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Clausius Inequality

Consider a system undergoing a reversible cycle. The given cycle may be sub-

divided by drawing a family of reversible adiabatic lines. Every two adjacent 

adiabatic lines may be joined by two reversible isotherms (refers to Figure 1)

Fig.1
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Clausius Inequality cont…….
Now,

and

Also, is a Carnot cycle which receives heat dQ1 during the a1b1 process 
and rejects heat dQ2 during the d1c1 process. Let the heat addition be at temperature T1

and the heat rejection be at temperature T2. Then it is possible to write,

and

or,
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Since dQ2 is negative, it reduces to

Similarly for the cycle e1f1h1g1

If similar equations are written for all the elementary cycles, then

or,

This is known as Clausius’s theorem
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Clausius Inequality cont…….

Let us go back to the cycle  a1b1d1c1

Now                  where,                          and this is not equal to

For the irreversible cycle

or,

and

Because dQ2 is negative.



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-1 )

Clausius Inequality cont…….

Similarly, for the irreversible cycle e1g1h1f1

Summing up all elementary cycles

The above two conclusions about reversible and irreversible cycles can be generalized as

The equality holds good for a reversible cycle and the inequality holds good for an irreversible 
cycles. The complete expression is known as Clausius Inequality.
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Concept of Entropy:-

Clausius inequality can be used to analyze the cyclic process in a quantitative manner. The 

second law became a law of wider applicability when Clausius introduced the property 

called entropy. By evaluating the entropy change, one can explain as to why spontaneous 

processes occur only in one direction.

Fig.1

Consider a system in initial state 1. Let the system be taken from state 1 to state 2 along a 

reversible path 1-A-2, and then be restored to its initial state by following another 

reversible path 2BI (Figure 1). Then the two paths put together form a reversible cycle 

1A2BI. Apply the Clausius inequality to this reversible cycle and obtain
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Concept of Entropy cont…..

or,

or,

Since path 2B1 is reversible, the limits of the integral can be reversed. That is,                         

has the same value whether the path followed is 1A2 or 1B2. It is possible to connect the 

states 1 and 2 by several reversible paths and see that          has the same value irrespective 

of the path as long as the paths are reversible. Therefore is an exact differential of 

some function which we identify as entropy. Hence it can be said that there exists a 

function S, called entropy, the change in entropy is expressed as
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This follows from the Clausius inequality as a consequence of the second law of 
thermodynamics. Therefore

(for reversible process only)

Calculation of Entropy Change

The following facts should be kept in mind while calculating the change in entropy for a 
process

1. for a reversible process

2. Entropy is a state function. The entropy change of a system is determined by its initial 
and final states only, irrespective of how the system has changed its state.

3. In analyzing irreversible proceses, it is not necessary to make a direct analysis of the 
actual process. One can substitute the actual process by a reversible process 
connecting the final state to the initial state, and the entropy change for the 
imaginary reversible process can be evaluated.
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Concept of Entropy cont…..

Entropy change for some elementary processes

a. Absorption of energy by a constant temperature reservoir

A certain amount of heat is added to a constant temperature reservoir. The actual process 

can be replaced by a reversible path in which an equivalent amount of energy is added to 

the reservoir. Then, the entropy change of the reservoir is given by

b. Heating or Cooling of matter 

The heating can be carried out either at constant pressure or at constant volume. From the 

first law of thermodynamics

for constant volume heating/cooling process

for constant pressure heating/cooling process

for a constant pressure process
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Concept of Entropy cont…..

or,

ln(T2/T1) for a constant pressure process

Similarly,

for a constant volume process

or,

ln(T2/T1) , for a constant volume process

(c) phase change at constant temperature and pressure

Melting :                                            [sf=solid to liquid]  

Evaporation:                                     [fg = liquid to vapor]
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Concept of Entropy cont…..

(d) Change of state for an ideal gas

If an ideal gas undergoes a change of state from to

or,

or,

or,

or,

ln
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Concept of Entropy cont…..

