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Abstract—Modifications were done in the impeller
meridional shape and vane curvature of a mixed flow
submersible borewell pump to reduce impeller losses and
improve the efficiency. The first part of this paper gives the
numerical simulation of existing pump performance by using
Ansys Fluent. In the second part the meridional shape of the
impeller and vane curvature were thoroughly analysed and
modified using the inverse design code TURBOdesignl.In the
third part the numerical simulation of the modified pump was
made. The results showed that the pump efficiency had
improved by 4%.The flow losses were reduced in the impeller
passage after the modification. A prototype pump was made
and experimental test was conducted. The experimental results
also confirmed the numerical simulation results.
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Introduction

Submersible borewell pump was invented in the year 1916 [1]
in Ukraine by Armais Arutunoff and a US patent was obtained
in 1927. He started the first factory to manufacture them in the
name of REDA(Russian Electrical Dynamo of Arutunoff) in
1928 at Bartlesville, Oklahoma, USA. These submerible
pumps were used in oil wells to pump crude oil. Oil filled
motors were used in these pumpsets. Later the same design
concept was evolved into wet type winding motor filled with
water and fitted with multistage centrifugal pumps suitable to
borewells. These pumpsets were used for pumping water from
borewells.

The mixed flow submersible pumps are used to pump water
from higher depths of borewells. These pumps are used in the
borewells dug in the alluvial soil formation mainly in the delta
regions of the rivers. The population of these pumps are
increasing in the last two decades all over the world.The
submersible pump of mixed flow type is shown in Figl.The
inlet bracket(1) is used to guide the water entry to the first
stage mixed flow impeller(2). The rotating blade system in the
impeller imparts energy to the water and water comes out with
high velocity in a conical spiral pattern. The diffuser(3) blade
passages collect the water, diffuses its velocity and direct the

water to the next stage impeller. The velocity of the water at
the second stage is kept same as that of the first stage, but the
pressure energy is higher which is gained at the first impeller.
This process repeats in all the subsequent stages and the
energy is added in all the stages by the work done at the
impeller passages. The discharge casing(4) is at the end of the
stages. It collects the water and directs it to the column pipe(5)
which is transferring the water to the ground level. Also
column pipe is supporting the entire pumpset i.e pump
coupled with the motor and the axial down thrust caused by
the pump impellers during running.

In the last decade, various studies were conducted on the
impeller and volute interaction of centrifugal radial flow
pumps and the results were published. The numerical
simulation of the dynamic effects due to impeller-volute
interaction in a centrifugal pump was studied by Jose
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Fig. 1. Submersible pump Mixed flow type

Gonzalez,et.al[2].The head and flow distribution within the
volute of a centrifugal pump in comparison with the
characteristics of the impeller without casing was given by
P.Hergt et.al [3].Also Akhras.A et.al [4] discussed the flow
rate influence on the interaction of a radial pump impeller and
the diffuser.Jianjun Feng,et.al[5] described the numerical
investigation on  pressure fluctuation for different
configurations of vane diffuser pumps. The virtual
performance experiment of a centrifugal pump was given by
Zhang Shujia,et.al[6].The CFD application and validation for
a turbo machinery design system was described by
Anderson,M.R.et.al[7].

The numerical analysis of the unsteady flow in the near tongue
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region in a volute-type centrifugal pump for different
operation point was presented by Raul Barrio,etal [8].
Perez.J,et.al [9] have done experiments in a two stage radial
flow pump and compared it with numerical
simulations.B.Jafarzadeh, et.al [10] have studied the flow
simulation of turbulent fluid flow in a low specific speed
centrifugal pump.Paul Cooper,et.al [11] have analysed the
complex internal flows in the centrifugal pumps. Stefania
Della Gatte, et.al [12] have done CFD for the assessment of
axial thrust balance in radial flow multistage pumps. Milan
Sedlar,et.al[13] have numerically analysed the mixed-flow
pump with volute. The design criteria for the suppression of
secondary flows in the mixed flow impeller was given by
Zanganeh etal [14]. Goto ,A et.al [15] had explained the
design criteria for mixed flow diffusers using inverse design
method and CFD.

Pump Parameters

The specifications of the test pump is given below:

TABLE 1 Test pump parameters

Symbol Parameter Value Unit
Hn Head (Nominal) of 3 Stage at BEP 24 m
(8x3)
Qn Discharge Rate (Nominal) at BEP 0.008 m3/s
N Speed of Rotation 2880 rpm
Ns Specific Speed (metric) 54.15 -
n Q."° H, ®”® (min-1, m¥s ,m)
D. Impeller Diameter, Inlet 27164 mm
(Hub/Shroud)
D, Impeller Diameter, Outlet 93/94 mm
(Hub/Shroud)
b, Impeller Width, Outlet 13 mm
by Impeller Width, Inlet 215 mm
Z; No. of Impeller Vanes 7 -
T Vane Thickness 3 mm
Ds Diffuser Inlet Diameter, Mean 108 mm
Ds Diffuser Outlet Diameter,Mean 50 mm
Z4 No. of Diffuser Vanes 8 -
P, Power Rating of 3 stage 3.35 kw
(Pump Input) (1.11x3)
BEP Best Efficiency Point - -
np Pump Efficiency - %

