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L E G A L  NOTICE 

T h i s  report was prepared as an account o f  Government sponsored work. 

nor the Commission, nor any person ac t ing  on beholf of the Commission: 

A. Makes nny warranty or representation, expressed or implied, w i t h  respect t o  the accuracy, 

completeness, or usefulness of the information contained i n  th is  report, or that  the use of 

any information, apparatus, method, or process d isc losed in  th i s  report may not  infr inge 

pr ivate ly  owned r ights; or 

any information, apparatus, method, or process disclosed i n  th is  report. 

As  used i n  the above, "person ac t ing  on behalf of the Commission" includes any employee or 

contractor of the Commission, or employee of such contractor, to  the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 
provides access to, any information pursuant t o  h is  employment or contract w i t h  the Commission, 

or h i s  employment w i t h  such contractor. 

Neither the Un i ted  States, 

6. Assumes ony l i ab i l i t i es  w i t h  respect t o  the use of, or for damoges resul t ing from the use of 
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2 .  INTRODUCTION 

With t h i s  Fortran program, flow 01' l iqu id ,  gas, steam, o r  vapor 
can be calculated prec ise ly  (six or' more s i g n i f i c a n t  d i g i t s  versus 
1 r d $  f o r  s l i d e  -rule calculat ions of empirical  equations ) f o r  flange, 
pipe,  corner, radius,  \era contracta,  o r  ventur i  t a p s .  - 

The bas ic  empirical  equations a r e  those proposed by Bhe American 
G a s  Associatiori (AGA)l  and the  ASME: Research Committee on Fluid Meters.* 
'The def in i t ions  of t h e  fac tors  for. a p a r t i c u l a r  f l u i d  ca lcu la t ion  repre-  
sen t  a compromise among those proposed by the  American Meter Company 
i n  t h e i r  E 2  andbook,3 by Spink i n  Pr inciples  and Pract ice  of' Flow Meter Engineering,' and i n  the  AGA and ASME reports  previously mentioned. The 
def in i t ions  of t h e  fac tors  used herein a r e  common t o  a l l  ty-pes of c a l -  
culat ions and make computation e a s i e r .  

The program w i l l  compute flows a t  100 points  equidis tant  along the  
d i f f e r e n t i a l  pressure scale ,  applying the  exact Reynolds number f a c t o r  
and expansion factor a t  each point .  The pmgram provides an option of 
specifying e i t h e r  the  o r i f i c e  diameter o r  the  maximum flow desired i n  
pounds per  hour. 

3. DATA CARD KEYPUNCH FOKMAT 4 

The input data  a r e  punched on S$M cards according t o  t h e  Data Card 
Kkypunch Format (Figs. 1-5) .  
No., and Dept. i n  Figs. 1 -5  w i l l  accept alphanumeric d a t a ;  a l l  o ther  
e n t r i e s  a r e  numeric ( 1  

The e n t r i e s  labeled T i t l e ,  F i l e  No., Bldg. 

The e n t r i e s  labeled Meter Type, Tap Type, and Fluid Type are 
in teger  e n t r i e s  and a r e  selected from t h e  key shown a t  the  bottom of 
the  format sheet .  

'Orifice Metering of Natural G a s ,  Gas Measurement Assoc. Rept. 
No. 3, Am. Gas Assoc., April,  1955. 

*Fluid Meters, Their Theory and Application, Rept. of ASME Research 
Corn. on Fluid Meters, 5th ed., Am. Soc. Mech. Engr., New York, 1959. 

3 J . C .  Diehl, 
Co., b c . ,  1955. 

L.K. Spink, 
8 t h  ed., Pli.mpton 
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Orif ice  Meter Constants, Handbook E-2, American Meter 

Principles  and Pract ice  of Flow Meter Engineering, 
Press, Norwood, Mass,, 1.958. 
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R 

The arrangements of fac tors  f o r  the  l iqu id ,  gas, steam, and vapor 
calculat ions a r e  : 

