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Figure 2 displays an image of a flame at Pthermal=30kW,
Φ=0.83. The flame front (gray line) as well as the tip of the
bubble (dotted line) and the velocity field (vectors) are
illustrated. The investigation of the interaction between
flame and recirculation bubble with high temporal resolution
allowed the drawing of following conclusions:
• The occurrence of CIVB driven flashback is governed by
the interaction of turbulence and chemistry at the tip of
the recirculation bubble.
• The flame position with respect to the bubble influences
the net vorticity generation due to volume expansion and
baroclinic torque.
• Before CIVB driven flashback occurs a transitional
regime with highly stochastic upstream propagation of
the flame with respect to the bubble is observed.
• A threshold of induced force against the main flow has to
be exceeded before CIVB driven flashbacks occur.
The analysis confirms the results of earlier CFD-studies and
experimental investigations. The variation of the
investigated geometry proves that the observed effects are
not limited to specific burner geometry.

Combustion Induced Vortex Breakdown (CIVB)
generating flame flashback in swirl burners was
experimentally investigated. In the stable regime a stream
bubble is created by the recirculation zone, which appears
downstream of the combustor exit plane. Introduced by
small changes of the flow field this bubble propagates
upstream and transports the flame from the stable position
inside the combustor into the premixing zone. To avoid this
form of flashback and the damage of the upstream
components due to overheating this phenomenon was
investigated in detail on microscopic level.
Previous experimental and numerical work identified
the interaction of turbulence and chemistry as the root cause
for CIVB and revealed that the vortex transport equation is
well suited for the analysis of this interaction:

This equation describes the inviscid transport of vorticity.
The changes are based on the effect of stretching and tilting,
volume expansion and baroclinic torque. In the case of
rotational symmetry, the generation of negative azimuthal
vorticity induces axial velocity against the main flow
direction. For the occurrence of CIVB the volume expansion
and the baroclinic torque are the crucial elements. The
relation between these two terms determines the total
induced force against the main flow. The value of this force
governs whether CIVB driven flashback occurs or not.
In the experiment a premixed swirl burner without
centerbody was investigated. The aerodynamic stabilization
is realized with a properly tailored swirling main flow and
an axial unswirled jet, which optimizes the vortex
breakdown position. Optical access to the propagating flame
is realized by a silica glass tube used as closing mixing tube.
Due to the high dynamics of the flame propagation during
flashbacks, High-Speed Particle Image Velocimetry
(HS-PIV) and High-Speed Laser Induced Fluorescence
(HS-LIF) were applied simultaneously to measure the
dynamic change of the flow field and to track the flame front
(Fig.1).

Fig. 2: Instantaneous image of detected flame front (gray line) and
velocity field (vectors); the tip of the bubble is illustrated with a
dotted line
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Fig. 1: Sketch of the setup for simultaneous PIV-LIF
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