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ABSTRACT ARTICLE INFO

This Operational stability and smooth performance of vertical centrifugal pumps are
greatly depending upon the entire pump, piping system and suction hydraulic
conditions. Generally it is observed that pump set operated satisfactorily in the lab /
factory while results different kind of the problem in the actual site / at the field of
pumping system installation. Intake hydraulic geometry parameters results in major
change in pump suction condition. Therefore sump model study is necessary to
examine the flow structure in the intake. In experiment these parameters are
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maintained by optimized geometry, installing flow guiding devices in the sump, as a
curtain wall, maintaining the proper floor angles. This study is concerned with
experimental and computational investigation of the fluid parameters in the intake
sump structure of the pump. The intake geometry parameters were, chamber width
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2400 mm, length is 7025 mm, curtain wall of thickness 500 mm and bottom clearance
of 2600 mm was placed at distance of 5000 mm from pump centre. Triangular type
vortex breaker was added below the pump at height of 500 mm and length of 1875
mm. The optimized geometry shows similarity in the result of experimental sump
model study and computational fluid analysis. In result, maximum swirl angle found
was 4° with uniform flow. Intermittent Surface vortices (Type-1) were observed at
upstream of curtain wall in forebay, but were not entering in to pump chamber. The
slight surface recirculation zone was observed in the forebay but same was not
entering in the pump chamber because of the curtain wall. The experimental sump
model was scaled down by a ratio of 1:8 whereas the CFD sump model was scaled to
the actual size.

Keywords— computational fluid dynamics, entrained air, pump intake hydraulic
parameters, scaled model study, submerged vortices, swirl angle.

in the decrease of pump efficiency. Any pumping system
mainly consists of the intake structure, main pumping unit
and discharge system. The suction system largely consist
of fluid (mostly water) canal, intake channel, forebay and
sumps / well for the pump along with electromechanical
operated devices like filter screen, gates, silt removing

I. INTRODUCTION

Vortex formation around the pump intake in the pump sump
makes the deterioration of pump and pumping system
performance. Existence of the strong vortex in the water, the
vortex causes swirl flow around the pump intake and results
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arrangement etc. Generally it is observed that pump set
operated satisfactorily in the lab / factory while results
different kind of the problem in the actual site / field of
pumping system installation. In this context pump is mostly
affected by the improper pump suction conditions which
results in the affected hydraulic parameters for the
satisfactory operation of the pumping unit. The free
discharge of the fluid generates turbulence in the suction
side as well as air entrains in the fluid. Entrained air, high
velocity causes vibration, noise, shaft breakage, loss of
prime and accelerates the corrosion of the pump suction
parts.

So there are several design considerations in the design of
the intake structure for the vertical Pumps intake design in
early days done by physical modeling of the structure with
maintaining the similarity. In this proper model scaling is
required for sump design. For prediction of hydraulic
parameters numerical simulation and programming with
modifications in the flow geometry is required. There are 4
pumps installed in the sump, out of which 3 nos. pumps are
working and 1 no. of pump is stand by. The duty point of
the pump is 7500 M3/hrs at 22 M head. This study is aimed
to examine the physical as well as computational fluid
dynamics methods to analyze the flow behavior. A
geometrically and dynamically scaled model is used for the
physical model study and ANSYS Fluent is used for the
numerical simulation. The flow pattern, turbulence, air
entrainment, surface and sub surface vortices and flow
velocity is analyzed. This study is aimed to examine the
flow characteristics in the pump sump, suppression of the
submerged vortex by using anti vortex apparatus, which
occurs around the sump, by experimental and numerical
methods to optimize the sump geometry.

|. EXPERIMENTAL AND NUMERICAL METHOD

The task of the numerical analysis and physical sump model
study is to ascertain the suitability of the sump for the safe
pump operations of various combinations of pumps.

A. Experimental Setup

The sump model rig includes geometrically similar
hydraulic passages from part of inlet pipe, the forebay and
pump chambers and upto pump suction bell as relevant to
sump model test. Simulation to prototype sump will be
achieved by selecting a scale ratio as 1:8. The model sump
is constructed from M.S. sheets / wooden board and
transparent acrylic sheets wherever needed. The back wall
portion of sump will be made from transparent acrylic
sheets. The model pump consists of transparent acrylic
simulated suction bells connected to transparent acrylic pipe
simulating the internal diameter of column pipe of prototype
pump. Swirl meter will be placed at suitable location. The
speed of swirl meter speed taken as measure of extent of
vortices, will be visually observed with the help of
stopwatch. Discharge piping from each model pump will be
connected to common header and hence to suction of the

slave pump used for re-circulating water in the closed circuit.

