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Numerical study of the Effect of Ventilation Condition
on Rolling Stock Fire Growth through the FDS Simulation
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ABSTRACT

To predict and analyze the rolling stock's fire growth is considered not only important factor in estimating
hazard analysis of rolling stock, but also a primary factor in aspect of a rail load facility. Because it's could
be regarded as a ignition source in risk assesment for the facility i.e. tunnel and station. However, currently,
standardized method to predict and analyze the fire growth has not been completed yet. it is due to the fact
that fire growth is not only depended on thermal property of interior materials, but also is affected dominantly
by various factors such as ignition source (characterized by location, duration, and intensity), train running
condition and in/exterior ventilation condition. Especially, ventilation condition is one of the most effective
factor to affect fire growth in compartment space as noticed by under-ventilation fire condition.

In this study, the effect of each ventilation condition on fire growth and load were examined through the

numerical method through FDS (Fire Dynamics Simulator).
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2kl vk el F7] 9184 sawtoothE off AIZ 3L, Fig. 1 (b) FHEE &3l HAY F9= covingd

Table 1. Thermal properties

Heat of Combustion Pre exponential factor Activation Energy
ftem (kJ/kg) (1/s) (kJ/kmol)
Side panel 15540~21100 1.2 52380
Ceiling panel 15540~21100 1.2 52380
Seat cover 19380 898 70670
Seat cushion 13500 1.203E06 99770
Seat frame No pyrolysis No pyrolysis No pyrolysis
Insulation No pyrolysis No pyrolysis No pyrolysis
Floor board 18620 1340 68170
Floor covering 27010 2.0 49800

126



r 3

0.7m

0.625m

I

2.0m

¢) Interior view

@
x]
=
=
]
&
=
F]
=
=
=

22.5m

Computational domain
127

d) Top view
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5. A3 B4

Ignition source for Flashvoer
700
A\
600
500
g 400
4
g 300 No. Gangway Side door Window
200
100 CASE1 open closed closed
0 I I I I I I I I I I I I I I braked
CASE2 open open oo
2,
° %% % % P, " "%, " V%, %, %, ", 0, %, P, at 600°C C
Time(sec) CASE3 open open open
Fig. 2. Ignition source HRR curve Table 2. Case classification
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e S W>318 (kW/m3) - - W>318 (kW/m3) 318 (wima)

(a-1) Casel 400sec (b-1) Case2 : 400sec (c-1) Case3 : 400sec

= R 5318 (kW/m3)

(a-2) Casel 800sec (b-2) Case2 : 800sec (c-2) Case3 : 800sec

- PO W>318 (kW/m3) - PO 5318 (kW/m3)

[>318 (kKW/m3) - W>318 (kW/m3) - 5318 (kW/m3)

(a-3) Casel : 960sec (Flashover) (b—3) Case2 : 1025sec (Flashover) (c—3) Case3 : 1185sec (Flashover)

Smokeview 5.5.3 - Apr 52010

W>318 (kW/m3)

e S >318 (kWim3) - . W>318 (kWim3) Frame: 2100
Time: 14000  I—— )

(a-4) Casel : 1200sec (b-4) Case2 : 1200sec (c-4) Case3 : 1400sec

Fig. 3. Simulation result
| Fig. 32 g A3t A 7% ajAd Aol 2o W3k FDS(Fire Dynamics Simulation) 3}AajA]
A A= (Plune) = AlZ3teto] mAIgE Aol Fig. 40l 7} Aloj2d dWE 43 Jddw=
i 59 BAFRE =AEAT. Fig. 3 (a~c - 1~2)9] A2 W A 7}x] FAlo] 2o t)sl]
A Al B 800% 7HAlE AR o VR 2 AA g E B Hgk e A S 2AE
ATH. o] GAE s 350K = o m A= U shAl Aol A dAR dojE wbE ddEEhA
eokar, ZrisFo] sl ol AwiA JEE v A A g AEA|H]3 (Well-ventilated fire condition)
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st 545 HAvk. kAR Fig. (a-3 ~ c-3)ll Yebd npe} shaj Ay 800% o] 5, ZF 7| =30l
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Z71Q1 CASE 19 7450l 7Hd & A7H938%)el E A =¥ (Flashover) & HAAT Hof 9= 7]
= 5.95 W= 71 wekgla, AAaFaol 7 THAY CASE 39 49 =AW (Flashover)dl =%
Sk AIZEE 1185%=2 7Hd =AW, Hdl dwEF 31.2 WS YERlTE. 600C FEahy 218 A4
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7hedk BE =4o] sty ook ghth. Fig 3 (a-3, b-3, ¢-3) 7} 7ol &AW (Flashover) &=
HH Ao Huask Ui yidAEo]l dAjol #ste= o] #Fdrt. kxRt Fig. 3 (a-3)°lA]
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o] Z# Al W (Flashover) AHAl= 7 AAHJAA T, S8 7|02 Qlste] BE 7HdE0] UA
of sk FEe ZYA W (Flashover)E YERN oW, 1 A3} SJA] Fig. 3 ool 2 Yehd 3l
b, CASE 2 SHA7E el met AT £FHoR gyl A%H Ak FHRE Fudhe 3
A #F4E YeERY 22 Qe dWES Fol& Fig. 4 b)oll =AIH 3l
6. 4 &

Heat Release Curve of CASE1 Heat Release Curve of CASE2
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Fig. 4. Heat release rate of each CASE and Result summary
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