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Cooling performance (42

This research is to investigate the cooling performance of the motor in the electric vehicle depending on the cooling
channel fin. The research focused on numerical study of the temperature of coil and cooling channel and the heat transfer
coefficients to find a optimum design shape with high cooling performance at three different cases. To compare the
convective cooling performance of the three cooling channels, local position (R) are displayed on the surface of the coils
with a large temperature deviation. This research was performed on forced convection and was numerically analyzed by
FLUENT V20.2. Owing to forced convection by the same mass flow, the average cooling channel velocity in Case 3 was
17.4% faster than Case 1 and 8.6% faster than Case 2. Out of the three cases, the highest heat transfer coefficient was
found in the cooling channel and coil of Case 3, which had two cooling fins. The coil maximum temperature of Case 3 with
2 cooling fins was 4.7% lower than Case 1 without cooling fins and 1.7% lower than Case 2 with 1 cooling fin. Ultimately,
Case 3 with two cooling fins provided the best cooling performance and improved driving motor performance for motor

durability.
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Fig. 1 Actual picture of electric motor model N

Fig. 2 Completed CATIA rendering of electric motor geometry
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Fig. 3 Imported geometries of cooling channel at three different
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Table 1 Physical dimensions of electric motor model N

Width (L) Thickness (T)  Height (H)

[mm] [mm] m]

Magnet 16 3 175 16

12 5 175 16

Coil 20 6 175 48

DSt g ol
Rotor 50/132 175 1
Stator 133.4/199.4 175 1
Shaft 32/50 175 1
Housing 199.4/235.4 260 1

Table 2 Design boundary conditions
Air

Fluid material Incompressible
Ethylene glycol
Mass flow rate [kg/s] 0.106
Inlet (Ethylene glycol)
Temperature [K] 338.15
Inlet (Air) Temperature [K] 298.15
Outlet (Ethylene glycol) Pressure [Pa] 0
Outlet (Air) Pressure [Pa] 0
Coil Heat generation [W/m®] 1,000,000
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Table 3 Thermophysical property of material

Density Thermal conductivity Specific heat

[kg/m?] [WmK] [J/kgK]
Ethylene glycol 1,057 0.394 3,410
Viscosity [kg/m's] 0.00159
Housing 2,790 168 883
Stator and Rotor 7,540 31 557
Coil 8,933 401 385
Magnet 7,500 7.5 410
Shaft 7,817 51.9 446

Table 4 Total elements of electric motor assembly for grid

dependency
Total elements Tinax [°C] Error [%)]
5,927,164 137.85 1.73
9,693,383 137.07 1.16
12,816,823 136.26 0.56
15,497,764 136.13 0.47
19,702,867 135.96 0.34
21,199,614 135.62 0.09
32,475,765 135.60 0.07
140
138 U\C
Tmax 136 -a
((®)
134
132
7
130 (x10")

0.5 1.0 1.5 2.0 28 3.0 35
Element Number of Electric Motor Assembly

Fig. 4 Grid dependency test
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(a) Case 1

Fig. 6 Mesh generation of cooling channel
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Table 5 Number of elements in cooling channel and coil

Case 1 Case 2 Case 3
Cooling channel Coil Cooling channel Coil Cooling channel Coil
Method Hexa Tetra/Pyramid Hexa Tetra/Pyramid Hexa Tetra/Pyramid
2,720,240 1,032,150 1,992,425 1,032,150 4,578,427 1,032,150
Elements Total
21,199,614 20,438,472 23,245,756

(a) Case 1

(c) Case 3

Fig. 7 Mesh generation of cooling channel sections with/without
cooling fins

Fig. 8 Mesh generation of coil
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Fig. 9 Velocity vectors at three different cases of cooling channel (Ethylene glycol)
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Fig. 10 Temperature contours at three different cases of cooling channel
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Fig. 11 Wall heat transfer coefficient contours at three different cases of cooling channel
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Fig. 12 Temperature contours at three different cases of coil surface
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Fig. 13 Temperature distributions on three sides of coil surface
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Fig. 14 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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Table 6 Temperature distribution on three sides of coil

Case 1
R Ts z Ts Y Ts
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position K] position Kl position [K]
0 394 0 400 0 405
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0.5 404 0.5 405 0.5 408
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0.9 408 0.9 408 0.9 408

1 408 1 408 1 408
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Fig. 15 Dimensionless coil temperature vs. position at three different
cases of coil surface
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Fig. 16 Nusselt number vs. Reynolds number(Rey) at three different
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Table 7 Temperature and pressure drop by mass flow rate of ethylene glycol

Case 3
Mass flow rate [kg/s] Tomax 0of cooling channel [K] Tnin of coil [K] Tnax Of coil [K] Pressure drop in cooling channel [Pa]
x 0.50 0.053 390 3954 420.2 4,542
x 0.75 0.0795 381 3933 4123 7,821
x 1.00 0.106 370 385.6 402.4 12,137
x 1.25 0.1325 366 383.8 3984 17,564
x 1.50 0.159 363 381.7 394.4 23,885
x 1.75 0.1855 360 380.0 392.3 31,397
x2.00 0.212 357 379.0 390.9 39,058
Zemesrsre
416.1
4112
406.3
401.4
396.6
3917
386.8
3819
[K] 3170 (b) x0.75

.

(d) x1.25 (e) X1.50

Fig. 17 Coil temperature contours by mass flow rate of ethylene glycol
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Fig. 19 Thermal deformation contours of coil at case 3
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