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Dear SIEMA Members,

As we stepped into a new year, I wish to share some recent highlights from our activities and 
some upcoming challenges.

On January 24th, 2024, SIEMA hosted the BIS - MED 20 Sectional Committee meeting at our 
Coimbatore premises. Chaired by Shri Abdul Rahiman from CWPRS, the session sparked fruitful 
discussions. Dr. Murugesan, our esteemed Technical Committee Chairman, was the Convenor, with 
active participation from our Technical Members. This collaborative effort, jointly facilitated by SIEMA 
& IPMA, underscores our dedication to advancing industry standards.

We've also kickstarted the formation of an Export Sub-Committee to explore opportunities in the 
USA. Interested members are encouraged to reach out to the SIEMA Secretariat to participate in this 
initiative.

I would also like to highlight two crucial changes in legislation that directly affect our industry, 
for which members must be adequately prepared.

The Finance Act, 2023, has introduced a significant provision impacting MSME payment regulations. 
The insertion of clause (h) in section 43B of the Income Tax Act pertains to payment timelines to 
MSMEs. Any payment pending beyond 45 days from the invoice date to a micro or small enterprise 
will be disallowed as an expense. It's imperative to comprehend that non-compliance could result in 
artificial inflation of income, leading to additional tax liabilities. It's crucial to understand and comply 
with these regulations to prevent notices from Income Tax Department.

Furthermore, the Quality Control Order (QCO) for Cast Iron takes effect from February 24, 2024. 
ISI marking for Cast Iron products sold in India becomes mandatory from this date onwards. While 
SIEMA has requested a three-year postponement for QCO implementation, we'll keep you updated 
on any developments. I urge all members to ensure their foundry suppliers are adequately prepared 
for compliance to prevent any supply disruptions.

In closing, I extend my sincere gratitude for your unwavering support and active involvement in 
SIEMA's activities.

Warm regards,

D. Vignesh

From the President's Desk
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sieMa 
activities 
corner

Technical Calendar of Events (BIS/BEE)
Technical Committee meeting was conducted on 
10.01.2024 at SIEMA at 5.00 pm and discussed 
about the agenda points for BIS Sectional Committee 
meeting at Coimbatore, SIEMA Board Room on 24th 
Jan. 2024.

Technical Committee meeting was conducted on 
03.01.2024 through zoom and discussed on the issues 
regarding the operation and marking of IS standards 
IS 8034, 9079, 14220, and also about the Agenda of the 
forthcoming BIS Sectional Meeting to be conducted 
in the SIEMA Board Room on 24th Jan. 2024.

Weekly Technical Committee meeting was conducted 
on 03.01.2024 through zoom and discussed on the 
issues regarding the operation and marking of IS 
standards IS 8034, 9079, 14220, and also about the 
Agenda of the forthcoming BIS Sectional Meeting to 
be conducted in the SIEMA Board Room on 24 th Jan. 
2024.

MED 20 Sectional Committee along with 
MED20.5 and MED 20.6 on 24th Jan, 2024
MED 20 Sectional Committee along with MED20.5 
and MED 20.6 was conducted at SIEMA board room 
on 24th January 2024 . Our President Vignesh along 
with IPMA president K.V. Karthik welcomed the 
participants. The meeting was chaired by Shri Abdul 
Rahiman from CWPRS instead of Shri A. K. Nijhawan 
chairman MED 20. Dr.C. Murugesan our TC 
Chairman, Convenor MED 20.5 and Dr.R Birajdar 
VP - Design KBL Convenor MED20.6 convened the 
meeting along with Mr. Aman Dhanawat Member 
secretary. The complete agenda points were discussed 
and suitable decisions were taken.

The participants interacted well and also all of them 
appreciated the efforts of SIEMA and IPMA for the 
arrangements and hospitality.

An industrial visit was also organised by SIEMA 
and IPMA for the participants of the meeting to M/s 
Superteck Industries at Arasur. During the Visit our 
Vice President Sri. Ma.Senthil Kumar, briefed about 
the activities of the company to all the participants. 
All the participants appreciated and thanked for the 
industrial visit on 23rd January. Subsequent to the 
Industrial Visit participants also visited Sitarc and 
learned about the activities and services at SiTarc.

Vande Bharat Express Flagging Off
Vande Bharat Express between Coimbatore & 
Bengaluru Cantonment was flagged off by our 
Prime Minister Shri Narendra Modi through Video 
Conferencing.

President Sri. D. Vignesh attended the function.

Representation to Railways Department
Representations were sent to Shri. Ashwini Vaishnaw 
Ji, Honorable Minister of Railways, The Chairman, 
Ministry of Railways, Mr. R.N. Singh, GM Southern 
Railways, DRM, Madurai & DRM Salem, Railways 
Department regarding Restoration of Dindigul / 
Coimbatore / Dindigul Train number 0771/0772, 
unreserved / MEMU passenger Train service.

Meeting with Ernst & Young LLP
President Sri. D. Vignesh had a meeting with Ernst & 
Young LLP Sri. Shubham Arora - Lead Advisory and 
discussed the Logistics Survey for the Government of 
Tamil Nadu and Southern Railways

IPMA EC Meeting on 19th January 2024
President Sri. D. Vignesh along with IPMA President 
Sri. K.V. Karthik, Past President Sri. V. Krishna 
Kumar attended the IPMA EC Meeting held at 
Franklin Electric - Pluga Factory at Vadodara.

Stakeholders Meeting to discuss about the 
upcoming Technology Centre was held on 
22nd January 2024 at Codissia City Office
Vice President Sri. Ma. Sendilkumar attended the 
meeting.



