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This research investigated the cooling performance of the motor in electric vehicle depending on the shape of the cooling
channel. The research, conducted numerically by FLUENT V20.1, focused on the numerical study of heat transfer
coefficients to find an optimum design shape with high cooling performance. To compare the cooling performance, the
temperatures in the coil and cooling channel were analyzed. As a result of forced convection, the average cooling channel
velocity of Case 2 was 38% faster than Model N and 34% faster than Case 1. The maximum temperature of the cooling
channel of Case 2 was 8.7% lower than Model N and 5.6% lower than Case 1. The minimum temperature of the coil of
Case 2 was 2.7% lower than Model N and 4.3% lower than Case 1. The maximum temperature of the coil of Case 2 was
4.6% lower than Model N and 2.9% lower than Case 1. Ultimately, cooling channel of Case 2 showed the best cooling
performance and improved driving performance for motor durability.
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Fig. 1 Actual shape of electric motor model N
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Fig. 3 Imported geometries of cooling channel at three different
cases
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Table 1 Physical dimensions of electric motor model N

Table 3 Thermophysical property of material

Diameter internal / Height (H) EA Density Them}a! Specific heat
external (D) [mm] [mm] 3 conductivity S
[kg/m’] WineC [J/kg°C]
Housing 199.4/235.4 260 1 [W/m-C]
1,057 0.394 3,410
Shaft 32/50 175 1 Ethylene glycol S
Rotor 50/132 175 1 Viscosity [kg/m-s] 0.00159
Stator 133.4/199.4 175 1 Housing 2,790 168 883
Width (L) Thickness (T) Height (H) A Stator and rotor 7,540 31 557
[mm] [mm] [mm] Coil 8,933 401 385
12 5 16 Magnet 7,500 7.5 410
Magnet
16 3 175 16 Shaft 7,817 51.9 446
Coil 20 6 48
Table 4 Total elements of electric motor assembly for grid dependency
Table 2 Design boundary conditions Total elements Tiax [°C] Error [%)]
Mass flow rate [kg/s] 0.15 5,748,135 135.72 1
Inlet (Ethylene glycol)
Temperature [°C] 65 8,560,615 135.50 0.8
Inlet (Air) Temperature [°C] 25 10,475,418 135.25 0.4
Outlet (Ethylene glycol) Pressure [Pa] 0 13,812,874 134.72 0
Outlet (Air) Pressure [Pa] 0 16,694,415 134.60 0.1
Coil Heat generation [W/m®] 1,000,000 19,323,298 134.50 0.15
Air 23,554,945 134.44 0.2
Fluid material Incompressible
Ethylene glycol
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Fig. 4 Grid dependency test
Table 5 Number of elements and nodes in cooling channel
Model N Case 1 Case 2
Elements 4,881,521 3,556,073 4,219,776
Nodes 1,627,068 1,152,407 1,602,150
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Fig. 5 Grid conditions of electric motor model N
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Fig. 7 Velocity vectors at three different cases of cooling channel (Ethylene glycol)
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Fig. 8 Temperature contours at three different cases of cooling channel (Ethylene glycol)
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Fig. 9 Temperature contours at three different cases of coil surface
Table 6 Numerical data of temperature and heat transfer coefficient
Model N Case 1 Case 2
R* Ty h Ts h Ts h
[Normalized point] [°C] [W/m?°C] [°C] [W/m?-°C] [°C] [W/m?°C]
0 128 2,651.8 124 2,832.0 118 3,153.6
0.1 130 2,570.0 125 2,784.7 119 3,095.0
0.2 131 2,531.0 126 2,738.0 121 2,984.2
0.3 132 2,493.1 127 2,694.7 122 2,931.7
0.4 132 2,493.1 128 2,651.8 124 2,832.0
0.5 133 2,456.4 129 2,610.3 125 2,784.7
0.6 133 2,456.4 130 2,570.0 126 2,738.0
0.7 134 2,420.7 131 2,531.0 127 2,694.7
0.8 134 2,420.7 131 2,531.0 127 2,694.7
0.9 134 2,420.7 131 2,531.0 128 2,651.8
1 134 2,420.7 132 2,493.1 128 2,651.8
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Fig. 10 Temperature contours of diagonal position (R") on the coil
surface with maximum temperature deviation at three
different cases of coil surface
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