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ABSTRACT

Fire characteristics can be analyzed more realistically by using more accurate properties related to the fire dynamics and one
way to acquire these fire properties is to use one of the inverse property estimation techniques. In this study two optimization
algorithms which are frequently applied for the inverse heat transfer problems are selected to demonstrate the procedure of
obtaining pyrolysis properties of charring material with relatively simple thermal decomposition. Thermal decomposition is
occurred at the surface of the charring material heated by receiving the radiative energy from external heat sources and in this
process the heat transfer through the charring material is simplified by an unsteady 1-dimensional problem. The basic genetic
algorithm(GA) and repulsive particle swarm optimization(RPSO) algorithm are used to find the eight properties of a charring
material; thermal conductivity(virgin, char), specific heat(virgin, char), char density, heat of pyrolysis, pre-exponential factor and
activation energy by using the surface temperature and mass loss rate history data which are obtained from the calculated
experiments. Results show that the RPSO algorithm has better performance in estimating the eight pyrolysis properties than the
basic GA for problems considered in this study.
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Schematics of the physical problem(12)
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Table 2. Comparison of true material properties and those found
by GA and RPSO

toh

Material |Hypothetical C 4 GA RPSO
property | material €A (Rel. Error %) | (Rel. Error %)
# 0.449 (6.86) 0.443 (5.45)
. # | 0449 (686) 0.43 (2.33)
v 042 #3 | 0544 (296) | 0424 (0.951)
(W/mK)
# | 0503 (19.8) 0425 (1.09)
# | 045 (833) 0.42 (0.022)
# 2.70 (71.9) 1.66 (557)
# 2.70 (71.9) 60 (1.87)
C
15 ¥ 1.74 (11,
ke K) 57 3 74 (11.0) 58 (0.6%5)
#4 159 (1.05) 159 (0.959)
# 155 (1D 157 (0.134)
# 069 (554) 0.711 (2.67)
. # 069 (554) 0.717 (1.83)
¢ 0.73 #3 | 0625 (143) | 0724 (0.77)
(W/mK)
# | 0602 175 | 0726 (05115)
# | 0693 (.09 | 0728 (0273)
# 373 (60.3) 2.45 (5.15)
# 373 (60.3) 231 (0.368)
C
2.3 . 241 (3. 232 (0.32
s K) 33 #3 41 (361) 32 (0.324)
# | 234 (052 2.35 (0.838)
# 2.16 (7.45) 228 (2.21)
# 247 (5.23) 261 (0.114)
# 247 (5.23) 261 (0.0724)
ke 21 8| 25 @4 | 21 00619
(kg/m?)
#4 229 (12.3) 261 (0.0226)
#H 257 (1.61) 261 (0.037)
# 719 (10.3) 819 (2.18)
# 719 (10.3) 822 (252)
AH
( ]/k") 802 #3 1050 (30.7) 812 (1.21)
J/Rg
#4 870 (8.47) 807 (0572)
# 941 (17.3) 817 (1.93)
#1 | 957 10%(99.3) |3.22< 10°(97.7)
p #2 957> 10%(99.3) | 1.35 10°(90.5)
(mfs) | 143% 107 | #3 | 313x107(119) 554 10°(61.2)
#4 | 379 107(165) |3.22 10°(97.7)
# | 1.21x107(154) [9.84> 10%(31.1)
# 113 (233) 124 (16.0)
» # 113 (233) 133 (958)
4 147 #3 146 (0.797) 142 (3.9)
(J/mol)
#4 150 (1.54) 142 (3.64)
# 144 (2.49) 145 (1.4)
# (35.34125) (16.85425)
Averaged # (35.34125) (13.6963)
Rel. #3 (28.80083) (8.637863)
error(%) #4 (28.27325) (8.229575)
# (7.34625) (4.63825)
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