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2. INTRODUCTION "

With this Fortran program, flow of liquid, gas, steam, or vapor
can be calculated precisely (six or more significant digits versus
1/2% for slide-rule calculations of empirical equations) for flange,
pipe, corner, radius, vena contracta, or venturi taps.

The basic empirical equations are those proposed by the American
Gas Association (AGA) and the ASME Research Committee on Fluid Meters.2
The definitions of the factors for a particular fluid calculation repre-
sent a compromise among those proposed by the American Meter Company
in their E2 Handbook,3 by Spink in Principles and Practice of Flow Meter
Engineering,”™ and in the AGA and ASME reports previously mentioned. The
definitions of the factors used herein are common to all types of cal-
culations and make computation easier.

The program will compute flows al 100 points equidistant along the
differential pressure scale, applying the exact Reynolds number factor
and expansion factor at each point. The program provides an option of
specifying either the orifice diameter or the maximum flow desired in
pounds per hour.

Fe

3. DATA CARD KEYPUNCH FORMAT

The input data are punched on IBM cards according to the Data Card
Keypunch Format (Figs. 1-5). The entries lebeled Title, File No., Bldg.
No., and Dept. in Figs. 1-5 will accept alphanumeric data; all other
entries are numericy

The entries labeled Meter Type, Tap Type, and Fluid Type are
integer entries and are selected from the key shown at the bottom of
the format sheet.

lOrifice Metering of Natural Gas, Gas Measurement Assoc. Rept.
No. 3, Am. Gas Assoc., April, 10955,

2 .
Fluid Meters, Their Theory and Application, Rept. of ASME Research
Comm. on Fluid Meters, 5th ed., Am. Soc. Mech. Engr., New York, 1959.

3J.C. Diehl, Orifice Meter Constants, Handbook E-2, American Meter
Co., Imc., 1955.

L .
L.K, Spink, Principles and Practice of Flow Meter Engineering,
8th ed., Plimpton Press, Norwood, Mass., 1958.
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The arrangements of factors for the liquid, gas, steam, and vapor
calculations are:

1. For liquid
GPH = FB - FR - FA - FM - FGT - EXT
2. TFor gas
SCFH = ¥B * FR * FA * M ° FPB * FIB * FIF + FG -+ FPV - Y2 - EXT
3. Tor steam and vapor
| PPH = ¥B « ¥R - FA - FM + FS - Y2 - EXT

The steam and vapor calculations are identical; the only difference
is the label. Vapor calculations may be accommodated within the frame-
work of the gas calculations; however, the gas calculation requires a
suitably defined supercompressibility factor, which is difficult to de-
termine if the vapor is wet. It is, perhaps, a little more straightforward
in such cases to use the vapor calculation, which requires a knowledge of
the specific volume of the saturated vapor and the quality factor of the
wet gas. If the steam or vapor is saturated or superheated, the specific
volume of the steam or vapor at downstream conditions is entered as input
data. If the steam or vapor is wet, the specific volume of the saturated
steam or vapor at downstream conditions is first multiplied by the quality
factor and this "adjusted specific volume" is entered as input data.

L. DEFINITION OF VARIABLES

D1 pipe 1D, in.

e orifice ID, in.

B D2/D1

R meter reading, in.

H differential pressure, in. H,0 at 60°F

P2~ downstream pressure, psig

TF temperature of fluid at flowing conditions, °F
Ve downstream specific volume, ft3/1b

SG specific gravity of gas, relative to air

GB base specific gravity ol liquid at 6OOF, relative to HEO at 6OOF



GF

GM

GS

VIS

PA

PB

TB

RDL

RD2

PPH

GPH

SCFH

specific gravity of fluid at flowing conditions, relative to HéO
at 60°F

specific gravity ol manometer fluid, relative to HéO at 6OOF

specific gravity of sealing ilu1d in contact with manometer
fluid, relative to H,0 at 60°F

viscosity of fluid at flowing conditions, centipoises
specific heat ratio of gas, steam, or vapor

average barometric pressure, psia

pressure base, psia

temperature base, OF

pipe Reynolds number

orifice Reynolds number, RD1/B

pounds per hour

gallons per hour

standard cubic feet per hour at pressure base and temperature base
5. DEFINITIONS OF FACTORS

5.1 FB, Basic Orifice Factor

For all tap types

= 338.17 K, (D2)= ,

where Kb is defined by the following equations for various tap types.

For flange taps

o = {05903 + 200+ (ousen + 200 8 + 006 - FPGuor + 22 - m /2

(Dl)

- <§.oo9 + % Oj&jfo 5 - §>3/2 + [ 65 + 3J + (B - 0.7)5/2}

/{l + 0.000015 %2—} 5

(m)*



where

= Dﬂiago - 5000B + 9OOOB2 - 4200B° + —~i§97¥ﬁ-.

¥or pipe taps

~
B° +(0.935 + e 1.358M

A 0.0182 0.06™ a
= 4 I+ ) -
K, Lo.5925 il (o.+u =8

1.43

+ W (0.25 - B)D/QJ/LI + 0.000015 %Q—] ,

where

E= D2 <§o5 - 5000B *+ 900032 - u200B3 + §%§> .

For corner taps

= 0.6004 + 0.35331+ - 0.0 (0.5 - B)3/2 +0.62 (B - 0. 7)5/3
where
E= (0.002 + 0.0263“) Ki .

For vena contracta taps

0.0006 L 1671
55 + B +1.25B J

(D1) B~ + 0.01D1

.
= 0 EGEs + 0 kot
K, = 0.5922 + 0.h2s52 |

where 4 10 16
E = 0.00025 + 0.002325 (B + 1.75B° + 10B~ + 2D1B ) .

For radius taps

K =0.601k - 2 01352 4 4. 376 + 0.072577] 0.00025 + Bu + 1.5316
© (p1)* 1 [ (DL l/uj[(Dl) B + 0.0025D1 ] ’

where

0. ooou\ r2 16]

W o= 5 4 0.0011 +.<‘. + + +
E = 0.0002 + 20011 + (0 0038 LB (16.5 + 5D1)B



For venturi taps

K = o.98h-// (1 - Bu)l/2 .

5.2 FR, Reynolds Number Factor

To calculate the Reynolds number factor, an intermediate quantity
is first calculated, which is the quotient of the pipe Reynolds number
divided by the Reynolds number factor. This intermediate quantity is
defined for liquid, gas, steam, and vapor in the following equations.

For liquid

17,920D1 K_ B (1 Gr)/ 2
D =
RD1/FR ¥
For gas
3730DL ¥RV K_ 5% [u(ee + pa) salt/?
RDL/FR =

VIS(TF + 459.67)Y° )

For steam and vapor

2268.07D1 KOBa /2

172

il

RDL/FR
VIS(Ve)
The Reynolds number factor is then calculated for the various types
of taps as defined in the following equations. (E is calculated according
to the equations given in Sect 5.1, "FB, Basic Orifice Factor.")

For flange and pipe taps

1,1/ LBE /2
= = + —_ T
FR=575 Q? -y A

For corner, vena contracta, and radius taps

_ 1000E
FR =1 + iz
Kb[FR(RDl/FR)]

These two equations for FR are inaccurate for Reynolds numbers less
than approximately 15,000. The program does not consider this fact except
for flange and corner taps. For these taps and Reynolds numbers less than
15,000 (full scale), a special subroutine is entered to calculate the
Reynolds number factor.



For venturi taps

FR = 1 (for all Reynolds numbers).

This condition (FR = 1) is not true for Reynolds numbers less than
250,000, but this program does not consider this fact.

5.3 FA, Plate Expansion Factor

This Tfactor corrects for orifice plate expansion due to temperature.
The factor is entered as input data. Tt may be evaluated from the
equation FA = 1 + 2a4t , where & is the coefficient of linear expansion
of the orifice plate material and At is the difference between the
flowing stream temperature and the ambilent temperature.

5.4 FM, Manometer Factor

This factor corrects for the difference between the meter reading
in inches and the differential pressure in Inches of water at the taps.
The definitions, each different for the various types of meters used to
measure differential pressure, are given by the following equations.

For dry-type meters

M =1 .

For mercury meters, dry calibrated

m=(1 - i)

For mercury meters, wet calibrated

M =1 .

For U-tube manometers

(o - as)/?

™

In these definitions, the relationship between the meter reading R
and the differential pressure H is in all cases

1/2 1/2

H = FM R .

