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Foreword

Combustion is a fascinating process which has been quite instrumental in civiliza-
tion and industrialization. From the hearth fire and cooking stove, via techniques for
ore smelting, glass blowing and porcelain making, to steam engines, cars and power
plants, combustion has accompanied the history of humankind. Now, in a situation
where global warming and air quality deterioration are associated with combustion-
generated carbon dioxide and pollutants, it is at the same time important to provide
access to affordable but clean and sustainable energy. Combustion as mature
technology still dominates today’s power generation and transportation, and it is
used in a number of important industrial processes and applications. Many
professions, trades and businesses are linked to combustion, and many people
world-wide depend on their work for car and aircraft manufacturers, for the
petroleum, cement or steel industry or even as safety engineers and firefighters.
This global situation is not likely to be changed rapidly, in spite of considerable effort
to replace fossil by renewable energy, regarding the increase in world population and
the desire to raise living standards and productivity accordingly. Combustion thus
shows its Janus face today with promises of high-density fuels for an energy-hungry
and mobile society on the one hand and threatening pictures of smog-polluted
megacities without blue skies on the other.

It is thus time for the present volume as a summary and introduction to
combustion fundamentals and applications for the more generally interested reader,
including students and practitioners. With a fundament in physics and chemistry,
modern concepts of combustion are presented in the necessary detail for a broad
overview, without an excess of detail, in coherent and comprehensible fashion. The
book provides a clear structure with seven Chapters, starting with some historical
facts and interesting details in Chapter 1. The second Chapter introduces fuels with
respect to their important properties and physic-chemical characteristics, accompa-
nied by useful tables and literature. With Chapter 3, the fundamental principles of
combustion are provided in an instructive form with some illustrative and facile
calculation examples. The reader is introduced to the concepts of stoichiometry, the
conservation equations and transport processes as well as to the basics of chemical
reaction mechanisms and ignition processes. Pollutants are characterized in
Chapter 4, which mainly gives some classifications and describes the main sources
for specific emissions. For a more in-depth understanding of the different categories

X



XIv

Foreword

of pollutants and their chemical formation and destruction pathways, readers are
referred to relevant original literature. The very important aspect of carbon dioxide
formation from combustion processes and concepts for carbon dioxide manage-
ment are presented in Chapter 5. The next Chapter is very instructive regarding the
typical technical environments in which combustion is encountered, and it explains
many interesting features of combustion devices including those found in heating,
power generation, transportation, and in certain industries. As a modern concept,
combustion and gasification are seen as somewhat related subjects, with a short
access also to gasification strategies. The book concludes with important safety
aspects, especially also regarding industrial-scale applications.

In a timely manner, the book offers an overview on an introductory level, and in
this respect, it will be useful to a broad community. Certainly, huge tomes could be
written for each subject treated in these Chapters, and substantial reviews and
literature exists on individual facets of combustion — as for example, conventional
and bio-derived fuels, combustion kinetics or specific combustion systems and
applications. For a field that is as complex as that of combustion, a guided tour —as in
the present case — is helpful to not lose orientation! I wish that you, the reader, may
find combustion, not only at a candle-light dinner or for a barbecue, a fascinating
object for study, in spite or because of the many challenges presented by its use. I
also hope that by understanding the fundamental principles and limitations of
combustion better, the community might find suitable replacement strategies for
the systems in use today to contribute to a more efficient and cleaner energy use in
the near future.

Bielefeld, April 2013 Prof. Dr. Katharina Kohse-Hoinghaus



Preface

Combustion, the source of comfort and fear, warmth as well as devastation, has
always fascinated mankind. It has been and still is one of the most important and
most widely used technologies. In 2010, the authors published the “Handbook of
Combustion” [1], a five-volume reference work that was very well received by the
scientific community. Soon the idea was born to distill the knowledge from the
approximately 3200 pages into a digestible textbook for students.

This book is designed to be a compilation of up-to-date knowledge in the field of
combustion in a way that even a reader from a different field of expertise can
understand the basic principles and applications. The purpose of this textbook is
to provide an introduction to combustion science and technology, spanning from
fundamentals to practical applications. It deliberately does not dwell too much on
the details, although the book aims at providing the necessary knowledge for
those wishing to move further into the various sub-disciplines, such as energy
efficiency, oxyfuel combustion, gasification, pollutant reduction, or combustion
diagnostics.

This book is written not only for undergraduate and graduate students of
chemistry, chemical engineering, materials science, engineering and related disci-
plines, but also for practitioners in the field.

Topics covered are:

¢ History of combustion
Fuels

Combustion principles
Environmental impacts
Measurement methods
Applications

Safety issues

Each chapter can be studied independently. For further reading, web resources are
suggested at the end of each chapter.
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XVI | Preface

The authors are proud to present this textbook and hope that it will serve many
technicians, scientists and engineers throughout their studies and careers.

Vienna, June 2013 M. Lackner, A. B. Palotds, F. Winter
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