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Simulation of Heat Transfer Narrow Point Distribution in
Transcritical CO, Heat Pump Gas Cooler

CONG Yan,WANG Ruilin,CONG Feng, QIU Xinpei,SHI Hangyu, LIU Huyang
( China Petroleum and Chemical Corporation Shengli Oilfield Branch, Dongying, Shandong 257099 , China )

Abstract; The temperature difference between the inlet and outlet of CO, in the gas cooler of the transeritical CO, heat
pump is large and there is no phase change, which is quite different from conventional cooling systems. The process is
complex and variable, resulting in the inability to obtain heat transfer parameters and determine the position of the heat
transfer narrow point and the temperature of the heat transfer fluid under different pressure conditions during heat transfer
process. Therefore, the author explored a simulation method for the narrow point distribution of heat transfer in CO, heat
pump gas coolers. A mathematical model for a transcritical CO, heat pump gas cooler was established, including a
compressor model and a heat pump cycle model. Relevant calculation formulas were constructed using distributed
parameter methods to characterize the heat transfer process between CO, and the cooling medium in the gas cooler and
obtain relevant parameters. On this basis, simulation analysis was conducted on the conditions and distribution of heat
transfer narrow points in the gas cooler of a transcritical CO, heat pump. Firstly, the relevant assumptions were made.
Then, formulas were derived that need to be satisfied for the occurrence of heat transfer narrow spots based on energy
balance and other formulas, combined with typical heat transfer narrow spot theory. Furthermore, the corresponding

positions of heat transfer narrow spots and the temperature of heat transfer fluid were obtain under different pressure
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conditions, and simulation of heat transfer narrow spot distribution was achieved. The results show that the deviation

between the CO, mass flow rate obtained by this model and the actual value is less than 0. 100 kg/s. And there are

significant differences in the distribution of heat transfer narrow points at different working pressures (6.00 ~ 12. 00

MPa) ,the narrow point phenomenon is weakened when the working pressure increased. When the heat transfer area is in

the range of 4.0 ~7.0 m’, the heat transfer narrow point temperature difference increases first and then tends to be

stable with the increase of area. The simulation method has certain reference value for engineering practice.

Keywords: CO, heat pump; gas cooler; narrow point of heat transfer; distribution simulation; heat transfer fluid
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Figure 1  Structure of transeritical CO, heat pump
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Figure 2 CO, cooling process inside gas cooler
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Table 1  Parameters of gas cooler for transcritical CO, heat pump
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Figure 3 Experimental scenario of heat

transfer narrow point simulation
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Figure 4 Heat transfer narrow point simulation

results under different working pressures
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point temperature difference and heat transfer area
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