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Abstract >> The container package type sealed water electrolysis production system
installs mechanical balance of plant and electrical balance of plant as an integrated
unit to enable independent operation within the package module. The auxiliary
equipment required to operate the water electrolysis system must be integrated to
reduce the installation area and shorten the installation time. At this time, as leak
risk factors are placed in a dense space, when a hydrogen gas leak accident occurs,
it can have a mutual influence on other adjacent facilities, so it contains various risk
factors. In this study, when a gas leak occurs in a container packaged water elec-
trolysis system, possible sources of leakage in the system according to the KS C IEC
60079-10-1:2015 and KGS GC101 standards were identified, and the leak rate and
leak characteristics were calculated. did. The hazardous area and its range were cal-
culated according to ventilation and dilution characteristics. In order to optimize
ventilation characteristics, design of experiment was used to analyze the influence
to evaluate the adequacy of ventilation, and overseas ventilation standards were an-
alyzed and compared. In addition, the optimal ventilation structure and character-
istics of the container packaged water electrolysis system were presented according
to the results of the experimental design method.

Key words : Hydrogen(£:4 ), Design of experiment(4 & A|&l®), Ventilation performance
(87| M%), Diffusion control(ZAt H|o{), Container package(ZE|o| L T{ 7| X|)
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Fig. 1. Diagram of water electrolysis BOP system
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1333-
Name Hydrogen CAS No. 7343_?)
mole weight
H 2.01

formula 2 (ke/kmol) 016

as densi relative

g " g/m3)ty 0.08235 i 0.0695

(/air)
specific heat
(V(I;l'/I::/'(i‘.V ) 4 ratio 1.40496713
’ (C/C)
boiling temp. Vapor pressure
5 -252.8 67.477
(©) (kPa)
liquid density
. 2 fi f. (k 1
(ke/L) 0.067723  |safety coef. (k)
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’ type characteristics (m) ness evaluation
, Materials Air, hydrogen
4 5
Small bore | 1-46%10 0.04367 1.000 " . 0w
1 | connections |1.20x10*|  0.0366 1.000 a1 5pee oS
up to 50 mm® 282107 0.000841 1.000 Turbulence model SST k-w model
Flanges with |1.46x107 0.4367 2.955 Boundary Pressure inlet & velocity outlet
) compressed 1.22x107 0.36647 2707 Total grid 1,413,965
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Fig. 4. Configuration for position and size of natural and forced
fan

Table 6. Analysis results of leaked hydrogen concentration ac-
cording to hydrogen leakage flow rate when changing the posi-
tions of three components

Release
rate #1 #2 #3 #4 #5 #6

(g/5)

0.1 012 | 0.12 | 0.13 0.13 | 0.12 0.12

0.5 1.16 1.16 1.17 1.16 1.16 1.17

1.0 2.31 232 | 232 | 233 | 232 232

1.5 472 | 473 | 474 | 473 | 472 | 473

2.0 597 | 597 | 598 | 597 | 5.98 597

2.5 712 | 7.11 712 | 7.14 | 7.13 7.13

3.0 7.85 | 786 | 787 | 7.87 | 7.86 | 7.86

BE5Fo] W2 37)9] L E(dryer, separator, tank)
g 720z Phe w2ASE 2EIN: V)
of FEUES] 12 217k W43 7hel Table 6]
5 71 A9 2o v R BE FE b
S HAL 14 AE ekl 2 2a0 )
A mee Fig 13 2ov] 7 A8 5 G
ME i AHEES A Aol YUt FERT
LS s OARE] S Fuk olat 1A 2els)
O oleh Zre ATE Fa) A ole] BEAEo
A o] MASIIE Ui Z 9940l Eo
% 4 oo

3.2 &7| ¥ 7| Hx| Ha

27179 Ao e 7] fad FrHE Slel
7A€ 7HF) 300 mmx300 mm, A+ EF7]THN)
300 mmx300 mm F7|E 7|EO0 2 AL AL 4
Y3tgiet. Table 72 2 92 20 4] 84 A3}
S YEhe a4 =24 3 @) Aeel M 2
F-2/N-2 223} 7P 4] 59F F-3/N-1 2719 o

