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Extended Abstract 
Time series analysis based on the theory of dynamical systems and symbolic dynamics enables us to clarify the 

deterministic nature hidden in complex phenomena. The potential availability has been studied for various physical settings 

involving flame front instability induced by swirl/buoyancy coupling [1], double-diffusive instability [2], and a falling film 

flow instability [3]. Thermoacoustic combustion oscillations arise in a confined combustion system, leading to serious 

damage in combustors. They possess a wide variety of nonlinear dynamics, and their characterization is of fundamental 

importance in current combustion science and physics. Thus far, the presence of quasi-periodicity, intermittency, and chaos 

has been explored for various types of confined turbulent combustors [4-7]. We have also conducted experimental studies 

[8], [9] on the presence of chaotic dynamics in combustion state close to blowout, but more plausible analysis from 

different viewpoints is required to show the possible presence of chaos. The aim of this study is to conduct an in-depth 

analysis to show the possible presence of chaos during degenerated combustion instability [10] in terms of symbolic 

dynamics and a neural network. We use a lean premixed gas-turbine model combustor [8]. Preheated air and methane are 

used as premixture in this study. A pressure transducer placing on the wall of combustion chamber acquires pressure 

fluctuations inside the combustor. We consider the permutation spectrum test [11] consisting of the probability distribution 

of possible existing rank order patterns in a time series, for distinguishing stochastic and chaotic dynamics. The 

permutation entropy significantly increases to approximately 0.69 at the equivalence ratio = 0.56 forming the degenerated 

combustion instability, which means that the degenerated combustion dynamics possesses high randomness. Zero standard 

deviation with some forbidden patterns is clearly observed in the permutation spectrum. These results indicate the presence 

of high-dimensional chaos. In this presentation, we show more detailed results to show the possible presence of chaos in 

degenerated combustion instability. 
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