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Abstract: Centrifugal pumps are widely used for 

irrigation, water supply plants, steam power 

plants, sewage, oil refineries, chemical plants, 

hydraulic power service, food processing 

factories and mines, because of their suitability in 

practically any service. Therefore it is necessary 

to find out the design parameters and working 

conditions that yield optimal output and maximum 

efficiency with lowest power consumption. Study 

indicates that Computational fluid dynamics 

(CFD) analysis is being increasingly applied in the 

design of centrifugal pumps. With the aid of the 

CFD approach, the complex internal flows in 

water pump impellers, can be well predicted, to 

speed up the pump design procedure. This paper 

exposes the various research work carried out in 

this direction especially in the content of 

parametric study and optimization of centrifugal 

pump impeller using CFD tool and DoE technique. 

Literature surveys indicate that very restricted 

work has been done in this area. 
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I. INTRODUCTION  
 
1. CENTRIFUGAL PUMP  
 
A centrifugal pump consists of set of rotating vanes 

called as impellers which are enclosed in housing called 

as casing. Due to rotation of impeller the fluid from inner 

radius moves towards the outer radius during this, 

suction is created at the eye of the impeller. Therefore, 

continuous lifting of fluid from sump to the pump is 

carried out and kinetic energy is converted into pressure 

energy and head is developed from the fluid coming out 

from delivery pipe. 
 
The increased popularity of centrifugal pumps is due 

to largely to the comparatively recent development of 

 
high speed electric motors, steam turbines and 

internal combustion engines. The centrifugal pump 

is a relatively high speed machine and the 

development of high speed drivers has made 

possible the development of compact, efficient 

pumps. Research and development has resulted in 

both improved performance and new materials of 

construction that have greatly expanded its field of 

applicability. It is not uncommon today to find 

efficiencies of 93%+ for large pumps and better 

than 50% for small fractional horsepower units. 
 
The mechanical energy is provided with the help 

of electrically operated motor which is coupled 

with the pumps. The fluid or water is operated by 

motor and is forced by the pump to desired work 

which results into hydraulic energy [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. working principle of centrifugal pump 
 
As we are aware of centrifugal pump that these are 

hydrodynamic machines in which rotating impeller 

continuously transmits mechanical work from driving 

machine to fluid. The kinetic energy is converted into 

potential pressure energy. So it is necessary that to be 
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concentrated on the design and development of 

impellers as well as volute casing used in pumps. The 

centrifugal pump is a member of family known as 

rotary machine consists of two basic parts 1.The 

rotary element or impeller.2.The stationary element or 

casing (volute). A centrifugal pump delivers useful 

energy to the fluid on pumpage largely through 

velocity changes that occur as this fluid flows through 

the impeller and the associated fixed passage ways of 

the pump. It is converting of mechanical energy to 

hydraulic energy of the handling fluid to get it to a 

required place or height by the centrifugal force of the 

impeller blade. The input power of centrifugal pump is 

the mechanical energy and such as electrical motor of 

the drive shaft driven by the prime mover or small 

engine. The output energy is hydraulic energy of the 

fluid being raised or carried. In a centrifugal pump, the 

liquid is forced by atmospheric or other pressure into 

a set of rotating vanes. A centrifugal pump consists of 

a set of rotation vanes enclosed within a housing or 

casing that is used to impart energy to a fluid through 

centrifugal force. A pump transfer mechanical energy 

from some external source to the liquid flowing 

through it and losses occur in any energy conversion 

process. The energy transferred is predicted by the 

Euler Equation. The energy transfer quantities are 

losses between fluid power and mechanical power of 

the impeller or runner. Thus, centrifugal pump may be 

taken losses of energy. 
 
