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Analysis of Flame Quenching Ability for Marine End-line Flame
Arrester by Structural Design

Haechang Jeong™

Key Words : Marine end-line flame arrester({18}5 AEtQ] ZFFHEX7)) Flame-quenching(:¥), Porous media( TF3-% o3,
Endurance burning test(X]&% 15 A1), Structural design(7E% 47)

ABSTRACT

End-line flame arresters for marine applications are installed at the ends of pipelines connected to storage tanks to prevent
flashback. To ensure the operation of these flame arresters, the structural design of the flame-quenching element and the main
body was categorized into integrated and separated models. A numerical analysis model employing porous media was
established to develop flame arresters that satisfy the conditions of international standards. In the numerical analysis model, a
porosity of 0.4647 was applied, and the shape factors in the Ergun equation were used to set the viscous and inertial resistance
coefficients as boundary conditions. The performance of the flame-quenching element was evaluated based on the flame's
temperature distribution. The integrated model's temperature was indicated to be relatively higher than that of the separated
model, leading to flame mixing and flashback. Additionally, a prototype was manufactured to validate the reproducibility of the
flame arrester model, and an endurance burning test was conducted. During the test, the protected side temperature of the
integrated model rapidly increased to approximately 800 °C, resulting in flashback and thermal deformation. The results of the
numerical analysis model and the prototype showed similar trends, confirming the reliability of the numerical model essential
for flame arresters. The flame-quenching performance evaluation model developed in this study is expected to contribute to the

future development of flame arresters.

.M B 2l godo] TEET QT B3] Zhely 7k 9 E71e) )
22 57) 9181 A% Y20) Ao AXE F7Iwe N7

[*]

=

FASAZ|FIMO) &= Adke] wi7|7kA= Q1% th7] e ¢l 93 Bo)7] 0% Aas FRE, AL Zdko] 9FAS
< WAk, 715 HEE %ﬁ}é}ﬂ} & AE AlSL Waska 9ok wEkA 20164 WaE A= 2 (ECEx)
ok, A 7|7k Bl Ql o 29l AaeRa(NOx) 2 s¢do) hake A7|57] et stduA] Ao HAE 2
< 20169 <54 Tier— H17P HEH AL, BABHE(SOx)S 5 FEoR FAS A Qirk. A% Pao] v F8) uiEs
Ak AmF-9] & T Algkt wiE ﬂ TAECAS] T = 714 ThaE ofmdt fglo: QR4 QlshE 4= glo
g B3 viE 7% Ao, Aute] dRE JeE g duizoz Ey|7ko] Ethol g yjite] 4} o]
Ark a7 7k 0] wiE 71ES SEA717] e JEEel A glo] WEo] HEE wolFl Heajr] WiH (breather valve)
SPIAZFA(LNG 2 iA=L A, 7h A Eet, ey Bej MEE AAF o2 2| 4= 9l

o|2 Qlal] HIPHAVA s =8 F7ke} HE] 3} 7)%0] Qlomz sjdura| 7|7} §atE|e] AxEeh A
Eo] A7 g7 A== oheket 71AAe] gt g A7) e QRo) A WS 3telo] d3tel Zuko] 9

e

* B ZF st | UFGA 7| A T4 (Mokpo National Maritime University, Ocean Fluid Machinery Lab,)
T WAIAA}L E-mail : jeonghc2@gmail com

The KSFM Journal of Fluid Machinery: Vol. 28, No. 2, April 2025, pp.64~72(Received 14 Jan. 2025; revised 13 Feb. 2025; accepted for publication 19 Feb. 2025)
64 SIERUDHES| =28 M28H, MRS, pp.64~72, 2025(=2 &+ Y Xt 2025.01.14, =2+-FLURE 2025.02.13, MARRIZ YR} 2025.02.19)



