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Pre¢ ELVHYS: PRESLHY

Closed Knowledge Gajikelease

A Discharge coefficientfor circular nozzles EES
D=0.54 mm; 5- 200 bar; 20; 300K E |

A Mixing behaviorand multi-phase effectsvith
ambient air

A No rainoutfor large scale above ground horizontal
releases |

A Correlation of T and concentration
of cryogenic H2 and air mixtures

A Assessment of effect dieat transfer
through a pipe wall during cryogenic
hydrogen release

HSEE3.5: rainout tests



https://doi.org/10.5445/IR/1000096833

Pre¢ ELVHYS: PRESLHY PRgLHY

Extent of LH2 pootsHyPondINERIS)

Aim: estimate thanaximum extent of a LH2 pool spreading on the ground,

following a low pressure spillage. The model addresses continuous spillages, which
can be caused by a hose rupturing or disconnection, etc.
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Q,: LH mass flowrate; :
Q.ond thermal exchange between
the pool and the ground,;
L,op: heat of vaporization of L}
k: thermal conductivity of the ground,
aqir- thermal diffusivity of the ground;
t: time elapsed since the start of the release,
AponalS linked to the characteristic radiug,,q BHE
of the pond a® “ d
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Pre¢ ELVHYS: PRESLHY

Closed Knowledge Gapgnition

A Ignition temperature byhot surfaceindependent on
mixture temperature
Small influence of stoichiometry and flow velocity.

A Minimum Ignition Energy MIBy spark ignition showed
slight increase for hydrogeair mixtures at 173 K.
Analyticaland numerical models/simulations to predict M
by spark ignition for hydrogeair mixtures.

A Electrostaticfield measurements with field miIIs in DISCHA
V/m) for 80 K releases (~100 larger than at ambient T).
Electrostatic fields increase with increasing release pressure..
Simple model derived.

A No spontaneous ignitionvas observed in any experiment. § =5

KIT/PS E4.3 electrostatics of cold jet




Pre¢ ELVHYS: PRESLHY _ _ _ PRaLHY
Multi-phase accumulations with explosion potenual

Repeated spills on gravel bed might generate
highly reactive condensed phasuixtures. ——»=
Not on other substrates!

KIT/PS E4.4 ignition above
pool

Bl
tra | No critical effects observed for

water sprays on LHand
LH2 spills on small water pools.




Pre¢ ELVHYS: PRESLHY PR@LHY
Transient Combustion Phenomena

> 100Ignitedjet testscombined
with dischargeexperimentsES. 1
T = 80K, 280K

P = 5200bar

D =1, 2, 4mm

nozzle

20191128_134102-2mmy200bar,/150ms,/0,4m

Iterative procedurefor identifying
mostcriticaligniticrntime nd

| Comparison Warm,/Cold (2igi 100 bar, dign 0,4 m)

as
N ——

KIT/PS E5.1 jet fire
experiments

I

- i
A Betterunderstandingpf transientjets and
combustionprocesses £y v .
A Inventory basedmap of worst effects e o e

(pressure& thermal)to be extrapolatedto
largeinventoriesfor RCS

Co-funded by 20 : UK Ressarch
the Ewropean Unfon i, Partnership and Innowstion




Prec ELVHYS: PRESLHY _ PRgLHY
Combustion in confined/congested domains

AStrongerpressureloadsfor coldtestsin
comparisonwith warmtestswith the samevolume
hydrogenconcentrationandblockageratio
(higherinventory)

T WP e KIT/PS E5.3 semiconfined channel
T . : . :
’ w Alncreasein critical and effective expansionratios
Sk determineflame accelerationin cryogeniamixtures
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A {1 4 ] ] o
v AReducedun—up distancefor detonationtransitionDDT
— . | in cryogenianixtures(a densityeffects
——- yog ( y )
HSE ES.5 COf;fingd/ObSthCted Alnfluenceof blockageratio on DDTlesspronounced
ciou

AEffectsin free unconfineddomainsto be Investigated



Pre¢ ELVHYS: PRESLHY

Summary Progress / Closed gaps

Cdzy R YSyidltka2R8ttAy3 awsSt SHasdey

\/' Dischargesoefficientsfor cryo- and cryocompressedeleases
\/' Rainoutphenomenabetter understood
\/' Fundamentabtatafor mixingof largescalereleases

Cdzy Rl YSY (I flgnigicéRYSt €t Ay 3 a

\/' MIE andhot surfaceT determinedfor cryogenicconditions

\/' Empiricatestsfor RPTwithout fastreaction

\/' Electrostaticof cryogeniaeleases

\/ Worstcaseeffectsfor smallcryogenidnventories
determinedviavariationof ignitiontime andposition

Cdzy Rl YSY (i I fQomb2diddgitYt Ay 3 a
\/' Flamelengthcorrelationsvalidated
\/ * Zcrit andrun-up distancefor DDTdeterminedat cryogenicconditions
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Pre¢ ELVHYS: PRESLHY

Scientific Data Published

DOI: https://doi.org/105445/IR¥ KA Openl

Participant: KIT

WP3.1.b
WP3.4
WP5.1

WP5.5

Participant: KIT
WP 5.3 warm

BR ratio: 0%
BR ratio: 30%

BR ratio: 60%

KIT Open ID Nr.

1000145859
1000145885
1000147745

1000136188

KIT Open ID
Nr.

1000145890
1000145891

1000145892

Participant: KIT
WP 4.4

Material: sand
Material: concrete
Material: water

Material: gravel

Participant: KIT
WP 5.3 cold

BR ratio: 0%
BR ratio: 30%

BR ratio: 60%

D Nr O

KIT Open ID Nr.

1000145886
1000145887
1000145888

1000145889

KIT Open ID Nr.

1000145893

1000145895

1000145896

Participant: HSE
WP3
WP4

WP5

KIT Open ID Nr.
1000136281
1000136330

1000136285



https://doi.org/105445/IR/”KITOpen
https://doi.org/105445/IR/”KITOpen
https://doi.org/105445/IR/”KITOpen

Pre- ELVHYS

SH2IFT Project Findings

)XQGDPHQWDO ORGHOOLQJ 3%/(9("

\/ Experimentgperformed
and BLEV&bservedat BAM

(see varWWingerden Kees et al.
Chemical Engineering Transactipns

2022, 90. Jg., S. 5552)

YXQGDPHQWDO ORGHOOLQJ 35377
\/ RPTobservedin BAMtestsspilling

LH2 onwater

(seevanWingerden Kees et al.

"Experimental Investigation into

the Consequences of Release

of Liquified Hydrogen onto and under Water." (2022))



