) units are included. 

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

M, max( 2.8 - D, . 
N, 

00) (1-16) 

M, =~ (1-17) 1 - /3 

On page 14. the nomenclature should read asjollows (that 
is, D. shouid be inserred in rhe li.sl): 

Where: 

jJ = diameter ratio 
= d/D. 

C.~(l-1) = coefficient of discharge at a specified pipe 
Reynolds number for Hange-tapped orifice me
ter. 

C,(FT) = coefficient of discharge at mfinite p1pe Reynolds 
number for ftange-tapped orifice meter. 

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

d = orifice plate bore diarneter caJculated at T1. 

D = meter tube interna! diameter calculated at T, 
D, = meter tu be internal diameter at reference te m· 

perature. T,.. 
e = Napierian constant = 2.71828. 

L1::: L2 = dimensionless correction for the tap location 
= N4/D~ for flange taps. 
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fJ :;;; diélmeter ratio 
= d/D. 

A = [ 19,000¡i]
08 

. Re0 

e = [w'¡¡]'" 
Re0 

(1-1 R) 

( 1-19) 

Cd(FT) = coefficient of discharge ata specified pipe Reynolds number for ftange-tapped 
orifice meter. 

C,(Ff) = coeftictent of dtscharge at infinite pipe Reynolds number for fiange-tapped ori
fice meter. 

C,(CT) = coefficient of discharge at infinite pipe Reynolds number for comer-tapped orí-
fice meter. 

d = orifice platc hore diameter calculatcd at Tp 
D = meter tube intt:mal diam~ter calculated iJt T_r. 
e = Napierian consrant 

= 2.71828. 
L 1 = dimensionless correcti_on for the tap location 

=L, 
= N,/D for ftange taps. 

N4 = 1.0 when D is in inches 
:;;: 25.4 when D is in milhmeters. 

Re0 = pipe Reynolds number. 

1.7.3 REVNOLDS NUMBER (Re0 ) 

The RG cquation uses pipe Reynolds number as the correlating paramerer to represent 
the change in the orifice plate coefficient of discharge, Cd, with referenc~ to the ftuid's mass 
ftow rate (its velocity through the orifice), the fluid dcnsity, and the fluid viscosity. 

The pipe ~eynolds number can be calculated using the following equation: 

4q,, Re
0 

::;; __ 

1t¡.J.D 
(1-20) 

The pipe Reynolds number equation used in this standard is in a simplified form that 
combines the numericnl constants and unit conversion consrants: 

(1-21) 

For thc Reynolds number equations presented "bove, the symbols are described as fol
lows: 

D = meter tu be intemal diameter calculated at ftowing temperature (T1). 

¡.t = absolute viscosity of fluid. 
N2 = unit conversiOn factor. 
1r = universal constant 

= 3.14159. 
q,., = mass ftow rate. 

Re0 = pipe Reynolds number. 

The unit conversion factor, N2, for tl1e Reynolds number equations is defined and pr~
sen ted in 1.11. 
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1.7.4 FLOW CONDITIONS 
1.7.4.1 General 

The cundilion of the meter tu be, the mating of the piping sections, the !1P St!nsing tap 
hales, thc straight lcngths of pipe preceding and following the primnry el eme m, and so 
forth, are factors that mftuence the flowing conditions. Although some factors may be con
sidered insigniricant for commercial purposes, ftowing conditions can inftuence field accu
racy. 

Tu assure a~.:curacy within the uncertainty stated, certain fiow conditionlimitations must 
be fo\lowcd: 

a. The ftow shall approach steady-state mass ftow conditions on fluids that are considered 
clean, single phase, homogeneous, and Newtonian. 

b. The fluid shall not undergo any change of phase as it passes through the orífice. 
c. Thc flow shall be subsor¡jc through the orifice and the meter tube. 
d. The Reynolds number shall be within the specitied Innitations of the emprrical coeffi

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

1.7.4.2 Law of Slmllarlty 

The empirical cocfficicnts calculated from the cquations in this standard are va lid if dy
namic similarity exists between the metering mstallation and the experimental data base. 
Technically, this approach is termed the Law of Sirnilarity. 

Dynarmc similarity ts the underlylng principie for present-day theoretical and experimen
tal fluid rnechanics. The principie states that two geometrically similar meters with identical 
initial ftow dircctions shall display gcomettically similar strcamlines. 

The mechanical specifications for the meter tube, the orifi.ce plate, the orifice flanges or 
firiing, the differential pressure sensing taps, the upstream and downstream piping require
ments, the flow straightcner (if apphcable), and the thcrmowell must be adhered ro, as 
stated in the standard, to assure geometric similarity. 

Gcometric similarity requires thnt the experimental flow system be a scale model of the 
field instailations. 'lbe experimental pattem's design identifies sensitive dimensional re
gions to explore. measure, and empirically fit A proper experimentaL pattern for orifice me
tcrs· allows thc uscr to cxtrapolatc to larger meter tubc diameters without incrcasing thc 
uncertainty. 

Dynamic similarity implies a correspondence of fluid forces between the two metering 
systems. The Reynolds number is a measure of the ratio ofthe lncrtial to viscous forccs. For 
the orifice meter, the inertial to viscous forces are the furces considered SÍbTJiifi(,;ant within 
the application lirnitations of this standard. As a re.<;ult, the Reynolds number is the tenn that 
cmTelates dynamic similarity in all ernpirical coefticient of discharge equations. In fact, the 
Reynolds number corretation provides a rational basis for extrapolation of the empirical 
equation, provided the physics of the fluid does not change. For instancc, thc physics ass<r 
ciated with subsonic ftow is not similar lo that associated with sanie flow. 

For the empirical data base, undisturbed ftow conditions (flow pattern and fully devel
oped velocity profile) were achieved through the use of stra1ght leogths of meter tube both 
upstream and downstream from the orifice and the use of fiow straighteners. For both the 
API/GPA and EC cxperiments, an undisturbed flow condition was defincd as the equivalent 
of a symmetrical, approximately swirl·free velocity profile located approx..imately 45 pipe 
diameters downstream of a Sprenkle tlow conditioner, in circular pipes with an average in-· 
temal surface wall roughness, R<l, of approximately 150 microinches. 

1.7.5 PULSATING FLOW 

Reliable measurements of fl.ow cannot be obtained with an orifice meter whcn apprecia· 
ble pulsations are present at the pointof measurement. Currently, no satisfactory theoretical 
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or empirical adjustrnent for orlficc mca..;;uremcnt in pulsating fl.ow applications exists that, 
when applied to custody transfer measurement, will maintain the measurement accuracy 
predic1ed by 1his s1andard. 

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

actions, piping configuration, or another similar source, consi:;t of sudden changes in the ve~ 
locity, pressure, and density of the fluid flowing. The most common sourccs of pulsation are 
the following: 

a. Reciprocating comprcssors, engines, or impeller~type boostcrs. 
b. Pumping or improperly sized pressure regulators and loose or wom val ves. 
c. Irregular movement of quantíties óf water or oil condensates 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 Reductlon 

To obtain reliable measurements, it is necessary to suppress pulsation. In general, thc fol
lowing practices have been effective in diminishing pulsation and/or its effect on orífice 
flow measurement: 

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

b. Jnserting capacity tanks (volume}, flow restrictions, or specially designed filters in the 
line between 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 sarne size as 
the pressure tnps to the differential prcssure measurement instrument. 

d. Operating at differentials as high as is practicable by replacing the orifice plate in use 
with a smaller orifice bore plate or by concentrating ftow in a rnultiple meter tu be instal
lation rhrough a limitcd number of tu bes. 

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

Considerable study and experimentation have been conducted to evaluate the re
quirements and rnethods necessnry to achieve pulsation rcduction. This material is outsidc 
the scope of this standard and rnay be found in many publications that are readily available. 

1. 7 .5.3 Pulsatlon 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 pulsation sup
pression practices. 

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

Expnnsibility research 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 compared the fiow for an incornpressible fluid witb that of several compress
iblc fluids. 

The expansion factoi·, Y, was defined as follows: 

Y= cd. 
e,, 

(1-22) 
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IVhere: 

cd, = coefficient of discharge from compressible fluids tests. 
cri~ = cocfficicnt of discharge from incompressible fluids tests. 

Buckingham derived the empirical expansion factor equations for orifice meters 
cquipped with various sensing tnps based on the following correlation: 

IVhere: 

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

Y = f((J, k, x) 

x = ratio of differentinl pressure to absolute static pressure. 

(1-23) 

Compressible fluids expandas they How through a square-edged orifice. For practica! ap
plications, it is assumed that 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 rangcs of differential pressure, flowing 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 Bcan in thcir corrclation. They 
empirically developed the upstream expansion factor (Y1) using the downstream tempera
ture and upstream prcssure. 

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 application uf the expansion factor is validas long as the following dimensionless 
pressure ratio criteria are followed: 

o < 

Or, 

0.8 < 

Where: 

I'J.P = orifice differential pressure. 
N 3 = unit conversion factor. 

< 0.20 

< 1.0 

P1 = absolute statlc pressure at the pressure tap. 
P1, = absolute static pressure at the upstrcam prcssurc tap. 
Prz = absolute static pressure at the downstream pressure tap. 

Although nsc of the upstream or downstream expansion factor equation is a mntter of 
choice. the upstream expansion factor is recommended because of its simplicity. lf the up
stream expansion factor is chosen, then the detennination of the flowing fluid compressibil
ity should be based on the upstream absolute static pressure, P1,. Likcwise, if the 
downstream expansion factor is selected, then the detennination of the flowing tluid com
pressibility should be based on the downstream absolute static pressure, Pk 

The expansion factor equation for ftange taps is applicable over a f3 range of 0.10-0.75. 

1.8.1 UPSTREAM EXPANSION FACTOR (Y1) 

The upstream expansion factor requires detennination ofthe upstream static pressure, the 
diameter ratio, and the isentropic exponent. 
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lf the absolute static pressure is taken at the upstream ditferen.tial pressure tap, then the 
value of the expansion factor, Y ~o shall be calculated as follows: 

l':, = l - (0.41 + 0.35{3 4 )5_ 
. k 

When the upstre<Jm static pressure is meas u red, 

t;p 
X¡=-

N3P¡I 

When thc downstrcam static pressurc is measurb:l, 

Where: 

!1P = orifice differential pressure. 
k = isentropic exponent. 

N3 = unit conversion factor. 

t;p 
x, = -----N,Pr, + aP 

P¡
1 
= absolute static pressme at the upstream ptessure tap. 

P11 = absolute static pressure nt the downstream pressure tap. 
x 1 = ratio of differential pressure to absolute static pressure at the upstream tap. 

x¡/k = upstream acoustic ratio. 

(l-24) 

(l-25) 

(l-26) 

Y1 = cxpansion factor hased on the ahsolutc static pressurc measured at the upstream 
tap. 

1.8.2 DOWNSTREAM EXPANSION FACTOR (Y2) 

The downstream expansion factor requires determination of the downstream static pres
surc, the upstream static prcssure, thc downstream comprcssibility factor, thc upstream 
compressibility factor, the diameter ratio, and the isentropic exponent. The value of th~ 
downstrearn expnmlion factor, Y2, shal1 be calculated using the fo11owing equation: 

Or, 

Y,= [1- (0.41 + 0.35Jl4 )~] 
When the upstream static pressure is mensured, 

t;p 
X¡=-

N3Pfl 

When the downstream static pressure is measured, 

Where: 

aP = orifice differenlial pressure. 
k = isentropic cxponcnt. 

N3 .:;:: unit conversion factor. 
Pr. = absolute static pressure at the upstream pressure tap. 
P11 = absolute static pressure at the downstrcam pressurc tap. 

(1-27) 

(l-28) 

(1-29) 

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

Y1 = expansiun factor based on the absolute static pressure measured at the upstream 
tap. 

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

z1, = fluid compressibility at the upstream pressure tap. 
zfl = fluid cumpressibility at lhe downslream pressure tap. 

1.9 ln-Situ Calibration 
1.9.1 GENERAL 

The staternent of the uncenainty of the empírica! coefficient of discharge for concentric, 
square-edged onfice meters, Cd, is predicated on compliance with the requirements of this 
standard. 

For accurate measurement applications, 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 exarnple, eccentricity, steps between ad
Jacent sectlons of pipe, prenm lengths with or without a flow conditioner, post-run lcngths, 
and pipe wall roughness) will invalidate the uncertainty statement. 

To ac;sure the accuracy of such flow measurements, the user may wish to calibrate the 
meter in si tu. This is particular! y suggested far orifice meters under 2 inches (50 millime
ters) nominal pipe size. In situ is defined as being under nonnal operating conditions, with 
thc actual approach piping configuration, using the actual fluid with thc actual orificc plate 
and reco1ding system in place. 

Calibmtion of an orifice meter in situ requires the use of a primary mass flow system. 
This primary mass ftow system may be portable or pennanently installed. A master meter 
that has been calibrated with a primary mas~ ftow standard can also be used for in-silu cal
ibration. 

The in-si tu calibration should be perfonned with a primary mass ftow system (or master 
meter) with an overall uncertainty !ess than the overall uncertainty of qm of the meter being 
calibrated. Refer to the working unccrtainty equation givcn in 1.12. 

To perfurrn an in-si tu calibration, the primary mass flow system (or master meter) shou1d 
be installcd either upstream or downstrcam of the pipe fitting nearest to the meter tu be or 
meter tube manifold so that it provides a calibration of the meter in its normal fiowing 
configuration (that is, velocity profile). In-situ calibration should be performed at the nor
mal ftow rare, temperature, and pressure of the meter station. Additionally, in-situ calibra
ti en rnay be performed over the range of flow rates, temperatures, and pressures to assure 
a higher confidence leve1 over the complete range of ftowing conditions. 

1.9.2 METER CORRECTION FACTOR 

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

MF (1-31) 

Where: 

q,
1 

= mass flow rate detennined by the primary mass fiow system (or master meter). 
q ,~ :;:;: mass ftow rate indicated by th.e orifice meter being calibrated. 
q

11 
= volumetric ftow rate indicated by the orifice meter being calibrated. 

p,; = dcnsity (mass) of fluid at thc meter at flowing conditions. 
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Altematively, fhe results may be u sed to identify installations that exceed the uncertainty 
estimated using 1.12. If the MF falls outside the 0.9 _,;; MF _,;; 1.1 limits, the systcm shou1d 
be investigated until the physical cause for the deviation has been identified and correcled. 

\Vhen the meter factors are determined over a range of operming conditions, severa! val
ucs of MF may rcsult. A plot of MF versus pipe Reynolds number (Re0 ) should provide a 
single curve thal may be used for detennining MF correCtiuns. 

If the MF is npplied to the metered qunntities for custody transfcr purposes, thcn in-situ 
calibration should be periodically repeated to ensure accurate measurement. Additional in
sito calibrations should be perfonned when physical changes to the metering systcm or 
significantly different opcrati_ng conditions are encountered. 

1.1 O Fluid Physlcal Propertles 

Certain fluid physical properties are required to sol ve the orifice ftow equation. 
Por thc mass ftow equation, the following fluid properties are required: . . 

a. The viscosity at ftowing conditions, ¡.t. 
b. The fluid density at flowing conditions, Pr.p· 
c. The isentropic exponent, k, for compressible fiuids. 

For the standard volumetric fl.ow equation, the dcnsity at hase conditions, Ph• is rcquircd 
far· solution. 

1.10.1 VISCOSITY (¡L) 

The absolute (or dynamic) viscosity of the fluid at ftowing conditions is required to com
pute thc pipe Rcynolds numher. Fluid viscosities may be measured experimentan y or corú
puted from empirical equations. 

Por hlgh Reynolds number applications, viscosity variations nre usually ignored, sincc a 
sensitivity analysis indicates negligible effect in the flow computation. For low Reynolds 
number applications, accurate viscosity values and their variation wíth composition, tem
perature, and pressure mny ha ve a significant affect on the flow computation. 

1.1 0.2 DENSITY (p,,., P•) 

Appropriate values for the density of the fluid, P~.r and Pb• can be obtained using one of 
two methods: 

a. Empirical density correlation. The empU"ical density value may be calculated by an equa
tion of state or another technically qualified expression. 

b. On-line density meters. An on-line density meter can mensure the fluid density at oper
ating conditions (or base conditions). 

For on-line density meter npplicmions where the density at tlowing conditions (or base 
conditions) is greater than 0.30 gram per cubic centimeter, refer to Chapter 14.6 for the in
stallation, operation, and calibration of these devices. 

For on-line density meter applications where the density at ftowing conditions (or base 
conditions) is less than 0.30 gram percubíc centimeter, refer to the manufacturers' recom
mendations for the installation, operation, and calibration of these deviccs. Thc manufac
turer should be able to demonstrate that operation of the on-line density measurement 
de vice will not interfere with the basic operation of the orifice meter. 

From a practical standpoint, the fluid temperature differences between the upstream sens
ing tap, the downstrearn sensing tap, and the temperature sensing device are assumed to be 
insignificant when the temperature device is installed as required in Chapter 14.3, Part 2. 
For fluids whose density changes rapidly with changes in ftowing temperatw'e, for low fluid 
velocities. and/or to minimize ambient temperature and heat transfer effects, the user may 
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wish to thcrmally insulate the meter tube 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 empirical expansion factor 
(Y) equation. · 

As a compressible lluid fl.ows through the reduced area of an orificc pi ate horc, it under
gocs a contrnction and then an expansion. The ex.pansion. which results in a change in the 
static ptessure, is assumed to follow a polytropic path expressed by the following relation
ship: 

Constant 

Where: 

P1 :::: absolute static pressure. 
p1 p = density of thc fluid at flowing conditions (P1, T¡). 

n = polytropic exponen t. 

(1-32) 

However, if thc expansion is nssumed to be relatively rapid (that is, short in lt:ngth) and 
the pressure change relatively small in magnitude, thc polytropic rclationship can be re
placed by an idealized (reversible and udiabatic) ene-dimensional isentropic expansion re
lationship of the following form: 

Constant 

Where: 

P¡ = absolute static prcssurc. 
p,.P = density of the fluid at Howing conditions (P1, T1}. 

k = isentJ?pic exponent. 

(1-33) 

The real compressible Huid isentropic exponent, k,, is a function of the fluid nnd the pres
sure and temperature. For an ideal gas, the isentropic cxponent, k1, is equal to the ratio of 
its specific heats (cplcv) and is indcpcndent ofpressure. A perfect gas is an ideal gas that has 
constant specific heats. The petfect gas isentropic exponent, kw is equal to k, cvaluated at 
base conditions. It has been found that for many applications, the value o[ kn is nearly 
identical to the value of k¡, which is nearly identical to kP. From a practica} standpoint. the 
flow equation is not particularly sensitive to small variations in the isentropic exponent. 
Therefore, the perfcct gas isentropic ex.ponent. kP, is often used in the fiuw equations. This 
greatly simplifies the calculations. This approach was adopted by Buckingham in his corM 
relation for the expansion factor. 

1.11 Unit Converslon Factors 
1.11.1 ORIFICE FLOW EQUATION 

The values for the unit conversion factor, N1, for the orifice flow rate equation are sum
marized in Table l-2. The table contains common engineering units, along with their cor
responding conversion factor value. 

1.11.2 REVNOLDS NUMBER EQUATION 

The values for the unit conversion factor, N1, for the Reynolds number equation are sum
marized in Table 1-3. The table contains common engineering units, n.long 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
marized in Table 1-4. The table contnins common engineering units, along with thcir cor
responding conversion factor value. 

1.11.4 FlOW RATE PER UNIT OF TIME CONVERSION 

To .convert th~ rnass or volume ftow rate per unit of time to another unit of time, the fol
lowing multiplication factors are applicablc: 

Frcm 

Units per second 
!Jnits per second 
Units per second 

To 

Units per mmutc 
Units pcr hour 
Units per day 

Multiplying 
Factor 

60 
3,lí00 

86,400 

Tabla 1-2-0rilice Flow Ra1e Equation: Unit Conversion Factor (N1) 

" g, 
g, 
d 

AP 
p,, 
p, 
q. 
q, 
Q, 

N, 

Mass Rate 

q~, = N¡CdE,Yd1 ..jp,/:.P 

Vulumetric Rate at Flowing (Actual) Conditiom. 

qv = .!J.e_ = N,CdE,Yd
2 ¡p;;tii 

P,./1 P,,fl 

Valumetric Rate al Ba'ie Conditions 

Q =k 
' p, 

Nl.-JE.Yd 2{1&liP 
p, 

Where: 

lPUnits SI Units 

" 3 141593 3.141593 Univer.ooal constant 
g, 32 1740 NA lbm~fl/(lbf-sec2) 

g, NA 1.0000 kg·m/(N·sec2) 

d Fccl Metcrs 
hP lbf/ft2 Pa 
p,. lbm/ft1 kg/m3 

p, lbm/ft.l k g/ m' 
q. lbm/sec kg/sec 
q, ftl/sec m3/sec 
Q, Sft3/sec Nm1/sec 

N, 6 30025 E+OO U1072E+OO 
6.3002~ 1.11072 

U.S. Units U.S. Unirs U.S. Units Metric Units Metric Units 

3.14159 3.14159 3.14159 3.14159 3.14159 
32.1740 32.1740 J2.mo NA NA 

NA NA NA 1.0000 1.0000 
Inches lnches Inches Millirnc:ters Millimeters 
lbf/in2 inH101'0 in H206, Mil libar kPa 
lbm/ft1 lbm/ft1 lbm/ft1 kg/m1 kg/m1 

lbm/ft1 lhm/ft1 lbm/ftl kg!ml .. kg/m1 

lbm/sec lbm/!>cc lbm/sec kg/sec kg/sec 
ft1/sec ftl/sec ft1/sec m1/sec m3/sec 
Sft1/sec Sft1/sec Sfl1/sec Nm1/sec Nm1/sec 

5,25021 E-01 9.97424 E--02 9.970l9 E-02 3.5l241 E-04 3.51241 E-05 
0.525021 0.0997424 0.0997019 0.000351241 0.0000351241 
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Table 1-3-Reynolds Number Equation: Unit Conversion Factor (N,) 

Wlrere: 

IPUnils SI Units 

q. lbm/sec kg/sec 

" 3.14159 3.14159 

1' lbm/ft-sec kg/m~ec 

D Feet Meten. 

N, t.27324 R+OO 1.27324 E+OO 
1.27324 f.27324 

U.S. Units U.S. Units Metrlc Units 

!bm/scc lbm/sec 
. 

kg!sec q. 

" 3.14159 3.14159 3.14159 
}J. Centipoise Poise Centipoise 
D In ches In ches Millimeters 

N, 2.27375 E+04 22.7375 E+Ol 1.27324 E+06 
22,737.5 227.375 127,324 

1.12 Practica! Uncertainty Guidelines 

Universal constan! 
SI Unit equal to Pa-see 

Metric Units 

kg/sec 
3.14159 

Poi se 
Millimeters 

1.27324 E+04 
12,732.4 

[fniversal constant 

The most 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 thc equation 's ability to rcprcsent rcality due 
to equiprnent variety in the various laboratories. Sudt an assumption uf randomiLali~n has 
precedent in ISO 5168, established in 1978, anda 1939 paperby Rossini and 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: 

6P 
p 

N, 

6P 
p 
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N, 

Unit Conversion Factor (N,) · 

M' 
X=

N,P 

IP Unils SI Unlls 

AP lbf/fl2 Pascab 
P lbf/ft2 Pascltls 

N3 1.00000 E+OO 1.00000 E+OO 
1.00000 1.00000 

U,S. Units U.S. Unil.s U.S. Units 

lbS/inz inHtOoo inH10 61 

JbsJinZ lbs{m1 lbs/in1 

1.00000 E+OO 2.77070 E+Ot 2.77300 E+01 
1.00000 27.7070 27.7300 

Metric Units Metric Units Merric Units 

Kilopascals Millibar Millibar 
Megapascals B"' Megapascals 

1.00000 E+03 I.OOOI.Xl E+03 1.00000 E-02 
1000.00 1000.00 0.0100000 

'""':"' 
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Every efforthas bccn made to removc residual bias from thc rcprescntation ofthe exper
imental data by the equation for mass flow. Consequently, the subsequent precision state
mcnts are vatid-for an individual orificc meter installation for which physical chnractcristic~ 
and measurements uf these characteristics are maintained within the precision that is used 
to determine the contributions to imprecision in mass ft.ow measurement caused by vnrious 
factors. 

Tn accordance with prutlent statistical and ~ngineering practice, the estimated orifice flow 
ratc unccrtainty shall be calculatcd at thc 95-pcrccnt confidence level. 

1.12.1 GENERAL 

Many factors associated with an orifice installation influem::e the overall error in flow 
mcasurement. Thcsc errors are dueto unccrtainties aborit thc following: 

a. Representation of reality by the mass flow equation. 
h. Unccrtainty about actual physical propcrties of the Huid being measured. 
c. lmprecision in the meusutement of important installation parameters (such as oritice di

ameter and j3 ratio) 

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

1.12.2 UNCERTAINTY OVER A FLOW RANGE 

From n practical standpoint, the accuracy enveiope for an orifice mete~ is usually esti
mated using the uncertainty assigned to the differential pressure sensing device. This tech
nique realistically estimates the uncertainty associated with tl~e deSigner's flow range. 

An accuracy envelope incorporates the inftuence quantities associated with the óP sens
ing device. The significant quantities include ambient temperature effects, static pressure cf
fects, long-term drift, hysteresis, linearity, repeatability, and the calibration standard\; 
uncertainty. 

For sorne appiiCaüons. parallel orifice meters are requireO to meet the user's desired un
certainty and rangeability. In addition, the designer may choose to install stacked ó.P 
devices calibrated for different ranges to minimize uncertainty while maximizing rangeabil
ity for a given urifice plate, as shown in Figure 1-3. 

1.12.3 UNCERTAINTY OF FLOW RATE 

The overaH uncertainty is the quadrature sum (square root of the sum of the squares) of 
the uncertainties associated with the pertinent variables: 

q. ; f(Cd, Y,I!.P, d, D; p,,) 

For practical considerations, the pertinent variables are assumed to be independent to 
provide a simpler uncertainty calculation. In fact, no significant change in the uncertamty 
estimate will occur if the user applies the simplified uncertainty equations presented below. 

The total uncertamty of the ftow rate through an orifice meter may be calculatcd by onc 
of two methods: 

a. Empirical coefficient of discharge using ftange-tappcd orífice meters. 
b. In-si tu caübration using orifice· meters. 

1.12.3.1 Uncertainty Uslng Emplrlcal Coefflclent of Dlscharge for 
Flange-Tapped Orlflce Meter 

The basic ftow equation used is as follows: 

q.; CdE,Y(n/4)d'~2g,p,,,I!.P 
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Note: Thc prccision of the differential prcssure device used in this example ls ±().25 percent of full scale. 

Figure 1-3-Contribution to Flow Error due lo 
Differential Pressure lnstrumentation 

Where: 

Ev =: velocity of approach factor 

1 
= 

{J = diameter ratio (d!D). 

Using differentiation, one can show that 

(t;q.f q.) = Sc,(t;C, /C4 ) + SÉ, (t;E, /E,) + S,(t;Y /Y) + S4 (/jd / d) 

+ s," (t;p,,, 1 P •. ,l + s .. (t;I!.P!I!.Pl 

Where: 

S = sensitivity coefficient of the particular variable. 

Therefore, 

And, 

Se, and S, = 1.0 

s, = 2 
s, = ~ 
s~.;;% 

(1-34) 

By continuing this process to put /jE.fE, in tenns of &lid and liD/D. it can be shown that 
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(oE,/E.) = 1 2_!~,[(od!d)- (oD/D)] (1-35) 

Assuming that indepcndent estimates are available for OC,)C,¡, OY!Y, &i!d, and 0/J/D and 
substituting for OEJEv gives us the following working equation for the uncertainty of rhe 
mass flow rate: 

(Sq.,/q.,) = {<oC,!C,)' + (oY!Y)' + [
1 

_
2 

¡J'J(od/d)' 

+ [1 -~fl;, ]\oD!D)' + Y.(Sp,,,IP,,,)' + 1;(St.P/t.P)2r (1-:ln) 

1.12.3.2 Uncertainty Us1ng an 1n-Situ Callbration 

When thc orífice meter hns been calibrated in si tu, the practica! working formula for the 
uncertainty of the mass tlow rate can be expressed as follows: 

(Sq.,/q.,) = [(8MF/MF)2 + Y,(ot.P/<'.P)' + Y,(op,,,IP,,,)'t' (1-37) 

The meter factor (MF) term is estimatcd from the combination of the primary mass flow 
uncertainty, the master meter uncertainty, and the precision of the m·itice meter calibration. 
Note that the meter factor (tvlF) determined for the orifice plate and tube is a combination 
of severa! possible errors. No additional unccrtainty is necessary for installation conditions 
or expansión factor. 

1.12.4 TYP1CAL UNCERTAINTIES 

For precise metering applications, such as custody transfer, the flowmetcr and artjaccnt 
piping should meet the requirements of the relevant, preferably the most stringenl, specifi
cation of the standard. In the following sections, the typical uncerrainties ex:pressed can be 
obtained only through compliancc with thc specifications of thc standard. 

1.12.4.1 Empirical Coefficlent of Discharge 

The estimated uncertainty of the empllical coefticient of discharge for concentric, S<.JUare
edged, flange-tapped oritice meters that are in compliance wfth this standard is u function 
of the Reynolds number and the diameter ratio (/3). At very high Reynolds numbers the un
cei1ainty is only a function of the diameter ratio ({J). This uncertainty estímate is shown 
graphically in Figure l-4. As the Reynolds numher dccreases, thc uncertainty of the orífice 
plate coefficient of discharge increases. The ratio of the uncertainty at a given ReynohJs 
number to the uncertainty at infinite Reynolds number is shown graphically in Figure 1-5. 
Thc overall uncertainty of the empirical coeffi.cient of discharge is the product of the value 
read from Figure 1-4 and the value read from Figure 1-5. The values for Figure 1-4 may be 
approximated by the following: 

For /3 > 0.175, 

8C1(FT)/C,(FT) = 0.5600- 0.2550/J + 1.9316/38 

For fJ,;; 0.175, 

oC,(FT)/Cd(FT) = 0.7000- 1.0550/3 

'I11e values for Figure 1-5 may be approximated by the following: 

SC,(Ff) i8C1(FT) = 1 + 1.7895 (
4000

)'·' 
. Ren 

(1-38) 

(1-39) 

( 1-40) 
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Figure 1-4-Empirical Coefficient of Dlscharge: 
Uncertainty at Infinita Reynolds Number 
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These estimates for the uncertainty were developed using the regression data base dis
cussed in 1.7 .l. Orifice plates with bore diamctcrs less than 0.45 inch (11.4 millimeters), in
stnlled according to Chapter 14,3, Part 2, may:have coefficient of discharge [C,(FT)] 
uncet1ainties as great as 3.0 percent. This largc unccrtainty is dueto problems with edge 
sharpness. These types of problems are discussed further in Chapter 14.3, Part 2. Dcviations 
from the installatinn speciftcations in Chapter 14.3, Part 2, will invalídate this uncertainty 
slatement. 

1.12.4.2 Empirical Expanslon Factor for Flange-Tapped Orlfice Meters 

The vnlues of Y computed by the empirical equations are subject toa tolerance varying 
from O, when x =O, to ±0.5 percent, whcn 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, wluch 
has been pwposed in the international commumty, stipulates that whcn fi, AP, ~-. nnd k are 
assumed to be known wíthout error, the percentage uncertainty of the value of Y is esti
mated by 

± 4[ D.P ] when {3 S 0.750 
N,P1 

The expansion factor uncertainty is presentcd in Table t-5. For ftuids that are not com
pressible;:, the expansion fat.:tor t?quals 1.000 by definition, and the estimated uncertainty is 
zero. 

Table 1·5-Uncertainty Statement for Empirical Expanslon Factor 

Common U.S. Unit~ 

óP Expansion Factor Uncertainty (%) When P1 (psi a) Equals 
(incht.-s 
H10w) psid 50 tOO 250 500 750 1000 1250 1500 

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 fi.UU 

lOO 3.61 0.29 0.14 0.06 0.03 002 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 

1\P Eltpans!On Factor Uncertainty (%) Wben P¡(MPa) Equals 
(inches 
H1060) kPa 0.3 0.7 1.7 3.4 5.2 6.9 R.6 10.:1 

lO 2.49 0.03 0.01 0.01 0.00 0.00 0.00 0.00 000 
50 12.44 0.14 0.07 0.03 0.01 0.01 0.01 0.01 o.uu 

lOO 24.88 0.29 0.14 0.06 0.03 0.02 0.01 0.01 O Ot 
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 
3ÍXJ 74.65 0.87 0.43 0.17 0.09 0,06 0.04 0.03 0.03 

Notes: 
l. Orificc plates hnving bore diruncters less tban 0.4S incb (11.4 millimeters), instnlled according to Chapter 14 3, 
Part 2, may have coefflcient of d1scharge (C4) unccrtainties as grcat as 3.0 pcrcent. This large uncertainty is due 
to problems with edge sharpness. 
2. The relntive uncertainty leve! dcpicted in Figure 1-6 assumes a swirl-free inlet velocity profile. 
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1.12.4.3 lnstallatlon Conditions 

To assurc accurate flow measurement, the fluid should enter the orifice plate with a fully 
developed flow profile, free from swirl or vortices. Such a condition is best achieved 
through the use of ftow conditioners and adequate lengths of straight pipe preceding and 
following the orifice plate. 

For various technical reasons, the uncerlainty associated with installation conditions is 
difficult to quantify. Thcreforc, Figure 1-6 has been provided as a general guide. This figure 
represents a combmed practica! uncertainty Level attributed to the following parameters: 

a. ·Empirical cocfficicnt 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 uncertainty level as a function of diameter 
ratio (/3). It is apparent from the figure that the lowest rclative combined unccrtainty 1evcls 
occur over a diameter ratio range ofO.l0-0.60. 

The approach Jength (upstream meter tube), piping configuration, and ftow conditioning 
recommcndations presented in Chapter 14.3, Part 2,.are essentially unchanged from the sec
ond ( 1985) edition of the standard. Substantial research programs in these areas are cur
rently under way by the APl, the EC,4 and the GRT.~ A rcstatcmcnt of thc nrifice meter 

~commissian of the Eurapean Cammunities, ruede la Loi 200, B-1049, Brussels, Belgium. 
'Gas Rcscarch lnstLtute, 8600 Wcst Bryn Mawr Avenue, Chicago, l!hnois 60631. 
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2. The relative uncertainty leve\ sbown in the figure assumes a swirl-free inlet vel01.:ity profi\e. 

Copyrtght by the AMERICAN PETROLEUM INSTITUTE (AP!) 
Tue Oct 08 13:17:13 1996 

Figure 1-6-Practical Uncertainty Levels 

29 

.;; ' 



30 

API MPMS*14-3·1 90 .. 0732290 0094755 O .. 

CHAPTER 14-NATURAL GAS FLUIDS MEA,SUREMENT 

uncertainty will naturally follow the conclusion of the current research and may offer aba
sis for future changes in this standard. 

1.12.4.4 Orifice Plate Bore Dlameter 

The plate diameter uncertainty may be determined from dimensional measurements or, 
altematively, from the roundness specifications presented in Chapter 14.3, Part 2. 

ff thc dimensional mcasurcments are available, the plate diameter uncertainty is equated 
to the root mean square (rms) of the differences between each reading and the mean valuc. 

For example, if the four measurements for d,. are 20.005, 20.002, 19.995, and 19.99RO, 
then the mean value is 20.000. 

The deviations from the mean are +0.005, +0.002, -0.005, and -0.002, so 

8d~, 

±[ (0.005)
2 + (0.002) 2 + (-0.005)2 + (-0.002)']" 

~ 

3 

±0.0044 

o d. ± 0.0044 

d. 20.00 

~ ±0.00022 X 100 
~ ±O. 022 percent (1-41) 

1.12.4.5 Meter Tube 1nternal Diameter 

The plate diameter uncertainty may be detennined from dimensional measurements or, 
alternatively, from the roundness specifications prescnted in Chapter 14.3, Part 2. 

If the dimensional measurements are available, the plate diameter uncertainty is equated 
to the root mean square (nns) of the differences between each reading and the mean value. 

For examp1c, if thc four mcasuremcnts for D,. are 20.050, 20.020, 19.950, and 19.9HO, 
then the mean value is 20.000. 

The deviations from the mean are +0.05, +0.02, -0.05, and -0.02, so 

o D. 

~ ±[(0.05)
2 + (0.02)

2 
\(-0.05)

2 + (-0.02)
2r 

~ ±0.044 

o D. ± 0.044 
D,. 20.00 

~ ±0.0022 X 100 

= ±0. 22 perccnt 

1.12.4.6 Dllferentlal Pressure Device 

(1-42) 

Performance specifications for the differential pressure device must be provided by lhe 
manufacturer. The user selects a device bosed on its performance speciflcations and the dc
sircd uncertainty associated with the application. 
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When considering the uncertainty, care should be taken to take into account the effects 
of arnhient tcmpcraturc, hurnidity, static pressure, driving mechanism, and response time on 
the user-selected device. 

1 .12.4.7 Fluid Denslty 

When an cmpirical correlation is used to predict a liquid density, the uncertainty should 
be cstimatcd bascd on thc statcd unccrtainty of thc corrclation and the estimated uncertainty 
of the variables required to calculate the density. The following exrullple for proplyene, cal
culated using the method of Chapter 1 L.3.3.2, demonstrates this procedure. 

Proplyene is being metered at 60°F and 800 pounds per square inch absolute. The stated 
uncertaimy of the Chapter 11.3.3.2 mothod for calculating the density of prop1yene is ±0.24 
percent. The stated uncertainty of the temperature mcasurement is ±0.5°F. Thc stated un
certainty uf the pressure measuremenl is ±4 pounds per square inch absolute. The uncer
tainty in the densüy is calculated according to the following formula: 

(Sp,, 1 P •. ,)~ {(S p., 1 P.,)'+[ a:;; I (ST, 1 P .. ,)'+[ a:;; I (SP, 1 P.,)' r (1-43) 

Using this method, thc following calculated values can be used to cstimatc (dp,.P¡ar1)p
1 

and ((}p,,JaP1)T,: 

Then. 

r, Pr Denstty 
(.F) (psia} (lb/fi') 

60 800 33.34\3 
60 780 33.321S 
60 820 33.3611 
S8 800 33.4445 
62 800 33.2376 

[ ~~'] "'(33.2376- 33.444Sl/4 ~ -o.o52 

f " 

[ aP •. ,] "'(33.3611- 33.3215)/40 -o.ooo99 
aP¡ 

>; 

Op,,p 1 P,,p - ±[(0.0024)2 + (-0.052)'( 
0

'
5 

)' + (0.00099)'( 
4 

)']" 
33-3413 33_3413 

±[0.00242 + 0.00082 + 0.0001']" 

±0.0025 or ±0.25 perccnt 

Therefore, the estimated overall uncertainty in the proplyene density is ±0.25 percent. 
When on-line density meters are used, the uncertainty should be estimated based on the 

calibration technique, density differences betwecn thc orificc and density meter locations, 
and the density meter manufacturer's recommendations. 

1 .12.5 EXAMPLE UNCERTAINTY CALCULATIONS 

Examp1e uncertainty calculations for 1iquid and gas flows are presented in 1.12.5.1 and 
1.12.5.2. 

1.1 2.5. 1 Example Uncertainty Estimate lor Liquld Flow Calculation 

An example of the effect of uncertainties is provided in Table 1-6, using the following 
fiow equation: 
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Table 1·6-Example Uncertaint~ Estimate for Liquid Flow Calculation 

C,¡ Basic discharge coefficient 
d Orifice dmmctcr (Table 2·1) 
D Pipediameter(2.5.1.3) 

M' Differential prcssurc 
p Density 

Sum of squares 
Squarc root of sum of squarcs 

Unccnatmy, 
lf~s (%) 

0.45 
0.05 
0.25 
0.50 
0.4.5 

Senshivity 
Coefficient, S 

l. O 
2111 - P'l 

-2fi'/{ l - P'l 
0,5 
0.5 

0.2025 
O,Oll4 
0.0011 
0.0625 
0.0506 

0.3281 
0.5728 

Note: As lhe tablc shows, the ov1!rallli4uid fluw mcasurement uncertainty ata 95-percent confidcnce lcvcl is 
±0.57 percent. 

q,. = C,E,Y(tr:/4)d' '/2g,p,,!!.P 

The following assumptions and conditions were selected for the calculation: 

a. The fluid flowing is proplyene. The liquid density will be calculated using the Chapter 
11.3.3.2 methud. Tire viscosity will be estimated using Procedure llAS.I from the AP! 
Technical Data Bnnk-Petroleum Refining. The expansion factor will be assumed to he 
1.0. 

b. A 4-inch meter with n fJ ratio of 0.5, a static pressure of 800 pounds per square inch ah
salute, a ftowing temperature of 60°F, and a differential pressure of 50 inches of water 
( 60"F) is selected for the calculation. 

c. For each variable, thc unccrtainty listcd represents 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/fr'. 
Op,,p/p,,p = 0.25 percent (as shown in l~quid density sensitivity section). 

11 = 0.0956 centipoise = 0.0000643 lbm/ft-sec. 

As a result of the calculations fof the ftow rate. 

C.{Ff) = 0.603659. 
q, = 10.148lbm/sec. 

Re0 = 603,400. 
OC;(Ff)/C,(Ff) = ±0.44 percent (from Figure 1-4). 

OC.(Ff)/OC,(Ff) = 1.02 (from Figure 1-5). 

This gives 

OC,(Ff)/C,(Ff) = t.02 x ±0.44 = ±0.45 percent. 

1.12.5.2 Example Uncertalnty Estlmate lar Natural Gas Flow Calculatlon 

For natural gas flow, fluid density is defined as follows: 

Pt.p = 

Where: 

GIM'a¡,.fí 

z1R1f 

G1 = ideal gas relative density (specific gravity) of the gas (Mr,, .. JMruo,.>· 
Mr~>u = molar mass of air. 
M 'i~>s = molar mass of thc gas. 

P1 :::: static pressure of fluid. 

(1-44) 
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R == universal gas constant. 
T1 ;;: temperature of the fluid at flowing conditions. 
z1 = Huid comprcssibility at flowing conditions. 

The fluid densicy uncertainty term, Y.(Op,¡)p1")
2 in 1.12.3.1 is replaced by lhe rolloWing 

terms for natural gas application: 

[Yz<oGJG1)]' + ~~(oP1/P1)]' + [-Y,(oZ,tZ1)]' + [-Y,(OT1/T1)]' 

An example of the effect of uncertaintie..c; is provided in Table 1-7, using the following 
gas ftow equation: 

- q,, = C,E.Y(1</4)d' 2g, G,Mr,,,P¡ ó.P 
Z1 RT1 

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 mch absolute and 50 inches of water, respectively, was selected for the 
calculation. 

Note: TI1e precision ofthe AP device used in this example was ±0.25 percent of full sea le. 

Table 1-7-Example Uncertainty Estimate for Natural Gas Flow Calculation 

e, 
y 
d 
D 

M' 
p 
z 
T 
G 

Uasic dischargc coeffic1ent (Figure 1·4) 
E"pansion factor (fable 1-5) 
Oriftce diameter (Thble 2-1) 
P1pe diameter (2.5.1.3) 
D1fferential prell!'iUTC 
Static pre:.sure 
Compressibillty factor (A.G.A. 8) · 
Flowing tcmpemture 
Relative density 

Sum of squarcs 
Square root of sum of squares 

Uncertainty, 
u9,(%) 

0.44 
0.03 
0.05 
0.25 
0.50 
0.50 
0.1 
0.25 
0,60 

Sensitivity 
Coefficient, S 

1 
1 

2/(t - P'> 
-2P'I< 1 - P'> 

0.5 
0.5 

-0.5 
-0.5 

0.5 

0.1936 
0.0009 
0.0114 
O.OllO 
0{)625 
0.0625 
0.0025 
0.0156 
0Jl900 

0.4500 
o 6700 

Note: AS thc tnble shows, the ovemll gns ftow measurement uncer1ointy nt n 95-percent confidencc \evcl is 
±0.67 percent, 
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On page 23, the last line ofTab/e 1-3 should read asfollows: 

22,737.5 227.375 1,273.240 12,732.4 

On page 25, SE. should be udded lo rhe following line: 

Therefore. 

S,,, Se,• and S, ; 1.0 

On puge 26, Equations 1-38 and 1-39 should read as follows: 

IOO[oC,(FT)/C,(FT)]; 0.5600- 0.2550/3 + 1.9316¡J'(I-JS) 

IOO(oG~(Ff)/ Cd(FT)J ; 0.7000 - 1.0550/J (1-39) 

Onpage 33, Tahle 1-7 should read asfoilows: 

Table 1-7-Example Uncertainty Estimate for Natural Gas Flow Calculation 

llnc~rtainly, Sens.¡nvuy 
lU,.5S')i U~(%) CoefñcienL S 

e, Rasic dbcharge coefficient (Figure 1-4) 044 1 o 1936 
y Expansion factor (Table 1-5) 0.03 1 00009 
d Urifice diameter (Table 2-1) 0.05 21( 1 - /1') 00114 
D Pipe diameter (2.!1.1.3) 0.25 -2/f'/( 1 - /1') 00011 

óP Dlffercntlal pre.ssure 0.50 o' 0062.'S 
p Static pre\sure 0.50 0.5 00625 
z Compressibdily factor (A.G.A. 8) 0.1 -0.5 0.0025 
T Flowing tempc:rature o 25 -0 5 00156 
G Relative dcnsuy 0.~ 0.5 00900 

Sum of squares 04401 
Squan: root of sum of squares 06634 

NOle: As the table shows, the overall gas flow measurement uncerta.imy al a 95-perCenl confidence leve] is ±0.67 
percent. 
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On page /4, Equation 1-/9 slwuld read asfollows: 

[ ']"' e = _!.Q_ 
Re0 

On page 17, /he second equatiunfur the dimensionless ¡J!essure ratio should read asfol
!ows: 

/}, 
0.8 < < 1.0 

/}, 

On pa!fe 26, t:quation J-40 should read asfollows: 

. 4000 ( )" oC,(F1')!8C,(F1') = 1 + 0.7B95 -
Re0 

On page 30, thefirst two jJaragraphs under 1.12 4.5 should read asfollows (that is, the 
words meter tu be should replace the word plate): 

The meter tu be diameter uncertainty may be determined from dimensional measurements 
or, altematively, from the roundness specifications presented in Chapter 14.3, Part 2. 

If the dimensional me:.\surements are available, the meter tube diameter unccrtainty is 
cquatcd to the root mean square (nns) of the differences between each reading nnd the mean 
value. 

NOTICE TO USERS OF PART 1 

Chapter 14.3, Part 4. "Background; Development, lmplcmentation Procedure, and 
Subroutine Documcntation for Empirical F!angc-Tapped Discharge Coefficient Equation" 
will provide the calculation procedure necessary to obtain umfonn answers. Users of Part 
1 may find it desirable to obtain Part 4 before attempling to prugram the equalions con
tained in Part l. 
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APPENDIX 1-A-REFERENCES 

Note: l11is appendix is nota part uf this :.tamlard but i~ included for infor
matlonal purposes only. 

The following references are pertinent to the discussions 
contained in Part l. 

1-A.1 Discharge Coefflcient Studies 

1-A.1.1 API/GPA EXPERIMENTAL PROGRAM 

Britton, C. L., Caldwell, S., and Seidl, W., "Measurements of 
Coefficients of Discharge for ConcCntric, Flange-Tappcd, 
Square-Edged Orifice Meters in White Mineral Oil O ver 
a Low Reynolds Number Range," American Petroleum 
lnstitutc, Washington, D.C., 1988. 

"Coefficienls of Discharge for Concentric, Square-Edged, 
Flange-Tnpped Orifice Meten;: Equation Data Sct--._'iup
porting Documentation for Floppy Diskettes,'' American 
Petro1eum Institute, Washington, D.C., 1988. 

\Vhctstonc, J. R., Clevcland, W. G., Baumgarten, G.P., and 
Woo, S., ''Measurements of Coefficients of Dh,charge for 
Concentric, Flange-Tapped, Square-Edged Orificc Meters 
in Water Over a Reynolds Number Range of 600 to 
2,700,000" (Technical Note 1264), National Institute of 
Standards and Techno1ogy, Washington, D.C., 1989. 

1-A.1.2 EC EXPERIMENTAL PROGRAM 

Hobbs, J. M., "Experimental Data fnr the Detennination of 
Basic lOOmm.Orifice Meter Discharge Coefficients" (Re
por! EUR 10027), Commission of the European Commu
nities, Brusscls, 1985. 

Hobbs, J. M., "The EEC Orifice Plate Project: Part l. Trace
abilities of Fñcilities U sed and Calculation Methods Em
p1oyed" (Report PR5:EUEC/11), Commission of the 
European Corrununities, Brussels, 1987. 

Hobbs, J. M., ''The EEC Orificc Platc Project: Part U. Criti
caL Evaluation of Data Obtained During EEC Orifice Plate 
Tests" (Report EUBC/17), Commission of the European 
Communities, Brussels, 1987. 

Hobbs, J, M., "The EEC Orífice P1ate Project: Tables of 
Valid Data for EEC Orifice Analysis" (Report EUEC/17), 
Commission of the European Communities, Brussels, 
1987. 

Hobbs, J. M., Sattary, J. A., and MaxweU, A. D., "Experi
mentaL Data for the Detennination of Basic 250mm Ori
fice Meter Discharge Coefficients" (Repon EUR 10979), 
Commission of the European Communities, Brussels, 
1987. 

1-A.1.3 OSU EXPERIMENTAL PROGRAM 

Beitler, S. R., "Tite Flow of Water Tiuough Orifices'' (Bul
letin 89), Engineering Experimcnt Station, Ohio State 
University, Colurnbus, 1935. 
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Fling, W. A., "API Orífice 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 .. Pling, W. A., Gallagher, J. E., Hoglund, P. A., 
Tessandier, R. G., and West, K. 1., "The API/GPA Exper
imental Data Base," Papcr presented at the American Gas 
Association DisLribution!fransmission Conference, New 
Orleans, May 22-24, 1989. 

Gal1agher, J. E., "TheA.G.A. Report No. 3 Orífice Plate Dis
charge Coefficient Equation," Paper presented at the Sec
ond International Syrnposium on Fluid Flow 
Measurement, Calgary, Jum: 6-8. 1990. 

Stolz, .J., u A Universal Equation for the Calculation of Dis
charge Coefficient of Orífice Plates," Flow Measurement 
of Fluids, North-Holland, Amsterdam, 1978. 

1-A.2 Expansion Factor Studles 

Bean, H. S., "Values of Discharge Coefficients of Square
Edged Orifices: Comparison of Results Obtained by Tests 
Using Gases with Those Ohtained by Tests Using Water," 
American Gas Association Month/y, July.l935, Volume 
17, p. 259. 

Buckingham, E., "'Note on Contraction Coefficients for Jets 
of Gas," National Bureau vf Standards Journal of Re· 
search, May 1931, Vo1umc tí, RP 303, p. 765. 

Buckingham, E., "Notes on the Orifice Meter: The Expan
sion Factor for Gases," Nacional Bureau of Standards 
Journal ofResearch, Ju1y 1932, Volume 9, RP 459, p. 61. 

Murdock, J. W., and Folts. C. J., "Experimental Evaluation 
of Expansion Factors for Steam," Transactions of the 
ASME, Ju1y 1953, Vo1ume 75, No. 5, p. 953. 

Smith, Jr., Edward S .. "Quantity-Rate Fluid Meters" (Paper 
719), Paper presented at the World Engineering Congress, 
Tokyo,1929. 

1-A.3 Conversion Constants 
Manual oj Petroleum Measurement Standards, Chapter 15, 

"Guidelines for the Use of the lnternational System of 
Units (SI) in the Petroleum and Allied Industries" (2nd 
ed.), American Petroleum Institute, Washington, D. C., 
December 1980. 

1-A.4 Uncertainty Estlmatlon 

ASME l\1FC-2M, Meastuement Uncertaintyfor Fluid Flow 
m Closed Conáuits, American Society of Mechanical En
gineers, New York, 1988. 
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ISO 5168, A1easúrement Uncertainty for Fluid Flow in 
C/osed Conduits, International Standan!s Organization, 
Geneva, 1978. 

Rossini, F. D., and Deming, W. E., Journal of the Wm·hing
tnn Academy nfSciences, 1939, Vo1ume 29, p. 416. 

1-A.5 Material Properties 
ASME B46.1, Swface 1'exture (Swface Roughness, Wavi

ness and Lay, AmeriCan Society ofMechanical Engineers, 
New York, 1985. 
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ASME PTC 19.5, Applicatwn, Part ll nf Fluid Meters: In· 
lerim Supplement on l!Jstruments and Apparatus, Ameri
can Socicty of Mechanical Engineers, New York, 1972. 

Metais Handbook (Desk Edition), American Society for 
Meta1s, Meta1s Park, Ohio, 1985. 

1-A.S Boundary-Layer Theory 

Schlichting, H., Boundary-Layer The01y (7th ed.), McGraw
Hill, New York, 1979. 
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APPENDIX 1-B-DISCHARGE COEFFICIENTS FOR 
FLANGE-TAPPED ORIFICE METERS 

Note: This appcndtX 1s nota part of this stiLUdard but is included for informational purposes only. 
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Tabla 1-B-1-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal2-lnch (50-Millimeter) Meter 

p 4000 10,000 

0.02 0.60014 0.59940 
Q_(J4 0.60102 0.59981 
Q_Q6 060178 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 0.60~86 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 
Q_JQ 0.61123 0.60557 

0.32 0.61243 0.60635 
0.34 0.61375 0.60722 
0.36 0.61522 0.6081R 
0.38 0.61683 0.60926 
0.40 0.61862 0.61044 

0.42 0.62059 0.6ll75 
0.44 0.62276 0.61319 
0.46 0.62515 0.61476 
0.48 0.62777 0.61647 
0.50 0.63063 0.61833 

0.52 0.63374 0.62034 
0.54 0.63712 0.62249 
0.56 0.64077 0.62479 
0.58 0.64470 0.62722 
0.60 0.64890 0.62979 

0_62 0.65337 0.63246 
0-64 0.6!1811 0.63524 
0.66 ' 0.66309 0.63809 
0.68 0.66829 0.64098 
0.70 0.67369 0.64389 

0.72 o 67925 0.64679 
0.74 0.68494 0.64964 

0.75 0.68781 0.65103 
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50,000 

0.59883 
o 59890 
0.59895 
059901 
0.59908 

0.59916 
0.59927 
0.59940 
0.599~5 
0.59974 

0.59996 
0.60022 
0.60052 
0.60087 
0.60127 

0.60173 
0.60224 
0.60282 
0.60347 
0.60419 

0.60499 
0.60586 
0.6{]682 
o 60784 
0.60895 

0.61012 
0.61136 
0.61265 
0.61399 
0.6153!5 

0.61671 
0.61806 
0.61937 
0.62061 
0.62174 

o fi2274 
0.62358 

0.62394 

[D = 1.939 lnches (49.25 Milllmeters)] 

Pipe Reynold~ Number (Re0 ) 

100,000 500,000 1 X 106 5X lQG 10 X 106 50 X 106 lOO X t()ll 

0.59873 0.59862 0.59860 0.5985B 0.59H57 0.59857 0.5985'1 
0.59R73 0.59854 0.59851 0.59847 0.59847 0.59846 0.59846 
0.59872 0.59848 0.59844 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 0.59834 0.59827 0.59R26 0.59824 0.59824 

0.59879 0.59839 0.59832 0.59824 0.59823 0.59821 0.59821 
0.59886 0.59841 0.59832 0.59823 0.59821 0.59820 0.59819 
0.59894 0.59844 0.59835 0.5982!1 0.59823 0.39820 0.59820 
0.5990~ 0.598~0 0.59840 0.59828 0.59826 0.59824 0.59823 
0.59919 0.59859 0.59H4H 0.59835 0.59832 0.59829 0.59829 

0.59936 0.59871 0.59858 0.59844 0.59841 0.59838 0.59837 
0.59957 0.591l86 0.59H72 0.59856 0.59853 0.59849 0.59848 
0.59982 0.59904 0.59889 0.59871 0.59867 0.~9863 0.59862 
0.60011 0.59926 0.59909 0.59889 0.59885 0.59880 0.59878 
0.60045 0.59952 0.59933 0.59911 0.5990ti 0.5990(] 0.59898 

0.60084 0.59982 0.59962 0.59936 0.59931 0.59923 0.59921 
0.60128 0.60017 0.59994 0.59965 0.59959 0,59950 0.59948 
0.60178 0.60056 0.60030 0.59998 0.59990 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 o 60134 0.60129 
o 60522 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 0.60536 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 Q_6Q46S 0.60451 
0.61233 0.60836 0.60738 0.60596 0.60!558 0.60501 0.60486 

0.61341 0.60903 0.60794 0.60636 0.60593 0.60529 0.60511 
0.61445 0.60963 0.60842 0.60665 0.60617 0.60545 0.60525 
0.61542 0.61012 0.60871:1 0.60681 0.60628 0,60546 0.60523 
0.61629 0.61047 0.60899 0.60680 0.60621 0.60529 0.60504 
0,61703 0.61066 0.60902 0.60660 0.60.593 0.60491 0.60463 

0.61762 0.61064 0.60884 0.60615 0.60542 0.60428 0.60396 
0.61802 0.61040 0.60842 0,60546 0.60464 0.60338 0.60303 

0.61815 0.61019 0.60812 0.60501 0.60415 0.60282 0.60245 
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. API MPMS*14.3.1 90 .. 0732290 0094763 T .. 

40 CHAPTER 14-NATURAL GAS FLU!OS MEASUREMENT 

Tabla 1·9·2-Discharga Coefficients lar Flange·Tapped Orifice Meters: Nominal3·1nch (75-Millimeter) Meter 

ff 4000 10.000 50,000 

0.02 0.59763 0.596H!! o 59632 
0.04 0.59859 0.59737 0.59646 
0.06 0.59942 O.S9780 0.59659 
0.08 0.60019 o 59821 0.59672 
0.10 0.60094 o 59861 0.59687 

0.12 0.60167 0.59902 0.59703 
0.14 0.60241 0.59944 0.59721 
0.!6 0.60316 O.S9989 0.59742 
0.18 0.60394 0.60036 0.59766 
0.20 0.60475 0.60086 0.59792 

0.22 0.60561 0.60140 o 59822 
0.24 0.60652 0.60199 o 59855 
0.26 0.60751 0.60263 0.59893 
0.28 0.60857 0.60333 0.5993.5 
0.30 0.60973 0.60410 0.59983 

0.32 0.61099 0.60495 0.60035 
0.34 0.61238 060589 0.60093 
0.36 0.61391 0.60691 0.60158 
0.38 0.61558 0.60804 0.60229 
0.40 0.61742 o 60929 0.60306 

0.42 0.61945 0.61064 0.60391 
0.44 0.62167 0.61213 0.60483 
0.46 0.62410 o 61374 0.60581 
0.48 0.62676 0.61S48 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 0.6.5246 0.63138 0.61552 
0.64 0.65716 0.63406 0.61674 

. 0.66 0.66209 o 63679 0.617RH 
0.68 0.66723 0.63953 0.61889 
0.70 0.67253 0.64223 0.61974 

0.72 0.67797 0.64486 0.62038 
0.74 0.68348 0.64736 0.62075 

0.75 0.68624 0.64855 0.62083 
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[D = 2.900 lnches (73.66 Millimeters)] 

Pipe Reynolds Number (Re0 ) 

100,000 500,000 lxlQ6 5 X \06 10 X 106 50 X \0~ 100 X 1()6 

0.59622 0.59611 0.59609 0.59606 0.59606 0.59606 O.S960S 
0.59629 0.59611 0.59607 o 59604 0.59603 o 5%02 0.59602 
0.59636 0.59612 0.59607 0.59603 0.59602 0.5%01 0.59601 
0.59645 0.59615 0.59609 0.59603 0.59602 0.59601 0.59601 
0.59655 0.59620 0.59613 o 59ti06 0.59605 0.59603 0.59603 

0.59666 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 
0.59697 0.59647 0.59638 0.59627 0.59625 0.59623 0.59623 
0.59716 0.59661 0.59650 o 59639 0.59637 0.59634 0.59634 
0.59737 0.59677 0.59666 0.59653 0.59651 0.59648 0.59647 

0.59763 0.59697 0.59684 0.59670 0.59667 0.59664 0.59663 
0.59791 o 59720 0.59706 () 59690 0.5968? 0.59683 0.59682 
0.59824 0.59746 0.59730 0.59713 0.59709 0.59704 0.59703 
0.59860 0.59775 0.59758 0.59738 0.59734 0.59729 0.59728 
0.59901 0.59808 0.59790 0.59767 0.59762 0.59756 0.59755 

0.59947 0.59846 0.59825 o 59800 0.59794 0.597H7 0.59785 
0.59998 0.59887 0.59864 0.59835 0.59829 0.59820 0.59818 
0.60054 0.59933 0.59907 0.59874 0.59867 0.59HS7 0.59854 
0.60116 0.59982 0.59954 0.59917 0.59908 0.59896 0.59893 
0.60184 0.6003'/ 0.60005 0.59963 0.59953 0,.59939 0.59935 

0.60257 0.60095 0.60059 o 60012 0.60001 0.59984 0.59980 
0.60337 0.60158 0.60118 0.60064 0.60051 0.60032 0.60027 
0.60422 0.60224 0.60179 o 60118 0.60103 0.60081 0.60075 
0.60512 0.60294 0.60244 0.60175 0.60157 0.60131 0.60125 
0,61Xi08 0.60366 0.60310 0.60232 O.ó0212 0.00182 0.60174 

0.60707 0.60440 0.60377 0.60289 0.60266 0.60232 0.60223 
0,60810 0.60515 0.60444 0.60344 0.60318 0.60279 0.60269 
0.60914 0.60588 0.60509 o 60397 0.60367 0.60323 0.60311 
0.61019 0.60658 0.60570 0.60444 0.60410 O.lí01(i} 0.60)46 
0.61121 0.60723 0.60625 0.60483 0.60445 0.60388 0.60373 

0.61219 0.60780 o 60ú71' 0.(i05l2 0.60470 0.60405 0.6031l7 
0.61310 0.60826 0.60704 0.60527 0.60479 0.60,W7 0.6031l6 
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.ó014H 0.60322 
0.61498 0.608.55 0.60691 0.60447 0.60381 0.60279 0.60250 

0.61519 0.60814 0.60633 0.60363 0.60289 0.60176 o 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 

,o 
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SECTION 3-CONCENTRIC, SaU_AAE-EDGED ÜRIFICE METERS, PART 1-GENERAL EaUAnONS ANO UNCERTAINTY GUIDELINES 

Table 1-B-3-Discharge Coefflcients ter Flange-Tapped Orifica Meters: Nominal4-lnch (100-Millimeter} Meter 

p 4000 !0,000 

0.02 0.~9764 0.59689 
0.04 0.59861 0.59739 
0.06 0.59945 0.59784 
008 o 60024 0.59826 
0.10 0.60100 0,59868 

0.12 0.60175 0.59910 
0.14 0.60250 0.599.51 
0.16 0.60326 0.60000 
0.18 0.60405 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 
0.4<) 0.61763 0.60951 

0.42 0.61965 0.61086 
0.44 0.62187 0.61233 
0.46 0.62429 0,61393 
0.48 0.62694 0.61567 
0.50 0.62983 0.61753 

0.52. 0.63296 0.61952 
0.54 0.63634 0.62164 
0.56 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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50,000 

o 59633 
0.59648 
0.59662 
0.59677 
0.59693 

0.59711 
0.59731 
0.59754 
0.59779 
0.59807 

0.59838 
0.39873 
0.59912 
o 59955 
0.60004 

0.60057 
0.60116 
0.60181 
0.60252 
0.60330 

0.60414 
0.60504 
0.60601 
0.60705 
o 60814 

0.60928 
o 61047 
0.61168 
0.61290 
0.61411 

0.61528 
0.61638 
0.61731 
0.61820 
061884 

0.61921 
o 61926 

0.61915 

[O= 3.826 lnches (97.18 Millimeters}] 

Pipe Reynolds Number (Re0 ) 

100,000 500,000 1 X JQ6 Sx IQ6 lOx ID~ 50x 10' IOOx 106 

0.59623 0.59612 0.59610 0.59607 0.59607 0.59607 0.59607 
0.59631 0.59613 0.59610 0.59606 0.59605 0.59605 0.59605 
0.59640 0.59616 0.59611 0.59606 0.5960~ 0.59605 0.59604 
0.59650 0.59620 0.59615 0.59609 0.59608 0.59606 0.59606 
0,59661 0.59626 0.~9620 0.~9613 0.59612 0.59610 0.59610 

0.59675 0.5963~ 0.59627 0.59619 0.59618 0.59616 0.59616 
0.~9690 0.~964~ 0.59637 0.~9628 0.59626 0.5%24 0.59624 
0.59708 0.59658 0.59649 O.S9639 0.59637 0.59635 0.59634 
0.59729 0.59674 0.59664 0.596~2 0.59650 0.59647 0.59647 
0.59752 0.59692 0 . .59681 0.59668 0.59666 0.59663 0.59662 

0.59779 059713 0.59701 0.59686 0.59684 0.59680 0.59680 
0.59809 0.59737 0.59723 0.59708 0.59704 0.~9701 0.59700 
0.59842 0.59765 0.59749 0.59732 0.59728 0.59723 0.59722 
0.59880 o 59795 0.59779 0.59759 0.59755 0.59749 0.59748 
0.59922 0.59830 0 . .5981! 0.59789 0.59784 0.59778 0 . .59776 

0.59969 0.59868 0.59847 0.59822 0.598\6 0.59809 0.59807 
0.60021 0.59910 0.59887 0.59858 0.59852 0.59843 0.59841 
0.60078 0.59956 0.59930 0.59898 0.59891 0.59880 0.59878 
0.60140 0.60006 0.59978 0.59941 0.59932 0.59920 0.59917 
0.60207 0.60060 0.60028 0.59987 0.59977 0.59963 0 . .599.59 

0.60280 0.60t\8 o 60082 0.60035 0.60023 0.60007 0.60003 
0.60358 0.60180 0.60140 0.60086 0.60073 0.60054 0.60048 
0.60442 0.60245 0.60200 0.60139 0.60123 0.60101 0.60095 
0.60530 0.60312 0.60262 0.60192 0.60175 0.60149 0.60142 
0.60623 0.60381 0.60325 0.60246 0.60226 0.60197 0.60189 

0.60719 0.60451 o 60388 0.60300 0.60277 0.60243 0.60234 
0,60817 0.60521 0.60450 0.60350 0.60324 0.60285 0.60275 
0.6091.5 0.60588 0.60509 0.60396 0.60367 0.60323 0.60310 
0.61013 0.60651 0.60563 0.60436 060403 0.60352 0.60338 
0.61L06 0.60707 0.60609 0.60467 0.60429 0.60372 0.60356 

0.61194 0.60753 0.60643 0.60484 0.60442 0.60377 0.60359 
0.61272 0.60785 0.60664 0.60486 0.60438 0.60365 0.60345 
0.61335 0.60800 0.6066S 0.60467 0.60413 0.60332 0.60309 
0.6138L 0.60792 0.60643 0.60422 0.60362 0.60271 0.60245 
0.6L403 0.60756 0.60591 0.60347 o 60280 0.60178 0.60149 

0.61396 0.60686 0.60504 0.60234 06016() 0.60046 0.60014 
0,61354 0.60577 0.60377 0.60078 0.59996 0.~9869 0.59834 

0.61318 0.60505 0.60295 0.59981 0.59895 0.59762 0.59725 
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42 CHAPTER 14-NATUAAL GAS FLU!DS MEASUREMENT 

Tabla 1-B-4-Discharga Coefficients for Flanga-Tappad Orifica Matars: Nominal6-lnch (150-Millimeter) Meter 
[D = 5.761 lnches (146.33 Millimeters)] 

p 4000 10.000 50.000 

0.02 0 . .59765 0.59691 0.5963.'5 
0.04 0.59864 0.59742 0.59651 
0.06 0.59950 0.59788 0.59667 
0.08 0.60030 0.59832 0.59683 
D.to 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 0.60S92 0.60173 0.59857 
0.24 0.60686 0.60235 0.59894 
0.26 0.60786 0.60302 o 59934 
0.28 0.6089S 0.60374 0.59979 
0.30 0.61013 0.60454 0.60029 

0.32 0.61141 0.60S40 0.60083 
0.34 0.61281 0.60635 0.60143 
0.36 0.61434 0.60739 O 6020R 
0.38 0.61602 0.6Q852 0.60279 
0.40 0.61786 0,60976 0.60356 

0.42 0.61988 0.61111 0.60439 
0.44 0.62210 0.612.17 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 
0.58 0.64398 0.62620 0.61276 
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 
0.10 0.67201 0.64073 0.61758 

0.72 0.67724 0.64291 0.61762 
0.74 0.68250 0.64487 0.61726 

0.75 0.68512 0.64575 0.61690 
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Pipe Reynolds Number (Re0 ) 

100,000 500.000 1 X 106 5 X ]()6 

0.59624 0.59613 0.59611 0.59609 
0.59634 0.59616 0.59613 0.5%09 
0.59644 11.59620 0.59616 n.S96tl 
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 O.S9720 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 0.59937 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 0.6039S 0.60339 0.60260 

0.60727 0.60460 0.60396 0.60308 
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 

0.6ll53 0.60709 0.60600 O.fi0440 
0.61214 0.60724 0.60602 0.60424 
0.61258 0.60718 0.60582 0.60384 
0.61279 0.60685 0.60535 0.60314 
0.61272 0.60618 0.60453 o 60207 

0.61230 0.60512 0.6032.9 0.60057 
0.61144 0.60358 0.60156 0.59856 

0.61083 0.60260 0.6004R 0.59733 

JQ X 106 50 X l06 IOOX!06 

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 0.596\8 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 059699 
0.59726 0.59722 0.59721 
0.59751 0.59746 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 0.59908 0.59905 
059960 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 0.601117 0.60161 
0.60240 0.60211 0.60203 

0.60285 o 60251 0.60242 
0.60326 0.60287 0.60276 
0.60360 0.60316 0,60303 
0.603R5 0.60]35 0.60321 
0.60399 0,60342 0.60326 

0.6039R 0.60JJ3 0.60315 
0.60376 0.60303 0.60283 
0.60330 0.60248 0.60226 
0,60254 0.60162 0.60137 
0.60140 O.fi003R 0.60010 

0.59983 0.59869 0.59837 
0.59773 0.59647 0.59611 

0.596411 0.59513 0.59476 

t' 

.i 
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SECTION 3-CoNCENTRIC, SOUARE·EDOED 0RIFICE METERS. PART 1-GENERAL EaUATIONS ANO UNCERTAINTY GutOEl..INES 

Tabla 1-8-5--Discharge Coefficients for Flange-Tapped Orifice Meters: Nominal 8-lnch (200-Millimeter) Meter 
[D = 7.625 lnches (193.68 Millimeters)] 

p 4000 10,000 50,000 

0.02 0.59766 0.59691 0.59635 
0.04 0.59865 0.59744 0.59652 
0.06 0.59952 0.59791 0.59669 
0.08 0.60033 0.59835 0.59687 
0.10 0.60111 0.598RO 0.59706 

0.12 0.60189 0.59925 0.59727 
0.14 0,60266 0.59971 0.59749 
0.16 0.60345 0.60020 0.59775 
0.18 0.60427 0.60071 0.59803 
0.20 0.60511 0.60125 0.59833 

0.22 0.60601 0.60183 0.59867 
0.24 0.60695 0.60246 0.59905 
0.26 0.60797 0.60313 0.59947 
0.28 0.60906 0.60387 0.59992 
0.30 0.61024 0.60467 0.60042 

0.32 0.61153 0.60554 0.60097 
0.34 0.61293 0.60649 0.60157 
0.36 0.61447 0.6075'3 0.60223 
0.38 0.61615 0.60866 0.60294 
0.40 0.61799 0.60990 0.60371 

0.42 0.62001 0.61124 0.60453 
0.44 0.62222 0,61270 0.60541 
0.46 0.62464 0.61427 0.60635 
0.48 0.62727 0.61597 0.60734 
0.50 0.63013 0,61778 0.60837 

0.52 0.63323 0.61972 0.60943 
0.!54 0.63658 0,62177 0,61052 
0.56 0.64018 0.62393 0.61161 
0.58 0.64403 0.62618 0.61269 
0.60 0.64814 0.62851 0.61372 

0.62 0.65248 0,63089 0.61468 
0.64 0.65706 0.63330 0.61554-
0.66 0.66183 0.63570 0.61623 
0.68 0.66679 0.63804 0.61671 
0.70 0.67188 0.64027 0.61691 

