¥V Liligtacesmes 1
.nulmmw"'"

Transfer.

Enhancementand .

Heat Exchangers

i EDITORS
" ” ‘ | Qiuwang Wang,
-
u!“”

Yitung Chen &
Bengt Sundén

"l i
it Hlum | | | '
""r' f M I T |
L " " \
' 1 ‘ |
)!lihl" I . |
1 ”‘:‘,Hi‘ LIt | “! " i
I {EA |

w unm:::umm R i

l“i“litllhm " m




Emerging Topics in Heat Transfer

Enhancement and Heat Exchangers

W1 Tpress

WIT Press publishes leading books in Science and Technology.
Visit our website for the current list of titles.
www.witpress.com

WI TeLibrary

Home of the Transactions of the Wessex Institute, the WIT electronic-library
provides the international scientific community with immediate and permanent
access to individual papers presented at WIT conferences.

Visit the WIT eLibrary athttp://library.witpress.com






Editors:
Qiuwang Wang
Xi'an Jiatong University, China
Yitung Chen
University of Nevada, USA

Bengt Sundén
Lund University, Sweden

Published by

WIT Press
Ashurst Lodge, Ashurst, Southampton, SO40 7AA, UK
Tel: 44 (0) 238 029 3223; Fax: 44 (0) 238 029 2853
E-Mail: witpress@witpress.com
http://www.witpress.com

For USA, Canada and Mexico

WIT Press
25 Bridge Street, Billerica, MA 01821, USA
Tel: 978 667 5841; Fax: 978 667 7582
E-Mail: infousa@witpress.com
http://www.witpress.com

British Library Cataloguing-in-Publication Data

A Catalogue record for this book is available
from the British Library

ISBN: 978-1-84564-818-3
¢ISBN: 978-1-84564-819-0

Library of Congress Catalog Card Number: 2013935720

No responsibility is assumed by the Publisher, the Editors and Authors 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. The Publisher does not
necessarily endorse the ideas held, or views expressed by the Editors or Authors of
the material contained in its publications.

© WIT Press 2014
Printed by Lightning Source, UK.
All rights reserved. No part of this publication may be reproduced, stored
in a retrieval system, or transmitted in any form or by any means, electronic,

mechanical, photocopying, recording, or otherwise, without the prior written
permission of the Publisher.



International Series on Developments in Heat Transfer

Objectives

The Developments in Heat Transfer book Series publishes state-of-the-art books
and provides valuable contributions to the literature in the field of heat transfer,
thermal and energy engineering. The overall aim of the Series is to bring to the
attention of the international community recent advances in thermal sciences by
authors in academic research and the engineering industry.

Research and development in heat transfer is of significant importance to many
branches of technology, not least in energy technology. Developments include new,
efficient heat exchangers, novel heat transfer equipment as well as the introduction
of systems of heat exchangers in industrial processes. Application areas include
heat recovery in the chemical and process industries, and buildings and dwelling
houses where heat transfer plays a major role. Heat exchange combined with heat
storage is also a methodology for improving the energy efficiency in industry, while
cooling in gas turbine systems and combustion engines is another important area
of heat transfer research. Emerging technologies like fuel cells and batteries also
involve significant heat transfer issues.

To progress developments within the field both basic and applied research is
needed. Advances in numerical solution methods of partial differential equations,
turbulence modelling, high-speed, efficient and cheap computers, advanced
experimental methods using LDV (laser-doppler-velocimetry), PV (particle-image-
velocimetry) and image processing of thermal pictures of liquid crystals, have all
led to dramatic advances during recent years in the solution and investigation of
complex problems within the field.

