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Fig. 1 Verification of hydrogen leakage model
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Fig. 2 Geometric model and floor plan of underground

parking garage
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Fig. 3 Mesh generation and independence verification
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Fig. 4 Different ventilation schemes and vent orientations
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Fig. 5 Dispersion process of flammable gas cloud
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Fig. 6  Effect of different ventilation schemes on flammable gas cloud distribution in underground parking garage
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Fig. 8 Effect of different vent orientations on velocity vectors

80 ,
70 .(L)-L 72-4()14.4. 65.3) — JTEN
(8.1,62.6) —— LR
60 - (7.8, 62.0) —— THEX
ol 7.7, 60.5) e (UHER,
e —o— THERMHER
<, 40
AC/
30
20
10
O 25 50 75 100 125 150 175 200
I /s
a. RFE L8 RV,
1.0y
09}
0.8}
5 077
061
st
ro4r "
o3t ) e IR
02f A —o— TOUHBMUHEX,
o1 b/~ —— fHER
: o THER
00073040 60 80 100 120 140 160 180 200
FFA)/s

b. AN [a3E KU 8 )R U BB B 5] 722 Ak
L9 A[E]TE XU TS 1) R Vo FH AR 22 BRACR Y 520
Fig. 9  Effect of different vent orientations on V; and

hydrogen removal efficiency

I R [ HE RO o 25 5 B E . A
TG i S 3 X T 1 B 2 5 R T AR R B i Bl AR

o THERAE—E R FREAL T RN AR < o AL H
HEFE TRzt MR E . oL, FHER AR50k
BRI T NP8, 200 s I AR 2 BR AR A, 1R
0.44, HA4 3 P B REE S HI EE AN TR =, AR E
B85 T 2t 2 B A A R B A L TR A o HERUT
e S, L5 A R T 7 B ) U S BRACR I T L
W T B 25 b, L HERUFE X 4 A R e
Xt 2 o AR TR T HE R ek
43 BRRH

AEFSRECE Vo, B ] A 10a FiR, BEE
B IEIN Vg VEAEZ W FREAR . 50K BS 5l 12,24
136 W/h B, Vo W5 TC T XU 23 5] T B 16.6% .22.5% Fil
26.9%, M REN 12 /b HEE 24 K,V MZREE 0
B FSF () 207 0 43.49% 5 10 5 40 SR B0 — 25 2 5 31 36 R /h I,
Vs HIZRIE 0 (0 Bk o] 40 J 8.2% o 136 WA 48 S R BRIy 384
FARE T XA 2 B IR EORHE T RE 7, (HR SRR S R
B, 38 KR AR THAA B i ad XA 10b AR R BRAIUR
i £ 14 53 BT 0 BB BV UE X — s, He R B 24 7136 TR/ R
R R BRA R 2 E  A R AT A SR A A . TR
TERIY S, B B OB AS IR i K B — 2 £ TR 0000
TREFE A T B A W 7K P 1 T v DA Bk IRV i3 4 1) o

801 —=— IR
2ot 9.1,72.4) —e— 12 K/h
—e— 24 X/h
60 F (7.7, 60.4) —— 36 /h
.50
g
;8 40

(106.2, 0.0)

1Q0 125 150 175 200
s H]/s
a AFHARET IV,
10 r Ac
09t =
0.8 A
o |
Eé 0.6 F #
Y 05}
04t y
il |
ST . 12 %/h
02} . —— 24 {X/h
01} —— 36 IX/h
0.0

0 25 50 75

020 40 60 80 100 120 140 160 180 200
i Il /s
b AN RS YR SR 2 BRI il 1 72 1
BI10 N[l B Vo AU R BRI 5 1
Fig. 10  Effect of different air change rates on V, and

hydrogen removal efficiency



614 XM

i 476

TR o PRI, R B v e SR 52 B T PO AR B R i
AL HE . HLE P X AT RE R SR RO T B AU
e ep B SRR T 12 Wb, (B2 2k SRR B CR
S RE S R R 4 PR KU SR T 24 /b BE T A M
ERHIL T 72 128 B AR AR

5 & &

ASCRI ] FLACS B4 %0 1R 4 e oy S s < et A7
BB AL 48 7R SUHE R PR A VR AL B M B RO, 43 BT R T
IR S A Je 3 X T 6 1 A B R RO L R
AR A AR B s, EEAR T

1) 3 22 PRl XU R Ge R T IR I S0 I 52 4 i 4 R
BEL 4 1) T 3587 50, SR 4% BEL A 86 22 i) SRR L 75 SR BBUA 4L
X2 R AR AR A XL

2) 3 ¥ ) A EE KU I, T e E IR T R R BR AR
Ffs O 25 1) 5 3 KU S8 D RT IS0 7 38, BB P N TR R B 58
AR TR S TR IR S 51.3% Vs WE{E T FEZY 20%.

3) b HE UKL B2 TSl XU AT TR R 58 4
HEy, Hor BHEXUT I R, SRR BRBCR e TR HEX
Tk R TR =, 200 s B KRR 0.44, R E
BRI A

4) B SR, Vg V(B W RRAR . 2R B
24 W/h, Vo VAR BT KU T B 22.5% , AT Rz HE e 1]
Bl KR 12 Wb S S8 43.4% {5 HE— 25 1 e g,
AR AR AR T TR

(&% 30k ]

[1] NIRVAN G, HAGHIGHAT F, WANG L, et al
Contaminant transport through the garage: house interface
leakage [J]. Building and environment, 2012, 56: 176-
183.

[2] GIL-LOPEZ T, SANCHEZ-SANCHEZ A, GIMENEZ-
MOLINA C. Energy, environmental and economic analysis
of the ventilation system of enclosed parking garages:
discrepancies with the current regulations [J]. Applied
energy, 2014, 113: 622-630.

