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Venting

L] Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)

Two-Phase Venting (one of the four)

Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full



Venting

Venting Scenarios: A H—

Four Scenarios
P RV M O d e I S Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty

Tutorial 6: Adiabatic Blowdow#z full

Fraction Opened

This plot is the
phenomenological 1.00
model us_ed for the | g5
safety relief valve.

| =Y

¢ KS éd- a1 NJ
5Aa0KI NHSE LINB
Is the value entered
by the user.

Note the hysteresis. 0.00 —

0.82P, 0.88P,

Venting Scenarios (continued)

Two-Phase Venting (one of the four)

Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full

1.03F, Pressure

a { Gtb-BXi a O NH S ¢

Pressure
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Venting Venting Scenarios (continued)
PRV model Two-Phase Venting (one of the four)

Ve n t I n g SC e n ar I O S . [] Work and Evaporation Tutorial 7: AdiabatilowdownOverturned

Four Scenarios SheltFull (one of the four)
WO r k an d EV a O rat I O n Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
p Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Heat Loss 06 PdV Work The lading does work in pushing
lading out. This work is deducted

from its internal energy.

/fMass flux

W — r#“/p +<— Pressure

Specific Volume

%/\
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Venting Venting Scenarios (continued)
. . . PRV model Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . [] Work and Evaporation Tutorial 7: Adiabati@lowdownOverturned
Four Scenarios SheltFull (one of the four)
WO r k an d EV a O rat I O n Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
p Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Heat Loss - Vaporization ¢ As vapor leaves, it is replaced by the liquid
LINE RdzO0 Qa SOFLIR2NYGAZ2Y D

@) ¢ The heat required to evaporate the liquid
Q product is:

Q
\

/— ass flux
Qevap r#H

Heat of vaporization
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Venting Venting Scenarios (continued)

V 5 S 7 3 PRV model Two-Phase Venting (one of the four)
e n t I n g C e n ar I O S . [] Work and Evaporation Tutorial 7: AdiabatilowdownOverturned
Four Scenarios SheltFull (one of the four)

" Venting V. two of the f Tutorial 8: ShelFull Venti
WO r k an d EV ap O rat I O n TStr(l):'?;{ 5:a£3i;(t)at?éow§ov?l?}2mpty Tﬁtg::ZI 9: Adiab:tic \32rll?igg Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Full Temperature Evolution Equation

dTf,

ading __
M liquid+adjacentvall dt _ Qrad T Qconduct+ Qconvect_ venting T Qevap
(3) Radiation from inner surface of (2) Convection from inner surface qf
wall over vapor to liquid surface. wall over vapor.

(4) Evaporation

/
(5) Work of venting

(1) Conduction through
wall
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Venting Venting Scenarios (continued)

V 5 S 7 3 PRV model Two-Phase Venting (one of the four)
e n t I n g C e n ar I O S . [] Work and Evaporation Tutorial 7: AdiabatilowdownOverturned
Four Scenarios SheltFull (one of the four)

" Venting V. two of the f Tutorial 8: ShelFull Venti
WO r k an d EV ap O rat I O n TStr:);?sl 5:a£gi;(t)at?éow§ov?ll:}2mpty Tﬁtg::ZI 9: Adiab:tic \%r:?igg Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Mass at previous timstep

Change in Mass /—Mass flux

= + Dt
rmew rnOId LTime 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.
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Venting Venting Scenarios (continued)
. . . PRV model Two-Phase Venting (one of the four)
Ve n t I n g SC e n a,r I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
[] Four Scenarios SheltFull (one of the four)

" " Venting V. two of the f Tutorial 8: ShelFull Venti
FO u r CO n fl g u rat I O n S TStr(]):'?sl 5:a£gi;(t)at?éow§ov?lagmpty Tﬁtg::ZI 9: Adiab:tic \%rll?igg Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Summary for Four Main Configurations

Scenario

Liquid Only (Shell Full)
Vapor Only
Liquid + Vapor, Venting Liquid

Liquid + Vapor, Venting Vapor

AFFTAC Training Class
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Type of Flow

