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ABSTRACT

During the study of resonant phenomena in pilot operated safety relief valves
described in AGCO Report 2-0175-51, pressure differentials between the
reservoir and valve inlet for different riser lengths were measured. Attempts to
correlate these measured numbers with those predicted by equations intended

for use in low velocity flow (such as Darcy and Weymouth) were not particularly

successful.

Additionally, we at Anderson, Greenwood have for years been interested in
obtaining a method of calculating the pressure existent at any point in discharge
headers (tailpipes) or if the header has zero length, safety valve outlets. The
problem has not been in obtaining a theoretical method but rather a theoretical

method which gives good correlation with test results and is easily used.

We contacted Dr. Allan J. Chapman of the Rice University for assistance. The
method recommended by Dr. Chapman for pressures which produces nozzle
choking involves the use of Fanno Lines and is presented here for the use of the
Engineer who must install Relief-Valves, who desires to obtain satisfactory
performance from these valves, and who, like the writer, has been away from
school long enough to realize that he requires assistance. The approach is
pratical and those interested in theory are referred to Dr. Chapmans excellent

book "Introductory Gas Dynamics" or any of the many other available texte.

~For subsonic Flow, a method is presented in Paragraph 5.0 which, while ex-

tremely simple, gives excellent results.
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2.0 NOMENCLATURE

Le = Total Equivalent Length of Pipe (ft)

Ma = Local Mach No. (dimensionless)
W = Weight Flow Rate (Ib/hr)
t = Temperature (°F).
T- = Temperature (° Rankine)
k = Ratio of Specific Heats i (dimensionless)
CV
M = Molecular Weight of Lading Fluid = 28.964 x G

P = Pressure (psia)
L = Equivalent Length of Pipe (inches)
G = Specific Gravity of Lading Fluid (dimensionless)

D = Pipe Diameter (ft)

d = Pipe Diameter (in)

An = Area Valve Nozzle (in.sq.)

Kd = Actual Coefficient-of Dishcharae of Valve (NOTE: Does not in-

clude 20% derating factor reauired by ASIE Section VIIT code).

C = Constant for Gas or Vapor (ASME VIl Figure UA230)

K = -Resistance coefficient ( %L_ )

f = Moody Friction Factor for Turbulent Flow in a Pipe (dimensionless)
v = Yolumctric flow rate (SCFM)

SUBSCRIPTS ‘

0 Stagnation State (where velocity is zero)

1 Entrance of Inlet Pipe

2 Exit of Inlet Pipe (or inlet of safety valve)

3 Nozzle Exit

4 Valve Exit

5 Discharge Header Exit
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SUPERSCRIPTS
* Point of Choking in Adiabatic Flow ({Ma = 1.0)
DEFINITIONS
Adiabatic = Without Loss or Gain of Heat.
[sentropic -  Constant Entropy.
Entropy = A Quantity That is the Measure of the Amount of Energy

in a System Not Available for Doing Work; Numerical
Changes in the Quantity Being Determinable From the Ratio
dQ/T Where dQ is a Small Increment of Heat Added or

Removed and T is Absolute Temperature.
The locus of points describing the irreversible adiabatic flow

Fanno Lines
of a gas at constant mass flow per unit area.
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| NLET HEADERS

3.1

3.2

3.3

Limtations

The nethod as presented in Paragraphs 3.0 and 4.0 is limted to

t hose val ves having set pressures that produce critical or choked
(Mo =1.0) flow at the valve nozzle during the relief cycles.
Subsoni ¢ val ves and headers are covered in Paragraph 5.0. The
exanples will evaluate only static and stagnation pressure.
Tenmperature may al so be determ ned by Fanno Lines but will not be
included in this report.

Header Eval uati on

Eval uation of either inlet or discharge headers is acconplished by
the well accepted method of Equival ent Lengths as outlined in
Crane Techni cal Paper 410 and others. Factors which will
influence flow such as entrances, el bows, tees, valves, etc. are
expressed as Equival ent Lengths of Pipe. The Equival ent Length of
all these pipe conponents is added to the actual |ength of
straight pipe to obtain the Total Equivalent Length (Le) of the

pi pe. Some typical Equivalent Lengths are listed in Figures | and

f(Le)

Il. The resistance coefficient K = is then determ ned

using Figure Ill to obtain f.

