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Abstract - Hydrogen charging station was invested and supported around the world. In this study, the extent
of damage caused by VCE in the charging station handling liquefied hydrogen was calculated, and the human
and material damage was estimated through the Probit model. In addition The optimal height of vent stack for
low temperature hydrogen was set. The damage range is 8.24m in small scale, 14.10m in medium scale, and
22.38m in large scale based on interest overpressure 6.9kPa. In case of death due to pulmonary hemorrhage,
50m of the small and medium scale and 100m of the large scale were injured. Structural damage was 200m in
small scale, 300m in medium scale and 500m in large scale. The optimum height of the vent stack is 4.7 m in
small scale, 8.8 m in medium scale and 16.9 m in large scale.
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2.1. TNT equivalency model
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Scaled distance(Zs=Rs/W'/3)

Fig. 1. TNT overpressure curve.
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where,
Winr: TNT equivalent (kg)

M. : Mass of the hydrogen gas (kg)
H. : Heat of combustion of the hydrogen
(KJ/kg)
Hrnr : Heat of combustion of TNT (kJ/kg)
n : Explosion coefficient
1
Z=Re/ Wyny’ ©)
where,
Z  : Scaled distance (m/kgls)

Rc : Distance from the center of explosion (m)
A 2
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Table 1. Correlation table between probit values

and percentage

where, robit val
\ t
Ps : Peak overpressure(N/ ) Percentage o7 varues
@ lol1|2|3|4|s5|6]7]|8]09
22 Z=2H| 24
— o , . 0 - 2.67]2.95|3.12|3.25|3.36(3.45|3.52|3.59|3.66
‘2 (Pribit) B4 Abae] s8] Wael W
£ FAE AH2]S 0] 83l BAS= Ao 10 3.7213.77(3.82|3.87|3.9213.96 |4.01 |4.05|4.08 |4.12
20 4.16]4.19|4.23|4.26|4.29|4.33 |4.36 |4.39 | 4.42 |4.45
/ 30 4.4814.50|4.53|4.56|4.59|4.61 |4.64 |4.67|4.69 |4.72
/
s 40 4.75|4.77|4.80|4.82(4.85|4.874.90|4.92(4.95|4.97
9
:-fw P 50 5.00(5.03(5.05|5.08|5.10{5.13|5.15|5.18|5.20|5.23
g 60 5.25(5.28|5.31|5.33|5.36|5.39|5.41|5.44|5.47 |5.50
o 0
/ 70 5.52|5.55(5.58|5.61|5.64|5.67|5.71|5.74|5.77|5.81
] 4
/ 80 5.84|5.88(5.92|5.95/5.99(6.04 |6.086.13|6.18|6.23
= s 5 L e 90 6.286.34(6.41|6.48|6.55|6.64 6.75|6.88|7.05|7.33
Probit values
% 0 01(02]03[04]05|06/|07]|08|09
Fig. 2. Correlation diagram between probit values
and percentage 99 7.33|7.37|7.41|7.46|7.51|7.58|7.65|7.65|7.88 |8.09
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Table 2. Overpressure effect on unprotected resi-

Table 4. Overpressure effect by building mate-

dents rial
Permissible Building Overpressure
Strength of damage
Effect overpressure(kPa) element (kPa) € ¢
Rupture of the cardrum 345 69 Building abalone, roof and
walls destroyed
.. ‘Wooden
A fatal head injury 55.2 building 13.8 Mostly destroyed
Severe lung injury 68.9 345 Whole destroyed
Fatal physical injury 75.8 Removal of coating, Damage
10.3 of inner wall, Risk of fallen
L object
Engineering
Table 3. Overpressure effect by building element steel frame The building is retained but
building 17.2 the inner walls are destroyed
Building Overpressure Strength of damage enough to warp.
element (kPa)
345 Whole destroyed
Glass window 1.4 Be damaged
6.9 Some walls destroyed
. Dispersed enough to -
Glass window 3.4-69 penetrate the body Non-reinforce 86 Walls and roofs partially
p d wall destroyed
Structure destruction and a4
W .9-13. building
ooden frame 6.9-13.8 potential collapse 10.3 Mostly destroyed
20.7 Whole destroyed
Steel sheath 6.9-13.8 ??mage to wals,
ceilings and furniture 10.3 Wall damaged
Concrete Steel and
6.9-13.8 Shattering concrete 13.8 Roof slabs destroyed
asbestos sheath .
teinforced 17.2 Most frames destroyed
Brick sheath 13.8-20.7 Dispersed walls
345 Whole destroyed
Non-reinforced Wall collapse, potential
. 6.9-20.7 . . .
brick dispersion 276 Roof and wall warped, inner
' walls damaged
Reinforced
);](8)_8. Z2H] W) iRg Zhalo]l AAE cor~1cr.ete 414 The building was severely
ER Zolw, o] 2 T3} & Fig. 28 FIHTH building damaged and destroyed.
Table 1> ZEH] W4} WMES JAAARE 82.7 Whole destroyed