Office Space available for rent  
in SIEMA BUILDINGS 

810 Sq. ft. Ground Floor.

Interested parties may come in person or 

Contact: 98428 31147

ThE SOUThERN INDIA ENGINEERING 
MANUFACTURERS’ ASSOCIATION
No.8/4, Race Course, Thomas Park

Coimbatore - 641 018

OFFICE SPACE AVAILABLE FOR RENT
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Felicitation Event for Coimbatore Police 
Commissioner on 24th January, 2024
SIEMA with CII, CODISSIA, CHAMBER & RAAC 
arranged for a felicitation event for the Coimbatore 
Commissioner on the evening of January 24th at 
CODISSIA Trade Fair Complex. Our President 
Sri. D. Vignesh addressed the meeting.

Noyyal Nokki Double Decker Bus ride
Siruthuli organised a Noyyal Nokki Double Decker 
bus ride on 6th Jan 2024. Our Vice President 

Sri. Mithun Ramdas, Vice President Sri. Ma. Sendhil 
Kumar and MC Members attended.

Meeting with NABL QCI
Meeting was arranged at SIEMA with NABL QCI. 
Immediate Past President Sri. K.V. Karthik, Technical 
Committee Chairman Dr C. Murugesan, Dr. K 
Ulaganathan - Director Si’Tarc & Mr. A.M. Selvaraj 
- Jt Director Si’Tarc had discussion with Mr. K. 
Soundirapandian, Deputy Director & Mr. Srikanth. 
R Director of NABL.
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Abstract
Centrifugal pumps are widely used to move liquids 
from one place to another at varying pressure and 
flow rate, and to an elevated height for irrigation, 
water supply plants, and steam power plants. 
The load variations often lead to unpredictable 
performance of the impeller. The objective of 
this study is to investigate the performance of 
a three-stage centrifugal water pump impeller 
under varying loads using numerical methods. 
To conduct the investigation, a water pump used 
by Jimma town water treatment station, which 
operates with head of 191 m and discharges 
439.2m3/hr water was used as a case study. 
Computational fluid dynamics analysis of the 
pump was conducted using ANSYS 19.0 CFX to 
get the pressure distribution at different flow rates 
(60%, 100% and 140% of the design flow rate). The 
fluid pressure was then used to make static stress 
analysis of the impeller employing one way fluid 
structural interaction analysis for three different 
materials. The finding of the study shows that the 
fluid pressure on the impeller has great impact on 
the impeller performance causing high stress and 
deformation of the impeller.
Keywords: Centrifugal pump, computational fluid 
dynamics, fluid-structure interaction, Navier Stokes 
equation, numerical analysis.

1. Introduction
Pump is a mechanical device that applies energy 
to move liquids from one place to another at 
increased pressure, flow rate and to an elevated 
height. Irrigation, fire-fighting services employ 

pumps of different sizes[1]. Pumps and turbo-
pumps are used in many technological areas and 
cover a wide range of applications such as thermal 
power generation, nuclear, propulsion, marine and 
water supply[2]. The pumps can be divided into 
two general categories, namely dynamic pumps 
and displacement pumps. In a dynamic pump, 
such as a centrifugal pump, energy is added to the 
pumping medium continuously and the medium 
is not contained in a set volume. The energy, in a 
displacement pump such as a diaphragm pump, 
is added to the pumping medium periodically 
while the medium is contained in a set volume. 
The pump is driven by a prime mover that is 
either an engine or an electric motor. The capacity 
of a pump is defined based on the pressure head 
(in meters) and the maximum delivery flow rate at 
a specific speed of the shaft[3]. Centrifugal pumps 
are one of the dynamic pumps which consists of 
a set of rotating vanes enclosed within a casing 
and is used to impart energy to a fluid through 
centrifugal force. Centrifugal pump is a device 
mainly used for transporting liquid from lower 
level to higher level. Centrifugal pumps convert 
mechanical energy from a motor to energy of a 
moving fluid, where some of the energy goes 
into kinetic energy of fluid motion, and the rest is 
converted to potential energy that is represented 
by a fluid pressure or by lifting the fluid against 
gravity to a higher level[4][5].

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 

L Yadeta1*, h G Lemu2 and A K/M Tadese1

1Jimma Institute of Technology, Jimma University, Ethiopia
2Faculty of Science and Technology, University of Stavanger, Stavanger, Norway

* Correspondence: letamchengrju@gmail.com
To cite this article: L Yadeta et al 2023 IOP Conf. Ser.: Mater. Sci. Eng. 1294 012022

Numerical Analysis of 
Centrifugal Water Pump Impeller 
under Varying Loads
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practically any service. In pumps the mechanical 
energy is converted into hydraulic energy[6]. 
The two main components of centrifugal pump 
are impeller and casing. Centrifugal pump 
moves liquid by rotating one or more impellers 
inside a volute casing. The liquid is introduced 
through the casing inlet to the eye of the impeller 
where it is picked up by the impeller vanes. The 
rotation of the impeller at high speeds creates the 
centrifugal force that throws the liquid along the 
vanes, causing it to be discharged from it’s out-
side diameter at a higher velocity. This velocity 
energy is converted to pressure energy by the 
volute casing prior to discharging the liquid to 
the system[7]. The second part of centrifugal 
pump is stationary element comprising the casing, 
bearings and seals. A shaft is used to support 
rotating components or to transmit power or 
motion by rotary or axial movement[7]. Mechanical 
component fails due to either a decrease in its 
strength or an increase in load acting on it. Failure 
of a component affects the performance of a pump, 
causing either a reduction in its efficiency or its 
complete breakdown. In industrial applications, 
the probability of occurrence of critical problems 
such as component damage and pump failure 
is high due to heavy loads and the demand for 
continuous operation of the pump. In such cases, 
the entire plant will have to be shut down until the 
pump is either brought back to service or replaced. 
In order to prevent huge economic losses incurred 
due to such a shut-down, a pump must function 
reliably under specified operating conditions[8]. 
Centrifugal water pump components are subjected 
to different loading conditions. It is also subjected 
to corrosion and corrosion assisted fatigue due to 
the operating or working environment.

