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Abstract : This experimental study investigates the design parameters to achieve ultra low NOx combustion of coal using a
80 kW capacity single-burner furnace. The influence of key design parameters such as SN, overall and burner-zone
equivalence ratios, primary/secondary air ratio, overfire air (OFA) ratio were tested for a total of 81 cases. The results showed
that weak swirl intensity of the burner leads to higher NOx emission whereas strong swirl intensity accompanies increased
CO concentration desipte lower NOx emission. Therefore, finding an appropirate swirl intensity is essential for the burner
design. Larger flow rate of secondary air increased NOx emission, whereas smaller flow rate stretches the flame and
increased CO emission. The lowest NOx emission of 82 ppm (6% O,) was achieved at the optimal condition of the present
burner deisgn. It is expected to furrther lower the NOx emission by introducing splitting the burner secondary air into three
or four streams.
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Figure 1. Temperature influence on the amount of NOx produced
from the three NOx formation mechanisms in coal
combustion [18].
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(a: angle of swirl, zz number of vane, s: thickness of vane, B:
thickness of swirl zone, R1, R2, R3, R4: radius of pipes)
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Figure 2. Schematic diagram of the experimental set-up.
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Table 1. Composition of the fuels

Proximate analysis (Yowet) Ultimate analysis (Yowet) 4
Fuel Component LHV MJ kg™)
M VM FC Ash C H (0] N S
Coal Adaro 145 428 409 18 | 663 52 112 09 0.1 26.6
Table 2. 1* experimental conditions
OFA off Case # EAR 1°/2™ ratio
1(1119) 1.1 1:9
2 (1128) 1.1 2:8
3 (1137) 1.1 3:7
4(1219) 12 1:9
BZ EAR 1.2 5(1228) 1.2 2:8
6 (1237) 12 3:7
7 (1319) 13 1:9
8 (1328) 13 2:8
9 (1337) 1.3 3.7
OFA 2™ stage Case # EAR 152" ratio
10 (20912) 12 2:8
BZ EAR 0.9 11 (20913) 1.3 2:8
12 (20914) 1.4 2:8
13 (21012) 1.2 2:8
BZEAR 1.0 14 (21013) 1.3 2:8
15 (21014) 1.4 2:8
16 (21112) 12 2:8
BZ EAR 1.1 17 (21113) 1.3 2:8
18 (21114) 1.4 2:8
OFA 3" stage Case # EAR 192" ratio
19 (31012) 1.2 2:8
BZ EAR 0.9 20 (30913) 1.3 2:8
21 (30914) 1.4 2:8
22 (31012) 12 2:8
BZEAR 1.0 23 (31013) 1.3 2:8
24 (31014) 1.4 2:8
25 (31112) 1.2 2:8
BZEAR 1.1 26 (31113) 1.3 2:8
27 31114) 1.4 2:8
* BZ: Burner zone, EAR: Equivalence air ratio
A& XY skt AstAt. 29 = Ao AX]H vaneo] =& A5}
Table 2 174 A% 27 UE Zolth. & 8170 A% o] A5lRE 94 A2 u) 1 7o) B SrA 47 248
of tet AEE N AT AW 2AL AA AR PR 4% A5} ARGt BB/ SUEE AR P
2 5 Utk &E FH(swirl number), U FYG G574 HlEG @2 g9 3717 Fdse A2 woh dlg S
(equivalence air ratio; EAR), over fire air (OFA) &< —‘.’—]i] H EAR 1.09] 3%, d& 19] 283 37](0)7F 1 FLE+= 9
H9] 1274 ASA] Bl & Wkl olch. Swirl number & 37h wlol L ojwch & v 3717} Telos RQlHthe AL =g
A& ZAsto] Y 51F1L ZF swirl numberd 27 case M-S t}. Table 2= 17}A] swirl number?] A3 ZAS HeERH Ao
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Table 3. 2™ experimental conditions (swirl number 0.84, 0.98)
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No OFA Case # Case name SR 1%2™ ratio
2 1128 1.1 2:8
BZ EAR
5 1228 1.2 2:8
OFA 2™ Case # Case name SR 1%2™ ratio
10 20912 1.2 2:8
BZ EAR 0.9
11 20913 1.3 2:8
13 21012 1.2 2:8
BZ EAR 1.0
14 21013 1.3 2:8
OFA 3" Case # Case name SR 1%2™ ratio
19 30912 1.2 2:8
BZ EAR 0.9
20 30913 1.3 2:8
22 31012 1.2 2:8
BZEAR 1.0
23 31013 1.3 2:8
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Figure 3. Schematic diagram of 80 kW coal burner and picture.