For meters installed vertically on 1liquid service and having gas-
purged leads, an additional correction must be made. This correction
amounts to a zero shift, which is not accounted for in the equations for
manometer factors. The zero-shift correction is equal to the actual
vertical difference (in inches) between the taps multiplied by the
specific gravity of the flowing liquid.
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5.5 FGT, Specific Gravity-Temperature Factor
For liquid only, the specific gravity-temperature factor is

1/2
! = [, (GF)
FGT 1.0057 e uali
5.6 FS, Steam Factor

For steam and vapor only, the steam factor is

1.0618

FS =
[ve(pe + pa)]H/*e

5.7 FPB, Pressure Base Factor
For gas only, the pressure base factor is

14.73
PB °

FPB =
5.8 FIB, Temperature Base Factor

For gas only, the temperature base factor is

FIB = 4L59.67 + TB
519.67 )

5.9 ITF, Flowing Temperature Factor

For gas only, the flowing temperature factor is

_ (. 519.67  ™M1/2
FI¥ \ITF + 55,67 /)l *

5.10 FG, Specifilc Gravity Factor

For gas only, the specific gravity factor is



“a
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v = saL/?,

5.11 TPV, Bupercompressibility Factor

This factor is for gas only, and 1s normally entered as input data.
For natural gas, a special subroutine is optional, by which the super-
compressibility factor is calculated from formulas developed by the
California Natural Gas Association.” For this option, the value 9.0 is
entered as input for the supercompressibility factor. The program will
calculate a supercompressibility factor based on the following formulas:

L. for SG < 0.75

- 1/2

+ 20310k 107101+ 78586

FPY = |1
(TF + u>9.67)3'8?5

2. for SG = 0.75
_ - 1/2
(TF + b59.67)3-925

5.12 Y2, Expansion Factor

For gas, steam, and vapor only,

2= yi(1 - x) LR

b4

where

X1 = H/ (P2 + PA)
7.7 + [H/(P2 ¥ PA)] °

and Y1 is defined for the various types of taps in the following equations.

For flange, corner, vena contracta, and radius taps

Yl =1 - (0.h1 + 0.3534 %5 ;

’Bulletin TS-402, California Natural Gasoline Assoc.
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For pipe taps

Y1 =1 - [0.333 + 1.145(8° + 0.78° + 12853)] %5 .

For venturi taps

1/2
vl = (Rl)z/x K 11 - Bl(K-l>/K L -8 ,
- - - L 2
K-111-RL 1 - BH(RL) /K
where
_ P2 + PA
Rl = o5 ¥ (®/27.7) ¥ P& °
5.13 EXT, Extension Factor
For liquid
T = ®/2

and for gas, steam, and vapor

EXT = [R(p2 + pa)]Y/2 |
6. FLOW CALCULATION OUTPUT SHEET

A flow calculation oubput sheet for each problem described in Figs.
1-5 is given in Figs. la-5a. Although the normal readouts are readily
understood from the discussion in the previous sections of thls report,
the auxiliary readouts are described in the following discussion.

The "C Factor" is the product of all factors making up a given flow
calculation except the extension factor.

The "SR10 Factor" for liquid flows is the midscale flow multiplied
by (2)172 10 and is expressed in units of PPH per division and GPH per
division. This factor is useful when square root charts graduated into
10 chart divisions are used.

The "Conversion Factor" for liquid flows is the base gravity multi-
plied by 8.3282607 and is expressed in units of pounds per gallon.

The "Conversion Factor" for gas flows is 0.370214 (TB + 459.67)/PB+SG
and is expressed in units of standard cubic feet per pound.
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Since the definition for the gas conversion factor used by the computer
to provide an auxiliary readout in weight units (PPH) will be in error at
times because of the different definitions used for 3G and FPV, the fol-~
lowing discussion is presented. .

Tet Z = compressibility in general
b = pase conditions
f = filowing conditions
Mw = average molecular weight of gas mixture
then
- P'b Vﬁ
% =
and.
7 = Pf Vf
1 b4
R Tf
where
P = psia
V = £t°/1b-mole
T = OR
R = 10.73, gas constant.

For volume units of measurement, or SCFH,

it

B . o
FPV—ZZ-'——)IE-,lfSG Mw /29 (1)

i

FPY = <;E_>l/2 , if sG = Mw/29Zb (2)

For weight units of measurement, or PPH,

1 : =
FPYV = , if 8G = Mw /29 (3)
(Zf>172'
FPV = (;:3 /2 , Af 8G = Me/29Z, . ()
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If SG is calculated from molecular weight and mole fraction data
and is entered in the computer program, the FPV factor entered should be
calculated from the corresponding Egs. 1 and 3. Since these formulas
are not the same for both volume and weight units, the readout from the
computer will be exact only for those calculations for which the FPV factor
entry is appropriate. The readout for other calculations will be in error
depending on the deviation of Z from unity. Since Z, is nearly equal to
unity in cases dealing with the so called "permanent" gases, the error
will be negligible in these cases.

If SG is measured by use ol a gravitometer at close to base conditions,
Egs. 2 and 4 should be used. Compressibility at base conditions affects
the measurement of SG, as shown in Egs. 2 and 4. These two equations are
identical for both volume and weight units. The computer, which reads out
both volume and welght units, can be correct for both cases only if FPV is
defined as in Egs. 2 and 4 and SG is measured with a gravitometer at base
conditions,

The program will automatically wake certain substitutions if a zero
is entered as an input. These substitutions are

VIS = 1, centipoise (for liquid)
= 0.0103 centipoise (for gas and vapor)
= 0.0192 centipoise (for steam)
K=1.3 (for gas and vapor)
=1.298 (for steam)
PB = 14.73 psig (for gas)
TB = 60°F  (for gas)
PA = 14.323
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CARD T { T ‘ I E \ T ‘ T T T 1 \ ‘J
#1 el AR | ] 1 ] |
\E‘;NA}M\P&LEE‘;kLglgﬁko\&,b: ‘flLlo\w \v 1| c.dlu s oo
CARD
#2
carp [ 1]
# ’4}! i
Pipe t.D. Oritice 1.D. Max Flow Meter Range Downstream Press. E Flowing Temp.
inches inches ppH Inches PSIG " Deg. F.
C’fRD 1 1t (Optional) 21 {Optional) 3t 41 (Gas-Steam-Vapor) {51 (Gos-Steam-Vapor) 60
re T T I A T A B = ";\\‘v%‘aa,ma-“wmzﬂ—
BRERN L , AARERERER R
11061 Al ; ot . ; P SN
x [y r — % ry 7 ua—
Downstream Sp. Vol. j ,5p. Gravity . . ) l Manometer Fluid 1‘ Sealing Fluid
Cu. Ft./Lb. | Relative to Air Base Gravity Flowing Gravity i Gravity ! Gravity
1 ! N
CARD 1 (Steam-Vapor) lx\ (Ges) 21 (quwd) ER! (Liquid) im (Meter Type 4 }51 (Meter Typez&d) 60
85 T T IR i R T ! ‘
AT : I : i lal g b \
EEEEE ‘ NN | 9"1 19994l *':‘Z"Ii ; ‘7'7
FY [ A
Flowing Viscosity Super Compressibility Plate Expansion Press. Base Temp. Base Barometric Press.
Centipoises Sp. Ht. Ratio Factor Factor PSIA Deg. T PSIA
i
CARD {1 ! (GusSteamVapor‘ 21 31 lu (Gas) 51 (Gas} 63 70
#6 ! ! \ [ [ F T : [ T I ! T T : T T T
! ‘ ; i | i Sl I : { i | ; b .
ooy LI il | | 2 ||
Iy [y A A A A A
1 METER TYPES 2 TAP TYPES 3 FLUID TYPES
1= Dry 1 = Flange 4 = Veno Contracta 1 = Liquid
2 =Hg - Wer Calibrated 2 = Pipe 5= Radius 2 = Gas
- 3= Hg - Dry Calibrated 3 = Corner 6 = Venturi 3 = Steam
4 = U - Tube Manometer 4 = Vapor
UCN-5801
(3 s5-64) . .
Fig. 1. Flow Calculation Input Deta for Liquid Flow (Viscous).
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Fioow

EXAMPLE-LLQUTH FLAW (VISCHUS)
BLDG. NnA. 3500

DEPY. N I+C
PIPE 1D belih7n
GRIFIGE ID 82100

# o8 o

CHETA 31008
METER RANGE (Rt}
“VISCHASITY =200.000n
ORIFICE REY. NO, = &1
- ’ GM = . 98yn
G5 = L9700
GB = XA
GF = 29946
SRIg FACTOR = 1{+80
SRIp FAQTAR = B7.7%
CONVERSTON FACTOR = 4.0784)
e g s
F =
Fa =
FM =
FGT =
‘ o s
METER REAGING DIFF PRESS
INCHES INGHES Hp#
~ ,“UA - 2.0
T 4.02
3.0 6.03
4.0 8.14
5.0 10-05
beg - 12,06
7.0 14.97
e T R
9.0 18.09
10.0 20.10
METER 2 pRY - TaAPS

!

