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Abstract: A qualitative and quantitative analysis on flame dynamics is required to model combustion
instability characteristics in gas turbine lean premixed combustors. The current paper shows the flame transfer
function modeling results using CFD(Computational Fluid Dynamics) techniques for the flame dynamics study.
It is generally known that flame shapes determine the basic characteristics of the flame transfer function. The
comparisons of the modeled flame shapes with the measured ones were made using the optimized heat
transfer conditions. Modeling results of the flame transfer function show the close behaviors to the measured
data with a reasonable accuracy if the flame geometry can be exactly captured.
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Fig. 1 Schematic of the model combustor, Dimensions
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Table 1 Selected test conditions for model validation

Inlet pressure latm
Inlet temperature 200C
Mixture velocity 60m/s
Equivalence ratio 0.6
Fuel composition 100%CH4
Modulation frequency 100Hz
Modulation amplitude
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Fig. 2 Geometry of the computational domain
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Fig. 3 Axial velocity distributions on y-z plane
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Fig. 5 Steady-state flame geometry under various
wall heat transfer conditions
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Table 2 Summary of calculated results for flame
transfer function

Calculation
100Hz
0.1
0.14
1.4
-18deg

Measurement
100Hz
0.1
0.12
1.2
29deg

Frequency

u'/u

mean

q,/qmean

Gain
Phase

Bl A FhaEn 8u)
} A

A AElE AR
%l

e 2191(2013R1A1A2A10009253).

(References)

(1) Cha, D. J., Kim, J. H. and Joo, Y. J., 2009,
“Analysis of the Combustion Instability of a
Model Gas Turbine Combustor by the Transfer
Matrix Method,” Journal of Mechanical Science
and Technology, Vol. 23, No. 6, pp. 1602~1612.

(2) Seo, S. B., Ahn, D. H. and Cha, D. J., 2012,
“Analysis of the Combustion Oscillation in a

Gas Its

Suppression,” Journal of Mechanical Science and

Silo-Type Turbine Combustor and

ol 4«

Technology, Vol. 26, No. 4, pp. 1235~1240.

(3) Lee, D., Park, J., Jin, J. and Lee, M., 2011,
“A Simulation for Prediction of Nitrogen Oxide
Emissions in Lean Premixed Combustor,” Journal
of Mechanical Science and Technology, Vol. 25,
No. 7, pp. 1871~1878.

(4) Kang, S., Kim, Y.

“Numerical Simulation of Structure

K., 2009,
and NO
Formation of Turbulent Lean-Premixed Flames in

and Lee,

Gas Turbine Conditions,” Journal of Mechanical

Science and Technology, Vol. 23, No. 12, pp.
3424~3435.
(5) Kim, K. and Santavicca, D., 2009, “Linear

Stability Analysis of aAoustically Driven Pressure

Oscillations in a Lean Premixed Gas Turbine
Combustor,” Journal of Mechanical Science and
Technology, Vol. 23, No. 12, pp. 3436~3447.

(6) Kim, D., Lee, J, Quay, B., Santavicca, D.,

2010, "Effect of

Flame Structure on the Flame Transfer Function

Kim, K. and Srinivasan, S.,

in a Premixed Gas Turbine Combustor," Journal
of Engineering for Gas Turbine and Power, Vol.
132, No. 2, 021502.

(7) Kim, D., 2011, “Introduction to Flame Transfer
Function in a Lean Premixed Gas Turbine
Combustor,” Trans. Korean Soc. Mech. Eng. B,
Vol. 35, No. 9, pp. 975~979.

(8) Kim, D. and Kim, K., 2014,

Thermoacoustic Model Considering Heat Release

“Improved

Distribution,” Trans. Korean Soc. Mech. Eng. B,
under publication.

(9) Kim, D., 2012, “Linear Stability Analysis in a
Gas Turbine Combustor Using Thermoacoustic
Models,” Journal of the of
Combustion, Vol. 17, No. 2, pp. 17~23.

(10) Nicoud, F., Benoit, L., Sensiau, C. and Poinsot,
T., 2007, “Acoustic Modes

Complex Impedances and Multidimensional Active

Korean Society

in Combustors with

Flames,” AIAA Journal, Vol. 45, No. 2, pp.
426~441.

(11) Kim, S. K., Choi, H. S. and Cha, D. J., 2010,
“Development  of  Helmholtz ~ Solver  for

Thermo-Acoustic Instability Within Combustion

Devices,” Journal of the Korean Society for



CFDE ©| &3 3|8} o &gt darldlMe A4 o 22¥ 779

=

R h

Aeronautical and Space Sciences, Vol. 38, No. 5,
pp. 445~455.

(12) Truffin, K. and Poinsot, T., 2005, "Comparison
and Extension of Methods for Acoustic Identification
of Burners," Combustion and Flame, Vol. 142, No.
4, pp. 388~400.

(13) Shih, T. H., Liou, W. W., Shabbir, A., Yang,
Z. and Zhu, J, 1995, “A New k-&¢ Eddy
Viscosity Model for High Reynolds Number
Turbulent Flows,” Computers and fluids, Vol. 24,

No. 3, pp. 227~238.

(14) ANSYS Fluent 15.0 Users Guide, ANSYS
Inc., 2014.

(15) Abdelgayed, H. M., Abdelghaffar, W. A. and
Shorbagy, K. E., 2013, “Flame Vortex Interactions
in a Lean Premixed Swirl Stabilized Gas Turbine
Combustor - Numerical Computations,” American
Journal of Scientific and Industrial Research, Vol.
4, No. 5, pp. 449~467.



