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Preface

This preface is included for informational purposes and is not part of ISA-S75.17.

This standard has been prepared as part of the service of ISA toward a goal of uniformity in the
field of instrumentation. To be of real value, this document should not be static, but should be
subject to periodic review. Toward this end, the Society welcomes all comments and criticisms,
and asks that they be addressed to the Secretary, Standards and Practices Board, ISA,

67 Alexander Drive, P.O. Box 12277, Research Triangle Park, NC 27709, Telephone

(919) 549-8411, e-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the
metric system of units in general, and the International System of Units (SI) in particular, in the
preparation of instrumentation standards. The Department is further aware of the benefits to
USA users of ISA standards of incorporating suitable references to the Sl (and the metric
system) in their business and professional dealings with other countries. Toward this end, this
Department will endeavor to introduce Sl-acceptable metric units in all new and revised
standards to the greatest extent possible. The Metric Practice Guide, which has been published
by the Institute of Electrical and Electronics Engineers as ANSI/IEEE Std. 268-1982, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion
factors. Certain metric units that are not a part of the Sl system are in common accepted use.
This standard uses bar as a pressure measurement that is convertible to kilopascals by
multiplying by 100.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards. Participation in the ISA standards-making
process by an individual in no way constitutes endorsement by the employers of the individual, of
the ISA, or of any of the standards that ISA develops.

The information contained in the preface, footnotes, and appendices is included for information
only and is not a part of the standard.
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1 Scope

This standard establishes a method to predict the noise generated in a control valve of standard
design by the flow of compressible fluid and the resulting noise outside of the pipe and
downstream of the valve. The transmission loss (T;) equations are based on a rigorous analysis
of the interaction between the sound waves that exist in the pipe and the many coincidence
frequencies in the pipe wall. Commercial pipe specifications allow a relatively wide tolerance in
pipe wall thickness. This limits the value of the very complicated mathematical methods required
for a rigorous analysis; calculations prove that a simplified expression is justified.

The equations in this standard make use of the valve sizing factors defined in ANSI/ISA-S75.01
and ANSI/ISA-S75.02.

This method was developed from the fundamental principles of acoustics, fluid mechanics, and
mechanics.

2 Limitations

The method presented in this standard considers only single-phase dry gases and vapors; it is
based on the perfect gas laws. Predictions are limited at this time to a downstream maximum
velocity of Mach 0.3. Ideal straight metal pipe is assumed downstream. Uncertainties become
greater as the fluid behaves less perfectly for extreme temperatures and for downstream
pressures far different from atmospheric or if near the critical point.

The method can be used with all conventional control valve styles including: globe, butterfly, cage
type (but not with low-noise trim), and modified ball types. Specifically excluded are multistage
proprietary low-noise valves and full-bore ball valves.

This standard addresses only aerodynamic noise and does not consider any noise generated by
mechanical vibrations, unstable flow patterns, and other unpredictable behavior.

In the typical control valve, little noise travels through the wall of the control valve. The noise of

interest is that which travels downstream of the valve inside the pipe and then escapes through

the wall of the pipe to be measured typically at 1 meter (3 feet) downstream of the valve body and
1 meter (3 feet) away from the outside surface of the pipe.

The majority of the test data available to validate the method is from air at moderate downstream
pressures and temperatures; however, it is believed that the method is generally applicable for
other gases and vapors and at higher pressures. The equations include terms that account for
fluid density and ratios of specific heat.

ANSI/ISA-S75.17-1989 9



3 Nomenclature

Customary US

Symbol Description Units Sl Units

c2 Speed of sound, downstream ft/s m/s

Cy Valve flow coefficient gpm/ Jpsid [1]

Cve Speed of sound at the vena contracta at subsonic flow ft/s m/s
conditions

Cvce Speed of sound at the vena contracta at sonic flow conditions ft/s m/s

Dj Diameter of jet ft m

Dj Diameter, internal, pipe [2] ft m

Fd Modifier, valve style dimensionless dimensionless

Fr Liquid pressure recovery factor dimensionless dimensionless

FiLp Product of the liquid pressure recovery factor of a valve with dimensionless dimensionless
attached fittings and the piping geometry factor

fp Frequency, peak, generated inside pipe Hz Hz

Fp Piping geometry factor dimensionless dimensionless

fo Frequency, coincidence Hz Hz

dc Gravitational constant 32.17 Ibm-ft/Ibf-s2 [3]

k Ratio of specific heats dimensionless dimensionless

Lg Correction for pipe Mach number dB dB

Lpi Sound pressure level, internal dB dB

La "A"-weighted sound level dB (A) dB (A)

