
Preface

The main purpose of this book is to bring together into a coherent system all our
knowledge about the physical mechanisms governing the laws of behaviour of both
the simplest bubble systems consisting of single bubbles and of involved systems,
which occur, for example, in bubble flows or during bubbling.

Due to the rapid progress in science, both textbooks and scarce scientific
monographs, partially embracing this field of knowledge, tend to age rather quickly,
often losing their actualité right after publication. I would like very much that this
book does not share such a fate. This wish has determined its structure.

First, we give a systematic treatment of the fundamental problems describing the
dynamics of single bubbles (laws of their growth, collapse, fragmentation and
emersion in the gravitational field, pulsation and so on.). The use of modern
software products for analytical studies helps to obtain new quite surprising results
even for these classical problems, whose authors in due time remarkably combined
deep physical sense, serious mathematical technique, and enormous amount of
computational and analytical work to obtain rigorous analytical solutions.
Moreover, despite the classical nature of the problems under consideration, for
some of them the complete analytical solutions were obtained only in the past two
decades and at present are unknown to the broad research community.

Second, based on these fundamental solutions it is possible to put forward, in a
large number of cases, fairly rigorous analytic solutions of next-level problems,
which are traditionally farmed out to experimentalists or specialists in the field of
computational fluid dynamics. As example, we may mention the problems on
hydrodynamics of bubble flows in channels, sizes of bubbles, true void fraction,
hydraulic resistance during boiling of subcooled liquid under forced motion con-
ditions, and so on. Despite the fact that in a number of respects we cannot avoid
using the numerical methods, the particular analytic solutions, as well as the
recourse to qualitative methods of investigations residing in consistent application
of similarity methods, enable one to carry out the results of analysis to design
relations, which secure the corresponding passages to the limit and have wide range
of applications and high accuracy.
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Third, from the methodological point of view, of great value are the conceptual
developments in the field of bubble flows, and in particular, the theory of boiling
shock, which was created by the author in the 1980s, and the applications of the
Reynolds analogy in the study of nonequilibrium two-phase flows.

The systematic use of the theory of boiling shock has enabled one to explain,
and in many cases to predict, quite a number of experimental effects accompanying
the processes of discharge of flashing liquid, the processes of unsteady flashing with
rapid pressure relief, and to build on its basis methods for calculation of similar
phenomena.

Reynolds analogy for flows with ‘double disequilibrium’ (superheated near-wall
layer of liquid—subcooled liquid in the core), which often occur in
high-performance cooling systems, proved a fairly natural tool in the study of
processes of radial transfer of heat and momentum, providing thereby a basis for
obtaining fairly rigorous analytic solutions of the heat exchange and hydrodynamics
of such flows.

There are already thousands of scientific and engineering papers relating to
nonequilibrium two-phase flows. Frequently, these studies consider the same
phenomena from quite different (and in a number of cases from directly opposite)
viewpoints. In some cases (fortunately, its number is quite narrow), erroneous
approaches migrate from one paper to another to gradually become traditional.

Despite the fact that this branch of science reached its full flowering in the 1970–
80s due to the rapid development of nuclear and aerospace engineering, the
research activity in this field has been quite intensive up to now, which can be
explained by its operational and scientific significance. Consequently, a young
scientist, who has received a good fundamental background and begins his or her
study in this field, will only after several years be able to orientate in this multi-
dimensional space, to be capable of distinguishing the important tendencies of the
theory from the dead-end tracks.

A research engineer embarking on a study of nonequilibrium two-phase systems
should be familiar with numerous classical disciplines like the thermodynamics and
the theory of the properties of matter, the mechanics of liquid, gas dynamics as well
as the theory of heat and mass transfer. General textbooks and handbooks on these
scientific disciplines contain such a huge amount of information that they cannot
always be comprehended and made valuable by an amateur in thermal physics.
A serious problem for a student is the choice of subdisciplines that are vital in his or
her studies.

In this process, contacts with elder colleagues and supervisors are invaluable.
Maturing of a young scientist is believed to be additionally facilitated by this book,
which includes the principal achievements in the construction of the theory and
illustrates application of the principal tools for its further development.

In writing this book, the author was mainly focused on the demands of graduate
and postgraduate students specializing in two-phase flows physics. This book will
be a useful complement to existing textbooks on heat exchange and gas dynamics,
with the aim toward in-depth study of these disciplines and providing help in
comprehending the fundamentals of the theory of bubble systems.
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The true needs of practicing professionals and postgraduate students are not far
apart. Both require, above all, an understanding of the fundamentals of running
processes, which is the main purpose of this book.

All solutions, without exception (both analytic and numerical), obtained in this
book expand to fairly simple design formulas, many of which are put forward for
the first time. Hence, this book also serves as a detailed handbook that can be
conveniently used in analytical, numerical and design practice.

In conclusion, the author expresses his sincere gratitude to his numerous col-
leagues, coworkers and friends, whose discussions and valuable comments were
instrumental in bringing the book to its final form.

The author is deeply indebted to Prof. Bernhard Weigand (Stuttgart University),
whose courteous attention and support encouraged him in this endeavour.

A great role in the forming of the author’s entire scientific outlook was played in
due time by his supervisor Prof. Dmitry Labuntsov (1929–1992). The fact that the
reader takes this book in his or her hands means that Labuntsov’s ideas continue to
develop and his blessed memory will live on.

Moscow Alexander A. Avdeev
December 2015
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