0.72 0.67705 0.64233 0.61676 
0.74 0.68225 0.64413 0.61619 

0.75 0.68484 0.64491 0.61571 
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Pipe Reynolds Number (ReD} 

100,000 500,000 1 X ]()6 5 X {()6 

0.59625 0.59614 0.59612 0.59610 
o 5963(i 0.59617 0.5%14 0.59610 
0.59647 0.59623 0.59618 0.59613 
0.59659 0.59630 0.59624 0.59618 
0.59674 0.59639 0.59632 0.59625 

0.59690 0.59650 0.59643 0.59635 
0.59708 ().59664 0.59655 0.59646 
0.59729 0.59680 0.59670 0.59660 
0.59753 0.59698 0.59688 0.59677 
0.59779 0.59719 0.59708 0.59695 

0.59808 0.59743 0.59731 0.59717 
0,59841 059770 0.59756 0.59740 
0.59877 0.59800 0.59785 0.59767 
0.59917 0.59833 0.59816 0.59796 
0.59961 0.59869 0.59851 0.59828 

0.60010 0.59909 0.59888 0.59863 
0.60062 0.59952 0.59929 0.59901 
0.60120 0.59999 0.59973 0.59941 
0.60182 0.60049 0.60020 0.59983 
0.60248 0.60102 0.60070 0.60028 

0.60320 0.60158 0.60122 0.60075 
0.60395 0.60217 0.60177 0.60123 
0.60475 0.60278 0.60233 0.60172 
0.60559 0.60340 0.60290 0.60220 
0.60645 0.60403 0.60346 0.60268 

0.60732 0.60464 0.60401 0.60312 
0.6Ó820 0.60523 0.60452 0.60352 
0.60906 0.60578 0.60498 0.60386 
0.60989 0.60625 0.60536 0.60410 
0.61065 0.60662 0.60563 0.60421 

0.61131 0.60686 0.60576 0.60416 
0.61182 0.60691 0.60569 0.60390 
0.61215 0.60673 0.6053R 0.60339 
0.61224 0.60627 0.60476 0.60255 
0.61201 0.60544 0.60378 0.60132 

0.61140 0.60418 0.60234' 0.59962 
0.61032 0.60240 0.60037 0.59736 

0.60957 0.60128 0.59916 0.59599 

lO X 10'1 50 X 1()6 100 X 1()6 

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 0.59623 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 0.59759 0.59758 
0.59792 0.59787 0.59786 
0.59823 0.59817 0.59816 

0.59857 0.59850 0.59848 
U.S9H94 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 
0.60110 0.60091 0.60086 
0.60157 0.60134 0.60128 
0.60203 0.60177 0.60170 
0.60248 0.60218 0.60210 

0.60289 0.60255 0.60246 
0.60326 0.60287 0.60277 
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 0.59527 0 . .59492 

0.59513 0.59379 0.59342 
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44 CHAPTER 14-NATURAL GAS FLUIDS MEASURE~,.iENT 

Tabla 1-B-6-Discharge Coefficients for Flange-Tapped Oriflce Meters: Nominal10-lnch (250-Millimeter) Meter 
[D = 9.562 lnches (242.87 Millimeters)] 

p 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.!197.54 
0.16 0.60350 0.60025 0.59780 
0.18 0.60432 060076 0.59808 
0.20 0.60517 0.60131 0.59840 

0.22 0.60607 060190 0.59874 
0.24 0.60702 0.60253 0.59913 
0.26 0.60804 0.60321 0.59955 
0.28 0.60914 060395 0.60001 
0.30 0.61032 0.6047.5 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 

0.42 0.62010 0.61134 0.60463 
0.44 0.62231 0.61279 o 60551 
0.46 0.62473 0.61436 0.60643 
0.48 0.62735 0.6160.5 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 
o .58 0.64408 0.62618 0.61265 
0.60 0.64817 062848 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 0.68212 0.64369 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 1 X HJi 5 X 106 

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 
0.59677 0.59642 0.59635 0.59628 

0.59694 0.59654 0.59646 0.59638 
0.59713 0 . .59668 0.59660 0.596:51 
0.59734 0.59685 0.59676 0.59665 
0.59758 0.59704 0.59694 0.59682 
0.59785 0.59726 0.59714 0.59702 

0.59816 0.59750 0.59738 0.59724 
0.59849 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 

0.60019 0.59919 0.59898 0.59873 
0.60072 0.59962 0.59939 0.59911 
0.60130 0.60009 0.59983 0.59951 
0.60192 0.60059 0.60030 0.59994 
0.60259 0.60112 0.60080 0.60038 

0.60330 0.6016R 0.60132 O.fíOORS 
0.60405 0.60226 0.60186 0.60132 
0.60484 0.60286 0.60241 0.60180 
0.60566 0.60347 0.60297 O.tí0228 
0.60651 0.60409 0.60352 0.60274 

0.60737 0.60468 0.60405 o 60316 
0.60822 0.60525 0.60454 0.60354 
0.60906 0.60577 0.60497 0.60384 
0.60985 0.60621 0.60532 0.60405 
0.6l057 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 
0.61190 0.60592 0.60441 0.60219 
0.61158 0.60499 0.60332 0.60086 

0.61085 0.60361 0.60176 0.59903 
0.60963 0.60167 0.59964 0.59663 

0.60880 0.60047 0.59834 0.59517 

10 X 10~ 50x 106 IOOx 106 

0.59610 0.59609 0.59609 
0.59611 0.59610 0.59610 
0.59614 0.5%13 0.59613 
0.59620 0.5%18 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 0.597'11 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 0.59893 
0.59944 0.59933 0.59931 
0.599MS 0.59973 0.59970 
0.60028 0.60014 0.60011 

0.60073 O.ó0017 0.60053 
0.60119 0.60100 0.60095 
0.60165 0.60143 0.60137 
0,60210 0.110185 0.60178 
0.60253 0.60224 0.60216 

0.60293 O.ó02.'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 0.602'}5 0.60277 
0.60323 0.60250 0.60229 
0.60258 0,60176 0.60153 
0.60159 0.60067 0.60042 
0.60019 0.591}16 0.59RRR 

0.59829 0.59715 0.59683 
0.59580 0.59453 0.59418 

0.59430 0.5921}7 0.59259 

.J 
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SECTION 3-CONCENTRIC, SCUARE·EDGED ÚRIFICE METERS, PART 1-GENERAL EOUATIONS ANO UNCERTAINTY GUIOELINES 45 

Tabla 1-B-7-Discharge Coefficients for Flange-Tapped Orífice Meters: Nomlnal12-lnch·(300-Millimeter) Meter 
[D = 11.374 lnches (288.90 Millimeters)] 

p 4000 10,000 50,000 

0.02 0.59767 0.59692 0.59636 
ll.04 0.59867 0.59745 0.59654 
0.06 0.59954 0.59793 0.59672 
0.08 0.60037 0.59839 0.59691 
0.10 0.60116 0.59885 0.59711 

0.12 0.60194 0.59931 0.59733 
0.14 0.60273 0.59978 0.59757 
0.16 0.60353 0.60028 0.59783 
0.18 0.60435 0.60080 0.59812 
0.20 0.60521 0.60135 0.59844 

0.22 0.60511 0.60194 0.59879 
0.24 0.60707 0.60258 0.59918 
0.26 0.60809 0.60326 0.5<l960 
0.28 . 0.60919 0.60401 0.60007 
0.30 0.61038 0.60481 0.60058 

0.32 0.61167 0.60569 0.60113 
0.34 0.61308 0.60665 0.60174 
0.36 0.61462 0.60769 o 60240 
0.38 0.61630 0,60883 0.60311 
0.40 0.61815 0.61006 0.60388 

0.42 0.62017 0,61140 0.60470 
0.44 0.62237 0.61285 0.60557 
0.46 0.62479 0.61442 0.60649 
0.48 0.62741 0.61610 0.60747 
0.50 0.63027 0.61790 0.60847 

0.52 0.63336 0.61982 Ó.60951 
0.54 0.63670 0.62184 0.61056 
0.56 0.64028 0.62397 0.61162 
0.58 0.64412 0.62619 0.61264 
0.60 0.64821 0.62847 0.61362 

0.62 0.65253 0.63080 0.61451 
0.64 0.65708 0.63315 0.61527 
0.66 0.66182 0.63548 0.61586 
0.68 0.66674 0.63771 0.61621 
0.70 0.67179 0.63985 0.61627 

0.72 0.67692 0.64178 0.61594 
0.74 0.68206 0,64343 0.61514 

0.75 o 68461 o 64412 0.61453 

Copyright by the AMERICAN PETROLEUM INSTITUTE (APl) 
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Pipe Reynolds Number (Reo) 

100,000 500,000 1 X ¡()6 Sx JO!S 

0.59626 0.59615 0.596l3 0.59610 
0.59637 0.59619 0.59616 0,59612 
0.59650 0.59625 0.59621 0.59616 
0.59663 0.59634 0.59628 0.59622 
0.59679 0,59644 0.59637 o:59630 

0.59696 0.59656 0.59649 0.59641 
0.59716 0.59671 0.59663 0.59654 
0.59738 0.59688 0.59679 0.59669 
0.59762 0.59708 0.59698 0.59686 
0.59790 0.59730 0.59719 0.59706 

0.59820 0.59755 0.59743 0.59728 
0.59854 0.59783 0.59769 0.59753 
0.59R91 0.59RI4 0.59799 0.59781 
0.59932 0.59848 0.59831 0.59811 
0.59977 0.59885 0.59866 0.59844 

0.60026 0.59925 0.59905 0.59880 
0.60079 0.59969 0.59946 0.59918 
0.60137 0.60016 0.59990 0.59958 
0.60199 0.60066 0.60037 0.60001 
0.60265 0.60119 0.60087 0.60045 

0.60336 0.60175 0.60139 0.60092 
0.60411 0.60233 0.60193 0.60139 
0.60490 0.60292 0.60247 0.60186 
0.60572 0.60353 0.60302 0.60233 
0.60655 0.60413 0.60357 0.60278 

0.60740 0.60472 0.60408 060320 
0.60825 0.60527 0.60456 0.60356 
0.60907 0.60577 0.60498 0.60385 
0.60984 0.60619 0,60530 0.60403 
0.61053 0.60650 0.60551 0.60408 

o 61111 0.60665 0.60555 0.60395 
0.61154 0.60661 0.60538 0.60360 
0.61176 0.60632 0.60496 0.60296 
0.61171 0.60572 0.60421 0.60199 
o 61133 0.60473 0.60306 0.60059 

0.61053 0.60327 0.60142 0.59869 
0.60922 0.60124 0.59921 0.59619 

060834 0.59999 0.59785 0.59468 

lOx 106 50 X lOS IOO"x IIY' 

0.59610 0.59609 0.59609 
0.596ll 0.59611 0,596ll 
0.59615 o 59614 0.59614 
0.59621 0.59620 0.59620 
0.59629 0.59628 0.59627 

0.59639 0.59638 0.59637 
0.59652 0.59650 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 
0.59839 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 0.59977 
0.60035 0.60021 0.60018 

0.60080 0.60064 0.60059 
0.60126 0.60107 0.60101 
0.60171 0.60149 0.60143 
0.60216 0.60190 0.60183 
0.60258 0.60229 0.60221 

0.60297 0.60263 0.60254 
0.60330 0.60291 0.60280 
0.60355 0.60311 0.60299 
0.60370 0.00319 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 

0.59381 0.59247 0.59210 
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46 CHAPTER 14-NATURAL GAS FLUIDS MEASUREMENT 

Tabla 1·9·8-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal16-lnch (400-Millimeter) Meter 
[D = 14.688 lnches (373.08 Millimeters)] 

~ 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 0.6011H 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 0.59H49 

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 0.61315 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 0.61149 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 0.60957 
0.54 0.63677 0.62190 0.61061 
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 0.6.5711 0.63312 0.61519 
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 by the AMERICAN PETROLEUM INSTITUTE (APl) 
Tue Oct 08 13:!7:13 ¡qq6 

Pipe Reynolds Number (Re0 ) 

100,000 500,000 txlQ6 5 X (Q6 

0.59626 0.59615 0.59613 0.59611 
0.59638 0.59620 0.59617 0,59613 
0.59651 0.59627 0.59622 0.59617 
0.59665 0.59635 0.59630 0.59624 
0.596Rl 0.59ti46 0.59640 o 59633 

0.59699 0.59659 0.59652 0.59644 
0.59719 o 59675 0.59666 0.59657 
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 
0.59860 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 0.59852 

0.60034 0.59934 0.59913 0.59888 
0.60088 0.59978 0.59955 0.59926 
0.60146 0.60025 0.59999 0.59967 
0.60208 0.60075 0.60047 0.60010 
0.60275 0.60128 0.60096 0.60055 

0.60345 0,60184 0.60148 ü.60101 
0.60420 0.60242 0.60201 0.60148 
0.60498 0.60301 0.60256 0.60195 
0.60579 0.60361 0.60310 0.60241 
0.60662 0.60420 0.60363 0.60285 

0.60746 0.60478 0.60414 0.60325 
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 

0.6ll06 0.606.59 0.60549 0.60389 
0.61145 0.60651 0.60528 0,60350 
0.6ll62 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 106 50 X (()'1 lOO X 106 

0.59610 0.59610 0.59610 
0.59612 0.59612 0.59611 
0.59617 0.59616 0.59613 
0.59623 0.59622 0.59621 
0.59631 0.59630 0.59630 

0.59642 0.59641 0.59640 
0.59655 0.59654 0.59653 
0.59671 0.59669 0.59668 
0.59689 0.59686 0.59686 
0.59709 0.59706 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 0.59341 0.59840 

0.59882 0.59875 0.59873 
0.59920 0.59911 0.59909 
0.59960 0.59949 0.59947 
0.60001 0.59989 0.59986 
0.60045 0.60031 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 O.li0146 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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SECTION 3-CONCENTRIC, ScUARE-EDGED ÜRIFICE METERS, PART 1-GENERAL EQUATIONS ANO UNCERTAINTY GUIDELINES 47 

Tabla 1-B-9-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal 20-lnch (500-Millimeter) Meter 
(D = 19.000 lnches (482.60 Millimeters)] 

fJ 4000 10,000 50,000 

0.02 0.59768 0.59693 0.591137 
0.04 0.59868 0.59747 0.59656 
0.06 0.59951 0.59796 0.59674 
0.08 0.60040 0.59H42 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 0.59821 
0.20 0.60529 0.60144 o 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 
0.26 0.60930 0.60413 0.60020 
0.30 0.61050 o 60495 0.60072 

0.32 0.61180 0.60583 0.60129 
0.34 0.61321 o 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 0.6!066 
0.56 0.64042 o 62407 0.6t169 
0.58 0.64424 0.62626 0.61268 
0.60 ().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 0.63738 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 

0.75 0.68455 0.64363 0.61376 

Copyright by the AMERICAN PETROLEUM lNSTITUTE {APil 
Tue Oct 08 13:17:13 1996 

Pipe Reynolds Number (Re0 ) 

100,000 500,000 1 X 100 Sx lQ<I 

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 o 59642 o 59635 

0.59701 0.59662 0.59654 0.59646 
0.59722 0.59617 0.59669 0.59660 
0,59745 0,59696 0.59686 0.59676 
0.59171 0.59716 0.59706 0.59695 
0.59799 0.59740 0.59729 0.59716 

0.59831 0.59766 0.59753 0.59739 
0.59866 o 59795 0.59781 0.59765 
0.59904 0.59827 0.59812 0.59794 
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 0.59975 
0.60216 0.60083 0.60054 0.60018 
0.60283 0.60136 0,60\04 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 
0.60834 0.60537 o 60466 0.60365 
0.60913 0.60584 0.60504 0.60391 
0.60987 0.60622 0.6<J533 0.60406 
0.61052 0.60648 0.60548 0.60406 

0.61105 0.60657 (),60547 0.60387 
0.61141 0.60647 0.60524 0,60345 
0.61155 0.60609 0.60413 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 . .59809 
0.60850 0.60048 0.59844 0.59541 

0.60752 0 . .59912 0.59698 0.59380 

lOx IrJ1 50Xlü6 IOOx 106 

0.59611 0.59610 0.59610 
0.59613 o 59612 o 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 0.59786 0.59785 
0.59821 0.59816 0.59814 
0.59854 0.59848 0.59846 

0.59890 0.59882 0.59880 
0.59927 0.59919 0.59917 
0.59967 0.59957 0.39955 
0.60009 0.59997 0.59994 
0.60053 o 60039 0.60035 

0.60097 0.60081 0.60077 
0.60142 0.60123 0.60118 
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 0.60308 
0.60368 0.60310 0.60295 

0.60344 0.60279 0.60262 
0.60297 0.60224 0.60204 
0.60219 0.60137 0.60115 
0.60105 0.60014 0.59988 
0.59947 0.59844 0.59816 

0.59135 0.59620 0.59.589 
0.59459 0.59332 0.59296 

0.59293 0.59159 0 . .59122 
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48 CHAPTER 14-NATURAL GAS FLUIDS MEASUAEMENT 

Tabla 1·8·1 Q-Discharge Coefficients for Ffange· Tapped Orifica Meters: Nominal 24-lnch (600-Millimeter) Meter 
[O= 23.000 lnches (584.20 Millimeters)] 

p 4000 10,000 50,000 

0.02 0.5976R 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 o 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 0.59893 
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 0.61027 0.60410 

0.42 0.62036 0.61161 0.60492 
0.44 0.62257 0.61306 0.60579 
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 0.61999 0.60968 
0.54 0.63688 0.62200 0.61070 
0.56 o 64046 0.62411 0.6ll72 
0.58 0.64429 0.62629 0.61271 
0.60 0.64836 0.62854 0.61363 

0.62 0.65267 0.63083 0.61446 
0.64 0.65720 0.63313 0.61515 
0.66 0.66192 0.63539 0.61565 
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 0.61361 
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Pipe Reynolds Number (Re0 ) 

11?0,000 500,000 1 X 11)6 5 X IOG 

0.59627 0.59615 0.59613 0.59611 
0.59639 0.59621 0.59618 0.59614 
0.59653 0.59628 0.59624 o 59619 
0.59668 0.59638 0.59632 0.59626 
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 o 59719 

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 o 59938 
0.60158 0.60037 0.60012 o 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 o 60208 
0.60592 0.60373 0.60323 0.60253 
0.60674 0.60432 0.60375 0.60297 

0.607!57 0.60488 0.6042.5 0.60336 
0.60838 0,60541 0.60470 0.60369 
0.60917 0.60587 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 
0.6ll40 0.60646 0.60523 0.60344 
0.61153 0.60607 0.60470 0.60270 
0.6ll37 0.60534 0.60383 0.60160 
0.61084 0.60421 0.60253 0.60006 

0.60987 0.60257 0.60072 0.59798 
0.60836 0.60034 0.59829 0.59526 

0.60736 0.59895 0.59681 0.59363 

lO X 106 :50 X J06 LOO x 106 

0.59611 0.596to 0.59610 
0.59613 0.59613 0.5%13 
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 0.5%58 0.5%58 
0.59676 0.59674 0.59674 
0.59695 0.59693 0.59692 
0.59716 o 59713 0.59713 

0.59740 0.59736 0.597)6 
0.59766 0.597fl2 059761 
0.59794 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 o 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 O.l'i0170 0.60164 
0.60236 0.60210 0.60203 
0.60276 0.60247 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 o:Go3t2 0.60296 

0.60345 0.60280 0.60262 
0.60296 0.60223 0.60202 
0.60216 0.60135 0.60ll2 
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 0.59142 0.59105 

i 
·¡ 

' 

'· 
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SECTION 3-CONCENTRIC, SOUAAE-EDGED ÜAIFICE METERS, PART 1-GENEAAL EaUAnONS ANO UNCERTAINTY GUIDELlNES 49 

Tabla 1-B-11-Discharge Coefficients for Flange-Tapped Orifica Meters: Nominal30-lnch (750-Millimeter) Meter 
[D = 29.000 lnches (736.60 Millimeters)] 

{J 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 0.59fi76 
0.08 0.60041 0.59844 0.59696 
0.10 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 0.598.59 

0.22 0.60626 0.602LO 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 0.61188 0.60592 0.60138 
0.34 0.61329 0.60689 0.60199 
0.36 0.61484 0.60794 0.60266 
0.38 0.61653 0.60908 0.60338 
0.40 0.61838 0.61032 0.6Q4Jj 

0.42 0.62041 0.61166 0.60497 
0.44 0.62262 0.61312 0.60.584 
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 o 60973 
0.54 0.63693 0,6220.5 0.61075 
0.56 0.64051 0.62415 0.61177 
0.58 0.64434 0.62634 061275 
0.60 0.64841 0.62858 o 61366 

0.62 0.65272 0.63086 o 61448 
0.64 0.65724 0,63315 061516 
0.66 0.66197 0.63540 0.61S64 
0.68 0.66686 0.63757 0.61587 
0.70 0.67188 0.63959 o 61577 

0.72 0.67697 ().64139 0.61526 
0.74 0.68206 0.64289 o 61424 

0.75 0.68459 0.64349 o 61350 
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Pipe Reynolds Number (Rcv) 

100,000 500,000 1 X 10''> 5 X 106 

0.59627 0.59616 0.59614 0.59611 
0.59640 0.59622 0.59618 0.59615 
0.59653 o 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 059721 0.59711 0.59700 
0.59805 0.59145 0 . .59734 0 . .59721 

0.59837 o 59772 0.59760 0.59746 
0.59872 0.59802 0.59788 0.59772 
0.59911 0 . .59834 0 . .59819 0.59801 
0.59954 Ol9870 0.59853 0.59833 
0.60000 0j9908 0.59890 0.59867 

0.60050 0.59950 0.59929 0.59904 
0.6010.5 0 . .5999.5 0 . .59972 0 . .59943 
0.60163. 0.60043 0.60017 0.59985 
0.60226 0.60093 o 60065 0.60028 
0.60293 0.60147 0.6011.5 0.60073 

0.60364 0.60203 o 60167 0.60120 
0.60439 0.60260 0.60220 0.60166 
0.60517 0.60319 0.60274 0.60213 
0.60597 0.60379 o 60328 0.60259 
0,60679 0.60437 0.60380 0.60302 

0.60762 0.60493 o 60430 0.60341 
0.60843 0.6054.5 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 060660 0.60549 0.60389 
0.61141 0.60646 0.60523 0.60344 
0.61152 0.60606 0.60469 0.60269 
0.6LI34 0.60531 0.6031!0 0.60158 
0.61080 0.60416 o 60248 0.60001 

0.60980 0.60249 0.60064 0.59790 
0.60825 0.60022 0 . .59818 0.59515 

0.60724 0.59882 0.5'9668 0.59349 

JQ X 106 50 X 1()6 IOOX 106 

0.596ll 0.59611 0.59610 
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 0.5971.5 

0 . .59743 0.59739 0.59739 
0.59769 0.59765 0.59764 
0.59798 0.59793 0.59792 
o .59829 0.59824 0.59822 
0 . .59863 O.S98S6 0.59855 

0.59899 0.59891 0.59889 
0 . .59937 0.59928 O.!i9926 
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 0.60170 
0.60241 . 0.60216 0.60209 
0.60282 0.602!i2 0.60244 

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 o 60264 
0.60296 0.60223 0.60203 
0.6021S 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 

0.59262 0.59128 0.59091 
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APPENDIX 1-C-ADJUSTMENTS FOR INSTRUMENT 
CALIBRATION ANO USE 

Note: This appendix is nota pan ofthis standard but is included for informetional purposcs only. 

This appcndix discusses the need to consider the detennination of ftow rate from a holis
tic viewpoint. To build, operate, and maintain the facility properly, the user must have 
detined the desired uncertainty for the designer. 

The accuracy of the metered quantities depends on a combination of the following: 

a. The design, installation, and operation of the orificc mctcring facility. 
b. The choice of measurement equipment (charts, transmitters, smart transmitters. ana
lag/digital converters, data loggers, and so forth). 
c. Thc mcans of data transmission (analog, pneumatic, digital, manual). 
d. The calculatiOIJ ptocedure and means of computation (chart integration, flow computer, 
mainframe, minicomputer, personal computcr, and so forth). 
e. The effects on the operatinglcalibration equipment of ambient temperature, fluid temper
ature and pressure, response time, local gravitational forces, atmospheric prcssurc, and the 
Ji k e. 
f. The traceability chain associated with the purtable field standards. 

The uncertainty depends not JUSI on the hardware but also on the hardware's perfor
mance, the software 's perfonnance, 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 Constructión and lnstallation Requirements 
This document outlines the various design parameters that must be taken into consider

ation when designing metering.facilities using orífice meters. The mechanical tolerances 
found in this document encompas-s a wide range of diameter ratios for which experimental 
results are available. In this documcnt there are several sections in which the tolcrances for 
the mechanical specifications havc becn changcd, rclative to previous editions. 

Use of the calcu/ation procedures and teclmiques shown in the Manual of Petroleum 
Measurement Standar_ds, Chaprer 14, Sec:tion 3, Pans 1 and 3, with existing equipment is 
recommended, since these represen! significant improvements over the previous methods. 
Howeve1~ the uncertainty /evelsforjfow measurement using existing equipment may be dif
feretzt from those quoted in Part l. 

Use of orifice meters at the extremes of their diameter ratio (/J.) ranges should be avoided 
whenever possible. Good metering design and practice tends to be somewhat conserva ti ve. 
This means that the use of the tightest toleran ces in the mid-diameter ratio ({3,) ranges , 
would ~ave the highest probability of producing the best measuremcnt. An indication of 
this is found in the section on unccrtainty in Part l. 

This standard is based on diameter ratios ({3,.) hetween 0.10 ami 0.75. Minimum uncer
tainty of the orifice plate coefficient of discharge (Cd) is achieved with diameter ratios (/3,.) 
between 0.2 and 0.6 and orifice bore diameters greater than or equal to 0.45 inch. Diamcter 
ratios (/3,) and orifice bore diameters outside of this range may be uscd; howcvcr, the user 
should consult the uncertainty scction of Part 1 for limitations. 

Achicving thc bcst levcl of measurement uncertainty begins with but is not limited to 
proper design. 1\vo other aspects of the measurement process must accompany the design 
effort; otherwise it is of little 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. 
They are, however, implied. These aspects cannot be govcmed by a single standard, since 
they covcr mctcring applications that can ~iffer widely in flow rate, type of nuid, and op

. erational requirements. The user must therefore determine the best meter selection for ap
plication and level of maintenance for the measurement system under consideration. 

2.2 Symbols 
This standard reflects orifice meter application to fluid ftow measurement with symbols 

in general technical use. 

Symbol 

e, 
d 

d., 
d, 
D 

Represented Quantity 

Orifice plate coefficienl of discharge. 
Oritice plate bore diarneter calculated at fiowing temperature. T1. 
Orifice plate bore diameter measured at T,,. 
Orifice platc borc diamcter calculated at reference temperature, T,. 
Meter tu be interna! diameter calculated at fiowing lemperature, T¡. 
Meter tube interna! diameter measured at TD,. 
Meter tu be interna! diameter calculated at reference temperature. Tr. 
Orífice differential pressure. 
Temperature. in degrces Fahrcnheit. 
Tcmperature. in degrees Rankine. 

Copyrlght by the AMERICAN PETROLEUM INSTITUTE (AP!) 
Tue Oct 08 13:48:02 1996 



2 

E 
e 

R, 
T., 

T, 

a 
a, 
a, 
f3 

{3, 

{3, 

e 
9 

API MPMS*14.3.2 91 11 0732290 0095712 9 11 

CHAPTER 14-NATURAl GAS FLUtOS MEASUREMENT 

Orifice plate thickness. 
Orifice plate bore thickness. 
Roughness average. 
Temperature of the orifice plate and/or meter tube at time of diameter measure
mcnts. 
Reference temperature of orifice plate bore diameter and/or meter tu be intemal 
diameter. 
Linear coefficient of thermal expansion. 
Linear coefficient of thennal expansion of the orifice plate material. 
Linear coefficient of thermal expansion of thc meter tu be material. 
Ratio of orifice plate bore diameter to meter tu be inrernal diameter (d/D) cal
culated at ftowing temperature, T1. 
Ratio of oritice plate bore diameter to meter tube internal diameter (dm/D,,) 
calculated at temperature r,.,. 
Ratio of orifice platc bore diameter to meter tu be intemal diamcter (d,/D,) eal
culated at reference temperature, T,. 
Orifice plate bore eccentricity. 
Orifice plate bevel angle. 

2.3 Deflnitions 
This standard reflects orifice meter application to fluid flow measurement. The defini

tions are given to emphasize the particular meaning of the terms as used in this standard. 

2.3.1 PRIMARV ELEMENT 

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

2.3.1.1 Orífice Plata 

The orifice plote is defined as a thin plate in which a circular eoncentrie aperture (bore) 
has been machincd. Thc orificc plate is describcd as a thin plate with shnrp, square edge be
cause the thiekness of the plate material is small, compared with the interna! diameter of the 
measuring aperture (bore) and beca use the upstrearn edge of the measuring aperture is sharp 
and square. 

2.3.1.2 Orlflce Plata Bore Dlameter ( d, dm, d,) 

The calculated orifice plate bore diameter (d) is the interna! diametcr ofthe mifice plate 
measuring aperture (bore) computed at flowing temperature (T¡), as specified in 1.6.2 of Part 
l. The ealeulated onfice plate bore diameter (d) is used in the flow equation for the deter
mination of How ratc. 

The measured orífice plate bore diameter (dm) is thc mcasured intemal· diamctcr of the 
orifice plate measuring aperture at the temperature of the orifice plate (Tm) at the time of 
bore diameter measurements, detennined as specitied in 2.4.3. 

The reference orifice plate bore diameter (d,) is the intemal diameter ofthe orifice plate 
measuring apcrturc nt reference tempemture (T,), calculated as specified in 2.4.3. The ref
erence orifice plate bore diameter is the certificd or stamped orífice platc borc diameter. 

2.3.1.3 Orífice Plata Holder 

The orífice plate holder is defined as a pressure containing piping element, such as a set 
of orifice ftangcs oran orifice fitting, used to contairl nnd position the orifice plate in the pip
ing system. 
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2.3.1.4 Meter Tube 

The meter tube is defined as the straight sections of pipe, including all segments that are 
integral to thc orífice platc holder, upstrcam and downstream of the orifice plate, as 
specified in 2.5.1. 

2.3.1.5 Meter Tube Interna! Dlameter (0, Dm, O,) 

The calculated meter tu be interna! diameter (D) is the inside diameter of the upstream 
section of the meter tu be computed at ftowing temperature (T¡), as specified in 1.6.3 of Part 
l. The calculated meter tube internal diameter (D) is used in the diameter ratio and 
Rcynolds number equations. 

The measured meter tube intemal diameter (Dnr) is the inside diameter of the upstream 
section of the meter lube mea~ured at the temperature of the meter tu be (T,.) at the time of 
m·temal diameter measurements, as specified in 2.5.1.2. 

The reference meter tu be intemal diameter (D,) is the inside dinmeter of the upstrcam 
section of thc meter tubc calculatcd at thc rcfcrcnce temperature (T,). as specified in 2.5.1.2. 
The reference metCr tube interna! diameter is the certified or starnped meter tube intemal di
ameter. 

2.3.1.6 Dlameter Rallo (/3, f3m, /3,) 
The diameter ratio (/3) is defined as the calculated orifice plate bore diameter (d) divided 

by the calculaied meter tu be interna! diameter (O). 
The dinmeter mtio (f3n,) is dcfined as thc mcasured orificc plate bore diameter (dn,) di

vided by the measured meter tu be interna! diameter (O,.). 
The diameter ratio ({J,) is defined as the reference orífice plate bore diameter (dr) d.ivided 

by the reference meter tu be interna! diameter (Dr)• 

2.3.2 PRESSURE MEASUREMENT 

2.3.2.1 Tap Hole 

A tap hole is a hale drilled radial! y in the wall of the meter tu be or orilice plate holder, 
the inside edge of which is .flush and without any burrs. 

2.3.2.2 Flange Taps 

Flange taps are a pair of tap boles positioned as follows: 

a. The upstream tap center is located 1 inch upstream of rhe nearesl plate face. 
b. The downstream tap center is located 1 inch downstream of the nearest pinte facc. 

2.3.2.3 DIHerential Pressure (t.P) 

The differential prcssurc (AP) is thc static prcssure difference measured between the up
stream and the downstream flange taps. 

2.3.3 TEMPERATURE MEASUREMENT (T,, Tm, T,) 

The temperature (T¡) is the flowing fluid temperature measured at the designaled up
stream or downstream location, as specified in 2.6.4. 

In flow measuremenl applications where the fluid velocity 1s wcll bclow sanie. it is com
mon practice to inscrt a tempcrature sensing device positioned in the the ftowing stream to 
obtain the ftowing temperature. For practical applications. the sensed temperature is as
sumed to be the static temperature of the flowing fluid. 

The temperature (T,,) is the measured temperalure of the orifice plate and/or the meter 
tube at the time of the diameter measurements. as speci,fied in 2.4.3 and 2.5.1.2. 
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The temperaturc (T,) is the refcrence temperaturc uscd to determine thc rcfcrcncc orifice 
plate bore diarneter (d,) ancl/or the refe1ence interna\ meter tuhe diameter (D,), as specified 
in 2.4.3 and 2.5.1.2. 

2.3.4 ROUGHNESS AVERAGE (R,) 

The roughness average (Ra) used in this standard is that given in ANSI 1 B46.1 and is "the 
arithmetic average of the absolute valucs of thc measurcd pro file hcight dcviation taken 
within the sampling length and measured from the graphical centerline," 

2.4 Orlfice Plate Speciflcatlons 
The symbols for thc orifice plate dimensions are shown in Figure 2-1. 

2.4.1 ORIFICE PLATE FACES 

The upstream and downstream faces of the orifice plate shall be flat. Deviations from 
Hatncss on the orificc plate of lcss than or equal to 1 percent of dam height (that ts, 0.010 
inch per inch of dam height) under static conditions are allowed. The dam height can be cal
culated from the fonn~1la (D,. - d,,,)/2. This criterion for flatness applies to any two points 
on the orifice plate within the dimensions of the inside diameter of the pipe. The departure 
from ftatness is illustrated in Table 2-1. 

The surface roughness of the upstream and downstrcnm faces of the oritiCe plate shnll 
ha ve no abrasions or scratches visible to thc nakcd eyc that cxcccd 50 microinchcs Rn. The 

Mari< lnlet on 
paddle-type platas 

Flow --J .. ~ 

/ 

e 

, Bevel angla 
', (45° ± 15°) 
e~, 

' 
Mark oullet on 

..._..-' orifica fitting platas 

Figure 2·1-Symbols for Orifica Plata Dimensions 

'American National Standards lnstitute. 1430 Broadway, New York. New York 10018. 
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Date of lssue: April 1994 
Affected Publlcatlon: Chap1er 14, "Natural Gas Auids Measurement," Section 3, "Con
centric, Square-Edged Onfice Meters," Part 2, "Spccification and lnstallation Require
mcnts" ofthe Manual of Petroleum Measurement Standards, Third Edition, February 1991 

On page 4, Figure 2-1 should appear as shown be/ow: 

/ 
Mark l'llet on 

paddkHype platas 

Flow ----~~ 

Mark ou!Jot on 
.,._--' orifice fitting plates 

Figure 2-1-Symbols tor Orifica Plate Dimensions 
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Tabla 2-1-0rifice Plata Flatness Tolarance 

Orlflce plata outslde dlameter 

1 

Pipe ins1de d1ameter, Dm 

Straight edge 

~ 1 ~-----
s::?,eparture lrom llatness 

' ' 

Orifica bore, dm 

(MEASURED AT EDGE OF ORIFICE BORE 
ANO WITHIN INSIDE PIPE DIAMETER) 

Maximum Departure From Flatness (inchcs) for 
Orlfice Bore Nominal Meter Tube Size (inches) 
Dinmeter, d., 

(inches) 2 3 4 6 R 10 12 16 20 24 30 

0.125a 0.009 
0.250' 0.009 
0.375" 0,008 
0.500 0.008 0.013 
0.625 0.007 0.012 0.017 

0.750 0.007 0.012 0.016 0.027 
0.875 0.006 0.011 0.016 0.026 0.036 
1.000 0.005 0.010 0.015 0.025 0.035 0.046 
1.250 0,004 0.009 0.014 0.024 0.034 0.044 0.054 
1.!500 0,003 0.008 0.013 0.023 0.033 0.043 0,053 0.{)67 

1.750 0.007 0.011 0.022 0.032 0.042 0.052 0.066 
2.000 0.005 0.010 0.020 0.030 0.041 0.050 0.065 0.085 
2.250 0,004 0.009 0.019 0.029 0.039 0,049 0.063 0.083 
2.500 0.008 O.ot8 0.028 0.038 0.048 0.062 0.082 0.102 
2.7.50 0.006 0.017 0.027 0.037 0.047 0.061 0.081 0.101 

3.000 0.005 0.015 0.025 0.036 0.045 0.060 0.080 0.100 0.130 
3.250 0014 0.024 0.034 0.044 0.058 0.078 0.098 0.128 
3.500 0.013 0.023 0.033 0.043 0.057 0.077 0.097 0.127 
3.750 0.012 0.022 0.032 0.042 0.056 0.076 0.096 0.126 

4.000 0.010 0.020 0.031 0.040 0.055 0.075 0.096 0.125 
4.500 0.008 0.018 0.028 0.038 0.052 0.072 0.092 0.122 
5.000 0.015 0.026 0.035 0.050 0.070 0.090 0.120 
5.500 0.013 0.023 0.033 0.047 0.067 0.087 0.117 

6.000 O.Q!O 0.021 0.030 0.045 O.OM 0.08.'5 O.ll5 
6.500 0.018 0.028 0.042 0.062 0,082 0.112 
7.000 0.016 0.025 0.040 0.060 0.080 0.110 
7.500 0.013 0.023 0.037 0.570 0.077 0.107 

8.000 0,020 0.035 0.055 0.075 0.105 
8.500 0.018 o.o:n 0.052 0.072 0.102 
9.000b 0.015 0.030 0.050 0.070 0.100 

•use ofthesc diamcters is not prohibitcd but may result in uncertaimies greater than tho'e <ipecified in Chapter 14, 
Section 3, Part l. 
bFor larger sizes, thc mllximum dcparturc from flatness is equal to 0.005(D, - d,.,). 

surface roughness may be verified by using an elecrronic-averaging-type surface roughness 
instrument with a cutoff value of not less than 0.03 inch. Othcr surface roughncss dcvices 
(for example, a visual comparator) are acceptable for detennination of orifice plate surface 
roughness ifthe same repeatability and repraducibility as those of the electronic-averaging
type surface roughness instrument can be demonstrated. 

The plate shall be kept clean at all times and free from accumulations of dirt, ice, and 
other extraneous material. 
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2.4.2 ORIFICE PLATE BORE EDGE 

The upstream edge of the orifice plate bore shall be square and sharp. The orifice plate 
bore edge is considered to be too dull for accurate flow measurement if thc upstream edge 
reftects a beam of light when viewed without magnification or if the upstream edge shows 
a beam of light when checked with an orífice edge gauge. 

An estimation of suitable sharpness can be made by comparing the orífice plate bore 
edge with the bore edge of a reference orifice plate of the same nominal diameter. The 
orifke platc bore edge being evaluated should feel and loo k the same as the edge of the ref~ 
erence orifice plate. 

The upstream and downstream edges of the orifice pi ate bore shall be free from defects 
visible to the naked eye, such as flat spots, feathered texture, roughness, burrs, bumps, 

. nicks, and notches. ~ 

If there is 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 (dm, d,) ANO ROUNDNESS 

The measured urifice hure diarneter, d111 , is defined a~ the mean (arithrnetic average) of 
four or more evenly spaced diameter measurements. None of the four or more diameter 
measurements may vary from the mean value by more than the tolerances given in Table 
2-2. 'Thc oriticc platc tcmperaturc should be rccordcd at thc time the borc diamctcr measure
ments are made. 

The orifice plate hure diameter, d" is defined as lhc cak:ulatcd refercncl! diarneter at ref
erence temperature (T~) and can be derermined using the following equarion: 

(2-1) 

Where: 

a 1 = linear coefficient of thennal expansion for the orifice plate material (see Tahle 2-3). 
dr = orifice pi ate bore diameter calculated at reference tempera tu re (T,). 
dm = orifice plate bore diameter measured at Tm. 
Tm = temperalure of the orlfice plate at time of diameter measurements. 
Tr ::: rcfercncc tcmperaturc of the orifice platc borc diamctcr. 

Note: a 1, Tm, and T, must be m consisten! units. For the purpose ofthis standard, T, is assumed lo be 68°F. 

The orifice plate bore diameter, d1 , calculated at T,. is the reference diameter u~ed to cal
culate the bore diameter (d) at ftowing conditions, as specified in Part l. 

2.4.4 ORIFICE PLATE BORE THlCKNESS (e) 

The inside surface of the orific~ plate bore shall be in the form of a constant-diameter 
cylinder having no defects, such as grooves, ridges, pits, or lumps, visible lo the nakerl eye. 
The length of the cylinder is the orifice plate bore thickness (e). 

Table 2·2-Roundness Tolerance for 
Orifica Plata Bore Diameter. dm 

Orifice Bote Diam!!ter, ti~, (lnches) TCllerance (± inches) 

~0.250• 

0.2.51--0.375• 
0.376--0.50()a 
0.501-0.625 
0.626-0.750 
0.751-0.875 
0.876-1.000 

>1.000 

0.0003 
0.0004 
00005 
0.0005 
0.0005 
0.0005 
0.0005 

0.0005 inch per mch of dtametcr 

"lhe of diameters bclow 0.45 inch 1S not prohihited but may rel>ult in uncer
tainties greater than those specified in Chapter 14, Section 3, Part l. 
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Table 2-3-Linear Coefficient of Thermal Expansion 

Matt:nal 

Type 304 and 316 stainless steet• 
Monel' 
Carbon steelb 

Linear Coefficient of 
Thcrmol Expansion, a 
{U.S. Units (in/in-°F)] 

0.00000925 
0.00000795 
0.00000620 

Note: For ftowing tempcratureconditions outside those stated abolle and for 
othcr materia\s, rcfcr to the Amencan Society for Metals Metals Handbook 
"For nowing conditions betwcen -l00°F and +300°F, refer to ASME PTC 
19 ~-
~For flowing conditions between -7°F and +154°F, refer to Chap:cr 12, Sec
tíon 2. 

The mínimum allowable orifice plate bore thickness (e) is defined by e ~ 0.01dm or 
e > 0.005 inch, whichever is larger. 

The maximum allowable value for the orifice plate bore thickness (e) is defined by 
e~ 0.02Dm ore :5 O.L25dm, whichever is smaller, but e shall not be greater than the orífice 
plate thickness (E). 

2.4.5 ORIFICE PLATE THICKNESS (E) 

Thc minimum, maximum, and rccommcndcd valucs of oriticc plate thickness (E) for 
Types 304 and 316 stainless steel orifice plate5 are given in Tah\e 2-4 for differential pres
sures not exceeding 200 inches water column and operating temperatures not exceeding 
150°F. In other cases the manufacturer should be contacted for specific information on 
deftection (see 2.4.1) for a given diameter ratio, temperature, orífice plate maten al, orifice 
plntc holder, and diffcrcntial pressure. 

2.4.6 ORIFICE PLATE BEVEL (11) 

The plate bevel angle (B) is defined as the angle between the bevel and the downstream 
face of the plate. The allowable value for the plate bevel angle (11) is 45 degrees ± 15 cte
grces. 

The surface of the plate bevel shall have no defects visible to the naked eye, such as 
grooves, ridges, pits, or lumps. 

If a bevel is required (see Table 2-4), its minimum dimension measured along the axis of 
the bore shall not be less than x6 inch. 

2.5 Meter Tu be Speclfications 
2-5-1 DEFINITION 

The meter tube is defined as the straight upstream pipe of the same diameter (length A or 
A' on the installation !,ketches (see Figures 2-5-2-9)], including the straightening vanes, if 
used, the orifice plate holder, and the similar downstream pipe [length B on the installation 
sketches (see Figures 2-5-2-9)] beyond the orifice plate. The length of the upstream and 
downstrcam pipe sections is specified in 2.6.3. l. The tolcrances for the diameter and the re
strictions for the inside surface of the meter tu be are specified in 2.5. L.l through 2.5.1.3. 
There shall be no pipe connections within these distances other than the pressure taps 
specified in 2.5.4 (and pipe taps as defined in Appendix 3-D ofPart 3), temperature probes 
specified in 2.6.4, and/or straightening vane attachments, either tlanged or in linc. 

2.5.1.1 lnslda Surfaca 

The sections of the meter tu be to which the oritice plate holder is anached or the adjacent 
pipe sections that constitute pan of the meter tu be, as defined in 2.5.1, shall comply with 
2.5.1.1.1 through 2.5.1.1.3. 
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On page 7, Table 2-3 should read asfollow.<: 

Table 2-3-Linear Coefficient of Thermal Expansion 

~aterial 

Type 304 and 316 stainlcss su~e1· 
Monel~ 

C.ubon steele. 

linear Coeffic1cnt of 
Thennal F.xpanUon, a 
\U.S. Vniu (inJin·"F)J 

000000925 
0.00000795 
000000620 

Note· For Jlowing temperature conditions olher than those stated m Foot· 
notes a and b and for Clt:hcr matenah, n::fer to thc Amenotn Soclcty for Met
als Metals Han.dbook. 
"For Howmg coodtnons between -IOO"F and +3()()'"F, refer to ASME P"fC 
!9.5. 
bFor flowmg conditioos bctween -7°F and + 154°F, refcr to O!apter 12, Sec
twn 2. 

On page 8, Table 2-4 should appear as shown on thefollowing page: 
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8 CHAPTER 14-NATURAL GAS FLUIDS MEASUREMENT 

Table 2-4-0rilice Plate Dimensions 

· Nominallnside D1ameter (im::hes) 

2 3 4 6 8 !O 12 16 20 24 JO 

Publishcd 1.687 2.624 3.152 9.562 13.812 
JnsiUc 1.939 2 900 3.438 4.897 5.761 7.981 JO.Q20 11.938 15 000 19 000 23 000 29.000 
Dinmeter 2.067 2.300 3.061! 3.826 4 026 5.11!7 6065 7.625 8.071 10.136 ll 374 12.090 14.688 15.250 19.250 22.624 23.250 28.750 29.250 

Onfice Plate Tinckn:l,\S, E (mcht:S) 

Mimmum 
M11ximum 
Rccommcndcd 

Orlfíce 
Rore 

Diomeler, e S: 

0.115 0.115 O.J 15 
0.130 0.130 0,!30 
0.125 o 125 o. 125 

0.1!5 0.115 0.115 0.115 0.115 
0.130 0.130 0.163 0.192 0.254 
O, 125 0.125 0.125 0.125 0.125 

o. 1!5 0.115 0.175 0.175 0.175 0.175 0.240 0.240 0.240 0.370 0.370 
0.319 O.J 19 0.379 0.398 0.490 0.500 o 505 0.505 0.562 0.562 0.578 
0.125 0.2~0 0.250 0.250 0.375 0.375 0.375 0.375 0.375 0.500 0.500 

d., 0.12:Sd., Maxlmum Orlfice Edge Thickness, e (lnches) 

0.250"' x, xXl 
0.375"' }'¡.¡ 
o.soo x~ 
0.625 ~ .. 

o.75o M~ 
o.s75 Y .. 
l:ooo !' 
1.125 r .. 
1.2.50 
1.375 
1.500 ~~ 
1.625 'X. 

1.750 
1.875 
2.000 
2.250 

2.375 
2.500 
2.750 
2.875 

3.000 
3.250 
3.500 
3.625 

3.750 
4000 
4.250 
4500 

4,625 
4.1:SO 
5.000 

Notes: 

% 
X 
% 
r.. 

''Ml 
% 

xX2 ~! XI }í! 
x,';.. Y. ií. 

x){, x. x, x6 
.& r. Y. 

x'/,1 x. 
xY .. ií. 

X 
xJ.,' 

1. The maximum edge thickness is defined by e< 0,020., ore< 0.125d,., 
whichever is smal!cr, 
2. An orífice edge thickncss marked with an x is thc muximum fur thdl par~ 
ticular meler tube diameter and ís applicable to alllarger orífice diametcrs 
for that meter tubc diameter. 
3. Orifice diameters smaller than those marked wnh an X are deftned by e< 
O.l25d.,. 
4, Orifice plate.'l who~eedge thickne.~~ meet~ the value defmed by e< 00330~, 
need not be rebeveled unless reconditloning IS required for other reasons. 
5. AJI dimensions are in inches. For ease in machining, the next smaller val~ 
ues of e, in even multiples of ){. inch or X, inch, may be used where e ls given 
in 64ths of an inch. 
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xl(, X~ ~~ x. Y,, 
'Y"' 'Y. 'ií. 'Y... 

x};¡ /j¡ x. tl 
x'X.. 'Y. 'Y.. 

X X X 
xY.1 

,, 
"' "' 

x'ií. 

% % 
X X 

'){¡ ·~~ 
x'U6 ~. 

'ií. 

6. Bid1recttonal flow through an orif1ce meter requ1res a specially config~ 
urcd meter tubc and thc use of an unbevcled orifice platc. Use of an un~ 
bevdt:d orifice plate with bon:: lhicknt:..~s, e, thar. excccUs the Ji miL'> spedfied 
in th1s table is outstde ofthe scope ot thL'i standard. 
7. If a bevel is required, its minimum dtmenston, measurcd along the axis of 
the bore, shall not be less than X, inch. 
8. The use of dlamctcrs mnrkcd with an asterisk (") may rcsult in coefficienl 
of discharge uocer1ainties larger thnn thme specified in Chapter 14, Sectinn 
3, Part l. 
9. To prcvent plate deflection, the rccommended S~inch orifice plate thick· 
ncss (E} requlres that the dlfferential pressure be limited to 1:50 inches water 
column. 
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Table 2·4-0rifice Plate Dimens1ons 

Nomlnallmlde Olamerer (inches) 

' J • ' ' !O 12 16 20 24 30 

Pubhshed 1 ó!l7 2 624 3 152 9 562 1~.!:!12 

In M de 1.939 2900 3.438 4 ¡j47 5:161 7 981 10020 1\938 15000 19.(00 23000 29000 
[)u meter 2.067 2.300 3068 3.826 4 026 5.187 6065 7.625 8071 JO 136 11 374 12.090 14.688 15 250 19.250 21 t124 l] 150 28 750 2Q.2:10 

Onftce Plate Tlucknes.s. E (mche\) 

Mir~imum u 115 0.115 O.ILS 0.115 0.115 o 1 l'i o 1!5 0.115 0.115 0.115 o 175 0.175 0.175 0.175 o 240 0240 0240 o 370 0370 
Max1mum o \30 o 130 0.130 0.130 0.130 o 163 0.192 o 254 0.319 ÓJJ9 U.31Y o 3~8 0.490 osoo o 505 o :'105 o -~l'i2 0.562 0.578 
Recommemkd o 125 0.125 o 125 o 125 o 125 o 12.'i o 125 0.125 0.125 0250 •0250 o 250 0.375 0.375 0.375 o 375 0.375 0500 0.500 

Onfice 

··~ Otameter, es 
d. O 12Sd~ Maximum Onfice Erlge Thicknes,, e (UJChe$) 

O 2'iO• " " x~i, :~: 
,, 

" x,¡ ·« ,,, 
0.375• ..• xX.. -'" '(. 

o "'o " "' x'l¡. :~ .. ' " '" "' 
0.625 ;: ... - x'. .• '· ;~ . 
0.7'\0 " "' ' " X" "' 
0.875 .. " 'i. " x •• 
1(100 ' :·; " .• 
1 125 " x •• " 

1 250 '· ,l! x)\, 

1 375 t ~ :.. 

1 soo " /16 

1.625 '.':.. 

1 750 \ 
1.875 " 
2 000 

2 250 :.~ 

2.375 "' 
2.~1 :',. 
2.750 "' 11l 

~ 875 ';.;,. 

3.000 '1, 
,l 2,';0 'X1 
J 500 '•• 
\625 ~;.. 

] i50 '" '" 4 000 " ,, 
4 250 "• /ll 

4.500 
., ... 

4.625 '.'(. 
4 73() '" ,'\J 

5 000 <• 

Notes: 
1. The max:tmum edge thickness 1s defined by e< 0.02D,. ore< O.i2Sd.,, 
whichever \S smaller 
2. An orifice edge thtck.ness marked with an x JS the max1mum for that par
ltcular meter rube Uiameter J.nd is applicable to alllargcr onfice diameters 
for that meter tube d1ameter. 
3. Orifice dJamelers smaller than those marked with an x are defined by e< 
0.!25d,.. 
4. Orifice plales wlu.e edge duckness meel<; the value dcfmcd by e< 0.033D., 
need not be rebe ... eled unless recondltioning is rcquired for other n:awns. 
5. All d1mensions are in inches. Forease in mach1nmg, the ne:o.:t smaller "'al
ues of e, m e\ en multiples of !.. inch or Y,, mch, may be used where e is given 
m 64ths of .m inch. 
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6. Bidirenhmal flow through an onfice meter requ1rcs a specially config
ured meter tube and the use of an unbeveled orifice plate. Use of an un
be'oleled urifn:e plate with baR: thickne,<,s, ~, that cx:cceds the !imits specified 
lll thts table 1s ouLo;Lde of the seo pe of this standard 
7 If d bevel is required, n.s minimum dimenswn. mcasured along the axis ot 
the bore, shall not be less than Y .. mch. 
8. The use of d¡ameters marked with an astcnsk ("') may resuU in coettic1ent 
of dtschargc uncenainties largerthan those specif1ed m Chapter 14, Scction 
3, Part 1. 
9. To preven! plate deflecuon, the recommemJed 8-tnch oriflcc plate thtck
ness (E) rcqUJres that the differential pressure be hmned to l 50 inches water 
column. 
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SECTION 3-CONCENTA!C, SOUARE·EOGEO ÚRIFICE METERS, PAAT 2-SPECIFICATION AND INSTALLATJON AEOUIREMENTS 

2.5.1.1.1 The interna! surlace roughncss ofthc meter tu be should be meas u red at apprux
imately the samc axiallocations as those used to detennine and verify the meter tube inter
na} diameter (see 2.5.1.2). The values specified in Items a and b below are the arithmetic 
average roughnesses obtaincd using an electronic-averaging-type surface roughness instru
ment with a cutoff value of not less than 0 .. 03 inch. Other surfacc roughness devices are ac
ceptable for detennination of meter tubc surfacc roughness if the same repeatability and 
reproducibility as thosc of the electronic-averaging-type surf.ace roughness instrument can 
be demonstrated. A minimum or four roughness measurements shall be made. 

The mean (arithmetic average) ofthese four or more roughness measurements is dcfincd 
as the meter tu be intemal surface roughness. The mean meter tu be interna! surface rough~ 
ness may not exceed the following spccifications if the uncertainty values of Part 1 are to 
be met: 

a. 300 microinches Ra if the diameter ratios (/3,) are less than 0.6. 
b. 250 microinches RiJ if the diameter ratios (/3,) are greater than or equal to 0.6. 

Note: The use of lower diameter ratios ({J,.) reduces thc effect of pipe roughness on uncertainty. 

Carefully selected smooth commerdal pipe may be used. To improve smoothness within 
the meter tu be, the inside pipe walls may be machined, ground, or coated. 

2.5.1.1.2 Irregularities such .as grooves, scoring, or ridges resulting from seams, welding 
distortion, offsets, and the like, that affect the inside diameter by more than thc toleranccs 
given in 2.5.1.3 shall not be pennitted. When thesc tolcrances are exceeded, the irrcgular
ities must be corrected. 

2.5.1.1.3 The interior of the meter tu be shall be clean at all times and free from accumu
lations of contaminants (dirt, liquids, and so forth). 

2.5.1.2 Meter TUbe Dlameter (Dm, D,) 

The measured interna! diameter of the meter tube, D"" shall be determincd as specified 
in 2.5.1.2.1 through 2.5.1.2.5. 

2.5.1.2.1 A minimum of four equally spaced individual intemal_diameter measurcrnents 
shall be made in a plane 1 inch upstream from the upstream facc of the orifice plate. Thc 
mean (arithmetic average) of these tOur or more individual measurements is deíin~d as the 
measured meter tubc intcmal diameter (Dm)· 

2.5.1.2.2 Individual check measurements of the interna! diameter of the upstream section 
(A orA' in Figures 2-5-2-9) of the meter tube (excluding the orifke plate gasket or sealing 
device diameter) .shall be made at a mínimum of two additional cross-sections. The actual 
locations of the individual intemal diameter check measurements, circumferentially and ax
ially along the tu be, are not specified. These individual checks should be made at point.s that 
will indicate the maximum and mínimum dimensions of the intemal di a meter of lhe meter 
tube's upstream scction. 

One of these individual check measurements should be made in a region at least two pipe 
diameters from the face of the oritice plate or past the orifice pi ate holder wcld or ftange, 
whichever is the greater distance. Other individual mcasurcments should be madc at .se
lected points within the A orA' dimcnsion. 

Individual check mcasurements are used to verify the unifonnity of the intemal diameter 
of the upstream section of the nteter tu be (see 2.5.1.3) but do not become a part of the de
termination of the mean meter tu be internal diameter. 

2.5.1.2.3 Individual check measurements of the meter tube intemal diameter, D"11 sha!l 
be made in the downstream section of the meter tube in aplane 1 inch downstrcam from the 
downstream face of the orifice plate (see 2.5.1.3). 

Additional individual check mensurements of the interna! diameter, Dm (excluding the 
orifice plate gaskct or scaling device diameter), shall be made at a minimum of two other 
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CHAPTER 14-NATURAL GAS FLU!DS MEASUREMENT 

cross-sections in the downstream section of the meter tu be (see 2.5.1.3), similar to the mea
surements specified in 2.5.1.2.2. 

2.5.1.2.4 Meter tuhe interna! diarnctcrs are not limited to published nominal mside pipe 
diameters. However, all applicable regulatlons and codes must be followed. 

2.5.1.2.5· The meter tu be temperature should be rccorded at thc time the interna! diameter 
measurements are made. 

The reference meter tube interna! diameter, D,. is defined as the calculated meter tu be in
tema! diamctcr ut reference temperature (T,) and can be determined using the following 
equation: 

D, = D,[I + a,(T, - T,,)] (2-2) 

Where: 

a 2 = linear coefficient of thermal expansion for the meter tu be material (see Table 2-3). 
D,, :::: meter tu be intemal diameter measured at temperature (T,11). 

Dr = rcfcrcncc meter tube interna! diameter calculated at reference temperature (T,). 
T"' ;::; tempera tu re of the meter tu be at the time of the diameter measurernents. 
Tr ;::; referem:e temperature of the meter tu be intemal diameter. 

Note: a 2, 1;,,, and T, must be in consisten! unit~. For the purpose of this standard, T,. is assumed to be 63°F. 

The meter tube intemal diameter, Dr, calculatcd at Tris the diameter used to calculate the 
meter tube internal úiameter (D) at flowing conditions, as spccified in Pnrt l. 

2.5.1.3 Tolerances and Restrlctlons 

The tolerances for the diameter and the restrictions for the internal surface of the meter 
tube are specified in 2.5.1.3.1 through 2.5.1.3.3. 

2.5.1.3.1 Meter Tube Interna! Dlameter Roundness Tolerance 

2.5.1.3.1.1 Within the Flrst Mean MeterTube Diameter (Dm) 
Upstream ol the Orlflee Plate 

Thc absolutc valuc of the percentage difference between 1he measured meter tu be inter
nal diameter, Dm, and any individual diameter measurement within_a distance of one meter 
tu be diameter, D,, on Lhe upstream side of the orífice plate shall not cxcccd 0.25 percent of 
Dm: 

1 

Any diameter within one D"' - D., X 1001 ,; 0.25 % 
D, 

(2-3) 

An example of this situation is provided in Table 2-5- All measurements within une meter 
tube diameter upstream of the orifice plate face are within 0.25 percent of the 2.0695 mean. 

Tabla 2-5-Example Meter Tuba Interna! Diameter 
Rourídness Tolerances: Within Flrst Mean 

Meter Tu be Diameter Upstream o! 

Position 

1-inch upstream plate 

Within one D,, 

Orifica Plata 

Meter Tube Inremal Diameter 
Measurements (inches) 

A B e D Mean, D., 

2.0696 2.0694 2.0694 2.0696 

2.0700 2.0676 2.0671 2.0655 

2.0695 
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8ECTION 3-CONCENTRIC, SOUAAE·EOGED ÚRIFICE METEFIS, PART 2-SPECIFICATION ANO INSTALLATION AEQUIREMENTS 

2.5.1.3.1.2 All Upstream Meter Tu be lndlvlduallnternal Diameter 
Measurements, lncluding Those Withln One Meter 
Tube Dlameter Upstream of the Orifico Plato 

The percentage difference bdween the maximum measured individual internar diameter 
me.lsurement and the minimum measured individual internal diameter measurement of all 
upstream meter tu be individual intemal diameter measurements, including those within the 
first meter tu be diarneter upstrca!n of the ontice platc, shall not exceed 0.5 percent of Dm: 

