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I have known Mr. Michal Pavelka since the year 2010 when I became a supervisor of his 
diploma Thesis Thermodynamic analysis of processes in electrolytic fuel cell membrane.  
He concentrated to the thermodynamic description of the transport processes in general and he 
penetrated very deep in the non-equilibrium thermodynamic. The broad knowledge in the 
modern thermodynamics is manifested in his PhD Thesis. 
   
Review  
In GENERIC formulation the Onsager-Casimir relation are proved with the hope of their 
validity far from equilibrium. Their validity follows from the introduction of the 
thermodynamic potential (1.18) with the thermodynamic force definition (1.32).  The question 
is, if such potential exists for the processes far from thermodynamic equilibrium. For example 
for metastable systems (lasers, chemical reactions, even for fuel cells operating close to 
maximum power density , etc). The assumption of some potential existence is rather 
restrictive, because of many real (time irreversible processes) are described by hyperbolic 
equations with the finite propagation speed and with the strong dispersion. Typical example is 
existence of condensation or evaporation shocks in two phase flows. 
 
Classical irreversible thermodynamic is formulated by somewhat impractical way, when the 
local time changes are spitted from the space changes (used are only gradients). The reason is 
probably, to omit “dangerous convective” term. However, without this term cannot be 
described any real experiment. Such theory can be probably used in the “ideal chemical 
experiments” and it can be applicable to the solid body theory (without creep). Nevertheless, 
here it serves as the exercise in the GENERIC formulation for the description of the 
propagation of small perturbations and for the formulation of the processes where the 
convection can be neglected, e.g., in electrochemistry.   
 
 Water sorption modeling is described in detail. The theory explains the hysteresis in the 
absorption and desorption rates. This model very precisely describes the influence of 
hydrophobicity of Nafion. In opposite, to hydrophilic materials, where the absorption takes 
shorter time than desorption, it is for hydrophobic materials absorption longer then 
desorption. This discrepancy is usually described by the differences of the chemical potentials 
between the sorbent and water. Here, the diffusion of water in PEM was formulated in the 
Lagrangian coordinates including swelling and it was solved numerically.  The hysteresis is 
the consequence of the nonlinear water uptake dependence, which was determined 
experimentally. 
 
The main objective of the PhD dissertation was the analysis of the interaction of diffusion and 
electric conductivity in fuel cells. These electrochemical reactions in the Low Temperature 
Hydrogen Fuel Cells are described by the Butler-Volmer equation. The transport of protons 



through Polymer Electrolytic Membrane was described using Onsager-Casimir relations and 
the coupling between the water diffusion and proton conductivity vas introduced. It was 
numerically calculated V-I characteristics (and efficiency) on the value of this coupling 
coefficient. Its actual value has to be determined experimentally. This part of PhD Thesis is 
closely connected with the research program of the Department Engineering of special 
materials  at the New Technology Research Centre at University of West Bohemia. 
 
 
The analysis of open circuit voltage of vanadium redox flow batteries was done as one 
example of the equilibrium thermodynamic application. To the condition of zero 
electrochemical affinities the Debye –Hückel correction of electric potential for electrolytes 
was added and the open circuit voltage dependency on the state of charge was calculated and 
compared with experiment. This part was not formulated in the PhD objectives and it was 
done due to close collaboration of  Michal Pavelka with the group Morphology and surface 
texture of materials  at the New Technology Research Centre at University of West Bohemia. 
 
Conclusion 
During his PhD study I have the close contact with the Michal and owing to I have no any 
additional remarks. The goals of the PhD Thesis was completely accomplished and in many 
parts exceeded, the achieved results were published in the international journals with IF. I am 
convinced that Michal Pavelka is able to solve complex scientific problems. With regard to 
his very good moral characteristics and expertise and the high quality of his work, I 
recommend his PhD Thesis for the defense at the Faculty of Mathematics and Physics Charles 
University at Prague.    
 
 
 
Prague, May 4. 2015    Prof. Eng. František Maršík, DrSc. 
      PhD Thesis supervisor 
 
      Faculty of Mathematics and Physics 
      Charles University in Prague, 
 
 


