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B A C K G R O U N D

This text is an abbreviated version of standard thermodynamics, fluid me-
chanics, and heat transfer texts, covering topics that the engineering
students are most likely to need in their professional lives. The thermo-

dynamics portion of this text is based on the text Thermodynamics: An Engi-
neering Approach by Y. A. Çengel and M. A. Boles, the fluid mechanics
portion is based on Fluid Mechanics: Fundamentals and Applications by 
Y. A. Çengel and J. M. Cimbala, and the heat transfer portion is based on Heat
and Mass Transfer: Fundamentals and Applications by Y. A. Çengel and A. J.
Ghajar, all published by McGraw-Hill. Most chapters are practically indepen-
dent of each other and can be covered in any order. The text is well-suited for
curriculums that have a common introductory course or a two-course se-
quence on thermal-fluid sciences or on thermodynamics and heat transfer.

It is recognized that all topics of thermodynamics, fluid mechanics, and heat
transfer cannot be covered adequately in a typical three-semester-hour course,
and, therefore, sacrifices must be made from the depth if not from the breadth.
Selecting the right topics and finding the proper level of depth and breadth are
no small challenge for the instructors, and this text is intended to serve as the
ground for such selection. Students in a combined thermal-fluids course can
gain a basic understanding of energy and energy interactions, various mecha-
nisms of heat transfer, and fundamentals of fluid flow. Such a course can also
instill in students the confidence and the background to do further reading of
their own and to be able to communicate effectively with specialists in 
thermal-fluid sciences.

O B J E C T I V E S
This book is intended for use as a textbook in a first course in thermal-fluid
sciences for undergraduate engineering students in their junior or senior year,
and as a reference book for practicing engineers. Students are assumed to have
an adequate background in calculus, physics, and engineering mechanics. The
objectives of this text are

• To cover the basic principles of thermodynamics, fluid mechanics, and
heat transfer.

• To present numerous and diverse real-world engineering examples to
give students a feel for how thermal-fluid sciences are applied in 
engineering practice.

• To develop an intuitive understanding of thermal-fluid sciences by 
emphasizing the physics and physical arguments.

The text contains sufficient material to give instructors flexibility and to 
accommodate their preferences on the right blend of thermodynamics, fluid
mechanics, and heat transfer for their students. By careful selection of topics,
an instructor can spend one-third, one-half, or two-thirds of the course on 
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thermodynamics and the rest on selected topics of fluid mechanics and heat
transfer.

P H I L O S O P H Y  A N D  G O A L
The philosophy that contributed to the warm reception of the first edition of
this book has remained unchanged. Namely, our goal is to offer an engineering
textbook that

• Communicates directly to the minds of tomorrow’s engineers in a sim-
ple yet precise manner.

• Leads students towards a clear understanding and firm grasp of the 
basic principles of thermal-fluid sciences.

• Encourages creative thinking and development of a deeper understanding
and intuitive feel for thermal-fluid sciences.

• Is read by students with interest and enthusiasm rather than being used
as an aid to solve problems.

Special effort has been made to appeal to readers’ natural curiosity and to help
students explore the various facets of the exciting subject area of thermal-fluid
sciences. The enthusiastic response we received from the users of the previous
editions—from small colleges to large universities all over the world—
indicates that our objectives have largely been achieved. It is our philosophy
that the best way to learn is by practice. Therefore, special effort is made
throughout the book to reinforce material that was presented earlier.

Yesterday’s engineers spent a major portion of their time substituting values
into the formulas and obtaining numerical results. However, now formula
manipulations and number crunching are being left to computers. Tomorrow’s
engineer will need to have a clear understanding and a firm grasp of the basic
principles so that he or she can understand even the most complex problems,
formulate them, and interpret the results. A conscious effort is made to 
emphasize these basic principles while also providing students with a look at
how modern tools are used in engineering practice.

N E W  I N  T H I S  E D I T I O N
All the popular features of the previous editions are retained while new ones
are added. The main body of the text remains largely unchanged except that
an existing chapter is removed and  a new chapter is added. The most signifi-
cant changes in this edition are highlighted below.

A NEW CHAPTER ON POWER AND REFRIGERATION CYCLES
The new Chapter 9 on Power and Refrigeration Cycles, which was removed in
the previous edition and was made available as a web chapter, is put back in
this edition by the request of a large number of users. This chapter exposes
students to the foundations of power generation and refrigeration in a well-
ordered and compact manner. To make room for this change, Chapter 11 on
Fluid Kinematics, which the user surveys indicated to be the least used chapter
in the previous edition, is removed. 
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UPGRADED ARTWORK
To enhance real-life appearance, a large number of line artwork in the entire
text is upgraded to realistic three-dimensional figures. 

