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Numerical Modeling of Turbulent Swirling
Premixed Lifted Flames

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

ABSTRACT

This study has numerically modelled the combustion processes of the turbulent swirling premixed lifted
flames in the low-swirl burner (LSB). In these turbulent swirling premixed flames, the four tangentially-
injected air jets induce the turbulent swirling flow which plays the crucial role to stabilize the
turbulent lifted flame. In the present approach, the turbulence-chemistry interaction is represented by the
level-set based flamelet model. Two-dimensional and three-dimensional computations are made for the
various swirl numbers and nozzle length. In terms of the centerline velocity profiles and flame liftoff
heights, numerical results are compared with experimental data The three-dimensional approach yields the
much better conformity with agreements with measurements without any analytic assumptions on the inlet
swirl profiles, compared to the two-dimensional approach. Numerical clearly results indicate that the present
level-set based flamelet approach has realistically simulated the structure and stabilization mechanism of the
turbulent swirling stoichiometric and lean-premixed lifted flames in the low-swirl burner.

Key Words: Level-set, Flamelet model, Turbulent premixed flame, Swirling flow, Lifted flame,
Low-swirl burner
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Fig. 1 Problem configuration and computaticnal grid for
the low-swirl burner. {a) Inlet boundary condition and
iso-surface of =0, (b} secondary flow vectors at the
cross-section containing the air-jets, (c) closeup of burner.
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Fig. 2 Mean flame field calculated at the centerplane of
2. (a) G-scalar, (b) temperature, (c) CH mass fraction.
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Fig. 3 Centerline profiles of predicted and measured mean
axial velocity.
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Fig. 4 Problem configuration for the low-swirl burner. (a)
Inlet boundary condition and initial iso-surface of G=0, (b)
secondary flow vectors at the cross-section containing the
air-jets, (c) close-up of burner.
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Fig. 5 Mean flame field calculated for S=1.32 and =90
mm at the centerplane of 2z=0. (a) Velocity vectors, (b)
G~scalar, (c) temperature.
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Fig. 6 Predicted and measured profiles of the mean axial
velocity and reaction progress variable along the centerline:
S$=1.32, L=90 mm,
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different swirl numbers and nozzle lengths.
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