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Focus of the study: consequences of catastrophic rupture of double-
walled vacuum-insulated liquid hydrogen tanks. Rupture of high-pressure 
hydrogen gas tanks is also considered in case of fireball.

Aim: preliminary analysis fireball and distribution of fragments in the 
area around the LH2 vessel after its failure.

Introduction



4*Fireball if substance is flammable and ignition source is present

*BLEVE consequences

Blast wave already 
analysed in previous 
studies
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Hydrogen fireball analysis

State of the art

Literature correlations
Diameter [m]

Duration [s]
mf = mH2 = hydrogen mass [kg]
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Hydrogen fireball analysis
– from pressure vessel burst, PVB (high-pressure GH2 tank)
– from BLEVE (LH2 tank)

State of the art
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Fragment projection

State of the art

NFF: neglecting fluid-dynamic forces
CFF: considering fluid-dynamic forces
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Fragment projection (NFF)

Initial velocity of fragment

Horizontal range

State of the art

Eav : energy released by explosion [J/kg]
λ : energy fraction [%]
Mv : mass of the empty vessel [kg]
α : fragment initial angle [°]
g : acceleration of gravity (9.81 m/s2)

Few experimental data are available for LH2 tank fragment projection 
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Fragment projection (CFF)

State of the art

Fluid dynamic forces (lift & drag)

Initial velocity of fragment

Horizontal range

CL , CD : lift and drag coefficients [-]
AL , AD : lift and drag area of the fragment [m2]
ρa : air density [kg/m3]
Mf : mass of fragment [kg]
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Hydrogen fireball analysis

Methodology

Proposed Correlations
Diameter [m]

Duration [s]

mf = hydrogen mass [kg]

• Comparison between proposed 
correlations and literature ones 
was performed. 

• Experimental data of H2 PVB and 
LH2 BLEVE were used to validate 
correlations
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Fragment projection

Methodology

Analysis of data on fragment distribution 
from SH2IFT project (BLEVE) tests:
• Position (coordinates)
• Mass 
• Pictures

Generation of:
1. Scatter graph showing fragments 

position
2. Graph taking into consideration 

the different weight of the 
generated fragments
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Fireball analysis

Results & discussion



13

Results & discussion
Fireball analysis
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Results & discussion
Vessel fragmentation
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Observations:

• 53 fragments
• No preferential 

direction
• Longest distance: 

167 m
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Results & discussion
Vessel fragmentation

Mass > 60 kg

Part of the shell + support

End cap

End cap

Part of the shell

Shell + end cap
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• Difference in behaviour between LH2 and GH2 fireball duration
• Buoyancy-driven model is better to estimate GH2 fireball duration
• Proposed equation is the best for LH2 fireball duration
• Data on fireballs and fragments from LH2 tank ruptures are lacking
• Makarov correlations from literature seem too conservative to 

estimate diameter of LH2 fireballs
• Fragment distribution for LH2 tank seems to not have preferred 

distribution.

Future studies
• Radiation from LH2 hydrogen fireballs must be analysed
• Models to simulate fragment trajectory will be applied

Conclusion
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