In order to perform numerical analysis of 
centrifugal pump impeller, numerical calculations 
were performed by solving the 3D Navier-Stoke´s 
and energy equations using the commercial code 
ANSYS CFX[9]. In the same study, steady-state 
analysis was performed using the κ-ω based 
shear stress transport (SST) model, which proved 
to give relatively accurate predictions in fluid 
machine analysis. Using an FSI analysis, it is 
possible to see the Coriolis forces and centrifugal 
forces generated by the impeller. FSI analysis is 
a multiphysics interaction between fluid flow 
and a solid structure. There are two ways to do 
an FSI analysis (1) one-way coupling and (2) 
two-way coupling. Benra et al.[10] employed one-

way FSI coupling, in which the CFD results were 
transferred to the structural analysis, while in 
two-way FSI, the deformations in the structure 
obtained from the transfer of the CFD results are 
fed back to the CFD environment. The objective 
was to determine the deviation in the flow created 
as a result of the structural deformation. The study 
by Gu et al. [11] demonstrated the effect of FSI on 
rotational forces. The study indicated that fluid 
pressures significantly affect von-Mises stress.

Kobayashi et al.[12] investigated a mixed-
flow pump with an unshrouded impeller by one-
way coupled FSI, and the distribution of stress 
on the impeller was obtained. Piperno et al. [13] 

concluded that to ensure the safe operation of a 
rotating structure for every flow rate, the analysis 
of stress and deformation on the impeller in the 
unstable operation region needs to be solved by 
the consideration of FSI. Kang and Kim[14] pointed 
out that structural safety needs to be evaluated 
because the impeller receives fluid pressure load 
and centrifugal force during the operation. Even 
though different researches were conducted, 
many of them focused on centrifugal compressor 
impellers and less study was conducted on the FSI 
stress analysis of centrifugal pump impeller. This 
study focuses on one-way FSI stress analysis of 
three stage centrifugal water pump impeller. It is 
case study of Jimma town water treatment station, 
which is located at Boye and pumps water with 
head of 191 m and 439.2 m3/hr discharges.

2. Methodology
Actual design data about the specification of a 
given centrifugal water pump was collected from 
the Jimma town water treatment station located at 
Boye. Based on the collected data, the 3D model 
of the centrifugal water pump shaft, impeller 
and return guide vane was prepared by using 
ANSY 19.0 geometry modelling and SolidWorks 
modelling software. Impeller was modelled using 
Vista CPD Design to model impeller blades from 
1D to 3D geometry.

In this study based on recommended number 
of impeller, in this study six blades impellers were 
chosen. In this study Complex 3-D Computational 
Fluid Dynamics analysis was performed to get the 
pressure distribution of the impellers by using 
ANSYS 19.0 software. ANSYS CFX was used to 
perform steady state CFD analysis of the three-
stage centrifugal pump. One-way partitioned FSI 
analysis was used to determine the stress of the 
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three-stage pump where the fluid pressure on the 
structure will be transferred to the solid solver. 
The fluid flow is modelled as incompressible 
flow using water as a working fluid. k-SST omega 
turbulence model was used by considering wall 
of solid is modelled as no-slip condition. The 
principles of conservation law governed by fluid 
dynamics are[15]:

Fourth Conference of Computational Methods & Ocean Technology
IOP Conf. Series: Materials Science and Engineering 1294  (2023) 012022
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𝜕𝜕𝜕𝜕𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖

= 0       (1)       

𝜌𝜌𝜌𝜌(𝜕𝜕𝜕𝜕𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

+ 𝑢𝑢𝑢𝑢𝑗𝑗𝑗𝑗
𝜕𝜕𝜕𝜕𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

) = − 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

(𝜇𝜇𝜇𝜇 𝜕𝜕𝜕𝜕𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

− 𝜌𝜌𝜌𝜌𝑢𝑢𝑢𝑢𝚤𝚤𝚤𝚤́ �́�𝑢𝑢𝑢𝑗𝑗𝑗𝑗)      (2) 

…1
…2

Where ui is velocity vector, p is pressure 
scalar, ρ is density, i and j is tension notations, 
ρúiúj is apparent stress turbulence tensor, µ is 
the dynamic viscosity. The k−ω based SST model 
accounts for transport of turbulence shear stress 
and highly accurate prediction of the onset of the 
amount flow separation under adverse pressure 
gradients. The unknown turbulent viscosity µt is 
determined by solving two additional transport 
equations for turbulent energy k and for the 
turbulence frequency ω. These two equations can 
be written as:
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𝜕𝜕𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

�𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝑢𝑢𝑢𝑢𝑗𝑗𝑗𝑗� = 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

[(𝜇𝜇𝜇𝜇 + 𝜇𝜇𝜇𝜇𝑡𝑡𝑡𝑡
𝜎𝜎𝜎𝜎𝑘𝑘𝑘𝑘

) 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗

] + 𝑝𝑝𝑝𝑝𝜕𝜕𝜕𝜕 − 𝛽𝛽𝛽𝛽𝜌𝜌𝜌𝜌𝜕𝜕𝜕𝜕𝜌𝜌𝜌𝜌́ + 𝑝𝑝𝑝𝑝𝜕𝜕𝜕𝜕𝑏𝑏𝑏𝑏   (3) 

𝜕𝜕𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥𝑗𝑗𝑗𝑗
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Turbulence model  κ-ω SST 

To simulate the pump under different flow rate operating conditions, the outlet mass flow rate was 
set to flow rates 0.6 Qd = 73.2 kg/s, Qd = 122 kg/s and 1.4 Qd = 170.8 kg/s design flow rate. Three 
dimensional incompressible Navier Stokes equations were solved with ANSYS 19.0-CFX Solver. In 
addition, a no-slip flow condition is applied on the walls (on the blade, hub and shroud). Smooth wall function 
was selected. 

