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Analysis and prediction of noise-induced combustion instabilities of

coaxial swirl injector
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Abstract: The combustion.dyhamics of a coaxial swirl injector was investigated with the
mixture ratio of oxidant and-fuel as the/system control parameter. The mixture ratios at which the
transitions between combustion noise and oscillatory state occurred were different for the forward
path and for the reverse path. This difference indicated that the transition to the oscillatory state
observed was subcritical Hopf{ bifurcation in nature. Noise-induced instabilities were observed in
the bistable regimes The/viability of three early warning measures such as lag-1 autocorrelation,
variance and conditional heteroskedasticity (CH) to predict transition in the combustor was ana-
lyzed based on crifical slowing down theory. It was found that lag-1 autocorrelation showed an in-
creasing trend as the critical point was approached, enabling to predict catastrophic transitions as
early warning signals. Variance may be less generic as an indicator of noise-induced instability.

Significant CH showed an increasing trend, which can be used as an auxiliary judgment condi-
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tion. An online prediction method of good adaptability and reliability for noised-induced instability

based on Kendall rank correlation coefficient was proposed.

Key words: coaxial swirl injector; noise-induced instability; Hopf bifurcation;

critical slowing down; online prediction
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Table 1 Test operating conditions

- R R R It WAL
mi/(g/s) m,/(g/s) b
1 0.8 1.7 2.13
2 0.8 249 3.63
3 0.8 3.6 4.50
4 0.8 3.7 4.63
5 0.8 4.2 5.25
6 0.8 5.1 6.38
7 0.8 5.7 7.13
8 0.8 4.2 5.25
9 0.8 4.0 5. 00
10 0.8 3.7 4.63
11 0.8 3.4 4.25
12 0.8 2.57 3.21
13 0.8 1.31 1.64
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