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× HyTunnel-CS: Contributes to the safe use of hydrogen

vehicles through tunnels

ÁñPre-normative research for safety of hydrogen driven vehicles

and transport through tunnels and similar Confined Spacesò

× Buoyancy helps hydrogen dispersion in sloped tunnels?

× Previous knowledge from tunnel fires in sloped tunnels:

ÁThe óstack-effectô, due to buoyancy, affects the flow & dispersion field: 

Smoke moves to the upper end of the tunnel

Á Adverse consequences may exist, e.g. for ventilated descending tunnels: 

Smoke may be trapped inside the tunnel

Introduction
HyTunnel project ïcurrent study motivation
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× About 20 cases were studied investigating:

ÁThe effect of tunnel inclination

ÁDifferent slopes were tested

ÁTwo nozzle sizes were assumed

ÁThe effect of ventilation

ÁSeveral ventilation rates and the no ventilation case were 

tested

ÁIn both straight and inclined tunnel

ÁThe effect of release orientation

ÁStraight tunnel and 0.5 m/s ventilation rate

Effect of tunnel slope and ventilation
Summary
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× Tunnel considered

ÁHorseshoe cross-section

Å 200 m length, 7.1 m max height

ÁTwo cars (4.2 x 1.8 x 1.3 m)

Å H2 release beneath the front car

ÁSlope: 0.0%, 2.5%, 5.0% (descending)

ÁWithout or with ventilation (0 , 0.5 , 1 , 2 m/s)

Cases setup
Geometry

 Cross-section area = 60 m
2
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× H2 release considered

Á 6 kg of H2, released from a 700 bar CGH2 car tank

Á Position: At the bottom of the car, at 0.2 m from the ground

ÁDirection: Towards the ground

Á TPRD diameter: 2 mm  (4 mm also tested)

ÁDuration: 400 s  (100 s for the 4 mm cases)

Á Blowdown: Flow rate decreases with time

Cases setup
Source
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× ADREA-HF CFD code

× H2 release simulation

ÁNotional nozzle approach

Å Nozzle decreases with time ïsonic velocity

× Computational grid

Á4 cells at the release

Å 2 solved due to symmetry

Á1.0 M active cells (half tunnel)

Å 0.8 M active cells at ventilation cases

× Domain

Á260 x 40 x 42 m3 (no ventilation)

Á200 x 10.2 x 7.1 m3 (ventilation)

ÁHalf domain is solved due to symmetry

Cases setup
Numerical details 

Below the car
source
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Results ïNo ventilation cases
Overview of cloud propagation ïno slope
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× Hydrogen of 10% v/v at 2 s, 5 s and 20 s

ÁH2 spreads below the car and elevates quickly surrounding the car

ResultsïNo ventilation cases
Initial stages

10% v/v H2

Slope has negligible effect during the first seconds
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× Concentration contours close to the car

ResultsïNo ventilation cases
Intermediate stages

0% 
slope

5% 
slope

>75 % (non-flammable)

Slope has small effects around the car
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× Propagation of H2 with time

Slope 0% Slope 5%

Results ïNo ventilation cases
Later stages

80s

120s

140s

200s

Slope can have adverse effects:

For example, the óair-curtainô effect 

can block the movement of part of 

hydrogen towards the upper part of 

the tunnel - example from 240 s of 

the 2.5% slope case Ą
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Results ïNo ventilation cases
Whole-tunnel cloud volumes


