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ABSTRACT A kind of three-stage burner for doubleP type radiant tubes was designed by using diffusion-type low-NO,-burning
technology. Numerical simulation was performed to verify the model. The structure and operation parameters of the burner were ana—
lyzed by orthogonal test and single factor analysis. The research results show that air preheating temperature air staged proportion and
excess air coefficient have significant effect on the outlet NO, emission concentration without mutual interaction. When the primary air
increases from 10% to 20% the amount of NO, increases from 65.2 x 10~ to 108.2 x 10™°; but when the primary air increases to
more than 30% the outlet NO, concentration increase rate decreases. The maximum combustion temperature increases about 50 C
with each increase in air preheating temperature of 100 °C  and the NO, emission concentration increases from 50. 9 x 10 ~° at the rates
of 22% 23.2% 25.3% 27.2% 27.3% and 29.5% . With the increase of excess air coefficient the outlet NO, concentration in—
creases from 82 x 10 ™° at the rates of 22. 1% 1.9% 2.1% 24% and 2.5%.
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Fig.3 Grid partition of the three-stage burner: ( a) mesh generation of the burner section; ('b) whole mesh generation of the radiant tube
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Table 3 Factors and levels of the orthogonal test table

A B C D E F G
/mm /mm /mm /K
1 0 50 2.5 1:9 1:4.5:4.5 873 1.1
2 100 100 5 3:7 3:3.5:3.5 1073 1.2
4 L16(2%)
Table 4 Table top design of the orthogonal test table
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A B AxB C AxC BxC D AxD BxD E CxD F G CxE
7
5
Table 5 Results of the orthogonal test
/K /K /K 1% NO, /107
1 2279.8 1339.7 1261.5 0. 65 69.6
2 2366. 0 1343.2 1264.7 0.67 207.5
3 2441.5 1344.0 1266. 5 0.69 89.6
4 2385.9 1334.3 1258.9 0.62 111.8
5 2208.2 1334.2 1257.8 0.62 102.6
6 2368. 1 1344.8 1263.8 0.71 313.3
7 2347.7 1350. 0 1268.2 0.74 140. 8
8 2243.3 1333.5 1256. 6 0. 61 69.0
9 2296.2 1353.2 1266. 1 0.70 159.1
10 2354.7 1341.0 1256. 2 0.62 104.3
11 2202.7 1338.7 1255.9 0.61 61.2
12 2426.6 1353.7 1263. 4 0.71 200. 6
13 2271.8 1345. 4 1266.9 0.70 68.8
14 2316.3 1339.5 1259.8 0. 64 150.0
15 2329.7 1337.0 1256.0 0. 64 68.2
16 2433.5 1339.4 1265. 4 0.70 177.8
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Table 6 Range analysis of NO, emission concentration in the orthogonal fe) > Fj >F s (f] fe) 95% J
test \k\"‘\ FO.OS
K, K, ky ks R (f; £) >F,>F,\ (f; 1) 90% J
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C
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6 BxC  996.3 1084.9 1245 135.6 111 8 NO,
Table 8 Analysis of variance of NO, emission concentration by the or—
7 — 954.5 1126.7 119.3 140. 8 21.5 ’
thogonal test
8 D 746.9 1334.3 93.4 166.8 73.4
S; /% F;
9 AxD 1035.3 1045.9 129. 4 130.7 1.3
1 A 1011. 24 1.38 1 1.72
10 BxD 1076.6 1004.6 134. 6 125.6 9.0
2 B 622. 50 0.85 1 1. 06
11 E 983.4 1097.8 122.9 137.2 14.3
3 AxB 2366.82 3.23 1 4.02 *
12 CxD 959.3 1121.9 119.9 140. 2 20.3
4 C 4529.29 6.18 1 7. 69 Yok
13 F 723.7 1357.5 90.5 169.7 79.2
5 AxC 5416.96 7.40 1 9.19 Yok
14 G 1213.4 867.8 151.7 108.5 43.2
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Table 7 Calculation of interaction 12 CxD 1652.42 2.26 1 2.80
AxB A, A, AxC A, A, 13 F 25106.40 34.28 I 4261 sk
B, 119.6 128. 1 C, 173.3 120. 6 14 G 7464.96  10.19 1 12. 67 ook
B, 156. 4 116.2 C, 102. 8 123.7 15 CxE 9.00  0.01 1 0.02
4124. 41 7
F F F TPy (17) =12.2

Foos(17) =5.59 Fy (1 7) =3.59.
Fo.m(f} S >F; >F0Aos(f} S
£ *OE > Foes(f; )

Fi>Foo(f; 1) o
WX Foos(f; £) >F; > Fo ((f;