NEW EXAMPLES AND END-OF-CHAPTER PROBLEMS
A large number of the problems in the text are modified and many problems
are replaced by new ones. Also, some of the solved examples are replaced by
new ones. 

A THOROUGH UPDATE OF ALL CHAPTERS
The entire text is thorougly reviewed, and a large number of modifications are
made in content and organization to make the text more relevant and current.

F E AT U R E D  I N  T H I S  E D I T I O N
EARLY INTRODUCTION OF THE FIRST LAW OF THERMODYNAMICS
The first law of thermodynamics is now introduced early in Chapter 3, “En-
ergy, Energy Transfer, and General Energy Analysis.” This introductory chap-
ter sets the framework of establishing a general understanding of various
forms of energy, mechanisms of energy transfer, the concept of energy bal-
ance, thermo-economics, energy conversion, and conversion efficiency using
familiar settings that involve mostly electrical and mechanical forms of
energy. It also exposes students to some exciting real-world applications of
thermodynamics early in the course, and helps them establish a sense of the
monetary value of energy.

UPDATED STEAM AND REFRIGERANT-134A TABLES
Updated steam and refrigerant-134a tables based on the most current property
data from EES are used throughout the book. An added advantage of this
update is that students will get the same result when solving problems whether
they use steam or refrigerant properties from EES or property tables in the
appendix.

LEARNING OBJECTIVES
Each chapter begins with an overview of the material to be covered and
chapter-specific learning objectives to introduce the material and to set goals,
and ends with a summary of key concepts and equations.

L E A R N I N G  T O O L S
EMPHASIS ON PHYSICS
A distinctive feature of this book is its emphasis on the physical aspects of
subject matter in addition to mathematical representations and manipulations.
The authors believe that the emphasis in undergraduate education should 
remain on developing a sense of underlying physical mechanisms and a mas-
tery of solving practical problems that an engineer is likely to face in the real
world. Developing an intuitive understanding should also make the course a
more motivating and worthwhile experience for the students.
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EFFECTIVE USE OF ASSOCIATION
An observant mind should have no difficulty understanding engineering
sciences. After all, the principles of engineering sciences are based on our
everyday experiences and experimental observations. A more physical, intu-
itive approach is used throughout this text. Frequently, parallels are drawn be-
tween the subject matter and students’ everyday experiences so that they can
relate the subject matter to what they already know.

SELF-INSTRUCTING
The material in the text is introduced at a level that an average student can fol-
low comfortably. It speaks to students, not over students. In fact, it is self-
instructive. Noting that the principles of science are based on experimental 
observations, most of the derivations in this text are largely based on physical
arguments, and thus they are easy to follow and understand.

EXTENSIVE USE OF ARTWORK
Figures are important learning tools that help the students “get the picture.”
The text makes effective use of graphics, and it contains a great number of fig-
ures and illustrations. Figures attract attention and stimulate curiosity and
interest. Some of the figures in this text are intended to serve as a means of
emphasizing some key concepts that would otherwise go unnoticed; some
serve as page summaries.

CHAPTER OPENERS AND SUMMARIES
Each chapter begins with an overview of the material to be covered and chap-
ter objectives. A summary is included at the end of each chapter for a quick re-
view of basic concepts and important relations.

NUMEROUS WORKED-OUT EXAMPLES
Each chapter contains several worked-out examples that clarify the material
and illustrate the use of the basic principles. An intuitive and systematic ap-
proach is used in the solution of the example problems, with particular atten-
tion to the proper use of units.

A WEALTH OF REAL-WORLD END-OF-CHAPTER PROBLEMS
The end-of-chapter problems are grouped under specific topics in the order
they are covered to make problem selection easier for both instructors and stu-
dents. Within each group of problems are Concept Questions, indicated by “C”
to check the students’ level of understanding of basic concepts. The problems
under Review Problems are more comprehensive in nature and are not directly
tied to any specific section of a chapter—in some cases they require review of
material learned in previous chapters. The problems under the Design and
Essay Problems title are intended to encourage students to make engineering
judgments, to conduct independent exploration of topics of interest, and to
communicate their findings in a professional manner. Several economics- and
safety-related problems are incorporated throughout to enhance cost and safety
awareness among engineering students. Answers to selected problems are listed
immediately following the problem for convenience to students.

A SYSTEMATIC SOLUTION PROCEDURE
A well-structured approach is used in problem solving while maintaining an in-
formal conversational style. The problem is first stated and the objectives are
identified, and the assumptions made are stated together with their justifications.
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The properties needed to solve the problem are listed separately.
Numerical values are used together with their units to emphasize that
numbers without units are meaningless, and unit manipulations are as im-
portant as manipulating the numerical values with a calculator. The signif-
icance of the findings is discussed following the solutions. This approach
is also used consistently in the solutions presented in the Instructor’s
Solutions Manual.

