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ABSTRACT

A numerical method for predicting submerged vortex cavitation in pump sumps is presented. In the method, a
global flow field around vortices is determined with the help of numerical simulation of fluid dynamics. In many
practical cases, the viscous core radius of a submerged vortex is very small compared to numerical grid spaces.
To compensate for the lack of vortex resolution in the global solution, a vortex model, which is an exact solution
of the Navier-Stokes equations in a stretching vortical flow, is applied to the local flow fields around analytically
identified vortex positions. The minimum pressure in the vortex core is calculated using circulation and axial
velocity gradient calculated from the global flow field and prescribed fluid viscosity. The predicted values agree
well with the experimental ones in terms of critical inlet velocity at cavitation inception.

1. INTRODUCTION

In recent years, smaller sized pump sumps have become desirable to reduce construction costs.
As a result, occurrence of a submerged vortex becomes more likely because of an increase in
flow velocities in the sumps. Submerged vortices entering a pump may cause hydraulic
problems such as noise and vibration. According to the JSME criteria for a pump sump design
[1], a submerged vortex with vapor core should be precluded. So far, experiments on scale
models had been performed to assess a sump performance and to develop a preferable sump
design. These experiments, however, are costly and time-consuming. Hence, alternative
evaluating methods are needed.

Recently, numerical simulations of sump flows have been used for qualitative understanding
of three dimensional flow patterns. But, they are inadequate for the accurate evaluation of
vortex cavitation inception because of a limitation in numerical grid points and/or turbulence
model accuracy [2].

In the present study, to compensate for the lack of vortex resolution in numerical simulations,
we applied a vortex model to the local flow field around analytically identified vortex
positions. As a first step, we focused on submerged vortices that occur relatively steadily in
sump flow. A numerical method for predicting the cavitation limit of such vortices and its
applications to actual sump configurations are presented here. 4

2. NUMERICAL METHOD

2.1 Prediction procedure

Strictly speaking, submerged vortex cavitation is a two-phase flow phenomenon of gas and
liquid. However, the gas cavity effect is restricted to a very limited region in the vortex core,
and, in addition, the objective of our study is to predict cavitation inception, not fully
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developed cavitation. Hence, it may be safely assumed that flow patterns are not affected by
presence of the gas cavity and they can be predicted by single-phase, incompressible flow
simulations. On the basis of this assumption, we developed a prediction procedure for
submerged vortex cavitation. As shown in fig. 1, the prediction procedure consists of three
parts. (i) Firstly, a global flow field in a sump is determined by using a single-phase,
incompressible flow simulation. (ii) Secondly, vortex positions in the global solution are
analytically identified by a vortex visualization technique. (iii) Finally, whether or not
cavitation occurs in the vortex core is judged from the velocity and the pressure distributions
around the analytically identified vortices.

In the present study, our concern is to predict the cavitation of a submerged vortex whose
unsteadiness can be neglected. Hence, numerical schemes are selected to achieve a good
convergence to the steady state solution. Numerical schemes and boundary conditions are
summarized in Table 1. The time-averaged Navier-Stokes equations with the RNG k-¢
turbulence model are numerically solved for steady state conditions using a cell-centered
finite volume method. If flow unsteadiness can not be neglected in a real physical
phenomenon, numerical schemes and/or the turbulence model have to be improved so as to
simulate it.

Although several vortex identification techniques have been proposed so far, Sawada's
method [3], which is similar to the critical point theory, is employed in this study. The
coordinate of a vortex center is explicitly determined by his method, and this feature is very
convenient when the vortex model described below is applied to that position. It should be
noted, however, that his method might fail to recognize a vortex whose streamline does not
draw a spiral pattern. Hence, if a vortex is convected downstream with a sufficiently large
velocity, the vortex center needs to be detected by another vortex visualization technique.

Now that submerged vortex positions are known from numerical fluid analyses, we have only
to judge from the minimum pressure at the core whether cavitation will occur. However, the
important point to note here is that the minimum pressure in the vortex core may include large
numerical errors due to the lack of vortex resolution. In many real cases, the viscous core
radius of a submerged vortex is an order of 1/100 of the bell mouth diameter, which is very
small compared to the size of the numerical grid spaces. In a practical sense, it is impossible
to cluster enough numerical grid points to capture an accurate pressure field in the vortex core,
because of limitations in computational time and memory. To compensate for the lack of
vortex resolution in a numerical solution, a vortex model is applied to the local flow fields
around analytically identified vortex positions. Using circulation and axial velocity gradient
calculated from the global flow field, and prescribed fluid viscosity, we calculate the
minimum pressure in the vortex core. «







