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Abstract— Centrifugal pump usage has increased over the 

past year due to its importance and efficiency. Its function is to 

transport liquid from one place to another using energy 

applied to the pump. Pump is a machine which when driven by 

power from outer source, raises water or some other liquid 

from lower level to more elevated level (expands the tension) 

for example it gets mechanical energy and raises the possible 

energy of the liquid. Centrifugal-pump is a sort of rotodynamic 

pump that is utilized to build the tension of a liquid with the 

assistance of a pivoting impeller. This paper presents the 

review of impeller design and challenges of centrifugal pump. 
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Pump, Power.        

I.  INTRODUCTION  

 

The PUMP: Pump is a machine which when driven by 
power from outer source, raises water or some other liquid 
from lower level to more elevated level (expands the 
tension) for example it gets mechanical energy and raises 
the possible energy of the liquid. Consequently the pump is 
only the reversal of pressure driven main player. There are 
two fundamental sorts of pump: 

a) Centrifugal Pump 

b) Reciprocating Pump (positive removal). 

Divergent pump has a place with the classification of 
dynamic tension pumps where in the pumping of fluid s or 
age of head is affected by the turning movement of at least 
one pivoting wheels called the impeller. 

An outward pump basically comprises of the 
accompanying components: 

Pivoting components: 

It comprises of shaft and a vaned rotor called impeller. 
The vanes are bended, tube shaped or have more intricate 
surfaces. The unit has a limited number of vanes. The 
number typically goes somewhere in the range of 6 and 12. 
The impeller is mounted on the shaft coupled to a driving 
unit which might be a gas powered motor or an electric 
engine. By ideals of power communication between the 
vanes and the fluid, the mechanical energy of the driver is 
changed in to the energy of stream. 

Fixed component: 

It comprises of packaging, stuffing box and course. The 
packaging is a hermetically sealed chamber encompassing 
the pump impeller; it gets fluid from the pull side which 
enters the packaging impeller space and leaves under the 
gun to the conveyance side because of dynamic activity of 
the pump. Pressing, maze seals and organs are expected to 
decrease the spillage. 

Pull line, sifter and foot valve: 

Attractions pipe associates the middle (eye) of the 
impeller to the sump, from where the fluid is to be lifted. 
The line is laid sealed shut with the goal that there is no 
chance of development of air pockets. 

The pull pipe is furnished with a sifter at its lower end in 
order to forestall the section of strong particles in to the 
pump. The foot valve is a one-way valve situated over the 
sifter in the pull pipe. It holds the fluid upto pump pull 
before the pump is begun and forestalls reverse when the 
pump is halted. 

Conveyance line and conveyance valve: 

A conveyance pipe drives the fluid from the pump outlet 
to the mark of utilization. A controlling valve gave simply 
over the pump outlet controls the progression of fluid in to 
the conveyance pipe.  

The velocity distribution characteristic was presented, and 

the time evolution of injected dye in the channel between 

impeller and septum was obtained. The inlet fluid moved 

circumferentially along the impeller under centrifugal force, 

the central region had smaller velocity. The injected dye 

gathered into blocks near the central area, and was evenly 

distributed near the edge of the pump impellers. The 

combination of LIF and PIV was proved to be credible 

method in the research of centrifugal pump.  

The performance of the centrifugal pump drops because the 

suction of the pump does not allow a smooth flow of the 

fluid as the fluid enters the pump. The high pressure in the 

pump causes cavitation, and this is because the high 

pressure is not enough. This can result in the component of 

the pump breaking. The purpose of the project is to design a 

centrifugal pump and develop a model that can predict the 
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amount of flow required at the suction to keep the 

centrifugal pump running efficiently. Suitable material was 

chosen based on application criteria. For most water and 

other noncorrosive services, grey cast iron material satisfies 

these criteria for the impeller and the casing of the pump 

[8]. 

Motor current signature analysis (MCSA) is an important, 

reliable and non-invasive technique for monitoring rotation 

machines. Spectrum analysis is a common way to 

implement MCSA, which allows large faults such as severe 

mechanical imbalance to be extracted successfully, but is 

often ineffective in the detection of incipient faults such as 

supporting bearings from motor drive systems because of 

noise and nonlinear interferences [12].      

