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Diagnosis of Flame Instabilities Using )
Physics-Based and Data-Driven Cheskie
Approaches
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Arijit Bhattacharya, Achintya Mukhopadhyay, Swarnendu Sen,
and Asok Ray

Abstract Recently, the concept of lean combustion is widely used in different indus-
trial sectors, such as aero-engines, land-based automobile engines, power plants,
marine engines, and many more for reduced emission and economic fuel consump-
tion. In contrast, the leaner fuel-air ratio in such a technique results in thermoacoustic
instability when acoustic field and combustion variables cause a positive feedback,
and a lower reaction rate of the combustion which promotes lean blowout or LBO.
The occurrence of thermaocoustic instability and LBO in the running engines not
only badly affects the engine performance but also leads to numerous casualties.
Therefore, early prediction of those instabilities for a lean combustion operation is
of utmost necessity so that the operator can get adequate lead time to take the precau-
tionary steps. In the current chapter, we review on a few innovative approaches from
the well-established nonlinear dynamics and data-driven methods to identify the tran-
sition of flame to LBO. We find three recurrence quantification analysis measures,
namely, Laminarity, Determinism, and Trapping time to be promising to quantify
the proximity to LBO. Further, log-likelihood ratio (LLR) based on Hidden Markov
machined seems to be very useful for early LBO prediction. LLR addresses the online
classification of two different kinds of transient regimes in the combustion systems.
Further, we demonstrate a simple FFT based measure that can analyze the audible
noise generated by the combustion process and identify the operational state of the
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