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SANAPIFAMO)) 87 A Z5Hs) B A8 A= 37 Aet7)%o] Bska Yok, e eEolLuE
(LIB) Aol whE s 184 ek IS Qb BAIZ FEI ek, B ol A4 Ago] ofzie At 37
o 54& Fejsiol, 3l S8 AEeIo|E FDSYE B3 42057 H/1H0 A2A o) 34 S BHE FH L
2 yasiglon, MEZ B sh) tig 3HY % A7) B ASE Aol asiin. AT A, sl 24 A
7:29) 3} 3l 7kAE 25 E3jol g3l 474 B2 AR Ut FAe Bsiglon, 53 A=A vl F09 A
o MO U W 7152 60°CE A 23eke L5} AsIlT). W, HEAS) e AR e A
W) avkz 8 Ao e LS fXak] 379 AE TS Folt 202 vehith. & ae) Auke
A7130 Ao 3 Q4 71Z 9 B Al A AABE 9% 712 AR 889 & Qo

Abstract— As environmental regulations by the International Maritime Organization (IMO) strengthen, eco-friendly
fuel propulsion ship technologies are advancing; however, the fire risk associated with the installation of large-capacity
Lithium-Ion Batteries (LIB) has emerged as a new safety issue. Considering the difficulties of conducting full-scale
ship fire experiments, this study quantitatively analyzed the fire spread characteristics within a 420-ton class electrified
car ferry using the Fire Dynamics Simulator (FDS). Specifically, a fire scenario solely in the battery room was estab-
lished to simulate heat transfer and smoke diffusion behaviors. The results indicated that high-temperature heat and
toxic gases spread rapidly into the staircase, a vertical passage, due to the stack effect. In particular, the intermediate sec-
tion of the stairs presented a risk that significantly exceeded the IMO life safety criterion of 60°C. Conversely, the
open upper deck maintained relatively lower temperatures due to natural ventilation, thereby enhancing passenger
survivability. These findings can serve as foundational data for establishing fire safety standards and optimizing
disaster prevention designs for electric propulsion ships.
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Fire Dynamics Simulator(3} A 52 81 A|&-#| | E1), Electrified Car Ferry (3 7] 5% X% A1), Fire Development
Analysis(2} Al 8443 4), Transient Heat Transfer Analysis(3} = 942 #]4]), Fire Evacuation Route(2} 7] o}

9] 7 &), Battery Fire(E]2] 3}4)

LA £

= A 3| A17]7-(IMO, International Maritime Organization)2] 7+
g3 8 AL A AAIFQ 2050 ©AFYH A B3 we,
Bk AlleME 7]& SRR 7|k Adeteld 27), =i, GEYe}
5 3874 A8 & AMgsHs Auto 29| Ago] 7p&3kE 1 gtk
(Lee et al[2023]). ©1218 7|&3] 3F SollA 27|57 Aute] B
=] =1 glov, A4 A dl & glEol2uHEE
(Lithium-ion battery, LIB)?] H7l= 71< U713 Aetah= e
NZE A ABE o71ska et SEoleulEd sAl: 4%
T e Tkl 3% 25 Ay Z2E A4S o
o719, Zigte] oJH 3 A3} YA¥o] k= 53] UrhJung et
al[2021]). 28} @A) Q] M} ¢bd 71ELE UiiE 7)1E 98 A
2Hlo] A 9], 2L ¥ 245 XFHO T Hrpsh= b
A7 EAR) Adke S A% 89 g9 g9oE F¥E ¥
4% T7h} B 72 598 B2 o] FojA] Qlod, A 2 A
g3} 717} 2| AY 28wt 25 59 (Stack effectyS L2
719 N2 323 FAEE S BArH(Krystosik[2002]). S
3] £ A7 gl 2peAle] 75 viEjg] Aoy} 2jekel wAy
3 37t S Fe o2 HolHo] tiE F = o]ojA 7}
/0] EA%c). weby kAl HeF Felx] LT 31-22] Hoj
VA FHoE FYs= AZE Fetsha, MO e 71BRE 60T,
72 FE 5) IS o RE HESY 249 A kS Hrsh=

