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B A C K G R O U N D
Fluid mechanics is an exciting and fascinating subject with unlimited practical 
applications ranging from microscopic biological systems to automobiles, air-
planes, and spacecraft propulsion. Fluid mechanics has also historically been 
one of the most challenging subjects for undergraduate students because proper 
analysis of fluid mechanics problems requires not only knowledge of the concepts 
but also physical intuition and experience. Our hope is that this book, through 
its careful explanations of concepts and its use of numerous practical examples, 
sketches, figures, and photographs, bridges the gap between knowledge and the 
proper application of that knowledge.

Fluid mechanics is a mature subject; the basic equations and approximations 
are well established and can be found in any introductory textbook. Our book is 
distinguished from other introductory books because we present the subject in 
a progressive order from simple to more difficult, building each chapter upon 
foundations laid down in earlier chapters. We provide more diagrams and photo-
graphs than other books because fluid mechanics is, by its nature, a highly visual 
subject. Only by illustrating the concepts discussed, can students fully appreciate 
the mathematical significance of the material.

O B J E C T I V E S
This book has been written for the first fluid mechanics course for undergradu-
ate engineering students. There is sufficient material for a two-course sequence, 
if desired. We assume that readers will have an adequate background in calcu-
lus, physics, engineering mechanics, and thermodynamics. The objectives of this 
text are

∙	 To present the basic principles and equations of fluid mechanics.
∙	 To show numerous and diverse real-world engineering examples to give the 

student the intuition necessary for correct application of fluid mechanics 
principles in engineering applications.

∙	 To develop an intuitive understanding of fluid mechanics by emphasizing 
the physics, and reinforcing that understanding through illustrative figures 
and photographs.

The book contains enough material to allow considerable flexibility in teaching 
the course. Aeronautics and aerospace engineers might emphasize potential flow, 
drag and lift, compressible flow, turbomachinery, and CFD, while mechanical 
or civil engineering instructors might choose to emphasize pipe flows and open-
channel flows, respectively.

N E W  T O  T H I S  R E L E A S E
All the popular features found in this text have been retained while new ones have 
been added. The main body of the text remains largely unchanged.

Recent new definitions of kilogram, mole, ampere, and kelvin in the 26th 
General Conference on Weights and Measures in 2018 are incorporated in 
Chapter 1. A curve-fit equation for sphere drag coefficient, generated by Faith A. 
Morrison, Michigan Technological University, has been added to Chapter 11. The 

P r e f a c e
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subsection in Chapter 14 on pump cavitation and net positive suction head has 
been enhanced and updated to terminology commonly used in the pump indus-
try; this material was provided by Scott Shults of ITT Goulds Pumps and Samraj 
Nuernberger of Flowserve Corporation.

Throughout the book, we have edited the use of the word velocity. Now we use 
velocity when it is a vector and speed when talking about the magnitude of veloc-
ity, which is a scalar.

P H I L O S O P H Y  A N D  G O A L
Fluid Mechanics: Fundamentals and Applications has the same goals and phi-
losophy as the other texts by lead author Yunus Çengel.

∙	 Communicates directly with tomorrow’s engineers in a simple yet precise 
manner

∙	 Leads students toward a clear understanding and firm grasp of the basic 
principles of fluid mechanics

∙	 Encourages creative thinking and development of a deeper understanding 
and intuitive feel for fluid mechanics

∙	 Is read by students with interest and enthusiasm rather than merely as a 
guide to solve homework problems

The best way to learn is by practice. Special effort is made throughout the book 
to reinforce the material that was presented earlier (in each chapter as well as in 
material from previous chapters). Many of the illustrated example problems and 
end-of-chapter problems are comprehensive and encourage students to review and 
revisit concepts and intuitions gained previously.

Throughout the book, we show examples generated by computational fluid 
dynamics (CFD). We also provide an introductory chapter on the subject. Our 
goal is not to teach the details about numerical algorithms associated with CFD—
this is more properly presented in a separate course. Rather, our intent is to intro-
duce undergraduate students to the capabilities and limitations of CFD as an 
engineering tool. We use CFD solutions in much the same way as experimental 
results are used from wind tunnel tests (i.e., to reinforce understanding of the 
physics of fluid flows and to provide quality flow visualizations that help explain 
fluid behavior).