Condition One - Nozzle Area Same As Inlet Pipe Area

(A length of pipe only with no val ve)

The pressure drop due to adiabatic frictional flowin the inlet
pi pe is calcul ated by assum ng choked flow (Ma = 1.0) at the pipe
(or nozzle) exit and by assuming that the inlet of the valve to
the nozzle face (if a valve is used) is sinply an extension of the
pipe. This length is normally very short and practically can be
negl ected. The Mach No. at the exit may be checked fromthe
equat i on:

00245 W [T
My = — 22 (Note 1)
Pd?  VkMm
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Wher e: P,

Static pressure at exit, psia

To St agnation tenperature at inlet

If the calculated Mach No. is greater than 1.0 (which cannot happen
physically due to choking) the exit pressure will readjust itself so that
Mz will equal 1.0 Where the calculated Mach No. is equal to or greater
than 1.0 this nethod is applicable. By knowing the Mach No. at the exit,
stagnati on pressure (Po) in the tank and properly evaluating the inlet

pi pe, fluid properties can be evaluated at any point in the pipe.

3.3.1 Example

Ander son, G eenwood Type 273, 3 x 44, Set Pressure 490 psig (505
psia). Header is 15ft (180 in.) of 3 inch schedule 80 pipe (2.9
inch 1.D.). Header to tank connection is a 12 inch to 3 inch
concentric reducer (L entry O fromFigure Il) Lading Fluid is
natural gas with k = 1.3, G = .60, t,= 60°F (520°R).

This condition is a conparatively rare instance and will exist only
with full bore pipeline valves, such as the AGCO Series 70, USI
Type D and sonme Farriservo Valves. On these valves, the inlet

pi pi ng shoul d either be zero I ength (valve nmounted directly on
tank) or one pi pe size | arger and swaged down at the valve to
obtain satisfactory performance. Note that the pressure drop
between the tank (1) and valve (2) is the change in stagnation

pressures.
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3.3.2 Solution = Nozzle Same Area As Inlet Pipe Area
Station 1 Station 2 & 3
Pol Po2 = Po3 = Po"
To1 To2 = To3 = To"
Tank Ma1 . dy = dp = dj Ma2 =Mi5 =1.0
Ps ! . |
\- :
To Inlet Pipe ]
(1 L Valve Nozzle
S P— -
’ o Le -
1)  Known Parameters
Set Pressure, Po1 = 505 psia
Ratio Specific Heat, k = 1.3
Temperature, to. = 40°F
Specific Gravity, G = 0.60
Moleclular Weight, M=28.964(G) = 17.38
Inlet Pipe Diameter, dy =dp =d3 = 2.9 in.
Inlet Pipe Length, L1,2 = 180 in.
2) Header Evaluation
Header Section L/d L K = fL/d
Entrance 0 0 0
Pipe 62,07 180 1.67
Fittings 0 0 0
Total 62.07 180 {1.67
Where: f = .027 (Figure 111)
180
L/d = — = 62.07
/ 2.9
K = flL/d = .027 (62.07) = 1.67



ANDERSON GREENWOOD CROSBY REPORT NUMBER
02.0175. 128 Page 9 Rev. L

3) From Figure 1V, The Mach No. At The Inlet For
k = 1.3and K = 1.67, is: Mal = .455

4)  From Figure V, The Stagnation Pressure Ratio For

k = 1.3and Mg = .45G is: .o

Po*

= 1.2

Therefore, the stagnation pressure at the exit (Station 2)

Pol 505 - 355.62
© T 182 1.62

5) The Inlet Pressure Loss is:Pn1-Pg* = 505-355.63 = 149.37 nsi
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3.4 Condition Two = Nozzle Area Smaller Than Inlet Pipe Area

This condition is far more common than Condition One and is found in
all "Nozzle" Valves (D thru T Orifice = APl 526) or, as in this
instance, where the inlet header is one pipe size larger than the valve.
The pressure drop due to adiabatic frictional flow in the pipe is
calculated by assuming choked flow (sonic) at the nozzle exit as in
Condition One and isentiopic flow in the nozzle. Knowing the Mach
No. (M33* = 1.0) at the nozzle exit and the effective area ratio
A2/A3, the Mach No. (Ma2) at the valve entrance is found from
Figure VII. Note that the actual nozzle area of the valve (Ap) is

multiplied by the Discharge Coefficient Kq to obtain A3. Utilizing

fL
-

the Mach No. (Ma2) just found, the Friction Length Parameter
for a theoretical pipe length which would be required to accelerate
the flow from Mg to Ma3 = 1.0 is found from Figure.IV. This

theoretical length replaces the nozzle. The Friction Length Parameter

of the inlet pipe fl1,2 is added to the theoretical expression fl2,3
dj dj
to obtain fl_'_e_ . Conditions at any point in the pipe (Such as at
d

Station 2)  are then readily determined.

