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NUMERICAL SIMULATION OF 3D TRANSONIC VISCOUS
FLOW STRUCTURE INSIDE A COMPRESSOR ROTOR

WITH CONSIDERATION OF TIP CLEARANCE
Guo Yanhu, Wang Baoguo, Shen Mengyu

(Dept. of Engineering M echanics. Tsinghua University. Beijing 100084)

ABSTRACT A 3D numerical solution of transonic turbulent flowfield inside a
compressor rotor is analyzed with a consideration of blade tip clearance. T he complex vortex
system structure and shock wave system structure inside this rotor is obtained. Wall flow
patterns on the blade surface and hub surface are found out. The complex vortex system
structure, such as horseshoe vortex, passage vortex, corner vortex and trailing vortex, and
the interaction with shock wave system are researched. Especially, the character of the tip
clearance flow inside the rotor passage is revealed, and the interaction between shock wave

and tip clearance flow near blade tip and the evolution of tip clearance flow are considered.

Key Words Compressors Flow fields Transonic flow IFeakage

Numerical simulation

APPLICATION OF A MULTI- DIMENSIONAL FLUX FUNCTION

TO ANALYSIS OF PEANE TRANSONIC CASCADE FLOW

Yao Shilei, ~Wang-Baoguo, -Shen Mengyu
(Dept.—of Engineering Mechanics, Tsing hua University, Beijing 100084)

ABSTRACT In two— or three—dimensional flow fields, it is difficult to deter—
mine the direction of waye propagation in cascades due to complexity of transonic flow. Now
a grid— independent approximate Riemann solver is applied to numerical simulation of two—
dimensional transoniccascade flow by the Euler or Navier— Stokes equations. Fluxes on grid
faces are obtained via wave decomposition, assuming that information propagates in the ve-
locity difference directions, rather than in the grid— normal directions as in a standard grid—
aligned solver. Second— order computations with the grid— independent flux function are
used to analyze two typical examples of transonic cascades. The results indicate that the grid
- independent model suppresses entropy production over the cascade surface due to either
computational diffusion or grid viscosity, and resolves shock and shear waves in transonic

flow of cascades much better.

Key Words M ultidimensional analysis Plane cascades Transonic flow

AN EXPERIMENTAL INVESTIGATION ON TREATMENT

OF COMPRESSOR CASING WITH SKEW GROOVES
Zhu Junqgiang, Zhao Yi, Liu Zhiwei
(7th Dept. Northwestern Polytechnical University, Xi‘an 710072)
ABSTRACT Five kinds of skew grooved cases with different geometric parame—

ters were designed and tested on a rig of single stage axial— flow compressor. The detailed
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measurements of the overall performance and element performance, especially the blade tip
flow prove that the treated casings enhance the compressor efficiency, but make slight loss of
stall margin. According to analyzing the effects of each structural parameter on the compres—
sor efficiency and stall margin, an optimization of primary geometric parameters has been
found out. Then the effects of the grooved casing treatments on the performance of the com-

pressor rotor have been revealed and some valuable conclusions have been reasoned out.

Key Words Compressors Cascades Treatment Efficiency

EXPERIMENTAL INVESTIGATION

OF FISH SCALE PATTERNED CASCADE
Miao Runtian and Wang Liangui
(Design Dept. Shenyang LIMING Engine Manufacturing Co., Shenyang 110043)
Gao Ge (4th Dept- Beij ing University of Aeronautics and Astronautics, Beijing 100083)
ABSTRACT Several cascades with different patterns have been tested with the
purpose of turbulence drag reduction in compressor cascade, afterthe straight patterned cas—
cade obtained notable effects. The fish scale patterned cascade is the best of them. T he main

performance comparison is shown as follows:

Cas Cade M Aler B]mign (S]mign (PZ/ P ]) Dmax gi: 0.5% % i
reference 0. 685 40-8< 6.7 1/ 1810 5.7609 10.0<=
straight pattern 0.735 41.7< 5.8< 11987 3.4261 10.4<=
fish scale pattern 0. 750 41.1= 6.4< 1. 2127 3.0610 10.4<=

The above test data indicate that mest of performance indices of the fish scale patterned
cascade, such as critical M ach number M akr, maximum two— dimensional static compression
ratio (P2 P1)2oma and-total pressure loss coefficient at maximum attack angle &-=o.5°are im—
proved over the straight patterned cascade. The other performance parameters, namely attack
angle range i, flow deflection angle at design point  Bisin and corresponding deviation an—
gle at design point Oisin, are superior to the reference cascade as well. It is particularly worth
to point out that the fish scale pattern and the straight pattern can be together applied to the

same blade to obtain advantageous performance.

Key Words Compressors cascades Drag reduction Experiment

CYCLIC CREEP ANALYSIS

OF TURBINE MONOCRYSTALLINE BLADE

Rao Shougi and Wu Bin
(4th Dept. Beij ing University of Aeronautics and Astronautics, Beijing 100083)

Meng Chunling
(Beijing Institute of Light Industry. Beijing 100037)

ABSTRACT Stress cycling creep and stress — thermal cycling creep of

monocryctalline turbine blade have been analyzed. The results are compared with static



