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▪ Non-zero probability of tank rupture 
following an accident in a fire.

▪ No experimental data on blast wave 
decay in tunnel after high-pressure 
hydrogen tank rupture in a fire.

▪ Numerical experiments performed 
using a validated in open atmosphere 
CFD model.

▪ Blast wave decay in open atmosphere 
vastly different to within a tunnel →

▪ Worst case scenario of stand-alone 
tank rupture is considered in this 
study.

Problem to be solved
Blast wave after tank rupture in a tunnel

Fatality

Injury

No-harm



Blast wave in tunnel
Domain, tunnel and storage tank parameters

Tunnel parameters range Tank parameters range

Tunnel 
size

Dimensions, m Length, 
m

Area, 
m2

Hydrogen tank location: 50 m from exit

1-lane W x H = 5.5 x 4.5 150 24.1

2-lane W x H = 9 x 4.5
150 & 
1500

39.5

5-lane W x H = 19.5 x 7.2 150 139.1

Volume, 
L

Real gas tank volume, 
L

Mass, 
kg

Tank pressure: 95, 70 and 35 MPa

10 14.5 0.58

30 43.1 1.73

60 86.0 3.45

120 175.6 6.96



Blast wave in tunnel
Video: 1-lane, 176 L (6.9 kg) 95 MPa



Building the universal correlation
Dimensionless parameters
Main variables of influence are:
▪ Atmospheric pressure, 𝑃0
▪ Total energy released during tank rupture, 𝐸
▪ Cross-section area of a tunnel, 𝐴
▪ Distance from energy release point (rupture location), 𝐿
▪ Aspect ratio of tunnel cross-section, AR

▪ Friction losses due to tunnel walls, 
𝑓𝐿

𝐷𝑇
o f is the friction factor
o DT is the hydraulic diameter of the tunnel

▪ Dimensionless distance: 𝐿𝑇 =
𝑃0𝐿𝐴

𝐸⋅𝐴𝑅0.5
𝑓𝐿

𝐷𝑇

▪ Dimensionless pressure : 𝑃𝑇 =
Δ𝑃

𝑃0
⋅
1

𝐿𝑇



The universal correlation
Final dimensionless parameters: ഥ𝑷𝑻 and ത𝑳𝑻

Best fit correlation: 𝑃𝑇 = 0.22 ⋅ 𝐿𝑇
−1.35

Conservative form: 𝑃𝑇 = 0.87 ⋅ 𝐿𝑇
−1.35



▪ Let us consider a 15 L tank ruptured at 70 MPa in a fire 
imagined in the 24.5 km long Lærdal tunnel with a cross-
section area of 56.4 m2. 

▪ Three hazard distances defined[1]:

▪ What is the pressure after a distance of 100 m? It is 
calculated to be 15.7 kPa (65.62 kPa using conservative 
form). 

The universal correlation
Examples of use

Hydrogen
tank rupture

>100 kPa
100-16.5 kPa 16.5-1.35 kPa

<1.35 kPa

No harmSlight injurySerious injuryFatality

[1]Kashkarov S, Li Z, Molkov V. Blast wave from a hydrogen tank rupture in a fire in the open: hazard 
distance nomograms, Int J Hydrogen Energy 2020;45:2429-46. 



▪ 15 L (0.6 kg) 70 MPa tank rupture

▪ 62 L (2.5 kg) 70 MPa tank rupture

The universal correlation
Hazard zones in the Lærdal tunnel

Fatality Serious injury Slight injury No-harm

Threshold pressures >100 kPa 16.5 – 100 kPa 1.35 – 16.5   kPa <1.35 kPa

Distances (best fit) <8 m 8 – 94 m 94 – 3,392 m >3,392 m

Distances (conservative) <52 m 683 – 52 m 683 – 24,798 m >24,798 m

Fatality Serious injury Slight injury No-harm

Threshold pressures >100 kPa 16.5 – 100 kPa 1.35 – 16.5 kPa <1.35 kPa

Distances (best fit) <15 m 15 – 190 m 190 – 6,895 m >6,895 m

Distances (conservative) <105 m 105 – 1,388 m 1,388 – 50,415 m >50,415 m



Conclusions

▪ Computational Fluid Dynamics was used for parametric 

study of different high-pressure hydrogen tank ruptures in 

various tunnels.

▪ Blast wave in a tunnel propagates with much lower decay 

rate than that in open atmosphere resulting in much longer 

hazard distances.

▪ Increase of the hydrogen tank volume and pressure results 

in longer hazard distances. Increase of the tunnel cross 

section area attenuates the blast wave overpressure.

▪ In the absence of experiments on hydrogen tank rupture in 

a tunnel fire, it serves as the only available tool for 

stakeholders to assess hazards and associated risk.
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