1. For l iqu id  

2. For gas 

3. For steam and vapor 

rT'kie steam and vapor calculat ions a r e  ident ica l ;  the  only  difference 
i s  t h e  l a b e l .  Vapor calculat ions may be dccommodated within the  Prame- 
work of  the  gas calculat ions;  however, the  gas calculat ion requires a 
su i tab ly  defined supercompressibility fac tor ,  which i s  d i f l ' i cu l t  t o  de- 
termine i f  the vapor i s  w e t .  It is ,  p e r h a p ,  a l i t t l e  more straightforward 
i n  such cases t o  use t h e  vapor calculat ion,  which requires a knowledge of 
t h e  s p e c i f i c  volume of t h e  saturated vapor and the  q u a l i t y  fac tor  of  the  
wet gas. If the  steam or vapor i s  sa tumted  o r  superheated, the  spec i f ic  
volume of the steam o r  vapor a t  downstream conditions i s  entered as input 
data .  If t h e  steam o r  vapor i s  w e t ,  the spec i f ic  volume of the  saturated 
steam o r  vapor a t  downstream conditions is  f i r s t  multiplied by the  q u a l i t y  
f a c t o r  and t h i s  "adjusted spec i f ic  volume" i s  entered as input data .  

Dl 

D2 

B 

R 

Ii  

Y2 

TF 

Vd 

SG 

GB 

4.  DEFINITION OF VARIABLES 

pipe ID, i n .  

o r i f i c e  I D ,  i u .  

E / D 1  

meter reading, i n .  

d i f f e r e n t i a l  pressure, i n .  50 a t  60 '~  

downstream pressure,  ps ig  

temperature of f l u i d  a t  flowing conditions, 

downstream spec i f ic  volume, f t 3 / l b  

s p e c i f i c  gravi ty  of gas, re la t ive  t o  a i r  

base s p e c i f i c  gravi ty  01 l iquid a t  60°F, r e l a t i v e  t o  €$O a t  60 '~  

0 F 
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G F  

GM 

GS 

VIS 

K 

PA 

PB 

TB 

KDL 

w2 

PPH 

GPH 

SCFH 

%O s p e c i f i c  gravi ty  of' f l u i d  a t  flowing conditions, r e l a t i v e  t o  
a t  60O~ 

s p e c i f i c  gravi ty  ot' rrianorneter f l u i d ,  r e l a t i v e  t o  H20 a t  60 0 F 

s p e c i f i c  gravi ty  of  scad ing f l u i d  i n  contact w i t h  manometer 
f l u i d ,  r e l a t i v e  t o  H20 rlt 60'~ 

v i s c o s i t y  of f l u i d  a t  flowing conditions, centipoises 

s p e c i f i c  heat  r a t i o  o f  gas, steam, OF vapor 

average barometric pressure, p s i a  

pressure base, psia  

temperature base, 0 F 

pipe Reynolds number 

o r i f i c e  Reynolds number, W l / B  

pounds per  hour 

gallons per hour 

standard cubic f e e t  per hour a t  pressure base and temperature base 

5. DEFINITIONS OF FACTORS 

5.1 %B, Basic Orif ice  Factor 

where K i s  defined by the  following equations f o r  various t a p  types.  
0 

For flange t a p s  

5/2 - (0.009 + 0 - - O . j j  03P - By'' f r- L------ 65 4- 3 B - 0.7) } 
(D1 l2 D1 . 

d 
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where 

For pipe taps  

0.0182 4- (0.44 - -53 (0.935 + 0 . 2 2 p  5 14 - 1.35B o 06. 2 ’ 

D1 D1 D1 1 K 0 = 10.5925 f 

where 

E = D;1 (905 - 5000B + 90008 - k‘00B + - “73 D ’  

For corner taps  

KO = 0.6004 f 0.35B 4 - 0.052 (0.5 - B)3/2 0.62 ( B  - 0.7) 5/3 

where 

For vena contracta t a p s  

1 0.0006 4 16 1 1) + B i- 1 . 2 5 B  KO = 0.5922 + 0.4252 
L(Dl)2B2 4- O.01Dl 

4 16 where 
E 0.00022i1 + 0.002325 (B + 1.‘75B l 0BI2  4- 2 D l B  ) . 

For radius tam 

R 

e 

0.01352 0.072 57- 0.00025 

(D1  )2132 + 0.002 5 D l  
K = 0.6014 - 

0 

where 
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For ventur i  t a p s  

' B  

L 

KO = 0.984/ (I - B 4 ) l / 2  . 

