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Abstract

Inverse radiation problems are solved for estimating the boundary conditions such as temperature
distribution and wall emissivity in axisymmetric absorbing, emitting and scattering medium, given the

measured incident radiative heat fluxes.

Various

regularization methods,

such as hybrid genetic

algorithm, conjugate-gradient method and Newton method, were adopted to solve the inverse problem,

while discussing their features

in terms of estimation accuracy and computational

Additionally, we propose a new combined approach of adopting the genetic algorithm
value selector, whereas using the conjugate-gradient method and Newton method to

dependence on the initial value.
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Fig. 1 Schematic of the physical system
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Fig. 2 The flowchart of a hybrid
genetic algorithm
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Table 1 Parameters to be estimated and correlation coefficients

Exact value ] o
Case Parameters Correlation coefficients
(TFTi/lOOO, pi=pi/1000)

1 &1, &y &3 0.8 -0.905, 0.799, 0.824

2 Ty, To, T3 0.6, 1.2, 0.8 0.910, 0.823, 0.839

3 €2 and T» 0.8, 1.2 -0.997

) 3 -0.976, 0.933, -0.889,
4 T2 = pr+par+par +par 0.6, 0.95143, -0.45023, 0.0562

-0.987, 0.963, -0.992

Ty = prtpar+par’+par’

and €2

0.6, 0.95143, -0.45023, 0.05622, 0.8

-0.999, 0.997, -0.993,
0.985, -0.999, 0.995,
-0.998, 0.983, -0.972

Table 2 Comparison of iteration numbers and computational time

for various regularization techniques

HGA CGM Newton
Case  cpU time initial iteration ) o iteration )
CPU time (sec) initial guess CPU time (sec)
(sec) guess no.
0.1 11 513 0.1 5 158
1 11464 0.5 9 247 0.5 4 104
0.7 7 180 0.7 3 99
0.5 106 4280 0.5 9 255
2 18681 1.0 26 1100 1.0 6 213
2.0 20 540 2.0 8 304
348
0.1-0.7 - - 0.5 12
3 16570
0.9 10 268 0.9 5 138
4 - 0.1-0.9 - - 0.5 17 991
5 - 0.1-0.9 - - 0.1-0.9 - -
W HAT & YT ATASe
100003 ©]/de] Alzto] Ha 3t Case 49 59 AU Warali= z7])zke] wolA L, case 49F 5
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Table 3 Comparison of iteration numbers and computational time
when HGA is adopted as initial value selector

GA + CGM GA + Newton
Case
iteration no. CPU time (sec) iteration no. CPU time (sec)
397 3 69
1 9 590 3 65
602 3 66
33 1556 7 260
2 35 1639 11 443
38 1787 9 368
27 743 5 130
3 43 1548 5 140
81 1944 4 112
4 936 45158 7 312
5 3232 161258 5 283
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