Uehd Aol

where,

P : Percentage(%)
P, : Probit variable
erf : Error function
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Table 6. The distance of interest overpressure

Overpressure(kPa)
Storage(kg)
6.9 13.8 34.5
100 824 m 599 m 376 m
500 14.10 m 1024 m 6.43 m
2000 22.38 m 16.26 m 1021 m

N
&

Table 5. PHAST input data E»
§ 15
©
Classification Value 8"
Q5
Material HYDROGEN 0
100 500 2000
Atmospheric stability F Storage (kg)
~@6.9kPal-13 8kPa 34 5kPa
Wind speed 2.07 m/s
- . Fig. 3. Effect distance of interest overpressure.
Relative humidity 67.1%
Jet fire model type Cone model Table 7. Probability of death due to pulmonary
. hemorrhage caused by overpressure
Post-expansion jet 0 degC (Unit : %)
temperature
. . Storage(kg)
Inclination of jet from 90 deg Distance(m)
horizontal 100 500 2000
Jet fire maximum exposure 20 s 10 100 100 100
duration
50 0 0 2.3247
Radiation levels 4.0/ 12,5 / 37.5 kW/m 100 0 0 0
Radiation ellipse Yes 150 0 0 0
radiation contours Yes 200 0 0 0
Radiation e}hpse type Incident radiation 250 0 0 0
required
300 0 0 0
Specified radiation intensity 4 kW/ni
350 0 0 0
Generate radiation side
o Yes 400 0 0 0
view?
- ] 450 0 0 0
Distance crosswind of om
release source 500 0 0 0
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Table 8. Probability of rupture of tympanic mem-
brane caused by overpressure
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Table 9. Probability of rupture of damage of
structure caused by overpressure

(Unit : %)
Storage(kg)
Distance(m)

100 500 2000
10 100 100 100
50 28.5767 98.5051 100
100 0.0584 10.7445 81.7615
150 0.0002 0.2632 15.8140
200 0 0.0081 1.5658
250 0 0.0004 0.1528
300 0 0 0.0169
350 0 0 0.0022
400 0 0 0.0003
450 0 0 0.0001
500 0 0 0

Table 10. Probability of rupture of glass caused
by overpressure

(Unit : %) (Unit : %)
Storage(kg) Storage(kg)
Distance(m) Distance(m)

100 500 2000 100 500 2000
10 99.9997 100 100 10 100 100 100
50 2.6290 44.8616 96.2043 50 99.9947 100 100
100 0.0104 0.8560 16.7185 100 90.5892 99.9387 100
150 0.0002 0.0326 1.2982 150 51.9532 96.0081 99.9730
200 0 0.0025 0.1407 200 21.1015 79.2178 99.0878
250 0 0.0003 0.0214 250 7.3725 55.0299 94.3815
300 0 0 0.0042 300 2.4424 33.7867 83.9718
350 0 0 0.0010 350 0.8028 19.2056 69.5022
400 0 0 0.0003 400 0.2675 10.4329 54.0829
450 0 0 0.0001 450 0.0913 5.5270 40.1134
500 0 0 0 500 0.0321 2.8925 28.7089
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Table 11. Optimum height of vent stack for
low temperature hydrogen vapor

Storage Leak rate Stack height
(kg) (kg/s) (m)
100 0.3 4.7
500 L5 8.8
2000 6 169
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