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Soft-sensing of fouling in condenser based on fuzzy modeling
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Abstract: A novel approach based on fuzzy modeling for online soft-sensing of fouling in condenser is proposed. In the ap-
proach, terminal temperature difference is chosen to reflect fouling state, fuzzy modeling is applied to separate the influence im-
posed by fouling on terminal temperature difference . During fuzzy modeling, T-S model is employed to approximate off-design
condition terminal temperature difference,a fuzzy clustering algorithm based on similarity assessing is proposed to determine the
optimal structure of the model and real-coded genetic algorithm is adopted to optimize model parameters. All these techniques
make the fuzzy model compact and accurate . Based on it, an experimental system is developed and the experiment on an actual

condenser is carried out. The results show the approach measures the fouling correctly, and is more effective than thermal resis-

tance method or heat transfer coefficient method under the condition of blocked tubes or excessive amount of air in condenser.
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2 @& 7 % (Measurement approach)
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3 #EHAE 2 (Fuzzy modeling)

3.1 T-SHEH(T-S model)

X B A8, = flx), x = (xy,7",x4) =
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3.2 B FARIUE ) B ORI 5 (Fuzzy clustering

based on similarity assessing)
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3.3 ETEAHEENET S Y M (Parameters
identification based on genetic algorithm)
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3.3.1 %#57F £ (Coding method)
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3.3.2 &M E &K (Fitness function)
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3.3.3 &#&H F(Genetic operators)
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3.3.4 #&)F % {%(Termination condition)
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7. WEFIRAG BRI A B BT SR S5
4 38 45 R (Experiment and results)

4.1 %38 Z % (Experimental system )
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Fig. 1 Structure of the experimental system
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4.2 HERERAIIREN (Acquisition of fuzzy model)
AR R BB MR T, L D, = 135v/h,
D, = 9400t/h,t,; = 15C,e = 0.015% fERFET
B, BB B B AR TR F iR 00 , W K
MR ERET 360 HAREARE I TEMEE, /i
100 A% B FEAK K, AFEIREMERIRE
e Rt RIS AR . A B AR B E B, AT83IH 5
AL SR BOIARRY, G0 T TR
R;:if AD.is Aj; and AD, is Ay, and
At,,,,- is Aj3and Qe is Ay
then A8, = 0.0334AD, + 0.00011AD, -
0.228At,; + 19.9A¢ + 0.254;
R,:if AD, is Ay and AD, is Ay, and
At,; 1s Ay and Ae 15 Ay
then A82 = 0.041AD, + 0.00026AD,, -

4 A A4 A A
Lok&n 21 3 41 51
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0.195At,; + 30.2Ae - 0.136;
Ry:if AD, is A3; and AD,, is A;; and
Aty is Ay and Qe is Ay
then Ad% = 0.0445AD, + 0.00047AD, -
0.132A¢,; + 56.6Ae - 0.17;
Ry:if AD, is A4 and AD,, is Ay, and
At is Ag and Ae is Ay
then AS‘; = 0.0426AD, + 0.00061AD,, -
0.064At¢,; + 103.2Ae¢ + 0.51;
Rs:if AD, is As; and AD, is As, and
At,; is Agy and Ae is Agy
then A&i, = 0.0346AD. + 0.00073AD,, -
0.023A¢,; + 176.50¢ + 0.47.
(18)
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4.3 SHTEERITEL R (Fouling monitoring)
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Membership functions of fuzzy sets of input variables

2) BRI E BT TSI R BRIk
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Table 1 Fouling state in condenser after cleaning device is not in operation
BEuEE RAmE ADKE HOkR RREE ®E SERE SRR Y g

