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TCorresponding author :
yangkyunkim@kict.re.kr Abstract >> Explosion experiments were conducted using a rectangular concrete

_ structure filled with hydrogen-air mixture (29.0%). In addition, the effect of igni-
gzszzzd ig ﬂ;ﬁgﬁ)% tion location on explosion was investigated. The impact on overpressure and
Accepted 21 August, 2024 flame was increased with the increasing distance of the ignition source from the

vent. Importantly, depending on the ignition location the incident pressure was
up to 24.4 times higher, while the reflected pressure was 8.7 times higher.
Additionally, a maximum external overpressure of 30.01 kPa was measured at a
distance of 2.4 m from the vent, predicting damage to humans at the injury level
(1% fatality probability). Whereas, no significant damage would occur at a dis-
tance of 7.4 m or more from the vent.

Key words : Hydrogen($=4), Overpressure(&=7t 11}, Vented deflagration(58
o), Ignition location(& 3}  X|), Human damage(Q! X I|3})

Nomenclature S,: fundamental burning velocity (nvs).
P, ,: maximum pressure (bar-g).
A,: Vent area calculated (m?). G,: Sonic flow mass flux (kg/m’-s).
A,: Enclosure internal surface are (m?). A: ratio of gas-air mixture burning velocity.
p,: mass density of unburned gas-air mixture (kg/m’). C,: vent flow discharge coefficient.
P, maximum pressure developed in a vented en- p,: mass density of unburned gas-air mixture (kg/m’).
closure during a vented deflagration (bar-g). ~b: ratio enclosure pressure prior to ignition (bar-g).
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P: scaled overpressure (kPa).

i: scaled impulse (pa-s).

P: actual pressure acting on the body (kPa).

F,: atmospheric pressure (kPa).

i: impulse (pa-s).

m: mass of the body (kg).
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Fig. 3. Results of hydrogen concentration

Test Vent condition Vent Concentration of Ignition location
number coefficient hydrogen &
1 Front-vent ignition 1 (FVII)
2 Central ignition tree Central ignition 1 (CI1)
3 5 Floor-wall ignition 1 (FWI1)
Av=1.13m Kyv=6.62 29.0% —
4 Front-vent ignition 2 (FVI2)
5 Side ignition tree Central ignition 2 (CI2)
6 Floor-wall ignition 2 (FWI2)

Vol. 35, No. 4, August 2024

Journal of Hydrogen and New Energy <<



420 SIS EREES| AP eS| 2fE HES
L 7hE EABIYAL step2= A FFS FHsH
T APA W T ah B S 245
el WEHY WS o] goto] el F7I7F F 4o
== FEeh Hob Ao 7E TAISISIH. Step3
o A3} A5 fa Tt 0.0%0] EEE 7R
£ 720kl WERth
7+ AY Z2AE 4 =r Ayl TS B stepl
e %‘” =g lEEW}XI & Alol= e step2o]
0%) H¢19] 3% o= kgt A

&

jr step3oflA] Hs} A F pa T}

£ A3g no olg B 5o

:(o

e o
|
Y
—'/-\
\O
oﬂJ

A

X

N
-

A
=

d

¥ of i &= x 2
2
a)
o
1y
i3
o
ne,
o
)
paus
o
u
o
o
i

O o o e
TN

X

e,

2

o] Fig. 49} Fig. 5o Uepfiglar 1 AyE «3t
ola} 2Ag ko 2 ey E3F Bk 9(RP3)
A3} ignition tree' =2 Fig. 60 ZZb YepHLh
Central ignition tree®] FVII A of| A+ 0]45}X]
gk HlE ZAFEO| A 2]% VIP1OA] 0.96 kPa2] Z|U]
olglo] ZAE|g)on £apH o= VIP2, VIP3o|A]

0.32, 0.20 kPa2] Z|tjj ofgjo] A4}, o]uf 2|t}
HRAb oFelS RP3o||A] 1.98 kPag ZA=|gich Cll
2210 A= FVIL 207} ni7RA] &2 VIP1oj|A] Zt)
orEleol 3.44 kPao] ZAEglem VIP2, VIP3o|A
1.94, 1.16 kPa2] Z|tj| ¢t=o] =4k oju 2
HEAL 9128 RP3OJ|A] 4.89 kPag® A E|qlch v
FWIL 2210 A= FVILZ} CI19) 2df o dute) &

