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PRV Models
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This plot is the 
phenomenological 
model used for the 
safety relief valve.

¢ƘŜ ά{ǘŀǊǘ-to-
5ƛǎŎƘŀǊƎŜέ ǇǊŜǎǎǳǊŜ 
is the value entered 
by the user.

Note the hysteresis.
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Heat Loss ðPdV Work

vpmW #=

Mass flux

Specific Volume

Pressure

The lading does work in pushing 
lading out.  This work is deducted 
from its internal energy.
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Venting Scenarios: 

Work and Evaporation
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vevap HmQ #-=

Heat of vaporization

Mass flux

Heat Loss - Vaporization ÇAs vapor leaves, it is replaced by the liquid 
ǇǊƻŘǳŎǘΩǎ ŜǾŀǇƻǊŀǘƛƻƴΦ

ÇThe heat required to evaporate the liquid 
product is:
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Work and Evaporation
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Full Temperature Evolution Equation

evapventingconvectconductrad

lading

walladjacentliquid QWQQQ
dt

dT
M +-++=+  

Liquid

Vapor

(1) Conduction through 
wall

(2) Convection from inner surface of 
wall over vapor.

(3) Radiation from inner surface of 
wall over vapor to liquid surface.

(5) Work of venting

(4) Evaporation
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Venting Scenarios: 

Work and Evaporation

tmmm oldnew D+= #

Mass at previous time-step

Mass flux

Time step

The masses of the liquid and vapor are accounted 
for separately using the mass flux laws already 
discussed.

The concentration of solute and solvent changes 
because they vaporize at different rates, according 
to their vapor pressure.

Change in Mass
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Venting Scenarios: 

Four Configurations

Summary for Four Main Configurations

Liquid Only (Shell Full) Liquid flow through valve

Vapor Only Choked flow or sub-sonic approximation

Liquid + Vapor, Venting Liquid Two-phase flow

Liquid + Vapor, Venting Vapor Choked flow or sub-sonic approximation

Scenario Type of Flow
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Venting Scenarios: 

Four Configurations

Liquid and Vapor 
Venting Vapor

Vapor Only
Venting Vapor

Liquid Only (Shell Full)
Venting Liquid

AFFTAC models flow 
through the vent/valve 
for the four different 
scenarios shown here.

Liquid and Vapor 
Venting Liquid
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Venting Scenarios:

Vapor Flow (2 of 4)
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Liquid and Vapor 
Venting Vapor

ZT
ApKCm d

1
=#

Constant, function of specific heats

Discharge Area

Valve Discharge Coefficient

Pressure

Vapor compressibility

If the pressure is high enough, a choked flow model is 
used.  It depends on the flow area (valve opening) and 
the valve-specific discharge coefficient.

For lower pressures, a 
phenomenological mass flux 
model is used.

Vapor Only
Venting Vapor
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Tutorial 5: Adiabatic Blowdown-Empty
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ÇA perfectly insulated tank
Ç Infinite strength (cannot burst)
Ç1% Full of liquid
ÇPRV with zero start-to-discharge pressure

Adiabatic blowdownof a nearly empty tank. 



AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
Tutorial 5: Adiabatic Blowdown-Empty
Tutorial 6: Adiabatic Blowdown-½ full

Two-Phase Venting (one of the four)
Tutorial 7: Adiabatic BlowdownOverturned
Shell-Full (one of the four)
Tutorial 8: Shell-Full Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Venting Scenarios (continued)

Tutorial 5: Adiabatic 

Blowdown 1% Full

/ƻǇȅ ŀƴŘ ǇŀǎǘŜ ¢ǳǘƻǊƛŀƭ пΦ  aŀƪŜ ƴŀƳŜ ά¢рΥ !ŘƛŀōŀǘƛŎ Blowdownм҈ CǳƭƭέΦ
Edit as follows, then click Run Nowin the fourth window.

1

2

3

4
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Venting Scenarios (continued)

Tutorial 5: Adiabatic 

Blowdown 1% Full

Vapor is vented 
starting at t=0.

Nearly all of the 
mass has been 
vented by about 18 
minutes.

At that point, the 
cooling due to 
evaporation and 
work is taken over 
by heating.

