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He, who through vast immensity can pierce,
See worlds in worlds compose one uniserse,
Observe how system into system runs.

What other planets circle oth r suns,
What v aried Fi emg r . cs e%ery star.
Mas tell why Heaven tuis made us as we are.

Who sees 'A it e;.' i ieyc. as God of &l.
A hero perish,	 a spzow fall,
Atoms or syoms inte tiii k.'irled,
And now a	 b'". , and now a orid.

-	 ALEXANDER POPE

(l68.l744)

un Essav on Mn
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PREFACE

This book s the ouio.vth )' l cct tie t' s used in a course on powerplant technology
and eQgineering ard gi ven to a senior graduate studns over several years.
The author is indebted i: r '- collea2ues in the academic and industrial community
who have made man> help1u .'gcstio:.c and supplied much needed material; and to
his own students, whose civ- nu take has helped in the evolution of the lecture notes
into the present manuscript.

	

A course on poscrp!at' 	 .	 '.ilar and integral pan of engineering curric-
ulums, especially mechanical ci.oc	 ,, in !lie 19dOs and 1950s. The material cov-
ered then was largel y nonaea:'H'- r" t 1nir,	 concentrate on s ystem and component
description and operation.	 P,11 out of favor with the trend toward more
fundamentalism in en g ineer ' i thit started in the 1960s, and because the
supply of cheap fossil fuel;'" -"ed so ass"src'1 that deveopnient in the field slowed
down considerably.

	With the turnaround i n	cici ,' pict.' in the 1970s, and the need for new
solutions to efficient e.oter 	 .	 ' '.robl, cs, the course 'xperienced a remarkable
revival with a stror1 stuen'	 .Jua!r •:nrtcr demand. That demand, whirl' ic

expected to Continue for the ... ' ,.0 iid on available books, most of which
lack some of the modern aspects of powei . . tei-ation, concentrate on problems of
energy suppl y . demand, con rv'ti and c. . nomirs: or address a wide variety of
topics that are not all re v.<''',t''4,tcct matter.

	

It has become apparent	 m	 a u--dat text is sorely needed. This book
was written with this go.:! in	 -	 -ips to focus on the treatment and synthesis
of electric-generating po-vert 	 . -c' '., arc engineering, with a balance between
the analytical and t. 	 .' txswetpi.irn dcsi . i.	 cn... and effects.
The old powernIai	 .	 4	 ''	 r!ojvy fossj!-fired. have iiven
way e - -' :p:..... - . - ;n-ludini irnoroved fossil and auck& plants and
plants that rely on renwabk :;rg) sources for their input.'-'While the author has
certain opinions on the viahili of some of these as serious contributors to the large
demands for electric energy ir itw neat and long term, he has attempted to ghe moss
of them more or less equal emphasis, at least for the sake of completeness. The subject

Zia
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of energy, in general, generates much discussion, some of it emotional. The author
has a tie opted to keep editorializing under control, howe sc r but in a few instances,
his opinions surfaced. Some readers may or ma y not agree with them.

The book is de'.igned mainly for the use of mechanical, nuclear, and electrical
engineers, but also for other engineering, energy, and applied-science majors. To,
accornriiodae a vaiictv of backgrounds of readers, the book begins with introductory
nialerial that is neceszin for the understanding and analysis of most psiwcrplant
s ystems. Ii then proceeds to cover fossil-tired powerplants of the Rankine, Brayton,
and combined ts pcs. This is folloss ed by introductory nuclear material and the current
and most-promising fission-type nuclear powerplants. Fusion powerplants are not cov-
ered except in an introductory manner, since an electric- gencrating fusion powerplant

is not flow , and not expected to be, a reality in a well-defined form for decades to
come l'hc book then proceeds to cover powerplants that rely upon renewable energy
sources, such as geothermal, solar, wind, ocean temperature difference, and tide and
wave energy. It terminates with presentations of various energy storage systems, most
of which are still under deselopment; and environmental aspects of electric-power
generation, bath fossil and nuclear..

Now a word about ssli:it this book does not coser. Prohahh the most important
is hydroelectric cncrc'v. a imijor topic in its own right that is taught in separate courses
and is adequatel y covered in many textbooks. Focusing on electric-power generation,
the hook does not cover areas of domestic and municipal heating and cooling, which
are iilsv covered clsess here. It also does not cover the small hut wcl I-established electric-
generating sysrenis by internal-combustion engines which are also covered elsewhere.
Power-generation s ystems from such sources as biomass and solid wastes, while en-
vironrnentally helpful, are not expected to ever become major contr i butors no the
electric-power-suppl y picture, and are covered with less emphasis than are other types.

Because of the expected variety in readers back g rounds, a problem encountered
on tOe author's Mn n ,.-,ses, sulac of the inl,tic, .d .. tine book ii , i no be necessary
for sonic readers and may be bypassed by them, or used as a refresber. Also, because
of the wide vanety of topics covered, the book has been written with flexibility in
mind, so that readers may change some of the order of presentation, or omit some of
the material to suit their interests and purposes without loss of continuity. The book
can be covered in three to live semester hours depending upon baoground and extent
of coverage. While it is designed primarily as a college textbook with solved examples
within and problems at the end of chapters, a conscious effort has been made to make
it usable by graduate engineers in industry

An engineering book that is published these day's must face the dilemma of what - -
system of units to use. Industry, particularly in the United States, still relics largely
on the U. S. Customary System. In addition, many of the estr'1hed heat-transfer,
fiutd flow, and design-correlations for pGA , crplznt euipmeini are based on it. O P the
udici IldliLl, tt1C WefliJ In the cieiiuIIC ana world commuiiini,,,, 1. 	 ,,f ,,ic
S. I- (Le Système International d'Unités), aloped in 1960. 'Iws 000K ises both
systems, often together, and trusts that the reader can, or can learn to, convert easily
from one to the other. It is important to keep in mind that mass is mass, force is force,. -
and weight is a force. Thc dimensional conversion factor g, used whenever mass and
force appear in the same equation js used throughout. It does not vanish in the S. I.
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system but simply assumes a numerical value of unity. The Appendix contains an
extensive number of consersion tables, the last column of each of which is reserved
for the S. I. systcm.

The author is indebted to colleagues, too numerous to mention, who made many
suggestions and gave much encouragement, and to his students, who by their probing
questions have helped put proper emphasis where it was most needed. He is also
indebted to many who have contributed to the preparation and typing of the manuscript,
in particular. Mary Jo Biechler, who competently and cheerfully had to beat numerous
deadlines on such a difficult and long manuscript.

The author is also grateful to the College of Engineering. University of Wisconsin,
for the creative and challenging atmosphere in which he has been fortunate to work,
and to his fatuity and friends in both Madison and Alexandria for their love, support,
and patience. It was on the shores of the latter that much of the inspiration for this
work has come.

M. M. El-Wakil
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