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- Catastrophic failure
from high internal pressure

- Release of a jet stream of
liquid or gas or two-phase
mixture from pressurized
system

- Release of liquid forming
pool on the ground
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Cryogenic Pool Phenomena
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Vaporization of a Cryogen
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Nukiyama Curve of Heat Flux Density
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Vaporization Tests with LN,

Isolated bodies of

- bitumen
(road surface)

- concrete wet / dry

|
| |~ Transport-
i behalter
Beton- i _
oberfliche | _— Isolation
v/i |
1:‘1—2 _— Probeboden
°7 aus Beton
—4
5— i
I |~ Auffang-
B wanne




Forschungszentrum Jdlich o

Vaporization of 1.5 1 of LN,

in der Helmholtz-Gemeinschaft

yahre / S

'(/
Jé
=

Dampfblasen
Liquid
Dampf ~ =
fester
Mass loss Unter-
grund
14 T4
1,21
dry concrete Eapeiimant wet concrete
. 1,01 Rechnung
2 I _
o ~ 0,8
5 &
Q
2 2 0,6
= Experiment tEU
1D-Losungsansatz 0,41
2D-Lbsungsansatz
0,2 0,2 i
0 T T T T 1 1 Ih T T O T T T 1 T
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300
Zeit [s] Zeit [s]




Forschungszentrum Jdlich o

Vaporization of 1.5 1 of LN,

Temperatures in depth

in der Helmholtz-Gemeinschaft ' '

e/

l;uf\*\(\

Zeit [s]

50 50
0 0
O O
- 501 = -501
= =)
© ©
[(b] [(M]
£ -1001 £ -100-
12 12
-150- -150-
— Rechnung e —
o dry concrete - ~ Experiment wet concrete
-200 . : . . : : ; ; , -200 : . : : .
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300
Zeit [s]




T nr
Forschungszentrum Jiilich %oi/?o

in der Helmholtz-Gemeinschaft ’

Juch

\I :
R )
,és L \\,_|[.—-(Fllm and nucleate boiling limited) _ BOdy:
20\ || |paraffin wax
IR ——— || in 65 mm dewar
4 \|
g‘- \
sE M
= | N

.,f":.?.'&"...l

[ boiling e Quist vaportzation

ey o S~ R T T

ELAPSED TIME, seconds

Zabetakis 1960




i nre /.
Forschungszentrum Jillich Y ’<t,
in der Helmholtz-Gemeinschaft

Vaporization Behavior of LH,
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Strongly depending on

- release mode
(Instantaneous / continuous

- type of ground
(solid / liquid)

Release on water

7 Spilled liquid (LNG)
— - — Axis of symmetry
——-—— Water surface

Brandeis 1983
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Cryogenic Pool Behavior (2)
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Cryogenic Pool Behavior (3)
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Pool Profile
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LN, Pool Shape and Ice Formation
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WE-NET LH, Spill Tests (1993 + 2000)
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D < 0.2 m: heat transport by conduction dominant
D > 0.2 m: heat transport by radiation dominant

Regression depending on pool diameter:
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Computer Model LAUV

« Simulation of radial spreading of a cryogenic liquid
on the basis of the shallow-layer differential equations;

* |nstantaneous and continuous release on solid, humid,
or liquid ground;

« Heat conduction equation applied, if ground is solid;
 Ice formation, if ground is water;
« Atmospheric convection and insolation neglected;

- Validation against
LN, and LH, spill tests
and LNG spill test data from literature.
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Shallow-Layer Equations

1. Conservation of mass
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Shallow-Layer Equations

2. Conservation of momentum
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LAUV Postcalculation of LNG Spill
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LAUV Postcalculation of NASA Test #6
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LH, Spill Test Arrangement
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LH, Spill Test on Water
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LAUV Postcalculation — LH, Spill on Water
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LAUV Postcalculation — LH, Spill on Al Plate
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Comparison of Different Cryogens (1)
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Conclusions

* Phenomena of cryogen pool spreading and
vaporization are principally understood.

» Modeling efforts have led to simplified, but
appropriate simulation of phenomena.

- Experimental data basis for LH, is still very
poor and needs further extension.
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