Maximum diamctcr - Mínimum diamcter OO 
0 5

M 
~~~~====~~~~==~~~XI ~ . ~ 

D., 
(2-4) 

An example of this situation is provided in Table 2-6. The calculation to verify that the mea
surements meet the tolerance criterion is as follows: 

2.0700 - 2.0601 X lOO = 0.4So/o 
2.0695 

All upstream meter tU;be individual intemal diameter measurements, including thosc within 
one meter tu be diameter, D,,. upstrcarn of thc orificc platc are within 0.5 percent of Dm. 

2.5.1.3.2 Meter Tube Downstream Interna! Roundness Tolerance 

The absolute value of the percentage difference between the meas u red meter tu be diam
eter, D,, and any individual intemal diameter en the downstream si de shall not exceed 0.5 
percent of D,: 

1-A_n~y'-d'-o'-w--'n'-st.:.r.:.ea=m=--'d'-'i'-am=e_te:..r_-_D'-"-"' 1 X 100 ~ 0.5% 
D"' 

(2-5) 

2.5.1.3.3 General Meter Tube Restrlctlons 

Abrupt changes of the inside meter tube surface (shoulders, offsets, ridges, welding 
seams, and the like) shall not exist in meter tu bes, with the exception of those allowed in 
2.5.1.4. 

2.5.1.4 Orlflce Plate Gasket or Seallng Devlce Recesses and Protruslons 

The orifice plate gasket or sealmg device tolerances and restrictions spccified in 2.5.1.4.1 
tilrough 2.5.1.4.5 shall apply at locations immediately upstream and downstream of the 
orifice plate face. 

2.5.1.4.1 Protrusions resulting from an orifice plate gasket or sealing device that extend 
into the pipe bore are not pennitted. 

Tabla 2·6-Example Meter Tuba Interna! Diameter 
Roundness Tolerances: All Upstream Meter Tube 

Individual Interna! Diameter Measurements 

Po~ition 

1-inch upstrenm pinte 

Within one 0,., 

Upstream check 
measuremem 
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A 

2.0696 

2.0700 

2.0621 

Merer Tube Intemal Dlameter 
Measurements (inches) 

R e D Mean,D, 

2.0694 2.0694 2.0696 2.0695 

2.0676 2.0671 2.0655 

2.0620 2.0613 20601 
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CHAPTER 14-NATUAAL GAS FLUIDS MEASUREMENT 

2.5.1.4.2 A recess resulting from an orifice plate gasket or sealing device, of 0.25 inch 
or less in length, as measured parallel to the pipe axis, does not require recess depth restric
tion, diamctcr ratio ({3'") limitntion, or additional uncertainty. 

2.5.1.4.3 A recess resuJting from an orifice plate gasket or sealing de vice, of more than 
0.25 inch but less than or equal to 0.5 inch in lcngth, docs not rcquirc diamcter ratio (/3 .. ) 
limitation or éldditional uncertainty if the depth of the recess is within the limitations of 
2.5.1.3. 

2.5.1.4.4 All orifice plate sealing devices sha\1 be of the same nominal inside pipe diam
eter (within the limits specified in 2.5.1.4.1 through 2.5.1.4.3) as the orífice pi ate holder in 
which it is used. 

2.5.1.4.5 For recesses larger than those described in 2.5.1.4.2 and 2.5.1.4.3, adúitional 
uncertainity may be required. 

2.5.2 ORIFICE FLANGES 

Orífice tlangcs for orífice meter tu be installations should be constructed and attached to 
the pipe so that al! of the mechanical specifications in 2.5.1.1 and 2.5.1.4 are me t. 

Any distortion of the pipe resulting from welding the flange to the pipe shall he removed 
by machining or grinding to m~et the limitations specified in ·2.5.1.3. 

2.5.3 ORIFICE FITTINGS 

2.5.3.1 General 

Orifice fittings representa class of orifice holders that is widely used thruughuut the in
dustry. With these devices it is possible to reproduce the orífice coefficients dcfincd by the 
equation in Part 1 within the samc unccrtainty limits as would be found for an orifice pinte 
held between two flanges (the original test devices). To do this, these devices must be man
ufactured to the tolerances specified in Lhis standard. With orifice fittings, however, some 
practical considerations should be recognized, and sorne critica! inspections that ate unique 
to these devices should be perfonned. The following infonnation is based on de vices that 
were commonly known to cxist at the time this standard was developed and may not cover 
innovations that have become commonly known since its publication. Such innovations 
may be deemcd to pe in accordance with this standard as long as they mcct all tolerances 
containcd herein. 

2.5.3.2 Attachmentto Pipe 

When an upstream ft.anged orífice fitting is used, the mean inside diameter of the meter 
tube connected to thc inlct side shall agrec with the mean inside diameter of the fitting 
within the tolerance given ín 2.5.1.3. When the fitting is installed, the inlct sidc should be 
connected to the upstream section of the meter tube first and carefully centered; no sharp 
edges at this junction are allowed. 

'lb prevent misalignment at this joint when a fl.angcd connection has been used, two di
ametrically opposcd bolt hales may be rcamcd and snug fitting bolts installed, or dowel pins 
may be u sed. Othcr alignment methods may be u sed as long as the samc rcsult is obtaincd. 

When the upstream section of the meter tube is attached to the orifice fitting hody by 
welding, any distortion of the pipe resulting from the welding shall be removed by machin
ing or grinding to meet the requirements of 2.5. 1.3. 

2.5.3.3 lnspectlon Consideratlons 

In sorne instances the inspection of an orífice fitting m ay not be as easy as the inspection 
of a conventional flanged orifice meter. This is true when the fitting in question is of the 
weld neck design and has airead y been connected to the meter tu be. Unless the meter tube 
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8ECTION 3-CONCENTRIC, SOUAAE-EOOED ÜRIFICE ME TEAS, PART 2-SPECIFICATION ANO INSTALLATION REOUIAEMENTS 

is of a large size, 1t may be difficult to makc mcasurcments in thc vicinity of the orifice 
platc. To makc this inspection easier, the fitting should have at least one flanged sidc 
(preferably the dowmtream .side). The u ser should refer to the relevant pressure vcssel and 
pipeline codes to determine whether this particular design may be used in a given systcm. 
All measurernents of mechanical tolerances should be made nfter the fitting has bccn prcs
sure tested at the maximum requircd test prcssurc. 

2.5.3.4 Bypass Checks 

In oriticc fittings thcrc is thc possibility that sorne fluid may bypass the orifice plate. Tests 
shall be conducted after the meter nm has bcen pressure tested in accordance wirh the rel
evant code to ensure the follOwing: 

a. No differential pressme tap communication or leakage exists. 
b. No holding or sealing device fluid bypass exists. 

2.5.4 PRESSURE TAPS 

2.5.4.1 Flange Taps 

Meter tubes using ftange taps shall have the center of the upstream pressure tap hale 
pJaced J inch from the upstream face of the orifice plate. The center of the downstrcam 
pressure tap hale shall be 1 inch from thc downstream face of thc orifice plate. Jfthe pres
surc tap hales are located by measuring from the bearing face of a flange, allowance must 
be made for the gasket or plate holding device used. Each tap hale shall be located at thc 
1-inch dimension within the tolerances shown in Figure 2-2. It is rccommended that a max
imum diameter ratio (/3) of 0.75 be used in the design of new mstallations. 

Under no circumstances should thcre be any ftow through or out of the flange tap or taps 
for purposcs other than determining pressure and/or differential pressure. This includcs 
ftows resulting frommanufacturing defects lhat allow for tap communication or the use of 

Flange taps nominal 4-lnch pipe and largor runs 

' Flange taps runs smaller than nominal 4-inch pipe 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 

Note: A maximum {J rmio of0.7S should be used in the dcsign of new installations. 

Figure 2-2-AIIowable Variations in Pressure Tap Hale Location 
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the ftange taps as a source of fluid for ulher instruments. For the latter, other tapo; located 
away from the orifice plate should be used. 

For ftange4 tapped orifice fittings, the location of the ftange tap relative to the faces of the 
plate must be maintaincd. This prccludcs the use of either thicker or thmner pi ates than are 
specified by the original design, unless the fitting has bccn redrillcd. Likcwisc, thc seals or 
other orifice holding de vices should not affect the location of the plate relative to the taps. 
Seal/plate combinations should be checked to ensure that the tolerance on the location of 
thc flangc taps is not cxceeded. 

2.5.4.2 Pressure Tap Drllllng 

Pressure tap hales shall be drilled radinlly to the meter tu be; that is, the centerline of the 
tap hale shall intersect and form a right angle with the axis of the meter tu be. 

2.5.4.3 Pressure Tap Dlameter 

The diameter afthe pressure tap hales at the inner surface afthe meter ntbe and ::tlong the 
drilled length of the holes shall be % inch ± Y64 inch for pipe with a nominal diameter of 2 
or 3 inchcs und shall be Y. inch ± Y64 inch for pipe with a nominal diameter of 4 in ches or 
larger. 

The pressure tap hales in the orifice plate holder may be drilled out and thrcadcd to rc
ceive the desired size afpressure tubing connection. 

The diameter af the tap hole sha\1 not be reduced within a length equal to 2X limes the 
tap holc diamcter, as measured from the inside surface of the meter tu be. 

2.5.4.4 Pressure Tap Edges 

The edges of the pressure tap hales on thc inner surface of the meter tu be shall be free 
from burrs ami may bl: slightly rounded. 

2.5.5 STRAIGHTENlNG VANES 

2.5.5.1 Deslgn of Tube Bundle Flow Stralghteners 

The maximum transverse dimension, a (see Figure 2-3), of any passagc through thc 
vanes shall not exceed one-fourth the in~ide diameter, D,, of the meter tu he. The cmss-sec
tional area, A, of any passage within the assembled vanes shall not exceed one-sixteenth uf 
thc cross-scctional aren of the containing meter tube, The length, L, af the vanes shall be at 
least 10 times the maximum instde dimcnsion, a. The length, L, shall not exceed one-half 
the dhnension C' in Figures 2w5, 2-6, 2-7, and 2-9, or elsc the dimcnsions C' andA' in these 
figures must be increased.lt is not necessary for all the tubes to be th~ same size, but their 
arrangement must be symmetrical. 

Figure 2-3-Tube Bundle Flow Straightener 
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2.5.5.2 Tublng 

The vnnes (sce Figure 2-3) rnay be huilt of smooth standard-weight pipe, thin-walled tub- · 
ing, or square, hexagonal, or other shaped tubing, either welded together or mounted into 
two end rlngs small enough to slip into the meter tube. Regardless of the design, thc mate
rial used to make these vanes should be of uniform smoothncss. The amount of passage 
blockage caused by the end rings should be kcpt as smalJ as is practica\. All tubes should 
be parallel, tapered as thin as is practica! at hoth ends of each tu be, and mounted axially 
with thc pipe. 

2.5.5.3 Fabrlcatlon 

Straightening vanes must be sturdily fabricated. After being inserted in the meter tu be, 
they shall be sccurcly fastened in place to prevent their being dislodged and pushed down 
against the orifice plate. Secure fastening, however, should not distort the vanc assembly 
with respect to the symmetry of the vanes within the meter tu be. The vanes should be con
structed to minimize the effects of swirl. Swirl can occur betwccn the exterior tubes of the 
bundle and the wall of the pipe. 

2.5.5.4 Other Flow Condltioners 

Tite use of other types of flow condiüoners should be based on tcchnical performance 
data and mutually agreed u pon by the parties involved. No specifications on the construc
tion, installation, or uncertainty of othcr flow conditioners are presented in this standard. 

2.6 lnstallatlon Requirements 
2.6.1 GENERAL 

The oriftce plate coefficients of discharge (Cd) given in this standard are bascd on the re
sults of many experiments conducted in both the United States and Euro pe. In all cases, 
normal flow conditions werc obtained by the use of long straight lengths of meter tu be, both 
upstream and downstream from the orifice, or by the use of ftow conditioners upstrenm 
from the orifice meter (see Part 1, 1.12.4.3). To obtain the uncertainty specificd on thc 
coefficient of discharge presented in Part l, similar fluid dynamic conditions must be at
tained in practice. 

2.6.2 ORIFICE PLATE 

2.6.2.1 Eccentricity (e) 

The orifice plate bore must be concentric with both the upstrenm and downstrcam inside 
wall of the orifice plate holder. The orifice pinte borc ccccntricity, measured parallel to the 
axis of the pressure taps, shall be lcss than or equal to the tolerance defined by the following 
equation: 

Where: 

e = orifice plate hore eccentricity. 

0.00250. 

0.1 + 2.3/3.~ 
(2-6) 

Table 2-7 shows sorne examplcs ofthe maximum allowable orífice bore eccentricity. 
Orificc plate bore eccentricity perpendicular tu the axis of the pressure taps may be four 

times the amount calculated using Equation 2-6 as long as the eccentricity in a plan e at 45 
degrees to and in a plane parallel to the pressure tap does not exceed the limit calculated 
from Equation 2-6. 

For practica! purposcs, onc method of determining the orlHce plate bore eccentricity is 
to measure the perpendicular distance between the installed orifice plate bore edge and thc 
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Table 2-7-Maximum Orilice Plate Bore 
Eccentricity Tolerances (lnches) 

Meter Tube lnside D1ametcr (inches) 

P .. 2.067 3.068 4026 6.065 7.981 IO.ü20 

0.20 0.050 0.074 0.097 0.11\6 0.192 0.242 
0.25 0.047 0.070 0.092 0.139 0.183 0.230 
0.30 0.044 0.065 0.085 0.128 0.168 0.211 
0.35 0.038 0.057 0.075 o. 113 0.148 0.186 
0.40 0.033 0.048 0.063 0.095 0.126 0.158 
0,45 0.027 0.039 0.052 0.078 0.103 0.129 
oso 0.021 0.032 0.041 0.062 0.082 0.103 
0.55 0.017• 0.025 0.032 0.(149 0.064 o 081 
0.60 0.0131 0.019• 0.025 0.033 0.050 0.063 
0.65 0.0101 0.015' 0020 0.030 0.039 0.049 
0.70 o.oos• 0.012• 0.0\53 0.023 0.030 0.038 

•For thcse values, a minimum cccentricit)' va\ue of0.020 im:h is COit.~i(kied 
practica!. This may incrcnsc the unccrtainty of the orifice plate coefficient 
of discharge (C,~) by an additional 0.0--0.5 perccnt. · 

inside walls of the meter tu be at thc pressure tap location. One~half the difference between 
the two mea~urements [(A - A')/2], 180 degrees apart, rcprescnts the eccentricity in one 
plane. This assumes that the orlftce plate bore and the meter tu be insidc wall are round to 
within a tolerance smaller than the maximum allowable eccentricity limit. Two pairs of 
measurements, in planes parallel to and perpendicular to the pressure tap axis (see Figure 
2-4), should he made to verify thc orífice plate bore eccentricity. Other technically valid 
techniques for verifying the orífice plate bore eccentricity are acccptnble. 

The maximum allowable orifice plate bore eccentricity calculated using Equauon 2-6 can 
be doubled if ftange taps 180 degrees apartare connectcd together to ohtain an average 
pressure. Care should be taken to ensure lhat equallengths oftubing are u sed to connect the 
taps and that the connection to the diffcrential pressure (D..P) device is located midway be
tween the taps. 

When measurement of the eccenlricity of an orífice plate installed in orificc Hangcs is not 
possible, two accurately located alignment pins ~hould be used to support and center the 
orificc pla.tc while the bolts are tightened. The eccentricity relative to the upstr~arn side is 

Note: 

8' 

Horizontal eccentricity "" (A - A ')12 

Vertical eccentric!ty = (R - WW. 

Orifica 
bore 

Figure 2-4-Eccentricity Measurements (Sample Method) 
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considered to be the most critical. It is therefore recommended that any alignmcnt pins or 
other de vices used to position the orifice pinte be mounted so that the plate is centered rel
ativc to the upstrcam scction of the meter tu be and pressure tap. 

Pinte centering techniques are a function of the design and are only constrained by the 
maximum allowable eccentricity described above. In most orifice fittings, the orifice pi ate 
is held in the ftowing stream by a carrier mechanism. Such rllechanisms theoretlcally pro
duce a repeatable eccentricity for the orifico plate. This should be checked for severa! op
erations of installing the plate in, and removing it from, the orifice fitting. The plate/carrier 
combination used to perfonn thls test should be the same combination that will be used in 
the field. lf any ofthe fit1ing's interna! mechanisms are replaced, this inspection should be 
repeated. 

2.6.2.2 Perpendlcularlty 

The orifice plate holder should maintain the plane of the orifice plate atan angle of 90 de. 
grees to the meter tu be axis. 

2-6.3 METER TUBE 

2-6.3.1 Length 

To assure accurate ftow measurement, the fluid should enter thc orifice plate with a fully 
dcvcloped flow profilc, free from swirl or vortices. Such a condition is best achieved 
through the use of ftow conditioners and adequate lengths of straight pipe upstream and 
downstream from the orifice plate. For further discussion, see Part 1, 1.12.4.3. 

Any serious distortion of the flow profile will produce flow measurement errors. Thcre 
are many piping configurations in which the orifice meter will ~ot produce results within 
the unccrtninty of this standard. Sorne of the more common types of piping installations 
have been studied with regard to their effect on metering accuracy. Figures 2~5-2-9 show 
the minimum lengths of meter tube required. 

For installations that are not explicitly covered in the installation sketches, Figure 2-5 
should be followed. 

2.6.3.2 lnstallatlon Sketches 

The graphs accompanying the installation sketches, Figures 2-5-2-9, indicate that the 
mínimum length of meter tu be requíred varies with the diameter ratio (/3,) and that longer 
lengths ofmeter tu be are required for the higher diameter ratíos (/3,). When thc diamctcr of 
the orifice bore requires changing to mcet diffcrent ftowing conditions, the mínimum length 
of the installed meter tube should be detennined for the maximum diameter ratio (/3r) that 
m ay be u sed. The design criteria for new installations should be the lengths quoted for di
ameter ratios (/3,) equal to 0.75. Meter tubes longer than those shown in Figures 2-5-2-9 are 
desirable. When srraightening vanes are used with meter tubes longer than those spcciticd 
for the given diameter ratio (J3r), the dimensions e ande· should not be less than those in
dicated by thc graphs. 

The installation sketches contained in this document are essentially unchanged from 
those in the 1985 edition of the standard. Substantia/ research programs in this area are 
currently being conducted by API,the Commission ofthe European Communities. the Gas 
Research lnstitute, and Canadian researchers. At the conclusion of the required research, 
changes in the standard wil/ naturally follow. In the imerim, the u ser should consult the 
ftow references listed in 2·A.25 of Appendix 2-A. 

2.6.3.3 Requlrements for Stralghtenlng Vanea 

ln determining whether or not straightening vancs are required, the goveming factor may 
not always be the nearest piping fitting on the inlet end of the meter tu be. For example, the 
1ast piping fitting or fittings may give no indication of the presence of swirling ftows. Each 
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individual station design may have a different set of conditions. It would therefore be im
practical to set up .c;;pecifications that would suit all cnnditions. The main consideration 
should be to minimize flow disturbance at the orifice plate from any upstream piping 
fittings .. 

The instnllation of straightening vnncs as shown in thc installation skctchcs wJII consid
erably reduce the amount of straight pipe required upstream from an orifice plate. The pur-

Aegulator or 
partially closed 

valva 

1------- Meter tube -------+1 

A--1•1-• a--. 

' Onilce 

1----- Metertube ----•1 

-c·--+-c=t- 8

---. -
' Orillce Str~ightening vanas/ 

~ 
50 

* E 45 ~ 
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40 
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Notes: 
t. A' - e = c. 
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25 
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2. When the diameter of thc orifice may require ehanging to meet different conditions, the length~ of straight pipe 
should be those reCJU!red for !he maximum oriflce to pipe dlameter ratio that may be uscd. 

Figure 2-5-Partly Closed Valva Upstream ot Meter Tube 
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On page 4, Figure 2-5 should appear as shown below: 

Regulator or 
partlally closed 

vatve 

1+------- Meter tube -------+! 

!+------ A ----o•>!-1,_, - 8 

1+----- Meter tuba -----+1 
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Onf1ce to ptpe diameter ratio, B 

Notes: 
1 A'-C=-C'. 
2 Wh~n Lhe Jiameter uf the unfice may requ1re changing to meet diffcrent conditions. the lenglhs of 'itraJ.ght p1pe 
should be those reqUJred for thc maximum ontice to p1pe d1ameter ratio that may be used. 

Figure 2-5-Partly Closed Valve Upstream of Meter Tube 
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1

:======-AA M~e~te~r~tu~b•:..==:::;:¡;:::-¡83=:::¡ 
Lessthan 

100 -J==============~======~======~========c: / 1,\ 
~~¡~-[~ 
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Notes: 
t. A'- C = C'. 

i!======:-.4A· Meter tu be 
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Orlffce to pipa diameter ratio, r3 
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15 
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C' 

e 5 
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0.7 0.75 

2. When the diameter of the orifice m ay reqUJre changing to meet different conditions, the lengths of stratghl pipe 
should be th.ose requircd for the maximum oritice to pipe diameter ratio that muy !Je used. 
3. Whcnthe two ells shuwn in the -.ketches above are closely (less then 3D) preceded by a thud that is not in the 
same planeas the middlc or second cll, the piping requiremcnts indicated by A should be doubled. 
4. Considerable evidence exists that swirling flow~ require 100 or more dlnmetcrs ofplpe to decny. This m forma
l ion is for guidnnce only, since no cmpiricnl data exist that accurately predict thc potentinl incrense in unccrtainty 
dueto this effect. Informntion on additional research and general uncertainty guide lines may be found in Ch:~pter 
14, Section 3, Part l. 1.12.4.1. 

Figure 2-6-Two Ells No! in Same Plane Upstream of Meter Tube 

pose of the vanes is to reduce or eliminate thc effcct on the ftow measurement of swirls ami 
crosscurrents sct up by thc pipe fittings and valves upstream from the meter tube. When 
straightening vanes are installed, they should be kept clean and free from debris, which may 
collect against the upstream end. 

The use of straightening vanes may not eliminate all pro file effects and can lcad to in
creascd uncertainty. For fu~her infonnation, refcr to thc references listed in 2-A.25 of Ap
pendix 2-A. 
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2. When the diameter ofthe onftce may require changing to meet diffcrent condltions, the lengths of straight pipe 
should be those rcquired for the maximum orifice to pipe diametcr ratio that muy be used. 

Figure 2-7-Less Than 10 Pipe Diameters Betweeñ Two Ells in 
Sama Plane Upstream of Meter Tuba 

2.6.3.4 lnstallatlon Wlth Valve or Regulator Precedlng Meter Tube 
(Figure 2-5) 

Figure 2-5 shows the basic meter tubc lcngth, which wdl accommodate a restriction in 
the pipeline upstream from the orifice plate. Meter tubc lcngths may be reduced under 
specific circumstances, as specified below. For installations that are not explicitly covered 
in Figures 2-6-2-9, the meter tube length shown in Figure 2-5 should be used. 

Instnllntions mnde within the dimensional limits of Figure 2-5 will provide adequate 
length for a val ve that restricts the ftow of Huid to be mstalled immediately upsrream from 
the meter tu be. This val ve may be a regulator ora partially closed gatc val ve, a globe val ve, 
a reduced-port bali val ve, ora plug val ve. 

However, if the valve opening is circular, the area is equivalent to 1he meter tuhe arca 
(that is, the val ve opening is ofthe same pipe size and schedule as the meter tube), and the 
val ve is in a wide-open position during the ftow measurement, it may be considered as not 
creating any serious disturbance and may be treated as providing restriction cquivalcnt to 
that resulting from an elbow immediately preceding thc meter tube. Under such circum
stances, consideration should be given to other finings immediately preceding the val ve in 
attcmpting to reduce lengths be!Ow the basic distances tabulated for Figure 2-5. Where 
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there are no other fittings and the valve preceding the meter tube ts wide open. Figure 2-7 
shall apply in locating the wide-open valves. 

2.6.3.5 lnstallatlon of Two Ells or Bends Precedlng Meter Tube 
(Bends Notln Same Plane; Figure 2-6) 

Figure 2:.6 shows two ell.s, or hends, at right angles to each other (not in the same plane 
and separated by fewer than 10 diameters of straight pipe), preceding the straight run of the 
meter tu be. With this configuration of piping fittings, the basic dimensions shown in Figure 
2-5 may be reduced to those indicated in Figure 2-6. 

When the two ells shown in Figure 2-6 are dosel y (less than 3D,) preceded by a third that 
is not in the same plane as the middle or second ell, the piping requirements shown by A 
should be doubled. 

2.6.3.6 lnstallatlon of Two Ells or Bends Preceding Meter Tube 
(Bends in Same Plane; Figures 2-7 and 2-8) 

Figure 2-7 shows two ells, or bends (in the same planc and scparated by fewer than 10 
diameters of straight pipe), prcccding the straight run. of the meter tu he. With this configu
ration of fittings, the basic dimensions shown in Figure 2-5 may ht! reduced to those indi
cated in Figure 2-7. 

Figure 2-8 shows two ells, or bends (in the same pJane and separated by 10 or more di
ameters of straight pipe}, preceding the straight run of the meter tu be. With this configura-

1:==:=:=:=::-;¡A .. ~M~ete~r ~tub~•-==:::;¡;1 ,=-ss =:¡ 

Notes: 

f 
100 or more 
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20 

o o 0.1 0.2 0.3 0.4 

A 
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... 
Orífice 

0.6 

Orifica to pipe diameter rallo, B 

15 

10 

5 

o 
0.7 0.75 

t. When the diameter of thc orifice may require changing to meet different conditions, the lengths of straight pipe 
should be thosc required for thc maximum orifice to pipe diamcter ratio that may he used. 
2. 111e straight run ofpipe hetween the elbows must be at least 10 diameters in length. lf this Jength is less than 
10 dlameters, Figure 2-7 shall be applicable. 

Figure 2-8-More Than 1 O Pipe Diameters Betwean Two Ells in Sama Plana 
Upstraam of Meter Tu be 
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tion of fittings, thc basic dimcnsions shown in Figure 2-5 may be reduced to those indicated 
in Figure 2-fL 

2.6.3.7 Jnstallation of Reducer or Expander Precedlng Meter Tu be 
(Figure 2-9) 

Figure 2-9 shows the use of a reducer or expander preceding the straight run of tite meter 
tubc. With this configuration of fittings, the basic or standard dimensions shown in Figure 
2-5 may be reduced ro thosc indicatcd in F1gure 2-9. This figure applies only to concentric 
reducers or expanders.. When cccentric reduccrs or expanders are used, the length of the 
straight run of the meter tu be should be in accon.lance with Figure 2-5. 

2.6.4 THERMOMETER WELLS 

Thennometer wells should be located to sense the average temperaturc of the nuid at thc 
orifice platc. The wells may be placed on the downstream side of the orifice and not closer 
to the plate than dimension B nor farthcr than 48, as shown in Figures 2-5-2-9. If straight
ening vanes are u~cd, the theunometcr well may be located 12-36 inches upstream from thc 
vane inlet. 

2.6.5 INSULATION 

Insulation of the meter tu be may be required in the case of extreme tcmperature differ
ences bctween the ambient tempera tu re and the temperature of the flowing fluid and/or for 
fluids being metercd ncar thcir critica! point, where small temperature changes result in ma
jar density changes. This can be critica! at low fl.ow rates, where heat transfcr cffccts may 
cause not only distorted temperature profiles but also a change in the mixed mean temper
ature values from the upstream to the downstream side of the meter run. 
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l. Stntighteníng vane'i will not reduce lengths of straight pipe (A). Straightening vanc.s nre not rcquircd bccause 
of the reducers; they are required becnuse of othcr fiuings that precede the reducer. Length A shall he increasecl 
by an amount equal to the lcngth of the srraightening vanes whenever they are Used {see bottom skctches). 
A' = A + Length of straightening vanes; C' "" A' - C. 
2, When the dinmeterofthc orificc may require changing to meet different condirions, the lengths of straight pipe 
should be those required for the ma~imum orifice to pipe d¡ameter ratio that may be used. 
3. Ifthe flowing fluid may be partially condensed, the expandeNypc installation, as weil as any other cunfiguration 
that might create two-phase flow in the meter tube, shnll he avoided. 

Figure 2-9-Reducer or Expander Upstream of Meter Tuba 
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APPENDIX 2-A-RESEARCH PROJECTS ANO TESTS 
CONDUCTED BETWEEN 1922 ANO 1989 

Note: This appcndix is nota part ofth!s standard but 1s tncluded for infor· 
motional purposcs only. 

2-A.1 lntroduction 

During the preparation uf Chapter 14, Section 3, the com
mittee analyzed the data from research projects and tests 
conducted between 1922 and 1989. Sorne of the projects 
wcre conducted directly undcr thc supcrvision of API, Gas 
Processors Association (OPA), and American Gas Associa
tion (A.G.A.) personnel. Other tests were conducted by the 
Commission of the European Communities. Still other tests 
by independent investigators worldwide made significant 
contributions to thc data base. The references described in 2-
A.2 through 2-A.12 are from the original docu.ment known 
as A.G.A. Report No. 2. The references described in 2-A.13 
through 2-A.19 were incorporated in the reference list of the 
document known as A.G.A. Report No. 3. The more recent 
rcfercnces listed in 2-A.20 through 2-A.25 were part of an 
intense review and subsequent white paper developed by the 
Chapter 14, Section 3, Part 2, working group. 

2-A.2 Cleveland Holder Tests (1925) 

The Cleveland holder tests were conducted by the Gas 
vleasurement Committee using a gas holder owned by the 

Enst Ohio Gas Company in Clcvcland. Thcse tests were 
made under the chainnanship of H. C. Cooper and the direct 
sup~rvision uf Professor R. S. Danforth uf the Case School 
of Applied Science. Representativos of the National Bureau 
of Standards and the U.S. Bureau of Mines were presentas 
obscrvcrs. Thc test linc consistcd of orífice meter runs of 8-, 
lO-, and 16-inch pipe; 4-inch orifice plates were installed in 
each of these runs. 

2-A.3 Buffalo Disturbance Tests (1926) 

The Buffalo disturbance tests were conducted by the Gas 
Measurernent Committee at the D3Iy Station of the Iroquois 
Gas Corporation, Buffalo, New York. Thc object of thcse 
tests was to determine the effects of disturbances produced 
in a gas stream by various kinds of pipeline fittings located 
near an oritice pi ate on the indications of an orífice meter. 

2-A.4 Disturbance and Rate-of-Fiow 
Tests (1927) 

Disturbance and rate-of-llow tests wcre conducted by the 
Gas Mcasurement Committee at Daly Station of the Iroquois 
Gas Corporation, Buffalo, New York, under the personal su
pervision of Howard S. Bean. The first part ofthese tests was 
a continuation of the 1926 series described in 2-A.3. The 
rate-of-ftow tests had two objcctives: 
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a. To build up, by mcnns of a series of intcrcomparisons, a 
series of relative orifice coefficient values for orífices in an 
8-inch pipe that ranged in diameter from 1 inch to 6X 
inches. 

b. To study the effect on orifice coefficicnts of increasing 
value of thc ratio of diffcrcntial prcssure to static pressure 
(h/p), that is, the ratio of the differenrial pressure, in inches 
of water, to the absolute st.atic pressure, in pounds per 
square inch. 

2-A.5 Rate-of-Fiow, Flange Form, and 
Supercompressibility Tests 
(1928) 

Rate-of-fl.ow, flange fonn, and supetcompressibility tests 
were conducted at the Daly Station of the Iroquois Gas Cor
poration, Buffalo, New York, by the Gas Measurement Com
mittee under the direction of Howard S. Bcan. Thc objects of 
these tests were as follow.s: 

a. To extend the study of cffccts on oriticc coefficients re
sulting from change.s in the h/p ratio to orífices in 4-inch 
pipes. 

b. To compare the relative indications obtained with recessed 
and unrecessed orifice flanges. 

c. To determine the devintion from Boylc's Law and its ef
fcct on mcasuring gas by orífice meters. 

d.To investigate the effect on orificl! coefficients for an 
equal diameter ratio of changing from an 8-inch to a 4-
inch line. 

2-A.S Shop Tests on Effects of Orifica 
lnstallation Conditions 
(1929-1930) 

Shop tests on cffects of orifice installation conditions were 
performed by the Bailey Meter Company, the Foxboro Com
pany, lhe Metric Metal Works, nnd thc Pittsburgh Equitable 
Meter Company for the Gas Measurement Committee in ac
cordance with an outline prepared by Howard S. Bean. The 
object of these tests was to determine thc effects on orífice 
meter indications that result from sorne installation condi
tions not covered by the disturbancc tests dcscribed in 2-A.3 
and 2-A.4. Additional information was dcsired about the fol
lowing conditions: 

a. Position and size of straightening vancs. 
b. Position and design of thennometer wells, particularly on 

the upstream side of rhe orifice. 
c. Roughness of pipe adjacent to lhe onfice. 
d. Form of flange in which the orificc plate is held. 
c. Inaccuracy in centering the orífice in the pipe. 
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f. The condition of the upstream edge of the orifice. 
g. The ratio of the width ofthe orifice edge to the diameter of 

the orifice. 

The results of these tests were repmted in the article "Ef
fect of Sorne Installation and Constmction Conditions Upon 
the Indications of an Orifice Meter," American Gas Associ
ation Montllly. July-August 1947, Volume 29, pages 7 and 8. 

2-A. 7 Edgewood Tests (1922-1925) 
The Edgewood tests we1e conducted at Edgewood Arse

nal, Maryland, by the National Bureau of Standards with the 
cooperation of the Chemical Warfare Service, U.S. War De
partment, under the immediute supervision of Howard S. 
fiean, with the advice of Edgar fiuckingham, and the assis
tance of Paul S. Murphy. The object of thes~ tests was to ob
tain original information on the orifice discharge coefficients 
over as wide a range of pipe sizes, diameter ratios, pressures, 
and pressurc ratios as was permitted by the facilities avail
able. The setup included orificcs in 4-, 6-, and 8-inch pipes. 
Forly-eight orifice plates were used, with orifice to pipe di
ameter ratios rang1ng from 0.108 to 0.858. 

2-A.S Chicago Holder Tests 
(1923-1924) 

The Chicago holder tests were conducted in Chicago by 
the American Gas Association Committee on the Measure
ment of Large Vol u mes of Gas, under the chairmanship of 
M. E. Benesh. On invitation froln Mr. Benesh, the Nalional 
Burcau of Standards cooperated in these tests, the main ob
ject of which was to study the accuracy of several types of 
meters, inclmJing orífice meteJ s userl to measure large quan
tities of gas at pressures near atmospheric. 

2-A.9 Ohio State University Steam and 
Water Tests (1929-1931) 

Steam and water teSts were conducted by the Ohio S tate 
University Engineering Experiment Station and the Bailey 
Meter Company at the Mechanical Engineering Laboratory 
of Ohio S tate University, under the supervision of Professors 
Paul Bucher and Samuel Beitler. The object ofthe tests was 
to determine the expansion factor and the coefficients of 
orifices measming both steam and water. Both 3- and 6-inch 
lines were used and a series of orífices were tested, first us
ing water and then steam. 

2-A.10 lntercomparison of Meter Runs 
(1932) 

. An intercomparison of meter runs was conducted by the 
Peoples Gas Light and Coke Company at its Joliet Measur
ing Station, Joliet, lllinois, under the supervision of M. E. 
Benesh. 
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2-A.11 Columbus Tests (1932-1933) 

The Columbus tests were conducted by the Joint Orifice 
Meter Committee at thc Hydraullc Laboratory of Ohio S tate 
Univer.sity, Columbus, Ohio, under the immediate supervi
sion of Professor Samuel R. Beítler. Nearly 80 separate 
orifice plates were used in tests with 1-, IX-, 2-, 3-, 6-, 10-, 
and 15-inch pipes, and in many cases, the same orifice was 
u sed in two or more diffcrcnt pipe sizcs. Thc orífice pipe di
ameter ratio ranged from 0.04 to 0.84. 

2-A.12 South Columbus Flange 
Form and Pressure 
Hole Tests (1932) 

Aangc fonn and pressurc hale tests werc conductcd by thc 
Joint American Gas Association-American Society of Me
chanical Engineers Coin.mittee on Orífice Meters at the 
South Columbus Measuring Station of the Ohio Fuel Gas 
Company, under the immediate supervision of J. E. Over
beck, with the advice of Profcssor Samuel R. Beitler. The· 
object of these tests, which were made with natural gas, was . 
to determine more completely than had been done either at 
Buffalo (2-A.3 and 2-A.4) or by rhe shop tests (2-A.6) the ef
fects of vanous sizes of interna! ftange recesses adjacent to 
the orifice plate. Hoth the width und the dcpth of the recesses 
were varied in the 2-, 4-, and 8-ínch pipe sizes that were used 
in the.sc tests. The orifice to pipe diameter ratio ranged from 
0.125 to 0.75. In combínation with these recesses, various di
ameters of pressure boles were u sed. 

2-A.13 Rockville Tests (1949-1951) 

The Rockville tests were conducted by the Joint American 
Gas Association-American Society of Mechanical Engi
neers Committee under the direction of Howard S. Sean. 
Tests with natural gas were performed at the Rockville, 
Maryland, Measuring Station of thc Atlantic Sea board Cor
poration to study the following: 

a. The effect of plug, globe, and gate val ve disturbances on 
measurement. 

b. The effect of e1bow placement disturbances (comparison 
with Buffalo tests). 

c. The effect of orifice meter fittings, compared wilh con.ven
tional orífice fl.anges. 

d. The effect of orífice tu be roughness. 
e. Installations of 2- and 8-inch piping. 

The results of these tests we1 e pub1ished by the American 
Gas Association in two interim reports, each entitled Jnves
tiRation ofOrifice Meter lnstal/ation Requirements and dated 
Mnrch 1951 andJanunry 1954. 
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2-A.14 National Bureau of Standards 
Hydraulics Laboratory Tests 
(195Q-1951) 

The National Bureau of Standards Hydraulics Laboratory 
te~ts were conducted by the Joint American Gas Associa
tion-American Society of Mechanical Engineers Committee 
on Orifice Meters at the Hydraulics Laboratory, National Bu
reau of Standards, Washington, D.C., under the immediate 
supervision of Howard S. Bean. The object of this project 
was, in part, to make comparative tests with water for the 

· roughness and orifico fitting installations used in the Rock
ville tests (2-A.13) and, in part, to examine the effect of pres
sure tap location and tap hale size. The results were reponed 
in conjunction with those from the Rockville tests. 

2-A.15 U.S. Naval Boller and Turbine 
Laboratory Tests (1946-1954) 

The U .S. Naval Boiler und Turbinc Laboratory tests were 
conductcd by the Bureau of Ships, U.S. Department of the 
Navy, in conjunction with the Joint American Gas Associa
tion-Amerkan Society of Mechanical Engineers Committee 
on Orifice Meters at the U.S. Naval Boiler and Turbine Lab
oratory in Philade1phia. 
~ This work was conducted under thc direction of James W. 
\t1urdock. The object of these tests, whlch were made with 
team, was to determine the effect of globe valves and ex-

pansion bends on orifice meter indications. Additional tests 
were performed to check the valucs. of expansion factors to 
be used in thc measurcment of steam. Thc results of these 
tests were repartéd in a series of four interim reparts pub
lished by the U.S. Naval Boiler and Turbine Laboratory. 
These reports were enritled Determination of the Minimum 
Length of Straight Pipe Required Between Various Pipe Fit
tings and the Orifice Plate for Acceptable Orifice Meter Ac
curacy and were dated January 1950, March 1950, May 
1950, and November 1951. 

2-A.16 Refugio Large-Diameter Orifica 
Tube Tests (1952-1953) 

The Refugio large·diameter orifice tube tests, a PAR Pro
ject, were conducted by the Project NX-4 Supervising Com
mittee, under the chainnanship of E. E. Stovall. The primary 
objeclivc was to determine experimentally whether the basic 
orífice coefficient data contained in the American Gas Asso-
ciation 's Gas Measurement Report No. 2 could be extrapo
lated for use in measuring gas accurate(y through 
large-diameter tubes. The test installation was located near 
Refugio, Texas, on a transrnission line of the Tennessee Gas 
Transmission Campan y. Tite results of these tests were pub· 
lished by the American Gas Association in a report, Large 
Diameter O rifle e Tube Tests, dated June l954. 
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2-A.17 Eccentric and Segmenta! 
Orifice Tests (1948-1954) 

Eccentric and segmcntal orífice tests were conducted un
der the supervision of a Subcommittee of the American So
ciety of Mechanical Engineers' Research Cornmittee on 
Fluid Meters with the cooperation of the American Gas As
sociation 's Gas Measurement Cornmittee. The chairman of 
the ASME subcommittee was L. E. Gess of the Minneapolis 
Honeywell Campan y. The objective ·or lhe tests was to deter
mine the coefficients of discharge of round orifices mounted 
with one edge tangent to the pipe wall and of p1ates with seg
mental orífices in them. The tests were run at Ohio State 
University under the supervision of Professor Samuel R. 
Beitler and were ana1yzed by Professor E. J. Lindah1 of the 
University of Wyorning. The results of these tests were re
ported in two ASME papers: "Calibration of Eccentric and 
Segmental Orifices in 4- and 6-Inch Pipelines," Transacti011s 
of the ASME, 1949, Volume 71, and "Coefficients of Dis
chargc for Eccentric and Segmental Orífices in 4-inch, 6-
inch, IO·inch, and 14·inch Pipes," presented at the Annual 
Meeting of the American Society of Mechanical Engineers, 
New York, November 1954. 

2-A.18 Pipe Roughness Study 
(1957-1960) 

A pipe roughncss study, a PAR Project, was conducted by 
thc Project NW·20 Supervising Committee under the chair
manship of J. W. Murdock. W. B. Ruff, Jr., of the Southem 
Natural Gas Company, served as the Gas Measurement 
Committee representative coordinating and supervising the 
project. The primary purpose of this program was to deter
mine, qualitatively and quantitatively, the effect of the char
acter of the.interior surface of orifice tubes on fluid fiow 
measuréments by orifice meters. A secondary objective was 
to correlate any effect on ftow measurement with sorne phys
ical measurement of the tubc roughncss (such as micro
inches) to thc end that a recommendation could be made 
about the relative roughness range for satisfactory metering 
service. The preliminary tests were conducted at the U.S. 
Naval Boiler and Turbine Laboratory in Philadelphia. The 
full·scale tests were conducted in Binningham, Alabama, at 
Southern Natural Gas Company facilities. Four-inch meter 
tubes were used in these tests. The results of these tests were 
published by the American Gas Association in the report 
The Effect of Pipe Roughness on Orifice Meter Accuracy 
(Catalog No. 33/PR), dated Pebruary 1960. 

2-A.19 Ohio State Universlty Flow 
Dlstortlon Tests (196D-1962) 

The Ohio S tate University fiow distortion tests constituted 
PAR Project NY-34. The supervising committee chairman 
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was C. W. Brown, Texas Gas Transmission Corporation. 
These tests were carried out at Ohio State University to de
tennine the amount of error causcd by distortion of the ap
proach velocity profile on the coefAcient of orifices. An 
attempt was made to eliminate swirl, so the report describes 
the effect of changes in the axial profile only. Six-inch orifice 
pipes with honcd walls (roughness of about 15 microinches) 
were used, and the inlet pro file was distortcd by use of spe
cial fl.ow disturbances and piping configurations. It was con
cluded that ordinary disturbances caused by piping 
configura.tions, which did not produce swirl, resulted in er
rors of less than 2 pcrcent if there were at least six diameters 
of straight uniform pipe ahead of the orífice. 

2-A.20 API Experimental Program 
Britton, C. L., Ca1dwell, S., and Seidl, W., "Measurements of 

Coefficients of Discharge for Caneen trie; Flange-Tapped, 
Square- Edged Orifice Meters in White Mineral Oil Over 
a Reynolds Number Range of 70 to 90,000," American 
Petro1eum Instituto, Washington, D.C., 1988. 

"Coefficients of Discharge for Concentric, Square-Edged, 
Flange-Tapped Orífice Meters: Equation Data Set-Sup
porting Documentation for Floppy Diskettes," American 
Petroleum lnstitutc, Washington, D.C., 1988. 

Whetstone, J. R., Cleve1and, W. G., Bateman, R. B .. and 
Sindt, C. F., "Measurements of Coeffi.cients of Discharge 
for Concentric, Flange-Tappeü, Square-Edged Orifico Me
ters in Natural Gas Over a Reynolds Number Range of 
25,000 to 11,600,000," American Petroleum Instituto, 
Washington, D.C., 1988. 

Whetstone, J. R., Cleve1and, W. G., Baumgarten, G.P., Woo. 
S., and Croarkin, M. C., ''Measurements of Coefficients of 
Discharge for Concentric Flange-Tapped Square-Edged 
Orifico Mctcrs in Water Over the Reyno1ds Number 
Range 600-2,700,000" (Technical Note 1264), National 
lnstitute of Standards and Technology, Washington, D. C., 
June 1989. 

2-A.21 EEC Experimental Program 
Hobbs, J. M., "Experimental Data for the Determination of 

Basic lOOm m Orifice Meter Discharge Coefficients" (Re
por! EUR 1 0027), Commission of the European Commu

. nities, Brusse1s, 1985. 
Hobbs, J, M., 'The EEC Orifico Plate Project: Part l. Trace· 

abilities of Facilities U sed and Calculation Methods Em
ployed" (Report PRS:EUEC/17), Commission of the 
Europcan Communities. Brussels, 1987. 

Hobbs, J. M., ''The EEC Orífice Plate Project: Part 11. Criti
cal Ev~luation uf Data Obtained During EEC Orifice Plate 
Tests" (Repon PR5:EUEC/17), Commission of the Euro
peno Communities, Brussels, 1987. 
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Hobbs, J. M., "The EEC Orifice P1ate Project: Tables o. 
Valid Data for EEC Orífice Analysis" (Report EUEC/17), 
Commission of the European Communities, BrusseJs, 
1987. 

Hobbs, .J. M., Sattary, J. A., and Maxwell, A. D., "Experi
. mental Data for the Determinatíon of Basic 250mm 
Orifico Meter Discharge Coefficients" (Repon EUR 
10979), Commission of the European Communities, Brus
se1s, 1987. 

Hobbs, J. M., Sattary, J. A., and Maxwell, A. D., "Experi
mental Data for the Dctermination of Basic 600mm 
Orifice Meter Discharge Coefficients," Commission of the 
European Communities, Brussels, in press. 

Spencer, E. A., "Study of Edge Sharpncss Effccts Mcasurcd 
During the EEC Orifice PI ate Coefficient Programme" 
(Report EUR 11131 EN), Commission of the European 
Communities, G1asgow, 1987. 

2-A.22 Orlflce Eccentricity 

Husain, Z. D., and Tcyssandicr, R. G., "Oriticc Ecccntricity 
Effects for Flange, Pipe and Radius (D- D/2) Taps" 
(ASME Paper 66-WA/FM-1), American Society of Me
chanical Engineers, New York, 1966. 

Husain, Z. D .. and Teyssandier, R. G., "The Effect of Orifice 
Eccentricity in a Small Linc Sizc." Papcr prcscntcd at tlic 
Intemational Conference on the Metering of Natural G 
and Liquefied Hydrocarbon Gases, London, Februar .. 
1984. 

Miller, R. W., and Kneisel, U., "Experimental Study of the 
Effccts of Orifico Pi ate Ecccntricity on Flow Coefticients" 
_(ASME Paper 68-WA/l'M-1), American Society of Me
t.:hanical Engineers, New York, 1968. 

Nonnan, R., Rawat, M. S., and Jepson, P., "An Experimental 
lnvestigation into the Effects of Plate Eccentricity and 
Elastic Dcfonnation on Oritice Metering Accuracy," Pa
per presented at the Intemational Conference on the Me
tering of Natural Gas and LiqlleHed Hydrocarbon Gases, 
London, February 1984. 

2-A.23 Orlflce Edge/Surface Condltlon 

Spenccr, E. A., "Study of Sharpness Effects Measured Dur
ing the EEC P1ate Cocfficient Programme" (Repon EUR 
11131 EN), Commission of the European Communities, 
Brussels, 1987. 

Studzinski, W., Berg, D., Bell, D., and Richards, D., "Effects 
of Orificc Surface Conditions on Accuracy of Flow Rate 
Measurements,, Paper presented at thc Second Intcrna
tional Conference on Flow Measurement, London, May 
1988. 
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--A.24 Pipe Roughness 

Brennen, J. A .. McFaddin, S. E .. Sindt, C. F .. and Wilson, R. 
R .. "Effcct of Pipe Roughness on Orifice rtow Measure
ment" (Technical Note 1329), Nationa1 1nstitute of Stan
dards und Techno1ogy, Washington, D.C., July 1989. 

2-A.25 lnstallation Effects 

McFaddin, S. E., Sindt, C. E, and Brennen, J. A., "Optimum 
Location of Plow Conditioners in a 4-Inch Orifice Meter" 
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(Technica1 Note 1330), National !nstitute of Standards and 
Technology, Washington, D.C .. July 1989. 

"600 mm Orifice Plaie Project: Part XI!. Discharge 
Coefficicnt Measurements With and Without Flow 
Straightener," N.V. Nederlandse Gasunie, De1ft, The 
Netherlands, December 1988. 

Smith, D. J. M., "The Effects of Flow Straightcncrs on 
Orifice Plates in Good How Conditions" (Paper 5.3), Pro
ceedings of the /nternational Conference on Flow Mea
surement in the Mid 80's, National Engineering 
Laboratory, East Kilbride, Scotland, June 1986. 
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B. 

c. 
D. 
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r. 
o. 

CHAPTER 14-NATURAL GAS fLUIDS MEASUAEMENT 

Location of static pressure transducer connection: upstream, downstream, or 
nonc. 
Number of differential pressurc connections. 
Pressure tap size: ~ inch, X inch, or other. 
Measured distance from centerline of tap hule to orífice pi ate surface, both 
upstrcam and downstrco.m. 
Condition of tap hale cdgc on inside di ame ter of meter run. 
Manifold: manufactured or fabricated on site; full bore or rcstrictcd borc; thrcc 
valves, five valves, ur olher. 

V. Other In!)trumentation 
A. Measurement data on other lap connections made to the meter tuhe: si7e, 

location, and orientation. 
B. Tcmpcrature probe: type and location. 
C. Densitometer: manufacturcr and typc; inseruon or sample Line: size; inlet or 

outlel location. 
D. Sampler: manufacturcr and type; sample line sizc; inlet or outlet location. 
E. Composition/energy analyzers: type; samplc line size; inlet or outler lucation. 

VI. Orifice Plate Centering-Type 
A. Flange: plate alignmcnt (pins, male/female, other, or none). 
ll. Fittmg: 

l. Measuremcnt from plate cdgc to pipe wa!l on primary pressure tap si de. 
2. Mcasurement from plate edge to pipe wall on opposite sidc prcssurc tap. 
3. Difference between 1 and 2 above. 
4, .Vleasurement from plate cdge to pipe wall perpendicular to primary tap. 
5. Measurement from plate edge to pipe wall opposite to measuremcnt in 4 

above. 
G. Difference between 4 and 5 above. 

VII. Orifice Fitting Lcak Test (Aftcr Hydrostatic Testing) 
A. Measurement of seat width. 
B. Meas~rernent of sea! widlh. 
C. Di fferencc between A and B above. 
D. Results of pressure tap leak test. 
E. Rcsults of plate bypass leak test. 
F. Type of sea! and material of construction. 

Vlll. Orifico Plate lnspection 
A. Type of plate. 
B. Material of construction. 
C. Manufacturer. 
D. Stamped (nominal) diameter at 68'F. 
E. Edge sharpness: sharp or dull. 
P. Plate ftatness: fiat or bent (mcasurcd departo re from flatness). 
G. Measured roughness ofplate surface. 
H. Any surface film patteming for plates just removed from service? 
[. Micrometer measurement of at least four inside diameters of the orifice bore. 
J. Average value of the measurements in 1 above. 

K. Meas u red plate thickncss. 
L. Other data pertinent for identification. 

M. Tempera tu re at which plate was meas u red. 
N, N ames of inspector(s) and witness(es) and date, if not the same as for meter 

tu be. 
O. ls platc bcveled or unbcvcled? 
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APPENDIX 8-0RIFICE METER INSPECTION GUIDELINES 

Note: This appcndix is nota p·Jrt of this stHmbrd hut i~ included for infonnational purposes only. 

The following outline is mtended to providc guidelines for preparing an orifice meter in
spection checklist. Thc outline is provided so that unifonnity may be achieved in what is 
to be inspected. The format of the checklist is left to the user, according to campan y pref
erence. Although all the items listed may not be required at every inspection, the checklist 
should provide the pertinent infonnation. 

Note that the outline m ay not includc all of a particular user's required information. The 
mini mal infonnation specified in the outline provides a basis for evaluating the quality of 
the meter run and orifice plate at the time of inspection. 

l. Hcader 
A. Cornpany name. 
B. Date of inspection. 
C. Tube location. 
D. Flow direction. 
E. N ames of inspector(s) and witness(s). 
P. Any other information required. 

II. General Infonnation 
A. Serial number. 
B. Nominal pipe diameter. 
C. Fluid measured: gas or liquid (specify name). 

III. Meter Tu be 
A. Type of orifice holder: ftanges or fitting; single or dual chamber. 
B. Manufacturer. 
C. Serial numbcr. 
D. Straightening vanes? yes or no; if yes: 

1. Type of vane. 
2. How fastened? pinned, welded, or ftanged. 
3. Dimensions. 
4. Dimensional and quality specifications per Chapter 14.3, Part 2: pp.ss or fail. 

E. Meter run type: single tube or multiple tube. 
F. Installation type (see Figures 2-5-2-9). 
G. Dimensional data: 

l. Length (see Figures 2-5 -2-9). 
2. Upstream and downstream diameters (at least four measurements at each 

location): 
a. Upstream pressure tap (also calculate the average of these values). 
b. Downstream pressure tap. 
c. First pipe connection. 
d. Second pipe connection. 

H. Temperature of tube at time of measurement. 
l. Meter tube quality: cleanliness and measured roughness upstream and 

downstream. 
J. Average tube inside diameter at 68°F, as stampcd on pipe or nameplate. 

K. lnside tu be di a meter uscd in ftow computer. for calculations, and for data 
processing. 

IV. Pressure Taps 
A. Orientation of primary differential pressure transducer connecdon (looking 

from inlet to outlet of meter tu be). 
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ERRATA 

O" page 25, Equat1m1 3·A-/() Jhould read as follows: 

g, = 0.0328096[978.0 1855 - 0.0028247 L + 0.0020299L' 

- 0.000015085L' - 0.000094H] 

On page 33, Equation }-B-9 should rcad as follows: 

F., = 0.000511(
1
·
000

•
000¡¡)" 

Re0 

(3-A-10) 

+ [ 0.0210 + o.0049(
1\:o,l3 J']J3f· 0~~"000 J" (3-B-9> 

On page 56, the se<:ond equation under 3-C.J. /. 7 should read as follows: 

R = (0.0114541)( Q.(14.73)(0.570) ) 
e, (0.0000069)(8.07085)(519.67)(0.999590)) 

3 32446Q, 

On page 57. Equarion 3-6b should read asjollows: 

Q,. = ' 
P, z h 

7709.61C (Ff)E Y.d -"-' -' -" 
J ' 

1 G Z T 
r 'fj J 

7709.61(0.60)(1.03160)(0.998383)(3.99989)' 

1 
(370.0)(0.997971)(50.0) 

X 1 (0.570)(0.951308)(524.67) 

= 614,033 cubic fcct pcr hour at standard conditions 

On page 57, the second equation in 3-6b should read asfol/ows: 

ReD = 3.32446Q,. 

3.32446(614,033) 

= 2.041,328 (initial estimaLe of Rcynolds number) 
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On page 57, Equanon 3-20 should read as foliows: 

A = (19,000,8)
08 

Re0 

= [19.000(0.495597)]
08 

2,041, 328 

= 0.0135262 

On page 57. Equation 3-21 should read as.follows: 

e=(~)"' 
Re11 

( 
JO" )'" 

= 2,041,328 

= 0.778988 

On page 58. Equation 3-15 should read tU fnllnws: 

Upstrm [0.0433 + 0.0712e·m,- O.ll45e-'"'·• ](1 - 0.23A)B 

= [0.0433 + 0.0712é""""'- 0.1145e·"V.,.,"I 

X [1 - 0.23(0.0135262))(0.0642005) 

0.000876388 

Onpage 58, Equation 3-16 should read as fol/ows: 

Dnstmz = -O.OJJ6[M2 - 0.52M;'Jfl' '(1 - 0.14A) 

= - 0.0116[0.491284 - 0.52(0.491284)"](0.495597)" 

X [J - 0.14(0.0135262)) 

= -0.00152379 

On page 58, Equation 3- /.J. should r·ead as Jnllnws: 

Tap Term = Upstrm + Dnstrm 

= 0.000876388 + (-0.00152379) 

= - 0.000647402 

On page 58, Equation 3-12 .shuuld r-ecul tz~Jvllows; 

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

0.602414- 0.000647402 

= 0.601767 

Onpage 58, Equation 3-J/ should read asfollows: 

IJ-201 

( 3-2 /) 

(3-15) 

/3-16) 

(3-14) 

(3-12! 

C,(FT) = C,(FT) + 0.000511( IO'fl)" + (0.0210 + 
Re0 

0.0049A)fJ'C 

= 0.601767 + 0.000511[ I0'(0.495597>]"' 
2,041,328 

(3-11) 

+ [0.0210 + 0.0049(0.013526Í)](0.495597)'(0.778988) 

0.602947 (second estimate of the coefficient of discharge) 
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Oll page 58, tite third ro the last equarion .1hould read asfollows: 

Q. = 617.048 cubic feer per hour at standmd conditions 

[hascd on C,(Fr) = 0.602947[ 

Oll page 58, tlle secrmd 10 the last equarim1 shou.ld read as follows: 

Rev 3.32446Q, = 3.32446(617,048) 

2.051,351 (sccond cstimate of Rcynolds numbcr) 

On page 59, rhe second equation should read asfol/ows· 

ReD 3.32446Q,. = 3.32446(617,046) 

= 2, 051,345 (th~rd estimate of Reynolds numbcr) 

On page 59. Equatwn J-7 should read as follows: 

º·=º·(HU~:! 
617. 046( 14.73 )( 509.67 xo. 997839 '¡ 

. 14.65 S 19.67 0.997971 .J 

= óOR, 396 cuhic feet per hour at hase conditions 

On page 60. Equatwn 3-B-9 shouid read asfollows: 

0.0005 u( l,OOO.OOO{J r 
Re0 ) 

+ [·0.0210 + 0.0049(
19

·
000fJJ"lfJ'( 1

·
000

·
000

)'" 
Re0 j Re0 

On page 62. rheftrst equarion should read as ¡ollows: 

¡;; = 0.5961 7 0.0::!91{3 2
- 0.2290/Y 

(3-7) 

(J-B-YI 

+ ( o.o433 + o.o712e'"' - o.ll45e'% )[1- o.23(. 
19

·
000.8 J"'·]1__, 

, Ren 1 - fJ 
- o.oll6[ 

2 
-o.s2( 

2 Y']fJ"[I- o.l4(
19

·
000fJ)"] 

D(l - ¡3) D(l - {J)) Re0 

= 0.5961 + 0.0291(0.495597)2 
- 0.2290(0.4955971' 

+ ( 0.0433 + 0.0712e'Y.,,.., - 0.1145é"o/,.n')¡l - 0.23(0.0137493)](0.0642005) 

- n.o 11 ti[0.49 12R4 - o.52(1l.491284" )J(0.495597J"'!I - o.l4( o.o 13749311 

= 0.601767 

3 
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On page 62. El¡rwrivn 3 -B-9 lhould read as follows: 

O 00051 1( l,OOO,OOO¡J)"' 
Reo 

+ [00210 + 0.0049(19,000¡JJ'']¡J'(I,OOO,OOO)'" 
Re11 Ren 

0.000511( l. 000. 000(0.495597) J" 
1 

2,000.000 

+ [0.021 o + 0.0049(0.0137493)](0.495597)'(0.784584) 

0.00118960 

On page 65. thefirst equation should read asfollows: 

= 0.0 114588( QJ:G.) 
¡¡.DI; 

3.32446Q,. 

3.32446(617,057) 

2, 051.400 ( second iteration) 

(3-8-9) 

On page 80, Equation 3-D-9 should read asfollows (that i,\', K pipe, should be inserted in· 
the equatinn and tlw ~e,~nnd line nf the equatimz slwuld he deleted): 

Re, = 220,858dF,,.~ ph, x (K pipe) (3-D-9) 

On page RO, the nmnencfature should read as foUows (t!Jat i'i, K pipe, should be inserted 
in the Llst): 

Where: 

G :: specific gravity. 
K pipe= values from Table 3-D-4. 

Red ;;;; orifice bore Reyno1ds number. 
T¡ = absolute flowmg tempemlure. in degrees Rankine. 
p = specific weight of a gas at 14.7 pounds force per squareinch absolute and 32°F 

011¡wge 97, Equations 3-F-4 and 3-F-5 should read as follows: 

(3-F-4) 

(3-F-5) ,., 
On page 102, the second fine oj Equa11on 3-4a should read asjollows: 

Q, = 359_onc;,(Ff)E,Y,d'/ P¡, G,(28.%25)(144)h. z RT, 
V 'J.R~ ?,0,(28.9625)(144) 
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Chapter 14-Natural Gas Fluids Measurement 

SECTION 3-CONCENTRIC, SQUARE-EDGED ORIFICE METERS 

PART 3-NATURAL GAS APPLICATION 

3.1 lntroduction 
3.1.1 APPLICATION 

3.1.1.1 General 

This part of Chapter 14, Section 3, has been developed asan application guidc for the 
calculation of natural gas flow through a ftange-tappcd, concentric orifice meter, using thc 
inch-pound system of units. Por applications involving SI units, a conversion factor may be 
applied to the results (Qm, Qv, or Qh) determined from the equations in 3.3. Intermediate 
conversion of units will not necessarily produce consistent results. Asan alternative, the 
more universal approach specified in Chapter 14, Section 3, Part i, shoulct be usect. The me
ter must be constructcd nnd installed in accordancc with Chaptcr 14, Scction 3, Part 2. 

3.1.1.2 Deflnltlon of Natural Gas 

As used in this part, the tenn natural gas applics to fluids that for all practical 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
prcssibility for Natural Gas and Othcr Hydrocarbon Gac;;es." For other hydrocarbon mix
tures, the more universal npproach specifi.ed in Pnrt l may be more applicable. Dilucnts or 
mixtures other than those stipulated in A.G.A. Transmission Measurement Committee Re
port No.8 may increase the fiow 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 ftange-tapped orifice meter ctischarge 
coefficient. The equation has been modifi.ed to reftect the more common units of thc inch
poWld system. Since the new coefficient of discharge equation does not address pipe tap 
meters, Lhe pipe tap methodology of the 1985 edition of ANSI/API 2530 has been retained 
for refcrence in Appendix 3-D. 

3.1.3 ORGANIZATION OF PART 3 

Chapter 14, Section 3, Pru13, is organized as follows: Symbols and units are defined in 