Unstructured meshes in CFX meshing was used to reduce the amount of time spent generating meshes, 
simplifying the geometry modeling and mesh generation process. Apart from its higher memory requirement 
unstructured mesh is also preferable for complex geometry. In this study unstructured mesh tetrahedral cells 
were used because the fluid domain in the pump has complex geometry. The geometry and the mesh of a six 
bladed pump impeller and diffuser with return guide vane domain were generated with CFX meshing as 
shown in Figure 1(a)-(d). Un- structured meshes with tetrahedral cells were used for the domain of impeller 
and diffuser with return guide vane as well as for the inlet and out-let casing of fluid domain. 
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The impeller is modelled in the blade frame, 
and the diffuser and return guide vane is in the 
fixed frame of the reference and both of them 
are related each other through the frozen rotor. 
The boundary conditions given in Table 1 were 
applied:

Table 1: CFD simulation boundary conditions 
Boundary condition Value

Working fluid Water
Temperature 25°C
Inlet pressure 0.3 bar
Speed 1480 rpm
Turbulence intensity 5%
Discharge flow rate 73.2 kg/s, 122 kg/s, 170.8 kg/s
Turbulence model k-w SST

To simulate the pump under different flow 
rate operating conditions, the outlet mass flow 
rate was set to flow rates 0.6 Qd = 73.2 kg/s, 
Qd = 122 kg/s and 1.4 Qd = 170.8 kg/s design flow 
rate. Three dimensional incompressible Navier 
Stokes equations were solved with ANSYS 19.0-

CFX Solver. In addition, a no-slip flow condition 
is applied on the walls (on the blade, hub and 
shroud). Smooth wall function was selected.

Unstructured meshes in CFX meshing 
was used to reduce the amount of time spent 
generating meshes, simplifying the geometry 
modeling and mesh generation process. Apart 
from its higher memory requirement unstructured 
mesh is also preferable for complex geometry. In 
this study uvnstructured mesh tetrahedral cells 
were used because the fluid domain in the pump 
has complex geometry. The geometry and the 
mesh of a six bladed pump impeller and diffuser 
with return guide vane domain were generated 
with CFX meshing as shown in Figure 1(a)-(d). 
Un- structured meshes with tetrahedral cells were 
used for the domain of impeller and diffuser with 
return guide vane as well as for the inlet and out-
let casing of fluid domain.
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Where 𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖 is velocity vector, p is pressure scalar, ρ is density, i and j is tension notations, 𝜌𝜌𝜌𝜌𝑢𝑢𝑢𝑢𝚤𝚤𝚤𝚤́ �́�𝑢𝑢𝑢𝑗𝑗𝑗𝑗  is 
apparent stress turbulence tensor, µ is the dynamic viscosity. The k−ω based SST model accounts for 
transport of turbulence shear stress and highly accurate prediction of the onset of the amount flow 
separation under adverse pressure gradients. The unknown turbulent viscosity µt is determined by solving 
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The impeller is modelled in the blade frame, and the diffuser and return guide vane is in the fixed frame 
of the reference and both of them are related each other through the frozen rotor. The boundary 
conditions given in Table 1 were applied: 

 Table 1. CFD simulation boundary conditions  

Boundary condition Value 
Working fluid  Water 
Temperature  25 0C 
Inlet pressure  0.3 bar 
Speed 1480 rpm 
Turbulence intensity  5% 
Discharge flow rate 73.2 kg/s, 122 kg/s, 170.8 kg/s 
Turbulence model  κ-ω SST 

To simulate the pump under different flow rate operating conditions, the outlet mass flow rate was 
set to flow rates 0.6 Qd = 73.2 kg/s, Qd = 122 kg/s and 1.4 Qd = 170.8 kg/s design flow rate. Three 
dimensional incompressible Navier Stokes equations were solved with ANSYS 19.0-CFX Solver. In 
addition, a no-slip flow condition is applied on the walls (on the blade, hub and shroud). Smooth wall function 
was selected. 

Unstructured meshes in CFX meshing was used to reduce the amount of time spent generating meshes, 
simplifying the geometry modeling and mesh generation process. Apart from its higher memory requirement 
unstructured mesh is also preferable for complex geometry. In this study unstructured mesh tetrahedral cells 
were used because the fluid domain in the pump has complex geometry. The geometry and the mesh of a six 
bladed pump impeller and diffuser with return guide vane domain were generated with CFX meshing as 
shown in Figure 1(a)-(d). Un- structured meshes with tetrahedral cells were used for the domain of impeller 
and diffuser with return guide vane as well as for the inlet and out-let casing of fluid domain. 
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The impeller is modelled in the blade frame, and the diffuser and return guide vane is in the fixed frame 
of the reference and both of them are related each other through the frozen rotor. The boundary 
conditions given in Table 1 were applied: 

 Table 1. CFD simulation boundary conditions  

Boundary condition Value 
Working fluid  Water 
Temperature  25 0C 
Inlet pressure  0.3 bar 
Speed 1480 rpm 
Turbulence intensity  5% 
Discharge flow rate 73.2 kg/s, 122 kg/s, 170.8 kg/s 
Turbulence model  κ-ω SST 

To simulate the pump under different flow rate operating conditions, the outlet mass flow rate was 
set to flow rates 0.6 Qd = 73.2 kg/s, Qd = 122 kg/s and 1.4 Qd = 170.8 kg/s design flow rate. Three 
dimensional incompressible Navier Stokes equations were solved with ANSYS 19.0-CFX Solver. In 
addition, a no-slip flow condition is applied on the walls (on the blade, hub and shroud). Smooth wall function 
was selected. 

Unstructured meshes in CFX meshing was used to reduce the amount of time spent generating meshes, 
simplifying the geometry modeling and mesh generation process. Apart from its higher memory requirement 
unstructured mesh is also preferable for complex geometry. In this study unstructured mesh tetrahedral cells 
were used because the fluid domain in the pump has complex geometry. The geometry and the mesh of a six 
bladed pump impeller and diffuser with return guide vane domain were generated with CFX meshing as 
shown in Figure 1(a)-(d). Un- structured meshes with tetrahedral cells were used for the domain of impeller 
and diffuser with return guide vane as well as for the inlet and out-let casing of fluid domain. 
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Figure 1: CFD Fluid domain mesh

To assure accuracy of simulation mesh 
independence in the flow domain must be 
determined before starting the CFD studies. In this 
study, the calculation domain was divided into 
unstructured grids by CFX Meshing. Seven mesh 
element size with the same numerical settings 
were analyzed to select appropriate mesh number 
of elements to carry out the CFD analysis of three 
stage centrifugal pump. As it can be observed 
from Figure 2 grid size minimally influences the 
numerical results, and the overall difference is 
within 1%. So, for the analysis of the three-stage 
centrifugal pump 2 353 607 elements were selected 
considering time and computational cost.