BtE/h  D/(th"!)  1,/C WA e 1/C  8/C A5/C C  AHR/(KJ-KW™'h™)
0 129.8 13.3 25.1 31.5 6.4 0.0 0.002 0.00
2 129.8 13.0 2.8 3.6 6.8  0.48 0.079 13.67
4 129.8 12.7 24.3 3.8 7.5 0.9 0.162 28.04
6 129.1 12.3 23.8 3.6 7.8 1.31 0.215 36.38
8 129.8 12.0 23.5 31.7 8.2 1.58 0.260 43.31
10 128.8 11.6 23.1 3.5 8.4 1.7 0.278 46.91
12 129.8 11.1 22.5 31.1 8.6 1.75 0.287 48.52
14 130.0 10.7 22.1 30.9 8.8 1.87 0.307 52.15
16 129.8 10.7 2.1 31.0 8.9 1.90 0.311 53.22
20 134.5 12.2 23.5 2.2 8.7 1.96 0.321 54.85
2% 134.5 13.9 25.2 3.5 83 2.0l 0.329 56.63

2 ENREFALIGAHRB oM ALEAEA
Table 2 Fouling state in condenser when cleaning device is in operation

Wk AR ADKE HOKE ARRERE RE EORE SERK AT 8-

ifE/h D./(t-h™') 1,/ 1t/ T t,/C _ 8,/C NAS/T C AHR/(KJ- kW 'h™!)
0.0 134.5 13.9 25.2 33.5 8.3 2.01 0.329 56.63
0.5 135.0 14.0 25.5 33.0 7.5 1.22 0.20 34.12
1.0 135.0 14.2 25.9 32.9 7.0 0.71 0.116 18.46
1.5 135.0 14.0 25.8 32.4 6.6 0.33 0.054 9.55
2.0 134.8 14.0 25.8 32.3 6.5 0.15 0.025 4.95
2.5 135.0 14.0 25.8 32.2 6.4 0.05 0.008 2.79
3.0 134.5 13.5 25.3 31.7 6.4 0.04 0.007 2.52
3.5 135.0 13.1 25.0 31.4 6.4 0.02 0.003 2.28
4.0 135.0 12.8 24.8 31.2 6.4 0.02 0.003 2.24

4.4 SR ERIEE 8 (Comparison with thermal resis- & AR RMENEGRMNE LA E, S FmitsE
tance method) B BSR N T — P RIS X ERA R,
HARH AN AR TSI RECEHER, (HHATERA RIERESHOARMEER T 12 REXE, 3+

R HRARENRAE A EE BB BEITH, AT E R, B WA RIS A R

BTG A EBERE RN EEARNE LA TERIEIFR.

A3 HERARMBORAET AHENLRZ 5 A M TN
Table 3 Fouling state in condenser with thermal couplers, under the condition of no blocked tubes

s ANARE ADKR HAKE ARRE &E SREER

BtEl/h - D/(th') /T 1o/ C /T 87/C AXFH HHEE
0 108.2 15.5 25.5 30.7 5.2 0.002 0.011
2 109.6 15.5 25.4 31.1 5.7 0.071 0.068
4 108.2 14.7 24.5 30.9 6.4 0.166 0.151
6 108.2 14.3 21.1 30.9 6.8 0.233 0.219
8 108.5 13.6 23.3 0.4 7.1 0.261 0.255
10 108.3 13.7 23.4 30.7 7.3 0.278 0.282

12 108.2 13.7 23.3 30.8 7.3 0.289 0.282
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A4 2HEEHABOBATEAREELREAFTHABTREN
Table 4 Fouling state in condenser with thermal couplers, under the condition of two blocked tubes

B RARE ADKE S#kiB RERBEE mE SRR
BffE/h  D/(th™") /T tw/ T /T 8/C AIXHHE  HBEE
0.0 135.0 11.3 23.0 2.6 6.6 0.002 0.216
0.5 135.0 11.3 2.9 29.6 6.7 0.031 0.234
1.0 135.0 11.0 22.6 29.5 6.9 0.048 0.242
1.5 135.0 10.8 22.4 2.4 7.0 0.067 0.248
2.0 135.0 10.9 22.4 2.5 7.1 0.082 0.257

I3, 5% 4 AR W OB E R, AL S A 3058
RIFHEE AR — B R E LG, WITE R SE 9%
BEae , AP MBI AE A RED A 0.216, AR 5K hR
AR RN R )R X MBI R
BEIR A BRI 1o SR A8 B9 LSS S A L, T B
RYIR 22 . A SO i I B e BEas i B A LIS

KRR, HERAZHEE L.
4.5 518 % R 8% B9 bk 8 (Comparison with heat
transfer coefficient method)
EREBENNBEEASZAERRBARY
B HESIWARBRKE ,IREBEHRK. K5 H
AT EAMERARRBEEE T T EER.

