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Physical modelling of transport phenomena within engineering thermal systems

Research effort has been dedicated to the application of thermodynamic variational principles for the
mathematical formulations of engineering phenomena recurrent in thermal systems. Specifically, the
Principle of minimum energy and Prigogine’s Theorem of minimum entropy generation to Falling film
wetting [1] and two-phase refrigerant distribution in microchannel heat exchangers [2][6], respectively. In
parallel, an Artificial Intelligence approach has been investigated on the latter phenomenon and reverse
network explored for device optimization procedures [3]. Genetic Algorithm has been implemented for
circuitry optimization in finned-tube heat exchangers [7] [8] and system-scale optimal operation [4]. A
simplified formulation through Taylor series approximation was implemented as the mathematical
framework for modelling open refrigerated display cabinets in combination with the representation given by
collected experimental data [5]. Other semi-theoretical models were obtained for desiccant wetting [9] and
two-phase flow void fraction [10]. The international collaboration with Prof. Felix Ziegler (TUB) and Prof.
Alberto Coronas (Universitat Rovira i Virgili) has resulted in a final draft of a review paper on Absorption
Heat Transformers, which is being internally reviewed and will be submitted during the second year at
WIAS.

Given the shared effort in a generalized formulation of irreversible processes within non-equilibrium
Thermodynamics, research collaboration has been started with Prof. Hiroaki Yoshimura at the Dept. of
Applied Mech. and Aerospace Eng. First general modelling efforts carried out this year will be the basis for
achieving a unifying formulation of the phenomena of interest for thermal systems and for expressing the
mathematical framework of semi-empirical models obtained in combination with experimental
measurements gathered in collaboration with Prof. Kiyoshi Saito (Dept. of Applied Mech. and Aerospace
Eng.).
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