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WP4: Explosion Prevention and Mitigation
Objectives and Scenarios
§ Improve the principal understanding of hydrogen explosion hazards
in tunnels and similar confined spaces
•

Develop novel engineering correlations

•

Perform numerical simulations

•

Generate unique experimental data

•

Validation of relevant physics models, simulations, hazard and risk assessment
tools.

•

Identify and evaluate innovative safety strategies and engineering solutions

•

Quantify explosion effects on people, vehicles and structural elements.

§ Underpin key RCS outputs and recommendations for inherently
safer use of hydrogen vehicles in underground transportation
systems.

WP4: Explosion Prevention and Mitigation
Objectives and Scenarios
§ Achieve objective through the assessment of two scenarios
•

#9 - Hydrogen storage vessel rupture in a tunnel

•

#10 - Hydrogen storage vessel blowdown with delayed ignition in a tunnel

WP4: Explosion Prevention and Mitigation
Knowledge Gaps – Accident Scenario 9
§

Prediction of blast wave from deflagrations of hydrogen-air mixtures in tunnels;

§

Behaviour of high-pressure storage tanks in a tunnel fire;

§

Coupling blast wave pressure load CFD simulations and structural FEM simulations;

§

Physical modelling and CFD-FEM simulations of tank rupture under-vehicle accounting for losses on vehicle
demolition and translation in space;

§

Hydrogen combustion and pressure dynamics in presence of vehicles and other obstacles in a tunnel;

§

Prediction of blast wave and fireball dynamics after hydrogen tank rupture in a tunnel fire;

§

Engineering models for assessment of blast wave and fireball of tank rupture in a tunnel using parameters of a
storage vessel and of a tunnel;

§

Dependence of inherently safer hydrogen inventory on tunnel parameters;

§

Coupled CFD/FEM modelling and simulation of a tunnel structure reaction to the blast produced by hydrogen
storage tank rupture in a fire;

§

Experimental data and engineering tools for the assessment of a fireball and blast wave dynamics in a tunnel;

§

Prevention and mitigation techniques eliminating hydrogen tank rupture in a tunnel and its devastating
consequences: blast wave, fireball, projectiles, e.g. leak-no-burst safety technology for prevention of tank
rupture in a fire;

§

Shock wave attenuation by water and mist systems, absorbing materials, soft bulkheads, sacrificial preevacuated volumes; and

§

Protection of humans and critical equipment against pressure effects.

WP4: Explosion Prevention and Mitigation
Knowledge Gaps – Scenario 10
§

Gas cloud deflagrations near low flammability limit;

§

Conditions for DDT in ventilation system of tunnels, including horizontal and vertical ventilation systems with
non-uniform hydrogen-air mixtures in the presence of obstacles;

§

Maximum pressure of turbulent LFL mixture deflagration in closed space;

§

Deflagration of non-uniform hydrogen-air cloud in a tunnel, including effect of cross-section geometry;

§

Foam and water spray/mist system effect on premixed combustion and DDT;

§

Prediction of blast wave from deflagrations of hydrogen-air mixtures in tunnels;

§

Thermal and pressure effects of turbulent hydrogen jet delayed ignition in confined space;

§

Engineering model for assessment of overpressure during spurious hydrogen release, e.g. during operation of
TPRD;

§

Engineering tool for prevention and mitigation of composite hydrogen storage tank explosion in a fire;

§

Validated CFD model for deflagration of non-uniform hydrogen-air cloud created by release in a tunnel;

§

CFD model accounting for effect of water spray/mist system effect on deflagration;

WP4: Explosion Prevention and Mitigation
WP Structure
§

Task 4.1. Expected results of research in explosions (HSE, All)

§

Task 4.2. Analytical studies and engineering tools (UU, KIT)

§
§
§

Task 4.3. Numerical studies (NCSRD, CEA, KIT, UU, DTU, USN)
Task 4.4. Experiments (HSE, CEA, PS, USN, UU)
Task 4.5. Reports on hydrogen explosions and safety strategies
(HSE, All)
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Pre-normative research for safety of hydrogen driven vehicles and
transport through tunnels and similar confined spaces
Fuel Cells and Hydrogen Joint Undertaking (FCH JU)
Grant Agreement Number 826193

Deliverable 4.1
Detailed research programme on explosion
in underground transportation systems
Lead authors: HSE (M.Pursell, W. Rattigan, K. Moodie)
Contributing authors: UU (D. Cirrone, V. Shenstov, M. Dadashzadeh, S,
Kashkarov, D. Makarov, V. Molkov)
KIT (Z. Xu, M. Kuznetsov)
NCSRD (A. Venetsanos)
USN (K. Vågsæther)
HSE (W. Rattigan, K. Moodie)
CEA (D. Bouix, G. Bernard-Michel)
PS (J. Grune)

Version: 190930
Delivery date for internal review: 1 November 2019
Due date: 30 November 2019
Dissemination level: Public

WP4: Overview
Work Package 4 - Tasks

v Work Package 4
Ø 5 sub-tasks – Engineering Tools (Task 4.2)
Ø 12 sub-tasks – Numerical Simulations (Task 4.3)
Ø 14 sub-tasks – Experimental Studies (Task 4.4)

WP4: Overview
Engineering Tools – Task 4.2
v Engineering models for assessment of blast wave and fireball of hydrogen tank
rupture (UU)
v Analytical model for water spray/mist system effect on hydrogen combustion and a
shock wave attenuation (KIT)
v Engineering model for assessment of overpressure during spurious hydrogen release

WP4: Overview
Simulation
v Deflagration of non-uniform hydrogen-air cloud created by release in tunnel
(KIT)
v Deflagration of non-uniform hydrogen-air cloud created by release in PS
tunnel experiments Task 4.4 (NCRSD)

WP4: Overview
Experiment – Task 4.4
v Blast wave and fireball of tank rupture in tunnel: Demonstrations of car tank
failure in fire experiments in two real tunnels
v Deflagration of non-uniform cloud in a tunnel: Experiments on deflagrations in a
70 m and 3.7 m diameter tunnel with and without bulkheads
v Tests on flame propagation through a layer of fire extinguishing foam filled in by
flammable hydrogen-air mixtures
v Safety technology to prevent tank rupture: Development and manufacturing of
four “leak no burst” composite type 4 tanks prototypes for testing in a tunnel
fire at CEA and HSE tunnels
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§

9:55-10:15 Correlation for blast wave decay in a
tunnel (W. Dery, UU)

§

10:20-10:40 Deflagration of non-uniform
hydrogen-air cloud after release in tunnel (T.
Jordan, KIT)

§

10:45-11:05 Blast wave and fireball after tank
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rupture in a fire (V. Shentsov, UU)
§

Coffee Break

§

11:30-11:50 Pre-tests for experimental
assessment of high-pressure tank rupture in a
tunnel (D. Bouix, CEA)

§

11:55-12:15 Performance of TPRD-less tank in a
fire (S. Kashkarov, UU)
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