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with numerous examples, exercises, and applications. The goal of this textbook is to
introduce the reader to the analysis of flows using the laws of physics and the language
of mathematics. The approach is rigorous, but mindful of the student. Emphasis is
on building engagement, competency, and problem-solving confidence that extends
beyond a first fluids course.

This text delves deeply into the mathematical analysis of flows, because knowledge
of the patterns fluids form and why they are formed and the stresses fluids generate
and why they are generated is essential to designing and optimizing modern systems
and devices. Inventions such as helicopters and lab-on-a-chip reactors would never
have been designed without the insight brought by mathematical models.
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Preface

This book forms the basis of a one-semester introductory course in fluid mechan-
ics for engineers and scientists. Students working with this text are expected
to have a background in multivariable calculus, linear algebra, and differential
equations; review of these topics as applied to fluid mechanics is provided in
Chapter 1. Problem solving is taught by example throughout the text. We include
numerous solved examples and end-of-chapter problems, and a complete solution
manual is available for instructors.

Fluid mechanics can be a difficult subject. Nonlinear physics governs flow,
and thus we often resort to a variety of simplifications to obtain solutions. Differ-
ent simplifications are used under different conditions, making fluid mechanics
intimidating, at least to a beginner. An Introduction to Fluid Mechanics presents
the topic through a discovery process, as described in this preface, that mimics
engineering practice. The process used seeks solutions by answering the following

questions:
1. What is the problem?
2. What do we need to know, and do, to address the problem?
3. What is the solution to the problem?
4. What other problems/opportunities may be addressed now that we have

solved this problem?

This organizational choice builds critical thinking skills by emphasizing the
thought processes that lead to model development. The book is divided into four
parts that answer these four questions for the study of fluid mechanics.

1. What is the problem? [Part I: Preparing to Study Flow]
Chapter 1: Why Study Fluid Mechanics
Chapter 2: How Fluids Behave

The problem addressed in this book is how to bring readers to an understanding
of flow behavior and to mastery of flow-modeling calculations. To accomplish
this objective, students must come to the task with skills in mathematics and
simple flow calculations. In Chapter 1 we introduce the problem, cover needed
background calculations (i.e., the macroscopic mass balance and the mechanical
engineering balance), and review mathematics that is prerequisite to the study
of fluid mechanics (i.e., calculus and differential equations). In Chapter 2, we
showcase the diversity and complexity of fluid behaviors—showing readers that
the mechanical energy balance is insufficient to explain flow patterns and making

xiii
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the case that effort spent learning fluid mechanics is worth it. The presentation
in Chapter 2 is at the survey level and spans from the introduction of viscosity
to discussions of magnetohydrodynamics and vorticity. Overall, the text follows
a path inspired by the spiral learning curve [Bruner, 1966], with the topics of
Chapter 2 revisited at the end of the book (Chapter 10: How Fluids Behave
(Redux)). That final chapter demonstrates how the intervening presentation leads
to the ability to solve complex flow problems.

2. What do we need to know, and do, to address the problem? [Part II:
The Physics of Flow]
Chapter 3: Modeling Fluids
Chapter 4: Molecular Fluid Stresses
Chapter 5: Stress-Velocity Relationships

Having clarified our objectives in Part I, we seek methods to address the
objectives in Part II. The continuum and the control volume are introduced
in Chapter 3, and the stress components, fluid statics, and surface tension are
presented in Chapter 4. To apply momentum conservation to a continuum,
we need the stress constitutive equations, developed in Chapter 5 (Newtonian
and non-Newtonian). These three chapters introduce the complete continuum
model.

It can be a challenge to maintain student focus when covering background
material, and we address this issue in a unique way: we provide a storyline.
At the end of Chapter 3 we introduce two flow calculations and follow them
longitudinally throughout Part I1. These two problems (flow down an incline plane
and flow in a 90-degree bend) are addressed in a just-in-time format, beginning
before readers know enough fluid mechanics to be able to solve them. The
solution develops gradually, incorporating new model pieces as they are covered.
The repeated appearance of the two highlighted problems focuses readers on new
developments, demonstrating the utility of the most recent step. Both highlighted
problems are completed in Chapter 5, and Part II closes with the continuum
model in place.

3. What is the solution to the problem? [Part III: Flow Field Calculations)]
Chapter 6: Microscopic Balance Equations
Chapter 7: Internal Flows
Chapter 8: External Flows

Model in hand, we turn to flows of interest. In Chapter 6 we develop the micro-
scopic momentum balance (i.e., the Navier-Stokes equation), which represents
an adaptation of the methods of Part II to the general case. We introduce the
expressions for flow rates, fluid forces on walls, and fluid torques and show how
to use these. In Chapter 7 a range of internal flows is discussed (pipes and ducts);
in Chapter 8 external flows and boundary-layer flows are presented in detail (drag
and lift).

The reader’s path through Chapters 7 and 8 follows once again a storyline of a
pair of highlighted flow problems. Chapter 7 begins with the quest to determine
the extent of a home flood. Although not transparently related to the continuum
model, the home flood problem is readily associated with pipe flow and motivates
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the examination of pressure drop/flow rate relationships, laminar and turbulent
flow, and other internal-flow topics. We repeat this structure in Chapter 8, asking
about a skydiver, which raises the question of flow past an obstacle in general,
leading to discussion of drag, lift, and boundary layers.

Throughout Part III we employ dimensional analysis when the models we
develop are too difficult to solve. Dimensional analysis is presented as a natural
step in a problem-solving methodology that begins with addressing simplified
versions of a real problem (because those are the problems we can solve and they
give us insight), progresses to solving mathematically complex models, and turns
ultimately to obtaining practical data correlations.

4. What other problems/opportunities may be addressed now that we
have solved this problem? [Part IV: Advanced Flow Calculations)
Chapter 9: Macroscopic Balance Equations
Chapter 10: How Fluids Behave (Redux)

The final two chapters of An Introduction to Fluid Mechanics guide readers
through advanced modeling calculations on a variety of flows. In Chapter 9
the macroscopic balances, including the mechanical energy balance and the
macroscopic momentum balance, are derived and applied. Although simple uses
of the mechanical energy balance are covered in Chapter 1, in Chapter 9 the
applications are more involved, including pump sizing and open-channel flow.
Applying the macroscopic momentum balance is generally considered to be
a difficult topic; we systemize macroscopic momentum solutions, making them
more accessible. In Chapter 10, the learning spiral returns us to the more complex
flows introduced in Chapter 2, and we apply the now-familiar continuum model
to begin to understand these flows. Chapter 10 discusses numerical solutions,
statistical aspects of turbulence, lift, circulation, vorticity, and supersonic flow.

The text includes reference materials provided to aid the student. The appen-
dices contain a glossary of terms and mathematical tables. There is additional
mathematical assistance available on the Internet in the Web Appendix. Finally,
key equations are presented on the inside covers as an aid to problem solving.
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