For centrifugal pump impeller the following 
materials was selected. Pump impeller operates 
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in corrosive environment. The three selected 
material for impeller stress analysis are G-Cu-
Sn10 Copper Tin Alloy, EN-GJL-250 Grey Cast 
Iron and G-X6CrNiMo18-10 stain- less steel.

3. Discussion of results
With the aid of CFD, the complex internal flow in 
the three stage centrifugal pump was predicted 
quite well. In this study, a steady state solution 
with κ-ω SST turbulence model was used in 
ANSYS-CFX for analysis of three stage centrifugal 
pump CFD simulation. From the manufacturers 
experience pumps may operate other than BEP of 
the pump which operates at nominal operating 
conditions. In this study the analysis of three 
stage centrifugal pump at off design condition 
was carried out at different flow rates 60% Qd, 
Qd and 140% Qd design flow rate. The analysis 
of the three-stage pump at different flow rate 
was carried out to see the impact of different flow 
condition on stress performance of an impellers. 
The CFD simulation result of the pump is shown 
in Figure 3.

The total head of the pump at the design 
flow rate of 439.2 m3/hr obtained from the CFD 
analysis of the three-stage pump is 203.597 m. The 
head rise obtained through CFD analysis was over 
predicted the head rise than the design head of the 
pump which was 191 m. The over prediction of the 
CFD result is because leakage was not considered 
due to its computational cost and complexity in 
CFD simulation, additionally surface roughness 
of impeller, diffuser with return guide vanes was 
assumed to be smooth which in turn increases 

the suction side of the impeller blade is increasing 
from leading edge to trailing edge of the blade. The 
total pressure patterns are varying along the span 
of the impeller. Low total pressures are observed 
near hub of the impeller. Figure 4 shows pressure 
distribution of the CFD simulation of the pump 
at design flow rate Qd = 439.2 m3/h. The pressure 
rise increases from the first stage impeller to the 
subsequent stage impellers of the pump.

As it can be observed from Figure 4(a), the 
maximum total pressure for the first stage 
impeller at design flow rate (Qd) is 0.6962 MPa 
and the minimum total pressure is -0.181 MPa. 
Similarly, as it is shown in the Figure 4(b) and 
(c) maximum pressure of second and third stage 
impeller is 1.330 MPa and 1.916 MPa respectively 
while minimum total pressure is 0.5127 MPa and 
1.150 MPa. As it is indicated in Table 2, for 0.6Qd 
flow rate the maximum total pressure for the first 
stage impeller is 0.7633 MPa and the minimum 
total pressure is -0.09933 MPa. Similarly, the 
maximum pressure of second and third stage are 
1.386 MPa and 1.973 MPa respectively while the 
minimum total pressure of second and third stage 
is 0.5365 MPa and 1.155 MPa respectively.

For 1.4Qd flow rate (Table 2), the maximum 
total pressure for the first stage impeller is 0.6686 
MPa and the minimum total pressure is -0.1267 
MPa. Similarly, the maximum pressure of the 
second and third stage impellers are 1.261 MPa 
and 1.794 MPa respectively, while the minimum 
total pressure of second and third stage is 0.5154 
MPa and 1.096 MPa respectively. Generally, as 
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To assure accuracy of simulation mesh independence in the flow domain must be determined before starting 
the CFD studies. In this study, the calculation domain was divided into unstructured grids by CFX Meshing. 
Seven mesh element size with the same numerical settings were analyzed to select appropriate mesh number 
of elements to carry out the CFD analysis of three stage centrifugal pump. As it can be observed from Figure 
2 grid size minimally influences the numerical results, and the overall difference is within 1%. So, for the 
analysis of the three-stage centrifugal pump 2 353 607 elements were selected considering time and 
computational cost. 

 

Figure 2. Mesh independency test 

For centrifugal pump impeller the following materials was selected. Pump impeller operates in 
corrosive environment. The three selected material for impeller stress analysis are G-Cu-Sn10 Copper 
Tin Alloy, EN-GJL-250 Grey Cast Iron and G-X6CrNiMo18-10 stain- less steel. 

 
3. Discussion of results 
With the aid of CFD, the complex internal flow in the three stage centrifugal pump was predicted quite 
well. In this study, a steady state solution with κ-ω SST turbulence model was used in ANSYS-CFX for 
analysis of three stage centrifugal pump CFD simulation. From the manufacturers experience pumps 
may operate other than BEP of the pump which operates at nominal operating conditions. In this study 
the analysis of three stage centrifugal pump at off design condition was carried out at different flow rates 
60% Qd, Qd and 140% Qd design flow rate. The analysis of the three-stage pump at different flow rate 
was carried out to see the impact of different flow condition on stress performance of an impellers. The 
CFD simulation result of the pump is shown in Figure 3.  
        The total head of the pump at the design flow rate of 439.2 m3/hr obtained from the CFD analysis 
of the three-stage pump is 203.597 m. The head rise obtained through CFD analysis was over predicted the 
head rise than the design head of the pump which was 191 m. The over prediction of the CFD result is 
because leakage was not considered due to its computational cost and complexity in CFD simulation, 
additionally surface roughness of impeller, diffuser with return guide vanes was assumed to be smooth 
which in turn increases head of CFD when neglected. Figure 3 shows CFX simulation result of flow 
rate versus head. As it can be observed from Figure 3 as the flow rate increases the head of the pump 
decreases and vice versa. 
 

