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COMBUSTION WAVES AND FRONTS IN FLOWS

Combustion is a fascinating phenomenon coupling complex chemistry to transport mecha-

nisms and nonlinear fluid dynamics. This book provides an up-to-date and comprehensive

presentation of the nonlinear dynamics of combustion waves and other non-equilibrium

energetic systems. The major advances in this field have resulted from analytical studies of

simplified models performed in close relation with carefully controlled laboratory experi-

ments. The key to understanding the complex phenomena is a systematic reduction of the

complexity of the basic equations.

Focusing on this fundamental approach, the book is split into three parts. Part I provides

physical insights for physics-oriented readers, Part II presents detailed technical analysis

using perturbation methods for theoreticians and Part III recalls the necessary background

knowledge in physics, chemistry and fluid dynamics. This structure makes the content

accessible to newcomers to the physics of unstable fronts in flows, whilst also offering

advanced material for scientists who wish to improve their knowledge.
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Française de Physique (Plumey 1988), French Academy of Sciences (Grand Prix 1995)

and the Combustion Institute (Zeldovich Gold Medal, San Francisco, August 2014).

geoff searby is retired Director of Research at the Institut de Recherche sur les
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Preface

Combustion is a fascinating phenomenon coupling complex chemistry to transport mech-

anisms and nonlinear fluid dynamics. The combustion of reactive mixtures, frozen far

from chemical equilibrium, is an irreversible process in which the approach to equilibrium

proceeds through the propagation of nonlinear waves in the form of sharp fronts exhibiting

complex geometrical forms. These waves were discovered in the nineteenth century, but the

understanding of their structure and dynamics is quite recent. In gaseous mixtures, the rate

of chemical heat release is small compared with the rate of elastic collisions, so that com-

bustion is described by the macroscopic equations for the conservation of mass, species,

momentum and energy, assuming local equilibrium (except for the inner structure of shock

waves). The full system of equations is complicated and is not useful to describe each of

the elementary phenomena, separate from the others. Even the coupling of two phenomena,

as for example a quasi-isobaric flame and acoustic waves, is represented by simplified

equations. The major advances have resulted from analytical studies of simplified models

performed in close relation to carefully controlled laboratory experiments. A systematic

reduction of the complexity of the basic equations, validated by the confrontation with

experiments, is the key to understanding. It is also the most difficult step. The analytical

and numerical solutions of simplified equations of relevant models can be completed in a

second step by direct numerical simulations of a more detailed system of equations.

The book is written along this line and attention is focused on fundamental aspects.

It is meant to be a survey of the nonlinear dynamics of combustion waves, which now

constitute a mature scientific field. A similar approach is used to improve the understanding

of other types of waves such as ablation fonts in inertial confinement fusion. The approach

is also tentatively extended to the explosion of stars at the end of their lifetime, the famous

supernovae. A large variety of phenomena is presented. The purpose is to provide a wide

view of the physical problems involved in different domains that can benefit from cross-

fertilisation. The most important scientific results are reported, ranging from the pioneering

works of the last century to the advanced research of the last decade.

The book is aimed at both newcomers to the physics of unstable fronts in flows and

scientists who wish to improve their knowledge. It is self-contained and can also be used

as a textbook by students. The background in physics, chemistry and fluid mechanics is

given in the last part as complements. Physical insights into the phenomena occupy half
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x Preface

of the book and are presented first. Detailed analytical studies are developed in the second

part and no prerequisites in applied mathematics are required concerning the perturbation

methods that are used (multiple-scale and asymptotic analyses).

This book would never have been written without 40 years of activity in our research

group, interacting closely with our friends and colleagues, Louis Boyer, Bruno Denet,

Alain Pocheau, Joel Quinard and Emmanuel Villermaux. We are also grateful to our close

friends and outstanding theoretical physicists for fruitful collaboration and enlightening

discussions of great help to improve our understanding of nonlinear problems related to

combustion, particularly Guy Joulin, Amable Liñan, Yves Pomeau, Grisha Sivashinsky

and Forman A. Williams.
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