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Research and verification of thermo-acoustic simulation method

based on single-sector combustion test
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Abstract: An in-house developed thermo-acoustic network model was used to study the ef-
fects of different test conditions, outlet boundary conditions, and the length of inlet measure-
ment section on the cambustion-instabilities-of single sector combustion test rig, and the results
were compared between simulations and tests.The results showed that the thermo-acoustic net-
work model accurately. predicted the unstable frequency at different test conditions. The differenc-
es between‘the predicted ‘and test results were within =210 Hz, and the errors were within 2%.
The previous single-sector combustion.chamber test showed that combustion oscillation occurred
when the inlet measurement section was 0.4 m.Combustion oscillation did not happen when the in-
let measurement section was 0,25 m. Numerical simulations showed that the self-excited combus-
tion oscillation can be excited’only when the length of the inlet measurement section was between
0.35m and 0.44 m ;. which explained the above test results well.
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Fig.1 Single-sector combustor test rig
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Fig.2 Spectrum of the single-sector combustor at the

cruise test condition
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Fig.3 Spectrum of the single-sector combustor at

the takeoff test condition
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Fig.4 Comparison of dynamic pressure peak-to-peak

values for different test conditions
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Fig.5 Thermo-acoustic network model for single=sector.combustor test rig
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Table 2 Thermo-acoustic simulation results for ISA 1.0, cruise, takeoff test conditions (/,=0.4, /,=0, C;=0, C,,=2)
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Ba W% WK T 5% K T W% W T
1 158. 4 —161.8 160. 4 —143.1 166. 5 —130.4
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3 368.6 —86.5 362.6 —74.2 377.8 —17.3
4 482.6 —221.5 473.6 —215.5 502.1 —283.9
5 537.3 6.2 563.1 27.2 572.1 58.7
6 619.9 —186.9 625. 85 —182.4 650. 1 —124.2
7 713.4 —49.7 714. —148. 4 744.5 —40.5
8 724.0 —185.7 738.9 —42.2 752. 9 —250.2
9 829.5 —81.5 823.8 —126/4 849. 3 10. 8
10 928.5 —72.7 915.5 —4478 978.9 —143.6
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Fig.7 Comparison of thermo-acoustic simulationtesults
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(Choked boundary condition at combustor outlet)
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Table 3 Thermo-acoustic simulation results for ISA1.0, cruise, takeoff test conditions (/,=0.4, /,=0, C4;=0, C,,=1)

ISA1.0 AT R &
B

LIRS BRI A e NS BT WK ¥
1 169. 2 —311.4 170.1 —272.1 172.7 —251.6
2 395.6 —240.1 390.9 —208.8 390.6 —185.4
3 536.3 —1.4 568. 8 9.6 571.3 16.6
4 662.5 —314.1 669. 3 —273.9 670. 3 —248.1
5 713.6 —57.3 739.4 —39.7 744. 2 —42.7
6 859.5 —140.3 859.9 —136.5 862. 2 —122.7
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