Figure 2: Mesh independency test

head of CFD when neglected. 
Figure 3 shows CFX 
simulation result of flow 
rate versus head. As it can 
be observed from Figure 3 
as the flow rate increases the 
head of the pump decreases 
and vice versa.

3.1 Pressure distribution
From CFD simulation of the 
pump pressure distribution 
of the pump was obtained. 
Total pressure on pressure 
side of the blade is more 
than that of suction side. 
The difference of pressure 
from the pressure side to 
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Figure 4. Pressure distribution in impeller (a) Stage I (b) Stage II (c) Stage III 

Table 2. Pressure distribution 

Flow Rate (m3/hr) Pressure distribution (MPa) 
 
 

0.6Qd 
Qd 

1.4Qd 

Stage I Stage II Stage III 
Max 

0.7633 
0.6962 
0.6686 

Min 
-0.099331 

-0.1181 
-0.1267 

Max 
1.386 
1.330 
1.261 

Min Max Min 
0.5365 1.973 1.155 
0.5127 1.916 1.150 
0.5154 1.794 1.096 

3.2 FSI stress analysis in the impeller 
Numerical stress analysis of the impellers of the three-stage centrifugal water pump was performed. The 
pressure distribution on the surface of the impeller was imported to FEA module to perform FSI stress 
analysis of the impeller at 0.6Qd, Qd and 1.4Qd flow rates of the pump operation. In this study, factor 
of safety was analyzed only for the third stage impeller because the third stage impeller experiences 
maximum pressure in all flow rate conditions which leads to higher stress and deformation.  
3.2.1 FSI stress analysis at 0.6Qd flow rate: FSI stress analysis was analyzed at 0.6Qd flow rate of 
the pump operation for three different materials. In the first stage impeller, maximum equivalent stress 
for G-Cu-Sn10 Copper Tin Alloy is 50.521 MPa and minimum equivalent stress is 0.00399 MPa (Table 
3). The data in the table also shows that FSI stress analysis result for EN-GJL-250 Grey Cast Iron and G-
X6CrNiMo18-10 impeller materials is 49.676 MPa and 50.057 MPa respectively. Similarly minimum 
equivalent stress for both material is 0.0044873 MPa and 0.0052831 MPa.  

As the pressure of water increases from first stage to the second stage, it is expected that equivalent 
stress of the second stage increases. As it can be observed from Table 2, the maximum equivalent stress 
of the second stage impeller of the pump is for G-Cu-Sn10 Copper Tin Alloy is 110.61 MPa and 
minimum equivalent stress is 0.094794 MPa. Similarly maximum equivalent stress of the second stage 
impeller for EN-GJL-250 Grey Cast Iron and G-X6CrNiMo18-10 is 108.33 MPa and 109.36 MPa 
respectively. Additionally, minimum equivalent stress for both materials are 0.083661 MPa and 
0.0720061 MPa respectively. 

Figure 4: Pressure distribution in impeller
(a) Stage I (b) Stage II (c) Stage III

3.2 FSI stress analysis in the impeller
Numerical stress analysis of the impellers of 
the three-stage centrifugal water pump was 
performed. The pressure distribution on the 
surface of the impeller was imported to FEA 
module to perform FSI stress analysis of the 
impeller at 0.6Qd, Qd and 1.4Qd flow rates of the 
pump operation. In this study, factor of safety was 
analyzed only for the third stage impeller because 

Figure 3: Flow rates versus head
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3.1 Pressure distribution 
From CFD simulation of the pump pressure distribution of the pump was obtained. Total pressure on 
pressure side of the blade is more than that of suction side. The difference of pressure from the pressure 
side to the suction side of the impeller blade is increasing from leading edge to trailing edge of the blade. 
The total pressure patterns are varying along the span of the impeller. Low total pressures are observed 
near hub of the impeller. Figure 4 shows pressure distribution of the CFD simulation of the pump at design 
flow rate Qd = 439.2 m3/h. The pressure rise increases from the first stage impeller to the subsequent stage 
impellers of the pump. 

As it can be observed from Figure 4(a), the maximum total pressure for the first stage impeller at 
design flow rate (Qd) is 0.6962 MPa and the minimum total pressure is -0.181 MPa. Similarly, as it is 
shown in the Figure 4(b) and (c) maximum pressure of second and third stage impeller is 1.330 MPa 
and 1.916 MPa respectively while minimum total pressure is 0.5127 MPa and 1.150 MPa. As it is 
indicated in Table 2, for 0.6Qd flow rate the maximum total pressure for the first stage impeller is 0.7633 
MPa and the minimum total pressure is -0.09933 MPa. Similarly, the maximum pressure of second and 
third stage are 1.386 MPa and 1.973 MPa respectively while the minimum total pressure of second and 
third stage is 0.5365 MPa and 1.155 MPa respectively. 

For 1.4Qd flow rate (Table 2), the maximum total pressure for the first stage impeller is 0.6686 MPa 
and the minimum total pressure is -0.1267 MPa. Similarly, the maximum pressure of the second and 
third stage impellers are 1.261 MPa and 1.794 MPa respectively, while the minimum total pressure of 
second and third stage is 0.5154 MPa and 1.096 MPa respectively. Generally, as it can be observed from 
Table 2, at different flow rates of the pump, the pressure of the fluid increases as the fluid flows from the 
suction side to the discharge side at each stage of the pump. In all operating conditions, the global 
maximum pressure was observed at the third stage impeller. Additionally, the pressure of the pump 
decreases as the flow rate of the pump increases and vice versa. 

