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Preface

I believe that discovery of fire by human beings in the prehistoric era and sub-
sequent mastery over the combustion process has propelled the development of
science and technology, the fruits of which we enjoy today. Of course, the poten-
tial of combustion devices was realized during the industrial revolution. We use
combustion devices, directly or indirectly, in many activities. Whether cooking
by gas burners, transport by automobiles, locomotive, airplane, or spacecraft,
winning a war, sending a satellite into its orbit, processing materials, and so
forth, combustion plays a major role in each of these activities. Hence, combus-
tion engineering has been an important area influencing every facet of human
life and will continue to be an important deterministic factor in shaping the
socioeconomic structure of our society in the future.

Nevertheless, blatant use of fossil fuels in combustion devices has depleted
their reservoirs. Environmental pollution created by combustion systems is
one of the major social concerns and stringent rules have been promulgated to
check its impact. In order to meet the increasingly stringent emission regulations
in the future, there is an urgent need to design and develop new eco-friendly,
energy-efficient combustion devices and to retrofit existing combustion devices
with minimum modifications, both of which the demand immediate attention of
researchers and engineers.

With this in mind, it is important to impart the basic skills in experimental
combustion to students so that they can effectively carry out the onerous task of
design and development of energy-efficient and low-emission combustion sys-
tems for the new generation of devices and processes in order to meet the current
energy demand while mitigating the global ecological imbalance.

This book is intended as an introductory text on experimental aspects of com-
bustion at the graduate and undergraduate levels. Various measurement systems
are described systematically in simple and lucid language. Readers may refer to
advanced books/monograms/manuals for more comprehensive and exhaustive
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treatment on each topic, many of which are listed at the end of each chapter. It
has been assumed that the readers have prior knowledge on combustion apart
from thermodynamics, fluid mechanics, and mathematics. However, Chapter 1
reviews the fundamental aspects of combustion and Chapter 2 introduces the
general characteristics of instruments essential for grasping the foundations of
measurement systems employed in laboratory course work in the field of com-
bustion. Chapter 3 introduces data acquisition systems and covers data sampling,
signal conditioning, and data transmission for storage and further analysis.
Subsequently, readers are exposed to data analysis in Chapter 4, which covers
requisite statistical tools and experimental uncertainty analysis. In Chapter 5,
several aspects of pressure, sound pressure level, velocity, and temperature mea-
surements are discussed. Chapter 6 is devoted to the measurement of gas com-
position of fundamental importance to understanding of combustion. In this
chapter, sampling systems and various probe design concepts are covered briefly
for measurement of exhaust gases in combustion system. Some of the important
modern optical methods used in combustion systems, including laser doppler
velocimetry (LDV), particle image velocimetry (PIV), planar laser induced fluo-
rescence (PLIF), and Rayleigh scattering thermometry, are covered in Chapter 7.
Basic principles of light scattering are expounded sufficiently to facilitate the dis-
cussion on optical measurement systems. Types of light sources including laser
are also discussed briefly. Schlieren, shadowgraph, and interferometric optical
techniques used for flame visualization in combustion systems are discussed in
detail. Several examples, review questions, and problems are provided at the end
of each chapter to foster better understanding of the concepts covered in the text.
I hope and wish that this book will make the learning process of experimental
combustion very enjoyable.

Several individuals have contributed directly or indirectly during the prepa-
ration of this manuscript. I appreciate the help rendered by many students at
IIT Kanpur and other institutes. I am indebted to my graduate students Ezhil,
Mahesh, and Manisha for suggesting corrections in the manuscript. I am also
thankful to my students Pravendra, Satish, Vikas, and Rahul who have helped
in correcting the solution manuals. I am indebted to Dr. Swarup Y. Jejurkar, Mr.
Indramani Dhada, IIT Kanpur, and Dr. Ranjan, assistant professor IIT Patna,
India, who have gone through some of the chapters and suggested corrections
in spite of their busy schedules. The official support provided by Mr. Ankit
Upadhyay especially in preparing diagrams is highly appreciated. I am also
thankful to Dr. Gagandeep Singh and Ms. Laurie Schlags of Taylor and Francis
Books Pvt Ltd. for providing their support during the publication of this book.
Lastly, the unwavering support of my family for this time consuming project is
highly appreciated.

D. P. Mishra
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