5.2 FR, Reynolds Number Factor 

To ca lcu la te  t h e  Reynolds number ractor, an intermediate quant i ty  
i s  f i r s t  calculated,  which is  the  quot ient  of' t h e  pipe Reynolds number 
divided by the  Reynolds number f a c t o r .  This inteimediate quant i ty  i s  
defined f o r  l iqu id ,  gas, steam, and vapor i n  the  following equations. 

For l i q u i d  

l'(,g20Dl K B'(W GF) I /2 
0 

VIS R D ~ / F R  = 

For gas 

3730131 FPV KO B2 [H(P;I + PA) %I1/' 
RDl/FR = 

VIS(TF + 459.671~1~ 

For steam and vaoor 

2 112 2268.07D1 KoB H 
RDl/FH = 

V I S  (v2 )1'2 

The Reynolds number f a c t o r  i s  then calculated f o r  t h e  various types 
of taps as defined i n  the  following equations. 
t o  -the equations given i n  Sect 5.1, "FB, %sic  Orif ice  Factor.")  

(E is calculated according 

For flange and pipe taps  

For corner, vena contracta,  and radius taps  

These two equations f o r  FR are inaccurate for Reynolds numbers less 
than approximately 15,000. 
f o r  flange and corner taps .  
15,000 ( f u l l  s c a l e ) ,  a spec ia l  sLbroutine is entered t o  ca lcu la te  the  
Reynolds number fac tor .  

The program does not consider t h i s  f a c t  except 
For these t a p s  a d  Reynolds numbers less than 

? 

4 
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For ventur i  t aw 
P 

FR = 1 ( f o r  a l l  Reynolds numbers). 

This condition (F'R = 1) i s  not  t r u e  f o r  Reyriolds numbers l e s s  than 
250,000, but  t h i s  program does not  consider t h i s  f a c t .  

5.3 FA, Plate  Ekpnsion Fdctor 

This fac tor  corrects  lor o r i f i c e  p l a t e  expansion due t o  temperature. 
The f a c t o r  i s  entered as input data .  It may be evaluated from t h e  
equation FA = 1 -t- 2a@t , where Q: i s  t h e  coef f ic ien t  of l i n e a r  expansim 
of the  o r i f i c e  p l a t e  mater ia l  and At i s  the difference between t h e  
flowing stream temperature and the ambient temperature. 

5.4 FM, Manometer Factor 

This f a c t o r  corrects  l o r  the difference between t h e  meter reading 
i n  inches and the  d i f fe ren t ia l -  pressure i n  inches of water a t  the taps .  
The def in i t ions ,  each d i f f e r e n t  f o r  t h e  various types of meters used t o  
measure d i f f e r e n t i a l  pressure,  a r e  given by the  following equations. 

For dry-type meters 

m = 1 .  

For mercurv meters. drv cal ibrated 

For mercury meters, wet ca l ibra ted  

F M = 1 .  

For U-tube manometers 

FM" (GM - G S )  1/* . 

Iki these def in i t ions ,  t h e  re la t ionship  between the  meter reading R 
and the d i f f e r e n t i a l  pressure H i s  i n  a l l  cases 

For meters i n s t a l l e d  v e r t i c a l l y  on l i q u i d  service and having gas- 
puxged leads,  an addi t iona l  correct ion must be made, This correct ion 
amounts t o  a zero s h i f t ,  which is  not accounted f o r  i n  t h e  equations f o r  
marlometer fac tors .  The zero-shif t  correct ion i s  equal t o  t h e  a c t u a l  
v e r t i c a l  difference ( i n  inches) between the  t a p s  multiplied by the  
s p e c i f i c  gravi ty  of the  flowing l iqu id .  
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5.5 FGT, Specific Gravity-Temperature Factor 

For l i q u i d  only, the  s p e c i f i c  gravity-temperature f a c t o r  i s  

(GF)I/* E T  = 1.0057 GB . 