3.4.1 Example
Same as 3.3.1 except that inlet header size has been
changed from 3 inch to 4 inch (3.9 inch Inside Diameter)
The actual coefficient of discharge Kq = .809/.9 = .90,
If desired, Temperatures and/or Static Pressures may be
simularly found in the same manner from the appropriate
curves which are included. Additionally, now that the
actual conditions at the valve inlet during flow are known,
the capacity which the valve will deliver can be readily

determined from standard sizing formulae.
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3.4.2 Solution = Nozzle Area Smaller Than Area of Inlet Pipe
Station 1 Station 2 Station 3 (nozzle)
Pol Po2 Po3 = Py*
= *
Station 0 To1 To2 To3 = To
M Mgz = 1.0
Tank Ma1 4 = d a2 {__J a3
° Inlet Pipe :l__E L
T 4 [
(o] L -l L —
J rm—ry s
r — |_e -

1) Known Parameters

Set Pressure, Po1 = 505 psia

Ratio Specific Heat, k = 1.3

Temperature, to = 60°F

Specific Cravity, G = 0.60

Molecular Weight, M=28.964(G) = 17.38

[nlet Pipe Diameter, di = dp = 3.9 in.

Valve Nozzle Diameter, d3 = 2.9 in.

Valve Coefficient of Discharge Ky = 0.90

Inlet Pipe Length, L1,2 = 180 in.
2) Header Evaluation

Header Section L/d L K = fL/d

.Enfrance 0 0 0

Pipe 46.15 180 1.15

Fittings 0 0 0

Total 46.15 180 1.15

Where: f = ,025 (Figure 1)

180
L/d = 7o = 46,15
K = fL/d = .025 (46.15) = 1.15
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The Isentropic Area Ratio of the Valve Inlet to the Valve

A2 (d9)?2 _ (38.9)2 _
A3 (d3)2Kg  (2.9)2(.90) 20

From Figure VII, the Mach No. at Station 2 (Ma2) = 0.31

Nozzle is:

for k = 1.3 and Isentropic Area Ratio of 2.00.

From Figure 1V, the Friction Length Parameter ( fL/d) of a
theoretical pipe length required to accelerate the flow from

Ma2 =0.31 to Mg3=1.00 is  5.25 for k = 1.3.

From Figure V, the Stagnation Pressure Ratio F;)OZ is 2.00
o*

for k = 1.3 and a Mach No. (Ma2) of 0.31 as determined.

in Step 3.

The Total Friction Length Parameter (fL/d) of the actual plus

theoretical pipe is fl,2 fL3'3 =1,15+5.25 = 6.40
Y

ﬂ‘a%zi was determined in Step 2, ijZIB was determined in

Step 4.

From Figure IV, the Mach No. at Station 1 (Ma]) is 0.29 for

a Friction Length Parameter of 6.40.

From Figure V, the Stagnation Pressure Ratio Pol is 2,1 3for
Po*

k = 1.3 and a Mach No. (M 3]) of 0.29 as determined in
Step 7.

The Stagnation Pressure at Station 3 (the exit) is:

» _ Pol _ 505
P° = .2 =20 = 237 psia

13 2,73

N

The Stagnation Pressure at Stafion 2 (the valve inlet) is
Po2 = 2.00 P,* from Step 5. Using Po* = 23 as
determined in Step 9, Po2 = 237(2.00) = 474 psia

The Inlet Pressure Loss is: Py1 = Po2 = 505 - 474 = 31 psi
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4.0 DI SCHARGE HEADERS (TAI LPI PES)

4.

1

Theory

The approach used in Discharge Headers is different fromthat used
on Inlet Headers. The Inlet Header calculation described in

Par agraph 3.0 uses two known conditions. These are 1) Tank
Stagnation Pressure and 2) Mach No. at the valve nozzle (Ma =
1.0). Neither of these conditions is known to the engi neer when
desi gni ng di scharge headers. As presented here, one must first
calculate the weight flow rate of the safety valve fromthe nornal
val ve sizing fornula using the actual inlet condition to the valve
as determined in Section 3.0. Note that again the actua
coefficient of the valve Ky i s used.

Knowi ng the Wi ght Flow Rate, Wand applying the equation from
Paragraph 3.3 the Exit Mach No. (Mas) can be deternined by
assum ng P = absol ute atnospheric pressure. T, is the inlet
stagnati on tenperature.

If the expression yields a Mach No. equal to one or |less, the
assuned exit pressure was correct. |If the Mach No. calculates to
be greater than one, the assunmed exit pressure was incorrect. The
correct Static exit pressure may be deternmined by letting Mas =
1.0. The exit pressure may al so be cal culated by nmultiplying the
assuned pressure used in the first trial by the cal cul ated Mach
No. We therefore know the Exit Mach No. (Mas) and the Exit Static
Pressure (Ps). See Paragraph 4.3 for Mas | ess than 1.0.