 
1.2. COMPUTATIONAL FLUID DYNAMICS 
(CFD) 
 
Computational Fluid Dynamics is very useful for 

predicting pump performance at various rotational 

speeds. With the help of numerical simulation 

mechanical behavior can be analyzed. The 

prediction of behavior in a given physical situation 

consists of the values of the relevant variables 

governing the processes.CFD provides a cost-

effective and accurate alternative to scale model 

testing with variations on the simulation being 

performed quickly offering obvious advantages. 
 
CFD applies numerical methods (called 

discretization) to develop approximations of the 

governing equations of fluid mechanics in the 

fluid region of interest. 

 
Computational Fluid Dynamics usually abbreviated as 

CFD, is a branch of fluid mechanics uses numerical 

methods and algorithms to solve and analyze 

problems that involve fluid flow. Computers are used 

to perform the calculations required to simulate the 

interaction of liquids and gases with surfaces defined 

by boundary conditions. Computational techniques 

replace the governing partial differential equations 

with algebraic equations that are much easier to solve 

using computer. 
 
1.3. Design of experiments (DOE) 
 
Design of experiments (DOE) or experimental design 

is the design of any information-gathering exercises 

where variation is present, whether under the full 

control of the experimenter or not. However, in 

statistics, these terms are usually used for controlled 

experiments. Formal planned experimentation is often 

used in evaluating physical objects, chemical 

formulations, structures, components, and materials. 

Other types of study, and their design, are discussed 

in the articles on computer experiments, opinion polls 

and statistical surveys (which are types of 

observational study), natural experiments and quasi-

experiments (for example, quasi-experimental 

design). See Experiment for the distinction between 

these types of experiments or studies. In the design of 

experiments, the experimenter is often interested in 

the effect of some process or intervention (the 

"treatment") on some objects (the "experimental 

units"), which may be people, parts of people, groups 

of people, plants, animals, etc. DOE is thus a 

discipline that has very broad application across all 

the natural and social sciences and engineering. 
 

II. LITERATURE 
 
Mitesh Daxini et. al. [2017] [1] the application of 

superconducting magnets at liquid helium 

temperature needs circulation of supercritical helium 

(SHe) to remove heat loads of magnet system and 

maintain the magnet at low temperature. Design of 

this pump involves, vacuum, low temperature and 

high density SHe. All these involvements make the 

design of pump different than that for conventional 

pumps used at room temperature. 
 
Anirudha S. Bhosale et. al. [2017] [2] Study 

indicates that Computational fluid dynamics (CFD) 
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analysis is being increasingly applied in the design 

of centrifugal pumps. Various parameters affect the 

pump performance and energy consumption. The 

impeller material, blade angle and the blade 

number are the most critical. Therefore it is 

necessary for development in the impeller so we 

can improve the performance of pump. 
 
S. Mayakannan et. al. [2016] [3] The objective of 

this paper is to be design the impeller for a 

centrifugal caustic slurry pump to increase its 

power and efficiency, and showing the advantage 

of designing parameters (six blade turbine ,design 

changes from impeller) comparing with the old 

material of a TURBINE. An investigation in to 

usage of new materials is required. In the present 

work impeller was designed with two different 

materials. The investigation can be done by using 

SOLIDWORKS and ANSYS WORK BENCH 

software. The SOLIDWORKS is used for modeling 

the impeller and analysis is done. 
 
Shantanu Roy et. al. [2016] [4] Some of researchers 

studies on the effect of blade trailing edge angle on 

the performance of a centrifugal pump having long 

been investigated with experimentally and 

theoretically. Then the study can be applied to 

establish the correlation between the pump 

characteristics and efficiency numerically. 
 
Nilesh Nemgonda Patil [2015] [5] Nowadays, the 

centrifugal pumps became very popular because of 

recent development of high speed electric motors, 

steam turbines etc. Centrifugal pumps can be single-

stage or may be multistage pumps. It depends upon 

the number of impellers used in the pump. Single 

stage pump consists of only one impeller while in 

multistage pumps the impellers are mounted in the 

series in pumps. These Centrifugal pumps can be 

analyzed by software code like Computational Fluid 

Dynamics (CFD).This CFD tool or code helps to 

optimize the pump performance. 
 
