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ABSTRACT

A numerical method for predicting submerged vortex
cavitation is applied to the flow in pump sumps with and without
a baffle plate on the floor and the back wall. In the first step of
the method, a global flow field is determined by standard CFD to
identify the vortex positions. To compensate for the lack of
vortex resolution in the global solution, a vortex model for a
stretching vortical flow is successively applied to the local flow
fields in the vicinity of the identified vortex positions. The
minimum pressure in the vortex core is evaluated using
circulation and axial velocity gradient calculated from the
surrounding global flow field and prescribed fluid viscosity. In
this study, the RANS equations with the RNG k-¢ turbulence
model are solved for steady state conditions.

Under the several inlet flow conditions, the vortex
structures in the pump sumps with/without a baffle plate are
numerically reproduced. The predicted values agree well with
the experimental ones in terms of critical inlet velocity at
cavitation inception, except for the case when the actual flow
condition is highly unsteady. For the above case in which
predicted critical velocity has relatively large deviation from the
experimental one, we also performed unsteady flow simulations.
In the numerical flow analysis, SMAC algorithm and QUICK
scheme are used. By visualizing the unsteady motion of the
vortex, it is appeared that not only vortex cavitation but also
vortex itself is generated and breakdown intermittently.

INTRODUCTION

Recently, smaller size suction pump sumps are required to
reduce the construction cost of urban sewer drainage pump
systems in Japan. To design such compact, and thus required
high-speed, pump sumps, it is necessary to avoid the generation
of strong vortices that induce harmful vibration and noise.
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.

In this decade and more, some applications of a numerical
method to vortical flow in a pump sump have been reported.
Kamemoto et al. [2] presented numerical results of basic flow
features in a pump sump by using a three dimensional discrete
vortex method. Takata et al. [3] reproduced a strong cavitating
vortex in a pump sump by the Large Eddy Simulation.

More practical codes based on the Reynolds Averaged
Navier Stokes (RANS) equation were also applied to flow in
pump sumps, and it was shown that general flow patterns, which
induce the submerged vortices, were agree well with the
experiments [4-5]. However, they are inadequate for the accurate
evaluation of vortex cavitation inception because of a limitation
in numerical grid points and a numerical dissipation as Enomoto
et al. [4] pointed out.

To compensate for the lack of vortex resolution in numerical
simulations, we applied a vortex model to the local flow field
around semi-analytically identified vortex positions. As a first
step, we focused on submerged vortices that occur relatively
steadily in sump flow. For that case, applications of the method
for predicting the vortex cavitation to actual sump configurations
without baffle plate have been presented [6]. In this paper, we
present applications of the method to a sump with a baffle plate,
and an unsteady behavior of the vortex is discussed.

NOMENCLATURE
p Static pressure
I,z Local coordinate system
around the vortex segments
Io Viscous core radius
u; Velocity components in the global coordinate
v Circumferential velocity around the vortex
w Velocity parallel to the vortex axis
X; Global coordinate system (Cartesian)
D Bell mouth diameter
Re Reynolds number
Va, Ve Averaged velocities

on both sides of a center pier
o Spatial velocity gradient along vortex axis
v Kinematic viscosity
r Circulation of a vortex




PREDICTION METHOD OF A SUBMERGED VORTEX

Since the numerical prediction method of submerged
vortices was presented in Ref. [6-7] in detail, only brief
description of the method is given here.

In practical applications of CFD to the design process of
hydraulic machinery, a minimum static pressure obtained by a
single-phase flow simulation is commonly used as an indicator
of cavitation performance. Inception of cavitations on a body
surface, such a pump impeller blade, can be predicted using a
standard CFD code with a computational grid concentrated on
the wall surface.

On the other hand, cavitating vortices in a pump sump have
very small core radius, and their locations are not known in
advance. Then the spatial resolution of a numerical flow
simulation is usually insufficient to get the accurate minimum
pressure in the vortex core, even though the global flow pattern
can be captured.

Algorithm of the Method
A procedure of the method consists of four steps.

(1) Global flow field is obtained by a three dimensional
single-phase flow simuiation.

(2) The positions of the vortex centerline are identified.

(3) Minimum static pressures at the identified positions of
the vortex axis are evaluated using a vortex core model [8].

(4) A vortex cavitation is predicted based on the evaluated
minimurm pressure.

So far, several vortex identification methods have been
proposed. In this study, Sawada’s method [9] based on the
critical point analysis is used. This method identifies the vortex
centerline as clusters of vortex line segments.

Vortex Model of the Method

Accurate evaluation of the pressure in the vortex core is
indispensable to the prediction of submerged vortex cavitations.
In this method, a solitary viscous vortex core model is used to
interpolate a local velocity profile around the vortex that is
stretched by the flow accelerated toward the pump.
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Here, 1o and @ are the vortex core radius and the spatial velocity
gradient along the vortex axis respectively, and are defined by
the following expressions.
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By integrating the momentum equation in the r-direction
under the axisymmetric condition

9 1
E-pZ )

or r’

we obtain pressure drop caused by the centrifugal force in the
following expression.
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Criterion of the vortex cavitation inception, defined in
condition (5), is assumed

pea_Ap<pc'r‘ (5)

Here, p,, is critical pressure of the cavitation inception, and is
regarded as the vapor pressure in the following analysis.

Implementation of the Method

In order to evaluate the pressure in the vortex core using
above vortex model, o and T at each position of vortex segments
should be specified. We determine these values from the global
flow field obtained by the numerical flow simulation.

Velocity gradient o is obtained by

1 ou,
g=—>Yaa,— (i,j=12,3), (6
aZ ; i**j axj (l J ) ( )

where a; is a vortex segment vector.

Circulation I is expressed in two different mathematically
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Fig.1 Test pump sump (D=0.205m)
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