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= Blade Cooling Technology of Heavy-duty Gas Turbines=| , |/ZHANG Xiao-
wels ZHU Hui-ren (College of Power and Energy Source, Northwestem Polytechnical University, Xi” an, China, Post Code:
710072)/ /Journal of Engineering for Thermal Energy & Power. —2008, 23(1).—1~6

In ecent years heavy-duty gas turbine performance has undergone a continuous improvement. To further reduce the con-
sumption of effective gases, the authors have proposed a stean-mist two-phase flow cooling scheme, under which tuibine
blades are cooled by mist-and-steam dual working media instead of air.The scheme in question has become the focus of
study with each passing day . A great deal of research shows that the steam-mist cooling method enjoys a variety of merits,
such as quick cooling, high cooling efficiency, small flow resistance and simple configuration etc., which will play a major
role in the cooling of turbine blades of next-generation high performance gas turbines. A numerical simulation of the cool-
ing process in an impingement gasfilm structure has identified a significantly higher average cooling efficiency with the
low temperature zone being extended remarkably. Key words: gas turbine blade, blade cooling technology, steam cooling,

steam mist cooling

= A Study of the Influence of Inlet Pre-swirl on Flow and Heat
Transfer Characteristics of a Labyrinth Seall ., ]/YAN Xin, LI Jun, FENG Zhen-ping (Turbomachinery Research
Institute, Xi” an Jiaotong University, Xi’ an, China, Post Code: 710049)// Journal of Engineering for Themal Energy &
Power. —2008, 23(1). —7 ~10

By adopting a three-dimensional periodical model, a study was conducted of the flow and heat transfer characteristics of a
labyrinth seal with a transpiration-type smooth surface. As a result, obtained was the variation relationship of the windage-
heat wefficient of the labyrinth seal with circumferential mach numbers under two different flow rates with and without an
inlet pre-swirl. The relationship in question was cmpared with that obtained from experimental values, empirical formulae
and two-dimensional axially-symmetric models. It has been found that the above model can simulate relatively well the
heat transfer characteristics of the labyrinth seal incorporating an inlet pre-swirl. Under a same flow rate and same inlet
pre-swirl ratio, the windage heat coefficient will increase with an increase of wtating speed. At a same flow rate and rotat-
ing speed, the imposition of an inlet pre-swirl can significantly lower the total temperature rise in the labyrinth seal and re-
duce the windage heat coefficient, but will not influence the velocity field on a meridian plane. Under the condition of a
same rotating speed and inlet pre-swirl ratio, an increase of the flow rate will lead to a decrease of the windage heat weffi-
cient and an increase of the velocity on a meridian plane. The structure of the flow field, however, will not change. Key

words: labyrinth seal, inlet pre-swirl, windage heat coefficient, numerical simulation

= Feasibility Analysis and Realization of a Three-dimensional
Aerodynamic Optimization Design for a Multi-stage Turbine] . | /ZHAO Hong-lei, WANG Song-tao, HAN Wan-
jin, et al (College of Energy Science and Engineeringg Harbin Institute of Technology, Habrin, China, Post Code:
150001)/ /Journal of Engineering for Thermal Energy & Power. —2008, 23(1).— 11 ~ 15

Due to the massive computation load and time as well as an excessively huge variable-sample database space specific to
the three-dimensional aerodynamic optimization design of a multi-stage turbine, a long design cycle often results, which is
difficult to wpe with effectively in practice. With the development of computer software and hardware the computation a-
bility of computers has seen a dramatic inpovement. As a result, an effective integration of varied design methods has
been implemented. A vigoous development of the three-dimensional aerodynamic optimization-design study of a multi-
stage turbine, which combines a traditional design method with that of a modern automatic optimization design, represents
an effective approach for overcoming the above-mentioned difficulties and realizing an optimization design of the turbine in
question. The feasibility for combining a quasi-three-dimensional design with the multi-stage local optimization to realize a
three -dimensional design of the turbine was analyzed with the aewdynamic optimization design process of the turbine being
given. The quasi-three-dimensional design mainly involves a direct problem computation of stream surface S2. Based on
the design in question, a preliminary design was performed for improving performance and determining the overall parame-
ters, thus setting the stage for a further optimization design. Then, by, employing a mulii-stage local optimized design and
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pocess, Numeca/ design 3D software was used. By an optimized joint employment of an artificial neural network and a ge-
netic algorithm, the general performance can be enhanced by way of an increase in localized performance. The flow field
thus involved was calculated by seeking a solution for the full three-dimensional viscous flow N-S equation. Moreover, the
authors have verified the feasibility of the method under discussion with a three-stage turbine and a four-stage one serving
as exanples. Key words: turbo-machinery, multi-stage turbine, aerodynamic optimization design, quasi three-dimensional
design, design flow path, genetic algorithm, artificial neural netwoik

