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Numerical Study on the Stabilization of Turbulent Swirling
Lifted Premixed Syngas Flames

*Sungmo Kang, *Jeongwon Lee, **Yongmo Kim
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Abstract : This study has numerically modeled the combustion processes of the turbulent swirling premixed
lifted syngas 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 of stabilizing the
turbulent lifted flames. In the present approach, the turbulence-chemistry interaction is represented by the
level-set based flamelet model. Numerical results indicate clearly that the present level-set based flamelet
approach has realistically simulated the structure and stabilization mechanism of the turbulent swirling
premixed lifted flames in the low-swirl burner. Computations are made for the wide range of the syngas
chemical composition and the dilution level at two pressure conditions (1.0, 5.0 bar). Numerical results indicate
that the lifted height in the LSB is increased by decreasing the H2 percentage and increasing the dilution level
at the given equivalence ratio. It is also found that the flashback is occurred for the hydrogen composition
higher than 80% at the equivalence ratio, 0.8. However, at the syngas composition range in the IGCC system,
the stable lean-premixed lifted flames are formed at the low-swirl burner.
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Table 1. Summary of calculations (®=0.6, T,=300 K)

Syngas Zst po(kg/m”) Diem“/s) s (em/s) T,(K) S
0y

CO/H2 (%) 1bar Sbar 1bar 5bar 1bar 5bar

20/80 0.0950.9954.9750.5590.112 60.8328.89 1,810 1.72

50/50 0.1791.0595.2940.5360.106 43.3024.16 1,857 1.54

80/20 0.2501.1215.6130.4780.097 29.9718.28 1,922 1.38

35/35/30%-H200.2481.0335.1640.5420.110 28.4314.31 1,710 1.61
25/25/50%-H200.3241.0045.0200.5620.112  16.31 5.84 1,557 1.69
35/35/30%-C020.3301.1175.5840.4940.099 25.8711.80 1,681 1.40
25/25/50%-C020.4621.1815.9050.3820.093 13.47 5.17 1,501 1.26
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Fig. 1 Laminar burning velocity as a function of equivalence

ratio at pe=1/5 bar, T;=300 K.

0.2 AL
G

CO/H2 (50/50%) 1 bar CO/H2 (50/50%) 5 bar

T =1
cO ‘

2400

|

030 ‘ ggﬂ‘ 6=10.—to100 030 |
i gl

04|
¢ 200

“2}1200

Temperature [K]

Mass fraction

Temperature [K]

0.051-9=0.4-1.0

CRAEARRCA R R N AR AT

s 0 I 15
Flame normal coordinate x [mm] Fldme normal coordinate x [mm]

Fig. 2 1-D laminar premixed CO/H2 (50/50%) flames for
different fuel compositions and equivalence ratios at ps=1/5
bar, T;=300 K.
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