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the development of the technology. For transporting and storing hydrogen in-
clude high-pressure hydrogen gas storage, a type of storage technologies consist
of cryogenic hydrogen liquid storage, hydrogen storage alloy, chemical storage by
adsorbents and high-pressure hydrogen storage containers have been devel-
oped in a total of four stages. The biggest issue in charging high-pressure hydro-
gen gas which is a combustible gas is safety and the backfire prevention device
is that prevents external flames from entering the tank and prevents explosion
and is essential to use hydrogen safely. This study conducted a numerical analy-
sis to analyze the performance of suppressing flame propagation of 2, 3 inch
flame arrestor. As a result, it is determined that, where the flame arrestor is at-
tached, the temperature would be lowered below the temperature of sponta-
neous combustion of hydrogen to suppress flame propagation.
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Fig. 1. 3D modeling of flame arrestor
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Fig. 2. Modified model of element of flame arrestor to make
porous zone. (a) Element model. (b) 2 inch porous model.
(c) 3 inch porous model.

(b)

Fig. 3. Fluid field for numerical analysis. (a) 2 inch model. (b) 3
inch model.
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Fig. 4. FVM model for numerical analysis. (a) 2 inch model.
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Fig. 10. The results of numerical analysis for temperature dis-
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Fig. 11. The results of numerical analysis for pressure dis-
tribution in case of 3 inch (with flame arrestor)

Transactions of the Korean Hydrogen and New Energy Society <<



396 4 QHUHE
I

HetYX|719 g5 E710l that +XlotA ¢

43} porous media E+= porous media2] A}
A G Atolo] @AE sfjAle st Aot & At

L BHFPAHE sk HAS AW
.
3.2 x| s Znt

WA AAE RS Agsto] StE AR} iS4
Alslac) 3k HelE 98] Zak=n} 2.5¢7 Wim'2)
Y-S 5 ol AAst] AURE FaTe
& 37t o] XA Gl sjAREe F 2714
ofm, Zy7to] weloj A i AP AA| 7} 2l n]
ARIOZ 471R] s Ao 2o thsf SAS AAIEE
. Z}7+e) mdlof A ASPIAIAA] fef] wHE Aol
=3 inch 2@ 2] 7% Figs. 6-99} 7+o] A7t Au}o
ue} gko] St ZHo® AutEe AE &
glom ™k Zro] A Axk & 0_'
ABPYA|FA] FYof| =dsh= A

lF—EL

flo

ok p
" o
ok §
4 o rz
30 gy 1
o2

Temperau
TR

959.698

681.225

402753

ii|
I

124280
K]

Legend reference

(i)0s
(ii) 0.0001 s
_J N

(iii) 0.0002 s
P [ — |

(iv) 0.0003 s

(v) 0.0004 s

(vi) 0.0005 s
=

(vii) 0.0006 s

Fig. 12. The results of numerical analysis for temperature dis-
tribution in case of 3 inch (without flame arrestor)

222N R3S =2

Vv
v
o

Ly R R
EylslHA] A
500C o|3l2 F7a}
BISARASael pARE]
wsto] E7HA
et A dHs
w 2 inch X dlojA @'gl_tl
WS 105k StgA
= Atk

Figs. 10-132] 3 inch 7% 2 inch®] Z$2} =
A ASPIAZAE FASHHA =7t 34

< BRI 4 Qo0 APy} vgR
© A= 3Fgo] sl Et7kA] Hute
Fig. 14 X3 &3t we} 5t f=74o)A
oS YeM Y, T8z} Zo] Jdsarx|ak
2] Ao ksl o olsl® Ev)} A7El=
= BRI 4= Qlth oA X5 #it 05
O ASRA7|7 FAE e 2 incho] Z-5-

A7}
2ol

OZi
2

o N g

+= porous medias
o Akt 2l of

_\9
e
[ )
b %

pacy
X]
ro

=2

o

A
A

?}% msi'
!
A
M
=
f
o

N Fll‘

ﬂlﬁ fr 4o
oy 1
=2 qlo
s

1

dot

rO

9

>

facs

°—r4
OZi
B
N
N
o
DL
i
o,
o
e ope fo

_|_.
rir ne,
of
e

PUURES e R )

