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Preface

This textbook derives from notes that were developed and assembled over many years of teaching
propulsion and high-speed airplane design courses at the Polytechnic Institute of Brooklyn, as well as
courses in propulsion and aerospace vehicle design at the University of Florida. The material presented
is intended as an aid in studying the theory and concepts of propulsion and derives from a diversity of
sources. The text strives to provide a fundamental approach suitable for courses at the senior under-
graduate and first-year master’s level. The problems are intended to promote an appreciation for
applications of the theory to problems of practical interest.

There is little attempt to provide a specifically historical or motivational background of aerospace
propulsion, as it is expected that readers will come to this level of study with a well-developed sense
of interest in and appetite for a quantitative involvement in the field. The first chapter immediately
introduces the student to the fundamentals of jet propulsion from the standpoint of the ideal quasi-
one-dimensional conservation equations. The second chapter delves deeper into the details of these
equations in order to arrive at a consistent set of equations that are broadly applicable to various
propulsion systems. The third chapter carries out an extensive set of analyses of the operation of
a variety of air-breathing engines under conditions of ideal operation to facilitate keeping interest
focused on the underlying concepts. The foundation for such an approach is that if an ideal system
works poorly, a practical version of it will not work better. The cases studied offer the equivalent of
a set of sample problems to aid the reader in understanding the ideal workings of the various engines.
The effect of the efficiencies of a real system is discussed at the end of the chapter in a manner that
should facilitate repeating the calculation of all the cases with reasonable concern for losses common
to practical operation. Chapters 4, 5, and 6 concentrate on the three engine components basic to jet
propulsion principles: combustors, nozzles, and inlets. Fundamentals are discussed in some detail
and application to actual hardware is shown. Then Chapters 7 and 8 are devoted to the fundamentals
and details of the turbomachinery required for the operation of air-breathing jet engines for flight up
to and including supersonic speeds, while integration of the various components into a working unit
is the subject of Chapter 9. The last chapter concerned with aircraft flight operations is Chapter 10,
which covers the operation of propellers and the application of the gas turbine engine to them.
Chapters 11 and 12 are concerned with liquid and solid rocket motors, respectively, while Chapter 13
analyzes the nuclear rocket and its possible role in space propulsion. The area of space propulsion is
covered in Chapter 14 with attention given to electric propulsion techniques that are of importance in
satellite operations and deep space exploration. Finally, Chapter 15 gives a brief overview of the case
for high-speed flight and how propulsion plays a major role in making such operations practical.
Seven appendices follow dealing with important auxiliary information, including supersonic flows
and shock waves; thermodynamic properties of hydrocarbon—air combustion products; the Earth’s
atmosphere; orbital operations and staging of rockets; principles of safety, reliability, and risk
assessment related to propulsion; flight performance of aircraft; and thermodynamic properties of
selected chemical species.

I acknowledge the inspiration provided by Professor Antonio Ferri who taught propulsion courses
I took as a graduate student at the Polytechnic Institute of Brooklyn many years ago. Appreciation is
due to my close colleagues Professor Marian Visich, Jr. of the State University of New York at Stony
Brook and Professor Herbert Fox of the New York Institute of Technology for their long-term
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cooperation in, criticism of, and support for this book. I also thank the many students who, over the
years, provided suggestions and corrections to the class notes that evolved into this book. Final
thanks are due to my wife, Anne, for patience and encouragement in this project whose duration and
required effort were wildly underestimated.

Pasquale M. Sforza
Highland Beach, Florida,
sforzapm @ufl.edu,
August 23, 2011
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