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Preface

Transport Phenomena is an important subject for chemical engineers.
The subject incorporates fundamental knowledge from different fields starting
from fluid dynamics, heat and mass transfers. These fields share some similarities
and have some differences. Nonetheless, they are essential to the understanding
of chemical engineering processes. As a result, understanding transport phenomena
is valuable and it is a good fundamental for advance transport phenomena for
students who consider further study. Thus, Sirindhorn International Institute of
Technology (SIIT) designated Transport Phenomena to be a compulsory course.

The author has started teaching Transport Phenomena at SIIT since
academic year 2009. The author has found that Transport Phenomena is a subject
that cannot rely on one book because it incorporates fundamental knowledge
from different fields. Therefore, it is necessary to use many textbooks as
references. In addition, Transport Phenomena is a mathematically intensive
subject. Most chemical engineering textbooks do not explain the mathematical
analysis well, resulting in confusion among the students.

As such, the author would like to write this Fundamental of Transport
Phenomena: Momentum, Heat and Mass Balance Approach to be used as a
textbook for class CHS456 Transport Phenomena at SIIT, Thammasat University.
The author aims to collect important aspects of momentum transfer, heat transfer
and mass transfer in one textbook, and attempts to explain different principles
systematically to highlight the similarities and the differences among these
phenomena using momentum balance, heat balance and mass balance. The author
hopes that the textbook could help simplify these concepts so the students can
understand the transport phenomena better.

The author separated the textbook into 3 sections. Section I Momentum
Transfer includes 5 chapters. Section II Energy Transfer includes 5 chapter, and

the last section, Section III Mass Transfer include 4 chapters. Each chapter is



presented with a problem-based approach by introducing current and interesting
examples, and by analyzing the examples, the readers can learn to formulate
the concepts.

Chapter 1 covers the basic understanding of fluids dynamics, and Chapter
2-4 cover different methods to determine fluid velocity using momentum balance.
Chapter 5 covers dimensionless analysis. In Section II, Chapter 6 starts with the
introduction of different modes of energy transfer and the concept of energy
balance, which is the basis for its application in Chapter 7-9. Chapter 10 introduces
simple transient conduction calculation using energy balance. In the last section,
Section III, Chapter 11 introduces the fundamental of mass transfer, and Chapter
12 covers simple mass transfer problems. The mass transfer problems will get
more complex in Chapter 13 and Chapter 14 where the mass transfer problems
involve chemical reactions.

The author hopes that this textbook will help the students understand
Transport Phenomena better. In addition, the textbook is written in English with
the hope that students from non-international program can use it to fill in the
gaps among current textbooks in the market. If you find faults in this textbook
or if you have further suggestions, please send your comments to wanwipa@

siit.tu.ac.th so the author can revise the content in the future.

Asst. Prof. Dr.Wanwipa Siriwatwechakul
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MOMENIT AT RANSFER
FLUX

The term momentum transfer often conjures a vision of one object hitting
another object such as a car collision or a ball bouncing against the wall. The
less obvious, but equally common is the motion of molecules colliding with one
another, which occur continuously when fluid flows. In the random motion of
fluid movement, the momentum is transferred from one part of the flow to
another. In this process the total amount of momentum possesses by the fluid
is conserved. Momentum is simply transferred from one object to another object.
Thus the term momentum transfer in this context is often referred to momentum
transfer of fluid, and related to the fluid flow. The ability of a fluid to transfer
momentum is measured by the viscosity, whose definitions will be detailed in
section 1.2.

However, to think of fluid flows as the momentum transfer individual
molecules are highly complicated because the fluid domain contains large number
of molecules. Thus, the mathematical description of fluids in motion in this book
will use the continuum assumption, in which the fluid is modeled as a continuous
domain, without microscopic structure. Thus the materials are differentiated by
their macroscopic properties such as density, thermal conductivity or viscosity.

With this fundamental understanding, we will embark on learning about the



