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Abstract: Three-dimensional computational fluid dynamics simulations are performed fora 650 ‘C grade 1 000 MW
ultra-supercritical swirl-opposed firing boiler with low NOy combustion in the furnace. The flow and combustion
characteristics in the furnace and the NOy concentration in the flue gas are investigated under various conditions of
overfire air. It is shown that setting a staggered overfire air and injecting the lower OFA with the angle 15 <downward
into the furnace is helpful to reduce NOx concentration and improve the burnout rate. A lower overfire air ratio results
in a higher temperature in the region of the combustor and a shorter distance between the high-temperature region and
the heating surface. As the overfire air ratio increases, the NOy concentration of the flue gas at the exit of the furnace
first decreases and then increases, and the optimal overfire air ratio is around 33.9%.
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Fig.1 Schematics of the staggered overfire air
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Tab.1 Grid independence of the simulation
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Fig.2 Boiler model and grid for CFD simulation
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Tab.2 Proximate and ultimate analysis

LAk AH71% T HTI%
Qnet,ar/(MJ -kg’l)
War(M) War(A) Waat(V) War(C) War(H) War(O) War(N) War(S)
17.30 11.99 38.29 56.02 3.50 9.88 0.81 0.50 21.12
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Tab.3 Parameters of simulation cases

TH UREY RO MURREN% ?:’X%’f;
1 22.8 39.2 38.0 0.71
2 22.8 43.3 33.9 0.76
3 22.8 47.2 30.0 0.81
4 22.8 52.2 25.0 0.86
5 22.8 57.2 20.0 0.92
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Fig.3 Velocity vector diagram in the burnout zone for
different injection angles of the overfire air
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Fig.4 Velocity distribution in the center section of the furnace (y=13.59 m) for each simulation case
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