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Numerical Analysis of the Temperature Distribution Considering the
Wall Thermal Conductivity in Compartment Fire
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Abstract This study examined effects of the wall thermal conductivity coefficients on the thermal fluid phenomenon
of a compartment fire. The reduced scale compartment was 0.4 m in width, 0.6 m in length and 0.6 m in height
with a fire-board, which has a thermal conductivity coefficient of 0.18 W/m-K. The local temperature at a 0.37 m
height and the overall heat release rate were measured under the following experiment conditions: a 0.12 m' opening
area and 0.01 m’ pool size of a gasoline fire. The numerical results obtained by the Fire Dynamic Simulation were
compared with the experimentally measured temperature. The deviations were within 10 % in the period of the steady
state for maximum heat release rate (4.8 kW). The numerical results show that the average temperature of the
compartment wall decreases by approximately 71 % with increasing thermal conductivity coefficient from 0.1 W/m'K
to 100.0 W/m'K on the fixed heat release rate.
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Fig. 1. Schematic diagram of the experiment in a cone
calorimeter.
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65 Compartm.ent gasoIZne pool fire E Experiment
Fuel pan size 0.01m’ ——FDS Input

6.0 1 opening area 0.12 m*

5.5 | Fire board k = 0.18 W/m-K

Heat Release Rate [kW]
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Ignition Time [s]
Fig. 2. Heat release rate vs ignition time for gasoline
pool fire.

Table 2. Test results of grid independence

Grid Calculation h=0.37m
Test . .
Num Size Time Temperature
i [m ] [hour] [ C]
Test 1 0.010 m 120.55 329.46 C
Test 2 0.015 m 24.30 330.70 C
Test 3 0.020 m 7.20 301.56 C
Test 4 0.030 m 2.16 278.84 C
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Table 3. FDS Variables :

Compartment gasoline pool fire
550 4 Fuel pan size : : 0.01m*
Opening area 0.12 m’

Fire board : 0.18 W/m-K

——JExperiment|
—— FDS Result|

height =0.37 m

Temperature [°C]

T T T T T T
0 25 50 75 100 125 150 175 200 225 250

Igintion Time [s]

Fig. 3. Heat release rate vs time for pool area = 0.01 m’).
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Thermal conductivity coefficient, HRR, Fuel and material properties

k . . .
Num [W/mK] History of HRR Fuel [10] Materials & Properties
#1 0.1 ;
Time | HRRPUA 1 Gasoline (CsHS) FIRE_BOARD
# 1.0 [s] (kW/m’] Heat of Combusti - SPECIFIC_HEAT = 1.13 kJ/kg:K
" 0o 0 0.00 cat of Lombustion - DENSITY = 250 kg/m3
- o 500 43,700 kl/kg WALL_INCREMENT=1
#4 50.0 i =
Soot Yield 0.038 g/g CHECK_HT=TRUE.
50 480.0 THICKEN_OBSTRUCTIONS=.TRUE.
#5 100.0 % 0.00 CO Yield 0.011 g/g BACKING='EXPOSED’




[ ] [ ]

Temp: 50 100 200 300 400 500 600 700 800

‘Wall Surface at X=0.2m form Fire Origi

X-Plan

y
Fig. 4. Temperature contour in 3 dimensional for
fixed heat release rate(4.8kW).
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Fig. 5. Contour of wall temperature at k=0.1 W/m-K
for at 4.8 kW heat release rate.

200

Wall : 0.2m distance from fire origin at 4.8 kW HRR
180
160
140 J k=0.1 Wim K

120

=)
S
1

80

k=1.0 W/m-K

60 - _ O—O—O—O—O—O—O—Q—QM&
k=10 Wip-K k=50 Wim K

20 A

Wall Temperature [°C]

k=100 W/m-K

D.IZO I : :
Height [m]

Fig. 6. The effects of k(0.1, 1.0, 10.0, 50.0 and 100

W/m'K) on the wall temperature distribution

from 0.2m distance from the fire origin for

fixed heat release rate.
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