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Numerical simulation of hydrogen diffusion from hydrogen dispenser leakage

Tan Luyao, Yao Yongzheng, Pan Aolan, Hu Maowei
(School of Emergency Management and Safety Engineering, China University of Mining and

Technology (Beijing) , Beijing 100083, China)

Abstract; In order to reduce accident risks caused by leakage during the refueling process, the
hydrogen leakage and diffusion behavior of a 35 MPa hydrogen dispenser was numerically simulated using
Ansys Fluent. The characteristics of hydrogen leakage and diffusion under the canopy structure in the
refueling zone were investigated. The effects of leakage diameters, ambient wind velocity, and local
ventilation on hydrogen concentration distribution and the evolution of flammable areas were analyzed. The
results show that when the leakage diameter of filling hose is 2 mm, no flammable area is formed on the
underside of canopy. However, when the leakage diameter increases to 5 mm and 10 mm, a flammable
area can develop on canopy underside. The location of the highest hydrogen concentration on underside of
canopy is concentrated near the axis parallel to the jet direction. Specifically, when leakage diameter is
10 mm, the hydrogen concentration on underside of canopy along vertical leakage direction exhibits a
Gaussian distribution. When the ambient wind is perpendicular to leakage direction, wind velocities of

2 m/s and 8 m/s can effectively reduce hydrogen accumulation near the leakage hydrogen dispenser. In
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contrast, at the wind speed of 5 m/s, a vortex structure was formed near obstacles, leading to hydrogen

accumulation and increasing the risk of fire and explosion. Under no ambient wind conditions, local

ventilation is provided in the refueling zone. When the ventilation velocity reaches 5 m/s and 10 m/s, the

hydrogen cloud concentration within the flow field can be successfully diluted to below the flammable limit

within 2 s. Moreover, a ventilation velocity of 10 m/s shows a more pronounced effect in reducing the

hydrogen concentrations in front of the leakage source.

Keywords: hydrogen dispenser;

leakage diameter;
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Fig.1 Geometric model of hydrogen refueling station

B2 mMEWEREHRE
Fig.2 Equipment layout of hydrogen refueling station
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Table 1 Scenario setting for hydrogen dispenser leakage
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Fig.5 Flammble areas under different leakage diameters

AR AL TR R BN E 6 Fios it
I 25 s Ja Mt Im FLAR R, 72 AR TR AR o IR R
Ko d=2 mm W7 AETRAT A 19.39 m’,d=
5 mm F54 296. 46 m® ,d=10 mm 754 1 155.23 m’,
MR FLAE 10 mm FJBAE S BTE 5~ 10 s [HJE 2T
FEa#h ,10~25 s EHIRE MK B, TBE< s
“ RIS T AR i U T S I R R
5 )5 WA X SRR Ik,

1200
—&— g=2 mm
—+— d=5mm
1000 o 10 mm
E 800t
® £
£ £
14 600 | i
r
v 5
b g,
£ 400 Y S 3 30 35
= WREL s
200 [ /
of M i
1 1 1 1 1 1 1
0 5 10 15 20 25 30
THEJRS I R)/s

6 AEtFEILETHRESZER
Fig. 6 Flammable hydrogen cloud volume under

different leakage diameter

LR 10 mm T2 ER T EG i (1=5 ~
10 s) 4nE 7a—&l Te Fras, 3w Xkl i O i
K, AAMEWRERBEZ AT IRULT, K, il
MAR = R 2B Bk T RS, L2
10 mm F &SRB G (¢=15~25 s) Q1K 7d—
B 76 s Bl R 22 AT, ik s S0 T A
INVENL B S , FEAR 1) S ™ 9 SO R T s
ZWAMREA R s, M A B BRI M IX
BN, AT AZ B DX SRR, FR 2 e 23 R, B I

Gyl AR s B EEEn , IE,0=10 s J5 Al 4%
A HRER ETHES,

e=p, (¢ i _ &=} \_i g *
. il ! ]
%J@i%’//j\ = i‘ = @ &
40 la-s) & = & = =
36
32 = (=2 = = = =
28 -
24 (@)r=5s (b)=7s (¢)=10s
20 f t
16 oo =D P 1>l CELL
12 \‘l :1 l’
8 = & e
4
= & > @& = &
= &= 2 &= @
(@ =15 (e)=20's (H=25s
E7 tiRFLE 10mm TSSRIRES i (1=5~255)

Fig.7 Hydrogen concentration distribution for 10 mm
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Fig. 12 Flammable areas under different

ambient wind velocity
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Fig. 13 Streamline distribution under different ambient wind velocity ( X=17.78m)
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