= A Study of the Numerical Simulation of Secondary Flows in Turbine Stator
Cascades] , |/LI Jun,SU Ming (Education Ministry Key Laboratory on Turbo-machinery and Engineering, Shanghai
Jiaotong University, Shanghais China, Post Code: 200030)// Journal of Engineering for Themal Energy & Power. —2008,
23(1).—16~20

By adopting CFD (computational fluid dynamics) Software Fluent a numerical solution for the three-dimensional flows in
turbine stator cascades featuring a big turning angle has been achieved. The secondary flows along the flow direction on
various sections of the cascade and its aerodynamic characteristics were analyzed along with an investigation of the influ-
ence of any change in blade height and inlet incidence on cascade secondary flows. It has been found fiom the calculation
results that the intensity of the secondary flows, which move from the cascade pressure surface to the suction one, increases
gradually along the flow direction, giving rise to the continuous consolidation of the boundary layer on endwall near the
suction surface and also a curling-up at the rear portion. Moreovers, the foregoing also has led to a drastic change of the to-
tal pressure loss coefficient and the outlet flow angle along the blade height. A comparison of the various cascade operating
conditions shows that a decrease of blade height and an increase of incidence will drastically increase the cascade sec-
ondary-flow losses, the inirinsic cause of which invariably lies in the expansion of the area occupied by the secondary flows

in the cascade passage. Key words: secondary flow, turbine, stator cascade, numerical simulation

=The Influence of Rotor Physical Property on Thermal Stresses
in a Supercritical Steam Turbine during its Startup| , |/LIU Yanfeng, HAO Run-tian, GAO Jian-qiang, et al
(College of Eneigy Source and Power Engineering, North China Electric Power University, Bading, China, Post Code:
071003)/ /Journal of Engineering for Thermal Energy & Power. —2008, 23(1).—21 ~ 23

In most cases steam turbine rotors are made of 30CitM oV low carbon alloy steel, the physical property parameters of which
change significantly with temperature. The model established for calculating wtor thermal stiesses has taken into account
the influence of the temperature-dependent change of wtor-material physical property. Through a simulation test, analyzed
was the variation tendency of rotor thermal stresses in a domestically-made 600 MW supercritical steam turbine under the
following four start-up operating conditions, namely, cold-state, wamm-state, hot-state and extremely-hot-state. Moreover, the
tendency in question was compared with that obtained from a thermal-stress model featuring a rotor of constant physical
poperty . It has been shown that the change of rotor material physical parameters with temperature will significantly influ-
ence the magnitude of the start-up themal stresses. The above finding can povide a helpful reference for enhancing the
calculation accuracy of an on-line monitoring model involving turbine-wtor thermal stresses. Key words: stean turbine ro-
tor, physical property, thermal stress, model

= An Object-element Model for Depicting the Operating States of
a Condenser and its Extensible Evaluation Method] , |/LU Xu-xiang, II Tu-ping (College of Energy Source and

Power Engineering, Changsha University of Science and Techmology, Changsha, China, Post Code: 410076)// Journal of
Engineering for Thermal Energy & Power. —2008, 23 (1).—24 ~27

On the basis of establishing indexes for evaluation of the operating staies of condensers, presented was an extensible
method for the above evaluation in the light of diversity and fuzziness of the evaluation indexes. The proposed method was

based on an object-element model and extensible correlation functions. In combination with currently available literature



