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Abstract : For fires in ship accommodation areas, if it is possible to predict the pattern in which fire will spread and suggest proper counter-
measures according to a situation using a fire simulation tool, fire damage may be reduced. However, fire simulations have a practical limit: a sig-
nificant amount of time is required to analyze the results due to the size of the computational domain and the number of grids. Therefore, in this
study, applicable grid size for fire simulations to predict fire patterns in ship accommodation areas was analyzed, and a generation method was con-
ducted to predict fire behavior in real time. As a result, a value within 0.25[m] was judged appropriate as an applicable grid size for ship accom-
modation areas. Also, in comparison with studies using a single mesh generation method, the visibility value was similar, within 4.3 %, as was the
temperature value, within 8.3 %, when a multi mesh generation method was used, showing a decline of 80 % in analysis time. Therefore, it was con-

firmed that composing a grid using multi mesh was effective for reducing analysis time.

Key Words : Ship fire, Fire simulation. Fire Dynamic Simulator(FDS), Grid size, Grid generation method
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gy A A EH A2 FEE Jang et al(2008)2] A
oﬂ*ﬂhzlsxls 8x6.3[m'] 2719 &7roll A=A 717} 0.2%0.2%0.2
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Fig. 1. Deck plan of (A) and (B)."” ?
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Fig. 2. External appearance of the training ship.

Table 1. Overview of the training ship

Length 117.20 m Width 17.80 m

Gross Ton 6,686 GT DLWL 59m
People Total 246 (Crew 42, Trainee 204)
Speed Max.19, Av. 17.5 kts

1), 2) Captured from htttp://www.panstar.co.kr/service/room.php and http:/
www.jejube.conV/sub.php?PID=0701&page=4&category=&searchText=&searc
hType=all&action=Read&idx=10(accessed October 8, 2017).

Az A7 o A el Agh A
2.2 sl

of Aol A spAAE I Al AESHE 919
ARl B3 ATE FPFuA FAHY a=R

Ll ST ] —?Li(NIST National Institute of Standards and
Technology)oll A 71'&38} FDS(Fire Dynamic Simulator, Ver. 6.5.3)
E A&, AA g DA A= Pyrosim 20145 ©]-8-3}31
th. FDST st o mRE st A7|¢ 49 fEol st

o] Navier-Stokes Equations 7] %3}o] AAbsla, d&9 = A

W Aol QAN A, SEEE A, oA, ol
B71AGA A 0] o AAnkgAe vt Ak
1) Continuity equation
ap
—+V « (pu) =m, )
ot
2) Momentum equation
0
L%( pu)+V e puut Vp= pgtf+V e, 3)
3) Energy equation
9 Dp, » .
E(phﬁ)-ﬁ-v -phsu:ﬁ-i-q —q —V *q+te 4)
4) Ideal gas equation
_ PRT
= )
5) Combustion reaction
vpFuel +v, Hva7iProducts 6)

FDSoI A A& & dHA-5 =2 -9 DNS(Direct
Numerical Simulation)2} LES(Large Eddy Simulation) & 1 €3}
o A& 2AE 4 vk DNS7|H O] A5, shA] A] F-H o
2 Q8 BAHE dRTES AgdsHA ST F e
Ho) ARk, AXA7]7F 1mm B 2 o]3tY o 283
of &2 T/ g Tl FghEo] AMEEta 9o
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(McGrattan et al., 2014b).
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Table 2. Computing environment

71131__‘;.

Classification Criteria
Processors Intel Xeon E5-2650v3 2.3 2133 10C
Ist and 2nd CPU
Memory 128 GB (16 GBx8)

Operating system Windows 7 Professional (64 Bit)

Simulation software | FDS (Fire Dynamic Simulator) 6.5.3

2.4 XA d HIIE
+FAGEA stAFEHEVE H38le], IMO(International
Maritime Organization)2] #]% Q1 MSC.1/Circ.1552, ‘Amendments
to the Guidelines on Alternative Design and Arrangements for Fire
Safety AA AAEEL = THAA Y, 22 S VIEHeR
stlar, ZF AAAFEES Table 30 £ ¢Fate] LrER QITHIMO,
2016).

Table 3. Life safety performance criteria

Classification Criteria
M.H?H.n'.'lm 10m; 5m in spaces<100
visibility
. Maximum 60°C
arr temperature
Maximum ,
radiant heat flux 2.5 kWim
1200 ppm
Maximum (instantaneous exposure)
CO Concentration 500 ppm
(for 20 min cumulative exposure times)

2.5 M xH

7V

T2 3 A rwzi A7 &}
594 Zdol= 64.5[m]ol L, Z
id%&l Eol= 2mlelth. g i V| RE S
A= Qlete] A A7 *371 Al FE==(Park, 2016)
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Fig. 3. Computational domain and measuring point.

‘ Fire source [ Open space .Measuring points ‘

Table 4. Input variables for numerical analysis

Classification Input variables
Total opening area [m?] 44
Heat release rate [MW] 1
Fire area [m?] 1x1
Reaction Propane
Time slot Midnight
Simulation time [s] 0~300

ol

3. HE 4x37| MEE st X84
X370 mE ALtz
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meshi= ahuhe] SRS A oo F3He FE A oL, T
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AA AR A7) A 0.150[m]< 6, . <0.602[m]E A3
HAT olel wet x, y, 28EY ARA7]= 015, 02, 0.25,
0.3, 0.4, 0.5[m]= FL3t ¢S AL AWy A=, Ax 3
7)o wpet e 98 FAEGIT) o)W E3H] sk x vy, z
Weko]l A3 7|7F FA3t7] wliEol| FDS User guideol| A Al

