Hydrogen safety research
— the achievements and the challenges

UNIVERSITY OF

SURREY

Jennifer X Wen

Head, Fire and Explosion Modelling Group

(FEMG)

FEMG?'

Fire and Explosion Modelling Group



UNIVERSITY OF

Low carbon hydrogen will be SURREY

essential for achieving net zero

UK Hyd rogen Stra‘[egy Figure 1.2: Hydrogen demand and proportion of final energy consumption in 2050
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The Hydrogen Value Chain

Figure 2: The hydrogen value chain
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Potential accidental scenarios SURREY
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Outline

* Releases

* [gnition

« Hydrogen jet fires

« Hydrogen deflagrations

* Flame acceleration (FA) and deflagration to detonation
transition (DDT)
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Releases — Gaseous Hydrogen

Knowledge gaps: the environment impact of anthropogenic hydrogen(both gaseous
and liquid hydrogen) leaking into the atmosphere

» Significant experimental and numerical studies have been conducted

» The behavior of gaseous hydrogen in the air is well understood
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Releases — Liquid Hydrogen (1/2)

Earlier NASA tests and some validation
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Witcofski RD, Chirivella JE. Experimental and analytical analyses of the mechanisms governing the  Bp Xy, S Jallais, D Houssin, E Vyazmina, L Bernard, JX Wen, Numerical simulations of
dispersion of flammable clouds formed by liquid hydrogen spills. Int J Hydrogen Energy 1984, 9(5). atmospheric dispersion of large-scale liquid hydrogen releases, Ebook - ICHS 2021 — Sep.2021

Experiment Prediction
Horizontal extent of visible cloud 160 173
Vertical extent of visible cloud 65 69

Duration of visible cloud 90 88 ®
[
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Releases — Liquid Hydrogen (2/2)

Knowledge gasps: Quantitative validation is needed.
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Ignition

Knowledge gaps: ignition of ultra lean H2-air mixtures
ignition mechanism H2 vapour cloud from cryogenic release

= Spontaneous (diffusion) ignition
= Hot surface ignition

=  Static electricity

= Mechanical friction and impact

Releases of compressed H, into the air ' ; ——e—— |
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Releases of LH, onto and under water
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Gaseous hydrogen jet fires
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Wang, C. J., Wen, Jennifer X., Chen, Z. B. and Dembele, S. (2014) Predicting radiative characteristics of
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Liquid hydrogen jet fires

Knowledge gasps: Validation is needed.
Time: 0.5 s e e
No wind

— 1846.0

1500.0

I 1000.0 2

| | 500.0

25.0

30 40 50 0

0 10 20 -
0 6 % (i) 12 18

X (m)

Unpublished and unvalidated cryogenic hydrogen jet fires.

Shock wave formation (left) and a stationary jet fire (right) established under ignition of 4-mm o
nozzle and 20 MPa pressure hydrogen release: SW —shock wave; CH2 —unignited hydrogen FEMG9.

Jordan, T., Bernard, L., Cirrone, D., Coldrick, S., Friedrich, A., Jallais, S., Kuznetsov, M.Proust, C., Venetsanos, A. and Wen, J.X., Results of the pre-normative : : .
research project Preslhy for the safe use of liquid hydrogen, Ebook - ICHS 2021 — Sep.2021. Fire and Explosion Modelling Group
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Gaseous hydrogen deflagrations (1/2) SURREY

Knowledge gasps: challenging to include detailed geometry

for large-scale congested rigs (academic research?)

Engine bay ignition after 0.1 s delay of 400 MPa jet release Engine bay ignition after 0.1 s delay of 400 Mpa jet release
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Tests were conducted to demonstrate worst case scenarios
Reservoir pressure - 400 bar

Mass flow rate - 2.62 kg/s
Nozzle -1.2 m above ground, vertically downward between the engine
bay and dispense

Shirvill, L.C., Royle, M. and Roberts, T.A.,, Proc. 2" Int Conf on Hydrogen Safety, Sep. 2007, Spain.
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Fig. 22 — Maximum overpressure obtained using
simulations on the High wall. CASE—A: One wall scenario
(High wall ignitdon), CASE—B: Two wall scenario (Low wall
ignition), CASE—C: Two wall scenario (High wall ignition),
CASE—D: Three wall scenario (Low wall ignition) and
CASE-E: Three wall scenario (High wall ignition).
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Hydrogen vapor cloud explosions (VCE) QIRREY

from cryogenic LH, releases

Knowledge gasps: Validation
Critical safety related knowledge gaps still exist about the
formation of condensed H,-O,-N, mixture with potential for transition to detonation.
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Boiling liquid expanding vapour explosion (BLEVE) ’&

Knowledge gasps: effect of perlite density and grade
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Concluding remarks

» Knowledge gaps have been identified for the relevant topics in the slides, focusing on the
underpinning sciences

» These exclude large-scale experiments which are beyond the capability of the UK academic
community in size and costs
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