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Abstract - Climate change is currently one of the most pressing environmental issues, primarily caused by carbon emissions from fossil
fuel usage. As a result, alternative fuels that effectively reduce carbon emissions are garnering more attention. Among these alternatives,
hydrogen has numerous advantages, such as its ability for large-scale storage and transport. However, it is crucial to prioritize safety
measures, particularly in facilities that handle hydrogen, due to its highly flammable and fast-spreading nature. This study aims to
compare and analyze the placement of supply and exhaust vents to efficiently release hydrogen in the event of a leak in an enclosed space.
The experiments involved six different scenarios, each with various combinations of supply and exhaust vents. To ensure the experimental
process’s safety, helium, which shares similar physical properties with hydrogen, was used to analyze the internal oxygen concentration
during ventilation system operations. The results revealed that among the six scenarios, Case 2, which employed a lower side supply
vent and an upper side exhaust vent, exhibited the shortest ventilation time of 4 minutes and 30 seconds. Additionally, the decrease rate
in oxygen concentration was examined in the upper, middle, and lower areas. Ventilation utilizing an upper surface supply vent and two
exhaust vents on the upper surface and upper side (Case 6), showed lower oxygen concentration values in the upper area, while Case
2 yielded lower values in the middle and lower areas. Therefore, it is crucial to select an appropriate supply and exhaust vent configuration
considering the space’s characteristics and usage environment.
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Fig. 1 Experimental enclosure

Table 1 Experiment dimensions

Experimental facility WxLxH [m?®] 1.2x1.2x1.2
Helium leakage hole Diameter [m] 0.003175
Vent hole Diameter [m] 0.075
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body), #7]7(Vent hole), 7}2~F%&5(Helium leakage hole)
o] A7t A E ] Uk o] AF FA ] /8 Table 10l
A=) ok AL 12x1.2x1.2 m® A7) AdA AN
g o AFA ] A S5l 77t HHA SR )
A7t 7hss YE AAFE F Y wRste] vhgek F5-a7]
T 23S AT T WA 0075 mE, F3719 9
EEZ 53 71AA #7171 7heskes AAEAL ol EH

U FEVFRY TR e WAE] f8 @19s AL

&
L3 7IAH 37 &5 2 HES JAystojof i =4tk
AotA B A -F ko ML = A o] thKorea

Occupational Safety and Health Agency, 2021). &3 7}~
=49 WAL 0003175 m=Z, A5FH TYAA 7tart FE2H

S EEERES

ket RS G AET wet Qo] Fat
Selshy VAol BR el71X] e shAlt kol BT b

= =
/go] At} ofe) & AFeAE AFAAL] QWS T3
a Fa FE Bl fAMdol AFEHAAL, Al b8
o] JdAHE AFS AR AP ARESATHXin, T,
2023; Chen, M., 2020; Shu, Z., 2022; Ghatauray, T., 2016;
Sun, X., 2023; Huang, T., 2022).

)

Helium S13
SA4[Sis12  leakage @
e %

S9 SA3
S11 s1o.3-
'

SA : Supply Air
EA : Exhaust Air

Fig. 2 SA, EA and sensor locations

Ful7] T YA 9} At s Zg AA 9] $XE Fig. 2014
g 4 Ak AgAel= vl A1) 7] (Ventl ~4)7F 9L
], w71k wi 7] 3l we} HEste] ARgsATE w7] Al
o= SAI~4' =, wj7] A& EA1~42 | 37|75 5
skl {719 52 w7 R AREEslTh AlAle APA s
o] 571(S1~5), FH-°ll 371(S6~8), -l 571(S9~13)E il
25kt 7 Case® AAgEe AAb= o) oF 02 % Aol =
7 AA ] FF bt ddEA REgS glEn
2 AMERREH de 2tae dolee Azhd HAE s
Abzsle] AFFT7 W AA% % WIS JERY AL o] S &8
A

sfel 7 A9 Auvtele e AxBE WakE ulw L 245

3}
5}
o

2 AFAAME 7t FE A AMARTEE S5 s
=2 A3k} Ekoto IW et al.(2011)8 44 F3 A AlA]
£ Sl 4T AdneE WE At 5
1

Table 2 A3 Z=70g AsArt. FES 250,000 Pa,
2516 m/s9] ¥ B FEF oA FdEen, 3735
= A A5 T v)Fel whel A7t 3032 A3
S tHKorean Register, 2022).