3.2. thc basic ftow cquation is presentcd in 3.3, the key cquation componcnts are defined in 
3.4, and the gas properties applicable to orifice metering ofnntural gas are developed in 3.5. 
All values are assumcd to be absolute. Factors to cornpensate for meter calibration and lo
cation are included in Appendix 3-A. The factor approach to orifice measurement is in
cluded in Appendix 3-B. Appendix 3-C covers examples to assist the user in interpreting 
this part. Appendix 3-D covers pipe tnp meters. Appendix 3-E covers SI convcrsions, Ap
pendix 3-F covers heating value calculation. and Appendix 3-G covers derivution of con
stants. The user is 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, Part 3, and were devel
oped based on the customary inch-pound system of units. Regular convcrsion factors can 
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CIIAPTER 14-NATUnAL GAS FLUIDS MEASUREMENT 

be uscd 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 

e, 
C,(Ff) 

Description 

Orifice platc cocffi.cient of discharge 
Coefficient of d1scharge ata specified pipe 
Reynolds number for flange-tapped orifice 
meter 

C,(CT) Coefficient of discharge at infinite pipe 
Rcynolds numbcr for comcr-tapped onfice 
meter 

C1(Ff) Cuofficient uf discharge at infinite pipe 
Reynolds numbe1 for flange-tapped orifice 
meter 

cP Specific heat at constant prcssurc 
e" Specific heat at constant volume 
d Orifice plate bme diameter calculated at 

nowing tentpentlure, T¡ 
D Meter tube interna! diameter calculated at 

flowing temperature,Tj 
d,.. Orifice plate bore diameter calculated at 

reference temperature, T, 
D, Meter tube interna! diameter calculated at 

rcfcrencc tcmpcrature, 1; 
e Napierian constant 

Ev Velocity of approach factor 
°F Ternperature, in Uegrees Fahrenht:it 
0 R Temperature, in degrees Rankine 
r¡," Supercomprcssibility factor 
G Gas relative density (specific gravity) 
0 1 Ideal gas relative density (specific gravity) 
G, Real gas relative density (specific gravity) 
h1v Orífice differential pressure 
k lsentropic exponent (see 3.4.5) 
k1 Ideal gas isentropic exponent 
kP Perfect gas isentropic exponent 
k, Real gas isentropic exponent 
m Mass 

Mrair 
i'vflg,u 

Mr, 
n 

N, 
p 

P, 
pbmr 

ft, •• 
P¡ 
P¡, 

Molar mass (molecular weight) of air 
Molar mass (molecular weight) of gas 
Molar mass (molecular weight) of component 
Number of moles 
Unit conversion factor (dischargc coefficient) 
Pressure 
Base pressure 
Base pressure of air 
Base pressurc of gas 
Static pressure of fluid at the pressure tap 
Absolute static pressure at the orífice 
upstream Jiffercntial pressure tap 
Absolute static pressure at the orifice 
downstream dtffcrcntial pressurc tap 

Units/Value 

Btu/(lbm-°F) 
Btu/(lbm-°F) 

in 

in 

in 

in 
2.71828 

459.67 + °F 

inches ofwater column at ó0°F 

lbm 
28.9625lbm/lb·mol 
lbm/lb·mol 
lbm/lb-mol 

lbf/in' (abs) 
lbf/in2 (abs) 
lbf/in' (abs) 
lbf/in2 (abs) 
lbf/in' (abs) 

lbf/in1 (abs) 

lbf/in2 (abs) 
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SECTION 3-CONCENTRIC, 8aUARE·EDGEO ÜRIFICE METERS, PAAT 3-NATIJRAL GM APPLJCATIONS 

P, Standard pressure 
Q, Vol u me ftow rate at base conditions 
q. Mnss ftow rate per second 
Q. Mass ftow rate per hour 
Q, Vol u me flow rate per hour at standard 

conditions 
R Universal gas constant 

Re0 Pipe Reynolds number 
T Temperature 
T, Base ternperature 

Tb .. .,. Base temperature of a ir 

Tb!("' Base tcmpcrature of gas 
T, Tempermure of fluid at fiowing condilions 
7; Reference temperature of the oritice plate , 

bore di ame ter and/or 1neter tube inside 
diameter 

T, Standnrd temperature 

~·l Flowing velocity at upstream tap 
V Volume 
v, Volume at base conditions 

~. Flowing volumc at upstrcam tap 
X .Ratio of differential pressure to absolute 

static pressure 
x, Ratio of differential pressure to absolute 

static pressure at the upstream pressure tap x, Ratio of differential prcssurc to absolute 
static pressure at the downstream pressure tap 

x/k Acoustic ratio 
y Expansion factor 
Y¡ Expansion factor based on upstream absolute 

static pressure 
Y, Expansion factor based on downstream 

absolute static pressure 
z Compressibility 
z, Comprcssibility at base conditions 

Zb,.;, Compressibility ofair at 14.73 psia and 60°F 

zhg •• Compressibility of the gas at base conditions 
(P,, T,) 

Z¡ Comprcssibility at flowing conditions (P¡, 1j) 

Z¡, Compressibility at upstrcam ftowing 
conditions 

Z¡, Compressibility al downstream flowing 
conditions 

z, Compressibility at standard conditions 
(P,. T,) 

a Linear coefficient of thermal expansion 
a¡ Linear coefficient of thermal expansion of the 

orifice plate material 
a, Linear coefficient of thcrmal expansion of thc 

meter tube material 

fJ Rallo of orífice plate bore diameter to meter 
tube intetnal diameter (d!D) calculated at 
ftowing temperature, 1f 

J.l Absolute viscosity of fiowing Huid 
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14.73 lbf/in' (abs) 
ft 3/hr 
lbm/sec 
lbrn/hr 

ft'/hl 
1545.35 (lbf-ft)/(lh-moi-"R) 

OR 
OR 
OR 
OR 
OR 

68"F 
519.67°R 
ft/sec 
ft' 
ft3 

ft' 

0.999590 

in/in-°F 

in/in-°F 

in/in-0 f 

lbm/ft-sec 
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CHAPTER 14-NATURAL GAS FLUJOS MEASUREMENT 

1r Universal constant 
p, Density of a fluid at base conditions (P,, T,) 

Pb~1, Oensity uf air at base conditions (P¡.,, Th) 
p¡,,(ll Density of a gas at base conditions (Pb, Tb) 

g Density of a fluid at standard conditions 

Pl.pz 

(P,, T,) 
Density of a ftuid at fiowing conditions 
(P¡, 1j) . 
Density uf a fluid at fiowing Conditions at 
upstream tap position (P¡

1
, T¡) 

Dcnsity of a ftuid at fl.owing conditions at 
downstream tap position (P12 • T¡) 
Mole fraction of component 

Note: Factors, ratios and coefficients are dimens10nless. 

3.2.3 TERMINOLOGY 

3.2.3.1 Pressure 

3.14159 
lbm/ft3 

lbin/ft' 
lbm/ft' 

lbm/ft3 

lbm/ft' 

lbm/ft' 

lbm/ft3 

%/lOO 

One pound force (lbf) per square inch pressure is defined as the force a 1-pound mnss 
(lbm) exerts when e ven! y distributed on an area of 1 squarc 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 subscripll on the expansion factor(~), the flowing density (p1111 ), the fluid ftowing 
static pressure (P¡

1
), and the fluid flowing cornpressibility (Z

11
) indicates that these variables 

are to be measured, calculated, or otherwise detennined relative to the fluid ftowing at the 
conditions of the upstream differential tap. Variables related to the downstream diffcrcntial 
pressure tap are identified by the subscript 2, including Y2 , p1.p

2
, P12 , and Zh, and can be used 

in the equations with equal precision uf the calculated fiow rates (except for Y2, which has 
a separate equation). 

The subscript 1 is arbitrarily used in the equations in this part to cmphasize the ncccssity 
of maintaining the relationship of these four variables to the eh osen static pressure reference 
tap. 

3.2.3.3 Temperatura 

The temperature of the ftowing fluid ('lj) does not have a numerical subscript. This tcm
perature is usually measured downstream of the orifice plate for minimum f!ow disturbance 
but may be measured upstream within the locations prescribed in Part 2. It is assumed that 
there is no difference between fluid temperatures at the two differential pressure tap loca
tions and the measurement point, so the subscript is unnecessary. 

3.2.3.4 Standard Condltlons 

Standard conditions are defined as a designated set of base conditions. In this part. stan
dard conditions are defined as the absolute static pressure, ¡::, of 14.73 pounds force per 
square inch absolute; the absolute temperature, ~. of 519.67°R (60°F); and the fluid com
pressibility, Z, for a statcd relative dcnsity (spccific gravlty), G. 

3.2.3.5 Defln ltions 

General definitions are covered in Parts 1 and 2. Definitions specific to Part 3 are incor
poratcd in thc text 
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SecTION 3-CONCENTA!C, SauARE-Eooeo ÜRIFJCE METERS, PART 3-NATURAL GAs APPucAnoNs 

3.3 Flow Measurement Equations 
3.3.1 GENERAL 

The following equations express ftow in tenns of rnass and volume per unit time and pro
duce equivalcnt rcsults. Since this scction deals exclusive! y with the inch-pound system of 
units. the numeric constants defined in Part 1 hove been con verted to rcflcct thcsc units. 

The numeric constants for the basic flow equations, unit conversion values, density of 
water, and density of airare given in 3.5 and Appendix 3-G. The tables in this part that list 
solutions to these equations incorporate these constants and values. Other physical pruper
tics are givcn in 3.5. Kcy equation components are developed in 3.4. 

3.3.2 EQUATIONS FOR MASS FLOW OF NATURAL GAS 

The equations for the mass flow of natural gas, in pouúds mass per houc, can be devel
oped from thc density of the ftowing Huid (see Appendix 3-G), the tdeal gas relative density 
(specific gravity), or the real gas relntive density (spccific gravity), using the following 
equations. 

\ 

The mass fiow developed from the density uf the flowing fluid (p,.p
1
) is expressed as fol

lows: 

Q. = 359.072C,(Ff)E.Y,d' ~P •. eh• (3-1) 

Mass fiow developed from the ideal gas relative density (speclfic gravity). G, is ex
pressed as follows: 

Q. = 589. 885C, (Ff)E.Y,d' 
GJi.hw 
Z~¡ T¡ 

(3-2) 

The mass flow equation developed from the real gas relative density (specific gravity). 
G,. assumes a pressure of 14.73 pounds force per square inch absolute anda temperature 
of 519.67°R (60°F) as the reference base conditions for thc detcrmination of real gas rela
tive density (specific gravity). This assumption allows the base comprcssibility 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 Val id, thc results obtaíned from this flow rate equation will have an added 
increment of uncértainity, The mass flow equation devclopcd from real ga_o; relative density 
(specific gravity), Gn is expressed as follows: 

Q. ~ 590.006C4 (Ff)E,Y1d
1 (3-3) 

Where: 

Cd(Ff) = coefficient of discharge for flange-tapped orifice meter. 
d = orifice plate bore diameter, m. inches, c~culated at flowing temperature (T¡). 

Ev = velocity of approach factor. 
G1 = ideal gas relative density (speciflc gravity). 
G, = real gas relative density (specific gravity). 
hw = orifice differential pressure, in inches of water at 60°F. 
1}

1 
= fiowing pressure at upstream tap, in pounds force per square inch absolute. 

Qm = mass flow rate, in pounds mass per hour. 
T¡ = flowing temperature, in degrees Ranldne. 
Y1 = expansion factor (upstream tap). 
Z3 = compressibility at standard conditions (f!, Ys). 
Z¡

1 
= comprcssibility at upstream ftowing conditions (1}

1
, T¡). 

p,.P
1 

= density of the fluid at upstream fiowing conditions (1}
1
, T¡, and Z11), in pounds 

mass per cubic foot. 
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6 CHAPTER 1 4-NATURAL GAS FLUIOS MEASUREMENT 

3.3.3 EQUATIONS FOR VOLUME FLOW OF NATURAL GAS 

Tite volume flow rate of natural gas, in cubic feet per hour at base conditious, can be de
veloped from the densitics of the fluid at ftowing and base conditions and the ideal gas rel
ntivc dcnsity (spccific gravity) or real gas rclative denstty (spccific gravity) usmg thc 
following equations. 

The volume flow rate at base conditions, Qb, developed from the density of the Huid ut 
Jlowing conditions (p1,p

1
) cmd base conditions (pb) is expresscd as fullows: 

359.072G~(H)E',Y,d2 ~ P,.A·h. 
~- o~ p, 

Thc volume flow rute at base conditions, devclopcd from ideal gas relative dcnsity (spccific 
gravity), G,, is expresscd as follows: 

T..Z P.h 
Q = 218.573C (FT)E Y:d' _L.k. .--fL.::!_ (3-5a) 

' ' ,, P. GZT. 
h 1 '{, 1 

To correctly apply the real gas relativo density (specific gravity) to the flow ·calculation, the 
reference base conditions for the determination ofreal gas relalive density (specific gravity) 
and th.e base conditions for the flow calculation must be the same. Titerefore, the vulume 
fiow rate at base conditions, developed from real gas relative density (specific gravity), G,, 
is cxprcssed as follows: 

Q, = 218. 573C, ( 1'1')/,~ Y1d
2 t. 

b 

~ zbzb.il'hw 

G,z.r, 
lf standard conditions are substituted for base conditions in Equations 3-4a, 3-Sa, anct 3-

6a, then 

pb ::::: P. 
= 14.73 pounds force per square inch absolute 

Tb = T. 
~ 519.67°R (60°F) 

Zba;, = Zsa.r 

= 0.999590 

The volume ftow rate at standard conditions. Qb. can then be detennined using the follow
ing equations. 

The volume ftow rate at standard conditions, developed from the density of the fluid at 
ftowing conditions (p1.P) and standard conditions (p,), is cxprcsscd as follows: 

359.072C,(IT)E,Y,d2 ~ p,P h. 
Q, = . ' (3-4b) 

p, 

The volume flow rate at standard conditions, developed frmn ideal gas relative density 
(specific gravity), 0 1, is expressed as follows: 

Q, = 7711.19C,(FT)E,Y,d2Z, 
lJi /¡w . 

G1Zii1f 
(3-5b) 

The volume flow rate equation at standard conditions, Q., developed from the real gas tel· 
a ti ve density (speciftc gravity), requires standard conditions as the reference base cond1tions 
for G, and incorporales z,,, at 14.73 pounds force per square inch absolute and S l9.67•R 
(60°F) in its numeric constant. Therefore, the volume ftow ratc at standard conditions, de~ 
veloped from real gas relative density (specific gravity), Gr, is expressed as follows: 
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Where: 

C,(Fr) = coefficient of discharge for ftange-tapped orifice meter. 
d = orifice plate bore diameter calculated at ftowing temperature {T¡), in inches. 

E. = velocity of approach factor. 
G¡ = tdcal gas relative dcnsity (specific gravity). 
Gr = real gas relative density (specific gravity). 
h.., = orifice differential pressure, in inches of water at 60°F. 
P" = base press~re, in pounds force per square inch absolute. 
/}, = ftowing Pressure (upstream tap), in pounds force per square inch absolute. 
P, = standard pressure 

= 14.73 pounds force per square inch absolute. 
Q" = volumc flow rate pe::r hour at base conditions, in cubic feet per hour. 
Q1• ;;;; vol u me ftow rate per !mur at standard conditions, in cubic feet per hour. 
T,. = base tcmperature, in degrees Rankine. 
T¡ = fiowing temperature, in degrees Rankinc. 
T, = standard temperature 

= 519.67°R (60°F). 
Y1 = expansion factor (upstream tap). 
Zb = comprcssibility at base conditions (Pb, 7¡,). 

Zb~.,. = compressibility of a ir at base conditions (Pb. 7b). 
Z¡, = compressibility at upstream ftowing conditions (P¡,. T¡). 
Z1 = comprcssibility at standard conditions (E;, J:). 

Z3 .. ,. = compressibility of a ir at standard conditions (f!, T,). 
Pb = density of the flowing fluid at base conditions (Pb, Tb), in pounds mass per cu

bic foot. 
p, = density ufthe flowing fluid at standard conditions (~. 7,), in pounds mass per 

cubic foot. 
p,.P

1 
= density ofthe fluid at upstream ftowing conditions (1}

1
, T¡), in pounds mass per 

cúbic foot. 

3.3.4 VOLUME CONVERSION FROM STANDARD TO BASE CONDITIONS 

For the purposes of Part 3, standard and base conditions are assurncd to be the same. 
However, if base conditions are differem from standard conditions, the volume ftow rate 
calculated at standru.d conditions can be con verted to th~ volume flow rate at base condi~ 
tions through the following relationship: 

Where: 

Pb = base pressure, in pounds force per square inch absolute. 
Ps = standard pressure, in pounds force per square inch absolute. 

Qu = base volume ftow rate, in cubic feet per hour. 
Qv = standard volume ftow rate, in cubic feet per hour. 
Tb = base temperature, in degrces Rankine. 
~ = standard temperature, in degrees Rankine. 
Zb = compressibility at base conditions (Pb, Tb). 

Z., = compressibility at standard conditions (f!, 7;). 

(3-7) 

3.4 Flow Equatlon Components Requiring Additlonal Computation 
3.4.1 GENERAL 

Some of d1e tenns in Equations 3-l through 3-6 require additional computaüon and are 
developed in this section. 
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3.4.2 DIAMETER RATIO ({3) 

The diameter ratio ((J), which is used in determining (a) the orifice plato coefficient of dis
charge (C,), (b) the velocity of approach factor (E,), and (e) the expansion factor (Y), is the 
ratio of the orifice bore diameter (d) to the intcrrial diameter of the meter tube (D). For the 
most precise results, the actual dimensions should be used, as determined in Parts 1 and 2. 

{3 = d/D (3-8) 

Where 

d d,[l + a,('f¡ - T,)] (3-9) 

And 

D D,[l + a,('f¡ - T,)J (3-10) 

\Vhere: 

d = orifice plate bore diameter calculated at flowing temperature, 1f. 
d, = referem:e orifice plate bore diameter calculated at reference tempera tu re, T,.. 
D ::: meter tu be internal diameter calculated at flowing temperature, Jf. 
DI" :;; rcferencc meter tu be intcmal diamctcr calculated at rcference temperature, T,. 
T¡ = tempernture of the fluid nt flowing conditions. 
T, = reference temperature for the orifice plate bore diameter and/or the meter tube in-

terna! diameter. 
a 1 = linear coefficient of thennal expansion of the orifice pi ate material (see Table J-1 ). 
a 2 = linear cocfficient of thcrmal expansion of the meter tube material (see Tablc 3-l). 

f3 = diameter ratio. 
Note: a, T¡. and T, mus\ be in cons1stent units. For the purpose ofttus standard, Tr !S assumed to be 68"F. 

Thc orifice plnte bore diameter, d,, and the meter tube intemal diameter, D,. calculated at 
T, are the diameters detennined in accordance with Pan 2. 

3.4.3 COEFFICIENT OF DISCHARGE FOR FLANGE-TAPPED 
ORIFICE METER, C.(FT) 

The coefficient uf tlischarge for a ftange-tapped orifice meter (Cd) has been determined 
fLOnt test data. It has been correJated as a function of diameter ratio (¡3), tube diameter, and 
pipe Reynolds number. In this part, the equotion for the ftunge-tapped orifice meter 
coefficient of discharge developed in Part 1 has been adapted to the inch-pound system of 
units, 

The equation for the concentric, square-edged ftange-tappcd orifice meter coefficient of 
discharge, Cd(Ff), developed by Reader-Harris and Gallaghcr, is structurcd into distinct 

Tabla 3-1-Linear Coefficlent of Thermal Expansion 

Material 

Type 304 and 3_16 stainless steel" 
Monel" 
Curbon steelb 

Linear Coefficicnt of 
1hennal Expansion (a), 

in{in-°F 

0.00000925 
0.00000795 
0.00000620 

Note: For fiowing temperature conditions other than those stated in Foot
notes a and b and for other materials, refer to thc American Society for Met
als M erais Handbook (Desk Edttion, 1985). 
'For flowtng condition.s between -lOO"F and + 300°F, refer to the American 
Soclety of Mechanical Englneers data in PTC t9.5,Applicarion, Part lf of 
Fluitl Meter~· Supp/ement on l11strummt$ and ApparatJtf. 
~or flowing conditions between -7°f and + l54°F, refer to Chapter 12, Sec
tion 2. 
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linkagc tcnns and is considcred to best represent the current regression data base. 'l'he equa
tion is applicable to nominal pipe sizes of 2 inches and larger; diametcr ratios (/3) of 
0.1-0.75, provided the orifice plate bore diameter, d,. is greater than 0.45 inches; and pipe 
Reynolds numbers (Re0 ) greater than or equal to 4000. For orifice diameters, diamcter ra
tios, and pipe Reynolds numbers outside the stated lirnits, the uncertainty statement in
creases. For guidancc, rcfcr lo Part l. Ll2A. L 

The Reader-Harris/Gallagherequation is defined as follows: 

C,(F[) C1(Ff) + 0.000511(!0'/3)'·' + (0.0210 + 0.0049A){J'C (3-11) 
ReD 

C,(Ff) = C,(Cf) + Tap Term 

C1(Cf) 0.5961 + 0.0291{J2 
- 0.2290/l' + 0.003(1 - {J)M, 

Tap Term = Upstrm + Dnstrm 

Upstrm [0.0433 + 0.0712e-"'•- 0.1145e-"'·• 1(1 - 0.23A)B 

Dnstrm -O.Oll6[M2 - 0.52M~-']{J"(1- 0.14A) 

Also, 

B 
__¡¿:___ 
1 - ¡¡• 

M, max( 2.8 -
D o. o) = -¡:¡· • 

M, ....3.!::;._ 
1 - fJ 

A [19.000/Jr 
ReD 

e =(~r 
~ 

ReD 

Where: 

(3-12) 

(3-13) 

(3-14) 

(3-15) 

(3-16) 

(3-17) 

(3-1~) 

(3-19) 

(3-20) 

(3-21) 

Cd(FT) = cocfficicnt of discharge ata specified pipe Reyñolds number for a flange
tapped orifi.ce meter. 

C,(CT) = coefficient of discharge atan infinite pipe Reynolds number for a comer
tapped orifice meter. 

C¡(FT) = coefficient of discharge at an infinite pipe Reynolds number for a flange-
tapped orificc meter. 

d = orifice plate bore diameter calculated at T¡. in inches. 
D = meter tu be interna! diameter calculated at Tj. in inches. 
e = Napierian constant 

= 2.71828. 
L, = L1 

= dimensionless correction for tap location 
= N,JD for flange taps. 

N4 = 1.0 when D is in inches. 
Re0 = pipe Reynolds number. 

fJ = diameter ratio 
= d/D. 

Note: The equation for 1he coeffl.cientof discharge for a flange-tapped orificc meter, C,(FT), 1.5 differcnt from those 
included in prior editions of lhis stMdard. 
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3.4.4 VELOCITY OF APPAOACH FACTOR (E,) 

The velocity of approoch factor (Ev) is a mathematical exprcssion that relates the vclocity 
of the flowing fluid in the ori fice meter approach scction (upstream meter tu be) to the fluid 
velocity in the orifice platc bore. 

The velodty of approach factor, E\0 is calculated as fol!ows: 

E - l 
,-~ 

IVhere: 

Ev = velocity of approach factor. 
f3 =. diarneter ratio 

= d/1). 

3.4.5 AEYNOLDS NUMBER (Re0 ) 

(3-22) 

The pipe Reynolds number (Re0 ) is usetl as a corrdatiun parameter to represent the 
change in the orifice plate coefficient of discharge with reference to the meter tu be diameter, 
thc fluid ftow rate, thc fluid dcnsity, and thc fluid viscosity. The use of the pipe Reyn~1lds 
number is an additional change from prior editions of this standard. Thc Rcynolds numbcr 
is a dimensionless ratio when consistent units are used and is expressed as follows: 

Ren = 
ll¡,DP,.PI 

(3-23) 
l2¡L 

Or 

Re = 48q., 
D !Cf-LD 

(3-24) 

Note: The constant, 12, in the denominator of Equation 3-23 is rcquired by the use of D in inches. 

The fluid vclocity can he ohtaincd in tenns of thc volumctric ftow rate at base condittOns 
from the following relationship: 

Q,p. [(4)(144)] 
D 2p,,,, 3600n 

= o 0509296 Q,p, 
. D' P,,p

1 

Substituting Equation 3-25 into Equation 3-23 results in the following relationship: 

(
O. 0509296 )( Q,p, '¡( Dp,,,, ) 

12 ¡LD Jl Dr,,,, 

(0.00424413{ ~~·) 

(3-25) 

(3-26) 

The Reynolds number for natural gas can be approximated by substituting the following 
relationship for p, (see 3.5.5.3 for equation dcvclopmcnt) into Equation 3-26: 

2.69881?, (G z~. J p, = 
T,Z~. ' z..., 

Re0 = 0.0114541[ Q,f',G, J 
¡LD'l',Zh.. 

(3-27) 

(3-28) 
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By using a.n average value of 0.0000069 pounds mass per foot·second for J1 and sub~tituting 
the standard conditions of 5l9.67'R, 14.73 pounds force per square inch, and 0.999590 for 
T,, P,, and Z,,,, Equation 3-28 reduces to the following: 

Where: 

Re
0 

= 47.0723 Q,G, 
D 

(3-29) 

D = meter tube interna! diameter calculated at the flowing temperature (T¡), in inches. 
Gr = real gas relative density (specific gravity}. 
Pb = base pressure. 
Qb == volume ftow rate at base conditions, in cubic feet per hour. 
Qm = mass fl.ow rate, in pounds mass per second. 
Q, :;;; volume flow rate at standard conditions, in cubic feet per hour. 

Re0 = pipe Reynolds number. 
T, = base temperature, in degrees Rankine. 
U1, = velocity of the flowing fluid at the upstream tap location, in feet per second. 

z,.,, = compressibility of air at 14.73 pounds force per square inch absolute and 60°F. 
Z,1., = compressibility ofthe gas at base conditions (P0, T,). 

J1 = absolute (dynamic) viscosity, in pounds mass per foot-second. 
Ir= 3.14159. 

p, = density of the ftowing fluid at base conditions (P,, T,), in pounds mass per cubic 
foot. 

p,,. = density of the fluid at upstream ftowing cond¡tions (1}1, T¡.). in pounds mass per 
cubic foot. 

If the fluid being metered has a viscosity, temperature, or real gas relaüve density 
(specific gravity) quite different from those shown above, the ~sumptions are not applic~ 
able. Por variations in viscosity from 0.0000059 to 0.0000079 pounds mass per foot-sec~ 
ond, variations m tcmperature from 30°F to 90°F, or variations in real gas relative density 
(specific gmvity) from 0.55 to 0.75, the voriation should not be significant in tenns of its ef
fect on the orifice plate coefficient of discharge at higher Reynolds numbers. 

When the fl.ow rate is not known, the Reynolds number can be developed through itera
tion, assuming an initial value of 0.60 for the coefficient of discharge for a flange-tapped 
orifice meter, CiFT), ond using the volume computed to estimate the Reynolds numbcr. 

3.4.6 EXPANSION FACTOR (Y) 

3.4.6. 1 General 

When a gas ftows througb an orifice, the change in fluid velocity and static pressure is ac
cOmpanied by a change in the density. anda factor must be applied to the coefficient toad
just for this change. The factor is known as the expansion factor (Y) and can be calculated 
from the following equations taken from the repon to the A.G.A. Committee by the Na
tional Bureau ofStandards dated May 26, 1934, and prepared by Howard S. Bean. The ex
pansion factor (Y) is a function of diameter ratio (p), the ratio of differential pressure to 
static pressure at the designated tap, and the isentropic exponent (k). 

The real compressible fluid isentropic exponen!, k" is a function of the fluid and the prcs
sure and temperature. For an ideal gas, the isentropic exponent. k" is equal to the ratio of 
the specific heats (e,/c,) ofthe gas at constan! pressure (e,) and constant volume (e,) and is 
independent of pressure. A perfect gas is an ideal gas that has constant specific heats. The 
perfect gas 1sentropic exponent, kp, is equal to k{ evaluated at base conditions. 

It has been found that for many applications, the value of k, is nearly identical to the 
value of k1, which is nearly identical to k,.. From a practical standpoint. the ftow equation is 
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not particular! y sensitive to small variat10ns in the isentropic exponent. Therefore, the per
fect gas isentropic exponent, kP. is often used m the flow equation. Accepted practice for 
natural gas applications is to use k, = k = 1.3. This greatly simplifies the calculations and 
is used in the tables. Thi!. approach was adopted by Buckingham in his correlation for the 
expansion factor. 

The application of the expansion factor is valid as long as the following dimensionless 
cnterion for pressure ratio is followed: 

Or 

Where: 

o < :5 0.20 
27. 7071} 

0.8 S < 1.0 

(3-30) 

(3-3 1) 

h.., :::: flangc tap differcntial pressure across the onti.c.e plate, in inches of water at 60°F. 
P¡ = ftowing pressure, in pounds force per square inch absolute. 

P¡, = absolute static pressure at the up.stream pressure tap, in pounds force per square 
inch absolute. 

P12 = absolute static pressure at the downstream prec;sure tap, in pounds force per square 
inch absolute. 

The expansion factor cquation for ftangc taps may be used for a range of diameter ratios 
from 0.10 to 0.75. Por diameter ratios (/3) outside the stated limits, increased uncertainty 
will occur. 

3.4.6.2 Expanslon Factor Referenced to Upstream Pressure 

If the absolute static pressure is taken at the upstream differential pressure tap, the value 
of the expansion factor, Y¡, can be calculated using the following equation: 

Y, = 1 - (0.41 + 0.35/3'{ 1'-) 
When the upstrcam static pressure is measured, 

27.707 P¡, 
When the downstream static pre.c;sure is measured, 

= lí, + (.1}, P¡) 27.707 P¡, + h. 

Where: 

h.., = d.ifferentinl pressure, in inches of water llt 60°F. 
k = isentropic exponen! (see 3.4.6.1). 

(3-32) 

(3-33) 

(3-34) 

P¡
1 

; absolute static pressure at the upstream tap, in pounds force per square inch ab-
solute. 

1}¡ = absolute static pressure at the downstream tap, in pounds force per square inch ab
soluto. 

x1 = ratio of differential pressure to absolute static pressure at the upstream tap. 
y¡ = expansion factor based on the absolute static pressure measured at the upstream 

tap. 
f3 = diiUileter ratio (di D). 

The quantity x1/k is known as the acoustic ratio. 
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3.4.6.3 Expanslon Factor Referenced to Downstream Pressure 

If the absolute static pressute is taken at the downstream differential tap, the valuc of the 
expansion factor, Yh can be calculated using the following equation: 

And 

Or 

And 

Where: 

lf.Zh rl = Y¡ 
Eí¡ zii 

Y, = [~ - (0.41 + 0.35/3') x, ]t'· 
k~ l + x, z, 

h.,., = differential pressure, in inches of water at 60°F. 
k = isentropic exponent (see 3.4.5.1 ). 

(3-35) 

(3-36) 

(3-37) 

(3-38) 

1}1 = absolute static pressure at the upstream tap, in pounds force per square inch ab
solute. 

f}l ::::: absolute static pressure at the downstream tap, in pounds force per square inch ah· 
salute. 

x1 :;;; ratio of differential pressure to absolute static pressure at the upstream tap. 
x1 = ratio of ctiffcrential pressure to absolute static pressure at the downstream tap. 
Y1 = expansion factor bnsed on the nbsolute static pressure measured at thc upstream tap. 
Y; = expansion factor based on the absolute static presslU'e measured at the downstream 

tap. 
Zr1 = comprcssibility at upstream ftowing conditions (f}

1
,1¡). 

Zh = compressibility at downstream ftowíng conditions (Ph, T,). 
fJ = diameter ratio (d/D). 

Note; x2 equnls thc ret1o of thc differential pressurc to the static ¡nssurc at tbe downstream tap (/}
1
). 

3.5 Gas Properttes 
3.5.1 GENERAL 

The measurement of gaseous tlow rate in volume units under other than standard or base 
conditions requircs conversion for pressure, tempe"rature, and the deviation of the measured 
volume from !he ideal gas laws (compressibility). Energy measurement also requires adjust
ment for heat content. The standard conditions used 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 factors. The factors that cannot be detemti.ned by simple calculations can be de
rived from gas composition ancl/or other mcasurements. Certain factors can be measw·ed in 
the field, using instruments calibrated against standard gas samples. Either approach will 
produce equivalent results when rigorous methods are applied. 

3.5.2 PHYSICAL PROPERTIES 

Table 3-F-l in Appendix 3-Flists physical properties taken from OPA 2145-91. The data 
for ideal density and ideal heating value per cubic foot from OPA 2145-91 have, where ncc-
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essary, been corrected in Table 3-F-1 for the base pressure of 14.73 pounds force pc::r square 
inch absolute through lhe following relationshíp: 

14.73 
Table 3-F-1 value ; --- x OPA 2145-91 tab1e value 

14.696 
(3-39) 

Table 3-F-1 provides the best currently available data on.physical properties. These data are 
"ubjcct to modificatton ycarly as additional research is accomplished. Futurc reviSlons to 
OPA 2145 may include updated values. The valueS from 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 u!>e of Equation 3-39. 

In addition, OPA Publication 2172 and Publication 181 are mcorporated in this standard 
a." the method of calculating hcating valucs of natural gas mixtures from compositional 
analysis. An abbreviated fonn of that methodology is included in Appendix 3-1' as a refer
ence. 

fn this edition, the compressibility of air at standard conditions (21~1,) has been updated 
to the va1ue of 0.999590. 

3.5.3 COMPRESSIB1UTV 

3.5.3. 1 Ideal end Real Gas 

The tenns ideal gas and real gas are used to define calculalion or interpretation methods. 
An ideal gas is one that conforrns to the therrnodynamic laws of Boyle and Charles (ideal 
gas laws), such that the following is true: 

144PV ; nRT (3-40) 

If Subscript 1 represents a gas volume measured ac one set of temperature-pres~ure cun
ditions and Subscdpt 2 represents the same volwne measured at a second set of ternpera
ture-pressure conditions, then 

¡¡v, = P,V, 
T¡ 7; 

(3-41) 

The numerical constant in Equation 3-40 is required to convert P. in pounds force per square 
inch absolute. to units that are consistent with the value of R given in Part 2. 

All gases deviate from the ideal gas laws to sorne extent. This deviation is known as 
c:ompressibility and is denoted by the symbol Z. Additional discussion of compressibility 
and the method for determining the value of Z for natural gas are developed in detail m 
A.O.A. Transmission Measurement Committee Report No. 8. The method used in that re
port is included as a pan of this standard. 

The application of Z changes the ideal relationship in Equation 3-40 to the following real 
re1ationship:. 

l44PV ; nZRT (3-42) 

As modified by Z, Equation 341 allows the volume at the upstream Howing conditions to 
be con verted to the volume at base conditions by use of the following equation: 

V. ; ~( ~ )( ~;)( ~) (3-43) 

Where: 

11 = number of pound-moles of a ga.,, 
P = absolutc static pre.ssure of a gas, in pounds force per square inch absolute. 
P~ = absolute static pressure of a gas at base condirions, in pounds force per square inch 

abso1ute. 
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1}
1 

= absolute static pressure of a gas at the upstream tap, in pounds force per square 
inch absolute. 

R = universal gas constant 
= 1545.35 (lbf-ft)/(lbmol-'R). 

T = absolute temperature of a gas, in degrees Rankine. 
Tb = absolute temperature of a gas at base conditions, in degrees Rankine. 
T¡ = absolute tcmpcrature of a flowing gas, in 'ctegrees Rankine. 
V = volume of a gas, in cubic fcet. 
v;, = volume of a gas at base conditions (P0 , T¡,), in cubic feer. 
V¡

1 
= volume of a gas at ftowing conditions (P¡

1
, 1¡). in cubic feer. 

Z = compressibility of a gas at P and T. 
Zb = compressibility of a gas at base conditions (Pb, T11). 

Z11 = compressibility of a gas at ftowing conditions (/}
1
, T¡). 

3.5.3.2 Compresslblllty at Base Conditlons 

The value of Z at base conditions (Zb) is required and is calculated from the procedures 
in A.G.A. Transmission Mensurement Committee Report No. 8. 

3.5.3.3 Supercompresslblllty 

In orífice measurement,Zb and Z11 appear as a ratio to the 0.5 power. This reJationship is 
termed the supercompressibility factor and may be calculated from the following equation: 

Or 

F,~ ;;;: ~ 
V Z¡, 

Where: 

F,v = supercompressibility factor. 
z, = compressibility of the gas at base conditions (P,, T,). 
Z

11 
= compressibility of the gas at flowing conditions (1}1, 7i). 

3.5.4 RELATIVE DENSITY (SPECIFIC GRAVITY) 

3.5.4.1 General 

(3-44) 

(3-45) 

Relativc density (specific gravity), G, is a component in severa! of the flow equations. 
The relative density (specific gravity) is dcfined as a dimensionless number that expresses 
the ratio ofthe density ofthe ftowing fluid to the density of a reference gas at the same ref
erence conditions of temperature and pressure. The gas industry has historically referred ~o 
the relative density (speclfic gravity) as either ideal or real and has designated the reference 
gas as air and the standard reference conditions as a pressure of 14.73 pounds force per 
square inch absolute onda temperature of 519.67'R (60'F). The value for relative density 
(specific gravity) may be detennined by measurement or by calculation from the gas com
position. 

3.5.4.2 Ideal Gas Relativa Denslty (Speclflc Gravlty) 

The ideal gas relativo density (speciñc gravity). G,. is defined os the ratio of the ideal den
sity ofthe gas to the ideal density of dry air at the same reference conditions of pressure and 
temperanlfC. Since the ideal densities are defined at lhe same reference conditions of pres
sure and temperature, the ratio reduces to a ratio of molar masses (molecular weights). 
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Therefore, the ideal gas relative density (specific gravity) is set forth in the following equa
tlon: 

Where: 

G, ~ 

Mrai~ ~ 

~ 

Mr80 , = 

G, ; M'tar = Mr,.., 
28.9625 

ideal gas rclative density (spccific gravity). 
molar mass (molecular weight) of air 
28.9625 pounds mass per pound-mole. 

(3-46) 

molar mass (molecular weight) of a flowing gas, in pounds mass per pound
mole. 

3.5.4.3 Real Gas Relativa Denslty (Real Speclflc Gravlty) 

Real gas relauve ctensity (specific gravity), G,. is defincd as the ratio of the real density 
of the gas to thc real density of dry air at the same reference conditions of pressure and rem
perature. To correctly apply the real gas relative density (specific gravíty) to the ftow cal
culation, the reference conditions for tht: d.etennination of the real gas relatlve density 
(specific gravity) must be the same as the base conditions for the ftow calculatlon. At ref
erence (base) condition<; (Pbo, Tb), real gas rclative density (spccific gravity) is expressed as 
follows: 

G, 
P. M' 144 lw air 

Z._RT,.. 

Since the pressures and temperatures are defined to be at the same designated base con
ditions, 

ft,d, = pb.r.r 

Tb,, = 4 ... 
And the real gas relativo density (specific gravity) is expressed as follows: 

G, = ( ~;,::)( t) (3-47) 

The use of real gas relative density (specific gravity) in the flow calculations has a his
torie basis but may add an increment of uncertainty to the calculation as a result of the lim
itations of field gravitometer devices. When real gas relative densities (specific gravities) 
are directly detennined by relative density measurement equipment, the observed values 
must be adjusted so that both air and gas measurements reflect the same pressure and tem
perature. The fact that the temperature and/or prcssure are not al ways at base conditions re
sults in small variations in detenninations of relativo density (specific gravity). Another 
source ofvariation is the use of atmospheric air. Tite composition of atmospheric air-and 
its molecular weight and density-varies with time and geographicallocation. 

When recording gravitometers are used and calibration is peñormed with referente 
gases, either ideal or real gas relative density (specific gravity) can be obtaincd as a 
recorded relative density (specific gravity) by proper certification of the reference gas. The 
relationship between ideal gas relativo density (specific gravity) and real gas relativo den
sity (specific gravity) is expressed as follows: 

G = 
' 

z .. G,--
z~. 

(3-48) 

1 
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Where: 

- G, = ideal gas relative density (specific gravity). 
G, :::::: real gas telative density (specific gravity). 

Mra, ;;;: molar mass (molecular weight) of air 
= 28.9625 pounds mass pcr pound-mole. 

MrRD: = molar mass (molecular weight) of the ftowing gos, in pounds mass pcr pound
mole. 

Pb = absolute ~tatic pressure of a gas at base cond.itions, in pounds force per square 
inch absolute. 

P11~ .. = base pressure of air, in pounds force per squarc inch absolute. 
P11~, = base pressure of a gas, in pounds force per square inch absolute. 

R = universal gas constant 
= 1545.35 (lbf-ft)/(lbmol-'R). 

7b = absolute temperature of a gas at base conditions, in degrees Rankine. 
Tb...;, = base ternperature of air, in degrees Rankine. 
Tb~·· = base temperarure of a gas, in degrees Rankine. 
Zb~" = compressibility of air at base conditions (Pb, Th). 
zb.~, = compressibility of a gas at base conditions (Pb, Tb)· 

3.5.5 DENSlTY OF FLUID AT FLOWlNG CONDITIONS 

3.5.5.1 General 

Thc ftowing density (p1.p) is a key component of certain flow equations. It is defined as 
the mass per unit volume at ftowing pressure and temperature and is measured at the se~ 
lected static pressure tap location. The value for flowing density can be calculated from 
equations of state or from the relative density (specific gravity) at the selected static pres
sure. tap. The fluid density at flowing conditions can also be measured using commercial 
densitometers. Most densitometers, because of their physical installation requirements and 
design, cannot accurately measure the density at the selected pressure ta.p locntion. There
fore, the fluid density difference between the density measured and that existing at the 
defined pressme tap location must be checked to determine whether changes in pressure or 
temperature have an impact on the ftow measurement uncenainty. 

An opproximation for field calculation is the direct application of tables from the equa
tion of state. Such density tables have considerable bulk if they cover a wide range of con
ditions in small increments. Tables ha ve a funher deficiency in that they do not readily Jend 
themselves to interpolation or extrapolation with fluctuating temperature and/or pressure. 

At the time of publication, it was anticipated that a computeTprogram for lB M and com
patible personal computers that generates density and/or compressibility tablcs for user
defined gas and pressure-temperature ranges would be available through A.G.A. This 
program uses the equations in A.O.A. Transmission Mea.!!urement Corrunittee Report No. S. 

3.5.5.2 Denslty Based on Gas ComposHion 

When the composition of a gas mixture is known, the gas densities p,, and pb may be cal
culatcd from the gas law equations. The molecular weight of the gas may be detennined 
from composition data, using mole fractions of the components and their respective mole
cular wcights. 

. 
= Í:,.P,Mr, (3-49) ,., 

In the following, the gas law equation, Equation 3-42, is rearrangcd to obtain density val
ues: 
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144PV ; nZRT 

n ; (3-50) 

Therefore: 

And 

Or 

144PV ; ( m JZRT 
Mr,~ 

p, 

144 ~ MI;., 
Z~R1f 

m = 144~Mr,., 

V. z,R'l; 

(3-51) 

(3-52) 

(3-.13) 

Where: 

G, ideal gas rclative density (specific gravity). 
m = mass of a fluid. in pounds mnss. 

Mrn;, = molar mass (molecular weight) of air 
; 28.9625 pounds mass per pound-mole. 

Mr1as : molar mass (molecular weight) of the flowing gas. in pounds mass per pound· 
mole. 

Mr1 = molar mass (molecular weight) of a component, in pounds mass per pound-
mole. · 

n = number of moles. 
P = absolute sratic pressurc of a gas, in pounds force per square inch absolute. 
Pb = absolute static pressure of a gas at base conditions, in pounds force per squarc 

inch absolute. 
P¡1 = absolute static pressure of a gas at the upstream tap, in pounds force per square 

inch absolute. 
R = univer5al ga5 con5tant 

; 1545.35 (lbf-ftl/(1bmo1-0 R). 
T ; absolute temperature of a gas, in degrees Ranklne, 
T6 = absolute temperature of a gas at base conditions, in dcgrees Rankine. 
T¡ = absolute ternperature of a ftowing gas, in degrees Rank.ine. 
V ; volume of a gas, in cubic feet. 
Z ; compressibilhy of a gas at P. T. 

Zb = compressibility of a gas at base conditions (Pb• T6). 

z,, ; compressibili1y of a gas at ftowing conditions (1},. 7(). 
Pb = density of a gas at base conditions (P,., Tb), in pounds mass per cubic foot. 

p,,, = density of a gas at upstrenm fiowing conditions (/}
1

, T¡), in pounds mass per cu
bic foot. 

;, = mole fraction of a component. 

3.5.5.3 Denslty Based on Ideal Gas Relativa Denslty (Speclflc Gravlty) 

The gas densities p1.p 1 and Pb may be calculated from the ideal gas relative density 
(specitic gravi1y), as detined in 3.5.5.2. The following equations are apphcable when a gas 
analysis is available: 

G, ; Mr,., ; 
Mr,., 

Mr,a 
28.9625 

(3-46) 
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Note: The molecular weigbt of dry air, from GPA 2145-91, is given as 28 9625 pounds mass per pound-rnole (e.t
actly). 

Mr,., = G,Mr," = G,(28.9625) 

Substituting for M1~~~ in Equations 3-52 and 3-53, p1.JJ
1 

and p11 are determined as follows: 

P,,p, = 
1:< n, (28. 9625),144 l 

z,RT, 
P.G 

= 2.6988I...i..!. 
Z¡,I¡ 

(3-55) 

And 

p, = 
P,G,(28. 9625)(144) 

Z¡,R'I; 

= 2.69881 P,G, 
Zo7;, 

(3-56) 

W!Jere: 

G, = ideal gas relative density (specific gravity). 
Mrair ;;;: molar mass (molecular weight) of air 

= 28.9625 pounds mass per pound-mole. 
M1Ra1 = molar mass (molecular weight) of a flowing gas, in pounds mass per pound· 

mole. 
P, = absolute static pressure of lhe gas at base condirions, in pounds force per square 

inch absolute. 
P¡, = absolute static pressure of a gas at the upstream tap, in pounds force per square 

inch absolute. 
R :::: universal gas constant 

= 1545.35 (lbf-ft)/(lbmol-'R). 
'lb = absolute temperature of a gas at base conditions, in degrees Rankine. 
T¡ = absoluto tcmperature of a Howing gas, in degrees Rankine. 

Z, = compressibility ofa gas at base conditions (P,. T,). 
Z11 = compressibility ofa gas at flowing conditions (1}1,7¡). 
p6 = density of a gas at base conditions (Pb, T6, and Zh), in pounds mass per cubic 

foot 
p,.P

1 
= density of a gas nt upstream flowing conditions (1}1' T¡. and Z11), in pounds mass 

per cubic foot. 

3.5.5.4 Denslty Based on Real Gas Relativa Denslty (Speciflc Gravity) 

The relationship of real gas relative density (specific gravity) to ideal gas relative density_ 
(speciftc gravity) is given by the following equation: 

G, = ~ (3-48) G, Z 

'·· Or 

z 
G, = G~ . z ·-

Note: 'Thc real gas rclativc dcruity (~ific gravity) of dry air at base conditions is defined as exactly 1.00000. 

Sulistituting for G, in Equations 3-55 and 3-56 results in the following: 
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(3-57) 

(3-58) 

To corrcctly apply thc dcnsity cquations, Equations 3-57 and 3-58, which werc dcvcl
oped from the real gas relative density (spccific gravity), to the ftow calculation, the refer
ence base conditions for the detennination of real gas relativt: density (l:ipecific gravity) and 
the base conditions for the flow calculation must be the same. When standard conditions ate 
substituted for base condition.o;, 

pb = Ps 
14.73 pounds force per square inch absolute 

Tb = 'fs 
= 519.67°R (60°F) 

Zuair = Z3•1• 
= 0.999590 

The gas density based on real gas relative density (specific gravity) is given by the follow
ing equations: 

And 

Where: 

= 
2.69881 ~ G, z,. 
o. 999590 z1, 1j 

P. Z G 
~ 2. 69992 1' ,. ' 

z,, 1f 

(2. 69881 )(14. 73)G 

(0. 999590)(519.67) 

~ 0.0765289G, 

G, = ideal gas re1ative density. 
G, = real gas relative density. 

(3-59) 

(3-liO) 

Pb = absolute statk pressure of a gas at base conditions, in pounds force per square 
inch absolute. 

P¡1 = absolute static pressure of a gas at the upstream tap, in pounds force per square 
inch abso1ute. 

7b = absolute temperature of a gas at base conditions, in degrees Rankine. 
T¡ = absolutc temperature of a flowing gas, in degrees Rank.ine. 

z,,. = compresStbility of air at base conditions (P,, T,). 
z,_ = compressibility of n gas at base conditions (P,, T,). 
z1, = compressibility of a gas at flowing conditions (P¡,. T¡). 

zJ_ = compressibi1ity of air at standard conditions (P,, ~). 
Z,,_ = compressibility of a gas at standard conditions (F:. J:,). 

p. = density of a gas at base conditions (P,, T,, and Z,), in pounds mass per cubic foot. 
p, = density of a gas at standard conditioos (P,, T,, and Z,), in pounds mass per cubic foot 

. p,., = denslty of a gas at upstream ftowing conditions (P¡,. T¡, and Z1,), in pounds mass 
per cubic fool. 

The density equations for standard conditions based on the real gas relative density (specific 
gravity) developed above require standard conditions as the designated reference base con
ditions for G~ and incorporatc Zb.-, at 14.73 pounds force pcr squarc inch absolutc and 
519.67°R in their numeric constants. 
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3-A.1 Scope 
This appcndix pro vides equations and procedures for adjusting and correcting field mea

surement calibrations of secondary instrumcnts. 

3-A.2 General 
Field practices for secondary instrument calibrations and calibration standard applica

tions contribute to the overall uncertainty of flow measurement. 
Calibration standards for differential pressure and static pressure instruments are often 

used in the field without local gravitational force adjustrnent or correction of the values in
dicated by the calibrating standards. For example, it is cornmon to use water column 
manom~ters to calibrate differential pressure instruments without making field corrections 
to the manometer readings for changes in water density. The manometer readings are af
fected by local gravitational effects, water temperarures, and the use of other than distilled 
water. 

Pressure devices that employ weights are also used to calibrate differential pre~::,ure in
struments without correction for rhe local gravitational force. Similarly, deadweight testers 
are used to calibrare static pressure measuring equipment without correction for the loca( 
gravitational force. It is usually more convenient and accurate to incorporate these adjust
ments in the flow computation than for the petson calibrating the instrument to apply these 
small corrections during the calibration process. Therefore, additional factors are at..lded to 
the ftow equation for the purpose of including the appropriate calibration standard correc
tions in the flow computation either by rhe fiow calcularion procedure in the officc or by thc 
meter teclmician in the field. 

Six factors are provided that may be used individually or io combination, depending on 
the colibrntion device and thc calibration procedure used: 

F.. Correction for air over the water in the water manometer during the differcntial in
strument calibration. 
Local gravitatiooal correction for the water column calibrdtion standard. 
Water density correction (temperattrre or composition) for the water column calibra
tion standard. 
Local gravitational correction for the deadweight tester static pressure standard. 
Manometer factor (correction for the gas column in mercury manorneters). 
Mercury manometcr tcmperature factor (span correction for instrument temperature 
chnnge nfter calibration). · 

These factors expand the base volume ftow equation to the following: 

(3·A·l) 

All of the ftow factors that BrC pertinent te gas ftow and are defined in this standard are 
included in Equation 3-A-1. Sorne of the factors are not applicable to all measurcmcnt sys· 
tems and may therefore be considered equal to 1 or ignored, as preferred by the user. For 
other applications, particularly those involving mass fiow calculation, specific factors may 
be included in the selecred equation as appropriate for the system, the calibration of !.he in· 
strumentation, and pllrticulor operating proccdures. 

3-A.3 Symbols, Unlts, and Termlnology 
3-A.3.1 GENERAL 

The symbols and units u.sed are specific to this appendix and were developcd based on 
the customary inch-pound system of units. Regular conversion factors can be used where 
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applicable; however, if SI units are used, the more generic equations in Part 1 should be 
used for consistent results. 

3-A.3.2 SYMBOLS ANO UNITS 
Symbol Oescriprion Ur:its/Value 

Of Temperature, in degrees Fahrenheit 
'R Tempcraturc, in degrees Rankine 

F,ltJ Correction for a ir over the water in the water 
manometer 

F~r,,, Manometer factor 
F~~,~ Mercury manometer temperature factor 

F,wl Local gravitauonal correction for deadweight 
tes ter 

F., Local gravitational correction for water colurnn 
F., Water density correction 
g, Local acceleration due to gravity ft/sec1 

g. Acceleration of gravity used to calibrate 
weights or deadweight calibrator fr/secz 

G, Ideal gas relative density (specific gravity) 
G, Real gas relative density (specific gravity) 

h.,.u Differential pre~sure above atmospheric mches of water column at 60°F 
H Elevatton above sea level ft 
L Latitude on earth 's surface degrees 

Mr Molar mass of gas lbm/lb-mol 
MraJ·r Molar mass of air 28.9625 lbm/lb-mol 

p Absol u te gas pressure lbfiin' (abs) 
}!,.., Locnl atmospheric pressure lbf/in' (abs) 
P, Base pressure lbf/in' (abs) 
P¡ Absolute pressure of ftowing gas lbf/in' (abs) 

Q.' Volume ftow rate at standard conditions 
modified for instrument calibration 
adjustments ft'!hr 

R Universal gas constant 1545.35 (lbf-ft)/(lb-mol-0 R) 
T Absolute gas temperature OR 
T, fiase temperature OR 
T¡. Absolute temperature of a ftowing g~ OR 

7i.,a Mercury ambient temperature "1 

T,a'• Gas ambient temperature 'R 
z Compressibility of a gas at T and P 
z, Compressibility of a gas at standard 

conditions (G,. P,, and T,) 
z. Compressibility of air at P... + h .. and 

519.67°R 
z_ Compressibility of air at Pa,111 and 519.67°R 
z.,. Compressibility of air at 14.73 psin and 

~19.67°R 0.999590 
z, Compressibility of gas at ftowing conditions 

(G,. P¡. and T,) 
p. Density of air at pressure above atmospheric lbm/ft' 

p ... Dcnsity of atmospheric air lbm/ft3 

p, Density of gas or vapor in the differential 
lbm/ft' pressure instrument 

p,, Density of mercury in the differential pressurc 
instrument lbm/ft' 
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p,.,c Density of mercury in the differential pressure 
instrument at rhe time of its calibration lbm/ft3 

Pr.gu Density of mercury in the differential pressure 
instrurnent at the mercury gauge operating 
conditions lbm/ft3 

p... Density of water in the manometer at other 
than 60°F lbm/ft' 

3-A.4 Water Manometer Gas Leg Correction Factor (F.ml 
The factor P.utt corrects for the gas leg over water when a water manometer is used to cal

ibmte a differcntial prcssure instrument: 

E=~ am fP. --- (3-A-2) 

When atmospheric air is used as the medíum to pressure both the differential pre'\sure in
strument and the water U-tube manometer 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) 

Substiruting local atmospheric pressure (f.,,) for absolute pressure (P), 519.67°R (6(JOF) for 
the absolute temperature {7), 28.9625 for Mr11¡ro 1.0 for the ideal relative density (specific 
gravity) of air (G1), and 1545.35 for the universal gas constan! (R) provides the following 
relationship: 

P- = 
(28. 9625)(!.0)1;:~ 

1545.35 z (519.67) 
144 ·-

= 
P,, (3-A-4) 

192.5562._ 

The local atmospheric pressure may be calculated using an equation publisbed in the Smith· 
sonian Meteorological Tables: 

1, ; 14.54 [55096 - (Elevation, ft - 361)] (3-A-5) 
''" 55096 + (Elevation, ft - 361) J 

The densily of air at any given differential pressure (h..,¡) above atmospheric pressure can 
then be represented by the following: 

P. = 

___!!,.____ P.,.+ 
27.707 (3-A-6) 

192.477 z. 
The density of water can be obtained from Table 3-A-1 or calculated from the following 
Wegenbreth density equation: 

P. ; 0.0624280J999.8395639 + 0.06798299989T. - 0.009106025564T_' 

+ 0.00010052729997;1 
- 0.000001126713526T: 

+ 0.00000000659!795606T,;] 

Where: 

G, ; ideal gas relativo density (specitlc gravity). 
lz-." = differential pressure above almospheric, in inches of water at 60°F. 
Mr = molar mass of a gas, in pounds mass per pound-mole. 
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Tabla 3-A-1-Water Densily Based on 
Wegenbrelh Equation 

Tcmpenllurc Dens1ty Temperature Denstty 
(oF) (lbmfftl) ('F) (lbm/ftl) 

·~ 62.4212 63 62.3490 
46 62.4193 64 62.3427 
47 62.4 t 72 65 62.3363 
4R 62.4148 66 62.3297 
49 62.4121 67 62.3228 
50 62.4092 68 62.31~7 
51 62.4060 69 62.308~ 
52 62.4026 70 62.3010 
53 62.39&0 71 62.2934 
54 62.3949 72 62.2855 
55 62.3908 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 62.2!59 

P = absolute gas pressure, in pounds force per square inch absolute. 
P.,,'" = local atmospheric pressure, in pounds force per square inch absolute. 

R = universal gas constant 
= 1545.35 (lbf-ft)/(lbmol-0 R). 

T = absolute gas temperaturc. in degrees Rank:ine. 
T .. = temperature of water, in degrees Celsius. 
Z = compressibility of a gas at P and T. 

Z"' = compressibility of air at P111, + h,. ... and 519.67 11R. 
Zamw. = compressibiHty of a ir at f!1m and 5l9.67°R. 

p = density of a gas, in pounds mass per cubic foot. 
Pa = density of air at pressure above atmospheríc, in pounds mass per cubic foot. 

p(l1111 ::: density of atmospheric air, in pounds mass per cubic foot. 
Pw = density of water in a manometer at a temperature other than 60°F, in pounds 

mass per cubic fool 

3-A.5 Water Manometer Temperature Correctlon Factor (Fw~) 
The factor F.., corrects for variations m the density of water used in the manometer when 

the water is ata temperature other than 60°F. The F..., correction factor should be included 
in the flow measurernent computation when a differential instrument is calibrated with a 
water manometer. 

F,., = P .. (3-A-8) 
62.3663 

Where: 

Pw = density of water in a manomctcr at a temperature other than 600F, in pounds masS 
pcr cubic foot. 

3-A.6 Local Gravltatlonal Correctlon Factor for 
Water Manometers (F.,) 

Thc factor F:w corrects thc wcight of the manometer fluid for thc local gmvitational force. 
The effect on the quantity is the square root of the ratio of the local gravitational force to 
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the standard gravitational 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 aeronautlcal data or from the Smithsonian Meteorological Tables. 
Using Equation E 11 from the 1985 edition of ANSI/API 2530 nnd 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°: 

Where: 

g1 = 0.0328095[978.01855 - 0.0028247L + 0.0020299L2 

- 0.000015058L' - 0.000094H] 

L = latitude, in degrees. 
H = elevation, in feet above sea level. 

(3-A-10) 

3-A.7 Local Gravltational Correctlon Factor for Deadweight 
Calibrators Used lo Callbrate Differentlal and Statlc 
Pressure Instrumenta (lj;w1) 

The factor Tp.. 1 is u sed to correct for the effect of local gravity on the weights of a dead
weight calibrator. Thc caübrator we¡ghto; are usually sized for use ata standard gravitational 
force or at sorne specitied gravitational force. A correction factor must then be applied to 
coiTect the calibrations to the local gravitational force: 

(3-A-11) 

Where: 

g1 = ncceleration due to local gravitationa( force, in feet per second per second. 
8o = acceleration of gravity used to cnlibrate the weights of a deadweight calibrator, in 

feet per second per second. 

When a deadweight calibrator is used for the differential pressure and Úle static pressure, 
both must be corrected for local gravity. This involves using F,...1 twice. 

3-A.S Correctlon for Gas Column In Mercury 
Manometer Instrumenta (F~~gm) 

The factor F,,. corrects forthe gas or vapor leg of fluid at static pressure and the tempCr
ature of the manometer or other instrument. Mercury U-tube manometers and mercury
manometer-type differential pressure instruments are sometimes used to measure h.,. The 
manometer factor F,em is added to the flow equation to correct for the effect of the gas col
umn above the mercury during flow measwements: 

R = ~ p,, - P, (3-A-12) 
Jrw• p~ 

Where: 

p111 = density of mercury in the differential pressure instrument, in pounds mass per cu
bic foot. The effect of attnospheric air (usually defined as the weight in vacuo of 

25 

-----------~~~------------------------------
Copy~ight by the AMERICAN PETROLEUM INSTITUTE (APIJ 
Tue Oct 08 14•17:18 199ó 



26 

API MPMS*14.3.3 92 11 0732290 0503&77 260 .. 

CHAPTEA 14-N,t.TURAL GAS FLUIDS MEASUREMENT 

the mercury sample at the base pressure and temperature defined for the flow mea
surement) is excluded. 

p, = density of rhe gas or vapor in the differential pressure instrument. in pounds mass 
per cubic foot. The effect of atrnospherk air (usually defined as weight in vacuo 
of the fluid sample at the flow1ng pressU1e existing at the orifice meter during the 
ftow measurement and at the temperan1re existing at the differenttal pressurc in-
strument during the ftow measurement) is excluded. · 

The denstty of mercury at ambient tempcrarure T,,6d. in degrees Rankine, may be calcu
lated from the following cquation: 

p,, ~ 846.324[1.0 - O.OOOIOI(T,. - 519.67)] (3-A-13) 

The density of a gas at ambicnt tcmperature may be calculated using the following equa-
tion: 

P, = 
Mt~~rZbG,P¡ 

(3-i\-14) 
Z~¡,,.RZ1T,~~ 

For standard conditions of 

P, P, 

14.73 lbf 1 in' (abs) 

r. = T, 
5J9.67°R (60°f) 

z.._ = z,_ 
0.999590 

Then 

P, = 2. 69992 Jí z, G, (3-A-15) 
z,rro~. 

Where: 

G, = real gas relativo density (specilic gravity). 
Mra1r ;;:: molar mass of air 

= 28.9625 pounds mass per pound-mole. 
P¡ = absalute pressure of a ftowing gas, in pounds force per square inch absolute. 
R ::;; univeral gas constant 

= 1545.35 (lbf-ft)/(lbmol-0 R). 
T, = absolute temperature of a flowing gas, in degrees Rankine. 

T,.u. = gas ambient temperature, in degrees Rankine. 
T,,,, = mercury ambient temperature, in degrees Rankine. 
z, = compressibility of a gas at G" T,, and P,. 

z ... = compressibility of air at 519.67°R and 14.73 pounds force per square inch ah
salute 

= 0.999590. 
Z1 = compressibility of a gas at ftowing conditions (Gr•7i• and 1}). 
Z, ~ compressibility of a gas at 519.67"R and 14.73 pounds force per square inch ah

salute. 

Tabular data for F¡,,m are given in Table 3-A-2. 
Correction for a liquid leg over the mercury can also be made if the liquid density is sub

stituted for p1 in Equation 3-A-12. If the mercury differentinl pressure instrument is cali
brated using a water column ora weight calibrator, the F..o~ and F.., factors are also needed. 
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Tabla 3-A-2-Mercury Manometer Factors (F,.,) 

Real Gas Ambient Static Pressure {pounds torce per square U'lch gauge) 
Relative Temperamrc 
Demity (oF) o 500 1000 1500 2000 2500 3000 

0.550 o 1.0030 1.0019 1.0006 0.9990 0.9973 0.9960 0.9951 
0.600 o 1.0030 1.0018 1.0002 0.9982 0.9962 0.9949 0.9940 
0.650 o 1.0030 1.0017 0.9997 0.9971 0.9950 0.9938 09930 
0.700 o 1.0030 1.0015 0.9991 0.9957 0.9937 0.9926 0.9920 
0.750 o 1.0030 1.0014 0.9984 0.9940 0.9923 0.9913 0.9910 
0550 20 1.0020 1.0010 0.9997 09983 0.9969 0.9956 0.9947 
0.600 20 1.0020 1.0009 0.9994 09977 0.9959 09946 0.9937 
0.650 20 1.0020 1.0008 . 0.9990 0.9968 0.9949 0.9936 09927 
0.700 20 1.0020 1.0007 0.9985 0.9957 0.9936 0.9924 09917 
0.750 20 1.0020 1.0005 0.9980 0.9944 0.9924 0.9912 09907 
0.550 40 1.0010 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 09933 
0.650 40 1.0010 0,999R 0.9983 0.9965 0.9947 0.9933 0.9923 
