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This book is intended for junior and senior engineering students who are interested in learnin
some fundamental aspects of fluid mechanics. This area of mechanics is mature, and a coir
plete coverage of all aspects of it obviously cannot be accomplished in a single volume. W
developed this text to be used as a first course. The principles considered are classical an
have been well-established for many years. However, fluid mechanics education has improve
with experience in the classroom, and we have brought to bear in this book our own idea
about the teaching of this interesting and important subject. This third edition has been pre
pared after several years of experience by the authors using the first and second editions fc
an introductory course in fluid mechanics. Based on this experience, along with suggestion
from reviewers, colleagues, and students, we have made a number of changes in this nex
edition. Many of these changes are minor and have been made to simply clarify, update an
expand certain ideas and concepts. Major changes include the addition of new problems, th
addition of review problems, a slight modification to compressible flow problem-solvin
techniques, and the addition of a summary sentence in the margin of each page of text.
One of our aims is to represent fluid mechanics as it really is—an exciting and useft
discipline. To this end, we include analyses of numerous everyday examples of fluid-floy
phenomena to which students and faculty can easily relate. In the third edition 165 example
are presented that provide detailed solutions to a variety of problems. Also, a generous set
homework problems in each chapter stresses the practical application of principles. Thos
problems that can be worked best with a programmable calculator or a computer, about 105
of the problems, are so identified. Also included in most chapters are several open-ende
problems. These problems require critical thinking in that in order to work them one mus
make various assumptions and provide the necessary data. Students are thus required to mak
reasonable estimates or to obtain additional information outside the classroom. These oper
ended problems are clearly identified. Another feature is the inclusion of extended, laboratory
type problems in most chapters. Actual experimental data are included in these problems, an
the student is asked to perform a detailed analysis of the problem similar to that required fc
a typical laboratory. It is believed that this type of problem will be particularly useful fc

-
Iw
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X Preface

A summary or
(highlight) sentence
is inserted on each
page of text.

fluid mechanics courses that do not have a laboratory as a part of the course. These laboratory-
type problems are located at the end of the problems section in most chapters and can be
easily recognized. The examples and homework problems illustrate the considerable versa-
tility of fluid mechanical analyses.

Since this is an introductory text, we have designed the presentation of material to allow
for the gradual development of student confidence in fluid mechanics problem solving. Each
important concept or notion is considered in terms of simple and easy-to-understand circum-
stances before more complicated features are introduced. Two new features have been intro-
duced in the third edition to aid in this understanding. First, a brief summary (or highlight)
sentence has been added to each page of text. These sentences serve to prepare or remind the
reader about an important concept discussed on that page. The entire page must still be read
to understand the material—the summary sentences merely reinforce the comprehension.
Second, a set of review problems covering most of the main topics has been added at the end
of each chapter. Complete, detailed solutions to these review problems are available in the
supplement titled Student Solution Manual for Fundamentals of Fluid Mechanics, by Munson,
Young, and Okiishi (John Wiley and Sons, Inc., New York, 1997).

Two systems of units continue to be used throughout the text: the British Gravitational
System (pounds, slugs, feet, and seconds), and the International System of Units (newtons,
kilograms, meters, and seconds). Both systems are widely used, and we believe that students
need to be knowledgeable and comfortable with both systems. Approximately one-half of the
examples and homework problems use the British System; the other half is based on the
International System.

In the first four chapters, the student is made aware of some fundamental aspects of
fluid motion, including important fluid properties, regimes of flow, pressure variations in
fluids at rest and in motion, fluid kinematics, and methods of flow description and analysis.
The Bernoulli equation is introduced in Chapter 3 to draw attention, early on, to some of the
interesting effects of fluid motion on the distribution of pressure in a flow field. We believe
that this timely consideration of elementary fluid dynamics will increase student enthusiasm
for the more complicated material that follows. In Chapter 4, we convey the essential elements
of kinematics, including Eulerian and Lagrangian mathematical descriptions of flow phenom-
ena, and indicate the vital relationship between the two views. For teachers who wish to
consider kinematics in detail before the material on elementary fluid dynamics, Chapters 3
and 4 can be interchanged without loss of continuity.

Chapters 5, 6, and 7 expand on the basic analysis methods generally used to solve or
to begin solving fluid mechanics problems. Emphasis is placed on understanding how flow
phenomena are described mathematically and on when and how to use infinitesimal and finite
control volumes. Owing to the importance of numerical techniques in fluid mechanics, we
have included introductory material on this subject in Chapter 6. The effects of fluid friction
on pressure and velocity distributions are also considered in some detail. A formal course in
thermodynamics is not required to understand the various portions of the text that consider
some elementary aspects of the thermodynamics of fluid flow. Chapter 7 features the advan-
tages of using dimensional analysis and similitude for organizing test data and for planning
experiments and the basic techniques involved.

Chapters 8 to 12 offer students opportunities for the further application of the principles
learned early in the text. Also, where appropriate, additional important notions such as bound-
ary layers, transition from laminar to turbulent flow, turbulence modeling, chaos, and flow
separation are introduced. Practical concerns such as pipe flow, open-channel flow, flow
measurement, drag and lift, the effects of compressibility, and the fluid mechanics funda-
mentals associated with turbomachines are included.

The compressible flow tables found in the previous editions (and in other texts) have
been replaced by corresponding graphs. It is felt that in the current era of visual learning,
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these graphs allow a fuller understanding of the characteristics of the compressible flow
functions.

