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CFD thermal analysis for disk-type machine with PCB windings

GAO Peng, ZHAO Hongjian, WANG Xiaoyuan
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract ; Printed circuit board (PCB) winding axial-flux machines have many advantages such as zero
cogging torque, high power density, high efficiency, high design flexibility, and high processing preci-
sion. They can be widely used in fields such as aviation, industrial drives, and wind power generation.
PCB winding axial-flux machines with internal stator and external rotor structure are subject to space limi-
tation, which causes the difficulty in dissipating heat from the stator and easily brings about problems
such as insulation aging and permanent magnet demagnetization. In order to achieve accurate calculation
of the thermal characteristics of PCB-winding axial-flux machines, the convective heat dissipation problem
in the fluid domain under closed-end air gap condition was investigated. The heat transfer path of heat
dissipation from the PCB winding in the motor was investigated, a calculation method using the equivalent
thermal conductivity of air derived from the experimental correlation equation was proposed, and the in-
ternal fluid flow and thermal characteristics were simulated and analyzed by using the computational fluid
dynamics (CFD) method. The results show that 90% of the heat on the PCB-winding plate enters the air
gap, and the error between the theoretical and simulated values of the air equivalent thermal conductivity
is under 5% . Finally, the experimental prototype of a PCB-winding disk-type machine with a single sta-

tor and double rotor structure was designed and built. Correctness of the theoretical analysis and the accu-
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racy of the simulation calculation results are verified through experiments, and the results correspond

well.

Keywords : axial flux machine; printed circuit board winding; computational fluid dynamics; convective

heat transfer coefficient; winding loss; temperature rising
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Fig.14 Heat flux inside and outside the rotor
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Fig.15 Axial distribution curve of temperature inside

the air gap and cavity
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Fig.16 Axial distribution curves of radial and tangen-

tial flow velocities in the cavity
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Table 5 Effect of data noise on forecast performance
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