5.6 FS, Stearn Factor 

For steam and vapor only, the steam f a c t o r  i s  

5.7 FPB, Pressure Ease B c t o r  

For gas only, t h e  pressure base f a c t o r  i s  

14.73 FPB = p~ 

5.8 FTB, Temperature Base Factor 

For gas only, the temperature base f a c t o r  i s  

459.67 -t TB 
519 67 FTB = 

5.9 FTF, Flowing Temperature Fdctor 

For gas only, t h e  flowing temperature f a c t o r  is  

5.10 FG, Specific Gravity Factor 

For gas only,  the  specii'ic gravity f a c t o r  i s  



5.11 FPV, Supercorripress i b i l i t y  Factor 

This f ac to r  i s  for gas only, and i s  novmally entered ds input data. 
For na tura l  gas, a spec ia l  subroutine i s  opt ional ,  by which the  super- 
compressibi l i ty  f ac to r  i s  cttlculated Prom fo.rmulas developed by the 
Cal i fornia  Natural Gas Association.5 For t h i s  option, t h e  value 9.0 i s  
entered as input fo r  t h e  supercompressibil i ty f ac to r .  The program w i l l  
ca lcu la te  a supercompressibil i ty f ac to r  based on t h e  t’ollowing formulas: 

I. for. SG 4 0.75 - 

2. f o r  SG 3 0.75 
1/2 

e (9.16 x io5)lo 
(TF + 459.67) 3.825 

5.Y2 Y2, Expansion Factor 

For gas, steam, and vapor only, 

where 

and y1 is defined f o r  t he  various types of taps  i n  the  following equations. 

For flange, corner, vena contracta ,  and radius  t aps  

4 x1 yI = 1 - ( O . l + l  i- 0.35B ) . 

’Bulletin TS-402, Cal i fornia  Natural Gasoline Assoc . 
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For pipe t aps  

For ventur i  t aps  

where 

5.13 EXT, Extension Factor 

For l i q u i d  

112 E X T = R  , 
and f o r  gas, steam, and vapor 

EXT = [ R ( E  + . 

6. FLOW CALCULATION OUTPUT SHEET 

A flow ca lcu la t ion  output sheet  for each problem described i n  Figs. 
1-5 is  given i n  Figs. la-5a.  
understood from t h e  discussion i n  the previous sec t ions  of th i s  report, 
t h e  a u x i l i a r y  readouts a r e  described i n  the following discussion.  

Although t h e  normal readouts a r e  r e a d i l y  

The 'IC Factor" is  the product of a l l  f ac to r s  making up a given flow 
ca lcu la t ion  except t h e  extension f ac to r .  

T h ~ ~ 7 R l - o  Factor" f o r  l i qu id  flows i s  the midscale flow mult ipl ied 

This f a c t o r  i s  usefu l  when square root  char t s  graduated i n t o  
by ( 2 )  
divis ion.  
10 chart  d iv is ions  are used. 

10 a d  is  expressed i n  u n i t s  of PPH per  d iv i s ion  and GPH per  

The "Conversion B c t o r "  f o r  l i qu id  flows i s  the  base grav i ty  mult i -  
p l i ed  by 8.3282607 and is  expressed i n  u n i t s  of pounds per  gal lon.  

The "Conversion F1Etctor" for gas flows i s  0.370214 (TB + 459.67)/PB*SG 
and is  expressed i n  u n i t s  of standard cubic f e e t  per  pound. 
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Since the def in i t i on  f o r  the gds conversion f a c t o r  used by the computes 
t o  provide an aux i l i a ry  readout i n  weight u n i t s  (PPH) w i l l  be i n  e r r o r  a t  
times because of t h e  d i f f e r e n t  de f in i t i ons  used f o r  SG and FPV, t h e  fo l -  
lowing discussion i s  presented. 

Let Z = compressibi l i ty  i n  general  
b = base conditions 
i' = flowing conditions 
Kw = average molecular weight of gas mixture 

then 

and 

where 

P = psy 
V = f t  /lb-mole 
T = O R  
R = 10.73, gas constant.  

For volume u n i t s  of measurement, o r  SCFH, 

For weight u n i t s  of measurement, o r  PPH, 



If SG i s  ca lcu la ted  from molecular weight and mole f r a c t i o n  da ta  
and i s  entered i n  the computer program, t h e  FPV f a c t o r  entered should be 
calculated from t h e  corresponding Q S .  1 and 3. Since these  formulas 
a r e  no t  t he  sdme f o r  both volume aid weight L t r i i t s ,  t he  readout from the 
computer w i l l  be exact  only for those ca lcu la t ions  f o r  which the FPV f a c t o r  
en t ry  i s  appropriate .  The readout for o the r  ca lcu la t ions  w i l l  be i n  error  
depending on the  devia t ion  of' zb from un i ty .  
un i ty  i n  cases dea l ing  w i t h  t he  so ca l led  "permanent" gases, the e r r o r  
w i l l  be negl ig ib le  i u  these cases .  

