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ME 201 
Thermodynamics 

 
Reversibility, Irreversibility, and Availability Examples 

 
Example:  Reversible Work, Irreversibility, and 2nd Law Efficiency for a Non-ideal Turbine 
Steam enters an ideal turbine at 12 MPa and 700°C, and exhausts at 0.6 MPa.  If the turbine has 
an isentropic efficiency 0.88, what are the reversible work, irreversibility, and second law 
efficiency. 
Solution: 
We begin with our 1st law calculation 

System Type: Control Volume 
Substance Type: Compressible (steam) 

Device: Non-Ideal Turbine(adiabatic with ηs = 0.8) 
State 1 (steam inlet): Fixed 

State 2s (ideal steam outlet): unknown 
State 2a (actual steam outlet): unknown 

Wideal: unknown 
Wact = ηsWideal 

Q = 0 
Wbnd = 0 

conservation of mass: 
1st law:  , 

State 1 ( inlet) State 2s (ideal outlet) State 2a (actual outlet) 
T1 = 700°C T2s = 225.2°C T2a = 279.4°C 
P1 = 12 MPa P2s = 0.6 MPa P2a = 0.6 MPa 
h1 = 3858.4 kJ/kg h2s = 2904.1 kJ/kg h2a = 3018.6 kJ/kg 
s1 = 7.0757 kJ/(kg K) s2s = 7.0757 kJ/(kg K) s2a = 7.2946 kJ/(kg K) 
phase: sup.vap phase: sup.vap. phase: sup.vap. 
Italicized values from tables. Bold values are calculated 
 
Approach:  Since state 1 is fixed we may go to the steam tables and obtain the remaining 
properties.  We may fix state 2s by using the isentropic condition for the ideal turbine, and then 
use the 1st law to calculate the ideal power.  The actual power can be calculated from the 
efficiency equation, and then the actual exit enthalpy from the first law.  This will fix state 2a, 
and allow us to calculate the desired parameters. 
 
At 12 MPa we find a saturation temperature of 324.75°C, which means that we have superheated 
vapor.  Going to the superheat tables we find 
 h1 = 385804 kJ/k and s1 =7.0757 kJ/(kg K) 
At state 2s we have 
 s2s = s1 = 7.0757 kJ/(kg K) 
which then fixes the state at 2s.  From the steam tables we find at 0.6 MPa 
 sf = 1.9312 kJ/kg and sg = 6.7600 kJ/kg 
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so we still have superheated vapor and find 
 h2s = 2904.1 kJ/k and T2s = 225.2°C 
The ideal work is then calculated from the 1st law as 
  kJ/kg  954.3  2904.1-3858.4  hh  w s21ideal ==−=  

The actual work is calculated from the efficiency 
 kJ/kg  839.8  .3)(0.88)(954  w  w idealsact ==η=  

The actual exit enthalpy is calculated from the 1st law 
  kJ/kg  3018.6  839.8 - 3858.4  w-h  h act1a2 ===  

At 0.6 MPa 
 hf = 670.56 kJ/kg and hg = 2756.8 kJ/kg 
so we have superheated vapor with 
 s2a = 7.2946 kJ/(kg K) and T2a = 279.4°C 
Our reversible work is then 

 

( )
 kJ/kg 904.7 

7.2946)-57(298)(7.07-3018.6-3858.4  s-sT-h-h = w 2a1surr2a1rev

=
=

 

The second law efficiency is  

  0.93  
904.7

839.8
  

w

w
  = 

rev

act
II ==η  

and the irreversibility is given by 
 i = wrev - wact = 904.7 - 839.8 = 64.9 kJ/kg 
 
Example:  Reversible Work for a Non-work Device 
What is the irreversibility and reversible work associated with air flowing through a ventilation 
duct that goes from 105 kPa and 10°C to 101 kPa and 14°C? 
Solution: 
Our reversible work for a control volume is given by 
 ( )[ ] s-sT-h-hm = W exitinletreservoirheat exitinletrev &&  

Since we do not know the mass flow rate we will calculate this on a per mass basis or 
 ( )exitinletreservoirheat exitinletrev s-sT-h-h = w  

We will assume that our heat reservoir is the ambient air and take its temperature to be 298 K.  
Then going to the air tables we find 
at 10°C (283 K) 
 hinlet = 283.14 kJ/kg  soinlet = 1.6434 kJ/(kg⋅K) 
at 14°C (287 K) 
 hexit = 287.15 kJ/kg  soexit = 1.6575 kJ/(kg⋅K) 
Then are reversible work becomes 

 kJ/kg 3.51 

101
105

(0.287)ln-1.6575-1.6434(298)-287.15-283.14 = w rev

=


















 

For the irreversibility we have 
 ( )   q - s-sT = i inletexithr  
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Our heat transfer is given by the 1st law or 
 q = hexit - hinlet = 287.15 - 283.14 = 4.01 kJ/kg 
so that 

 
 kJ/kg 3.51  4.01-

105

101
(0.287)ln-1.6434-1.6575(298)   i =















=
 

which would be the value we would have obtained if we would have used 
 i = wrev - wact 
where of course the actual work is zero. 
 
Availability deals with what is the maximum reversible work that can be done by a system in a 
given state, or better put, what final state will produce the maximum work?  The answer to this 
question is simply that once the system has reached equilibrium with the surroundings no 
spontaneous change of state will occur and no additional work can be extracted.  This state of the 
surroundings is often referred to as the dead state and properties evaluated at the dead state are 
indicated by the subscript "o".  Then the availability is given as 

 
( )
( )
( )  w = 

 W = 

W = 

maxrev

maxrev

maxrev

ψ

Ψ

Ψ
&&

 

Once the dead state has been fixed, the availability of a system actually becomes a property of the 
system.  Then at state B, we have 
Closed System 
 ( )[ ] s-sT-u-um = oBooBBΨ  

Control Volume System 
 ( )[ ] s-sT-h-hm = oBooBB &&Ψ  

 
Example:  Availability of Ideal Gases 
What system has more utility (can do more work) in a control volume, 0.1 kg/s of CO2 at 800 K 
and 200 kPa or 0.1 kg/s of N2 at 800 K and 200 kPa? 
Solution: 
The utility of the gas will be given by the availability.  Since we have control volumes we write 
 ( )[ ] s-sT-h-hm = oBooBB &&Ψ  

Expanding this for an ideal gas we have 

 
 

P
P

lnR - -T-h-hm = 
o

oBooBB


































⋅φφΨ &&

 

Taking our dead state to be at 298 K and 100 kPa, we may then go to the ideal gas tables for our 
two gases and find 



ME 201 Thermodynamics  Spring 2011 

 4 

For CO2 
 hB = 731.3 kJ/kg φB = 5.85 kJ/(kg⋅K) 
 ho = 212.8 kJ/kg φo = 4.86 kJ/(kg⋅K) 
 kW  6.252 = BΨ&  

For N2 
 hB = 846.9 kJ/kg φB = 7.89 kJ/(kg⋅K) 
 ho = 309.6 kJ/kg φo = 6.84 kJ/(kg⋅K) 
 kW  0.953 = BΨ&  

Since the availability rate for N2 is greater, it will have the greater utility. 
 


