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Abstract: To enhance the performance of an automobile turbocharger compressor, the circumferential inlet heights of
the volute were modified and the flow field for the combined region of the diffuser and volute was numerically
investigated using commercial software. Basically, a well-designed volute should have a high pressure recovery
coefficient and a low loss coefficient for the total pressure. In this study, two circular volutes with the same cross
sectional shape and tongue angle, but circumferentially different volute inlet heights, were selected. One volute had the
middle inlet in the cross-section at the circumferential angle of 90° but gradually lower inlet heights for the angles
between 90 ° to 360 ° with respect to the cross sectional center of the volute, while maintaining the same height between
the tangential line connecting the lowest positions of the cross section and the line connecting the volute inlets in the
circumferential direction (case 1 volute). The other volute has an inlet height that is 2 mm lower than in case 1 volute
such that the tongue section has a tangential inlet (case 2 volute). The results showed that the case 2 volute had a higher
total pressure ratio because of its higher pressure recovery coefficient and higher isentropic efficiency, resulting from
the lower loss coefficient along the circumferential position than the case 1 volute.
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Table 1 Major operational variables at the design point

Mass flow rate(kg/s) 0.06
Rotating speed(rpm) 110,000
Total pressure ratio 1.15

Fig.2 3D médel of impeller
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Table 2 Geometrical specifications of present compressor

AEAE HRAA QUAET Y Y5 3

Geometrical parameter H Values
Impeller
Number of main blade 6
Number of split blade number 6
Inlet hub diameter(D1h) 8mm
Inlet shroud diameter(D1s) 35mm
Outlet diameter(D2) 45mm
Impeller axial length(L) 20mm
Vaneless diffuser
Inlet diameter(D3) 47mm
Outlet diameter(D4) 80mm
Width(B1) 3mm
Volute

Inlet diameter(D4) 80mm
Diameter of outlet cross section(D5) 15.38mm

L |
Bis  IBih D2 D3 D4

Fig. 3 Geometrical configuration of the compressor
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Fig. 4 The fluid domain of the vaneless diffuser

Fig. 5 The surface grid of the vaneless diffuser, volute
domain, and one passage impeller
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Table 3 Analysis and boundary conditions

Inlet total pressure 1 atm
Inlet total temperature 300 K
Outlet mass flow rate 0.06kg/s
Rotational speed 110,000 rpm
Turbulence model k-w-SST
Interface type Mixing plane

Table 4 Results of pressure ratio and isentropic efficiency

for the two volutes

Total pressure

Total-to-total isentropic

ratio efficiency
Case 1 1.148 0.803
Case 2 1.152 0.815
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Fig. 7 Velocity vector for the two volute cases
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Fig. 8 Velocity distributions in four cross-sections for
the two volute cases
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Fig. 10 Pressure recovery coefficient distributions (C,)
Fig. 11 Total pressure loss coefficient distributions
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Fig. 12 Average values of C, and @ at the volute outlet
cross section for change in mass flow rate for the
two volute cases
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