Mj Mach number, freely expanded, in the jet dimensionless dimensionless

Mn Mach number dimensionless dimensionless

Mw Molecular weight Ibm/Ibm-mole kg/kg-mole

No Number of apparent, independent, flow passages in the valve dimensionless dimensionless
trim

N Numerical constants [4] [4]

Pa Pressure, outside pipe, absolute Ibf/ft2 Pa

P1 Pressure, upstream, absolute Ibf/ft2 Pa

P2 Pressure, downstream, absolute Ibf/ft2 Pa

P2 Pressure, outlet at break point, absolute Ibf/ft2 Pa

P2c Pressure, outlet at critical flow conditions, absolute Ibf/ft2 Pa

Poce Pressure, outlet where region of constant acoustic efficiency Ibf/ft2 Pa
begins, absolute

Pve Pressure, vena contracta, at subsonic flow conditions, absolute Ibf/ft2 Pa

10 ANSI/ISA-S75.17-1989



Customary US

Symbol Description Units Sl Units
Pvce Pressure, vena contracta, at critical flow conditions, absolute Ibf/ft2 Pa
Po Pressure, standard, reference 2116 Ibffft2 [5] 101325 Pa
r Radial distance centerline of pipe to observer [6] ft m
R Universal Gas Constant 1545 ft-Ibf 8314 J/
/ Ibm-mol-°R kgmole-K
T1 Temperature, upstream, absolute °R K
T2 Temperature, downstream, absolute °R K
Tve Temperature, vena contracta, at subsonic flow conditions, °R K
absolute
Tvee Temperature, vena contracta, at critical flow conditions, absolute °R K
ip Pipe wall thickness ft m
T Transmission loss dB dB
Tifo Transmission loss at coincidence frequency dB dB
ATy Correction for ratio of peak frequency and coincidence dB dB
frequency
Uye Velocity, vena contracta, at subsonic flow conditions ft/s m/s
Uvyce Velocity, vena contracta, at critical flow conditions ft/s m/s
w Mass flow rate Ibm/s kgls
Wm Stream power of mass flow ft-Ibf/s '
Wms Stream power of mass flow at sonic velocity ft-Ibf/s W
Ws Mass flow rate at sonic velocity Ibm/s kg/s
W3 Sound power ft-Ibf/s \W
a Recovery correction factor dimensionless dimensionless
i Acoustical efficiency factor dimensionless dimensionless
P1 Mass density, upstream Ibm/ft3 kg/m3
P2 Mass density, downstream lbm/ft3 kg/m3
NOTES:

1) Units for valve flow coefficient Ky are m3/h. Substitute 1.157 K\ for Cy. The Sl unitis Ay =2.40 x 10-5Cy. Ky is not SlI; its use
is discouraged.

2) Usually, nominal diameter can be used with little loss in accuracy.
3) gcis not required in the S| system; use a value = 1.00 in the equations.
4) Values of numerical constants are given in Table 1.

5) 2116 Ibf/ft2 = 14.696 Ibf/in2
6) The distance ris typically taken as 1 m (3 ft) plus the outer pipe radius.

ANSI/ISA-S75.17-1989
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Table 1 — Numerical constants, N

Constant Units Used in Equations
Dj, Dj Wa p2 c2 P1,P2
N rtp Pa, Po
Ny 1.5X10-2 ft
4.6 X 10-3 m
N 5.7 X 1010 ft ft-lbf/s Ibm/ft3 ft/s
8.0 X 108 m w kg/m3 m/s
Nt 1.1 X 10-7 ft Ibf/ft2
1.1 X 10-7 m Pa
NF 1.6 X 104 ft
5.0 X 103 m
Np 1.5 X 104 ft Ibf/ft2
1.3 X105 m Pa
Ns 7.0 X103 ft
6.5 X 10-4 m

4 Pressures and pressure ratios

The pressure in the vena contracta is developed from the definition of F; (see ANSI/ISA-S75.01):

(P=P))
Fl

NOTE: When the valve has attached fittings, replace F; with F;p/Fp.