Liquidflow through valve
Chokedlow or subsonic approximation
Two-phase flow

Choked flow or susonic approximation



Venting Venting Scenarios (continued)
. . . PRV model Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
[] Four Scenarios SheltFull (one of the four)
F O U r C O N f I u r at I O N S Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
g Tutorial 5: Adiabati®lowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full
Tutorial 6: Adiabatic Blowdow#% full

Liquid and Vapor Vapor Only
Venting Vapor Venting Vapor

»

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

O

Liquid and Vapor
Venting Liquid

O @

Liquid Only (Shell Full)
Venting Liquid
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Venting Venting Scenarios (continued)

. . . PRV model Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
Va O r FI O W ( 2 Of 4) [] Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
p Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

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

’F Constant, function of specific heats

#=KC Ap :
LT
\ Vapor compressibility

Pressure

L Discharge Area

Valve Discharge Coefficient

For lower pressures, a
phenomenological mass flux
. AFFTAC Training Class mOdel iS Used.
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Liquid and Vapor
Venting Vapor

Vapor Only
Venting Vapor
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Venting
PRV model
Work and Evaporation
Four Scenarios
Venting Vapor (two of the four)
[] Tutorial 5: AdiabatiBlowdownrEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)

Two-Phase Venting (one of the four)

Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 5: AdiabatidBlowdown-Empty
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Venting Venting Scenarios (continued)
PRV model Two-Phase Venting (one of the four)

. Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Tu to r I aI 5 Set u p Four Scenarios SheklFull (one of the four)
Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
[] Tutorial 5: AdiabatiBlowdownrEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Adiabaticblowdown of a nearly empty tank.

C A perfectly insulated tank

C Infinite strength (cannot burst)

C 1% Full of liquid

C PRV with zero starto-discharge pressure

AFFTAC Training Class
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Venting Venting Scenarios (continued)

1 . 1 = PRV model Two-Phase Venting (one of the four)
Tu to r I a.l 5 - Ad I ab atl C Work and Evaporation T\Lljvtorial 7 AdiablatielowdownOvelrjturned

Four Scenarios SheltFull (one of the four)
B I O W d O wn 1 O/ F u I I Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
0 [] Tutorial 5: AdiabatiBlowdownrEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

[ 2L FyR LI &a0S ¢dzi2 NA I Blowdswnvza FQdit tyéd-adrS a
Edit as follows, then clidRun Nowin the fourth window.

o Editlading I =HFO0 X
Select Lading
Default Liqufied Gas A
Defautt Liq. - Low H20 Content
2 Diefault Lig. - Hi H20 Contert
Bime
o EdTanCarbroperies ey =2 e
Propane =
. Ethlyene Oride
Tank Geomelry Tank Matenal Propylene
Butadiene (1.3}
Vinyl Chlorich B
33000 Nominal Capacity {aal ) Imaginary material of infinite strength - Niro':vdom;gyi:mine
P Oid
13 Inside: Diameter fin) 250 Mirimum Bursting Pressure psic) e i
Sufuric Acid -
0.75 Wall Thickness {in.) 81000 Tenslie Strength of Tank Material {psi)
038 Emissivity/Absorptivity of Tank Surface [ Manage Ladings Database
Safety Relief Device = e 3
5t EditAnalysisConditions Wl EdicTPS | 00 Fraction Filled
Device Type I
I ® Noms 25800 Rated Flow Capacity (SCFM of air) Select Old TPS Model 250 Initial Temperature (deg-F)
Fire Conditions @ Valve 2855 Rating Pressure (psig) Exampls 1
h [ Example 2
. () Vent with Rupturs Disc o Start toDischarge Pressure (psig) Example 3 [ Padding Gas Present
() Standard Pool Firg - Senstivity Test fl
ElE=p
@ Special Conditions
08 Vapor Discharge Coefficient (decimal fraf
06 Liquid Dischargs Cosfficient (decimal fr2
80 Flame Temperture (deg F)
Previ Cancel Run N
: _ ) ) (e s
Fraction Exposed to Fire |
L S -
M Qld TPS Mode! Datab
| 50 Length of Simuation fminutes) — - =
0 Angle of Rollover (degrees) Fraction covered by TPS (not valid for bare tanks)
: i
Editing "T5: Adiabatic Blowdown 1% Ful” i i
Switch to New Themal Protection System
[] Consider Discontinuities
Next ] [ Cancel ] [ Run Now
Previous ] [ Neat ] [ Cancel ] [ Run Now
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Venting Venting Scenarios (continued)
. . - . PRV model Two-Phase Venting (one of the four)
Tu to r I a.l 5 . Ad I ab atl C Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
B I O W d O W n 1 % F u I I Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
[] Tutorial 5: AdiabatiBlowdownrEmpty Tutorial 9: Adiabatic Venting Overturned & Full
Tutorial 6: Adiabatic Blowdow#% full

