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John D. Anderson, Jr., was born in Lancaster, Pennsylvania, on October 1,
1937. He attended the University of Florida, graduating in 1959 with high honors and
a bachelor of aeronautical engineering degree. From 1959 to 1962, he was a lieu-
tenant and task scientist at the Aerospace Research Laboratory at Wright-Patterson
Air Force Base. From 1962 to 1966, he attended the Ohio State University under the
National Science Foundation and NASA Fellowships, graduating with a Ph.D. in
aeronautical and astronautical engineering. In 1966, he joined the U.S. Naval
Ordnance Laboratory as Chief of the Hypersonics Group. In 1973, he became Chair-
man of the Department of Aerospace Engineering at the University of Maryland, and
since 1980 has been professor of Aerospace Engineering at the University of Mary-
land. In 1982, he was designated a Distinguished Scholar/Teacher by the University.
During 1986-1987, while on sabbatical from the University, Dr. Anderson occupied
the Charles Lindbergh Chair at the National Air and Space Museum of the Smith-
sonian Institution. He continued with the Air and Space Museum one day each week
as their Special Assistant for Aerodynamics, doing research and writing on the his-
tory of aerodynamics. In addition to his position as professor of aerospace engineer-
ing, in 1993, he was made a full faculty member of the Committee for the History
and Philosophy of Science and in 1996 an affiliate member of the History
Department at the University of Maryland. In 1996, he became the Glenn L. Martin
Distinguished Professor for Education in Aerospace Engineering. In 1999, he retired
from the University of Maryland and was appointed Professor Emeritus. He is
currently the Curator for Aerodynamics at the National Air and Space Museum,
Smithsonian Institution.

Dr. Anderson has published eight books: Gasdynamic Lasers: An Introduction,
Academic Press (1976), and ynder McGraw-Hill, Introduction to Flight (1978, 1984,
1989, 2000), Modern Compressible Flow (1982, 1990), Fundamentals of Aerody-
namics (1984, 1991), Hypersonic and High Temperature Gas Dynamics (1989),
Computational Fluid Dynamics: The Basics with Applications (1995), Aircraft Per-
formance and Design (1999), and A History of Aerodynamics and Its Impact on Fly-
ing Machines, Cambridge University Press (1997 hardback, 1998 paperback). He is
the author of over 120 papers on radiative gasdynamics, reentry aerothermodynam-
ics, gasdynamic and chemical lasers, computational fluid dynamics, applied aerody-
namics, hypersonic flow, and the history of aeronautics. Dr. Anderson is in Who's
Who in America. He is a Fellow of the American Institute of Aeronautics and Astro-
nautics (AIAA). He is also a fellow of the Royal Aeronautical Society, London. He
is a member of Tau Beta Pi, Sigma Tau, Phi Kappa Phi, Phi Eta Sigma, The American
Society for Engineering Education, the History of Science Society, and the Society
for the History of Technology. In 1988, he was elected as Vice President of the AIAA



for Education. In 1989, he was awarded the John Leland Atwood Award jointly by
the American Society for Engineering Education and the American Institute of Aero-
nautics and Astronautics “for the lasting influence of his recent contributions to
aerospace engineering education.” In 1995, he was awarded the AIAA Pendray Aero-
space Literature Award “for writing undergraduate and graduate textbooks in aero-
space engineering which have received worldwide acclaim for their readability and
clarity of presentation, including historical content.” In 1996, he was elected Vice
President of the ATAA for Publications. He has recently been honored by the AIAA
with its 2000 von Karman Lectureship in Astronautics.

From 1987 to the present, Dr. Anderson has been the senior consulting editor on
the McGraw-Hill Series in Aeronautical and Astronautical Engineering.
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vide a teaching instrument, in the classroom or independently, for the study of

compressible fluid flow, and at the same time to make this instrument under-
standable and enjoyable for the reader. As mentioned in the Preface to the First Edi-
tion, this book is intentionally written in a rather informal style in order to talk to the
reader, to gain his or her interest, and to keep the reader absorbed from cover to
cover. Indeed, all of the philosophical aspects of the first two editions, including the
inclusion of a historical perspective, are carried over to the third edition.

