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Abstract— Pumps are used in a wide range of industrial and
residential applications. Many factor affect pump operation
and working which include their physical arrangement,
impeller condition, speed, suction head, exhaust head, and
properties of liquid etc. lowered capacity, vibration, reduced
efficiency, and cavitation’s could cause serious trouble like
Suction Head available, Excessive suction lift, shallow inlet
submergence. The main objective of this work is to go
through various approaches used in CFD analysis of
centrifugal pump, prediction using ANN and highlight the
advantages and application of CFD analysis in turbo
industries. The CFD analysis is the advanced tool to
overcome the limitation of conventional method to design the
pump. Now a days CFD analysis is very familiar approach to
improve the design of centrifugal pump and optimize its
operational parameters like Head, Power, Discharge and
Speed. The performance prediction of centrifugal pump using
experimental approach cannot fulfil the desired outcome for
the researcher. The CFD analysis provides more options
towards the evaluation and synthesis of pump.
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I. INTRODUCTION

Computational fluid dynamics investigation is very useful
tool in designing of machinery in turbo commercial
enterprise. With the aid of the CFD proceed towards, the
compounded internal flows in water pump impellers, which
are not fully comprehend yet, can be well augur, to speed up
the pump design procedure. Computational fluid dynamics
(CFD) analysis is being progressively applied in the design of
centrifugal pumps. [1]

Recent advances in computing power, in junction
with powerful graphics and interactive 3D influence of
models have made the process of creating a CFD model and
analysing results much less labour intensive, lesser time and,
hence, cost. Thus, CFD is any dominant tool for pump
designers. The application of CFD tools in industry which
uses turbo machinery is quite common today. Many tasks can
arithmetically be solved much faster and cheaper than by
means of experiments. Nevertheless the highly wobbly flow
in turbo machinery raises the question of the most appropriate
method for modelling the rotation of the impeller. [2]

Development of computer based algorithms for
various heat transfer applications is emerging as a successful
tool in the field of thermal engineering. Artificial intelligence
algorithms used in this field are simple models of human
intelligence and evolutionary experience. The enhancement
of heat transfer is a significant area that attracts a great deal
of researchers’ attention. The methods used for such analysis
include using fundamental equations, employing
conventional correlations, or developing unique designs from

experimental data through trial and error. Also the heat
transfer problems are becoming increasingly more complex
and that the need for modelling single steady phenomena
requires dealing with dynamics, system performance,
optimization, and control. To overcome this difficulty, a
simple artificial neural network (ANN) method has been
implemented in various heat transfer studies based on
databases available from experimentation. ANN have been
successfully employed for various heat transfer applications
like solar energy, design of a steam generating plant,
estimation of heating loads of buildings, prediction of air
flows in a naturally ventilated test room, waste heat recovery
heat exchangers, gas-solid fluidized beds as modelling and
thermal process analysis [3].

The advantage of using ANN to simulate thermal
processes is that, once they are trained, they represent a quick
and reliable way of predicting their performance. The ANN
modelling includes numerous advantages, such as accurate
approximations of complex problems, greater efficiency than
phenomenological models even for multiple response
computations, and greater effectiveness even with incomplete
and noisy input data [4]. ANN does not need definition of
correlations and iterative method; it needs only input/output
samples for training a special neural network, in turn,
obtaining output results as test samples fed into trained
network [5].

