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FULL- LENGTH PAPERS

AN EXPERIMENTAL STUDY ON BLADE NEGATIVE CURVING

IN A TURBINE CASCADE WITH A LARGE TURNING ANGLE
Wang Zhongqi, Tan Chunqing, Han Wanjin, Zhou Mochun
(Harbin Institute of Technology)

ABSTRACT Turbine rectangular cascades with conventional straight blades and
negative curved ones at obtuse angles between their pressure surfaces and both endwalls
were investigated in a low speed plane cascade wind—+tunnel. T he measuring planes with five—
hole micro-spherical probes were arranged as 3 before, 6 in and 1 after the cascades. The
experimental results show that the origination and development of -horseshoe vortices and
passage vortices as well as the meeting of the passage vortices-in the midspan region almost
dominate the whole flow field of conventional straight cascade. In\comparigon with those of
conventional straight cascade, blade negative curving improves the flows around blade leading
edges near both the endwalls, and reduces the'intensities and viscous dissipation losses of
leading edge vortices and passage vortices- As a result, the flux capability of the cascade
increases by 3.2%, the mass flux averaged-overall loss coefficient is'cut down by 19.1%, at
the same time the good inlet condition is provided for the rotor cascade.

A COMPUTER PROGRAM FOR MERIDIONAL FLOWS
IN MULTISTAGE AXTAL FLOW COMPRESSORS WITH TURBULENCE

AND MULTI- EFFECTS OF 3- D FLOWS
Li Shiming ( Tsinghua University )
Chen Maozhang (Beijing University of Aeronautics and Astronautics)

ABSTRACT It has been shown early by the authors that the spanwise mixing is
caused by turbulent diffusion and different kinds of three-dimensional flow effects. This
paper introduces a computer program based on this theory. A new kind of rotary enthalpy
has been defined and its related equation has been derived to simplify the present problem.
The details for modeling all the unknown correlation mixing terms involved in the
computations and the numerical scheme have been also presented. T he results obtained agree
well with the experiments for five compressors. T he results also show some improvement
over the previous theories.

A BLADE ELEMENT METHOD FOR PREDICTING

THE OFF- DESIGN PERFORMANCE OF COMPRESSORS

Tang Diyi ( Northwestern Polytechnical University)
Wang Yongming (Sichuan Aeroengine Research Institute)

ABSTRACT A method for predicting the off-design performance of an axial
flow compressor is presented.- The fundamental of the calculation is incorporation of three
flow phenomena: the annulus flow, the cascade flow and the flow of annulus wall boundary
layer. The calculation of the annulus flow is based on the radial equilibrium of mainstream
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and neglects the existence of cascades and the effects of annulus wall boundary layers, so it
aims at calculating the mainstream axial velocity distribution. The calculation of the cascade
flow is intended to obtain lift and drag coefficients of cascade airfoil and to calculate the
incremental of total enthalpy and entropy across cascades. The calculation of the annulus wall
boundary layer provides the blockage effect and the losses caused by annulus wall boundary
layer. For obtaining the whole losses of the compressors, the loss models of shoke wave,
blade wake and secondary flow/clearance leakage should be coupled with the above
mentioned calculations. As examples, the offdesign performance curves of compressors have
been calculated, one of them gives the effect of the annulus wall boundary layer on the
compressor characteristics. Additionally, the axial development of the boundary layer
momentum thickness and blockage coefficient are also given. The comparison of calculated
curves with the rig test results showes that the errors will be allowable in engineering.

INVESTIGATION OF FLOWS

IN A CONTROLLED DIFFUSION AIRFOLL CASCADE PASSAGE
Cheng Ronghui and Zhong Yongxing ( Gas Turbine Establishment)
Yun Ruqun (Northwestern Polytechnical Univeristy)

ABSTRACT This paper presents the flow measurement-in-the blade passage and
downstream of a high turning controlled diffusion airfoil (CDA) ‘cascade in details and the
investigation of flow visualization on the endwall and blade‘surface.\As aTesult, a thorough
comprehension is obtained in respect of the flow in the blade passage especially in the
endwall area, the vortex structure and of the effect of endwall boundary layer and secondary
flow on the performance of the cascade. Tt-is of-great practical value in improving the flow

conditions in the endwall area of a-ecompressor and-developing the second generation of the
controlled diffusion airfoil.

VIBRATION CHARACTERISTICS OF ROTOR SYSTEMS

WITH POROUS SQUEEZE FILM DAMPER (PSFD) SUPPORTS
Yan Litang, Zhang Shiping, Li Qihan
(Beijing University of Aeronautics and Astronautics)

ABSTRACT A Porous Squeeze Film Damper (PSFD) had been developed by the
authors based on the normal Squeeze Film Damper (SFD). The outer race of the PSFD is
made of permeable metal material. Its permeability allows some of the oil in the clearance of
the damper to seep in or out through the outer porous race for remarkable improvement of
the squeeze film damping properties. In this paper, the steady state response and the transient
response resulted from sudden unbalance in the case of blade loss are investigated for sim ple
rigid rotor and a flexible Jeffcott rotor supported on concentric PSFD or SFD. The
nonsynchronous response of the simple rigid rotor is analyzed. T he investigations show that
the nonlinear vibration characteristics with the cavitated SFD systems such as bistable jump
phenomenon, nonsynchronous response and " lock up" at rotor pin—pin critical speeds under
much high unbalance level are greatly improved or avoided with the PSFD systems. PSFD
systems could be operated efficiently at higher shaft speeds and under greater unbalance
loads especially under greater sudden loading of blade loss. As a new damper based on SFD,
PSFD retains all the advantages of SFD and provides more effective vibration control for the
rotor systems.