The response to the first two editions from students, faculty, and practicing pro-
fessionals has been overwhelmingly favorable. Therefore, for the third edition, all of
the content of the second edition has been carried over virtually intact, with only
minor changes made here and there for updating. The principal difference between
the third and second editions is the addition of much new material, as follows:

The purpose of the third edition is the same as that of the earlier editions: to pro-

1. Each chapter starts with a Preview Box, an educational tool that gives the
reader an overall perspective of the nature and importance of the material to be
discussed in that chapter. The Preview Boxes are designed to heighten the
reader’s interest in the chapter. Also, chapter roadmaps are provided to help the
reader see the bigger picture, and to navigate through the mathematical and
physical details buried in the chapter.

2. Increased emphasis has been placed on the physics associated with compress-
ible flow, in order to enhance the fundamental nature of the material.

3. To expedite this physical understanding, a number of new illustrative worked
examples have been added that explore the physics of compressible flow.

4. Because computational fluid dynamics (CFD) continues to take on a stronger
role in various aspects of compressible flow, the flavor of CFD in the third
edition has been strengthened. This is not a book on CFD, but CFD is
discussed in a self-contained fashion to the extent necessary to enhance the
fundamentals of compressible flow.

5. New homework problems have been added to the existing ones. There is a
solutions manual for the problems available from McGraw-Hill for the use of
the classroom instructor.

6. Consistent with all the new material, a number of new illustrations and pho-
tographs have been added.

This book is designed to be used in advanced undergraduate and first-year grad-
uate courses in compressible flow. The chapters divide into three general categories,
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which the instructor can use to mold a course suitable to his or her needs:

1.

2.

3.

Chapters 1-5 make up the core of a basic introduction to classical compress-
ible flow, with the treatment of shock waves, expansion waves, and nozzle
flows. The mathematics in these chapters is mainly algebra.

'(jhapters 610 deal with slightly more advanced aspects of classical compress-

ible flow, with mathematics at the level of partial differential equations.

Chapters 11—17 cover more modern aspects of compressible flow, dealing with
such features as the use of computational fluid dynamics to study more com-
plex phenomena, and the general nature of high-temperature flows.

Taken in total, the book provides the twenty-first-century student with a bal-

anced treatment of both the classical and modern aspects of compressible flow.

Special thanks are given to various people who have been responsible for the

materialization of this third edition:

1.

My students, as well as students and readers from all over the world, who have
responded so enthusiastically to the first two editions, and who have provided
the ultimate joy to the author of being an engineering educator.

My family, who provide the other ultimate joy of being a husband, father, and
grandfather.

My colleagues at the University of Maryland, the National Air and Space
Museum, and at many other academic and research institutions, as well as
industry, around the world, who have helped to expand my horizons.

Susan Cunningham, who, as my scientific typist, has done an excellent job of
preparing the additional manuscript.

Finally, compressible flow is an exciting subject—exciting to learn, exciting to

teach, and exciting to write about. The purpose of this book is to excite the reader,
and to make the study of compressible flow an enjoyable experience. So this author
says—read on and enjoy.

John D. Anderson, Jr.
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his book is designed to be a teaching instrument, in the classroom or indepen-

dently, for the study of compressible fluid flow. It is intentionally written in a

rather informal style in order to talk to the reader, to gain his or her interest,
and to be absorbed from cover to cover. It is aimed primarily at senior undergradu-
ate and first-year graduate students in aerospace engineering, mechanical engineer-
ing, and engineering mechanics; it has also been written for use by the practicing
engineer who wants to obtain a cohesive picture of compressible flow from a modern
perspective. In addition, because the principles and results of compressible flow per-
meate virtually all fields of physical science, this book should be useful to engineers
in general, as well as to physicists and chemists.

