
Irreversible versus Reversible process towards common Equilibrium  

(former with fully dissipated work-potential with entropy generation, and latter with work-

potential extraction and entropy conservation) 

Original manuscript: “Elusive Nature of Entropy and Its Physical Meaning” by M. Kostic 

 Regarding Applicability of Caloric Eq. (9) and general Eqs. (10 or 11) for the System A and B coming 

to equilibrium at constant volume and isolated from the surroundings: 

 

Eq.(9), in my original manuscript, “Elusive Nature of Entropy and Its Physical Meaning,” is used for 

caloric processes (heat transfer without work interactions), for example: 
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Fig. 1MK: System A and B, each at constant volume, in thermal contact but 

isolated from the rest of surroundings 
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For isolated, combined system, Sys=A+B from initial state 1 to final state 2, Eq.(9) cannot be used 

since there is no boundary, caloric heat transfer, but the general Eq.(10 or 11), where dQSys=QGen 

should be used, since QBry=0: 
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which is the same as your results with A=Pb and B=H2O. Note (see the Figure) that the work potential 

WRev and entropy generation SGen for process 12 is not related and thus not dependent on any reference 

dead-state (Po,To) since the combined system (A+B) is isolated from its surroundings but is capable of 

producing (extracting) work1 due to its initial non-equilibrium, which is completely lost after coming 

spontaneously (irreversibly) in mutual equilibrium. Actually, the required condition for spontaneous 

process is existence of “mutual work potential,” while “exergy” is ‘hypothetical work potential’ IF a 

system reversibly comes to equilibrium with an arbitrary reference dead-state, which is useful for 

comparison, and practical if our systems are coming in equilibrium with such a reference surroundings 

(i.e., the case with many engineering processes and the Earth’s surroundings, i.e., environment). 

Note also that boundary heat transfer (QBry) at finite temperature difference may be considered as 

reversible at boundary temperature TBry and that the irreversibility takes place within the system 

when the boundary heat is received at a lower system temperature TSys, thus resulting in 

dissipated or generated heat and the remaining reversible heat at the system level, as stated in 

the manuscript. This may be confusing and I will clarify it better in the revised manuscript. All 

depends where the irreversibility takes place (in a layer close to the boundary on the system or 

surroundings’ side, or within the system as a whole), but if properly accounted for will result in 

the same physical result. 

Furthermore, the irreversibility is related to a process, not a system per se. For example, if the 

(sub)system B is heated from TB to TAB,  instead with system A, but with an identical system  B+ 

initially at TAB by cooling it to TB, then such a process would be reversible and without entropy 

generation since SB=-SB
+ and SBB

+ =SBB
+

,Gen=0. 

The Entropy (equilibrium property) is elusive and so is irreversible Entropy generation (a process 

quantity) that becomes the property after the process is finished. 

If the reversible work potential is extracted from the combined system A+B it will come to different 

mutual equilibrium at TAB,Rev  (where SAB(Rev) =SA,ABRev=-SB,ABRev =0; a Figure is needed to 

illustrate this) than in spontaneous irreversible case at TAB=TAB,Irr, since the work potential will dissipate 

within the combined system instead of being extracted out, i.e.: 
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 "The irreversible work loss (WLoss) and entropy generation (SGen) are function of the initial (1) and final (2) 

process states’ properties ONLY and NOT of any other reference dead-state, as it might (mistakenly) appear, 

since the combined system (A+B) is isolated from any other surrounding system [since the two systems come to 

mutual equilibrium, and do not interact with the surrounding]!"  What is going on during heat transfer from 

subsystem A to subsystem B in an isolated container until equilibrium is reached, is independent and irrelevant 

from any reference "dead" state outside the isolated combined system.  

 Therefore, it is INAPPROPRIATE to use Exergy (which is based on a hypothetical reference, 

surrounding dead-state), since exergy is defined based on a hypothetical work potential with reference to a 

"dead" (To, Po) surroundings, thus different hypothetical Work loss (X1-X2, function of To & Po) than actual 

Work loss relative to mutual equilibrium state reached between two isolated sub/systems (there is no To, Po in 

the above expressions). 

PPS: We are aware that the thermal phenomena are elusive and coupled with other energy forms.  
I am working to decouple thermal, from other internal forms of energies, where the "caloric heat transfer processes" 
(only heating/cooling with full dissipation of work potential) and "reversible heat transfer" (with extraction of full Carnot 
work potential) are two extreme cases. A reasonable physical intuition has an advantage over "blind" analytics. For 
example, intuitively the change of Exergy should not depend on value of reference dead state (Po,To), even though 
the Exergy does, and analytics may misguide the physicality. For example: 
 
Exergy of heat Q1 at temperature T1 is Ex1=Q1(1-To/T1) and for state 2 would be Ex2=Q2(1-To/T2), so: 
      Ex1-Ex2=Q1(1-To/T1) - Q2(1-To/T2), as if it is a function of To. 
However, for Exergy, i.e., the reversible work potential, the Q2/T2=Q1/T1, the relevant quantities are correlated, so the 
above is reduced to: 
      Ex1-Ex2=Q1(1-To/T1) - (Q1T2/T1)(1-To/T2)=(Q1/T1)(T1-T2), thus NOT function of To! 
  
The similar applies in general, for cyclic (stationary) reversible processes (like Carnot’s), since no net-entropic but only 
net-thermal interaction with surrounding, i.e., relevant Q1 & Q2 are correlated with U1 & U2, etc...  
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