Knowi ng these conditions, Fanno Lines can be used to determine the
static pressures anywhere in the discharge header. |f Stagnation
pressures are desired, they may be readily obtained using the Mach
No. at the Station in question and cal culating the Stagnation
Pressure using Figure VIII, which is a plot of

K1 k/(k-1)
Py = P[1+[TjMa2} (Note 2)
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Considering the effect of back pressure on a theoretically perfect
nozzie in a duct, critical (choked) flow will exist until the ratio

of static pressure/stagnation pressure is = 0.5, depending on the

gas. Chapman states that for subsonic flow, the exit plane static
pressure must equal the imposed static back pressure, thus the static
back pressure has an effect on the flow rate through the passage.

In the classic equations for sonic or subsonic Fldw, the test for sonje
flow is the ratio of static downstream pressure£tagnation pressure in

the valve nozzle and' the AP used in.calculating flow rate in
subsonic flow is the stagnation pressure in the nozzle throat

minus the static downstream pressure.
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4.2 Condition One - Theoretical Mach No. at Discharge Header Outlet

Equal to or Greater Than One

4,2.1  Example
Anderson, Greenwood Type 2J3, Series 100, Set Pressure is
175 psia. Valve nozzle diameter is 1.347 inches and nozzle
coefficient is .975. Discharge header is 29.5 inches of 3
inch Schedule 40 pipe (3.06 inch |.D.). Lading fluid is
natural gas with k = 1.3, G = 0.60, C = 345 and
tb= 45°F, |
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4,2.2 Solution - Discharge Header Exit Mach No., Mc5 = 1.0
Station 4 Station 5
>
Mad Mas = 1.0
P4 P5 = P* 14.7 psia (assumed)
P d
p . | NOTE: If valve
Discharge Header 1 discharges info a
T | constant pressure
t“hl-d,,'j #~  header, use known
Po To pressure.,

1)  Known Parameters

Set Pressure, Py = 175 psig
Ratio Specific Heat, k = 1.3
Temperature, ty = 45°F = 505°R
Specific Gravity, G = 0,60
Molecular Weight, M = 28.964(G) = 17.38
Gas Constant, C = 345
Valve Nozzle Diameter, d3 = 1.347 in.
Valve Coefficient of Discharge, Ky = 0.975
Discharge Header Diameter, d4 = 3.06 in.
Discharge Header Length, L4,5 = 29.5in.
2) Header Evaluation
Header Section L/d L K = fL/d
Pipe 9.6 29 .24
Fittings 0 0 0
Total 9.6 29 .24

Where: f = 025 (Figure I11)
9.5

=2 -
L/d = 7= = 9.6

K = fl/d=.025(9.6) = .24
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CKq(dg)2n [Py (1.1) + 14.7] R

=
1}

Capacity,

(1b/hr)

~~
—ilz

=
"

345(.975)(1.34)%4[175(1.1) + 14.7] v 17.38
i /505

18425 1b/hr

=
[}

.00245 W T
/ 0

Mach No. Mag =
> TPd,? kM

Assuming Ps = 14.7 psia,

_.00245(18425) 505
35 T 2.7 (3.06)2 " (1.3)(17.38)

Mag = 1.550

Since the Mach No., Mag is greater than one, the actual Static exit
pressure,

P = Mag (14.7) = 1.550 (14.7)

22.79 psia

From Figure IV, the Mach No. at the inlet to the discharge header
(valve outlet) fork = 1.3 and K .24 is:

Maq = .695
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6) FromFigure VI, the Static Pressure Ratio at the inlet to the
outl et of the header for k = 1.3 and Ma, = .695 is:

B - 146
P*
Therefore, Static Pressure at valve outlet (discharge header
inlet),
P, = P* (1.46) = Ps (1.46) = 22.79 (1.46)

P, = 33.24 psia = 18.54 psigf
7) FromFigure VIII, the ratio of Stagnation Pressure/Static

Pressure at the valve outlet (discharge header inlet) for k =
1.3 and Ma, = . 695 Is:

Foa _ 1.35
4

Therefore, the Stagnation Pressure at the val ve outl et
Pos = 1.35 P, = 1.35 (33.15) = 44.75 psia = 30 psig

4.3 Condition Two - Theoretical Mach No. at Di scharge Header Qutlet
Less Than 1.0.

4.3.1 Exanpl e

Ander son, Greenwood Type 2J3, Series 100 Set Pressure is
15 psig, valve nozzle diameter is 1.347 in., nozzle
coefficient is .975. Discharge header is 29.5 inches of
natural gas with k = 1.3, G = 0.60, C = 345 and t, 45°F.

