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Optimization of Spider Web-shaped Microchannel Structure

Based on Multi-objective Genetic Algorithm

WEI Hong-mei
(Shanxi Provincial Key Laboratory for Advanced Manufacturing Technology, North University of China, Taiyuan 030051, China)

[ Abstract] In order to enhance the overall performance of the heat sink, a novel meshed microchannel heat sink structure was intro-
duced, and its geometric parameters were optimized by performing a multi-objective optimization. The Box-Behnken design method was
utilized to conduct response surface analysis on the design variables of channel width, fin thickness, and channel depth. The resulting
temperature and pressure drop functions of the spider-shaped microchannel were then fitted as objective functions. The Pareto solution
set was derived by applying a multi-objective particle swarm optimization algorithm, followed by utilizing the technique for order prefer-
ence by similarity to an ideal solution( TOPSIS) method for selection from the Pareto solution set. It is concluded that the Pareto solu-
tion set is the optimal choice across various conditions. The multivariate statistical coefficients R* for temperature and pressure drop
functions are 0. 999 6 and 0. 998 4, respectively, suggesting a high level of accuracy in the fitting function. The optimized structure not
only reduces the average temperature by 3 K compared with the original design, but also decreases the pressure drop by 1 514 Pa. This
significant improvement in comprehensive performance demonstrates that a well-designed channel structure can further enhance the heat
sink performance of the microchannel.

[ Keywords] microchannel heat sink; response surface fitting; particle swarm optimization algorithm; thermal resistance function;

pressure drop function
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Fig. 1  Spider web-shaped microchannel heat sink structure
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Table 1 Four meshing schemes
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Table 2 Experimental design of Box-Behnken

e Wo/mm Wy/mm H/mm R 7/K JEFE P/Pa
1 0.1 0.25 0.3 342.382 9 746.127
2 0.3 0.25 0.5 339.932 5778.972
3 0.2 0.30 0.3 355.589 7 742.550
4 0.2 0.25 0.4 340.990 6 585.000
5 0.2 0.25 0.4 340.990 6 585.000
6 0.3 0.25 0.3 362.526 7 152.043
7 0.1 0.30 0.4 334.621 9 232.400
8 0.2 0.30 0.5 335.942 6 222.431
9 0.2 0.25 0.4 340.990 6 585.000
10 0.2 0.20 0.3 350.439 7 201.169
11 0.2 0.20 0.5 331.718 5792.199
12 0.3 0.30 0.4 350.175 6 490. 600
13 0.1 0.20 0.4 329.181 8 266. 860
14 0.2 0.25 0.4 340.990 6 585.000
15 0.1 0.25 0.5 325.396 8 052.930
16 0.3 0.20 0.4 346.653 5997.150
17 0.2 0.25 0.4 340.990 6 585.000
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Table 3 Model reliability test

T R? R
TR 0.999 6 0.999 1
JEBE 0.998 4 0.996 3
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