Figure 1 shows experimental apparatus for the pump sump
model study. It shows the model with various components
like suction pipes, slave pumps, pump chamber. Figure 2
shows pillar at suction side and gate opening between the
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two compartments of pump unit. Figure 3 shows flow
pattern during dye injection testing. Figure 4, Figure 5
shows the other details of model arrangement.

Figure 5 shows the other details of model arrangement.

Fig.2 View indicating the pillar and gate Opening

Fig.3 Observation of the Flow pattern Dye Injection Test

Different combinations of pumps at rated capacity will be
examined at minimum water level in the sump.The
deliverable of physical model includes, flow analysis in
each pump chamber, Circulations and vortices will be given
in the form of swirl angle, visual effect and vortices nature,
flow pattern, modifications suggested in prototype sump.
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Fig. 4 Physical Sump model testing Arrangement Plan View
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Fig. 5. Physical Sump model testi'hic'jdArrangement Section View
The Reynolds number is found to be approx. 126468 and
Weber number for the model is 1250. Hence kinematic

similarity applies to the model.

CURTAIN WALLﬁ\

B. Numerical Method

The first step of any numerical analysis is to identify the
region of interest for the flow study. The geometry of the
region of interest is defined. Then the mesh is created. The
mesh is used for input to the physics pre-processor. The
mesh is imported into the pre-processor. In this pre-
processor the elements of simulation including boundary
conditions are defined and fluid properties are defined. No
slip shear condition is used for all the walls. The flow solver
is run to produce a file of results that contains the variation
of velocity, pressure and any other variables throughout the
region of interest. The results can be visualized and provide
an understanding of the behaviours of the fluid throughout
the region of interest. The surface model of the geometry of
sump is created using Pro-Engineer. The geometry is taken
into ANSYS ICEM-CFD software for good quality grid
generation. The grid is generated using ANSYS ICEM CFD.
This grid file is further taken into ANSYS CFX-Pre for
applying the suitable physics to the geometry. CFX- solver
and CFX — post is used to solve and analysing the results
respectively. The computational fluid dynamics results are
presented in terms of vector plots and streamline plots etc.
The flow quality can be visualized qualitatively by means of
these results. If there is some problem in the sump, it can be
clearly visualized with the help of these results. Moreover
swirl angle at impeller eye location can be calculated. This
gives the amount of swirl present at the entry of impeller of
the pump. Thus the performance of the sump for the
particular pump can be verified.

The scope of the numerical analysis was to carry out CFD
analysis of the original geometry of pump sump at
Minimum water level for checking of the quality of flow in
the original geometry. It includes modifying the geometry to
bring out optimum solution as shown in Figure 6, Figure 7
& Figure 8 as shown below.
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Fig.6 Pump sump intake arrangement (Section View)
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Fig.7 Pump sump intake arrangement (Plan View)
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Fig.8 Different details of the triangular type vortex breaker

Il. OBSERVATIONS

A. Observations of physical model study

Different type of pump combinations were operated at
minimum water level and flow pattern studied. The
maximum swirl angle was found less than 4° when all the
pumps are working as per Table 1 below. The flow pattern
in pump chambers was observed uniform. Intermittent
Surface vortices (Type-1) were observed at upstream of
curtain wall in forebay (for all pump working), but were not
entering in to pump chamber. Slight Surface recirculation
was observed in forebay. The same was not entering into
pump chamber due to curtain wall. Overall sump
performance was found satisfactory for different operation
of pump combinations.
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Table: 1 Pump Parameters

