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FOREWORD

I first met Prof. Yixiang Shi in the summer of 2007 when he was a visiting scholar at
the University of California, Irvine, working on modeling solid-oxide fuel cells. Over the
years, we have interacted at numerous scientific conferences. Additionally, I have had the
pleasure of visiting with Prof. Shi and his students at Tsinghua University on several
occasions.

We are delighted that Prof. Shi and his students have taken the initiative to translate
our book into Chinese. We will be very pleased and gratified if Chinese students and
researchers can benefit from our derivations and discussion of chemically reactive fluid-
mechanical fundamentals. The ability to formulate and solve new chemically reacting flow
problems will surely play increasingly important roles in the development and deployment
of new efficient energy conversion processes and environmentally sustainable technologies.

In somewhat of a departure from numerous classical books in fluid mechanics and
transport processes, this book formulates computational approaches from the outset, With
increasingly accessible and powerful computational facilities on everyone’s desktop, such
an approach enables the convenient solution of technologically relevant fluid-mechanical
problems that assist in the innovative design and effective operation of widely ranging
chemical processes.

We thank Prof. Shi for making our book more accessible to a wider global readership,
which will hopefully play at least some role in assisting researchers who will develop the

next generation of chemical technologies.

Prof. Robert J. Kee
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FOREWORD

You, dear reader, are holding a classic textbook in your hands. This excellent book
will provide you with the fundamentals of reaction chemistry in fluid flows. Since complex
reacting systems can be found in many important manifestations and applications,
including combustion, atmospheric chemistry, catalysis, and chemical vapor deposition, it
is important to understand the principles that enable identifying key reactions and
conditions, developing suitable mechanisms, and designing, scaling, and optimizing
successful processes on this basis. Real-world problems and industrial applications with
high economic and environmental impact depend on such knowledge as presented here.
These may include deposition of functional materials with desired optical, electronic, and
magnetic properties for micro-and nano-electronics devices and sensors as well as protective
and decorative coatings. They may address energy conversion processes such as in
combustion, where suitable reaction conditions must be chosen for high efficiency and low
carbon signature as well as compliance with emission standards, including efficient process
control. Further processes include catalytic conversion, one of the most valuable concepts
for chemical production and process aftertreatment that enables, for example, access to
many consumer goods used in all parts of everyday life.

While reaction conditions, reactor sizes and geometries, delivery strategies, flow
properties, and other parameters can vary greatly in these applications, it is highly
valuable to understand that the fundamental principles underlying such processes are
similar, and that you will find the respective ingredients in this book: the fundamental
kinetics to describe the chemical reactions in the gas phase and at the surface of the
relevant system, and the fluid mechanics to describe the flow. Whether you are a
practicing professional, a student or a scientist new to the field—you will find a highly
concise resource for your work with this seminal contribution.

More specifically, the book introduces into the derivation of the appropriate governing



equations for a respective system, the determination or estimation of the pertinent
properties, and the numerical procedures for their solution. An important focus is on the
thermodynamic, transport, and reaction kinetic properties of the system, including
homogeneous gas-phase and heterogeneous, boundary-layer reaction behavior near a
surface, with an emphasis on suitable reaction mechanism development. Flows considered
are laminar, and because of the chemical complexity, simplifications in the geometry to
consider near-practical problems reduced to laboratory situations of only zero or one
dimension are of considerable value. Throughout, numerical solutions of the respective
governing equations are advocated, and introduction into suitable solvers and software
packages are provided together with a number of practical examples.

Not only will you, the reader, find in this book a valuable guide to conceive solutions
for reactive systems of your own interest, but you will also witness along the way some of
the history-computational prediction of the behavior, design, and optimization of
chemically reactive processes and systems has matured to become an ubiquitous tool in the
time since the pioneers who contributed to this book have facilitated its introduction.

With high respect for the services that this book and the concepts behind it have
provided to the community, I recommend it to you and wish you a fruitful and successful
application of its fundamental concepts and methodology to solving problems of your own

discipline and profession.

Bielefeld, August 2017

Katharina Kohse-Hoéinghaus

Senior Professor of Physical Chemistry
Bielefeld University, Germany

Past President of the Combustion Institute
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