Chetan Kallappa Tambake et. al. [2015] [6] This 

paper deals with design of monoblock centrifugal 

pump. The different parameters of pump impeller 

are impeller inlet and outlet diameter, blade angles 

and blade numbers but one of the most critical 

parameter is Impeller blade angles. 
 
Ajith M S et. al. [2015] [7] In this study, 

Computational Fluid Dynamics (CFD) approach was 

 
suggested to investigate the flow in the centrifugal 

pump impeller using the Ansys Fluent. Impeller is 

designed for the head (H) 70 m; discharge (Q) 80 

L/sec; and speed (N) 1400 rpm. Impeller vane 

profile was generated by circular arc method and 

point by point method and CFD analysis was 

performed for the impeller vane profile. 
 
MOHAMED SALEM et. al. [2015] [8] Various 

parameters affect the pump performance. The 

impeller outlet diameter, the blade angle, the 

blade number and casing are the most critical. In 

this study, experimental and numerical 

investigations are carried out for two impellers 

different in diameter with the same casing. 
 
Sung Kim et. al. [2015] [9] describe a numerical 

study about the performance improvement of a 

mixed-flow pump by optimizing the design of the 

impeller and diffuser using a commercial 

computational fluid dynamics (CFD) code and 

design-of-experiments (DOE). In comparing the 

results of the numerical analysis and the 

experiment with the optimally designed mixed flow 

pump, the Ht and ηt designed pump was proved 

using a pump performance test. 
 
Huang Ren Fang et. al. [2015] [10] A modified 

NSGA-II algorithm coupled with a dynamic crowding 

distance (DCD) method is proposed for the multi-

objective optimization of a mixed flow pump impeller. 

After optimization, velocity gradients on the suction 

surface are smoother and flow separations are 

eliminated at the blade inlet part. 
 
Vijaypratap R Singh et. al. [2014] [11] 

Centrifugal pumps are widely used for irrigation, 

water supply plants, steam power plants, 

sewage, oil refineries, chemical plants, hydraulic 

power service, food processing factories and 

mines, because of their suitability in practically 

any service. Therefore it is necessary to find out 

the design parameters and working conditions 

that yield optimal output and maximum efficiency 

with lowest power consumption. 
 

III. RESEARCH MOTIVATION 
 
The maximum working efficiency of all the pumps is 

less, and a lot of energy is wasted as a result of this. 

Large quantum of energy can be saved by way of 

increasing the efficiency of these pumps. With the 
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advances in computer technology and more in-depth 

understanding of unsteady flow phenomenon, it is 

now feasible to carry out numerical calculations to 

investigate the flow phenomenon within pumps in an 

economic way and a reasonable time. 
 

Conventionally, many aspects of the design of 

impeller are based on empirical formulae 

derived from experience and thumb rules. 

Therefore, studying the parameters scientifically 

will serve the dual purpose of increasing the 

efficiency and also establishing a scientific 

method of designing the impeller. 
 

IV. SCOPE OF THE WORK 
 

Flow through the pump have adverse pressure 

gradient hence pump efficiency will be lower than 

the turbine. so by studying the flow pattern inside 

the pump and varying the critical parameters 

efficiency of the pump can be improved. 
 

V. CONCLUSION 
 

The Hydraulic design of the impeller can be 

optimized by means of trial and error methods or 

by means changing the input design of impeller. 

From the CFD results mechanical behavior of 

impeller parts with various parameters like velocity 

contours can be predicted and the optimum design 

will be manufactured and is to be used. 
 