2] VIP29l|A 7.81 kPad] o] ¢t=o] ZAE|glom
VIP1, VIP39]|A4] 5.09, 4.60 kPa2] Xt} ¢ejo] =4

ek ofuf] Zth Wbk ¢FEle RP3OJA] 14.98 kPa
2 SAE o] AyE HERRY Koo 93]
7F Hojdas 2 Y2 woAlE Ao gy

=M
ot

ol

>> a0 R S| =28

r

Side ignition tree®] FVI2 ZZo|A] o ¢tz
3.39 kPao] VIP1o|A] ZHE|Qom 7 =o]of A
A% FVIL 271001419 Zo o] ATHVIPH R &=
2 o] SA=GITE Eg iR X whAL o

re

il

flo

2.0 0.020
VIP1 Overpressure
VIPI Impulse
L5r —— VIP2 Overpressure | | 0.015
--- VIP2 Impulse
g —— VIP3 Overpressure
< 0k ], -=- VIP3 Impulse 0010 ’i
2 [
2 <
s 2
5 H
g 05 \peak-032kPa 10005 g
1 2’& ak=0.20 kPa
0.0 i ¥ 0,000
0.5 L L L L —0.005
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)
(a) Results of VIP1-3 overpressure and impulse (FVI1)
12 0.12
VIP1 Overpressure 7
10 VIP1 Impulse —Ho0.10
—— VIP2 Overpressure 1
--- VIP2 Impulse J /
= 8 | —vip3 Overpressure /,’/ Fa 0.08
=} --- VIP3 Impulse ¥ 4 =
Eoer 1006 £
5 4l N\ 4004 E
= i) £
° A\ peak L9 kpy 7 -
Pe: 2, -
2 o pege1 —— 0.02
0 0.00
-2 —0.02
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)
(b) Results of VIP1-3 overpressure and impulse (CI1)
12 r 0.12
VIP1 Overpressure
VIP1 Impulse
10- —— VIP2 Overpressure| | 0.10
_ -- VIP2 Impulse
stk f;eak R p— VIP3 Overpressure | _| 0.08
5 -~~~ VIP3 Impulse e
= ] =z
£ oof e {oos £
g ¥ 2
5 4f 4004 Z
S E
o =
2+ —0.02
0 0.00
-2 L L L L —0.02
0.00 0.02 0.04 0.06 0.08 0.10

Time (s)
(c) Results of VIP1-3 overpressure and impulse (FWI1)

Fig. 4. Results of incident pressure according to the ignition lo-
cation (central ignition tree)

X35 M4z 2024 8



oo =
27| UEH - BOE - U9 - YR 421

RP3OJA] 5.44 kPa oF 2,00 o] hAHS 2 P2k 2 A= Yepgdth 21 A3 central igni-
c}. CI2 9 FWI2 240X 9] ¢F2] ATME central ig-  tion tree?] H3} AT} 22 fzolo] ZAofA &t
nition tree] 91e 7ol wT AT ABL K APE ASlolE MERe 5K 972 A
OJZ|9F T X Z(central U side ignition tree)2] Z|tf 2)7} 5 W side ignition treeol| A Q] o = ¢JeL
6 7 2ol Qo] olst ZufehA et
ufeby ME e dakele] 9137} ol d4E X

