
Pipe Flow – Vapor 



Equipment Data: 

The six fields under Equipment Data are specified on the Overpressure Scenario Form. 

Input Data: 

The form fields for inputs are blue and organized under the Scenario Input column.  These are described 
below: 

P1 – Pressure upstream of restriction orifice.  From most to least conservative: MAWP, PSV Set, PSHH, Max 
Operating 

P1Basis – Description for choice of P1.  PSV-100 Set Pressure, PSHH Setpoint, etc. 

T1 – Temperature at inlet to pipe for non-dewpoint, superheated vapors.  Calculated for PQ Dewpoint Flash. 

Dewpoint – If yes, then a PQ Flash is performed with Q = 1.0. 

SetP – PSV set pressure used to determine relief pressure. 

OverP – Allowable overpressure typically 10% used to determine relief pressure. 

P3 – Constant back pressure when PSV is closed. 

RateUnit – Flow units for required relief rate that is reported back to the Overpressure Scenario Form. 

FrictionOnly – If yes, flow will be calculated based on non-recoverable friction losses only. 

PipeNPS – Nominal pipe size (used along with PipeSch to get PipeID) 

PipeSch – Pipe schedule (used along with PipeNPS to get PipeID) 

PipeID = Pipe inner diameter (calculated if PipeNPS and PipeSch entered, otherwise must be input) 

PipeEql - Pipe equivalent length 

PipeRoughness - Pipe roughness used to quantify friction factor (default = 0.0018 in for carbon steel) 

Segments - Number of segments the pipe is divided into for calculation 

UseThermo – If yes, the ThermoPackage will be used to get properties.  If no, additional inputs are required. 

ThermoPackage – Thermo package used for properties.  VMG (Symmetry) packages or REFPROP 10.0 from 
NIST 

StreamID – The stream to be used for properties.  A new stream can be added here.  See Stream Definition 
Form. 

Kd – Manufacturer’s certified vapor Kd or 0.975 for API STD 520 default. 

Sizing – PSV sizing method:  API 520 Vapor or Numerical Integration (recommended when Z <= 0.8). 

OutPipeSizing – Outlet pressure drop method: Adiabatic, Omega Method or Numerical Integration. 

Calculation Method: 

This form supports flow of a vapor through a pipe of constant diameter and fixed length.  The pipe is divided 
into the specified number of Segments, so for example a 20’ pipe with 10 specified segments is divided into 2’ 
sections that are each calculated individually.  The solution process is based on iterating the flow until the 
calculated inlet pressure to the pipe equals the entered value of P1.  The calculation starts at the exit or 
downstream end of the pipe where the velocity is checked to determine if the flow is sonic/choked.  In the 



event that it is found to be choked the exit pressure is adjusted such that the exit velocity is equal to the sonic 
velocity.   𝑆𝑜𝑛𝑖𝑐𝑉 = 223ඥሺ𝐾ሺ𝑇 + 460ሻ𝑍/𝑀𝑊ሻ 
Where: 

K = Ideal specific heat ratio 

T = Temperature at pipe exit (°F) 

Z =  Compressibility at pipe exit 

MW = Gas molecular weight 

The pressure drop for each segment is quantified based on the full isothermal flow Equation 3-16 from Crane 
410 with the density being modified as the pressure changes. 

𝑊 = 0.371ඨ ௗరఘቀ௙ಽವାଶ ୪୬ುభುమቁ ቀ൫௉భమି௉మమ൯௉భ ቁ  

Where: 

W = Mass Flowrate (lb/hr) 

d = Pipe inner diameter (in) 

ρ = Density (lb/ft3) 

f = Moody friction factor 

L = Pipe (or segment) length (ft) 

P1 = Pipe (or segment) inlet pressure (psia) 

P2 = Pipe (or segment) outlet pressure (psia) 

Scenario Output Data: 

The form fields for scenario-specific outputs are organized under the Scenario Output column.  These are 
described below: 

rho1 - Upstream density in lb/ft3 typically from thermo engine. 

Z1 - Upstream compressibility typically from thermo engine. 

K1 - Upstream ideal Cp/Cv typically from thermo engine. 

MoodyF – Moody friction factor 

Choked – Yes for critical flow, no for subcritical flow 

ChokeP – Calculated choke pressure or downstream pressure if not choked 

RequiredRateMass – Required rate in lb/hr 

RequiredRateMM – Required rate in MMSCFD 

RequiredRateAir – Required rate converted to scfh air 

Flux2 – RequiredRateMass ∙ RequiredArea * 144 / 3600 



Scenario Calculation Results: 

The form fields for overall scenario results are organized in the Scenario Calculation Results Section.  These 
outputs are typical of most of the scenario calculations and are detailed under Typical Scenario Calculation 
Results. 

QA/QC Benchmarks: 

The vapor pipe flow calculation was benchmarked against and alternative, empirical method from Crane 410 
that uses an expansion factor Y (Equation 3-20) and quantified a flowrate of 18,491 lb/hr.  In addition, the 
results were checked with the pipe segment from a commercial simulator noting that the simulator does not 
check for choked flow at the exit which yielded a flow of 18,026 lb/hr.  Finally, a spreadsheet using the full 
isothermal equation was also developed and predicted a flowrate of 17,823 lb/hr.  All of these methods are in 
reasonable agreement with the 17,792 lb/hr quantified by Pressio.  Crane 410 Equation 3-20 is an empirical 
method and not expected to be an exact match while the commercial simulator predicts a slightly higher flow 
due to the fact that it does not check for choked flow (see Mach = 1.14 in report). 