Vapor is vented Lading

— Pressure In i i
. s Tank I I

starting at t=0. g 500 - .

Tank Wall [ Burst =

Ovwer Vapor 5 Fressure =1 200 |
Nearly all of the 3 5
mass has been 5 8 200 .
vented by about 18 g _ Al
minutes. T g ' 26 ' m 0 ' 20 ' w0

Time (min) Time (min)

At that point, the
cooling due to

Mass

evaporation and Fracton i s
work is taken over =t |
by heating. 5 ) 2
i w 1000
- =
Note: There is very . ] g |
. . a
little lading left. | - L :. L -
Time (min) Time (min)
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Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)

Tutorial 5: AdiabatiBlowdownEmpty
OJ Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)

Two-Phase Venting (one of the four)

Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: AdiabatidBlowdown- 12 Full
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Tutorial 6 Setup

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)

Tutorial 5: AdiabatiBlowdownEmpty
OJ Tutorial 6: Adiabatic Blowdow#% full

Adiabaticblowdown of a half filled tank

C A perfectly insulated tank

C Infinite strength (cannot burst)

C 50% Full of liquid

C 100% Exposed to pool fire

C PRV with zero starto-discharge pressure

AFFTAC Training Class
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Venting Scenarios (continued)

Two-Phase Venting (one of the four)

Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full
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Venting Venting Scenarios (continued)

. . - . PRV model Two-Phase Venting (one of the four)
Tu to r I al 6 . Ad I ab atl C Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)

Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
B I OW d O W n 50% F u I I Tuto:'ial 5: AdiabatiBIowdow:J}Empty = 2 I

Tutorial 9: Adiabatic Venting Overturned & Full
OJ Tutorial 6: Adiabatic Blowdow#% full

/2L FyR LI &0S ¢dzi2NALE po al 1S 0KS yS
Blowdownp /&2 Cdzf f ®¢ ORAG GKS IRyl feara | a T2
Now. = 4 ===

o2l Editlading

Select Lading

Default Liquified Gas P
Default Lig. - Low H20 Content

Water

Tank Geometry Tank Material B oids 3
Propylene

33000 Nominal Cay I Imaginary material of irfrite sirength = Butadiene (1.3)
lominal Capacity (gal) Viyl Chloride -
Monomethylamine
113 Inside Diameter {n.) 850 Minimum Bursting Pressure psig) Promine Cutde
075 Wall Thickness fin.) 81000 Tensie Strength of Tark Material (i) Anbycrous Ammoria
Sutfuric Acid ad