5 T T T T 0.0 Zul o} A R=S SIS [¢) 5lo) x|
— VIPI Overpressure EH =5 HE—MI DIZ] = 0363:“: = 7/1]—; QJE]M
-~ VIPI Impulse
4 f-|—— VIP2 Overpressure | . 0.04 T;]—'
- VIP2 Impulse ‘/“\ 339 kb
—— VIP3 Overpressure | 7,
= - VIP3 Impulse <o AT =
£ s me_JN foo 322 4 Wi A o ZHn
S <
H g )
g 2 o m q0.02 5 5Lo] 0] Ol =2 o )
E i - HoFe] 9ol wE YAl FYHIPI-3) A=
4 'y - LT TTI T
3 . Jpeak=094kPa -~ £ e . © e
1k P, {001 center ignition tree®} side ignition tree® Z}Z} Ui
: : = A
0 £ o] Fig. 73} Fig. 80 thehion] 1 Aaks 11 3
kit H2% grom vy
-1 L L —0.01
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)
(a) Results of VIP1-3 overpressure and impulse (FVI2) 20 T T T T 20
—— FVII Overpressure
15 T T T T 0.15 ~ FVII Impulse
— VIP1 Overpressure — CI1 Overpressure Peak= 14.98 kPa
- xgi gnpulse 15 -~ C1l Impulse 7 dis
12+ verpressure) { g 1o — FWII Overpressure
-+ VIP2 Impul: =
Peak=9.16 kPa pulse = -~ FWII Impulse __}|
N = VIP3 Overpressure 2 =
= -~ VIP3 Impulse - o <
=) H0.09 Z 10 {10&
2 & Z 3
2 [ |yheugezkpall oo =} E
g N g Peak= 4.89 kPa e
2 2 5F ‘(e ’ B 405
£
[e] | Pgak= 1.98 kPg.-~
003 [
0 i ASTS ¥ bon 0.0
0.00 . L .
0.00 0.02 0.04 0.06 0.08 0.10
0.00 0.02 0.04 0.06 0 ;)8 0.10 Time (<)
’ ' ’ - ’ ’ ’ (a) Results of RP3 overpressure and impulse
me (5) ) (central ignition tree)
(b) Results of VIP1-3 overpressure and impulse (CI2) 50 25
25 T T T T 0.25 — FVI2 Overpressure (\“;‘/I’eak: 4734 kpa
Peak>20.76 kP - zﬁii Iovequmre o impulse "
eak= 20. a R mpulse Ll—cr2o SS -
g —— VIP2 Overpressure 0 cn Ir:e‘rﬁ::mm 20
20 - == VIP2 Impulse 1020 FWIZg
— 'Verpressure|
—— VIP3 Overpressure g S FWI2 Imp\rllise
. - VIP3 Impulse < 30— 1152
£ 15 Peak= 12.86 kPa 0.15 7 g £
=2 Peak= 12.09 kPa K s 2 Peak= ’ <
o . i 4 eak: IR.?ide 3
2 b4 & 20 1.0 2
2 2 L E
£ 10 0.10 2 3 E
5 £
S} e T 10 0.5
0.05
0 0.0
0.00
0.00 0.02 0.04 0.06 0.08 0.10
0.00 0.02 0.04 0.06 0.08 0.10 Time ()
Time (s) (b) Results of RP3 overpressure and impulse
(c) Results of VIP1-3 overpressure and impulse (FWI2) (side ignition tree)
Fig. 5. Results of incident pressure according to the ignition lo- Fig. 6. Results of reflected pressure according to the ignition
cation (side ignition tree) location

Vol. 35, No. 4, August 2024 Journal of Hydrogen and New Energy <<



N

22

HIIHE?H L) REIRI0| R4

FA-E7| 2= HERH

Central ignition tree®] FVII ZZAo|A= HIE 7]
Z 4% WO R 24 m Ho|X HIP1oJA] v]43}A]
5k 029 kPao] Ztj grelo] ZAEiglon] HIP2sH

2H0i| OIX[=

o3

ok Cll 2704 HIPIoA] 2o 29l 1.59 kPa
o] ZAEglon ¢4 02 HIP2, HIP3ojA] uli
B1A]YE 0.95, 0.58 kPao] Xt ¢tedo] ZA=|9ich

HIP3o| A= HIE Zxof ofgh

T U—

2 T T T

Aol SHEA A3k

~— HIP1 Overpressure
-~ HIPI Impulse
—— HIP2 Overpressure
==~ HIP2 Impulse
= HIP3 Overpressure
-~~~ HIP3 Impulse

Peak= 0.29 kPa

Overpressure (kPa)

0.02

Impulse (kPa's)

0.00 0.02 0.04

Time (s)

0.06

0.08

0.10

(a) Results of HIP1-3 overpressure and impulse (FVI1)

FWII 710 419] Zo} el HIPIoJA 6.03 kPa,

3.0 T T T T 0.030
— HIP1 Overpressure
- HIPI Impulse
251 —— HIP2 Overpressure | | 0.025
~~ " HIP2 Impulse
L — HIP3 Overpressure | |
5 20 HIP3  Impulse 0.020
=) Peak= 1 sl kPa  — -
H N 0.015
s
g 0.010
©]
0.005
0.000
—0.00:
0.00 0.02 0.04 0.06 0.08 0.10

Time (s)

(a) Results of HIP1-3 overpressure and impulse (FVI2)

5 T T T T 0.05
—— HIP1 Overpressure
- HIPI Impulse
4 |-|= HIP2 Overpressure 40.04
---- HIP2 Impulse
— = HIP3 Overpressure
54 - HIP3 Impulse
z st L 1003 &
° ]
7 2
4 Peak= 1,59 kPa 3
e 2r 40.02 =
o a
=
3 (g Peak=0.95 kPa E
0.01
W 0.00
¥
i da il
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)

(b) Results of HIP1-3 overpressure and impulse (CI1)