2 = HG, DRY Cal,
SU—— 4,_‘.3 ,*ﬂﬁ ] ,H.H GAt‘ SR
4 = YsTURE MAN,

Fig. la. Flow Calculation Output Data for Liquid Flow (Viscous).
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FILE NO, [
CALCULATION
METER = 4
TAPS = |
FLUTD =

INCHES

INCHES

DIAMETER RATIO ’ -
INCHES

CENTIPOISES (FLAWING)
MIDSCALE

MANGMETER FLUID GRAVITY
SEALING FLUID GRAVITY

HASE GRAVITY

FLAWING GRAVITY

BALLONS PER HAUR PER DIVISION
PAOUNDS PER HBUR PER DIVIS|AN
POUNDS PER GALLEN

20,9892( - o
Ivl0264 MINDSCALE
i 00670 '
1441774
1, 03400
34,5459
PPRK GPH
238,06 . 81.96
367.66 45,651
464,09 57,45
545,40 67.5)
616.96 76¢37
68,58 o 84,37
740.90 91,71
796G YR g
847,73 104,94
B96,55 B T T -
| = FLANGE ’ FLUTD ) = LUl
2 = PIPE 2 = GAS
3 CORNER T e e R
4 = VENA CONTRACTA 4 ® VAPER
5 = RADIUS
6 = VENTUR]

o



49

PCA

Fupt

XN O UT B  —

20

o

26

3]

37

50

SCALE FXTEN

W32
.45
.55
64
271
.77
.84
B9
95
| .00
fob
(IR
| «14
j.18
1.22
.26
o810
fed4
} .38
b.41
.45
| <48
|52
1«55
-1
.61

R Y

| 67
1+7n
.78
1.76
|79
T
(.84

‘-QU
1.92
| .95
197
2.0n
2.07
2.05
2.07
2.110
2.12
2. 14
2.7
2.19
2.21
2.24

1.87

17

ARE JREY SN,

54.3
54,3
34,3
34.3
54,3
34,3
$4.3
34.3
34,58
54,3
34.3
34,3
34,3
34,3
34,3
54,3
34,3
34,3
34,9
S6.9
37.0
38,0
39,0
40.0
4g.9
41.9
42,8
43,7
44,6
45,4
46,3
47,y
47.9
48,8
49.6
50.3
51
51.9
52.6
55,4
54, |
54,9
55,6
56,3
57.0
57.7
58,4
59.1
59,7
60,4

Fig. la (continued)

PIPE REY NG,

v e e a

e e e s oaie e e
Do b— OB OND— OO

[EC RO N NN S RN N

.

W

i7.6
17.8
18,0
18,2

[

1.G8168
1.n3168
1.n3)168
1.08168
1.03168
RN
l.n3168
.36
l.03168
1.3 168
|81 68
[ .NS168
l.08168
i.03168
1.08168
1,03 (68
1.n8168
10368
1,05446
[,03893
1. 04309
(09697
1.05060
1,08540)
t
I
|
|
|
]
|
|
|
i
|
t
|

9720

06023

inesge

L6678
,n6Aas4
07077
.073p8
07529
07739
07944
NnB131
08315
L0849
1.08680
I

LNBR23

| L8979
1.09129
1.09274
1.09413
1.09548
1. N9677
1.09803
1.0%9924
lalundi
aluth4
| . 10264

Y

=0

-1
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BPot FULL SCalLE EXTEN, RIF L HEY JNH, PIPE REY.NY. FR Yi Y2

91 2.26 6. 18,4 [o 1037 -0 i

52 2.28 a1.7 18,6 1.10474 i -0

53 2.30 62.4 18,8 110574 -0

54 232 63,0 19.0 IPERELYA] -

55 2.35% 3.6 19, | Lo 14765 -0

56 2.37 54,3 19,3 FeluRs? -f

87 2.39 b4.9 19.5% 1111946 -0

58 2.41 65.% 19.7 ba 11032 -0 -n
56 2.43% 66,1 19,9 fallll6 -0 -1

LY 2.45 66,7 an. | 11198 =0 =D

Ay 2.47 67.3 20,3 l.11278 ~1 -0

.} 2449 67.9 20,4 1.1 4358 -0 -0

63 2.5 68.% 2.6 I.1143} -0 -

64 2.53% 69, 20.8 1.11508 -0 -0
LT CT T TE.BS 69,7 21.0 1.11578 S Y

66 2.57 70,3 21t 1l 1646 -0 -0

67 2.59 79.8 21,3 I 11718 -0 =f

58 2.61 71.4 21.5 bel 178 -0 =0

69 2.63 72.0 20,7 1.1 1847 -0 -0

70 2.6% 72,5 21,8 11910 = e
B4 £ - 1. B 73,1 2R,07 L 19T T LT TR

7 2,68 73.6 22,2 {12033 =0 L
73 : 2.74 74,2 ’ 22.3 1. 12092 ' -0 -0

74 2.72 74,7 22.5 J. 12150 - -0
75 2.74 75,3 22,6 1.12206 -0 -0

76 2.74 75 .8 272.8 | .12262 U R
7y T T 2.77 76,3 23.0 112316 =0 -0

78 2,79 76,9 23,1 1+ 12369 ] -0 =0

79 2,81 77.4 23,3 l«1242] -0 -0

E) 2.83 77,9 23.4 |+12472 ol D
8 - "2.85 78.4 25,6 112821 -0 -

B9 2.86 79,0 25.8 1.1287¢ -0 .

A5 e e - BoBa 798 5309 11548 TR SR

84 2,910 8p.p 24, 112664 =0 -0

A 2.9 80.5 24,2 1.12710 ~0 -0

86 2.93 8140 24.4 1412755 =0 -n

By 2.95 8i.5 24.5 1.12799 - -0

ag 2,97 H2.9 24,7 1.12842 = ~f

89 e oo QR 89.5 54.8 2864 S e T
9q 3,00 83,0 25,0 1.12926 -0 -1

24 3,02 83.5 25, 1.12966 -0 -0

92 3,03 Hé.q 25,3 L. 13006 -0 -0

93 ' 3,04 84,4 25,4 [ 13046 -0 -1

9gq 3.07 84.9 25,6 l.13084 ) -0 om0
9 S 3.0 a5 .4 2%.7 leld122 -0 -f

96 Self 85.9 25,48 1.13159 . O

97 3001 H6.4 26,01 1. 18195 -0 -

95 3013 46,8 26,1 [o 1523 -0 |

99 Se15 87.3 PhHL3 | 182686 -0 -n
(R 3416 87.8 26.4 113301 -0 om0

Fig. la (continued)
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EXAMPLE-LIQUID

R1PE
eRTF,

"PER CENT
FULL SCAL

S PN~ O SO BUGIR —

AY .- — — —
= TN

N N

,NE?MMAW

4b
a7
48
49
g

I = jena7
I = 321

£ PRH

By,887
175,452
141,399
163,274
182,545
199,968
215,99

230,904
244,99 n
258, 158
274,759
282,798
294,346

T 305,457
3{6.178
326.547
336,597
346,355
356,86
367,688
378,246
3IBB. 587
398,698
408,593
418,286

V-2 A -1 - B

437,109
446,26
455,250
464,86
472,776

AR 3BT

489,745
498 7936
506,206
574,259
522.200
B3N a3s
537,766
545,398
552.934
560,378
567,733
S75, 002
582, 189
589,295
596,323
AN3.274
A10,15%
616,964

FLOW (VIS(C0USs)

INGCHES
INCHES

P H

18.10%9%

14,2944

}7¢5U3-5
200210 14
22,9967
24.7534
26,7368
28,5808
In.3168
3149565
33,5163
3%5.0066
36,436
37.8115
39.1384
4. 4222
41.666p
42,8742
44,1679

145,502

46,828
4841019
49,3535
5p,5784
51,7782

© 52,9544

54,1088
55,241
56,3539
57,4477
58.5234
59,8819
61,6239
61,6503
62.6615
63,6584
64,6453
65,6112
6h,BRR2
67,5130
68,4459
69 .567%
702778
THet777
7240672
72,9468
75,8168
74,6775
75,529
76,3724

19

HASE GRaVITY
FLOWING GRAVITY =

RANGE
PER CENT
FULL SCALE PRH
5 623,705
52 430,378
53 636,987
%4 643,533
3] 650,017
56 656,443
87 662,809
58 669,19
59 675,374
60 681,578
&) 687,724
62 693,822
63 699,87
64 709,869
&5 711.82n
66 717,725
87 723,%84
&8 729,399
) 69 735,170
- 70 740,899
7| 746,586
7e 752.232
73 757,838
74 763,406
78 768,934
76 TTE, 428
77 779,88¢
78 785, 298
79 790,68,
8g 796,028
8 Byi,342
B2 ®pE, 622
83 811,869
LY. 8,7,.n84
H5 822,267
GY.) 827,416
87 832,54
88 837,432
Y] R472,697%
9 847,726
9 #52,729
92 B57,70%
93 62,653
94 H67,57%
95 B72,467
G 877.334
97 #82,174
98 RB6,99
99 89| ,782
g RG&,547

Fig. la {continued)

9730 ( 6 F
«9946

)

bu.g tucues

GPH

77,2064
78,0325
78,8575
79,668
89,4635
81,2588
82,0449
82,8387
83,6023
B4,3699
B5, 131 .
85,8859
86,6345
87,3774
88,1138
B8,8448
89,5701

99,2899

91,7134
92,4174
93,1163
93,8103

94,4995

95,1838

96,5387
97;2“947"“
97,8757
96,5377
99,1955
T 99,849
160,4986
o, 1442
|0|n7655

104,342
(04,9372
105,5566
106,]72%
106,7849
107,394
107,9994
08,6023
in9.2016
(09,7977
10,3907
THihye8ne

_91.0p4s

B ok 1 11 B



TITLE

CARD

" E)(AM}PLE-LLMQUL [D!

