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Multi-Objective Optimization of Multi-Stage Heat Sink of
Electric Aircraft by using Three-dimensional Thermal Network Analysis
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In electric aircraft, thermal management of heat generation from electric systems is important. Usable cooling air,
however, is limited, and it is essential to reduce the air mass flow rate by improving the performance of the cooling
devices in the electric aircraft. In this study, for the electric aircraft, thermal management of motor controllers were
considered. Design of experiments was conducted to decide initial points of 6 design parameters

, and 3 objective functions were calculated by using three-dimensional thermal network analysis. Then, response
surface was created about each objective function and multi-objective optimization was performed by using response
surfaces for finding the pareto optimal solutions of air-cooling multi-stage heat sink. From the results, combinations of
geometric parameters of the heat sink giving higher cooling performance, lower pressure loss and lighter weight were

proposed.
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Fig.1  Schematic of heat sink (five stage case is shown).
Table 1 Range of design parameters.
Design factors Min Max
Fin thickness, t [mm] 0.15 0.40
Fin height, ¢ [kPa] 400 8.00
Fin spacing, s [KW] 0.55 1.00
Inlet Re number [-] 800 8000
Number of stages [-] 1 6
Number of fins [-] 130 200
Table 2 Operating and constraint conditions of motor controller.
Operating Inlet air temperature  [°C] 240
conditions of Inlet air pressure [kPa] 812
m/C Heat input from motor [KW] 25
Constraint Maximum air pressure loss [kPa] 15
conditions of Maximum local M/C temperature [°C] 90.0
m/C Maximum total weight of heat sink [kg] -
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Fig.2 Temp. distribution of M/C wall temperature of CFD and TNA.
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(a) fin height. (b) fin spacing.
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(c) fin thickness. (d) fin number.
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(e) air mass flow rate. (f) No. of stages.

Fig.3 Pareto optimal solutions.
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