The aims of the Series are achieved by contributions to the volumes from invited
authors only. This is backed by an internationally recognised Editorial Board for the
Series who represent much of the active research worldwide. Volumes planned for
the series include the following topics: Compact Heat Exchangers, Engineering Heat
Transfer Phenomena, Fins and Fin Systems, Condensation, Materials Processing,
Gas Turbine Cooling, Electronics Cooling, Combustion-Related Heat Transfer, Heat
Transfer in Gas-Solid Flows, Thermal Radiation, the Boundary Element Method in
Heat Transfer, Phase Change Problems, Heat Transfer in Micro-Devices, Plate-and-
Frame Heat Exchangers, Turbulent Convective Heat Transfer in Ducts, Enhancement
of Heat Transfer, Transport Phenomena in Fires, Fuel Cells and Batteries as well
as Thermal Issues in Future Vehicles and other selected topics.



Series Editor

B. Sundén

Lund University

PO Box 118

SE-22100 Lund

Sweden

Associate Editors

R. Amano
University of Wisconsin, USA

C.A. Brebbia
Wessex Institute of Technology, UK

G. Comini
University of Udine, Italy

R.M. Cotta
COPPE/UFRIJ, Brazil

S.K. Das
India Institute of Technology, Madras,
India

L. De Biase
University of Milan, Italy

G. De Mey
University of Ghent, Belgium

S. del Guidice
University of Udine, [taly

M. Faghri
University of Rhode Island, USA

C. Herman
John Hopkins University, USA

Y. Jaluria
Rutgers University, USA

S. Kabelac
Helmut Schmidt University, Hamburg,
Germany

D.B. Murray
Trinity College Dublin, Ireland

P.H. Oosthuizen
Queen’s University Kingston, Canada

P. Poskas
Lithuanian Energy Institute, Lithuania

B. Sarler
Nova Gorica Polytechnic, Slovenia

A.C.M. Sousa
University of New Brunswick, Canada

D.B. Spalding
CHAM, UK

J. Szmyd
University of Mining and Metallurgy,
Poland

D. Tafti
Viginia Tech., USA

Q. Wang
Xi’an Jiatong University, China

S. Yanniotis
Agricultural University of Athens, Greece



Emerging Topics in Heat Transfer

Enhancement and Heat Exchangers

Editors

Qiuwang Wang
Xi'an Jiatong University, China

Yitung Chen
University of Nevada, USA

Bengt Sundén
Lund University, Sweden

WI TPRESS Southampton, Boston %



Preface

Advances in high temperature equipment continue to be important because
involved heat transfer and related phenomena are commonly of a complex
nature and different mechanisms like heat conduction, convection,
turbulence, thermal radiation and phase change as well as chemical reactions
may occur simultaneously. In addition operating problems like fouling,
corrosion and mechanical loading might be severe. Typically, applications
are found in heat exchangers, gas turbine cooling, turbulent combustion
and fires and combustion engines. Heat transfer might be regarded as an
established and mature scientific discipline, but it is playing a major role
in new emerging areas such as sustainable development and reduction
of greenhouse gases as well as for micro- and nano-scale structures and
advanced gas turbines and heat exchangers. In engineering design and
development, reliable and accurate computational methods are requested
to replace or complement expensive and time consuming experimental trial
and error work. Tremendous advancements in knowledge and competence
have been achieved during recent years due to improved computational
solution methods for non-linear partial differential equations, turbulence
modeling advancement and developments of computers and computing
algorithms to achieve efficient and rapid simulations. Nevertheless, to
enable further progress in computational methods for complex problems
of engineering significance, developments in theoretical and predictive
procedures — both basic and innovative — are needed. In addition, accurate
experimental investigations are needed to provide reliable data and to
validate the computational methods.

This book contains ten edited chapters encompassing important
emerging topics in heat transfer equipment, particularly heat exchangers.
The chapters have been selected by invitation only. All the chapters have
been reproduced directly from material submitted by the authors but an
attempt has been made to use a unified outline and methods of presentation
for each chapter.

The editors would like to acknowledge the National Science Foundation
China for providing financial support for the international cooperation



between Xi’an Jiaotong University, Lund University and University of
Nevada (Grant No. 51120165002). The excellent administrative work and
the efficient co-operation and encouragement by the staff at WIT Press
contributed significantly in producing this book.

Qiuwang Wang, Yitung Chen and Bengt Sundén
Xi’an, Las Vegas and Lund
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