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Entropy 

It is the most important thermodynamic property, which serves as measure of 

the unavailability or degradation of energy. A thermodynamic quantity 

representing the unavailability of a system's thermal energy for conversion into 

mechanical work, often interpreted as the degree of disorder or randomness in 

the system. The entropy of a system is affected only by the nature of the matter 

under consideration and the state in which it exists. And it is not affect by the 

external position of the body or its motion relative to other bodies. 

➢ The entropy of the system is increased by the addition of heat through 

any mechanism or from source. 

➢ The increase in entropy accompanying the addition of a given amount of 

heat to a system with lowering the temperature at which the heat is added. 

And its lead to a great degradation of energy than at a higher temperature. 

➢ In addition , in order to complete the definition of entropy, the nature of 

the process should also be specified. The change in entropy (a state 

function) is dependent only on the initial and final states and not on the 

path. 

➢ The amount of heat transferred to measure the increase in entropy 

through the term (Q / T ) is the degradation of higher forms of energy into 

heat, which is possible only in a reversible process. Therefore be 

measured as (QR / T ) , where QR is the heat transferred when the process 

is occurring reversible. 

Equation for a Carnot engine may be written: 
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If the heat quantities refer to working fluid in the engine (rather than to the heat 

reservoirs), the numerical value of QH is positive and that of Qc is negative. 

The equivalent equation written without absolute-value signs is therefore 

𝑸𝑯

𝑻𝑯
=

−𝑸𝑪

𝑻𝑪
 

Or                                      
𝑸𝑯

𝑻𝑯
+

𝑸𝑪

𝑻𝑪
= 𝟎 

Each Carnot cycle has its own pair of isotherms TH and TC  and associated heat 

quantities QH and QC. When the adiabatic curves are so closely spaced that the 

isothermal steps are infinitesimal, the heat quantities become dQH and dQc, and 

equation  above for each Carnot cycle is written: 

𝑑𝑄𝐻

𝑇𝐻
+

𝑑𝑄𝐶

𝑇𝐶
= 0 

In this equation TH and Tc, absolute temperatures of the working fluid of the 

Carnot engines, are also the temperatures traversed by the working fluid of the 

arbitrary cycle. Summation of all quantities dQ/ T for the Carnot engines leads 

to the integral: 

 

where the circle in the integral sign signifies integration over the arbitrary cycle, 

and the subscript "rev" indicates that the cycle is reversible. Thus the quantities 

Qrev/T sum to zero for the arbitrary cycle, exhibiting the characteristic of a 

property. The property is called entropy, and its differential changes are: 
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Where : St the total (rather than molar) entropy of the system. Alternatively, 

 

If a process is reversible and adiabatic, dQrev = 0 ; dSt = 0 . Thus the entropy of 

a system is constant during a reversible adiabatic process, and the process is 

said to be isentropic. 

The change in entropy of any system undergoing a finite reversible process is:  

 

Integration is not carried out for the irreversible path. Since entropy is a state 

function, the entropy changes of the irreversible and reversible processes are 

identical. 

*The mathematical statement of the second law is that every process 

proceeds in such a direction the total entropy changes ΔSt associated with it 

is always positive, the process is possible.  

∆𝑺𝒕𝒐𝒕𝒂𝒍 ≥ 𝟎 

This mathematical statement of the second law affirms that every process 

proceeds in such a direction that the total entropy change associated with it is 

positive, the limiting value of zero being attained only by a reversible process. 

No process is possible for which the total entropy decreases. 
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Entropy Changes of an Ideal Gas: 

For one mole or a unit mass of fluid undergoing a mechanically reversible 

process in a closed system, the first law, becomes: 

 

Differentiation of the defining equation for enthalpy, 𝐻 =  𝑈 +  𝑃 𝑉, yields: 

 

Eliminating dU gives:  

.  

 

or For an ideal gas, 𝒅𝑯 =  𝑪𝒑
𝒊𝒈

. 𝒅𝑻 𝑎𝑛𝑑 𝑽 =  𝑹𝑻/ 𝑷. With these substitutions 

and then division by T, 

 

 

this becomes: 
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Where : S is the molar entropy of an ideal gas. Integration from an initial state 

at conditions T0 and P0 to a final state at conditions T and P gives: 

 

Although derived for a mechanically reversible process, this equation relates 

properties only, and is independent of the process causing the change of state. It 

is therefore a general equation for the calculation of entropy changes of an ideal 

gas. 

 

 

 

 

This form of the equation for entropy changes of an ideal gas may be useful 

when iterative calculations are required. 

It can be calculate the Cp
ig  from the equation below and depanding on the 

APPENDIX C and D  

(𝑪𝒑
𝒊𝒈

)𝒔/𝑹 = 𝑨 + 𝑩. 𝑻𝒍𝒎 + 𝑻𝒂𝒎. 𝑻𝒍𝒎 [𝑪 +
𝑫

(𝑻𝟏. 𝑻𝟐)𝟐
] 

𝑻𝒂𝒎 =
𝑻𝟏 + 𝑻𝟐

𝟐
 

𝑻𝒍𝒎 =
𝑻𝟐 − 𝑻𝟏

𝐥𝐧(𝑻𝟐 − 𝑻𝟏)
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example of the Cp values for ideal gas from Appendix C 
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Liquid Entropy: 

Consider unit mass of a liquid which will ultimately be raised to unit mass of 

vapor at constant pressure. For the unit mass of liquid, 

𝒅𝑸 =  𝑪𝒑𝑳. 𝒅𝑻 

where: CpL is specific heat capacity of the liquid at constant pressure. Dividing 

eq. throughout by T,then, 

𝒅𝑸/𝑻 =  𝑪𝒑𝑳. 𝒅𝑻/𝑻 

Since                                           𝒅𝑺 = 𝒅𝑸/𝑻 

𝒅𝑺 =  𝑪𝒑𝑳. 𝒅𝑻/𝑻 

Integrating this equation from initial state to final state: 

∆𝑺 = [𝑺𝟐– 𝑺𝟏]  =  𝑪𝒑𝑳. 𝒍𝒏 (𝑻𝟐/𝑻𝟏) 
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Example  A 40 kg steel casting (Cp = 0.5 kJ kg-1 K-1) at tempreture of 

723.15 K (450C) is quenched in 150 kg of oil (Cp = 2.5 kJ kg-1 K-1) at 

298.15 K (25 C). If there is no heat losses what is the change in the 

entropy of (a) the casting  (b) the oil (c) both considered together. 

Salution:   the final tempreture T2 of the  oil and the steel casting is founded by 

the energy balance. Since the change in energy  of the oil and steel casting 

together must be zero 

(40)(0.5)(𝑇 − 723.15) + (150)(2.5)(𝑇 − 298.15) = 0 

Solution yields T = 319.67 K (46.52 C) 

a) Change in the entropy of the casting  

∆𝑆 = ∫
𝑑𝑄

𝑇
= 𝑚 ∫

𝐶𝑝𝑑𝑡

𝑇
= 𝑚𝐶𝑝𝑙𝑛

𝑇2

𝑇1
 

(40)(0.5)𝑙𝑛
319.67

723.15
=  −16.33 𝑘𝐽𝐾−1 

b) Change entropy for the oil  

∆𝑆 = (150)(2.5)𝑙𝑛
319.67

298.15
= 26.13 𝑘𝐽 𝐾−1 

c) Total entropy change  

∆𝑆𝑡𝑜𝑡𝑎𝑙 =  −16.33 + 26.13 = 9.80 𝑘𝐽 𝐾−1 


