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DEDICATION

It is well over 30 years since the first pens were put to paper (now an old-fashioned
phrase) by Professor Peter Dunn, OBE, then a Professor at Reading University,
and David Reay, a research engineer at International Research & Development
Company (IRD) in Newcastle upon Tyne, to start writing ‘Heat Pipes’.

When a Fifth Edition was first discussed 2 or 3 years ago, Professor Dunn
indicated that he would step aside as co-author, and Dr Peter Kew at Heriot-Watt
University took over his role. Dr Kew had also worked on heat pipes at IRD and
continues to collaborate with David Reay on heat pipe consultancy work.

Professor Dunn has now turned his hand to Appropriate Technology, where he
remains active, and his illustrious career is summarised below.

Professor Dunn was trained in Civil Engineering and worked on Permanent Way
Design and Manufacture first in industry and later for the LMS Railway Research
Department. He then changed his career interests and moved into the design of
microwave valves and particle accelerators. He was responsible for the Radio
Frequency Accelerating System of the 7 GeV Accelerator Nimrod. Later, as the head
of a team at AERE, Harwell, he carried out work on the direct generation of heat to
electricity from nuclear reactors. One of the methods studied was thermionic diodes,
and it was at this time that he first met Dr George Grover who was responsible for
a similar group at the Los Alamos Laboratory in USA. Professor Dunn is a founder
member of the International Conference.

Dr Grover’s new work on heat pipes was exciting and highly relevant and was
the start of Professor Dunn’s interest in the subject. He commenced a study of
liquid metal heat pipes for reactor application.

Later, Professor Dunn moved to Reading University where he set up the, then,
new Department of Engineering. With his colleague Dr Graham Rice, he carried
on heat pipe work.

In recent years, Professor Dunn’s interests have moved to Appropriate Tech-
nology and Third World Development, he has carried out projects, particularly in
renewable energy, in many countries and for some time was chairman of Gamos, a
small firm concerned with development work overseas.

It is with great pleasure and thanks that we dedicate this Edition of Heat Pipes
to Professor Peter Dunn.

David Reay
Peter Kew
November 2005.
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PREFACE TO FIFTH EDITION

Recent editions of ‘Heat Pipes’ have appeared at intervals of approximately a
decade. It is perhaps the last 10 years that have seen a transformation in heat pipe
technology and application, characterised by, in the first case, loop heat pipes, and
secondly, the mass production of miniature heat pipes for thermal management in
the ubiquitous desktop and laptop computers. Millions of units per month are now
being made, particularly in the Far East.

The other major change has been in the co-authorship of ‘Heat Pipes’. As readers
will see from the Dedication, Professor Dunn has relinquished his role as co-author,
and this has been taken over by Dr Peter Kew, who first started research on heat
pipes in the 1980s. We hope that readers will judge Dr Kew to be a worthy successor
to Professor Dunn.

The changes in technological emphasis have allowed us to make some more
radical changes to the book, rather than the ‘fine-tuning’ characteristic of earlier
updates. To this end, we must acknowledge the referees, who assessed the contents
list and made many constructive suggestions regarding the content. We hope that
they find the new edition satisfies their requirements.

Particular features of the Fifth Edition are a revamped theory chapter, ‘Design
Guide’ (Chapter 4), substantial additions to Chapter 6 ‘Special Types of Heat Pipe’
including sections on capillary pumped loops oscillating heat pipes and electroki-
netic effects, and a chapter dedicated to electronics cooling applications. The growth
in use of the World Wide Web has allowed us to replace the conventional ‘List
of Manufacturers’ with a list of useful web sites. An Appendix also covers recent
papers not cited in the main text on heat pipe applications — these illustrate the
breadth and depth of uses to which heat pipes have been put, or where they are the
subject of feasibility studies.

Where data remain relevant, although they may be in some cases 50 years
old, they are retained, as are the original data sources. Theories, wick properties,
working fluids and manufacturing technologies do not change rapidly — especially
where proved techniques have been successful over extended periods. We make no
apologies for keeping an archive of what we believe to be useful data within one

publication.
We hope that readers find the updated version as useful as earlier editions.
D.A. Reay
P.A. Kew

November 2005.
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PREFACE TO FIRST EDITION

Following the publication by G.M. Grover et al. of the paper entitled ‘Structures
of Very High Thermal Conductance’ in 1964, interest in the heat pipe has grown
considerably. There is now a very extensive amount of literature on the subject, and
the heat pipe has become recognised as an important development in heat transfer
technology.

This book is intended to provide the background required by those wishing to
use or to design heat pipes. The development of the heat pipe is discussed and a
wide range of applications described.

The presentation emphasises the simple physical principles underlying heat pipe
operation in order to provide an understanding of the processes involved. Where
necessary, a summary of the basic physics is included for those who may not be
familiar with these particular topics.

Full design and manufacturing procedures are given and extensive data provided
in Appendix form for the designer.

The book should also be of use to those intending to carry out research in the
field.

Xi
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INTRODUCTION

The heat pipe is a device of very high thermal conductance. The idea of the heat
pipe was first suggested by Gaugler [1] in 1942. It was not, however, until its
independent invention by Grover [2, 3] in the early 1960s that the remarkable
properties of the heat pipe became appreciated and serious development work took
place.

The heat pipe is similar in some respects to the thermosyphon and it is helpful
to describe the operation of the latter before discussing the heat pipe. The ther-
mosyphon is shown in Fig. 1a. A small quantity of water is placed in a tube from
which the air is then evacuated and the tube sealed. The lower end of the tube is
heated causing the liquid to vapourise and the vapour to move to the cold end of the
tube where it is condensed. The condensate is returned to the hot end by gravity.
Since the latent heat of evaporation is large, considerable quantities of heat can be
transported with a very small temperature difference from end to end. Thus, the
structure will also have a high effective thermal conductance. The thermosyphon
has been used for many years and various working fluids have been employed.
(The history of the thermosyphon, in particular the version known as the Perkins
Tube, is reviewed in Chapter 1.) One limitation of the basic thermosyphon is that
in order for the condensate to be returned to the evaporator region by gravitational
force, the latter must be situated at the lowest point.

The basic heat pipe differs from the thermosyphon in that a wick, constructed for
example from a few layers of fine gauze, is fixed to the inside surface and capillary
forces return the condensate to the evaporator. (See Fig. 1b.) In the heat pipe the
evaporator position is not restricted and it may be used in any orientation. If, of
course, the heat pipe evaporator happens to be in the lowest position, gravitational
forces will assist the capillary forces. The term ‘heat pipe’ is also used to describe
high thermal conductance devices in which the condensate return is achieved by
other means, for example centripetal force, osmosis or electrohydrodynamics.

Several methods of condensate return are listed in Table 1. A review of techniques
is given by Roberts [4], and others are discussed by Reay [13], Jeyadeven et al.
[14] and Maydanik [15].



