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Optimized design and simulation of air-cooled heat dissipation fines
for an airborne optoelectronic system
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Abstract :In this paper,the design optimization and simulation analysis on passive air-cooled finned heat sinks is car-

ried-out for the heat dissipation issue of electronic components in the enclosed spaces of airborne. Firstly,a three-fac-

tor, four-level orthogonal experiment is designed based on the orthogonal experimental design method, which takes fin

thickness, fin spacing and fin height into account. Then, CFD numerical simulation method is used to simulate and an-

alyze heat sinks with different fin forms. Finally, the significance of the influence of various factors on the heat dissipa-

tion performance of the radiator is analyzed based on the extreme value analysis. The results show that the fin height

has the greatest impact on the performance of the radiator, followed by the fin spacing and the fin thickness,and the

optimal fin form is obtained.
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Fig. 1 Structure of environmental control components
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Fig. 2 Passive air-cooled fin radiator
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Tab. 1 Orthogonal experimental design parameters
F KT
8 J E/mm 1,1.5,2,2.5
# FTa] R/ mm 2,4,6,8
¥ F R B/ mm 50,80,100,120

%2 ERSEHRKIT
Tab. 2 Orthogonal experimental design

Y5 R R/ pm PR B/ /mm | R 5/ mm
1 1 2 50
2 1 4 80
3 1 6 100
4 1 8 120
5 1.5 2 80
6 1.5 4 50
7 1.5 6 120
8 1.5 8 100
9 2 2 100
10 2 4 120
11 2 6 50
12 2 8 80
13 2.5 2 120
14 2.5 4 100
15 2.5 6 80
16 2.5 8 50
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Fig. 3 Model pretreatment
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Fig. 4 Mesh division
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Fig. 5 Temperature field results of thickness of 2 mm,

spacing of 2 mm and height of 100 mm

0 0.100 0.200 m
0.050 0.150

6 JEERE2 mm [E]FE 4 mm &5 120 mm R A E5 R
Fig. 6 Temperature field results of thickness of 2 mm,

spacing of 4 mm and height of 120 mm

0 0.10 0.200 m

0.050  0.150
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Fig. 7 Temperature field results of thickness of 2 mm,

spacing of 6 mm and height of 50 mm
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0_ 0.100_ 0.200 m
y 0.050 0.150
. 0100 Mm% B 12 JERE 2 mm [AIHE 6 mm E5RE 50 mm FiH4G
Tooso  ods0 Fig. 12 Flow field results of thickness of 2 mm,
8 JESE 2 mm [A]HE 8 mm 5 80 mm JREALER spacing of 6 mm and height of 50 mm

Fig. 8 Temperature field results of thickness of 2 mm,

spacing of 8 mm and height of 80 mm

200 m

0.050 0.150

& 13 JELEF 2 mm [A)FE 8 mm & 80 mm FiiA4s;
0

0.050 0.150 Fig. 13 Flow field results of thickness of 2 mm,
&9 JCEHRE B i g spacing of 8 mm and height of 80 mm
Fig. 9 Temperature field results without fins i% 3 'f)‘]‘ ﬁ ;;E‘y( F‘% B f/é‘i éi{jf %

Tab. 3 Simulation maximum temperature results

Py BRI/ | R | B/
-~ mm mm mm C
1 1 2 50 96. 67
2 1 4 30 83.15
3 1 6 100 85.50
4 1 8 120 88.25
0 0.100 0.200 m
G50 5 1.5 2 80 89.25
B 10 JEEE2 mm [AHE 2 mm 5 100 mm j545 6 L5 4 50 91.30
Fig. 10 Flow field results of thickness of 2 mm, 7 1.5 6 120 84.01
spacing of 2 mm and height of 100 mm 8 1.5 8 100 87.56
9 2 2 100 87.88
10 2 4 120 80. 68
11 2 6 50 92.54
12 2 8 30 88. 05
13 2.5 2 120 84.33
14 2.5 4 100 82.56
15 2.5 6 30 85.24
0 704100 0.200 m
0.050 0.150 16 2.5 8 50 94.43
& 11 JEJE 2 mm [A]PE 4 mm 5 120 mm JRI5455E T - 122. 64
Fig. 11 Flow field results of thickness of 2 mm,
+ op ¥ op B op
spacing of 4 mm and height of 120 mm ,ﬁjﬁéﬁ%%% ’ ﬁﬁl‘ IEH EE N ﬁH‘ = E u &ﬁﬁ
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Tab. 4 Evaluation index and range analysis

of orthogonal experiment

FRPRIE | WA/ mm | R AL/ mm S i B/ mm
K1 88.4 89.5 93.7
K2 88.1 84.4 86. 4
K3 87.3 86.8 85.9
K4 86. 6 89.6 84.3
R 1.8 5.1 9.4
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