FiLlo

CARD
#2
Meter Type!
E r‘““Tap Typez
' ‘ r*———Fluid Typed
12 3
carp [ 1]
. [l §
%3 1;2.“
Pipe 1.D. Orifice {.D. Max Flow Meter Range Downstream Press. Flowing Temp.
inches inches ppH Inches PSIG Deg. F.
C:ED ! i (Optional} 21 (Optional) 31 41 {Gas-Steam-Vapor) 51 (Gas-Steam-Vapor) 60
F [ [t U R A N A A e A S T A e
b : ) [ ! F | AR R N i . ! N [ { i
P f ¢ i 0 H i iy o vl ' P ot [ !
i1 2‘%5'54‘ ‘ P e ‘2_}0\.02 R | C NERR by
[ A A A A
Downstream Sp. Vol. Sp. Gravity . X - Manometer Fiuid Sealing Fluid
Cu. Ft./Lb. Relative to Air Base Gravity Flowing Gravity Gravity Gravity
CARD |1 (Steam-Vapor) 1 (Gas) 21 (Liquid) 31 (Liquid) 41 (Meter Type 4) 51 (Meter. Type 2 & 4) 60
#5 Tui;}l, ;;H‘J“;‘T iJlg[ i“;wfz T T T
! i | | | : | Lo ] o ! I [ '
Ll i i AERER ’ { “: L : ol ’ Lt ! * J . [
A A A A A i
Flowing Viscosity Super Compressibility Plate Expansion Press. Base Temp. Base Barometric Press.
Centipoises Sp. Ht. Ratio Factor Factor PStA Deg. F. PStA
CARD |+ 11 (Gas-Steam-Vapor) 21 31 43 (Gas) st (Gas) 61 70
#6 T ] I ! T i T I T ] T T T T | ‘ T
)il i t afJ’Mri ‘I/ P IR REER
i ANESSEERR RN RERREE BRRE EENEERRN RERN
A A A Y A 4 A
1 METER TYPES 2 TAP TYPES 3 FLUID TYPES
1=Dry 1 =Flange 4 = Vena Contracta 1 = Liquid
2 = Hg - Wet Coalibrated 2 = Pipe 5 = Radivs 2= Gas
3 =Hg - Dry Colibrated 3 = Corner 6 = Venturi 3 = Steam
4 =U - Tube Mdnometer 4 = Vapor
UCN-5801
(3. 5-641 : . . . A
: Fig. 2. Flov Calculation Input Data for Liquid Filow (High).

[ )
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-

EXAMPLE~LIQUID FLaKW

BLDG.
DEPT,

N
N

ORIF I

35010
I-c

PIPE 1D
gRIFICE 10
- HETA

Mz TR RANGE
VIScHSITY
CE KREY. NO.
GR

GF

SRIp FAUTOR
SRip FagioR

CHUNVERSION FACTOR

Fd
FR
Fa
Fi
FGT

C

METER READING

!

METER

NCHES

20.0
40,0
600
80,10
1000
1200
140 «00
160+
1Bg.n

200.0

Cwodowou

t
2
3
4

nRY

HGs» DRY GAL
HG» WET CAL
U=TUBE MAN.

Fig. 2a.

21

FLOw CALCULATION

HIGH)

36 .4un

28.214n0
<7921
240 .0

Pl fifin

l.obua
f.unpn
T1u84.5¢
929977,
B.32824

LS R P TN T NN LN LN I L (O 1)

33

FR I E L 1

33

DIFF PRESS
INCHES H28

20.00
40,00
6y, 1N
80.00
fop.pn
j2f.ut
[41.00
160,00
180, uu

20n.007

TARS

INCHES
INCHES
NIAMETER RATIA
INCHES
CENTIRAISES (FLAWING)

B1AH59NT7ATIDSCALE

BASE GRAVITY

FLOWING

GRAVITY

FliLE nNO,

METER
TARS
FLUID

GALILONS PEK HOUK PER DIVISIUN
PAUNDS PER HAUR PER DIVISION
PAUNDS PFR GALLON

n978.011n08
l.ilg44
Fonona
l.0nong
1.00570

3672.65314

MIDSCALK

[ R I R

" B

[T O T 1]

PPH

12464906,68
t760018].53
21540%A2.08
24862481 ,72
27789128.44
3p0435016.42
B2REA 158,91
3513287),62
37259935,3|

39271761147

FLANGE

PIRF

CHRNER
VENA CONTRACTA
RADIUS ™ o
VENTUR]

FLUurp s

GPH
1496695 ,87
2113308,19
?2986444,26
2985%1%,02
3336726,53
3654426,44
394658 ,42

42785(2,47

44739 (5,58

477548,,76

GAS

nn nn

|

2
3

4

Flow Calculation Output Dete for Liguid Flow (High).

Liaure
STEAM
VAPOR
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3CALE ExTEN.

le4]
¢.Qn
2.45
PN K]
S04
346
3.74
4400
4.24
4,47
4.69
4.9n
5410
5,29
5,48
5,66
5.85%
.00
6,186
6,32

6,48

6,63
6,78
65,93
7.q7
7,21
7,3%
7,48
7,67
7.75
7,87
Bopn
8.2
8,2%
8,37
8,49
8,60
8,72
8,83
8,94
9.06
g.,17
9.27
9,38

Y,49.

.59
9.70
9.80
290
PRI

CRIFWREY.NB,

HE4675.7
1245058 .
1521566,3%
|75466%5,7
f96np26.a
2316413.7
2475323.4
26245739
2765738,
290ny03.2
3neBe9i.5
3151336.7
3269735.3
338397.7
3494464 .2
3601548.5
3705529.8
RENEY Y5
3905163.0
4pple32.2
4n095739,9
4186738,7
42764647
4364349,
4453474 ,8
45349683
461791,
4899385 5
4779466,9
4858224 ,3
4335721.2
5012916.5
5n87164,2
5161214.7
S284214.7
53p62n7.6
5%77234,1
544733 .8
55165356 ,5
558488 ,5
5R52397,9
5719115.2
5785361, |
5850126 .7
5914741.9
5978524.9
6141632.,9
olnagla.8
6165906, 7

Fig. 2a.

22

FIPE REY, NOL

nn712.3
GRE DS 2
f20%165, )
1889792.,7
155244%,9
169950 .58
1834705, 3%
1961593, 4
2}9]‘,()'!“!,2
P296963.6
2398875, |
2496033.7
25898 10.58
268029%.6
27678137 4
PAB626,5
29454985 ,5
30150486, 6
Inesin6 i
3169198,2
3243499, |
33161296
338797 .6
3456799 ,8
35250238.3
359 1946,9°
365764, ,2
3722174, 4
3785613.3
38479835
3909365, 4
3969795.,5
4n29316,7
48794RB .8
4145768 8
42p2811.2
4259068,0
4314589 4
4369403.4
4423536, 4
4477913,
45098n6 9
4582089 .8
46337%82,3
46B48p4,?
4735323,9
4THS 3R, 9
4B34775,9
48837410, 6

(continued )

FR

181703
o120
1.nu990
P yB58
1011768
AG702
JO06590
L0608
s 74
LO0U545
00519
497
W0ga78
SOUA46 |

SNy445

Hg43)
5418
RRIENIN
SNN396
LN0O386

L1368
L0036p

Sou352

L Ni345
L0338
00332
Ny326
«N321
L0315
00340
T

SRU3G
010296
npr92
.fnp288
|.00284
l.np280
{00276
1.00273
bange7n
1 .NG266
1006263
112640
y.D0257
1.00625%
loniR52
befi249
1. 04247
l.ni244

t
I
|
|
l
|
|
(
|
|
|
|
|
1
1en0386
104376
t
!
|
|
|
|
t
|
|
!
|
{
{
|
|

12l

T

wt
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=,

i

PCT Fupi

ACALE

CEXTEN.

