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Simulation analysis of vehicle semiconductor refrigeration

box based on SolidWorks Flow Simulation
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Abstract: The refrigerating efficiency of semiconductor refrigeration box is an important parameter to
evaluate performance of the refrigeration box, and thus a key factor in its design. The coupling mode
of the refrigeration assembly and the refrigeration box was optimized, together with simulation analysis
by virtue of the software of SolidWorks Flow Simulation. By comparison, it can be concluded that
when the outer surface of the refrigeration assembly fan coincides with the inner wall of the
refrigeration box, the groove size being 41. 7 mm>41. 7 mm X 20 mm and the fan being inhaled, the
temperature inside the box is the lowest.
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Fig. 1 Refrigeration assembly Fig.2 Sketch of refrigeration box
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Fig.3 Several coupling cases of refrigeration assembly and refrigeration box wall
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Table 1 Size parameters of refrigeration assembly mm
] 2 i B
41 53 WU AR Rk 40 40 10
R 4 1 7
A 40 40 3
fiif o ik it 40 40 0.5
15 5 il ¥ v 40 40 4
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Table 2 Partial physical properties of refrigeration assembly
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Table 3 Seamless coupling “1—1” target average value of simulation results

. P P IR
¢ VN HK H 2 N . y .
e T RIEEBE EEE L WK EEEPM TS
g/ (m-s ) R/ /T (mes i/ C
4.5 —8.86 1. 069 8.49 —7.86 1.438 8.06
7.5 —10.11 0.785 7.88 —8.47 1. 441 8. 11
9.5 —9.25 1. 024 8. 27 —9.02 1.335 7.90
14.5 —13.66 0.606 7.74 —13.02 0.674 7.78
19.5 —12.66 0.587 8. 15 —12.36 0.651 7.72
24.5 —10.71 0.668 8.28 —10. 24 0.711 8.25
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Table 4 Seamless coupling “1-—4” simulation results
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HE/C mes ) R/ C WE/C (mes ) R/ C
4.5 —6.73 1.188 8. 65 2.42 3.401 11.9
7.5 0. 37 2.442 10. 84 —0.77 2.542 10. 61
9.5 3.11 2.959 12.17 —3.54 1. 964 9.66
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Table 5 Global grid simulation results when thickness of embedded box wall being 9.5 mm
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e mhE/s HEEE/C (mes ) JREE/TC A mHE/s EE/C (mesT)  RE/T

2 13 056 486 —5.30 1.626 8. 85 13 056 453 —7.50 1.489 8. 34

3 25 880 688 3.11 2.959 12.11 25 880 690 —3.54 1.964 9.66

4 49 136 853 4.06 2.930 12.49 49 136 861 —2.57 1.623 10. 09

5 108 672 3 049 8.45 3.200 14.43 108 672 3 023 1.74 1.655 11. 96
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Table 6 The Local grid simulation results when thickness of embedded box wall being 9.5 mm and global grid level being 4
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W g/ °C (me-s ") e/ C
0 3 2 49 136 723 4.05 2.922 12.49
4 3 2 120 860 3163 3.99 2. 747 12,48
0 4 2 107 916 3218 3.74 2.713 12. 38
0 3 4 75 536 2296 3.9 2.773 12. 44
3 3 3 49 136 1235 4,05 2.931 12.48
) 0 0 532 198 6 133 4.26 2.757 12.58
4 4 4 131 476 4 085 3.97 2.790 12.45
S 5 5 662 912 10 764 4. 30 2.720 12.61
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Table 7 “1—4” simulation results with different slot length or width

sk TR 2 JRUBR W <
;Wm; W1 T B/ [ 4 F- #4 WA R {8/ [ 4 F- #4
N W/ C (mes) ik /°C W /C (mes) B/ C
41 —12.37 0.185 9.09 —5.98 0.783 9.16
43 —10. 96 0. 404 8. 34 —8.94 0.722 9.67
45 —9.57 0.491 8.63 —10.02 0.604 8. 46
50 —8.1 0.595 9.19 —3.51 1.424 10. 02
60 —6.1 0.757 9.50 2.82 2. 855 12.22
100 —1.64 1.312 10. 87 5.75 4.047 13. 35
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Fig. 4 Mold and simulation results of refrigeration box when slot length or width being 41. 7 mm
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Fig.5 Average temperature and local amplification of fluid in different tanks
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