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Abstract

Hydrogen in hydrogen-electric vehicles has a wide range of combustion and explosion
ranges, and is a combustible gas with a very fast flame propagation speed, so it has the
risk of leakage, diffusion, ignition, and explosion. The fuel tank has a Thermally active
Pressure Relief Device (TPRD) to reduce the risk of explosion and other explosions,
and in the event of an accident, hydrogen inside the tank is released outside before an
explosion or fire occurs. However, if an accident occurs in a semi-closed space such as
an underground parking lot, the flow of air flow is smaller than the open space, which
can cause the concentration of hydrogen gas emitted from the TPRD to accumulate
above the explosion limit. Therefore, in this study, the leakage rate and concentration
of hydrogen over time were analyzed according to the diameter of the nozzle of the
TPRD. The diameter of the nozzle was considered to be 1 mm, 2.5 mm and 5 mm, and
ccording to the diameter of the nozzle, the concentration of hydrogen in the
underground parking lot increases in a faster time with the diameter of the nozzle, and
the maximum value is also analyzed to be larger with the diameter of the nozzle. In
underground parking lots where air currents are stagnant, hydrogen concentrations
above LFL (Lowe Flammability Limit) were analyzed to be distributed around the
nozzle, and it was analyzed that they did not exceed UFL (Upper Flammability Limit).
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Fig. 1. Schematic diagram
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Fig. 2. Mass flow rate according to TPRD nozzle diameter
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Fig. 3. Mesh generated for numerical analysis
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Fig. 7. Mole fraction of H; of nozzle size 2.5 mm

____ EEERSC RN

Mole fractionof H2(%): 0 1 2 3 4 5 6 7 8 9 1011121314151617 181920

Pressure outlet

<5.1s> <96s>

Fig. 8. Hydrogen concentration distribution of cross-section (y =1.15 m)

105 F o] L Fig, 90] Lpehanle} o] 52290 ) 213 sjtoll A 4% o)) 35 RES Ho|
gLom], 96204 2 ShelA] 10% o) Q17 Aol AL 6% o1e] e B g Uehtar gl

Mole fractionof H2(%): 0 1 2 3 4 5 6 7 8 9 1011121314151617181920

FCEV

Time : 5.1s
(@5.1s

Fig. 9. Hydrogen concentration distribution around nozzles (d = 2.5 mm)

32 Journal of Korean Tunnelling and Underground Space Association



Numerical analysis study on the concentration change at hydrogen gas release in semi-closed space

Mole fractionof H2(%): 0 1 2 3 4 5 6 7 8 9 1011121314151617 181920

FCEV

Time : 96s
(b) 96 s

Fig. 9. Hydrogen concentration distribution around nozzles (d = 2.5 mm) (continued)
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Fig. 10. Mole fraction of H, of nozzle size 5 mm
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