Parameter Details

Discharge 7500 m*/hr
Pump Head 22 m

No. of Pumps 3 working + 1Standby
Suction Bell Diameter 1100 mm

Inlet pipe diameter 1700 mm (2 Nos.)
Minimum water level 3.852m

Table: 2 Observations during sump model testing

Sr. No. | Pump No. Swirl RPM Remark
Q Model lit/sec | Sump Water level
P1 12.76 23 cw
1 P2 12.74 Min. water level 41 cw Slight Surface recirculation and
P3 12.68 6 ccw vortices observed
P4 12.6 18 ccw
P1 12.71 14 cw
) Min. water level Slight surface recirculation
P2 12.67 ' 16 cw, observed in forebay.
P3 12.34 8 ccw
P1 12.62 23 cw
3 P3 12.64 Min. water level 5 cw _Surface recirculation observed
in forebay
P4 125 11 ccw
P3 12.56 7 ccw
4 Min. water level Slight surface recirculation
observed in forebay
P4 12.46 6 ccw
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With the help of the swirl meter revolution measured at
different conditions as per the Table 2 above and model
flow measured by flow meter through the pump, tangential
velocity and axial velocity component were calculated
respectively for the each pump. With this swirl angle is
calculated for the each pump.

B. Observations of computational studies

The computational study carried out for the minimum water
level with operating the different combinations of the pump.
As per the desired flow pattern geometry is modified and
different runs were taken. The presence of the vortices and

recirculation is eliminated by modifying the geometry with Fig.9 Plan view of CFD Analysis for Modified Geometry
the help of curtain wall and anti vortex type devices in the (4 Nos. of pump working)
pump sump. Thus geometry is optimised. The

computational fluid dynamics results are presented in terms
of vector plots and streamline plots etc. If there is some
problem in the sump, it can be clearly visualized with the
help of these results. The flow quality can be visualized
qualitatively by means of these results. The results can be
visualized and provide an understanding of the behaviours
of the fluid throughout pump sump.

I11. RESULT AND DISCUSSIONS

During the physical sump model study, flow pattern in
pump chambers was observed uniform in the modified
geometry. Slight Surface recirculation was observed in
forebay initially but eliminated in modified sump geometry.
The .Same was not entering !I’ltO pump chamber due to Fig.10 Section view of CFD Analysis for Modified Geometry
curtain wall hence not affecting the pump performance. (4 Nos. of pump working)

Overall sump performance was found satisfactory for
different combinations of pump operations. As per the
above calculation and parameters above for the velocity
component swirl angle is determined for the various
conditions is noted in below table 2. While operating 3 nos.
of pump swirl angle found in the order of 2°. During
operation of the all four pumps swirl angle calculated is
around 4°. Thus the geometry is optimised for the pump
functional requirements. This is change in swirl angle is
observed as common gate is opened flow transfer from one
chamber to other but flow velocity reduced in the sump
intake side as shown in the Table 3 below.

Table: 3 Swirl angle at 1F condition for different swirl
speed (rpm)

Fig.11 Plan view of CFD Analysis for Modified Geometry
(3 Nos. of pump working)

Flow | Model | swirl | swirl | swirl | swirl | swirl
Condi | Flow | rpm | rpm rpm rpm rpm

. . Velocity
tion lit/sec Streamine 1

89 71 53 36 18 A

10F 12.28 5o 40 3 5 1o e

3.56

In computational study the comparison of results are based
on the measurement of velocity at various locations, vortices,
velocity profiles and the pattern of the streamlines.
Computational results for the vector plots and streamline
plots are as shown in the Figure 9, Figure 10 below for the 4
nos. of pump operation. Also the vector plots and streamline

plots are shown in the Figure 11, Figure 12 below for the 3
nos. of pump working condition. Fig.12 Section view of CFD Analysis for Modified Geometry
(3 Nos. of pump working)
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IV. CONCLUSIONS

In the presented study flow parameters enhancement
suggested by using Fraud number and Reynolds number
similarity and energy dissipating methods. Introduction of
the proper curtain wall with energy dissipating devices helps
in reducing the swirl and vortices in the pump inlet.
Maintaining the proper clearances below the pump inlet bell,
bottom and side angles, guides the flow with desired
velocity. This also reduces the resistance over the surface.
The submergence has important role as type 6 vortex
formation occurs during minimum water level. The
presented results allow us to establish some conclusions
regarding the use of CFD for simulating the flow in a pump
sump using the k-¢ turbulence model. ANSYS Fluent is
used to predict the three dimensional flow and vortices in a
pump sump model. The flow pattern can be predicted in
detail using CFD technique. The physical sump model is
validated by comparing the experimental results with
computational analysis results. The computational analysis
results are found to be in good agreement with experimental
results. Thus CFD model can be used as an economic and
fast tool to simulate the flow field in the sump and
optimising the pump sump geometry as per the pump
functional requirement.
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