0.700 40 1.0010 0.9997 0.9980 0.9957 0.9936 0.9922 09913 
0.750 40 1.0010 0.9996 0.9975 0.9947 0.9925 0.9912 09903 
0.550 60 1.0000 0.9991 0.9980 0.9969 0.9957 0.9946 0.9936 
0.600 60 1.0000 0.9990 0.9978 0.9965 0.9951 0.9938 0.9928 
0.650 60 1.0000 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 09961 0.9950 09940 09931 
0.600 80 0.9990 0.9980 0.9969 0.9957 0.9945 0.9933 09923 
0.650 80 0.9990 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 0.9980 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 09909 
0.700 100 0.9980 0.9969 0.9956 0.9941 0.9925 0.9912 0.9901 
0.750 tOO 0.9980 0.9968 0.9953 0.9935 0.9917 0.9903 0.9892 
0.550 120 0.9970 0.9962 0.9953 0.9944 0.993.5 0.9926 0.9918 
0.600 120 0.9970 0.9961 0.9951 0.9941 0.9930 0.9920 0.9911 
0.650 120 0.9970 0.9960 0.9949 09937 0.9925 0.9914 0.9904 
0.700 120 0.9970 0.9959 0.9947 0.9933 0.9920 0.9907 0.9896 
0.750 120 0.9970 0.9958 0.9945 0.9929 0.9913 0.9899 0.9888 

V 

Note: This table is for use with mercury-typc recordin8 g11ug~ that ha ve gas in contact wlth thc mercury surface. 

A.9 Mercury.Manometer lnstrument Temperature Factor (F091) 

The factor F~, corrects for the change ln mercwy density in the mercwy differential pres-
sure instrument due to temperature change from the time of instrument calibration. The · 
mercury manometer temperature factor is introduced to correct for the error in differential 
p1essure reading caused by a change in mercury temperature and the associated change in 
the density of mercury after calibration of the instrUment. The factor is defined by the fol· 
lowing equation: 

F.,, = & (3-A-16) 

""' Wlu!l"e: 

P• = density of the mercury in the differential pressure instrument, in pounds mass per 
cubic foot, at the mercury gauge operating conditioos. The effect of atmospheric 
air (usually defined as the weight in vacuo of the mercury sample at the pressure 
for the ftow measurement and the temperature of the mercury gauge) is excluded. 

p,.., = density of the mercury in thc differcntial pressure instrument, in pounds mass per 
cubic foot, at the time of its calibration. The cffect of atmospheric 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 "'cluded. 

The mercury manometer temperature factor applies only to mercury-manometcr-type 
gauges Without intemal temperature compensation when such gaugcs are used at opcrating 
temperatures different from the temperaturc of calibration. 
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APPENDIX 3-8-FACTORS APPROACH 

3-8.1· lntroduction 

The factors approach can provide answers identical to those developed in this pan of 
Chapter 14, Section 3. The user is cautioned that when the tables in this appendix are u sed, 
the values are only precise for the variables stared. For different dimens10ns or other input 
parameters, the ttue value can only be developed from computation. 

3-8.2 Symbols, Unlts, and Termlnology 
3-8.2.1 GENERAL 

Sorne of the symbols and units listed below are specific to dtis 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 
L should be u sed for consistent results. 

3-8.2.2 SYMBOLS ANO UNITS 
Symbol Descript10n 

C' Composite orifice ftow factor 
C.(Ff) Orifico plate coefficient of discharge 

d Orifice plate bore diameter calculated at 
flowing lemperature,7j 

D Meter tu he internal diameter calculated at 
ftowing ternperatw-e,7j 

e Napierian constant 
E, Velocity of approach factor 
op Temperature, in degrees Fahrenheit 
0 R Absolute temperal!Jre, in degrees Rankine 
Fe Orífice calculation factor 
F; Orífice calculation factor for D < 2.8 
~r Real gas relativc density factor 
~ Numeric conversion factor (see Table 3-B-2} 

Fpb Base pressure factor 
F¡,, Supercompressibility factor 
Fr1 Orifice slope factor 
Flb Base temperature factor 
F,¡ Flowing temperature factor 
G, Real gas relativo tleosity (specific gravity) 
h.,., Orífice diffcrential pressure 
P11 Absalute base pressure 
Pr, Absolute Howing pressure (upstream tap) 
}! Standard pressure 

Re0 Pipe Reynolds number 
Q, Vo1ume 11ow ratc pcr hour at base conditions 
Q.. VoJume flow rate per hour at standard 

conditions of Z11, T,. and P, 
7b Absolute base temperature 
1f Absolute ftowing temperature 
7; Standard temperoture 
Y Expansion factor 
Y; Expansion factor (upstream tap) 
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Unhs{Value 

in 

in 
2.71828 

'F 
'R 

inches of water colurnn al 60°F 
lbf/in' (abs) 
lbf/in2 (abs) 
14.73 lbf/in' (abs) 

fr'!hr 

fr'/hr 
'R 
'R 
519.67'R 
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Y; Expansion factor (downstrean. :ap) 
Zb Compressibility at base condiuons (P.,, T¿,) 
Z11 Compressibility at upstream flowing 

conditiom {1}
1
, T¡) 

Zs Compressibility at standard conditions 
(P,, "f.) 

f3 Diameter tatio (d/LJ) 

3-8.3 Equatlons for Volume Flow Rate of Natural Gas 
In the measurement of natural gas, the general practice ts to state the flow in cubic feet 

per hour at sorne specified standard or base cunditions uf pre~sure and temperature Ul)lilg 

the real gas relative dcnsity. For the purpose of this appendix. thc following standard or base 
conditions are assumed: 

G,,. = 1.00000 (exactly) 
P¡, = P. 

= 14 73 pounds force per square inch absolute 
T¡, = T. 

= 519.67'R 
"fr = 519.67'R 

zb = z, 
The volumetric flow rate equation, Equation 3-6a, can be expressed in the histotically 

more familiar fonnat through the inclusion of calculation factors. These factors (ratios) are 
fonned to allow the various tenns in Equation 3-6a to be calculated individually. 

The factors are derived from combining Equation 3-6a with four numeric ratios, each 
having a value af 1.00000 (exactly). These ratias are 14.73/14.73, 519.67/519.ó7, 
(519.67/519.67)", and 1/l. Onc half of each ratio is combined with P,, T,, 1j, and G., re
spectively, co form the f;,0, F;b. F,1. and ~' factors. The orher half of each ratio is combined 
wlth the numeric constant in Equation 3-6a to fonn the numeric conversion factor, F,,. 
Therefore, staning with ·Equation 3-6a. 

7 2 Ii_ Q, = 218.5 3C,(FT)E,Y,d 
P, 

lf. Z6 Z".1h,. 

G,Z¡, 1j 
(3-6a) 

Refonnatting to incorporate the factor approach and standard conditions rosults in thc fol
lowing: 

Q = 218.573( 519· 67 )~ 1 e CFTlE Y.d'(___!L_)-'o.999590 
• 14,73 519.67 ' • 1 519.67 

(3-B-1) 

Note: Variations in the ba.~c compressibility of dry air, 4..,. from the valuc s;ivcn at 14.73 pound3 force pcr aqunrc 
inch absolute and S l9.67°R (60"F) Cor base pressures bctwcen 14.4 and 15.025 pounds force pet square inch ab
soluto at 319.67~ (60°F), are withln the basic uncertainity statement of me comprenibllty data determination. 
Therefore. the value 0.999590 can be uscd in thc dcvclopmcnt of the numcric constant for th.e ftow equnt.Lon. 

Thus, Equation 3-B-1 can be simplified to tbc foUowing forrn: 

Q~ :;;: F. (1~ + F,l) Y¡ F,a F,b F;¡ F,r F,~ ~ 1}. h., 

Or 

Where 
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Where: 

e· = composite orifice How factor. 
C,(FT) = coefficient of discharge for a flange-tapped orifice plate. 

d :; orificc plate bore diameter calculated at ftowing temperature (Y¡-). in inches. 
E. == velacity of approach factOr. 
Fr == orifice calculation factor. 
F; == orifice calculation factor for D < 2.8. 
!·~, == real gas relative density factor. 
F, == numcric conversion factor (see Table 3-B-2). 

Fpb = base pressure factor. 
F,.v == supercornpressibility factor. 
F;1 = orifice slope factor. 
F,h == base temperature factor. 
F;1 = ftowing temperature factor. 
G, = real gas relative density (specific gravity). 
h.,.. == orifice differential pressure, in inches of water at 60°F. 
~ = base pressure, in pounds force per square inch absolute. 
P¡

1 
::: ab!iolute ftowing pressure (upsrream tap), in pounds force per square inch 

absolute. 
Qv = volume How rate at standard conditions of Z,.,, Tb, and Pb, in cubic fcct per 

hour. 
'fh =: base temperature, in degrees Rankine. 
T¡ = absloute fiowing temperature, in degrees Rank.ine. 
Y1 = expansion factor (upstrewn tap). 
z, = compressibiUty at base conditions (P,, Ji.). 
Z11 =: compressibility at upstream flowing conditions (/},. T¡). 

The content of the composite orifice ftow factor C' is different from what has been used 
in the past. The F.tCF'c + F,1) product is a replacernent for the F. and F,. factors previously used 
in e: Because of the form of the new discharge coefficient equation, the numeric constant 
(F.r) has been separated. and lf. and F;1 are treated as combined addidve terms. The composite 
orifice flow factor assumes that the measured values are absolute. Adjustment factors to 
compensate for the type of instrumentation used, the caJibration methods, and the elements 
of meter location are treated separately in Appendix 3-A. When the instruments are not cal~ 
ibrated or read to absolute values. adjustment factors may be applied as n multiplier toe: 

3-8.4 Numerlc Converslon Factor (F,;) 

Tbe numeric conversion factor F, (see Table 3-B-2) combines the numeric element of 
Equation 3-B-1 with the orifice diarneter (d) and !he velocity of approach factor (E,) to pro
vide the following equation: 

F. = (218.573)(1.54761)E,.d'~z,_ 

= 338.265E,d'~ z._ 
= 338.265E, D'f3'~ z,_ 

When standard conditions are substituted for base conditions, 

pb ::; 1! 
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The numeric convers10n factor, F;., reduces to the followmg: 

F,. = 338.196E.d' (3-B-Sa) 

Or 

F, = 33R.l96E, D'/3' (3-B-Sb) 

Wl!erc: 

d = orifi.ce plate bore diameter calculated at ftowing temperature, T¡, in inches. 
D = meter tube interna! diameter calculated at fl.owing temperature, 7j. in inches. 
E~ = velocity of approach factor 

= l/(1 - /3')''. 
F,, = numeric conversion factor. 
j3 = diameterratio (d/D). 

For the purpose of the tables in this appendix, the numeric conversion factor, r;,, is 
specificd at standard conditions. The vclocity of approach factor is more fuUy described in 
3.4.4. 

3-8.5 Orifice Calculatlon Factor (F.) 
A modification of the basic form of the equation for the orífice plate coefficient of dis

charge in 3.4.3 resulted in the equation being divided into two parts. The first pan is the 
orifice calculation factor CE;). The sec'ond part is the slope factor (~1). The orifice plate 
coefficientof discharge, C,(Ff), is the sum ofF, (see Table 3-D-3) and F,1 (see Tab1e 3-D-4): 

C,(Ff) = ¡;; + F,, (3-B-6) 

The sum of Fc and F;1 is applicable to nominal pipe sizes of 2 inches and larger; diameter 
ratios ({J) of 0.1-0.75, provided the orifice plate bore diameter, d, is g¡eater than 0.45 inch; 
and pipe Reyno1ds numbers (ReD) greater than or equal to 4000. For diameter ratios and 
pipe Reyno1ds numbers outside the limits stated, refer to Part 1, 1.12.4.1, and Part 4. 

The orifice calculation factor (F;) for meter tubes whose interna! diameter is greater than 
or equal to 2.8 inches is computed by the following equation: 

r; = 0.5961 + 0.0291/3 2
- 0.2290/3' 

+ ( 0.0433 + 0.0712e'¡¡ - 0.114Se'!> )[1- 0.2f9;~oj3 r] l ~·/3' 
-0.0116[ 

2 
-0.52( 

2 
)"]/3"[1-0.14(

19
•
000,8)"] (3-B-7) 

0(1 - /3) 0(1 - /3) Re0 

For meter tubes whose interna! diameter is less lhan than 2.8 inches, F; is modified by an ad
ditional term such that 

F,/ = F, + 0.003(1 - /3)(2.8 - D) (3-B-8) 

Where: 

d = orifice plate bore diameter calculated at ftowing temperarure, T¡, in inches. 
D = meter tu be interna! diameter calculated al flowing temperature, I¡. 1n inches 
e = Napierian constant 

= 2.71828 
Fe = orifice calculation factor. 
F; = orifice calculation factor for D < 2.8. 

ReD = pipe Reyno1ds number. 
j3 = diruneter ratio 

= d/D. 
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Equation 3-B-8 is only valid for tubes whose interna! diameter is less than 2.8 inches. 
The inciusion of Rcynolds number in the calculation term (/';) makes this function three~ 

dimensional, including {3, D, and Re0 . The expression can be simplified by assuming 
Reynolds number values for various meter rubes from Table 3-B-1. These assumed values 
can introduce an error greater than 0.01 percent for meter tubes with nominal diameters of 
less than 3 inches and f3 ratias greater than 0.6. The most precise values are obtained by 
computing the orifico calculation factor (f;) using the actual Reynolds number. 

Tnble 3-8-3 wns developed using the npproximnte vnlues for Re0 from Table 3-B-1. 
The assumed values for Reynolds number may not be used to compute the orifice slope 

factor (f;1). The value of ~1 can only be obtained through iteration. 

3-8.6 Slope Factor (F.1) 

The slope factor, F;1 (see Table 3-B-4), is the slope term from the coefficient of discharge 
equation developed in 3.4.3. It is expressed as follows: 

Where: 

( )

0.7 

0.000511 1,000,000/l 
Re0 

+ [ 0.0210 + 0.0049( 
19::o¡¡ r J¡¡·( 1 · 0~~~/l r (3-B-9) 

d = orifice plate bore diameter calculated at ftowing temperature, T,. in inches. 
D = meter tu be interna! diameter dtlculated at ftowing temperature. T¡, in in ches. 

F,1 = slope factor for ftange-tapped coefficient of discharge equation (see Tnble 
3-B-4). 

Re0 :::: pipe Reynolds number. 
f3 = diameter ratio 

= d/D. 

Since Re0 is a function of the ftow rate CQ~), F;1 can only be obtained through iteration. 
The values of Re0 given in Table 3-B-l will not provide precise results but can be used as 
the first approximation in a.n iterative solution. Typically, three iterations of Q~ and Re0 are 
required to provide an accurate solution for ~1• 

As covered in 3.4.5, for most natural gases Equation 3-29 can be used to estimate Re0 

from Q, and D: 

Where: 

= 47.0723 Q,G, 
D 

(3-29) 

Q~ = volume fl.ow ratc at standard conditions (Z,, ~. and P,), in cubic feet per hour. 
D = meter tube intemal diameter calculated at flowing temperature, T¡, in inches. 
G, = real gas relative density (specific gravity). 

Table 3-B-5 was developed using Equation 3-29. Table 3-B-4 provides values for F,1 

based on a normalized pipe Reynolds number (Re0 /I,OOO,OOO) and diameterratio (/l).lj 

3-8.7 Expanslon Factor (Y) 
The expansion factor, Y, is a function of f3 ratio, the ratio of differential pressure to static 

pressure, and the ratio of specific hcats (also callcd the isentropic exponent, or the ratio of 
speciftc heat capacity). Equations for the determinations offj and Y1 are found in 3.4.6. Tab
ular values for Yj are found in Table 3-B-ó. 
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3-8.8 Pressure Base Factor (F,;.) 

The pressure base factor. F¡,b, is applied to change the base pressure from 14.73 pounds 
force per square inch absolute and is calculated by dividing 14.73 by the required (contraer) 
ab:wlute base pressure (see Table 3-B-7). Using this factor is equivalem to subslituting the 
comract absolutc base prcssurc for P11 in Equation }-6a: 

Where: 

14.73 

P, 
(3-B-10) 

Pb = contract absolute base pressure (see Table 3-B-7), in pounds force per square inch 
absolute. 

3-8.9 Temperatura Base Factor (F,.) 
The temperature base factor, F,b, is appUed where the base temperature is other than 60°F 

and is calculated by dividing the required (contract) base remperature in degrees Rankine 
by 519.67°R (see Table J-D-8). The use of this factor is equivalent to substituting the con
tmct absolute base tcmperature for ~ m Equation 3-6a: 

Where: 

F.. = ___!,___ 
" 519.67 

T¡, = contract absolute base temperature, in degrees Rank.ine. 

3-B.10 Flowing Temperatura Factor (F,1) 

(3-B-ll) 

The flowing temperature factor, F,1, is required to change from the assumed fl.owing tcm
perature of 60°F lo the actual ftowing temperarure, 7j. F,1 is calculated by dividing 519.67°R 
by the ftowing temperature in degrees Ranlcine and tak.ing the square root of the result (c;ee 
Table 3-B-9). The use of this factor i~ equivalent to substituting the actual absolute ftowing 
temperature for 1j in Equntion 3-6a: 

~ = r!9.67 (3-B-12) 
r, 

Where: 

T'¡ = flowing temperature, in degrees Rankine. 

3-8.11 Real Gas Relatlve Denslty {Speciflc Gravity) 
Factor ( Fg,) 

The real gas relative density (specific gravity) factor, F,,.. is applied to change from a real 
gas relative dcnsity of 1.0 to the real gas relative density of the flowing gas and is obtained 
as shown in Equation 3-B-13 (see Table 3-B-10). Thc use of this factor is equivalentto sub
stituting the real gas relative density for G. in Equation 3-6a: 

Where: 

¡; = II 
rr ~G, 

G, = real gas relative-density (.c;pecifi.c gravity). 

Real gas relative density (specific gravity) is defined in 3.5.4.3. 

(3-B-13) 
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3-8.12 Supercompressibility Factor (F,;.) 

The supercompressibility factor, F,v• may be calculated from the following equation: 

F,., = {f. (3-B-14) 

Where: 

Zb ::;; gas compressibility at base conditions (Pb, Tb)· 
Z11 ;:;;: gas cornpressibility at upstrcam ftowing conditions (P¡

1
, 7j}. 

The development of compressibility and supercompressibility is covered in 3.5.3.2 and 
3.5.3.3. 

Histodcally, the natural gas induslly has used a tabular approach to compressibilily for 
field applications where there is no ready access toa computer. Table 3-B-11 has been in
cludcd as a typical supercompressibtlity factor (F'") table. It is only applicable to a hydro
carbon gas with a specific gravity of 0.6 and no nitro gen or carbon dioxide. The ta.ble is 
provided asan example only and m ay not be interpolated; neither may values from the table 
be adjusted for diluent content. lt is typical of thc tables that can be developed for the user's 
specific application (gas quality, temperature range, and pressure range). The altemative is 
the direct cnlculntion of Jf,y for the specific measurement conditions using AG.A. Transrnis
sion Measurement Committee Repon No. 8. 

3-8.13 Tables 

Tite values of al! tbe factors of C' as defined in Equation 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 determining all fa~.:tor values except for Ff"". values. The tables can also be used to check 
calculated values. The tables are only precise for the values listed. 
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Tabla 3-B-1-Assumed Reynolds Numbers for 
Various Meter Tuba Sizes 

Nominal Tube 
Oiameler 
(inch.es) 

2 
3 
4 
6 
8 

tO 
12 
16 
20 
24 
30 

Assumcd 
Reynolds 

Number.Rf!o 

500,000 
7.50,000 

1,000,000 
1 .500,(X)() 
2,000,000 
2,500.000 
3,(X)Q,OOO 
4,000,000 
5,000,000 
6,000,000 
8,000,000 
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Table 3-B-2-Numeric Conversion Factor (J;;) 

F. 
3JB.i96D1.lP 

-. 
'JI- P' 

Nomma1 Pipe Diameter 

2 Inches 3 lnches 4 lnches 
{J 

Ratio 1 687 1.939 2067 2.300 2.624 2.900 3.068 3.1!52 3.438 3.826 4.026 

0.200 38.531 50.902 57.844 71.620 93.219 113.86 127 43 134.51 ltiO.O~ 198 18 219.44 
0.220 46.639 61.614 70.017 86.692 112.84 137.82 154.25 162.82 193.i0 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 !21.22 157.77 192.71 215.69 227.66 270.85 335.43 371.41 
0.280 15.693 99.995 113.63 140.70 183.13 223.68 250.34 264.24 314.37 389.33 431.09 
0.300 86978 114.90 130.57 Jfll 67 21043 25702 287.67 303 63 361.23 447.37 495.36 
0.320 99.080 130.89 148.74 !84 17 239.71 292.79 327.69 145.R8 41L'i0 509.62 564.29 
0.340 112.02 147.98 !68.16 208 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 14046 185.55 210.86 16108 33981 415 06 464.54 490.32 .'i83.34 722.44 799.94 
0.400 15601 206.10 234.21 28999 377.44 461.02 51.5.98 544.62 647.94 80244 888.52 
0.420 17249 227.87 258.95 32062 417.31 509.72 57048 602.1!5 716.38 887.20 982.38 
0.440 189 93 250.91 285.13 35304 459.51 561.26 628 17 663.04 788.83 976.92 1,081.7 
0.460 208.38 275.29 312.83 387 34 50415 615.7R 68920 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 27033 357.12 405.83 502.48 654.02 798.84 89407 943.70 l.122.7 \,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 1,67l.l 
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 
0.600 371.40 490.64 551.56 690.35 898.54 1,097.5 1.2284 1.296.5 1,!542.!5 1,910.3 2,115.2 
0.620 400.78 529.45 601.66 744.95 969.62 1,184.3 1,32.5 5 1.399.1 1,664.5 2,061.4 2,282.5 
0.640 432.13 !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 

0.660 465.78 615.32 699.24 86.5.77 1,126.9 1,376.4 1,.540.5 1,626.0 1,934.5 2,39.5.7 2,652.7 
0.680 501 94 663.10 753.54 93299 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 1.7894 \,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 
0.740 629.90 832.14 945.63 1,170.8 1,523.9 1,86l.4 2.083.3 2.198.9 2,616.1 3,239.9 3,587.5 

Note: This table was developed for lnfonnational purposes only and is specific 10 the foUowing conditions: T¡ = 68°F; G, = 0.6; J..l """ 0.000069; k "' 1.3; PA 
"' 14.73; Amt T• = 5t9.67°R. 
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Table 3-B-2-(Continued) 

f; -338.196D1f3 1 

~1- fJ' 

Nominal Pipe Diameter 

6 lnches 3 Inches 10 Inches 12 Inches 
{J 

Ratio 4.897 5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 10.036 1!.374 11.938 12.090 

0200 324.67 364.26 449.34 49R.Ot 787.15 862.36 881.92 1,237.9 1,359.3 ! ,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 1.067.5 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 6!6.51 760.51 842.89 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 7lj',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 
o 300 732.89 822.26 1,0143 1,1242 1,776.9 1,946.7 1,990.8 2,794.3 3,068.4 3,078.2 3,953.7 4,355 5 4,467 .l 
o 320 834.87 936.68 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 2,879.4 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 
0400 1,314.6 1,474.9 1,819.3 2,016.4 3,187.1 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 9,511.1 9,754.9 
0.460 1.755.9 1,970.0 2,430.1 2,693.4 4,257.1 4,663.9 4,769.6 6,694.7 7,351.3 7,374.R 9,472.4 10,435 o 10,702.5 
0.480 1,920.2 2.154.4 2.657.6 2,945.5 4.655.6 5,100.5 5.216.2 7,321.4 8,039.5 8,065.2 10,359.1 ll,411.9 11,704.4 
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 l3,537.1 13,884.0 
0.540 2,472.4 2,773.9 3,421.8 3,792.4 5,994.2 6,567.0 6,716.0 9,426.5 10,351.1 10,384.2 13,337.6 14,693.2 15,ü69.7 
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 11,214.0 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 7,024.0 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 5,1MO.O 8,m.5 8,969.9 9,1733 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 9,672.1 9,891.5 13,883.7 15,245.5 15,294.3 19,644.2 21,640.7~ 22,195.2 
0.660 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 4,74!5.2 5,853.5 6.487.6 10.254.2 11,234.1 11,488.9 16,125.8 17,707.6 17.764.2 22,816.!5 25,13!1.4 25,779.6 
0700 4,558.8 5,114.7 6.309.3 6,992.7 11,052.6 12,108.8 12383.4 17,381.4 19.086.3 \9,147.3 24,!193.1 27,092.5 27,786 8 
0.720 4,916.5 5,516.1 6,804.4 7,541.5 11.920.0 13.059.1 13355.2 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 table w:~s developed for lnfonnational purposes only and is specific to the followlng conditions: T1 = 68°F; G, = 0.6; jl = 0.000069; k = 1.3; pb 
= 14.73; and T, = 519.67°R, 
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Tabla 3-B-2-(Continued) 

F, 
338.196 DlfJl 

- ~1- w 
Nominal Pipe Diameter 

16 Inches 20 Inches 24 Inch.cs 30 lnchcs 
p 

Ratio 14.688 15.000 15.2~0 18 812 19.000 19.250 22.624 23.000 23.250 28.750 29.000 2~.250 

0.200 2,920.8 3,046.2 3,!48.6 4, 791.2 4,887.5 5,0169 6,929.7 7,162.0 7,318.5 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 4,390.3 4,537.9 6,905.3 7,044.0 7,230.6 1),987.4 10,322.1 10,547.7 16.128 3 16,410.0 16,694.2 
0,260 4,943.5 5.155.8 5,329.0 8,109.2 8,272.1 8,491.2 ll,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 \3,613.3 1>1,069.5 14,377 .o 21,983.6 22.367.6 22.754.9 
0.300 6,593.3 6,876.4 7,107.:'1 10,815 5 11,032.8 11,325 o 15,642.9 16,167 1 16;520.S 25,26l.l 25,702.4 26,147.4 
0.320 7,510.7 7,833.2 8,096.5 12,320 5 12,568.0 12,900.9 17,819.5 18.416.8 18,819.3 28,776 2 29,278.8 29,785.8 
0.340 8,491.3 8,855.9 9,153.5 13,928.9 14.208.7 14,58~.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 l0,280.U 15.643.1 15.957.3 16.380.0 22,625.1 23,383.4 23,894.5 36.536.5 17,174.7 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. t 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 22,4.59.1 31,022.0 32,06l.8 32,762.5 50,096.5 50,971.5 51,854.1 
0.440 14,397.8 i5,015.9 !5,520.6 23,('il7 R 24,092.2 24,730.4 34,159.2 35,304.1 36,075.7 55,!62.6 56,126.2 S7,098.0 
0.460 15.796.3 16,474.6 17.028.3 25.9120 26,432.5 27,132.7 37,477.5 3R,733.5 39,580.1 60,52l.l 61,578.3 62,644.5 
0.480 17,275.1 lH,Ol6.8 18.622.4 28.337.8 28,907.0 29.672.7 40,985.9 42.359.5 43,285.4 66.186.8 67,342.R fiR,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 46,193.3 47,202.9 72,177.0 73.437.1 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 52,170.6 54,539.2 55,731.2 85,217.5 86,705.9 !!8,207.3 
0.560 24,096.3 25,130.8 25,975.5 39,527.1 40,321.0 41,389 1 ,,169.3 59,085.4 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 44,7(¡7 7 61,836.1 63,908.5 65,305.4 99,857.1 l01,60l.3 103,360.6 
0.600 28,153.8 29,362.6 30.349.5 46.182.9 47,110.6 48,358.5 66,7%.0 69,034.7 70,543.6 107,R66 7 109,750.8 1ll ,65 1.2 
0.620 30,380.7 31,685.0 32,750.0 49,835.8 50,836.9 52.183.5 72.079.3 74,495.1 76.123.3 116.398.5 118.431.6 120,482.4 
0.640 32,759.1 34,165.7 35,314.0 53,737.5 54,816.9 56,26&.9 TI.722.4 80,327.3 82,UH3.0 125,511.3 127,703.6 129,914.9 
0.660 35,307.9 36,823.8 38,061.5 57,918.3 59,081.7 60,646.8 83,769.3 86,576.8 88,469.2 135,276.3 137,639.2 140.022.5 
O.úRO 38,049.5 39,683.1 41,016.9 62,415 6 63,669.4 65,35!19 90,273.9 93,299.5 9!1,338.7 14!1,780.4 148,326.8 150,895.1 
0.700 41.012.1 42.772.9 44,210,6 67,275.4 68,626.8 70,444 6 97.3027 IOO,S63.9 102.761.9 157,131 o 159,87.5.6 162,644.0 

0.720 44,230.5 46,129.6 47.680.0 72,554.9 74,012.4 75,972.9 104,93R.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 4 186,138.9 189.362.0 

Note: This rabie was developed for informalionn1 purposes only and is specific to th.e following conditlOns: T1 = 68aF; G, = 0.6; JL "" 0.000069: k = 1.3: P6 

= 14.73; And r. = 519.67°R. 
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Table 3-8-3-0rifice Calculation Factor: F, From Equations in 3-8.5 

Nominal Pipe D1ameter 

2 Inches (Reo • 500,000) 3 lnches (Ren "" 750,000) 4 Inchel (Re 0 "" 1.000.000) 
fJ 

RatiO 1.687 1.939 2.067 2.300 2.624 2.900 3 068 3.152 3.438 3.826 4026 

0.200 0.59879 0.59828 0.59801 0.59752 0.59683 0.59646 0.59649 0.59651 0.59655 059661 0.59663 
0.220 059884 o 59836 0.59810 0.59763 0.59697 0.59662 o 59665 0.59667 ON672 0.59678 o 59681 
0.240 0.59892 0.59846 0.59822 0.59777 0.59713 0.59680 0.59684 0.59686 0.59691 059698 0.59701 
0.260 059903 0.59860 0.59837 0.59794 0.59733 0.59701 o 59705 0.59707 059713 0.59720 0.59723 
0.280 0.59918 0.59876 0.59855 0.59814 0.59755 0.59725 0.59730 0.59732 o 59738 0.59745 0.59749 
O lOO 0.59935 0.59896 0.59875 0.598)6 0.59780 0.59752 0.59757 0.59759 o 'i97fifi o 59773 0.59777 
0.320 0.59956 0.59919 0.59899 o 59862 0.59809 0.59782 0.59787 0.59789 0.59796 0.59804 0.59808 
o 340 059980 0.59946 0.59927 0.59892 0.59841 0.59815 0.59820 0.5982) 0.59R30 059839 0.59842 
0.360 0.60009 0.59976 0.59959 0.59925 0.59877 0.59852 o 59857 0.59860 0 . .59867 0.59876 0.59880 
0.380 0.60041 0.60011 0.59994 0.59962 0.59916 0.59893 0.59898 0.59900 0.59908 0.59917 0.59920 
0.400 0.60079 0.60050 0.60034 0.60004 0.59959 0.59937 0.59943 0.59945 0.59952 059961 0.59965 
0420 0.60121 0.60093 0.60078 0.60050 0.60007 0.59986 0.59991 05999) 0.60001 0.60009 0.60012 
0440 o 60168 0.60142 o 60128 0.60100 0.60059 0.60039 060044 0.60046 0.60053 0.00061 0.60064 
0.460 0.60221 0.60196 o 60182 0.60156 0.60116 0.60097 0.60101 0.6010) 0.601\0 0.60117 0.60120 
0.480 0.60281 0.60256 o 60243 0.60217 060179 o 60159 o 60163 o 60165 0.60171 0.60177 0.60180 
0.500 0.60347 0.60323 0.60309 0.60284 0.60246 0.60227 0.60231 0.60232 o 60237 0.60242 0.60244 
0.520 0.60420 0.60396 o 60383 0.60358 o 60320 0.60301 060303 0.60305 0.60308 0.60312 0.60313 
0.540 0.60502 0.60417 0.60463 0.60438 0.60400 0.60)80 0.60382 0.6038) o 60385 o 60386 0.60387 
0.560 0.60592 0.60566 0.60552 0.60526 0.60488 o 60466 o 60467 o 60467 o 60467 0.60467 0.60466 
o 580 0.60693 0.60664 0.60650 0.60623 0.60583 0.60560 0.60559 0.60559 0.60556 0.60553 0.60551 
0.600 0.60805 0.60773 0.60757 060729 0.60686 0.60661 060ó.."iR o 60657 o 60652 o 60645 0.60641 
0.620 0.60929 0.60894 0.60H76 0.60845 0.6UIHXJ 0.60772 0.60767 0.60764 0.60756 0.60744 0.60739 
0.640 0.61069 0.61028 0.61008 0.60974 0.60924 0.60892 o 60884 0.60881 O fifiRtiR o 60852 o 60844 
0.660 0.61226 0.61178 0.6115.5 o 61116 0.61060 0.61024 0.61013 0.61008 0.60990 0.60968 . 0.60957 
0.680 0.61404 0.61347 0.61J20 o 61275 0.61212 0.61169 06115<1 0.61147 Otl1123 0.61093 0.61(J79 
0.700 0.61608 0.61538 0.61.506 0.61454 0.61380 0.61330 061310 0.61302 0.61270 0.61231 . 0.61213 
0.720 o 61842 0.61758 0.61719 0.61657 0.61571 0.61511 0.61485 0.61474 0.61433 0.61384 0.61360 
0.740 062117 0.62012 0.61965 0.61890 0.61788 0.61716 0.6168) 0.61668 0.61617 0.61554 0.61524 

Note· Assumed values of R~0 are used in rhis tab1e. 'Thc:se may induce an error greater than O 01 pen:ent for line s1zes les! than 4 inches ~11h fJ ratio; greate;: 
than 0.60, This table 'WU developed for inforntat10na.l purposcs only and IS spc:Cific to the followmg condition.s: r, "" 68'"F: G, = 0.6; jJ :: 0.000069: k "" 1.3; ' 
P~ = 1473;andTb = 519.67°R. 

Copyr" i ght by the: AMERICAN PETROLEUM INSTI TUTE { AP 11 
Tue: Oct 08 14•17:18 1qqó 

.. .,. ., 
"' • ·! 

.. 
~:! 

;:,t;_ 



-----------------~---

API MPMS*14·3.3 92 .. 0732290 0503891 630 .. 

40 CHAPTER 14-NATURAI.. GAS FLUIDS MEASUFIEMENT 

Tabla 3-B-3-Continued 

Nominal Pipe Diame1er 

6 lnches (R~o "" 1,500,000) 8 lnchcs (Re0 • 2.000,000) 10 Inchcs (Re0 ::::. 2.500.000) 12 lnches (Re0 = 3,000.000) 
fJ 

Ratio 4.897 5.187 5.761 6.065 7.625 7.981 8.071 9.562 10.020 10.036 11.374 11.938 12.090 

0.200 0.59672 0.59674 0.59679 o 59680 o 59688 . 0.59689 0.59690 0.59695 0.59696 0.59696 0.59699 0 . .59700 0.59700 
0.220 0.59690 0.59693 0.5%9R 0.59700 0.59708 0.59710 0.59710 0.59715 0.59717 0.59717 0.59720 0.59721 0.59722 
0.240 0.59711 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 0.59757 0.59758 0.59764 0.59766 0.59766 0.59770 0.59771 0.59771 
0.280 0.59761 0.59764 0.59770 0.59772 0.5971:13 0.59785 0.59785 0.59792 0.59794 0.59794 0.59798 0.59799 0.59800 
0.300 0.59790 0.59793 0.59799 0.59802 0.59813 0.59815 0.59815 0.59822 0.59824 0.59824 0.59829 0.59830 o 59831 
0.320 0.39821 0.39823 0.39831 0.39B34 O 39B43 O 39B47 O 3984B 0.39833 0.398n 0 . .5911.57 0 . .59862 0.39864 0 . .59864 
0.340 0.39856 0.59859 0.59866 o 39869 o 39880 0.59883 0.39883 0.59891 0.59893 0.39893 0.59897 0.59899 o 59900 
0.360 0.59893 0.59897 0.59903 0.59906 0.59918 0.59921 0.59921 0.59929 0.59931 0.59931 o 59936 0.59937 0.599)8 
0.380 0.59934 0.59938 0.59944 0.59947 0.59959 0.59961 0.59962 0.59969 0.59971 0.59971 0.59976 0.59978 0.59979 
0.400 0.59978 0.599~2 0.599~8 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 0.60l09 0.60!14 0.60115 0.60116 
0.460 0.60131 0.60133 0.60138 0.60141 0.60150 0.60152 0.60152 o 60158 0.60160 0.60160 0.60164 0.60166 0.60167 
0.480 0.60189 0.60191 0.60195 0.60197 o 60205 0.60207 0.60207 o 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 o 60265 0.60269 0.60270 0.60270 0.60274 0.60275 0.60275 
0.520 0.60317 O.f0318 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 0.60389 0.60389 0.60389 0.60390 0.60391 0.60391 0.60)1)2 0.60393 0.60393 
0.560 0.60463 0.60462 0.60460 0.60459 0.60456 0.60456 0.604!!6 0.6045S 0.604.55 0.60455 0.60155 0.60456 0.60456 
0.580 0.60343 0.60540 0.60536 0.60334 0.60527 0.60.52.5 o.6ons 0.60.522 0.60521 0.60521 0.60520 0.60!!20 0.60520 
0600 0.60627 0.60623 0.60616 0.60613 0.60600 0.60598 0.60598 0.60591 0.60590 0.60590 0.60587 0.60587 0.60.586 
O.fí20 O 607tR 0.60712 0.60701 O.t'i0ti96 0.60677 0.60674 0.6067:' O.l'íOMJ 0.60661 0.60661 O.l'í06.'i6 o 60655 0.60654 
0.640 0.60814 0.60805 0.60791 0.60784 0.60757 0.60753 0.60752 0.60737 0.60734 0.60734 0.60727 0.60724 0.60724 
0.660 0.60917 0.60905 0.60885 0.60876 0.60841 0.60835 0.60833 0.60814 0.60809 0.60809 0.60799 0.60795 0.60794 
0.680 0.61027 0.61012 0.60986 0.60974 0.60928 0.60920 0.60918 0.60892 0.60886 0.60886 0.60872 0.60867 0.60866 
0.700 0.61146 0.61127 0.61094 0.61078 0.61019 0.61009 0.61006 o 60973 0.60965 0.60965 0.60947 0.60940 0.60939 
0.720 0.61275 OJ5125l 0.61209 0.61190 0.61115 0.61102 0.61098 0.61056 0.61046 0.61046 0.61022 0.61014 0.61012 
0.740 0.61417 0.61387 0.61334 O.lit310 0.61216 0.61199 0.61196 0.61143 0.61130 o.61129 O/il099 0.61089 0.61086 

Note: Assumed valuea of Rt0 are used in thJs table. These may induce an eJTOr greater than 0.01 percent for line sizes less Chan 4 mchcs wnh fJ rattos greater 
than 0.60. This rabie was developcd for mfonnatlonal purposes only nnd tS s¡xcific to the following condittons: T1 = 68°f-; G, "' U.6: 1J = 0.00006~ k "" 1.3; 
Pb = 14.73; and Tt e 519.67°R. 
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5ECllON 3-CoNCENTRIC, 5auARE-EOGED 0R!RCE METERS, PAAT 3-NATUR.AL. GAS APPLICATIONS 41 

Tabla 3-B-3-Continued 

Norrunal Pipe Dtameter 

16 Inches (Reo • 4,UOO,UOO) 20 lnches (Ren 02 5,000,000) 24 Inches (Reo = 6,000,000) 30 Inches (Re0 = 8.000,000) 
p 

Ratio 14.688 15.000 15.2.50 18.812 19.000 19.250 22.624 23.000 23.250 28 750 29000 29 250 

0200 0 . .59704 0.59705 0.59705 0.59708 0.59709 0.59709 0.59711 0.59711 0.59711 0.59714 0.59.714 0 . .59714 
0.220 0.59726 0.59726 o 59727 0.59731 0.59731 0.59731 0.59734 0.59734 0.59734 0.59737 0.59737 0.59737 
0.240 0.59750 0.59751 0.59751 0.59755 0.59756 0.59756 0.59759 0.59759 0.59759 0.59162 0.59762 0 . .59762 
0.260 0.59777 0.597TI 0.59778 0.59782 0.59782 0.59783 0 . .59786 0.59786 O.S9786 0.59790 0 . .59790 O.S9790 
0.280 0.59805 0.59806 0.59806 o 59812 0 . .59812 0.59812 0 . .59815 0 . .59816 0 . .59816 0.59820 0 . .59820 0.59820 
o 300 0.59837 0.59837 o 59838 0.59843 0.59843 0.59844 0.59847 0.59848 o 59848 0.59852 0.59852 0.59852 
0.320 0.59!170 0.59871 0.59871 0.59877 0.59877 0.59878 0.59881 0.59882 0.59882 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 0.59963 
0.380 0.59986 0.59986 0.59987 0.59993 0.59993 0.59994 0.59998 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 
0.420 o 60074 0.60075 o 60076 0.60082 0.60082 0.60083 0.60087 060088 0.60088 0.60093 o 60093 0.60093 
0.440 0.60122 0.60123 060124 0.60130 O.Cr0130 O.CJ0131 0.60135 0.60136 o G0136 O.ó0141 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 0.60353 0.60353 0.603.53 
0.!!40 0.60397 0.60397 0.60397 0.60402 0.60402 0.60402 0.60405 0.60406 0.60406 0.60410 0.60410 0.60411 
0.560 0.60458 0.60458 0.6045R 060461 0.60461 0.60462 0.60465 O.G04G5 0.60465 o 60469 0.60469 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 0.6058!5 0.6058!5 0.60585 0.60586 0.60587 0.60587 0.60.589 0.60589 0.60590 
0.620 0.60650 0.60650 0.60650 0.60648 0.60648 0.60648 0.60648 0.60649 0.60649 0.60650 0.60650 0.60650 
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 0.60776 0.6077!!' 0.60773 0.60773 0.60773 0.60772 o 00772 ~ • 0.60772 
0.680 0.60851 0.60850 0.60849 o 60839 0.60839 0.60838 0.60834 0.60834 0.60834 0.60831 060831, 0.60831 
0.700 0.60919 0.60917 0.60916 0.60902 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 0.609961 0.60995 

N01e: Assumed va1ues of Rt0 are used in this table. These may induce an error greater than 0.01 percem for Une sizes !ess than 4 inches wlth f3ratios greater 
than 0.60. Thls table was developed for informatiooal purposes only am.l is speciüc to 1he foUowing condilions: T1 = 68°F; G, = 0.6: J1 = 0.QOCH)69; k = 1.3;: 
Pb = 14.73; and T~ "' 519.67°R. 
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42 CHAPTER 14-NATURA.l GAS FLUIDS MEASUREMENT 

Table 3-B-4-0rifice Slope Faccor: F, From Equations in 3-8.6 

PKauo 

Re0 /10 5 o 20 o 22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 042 0.44 0.46 

0.020 0.00270 0.00294 0.00320 0.00348 0.00379 0.00413 0.00450 0,00492 0.00539 0.00591 0.00650 0.00716 o 00790 0.00873 
O.GJO 0.00205 0.00224 0.00244 0.00266 0.00291 0.00318 0.00348 0.00382 O.!Xl420 o 00463 0.00511 0.0056.5 0.00626 0.00694 
0.040 0.00!68 0.00!84 0.00201 0.00220 o 00241 0.00264 0.00291 0.00320 0.00353 0.00390 o 00432 0.00480 0.00533 0.00593 
0.050 0.00145 0.00159 0.00174 0.00190 0.00209 0.00230 0.00253 0.00279 000309 0.00342 0.00380 0.00423 000471 000525 

0.060 0.00128 0.00140 0.00154 0.00169 o 00186 0.00205 0.00226 0.00250 0.00277 0.00308 0.00343 0.00383 0.00427 0.00477 
0.070 0.00115 0.00127 0.00139 0.00153 o 00169 O.OOIM6 0.00206 0.00228 0.00254 0.00282 0.00315 0.00352 0.00393 0.00440 
0.080 o 00105 0.00116 0.00128 0.00140 000155 0.00171 0.00190 0.00211 0.00235 0.00262 0.00292 U.UU327 0.00366 0.00410 
o 090 0.00097 0.00107 0.00118 o 00130 000144 0.001.59 0.00177 0.00197 0.00219 0.00245 0.00274 0.00307 0.00344 000386 
0.100 0.00091 0.00100 0.00110 000!22 o 00135 0.00149 0.00166 0.00185 0.00206 0.00231 0.00259 0.00290 0.00326 0.00366 
o 150 000069 0.00076 0.00085 0.00094 0.0010.5 0.00117 0.00l30 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 000140 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 000112 0.00128 0.00145 o 00166 0.00188 o 00214 
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 000126 o 00144 0.00164 000187 
0.450 0.00033 0.00038 0.00042 0.00048 0.00054 0.00061 0.00070 0.00079 0.00091 0.00104 0.00119 0.00136 0.00155 0.00177 
0.500 000031 o 0003.5 0.00039 0.0004.5 0.000.51 0.00058 0.00066 0.00075 0.00086 0.00098 U.OOIIJ 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 000048 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 0.00059 0.00068 0.00078 0.00090 0.00104 0.00119 000137 
0.900 0.00021 0.00024 0.00028 0.00031 0.00036 000041 o 00048 0.00055 0.00064 0.00074 0.00085 0.00098 0.00113 0.00130 
1.000 0.00020 0.00023 0.00026 0.00030 0.00034 o 00039 0.00045 o 00052 o 00060 0.00070 000081 0.00094 o 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 0.0007R 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 0.00024 0.00028 0.00033 0.00039 0.00046 000053 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 000011 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 o 00013 0.00016 000019 0.00022 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 000021 0.00025 0.00030 0.00035 0.00041 0.00048 0.00057 0.00066 

5.000 0.00007 0.00009 0.00010 0.00012 0.00014 000017 0.00020 0.00024 0.00028 0.00033 0.00039 0.00046 0.00054 0.00063 
5.500 0.00007 0.00008 0.00010 0.00011 0.00013 0.00016 0.00019 0.00023 000027 0.0(X)32 o ()(X}38 o 00044 0.000.52 0.00061 
6.000 0.00007 0.00008 O.()()()()tJ 0.00011 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 000010 0.00012 0.00015 0.00018 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 0.00014 0.00011 0.00020 0.00024 0.00029 0.00034 0.00040 0.00047 0.00055 

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 0.00011 0.00013 0.00016 0.00019 0.00023 0.00027 0.00032 0.00038 0.00045 0.00052 
8.500 0.00005 0.00006 o 00008 0.00009 0.00011 0.00013 0.00016 0.00019 0.00022 0.00027 0.00031 O.lXX>37 0.00044 0.00051 
9.000 0.00005 0.00006 o 00007 0.00009 '0.00010 0.00013 0.00015 000018 0.00022 0.00026 0.00031 0.00036 0.00043 0.00050 
9.500 0.00005 0.00006 0.00007 0.00008 0.00010 0.00012 0.00015 0.00018 0.00021 0.00025 0.00030 O.COOH 0.00042 0.00049 

10.000 0.00005 0.00006 0.00007 0.00008 0.00010 0.00012 0.00014 0.00017 0.00021 0.00025 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 000032 0.00038 0.0004.5 
15.000 0.00004 0.00005 0.00006 0.00007 0.00008 0.00010 0.00012 0.00014 0.00017 0.00021 0.00025 0.00030 0.00035 0.00041 
18.000 0.00003 0.00004 0.00005 0.00006 0.00007 0.00009 O.OOOll 0.00013 0.00016 0.00019 0.00023 0.00027 0.00032 0.00038 
21.000 0.00003 0.00004 0.00005 0.00006 0.00007 0.00008 0.00010 0.00013 0.00015 0.00018 0.00022 0.00026 0.00031 0.00036 

24.000 0.00003 0.00004 0.00004 0.00005 0.00007 0.00008 0.00010 0.00012 0.00014 0.00017 0.00021 0.00025 0.00029 0.00034 
27.000 0.00003 0.00003 0.00004 0.0000.5 0.00006 0.00008 0.00009 0.00011 0.00014 0.00016 0.00020 0.00023 0.00028 0.00033 
30.000 0.00003 0.00003 0.00004 o 00005 0.00006 0.00007 0.00009 0.00011 0.00013 0.00016 0.00019 0.00022 0.00027 0.00031 

Note: Th1s tnble was developed for infonnatiomtl purposes only and is specific to the foUowing condition-.: T1 = 68°F; G, = 0.6; jl = 0.000069; k = 1.3; P11 

:::: 14.73; :md T0 :::: 519.67"R. 
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SECTION 3-CONCENTRIC, S0uARE-EOGEO QFIIFICE METER$, PART 3-NATIJRAI.. GAS APPLICATlONS 43 

Table 3-B-4-(Continued) 

/3RatlO 

Reo/lfY' 0.48 050 0.52 0.54 0.56 0.58 0.60 062 064 0.66 0.68 0.70 0.72 0.74 

0.020 000966 0.01069 0.01184 0.01) 12 0.01453 0.01609 0.01782 0.01972 0.02181 0.02409 0.02659 0.02932 0.03229 0.03552 
0.030 0.00770 0.008!56 0.00951 o 01056 0.01173 001302 o 01445 0.01601 0.01774 0.01962 0.02168 0.02393 0.02638 0.02904 
0.040 o OC'I659 0.00734 o ()()B 18 OOOQJO 001013 o 01126 0.01252 0.01)89 o 01541 001706 0.01887 0.02085 0.02300 002533 
0050 O 00SR6 OOOM4 o 00729 0001\!J o OOQ06 001009 001123 00124R o 01185 001536 001700 00187Q 002074 0.02286 

0060 000533 0.00596 o 00665 o 00743 000829 000925 o 01030 o 01145 001272 001412 o 01564 o 01729 0.01910 0.02106 
0.070 o 00492 0.00551 0.00616 o 00689 0.00770 0.00859 0.00958 o 01066 0.01186 001316 o 01459 001614 0.01783 0.01967 
0.080 0.00460 000515 0.00577 0.00646 000723 000807 0.00901 0.01003 0.01116 0.01239 0.01374 0.01522 0.01682 0.01855 
0.090 0.00434 0.00486 0.00545 0.006!1 0.00684 0.00764 0.00853 0.00951 0.010.59 001176 0.01305 0.01445 0.01598 0.01763 
tUOO 0.00411 0.00462 0.0051~ u.ous~1 0.00651 o.cmzs 0.00813 0.00907 0.01010 0.01l23 0.01246 0.013Ml 0.01527 0.01686 

0.150 0.00337 0.00380 0.00428 0.00482 0.00541 0.00607 0.00679 0.00759 O.OOS47 000943 0.01048 0.01163 0.01287 0.01422 
0.200 0.00294 0.00332 0.00375 0.00423 000476 0.00535 0.00600 0.00671 0.00750 0.00836 OJXJ930 0.01032 O.Oll44 0.0126!1 
0.2.!10 000265 0.00300 0.00339 0.00383 0.00432 0.00486 0.00!54!5 0.00611 0.00683 0.00762 0.00848 0.00942 0.01045 O.Ol!56 
0.300 o 00243 0.00276 0.00313 0.00354 000399 0.00449 0.00505 0.00!566 0.00633 000707 0.00788 0.00876 OJXJ971 0.01075 
0.350 0.00227 0.00258 o 00292 0.00331 000373 000421 0.(X)473 0.00!531 000!59.5 000664 o 00741 o 00824 0.00914 0.01012 

0.400 0.00213 0.00243 0.00276 0.00312 0003!3 0.00398 0.00448 0.(Xl.503 0.00.563 000630 0.00702 0.00781 0.00867 0.00960 
0450 000202 o 00230 o 00262 o 00297 o 00336 000379 0.00427 o 00480 000537 o 00601 o 00670 0.00746 0.00828 0.00917 
0.500 0.00193 0.00220 0.00250 0.00284 000321 0.00363 0.00409 0.00460 0.00515 000576 0.00643 0.00716 0.00795 o 00881 
0.600 0.00178 0.00203 0.00231 0.00263 000298 0.00337 0.00380 0.00427 0.00479 000536 0.00599 0.00667 0.00741 0.00821 
0.700 0.00166 o 00190 0.00217 0.00247 0.00280 0.00316 0.00357 0.00402 0.004.51 0.00505 0.00564 0.00628 0.00698 0.00774 

o 1!00 0.00157 0.00180 0.00205 o 00233 000265 0.00300 0.00338 0.00381 0.00428 0.00479 0.00535 0.00597 0.00663 0.00736 
0.900 0.00149 0.00171 0.00195 0.002::!2 0.00252 0.00286 0.00323 0.00364 0.00409 000458 0.00512 0.00570 0.00634 0.00703 
1.000 0.00143 0.00163 0.00187 0.00213 000242 0.00274 0.00310 0.00349 0.00392 0.00439 0.00491 0.00548 0.00609 0.00676 
1.500 0.00120 0.00138 0.00158 0.00181 0.00206 0.00233 0.00264 0.00298 0.00335 000376 0.00421 0.00470 0.00523 000381 
2.000 000107 0.00123 0.00141 000161 000184 0.002QQ 0.00236 0.00267 000301 000337 0.00378 0.00422 0.00470 0.00522 

2.SOO 000097 0.00112 o 00129 0.00147 000168 0.00191 OJXJ217 0.00245 0.00276 0.00310 0.00347 0.00388 0.00432 ~ o ())480 
3000 0.00090 0.00104 0.00120 0.00137 000157 0.00178 000202 0.00229 0.00258 000290 0.00325 0.00363 0.00404. o 00449 
3.500 0.00085 0.00098 0.00113 0.00129 0.00148 0.00168 0.00191 0.00216 0.00243 0.00274 0.00307 0.00343 o 00382\.~ 0.00425 
4.000 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 o.wrn 0.00089 0.00102 0.00117 000134 0.00153 0.00174 o 00196 0.00222 0.00149 O.OOZ79 0.00312 0.0034>1 0.003\H 

5000 0.00073 0.00085 00009M 0.00113 O.(XJI29 0.00147 O.lKH67 0.00189 0.00213 0.00240 0.00269 0.00301 0.00335 000373. 
5.500 0.00071 0.00082 0.00094 0.00109 0.00124 0.00142 0.00161 0.00182 0.00206 0.00231 0.00260 0.00290 0.00324 0003b0 ••• 
6.000 0.00068 0.00079 0.00091 0.00105 O.IXH20 0.00137 0.00136 0.00176 0.00199 0.00224 0.002.51 0.00281 0.00314 0.00349 
6500 00006ó 0.00077 0.00089 0.00102 000117 0.00133 0.00151 0.00171 0.00193 0.00218 0.00244 0.00273 0.00305 . o 00339 
7000 0.00064 o 00075 O.OOORti OJX)OQIJ OOOllJ 000129 o 00147 0.00167 O.CXl1S8 0.00212 o 00238 0.00266 000296\ 000330 

7 500 000063 0.00073 o 00084 000096 000110 o 00126 o 00143 0.00162 0.00183 000206 0.00232 o 00259 0.00289 !· o 00322 
R.OOO 000061 o 00071 0.00082 0.00094 0.00108 000123 0.00140 o 00159 o 00179 0.00202 0.00226 0.00253 0.00282, 00031-4 
8 500 .0.00060 0.00069 0.00080 0.00092 0.0010.5 0.00120 0.00137 0.00155 0.00175 0.00197 0.00221 0.00248 o 00276 .. 0.00307 
9.000 0.00058 0.00068 0.00078 0.00090 0.00103 0.00118 o 00134 0.00152 0.00172 0.00193 0.00217 0.00243 0.00271 000301 
9.500 0.000.57 0.00066 0.00077 0.00088 0.00101 0.00115 000131 0.00149 0.00168 0.00189 0.00213 0.00238 0.00265 0.00295 

10.000 O.()()()S6 0.00065 0.00075 0.00086 000099 0.00113 0.00129 O.CKJI46 0.0016.5 0.00186 0.002{JI) 0.00233 0.00260 0.00290 
12000 0.00052 0.00061 0.00070 0.00081 0.00093 0.00106 0.00120 0.00137 000154 0.00174 0.00195 0.00219 0.00244 0.00271 
15 000 0.00048 0.00056 0.00064 O.OCI074 0.00085 o 00097 0.00111 0.00126 0.00142 0.00160 0.00180 0.00202 0.0022.5 0.00251 
18000 0.00045 0.00052 0.00060 0.00069 0.00080 000091 0.00104 0.001!8 0.00133 0.00150 0.00169 0.00189 0.00211 0.00235 
21000 0.00042 0.00049 0.00057 0.00065 0.00075 0.00086 0.00098 0.00111 0.00126 000142 0.00159 0.00179 000199 0.00221 

24000 0.00040 0.00047 0.00054 0.00062 0.00072 0.00082 0.00093 0.00106 000120 000135 0.00152 0.00170 0.00190 0.00212 

27.000 0.00038 0.00045 0.00052 0.00060 0.00069 0.00078 0.00089 0.00102 0.00115 0.00130 0.00146 0.00163 0.00182 0.00203 

30.000 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 000195 

Noce: TIUs tablc was dcve1oped for informa.tlonal purposes onty and is speci&:: to tbe toilowing condiuons: T1 = 68~; G, "' 0.6: JJ = O.OCXXI69; k = 1.3; p~ 

= 14.73; and T&"' ~19.67°R. 
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44 CHAPTER 1-4-NATURAL GAS FLUIDS MEASUREMENT 

Tabla 3-B-5- Conversion of Re0 11 O' to 0,/1 000 (O, in Thousands of Cubic Feet per Hour): 
Q,/1000 ~ Re0 /1 0000/28.2435 

Nonunal P1pe Diameter 

2 L1ches 3 Inches 4 fnches 

ReDilO~ 1.687 1.939 2.067 2.300 2.624 2.900 • 3.0CiR 3.152 3.438 3.826 

0.020 !.2 !.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 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.S 4.9 5.4 
0.050 3.0 3.4 3.7 4.1 4.6 S 1 5.4 S.6 6.1 6.8 

0.060 3.6 4.1 44 4.9 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 7.6 7.8 8.5 9.S 
0.080 4.8 5.5 5.9 6.5 74 8.2 R.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 o 12.2 
0.100 6.0 6.9 7.3 8.1 9.3 10.3 10.9 11.2 12.2 13 5 

0.150 9.0 10.3 ll.O 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.] 27.1 
0.2SO 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.S 40.6 
0.350 20.9 240 25.6 28.5 325 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 9 16.6 41.8 46.2 48.9 so 2 54.8 610 
0.500 299 34.3 366 40.7 46.5 51.3 54 3 55 8 60.9 67.7 ! 
0.600 35.8 41.2 43.9 48.9 55.7 6l.6 65.2 67.0 73.0 R1.3 
0.700 41.8 4&.1 51.2 57.0 65.0 71.9 76.0 78.1 85.2 94.8 

0.800 47.8 54.9 58.5 65.1 74.3 82.1 86.9 89.3 97.4 108 
0.900 53.8 61.8 65.9 73.3 83.6 92.4 '" 100 110 122 
1.000 S9.7 68.7 732 81.4 92.9 103 109 112 122 135 
1.500 896 103 1\0 122 139 1S4 163 167 183 203 
2.000 119 137 146 163 186 205 217 223 243 271 

2.500 149 172 183 204 232 257 272 279 304 339 
3.000 179 206 220 244 279 308 326 335 365 406 
3.500 209 240 256 285 325 359 380 391 426 474 

4.000 239 27S 293 326 372 411 43S 446 487 542 
4.500 269 309 329 366 418 462 489 S02 548 610 

5.000 299 343 366 407 465 513 S43 558 609 677 
5.500 329 378 403 448 511 565 597 614 670 74S 
6.000 358 412 439 489 557 616 652 670 730 813 
6.500 388 446 476 529 604 667 706 725 791 881 
7 000 418 481 512 570 650 719 760 781 852 948 

7.500 448 51 S 549 611 697 770 815 837 913 1,016 
8.000 478 549 S85 651 743 821 869 893 974 l,084 
8.500 508 S84 622 692 790 873 923 949 1,035 1,151 

9.000 538 618 659 733 836 924 978 1,004 1,096 1,219 

9.500 567 652 695 774 883 97S 1,032 1,060 1,156 1,287 

10.000 597 687 732 814 929 1,(127 1,01!6 1,116 1.217 1.3SS 

Note: This table was developed for informatJonal purposet only and is speclfic to the following conditlons: T1 = 68°F; G, = 0.6; fJ ==- 0.000069; k "" 
= 14.73: and T~ "" 519.67°R. 

Copy~tght by the AMERICAN PETROLEUM INSTITUTE (API) 
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5ECT10N 3-CONCENTAIC, SOUARE-EDGEO ~RIFICE METEAS, PART 3-NATURAL GAS APPUCATIONS 45 

Table 3-B-5-Continued 

Nommal P1pe Diamcter 

6 lnches 8 !nches 1.0 Inches 

Renll~ 4.897 5.187 5.761 6.065 7.625 7.981 8.071 9 562 10.020 10.036 

0.020 3.5 3.7 4.1 4.3 5.4 5.7 5.7 6.8 7.1 7.1 
0.030 52 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 !1.3 11.4 13.5 14.2 \4.2 
0.050 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 15.0 18.9 19.8 20.0 23.7 24.8 24.9 
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 JJ.9 35.5 35.5 

0.150 26.0 27.5 30.6 32.2 40.5 424 42.9 :'iO.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 55.1 61.2 64.4 81.0 84.8 85.7 102 106 107 
0.350 60.7 64.3 71 4 75.2 94.5 98.9 IDO 118 124 124 

0.400 69.4 73 . .5 81.6 85,9 108 1!3 114 135 142 142 
0.450 78.0 82.6 91.8 96 6 121 127 129 !S2 160 160 
0.500 86.7 91.R 102 107 135 141 143 169 177 178 
0.600 104 110 122 129 162 170 171 203 2!3 213 
0.700 121 129 143 !50 189 198 200 237 248 249 

0.800 139 147 163 172 216 226 229 271 284 2R4 
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 27> 306 322 405 424 429 508 532 533 
2.000 347 367 408 429 540 565 572 677 710 711 

2.~00 433 459 510 537 675 706 714 846 887 888 
3.000 520 551 612 644 810 848 857 1,016 1,064 1,066 
3.500 607 643 714 752 945 989 1,000 1,185 1,242 1,244 
4.000 694 735 816 859 1.080 1.130 1.143 I.JS4 1.419 (,421 

4.500 780 826 918 966 1,215 1,272 1,286 1,524 1,596 1.599 

5.000 867 .918 . 1,020 1.074 1.350 1,413 1,429 1,693 1.774 1.777 
5.500 954 !,DIO 1,122 1,181 1,485 1,554 1,572 1.862 1,951 1.954 
6.000 1,040 1,102 1,224 !,288 1,620 1,695 1,715 2,031 2,129 2,132 
6.500 1,127 1,194 1,326 1,396 1.7~5 1,837 1 ,8!17 2,201 2,306 2,310 
7.000 1,214 1,286 1,42R 1,503 1,890 1,978 2,000 2,370 2,483 2,487 

7.500 1,300 1.377 1,530 1,6Ll 2,025 2,119 2,143 2,539 2,661 2,665 
8.000 1.387 1.469 1,632 1,718 2,160 2,261 2,286 2,708 2,838 2,843 
H.500 1,474 1.561 1,734 1,825 2.295 2.402 2.429 2,878 3,016 3,020 
9.000 1,560 1,653 1,836 1,933 2,430 2,543 2.572 3,047 3.193 3.198 
9.500 1,647 1,745 1,938 2,040 2,565 2,685 2,715 3,216 3.370 3.376 

10.000 1,734 1,837 2,040 2,147 2,700 2,826 2,858 3,386 3.548 3,553 

Note: This 1able was developed for lnformatfonal purposes only and is speclfl.c to lhe foUowing condllion.s: T1 = 68°F; G, = 0.6; J.l ""' 0.000069; fe = 1.3; P,. 
= 14.73; and Tb = 519.67°R. 

Copy~tght by the AMERICAN PETROLEUM INSTITUTE (APl) 
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46 CHAPTER 14-NATURAL GAS FLUIDS MEASUAEMENT 

Tabla 3-B-5-Continued 

NomUJnl P~pe Dlllmeter 

12 lnches 16 Inches 20 Inches 24 Inchcs 30 Inches 

Re0 /106 11.374 11.938 12.090 14 6S8 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 !53 154 
0.200 80.5 84 . .5 85.6 104 106 108 133 135 136 160 163 165 204 205 
0.250 101 106 107 130 133 135 167 168 170 200 204 206 254 257 
0.300 121 127 \28 !56 IS9 162 200 202 204 240 244 247 305 308 
0.350 141 \48 150 182 186 189 233 235 239 280 . 28.5 288 356 359 

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 2ó0 266 270 333 336 34\ 401 407 412 509 513 
0.600 242 254 257 312 319 324 400 404 409 481 489 494 611 616 
0.700 282 296 300 364 372 378 466 471 477 561 570 576 713 719 

0.800 322 338 342 416 425 432 533 538 545 641 651 659 814 821 
0.900 362 380 385 468 478 486 599 605 613 721 733 741 916 924 
1.000 403 423 428 520 53! 540 666 673 682 801 814 823 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 sos 845 856 1,040 1,062 1,080 1,331 1,345 1,363 1,602 1,629 I,M6 2,036 2,054 

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,(:58 2,545 2,567 
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 l,S20 1,859 I,R90 2,331 2,355 2,386 2,804 2,R50 2,R81 3.563 3,594 
4.000 I.6ll 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 
4.500 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 2,113 2,!40 2,600 2,655 2,700 3,330 3,364 3.408 4,005 4,072 4,ll6 5.090 5.134 
5.500 2.215 2,325 2,354 2.860 2.921 2.970 3,663 3,700 3.74l) 4.406 4,479 4.528 5,599 5,647 
6.000 2,416 2,536 2,568 3,120 3,187 3,240 3,996 4,036 4,089 4,806 ~.886 4,939 6,108 6,161 
6.500 2.618 2,747 2.782 3,380 3,452 3,.510 4,329 4,373 4,430 5,207 5,293 5.351 6,617 6,674 
7.000 2,819 2,959 2,9% 3,640 3,718 3,780 4,662 4,709 4,771 5.607 5,700 5,762 7,126 7,t88 

7.500 3.020 3,170 3,210 3,900 3,983 4,0~0 4,996 .5,045 S, 112 6,008 6,108 6,174 7,63.5 7,701 
8.000 3,222 3,381 3,425 4,160 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 4,780 4,860 5,995 6,055 6.134 7,209 7,329 7.409 9,161 9,241 
9.500 3,826 4,015 4,067 4,940 5,045 5,130 6,328 6,391 6.475 7,610 7.736 7,820 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 ~.143 8,232 10,179 10,268 
12.000 4,833 5,072 5,137 6,241 6,373 6,479 7,993 8,073 8,179 9,612 9,772 9,878 12,215 12,321 
15.000 6,041 6,340 6.421 7,801 7,%6 8,099 9,991 10,091 10,224 12,016 12,2" 12,348 1$,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 
21.000 8,457 8,876 8,989 10,921 11,153 11,339 13,987 14,127 14,313 16,822 17,101 17,287 21.377 21,563 

24000 9,665 10,144 10,274 12,481 12,746 12,959 15,986 16,145 \6,358 19,225 19,544 19,757 24.430 24,643 
27.000 10,873 1 !,412 ll,558 \4,041 14,340 !4,579 17,984 18,164 18,403 21,628 21,987 22,226 27,484 27,723 
30.000 12,081 12,680 12,842 15,602 15,933 16,198 19,982 20.182 20.447 24,031 24,430 24,696 30,538 30,804 

Note: This table wa.s developed for tnformational purposes only and is specilic 10 tho following conditions: T1 "' 68"F: G, ::o O.ó; ¡;. = 0.000069: k .. 
= 14.73: and r. = Sl9.67"R. 
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SeCTION 3-CoNCENTRtc, SouARE-Eoaeo ORtFICE METERS, PART 3-NATVRAL GAs APPLICAnoos 

Tabla 3·8·6-Expansion Factors for Flange Taps (Y,): Static Pressure Taken From Upstream Taps 

lr,.!P¡, 0.1 0.2 0.) 04 

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 
0.) 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 o 9930 
0.7 0.9920 0.9920 0.9920 0.9919 
0.8 0.9909 0.9909 0.9908 0.9901 
0.9 0.9898 0.9897 0.9897 0.9895 
1.0 0.9886 0.9886 0.98~ 0.9884 

1.1 0.9875 0.9875 0.9874 0.9872 
- 1.2 0.9863 0.9863 0.9862 0.9860 

1.3 0.9852 0.9852 0.9851 0.9849 
\.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 0.9817 0.9814 
\.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 0.9761 0.9759 0,9756 
2.2 0.9750 0.9749 0.9748 0.9744 
2.3 0.9738 0.9738 0.9736 0.9732 
2.4 0.9727 0.9726 0.9725 0.9721 
2.5 0.9715 0.9715 0.9713 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 
3.0 0.965S 0.9658 0.9656 0.9651 

3.1 0.9647 0.9647 0.9645 0.9639 
3.2 0.9636 0.9635 0.9633 0.9628 
3.3 0.9624 0.9624 0.9622 0.9616 
3.4 0.9613 0.9612 0.9610 0.9604 
3.5 0.9602 0.9601 0.9599 0.9593 

3.6 0.9590 0.9590 0.9587 0.9.181 
3.7 0.9579 0.9578 0.9576 0.9570 
].8 0.9567 0.9567 0.9564 0.9558 
3.9 0.9556 0.9555 0.9553 . 0.9546 
4.0 0.9545 0.9544 0.9542 0.9536 
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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 
0.9941 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 
0.9847 0.9844 
0.9835 0.9832 
0.9823 0.9820 

0.9811 0.9808 
0.9800 0.9796 
0.9788 0.9784 
0.9776 0.9772 
09764 0.9760 

0.9753 0.9748 
09741 0.9736 
0.9729 0.9724 
0.9717 0.9712 
o 9705 0.9700 

0.9694 0.9688 
0.9682 0.9676 
0.9670 0.9664 
0.9658 0.9652 
0.9647 0.9640 

0.9635 0.9628 
0.9623 0.9616 
0.9611 0.9604 
0.9599 0.9.592 
0.9588 0.9.580 

0.9576 0.9568 
0.9564 0.9556 
0.9552 0.9544 
0.9540 0.9532 
0.9529 0.9520 

{J" d/D 

0.52 0.54 0.56 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 0.99!51 0.9950 0.9949 0.9949 
0.9940 0.9939 0.9938 0.9938 0.9937 0.9936 

0.9927 0.9927 0.9926 0.992!1 0.9924 0.9924 
0.9915 0.9915 0.9914 0.9913 0.9912 0.9911 
0.9903 0.9902 0.9901 0.9900 o 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 
0.98.5.1 0.9853 0.9852 0.9850 0.9848 0.9847 

.0.9843 0.9841 0.9840 0.9838 0.9RJ6 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 O.<J772 0.9171 
0.9770 0.9768 0.9766 0.9763 0.9760 0.9758 
0.9758 0.97.56 0.9753 0.9750 0.9747 0.9745 

0.9746 0.9744 0.9741 0.9738 0.9734 0.9733 
0.9734 0.9131 0.9729 0.972!1 0.9722 0.9720 
0.9722 0.9719 0.9716 0.9713 0.9709 0.9707 
0.9710 0.9707 0.9704 0.9700 0.9697 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 0.9638 0.9633 0.9631 
0.9637 0.9634 0.9630 0.9626 0.9621 0.9618 

0.962!1 0.9622 0.9617 0.9613 0.9608 0.9605 
0.9613 0.9609 0.9605 0.9601 0.9595 0.9593 
0.9601 0.9.597 0.9.593 0.9588 0.9583 0.9580 
0.9589 0.958.5 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 0.9545 0.9.542 
0.9553 0.9548 0.9543 0.9538 0.9532 0.9529 
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 
09974 
0.9962 
0.9949 
0.9936 

0.9923 
0.9910 
0.9897 
0.9885 
0.9872 

0.98.19 
0.9846 
0.9833 
0.9821 
0.9808 

0.9795 
0.9782 
0.9769 
0.9756 
0.9744 

0.9731 
0.9718 
09705 ' 09692 ' 0.9680 .¡• 

09667 
0.96S4 ·,. 
0.9641 ·.: 
0.9628 

~-
0.9615 \! 
0.9603 
0.9590 +' 
0.9577 ., 
0.9564 ¡~·-

0.9551 

0.9.538 
0.9526 
0.9513 
0.9500 
0.9487 
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}¡~ /1}, 0.63 0.64 0.6.5 0.66 

00 1.0000 1 0000 !0000 1.0000 

0.1 0.9987 o 9987 0.9987 o 9987 
02 0.9974 09974 0.9974 0.9974 
0.3 0.9961 0.9961 0.9961 0.9960 
0.4 0.9948 0.9948 0.9948 0.9947 
0.5 0.9935 09935 0.9934 o 9934 

0.6 0.9923 09922 0.9921 0.9921 
0.7 0.9910 0.9909 0.9908 0.9907 
0.8 0.9897 0.9896 0.9895 0.9894 
0.9 0.9884 o 9883 0.9882 091Ull 
l. O 0.9871 0.9870 0.9869 0.9868 

1.1 0.9858 o 9857 0.9856 0.9854 
1.2 0.9845 0.9844 0.9843 0.9841 
1.3 0.9832 09831 0.9829 0.9828 
1.4 0.9819 0.9818 0.9816 0.9815 
15 09806 o 9805 0.9803 0.9802 

1.6 0.9793 0.9792 0.9790 0.9788 
1.7 0.9780 0.9779 0.9777 09775 
1.8 0.9768 0.9766 0.9764 0.9762 
1.9 0.9755 0.9753 0.9751 0.9749 
2.0 0.9742 0.9740 0.9738 0.9735 

2.1 0.9729 0.9727 0.9725 0.9722 
2.2 0.9716 0.9714 0.9711 0.9709 
23 0.9703 0.9701 0.9698 0.9696 
2.4 0.9690 0.9688 0.9685 0.9683 
2.5 0.9677 0.9675 0.9672 0.9669 

2.6 0.9664 0.9662 0.9659 0.9656 
2.7 09651 0.9649 0.9646 0.9643 
2.8 0.9638 0.9636 0.9633 0.9630 
2.9 0.9623 0.9623 0.9620 0.9616 
3.0 0.9613 0.9610 0.9606 0.9603 

3.1 0.9600 0.9597 0.9593 0.9590 
3.2 0.9587 0.9584 0.9580 0.9577 
3.3 0.9574 0.9571 0.9567 0.9564 
3.4 0.9561 0.95.58 0.95.54 0.9550 
3.5 0.9548 0.9545 0.9541 09537 

3.6 0.9,35 0.9532 0.9528 0.9524 
3.7 0.9552 0.9518 0.9515 0.9511 
3.8 09509 09505 0.9.502 0.9497 
3.9 0.9496 0.9492 0.9488 0.9484 
4.0 0.9483 0.9479 0.947.5 0.9471 
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Tabla 3-B-6-Continued 

p = d/D 

0.67 0.68 0.69 0.70 0.7l 

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 
o 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 09918 0.9917 
0.9907 0.9906 0.9905 0.9904 0.9903 
0.9893 0.9892 0.9891 0.9890 0.9889 
0.9880 09879 0.9R78 0.9877 0.9875 
o 9867 0.9865 0.9864 0.9863 0.9861 

o 9853 0.9852 0.9851 0.9849 0.9848 
0.9840 0.9838 0.9837 0.9835 0.9834 
0.9827 0.982!1 0.9823 0.9822 0.9820 
0.9813 0.9812 0.9810 0.9808 0.9806 
09800 0.9798 0.9796 09794 0.9792 

0.9787 0.9785 0.9783 0.9781 0.9778 
09773 0.9nl 0.9769 0.9767 0.9764 
09760 0.9758 0.97.5.5 0.9753 0.9751 
0.9747 0.9744 0.9742 0.9739 0.9737 
0.9733 09731 0.9728 0.9726 0.9723 

0.9720 0.9717 0.9715 0.9712 0.9709 
0.9106 0.9704 0.9701 09698 0.9695 
0.9693 0.9690 0.9688 0.968.5 0.9681 

. 0.9680 0.9677 0.9674 0.9671 0.9668 
0.9666 0.9663 0.9660 09657 0.9654 

0.9653 0.9650 0.9647 09643 0.9640 
0.%40 0.9637 0.9633 0.9630 0.9626 
0.9626 0.9623 0.9620 0.9616 0.9612 
0.9613 0.96l0 0.9606 0.9602 0.9.598 
0.9600 0.9.596 0.9592 0.9588' 0.9584 

0.9.586 0.9583 0.9.579 0.9575 0.9.571 
0.9573 0.9569 0.9.567 0.9561 0.9557 
0.9560 0.9556 0.9552 0.9547 0.9S43 
0.9546 0.9542 0.9.538 0.9.534 0,9,29 
0.9.533 0.9529 0.952< 0.9520 0.9515 

0.9520 0.9515 0.9511 0.9506 0.9501 
0.9.506 0.9502 0.9497 0.9492 0.9487 
0.9493 0.9488 0.9<8<4 0.9479 0.9474 
0.9480 0.9475 0.9470 0.9465 0.9460 
0.9465 0.9462 0.9457 0.9451 0.9446 

0.72 0.73 

1.0000 1.0000 

0.9986 0.9986 
0.9972 0.9972 
0.9958 0.9958 
0.9944 0.9943 
0.9930 0.9929 

0.9916 0.9915 
0.9902 0.9901 
0.9888 0.9887 
0.9874 0.9R73 
0.9860 0,9859 

0.9846 0.9844 
0.9832 0.9830 
0.9818 0.9816 
0.9804 0.91Ul2 
0.9790 o 9783 

0.9776 09774 
0.9762 0.9760 
0.9748 0.974.5 
0.973.4 0.9731 
0.9720 0.9717 

0.9706 0.9703 
0.9692 0.9689 
0.9678 0.967.5 
0.9664 0.966\ 
0.9650 09646 

0.9636 0.9632 
0.9622 0.9618 
0.9608 0.9604 
0.9594 0.9590 
0.9580 0.9576 

0.9566 0.9562 
0.9552 0.9547 
09538 0.9533 
0.9524 0.9519 
0.9510 09505 

0.9496 0.9491 
0.9482 0.1)477 
0.9468 0.9463 
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 09913 
0.9900 0.9899 
0.9886 0.9884 
0.9871 0.9870 
0.9857 0.9855 

09843 09841 
0.9828 0.9826 
0.9814 0.9812 
0.9800 09798 
09786 0.9783 

0.9771 09769 
0.9757 0.9754 
o 9743 0.9740 
0.9728 0.9725 
09714 0.9711 

0.9700 0.9696 
09685 0.9682 
0.9671 0.9667 
09657 0.9653 
09643 0.9639 

0.9628 0.9624 
09614 0.9610 
0.9600 0.9.59!1 
0.9585 0.9581 
09571 0.9566 

0.95.57 0.9552 
0.9542 0.9537 
0.9528 0.9525 
0.9.514 0.9.508 
09500 0.9494 

0.9485 0.9480 
0.9471 0.946.5 
0.9457 0.9451 
0.9442' 0.9436 
0.9428 0.9422 
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Table 3-B-7-F,. Factors Usad to Changa From a Tabla 3-B-8-F,. Factors Used to Changa From a 
Pressure Base of 14.73 Pounds Force per Square 

lnch Absoluta to Other Pressure Bases 

1' = 14.73 ,. Contract pressure base, psia 

Pressure Base 
(pounds force pcr squarc mch absolutc) 

14.4 
14525 
14.65 
14.696 
14.70 
14.725 
14.73 
14.735 
14.77S 
14.90 
15.025 
15,15 
15.225 
15.275 
15 325 
15.40 
15.525 
15.65 
15.775 
15.90 
16.02!5 
16.15 
16.275 
16.40 
16.70 
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F,h 

1.0229 