This is a book on modern compressible flows. An extensive definition of the
word “modern” in this context is given in Sec. 1.6. In essence, this book presents the
fundamentals of classical compressible flow as they have evolved over the past two
centuries, but with added emphasis on two new dimensions that have become so im-
portant over the past two decades, namely:

1. Modern computational fluid dynamics. The high-speed digital computer has
revolutionized analytical fluid mechanics, and has made possible the solution
of problems heretofore intractable. The teaching of compressible flow today
must treat such numerical approaches as an integral part of the subject; this
is one facet of the present book. For example, the reader will find lengthy
discussions of finite-difference techniques, including the time-marching
approach, which has worked miracles for some important applications.

2. High-temperature flows. Modern compressible flow problems frequently
involve high-speed aerodynamics, combustion, and energy conversion, all of
which can be dominated by the flow of high-temperature gases. Therefore,
such high-temperature effects must be incorporated in any basic study of
compressible flow; this is another facet of the present book. For example,
the reader will find extensive presentations of both equilibrium and nonequilib-
rium flows, with application to some basic problems such as shock waves
and nozzle flows.

In short, the modern compressible flow of today is a mutually supportive mixture of
classical analysis along with computational techniques, with the treatment of high-
temperature effects being almost routine. One purpose of this book is to provide an
understanding of compressible flow from this modern point of view. Its intent is to
interrelate the important aspects of classical compressible flow with the recent
techniques of computational fluid dynamics and high-temperature gas dynamics. In
this sense, the present treatment is somewhat unique; it represents a substantial
departure from existing texts in classical compressible flow. However, at the same



14

time, the classical fundamentals along with their important physical implications are
discussed at length. Indeed, the first half of this book, as seen from a glance at the
Table of Contents, is very classical in scope. Chapters 1 through 7, with selections
from other chapters, constitute a solid, one-semester senior-level course. The second
half of the book provides the “modern” color. The entire book constitutes a complete
one-year course at the senior and first-year graduate levels.

Another unique aspect of this book is the inclusion of an historical perspective
on compressible flow. It is the author’s strong belief that an appreciation for the his-
torical background and traditions associated with modern technology should be an
integral part of engineering education. The vast majority of engineering profession-
als and students have little knowledge or appreciation of such history; the present
book attempts to fill this vacuum. For example, such questions are addressed as who
developed supersonic nozzles and under what circumstances, how did the modern
equations of compressible fluid flow develop over the centuries, who were Bernoulli,
Euler, Helmholtz, Rankine, Prandtl, Busemann, Glauert, etc., and what did they con-
tribute to the modern science of compressible flow? In this vein, the present book
continues the tradition established in one of the author’s previous books (/ntroduc-
tion to Flight: Its Engineering and History, McGraw-Hill, New York, 1978) wherein
historical notes are included with the technical material.

Homework problems are given at the end of most of the chapters. These prob-
lems are generally straightforward, and are designed to give the student a practical
understanding of the material.

In order to keep the book to a reasonable and affordable length, the topics of
transonic flow and viscous flow are not included. However, these are topics which
are best studied after the fundamental material of this book is mastered.

This book is the product of teaching the first-year graduate course in compress-
ible flow at the University of Maryland since 1973. Over the years, many students
have urged the author to expand the class notes into a book. Such encouragement
could not be ignored, and this book is the result. Therefore, it is dedicated in part to
all my students, with whom it has been a joy to teach and work.

This book is also dedicated to my wife, Sarah-Allen, and my two daughters,
Katherine and Elizabeth, who relinquished untold amounts of time with their hus-
band and father. Their understanding is much appreciated, and to them I once again
say hello. Also, hidden behind the scenes but ever so present are Edna Brothers and
Sue Osborn, who typed the manuscript with such dedication. In addition, the author
wishes to thank Dr. Richard Hallion, Curator of the National Air and Space Museum
of the Smithsonian Institution, for his helpful comments and for continually opening
the vast archives of the museum for the author’s historical research. Finally, I wish to
thank my many professional colleagues for stimulating discussions on compressible
flow and what constitutes a modern approach to its teaching. Hopefully, this book is
a reasonable answer.

John D. Anderson, Jr.
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