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Figure 1 (Color online) Geometric models of the 182 (a) and 300 MW (b) CFB boilers.
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Table 2 Governing equations of the QC-EMMS drag model
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Table 3 Global reaction model for coal combustion [10,27~30]
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Figure 2 (Color online) Axial distribution of NO, concentration.
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Figure 3 (Color online) (a) Axial distribution of CO concentration; (b) dilute zone.
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Figure 6 (Color online) Axial distribution of ash particle.
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Figure 7 (Color online) Nonuniformity of the axial distribution of particle concentration. (a) RSD; (b) o;.
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Table 4 NO, formation and reduction reactions
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Figure 8 (Color online) Rate of formation of NO, for reactions 1 and 2. (a) Reaction 1; (b) reaction 2.
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Figure 9 (Color online) Rates of NO, catalytic reduction for reactions 5 and 6. (a) Fine bed material; (b) coarse bed material.
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Figure 10 (Color online) Time-averaged cross-sectional distribution of particle concentration in the dense zone. (a) 182 MW; (b) 300 MW.
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(a) befc;re closing the middle loop
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(b) after closing the middle loop
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Figure 11 (Color online) Particle concentration distribution before and after closing the middle loop (position: #/H = 0.02). (a) Before closing the
middle loop; (b) after closing the middle loop.
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Figure 12 (Color online) Distribution of the standard deviation of particle concentration before and after closing the loop. (a) ,; (b) RSD.
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Figure 14 (Color online) Schematic of increasing the loop height.
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Figure 15 (Color online) Fine-particle velocity contours and vectors at the center section of the loop. (a) Before increasing the loop; (b) after
increasing the loop.
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Figure 16 (Color online) Fine particle concentration in the center plane of the loop. (a) Before increasing the loop; (b) after increasing the loop.
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Figure 17 (Color online) Particle concentration distribution after the loop is elevated. (a) Longitudinal section (x = 0 m); (b) cross section.
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Table 5 NO, emissions before and after elevating the loop

ZH IR RHESR T ’ItE HE (%)
NO, (mg/Nm’@6% O,, dry) 106.58 119.55 12.17
B DX R T ORI AR HE 20, (%) 8.27 8.63 435
AT, (m) 28.61 29.79 4.12

F 6 FEH B

Table 6 Validation case

HHBINo. NOHE (mg/Nm’@6% O,, dry) FRIHTRLIR oy A br it Z o, (%) AO, (%) ENO, (%)
INRUREIR BT S 41.89 5.57 17.41 82.90
JE AR BO 106.58 8.27 18.54 88.28
KIK RIHEEFE  BI 119.55 8.63 18.71 89.09
KPR EME B2 75.03 6.68 17.98 85.62

VLB o MR A/H = 0.025 8K (1B 34E; O K IE NEA X PRIZ R H (WH = 0.05) 1) F3514.

AR, /NP AR DX A I8 B P R A AR
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Figure 18 (Color online) Variation of NO, emissions with different x-axis parameters. (a) Standard deviation of particle concentration distribution;
(b) relative bubble area (note: 4, is the area under the bed); (c) absolute bubble area; (d) amount of oxygen leakage.
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Mechanism of NO, emission associated with dense-phase
nonuniformity in large-capacity circulating fluidized bed boilers

XIAO HongLiangl’z, YANG HaiRui’ & QI HaiYingl’z’3

! Beijing Huairou Laboratory, Beijing 101499, China
? Shanxi Research Institute of Huairou Laboratory, Taiyuan 030032, China
} Department of Energy and Power Engineering, Tsinghua University, Beijing 100084, China

Industrial practice has shown that using fine bed material markedly reduces NO, emissions from coal-fired circulating fluidized bed
(CFB) boilers. Using an Euler-Euler numerical framework with the QC-EMMS model, this study compares 182 and 300 MW
industrial CFB units operated with fine bed material to assess how flow characteristics influence ultra-low NO, performance. The
results indicate that nonuniform gas-solid flow in the dense zone is the primary cause of excessive NO, in large-capacity CFB boilers.
This nonuniformity drives more O, into the dilute zone, creates an oxidizing atmosphere, and significantly lowers CO concentration,
which suppresses NO, reduction. The simulations show that closing part of the return loops and lowering the loop height alleviate
nonuniformity in the dense zone, strengthen the reducing atmosphere in the dilute zone, and effectively decrease NO, emissions.
These findings provide a solid basis for NO, abatement in large-capacity CFB boilers using fine bed material.

circulating fluidized bed boiler, two-phase flow, fine bed material, dense-phase nonuniformity, NO,, numerical
simulation
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