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Development of Electrically-driven Heat Pump System with CO,-refirigerant
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We adopted carbon dioxide (CO.) as a refrigerant, because it is a natural refrigerant and it doesn’t affect global

warming. To make the most of the features of CO,-refrigerant and to get sufficient heating performance, this

system is automatic, and has a cooler mode, heater mode and dehumidifier mode, and is well capable of corresponding

to the target temperature. In this paper, the whole system is detailed as well as its controlling part and its effects.
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Table 1 Refrigerant attributes

HFC134a| CO,
Molecular mass (kg/kmol) 102.03 | 44.01
Boiling temperature (°C) -26.2 -78.5
Critical temperature (°C) 101.2 31.1
Critical pressure (MPa) 4.07 7.38
Pressure at 0°C (MPa) 0.293 3.485
Latent heat of vaporization at 0°C (kJ/kg) | 198.4 231.6
Vol. refrigeration capacity at 0°C (kJ/m3) | 2860 22600
Coefficient of performance (COP) 4.1 3.2
(0 °C/50 °C)
Global warming potential (GWP) 1300 1
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Fig. 1 Advantages of CO:; refrigerant air-conditioner
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[Dehumidifier mode]
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Fig. 2 System composition
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Fig. 3 Dehumidifier mode control
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Fig. 4 Control over mode change
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Table 2 Specification of components

Component Specification

Electric compressor Scroll, 3.8 cm3/rev

Interior gas cooler Multi flow type (MF)

W213.4xH159.1xD33

Exterior gas cooler MF
W713.9xH417.2xD16
Evaporator MF

W255.9xH259.4xD38

Internal heat exchanger | Counter flow type

W166.1xH60

Exterior gas cooler Evaporator

Interior
gas cooler

Internal heat \
exchanger ~ Accumulator

/ \ Electric
Expansion valve compressor

Magnet valve

Fig. 5 Appearance components
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Condition
Airflow : 350 m3/h

Wind speed : 3.5 m/s
Inlet mode : Fresh air

Spec of compressor
€O, : 3.8 cm3, 12000 r/min
HFC134a: 27 cm3, 8500 r/min
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Fig. 6 Result of heating capacity
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Fig. 7 Result of temperature control
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- Condition
Ambient temp. : 0 °C
Speed : 40 km/h
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Fig. 8 Result of warm-up test on vehicle
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