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1.Introduction

The situation faced by refrigerating and air conditioning industry has become increasingly severe, and the
greatest issue involved is the global environment. CFC refrigerants, which contain the ozone-depleting
substance chlorine, were completely abolished in 1995 in developed countries as a result of the Montreal
Protocol signed in 1987. Even HCFC refrigerants were regulated in 1996, and limitations imposed on these
substances will lower the level of their use to practically zero by 2020. Consequently, most refrigeration
and air conditioning equipment has been transitioning to HFC refrigerants, which contain no chlorine.
However, to reduce greenhouse gas emissions in response to the 3" Session of the Conference of the
Parties to the United Nations Framework Convention on Climate Change (COP3) held in Kyoto, the
changeover to HFC refrigerants in air conditioning equipment in Japan has been accompanied by efforts to
improve the energy efficiency of such equipment. This paper presents an overview of the high-efficiency
technology that is used in compressors, heat exchangers, and refrigerant circuits, which are key
components in small- to medium-sized air conditioning equipment using R410A.
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Stroke volume was optimized for the physical properties of the refrigerant, and improvements intended to
reduce leakage and mechanical loss were made in compressor working parts.

In addition, to enhance the efficiency of scroll compressors, the motor that drives the compressor uses
rare earth magnets (neodymium magnets) with high magnetic flux density for the rotor. Furthermore, the
motor is a compact, lightweight inverter-driven DC motor with outstanding performance. As shown in
Figure 2, use of the DC motor provides greater efficiency regardless of the motor speed.[S]

3.Heat Exchangers Using R410A

R410A is a high-pressure refrigerant characterized
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Table 1 shows the specifications of the tube with helical groove developed for use with R410A. The
number of grooves was increased relative to the tube for R22 and the helix angle was also increased to
improve the heat transfer coefficient in the tube. The groove height was reduced to bring pressure loss to
an appropriate level. The developed heat transfer tube has achieved enhanced efficiency with 1.7% COP in
cooling and 2.4% COP in heating.!®]
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4.High Efficiency Refrigeration Cycle Technology

Technologies to increase refrigeration cycle efficiency include gas injection and subcooling bypass. Two
examples of gas injection will be described S
first. A
(1) Gas Injection Cycle
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Next, an example of the subcooling
bypass cycle is shown in Figure 7. This Figure 7. Subcooling Bypass Cycle

includes a heat exchanger for subcooling.

In this method, a portion of the liquid refrigerant is depressurized and caused to undergo heat exchange
with liquid refrigerant in the main circuit so as to increase the subcooling. It can raise the COP 15% when
cooling.

The methods in these examples lower the enthalpy of the liquid refrigerant, thereby increasing the
enthalpy difference at the evaporator. The amount of circulating refrigerant that flows into the evaporator is
reduced, but the pressure loss on the low-pressure side is also reduced so that the heat of vaporization is
higher, thus enabling improvement of the COP.



(3) COP Improvement Effect 4.40
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Figure 9 shows annual CO, emission Figure 8. COP Improvement of Model 140 Unit
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Conclusion

The preceding has presented an overview of high-efficiency technology that is used in compressors, heat
exchangers, and refrigerant circuits, which are key components in small to medeum-sized air conditioning
equipment. The adoption of HFCs, together with energy-saving technologies, are issues of growing
importance, and it will be necessary to continue forging ahead with development of technology in these
areas.
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