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ÁRecent Work on Cryogenic Hydrogen Safety 
(pre-ELVHYS) Ą State-of-the-Art

ÁOngoing Activities

ÁPlanned Work

ÁOpen issues

Presentation Outline



ÁDischarge coefficients for circular nozzles 
D=0.5-4 mm; 5 - 200 bar; 20 ς300K 

ÁMixing behavior and multi-phase effects with 
ambient air

ÁNo rainout for large scale above ground horizontal 
releases

ÁCorrelation of T and concentration 
of cryogenic H2 and air mixtures

ÁAssessment of effect of heat transfer
through a pipe wall during cryogenic 
hydrogen release

Closed Knowledge Gaps - Release

HSE E3.5: rainout tests

KIT/PS E3.1a,b DISCHA & CRYOSTAT tests,

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


Aim: estimate the maximum 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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KIT/PS E3.4 unignited pool 

tests

Extent of LH2 pools ςHyPond(INERIS) 
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with
Qm: LH2 mass flowrate; 
Qcond: thermal exchange between 
the pool and the ground; 
Lvap: heat of vaporization of LH2; 
k: thermal conductivity of the ground; 
adiff: thermal diffusivity of the ground; 
t: time elapsed since the start of the release; 
Apond is linked to the characteristic radius rpond

of the pond as ὃ “ɇὶ .



Á Ignition temperature by hot surface independent on 
mixture temperature
Small influence of stoichiometry and flow velocity.

ÁMinimum Ignition Energy MIE by spark ignition showed 
slight increase for hydrogen-air mixtures at 173 K.
Analyticaland numerical models/simulations to predict MIE 
by spark ignition for hydrogen-air mixtures.

ÁElectrostaticfield measurements with field mills in DISCHA 
experiments (>100) showed strong electrostatic fields (~6000 
V/m) for 80 K releases (~100 larger than at ambient T). 
Electrostatic fields increase with increasing release pressure.
Simple model derived. 

ÁNo spontaneous ignition was observed in any experiment.
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INERIS E4.1 general ignition tests

KIT/PS E4.3 electrostatics of cold jet

Closed Knowledge Gaps - Ignition
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Repeated spills on gravel bed might generate 
highly reactive condensed phase mixtures. 
Not on other substrates!

No critical effects observed for 
water sprays on LH2 and 
LH2 spills on small water pools.

Multi-phase accumulations with explosion potential 

KIT/PS E4.4 ignition above 

pool

HSE E4.5 & E4.X Condensed phase ignition
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> 100 Ignitedjet testscombined
with dischargeexperimentsE5.1
T = 80K, 280K
P = 5-200bar
Dnozzle= 1, 2, 4mm

Iterative procedurefor identifying
mostcritical ignition time and 
location

ÁBetterunderstandingof transient jetsand 
combustionprocesses

ÁInventory basedmapof worst effects
(pressure& thermal) to be extrapolatedto
large inventoriesfor RCS

KIT/PS E5.1 jet fire 

experiments

Transient Combustion Phenomena 
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ÁStrongerpressureloadsfor coldtestsin 
comparisonwith warm testswith the same volume, 
hydrogen concentrationand blockageratio
(higherinventory)

ÁIncreasein critical and effectiveexpansionratios
determineflameaccelerationin cryogenicmixtures

ÁReducedrun-up distancefor detonationtransitionDDT 
in cryogenicmixtures(ă densityeffects)

ÁInfluenceof blockageratio on DDT lesspronounced

ÁEffectsin free unconfineddomainsto be investigated

E5.5 Test set-up at HSE, Buxton

E5.3 Semi-confined channel at KIT/PS

Combustion in confined/congested domains

KIT/PS E5.3 semi-confined channel

HSE E5.5 confined/obstructed 

cloud
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Summary Progress / Closed gaps 

CǳƴŘŀƳŜƴǘŀƭκaƻŘŜƭƭƛƴƎ άwŜƭŜŀǎŜέΥ
VDischargecoefficientsfor cryo- and cryocompressedreleases
VRainoutphenomenabetter understood
VFundamental datafor mixingof large scalereleases

CǳƴŘŀƳŜƴǘŀƭκaƻŘŜƭƭƛƴƎ άIgnitionέΥ
VMIE and hot surfaceT determinedfor cryogenicconditions
VEmpiricaltestsfor RPT without fast reaction
VElectrostaticsof cryogenicreleases
VWorstcaseeffectsfor smallcryogenicinventories

determinedvia variationof ignition time and position

CǳƴŘŀƳŜƴǘŀƭκaƻŘŜƭƭƛƴƎ άCombustionέΥ
VFlame lengthcorrelationsvalidated
VˋΣ ˋcrit and run-up distancefor DDT determinedat cryogenicconditions
VΧ
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Scientific Data Published

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

and BLEVE observedat BAM
(see van Wingerden, Kees, et al. 
Chemical Engineering Transactions, 
2022, 90. Jg., S. 547-552)
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VRPT observedin BAM testsspilling

LH2 on water
(seevan Wingerden, Kees, et al. 
"Experimental Investigation into 
the Consequences of Release 
of Liquified Hydrogen onto and under Water." (2022))
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SH2IFT Project Findings


