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Abstract

The heat interaction behavior of gas systems is a crucial mechanism in thermodynamics. This paper
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extends the classical concept of “process heat capacity” from the special case of ideal gases to a uni-
fied analytical tool applicable to any quasi-static thermodynamic process. First, based on the first
law of thermodynamics and the gas state equation, we derive differential expressions for heat trans-
fer in several typical thermodynamic processes described by the ideal gas law, virial equation, and
van der Waals equation. Secondly, it systematically analyzes the turning points of heat absorption
and release, and summarizes the heat as an expression (dQ = CdT), and analyzes the heat absorption
and release behavior of the system based on a unified criterion (process heat capacity is zero). Fi-
nally, the criterion is applied to the negative slope linear process, and the same results as those in
existing literature are obtained. This study contributes to deepening the understanding of the es-
sence of thermodynamic processes and enhancing the modeling and analysis capabilities of com-
plex thermodynamic systems.
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Table 1. Characteristics of heat absorption and release in different thermodynamic processes
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