C O N T E N T  A N D  O R G A N I Z A T I O N
This book is organized into 15 chapters beginning with fundamental concepts of 
fluids, fluid properties, and fluid flows and ending with an introduction to compu-
tational fluid dynamics.

∙	 Chapter 1 provides a basic introduction to fluids, classifications of fluid 
flow, control volume versus system formulations, dimensions, units, sig-
nificant digits, and problem-solving techniques.

∙	 Chapter 2 is devoted to fluid properties such as density, vapor pressure, 
specific heats, speed of sound, viscosity, and surface tension.

∙	 Chapter 3 deals with fluid statics and pressure, including manometers and 
barometers, hydrostatic forces on submerged surfaces, buoyancy and stabil-
ity, and fluids in rigid-body motion.

∙	 Chapter 4 covers topics related to fluid kinematics, such as the differences 
between Lagrangian and Eulerian descriptions of fluid flows, flow pat-
terns, flow visualization, vorticity and rotationality, and the Reynolds trans-
port theorem.
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∙	 Chapter 5 introduces the fundamental conservation laws of mass, momen-
tum, and energy, with emphasis on the proper use of the mass, Bernoulli, 
and energy equations and the engineering applications of these equations.

∙	 Chapter 6 applies the Reynolds transport theorem to linear momentum and 
angular momentum and emphasizes practical engineering applications of 
finite control volume momentum analysis.

∙	 Chapter 7 reinforces the concept of dimensional homogeneity and introduces 
the Buckingham Pi theorem of dimensional analysis, dynamic similarity, and 
the method of repeating variables—material that is useful throughout the 
rest of the book and in many disciplines in science and engineering.

∙	 Chapter 8 is devoted to flow in pipes and ducts. We discuss the differences 
between laminar and turbulent flow, friction losses in pipes and ducts, and 
minor losses in piping networks. We also explain how to properly select a 
pump or fan to match a piping network. Finally, we discuss various experi-
mental devices that are used to measure flow rate and velocity, and provide 
a brief introduction to biofluid mechanics.

∙	 Chapter 9 deals with differential analysis of fluid flow and includes deriva-
tion and application of the continuity equation, the Cauchy equation, and 
the Navier–Stokes equation. We also introduce the stream function and 
describe its usefulness in analysis of fluid flows, and we provide a brief 
introduction to biofluids. Finally, we point out some of the unique aspects 
of differential analysis related to biofluid mechanics.

∙	 Chapter 10 discusses several approximations of the Navier–Stokes equation 
and provides example solutions for each approximation, including creeping 
flow, inviscid flow, irrotational (potential) flow, and boundary layers.

∙	 Chapter 11 covers forces on living and non-living bodies (drag and lift), 
explaining the distinction between friction and pressure drag, and providing 
drag coefficients for many common geometries. This chapter emphasizes the 
practical application of wind tunnel measurements coupled with dynamic 
similarity and dimensional analysis concepts introduced earlier in Chapter 7.

∙	 Chapter 12 extends fluid flow analysis to compressible flow, where the 
behavior of gases is greatly affected by the Mach number. In this chapter, 
the concepts of expansion waves, normal and oblique shock waves, and 
choked flow are introduced.

∙	 Chapter 13 deals with open-channel flow and some of the unique features 
associated with the flow of liquids with a free surface, such as surface 
waves and hydraulic jumps.

∙	 Chapter 14 examines turbomachinery in more detail, including pumps, fans, 
and turbines. An emphasis is placed on how pumps and turbines work, rather 
than on their detailed design. We also discuss overall pump and turbine design, 
based on dynamic similarity laws and simplified velocity vector analyses.

∙	 Chapter 15 describes the fundamental concepts of computational fluid 
dyamics (CFD) and shows students how to use commercial CFD codes as 
tools to solve complex fluid mechanics problems. We emphasize the appli-
cation of CFD rather than the algorithms used in CFD codes.

Each chapter contains a wealth of end-of-chapter homework problems. Most of 
the problems that require calculation use the SI system of units; however, about 
20 percent use English units. A comprehensive set of appendices is provided, giv-
ing the thermodynamic and fluid properties of several materials, in addition to air 
and water, along with some useful plots and tables. Many of the end-of-chapter 
problems require the use of material properties from the appendices to enhance 
the realism of the problems.
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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 the 
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 mastery 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.

