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Abstract

A method for shape design sensitivity analysis is proposed utilizing commercial software ANSYS for
thermal conduction problems. While the sensitivity formula is derived analytically by introduing adjoint
variable concept, sensitivity calculation in practice as well as the primal and adjoint solution of thermal
conduction is performed using the ANSYS very easily. Since the formula always takes boundary integral
form, sensitivity evaluation in ANSYS requires a little more addition of post-processing routine which
involves evaluation of boundary variable from the obtained solution. Though the BEM has been used as a
better tool for this purpose, the present study shows it can also be calculated using any kind of analysis code
such as ANSYS since the formula is based on analytic nature. Therefore the present study provides a new
and efficient way of optimization which was not possible before using commercial software. The usefulness
of the method is illustrated via a weight minimization problem of thermal diffuser.
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Fig. 1 Definition of thermal conduction problem
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Fig. 3 Finite element model of hollow cylinder problem

Table 1 Temperature sensitivities for hollow cylinder

problem .
"ize analytic pm':f:;‘(; ratio(%) 'd'&by ratio(%) f‘é"f:'ezy ratio(%)
1| 56| -54] 9572] -55] 98.05] -59 97.58
2 -14.6 ~14.5] 99.25] -14.6] 99.84 -14.94 99.48
3| -21.6| -21.6{100.08| -21.6{100.08] -21.4 99.72
4| -27.2| -27.4)100.49( -27.3[100.13| -27.9 9084
s | -st9| -31.s| sss7| -32.0{10013] -31.d 99.91
o | 30| -as sars| -aei|ionze| -344i0002
7 -34.0 ~-34.51101.39{ -34.1}100.23 -34.03100.03
8 -34.0 -33.3f 97.99| -34.1]100.22 -34.g 99.99
9 -34.0 -34.5} 101.57 -34.11100.23 -34.0100.07
10 -34.0 -33.61 98921 -341 [o] _=34,0100.03

Table 2 Heat flux sensitivities for hollow cylinder

problem
"i"‘f analytic :’,:;:2; ratio(%) 'd':f,:y ratio(%) "é‘":';:y ratio(%)
6 ] 339.9| -339.1] 99.76] -308.4] 90.74]  36.0] ~10.59
7 3309 -344.6]101.30] -207.0) 87.39| -462.4 136.05
8 |-330.9| -333.1| 97.99| -520.4 | 153.11 | -1027.3| 302.23
9 | -339.9] -345.2) 101,57 -287.3] 84.54| 741.6-218.19
10 | -339.91 -336.2 98.92| -360.8 | 106.14| -632.7] 186.14
16 }9033.7 | ~9437.4 | 104.47 {-9091.7 | 100.64 | -9927.3] 109.89
17 -9033.7 }10103.3 | 111.84 |-8062.2 | 99.21] -7426.9] 82.21
18 1-9033.7 10036.9 | 111.11|-9006.0 | 99.69 | ~8204.1| 90.82
19 1-9033.7 | -9930.9 | 109.93 |-9012.5 | 99.77 { -9037.5] 100.04
20 }-9033.7 | -9615.0 | 106.43 |-8999.4 | 99.62 | -9377.8] 103.81
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Table 3 Heat flux sensitivities for the thermal diffuser

problem
2 elements per sub-boundary

3 elements per sub-boundary

present present

A . o 1o, " o N
lineid| fdif. by 1% method ratio(%) | fdiff. by 1% method ratio(%)
~7.115E-03 |-7.681E-03 | 108.0 |-7.207E-03 |~7.681E-03 | 106.6
~7.0186-03 }-7.826E-03 } 111.5 |-6.9226-03 |-7.823E-03 | 113.0
~6.459E-03 |-7.237E-03 | 112.0 |-6.396E-03 |-7.228E-03 | 113.0
—5.648E-03 {~6.318E-03 | 111.9 |-5.436E-03 |-6.299E-03 | 115.9

—4.248E-03 |-5.013E-03 | 118.0 |-4.107E-03 [-4.979E-03 | 121.2
-2,614E-03 |-3.228E-03 | 123.5 |-2.569E-03 [-3.206E-03 | 124.8
4.223E-04 |~7.670E-04 [~179.3 |-7.254E-04 |-7.643E-04 | 105.4
3.376E-03 | 2.691E-03 79.7 | 3.151E-03 | 2.501E-03 79.4
7.641E-03 | 1.0156-02 | 132.8 | 8.8036~03 | 7.793c-03 | 88.5
2.0736-02 | 2 466E-02 119.0 | 2.3236-02 | 2.403E-02 | 103.4
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