Since z b  i s  near ly  equal t o  

If SG is measured by use of' a gravitometer a t  c lose  t o  base conditions,  
Eqs. 2 and 4 should be used. 
t he  measurement of SG, as ShowrJ i n  Eqs. 2 and 4. 
i d e n t i c a l  f o r  both volume and weight units. Die computer, which reads out 
both volume and weight un i t s ,  can be cor rec t  t'or both cases only i f  FPV i s  
defined as i n  Eqs.  2 and 4 and SG is measured w i t h  a gravitometer a t  base 
condi t ions,  

Compressibil i ty a t  base conditions a f f e c t s  
These two equations are 

The program w i l l  automatically make c e r t a i n  subs t i t u t ions  i f '  a zero 
i s  entered as an  input .  These subs t i t u t ions  a r e  

VIS = 1. cent ipoise  ( f o r  l i q u i d )  
= o.olO3 cent ipoise  ( f o r  gas and vapor) 
= 0.0192 cent ipoise  ( f o r  steam) 

= 1.298 ( f o r  steam) 
K = 1.3 (for gas and vapor) 

PB = 14.73 p s i g  ( fo r  gas )  
TB = 60 '~  ( f o r  gas)  
PA = 14.323 





P 

METEd = 4 
T A P S  = I 

F L U I D  = I 

20  
I 
1 
I 
I 

9RY20 
10264  M IIISCALF: 
0 0 6 7 0  
4 I 7 7 4  
0 3 4 0 0  

. .. . 

3 4  - I 5 4 5 9  

P P H  GPH 

6 = V E N T U R I  

Fig. Id. Flow Calculation Output lbta Tor Liquid Flow (Viscous).  
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s 4 - J 
54.3 
14.5 
54.3 
1 4 .  J 
1 4 . 3  
5 4  * 3  
\5 4 . .I 
s 4  . d  
54 ,s3 
54 . 3  
$ 4 .  I 
5 4  . J  
34 .3  
3 4 . 3  
s 4  3 
34.3 
14.3 
34.9 
56.0 
3 ? * U  
5 8 . 0  
' 5 9 . 0  
4 0 .  (1 
40.9 
4 1 . 3  
4 2 . 8  
4.5. 7 
44.6 
45.4 
46 .3  
41.1 
4 7 . 9  
4n.c) 
49.6 
3 0  . 3  
51.1  
51 .9  
52.6 
55.4 
5 4 .  I 
5 4 . 9  
5 5 . 6  
5 6 . 4  
5 1 . 0  
5 7 . 7  
58.4 
73. I 
59, I 
611.4 

i n . 8  
1 1 . 1  
1 1 . 4  
I 1 . 7  

I 7 . 9  

1 2 . 0  
12.3 
1 7 . 6  

I d .  I 
13.4 
1 3 . 7  

1 4 . 2  
14.4 
14 .7  
14.9 
15.1 
1 5 . 4  
I b . 0  
15.A 

1 3 . 9  

16. I 
1 6 . 3  
16.5 
I h . ?  
1h.Q 
1 7 . 1  
1 7 . 4  
1 7 . 6  
1 7 . M  
I '1 , 0 
1 8 . 7  

-0 - 0  
-0 - 
-0 - n  - (1 - 0  
- I1 - 0  
-0 - 0  - I) - 0  
-!I - n  - il - n  - IJ - n  
- [I - f l  
- 0  - n  
- 0  -0 
- 0  - n  . 
- 0  - n  
- 0  -0 
-0 - a  
-a - a _  ._ 

- 0  -0 - [I . 2-0.  I._- _ _  
-0 -El 
- Q  - n  - - 
-0 -0 
- 0  -rl 
- 0  - n  

. - 0  -0 
- 0  - n  
- 0  - 0  
- 0  -0 
-0 -0 

- n  - - - f l - -  
- 0  - 0  
- R  - n  
-0 -0 
- 0  - n  
- 0  - n  

- 0  - 0  - __I __ 
- 0  -0 - [I - 0  
- 0  -0 - I1 -0 
- 0  - 0  
- U  - n  
-0 -0 - 0 - 0  
- 0  - n  
" [I - 0  - 0 - 0  - L1 - 0  

