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Quasi-linear versus potential-based formulations of force-flux relations and the GENERIC for irreversible processes: Comparisons and examples
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Abstract: An essential part in modeling out-of-equilibrium dynamics is the formulation of irreversible dynamics. In the latter, the major task consists in specifying the relations between thermodynamic forces and fluxes. In the literature, mainly two distinct approaches are used for the specification of force-flux relations.  On the one hand, quasi-linear relations are employed, which are based on the physics of transport processes and fluctuation-dissipation theorems [1,2]. On the other hand, force-flux relations are also often represented in potential form with the help of a dissipation potential [3]. We address the question of how these two approaches are related. 
The main result of this presentation states that the class of models formulated by quasi-linear relations is larger than what can be described in a potential-based formulation. While the relation between the two methods is shown in general terms, it is demonstrated also with the help of three examples: (i) heat conduction in rigid bodies, (ii) homogeneous chemical reactions, and (iii) slippage in complex fluids. In particular, whereas the irreversible processes (i) and (ii) are dissipative, (iii) is not. Consequently, conditions for the existence of a dissipation potential for the models of (i) and (ii) can be formulated. On the other hand, the potential for the model of (iii) is identically zero. More generally, this is the case for the model of any irreversible process which results in no dissipation. Finally, the ramifications of these results on the General Equation for the Non-Equilibrium Reversible-Irreversible Coupling (GENERIC: e.g., [4-6]) are discussed.
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