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A Thermodynamic Analysis for Combined Cooling and Power Systems
Consisting of Allam Cycle and Transcritical Carbon Dioxide Cycle

LI Bo, WANG Shunsen, SONG Liming

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A combined cooling and power system composed of the Allam cycle and transcritical
carbon dioxide cycle is proposed to achieve the goal of carbon neutrality and full use of the cold
energy of liquefied natural gas. The components in the proposed system are modeled in detail,
and the thermodynamic analysis as well as parameter sensitivity analysis of the system is
conducted. Simulation results show that the net output power of the cogeneration system is
9.54% higher than that of the single Allam cycle and the cooling capacity of the system is 5. 15
MW under the design condition. The results of parametric analysis show that the net output
power of the combined cycle increases first then decreases with the increase of the inlet
temperature and outlet pressure of the top-cycle turbine, that is, there are optimal inlet
temperature and outlet pressure of the top-cycle turbine to maximize the net power output of the
combined cycle. When the outlet pressure of the bottom cycle turbine increases, the output
power and refrigeration capacity of the system decrease significantly. The proposed cogeneration
system has the characteristics of modular design. Thus, this system can flexibly adjust the
capacity parameters to adapt to different design conditions, and has a good engineering prospect.
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Fig. 1 A flowchart of the proposed combined cooling and power system
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Table 2 Validation of transcritical CO, cycle model
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Table 3 Design parameters of the cogeneration system
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Table 5 Design performance of the cogeneration system
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