P, =P,

vc

The pressure in the vena contracta at critical flow conditions is:

0k n

[k—10
p -pO20
vee 10+ 10

The downstream pressure where sonic flow begins is:

_ 2
P,c= P —F.(P,—P

VCC)

NOTE: When the valve has attached fittings, replace F; with F;p/Fp.

(4.1)

(4.2)

(4.3)

12
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The factor a, the ratio between the external pressure ratio and the internal pressure ratio at
critical pressure drop, is defined:

P
q = 2C _ Pvcc (4.4)
nPipg Tec
Op 0O

vce
The downstream pressure at the break point between Regimes Il and IV (see Section 5 for
definitions of regimes) is:
Lk O

p, = Pt " (4.5)
2B g kO '

The downstream pressure at the start of the region of "constant acoustic efficiency," where any
further decrease in P> will result in no increase in noise, is:

Pyce = 20 (4.6)

5 Regime definition

A control valve controls flow by converting pressure energy into kinetic energy; some of this
energy is transferred to the pipe wall as vibration, and a portion of this is radiated as noise. Most
of the energy is converted to heat through viscous friction.

At the vena contracta there is a pressure that may be even lower than the downstream pressure.

The different regimes of noise generation are the result of differing sonic phenomena or reactions
between the molecules in the gas and the sonic shock cells.

In Regime |, flow is subsonic and the gas pressure is partially recovered or recompressed, thus
the use of the factor F;.

In Regime I, sonic flow exists, with interaction between shock cells and with turbulent choked
flow mixing. Pressure recovery is less as the limit of Regime Il is approached.

In Regime Ill no isentropic pressure recovery takes place.
In Regime IV the shock cell structure diminishes as a "Mach disk" is formed.

In Regime V there is a constant acoustic efficiency.

IF: P1>P22 Poc THEN REGIME = | (5.1)
IF: Poc > P22 Py THEN REGIME = Il (5.2)
IF: Pyee > P22 P2 THEN REGIME = 1lI (5.3)
IF: Pog > P22 Paoce THEN REGIME = IV (5.4)
IF: Poce>P220 THEN REGIME =V (5.5)

ANSI/ISA-S75.17-1989 13



6 Preliminary calculations

Ny is the number of apparent independent flow passages. Note that for cage-type trims this is
usually the number of openings in the cage. Where a number of flow passages are in close
proximity, as in some cage trims, the values require tests. The valve style modifier Fy (see Table
2)is:

(-1/2)

Fys= N, (6.1)
For flow-to-open valves with contoured plugs at small openings, a special case occurs:
[NgC,F, {172
a4 D; il
Fg (maximum) = 0.7 for this equation.
NOTE: Use the required value of C,, not the rated value of C,.
The jet diameter is:
1/2
D; = N,yFy(C,F )P (6.3)
NOTE: Use the required value of C,, not the rated value of C,.
The Mach number in a freely expanded jet is:
1/2
] ¥ 9
[} P - [
vo= (12 O0io T g5 (6.4)
J Lk—14 Lo RO
[l 2 0
il il
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7 Regime | (subsonic flow)

The temperature in the vena contracta is:
k=10

0k O
7, = 7,wed (7.1)
ve 1DP1D )

The speed of sound (M= 1) is:

o = ORIyt 7.2)

ve T[] MW 0

Table 2 — Typical N, and F4factors

No Fa
Flow to: Flow to:
Valve Type Open Close Open Close
Single-Seat Globe 2.0 1.0 0.712] 1.0
Butterfly, Standard 2.0 2.0 0.7 0.7
Angle 2.0 1.0 0.7 1.0
Eccentric, Rotary Plug 2.0 1.0 0.7 1.0
Ball 1.0 1.0 1.0 1.0
Cage [1] [1]
Double Seat, Parabolic 4.0 4.0 0.5 0.5
NOTES:
1) Use the number of apparent independent openings in the cage at the actual valve stem position (refer to the
manufacturer's catalog for the valve under consideration).
2) See Equation 6.2.
The gas velocity in the vena contracta is:
1/2
0 Lk 1 SR
U :ElngL 1_[&3D x ﬂ% (7.3)
vc c '
0 k-1 Hp P10
U U
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The stream power of the fluid in the vena contracta is:

2
w(U
W, = WUve) (7.4)
29,
By definition, the Mach number is:
)
Mn = ¥ (7.5)
c
vec
The acoustic efficiency for Regime | is:
4, 3.6
n = (1x10 ")(M,7) (7.6)
The sound power generated is:
_ 2
W, = ’7|WmFL (7.7)
NOTE: When the valve has attached fittings, replace F; with F p/Fp.
The peak frequency of the generated noise from the geometry is:
0.2U
—_ vC
J
8 Common equations for sonic and above
The temperature in the vena contracta at sonic conditions is:
2T,
7-vcc - k+1 (8.1)
The orificial velocity of sound is:
Rg.T, . {1/2)

vee ~ [ M, O

16
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The gas velocity in the vena contracta, at critical conditions, is:

g P i
0 k veel ]
U = ng 1-— (8.3)
vce 0 clk—-1 DPl ]
il
Stream power, at sonic (choked) velocity is:
2
wU
W= —%€ (8.4)
ms ch
9 Regime Il
The acoustic efficiency for Regime Il is:
4 (6.6F)
m = (1x107)(m) " (9.1)
NOTE: When the valve has attached fittings, replace F; with F; p/Fp.
The sound power generated is:
P,—P
a mi ms[pl _ Pvch (9.2)
The peak frequency of the generated noise from the geometry is:
_ 0.2M.c .. ©.3)
p D.
J
10 Regime Il
The acoustic efficiency for Regime Il is:
4 (6.6F))
My = (1x107)(M)~F (10.1)
NOTE: When the valve has attached fittings, replace F; with F; p/Fp.
The sound power generated is:

The peak frequency of the generated noise from the geometry is:

ANSI/ISA-S75.17-1989
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0.2M.c
= Jvee (10.3)

11 Regime IV

The acoustic efficiency for Regime 1V is:

_ 4 M2[] (6.6 F))
mv—(lxﬂ))gngﬂ (11.1)

NOTE: When the valve has attached fittings, replace F; with F p/Fp.
The sound power generated is:

W, = nyW,s (11.2)
The peak frequency of the generated noise from the geometry is:

0.35¢
f = vee (11.3)

1.25D(M? - 1§

12 Regime V

(1/2)
SR
S Ok
Mj DD{_:L%(ZZ) 10 (12.1)
O O
O O

18 ANSI/ISA-S75.17-1989



The acoustic efficiency for Regime V is:

2
O (6.6F)
n = (@x 10 2) "0 (122
0« 00
NOTE: When the valve has attached fittings, replace F; with F;p/Fp.

The sound power generated is:

W, =n,W, (12.3)

ms

The peak frequency of the generated noise from the geometry is:

0.35¢
f, = vee (12.4)
2 (/2
1.25D(M; -1)

13 Noise calculations

The downstream temperature T2 may be determined using thermodynamic isenthalpic relationships,
provided that the necessary fluid properties are known. However, if the fluid properties are not
known, T> may be taken as approximately equal to T3.

Downstream density is:

— 20
0P,
The speed of sound under downstream conditions is:

Rg.T,{1/2)
o = KR To (13.2)

2~ 0 M, O

This is calculated in order to calculate the Mach number. Internal sound pressure level is:
N, W
L .= 10 log, —=——0O (13.3)

NOTE: The reference pressure used in (13.3) is 2 x 10-4 pbar equivalent to (2 x 10-5 Pa).
The transmission loss at the coincidence frequency at the distance ris:

D0
T.o = 10 log | NyCrio—— niCln (13.4)

fo

NOTE: The fraction P5/P, is a correction for local barometric pressure.

ANSI/ISA-S75.17-1989 19



The pipe coincidence frequency is:
N

fo = _F

41D,

(13.5)

Sound travels through the pipe wall depending on the relationship between the peak generated

frequency and the pipe coincidence frequency:

If fp < fo: then ATpr = 20 log 10 E}‘iog

p
If fp > fo and fp < 4fo: then ATpr = 13 log 10 E{}‘EE

o

ml/dn
If fy > 4fy: then AT, = 20 log, mrm+ 78
o

(13.8)

Transmission loss is;

T, = Tipp—AT 4

(13.6)

(13.7)

(13.9)

The transmission loss correction for downstream fluid velocity is approximately (limited to 0.3

Mach, maximum):

1

L = 16 log
I 10 - ov,P,C,F,

- 2

L 1 Di P,
NOTE: Use the required Cy, not the rated value of C,.