ﬂ

ﬁr}o—‘lr
LU=

olx
jabad

§]

sssssss

1500000.000
1000000.000
500000.000

0.000
1Pal

Legend reference

(i)0s
[ ]
(ii) 0.0001 s
I
(iii) 0.0002 s
o I
(iv) 0.0003 s
(v) 0.0004 s
| Al Wl ]
(vi) 0.0005 s
ExNT Wi—— A |
(vii) 0.0006 s

Fig. 13. The results of numerical analysis for pressure dis-
tribution in case of 3 inch (without flame arrestor)

H 33 K4z 2022 8



700 |—m—05s
—e—0.0001 s
—A— 0.0002 s
S0 o 00003 s
g ——0.0004
., 500 |—«4—0.0005 s
o —b—0.0006 5
5 40
= |
=
s
% 300 |
O 200}
B
100 |-
1 1 1 1 1 1 1 1 1
300 250 200 -150 -100 50 0O 50 100
X-axis
(a)
200
—a—0s
800 |—e—0.0001 5
—A—0.0002 8

700 —w—0.0003 s
600
500
400

300

Temperature [K]

200

100

-400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150
X-axis
()

OB% - 2BE - N - HBF 397

900
r—m—0s
800 —®— 0.0001 s
F—4&— 0.0002 s
700 —w— 0.0003 s
g [ ——0.0004
=4, 600 F—q—0.0005 s
2 ™ 0.0006 §
2l
S 400
& L
g 300
54 |
= 200
100 |
1 1 1 1 1 1 1 1 1
300 250 200 -150 -100 -50 0 50 100
X-axis
(b)
200
—m—0Qg
800 —8— 0.0001 s
—A—0.0002 5
700 —w—0.0003 s
g —e— 0.0004g
=5, 600 -—q—0.0003
<) —b— 0.000
500
2
S a0l
=
g 00
o
= 200k
100 |
1 1 1 1 1 1 1 1 1 1

-400 -350 -300 -230 -200 -150 -100 -350 ) 50 100 130
X-axis
(d)

Fig. 14. Temperature data according to X-axis. (a) 2 inch (with flame arrestor). (b) 2 inch (without flame arrestor). (c) 3 inch (with

flame arrestor). (d) 3 inch (without flame arrestor).

(protected side)oll = 7+ 71AI7F A 3} 2
Lo 222 PEFE Aa RLEE oA A&

5 O T3 ) =
2 FEeiddS Sl

Vol. 33, No. 4, August 2022

=2

o
[d
o
N
B
r [¢]
2
e
|z
ofo
ot
oX of
ra
_\1:_“
&
D)
ol
>

f
i
%
ox
2

i)
fru
N
N
o
ol
ok
2
bl
o)
=
S
&
N
Q
=1
o
1
X,
b
i
Ll -
ol
ok
2
ot
ol

2 o2
o

v 1 Ak cheat 2ok

1) 98pEAI7] 2, 3 inchel T3] olul 4 UL Bl
shae AastEon sgeshiAE ey
w2 Jbgael uet ol2 Bushel ore et w

Transactions of the Korean Hydrogen and New Energy Society <<



4 AWEEE HoURY|9 g5

B4 Tt SR3HA 17

e
2
, g
2.
(o]
ot
H—I
)
E>
mlm
O

o OF
R
ozi
—1n

8
ok

2
B do ma

AT Oﬂﬁ wza shole sk zE
o] Apara} L% 500C o]atE =7t G4
by olof wheh ojshgAzt AsE Aol

>
> o

o F
B
ol

=)
i
)
in)

iy

W
~

l—;(]?él—;‘(]q] ]:HB‘]— r,]__:_/d uHxI 7].;(4 o] ;<4
3t A EAZE 7Hss, FY At
|ZARE 2§ /KT Aolet Bekuch

;

o toh
o og
12 ©

O o
(KT
N

for
N

o] 5o Fotdjeta

eIk

re

THH] 2] of| &Jsto]

re

References

1. J. K. Yeom and J. H. Yoon,
istics of emulsified fuels with evaporative field”, Trans.
Korean Soc. Mech. Eng. B, Vol. 39, No. 3,2015, pp. 237-243,
doi: https://doi.org/10.3795/KSME-B.2015.39.3.237.