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 experi-
ences and experimental observations. Therefore, a physical, intuitive approach 
is used throughout this text. Frequently, parallels are drawn between the subject 
matter and students’ everyday experiences so that they can relate the subject mat-
ter to what they already know.

SELF-INSTRUCTING
The material in the text is introduced at a level that an average student can follow 
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.

CONSISTENT COLOR SCHEME FOR FIGURES
The figures have a consistent color scheme applied for all arrows.

∙	 Blue: ( ) motion related, like velocity vectors
∙	 Green: ( ) force and pressure related, and torque
∙	 Black: ( ) distance related arrows and dimensions
∙	 Red: ( ) energy related, like heat and work
∙	 Purple: ( ) acceleration and gravity vectors, vorticity, and  

miscellaneous

NUMEROUS WORKED-OUT EXAMPLES
All chapters contain numerous worked-out examples that both clarify the material 
and illustrate the use of basic principles in a context that helps develop the student’s 
intuition. An intuitive and systematic approach is used in the solution of all example 
problems. The solution methodology starts with a statement of the problem, and 
all objectives are identified. The assumptions and approximations are then stated 
together with their justifications. Any properties needed to solve the problem are 
listed separately. Numerical values are used together with numbers to emphasize 
that without units, numbers are meaningless. The significance of each example’s 
result is discussed following the solution. This methodical approach is also followed 
and provided in the solutions to the end-of-chapter problems, available to instructors.

A WEALTH OF REALISTIC END-OF-CHAPTER PROBLEMS
The end-of-chapter problems are grouped under specific topics to make problem 
selection easier for both instructors and students. Within each group of problems 
are Concept Questions, indicated by “C,” to check the students’ level of under-
standing of basic concepts. Problems under Fundamentals of Engineering (FE) 
Exam Problems are designed to help students prepare for the Fundamentals of 
Engineering exam, as they prepare for their Professional Engineering license. 
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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. Problems designated as Design 
and Essay 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. Problems designated by an “E” are in English 
units, and SI users can ignore them. Problems with the    icon are comprehen-
sive in nature and are intended to be solved with a computer, using appropri-
ate software. 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.

USE OF COMMON NOTATION
The use of different notation for the same quantities in different engineering 
courses has long been a source of discontent and confusion. A student taking both 
fluid mechanics and heat transfer, for example, has to use the notation Q for vol-
ume flow rate in one course, and for heat transfer in the other. The need to unify 
notation in engineering education has often been raised, even in some reports of 
conferences sponsored by the National Science Foundation through Foundation 
Coalitions, but little effort has been made to date in this regard. For example, refer 
to the final report of the Mini-Conference on Energy Stem Innovations, May 28 
and 29, 2003, University of Wisconsin. In this text we made a conscious effort 
to minimize this conflict by adopting the familiar thermodynamic notation V̇ for 
volume flow rate, thus reserving the notation Q for heat transfer. Also, we consis-
tently use an overdot to denote time rate. We think that both students and instruc-
tors will appreciate this effort to promote a common notation.

A CHOICE OF SI ALONE OR SI/ENGLISH UNITS
In recognition of the fact that English units are still widely used in some indus-
tries, both SI and English units are used in this text, with an emphasis on SI. 
The material in this 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 ones that involve 
dimensionless quantities. Problems, tables, and charts in English units are desig-
nated by “E” after the number for easy recognition, and they can be ignored easily 
by the SI users.

COMBINED COVERAGE OF BERNOULLI AND ENERGY 
EQUATIONS
The Bernoulli equation is one of the most frequently used equations in fluid 
mechanics, but it is also one of the most misused. Therefore, it is important to 
emphasize the limitations on the use of this idealized equation and to show how 
to properly account for imperfections and irreversible losses. In Chapter 5, we 
do this by introducing the energy equation right after the Bernoulli equation and 
demonstrating how the solutions of many practical engineering problems differ 
from those obtained using the Bernoulli equation. This helps students develop a 
realistic view of the Bernoulli equation.

A SEPARATE CHAPTER ON CFD
Commercial Computational Fluid Dynamics (CFD) codes are widely used in 
engineering practice in the design and analysis of flow systems, and it has become 
exceedingly important for engineers to have a solid understanding of the funda-
mental aspects, capabilities, and limitations of CFD. Recognizing that most under-
graduate engineering curriculums do not have room for a full course on CFD, a 
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separate chapter is included here to make up for this deficiency and to equip stu-
dents with an adequate background on the strengths and weaknesses of CFD.

