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Water Heater Using CO2 Heat Pump
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This paper presents our new COz2 heat pump, a new ejector cycle “EJECS®II”, developed for water heater to
improve efficiency of the pump. In order to improve the efficiency, we have mainly focused on the frost formation
of the evaporators and the circulation flow rate of compressor lubrication oil as key technical efficiency improvement
items. Through our investigation, firstly, it was clarified that the different temperature between the upwind and
downwind evaporators makes the frost formation time longer and consequently, it brings an efficiency improvement.
Accordingly, we have developed the new system with the above-mentioned evaporators using the pressure
increase function of the ejector in a creative manner. Secondly, it was clarified that the suppression of the amount
of oil getting mixed with the refrigerant in the heat exchanger provided an efficiency improvement. Thus, by using
the EJECS® II and a high-efficient oil separator of the scroll compressor, the oil circulation flow rate was suppressed,
and consequently, the heat pump efficiency was improved. In addition to the above, the gas cooler was also improved
to be more efficient and have a lower pressure drop by adapting ultrafine offset fins. As a result, the efficiency of our
new COz heat pump increased by about 16% compared with that of the current heat pump.
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Fig. 1 Mechanism of the ejector
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Fig. 2 Appearance of heat pump
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Fig. 3 Image of the frost on the evaporator of EJECS® |
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Fig. 4 Image of the frost on the evaporator of EJECS®II
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Fig. 5 Top view of the evaporator
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Fig. 6 Frost amount and frost time ratio

Table 2 Characteristics of the new ejector cycle
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Fig. 10 Ratio comparison of volume to performance
between the current and new gas cooler

Fig. 8 Cross-sectional photo of gas cooler
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Fig. 11 Ratio comparison of pressure drop to performance
between the current and new gas cooler
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