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Abstract

Fractional rheological constitutive equations have attracted considerable attention due to their
ability to describe complex viscoelastic fluid behaviors. However, most existing studies primarily
focus on the mathematical generalization of constitutive relations, while the corresponding me-
chanical analogues and thermodynamic compatibility have not been systematically examined,
leaving the physical rationality of such models insufficiently clarified. Based on the classical Jef-
freys model, a modified five-parameter Jeffreys constitutive equation is constructed from the
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perspective of mechanical modelling. Furthermore, the thermodynamic compatibility of the pro-
posed model is systematically investigated, and sufficient conditions ensuring compliance with the
second law of thermodynamics are established, thereby verifying its physical admissibility. This
study provides valuable theoretical insight into the construction of viscoelastic constitutive mod-
els.
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Figure 1. Mechanical elements: (a) spring, (b) dashpot, (c) fractional element
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Figure 2. Mechanical structure of the classic Jeffreys model
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Figure 3. Mechanical structure of the modified five-parameter Jeffreys model
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