1 Emissivity/Absorptivity of Tank Surface

[ Manage Ladings Database

Safety Relief Device

Device Type 05 Fraction Filled

& None 100 Rated Flow Capacity (SCFM of air) I

E - 200 ¥

I © Valve ) Rating Pressire (psig) gl EditTPS Initial Temperature (deg-F)
al EditAnalysisConditions 1 () Vet with Rupture Disc 0 Start-toDischarge Fressure {psig) Select Old TPS Model [7] Padding Gas Pr
'adding Gas Present
Example 1 i
Fire Condtions 225}2 5
1 Vapor Discharge Coefficiert (decimal fraction) Sensval_vﬁs"( Test
(©) Standard Poal Fire are L an
- 1 Liquid Discharge Cosfficient {decimal fraction)
(©) Sandard Torch Fire
Eccoaunas [Previous | [ Nee | [ Cancel | [ Runhow |
L
200 Flame Temperature (deg-F} — i
. TimelncrementOptions L [F=re
1 Fracti dto Fi
e Ermnlie [ Manage 0id TPS Mode! Database
3500 i i i I
Length of Simulation (minutes) o I Fraction covered by TPS (not valid for bare tanks)
| - 01 Time incremerts used in the analysis. in unils of b
o Angle of Rollover (degress) minutes (0.1 minutes recommended) 1 < 3
Editing “T6: Adiabatic Blowdown 50% Fyf* Switch to New Themal Protection System
100/ How often the output is written {minutes)
L [] Consider Discontinuities
| Next | [ Cancel ] [ Run Now
Previous ] [ INext l [ Cancel ] [ Run Now
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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.

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)

Tutorial 5: AdiabatiBlowdownEmpty
[] Tutorial 6: Adiabatic Blowdow#s full

Venting Scenarios (continued)
Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)

Tutorial 8: ShelFull Venting

Tutorial 9: Adiabatic Venting Overturned & Full

Lading

Mass
Fraction

Fraction
Filled

Lading Temperatures {deg-F)

Fractions

1000 2000 3000
Time (min)

1000

2000 3000

Time (min})

Pressure In
Tank

Burst
Pressure

T T T
600 - —
:':T_;
=
= 400 [ -
z
=
wr
o
o 200 —\_ o
W= t \ \
0 1000 2000 3000
Time {min)
I I T I
=4
E
wy
=
o
wy
m
@
4]
o
b
o
z
(1]
o
M R RS R
0 1000 2000 3000
Time (min)
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Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Two-Phase Ventin

Venting Scenarios (continued)
J Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full
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Venting Venting Scenarios (continued)

. . . PRV model J Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
TW O _ P h aS e (1 Of 4) Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Assumptions are as follows:. mixture of vapor and liquid. Vapor
forms as the pressure is reduced.

¢ Assume isentropianviscidflow.

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

Liquid and Vapor
Venting Liquid

¢ Enforce isentropic flow.

AFFTAC Training Class
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Venting Venting Scenarios (continued)

. . . PRV model J Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
TW O _ P h a.S e (1 Of 4) Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Velocity at point 2.

y P2 d
2 pn— Pressure Liquid and Vapor
1/? V V + 2g n— differential Venting Liquid

[— Density

Velocity at point 1.

¢ Points 1 and 2 are primarily abstractions.
¢ 1 ¢ A point far from the entrance of the valve.
¢ 2 ¢ The point at which the crossectional area of the flow stream is smallest.

AFFTAC Training Class
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Venting Scenarios:

Two-Phase (1 of 4)

Temperature

Temperature

AFFTAC Training Class
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Tutorial 6: Adiabatic Blowdow#z full

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

¢ Integration ends at Point 2, where
the crosssectional area is a minimum.

¢ We do not know where Point 2 is.

¢ So, the integral is evaluated in small
increments of temperature. At each
increment, the vapor pressure and
entropies aredetermined The ratio of
vapor to liquid is determined by
enforcing constant overall entropy.,V
Is computed using the Bernoulli
equation from which mass flux and

then cross sectional area is computed.

