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Study on the Performance Comparison between Single-stage and
Double-stage Transcritical CO, Ground Source Heat Pump Systems

WANG Yan-jie, LIU Xiong,OU Jing-sai
( School of Building Services Science and Engineering, Xian University of Architecture and Technology ,
Xi'an, China, Post Code; 710055)

Abstract: Two new types of single-stage and double-stage transcriticial carbon dioxide ground source
heat pump systems driven by constant temperature and humidity air handling units with high energy con-
sumption were proposed. Then,by establishing thermodynamic calculation models,the COP of the steady-
state operating conditions of the two systems in winter were calculated theoretically. And the influences of
the factors such as the temperature of outdoor fresh air, fresh air ratio, and water temperature at the en-
trance of buried pipes on the performance of the two systems were studied. The results show that the COP
of both single and double stage system decrease with the increase of fresh air temperature. While the per-
formance improvement rate of double-stage over single-stage system remains almost unchanged when the
fresh air needs to be preheated ,but it decreases approximately linearly when the fresh air does not need to
be preheated. In addition, it increases approximately linearly with the increase of fresh air ratio, but de-
creases approximately linearly with the increase of water temperature at the entrance of buried pipe. A-
mong the three conditions, the water temperature at the entrance of buried pipes has the greatest impact on
the performance difference between the two systems, followed by the fresh air ratio,and then the fresh air
temperature having the least impact.
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Fig. 1 Diagram of single-stage transcritical CO, ground

source heat pump for driving constant temperature

and humidity air handling unit
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Fig. 2 Diagram of double-stage transcritical CO, ground

source heat pump for driving constant temperature

and humidity air handling unit
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Fig.3 COP of single-stage / double-stage system

under different fresh air temperatures
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Fig. 4 Performance improvement rate of double-stage
over single-stage system under different fresh

air temperatures
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over single-stage system under different fresh air ratio
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