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NUMERICAL MODELING FOR FLAME STABILIZATION OF
GAS TURBINE COMBUSTOR

Sungmo Kang, Yongmo Kim, Jae-Hwa Chung and Dal-Hong Ahn

In order to realistically represent the complex turbulence-chemistry interaction at the partially premixed turbulent 7
lifted flames encountered in the gas turbine combustors, the combined conserved-scalar/level-set flamelet approach has
been adopted. The parallel unstructured-grid finite-volume method has been developed to maintain the geometric

flexibility and computational efficiency for the solution of the physically and geometrically complex flows.

Special

emphasis is given fo the swirl effects on the combustion characteristics of the lean-premixed gas turbine combustor.
Numerical results suggest that the present approach is capable of realistically simulating the combustion characteristics
for the lean-premixed gas turbine engines and the lified turbulent jet flame with a vitiated coflow.

Key Words: Level-set approach, flamelet model, flame liftoff, swirling flow
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Fig. 1 Predicted contours of mean temperature and OH mass fraction in
alifted turbulent H2/N2 jet flame (d=4.57 mm).
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Fig. 2 Radial profiles of mean mixture fraction, temperature, H2, H20
and OH mass fractions..
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Fig. 3 Unstructured-grid arrangement for the lean-premixed methane
flame in the GETFA gas turbine combustor consisting of
four-secondary nozzles (1-2-4-5) and tertiary nozzle (3)
(=0.433-0.483): npoin=77,325, ncell=434,950, nface=855,207,
nbfa3=29,386.



SRR

205

(x=0.0 m; left column) and horizontal plane containing lower
two-secondary nozzles (y=0.036 m; right column):
=0.433-0.483, S=0.78.
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Fig. 5 Cross-sectional views of mean temperature and velocity vector
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olid swirl JEL fEol dav] sFFLR A A
Az WY Y4 HIY (20395)01F2E =Y 2%
oA A4E 579 swirl £E RS YolAn d27] 92
wet AlA B8R HAfET WS wAlA 3R W
22 A frEde] FAHR Y BAY + Yok ol F®
A2 gl SAshs 2709] swirl RS did o UF
BEE FHAN GRESI dag FANY Ao 4%
gt aga sg9ge) 2299el g 2TE d4ol o
A Hol WARFe2 129Yo] WolxA =} transition



> 206 N 3 EHHEY

F3ANGATH

IEERE] |

piece®] %] A4A ol THME ez AL
BHE AL ASE & 4 Utk ol2 sl A k&
E{l 47 gloju] Yo digk HEE Y 5 UL Re
2 Aadch =3 85 %9 transition piece A A o
HAlA giFFog & 258 fA8lT Qe vehT gle
o A 2B dA7]oAE o] Mg oy ¥HE
A8 E3VE FUE vt S & 5 ok

4.4 E

1) 3148 2dL J|teZ 3§ Level-Set Approach: HE o
TR 95 3 FdEolE wuA A¥XG ZHM
sz st

2) H]AE FAE 0|43 Flamelet based Level-Set Approach::
ZEEER] d2719] By g Al {83 A& H
2j} Atz g

) Jheeil @avle) B9 24 % FHEA MERAL
A= A AAEE] st 3AH wiZE FAE o83
Flamelet based Level-Set ApproachE #& 2] 2 X =
a3} A AAX oz Aud Favt ok

]

(2]

(]

[4)

B

(6]

gl

8]

)

u2s
Wiliams, F.A., 1985, “Turbulent Combustion. In The

Mathematics of Combustion(ed. J.D. Buckmaster)," p.197
-1318.

Pope, S.B., 1985, "Pdf methods for turbulent reactive flows,"
Prog. Energy Comb. Sci. 11, p.119-192.

Bilger, R.W., 1993, "Conditional moment closure for
turbulent reacting flows," Phys. Fluids A5, p.436-444.
Menon, S. and Kerstein, A.R., 1992, "Stochastic simulation
of the structure and propagation rate of turbulent premixed
flames," 24th Sym. (int) on Comb., p.443-450.

Peters, N., 2000, "Turbulent
University Press.

Cabra, R., Myrvold, T., Chen, Y., Dibble, R.W., Karpetis,
AN. and Barlow, RS., 2002, Proc. Combust. Inst, 29,
p.1881-1888. (http://www.me.berkeley.edu/cal/VCBY/)

Sussman, M. and Fatemi, E., 1999, "Level Set Redistancing
Algorithm," SIAM J. Sci. Comput., 20(4), p.1165-1191.
Kang, S. and Kim, Y. M, 2002, "Pressure-based
Unstructured-Grid  Finite-Volume Method for
Laminar Reacting Flows," Numerical Heat Transfer B, 41,
p.53-72.

Mueller, M. A, Kim, T. J., Yetter, R. A. and Dryer, F. L.,
1999, "Flow Reactor Studies and Kinetic Modeling of the
H2/02 Reaction," International Journal of Chemical Kinetics,
31, p.113-125.

Combustion," Cambridge

Simulating



