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Numerical Simulation of Rotor/Stator Interaction in Turbomachinery
by Use of a Disturbance Vortex Method for Compressible Flow
Chen Maozhang, Peng Bo
(Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

[ Abstract]
d[l 2]

A disturbance vortex method for simulating rotor/stator interaction in turbomachinery was devel-
ope . This method has some obvious advantages in simulating unsteady flow in turbomachinery, such as
understandable physical picture and good convergency. However, there is an important simplification in refer-
ence 1, which ignores the disturbance expansion. As a result, the computational process is greatly simplified.
The main purpose of the present paper is to take the disturbance expansion into consideration with the aim to lay
down a solid mathematical and physical foundation for the disturbance vortex method. Since the disturbance ex-
pansion has been taken into account, one has to solve the mass, vorticity transport and energy transport

equations for disturbance motion in a coupled way. These are the main differences between the present paper
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and reference 1.

To validate the computational method, the unsteady flows caused by rotor/stator interaction in the first
stage of NASA - 67 compressor were simulated in reference 1. And unsteady velocity correlation parameters at
several locations inside the passage were compared with the experimental data. In order to find out the influence
of ignoring the disturbance expansion on computational results, the same example was studied in the present pa-
per. From the simulation results it can seen that the disturbance vortex method still converges fast even the dis-
turbance expansion is taken into consideration.

It is noted that the additional velocity component which is needed to meet the nonpenetrate condition on the
body surface is expressed by an elliptic-type Laplace equation rather than a hyperbolic-type equation even the
flow is unsteady and compressible. It is also noted that setting the disturbance expansion to be zero is not equiv-

alent to an incompressible disturbance motion.

[Key words ] turbomachinery; rotor/stator interaction; disturbance vortex method; compressible flow;

unsteady flow
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