1.0141 
Ul0l5 
1 0023 
1.0020 
1.0003 
1.0000 
0.9997 
0.9970 
0.9886 
0.9804 
0.9723 
0.9675 
0.9643 
0.9612 
0.9565 
0.9488 
0.9412 
0.9338 
0.9264 
0.9192 
0.9121 
0.9051 
0.8982 
0.8820 

Temperatura Base of 60°F to Other 
Temperatura Bases 

Fe "" 
Base "F + 459.67 

60 + 459.67 

Temperature Temperarure 
en F,, ("F) F• 

40 0,9615 65 1.0096 
41 0.9634 66 1.0115 
42 0.9654 67 1.0135 
43 09673 68 1.0154 
44 0.9692 69 10173 
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 so 1.038.5 
56 0.9923 81 10404 
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 
62 1.0038 87 .1.0520 
63 1.0058 88 ,.1.0539 
64 1.0077 89 1.0558 

90 1.0577 

_, 

L 
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Table 3-B-9-F, Factors Used to Changa From a Flowing 
Temperatura of 60'F to Actual Flowing Temperatura 

' '. 
1 

1 

Tempera\ure 
{oF) 

-20 
-19 
-18 
-17 
-16 
-15 
-14 
-13 
-12 
-11 
-JO 
-9 
-8 
-7 
-<5 _, 
-4 
-3 
-2 
-1 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
\9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
19 
30 
3\ 
32 
33 
34 
35 
36 

F, 

1.0872 
1.08:59 
1.0847 
1.0835 
1.0823 
1.0810 
1.079H 
1.0786 
1.0774 
1.0762 
1.0750 
1.0738 
1.0726 
1.0715 
1.0703 
1.0691 
1.0679 
1.0668 
1.0656 

. 1.0644 
1.0633 
1.0621 
1.0610 
1.0598 
1.0587 
1.0575 
1.0564 
1.0553 
1.0541 
1.0530 
1.0519 
1.0508 
1.0497 
10485 
1.0474 
1.0463 
1.0452 
1.0441 
1.0430 
1.0419 
1.0409 
1.039R 
1.0387 
1.0376 
1.0365 
1.03SS 
10344 
1.0333 
1.0323 
1.0312 
1.0302 
1.0291 
1.0281 
1.0270 
1.0260 
1.0250 
1.0239 
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F, 
/60 T 459,67 

= g T 459.67 

1'emper.1ture Tempetalu1c 
(

0 r) 'F'f (oF) 

37 1.0229 94 
38 1.0219 95 
39 1.0208 96 
40 I.Ot98 97 
41 1.0188 98 
42 1.0178 99 
43 l 0168 100 
44 1.0158 101 ., 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 
13 1 0068 110 
54 1.0058 111 
55 1.0048 112 
56 1.0039 113 
57 1.0029 114 
58 1.0019 1\l 
59 l 0010 116 
60 1.0000 117 
61 0.9990 118 
62 0.9981 119 
63 0.9971 120 
64 09962 121 
65 0.9952 122 
66 0.9943 \23 
67 0.9933 124 
68 0.9924 125 
69 0.991.5 126 
70 09905 127 
7J 0.9896 128 
72 0.9887 129 
73 0.9877 130 
74 0.9868 131 
75 0.9859 132 
76 0.9850 133 
77 0.9840 \34 
78 0.983\ m 
79 0.9822 136 
80 0.9813 137 
8\ 0.9804 138 
82 0.9795 139 
83 09786 140 
84 0.9777 141 
85 0.9768 142 
86 0.9759 143 
87 0.9750 144 
88 0.9741 145 
89 0.9732 146 
90 0.9723 147 
9\ 0.9714 148 
92 0.9706 149 
93 0.9697 \50 

F,t 

0.9688 
0.9679 
0.9671 
0.%62 
0.9653 
0.9645 
O.'J636 
0.9627 
09619 
0.9610 
0.9602 
0.9593 
0.9585 
0.9576 
09568 
09559 
o 9551 
0.9543 
0.9534 
0.9526 
0.9518 
0.9509 
09501 
o 9493 
0.9485 
0.~477 
09468 
09460 
09452 
0.9444 
0.9436 
0.9428 
09420 
o 9412 
o 9404 
09396 
0.9388 
09380 
09372 
09364 
09356 
0.9348 
0.9340 
0.9332 
0.9325 
0.9317 
09309 
0.930\ 
0.9294 
U.'J286 
0.9278 
0.9271 
09263 
0.9255 
0.9248 
0.9240 
0.9232 

' ¡ 
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Tabla 3-B-1 0-F., Factors Used to Adjust for Real Gas Relativa Density ( G,): 
Base Conditions of 60°F and 14.73 Pounds Force per Square lnch Absoluta 

¡;;,-"" H: 
F~, 

G, 0.000 0.001 0002 0.003 0.004 0.005 0.006 0.007 

0.550 1.3484 1.3472- 0.3460 1 344'7 13435 1.3423 1.3411 1.3399 

0.560 1.3363 1.3351 1.3339 1.3327 1.3316 l 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 1.31J( 1.3ll9 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 
o 600 1.2910 1.2899 (.2888 (.2878 1.2867 1.2856 1.2846 1.2835 

MIO 1.2804 1.2793 1.2783 (.2772 L2762 1.2752 1.2741 1.273 ( 
0.620 1.2700 1.2690 1.2680 (.2669 1.2659 1.2649 1.2639 1.2629 
0.630 1.2599 (.2589 1.2579 . (.2569 1.2559 1.2549 1.2539 1.2529 
0.640 (.2500 1.2490 L2480 1.2471 1 2461 1 2451 1.2442 1.2432 
0.650 1.2403 (.2394 (.2384 (.2375 1.2365 1.2356 1.2347 1.2337 

0.660 (.2309 1.2300 (.2290 (.228( L2272 1.2263 1 2254 1.2244 
0.670 L2217 L2208 l.2199 1.2(90 1.2181 1.2172 1.2163 1.2154 
0.680 1.2(27 1.2118 1.2109 1.2100 1.2091 1.2082 1.2074 t.2065 
0.690 1.2039 1.2030 1.2021 1.2012 1.2004 l.l995 1.1986 l.l978 
0.700 1.1952 11944 l.l93.5 1.1927 1.1918 1.1910 1.1901 1.1893 

0.7(0 U868 ( 1859 (.(851 (.1843 1.1834 1.18.26 1.1818 l.l810 
0.720 1.(785 1.1777 1.1769 (.1761 1.17!52 1.1744 1.1736 l.t728 
0.730 1.1704 1.1696 1.1Cí88 (.1680 1.1672 1.1664 1.16!56 (.(648 
0.740 1.1625 (.(6(7 1.(609 t.l60! 1.1593 U586 l.1578 1.1570 
0.750 1.1547 1.1539 1.1532 l.l524 LJ5(6 (.(509 1.(501 1.1493 

0.760 1.1471 1.1463 l.l456 (.1448 1.1441 Ll433 1.1426 1.\418 
0.770 U396 LJ389 l.l381 1.1374 Ll366 1.1359 1.1352 Ll345 
0.780 1.1323 1.1316 l.t308 (.1301 Ll294 1.1287 Ll279 1.(272 
0.790 1.1251 1.1244 1.1237 t.l230 1.1222 1.121.5 1.1208 I.L201 
0.800 l. (J so Lll73 1.1166 1.11!!9 1.11!!2 1.1146 1.1139 1.1132 

0.8(0 l.llll 1.(104 1.1097 l.l090 1.1084 1.1077 1.1070 1.1063 
0.820 1.1043 1.1036 1.(030 (.1023 Ll0t6 llOlO 1.1003 1.0996 
O.H30 1.0976 1.0970 1.0963 1.0957 1.0950 ((1944 1.0937 1.0930 
0.840 1.0911 1.0904 1.0898 1.0891 (.0885 1.0878 1.0872 1.0866 
0.850 1.0846 1 0840 1.0834 1.0827 1.0821 1.0815 1.0808 1.0802 

0.860 1.0783 1.0777 1.0771 1.0764 (.0758 (.0752 1.0746 1.0740 
0.870 1.0721 1.0715 1.0709 1.0703 1.0696 1.0690 1.0684 1.0678 
0.880 1.0660 1.06.54 1.0648 1.0642 1.0636 1.0630 !.0624 1.0618 
0.890 (.0600 1.0594 1.0588 1.0.582 1.0.576 1.0!!70 1.0564 1.0.558 
0.900 1.0541 1.0535 1.0529 L0523 1.0518 1.0512 1.0506 1.0.500 

0.9(0 1.0483 1.0477 1.0471 1.0466 1.0460 1.0454 1.0448 1.0443 
0.920 1.0426 1.0420 1.0414 1.04ll9 L0403 L0398 L0392 1.0386 
0.930 1.0370 1.0364 L0358 1.0353 (.0347 1.0342 L0336 1.0331 
0.940 L03!4 (.0309 L0303 (.0298 (.0292 (.0287 (.0281 (.0276 
0.950 (.0260 (.0254 (.0249 1.0244 L0238 1.0233 1.0228 L0222 

0.960 1.0206 1.0201 1.0(96 1.0(90 1.0185 1.0180 1.0174 1.0169 
0.970 1.0153 1.0148 1.0143 1.0138 1.0132 1.0127 1.0122 1.0117 
0.980 1.0102 1.0096 1.0091 (.0086 1.0081 1.0076 1.0071 1.0066 
0.990 1.0050 1.0045 1.0040 1.0035 1.0030 1.0025 1.0020 1.0015 
(.000 1.0000 
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0.008 0.009 

1.3387 1.3375 

1.3269 1.32.57 
1.3 (53 L3142 
L3041 1 3030 
L2932 12921 
L2825 1.2814 

L2720 1.27(0 
(.2619 1.2609 
(.2520 1.2510 
l.2423 1.2413 
L2328 12318 

1.2235 1.2226 
1.2145 12136 
(.2056 1.2047 
(.(969 U96t 
1.1884 (.(876 

(.(802 1.1793 
1.1720 1.1712 
U640 Ll633 
1.1562 l.l555 
1.1486 Ll478 

1.1411 l.l403 
1.1337 1.1330 
Ll265 1.1258 
1.1194 1.1 (87 
1.1125 l.lll8 

1.10.57 1.1050 
L0990 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 
1.05.53 1.0547 
1.0494 1.0489 

1.0437 1.0431 
(.0381 (.0375 
1.0325 1.0320 
1.0270 1.0265 
L02t7 1.0212 

1.0164 1.0159 
1.0(12' 1.0!07 
1.0060 1.0055 
1.0010 1.0005 
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CHAPTEA 1 4-NATUfW. GAS FLUIOS MEASUAEMENT 

Table 3-B-11-Supercompressibili1y Fac1ors (F"") for 
G. ; 0.6 Without Nitrogen or Carbon Dioxide 

Temperarure (°F) 
Prc.s.sure 

(psto.) 20 40 60 80 100 l20 

lCO 1.00947 1.00807 1.00687 1.00504 1.00496 1.00419 
200 1 02058 t.Ol762 101512 1.01294 1.0111 ó 1.009~8 
300 1 03218 [.02748 1.02355 1.02022 1.01740 1 01497 
400 1 04427 l.03764 1.03216 1.02756 l.02367 1.02035 
500 l 05688 l.04810 l.04093 I .D3497 l.02996 1.02572 
600 1.06999 1.05884 1.049H3 1.04243 1.03625 l.03l04 
700 1.08360 1.06983 1.05885 1.04990 1.04251 l.0363l 
800 l.09766 1.08 !03 1.06793 1.0.5737 1.04871 1.04149 
900 1 11209 1.09237 1 07703 1.06479 1 05482 1 046.56 

1000 1.12679 1.10375 1.0R(i0R 1.07211 l.0608l 1.05150 
1100 !.14156 1.11508 l.09501 l.07927 l.06663 l.05628 
1200 1.15616 1.12621 1.10372 l.08622 l.07225 l.06087 
1300 1.17029 1.13696 1.11211 1.09289 1.07763 l.üb524 
1400 1.18358 1.14715 l.l2007 1.09922 1.08271 1.06935 
1500 1 19565 1.15657 1.12749 1.10512 1.08745 1.07318 
1600 1 20615 1.16504 1 13425 1.1 !054 1.09180 l 07669 
1700 1 21481 1.17237 1.14025 Lll540 1 09573 1.07986 
l800 1.22146 1.17845 1 14541 1.11965 109919 l.08267 
1900 1.22606 1.18318 !.14965 1.12324 1.10216 1.08509 
2000 1.22868 1.186.55 1.15294 1.12615 1.10462 1 08710 

Note: The data in this table were generated usmg the A.G.A Gas Measurement Program. Copyright~ 1988 
American Gas A.c;.~ociation. All right.~ re~erved. Qa, input data are as follow~:% C02 =O;% N2 =O; sredfic 
gravity = 0.6. This table was developed for informauonal pUI'J'05CS only and ts specific lo the gas quality listed. 
'Tñe dnta m ttus lable are not subject lo adjustment tor rutrogen or carbon dioxide content and, because ot their 
bread rango, should not be mterpolated, With the A.G.A Program, the u.ser estabhshes the gas composuion 
parameters and speciftes the table range that is consisten! with tlekl or measu!ement conditions. 
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APPENDIX 3-C-FLOW CALCULATION EXAMPLES 

3-C.1 General 
This appcndix prcsents two methods for calculating the volume ftow rate of natural gas 

through an orifice meter equipped with ftange taps. The first method uses thc cquatiÜns pre~ 
sented in 3.3 through 3.5. The second method is based on the more traditional calculation 
fo~at, which involves the computation of various factors. The equations used for the factor 
approach are presented in Appendix 3-B. 

To assist the user in interpreting the calculation methodology, the data set given below, 
wbich is for a single orifi.ce meter, is used consistently throughout the ft.ow calculation cx
amples. The volume ftow rate is computed under the assumption that the measurements are 
absolute and without error. It should be noted that depending on the type of instrumentation 
used and the calibration methods employed, calibration and correction factors m ay need to 
be applied. For szmplicity in usmg hand calculations andfor ease ofinterpretation in the 
following examples, intermediare values are rounded to six significan! digits. Part4 shou/d 
be usedfor any implementalion ofthe equalions. 

3-C.2 Given Data 
The orifice meter consists of a carbon steel meter tu be equipped with nange taps and a 

Type 304 stainless steel orifice plate. Static pressure measurements are taken from the up
stream tap. 

d~ = mean orifice bore diameter at J; of 68°F, in inches 
= 4.000 .. 

D~ = mean meter tube interna! diameter at T, of 68°F, in inches 
= B.O?!. 

G,.. ::: real gas relative density (specific gravity) 
= 0.570. . 

Jr..., = average differential pressure, in inches of water at 600F 
= 50.0. 

Pb = contract base pressure, in pounds force per square inch absolute 
= 14.65. 

P¡¡ = avernge upstream absolute static pressure, in pounds force per square inch ah!iolute 
= 370.0. . 

T, = contrae! base temperature of 50'F, in degrees Rankioe (50'F + 459.67) 
= 509.67. 

T¡ = Howing temperature of 65'F. in degrees Rankine (65'F + 459.67) 
= 524.67. 

xc = carbon dioxide content, in mole percent 
= 0.00. 

xn ::; nitrogen content, in mole percent 
= 1.10. 

k = isentropic exponent (e,! c.) 
= 1.3. 

a1 = linear coefficient ofthermal expansion for a stainless steel orifice plate, in inches 
per inch·°F 

= 0.00000925. 
a 2 = linear coefficient of thermal expansion for a carbon steel merer rube, in inches per 

inch-°F 
= 0.00000620. 

)J = dynamic viscosity. in pounds mass per foot-second 
= 0.0000069. 
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54 CHAPTER 14-NATIJRAL GAS FLUIDS MEASUREMENT 

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 set, the volume flow rate of natural gas, in cubic feet per hour at 
standard conditions, can be calculated using Equation 3·6b: 

Q = 7709.61C (FT)E Yd' 1). Z,h. 
• d vi GZT, 

r {¡ { 

(3-6b) 

Note: Since the given data contain values for the contract base pressure (14.6.5 pounds force per square mch ab. 
salute) And temperature (50eF) that tliffcr from the values established in P11rt 3 as standard conditions ( 14.73 
pounds force per ~qua1e htch ab~olute and 60°F), the mitial calculated Jlow rate at stMdard conditions wtll reqttire 
conversion to the flow rate at base ~ondiüons of 14.65 pounds force per square inch absolute and 50°F. 

The systematic approach to solving the volume How rate equation above involves the cal~ 
culation of the intermediate values described 3-C.3.l.2 through 3-C.3.l.7. 

3- C.3.1.2 Flange-Tapped Orifica Meter Coettlclent of Dlscharge [ c.(FT)] 

The following equations are used to calculate the coefficient of discharge, C,(FT): 

C,(FT) C¡(FTj + 0.000511(l0'/3)"' + (0.0210 + 0.0049A)Jj'C (3-11) 
Re0 

C,(FT) = 
C,(CT) = 

Tap Term = 
Upstrm = 
Dnstrm = 

Also. 

Where: 

C, ( CT) + Tap Te~m 

0.5961 + 0.0291/3' - 0.2290/3' + 0.003(1 - {J)M, 

Upstrm + Dnstrm 

[0.0433 + 0.0712e-llL'- 0.1145e-"''• )(1 -

-0.0116[M, - 0.52Mi3 J/3 11 (1 - 0.14A) 

/3' B = 
1 - !3' 

M, max(2.8- ~.o.o) 

= ..3!:L M, 
1 - /3 

A = ( 19,000/3)" 
Re0 

e = (~)'" 
Re0 

0.23A)B 

(3-12) 

(3-lJ) 

(3-14) 

(3-15) 

(3-16) 

(3-17) 

(3-18) 

(3-19) 

(3-20) 

(3-21) 

C,(FI) = coefficient of discharge ata specified pipe Reynolds number for a ftange
tapped orifice meter. 

C,(C'I) = coefficient of discharge at an infinite pipe Reyno1ds number for comer
tapped orifice meter. 

C1(Ff) = coefficient of discharge atan infinite pipe Reynolds number for a ftange
tapped orífice meter. 
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SECTION 3-CONCENTRIC, SauARE-EDGEO 0AIFICE METERS, PAAT 3-NATURAL GAS APPLICATIONS 

d = orifice pi ate bore diameter calculate_d at T¡. in inches. 
D ~ meter tu be internal diameter_ calculated at T¡. in inches. 
e = Napierian constant 

; 2.71828. 
Lt = L 2 

= dimensionJess correction for tap location 
= N4 / D for flange taps. 

N4 = 1.0 when D is in inches. 
Ren ;::; pipe Reynolds number. 

{J = diameter ratio 
; d/D. 

Note: For this exo.mple, M1 ts equal to 0.0, since the given meter tube diameter (O) is greater !han or equ<~l to 2.8 
inche.'l. For meter tube diameters (D) less rhan 2.8 inches, M1 "" 2 8 - D. TI~e wlution oflhe intermediate equa
tions presented above for the flow codficient calculation follows. 

3-C.3.1.3 Meter Tube Dlameter, Orifica Plata Bore Dlameter, and 
Dlameter Ratio (O, d, and /3) 

Calcu1ate the va1ue' of d, D. and f3 at a flowing temperature of 65°F from the givcn di
ameters d,. nnd D,.: 

d ; d,[1 + a,o; - T,)] 

And 

4.000[1 + 0.00000925(524.67 - 527.67)] 

3.99989 

D D,[1 + a 2 (1f - T,)] 

; 8.071[1 + 0.00000620(524.67 - 527.67)] 

8.07085 

Substitute the given values of d and D at 65°F into Equation 3-8: 

p di D 

; 3.99989/8.07085 

; 0.495597 

3-C.3.1.4 Veloclty of Approach Factor (E,) 

The following equation is used to calculate the velocity of approach factor: 

E~.= 
~1- p• 

1 
= -h - o. 495597' 

= 1.03160 

3-C.3.1.5 Expanslon Factor (Y) 

The following equation is used to calculate the expansion factor: 

Y, = 1 - (0.41 + 0.35/3'{-;) 

The intermediare value, x11 is calculatcd as follows: 
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CHAPTEA 14-NATURAL GAS FLUIDS MEASUREMENT 

R - R 
X¡ = ft /¡ 

r;, 
h,. 

27.707 r;, 
Substitute the given values of h.., and P¡, into Equation 3M32: 

50.0 

(27. 707)(370.0) 

= 0.00487729 

Substitme the values for k, x 1, and ,8 into Equation 3-32: 

Y, = - (0.41 + 0.35/l'>( :•) 

1 - [0.41 + 0.35(0.495597)'](
0

·
00487729

) 
1.3 

0.998383 

3-C.3.1.6 Compresslbillty cz., z, and Z1,) 

(J-]3) 

(3-32) 

The derivation of the cquation for compressibility 1s presented in A.G.A. Transmission 
Measurement Committee Report No. 8. It is not within the scope of this example to present 
the calculation procedures necessary for detcrmining the compressibility at base conditions 
(Zb), standard conditions (Z,), or ftowing conditions (211 ). The following values for gas com
prcssibility at the condítions given in the dntn set were obtained from the A.G.A. computer 
program that uses the calculation given m A.G.A. Transmission Measurement Committee 
Report No. 8. At G, = 0.57, 

z, = 0.997839 at 14.65 pounds force per square inch abso1ute and 509.67°R (50°F) 
Z, = 0.997971 at 14.73 pounds force per square inch absolute and 519.67°R (60°F) 
Z11 = 0.951308 at 370 pounds force per square inch absolutc and 524.67''R (65°F) 

3-C.3.1.7 Reynolds Number (Re0 ) 

The following equation is uscd to calculate the pipe Reynolds number: 

Re0 = 0.0114541( Q,i¡G, ) 
)lDT¡,Z.._ 

(3-2R) 

Substituting the calculated value for D, standard conditlons for Pb and Tb, a value of 
0.999590 for Z,.", and the data set values for G, and J1 in Equation 3-28 produce the follow-
ing: 

Re = (0.0114541)( Q,(l4.73)(0.570) ) 
D (0, {)()()0069)(8.07085)(519.67)(0, 999590) 

= 3.32449Q, 

When the fl.ow rate is not known, the Reynolds number can be developed by assuming an 
initial va.lue for the ftange~tapped orificc meter coefficient oC dischw:ge, Ca(Fl), aml iterat~ 
ing for the correct values, as stated in 3.4.~. The following flow rate calculation provides 
the initial iteration of the Reynolds number. This initial iteratlon is based on an assumed 
value for C¡(FT) of 0.60. Based on experience, from three to five iterations should pro vide 
results consistent with the rcquirement.q of Part 4. · 

3-C.3.1.8 Volume Flow Rata (Q,and Q.) 

11le volume ftow rate can be ca1culated by sub~tiruring the given parameters, the inter~ 
mediate calculated values, andan assumed value of 0.60 for C,(FF) in Equation 3-6b and 
iterating for the final solution: 
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2 1}, Z~h.., 
7709.61Cd(Ff)E,f,d 

G,Z,Tj 
Q. (3-6b) 

7709 .61(0. 60)( l. 03160)(0. 998383 )(3. 99989)' 

X , 1""(~3'-:70:..:.. O::,lc::<O:..:.. 9:,:97-.:,:,.97'-:1:!:)(~5.=:0 . ..::0"--) 
(0. 951308)(0.570)(524.67) 

614,033 cubic feet per hour at standard conditions 

[This is an estimate of thc initial ftow rate based on an assumed C,(Ff) of0.60.] 
Substltute the estimate of initJal flow rate into the Reynolds number equation and calcu

late the estirnated initial Reynolds number: 

ReD = 3. 32449Q, 

3. 32449(614, 033) 

= 2,041,347 (initial estimate of Reynolds number) 

Substitute the calculated value of {3 into Equation 3·17: 

/3' 
B = ----

1 - !3' 
0.495597' 

1 - 0.495597' 
= o. 0642005 

Substitute the calculated values of f3 and D into Equation 3-19: 

M, = 12!:,/3 

2 
= 

8.07085(1 - 0.495597) 

0.491284 

Substitute the calculatcd values of Re0 and f1 into Equation 3-20: 

A = (19,000/3)"' 
ReD 

= [19,000(0.495597)]" 
2,041,347 

= 0.0135261 

Substitute the calculatcd value of ReD into Equation 3-21: 

e = (~)""' 
ReD 

( lo' )"" 
= 2,041,347 

= 0.778985 

(3-17) 

(3-19) 

(3-20) 

(3-21) 

Substituto the appropriatc calculated valucs into Equation 3-13 to determine the C,(Cf) 
term of the coefficient of discharge, CiFf): 

C,(Cf) 0.5961 + 0.0291/3' - 0.2290/31 + 0.003(1 - /3)M, (3-13) 

0.5961 + 0.0291(0.495597)' - 0.2290(0.495597)1 
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Substituto tho npplicnblo cnlculatod vulues into Equation 3-15 to compute tho Upstrm 
term of the coefficien.t of discharge, Cd~FT): 

Upstrm = (0.0433 + 0.0712e-"'- 0.1145e-"''](1- 0.23A)B 

= (0.0433 + 0.0712c·•l{ 17._1 - O.ll45c·~oxg101'] 

X (1 - 0.23(0.0135269)](0.0642005) 

= 0.000851774 

(3-15) 

Substitute the applicablc calculated values into Equation ~-16 to compute the Dnsrrm 
tenn of the coefficient of discharge, CAFT): 

Dnstrm = -0.0116[M, - 0.52M;·'¡¡¡'-'(1- 0.14A) 

-0.0116[0.491284- 0.52(0.4912H4)1,](0.495597/1 

X (1 - 0.14(0.0134223)] 

= -0.00149777 

(3-16) 

Substitute the applicable calculated values into Equation 3-14 to compute the Tap Te'rm 
of tho coofficiont of dischargo. C.(FT): 

Tap Term = Upsrrm + Dnstrm (3-14) 

= 0.000851774 + (-0.00149777) 

= -0.000645999 

Substituto the applicable calcu1ated values into Equation 3-13 to compute the C,(FT) 
tenn of the coefficient of discharge, Ca(Ff): · 

C,(FT) = C,(CT) + Tap Term 

0.602414- 0.000645999 

= 0.601768 

(3-12) 

Substitute the value for C1(FT) and the intermediate values into Equation 3-11 to calcu
late the discharge coefficient. Cd{FT): 

C,(FT) = C,(FT) + 0.000511 ~ + (0.0210 + 0.0049A)tJ 4C (3-11) ( •a)'·' 
Re0 

= 0.601768 + 0.00051lr 10·co. 495597)J··· 
·- 2,041,347 

+ [0.0210 + 0.0049t'J.Gl35261)](0.495597)4 (0.778985) 

= O. 602947 (second estímate of the coefficient of discharge) 

By substituting the value of C.,(Ff) into the applicablc cquations, thc volume flow rate 
can be recalcu1ated following the same prooess outlined in this examp1e. The resu1ting vol
ume flow rate value is as follows: 

And 

Resulting in 

Qv = 617,049 cubic feet per hour at standard conditions 

lbased on C,(FT) = 0.602947] 

Re0 = 3.32449Q, = 3.32449(617,049) 

= 2,051,373 (second estimate of Reynolds number) 

e, (FT) = 0.602944 (third estimate of coefficient of discharge) 
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Following the same calculation procedure for iteration of ftow rate, the resulting volu
metric How rate is as follows: 

And 

Resulting in 

Q, = 617,046 cubic feet per hour at standard conditions 

[based on e, (Ff) = 0.602944) 

3.32449Q, = 3.32449(617,046) 

2,051,363 (third estimate of Rcynolds number) 

C,(Ff) = 0.602944 (fourth estimate of coefficient of discharge) 

The volume ftow rate ca1culation based on the fourth estimnte of C,(Ff) follows. As 
stated above, three estimates of CiFi) should nonnally provide volume ftow rate calcula
tion results that are consistent with the requirernents of Part 4, 

Q~ = 617,046 cubic feet per hour at standard conditions 

[basedon C,(Fl') = 0.602944] 

Since the given data contain values for the 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 absolute and 60°F), the initial cal
culated ftow rate is the standard volume ftow mte. To calculate the flow rate at thc given 
base conditions (P, = 14.65 pounds force per square inch abso1ute and T, = 509.67°R), 
the standard volume fiow rate and the appropriate values for P. T. andZ are substituted into 
Equation 3-7 as follows: 

Q, = Q,[;.)(~)(t) (3-7) 

= 617 046(509.67)(14.73)(0.997839) 
' 519.67 14.65 0.997971 

= 608,396 cubic feet per hour at base conditions 

3-C.3.2 METHOD 2: VOLUME FLOW RATE CALCULAT10N BASED ON 
THE FACTOR APPROACH PRESENTED IN APPENDIX 3-B 

3-C.3.2.1 General 

Using the given datn.. the volume ft.ow rate of natural gas, in cubic fcct per hour at stan
dard conditions, can be calculated using Equation 3-B-2, as stated in Appendix 3-B: 

Q. = F, (1;: + F,)Y¡F,..F,,F,F,,F""'~ P¡,h.. (3-B-2) 

Since the given data contain values for the base pressure ( 14.65 pounds force per square 
inch abso1ute) and temperature (50"F) that differ from the values established in Part 3 as 
standard conditions (14.73 pounds force per square inch abso1ute and 60°F), the initial cal
culated flow rate requires conversion to the Oow rate at base conditions of 14.65 pounds 
force per square inch absolute and 60°F. 

Thc systematic approach to solving Equation 3-B-2 invo1ves calculation of the mdividual 
factors as shown in 3-C.3.2.2 through 3-C.3.2.10. 

3-C.3.2.2 Numer1c Converslon Factor (F,;) 

Equation 3-B-5b is used to calculate the numeric conversion factor: 
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Where 

y1- {3' 
(3-22) 

Ca1cu1ate the va1ue of d, D, and {3 ata ftowing temperature of 65°F from the g1ven diam
eters d, and D,: 

And 

d d, [1 + a, e¡¡ - 7;)] 

D 

4.000[1 + 0.00000925(524.67 - 527.67)] 
3.99989 

D, [1 + a, CI¡ - T,)l 

8.071[1 + 0.00000620(524.67 - 527.67)] 

= 8.07085 

{3 = d/D 

= 3.99989/8.07085. 

= 0.495597 

Substitute the va1ues for {3 and D into Equation 3-B-5: 
' F, 338.!96E, D'{3' 

338.196 
1 

D2{3' 
~ 

338.196 ~ 1 
(8.07085)1 (0.495597) 2 

1 - (0. 495597)' 

= 5581.82 

(3-9) 

(3-10) 

(3-8) 

(J-B-5) 

3-C.3.2.3 Flange-Tapped Orifica Meter Coeff1clent of D1scherge (C.(FT)J 

The following equation is used to calculate the coeffic1ent of discharge: 

C,(Ff) = F; + F;, (3-B-6) 

Where: 

r; 0.5961 + 0.0291{31
- 0.2290/j' 

+ ( 0.0433 + 0.0712é'" _ 0.1145é"' )[1- 0.23e 9~~p rl ~·{3. 
- 0.0116[ 

2 -0.52( 
2 )',]p'·'[l- 0.14(

19
•
000f3Jo'] (3-B-7) 

D(l - {3) IJ(I - {3) Re
0 

F, = 0.000511( 1,000,000[3)"' 
Re0 

+ [0.0210·+ 0.0049e9:.~{3J}f·00~~~00{3r.. (3-B-9) 

Re0 = 0.01!4541( Q,P¡,G, J (3-28) 
p.DT,Z.._ 
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B ; 
{3' 

(3-17) 
~ 

M, ; ~ (3-19) 
1 - {3 

A c9.000{3 r 
Re" 

(3-20) 

e ;(~r 
Re0 

(3-21) 

Note: In this ex.ample, since the gtven meter tube dlameter (D) ls greater than 2.8 Lnches, Equatlon 3-B-7 is used 
to calcu\ate theF, term. Formeter tube diameters (D) less lhan 2 8 inches, Equation 3-B-8 mwt be uset1to calcu
late the Fe term. The solution of thc intcnncdlatc equations pre~nted above for the ftow coefficient calcu\arion fol
lows. 

Substituting the calculated values of /3 and D gives the following: 

{3' (0.495597)' 
1 - {3' 1 - (0.495597)4 

; 0.0642005 

2 2 
D(1 - {J) 8.07085(1 - 0.495597) 

; 0.491284 

As discussed in 3.4.5, the Reynolds number (Re0 ) for natural gas can be approximated 
using Equation 3-28. Note that the parameters of this example are within the recommended 
tolerances for viscosity, temperature, and specific gravity. Furthennore. 3.4.5 states that 
when the fiow rate is not known, a more precise value for the Reynolds number can be de
tennined lhrough iteration ofEquation 3-28 and that three to fi.ve iterarions will provide re
sults that are consistent with the requiremcnts ofPart 4. Tbe initial assumption needed for 
the first iterauon can come from assuming a value for CifT) as in the previous cxample or 
from assuming an initial Reynolds number for the pipe Reynolds number. Table 3-B-1, Ap
pendix 3-B, provides values for pipe Reynolds numbers versus nominal pipe diameters for 
the purpose of initiating the iteration process. This example uses Table 3-B-1 for the initial 
estimate of pipe Reynolds number. 

Reo = 2,000,000 (initial assumption from Table 3-B-1) 

Substituting the values of Rt0 and f3 gives the following: 

( 19.000{Jr = [19.000(0.495597) r 
Re0 2,000,000 

= 0.0!37493 

(~r ( 10
6 r = Re0 2,000,000 

0.784584 

Substitute the appropriate calcnlated values into Equation 3-B-7 to detennine the orifice 
calculation factor, F..: 
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¡; = 0.5961 + 0.0291/l'- 0.2290/l' 

+ ( o.0433 + o.o112e'Yo - o.1145e'"' )[1- o.23( 
19

·
000

/l )" ]__p:___ 
Re0 1 - {3 4 

-o.o116[ 
2 

-0.52( 
2 

)"]il"[1-ll.14(
19

•
000

il)"] 
D(1 - {J) . D(l - {J) Re0 

0.5961 + 0.0291(0.495597)1
- 0.2290(0.495597)8 

+ ( 0.0433 + o.0712e'Y--· - 0.1145e'Y-.w )u- o.23(0.0l37493)J(0.0642005) 

- 0.0116[0.491284 - 0.52(0.491284)1"(0.495597)"[1 - 0.14(0.0137493)] 

= 0.601767 

Substitute the applicable calculated values into Equation 3-B-9 to compute the orificc 
slope factor, F;¡: 

O. 000511( 1,000, OOO¡J )" 
Re0 

+ [a.0210 + 0.0049(19,000¡J)"]¡J'(1,000,000¡J)"' 
. R~ H~ 

= 0.000511( 1,000,000(0.4955972))" 
2,000,000 . . 

+ ro.o210 + o.0049(0.a137493lJ(0.495597l'<o. 784584) 

0.00!!8960 

(3-B-9) 

Substituto the va1uos for r; and F in Equation 3-B-6 to cn1cu1ato the dischargc 
coefficient, C,(FI'): 

C,(Ff) = F, + F,, 
0.601767 + 0.00!18960 

= 0.602957 

3-C.3.2.4 Expanslon Factor (Y,) 

The followmg cquation ts used to calculate the expanslon factor: 

Y, = 1 - (0.41 + 0.35/3'{ :·) 

The intennediate value. x1• is calculated as follows: 

!'¡ - ~ h. 
X¡ = = 

!'¡ 27. 7071'¡, 

Substituto tho givon values of h. and f}1 into Equation 3·33: 

so. o 
27. 707(370. O) 

0.00487729 

Substituto thc va1ues for k, x1, and Pinto Bquation 3-32: 

(3-32) 

(3-33) 
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Y, = 1 _ (0.41 + 0.35/3'{ 1) 
= 1- [0.41 + 0.35(0.495597)'](

0
·
00487729

) 
1.3 

0.998383 

3-C.3.2.5 Compresslblllty (Z,, Z., and z,,) 

(3-32) 

The derivation of the compressibility equation is presented in A.G.A. Transmission Mea
surement Committee Report No. 8. It is not within the scope of this example to present the 
procedures necessary for calculating the compressibility at base conditions (Zb), standard 
conditions (Z,), or ftowing conditions (Z1,). The following va1ues for gas compressibility at 
the given condiüons were obtained from the A.G.A. computer program, using the A.G.A. 
Transmission Measurement Committee Report No. 8 calculation .. 

At G, = 0.57, 

z, = 0.997839 at 14.65 pounds force per square inch abso1ute and 509.67°R (50°F) 
Z, = 0.997971 at 14.73 pounds force per square inch abso1ute and 519.67°R (60°F) 
Z¡, = 0.951308 at 370 pounds force per square inch abso1ute and 524.67°R (65°F) 

3-C.3.2.6 Base Pressure Factor (1¡;,) 

The base pressure factor is calculated using Equation 3-B-10 as follows: 

p¡,. 14.73 (3-B-10) = 
P, 

14.73 
= 

14.73 

= 1.00000 

In this example, r;, has been calculated for a base pressure of 14.73 pounds force per 
square inch absolme. instead of 14.65 pounds force per square inch absolute as in lhe given 
data, anda base volume at the given base conditions has been calculated after the standard 
volume was detennined. This procedure was necessary he cause of the use of the hase com
pressibility of air (Z..,) of 0.999590 at 14.73 pounds force per square inch abso1ute and 
60°F in the deve1opment of the numerical constan! 338.!96 in the F. factor (see Appendix 
3-G). 

3-C.3.2.7 Basa Temperature Factor (F,.) 

Equation 3-B-11 is used to ca1culate the base temperature factor: 

Fm = 
__]L_ (3-B-11) 
519.67 
519.67 

519.67 
= 1.00000 

In this example, Flb has been calculated for a base temperahlre of 519.67°R (60°F) in
stead of 509.67"R(500f) as in the given data. anda base vo1ume at the given base condi
tions has been calcu1ated after the standard vo1ume was detennined. This procedure was 
necessary because of the use of the base compressibility of air (Z._) of 0.999590 at 14.73 
pounds force per square inch absolute and 60°F in the development of the numerical con
stan! 338.196 in the F, factor (see Appendix 3-G). 
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3-C.3.2.8 Flowlng Temperatura Factor (F,1) 

The ftowing temperature factor is calculated using Equation 3-B-12 as follows: 

F,¡ = t1~67 (3-B-12) 

Substitute the given flowing temperature, If, into Equation 3-B-12: 

F,¡ = ~ 
519.67 

= 
524.67 

= 0.995224 

3-C.3.2.9 Real Gas Relatlve Denslly Factor (Fg,) 

Equation 3-B-13 is used to calculate the 1eal gas relative density factor. 

F_ = IT 
Ir YO: 

Substitute the given !;pecific gravity, G, into Equation 3-B-13: 

¡;;, = 
{T 

V G, 

) 0.~70 
1.32453 

3-C.3.2.10 Supercompresslblllty Factor (Fpv) 

(3-B-13) 

As stated in the calculations in 3-C.3.1, the derivation of the equation for compressibility 
is presented in A.G.A. TrWlsmission Mensurement Committee Rcport No. 8. [t is not within 
the scope of this example to present the prOcedures necessary for calculating the compress
ibility at standard conditions (Z,) or at fiowi.ng conditi.ons (211). 

z, = 0.997971 
Z¡, = 0.951308 

Equation 3-B-14 is used to calculate the supercompressibility factor: 

0.997971 
0.951308 

= 1.02423 

3-C.3.2.11 Volume Flow Rata (0,) 

The volume tlow rate is ca1culated by substituting the given parameters and the interme
diare calculated factors into Equation 3-B-2: 
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The calculated ftow rate above is based on an initial assumed value for the Reynolds 
number (Ren) of 2,000,000. For the second estimate, the value of Ren is calculated as fol
Jows: 

= 0.0114588( Q,P,G,) 
J1DT, 

== 3. 3 2449Q, 

3.32449(617,057) 

2,051,400 (sccond iteration) 

By substituting the second estima te of Re0 into the applicable equations, the volume ftow 
rate can be recalculated by following the process outlined in 3-C.3.1. The resulting volume 
ftow rate is as follows: 

Q, = 617,013 (bnsed on the second cstimate of Ren) 

The same calcutalion procedures are used to obtain the third estimate of Re0 : 

Re0 3.32449Q, 

= 3.32449(617,013) 

= 2,051.254 (third iteration) 

The volume fl.ow rate calculation based on the third estimate of Re0 follows. As stated 
above, three to five estimates of Re0 will pro vide calculation results that are consistent with 
the requirements of Part 4. 

Qv :::; ~ (~ + f;t)Y¡FJ»FdtFrfF,rF,.~ ~h ... 
= (5581.82)(0.601767 + 0.00117736)(0. 998383)(1. 00000)(1. 0()()()()) 

>< (0. 995224 )(1.32453)(1.02423).,j(370.0)(50. 0) 

617,044 cubic feet per hour 

Note: The calculated volume flow rote is bnsed on the third estimate of Rec,. The small discrepancy between the 
calculated volume flow ratc, Q., in Methods 1 and 2 results ftom thc rounding techniques uscd in thc series of 
equations in the examples. 

Since the given data lncluded values for the base pressure (14.65 pounds force per square 
inch absolute) and temperature (50°F) that differed from thc values estab1ished in Part 3 for 
standard conditions (14. 73 pounds force per square inch abso1ute and 60°F), the initia! cal
culated flow rate is the standard volume ftow rate. To calculate the ftow rate at base condi
tions (P, = 14.65 pounds force per square incb abso1ute and :z; = 509.67°R), the standard 
volume ftow rate and the approprinte values for P, T, and Z are substituted into Equation 3-
7 as follows: 

Q, 

Copy~1ght by the AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct 08 14d7: 18 199ó 

= 

= 

Q.( ¡ )( ~ )( ~:) (3-7) 

617 044e09.67xl4.73 x0.997839) 
' 519.67 14.65 0.997971 

608.394 cubic feet per hour at base cnnditions 

65 



API MPMS*14.3.3 92 .. 0?32290 050391? ??? .. 

APPENDIX 3-D-PIPE TAP ORIFICE METERING 

Copyrignt by the AMERICAN PETROLEUM INSTITUTE {API) 
Tue Oct 08 14•17,18 19q6 

67 



API MPMS*14.3.3 92 .. 0732290 0503918 b03 .. 

CONTENTS 

APPENDIX 3-D-PIPE TAP ORIFICE METERING 
3-D. L Symbols, Units, and Terminology ............................................................. . 

3-0.1.1 General ................................................................................................. . 
3-0.1.2 Symbols and Uruts .............................................................................. .. 

3-0.2 Scope .......................................................................................................... . 
3-D.2.1 Introduction .......................................................................................... . 
3-0.2.2 General ................................................................................ : ................ . 
3-0.2.3 Type of Meter ...................................................................................... . 
3-0.2.4 Definition of Pipe Tap Pressure Measurement .................................... . 

3-D.3 Construction and Insta1lation Specifications ............................................. . 
3-0.3.1 Beta Ratio Umitations of Orifice Pintes ............................................. .. 
3-0.3.2 Meter Tu be Specifications .................................................................. .. 

3-0.3.2.1 Oefinition ..................................................................................... .. 
3-0.3.2.2 lnside Surface .............................................................................. .. 
3-0.3.2.3 Meter Tube Diameter ................................................................... .. 
3-0.3.2.4 Tolerances and Restrictions! .......................................................... . 
3-0.3.2.5 UscofTable 3-0-1 ....................................................................... . 

3-0.3.3 Length of Pipe Preceding and Following the Orifico ............................ . 
3-0.3.4 Pressure Tap Hales .............................................................................. . 

3-0.3.4.1 LocatJOD ....................................................................................... .. 

3-0.3.4.2 Fabrication .................................................................................... . 
3-0.4 Computing the Flow of Natural Gas and Other Related Hydrocarbon 

Fluids Through Orifico Meters Equipped With Pipe Taps ........................ .. 
3-0.4.1 General ................................................................................................. . 
3-0.4.2 Equation ............................................................................................... . 
3-0.4.3 Orifice Flow Constan! (C') ................................................................. .. 
3-0.4.4 Coefficients of Oischarge (K) .............................................................. . 
3-0.4.5 Basic Orifice Factor (F,) ...................................................................... . 
3-0.4.6 Reynolds Number Factor (1',) .............................................................. .. 
3-0.4.7 Expansion Factor (Y) .......................................................................... .. 

3-0.4.7.1 Expansion Factor Based on Upstream Static Pressure (Y,) .......... . 

3-0.4.7.2 Expansion Factor Based on Oownstream Static Pressure (Y1) ..... . 

3-0.4.8 Other C'Factors ................................................................................... . 
3-0.4.9 Examples ................................................ : ............................................. . 

3-0.4.9.1 Example 1 ..................................................................................... . 
3-0.4.9.2 Example 2 ..................................................................................... . 

3-0.4.10 Adjustments for lnstrumentation Calibration and Use ........................ . 

Figures 
3-D-1 Maximum Percentage Allowable Meter Tube Tolerancc Versus 

Beta Ratio ................................................................................................ . 
3-D-2 Allowable Variations in Pressure Tap Hole Location 

Tables 

Page 

71 
71 
71 
71 
71 
71 
71 
71 
72 
72 
72 
72 
72 
72 
73 
74 
74 
74 
74 
75 

76 
76 
77 
77 
79 
79 
80 
B2 
82 
84 
84 
84 
84 
87 
89 

73 
78 

3-D-1 Basic Orifice Factors (F,) for Pipe Taps .................................................. 74 
3-0-2 Meter Thbe Pressure Tap Hales .............................................................. 78 
3-0-3 b Values for Oetermining Reynolds Number Factor (F;) for Pipe Taps .. 80 
3-0-4 Values of K to Be U sed in Oetermining R, for Calculation ofF; Factor . 84 
3-D-5 ExpMsion Factors for Pipe Taps (Y;): Static Pressure Takcn From 

Upstream Taps ........................................................................................ 85 
3-0-6 Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From 

Downstream Taps ................................................................................... 87 

Copyright by the AMERICAN PETROLEUM INSTITUTE (API) 
Tue Oct 08 14•17•18 lqq6 

69 



API MPMS*14.3.3 ~2 11 0?322~0 0503919 54T 11 

3-0.1 Symbols, Unlts, and Termlnology 

3-D.1.1 GENERAL 

Sorne of the symbols listed in 3-D.I.2 are specific to this appendix. Unless orherwise 
noted, all of these symbols are dimensionless. Symbols that are used in this appendix but. 
not listed in 3-0.1.2 are defined in 3 2.2. 

3,-0.1.2 SYMBOLS ANO UNITS 

Symbol Description t.:mts/Value 

e· Orifice ftow constan[ 
Fb Basic orifice factor 
K, Coefficient of dischw:ge when Reynolds number = (l,OOO,OOOd)/15 
K11 Coefficient of discharge for infinite Reynolds number 
p Specific weight of a gas at 14.7 pounds force per square inch 

absolute and 32°F 1 bm!ft' 

3-0.2 Scope 
3-0.2.1 INTRODUCTION 

Recent research work. on orifice measurement has been resaicted to flange, comer. and 
radius tap meters.lt is recognized that a number of .. pipe tap" meters continue in operation 
in natural gas measurement in the United States. The provisions of the second ( 1985) edi
tion ofCbapter 14, Section 3, that are applicable to pipe tap configurations are included in 
this appendix. The dimensional information, tolerances. and computation methods in this 
appendix are only applicable to pipe tap meters. 

This appendix provides recommendarions and specifications relating to the meásurement 
of natural gas and other related hydrocarbon fluids by means of orifice meters equipped 
with pipe taps. It includes definitions, construction and installation specifications. and m
structions for computing flow 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
ing the primary clement and the methods of calcuJation. h does not cover the equipment 
used 10 detennine the pressun. temperarure, specilic gravity, and other variances that must 
be known for the accurate measurement of natural gas. · 

3-0.2.2 GENERAL 

Unless specifically noted in this appendix, all information and data presented in the body 
of this standard--including reccmmendations, specifications, and symbols-are applicable 
to pipe tap orifice metering. 

3-D.2.3 TYPE OF METER 

This appendix is limited to oritice metcrs that have circular orifices located concentrically 
in tbe meter rube, having upstteam and downstteam pressun taps as speciJied for pipe taps. 

3-D.2.4 DEFINmON OF PIPE TAP PRESSURE MEASUREMENT 

The definition of pipe tap pr~sJure measurtment is based on tbe position of the pair of 
tap boles: The upso:eam tap center is IÓCated 2.5 times the inside pipe diarneter upsrream 
frorn the nearest plate face, and the downstream tap center is located 8 times the inside pipe 
diameter downstream from the nearest plate face (see 3-0.3.4.1). 
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3-0.3 Constructlon and lnstallatlon Speclflcatlons 
3-0.3.1 BETA RATIO LIMITATIONS OF ORIFICE PLATES 

The orifice-to-meter-tube (pipe) diameter ratio ([3 = d/D) should fall within the range 
from 0.20 to 0.67 inclusive. These limits, with an uncertainty as high as ±0.75 percent, may 
be exceeded when additional flow unccrtainty is acceptablc. Beta ratios that cxcccd the 
range from 0.20 to 0.67, with an uncertainty as high as :f:1.5 percent, may be used; however, 
the ftow constants for these extreme values of {3 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 Oellnltlon 

The tenn meter tu he rcfers to the straight upstream pipe of Length A orA' on thc instal
lation sketches in Part 2 (including the stro.ightening vnnes, if used), the orifice tl.o.nges or 
tittings, and the downstream pipe (length B on the installation sketches in Part 2) bcyond 
the orifice. The length of upstream and downstream pipe is specified in Part 2. The toler
ances for the diameter and the restrictions on the mside surface of the meter tu be are 
specified in 3-D 3.2.4. There shall be no pipe connections within these distances othcr than 
straightening vanes, the thermometer wells specified in Part 2, and the pressure taps 
specified in 3·D.2.4 and Part 2. 

3-0.3.2.2 lnslde Surlace 

The sections of pipe to which the orifice flanges or fittings are attached and the adjaccnt 
pipe sections that constitute the meter tube, as defined in 3-0.3.2.1, shall comply with the 
followlng: 

a. The roughness of the inside pipe walls shall not exceed 300 microinches. Carefully se
lected smooth commercial pipe may be used. Seamless pipe or cold drawn seamless pres
:.ure tubing may be used, provided lts inside wall is smooth. Drawn-over-ma.ndrel (DOM), 
electric-resistance-welded (ERW), straight-seam tubing manufactured to the requirements 
of ASTM A 5 !3, T-5, may also be used. To improve smoothness inside the meter tu be. the 
inside pipe walls may be machined, ground, or coated. 
b. Grooves, scoring, pits, and ridges resulting from seams; distortion caused by welding; 
offsets; and od1er irregularities (regardless of their size) that affect the inside diameter at the 
points identified in Figure 3-D-l by more than the tolerances !lhown are not permitted. 
When these tolerances are exceeded, the irregularities must be corrected. 
c. The interior of ~he meter tube shall be kept clean and free from accumulations of cont
aminants, such as dirt and liquids, at all times. 

3-0.3.2.3 Melar Tube Olameter 

The mean inside diameter of the meter tube shall be deterrnined as follows: 

a. Measurements sball be made on at least four diamcters equally spaced in aplane 1 inch 
upstream from the upstream face of the orifice plate. The mean (nrithmetic average) of these 
measurements is defined as the me8n meter tube diameter to be used in calculating the ftow 
coefft.cient when minimum uncertainty of this variable is des1red. 
b. Check measurements of the upstream inside diameter of the meter tube shall be made a.t 
two or more additional crosrH;ecrions. The actu.allocations of the check mcasurements of 
the diruneter, circumferentially and axially along the tube, are not specified. These checks 
should be taken at points that will indicate the max.imum and minimum diarneters that exist 
and should cover at least two pipe diameters from the face of ihe orifice plate or extend past 
the flange or fitting weld, whicbever distance is greatcr. Check measurements are used to 
verify the uniformity of the upstream meter tube but do not become a part of the mean me
ter tube diameter. 
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Figure 3-D-1-Maximum Percentage Allowable Meter Tuba Tolerance 
Versus Beta Ratio 

c. The inside diameter of the downsu·eam sectlon of the meter tube shall be measured in a 
plane 1 inch downstream from the downstream face of the orífice plate. Check measure
ments of the diameter of the downstream section of the meter tube, similar to those de
scribed in Item b above. shall be made at two additional cross-secdons. 

3-0.3.2.4 Tolerances and Restrlctlons 

The tolerances for the diameter and the restrictiOns on the inside surface of the meter tu be 
are as follows: 

a. The difference between the maximum measured diameter and the minimum measured 
diameter on the inlet section shall not e:xceed the tolerance shown in Figure 3-D-1 as a per
centage of the mean diameter defmed in 3-0.3.2.3. The relationship below may be used to 
calculare the variance of the diameter of the upstream section of the meter tube: 

Maximum diameter- Minimum diameter 
100 

~ p 
1 

- F. 3 D 1 x ~ ercent to erance m tgure - -
D 

b. Abrupt changes in diameter (shou1delli, offsets, ridges, and so forth) shal1 not exist in the 
meter tube (see 3·D.3.2.3, Item b). 
c. When Table 3-D-1 is used for ftow measurement estimation, the meter tube diameter, as 
defined in 3-0.3.2.3, shall agree widt the inside diameters listed in the tables within the tol
erance shown in Figure 3-D-1. 
d. Any diameter measurement in the downstream section shall not vary from the mean di
ameter of the meter tube, as defined in 3-D.3.2.3, by more than the tolerance shown in Fig
ure 3-D-1. The following relationship may be uscd to calculate the variance of the diameter 
of the downstream section of the meter tube: 

1 
Any diameter - Di . . D x 100 S Percent tolerance m Ftgure 3-D-1 

Application of this equation doubles the tolerance for the downstream section of the meter 
tube. 
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Oritice 
Diameter 

0.250 
0.375 
0.500 
0.625 
0.750 
0.875 
1.000 

l.l25 
1.2SO 
1.375 
1.500 
1.625 
1.750 
1.875 
2.000 

2.125 
2.250 
2.375 
2.500 
2.625 
2.7.50 

---------------
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e. The temperature at which the meter tube measuremenls are made should be recorded for 
correction to the operating conditions. 

For new installations. in which the beta ratio is likely to be changed, the tolernnce per
mitted for variat1ons in ptpe size, as shown in Figure 3-D-1, should be the same as that 
given for a maximum orifice plate diameter ratio (/3) of 0.75. 

3-0.3.2.5 Use of Table 3-D-1 

If Table 3-D-l is used for ft.ow estimation, the mean ins1de d¡ameter of the up~tream sec
tion of the meter tube should be as nearly the same as the published insíde diameter given 
in Table 3-D-1 as is posstble. The inside diameters given in the table were used to calculare 
the constants in the table. lf the mean meter tube diameter differs from the table inside di
amctcr hy an amount grcater than the tolerance set forth in Figure 3-D-1 or if minimum un
certainty is destred, the mean meter tube diameter should be used to compute the orifice
to-meter-tube diameter ratio, /3. as weU as the flow coefficient. Other factors should be cal
culated for this exact value of /3. 

3-0.3.3 LENGTH OF PIPE PRECEDING ANO FOLLOWING THE ORIFICE 

The insta!lation sketchcs and accompanying graphs are not dupHcated in this appendix: 
but are available in Part 2, Figures 2-5 through 2-9. The graphs show the minimum lengths 
uf straight pipe required (expressed in nominal pipe diameters) versus beta ratio. It must be 
noted that when pipe taps are u sed, lengths A, A: and C shall be increased by two nomine~( 
pipe diameters and length B shall be increased by eight nominal pipe diameters. The lengths 
of straight pipe should be those required for the maximum beta ratio that may be used. 

3-0.3.4 PRESSURE TAP HOLES 

3-0.3.4.1 Locatlon 

Meter rubes that use pipe taps shall have the center of the upstream tap hole located 2 5 
times the published or actual inside diameter from the upstream face of the orifice plate. 

Table 3-D-1-Basi~ Orífice Factors (F0) for Pipe Taps (AII Oimensions 1n lnches) 

Published Inside Diameter!l at ' Published In~~oidc Dil!.ffietcrs 1tl Publishcd tns1de Diameters at 
Nominal Pipe Slze of2 lnchcs Nominal Pipe Size of 3 Inches Nominal Pipe S1ze of 4 lnche3 

1.687 1.939 2.067 2.300 2.624 2.900 3.068 3.152 3.438 3.826 

12.850 12.813 12.800 12.782 22.765 12.754 12748 12.745 12.737 12.727 
29.362 29.098 29.006 28.883 28.772 28.711 28.682 28.670 28.635 26.599 
53.713 52.817 52.482 52.020 51.594 51.354 51.244 !11.197 51.065 50.937 
87.237 84.920 84.085 82.924 81.802 81.143 80.837 80.704 80.334 79.976 

132.29 126.87 124.99 122.45 120.0R IIR.67 IIR.OO 117.70 ll6.87 116.05 
192.87 181.02 177.09 171.93 167.26 164.58 163.31 162.76 161.L 7 159.58 
275.73 :ljl.ll 243.28 233.30 224.6l 219.77 2l7.S3 216 . .5S 213.79 211,03 

392SO 342.99 327.99 309.44 293.87 285.49 28167 280.03 275.43 270.91 
466.00 438.00 404 .. B 377.SO 363.41 3S7.13 334.4:5 347.04 339.88 

583.98 524.69 478.89 455.83 445.75 441.49 429.84 418.80 
679.11 602.80 565.80 549.95 .543.32 525.41 508.77 

733.89 697.45 672.96 662.83 63S.77 6ll.l2 
947.87 856.39 819.07 803.79 763.53 727.5.5 

1,050.4 994.01 971.22 912..00 860.19 
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 

1.887.7 
2,206.1 
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4.026 

12.723 
28585 
50.887 
79.837 

115.73 
158.9-4 
209.92 

269.10 
337.06 
4l4.51 
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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Tabla 3-D-1-Continued 

Publishcd !mide D1a.meters at Publuhed lnSide Diameter:! IIJ: Pubhshed imld.e Diameters at Published Inside Diameters al 
Norrunal Pipe Si2c of 6 lnches Norrunal Pipe Size of 8 lnclle.s Nonunal Ptpe Stze of lO Inches Nommal Pipe SJ..ZC of 12 Úlcbes 

Onfice 
Diameter ..t 897 

0.5l'O 50.740 
0.1:125 79.438 
0.750 ll4.81 
o 875 157.11 
1.000 206.63 

1 125 263.71 
1 250 :128.73 
1.375 402.07 
1.500 484.21 
1.625 575.15 
L7.50 617.39 
1.875 790.00 
2.000 914.59 

2.125 1,052.3 
2.:!50 1,204.7 
2.375 1.373.4 
2.500 1.560.5 
2 625 1.76!'1.3 
2.750 J.999.9 
2.875 2,2!!i8.6 
3.000 2.548.6 

3.125 2,875.3 
3.:::!50 3,244 9 
3.375 3,665.7 
3.500 
3.ó25 
3.7.50 
3.87.5 
4 000 

4.250 
4.500 
4.750 
5.000 

5.250 
5.500 
5.750 
6.000 

6.2.50 
6.500 
6.750 
7 000 

7 250 
7.:i00 
7.750 
8.000 
8.250 

S 187 5.761 6.065 7625 i.9Rl 8071 9.562 10.020 10 !36 JI )74 

50.707 50.653 50629 
79.351 79 219 71J 164 

114.62 114.32 114.20 
1!56.72 156.13 !55 89 1.55.11 154.99 154.97 
205.92 20485 20441 20301 202.80 202.76 202.16 

262.52 260.72 2.59.99 137.62 257.28 2:57.20 136.23 256.01 255.96 
326 87 32403 322 87 319.10 318.57 318.44 316.90 316 . .,:7 316.49 31.5.82 
399.32 395.09 393.34 3R7.63 386 Rl 386.63 38430 383 80 383 68 38267 
480.26 474.21 47170 463.40 462.20 46193 458 53 437.80 457.64 456.17 
570.19 561.74 .5.5825 546.62 544.93 544.54 539.73 53870 538.47 536.40 
669.69 658.09 653.34 637.52 635.20 634.67 62!'105 626.63 626.30 623.46 
779.49 763 79 757 41 736.36 733 25 732.53 723.63 721.72 721.28 717.45 
900 39 879.40 87095 843 36 839.31 838.37 826.66 824.14 823.:56 818.51 

1,033.4 1,005.6 994 . .54 958.80 953.61 952.40 937 31 934.04 933.29 'J26.74 
1,179.6 1.143 2 1,1289 l.OBJ O 1,0764 1,0749 1,055 8 1.051.6 1,0507 1.042.3 
1,340.5 1,293.2 1.274 6 1.216.3 1,208.0 1,206.1 1,182 3 1.1770 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 1.634.4 1,604 3 1.512.1 1.499.3 1.496.4 1.460.1 1,452.2 1,450.4 1.4344 
1.928.1 1,828.3 1,790.4 1,675.4 1,6597 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 1,7716 1.76l.l 1.758.4 ),735.2 
2,431.0 2.271.2 2.21l 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 2,122.2 2.10S.8 2,1020 2.069.1 
3,0.54 o 2,801.9 2.7100 2.446.6 2,412J 2.404 8 2.311.8 2.292.3 2,287.8 2.2490 
3,422.4 3,106.9 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 2,689 2 2.63.5.8 
4.308.1 3.814.5 3,6424 3.171.2 3,112 8 3.099.6 2.944.5 2.912.8 2.905.5 2JW3.2 

4,226.4 4,0149 3,446.1 3,376 7 3,361.1 3.178.4 3.141.3 3.ll2.8 3.060.3 
4,685.0 4,42.5 2 3,739.9 3,657 7 3,639.3 3.424.6 3,381.4 3,371 5 3.287.5 
5,197.9 4,878.5 4,054.3 3,957.1 3,935.3 3.683.9 3.633 6 3,622.2 3.525.2 

4,751.6 4.616.7 4,586.7 4,244.2 4.176.9 4,161.7 4.033.1 
5~54.8 .5,369.1 5.328.1 4,865.6 4,776.3 4.756.2 4.587.4 
6,485.5 6,231 3 6,175.4 5.555 6 5,438.0 .5,411.6 5,191.9 
7,5716 7,224:í 7,1488 6,323 1 6,1694 6,135.0 5.851.1 

8,8505 8,376 6 8,274 2 7,178.8 6.979.1 6,934.6 6.570.1 
9,724.0 9.585.4 8,135.5 7.877 4 7,8202 7.354 9 

9,208.8 8.876.6 8.803.3 8.212.4 
10.418 9.991.5 9,898.0 9.150.7 

11.786 11.240 11.121 10.179 
13,344 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 downstteam tap hole shall be located eight times the published or actual 
inside diamcter from the downstream face of the oritice plate. Figure 3-D-2 shows the al
Lowable tolerances. A maximum beta ratio of0.75 should be used in 1he design of new m
stallations. 

3-0.3.4.2 Fabricatlon 

Meter rubes that use pipe taps shall have a hole of the propcr size drilled lhrough the pipe 
wall. Propcr hole sizes are listed in Table 3-0-2. The hole shall not be tltreaded A fitting 
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11.938 12.090 

315.57 31.5.51 
382.31 382.22 
455.6.5 455 .:n 
535.67 535.49 
622.46 622.22 
716.12 115.19 
816.75 816.32 

92-4.46 92390 
1,0)9.4 1,038.7 
1.161.7 1.160.8 
1 ,291.4 1,2903 
l ,428.8 1,427 4 
1.573.9 1.512.2 
1.727.0 1.725.0 
1.888.2 1 .~l:SS .M 

2,057.6 2.05-4 7 
2.235.4 2.232.1 
2,42f.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 3,484.0 

3.989.6 3.979.1 
4.530.9 4,517.3 
5,119.1 5,101.6 
5,757.9 5,735.6 

6,451.7 6,423.4 
7 ,20.5.3 7.169.7 
R,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 14.60.5 
16,29.5 16.102 
17,986 17,7$0 
19,861 19.:572 
21.~ 21,.594 
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Tabla 3-D-1-Continued 

Pul'lhshed Jnstde O¡ameter> at l'ubl!shed Jm;¡de D1ameter" at l'ub!i-;hed lnstde D111meter.<; at l'uhl1shed ln<;tde Dtameters at 
Nominal Pipe S1ze of 16 Indlt:!> ~orrunal Ptpe Si le of 20 lnchcs Nummlll Pipe Si~:e of 24 lnchc~ Nummal Pipe Size of 30 Inche~ 

Orificc 
Dtemcter 14.6KK 15.000 15.250 1 K 812 19 [)()0 19.250 22.624 23.000 23.250 2H.7~1l 2Y.OOO 29.250 

1.5CO 453.93 4.53.79 
l.625 533 2R 533.09 532 94 
! 750 619 20 618.94 618 74 
1.875 711.75 711..11 711.14 
2.COO 811.01 810.55 3!0.21 506.73 806.59 806.42 

2.125 917.03 916.45 916.01 911.54 911.37 911.15 
2.250 1,029.9 \,029.2 1 ,02R.6 1,022.9 1,022 7 1 ,1122.5 
2.375 1,149.7 1,148.8 1,148.1 1.141.0 1,1407 1,140.4 1,136.8 1,136.5 1,136:3 
2.500 1,276.6 1,27.5.4 1,27•1.5 1,265.7 1,265.4 1,26.5.0 1,260.6 1,260.2 1,261).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 1535.5 1,535 o 1.534 4 1.527.9 1,527.4 1,5270 
2.87.5 1,700.2 !,698.1 1,696 . .5 1,630.7 1,680.1 1,679.4 1.67!.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 1.8t23 1,812.1 

3.12.5 2.019.6 2,016.6 2,014.4 !,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.'1 
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.l 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.R 2.3 JJ.(i 2,312) 2,)11.5 2,29R 6 2,29R 2 2.29i.8 
3.500 2,556.5 2,5.51.7 2,548.1 2,512.0 2,510.6 2,508.9 2,491.2 2,489.8 2,488.8 2,473.9 2,473.4 2,472.9 
3.625 2,751.5 2,745.9 2.741.7 2,699.8 2,698.3 2,ó96.3 2.675.8 2,674.1 2,673.0 2,655 8 2,655.2 2.654.7 
].750 2,954.6 2,94R.2 2,94).4 2,H95.1 2,893 3 2,891.0 2,867.4 2,865 5 2,864 2 2,H44 4 2,843 7 2.R41.1 
3 875 3.166.0 3,158.7 3,153 2 3,097 8 3,095.7 3,093.1 3,066.1 3,063.8 3,062.4 3,039.7 3,039 o 3.038.3 
4.000 3,385.8 3,377.S 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 •1.218.2 4,167.7 4,163 . .5 4,160.8 4,118.? 4.117.4 -1,116.1 
4.750 4,893.0 4,87.5.9 4,863.0 4,734 3 4.729.5 4,723.4 4,660.2 4,654.9 4,6515 4,,51)8.9 4,597.2 4.59.5.5 
5.000 5,472.1 5,450.6 5,434 S 5,274 7 5,268.8 .5,261.3 5.183 1 5,176.6 5,1724 5,107 3 5,105.2 5.103.1 

5.250 6,092.7 6,066.0 6,0460 5,849 2 5,842.0 5.832.8 S .737 .2 5,729.2 5.724.1 5,644.3 5,641.8 5.639.3 
5.500 6,757.2 6,724.3 6,699 6 6,458.8 6,450.1 6,438.8 6,323.1 6,313.4 6,307.2 6,210 4 6,207 3 6.204.3 
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,S06.0 6,802.3 6.798.7 
6.000 8.228.7 8,179.4 8,!42.5 7,778.2 7,775.5 7,759.3 7,593.1 7,579.2 7,570.3 7,431.5 7.427.1 7.422.8 

6.250 9,041.9 8,981.9 8,937.2 8,510.8 ~.495.6 8.476.2 8.278.6 8,262.2 8.2St.7 8,037.5 8.082.2 8.077.1 
6.500 9,911.4 9.838.9 9,7H4.~ iJ.273.1S 9.255.8 '),232.7 8.999.1 8,979.7 8.967.3 8,77-U 8,768.1 8,762.1 
6.750 10,842 10,754 10,689 10,079 10,058 10,031 9,7.55.4 9,732.6 9,71B 1 9,4'}26 9,485.4 9,47R.4 
7.000 ! 1,837 11,732 11,654 10,929 l0,903 10,871 10,548 10,522 10,505 10,243 10,234 10,226 

7.250 12,902 12,777 12,684 ! 1,824 ll.79S 11,7.57 11,380 11,349 11,329 11,026 11,016 11,007 
7.500 14,044 13,894 13,784 12,768 t2,733 12,689 t2,2SO 12,214 12,191 t1,841 l1,830 11,819 
7.750 15.269 t5,091 14,959 13,763 13,722 13,671 t3.161 13,119 13,093 12.691 12.678 12.666 
8.000 16,58) 16,372 16,216 14.Kll 14,764 14,704 14,113 14,065 -,4,036 1],575 13,560 13,546 

should be [as tened to the pipe at thls point, and great care must be exercised to ensure that 
the inside of the pipe is not distorted in any way. · 

The diameter of the tap hale shaU not be rcduccd wnhin a Icngth cqual to 2.5 times rhe 
tap hale diameter as measured from the inside surface of the meter tube. If the fitting is 
welded to the pipe used to fnbricate the meter tube, the tap hale shall not be drilled untll af-
ter the welding is done. 

In Table 3-D-2, the finished tap hole shall be±~ inch from the selected nominal tap hole. 

diameter along the dnlled length of the hale. 

3-0.4 Computlng the Aow of Natural Gas and Other 
Relatad Hydrocarbon Flulds Through Orlflce 
Meters Equipped Wlth Pipe Taps 

3-0.4.1 GENERAL 

The recommendations m 3-0.4.2 through 3-0.4.8 concerning calculations and compu-
tations ore confined strictly to pipe tap orifice meters installed and operated according to the 
prov!Sions of this appendix. The equations use inch-pound units and absolute values 
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Tabla 3-D-1-Continued 

Publishcd lnslde Dlametcrs at PubUshed Insldc Dlamc:crs at Publishcd Inside Diameters at Published Inside Diameters at 
Nommal Pipe Size of 16 [nches Nominal Ptpe Size of20 lnches Nominal Pipe St.z.e of 24 Inches ~omina! Plpe Size of 30 lnches 

Orifice 
Dinmeter 14.688 

~uso 17,t.f96 
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 ()()() 

11.250 
11.500 
11.750 
12.000 
12.500 
13.000 

13.500 
14.000 
14 . .500 
IS.OOJ 
15.500 
16.000 

16.500 
17.000 
17.500 
IXOOO 
18.500 
19.000 

19.500 
20.000 

15.000 15.250 18 812 19.000 19250 22.624 23.000 23.250 23.750 

17.746 17.562 !5.915 15.!:!61 15,791 15,109 15,055 15,020 \4,494 
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 19,468 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 20.789 
30,840 30,269 1.5,.531 2.5,384 25,199 23,448 23,313 23,228 21,977 

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 27,87') 27,686 27,564 25.802 
32,944 32,695 32,382 29,492 29,274 29,1)7 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 .16,426 
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 56,833 
76,572 75,1}27 74,075 61,857 

83,2ll 82,057 67.263 

73,087 
79,372 
86.165 
93.522 
10~,506 

110.192 

119,667 
130.036 

throughout. Constants and variables that have a subscript of 1 indicate upstream mt:asure
ments; those that ha ve a subscript of 2 indicate downstream measurements. 

3-0.4.2 EQUATION 

In the measurement of most gases, especially natural gas, the general practice is to ex
press the flow rate in cubíc feet per hour at sorne specifi.ed refen::nce or base conditions of 
pressure and temperature (that is, in standard cubic feet per hour). To calculate the quamity 
of gas, the following equation shall be used: 

Q" = C'~h.f} (3-D-l) 

Where: 

C' = orifice flow constant. 
hw = differential pressure at 60°F, in inches of water. 
1} = static 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 fiow constant, e; is defined as ihe rate of airfl.ow as a real gas, in standard cu
bic feet per hour, when the extension, (h,.P¡)0.3, equals unity. The orifice ftow constant 
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29.000 29.250 

14,477 14,461 
15,429 15,411 
16,418 16,398 
17,444 t7 ,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 
47,6l7 47,43.5 
.51,933 S 1,715 
56,563 56,303 
61~35 61,225 
66,879 66,,11 

72,632 72,195 
78.833 78,315 
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-NATURAL GAS FLU!OS MEASUREMENT 

' ' Nominal 4·1nch pipe and larger runs 

Runs smaller than nomtnal 4-mch ptoa 

0.10 0.20 0.30 0.40 o 50 0.60 o 70 

p 

Note. A maxmmm /)ratio of0.7S should be used in !he design ,Jf uew installatiom. 

Figure 3-D-2-AIIowable Variations in Pressure Tap Hale Location 

should not be confused with the f!ow coefficient or coefficient of discharge (K). Thc follow
ing equation is used to calculate the orifice tlow constant: 

Where: 

Po = bnsic orifice factor. 
~~ = real spedfic gravity (relative density) factor. 
F;b = base pressure factor. 

(3-D-2) 

F;,~ = supercompressibility factor (from A.G.A. Transmission Measurement Cornrnittee 
Report No. 8). 

F,. = Reynolds number factor. 
F,, = base temperature factor. 
F;1 = flowing temperature factor. 
Y = expansion factor. 

Tabla 3-D-2-Meter Tuba Pressure Tap Hales 
(Dimensions in lnches) 

MeterTube 
Nominal 

Inside 
Diameter 

<2 
