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A Numerical Analysis of Hydrogen Diffusion for Hydrogen Leakage
from a Fuel Cell Vehicle in a Long Road Tunnel
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Abstract >> In the present study, the dispersion characteristics of hydrogen leakage from a Fuel Cell Vehicle (FCV)
were analyzed by numerical simulation in order to assess the risk of a hydrogen leakage incident in a long road
tunnel. In order to implement the worst case of hydrogen leakage, the FCV was located at the center of a tunnel,
and hydrogen was completely discharged within 63 seconds. The Leakage velocity of hydrogen was adopted
sub-sonic speed because that the assumption of the blockage effect of secondary device inside a vehicle. The
temporal and spatial evaluation of the hydrogen concentration as well as the flammable region in a road tunnel
was reported according to change of ventilation operating conditions. The hydrogen was blended by supply air
form a ventilation fan, however, the hydrogen was discharged to outside in the exhaust air. It is observed that
the efficiency way to eliminate of hydrogen is supply air operating condition under the hazardous hydrogen leaking
incident. The present numerical analysis can be provided useful information of ventilation under the hydrogen
leaking situation.

Key words : Hydrogen leakage(5=4> %), Long road tunnel(3t €]'d), Ventilation facility(Z7] A]A), Com-
putational Fluid Dynamics(Z A2 <8}

Nomenclature h; : turbulent diffusional flux of energy
P : pressure, Pa
e . oo S; : momentum source, N/m’

F,,; : diffusion flux in the direction x; Sl ’ 1 N /’ 3

g : gravitational accelration vector, m/s’ m - scaiar sou.rce, gism
t : absolute time, s

o di h h o £ relative time (after leakage), s
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x  : Cartesian coordinate, m

ym : mass fraction of hydrogen gas

n : volume ratio of the flammable region, m’/m’

p  : density, kg/m3

o reference density, kg/m3

T; : stress tensor component, Pa
Subscripts

e : exhaust

d : detonation region

f : flammable region

i : direction

s : supply air

t  : total
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Fig. 1 Schematic geometry of Hongjomoon tunnel. Note
that the tunnel mainly consists of the fan room, ventilation
passage and vehicle passage
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Table 1 Operating conditions of different types of jet fan

. . Type A Type B

Specification 17207 W 1200 kKW [ 300 kW | 400 kW

Total pressure |4, 9 100 100
(mmagq)

Supply air Q 250 200 210 250
(m’/s)

Exhaust air Q | 5¢ 140 | 147 175
(m’/s)
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(b) exhaust air

Fig. 2 Schematic of Flow behavior according to the operating
condition of ventilation fan: (a) supply air; (b) exhaust air
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Fig. 3 Computational domain and boundary conditions of
half model of Hongjimoon tunnel for hydrogen leakage
incident. Note that the leakage scenario is that tow FCVs
are located inside the center of tunnel
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Hydrogen leakage
points

High-pressure
hydrogen tanks

Fig. 4 Detailed geometry of FCV (bus model) and leakage
points. Note that the hydrogen leakage points of numerical
model are assumed to locate around the hight-pressure
hydrogen tanks
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Fig. 5 Contours of the volume fraction of hydrogen at the ceiling for different ventilating operating conditions. Note that the
operating condition is supply air for (a), (b), (c), (d), (e), (f) and exhaust air (g), (h), (i), (), (k), (I)
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(b) t* = 2 min.

(f) t* = 2 min.

(c) t* = 4 min.

(9) t* = 4 min.

(d) t* = 6 min.

(h) t* = 6 min.

Fig. 6 Iso-surface of the flammable region for different ventilation operating conditions and dispersion times
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Fig. 7 Time history of the volumetric ratio of the flammable
region for the case of supply air
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Fig. 8 Time history of the volumetric ratio of the flammable
region for the case of exhaust air
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