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Design guide of high temperature heat pump cycle based on thermodynamic analysis
- A proposal for refrigerant and higher efficiency technology selection -
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Abstract

Heat pump is recognized as one of the key technologies for decarbonization in industry. Recently, some high temperature
heat pumps which can supply hot water, hot air and steam have been developed in Japan, and now the developments are getting
popular in the world. In the meantime, some new refrigerants have been developed for the purpose of reducing the global
warming potential. It is expected that these new refrigerants can make both of heat pump supply temperature and efficiency
higher. Accordingly, the choice of refrigerants applicable to high temperature heat pumps is expanding.

This study focuses on a thermodynamic analysis for refrigerant and higher technology selection of high temperature heat
pump cycles. First, the characteristics of refrigerants applicable to high temperature heat pumps are categorized to analyze heat
pump cycles. Then, as a target of the simple heat pump cycle (composed of compressor, condenser, throttling valve and
evaporator), refrigerant selection in the wide range of the heat pump supply temperature from 60°C to 200°C are analyzed
thermodynamically for 16 pure refrigerants currently available on the market. As the results, shown is a map which can
determine the promising refrigerant and the upper limit of temperature lift for each supply temperature. Finally, 3 higher
efficiency technologies of internal heat exchanger, expander and two-stage compression with economizer are analyzed and the

effects are shown on the map.
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