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Thermoacoustic Analysis Model for Combustion Instability
Prediction - Part 1 : Linear Instability Analysis

Daesik Kim*' - Kyu Tae Kim**

ABSTRACT

For predicting eigenfrequency and initial growth rate of combustion instabilities in lean premixed
gas turbine combustor, linear thermoacoustic analysis model was developed in the current paper. A
model combustor was selected for the model validation, which has well-defined inlet and outlet
conditions and a relatively simple geometry, compared to the combustor in the previous works.
Analytical linear equations for thermoacoustic waves were derived for a given combustion system. It
was found that the prediction results showed a good agreement with the measurements, even though
there was underestimation for instability frequencies. This underestimation was more obvious for a

longer flame (i.e. wider temperature distribution) than for a shorter flame.
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A : Complex amplitude of pressure
wave

c : Speed of sound

f : Frequency

FTF : Flame transfer function

k : Wave number

I : Length

n : Gain of transfer function

P : Pressure

Q q : Heat release

R : Reflection coefficient

V, u : Velocity
Greeks

T : Time delay

@ : Phase

D : Density

% : Specific heat ratio

g : Damping coefficient

) : Angular frequency

A : Wavelength
Subscripts

1, 2 : Duct indices

mean : Mean value
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Fig. 1 Simplified model combustor for thermoacoustic
analysis
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Fig. 2 Schematic of the model combustor, Dimensions
in millimeters

Table 1. Selected test conditions for model validation

Inlet pressure 1 atm
Inlet temperature 200°C
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