RELAXED SIGN CONVENTION
The use of a formal sign convention for heat and work is abandoned as it often
becomes counterproductive. A physically meaningful and engaging approach
is adopted for interactions instead of a mechanical approach. Subscripts “in”
and “out,” rather than the plus and minus signs, are used to indicate the direc-
tions of interactions.

A CHOICE OF SI ALONE OR SI/ENGLISH UNITS
In recognition of the fact that English units are still widely used in some in-
dustries, both SI and English units are used in the text, with an emphasis on
SI. The material in the text can be covered using combined SI/English units or
SI units alone, depending on the preference of the instructor. The property
tables and charts in the appendices are presented in both units, except the one
that involve dimensionless quantities. Problems, tables, and charts in English
units are designated by “E” after the number for easy recognition, and they
can be ignored easily by the SI users.

CONVERSION FACTORS
Frequently used conversion factors and physical constants are listed on 
Pages i and ii for easy reference.

S U P P L E M E N T S
The following supplements are related to users of the fourth SI edition:

O N L I N E  L E A R N I N G  C E N T R E  ( O L C )
www.mheducation.asia/olc/cengelFTFS4e

Solutions Manual. The Solutions Manual offers typeset, one-per-page
solutions with detail explanations, to end-of-chapter problems.

PowerPoint Slides. A series of PowerPoint presentation slides for all
chapters in the text are available for use in lectures.

S T U D E N T  R E S O U R C E  D V D
ENGINEERING EQUATION SOLVER (EES)
Packaged free with every new text, the Student Resource DVD contains the
Limited Academic Version of EES (Engineering Equation Solver) software
with scripted solutions to selected text problems.

Developed by Sanford Klein and William Beckman from the University of
Wisconsin—Madison, this software combines equation-solving capability and
engineering property data. EES can do optimization, parametric analysis, and
linear and nonlinear regression, and provides publication-quality plotting 
capabilities. Thermodynamics and transport properties for air, water, and
many other fluids are built in, and EES allows the user to enter property data
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or functional relationships. It requires less time than a calculator for data en-
try and allows more time for thinking critically about modeling and solving
engineering problems. Look for the EES icons in the homework problems sec-
tions of the text.

McGRAW-HILL CREATETM

Craft your teaching resources to match the way you teach! With McGraw-Hill
CreateTM, www.mcgrawhillcreate.com, you can easily rearrange chapters, com-
bine material from other content sources, and quickly upload content you have
written like your course syllabus or teaching notes. Find the content you need
in Create by searching through thousands of leading McGraw-Hill textbooks.
Arrange your book to fit your teaching style. Create even allows you to per-
sonalize your book’s appearance by selecting the cover and adding your name,
school, and course information. Order a Create book and you’ll receive a com-
plimentary print review copy in 3–5 business days or a complimentary electronic
review copy (eComp) via email in minutes. Go to www.mcgrawhillcreate.com
today and register to experience how McGraw-Hill CreateTM empowers you to
teach your students your way.

COSMOS (Available to Instructors Only)
McGraw-Hill’s COSMOS (Complete Online Solutions Manual Organization
System) allows instructors to streamline the creation of assignments, quizzes,
and tests by using problems and solutions from the textbook, as well as their own
custom material. COSMOS is now available online at http://cosmos.mhhe.com/

The following supplements are related to users of the fourth US edition:

TEXT WEBSITE (www.mhhe.com/cengel)
Web support is provided for the text on the text specific website. Visit this
website for general text information, errata, and author information. The
site also includes resources for students including a list of helpful web links.
The instructor side of the site includes the solutions manual, the text’s
images in PowerPoint form, and more!

McGRAW-HILL HIGHER EDUCATION AND BLACKBOARD HAVE
TEAMED UP 
Blackboard, the Web-based course-management system, has partnered with
McGraw-Hill to better allow students and faculty to use online materials and
activities to complement face-to-face teaching. Blackboard features exciting
social learning and teaching tools that foster more logical, visually impactful
and active learning opportunities for students. You’ll transform your closed-
door classrooms into communities where students remain connected to their
educational experience 24 hours a day.

This partnership allows you and your students access to McGraw-Hill’s
CreateTM right from within your Blackboard course—all with one single sign-
on. McGraw-Hill and Blackboard can now offer you easy access to industry
leading technology and content, whether your campus hosts it, or we do. Be
sure to ask your local McGraw-Hill representative for details.

ELECTRONIC TEXTBOOK OPTIONS
This text is offered through CourseSmart for both instructors and students.
CourseSmart is an online resource where students can purchase the complete
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