Venting Venting Scenarios (continued)

PRV model J Two-Phase Venting (one of the four)

Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned

Four Scenarios SheltFull (one of the four)

Venting Vapor (two of the four) Tutorial 8: ShelFull Venting

Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Liquid and Vapor
Venting Liquid
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Venting Scenarios:

Two-Phase (1 of 4)

Temperature

AFFTAC Training Class
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Temperature V22 :V12 + Zg N
4
Py

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

¢ Since pl and p2 represent the vapor
pressure of the twephase mixture, we can
compute pl and p2 as a function of
temperature. So,

pidp

@ becomes

P2 (T3) p
V, =V," +29 Nn—
P (Ty) r

Venting Scenarios (continued)
J Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Liquid and Vapor
Venting Liquid
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Venting Venting Scenarios (continued)

. . . PRV model J Two-Phase Venting (one of the four)
Ve n t I n g SC e n ar I O S . Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
TW O _ P h a.S e (1 Of 4) Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

P2 (T,)

SE? V, =V,*+2g N =P
/ P (Ty) r
2
Lower

¢ Integration begins at Point 1, where the

1 velocity, pressure and density are known.
High Temperature |
Temperature ¢ T,is gradually lowered, causing the vap

pressures to decrease.

¢ V,is recomputed each time and used to
compute the crossectional area.

¢ When the crossectional area reaches a
minimum, it is used to compute the mass
flow rate.

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Liquid and Vapor
Venting Liquid
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Venting Scenarios:

Two-Phase (1 of 4)

1
High

%

Temperature

Temperature

AFFTAC Training Class
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Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

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

¢ That percentage changes with
temperature.

¢ The flow is assumed to be
isentropic.

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

Venting Scenarios (continued)
J Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Liquid and Vapor
Venting Liquid
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Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)
Two-Phase Venting (one of the four)
[] Tutorial 7: Adiabati@lowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 7: AdiabatidBlowdown-Overturned
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Tutorial 7 Setup

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Adiabaticblowdownof overturned, haklfilled tank.

C A perfectly insulated tank

C Infinite strength (cannot burst)

C 50% Full of liquid

C 100% Exposed to pool fire

C PRV with zero starto-discharge pressure
C Rolled over so that liquid is discharged.

AFFTAC Training Class
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Venting Scenarios (continued)
Two-Phase Venting (one of the four)
[] Tutorial 7: Adiabati@lowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full
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Venting Venting Scenarios (continued)
. . PRV model Two-Phase Venting (one of the four)
Tu to r I al 7 . TW O = P h aS e Work and Evaporation [ ] Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios SheltFull (one of the four)
D I S C h ar e _OV e rt u r n ed Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
g Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

~

[ 2L FYyR LI A0S ¢dzi2NALFf -Phabe Dbl YS (K
f

L Ny

. 2 A z AN ~, “ “ ~ - A A~
Dischargeh @S NI dzZNJ/ SRe¢ © ORAU AU | a2t £
Select Lading
Default Liquified Gas o~
R EiTankCarpropertes SEETY—yy o ol 0= Dot 34 2t Gt
2
- Water
Tank Geometry Tank Material Propans =
Ethyene Chide
33000 Nominal Capacity {gal) Imaginary material of infinite strength A Eﬁggi:;ee 1.3
15 Inside Diameter {in.) 850 Minimum Bursting Pressure (psig) nﬁoﬁe‘?h‘?l:mma
0.75 Wall Thickness (in.) 81000 Tenslie Strength of Tank Material (psi) z:hﬁvﬁd:js%ﬁuma
0.2 Emissivity/Absorptivity of Tank Surface Sufuric Acid hs
[ Manage Ladings Database
Safety Relief Device
3 i - s
ol EditAnalysisConditions 1 Device Type ad EditTPs !
o) e 25800 Rated Flow Capacity (SCFM of air) 3 | 05 Fraction Filled
2855 Rating Pressure (psig) Select Old TPS Model 250 it ¥
Fire Conditions I 9! Valve Initial Temperature {deg-F)
() Vent with Rupture Disc 0 Start+oDischarge Pressure (psig) Example 1
_ Example 2
() Standard Pool Fire Exams\: 3 [ Padding Gas Present
Sensitivity Test (l
) Sandard Torch Fire e Tarke
@ Special Condtions Perfect Insulation
08 Vapor Discharge Coefficient (decimal fraction)
06 Liquid Discharge Coefficient {decimal fraction)
250 Flame Temperature {deg-F) - .
[ Previous ] [ Next ] I Cancel ] [ RunNow |
50 - " | ———————— =
EEDTE T () [ Manags 0/ TPS Model Databass |
| 80 Angle of Rollover {degrees) Timing Dietails ... I
ﬁ Fraction covered by TPS {not valid for bare tanks)
Editing "T7: 2-Phase Discharge-Overtumed” o <« 5
-l TimelncrementOptions 4 = | B ||
Switch to New Themal Protection System
01 Time increments used in the analysis, in units of
minutes (0.1 minutes recommended) onsider Diiscontinuities
E MNext | [ Cancel ] [ Fun Now
L 05 How often the output is written (minutes)
fevious ] [ Nexd ] [ Cancel ] [ Run Now
AFFTAC Training Class
Scott Runnels Consulting srconsult.com _




