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The Effect of Pulverized Coal Burner Design Parameters on NOx Emission

Sang Hyeun Kim, Si Hong Song, Gun Myung Lee, Hyuk Je Kim, Ik Hyung Lee

Key Words : NOx(Z 4

2+3}E), Coal Burner(%} & ¥ ), Taguchi method(TH# )

Abstract

Numerical simulations of coal combustion were carried out to identify what kind of burner design
parameters are affecting the NOx emission. Where used burner design parameters are primary air velocity,
secondary air velocity, 2/3 air ratio, tertiary air velocity, and tertiary air injection location. Taguchi method
was used to find the effective burner design parameters related to NOx formation. The results of numerical
simulations showed that secondary air velocity and 2"/3™ air ratio was the key parameters reducing the NOx
emission. The total number of simulation cases was reduced by Taguchi method.
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Fig.1 Schematic diagram of furnace
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Tablel South africa coal properties

Dry | DAF Dry | DAF
C | 7475 | 837 VM | 320 | 3598
H | 402 | 452 Char | 569 | 64.02
N | 161 | 181 Ash | 11 -
O | 805 | 905 Total | 100 | 100
S 08 | 09

Ash | 11.07 | -

Total | 100 | 100

Table 2 Burner operating conditions
At the pulverized coal and transport air inlet

Coal mass flow rate(dry) 0.1 kgfsec
Alr mass flow rate(dry) 0.205 kg/sec
Temperature 343K
Density (273.15/343)x1.292=1.028 kg/m’
Turbulent intensity 10%
At the 2ry combustion air infet
Mass flow rate(dry) K g/sgézos 0.409 kg/sec
Temperature §73K
Density (273.15/573)x1.292=0.616 kg/m®
Swirl number S, 04 [ o8] 12
Turbulent intensity 20%
At the 3ry combustion air inlet
Mass flow rate(dry) K 0.8187 0.614 kg/sec
g/sec

Temperature 573K
Density (273.15/573)x1.292=0.616 kg/m*
Swirl number S, 0.4 —l 0.8 W 1.2
Turbulent intensity 20%
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Table 3 disposition of parameters

sl A 8 c D 3 F 3
axolm I B 22N B B || 73!"’!% o
>l *E | @Net |7 4% |4 | ® Pl It PO
s [ o 15 1 a6 | 10 | 3 Ry
1 25 28 20 50 2xRy
1 2 a 4 5 s 7
1 Q [1] o 0 [ ) [] AoBeCoDoFs
2 9 [ ] 1 1 1 1 AgBCDiFy
3 o 1 1 [] 0 1 1 ABC\DF,
4 [ 1 1 [ 1 [ [ ABICOFy
5 1 ] 1 [ 1 9 ! ABC\DoF g
6 1 [ 1 i [ 1 [] ABC.DF,
7 1 1 [ [] 1 1 0 ABCaloFy
8 1 1 ] 1 ] [ 1 ABCoD\Fo
a b ab [3 ac be 2bc
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Table 4 Predicted NOx of orthogonal array

E-HEE alBlc|oje]|Fle
PO IS ISR RPECY IS N B PN o o R
1 25 { 28] 30 | s0 2X R
Umneoat 1 2 3 4 5 6 7
1 1ABoCaDoFo| © 0 [ 0 0 0 0 | 347 546 | 307 | 310
2 {ABsCOFi| 0 f 0] 0] 1 1 1| 256 | 400 | 231 253
3 {ABICOFY © 1 1 0 0 1 1- 1 656 | 557 { 556 | 432
4 {aB.COF] 0 | 1 1 1 1] o | o 1s37]507] 540 | 559
5 [ABCiDoF] 1 | 0 ] 1 o} 7l o] 1 {s2]573]538] 431
6 |ABCIDIF] 1 0 1 1 0 1 0.} 246 ] 558 | 540 | 424
7 [ABiCoDoF | 1 1 ol ol 1 0241 566 [ 225 | 228
8 JAB,CaDiF,| 1 1 o] 1 o] 0 1 Jars|s43]480]277
Table 4°] EAI® 314 AHfs BAEAER
(ANOVA)E ol &3l FadAE #E + ok

Tables ol EAE AFE BA BERWY3M air ratio)d
A3 C(2* air velocity)$1 A7+ NOx 2] @4l = A
Y%L F Y2 ¢ F Yt S B CE A
ol UniA AAES Nox 9 AAdde IA o
geuAA 23l A& ¢ F U

Table 5 ANOVA analysis
29 SS Y MS FO F{0.05) | F(0.10)
B 0.067] 1| o0.087] 1117} 10.13 5.54]
C 1.209 1 1.209] 201.50] 10.13] 5.54]
D 0.028] 1] 0.028] 4.67] 10.13 5.54]
F 0.044; 1] 0.044 7.33] 10.13] 5.54]
e 0.018] 3f  0.006
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Fig.2 Species distribution in case of high NOx emission

Fig.3 Species distribution in case of low NOx emission
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