t The gauge val ue of the discharge header inlet static pressure (P4) is used
in establishing if sufficient tailpipe induced built-up back pressure could
occur such that the pressure rating of the outlet connection on the
pressure relief valve would be exceeded.
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Solution - Discharge Header Exit Mach No. M.5 < 1.0
Station 4 Station 5 Station 6
Ma4 to
P4 Mz < 1.0 Mag = 1.0
Pod  dg Ps Pe = P
I r l
) T T
Discharge Header .
f&r«—‘—tm 15,6 —
s -
Por TO m Le
1)  Known Parameters
Set Pressure, Po = 15 psig
Ratio Specific Heat, k = 1.3
Temperature, to = 45°F
Specific Gravity, G = 0.60
Molecular Weight, M: = 28,964(G) = 17.38
Gas Constant, C = 345
Valve Nozzle Diameter, ds = 1.347 in.
Valve Coefficient of Discharge, Ky = .975
Discharge Header Diameter, d4 = 3.06 in.
Discharge Header Length, L4,5 = 29.5in.
2) Header Evaluation
Header Section L/d L K = fL/d
Pipe 9.6 29.5 .24
Fittings 0 0 0
Total 0 0 .24
Where: f = .025 (Figure I11)
L/d =295 = 9.6
K = fL/d=.025(9.6) = .24

Rev.
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3) Capacity, W = CKq(dg)?r [Py (1.1) + 14.7] S
M (1b/hr)
4

—
o

345(.975)(1.34)%x[15(1.1) + 14.7] v 17.38
g Yy 505

=
1]

2774.5 1b/hr

=
i

00245 W T,
Y

4) Mach No. Mag =
) > TPad,l kM

Assuming P5 = 14.7 psia,

.00245(2774.5) 505
Ma5 = Vi v
(14.7)(3.06) (1.3)(17.38)
Mag = .233

Since the Mach No., Mags is less than one the assumption that Pg, the
Static exit pressure was 14.7 psia is correct.

5) From Figure IV, the Friction Length Parameter of a theoretical pipe
attached to the header exit in which the flow is accelerated to Mach
one at its exit for k = 1.3 and Mag = .233

K =11.0

6) From Figure VI, the Static Pressure Ratio from the inlet to the outlet
of the theoretical pipe exit for k = 1.3 and Mag = .233

Ps
= 4.5

p*x

7) The Friction Length Parameter of Actual Header plus theoretical

fLy 5 fls ¢
+ -

extension is K = = .24 +11.0 = 11.24

dy, dy
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8) From Figure IV, the Mach No., Ma,, at the inlet of the discharge
header (valve outlet) for k= 1.3 and K = 11.24 is:

Ma, = . 230
9) From Figure VI, the Static Pressure Ratio fromthe inlet of the
actual header to the outlet of the theoretical extension for K =
1.3 and M, 4 = .230 is

Py
= 4.55

P*

10) The Static Pressure at the exit of the theoretical pipe extension
is:

Ps 14.7
p* = = = 3.266 psia
4.5 4.5

11) The Static Pressure at the actual header inlet (valve outlet) is:
P4 = 4.55 P* = 4,55 (3.266) = 14.86 psia
= .16 psig

12) FromFigure VIII, the ratio of Stagnation pressure to Static
pressure at Station 4 for k = 1.3 and M, = .230 is:

Po*
= 1.15

Ps

Po4 = 1.15 (14.86)
= 17.09 psia

2.39 psig
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5.0 SUBSONI C FLOW

5.

1

Theory

In subsonic flow all valves (including the safety valve), pipe,
and fittings in both the inlet and di scharge headers affect the
flow rate through the system (since choked flow does not exist).
The approach presented here is somewhat unconventional in that
after properly evaluating the equivalent |engths of all involved
pl unmbi ng, the pressure loss is assunmed to be |inear between the
static tank pressure and the static pressure into which the system
is discharging (normally atnosphere). The pressure at any desired
poi nt may now be found by pressure-length ratio. Know ng the
pressures exi stant at the valve inlet and outlet, the capacity of
the valve is readily cal cul ated by appropriate fornula and the
pressure drop between the valve and tank is determ ned by sinple
subtracti on.

This method is applicable only to installations where the tank
pressure does not exceed 15 psig and where the Mach No. (Mas) at
Station 5, discharge header exit, does not exceed 1.0 The Mach
No., Mas, may be determ ned using the equation from paragraph 3.3,
where d is the dianmeter of the inlet pipe (d;, 2) and P is the
absol ute pressure at the di scharge header exit. The inlet pipe ID
nmust be used since the actual discharge header, being nornally
larger than the inlet pipe is replaced by its equival ent | ength of
inlet pipe in the calculations. The Mach No. (Mas) in this

equi val ent pipe rmust be lower than 1.0 for the method to be
appl i cabl e.

