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ABSTRACT: Based on experimental and mechanism research
the process of promoting selective non-catalytic reduction
(SNCR) with methane additive in a drop tube furnace was
investigated by computational fluid dynamics (CFD) software
Fluent integrated with simplified reaction dynamics model. The
results indicate that the reducing agent ammonia hardly reacts
with NOy at low temperature (1 073 K) resulting high ammonia
slip. However some ammonia is oxidized into NO, at high
temperature (1373 K) leading to low NO, removal efficiency.
Trace CH,4 can promote SNCR reaction and reduce ammonia
slip at lower temperature. Reduction rate of NO, is accelerated
with CH, additive. Part of ammonia is still oxidized into NO,,
but the overall NOy removal efficiency is enhanced at higher
temperature. Comparison between simulation results and
experimental data shows that combination of simplified
reaction dynamics and CFD can give an accurate simulation of
traditional SNCR and SNCR process with methane additive.
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Fig. 1 Scheme of the reactor
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Fig. 2 Temperature distribution in the furnace
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Tab.1 Composition of the stimulated flue gas %

P(N>) 9(NO) 9(02) 9(CO,)
81.5 0.1 34 15
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Tab. 2 Simplified reaction dynamics model
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TV

hac] 2 SN
R1 20H—H;+0,
R2 CH4+H; + N,O—H,0 + NH3+ HCN
R3 OH +NO + NH3;—H;, + H,0 + N,O
R4 3H,+2N,0—2NO + 2NH;

RS 0,+NO +HCN—OH + CO +N,O
R6 OH + H,0+CO + HCN—O; + C;H4 +NO
R7 OH + C,H,; +NO—H, + CO,+ HCN
RS H, +N,O0—H,0+N;

R9 H;+2NO—20H + N,

R10 CoHy—Hy + GH,
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Fig. 3 Distribution of temperature and flow
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Fig. 4 Distribution of O, CO, and NO at 1273 K
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Fig. 5 Simulated results of normal SNCR (uL/L)

FE1073KF, W N IR 5 8 S N BE T 1/3
BLSBHUHR G854, REARARRAE RN, HH
NOFINH; I JE 7351 K 966.7 F1 976.9 uL/L. e
1273 K, N R i 770 ) 5 A EHRLH A (= IR OR)
HORE IR RN, 78R NN 1/3 BEARE A
SN, N R A INORINH 43 51l k52,7 Al
4.91 uL/L. 7E 1373 K MBI I8 J5 515 = RS HI
1/3 BORdR &, O R d URINH N OIR I,
B TRE R &, S NH A AINO, W H
IINOA L SV 1/3 A BERARAE 74.7 pL/LZ
BNk 237.5 ul/L, BINHs R 45 S 7] LA 3,
M N FFINH B A 5 Ik R T T R, 70T 1/3 B
RIf% 4 4.67 uL/L.

2.3 IINERBERY R R T FE AR
PRFF N [NH5]/[NO] =1, F 1A 500 uL/L



40 L)

T % 4k 529 &

3027.5'

{1245 )

8-

186.3
586 =
275.6
750.3
687.5
356.4
625.1
NO NH; NO NH; NO NH;
(@) 1073K (b) 1273K (©) 1373K

B 6 HNACH,HIBENO, S B i F2 4845 R (uL/L)
Fig. 6 Results of DeNO, with methane additive (uL/L)

CH4([CH,4)/[NO]=0.5)f& 1t JIit B NOy ik 2 2E 47 B 0L
SR 6 s

I 500 uL/L CH4 i BRNOL X W AE 1073 K
sl kAR, B RNV HET, RN ANOFI
NH; (1) 3 B 3 8 B, O HH T NO K B2 B &2
625.1 uL/L, TMINH;[% 4 586.3 uL/L. 7 1273 K
N INHSTE 52N B IR 1/3 BOR#E 5NO RN, T
TN CH B8 ey s B 3s P, 48030 70 NHs 4 40 A0 A
NO, fHNOA M 5 W B H 58 () SRR 62.5 pnL/L X
BN 125 pL/L. 1373 K Cik 21 H s W B A
FUR i B, IAE 1373 KR, W34 J5 51N H;
BB HNO KN, HoAax 7 odi a4 40 A4E N O,
TEREFSE N I AENOFARAE A 124.5 uL/L, 2R )5 g
Wit 356.4 ul/L, TMNHZEN AR sfduidi g 5¢
IHFE
24 BRUEREXRERIILE

HUAS [R) 90 5 R 5 FESNCR B B AT N\ CH4 1) i
NOWS VR IHENOGRL A AR 45 5 55 256 45 R LL R (L
Bl 7), B gl s s 5 R

fPE 7 0TI, I 500 pL/L CH4([CH4)/[NO] =
0.5) 18 JBENO S Wil 7 111 B 2 [ I A , 3 2
P B B (R AU 4 SR 5 S i 4 RIE AW &, DRI

—_
(=3
(=3
(=]
o

800

600 [

400

200

S NO R /(ML/L)

ok
900 1100 1300 1500
/K
E7 BNORIIRINGE RS LWL R LR
Fig. 7 Comparison between simulated results and
experimental data
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