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Experimental Research on Heat Pump Heating Performance at Low Temperature
for Electric Vehicles

Yang Zhongcheng Su Lin  Yu Rong Fang Yidong Li Kang Mu Wenjie

(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract To investigate the heating performance of an electric vehicle heat pump air conditioning system at low temperature, an experi-
mental platform for the air source heat pump air conditioning system was set up in this study to experimentally determine the heating per-
formance of an electric vehicle heat pump air conditioning system with ambient temperature of =10 °C to O °C. The influences of the com-
pressor speed (2 000—5 000 r/min) , air inlet volume (300-400 m’/h) , and ambient temperature on the performance of the system were
analyzed. Finally, a formula was derived to estimate the range of the electric vehicle after using the air conditioning system. The results
show that with an increase in compressor speed, the compressor discharge pressure and temperature, as well as the heat produced by the
compressor, somewhat increase; however, the COP of the system decreases. When the compressor speed and ambient temperature are kept
unchanged, the inlet air volume of the air conditioning box increases from 300 m’/h to 400 m’/h, heat production increases by 13. 3%—
26.0% and the COP increases by 0. 03—0. 80. Under other constant conditions, when the ambient temperature rises from =10 °C to 0 °C ,
the heat produced by the heat pump air-conditioning system increases by 60. 9%—-71. 0% and the COP increases by 0. 51-0. 63. Accord-
ing to the formula, when the ambient temperature is =10 °C to 0 “C, the range of the heat pump air conditioning system can be improved

by 13.5%-20. 8% compared with the condition of same heating capacity, using a PTC heater.
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Tab.1 Specification of system components

WK ARS8
JE4EHL ML 3R TER, 27 em’/r,1 000~6 000 r/min
BHM IR THOR AT, 4 WA, WXHXD =372 mmx322 mmx20 mm, 4] 51
ENR B WOETE AT, 4 WRE , WxHXD =136 mmx194 mmx32 mm, &%} 52
ENERA WOBIE AT, 4 i, WxHxD =202 mmx195 mmx40 mm, 4§ 50
I AK IR BRI i 2 0. 055 ke/s
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Fig. 1 Experimental setup of the air source heat pump system
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Tab.2 Test conditions

i H 24
AR EE/C -10/-7/-3/0
R/ % 50
HERAF 2/ (m®/h) 300/350/400
FHMAGRIRE/C -10/-7/-3/0
FEhh A SRR/ (m®/h) 1 600

2 000/3 000/3 500
/4 000/5 000

JE4EHLFE i/ (1/min)
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Tab.3 Measuring device accuracy

MESHL D ERS E
TV 7R R/ °C +0.2
Y8 50 i . 77/ MPa +0.010
2SR BE/C +0.2
¥ 705 R i/ (kg/h) +0.5
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g% F1H
202152 A

H% F iR

Journal of Refrigeration

Vol. 42 ,No. 1
February, 2021

0.065~0. 166 MPa, X J& K A H 45 ML 14 HE i b %
BRI, FLAE S s 1T RAESCR o, R
K, FHHRBIE RS . TR E A F] 4 000
r/min ZJ5 , FRAEALHE TR B b T B BEAIG, 32
FIEARHLI I G 8 B R G R AEVE R, Bl TR 4
HLAY TAE 5 B R AT, bt S R A AL HE SRR b v, PR
FE4iHL. TR 48 AILTE AR % BT, HVAC B Atk XU DA
300 m’/h 2 400 m’/h, JEGEHLN/ HESEE AR S
I N, R4EHLEE HEA R 5 000 t/min, HVAC &k,
HEXE M 300 m’/h 34 Z 400 m*/h, JEZENLHE IR E
T2 5.6 °C AR B A HE S R 1 A e/, B
PRAR AL Fa IR /N, X BB HVAC Bk JR it %

AL HES IR E AR S 52 m 8/ .
| /5 —a—300 m¥h ]
E= —=— m
of  FRTTIORA 1712

—— 400 m*h

Cl -+ 400 m*/h S,
0 " " " " ,28
2000 3000 4000 5000
FEZEHLEE 3/ (r/min)

E2 ARHNET, EHENR/ HSEERBERNEENTL
Fig. 2 Compressor suction and discharge temperature change

with compressor speed under different air inlet volume
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Fig. 3 Compressor suction and discharge pressure change

with compressor speed under different air inlet volume
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Fig. 4 Heating capacity change with compressor speed under

different air inlet volume
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Fig. 6 Compressor suction and discharge temperature change

with ambient temperature under different air inlet volume
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Fig. 7 Compressor suction and discharge pressure change

with ambient temperature under different air inlet volume
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Fig. 8 Heating capacity at various ambient temperatures

under different air inlet volume
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Tab.4 Air conditioning power consumption at different ambient temperatures
Mg/ C il P/ kW JEAEHLIIFE/ kW PTC 2 3/kW JFJA PTC HLFE/kW

-10 1.94 0.86 1.94 2.04
-7 2.59 0.95 2.59 2.73
-3 3.06 1.09 3.06 3.22
0 3.31 1.20 3.31 3.48
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Fig. 11 Comparison of vehicle driving range
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