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Analysis of the Optimal Working Condition of the
Compressed Air Multistage Expansion Refrigeration System
Liu Xue Ma Guoyuan Rong Weilai
( School of Mechanical and Energy Engineering, Beijing University of Technology, Beijing, 100124 )

[ Abstract] Because the traditional artificial refrigerant destroys the atmospheric ozone layer and produces the greenhouse effect,
the replacement of synthetic working fluid with natural working fluid has attracted more and more attention from the refrigeration
circles at home and abroad. In this paper, a new compressed air multi-stage expansion refrigeration system is introduced, in which
the compressed air is successively expanded by the expander for work and refrigerated in the spray chamber, and the cold air from
the final outlet of the system can be sent into the room for further refrigeration. The thermodynamic principle is used to calculate
the correlation between the expansion ratio ratio, inlet temperature/humidity and the change of effective expansion work. The
results show that the best total cooling capacity is obtained when the ratio of the expansion ratio is m=1, and the highest effective
expansion work is obtained when m<1, and the effective expansion work decreases with the increase of m. When the inlet air
temperature of compressed air increases from 20°C to 30°C and the relative humidity @ of the inlet air increases from 40% to 60%,
the effective expansion work gradually decreases with the increase of inlet temperature/relative humidity, showing a negative
correlation. In the actual system design process, the above influencing factors can be comprehensively considered to improve the
cooling efficiency of the system.

[Keywords] Compressed air expansion refrigeration; Multi-stage compression; Effective expansion work
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