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Effects of Blade Back Sweep Angle on the Performance and Flow Field
in a Centrifugal Compressor
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ABSTRACT

This paper presents a numerical investigation of the influence of the blade back sweep angle on the performance and flow

characteristics in a centrifugal compressor with a vaneless diffuser. Five impellers with different back sweep angles were tested

in the flow simulations. It was found that a low back sweep angle could improve the total-to-total pressure ratio and the work

coefficient over whole operating ranges. However, the flow field in an impeller with a low back sweep angle produced a more

non-uniform velocity distribution at the impeller exit because the wake region was significantly increased. As a consequence,

the impeller with a low back sweep angle caused a low diffuser performance.
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Table 1 Geometrical parameters
Blade number 15
Inlet hub diameter (mm) 36
Inlet shroud diameter (mm) 72
Outlet diameter (mm) 140
Blade width (mm) 5
Tip clearance (mm) 0.3
Bz
Vaneless diffuser
Impeller
DlS
D U-[T D2

Fig. 1 Geometrical configuration
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Fig. 2 Computational grid

Table 2 Design parameters

Inlet total pressure (Pa) 100,000
Inlet total temperature (K) 293

Rotational speed (rpm) 50,000

Mass flow rate (kg/s) 0.3
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Fig. 3 Total pressure ratio of the CFD and
experimental results
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Table 3 Numerical test cases

Test case Back sweep angle
Case 1 42°
Case 2 37°
Case 3 32°
Case 4 47°
Case 5 52°
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Fig. 4 Blade angle distributions from the leading edge to the
trailing edge at (a) hub and (b) shroud
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Fig. 6 Impeller work coefficient and slip factor
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Fig. 7 Blade pressure distribution atmid-span
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Fig. 8 Relative velocity distribution at the impeller exit
(a) Case 1, (b) Case 3, and (c) Case 5
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Fig. 9 Radial velocity distribution from hub
to shroud at the impeller exit
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Fig. 10 Deviation of relative flow angle at the
impeller exit
(a) Case 1, (b) Case 3, and (¢) Case 5

Table 4 Changes in diffuser performance compared to those for case 1
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