T, 2
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&5 YA
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Fig. 4. Mesh geometry of Main deck (single mesh).
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Table 5. Setting scenario by grid size (single mesh)
Scenario Grid size 3 nIr(;Ilir resglrlitdion
(LxxAyxAz, m?) of erid (D)
single 0.15 0.15%0.15%0.15 1,749,600 16
single 0.2 0.2x0.2x0.2 700,000 12
single 0.25 0.25%0.25%0.25 358,400 10
single 0.3 0.3x0.3x0.3 151,200
single 0.4 0.4x0.4x0.4 87,500
single 0.5 0.5%0.5%0.5 44,800
3.2 HF AX37| d¥E Qs +R&Y Hut
HYATFNA AN Qi AR WAE Mol
5 A8 5 QEAE PER] Astel, ¥4 AR A
Boo we FAAAS FASAT. AAE AL Bote)
71 $jskol AAre) el wE ﬂZH”‘*ﬂ Ale] Ao d e
Fig. 50 YeRIt). o714 ARl d e shde] 5444
(D¥)ell tgh v A zpe] Aojojtt, 12]al F74H4 &2 Fig 3
of EAF A3} 7 Ak SPA] 97 @ 9

A5k A4 el Axsa e NEAS 47 @ 94
S Me] A, £ ke obelol Felstel e ie,

3.2.1 Ax=84H

Fig. 50 AXadwed wE shAdAg Ale] Hoddss
el AT ARSI E7) 8 o]sF d w(D¥ A=S, 6, 8), 164
o} Hlasle] 13.6 %, 22 %, 5.7% SA A=y, Ax et
=71 12, 108 A 22 03 %, 2.2 % ko7 #AskqiT F
gt s S B o, AAsdET 10 o) ¥ AS
slgo e s A, EUEE fto JFo= Qs
AFog &5 B/ 49 Aow B4

12000 A
E 10000 I

% o [9497

é 8000 -

? 6000 A
E 4000 -
E
E 2000 A
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Fig. 5. Maximum heat release rate at the different grid resolution.
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Fig. 6. Visibility value at the point @.
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Fig. 7. Visibility value at the point @.
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a23 @H A ClA e &= FkQl Fig 9 3 @ 91X
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Fig. 8. Temperature value at the point .
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Fig. 9. Temperature value at the point @.
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B ko) A2l & single 0.52] 7% AlYE] Q. single 0.1591] W]
3l 2 QAR 98 % FHAsHAIRE A g o] wig- skt aHA
Tk single 0.259] A9 SAAITFO] 83% HASIHS ¥l of

Uzt @A fA oA A A 9k 25 Fho] At
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oF 15%, 17% ol = frAtste] ek AFTreie] 4
y, 27832 AX=A7]7F 0.25[m]7F HA T AAE A

S x
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Table 6. Computation time

Scenario Total number of grid Computation time
single 0.15 1,749,600 58 hrs 28 mins 20 secs
single 0.2 700,000 17 hrs 16 mins 50 secs
single 0.25 358,400 09 hrs 43 mins 00 secs
single 0.3 151,200 03 hrs 04 mins 30 secs
single 0.4 87,500 01 hrs 27 mins 01 secs
single 0.5 44,800 49 mins 08 secs
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Fig. 10. Mesh geometry of main deck (single and multi mesh).

Table 7. Setting scenario by grid size (single and multi mesh)

Scenario Total number of grid
Single mesh single 0.25 358,400
multi_ 0 m 63,200
Multi mesh multi 20 m 101,600
multi_40 m 140,000
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Fig. 11. Visibility value at the point @.
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Fig. 12. Visibility value at the point @.
Table 8. Time to criteria visibility value
Measuring points
Classification (1] O
sec % sec %
Single mesh | single 0.25 24 - 103 -
multi 0 m 23 4.3 121 14.8
Multi mesh multi 20 m 24 0 117 13.5
multi 40 m 24 0 112 8.0
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Fig. 13. Temperature value at the point @.
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Fig. 14. Temperature value at the point @.
Table 9. Time to temperature criteria value
Measuring points
Classification (1] (2]
sec % sec %
Single mesh single 0.25 26 - X X
multi 0 m 24 83 x x
Multi mesh multi 20 m 26 0 154 x
multi 40 m 24 8.3 143 X

423 &XlId 2ARA7ZF
b A A BN AARAAEERE GE2A sl
14 Al 2QA1ZHS Table 109] Wl ste] YERYS
-2 o] multi mesh 7§~ single meshd 7 -} H] 3L
sFo] AlUE] Q. multi 0mE X814 A QAI7Fe] A oF 539,
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AR A 2ot E FFE HA =
S 3glo)sk
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Table 10. Computation time

Scenario Totzlf I;lrlilgber Computation time
S;::‘;’f single 0.25 358,400 | 09 hrs 43 mins 00 secs
' multi 0 m 63,200 | 01 hrs 50 mins 53 secs
?nd:slg multi 20 m 101,600 | 03 hrs 18 mins 50 secs
multi 40 m 140,000 | 04 hrs 35 mins 20 secs
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. Characteristic fire diameter

: Total heat release rate of the fire

D*

0

P & Density
¢, : Constant pressure specific heat
T, : Temperature

g : Acceleration of gravity

t : Time

5““ : Nominal X, y, z size of a mesh cell

p : Density
U : Velocity
P : Pressure
g : Acceleration of gravity

f» : External force vector

hy : Sensible enthalpy

q : Heat release rate per unit volume
: Heat release rate of particles

@y

T  : Temperature

W : Molecular weight

R : Universal gas constant

q/ : The conductive, diffusive, and radiative heat fluxes

: The production rate of species by evaporating par-

m, ticles
dg|A 2X;
7 : Viscous stress tensor
€ : Dissipation rate
v, . Stoichiometric coefficient
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