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Abstract

The effect of submerged vortices on the hydraulic forces of a mixed flow pump impeller was studied using a
model pump with an intake sump. The experiments comprise observation of submerged vortices reaching the
impeller with a high-speed video camera and measurement of the velocity distribution around the submerged vortex
by PTV (particle tracking velocimetry) to obtain the strength of the vortex. Measurement results are compared with
CFD (computational fluid dynamics) calculation to evaluate their accuracy. Hydraulic forces on the model pump
when the submerged vortex reached the pump impeller was measured with load cells. The relationship between the
strength of the submerged vortex and the effect of the vortex on the fluctuation of the hydraulic forces are described.

1 Introduction

Smaller pump stations for power plants and drainage pump stations are seen as a means of reducing construction
costs. The consequent trend implies that the mean flow velocity at the pump suction intake sump has been increasing,
which in turn increases the potential for submerged vortex cavitation and air entraining vortex. These kinds of strong
vortex cause vibration and noise in pumps.

Especially in the case of submerged vortex cavitation, interest has focused on the inception of cavitation in the
vortex region and observation of various types of vortices. Armdt and Keller (1992) investigated water quality effects
on the inception of tip vortex cavitation. Rajendran, Constantinescu and Patel (1998) compared numerical
simulation results with experimental measurements to investigate the flow condition in the model pump intake sump
and to evaluate the accuracy of the numerical simulation results. Recently Shibata et al. (2000) described a new
method of predicting submerged vortices that uses CFD with a vortex model. These studies were carried out to
design an optimum pump intake configuration without these vortices. There are some papers concerning the blade-
vortex interaction; for example, Krishnamoorthy and Marshall (1998) have investigated three-dimensional blade-
vortex interaction using flow visualization experiments and computer simulations. However, these investigations
were carried out under the single-phase flow condition. Concerning submerged vortex cavitation in particular, there
have been no quantitative data. ’

Submerged vortex cavitation when it interacts with the pump impeller affects the pump’s reliability. Thus it is
necessary to investigate its effects to establish reliable guidelines for the design of trouble-free pumps and intakes.
Knowledge of these effects will lead to the development of next-generation pumps with increased intake velocity
and weak vortex occurrence will be permissible in that pump operation.

In this study, to obtain quantitative data of the effect of the submerged vortex’s strength on the hydraulic forces
of the pump impeller, we created a special experimental equipment that has a model intake sump including a model
pump with an impeller and built-in load cells. The experiments comprised observation of submerged vortices
reaching the impeller with a high-speed video camera and measurement of the velocity distribution around the
submerged vortex by PTV (particle tracking velocimetry) to obtain the strength of the vortex. The diameter of the
submerged vortex cavitation was measured using a digital image processing system. Numerical simulation of the
flow was also done to evaluate the measurement data.