P10
Q.21
P80
10«39
1 .49
1058
[(.68
1077
10.86
1395
1Eeg5
let4
11.22
He3d
Il «4n
11,49
L 1.58
[1.66
11.75
11.83
192
12,00
12,08
12,47
12.25
12433
1241
12+49
12.57
12+65
1273
12.81
|2.88
12.96
13.04
181!
18419
18,27
13,34
13,42
18,49
15.56
15.64
1871
13,78
1384
135,93
f4.00
j4.07
i4.14

ORIFCREY.NO.

6227111.3
62877 18.K
6%47746.3
banlzig. |
LELLEWEN
64524518, 3%
6482371 .8
6639729,9
QBYRBYS,
675298 .5
BHHBIY, 3
bH64860.7
69 19376.5
6973957 .5
PLANICIN.
7nB1854,7
71351%0.3
7188129,2
724ﬂ6ﬂu,3
7292852,
7%446%2,3
739689,
7447169,9
7497932.0
T548292,%
/598348, |
Th4BTB.5
7697481 .10
7748570 .8
779535, .9
TR43827,
7892014.9
79398689.8
7987487,
HN34B02.0
BnH1839,3
8128604,0
8175100.6
8221333.8
8267378, )
B3i3p27.5
H358496,4
B403718.9

B448698.9 -

8493%44n.3
HH379456.8
89082222,
BA2ARHT T
BOETANYS ., 2
8713695 ,9

Fig. 2a.

23

PIPE REY.NO,

4932218,

AQR(222.6
5027767.7
5n74866,4
S1215%0.9
5167773, |
5213604.2
5259055, 0
53n4n75,8
H34B7%6.5
5393026.5
5436955,
BA4BnB 8N, A
5523761,7
BEEK65A 4
5609222, 4
5651467, |
5693397,7
57350214, 1
5776343,9
%817372.7
58581 13,4
5898572, 3
5938754 ,9
5978667.0
Ap18313,.8
605%7700.7
6096832,46
6135714,5
£1743%),0
4212746 .8
6250906, 3
6288833, R
6326533, 6
6364009.6
640126%,7
6438315 ,9
6475133,9
6511753, |
A548 167,72
65RA3RTY, b
6621393,8
h6562|7,2
669 1B3R, 9
67272766
5762524,2
£797596.7
ABZR484,9
ABKT 95,5
690173].3%

(continued)

FR

any242
f.nfizaq
100237
102435
[«Ny233
1.ni1231
l.np229
boiz27
lef1j22%
|«NN223
lenn2zi
1249
U718
teQU216

l.00214

toOu213
100211
1.00210
1. 00208
te00207
fonu2os
{0204
100202
Fe00201
1. f0200
L.nu198
1.00197
f. 00196
f.nii194
F0u193

fanp192

Loty 9
LonD 199
te00189
F.00187
|.N0186
00185
|.00184
{00183
l.nyiB2
Fani18g
l.00t80
RS
fonUi78
1AL 77
t.N0176
taDU176
fonui7s
|0t 74
fenit1 73

Y

Ye
- -0
=0 -1
-0 -h
=1 -0
-0 "0
-0 -0
=0 i
-0 -0
-0 -0
-0 -0
] ]
=0 =0
-0 -0
-0 =D

s
-0 el I
-0 -0
=0 -0
-0 -
-0 -0
= B
-0 -n
= !
-0 =0
-0 =0
-0 LT
=0 -
-0 -0
~0 -1
=0 )
=0 -
-0 e
=0 -0
..0» .n
-0 -0
] -0
=0 =0
-0 =N
S Y R
-0 -n
o 1
-0 -1
-0 -0
! A}
-1 -0
~f ~n
-0 -1
at -
-0 -
-4 i



EXAMPLE-LIOUIN FLIW (HIGH)

FIPE IR
ERIF. 1D

PER CENT
FULL Scalk

AT AR AP AT RY e — = —

[XENEFENES ESPS TS
— e e m~w2;0
|

(S N Y 2

Tad Lol a8
o~ O

a9

L6 I S N N YE - - N NN
IO N DWN—D

B OSA.000
2 28,54

M PEW

3,987

5.611

6,858

7,948

A,R54

9,670
10.444
1]eiBk
t1.829
12.46%
i%.n7n
(3.648
14,203
14,7346
15,251
15,749
16.282
16,730
17,156
17,600
18,033
18,456
18,869
19,274
19,878

TR0, o8

20,449
2n.812
21,180
21,54
21.896

C 22,245

22.58%9
22,927
28,26
23.59n
23,91%
24,255
24.55
24.862
25,171
25.475
25,77%
26,073
26.367
26.,6%7
26.,94%
27,229
27,511
27,7849

INCHES
INGHES

MM kg

L4737

AT IR

3234

9498
jefitn/
(RN LR
[e294h
13390
1 o420
V4987
| ,5674
L vH3RA
Fe 7054
|+ 7694
FBSTS
1891
|-9491
2.0053
20600
201138
241653
20216
2.2657
2.3142
22,3618
2.4n84
2,454
?‘499ﬂ
D945
2,5864
2.629)
2,671
2.7123
2,753y
2,793
2.8325
2.87,5
2.9099
2.,9479
2,94843
$.0223
RPRIRLE]
3.0949
KRS
S0 1659
S.2004
Je2854
3,269
S.30488
S.33A7

24

RASE GRavITY =
FLAWwING RRAVITY =

HANGE

PER (ENT
FULL 3CALE

el
52
53
54
55
56
57
58
b9
6{
&)
h2
£3
04
65

Log

(continued)

MM PE

28,165
2R, 538
P2R,LAN9
28,877
29,142
29,405
29,666
29,925
30, 18]
3n,435%
&n,a87
In.2387
31,1858
31,43
3i.,67%
31,917
32,158
32,396
32,63%

32,868

33,102
33,332
33,564
33,792
34,019
34,2459
34,469
34,692
24,914
35,133
35.135)

35,568

T 3%,784

35,999
36,212
36,424
36,635
36,844
37,093
37,7260
37,466
37,87
37,878
3R,n77
38,279
38,480
38,679
3,878
39.n78
39,272

LenQun ¢ 60 F
.uano
20U «0 INCHES

MM GPH

3.3698
35,4026
3,485
3,4673
3,499
3,538
3,562
3,593
3.6239
3.,6544
3.h847
3.7)47
. 3.7445
3,774p
23,8033
3.,8324
3.8613
35,8899
3.9188
3,9466
32,9746
4.0024
4,03801.
4,0575%
4,0n848
LY
4,388
4, 655
4,192]
4,285
4,2447
4,27p8
4,2967
44,3225
4,348
4,%735
4.3989
4,424
4,449
4,4739
4,49R7
4,5233
4.5477
4,872
4,5983%
4,62n4
4,6443
4,6682
4,6919
4,71%5

¥

?

s



R Lt e =1
1 TITLE
CARD T ‘ t : 35
#1 | | | |
EX|AMPILE-|GRS] |FiLgw| [CIFlPv. Q1P| T |FN) ] w
‘1 FILE# s 11 BLDG# 15
CARD [ T
"2 3 3sl0
— Meter Type!
i [——Tup Type2
I Fluid Type3
vy v
12 3
CARD ‘
#3 | ‘5 2
Pip‘e I.D. Orifice 1.D. Max Flow Meter Range Downstream Press. Flowing Temp.
Inches tnches ppH Inches PSIG Deg. F.
Cf‘RD 1 11 (Optional} 21 (Optional) 31 41 (Gas-Steam-Vapor) s1  (Gas-Steam-Vapor) 60
P N D | ] RE BN
o1 | dens Lo bl e ] e
x 7'y 3 Y T -
Downstream Sp. Vol. Sp. Gravity . . . Manometer Fluid Sealing Fluid
Cu. Ft./Lb. Reiative to Air Base Gravity Flowing Gravity Gravity Gravity
CARD ) (Steam-Vapor) 1 (Gas) 21 {Liquid) 31 {Liquid} 41 (Meter Type 4) 51 (Meter Type 2 & 4) 60
3 R f T ! T T T T
RN T ! BERERE ]
. i : (017 H‘ ; D : i i
3 A A A Y
Flowing Viscosity Super Compressibility Plate Expansion Press. Base Temp. Base Barometric Press.
Centipoises Sp. Ht. Ratio Factor Factor PSIA Deg. F. PSIA
CARD |1 11 (Gas-Steam-Vapor) 21 31 41 (Gas) 51 {Gas) 61 70
i | BEEREER z 1 T T
i o ! ! : e ! ' R ! !
o1\ 10387 L ] ijeloe]3 L liHleTi8 3 ; 144
A 3 A ; A [ ” A -
1 METER TYPES 2 TAP TYPES 3 FLUID TYPES
1= Dry 1 = Filonge 4 = Vena Controcta 1 =Liquid
2 = Hg - Wet Colibrated 2 = Pipe "5 = Radius 2 = Gas
3 =Hg - Dry Calibrated 3 = Corner 6 = Venturi 3 = Steam
4=U - Tube Manometer 4 = Vapor
UCN-5801 i .
@ s:64) Fig. 3. TFlow Calculation Input Data for Gas Flow (FPV Option).
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PO
EXAMPLEGAS FLOW (FPV APT{4N)
BLDG. N@. 35010
DEPT. N6, I-c
PIFE ID = 5.019D
GRIFICE ID = 4,475
- RETA = 1767
METER RANGE = 190.0
VISCUSITY = Sitia
ARIFINE REY., NB. = | &AX659%
FLAWING PRESS = 24,.n
FLOWING TEMP = 1280
- s K = 1o 3B7
PRESS BASE = {4,678
CTEMP HASE = 65,0
5G = 67410
CONVERSION FACTOR = 19.834
FR =
FR =
FA =
FM =
FFPB =
F18 =
- F1¥ =
FG =
FPV =
Y2 =
C
METER READING DIFF PRESS
INECHES INCHES H2®
ifen Fg.00
20.0 20.40
= 3.0 3p.00
44,0 4. 00
50.0 50.00
0.0, 8000
70.0 70,00
Bi.p Bi.00
9.5 0.0
1ng.n Iivig. 04
METER | = DRY TARS
o 2 = HG, DRY CAL.
8 = HGs» WET CAL.
4 = U=TURE MAN.

