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ABSTRACT

This paper presents the experience of two different pump
manufacturers with numerical cavitation prediction methods
available in commercial computational fluid dynamic software
or in-house developed codes.

The intention of the authors is to evaluate these methods and
their capabilities in predicting cavitating performance of pumps
from an industrial point of view. In a first part, a benchmark of
three different commercial software packages is done based on a
comparison with measurements obtained for a centrifugal pump.
In a second part, the results of a commercial code are compared,
for different impellers, to those obtained with a simplified
cavitation prediction code.

The ability and the benefits of the usage of these different
cavitation prediction approaches in the design process of a pump
are finally discussed.

INTRODUCTION

The usage of numerical tools to design and optimize the
hydraulic of pumps is nowadays a standard in the industry
(Casartelli; 1995, Zangeneh et al, 1996, 1998, Goto, 1997). Up-
to-now, this optimization has mainly focused on the efficiency
and on the stability of the head curve through a better control of
the recirculation and a reduction of secondary flows. As a matter
of fact, the cavitation is also a major limiting factor in pump
design. Nevertheless, only few attempts to improve cavitation in
pumps using numerical approaches have been done. Most of the
time, this optimization is limited to a finer adaptation of vane
inlet angles based on the predicted flow angles obtained from
cavitation free flow CFD analysis and to an improvement of the
profiling of the vanes in order to limit the minimum pressure
(Spring, 1992).

In these last decades, models for the prediction of cavitation
have been refined and successfully applied on isolated 2-D
profiles for steady (Ukon, 1980, Uhlman, 1983, Favre et al.,
1987, Lemonnier and Rowe, 1988, Dupont and Avellan, 1991)
and unsteady flows (Delannoy, 1989, Delannoy and Kueny,
1990, Kubota et al., 1989, 1992). In the same period, few 3-D
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models, based on potential (Kinnas and Fine, 1993), on S1/S2 or
on Euler (Maitre et al., 1990, Kaenel et al., 1995) methods have
been developed and applied, but no one is taking into account
the 3-D turbulent and viscous effects of the cavity on the mean
flow.

More recently, some of these methods have been introduced
in 3D Reynolds Averaged Navier-Stokes codes. Different
approaches can be differentiated:

e Single fluid model with empirical state law that defines

the density variation of a liquid-vapor mixture (Reboud
et al. 1998)

e  Volume-of-Fluid method based on a two-phase
approach where the convection of one phase in a
second phase is calculated, with a possible mass
exchange between the two-phases based on a law of the
state (Dieval et al, 1998)

* Cavity interface tracking method, which iteratively
adapts the cavity shape in order to reach a given
condition (velocity or pressure) at its interface (Hirschi
et al, 1998a),

e Bubbly two-phase flow model solving a Rayleigh-
Plesset equation in order to calculate the density of a
mixture of water and bubbles (Tamura et al., 2001)

Most of the commercial CFD packages commonly used in
the fluid machinery industry have introduced today one of these
cavitation prediction models. These methods have been only
recently introduced in these codes and, therefore, there is a very
small return of experience of the usage of such methods,
especially in an industrial context (Combes, 2000, Visser, 2001).
It is the purpose of this paper to give some information about the
ability of these methods to predict cavitation in pumps, and, in a
provocative way, to compare their results to a simplified
prediction method based on a post-processing of a non-
cavitating flow calculation, corresponding to a non-coupled
approach, supposing that the cavitation development does not
affect the liquid flow.






