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Experiment and numerical investigation on tip flow instabilities
of compressors
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Abstract: To study the tip clearance flow instability of evolution and the physical mechanism of the
compressor, a single stage axial compressor experimental rig was taken as the research object. Using the
dynamic pressure sensors in the casing wall, the oscillating characteristics of tip flow field were acquired.
The unsteady development of flow details was obtained by full channel calculations. It was found that with
the decrease of the flow rate, the internal flow of the compressor went through three phases: steady state,
rotating instability and rotating stall. The two pivotal activities of the tip clearance vortex were related to
the transformation of the instability mode. When the tip clearance vortices propagated to the trailing edge
of the neighboring blade, it began to fluctuate under the interference with the neighboring blade, resulting
in small scale disturbance propagating along the circumference, that was, rotational instability. In near-stall
state, the interface between tip clearance vortices and incoming flow exceeded the inlet of the blade
channel, leading to leading edge overflow, which was accompanied by periodic production, circumstantial
migration and attenuation of leading edge radial vortices. At this time, the leading edge radial vortices
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were almost uniformly distributed along the circumferential direction, which constituted the organized

propagating disturbance. However, as the flow rate further reduced, the organized propagation of the

leading edge radial vortex was destroyed, forming the distribution feature of local aggregation, leading to

the stall cells with stronger local blockage and higher entropy.

Keywords: compressors; dynamic pressure measurement; tip clearance flow;

flow instabilities; rotating stall
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Fig. 1 Schematic diagram of the compressor experiment rig
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measurement and numerical simulation)
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Fig. 9 Pressure coefficient of blade surface at 98% relative blade height and blade tip leakage velocity distribution for

different instants at RI1 condition
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