Fig. 3a.

20

CALCULATION

INCHES

[NCHES

DIAMETER RATIO®
INCHES

CENTIRPAISES (FI AWING)
MIDSCALE

PSIG (DOWNSTREAM)
DEG. F

SPECIFIC HEAT RATI®
PSTA

DEG. F

RELATIVE T# AIR

SCF / B,

$5442,40988
1. 00737 MIDSCALE
1.00630

L.00000
1.00354
100962
94037
1.21806
100169
1.00543 MIDSCALE
A448.475138
PPN
643} .05
988,95
11133,97
12863, 01
14391,15
18777.13
170%5,864
18250,07
1937%,49
2044%,6n
I = FLAMGE
2 = PIPE
3 = CORNER
4 = VENA CONTRACTA
5 = RADIUS
6 = VENTUR]

FILE N@&. 3

METER
TARS
FLULD

nnn
N —i

SCFH

|126268,26
[768453,96

21gapa, 9y T

252554, 46
2B2858 ,h2
n977n.63
334877 ,52
368324,87
380421 ,47 7
4n1392,95

FLUTK

L1GUID
GAS
STEAM
VAPAR

wn un

I
2
3
4

Flow Calculation Output Data for Gas Flow (FPV Option).
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FCT FULL

SUALE

FATEN

.24
4,786
1573
12,39
| 3.86
15,48
16,40
17,53
(8,59
19,60
2055
21 .47
2E .34
25,19
24440
24479
29.5%
26,29
27,01
27.71
U284y
29.07
29,72
35,36
3g,98
3).60
32.2n0
32,79
33,37
33,94
34 .,5¢
35,5
35 .64
36,93
36,66
37.18
37.69
38,20
S T P 1]
39.19
39,68
44.16
40,63
4jein
41.57
42.0%
42,43
42,93
43,34
43,82

URE L, Y NG,

24 1489,9
$4n346,7
A4 R98,.4
auynv4.4
WeREAT . 4
BBT2249 .0
63398 .4
67749 ,7
718449 ,9
754988 ,6
T937355.8
HPHBB 49,2
BH2%n6.2
KOAKIA ., |
926149,6
9563735.10)
989663.6
ini4in2.7
141760 ,3%
I n6R697 .5
1194967 7
f120618,2
4569y, 7
117p222,7
1194247 ,6
12177955
124n893.9
1263567 .4
| 2858387
1 397728,3
18529255, 4
1350437, 2
137289 ,9
1591828,3
1442(66.3
1482016.8
145169,
i471101.0
1491256 ,6
1509167.6
1527843, 3
1546292,2
1564820 .3
198254 ,2
1AONISA, 4
61 7978.7
1635400.5
1A52642.6
16697115, 8
L ABARYS |

Fig, Za.
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PIPE REY .. N

| 87489,
264349,
323260,
3728957
416600.3
456101 ,9
4924,7.9
506217,6
557947.5%
587968 4
6164957
6437A5, %
6699 14,7
685073,7
719346.9
742821.7
765571.,9
787660p.,7
An%142,6
B300p64,9
B5(469,2
B7039%, i
Ba9BEE, |
9nH92n,3
92758¢p,6
945874, 4
9638,
9814y .8
998724, 1
1g1872¢.9
1p32442,|
148894 2
1n6é5n9n.6
1n8inds.n
1096761 ,9
[1122%7,4
1127535%,8
1142614,5
1157492 R
1172184,2
[ 1RE6BA, B
12nt0ré. |
1215175,5%
1229170.9
124300p7.9
| 25669 ,7
1270227.2
[ 2B3619,7
1296872, 2
1309991, 4

[ ERNE VY

(continued)

1.0}949
1.01642
[o1]485
j.ni382
l.0)308
l.0125n
1»01203
{01164
fenl 130
IR
t.nin?s
j.0in52
benilnnd|
faninl2
1.0099%
{00979
1,0096%
[+N095]
I .nu938

L0926

1. 00915
1. 009053
1a0uB95
O ILLL
1.00876
!-Gﬂﬁ68
i.0GRGY
voouds

1.00B45

LonpB37
1.008314

t.00p824

ILIL
lenuB12
100806
feOUBUD
100798
1.00790
i.au788
l.0u78g
1. 00778
1.0u770
1.00766
Fen076)
LenG757
1.00753
[«NE749
1. 00745
1.AG741
1, 0u737

+99145 1,p0p257

Y Ye

L99964 L a060td
99927 1.,0002).
L9989 |,non32
L99885 | ,npn42
99819 .n0on53
99783 | ,00D64
99747 y,.npn74
299714 100085
299675 1 ,n0096
99639 y,nni06
99603 1,017
L99568 | ,np128
,99832 | ,npi39
+99497  1.n0149
9944 lo00160
99426 1.00171
«993%1 i,npi82
1.008192.
I .n0203
5...1.00214
99 2¢ I,n0225
499215 |, n0236
99180 . 1 ,00247

99110 1,np268
299076 1499279
99041 1,00290
99006 1,n0301
,98972 1,032
98937 ) ,np323

98983 ), nn334

98868 |,nn345

,98834 | ,np356
298800 1,00367

L98766 |, no378
(98732 1,n0389
L9R698 | ,0n0400
(98664 ), 00411
L98630 {.n0422
L98596 | ,nn433
,98562 | ,np444
L96528 [, pp455
L9R485 |, np466
9848 1e010477
L9847 T np488
98394 | ,n0p499
L98340  1,n0510
J98327  1,np52)
L9R204 | ,00532
(9R261  1,N0543
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FOT FULL SCALE EXTEN, ~ ORIF,REY,.NO.,  RIRE REY,NO, Fit Y ve

5y 44,25 1703316.2 1322977, 8 i.00734 T9RBR7 T A0S88 T
55 44,69 1719873.9 13358588, 2 104730 9R194 {,00%66
BR e e 48y [756272.8 1348575, 4 100727 UV9RTETT I ROSTTTTTT
54 45,54 1752517.4 1361192.7 |.nu723 L9828 | .n058A
55 45.96 [768612.0 1373693.5 feni720 298095 1 .n0599
56 46,37 | 768456n.8 {386n84,0 l«nu717 298062 1,006
57 46,78 1800357 .,5 | 398358, 2 feau7i4 980359 . pubze2
56 47,19 iflagss.8 1410527.9 P 8071) «97997  |.00633
5 47 .6n {RE1569 .3 1472259%,0 AL CL979648 ), 0694
L 48.qn 184697 |, 8 1434556, Tk L9793 1.n0655
81 45, 4p 1A62246. 1446419.8 |, 00702 +97899  1,00667
62 48,79 |B77395,% 14658186 ,4 1 Ouk99 978646 {,00678
63 49,9 1B92422.9 1469858,3 |, 00696 297834 | ,np689
64 49 .57 190733144 1481437.8 1. 0U693 «978n1  1.00700
G e 49,96 1922123.6 (492927,0 LR OTTRYT VYRR T
LY 50,34 |236872.3 1504328, | |.00688 297736 1,00723
67 - T o BuyT72 1951370.0 1515642,9 beni686 97704 | nn734
A8 Sl i 1965829, 2 15268735 |, 00683 97672  1,n0746
69 : 51,47 198p182.,3 1538021 ,6 1.0068) L9764 1,077
70 5),8% 1994431.6 1549089, 2 . npAe78 «976n8 (,n0768
7 52,2 © o 2np8579.3 [560077.8 |.00676 L97876 G078
72 52,58 20122627,5 1570989, 1 1.00673 ,97544  (,n079 -
73 52,99 2036578, 4 1581824,9  |,00674 ,97512 1,n08p2
74 53.3| 2n50433.8 1592586,5 1.00669 9748y  1,00814
75 55.67 2n64195,8 16n0327%,5 I, 00667 T 97448 T, npf25
76 54,02 2077866,2 1613893, 4 1., 00664 97416  |,npB37
77 T 54,38 7 2p9)446 B 1624446 j.nub62 " T T978RE T ppAART
74 54,73 21049359, 4 1636921,3  |.00660 (97383 1,00859
79 : 55,08 7 71 {834%,4 1645334,0 | .00658 S7320 1, np877
89 55,43 2131667, 165568,9 1. 011656 9728y 1,npd82
a, 55,77 2144905.4 16659632 {.n3654 97288 7 poR9e
4z 56,1 2156062, 1676(82,2  |.n(652 97227  1,30%95

