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Abstract >> Hydrogen is highly dangerous during a leak due to its low ignition en-

ergy and wide flammability range. While KGS standards regulate hydrogen
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charging stations, most studies focus on small leaks, emphasizing the need for
broader analysis. In this study, hydrogen molar fractions for leak sizes of 0.23,

0.72, 2.26, and 7.16 mm were evaluated at 10, 50, 100, 200, and 300 air
change per hour (ACH) ventilation rates. A uniform molar fraction was observed
at 10 ACH, and effective ventilation was initiated at 100 ACH for scenario A and
200 ACH for scenario B, C, and D. Therefore, it is thought that if the performance
of the gas detector is improved, the hydrogen level in the semi-closed space can

be further reduced.

Key words : Semi-closed space(8t X I 3 7}), Hydrogen leakage($ A %%), Forced
exhaust(Z Al B 7|), CFD(M At3 A Y &), ACH(A| 2t 57| W2 B14)
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Fig. 1. Simulation validation results compared to experimental
results
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Table 1. Force exhaust rate calculation results

Content Value
Force exhaust area 0.176 m’
Force exhaust counts 2
Force exhaust rate 0.15 m/s
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2.3.1 ANSYS FLUENT

ANSYS FLUENT (Ansys, Canonsburg, PA, USA)

Table 2. Hydrogen leak scenario conditions

S Leak size | Temperature| Press | Leak rate
(i) () | (MPa) | (kgls)
A 0.23 0.002
B 0.72 0.02
15 8
C 2.26 02
D 7.16 2
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Hydrogen Leak Scenario Conditions
Scenario A, B,C,D
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Emergency shutdown
after detection

Continuous leak Non-continuous leak

ex) Storage

ex) Compressor

Change in ACH
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S0ACH
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300 ACH

Analyze forced ventilation impacts based on
technical standards

Fig. 2. Methods by emergency shutdown conditions

Journal of Hydrogen and New Energy <<



2.3.3 CFDe| fad #E

S Aeol 40 & AT ulE 82 A=
60 m'e] 1% Hlo|El B Fgte] CFDY FANL
7456}@11:}2‘”. Fig. 33} 7ro] sj&jol A}gE Zz}o]

Z T4 oF 4358027H0]0 o] & 42 Eo] WRAY
She Sae] 2 o ARSI SHo] B
She e w2 g0 R ARsHl sk
Wi s siAolAlE B A gol 2
3510 Bitf o2& Fol7] 9Joo] Reynolds averaged
Navier Stokes 7]WFe] W4l 2= shear stress transport
k-omega RH-S 285131 E‘rzl) *EQ} e siMS

ARl o

Fig. 4= 424 %
= E
=

32 tpehict. of
Qlato] a4 @%94 27]
Hold 27 =

# dolelst A5 lold 2
S 5 23 219l A% 9
248 734 W) N8

2.3.4 Axt =2H "ot

s e R
A 4 4BE B £ A 7

43t 2 L 7o) Fashck
o 2% 71l Wk 2 A ALfelo

=
=)
&,
o
=
=2
>
4>
B>
Y
N
O:

o
N
13

© Monitoring Point
O Leak hole

(a) Simulation model (b) Internal section grid size

Fig. 3. Validate simulation condition settings

> ptm AU =2

2 Al 7H) ThE Ax 2718 94T F & 1279 A
Beflol e Sastgick B7h ATk Fig. 59 2ok

W7k Aat F7F 7] olape] AxRE Algeold
Asfol] 2 Holrh WASA g AL IS
B2t 2719 AR A 8] AR ol e St

et

tlo
1

2

100

g\

.|l" <

80
o

60 | o,

40

20 (s

= EXP 1.9m|
o EXP24m|
4 EXP29m
0 1 1 1 1 1 1 1 1
0 60 120 180 240 300 360 420 480 540

Time (s)

Hydrogen lower explosive limit range (%)

Fig. 4. Simulation validation results compared to experimental
results

g

g

g

B

——207,685 ——213,69

g

Mole fraction of Hydrogen in container
2

Mole fraction of Hydrogen in container

——535312 ——s0,71
——T09474 —— 55
200 . L . ! ™ . . . .
0 3 6 9 12 B 0 3 6 9 12 15
Time (5) Time (5)
(a) Scenario A (b) Scenario B
040 10
5 5
HE £
] H
H 208
g030 8
] £
] =
g %06
H H
S0 2
] H
z <
] 504
g 015 2
H £
2010 H
€ J——) 02 539856
Foos 804,21 3 D
z ——Lin3 | —— 1314101
™ . L . ! 0 . . . .
0 3 6 9 12 B 0 3 6 9 12 15
Time (5) Time (5)
(c) Scenario C (d) Scenario D

Fig. 5. Validation of grid independence

H 36 H1= 20251 28



2.3.5 CFD A|2&|0|M =2

H &J3Lo 4= Sandia National Laboratories il
Aol AAEE U] A REF 2715 w5 Aue
92 745k KGS FP217 7)20] whe} A-st
A B} ol2oiA 1 Qe i gt AZke T
3l g7] 314~ 10, 50, 100, 200, 300 ACHZ &
ato] AlEY oS aatdich A ] 2
Table 331} Zt}.

EGE A w2 4 w5 WSS B4 fl5te]
Fig. 67} 70| ZIefo]u] o] % 457je] muje] 29l
E(monitoring point, MP)Z i X|5}9ic). o= E3) A7k
o T 2 MP Ae] 44 5 wiskE EAlsleirk

Table 3. CFD conditions of hydrogen leak and force exhaust

st SST k-omega
Species transport
Material Hydrogen (ideal gas)
Leakage hole Mass flow inlet
Boundary Natural supply Pressure inlet
condition Force exhaust Mass flow outlet
Semi-closed space Wall

Method SIMPLE / PRESTO!

Flow time 200 s
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Fig. 6. Simulation monitoring point locations
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