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The aim of this study is to numerically investigate the cooling performance of the electric vehicle motor depending on the
attachment of the heat sink and materials to the cooling channel. The research focused on the numerical comparison of
forced convective heat transfer coefficients with case 1 (Heat Sink-None, Cooling Channel-Al), case 2 (Heat Sink-None,
Cooling Channel-Metal Hybrid Material), case 3 (Heat Sink-4EA, Cooling Channel-Al), and case 4 (Heat Sink-6EA, Cooling
Channel-Al). To compare the cooling performance for novel design of the smart cooling system, selected local positions for
various temperature distributions were marked on the coil surface. Normalized local Nusselt number of the cooling area at
the normalized width position indicated that cooling performance of case 1 was on an average 8.05, 0.57, and 5.85% lower
than that of cases 2, 3, and 4, respectively.
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Fig. 1 Actual configuration of electric vehicle motor

Fig. 2 Geometries of cooling channel at all cases

Table 1 Physical dimensions of electric motor for cases 1, 2, 3, and 4

Diameter internal / Height (H) EA
external (D) [mm] [mm)]

Housing 199.4 /2354 260 1
Stator 133.4/199.4 1
Rotor 50/132 175 1
Shaft 32/50 1

Thickness (T) Width (L) Height (H) EA
[mm)] [mm)] [mm)]
3 16
Magnet 16
5 12 175
Coil 6 20 48
Thickness (T)  Diameter (D)  Height (H) EA
[mm)] [mm)] [mm)]
4
Heat sink 5 199.4 175 T
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(a) Cases | and 2

(b) Case 3

(c) Case 4

Fig. 3 Geometries of electric vehicle motor at four different cases
with/without heat sink

Table 2 Design boundary conditions

Fluid Ethylene glycol .
. Incompressible
material Air
Coil Heat generation [W/m?] 1,000,000
Inlet Mass flow rate [kg/s] 0.106
nlef
Ethylene Temperature [°C] 65
glycol
Outlet Pressure [Pa] 0
. Inlet Temperature [°C] 25
Air
Outlet Pressure [Pa] 0
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Ao AREE AL Wre B2 EE“ °f /\F&El“ Ethylene
glycol, 342 Aluminum Alloy 195, H[g dlo]| B = A=
Ag®} Gro ifé-“ﬂ]ﬂ 5:590 24A, A Cooper, M4 Nd
(Dy) FeB, &2 Carbon-Silicon Steel, 3|Z*}2} 14Z}+= No.
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Table 3 Thermophysical property of material

Density Thermal conductivity ~Specific heat

[kg/m’] [W/m-°C] [J/kg°C]
Housing 2,790 168 883
Heat sink 6,128 598.8 2,009.3
Stator and Rotor 7,540 31 557
Coil 8,933 401 385
Shaft 7,817 51.9 446
Magnet 7,500 7.5 410
Ethylene glycol 1,057 0.394 3,410
Viscosity [kg/m-s] 0.00159

Table 4 Total elements of electric motor assembly for grid

dependency
Total elements Tmax [°C] Error [%]
0.58 x 10’ 136.4 1.03
1.05 x 10’ 136.1 0.81
1.39 x 10’ 135.8 0.62
1.67 x 107 135.7 0.52
2.12 x 107 135.6 0.44
2.81 x 10’ 135.5 0.41
138
137
136
Tmax
[°C]
135
134
133
0 10x107  20x10°  3.0x10

Element Number of Electric Motor Assembly

Fig. 4 Grid dependency test
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(a)

Fig. 6 Generated mesh on colling channel

Table 5 Number of elements in cooling channel and heat sink

(b)

Cases 1 and 2 Case 3 Case 4
Cooling channel Heat sink Cooling channel Heat sink Cooling channel Heat sink
2,710,732 None 2,710,732 50,030 2,710,732 74,610
Elements Total
21,184,432 27,722,244 25,967,746
Method Hexa
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(a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4

Fig. 7 Temperature contours at four different cases of coil surface
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(b) Case 4

(a) Case 3

Fig. 8 Temperature contours at case 3 and case 4 of heat sink surface
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(c) Case 3 (d) Case 4

(b) Case 2
Fig. 9 Temperature contours of diagonal position (R") on the coil surface with maximum temperature deviation at four different cases of coil

(a) Case 1

surface
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Table 6 Numerical data of temperature difference and maximum temperature for horizontal position (R) on the coil surface

Type Case 1 Case 2 Case 3 Case 4
Cooling Aluminum Metal hybrid material Aluminum Aluminum
channel

Heat sink None None 4EA 6EA

R Tinax AT Tinax AT Tinax AT Tinax AT
[°C] [°C] [°C] [°C] [°C] [°C] [°C] [°C]
0 1214 56.4 117.0 52.0 120.9 55.9 119.0 54.0
0.1 123.5 59.5 119.7 54.7 1239 58.9 121.9 56.3
0.2 126.5 61.5 120.6 55.6 1259 60.9 123.8 58.8
0.3 127.6 62.6 122.5 57.5 127.1 62.1 1252 60.2
0.4 129.6 64.6 123.6 58.6 128.1 63.1 126.2 61.2
0.5 131.6 66.6 125.8 60.8 130.2 65.2 128.2 63.2
0.6 132.5 67.5 127.6 62.6 132.0 67.0 129.8 64.8
0.7 1344 69.4 129.1 64.1 1339 68.9 131.8 66.8
0.8 135.4 70.4 130.0 65.0 134.8 69.8 132.8 68.8
0.9 1354 70.4 130.2 68.2 134.8 69.8 132.8 68.8
1.0 1354 70.4 130.2 68.2 134.8 69.8 132.8 68.8

1.0 1,500

4 Casel -~ Case2 & Casel -9~ Case2
' - Case3 ' Case4 1,400 “®-Case3 - Case4
1,300
Nu
1,200
1,100
1,000 5 5 5 5
0 0.2 0.4 0.6 0.8 1.0 0 1x10 2 x10 3x10 4x10
R* ReR

Fig. 10 Dimensionless temperature of coil surface vs. dimensionless
local positions of coil surface at four different cases of coil
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Fig. 12 Thermal deformation contour of stator at case 2
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