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NUMERICAL SIMULATION OF NON-PREMIXED SWIRLING FLAMES
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12.5 mm Mesh Hexahedral 4 Million cells Inlet Central nozzle Annular nozzle
§ t“ Stoichiometric 19% CH4+81%N,
1 .\ - ' mixture (A=1)
R 153 mm X A = B Scheme 2nd order Composition | Lean mixture | 16% CH,#84%N; | 22% 02, 78% N2
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7 - . SIMPLE Lean mixture 14% CH,;+86%N,
R, 29.5mm Central Nozzle —— coupling (0=1.4)
g N ) Temperature (K) 300 900
R, 61.0 mm Thermally insulated chamber Velocity (m/s) 0.66 154
Annular Nozzle —~— Swirl number Turbulence Intensity (%) 12 7.5
S 50 mm Density (kg/m?) 0.6679 1.225
Specific heat (J/kg/K) Polynomial function of temperature
L 1m . j p (rve )Vz ZTcrdr Thermal conductivity (W/m/K) 0.0332 0.0242
- Viscosity (kg/m/s) 1.087.10-5 1.7894.10-5
2
Ref. Roback R., Johnson B.V. (1983) Mass and momentum turbulent transport R J‘ pV andr Molecular Weight (kg/kg/mol) 58,996

experiments with confined swirling coaxial jets, NASA CR-168252

0.14 | 0.74 0.95 Axial Swirler is composed by 8 flat blades.
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E Influence of Swirl Number on Combustion
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Scatter plots of temperature versus methane mass fraction Contours of Mean Mixture Contours of temperature and NO for stoichiometric and lean flames
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Surface of iso-temperature of 1400 and 1800 K from stoichiometric flames at different swirl numbers
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o (o Low swirling injectors do not promote the fluid to turn over near the centre of the chamber,
° o oo resulting larger mixing and reaction zones with weak gradients of temperature and species'
b B o0 mass fractions. Whereas, high swirl burners promote the formation of an inner recirculation
"1 | I ° ° 0 ° °
) J' I 0 I o zone with hot products of reaction. The lead stagnation point of the IRZ plays an important
J ' | “1 ° o role fixing the location of the flame front in swirling burners.

At constant stoichiometry, high swirl burners promote thinner flame fronts, higher
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