10 T T T T 0.10
— HIP1 Overpressure
- HIPI Impulse
8r —— HIP2 Overpressure | 1 0.08
-~ HIP2 Impulse
. Peak= 6.03 kPa —— HIP3 Overpressure
é 6+ - HIP3 Impulse 40.06
- e 2
3 2
4
) E
2
0
-2 L —0.02
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)

(c) Results of HIP1-3 overpressure and impulse (FWI1)
Fig. 7. Results of incident pressure according to the ignition lo-

cation (central ignition tree)

>> SrmgeA SRR S| =2

20 T T T T 0.20
~— HIPI Overpressure
- HIP1 Impulse
—— HIP2 Overpressure
15+ - -~ HIP2 Impulse 40.15
— = HIP3 Overpressure
§ 10.70 kPa -~ HIP3 Impulse
o
é 10 4 0.10
% Peak= 6.75 kPa
3
3 Pak= 444kPa
5
0
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)
(b) Results of HIP1-3 overpressure and impulse (CI2)
35 T T T T 0.35
eak — HIP1 Overpressure
30 | - HIP1 Impulse - 0.30
= HIP2 Overpressure
N -~ HIP2 Impulse i
. 25 = HIP3 Overpressure 025
é - -~ HIP3 Impulse
S 2Or - aPeak=17.94 kPa 1020
5 15F 40.15
=
2 ~&Peak=10.42kPa
c 1w+ LYo 0.10
5+ 0.05
0 - 0.00
=5 L —0.05
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)

(c) Results of HIP1-3 overpressure and impulse (FWI2)
Fig. 8. Results of incident pressure according to the ignition lo-

cation (side ignition tree)

Impulse (kPa-s)

Impulse (kPa-s)

Impulse (kPa-s)

X35 M4z 2024 8



HIP29J|A] 3.02 kPa, HIP39]| 4 1.90 kPao] =A =31
o}

Side ignition tree®] FVI20]|A]+= HIP19J|A4] 1.49 kPa
o] Zoff felo] SA = oM A4 0= HIP2, HIP3
oA 1 ASHATE 0.89, 0.52 kPa2] Ztfj ¢t o] =4
E)t) o] ZEE central ignition tree 2] CI1o]4]9] |
o gkl A-g st gho ShelEgict CI2 2710
A FVI2 2743 0abA 2 HIPTolA g gl
2l 10.70 kPao| &4 %3S HIP2, HIP3o| 4= 6.75,
4.44 kPao] ZA =9It} FWI2 }_7%01]/\1h R =7
o] ofel Zze} vl A A% Holxut
o A o 200 95 ¥ 3l gl

UAF F= Ao} vRIZHAR HIER
el 1S AL o845 41 el

AE 43 vk oA} olglo] Eolx|= Ao g Tl

=

3.3 Hstao| fx|ofl 2 Fci = Zat

gsele] iAol w2 Ao ke AnE 44
F AAF G=(VIP1-3), = WaF YA Y (HIPI-3)
HEAL F(RP3) o= 742} Upeof Fig. 9 H Fig.
100] Yepflom 71 A3E Table 30 Y ich

H91e] S170] uh2 VIPL-32] Zoj gt Ao
A gskele] o1x7h MERRE Holds VIP2
ol 51o] o &4t 9F=2}7} central ignition treeo]| A]
OF 24.44}], side ignition tree (FVI2 to FWI2)oj| A=
13.18] 2 24 =) E3 A3l 2 A™E(side vs. cen-
tral ignition tree) VIPI1-3042] o & &
side ignition tree®] Z|tl] =] central ignition tree®]|
H3] oF 3.08] A= =& 7o F slolg]gic}. HIP1-3
o] Ztj rel Aol VIPI3S] Hoj e Aol
B EDOIC LS SERIE ISR
= Ao F e HIP1o|A] Z[of 20.08 o]49]
Afol5 Holm A Ak o A} T FWII 2719
HIP1oj| 4] Z|of 23k 9fefel 30.1 kPao] &7 =] ct.
RP39| Zoff e Ao A= Hollo] =7 HE

2R WolA4E Bk oo ol A4S 1

ool

HEL

Vol. 35, No. 4, August 2024

52O 19 - LY 42
olr 1 o} ¢r2lA]i= side ignition tree Z710A] oF
9.08] Aol Zpolg B Irt.

o] AMES ol ) b=ol ek H3klol 9

T T T T T T
V=2033m’
L 4y=225m’

©

Peak overpressure (kPa)

0 L
FVIl cn FWII FVI2 C12 FWI2
Central Side

Ignition location (-)

