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Abstract — This study investigated the influence of air staging on combustion and NOx emission in a tangential-firing
boiler at a 560 MWe capacity. For air staging, the stoichiometric ratio (SR) for the burner zone was varied from 0.995 to
0.94 while the overall value was fixed at 1.2. The temperature and heat flux in the burner zone and upper furnace cor-
responded to the distribution of SR, while the total boiler efficiency remained similar. The NOx emission at the furnace
exit was reduced by up to 20% when the SR in the burner zone decreased to 0.94. However, the amount of unburned car-
bon and slagging propensity was not noticeably influenced by the changes in the SR of the burner zone. Therefore, it
was favorable to lower the SR of the burner zone for reduction of NOx emission.
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Fig. 1. Schematic of 560 MWe tangential-firing boiler.
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Height: 60.7 m
Depth: 15.3 m

Table 1. Fuel properties of coal

Analysis Value
Proximate Volatile matter 34.09
d Fixed carbon 47.89
analysis Inherent moisture 5.19
(Wt% air-dry) Ash .

s 12.83

C 83.11

Ultimate H o
analysis 0 2!
(Wi% daf) N 1.69
S 0.38
HHV (MJ/kg) 2814
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Table 2. Simulation cases with changes in stoichiometric ratio of the
burner zone and OFA

Case Burner zone OFA
1 0.995 0.125
2 0.98 0.14
3 0.96 0.16
4 0.94 0.18
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12.5% olw, 7171 715 =8 5.19%, 34 34.09%, 3]+ 12.83%
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Element

Sub-model

Particle tracking

Discrete phase model / turbulent stochastic tracking

FLASHCHAIN (UDF)
Devolatilization

- Volatiles: Tar 56.1%, H, 0.18%, CH, 2.8%, CxHy 1.83%, CO 1.3%, CO, 2% H,0 3.8%

- Rate: A=4.09¢+05 1/s, E=71.34 MJ/kmol

Char conversion

Unreacted Core Shrinking Model (UDF)

* Species: Tar, CO, CO,, H,, CH,, CxHy, SO,, O,, N,

Chemical reactions

- Global reaction scheme: Jones-Lindstedt mechanism

- Reaction rate: kinetic-rate/eddy-dissipation-rate model

Turbulence Realizable k-& model
Radiation Dis.crete ordinate method
Weighted sum of gray gases model
NOx Thermal NOx: Extended Zeldovich mechanism

Fuel NOx: De Soete mechanism

S/H, R/H tube bundles

Porous media with flow resistance and local heat absorption (UDF)
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Fig. 2. Pathline of gas flow from burners A, C and E for Cases 1 and 4.
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Fig. 12. Reaction rate of Fuel NO for Cases 1 and 4.
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Fig. 13. Contours of ash deposition for Cases 1~4.
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