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Effects of Non-Axisymmetric Profiled End Wall Treatments
on Performance of a Centrifugal Compressor
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Abstract: The application of non—axisymmetric endwall profiling on both axial compressors or turbines has
been determined to be an effective way to increase the efficiency. In order to investigate the effects of non—axisym-
metric end wall profiling on the performance of centrifugal compressors, four endwall contouring schemes accord-
ing to the design experience of non—axisymmetric endwall profiling in axial compressors were performed on a
vaned diffuser centrifugal compressor with the help of Autoblade and CFX software. Numerical investigations
were conducted on a radial compressor with vane diffuser. The results showed that non—axisymmetric profiled end-
wall PEW1_10% which was convex near the pressure side and concave near the suction side extended the com-
pressor characteristic performance curve to smaller and higher mass flow rate points which gave a 11.8% improve-
ment of the operating range with no reduction of the efficiency compared with the original compressor. Analysis of
the flow field showed that PEW1_10% caused a redistribution of the flux in the diffuser passage at the near surge

condition, which further led to an increase of the radial velocity near the suction side and a decrease of the low—
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energy fluid. As a result, the flow condition in the diffuser passage was improved, and the surge was delayed.

Key words: Centrifugal compressor; Non—axisymmetric profiled end wall; Vaned diffuser; Reverse flow

region; Working range enhancement
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Table 1 ‘Radiver’ compressor stage details
Parameters Value
Shaft speed/(r/min) 35200
Tip speed/(m/s) 498
Tip radius/mm 135
Impeller Clearance height at leading edge/mm 0.70
Clearance height at trailing edge/mm 0.48
Number of blades 15
Back sweep angle at exit/(°) 38
Channel height/mm 11.1
Number of vanes 23
Diffuser Vane setting angle/( °) 16.5
Leading edge radius/mm 140.4
Vane wedge angle/(°) 6.615
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Fig. 2 Absolute values of total-total pressure ratio p, and

efficiency # for grid convergence study
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Fig. 9 Compressor performance for baseline and PEW
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Table2 Compressor performance at operating point NC
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of the diffuser at operating point NC
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