(a) Results of vertical incident pressure

T T T T T T
V'=20.33 m’
9l 4,=225m’

Ky=6.62

<

a

=

Y

56

2

&

53

2

3

-

S

& 3

0 2 & L
FVIl CIl FWIl FVI2 CI2 FWI2
Central Side

Ignition location (-)
(b) Results of horizontal incident pressure

Fig. 9. Results of peak overpressure according to the ignition
location

50

T
V=2033m’ - : .
Ay=225m’ e

ol K662 i
=

~

<

2 N

Z2 30F $ 4

2 ;

g 5

=

= A6

S 20 2

~ - & & B

] S &

& 14.98 kPa /A

] S
& Q.
10 - & 1
& 489 kPa °
sk @ 5.44 kPa
=
0 1 1 1 1 1 1
FVIl CI1 FWI1 FVI2 C12 FWI2
Central Side

Ignition location (-)
Fig. 10. Results of peak overpressure according to the ignition
location (reflected pressure)

Journal of Hydrogen and New Energy <<



3.4 Hatae| Hxlofl mE 2F SFAHS ZAnt

Hsielel 910] mhe o S AEg
nition tree®} side ignition tree 2 Z+Z} Uo7 Fig. 11
off LreRRSich 78] W 4] ERHE Eelow
FEE e TS B R EEEHY R
sjole] ks ohe 3ER olsoizich WA 5
T 7V7ko] § A= combustible cloudo] wWRE A4
Q13| fireballo] P I H Zof AA o] Hof
37|2 % X high-speed vented outflowo]] 2]3}
ofef WeluwAl flame jet7} 345 9ick
side ignition tree®] A3} ZAH(FVI,
CL, FWI) o} 3t 7#52] 2}ol= Fig. 1194 gt
SHA Uehdt. st AE AatellA FWIeE FVI= 2
Zt fireball®] Zt| =7]9 A I7|2 Uehte
7 21 3k Aol= CIeF FWIOA 21 1ar FVI
9] A= it 2 yelytth Central} side ignition
treeS A3} 2 AHZ W) WSHA central ignition tree 2]
3t Aozt Bt a1 31 47 71F FE 9 Fhedol
FYAE|= Aoz Yelygth W side ignition treeo]]
A]+= central ignition treeo]| H|3)| 3Fo] FA| FAE
Aut EY e WATE FH et o AnES
ol A YA= R Al LT

S central ig-

Central 9

ek

21ZtofiA| Dixl= mls e

pressureoﬂ w2 017 w3 4=3=& Table 40] Vel
ME}. Blast wave2 <13t Jﬂ = &7k It
goz mFo] 7psshy AL &7t zw P
Az 2 A (2) 2 A B)E Ve

ig. 109] 1efZ Y #Fo| 7]-3-6]—12]—2022).

Bh)

rﬂ of
22
O{N'

ESHF

)

G)

oA} ¢t o 2 HE =3
%l kol gt T2 M3 2R Fig
120] Vrehigiek. FWI2 24 wff HIP13} HIP20j A
injury gt} Q14 sz} WSz o= ey
t}. HIP1oA= 2o ¢F2i2l 30.01 kPaz 1%2] Al
shgo] WAISH 210 & &% HIP20fAl= 17.94 kPa
2 1%9] auf gt ShEo] HAYS Zlo 2 eyt
A M3k 204 = W a1 Ay At &

Table 3. Results of peak overpressure according to the ignition location

Incident peak overpressure (kPa)
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Central | iy | wrpa | mies | 519 [ wren | mie2 | mes | €@ vipr | vipz | vies |, 519 | vip1 | vipa | vips
ignition ignition ignition ignition
FVIL | 029 00 | 00 | Fvi2 | 149 | 089 | 052 | Fvil | 096 | 032 | 020 | Fvi2 | 339 | 159 | 0.94
ol | 159] 095 | 058 | c2 [107] 675 | 444 | cn1 | 344 | 194 | 116 | ci2 |96 | 652 | 3.98
FWIL | 6.03 | 3.02 | 1.90 | Fwi2 | 30.1 | 17.94 | 1042 | Fwil | 7.81 | 5.09 | 460 | Fwi2 [20.76] 12.86 | 12.09
Reflected peak overpressure (kPa)
Reflected pressure, RP3 _ Reflected pressure, RP3
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1.98 4.89 14.98 5.44 18.22 4734
>> St A MO K[EE| =22 HI3BHH H4S 20244 8



