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Numerical simulation of the effect of primary air velocity on the performance of

high-concentration pulverized coal pre—combustion low-nitrogen burner
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( 1.CHN Energy Shendong Coal Group Co. Lid. Shenmu 719315 China; 2.School of Energy and Power Engineering
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Abstract: The high—concentration pulverized coal burner can stabilize the combustion and significantly reduce NO, emissions which is a
very economical and environmentally friendly combustion technology. Its primary wind speed has a very important impact on the ignition
delay in the furnace the stability of pulverized coal combustion and the NO, emissions. In order to determine the primary wind speed suit—
able for the new high—concentration coal pre—combustion low—nitrogen burner and provide guidance for the on—site experiment and actual
operation of the burner ANSYS Fluent software was used to simulate and calculate the influence of primary wind speed on the combustion
stability of pulverized coal and NO,_ emissions. In this paper a grid—independent test was performed first and a 25 t/h full-scale pulver—
ized coal industrial boiler was tested to verify the accuracy of the model. The numerical simulation results show that the new high—concen—
tration coal pre—combustion low—nitrogen burner can form two recirculation zones in the pre—combustion chamber and the furnace. The re—
circulation zone in the pre—combustion chamber ensures stable combustion of pulverized coal and the recirculation zone in the furnace re—
duces NO,. When the primary wind speed is too low the later mixing of primary and secondary air weakens the combustion of pulver—

ized coal is unstable and NO, emission increases slightly. Also when the primary wind speed is too high the mixing of the secondary air
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and the pulverized coal is weakened and the combustion of pulverized coal is unstable resulting in a significant decrease in the coke con—

version rate and a significant increase in NO, emissions. The primary wind speed increases from 17 m/s to 20 m/s and the NO, concentra—

tion in the outlet section increases by about 10%. An appropriate primary wind speed can not only stabilize the ignition and combustion of

pulverized coal but also achieve low NO, emissions. The best primary wind speed of the burner studied is between 14—17 m/s.
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Fig.1 Schematic diagram of low—nitrogen burner
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Table 1 Main parameters of experimental conditions
6) / / /
Do @ . (mes)  (m'es) (wies) K K
3
0.3 2.5 2.3 300 800
2
Table 2 Proximate and ultimate analysis of coal
1% 1% Quet aa! Qur aa/
M, Au Var FC, Ca Ha 0.4 N Sad (M)« kg™) (M) kg™')
5.17 7.61 31.16 56.06 61.95 4.31 14.12 0.97 0.95 27.94 28.78
2.2 4 o
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Fig.4 Actual furnace structure and temperature
measurement points
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Fig.3 Simulation results of different grid numbers 52 C +4.5%
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Table 3 Comparison between simulation results and

experimental results of fly ash carbon content and NO,

1% 14.9 16.2
NO, (9% 0,) /( mg* m™) 182 175
3
5
Fig.5 Comparison between experimental results and 3 2
simulation results of measuring point temperature 2
70% o
o 1 23 4,
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Table 4 Main parameters of simulated working conditions

Quen 1% | al(°)
vpi/(m e s71) 0yl % 0. /% Q. %
2.3 17.0 6.20 44.5 47.0 45
1 2.3 14.0 5.20 45.0 47.5 45
2 2.3 20.0 7.20 44.0 46.5 45
4
4.1
(v,) 6 NO
N, NO, .
3 3
\ 2
7
7

6

Fig.7 Schematic diagram of the flow field in the
Fig.6  Axial velocity distribution in the central section

pre—combustion chamber under basic conditions
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Table 5 Calculation results of various working conditions
1 2
1149 1234 1057
/C
1% 99.6 98.8 94.1
NO,
275 269 294
8 (9% 0,) /(mg* m™)
Fig.8 Comparison of axial velocity distribution on the axis 4.3
4.2
9( a) NO
9(b) . .
CO 10 o
CcO
799 °C 869 C . CO
0,
o CO CO
9 10 co

Fig.9 Comparison of temperature distribution
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Fig.10  CO concentration distribution in central section
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