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Fig. 1. (color online) Variations of heat transferred (a) Qu, (b) QL, (c) net work input W and (d) the efficiency n of the

QHE with variables D; and D3 in isoline map for parameters 77 =2, 7o =1, J =1 and B = 4.
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Fig. 2. (color online) Variations of heat transferred (a) Qu, (b) QL, (c) net work input W and (d) the efficiency n
of the QHE with variables Dj and Dsg in isoline map for parameters 71 =2, 7o =1, J =1 and B = 6.
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Fig. 4. (color online) In the case of Q23 + Q41 > 0, variations of heat transferred (a) Qu, (b) QL, (c) net work input W and
(d) the efficiency n of the QHE with variables D; and Dy in isoline map for parameters 73 =2, 7o =1, J =1 and B = 4.
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Abstract

Recently, the influences of the Dzyaloshinski-Moriya (DM) interaction on the performances of the basic thermo-
dynamical quantities have attracted a lot of attention. A large number of investigations on the quantum coupling systems
with DM interaction have been carried out. However, the specific effects of spin-orbit coupling with the performance
on the quantum heat engine have not been taken into account in previous studies. DM interaction is a special kind
spin-orbit coupling. To enrich the research of the quantum heat engines, the investigation about the effect of DM
interaction on its thermodynamic characteristics should be included. In this study, we construct two entangled quantum
engines based on spin-1/2 systems with different DM interactions, with the spin exchange constant and magnetic field
fixed. The quantum Otto engine and the quantum Stirling engine are discussed in this article. By numerical calculation,
we obtain the expressions for several thermodynamic quantities and plot the isoline maps of the variation of the basic
thermodynamic quantities such as heat transfer, work with D; and D> and their efficiency in the two engines. The results
indicate that the DM interaction plays an important role in the thermodynamic quantities for the quantum Otto engine
and the quantum Stirling engine. In addition, the positive work condition is discussed with different DM interactions,
with the spin exchange constant and magnetic field. Furthermore fixed, it is found that the efficiency of quantum Otto
engine cycle is smaller than the Carnot efficiency while the quantum Stirling cycle can exceed the Carnot efficiency by
using the regenerator. Finally, the second law of thermodynamics is shown to be valid in the two entangled quantum

systems.
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