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Abstract - The layout of a centrifugal impeller needs to 
yield blades that are aerodynamically efficient, smooth to 
fabricate, and mechanically sound. The blade layout method 
defined here satisfies the primary two criteria and, with an 
appropriate choice of individual variables, can even satisfy 
stress considerations. The blade shape is generated with the 
aid of specifying surface pace distributions and includes 
straight-line elements that join points at hub and shroud. 
The technique can be used to layout radially elements and 
backward-swept blades. The history, a brief account of the 
idea, and sample design are described in this paper. We may 
be going to use the MATLAB software for Pump designing. 
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1.INTRODUCTION 
 

In order to perform a finite element evaluation, the 
model we are the usage of having to be divided into 
several small pieces known as finite elements. Since the 
model is split into some of the discrete components, FEA 
may be defined as a discretization approach. In smooth 
terms, a mathematical internet or "mesh" is needed to 
perform a finite detail evaluation. If the machine 
underneath investigation is 1D in nature, we can also use 
line elements to symbolize our geometry and to carry out 
our analysis. If the hassle may be described in dimensions, 
then a 2D mesh is needed. 

 
Correspondingly, if the trouble is complicated and a 3-D 

representation of the continuum is needed, then we use a 
3-D mesh. Area elements may be triangular or 
quadrilateral in form. The choice of the element form and 
order is based on issues refer- ring to the complexity of 
the geometry and the individual of the hassle being 
modeled. Membrane factors do not have any thickness. As 
an impact, they do not have any bending stiff- ness; loads 
can handiest within the detailed plane. Plate & shell 
elements are used to model thin-walled regions in the 3-D 
area. The plate element is formulated spherical plate 
precept, which assumes that the burden is carried through 
bending. Shell elements are used to version shells, where 
there may be a combi- nation of flexure and membrane 
movement. 

A centrifugal pump is a not dynamic pump that uses a 
rotating impeller to boom the pressure of a fluid. 
Centrifugal pumps are extra often than not used to 
transport beverages through a piping system. The fluid 
enters the pump impeller on or nearly the rotating axis. It 
is extended through the impeller, flowing radially outward 
right into a diffuser or volute chamber, from 

  
wherein it exits into the downstream piping gadget. Its 

purpose is to convert the power of a high-fee mover (a 
motor or turbine) first into charge or kinetic energy then 
into strain strength of fluid; this is being pumped. 
Centrifugal pumps are used for massive discharge through 
smaller heads. Centrifugal pumps convert mechanical 
electricity from a motor to the energy of    a moving fluid, 
some of the strength is going into mechanical power of 
fluid movement, and some into capability strength, 
represented by way of fluid pressure or by way of lifting 
the fluid against gravity to a better diploma. In this 
venture analysis on MS and SS, the pump impeller is done 
as a way to optimize the power of the centrifugal pump, 
and this gives the static and Modal assessment of MS and 
SS Pump Impeller to test the energy of the pump and 
vibrations produced via the pump. On doing the static and 
modal assessment of pump impeller, it is far easy that the 
most deflection brought on in metal pump fan, it is within 
secure limits. 

The most added pressure for the same cloth is a lot less 
than the allowable strain. It is working stress by using 
considering the thing of protection. Hence the format is 
safe primarily based on electricity. If we study the 
corresponding deformation of the fabric SS on results MS 
cloth, SS having minimum deformation, consequently, 
there are fewer possibilities of failure of the pump fan as 
the study to MS materials. The power of the pump gets 
elevated because of the SS material. Through reading the 
calculation effects, the purpose of why the flow charge of 
this pump cannot attain to the layout requirements 
changed into discovered out. After changing the impeller, a 
new pump impeller becomes optimally designed. The 
numerical simulation effects show that the hydraulic 
performance of the newly designed impeller of the 
combined glide pump had been improved, and the 
engineering requirements of the were glad. The casings of 
centrifugal pumps usually are the product of a volute shell 
with two ports for supplying and removing the pumped 
fluid. The pump is divided alongside its peripheral volute 
route into regions with excessive and coffee flow capacity. 
The go area of the volute passage of pump 
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casings at the periphery of the impeller is determined from 
flow potential and on the premise of technological 
concerns, whereas, the wall has a regular thick- ness. It 
should be borne in mind that the geometry of casings 
differs in details with pump type, the number of degrees, 
suction and discharge positions, and other parameters. 

2. CONCEPT 
 
Calculate bending stress for pair identical spur gear with 
following data. 

