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The Founding of a Discipline:
The McGraw-Hill Companies, Inc. Series in Chemical Engineering

Over 80 years ago, fifteen prominent chemical engineers met in New York to plan a
continuing literature for their rapidly growing profession. From industry came such
pioneer practioners as Leo H. Baekeland, Arthur D. Little, Charles L. Reese, John
V.N. Dorr, M.C. Whitaker, and R.S. McBride. From the universities came such emi-
nent educators as William H. Walker, Alfred H. White, D.D. Jackson, J.H. James,
Warren K. Lewis, and Harry A. Curtis. H.C. Parmlee, then editor of Chemical and
Metallurgical Engineering, served as chairman and was joined subsequently by S.D.
Kirkpatrick as consulting editor.

After several meetings, this committee submitted its report to the McGraw-Hill
Book Company in September 1925. In the report were detailed specifications for a
correlated series of more than a dozen texts and reference books which became the
McGraw-Hill Series in Chemical Engineering—and in turn became the cornerstone
of the chemical engineering curricula.

From this beginning, a series of texts has evolved, surpassing the scope and
longevity envisioned by the founding Editorial Board. The McGraw-Hill Series in
Chemical Engineering stands as a unique historical record of the development of
chemical engineering education and practice. In the series one finds milestone of the
subject’s evolution: industrial chemistry, stoichiometry, unit operations and processes,
thermodynamics, kinetics, and transfer operations.

Textbooks such as McCabe et al, Unit Operations of Chemical Engineering,
Smith et al, Introduction to Chemical Engineering Thermodynamics, and Peters et al,
Plant Design and Economics for Chemical Engineers have taught generations of stu-
dents principles that are key to success in chemical engineering. Juan de Pablo, Jay
Schieber, and Regina Murphy, McGraw-Hill’s next band of classic authors, will lead
students worldwide toward the latest developments in chemical engineering.

Chemical engineering is a dynamic profession and its literature continues to
grow. McGraw-Hill, with its in-house editors and consulting editors Eduardo Glandt
(Dean, Univ. of Pennsylvania), Michael Klein (Dean, Rutgers Univ.), and Thomas
Edgar (Professor, Univ. of Texas at Austin) remains committed to a publishing
policy that will serve the needs of the global chemical engineering profession for the
years to come.
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Xvill NOTATION

N 4f Ax/ D (Sec. 8.4) — —

N rotation rate (rpm or rps) 1/min; 1/s 1 /min; 1/s

pe potential energy per unit mass Btu / Ibm J/kg

P pressure Ibf / in? Pa

Po power ft-1bf/s W

PE potential energy Btu J

PC pumping cost (Sec. 6.12) $/yr-hp

PP purchased price factor for a pipe (Sec. 6.12) $/in-ft

q emission rate per unit area (Sec. 3.6) Ibm /s - ft? kg/s-m?

G Gy q- x, y, and z components of heat flux (Sec. 16.3) Btu/h - ft* W/ m?

Q » volumetric flow rate /s m'/s

Q heat Btu J

2 charge coul coul

r radius ft m

R universal gas constant See inside See inside
back cover back cover

R correlation coefficient (Sec. 18.5) — -

R radius of curvature (Chap. 14) ft m

R Reynolds number - —

R, particle Reynolds number — —

Rpm. Reynolds number for porous media — —

R Reynolds number based on distance from — —

leading edge

R poer 12w Reynolds number for power law fluids — —

R Bingham Reynolds number for Bingham plastics - —

Rimpelter Reynolds number for a mixer impeller — -

s entropy per unit mass or per mole Btu/Ibm - °R or J/kg-Kor
Btu /Ibmol - °R J/mol - K

K cake compressibility coefficient (Sec. 11.4) — —

SG specific gravity - —

t time S s

t wall thickness (Sec. 2.4) ft m

T absolute temperature °RorK K

T relative intensity of turbulence (Sec. 18.4) — —

u internal energy per unit mass or per mole Btu / Ibm or J/kgor
Btu / Ibmol J/ mol

u* friction velocity (Sec. 17.4) ft/s m/s

ut V. / u* (Sec. 17.4) — —

U internal energy Btu J

v volume per unit mass ft* / 1bm m? / kg

v fluctuating component of velocity (Chaps. 17 and 18)  ft/s m/s

Vv velocity ft/s m/s

1% volume s m’

Vi Vi Vi x, y, and z components of velocity ft/s m/s

Ve tangential component of velocity ft/s m/s

V. radial velocity ft/s m/s

Vave average velocity ft/s m/s

Vesnieitine centerline velocity in a pipe ft/s m/s

Ve free-stream velocity ft/s m/s

Vi superficial velocity (Sec. 11.1) ft/s m/s

v, interstitial velocity (Sec. 11.1) ft/s m/s

Vs minimum fluidizing velocity (Sec. 11.5) ft/s m/s

w work ft - Ibf J

w weight Ibf N

w width ft m
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PREFACE

T his book presents an introduction to fluid mechanics for undergraduate chemical
engineering students.