[3] WANG H L, WANG Z C, XUE Y, et al. Experimental
investigation and numerical modeling for induction fans
[J]. Journal of building engineering, 2023, 69: 106201.

(4] SRS, Phiss, 24T, 45 55 T AW I PVT F
i/ 2 [l KR S RGAEERTSE ()] KR BE 241,
2019, 40(12): 3372-3380.

ZHANG Y Q, SUN L L, YUAN Y P, et al. Composite
research  of PVT

underground space ventilation based on stack effect [1].

Acta energiae solaris sinica, 2019, 40(12): 3372-3380.

(5] WkmowE, BRms, 22012k, 25 ORBHAEM 58 Ak T =5
lia] B SR8 KURRPE I BIFFE [T ). K PHRE2-4R , 2021, 42(6)

system  characteristics cooling/

[10]

[11]

[12]

[14]

[15]

[16]

184-190.

YAO L P, CHEN Z H, LI M S, et al. Study on
characteristics of natural ventilation strengthened by solar
chimney in underground space [J]. Acta energiae solaris
sinica, 2021, 42(6): 184-190.

LYU H, HU Y Q, SHEN Y H, et al. Numerical study of
hydrogen leakage, diffusion and explosion in the parking
garage under closed and natural ventilation conditions [J].
International journal of hydrogen energy, 2024, 83: 210-
225.

TAEZ, WIURRE, XDGHE, 55 . AN TR 4 Bk L
it 934 U O 4 AR UL (T ). K BH B~ 4R, 2024, 45
(10): 48-53.

WANG G Y, HU C S, LIU G H, et al. Numerical
simulation of hydrogen leaking from fuel cell vehicles of
different types in garage[J]. Acta energiae solaris sinica,
2024, 45(10): 48-53.

HUANG T, ZHAO M B, BA Q X, et al. Modeling of
hydrogen dispersion from hydrogen fuel cell vehicles in an
underground parking garage [J]. International journal of
hydrogen energy, 2022, 47(1): 686-696.

MO F, LIU B, WANG H R, et al. Study on hydrogen
dispersion in confined space with complex air supply and
exhaust system [J]. International journal of hydrogen
energy, 2022, 47(67): 29131-29147.

DAI J H, YANG S G, YANG Y, et al. Research on the
consequences of hydrogen leakage and explosion accidents
of fuel cell vehicles in underground parking garages [J].
International journal of hydrogen energy, 2024, 77: 1296-
1306.

YANG N N, DENG J, WANG C P, et al. High pressure
hydrogen leakage diffusion: research progress [J].
International journal of hydrogen energy, 2024, 50: 1029-
1046.

QIAN C H, DING H'Y, XIE J H, et al. A review on the
transport law and control method of fire smoke from energy
storage system in tunnels [J]. Journal of energy storage,
2023, 73: 108929.

CHEN J F, LIU J J, TIAN X L, et al. Study on the effect
of obstacles on smoke diffusion and airflow structure in
subway stations [1]. Building and environment, 2023,
242: 110553.

FLACS-CFD v22.2 User’ s Manual[EB/OL]. https://www3.
gexcon.com/files/packages/flacs-users-manual-26.1.pdf? _gl
=1*ff11j*_gel_au*MTgwNTkxMjYzMy4xNzeSNDUwNTkx.
TANAKA T, AZUMA T, EVANS J A, et al. Experimental
study on hydrogen explosions in a full-scale hydrogen
filling station model [J]. International journal of hydrogen
energy, 2007, 32(13): 2162-2170.

GONG L, YANG S N, HAN Y F, et al. Experimental



63

WURZE4E KR GEXT T 422 A SO O 7 HOR i 1) R (BRI 5

615

[17]

(18]

investigation on the dispersion characteristics and
concentration distribution of unignited low-temperature
hydrogen release [J]. Process safety and environmental
protection, 2022, 160: 676-682.

JGJ 100—2015, I4 Rt S HILTEL S ).

JGJ 100—2025, Code for design garage buildings[S].

FEVE X TAEIM] 2 0. JE st HLBCTl A,

[19]

2018: 227-228.

WANG H Q. Ventilation works [M]. 2nd ed. Beijing:
China Machine Press, 2018: 227-228.

GB 50736—2012, [ S I i K5 25 U 1y i it
Mls].

GB 50736—2012, Design code for heating ventilation and

air conditioning of civil buildings[S].

NUMERICAL SIMULATION OF VENTILATION SYSTEM EFFECTS ON
HYDROGEN LEAKAGE AND DISPERSION IN UNDERGROUND
PARKING GARAGE

Dai Junhao', Yang Shigang', Yang Ya’, Fang Qin'
(1. National Defense College of Engineering , Army Engineering University of PLA, Nanjing 210007, China;
2. 63983 Troop of PLA, Wuxi 214000, China)

Abstract: This study employed FLACS software to simulate hydrogen leakage scenarios involving a Toyota Mirai Gen II fuel cell vehicle
in underground parking garages, to systematically investigate the impacts of ventilation scheme, vent orientation, and ventilation rate.
Results indicate that the combined action of the suspended ceiling and ventilation system completely removes the flammable gas clouds,
achieving the highest hydrogen removal efficiency. Upward-exhaust ventilation is more effective than other orientations. At a ventilation
rate of 24 air changes per hour (ACH), the peak equivalent stoichiometric cloud volume is 22.5% lower than that for no ventilation, and
the cloud removal time is 43.4% shorter than that at 12 ACH. Further increases in ventilation rate provide limited enhancement in
flammable cloud evacuation efficiency.

Keywords: hydrogen; ventilation; numerical simulation; underground parking garage; hydrogen fuel cell vehicle; leakage and

dispersion



