
DIRECT NUMERICAL SIMULATIONS
OF GAS–LIQUID MULTIPHASE FLOWS

Accurately predicting the behavior of multiphase flows is a problem of immense
industrial and scientific interest. Using modern computers, researchers can now
study the dynamics in great detail, and computer simulations are yielding unprece-
dented insight. This book provides a comprehensive introduction to direct numer-
ical simulations of multiphase flows for researchers and graduate students.

After a brief overview of the context and history, the authors review the gov-
erning equations. A particular emphasis is placed on the “one-fluid” formulation,
where a single set of equations is used to describe the entire flow field and in-
terface terms are included as singularity distributions. Several applications are
discussed, such as atomization, droplet impact, breakup and collision, and bubbly
flows, showing how direct numerical simulations have helped researchers advance
both our understanding and our ability to make predictions. The final chapter
gives an overview of recent studies of flows with relatively complex physics, such
as mass transfer and chemical reactions, solidification, and boiling, and includes
extensive references to current work.
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Preface

Progress is usually a sequence of events where advances in one field open up new
opportunities in another, which in turn makes it possible to push yet another field
forward, and so on. Thus, the development of fast and powerful computers has
led to the development of new numerical methods for direct numerical simula-
tions (DNS) of multiphase flows that have produced detailed studies and improved
knowledge of multiphase flows. While the origin of DNS of multiphase flows goes
back to the beginning of computational fluid dynamics in the early sixties, it is
only in the last decade and a half that the field has taken off. We, the authors of
this book, have had the privilege of being among the pioneers in the development
of these methods and among the first researchers to apply DNS to study relatively
complex multiphase flows. We have also had the opportunity to follow the progress
of others closely, as participants in numerous meetings, as visitors to many labo-
ratories, and as editors of scientific journals such as the Journal of Computational
Physics and the International Journal of Multiphase Flows. To us, the state of the
art can be summarized by two observations:

• Even though there are superficial differences between the various approaches
being pursued for DNS of multiphase flows, the similarities and commonalities
of the approaches are considerably greater than the differences.

• As methods become more sophisticated and the problems of interest become
more complex, the barrier that must be overcome by a new investigator wishing
to do DNS of multiphase flows keeps increasing.

This book is an attempt to address both issues.
The development of numerical methods for flows containing a sharp interface,

as fluids consisting of two or more immiscible components inherently do, is cur-
rently a “hot” topic and significant progress has been made by a number of groups.
Indeed, for a while there was hardly an issue of the Journal of Computational
Physics that did not contain one or more papers describing such methods. In the
present book we have elected to focus mostly on two specific classes of methods:
volume of fluid (VOF) and front-tracking methods. This choice reflects our own
background, as well as the fact that both types of method have been very successful
and are responsible for some of the most significant new insights into multiphase
flow dynamics that DNS has revealed. Furthermore, as emphasized by the first
bullet point, the similarities in the different approaches are sufficiently great that

ix
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x Preface

a reader of the present book would most likely find it relatively easy to switch to
other methods capable of capturing the interface, such as level set and phase field.

The goal of DNS of multiphase flows is the understanding of the behavior and
properties of such flows. We believe that while the development of numerical
methods is important, it is in their applications where the most significant rewards
are to be found. Thus, we include in the book several chapters where we describe
the use of DNS to understand specific systems and what has been learned up to now.
This is inherently a somewhat biased sample (since we elected to talk about studies
that we know well – our own!), but we feel that the importance of these chapters
goes beyond the specific topics treated. We furthermore firmly believe that the
methods that we describe here have now reached sufficient maturity so that they
can be used to probe the mysteries of a large number of complex flows. Therefore,
the application of existing methods to problems that they are suited for and the
development of new numerical methods for more complex flows, such as those
described in the final chapter, are among the most exciting immediate directions
for DNS of multiphase flows.
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