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Acoustic Mode Analysis of Combustion Instabilities in a Low-Swirl Combustor
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In this study, a linear 1-dimensional acoustic analysis and a series of experimental measurements were performed

to elucidate the acoustic mode characteristics of a low-swirl combustor under self-excited combustion instabilities.

The experiment was conducted over a wide range of operating conditions of the inlet velocities and equivalence

ratios. Optical measurements such as the OH* chemiluminescence imaging and particle image velocimetry (PIV)

were performed with the multi points measurement of dynamic pressure. A simple heat-release fluctuation model

(n — © model) was introduced in the acoustic analysis with the time delay and the interaction index estimated from

the experimental data. The dominant mode frequency and mode shape from the analysis showed good agreements

with those of the experimental data. In addition, the mode hopping phenomena observed in the experiment were

investigated by the acoustic analysis by parametrically changing the time delay. The results qualitatively explained

the causes of the two types of mode hopping.
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Fig. 1 Schematic of the experimental setup.
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Fig. 2 Mounting positions of the pressure transducers (PT1-PT9).

Table 1 Measurement instrument.

1 Pressure Sensor Kulite WCT-312-5SG

2 High Speed Camera Photron FASTCAM-APX

3 Image Intensifier Lambert HICATT 25D

4 High Speed Camera Lens Sodern Cerc78 F/2.8 100 mm

5 Optical Filter Semrock FF01-320/40

6 | Double Pulse Nd:YAG Laser New Wave Gemini PIV

7 CCD Camera LaVision, Imager Pro X4M 2048 x 2048px
8 CCD Camera Lens Nikon AF MICRONIKKOR 105 mm 1:2.8D
9 | Bandpass Interference Filter CVI Laser Optics F03-532.0-4-2.00

10 Tracer Particle Si02 of 4pm in center particle size
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Table 2 Axial locations of the pressure transducers.

Number | PT1 PT2 | PT3 | PT4 | PT5 | PT6
y[m] 0.491 | 0.470 | 0.445 | 0.377 | 0.277 | 0.237

Number | PT7 | PT8 | PT9
y[m] 0.197 | 0.157 | 0.065
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Fig. 3 Quasi-1D model of a generic combustor.
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Fig. 4 Peak pressure oscillation amplitudes of PT1 as a
function of equivalence ratio for different inlet velocity
conditions. Large and small symbols correspond to the
pressure oscillation amplitudes of the 1st and 2nd peaks,
respectively.
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Fig. 5 Peak frequencies of PT1 as a function of equiva-lence
ratio for different inlet velocity conditions. Large and
small symbols correspond to the frequencies of the 1st
and 2nd peaks, respectively.
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Fig. 6 Powerspectra of dynamic pressure (PT1, »=125 m/s,
$=069, 0.71, 0.72).
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Fig. 7 Schematic of the quasi-1D model of the combustor.

Table 3 Parameters of the model combustor (¢ = 0.71).

Section number | Mean temperature | Mean pressure | Molar mass
T[K] P[kPa] M([g/mol]
1(Unburned) 300 101.3 27.95
2(Unburned) 300 101.3 27.95
3(Unburned) 300 101.3 27.95
4(Burned) 1855 101.3 28.06
Section number | Heat capacity ratio | Length Cross section
v L[m] S[m?]
1(Unburned) 1.39 0.107 0.007854
2(Unburned) 1.39 0.384 0.001963
3(Unburned) 1.39 d 0.016286
4(Burned) 1.25 0.50-d 0.016286

Table 4 Boundary conditions and the parameters for the n— 7
model (v =125m/s, ¢=0.71).

Reflection coefficient | Flame position | Interaction index | Time delay
Ry Ry d[m] n T [ms]
1 -1 0.09 1.7 7.7
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Fig. 8 Local Rayleigh index map. The circle indicates the
position of the mass center of the thresholded high
Rayleigh index distribution in the near-wall region.
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Fig. 9 Phase-resolved profiles of the dynamic pressure, in-
let velocity and global OH* intensity (v = 125 m/s,
¢ =0.69).
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Table 5 Predicted mode frequencies and growth rates.

Mode | Frequency[Hz] | Growth rate | Stability
1 114 1.76 unstable
2 159 -47.8 stable
3 266 -20.3 stable
4 370 22.3 unstable
4’ 457 13.5 unstable
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Fig.10 Linear growth rates as function of time delay.
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Fig.11 Mode shape and phase difference of the mode4.
"+” indicates the corresponding experimental data.
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Fig.12 Mode hopping observed in the experiment.
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Fig.13 Stability map (¢=0.71, d=0.09 m).
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Fig.14 Liner growth rates of the model and mode4.
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