e B 56,46 2174138,8 ©1686338,9 L a0655 T LYTIEE T 0% 7T
B4 56,79 2184,36,7 1696434,5 {0848 97164 1,np928
85 57.13 21977957 .4 - (706470, 1 100646 L9733 7, np¥3Y T
B6 57,47 220%942,2 17164467 ), 0644 «971p2  1,0095)
87 57.89 2222672,4 1726365.4 |, 00642 97071 T1.ng962
88 58,38 22353693 1736227,2  {,nub4) 97040 1,00%74

e B BB 22479947 TUTASIFIVTTTTE3Y VITHRY TV, g I8E

g 58,79 2260548, | 1755783.8 | ,0(637 96978 | ,n0997
o 5911 22730325 1765480.5  (,0n635 96947 |, ningd
1P 59,44 2265448.3 [77%12%,9 1. nob34 (96916 [,nin2n
93 59.76 2297796.,7 17847 (5,1 f.00632 .96885 | ,n(032
94 60.08 231np76.8 1794254.6  |.n063n - 96884 1,n1043
95 61 .40 2322295,7 1803743,5 j.nuk2s L96823 |, nins%
26 66,72 53534448, 3 1813182,6 LYY ,96793 | ,0i066
97 61,03 2846537.,7 (B225872.% 100625 L96762 | ,n|n7A
98 61,34 2354564 .8 I8319)4.0 104624 96732  1.nI1089%
99 61.66 2370530 .4 PR41208,0  1.00622 96701 t,pital
i 61,97 23824386, 18503455, 1 1.ou620 J9667)  1.01113

Tig. 3a. (continued)

P



F g

¢

EXAMPL -

FIRPE I
ERIF, 1D

PER CENT
ULt ScaLk

DLN -0 CEONOIT DUN —

i
i
|
H

o© ~ O

19

GAS FL 0K
= ka0 9
T 44678

MoPR
2.049
P, 849
3,533
4,076
4,554
4,987
5,384
5,754
.02
6,43
6,744
7,043
7.348n
7,606

~7.872

8,130
8,380
8,623
8,859
9,089

S 9.313

9,533
9,747
9,957

10,162

In, 364

10,500

10,756
10,946
1).1348
i1.318
11,5060

T LET9.

11,855
12.ne9
{2,200
12,369
12,536
12,700
12,863
i3.n24
13,182
13,339
13,494

I T

13800
13,950
14,098
14,245
14,4871

(FRV. 0OPT Loy

INCHES
INCHES

M 3CFH
4. 2726
56,703
69,57
LTI ICRY
89,42
97 919
jnv.716
F1g. 984
119810
125, 26b
132,412
138,283
[48.915
149,336

T 154.558

159,629
164.%56
169.301
173,947
178,454
| B B61
1B7.)64
191373
195,49
199,527
208.48%
2n7 ., 565
2000177
214.922
218.6¢5
222,228
205,794
229.3n5
232.765
236,17%
239,53k
242.856
246, 1%y
249,362
252.5%4
25%,7nx
298,824
264,914
264 .95y
267,942
273,942
278,89
276.5(09
279,698
2RZ .05

29

FLEWING TEMP
RANGE

PEH CENT
FULL SCALF
5y
52
53
54
55
56
57
58
59
&0
3|
62
63
64
6%
66
67
&8
69
70
71
72
73
74
75
76
77
78
79
"
Ry
B2
a3
X
as
Ré
R7
a8
A9

Fig. 3a. (continued)

18,594

FILAWING PRESS = 24.0

H 128.10)
= 10083

M OPPY
14,53%
14,678
14,82n
|4.96n
15,099
15,237
15,374
15.409
15,644
15,777
16,909
16,041
16,171
16,300
{6,428
16,556
16,682
16,877
16,932
17,056
17,179
17,300
17,422
17,543
17,662
17.78)
7,900 7
8,017
18,134
18,25n
18,368
1A, 480

18,708
18,824
18,933
19,044
19,155
19,268
19,375
19,48%
19,893
12.702
19,809
19,916
20,023
20,129
20,234
20,339
20,444

822,555 .

0 PSIG
DEG F
INCHES

M SCFH
285,394
288,197
290.977
293.732
296 .4A3%
299,174
301,853
3n4.%514
307,153
3n9.77)
312,367
314,944
317.5n0
320,087
325.055
327,537

330,400

332.448
334.878

337,29
339,688

342,070
344,436
346,787
349,123
357,444
353,752

386,045

358,325
369,59
362,844

T 365,084

367,311
369,526
371,729
373.920
376,098
378,266
38p.424
382,566
384.7n0
386,822
388,935

(397036

393, |28
395,219
397,280
399,34
401.393



1 TITLE 35
C:FD ] 7 7 " 1T 7 1] T
] i : |
E_‘,)(AMPME-{MP RIFlL|g W (ﬁs\cﬁaz; MP!TH&JM])
1 FILE# s 11 BLDG# 18 21 DEPT. 23
CARD
f2 L 3/Slol0 1-C
Meter Type!
| = Tap Type2
i ‘ J_"Fluid Type3
1.2 3
carp [ T
#3 |Lihlg
Pipe 1.D. Orifice I.D. Max Flow Meter Range Downstream Press. Flowing Temp.
Inches Inches ppH inches PSIG Deg. F.
CARD 1 11 (Optional) 21 (Optional) 31 41 (Gas-Steam-Vapor) 51 (Gas-Steam-Vapor) 60
A T i EEEEEEEE BEEE T T T T T S T T
| T Lalelal BEERERREERRRARE | FRRRRERRENEEE
L [akig3) o teopop ! so | iz e
& A A
Downstream Sp. Vol. Sp. Gravity . i . Manometer Fluid Sealing Fluid
Cu. Ft./Lb. Relative 1o Air Base Gravity Flowing Gravity Gravity Gravity
CARD 1 (Steam-Vapor) 11 (Gas} 21 {Liquid) 3t (Ligquid) a1 {Meter Type 4) 51 (Meter Type 2 & 4) so0
ST 6 N I I R A R R 1T EEREEEEEEEREE T
i . : Py i bl | ! ! ! ! b : 3
: ‘5—2‘9(0 | i ! ‘;}i.l“ ! ! E / i ! ‘ 112-37
A A A A [y
i
Flowing Viscosity _ Super-Compressibility Plate Expansion Press. Base Temp. Base Barometric Press.
Centipoises Sp. Ht. Ratio Factor Factor PSIA Deg. F. PSIA
CARD |1 11 (Gas-Steam-Vapor) 2t i 31 41 (Gas) 51 (Gas) 61 70
#6 Nl IR HEEEE \'A'EIUMHTIVTH]H
| : i | A | |
o|2/8[7]6 14| L L plens BN EENRRRERNENEEEEE
7Y 3 x Y i 7 S
1 METER TYPES 2 TAP TYPES 3 FLUID TYPES
1 = Dry 1 = Flange 4 = Veno Contracta 1= Liquid
2 = Hg - Wet Calibrated 2 = Pipe 5= Radius 2 = Gas
3 = Hg -~ Dry Calibrated 3 = Corner 6 = Venturi 3 = Steam
4 = U - Tube Maonometer 4 = Vapor
UCN-5801
{3 5-64) . . .
Fig. 4. TFilow Calculation Input Data for Vapor Flow (Bore Option).
¢

o€
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FILE NO. 4
FLOW CALCULATTON .
EXAMPLE“VAPOR FLOW (BORE arP Il METER = 2
BLDG. MO I5nn TAPS = 4
DEPT, NO. - FLULD = 4
PIPE 10 = 2.483n INCHES
ORIFICE ID = 1.%93) INCHES
BETA = SBH27 DTAMETER RaATIA

METER RANGE
VISUBSTITY
BRIFICE REY. NO.
GM

G3

CFLAWING PRESS
FIoWw[NG TEMP

- K

5.0 TNCHES
288 CENTIPATSES (FLOWING)
T71i50MIDSCALE
13.%707 MANGMETER FLUID GRAVITY
12890 SEALING FLUID GRAVITY
125.11 PSIG (DOWNSTREAM)
247.10 DEG. F
le400 SPECIFIC HEAT RATI!O