Note:  There is very 
little lading left.

14
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Tutorial 6: Adiabatic Blowdown- ½ Full
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ÇA perfectly insulated tank
Ç Infinite strength (cannot burst)
Ç50% Full of liquid
Ç100% Exposed to pool fire
ÇPRV with zero start-to-discharge pressure

Adiabatic blowdownof a half filled tank 
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Blowdown 50% Full

/ƻǇȅ ŀƴŘ ǇŀǎǘŜ ¢ǳǘƻǊƛŀƭ рΦ  aŀƪŜ ǘƘŜ ƴŜǿ ƴŀƳŜ ά¢сΥ !ŘƛŀōŀǘƛŎ 
Blowdownрл҈ CǳƭƭΦέ  9Řƛǘ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀǎ Ŧƻƭƭƻǿǎ ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ Run 
Now.

1

2

3

4
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Tutorial 6: Adiabatic 

Blowdown 50% Full

Vapor is vented 
starting at t=0.

Nearly all of the 
vapor has been 
vented by about 
1000 minutes.

The liquid 
evaporates and 
replenishes the 
vapor until about 
1000 minutes.

After 1000 minutes 
the rate of 
evaporation slows 
and release drops 
nearly to zero.

18
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Two-Phase Venting
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Venting Scenarios:

Two-Phase (1 of 4)

20

Liquid and Vapor 
Venting Liquid

ÇMixture of vapor and liquid.  Vapor 
forms as the pressure is reduced. 

ÇAssume isentropic, inviscidflow.

ÇUse Bernoulli equation (conservation 
of fluid momentum along a streamline).

ÇEnforce isentropic flow.

Assumptions are as follows:



AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
Tutorial 5: Adiabatic Blowdown-Empty
Tutorial 6: Adiabatic Blowdown-½ full

Two-Phase Venting (one of the four)
Tutorial 7: Adiabatic BlowdownOverturned
Shell-Full (one of the four)
Tutorial 8: Shell-Full Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Venting Scenarios (continued)

Venting Scenarios:

Two-Phase (1 of 4)
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Liquid and Vapor 
Venting Liquid

1
2

ÇPoints 1 and 2 are primarily abstractions.
Ç1 ςA point far from the entrance of the valve.
Ç2 ςThe point at which the cross-sectional area of the flow stream is smallest.

ñ+=
2

1

22

1

2

2

p

p

dp
gVV
r

Velocity at point 2.

Velocity at point 1.

Pressure 
differential

Density
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Venting Scenarios:

Two-Phase (1 of 4)

22

Liquid and Vapor 
Venting Liquid

1
2

Ç Integration begins at a generic 
upstream location (Point 1), where the 
velocity, pressure and density is 
known.

Ç Integration ends at Point 2, where 
the cross-sectional area is a minimum.

ÇWe do not know where Point 2 is.

ÇSo, the integral is evaluated in small 
increments of temperature.  At each 
increment, the vapor pressure and 
entropies are determined.  The ratio of 
vapor to liquid is determined by 
enforcing constant overall entropy.  V2

is computed using the Bernoulli 
equation from which mass flux and 
then cross sectional area is computed.

High 

Temperature

Lower

Temperature
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Venting Scenarios:

Two-Phase (1 of 4)

23

Liquid and Vapor 
Venting Liquid

ÇSince p1 and p2 represent the vapor 
pressure of the two-phase mixture, we can 
compute p1 and p2 as a function of 
temperature.  So,

ñ+=
2

1

22

1

2

2

p

p

dp
gVV
r

ñ+=

)(

)(

2

1

2

2

22

11

2

Tp

Tp

dp
gVV

r

becomes

1
2

High 

Temperature

Lower

Temperature



AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
Tutorial 5: Adiabatic Blowdown-Empty
Tutorial 6: Adiabatic Blowdown-½ full

Two-Phase Venting (one of the four)
Tutorial 7: Adiabatic BlowdownOverturned
Shell-Full (one of the four)
Tutorial 8: Shell-Full Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Venting Scenarios (continued)

Venting Scenarios:

Two-Phase (1 of 4)
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Liquid and Vapor 
Venting Liquid

Ç Integration begins at Point 1, where the 
velocity, pressure and density are known.