S BRBNTEKN ARBFTERFHEAKRL
Table 5 Fouling state in condenser under the condition of excessive amount of air
BkvER RIULE ADKER HOKR s RNURE w2 LEL LTS

BfE/h  D./(th™') 1,/T Lo’ C e/ % t,/C  8/C AHE  HMEHE

0 128.2 15.7 27.2 0.045 34.3 7.1 0.003 0.166

1 128.2 15.5 27.0 0.045 34.2 7.2 0.029 0.185

2 128.2 15.2 26.6 0.045 34.1 1.5 0.071 0.21

3 126.1 14.7 26.0 0.041 33.8 7.8 0.119 0.235

4 129.1 14.5 25.8 0.041 34.0 8.2 0.158 0.254

ME 5 IE N, i TREBHAEE, F5EK
FRESTEE R, N SFBOREE K. AXHER
EIBERWA R HZE MR, BUS T &
MR . MR RBGE R EA S A PR ix— 4k, X T
WIS SE e BEss , B TS AE R BN 0.166, 1R 2=
B @K,

5 &2 (Conclusions)

A SRR T —Fp e L2 00 =15 A FR B A k.
WEHFE, RITTRERL, FHTTHHRE.
MRS R ATB L T St .

1) ETHEBEEMKRN 2 7 LR E
LMY BEZR TS AL ;

2) ERESUAEE RS ARABRK K, B
BB ERAREEVENMBSER;

3) EF B RS EZMN RSB A%,
ATHERLGBFEF L5IA B, 5 EES L,
BH BAFRIN FRT .

& 2 3Lk (References) :

(1] BEFiL B ENEE S5 EM] AU B 8 R, 1997:
82-92.
(YANG Shanrang. Fouling and Prevention in Heat Transfer Equip-
ment (M]. Beijing: Science Press,1997:82-92.)

(2] ZF& WHK ENBEERNESRAA ] KR
A .1995,37(2): 73 - 76.
(LI Yong, CAO Zuging. Concept and measurement of cleanness in
steam condenser [J] . Turbine Technology,1995,37(2):73 - 76.)

(3] #4M TEE. DEBSHALNME IEES . PESH,
03124598.6 [P].2004 - 08.
{FAN Shaosheng, WANG Yaonan. Measurement method and appara-
tus of fouling in condenser:China,03124598.6 [P].2004 - 08. )

(4] WARCH P.New techniques for monitoring condenser fouling [ 1].
Power,1991,13(2):34 - 39.

(5] T&k BFEE ETHARSMNERRNMERAR]. Ak
F4f,1998,24(5):702 - 706.
(WANG Xudong, XIAO Huihe. The general soft sensor based on neu-
ral networks [J]. Acta Automarica Sinica, 1998 ,24(5) :702 - 706. )

(6] TAKAGI T,SUGENO M. Fuzzy identification of systems and its ap-
plication to modeling and control [J]. JEEE Trans Systems , Man and
Cybemetics , 1985, 15(1):116 - 132.

(7] ROUBOS I A,MOLLOV S, BABUSKA R, et al. Fuzzy model-based
predictive control using Takagi-Sugeno models [J]. Int J of Approxi-
mate Reasoning,1999,22(2):3 - 30.

(8] MICHALEWICZ Z. Genetic Algorithms + Data Stucture = Evolution
Programs [M).New York: Springer-Verlag, 1994:242 - 263.

HE BN

BEl (19%7—). B . KUWBIT AFR2E, ML PR E FR
FERHE R AT RS E), E-mail: fssS08@163. com;

ImE (1957, B M RN B8, TEHR Y
RIS B R4, E-mail: yaonan @ mail . hunu . edu. cn.


http://www.cqvip.com