Thi s approach to subsoni ¢ headers has been verified by extensive
tests at the Anderson, G eenwood ASME accepted |laboratory in E
Canpo and agreenent between neasured and cal cul ated results are
within +/-2%
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Anot her approach for calculating frictional piping |osses is to
cal cul ate the resistance coefficient K for all pipe and fittings,
addi ng them and cal cul ating the flow using Darcy's equati on.

40700 o, JAPR
V= —Zya? VL (Note 5)
60 JKT,G

VWere V = Volunetric flow, SCFM

y = Expansion factor for the calculated K, AP
and P,

Figure X contains the resistance coefficient for AGCO Series 90
POSRV' s. The expansion factor for air for various Ks. AP s and
P,'s is contained in Figure Xl.

5.2 Met hod One - Equivalent L/D of Pipe, Fittings And Val ve

5.2.1 Exanpl e

Ander son, Greenwood 2 x 3 Type 93, set pressure 5.0
psig. L/DfromFigure Xis 79, Inlet Header is
45.0 inches, 2 inch schedule 40 steel pipe (2.067

in 1D, D scharge Header 91 inches, 3 inch schedul e
40 pipe (3.068 ID). Lading Fluid is natural gas
with k = 1.3, G= .60, T, = 60°F. Valve is assuned
to have renote pickup so that it is fully open at
set and stays fully open irrespective of inlet
pressure | o0ss.
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5.2.2 Solution 4) (5)
I L4,5 —_—

d3 '

Valve (b) dy

(2) ? _/ 4
Discharge (c)

Ly,2

; #— < [nlet (a) dy 2

Known Parameters

Set Pressure, Po

Ratio Specific Heat, -k
Temperature, t, = 60°F
Specific Gravity, G
Molecular Weight, M = 28,964 (G)
Equivalent Length, L/D

Inlet Header Length, Ly,2

Inlet Header Diameter, di,2

Discharge Header Length, L4,5

Discharge Header Diameter, d4,5

Coefficient of Discharge Ky =_K9

Header Exit Pressure P5

Valve Orifice Area A

.845

Page 24 Rev.

It

1

il

5.0 psig

1.3

520°R

.60

17.38

79

45,0 inches
2.067 inches
91.0 inches
3.068 inches
.939

0 psig

2.29 in2
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2) System Evaluation
Section L/d L
Inlet Header 21.8 45.0
Valve 129.(3)] 267
Discharge Header| 6.1 12.63 (b)
Inlet 0 0
Total 324.53
(@)  From Figure X
(b) Discharge header length = 91.0 inches of 3,068 | D pipe.
Since the equivalent length giv_en in terms of pipe diameter,
is a function of the fourth power of the pipe diameter,
- / \
' | P4
_l._zl 921.0 | 2.0675 - 6.1
D 3.068 | {3.068 |
L = 2,067 (6.111) = 12,63 in.
3) Equivalent Configuration
Valve Outlet
TANK
Po  |Valve Inlet Discharge Header ——
Inlet Header 5 Relief Valve L]
}«45,0 267 . p-1263=-
Ly o L2,4 (equivalent) L4,5
! |
Station 1 Station 2 Sta Sta
4 5
4) Pressure Calculation Stations 1, 2, 4, & 5
P'I = PO = 5.0 psig
Ps = Patmos.= O psig
Py = 5.0- 5.0 @0y 3070
(324:63)
257 +45.0 .
Py = 5.0-5.0 LB2EH:0 o
(324.63)

REPORT NUMBER

Note that the pressure differential across the valve, Py = Py, is

4.112 psi, not 5.0 psi as would have been assumed without piping

calculations.
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5) The Mach no. of the theoretical 2 inch discharge pipe is:

_ 002450 [T,
Rd? VkM

VWere W= 2112 | bs./hr.
Ps= 14.7 psia, pressure at discharge header exit.
d = 2.068 in., dia. of inlet pipe.
T, = 520°R, Tenperature of Lading Fluid

k

1.3, Ratio of Specific Heats.

M

17.38, Mdlecular W. of Lading Fluid

Q = 807 SCFM

o = 00245 (2112) 520
® 7 14a7) (2068)% | (L.3) (17.38)

NB.5 = .395

Therefore this approach is applicable since Mach No. is
| ess than one 1.0 (choked fl ow does not exist).
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NOTE (1)

The tenperature used to calculate the static discharge header exit pressure
using the exit Mach No. should be the static tenperature of the gas in the
header. Normally this tenperature is not known. Using the tenperature at the
valve inlet will yield reasonably accurate results.

