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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the inverse heat transfer problem of the estimation of unknown heat flux imposed on the
Received 14 August 2017 boundary of a one-dimensional slab is solved by the genetic algorithm and two modified versions of this
Accepted 18 October 2017 algorithm and the results obtained from different versions of the genetic algorithm are compared with
Auvailable Online 27 November 2017 e .

each other. These two modified versions are developed based upon genes rearrangement approach. In
this approach, an additional cost function is added to the conventional genetic algorithm to increase its
computational efficiency. The results obtained by using errorless simulated temperature measurements
show that modified genetic algorithms can improve the convergence and accuracy of the inverse
solution in comparison with the conventional genetic algorithm and they give accurate estimations for
the supposed heat flux even by using a small number of generations and moderate population size. The
results show that modified genetic algorithm (2) provides better response to all the parameters of the
solution evaluation in comparison with the conventional genetic algorithm and other modified version.
In addition, in this study, the effect of adding Tikhonov regularization term to the objective function on
the stability of the solution is investigated. Although only a simple one-dimensional problem has been
solved in this study to demonstrate the approach of genes rearrangement, but this approach is expected
to succeed in the inverse solution of complicated multidimensional problems.
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Fig. 1 The geometry of the problem
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Fig. 2 The strategies of creation of the new generation for simple and
modified genetic algorithms
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Fig. 5 Heat flux estimation by modified genetic algorithm (1) for
different number of super chromosomes
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Table 3 The investigation of the effect of increasing maximum number
of generations using simple genetic algorithm

tCPU (S) Sn Sn €rms €rms Ngen,max
82.8 0.0122 0.0112 0.0521 0.0424 50
154.4 0.0075 0.0071 0.0304 0.0269 100
752 0.0029 0.0022 0.0130 0.0096 500
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Table 5 The performance evaluation of three different versions of
genetic algorithm

tCPU S_n Sn Tms €rms &?“’) f""‘")?i” &9’
1544  0.0075 0.0071 0.0304 0.0269 SGA
162.2 0.0062 0.0056 0.0277  0.0248 MGAI
158.4 0.0062 0.0045 0.0270  0.0182 MGA2
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Table 4 The investigation of the effect of increasing number of super
chromosomes on modified genetic algorithm (1)

tepu(s) S Sn €rms €rms Npa
151.2 0.0072 0.0060 0.0317 0.0267 10
152.4 0.0062 0.0056 0.0277 0.0248 20
154.1 0.0085 0.0069 0.0374 0.0316 30
0.6

{
0.5
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Time, ¢

Fig. 7 Heat flux estimation by three different versions of the genetic
algorithm
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Fig. 9 Heat flux estimation by modified genetic algorithm (2) for
different regularization coefficients

wl).a (5‘)'.' (2) o C)La‘ g_i._.;) m..;)ein Ja..;eg @)\P )L.aw_o:;ugﬁ

oo 2 LS)L., S
-
*, 0, =0.001
. - = = a,=0.005
E‘ 10 1 adr
2 Mo e o,=0.03
= e,
2 i T
E |_‘ i,
Bl i,
- } ."a.-.‘
=] My,
e Y a s
T e T — S
g N
o] -
E -
5 10 ~-
z N
~a
0 20 40 60 80 100
Number of generation, N
gen

Fig. 10 The convergence history of modified genetic algorithm (2) for
different regularization coefficients
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Table 6 Investigating the effect of adding the regularization term using
modified genetic algorithm (2)

tepu(s) S Sn m Srn €rms €rms &
0.004  0.003 0.398 0.245
167.8 5 4 - 4 4 0
1555 0.005 0.003 0.006 0.004 0.108 0.060 0.00
' 7 8 1 1 2 2 1
152.8 0.005 0.005 0.006 0.005 0.045 0.031 0.00
' 9 0 6 5 9 8 5
0.012 0.011 0.016 0.016 0.061 0.046
152.7 4 9 4 8 3 4 0.05
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Fig. 11 Heat flux estimation by modified genetic algorithm (2) for
0,=0 and «,=0.005 by using exact simulated temperature at
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