Il. RELATED LITERATURE

Deepak E P (2018) studied the Flow through centrifugal
pump impeller is three dimensional and fully turbulent flows.
The analysis of centrifugal pump impeller design is carried
out using ANSYSCFX. The inner flow fields and
characteristics of radial flow pump with different blade
number are simulated and predicted by using ANSYS-CFX
software. For each impeller the changes in head as well as
efficiencies of centrifugal pump are discussed. J. Beston
(2018) studied the influence of adding splitter blades on the
performance of centrifugal pump for sewerage application.
Centrifugal pump design is well facilitated by the CFD. Pump
improvement performance can be achieved by making
geometrical changes in design of an impeller like blade inlet
and outlet angles, impeller inlet and outlet diameter, no of
blades. Increase in no of blades for sewerage application
leads to clogging inside the impeller due to reduced area and
increased friction inside the casing. Addition of splitter blades
decrease the blockage at impeller inlet, resulting in increase
in pump performance. The crucial role played by the blade
thickness blockage on the incidence flow angle at the leading
edge of full blades was also investigated. Venkatratnam
Dirisala (2017) focused on the performance characteristics (h,
n) of pump. The computational fluid dynamics analysis has
been carried out for five different flow rates, at different
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rotational speeds with different number of blades by keeping
impeller size, eye diameter, blade width and blade thickness
are identical. P. Gurupranesh (2017) enhanced the
performance of the centrifugal pump through design
modification of impeller. Theories on pump characteristics
are studied in detail. VVane profile of the impeller is generated
using point by point method. The impeller is modelled in
Solidworks 2012 software and CFD analysis is done using
fluid flow simulation package. CFD analysis enables to
predict the performance of the pump and a comparative
analysis is made for the entire control volume by varying
meshing Pump impeller models have been developed for
critical design parameters of the pump. CFD analysis is done
in the models to predict the pump performance virtually.
Experimental analysis is to be carried out during the second
phase of the project work. B. Subbarao (2017) deals with the
design and performance analysis of centrifugal pump
impeller. In this thesis, centrifugal pump is analysed by using
a single-stage end suction centrifugal pump. In this study, the
pump is driven by 5.5 KW electric motor and the design is
done in CF turbo 9 modelling package. The head and flow
rate of this pump are 19.50 m and 20 LPS respectively and
the motor speed is 2900 rpm. The number of impeller blade
is 6 blades. The performance study of centrifugal pump is
carried out after designing the dimensions of centrifugal
pump: Simulation of present work -is carried out in a
commercial CFD software ANSYS fluent 14.5. Gaurav
Chakraborty (2017) carried out. performance analysis of
centrifugal impeller pump on its pressure distribution,
velocity distribution from which power and efficiency is
being calculated and validated. On the later part, analysis is
carried out to perform cavitation2 analysis at various mass
flow rate at different rated speed of the pump. Also, the
threshold value of mass flow rate is being identified from
where a cavitation phenomenon is observed at respective
rated speed in order to reduce it. Rajiv Kaul (2016) deals with
the design and numerical analysis of Centrifugal pump. A
design of Centrifugal pump is carried out and numerically
analysed to get the best performance point. The Centrifugal
pumps impellers under consideration were designed and
modeled as a “radial” type (6-blades, semi-shrouded) with
blades angles (150, 280; 180,300) in which the flow noise or
pulsation generally remains low. Shaji George (2016)
performed numerical simulation is done on the design
specification of centrifugal pump of discharge 5 litres/s
capacity, 22 m head carried out using FLUENT. Modelling
of impeller is done with SolidWorks software pack and Finite
element analysis is done on impeller with ANSY'S software
for investigation of stresses. And flow analysis is performed
by using computational fluid dynamics Software. The three
dimensional flow field of the whole flow passage of a mixed-
flow pump is numerically simulated by using CFD software
on the basis of turbulent model according to the original
design of the pump. T. Sivakumar (2016) made geometrical
changes in design of an impeller. In this study, different
techniques for improving centrifugal pump performance by
changing impeller geometry are discussed. Satish M.
Rajmane and Dr. S.P. Kallurkar (2015) modeled pump in
modeling software CATIA and the geometry is imported in
the ANSYS fluent analysis. By analyzing existing design the
results are compared with the analytical solutions. Vibha

P.Pode (2015) focused on Design alternatives for minimizing
the vortices within the suction pipe and enhancing the
discharge through possible use manifold at the suction end.
Alternatively, efforts would be pursued for addressing the
Design of the Sump (Tank) for facilitating the flow of water
at the suction end while smoothing out the in pipe. Kapil
Pandya et al (2014) various approaches used in CFD analysis
of centrifugal pump and highlight the advantages and
application of CFD analysis in turbo industries. The CFD
analysis is the advanced tool to overcome the limitation of
conventional method to design the pump. Now a days CFD
analysis is very familiar approach to improve the design of
centrifugal pump and optimize its operational parameters like
Head, Power, Discharge and Speed. @ The performance
prediction of centrifugal pump using experimental approach
cannot fulfil the desired outcome for the researcher. The CFD
analysis provides more options towards the evaluation and
synthesis of pump. Aniket Suryawanshi (2014) carried out
simulations using Reynolds averaged Navier-Stokes (RANS)
equations. It was found that non-uniformities are created in
different parts of the pump at off-design conditions which
result in the decrease in efficiency.

I11. CONCLUSION

CFD plays an important role in Fluid flow analysis of
Centrifugal pump and performance prediction. Different
solver like ANSY'S, FLUENT etc. can be used for simulation
of Centrifugal Pump. Blade angles, wrap angle, number of
blades, turbulence model used etc. have deep effect on
performance of centrifugal Pump. As discharge increases,
head decreases, power input of pump shaft increases, &
efficiency of pump increases. Efficiency is maximum at rated
conditions, beyond this as discharge increases, efficiency
decreases. Pressure continuously increases as the mechanical
energy imparted in form of impeller rotation is converted into
the pressure energy. Shear stress transport (SST) turbulence
model provides better result than any other turbulence model.
At high flow rates, increase in outlet blade angle causes
improvement in Hydraulic efficiency. At low flow rates very
high recirculation of flow takes place in suction side of the
blade. With increase in wrap angle head and efficiency of
pump increases. Performance prediction at design and off-
design conditions, parametric study, cavitation analysis,
diffuser pump analysis, performance of pump running in
turbine mode etc. are possible with CFD simulation
techniques.

In various parts of this literature review chapter, it
has been established that extensive studies have been carried
out on pump performance improvement using various
measurements parameters. Arising from these studies are
important research gaps that further studies are expected to
cover? Prominent information from the literature is that only
a little attention has been given to a detailed investigation on
the pump performance of a multi stage mixed-flow
submersible pump while considering the axial gap. Studies
have not extensively considered what increment or decrement
values that the spacing between the impeller and bowl should
be for optimum performance. Yet, the complexity of this flow
and the various interactions need to be investigated and
understood. Thus, there is a need for studies that focus solely
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on the multi-stage multi-flow submersible pump, which
report on grid independent study. A further need in research
is to provide information of a comparative study on the
various turbulence models with a view to finding out the best
one.
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