e AR A8 ste, sheiA Zol Zske Bely
WEo| 40 F7het W Thket vk eI Qo

st A 7o ek A= = A4l 49 Q1S 7IEollAl Al
23 719 oot wide wet v i s AS
AU A e 71He o4 B AuksE
Asto] tgA719] 715S FHs|E S, ®
3 2719 B4 Aol ol U S sk
Al &2 aAH(element) O] Zolo} ZH=E WHIIAZ| AL, ZTf
QFAE A (maximum experimental safety gap)= =%517|
el olddlly} Z2uks wjd e AAste] ofy HIE AS
AT, Bt 7= YubA oz A ZAal A2 9%
of wpe} ¢lg}el(in—line) T} AN=2}Fel(end—line) E}FJ O =2 FE
HEANE AE 27 s B 542 st 2y o)
|70l gt tha=o] A2 wfje] AR == Qlekel g
U] AL AE e m o] A=kl SRV
off tiet At BT Aot E3 SR 7] 9 Q1S
go] BERJsAIHA] Q15 A Ao Qe Ak E= A
SN AIRE FESALAL 2T A PSSR Al
@ A7h BaEs o,
oA 2 Agtoll e ARkg =kl

T

Aol 2L Pl LAt BAE AP Lol
A o
L= T

S~
qr

|
f

ol

N\

e

l'

Lo
o2
ol
>
N
1o

o
-0,

2 27} AASGIE AAE S
@ 2] B gy e A mde 15

al,

=31 243& A4 Al#(endurance burning test)S 43§35}
At RSN 2dT AAFRe AlE AAE a4
o

SHAYA 7] 9] £ Hglo] whE &9 Jse LS.

N

. EHEEX|7|2] = A

A=efel spdEA17 1= EAll(body), 3t 9] HolE AAIsk=
A}, oo Wkl ol Z 2R L P YAk F =
(hood), =Haxtol| W3l B}HS = HiEslr] 91eh $=9
W= ARbe A%shs E2)7Hau|o] E(polycarbonate) 4
A2l el (fuse) oF 328 (spring) &2 AT, & A+
ol A AAE F43 (crimped—ribbon type) 2] A=akel 3}
HYA7] F2+= Fig, 13 A,

Fig. 1 Configuration of end—line flame arrester

S=ERHMDIHSE =28 M2s8, M2S, 2025

r
0R
0=
Ral
N
1o
ot
Pt
nx
i
2
T
B>
02
0x
or
i
1z

<]
=)

2
> 9

rlu

re

B

Y

[

oo o

u
E]\l
B d
~
N
rir
12
o
o
x
Kl
B
o2
b
>
Ir
oy
g
oflt

o
©
pac
lo
_:)
i
)
oN
5
e
o
oo
1o

4

HU olr[
aj
b
g
o ofl
o)
&
il
ol
2

>

e, -{ of
I h
Jo _t:]

H

¢
[

ot
Mo
m
m
_C"L
=

1o H rlo oxt off O oft
)
fo &

oo
o,
|
oX

o T
g op
N i
ox oy Mt

o &
e 2
a1
=2

=
=
©
.
o
=
N
rEl
oflt
1o
0 l_>
i
b
N
F[F
&)
g.a..
[\}
=2
T
LJ

Tt

27)e] ¥ yAA(filter disc)7} F2HETh ¥ tA379]
A3 Z(compact layers)2 FEZ 25 mm2] Z3} 0.2 mm2]
FAE 2= 2 oA, AR Aot g es 5
HEo] o] 0.35 mm 42y 449 HHAEAN7 B4
o}, ookt o) 2717 e e =
s GRS FYEANE U Zow 27] T
A 12l 39 Ao AT oS, HraE
o) 271 5 e Aok Tl

il

Fig. 2 The design of the element design for the

crimped-ribbon type flame arrester in detail

LAY QP By dFulE, £, 2, 2L
27 5o AgEm, Uik oR gho] Al 7ele AR uE
o AR, a2 a0 WaETH AgaAte]
do| spehikgoly 285 dod 7hs e Jlens

AFollMe Faofl et 2| A7l fEsto] Alat
ok ERE 2 Aol AAE SEA7] BY SRS
a12-9] sho] AR 2] £ et IS 4
sto] AJAIE Azl AR2teE o)l Agaxte] i
2ol whet Fig, 33 o] AAlBHtt. el SRS 24|
A7R8L 6AR T, AFAATE A YTl v
AP o2 S5 2elgeR FEEn

ol 2

e

it 1o

65



(@

(b)

