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Abstract : This study presents a new water-cooling channel design for a 10 kW motor controller used in an electric vehicle
for the KSAE BAJA competition. The existing cooling channel exhibited temperature variations, uneven coolant distribution,
and excessive weight. Three fin geometries(rectangular, triangular, and diamond-shaped) were compared through CFD
analysis, with rectangular fins(3.5 mm thickness) demonstrating superior performance. A full-scale model analysis led to
design improvements, including modified inlet position, wedge-shaped structures, and vertical channels that could enhance
fluid distribution and reduce pressure differences. The final design achieved a 4.2 % reduction in maximum temperature, a 1 %
decrease in pressure difference, and reduced channel thickness, from 40 mm to 15 mm. These improvements contribute to
stable motor controller operation and vehicle weight reduction in electric vehicles.
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Nomenclature shE]HA, ZFs A AFg ol A = 2180 52 el g w4
. o] =ol}x]a1 9] E] A 7|xE=X : :
t : fin thickness, mm | ZolA 1L MQ;/; O]ZL ]L 55 }(EV, Electnc4 Vehicle)
. slolB gl &= x}eko Hulo o E2 53
R1 : end round radius, mm oF 3 ]TE] /\}O L]T:': 5 ;ol]OﬂU}@, LOQ]?
. . Al ~El0] 7 7H—7/1‘:‘8)\‘_7‘H;7‘<_6
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. . a9 = vl A E A E HE o] AT
AP : inlet-outlet pressure difference, Pa 1"; ATk gﬂﬁ jﬂoﬂ 17 ]Oﬂ ] ]E:‘ 3011 4 a]—
s @ FEow ek g Alojah QIME o] AT K
v : fluid velocity, m/s T i] ) = Aletst ;j 1:] :r; ]13 -
. =7 shar 9 ol = BV ] A S 9]
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: e 2], 1M E, LB S S o2 deshs 4wl A
Q : flow rate, kg/s B e >
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Subscripts
A=, toleE T2 ZHE A AEEE & EAAA
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ok ool A3 sl Bl Aok} F A9k $7 1145 EV 2t
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Fig. 1 Flat heat sink structure of motor controller (VEC500):
(a) top surface, (b) bottom surface
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Fig. 2 Initial water cooling channel design and its installation
on the vehicle
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Fig. 3 CFD simulation results showing temperature distribution
of the initial cooling channel
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Fig. 4 Three different fin cross-section designs for uniform
fluid distribution

Fig. 5 Cross-arranged structure of triangular and diamond-
shaped fins
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Fig. 6 Schematic diagram of the basic model for CFD
simulation
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Table 1 CFD simulation conditions

Parameters Unit Values
Heating value W 1,000
Tint w °C 30
Q1w rate ke/s 0.034
Thermal Conductivity (AL 6061) W/m-K 170
Solver model Turbulent k-omega
Node number 1,214,423
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Fig. 7 Design parameter definitions for three different fin
geometries

Table 2 The range of the design variables

Design variables Unit Range Step
t mm 1.5-5.0 0.5
R1 mm 0.5-2.0 0.5
R2 mm 2-4 1
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Results of the triangular shape
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Fig. 8 Simulation results of the triangular shaped fin

Results of the diamond shape
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Fig. 9 Simulation results of the diamond shaped fin

Results of the rectangular shape
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Fig. 10 Simulation results of the rectangular shaped fin
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Fig. 11 Fluid velocity distribution and stagnation zones in
triangular fin configuration

Fig. 12 Fluid dispersion pattern in diamond-shaped fin
configuration
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Fig. 13 Two design approaches for improved fluid dispersion:
(a) additional structure method, (b) inlet position
modification method

(b)

Fig. 14 Comparison of fluid dispersion simulation results
between two design approaches
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Fig. 15 Full-scale cooling models: (a) Internal fins structure
of model, (b) velocity distribution simulation results
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Table 3 Comparison of simulation results between the model

Aand B
Model Tave [°C] Tonax [°C] AP [Pa]
B 46.0 52.1 435
Inital 48.0 54.4 439

(a) (b)

Fig. 17 Final cooling channel design: (a) channel structure
and features, (b) fluid flow analysis results
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Fig. 18 Conparison of cooling Channel design: (a) Inital
version, (b) Final version
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Fig. 19 Fluid flow analysis results: (a) Initial version, (b)

Final version
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