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Chapter 5 
Entropy Generation (Exergy Destruction) 
Outline 

 Lost Available Work 

 Cycles 

 Heat engine cycles 

 Refrigeration cycles 
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 Nonflow Processes 
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or «Irreversibility» 
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The main purpose of studying the lost available work is to diagnose the areas 
where irreversibilities are taking place in a prosess so that thermodynamic 
improvements can be made. 
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In most flow systems P0 dV/dt = 0, 
therefore ẊW = Ẇ  (i.e., exergy transfer 

by work is simply the work itself) 
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Lost available work is defined as the difference between the maximum available 
work Wrev  and the actual work W.  Alternatively it can be defined as: 

WrevWlost XXX   )(Same as Ẇlost Same as Ẋdes 
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Exergy balance  of the open system discussed can be shown on a flow diagram 
as follows: 



Lost Exergy in Cycles 
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Heat Engine Cycles 
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Heat Engine Cycles 
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Heat Engine Cycles 
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Heat Engine Cycles 
Second-law efficiency of a heat-engine cycle can also be expressed 
as follows: 
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Ambient 
TH 

 They are closed systems in communication with two heat 
reservoirs 

 (1) the cold space (at TL) from which refrigeration load 
QL is extracted 

 (2) the ambient (at TH) to which heat QH is rejected 
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Refrigeration Cycles 
Temperature -energy diagram for a refrigeration cycle proposed by Adrian Bejan  
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Refrigeration Cycles 
Energy conversion vs exergy destruction during a refrigeration cycle 
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Heat-Pump Cycles 
Energy conversion vs exergy destruction during a heat-pump cycle 
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Heat-Pump Cycles 
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Nonflow Processes 
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the reversible work 
delivered by a fixed-mass 
system during a process in 
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the only reservoir. 



Steady-flow Processes 
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Steady-flow Processes 
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Remember the flow exergy from Chp 4 
The flow work is done against the fluid 
upstream in excess of the boundary work 
against the atmosphere such that exergy 
associated with this flow work: 

                       xflow = Pv – P0v = (P – P0)v 
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HOMEWORK 
 Determine (by drawing an exergy wheel diagram) the 

exergy flow with the associated exergy destruction 
components of each component of a simple vapor-
compression refrigeration cycle. Write down the 
exergy balance equations for each component and 
state any assumptions made. 



Mechanisms of Entropy Generation 
or Exergy Destruction 

Heat Transfer across a Finite 
Temperature Difference 

Flow with Friction 

Mixing 


