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THERMAL FLOW FIELD ANALYSIS OF HEAT SINK FOR IMPROVING COOLING EFFICIENCY
OF AVIONICS EQUIPMENT

M.G. Kang,' D.H. Kim,' D.L Jang,' H. Lee'” and R.S. Myong '

'School of Mechanical and Aerospace Engineering, Gyeongsang National University, South Korea
ZResearch Center for Aircraft Core Technology, Gyeongsang National University, South Korea

The amount of heat generated by avionics equipment in aircraft increases as more electrical components
become compact. Avionics directly affects airplane performance, and thermal management systems play an
important role in maintaining safety and performance. In this study, thermal analysis of avionics equipment
mounted on aircraft was conducted to improve performance by considering shape modification and fan
operation. A temperature difference of up to 55°C was observed for the basic shape when the fan was not
operated. Several attempts such as the change of shape and material were made, but it was observed that the
devices reached an excessive temperature. It was shown that the devices reached the proper level of temperature
where forced convection was imposed by operating the fan. This study will provide critical information for the
development of improved cooling methods for avionics and derivation of environmental conditions.
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Table 1 Heat source typical power

Temperature(°C)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Fig. 2 Computational simulation result of electric heating sample
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Fig. 3 Comparison of experimental and simulation results of
heating sample

#9] Table 2, 3¢l #AEF3L 0™, 4714 Case & Sample #3
dofl el AF-2 TS Fig 13 o] vdd AxAE
Tdatelom, oF 1,00000071S] AxFE ARSEIACE Al elA

Component Description Typical Power [W] A3 Sample #39] A9 BEA AR Lm0k 148C7}
it 2 A A5, AT BAE mARE A Asfol A
Module 1 eMMC 0.72
FPGA 0.15 . . - .
Memory 0.26 Table 2 Thermal and electrical properties of the pristine carbon fabric
S\?nlzgl ‘2‘73; Nickel plating thickness (um) 0.971
Module 2 Converter 041 Electrical resistance (£2) 0.083
Supply 1.0 Electrical conductivity (S/m) 10.51 x 10?
FPGA 291 Thermal conductivity (W/m*K) 0.777
CHIP 291 Specific heat capacity (J/K*kg) 0.869
Module 3 Switch 75
%Vthlil ég? Table 3 The conditions of the heating elements
FPGA 291 =
Module 4 Memory 039 Applied voltage (V) 1.5
Switch 330 Steady state current(A) 431
Switch 330 Initial Temperature (°C) 28
Converter 37.5 Maximum Temperature (°C) 148.2
Module 5 Converter 22.5 Electro-thermal 0.054
Regulator 10 conversion (W/°C) :
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Fig. 4 Geometry of avionics equipment
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Fig. 5 Geometry of module

a17] SsiMolh4]. 2 el tist BA9A = ST} Heat
Sink:= Aluminum, Module®] PCB= FR4E Al-5}91 11 Heat
Source:= Nickel-Plated-Copper A A7at3lTh25]. + 22
oA FR4E AME-SE o]fi= tiF-29] PCB= Metal 2AlE At
E3HAINE, FR4E Metal 241l vwslSlS of Arizlow o
HEE7b wtouy FAZE 7B 9A FR4E ARESte] siAs
TA3TH26,27]. AA AR AR F 25,000,000712] B
4 AzE Adsisich

32 gd xd

2 Aelx= o] Fatwo] QA ok HH(Case 1-4)7%
% AHgsto] Al RS Fate] WAehs RE(Case S, 6)
2 F 674 Caseoll di$t a14S ) Fig 6, 7014
Caseoﬂ e JA AAE A8 4 3tk Case 12 27] 7]
o EA A A7) 360 mm x 150 mm x 200
mmZ 7SI Case 25 Case 13} Hlwslo] 314 H7]
7t e 25 Azt anE FRlep| s AL A7)
430 mm x 170 mm x 200 mm=Z AASIATE Case 30l4=
32l s AAH oz HASISITE Case 32 Case 17
-] A7l A AAskglon, shed s Al
Heat sinkol] % W&o 2 ofe] 7o) 9#4& s 3717 &

oI% 4l Heat sk} 312 3719] % ) o} &

AEte] de ﬂpri %3]”5 éﬁﬂ% “3"3}03‘3} Case 5,
& Case 4 22l dfgl] #& Fabek 342 JERIATE Case
5, 6 FYUst mon, fF Aol gt & A7 a¥E
SRlekA, a4 An]o) A {FS 27] A8 Case 59 @
9 5 9.6 mfs, Case 62 6 misE A8-319] dfjaS a5t



THERMAL FLOW FIELD ANALYSIS OF HEAT SINK FOR IMPROVING: - Vol.28, No.3, 2023. 9 / 87

Y(m)

Velocity (m/s)

0 001 002 003 0.04 005 006 007 0.08 0.09

Fig. 8 Velocity contours
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Fig. 6 Equipment model (a) Case 1, (b) Case 2
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Fig. 9 Temperature contours
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Tempeature(°C)
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Fig. 10 Temperature contours of cases 1, 2
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Table 5 Temperature of mounted module

125°CRT} =& 160°CE gl &
godof F3= Module 19 eMMC] 7

]_

ol =

O

Component Description Tjmax [°C] 1 2 3 Case [°C] ) 3 3
Processor 105 149 130 136 130 75 84

Switch 110 144 125 130 127 71 80

Module 1 eMMC 110 144 125 129 127 70 81
FPGA 110 144 125 128 126 70 80

Memory 95 146 128 128 127 73 82

GPU 105 160 140 147 137 86 92

Module 2 Switch 110 151 130 136 131 73 84
Converter 85 148 125 132 128 72 82

Supply 125 147 125 132 129 72 81

FPGA 125 146 130 134 129 67 73

Module 3 CHIP 125 147 131 132 129 69 76
Switch 110 147 134 134 131 67 75

Swtich 125 146 133 132 130 66 74

FPGA 125 149 134 136 132 70 71

FPGA 125 149 135 135 132 73 79

Module 4 Memory 95 149 135 135 131 75 83
Switch 125 147 134 136 130 70 79

Switch 125 149 135 135 131 72 80

Converter 125 151 142 145 139 95 105

Module 5 Converter 125 152 142 144 138 91 101
Regulator 125 160 151 144 142 101 110
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Fig. 12 Temperature contours of cases 5, 6
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