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Abstract Unlike an international combustion engine car, a battery-powered electric vehicle requires
an additional heat source for its heating system. A high-voltage coolant heater has the advantages
of high efficiency and a wide operating temperature range. In its development, the geometry design
of the coolant flow path is essential. This paper presents the thermal flow simulations of a 7kW
high-voltage heater with symmetric serpentine flow channels arranged parallelly. The heater
performance was evaluated from the simulation results in terms of the pressure and temperature
differences and the flow uniformity. The proposed design showed a greater flow resistance and
similar heat exchanging capability than the existing parallel serpentine design. It has the advantage
of a relatively wide low-temperature surface area, where the control circuit board susceptible to
high temperatures can be located.
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Fig. 1. High voltage coolant heating blocks with
non-symmetric parallel serpentine flow
channel (left) and symmetric parallel
serpentine flow channel (right)
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Fig. 2. Symmetric parallel serpentine flow channel
with bolt holes along body centerline
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Table 1. Specifications of two heat designs

Symmetric
Parallel .
Model type B serpentine
serpentine model
model
Total mass 1.287kg 1.351kg
Cavity volume 182,106mm° 183,171mm°
Overall dimensions 251.0mmx177.4mmx23.5mm
Channel wall thickness 2.8mm
Flow channel width 2.5mm
Flow channel height 8mm
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Table 2. Material properties for CFD simulations

Property Coolant Aluminum
Density (kg/m®) 1,050 2,770
Thermal conductivity (W/m-K) 0.355 175
Viscosity (mP-s) 1.72 -
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Table 3. CFD simulation parameters

Parameter Value
Inlet flow rate (0/h) 550.0
Inlet temperature (°C) 66.0
Qutlet pressure (kPa) 0.0
Outlet pressure loss factor 0.1
Wall boundary condition No-slip condition
Ambient temperature (°C) 25.0
Convection coefficient (W/m?-K) 5.0
Heating rate (kW) 7.0
Turbulence model SST k-w
Number of maximum iterations 50
Convergence tolerance 0.001
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Fig. 3. Simulation results: flow velocity distributions

at mid-plane
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Fig. 4. Simulation results: temperature distributions
on outer surface and on fluid domain
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Table 4. Simulation results

Parallel Symmetric

Model type serpentine serpentine
model model
Average outlet temperature 76.5°C 76.5°C
Maximum fluid temperature 111.2°C 104.7°C
Maximum solid temperature 115.6°C 108.9°C
Average inlet pressure 2.65kPa 3.12kPa
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