Fig. 3 Numerical model candidates based on characteristics of the element for end—line flame arresters

(a) integrated model (b) separated model
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Table 1 Domain and boundary conditions setup for heat
transfer & combustion

Boundary conditions Value
Velocity 0.23 m/s(244.5 1/min)
Temperature 300 C
Inlet
Propane+tair Pressure 0Pa
Propane volume in air 42%
Pressure 0Pa
Outlet Temperature 300 C
Atmosphere Fraction Air
Species transport Reaction Volumetric
Species B .
model Chemistry solver Explicit source
Turbulence-Chemistry Interaction | Finite-Rate /Eddy-Dissipation

Table 2 Specification of element's material properties

Description Value
Material STS 316
Density 7,950 kg/m’

Melting point 1,673°C

Specific heat 530 J/Kg.K

Thermal conductivity 17 Wm.K

gxoltt, Zs A= 2ol 4.2 %9 v A5t
a3ty 7loln, W3E 3l o - & == 300 CE A
Shelch, Hahele A7) AR Etoll |5k
, BFE2 F59 v WReko = Holz) o]fRnt
St A7) o f ekl ot Z=ak T3] Ed
g & o4 Species Transport REZ AT
Species Transport W2 7 7 o)} &% =49 o)}
ghgo] WA f52 HAoR AT 4= glor, AA
HollA skehkgo] WAgst= HEEA Table 13 o]
Volumetric 2715 A3t Ayt o dae} o] &
U3t AHphase)oll Al A= thE B4 BH-S SN A+
Volumetric 2710] AL} ®3t F7e}l slehks &
of thgt A A2 1183517] ¢3) Turbulence— Chemistry
Interaction 202 AAs}HTH
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Fig. 5 Schematic of flame—guenching evaluation system for
end-line flame arrester

Fig. 6 Prototype end—line flame arrester

67



HiEH

3.22 AF 45 Bt LY

SHAgA719] 254 Ab AldS W3] sl 4
ee e, B A B0 A 7}
712 E3) Table 37} Zo] E3/tA = o] 92] o
Qlafof B}, EE7 fegol wat siele) o) o
N5l HE 027} ARE DR B3t A Lrl X
&2 A AFo] 7 2938 @48 & 2 Qo)
o] S §1AlE 49 4eo) Astel sl 2
2R SgHAY] Fh] B2 ERvkae) G%
SHEoF 2Tt

ISO 16852 : 20162] #]|<2]
e 2871 oA %%(V)

ke

=

i 'lU: l>’ O_L.
i,g f M olr
T 1x o

FlO of
e °' Jlm
S o ok
N b
g XN

ol
=i
)

flo ol

4 =

o2 of
g

IAOﬂ "‘—5H V<
=&03 J1ASIY] 0.75

V=0.75x 4, < V,

®)

o] &% 20 CE 71& w27
oA LTt 714 whE A AbsEchE v
A Gt 2y VoA 7
orrthy 179 50 %, 100 %, 150 %2]

FEAE F

n

ol
—r‘

=

p.

A
=5

Table 3 Requirements of gas—air mixtures for endurance

burining test by exlposion group(‘o)

Explosion Requirements for test mixture
&roup | Gas type | Gas purity by volume(%) | Gas in air by volume (%)
IIA1 Methane > 98 9.5+ 02
Hexane =170 2.1 £ 0.1
A
Propane > 95 42 +02
IIB1
11B2
Ethylene > 98 6.6 = 0.3
IIB3
1B
11C Hydrogen > 99 285 £ 20
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Table 4 Viscous and inertial resistance coefficients
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Fig. 8 Flame characteristics of an end-line flame arrester model using a porous media

(a) integrated model(time=700sec) (b) separated model(time=700sec)
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Fig. 9 Temperature variation of element for end—line flame arrester using numerical analysis method
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Fig. 10 Endurance burning test for prototype

marine end-line flame arrester
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