 

it can be observed from Table 
2, at different flow rates of the 
pump, the pressure of the fluid 
increases as the fluid flows from 
the suction side to the discharge 
side at each stage of the pump. 
In all operating conditions, the 
global maximum pressure was 
observed at the third stage 
impeller. Additionally, the 
pressure of the pump decreases 
as the flow rate of the pump 
increases and vice versa.

the third stage impeller experiences 
maximum pressure in all flow rate 
conditions which leads to higher stress 
and deformation.
3.2.1 FSI stress analysis at 0.6Qd flow 
rate: FSI stress analysis was analyzed 
at 0.6Qd flow rate of the pump 
operation for three different materials. 
In the first stage impeller, maximum 

Table 2. Pressure distribution

Flow Rate 
(m3/hr)

Pressure distribution (MPa)
Stage I Stage II Stage III

Max Min Max Min Max Min
0.6Qd 0.7633 -0.099331 1.386 0.5365 1.973 1.155

Qd 0.6962 -0.1181 1.330 0.5127 1.916 1.150
1.4Qd 0.6686 -0.1267 1.261 0.5154 1.794 1.096

equivalent stress for G-Cu-Sn10 Copper Tin Alloy 
is 50.521 MPa and minimum equivalent stress 
is 0.00399 MPa (Table 3). The data in the table 
also shows that FSI stress analysis result for EN-
GJL-250 Grey Cast Iron and G- X6CrNiMo18-10 
impeller materials is 49.676 MPa and 50.057 MPa 
respectively. Similarly minimum equivalent stress 
for both material is 0.0044873 MPa and 0.0052831 
MPa.

As the pressure of water increases from first 
stage to the second stage, it is expected that 
equivalent stress of the second stage increases. 
As it can be observed from Table 2, the maximum 
equivalent stress of the second stage impeller of 
the pump is for G-Cu-Sn10 Copper Tin Alloy is 
110.61 MPa and minimum equivalent stress is 
0.094794 MPa. Similarly maximum equivalent 
stress of the second stage impeller for EN-GJL-250 
Grey Cast Iron and G-X6CrNiMo18-10 is 108.33 
MPa and 109.36 MPa respectively. Additionally, 
minimum equivalent stress for both materials are 
0.083661 MPa and 0.0720061 MPa respectively.

Generally, as it can be observed that the stress 
in the impeller increases from the first stage to the 
third stage because as the number of stages of the 
impeller increases, the pressure of the water rises 
which results in high pressure on the surface of 



Table 3: FSI equivalent stress of impeller at 0.6Qd

Materials
Equivalent Stress (MPa)

Stage I Stage II Stage III
Max Min Max Min Max Min

G-Cu-Sn10 Copper Tin Alloy 50.521 0.00399 110.61 0.094794 171.32 0.10044
EN-GJL-250 Grey Cast Iron 49.676 0.0044873 108.33 0.083661 167.72 0.12008
G-X6CrNiMo18-10 50.057 0.0052831 109.36 0.0720061 169.4 0.088268
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the impeller as the pump stage increases. It can be 
concluded that the third stage impeller is critical 
impeller as it experiences high stress.

3.2.2 FSI stress analysis at Qd flow rate: This 
section discusses results of FSI stress analysis in 
the impeller at design flow rate operation of the 
pump. Like previous case, FSI stress analysis was 
performed for three different materials of the 
impeller. Results obtained from the analysis are 
illustrated in Figure 5 and summarized in Table 4. 
As it is shown in the table, for first stage impeller, 
maximum equivalent stress for G-Cu-Sn10 Copper 
Tin Alloy is 50.802 MPa and minimum equivalent 
stress is 0.018 MPa. Similarly, maximum equivalent 
stress of the first stage impeller for EN-GJL-250 
Grey Cast Iron and G- X6CrNiMo18-10 is 48.1 
MPa and 48.51 MPa respectively. Additionally, 
minimum equivalent stress for both materials 
is 0.025 MPa and 0.013 MPa. From second stage 
impeller, FSI stress analysis for G-Cu- Sn10 
Copper Tin Alloy maximum equivalent stress 
is 108.98 MPa while minimum equivalent stress 
is 0.128. Similarly, as it is shown in Table 4, 

Also, minimum equivalent stress for both 
material is 0.094 MPa and 0.115 MPa respectively. 
Compared to first stage impeller, the equivalent 
stress for the three materials has been increased. In 
the case of third stage impeller FSI stress analysis, 
equivalent stress increased for all the three materials 
as compared to the first and second stage impeller. 
As it can be observed from Table 4, the maximum 
equivalent stress of the third stage impeller of the 
pump for G-Cu-Sn10 Copper Tin Alloy is 166.96 
MPa and minimum equivalent stress is 0.087 MPa. 
Similarly maximum equivalent stress of the third 
stage impeller for EN-GJL-250 Grey Cast Iron and 
G-X6CrNiMo18-10 is 161.34 MPa and 163.05 MPa 
respectively. Additionally, minimum equivalent 
stresses for both materials are 0.12671 MPa and 
0.10297 MPa respectively. Generally, the stress in 
the impeller increases from the first stage to the 
third stage because the pressure of the water rises 
as the pump stage increases, which results in high 
pressure on the surface of the impeller.
3.2.3 FSI impeller equivalent stress at1.4Qd flow 
rate: The FSI stress analysis results for three 
stage impeller is presented in Table 5. As shown, 

maximum equivalent stress 
of the second stage impeller 
for EN- GJL-250 Grey Cast 
Iron and G-X6CrNiMo18- 
10 is 105.93 MPa and 107.05 
MPa respectively.

Figure 5: Equivalent stress for G-Cu-Sn10 Qd flow rate
(a) Stage I (b) Stage II (c) Stage III
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Table 3. FSI equivalent stress of impeller at 0.6Qd flow rate 

Materials Equivalent stress (MPa) 
Stage I Stage II Stage III 

Max Min Max Min Max Min 
G-Cu-Sn10 Copper Tin Alloy 50.521 0.00399 110.61 0.094794 171.32 0.10044 
EN-GJL-250 Grey Cast Iron 49.676 0.0044873 108.33 0.083661 167.72 0.12008 
G-X6CrNiMo18-10 50.057 0.0052831 109.36 0.0720061 169.4 0.088268 

Generally, as it can be observed that the stress in the impeller increases from the first stage to the third 
stage because as the number of stages of the impeller increases, the pressure of the water rises which 
results in high pressure on the surface of the impeller as the pump stage increases. It can be concluded that 
the third stage impeller is critical impeller as it experiences high stress. 

