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AN INVESTIGATION OF SURFACE VORTICES BEHAVIOR IN PUMP SUMP

Won-Tae Kang', Byeong Rog Shin”

A numerical investigation on a suction vortices, free vortices and subsurface vortices behavior in the model sump

system with multi-intakes is performed. A test model sump and piping system were designed based on Froude
similitude for the prototype of the recommended structure layout by HI-9.8 Standard for Pump Intake Design of the
Hydraulic Institute. A numerical analysis of three dimensional multiphase flows through the model sump is performed
by using the finite volume method of the CFX code with multi-block structured grid systems. A k-«
ShearStressTransportturbulencemodelandthe ~ Rayleigh-Plesset ~ cavitation model are wused for solving turbulence

cavitating flow. From the numerical analysis, several types of vortices are reproduced and their formation, growing,

shedding and detailed vortex structures are investigated. To reduce abnormal vortices, an anti-vortex device is

considered and its effect is investigated and discussed.
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1. Introduction

Pump system is one of the most important fluid machine
system which delivers the energy to fluid by impeller. This
system is used commonly in the industry because it has simple
structure and covers a wide range of discharge flow rates and
heads. However, during pump operation, cavitation, flow
separation, pressure loss, vibration and noise occur often by flow
unsteadiness and abnormality. Especially, air-entrained free and
subsurface vortices observed in sump pumps seriously damage to
pump system. According to the HI standard of Hydraulic
Institute HI[1] or JSME criteria for a pump sump design[2],
therefore, these vortices should be prevented and their
disappearance must be verified by sump pump model test in the
construction of pump station.

To reduce these vortices and for the advanced pump sump
design with high performance, it is very important to know the
detailed flow information in sump system. For this purpose, to
date many researchers have made experimental and numerical
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studies on the flow in pump sump. However, due to the high
cost for design and physical model test CFD analysis has
recently considered as an effective tool to evaluate the flow
around the suction intake in pumps. Iwano et al.[3] made a trial
of an application of a numerical prediction method of a
submerged vortex to the flow in pump sumps in order to
increase the vortex resolution by the conventional code based on
the Reynolds Averaged Navier-Stokes equations. Detailed vortex
flow phenomena including vortex cavitation, submerged vortex,
vortex breakdown and vortex filament were investigated at the
flow simulation around bell mouth with and without baffle plate
in the single intake. Regarding the CFD prediction and model
experiment on suction vortices in pump sump, recently Okamura
et al.[4] performed a benchmark test by using several CFD
commercial codes and reviewed the results to check their
applicability to the design of the pump station instead of the
expensive conventional experimental method. Kim et al[5]
studied about the characteristics of the subsurface vortex in the
three-different pump sump and showed the usefulness of CFD to
predict the subsurface vortex generation. Like this, many
parametric studies to increase hydraulic performance of pump
intakes have made as reviewed so far. Unfortunately, however,
detailed behavior of free surface and subsurface vortices,
minimum water levels incepting the vortices, swirling angle and

so on are not investigated yet.
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In this paper, a numerical and investigation on a free and
subsurface vortices behavior in the model sump system with
multi-intakes is performed. Several types of free surface and
submerged vortex are reproduced by the numerical analysis. To
reduce these abnormal vortices, anti-vortex devices (AVD) are

considered and its effectiveness is also investigated.
2. Numerical Simulation

To check the occurrence of visible surface vortices, and to
investigate detailed structure and behavior of them a numerical
simulation of three dimensional multiphase flows in the model
sump was performed by using the finite volume method of the
CFX code [6]. A multi-block structured grid system with about
1x106grid points was applied as seen in Fig.l. The flow rate is
Q=126.9 m3/s and 4-bell mouth operation. Specified flow rates
are imposed on the up- and down stream boundaries and slip
and non-slip wall boundary condition are given on the free
surface and walls, respectively. The working liquid is the city
waterat 20°C.