* 1472 - 38 10
A B
AxC
AxB .
D.F G
NO,
NO,
A, B,C,D\E F,G,
8 B
B
3.2 NO,
2:4:4 ! NO.
1:9.2:8.3:7.4:6 5:5 NO, . ) .
Fig.4 Change of maximum temperature and outlet NO, concentration
1.2 4 in the combustion zone with air ratio
NO,
22% 23.2% 25.3% 27.2% 27.3%
10% 30% 29.5% NO,
( 4
)
K 2361K; 30%
2310K
NO,
NO,
20% NO,
65.2 x107° 108.2 x10°°
NO. ;
30% NO, 3%
5 NO,
Fig.5 Change of maximum combustion temperature and outlet NO,
NO" concentration with air preheating temperatures
3.3 NO,
6 7
NO,
NO, Arrhenius k=Ae"
NO, 6
573 673 -+ 1173 K 573 K
NO, x =1300 mm 100% ;
. 5 773 K x =750 mm
NO, 100% ; 573 ~ 773
K
100 °C 773 K 7
50 C NO, NO,
973 K © x=0~2000 mm
573K NO 50.9 x 10°° NO NO

x



P NO, * 1473 »
123 x10°° 133 x10°° NO,
NO. . 5 6

NO, 22.1% 1.9% 2. 1% 24%  2.5%.

NO,

( x =2000 mm ) NO,
NO.
6
Fig.6 Axial burn rate at different air temperatures
8 NO

7 NO

x

Fig.7 Axial NO, concentration at different air preheating tempera—

tures
3.4 NO,
N 2:8 2:4:4
NO,
1.05.1.1.1.15.1.2.1.25  1.3.
8 NO,
1.05
NO_; 1.15
NO,
104.6 x10°°; 1.15
NO

x

Fig.8 Change of maximum combustion temperature and outlet NO,

concentration with air excess coefficient

(1) .

NO,
(2) 10% 20%  NO,
65.2x107° 108.2 x 107°
30% NO,
(3) 100 °C
50 °C NO, 50.9 x 10°°  22%.
23.2% \25.3% \27.2% 27.3%  29.5% :
NO,
(4) NO, 82 x
107 22.1%1.9% 2. 1% 24%  2.5%

NO,

1 Tsioumanis N Brammer J] G Hubert J. Flow processes in radiant
tube burner: combusting flow. Energy Convers Manage 2011 52
(7): 2667

2 Scribano G Solero G Coghe A. Pollutant emissions reduction



- 1474 -

38 10

and performance optimization of an industrial radiant tube burner.
Exp Therm Fluid Sci 2006 30(7) : 605

Normann F Anderson K Leckner B et al. High~temperature re—
duction of nitrogen oxides in oxyHuel combustion. Fuel 2008 87
(17): 3579

Shen J LiuJ X Zhang H et al. NO, emission characteristics of
superfine pulverized anthracite coal in air-staged combustion. En—
ergy Convers Manage 2013 74: 454.

Flamme M. Low NO, combustion technologies for high temperature
applications. Energy Convers Manage 2001 42(15): 1919
Gong Z' ] Chen WP WuWF etal Study on NO, formation in
flatHlame combustion with HTAC technology. Energy Metall Ind
2007 26(6): 31.

(

NO, 2007 26(6): 31)

Feng J X Jiang M Zhou W H et al. Flow heat transfer and NO,
emission characteristic of W-shaped radiant tubes with flue gas cir—
culation. J Univ Sci Technol Beijing 2014 36( 11) : 1552

( . W

NO, 2014 36(11):
1552)

Tsai J S Yoshikawa K Iwahashi T et al. Thermal performance
of a high temperature air vombustion boiler // Proceedings of the
37th Aerospace Sciences Meeting and Exhibit ~Aerospace Sciences

Meetings. Reno 1999: 99

9

10

14

Suzukawa Y Hsiao TC Kunio Y. Regenerative burner heating
system // Proceeding of Beijing Symposium on High Temperature
Air Combustion. Beijing 1999: 167

Tanaka R Kishimoto K Hasegawa T. High efficiency heat
transfer method with use of high temperature pre-heated air and
1(4): 265

Suzukawa Y Sugiyama S Hino Y et al. Heat transfer improve—

gas recirculation. Combust Sci Technol Jpn 1994

ment and NO, reduction by highly preheated air combustion. En—
ergy Convers Manage 1997 38( 10-43): 1061
Wang JT QiHY LiYH etal. Pyrolysis of hydrocarbons and
soot formation in high temperature air combustion. Energy Techn—
ol 2001 22(5): 221
(
2001 22(5): 221)
LiPF XuMY WangF F. Proficient in CFD Engineering Sim—
ulation and Case Study. Beijing: People’ s Posts and Telecom—
munications Press 2011
( . CFD
2011)
Fluent Inc. Fluent 6.3 User’ s Guide. Fluent Inc. 2006 9
Wu X Huang G Q Liang H Y. Release control model of NO, in
natural gas combustion. Chem Ind Eng Prog 2007 26(1):
109
( . NO
2007 26(1): 109)

x