A new supplement is the Fluid Mechanics Phenomena CD containing short video seg-
ments that illustrate various aspects of “real world” fluid mechanics. Many of the segments
show how fluid mechanics is related to familiar devices and everyday experiences. A short
text included with each segment indicates the key fluid mechanics topic being demonstrated
and provides a brief description of the content. Each video segment is identified in the text-
book by an icon of the type shown in the left margin. These icons are located so that the
various video segments are associated with the fluid mechanics concepts and theory discussed
in the textbook at that location. The number in the icon identifies the segment, e.g., V1.3
refers to video segment number 3 in Chapter 1.

An Instructor’s Manual is available to professors who adopt this book for classroom
use. This manual contains complete, detailed solutions to all the problems in the text. This
Instructor’s Manual is available in paper or CD format and may be obtained directly from
the publishers.

Students who study this text and who solve a representative set of the exercises provided
should acquire a useful knowledge of the fundamentals of fluid mechanics. Faculty who use
this text are provided with numerous topics to select from in order to meet the objectives of
their own courses. More material is included than can be reasonably covered in one term. All
are reminded of the fine collection of supplementary material. Where appropriate, we have
cited throughout the text the articles and books that are available for enrichment.

We express our thanks to the many colleagues who have helped in the development of
this text, including Professor Bruce Reichert of Kansas State University for help with Chapter
11 and Professor Patrick Kavanagh of lowa State University for help with Chapter 12. We

are indebted to the following reviewers of the third edition for their comments and sugges-
tions:

William Dempster Thomas J. Olenik

University of Strathclyde New Jersey Institute of Technology
William Schultz Edward E. O’Brien

The University of Michigan SUNY at Stony Brook

Ana Paula Barros V. Dakshina Murty

Penn State University University of Portland

George D. Catalano Patrick V. Farrell

United States Military Academy, West Point University of Wisconsin-Madison
Michael H. Woo

The Citadel

We wish to express our gratitude to the many persons who supplied the photographs used
throughout the text and to Milton Van Dyke for his help in this effort. Finally, we thank our
families for their continued encouragement during the writing of this third edition and Barbara
Munson for her editing of the manuscript.

Working with students over the years has taught us much about fluid mechanics edu-
cation. We have tried in earnest to draw from this experience for the benefit of users of

this book. Obviously we are still learning, and we welcome any suggestions and comments
from you.

BRUCE R. MUNSON
DoNALD F. YOUNG
THEODORE H. OKIISHI



m TABLE 1.3

Conversion Factors from BG and EE Units to SI Units®
|

To Convert from to Multiply by
Acceleration ft/s? m/s? 3.048E — 1
Area ft m? 9.290E — 2
Density lbm/ft> kg/m> 1.602E + 1
slugs/ft3 kg/m> 5.154E + 2
Energy Btu J 1.055E + 3
ft-1b J 1.356
Force b N 4.448
Length ft m 3048E — 1
in. m 2540E — 2
mile m 1.609E + 3
Mass Ibm kg 4536E — 1
slug kg 1459E + 1
Power ftlb/s W 1.356
hp W 7.457E + 2
Pressure in. Hg (60 °F) N/m? 3377E + 3
Ib/ft% (psf) N/m? 4788 E + 1
Ib/in.? (psi) N/m? 6.895E + 3
Specific weight Ib/ft3 N/m? 1.571E + 2
Temperature °F °C Te = (5/9)(Tr — 32°)
°R K 5556E — 1
Velocity ft/s m/s 3.048E — 1
mi/hr (mph) m/s 4470E — 1
Viscosity (dynamic) Ib-s/ft? N-s/m? 4788 E + 1
Viscosity (kinematic) ft2/s m?/s 9.290E — 2
Volume flowrate ft*/s m?/s 2.832E — 2
gal/min (gpm) m3/s 6.309E — 5

]
2If more than four-place accuracy is desired, refer to Appendix A.




B TABLE

Conversion Factors from SI Units to BG and EE Units®

To Convert from to Multiply by
Acceleration m/s? ft/s? 3.281
Area m? ft2 1.076 E + 1
Density kg/m? Ibm/ft? 6.243E — 2

kg/m3 slugs/ft> 1.940E — 3
Energy J Btu 9478E — 4

J ft-1b 7376 E — 1
Force N b 2248E — 1
Length m ft 3.281

m in. 3937E + 1

m mile 6214 E — 4
Mass kg Ibm 2.205

kg slug 6.852E — 2
Power w ft1b/s 7376 E — 1

w hp 1341E — 3
Pressure N/m? in. Hg (60 °F) 2961 E — 4

N/m? Ib/ft? (psf) 2.089E — 2

N/m? Ib/in.2 (psi) 1450 E — 4
Specific weight N/m? Ib/ft? 6366 E — 3
Temperature °C °F Te = 1.8 To + 32°

K °R 1.800
Velocity m/s ft/s 3.281

m/s mi/hr (mph) 2.237
Viscosity (dynamic) N-s/m? 1b-s/ft? 2.089E — 2
Viscosity (kinematic) m?/s ft2/s 1.076 E + 1
Volume flowrate m>/s ft*/s 3.531E + 1

m3/s gal/min (gpm) 1.585E + 4

e
“If more than four-place accuracy is desired, refer to Appendix A.
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