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Effects of shrouded cavity on loss in axial compressor cascade
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ABSTRACT

The effects of flow interaction between mainstream and shrouded cavity leakage flow in an
axial-flow compressor on aerodynamic losses are experimentally and numerically examined. A
fraction of mainstream is ingested in the downstream cavity and travelled in the shrouded cavity
along the direction opposite to the mainstream. This leakage flow is caused by adverse pressure
gradient along the blade passage. Then it is entrained through the upstream cavity near
mid-pitch and interacts with the mainstream. As a result, the convection flow angle with respect
to the blade chord is reduced ie. underturning This underturned flow results in an increase in
size of secondary flow formed near the suction side of the blade as well as its magnitude.
Consequently, this causes pronounced increase in overall aerodynamic losses compared to the
blading without shrouded cavity, leading to 9% decrease in pressure rise through the single

stage of the stators.
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Fig. 1 Meridional view of shrouded stator cavity mode
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Fig. 2 Linear cascade used for presence study
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Table 1 Parameters of the linear cascade and
shrouded cavity
Parameter Value
Chord (O 200 mm
Span (H) 196 mm
Pitch (S) 127 mm
Solidity (=C/S) 158
Flow turning angle 26.6°
Seal clearance (SC) 1.89
Cavity height (H.) 17 mm
Cavity Open Ratio (=SC/H.) 0.11
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Fig. 3 Inlet flow velocity profile
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Fig. 5 Static pressure distribution of a stator blade at
mid-span without shrouded cavity at Re=2.6x10°
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(a) experiment (without cavity)

(b} CFD (without cavity)
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Fig. 6 Loss coefficient distribution at 0.23C downstream from frailing edge at Re~26x10° where mass fraction
through the cavity was measured to be 0.72 % out of that of mainstream
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Fig. 9 Passage streamline patterns near hub surface (a) without cavity (b) with cavity
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