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Abstract: To study the influence of hydrogen-mixed methane fuel on the thermoacoustic oscilla-
tion characteristics of gas turbine combustor, a swirl-stabilized premixed combustor was numeri-
cally studied in this paper by means of computational fluid dynamics combined with system identi-
fication (CFD-SI). The time series of upstream velocity fluctuation and the overall heat release
rate fluctuation were extracted from one transient CFD simulation, then the flame transfer func-
tions (FTFs) for different hydrogen mixing ratio were obtained by correlation analysis. Further-
more, the FTFs were used in the low-order network model to analyze the thermoacoustic instabil-
ity of the combustor. The results showed that with the increase of hydrogen mixing ratio, the
flame gradually deforms from “V” to “M” shape, and the vortex structure at the outlet of the

burner first forms and then disappears, which leads to the change of the thermoacoustic oscilla-
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tion characteristics of the combustor. When the ratio is lower than 30% , the flame response does
not change significantly, and the oscillation frequency increases slightly. When the ratio is in the
range of 30%—60%, the flame’s response to low frequency is gradually enhanced, and the re-
sponse to high frequency is first enhanced and then weakened. And the thermoacoustic oscillation
of the combustor near 200 Hz disappears, which means the flame stability enhanced, but a high-
frequency pure acoustic mode is excited. And when the ratio reaches 60% , the thermoacoustic os-
cillation reappears in the combustor. For gas turbines fueled by natural gas, a proper hydrogen
mixing ratio can improve the thermoacoustic stability in the combustor, but the addition of hydro-

gen can more easily stimulate a high-frequency pure acoustic mode of the combustor, making it

oscillate in a high frequency range.
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Fig. 12 Results of thermoacoustic stability analysis
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