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Abstract - In realizing a hydrogen society, it is important to secure the safety of the hydrogen refueling sta-
tion, which is the facility where consumers can easily meet hydrogen. The hydrogen refueling station consists
of compressed gas facilities that store high-pressure hydrogen, and there is a risk that the high-pressure com-
pressed gas facility will rupture due to a fire explosion due to hydrogen leakage in the facility or the influence
of surrounding fires. Accordingly, the Korea Gas Safety Corporation is making every effort to find out risk fac-
tors from the installation stage, reflect them in the design, and secure safety through legal inspection. In this
study, a TNT explosion demonstration test using a protection wall was conducted to confirm the safety effect
of the protection wall installed at the hydrogen refueling station, and the empirical test results were compared
and verified using FLACS-CFD, a CFD program. As a result of the empirical test and CFD analysis, it was con-
firmed that the effect of reducing the explosion over-pressure at the rear end of the protection wall decreased
from 50% to up to 90% depending on the location, but the effect decreased when it exceeded a certain distance.
The results of the empirical test and computer analysis for verifying the safety of the protection wall will be
used in proposals for optimizing the protection wall standards in the future.

TCorresponding author:hyonbin@mju.ac.kr Copyright (© 2023 by The Korean Institute of Gas

- 102 -



Fasds EY 4 3L AT INT 224 L ANFE A4

fRAsuY T«

Key words : hydrogen refueling station, risk analysis, explosion demonstration, protection wall, com-
putational fluid dynamics, explosion over-pressure

% 9 o] b2 BAGT B Ao IS

|. A‘I % TE X 3 =y

g1s}7] A&l A4t -4l & & (computational flow dy-
L5 FAS = AT s T E o] dT % namics, CFD)& A Aste] s A A8kl ov
79 Bazy AHAL 93 23 A2 A Q) [3,4], 5Tt A0 Ao AL SN = Hl o H
o BaFY Ao Qo] Fat BdR § ANl SF S AES D43 AEsG A F2 2 7
HA e} A Fad oA Fdo|t) 40 G FS Bt A BA A T g bt
UR 280l 10 a2 AAE D ARG 24 AE A EY AAE Ea) FUE L w4g
E i 4= 9l Ao E A MR Qb 9] 3Ry} 1A o] gk A Gt YA EE A ALT 5 AT
Z 93t} aAA Ao 9lo] Yk AJule] Eo 31 A A3 A TH5]. Robert W. Scheter= =4 A E 3}
o} 22 B HAE Zojy7] YAME FaFHAL Ao Tk Fxo o) Qlvtsle] WEY A
o] ok 2}&7} P4 olgta & 4= k1] olol ol Fboll A= BAE 3 F4ke] WE & SA S
gl ARE 201990 “Faobd By Eggpar AL BEE T A g A BAD A st < B
& 3l 23193, 2023 ol = “Gea QbHF Hstel Ao FFE oslsteE AHE It
7 29207 HEEA T WoE AT A o e 23S A3 THe].
2019\ B EH «Fa7 A SA s 2 =) uhet AAFE F487] Rad Y 7&%‘%@1 w2
2 $2FHWLE2040974H4 120048 75T ST FRAAA S A1) 93 AT
AlE o, 2018 147 Aol B3k 7 0] 2023 8 AN @ W4k 284S A A 6}919[7] a8, 3l
A 1897 20 Z=R7)= 2657]7F AR F o] &4 %Cﬂ?%—e—tﬁﬁrt‘ ASAI o] obd Al Ed o] Al
Zolt} a=AL AL R3] Y& 1Y} AT AHTE AASHR, dF ASAFES A
é%ﬂ&aﬂ*(ol 3t A BEtE 72w A F42Z2H00 B34 14542 AL A0S AE

2 A Al of sl A A A E Qb G 3HA X o= A7E ol
7}3 23 9Fe0le o} B I AAER 51 EAFNAE FLAFHAL Y GS7t2Adn =
At} tEo], SdTA M E AstE A A AAn] FEEG LT} o] 3 Ao = A
Jz‘gg;gu 23898 AUAANTLS AT Q) H] gtdo] doju Srart 84 3ty
o FAaZFHA AHAAHA, AN ZUEHTY ol dold A e el o7 e A avE &
N2 L3 A ALABE] DS 9T A QISP TNT Bl o3 i dA < 4
A 4FFHEIN2FEAA T, DepFEA 7, At i TR UA & b 4= Q= TNT
HAAAG=A 7, ;;T_—r7]-/\l$'—/\} A=) T Ab (trinitrotoluene) & ©] &3 F& AFAH 4345 A

53T ABAA TEE Bl Vol FIHLFY FA A FE oo e 33 A

H

xd% ol a At FaFA A i g ek = TEFS AR ARISH] 98 Tk ALEHA] -

A3o] WFT WML fAyE w= =1 sl 93k S zesf A 22 1899] FLACS-CFD (GexCon

02 3lA Zabo] Bl S w) A A 2 olu T AS, Norway) & &-8-3 Zda|4& AA AT £

3 E oW == &43}317] 93] BRI EE gt 2] AT Ads Fasda b Fs AR N
WoHe e g FH4h AR El ot 7| ARbE Al A B #8-3taA} LD}.

BN AL A A =EOE TR/ A

& 5 o)AAYE FAFA XS A+ T4 Il TASHA Eeel I I LsH MR

W EF7F2AN] 5 A el $18] 8471 HolF 71E He

= A4S A 8 AAES sta 9o, ok

FFHTE T3 93 AE &3] 98 HEE 21, TAENA 30l

AX7r desitgn ddd 9 AXE7 % d) A I el A HE FALE F45 1UES
TFoTAL HEE N FEE ATFE o] T119Jr MPa) o 2 ¢5AA3t1 AGH F4HF T4

