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Abstract. In this paper, the transcritical CO2 system is experimental studied, influence of heat 

source on system performance is analyzed. The experimental results show that the cooling water 

flow has no obvious effect on the system performance and it may be owed to the limitations of this 

experimental device. The cooling water temperature has a great impact on the system performance, 

COPh decreases about 21.7%, COPc decreases about 26.6% from the maximum value when the 

cooling water temperature range from 25℃ to 35℃. The chilled water flow and temperature has a 

little impact on heating coefficient of performance, while it has a great impact on the cooling 

coefficient of performance. When COPh and COPc get the extreme value with the increase of 

chilled water flow, COPh decreases about 2.61%, COPc increases about 29%. COPh increases about 

7.5%, COPc increases about 55.1% when the chilled water temperature ranges from 7℃ to 17℃. 

Introduction 

Natural refrigerants are increasingly becoming the refrigerant of choice to replace the 

environmentally harmful CFCs and HCFCs, and the application of natural refrigerant CO2 is of 

great significance to reduce the greenhouse effect and ozone depletion. The former IIR chairman G. 

Lorentzen [1] is the first to advance the CO2 transcritical cycle, and think that CO2 is "the most 

prospects refrigerant of the 21st century". CO2 has its unique advantages [2] as a refrigerant such as 

environmental safety, favorable thermodynamic properties, and non-flammability.  

In recent years, several researchers [3–6] have investigated the transcritical CO2 system. But the 

coefficient of performance of the transcritical system is not high because of their lower critical 

temperature (31℃). Therefore, the key to promote the transcritical CO2 cycle is to improve the 

system performance. It is required to investigate the performance improvement of the transcritical 

CO2 system. In the paper, the transcritical CO2 system is experimental investigated, and influence 

of cooling water and chilled water on the heat output (Qh), refrigerating capacity (Qc), compressor 

work (W) , heating coefficient of performance (COPh) and cooling coefficient of performance 

(COPc) is analyzed, which could provide a basis for the optimization of transcritical CO2 

refrigeration cycle. 
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Experimental Apparatus 

Fig. 1 shows a schematic diagram of the experimental apparatus, which consists of three loops: 

transcritical CO2 refrigeration system, cooling water system and chilled water system. The 

transcritical CO2 refrigeration system as the core part of the system consists of a compressor, a gas 

cooler, a pre-evaporator, an evaporator, a throttle valve, an internal heat exchanger, a gas-liquid 

separator and an oil separator. A manual throttle valve is used. The piston-type compressor has 

theoretical displacement of 3.5m3/h. 

 

Fig. 1 Schematic diagram of the experimental apparatus 

1-Compressor  2-Oil separator  3-Gas cooler  4-Reservoir  5-Drier-filter  6-Magnet valve  7-Throttle valve   

8-Pre-evaporator  9- Evaporator  10-Gas-liquid separator  11-Internal heat exchanger 

F-Rotermeter  V-Control valve  P-Water pump  H-Heater  T-Water tank 

The data collection including the pressure, temperature of refrigerant, chilled water and cooling 

water temperature, power and current of compressor and the heater. The temperature was measured 

using WZP-BW-type platinum resistance thermometer, the calibration of measurement error is 

±0.1 ℃. Silicon-proliferation BP800-type pressure sensor with accuracy of 0.5‰ was used to 

measure the pressure. Rotameter was used to measure the flow of cooling water and chilled water, 

and its error is less than 3%. 

Analysis of Experimental Results 

Influence of Cooling Water on System Performance 

Fig.2 shows the variation of heat output (Qh), refrigerating capacity (Qc), compressor work (W) , 

heating coefficient of performance (COPh) and cooling coefficient of performance (COPc) with 

cooling water flow (W1). It shows that heat output, refrigerating capacity and compressor work 

changed slightly with the increase of cooling water flow, which cause the heating coefficient of 
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performance and cooling coefficient of performance changed a little. The cooling water flow has no 

obvious effect on the system performance may be owed to the limitations of this experimental 

device. 

Fig.3 shows the variation of heat output (Qh), refrigerating capacity (Qc), compressor work (W) , 

heating coefficient of performance (COPh) and cooling coefficient of performance (COPc) with 

cooling water temperature (T1). It shows that heat output decreases slowly with the increase of 

cooling water temperature, while refrigerating capacity first increases slowly and then decreases 

with the increase of cooling water temperature, and the compressor work has a linear increase with 

the increase of cooling water temperature. System performance corresponding to changes of heat 

output, refrigerating capacity and compressor work, heating coefficient of performance showing the 

trend of decreases, and cooling coefficient of performance showing the trend of first increases and 

then decreases. When the cooling water temperature range from 25℃ to 35℃, COPh decreases 

about 21.7%, COPc decreases about 26.6% from the maximum value. The cooling water 

temperature has a great impact on the system performance. 
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Influence of Chilled Water on System Performance 

Fig.4 shows the variation of heat output (Qh), refrigerating capacity (Qc), compressor work (W) , 

heating coefficient of performance (COPh) and cooling coefficient of performance (COPc) with 

chilled water flow (W2). It shows that heat output first decreases slowly and then increases, while 

refrigerating capacity first increases fast and then decreases slowly with the increase of chilled 

water flow, and the compressor work changed slightly. Heating coefficient of performance first 

decreases and then increases with the increase of chilled water flow, but cooling coefficient of 

performance first increases fast and then decreases slowly. The chilled water flow has a little impact 

on heating coefficient of performance, while it has a great impact on the cooling coefficient of 

performance. When they get the extreme value with the increase of chilled water flow, COPh 

decreases about 2.61%, COPc increases about 29%. 

Fig.5 shows the variation of heat output (Qh), refrigerating capacity (Qc), compressor work (W) , 

heating coefficient of performance (COPh) and cooling coefficient of performance (COPc) with 

chilled water temperature (T2). It shows that heat output first increases slowly and then almost does 

not change, while refrigerating capacity has a obviously increase with the increase of chilled water 

temperature, and the compressor work has a little increase. System performance corresponding to 

changes of heat output, refrigerating capacity and compressor work, heating coefficient of 

Fig.3. Variation of Qh, Qc, W, COPh and 

COPc with cooling water temperature 

Fig.2. Variation of Qh, Qc, W, COPh 

and COPc with cooling water flow 
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performance showing the trend of first increases slowly and then decreases slowly, and cooling 

coefficient of performance showing the trend of increases fast. When the chilled water temperature 

ranges from 7℃ to 17℃, COPh increases about 7.5%, COPc increases about 55.1%. The chilled 

water temperature has a great impact on the cooling coefficient of performance. 
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Conclusions 

In this paper, the transcritical CO2 system is experimental studied, influence of heat source on 

system performance is analyzed. The experimental results show that the cooling water flow has no 

obvious effect on the system performance which may be owed to the limitations of this 

experimental device. The cooling water temperature has a great impact on the system performance, 

COPh decreases about 21.7%, COPc decreases about 26.6% from the maximum value when the 

cooling water temperature range from 25℃ to 35℃. The chilled water flow and temperature has a 

little impact on heating coefficient of performance, while it has a great impact on the cooling 

coefficient of performance. When COPc gets the maxmium value with increase of chilled water 

flow it increases about 29%, and when the chilled water temperature ranges from 7℃ to 17℃, 

COPc increases about 55.1%. 
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Fig.5. Variation of Qh, Qc, W, COPh and 

COPc with chilled water temperature 

Fig.4. Variation of Qh, Qc, W, COPh 

and COPc with chilled water flow 
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