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The influence of non-axisymmetric geometry on the generation mechanism of
rotating stall in a centrifugal compressor and the experimental validation
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Unsteady diffuser stall behavior in a centrifugal compressor with a vaneless

diffuser was investigated by experimental and computational analyses. The diffuser stall generated
as the mass flow rate decreased. The diffuser stall cell rotated at 25-30 % of the impeller
rotational speed, with diffuser stall fluctuations observed at 180° from the cutoff. First, the
diffuser stall cell originated at 180° from the cutoff by interaction with boundary separation and
impeller discharge vortex. Then, the diffuser stall cell further developed by boundary separation
accumulation and the induced low velocity area, located at the stall cell center. The low velocity
region formed a blockage across the diffuser passage span. The diffuser stall cell expanded in the
impeller rotational direction due to boundary separation caused by a positive flow angle. Finally,
the diffuser stall cell vanished when it passed the cutoff, because mass flow recovery occurred.
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Table.1 Dimensions of tested compressor

Tested Centrifugal Compressor

Rotational Speed N 6000 min1
Mass How Rate G 164 ka/s
Pressure Ratio Ps/Po | 1.1
Impeller
Number of Blades Z 14
(Main + Splitter) (7+7)
Inlet Diameter D, 248 mm
Outlet Diameter D> 328 mm
Exit Blade Width B2 26.14 mm
Diffuser
Diffuser Type Vaned / Vaneless
Number of Vanes V 15/-
Inlet Diameter Ds 360 mm
Outlet Diameter Dy 559 mm
Diffuser Width B, 26.14/19.55mm

Mass Flow Fluctuation kg/s
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Fig.2 Mass flow fluctuation at diffuser exit (¢ = 0.10)
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Fig.3 Radial velocity fluctuation within vaneless diffuser (¢ = 0.10)
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Fig.4 Meridional velocity distribution within vaneless diffuser (¢= 0.10)
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Fig.5 Radial velocity fluctuation within vaneless diffuser (¢ = 0.10)
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