Aelo] Q1A w3 wate] 27 g Aoz Il
oAk o] Az FW2 242 1 7k 7t ofgt
217 s3] Aol 7Hg B Ao dZHn Yat
9] 9JX)7F 7k Tl )X o] 2 AOR
shelsglet.
4.2 2

Max. height 12,3 m

SFlame jet

. ljlreball

r (m)

.
Flame growth stage

ireball

r (m)

5
on 1 (FWI1)
Flame growth stage

/

i Fireball
,.l I

|Structureii

[
|Structureil

0.0
r (m)

0.0

r (m) r (m)

Fig. 11. Effect of ignition location on the flame behavior

Vol. 35, No. 4, August 2024

r------!
(d) Central ignition 2 (CI2)

Flame, jet

27| uiEx - HOIF - 29 2YR 425
—
20 A2e theal Zo| aokHry
Table 4. Effect of blast waves on people®®
Damage level Incident pressure (kPa)
Eardrum rupture threshold®" 13.8
1% eardrum rupture probability*** 16.5
1% eardrum rupture®® 23
1% fatality probability”” 25-35
50% eardrum rupture probability*” 34.5-48.3
15% fatality probability®® 35
50% fatality probability*® 50-100

i i i |
(b) Front-ventignition 2 (FVI2)

me grov

. Max height 10.25m

/

) | jirehnll
R I i

iStructurcs!'
e |
0.0
r (m)

5.0 0.0

r (m)

Flame g h stage

V=20.33m*

| Fireball

Flame j
i

\\ {Structuresi
| MR i

L
0.0
r (m)

-5.0

Journal of Hydrogen and New Energy <<



426 SIS FRFEO| AP A5 | 27E HESTH| 01X
I

10°

Lung damge threshold| AFVII-HIP

A FVI1-HIP2

AFVII-HIP3
AFVI2-HIPI
A FVI2-HIP2
AFVI2-HIP3

"Fatality’]

€ mCii-HIPL
8 W CII-HIP2
& W CII-HIP3
& Hcr-Hipl

B B cI2-HIP2
B CI2-HIP3

Overpressure (kPa)
S

Warm" (TTS)|
[)

10° mA
|

QFWII-HIP1
@ FWI1-HIP2
@ FWI1-HIP3
©FWI2-HIP1
® FWI2-HIP2
@ FWI2-HIP3

Lethality from body
translation thershold|

Skull fracture threshold|

10"
10" 10° 10! 10 10° 10 10° 10°
Impulse (Pa-s)
Fig. 12. Overpressure-impulse thresholds of harm criteria for
humans

1) H2o] $1%7h MERNE ol
T 2 Bl 2 AL A Ao Tl

i)
>,
J
M
()

QeixtE mgith ol Hst 9IX7L ATER Wola
42 st 27]0] P sAATel Y Qo] 2
o ATRE PARE] J GAZA) wb grelo] A

% ol ol wksl) At 9IX7E ATRet APk
S8 2} qhelo] ZAHE Agtol A7) TSl A
o= gherEr

1=

Aol A= ekl $1A]of wt
£ oM FEi7t vk =2A B4 =1 central ignition
tree®] S Feil= 71 AF 71 FEl= F9H vE
Y side ignition tree?] 73 ZH L2 HATES FHE|Z
sto] FAE= A= YERTth
3) FWI2 H3} 2AY ) IEZRE 24 m ¥

2 A|HIP1) A A] injury A =(1% fatality probabil-
ity)e] Q12 s} WA Aoz =Eglon ul
E28E 74 m ol Wolxl oAl A ae
7 7o) et e Ao olEE it

& vke Asle] gk Q7] el g
QAT Fo AW i) AL &

N
o
_{
o
ﬁ
rr Iiﬁ'.‘j o

N

ol 1A} gy
> BFRLAUNOAK[3tE] =2

2 A4 | EAESAN S AdrEaT
AR A PHIA PAA 0.2 S| FTht
H3E 20240176-001, =ATA] 7|HEA|A Q] QA

T84 gRTE ).

¢

References

1. Y. Cheon, “Review of global carbon neutral strategies and
technologies”, Journal of the Korean Society of Mineral and
Energy Resources Engineers, Vol. 59, No. 1, 2022, pp. 99-11
2, doi: https://doi.org/10.32390/ksmer.2022.59.1.099.

