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Performance Analysis of an Automotive Air Conditioning System
Using HFC-134a as an Alternative Refrigerant
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Abstract

As concerns increase over the dangers of environmental destruction on a global scale,
CFC regulations have finally been carried out and some CFC’s are expected to be phased out
by the end of 1995. The research for alternative refrigerants is very demanding. The major
activities related to alternative refrigerants are focused on two different areas; one is the de-
velopment of mixed refrigerants by using the existing refrigerants, and the other is the devel-
opment of new HFC refrigerants.

One of the most promising alternative refrigerant for CFC-12 is HFC-134a. HFC-134a
has often been used as a replacement of CFC-12 for automotive air-conditioners. However,
due to different thermodynamic properties of HFC-134a, performances of the replaced
system are degraded compared with those of the CFC-12 system. Sometimes, the complete
redesign of the system is required. In order to analyse and design the new system effectively,
the developement of a system simulation program, in which HFC-134a can be selected as a
refrigerant, 1s recommended. Therefore, the summary of this research is as follows : (1) The
various thermodynamic properties of HFC-134a are analysed and programmed. (2) The
model for serpentine heat exchanger 1s developed and programmed. (3) These subroutines
are integrated to develop to develop an automotive air conditioning system simulation pro-
gram which is verified by the test results. (4) The verified program is used to analyse the

performance of a selected automotive air conditioning system.
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Table 1 Specification Used for Car Air-conditioner Simulation
Item Content
Type Reciprocal(Fixed Dischage)
Compressor | Speed(rpm) 1,000~ 3,000
Volume(cm?*) 160.59
Type Capillary Tube
Expansion | Diameter(mm) 2.6
Device Length(mm) 1,090
The Number of Tubes 1
Type Finned-tube
Evaporator | Frontal Area(m) 0.018
Air Flow Rate(m?*/min) 4.95
Type Serpentine(Plate-fin)
Condenser | Frontal Area(m) 0.28
Air Flow Rate(m?*/min) 25.5
Refrigerant | High Pressure Side Diameter(cm) 0.649
Pipe Low Pressure Side Diameter(cm) 1.742
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Table 2 Comparison of Calculated Data to Measured Data

1,000 rpm
Calculated Data Measured Data Error(% )
Power Consumption(kW) 1.302 1.350 —3.69
Capacity (kW) 4.310 4.189 +2.89
COP 3.313 3.103 +6.76
2,000 rpm
Calculated Data Measured Data Error(%)
Power Consumption(kW) 1.811 1.871 —3.31
Capacity (kW) 4.862 4.742 +2.53
COP 2.685 2.535 +5.91
3,000 rpm
Calculated Data Measured Data Error( %)
Power Consumption(kW) 1.948 2.022 —3.80
Capacity (kW) 5.205 5.071 +2.64
COP 2.671 2.509 +6.46
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