Tutorial 7: Two-Phase

Discharge-Overturned

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)
Two-Phase Venting (one of the four)
[] Tutorial 7: Adiabati@lowdownOverturned
SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full

The heat loss due to the
expulsion of lading is applie
to the liquid phase.

Lading
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Tutorial 7: Two-Phase

Discharge-Overturned

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

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Venting Venting Scenarios (continued)

PRV model Two-Phase Venting (one of the four)

Work and Evaporation [] Tutorial 7: Adiabati@lowdownOverturned

Four Scenarios SheltFull (one of the four)

Venting Vapor (two of the four) Tutorial 8: ShelFull Venting

Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full
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Tutorial 6: Upright, Vapor Flow Only
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Tutorial 7: Overturned, TwdPhase Flow
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Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)
Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
[] SheltFull (one of the four)
Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full

SheltFull Venting
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Pure Liquid Flow

AFFTAC Training Class
Scott Runnels Consulting srconsult.com

Tutorial 6: Adiabatic Blowdow#z full

¢ Occurs during shell full condition or
when tank is sufficiently tilted.

¢ The force is generated through
thermal expansion of the liquid.

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

¢ The pressure for the shdillll case is
computed based on thermal expansion
of the liquid relative to the tank.

Venting Venting Scenarios (continued)

A F FTAC Cal C U I a.tl O n S Work and Evaporation

PRV model Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
Four Scenarios [J SheltFull (one of the four)
Venting Vapor (two of the four) Tutorial 8: ShelFull Venting
Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Liquid Only (Shell Full
Venting Liquid
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Venting Venting Scenarios (continued)

PRV model Two-Phase Venting (one of the four)

Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned

Four Scenarios SheltFull (one of the four)

Venting Vapor (two of the four) [J Tutorial 8: ShelFull Venting

Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

Tutorial 8: SheH~ull Venting
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Venting Venting Scenarios (continued)
PRV model Two-Phase Venting (one of the four)

. Work and Evaporation Tutorial 7: AdiabatiBlowdownOverturned
Tu to r I aI 8 Set u p Four Scenarios SheklFull (one of the four)
Venting Vapor (two of the four) [J Tutorial 8: ShelFull Venting
Tutorial 5: AdiabatiBlowdownEmpty Tutorial 9: Adiabatic Venting Overturned & Full

Tutorial 6: Adiabatic Blowdow#z full

C Bare tank

C Infinite strength (cannot burst)

C 100% Full of liquid

C 100% Exposed to pool fire

C PRV with zero starto-discharge pressure
C Rolled over so that liquid is discharged.
C Heated so that it stays shell full (starts cold, hot flame

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

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.

AFFTAC Training Class
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Tutorial 8: Shell Full

Venting

Venting

PRV model

Work and Evaporation

Four Scenarios

Venting Vapor (two of the four)
Tutorial 5: AdiabatiBlowdownEmpty
Tutorial 6: Adiabatic Blowdow#% full

Venting Scenarios (continued)
Two-Phase Venting (one of the four)
Tutorial 7: AdiabatiBlowdownOverturned
SheltFull (one of the four)
[J Tutorial 8: ShelFull Venting
Tutorial 9: Adiabatic Venting Overturned & Full
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Tank Geometry
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Fire: Conditions
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Timing Details ...

Editing "T&: Shell Full Venting™
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