
Publications

MECHANICAL  
ENGINEERING

Thermodynamics

Comprehensive Theory  
with Solved Examples and Practice Questions

www.madeeasypublications.org



Thermodynamics
Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be 

reproduced, stored in or introduced into a retrieval system, 

or transmitted in any form or by any means (electronic, 

mechanical, photo-copying, recording or otherwise), 

without the prior written permission of the above mentioned 

publisher of this book.

MADE EASY Publications Pvt. Ltd. has taken due care 

in collecting the data and providing the solutions, before 

publishing this book. Inspite of this, if any inaccuracy or 

printing error occurs then MADE EASY Publications Pvt. 

Ltd.  owes no responsibility. We will be grateful if you could 

point out any such error. Your suggestions will be appreciated.

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro

Station), New Delhi-110016 | Ph. : 9021300500

Email : infomep@madeeasy.in | Web : www.madeeasypublications.org

Publications

ED
IT

IO
N

S

First Edition : 2015

Second Edition : 2016

Third Edition : 2017

Fourth Edition : 2018

Fifth Edition : 2019

Sixth Edition : 2020

Seventh Edition : 2021

Eighth Edition : 2022

Ninth Edition : 2023



CHAPTER 1

Basic Concepts & Zeroth Law of 
Thermodynamics ...................................................1
1.1 Introduction ................................................................................ 1

1.2 Systems, Surroundings and Boundary ............................... 2

1.3 Homogeneous and Heterogeneous Systems ................. 4

1.4 Thermodynamic Equilibrium ................................................ 4

1.5 State of the System & Processes ........................................... 4

1.6 Pure Substances ......................................................................... 5

1.7 Zeroth Law of Thermodynamics .......................................... 8

 Objective Brain Teasers ...........................................................12

 Conventional Brain Teasers ....................................................15

CHAPTER 2

Energy and its Interactions .............................. 16
2.1 Introduction ..............................................................................16

2.2 Work Transfer ............................................................................17

2.3 Closed System Analysis (Fixed Mass Energy Analysis) .....20

2.4 Ideal Gas......................................................................................31

2.5 Heat Transfer .............................................................................35

2.6 Points to Remember Regarding Heat Transfer and Work 

Transfer ........................................................................................40

 Objective Brain Teasers ...........................................................42

 Conventional Brain Teasers ....................................................45

CHAPTER 3

First Law of Thermodynamics .......................... 49
3.1 Introduction ..............................................................................49

3.2 The First Law of Thermodynamics (Joule’s Law or Law 

of Conservation of Energy) ..................................................49

3.3 Enthalpy (H) ...............................................................................56

3.4 Heat Transfer in Various Processes.....................................57

3.5 Free Expansion .........................................................................72

 Objective Brain Teasers ...........................................................78

 Conventional Brain Teasers ....................................................84

CHAPTER 4

Open System Analysis by First Law ..................87
4.1 Introduction  .............................................................................87

4.2  An Open System (or Control Volume) ..............................87

4.3  Steady Flow Systems ..............................................................88

4.4  Mass Balance and Energy Balance for Steady Flow 

Systems .......................................................................................89

4.5 SFEE Applied to Various Devices ........................................95

4.6 Comparison of SFEE with Euler and Bernoulli 

Equations ................................................................................. 107

4.7 Unsteady Flow Process ....................................................... 108

 Objective Brain Teasers ........................................................ 122

 Conventional Brain Teasers ................................................. 127

CHAPTER 5

Second Law of Thermodynamics ................... 133
5.1 Introduction ........................................................................... 133

5.2 Thermal Energy Reservoir ................................................. 134

5.3 Heat Engine ............................................................................ 135

5.4 Statements of Second Law of Thermodynamics ....... 138

5.5 Refrigerators and Heat Pumps ......................................... 141

5.7 Equivalence of Kelvin-Planck & Clausius Statement .. 145

5.8 Reversible and Irreversible Processes ........................... 146

5.9 The Carnot Cycle ................................................................... 153

iii

Thermodynamics



5.10 The Carnot Principles .......................................................... 155

5.11 Thermodynamic Temperature Scale .............................. 158

5.12 Measures of Maximum Performance for Cycles 

Operating between Two Reservoirs ............................... 161

 Objective Brain Teasers ........................................................ 177

 Conventional Brain Teasers ................................................. 181

CHAPTER 6

Entropy  ............................................................186
6.1 Introduction ........................................................................... 186

6.2 Clausius Inequality ............................................................... 186

6.3 The Thermodynamic Property : Entropy ...................... 189

6.4 Principle of Increase of entropy ...................................... 191

6.5 Temperature-Entropy Diagram ....................................... 195

6.6 The T-dS Relations ................................................................ 199

6.7 Entropy change for an Ideal Gas ..................................... 201

6.8 Approximate Analysis of entropy change ................... 202

6.9 Entropy Change of An Incompressible Substance ... 209

6.10 Finite Body Analysis ............................................................. 211

6.11 Reversible Steady-Flow Work ........................................... 218

6.12 Second Law Analysis of a Control Volume................... 222

6.13 Available Energy ................................................................... 224

6.14 Available Energy as Referred to a Cycle ........................ 225

6.15 Heat Transfer Through a Finite Temperature 

Difference ..................................................................... 227

6.16 Availability and Availability function ............................. 230

6.16 Irreversibility ........................................................................... 233

6.17 Second Law Efficiency ........................................................ 234 

Objective Brain Teasers ........................................................ 243

 Conventional Brain Teasers ................................................. 250

CHAPTER 7

Properties of Pure Substances ......................260
7.1 Introduction ........................................................................... 260

7.2 Phase Change of a Pure Substance ................................ 260

7.3 Property Diagrams For phase-change processes ..... 263

7.4 Quality or Dryness Fraction .............................................. 268

7.5 Enthalpy and Entropy of Pure Substances .................. 271

7.6 Steam Tables ........................................................................... 273

7.7 Reference State and Reference Values .......................... 278 

Objective Brain Teasers ........................................................ 283

 Conventional Brain Teasers ................................................. 286

CHAPTER 8

Thermodynamic Relations .............................. 293
8.1 Introduction ........................................................................... 293

8.2  Mathematical Theorems .................................................... 293

8.3 The Maxwell Relations ........................................................ 295

8.4 Tds Partial Differential Equations .................................... 296

8.5 Specific Heats ......................................................................... 297

8.6 Energy Equations .................................................................. 303

8.7 The Joule-Thomson Coefficient ...................................... 308

8.8 Clausius-Clapeyron Equation ........................................... 312

8.9 Compressibility Factor ........................................................ 315

8.10 Van der Waal’s equation of State ..................................... 317

8.11 Mixture of Ideal Gases......................................................... 318

 Objective Brain Teasers ........................................................ 323

 Conventional Brain Teasers ................................................. 326

nnnn

iv

Thermodynamics
































	1. Basic Concepts & Zeroth Law of Thermo (1-15).pdf
	2. Energy & Its Interactions (16-48).pdf
	3. First Law of Thermodynamics (49-86).pdf
	4. Open System Analysis by First Law (87-132).pdf
	5. Second Law of Thermodynamics (133-185).pdf
	6. Entropy (186-259).pdf
	7. Properties of Pure Substances (260-292).pdf
	8. Thermodynamics Relations (293-331).pdf



