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A Student’s Guide to the Navier—Stokes Equations

The Navier—Stokes equations describe the motion of fluids and are an invaluable addi-
tion to the toolbox of every physicist, applied mathematician, and engineer. The equa-
tions arise from applying Newton’s laws of motion to a moving fluid and are considered,
when used in combination with mass and energy conservation rules, to be the funda-
mental governing equations of fluid motion. They are relevant across many disciplines,
from astrophysics and oceanic sciences to aerospace engineering and materials science.
This Student’s Guide provides a clear and focused presentation of the derivation, sig-
nificance, and applications of the Navier—Stokes equations, along with the associated
continuity and energy equations. Designed as a useful supplementary resource for un-
dergraduate and graduate students, each chapter concludes with a selection of exercises
intended to reinforce and extend important concepts. Video podcasts demonstrating the
solutions in full are provided online, along with written solutions and other additional
resources.

JUSTIN W. GARVIN is Associate Professor of Instruction in the Department of Me-
chanical Engineering at the University of Iowa. He has previously worked as a research
engineer at Jowa’s IIHR-Hydroscience and Engineering research lab and at the US Air
Force Research Laboratory. His primary areas of interest are heat, fluid mechanics, and
thermal physics.
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About this book

This edition of A Student’s Guide to the Navier—Stokes Equations is supported
by an extensive range of digital resources, available via the book’s website.
These resources have been designed to support your learning and bring the
textbook to life, supporting active learning and providing you with feedback.

Please visit www.cambridge.org/garvin to access this extra content.

We may update our Site from time to time and may change or remove the
content at any time. We do not guarantee that our Site, or any part of it, will
always be available or be uninterrupted or error free. Access to our Site is per-
mitted on a temporary and “as is” basis. We may suspend or change all or any
part of our Site without notice. We will not be liable to you if for any reason
our Site or the content is unavailable at any time, or for any period.
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Preface

The topic of this book deals with some of the most useful, yet complicated,
equations that govern a considerable amount of our natural world. These equa-
tions are the equations of fluid motion (both liquids and gases), with the famed
Navier—Stokes equations being front and center. The equations show up in a
variety of areas of physics and engineering. These areas include astrophysics,
condensed matter physics, materials science, geophysics, meteorology, oceanic
sciences, biological sciences, as well as mechanical, aerospace, chemical, and
civil engineering. In addition, the Navier—Stokes equations are also used to
simulate fluids in visual effects models for movies as well as in video games.
The main goal of this book is to provide you, the student, with a friendly,
but still comprehensive, path to understanding the Navier—Stokes equations as
well as the mass continuity equation and energy equation (which are often seen
alongside the Navier—Stokes equations). These equations as a whole make up
what is commonly called the governing equations of fluid motion. This book
differs from standard texts on fluid mechanics in that it focuses almost en-
tirely on the governing equations with minimal distractions from other, albeit
important, aspects of fluid mechanics. Using a somewhat conversational writ-
ing style, the book spends a lot of time discussing the meaning of the various
terms of the equations. In addition, care has been taken to ensure that steps
are not skipped when deriving the equations or when discussing the concepts
associated with its various terms. The last chapter of the book introduces the
concept of nondimensionalization (i.e., scaling) and how scaling the governing
equations can reduce the number of parameters involved in a problem as well
as provide insight into the physics of a problem. The examples in the book
will focus mainly on what are called incompressible flows, however, there will
still be a fair amount of information regarding the version of the equations that
pertain to compressible flows. Along with the book, you can take advantage of

ix
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X Preface

video podcasts showing the solutions to the end of the chapter problems as well
as some additional written material that did not make it into the final version of
the book, all of which are available on the book’s website.

The book is generally geared toward fourth-year students in physics and
engineering. As such, in order to get the most out of the book, having some
background in differential equations as well as the calculus of vectors would
be helpful, if not necessary. The book would also likely be of great use if you
are a beginning graduate student in science or engineering whose chosen field
of study is heavily reliant on fluid mechanics. In particular, the last chapter
on nondimensionalization might come in handy for those engaged in fluid me-
chanics research activities. If you are a mathematics student studying the math-
ematical side of the Navier—Stokes equations, you may find the description of
the equations on a more physical basis to be insightful. In addition, if you are
a lifelong learner who wants to know more about the equations that describe
the motion of everyday fluids, then I hope you will find this book to be a useful
addition to your self-study.

Whatever your motivation is for learning the Navier—Stokes equations, I
wish you the best of luck in your quest in understanding some of the most
amazing equations of nature.
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