APPLICATION SPOTLIGHTS
Throughout the book are highlighted examples called Application Spotlights 
where a real-world application of fluid mechanics is shown. A unique feature of 
these special examples is that they are written by guest authors. The Application 
Spotlights are designed to show students how fluid mechanics has diverse appli-
cations in a wide variety of fields. They also include eye-catching photographs 
from the guest authors’ research.

GLOSSARY OF FLUID MECHANICS TERMS
Throughout the chapters, when an important key term or concept is introduced 
and defined, it appears in black boldface type. Fundamental fluid mechanics 
terms and concepts appear in red boldface type, and these fundamental terms 
also appear in a comprehensive end-of-book glossary developed by Professor 
Emeritus James Brasseur of The Pennsylvania State University. This unique glos-
sary is an excellent learning and review tool for students as they move forward in 
their study of fluid mechanics.

CONVERSION FACTORS
Frequently used conversion factors, physical constants, and properties of air and 
water at 20°C and atmospheric pressure are listed at the very end of the book for 
easy reference.

NOMENCLATURE
A list of the major symbols, subscripts, and superscripts used in the text is pro-
vided near the end of the book for easy reference.
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Çengel and Suzanne Cimbala, for their continued patience, understanding, and 
support throughout the preparation of this book, which involved many long hours 
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Curated, Auto-Graded, Question Banks—with Instant Feedback 
and Insightful Reporting
Assignable as high stakes assessment or unlimited practice problems, these 
algorithmic, auto-graded banks save faculty time while providing instant feedback 
to students. Instructors can edit these questions and/or add their own questions to 
these banks.

SmartBook—Adaptive Reading Assignments
An adaptive reading assignment that can be assigned as pre-lecture homework 
to expose students to the terminology and general concepts in the text. It shows 
where students struggled, allowing instructors and students to spend time where 
they need it most.

Application-Based Activities in McGraw Hill Connect®
Prepare students for the real world with Application-Based Activities in Connect. 
These highly interactive, assignable exercises boost engagement and provide 
a safe space to apply concepts learned to real-world, course-specific problems. 
Each Application-Based Activity involves the application of multiple concepts, 
providing the ability to synthesize information and use critical thinking skills to 
solve realistic scenarios. 

Polling 
Every learner has unique needs. Uncover where and when you’re needed with 
the new polling tool in McGraw Hill Connect®! Polling allows you to discover 
where students are in real time. Engage students and help them create 
connections with your course content while gaining valuable insight during 
lectures. Leverage polling data to deliver personalized instruction when and 
where it is needed most.

Writing Assignment
Available within McGraw Hill Connect®, the Writing Assignment tool delivers a 
learning experience to help students improve written communication skills and 
conceptual understanding. Assign, monitor, grade, and provide feedback on 
writing more efficiently and effectively. 

 ReadAnywhere® App
Available for iOS and Android smartphones or tablets, give users access to 
McGraw Hill tools including the eBook and SmartBook® or Adaptive Learning 
Assignments in McGraw Hill Connect®. Students can take notes, highlight, and 
complete assignments offline—all their work will sync when connected to Wi-Fi. 
Students log in with their Connect username and password to start learning—
anytime, anywhere!

Digital Resources
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Proctorio 
Remote Proctoring and Browser-Locking Capabilities

Remote proctoring and browser-locking capabilities, hosted by Proctorio within 
Connect, provide control of the assessment environment by enabling security 
options and verifying the identity of the student.

Seamlessly integrated within Connect, these services allow instructors to 
control the assessment experience by verifying identification, restricting browser 
activity, and monitoring student actions. 

Instant and detailed reporting gives instructors an at-a-glance view of 
potential academic integrity concerns, thereby avoiding personal bias and 
supporting evidence-based claims.

OLC-Aligned Courses
Implementing High-Quality Instruction and Assessment through  
Preconfigured Courseware
In consultation with the Online Learning Consortium (OLC) and our certified 
Faculty Consultants, McGraw Hill has created preconfigured courseware 
using OLC’s quality scorecard to align with best practices in online course 
delivery. This turnkey courseware contains a combination of formative 
assessments, summative assessments, homework, and application activities, 
and can easily be customized to meet an individual instructor’s needs 
and desired course outcomes. For more information, visit https://www.
mheducation.com/highered/olc.