Z10] B4=Fo|t{IMO[2016]). A Ao} A& F7] BHE o)
o2 3 3 APL v 9l ok FAR Fealof] Alefo] njE =
£, oe] gt tieke.E 3}l 58 A| & o|E(Fire Dynamics
Simulator, ©J3} FDS)g 883 +x]3ll4] A771 &23] F= 2
$IcH(Zhang et al[2007]; Kim and Hwang[2017]). FDS= 313 A]
2SR 93 91719) RS Navier-Stokes "Hg2]of] 7]x3}0] &)
Ak AARAGE 32, B34% 78 X 3 AsE
AEsH= o] A3 EFE H7RE Qi 2 dFelM = A7)
F71 Aule) 34| ¢3S HoksP) S18) FDSE 843514 4208
7 27152 A=A O A it BAE £498kaAt #0189
3 vl O 34 2 A 94 BAE TEiE Adele s A
8k, A7) u}S QHMEE (Heat release rate, ©)3F HRR), 2% &
I, 97 g AES ARA o7 BASIQ) AFFow 59
34 d9E MO ¢ 7159 Bl -4 810, 2757 Ak
Z3 A A 9 g rel=eRI HE A8 7x A5 E AT
= g §Io= i,

2. A51o] ot U

2.1 GltA] CHAf et

B A7 FR84 e AusGEREQ TLoN At
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Fig. 1. 420-ton class electrified car ferry [5].

Table 1. Specification of the electrified car ferry [5]

Length [m] Width [m]

Tonnage [ton]

Capacity

Car [e.a] Passenger

60 13

420

20 120
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B dFode A71FR A YR 314 24 Al 4 3 97
o] B A%E FXF 0= X5 $J81e], v TPETIAT A
ol 7Pt kA3 7Nk 314 A4 #X Z=Q] FDS(Ver.
6.10.1)5 AH83I5it) =3 2E¥] 9 A -Fx2] #goll= Pyrosim
2024 T2 7AS G235} FDSE A4 d 45 4ol A3
3t Navier-Stokes %7842 7|4k0 2 3h9), s, -5k
2], A E 2] 9 o7 AMRAE T2 Augaes AE
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1) Continuity equation(3<4734])

%4y (i) = 0 )
2) Momentum equation(2-& %4} 2])

paa—'?+(p3-V)a = -Vp+pgV-1 @
3) Energy equation(el|U1 2] %7 4])

pe 2L = 221y (kVT)+VE-F4S ®)
4) Ideal gas equation(®]/37]121*0-g2])

p- &L @

5) Combustion reaction(F14=H1-3-2])

vpFuel+vyOxidizer -y v, Product, )
i

PN p= fA AE, A= AR, A ST, p= B, o= F
7, 15 SN, e &5, o= e N, ke GRS, e
AR I Y, e BARE A%B), RS 71AE, v AR
WL A, Fuele: A5.9) S181E, v ALSHA|2) ¥ A%, Oxidiers
A3, v, = Al 2] WS ARE, Product= A /359 3}
sgolth, F7HH0 2 ol XN IR #5 R Aol
A2 =27) 9 4 AR THENE W, o Ak ) shaje) e
iR A AlEEol el AtiR oz K ARe oz g
LES(Large Eddy Simulation) 7]*H-& 2 4-35}% thMcGrattan ef al.
[2014]).

3. ™71 Rz GEE ol =A

3.1 oA CHA} ME AXF MM S AAIEA

) gAY Axte) SRS 3199 AST 4 ke
FARAAE Vg 2% e40lu T 2] (67 Zo| 3He o
H2E(0 Pl 1 399 54 AB 0N Akdlo] o)g )1FEeR

A&} 2718 A3 o1F vigeE At =276y} 3142 B4
21739] A7 ul8<2l §=D*/10°] =% 47 (Kim and Hwang[2017])
s1em F ARl = <F 18058 @A Z7] <F 0.18 m)E AHY
slo] A4 A AP S RNt 48 AARAL Ay
Akl 284S Sdislsl] Y3l S AL BE A 3
84 Hkgo|ut A4zt TSR] o= u|E/d A (INERT surface)
oz 7o, gz T Aute] ulgE e AQ)s vnA)
RE 314 499 AA disf) 71 7] 271 (Open surface
condition)S 2833t}

: 04
-~
pwcp, air Tw'\/é

714 Q=349 % DEE(Total heat release rate, kW)
p,, = 37] WE(Air density, kg/m®)
Cpar=37) 1L (Air specific heat, kl/kgK)
g=%9 7% % (Gravitational constant, m/s?)
T.=3$ th7] €5 (Ambient temperature, K)
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Fig. 2. Measurement point configuration.
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Fig. 3. (a) Heat Release Rate curve; (b) Temperature distribution.
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(a)
Fig. 4. Fire and smoke spread, 1,200s: (a) Case 1; (b) Case 2.
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Fig. 5. Result at the battery room exit: (a) Temperature; (b) Soot density.
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