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Abstract — A computational fluid dynamics(CFD) model is developed and validated with on-site experiments for a
urea-based SNCR(selective non-catalytic reduction) process to reduce the nitrogen oxides(NO,) in a municipal inciner-
ator. The three-dimensional turbulent reacting flow CFD model having a seven global reaction mechanism under the
condition of low CO concentration and 12% excess air and droplet evaporation is used for fluid dynamics simulation of
the SNCR process installed in the incinerator. In this SNCR process, urea solution and atomizing air were injected into
the secondary combustor, using one front nozzle and two side nozzles. The exit temperature(980 °C) of simulation has
the same value as in situ experiment one. The NO, reduction efficiencies of 57% and 59% are obtained from the exper-
iment and CFD simulation, respectively at NSR=1.8(normalized stoichiometric ratio) for the equal flow rate ratio from
the three nozzles. It is observed in the CFD simulations with varying the flowrate ratio of the three nozzles that the injec-
tion of a two times larger front nozzle flowrate than the side nozzle flowrate produces 8% higher NO, reduction effi-
ciency than the injection of the equal ratio flowrate in each nozzle.

Key words: NO, Reduction, SNCR(selective non-catalytic reduction), Urea Solution, Incinerator, CFD(computational
fluid dynamics), Nozzle Flowrate Ratio
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Fig. 1. Schematic diagram of a municipal waste incinerator.
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(a) Secondary combustor geometry

Fig. 2. Geometry and surface mesh structure of the secondary combustor.

Table 1. Effect of computational cell number on CFD simulation results

Outlet velocity — Outlet temperature ~ NO outlet
(m/s) 4 (ppm)
Experiment 20 980 65
Mesh 1=387,960 19.7 980 53
Mesh 2=552,966 19.7 980 62
Mesh 3=723,200 19.7 980 60
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Table 2. Boundary conditions at reactor inlet
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(b) Surface mesh structure
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Axdeel afdal, HE 50 F7-25 980 °ColiL, o] &
o 742 °F 20 m/se|t}.

Table 3014 B50] 9I&F71E 25 atmellA] 50 Nm¥/hr] F3:0.
AR DL eF Bl AR S 25 100 °CE (e

=

Species Volume flowrate (Nm3hr) ~ Mole flowrate (kmol/hr) Mass flowrate (kg/s) Velocity (m/s) Temp. (°C) Pressure (atm)
NO 243 0.10859 0.00090
CO, 1003.45 44.79672 0.54752
0, 1945.92 86.87143 0.77219 8 1050 1
N, 13258.78 591.90964 4.60374
Total 16216 723.68638 5.92435
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Table 3. Boundary conditions for atomizing air
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Species Volume flowrate (Nm?/hr) Mole flowrate (kmol/hr) Mass flowrate (kg/s) Velocity (m/s) ~ Temp. (°C)  Pressure (atm)
0, 10.5 0.46875 0.00417
N, 39.5 1.76339 0.01372 83 100 25
Total 50 2.23214 0.01788
Table 4. Boundary condition for urea solution at NSR=1.8
Species Mole flowrate (kmol/hr) Mass flowrate (kg/hr) Mass flowrate (kg/s) Velocity (m/s) Temp. (°C)  Pressure (atm)
Urea Solution 146.60
Urea 0.0977 5.86
Water 7.8184 140.73 0.02606 83 100 2
HNCO 0.0977 0.00078
NH; 0.0977 0.00031
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Table 5. Modeling parameters used in this study

CFD modeling Description

parameters Value
(%) Turbulence Intensity 2™ Combustor Inlet 8
Nozzle Inlet 10
C, Time scale constant 0.4083
C. Length fraction constant 2.1377
Gy Turbulent Prandtl numbers for k 1.0
G, Turbulent Prandtl numbers for a 1.3
d, Uniform droplet diameter (um) 45
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Table 6. Kinetics parameters of the reduced reaction mechanism

Nozzle 1

(b) Front-view near nozzle 2 and 3

Fig. 3. Velocity contours.

& F ] LLsLSEA SReEe] f7o] AvnE
FH O w2 7ol

3
No. Reaction Pre-exponent (A) [ ! borb—} Temperature exponent (b)  Activation energy (E,), [J/kmol]
s-K" s-K"-kmol

1 NHtNO—->N,+H,0+H 2.13x10" 53 2.43x10°
2 NH;+0,—»NO+H,0+H 8.83x10° 7.65 5.86x108
3 HNCO+M—H+NCO+M 1.39x10" 0.85 3.45x108
4 NCO+NO-N,0+CO 2.26x10% 0.0 —2.60x107
5 NCO+OH—-NO+CO+H 3.68x10° 0.0 0

6  N,O+tOH—>N,+0,+H 0.86x10° 0.0 8.37x107
7 N,O+M—oNA4O+HM 8.50x107 0.0 3.39x108
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). Fig. 4914 Case 1014 22 4= AAGG S8 wF 2,
3 ZH MY SLEME BolFET) 1,050 °CE Y%= v}
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A A 2 220 Case 2(2F 5 HIE=1:0.5:0.5) L
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28} 38] E72 5 Case 19 2A9 A2AskE 295 5(NO
outlet)ol|A1i= TR ghg HolEnt S wZ 20 39l0]] ez
e 0.5 v 2 wAKsE -9-(Case 2)°4 7HE 3 NO A
7Hgo] o FE), 715 2781 Case 190 HIER] 8% & NO A7
£ o] F7] wjioll(Table 78%), AA] SNCR 373 AxA4L
<t WA A7} Helgivkar wdEt)

Fig. 504 YE 259 (Fig. 2(a)°llA] cross-section A,)el| 4]
HArARE S5 EAE HoJFET Case 20014 TFE + ZH-¢-Hoh &
AR Bt AR O Z v EaEe] g, i) s A
ol vlated o & w57 wEE) 3l mEelM ] AN
Hl&S th27) Soh= 21 SNCR 34 Wl E£837 52 S50
W3S 28k ol wet F=de] waks Sujshs Blo|=E, Y
E 7 s ZA ZAMT N jgpersion dispersion number)ys
Aot s M EE AlRFsEeitt

W 545 (velocity path-line contour)?} =& 2, 3H 552 & dispemonzgﬂ(—) W)
Qe e FHIA ] Pul SHEHE HojFEeh Advkag §9)
Table 7. Comparison of simulation and the in situ experimental data
. CFD Simulation
Experiment
Case 1 Case 2 Case 3
Outlet temperature 980+5 °C 980 °C 980 °C 980 °C
NO outlet 65+5 ppm (57%)" 62 ppm (59%) 50 ppm (67%) 54 ppm (64%)
NH; slip Under 5 ppm 2.1 ppm 1.5 ppm 1.7 ppm
*NO Reduction efficiency (%) = INOLie = INOlouier x 100
[No]inlcl
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(a) Case 1 (b) Case 2 (c) Case 3

Fig. 5. NO concentration contours in the duct outlet cross-section.

Table 8. Comparison of NO concentration dispersion numbers for Case 1-3 at Cross section A; and A,

Cross section A Cross section A,
Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
NO mean value (my;,, ppm) 102.58 73.53 88.13 61.56 49.92 53.77
Standard deviation (s, ppm) 39.35 39.89 3227 10.27 9.64 10.06
Dispersion number (Ny,)) 2.61 1.84 2.36 6.00 5.18 5.34
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