Evergreen 
Content and technology are ever-changing, and it is important that you can keep 
your course up to date with the latest information and assessments. That’s why 
we want to deliver the most current and relevant content for your course, 
hassle-free. 

Cengel, Fluid Mechanics: Fundamentals and Applications is moving to an 
Evergreen delivery model, which means it has content, tools, and technology 
that is updated and relevant, with updates delivered directly to your existing 
McGraw Hill Connect® course. Engage students and freshen up assignments with 
up-to-date coverage of select topics and assessments, all without having to switch 
editions or build a new course. 

Reflecting the Diverse World Around Us 
McGraw Hill believes in unlocking the potential of every learner at every stage 
of life. To accomplish that, we are dedicated to creating products that reflect, 
and are accessible to, all the diverse, global customers we serve. Within McGraw 
Hill, we foster a culture of belonging, and we work with partners who share our 
commitment to equity, inclusion, and diversity in all forms. In McGraw Hill Higher 
Education, this includes, but is not limited to, the following:

	■ Refreshing and implementing inclusive content guidelines around topics 
including generalizations and stereotypes, gender, abilities/disabilities, race/
ethnicity, sexual orientation, diversity of names, and age.

	■ Enhancing best practices in assessment creation to eliminate cultural, cognitive, 
and affective bias.
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	■ Maintaining and continually updating a robust photo library of diverse images 
that reflect our student populations.

	■ Including more diverse voices in the development and review of our content. 
	■ Strengthening art guidelines to improve accessibility by ensuring meaningful 

text and images are distinguishable and perceivable by users with limited color 
vision and moderately low vision.
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“I really liked this app—
it made it easy to study 
when you don't have your 
textbook in front of you.”
Jordan Cunningham, a student at 
Eastern Washington University

Study anytime, anywhere
Encourage your students to download 
the free ReadAnywhere® app so they can 
access their online eBook, SmartBook® 2.0, 
or Adaptive Learning Assignments when it’s 
convenient, even when they’re offline. And 
since the app automatically syncs with their 
Connect account, all of their work is available 
every time they open it. Find out more at 
mheducation.com/readanywhere 

Every learner is unique
In Connect, instructors can assign an adaptive  
reading experience with SmartBook® 2.0. Rooted in 
advanced learning science principles, SmartBook® 
2.0 delivers each student a personalized experience, 
focusing students on their learning gaps, ensuring  
that the time they spend studying is time well spent. 
mheducation.com/highered/connect/smartbook

Laptop: Getty Images; Woman/dog: George Doyle/Getty Images

65%
Less Time
Grading

A complete course platform
Connect enables you to build deeper connections with your students through 
cohesive digital content and tools, creating engaging learning experiences. 
We are committed to providing you with the right resources and tools to 
support all your students along their personal learning journeys. 

Effective tools for efficient studying
Connect is designed to help students be more productive with simple, flexible, intuitive tools that 
maximize study time and meet students’ individual learning needs. Get learning that works for 
everyone with Connect.
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Education for all
McGraw Hill works directly with Accessibility Services departments and faculty to meet the learning 
needs of all students. Please contact your Accessibility Services Office, and ask them to email 
accessibility@mheducation.com, or visit mheducation.com/about/accessibility for more information.

Solutions for  
your challenges
A product isn’t a solution. Real solutions 
are affordable, reliable, and come with 
training and ongoing support when 
you need it and how you want it. Visit 
supportateverystep.com for videos and 
resources both you and your students 
can use throughout the term.

Updated and relevant content
Our new Evergreen delivery model provides the most current 
and relevant content for your course, hassle-free. Content, 
tools, and technology updates are delivered directly to your 
existing McGraw Hill Connect® course. Engage students and 
freshen up assignments with up-to-date coverage of select 
topics and assessments, all without having to switch editions 
or build a new course.

Affordable solutions, 
added value 
Make technology work for you with LMS 
integration for single sign-on access, 
mobile access to the digital textbook, 
and reports to quickly show you how 
each of your students is doing. And with 
our Inclusive Access program, you can 
provide all these tools at the lowest 
available market price to your students. 
Ask your McGraw Hill representative for 
more information.
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