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Combustion dynamics raises difficult questions and constitutes a
challenging area in combustion research and in practical applications.
Many current problems have their origin in the advanced technologies
exploited in gas turbines where premixed combustion is used to reduce
NOx emissions but is sensitive to resonant acoustic coupling leading
to instability. Dynamical phenomena have detrimental effects and are
specifically damaging in high performance devices where the energy
density is important, a situation prevailing in gas turbines, aero-engine
combustors or in rocket engine thrust chambers. Many aspects of this
topic have been investigated over the past decades for their fundamental
and practical implications. Progress has been made more recently in the
experimental analysis of the driving and coupling mechanisms, in the
development of reduced order models and in the exploration of unsteady
combustion processes with large eddy simulations.
After a short review of central problems in combustion science, this
lecture proposes a synthesis of advances in combustion dynamics.
Investigations of perturbed flame dynamics are described. The response
of flames to incoming perturbations of various types is specifically considered. Nonlinear features of combustion instabilities are analyzed in a
second stage and it is shown that harmonic balance methods based on the
flame describing function (FDF) can be exploited to suitably represent
phenomena like limit cycle oscillations, frequency shifting during
transient growth, mode switching and instability triggering. Progress is
also related to advances in computational flame dynamics as illustrated
by calculations of perturbed flames and of self-sustained oscillations
in annular combustor configurations. New concepts for the dynamical
control of instabilities have also been devised and will be described in the
final part of this presentation.

