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1.1
’ (D~ (4 (5)
a%[)‘(Tax)a_Ta%l] a@[}\(T )_Ll}+ @(x)=0 x€Q
T(x)= T(x) x €09,
Alad _ () €O
a_Ta%)_: h(x)[Tr(x)= T(x)] x €0,
T(xi): Tm(xi) X EaQ, (L: 1, 2, ey M),
: T N g T q h Ty
,Tm aQ/ B M'
(D~ (4
A= X(1+ BT),
N B
1.2
[9] ,
(H~ (4, (5),
J
J= T Ty lis YT(w) - Tu(xi))®  x €04 (i= L2 )
(D~ (4
[K(w{ 1)- {P).
KU— ZKy 2], Pi= Sy ZPHL 2Po
. ON; ON; ON; ON
K = j [}»ax ELJ“ }»a a—L]dQ, Hj = j hN,]V]dF
P(;’i: J‘ag’Niqdr’ Pp; = Lg’NihT[dr’ PQL': J‘Q«]V“q”dQ’
Kj Hj . P P P,
, Vi
2 M B
N <X SN B'<B <B"“
(10) ) () (9
(7) J .
m]n]: Z(T(xl)—Tm(xl))z xlead(L: 12’ ’M)’
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s.t. [K(MN, B, T)]{T}: {P}, (10)
» <n <N, B <B <B™
2
’ J , [4] o DFP
. [10]
(1~ 13], .
[14],
. : [Ble 115
’ [15]. ’
21
, (11),
minJ= [ T- Tull3
5. L. [K(p)]{T}: {P}- (11)
step1 po= (pot, - pon) J(po), J(po) <& p
= po , ; step2e
step2 ASp = T.—- To° A T P
Frechet , Jacobi Aj= OT(xi)/0pj; Tu= (Tu(x1), - Tu(xm))", To
= (To(x1), - To(xm))"
step3 Abp = Tw- To Sp, J(po+
Sp) < J(po) .
step4 : (12) , p= po+ Op, ; ., Po

= po+ Sp, step2e
J(po+ 8p) <&,
=gl = A" (Tw- To) Il <&, (12)
ep 1/ 1lpo Il < &
22
min/(p),
s.t. ph <p Kple (13)
(13)
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step1 n 2 €/0,1,i=1, ...n, k= 0
step2 Logistic (14) A= 1, e
M= ali- ) 0 <O <1(k= 01,23 )0 (14)
stepd  pl= o+ dil, [0, 1] [pipi]
, ¢ di .
sepd k=1L p =p. I =J(p ) p =(pi.pa)p = (p1,
cpn)s step>
steps Jp).  p'= (phph pn)s I < I, pio= pl) o=
). b T .
step k= k+ 1, ] <g, m 7 , .
23
(10)° . n=2p=(pup2)'= (N
B)'
stepi P P b : (9)
step2 p -
step3 p% <pj': <p]?,pf N , pj < pli, p? = p%, pj > plf, pj
= pli
steps ti= (pi- ci)/ds, [phpY
t [0, 1]
step5 1= t/i, s p* , ;
P, p'=p . step
3
[ 16], .
\ . A= M(1+ BT),
0.15m, CD , BD Ty = 85°C, a
= 160 W/m™ C, CA AB « T1= 404.7°C, Ts= 394.9C, To=
363.0°C, Ti3= 300.3C, Tiu= 239.0C, T)s= 206.7C, Tis= 190.4C-
N B*
, 23 . A
= M(1+ BT)= 100(1+ 0.0017 )/W/(m* C)],
23 T" = (Ty, T3 ) = [343.994, 301.918] C* .
, N B M= 1 X= 100 B'= 00001, B"=
0.01
. m= 150, 150 ,
T" 1 - 1 .
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,\13 14 15 16 !
A B niter  ndirect
9 10 12 A B(x 10079 X B(x107%) [N/ N/ t/'s
150 20 100. 002 0. 99 98 3 957 9.3
S A6 47 |8 20 0.5 100. 001 0. 999 97 2 653 7.19
500 0.1 100. 002 0. 999 98 2 629 6.70
ctt 2 ? ; > 500 0.5 100. 001 1. 000 00 3 %5 9.8
5 70 100. 002 0.999 97 2 653 7.08
! 10 40 100. 003 0. 999 94 3 957 9.%
: niter ndirect
\ 120, 0. 95, 0. 05,
14 , T 50 [ % B] = [99 235, 1.019 x
0]+ 6 050 , 47. 8 s, 2.459 x 10 %
\ 00 10 \ [97.714, 1.053% 10" ]
[5] , .
m s .
[ %. B] = [500,
5.0x 10 , [N, B] = [- 6.841x 10°, - 9. 731 x 10°*/,
24. 753, ; . ,

[, B] = [100.001, 1.000 x 10" %]e
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Chaos_Regularization Hybrid Algorithm for Nonlinear
Two Dimensional Inverse Heat Conduction Problem

WANG Deng gang', LIU Ying xi’, LI Shou ju’
( 1. Department of Building Engineering, Tongi University, Shanghai 200092, P R China;
2 State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian
University of Technology , Dalian 116024, P R China)

Abstract: A numerical model of nonlinear two_dimensional steady inverse heat conduction problem
was established considering the thermal conductivity changing with temperaure. Combining the chaos
optimization algorithm with the gradient regularization method, a dhaos regularization hybrid algorithm
was proposed to solve the established numerical model. The hybrid agorithm can give attention to
both the advantages of dchaotic optimization algorithm and those of gradient regularization method.

The chaos optimization algorithm was used to help the gradient regularization method to escape from
loca optimain the hybrid algorithm. Under the assumption of temperature dependent thermal conduc-
tivity changing with temperature in linear rule, the thermal condudivity and the linear rule were esti-
mated by using the present method with the aid of boundary temperature measurements. Numerica
sinulation results show that good estimation on the thermal conductivity and the linear function can be
obtained with arbitrary initial guess values, and that the present hybrid algorithm is much more effi-
cient than conventiona genetic algorithm and chaos optimization algorithm

Key words: inverse problemy inverse heat conduction problem; therma conductivity; global opti-
mum; hybrid algorithm; chaos optimization algorithm; gradient regularization method



