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ABSTRACT

Combustion instability characteristics were investigated through combustion tests using ethylene and air in
a model gas turbine combustor. At various flow conditions, the swirl number and combustion chamber
length were changed independently. Dynamic pressure transducer and photomultiplier tube with a bandpass
filter were used to measure pressure oscillations and heat release fluctuations. Analysis of phase difference
and flame structure showed that the unstable mode had resonant frequencies of the combustion chamber and
the inlet mixing section. When the swirl number increased, it was confirmed that the instability mode
corresponding to the resonance frequency of the inlet mixing section disappeared. In addition, resonance
mode analysis was performed using the OSCILOS code and compared with the experimental results.
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NzQd
Le : Combustor chamber length PMT : Photomultiplier tube
MEC : Mass flow controller q : Heat release fluctuation
n : Harmonic mode Re : Reynolds number
P : Pressure oscillation RMS : Root mean square
PSD : Power spectrum density SN : Swirl number
1) : Equivalence ratio
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Fig. 1. Schematic of model gas turbine combustor.
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Table 1. Experimental conditions

Fuel CyHy

Oxidizer Air

u [m/s] 10 15 20
Re 24000 36000 48000

o 0.60 ~ 0.80, 40.05
Lc [mm] 495 ~ 1695
Prier [Mpa] 1.01
Tinter [K] 298
Blockage ratio [%] 85

PSD of p' [mbar®/Hz]

1000 .1,
200
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400
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f[Hz]
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Fig. 2. (a) Power spectral densities of the filtered pressure fluctuation and (b) time histories of the filtered dynamic
pressure and heat release data at SN = 1.30, Lc= 1595 mm, « = 10 m/s, ¢ = 0.60 and ¢ = 0.80.



12

— Chockedplate —— Heat source Nozzle outlet

—— Combustion chamber 1 L mode|

===+ Combustion chamber 2 L mode|

| = Inlet mixing section 1L mode

Normalized pressure displacement

02
 [m]

@

0.4
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Fig. 4. Phase difference between two dynamic pres—

sure transducers in combustor chamber.
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Fig. 5. Instantaneous flame structure captured by high speed camera at (a) SN = 0.43, Lc= 1195 mm, u = 20
m/s, »=0.80and (b) SN=0.43, Lc=1195mm, u = 15 m/s, ¢ = 0.75.
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Fig. 6. RMS values of the filtered pressure fluctuations as a function of combustion chamber length and
dominant frequency. (a) SN = 0.43, (b) SN = 0.75 and (c) SN = 1.30.
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