


BASICS OF
ENGINEERING
TURBULENCE

DAVID S-K.TING

Turbulence & Energy Laboratory
Centre for Engineering Innovation
University of Windsor

Windsor, Ontario, Canada

Amsterdam * Boston ¢ Heidelberg * London
New York * Oxford * Paris * San Diego
San Francisco * Singapore * Sydney = Tokyo

Academic Press is an imprint of Elsevier




Academic Press is an imprint of Elsevier

125 London Wall, London EC2Y 5AS, UK

525 B Street, Suite 1800, San Diego, CA 92101-4495, USA

50 Hampshire Street, 5th Floor, Cambridge, MA 02139, USA

The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK

Copyright © 2016 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, recording, or any information
storage and retrieval system, without permission in writing from the publisher. Details on
how to seek permission, further information about the Publisher’s permissions policies
and our arrangements with organizations such as the Copyright Clearance Center and the
Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by
the Publisher (other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and ex-
perience broaden our understanding, changes in research methods, professional practices, or
medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge
in evaluating and using any information, methods, compounds, or experiments described
herein. In using such information or methods they should be mindful of their own safety
and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or edi-
tors, assume any liability for any injury and/or damage to persons or property as a matter
of products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-12-803970-0

For information on all Academic Press publications
visit our website at http://store.elsevier.com/

m Working together
—4AB8 1 grow libraries in
PookMd developing countries

www.elsevier.com « www.bookaid.org



BASICS OF
ENGINEERING
TURBULENCE



e, 75 252 BEPDFIE V5 R : www. ertongbook. com



DEDICATION

The meaning of an endeavor is found in the process, more so than the final
outcome. This book is dedicated to those who attempt to make the best out

of everyday turbulence.

Yesterday is history, tomorrow is a mystery, today is a gift of God, which is why we
call it the present.” — Bil Keane
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FOREWORD

Turbulence can be a very beautiful thing, a dynamic cascade of scales
that connects us to each other and our environment. Occasions to study
turbulence are abundant; examples flow from our bodies to the heavens.
Opportunities for true understanding are considerably less ample. Sir Horace
Lamb himself once famously quipped that on reaching heaven he hoped for
divine enlightenment on just two matters: quantum electrodynamics and
turbulence. He said he was “rather optimistic of the former.” One barrier
that has challenged more widespread understanding has been the lack of
a true bridge to the topic. From the seminal works to most contemporary
texts, the treatment of the subject is detailed and advanced. This is perfectly
appropriate for select scholars of the science and sufficiently discouraging
for the beginner, enthusiast, or cross-disciplinarian looking for application-
level understanding. Subsequently, the ranks of the well-informed remain
somewhat exclusive.

Enter David Ting. I have had the pleasure and challenge of working with
David for the last 11 years. While David’s turbulence publication record
is impressive in its own right, I have always been more impressed by his
dedication and concern for students. More than anyone I have ever known,
he is able to simplify, rearrange, and relate complex matters to those lost
sheep keen to join the flock of the initiated. When his conventional teaching
toolset is not reaching the students, it is his unparalleled faith in them that
inspires their personal development. I trust you will enjoy the bridge David
has built with this textbook. If you will not subscribe to my endorsement,
then please have faith; in the pursuit of turbulence enlightenment, it would
seem a minimum requirement.

Rupp Carriveau

Dr Rupp Carriveau is the Associate Professor at the University of Windsor, Lumley
Centre for Engineering Innovation. He is the coordinator in the Centre for Energy
and Water Advancement and Director in the Turbulence and Energy Laboratory.
Dr Carriveau serves on the Editorial Boards of Wind Engineering, Advances in
Energy Research, and the International Journal of Sustainable Energy. He is the
current President of the Underwater Energy Storage Society. He was recently
designated as the University Scholar and has served as the Research Ambassador

for the Council of Ontario Universities.
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PREFACE

This book is intended for keen minds interested in flowing fluids.
Specifically, it aims at removing the “fear of water” from those who are new
to flow turbulence. The basic background on everyday flow turbulences,
especially those encountered in engineering applications, forms the crux of
the book. Some undergraduate knowledge of fluid mechanics and statistics
is needed to best appreciate the material covered.

David S-K.Ting
August 14,2015
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