ÇT2 is gradually lowered, causing the vapor 
pressures to decrease. 

ÇV2 is recomputed each time and used to 
compute the cross-sectional area. 

ÇWhen the cross-sectional area reaches a 
minimum, it is used to compute the mass 
flow rate.

ñ+=
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2

1

2

2

22
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1
2

High 

Temperature

Lower

Temperature
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Venting Scenarios:

Two-Phase (1 of 4)

25

1
2

High 

Temperature

Lower

Temperature

ÇComputing the cross section as 
a function of temperature 
requires knowledge of the 
amount of fluid that is vapor 
versus the amount that is liquid.

ÇThat percentage changes with 
temperature.

ÇThe flow is assumed to be 
isentropic.

ÇTherefore, the entropies of the 
fluid and vapor (which are also 
functions of temperature) can be 
used to adjust the fraction of 
fluid vs. vapor in order to 
maintain constant entropy.

Liquid and Vapor 
Venting Liquid
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26

Tutorial 7: Adiabatic Blowdown-Overturned
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27

ÇA perfectly insulated tank
Ç Infinite strength (cannot burst)
Ç50% Full of liquid
Ç100% Exposed to pool fire
ÇPRV with zero start-to-discharge pressure
ÇRolled over so that liquid is discharged.

Adiabatic blowdownof overturned, half-filled tank.
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Tutorial 7:  Two-Phase 

Discharge-Overturned

28

1

2

3

4

/ƻǇȅ ŀƴŘ ǇŀǎǘŜ ¢ǳǘƻǊƛŀƭ сΦ  bŀƳŜ ǘƘŜ ƴŜǿ ŀƴŀƭȅǎƛǎ ά¢тΥ н-Phase 
Discharge-hǾŜǊǘǳǊƴŜŘέΦ  9Řƛǘ ƛǘ ŀǎ Ŧƻƭƭƻǿǎ ŀƴŘ ǘƘŜƴ Ǌǳƴ ƛǘΦ
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Tutorial 7:  Two-Phase 

Discharge-Overturned

29

The heat loss due to the 
expulsion of lading is applied 
to the liquid phase.
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Tutorial 7:  Two-Phase 

Discharge-Overturned

30

Tutorial 6: Upright, Vapor Flow Only

The two-phase flow case results 
in much more mass expelled 
and thus more work done by 
lading, resulting in lower liquid 
temperature.

Tutorial 7: Overturned, Two-Phase Flow
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Shell-Full Venting
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Venting Scenarios (continued)

AFFTAC Calculations:

Pure Liquid Flow
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ÇOccurs during shell full condition or 
when tank is sufficiently tilted.

ÇThe force is generated through 
thermal expansion of the liquid.

ÇThe thermal expansion is computed 
and judged against the size of the tank.  
The difference is used to compute the 
required flow through the vent.

ÇThe pressure for the shell-full case is 
computed based on thermal expansion 
of the liquid relative to the tank.

Liquid Only (Shell Full)
Venting Liquid
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Tutorial 8: Shell-Full Venting



AFFTAC Training Class

Scott Runnels Consulting srconsult.com

Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
Tutorial 5: Adiabatic Blowdown-Empty
Tutorial 6: Adiabatic Blowdown-½ full

Two-Phase Venting (one of the four)
Tutorial 7: Adiabatic BlowdownOverturned
Shell-Full (one of the four)
Tutorial 8: Shell-Full Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Venting Scenarios (continued)

Tutorial 8 Setup
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The goal is to start with a shell full rollover 
case, venting liquid, but to heat it fast 
enoughthat it stays shell full for a while.

ÇBare tank
Ç Infinite strength (cannot burst)
Ç100% Full of liquid
Ç100% Exposed to pool fire
ÇPRV with zero start-to-discharge pressure
ÇRolled over so that liquid is discharged.
ÇHeated so that it stays shell full (starts cold, hot flame).

Note that the initial temperature is very cold, emissivity is unity, 
and the flame is hot.  This combination will succeed in expanding 
the liquid, keeping the tank full, for about twenty minutes.
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Venting Scenarios (continued)

Tutorial 8:  Shell Full 

Venting
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