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Abstract: In this study, we investigate the performance variations of an automotive turbocharger compressor with
respect to the height variation of the recirculating casing treatment (RCT). We use three RCT heights, namely 1.2 mm,
1.5 mm, and 1.8 mm. We vary the compressor speed from 90,000 to 150,000 rpm, and the flow rate from 0.015 kg/s to
0.08 kg/s. The calculation results of the total pressure ratio and isentropic efficiency showed good agreement with the
performance data provided by the manufacturer within a 0.7 percent error. The results showed that the RCT heights of
1.2 mm, 1.8 mm, and 1.5 mm, in that order, exhibited a more uniform pressure distribution, higher pressure ratio, and
wider operational range. As the number of revolutions per minute increased, we obtained typical characteristics of a
compressor map having a narrower operational range in the region of higher pressure ratio.
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Table 1 Operating parameters at the design point
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Table 2 Geometrical specifications of present compressor

Mass flow rate(kg/s) 0.04
Rotating speed(rpm) 90,000
Total pressure ratio 1.34

Fig. 2 Impeller 3D model
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Fig. 3 Geometrical configuration of the compressor
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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
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Table 3 Numerical setting parameter

Inlet total pressure 1 atm

Inlet total temperature 300K

Outlet mass flow rate 0.015kg/s~0.08kg/s

Rotational speed rpm 90000, 120000, 150000

Turbulence model k-w-SST

Interface type Mixing plane
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Fig. 4 The fluid domain of vaneless diffuser
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Table 4 Total pressure ratio and total-to-total isentropic
efficiency for simulation volutes

Total pressure |Total-to-total isentropic
ratio efficiency
Real
1.340 0.710
model
Simulation | 3 0.715
model

Fig. 5 The surface grid of the vaneless diffuser, volute
domain, and one passage impeller
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Table 5 The pressure ratio of three RCT models for various
inlet mass flow rates (90,000 rpm)

Mass flow
rate(kg/s)[0.02 0.04 0.06 |0.08
RCT(height, mm) kg/s |kg/s |kg/s  |kgls

Model 1(1.2mm) 1.390 [1.351 [1.330 [1.227
Model 2(1.5mm) 1.380 [1.343 [1.321 [1.218
Model 3(1.8mm) 1.385 [1.348 [1.327 [1.224

Non-RCT model RCT model
Fig. 6 Non-RCT model and RCT model

Model 2

Model 1 Model 3

Fig. 7 Three simulation models (Model 1: RCT height
1.2mm, Model 2: RCT height 1.5mm, Model 3:
RCT height 1.8mm)
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Fig. 8 Pressure distributions for three compressor
models at 0.02kg/s and 90,000rpm
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Fig. 9 Static pressure recovery coefficients (Cp) of
each volute cross-section planes for the three
models at 0.02kg/s and 90,000rpm
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Fig. 10 The velocity vector of the three models at

0.02 kg/s and 90,000rpm.
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Fig. 11 Pressure ratio as a function of mass flow rate at
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Fig. 12 Pressure ratio as a function of mass flow rate at
120,000 rpm for the three RCT models of the
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Fig. 13 Pressure ratio as a function of mass flow rate at
150,000 rpm for the three RCT models of the
compressor
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