 

Fig. 2. Section view of Centrifugal Pump 

In order to perform a finite element assessment, the 
version we are using should be divided into some of the 
small pieces called finite factors. Since the version is split 
into some of the discrete elements, FEA may be defined as a 
discretization approach. In easy terms, a mathematical net 
or "mesh" is required to carry out a finite detail evaluation. 
If the gadget below research is 1D in nature, we may 
additionally use line factors to symbolize our geometry and 

to carry out our analysis. If the hassle can be defined in 
dimensions, then a 2D mesh is needed. Correspondingly, if 
the hassle is complicated and a 3D example of the 
continuum is required, then we use a 3-D mesh. Area 
factors can be triangular or quadrilateral in form. The 
selection of the detail form and order is primarily based 
mostly on issues regarding the complexity of the geometry 
and the character of the problem being modeled. 
Membrane elements do not have any thickness. 

As a result, they do not have any bending stiffness; 
loads can simplest be carried in the element plane. Plate & 
shell factors are used to version skinny walled regions in 3-
d location. The plate detail is formulated around plate 
precept, which assumes that the burden is carried via 
bending. Shell factors are used to model shells, and 
wherein there may be the aggregate of flexure & 
membrane motion. Plate elements are considered relevant 
wherein the out of plane distortion is a little more 
significant than the plate thickness. There also are unique 
elements, which facilitate the accurate modeling of thick 
plates. If the deflection is more than the plate thickness, 
membrane movement needs to be considered, and so shell 
factors need for use. In-aircraft rotational freedom 
(sometimes referred to as the drilling freedom). Solid 
elements are to be had differing types. Axis symmetric 
elements are used to explain the pass-phase of an axially 
symmetric factor. Plane stress. Factors are used to explain 
segment of long objects (which include a shaft or wall 
cross-phase). The strain inside the out-of-plane course is 
taken to be 0, reflecting the idea that the strain is in a single 
Plane pressure element that is used to explain sections of 
skinny objects (consisting of a wrench). The strain within 
the out-of-plane direction is taken to be zero, reflecting the 
idea that the strain is in one aircraft. Centrifugal pump is a 
rot electric pump that makes use of   a rotating impeller to 
boom the stress of a fluid. Centrifugal pumps are typically 
used to transport drinks through a piping machine. The 
fluid enters the pump along or near to the rotating axis and 
is expanded by using the impeller, flowing radially outward 
right into a diffuser or volute chamber (casing), from 
where it exits into the downstream piping machine. Its 

Fig. 1. Pump System centrifugal pump 
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purpose is to transform electricity of a prime mover (an 
electric motor or turbine) first into velocity or kinetic 
electricity after which into the stress power of fluid this is 
being pumped. Centrifugal pumps are used for the massive 
output of water through comparatively smaller heads, 
which help to convert mechanical energy from a motor to 
the power of a transferring fluid inside the centrifugal 
pump; some of the strength goes into kinetic power of fluid 
motion, and some into capacity strength, represented 
utilizing a fluid strain or by using lifting the fluid towards 
gravity to a higher degree. The transfer of power from the 
mechanical rotation of the impeller to the movement and 
stress of the fluid is generally described in terms of 
centrifugal force, especially in older resources written 
earlier than the modern-day concept of centrifugal force as 
a fictitious force in a rotating reference body became well-
articulated. The idea of centrifugal force is not merely 
required to describe the movement of the pump. A detailed 
analysis of the MS & SS pump impeller is carried out for 
you to optimize the energy of the pump. The detailed 
analysis of the static modal analysis of MS & SS Pump 
Impeller to test the energy of Pump & vibrations produced 
via the pump. 

3. METHODS 

Centrifugal pump is also known as a Roto-dynamic pump 
or electric pressure pump. It works on the principle of 
centrifugal pressure. In this kind of pump, the liquid is 
subjected to whirling motion via the rotating impeller, 
which is made of some of the backward curved vanes. The 
liquid enters this impeller at its middle. The discharge then 
falls into the inclosing area or the eye and gets released 
into the casing containing the outer periphery of the 
impeller. The upward thrust within the pressure head at 
any factor/outlet of the impeller is Proportional to the 
rectangular of the tangential pace of the liquid at that point 
Hence at the hole of the impeller where the radius is more 
the rise In strain head may be more significant, and the 
liquid may be discharged at the hole with a high-pressure 
head. Due to this excessive stress head, the liquid can be 
lifted to a higher level. 