REFERENCES 
 
[1]. Mitesh Daxini, A.K.Sahu, Dr. S. M. Mehta, “Review 

on Design of Centrifugal pump for supercritical   
Helium”, © 2017 IJEDR | Volume 5, Issue 1 | ISSN:  

2321-9939.   
[2]. Anirudha  S.  Bhosale  and  P.  N.  Gore,  “A  Review   

Paper   on   Improvement   of   Impeller   Design   a   
Centrifugal Pump using FEM and CFD”, IJIRST –  

 
International Journal for Innovative Research in 
Science & Technology| Volume 4 | Issue 4 | 
September 2017 ISSN (online): 2349-6010.   

[3]. S.  Mayakannan,  V.  Jeevabharathi,  R.  Mani,  M.   
Muthuraj, “DESIGN AND ANALYSIS OF IMPELLER 
FOR CENTRIFUGAL PUMP”, IJARIIE   
Vol-2 Issue-1 2016, ISSN(O)-2395-4396.   

[4]. Shantanu  Roy,  Abhay  Kakirde,  Suman  Sharma,  

“DESIGN  OPTIMIZATION  OF  CENTRIFUGAL   
PUMP IMPELLER BY VARYING BLADE ANGLE-   
A REVIEW”, IJAET March 2016, Vol-3 No.-2, 
ISSN: 2395-3594.   

[5]. Mr. Nilesh Nemgonda Patil, “A REVIEW PAPER ON  

DEVELOPMENT OF IMPELLER OF   
CENTRIFUGAL PUMP USING 

 
COMPUTATIONAL FLUID DYNAMICS”, [Nilesh,  
4(9):  September,  2015]  ISSN:  2277-9655  (I2OR),  
Publication Impact Factor: 3.785.  

[6]. Mr. Chetan Kallappa Tambake, Prof. P. V. Salunke,   
“Design of Monoblock Centrifugal Pump Impeller”,   
IJMEIT, Vol. 3 Issue 3, March 2015, Page No: 
1074-1079, ISSN-2348-196x.   

[7]. Ajith  M  S,  Dr  Jeoju  M  Issac,  “DESIGN  AND   
ANALYSIS OF CENTRIFUGAL PUMP IMPELLER   
USING ANSYS FLUENT”, IJSETR, Volume 4, Issue  
10, October 2015.  

[8]. MOHAMED  SALEM,  TAREK  A.  MEAKHAIL,   
IBRAHIM SHAFIE, “Effect of Impeller Diameter on 
the Flow Characteristics of a Centrifugal Pump”,   
Proceedings of the 4th World Conference on 
Applied Sciences, Engineering and Technology 24-
26 October 2015, Kumamoto University, Japan, 
ISBN 13: 978-81-930222-1-4, pp 129-137.   

[9]. Sung Kim, Kyoung-Yong Lee, Joon-Hyung Kim, Jin-
Hyuk Kim, Uk-Hee Jung and Young-Seok Choi,   
“High performance hydraulic design techniques of 
mixed-flow pump impeller and diffuser”, Journal of   
Mechanical Science and Technology 29 (1) 
(2015) 227~240, springer.  

[10]. Huang R F, Luo X W, Ji B, et al. Multi-objective 
optimization of a mixed-flow pump impeller using 
modified NSGA-II algorithm. Sci China Tech Sci, 
2015, doi: 10.1007/s11431-015-5865-5.   

[11]. Vijaypratap  R  Singh,  M  J  Zinzuvadia,  Saurin  M.   
Sheth, “Parametric Study and Design Optimization of   
Centrifugal Pump Impeller-A Review” ISSN : 
2248-9622, Vol. 4, Issue 1( Version 4), January 
2014, pp.45-49.   

[12]. R. Ragoth Singh, M. Nataraj, “Design and analysis 
of pump impeller using SWFS”, ISSN 1 746-7233, 
England, UK Vol. 10 (2014) No. 2, pp. 152-160.   

[13]. Xin  Zhou,  Yongxue  Zhang,  Zhongli  Ji,  and Hucan  
 

Hou, “The Optimal Hydraulic Design of Centrifugal 
Impeller Using Genetic Algorithm with BVF”,  

 
International Journal of Rotating Machinery 
Volume 2014, Article ID 845302, 14 pages.   

