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Abstract : Dynamical systems theory conveys striking and useful information for clarifying the hidden nature of irregular

temporal fluctuations obtained in a wide spectrum of experiments in the fields of biological medicine, electronic information,

mechanical engineering, and many other natural sciences. It extensively covers sphere ranging from the quantification of

important nonlinear properties, which yields a physical description of the dynamical structure in phase space, to practical

applications such as detection and control. This article presents the availability of dynamical systems theory involving

three analytical methods: colored recurrence plots, local predictor, and translation error, to deal with nonlinear dynamics of

combustion instability in a laboratory-scale gas-turbine model combustor.
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Fig.6 Temporal evolutions of pressure fluctuations p' for

different equivalence ratios ¢.
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Fig.10 Changes in the correlation coefficient C between the actual

and predicted dynamic behaviors in the intermittent pressure
fluctuations as a function of the duration #p of the actual
pressure fluctuations added to the library data. Changes in C for
increments of Ap'(= p(t+1)-p(t;)) are also shown as a function
of tp. Cforpattp=2x 10%is nearly unity, and remains nearly
unchanged up to #p = 3.6 10'3, which is the manifestation of
short-term predictability nature. A similar trend is observed for
increments of Ap' [12].
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and predicted dynamic behaviors of pressure fluctuations close
to lean blowout as a function of the duration 7, of the actual
pressure fluctuations added to the library data. Changes in C for
Ap'(=p'(t+1)-p'(t,)) are also shown as a function of #p. C for Ap'
is almost zero regardless of 7. This is a distinctive feature of
stochastic process [13].
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unpredictability estimated by |dInC/dIntp| significantly increases
with decreasing ¢ from 0.6 to 0.49, close to lean blowout.
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intermittency. £,,,,, responds to the drastic change in p' [12].
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Fig.15 Standard deviation of pressure fluctuations p',,,; and translation
error E,,,,, as functions of equivalence ratio ¢. p',,,,, remains
nearly unchanged for ¢ = 0.61. In contrast, Etrans increases as ¢
decreases from 0.61 to 0.49, close to lean blowout (LBO), which
shows that the translation error clearly captures the significant
change in combustion close to LBO [12].
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Fig.16 Time variation of equivalence ratio ¢ with decreasing volume
flow rate of main fuel QcH4,main. Lean blowout (LBO) is

prevented even when QcHa,main s decreased to 6 L/min [12].
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Fig.17 Time variation of equivalence ratio ¢ with decreasing and
then increasing volume flow rate of main fuel OcH4,main. The
prevention of lean blowout (LBO) is achieved for the transient
process as well as for the case of a power reduction [12].
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