II. LITERATURE SURVEY 

F. Elida et al.,[1] This work revolves around the idea of 

design and analysis of centrifugal pump for performance 

enhancement within the pump specifications. Design and 

simulation were conducted using ANSYS CFX, using the 

Navier-Stokes equation. Shear Stress Transport (SST) was 

chosen for turbulence model for this project. From the 

simulation results, it can be observed that as the rotation 

speed of the impeller increases, the pressure within the 

impeller increases. The pressure increases gradually from 

impeller inlet to impeller outlet. It can also be observed that 

the efficiency of the impeller increases as the rotation speed 

increases. As a result, the performance of the impeller 

increases as the efficiency increases. Performance of the 

impellers was compared based on inlet and outlet power, 

impeller efficiency, pressure distribution, and static head 

pressure produced. 

T. Qilong et al.,[2] The aero fuel pump is a significant 

accessory for aircraft fuel system. To enhance the anti-

cavitation capability of the pump and reduce hydraulic loss, 

the work try to combine the inducer and impeller. Three 

centrifugal pump combination impellers were designed with 

different wrap angle. The impact of the wrap angle on the 

pump hydraulic performance was numerically performed 

and analyzed by using a computational fluid dynamics code 

based on the Realizable k-ε turbulence model, in which the 

influence of rotation and curvature are considered. The 

simulation results predicted indicate that the inducer and 

impeller combination can increase the hydraulic efficiency. 

In addition, this combination can reduce the inlet flow rate 

and increase the inlet pressure, enhance the anti-cavitation 

capability of the centrifugal pump. As the wrap angle 

increases, the pump pressurization values and efficiency 

increases first and then decreases. In addition, the maximum 

hydraulic efficiency point gradually shifts to a smaller flow 

rate. Therefore, it can be inferred that when the impeller 

parameters are basically determined, there must be an 

optimal blade wrap angle. Furthermore, current study new 

impeller form for further study of design of aero fuel 

centrifugal pumps. 

Q. Zhang et al.,[3] The visual experimental system for the 

centrifugal pump was established. The mock centrifugal 

pump with six curving semi-open impellers was 

manufactured by polymethyl methacrylate. The flow 

characteristics inside the mock centrifugal pump was 

studied by the combination of laser induced fluorescence 

(LIF) and particle image velocimetry (PIV). The polyamide 

resin particles were dissolved into the fluid of the circulation 

for PIV analysis, and fluorescent dye rhodamine B was 

head-on injected to the impellers for LIF analysis. The front 

plane of the impellers was covered by Nd: YAG laser sheet, 

one CCD camera collected the reflected laser light from the 

particles. Synchronously, another camera collected the 

fluorescence of rhodamine B.  

P. Puentener et al.,[4] Goal: The importance of the main 

impeller design parameters in bearingless centrifugal pumps 

with respect to hemolysis for cardiopulmonary bypass 

(CPB) and extracorporeal membrane oxygenation (ECMO) 

applications are studied in this work. Methods: Impeller 

prototypes were designed based on theoretical principles. 

They were manufactured and their hydraulic and hemolytic 

performance were analyzed experimentally. The cell 

compatibility is benchmarked against commercially 

available centrifugal blood pumps BPX-80 (Medtronic) and 

FloPump 32 (International Biophysics Corporation). 

Results: The developed prototypes outperform the BPX-80 

and FloPump 32 with regard to hemocompatibility by more 

than a factor of 4.5. The implemented pump features 

reduced overall and priming volumes. A significant 

improvement of the cell compatibility is achieved by 

increasing the radial gap between the impeller and the pump 

head. The blade should be sufficiently high and a blade 

outlet angle of 90° provides favorable performance. No 

correlation between the hydraulic and hemolytic 

performance is observed. Conclusions: This work identified 

the most important geometrical parameters of the impeller 

for blood pumps with respect to cell compatibility. This 

provides valuable design guidelines for improving existing 

pumps. 

Z. Wang et al.,[5] For large flow rates, double-suction 

centrifugal pumps are widely used in agricultural irrigation. 

