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Influence of Inclined Circumferential Groove Casing Treatment on Compressor Stability
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Abstract: To analyse the influence of the inclined circumferential groove casing on the stability of a transonic axial compressor,
NASA Rotor 37, the stability enhancement effect of the smooth wall casing and the inclined circumferential groove casing was studied by
numerical simulation. The results show that after the circumferential groove casing treatment, the tip leakage flow is induced into the
circumferential groove, which inhibits the development of the low—speed zone. After passing through the circumferential groove, the leak-
age flow can blow away the low—energy zone, which can decrease the flow path blockage caused by the low—speed zone, and improve the
stability of the compressor. Under the design speed, 5 different types of circumferential groove casing treatment can all improve the stabil-
ity margin of the compressor. Among them, the CT3 has the best stability enhancement effect, with a stability margin increase of 2.86%
and the least reduction in peak efficiency of 0.7%. Through the orthogonal design of experiments optimization, it is found that Sample 9 has
the most obvious effect on improving the stability margin of the rotor, with a 2.95% stability margin increase, but the peak efficiency reduc-
tion is 1.56%. When the circumferential grooves are different in axial inclination, the flow in the circumferential section of the
circumferential groove and the flow in the grooves are changed, thereby affecting the stability margin and peak efficiency of the compressor.
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Parameter Value
Number of blades 36
Imported wheel ratio 0.7
Tip clearance/mm 0.35
Design speed/(1/min) 17188.7
Design pressure ratio 2.106
Peak efficiency 0.889
Imported tip speed/(m/s) 454.14
Tip relative Mach number 1.48
Design flow/(kg/s) 20.19
Blocking flow/(kg/s ) 20.93
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Parameter

Axial distance from the leading edge
Groove width
Groove spacing
Groove depth
Tip axial chord length

Tip clearance
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Stability Peak

Casing type margin/% efficiency/% By/% By/%
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CT2 16.83 84.20 0.2727 0.6711
CT3 17.90 85.42 0.3049 0.6777
CT4 16.56 84.21 0.2501 0.6717
CTS 17.63 83.93 0.3820 0.6456
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