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Effects of Circumferential Groove Casing Treatment
on Internal Flow in a Centrifugal Compressor for Turbochargers
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The effects of circumferential groove casing treatment on the internal flow in a centrifugal compressor with a

vaneless diffuser for automotive turbochargers are investigated by numerical analyses. The impeller is an open-

shroud type with six main and six splitter blades. Numerical analyses under two different casing wall conditions

are conducted: the original model that has no groove and the groove model that contains a circumferential groove

located between the leading edge of the main blades and that of the splitter blades. Numerical results reveal that

the installation of grooves improves performance and expands the stall margin. Compared with the original model,

several changes in internal flow on the tip side near the groove are observed in the groove model. Particularly,

the generation of a longitudinal vortex near the groove is considered to attribute performances by suppressing the

backflow expansion of the tip leakage flow at the near-stall point.
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Fig. 1 Geometric Details of Impeller and Groove.
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Fig. 2 Overview of Computational Region.

Table 1 Design Specifications of Tested Compressor.

Tested Centrifugal Compressor

Rotational Speed N 170,000 rpm
Impeller
Number of Blades Z 12
(Main + Splitter) (6 +6)
Axial Length L 185 mm

Vaneless Diffuser

Outlet Diameter D 929 mm
Groove
Axial Width 10.6% of L
Radial Depth d 2.8% of D
Axial Location / 75.6% of L
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Fig. 3 Compressor Performance.
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Fig. 4 Relative Velocity Distribution at Section I in Point C.
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Fig. 6 Meridional Velocity Distribution and Streamlines on Span 95% Height
from Hub in Point A and B(Original).
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Fig. 8 Meridional Velocity Distribution and Streamlines on Span 95% Height from Hub in Point B.
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Fig. 10 Vortex Structures within Impeller Passage.
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