The effects of the flow rate and silt content on the vibration 

characteristics of these pumps have not been extensively 

investigated. This study conducted an experiment to obtain 

the vibration signals on a pump bearing housing. The flow 

rates ranged from 0% to 150% of the design flow rate (Qd), 

and the silt concentration ranged from 0 kg/m 3 to10 kg/m 3 

. The vibrations in the axial direction were higher than those 

in the horizontal and vertical directions at each flow rate. At 

zero flow rate, the axial vibration increased by 190% 

compared with that at Q d . Compared with those of the pure 
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water condition, the axial vibrations were lower at the low 

and design flow rates owing to the presence of silt, and then 

increased with the silt concentration, and this may be the 

combined contribution of silt restricting turbulence and 

uneven silt distribution in the impeller. The results can be 

useful as a reference in the design and operation of double-

suction centrifugal pumps used in silt-laden water. 

M. Ali et al.,[6] This work aims to provide a numerical 

method approach to centrifugal pump manufacturers in 

Pakistan. Nowadays Computational fluid dynamics (CFD) 

is widely used to investigate the flow through 

turbomachines. In this research, centrifugal pump impeller 

of low specific speed ( Nq=10.5) is numerically investigated 

to study the flow phenomena and achieve better hydraulic 

performance through parametric analysis. The shear stress 

transport (SST) turbulence model is employed to solve 3-D 

steady RANS equations using CFD solver CFX (ANSYS). 

The volute hydraulic losses are calculated by loss 

coefficients predicted using Engineering Equation Solver 

(EES) program. The CFD results show the trend validated 

with the test data. Two design parameters blade wrap angle 

and outlet blade angle are considered as design parameter 

which greatly affect the hydraulic performance (head and 

efficiency). Additionally, a three-dimensional Rayleigh-

Plesset model is also applied to investigate the cavitation 

(two-phase) flow inside the pump. The inlet blade angle is 

chosen as a design parameter to resist the cavitating flow 

inside the pump. 

B. Bohn et al.,[7] A sensing concept for quantifying the 

performance of centrifugal pumps is proposed herein. The 

system uniquely combines three measurement approaches: 

thermodynamic efficiency monitoring, vibration monitoring, 

and dynamic fluid pressure analysis. The instrumentation 

comprises five conventional sensors; two pressure 

transducers, two temperature sensors, and an accelerometer. 

Pressure and temperature measurements are collected at the 

pump intake and discharge, and vibration data is collected 

on the axial face of the pump volute. This study discusses 

the theoretical basis of the proposed system and puts forth a 

method intended to quantify thermal efficiency, the extent 

of impeller wear, and the presence of cavitation, vortexing, 

or flow recirculation. In practice, the proposed sensor 

system could be employed as a static installation or a 

portable tool. The sensing approach is suitable for a variety 

of pump configurations, fluid compositions, and operating 

conditions. 

D. V. V Kallon et al.,[8] Design constraints and limitations 

were identified. Boundary conditions were selected. Design 

of the pump assembly was done on SolidWorks. Results 

obtained from SolidWorks were interpreted and simulated in 

ANSYS to determine high stress points and deformation. 

Different suction diameter sizes were used to simulate, the 

sizes were 55mm, 65mm and 75mm. Theoretical 

calculations were done and the results were compared with 

the results obtained from ANSYS. From all the results, it is 

found that an increase in suction diameter size can help limit 

cavitation and pump failure. 

A. Daraz et al.,[9] The impeller is one of the main 

mechanical rotating components in a centrifugal pump 

which contains vanes at the middle between two faces often 

called as a closed impeller. Basically, the plain vane leads to 

the edge square to the back shroud. The impeller in the 

pump needs more attention as the mechanical wear can 

cause severe damage reducing the lifetime and efficiency of 

the pump significantly. In this work impeller wear of 

centrifugal pump is investigated based on the acoustic 

mechanism under different flow rates. A little wear that 

appears in the area of impeller inlet rapidly increases with 

the rise in peripheral velocity. The area where the impact 

velocity is below the critical value is known as the uniform 

corrosive wear area and it grows with the increase of the 

impeller velocity. In fact, the wear mechanisms are different 

from one area to another; it is larger when the tangential 

component to the impact velocity is high which is 

responsible for the failure mode in the impeller. Based on 

this comprehension, the modulated signal bispectrum 

(MSB) analysis has been used for extracting the incipient 

fault signatures with its unique capability of noise reduction 

along with the modulated the signals. The result from the 

experimental process shows the diagnostic features 

developed by modulated signal bispectrum process can 

diagnose the impeller wear in an early stage. Moreover, the 

MSB analysis of acoustic signals and their spectrum 

provides a good attestation of full separation between 

healthy and faulty conditions under different flow rates. 