4 on oW

LR IR TR T 1)

V2 «590 CURIC FEET / LR. (DOWNSTREAM)
Fis = 1%4.03094
FRK = |.00942 MIDSCALE
FA = l.O0nvag
FM = 195132
FS = 171528
Y2 = Fo00061 MIDSCALE
S R A S , 1 19.81296" o
METER READING TDIFF PRESS
INBHES INCHES H28 PPH
5.0 4,53 3175,24
T . gl . e RAB g T ——
15,0 13.58 : 5482,81
20.0° 18110 ) i RS-V 2N S
25,1 22.63 7871,87
30.0 27,15 7743,7] )
35.0 31.68 8362,38
— EgL C 36.20 ' T TBY38,35 e
45.0 40.73 9479.43
5040 45,25 969 1.34
METER | = pRY TAPS | = FLANGE STRLUID 4= LiglTp
2 2 HG, DRY CAL., 2z PIPF 2 % GAS
3 s HGY WET CAL. 3 = CORNER ™ T T3 = STEAM T
4 = U=TUBE MAN. 4 = VENA CONTRACTA 4 & VAPBR
5 = RADIUS )
6 = VENTUR]

Fig. ba. Flow Calculation Output Data for Vapor Flow (Bore Option),



PCY FULL SCALE

22

24

37

g

4z

EXTEH,

L35
11«80
14,46
N
jb.6n
2,44
22 .00
25,6
25.n4
26,39
27.68
28,9 |
3h.09
31,23
3¢.3%
53,39
S4.4)
35,41
36,38
37,33

© 38,25

29,15
4n.p3
40,89
44,73
42,56
43,37
44,6
44,95
45,7

46,47

47,24

47,95
48,67

49,38

5u.08
50,77
51,45
52,12
52,79
53,44
54,09
54,7%
55,36
5% ,99
B6.61
57,20
57,83
54,47
59,07

ARIFREY . NG,

Llg724.5
19n673.8
PIIRRY 7
245614.9
268HE2 4
29N2383.9
4in119.8
KPLYA K
34hH45 .
363243,3
3792859.5
394669.9
4094741.2
423875 .
437%6n.9
45n944,2
4639358.2
476574.9
48RAA2, 2
sH0884,6
$12603.7
R247158,5
BW35266,3
546242 ,2
557400, )
567552,5
577919, 7
58885 g
598;84,9
6079190
517595, 4
527121.%
A36503,5
645748,5
65486 .9
AE3849 .3
472715,7
681466,
6901114.4
A9BH3EH, 3
707062.5
715389 ,8
723620.5
731758,
739835, 3
74776% .4
75564 .4
T6343% .0
771149,%9

Fig. ha.
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PIPE REY.NO,

RBBIYV.,Y
j2821%,2
153056, 3
1 765086,2
197158,2
21%819.,%
232974.,2
248937, 4
263906, 4
2781qgn,7
291581 .1
304457, 3%
J16Bph.h
328647,8
340150, 4
361235,8
361978,7
5724”0. |
382552.7
392432, 0
402066,%
411473,5
42668 ,5
429665, |
438475 ,6
447141, |
45558 &
463896, 3
472n6%,3
4870p9n.4

. 487984 .4
495754 ,7
513396,3
510929,8
51835n,5
525666, 0
53288p,3

539997 .5
5470p1.4
553954, 6
560833,5
567568, |
574252,9%
581889, 4
587391,5
59385, 2
6npRan. R
A06562,8
612819.0
61901 1.6

(conbinued)

FR

| L2485
[»NeN9é
[ IR94
101763
1.0i668
| 011595
| .111535
{,014885
f.01442
l.1405%
1.nt377
1343
1.n1316

t.nl292

jeni27n
ben 1250
1.01281
je01214
1.01198
l.nii83
l+01168
[e0l1585
Lenl142

1.Ny983
1.0p978
Lonu972
1. 04967
100961
l+00956
100951
[.00946
Feni942

Yi

99778
99773
099769

Y2

1.00001

t.00002
L,00n04

_t.npnnd

f.00006
00007
f.n00D8
L.ngorn.
fenpOt!
i,00012
{,00013
1200015
(400016

LI
1.,00019
l.non2i
l.00022
1.00023

I.00n25

5100017

Jle00024

l.00027

t.o4n2a

1.00029

1,.00030
~t.n0p32
t, 00033

,00034
1,00035 .
I, 0pp36
1,00n38

100040
1,00041
1,00n43
1,00044
1,00045
1,000486

none7

1,N0049
1,00050
LY
l.00n52
I, nDn54

1,00056
1 np057
1,00n58
[.NON6D
,noné|

. La0QR39

" Tynons%



b

o

PCI

Fut

SCALE

EXTEN.

BY.60
bU.|9
AL, 76
61.3%
bf.9n
LY X
63.0]
f3.5A
a4
64,65
65,19
62.72
66 .25
6bh77
&7 .29
67,81
68,32
68,83
69,33
69,83

AL

743.82
71,31
7i.80
72,28
72:746
73.24
73,71
74,18
74,65
75002
75,58

- 76,04

76.5q
76,9%
77,40
77.8%n
78,3n
76,74
79,18
79.6%2
BH.pb
Bl.49
Bit.92
B}.3%
8,74
g2.21n
B2.62
as.n%
83,446

R LREY L ND

778787 .4
TH63D0 .0
79384n.4
21260.3
EHEL. YR
HIBRYH, 2
B23116.0
A30272.5
Hel3al.5
5444024
£%1378.9
HEHPIR, D
BeS 6] .Y
471971 .1
H78727 .4
AB5431, 4
BE2nds, |
ROBmB9,
IpH244, 8
911752.7
918214,3
92463%4,.%
931002.2
937330.3
2436(5.7
949859.2
95606 .8
962224 .0
968346.9
974431 .0
98477,
986486, g
992458, 2
998394 .5
Inp4z29%,3
ininieg,8s
1n15994, 0
in2i1792.4
1327558, 6
1033292, 0
jr38993,4
1N4466%,9
150303,9
10155912.7
161492,
In670n42.14
1172563.3
17803261
I nuds20.7
| nBRIST 8

Fig. ha.

.
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PIPE REY.NS,

625142.4
631215.2
637225, 8
6431481.,9
649082, 9
654930, 3
66072%,7
66EATH. 3
AT2165, 6
KT77812.6
6R34 2,7
6REIEA Y
694476,5
699947, 4
705365 .8
7i0747.2
716084, |
72)1389,2
72665 ,4
731875%.,5
737062.3
742212.7
747327.,3
7524107.0
757452.4
762464, 4
7674430
772389.,5
777304, 4
78218R,2
7870458
79,1864 ,9
796658,9
8n|424,0
Bpb16n,8
BgB69,8
B155%1,4
az2g2p6, |
B248%4,4
829436,7
B34n13%,5
838565, |
BA3ING2, 0
847594 ,6
8%2073.2
8565248, 3
R6EG960,2
865369,3
86975%,9
A7412n.4

(continued)

FR

| 0u987
1.00p932
[ nG928
1. Nnu924
1.ng920
FeU915
oG9
1.00907
1.00904
Fe0090n
1.0896
1. 00R93
J.nuR8Y
1. NRBE
|.00882
L. n0879
faniB7s
1.00872
l.00869
1.DyR66

. NDBEF T

1. 00860
1,00857
1,00854
e85
|.00848
I.nu84é
|.00843
feniB4n
1.0pA38
f.00835
Jo0QB33
[ 805’30
1.np828
. 008e5
|.ng823
{.0u820
l.0uBI8
f.0081|86
l.ouB)3
1en0811
| nuBn9
f.0UB07
l.op8gs
L. 0803
l.nu800
l.00798
F U796
1.00794

1enu792

Yi

T aae9d

Ye

l.n0n62
1.00063
|, nones
LaNON66
f.00067
| .N0N68
1.nOn6%
100071
tengn72
l.n0073
l«n0N74
1.00n76
l4y00077
00078
1yhom7e T
|.nonso
I,n0082
1.00083
l.ntnga
1. Nn0n8Y

T aunsTTT

l,00088
1,00n89
1,00090

1,00093

T A4 T

1,00095
1,00096

_1.00098

(vnaass
dan0100
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EXAMPLE~VAPOR FLOW (HARE APT[AN)

INCHES
INCHES

FIPE ID = 2.4K3
ERIF. 10 = 1.0938
PER CENT
FULL ScalL® M PP
| l,ni®
2 | ,430
3 b.747
4 2,015
5 2.251
[ 2,464
7 2.660
8 2,842
9 S, 01%
10 3,475
I 3,529
12 3,476
13 3,617
)4 3.754
- 3,884
|16 4,011
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