G377 e AFoA FaFHE WA 5 Z4& 270 MPa) 5ol 2} (cascade) H2 22 F4

- 103 - a7} A 85| A A)277 AldaE 2023 12



o2
o
of
N
E)
M

Table 1. Damage impact from explosive overpres-

sure
Over-pres .
sure(kPa) Damage impact
0.2 Partially damaged window glass
2 0% damage to the roof and windows of the
house
5 Damage to the structure of a house
6.9 Partial damage to the house (irrecoverable)
The minimum limit of serious structural
15.8
damage
Damage to building steel structures and
20 . .
separation from foundations
40 House almost destroyed
. Protection wall
_ Racility
h{height)
Facility

Fig. 1. Schematic diagram of barrier installation
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Fig. 2. A photograph of TNT explosion demons-
tration site (up) and schematic diagram for
installation of barrier and sensors (down)
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Table 2. Measurement of overpressure by distance
and height in 8 kg TNT explosion

kg - FA -

w9l - v

Table 3. Measurement of overpressure by distance
and height in 20 kg TNT explosion

Division (kPa) Hlelrg:t HZelrgIlllt H3e1;gnht I—ielrg:t Division (kPa) Hlelrgilt I-Ize1i1t I-gelrgilt I-Zslrgilt
Distance i
P 134 222 196 e 89 02 | 42 | o157
Distance 717 s46 250 306 Disanc | Pk | 112 48 61 65
2 m open e 8m
open | 199 183 148 163
Distance| back | 71 65 95 96
4m | open | 197 373 262 195 Distanc | "2k 63 65 o1 49
Distance | back | 59 47 38 39 ©10m | open | 61 33 47 46
8m | open | 99 78 87 78 Distance 31 28 97 28
24 m open
Distance | back | 39 36 24 2 —
16m | open | 42 41 39 38 32 m open 21 19 20 24
Distance 2 20 2 2
24 m open = RANS(Reynolds-averaged navier-stokes) solverE
Distance 5 3 " . Z&sle AR N 22 OH o R FA 9 FF
32 m open I d 5SS ALY HANA AU E HAHAE T
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Fig. 3. Measurement results of overpressure at 2.88 &= r, X £ )%
m beyond the barrier in 8 kg TNT explosion B,
P, =P XF,
w3 8 kg F'29 A2] 4 m A5 20 kg FE9
Al 8m A AA =] Im FH4o] o] 2m A E E, = Z 58 o2 (bar-m’)
o =4 SAHE AL A A9 whARte] At y =288 A%
I FHEH YEh Y 24 E g Eex = 2%Ey < FLEH R4 N A= 155 < By =Ey
R =Fx4AE
33. MASESIM o ZHa} P, = =™ Z Y (bar)
CFD £ X E ¢ 0|2l FLACS-CFDE 314], Z 1k gl P, = 1 th7]t(bar)

7] g4l g o] A Al E TNO yellow book= 7] HFS.

KIGAS Vol. 27, No. 4, December, 2023

- 106 -



(Monitor point 1-24) -

Fig. 4. Structural design and measurement points
in FLACS-CFD modeling

Table 4. Simulation results of overpressure by dis-
tance and height in 8 kg TNT explosion

Division Height Height Height Height
(kPa) 1 m 2 m 3 m 4 m
Distance
288 ek 41 156 310 210
Distance 830 710 420 225
2 m open
Distance| Pack | 43 59 107 125
am o en | 341 252 186 135
Distance| Pack | 48 31 28 30
8m | pen | 106 103 08 91
Distance| Pack | 28 26 24 2
16m | oen | 34 34 33 )
Distance 18 17 17 16
24 m open
Distance 12 12 12 12
32 m open
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g 150 - i I|
w
§_1oo 1 '|
T !
3 50+ J| AR
L . e — |
\ S
" 0.00 0.01 0.02 0.03 004
Time (s)

Fig. 5. Simulation results of overpressure at 2.88 m
beyond the barrier in 8 kg TNT explosion
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Fig. 6. Simulated overpressure profiles by time
in 8 kg TNT explosion
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Table 5. Simulation results of overpressure by
distance and height in 20 kg TNT ex-

plosion
Division Height | Height | Height | Height
(kPa) 1m 2 m 3m 4 m
Distance
288 ek 62 276 515 328
Distance 1280 | 1,040 | 682 320
2 m open
Distance | Pack | 64 100 172 181
4m open | 475 332 253 196
Distance back 61 52 41 41
8m | open | 160 148 133 125
Distance | Dack | 36 33 32 29
6m | ooen | 46 44 4 41
Distance 25 24 24 24
24 m open
Distance 14 14 14 14
32 m open
A % L 475 kPa, 8 m A -2 160 kPa, 16 m A H = 46
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