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Abstract : The selective catalytic reduction system is a highly effective technique for the denitrification of the flue gases emitted
from the industrial facilities. The distribution of mixing ratio between ammonia and nitrogen oxide at the inlet of the catalyst
layers is important to the efficiency of the de-NOx process. In this study, computational analysis tools have been applied to
improve the uniformity of NH3/NO molar ratio by controlling the flow rate of the ammonia injection nozzles according to the
distribution pattern of the nitrogen oxide in the inlet flue gas. The root mean square of NH3/NO molar ratio was chosen as the
optimization parameter while the design of experiment was used as the base of the optimization algorithm. As the inlet
conditions, four (4) types of flow pattern were simulated; i.e. uniform, parabolic, upper-skewed, and random. The flow rate of the
eight nozzles installed in the ammonia injection grid was adjusted to the inlet conditions. In order to solve the two-dimensional,
steady, incompressible, and viscous flow fields, the commercial software ANSYS-FLUENT was used with the k— e turbulence
model. The results showed that the improvement of the uniformity ranged between 9.58% and 80.0% according to the inlet flow
pattern of the flue gas.
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Figure 1. Definition of flow domain.

Table 1. Flow field conditions

Descriptions Value Unit

Flowrate 15.56 ms’

Temperature 640.15 K

Density 0.57 kgm”

Dimension (a) 25.6 m

Dimension (b)
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Figure 3. Blow-up of computational grids near the nozzle.
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Figure 5. Spanwise variation of NH3/NO molar ratio at X/H=3
before AIG flow control.
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Table 2. Comparison of AIG flow at uniform inlet flow

Number of Nozzle| Before control | After control Unit
Nozzle 1 24 32.42 ms’!
Nozzle 2 24 16.68 ms’
Nozzle 3 24 26.91 ms’
Nozzle 4 24 2233 ms”
Nozzle 5 24 18.91 ms’!
Nozzle 6 24 26.66 ms’!
Nozzle 7 24 16.21 ms’!
Nozzle 8 24 33.66 ms’
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Table 3. Comparison of AIG flow at parabolic inlet flow

Number of Nozzle | Before control After control Unit
Nozzle 1 24 15.85 ms’!
Nozzle 2 24 21.89 ms’
Nozzle 3 24 24.27 ms’
Nozzle 4 24 32.22 ms’!
Nozzle 5 24 33.42 ms’!
Nozzle 6 24 27.98 ms’!
Nozzle 7 24 20.66 ms’!
Nozzle 8 24 16.32 ms’!

Before Control
After Control

Y/H

04

02

0 1 o
0 0.5 1 15 2 25 3
Molar Ratio
Figure 6. Comparison of NH3/NO molar ratio at X/H=3 at uniform
inlet flow.

(b) After Control
Figure 7. Distribution of NH3/NO molar ratio at uniform inlet flow.
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Figure 8. Comparison of NH3/NO molar ratio at X/H=3 at parabolic
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(b) After Control

Figure 9. Distribution of NH3/NO molar ratio at parabolic inlet
flow.
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Table 4. Comparison of AIG flow at up-skewed inlet flow

Table 5. Comparison of AIG flow at random inlet flow

Number of Nozzle | Before control | After control Unit Number of Nozzle | Before control | After control Unit
Nozzle 1 24 27.13 ms’! Nozzle 1 24 15.56 ms’!
Nozzle 2 24 31.97 ms’ Nozzle 2 24 18.32 ms’
Nozzle 3 24 35.07 ms’ Nozzle 3 24 12.56 ms’
Nozzle 4 24 30.71 ms’! Nozzle 4 24 12.04 ms’!
Nozzle 5 24 26.50 ms’! Nozzle 5 24 13.86 ms’!
Nozzle 6 24 16.30 ms’! Nozzle 6 24 35.92 ms’!
Nozzle 7 24 12.15 ms’! Nozzle 7 24 35.74 ms’!
Nozzle 8 24 12.12 ms’! Nozzle 8 24 35.98 ms’

Before Control
———— After Control
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04

0.2

15 2 2.5 3
Molar Ratio

Figure 10. Comparison of NH3/NO molar ratio at X/H=3 at
upper-skewed inlet flow.
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Figure 11. Distribution of NH3/NO molar ratio at upper-skewed
inlet flow.
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Figure 12. Comparison of NH3/NO molar ratio at X/H=3 at random
inlet flow.
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Figure 13. Distribution of NH3/NO molar ratio at random inlet
flow.
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Table 6. RMS of NH3/NO molar ratio at X/H=3

Case Before After Improvement | Unit
control control
Uniform flow 28.4 25.7 9.58 %
Parabolic flow 20.0 9.30 52.7 %
Up-skewed flow 42.2 8.47 80.0 %
Random flow 38.7 8.98 79.8 %
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