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ABSTRACT

In this study, the effect of Symmetry Breaking was compared according to the equivalent ratio
condition and the number of nozzles where combustion instability occurs in an annular
combustor. Generally, due to the relatively short combustor length, a longitudinal instability was
less likely to occur in the annular combustor, but the combustion instability sometimes happens
when ducts such as transition piece in gas turbine power station are present. In this case, due to
the duct, only the longitudinal instability mode is observed. The characteristics of Symmetry
Breaking were investigated according to the number of five lean nozzles and the equivalent ratio
combination, and as the equivalent ratio decreased, the effect of Symmetry Breaking rapidly
occurred, and the instability was dramatically disappeared and the amplitude was greatly
reduced. In addition, it was confirmed that as the number of lean nozzles increased, a
phenomenon such as a reduction in the equivalent ratio appeared.
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Fig. 1 Can combustor image of gas-turbine power.

Fig. 2 Schematic diagram of annular combustor.

Fig. 3 An image of the momentary flames for checking
the uniform flow.
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Table 1. Experimental conditions without symmetry
breaking for number of nozzles.

Parameter Value
Fuel/Oxidizer CH4/Compressor air
Quartz DIA. [mm] 30/70

Quartz length [mm] 50/50
Reynolds number 2500
0.8/0.8, 0.75/0.8,
0.7/0.81, 0.65/0.82,
0.6/0.83, 0.55/0.84
0.8/0.8, 0.75/0.81,
0.7/0.83, 0.65/0.85,
0.6/0.86, 0.55/0.88
0.8/0.8, 0.75/0.83,
0.7/0.86, 0.65/0.89,
0.6/0.92, 0.55/0.95
0.8/0.8, 0.75/0.85,
0.7/0.9, 0.65/0.95,
0.6/1.00, 0.55/1.05
0.8/0.8, 0.75/0.88,
0.7/0.97, 0.65/1.06,
0.6/1.15, 0.55/1.24

One lean (9
[Lean nozzle/Others]

Two lean (9)
[Lean nozzle/Others]

Three lean (9)
[Lean nozzle/Others]

Four lean (9)
[Lean nozzle/Others]

Five lean (9)
[Lean nozzle/Others]
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Fig. 4 Schematic diagram of nozzle arrangement. (a)
Without S. B (b) One lean, () Two lean, (d)
Three lean, (e) Four lean, (f) Five lean.
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Fig. 7 FFT analysis results on symmetry breaking with one lean.
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Fig. 9 FFT analysis results on symmetry breaking with three lean.
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