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Shape Design Sensitivity Analysis of Two-Dimensional Thermal Conducting
Solids with Multiple Domains Using the Boundary Element Method

Boo Youn Lee”, Moon Hyuk Im’

ABSTRACT

A method of the shape design sensitivity analysis based on the boundary integral equation formulation is presented
for two-dimensional inhomogeneous thermal conducting solids with multiple domains. Shape variation of the external
and interface boundary is considered. A sensitivity formula of a general performance functional is derived by taking the
material derivative to the boundary integral identity and by introducing an adjoint system. In numerical analysis, state
variables of the primal and adjoint systems are solved by the boundary element method using quadratic elements. Two
numerical examples of a compound cylinder and a thermal diffuser are taken to show implementation of the shape
design sensitivity analysis. Accuracy of the present method is verified by comparing analyzed sensitivities with those by
the finite difference. As application to the shape optimization, an optimal shape of the thermal diffuser is found by
incorporating the sensitivity analysis algorithm in an optimization program.

Key Words : Shape design sensitivity analysis (34 Al 717} 8] A1), Boundary integral equation (7 Al 4 &3 3 4]),
Boundary element method (73 Al.24%), Thermal conduction (&7 %), Inhomogeneous (H]T3),
Multiple domain (B9 <)
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Fig. 1 A two-dimensional thermal conducting solid body
of zoned-interface
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Fig. 2 Shape variation
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Fig. 4 Boundary element model of the compound
cylinder problem

Table 1 Sensitivity of the compound cylinder problem

Ratio

Finite Sensitivity
(%)

difference prediction

Elem. Functional
no. values

99.94
100.01
99.97
100.28
100.04

-0.159023D-01
-0.100840D-01
-0.461420D-02
0.524311D-03
0.536364D-02

-0.1591D-01
-0.1008D-01
-0.4615D-02
0.5228D-03
0.5362D-02

0.8024D+02
0.7936D+02
0.7851D+02
0.7765D+02
0.7689D+02

—_
S v X o

100.04
100.03
100.03
100.03
100.03
100.03
100.03
100.03
100.03
100.04

0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00
0.1389D+00

0.138952D+00
0.138929D+00
0.138937D+00
0.138938D+00
0.138939D+00
0.138939D+00
0.138938D+00
0.138937D+00
0.138929D+00
0.138952D+00

16
17
18
19
20
21
22
23
24
25

0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04
0.1021D+04

3.2 |E7| 2H
d7]14E Fig. 5 & Zo|l HAEETL Kk =50,
ky =100W/m°C Q1 F 7FA &A9] 49z 34
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Fig. 6 Boundary element model of the thermal diffuser
problem
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a=0.025, b=0.1m Q1 750 &% Wi 44 8
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Table 2 Sensitivity of the thermal diffuser problem

Elem. Functional Finite Sensitivity Ratio
no. values difference prediction (%)
21 0.2036D+03 0.4138D-01 0.415196D-01 100.34
22 0.2070D+03 0.3959D-01 0.394159D-0t  99.56
23 0.2103D+03 0.3847D-01 0.381349D-01  99.12
24 0.2138D+03 0.3771D-01 0.370363D-01  98.22
(DT 25 0.2180D+03 0.3678D-01 0.375701D-01 102.15
26 0.2246D+03 0.3991D-01 0.404999D-01 101.48
27 0.2297D+03 0.4520D-01 0.451647D-01 99.92
28 0.2329D+03 0.4842D-01 0.483904D-01  99.93
29 0.2347D+03  0.5040D-01 0.503190D-01  99.85
30 0.2356D+03 0.5133D-01 0.515247D-01 100.39
1 02570D+05 02423D+01 0.242708D+01 100.17
2 02561D+05  0.1842D+01 0.184800D+01 100.34
3 02547D+05  0.7480D+00 0.757597D+00 101.28
4 0.2541D+H)5 -0.7101D+00 -0.686964D+00  96.74
(¢} q 5 0.2580D+05 -0.2189D+01 -0.231986D+01 105.97
6 0.2651D+H05 -0.3006D+01 -0.298101D+01  99.15
7 02582D+05 -0.2817D+01 -0.279569D+01 99.24
8 0.2466D+05 -0.1984D+01 -0.196957D+01  99.28
9 0.2328D+05 -0.8125D+00 -0.801041D+00  98.59
10 02177D+05  0.5514D+00 0.564108D+00 102.31

Table 2 oA & & ARo| AAE o) o3 3
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A Hd A7 BAgE ¢ ¢ AU ol T o
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Fig. 7 Initial and optimal shapes of the thermal diffuser
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Fig. 8 Temperature distribution of the thermal diffuser at
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