Numerical Simulation

The flow domain was modeled and meshed with optimum grid
size for the pump. Inlet pressure, outlet pressure and speed of
rotation were given as initial boundary conditions to the flow
volume domain. After the convergence of the solution the
surface integrals for the pressure difference across inlet and
outlet was calculated and total head was arrived. The surface
integral of mass flow rate at outlet gives the discharge rate.
The impeller wall surfaces and blade surfaces where the
momentum was imparted to the fluid were selected. The
surface integral of the momentum in these surfaces were
calculated to arrive at the torque imparted by the impeller and
the input power to the pump. For the given total head and

resulting discharge rate, the output was calculated. The values
of grid size and selection of turbulence models play vital role
to achieve close matching with experimental data. Sensitivity
analysis is required before carrying out these simulations. The
flow volume was split into 4 domains as inlet duct, outlet duct,
diffuser and impeller. The grid dependency study was done in
the three stages with the grid cells ranging from 0.25 million
to 1 million for the entire mass flow region from 0.5 to 1.5
times the nominal flow. 0.75 million grid cells were selected
considering accuracy and computation time. The influence of
turbulence models on the predictions was investigated with the
selected grid cells. The investigation was done with k-Epsilon
Standard, k-Omega Standard and k-Omega SST. It was
observed that the k-Omega SST model gives accurate
predictions in higher flow rate conditions also. The k -Omega
SST model was chosen finally for further analysis.

A. Analysis of pump performance using Numerical results:

To study the pump performance, the numerical results of the
existing pump was analysed for nominal discharge rate
condition. The velocity contours in the meridional view of the
impeller and "Blade to Blade" view of the impeller spanwise
from hub to shroud was studied.In the meridional view the
velocity was not following the shroud wall as shown in Fig 2
due to sudden change in the meridional shape of the shroud.
Also it was found from the blade to blade view of the impeller
in Fig 3 that the flow velocity was uniform up to 70% of span.
From 70% to 100% of span the flow velocities are not uniform
and recirculation takes place near suction side of the blades.
These two phenomena reduces the impeller efficiency and it
was estimated as 88% by Ansys CFD- Post[16].
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Fig. 2 Velocity contours in Meridional view of the existing impeller

To reduce the flow separation from the shroud wall in the
meridional view of the impeller, the shroud shape was
modified with smooth curvature change without sudden turn
as shown in Fig 6.Also to improve the flow separations found
at 90% of the spanwise blade to blade of impeller, blade shape
was modified using inverse design method using the concept
of positive staking in impeller leading edge , front loading in
the shroud and rear loading in the hub as shown in Fig 4 &
5.This was suggested by Zangeneh et.al[14] and Akiro Goto
et.al [15] as the inverse design method for mixed flow pump
impellers.
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increase in the impeller efficiency from 88% to 93% and flow

Velocity " separations found in the meridional view and spanwise blade
1.363e+001 / to blade view has been reduced as shown in Fig 7 and Fig 8.
Because of these two modifications the overall pump
— efficiency has been increased to 74% from 70%.
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Fig 5 Blade Loading Definition of Modified Impeller At 90% span of Blade to Blade View

Fig 8 Spanwise Blade to Blade View of Modified impeller
Numerical simulation was done for the modified
impeller with existing bowl. The results showed considerable
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Experimental Performance Comparison

Based on the numerical results prototype impeller was made
and experimental performance test was conducted. Existing
and modified impeller were tested in the experimental test set-
up as per the 1SO pump testing standard SO 9906.The test rig
scheme is shown in Fig. 9.
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Fig 9 Experimental Test Setup as per 1SO:9906

The pressure measurements were taken for different discharge
rates of the pump. The input to the pump was measured in kW
and the output was the product of head (pressure difference
across inlet and outlet) and mass flow rate. The modified
impeller pump efficiency showed 4% increase from the
existing design as predicted by numerical simulation as shown
in Fig 10 at BEP of the pump.
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Fig 10 Experimental Performance Curves

Conclusion:

The smooth curvature of the shroud surface of the mixed flow
impeller play a vital role in maintaining the uniform velocity
distribution in the meridional view. Sudden change in the
shroud should be avoided during design stage to minimise the
flow separation in the impeller passage.

Optimising the blade shape using inverse design method helps
to suppress the secondary flows across the blade to blade
view. Optimum blade loading that is loading the front portion
of the shroud and rear portion of the hub along with positive
stacking at trailing edge of the impeller blades reduces the
flow disturbance at impeller exit.

When the flow separations were reduced in the impeller
passage and uniform velocity field was maintained, the pump
efficiency increases at BEP of the pump characteristics.
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