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Abstract — 3-D CFD(Computational Fluid Dynamics) work were carried out to investigate the combustion
characteristics in a boiler depending on the variations in air supply condition. For the gas temperature, O,, NO,
SOx at the outlet of economizer, the predicted values were been compared with the measured data. With the
verified CFD model, the effects of air flow rates through SOFA(Separated Over Fire Air) and CCOFA(Closed
Coupled Over Fire Air) on the combustion behavior in a boiler were simulated, and the distributions of NOx
and gas temperature were mainly compared each other. The change in SOFA air flow rate gave the more sensitive
effect on NOx than that in CCOFA. The distributions of gas temperature at convection path are differed with
the changes in SOFA and CCOFA flow rate, so the combustion modification such as yaw anlge adjustment are
required to get an enhanced gas temperature distribution.
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Fig. 1. Burner arrangement and dampers.

Radiant S/H

Final R/H
Final S/H

Front wall Left wall

~ Rear wall

Cold R/H

Economizer

(] 15.000 30.000  (m)
[ Se——  Ss—

7.500 22.500

Fig. 2. Heat exchangers in the boiler.

T2t StEY HY, =5 W Aol oz AW
< ohE 3ol AAIs] avliEe] et [4]. HdEe=
=017k °F 71 m, 7k, Al=7F 242} 19.5 m=A], 29
AR, WFE HAHZA F=(Furnace) 2] 632 HL]
ofjA] AT wlEE Ha ThAE Shm A 2 A
Gt = EAE7|(Division & Platen Super-heater),
ZZA<7|(Final Reheater), = 1}27|(Final Super-
heater), A& 7](Reheater), HE7|(Economizer)E #A]

Journal of Energy Engineering, Vol. 19, No. 3 (2010)



158 A - g -

v} mglo] ofFolAIk. Fig 12 B vlieh v
ot 2% BeBE AFaoR HolEeh B
ol HuEe Baeld] 47) T 63
24717} o] glom ujEEr v AR 215
4§ 27 7] o] MA|Eo] qlrk vl Bk
ol e 94&o=2 A B, C, D, E, F2 TAHEH 0]
Rt Aag 23 3719 A 42 BARKTL

Angle)S -30°04] +30°744] =48 4= 9l

7} oA BAME AEhg7] EREL daw
ool 7o) 8e(Fire Ball) @A4ski Hade] A
Roll & w AR HBE s A E7

2 Aartart ol ssiA Heh ol vl EeEr] 3
29| BARIRRL 22° ZJolg 7HA| AL A4E- F7I(CFS -
Concentric Firing System)7} 3% o{X|1L Qict 3
Qo] WA Bo| Aol am sene] dlm
o)z zlol A WA vledgRe] AL ol 679
57| Z=Z(SOFA)°o] HX|=|o] Qlt} [5,6]. 6359 m]&E
g el CFS F7t 7o) HE2F7|(Aux. air) =&
o] 47§7} AA|=le] qlom HWyY X4gEC] CCOFA
o] 2k g HA|Eo] Qlrk 3t 3¢lo] FAH
FHO| Aol AR sheie] dAmityzofa
A nAgEe] AaE 91 6719] 7] =E(SOFA)
o] Hx|=]o] itk

2-2. Ak Axp A DEE

AL molele] dat At Ak Tels o
B} ApiA] Fefe] A5 ol g3le] oF 150%7He) 1
=2 714 6008 0] APAA] AAE AMSSIC
ol 2k Awe o oA Aelelel o
SY(Heat sink)@} 5% T4 (Momentum sink)
7} ubels Aoz BARIITE SlAol ARIE A
AL AN SFEQ] CEX 110 23 (718 o] 85
gon pHxos Ay & 9 W] Residual
ghol 1.0%, 2=Aw s wo] 23 (Imbalance) 7

Table 1. Coal analysis and operating conditions.

& el

Sjoieh, AARRHA e
g8 Discrete Transfer =& [8]S AMgstow, 7}
2AF0] "HEgof tfsfA]+= Eddy Dissipation [9,10] &
g AMgelTh vl Qlavke s Selust kg
o G9e AR2el H(Chan o] Ashigom T2
Sisich Sohs) vhg- o Bl Badzioch
9} Hawsksley(1970) [11]9] £EARRE AF25}19on]
2} ¥-3-2 Field(1969)9] =4l [12]S ARE-3FGITY.

d219] 2008 1149 AR &4 270& 7]
3|4 a5k ARE ek DBCT
eko 2] T AARS Table 13} Zhon Holgof 3
9 37 9 ujEe a9 vlEe =5 9 SOFA
T2 FAA(Tilt angle)y} =8 &£ARK(Yaw angle)

o= A UERiRit:

¢

it

3-1. siM &t AS

a4 mulo] Ay AZL glstol AslEe] 2008
d 1149] oj= s} tfgh z7of dhste] 4k
e $RstAT T AT Case N A R A
tlojejet Az Hlw, H5SkAT Table 2= AXF 2
IS AA @4 Hloleel vlugt Aol k=&t 7F
A2 (FEGT : Furnace Exit Gas Temperature)2]
785 AA dlolEet vtk Hdy koA
s S Wl LSl AAE 6719 SXt=
we 247 BAgoln] 7k FEE A2aEY A
AE47], NDIR(Non-Dispersive Infrared) 22421 SO,
NOx HAJ7|ZHEe] ZA7kolet. o]} e Lo}
BE S R oo Aukske ol

Total HEV" Proximate analysis(wt.%) Ultimate analysis(wt. %)
Coal | moisture(wt.%)|  (keke) ™ F&® | vM” | Ash C H 0 N s

Analysis

12.87 6,26 6.67 60.27 20.73 12.33 78.83 3.72 2.55 1.42 0.27

. Primary air |Secondary air S o o o o .

Operz.it.mg flow(t/h) flow(th) Coal flow(t/h) | BNR™ tilt(°) | SOFA tilt(°) | CCOFA tilt(°) |CCOFA yaw(°)| Mill No.
condition

506 2,108 269 -4.8 0 0 D(-15°) 5

HHV : High Heating Value, JIM : Inherent Moisture, JFC : Fixed Carbon, YVM : Volatile Matter, BNR : Burner
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Table 2. Comparison of the predicted values with the measured ones.

At Economizer Outlet Designed Data
Gas temp.(C) 02(%) NOx(ppm) SOx(ppm) FEGT(C)
Predicted(Case 1) 388 3.32 200 181 1,195
Measured 380 3.1 199 181 1,034
Table 3. SOFA & CCOFA opening and predicted results.
Test Name Case 1 Case 2 Case 3 Case 4 Case 5 plant data
(Case 1)
OPSISEQ%) F 15 15 15 15 15 15

E 40 15 15 40 40 40

D 50 15 15 50 50 50

C 50 30 15 50 50 50

B 50 50 15 50 50 50

A 50 50 15 50 50 50
CCOFA B opening (%) 100 100 100 50 0 100
CCOFA A opening (%) 100 100 100 50 0 100
FEGT(TC) 1195 1176 1205 1202 1197 1034
NOx(ppm) 200 278 282 213 185 199
SOx(ppm) 181 182 180 181 181 181
Gas Temp(C) 388 398 400 400 411 380
02(%) 3.32 3.41 3.48 3.55 3.50 3.1

Journal of Energy Engineering, Vol. 19, No. 3 (2010)
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Fig. 4. CFD prediction for Case 1, 4 and 5.
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