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McGRAW-HILL SERIES IN AERONAUTICAL AND
AEROSPACE ENGINEERING

of the twentieth century. Along with this came the rise of aeronautical

engineering as an exciting, new, distinct discipline. College courses in
acronautical engineering were offered as early as 1914 at the University of
Michigan and at MIT. Michigan was the first university to establish an aero-
nautics department with a four-year degree-granting program in 1916; by 1926 it
had graduated over one hundred students. The need for substantive textbooks in
various areas of aeronautical engineering became critical. Rising to this demand,
McGraw-Hill became one of the first publishers of aecronautical engineering text-
books, starting with Airplane Design and Construction by Ottorino Pomilio in
1919, and the classic and definitive text Airplane Design: Aerodynamics by the
iconic Edward P. Warner in 1927. Warner’s book was a watershed in aeronautical
engineering textbooks.

Since then, McGraw-Hill has become the time-honored publisher of books in
aeronautical engineering. With the advent of high-speed flight after World War II
and the space program in 1957, aeronautical and aerospace engineering grew
to new heights. There was, however, a hiatus that occurred in the 1970s when
aerospace engineering went through a transition, and virtually no new books in
the field were published for almost a decade by anybody. McGraw-Hill broke
this hiatus with the foresight of its Chief Engineering Editor, B.J. Clark, who
was instrumental in the publication of Introduction to Flight by John Anderson.
First published in 1978, Introduction to Flight is now in its 6th edition. Clark’s
bold decision was followed by McGraw-Hill riding the crest of a new wave of
students and activity in aerospace engineering, and it opened the flood-gates for
new textbooks in the field.

In 1988, McGraw-Hill initiated its formal series in Aeronautical and
Aerospace Engineering, gathering together under one roof all its existing texts
in the field, and soliciting new manuscripts. This author is proud to have been
made the consulting editor for this series, and to have contributed some of the
titles. Starting with eight books in 1988, the series now embraces 24 books cov-
ering a broad range of discipline in the field. With this, McGraw-Hill continues
its tradition, started in 1919, as the premier publisher of important textbooks in
aeronautical and aerospace engineering.

T he Wright brothers invented the first practical airplane in the first decade

John D. Anderson, Jr.
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versity of Maryland, and since 1980 has been professor of Aerospace Engineer-
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dynamics, doing research and writing on the history of aerodynamics. In addition
to his position as professor of aerospace engineering, in 1993, he was made a
full faculty member of the Committee for the History and Philosophy of Science
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Aerodynamics at the National Air and Space Museum, Smithsonian Institution.
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Fundamentals of Aerodynamics (1984, 1991, 2001, 2007), Hypersonic and High
Temperature Gas Dynamics (1989), Computational Fluid Dynamics: The Basics
with Applications (1995), Aircraft Performance and Design (1999), A History of
Aerodynamics and Its Impact on Flying Machines, Cambridge University Press
(1997 hardback, 1998 paperback), The Airplane: A History of Its Technology,
American Institute of Aeronautics and Astronautics (2003), and Inventing Flight,
Johns Hopkins University Press (2004). He is the author of over 120 papers on
radiative gasdynamics, reentry aerothermodynamics, gasdynamic and chemical
lasers, computational fluid dynamics, applied aerodynamics, hypersonic flow,
and the history of aeronautics. Dr. Anderson is in Who'’s Who in America. He is
an Honorary Fellow of the American Institute of Aeronautics and Astronautics
(AIAA). He is also a fellow of the Royal Aeronautical Society, London. He is a
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sciously written in a clear, informal, and direct style to talk to the reader

and gain his or her immediate interest in the challenging and yet beautiful
discipline of aecrodynamics. The explanation of each topic is carefully constructed
to make sense to the reader. Moreover, the structure of each chapter is tightly or-
ganized in order to keep the reader aware of where we are, where we were, and
where we are going. Too frequently the student of aerodynamics loses sight of
what is trying to be accomplished; to avoid this, I attempt to keep the reader
informed of my intent at all times. For example, preview boxes are introduced at
the beginning of each chapter. These short sections, literally set in boxes, are to
inform the reader in plain language what to expect from each chapter, and why
the material is important and exciting. They are primarily motivational; they help
to encourage the reader to actually enjoy reading the chapter, therefore enhancing
the educational process. In addition, each chapter contains a road map—a block
diagram designed to keep the reader well aware of the proper flow of ideas and
concepts. The use of preview boxes and chapter road maps are unique features of
this book. Also, to help organize the reader’s thoughts, there are special summary
sections at the end of most chapters.

