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1. Large Eddy Simulation
2. Particle Image Velocimetry
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Figure 1- Geometry used in the test (a) and geometry used in simulation (b) [11, 12]
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1. Unsteady Reynolds-Averaged Navier-Stokes
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Figure 2- Combustion chamber used by O'Connor, Leuvin et al and the results of experiment [21-23]
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1. Large Eddy Simlation-Probability Density Function
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Figure 4- Locate the points required to calculate the parameters u and i1(w) at the outlet of swirler [13.14]
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1. Finite Element Method

fF



VEe o Gl o ke ojlods qoaolozr Jlo o3lyiml g S o5 - ole a0

Air-fuel-supply tubes
g EETTTTT U -

chamber

Cross-section
of plenum chamber

i Schematic Swirl generator
L. testrig setup| | with burner nozzle
X

--- =3=~al B

Combustion

Transversal
duct (left)

Combustion
chamber

fluctuation v'

Cross-gection of plenum
and combustion chamber

/ | | /
: (A (S
-t « * z h .

A% — &

o T P

- P L e .
h ST i L ] - L A
! WUt lw e

) CTA probe in the

Area of transversal excitation burner nozzle

Figure 5- Test stand made by Hauser et al to investigate combustion instability [8, 9]
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Figure 6- Elimination of speakers and three ways that reach the oscillations caused by the speakers to the head of the swirler 1) -
Laboratory geometry, 2) - Geometry used in simulation
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Figure 8- Surface, volume and boundary layer mesh created at different points of the solution domain
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Figure 11- Average flame shape for different numerical simulation conditions (Temperature in Kelvin)
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Figure 12- Comparison of the average flame shape contour (Temperature in Kelvin) in the middle section of the solution in two modes:
experimental modes (right shapes) and numerical simulation (left shapes) for static mode (without longitudinal excitation)
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Figure 13- Contour of average velocity in the middle section of the solution domain for static mode (without longitudinal excitation.
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Figure 15- Comparison of total mean temperature and mean velocity in four lines: center line, x1, x2 and x3 — without excitation
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Figure 16- Comparison of the results of two RANS methods and LES method compared to the test results [13] for the dimensionless
parameter (I = OH*/OH") in the center line of combustion chamber-without excitation
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English Abstract

Investigation of the Effect of Chemical Kinetics and Combustion Model on
the Flame Transfer Function of a Diluent Premixed Gas Turbine Using LES
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One of the methods of investigating combustion instability is to simulate the flame response to acoustic oscillations. In the present
study, in order to model the acoustic oscillations, the artificial excitation method "single frequency harmonic velocity" in the
longitudinal direction has been used. The effect of this oscillation on the flame is expressed by numerical solution of LES in the
form of flame transfer function (FTF) that chemical kinetics and combustion model have a great effect on determining this function.
The combustion simulation results for methane premixed flame showed that although the 17-component EDC combustion model
has twice the computational cost compared to the 6-component TF combustion model, it reduces the numerical solution error for
calculating the FTF function to less than 5%. After simulation by using Fourier transform of FTF, the amplitude and phase are
calculated. The FTF amplitude shows two maximum values at 30-20 Hz and 170 Hz and a minimum point at 80-110 Hz.
Combustion instability can be investigated by solving the acoustic equation (Helmholtz) and placing the amplitude and phase of
the FTF function as the heat release term in this equation.

Keywords: Combustion instability, Flame transfer function, Chemical kinetics, Combustion model
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