The exit static tenperature could be expressed in terns of stagnation
tenmperature and the inlet stagnation tenperature used since the flowis
assuned to be adiabatic. Doing this however, introduces an appreciable error
when conpared with actual test results because the static tenperature does not
decrease as nuch as theory would predict.

To confirmthe validity of using static inlet tenperature, a 2J3 POSRV was
flow tested at inlet pressures of 50 to 500 psig using 58°F natural gas with a

specific gravity of 0.58. Table | lists the results.
TABLE |
| NLET PRESSURE | P, CALCULATED '| P, MEASURED |
(PSI G (PSI G (PSI G
50 0 0
100 0 0
200 6.75 7.25
300 16.5 17. 25
400 26.0 27.5
500 36.5 38.5
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NOTE (1)

MACH NUMBRER DERIVATION

- (RN
Ma= (=)= )] &5
A NP kg [NASA COMPRESSED GAS HANDBOOK,

1969, .85]
UNITS: W= by, /S COMSTANTS : R | INDIVIDUAL GAS comaT,
A- f17 B UNIVERSAL GAS cOMST
P- by /H1? - "

T- °R, sTATIC = 1544 £+ b/ molep, °R

w N w©l

= 32,174 1 lbm [2? Ibg

UNIT COMVEES IOMNS

W
Ma = 3600 | 1544 T
< LU 2
2 9 gg /| 144P Mk (22.174)
= 0.00245 — | L

(2) Equation 5.31 Compressed Gas Handbook SP 3045 NASA

(3) Figure 6.10 Chapman
(4) Pages 37 and 38 used with permission of Crane Co.

(5) Crane Technical Papaer 410, p.
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NOTE (6)
DERIVATION oOF “/D AMD K EQUATIONS

FOR SAFETY RELIEF VALVES

APR
Z
(1) gn= 40,700 Yd® [Fg~ [CRAME TECHMICAL PAPER # 410
P. 3-47]
WHERE : gn* VOLUMETRIC FLOw RATE | ScfFH
Y = EXPANSIONM FACTOR

d = PIPE INTERMNAL DIAMETER | in
AP: PRESSURE Diop AROSS PIPE (VALVE), Pal .
P IMLET PRESSURE | PSIA

RES ISTAMCE COEFFICIEMNT

~

IMLET TEMPERATURE. | °R

-

G SPECIFIC GRAVITY OF FLOWINGMEDIA

= canp [BFF
(2) v= 863 K =

WHERE: V= VOLUMETRIC FLOW RATE THROWGH VALVE l%C.F:l\"l

Kd * VALVE NOZZLE COEFFICIEMT
A © VALVE NOZZLE AREA, in®
AP' = PRESSLRE DROP ACROSS VALVE MOZZLE  PSI
R' - PRESSURE AT NOZZLE EXIT, PSIA

=P -0.62(P-P)"°Y FOR TYPE 91/94/95

.98

= P -0.55 (P - Pz2) For TYPE 93/93T

P2 : PRESSURE AT VALVE QUTLET  PSIA

(%)(K‘\)/K [(%)(k-\)/g _ l]

= (%)

=
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SOLVING FOR K IN EQUATION (1)

(40,700)2v % 4% AP P
qhz T, G

K:

Gn - o0V

SUBSTITUTING V, USiIdG EQUATION (2), FOR qn

(40T700) Y 4 APP T G

K =
(60)2 (BE3) 2 Ka* AP F2AP'R' T .G

COMBIMNIMG MUMERICAL COEFFICIENTSAND SIMPULIEYINMG TERMS :

0.6\ T82 Y244 APP,

K =
Ke? AF2aP' B

FOR AGIVEMN VALVE oOR PIPE GEOMETRY K |S CONSTAMT
Y, THE EXPANSIOM FACTOR | 1D .0 FOR INCOMPRESDIBLE
FLOW AT VERY Low PRESSURES. THEREFORE , K cAM

BE DETERMIMED BASED o~ THE LIMITIMNG VALUES

OF F° AP, AP AMD B AS P, APPROACHES 2. THESE
LIMITING VALUES AEE |.0 FoR F° AND 27%/np'e
THEREFORE, AT THE LIMIT K 15

_ _o.61782 d*
- Kdz AZ
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d: PIPE \NTERMAL DIAMETER ,in.
Kd= VALVE NOZZLE COEFFICIENT

A - VALVE NOzZzLE AREA  in?

f - FRICTION FACTOR
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531

Resistance of Valves and Fittings
to Flow of Fluids

.

