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Abstract: The effect of the arrangement of thermoelectric cooler (TEC) on the natural convection
characteristics of air in the cooling chamber of airborne avionics is studied by experimental research and
numerical simulation. The results show that when the air is cooled, its temperature decreases while its density
increases, and it begins to sink at a slow speed. Its motion form gradually transitions from deformation to
rotation. It is more beneficial to the development of flow field to arrange all the TECs at the top of the
chamber. However, when the air sinks to the bottom of the cooling chamber, it is easy to produce oscillation
solutions, fork flow and secondary flow, and the flow enters the chaotic state. Through comparative analysis
of six design cases, the best arrangement of TEC in the cooling chamber of the airborne avionics with the
minimum temperature inhomogeneity coefficient and the lowest average air temperature is given.
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Air temperature / Air temperature / Air temperature /
¢ °C ¢

17.01 15.44 17.48

14.01 12.62 l 14.43

11.01 +9.79 -11.38

8.02 6.97 8.33

5.02 4.15 5.28

2.02 1.33 2.23

-0.98 -1.50 -0.81

-3.98 -4.32 -3.86

-6.98 -7.14 -6.91

-9.97 =9.97 -9.96

(a) Case 1 (b) Case 2 (c) Case 3

Air temperature / Air temperature / Air temperature /
°C °C °C

16.89 16.46 14.40 %‘\
'13.90 13.52 I11.70 .

-10.92 10.59 -8.99

7.94 7.65 6.28

4.95 4.71 3:57

1.97 1.78 0.87

-1.02 -1.16 -1.84

-4.00 -4.10 —-4.55
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-9.97 =9.97 -9.96

(d) Case 4
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Table 2 Average chamber temperature in six cases

Case 1 2 3 4 5 6
VIR 2 KR AR ¢,/ °C 5.11 3.67 5.21 4.52 4.17 1.37

R3 MEFTRARTSEESHIRY
Table 3 Air temperature nonuniformity coefficient of

the refrigerating chamber in six cases

Case 1 2 3 4 5 6
k, 4.41 3.30 5.63 4.65 4.25 2.73
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Fig.12 Air temperature distribution in the cooling chamber under six cases
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