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Final Report: 

The doctoral thesis of Mr. Michal Pavelka embraces both theoretical and applied aspects of 

irreversible phenomena and non-equilibrium thermodynamics. Broadly speaking the thesis tackles 

three main topics related to irreversible thermodynamics (IT): 

1. Equivalence of definitions of a reversible process presented in the literature under the 

umbrella of different formulations of IT, including GENERIC, time reversal transformation 

(Hamiltonian Mechanics), and entropy-generation based definition of reversibility. 

2. Irreversible transport phenomena, in particular charge and mass transport, in electrochemical 

devices including solid oxide fuel cells (SOFC) and PEM fuel cells; 

3. Alternative approach to exergy analysis for the analysis and optimization of engineering 

systems by means of a Second-law based approach. 

Furthermore, each one of the above mentioned topics are backed by classical equilibrium 

thermodynamics (CIT) which is the established theoretical ground upon which the thesis is  

developed.  

Overall, in the reviewer’s opinion, the thesis is well structured and presents interesting novel 

aspects that could be eventually further developed by the candidate in the future. This is also shown 

by the high-quality publications of Mr. Pavelka in high impact factor journals, including Physical 

Review E, Applied Energy, and International Journal of Hydrogen Resources.  

In the reviewer’s opinion the work developed by Mr. Pavelka is throughout detailed, well supported 

by recent contributions in the literature and by classical/ground-breaking works in IT, and it 

proposes novel contributions to the field. Thus, in my opinion, the thesis and the profile of the 

candidate are certainly suitable to tackle the thesis defence on the 24
th

 of June 2015. 

In the following more specific comments on thesis sections are provided: 

 Chapter 1: the candidates successfully provides a proof of equivalence between various 

definition of irreversibility. Also he shows that in the GENERIC framework irreversibility 

is naturally included through the introduction of dissipative potential (or dissipative 

braket). Onsager reciprocal relations are shown to be implied by the structure of GENERIC 

which also leads to generalization of Onsager relations to far-from-equilibrium. The proofs 

presented in this section are clearly new scientific results which also show that the 

candidate has good ability for creative scientific work. Also, the framework illustrated in 



this chapter represents a good platform for possible other applications of GENERIC to 

irreversible phenomena at mesoscale level.  

A few minor comments here: in Chapter 1 the candidate does not provides a clear 

definition of equilibrium, is the common one adopted in CIT? Equilibrium 

conditions/considerations are often mentioned and used throughout the thesis but a clear 

definition is missing.  

 Chapter 3: this section of the thesis presents interesting analyses of irreversible transport 

phenomena in fuel cells. Butler-Volmer equation is formulated in the GENERIC 

framework and each term in BV equation is given a clear meaning within the context of 

irreversible thermodynamics. Section 3.3 is particularly valuable both from theoretical 

point of view and from engineering prospective. Coupled transport phenomena (electric 

charge and mass) in Nafilon membranes are investigated. This led the candidate to explicit 

expressions for water and proton fluxes. From engineering point of view this is particularly 

valuable because coupling phenomena are commonly neglected in the design of PEM fuel 

cells. In the reviewer’s opinion there is room for further exploring this field and related 

ones, for example extending the proposed approach to include the other major transport 

phenomena in PEM and validate the proposed approach. 

In Chapter 3 the candidate also presents a numerical and theoretical explanation of 

asymmetry in the unsteady sorption of water by Nafilon membrane. The numerical results 

clearly shows very good agreement with experimental data. However, it would have been 

useful to detail more deeply the numerical aspects of the developed model. The latter is 

clearly consists in a FEM approach, but no details are presented about, for example, 

accuracy, grid independence, time-step independence, etc of the model. This could have 

been better illustrated since the specialization of this thesis is Mathematical and Computer 

Modeling. 

 Chapter 3, Section 3.6: Analysis of efficiency. This section deserves some particular 

comments since, in the reviewer’s opinion, it is the weakest part of the thesis. The 

underline assumption of this section is that “standard” exergy analysis has some inherently 

restrictions. Namely, according to the candidate’s point of view, a) only one heat transfer 

rate (∆Q0) is “not known” or “uncontrolled” (pag. 58,59), and non-isothermal boundaries 

prevents to use standard exergy analysis. 

Apparently, in the reviewer’s opinion, the candidate has not fully mastered the aspects of 

exergy analysis. Firstly, exergy is defined as: the maximum amount of work that can be 

obtained from a systems by a reversible transformation that brings the system in 

equilibrium with the external “environment”. A key concept in exergy analysis is the so 

called “environment” and the corresponding unique “dead state” (Kotas; Gaggioli; Keenan 

& Beretta). From the concept of “environment” and “dead state” it is a natural choice to 

have (∆Q0) has the only one that can “float” (varies) (Bejan). This is essential to perform 

meaningful exergy-based optimization of systems. In fact, if during an optimization also 

other ∆Qi are let to vary the analyst is comparing systems with different Wrev (maximum 

work achievable by the system), which can evidently lead to misleading results, such as 

systems with higher W (actual work produced/absorbed by the system) but actually more 

inefficient of other designs with smaller W. For further details please refer to literature 

from Kotas, Gaggioli, Moran, Bejan, Keenan, Beretta, et al. 



The way that exergy analysis is used in engineering is also apparently misunderstood. 

According to Eq. (3.121) the candidate indicates that one of the aims of exergy analysis is 

to achieve a functional between Wmax and other thermodynamic energy interactions (heat 

transfer rates, kinetic energy etc). This leads the candidate to point out (pag. 59) that 

standard exergy analysis is restricted to the cases for which the heat transfer rates 

∆Q1…∆Qn are a priori known. However, any “standard” exergy analysis of a sufficiently 

complex system is actually performed without knowing a priori those (and eventually 

others) energy interactions experienced by system! in fact, exergy analysis, in its simplest 

form, that is eq. (3.120) is performed a posteriori of energy/heat transfer/mass transfer 

analysis of the system under investigation. Through those energy/heat transfer/mass 

transfer investigations the analyst identifies all the energy transfer rates and 

thermodynamic states associated to the system while it operates to achieve the purpose for 

which it has been conceived. Subsequently, exergy analysis is typically carried out. Thus, 

the issue of not knowing ∆Q1…∆Qn does not represents a weak point of exergy analysis. 

The latter, moreover, as presented in the thesis, is completely equivalent to a second-law 

analysis. If fact exergy analysis shows its full potential when used as first step toward more 

involved analysis such as exergy costing, thermo-economics, exergo-economics, etc. 

As far as non-isothermal boundaries are concerned,  these can be actually accounted for in 

an exergy analysis, at least in a discrete fashion, even at the macroscopic system level (i.e. 

balance equations) implied by eqs. 3.117 to 3.120. A continuum variation of 

thermodynamic properties (as temperature of boundaries) can be fully embedded in exergy 

analysis through the approach proposed by Dumbar, Lior, and Gaggioli.  

 

 

      

 

 

 

 

 


