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Numerical investigation on effects of air distribution ratio on coal combustion
performance in a 660 MW lignite-fired boiler
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Abstract: Taking a 660 MW wall-tangentially fired boiler as the research object, the effects of air distribution ratio
on the characteristics of in-furnace coal combustion and heat transfer processes and NOy transformation were
numerically investigated. Results show that under the fixed SOFA ratio, the increase of primary air ratio makes the
overall boiler performance changes in V type that deteriorates evidently at first and then gets improved somewhat.
The increased in primary air ratio leads to the generation of more fuel-NOx at the initial combustion stage, which
thus increases the final NOy emission at the furnace exit. SOFA ratio does not change the variation trend of
combustion performance along with the primary air ratio, but its increase leads to the decrease of the critical primary
air ratio at which coal combustion performance deteriorates significantly. The variation of primary and secondary
airflow momentums caused by the air distribution ratio is the main factor affecting the overall boiler performance,
and coal combustion performance deteriorates significantly when their momentums are too close. Based on this, the
large increase in the primary air ratio should be avoided during the practical boiler operation process. If it is
inevitable, the SOFA ratio should be decreased to alleviate the deterioration of boiler performance caused by the
increased primary air ratio.
Key words: SOFA ratio; main combustion region; primary and secondary air ratio; combustion characteristics;
lignite-fired boiler
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Fig.1 Schematic of boiler structure and the arrangement of burners and heating surfaces
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Tab.1 Properties of lignite with high moisture content

TAE 53 HT Warl% TCER T Woarl %
P o Qretar/ (MJ kg
K5y W5y YER S [é] 5 Tk c H 0 N S
38.00 16.86 20.37 24.77 75.17 5.45 16.64 0.95 1.79 12.12
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Tab.2 Contents of simplified coal components of high moisture lignite practically used
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Fig.2 Grid generation scheme of the simulation domain
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Tab.3 Simulation models used in this work
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Tab.4 Parameter settings of the simulated cases

T LIRS —URE iy — KR/ (m s ) —XGEI(m s7) = ZIRREE
1 0.35 0.50 279 53.4 0.366
2 0.15 0.45 0.40 36.2 422 0.988
3 0.55 0.30 438 321 2,502
4 0.34 0.46 271 49.2 0.407
5 0.20 0.43 0.37 34.2 395 1.006
6 0.52 0.28 414 29.9 2571
7 0.32 0.43 255 45.9 0.413
8 0.25 0.40 0.35 31.9 374 0.975
9 0.48 0.27 38.2 2838 2.358
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Fig.3 Comparisons of velocity, temperature and heat flux
intensity under different mesh systems
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Tab.6 Comparison of flue gas parameters at the furnace exit

WK EE(msY)  o(0)/%  o(CO%
SERET 1237.10 11.20 470 18.72
LA 5 1212.40 10.70 4.92 18.85
WRE% 1.99 4.46 468 0.69
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Fig.8 Distributions of combustion temperature and heat

transfer intensity under scenarios with various separated
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Tab.7 Variation of heat absorption amounts on heating
surfaces under scenarios with various separated over-fire

air ratios
TN R A MW
T BRI

KYeRE RO O RGUIRE SR
1 473.6 91.9 455 611.0
2 0.15 440.8 95.0 47.0 582.8
3 441.3 86.7 432 571.2
7 475.7 92.7 44.7 613.1
8 0.25 443.1 96.0 472 586.3
9 450.6 84.2 430 577.8
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Tab.8 Averaged values of major combustion parameters
below SOFA region (Y=0~20 m) under various cases
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