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3.0 INLET HEADERS 

 

 3.1 Limitations 

 

  The method as presented in Paragraphs 3.0 and 4.0 is limited to 

those valves having set pressures that produce critical or choked 

(Ma = 1.0) flow at the valve nozzle during the relief cycles.  

Subsonic valves and headers are covered in Paragraph 5.0.  The 

examples will evaluate only static and stagnation pressure.  

Temperature may also be determined by Fanno Lines but will not be 

included in this report. 

 

 3.2 Header Evaluation 

 
  Evaluation of either inlet or discharge headers is accomplished by 

the well accepted method of Equivalent Lengths as outlined in 
Crane Technical Paper 410 and others.  Factors which will 
influence flow such as entrances, elbows, tees, valves, etc. are 
expressed as Equivalent Lengths of Pipe.  The Equivalent Length of 
all these pipe components is added to the actual length of 
straight pipe to obtain the Total Equivalent Length (Le) of the 
pipe.  Some typical Equivalent Lengths are listed in Figures I and 

II.  The resistance coefficient    K =
d

)Le(f
 is then determined 

using Figure III to obtain f. 

 

 3.3 Condition One - Nozzle Area Same As Inlet Pipe Area 

 

  (A length of pipe only with no valve) 

 

  The pressure drop due to adiabatic frictional flow in the inlet 

pipe is calculated by assuming 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 simply an extension of the 

pipe.  This length is normally very short and practically can be 

neglected.  The Mach No. at the exit may be checked from the 

equation: 

 
 

  Ma = 
kM
To

dP
W00245.

2
2

         (Note 1) 
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   Where: P2 = Static pressure at exit, psia 

 

      T0 = Stagnation temperature 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 

Ma2 will equal 1.0  Where the calculated Mach No. is equal to or greater 

than 1.0 this method is applicable.  By knowing the Mach No. at the exit, 

stagnation pressure (Po) in the tank and properly evaluating the inlet 

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

 

   3.3.1  Example 

 

   Anderson, Greenwood 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 I.D.).  Header to tank connection is a 12 inch to 3 inch 

concentric reducer (L entry = 0 from Figure II) Lading Fluid is 

natural gas with k = 1.3, G = .60, to= 60°F (520°R). 
 

   This condition is a comparatively rare instance and will exist only 

with full bore pipeline valves, such as the AGCO Series 70, USI 

Type    D and some Farriservo Valves.  On these valves, the inlet 

piping should either be zero length (valve mounted directly on 

tank) or one    pipe size larger 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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4.0 DISCHARGE HEADERS (TAILPIPES) 
 
 4.1 Theory 
 
   The approach used in Discharge Headers is different from that used 

on Inlet Headers.  The Inlet Header calculation described in 
Paragraph 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 engineer when 
designing discharge headers.  As presented here, one must first 
calculate the weight flow rate of the safety valve from the normal 
valve sizing formula using the actual inlet condition to the valve 
as determined in Section 3.0.  Note that again the actual 
coefficient of the valve Kd is used. 

 
   Knowing the Weight Flow Rate, W and applying the equation from 

Paragraph 3.3 the Exit Mach No. (Ma5) can be determined by 
assuming    P = absolute atmospheric pressure.  To is the inlet 
stagnation temperature. 

 
   If the expression yields a Mach No. equal to one or less, the 

assumed exit pressure was correct.  If the Mach No. calculates to 
be greater than one, the assumed exit pressure was incorrect.  The 
correct Static exit pressure may be determined by letting Ma5 = 
1.0.  The exit pressure may also be calculated by multiplying the 
assumed pressure used in the first trial by the calculated Mach 
No.  We therefore know the Exit Mach No. (Ma5) and the Exit Static 
Pressure (P5).  See Paragraph 4.3 for Ma5 less than 1.0. 

 
   Knowing these conditions, Fanno Lines can be used to determine the 

static pressures anywhere in the discharge header.  If Stagnation 
pressures are desired, they may be readily obtained using the Mach 
No. at the Station in question and calculating the Stagnation 
Pressure using Figure VIII, which is a plot of 

 

    Po = P

)1k/(k
2Ma

2
1k1

−















 −+           (Note 2) 
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6) From Figure VI, the Static Pressure Ratio at the inlet to the 

outlet of the header for k = 1.3 and Ma4 = .695 is: 
 

 46.1
*P

P4 =  

 
 Therefore, Static Pressure at valve outlet (discharge header 

inlet), 
 
 P4 = P* (1.46) = P5 (1.46) = 22.79 (1.46) 
 
 P4 = 33.24 psia = 18.54 psig† 
 

7) From Figure VIII, the ratio of Stagnation Pressure/Static 
Pressure at the valve outlet (discharge header inlet) for k = 
1.3 and Ma4 = .695 Is: 

 

  35.1
P
P

4

4o =  

 
 Therefore, the Stagnation Pressure at the valve outlet 

 
  Po4 = 1.35 P4 = 1.35 (33.15)  = 44.75 psia = 30 psig 
 
 4.3 Condition Two - Theoretical Mach No. at Discharge Header Outlet 

Less Than 1.0. 
 
