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Investigation of Electric Vehicle Performance Affected by Cabin
Heating
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Abstract Compared with internal combustion engine, the electric vehicle has a limitation of low driving range
due to low battery capacity due to relatively low energy density. Moreover, the energy consumption rapidly
increases up to 30% during winter season with operating electric heater. In this study, electric vehicle
performance was evaluated using heat pump having higher energy efficiency rather than electric heater for cabin
heating. Electric vehicle system and heat pump system were developed using 1-D simulation software called
AMESim, the simulation result indicated that the energy consumption could be reduced approximately 66%
when the electric heating system was replaced with the heat pump system. As a result, the driving range is
expected to increase the similar value. This study proved the merit of heat pump for cabin heating in electric
vehicle, and it could contribute to developing suitable heating method for electric vehicles.
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[Fig. 1] Computational model of an electric vehicle combined
with an electric heater
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[Fig. 2] Computational model of a heat pump

[Table 1] Item Unit Specification

Heater Conversion Efficiency (%) 70
Compressor Isentropic Efficiency 1
Compressor Input Power (kW) 0.38
Compressor speed (rpm) 600
Torque (Nm) 6
Heat Pump COP 5
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[Table 2] Specifications of heat exchangers

Tube Condenser Evaporator
Length (mm) 525 175
Number 31 19
Periodicity 13 11.6
Height (mm) 2.5 3.16
Width (mm) 15 32.55
[Table 3] Simulation conditions
Condenser Evaporator
Temperature (°C) 30 30
Pressure (bar) 1 1
Rel. Humidity (%) 40 40
Mass rate (kg/s) 0.5556 0.111
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[Fig. 3] NEDC driving mode in terms of vehicle speed as
a function of time

|— dizplacementzenzar - velocity at port 1 [kmn/h] |

100

o] [ ) [
. Wq/ ) \”W V/
) |

20

0 ; : : ; \ ; — w10
oo 0.2 0.4 0.6 0.8 1.0 1.2
% Time [2]

[Fig. 4] HWFET driving mode in terms of vehicle speed
as a function of time
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[Fig. 5] Electricity consumption rate of batter as a
function of time for three different driving

conditions under NEDC driving mode (Average
vehicle speed of 30 km/hr)
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[Fig. 6] Maximum driving range of the electric vehicle for
three different driving conditions under NEDC
driving mode
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[Fig. 7] Electricity consumption rate of batter as a
function of time for three different driving
conditions under HWFET driving mode
(Average vehicle speed of 78 km/hr)
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[Fig. 8] Maximum driving range of the electric vehicle for
three different driving conditions under HWFET
driving mode
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