2 or3 

>4 

Nominal Tap Hole Oiamecer 

Recommended Mnximum Mtmmwn 

Note: The finished tap hole sha.ll be±)(. inch from the selected nominal tap 
hole di ame ter along the drilled length of the hole. 
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The sequence of multiplicntion in Equation 2 is not binding; however, to duplicatc the rc
sults obtained using Eqtiation 2, the sequence of multiplication and the manner of rounding 
or truncation should be agreed u pon and practiced. Trirn factors to compensate for the rype of 
instrumentar ion u sed, the calibration methods, and the elements of meter location are treated 
scparately (scc Appcndix 3-A). Thcse trim factors may be applíed as a multiplier toe: 

The values of al! the C'factors are detailed in subsequent sections of this appendix. Both 
equations and tabular data based on the equations 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 OISCHARGE (K) 

To calculate the cocfficients of discharge, K, the following empirical equations are used: 

Where 

K = 
' 1 + 

K, 
15E 

l,OOO,OOOd 

K, 0.5925 ~ 0 · 0~82 
+ ( 0.44 -

0~6 )¡3' + ( 0.935 + 
0·~25 )p' 

+ 1.35/3" + ~(0.25 - /3)v. 
vD 

E = d(830 - 5000/3 + 9000JJ' - 4200/33 + B) 

B = 875 + 75 
D 

(3-D-3) 

(3-D-4) 

(3-D-5) 

(3-D-6) 

Note: In Equation 3-0-4, the signs of sorne of the terms with frnctionnl exponen u be come neg11.1ive for so me val
ues of {J. In such cases, these tenns are to bo neglected or their value treated as zero, and whete thesc tcnns nn: 3. 

factor to another term, thc whole product is to be llCated as zero. 

Where: 

d = measured orifice diameter, in inches. 
D = measured inside meter tu be diameter, in inches. 
K, = coefficient of discharge when Reynolds number is equal to (I,OOO,OOOd)/15. 
K, = coefficient of discharge when Reynolds number equals infinity, which will be the 

minimum value for any panicular orifice and meter rube size . 
.B = beta ratio 

= d/D. 

These values will be used in subsequent intermediare calculations of the orifice flow .con
stant factors. 

3-0.4.5 BASIC ORIFICE FACTOR (F,) 

To calculate the basic orifice factor, fi., use the following equation and note the standard 
conditions: 

When 

F, = 338.178d'K. 

P, (base pressure) = 14.73 pounds force per square inch absoluto 
Specific gravity = 1.000 

T, (base temperature) = 60'F (519.67•R) 

(3-D-7) 

Table 3-D·l was developed using Equation 3-D· 7 and various combinations of d and D; 
to use it. however, the measured inside diameter (D) of the meter rube must be within the 
limits specified in 3-0.3.2 and Figure 3-D-l. Table 3-D-2 may not be interpolated. 
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3-0.4.6 REYNOLDS NUMBER FACTOR (F,) 

To calculate the Reynolds number factor, F,., use the followmg equations: 

ReJ ~ 220,858df';.~pii,~ 

E !', ~ 1 + 
Re, 

(3-D-8) 

X (0.613408- 0.152756/3 + 0.803833/J'- l. 701111/3' + 1.569336/J') (3·D·9) 

p ~ (..!1._ \J( 49
1.

67 )c (3-D-10) 
14.7 1j 

Where: 

G ~ specilic gravuy. 
Ren = orifice hore Reynolds number. 

T¡ _= absolute ftowing temperature, in degrees Rankine. 
p ~ specific weight of a gas al 14.7 pounds force per square inch abso1ule and 32°F. 

Table 3-D-3, which may not be inlerpolaled, may be used to determine the value of b; 
this value may then be applied to Equat10n 3-D-11: 

Tabla 3-D-3-b Values lar Determining Reynolds Number Factor F, lar Pipe Taps (AII Dimensions in lnches) 

Orífice 
Diamctcr 

0.250 
0.375 
0.500 
0.625 
0.750 
0.875 
1.000 

1.(25 
1.250 
1.375 
1.500 
1.625 
1.750 
1.875 
2.000 

2.125 
2.250 
2.375 
2.500 
2.625 
2.750 

Published Inside Diameters at 
Nominal Pipe Size of21nches 

1.687 1.939 2.067 

0.1106 0.1091 0.1087 
0.0890 00878 0.0877 
0.0758 00734 0.0729 
00694 00647 0.0635 
0.0676 0.0608 0.0586 
0.0684 0.0602 0.0570 
0.0702 0.0614 0.0576. 

0.0709 00635 0.0595 
0.0650 0.0617 

0.0629 

2.300 

0.1081 
0.0879 
0.0728 
0.0624 
0.0559 
0.0528 
0.0522 

0.0532 
0.0552 
0.0575 
0.0590 

F=l+-b-
' ~ h.,P¡ 

Pubhshed lnside Diame1ers at 
Nominal Pipe Size of 3 Inche9 

2.624 2.900 

0.1078 0.1078 
0.0888 0.0898 
00737 0.0750 
0.0624 0.0634 
0.0546 0.0548 
0.0497 0.0488 
0.0473 0.0452 

0.0469 0.0435 
0.0478 0.0434 
0.0496 0.0443 
0.0518 00461 
0.0539 0.0482 
0.0554 0.0504 

0.0521 
0.0532 

3.068 

0.1079 
0090:S 
o 0758 
00642 
00552 
0.0488 
0.044~ 

0.0422 
0.0414 
0.0418 
0.0431 
0.0450 
0.0471 
0.0492 
0.0508 

0.0519 

Note: '1 he b vB.luea are culculated from the followmg equation: 

b = 
E 

12,835dK 

Wllcrc: 

d "' mean enlice d111meter, tn mche9. 
E = value from Equauon 3-D-5. 
K = value approximated from Table 3--D-4. 
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3.152 

0.1079 
0.0908 
0.0763 
0.0646 
0.0555 
0.0489 
0.0443 

0.0417 
0.0406 
0.0408 
00418 
0.0435 
0.0456 
0.0477 
0.0495 

0.0509 

Published Tnside Dtameters at 
Nom~nal Pipe Size of 4 Inches 

3.438 3.826 

0.1081 0.1084 
0.0918 0.0932 
0.0773 0.0800 
00662 0.0685 
0.0568 0.0590 
0.0496 0.0513 
0.0443 0.0453 

0.0407 0.0408 
0.0387 00376 
0.0379 0.0358 
00382 0.0350 
00392 0.0351 
0.0408 0.0359 
0.0427 0.0372 
0.0448 0.0388 

0.0467 00407 
0.0483 0.0427 
0.0494 0.0445 

00461 
0.0472 

, . 

4026 

0.1085 
0.0939 
00810 
00697 
0.0602 
0.0524 
0.0461 

00412 
0.0377 
0,0353 
0.0341 
00336 
0.0340 
0.0349 
0.0363 

0.0380 
0.0398 
0.0417 
0.0435 
0.0450 
0.0462 

~ 
J."'t ;.;¡¡¡ 

;,;,~ -:;:;;; 
~ 

.. 
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Published lnstdc 
Dil\meter~ 111 

Nominal Pipe Sizc of 
6 Inches 

Onfice 
Diameter 4.897 5.187 5.761 

0500 0.0!150 0.0862 0.0883 
0625 0.0747 0.0762 00789 
0.7~0 0.0655 0.0672 0.0703 
0.875 0.0575 0.0592 00625 
1.000 0.0506 0.0523 00556 

1.125 0.0448 0.0464 0.0495 
1.250 0.0401 0.0414 0.0442 
1.375 0.0363 0.0373 0.0397 
L500 0.0334 0.0341 0.0360 
1 625 O.OJ\3 0.0315 0.0329 
1.750 00300 0.0298 0.0304 
1.87.5 0.0293 0.0287 0.0285 
2.000 o.o2n 0.0281 0.0273 

2.125 0.0297 0.0281 0.0265 
.uso 0.0305 0.0285 0.0261 
2.375 0.031fi 0.0293 0.0262 
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 O.oJ08 

3.125 0.0410 0.0380 0.0323 
3.2.50 0.0422 0.0394 0.0338 
3.375 0.0433 0.0408 0.0353 
3.500 0.()419 0.0367 
3.625 0.0428 0.0381 
3.750 0.0393 
3.875 0.0404 
4.000 0.0413 

4.250 
4.500 
-1.7.50 
5.000 

5.250 
5.500 
5.750 
6.000 

6.250 
6.500 
6.750 
7 000 

7.250 
7.500 
7.750 
8.000 
8.250 
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6.065 

0.0393 
0.0802 
0.0719 
0.0642 
0.0573 

0.0512 
0.0458 
00412 
0.0372 
0.0339 
00311 
0.0290 
0.0273 

0.0262 
0.0256 
0.02..53 
00254 
0.0258 
0.0265 
0.0274 
0.0285 

0.0297 
0.0311 
0.032.5 
0.0339 
0.0354 
0.0367 
0.0380 
0.0391 

F; l + b 
(3-D-ll) 

~ h.P¡ 

b 
E 

l2,835dK 
(3-IJ-12) 

Table 3-0-3- Continuad 

F; "' 1 + b 
Jh_~ 

Published lnside Published Inside Published lnside 
Diamcters !!.1 Dia.meters at DLamctcrs nt 

Nominal Pipe Size of Nominal Pipe Size of Nominal Ptpe SiT.e of 
8 Inches 10 Jnches 12 lnches 

7.625 7981 8.071 9 562 10.020 10.136 ll.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 0.0708 
0.0489 00506 0.0511 o 0576 0.0594 00599 0.064:1 00661 0.0666 
0.0445 0.0462 0.0466 0.0532 0.0550 0.0555 0.0601 0.0620 0.0625 
0.0405 0.0421 0,0425 0.0490 0.0509 0.0514 0.0561 0.0580 00585 
0.03h9 003A4 0.0388 00452 0.()471 0.0476 0.0523 0.0543 0.0548 
0.0338 00352 0.0355 00417 0.0436 00440 0.0488 0.0508 0.0513 
0.0311 0.0323 0.0327 0.038.5 0.0403 0.0407 0.0454 0.047.5 0.0480 

0.0288 00299 0.0301 o 0355 0.0373 0.0377 0.0423 0.0443 0.0449 
0.0268 0.0277 0.0280 00329 0.0345 0.0349 0.0394 0.0414 0.0419 
0.0252 0.0259 0.0261 0.0305 0.0320 0.0324 0.0367 0.0387 0.0392 
0.0239 0.0244 0.0246 o 0283 0.0298 00301 0.0342 00361 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 00218 0.0218 () 023-4 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 0.0212 0.0218 0.0220 0.0246 0.0260 0.0264 
0.0223 00214 0.0212 00205 00209 00210 0.0232 0.0245 0.0249 
0.0228 0.0217 0.0214 0.0199 0.0201 0.0202 0.0220 0.0232 0.023.5 
0.0235 0.0221 0.0218 0.019.5 0.0195 0.0196 0.0210 0.0220 0.0223 
0.0243 00227 0.0224 o 0193 0.0191 00191 0.0200 0.0209 0.0212 
0.0252 0.0234 0.0230 0.0192 0.0188 0.0188 0.0193 0.0200 0.0202 
0.0262 0.0243 0.0238 0.0193 0.0187 0.0186 0.0187 0.0192 0.0194 
0.0213 0.0232 0.0248 0.0195 0.0187 0.01!!6 0.0182 O.OX85 0.0187 

0.0297 0.0273 0.0268 0.0203 0.0192 0.0189 0.0176 0.0176 0.0177 
0.0321 00296 0,0290 0.0215 0.0200 0.0197 00175 0.0172 o 0171 
0.0344 00320 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 0.018.5 0.0175 0.0172 

0.0381 0.0361 0.0356 0.0267 0.0245 0.0239 0.0195 0.0181 00178 
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 0.0236 0.0215 00210 

!1.0343 0.0320 0.0314 00253 0.0230 0.0224 
0.0358 0.0336 0.0331 00270 0.0246 0.0240 

0.0351 0.0346 0.0288 0.0262 . 0.02.56 
0.0363 0.0359 0.0304 0.0279 0.0272 

0.0320 0.0295 0.0288 
00334 0.0310 0.0304 
0.0347 0,0325 0.0318 

0.0338 0.0332 
0.0349 0.0344 

-· 

" ,, 
' ·:';'.. 
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Table 3-D-3-Continued 

r; = 1 b 
. + ,¡ h.P. 

Pub!ished Ins1de Published Ins1de Pubhshcd lns1de Ptiblished Inside 
O¡ametcn at Oiamcters i\f Didmerers at Dtaneters at 

Nominnl Ptpe Si .te of Nummal Pipe S1ze of Nomma! Pipe S¡ze of Nommal P1pe Stzc of 
Jó Inches 20 Inches 24 lnchcs 30 Tn~he.~ 

Orificc 
Dinmetcr 14.688 15.000 15.250 18 812 19.000 19.250 22624 23.000 23.250 28.750 29.000 29.250 

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 0.0667 0.0672 

2.125 0.0532 0.0541 0.0548 0.0635 0.0639 0.0645 
2.250 0.0503 0.0512 0.0519 00609 0.0613 00618 
2.375 0.0475 0.0485 0.0492 o 0583 0.0588 0.0593 0.0658 0.066.5 0.0669 
2.500 0.0449 0.0458 0.0166 0.0558 0.0562 0.0568 0.0635 0.0642 0.0646 
2.625 0.0424 0.0433 0.0441 O.U534 0.0538 00544 006!3 00620 0.0624 
2.750 00400 0.0409 00417 o 0510 0.0515 0.0520 0.0591 00598 0.0603 
2.875 0.0378 0.0387 0.0394 o 0488 0.0492 0.0498 0.0570 0.0577 00582 0.0669 

3.000 0.0356 0.0365 0.0372 0.0466 0.0470 0.0476 00549 00556 0.0561 00650 0.0654 0.0657 

3 125 00336 0.0345 0.0352 00445 0.0449 0.0155 0.0529 0.0536 0.0541 U0bl2 O.Oó16 0.0639 
3.250 0.0317 0.0326 0.0333 o 0425 0.0429 0.0435 0.0509 0.0517 0.0521 0.0615 o 0618 0.0622 
3.375 00300 00308 0.0]14 o 0405 00410 0.0416' 0.0490 0.0497 0.0502 0.0597 0.0601 0.0604 
3.500 00283 0.0291 0.0297 0.0387 0.0391 0.0397 0.0471 0.0479 0.0484 00580 0.0584 U.US87 
3625 0.0268 0.0275 0.0281 0.0369 00373 0.0379 0.0453 0.0461 0.0466 0.056.1 o 0567 0.0571 

3.750 0.0254 0.0261 0.0267 0.0'.152 00356 0.0362 00436 00444 0.0449 0.0547 0.0551 0.0554 
3.875 00240 0.0247 0.0253 o 0336 00340 0.0346 0.0419 0.0427 0.0432 o 0530 0.0534 0.0538 
4.000 00228 0.0235 0.0240 0.0320 0.0324 0.0330 0.0403 0.0411 0.0416 0.0515 0.0519 0.0523 

4.250 00207 0.0213 0.0217 0.0291 0.0295 0.0301 0.0372 00380 0.038!1 0.048<1 0.0488 0.0492 
4.500 Ó.0190 0.0194 0.0198 0.0265 00269 0.0274 0.0343 0.0351 0.0356 0.0455 0.0459 0.0463 
4.750 0.0176 0.0180 0.0!83 0.0242 0.0246 0.0250 00:116 00324 00329 0.0427 00431 O 043S 
5.000 0.0166 00168 0.0171 00221 00225 00229 0.0292 00299 0.0303 O.O<lOI 0.0405 0.0409 

!i.2SO 0.0160 0.0161 0.0162 0.0203 0.0206 0.0210 0.0269 00276 0.0280 0.0376 00380 0.0384 
5.500 0.0156 00156 0.0156 00\RB 00190 0.0194 0.0248 0.0255 0.02.59 0.0352 00356 0.0360 
5.750 0.0155 0.0154 O.OLS3 0.0175 0.0177 0.0180 0.0230 0.0236 0.0240 0.0330 00334 0.0118 

6.000 0.0157 0.0154 0.0153 0.0164 0.0165 O.U!6H 0.0213 00218 0.0222 0.0309 o 0313 0.0317 

6.250 00!61 0.0157 0.0154 ·- 0.0155 0.0156 0.0158 o.otrn 0.0203 0.0206 O.U'2b'\J 0.0293 0.0297 

6.!500 0.0167 0.0162 0.0159 o 0148 0.0149 001.51 0.0184 00189 00192 0.0271 o 0274 ·0.0278 
6.750 0.0175 0.0169 0.0\64 o 0144 0.0144 00145 0.0172 0.0176 o.bt79 0.0253 0.02.57 0.0261 
7000 0.0184 00177 0.0172 0,0141 0.0141 0.0141 0.0162 0.0166 0.0168 0.0237 0.0241 0.0244 

7.250 O.Ui95 00187 0.0181 0.0140 0.0140 0.0139 0.0153 0.0156 0.0159 0.0223 0.0226 0.0229 
7.500 0.0206 0.0198 0.0191 0.0140 00140 0.0139 0.0146 0.0149 0.0150 0.0209 0.0212 0.0215 
7.7.50 0.0219 0.0209 0.0202 0.0143 0.0141 0.0140 0.0140 0.0142 00144 0.01% 00199 0.0202 

8.000 0.0232 0.0222 00214 0.0146 0.0144 00142 0.0136 00138 00139 00185 0.0187 0.0190 

Table 3-D-4 must be used to determine the value of K in Equation 3-D-12. First-orde•· 
linear interpolation of Table 3-D-4 is permissible. ln calculating the extension for i.letenni-
nations ofF,, average or e1:otimttted values may be used. 

3-0.4.7 EXPANSION FACTOR (Y) 

3-0.4.7.1 Expanslon Factor Basad on Upstream Statlc Pressure (Y,) 

lf the static pressure is measured at the upstream pressure tap, th.e calculations for the ex-
pansion factor, Y1, use the following equations: 

Y, = 1 - [0.333 + 1.145(¡'3' + O.?{J' + 12¡'l")J~ (3-D-13) 
k 
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Tabla 3-D-3-Continuea 

F, = 1 b 
+ ~ h~P, 

Pubtished lnside Published lnside Published lns1de Published Inside 
Dinmeters Rt Diameters at Diameters at Diameters nt 

Nominal Pipe Si¿e of Nominal Pipe Size of Nommal Pipe Size of Nominal Pipe Size of 

Onfice 
Dmmeter 14.6R8 

8.250 0.0246 
8 500 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 
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 

16.500 
17.000 
17.500 
18.000 
18.500 
19.000 

19.500 
20.000 

16 Inchcs 20 Inchcs 24 Inches 

15.000 15.250 18.812 19.000 19.250 22.624 23.000 23.2!'10 28.7:50 

0.0235 00227 0.0151 0.0149 0.0146 o 0113 00134 0.0135 00174 
0.0249 00240 0.0157 00154 0.0151 O.OIJ2 O.OIJ2 0.0132 0.0165 
0.0262 0.0253 0.0163 0.0160 0.0157 0.0131 0.0130 0.0130 0.0156 
0.0276 0.0257 O.Ol71 0.0168 0.0163 O.OIJI 0.0130 0.0130 0.0149 

0.0288 0.021:!0 0.0180 0.0176 0.0171 0.0133 0.0131 0.0130 0.0142 
0.0301 0.0292 0.0189 0.0185 0.0180 0.0136 0.0133 0.0132 0.0137 
0.0312 00304 0.0198 0.0194 0.0189 0.0139 0.0136 0.0134 0.0132 
0.0323 0.0315 0.0209 0.0204 0.0198 0.0!43 00140 0.0138 0.0129 

0.0333 0.0326 0.0219 0.0214 0.0208 0.0149 0.0144 0.0142 0.0126 
0.0341 0.0335 0.0230 0.022S 0.0219 0.01.54 0.0150 0.0147 0.0123 

0.0241 00236 0.0229 0.0161 0.0155 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 00169 0.0165 0.0121 
0.0273 0.0268 0.0261 0.0!83 00176 0.0172 0.0122 
0.0284 0.0278 o.02n 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 00246 0.0240 0.0148 
0.0272 00264 00258 00159 
0.0289 0.0280 0.0275 0.0172 
0.0304 0.0296 0.0291 0.0185 
0.0318 0.0311 0.0306 0.0199 

0.0323 0.0319 00213 

0.0228 
0.0242 
00257 
00270 
0.0283 
0.0296 

0.0307 
0.0317 

lf~ = h. q-D-14) 
27. 707/}, 

Wlrere: 

k = ratio of specific heats, e,/ e,. (that is, the ratio of the specific heat of a gas at con
stant pressure to the specific heat of the gas at constant volume at standard con
ditions). 

x1/k = acoustic ratio. 

Tab1e 3-D-5 was deve1oped using Equations 3-D-13 and 3-D-14 with a value uf k = 1.3. 
First- or second-order linear interpolation of Table 3-D-5 is pennissible. 

The values of 1í are subject toan uncertainty varying from O when x1 = Oto ±0.5 per
cenl when x 1 = 0.2. Por larger values of x1, a somewhat larger uncertainity can be expected. 
Equation 3-D-13 may be used over a range ofO.l ,; f3 ,; 0.7. 
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30 Inches 

29.000 29.2:50 

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 
00121 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 0135 

0.0146 0.0143 
0.0156 0.01.53 
0.0168 0.0165 
0.0181 0.0177 
0.0194 0.0191 
0.0209 0.0205 

0.0223 0.021') 
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 ot Kto Be Used in Determining 
R, tor Calculatlon of F, Factor 

/J K (pipe) 

0.100 0.607 
0.!2.:5 0.608 
0.1~0 0.611 
O,J7j o 614 
0.200 0.618 

0225 0.623 
0.250 0.62R 
0.275 0.634 
0.300 0.641 

0.325 0.650 
0.350 0.658 
0.375 0.668 
0.400 0.680 

0.425 0.692 
0450 0.707 
0.475 0.724 
0.500 0.742 

052.5 o 7ri) 
0.550 0.785 
0.575 0.810 
0.600 0.837 

0.625 0.869 
0.650 0.904 
0.675 0.943 
0.700 0.988 

3-0.4.7.2 Expanslon Factor Based on Downstream Stattc Pressure (Y,) 

If the static prcssurc IS mcasured at the downstrearn pressurc tap, the calculattons for the 
expansion factor, Y2, use the following equations: 

Y, = ..¡-¡:¡:--;;- [0.333 + 1.145(,8' + 0.7,8' + 12,8")] x, (3-D-15) 
k~l + x, 

1}. - 1}. 
(3-D-16) 

P,, 27.707 P,, 
Table 3-D-6 was developed using Equations 3-D-15 and 3-D-16 with a value of k = 

First- or second-order linear interpolation ofTable 3-D-6 is pennissible. 

3-0.4.8 OTHER C' FACTORS 

!.}, 

The remaining orifi.ce flow constant C' factors (namely, p;b, F;b, F;¡o p;, and !f,v) are calcu
lated exactly as described in the body of this standard. Compmations using equations or ra
bies are permissible with these factors when calculating the ftow of natural gas through 
orifice meters equipped with pipe taps. 

3-0.4.9 EXAMPLES 

3-0.4.9.1 Example 1 

Given the following physical parameters and ftowing conditions, calculate the ftow rafe 
for a pipe tap orifice meter through one meter tube: 

Tube diameter 2.067 in 
Ori6ce diameter 1 ln 

Static pressure 500 psig (measured upstream) 
D¡fferential pressure 50 inches of water at 6o•p 
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Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 
I'lowing temperature too•F 

Base temperature 60°F 
Rclativc dcnsity (spccific 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: 

Diameter ratio (/3) = 0.483793 
Extension = 160.421 

Basic oriñce factor (Fb) = 243.279 
(from Equations 3-D-3, 3-D-4, 3-D-5, 3-D-6, and 
3-D-7; or Tab1e 3-D-2) 

Tabla 3-D-5-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Upstream Taps 

h.,/ P1, 0.1 0.2 03 

n.o 1.000 1.000 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 0.99.58 0.9951 
0.5 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 0.9916 0.9903 
0.9 0.9914 0.9905 0.9891 
1.0 0.9904 0.9895 0.9878 

1.1 0.9895 0.9884 0.9866 
1.2 0.9885 0.9874 0.98~4 
1 3 0.9876 0.9H63 0.9H42 
14 0.9866 0.9853 0.9830 
1 5 0.9857 0.9842 0.9818 

1.6 0.9847 09832 0.9805 
1.7 0.9837 0.9821 0.9793 
1.8 0.9828 0.9811 0.9781 
1.9 0.9818 0.9800 0.9769 
2.0 0.9809 0.9790 0.9757 

2.1 0.9799 0.9779 0.9745 
2.2 0.9790 0.9768 0.9732 
2.3 0.9780 0.9758 0.9720 
2.4 09770 0.9747 0.9708 
2.5 0.9761 0.9737 0.9696 

2.6 0.9751 0.9726 0.9681 
2.7 0.9742 0.9716 0.9672 
2.8 0.9732 0.9705 0.96.59 
2.9 0.9723 0.9695 0.9647 
3.0 0.9713 0.9684 0.9635 

:u 0.9704 0.9674 0.9623 
3.2 0.9694 0.9663 0.9611 
3.3 0.9684 0.9653 0.9599 
3.4 0.9675 0.9642 0.9587 
3.5 0.9665 0.9632 0.9574 

3.6 0.9656 0.9621 0.9562 
3.7 0.9646 0.9611 0.9550 
3.8 0.9637 0.9600 0.9538 
3.9 0.9627 0.9590 0.9526 
4.0 0.9617 0.9579 0.9514 

Copyright by the AMERICAN PETI=IOLEUM INSTITUTE (API) 
Tue Oct 08 14•17:18 1996 

0.4 

1.000 

0.9985 
0.9971 
0.99~6 
0.9942 
0.9927 

0.9913 
0.9898 
09883 
0.9869 
0.9854 

0.9840 
0.982.5 
0.9811 
0.9796 
0.9782 

0.9767 
0.9752 
0.9738 
0.9723 
0.9709 

0.9694 
0.9680 
0.9665 
0.9650 
0.9636 

0.9621 
0.9607 
0.9.592 
0.9578 
0.9563 

0.9549 
0.9534 
0.9.519 
0.9505 
0.9490 

0.9476 
0.9461 
0.9447 
0.9432 
0.9417 

f3 • d/D 

0.45 0.50 0.52 0.54 OS6 o 58 

1.000 1000 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 09959 0.9957 
0.9952 0.9946 0.9944 0.9941 0.99}8 0.9935 
0.9936 0.9928 0.9925 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 0.98i6 0.9870 
0.9887 0.9874 0.9869 0.9862 0.9856 0.9848 
0.9871 0.9857 0.9850 0.9843 o 9835 0.9R26 
0,9855 0.9839 0.9831 0.9823 o 9814 0.9805 
0.9839 0.9821 0.9812 0.9803 0.9794 0,9783 

0.9823 0.9803 0.9794 0.9784 0.9i73 0.9761 
0.9807 0.978.5 0.977.5 0.9764 0.97.52 0.9739 
0.9791 0.9767 0.9756 0.9744 09732 0.9718 
0.9775 0.9749 0.9737 0.9725 09711 o 9696 
0.9758 0.9731 0.9719 0.970~ 09690 0.9674 

0.9742 0.9713 0.9700 0.9685 09670 0.9652 
0.9726 0.969.5 0.9681 0.9666 0.96-19 0.9631 
0.9710 0.9677 0.9662 0.9646 0.9628 0.9609 
0.9694 0.9659 0.9643 0.9626 0.960R. 0.9587 
0.9678 0.9641 0.9623 0.9607 o 9587 0.9566 

0.9662 0.9623 09606 0.9587 0.9566 0.9544 
0.9646 0.9605 0.9587 0.9567 09546 0.9522 
0.9630 0.9587 0.9568 0.9548 0.952~ 0.9500 
0.9613 0.9570 0.9550 0.9528 0.9505 0.9479 
0.9597 0.9552 0.9531 0.9508 09484 0.9457 

0.9581 0.9534 09512 0.9489 O.Q463 0.9435 
0.9565 0.9516 0.9493 0.9469 0.9443 0.9414 
0.9~49 0.9498 0.947.5 0.9449 0.9422 0.9392 
0.9533 0.9480 0.9456 0.9430 0.9401 0.9370 
0.9517 0.9462 0.9437 0.9410 o 9381 0.9348 

0.9501 0.9444 09418 0.9390 0.9360 0.9327 
0.9485 0.9426 0.9400 0.9371 0.9339 0.9305 
0.9469 0.9408 0.9381 0.93~1 0.9319 0.9283 
0.9452 0.9390 0.9362 0.9331 0.9291! 0.9261 
0.9436 0.9372 o 9343 0.9312 09277 0.9240 

0.9420 0.9354 " 0.9324 0.9292 0.9257 0.9218 
0.9'* 0.9336 0.9306 0.9272 0.9236 0.9196 
0.9388 0.9318 0.9287 0.9253 0.9216 0.9175 
0.9372 0.9301 0.9263 0.9233 0.9195 0.9153 
0.9356 0.9283 0.9249 0.9213 0.9174 0.9131 

85 

0.60 

1.000 

0.9977 
09954 
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 
0.96~6 

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,,./1'¡, () 61 

0.0 1.000 

0.1 0.9976 
0.2 0.9953 
0.3 0.9929 
0.4 0.9906 
0.5 09882 

0.6 o 9859 
0.7 0.9835 
0.8 098!1 
09 o 9788 
1.0 0.9764 

1.1 09741 
1.2 0.9717 
1.3 09694 
1 4 09670 
1.5 09646 

1.6 0.9623 
1.7 0.9599 
1.8 0.9576 
1.9 09552 
2.0 0.9529 

2! 0.9505 
2.2 0.9481 
2.3 09458 
2.4 0.9434 
2.5 0.9411 

2.6 0.9387 
2.7 0.9364 
2.8 0.9340 
2.9 0.9316 
3.0 0.9293 

3.1 0.9269 
3.2 0.9246 
3.3 0.9222 
3.4 09199 
3.5 0.9175 

3.6 0.9151 
3.7 0.9128 
3.8 0.9104 
3.9 0.9081 
4.0 o 9057 
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Tabla 3-D-5-Continued 

p·. d/D 

0.62 O.iíl OG4 0.65 o 66 067 0.68 

LOCO 1.000 l.COO 1 000 1.000 i.OOO 1000 

0.9976 0.9975 0.9974 0.9973 o 9972 0.9971 0.9970 
O.!JIJ51 0.9950 0.9948 o 9947 0.9945 0.9943 0.9941 
0.9927 0.9925 o 9923 09920 0.9917 0.9914 0.991l 
0.9903 0.9900 0.9897 0.9893 0.9890 0.9986 0.9881 
0.9879 0.9875 0.9871 0.9867 o 9862 0.9857 o Q85\ 

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 o 9792 
0.9806 0.9800 0.9794 09787 09i79 o.9nt 0.9762 
0.9782 0.9775 0.9768 0.9760 0.9752 0.9742 0.9733 
0.9757 0.9750 0.9742 0.9733 0.9724 0.9714 0.9703 

0.9733 0.972.5 0.9716 0.9707 0.9696 0.9585 09673 
0.9709 0.9700 0.9690 0.9680 0.9669 0.9657 o 964) 
0.%85 0.9675 0.9664 0.9653 0.9641 0.9628 0.9614 
0.9660 0.9650 (_ 0.9639 0.9627 0.9614 0.9.599 0.9.584 
0.9636 09625 0.%13 0.9600 0.9586 0.9571 0.9554 

0.9612 09600 0.9587 0.9573 0.9~58 0.9542 o 9525 
0.9587 0.9575 0.9561 0.9547 0.9531 0.9514 09495 
0.9563 () 9550 0.9535 0.9520 . 0.9503 0.9485 0.9465 
0.9539 0.9525 0.9510 0.9493 0.9476 0.9455 09435 
0.9.51.5 0.9500 0.9484 0.9467 0.9448 0.9428 0.9406 

0.9490 0.9475 0.9458 0.9440 0.9420 0.9399 o 9376 
0.9466 0.9450 0.9432 0.9413 0.9393 0.9371 o 1}346 
0.9442 o 9425 0.9406 o 9387 0.9365 0.9342 o 9317 
0.9418 o 9400 0.9381 0.9360 0.9338 0.9313 0.9287 
0.9393 0.93i5 0.9355 0.9333 0.9310 0.9285 09257 

0.9369 09350 0.9329 0.9307 0.9282 0.9256 0.9227 
0.9345 0.9323 0.9303 0.9280 0.9255 0.9227 0.9198 
0.9321 o 9300 0.9277 0.9253 0.9227 0.9199 0.9168 
0.9296 0.9275 0.9252 09227 0.9200 0.9170 o 9138 
0.9272 0.9250 0.9226 0.9200 0.9172 0.9142 0.9108 

0.924R 09225 0.9200 o 9173 0.9144 09113 0.9079 
0.9223 0.9200 0.9174 0.9147 0.9117 0.9084 0.9049 
0.9199 0.9175 0.9148 0.9120 0.9089 0.9056 0.9019 
0.9175 0.9150 0.9122 0.9093 0.9062 0.9027 08990 
0.9151 0.9125 0.9097 0.9067 0.9034 0.8999 0.8960 

0.9126 0.9100 0.9071 0.9040 09006 0.8970. o 8930 
0.9!02 0.9075 0.9045 0.9013 0.3979 0.8941 0.8900 
0.9078 0.9050 0.9019 0.8987 0.8951 0.8913 0.8871 
0.9054 0.'102.5 0.8993 0.8960 0.8924 0.8884 0.8841 
09029 09000 0.8968 0.8933 0.8896 0.8856 0.8811 

Reynolds number factor (F,) = 1.0004 
(from Equations 3-D-5. 3-D-8, 3-D-9. and 3-D-10; 
or Table 3-D-1 and Equation 3-D-l 1; or Table 3-D-3 
and Equations 3-D-5, 3-D-11, and 3-D-12) 

Expansion factor (Y,) = 0.9983 
(from Equations 3-D-13 and 3-D-14 orTable 3-D-4) 

Base pressw1: factor (f',¡,) = 1.0000 
Base temperature factor (F.) = 1.0000 

Flowing temperature fac1or (F,1) = 0.9636 
Relative density factor (F,,) = 1.2910 

Supercompressibility factor (F,,) = 1.0299 
Orifice flow constan! (C') = 311.284 

(from Equation 3-D-2) 
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0.69 0.70 

1.000 1.000 

O Y969 099líR 
o 9938 0.9935 
0.9907 0.9903 
0.9876 09871 
o 9845 0.9389 

0.9814 0.1)8{]6 
o 9i84 09774 
0.9753 0.9742 
0.9722 0.9710 
0.~691 0.9677 

0.9660 0.9645 
0.9629 0.9613 
0.9598 0.9581 
0.9567 0.9548 
0.9.536 0.9516 

0.9505 0.94134 
09474 0.9452 
0.9443 0.9419 
0.9412 0.9387 
0.9381 0.9355 

0.9351 0.9323 
0.9320 o 9290 
0.9289 0.9258 
0.9258 0.9226 
0.9227 0.9194 

0.9196 0.9161 
0.9165 09129 
0.9134 0.9097 
0.9103 0.9064 
0.9072 09032 

0.9041 0.9000 
0.90l0 0.8968 
0.8979 o 8935 
0.8948 0.8903 
0.8918 0.8817 

0.8887 0.8839 
0.8856 0.8806 
U.K82S 0.8774 
0.8794 o 8742 
0.8763 0.8710 
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SECTION 3-CONCENTRIC, SOUARE•EDGEO ÜRIFICE METERS, PART 3-NATURAL GAS APPLICATIONS 

Flow rate (Q,) = 49.9367 MSCFH 

= 1.19848 MMSCFD 

(from Equation 3-D-l) 

3-0.4.9.2 Example 2 

Given the following physical parameters and flowing conditions, calculare the ftow rate 
from a pipe tap oritice meter through one meter tube: 

Tube diameter 10.020 in 

Orifice diameter 4.5 in 

Static pressure 350 psig (measured upstream) 
Differential pressure 40 inches of water at 60°F 

Base pressure 14.73 psia 
Atmospheric pressure 14.7 psia (barometric) 

Tabla 3-D-6-Expansion Factors for Pipe Taps (Y,): Static Pressure Taken From Downstraam Taps 

h .. JP¡
1 

0.1 0.2 0.3 

0.0 1.000 1.000 1000 

0.1 1.0008 1.0008 1.0006 
0.2 l.0017 1.0015 1.0012 
0.3 1.002~ 1.0023 1.0013 
0.4 1.0034 1.0030 1.0024 
0.5 1.0042 1.0038 t 0030 

0.6 1.0051 1.0045 10036 
0.7 1.0059 1.0053 1.0041 
0.8 1.0068 1.0060 1.0047 
0.9 1.0076 1.0068 1.0053 
LO 1.0085 1.0075 1.0059 

1.1 1.0093 1.0083 1.0065 
1.2 1.0102 1.0091 1.0071 
1.3 1.0110 1.0098 1.0077 
1.4 1.0119 1.0106 10083 
1.5 1.0127 1.0113 1.0089 

1.6 1.0136 1.0121 1.0096 
1.7 1.0144 1.0128 l.Ol02 
l.B 1.0153 1.0136 1.0108 
1.9 1.0161 1.0144 1 0114 
2.0 1.0170 1.0151 1.0120 

2.1 1.0178 1.0159 1.0126 
2.2 1.0187 1.0167 1.0132 
2.3 1.0195 1.0174 1.0138 
2.4 1.0204 l.OIR2 10144 
2.5 1.0212 LOI89 1.0150 

2.6 1.0221 1.0197 1.0156 
2.7 1.0229 1.0205 1.0162 
2.R 1.0238 1.0212 1.0169 
2.9 1.0246. 1.0220 1.0175 
J.O 1.0255 1.0228 1.0181 

3.1 1.0264 L.023.5 1.0187 
3.2 1.0272 1.0243 1.019) 
3.3 l.02RO 1.0250 1.0199 
).4 1.0289 1.0258 1.0206 
3.5 1.0298 1.0266 1.0212 

).6 l.OJ06 1.0273 1.0218 
).7 1.0314 L.0281 !.0224 
).8 1.0)23 L0289 1.0230 
3.9 1.0332 [.0296 1.0237 
4.0 1.0340 1.0304 1.0243 
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0.4 

1.000 

1.0003 
1.0007 
1.0010 
1.0014 
1.0018 

1.0021 
!.0025 
1.0028 
1.0032 
1.0036 

1.0039 
1.0043 
1.0047 
1.0051 
1.0054 

1.0058 
1.0062 
1.0066 
1.0070 
1.0073 

1.0077 
1.0081 
1.0085 
1.0089 
1.0093 

1.0097 
!.0101 
1.0104 
1.0108 
1.0112 

1.0116 
1.0120 
1.0124 
1.0128 
!.0133 

1.0137 
1.0141 
1.0145 
1.0149 
1.01.53 

p = d/D 

o 45 o 50 0.52 0.54 056 0.58 

1.000 1.000 1.000 1.000 1 oc.o 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.00\0 1.0001 0.9997 0.9992 09988 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 09980 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 O.IJ972 0.9959 
1.0027 1.0004 0.9994 0.9982 0.9970 0.9956 
1.0030 !.0004 0.9993 0.9981 0.9968 0.9953 
1.0032 1.0005 0.9993 0.9980 0.9966 0.9950 

1.0034 1.0006 0.9993 . 0.9979 0.9964 0.9947 
1.0036 1.0006 0.9992 0.9978 09962 0.9944 
1.00)9 1.0007 0.9992 0.9977 O<JtJ60 0.9941 
1.0041 1.0008 0.9992 0.9976 0.9958 0.9938 
1.0044 L0008 0.9992 0.9975 0.~956 0.9935 

1.0046 1.0009 0.9992 0.9974 U.IJIJ54 0.9932 
1.0048 1.0010 0.9992 0.9973 0.9952 0.9929 
1.0051 1.()010 0.9992 0.9972 0.9950 0.9927 
1.0053 1.0011 0.9992 0.9971 0.9949 0.9924 
1.0056 1.00!2 0.9992 0.9971 09947 0.9921 

1.0058 1.0013 0.9992 0.9970 0.994.5 0.9919 
1.0061 1.0014 0.9992 0.9969 O.<JQ44 0.9916 
1.0063 !.0014 0.9992 0.9968 0.91)42 0.9914 
1.0066 1.0015 0.9992 0.9968 0.9941 0.9911 
1.0068 1.0016 0.9993 0.9967 O.'J~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 0.9904 
1.0076 1.0019 0.9993 0.9965 0.9935 0.9901 
1.0079 !.0020 0.9994 0.996.5 0.9933 0,9899 
1.0082 1.0021 0.9994 0.9964 o 9932 0.9896 

1.0084 1.0022 0.9994 0.9964 0.9931 0.9894 
1.0087 1.0024 0.9994 0.9963 01)1)29 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 

1000 

0.9995 
0.9990 
0.9986 
0.9981 
0.9976 

0.9972 
0.9967 
0.9962 
o 9958 
0.9954 

09949 
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 
09882 
0.9878 
0.9874 

0.9871 
0.9867 
0.9864 
0.9860 
0.98.57 

0.98.54 
0.9850 
0.9847 
0.9844 
0.9840 

~ 
~ 
·~ 
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SECTION 3-CCNCENTRIC, SCUAAE·EOGEC •JRIFICE METERS, PART 3-NATURAL GAS APPLICATIONS 

Base temperature factor (F,b) = 
Flowing tempcrature factor (F,1) = 

Relative density factor (f;,) 
Supercompressibility factor (E; •. ) ;;;; 

Onfice ftow constant (C') 
Flow rale (Q,) 

1.0000 
1.0000 
1.2700 
1.0273 
6221.53 
751.441 MSCFH 
18.0346 MMSCFD 

3-0.4.10 ADJUSTMENTS FOR INSTRUMENTATION 
CALIBRATION ANO USE 

Other multiplying factors may be applied to the orifice ftow constant, e: as a function of 
the type of instrumentation applied, the method of calibratlon, the meter cnvironmcnt, or 
any combination of these. These factors are discussed in the body of the standard and in 
other appendixes to the stnndard. These factors are calculated and applied independently of 
tap type. With these tactors, the orifi.ce ftow rate is calculated using the following equation: 

Where: 

Fh~ = mcrcury manomctcr factor (formerly F"m). 
Fa = orifice thennal expansion factor. 

(3-D-17) 

F011, = correction for air over water in a water manorneter during differential instrument 
calibration. 

F,., = local gravitational correction for water column calibration. 
F ... 1 :; water dcnsity correcrion (temperature or composition) for water column caHbra-

tion. 
r;. ... , ~ local gravirational correction for deadweight tester static pressure calibratiun. 
F,,'" = correction for gas column in a mercury manometcr. 
F,lf1 = mercury manometer span conectiOn for mstrument temperature change after cal

ibration. 
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APPENDIX 3-E-SI CONVERSIONS 

This appendix contains tables of SI conversions that are pertinent to the informalion in 
this part of Chapter 14, Section 3. For additional infonnation on SI units, refer to Chapter 
15. 
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SECTION 3-CONCENTRIC, SOUAAE-EDGED QAIFICE METERS, PART 3-NATURAL GAS APPl.ICATIONS 

Tabla 3-E-1-Volume Referenca Conditions for Custody Transfar Oparations: 
Natural Gas Volume 

Common Reference 
Conduions (ftl) To Convert From 

Pressure Temperature ft1 to m3, m1 to ftl, 
(psia) ("F) Muiliply by 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 35.300% 
14.7147 60 o 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 followlng standard coodltloos were used for loch-pound units-a temperanue of 60°F and a pressure 
of 14.73 pounds per square inch absolute. The following slandard condilions were used for SI unils-a 
tempcrarure of I5°C andan absolule pressme of 10!.325 kPa. The following values were a.ssumed: 1 ft = 0.3048 

m; 1 p•i = 6.894757 kPa. The following(:~:hlo(d;~y :;:lu.:d ;:,~:~n the conver>ion factor" 
m J:,¡ Jl P."" 

Unit 

Tabla 3-E-2- Energy Refarence Conditions 

Used in 

Intemational 
stcam toble.s 

Definirion 

1 Btuilbm = 2326 Jikg 

To Conven Bruto J, 
Muiliply by 

1055.056 

Tabla 3-E-3-Heating Value Reference Conditions 

Reference Conditioll!l (ftl) 

Pressure Temperarure To Con ven Frorn Btun/ft1 ro 
(psia) (oF) MJfml, Multiply by 

14.4 60 0.03809801 
14.65 60 0.03144787 
14.696 60 0.03733066 
14.7 60 0.03732050 
14.73 60 0.03724449 
14.7347 60 0.03723261 
14.735 60 0.03723185 
14.9 60 0.03681955 
15.025 60 0.03651323 

Note: The following sumd;ud conditions were used for inch-pound units-a temperarure of 60°F anda pressure 
nf 14.73 pound'> per :r~quare inch absolute. The following standard conditiom were used for SI units-a 
temperatun: of l5°C andan absolutc pressure of 101.325 kPa The foUowing value.s were asswned: l ft = 0.3048 
m; 1 psi • 6.1:194757 k.Pa: 1 Bturr "" l055.056J. The foUowin¡ mcthodology was used to obtain the convenion 
factor&: 

Copyright by the AMERICAN PETPOLEUM INSTITUTE (API l 
Tue Oct 08 14:17:18 1996 

( 
1 y MI )( ft' 1( !...X_!R_J f "iiru"At x 10111 I m1 Jt. TSI P,,. = actor 

... ··~ " .. ~ 

93 

~-
' 

. .; 

: 



API MPMS•14.3.3 92 .. 0732290 0503940 OST .. 

APPENDIX F-HEATING VALUE CALCULATION 

3-F.1 General 
llcating valuc i'i a gas propeny cvaluatcd on a pcr-unit mas~ basis (H~,). This propcny is 

tcchnkal!y tt!nn~tl ;m ''ideal property" (H,./ 1
). From a prat:tical ~tandpuint, in rna.;., mt'a.,urt.!

mcnt thcn: ¡..,no ditfer~nce bctween the "ideal" and rhe "r~a1.'' The v:.~lue i~ convert~d to J. 

hcating valuc pcr .:nbic foot (HV) using thc following rclation~hips. Thc mor..:: common 
convcntion ha.., hccn applicd in this appendix. 

"' 11 E!:_ H ,., Z,, == ,.,p,, l/1' = r3-F-l) 

Thc valut! uf Hf/ i~ uscd U"i a fat.:tor in calculating: the energy flow rme, or the total cnergy 
passi11g through the tlow meter. H\' is al so usetl for p1oúuct specitkatiml'. 

lt ¡..,abo convcnicnr ro define the following: 

HV = 
H.''' 

D-F-2) 
Z,, 

3-F.2 Heating Value Symbols 
S;.mbol D..:'ictiption Umr-. 

fl .. I Icatiug vuluc per pound ma'is Btu/lbm 
!/,,''' Ideal heating valuc pcr pound muss Btu/lbm 
f/,''1 hlc<~l hcating: vuluc pcr ~:ubi~..: fom Btu/ft 1 

H\' GJO'i~ heating v<~lue Btu/ft' 
Mr, Molar maso;; of component lhm/lh-mol 

P,, Bnsc prcssurc lbf/in' (abSJ 
I;, Flowing prcssurc (upstrcam tapJ lhf/in' (abs¡ 
P. Vapor pres'iur~ of watc.:r lbf!in' rab,¡ 
UR Ab,nlute temperature 
T;. Rn-;~ tcmperuturl! <R 
7.,, Gas compres'iibility m ba!->c ~:onditions (~,. T1,) 

p .. Den~ity at bas~ L:onditions (P,, T,) lbm/ft' 
p,,~<~ Idc:1l dcnsity at base conditions lbm/ft' 

(J Mole fraction 'k /1 ()() 
9 Mole fruction water S&/100 

3-F.3 Heatlng Value 
Thc gro~~ hcating valuc is an idcnl gas propcrty bascd un thc ideal rl!:.tt.:lion: 

FucP'' + o;·' ---7 co~t.l + H~o, + so~·~ (3-F-3) 

Wlwre: 

Superscript ill = ideal gus. 
Sub5:cript l = liquicl 

(Each fucl rl.!quircs different stoichiometric cocfticicnts.) This gross ideal he;.uing: value in
dudes the encrgy obtaincd from thc condensalion uf thc wuter vapor (fomted by thc ideal 
n:action cxpn:sscd in thc cquntion) to the liquid pha~c. 

[t should he 110tcd that the gro~'i heating valuc is expre"'ed per unit ( pound mas' or cubic 
foot) of dry gas. Althoug:h wntcr is a product of combustion. it is not indkatcd on thc lcft
h:md sidc of Equation 3-F-3 in cilhcr the fuel or the oxygcn; water is a result. nota purt. uf 
thc lca~.:tion. 

Hcating value nmy be dctcnnincd directly by a calorinwtcr. either online or from a sam
ph:: cylindcr. Heating valuc may also be calculated from gas analysis. 
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96 CHAPlER 14-NATUAAL GAS fLUIDS MEAS~'PEMENT 

3-F.4 Physical Properties 
Table 3-F-l lists physical propert1es of many of the compounds prcscnt in natural ga" 1n 

various hydrocarbon mixtures. The data in Tabte 3-F-1 have been adjusted to base or stan
dard conditions, a~ deflnt:d in 3.2.3.4. 

Table 3-F-1 pwvides tite best currently available data on physical properties and is taken 
trom GPA 2145-91. The<;e data are subject ro modification yearly as additional rest!arch is 
nccomplishcd. Futurc rcvisions to GPA 2145 may include updated va\ues. The va\ues of the 
most recem edition of GPA 2145 should be used. The user of the GPA tnbles 1s caunoncd 
that the infonnation presented in them is calculated from different base conditions and that 
conversion is required when the infonnation is used with Pau 3 (!lee 3.5.2). 

3-F.5 Heating Value Determinad on a Volume Basis 
A calculation of a mixture'~ gro.ss ideal heatmg value. usmg Hv values from Table 3-F-

1 :md using mole fractions of the gas composition, involves dctermining thc heating value 
per unit vol u me of real gas. HV can be determined by using Equation 3-F-2 and the follow
ing relationship: 

Tabla 3-F-1-Physical Properties of Gasas at Exactly 14.73 Pounds Force per Square lnch Absoluta and 60°F 
(Sea Nota 1) 

Thermnl Enctgy 
Ideal 

P, T, Density Vtscosity H ,, 
" H.·' 

M• (fKL3) ("R) G, (lbm/ft3) (Lp) (8tu/lbm) (Btu/ft3) 

Compound Formula (Note 2) (Note 3) (Note 3) (Note 4) (Note 5) (Note 6) (Note 7) (Note 7) 

í[ydrogt!n H, 2.0159 187.5 59.36 0.06960 0.00532 0.00871 61.025 324,9 
Helium He 4.0026 32.9 9.34 0.13820 0.01057 0.0!927 () o 
Water H,O 18 0153 3,200.1 1,164.85 o 62202 0.047S8 1,059.8 50.4 
Carbon mono11.ide e o 28.0\0 507.5 219.26 096711 0.07398 0.01725 4,342.4 321.3 
Nitrogcn N, 28.0134 493.1 22í.\6 0.%723 0.07399 0.01735 o o 
Ootygen o, 31.9988 731.4 278.24 1.10484 0.08452 0.02006 o o 
Hyd10gcn sulfide H,S 34.08 1306 672.12 1.17669 0.09001 0.01240 7.094.2 638.6 
Argon AI 39.948 710.4 211.55 1.37930 0.10551 0.02201 o o 
Cnbon dioxide e o, 440\0 1,071.0 547.42 1519S5 o ll624 O.OI ;39 o o 
Ai1 (:-.Jmc 8) 28.962.:5 .:546.9 238.36 1.00000 0.076.:50 o. e• o o 
Mcthane CH, 16.043 667.0 343.00 0.55392 0.04237 ().(' 23,891 1.012.3 
Ethane CzH6 30.070 7078 549.76 1 03824 0.07942 O•· 22,333 1,773 7 
Propane CjH8 44.097 61~.0 665.64 \.52256 0.11647 OC· 21,653 2.521.9 
iso-Dutanc C4H1o 58.123 527.9 734.13 2.00684 0.15351 O.Ot·-:' :: 21,232 3.259.4 
11-Huumc C4Hto 58.123 548,8 765.25 2.00684 0.15351 0.00724 21,300 3,269.8 
tso·Pcntane C~Hn 72.150 490.4 828.70 2.49115 0.19057 21,043 4.0102 
n-P~ntane C,Hu 72.\SO 488.1 845.44 2.49115 0.19057 21,085 4,018.2 
n·Hcx.mc CJit4 86.177 439.S 911.47 2.97!147 0.22762 20,943 4,766.9 
11-Heptatle C1H1, 100.204 397.4 970.57 3.45978 0.26466 20,839 5,S15 2 
lt·Octnne CsHu lt4.2Jl 361.1 1,017.67 3.94410 0.30172 20,759 6,263.4 
11-Non:me e~ lo 128.258 330.7 1,070.57 4.42842 0.33876 20.701 7.012 7 
n·Deca.ne CmHn 142.285 304.6 l,lll.87 4.91273 0.37581 20,651 7.760.8 

Notes: 
l. Thl! \Ourcc for the dRta tn this utble is Gas Proce!tsors Associauon 2145-91. The accuracy of the experimental numbers 1'> estimated ro be 1 in 1000; the 
additiomü figures are for calculation con~iscency. 
2. Thc followingmolecularwciglllswereused:C = t2.01l;H = 1.00794:0 = 15.9994;N- 14.0067;andS = 32.06(1979). 
J. Thc datn in these columns come from the Thermodynnmics Resenrch Center. Texas A&M Uruvemty, IUPAC and Natwnal Bwcau of Scandards selections. 
4. Thc idea\relative density is thc ratto of the molecular weigbt of thc gasto that of air (MrJMr11). 

5. Ideal density = 0.0026413Mr at 60'"F and 14.73 pounds force per square mch absolute. 
ó. 1l1e dRta in this column Kie from N. B. VHrgHflik, Tabl~s on Tl~rmodynamic Pro~rtits ofüquids and Gas~s (2nd ed.), New York, Wiley, 197.5. 
í. Sec Equation ).f. J. Dcpending on rhe fue!, the reacti.on has variou! noichiometric coefficients The H,.,"" column comes f10111 data, whereas the H.'J comes 
from multiplytng H,,'J by the ideal gas density. The ideal energy released ll5 heat ts H.:J multiplied by the real gas flow 1ate (in cubtc feet per llour) divided l:ly 
z. Water h::~s gross values for H,,,ld and H."d {the tdenl entho.lpy of condensalton). 
8. Thc data m d11s row are from F. E. Jones, Nauonal Bureau of Standards Joumal of Restarch, 1978, Volume tB, p. 491. 
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85CT!O~J 3-Cor~CENTR:C, SOUARE·EOGED ÚR'FICE METE AS, PP.RT 3-NATURAL GAS APFLICATIGNS 

13-F-4) 

Or 

I<P,UI;'¡, r.l-F-5) 
,,¡ 

Whcn 

111' z, 13-F-2) 

When•: 

rp ::: mole fra~o:tion Cpercent/100). 

3-F.6 Heatlng Value Determinad on a Mass Basls 
Thc qw.:: ... tiun of ~.:umprl!ssibility factor disappeats when the ideal heating value per pound 

mas' i~ U'i~d with the nw!i~ flow m te. The following equatton is applicable for u"mg /L, and 
Afr value.;; from Tahlc 3-F-1 to calcula te the heating vnlue: 

Or 

ll,';' = \>,MI¡(H,';'), + 1/!,M,;<H;;'¡, + ... + I!J,M¡;,<H:;l, 
t?1M1¡ + t/JJ.¡\-[,~ + ... + <!J .. Mt;, 

H,:;t ;;;;: é":C''-7.---

L ~,,111; ,., 

13-F-6) 

Ll-F-7) 

Thc rcsult from Equatwn 3-F-7 can be converted to the gross hcating vuluc pcr cub1c foot 
of real gus nt ba<;e conditions by using Equation 3-F-1: 

HV = /l''t p¡','l ~ H"lp 
~· z,, ,., ¡, 

3-F.7 Heatlng Value of a Natural Gas Mixture 
Contalnlng Water 

Tn dctinl! hcating value on a dry basis for gas containing water. the relation~hips in Equa
tions 3-F-1 aml3-F-2 are valid if thc mole fraction~ of the componem~ are L'Orrected for wa
ter contcnt by u~ing Equation 3-F-8 and the compressibility tZ) reflecto; the water contem: 

!.l-F-R¡ 

\Vhcre thc·gas. ís wntcr stuurated under flowing conditions. Raouh'slaw may be used to 
estimare thc mole fraction ofwmcr. 

Wlwn!: 

=!,_ 9, 

P... = ahsolutc vapor pressure of water at llowing condilions or T¡. 

Thcrcforc, 
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APPENDIX G-DEVELOPMENT OF CONSTANTS FOR FLOW EQUATIONS 

3-G.1 General 
Thc pr:u.:til:a( milke llow equation med in Part] b giv~.:n in Part 1 of thb ~tuntlard a-; 

Equaüon l-2: 

(! -21 

W//('f1': 

c,,wn ; coeflicient nf dic;char~e ata o;pccitic pipe Rcynold' numher tor .1 ll.m~~

rapped ontke meter. 

And 

el 
tll' 
E 
q,. 
p, .. 

; 

; 

; 

; 

; 

mili ce pi me bort! düunetcr calculatcd at tlowing tt!mpera~urt!. 
t ~rill~.:c lliffcrcutial pr~~:-,un:. 
\'clocity of approaclt f.1ctor. 
uw""' flnw ratc. 
dcnsity of fluid at tlowing conditiom (P_,. 1; J. 

N1 = fa;.;wr that incurporutcs tht! ··con~tant"" from Equation 1-1 antl the rl.!quirctl 
muncrh: convcrsions. including the followmg: 

3.i415Y 
4 

= cou.;;tnnt in F.quatioll l-1. 

-/ir:.2.1740)- = ;.;on...,rantinF.qumionl-1. 

; 62.3663 

\ 12 

Thcrcfutc. 

= com•crts diffcrcntial prt!s~me (6.PJ from poumls ti.m,;c pcr squar~ tiwt to 
inchcs of watl..!r m 60°F. 

= cm1vcwt tl1e dia1nctcr of thc oritiL"c hore (e/) fmm feet to i1ld1c". 

v ; (3.14159)" 32 7 0 fh2.3hh3·(_t_J' 
., 4 \-( .. l 4 )\ 12 12' 

; 0.0997424 

(l'hi:-. b :;hown <l'l thc factor for U.S. uniN in Part l. Table l-2.) 
Ntllo.!: S1llllo.! num~n.: l.:llll~t¡mh d<J 1101 h;WI! nh~tlllllo.! v.llu·~:.lh>rc:-.mnpk.;: .uulg ). Ttl 1!\pr.:·~ '1" ~i;:uiltL'¡,Jil th;;th 
a.:::matdy,th~ \.<!ltt..:~ \• . ..:•..: t.:tllll)mtcd u~ing dtltlbk pt..:d:-ttlllllh .. ¡gmtit.:.mt thgit-.1. Thc r.:~ulb \\l!fl! th""'n n'~mtl.:\1 
lll rh..: \':tht.: .. ~!umn. Jutlti~ oiJl('~ldix. fllrl!:l~'.! ofund.:ht:uulin~.lh:: ú>lllp~ll:llilllt. ;tri! .. ()li\\Ll t•l t>nly ~~-.. •i:;uilkant 
digir ... 

Ma~s Hnw can h~ modiHcd to provide volumc unih by ~.tivlding tht: ma'' by th¡; U~,;n~ity 
at base cmutilim1s: 

\Vhat•: 

1 
= lf,, 

< ' 
P .. 

(¡,., = mas\\ llow ratc. in puumls tn<l~~ pcr -,cctmd. 
t¡, ::::: volmnc How nuc at bnsc cunliitinns. in cubic fcct pcr sccnnU. 
(>,. ::::: licnsity at bn'ie ~.:omHtion"· in ptnnuls ma~~ per l.'llhic ti.lot. 

3-G.2 Symbols and Unlts 
3-G.2-1 GENERAL 

SlltllC nf thc symbob nmlunils listcd bdO\V i.lr\! spl!citic to Appendix .~-B and Wl.!r\! dc
vclu¡H .. 'll ha,cd Ull th~ cu~tomary inch-pouncl !,y.'itl!m tlt'unit>;. Regular convcrsion factor ... t.:an 
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CHAPTER 14-NATURAL GAS FLUIDS MEASUAEMENT 

be used where applicable: howevet, if SI units are used, the more generic equations in Part 
1 should be used for consistent results. 

3-G.2.2 SYMBOLS ANO UNITS 
Symbo! Descnpwm 

C,,(FT) Coefficient of discharge ata specified pipe 
Reynold:; number for ftanged-tapped orifice 
illeter 

d Oriti.ce plate hore diameter calculated at 

Untts/Valuc 

ftowing temperuture, T¡ in 
D Meter m be mternal diameter calculated at 

Jlowing temperature, T¡ 
E. Velocity of approach factor 
°F Temperature, in degrees Fahrenheit 
0 R Temperaturc, in degrees Rankinc 
F,, Numeric converswn factor (see Appendix 

3-B) 
g< Gravitational constant 
G, lcleal gas relative density (specific gravuy) 
Gr Reo.! gas relath•e densiry (specific grnvity) 
h,. Orífice differential pressure 
N, Numeric cunv<!r~ion factor (see Part 1) 
P Pre'\sure 
P,, Base prc.~>.~urc 
P¡, Flowing pressure (upstream tnp) 
E: Standard pressure 

Q"' Mass flow rate per hour 
Q, Volume ftow rate per hour at standard 

(bnse) conditions 
R Universal gas constant 
T Temperature 
T,, Base temperature 
'lj Flowing temperature 
1: Standard temperature 
Y1 Expansion factor (upstream tap) 

Z¡, Compressibility at base conditions 
Z11..,, Compressibility of air at 14.73 psia and 60°F 
z1, Compressibility at upstream ftowing 

conditions 
Z, Compressibility at standard conditions (P,, 7;.) 
f3 Ratio of orífice plate bore diameter to meter 

tube interna! diameter (d/D) calculated at 
flowing temperncure, T¡ 

tr Universal constant 
p, Gas density at ba3e conditions (P11 , T11 , and Z1,) 

pb,., Density of air at base conditions (P¡,, T,, 
and Z,) 

p,.P Density at flowing conditions (P¡, T¡. and Z1) 

· p,,., Density at Howing condiúons (/},. T¡. and Z1,) 

in 

459.67 + °F 

32.1740 (lbm-ft)/(lbf-sec') 

inches of water colurrm at 60°F 

1bt/in' (abs) 
lbf/in' (abs) 
lbf/in2 (abs) 
14.73 lbf/in2 (abs) 
lbm/hr 

ft'/hr 
1545.35 (1bf·ft)/(lb-moi-0 R) 
OR 
OR 
OR 
519.67°R 

0.999590 

3.14159 
lbm/ft' 

lhm/ft' 
lbm/ft3 

lbm/ft' 

3-G.3 General Numeric Constant for Mass Flow 
Equation 3-1 expresses ftow in pounds mass per hour (Q .. ,) rather than pounds ma¡;;s per 

seco-nd (q,.,) and requires an additional factor, 3600, to convert from seconds to hours. 

Copy~\ght by the AMERICAN PETROLEUM INSTITUTE (API) 
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SECTlON 3-CONCENTAIC, SOUARE-EDGEO OAIFICE METERS, P,\RT 3-NATURAI.. GAS APPliCATIONS 

Therefore, in Equmion 3-1. 

And 

N, = 0.0997424(3600) 

= 359.072 

Q. = 359.072C,(FT)E,.Y,d' ,j P •. ,, h. (3-1) 

Equaliun 3-4a is Equation 3-l divided by Pb· as described above. The numelic constant 
is the same. 

Q 
_ 359.072C,(FT)E.Y,d' ~-¡;:¡;:: 

' - p, 

3-G.4 Numeric Constant for Mass Flow Developed From 
Ideal Gas Relatlve Denslty 

Equation3-2 substirutes Equation 3-55 for p1~ 1 in Equation 3-1. 

Q = 359.072C(FT)EY.d'l fjG,(28.Y625)(144)h, 
"' a v 1 11 Z RT. 

l '/, 1 

Where: 

28.9625 = molecular weight of dry air. 
1545.35 :::: universal gas constant (R). 

(3-4a) 

144 = factor to convert pressure from pounds force pcr square foot to pounds 
force per square inch. 

In Equntion 3-2. therefore, 

And 

3-G.5 

359.072.128.9625( 
144 

)' 
V 1545.35 

589.885 

_ , / G,J},h, 
Q. - 589.885C,(Ff)E,Y,d 

111
-_-

y ¿.,.r¡ 
Numerlc Constant for Mass Flow Developed From 
Real Gas Relatlve Denslty 

(3-2) 

Equation 3-3 substitutes Gr for 0 1 in Equation 3-2 through the use uf Equation 3-48: 

º· = 

And for standard conditions, 

Z G P.h 
589.88SC (Ff)E ~d' ' ' ' • 

rl " 1 z z T. b_ ., 1 

z .... = Z._ = 0.999590 at 14.73 psiaand 519.67"R (60"F) 

In Equation 3-3, therefore, 

And 

589.885 
.Jo. 999590 

= 590.006 

Q. = 590.006C,(FT)E,Y,d' (3-3) 
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102 CMAPTER 14-NATURAL GAS FLUIOS MEASUAEMENT 

3-G.6 Numerlc Constant for Base Volume Developed From 
Ideal Gas Relativa Denslty 

Thc constant 359.072 in Equation 3-4a was developed In 3-G.3. Equation 3-5a suh~ti
tutes Equation 3-55 for p," and Equation 3-56 for p, in Equation 3-4a. 

359.072C,(Fr)E,Y,d' ~ p,_,,h,. Q, = ___ .:.___ _ __:__,;_==.::.. 
p, (3-4a) 

= 359.0?2C (FT)E ~d' JI~ G, (28. 9625)(144)h, / Z,RI,; 
Q, ' '' ' Z;R7j \f I¡G,(28.9625)(144) 

Where: 

1545.35 = universal gas constant (R). 
28.9625 = moleculíu weight of dry a ir. 

144 = factor to convcrt ftowing pressure (/~"¡) from pounds force per squate foot 
to pounds force per square inch. 

144 = factor to convert base pressure (PIJ) from pounds force per square fom to 
pounds force per square im.:h. 

In Equation 3-Sa, therefore, 

And 

N, 
359.072,;1545.35( 

144 
) 

V 28.9625 
144 

218.573 

Q = 218.573C (Fr)E Y:d' 7;Z, 1 ?¡;h. 
'' ' '' P.1!czr. b ~ . ,, 1 

r:or the following standard conditions: 

pb = E! 

In Equation 3-5b, 

Therefore, 

= 14.731bf/in' (abs) 
T~ = 'fs 

= 519.67°R (G0°F) 
Za = Zs 

= compressibility of the gas at Pr and T, 

N, = 218.573(
519

·
67

) 
14.73 

= 7711.19 

(3-5a) 

Q = 77!1 19C (Fr)E Y:d'Z VI ?¡; h,. (3-5h) 
" • d • , , GZ T. 

' ,, 1 

3-G.7 Numeric Constant for Base Volume Developed From 
Real Gas Relatlve Density 

Equat10n 3-6a substitutes Gr for G, in Equation 3·5a through the use of Equation 3-48. 
The inclusion of Pb moves this correction to the numcrator: 

Ccpyr1ght by the AMERICAN PETROLEUM INSTITUTE {AP!) 
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SECTION 3-CONCENTRIC, SOUAAE-EDaEO 0RIRCE METERS, PART 3-NAn.JRAl GAS APPUCATIONS 

r. rz z P.h 
Q = 218.573C (FT)E ~d' ...L 1- ' '··" " 

' " , ' R 11 G Z T. 
b ~ • ,, ! 

In Equation 3-6a, therefore, 

N, = 218.573 

For the foltowing standard conditions: 

In Equation 3-6b, 

ptJ = }! 
= 14.73 lbf/in2 (abs) 

Tb::::: ~ 
= 519.67°R (60°F) 

zh~., = z .. " 
= 0.999590 

N, = 218.573(
519

·
67

)-Jo.999590 
14.73 

= 7709.61 

Q> = 7709.61C.(Ff)E)';d2 (3-6b) 

3-G.B Numeric Constant for Standard Volume Developed 
From Real Gas Relatlve Denslty 

In Appendix 3-B, F,, as expressed in Equauon 3-8-5, includes additional numeric ratios, 
as stated in Equation 3-B-1, including the following: 

519.67 = base temperature at 60°F, expressed in degrees Rankine. 

-
1

- ;;:: base pressure of 14.73 pounds force per square inch absolute. 
14.73 

~ = Howing temperature at 60°F, expressed in degrees Rank.ine . 

..,10.999590 = compressibility of air at the base pressure of 14:73 pounds force per 
square inch absolute and the base temperature of 519.57°R. 

In Equation 3-B-5, therefore, 

N, = 218.573( 519· 67 )~ 1 

14.73 519.67 

= 338.196 

And 

(3-B-5a) 

Or 

(3-B-Sb) 
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Network 3000 
Hardware 

lntelligent distributed 
controllers for a real 
world environment. 

Our "33XXH senes controllers are 
designad to be your hardest workers 
Equally appropriate on a pipel1ne. water 
tank or plan! floor, they offer max1mum 
price/performance and are elfect1ve m 
configurat1ons of a few lo few thousand 
110 po•nts. 

Every "33XX" controller provides a 
w1de variety of process 1/0 - analog 
inputs/outputs. discreta inputstoutputs. 
h1gh-speed pulse inputs and low leve! 
(m•llivolt. RTD. lhermocouple) 1npuls
allowing them lo w1re mto any 1nstrumen 

system 
To satisfy every rtpplic<lliOn. we offer 

modular wall-mountmg rtnd rack-
mounting components. local élnd Jte 
l/0 term1nations. stand-up or NEMA d 
cab1nets and smgle or redundan! 
hardware. 

Every "33XX'' controller leatures the 
follow•ng. 

16-blt 80C 186 microprocessor 
Optional math coprocessor 
Up te 5t2K EPROM and 128K RAM 
Oplional RAM expansion 
Up te 4 serial RS 423/485 porls 
standard. rates lo 1M baud 
Pnvate and switched telephone line. 
radio. coaxial cable or flber opt1c 
communica110ns 
Modular process 1/0 
Class l. Div•s•on 2. Groups A·D 
certified 
C37 90 surge proleciiOn 
ACCOL 11 modular. high-level tanguar 
Oplional LCD w1th keypad (DPC 333< 
DPC 3335) 

f!' 1991. Bnslol B~bcock lnc 
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DPC 3330 with M & R Software 
Why use a flow computer when yo u 

can te;ke control of your M&R station? 
The DPC 3330 attows you to custom 
program your measurement and con
trol system lo meet the specific 
requirements of any M&R station. 
Don't want to program? Then use ene 
of our standard M&R software pack
ages that offer a comprehensive 
assortment of functions. 

Unl1ke most flow computers. the 
DPC 3330 is notan RTU adapted to 
gas mE;~asurement. lnstead. it is an 
intelligent distributed process control
lar which has been applied to a wide 
range of tasks. including pipeline 
compressor automat1on as well as 
measurement. 

The Package 
The OPC 3330 employs a modular. 

low power-consuming des1gn that 
makes extensiva use of CMOS elec. 
tronics Full sixteen-bit architecture 
provides the performance necessary 
for today's intensiva applications 

The process 1/0 subsystem is com
pletely modular, allowing the user to 
tailor the 1/0 to specific locations Two 
package sizes- ene accommodating 
six 110 modules, the other, twelve
are available. The modules can be 
used in any combination. All include 
surge protection meeting the IEEE· 
472 test. The following are available: 

• Four analog inputs (4-20 mA/ 
1-5V or O· tOV) 

• Two analog outputs (4·20 mA/ 
1-5V or 0-10V) 

• Eight discreta inputs 
• Eight discreta outputs (open 

collector) 
• Four discrete outputs (relay) 
• Four counter/frequency inputs 

(O· tO K Hz) 
• Four low leve! inputs (RTD, 

Thermocouple) 

The DPC 3330 operates over - 40°C 
to + 70°C temperatura ranga. lt is FM
certified for Class 1, Division 21oca
lions and 1s available in an optional 
NEMA IV enclosure. This low-cost 
platform is designad for ease in instal
lation and maximum serviceability. 

Communfcatlon 
The communication capabilities of 

the DPC 3330 are very extensiva: 

• Four serial communication ports 
• Up to two built-in modems (private

line or dial-up) 
• Modems are radio-compatible 
• Futty programmable ASCII com· 

munication with hand-held termi· 
nals, printers, computers, 
chromatographs, etc. 

• Network communication as both a 
master and slave 

• Multip'-- .~uilt-in communicallon 
protoc- .ncluding Bristol 
Babee. .-Aodbus (ASCII, bin.ry, 
and flow computer variations). 
Teledyne Geotech, and more 

• Up lo two ports can connect to a 
187 5K baud LAN 

• Built-in LCD/keypad, for local oper
ations, does no! use a serial por! 

A full complement of peripherals and 
networks can be connected, simulta
neously. For example, a hand-held 
terminal, pnnter, Bristol Babcock net
work and another network can all be 
used at once. 

Software 
The DPC 3330 uses ACCOL 11'', 

Bristol Babcock's high-leve\ measure
ment and controllanguage. Program
ming is as easy as filling in blanks on 
menu displays ACCOL 11 features: 

• Forty software modules, including: 
Gas Flow Modules-AGA3, 
AGA5, AGA7, NX19, AGA8, and 
characterizer 
Control Modules- averager, com
para ter, integrator, multiplexer. 
PIO controller. sequencer. timer 
Full math calculator (twenty·three 
functions) 
Audit trail 

Data storage 
ASCII communication, network 
communication 
Display/keypad 

• Multitasking: Up to t27 tasks per 
DPC 3330 

• Minimum task execution interval: 
0.02 sec 

• Twelve programming statements 

• Advanced debugging and docu
mentation utilities 

Standard M&R Software 
Features 
• Two preconfigured packages allow 

immediate start-up wilhout 
programming 

• Three-run package, for six 1/0 
module DPC 3330 

• Six-run package, for twelve 1/0 
module DPC 3330 

• Three-run package available on 
PROM 

• AGA3/NX19, AGA5, AGA7 per run 
• All calculations done once per 

second 
• Run switching 
• Auto-selector now/pressure controller 
• Stacked transmitter on primary run 
• Input linearization 
• Thirty-five day storage 
• Audit trail 
• Overrides on all inputs 

-5-

• Sampler trigger 
• Communications ports 

Hand-held terminal/data 
storage device 
Printer (wilh preconfigured 
reports) ora customer ASCII port 
Chromatograph 

Bristol Babcock network 

Since !he M&R software tS written tn 
ACCOL 11, it can be modified, by lhe 
user, for specrfic requirements. 

Brtstot Babcock 
Bnstol Babcock is a leader in instru· 

mentatton used in the gas industry 
and has been in measurement for ov~r 
100 years We were a pioneer in 
mechanical, analog. and digital flow 
computers. 

Today. we offer not only a complete 
product line, but also a full comple
menl of services lo mee! your needs. 
Our application services, systems 
engineering, and radio communica· 
tion services are avallable to help you 
with any size project Please call us to 
discuss your requirements 

ACCOL !11s a reg1s1ered trademark of 8r1stol 
Babcock 

( 

Babcock Industries lnc. 

Bristol Babcock 
U.S.A. 
Brlstol Babcock lnc. 
Process Conlrol Grottp Wodd HPadquarters 

, 1100 Buck1ngham St. Waterlo"m CT 06795 
Telephone (203) 575-3000 
Telex. 96-2417 BRIS BAB WBY 
Fax· (203) 575-3170 

U.K. and European Headquarters 
Brlstol Babcock Ltd. 
Vale lndustm:¡l Estafe 
Stourport Road. Ktdderminster, 
Worcestershtre. OY11 70P. Engt-1nd 
Telephone K1dderm1nster (0562) 820001 
Telex 339586 
Fax. 0562 515722 

Canada 
Brlstol Babcock Canada 
234 Attwell Orrve 
Toronlo. Ontarto M9W 583 
Telephone (.116) 675-3820 
Fax· (4 16) 674-5129 

Franca 
Brlstol Babcock s.a. 
31. rue du General Lech:>rc 
60250 Mouy France 
Telephone- 44 56 1)2 08 
Telex 11'10397 F 
Fax 44 26 43 73 

Mn 11'\('1 A 
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Standartl Metat1ng and Regulatton Software 
Package lar the DPC 3330 and DPC 3335 
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TYPICAL AccuRate INSTALLATION 
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SPECIFICATION SUMMARY F 1650 SS-O-=.. 

NETWORK 3000 
AccuRate ADVANCED GAS FLOW 
COMPUTER 
Model GFC 3308 

The AccuAate ls an actvanced slngle-run gas flow computar 
lhat performs hlghly accurate caJculatlons, performs flow/ 
pressure control, stores extensiva audn trall and historlcaJ 
records. and communicates on a reaJ-tlme network. 

Designad for low power consumpllon and lnslallatlon In 
remate areas, the AccuAate provides the capabilitles of Bris
lol's Network 3000 lo gas measurement and control. lis 
ACCOl software and multiple communlcatlon protocols tire 
fully compatible wHh our other '33XX" products such as the 
DPC 3330. 

APPLICATIONS 

The AccuRate ls approprlate to any appllcatlon that requlres 
gas flow/energy caJculalions and flow/pressure control. 

o Productlon weils 
o ln1ect1on wells 
o Separatlon plants 
o Transmission metering statlons 
o Oistributlon gate statlons 
o Slorage fac1IHies 
o Custocly transfer statlons 

FEA TU RES 

o Class 1. Division 1 package 
o Hlgh accuracy calculatlons 
o AGA 3, S, 7, 8, and NX·t9 
o Programmed In ACeOL 11 
o Preprogrammed, PAOM-based appllcatlon 
o Real lima communlcatlon 
o BSAP, MODBUS, TGPL communlcatlon protocols 
o eomprehensive 35 day hourly/daJiy data base 
o AudH trall aJarm/event data base 
o Auto selector flow/pressure controiler 
o Configuratlon vla standard IBM·compatlbie lap top com

putar 
o Operatlng temperatura range: -40" e to 70" e 

PRELIMINARY 
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The AccuRate is available in two basic packages that .J!Iov' 
flex1bilily w1th respect te the transducer inputs: 

The "XM" verslon includes a smart DP/P integrat•d 
transducer and an RTD Interface; 

The ·Ar verslon includes a 3 Al/1 AO interface board that 
accommodates externa! DP and P transm11ters and an 
ATO. 

OPTIONS 

o Solar power package, inctudlng solar panel, battery, 
charger 

o Switched network auto-dlaVauto-answer modem 
o Private line modem 
o UHF radio 

' 

·f 
">'> 

Bristol Babcoc~ 
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FLOW COMPUTEA 

SPECIFICATION SUMMARY Ft650' 
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PROCESSING POWER 

o Processor: 80C t 88 
o Speed: t2MHz 
o Firmware EPROM· 256K bytes 
o Appltca!tQn EPROM: 64K bytes 
o RAM: 256K bytes· 
o Real time clock: OS 1287 accur;:tte to ene second per day 
o RAM/clock battery back-uo: 4000 hours 
o 6 diagnostlc LEOs 
o ldle LEO 
o Watchdog LEO visible externally 
o Software se/ectable network address (Range· 1 to 127) 

COMMUNICATION CAPABILITY 

The AccuRate includes three asynchronous serial pons: 

Network Port 

o RS232 
o Media: Multlconductor cable 
o Baud Rates: 300, t 200.2400. 4800.9600, 19200, 38400 
o Can be used wilh optional modem 

lnfrared Port for Lap Top Computer 

o Modulated IR Interface 
o Baud Rato: 9600 
o IR/AS 232 Adaptar available lor Lap Top Computer 

Smart DP/P Transducer Port 

o TTL leve! interface 
o Baud Rate: 1200 

Optional Modems for Network Port 

o Baud Rate: 300 or t 200 
o Sw~ched Network Modem a!lows auto-dial and auto

answer 
o Private Une Modem is Be!l 202 

Please refer te Specificatlon Summaries 0453 SS-6 and 
0453 SS-7 for further informatlon regardlng the modems. 

,.COMMUNICATION PROTOCOLS 

''-BSAP-
o Bnstol Standard Asynchronous Protoeol 
o ISO Standard t 745/2111/2629 
o Compatible wnh a!l Brlstol Network 3000 Products 
o Local Addresslng: 127 Nodes 
o Global Addressing: 32767 Nades 
o Hierarchy: 5 Levels 
o Contentlon Scheme: Po!led 

MODBUS 

o Standard Gould Modtcon Modbus 
o ASCII and Binary Versions 
o Additional Oan1el Chroma!Ograoh and Flow CcrncutC?r 

Funct1ons 

TGPL 

o Teledyne-Geotech wzth Tenneco Function Cedes 

ENVIRONMENTAL SUITABILITY 

o Operatlng temperatura: -40' C to 70' C 
o Relativa humidity: Sto 95~o, noncondensing 
o RFI susceptlbility: Per SAMA standard PMe 33. t. t 978. 

using fleld of t O V/Meter from 20M Hz te 500 M Hz 
o Vibration: 5-15Hz: 1 mm pe~k-to-peak constan! d!sptao::e

ment 
15-150 Hz: 4. 9 M/sec constant accel~ration 

o NEMA ratlng: NEMA 4 (certtfication pending) 
o NEC environmental ratlng: Class 1, Q¡vlslon l. Grcups e 

andO (certification pending) 
o Oimensions: pleasa refer to diagram 
o Wetght: 

XM Package: TBD pounds 
Al Package: TBD pounds 
Modem/radio package: TBO pounds 

o Power Input: 9.0 to 15.0 voe 
o Noise and rlpple: 2.0 VDC peak-te-peak 
o Power requirements: 

XM package: !.5 wans al 12.0 VOC 
Al package: 3.5 wans at t 2.0 VDC 
Modem: t .5 watts at 12.0 VDC 

ANALOG INPUTS (Al version) 

o t -5 VOC/4-20 m A OC, switch selectable 
o t2bitNO 
o Conversion time: 200 ¡J.Sec 
o Accuracy: O. 1 % at 25 C 

0.2% over -20' e lo 70' e 
0.3 % over -40' e to 70' e 

o Input finering: single pele 50 msec time constan!: 300 
msec to 0.1 o/o of input value 

o Senllng time: 18 ~<Sec te 0.01 % 
o Surge protectlon: meets C37. 90·1983 
o Screw compression terminations 

ANALOG OUTPUTS (Al verslon) 

o 4-20 mA OC, swHch selectable 
o 12b11NO 
o Accuracy: O. 1 "'• at 25 e 

0.2% over -20' e lo 70' e 
o 3 % over ·40' e lo 70' e 



NETWORK 3000 
AccuR•t• ADVANCED GAS 
FLOW COMPUTER 
Model GFC 3308 

o Signa/ conditloning: 100 ~sec time constant 
o Surge protectlon· Meots C37 90-1983 
o Screw compression ferminallons 

HIGH SPEED COUNTER INPUTS 

o O to 5 vott ranga 
o Otf/on threshold. O 5/4.5 VDC 
o FreQuency ranga: Oto 1OKHz 
o lsolatlon: Optlcallsolatlon: 1500 volt common modelso· 

lation 
o Surge protec11on: meets C37.90-1983 

ACCESSORIES 

LAP TOP COMPUTER 

o 18M-compatible whh 640K RAM 
o Hard disk drlve end floppy disk drlve required 