Fundamental equations are the continuity equation and the
Reynolds Averaged Navier-Stokes equations. A k-w Shear Stress
Transport turbulence model[7] and the Rayleigh-Plesset cavitation
model [8] were used for solving turbulence cavitating flow.

(a) Bottom view of model sump

s
G

=
TN 5
o

o

Y
e
PR

IR

b

rEnag
= TR
e
=
o

TR

AARVAVARY

uet
ey
EIRELY
RN

TR T

S R
SNTEILLY

e

iy

WO

MITRNY

AURVARRNRY
0

TMRRAVRY
)

s

AN SRR

(b) Near bell mouth

(c) Near intakes

Fig. 1 Computational Grid
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Figure 2 shows numerical results of streamlines and pressure
distributions at several cross sections around the #1 bell mouth
and suction pipe without the AVD. Here d represents inlet
diameter of the suction pipe. A couple of surface vortices
formed behind the suction pipe and both corners on the free
surface are growing and shedding along the pipe. Then they are
converged under the bell mouth and flowing to downstream.
Detailed
distributions were well simulated.

vortex  structure, flow separation and pressure
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(c) Near the bottom wall

Fig. 2 Computational Result of Streamlines and
Pressure Distributions
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Fig. 3 Streams and Vortex Iso-surface Near #1 Bell Mouth and
Suction Pipe

As illustrated in Fig.3, free surface vortices are merged into a
strong vortex under the bell mouth and discharged with a high
velocity. Relatively weak subsurface vortices also occurred on the
both side walls but still no pulling air and no cavitation were
shown in this case. A whole aspect of vortex flow behavior is
well understood in this figure. Similar flow pattern was appeared
for the #2 intake even though it is not shown here. But it was
somewhat weak vortex flow because the flow passage is located
near the center of the sump. The flow around the #3 and the #4
intake was almost the same as that of the symmetry intakes of
the #2 and the #1.

In order to investigate the effect of the AVD computations
was performed with and without the AVD, which was installed
by setting a floor splitter under the bell as a purpose to reduce
the swirl angle, flow separation and abnormal subsurface vortices.
The optimal shape of splitter with a trapezoidal section was
selected through a parametric study.

Figures 4 and 5 show computational results of streamlines
near the bell in the case of sump with and without AVD. It can
be seen that a strong vortex flow formed on the bottom under
the bell is passing out through the intake in Fig. 4. Submerged
vortex cavitation represented by iso-surface in red also occurred
under the bell mouth in the low pressure region. Computational
prediction in Fig. 4(b) agrees well with experimental observation
of Fig. 4(a). Inside of the intake pipe the vortex cavitation is
again developed due to the increased velocity in Fig. 4(b). On
the other hand, the subsurface vortex was disappeared by just
installing the AVD as shown in Fig. 5. The suction flow is
almost straight and the swirl is evidently weak.

Water.Velocity
31.0

(b) Calculated

Fig. 4. Comparison of Computed Vortex Cavitation
with Experiment (without AVD)

(b) Calculated

Fig. 5. Flow Pattern Obtained by Computation and
Experiment (with AVD)
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Fig. 6. Swirling Strength Distribution
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Fig.7 Pressure Distribution

Figures 6 and 7 show computational results of swirling
strength and pressure distributions on a cross sectional plane of
intake pipe at 3.3d downstream from the bottom of the bell. The
swirling strength at the center of submerged vortex before
installation of AVD is much stronger than that with AVD. On
the contrary, pressure at the vortex center without AVD is lower
than that with AVD. As investigated so far, installation of AVD
is very effective to reduce the swirl and subsurface vortices.

3. Conclusion

A numerical investigation on a suction vortices behavior
including cavitation in the model sump system with multi-intakes
were performed. Through the multiphase flow analysis by CFD,
free and subsurface vortices are reproduced and their formation,
growing, shedding and detailed vortex structures were well
investigated, so that it is very easy to understand the complicated
vortex flow behavior. The installation of anti-vortex devices is
very effective to reduce the swirl and subsurface vortices

including vortex cavitation.
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