Table 7. Computer analysis results according to intake and exhaust positions (forced ventilation size is 300 mmx300 mm and natural

intake size is 300 mmx300 mm)

Forced Natural H, rn.ole Mea.n Pressure T}lrbule.nce .Tl?rbu.lence ' Turb?lence MefaTl
ventilation | intake fraction velocity (Pa. o) intensity dissipation rate klnemat;c g:nergy vorticity
(%) (m/s) (%) (1/s) (m/s”) (1/s)

N-1 40.67 0.163 -2.236 5.19 4.296 0.006383 0.9967

F-1 N-2 38.47 0.126 -1.812 4.26 3.881 0.004493 0.8842
N-3 42.05 0.171 -1.795 5.19 4.342 0.006320 1.0222

N-1 31.72 0.147 -1.803 4.42 3.883 0.004929 0.9156

F-2 N-2 29.84 0.136 -1.812 4.31 3.875 0.004452 0.8873
N-3 32.08 0.164 -1.768 5.024 4.095 0.005966 0.9749

N-1 47.05 0.170 -1.825 4.73 4.328 0.005166 1.0133

F-3 N-2 40.20 0.142 -1.868 4.60 4.156 0.004890 0.0015
N-3 4423 0.202 -1.818 5.80 4.745 0.007112 1.1292
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tour (b and d) according to intake and exhaust positions (a and
b for F-2/N-2 , ¢ and d for F-3/N-1)
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Fig. 6. Hydrogen concentration (a and c) and stream line con-
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and in c and d, it is 600 mmx600 mm)

Table 8. Numerical analysis results according to intake and exhaust port size (F-2/N-2, 3 m/s)

Forced . H> mole Mean Turbulence Turbulence Turbulence Mean
o Natural intake . . Pressure . . L . . ..
ventilation (onm>mm) fraction | velocity (Pa.g) intensity | dissipation rate | kinematic energy | vorticity
(mmxmm) (%) (m/s) =& (%) (1/s) (m/s%) (1/s)
300%300 29.84 0.1367 1.8124 43179 3.8754 0.004452 0.8873
300x300 300x600 31.89 0.1082 0.4507 3.4850 3.0811 0.002491 0.7048
300x900 27.37 0.0917 0.1956 2.9041 2.5914 0.001650 0.5979
300x300 7.97 0.7667 64.9994 24.8650 20.2011 0.146892 4.7377
600x600 300x600 8.52 0.5847 16.1391 19.3948 15.5934 0.076415 3.6717
300x900 6.89 0.5150 7.0352 16.8095 12.9967 0.053643 3.0997
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Table 9. Numerical analysis results according to ventilation speed
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Fig. 7. Hydrogen concentration (a and c) and stream line con-
tour (b and d) according to ventilation speed (In a and b, the
forced ventilation speed is 5 m/s, and in c and d, it is 10 m/s)

Ventilation o H, mole Mean Turbulence| Turbulence Turbulence Mean
Forced ventilation / . . Pressure | . . . . . ..
speed Natural intake fraction velocity (Pa_g) intensity | dissipation rate kmemat;c snergy vorticity
(m/s) (%) (m/s) (%) (1/s) (m/s”) (1/s)
F-2 (600 mm % 600
3 mm)/N-2 (300 mm x 6.89 0.5150 | 7.0352 | 16.8095 12.9967 0.053643 3.0997
900 mm)
F-2 (600 mm % 600
mm)/N-2 (300 mm x 4.74 0.8731 | 21.237 | 28.7149 22.3589 0.158527 5.2627
s 900 mm)
F-2 (600 mm x 600
mm)/N-3 (300 mm x 327 0.9598 | 21.228 | 29.2753 21.4427 0.190541 5.1196
900 mm)
F-2 (600 mm x 600
mm)/N-2 (300 mm x 2.61 1.7938 | 90.473 | 59.5920 459121 0.676456 10.685
900 mm)
10
F-2 (600 mm x 600
mm)/N-3 (300 mm x 1.94 22602 | 203.51 | 77.6840 53.8635 1.325585 12.604
600 mm)
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