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sults. In view of the above, the shock wave analysis based on the two-phase flow sonic velocity model is more suited for

general applications. Key words; gas-solid two phase flow, sonic velocity, shock wave

= A Study of the Atomization Characteristics of Swirl Spray Nozzles Used
in a Wet-process Flue-gas Desulfurization Unit [ ., | /11 Zhao-dong, WANG Shi-he (Department of Municipal
Construction Engineering, Southeastern University, Nanjing, China, Post Code: 210096), WANG Xiao-ming (Guodian
Environmental Potection Research Institute, Nanjing, China, Post Code: 210031) Ifioumal of Engineering for Thermal
Enegy &Power. — 2006, 21(1). —66 ~69

Atomization spray nozzles are key components in a wet-process flue-gas desulfurization sprinkling tower. The quality of at-
omization can directly affect desulfurization efficiency and the utilization rate of a desulfurization agent. Tests were con-
ducted with the hollow cone-shaped and eccentric swirl nozze ofien used in wet-process flue-gas desulfurization technology
sewing as an object of investigation. Developed were a series of geometrically similar spray nozzles and also those with a
change only in outlet diameters. A systematic study was performed of the above-mentioned nozzle as regards the following
characteristics: volumetric flow rate, atomization particle diameter, atomization angle, and atomization particle distribu-
tion, etc. From the tests a set of rules or laws governing the following factors were obtained; the variation of volumetric
flow rate with a change in pressure and spray nozzle structure, the variation of atomization particle diameter with a change
in pressure, flow rate and spray nozzle structure, the variation of atomization angle with a change in pressuwe, etc. Aver-
age-diameter span was used to indicate the dispersion degre for judging the distribution of atomization particles. Identi-
fied was a variation law governing a decrease in average diameler spanwith an increase in outlet diameter. Key words;

wet-process flue gas desulfurization, swirl nozzle, atomization characteristics

= Numerical Simulation of the Flow Field and Performance of
an Innovative Cyclone Separator with a Downward Discharge of Gases [ , | | HUANG Sheng-zhu (Department
of Themal Energy & Power Engineering, Harbin Institute of Technology, Weihai, Shandong Province, China, Post
Code: 264209), ZHU Lin (Weihai Boiler Works, Weihai, Shandong Province, China, Post Code: 264200), MA Chun-
yuan (Institute of Energy and Power Engineering under the Shandong University, Jinan, China, Post Code: 250061 ),
WU Shao-hua (Depariment of Energy Science and Engineering, Harbin Institute of Techmology, Harbin, China, Post
Code: 130001)Journal of Engineering for Thermal Energy &Power. — 2006, 21(1). —70~ 74

By employing a RNG (Renomnalization Group) k- turbulent flov model, RSM (Reynolds Stress model ) turbulent flow
model and a Lagrangian model in a CFD (computational fluid dynamics) software - Fluent a numerical simulation was
carried out for the gas-phase flow field and separation efficiency of an innovative cyclone separator with a downward dis-
chaige of gases. The cyclone separator features an improved construction with its two sides cut at the inside and outside.
An analysis of its specific features and separation performance shows that the gas flow of the cyclone separator has gener-
ated three branch flows, namely, an apex vortex ring flow, a flow characterized by a direct entry into an exhaust pipe;
and a flow, which after rotating at the outer wall makes its way downward to come to a conic surface, and then tums back
to flow upward. The composite vortex structure of a tangential velocity distribution appears to be not distinct. The graded
efficiency and pressure losses at different outlet velocities, obtained by simulations, can be used as a practical reference
during the engineering design and type selection of cyclone separators. Key words: cyclone separator, flow field, RNG

(renomalization group) k-€ turbulent flow model, RSM (Reynolds stress model) turbulent model, numerical simulation

