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Numerical Simulation of Low NO, Swirl Combustor with

Inverse Diffusion Flame

XU Chuan-yi, SHAO Ya-li, LU Ping, SONG Tao
(School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing, China, Post Code:210023)

Abstract: The non-premixed steady-state small flamelet model (SFM) coupled with the 110-step meth-
ane combustion simplification mechanism and the Realizable k£ — & model were used to simulate the in-
verse-diffusion-swirl low-nitrogen burner. The axial velocity distribution, central section temperature and
NO, mass concentration distribution on each section in the combustion chamber were compared and ana-
lyzed under different swirl angles (30°, 45° and 60°) and excess air coefficients (1.05, 1.10, 1.15
and 1.20). The influence law on the combustion characteristics of natural gas and air in the combustion
chamber and NO, emission was studied in detail. The simulation results show that with the increase of
swirl blade angle, the recirculation effect in the combustion chamber is gradually enhanced, resulting in
shorter flame length, lower maximum temperature in the combustion chamber and lower outlet NO mass
concentration. When the swirl blade angle is 60°, the outlet NO mass concentration is only 114 mg/m’;

with the increase of excess air coefficient, the flame end temperature gradually increases, resulting in the
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increase of NO emission at the outlet of combustion chamber; when the excess air coefficient is 1.2, the

outlet NO mass concentration reaches 2904 mg/m’ , compared with the excess air coefficient of 1.05, the

NO emission is increased by 153 %.

Key words: inverse-diffusion-swirl burner, natural gas combustion, excess air coefficients, numerical

simulation, swirl angle
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Fig. 2 Effects of five mesh quantities on simulation results
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axial velocity distribution along the central axis
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on different cross-sections along radial direction
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