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Three-dimensional thermoacoustic instability model
based on spectral method

LI Lei, SUN Xiao-feng

(Sehool of Jet Propulsion,
Beijing University of Aeronautics and Astronautics,-Beijing 100191, China)

Abstract: In order to\investigate-the effect-of circumferential non-uniform fluid parame-
ters and heattelease on thermoacoustic instabilities, Chebyshev method was applied to axial
and radial directions and\Fourier method was applied to circumferential direction in the linear
Euler equations. Resonant frequencies and acoustic fields of a duct were obtained by this
method for validation and further investigations. At last, after some calculation for circumfer-
ential non-uniform heat release, it is verified that some symmetrical circumferential non-uniform

conditions can be simplified to uniform conditions. But this approximation would bring errors if

the circumferential non-uniform distribution is strong in case of asymmetrical distribution.

Key words: circumferential non-uniform; thermoacoustic instability; spectral method;

resonant frequency; linear Euler equations
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Table 2 'Resonant frequency for sinusoidal temperature distribution (unit:Hz)

K, 0 0. 03 0. 10 0:15 0. 20 0.25 0. 30 0. 35 0. 40 0. 45
S8 590,057 590,062, 590,075 \590.097 590.127 590.165 590.211 590.264 590.324 590. 389
REFS —9.405  —9.404 9.400 —9.342 —9.383 —9.372 —9.360 —9.349 —9.340 —9.334

F3 EXNHRXNEBEEST THEIRME (R4 Hz) (K, =2)
Table 3 Resonant frequency for asymmetry temperature distribution (unit:Hz) (K,=2)

K., 0 0.05 0.10 0.15 0. 20 0.25 0. 30 0. 35 0. 40 0. 45
SR 590.057  590.839 591.640 592.451 593.274 594.106 594.947 595.799 596.657 598. 389
JsA —9.405 —9.511 —9.608 —9.693 —9.769 —9.838 —9.901 —9.962 —10.023 —10.15

x4 EWNHRNEBEESH THHIRME (LA He) (K, =3)
Table 4 Resonant frequency for asymmetry temperature distribution (unit:Hz) (K, =3)

K, 0 0.05 0. 10 0.15 0. 20 0.25 0. 30 0. 35 0. 40 0. 45
S 590.057  591.619  593.198  594.787  596.382 597.986  599.599 601.271 602.850 604,483
M —9.405 —9.616 —9801 —9.965 —10.108 —10.24 —10.35 —10.42 —10.55 —10.63
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