2 AR E dAF 7= U AAE fT ARARE
sttt sE-EH F717HSAD Y AR w7 THEADE AL
&3ate] oA 2o R AFS FEIINL AU
2 230 AsE wpef A} o]Fe= T WUy
, TE WS AEdd A 23 dAEF FERE
AsGirt. o] F A FF W
Fig 3ol Z2eiz==2 vehdo] vlasiivt. A8 A3, —243

> o

- 276 -



W rdel 28 N BT TEER Al
i) ¥ gtadldon, FEER ¥ AhEs) A9 +Eow
sBEn] e A EE 6% 0% o 2293t ol
del —pEgeR wEA WE st AR WS &

Fhes ol A

ul, 6"2011 46}1 WA AT T

A A zko] A A ] o)A tﬂo}z]

il

r
i

vlgo g B Ao ME ks m—g— 12002 24
At
Table 2 Experimental condition
Inlet [m/s] 25.16
Helium Pressure [Pal 250,000
leakage Direction —Z
Leakage time [s] 1,200
Vent Air Change per Hour 30
20.5
&--Zdir leakage -®-+Zdir leakage
20.3 A

20.1 A

19.9 A

Average oxygen concentration [%]

19.7 A
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Fig. 3 Average oxygen concentration variation with time as
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Fig. 4 Average oxygen concentration measured during the

experiment
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Fig. 6 Average oxygen concentration variation with time

for a single exhaust vent

Fig. 6 w]7]7+7} & 71<l Casel, Case2, Case39] 7}~
= ofgk AFA U9 W3S WolF1, Table 3
o= 7zt Case® 37142 8AN7 AAFEZAE FFAXNES

o-'—— _1_.'5

gestank At 3082 AAE @Sl wel 5719

AP AT

QAL Do i

1.

o v

B AR, WA AP FAE Casel
e

A 728 7 168 30xE Al 7R Case & 7F4 4
Rom AhFEad £ 199 %= 7MY F FAR st
Atk w-u71E BT SHA Fa38ke= Case29t B ’%Pr
Ho| A 42885} Case39] Za&S 474 094 %, 1.28 %=
23k 2polE HAAT F7| A QAI7HE Case2”} Case3ol W]
3 6 30% U #A ALEdch

Table 3 Ventilation time, oxygen concentration reduction
rate, standard deviation of Casel, Case2, Case3

. Oxygen
Case Ventilation ) Standard
. Concentration o
No. Time . Deviation
Reduction Rate
Casel 15min 30sec 1.99 % 0.147
Case2 4min 30sec 094 % 0.051
Case3 11min 1.28 % 0.094
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Fig. 7 Average oxygen concentration variation with time

with two exhaust vents
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Table 4 Ventilation time, oxygen concentration reduction
rate, standard deviation of Case4, Caseb, Caseb

. Oxygen
Case Ventilation ) Standard
. Concentration o
No. Time . Deviation
Reduction Rate
Case4 13min 30sec 207 % 0.149
Caseb 9min 1.87 % 0.124
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Fig. 8 Average oxygen concentration variation with time as
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Table 5 Ventilation time, oxygen concentration reduction
rate, standard deviation as the number of exhaust
vents changes

Oxygen
Number of o .
Case Ventilation | Concentration | Standard
Exhaust . . ..
No. Time Reduction Deviation
Vents
Rate
15min
Casel 1.99 % 0.147
30sec
1
Case3 11min 1.28 % 0.094
13min
Cased 2.07 % 0.149
30sec
2
Caseb 9min 1.87 % 0.124
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in Case2, Caseb

Table 7 Oxygen Concetration reduction rate in the upper,

middle and lower section of Case2 and Caseb

Oxygen Concentration
Reduction Rate

Case2 Case6
Upper section 1.13 % 0.73 %
Middle section 0.96 % 0.9 %
Lower section 0.74 % 0.79 %
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