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Diagnosis of the operation state of entrained flow coal water slurry

gasifier burner based on qualitative trend analysis
LI Shanshan, GONG Yan,GUO Qinghua, YU Guangsuo
(Institute of Clean Coal Technology ,East China University of Science and Technology ,Shanghai 200237 , China)
Abstract ; Entrained flow coal—water slurry ( CWS) gasification technology is a clean and efficient coal energy utilization technology, and
the gasifier burner is one of the core equipment of the gasification process. The burner will be gradually worn and ablated during the opera-
tion process,and there is a potential safety hazard. However,the diagnosis of burner operation status mainly depends on the engineer’s ex-
perience in addition to the interlock of the burner itself. Qualitative trend analysis( QTA)is a data—driven method based on process histo-
ry,which is widely used in process monitoring and fault diagnosis. In this paper,QTA method was applied to the data analysis of entrained
flow CWS industrial gasification devices to explore the difference between the operating data of gasification device with different burner
working time. A diagnosis method based on the difference of data fluctuation was proposed to judge the operation status of burner in time.
The trend primitive sequence and the change rate of primitive segmented data of the gasification plant production data of two different burn-

er operating hours were compared. The results show that the growth of burner operating time is mainly reflected in the data fluctuation fre-
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quency and amplitude In two respects. The longer the burner operating time is, the greater the fluctuation range of the four sets of data

of coal slurry flow, burner pressure difference, slag mouth pressure difference and outlet syngas CH, content is, and he higher the

fluctuation frequency is. In practical applications,the operating status of the burner can be judged by comparing the fluctuation frequency

and amplitude of the burner data. Two types of parameters are mainly monitors : the trend primitive sequence and the data change rate of the

trend primitive segment. When the primitive sequence frequently shows the opposite trend or when the data change rate increases to several

times of the initial parameters,it can be considered that the operating state of the burner has become unstable ,and it is necessary to moni-

tor the operation of the burner or replace the burner. The diagnostic method based on the difference of data fluctuations can help the opera-

tor to judge the operating status of the burner in time,and realize the combination of computer—aided judgment and industrial big data.
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Fig.1 Flow chart of qualitative trend analysis

®1 THBEBSWTHET

Table 1 Seven primitives of qualitative trend analysis
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Fig.2 Comparison of coal slurry flow in gasifier
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Fig.3 Burner pressure difference data of gasifier
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Fig.4 Slag discharge hole pressure difference of gasifier
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Fig.5 QTA results of gasifier single burner CWS flowrate data
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Fig.6  QTA results of gasifier CWS flowrate data
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Fig.7 QTA results of gasifier burner pressure difference data
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Fig.8 QTA results of slag discharge hole pressure difference data
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Fig.9 QTA results of gasifier outlet CH, content data
PEE AL AR B IR F) B R AR 10 5.
Tl e 12 T A 2 5 W K R B S5 AR PR R, T
X AT R T — R R, 328 AT I TR] O Tl b
WE R MR TR AR bR AR B

25 LTI B 15 AT IR ) 1 3 AR A
R S AR S 0 R 2l Wi 88 84 DR P 7 T 90 gl A R
W 5 3 INAE ) B B CH, 3 B P R B ik 2l iRt 2
W3R IAE 4 2R TP EAIREL. A B DBk
A CH, & iR T GA 3 B 4 Y 10 £5 A B
PRI e He 2 M 171 s 22 78 Ak 37 2 a3k

By 2 5,

TE PR H I TS ZE A ] LR AR = Kl
HE SRR RIS S H AT A s AR, HlsE
PRI AT B A A = R AT S e B n] LUR T
FIWTGEHEIZ ARG . TEREWE I 1T R G Hr BagoR AR L
P AT RE PR T, 0 SR BE MR B AT R 4h B BEAY
S DU S AR AR, £E AR B s AT i ]
VAE ik 5 PR A A A 5k S s oA 1ok 3 Aok
SR, O SRR AT XL, Y EEIT S B
A A5 2 ) 0 8l A A A 3 s B B A
Gt UL BE YR A ] R SIS, E2TT A LA TR
TEARZS, T LA e . AR B S5
it LA S PR B HEAT AR AR SO BT T 2 W X
TR K BRI A B A S B A 7 580, mT LAAR 30 i
SCRT IR BEE S8, i B H A U CH, 5 i
PR AR ARECN 10 38 D 25 2 AR A5 H0Ch
2 A R CH, 3 i T S A St BT i
SEHIAEC 10, 0 S BOE I E R BB it
SR RIS I AL T 1 45 2 50T B AT ) B i
(EICIFe R ST DR HIE iR L7 i N a0 @

3% i

=A

AR S HE T 22w o K I Rk Tl 2
B VTR AR E A P B ESEIE T 1A H A
8 h M EdE J 3L hil, b TR R be g R 22
F1HE 22 K A S0 CH, 3 45 4 41 G R0
G RGBT T B T s E TR A
Wr T2 i ik, 45 R 3R

D) AFHEE AT B A 5 e 38 17 4 5K
s (R B3 K R FEAEAE B B 25 5% . e s AT
B BRI, e IR I o e e 2 v 1 R 22 S
HA IR CH, B i 4 25000 09 8 3 s B 8K, U8 5
BRR R A DR T 22 K A R, CHL, 7 i 2
2R B BT T 9 AR R A ST 2 I R 1
HEZT By, AP OH RS CH, & &2 L FF-
KRR E] B W 10 %, A PR BEME K P
JE 28 Koty 1R 22728403 Y938 31 B iy 2 %

2) R MR oy B 1 Ak B S s B B AT
DLGEME R R IB AT B AE AR i, IS SO 3 B
BRI as on B, 3 B SEGE AR CH, B
AERAEECH 10, IR Be M e 22 B 1 R 22
AL FAEECN 2, T 78 oA R AL T Sk
AN 10,

3) Mk R BT T 4 RN W R Bl i R
BESEET , R 2 A TR ARG e i g

243



2021 4F55 1 14

www.chinacaj.net

ik 4 4 H# K

%27 %

RE 2[RI AL B E B B S RO B AT 028
B izt C T ARE , W a7 lUr Bbes , oy
TR AP S ROR R A BE TARE ET S AL Bl
TELIB T IRAS B E Sl

2 2% 3Lk ( References) :

[1]

244

TR, LR B AREOR [M]. de st 4= Tolk 1 i
1,2010.

