Generalised Energy-Conserving Dissipative Particle Dynamics: a Coarse-Grain Method to Simulate
Complex Fluids Through a Locally Defined Fluctuating Thermodynamics
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In a recent article we introduced the so-called Generalised energy-conserving Dissipative Particle Dynamics
(GenDPDE) method [1,2]. In this simulation method particles are considered as mesoscopic objects for which one
can define a particle thermodynamics. However by construction, the variables defining the particle internal state are
fluctuating due to the mesoscopic size of the object. In the original DPDE definition[3], particle thermodynamics was
restricted to a linear relation between the stored energy u and the particle temperature T through u = CV 1, where
CV is the mesoparticle heat capacity. The force between DPDE particles was a function of the distance only,
independent of the temperature. Only with the introduction of the GenDPDE method the particle temperature and
interparticle forces are entangled, giving rise to temperature-dependent forces.

Unexpectedly, some fundamental questions about what can be referred to as heat and work in small fluctuating
systems have been risen. In this presentation we will show the theoretical implications of the definition of a local
thermodynamics for fluctuating systems and its application to the construction of a consistent framework for non-
equilibrium simulations of complex systems, as the GenDPDE. We show some applications to prove the internal
consistency and capacity of the method to be applied to important problems, e.g., the Chemical Engineering domain.
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