  



Pipe Flow Vapor

Equipment Tag: V-1000

Drawing: PID-1000

Type: Pressure Vessel

MAWP: 150

MAWT: 250Description: Slug Catcher

psig

F

Equipment Data:

1" Drain Valve Open

Scenario Description:
The maximum upstream pressure is 800 psig as dictated by the upstream MAWP and associated pressure relief which can 
exceed the design pressure of 150 psig.  As such, inadvertent opening of the 1" drain ball valve could result in overpressure 
due to gas blowby.  The required relief rate was based on the recovery residue gas composition at 800 psig and 120 F 
upstream of the valve with the relief pressure of 165 psig downstream.  The estimated length of the 1" Sch 80 drain line is 20'.

Scenario Calculation Results:

Relief Temperature: 89.4 F

Relief SG: 0.577

Relief Density: 0.522 lb/ft3

Relief Pressure: 165.0 psig

Relief Mass Quality: 1.000

Relief MW: 16.74

Relief Z: 0.979

Required Rate: 17,792.0 lb/hr

Required Area: 1.662 in2

Actual Capacity: 19,675.0 lb/hr

Actual Area: 1.838 in2

Relief Viscosity: 0.011 cP

Relief Ideal Cp/Cv: 1.293

Inlet Non-Recoverble dP: 0.8

Built-Up Back Pressure: 6.6

Inlet dP % Set: 0.6

psi

% Set

psig

Built-Up Back P % Set: 4.4 % Set

Total Back Pressure: 11.6 psig

Total Back P % Set: 7.7 % Set

cP

Outlet Temperature: 80.6

Outlet Mass Quality: 1.000

F

Device Choke Pressure: 98.3 psig

Outlet Ideal Cp/Cv: 1.296

Outlet Viscosity: 0.011

Outlet Density: 0.057 lb/ft3

Reaction Force: 293 lbf

RKR Engineering and Consulting
Gas Plant XYZ
Pressio 2024 Help Benchmarks
2024-1000



Pipe Flow Vapor

Equipment Tag: V-1000

Drawing: PID-1000

Type: Pressure Vessel

MAWP: 150

MAWT: 250Description: Slug Catcher

psig

F

Equipment Data:

1" Drain Valve Open

Upstream Pressure: 800

Upstream Temperature: 120

Upstream Z: 0.927

psig

F

Upstream Density: 2.364

Pipe Inner Diameter: 0.957

Pipe Equivalent Length: 20

in

ft

lb/ft3

Choked: Yes

Exit Pressure: 222.5

psig

Dewpoint Vapor:

Upstream Ideal Cp/Cv: 1.286

Constant Back Pressure: 5 psig

Friction Losses Only:

Set Pressure: 150 psig

Allowable Overpressure: 10.00%

Required Relief Rate Units: lb/hr Required Rate Std Vol: 9.7

MMSCFD

Relief Mass Flux: 428.2

lb/sec/ft2

Required Mass Rate: 17,792.0

lb/hr

Required Air Rate: 314,994.1

scfh air

Input Data: Output Data:

Use Thermo

Notes:

Relief Device Kd: 0.975

Nozzle Sizing: API 520 Vapor

Thermo Package: REFPROP 10.0

Outlet Pipe Sizing: Adiabatic

Pipe Roughness: 0.0018

Moody Friction Factor: 0.0231 ft

Upstream Pressure Basis: MAWP

Pipe NPS: 1"

Pipe Schedule: 80

ft

RKR Engineering and Consulting
Gas Plant XYZ
Pressio 2024 Help Benchmarks
2024-1000



Pipe Flow Vapor

Equipment Tag: V-1000

Drawing: PID-1000

Type: Pressure Vessel

MAWP: 150

MAWT: 250Description: Slug Catcher

psig

F

Equipment Data:

1" Drain Valve Open

Stream Description: Residue Gas

methane 0.9577

Relief Stream Composition:

Component Mole Fraction

ethane 0.0320

propane 0.0008

butane

isobutane

pentane

isopentane

hexane

heptane

octane

nonane

decane

carbon dioxide 0.0070

nitrogen 0.0025

methanol

water

0.0070

0.0025

RKR Engineering and Consulting
Gas Plant XYZ
Pressio 2024 Help Benchmarks
2024-1000



Vapor Pipe Flow per Crane 410
Equation 3-20

Inputs

Patm 14.7 psia
MW 16.74
T 120 F
Z 0.912
K value 1.28
P1 800 psig
P2 165 psig
Tube ID 0.957 in
Tube Length 20 ft
Friction Factor 0.023
dP/P1 Critcal 0.720
Y 0.683

Outputs

K 5.768
dP/P1 Actual 0.779
dP Actual 635 psi
dP Critical 586.6 psi
P2 Critical 213.4 psig
Critical Flow Yes
Rho1 2.40 lb/ft3
W 18,491        lb/hr





Pipe Flow per Crane 410
Complete Isothermal Equation 1-6

Inputs

Patm 14.7 psia Goal Seek B33 = 0 by Changing B30
MW 16.74
T 120 F
Z 0.912
K value 1.279
P1 800.0 psig
P2 165 psig
Pipe ID 0.957 in
Pipe Length 20 ft
Friction Factor 0.023
dP/P1 Critcal 0.720

Outputs

P1 814.7 psia
P2 179.7 psia
dP/P1 Actual 0.779
dP Actual 635.0 psi
dP Critical 586.6 psi
P2 Critical 213.4 psig
Critical Flow Yes
Rho1 2.40 lb/ft3
Pipe Area 0.005 ft2
K 5.768
Flow 17823 lb/hr
Part 1 0.0316234
Part 2 775.06321
Equation -3.573E-05
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