YU Zunhong, WANG Fuchen. Coal gasification technology [ M].
Beijing: Chemical Industry Press,2010.
WP, TR 380, . 2B E X RIR B A
AR [ 1] 5 2F41,2020,45( 1) :403-413.

GUO Qinghua, WEI Juntao, GONG Yan, et al. Research progress
on hot — model behavior of opposed multi — burner entrained —
flow gasification[ J]. Journal of the China Coal Society,2020,45
(1),403-413.

Mrmase, B (1 55, 45,300 MW B 3 B 0 B Ao 8 43 A< fk 22 Bk
TERGBLA K 2 B A3 BT [ 0] 3 B R 2020, 26 (5) -
20-25.

CHEN Jiahao, YUAN Ye,HE Yong, et al. Simulation and economic
analysis of pulverized coal partial gasification polygeneration system
in 300 MW power station boiler[ J]. Clean Coal Technology,2020,
26(5) :20-25.

HIIRIL - KB, MRMERE A T -, 45 8 o Bl o it g <Ak
P RREDTIE [ 1] R EOR ,2019,25(3) :62-67.

KAWA Omarjiang, LIN Xiongcha, YANG Yuanpin,et al. Study on
the slagging characteristics of Xinjiang high—alkali coal in four—
nozzle gasifier[ J]. Clean Coal Technology,2019,25(3) :62-67
TREEEE , ARAA. 1L PRI T by SO R A R B o7 P TR
(1] AR ,2019,25(4) :52-58.

ZHANG Ningning, SHAO Xun. Coal quality adaptability of
Shanxi coal used in dry powder entrained —bed gasification[ J].
Clean Coal Technology,2019,25(4) :52-58.
X2 TR, 2B KBRS T2 Rem A G R 4R
FHLIT. ARAE T, 2009,36(2) :20-23.

LIU Xiaodi, WANG Yue,LI Bingke. Inquiryinto problem related to
process burner in coal — water slurry gasifier[ J ]. Journal of the
Chemical Fertilizer Industry,2009,36(2) :20-23.

TR TR, BV EIK R G AE N R i e i [ ], A
12,2008,36(5) :59-60.

HUANG Ye,ZHANG Chao. Problems in the cooling water system
of the nozzle and the remedies[ J].Coal Chemical Industry, 2008,
36(5) :59-60.

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B2, Z W i RN S ALY B e HIK RGAF
TE R ) A S AL B 7). ARAE Tk ,2015,42(3) :67-70,72.
YAN Jingluan. Analysis of problems in nozzle cooling water system
for coal — water sluury pressurized gasifier with opposed multi —
nozzle and handling [ J ]. Journal of the Chemical Fertilizer
Industry,2015,42(3) :67-70,72.
ZHOU B, YE H. A study of polynomial fit—based methods for qual-
itative trend analysis [ J ]. Journal of Process Control, 2016, 37
(5):21-33.
VILLEZ K, VENKATASUBRAMANIAN V, RENGASWAMY R.
Generalized shape constrained spline fitting for qualitative
analysis of trends [ J ]. Computers & Chemical Engineering,
2013,58(2) :116-134.
GAMERO F I, MELENDEZ J, COLOMER J. Process diagnosis
based on qualitative trend similarities using a sequence matching
algorithm [ J ]. Journal of Process Control, 2014, 24 (9) .
1412-1424.
JANUSZ M E,VENKATASUBRAMANIAN V. Automatic genera-
tion of qualitative descriptions of process trends for fault detection
and diagnosis[ J]. Engineering Applications of Artificial Intelli-
gence, 1991,4(5) :329-339.
RENGASWAMY R, VENKATASUBRAMANIAN V. A syntactic
pattern—recognition approach for process monitoring and fault di-
agnosis [ J ]. Engineering Application of Artificial Intelligence,
1995,8(1) :35-51.
T BFE, . B KO T 7 i R
[J]. FHEHLS R HIAEEE,2012,29( 11) ;1285-1288.
WANG Xing, LI Xiux, WANG Hui. Qualitative trend analysis and
its application in chemical process[ J].Computers and Applied
Chemistry,2012,29(11) ;:1285-1288.
VILLEZ K,ROSEN C,ANCTIL F et al. Qualitative representation of
trends( QRT) : Extended method for identification of consecutive
inflection points[ J]. Computers & Chemical Engineering, 2003,
48(3) :187-199.
CHARBONNIER S, GENTIL S. A trend-based alarm system to
improve patient monitoring in intensive care units[ J]. Control
Engineering Practice,2007,15(9) :1039-1050.
MAURYA M R,RENGASWAMY R, VENKATASUBRAMANIAN V.
Fault diagnosis using dynamic trend analysis: A review and recent
developments [ ] ]. Engineering Application of Artificial Intelli-
gence,2007,20(2) :133-146.
VILLEZ K,HABERMACHER J. Shape anomaly detection for pr-
ocess monitoring of a sequencing batch reactor[ J].Computers &

Chemical Engineering,2016,91(4) :365-379.





