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Secondary Flows through an Impeller of Centrifugal Compressor at Design

and Off-Design Conditions
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Abstract

The flow through a centrifugal compressor impeller was calculated using the 3-dimensional
Navier-Stokes solution method. A control volume method based on a rotating curvilinear

coordinate system was used to solve the time-averaged Navier-Stokes equations, and a standard
k-& model was used to obtain eddy viscosity. Numerical results and experimental data were

compared for the overall performance of the impeller, the pressure distributions along the shroud
well and the detailed flowfields at the design and off-design conditions, which showed good
coincidence. The flow through the impeller is complex with the curvature of the streamlines and
rotation. The development of secondary flows and the jet-wake flow characteristics, which is the

main source of flow loss, was discussed. Calculation results show quite different patterns as the

flow rate changes.
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Fig. 11 Developments of the secondary flow velocity vectors with the contours of the dimension-
less rotary stagnation pressures and the particle positions which are found in the wake
region at Plane IV (Solid ellipse)
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Table 1 Rossby number from plane III to plane IV

Plane Near stall Optimum Near choke

i W(m/s) 81 105 189
R, 0.94 1.21 2.19
W (m/s) 79 102 180

Ma
Ro 0.91 1.18 2.08
N W{m/s) 83 105 184
Ro 0.66 0.84 | 1.48

Note : The Rossby numbers are obtained using R,=0.059 at plane I, Nla and R,=0.085 at plane [V
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