M. B. Hossain et al.,[10] Solar tracking system is a 

paramount component for utilizing the full potential of the 

solar system. Single axis and dual axis tracking system are 

available to be used with a solar panel. Both of them along 

with a fixed tilt system was implemented and evaluated 

based on their performance. The load was selected to be a 

DC submersible centrifugal fuel pump commonly used for 

fuel refilling purpose. The impeller of the fuel pump was 

modified for better results. For the fixed-tilt system, 

maximum power achieved at no load condition was 18.83 

W and at full load it reached 12.9 W. For single axis 

tracking system, no load condition wielded 27.48 W and full 

load condition wielded 15.36 W. The dual axis tracking 

system leads to a maximum power of 27.72 W and 15.5 W 

for no load and full load condition respectively. The 12 V 

DC pump was able to pump 11 liters of petrol per minute 

for the dual-axis tracking system. 

B. Bohn et al.,[11] A magnetic sensor is designed and 

fabricated that allows for impeller blade wear measurement 

while a centrifugal pump is in operation. The sensor can be 

installed on existing pumps and does not require structural 
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modification. Over time, as the pump impeller erodes, the 

gap between the impeller and the pump side plate increases 

from an unworn width of 0.65 to 2.50 mm, the maximum 

allowable wear on the testbed pump used for experimental 

validation. The extent of the impeller wear is determined by 

measuring over time the change in the reluctance of a 

magnetic circuit passing through the eroding area. The 

sensor flux guide mechanism has a relative magnetic 

permeability of 10000. Flux through the circuit is driven by 

an inductive coil excited with a 1.0 V AC voltage signal at 

70 Hz. As wear occurs, the impeller gap grows and the total 

reluctance of the magnetic circuit increases, which causes 

the peak inductance of the coil to drop. Trial data is 

collected at sampling frequencies up to 500 kHz and then 

assessed in the frequency domain using fast Fourier 

transform (FFT). The amplitude of the FFT signal at the 

pump's rotational frequency is then considered to estimate 

wear. Sampling data for 1 s at 500 kHz, the sensor 

demonstrates a maximum signal-to-noise ratio of 17.8 dB 

with an average sensitivity of 0.022 mV/mm and a 

resolution of 0.38 mm. 

S. Alabied et al.,[12] To improve the performance of 

MSCA, this work exploits the use of Empirical Mode 

Decomposition (EMD) method as an advanced tool to 

process motor current signals for noise reduction and 

nonlinear signature enhancement. The nonlinear 

demodulation property of EMD is firstly reviewed in 

association with the motor current signal models with fault 

cases. Then EMD is applied to signals from different fault 

cases from a centrifuge pump system to verify its 

performances in extracting the fault signatures for 

separating different faults. In conjunction with the envelope 

spectrum of separated intrinsic mode function (IMF), it 

shows that the proposed EMD based approach produces a 

better result in diagnosing common pump faults: small 

defects on impeller and bearings, which cannot be separated 

based on spectrum analysis.  

III. CHALLENGES 

 

There are some difficulties faced in centrifugal pumps 

 Difficulty of filling pump with water. 

 Decrease in pump capacity and pump head. 

 Overload of motor. 

 Large leakage from mechanical seal and 
abnormal wear of the sealing parts. 

 Overloading and short life of bearings. 

 Large noises. 

 Heavy vibration. 

 Overheating or seizing. 

Design steps for radial and mixed-flow impellers- 

 Calculation of the impeller main dimensions: hub 
diameter, suction diameter, outlet width, impeller 
diameter. 

 Application of internal or user-defined 
approximation functions to define impeller 
parameters. 

 1D calculation for all important thermodynamic 
values. 

IV. CONCLUSION 

Matching a centrifugal pump to a system means making 
sure to consider some important factors. These include the 
flow rate, the system design, the amount of resistance in the 
system and the system curve. The pump has to be the right 
size for the system. This paper studies about the design and 
challenges of centrifugal pump. 
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