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A study on flame bifurcation due to inlet mixture temperature
and swirl strength in a swirl turbulent combustor

Jong-chan Kim* - Hong-Gye Sung** - Hyeok Ryu***

ABSTRACT
Large Eddy Simulation has been conducted to investigate both stable and unstable flame structures
in a swirl turbulent combustor. While a flame is stabilized with periodic dynamic structure at 600K, a
slight increase in the flame temperature of inlet mixture, 660K, lead to bifurcation of flame at swirl
angle 45 degrees. It was observed that both swirl number and mixture temperature affect a flame
bifurcation and the former is a major parameter. One major mechanism contributing to the unstable
flame is that the local flame speed overshadows the local flow velocity near the wall of the
combustor.
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Fig. 1 Schematic of a model gas turbine combustor{1]

Fig. 2 Schematic of grid system
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Fig. 3 Temperature oontours and streamlines of stable
flame
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Fig. 4 Stable flame evolution over one cyde of
oscillation: temperature contours and streamlines
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Fig. 5 Transition from stable to unstable flame with
increased inlet temperature 600K to 660K
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Fig. 6 Transition from 45 deg. to 55 deg; (@
temperature contour, stream line (b} vorticity
rnagnitude

Fig. 7 Stable flame at swirl angle 35 degree
(@) 600K (b) 660K

Figure. 72 35%¢ 29ZE 7MXe A2
299 £571 27189 shgo] AolAE

SAY 4 3ok o] W WEelN o] A
E B 7t AL B # dey ¢ o
3} dojutx] k31 kY H-E U}

Ak Telu LEE 372 S Sgel 2]
£ QoluA %m sgel delst Bs Frhshe
A FA59AT

29 GF 9 TG A&7 4 2 B
q 54

¢y st & MPIL B3 A4t 7I¥E ol&
St LES 34& T3t AT

#dFE F7/989 L27} 600 Kol & ¢t
g stdo| AHAR, Fr13E& Ze FET
25 et ¢d FEEEANN FH 2=
g 660 K2 571 A7]1W 44 3dL
sgon HolHew, ol dad HY IH
Ao &5 &EREO 3¢ dAd £57 Fol #
2 3ol HFEI WEoloh wetd daLdE

F 7
F A7 AdAYR =5 E PETTEEge

TNLAYKARIF D) 9724 F L9,

3 1 & 8
1. Broda, J.C., Seo, S. Santoro, Rl]J,
Shirhattikar, G., and Yang, V. "An
Study of

Dynamics of a Premixed Swirl Injector,"

Experimetal Combustion

(International) on
Combustion Institute,

27th  Symposium
Combustion, The
1998, pp. 1849-1856.
2. Huang, Y. and Yang, V. "Bifurcation of

Flame Structure in a Lean-premixed
Swirl-stabilized Combustor: Transition from
Stable to Unstable Flame," Combustion and

Flame, 2004, Vol 136, pp. 383-389.

— 380 —