o MS/DOS operstlng syslem requlred 

IR CONVERTER 

o Converts AS 232 to lnfrared 
o Bracket anaches to Accurate package 

LIQUID CRYSTAL DISPLAY 

o Standard, bullt·ln accessory 
o 4 line by 20 character LCD 
o Backllght lncluded 

Oporotlon ot tho Dloplay: 
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lnstead ol pushbutlons, two lnlrared proxlmtty sensors are 
used. One sensor allowslhe usar lo sequence lhrough a llst 
ol menus whlle !he olher allowslhe usar lo saquanca lhrough 
individual Hems In a selected menu. Whan no operatlons are 
In effecl, the display reverto toan auto-scroll ol common Input 
and llow data. 

Thls display ls read-only. The lap lop computar or communl
catlon network must be used lo make valua changas. 

SOFTWARE FUNCTIONS 

Tha AccuRate ls programmed In ACCOL 11, Brlslol's hlgh
level, modular, muHI-tasklng measuremenl and control lan
guage. ACCOL 11 performs an calculatlons and data 
menlpula11on, lncludlng Input sampllng, scallng, now calcula
tlons, avereglng, tolallzlng, alarmlng, data storage/retrleval, 
moda salactlon, and flow/prassura control. 

Fteso ss-a. 

PERFORMANCE 

Slnce ACCOL llls multl-tasking, !he various software '3o;l-s 

can be performed en selected intervals. The followtng tabl9 
relates how often the primary functions are per1orm9d On9 
reason for !he hlgh accuracy ot the AccuAate Js the execut1~n 
lnterval! of functtons such as Input sampling, averag1ng, 
totalizing, and the AGA calculations. 

FUNCTION 
EXECUTION INTERVAL 

(seeonds) 

Input Sampling (XM) 
Input Sampllng (Al) 
Averaglng 
Tolalizing 
AGA 3• 
AGA 5 
AGA 7 
AGA8 
NX-t9 
Alarmtng 
Flow/Presgure Control 

o 2· 
1.0 
10 
1 o 
1.0 
10 
t.O 

10 o 
1 o 
1 o 
1 o 

• Note: This lg the full AGA 3. 1nc1ud1ng the EX1ensicn 
and C Prime. 

AGA3 CALCULA TION 

Currenlly, !he AccuAale uses the standard ACCOL lf 

'AGAT3' module, whlch ls axaclly !he same as the 'AGAJ' 
module, but wllh tha C Prima Factors all available as signals. 

At lhls wrlllng, tha APIIs tesllnj¡' a new orlflca fiow calculation 
lnlandad as a '""lslon to AGA 3. Thls calculatlon wlll be 
avallable as a new ACCOL modula !ha! can be selected asan 
allamallve to !ha AGAT3. The API standard ls scheduled to be 
lncorporated In the AccuAala by !he end of t 99 t. 

The AGA3 Modula performs the gas flow calculations soeo•· 
fled by !ha American Gas Associallon, Report No. 3 (AGAJ) 
ANSI/API2530, t 985 adillon. The output of this module is the 
rata ol flow of a gaslhrough an orijlce piste in cubic feet per 
hour (SCFH). 

Tha general lorm ollha AGA3 equallon ls: 

a •• e· -J h. p, 

whera: 

Eq. 3-1 

a. • auanllly rala o! ftow al basa condillons, standard 
cublc feel par hour (SCFHI 

C' • Orifica flow constant 
h. • Dlffaranllal prassure, lnches of water at 60 F 
p1 • Absoluta slallc pressure, psia 

·' 



NETWORK 3000 
AccuRatll ADVANCED GAS 
FLOW COMPUTER 
Model GFC 3308 

The onfice flow constan!. C', ls composed of v_arious factors, 
soma of which are flxed by the ohys1cal eqUipment and soma 
tnar vary wlth !he state of the f!owtng gas. The or1fice flow 
constan! ls deflned as follows. 

Eq 3-2 

where. 

F, Baslc orifica factor for a given orifica slze and pipe 
dlameter 

F, 
y 

F., 
F~ 
F, 

~· 
"' K 

= Reynolds number factor 
:: Expanslon factor 
= Pressure base factor 
,. Temperatura base factor 

Flowing temperatura factor 
= S pecific gravlty factor 
= Supercompressibility factor 
= Combinad orffice constan! 

F 
11 

ls computad uslngthe equatlons contained In Appendlx 8 of 
the AGA3 report 

The lerm F ,.. the Reynold9 number correctlon factor,ls calcu
lated from: 

F, = 1 + b 

J h. P, Eq. 3-3 

where bis a constan! for a g/ ven orifica slze end pipe dlameter. 
11 is computed using equations In Appendlx B of the AGA3 
report and is combined w~h !he linear interpolatlon o! Tabla 18. 

K. lhe comblned orlfice constant, ls obtalnad from the expres
sion: 

Eq. 3-4 

where 

F. • Manometer factor for mercury-type ftowmeters only 
F, = Or~ice thermal expanslon factor 
F, • Gravitatlonal correctlon for mercury manometer fac

tor . . 
. ·y, lhe expanslon factor, ls calculated uslng the equatlons 
'described in the American Natlonal Standard Document, Orl
f<ce Meterlng of Natural Gas, Appendlx B, Sectlon 8. 

These equatlons are broken up lnto two factors. ene of whlch 
depends on tha physlcal equlpment, and the other whlch 
depends on the state of the gas. 

The other factors are calculated as follows: 
F,. = 14.73 

P, Eq. 3-5 

Ft650 SS 
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where P to = cs:1tract base pressure 

F~ r. 459.67 

519 67 E~ J-6 

where Tb ls the base temperatura in degrees F 

F, • 519.67 
T, + 459.67 

F 
0 

ls deflned by the followlng express,on: 

F • • 1 

JG 
whera G ls the specnlc gravlty of the gas. 

Eq J. 7 

Eq 3-8 

Comblnlngthevatlous expresslons, the basic equation solved 
by lhe gas fiow block ls: 

a, • 
KF,. [' + _b ]• 

JtCP. 
T + 459.67 • 

519.67 

AGAS CALCULATION 

y • 14 73 

P, 

·~ -·-'-
' G 

Eq. 

For energy calculatlons, the AccuRate uses one ACCOL 11 
AGAS module. 

The AGAS Module performsAGA.S calculations for conversion 
ot computed gas volume to energy equlvalents as descnbed 
In !ha American Gas Assoclatlon Report No. 5. reference 
Catalog No. X00776. Tha equatlon implemenled by this 
module ls takan lrom Sectlon 11 of AGA Report No. 5. This 
particular equatlon dovetalls the requirements of the orifico 
meterlng approech and the volume metering approach. As 
such, severa! ol tha lactors are not required for lhe orifica 
metered volume to energy converslons. Thls module is only 
used whan a calorlmetar slgnalls not available. 1t per1orms tha 
followtng equetlon lor gas volume-to·anergy converslo. '· 

u. • U., • E., • F w • F ~ 
Eq 3-13 



ACCO. 
Network 30oo·· Software 
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ACCOL 11 is the most advanced controllanguage 
available for process controllers. lt is a set of forty 
preprogrammed software modules (software 
algorithms) that perform process control functions. 
They provide powerful computational and arithmetic 
funct1ons as well as control functions. 

ACCOL 11 is essentially a symbolic language easily 
understood and implementad by the process engi
neer. lt can handle control chores ranging from 

simple sequencing and control interlocks, to per
formance calculations and state evaluation in real· 
time. Through the power of ACCOL 11, process 
modeling, simulation and optimization can be 
accomplished on even the smallest control system 
budget. Below is a sample of these ACCOL 11 
blocks. In addition to those shown are high speed 
counter. encoder, command,·scheduler. stepper, 
storage, PDO, low level input, AGA 8, audit trail, 
keyboard, and custom protocol communication. 

lnputs 

SEOUENCER 

FPV 

Output-1 
Output-2 

Time 
.._ __ .c.;_ 

TIME A 

Scale 

S tate 

POM IN~UT 

()lfi!TAL OUT 

Reset 

State 1 

Input 

S cale 

Oerlvatrve 

LEA0 1LAG 

1/0 Oev. 

LOGGER 

FUNCTION 

Electrleal 
Input 

Formal 

Reset 

Output 

COUNTER INPUT 

INTEGRA TOA 

lnpuls o Oulpuls 

CALCULA TOA 

Track 

Electrlcal 
Output 

ANALOG OUT 

COMPARA TOA 

Output 

DIFFEAENTIATQR 

AVERAGE A 

Electricat ..::--, 
Input 

M~ALOG IN 

Input 

AGA 3 

MULTIPLEXERrOEMUl TIPLEXER AGA 'i 

DIGITAL IN 

ltt.:)f( 

"~ -· --· -.,oiV$1 

OUTI'VIUIT 

., .. nn •• 
sunn n 

MASTERISLAIIE 

Input 

Time 
lnputs 

AGI\ 7 

TOTALS TRENO 

Babcock Industries lnc. 

U.S.A 
Bristol Babcock lnc. 
Process Control Group Wotld Headq11arters 
1100 Buckrngham S L. Watenown. CT 06795 
Telephon8 (203) 5 75-3000 
fr>l~l 96-2417 BRIS BAB WBY 
ra'( (203) 575·3170 

Bristol Babcock 
U.K. and European Headquarlers 
Brlslol Babcock Ltd. 
Vale lndustr~al Estate 
Stourport Road. Kiddermrnsler. 
Worc8stershrre. OY11 70P. England 
TeiPphone Krddermrnster (0562) 820001 
fr.l<;!)(, 339586 
Fa)( 05G?. 515722 

ACCOL 11 and NETWOAK 3000 are trademarks ol Bristol8abcock 

Ca nada 
Brislol Babcock Canada 
234 Atlwell Orrve 
Toronto. Ontarro M9W 583 
fpl~phone (416) 675-3820 
Fa)( (416) 674-5129 

France 
Brislol Babcock s.a. 
31. rue du Gen"!r<lllecterc 
60250 Mouy rrance ·, 
Tr.lephonf'! AA 5f3 52 OS 
rete:v 1<10397r e.. 
r:"'( 11.-1 26 <11 n d.. 

7 
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GENESIS~ Network 3000'" Software 
' Features 

• Runs on 18M AT and PS/2 or 
compatible computers 

• DOS compatible 
• ICON-driven graphic display builder 
• Graphic animation 
• Easy-lo-use darabase builder 
• Comprehensive alarm reporling 
• Alarm, event, and report logging 
• Historie dala archive and re play 
• Reanime and historie trending 
• LOTUS 1·2·3 compatible 
• On-lme file lransfer ulilily 
• Password proteclion 
• SPCISQC 
• Networking software 
• Report general ion 

lntroducllon 
GENESIS ls a pcwerful operator 

Interface software package for Net
work 3000 products including DPC 
3330, DPC 3335, RDC 3350, and UCS 
3380 Distributed Process Controllers. 
In process control, industrial auto· 
mallan, and SCADA appllcations, 
GENESIS provides data acquisllion, 
operator graphlcs,lrending, alarm log
ging, data logglng, hlstorical re play, 
report generation, and SPCISQC 
funclions. 
GENESIS consists of two main parts: 

the system conflgurator which runs 
under DOS and the nm·lime system 
which is a real-lime mulli-tasking 
operating system that is co-resident 
wilh DOS. The system configurator is 
a CAO·Iike system development 
environment which lncludes the dala· 
base builder and the graphlcs bullder. 
The run-time system executes the 
data collection system and provldes a 
graphlcal operator interfaca 

Oatabase Bullder 
GENESIS includes a utllily which 

extracts all database signals from the 
ACCOL tt• program files and automat
ically generales an Interface file for 
each Network 3000 process controller. 
Signals are then selected for inclusion 
lnto the data base by simple selection 
with the click of the mouse. Also, 
using the mouse you can select from a 
library of acquislion, mathemalical, 
logic, and calculation tunctlons, posi
tion them on the screen and connect 
them to database signals. 

Graphlc Display Bullder 
The graphic display builder also uses 

ICON seleclion vla mouse lnteractlon. 
These ICONS allow drawing 
of lines, boxes, bars. clrcles, ellip~es, 
ares, area fill. and texl. 

Object orientad editing functions 
include move, copy, changa color, 
change size and rotate. 

Once a symbol, such as a valva 
motor or faceplate, is created it can be 
stored in a symbollibrary for later use. 

Aun-Tima System 
The run-time system provides real· 

lime and historical data acquisilion lar 
color graphic display, trending, and 
reporting func!ions. Data entry fields 
allow setpoint changes, on-off status 
changes, and manual override of 
signa/ values. 

GENESIS previdas outstanding 
display capability wilh graphlc anima· 
!ion, multiple dynamlc color changas, 
dynamic messages, and on-screen 
trend windows. 

Alarm System 
Network 3000 Oistrfbuted Process 

Controllers provide a unique alarm 
system whereby alarms are delected 
and tima stamped in the process con· 
troller al the time of occurrence and 
transmttled lo GENESIS. 

Data logglng 
GENES!$ provides two dtfferent data 

loggmg models with lhe standard 
package: the Event·Driven Historian 
and !he Shifl Htstorian. Both models 
produce delimitad ASCII files 
designad to be direclly importad by 
LOTUS 1·2·3. You can select ene of 
the models according to the needs of 
your application. These files can be 
replayed in a tabular or graphlcal 
trend format. Ouring historical replay, 
!he system mamtains fui/ operation 
including data logging and short term 
trending. 

System Trend Display 
System trending is a dedicated dls· 

play with an interna! data storage 
buffer. 1t allows up to 20 variables to 
be trended slmultaneously. System 
trending al so previdas a trend 
"SNAPSHOT"' allowing the operator 
lo instantly capture any number of 
trend curves for later repiay. 

Optlonal Packageo 
Host Communlcatlon Package 

Provides automalic or demand file 
transfars toa host computar using the 
lndustry standard KEAMIT file transfar 
protocol. All file transfers are accom· 
pllshed concurrently with full 
GENESIS run·lime functions. 

Remate Supervlsory Statlon 
The Remota Supervisory Statlon 

(RSS) is a full network product allow· 
lng a master GENESIS system to be 
accesse<;! by up to eight remole sta
tions for 7noniloring and supervisory 
control. Each of the remate stations 
function as a full operator consola 
allowing access to live data, operator 
graphics, trend charts, historical files. 
and statistical data results. In addition, 
each of tha remate slalions have tha 

-1 5-

ability to modify set points. select and 
modify operating limits. totals, and 
other parameters innuencing overall 
system operation. The physical inter· 
lace supports ARCNET running at 
2.5m baud between stations. 

SPC/SQC 
The Statistical Process Control 

option for GENESIS is an independenl 
module allowing on-line calculation 
and storage of statistJcal inlormation 
vital lo the process. GEN-SPC pro· 
vides automalic or manual sampling 
of procass data, calculates averages. 
X-bar, standard devialion, S, and 
ranga, R. The slatistical option gener· 
ates multiple types al alarms based on 
whether the upper or lower control 
limils for the X-bar, A or S are 
exceeded. 

Hardware Raqulraments 
• lB M AT. PS/2, or compatible 
• 286 or 386 CPU 
• 640 Kb memory mlnimum 
• 10 Mb fixed disk minimum 
• Floppy disk 
• Math coprocessór 
• EGA or VGA card with 256K memory 
• EGA or VGA color monttor 
• 1 serial port 
• 1 parallel port 
• Mouse (lhree bullan recommended) 

required for configuration only 

1-2·3 ls a lrademark ol lolus Developmenl Corp 
MS-OOS ls • lrademark of M1crosofl Corp' 
OENESIS ls alrademark oiiCONICS lnc 
ACCOL ff and NETWORK 3000 are tradomarks 
ol Brlslol Babcock. 

. Babcock Industries loe. 

Bristol Babcock 
U.S.A. 
Brlstol Babcock lnc. 
Process Control Group World Heildquarters 
1100 Buck1ngham SI. Walertown. CT 06795 
Telephone (203) 575-3000 
Telex: 96-2417 BAIS BAB WBY 
Fax (203)575·3170 

U.K. and European Headquarters 
Brtstol Babc:ock Lid. 
Vale Industrial Es tate 
Slourport Road, Kidderminster. 
Worcestershlre. OY11 70P.. England 
TelephOne: K1dderm1nster (0562) 020001 
Telex. 339586 
Fax 0562 515722 

Canada 
Brlslol Babcock Canada 
234 Allwe/1 Orive 
Toronlo. Onlafio M9W 583 
TetephQne (416) 675-3820 
Fax (416)674-5129 

Franca 
Brlslol Babcock s.a. 
31. rue du General Leclerc 
60250 Mouy France 
Telephone 44 56 52 08 
Tele•· 140397 F 
Fax: 44 26 -13 73 
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Sakura Endress 
Member of the International E+ H Group 

The International 
E+H Grolip 
The Group employs more lhan 4500 
people working in 13 production cen
tres and 15 sales centres on 5 continents. 
The Group manufactures a broad range 
of process control instrumentation in
cluding the follow1ng· 
Measurement of levels- liquid and 
solid: flow- liquids and solids: tem
peratura; density; pressure, mo1sture; 
analysis and tank level gaug1ng. 
Endress+Hauser tank level gauging 
and inventory control systems are . 
des1gned and manufactured by 
Endress+Hauser 1n Tokyo, Japan.The 
tank inventory systems are sold and 
serviced worldwide by the 1nternational 
Endress + Hauser network. 

The Sakura Endress 
Program: 
1 Servo balanced tank level gauges 
2. Data communication instruments 
3. Temperature gauges 
4. Float tank level gauges 
5. Remole and on-s1te md1cators, lim1t 

sw1tches 
All Endress + Hauser instruments are 
cert1f1ed worldw1de .. 
The Endress+Hauser factory, estab-. 
lished in 1955, is located near Tokyo: _ 
Japan. .. /' ' 
The new production facilities, surrounded 
by cherry trees (Sakura), house the think 
tank for a dedicated and well trained 
.stafl of technicians and engineers .. 
Endress + Hauser inventory systems are 
found worldwide in relineries, chemical 
and loodstuffs tank farms. · 

r..:;':-·.:~ 
;<'. 

The ded1cated stalf 1s proud 
ol 1ts newesttank level 
gauge; the TGM 4000. 
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Intelligent Tank Level Gauging 

Intelligent Tank Gauges 
The TGM 4000 senes ollntell1gent tank 
gauges. working w1th the servo-balance 
displacer system, fea tu res an lnte
grated cal1brat1on chamber for ease of 
handling. The self-diagnosing un11 em
ploys d1rect torque detect1on with cou
pling magnets (Hall elfect). The TGM 
4000 has an operating range ol 27 me
ters 1n tanks pressunsed up to 25 bar 
The compact tank gauge is h1ghly ac
curate (0.9 mm) and can be upgraded 
lo prov1de measurement of 
• volume 
• spec1flc grav1ty 
• interface 

Modular Program 
Endress + Hauser inventory control sys
tems provide tank gauging lor t tan k, 
t .. 20 tanks, 1 140 tanks Signa! 
transmiss1on is by low-cost. 2-wire lme 
or 1 core optical cable on which 
externa! f1eld instrument signals are 
also transmitted. 
The complete Endress+ Hauser program 
includes an en"compass1ng 
process control system lrom straight
lorward leve! swilches to complete data 
transmiss1on networks (with appropnate 
software) 

Cer11fica!10n 
TGM tan k level gauges 
are cer\1f1ed by 1mportant 
IOSti\UIIOns lar hazardous 
and lax and we1ght appli
catlons 

·-·;~\~~¡¡ ' 

.'· 
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The TGM 4000 can be 
accessed, programmed, 
mon1tored and read by 
hand-hcld 1crm1nal HHT 

Tank s1de Momtor
DRM 9700E 
1S a llame-proa!, remate 
md1ca1or. The lank s1de 
momlor leatures an 1nte· 
grated display of bolh 
level and temperalure 
values. A magnet1c key 
allows DRM diSplay 10 be 
changed externally. 

·-, ~-
j 
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Data Communication Networks 

MIC 1000 
with TGM or LT+TMD 

The single lank mon1tonng unit MIC 1000 
1s designed for standard1zed control 
panel installat1on. 
The unit offers: 
• 1nd1cation of leve! • temperature 
• alarm signal • operat1on sw'1tch. 

BBB 1000 
with TGM or LT+TMD 

The BBB receiver. together w1th TGM 
4000 or L T + TMD is designed for tank 
farms w1th a máximum of 20 tanks. The 
BBB rece1ver is ava1lable for panel 
mountlng or desk top installation. 
The unit indica tes: 
tank level • temperature • 40 alarm SIQ· 

nals. Connection.to the tank is by serial 
.. ,: . ::··~~.· ~.9iÓital comrñi;il1C'ati'?~:·. 
!~{¡.;-"' ~(~~¿ jf.\:~ ;·, ., ;:,j(i,~., 
~f~~~-~~~t~. ~;;;:~::;.,,~~~·f.'\ ... ·:~::: 
;m··;¡¡¡:-r.r~~-·, "':en-~·-··};, ..... ;\'¡\.;¡ .... , .. -.1' -"'~ .... '1 ~--,.~.:c:··~---.;-,)l:;~<tl~.;t:'~W.x,• ~.o 
l:fl,f<.' • _ . • tfplkiJ¡ .:(\~_it_lP~·.:t~~ •n~t 
.v.~i'''~.:- . ..;::Y!'¿J.~:z ~;;•.::..~ _.i;;i-m,.: ·.,¡·.;.de-" 
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e UP TO 140 TANKS 

D 
~1 

Tank Inventory Management 
-20-

MDP 11 1/F Vl 
with TGM or LT+TMD 

The personal computar based MDP 11 1/ 
F VI system is des1gned to display the 
latest informat1on of up to 140 tanks 
(standard) on a colour screen A variety 
of tank informat1on rs obtarned by con
trnuous scanning of the field sensors. 
The field data rs collected and processed 
with an interface unrt and displayed and 
operated on a computar screen. 
The Data includes: 
• Menu • System menu • Leve! • T em
perature • Product 1dentificai10n • Gross 
vo!ume • Standard vol u me ( converted 
at 15ac or 60°F 1n compliance w1th 
ASTM table) • Speclf1c gravrty • Level 
and temperatura alarm status • Options 

MDP-11 Multiproces
sing System 
Th1s rece1ver system is based on the 
most advanced microcomputer/mlcro
processor technology MDP systems 
consist of conlrol/interface and display 
unit wrth keyboard. The control/interface 
unit processes data signals of surface 
and interface,-level, temperatura, specrfrc 
gravity and alarm srgnals from the field 
gauges The tank data 1s indicated on 
the assoc1ated colour screen 1n vanous 
d1splay and formal pages and can be 
modil1ed by s1mple kcyboard operat1on 

All the avarlable data are accepted di
rectly by hand-held terminal The MDP 11 
IS a hrghly flexible system with auxliiary 
data processing and communication 
units. e.g. data logger, sub-receiver 
and host-computer connections. 

Operator Capabilities 
1. Tank Detail 
Cont1nuous data provided by the sys
tem 1ncludes- real 11m e check, tank 
number, product 1dentification. leve!. 
temperatura, alarm. gross volume, spe
Cillc gravity, interlace and surface leve l. 
2. Large Character Display 
Tank number. level. temperatura. gross 
and standard volume of a s1ngle tank 
are d1splayed 1n large characters. Con
venlent for remete monitoring of tanks tn 
operation. 
3. Automatic Volume Calculation 
Gross volume al product 1n any tank, 
calculated automatically from t11e tank 
strapping dal!l in the memory and the 
actual value The system w1ll correct 
gross volume usrng the temperatura 
data and specific gravity enterad by the 
operator to the corrected volume (ASTM 
standard). 
4. Alarm Message 
D1splay at 4 poinls lcvel and 2 po1nts 
temperature on all pages. The annun· 
ctator contmuously sounds and the 
alarm message flashes untll acknowl
edged. 
5. LAN Communication 
(ETHERNET) 
6. Operation Data Set 
Screen operation can correct conditions 
7. Tank History Data 
For one month 
8. Transfer Expectations 



Float Gauges LT Series 
Transmitter TMD/ AT Series 
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Float Gauges 

Some tank level applications require 
purely mechanrcal, float operated tank 
gauges. 
Endress+Hauser float gauges. LT 1000 
series. are used w1dely in the measure
ment of petroleum products and all other 
types of liqurds where a maxrmum of 
reliabrlrty and accuracy is requrred. Float 
gauges are rnstalled on different 1ank 
constructions· cylrndrical, spherrcal, 
floating roof, etc. 

Digital Technology (tank gauge 
LT lOOO+TMD transmitter) 
The instrument range contarns the float 
tank gauge L T 1000 serres. featurrng a 
measurrng range of 40 meters The 
instruments work in conJunct10n with 
TMD digital transmrtters 
F!ex1ble p1pe conf1gurat1ons make the 
system adaptable toa great varrety of 
tank constructions. 

TMD 
Th1s is a digital transmitter used in con
junctron with L T tank gauges. 12 module 
card technology allows for changes of 
1nput/output transmission, temperature, 
alarm, status and valve control 

Analogue Technology 
Tank Gauge LT 1000 series wrth trans
mrtter AT 1000 rs a simple. trouble-free. 
analogue instrument The Ex-proof 
gauge wrth up to 6 alarm outputs has 
voltage. current and resrstance outputs 

-·· 
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Temperature Measuring Bulb 
RCV /RCS Series -22-

Temperature 
Measurement 
in Inventory Control 
Producttempcrature signtl1cantty inllu
ences the volume 1n tank inventory man· 
agement. As the mean product 
temperatura 1n large tanks vaneS greatly 

·lrom top lo bottom, the temperature ol 
the product within the entire tank must 
be measured and averaged w1th great 
accuracy. 

RCV Average 
Temperature Bulb 
The RCV temperature bulb detects a 
maximum ol10 points (opt1onally more). 
Highly corros1on resistan! plat1num 
elements measure temperatura to an 
accuracy ol ±O 25°C to meet custody 
transfer requirements. The temperatura 
signal 1s p1cked up by the switching 
circuit 1n the TGM tank gauge or TMD 
transmitter. The RCV untt accurately 
measures over a flexible tu be w1th vertl
cally arranged sensing elements (Pt.100). 
lnd1v1dualtemperature segments within 
the tank can al so be averaged to ex
elude temperatura vanat1ons in phases, 
e g oil/water. 

RCS Spot 
Temperature Bulb 
The RCS temperature bulb employs a 
Pt 100 sens1ng element encased 1n the 
thermowell to measure the spot tem
perature of liquid 1n the tank. The signal 
is converted into digital values for 
remole transm1ssion by TGM tank gauge 
or TMD transmitter. 

Level Limit Switches - Overspill Protection 
' 

Liquiphant 
Levellim1t sw1tch for allliquids. Ap
proved overspill protection for llam
mable and water polluting l1quids. 
lnstruments 1n the Liquiphant range 
are d1SI1ngu1shed by a constan! 
switchpo1nt featunng greatest accu
racy wllhoutthe need for calibration. 
Certificates: '. 
for hazardous appilcat1ons and 
overspill protect1on. 

Float type Level Switch-CS series 
Compact construction lor upper and 
lower l1mit alarms. Range features ex
ploslon proof models. 

Displacer type magnetic Level 
Switch MPC series 
This displacement switch provides 1 
to·4 outputicoñtacts:.This,reli8ble(T111 4 S~ ::1 f 
SWIICh1 Cail ¡be-mOlJñt~d ·~ertiCáliy or ... .; 
horizontally on·aivariety of1liqu1d tanks. 

(• 



Tank Leve! Gauging 
Instrument Line up 

Tank Level Gauge 

Transmitter 

T emperature 
Pro be 

RCS, RCV, lteld instruments connectable 

Receiver 
Interface 

Supervising 

MDP 

PC/Host 

BBB 

PC (AS 232) 
optional 

MIC 

lnstrument Model Working Press Measuring Accuracy 
line up ' Max. (kg/cm') Range Max. 

Servo Gauge Series TGM 4100 05 27m ± 0.9mm 
Bu1lt in miCro-processor 
un1versally appllcable 

Series TGM 4400 6 27m ± 0.9mm lar h1gher demands 
Remarks: 
W1re employed, 

Series TGM 4600 25 27m ±09mm bwlt-1n transm1tter 

Float Gauge Series L T 1100/1200 0.2 30m ±20mm 
Spnng balance, un1ver-
sally appllcable Series LT 1600 25 30m ± 2.0mm 
Remarks: 
Tape employed. 
separa te transm111er 
connectable 
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MDP-11-PC -24-

Remate Tank Gauging 

& lnventory Control System 
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GENERAL 
MDP-11 MULTI·DATA· 
PROCESSING SYSTEM 

Receiver system for tank in· 
ventory management based on 
the most advanced micro
processor/microcom puter 
technology. The system has a 
capability to mee! a variety o! 
user's demand with SAKURA's 
unlque software acquired as 
an essence o! references 
based on more !han 150 instal
lations over the world since 
1970. 
The system consists o! Inter
face Unit and Personal Com
puter. Interface Unit processes 
signals o! level, temperature 
and alarm from tank gauges 
and the processed tank data 
are indicated on the display o! 
Personal Computer in various 
display format/pages. User's 
tank data and basic data regis
tration for computation can be 
performed or modified through 
simple keyboard operation. 
And it is very flexible with aux
iliary data processing units, 
e.g. printer, data logger, sub· 
receiver and host computer. 

• Module units preparad for option· 
al choice permits low cost tank 
remate gauging system. 

• 2-way 2-wire data communica
tion system employed permits 
hoist·up of the displacer and 
repeatability check remotely 
from a control room in addition 
to valve control at the tank field. 

• Self·diagnos1s function for the 
entire tank gauging system ena· 
bies highly reliable inventory 
management. 

• Microprocessor adopted to 
equip the small receiver with a 
vanety of functions. 

• Clearly visible 1ndication with the 
Liquid Crystal Display (LCD). 

• Receive dimension in accor
dance with lEC standard to facili· 
tate panel mounting on 19 inch 
rack mounting. 

• CPU interface, other modules 
are preparad for optional choice 
according to application modes 
of the receiver. 

• Lightning arrestar provided as 
standard. · 
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TGM SERVO TANK GAUGE 

DATA INPUT: 
• Temperatura data: Resistance 
• Analog data: 4-20mADC 
• Status contact: 4 points max. 

LOCAL EQUIPMENTS: 
: Hand held terminal (HHT·1) 
: Local indicator (DRM·9700E) 
: Average, multi point temperatura (RCV) 
: Spot temperatura (RCS) 

BBB series modular receiver 
Max. 20 tan k monitoring at control panel 

. MIC single receiver ..,, ;[r 
• Tan k data monitoring at control.panel 

¡ ' ~ .... ' - " .,.,. ~ 
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DATA OUTPUT: 
• 2-way 2-wire senal 

Digital pulse: 
• DC 4-20mA 
• 2-way 1-wire optical 

All the tank data: 

-26-

Leve!, Alarm, Sp.Gr., Temperatura 
Interface Leve!, Pressure Data, 
Status, etc. 

MDP-Multi Data Processor Interface Unit 

MDP-11 Multi-Data-Processor 
The system consists of an interface 
unit personal computer system w1th 
keyboard. The interface unit 
processes data signals of leve!, tem
peratura and alarm from the 
gauges. The processed tank data 1s 
indicated on the associated CRT
Display in various display for
mat/pages. Customer's tank data 
and basic data registration for com
putation can be performed or modl
fied through Simple keyboard 
operat1on. MDP-11-System is very· 
flexible with auxiliary data process
ing and communication umts, e.g. 
data logger, sub-receiver and host 
computer. 

Operation Capabilities 
• Standardization has realized the 

compact design and low pnce. 
• Tank data 1s acqUired and com

puted incessantly for displaying 
accurate data at any time 
des~red. lnventory and condition
al variations can therefore be 
managed easily and accurately. 

• The CRT display provides legi
ble lists of data in numerous 
tanks, facilitating centralizad 
control. 

• Data acquisitions and basic data 
registratlon for computat1on can 
be performed by s1mple opera
tions on a keyboard. Therefore, 
the microprocessor/receiver sys
tem permits modifying types of 
measuring liquids and alarm set
tings as well as data registration 
for additional tanks in a short 
time. 

• The system automatically de
tects and displays troubles in 
transmitters and transmission 
cable, providing highly reliable 
data. 

• Registered data is stored in a 
m1m-floppy d1scs, eliminating the 
necessity of a back-up power 
supply against power failure. 

• Test program and monitor pro-

e tJ.l2,_·St.:·-Jti!' 

,,. ••·Oil leak ·detector 
');>8~~~ .. ;::: .SAI<:I'"l 

' 
~¡ lsl 

1 ~ 

Personal C 
(IBM-PC, e 

1 1 L-----

gram are buill in the system for 
speedy trouble shooting. 

• A variety of optional functions 
are prepared to make the system 
applicable to numerous fields. 

level alarm 

,..,.4'• 
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TECHNICAl SPECIFICATIONS 
ltem Field Communication unit 

Housmg Standard cabmet rack 
mounting 

Capac1ty Tank selectmg capacity 
140 tanks (Standard package) 

Data Tank-level: O to 99999mm 
Temperatura: -50 to + t99.9'C 
Alarm 4 pomts 

Accumcy 1 T ank level =O 9mm (opt<on o O.Smm) 
Temperatura. 0.1 C 

------------ -------------------------- -·· 
Commumca- One tw1sted-pa1r max. connecl10n to MDP-11 ser1al 
at100 card w1th RS-232C 1/F lar 5 channels 

600 ..._ 9600 BPS 

Control-un1t [ VCC-11 ma1n card J Standard 
card VCD-10 (2-way 2-wire transmiss1on) 

[ VME master card 
VDI status input card· 64 bit ] Option 
VDO alarm annunc1ator card: 64 bit 

Connector Qptlcal nng connector 
P1 VME bus DIN 96 pin 
P2 Sakura bus DIN 64 pin 
AS-232C O-sub 9 pm: 2 
RS-232C O-sub 25 pm. 3 

Research-
funct1on 

Watch dog timer 

Power voltage 1 oc 5V + 5% 

S1gnal- 2-way 2-w1re ser1al dlgLtal pulse llnkage 
transniSSIOn 2-way 1-wire opt1ca1 opt1cal data linkage 

Connect-
Multi point: pull ring form 

cont'l unll 

1 

Transmiss1on 
V1 transmiSSIOn 7 b1! ASCII 

-code 

Allowable 
transmission 

Max. 0.3 Ji. F capacitance 
120 ohm per lme w1re resistance 

way 

S1gnal voltage OC ± 6V ± 23V (trimmer adjustable) 

Signa! v, transmiSSIOn: command pulse (curren! pulse) 
V1 transmission: response pulse (valtage pulse) 

Opt1onal 64 po1nt/per card (VDO) 
status alarm 

Transmitter 
TGM 4000 series, TMD1000 senes 

applicable 

Data callee- Free sean of all tanks at all times 
t10n mode 180 ms/per tank 

Power 
supply 100V 110V 120V 200V 220VAC (±10%), 50/60Hz 

Power-
Approx-500 VA consumpl10n 

ltem Procesalng display unll 

Micro IBM P.C. or compatible (386 or 486 type) 
processor 

1 ROM: 2MB Memory-
, FIQPP)',~i'ltl,memory: 1.4 MB capac1ty .. . · Hllriló klii/emoiy: 20MB · 

CRT d1sp1a}r . ~~~fof\!~ 1(.'25 l1nes ~~taPÑ!efd)' 
•• ., l • ' • • • • 

Key board AIR~a numeriC k~yboard, k'ey arrangement 
· acCo~¡nina 1e~-P.C. 1 u.s. English type 

'.-.~ ... ·.· ... 

., 

' ¡1 \ 
. .. "t ,,¡ 

•• 1"' .· .. 
' . ~- :._ 

... ~.:. _.;::~ "i~) ... '.:~·~;~ .. , 
•'·· 

'' . 

='lJ 
Real-time 

1 clock Clock with calendar (battery back-up) 
arrangements 

Power supply IOOV-.... 120V 200V-... 220VAC 50/60Hz 

Printer H1gh-perlormance 24-wire ietter quahty prmter 

ltem Display funcUon by CRT acreen 

Display Menu 1 page 
funct10n lndex of registered tank No.(lndex). 2 page 

Tank data set (table): 140 paga max.. make tanks 
table lar 80 points 

Operation data set (OP set): 140 pages max 
System data se! (sys set). 1 paga 
Tank group set (gr. set): 99 groups/13 pages max.. 
Tank detall data (Detall). 1 paga 
Larga charactar (Large): 1 paga 
Tank group date hst. 15 tank/page-99 pages max. 
Transfer expectation (Expect)· 1 page 
Tank histoncal (H1sto): 1 paga 
CAT off (off): 1 page 

CRT data All registered data 
display Month, day, o'clock and m1nute 

Product: registered name m 8 diQIIS max. 
Tank No.: reg1stered name m 8 d1g11S max.. 
Level measured value 5 diQIIS max.. 
Temp measured value 4 d1gits max. 
SP. Gr measured value and registered 

value 5 diQIIS max 
Net volume at 15 C computad value in 9 digits ( l) 
Gross volume. computad value in 9 d1gitS (l) 

1 

Alarm message Tank No. & type of alarm 1n 4 
characters (red color) 

Alarm Level alarm d1splayed on CRT WLih annunciator 
Sound and optical annunc1ator 
Programmable level alarm set by keyboard 
Upper-upper, upper, lower, lower-lower lim1ts 
: 4 potnts status-leve! alarm (2 po1nts) 
Temp alarm. high temp., Low temp. by keyboard 
Computad based on measured level and reg1stered 
alarm setting 
Sett1ng of data collectlan mode. registered by key-
board operat1on and by HHT-1 

Alar m AU k1nds of alarm and Error displayed on CRT 
(message Annunciator sounds w1th Error code 
contents) 
Message Status m all tanks and Reg1strahon 1n mamtenance 

busy cond1tion d1sptayed on CRT 

Computat1on Computad from measured level and tank tabla w1lh 80 
funct1on strappmg pomts applicable 

Gross volume Volume converted at 15'C accordmg to ASTM 
Net volume table 

Computad based on gross volume, temperatura 
reg1sted Sp. Gr. weight of floatmg roo! 
ConversLon of Sp Gr. accordmg to ASTM tabla 

Pnnt out Set the contmuous print out 
{logging Determines the pnnting formal w1th t1me 1n the 
t1me) 1.Da1ly report 

2.AII group data report 
3.Speclal group data report 
4.0ne tank data report 

Sakura Endress Co., Ud. 

3-4-22 Nakamachl, Musashlno-shl 

Phone. 0422-!)4.0611 
Telefax. 0422-55-0275 
Telex. 02822615 SAKURA J 

ModificaiiOns to data reservad. Pnnted in Japan 
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:omputer System 
te.) 

1k lnventory System 
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Auxiliary 
Equipments 

RS232C RS232C RS232C RS232C 

Multi Data Processor Interface Unit 

Spherical tank 

TMD 
Transmitter 
combined with 
L T 1 000/3000 series 
local tank gauge 

Host Computer System 

Optical 
Connection 

HHT-1 Hand Hcld Terminal 
Remole calibration for TGM-4000 
tank gauge from a control room. 



CRT DISPLAY MODE 
MENU (Mode of screen) 
Tank detall (product tank data) 
Large character for a single tank 
Group tank data list (Daily report 
page) 
Multi tank data 
Product tank level bargraph 

-29-

Transfer expectation (move
ment/h or m) 
Tank historical data per tank 
lndex of registered tank No. 
Tank data set-up 
Tank table data set-up 
Logging time set 
System data set 
Operation data set 

TYPICAL DATA DISPLAY FORMAT 

Menu page 

Transfer expectation data page 

Tank level bargraph page 

BRIEF SYSTEM REVIEW 
The personal computer-based MDP-11 
system 1s designad to display the la test 
information up to 140 tanks on a color 
CRT screen. A variety of tank informa
tion can be obta1ned by contmuous 
scanning of the outputs of field transmit
ters installed tank-side te collect data in 
a real-time moda showing the current 
status of individual tank. 

TAHK"iió." -11i1D-1Iilf'"~ •·• 
LEUEL 555 , 4,~ 
rEMP. -4.5,-., 
UOL.G 13.141.483,.,, 
UOL.15 13. 38?, 229,.,, 
ALARM 
5s0., UIIO m:lt 11m t•mmr• .• ~ .. 1 '!!'!:: ~ 
UOIIll ..., tiUI 5111111 Yllm 711111 •m n.&l ._ 

Large character page 
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Tank data set-up page 

Tank historical data page 

The data to be collected 1ncludes: 
1) Level 
2) Temperatura 
3} Product identification 
4) Gross volume 
5} Net volume (converted at 15°C tn 

compliance with ASTM TABLE) 
6) Speciflc gravity 
7) Level and temperatura alarm status 

and error alarm 
B) Flow rate 
9) Others (opt1on) 

Tank group set 
Alarm display for all tanks, 
etc. 
Printer print-out function 

Others on request 

Percentage bargraph 
Volume, Temp. bargraph 
Product weekly movement 
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Operation data page 

lndex of set-up page 

System data set page 
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REPASO DE CONCEPTOS BAS!COS -30-

INTRODUCCION 

"¿Puedo usar un capacitar de 0.22 
uF en lugar de uno de 0.01 uF?". 

''¿Es correcto sustituir un resis
tor de 10 000 ohms por uno de 
12 000?". 

Esta sección contestará esas 
preguntas comunes y muchas otras. 
Dominelas y estará bien preparado 
para comprender los circuitos que 
se explican en este libro. 

RESISTORES 
Los resistores limitan el flujo 
de la corrient~ eléctrica. Un 
resistor tiene una resistencia 
(R) de 1 ohm, si una corriente 
(I) de 1 ampere fluye por ella 
cuando se aplica en sus extremos 
una diferencia de potencial (E) 
de 1 volt. En otras palabras: 

E R = 

I 

ó I = E ó E = IR 

R 

Estas fórmulas 
la ley de Ohm. 
que tendrá que 
cuencia. 

útiles expresan 
Memoricelas, ya 

usarlas con fre-

Los resistores se·identifican por 
un código de colores: 

COLOR 1 2 3 (Multiplicador) 

NEGRO o o 1 
MARRON 1 1 10 
ROJO 2 2 100 
J\NARJ\ÑJAOO 3 3 1 000 
AMARILLO 4 4 10 000 
VERDE 5 5 100 000 
AZUL 6 6 1 000 000 
VIOLETA 7 7 10 000 000 
GRIS 8 8 lOO 000 000 
BLANCO 9 9 (ninguno) 

Puede estar presente una cuarta 
banda de color que especifica la 
tolerancia del resistor. El 
color dorado indica+ 5%, el pla
teado + lO% y la ausencia de la 
cuarta-banda de color indica + 
20%. 

Puesto que ningún resistor tiene 
una tolerancia perfecta, con fre
cuencia se sustituyen. Por ejemplo, 
casi siempre se puede emplear un 
resistor de 1.8 K en lugar de uno 
de 2 K; únicamente trate de mante 
nerse entre el 10 y el 20% del -
valor especificado. 

¿Qué significa la K? Es la abre
viatura de 1 000. 20 K signiUca 

20 x 1 000 ó 20 000 ohms. M es 
la abreviatura de megaohm ó 
1 000 000 ohms; asf, un resistor 
de 2.2 M tiene una resistencia de 
2 200 000 ohms. 

Los resistores que soportan mucha 
corriente deben poder disipar el 
calor producido. Utilice siempre 
resistores con la capacidad de 
disipación especificada. ¿No se 
especifica la disipación? Enton
ces úselos de 1/4 6 de 1/2 watt. 

Casi todos los circuitos electr6-
nicos utilizan resistores. A con
tinuaci6n se indican tres de los 
usos más importantes: 

1. Para limitar la corriente de 
los diodós emisores de la luz 
(LEO), transistores, altavoces, etc. 

2. Dividen el voltaje; por ejenplo: 

•10v 

7 

-::-

El voltaje en ¿ es I x 
·R2. I expresa la corrien 
te a través de !U y R2; 
de modo que I= 10/(IU + 
R2) 6 0.005 amperes.Por 
consecuencia ?= (0.005) 
x (1 000) 6 5 volts. 

Observe que la resisten 
cia total de R1 y R2 es 
sinplerrente R1 + R2. Es 
ta regla proporciona un 
medio útil para hacer re 
sistencias a la medida.-
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Los divisores de voltaje se usan 
para polarizar transistores: 

~--...----+-+ 

DIVISOR 
DE VOLTAJE.~ 

SALIDA 

También son una fuente conveniente 
de voltaje variable. 

+lO V 

t 
">oo--o o-JO VOLTS 

(VARI.O.SLE. 

RESISTOII) 
t 

Y también son útiles en circuitos 
sensores de voltaje. Véanse los 
circuitos comparadores en este 
cuaderno. 

3. Controlan el tiempo de carga de 
los capacitares. Siga leyendo •.• 

CAPACITORES 
Los capacitares almacenan energfa 
eléctrica e impiden el flujo de la 
corriente directa, dejando pasar 
la corriente alterna. La capacitan
cia se especifica en farads. Un 
farad representa una capacitancia 
inmensa, de MOdo q\}e la mayor fa de 
los capacitares tienen valores de 
pequeñas fracciones de un farad. 

-6 1 microfarad (uF) ~ 10 farad 

1 picofarad (pF) ~ l0- 12 farad 
ó 

1 uF ~ 1 000 000 pF 
El valor de un capacitar por lo 
general está impreso sobre el com 
ponente. Las designaciones uF y pF 
pueden no estar presente. Los peque
ños marcados de 1 a 1000, están es
pecificados en pF; los más grandes, 
marcados de .001 a 1 000, están 
especificados en uF. 

IDs capacitares electrolfticos propor
cionan alta capacidad en espacio redu
cido. Sus terminales están polarizadas 
y deben conectarse en el circuito en 
la dirección apropiada. 

ESTAS TERMINALES Oé13EN 
IR AL- PuNTO OE CONEOÓN 
MÁS POSITIVO. 

Los capacitares tienen especific~ 
ción de voltaje, impresa general
mente bajo el valor de la capaci
tancia. La especificación de vol
taje debe ser mayor que el Máximo 
voltaje esperado (usualmente el vol
taje de la fuente de alimentación). 

Precaución: un capacitar puede 
almacenar carga por tiempo consi 
derable después de desconectar Ta 
energfa. ¡Esta carga puede ser 
peligrosa! Un capacitar electrolf 
tico grande, cargado sólo a 5 ó -
10 volts puede fundir la punta de 
un destornillador colocado entre 
sus terminales. ¡Los capacitares 
de alto voltaje pueden almacenar 
cargas letales! Descargue un 
capacitar conectando cuida0osame~ 
te un resistor a sus terminales 1 
K o más; use la ley de Ohm. Use 
sólo una mano para evitar tocar 
ambas terminales del capacitar. 

Aplicaciones importantes de los 
capacitares: 

l. Eliminan los transitorios de 
la fuente de alimentación (Conecte 
un capacitar de 0.01 a 0.1 uF a las 
patas de la fuente de alimenta
ción en los CI digitales; esto 
evita el disparo en falso.) 

2. Suavizan el voltaje alterno 
rectificado, convirtiéndolo en 
voltaje directo (Conecte de 100 a 

10 000 uF a la salida del rectifi
cador. 

ACA A " D NV)+¡ 
~ 4}<- . 1 

RECTIFICAR 

~ 
TIERRA 

.. 



3. Bloquean la señal de ce y de
jan pasar la señal de 

4. Dejan pasar la señal de 
alrededor de un circuito o a tierra. 

5. Filtran las componentes no 
deseadas de una señal variable. 

6. Se emplean con resistores para 
integrar señales variables. 

~ 
::Sl:Ft.:- o T... -DA_ 

7. O para diferenciar señales va
riables: 

-~-

8. Realizan funciones de tempori
zación: 

e se carga rápidamente ... des
pués se descarga lentamente a -
través de R. 

9. Almacenan carga para mantener 
un transistor en corte o en con
ducción. 

10. Almacenan carga para vaciarla 
através de un tubo de destello o 
un LED, como un pulso rápido-y p~ 
ten te. 

¿Puede usted sustituir capacito
res? En la mayor parte de los 
casos, el cambiar el valor de un 
capacitar en 10% o aún en 100% no 
causará fallas, pero puede afectar 
al funcionamiento del circuito. 
En un circuito temporizador, por 
ejemplo, el aumento de valor del 
capacitar de temporización alarga
rá el período de temporización. 
El cambio de los capacitares en un 
filtro, alterará la respuesta en 
frecuencia del filtro. Asegúrese 
de usar la especificaci6n adecuada 
de voltaje y no se preocupe por la 
diferencia entre 0.47 y 0.5 uF. 

-32- SEMICONDUCTORES 
Generalmente se fabrican de si
licio. Asegúrese de observar 
todas las restricciones de ope
ración. He aquí unas breves des 
cripciones de dispositivos semi 
conductores importantes: 

DIODOS 
Permiten el flujo de corriente en 
una sola dirección (polarización 
directa). Se usan para rectificar, 
permiten que la corriente fluya 
hacia un circuito pero bloquean su 
retorno, etc. 

~ 

DIODOS ZENER 
El diodo zener es un regulador de 
voltaje. En este circuito típico, 
el voltaje que excede al voltaje 
de disrupción del diodo se deriva 
a tierra: 

IK 

~ 

SALIDA 3 [ ~ 
(v) o~ 

3 c. C9 11. 

DI= DIODO ZENER DE 6 IIOLTS 
ENTRADA (V) 

Los diodos zener también pueden 
proteger los componentes sensibles 
al voltaje y proporcionar voltajes 
de referencia convenientes. 

DIODOS EMISORES DE LUZ <LEDl 
Los LED emiten luz verde, amarilla, 
roja o infrarroja cuando están 
polarizados directamente. Debe 
emplearse un resistor en serie 
para limitar la corriente a menos 
de la máxima permitida: 

R = Vcc - VLED 
S 

1 LED 

Ejemplo: VLED de un LED 
rojo es 1.7 volts. Para 
una =rriente en sentido 
directo (ILEO) de 20 m/\ 
a V = 5 volts, R = 165 
ohms • 1 No exceda: la I LED ~ 



Los LED infrarrojos son mucho más 
potentes que los visibles, pero 
su radiaci6n es totalmente invis~ 
ble. Uselos para detectores de 
objetos y para comunicadores. 
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TRANSISTORES 
En estos apuntes los transistores 
se utilizan como simples amplifi
cadores e interruptores que 
encienden los LEO. Esto se logra 
con cualquier transistor de 
conmutaci6n de prop6sito general. 

CIRCUITOS INTEGRADOS 
Puesto que un CI es un circuito 
completo en una pastilla de 
silicio, se deben observar todas 
las restricciones de operaci6n. 
La polaridad invertida, el 
voltaje excesivo de alimentaci6n 
y suministrar o extraer mucha 
corriente pueden destruir un CI. 
Asegúrese de prestar mucha 
atenci6n a la ubicaci6n de las 
patas de la fuente de alimentaci6n. 
La mayorfa de los CI están 
encapsulados en plástico de 8, 14 
6 16 patas (DIP o Duan In-line 
Packages) . 

Cuando el CI está de cara hacia 
arriba, la pata 1 ·se encuentra 
en el extremo inferior izquierdo: 

@ MCI402IB---.¡-
cLAvE DE FECHA: 

CP8~24 Bb" l'l8b 
...,...orr.;-rr,-r,--;-rr-:o...--:--rT-:-.-' 2 L¡ ::; 2 4 9 SEM IW A 

A prop6sito, la clave de fecha 
puede no estar presente, pero 
otros números sf ... y la clave de 
fecha no siempre está debajo del 
número de dispositivo: 

Almacene los CI en un gabinete de 
plástico, si puede conseguir uno, 
o bien insértelos en una bandeja 
de espuma de plástico (como las 
que se emplean para la carne en 
las tiendas de autoservicio) . 
PRECAUCION: nunca guarde los 
CI MOS/CMOS en plástico ordinario 
no conductivo. 

CONSTRUCCION DE CIRCUITOS 

Construya sus circuitos en una 
tablilla de las que no requieren 
soldadura, para hacer cambios y 
encontrar errores; después hagi'l 
versiones permanentes. Son 
ideales las tablillas modulares 
de plástico, Radio Shack (276-
173, etc.) Incluyen dos filas de 
contactos para las fuentes de 
alimentaci6n y rieles de sujeci6n 
para unir las tablillas. Los 
componentes y alambres pueden 
insertarse directamente en los 
agujeros de la base. 

En_el caso de los circuitos per
manentes, utilice circuitos im
presos Radio Shack; los que tie
nen números de catálogo 276-024 
y 276~151 son ideales para pro
yectos simples con CI. Para pro 
yectos más complejos utilice -
circuitos impresos universales 
mayores (276-152 y 276-157). 
Puede cortarlos en secciones más 
pequeñas con una segueta. 

Yo prefiero usar alambre enrro
llado para los proyectos con CI. 
Inserte las bases para arrolla
miento en el circuito impreso y 
efectúe las conexiones con una 
herramienta enrrolladora de alam 
bre (como la 276-1570) . Aplique
este alambre directamente a las 
terminales de los transistores, 
resistores, etc. y s6ldelo. 

"""'- CI 

~ s~ BAOE PARA ARROLLAMIENTO 
1

~CIRWITO IMPRE~O UN/VER.5Al 

50LOAOURI\ ALAM~J\E. ENROLLADO . 



CIRCUITOS INTEGRADOS LINEALES 
~ 

INTRODUCCION 
LA SALIDA DE:. UN Cl LINEI>.L ES PROPORCIONAL 
A LA ~Ei;AL EN SU ENTRADA. El Cl LINEAL 
CL~SICO E.& I:L AMPLIFICADOR OPERACIONAL. 
LA GRÁFICA MllE.STRA LA RELACIÓN LINEAL 
E.i'ITRE. LA SALIDA Y LA ENTRADA DE. UN . 
CIRCUITO TIPICO CON AMPLIFICADO~ 
OPERACIONAL; 

SALIDA 
(voc rs) 

.01.. .0'-i .o~ .OB 

ENTRADA (voL T s) 

MUCHOS Cl NO DIGITALES, ENTRE. E.LLO& LOó 
AMPLIFICADORES OPE.RACIONALE.5 1 PUE.DEN 
V<>ARSE TANTO EN EL MODO LINE.AL COMO EN 
EL NO LINEAL A VE.C.E5 SE. LLAMAN Cl 
ANALÓGICOS: 

LOS Cl LINEALE:.5 GE:.NE:.RALME.NTt REQUif:.REl\1 
MÁS COMPOI-!ENTE.? E. '{.TERNAS QUE. LOS 
CI DIGITALES, LO QUE AUMENTA SU SIJSCE.P
TI~ILIDAD AL. RUIDO E.'I:TE:RND Y 1\ACE QUE. 
SU USO REQUIERA MÁS CUIDADO, POR 
OTRA PARTE, I>.LC.UNOS Cl LINEALES PUE.DI:N 
f\ACER E.SE.NC.iALME:.tJTE. LO MISMO QUE. 
TODA UNA RE:D DE. CI DIGITALES. 

HE AQU( UNA BRE.VE DE~C.RIPCiÓN Df. L05 
CI LINEALE:.';¡ IN.CLUIDOS Et.l E.~TA SECCIÓN. 

REGULADORES DE VOLTAJE 
PROPORCIONA UN VOLTAJE E.~;TASLE 1 YA f>EA·· 
FIJO O AJUSTABLE, AL QIJE:. NO AFE.CTAI-1 
LOó CAMBIOS E.N E.L VOLTAJE DE. ALIME:N
TAC.IÓN, MIE.NTRAS QUE SE MANTEI\IGA 
PO~ ARRI6A DlóL VOLTAJE. DESEADO 
DE SALIDA. 

AMPLI F ICADORE.S 
OPERACIONALES 

E5 CA<;I EL AMPLIFICADOR IDEAL. ALTA 
GANANCIA ló IMPEDA"lCIA DE ENTRAPA. 
LA GANANCIA ':>E. CONTROLA FÁCILMENTE. 
CON UN SOLO RE.'b15TOR DE. ~I?.TR,OALI
ME.NTACIÓN. LO!I AMPLIFICADORE:'E> 
OPER.ACIOI-IALE'5 DE. HIT RADA POR F ET 
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(BIFE. Te>) TIE.NE.N llNA RE.SPUE:.5TA f.N FRé-
C.tJE:.NCIA MU'{ AMPLIA, GE~IE.RALttléNTE. 

PUEDE-N SU'STITUIRSE LO~ AMPLIFICADORE.<; 
OPE.RACIDNAL.ES CUANDO LA ALIME.NTACIÓN 
NORMAL DE. AMBO!?> <;E REALIZA CON FUENTE: 

BIPOLAR ('h LF 3~3 Po~ UN 741C 1 E.!C.) ..• 
PERO EL OE:.SEMPE:NO SERA MEJOR. o PE: O R. DE: 
ACUE:RDO CON LAS E'SPE.CIF ICACIONE.? PE:L 
NUEVO AMPLII"ICADOR. 

COMPARADOR 
E5 LO MISMO QIJE UN AMPLIFICADOR OPE:RA
C.IDNAL SiN RE.SISTOR DE. RETROALIMENTA
CIÓN. TIE.NE GANANCIA ULTRAALTA Cl.'JE.. 
DA UNA RE5PUE.5TA DE. TIPO E:SCAL-ÓN AL 
VDLTAJE. APLICADO A tlNA ENTRADA, CIJANC'O 
E.'J(CEDE. AL VOLTAJE DE R.E.FE:.RENCIA QUE. SE: 
APLICA A UNA SEGUNDA ENTRAPA. 

TEMPORIZADORES 
ÚSEL05 SOL-OS O C.O'l OTRO<; Cl PARA ~lOME:. RO
SAS APL\CACIONE5 DE: TE.MPORI ZA C IÓH 
DE. PUL SOS. 

Cl PARA LED 
LO':> MÁo;, IMPORTANTES SON UN. C 1 DE. S TE
llADOR V llN CONVERTIDOR Ai'\ALÓGICO 
DIGITAL. PARA UNA PANTALLA DE. PUNTO? 
Y BAR. RAS. 501'1 FÁC ILE':t DE U5AR.. 

OSC 1 LADOR ES 
UN O?CILADOR CONTROLADO POR VOLTAJE Y 
UN CotWER.T\DOR C.OMP>INAOO DE. VOLTAJE. A 
FRE.CUE.N.CIA Y De FRECUE"'CIA A VOLTAJ!::.. 
SE INCLUYE. TAMBIÉ.N UN DtCODIFICAPOR 
DE. TONO QUE PUE.DE: U5AR5E Pl\f?.A 
INDICAR UNA FRECUENCIA E.SPECI~IC.A. 

AMPLIFICADORES Dé AUDIO 
ESTA StCC.IÓN INC.LU'{E VARIO'; AMPLIFICA
DORE.? DE. POíE.NC.IA DE. USO FÁC.IL J QUE SON 
IDE.ALES PARA QUE: UNO MISMO CoNSTRUYA 
E.SíÉRE.05 1 SISTEMAS DE. SONIDO, 
1NíERCOI'1UNICADORE.5 'f OTRAS 
APLICACIONES DE AtJOIO, 



RE.GULADORES DE VOLTAJE 
7805 ( 5- VOLTS) 
7812 CIZ-VOLTS) 
7815 (15-VOLTS) 

REGUL~DORES PE. 1/0LTAJE. FIJO. 501-1 IDE.ALE.5 
P~RA FUENTES DE ALIMENTACIÓN AUTÓNOMAS, 
RE.GULAOOP.E.S .~OBRE TABLILLAS, P'IOYE_;To5 
PARA AUTOMOVILE5 CON ALIME.NTACION OE 
f?ATERÍA, ETC. TIENEN SALIDAS H~STA,DE. 
1. 5 AI-'1PERE5 SI SE TIENE. DISIPACION TERMI
CA ADECUADA Y SUFICIENTE CORRIENTE DE. 
E.NTRA.DA. ON CiRCUITO DE CDP.TE: TtRMICO 
APAGA E.L RE.C.ULADOR 51 EL DISIPADOR. 
ES MU V PE.QUE.ÑO. 
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COLOQU~ 
DI~IPADOR. 
TÉRMICO 
'51 SE REQUIERE 

l.- ENTRADA 
2.-SALIDA 
3-TIERRI\ 

ALE.TA 
ME. TÁLICA 

3 

- . . 

FUENTE DE. ALIME.NTACION DE. 5 VOLTS TTL/L5 CONECTADA A LA LINEA 

LINEA DE. 
CA.R.C.A 

SI PRIMARIO 

CUIDADO : 1 oe.e~ 
Al5 LAI1. E.!ITAS 
CONEXIONE. '5 ! 

J 
SECLINDARIO 

<1 

TI 

+ 7BOS 
k~t-SV 

ce <l CY 
3 o.1f'F 

C.t-C3-Iooo,uF, ~sv 

Tl- TRANSFORMADOR DE 117 A 12.6 v, 1.2 ó 3A(273-1505 o 27.3-1511) 
IH-REC.TIFICADOR D~ONDACOMPLET_A 1 A4A (~76-1161,276-1151o276-1171} 

( EI>ITRE PARE"1Tf515 LOS NUMEROS DE CATALOGO RADIO 51\ACK) 

REGULADOR DE VOLTAJE. 

VD~TtJE o---~-'-1' 7B l(X [1-~-'--~~ +S , 12 

E';'TRADII j j + O 15 VOLTS 

t¡::: C!NT J C•AL ; :::; 

'---4---~~ TIERRA 

--

Ct.HT- OPCIONAL~ USE 0.33_....uF O UN VALOR 
. S~MEJANTf. 51 1!-l ~EGULAOOR ESTÁ LEJ0'5 

DE LA FUENTE DE ALIMt:NTACIÓN, 

C•ÁL- OPCIONAL; USE O.!_.MF O MÁ!I PAAA ELIMINAR 
PICOS QUE AFECTEN A LOS C! LÓGICOS 

REGULADOR DE CORRIENTE 

LOS USOS 
INCLUYEN ~ 

POLARIZACION 
ESTAeU~. PARA 
LED, LA,.,PARA'S, 

Cl I ( ETC. 

. ?>3fAF ..__' ______ -_: ~ <A<CA 
,.... 5ALIOP.. _ f 

VOLí.o\J! OH REGUL.t.DOR. 
CORRIENTE DE SALIDA : R l 



AMPL 1 F ICAOOR OPERACIONAL 
7.tiiC AJUSTE. 

(OFFSET) 1 
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E.NTRI>.DA 
1 N V E. R ~ Of\1\ ..:::'Z.+.----1 

NC 

V+ 
E5 E.L AMPLIFICII.DOR Of'ERAC.IONAL MA'=> 
PoPULAR. ÚSÚO Et-1 TODA5 LAS APLICACIO~ 
NE.;, DE PROPÓSITO GENERAL. (PI\AA OPE.RA
CIÓN C.O~ UNA SOLA FOENíE: Y MUY ALTA 

IMPEDANCIA PE. ENTRADA OTILIC.f. OTROS 
AMPLI F 1 CA DORES OPERACIONALE':l 
INCLUIDOS EN E.STE'. CUADERNO.) 

E.NTRADA 
NO INV~R5oRI\-=.l..¡.._._¡ SALIDA 

AMPLIFICADOR INVERSOR 
Rt 

1J ~ ±S-18V 
+V 

SEGUIDOR DE. VOLTAJE. 
DE GANANCIA UNITARIA 

USE.LO PAAA V=± 5-ISV 
A!:OPLAR ALTA 
IMPE.DANCIA +V 
AM)A 
IMPf.DANC.IA 

¡, 
v$1\L 

v.~r . v,..L = v.>IT . 
-V 

FUENTE DE. UNA SOLA POLARIDAD 

+V 

• • 

VE.NT DH>E. 
SER. IIE.GATI\'0 

USOS TIPIC05; AMPLIFICACION DE. VOLTAJE 
ce Y PULSOS. 

V- '-1 AJUSTE 
(OFFE>ET) 

AMPLIFICADOR NO INVE.RSOR 
+V 

v~:ts-1ev 

Rl 

COMPARADOR 

z. 

+V 
V= :!:5-ISV 

APLICACION 
TIPICA MOE>TRADA 

-V MAJO.~ . 

DE.TECTOR DE NIVE.L 

R.\ 
SOl< 

+q IK 

LEO 

ESTE CIRCUITO MUESTRA 
L-" OPERACIÓN COMO UN 
COMPARADOR CON 
FUE.NTE DE. UNA 50LA 
POLARIDAD, 

R1 AJU5T-" EL UMBRAL DE DETECCIÓN OE VOL.
TAJE (HASTA t- qy ). CUANDO VENT E)(CEDE 
AL UM8AA~ (TAMBIÉN LLAMADO REFERENCIA), 
E.L LE D SE E.NCJENDE. 
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7-41C 

, , 

INTEGRADOR BA51CO DIFERENCIADOR BASICO 
C\ lO KH z. 

10KHz 
OE €NlRA.OA 

Of ENf~A.DA,: V: ±S-ISV C1 = .ooo21-"F 
Rl • IOOK 
RZ,R3 =101< 

+V 
R1. 

+V 

Cl = . 001 

Rl = 1 o K 
lll = JOOK 

RJ = lO K 

Rl Cl 
-N- o-JVV"-l~~ 

EI.ITA,,t,DA 

SALIDA 

-v CUANDO .V=± 'l V 
y LA ENTR,I\DA = ~. <'5 V, 
SAL\ DA=± 1 V 

AMPLIFICADOR RECORTADOR 

DI D2. 
V=:ts -¡sv DI Y D2 = 

OIÓOOS ZENE.R. 

SI V2 = 6 V, 
ENTONCES LA SALID ... 

+V NO PUEDE. E~CEDER 
Df.! 6.7 V. 

vfNT 
(., 

5ALI DA 

•.. 
AMPLIFICADOR SUM,ADOR 

i. '¡ ,., 

Rt 
\OOl( 

p.~ 
lOO K 

+V 

\/"" 

-V 

SALIDA 

CUANDO V=± q V 

YLA ENTRADA=.!..2SV1 
SALIDA= . .!: . 25 V 

AMPLIFICADOR DE. PUENTE 
JI.~ liS 111. 
lOO!< !ODio( 51< 

.,.q 
-.. 

Rt 

R< 114: SAL"'N(E.~ 
lOO K. RJ.: 

Rl E.S UN RE.SISTOR. DE VALOR OE5CONOCIOO. 
U5E UNA CELDA DE CdS EN LUGAR DE Rl PARA 
HACER. UN M!óOIDOR DE. LUZ. MUY SENe>IBLE . 

AMPLIFICADOR DE. DIFERE.NCIA 
l<~ 
\001< 

+V 

NOTA; VsA.L NO PUEDE. 
EXC. E. O EA; DE:!:. V 

. ' 
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INTRODUCCIÓN r 

LO~ C l DiC.iTALE.':> SON 015POSITiV05 DE:. 
c::>s E.sTADos. UN esTADo E5TÁ a,R<:ANO 
A 0 Vo¡_T. o TIE.RRA (BAJO O L) y EL 
OTRO I":.!>TA CE:RC.A~O AL VOLTAJE ¡;>6. 

ALIME.N1"AC:IÓN DEL C.{ (ALTO 6 H ). 
SU~';',TiTUYE.NOO L POR. O Y H POR. 1, LOS 
Cl OIC.I TAt-E:.<;; PUE.DE.J\1 PROC.E;5A"- DÍC.11"0~ 
E'IINAI'\IOS (_ E\11"!;) O PALAEIRA.5 Dl!o MÓL.
IiPLE.S 61TS, UNA P.o.LAeRA oe. 4 EIITS 
!>E. .LLAMA Nle~L.E:. Y UNA 

DE. 8 BITS SE LLAMA 8YTE. 

El SISTEMA BINARIO 

E.'!> OE. C.R..o.N I<YúDA SAEIE.R LOS PRIME.ROS 
lb N..ÍMt:.R.OS BINARIO",; Si 0 ~ L t 1 := 'H, 
e~TO~ NÓMéRo~ .C::,oN: 

o - L L L L B- H L L L : 
1 - L L L H e¡ - H L L H 
z - L L H L ID- H L H L 
.3 - L L H H 11 - H LHH 
'1 - L H L L 11 - H H L L. 
S- L H L H 1\ - H H L H 
c. - L H H L l'f-HH HL 
7 - l ¡.¡ H H IS- H H H H 

N ÓT E. SE; 0.\JE. L L. L. L- (o) ES UN NÚME.RO 
iC.UAL CIUEo C:UALQUIE.R. CJTR.Q, 

COMPUERTAS ·lÓGICAS 
' Lo<; C.oR,C.úl1"0'!> LO GiC.0'5 SE. FORMAN 

iNT.E.R<.oo.A~C.T"NOO DO~ .e MÁS DE. f.STAS 
C.OMP'-'E.RTAS LÓGiCA~ BÁSIC.A'5: 

~D-5l.LIDA ,.. & ~AliDl. 

L L L 
L H L 

AND H L L 

H H H 

"=D- A 8 5AliDA 
& 5"-LIDA 

L L H 
L H H 

N~N[) H l H 
H H L 

~ 

LOGICA DE 3 ESTADOS 

CONU~ CONTR~ 
'>A LIPA 

A SALIDA ~ 

A SALIDA />. ~ .. LIOA 

L L L H 
L H H L H ;L 

H " Z ·AlTA H lC. Z-IU.TA 

Z·ALTA: SALIDA f.,¿ !:STADO De AlTA IMPUANeiA · 
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Digital lnslrumentatlon 

T ABLE 3. 1 Stcndard Symbols for LÜgic Elements 

ANO 

OR 

1 NANO 

""" 

NANO ""rth ,.._ 
•n•r•·n,.. onQUI 

.. 1 E~OR 

ea. ......... ()O 

0'-robu~ .ANO 

·' 

lf:C l"'CW'" 

A-f>il 
s--LJX 

A -i.h_ 
B -l___j '< 

AB-'' •1 · - .:¡, 1 ~·-.; 

• 

1 

~ 
j 

"· 

O 1 N r-.,n'!\, AITWfor:.~ 

~700 ~ 

: •'. 

A -f\_. ' ·-v-

A · f\o-.< 
B -::-t;;f. 

A~ X 
9 -}/___./ 

·~x 
·~ 

l 
1&
J 
1 
!Er
J 

X 4 AB 

X•AIJ-lS 

A • B 
" 

A • B 

-· : 

·-·' 



e 

CIRCUITOS INTEGRADOS TTL/LS 
INTRODUCCIÓN 

LA FAMILIA TTL !'.~LA MEJOR ESTAe>U:CIDA Y 
MÁS DIVERSIFICADA DI'. LOS CIRCUIT05 INTE.GRA
OOS, lA FAMILIA LS ES FUNCIO"!ALMENTE · 
IDéJ.¡TIC.A A TTL> PERO ES UN POCO MÁS RÁPI· 
DA Y C0~'5UME 80% MI'.NO':> POTENciA, L05 
CIRCUITOS II{TEC.RADOS TTL/LS REQ.UIEREN 
UNA FUENTE. PE. VOLTA,1E REGULADA DE 4. 75 · 
A 5. 25 VOL~5. HE'. AQUÍ UNA I'UE"lTE SIMPLE. 
CON BATE.R.IA : 

t • ' 

1 ' 
EL DIODO RE.Dlll:E. E.L VOLTAJE 'DE LA flATERtA 
A UN NIVEL SEGURO. AMBOS CAPACiTORE':l DE· 
BEN iNSTALARSE EN LA TABLILLA DEL ClllCUITO 
TTL/L'5. LOS CIRCUIT05 CON MLICtWS CIRC.UI
T05 INTEGRADOS DE. TTL/ LS PUEDEN C.ONSUMIR 
MUCHA CORRIENTE. USE UNA FUENTE DE ALI
MENTACIÓN COMERCIAL DE. 5 VOLTS CONE.C.
TADA A LA LÍNEA PARA AHORRA~ BATERÍA,;, 

• O CONSTRUYA LA 5UVA PROPIA _; 

,, 
(VEA E.L 1805 EN LA PAC.INA 86). 

REQUERIMIENTOS DE ÓPERACIÓN 
1. Vcc NO DEBE. E.Y-CI'.DI'.R DE 5.25 VOLT&. 

2. LAS SEÑALES DE ENTRADA NUNCA DEBEN EtCE
OER A V ce NI SER INFERIORES AL NIVEL DE iiERRA. 

- '. . 
.3, LAS E.t-lTRADAS TrL/L5 NO CONECTADA~ 
POR LO.GENE.RAL TOMAiol EL ESTADO H... · ··· 
i PERO NO CUE':t>JTE COI-t ELLO! Si Ut.JA E.NTR~-
!:'A DE.BI'. I:STAR FIJA EN H, CON_ÉCTE.LA A Vcc.. 

4. SI UNA ENTRADA OE.BE. I!:STAR. FIJA El>( L, 
COt-!ÉCTELA A ·TIERR". " 

-5. CDNE.CTe LAS ENTRADAS NO OSADAS 
De AND/NA~D/OR, A UNA ENTRADA USADA. 
DEL MISMO CI, .. 

6. OBLIGUE A lAS SALIDAS DE COMPUERTAS 
NO USADAS A ESTAR E.N NIVEL H PARA A.llO.
RRAI\ CORRIENTE (NANO- UNA E."'TRADA H; 
NOR-TODA'b LAS E.NTRADAS L-). . 

7 USE AL ME.N05 UN CAPACITOR DE DESA
COPLAMIEN.TO ( 0.01- O. t_.uF) POR CADA 5 A !O 
PAQUETES DE COMPUERTAS, UNO POR. CADA 
2 A 5 CONIADORES V REC.ISTR05 Y UNO 
POR CADA MONOE'=>TABLE. LOS CAPACITORE5 
DE DE 5ACOPLAMIE.NTO NE.UTRALI ZAN LOS 

" PICOS DE VOLTAJE DE. LA FUI'.NTE: DE ALI· 
••::·MENTAC.IÓ/'ol QUE; OCURRE.>\ CUANDO UNA 

SALIDA TTL/LS CAMBIA DE. ESTADO. LO'> 
CAPACITOR.ES DEBEN TENE'.R. TE'.R.MINAL.E'S 
COR.TAS Y C.ONE.C.TARSE. E.NTRE. Ve c. y fiE
RRA LO MÁS C.E.RCA POSIBLE. DE LO':> . 
CI ,TTL/LS, 

8. EVITE LO~ CA3LE.~ LARGf)S DE.Nr-:o DE. LOS 
CIRC.UI ro!:>. 

9. 51 LA FUENTE DE ALIME"'TACIÓN NO E.STÁ 
SOBRE. LA TABLILLA DE.L CIRCUITO, CONECTE. 
UN _CAPACITOR DE 1 A 10_...uF A LA':> TJ:.RMINA
LE.S DE. LA I'UENTE DI'. ALIMENTACION A Sú 
LLE.C.AOA A LA. TABLILLA. 

~ INTERCQNÉXIÓN DE. TTL/L5 
•' . 

i .. UNA, -SALIDA TTL 'rUE.DE: ALL'1EI«fAR W,;, fA 
10 E.NTRADA'> TTL O 20 L5. 

2. UNA 5ALIOA L5 PUE:DE AUMENTAR HA<;TA . 
5 E.NH:¡.ÁOA':> rT l O .10 l ~. 

~· ~ ~ , '\ ( 

3. E.l(C.ITADORé.~ DE:.' LE.D C01( íTL/LS. 

1 Vcc 
;.· 

. ti::----'~~~·~ i ~~ 
~-~. ~~-·~vo.J,_ 

ENCIEHDE. CUANDO !.; ' < UWENbE 'CUANDO t1 -
' ' 1 - . -

LOCALIZACIÓN DE. FALLAS E.N TTL/LS 

1. ¿VAN T~Df\5 LA~ ~Nn\ADA'!> A ALGUNA PAII_ÍE:.? 

2. ¿ ESTÁN TODA!:> LA"> PATA~ DfL C! IN?EP,TA

DA? EN LA TABLILLA o .f.N ':>U eA Se: ~ 

3 ¿CUMPLE. EL CIRCUiTO CON ToDOS LO~ RE
QÚI'.RIMfNTO'E> Df. OPE.RACIÓN oe TTL/LS ?' 
4. ¿·NO OLVIDÓ ALGONA CoNeY-tÓI.J f 
5 ¿ USÓ SOFICIENTfS CAPACITORIO':> DE DESA· 
COPlAMIENTO ?¿soN coRTAS sus TERMINALE..5(' 

6. ¿ E5TÁ Vu: Of.NTRú DI:. LO~ LÍMITE.<;. 
Elll CADA C.t. 7 , , ,, 
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' :.! .. / ' .. ' .~ .. t. 51 LOS \'OLT.e.JE"> Of. A~IM.ENTAC.ION ~N \C.UAJ.~'!>~' 

R '"' : 
REv!STOR 

DIO • 
EVALUA.C.lON 

Ti'l ,O 

, ' 6 ' 

' . 

+S (V,,) 

R~u: \L¡J.Ó -'1.1k 

rARA nL ~ 

11<.,- IOK 

.~ARA L S. 

"""" -.. ,, ~ 
L-__ ,_ _ _. . <>;os,: _ 

,. 
t.: 

•s 
¡· 

. ·/ ~· ·,- -_¡ 

~~' 1 '- 1.~, . 

'2. VotTA)~'> ·DE. ALIMENTACIÓN 0'1F E.I1.Et.ITE.S. 

, ' 
' . 

¡, 

.,_ 

'. 
• •• 1 

. __ ', 

·: '• .. 
1 

: .. 
:,t;-15 ,,,·' 

' ~ ·'. 

:' ' 

' . ' ... ' ' ,. 
'··,. 

\_' ; -
C"'oS 

( 

TTl 
o· 

LS 

., 

'fOSO_ ..'! 

'. ' 
/ . . . . 

oe~~VI!i~; Q\ll!. LO';LCIII.CUIT()~ CMOS-~&E"' 
e,, J\L.IMVoi.T'AR':>~ PO~ LO MVo!O~ ~ 5 Vot:r!!>· 

comoo ~E I~TI!.RCONI!:CTA!.i CoN CIRCuiTO~ 
T,TL ~ 01!. OTRA ~~!.RA LA 11.1\lTAAOA AL. 
,C/11\0S I!.)(CE.DERIA A VoD 

,.. ..... \··¡p.; 

v •• - 1.? 
R • .ot PA.AA co"RIENTE DE lfD DE. 1o ~A 

- - -¡ 
1 • 

<l'f. 1000 O'IM'!> P4RA LA· IM'/ORIA O~ APLICAC!ONEv. 

· ~,RElOJ--LÓGICG CON CMOS 

M<lC'IOS CIRCUITO~ ce. I!'-T•• !>Ee<.IÓN REO<liEC<EII 
U>IA FUENTI!. oe.. PLILSo'!>;-·¡¡e. AQU{ UN R!.u:l) 

'51MPLE. CON CMo'~'. 
' ·' ' ' 

. .-

• 

VAL~ E':> TÍPICO'=>: R: lOO 1( 1 C: 0.01-0.1 uF 
' ' . 

1 • • • ·' ~ • • .. • • 

·SP! PUEDE ru:i"M ~L·4~q· .' •• PE.RO ·C.0~5llMIRJÍ 
UNA COAAIEHTI! MUCllb' MA'(O~. 

' ·-
. .. ·LOCALIZACIÓN 
:DE.:. FALLAS . .EN·· CM05 

" . . ' .. "'l 

_ L-- ¿; VAi-1 -A A~~?N~ I;~R.tf'•)"'DAO:. LA~ E.NT~ADA'> ? 
.. . ;·· :. , ·. ··::::.v: ,·:· ·; 

Z. ¿ E~TAN. TODA~ LAo; PAR.íf5 DEL Cf 
IN&E.RTÁDA!;':EN LA TABLILLA O E.~ l.A M&f ? 
•.._ ' ~, \. 

~-~ 1 • • . .... . ~ 

s. . ~ ~r.-: c.e.L•Uiri:' -E.'L c1 r SI ~ ... ¡.í, vu 
L.o~> N~M¡.RDS ft %. ANTP!R.IO~I!<!> '1 A&U.oR.~~E 
01!. Qu~ LA $Al.IOA NO 1!.5Té :,O~e.c.AR(4AO.II. . 

4. . ¿ Ct.lMPt.f:. I!.L CII\Ct.liTO TOOO~ LO!!> 
R,E.QÓ!t>ITO~ oe OPEAACIÓN PARA. CMO& ? 

5. . ' 
•,i. ., . 
"""'~ ...... 
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COMPUERTA NANO 
DE 4 ENTRADAS DOBLE 

MUY UTIL PARA CONSTRUIR OECOniFICAOO-
Rt5. TAM~IÉN rVéDE. U:OM\.:,E rAP.A !lijfiD/1'( 
UNA O MA"> ENTRACAC, ['E:. HABILITI\f.ION 
A VARIOS CiRCUITOS. 

HABILITADOR DE ENTRADAS 

ENTRADAS 

ENfrl.ADAS 
rARA 

HABILITAR. 

SAL.I DA',O· 

·~ n---""""' ::-,-:, .. ~::-·-

DECODIFICADOR 1 .DE 4 

'/DO 

HA\1>1LITI\ 

1 1. 3 '1 S:·' 
•• 1 l 

"lt. '10~, 

,. ,. 
CUANDO "HABILITA" E5 L 1 LA 

.Voo 

SALIDA 1':01\RESf'O"'DIEN TE AL ¡, 
NÚMERO BINARIO I'IA St HACE . ,.-.. 

'. '; ~<·~-. -~ 

-44- VDD (•l-IS V) 

4012 ,, lO q 8 

•• 1" 

' 

'1 S " 

DECODIFICADORES BCD 

o 

z 

3 

... 

'· 
O DECIMAL 

"2. 

B 

10 

1 ol:CiMAL 
.·• 

.A -----··..,· V .. ... 
, .. 

B 

e 

D -- -· ... ~--

9 DE:é-1 MAL 

A 
'loo 

LLL L 1 H 
J()(X)( • L 

1,1.,3,Lf1S: 
5 /r. ~0~9 

Llll-\ ~ 1-\ 

"1;-i- y.._ 'f.. :· L 

BAJA. TODAS lA":> DEMÁS SALIDAS' 5E 
ALTA':> CUANDO'' HABILITA'' ES H.. . _ 

TORNA!<~ '. 

D 
16 .. 

t:::H, . t 
~ ·-· • _ _. ~ -· 1 ·-"'' 


