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The Context 

p://www.airproducts.co.uk/industries/Energy/Hydrogen-Energy/Material-Handling/projects.aspx 

RR987 - Ignited releases of liquid hydrogen – HSE (2014) 

http://www.jobs.net/jobs/usairliquide/en-us/ 
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The Context 

http://www.greening.usda.gov/hydrogen-vehicle.htm 
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Liquid hydrogen property 
• LH2 POOL: http://h2bestpractices.org/h2introduction/basics/liquid_behaviors.asp 

 

The volume ratio of liquid to 
gas is 1:848) 
 
Comparing with LNG: 1:600 
 
Temperature: -162 0C 
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The associated hazards 
• Air Products Safetygram 9: Liquid hydrogen 
• EIGA (European Industrial Gas Association): SAFETY IN 

STORAGE, HANDLING AND DISTRIBUTION OF LIQUID 
HYDROGEN 

• Air Liquide Gas Encyclopedia 
 

• Hazards of liquid hydrogen: Position paper RR769 – HSE 
 

… 
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The associated hazards 

• Jet & potential ignition 
 

• Liquid hydrogen pool fire  
 
• Jet fire 

 
• Secondary explosion 

 
 

• More to be identified in 
the last two slides 

 
 

 

RR987 - Ignited releases of liquid 
hydrogen – HSE (2014) 
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Dataset available for model validation – 
pool spreading 

• BAM (Marinescu-Pasoi and Sturm, 1994)  
 

• NASA (Chirivella and Witcofski, 1986) 
trials 
 

• HSL data (RR986 - Releases of unignited 
liquid hydrogen – HSE, 2014) 
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HSL data (RR986 - Releases of 
unignited liquid hydrogen – HSE, 2014) 

 

TEST 6 – VERTICALLY DOWNWARD RELEASE 100 mm ABOVE THE GROUND 
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M. Ichard, O.R. Hansen, P. Middha, D. Willoughby, 
CFD computations of liquid hydrogen releases 

International Journal of Hydrogen Energy, Volume 37, Issue 22, November 2012. 
 

• FLACS with HEM, rain out and pool model, condensation of 
oxygen and nitrogen 

• Knowledge gaps identified: 
– Source term evaluation 

 
– better representation of the turbulence 

 
– accurate model to evaluate source terms for flashing releases is 

needed.  
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Pool spreading modelling 
• Integral models 
 GASP (Webber, 1990) 

 

• Shallow layer models 
 Verfondern and co-workers (1994 to 2007…) 

 
• CFD models 

ADREA-HF (Statharas et al., 2000), FLACS (FLACS, 2010), 
FLUENT and CFX (Schmidt et al., 1999, 
Molkov et al., 2005, Sklavounos and Rigas, 2005).  
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Verfondern and co-workers (1994 to 
2007…) 
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LAUV code:  Verfondern and co-
workers (1994 to 2007…) 

Fig. 5. Comparison of LN2 pool measurements with respective LAUV 
calculations instantaneous release of 40 l (top) and continuous release 
at a varying rate over 121 s (bottom). 
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HSL data (RR986 - Releases of unignited 
liquid hydrogen – HSE, 2014) 
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CFD computations of liquid hydrogen releases 
M. Ichard, O.R. Hansen, P. Middha, D. Willoughby 

International Journal of Hydrogen Energy, Volume 37, Issue 22, November 2012. 
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RR987 - Ignited releases of liquid 
hydrogen – HSE (2014) 

Ignition downstream from the release point  
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RR987 - Ignited releases of liquid 
hydrogen – HSE (2014) 
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RR987 - Ignited releases of liquid 
hydrogen – HSE (2014) 
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