2. E.Y.Kim, “Major projects and future considerations in 2020
according to the hydrogen economy revitalization road map”,
NABO Focus, Vol. 7, 2019, pp. 1-4. Retrieved from https://
www.nabo.go.kr/Sub/01Report/12_Board.jsp?func=view
&funcSUB=&currentPageSUB=0&pageSizeSUB=10&key
_typeSUB=&keySUB=&search_start_dateSUB=&search
_end_dateSUB=&arg_id=0&bid=68&rbid=0&ridx=0&b
idSUB=0&cid1=0&cid2=0&cid3=0&cid4=0&cid5=0&ci
d6=0&cid7=0&arg_cid1=0&arg_cid2=0&arg_class_id=0
&currentPage=6&pageSize=10&pagePerBlock=0&nowBI
ock=6&key_type=&key=&search_start_date=&search_e
nd_date=&class_id=0&sortBy=&ascOrDesc=&bidx=706
0&idx=7060.

3. Ministry of Trade, Industry and Energy (MOTIE), “Leap to
become a world-class hydrogen economy leader-governm-
ent, hydrogen economy revitalization road map announce-
ment”’, MOTIE, 2019. Retrieved from https://www.korea.kr
/briefing/pressReleaseView.do?newsld=156313559.

4. U.G.Yoon, B. Park, W. Kim, and Y. Kim, “Large scale exper-
iment of a roof vented deflagration of high-concentration
hydrogen-air mixtures”, Process Safety and Environmental
Protection, Vol. 184, 2024, pp. 1411-1423, doi: https://doi.o
1rg/10.1016/j.psep.2024.02.049.

5. C.R.Bauwens, J. Chaffee, and S. B. Dorofeev, “Vented expl-
osion overpressures from combustion of hydrogen and hy-
drocarbon mixtures”, International Journal of Hydrogen
Energy, Vol. 36, No. 3,2011, pp. 2329-2336, doi: https://doi.
0rg/10.1016/;.ijhydene.2010.04.005.

6. C.R.Bauwens, J. Chao, and S. B. Dorofeev, “Effect of hydro-
gen concentration on vented explosion overpressures from
lean hydrogen-air deflagrations”, International Journal of
Hydrogen Energy, Vol. 36, No. 22, 2012, pp. 17599-17605,
doi: https://doi.org/10.1016/j.ijhydene.2012.04.053.

7. J. Wang, J. Guo, E. Yang, J. Zhang, and S. Lu, “Effects of hy-

X35 M4z 2024 8



drogen concentration on the vented deflagration of hydro- Energy, Vol. 42, No. 11,2017, pp. 7644-7650, doi: https://doi.
org/10.1016/j.ijhydene.2016.05.097.
17. Y.Chen, Z. Li, C.Ji, and X. Liu, “Effects of hydrogen concen-
tration, non-homogenous mixtures and obstacles on vented
deflagrations of hydrogen-air mixtures in a 27 m® chamber”,
International Journal of Hydrogen Energy, Vol. 45, No. 11,

gen-air mixtures in a 1-m’ vessel”, International Journal of
2020, pp. 7199-7209, doi: https://doi.org/10.1016/j.ijhyden

Hydrogen Energy, Vol. 43, No. 45, 2018, pp. 21161-21168,
doi: https://doi.org/10.1016/j.ijhydene.2018.09.108.

8. T.Skjold, H. Hisken, S. Lakshmipathy, G. Atanga, L. Bernard,

M. van Wingerden, K. L. Olsen, M. N. Holme, N. M. Turoy,
18. National Fire Protection Association (NEPA), “NEPA 68:

€.2019.11.082.
standard on explosion protection by deflagration venting”,

NEPA, 2023. Retrieved from https://www.nfpa.org/codes-
and-standards/nfpa-68-standard-development/68.
19. Korean Fire Protection Association (KFPA), “KFS 720:

M. Mykleby, and K. van Wingerden, “Vented hydrogen defl-
sta-ndard on venting of deflagrations code”, KFPA, 1998.

agrations in containers: effect of congestion for homogene-
ous and inhomogeneous mixtures”, International Journal

of Hydrogen Energy Vol. 44, No. 17, 2019, pp. 8819-8832,
doi: https://doi.org/10.1016/j.ijhydene.2018.10.010.
9. P.Li, P.Huang, Z. Liu, B. Du, and M. Li, “Experimental study
on vented explosion overpressure of methane/air mixtures

in manhole”, Journal of Hazardous Materials, Vol. 374, 2019,
Retri-eved from https://ulsansafety.tistory.com/1827.

