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Linear Stability Analysis in a Gas Turbine Combustor
Using Thermoacoustic Models

Daesik Kim

ABSTRACT

In this study, thermoacoustic analysis model was developed in order to predict both eigenfrequencies and initial
growth rate of combustion instabilities for lean premixed gas turbine combustors. As a first step, a model
combustor and nozzle were selected and analytical linear equations for thermoacoustic waves were derived
for a given combustion system. Then, methods showing how the equations can be used for analysis of the
combustion instability were suggested. It was found that the prediction results showed a good agreement

with the measurements. However, there were some limitation in growth rate predictions, which were related

with over-simplification of flame structure, acoustic boundary conditions, and temperature distribution in the

combustor.

Key Words : Thermoacoustic model(& 2% =.2), Combustion instability($14~ &2+4), Flame transfer func-
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NTHED
Alphabets Greeks
A : Complex amplitude of pressure wave 7 : Time delay
c : Speed of sound ¢ : Phase
Vi : Frequency p : Density
FTF : Flame transfer function vy : Specific heat ratio
k : Wave number ¢ Damping coefficient
/ : Length @ : Angular frequency
n : Gain of transfer function A 1 Wavelength
P : Pressure
0O, q : Heat release Subscripts
R . Reflection coefficient 1,2 . Duct indices
V, u : Velocity mean : Mean value
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Fig. 1. Simplified model combustor for thermoacoustic
analysis.
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Fig. 2. Schematic diagram for model combustor and no-
zzle section.

Table 1. Combustor operating conditions

Mean velocity (m/s) 30
Equivalence ratio 0.7, 0.725, 0.75
Inlet flow temperature (C) 20
Combustor length (mm) 400 to 1,200
Reynolds number 35,600

Table 2. Parameters used for dispersion relationship

equations
Nozzle Combustor
Temperature (K) 293 980
Speed of sound (m/s) 343 715
Density (kg/m’) 1.291 0.358
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