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Summary

For the preventive design of marine fire, it is necessary to be grasped entirely the fire spread
phenomena by an analysis taking thoroughly account of the governing factors and the characteristics
of compartment fire. For that reason, the fire spreading phenomena in multi-compartments has to be
simulated numerically by considering a distinctive feature of the turbulent diffusion of heat and
atmospheric gas.

In this paper, the turbulent heat diffusion field system consisted of the momentum and heat transpor-
tation are applied in the two dimensional calculation on multi-linked compartments with openings,
while the gas balance equations with oxygen consumption and gas generation are solved by means of
zone model. In order to investigate the threshold conditions of fire spread, some numerical simulations
of fire accident in the multi-linked compartments were carried out on the variety of thickness of heat
insulation.
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Fig.1 Modeling of four-linked compartments
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Fig.2 Idealized calculation models of multi-linked
compartments with openings

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

154 _ HAEEMFESHE $F 1865

2

002

Fire x109
(a) Velocity (b) Gas Temperature - ¢ (c) Eddy Diffusivity * v,/v

Fig.3 State variables of vertical linked compartments
with a small opening

(@) Velocity (b) Gas Temperature : 6 {c) Eddy Diffusivity : v,/v

Fig.4 State variables of vertical linked compartments
with a large opening
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(a) Velocity (b) Gas Temperature : ¢ (c) Eddy Diffusivity : v,/v

Fig.5 State variables of vertical linked compartments
with a small eccentric opening
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Fig.6 State variables of horizontal linked compart-
ments with a small opening
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Fig.7 State variables of horizontal linked compart-
ments with a large opening
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(1) t/t,=007x10° (3) 1/1,=0.35x10°

Fig.8 Variation of flow patterns in four-linked com-
partments with openings
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Fig.9 Variation of isotherms in four-linked compart-
ments with openings
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(3 t/1,0.35x10°
RN

Fig. 10 Variation of eddy diffusivity in four-linked
compartments with openings
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Fig. 11 Variations of gas temperature and oxygen
concentration in four-linked compartments
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Fig. 12 A rupture history of partitions of four-linked
compartments initiated from Division-1 A
(Insulation: §=28)
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(1) 1/t,20.266x10°

Fig. 13 Variation of flow patterns in four-linked com-
partments
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compartments for different thickness of insula-
tion

2) ETHAOESEEBEEOERIZ, R L WBTEA
ZRIL, EHREOBESEBIC EE L TAKERE
TEHAREML RV, ZOBAIIB T T vy at—iv—
BICHHERR R RGO Wl L 7o RSk < o

3) KFETEOEEEREE T, WEILL 288 A8 %
W EB LTS D BBR O IC X D 20l B
B 5w, B, KEICKHME I EERE ST
BEh, S0 TEEZERG CIRIZ—1E% R E D=
=BT %,

4) REKKE—RCBREIMBOMRETH 2720, KK
R DB L R OB 13, KK EOHENC
KEWREBRTE S, BHAHMEEI 2T 2 L%
REnb3,

2 £ X &

1) fEHIEEE, WHX ) MK DIAR SR & KR RE
DIMRENT (2D 1) WHEILEEL 2BE O KEE
%, AARMEIESCE, 55174 % (1993), pp. 833~
842

2) W.P. Jones and B.E. Launder ; The Predigtion

(3) 1/1,068x10°

(4) t/t,=1.20x10°

(@ Insulation : s=14

(b) Insulation : =28 (¢} Insulation : §=42

Fig. 16 Three rupture histories of partitions of four-
linked compartments for different thickness of

insulation

10

Fire spread threshold time (t/t.)
1

T T T T
o 10 20 30 40 50 60 70 80 90
Thickness of Insulation (5)

Fig. 17 Fire spread threshold times of four-linked
compartments for different thickness of insula-
tion

of Laminarization with a Two-Equation Model
of Turbulence, Int. J. Heat Mass Transfer, Vol.
15, (1972), pp. 301-314

3) M. Afrid and Z. Zebib; Three-Dimensional
Laminar and Turbulent Natural Convection Cool-
ing of Heated Blocks, Numerical Heat Transfer,
Part A, Vol. 19, (1991), pp. 405-424

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

162

4)

5)

6)

HAEM EEmUE 1855

L. Davidson ; Calculation of the Turbulent Buoy-
ancy-Driven Flow in a Rectangular Cavity Using
an Efficient Solver and Two Different Low
Reynolds Number k-e Turbulence Models,
Numerical Heat Transfer, Part A, Vol 18,
(1990), pp. 129-147

S.V. Patankar, Numerical Heat Transfer and
Fluid Flow, McGraw-Hill, New York, (1980)
R, EHEE ) BEEY R T A iRb 5 IEFIREL

8)
9)

VIS OBEEN (20 1) HANKE X 2 EIREIE
B FARTSIRSE30CE, 581815 (1997), pp. 143~
150

i, R, BH  RBUEZER O K KEICE T 58
ORFER & B0 B3 2158, BASEMF SR
£ #1735 (1993), pp. 441-450

Hak 84 o KRR, hanthiik (1986)

K. Kawagoe ; Fire Behaviour in Rooms, Report
of the Building Research Institute,No.27 (1958)

NI | -El ectronic Library Service