800

750

700 -

650+

Temperature (°C)

600+

550 . T

—1—1:9 case
—(— 2.8 case
—— 3.7 case

0.0 0.5

T T T
10 15
Furnace length (m)

2.0

25

Figure 4. Wall temperature distribution and expected flame according to oxidizer ratio.
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Figure 5. Effects of various cases on NOx, CO and O, emission (Condition: SN, 1%2™ oxidizer, Total EAR).

TSt} Ag 202 Ak AL SN 10 caseZ F
20 case W Sk AN T2AE A OFAY FT,
0, =olth. B4 14 43 ¥ Feslthn YA 245
g gelstel WS AW Stk Ano M s A
AW 17 AT SUH SH9ick 4 OFATE G 24
o] A9, 1, 23 AF5HA] ¥ 2: 85 TSI total EAR 137}
A ARtk W 9elo) EARS 1.07M2 AAsleict.

b o

=

3.4

31. R 2

Th Figure 4= QAR HHO 25 Uehd Zo|th 4
2 F99] 2 7% AYoA FA(thermocouple, TC)S
AaE FY7HA] AAsto] S oY & A= 75
o FZ vlA7] Wil SAHA ¢l ¥H = £ 5
At A4 3 Ho 25 case 1 715 Fo| 1300 T7HA]
574 FHUth 2% Bx9] Hilk= 1, 23 ARHA9] Bl&o] ot
Z 37 yEidth a2 1 Bdas UERd Aol 1™
o Uehd mRel Zo] 13} ASHA| Hlgo| Aades 1287t
HUYZOZ o]Fst= A& & 4 Utk o|AZ dvtdel A3
B2A 22 ABHA| 9] Fo] F7Fste] AgR7t AsHAl A=A
12} 4F3HA| 9] ool Zasto] 12} f&0] ZHAsty] wZolth

72 27770l At
al, O,, CO, NOx, 0, 6%
w3E Nox 574 A7 4T Aolth the 3749 Figure 5
LAY 24 1~ 91K AnE g AR 1, 27 Sule}
A7) EAR 32 W7sto] Agat Aot QutHo oy
9l A4 W, CO9| ZHZE 100 ppm ofstelA] BT} 1
Hug Ag A3 F COSE 100 ppm o|5t9] AE vieko
2 A%Es ST A A3E AWHE, SN 09804
co7t BEHow B ZHH AL B 4 Ak 27 071 A4
qHog Wi 2457 o] et Aol 2 4ge]
A9, o2 248 24ste7] WEo] SHAd] 248 %

2 A=t} w77 tA0 A EHE 057t AR Thad
2 o2 WASHA g 245t AA SEA] AL, air
preheater Zgko] %50 ZAHE L Ao SN7} 75t ¢

g &4do] A BF AA w2 44 2 5 Ao /A9

)
>

_ﬁ
38

¢



80 kW 2 A NOx T+ ¥ A4 Zo| A NOx A4S Y LAEA A7 217

B 20512 [ 20913 [l 20914 | 21012
&21013 [ z1014 21112 J21113 21114

5

CO, NOx (ppm)

-0
6% 02 NOx

Gas
(a) Swirl number 0.74

CO, NOx (ppm)

20012 20513 Il 20914 |21012
&21013 21014 EE21112 21113 21114
5

400 -

(7]

=]

o
i

[

(=

o
i

100 4

-0
6% 02 NOx
Gas

(b) Swirl number 0.84

B 20512 I 20513 [ 2051421012
521013 21014 2111221113 21114
5

400 4

g

200 4

CO, NOx (ppm)

100

02 co

e 6% 02 NOx

Gas

(¢) Swirl number 0.98
Figure 6. Effects of various cases on NOx, CO and O, emission (Condition: OFA 2™ stage, Burner EAR, Total EAR).
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Figure 7. Effects of various cases on NOx, CO and O, emission (Condition: OFA 3H stage, Burner EAR, Total EAR).
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Figure 8. Effects of various cases on NOx, CO and O, emission (Condition: OFA on/off, Total EAR, Burner EAR).

Table 4. Result of unburned carbon

Swirl number 0.84 0.98

Bottom combustible content (%) 0.011 0.012

Cyclone combustible content (%) 0.037 0.051
Bottom combustion efficiency (%) 99.98 99.99
Cyclone combustion efficiency (%) 99.96 99.95
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Figure 9. Effects of various cases on NOx emission (mg/MJ).
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