2. J. K. Yeom and J. H. Yoon, “Basic study of spray-behavior

“Study of behavior character-

characteristics of emulsified fuel”, Trans. Korean Soc.
Mech. Eng. B, Vol. 38, No. 9, 2014, pp. 763-771, doi:
https://doi.org/10.3795/KSME-B.2014.38.9.763.

3. M. Huo,S. Lin, H. Liu,and C. F. Lee, “Study on the spray an
d combustion characteristics of water-emulsified diese
17, Fuel, Vol. 123,2014, pp. 218-229, doi: https://doi.org/10.
1016/j.fuel.2013.12.035.

4. S. Y. No, “Application of bio-oils from lignocellulosic bio-
mass to transportation, heat and power generation—a re-
view”, Renew Sustain Energy Rev., Vol. 40, 2014, pp. 1108-
1125, doi: https://doi.org/10.1016/j.rser.2014.07.127.

5. J. K. Yeom, S. H. Jung, and J. H. Yoon, “An experimental
study on the application of oxygenated fuel to diesel engines”,
Fuel, Vol. 248, 2019, pp. 262-277, doi: https://doi.org/10.10
16/j.fuel.2018.12.131.

6. H.W. Lee, D. H. Oh, and Y. J. Seo, “Prediction of changes in
filling time and temperature of hydrogen tank according t
0 SOC of hydrogen”, Trans Korean Hydrogen New Energy
Soc, Vol. 31, No. 4, 2020, pp. 345-350, doi: https://doi.org/
10.7316/KHNES.2020.31.4.345.

7. B.H. Park, “Simulation of temperature behavior in hydrogen
tank during refueling using cubic equations of state”, Trans

Vv
v
rot
+
B
ag

2

>

UIEPNEY

M
rr
Mo
j10a]

10.

12.

14.

16.

17.

Korean Hydrogen New Energy Soc, Vol. 30, No. 5,2019, pp.
385-394, doi: https://doi.org/10.7316/KHNES.2019.30.5.385.

. Ministry of Economy and Finance, “2050 carbon neutral

strategy of the republic of Korea”, Ministry of Economy
and Finance, 2020. Retrieved from https://www.korea.kr/
archive/expDocView.do?docld=39241.

. M. A. Bagherian and K. Mehranzamir, “A comprehensive

review on renewable energy integration for combined heat
and power production”, Energy Conversion and Management,
Vol. 224, 2020, pp. 113454, doi: https://doi.org/10.1016/
j.enconman.2020.113454.

M. Mahmoud, M. Ramadan, A.
Nabher,
combined with wind and solar applications”, Energy
Conversion and Management, Vol. 210, 2020, pp. 112670,
doi: https://doi.org/10.1016/j.enconman.2020.112670.

G. Olabi, K. Pullen, and S.
“A review of mechanical energy storage systems

. M.Li, Y. Bai, C. Zhang, Y. Song, S. Jiang, D. Grouset, and M.

Zhang, “Review on the research of hydrogen storage system
fast refueling in fuel cell vehicle”, Int. J. Hydrog. Energy, Vol.
44,No. 21,2019, pp. 10677-10693, doi: https://doi.org/10.
1016/j.ijhydene.2019.02.208.

J. Zheng, J. Guo, J. Yang, Y. Zhao, L. Zhao, X. Pan, J. Ma, and
L. Zhang, “Experimental and numerical study on temperature
rise within a 70 MPa type I1I cylinder during fast refueling”,
Int. J. Hydrog. Energy, Vol. 38, No. 25,2013, pp. 10956-10962,
doi: https://doi.org/10.1016/j.ijhydene.2013.02.053.

. J. Guo, J. Yang, Y. Zhao, X. Pan, L. Zhang, L. Zhao, and J.

Zheng, “Investigations on temperature variation within a
type III cylinder during the hydrogen gas cycling test”, Int.
J. Hydrog. Energy, Vol. 39, No. 25, 2014, pp. 13926-13934,
doi: https://doi.org/10.1016/j.ijhydene.2014.03.097.

N. de Muguel, R. O. Cebolla, B. Acosta, P. Moretto, F.
Harskamp, and C. Bonato, “Compressed hydrogen tanks
for on-board application: thermal behaviour during cy-
cling”, Int. J. Hydrog. Energy, Vol. 40, No. 19, 2015, pp. 6449-
6458, doi: https://doi.org/10.1016/j.ijhydene.2015.03.035.

