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The Characteristic Analyses of Marine Fire Spread Phenomena by a Pseudo-field Mathematical Model

by Nobuyoshi Fukuchi, Member Hiromasa Ohishi, Member

Summary

It is necessary to establish the fire safety plan that is secured sufficient time for the evacation of the
personnel on board and the crew to engage in fire fighting activities, in the case of a spontaneous
outbreak of fire in a ship. For the sake of fire preventive design, the spread phenomena of marine fire
have to be grasped entirely by an analysis using the suitable mathematical model in which the governing
factors of cell fire should be considered without omission.

The pseudo-field model, in which the momentum and heat transport equations are analysed in the
diffusion field system, except that the gas balance equations according to oxygen consumption and gas
generatation, is proposed as a mathematical model expressing the fire spread phenomena in this paper.
The analysis of heat transfer in a cell space takes into account of an anisotropic turbulent flow with
the buoyancy effects with a few basic assumption made on some fire properties. In order to invesigate
the relation between the combustion characteristics and these governing factors as fire load, some
numerical simulations of fire accident in the two-linked cabines were carried out applying of this
model. From the results of the numerical calculation, it was clarified the characteristics of fire spread
and the validity of the present pseude-field model.
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Tablel Flashing and firing points of inflammable

articles
Inflammable Flashing Firing
articles point(°C) | point(°C)
Polychlorovinyl 530 over 530 over
Polyurethane 310 415
Polystyrene 370 495
| Ndon 420 ...
Paper - 280~420
Cloth - about 330
Red pine | 263 | 430
Ezo pine 262 437
Japanese cedar 240 -
Japanese cypress 253 -
Point for calculation 260 400
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Fig.2 An idealized calculation model and three kinds

of fire load arrangements

Table2 Fire load and properties of thermal insulation

(a) Inflammable materials

subdivision mial mggdsglmvaggt
floor carpet 3.09 kg/m2
ceiling }v:ui-;ci' —clothy | 1-00 ka/m?
wall %"’”fnj;‘f_cl othy | 1-3¢ k/m?

in space fd”;lkt"“fg etcy| 106 kg

(b) Thermal insulation

specific weight:
specific heat
heat conductivity :

$=180 kg/m3
c=0.84 kJ/kg:K
2=0.060 W/m:K
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+ fire free
® currently inflamming

© burnt out

Fig.3 Fire spread history of two cabins initiated from

cabin-A
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. Non-dimensional time (T ) Py
(b) Oxygen Concentration :::::
N
- . . N N
Fig. 4 Variations of gas temperature and oxygen NP
concentration in the cabin spaces PIIziiritELRRRRIIY
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%o Fig.5 Flow patterns in the cabin spaces against time
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Cabin-A Cabin-B

(3) Zone model iz & 25 &R L OHEK
Zone model 2 & Y XENEHEREOREETL25E Fig.6 Iso-therms of the cabin spaces against time
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Field model
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Non-dimensional temperature
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Non—dimensional time (

Fig.7 Comparison between the calculated results by a
zone model and a field model
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Fig.8 Iso-therms of the cabin spaces and surrounding
walls in the case of insulation thichness §=>55 at
7=0.08 (Ventilation rate: 5 times/hour)
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Fig.9 Variations of gas temperatures in different fire
load arrangements
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Fig. 10 Iso-therms of the cabin spaces in different fire
load arrangements
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Fig.11 Flow patterns of the cabin spaces at r=0.08 in
different fire load arrangements '
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Fig.12 Variation of gas tempenatures of cabin spaces
in the different thickness of insulation
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Fig. 13 Iso-therms of the cabin skaces and the sur-
rounding walls in the case of insulation thick-
ness =111 at r=0.08 (Ventilation rate: 5

times/hour)
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Fig.14 Fire spread threshold times in the cases of
different fire load and insulation thickness
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