That has been broadly used in industry is the maximum 
ordinary kind of fluid equipment that transforms 
equipment electricity into fluid strain and kinetic 
electricity via impellers. A centrifugal pump, the most 
common form of pumps, has been used in industrial areas, 
such as water, sewage, drainage, and the chemical 
enterprise. Accordingly, numerous researches had been 
finished for the designs of diverse fashions of centrifugal 
pumps. Due to the desires of the enterprise, optimization 
using mechanical concepts have recently been studied, 
which will make higher performance pumps with better 
heads. An impeller, among all the additives of the pump, 
has the most significant impact on overall performance, 
seeing that fluid waft in the pump generates electricity via 
it. The specific pace is de- fined as "the rate of a perfect 
pump geo-metrically just like the real pump, which when 
walking at this speed will raise a unit of volume, in a unit of 
time through a unit of the head. 

The performance of a centrifugal pump is expressed in 
terms of pump pace, overall head, and required to go with 
the flow. This information is to be had from the pump 
producer’s published curves. The specific pace is calculated 
from the following formulas Angeles, using statistics from 
these curves at the pump’s best performance factor. 

Specific pace, 

    
 √ 

 
 
 ⁄

 

Where, 

N = The velocity of the pump in revolutions in step 
with minute (rpm.) 

Q = The flow charge in litters per minute (for both 
unmarried or double suction impellers)  

H = The overall dynamic head in meters. 

Pumps are traditionally divided into three kinds: radial 
goes with the flow, mixed drift, and axial drift. When you 
examine the above chart, you could see there is a sluggish 
trade from the radial float impeller, which develops 
pressure basically via the movement of centrifugal 
pressure, to the axial go with the flow impeller, which 
develops most of its head with the aid of the propelling or 
lifting motion of the vanes at the liquid. In the specific 
speed variety of approximately a thousand to 6000, double 
suction impellers are used as regularly because of the 
unmarried suction impellers. 

If you replace other devices for flow and head, the 
numerical cost of Ns will range. The pace is always given in 
revolutions in step with minute (rpm.). Here is a way to 
alter the Specific Speed range (Ns) if you use other devices 
for ability: 

• Q = m3/hour and 

• H = meters. 

As an example, we will make a calculation of Ns in both 
met- ric and U.S. Units: 

• Q = 120 L/sec 

• H = 100 meters 

• Speed = 1500 rpm 

A. MATERIAL PROPERTIES OF THE PUMP 

The analysis is performed on  

1. MS pump Impeller  

2. SS pump Impeller. 

1. Material properties of MS pump: 

(a) Youngs modulus, E = 210 GPa 

(b) Poissons ratio, νXY = 0.303 

(c) Mass density, ρ = 7960 kg/m3 

(d) Damping co-efficient, ζ = 0.008 
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2. Material properties of SS pump: 

(a) Yield stress 0.2 % proof minimum 170 

(b) Elastic modulus = 193 GPa 

(c) Mass density, ρ = 8000 kg/m3 

(d) Hardness B(HRB) max = 217 

(e) Elongation (%) = 40 minimum 

 

B. DESIGN CONSIDERATION 

Where, 

 Vr1  = vane inlet velocity 

 Vr2 = vane outlet velocity 

Ku = vane outlet peripheral velocity constant 

Km1 = vane inlet velocity constant 

Km2 = vane outlet velocity constant 

 

 

(a)    (b)            (c) 

Fig. 3. Different views of 3D CAD model created for the 
design analysis of the Impeller. (a) Side View, (b) Top View 

and (c) Isometric View. 

 

Fig. 4. Designed model of the Impeller using AutoCAD 3D 

 

 

 

The specific speed 

    
 √ 

 
 
 ⁄

 

Where, 

Ns = specific speed 

n = rotational speed 

Q = Capacity 

 H =head 

 

Input Power 

   
    

 
 

Fig. 5. Virtual Velocity Diagrams of Impeller (a) virtual inlet 

velocity, (b) virtual outlet velocity 

where, 

P = input power of the centrifugal pump 

ρ = density of water 

η = pump efficiency 

g = acceleration due to gravity 

H = head 

Q = capacity 

Output power of electric motor 

    
(    )   

   
 

Shaft and Hub diameters 

    √
   

  
 

 

                Dh = (1.5 ∼ 2) ds   

Where, 

ds = shaft diameter 

T = torsional moment 
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τ = shear stress 

Dh = hub diameter 

 

Shaft and Hub diameters 

    
        

 
 

    
    
  

 

    
    

  
 

Where, 

 D1 = inlet diameter 

D2 = outlet diameter 

 u1 = the peripheral velocity at the inlet 

 

 

Inlet and Outlet blade angle of the impeller 

       
  (

   
  
)   (  ) 

In this design the vane outlet angle β2 is assumed as 14 
because β2 is usually larger than β1 to obtain a smooth, 
continuous discharge. 

