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Numerical and Experimental Study on the Surge Performance
Improvement by the Bleed Slot Casing of a Centrifugal Compressor
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ABSTRACT

The primary design goal of a compressor is focused on improving efficiency. Secondary objective is to widen the operating
range of compressor. This paper presents a numerical and experimental investigation of the influence of the bleed slot on the
operating range for the 1.2 MW class centrifugal compressor installed in a turbocharger. The main design parameters of the
bleed slot casing are upstream slot position, inlet pipe slope, downstream slot position and width. The DOE(design of
experiment) method was carried out to optimize the casing design. Numerical analyses were done by the commercial code
ANSYS-CFX based on the three dimensional Reynolds-averaged Navier-Stokes equations. Results showed that efficiency and
pressure ratio increased as the downstream slot position and width were smaller and the upstream position was located away
from the impeller inlet. Experimental works were also done with and without the bleed slot casing. The simulation results were
in good agreement with the test data. Enhancement of both the surge margin up to 26.5% and the pressure ratio with the

optimized bleed slot design were achieved, compared with the surge margin of only 6.6% without the bleed slot casing.
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Table 1 Non-dimensional design parameters

Para- A B C D
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Table 2 Design parametric analysis cases (9 cases)

Design Parameter Sio Upstream | Downstream slot
Case with/without ( Ap))e slot position | Position | Width
bleed slot (B) (€) (D)
Without Bleed 0 0 0 0
casel -1 +1 -1 +1
case2 -1 -1 -1 -1
case3 -1 +1 +1 -1
With cased +1 +1 -1 -1
Bleed caseb +1 -1 +1 -1
caseb +1 -1 -1 +1
case’ -1 -1 +1 +1
case8 +]1 +1 +1 +1
Diffuser
{absolute coordinate
systeni}
Resirculation Graove
{absolute conrdinate
Frozen sys{m}

Block

Block 7
A4 Rladiey

Infer
{absslute coordinate stork 1 Block 26

Fropeller
frelative
soordinate systen);

Block Infet

Fig. 7 Block structure of the CFD domains

Table 3 Governing equations and boundary conditions

Continuity
Governing equations Momentum(x,y,z)
Turbulent
Operating fluid Air
Inlet pressure(Pa) 100,000 (total)
Flow rates(m%s) 473
Esr?gi‘sifz Tnlet temp.(°C) %
Interface Frozen rotor method
Turbulent Standard k- e model
Wall condition Adiabatic
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Fig. 8 Configuration for compressor modeling
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