


Fuels

and

EDITION

Samir Sarkar

Retired Professor, Department of Chemical Engineering,
Indian Institute of Technology Bombay, Mumbai

)

Universities Press

CRC Press
Taylor & Francis Group

Boca Raton London New York

CRC is an imprint of the Taylor & Fraricis Group,
an informa business



Universities Press (India) Private Limited

Registered Office
3-6-747/1/A & 3-6-754/1, Himayatnagar, Hyderabad 500 029 (A.P.) India
info @universitiespress.com; www.universitiespress.com

Distributed in India, China, Pakistan, Bangladesh, Sri Lanka, Nepal, Bhutan, Indonesia
Malaysia, Singapore and Hong Kong by

Orient Blackswan Private Limited

Registered Olffice

3-6-752 Himayatnagar, Hyderabad 500 029 (A.P.) India

Other Offices

Bangalore / Bhopal / Bhubaneshwar / Chennai
Ernakulam / Guwahati / Hyderabad / Jaipur / Kolkata
Lucknow / Mumbai / New Delhi / Patna

Distributed in the rest of the world by
CRC Press LLC, Taylor and Francis Group,
6000 Broken Sound Parkway, NW, Suite 300, Boca Raton, FL 33487, USA

© Universities Press (India) Private Limited 2009

Cover and book design
© Universities Press (India) Private Limited 2009

All rights reserved. No part of the material may be reproduced or utilised

in any form, or by any means, electronic or mechanical, including photocopying,
recording, or by any information storage and retrieval system, without written
permission from the copyright owner.

First published in India by
Universities Press (India) Private Limited 2009

ISBN 978 1 4398 2541 9

Set in Times New Roman 11/13
Triviata Publishing Limited, Chennai 600 083, India

Printed in India by
Graphica Printers, Hyderabad, India

Published by
Universities Press (India) Private Limited
3-6-747/1/A & 3-6-754/1, Himayatnagar, Hyderabad 500 029 (A.P.) India



30807104

Preface

Third Edition

The first edition of the book was published in 1974. It was so well accepted by students and
professional engineers that it necessitated the publication of an improved edition within a few
years. Therefore the second edition of the book was published in 1990.

I retired from the Indian Institute of Technology, Bombay in December 1993. At the end
of 2007 T was asked by Universities Press, an associate of Orient Longman Private Limited
(now renamed Orient Blackswan Private Limited) to write the third edition of the book. Being
physically incapacitated I initially declined. However, the persuasive efforts of Mr Madhu
Reddy, who met me in Kolkata, emboldened me to undertake the revision. The first chapter has
once again been revised to include the most recent data on global reserves and consumption of
fuels. The data in other chapters have also been updated wherever available. The layout of the
book has been redesigned to give visibility to all sub-topics and improve readability.

In the process of compilation of the third edition I acknowledge the help received from the
library of Development Consultants Private Limited (DCPL), Kolkata, Coal India Limited
and my son Prof. Sutanu Sarkar, for his compilation of recent international data about the
conversion of coal to oil throughout the world and other fuel related information

I pray that this edition should be useful to students and teachers in India and abroad.

May 2009 Samir Sarkar



Preface

Second Edition

Primarily meant for students as a textbook, Fuels and Combustion has been well accepted by
professional engineers as well.

The book was out of print for a long time. Repeated requests have been received for bringing
out its second edition.

The first edition has been critically read several times. The bulk of the text has remained
topical after fourteen years of its publication. However, chapter one has been thoroughly revised.
Some of the topics in other chapters have been updated. The numerical problems in chapter six
and seven have been augmented. All the problems for practising have been provided with
numerical answers.

The statistical data needed close scrutiny. The addition of newer data has been possible by
the help received from the staff of the Central Fuel Research Institute, Dhanbad, and the Tata
Energy Research Institute, New Delhi. I am indeed thankful to them.

Acknowledgement is due to the Curriculum Development Centre of the Indian Institute of
Technology, Bombay, for financial support in the preparation of the manuscript.

December 1988 Samir Sarkar
Department of Chemical Engineering
Indian Institute of Technology, Bombay

Preface

First Edition

“Fuels and Combustion’ forms an integral part of the undergraduate degree courses in Chemical,
Mechanical, Metallurgical and Aeronautical Engineering. While in the vast majority of courses
the subject retains a distinct identity, there are instances when it is treated as a minor adjunct to
other topics. Apparently this is the result of hasty distribution of available hours, where the first
victim is the students’ understanding of the subject. leading to difficulties in the application
of the knowledge in later years. Since there can be no two opinions on the basic need of the



Preface v

subject for the engineering courses concerned, a definite place has to be found for it in the
academic curriculum.