- 0  - a  

pig. la (cor i t iui i rd)  

d 



18 

2.2h 
2 . 2 8  
% . J O  
2.57 
2.3b 
2 . 5 1  
2.59 
2.4 I 
2 . 4 %  
2.42 
2 . 4 7  
2 . 4 9  
2 - 5 1  
2.511 
2.55 
2 . 5 7  
2 . 5 3  
2,61 
2.63 
2.65 
2 . 6 0  
2.69 
2 m 711 
2 . 7 7  
2.74 
2.76 
2.77 
2.79 
2 . 8 1  
2.86 
2.04 
2.86 

- 2.134 
2.911 
2.92 
2.93 
2.95 
2.97 
2.98 
5.011 
3 . 0 %  
5,113 

7 4  * 2 
74.7 
75.4  
1 5 . 8  
1 6 ~ 3  
76.9 
77.4 
1 7 . 9  
78.4 
7 9 , u  
7Y .5 

- Q  - 0  
- 0  
- R  - n  - 0  - 

- 0  - n  - I1 - n  
- n  - n  
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Fig. Id (corltjriued) 



19 

I 
2 
3 
4 
5 
6 
7 
(1 
9 

10 
1 1  
12 
13 
14 
I!, 
1 6  
1 7  
18 
I ' ,  
7 0  
2 1  
2 2  
23 
24 
7 5  
2 6  
;7 
28 
1 9  
3 0  
? I  
Jsr 
3 3  
3 4  
3 5  
3 6  
3 7  
.?B 
39 
4 0  
4 1  
42 
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Pig. la (continued) 
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$ 2  

CARD 

Flowing Temp Pipe 1.D Ori f ice 1.0. Max F low Meter Range Downstream Press 
Inches Inches PPH lncnes PSlG Deg. F 

- I  1 1  (Optlon.al\ z i  (Optional) 31  4 1  (Gos-Steam-Vapor) 51 (Gas-Steam-Vapor) 60 

L 2'8 SI14 
* 4  - I I '  I 1  

' I  I I / /  I 
1 

I 1 , I 

1 METER TYPES 
1 = Dry 
2 = H g  - Wet Colibrated 
3 = Hg - Dry Calibrated 
4 = U . Tube Monometer 

UCN-5801 
I3 5-84] 

CARD 
# 5  

2 T A P  TYPES 
1 = Flange 
2 = Pdpe 
3 = Corner 

4 = Vena Contract0 
5 = Radlus 
6 = Venturl 

Fig. 2 .  F l o w  Calculation bput  rata f o r  Liquid F low ( H i g h ) .  

Manometer F lu id  Seoling F lu id  
Gravity Gravity 

5 (Meter Type 2 & 4) 60 

Downstream Sp. Vcl .  Sp. Grovlty 
Cu Ft./Lb. Relat ive to Air Base Gravity Flowing Gravity 

I (Steam-Vopor) 3 1  (Gas) 21  (Liquid) 31  (L iqu id )  141 (Meter Type 41 
I I 1  1 / / I  I 

I I 1 I , I / l I  I 

3 F L U I D  TYPES 
1 = L iqu id  
2 = Gas 
3 = Steam 
4 = Vapor 

F lowing  Viscosi ty Super Compress, bi I bty Plate Exponslon Press .  Bose 
Factor Foctor PSIA ten t ipo ises  Sp. Ht. Rat io 

31 41 (Gas) CARD i 1 1  (Gas-Steam-Vapor) 21 

I , 

Barometric Press Temp. Base 
Deg. F PSIA 

51 (Gas) 61 70 

1 I 1  l i I ~ l ~ ~ ~ ~ '  I 1  I / /  , 
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P 

M E T E R  H F A D I r J G  r) I F  1- P R E S S  
INCHES l i N C t l t 5  W2W Pf'h Gl2H 

