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Figure 2- Typical chemiluminescence images of thermo-acoustically unstable flame, premixed, .(|)=0.79, time difference
between each image is 600 ms, part d shows the three flame slices
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phase image, premixed, .¢=0.79 and frequency of 381 Hz.
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Figure 5- a) overall heat release b) pressure spectrum, premixed,.(l)=0.75.
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Figure 7- a) overall heat release spectrum b) pressure spectrum, .¢=0.77, premixed, 90 seconds after ignition, just before
flame flashback
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English Abstract

Experimental analysis of thermo-acoustic instabilities and interaction
of oscillatory modes in lean premixed flames using image processing
technique
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This paper explores transient phenomena in a thermo-acoustically unstable, laboratory-scale combustor with a
thermal power of nearly 10 kW. The study focuses on enclosed, turbulent premixed and imperfectly premixed
methane flames, maintained at a constant cold flow velocity with varying overall equivalence ratios (0.7-0.87).
The swirling flame is stabilized in the wake of a bluff-body, and thermo-acoustic oscillations are induced by
extending the length of the downstream duct. Observations reveal that single frequency limit cycles occur at
low equivalence ratios or with short downstream ducts, showing no significant changes over time. However, a
slight increase in duct length or equivalence ratio introduces a second mode in the pressure spectrum. This
mode, with a lower frequency than the first, grows over time and eventually dominates the oscillations, often
leading to flame flashback into the upstream duct. Analysis of the OH images shows similar trends in the
integrated OH signal, with significant peaks at various linear combinations of the two main frequencies
observed in the pressure spectrum. These peaks are more pronounced in the OH signal spectrum than in the
pressure spectrum. Investigation of the integrated OH over flame slices indicates that close to the flame holder,
the spectrum includes only the two main peaks and their difference. However, the number of peaks increases
as downstream slices of the flame are considered. The generation of these modes, observed in both premixed
and imperfectly premixed cases, is associated with the puffing of reactive fluid downstream of the flame,
indicating nonlinear behavior. A new image processing technique is proposed to further analyze the flame's
response to this multi-frequency excitation.

Key words: Combustion chamber, Instability, Premixed, Thermo-acoustic.
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