The optimal performance of quantum refrigeration cycle working with spin systems
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In recent years, the optimal analysis on the performance characteristics of thermodynamic cycles has been extended to the regime of quantum cycles. In the present paper, a new model of quantum Brayton refrigeration cycle using the spin-1/2 systems as the working substance is established which is composed of two adiabatic and two isomagnetic field processes. Firstly, The thermodynamics property of a spin-1/2 system is given, based on the quantum master equation and semi-group approach. The performance characteristics of the quantum Brayton refrigeration cycle are analyzed. Secondly, the important performance parameters such as the coefficient of performance, cooling rate, and power input are optimized. Especially, at high temperatures the optimal relation of the cooling rate and the maximum cooling rate are derived in detail. Finally, these results obtained here may be generalized for the spin-J systems. The optimum performance of the quantum Ericsson or Carnot refrigeration cycles may be derived similarly.

