14/07/22

Tunnel du Mortier
June 2021

D. Bouix, F. Sauzedde, P. Manicardi, M. Martin

G. Bernard-Michel, D. Forero, S. Koudriakov,
E. Studer, CEA




EXPLOSION PROGRAMME
Test matrix done by CEA

EXPLOSION

-

Pressure Detonatlon belt
ﬂm

BEFRN  TYPE Il (frag.)

Leak no burst technology “ TYPE IV (frag.) 228
Gans BE TYPE Il He 185 130 15
E TYPE IV He 650 228 15
B TYPE IV H2 90 228 15
| 42 | TYPE Il H2 194 130 15
TYPE IV H2 520 221 15
BE TYPE IV H2 610 228 15
| 35 | TYPE IV H2 580 NA NA

Effect of intentional
rupture of a tank




EXPLOSION PROGRAMME
Studied cases

Tests 5-8-9: P1 (38m) versus time
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Tests 5-8-9: P14 (205m) versus time
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* Three cases: -2 205 m from tank
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= Similar overpressure:
GHe and Detonation belt.

= Significant contribution of chemical energy from GH2 combustion to blast wave.



EXPLOSION PROGRAMME

Overpressure study
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HIGHLIGHTS

= Tank rupture tests are conductad in a full-scale tunnel.

« Compressed helium tanks as well as compressed hydrogen tanks are opened with detonation belts.
= Elast wave evolution with time and distance is analyzed and compared to available correlations.

= Fireball evolution inside tunnel cross-section is filmed and analyzed.
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In the framework of the HyTunnel-C5 European project sponsored by Clean Hydrogen Joint
Undertaking {CH JU), a number of tests were conducted in a full-scale tunnel in France.
These tests are devoted to safety of hydropen-fuelled vehicles having a compressed gas
storage. The goal of the study iz to develop recommendations for Regulations, Codes and
Standards (RCS) for inherently safer use of hydrogen vehicles in enclosed transportation
systems. Two sets of tests have been performed, (a) five tests with compressed hydrogen
tanks, (b} two tests with compressed helium tanks. The hydropen gas pressure varied
between 4/ bar and 610 bar. The blast wave overpressures are recorded together with
fireball characteristics. The obtained experis | data are o d to existing engi-
neering correlations and itis confirmed that not only the mechanical energy of compressed
fas but also & fraction of chemical energy contribute to the blast wave strength.

& 2022 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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Figure 3 : Tanks used for explosion experiments: TYPE Il (left) and TYPE IV (right). The detonation belt is
attached to each of the tanks.
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Comparisons with models
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Film explosion




Fireball monitoring Video Analysis:

2D analysis - Surface and hemispherical
Resized Markers Border radius versus time

Objectives:
Comparizon with openspace situations
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Explosion and Fireball Tests
Preliminary Results 2020

(1) Fireball propagation along the ceiling ~25 m/s
(2) Hot gases convection & dilution by wind ~3.5 m/s
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Half circle radius {m)

Fireball behaviour Size
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Fireball behaviour

Test32 ANLEG 781 90b: Photodiode versus time
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Test42 B50 501 194b: Photodiode versus time
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Fireball behaviour
Wind velocity and Direction

Test32 ANLEG 78l 90b: Wind velocity versus time
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Oscillatory behaviour = Multiple reflections



Conclusion

explosion :

best estimate Molkov et al. conservative
Good fireball size prediction
10% of H2 energy contributes to shock pressure

Slow pressure decay
Results available on portal
https://hytunnel.net/
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