Pig. 2a. Flow Cdlculd t ion  Output Data f o r  Liquid Flow (High). 
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Y i g .  2%. (continued) 
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45 
46 
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a 
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4 I i-7-9 - "- 
4. ( 3 8 8  
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4 . 1 9 2 1  
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4 .5481  
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4 . 4 2 4 0  
4 ,4490  
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Pig. &. (coriti riurd) . 
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F l j  = 
F l i  i: 

FA i 

FM L 

F P H  = 
F T H  5 

FTP : 
F t i  = 
FPV = 
Y2 = 

METFR a I 
TAPS = 3 

F L U I D  = 2 

PPH S C F H  

Pig. 3a. Flow Cdlculation Output Ddta l o r  GdS Elow (FPV Option). 
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? 4  
2 5  
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2 7  
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3 J 
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. I1 . I1 . II . I1 . I1 

* iI 
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I , l l U f l l  I 

I ,on345 
I , f lu356 
1,13u'f67 . 
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I .OR480 
! .no41  I 
I ,  f ld422 

Pig. ja. (continued) 
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Fig. ja. (continued) 
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2 1 -  
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I 'EH  CkNT 
FI l I -1  S C A L P  

5 1  
5 2  
5 5  
54 
5 3  
5 6  
67  
56 
5 9  

6 s  
61 
h 2 
63  
6 4  
6 5  
6 6  
6 7  
6 8  
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7 1  
72 
7 3  
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7 5  
7 6  
77  
70 
79 
* O  
R I  

524,037 
322 .555  
425 .055  
527,537 
3 3 0 . 0 ~ l  
532.448 
334 .97a  
337 .291  
339.6R8 

344 .434  
34b.707 
349 .  I 2 3  

353.752 

3 4 2  U 7 U  

35 1 ,444- -  - 

3 5 6 . 0 4 5  
$ 5 8  * 3 3 5  
360.59 1 

365 ,084  
S h 7 . 3 1  I 
369 .526  
571 .729  
3 7 3  *9?0 

362,844 - 

376.098  
3 7 8 . 2 6 6  
3 8 0 . 4 2  I 
3 6 2 . 5 h 6  
JH4.7ne 
386 .822  
3 8 6 , 9 3 5  
391,0375 
3 9 3 . 1 7 8  
395 .2  I1 9 
397,280 
SPY. $ 4  I 
4 0 1  .SYJ_ 

Fig. ja. (contirlued) 
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F I L E  NO.  4 

MFTkfl = 2 
T A P S  = 4 

F L U l D  = 4 

- 

Fig. Ita. Plow Cdlculdtion Output Djta f o r  Vapor Flow (Bore Option). 
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24 
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27 
28 
29 
J O  
31 
$2 
ST 
3 4  
35 
56 
37 
d H 
39 
40 
$ 1  
42 
4 3  
44 
45 
4 6  
4 7  
411 
49 
5 0  

,998  I 5  
,998 I 0 
,948116 
. 9 9 8 n  1 

.YQ787  
,907R3 
,997763 
, 9 9 7 7 3  

9 9 7 6 9  

. 9 9 7 9 6  

. 9 9 7 9 2  

Fig. 4a. (cont inued ) 
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Fig. 4s. (continued) 



34 

PER CkNT 
F U L L  SCACi -  

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 3 , 4 / h  
I 3  3 , 6 1 7  
14 3.75s 
15 - 3 .Rb4 
16 4.01 I 
17 4. 16.5 

7 2  
7 3  
7 4  
7 9  
76 
7 9  

79 
18 

9 2  
9 3  
9 4  
9 5 
9b 
9'1 
8 b  
9 9  

I n u  

Fig. 4a. (cont inued)  
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METER = I 
T A P S  a 6 

F L U I D  = 3 

c s  12ti. 5 0 7 0 3  

FL Ah G E  
P I P &  
CORNER 
VENA C B W T H A C T A  
R A D I U S  
V t N T U H I  

PPW 

2577.29 
5642,fO 
4 4 4 7 . 7 9  
5 1 4 3 , H 5 -  --- 
5747 .a4 
6291.26 
6 9 9 f l , 7 0  
7 f r 5 4 . 6 3  
7689.49 

- 86)99,98 

- 

-. 

- .  

pig. Sa. flow Calculation O u t p u t  k t d  for Steam Flow (venturi) .  
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Fig. >a. (cont inued)  
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