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Studies on the Steady State and Dynamic Characteristics of
a Carbon Dioxide Air-Conditioning System for Vehicles
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Abstract

In this study, an air conditioning system using carbon dioxide as a refrigerant was developed for
automotive cabin cooling. Experiments have been carried out to examine the steady state and dynamic
characteristics of this system. The system consists of a compressor, a gas cooler, an evaporator, an
expansion device, an internal heat exchanger and an accumulator. The compressor is a variable
displacement type, driven by the electric motor, and the gas cooler and the evaporator are aluminum
extruded heat exchangers of micro channel type. The CO;-refrigerant charge, the compressor speed, the
air inlet temperature of the gas cooler, the air inlet temperature and the air flow rate of the evaporator
and the cooling load are varied and the performance of the system is experimentally investigated. As
the compressor speed increased, cooling capacity increased, but the coefficient of performance was
deteriorated. As the cabin air temperature or the air flow rate to the cabin was set high, both the
cooling capacity and the COP increased. In the cool down experiment with 1.0 or 2.0 kW of heat
load, the dynamic characteristics of the air-conditioning system were investigated. For a given capacity
of compressor, cool down speed was monitored, and the temperature change was acceptable for low
heat load condition.
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Fig. 1 Test facility of a CO: air conditioning system for vehicles
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Table 1 System component specification
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Table 3 Test conditions for steady state experiments

Component l Specification Condition Unit Value
Mechanically driven Refrigerant charge kg 1.0
Swash plate type Degree of superheat T 16
c ess0 Variable 15 cc displacement c g 700/900/1200°/1500/
ompressor
P 47 KW at 3000 pm OmPpressor spee P 1800210012400
1.2/1.5/1.8°72.1/2.5/
707140 bar Gas cooler air speed | m/s
600-8000 rpm 3.03.5
icrochannel, 1 slab Gas cooler air inlet| .
Gas cooler Microchannel, 1 sla ° MW o | 31353943747
W692 x H367 mm temperature.
icrochannel. lab Evaporator air inlet .
Evaporator Mictochannel, 4 slabs vap et 23127131735
W248 x H235 mm temperature
i E rator air f] .
Internal heat Coaxial tube, counter flow vapo air  flow 1 /min 4/5/6/7"/8
exchanger L 1500 mm rate
i i i Evaporator air inlet .
Expansion devices Manual metering valve ép. ar inle % 25/35/50
Accumulator 400 cc humidity

Table 2 Specifications of the heat exchangers

Gas Cooler | Evaporator
Port diameter (mm) 0.687 0.687
Number of tubes 39 24
Tube thickness (mm) 2 2
Tube pitch (mm) 10 10
Tube depth (mm) 16 16
Tube length (mm) 660 235
Fin height (mm) 8 8
Fin depth (mm) 16 38
Fin thickness (mm) 0.1 0.1
Fin density (fins/in) 20.32 15.24
Fin length (mm) 650 225
Fin pitch (mm) 1.25 1.65
Louver angle 40 40
Port number 13 13
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Table 4 Test conditions for dynamic experiments

Condition Unit Value
Refrigerant charge kg 1.0
Degree of superheat T 16
Compressor speed rpm 700/1500/2400
Gas cooler air speed m/s 1.2/2.1/3.5
Gas oooler air inlet terrperature T 43
Evaporator air inlet termperature T 43
Evaporator air flow rate m'/min 7
Evaporator air infet humidity % 25
Initial heat loads kw 1.0 /2.0
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Fig. 2 Effect of compressor speed on the system
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