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of the corrugated tube bundles. Key words: flow externally sweeping across corrugated tube bundles, forced convection,

numerical simulation, intensified heat transfer

= Analysis of the Non-linear Characteristics of In-furnace Pres-
sure Fluctuations of a Pulverized-coal-fired Utility Boiler] , ]/ NIU Wei-ran, QIU Yan, TIAN Mao-cheng (Col-
lege of Energy Source and Power Engineering, Shandong University, Jinan, China, Post Code: 250061), LIU Zhi-chao
(Thermal Erergy Research Institute, Shandong Electric Power Academy, Jinan, China, Post Code: 250021)// Journal of
Engineering for Thermal Energy & Power. — 2009, 24(4). —457 ~460

The in-furnace process of pulverized-coal-fired utility boilers is a complex non-linear time-dependent one. As a result, to
introduce a non-linear analytic method on the basis of the traditional linear analytic technologies is of definite realistic sig-
nificance. Through a statistical inspection and analysis of the in-furnace pressure signals which are capable of reflecting
the in-furnace transient process, it has been detemined that the in-furnace pressure fluctuation sequence distribution as-
sumes a fractal ore featuring a pointed peak and a wide tail instead of a normal distribution.The unpredictable intermit-
tent leap of pressure caused by the influence of multiple variables constitutes the root cause of the in-furace pressure
fluctuations complying with fractal distribution characteristics. By utilizing the maximal likelihood estimation method, esti-
mated were the fractal distribution parameters of the pressure fluctuation. The calculation results show that the variance of
the in-fumace pressure fluctuation signals is of no statistical significance. By using the classic R/S statistical tool, the
Hurst exponent of the in-furnace pressure fluctuation sequence was calculated and the relationship between the in-furnace
pressure fluctuation condition and the Hurst exponent, analyzed. The foregoing can pwvide useful guidance for the opti-
mization and adjustment of combustion in boilers. Key words: pulverized wal boiler, pressure fluctuation, fractal distribu-

tion, Hurst exponent

= Active Disturbance-resistant Control of a Combustion System for Super-
critical Units] , ]/ GUAN Zhi-min, LIN Yong-jun, WANG Bing-shu (Automation Department, North China Electric
Power University, Baoding, China, Post Code: 071003), WEI Wen-chao (Baoding Sino Simu Technology Co. Lid. , Baod-
ing, China, Post Code: 071051)// Journal of Engineering for Thermal Energy & Power. — 2009, 24(4). —461 ~465

Mainly studied was the application of novel and practical non-linear active disturbance-resistant control (ADRC) tech-
nologies in combustion control systems of themal power plants. In the light of such specific features of combustion control
systems of thermal power plants as a big hysteresis, laige inertia and uncertainty of dynamic characteristics changing with
operating conditions, an active disturbance-resistant control scheme was presented. With the combustion control system of
a 600 MW supercritical coal-fired unit serving as a controlled object, a modular controller was established on a real-time
simulation platform STAR-90 for the thermodynamic process cntwol of power plants, and a load reduction, addition of
10% disturbance and RB (Run Back) test were performed respectively. The test results indicate that compared with a
PID (Proportional, Integral and Differential ) wntwl system, a fuel quantity control system based on ADRC technologies
boasts a better control quality and disturbance-resistant ability. Key words: supercritical units combustion system, self
distutbance-resistant control, STAR-90 simulation platform

=On-line Combustion Optimization of a Utility Boiler Based on
an Extremum-search Control]l ., ]/ II Yi-guo, SHEN Jiong (College of Energy Source and Environment, Southeast
University, Nanjing, China, Post Code: 210096 )// Journal of Engineering for Themal Fnewgy & Power.— 2009, 24(4).
—466 ~469

