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b= ¢ (x € D); kb= q  (x €Ty ;
ki ®jni = h(ba— ®) (x € T3), (3)
¢ . D = I+ Ipw 13 Q Y
(kg/m?), ¢ (J/ (kg* K)), ki (W/(m*K)), Q (W/kg), t
, N , ¢ . q (W/m?), h (W/m?* K)*
. % *x ) i,j 12 2D
,1 3 3D .
(1 o
C®+ Kb= Py+ P,+ Py= P, (4)
K . K- i+ Sk S :
c c P b « Po P, Pu
Q.q,h .
2
2.1 (8,91
w= Hv+ f(1), (3)
vV n ,H nXn f n .
w= Hy (6)
v(t— to) = exp(H*(t - to)) vo* (7)
T, to= O,tl: T, cey Lk = k'T, ey 1=
g, V= Vi
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0, x=0;, 0O¥0x= 0, x= L; b= 10x° R
40 , 81 , 2>
3 —y L=01,k=1,h=00=0
$=0, x= 0; 0¥/0x= ¢q, x= 0. 1; Pp= 10x° q s
5 , 1
1 q
e/ (%)
g=1 0. 999 99 616 839 886 6 0. 001 1E- 6 10 0. 000 038
g=1 1..000 037 965 323 287 100 1E- 6 10 0.003 8
2 h
o/ (%)
h=1 0.998 522 346 892 43 0. 001 1E- 6 20 0.147 8
h= 1 1. 001 610 755 059 44 100 1E- 6 20 0.161 1
4 —h /
L=01k=1,%=10= 0 ¢
=0 x=0;, 0¥0x= h(P— ¢), x=0.1;
dy= 10x° h i 19 #c4 20 BTs Q) #£7w6 @2
5 , 2¢
5 6
5 kh 3
, 711182229 = 1 h *
; o0#ox =0 00y =0, 3
123 k , 3e
3 ko h
e/ (%)
koy =1 1.000 011 130 741 091 0. 01 1E- 6 20 103 0.0011
k(g) =2 1. 999 965 028 93 216 0. 01 1E-6 20 103 0.0017
k(}) =3 3. 000 273 367 655 649 0. 01 1E- 6 20 103 0.009 1
h= 0.99 988917 722942 6 0. 01 1E- 6 20 103 0.0010
koy=1 1..000 011 291 452 631 1 000 1E- 6 20 128 0.001 1
k(z): 2 1. 999 964 523 118 068 1 000 1E- 6 20 128 0.001 8
k(g) =3 3.000 277 315 242 751 1 000 1E- 6 20 128 0.009 2
h= 1 0. 999 988 757 687 195 0. 01 1E- 6 20 128 0.001 1
6 ko Q 5 L= 10 ,
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4 k
e/ (%)
kay= 0.5 0.501 435 125064 622 3 1E- 6 10 0.287
ko= 0.6 0. 600 432 267 902 031 2 1E- 6 10 0.075
k= 0.7 0.700 263 538270 119 3 1E- 6 10 0.038
Qg =4 4. 075 536 539 681 542 1E- 6 10 1.888
Q5= 5 4. 994 889 122 785 344 1E- 6 10 0.102 2
7
.
P = b1+ M), (3)
" , b, . A (0,1)
, 5, h= 1° 50 A 50 ,
,
5
a
1 0.927 682 793 830 261 1 1IE- 6 0.01
2 1. 741 529 142 137 577 IE- 6 0.01
3 2.687 817 270 3% 474 1IE- 6 0.01
1 0.963 913 300 021 494 9 1E- 6 0. 005
2 1. 869 349 576 437 752 IE- 6 0. 005
3 2. 841 465 M0 268 463 1IE- 6 0. 005
1)
.
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Precise Integral Algorithm Based Solution for
Transient Inverse Heat Conduction
Problems With Multi Variables

WANG Yibo', YANG Hai tian®®, WU Rui_feng>*
(1. Department of Engineering Mechanics, Tsinghua University,
Beijing 100084, P.R. China;
2. Department of Engineering Mechanics, Dalian University of Technology,
Dalian 116024, P.R . China;
3. State Key Lab of Structural Analysis for Industrial Equipment ,
Dalian University of Technology , Dalian 116024, P.R. China)

Abstract: By modeling direct transient heat conduction problems via finite element method ( FEM)
and predse integra algorithm, a new approach is presented to solve transient inverse heat conduction
problems with multi_variables. Firstly, the spatial space and temporal domain are disaetized by FEM
and predse integra algorithm respectively. Then, the high accuracy semi_analytical solution of direct
problem can be got. Finally, based on the solution, the computing model of inverse problem and ex
pression of sensitivity analysis are established. Single variable and variables combined identifications
induding thermal parameters, boundary conditions and source related terms etc. are given to validate
the approach proposed in 1_D and 2 D cases. The effects of noise data and initial guess on the results

are investigated. The numerical examples show the effediveness of this approach.

Key words: heat condudion; inverse problem; multi variables; precise integral algorithm; finite ele-

ment



