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Thermal Shape Optimization of Canopy Structure for Enhancing
Heat Transfer Characteristics due to Natural Circulation
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ABSTRACT

Recently, an increased demand for the development of unmanned systems and surveillance technologies, as well as a rapid
increase in demand for high-performance camera sensor, has been observed due to the export and advancement of defense
technology. The heat generated by camera sensors is also increasing as a result of camera performance improvement, and the
importance of camera can lead to reduces target detection accuracy, misidentification, and camera sensor failure. In this study,
an optimal canopy shape inducing the stack effect was designed to enhance the heat removal performance of camera systems
installed on naval vessels. Through Computational Fluid Dynamics (CFD) analysis, a reduction of approximately 2.3 ° C in the
component temperature, measured by maximum temperature inside the camera sensor, was confirmed compared to the existing
shape. The improvement in cooling performance is derived from the increased flow rated facilitated by natural convection, and
it was observed that natural circulation flow rate significantly increases non-linearly as the curvature radius decrease, with a
concurrent 43.76% increase in heat transfer rate. In conclusion, the optimization of camera sensor heat removal performance

through natural convection, induced by the optimal design of the canopy, was achieved.
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Table 1 Boundary Condition

Parameter Value [Unit]
Cooling Air Inlet Temperature 23 [ C]
Cooling Air Inlet Velocity 5 [m/s]
Outlet Gauge Pressure 0 [Pa]
Ambient Temperature 346 [ C]
Ambient Air Pressure Outlet 1 [atm]

Housing Material Aluminum [-]

Solar Irradiation 1,120 [W/m2]
Housing Radiation Absorptivity 0.2 [-]
Turbulence Model k-€ []

y+ 30<y+<300 [-]
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Table 2 Heat Source
Module Heat Capacity [W]
Gyro Sensor 7
MWIR 6
MWIR FPGA 4
Regulator 3.5
CMOS 24
TVSWIR 8
TVSWIR FPGA 10.6
LRF 18
Image Sensor FPGA 4
Motor 45
Total 68
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Table 3 Gird Sensitivity Study

Nomalized Normalized Normalized
Number of Grid Pressure Drop Outlet Temperature

0.4 0.721 1.21
0.6 0.84 1.13
0.8 0.91 1.06
1 1 1

1.2 1.02 1.01
14 1.015 0.994
1.6 1.03 0.998
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Table 4 Design Cases and Parameters

Case Curvature Radius Cavity Diameter
[mm] [mm]
Conventional 0 0
Case 01 20 20
Case 02 20 40
Case 03 20 60
Case 04 20 80
Case 05 40 20
Case 06 40 40
Case 07 40 60
Case 08 40 80
Case 09 60 20
Case 10 60 40
Case 11 60 60
Case 12 60 80
Case 13 80 20
Case 14 80 40
Case 15 80 60
Case 16 80 80
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Fig. 5 Module Temperature Difference by Shape Variables
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