An orrline combustion optimization method was presented for utility boilers based on an extremum-search contwl. First,

the ,authors, has analyzed the fundamental principle of the extremum-search control and pointed,out that its essence lies in
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that through a modulation and demodulation process combined with the action of a filter, the derivative featuring the
change in relative settings of performance indexes is estimated and then a local optimum solution can be obtained by using
a gradient method. Subsequently, the authors have proposed a method for the basic structure and parameter setting of a
combustion optimization control system based on the extremum-search control. The simulation results of an air-feeding con-
trol system show that the combustion optimization tactics not only can successfully make the system attain its optimum oxy-
gerr content target and realize an optimization of combustion but also as a closed loop and on-line optimization method can
enable it to better adapt to such disturbances as load variation and air leakage, etc. Key words:; utility boiler, combustion

optimization, extremum-search control, air/ coal ratio control

= Reliability Design of a Contact Type Flexible Seal for Rotary
Air Preheaters] ., ]/ WANG Qingfeng, HE Li-dong (Research Center of Diagnosis and Self-healing Engineering,
Beijing University of Chemical Techmology, Beijing, China, Post Code: 100029)/ /Journal of Engineering for Thermal En-
ey &Power.— 2009, 24 (4).—470 ~475

Contact type flexible seal is a new techmology for solving the air leakage problem of rotatry air preheaters. Reliability is an
important index for contact type flexible sealing performance. The authors have described the reliability design method
based on ANSYS. By utilizing the PDS module of ANSYS and combining the finite element method with the reliability de-
sign theory, a model for the contact type flexible seal was established with three-dimensional parameters and an APDL in-
struction stream, fomulated . A reliability analytic document was prepared to conduct a reliability design of the contact type
flexible seal. Under the condition of a confidence level being assessed at 95 %, the weliability of the contact type flexible
seal attains 96.91%7. It has been found that the structure of the contact type flexible seal is reliable. The design range of
various structural parameters were obtained. The wave thickness and total length constitute the main factors affecting the
contact type flexible seal. The foregoing can well povide a definite reference for the design and study of contact type flexi-
ble seals. Key words: wtary air preheater, contact type flexible seal, eliability design, ANSYS/ PDS

= Diagnoss of Condenser Faults Based on Fuzzy Rules and a
Supportive Vector Machine] , ]/ WANG Lei, ZHANG Rui-qing, SHENG Wei (Department of Power Engineering,
Shenyang Institute of Engineering, Shenyang, China, Post Code: 110136), XU Zhi-hao (College of Energy Source and En-

vironment, Southeast University, Nanjing, China, Post Code: 210096)// Joumal of Engineering for Themal Erergy &
Power. — 2009, 24 (4). —476 ~480

The algorithm of decision-directed acyclic graph supportive vector-machine (DDAGSVM ) represents a multiple classifica-
tion method established by introducing the directed acyclic graph ideology of graph theoty on the basis of the supportive
vector machine 1-v-1 algorithm. It combined two kinds of multiple supportive machine 1-v-1 classifiers into a multiple lay-
er directed acyclic decision-making chart with root nodes to realize a classification. It is built on the minimum structure
risk theory and can attain an excellent classification effectiveness under the condition of relatively less training specimens.
On the basis of summarizing commonly seen faults of steam turbine condensers, a typical fault set was established and a
fault omen repository, acquired through fuzzy rules. A study was conducted of the use of DDAGSVM algorithm for diagnos-
ing typical faults of conderser equipment items under the condition of small specimens. The example calculation results
show that the DDAGSVM algorithm enjoys a relatively high diagnosis accuracy. Key words: stean turbine, condenser,

fuzzy rule, supportive vector machine, fault diagnosis

= Self-adaptive Decoupling Fuzzy Control and Simu-
lation of Ball Mills Based on Operating Pattern Identification] , |/ WANG Heng, JIA Min-ping (College of Me-
chanical Engineering, Southeast University, Nanjing,  China, Post Code: 211189, CHEN Zuo-liang, XTE, Chao (Datang