NOTE: When the valve has attached fittings, replace F; with F p/Fp.

The sound level is:

L, = 5+Lpi+ T, + Lg

N

- :

(13.10)

(13.11)

20
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14 Calculation flow chart*

START

'

4.1 THROUGH 6.4

¢ YES

REGIME | ? — > 7.1 THROUGH 7.8 —»»

‘NO

8.1 THROUGH 8.4

¢ YES

REGIME Il ? ——P>

¢ NO
YES

REGIME Il ? —P(10.1 THROUGH 10.3[—»

¢ NO
YES

REGIME IV ? P> 11.1 THROUGH 11.3—»

¢ NO
YES

REGIMEV?  ——— 12,1 THROUGH 12.4+—»>

y

9.1 THROUGH 9.3 —»

13.1 THROUGH 13.5

+ YES
fto? |—»

NO
+ YES
fp>fo?<4fo? > 13.7 |
+ NO
YES

fp>4fo ? —>
\j
13.9 THROUGH 13.11 | END|

*Numbers are equation numbers.
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Appendix B — Example

This is not a part of the standard, butis included to show how itis used. Values are given to more
places than justified to make checking easier.

Given Data

4-inch valve; maximum C, = 210; Cyused = 210; F; = 0.8. Inlet pipe nominal 8 inch; outlet pipe
same; wall is 0.322 inch.

Fluid is vapor: 165 psia; density, 0.341817 Ibm/ft3; T = 350°F

k=1.33

Molecular weight, 18.

Downstream pressure, 70 psia; equivalent sound orifices = 1. Installed flow-to-close.
Actual atmospheric pressure, 14.696 psia.

The numbers on the right-hand side, for example, (4.1), are the equation numbers as used in this
standard.

From calculations based on ANSI/ISA-S75.01, Flow Equations for Sizing Control Valves, the
following five values are calculated:

Ki =1.2187500
Fp =0.92715341
Fip = 0.74568802
Fip/Fp  =0.80427682
w =50247.711 Ibm/hr
P, = Pr% (4.1)
L
P = 23760 Ibf/ft2
P> = 10080 Ibf/ft2
Fip/Fp =0.80427682 (F.p/Fp used because fittings are attached)
Result
Pyc = 2611.7227 Ibf/ft2
e
Pvcc = Pl[kflg (4.2)
P = 23760 Ibf/ft2
k =1.33
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Result

PVCC

P1
Frp/Fp
PVCC
Result

Pac

PVCC
Pac
Result

a

P1

Result

P2p

= 12839.048 Ibf/ft2

= 23760 Ibf/ft2

=.080427682 (F.p/Fp used because fittings are attached)

= 12839.048 Ibf/ft2

= 16695.660 Ibf/ft2

= 12839.048 Ibf/ft2
= 16695.660 Ibf/ft2

=0.76900512

= 23760 Ibf/ft2
=0.76900512
=1.33

= 9789.4346 Ibf/ft2

= 23760 Ibf/ft2
=0.76900512

Pyc = Pl_Ff(Pl_Pvcc) (4.3)
128
p
a = 2C — Pvcc (4.4)
DPl 0 2C
|:PVCC|:|
ey
1
p,, = Ak (4.5)
2B o kU '
P,
Pyce = 20 (4.6)
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Result
Poce = 1404.4120 |bf/ft2

IF: Pyce > P2 2 Pop; then Regime = 11| (5.3)
12839.048 > 10080 > 9789.4346 Thus, regime is Ill.
-1/2
F,= NGV2 6.1)
No = 1.0000
Result
Fd = 1.00000
1/2
D; = NyFy(C,F )P (6.3)
Ny =15 X 10-2
Fq =1.00
Cv =210.0
Fip/Fp  =0.80427682 (fittings attached)
Result
Dj =0.19494122 ft
1/2
m Dd‘—zlg D( :
O] P O]
Moz 001 g5 (6.4)
I 7 Fk—10 Gep,O 5
O O
k =1.33
P1 = 23760 Ibf/ft2
P> = 10080 Ibf/ft2
o = 0.76900512
Result
M; = 1.3934534
_ 2T,
7-vcc - k+1 (8.1)
k =1.33
T1 = 809.68988°R
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Result