20. D. A.Crowl and J. F. Louvar, “Chemical process safety: fun-
damentals with applications”, 2nd ed, Prentice Hall, USA,

pp. 349-355, doi: https://doi.org/10.1016/j.jhazmat.2019.0
2002, pp. 264-282.
21. R.M.Jeffries, L. Gould, D. Anastasiou, and A. P. Franks, “De-
rivation of fatality probability functions for occupants of
buildings subject to blast loads”, Probabilistic Safety Assess-
ment and Management "96, 1996, pp. 669-675, doi: https://

doi.org/10.1007/978-1-4471-3409-1_107.
22. B.Park,Y.Kim, and L. ]. Hwang, “Risk assessment of explos-

ion accidents in hydrogen fuel-cell rooms using experimen-

10. Z.Tang,].Li,]. Guo, S. Zhang, and Z. Duan, “Effect of vent
tal investigations and computational fluid dynamics simul-

4.046.
size on explosion overpressure and flame behavior during
vented hydrogen-air mixture deflagrations”, Nuclear Engi-
neering and Design, Vol. 361, 2020, pp. 110578, doi: https://
doi.org/10.1016/j.nucengdes.2020.110578.
11. W.Liu, J. Guo, J. Zhang, and S. Zhang, “Effect of vent area
on vented deflagration of hydrogen-methane-air mixtures”,

International Journal of Hydrogen Energy, Vol. 46, No. 9,

2021, pp. 6992-6999, doi: https://doi.org/10.1016/j.ijhyden
ations”, Fire, Vol. 6, No. 10, pp. 390, doi: https://doi.org/10.

3390/ire6100390.
23. J. Debroey, “Probit function analysis of blast effects on hu-
man beings [Master's thesis]”, Leuven: Royal Military Acad-

emy, 2016.
24. S.Mannan, “Lees' loss prevention in the process industries :
hazard identification, assessment, and control”, 3rd ed,

12. M. Schiavetti, A. Marangon, and M. Carcassi, “Experiment-
Elsevier Butterworth-Heinemann, Netherlands, 2005, doi:

€.2020.11.123.
al study of vented hydrogen deflagration with ignition inside
and outside the vented volume”, International Journal of

Hydrogen Energy, Vol. 39, No. 35, 2014, pp. 20455-20461,
https://doi.org/10.1016/C2009-0-24104-3.

doi: https://doi.org/10.1016/j.ijhydene.2014.04.006.
13. X.Rocourt, S. Awamat, I. Sochet, and S. Jallais, “Vented hy
drogen-air deflagration in a small enclosed volume”, Inter-
25. L.E.Fugelso, L. M. Weiner, and T. H. Schiffman, “Explosion
effects computation aids”, General American Transportation

national Journal of Hydrogen Energy, Vol. 39, No. 35,2014,
Corporation, 1972. Retrieved from https://apps.dtic.mil/st

pp. 20462-20466, doi: https://doi.org/10.1016/j.ijhydene.2
i/pdfs/AD0903279.pdf.

26. National Fire Protection Association (NFPA), “NEPA 3:
hydrogen technologies code”, NFPA, 2023. Retrieved from
https://www.nfpa.org/product/nfpa-2-code/p0002code.

27. Health and Safety Executive (HSE), “Methods of approxi-
mation and determination of human vulnerability for offs-
hore major accident hazard assessment”, HSE, 2013. Retrie-
ved from https://www.hse.gov.uk/foi/internalops/hid_circ

14. Z.Liang, “Scaling effects of vented deflagrations for near le-
s/technical_osd/spc_tech_osd_30/spctecosd30.pdf.

014.03.233.
an flammability limit hydrogen-air mixtures in large scale
rectangular volumes”, International Journal of Hydrogen

Energy, Vol. 42, No. 10,2017, pp. 7089-7103, doi: https://do

i.org/10.1016/j.ijhydene.2016.12.086.
15. Q.Zhang, Y. Wang, and Z. Lian, “Explosion hazards of LPG-

air mixtures in vented enclosure with obstacles”, Journal of
Hazardous Materials, Vol. 334,2017, pp. 59-67, doi: https://
doi.org/10.1016/j.jhazmat.2017.03.065.
16. J. Guo, C. Wang, X. Liu, and Y. Chen, “Explosion venting of
rich hydrogen-air mixtures in a small cylindrical vessel with
two symmetrical vents”, International Journal of Hydrogen
Journal of Hydrogen and New Energy <<

Vol. 35, No. 4, August 2024



	반밀폐공간 내 점화원의 위치가 수소-공기 혼합물 벤트폭연에 미치는 영향
	Abstract
	1. 서론
	2. 수소-공기 혼합물의 벤트폭연 실험
	3. 실험 결과 및 고찰
	4. 결론
	References


