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Unsteady Effect of Slot-Type Casing Treatment on the Rotor Tip Flow

Structures in a Transonic Axial Flow Compressor

CHI Zhidong, CHU Wuli, ZHANG Yaofeng, YANG Jibo, ZHANG Haoguang

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: Aiming to reveal the influencing mechanism of casing treatment on rotor tip flow
structures, unsteady numerical method was used to study the effects of slot-type casing treatment
in a transonic compressor. The results showed that obvious change of frequency-domain
characteristics appeared in the tip flow fields under the effect of casing treatment. At smooth
casing, the breakdown of tip leakage vortex and vortex shedding contributed to the unsteadiness
of tip flow fields. With casing treatment, the tip leakage flow got motivated and the detached
shock moved downstream, which restrained the tip leakage vortex breakdown and induced
blockage together. As a result, the excitation frequency of casing treatment played a leading role.
Besides, the analysis of vortex structures showed that the interaction of tip leakage vortex and
corner vortex significantly varied in different mass flow conditions. At large mass flow rates, the
tip leakage vortex and corner vortex induced by casing treatment occurred almost at the same
time, resulting in a weak vortex interaction and independent vortex structure. At low mass flow
rates, however, the interaction of corner vortex and tip leakage vortex was strengthened. So

there existed a strong transition of vortex structure in tip flow fields.
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Fig. 1 Schematic diagrams of compressor model and casing

treatment configuration
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Fig. 4 Comparison of overall performances obtained by

experiment and numerical simulations
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Fig. 5 Comparison of total pressure ratio performance

maps of compressor with casing treatment
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Fig. 7 Contours of root mean square (RMS) of static

pressures at 98% blade span with and without

casing treatment
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Fig. 9 Contours of loading coefficient at 98% blade span

versus rotor passing period
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