Throughout the text, emphasis is placed on the connection between physical
reality and the mathematical models of reality, which we manipulate. The ultimate
test of a mathematical solution is its ability to predict the results of future experi-
ments. Because a mathematically correct consequence of inapplicable assumptions is
often simply wrong, the text occasionally offers intentionally wrong solutions to cau-
tion the student.

The simplest mathematical approaches are used, consistent with technical vigor.

Considerable attention is paid to the units of quantities in the equations because
students usually have trouble with them, and because this reminds them that each
symbol in our equations stands for a real physical quantity.

The book is divided into four sections. Section I, preliminaries, provides back-
ground for the study of flowing fluids. It includes a separate chapter on the balance
equation. One might think that this is such a simple topic that it deserves only a few
lines. However, it is a continual source of trouble to students. Furthermore, it is the
most all-pervasive concept of chemical engineering, forming the basic mathematical
framework for the application of the laws of thermodynamics, Newtonian mechanics,
stoichiometry, and for the study of chemically reacting systems. There is also a chap-
ter on the first law of thermodynamics. In the undergraduate program at the Univer-
sity of Utah, the students study basic engineering thermodynamics before they are
introduced to fluid mechanics; thus, Chapter 4 is merely a review for them.

Section II discusses flows that are practically one-dimensional or can be treated
as such. This organization of the book is radically different from the organization of flu-
ids books written by mechanical and civil engineers, who begin with three-dimensional
fluid mechanics and work their way down to one-dimensional fluid mechanics. The
reasons for this organization, which fits better with the background of chemical engi-
neers, are spelled out in Section 1.11. Sections I and II are the core of the book, cov-
ering all the basic ideas in fluid mechanics, and many of the problems of greatest interest
to chemical engineers.

Section III discusses some other topics that can be viewed by the methods of
one-dimensional fluid mechanics. These six chapters introduce other areas of fluid

xxi
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mechanics that are of great practical interest to some chemical engineers but that are
not covered in an introductory course for want of time. They can be assigned, in any
order, as supplementary reading, or covered briefly in class, introducing students to
the terminology and basic ideas of these fields and helping them to read related mat-
ters in the current literature.

Section IV introduces the student to two- and three-dimensional fluid mechan-
ics. It shows the relations between the methods used for these flows and the simpler
approaches used in Sections II and III. It shows what two- and three-dimensional prob-
lems can be solved by hand (a small number) and shows the basis on which most
such problems are currently solved by Computational Fluid Mechanics programs. A
separate chapter introduces the student to mixing, which is basic chemical engineer-
ing, but not routinely covered in fluid mechanics texts.

Computers do not make hand calculations unnecessary. No new or unfamiliar
computer solution should be believed until manual plausibility checks have shown that
the computer is indeed solving the problem we think it is solving and that its solu-
tion is physically reasonable. Simply plugging values into available computer pack-
ages does not build physical insight, which is one of the most important tools of the
successful engineer. Good pedagogy begins with hand solutions of simplified versions
of the real problem, which build physical insight and some understanding of physi-
cal magnitudes, followed by computer solutions, which can relax the simplifications
and cover a wider variety of conditions, followed by manual plausibility checks of
the computer solutions.

After an initial rush of enthusiasm for SI, engineering educators seem to be
deciding that the English system of units is not likely to vanish overnight. For this
reason our students must become like educated Europeans, who speak more than one
language fluently and can read and understand one or two additional languages. Our
students must be fluent in SI and in the English system of units and must understand
traditional metric and cgs, and be able to read and understand texts using the slug and
the poundal. This book has a long discussion of these various systems of units. Exam-
ples are presented in both SI and English units. This is unlikely to please purists of
any persuasion, but it probably serves our students as well as any other approach and
better than some.

My goal is to present a text that average chemical engineering undergraduates
can read and understand and from which they can attack a variety of meaningful prob-
lems. I have tried to help the student develop a physical insight into the processes of
fluid mechanics and develop the understanding that the equations on these pages truly
describe what nature does. I have tried to choose examples from the student’s own
experiences, or that relate to things they can observe in their everyday lives. The home
is a wonderful place to observe the principles of chemical engineering; good teach-
ers help students interpret what they see in the home in terms of chemical engineer-
ing principles.

The true test of the quality of a textbook is whether it becomes the most worn
and tattered book on a practicing engineer’s bookshelf. Former students tell me that
the first two editions of this book pass that test. I hope copies of this edition will
become even more worn and tattered.
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For instructor resources visit the text’s Web site at http://www.mcgraw-hill.
engineeringcs.com.
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