
Chapter 7 

ENTROPY 
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Clausius Inequality 

• The Clausius inequality states that: 

• It can be shown that, for internally reversible cycles (e.g. 

Carnot cycle): 

 
𝛿𝑄

𝑇
int rev

=0 

 
𝛿𝑄

𝑇
irr

<0 

• It can also be shown that, for irreversible cycles: 
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• The cyclic integral of a quantity is zero 

only if that quantity is a property. 

• EXAMPLE: Cyclic integral of volume. 

 

• This means that     is a property 
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Results of Clausius Inequality 
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• The formal definition of the property   is: 
𝛿𝑄
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Definition of Entropy 

• S is a property called entropy. 

• Entropy is an extensive property. 

• Since entropy is a property, entropy change between 

two specified states is the same. 
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• Assume we have a cycle consisting of two processes. 

• Process 1-2 could be reversible or irreversible. 

• Process 2-1 is internally reversible. 

• According to Clausius inequality: 

Entropy Generation 
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• Some entropy is generated or created during an 

irreversible process, and this generation is due entirely 

to the presence of irreversibilities. 

• The entropy generation Sgen is always a positive quantity 

or zero. 

• For an internally reversible process, Sgen = 0 

Entropy Generation 
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A system and its surroundings 

form an isolated system. 

The increase of 

entropy principle 

0 

The Increase of Entropy Principle 
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• A process must proceed in the 

direction that complies with the 

increase of entropy principle. A 

process that violates this 

principle is impossible.  

• Entropy is a nonconserved 

property, and there is no such 

thing as the conservation of 

entropy principle.  

Some Remarks About Entropy 

The entropy change of a 

system can be negative, but the 

entropy generation cannot. 
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• The performance of engineering systems is degraded 

by the presence of irreversibilities. 

• Entropy generation is a measure of the magnitudes of 

the irreversibilities during that process.  

• Entropy generation is also used to establish criteria for 

the performance of engineering devices. 

Some Remarks About Entropy 
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• Entropy is a property, and 

thus the value of entropy of 

a system is fixed once the 

state of the system is fixed.  

• The entropy of a pure 

substance is determined 

from the tables (like other 

properties). 

• The unit of entropy is kJ/K. 

• The unit of specific entropy 

is kJ/kg.K. 

 

Entropy Change of Pure Substances 
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• A process during which the entropy remains constant is 

called an isentropic process. 

Isentropic Processes 
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• If a process is internally reversible AND adiabatic, it is 

automatically isentropic. 

Isentropic Processes 

0 (adiabatic) 
0 (internally reversible) 
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Property Diagrams Involving Entropy 

• On a T-S diagram, the area under the process curve represents 

the heat transfer for internally reversible processes. 
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Understanding Entropy 

• Entropy is a measure of the level of 

molecular disorder of a substance. 

• The higher the level of disorder, the 

higher the entropy. 

• Gases have higher molecular disorder 

 they have higher entropy. 

• The higher the level of disorder, the 

more disorganized energy becomes. 
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• A pure crystalline substance at absolute zero 

temperature is in perfect order, and its entropy is zero. 

• This is called the third law of thermodynamics. 

Understanding Entropy 
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• Work is an organized form of 

transferring energy. 

• All molecules are moving in the 

same direction. 

Work does not involve entropy. 

 

EXAMPLE 

• Raising a weight by a rotating 

shaft does not create any 

disorder (entropy) 

 Energy is not degraded during 

this process. 

Understanding Entropy 
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• The paddle-wheel work done on a gas increases the 

level of disorder (entropy) of the gas. 

• Energy is degraded during this process. 

• Converting work to heat degrades energy. 

Understanding Entropy 
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• During a heat transfer process between a hot and a 

cold body, the entropy of the hot body decreases, and 

the entropy of the cold body increases. 

• Net entropy increases (according to the Increase of 

Entropy Principle). 

 Heat transfer always involves generation of 

entropy, and degrades energy. 

Understanding Entropy 
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THE T ds RELATIONS 

• By applying the first law of thermodynamics on a 

system having an internally reversible process: 

This is called the Gibbs Equation 

OR 

The First TdS Relation 
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The T dS Relations 

• By applying the definition of enthalpy (h = u + Pv) on 

the first T dS equation, we get: 

• This is called the Second T dS equation. 
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The T dS Relations 

• Dividing the two T dS equations by T, we get: 
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• Liquids and solids can be approximated as incompressible 

substances since their specific volumes remain nearly 

constant during a process, i.e. dv ≈ 0 

Entropy Change of Liquids and Solids 

0 

• We have seen earlier that, for liquids and solids: 

 cp = cv = c  AND   du = c dT 
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• From the first T ds relation: 

Entropy Change of Ideal Gases 

• We also know that, for ideal gases: 
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• From the second T ds relation: 

Entropy Change of Ideal Gases 

• We also know that, for ideal gases: 
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Constant Specific Heats (Approximate Analysis) 

• Under the constant-specific-heat 

assumption, the specific heat is 

assumed to be constant at some 

average value. 

• In this case: 
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Variable Specific Heats (Exact Analysis) 

We choose absolute zero as the reference 

temperature and define a function s° as 

The entropy of an 

ideal gas depends on 

both T and P. The 

function s0 represents 

only the temperature-

dependent part of 

entropy. 
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Isentropic Processes of Ideal Gases 
Approximate Analysis 

• Setting this eq. equal to zero, we get 

• We know that: and 

• Using a similar approach, it can be shown that: 

and  
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• exp(s°/R) is called the relative pressure Pr 

• It is listed in Table A-17 for air 

Isentropic Processes of Ideal Gases 
Exact Analysis 
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Isentropic Processes of Ideal Gases 
Exact Analysis 

• T/Pr  is called the relative specific volume vr 

• It is listed in Table A-17 for air 
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• When kinetic and potential energies are negligible 

Reversible Steady Flow Work 

• If a steady flow process is reversible, the 1st law can be 

written as: 

• In the mean time, we know that: 
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Remarks on Reversible Steady Flow Work 

• The larger the specific volume, the greater the 

work produced (or consumed) by a steady-flow 

device. 

• It can be shown that work-producing devices 

(e.g. turbines) deliver more work when they 

operate reversibly. 

• It can also be shown that work-consuming 

devices (e.g. compressors) require less work 

when they operate reversibly. 
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Proof that Steady-Flow Devices Deliver the Most and Consume 

the Least Work when the Process Is Reversible 

A reversible turbine delivers more 

work than an irreversible one if 

both operate between the same 

end states. 

Actual 

Reversible 

Work-producing devices such as 

turbines deliver more work, and work-

consuming devices such as pumps 

and compressors require less work 

when they operate reversibly. 

Taking heat input and work output positive: 
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Remarks on Reversible Steady Flow Work 

• If an adiabatic device (e.g. turbine, compressor, etc.) 

involves no irreversibilities: 

• The device will produce (or consume) reversible work. 

• The process becomes isentropic. 

0 (adiabatic) 
0 (internally reversible) 

• In this case, reversible work can be used as a reference for 

the performance of the equivalent real devices. 

• The comparison is made through a quantity called 

isentropic efficiency. 
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Isentropic Efficiency of Turbines 
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• For a pump, quantifying reversible 

(isentropic) work is simple: 

Isentropic Efficiency of Compressors and Pumps 

• The specific volume for liquids is 

nearly constant: 
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Isentropic Efficiency of Nozzles 

• If the inlet velocity of the fluid is 

small relative to the exit 

velocity, the energy balance is: 

Then, 