PEMFC = Dynamic Simulation of Coordinated Control of PEMFC (Proton
Exchange Membrane Fuel Cell) Distributed Power Generation System [ , ] | ZHANG Ying-ying, CAO Guang-
yi» ZHU Xin-jian (Automation Depariment of Fuel Cell Research Institute under the Shanghai Jiaotong University,
Shanghai, China, Post Code: 200030) /fournal of Engineering for Thermal Energy &Power. — 2006, 21 (1). —75~
79,95
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A study has been conducted for a 60 kW PEMFC (proton exchange membrane fuel cell) distributed power generation sys-
tem, which provides electricity and heat energy for architectural buildings. A power generation system model was estab-
lished based on the dynamic flow of masses and an electrochemical reaction process. To meet the requirements of the sys-
tem for power generation efficiency and stable operation and to take into account the specific features of multi-parameter
nonlinear and fimm dynamic wupling, during the control design of the system, one will no longer focus on a specific pa-
rameter, but pay close attention to the coordinated operation of the system as a whole. Though the simulation of the typi-
cal power demand of fifteen families in a day a dynamic simulation test was performed of the system. The results of the
test indicate that the proposed control scheme for the system is feasible and an optimal search of the working points en-
ables the system to response adequately to a wal-time loading. Moreover, single neuron-element Pl decoupling controllers
can at all times ensure a stable operation of the system under ideal pressures and humidity conditions. All the above can
sewve as a guide for the further design optimization of the system as well as for its development and applications. Key
words: poton exchange membrane fuel cell (PEMFC ), distributed power generation, dynamic simulation, coordinated
control, single neuron PI decoupling contwol, optimal search

PID = Optimization of PID Controllers of a Boiler-turbine Coordi-
nated Control System Based on a Genetic Algorithm| ., | IXUE Ya-li, LI Dong-hai, LU Chong-de (Key Labora-
tory on Electric System and Power Generation Equipment Control and Simulation Affiliated to the Themal Energy Fngi-
neering Department under the Tsinghua University, Beijing, China, Post Code: 100084 ) /lournal of Engineering for
Thermal Energy &Power. — 2006, 21(1). —80~ &3, 87

The design of an effective boiler-turbine coordinated control system is of major significance for enhancing the thermotech-
nical automation level of power plants. With respect to the boiler-turbine control system of a thermal power plant the au-
thors have proposed a parameter optimization method for a genetic algorithm-based multivariable PID wntwller. By utiliz-
ing the general-use framework provided by a genetic algorithm a global optimization of the control parameters was condu ct-
ed under a specified control system structure and controller format. The proposed method features a global-parallel optimi-
zation and is taiget-function oriented. A simulation study carried out by comparing with a generalized ZN setting method
has shown that the dynamic performance of the coordinated control system after optimization has been markedly improved.
Moteover, it can be easily extended to parameter optimization under other contwol schemes, displaying the feasibility and
usability of the method under discussion. Key words: genetic algorithm, PID controller, boiler-turbine coordinated con-

trol

= A Robust Tuning Method for the Parameters of a Coordinated Con-
trol System| , | [ TIAN Liang, IIU Xin-ping, YU Xi-ning, et al (Automation Department, North China University
of Electric Power, Baoding, China, Post Code: 071003) Ifoumal of Engineering for Thermal Erergy & Power. —
2006, 21(1). —84~87

Afier the linearization of a simplified nonlinear dynamic model for a 330 MW unit a robust controller was designed by uti-
lizing a loop-shaping H.- method. Thwough a search optimization by using a genetic algorithm it has been found that robust
controllers with better pefformance indexes are distributed within a specific space. The robust contoller was decomposed
into a control matrix and decoupling matrix. The principle of its decoupling was found to be as follows: in case of distur-
bances occurring at the governing valve of a steam turbine it is necessary to supply additional fuel to the boiler as rapidly
as possible and avoid an overshoot of the thottle pressure ahead of the turbine. In compliance with this principle a simple
single-direction decoupling is designed and the PID cntwoller is tuned using a elevant engineering method. The transfer
function of the PID controller is very similar to that of the low-order item of a robust controller. Simulation experiments
have demonstrated that the coordinated control system designed by using the above method possesses relatively good dy-
namic characteristics and wbustness. Key words: coordinated control system, wbustness, PID control, parameter tuning
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