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Abstract : Numerical analysis was done to evaluate the chemical reaction and the reduction rate inside of selective non-catalytic
reduction to denitrification in combustion process. The NOx reduction in selective non-catalytic reduction is converted to not
only nitrogen but also nitrous oxide. Simultaneous NOx reduction and nitrous oxide generation suppressing is required in
selective non-catalytic reduction because nitrous oxide influences the global warming as a greenhouse gas. The current study was
performed compare the computational analysis in the same temperature and amount of NaOH, and in comparison with the
previous research experiments and confirmed the reliability of the computational fluid dynamics. Additionally, controlling the
addition amount of NaOH to predict the NOx reduction efficiency and nitrous oxide production. Numerical analysis was done to
check the mass fraction of each material in the measurement point at the end of selective non-catalytic reduction. Experimental
Value and simulation value by numerical analysis showed an error of up to 18.9% was confirmed that a generally well predicted.
and it was confirmed that the widened temperature range of more than 70% NOx removal rate is increased when the addition
amount of NaOH. So, large and frequent changes of the reaction temperature waste incineration facilities are expected to be effective.
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Figure 2. Location of nozzle tips.

Figure 3. Mesh of the SNCR reactor.
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Figure 1. Schematic of the SNCR reactor.
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Table 1. Boundary condition at main inlet

Species | L min” | Mass fraction g s Temperature
CO; 0.097100 3.371312
02 0.105500 3.662960
1346 K
N2 0.746015 25.901641
NO 0.000385 0.013367
Total 1,633.1 1 34.72

Table 2. Boundary condition of atomizing air at nozzle tip

Species | Lmin” Mole Mass s? | Temperature
P fraction | fraction & P
0, 8.4 0.21 0.23 0.197
300 K
N» 31.6 0.79 0.77 0.661
Total 40 1 1 0.858

Table 3. Boundary condition of 40% urea solution at nozzle tip

Species mL min" | mass fraction gs'l Temperature
H,O 38.80 0.9700 0.647
HNCO 0.86 0.0215 0.014 300K
NH; 0.34 0.0085 0.006
Total 40 1 0.667
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Table 4. Boundary condition of heat loss at each wall

Location of heat loss ) )

- Estimated reaction
High heat loss wzgl Low heat loss wal_l2 temperature [ C]
O0~19m)[Wm™] |(1.9~4.4m)[Wm™]

280 140 1,010
2,800 1,400 1,000
5,600 2,800 980

11,200 5,600 940
16,800 8,400 850
28,000 14,000 700

Table 5. Boundary condition of 40% urea solution and NaOH 1%

at Nozzle tip

. . Mass 1
Species mL min fraction gs Temperature

H,O 38.76 0.9600 0.640

HNCO 0.86 0.0215 0.014

300K

NH; 0.34 0.0085 0.006

NaOH 0.04 0.0100 0.007

Total 40 1 0.667
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Table 6. Reaction list

SNCR A| A Yl H o] 54

jud)
olo
=2
r o)
o,
=
2ol
:oil:g
>
2
re
-
o~
0

No Reaction W Temperature (b) ACtivaEiJOl?nigi{]gy (Ea)
m? S~ K kmol
1 NH,+ NO—N, + H,0+ H 4.24% 10° 5.3 3.5 10°
2 NH, + O,—>NO+ H,O+ H 350 7.65 5.24 < 10°
3 HNCO+ M—H+ NCO+ M 2.4 % 10" 0.85 2.85x 10°
4 NCO+ NO—N,0+ CO 1.0 10%° 0 —1.63x 10°
5 NCO+ OH—NO+ CO+ H 1.0 10" 0 0
6 N,O+ OH—N,+ O, + H 2.0 10° 0 4.19 107
7 N,O+M—N,+ O+ M 6.9 < 10% —25 2.71x 10
8 NaOH+ H—Na+ H,0 1.0x 102 0 8.24x 10°
9 NaO,+ CO—NaO+ CO, 1.0 101 0 0
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1 NaO+ H,O—NaOH+ OH 1.3 10" 0 0
12 Na O+ NO—Na+ NO, 9.0 10" 0 0
13 NaO+ CO—Na+ CO, 1.0 10" 0 0
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15 Na+ N,O—NaO+ N, 1.7x 10" 0 1.32x 107
16 NaO,+ H—>NaOH+ O 1.0x 10" 0 0
17 Na O, + H—NaO+ OH 5.0 < 10™ 0 0
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19 NaO,+ O—NaO+ O, 1.0 101 0 0
20 Na O, + OH—Na OH+ O, 2.0 101 0 0
21 NaO+ H—>Na+ OH 2.0 10" 0 0
) NaO+ O—Na+ O, 2.2 101 0 0
23 NaO+ OH—>NaOH~+ O 2.0 % 10" 0 0
24 NaO+ HO,—NaOH+ O, 5.0 < 10 0 0
25 NaO+ HO,—Na O, + OH 5.0 10" 0 0
26 NaO+ Hy—NaOH+ H 1.6 < 10Y 0 0
27 NaO+ Hy—Na+ H,0 3.1x 10° 0 0
28 Na O+ NH;—Na OH+ NH, 5.0 x 10" 0 0
29 Na+ OH+ M—NaOH~+ M 1.8 10" -1.0 0
30 Na+ HO,—>NaOH+ O 1.0 10" 0 0
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Figure 7. Reduction of NOx with respect to temperature at urea

only.
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Figure 8. Reduction of NOx with respect to temperature at urea and
NaOH 1%.

Table 7. Comparison of NOx reduction percentage between ex-
perimental and CFD at two different NaOH concentration
and five different heat loss

High heat Experiment | CFD | Difference

Toss Reductant %) %) %)
urea only 62.3 70.5 8.2

2800
urea + NaOH 68.4 66.7 1.7
urea only 71.5 79.8 8.3

5600
urea + NaOH 87.3 82.9 4.4
urea only 59.4 78.3 18.9

11200
urea + NaOH 90 85.3 4.7
urea only 17.3 18.1 0.8

16800
urea + NaOH 57.1 50.9 6.2
urea only 3.5 5.1 1.6

28000
urea + NaOH 4.2 11.9 7.7
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Figure 9. Reduction of NOx with respect to temperature and NaOH
percentage.
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Figure 10. NH; slip with respect to temperature at urea only.
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Figure 11. Generation of N>O with respect to temperature at urea
only.
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Figure 12. Generation of N,O with respect to temperature at urea
and NaOH 1%.
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