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Thermoacoustic Analysis Considering Flame
Location in a Gas Turbine Combustor

Daesik Kim, Sa Ryang Kim and Kyu Tae Kim

ABSTRACT

Authors’ previous works on thermoacoustic(TA) model development showed good results in predicting com-
bustion instability characteristics in a gas turbine combustor. However, they also suggested there were some
limitations in growth rate estimation, which might be related with over-simplification of flame structure. As
a first trial for improving the model accuracy, the current paper introduces the modified TA model considering
the actual flame location in the combustor. The combustor is divided into the unburned and the burned area
before and after the flame location, and then acoustic equations are re-organized. The modified TA model re-
sults show a better accuracy in predicting the growth rate of instabilities comparing with the previous results.
However, obtained results still overestimate the conditions where the combustor goes unstable. Further resear-
ches considering heat release distribution through flames are required.
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Alphabets R : Reflection coefficient
A : Complex amplitude of pressure wave V, u : Velocity
c : Speed of sound
f : Frequency Greeks
FTF : Flame transfer function r  : Time delay
k : Wave number ¢  : Phase
L, I : Length p  : Density
n : Gain of transfer function Y  : Specific heat ratio
P, p : Pressure ® : Angular frequency
0O, q : Heat release A : Wavelength
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Fig. 1. Schematic of the model combustor, Dimensions in millimeters.
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Fig. 3. Instability characteristics as a function of combu-
stor length(Vmean = 60 m/s, ¢ = 0.6, Hz = 0%).

Fig. 4. Example of flame shape(Vmean = 60 m/s, ¢ = 0.55,
Hz = 0%) : Replotted from Ref[9].

Table 1. Selected test conditions for model validation

Inlet pressure 1 atm
Inlet temperature 200C
Mixture velocity 60, 70 m/s
Equivalence ratio 0.55-0.7
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