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Safety and risk assessment

github.com/martinspgronli/cryogeni
c pool spreading and vaporization

* Describe how LH, spreads and
evaporates on solid ground

* Account for soil moisture freezing and
temperature dependent properties

* Local evaporation is an input

parameter to dispersion analysis of :
hydrogen in the atmosphere : :

* Open-source spill-modelling tool | |
 Applicable to other fluids like LNH, : Spill and evaporation |
L _ _ modelling_ _ _
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https://github.com/martinspgronli/cryogenic_pool_spreading_and_vaporization
https://github.com/martinspgronli/cryogenic_pool_spreading_and_vaporization

Modelling
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Heat flux calculations

0_
* Solve heat equation in the ground 50
* LH, at boiling point (-253 °C) ~ 100 C i—os
—_ — Tsat
= —150 - —— Wet sand, nofreezing
—200 +
—250 +

000 -002 -004 -0.06 -0.08 -0.10

LH2: -253 °C
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Heat flux calculations

0-
* Solve heat equation in the ground e
* LH, at boiling point (-253 °C) oo — t=0s

* Include freezing of ground moisture which it
releases heat

—— Wet sand
—— Wet sand, no freezing

Tq [°C]
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—250 -
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LH2: -253 °C
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Heat flux calculations

0.
* Solve heat equation in the ground o
* LH, at boiling point (-253 °C) — t=0s
* Include freezing of ground moisture which E@ o — :’-*!ett sand
releases heat = -150 — ;\f;tss:nndd. no freezing
—200

—0.02 -0.04 -0.06 -0.08 -0.10

LH2: -253 °C
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Validation against FFl experiments

* LH, released onto concrete Thermo-

* Thermocouples at different
positions and depths into the
ground

couples

 Temperature profile in the ground
governs the heat flux, significantly
influencing evaporation rate

J. Aaneby, T. Gjesdal, @ A. Voie, Large scale leakage of liquid hydrogen (LH2) — tests related to
bunkcrmg and haritim of lig d hy d n, FFI-Report 20/03101, Norwegian Defence Research
Establishment (2021).
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Validation against FFl experiments

Depth = 20 mm

T[°C]

—1251

---- r=0.2 m(45° 135°, 225°, 315°)

-------- r=0.5m(0° 90°, 180°, 270°)

—— Constant with PTC —— Variable with PTC
—— Constant with FB —— Variable with FB
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Clawpack

* Open-source code solving 2D
shallow water equations

* Flexible geometry: allows for spills of

h 2
arbitrary shape and size )

* Obstacles of any shape can also be

Substrate
included
. .l . . (h); + (hu)y + (hv), =0,
* Allow for initial velocity of spill () + O+ S gh), -+ (uw), = —yCh) — gh,

(hv), + (hv* + %ghz)_y + (huv), = —y(hv) — ghb,

e Evaporation removes liquid
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Validation against NASA experiments

* LH, continuously released onto
compacted sand 6

e Radius of 2-3 m reported in NASA 5
Test 6 2

e Overestimation of radius when not
accounting for flashing and

splashing —— Variable with FB

rp [mM]

NASA Test 6

0 | I | | I
0 10 20 30 40 50 60

t[s]

R. D. Witcofski, J. E. Chirivella, Experimental and analytical analyses of the mechanisms govern-
ing the dispersion of flammable clouds formed by liquid hydrogen spills, International Journal of
Hydrogen Energy 9 (5) (1984) 425-435.
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Comparison to FLACS simulations

* Holborn et al. simulated NASA
Test 6 in FLACS 5

* Employing the same 1 — '
simplifications as in FLACS gives E.,] _/ .= :
very similar results

rp [m]

NASA Test 6

2 -
—— Variable with FB
14 —— Constant with PTC
...... FLACS
O | I | I - ]
0 10 20 30 40 50 60
t[s]

P. G. Holborn, C. M. Benson, J. M. Ingram, Modelling hazardous distances for large-scale liquid
hydrogen pool releases, International Journal of Hydrogen Energy 45 (43) (2020) 23851-23871.
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Dam break

t=0.0s
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LH, bunkering scenarios

» Time-dependent continuous spill of LH, (kg/s)
my, =15 — 0.25¢

* Rectangular spilldomainx Xy =1m X 0.75m

* Initial velocity ug = 1 m/s

e Dry sand (grey, x < 2.1 m) and wet sand (brown, x =

2.1 m)
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Pool radius and evaporation rate

6
e Dry sand (A) | @
* Wet sand (D) 4
E 3
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Pool radius and evaporation rate

e Dry sand (A)
* Wet sand (D)

* Highly dependent
on fluid and
substrate

s HYDROGEN
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Summary

* Open-source spill-modelling tool for continuous and dam
break spills

 Determines radius and local evaporation rate

e Accounts for soil moisture freezing and temperature
dependent properties

* Flexible geometry

* Easy to implement new features

[ | T q*“s“ 4, - . .
SINTEE @ NTNU §/7 ) UNIVERSITETET |Fc nstiute for et UIT Norges eorot None
Kunnskap for en bedreverden Wb/ 1 OSLO L nergy Technology s~ arktiske universitet i Serast-Norge




	Slide 1: Liquid hydrogen spill and evaporation modelling
	Slide 2: Safety and risk assessment 
	Slide 3: Modelling
	Slide 4: Heat flux calculations
	Slide 5: Heat flux calculations
	Slide 6: Heat flux calculations
	Slide 7: Validation against FFI experiments
	Slide 8: Validation against FFI experiments
	Slide 10: Clawpack
	Slide 11: Validation against NASA experiments
	Slide 12: Comparison to FLACS simulations
	Slide 13: Dam break
	Slide 14: LH2 bunkering scenarios
	Slide 15: Pool radius and evaporation rate
	Slide 16: Pool radius and evaporation rate
	Slide 17: Summary

