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(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China)

Abstract: To address the issue where carbon dioxide reaches the injection station near its critical temperature, leading to
reduced performance or even failure of the injection pump. A novel dense-phase carbon dioxide pressurization system is
proposed, which is composed of a booster pump, an expander, a jet pump, and other components. The feasibility of the system
was verified through theoretical analysis. Firstly, a thermodynamic model of the system was established, and REFPROP was
utilized to calculate the physical states. The influence of key parameters on the split ratio was analyzed using the split ratio as an
indicator. Subsequently, the least squares method was employed to fit the functional relationship between the inlet parameters of
injection pump and the split ratio. Finally, the annual total economic cost analysis and environmental analysis were carried out
by using the obtained optimal split rate. The research results indicate that in the new dense-phase carbon dioxide pressurization
system, a portion of the pipeline carbon dioxide flow is diverted to the expander to perform work, thereby driving the injection
pump without the need for additional electrical input. It is concluded that among the parameters such as pipeline inlet pressure,
temperature, expansion ratio, and pump inlet temperature, the pipeline inlet pressure has the greatest impact on the split ratio.
When the pipeline inlet pressure is between 8 to 10 MPa, there is an optimal split ratio of approximately 55.5%, which allows
the expander to meet both the power supply demand and provide sufficient cooling capacity. As the operational time increases,
the new system gradually demonstrates its advantages. When the operational period reaches 30 years, the new pressurization
system can save 60% of capital investment. Additionally, the new system can reduce carbon dioxide emissions by 980 kg per
hour when operating at the optimal split ratio.
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