The subject has two aspects, namely, ‘Fuels’ and ‘Combustion’. Their relative importance in
a given course is a matter of judgement. However, one should bear in mind that a good treatment
of ‘combustion’ can only follow a sound understanding of different ‘fuels’. On the other hand a
rigid balance between the different aspects of the subject cannot constitute a set pattern for all
the courses. Enough flexibility in this regard should be available to the teacher and the taught.
To a chemical engineer, fuels not only supply energy but also provide basic raw materials for
a host of vital industries. It is, therefore, understandable why much greater stress should be
laid on the processing of fuels for the benefit of chemical engineering students as compared to
those of other branches of engineering. On the contrary, an Aeronautical Engineering student
may not require more than a cursory treatment of ‘solid fuels’, and may prefer to raise the
‘combustion’ content of the subject.

I'have planned the present textbook in such a way that all those requiring a course on Fuels and
Combustion will find the required material in it. In consonance with the modern methodology
of teaching I have laid stress on the systematic development of the subject. The maximum
attention has been given to elucidating the fundamental principles, while the analytic approach
has been exploited to the fullest possible extent. Indian raw materials and Indian practices have
been given due coverage. Numerical problems have been worked out in many sections of the
book and additional problems have been furnished for further practices. ‘Furnaces and Boilers’
has been intentionally excluded from the present textbook. A mere descriptive treatment of
this subject is considered uninteresting and undesirable for the engineering students. In fact
‘Furnace Design’ has received a separate identity in the curriculum of some courses. even at
the undergraduate level. This requires a separate textbook on its own.

In preparing the book I have received ample encouragement and support both from the
Director of the Indian Institute of Technology, Bombay, and from the Head of the Department
of Chemical Engineering, and I am thankful to them. I have benefited from innumerable books
and articles and also by discussions with many teachers and students. It will not be fair on my
part to single them out. However I must acknowledge the assistance received from TB Ray,
J Egbal and N Murugesan in the various stages of the preparation of the book.

I have derived great pleasure in writing this book. If the students for whom it is primarily
meant find it useful, my efforts will have been more than rewarded. Year after year I have been
facing the questions of my students on the availability of a suitable textbook. My colleagues
have also had a similar experience. I have myself attempted to provide an answer to this
question. Any suggestions for the improvement of this work will be gratefully welcomed and
duly acknowledged.
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| Introduction

ENERGY AND ENERGY RESOURCES

A fuel is basically a source of heat. The usual method of producing heat from fuel is by the
process of combustion, which is a chemical reaction between the fuel and the oxidant. In the
vast majority of cases, air is the oxidant, although oxygen, oxygen-enriched air and other
chemicals are also used as oxidants. With the advent of nuclear fuels which generate heat by
nuclear reactions, the common fuels may be termed chemical fuels. Rocket fuels are different
from conventional fuels; the oxidant for combustion of the fuel is carried by the rocket itself,
which therefore does not depend on its surroundings for propulsion. It should be noted that
explosives are not regarded as fuels.

Depending upon the state of development, energy resources may be divided into three
groups.

The first group comprises those which are currently important in energy supply—fossil
fuels, hydel energy and nuclear energy from fission.

The second group consists of the resources that are currently used, but only play
a limited part from the point of view of the general economy. The quantities used
are small on a global scale, though the role of some of these resources is capable
of becoming more important later. These include geothermal energy, aeolian energy
(wind), chemical energy (batteries), photosynthetic fuels (vegetation and fuel wood),
and garbage, municipal wastes and agriresidues.

The third group covers resources which are currently the subject of research and
development at various stages. Some of these are likely to play an important role in the
future, such as solar energy, nuclear energy from fusion and energy from the sea (tidal,
wave and thermal).

Energy is primarily used by four different sectors.

1

o

Domestic: Energy is used for cooking, lighting, running appliances, cooling and
heating.

Transportation: Energy is used for moving cars, trucks, aircraft, trains and ships.
Industrial: Energy is used in factories, industrial complexes, research and development
and trade.

Health, education and welfare: Energy is used for supply and distribution of electricity
and water, sewage and trash collection and disposal, and administration.