TVC C

TVCC
9c

My
Result

Cvce

Pycc
P

P
Result

UVCC

UVCC
9c
Result
Wms

Fip/Fp

=695.01270 R
Rgchcc[fl/z)
CVCC = %D (82)
w
=1.33

= 1545 ft-Ibf/lbm-mole-°R
= 695.01270°R

= 32.17 Ibm-ft/Ibf-s2
=18.0

= 1597.6282 ft/s

1/2
0 = i
O 0 EE P. 0
Upee = EQgCD( K 1- 0 VCCE 15 (8.3)
0 -1 P, 210
O O
=1.33
= 12839.048 Ibf/ft2
= 23760 Ibf/ft2
= 0.34181735 Ibm/fts
= 1597.7712 ft/s
2
wU
W = —%€ (8.4)
ms ch
=50247.711 Ibm/hr or 50000/3600 Ibm/s
= 1597.7712 ft/s
= 32.17 Ibm-ft/Ibf-s2
= 553811.56 ft-Ibf/s
4 (6.6F7)
my = (1x107)(M)~F (10.1)
=1.3934534
=0.80427682
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Result

i = 0.00041226027

Wa = M Wms (10.2)
Wms = 553811.56 ft-Ibf/s
m = 0.00041226027
Result
Wa = 228.31450 ft-Ibf/s

) = O—/—'Zl\gjcvcc (10.3)
Cvece = 1597.6282 ft/s
M; = 1.3934534
D, = 0.19494122 ft
Result
fo =2283.9912 Hz

- 2(]

2 = A1 [P1D (13.1)
01 =0.34181735 Ibm/fts
P, = 23760 Ibf/ft2
P, = 10080 Ibf/ft2
Result
02 = 0.14501342 Ibm/ft2

c, = DLRﬁszgl/z) (13.2)
k =1.33
= 1545 ft-Ibf/lbm-mole-°R

T2 = 809.68988°R
de = 32.17 Ibm-ft/Ibf-s2
My =18.0
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Result

C2

Wa

Cvce

Dj

Result

Pa
Result

Tifo

Nf

Dj

= 1724.4027 ft/s

=5.7 x 1010

= 228.31450 ft-Ibf/s
= 0.14501342 Ibm/ft3
= 1597.6282 ft/s

= 0.6666667 ft

= 158.64638 dB

=1.1X107

= 0.6666667 ft
=351t
=0.322/12 ft

= 10080 Ibf/ft2

= 2166.2241 Ibf/ftz
= 2166.2241 Ibf/ftz

=-56.489620 dB

=1.6 X104
= 3.14159265359
= 0.6666667 ft

Tiio =

fo

N, W c,
=10 IongLa—z'o“D (13.3)
0 D 0
3
WES 1P
"0 P, '
p [& + 1D
Op, O
NF
—F 13.5
41D ( )
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Result

fo =1909.8608 Hz

If fp > foand fp < 4fp; then AT, o, = 13 log, E}‘{EE (13.6)
o

2283.9912 > 1909.8608 and 2283.9912 < 7639.4432

fo = 2283.9912 Hz

fo =1909.8608 Hz

Result

ATi, = 1.0100050 dB

Transmission loss is: T, =T, —ATpr (13.8)
Tifo = -56.489620 dB
ATip,  =1.0100050 dB
Result
TL = -57.499626 dB

Lg = 16 log 10 1 (13.9)

N,P,C F, O
B—;
[ D P, U
Np =15X10+4
Py = 23760 Ibf/ft2
Cv =210.0
Fip/Fp  =0.80427682 (used because of fittings)
D = 0.6666667 ft
P, = 10080 Ibf/ft2
Result
Lg = 1.0026389 dB
L,=5+ Lp,-+ T, + Lg (13.10)

TL = -57.499626 dB
Lg = 1.0026389 dB
Lpj =158.31476 dB
Result
La =107.14939 dB (A)

Use: 107 dB (A)
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Check downstream Mach:

w =50247.711 Ib/hr
P2 = 0.14501342 Ib/ft3
Di = 0.6666667 ft
U _ Volume flow
2 —_ —_——
Flow area

_ 0247711 1 O
Volume flow = = 3600 L[10.145013420

= 96.2511 ft3/sec

Flow area = '6666667E2n = 0.3490659 ft°

o 2
Uo = 275.73923 ft/sec
Mo _ V_eI _ 275.73923 - 0.1599

c  1724.4027

Thus, calculation is appropriate.
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