Again,

or, 

or,

or,

or,

or,

or,

ln ln

For a constant temperature process is either            ln or,       ln
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• Principle of entropy increase
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PRINCIPLE OF ENTROPY INCREASE:-
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PRINCIPLE OF ENTROPY INCREASE cont…..
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PRINCIPLE OF ENTROPY INCREASE cont…..
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Application of entropy principle
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Application of entropy principle:-
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Application of entropy principle cont…..
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Application of entropy principle cont….
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Application of entropy principle cont….
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 Temperature – Entropy Diagram



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-5 ) 

Temperature – Entropy Diagram:-
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Temperature – Entropy Diagram:-
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Temperature – Entropy Diagram:-
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 TdS Equations

 Statement of the third law of thermodynamics. 



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-6 ) 

TdS Equations:-

For a closed system containing a pure compressible substance undergoing a reversible process.

or                                   (per unit mass)

This is the famous Gibbsian equation.

• Eliminate du by using the definition of enthalpy

Thus,

Also,

Important: These equations relate the entropy change of a system to the changes in 

other properties : dh,du,dp,dv Therefore, they are independent of the process .

These relations can be used for reversible as well as irreversible processes.
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Statement of the third law of thermodynamics:-

• ‘Third law of thermodynamics’, an independent principle uncovered by 
‘Nernst’ and formulated by ‘Planck’, states that the “Entropy of a pure 
substance approaches zero at absolute zero temperature.” This fact can 
also be corroborated by the definition of entropy which says it is a 
measure of molecular disorderness. At absolute zero temperature 
substance molecules get frozen and do not have any activity, therefore 
it may be assigned zero entropy value at crystalline state. Although the 
attainment of absolute zero temperature is impossible practically, 
however theoretically it can be used for defining absolute entropy value 
with respect to zero entropy at absolute zero temperature. Second law 
of thermodynamics also shows that absolute zero temperature can’t be 
achieved.Third law of thermodynamics is of high theoretical 
significance for the sake of absolute property definitions and has found 
great utility in thermodynamics. 
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 Available Energy



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-7 ) 

Available Energy:-
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Available Energy Referred to a Cycle
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Decrease (loss) in Available Energy when heat is transferred through a Finite

Temperature Difference:-



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-7 ) 



Engineering Thermodynamics (BME-12)

UNIT-III (Lecture-7 ) 



Engineering Thermodynamics (BME-12)

UNIT-III

Lecture-8 

The lecture contains

 Dead state

 Availability

 Availability in a Steady flow Process

 Availability in a Non flow Process
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Dead state:-
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Availability:-

Availability in a Steady flow Process:-
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Availability in a Non flow Process:-
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 Irreversibility

 Second law efficiency 

 Helmholtz & Gibb‘s function 
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Irreversibility:-
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Second law efficiency:-

Helmholtz & Gibb‘s function:-
For a simple compressible system of fixed chemical composition

thermodynamic properties can be given from combination of

first law and second law of thermodynamics as,

• du = T · ds – pdv

• dh = T · ds + vdp

Gibbs function (g) and Helmholtz function (f) are properties

defined as below.
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Gibbs function,

g = h −T · s , on unit mass basis i.e. specific Gibb’s function

also, G = H −T · S

Helmholtz function, ƒ = u – T · s , on unit mass basis i.e. specific Helmholtz function

also, F = U – T · S,In differential form Gibbs function can be given as below for an infinitesimal

reversible process dg = dh – T · ds – s · dT

dg = vdp − sdT for a reversible isothermal process,             =

For a “reversible isobaric and isothermal process”, dp = 0, dT = 0 dG = 0i.e. G = constant

• ‘Gibbs function’ is also termed as ‘Gibbs free energy’. For a reversible isobaric and

isothermal process Gibbs free energy remains constant or Gibbs function of the

process remains constant. Such reversible thermodynamic processes may occur in the

processes involving change of phase, such as sublimation, fusion, vaporization etc., in

which Gibbs free energy remains constant.

‘Helmholtz function’ is also called ‘Helmholtz free energy’. For any infinitesimal

reversible process Helmholtz function can be given in differential form as,

dƒ = du – T · ds – sdT

or, df = − pdv − sdT

or, dF = − pdV − SdT
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