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Abstract

Internal flow measurement of very low specific-speed semi-open impellers has been carried out by PIV in
order to understand better the internal flow patterns that are responsible for the unique performance of these
centrifugal pumps operating in the range of very low specific speed. Two types of impellers, one equipped
with six radial blades (Impeller A) and the other with four conventional backward-swept blades (Impeller B),
are tested in a centrifugal pump operating at a non-dimensional specific-speed of n,=0.24. Complex flow
patterns captured by PIV are discussed in conjunction with the overall pump performance measured
separately. It is revealed that Impeller A achieves higher effective head than Impeller B even though the flow
patterns in Impeller A are more complex, exhibiting secondary flows and reverse flows in the impeller
passage. It is shown that both the localized strong outward flow at the pressure side of each blade outlet and
the strong outward through-flow along the suction side of each blade are responsible for the better head
performance of Impeller A.
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Table 1 Summary of experimental conditions
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.3
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Fig. 3 Configuration of test volute and measured locations
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(Plane 1, z/b=0.05) (Plane 2, 2/b=0.5) ) (Plane 3, /b=0.95)
Fig. 10 Relative velocity vectors (Impeller A, Q/Q,=1.00, Area 1)
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(a) Near to suction cover wall (b) Middle height of passage (c) Near to main shroud wall
(Plane 1, z/6=0.05) (Plane 2, zb=0.5) (Plane 3, z/b=0.95)
Fig. 11 Relative velocity vectors (Impeller A, Q/Qy=1.00, Area 2)

(a) Near to suction cover wall (b) Middle height of passage (c) Near to main shroud wall
(Plane 1, z/b=0.05) (Plane 2, 2b=0.5) (Plane 3, z/b=0.95)

Fig. 12 Relative velocity vectors (Impeller A, Q/Q,=1.00, Area 3)

(a) Near to suction cover wall (b) Middle height of passage (c) Near to main shroud wall
(Plane 1, 2/b=0.05) (Plane 2, 2/b=0.5) (Plane 3, 2/b=0.95)
Fig. 13 Relative velocity vectors (Impeller B, Q/Q,=1.00, Area 3)
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Fig. 14 Schematic view of typical internal flow structure (relative velocity) of semi-open impeller
in very low specific speed centrifugal pump (Impeller A, Q/Q,=1.00)

(a) Relative velocity vectors

(b) Tangential velocity contour plots

(c) Radial velocity contour plots

Fig. 15 Reference velocity vectors (a) and contour plots of phase averaged absolute tangential (b) and radial (c)
velocity components (Impeller A, Plane 2, Area2, Q/Q,=1.0)
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Fig. 16 Phase-averaged absolute velocity components at impeller outlet (Impeller A)
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