. C.P.Fowler, A. C. Orifici, and C. H. Wang, “A review of tor-

oidal composite pressure vessel optimisation and damage
tolerant design for high pressure gaseous fuel storage”, Int.
J. Hydrog. Energy, Vol. 41, No. 47, 2016, pp. 220647-22089,
doi: https://doi.org/10.1016/j.ijhydene.2016.10.039.
J. Zheng, X. Liu, P. Xu, P. Liu, Y. Zhao, and J. Yang, “Development
of high pressure gaseous hydrogen storage technologies”,
Int. J. Hydrog. Energy, Vol. 37, No. 1, 2012, pp. 1048-1057,
doi: https://doi.org/10.1016/]. ijhydene 2011.02.125.
S.J. Ko, B. W. Kim, J. H. Park, G. H. Kang, and S. K. Lee,
“Analysis of quenching performance of in-line flame ar-
rester by analyzing temperature characteristics of body”,
Journal of the KNST, Vol. 3, No. 1, 2020, pp. 8-13, doi:
https://doi.org/10.31818/JKNST.2020.03.3.1.8.

H 33 K4z 2022 8


https://doi.org/10.1016/j.fuel.2013.12.035
https://doi.org/10.1016/j.fuel.2018.12.131
https://doi.org/10.7316/KHNES.2020.31.4.345
https://www.korea.kr/archive/expDocView.do?docId=39241
https://doi.org/10.1016/j.enconman.2020.113454
https://doi.org/10.1016/j.ijhydene.2019.02.208
https://doi.org/10.3795/KSME-B.2015.39.3.237
https://doi.org/10.3795/KSME-B.2014.38.9.763

18.

20.

21.

Y. Okawa, S. Asano, C. Youn, S. Ikeda, and T. Kagawa,
“Experimental research on a newly developed detonation
flame arrester”, SICE Annual Conference, 2008, pp. 1088-
1091, doi: https://doi.org/10.1109/SICE.2008.4654819.

. H. L Joo, K. Duncan, and G. Ciccarelli, “Flame-quenching

performance of ceramic foam”, Combustion Science and
Technology, Vol. 178, No. 10-11, 2006, pp. 1755-1769, doi:
https://doi.org/10.1080/00102200600788692.

M. H. Mat Kiah and R. M. Kasmani, “Experimental study
on premixed flame acceleration in closed pipe”, Jurnal
Teknologi, Vol. 62, No. 1, 2013, pp. 45-51, doi: https://doi.org/
10.11113/jt.v62.1322.

S. Z. sulaiman, R. M. Kasmani, and A. Mustafa,
“Experimental study on the effect of curved tube of pre-

mixed hydrogen-air explosion”, Journal of Engineering

Vol. 33, No. 4, August 2022

22.

23.

24.

o
of>
FHA
Ho
oz
rlon

AN -

b

8= 39
I

Science and Technology, Special Issue on SOMCHE 2014 &
RSCE 2014 Conference, pp. 50-60, 2015.

ANSYS, “ANSYS FLUENT theory guide”, ANSYS, 2020.
Retrieved from http://www.pmt.usp.br/academic/martoran/
notasmodelosgrad/ANSYS%20Fluent%20Theory%20Gu
ide%2015.pdf.

R. Nowak, “Estimation of viscous and inertial resistance
coefficients for various heat sink configurations”, Procedia
Engineering, Vol. 157,2016, pp. 122-130, doi: https://doi.org/
10.1016/j.proeng.2016.08.347.

J. L. Lim, J. H. Park, J. H. Kim, and D. J. Kim, “Flow analysis
of sea-water strainer”, Korean Society for Fluid Machinery,
2009, pp. 333-334. Retrieved from https://www.dbpia.co.kr/
Journal/articleDetail?nodeld=NODE01356715.

Transactions of the Korean Hydrogen and New Energy Society <<


https://doi.org/10.11113/jt.v62.1322
http://www.pmt.usp.br/academic/martoran/notasmodelosgrad/ANSYS%20Fluent%20Theory%20Guide%2015.pdf
https://doi.org/10.1016/j.proeng.2016.08.347
https://www.dbpia.co.kr/Journal/articleDetail?nodeId=NODE01356715



