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Slagging characteristics of coal fired boiler furnace based on
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Abstract: At present,coal is still the main energy consumption in the power industry. In addition, the sulfur content and ash content in
the commonly used coal for power station boilers is high,which is easy to cause ash and slagging on the heated surface. The serious slag-
ging in the furnace will limit the output of the boiler and threaten the economy and safety of the unit operation , therefore ,the development
of a comprehensive and comprehensive slagging prediction model will be the focus of further research,which is very important to effectively
monitor the degree of slagging in boiler furnace and its development trend. Combining fuzzy mathematics theory with BP neural network ,a
fuzzy neural network suitable for judging characteristics of slagging in the furnace of coal—fired power plant was constructed. When selec-
ting the input evaluation index,not only its slagging characteristics from the coal ash itself were considered,but also the dimensionless fur-
nace maximum temperature ,which reflects the slagging judgment index of unit operation, was incorporated into the model. Taking the oper-
ating conditions of the boiler into account, the judgment basis is more comprehensive. A total of 6 factors with higher resolution and
the most representative were selected as the input discriminant indicators of this model. Four different types of membership functions were

used to fuzz the discriminative index as the input of the fuzzy neural network model,and the neural network without fuzzification was used
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as the comparison. According to the principles of statistics, the result with the highest occurrence probability was selected as the final eval-

uation index to increase the accuracy of the prediction result. The results show that when the unit burns Huating coal , the furnace slagging

discrimination indexes softening temperature, silicon ratio, silicon aluminum ratio , alkali acid ratio,comprehensive index and the dimension-

less maximum temperature of the furnace are 1 220 C,58.71,1.63,0.48,2.55 and 0.982 respectively, which are severe slagging. When

Huangling No. 1 coal is properly mixed,it is 1 255 °C,71.02,2.04,0.31,2.15 and 0.958 respectively,which is medium slagging. There-

fore , proper blending of high—quality coal can be used to improve the slagging condition of the furnace. The prediction result of this model

is accurate ,which can provides a new way to comprehensively evaluate the slagging characteristics of the boiler furnace.

Key words: coal-fired boiler;furnace slagging;fuzzy theory ;neural network ;membership function ; pattern recogntion
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Fig.1 Composition structure of BP neural network
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Fig.2 Neural network learning process
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Table 1 Evaluation criteria of discriminant indexes
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Table 2 Verification set data
e 1,/°C R(Si) R(Si/Al) R(B/A) R ¥, PR
1 1 255(#) 74.80( 1) 1.38(%%) 0.26( ) 1.83( ) 1.242( ) ol
2 1260( 1) 79.87 (%) 3.16( k) 0.23( ) 2.18(H) 0.034(%%) G
3 1390(%%) 82.44(4%) 2.24(H) 0.19(#%) 1.52(H) 0.129( %) %
4 1 400(%%) 82.44( %) 1.50( %) 0.22(H) 1.33(%) 1.040( H1) %
5 1 190( ) 63.60( H) 3.20( ) 0.51( 1) 3.01(H) 1.093( ) i
6 1 160( &) 59.20( ) 4.25() 0.16(%%) 3.03( k) 1.120( ) il
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7 1 120(E) 39.78( k) 2.08(H) 1.04( ) 3.96( ) 0.114( ) il
8 1 170( &) 49.10( &) 2.14(H) 0.71() 3.28( ) 1.031(H) H
9 1 500( %) 81.82( %) L19(%) 0.14(%%) 0.93(#%) 0.125(%%) %
10 1 350( H) 84.33(#%) 2.53(H) 0.17(#%) 1.63( ) 0.101 (%) H
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Table 3 Different neural network prediction results
T 45 2
e FPREEHR
No—fuzzy Trimf Trapmf Gaussmf Pimf Giit s R
1 el el h el h ol el
2 Tt Hx Tt i ol Tt ol
4 &% % % 5% 2 % %
5 X i} & & & A il
6 il il kil il il il il
7 Hix &H il & & & &
8 Hix i} & & & A i
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3.2 ZBIHESR B 1 S HERBCHE (AR 4) LK 25% 4252 ER 75%

XFAEREZRIR L) 660 MW #44" BMCR A {547
NP J 45 v 15 DO HE TR | S ) R AL B P e = I
(HEFP 1) BEBE 1 S HECHERD 2) (75% A5 5ER 25%

HbE 1SR ACHE (CBERD 5) JEAT b R % v T TR
PO (4 5 B 1 AR AR B IR B 1 A T A5 1), 32 4
ORI R, 3% 5 b JRe 235 s 4 il i

B 1 SRR (RN 3) (50% He 5 1 50% NaRGEAE A
x4 BRI USSR
Table 4 Analysis data of coal ash industry characteristics
Bt o4 %

i we Ca0 Na, 0 MgO Al 0, Fe,0, Si0, Ti0,
1 1220.0 11.10 2.71 4.82 23.26 10.80 37.9 1.51
2 1290.0 7.57 0.55 1.07 23.26 3.43 57.1 1.11
3 1237.5 10.22 2.17 3.88 23.26 8.96 42.7 1.41
4 1255.0 9.33 1.63 2.95 23.26 7.12 47.5 1.31
5 12725 8.45 1.09 2.01 23.26 5.27 52.3 1.21

x5 WPEEEFIHER
Table 5 Discriminant index of furnace slagging
JEFh t,/°C R(Si) R(Si/Al) R(B/A) R b,
1 1 220( &) 58.71(H) 1.63(%%) 0.48(H) 2.55( ) 0.982( 1)
2 1.290( H1) 82.54( %) 2.45(H) 0.18(%%) 1.81(H) 0.933(%%)
3 1 238( ) 64.89( H) 1.84( %) 0.41(H) 2.37(H) 0.971( H)
4 1 255( ) 71.02( H) 2.04(H) 0.31(H) 2.15(H) 0.958( %)
5 1273(H) 76.75( ) 2.25(H) 0.24(H) 1.96(H) 0.952( %)
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