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Research on fresh air ratio control and waste heat recovery characteristics of

electric vehicles
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Abstract: Aiming to address the poor heating performance and high ventilation load of electric vehicles in low—
temperature environments, a control strategy combining fresh air ratio control with motor waste heat recovery is
proposed, which can realize the real-time control of fresh air ratio with fresh air volume as well as the fresh air

preheating. Firstly, an integrated thermal management system for electric vehicles was set up via AMESim software ,
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and the heating capacity of the heat pump air conditioning model was verified with public data. Next, by introducing
the carbon dioxide concentration feedback control logic, the fresh air ratio could be dynamically adjusted according
to the cabin fresh air volume and air quality, forming the dynamic fresh air mode, and the operating characteristics
in the dynamic fresh air mode and the fixed fresh air mode under typical working conditions were analyzed. Then,
the motor waste heat utilization was introduced to the dynamic fresh air mode, using the coolant to preheat incoming
air to the internal heat exchanger, forming the fresh air preheating mode, and the waste heat utilization
characteristics were analyzed. Finally, the required heating capacity, the energy consumption of the compressor and
the average coefficient of performance (COP) were used as the comprehensive evaluation indicators to measure the
performance differences of the three modes. The simulation results show that as the ambient temperature rises from
-5 °C to 10 °C, the required heating capacity of the fresh air preheating mode decreases from 21.49% to 47.82%, the
energy consumption of the compressor decreases from 25.73% to 37.20%, and the average COP increases from
9.53% 1o 22.96%, compared with the fixed fresh air mode. In terms of energy—saving effect, the maximum relative
driving range of the fresh air preheating mode is 32.39 km, an increase of 9.61%. It indicates that the proposed
control strategy is feasible in terms of improving the heating performance of the system and reducing energy
consumption.
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Tab.1 The basic parameters of the electric vehicle
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Fig.1 The architecture of the integrated thermal management

system
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Tab.2 The parameters of heat pump air conditioning

B S8 BUE
HER/(em® ") 34
JEHL
i e e/ (remin ™) 6 000
. RﬂL/(mZXmmem) 700 x 248 x 16
i 12-9-6-4
P Rﬂ“/(mzxmmxmm) 208 x 336 x 38
R 20-20-20-20
FL T Ik 1R e K37 38 17 A /mm? 2

R3 HBUSHEUE

Tab.3 The values of motor parameters

BE TR W 60
K TR KW 125
HE /(N -m) 125
e KA/ (N-m) 300
e K/ (remin™") 12 000
SN & 0.956
200 EE#)L%(Z)ﬁ
200 0.90
T 100 ! 0.83
Zi
% 0 0.77
E -100 B 0.71
-200 0.65
300, 2 4 6 8 10 12 059
FEE/(10%r-min ")

B2 dmsiEE
Fig.2 The diagram of motor characteristic

1.4 HRBIIGFE
PR R G A B X RS R H A I T



5 8 3

RS« HL SIS X L 142 i R A BTSRRI 99

RS

k
:

OO

Se

b e

LAV FE R 5t

AL TRk I

B3 ERXMEE AL
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Tab.4 Calibration test conditions of heat exchangers
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temperature
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Tab.6 Duration of motor waste heat utilization
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Tab.7 Evaluation indicators of different working modes
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Fig.21 The relative driving range of electric vehicles
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