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Numerical Study of the Internal Flow in a Centrifugal Compressor
for Turbochargers
(Improvement of Flow Characteristics by the Ring Groove Arrangement)

Daisaku SAKAGUCHI*, Masahiro ISHIDA™ and Hironobu UEKI**

In turbochargers for diesel engines, a high pressure ratio and a wide operating range are required

to achieve extremely low exhaust emissions. In the present study, the ring groove arrangement was

adopted to enhance a operating flow range in a centrifugal compressor for automobile turbochargers.

The upstream groove was located at the casing wall of the suction pipe and the downstream groove

was located at the shroud casing wall near the leading edge of the splitter blades, where both grooves

were connected by an annular bypass. According to the numerical results by using ANSYS-CFX, it

becomes clear that the ring groove arrangement is effective for suppression of separation at the

leading-edge of main blade even in small flow rates. The reverse flow zone on the shroud casing is

sucked out from downstream groove and the flow incidence at the main blade leading edge is reduced

successfully by about 5 degrees due to the increased incoming flow rate.
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Fig.1 Centrifugal compressor with ring groove arrangement
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Specification of testimpeller ‘iﬂ‘
Numberof blade z=12(6+6)
Inletdiameter dp=39.0mm
Exitdiameter d;=51.0mm
Exitblade height b,=4.5mm
Exitblade angle b,=45deg. 216
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Fig.2 Meridional section of the target compressor
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Fig.3 Computational mesh for the main passage

Fig.4 Node connection of the interface region
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Table.1 Boundary conditions for numerical simulation
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Fig.5 Projection of the reverse flow zone at the meridional

section (w/o groove)
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(a) Projection of the reverse flow zone at the meridional

section

(b) Three-dimensional view of the reverse flow zone
(Suction side of the blade)
Fig.7 Reverse flow zone in the case with the ring

groove arrangement (G/G*=0.382)
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Fig.8 Total pressure ratio P,,/P,, and recirculation mass
flow rate G;z/G as a function of the discharged mass flow
rate G/G~
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Fig.9 Velocity distribution between hub and shroud at
impeller inlet (G/G*=0.382)
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Fig.10 Flow incidence distribution between hub and shroud
(G/G*=0.382)
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