 4.3.1 Example 
 
 Anderson, 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 to 45°F. 

 
 
† The gauge value 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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8) From Figure IV, the Mach No., Ma4, at the inlet of the discharge 

header (valve outlet) for k= 1.3 and K = 11.24 is: 
 

  Ma4 = .230 
 

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

 
                               P4 
                               ─── = 4.55 
                               P* 
 

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

 
      P5      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) From Figure VIII, the ratio of Stagnation pressure to Static 
pressure at Station 4 for k = 1.3 and Ma = .230 is: 

 
   Po4 
  ─────  =  1.15 
   P4 
 
   Po4   =  1.15 (14.86) 
 
       = 17.09 psia 
 
         2.39 psig 
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5.0 SUBSONIC FLOW 

 

 5.1 Theory 

 

  In subsonic flow all valves (including the safety valve), pipe, 

and fittings in both the inlet and discharge 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 lengths of all involved 

plumbing, the pressure loss is assumed to be linear between the 

static tank pressure and the static pressure into which the system 

is discharging (normally atmosphere).  The pressure at any desired 

point may now be found by pressure-length ratio.  Knowing the 

pressures existant at the valve inlet and outlet, the capacity of 

the valve is readily calculated by appropriate formula and the 

pressure drop between the valve and tank is determined by simple 

subtraction. 

 

  This method is applicable only to installations where the tank 

pressure does not exceed 15 psig and where the Mach No. (Ma5) at 

Station 5, discharge header exit, does not exceed 1.0  The Mach 

No., Ma5, may be determined using the equation from paragraph 3.3, 

where d is the diameter of the inlet pipe (d1, 2) and P is the 

absolute pressure at the discharge header exit.  The inlet pipe ID 

must be used since the actual discharge header, being normally 

larger than the inlet pipe is replaced by its equivalent length of 

inlet pipe in the calculations.  The Mach No. (Ma5) in this 

equivalent pipe must be lower than 1.0 for the method to be 

applicable. 

 

  This approach to subsonic headers has been verified by extensive 

tests at the Anderson, Greenwood ASME accepted laboratory in El 

Campo and agreement between measured and calculated results are 

within +/-2%. 
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  Another approach for calculating frictional piping losses is to 

calculate the resistance coefficient K for all pipe and fittings, 

adding them and calculating the flow using Darcy's equation. 

 

    V = 
GTK
PP

1d
60

40700

1

12 ∆
γ        (Note 5) 

 

    Where V = Volumetric flow, SCFM 

 

          γ = Expansion factor for the calculated K, ∆P 
and P1 

 

  Figure X contains the resistance coefficient for AGCO Series 90 

POSRV's.  The expansion factor for air for various K's.  ∆P's and 
P1's is contained in Figure XI. 

 

  5.2 Method One - Equivalent L/D of Pipe, Fittings And Valve 

 

   5.2.1  Example 

 

     Anderson, Greenwood 2 x 3 Type 93, set pressure 5.0 

psig.  L/D from Figure X is 79, Inlet Header is 

45.0 inches, 2 inch schedule 40 steel pipe (2.067 

in ID), Discharge Header 91 inches, 3 inch schedule 

40 pipe (3.068 ID).  Lading Fluid is natural gas 

with k = 1.3, G = .60, To = 60°F.  Valve is assumed 
to have remote pickup so that it is fully open at 

set and stays fully open irrespective of inlet 

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

                       Ma5 = kM
T

dP
W00245. o

2
5

 

 
   Where  W = 2112 lbs./hr. 
 
      P5= 14.7 psia, pressure at discharge header exit. 
 
      d = 2.068 in., dia. of inlet pipe. 
 
     To = 520°R, Temperature of Lading Fluid 
 
      k = 1.3, Ratio of Specific Heats. 
 
      M = 17.38, Molecular Wt. of Lading Fluid 
 
      Qd = 807 SCFM 
 

                      Ma5 = )38.17()3.1(
520

)068.2()7.14(
)2112(00245.
2  

 
   Ma5 = .395 
 
   Therefore this approach is applicable since Mach No. is 

less than one 1.0 (choked flow does not exist). 
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NOTE (1) 

 

The temperature used to calculate the static discharge header exit pressure 

using the exit Mach No. should be the static temperature of the gas in the 

header.  Normally this temperature is not known.  Using the temperature at the 

valve inlet will yield reasonably accurate results. 

 

The exit static temperature could be expressed in terms of stagnation 

temperature and the inlet stagnation temperature used since the flow is 

assumed to be adiabatic.  Doing this however, introduces an appreciable error 

when compared with actual test results because the static temperature does not 

decrease as much as theory would predict. 

 

To confirm the validity of using static inlet temperature, 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 I lists the results. 

 

                                     TABLE I 

 
                ┌────────────────┬───────────────┬─────────────┐ 
                │ INLET PRESSURE │ P2 CALCULATED  │ P2 MEASURED │ 
                │     (PSIG)     │    (PSIG)     │   (PSIG)    │ 
                ├────────────────┼───────────────┼─────────────┤ 
                │       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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