The material in this book is at the level of college juniors and seniors in
aerospace or mechanical engineering. It assumes no prior knowledge of fluid
dynamics in general, or acrodynamics in particular. It does assume a familiarity
with differential and integral calculus, as well as the usual physics background
common to most students of science and engineering. Also, the language of
vector analysis is used liberally; a compact review of the necessary elements of
vector algebra and vector calculus is given in Chapter 2 in such a fashion that
it can either educate or refresh the reader, whatever may be the case for each
individual.

This book is designed for a 1-year course in aerodynamics. Chapters 1 to 6
constitute a solid semester emphasizing inviscid, incompressible flow. Chapters 7
to 14 occupy a second semester dealing with inviscid, compressible flow. Finally,
Chapters 15 to 20 introduce some basic elements of viscous flow, mainly to serve
as a contrast to and comparison with the inviscid flows treated throughout the bulk
of the text. Specific sections on viscous flow, however, have been added much
earlier in the book in order to give the reader some idea of how the inviscid results
are tempered by the influence of friction. This is done by adding self-contained
viscous flow sections at the end of various chapters, written and placed in such a
way that they do not interfere with the flow of the inviscid flow discussion, but
are there to complement the discussion. For example, at the end of Chapter 4 on
incompressible inviscid flow over airfoils, there is a viscous flow section that deals

T his book is for students—to be read, understood, and enjoyed. It is con-
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with the prediction of skin friction drag on such airfoils. A similar viscous flow
section at the end of Chapter 12 deals with friction drag on high-speed airfoils.
At the end of the chapters on shock waves and nozzle flows, there are viscous
flow sections on shock-wave/boundary-layer interactions. And so forth.

Other features of this book are:

An introduction to computational fluid dynamics as an integral part of the
study of aerodynamics. Computational fluid dynamics (CFD) has recently
become a third dimension in aerodynamics, complementing the previously
existing dimensional of pure experiment and pure theory. It is absolutely
necessary that the modern student of aerodynamics be introduced to some
of the basic ideas of CFD—he or she will most certainly come face to face
with either its “machinery” or its results after entering the professional
ranks of practicing aerodynamicists. Hence, such subjects as the source and
vortex panel techniques, the method of characteristics, and explicit
finite-difference solutions are introduced and discussed as they naturally
arise during the course of our discussion. In particular, Chapter 13 is
devoted exclusively to numerical techniques, couched at a level suitable to
an introductory aerodynamics text.

A chapter is devoted entirely to hypersonic flow. Although hypersonics is at
one extreme end of the flight spectrum, it has current important applications
to the design of the space shuttle, hypervelocity missiles, planetary entry
vehicles, and modern hypersonic atmospheric cruise vehicles. Therefore,
hypersonic flow deserves some attention in any modern presentation of
aerodynamics. This is the purpose of Chapter 14.

Historical notes are placed at the end of many of the chapters. This follows
in the tradition of some of my previous textbooks, Introduction to Flight: Its
Engineering and History, sixth edition (McGraw-Hill, 2008). and Modern
Compressible Flow: With Historical Perspective, third edition
(McGraw-Hill, 2003). Although acrodynamics is a rapidly evolving subject,
its foundations are deeply rooted in the history of science and technology. It
is important for the modern student of acrodynamics to have an
appreciation for the historical origin of the tools of the trade. Therefore, this
book addresses such questions as who were Bernoulli, Euler, d’ Alembert,
Kutta, Joukowski, and Prandtl; how the circulation theory of lift developed;
and what excitement surrounded the early development of high-speed
acrodynamics. I wish to thank various members of the staff of the National
Air and Space Museum of the Smithsonian Institution for opening their
extensive files for some of the historical research behind these history
sections. Also, a constant biographical reference was the Dictionary of
Scientific Biography, edited by C. C. Gillespie, Charles Schribner’s Sons,
New York, 1980. This 16-volume set of books is a valuable source of
biographic information on leading scientists in history.

Design boxes are scattered throughout the book. These desi gn boxes are
special sections for the purpose of discussing design aspects associated with



