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Abstract: To investigate the denitrification characteristics of a cyclone separator in a circulating fluidized bed boiler, a
300 MW circulating fluidized bed boiler is chosen as the subject of this study. The impact of various key parameters on
denitration efficiency, including the number and arrangement of urea spray devices, urea particle size, NH,/NO mole ratios,
and boiler load. The numerical results suggested that the quantity and arrangement of urea spray devices significantly
influence the mixing uniformity of ammonia nitrogen vertically. The best performance was achieved when there are 14
spray guns evenly distributed on both sides. Meanwhile, the particle size of the urea solution primarily affected the mixing
horizontally, with the best mixing effect observed at a particle size of 80 um. There existed an optimal range for NH.,/NO
mole ratios, beyond which denitration efficiency decreases. The optimal nitrogen molar ratio under full load operating
conditions was 1.2. Denitrification efficiency decreases continuously as the boiler load decreased. This leaded to a
situation where, when the boiler load fell below 40%, removing NO, solely in the cyclone separator was insufficient to meet
the requirement of ultra-low emissions due to low flue gas temperatures in the cyclone separator. The findings of this study
provided valuable insights for the design and operation of the denitration system of CFB boiler separators.

Key words: circulating fluidized bed; SNCR; numerical simulation; separator denitrification; NH,/NO mole ratios

75 B #9:2024-07-23
BEEWMAB : MEE AL RIS H (2022YFC3701504)
615



2024512 A

w o A H 5

RO H40% FoH

0 5§

BT IR BRI A i B A 1 L SRR A P AR TR
[ Ly RN AT Ak T BB A . 7R I R AR
o IEFR AL IR (circulating fluid bed , CFB) 8 4 ii1 T
HA BB 5 e HER D i 1 Y e
DL K RGO R 1 BB A 5 0 5, 7E R B AR 3 T b &k
JE 7 FEARRMABE A B 5 T, CFB 5 4P A
TAT B AT I, 0 B Ko 70 185 g 18 ek B2 mT DR FRp 7 850~
950 °C Y3 Bl N L 12k B DX TR NS R AR il /9K
Bt B NO, I AR BRE , T ELTE R TR I TR G
T AN 1 250, A A 3 D S g R UL B R TR Ik
SNCR #ARTE CFB 489 15 2 T (1 i S ™, {3
J& SNCR $ AR [ S BRI BUR 32 3 T i 2 I R 1 5%
Wi, FE AR EE  NHZER b oA i X 2P -
IR, L Rl Oy 205 o PRk, I s LAk Ak
T2 7 T RIATSE B AR B2 R 2,

HHT, BEXF CFB 34 23 1 45 A 14 48 B R F 50
F A AR D T T A B AR B AT BT
Do BRSSO TR 3R I WA TORE LA B AR AT
T3 2 AR EE ORI i e 67 7 ) 55 7 TR 5 1 4% 1A
BT 43 B A LA SSCR B 52 e A DG BB A5 TR X
CFB R 73 B A I R Ge vt Mas T — & i

s D
1 SEEA*E

1.1 HARIH

SEHL T A 300 MW T I FHE B0 46 R 5
W AR AT AR B T NO R R R A ks
W FE R IR, JUHIR AR A i A 7, 34 () e
™ %) B R G ER TR 4 SRR T
M, 50k 1T 202 M B AR B R B AR A T AR
AL, INE AR

PRZEVS W R o 467 K B L PR R A A7 0E &
AR 25 SUHE R IR TR A Lk AR R A
B, Qi 2 s

FE T PR U 3 A BIS | CFB B8 iz 17 TR B
SNCR ;7R JF #122Ta] DL & B, 5200 CFB 5 0 19 53
4% SNCR RS RBCR A R 2l A

O 20 B A G S E A IR R 5 R
BRI QWA S5 AL R A & B, FEUR RN
T N B B R AN BE, SE A IR R S IR A

616

l’v,;‘\l | >,
.;w N ‘g‘u’l

A w\'

;’\

T (b) REREAAERET]
B1 KREBECRFMIEE

Fig.1 Urea spray gun and local equipment
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Tab.1 Main structure dimensions of cyclone separator
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Fig.3 Geometric model of cyclone separator
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Fig.4 The grid division diagram of cyclone separator
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1 CO(NH,), — NH, + HNCO 1.27 x 10* 0 6.50 x 107
2 CO(NH,), + H,0 — 2NH, + CO, 6.13 x 10" 0 8.87 x 107
3 NH, + NO — N, + H,0 + H 424 x 10° 5.30 3.50 x 10°
4 NH, + 0, = NO + H,0 + H 3.50 x 10° 7.65 5.24 x 10°
5 HNCO — H + NCO 2.40 x 10" 0.85 2.85 x 10°
6 NCO + NO — N,0 + CO 1.00 x 10" 0 -1.36 x 10°
7 NCO + OH — NO + CO + H 1.00 x 10" 0 0
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9 N,0 > N, + 0 1.60 x 10™ 0 2.16 x 10°
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Tab.3 The simulation results compared with the actual
operation data
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Fig.5 The trajectory distribution of reducing agent under operating condition 6
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Tab.5 Different particle simulation conditions
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W /MW

7 300 920 14 20
8 300 920 14 40
9 300 920 14 60
10 300 920 14 80
11 300 920 14 100
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Fig.6 The trajectory distribution of reducing agent under operating condition 10
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Tab.6 Best R simulation operating conditions
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Fig.7 Effect of R on SNCR performance
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Tab.7 Boiler load simulation conditions
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Fig.8 NO, mass concentration distribution diagram of cyclone separator
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