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ABSTRACT

In this study, the relations of the wall thermal conductivity and surface temperature in a compartment fire are investigated
using Buckingham Pi theorem. The dimensionless parameters of the previous study are analyzed in order to correlate the
dimensionless groups of the heat release rate, the thermal conductivity, the volume of compartment and the convective heat
transfer coefficient. In addition the reduced scale of compartment, which has 1/6 size of ISO 9705 Room Corner Tester, is
manufactured and the oxygen concentration and the maximum temperature in the space are measured for the gasoline pool
fire (10 cmx10 cm, 15 emx15 cm and 20 cmx20 cm). Finally, the criterion of the wall temperature increase are suggested
in accordance with the thermal conductivity and the convective heat transfer coefficient. In addition, the dimensionless
empirical equation using Buckingham Pi theorem considering the heat release rate are presented suggested. The results of this
study will be useful especially for the fire phenomenon investigation of the wall thermal conductivity coefficient and shape
in the compartment space.

Keywords : Buckingham Pi theorem, Reduced scale of compartment space, Thermal cunductivity, Convective heat transfer
coefficient, Room corner tester, Surface temperature

Investigation of the Relationship Between Wall Thermal Conductivity
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Figure 1. Schematic diagram of gasoline pool fire in a compartment

space.
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Figure 2. The Schematic diagram of the equipment and a experiment
picture.
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Table 1. Specification and Wall Thermal Properties of Experiment
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Components

Specification

Compartment Size

Width 0.4 m, Length 0.6 m, Height 0.4 m

Material of Structure

Thermal Conductivity 0.18 W/m-K, Wall thickness 0.1 m

Thermo-couple

K-Type Wire, Range: -200~1,000 C

DAQ

Voltage, Temp, Sampling Rate 10 ms, Model : GL 840 (20 Ch)

O, Analyzer

Output : 4~20 mA, Range: O, 0~100%, Model : OXY3690MP

Fuel Pan Size

Small 0.1 mx0.1 m, Midium 0.15 mx0.15 m, Large 0.2 mx0.2 m
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Figure 5. Maximum temperature vs. time for gasoline pool fire.

AFE Fsch T A Bzo] 8] X vigofA
HE =0]|(h)7} 16 cm, 23 c¢m, 30 cm 18|31 37 cmQl =5
A QM 2] Lol h=37 emel FoA A4 BES 2Hst
qct. 1 oA ALget AgA ) Aokal 28 B7h A
2] B4E Table 19] e glck.

F2E AFREZ ASA 7 FUHE A 3719 A
2 G (m,, )2 A (147} Zom®) 7122 o soot yield
(0.038 g/g)€} CO yield (0.011 g/g)2] gholl T~ a}ataaf

A Ag(v) E AbESH] 7HEE Y] SRR A (105 1Y
s A whge AEAY} FRe THEE 2AUL I
A 4 ek
m,, =0.524, VH (14)
v, MW,
YT (s
GHy +12.11(0, +3.76 N, )— (16)

9H, O+ 17.59C0, +0.045CO+0.36 C+ 45.53 N,

0171*1 Ay Hyy LRI MW Z42F -8 5 3E TR

& WA, R o], AFEE 13 FAE oy
oPU% sHAL gk P bkt dRE ofu]E

Edo] daEE Fok 7 3 YR arh AREE=

HEe} weleke] PAL 4 (177 2op?.

O

Ah, ,m, MW,
A Xino X (17)

1+o(d R MW,

air

A7) Ah, m,, ¢, X0 DRI o & ZFZF Abao] Aa
v 7] AgFgek Al4 AW A 42 (oxygen depletion factor),
1e o] =ia 19 al 3lekd BAASE ofn|st o)
A 08} aires Aol F7IE Yuidtth 4 (17)9A4

[ez]
=8
z7
2] Z
=i

Sh2 o} A 4 HbEEE) =2, A32H A23, 2018

pal

700

. T
650 max
—— Curve Fit Result I
500 - error bar ¥10% ’/‘
- f
O 550 - J
-~ -~
== 500 4
5 450 P
®
@ g Equation =a'x"b
8 400+ 9 y
g Adj. R-Square  0.85779
= 3504 Value Standard Error
[ a 662.23691 68.73543
3004 &
1 b 0.37884 01133
250 T T T T T T T T T T r r T

01 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fuel Mass Flow Rate(g/s)

Figure 6. Curve-fit result for maximum temperature vs. fuel mass
flow rate.
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