[14]. Yu Zhang, Sanbao Hu, Yunqing Zhang and Liping   
Chen, “Optimization and Analysis of Centrifugal 
Pump considering Fluid-Structure Interaction”,  

 
Hindawi Publishing Corporation The Scientific World 
Journal Volume 2014, Article ID 131802, 9 pages.   

[15]. Ashish  Bowade,  Charu  Parashar,  “A  Review  of   
Different  Blade  Design  Methods  for  Radial  Flow   
Centrifugal Pump” IJSER ISSN (Online): 2347-
3878, Impact Factor (2014): 3.05.   

[16]. Ran Tao, Ruofu Xiao,Wei Yang, and Fujun Wang, “A   
Comparative Assessment of Spalart-Shur 
Rotation/Curvature Correction in RANS Simulations 
in a Centrifugal Pump Impeller”, Mathematical  

 
Problems in Engineering Volume 2014, Article ID 
342905.  

 
[17]. SHI Weidong, ZHOU Ling, LU Weigang, PEI 

Bing, and LANG Tao “Numerical Prediction and   
Performance  xperiment  in  a  Deepwell  Centrifugal  

 
4 



IJOSTHE 
 

ISSN: 2349-0772 | Volume IV Issue IV December 
2017 www.ijosthe.com 

 
Pump with Different Impeller Outlet Width” Chinese 
Journal Of Mechanical Engineering vol. 26 *2013.  

[18]. M. Nataraj and R. Ragoth singh, “Analyzing pump 
impeller for performance evaluation using RSM and   
CFD”,  Desalination  and  Water  Treatment,  DOI:  
10.1080/19443994.2013.818924.  

 
[19]. S R Shah, S V Jain , R N Patel , V J Lakhera, “CFD 

for centrifugal pumps: a review of the state-of-the-
art”, Procedia Engineering 51 (2013) 715–720.  

[20]. K.M.   Pandey,   A.P.   Singh,   Sujoy   Chakraborty   
“Numerical Studies      On      Effects      Of 
BladeNumberVariations On erformance    Of  
Centrifugal Pumps   At   2500   Rpm”   Journal   of  
Environmental Research And Development Vol. 
6 No. 3A, Jan-March 2012.  

[21]. R.  Ragoth  Singh  &  M.  Nataraj,  “Parametric  Study   
And Optimization Of Centrifugal Pump Impeller By 
Varying The Design Parameter Using Computational 
Fluid Dynamics: Part-I” Journal Of Mechanical And  
Production Engineering (Jmpe) 2012 Issn 2278-3512.  

[22]. R. Ragoth Singh & M. Nataraj, “Optimizing Impeller   
Geometry For Performance Enhancement Of A 
Centrifugal Blower UsingThe Taguchi Quality   
Concept” International Journal of Engineering 
Science and Technology (IJEST) ISSN : 0975-
5462 Vol. 4 No.10 October 2012.   

[23]. Ashok Thummar, Vijay F. Pipalia, Tushar V. Javiya   
“Experimental Investigation Of Open Well Centrifugal 

Pump Performance” International Journal   
Of Advanced Research In Science, Engineering And 
Technology, 2012, Vol.01, Issue 03, Pp. 01-08.   

[24]. J H Kim, K T Oh, K B Pyun, C K Kim, Y S Choi and   
J Y Yoon, “Design optimization of a centrifugal 
pump impeller and volute using computational 
fluid dynamics”, IOP Conf. Series: Earth and   
Environmental Science 15 (2012) 032025.   

[25]. S.Chakraborty and K.M.Pandey “Numerical 
Studies on Effects of Blade Number Variations on   
Performance  of  Centrifugal  Pumps  at  4000  RPM”   
IACSIT International Journal of Engineering and 
Technology, Vol.3, No.4, August 2011.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 