 

 

4. CONCLUSION 

Centrifugal pump is a tool specially used for 
transporting liquid from decrease diplomas to a higher 
level. Centrifugal pumps are notably used for irrigation, 
water supply flora, steam electricity vegetation, sewage, oil 
refineries, chemical plant life, hydraulic strength company, 
food processing factories, and mines, because of their 
suitability in nearly any provider. In pumps, mechanical 
electricity is converted into hydraulic power.  The essential 
components of the centrifugal pump are impeller and 
casing; therefore, they want  to be cautiously designed for 
higher performance of the pump. Impellers impart a radial 
and rotary movement to the liquid, which ends up in boom 
in each the strain and the kinetic strength and forcing it to 
the volute. The essential feature of the pump casing is to 
guide the liquid from the suction nozzle to the middle of 
the impeller. 

REFERENCES 

1. C.-H. Wu, “A general theory of three-dimensional flow 
in subsonic and supersonic turbomachines of axial-, radial, 
and mixed-flow types,” Tech. rep., National Aeronautics 
and Space Administration Washington DC (1952). 

2. T. OGAWA and S. MURATA, “On the flow in the 
centrifugal impeller with arbitrary aerofoil blades: 1st 
report, impeller with constant width,” Bull. JSME 17, 713–
722 (1974). 

3. Y. Krimerman and D. Adler, “The complete three-
dimensional calculation of the compressible flow field in 
turbo impellers,” J. Mech. Eng. Sci. 20, 149–158 (1978). 

4. A. J. Acosta and R. Bowerman, “An experimental study 
of centrifugal pump impellers,” Transactions ASME 79, 
1821–1839 (1957). 

5. B. Maiti, V. Seshadri, and R. Malhotra, “Analysis of 
flow through centrifugal pump impellers by finite element 
method,” Appl. scientific research 46, 105–126 (1989). 

6. B. Opelt and A. Khalifa, “Measuring the pressure 
distribution along the surfaces of the blades in a francis 
turbine runner,” Proc. Inst. Mech. Eng. 189, 213–220 
(1975). 

7. K. H. Huebner, D. L. Dewhirst, D. E. Smith, and T. G. 
Byrom, The finite element method for engineers (John Wiley 
& Sons, 2001). 

8. D. Somashekar and H. Purushothama, “Numerical 
simulation of cavitation inception on radial flow pump,” 
IOSR J. Mech. Civ. Eng. 1, 21–26 (2012). 

9. L. Houlin, W. Yong, Y. Shouqi, T. Minggao, and W. Kai, 
“Effects of blade number on characteristics of centrifugal 
pumps,” Chin. J. Mech. Eng. Ed. 6, 742 (2010). 

10. E. Bacharoudis, A. Filios, M. Mentzos, and D. 
Margaris, “Parametric study of a centrifugal pump impeller 
by varying the outlet blade angle,” The Open Mech. Eng. J. 2 
(2008). 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 06 | June 2020                  www.irjet.net                                                                    p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 2843 
 

11. S. Shah, S. Jain, and V. Lakhera, “Cfd based flow 
analysis of centrifugal pump,” in Proceedings of the 37th 
National & 4th International Conference on Fluid Mechanics 
and Fluid Power, IIT Madras, Chennai, (2010), pp. 201–209. 

12. R. Barrio, J. Fernandez, E. Blanco, and J. Parrondo, 
“Estimation of radial load in centrifugal pumps using 
computational fluid dynamics,” Eur. J. Mech. 30, 316–324 
(2011). 

13. M. Šavar, H. Kozmar, and I. Sutlovi´c, “Improving 
centrifugal pump efficiency by impeller trimming,” 
Desalination. 249, 654–659 (2009). 

14. M. Shojaeefard, M. Tahani, M. Ehghaghi, M. Fallahian, 
and M. Beglari, “Numerical study of the effects of some 
geometric characteristics of a centrifugal pump impeller 
that pumps a viscous fluid,” Comput. & Fluids 60, 61–70 
(2012). 

15. J. Li, Y. Zeng, X. Liu, and H.Wang, “Optimum design 
on impeller blade of mixed-flow pump based on cfd,” 
Procedia Eng. 31, 187–195 (2012). 

16. J. Jin, Y. Fan, W. Han, and J. Hu, “Design and analysis 
on hydraulic model of the ultra-low specific-speed 
centrifugal pump,” Procedia Eng. 31, 110–114 (2012). 

17. S. Srivastava, A. K. Roy, and K. Kumar, “Design of a 
mixed flow pump impeller blade and its validation using 
stress analysis,” Procedia materials science 6, 417–424 
(2014). 


