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AIRCRAFT ENGINE DESIGN

CHAPTER 1
REQUIREMENTS, POSSIBILITIES, AND LIMITATIONS

1-1. Sources of Power.—The source of power for all present-
day aircraft is the internal-combustion engine. So far, this
type of prime mover is the only one that has proved capable of
meeting all the exacting requirements of powered flight success-
fully. Other prime movers such as steam plants have been
considered and even tried experimentally in a few instances, but
none has, to the writer’s knowledge, survived to the production
stage. '

1-2. Basic Requirements and Limitations.—Some of the more
important basic requirements of the airplane engine are

Adequate power. «

Very low weight-power ratio.

High specific power output.

High thermal efficiency.

Compactness.

Reliability and long life.

Relative ease of maintenance.

Reasonable initial cost.

Ability to operate under adverse conditions.

b ol o o e

Considering these items briefly:

1. Historians now generally agree that the first successes in
powered flight were delayed several years because of lack of a
suitable engine. Present large aircraft designers are continually
clamoring for more and more powerful engines. - Reduetions in
parasite drag have contributed markedly to the improvements
in performance attained during the last 10 years, but further
improvement from this source appears to be following the law
of diminishing returns.
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PREFACE

This text has been assembled to aid technicg] students in bridg-
ing the gap between the point (a) where they have a fairly com-
plete knowledge of the fundamentals of mathematics, mechanics,
and machine design and (b) the point where they are sufficiently
familiar with the application of these fundamentals to the design
of alrcraft engines to enable them to be of value to the aircraft-
engine building industry. |

Usually students entering this field of study are totally lacking
in the experience so essential to deciding a logical order of proce-
dure of engine design. They also lack the accumulated informa-
tion upon which experienced designers can call for making the
innumerable assumptions that must precede or parallel the
analyses of various parts. Hence, an outline of procedure and a
considerable accumulation of more or less rational data have been
included. However,itis pointed out that although the Suggested
Design Procedure is one way of carrying through the analysis,
1t is not the only way, or even the best possible way in a particular
instance. Students are usually encouraged to select a ‘‘con-
ventional’ type of engine for a first design because there are
more ‘‘signposts’’ to guide them, but this should not be mis-
interpreted as implying a negative attitude toward new ideas and
possible improvements over present practice. Rather, it is based
on the belief, founded largely on teaching experience, that a
student cannot very well design an improved or unconventional
engine until he is familiar with the shortcomings and weaknesses -
of conventional engines. |

The author is greatly indebted to the various stated sources for
illustrative data, and in cach case he has endeavored to give
proper credit. The author is also indebted to G. D. Angle,
P. M. Heldt, various staff technicians at Wright Field, the
NACA, the engine industry, and his associates at Purdue,
particularly Dean A. A. Potter, Prof. G. A. Young, and espccially
Prof. K. D. Wood for valuable suggestions, criticisms, and
assistance.

LAFAYETTE, INDIANA, JoseprH LIsTON.

April, 1942,
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