Globe Valve, Open

\

Angle Valve, Open /

P

W N /“..
Swing (,hcc!\ Valve, -~
Fully Open

\f:t: Valve
34 Closed

L4 Closed
——— 34 Closed
] Fully Open

v
"'

Standard Tee

i

Square Elbow

/

____\\

ll
’ F‘

- Ny .

‘_:I“

Borda Entrance

Close Return Bend

Standard Tee
Through Side Gutlet

G+

Standard Elbow or run of
Tee reduced 1A

4

Medium Sweep Elbow or
run of Tee reduced 14

S 3

Long Sweep Elbow or
run of Standard Tee

' Ordinary Entrance

D —ds~

Sudden Contraction
\—94/p-1%
4=V

d/p=3

N

1 o =\

—— 45" Elbow

Copyright by Crane Co.

FIGURE

Su dcn Enlar;cment -
d/p-14

Straight Pipe, Feet

— -

T
—
o

wn

W

Equivalent Length of

LI S0 D LN B I B

™~

fay

T TTTTd

1
° o ©
~ W wn

I,
o
=

Example
The dotted tine shows that
the resistance of a 6-inch
Standard Elbow is equiva-
lent to dppm\mntclv 16
feet of v-inch Standard Pipe.
Note

For sudden enlargements or
sudden contractions, use the
smaller diameter, d, on the
pipe size scale.

48— 0
42—
36—
30 30
24—
22
20-—+20
18
g 1
__:: 10— 10 gy
g S— 5
2z s— =
< - -
-8 =1 3
5 To=—=- &
5 -8
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Q
Z
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114 ———
14—
=11
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EQUIVALENT LENGTHS OF VARIOUS FITTINGS (1 ()

Flow
‘ L/D =66.7

Concentric
Reducer

Standard Tee (Equal Dia. Legs)
With Valve on Side Outlet

/D=0
1 diameter
Standard Elbow L/D =231 Sharp 4
Medium Elbow /D =27
L Radius Elb L/D =21
ong Radius Elbow L/ 518

45° Elbow L/D =17

* 1 diameter
y, ( .5 diameter o
L/D =31

Globe Valve, Open L/D =315

t

J\

)

(1) Crane "Resistance of Valves and Fittings to the Flow of Fluids"

FIGURE 11
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Stagnation Pressure Ratio
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Static Pressure Ratio
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lsentropic Area Ratio
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FIGURE X
TYPE 91/94/95
Kd = .855
Valve
Size L/D L (In.) K
2 x3 95 197 1.81
3 x4 111 341 1.92
4 x6 128 516 2.08
6 x 8 156 947 2.32
8 x 10 156 1245 2.19
10 x 12 197 1974 2.65
12 x 16 168 2016 2.17
TYPE 93
Kdg = .939
Valve
Size L/D L (In.) K
2 x3 129 267 2.44
3 x4 135 414 2.33
4 x 6 148 596 2.41
6 x 8 166 1008 2.48
8 x 10 153 1221 2.15
10 x 12 202 2024 2.72
12 x 16 159 1908 2.06

Equivalent Lengths (L/D) determined using:

L
D

Where: f

= ,61782

i}

g4

_ (Note 6)
KdZAZf

1

4[.57-Tlog1l0 e ]2
(

d/12
.00015
inlet pipe diameter, in (Schedule 40 size used)
orifice area, in2

f L/D
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A-~22 APPENDIX A — PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PIPE CRANE

Net Expansion Factor Y for Compressible Flow
Through Pipe to a Larger Flow Areda

k 1.4
(k =approximately 1.4 for Air, ng s, Na, CO, NO, and HCH

1.0 ! - I : : Limiting Factors
™ : o 1 ; For Sonic Velocity
N i ' l ? ? : k= 1.4

0.95 S : .
AR o
.90 —— 1 NENR ‘ : x 18R]y
| &\\\\ I P,
0.85 ‘ \. \ &\ : i ! |
Q \s\\ 1 1.2 | .552 | .588
- . \\\ \\ \ 1.5 | .576 | .606
o | \\\\ ] N ! E 2.0 .612 | .622
) ! ! ! ] . j .
0.75 i \ \\\\& : 3 662 | .639
: i i ; ' N 4 .697 | .649
| \ , \\\\o 6 737 | .671
070 S \\\\;\a ;”:04\34—
| | NoP T S, % 4, 8 .762 | .685
, ‘ N N 10 | .784 | .695
0.65 , l BWN ) lﬁ—i‘\qg‘o i 15 .818 | .702
: prd Y ]
| | | \\j‘; Pl 5% : | 20 | .839.710
0.60 AN I 40 | .883 | .710
7y 17 100 | .926 | .710
0.55 il °“| l 1
¢ ol 02 03 04 05 06 07 08 03 L0

FIGURE XI
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