3.2.2 FSI stress analysis at Qd flow rate: This section discusses results of FSI stress analysis in the 
impeller at design flow rate operation of the pump. Like previous case, FSI stress analysis was performed 
for three different materials of the impeller. Results obtained from the analysis are illustrated in Figure 
5 and summarized in Table 4. As it is shown in the table, for first stage impeller, maximum equivalent 
stress for G-Cu-Sn10 Copper Tin Alloy is 50.802 MPa and minimum equivalent stress is 0.018 MPa. 
Similarly, maximum equivalent stress of the first stage impeller for EN-GJL-250 Grey Cast Iron and G-
X6CrNiMo18-10 is 48.1 MPa and 48.51 MPa respectively. Additionally, minimum equivalent stress for 
both materials is 0.025 MPa and 0.013 MPa. From second stage impeller, FSI stress analysis for G-Cu-
Sn10 Copper Tin Alloy maximum equivalent stress is 108.98 MPa while minimum equivalent stress is 
0.128. Similarly, as it is shown in Table 4, maximum equivalent stress of the second stage impeller for 
EN- GJL-250 Grey Cast Iron and G-X6CrNiMo18- 10 is 105.93 MPa and 107.05 MPa respectively. 

 
Figure 5. Equivalent stress for G-Cu-Sn10 Qd flow rate (a) Stage I (b) 

Stage II (c) Stage III. 

maximum equivalent 
stress of the first stage 
impeller of the pump for 
G-Cu-Sn10 Copper Tin 
Alloy is 49.251 MPa and 
minimum equivalent 
stress is 0.012 MPa. 
Similarly maximum 
equivalent stress of the 
first stage impeller for EN-
GJL-250 Grey Cast Iron 
and G-X6CrNiMo18-10 
stainless steel are 48.366 
MPa and 48.764 MPa 
respectively. Also, the 
minimum equivalent 
stress for both materials 
are 0.0174 MPa and 0.020 
MPa respectively.
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Visit to Si’Tarc on 23rd January 2024
After the Industrial Visit to SUPERTECK INDUSTRIES, the Industrial Visit participants also visited Sitarc and learned about 
the activities and services at SiTarc.

Felicitation Event for Coimbatore Police Commissioner on 24th January, 2024

SIEMA with CII, CODISSIA, CHAMBER & RAAC arranged for a felicitation event for the Coimbatore Commissioner on the 
evening of January 24th at CODISSIA Trade Fair Complex. Our President Sri. D. Vignesh addressed the meeting. 
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On the other hand, the equivalent stress in 
the second stage impeller for G-Cu-Sn10 Copper 
Tin Alloy is 103.96 MPa and minimum equivalent 
stress is 0.096 MPa. Similarly, as it can be observed 
from Table 5 that maximum equivalent stresses 
of the second stage impeller for EN-GJL-250 
Grey Cast Iron and G-X6CrNiMo18-10 are 101.78 
MPa and 102.78 MPa respectively. Additionally, 
minimum equivalent stresses for both materials 
are 0.0476 MPa and 0.092 MPa.

At 1.4Qd flow rate operation of the pump, the 
equivalent stress at third stage is greater than 
that of the first two stage impellers. As it can be 
observed from Table 5, maximum equivalent 
stress of third stage impeller of the pump for 
G-Cu-Sn10 Copper Tin Alloy is 154.68 MPa and 
minimum equivalent stress is 0.094 MPa. Similarly, 
as it indicated in Table 4.20 maxi- mum equivalent 
stress of the third stage impeller for EN-GJL-250 
Grey Cast Iron and G- X6CrNiMo18-10 is 151.21 
MPa and 152.86 MPa respectively. Also minimum 
equivalent stress for both material is 0.122 MPa 

and 0.076 MPa. Generally, the stress of the 
impeller increases from the first stage to the third 
stage because of the fact that as the stage of the 
impeller increases the pressure of the water rise 
which results in high pressure on the surface of 
the impeller as the pump stage increases.

The study shows that in all operating 
conditions of the pump minimum stress was 
observed near the hub on the suction side of the 
pump. Research indicated that in centrifugal 
pump impellers, the minimum pressure exists at 
the suction side of the impeller. The lowest result 
of pressure at the suction side of the impeller 
results in the lowest equivalent stress value at the 
suction side of the impeller. As it can be observed 
from the above stress analysis of the impeller at 
all flow rate conditions i.e at 60% Qd, Qd and 1.4 
Qd flow rate the maximum equivalent stress was 
observed on the pressure side at the trailing edge 
of the pump. The result agrees with previous 
research conducted [16].

Table 5: FSI equivalent stress of impeller at 1.4 
Qd flow rate

Materials
Equivalent stress (MPa)

Stage I Stage II Stage III
Max Min Max Min Max Min

G-Cu-Sn10 
Copper Tin Alloy 49.251 0.012 103.96 0.095 154.68 0.094

EN-GJL-250 Grey 
Cast Iron 48.366 0.017 101.78 0.048 151.21 0.122

G-X6CrNiMo18-10 48.764 0.020 102.78 0.091 152.86 0.076

Table 4: FSI equivalent stress of impeller  
at Qd flow rate

Materials
Equivalent Stress (MPa)

Stage I Stage II Stage III
Max Min Max Min Max Min

G-Cu-Sn10 
Copper Tin Alloy 50.802 0.018 108.98 0.128 166.96 0.087

EN-GJL-250 
Grey Cast Iron 48.097 0.025 105.93 0.094 161.34 0.127

G-X6CrNiMo18-10 48.509 0.013 107.05 0.115 163.05 0.103
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Also, minimum equivalent stress for both material is 0.094 MPa and 0.115 MPa respectively. 
Compared to first stage impeller, the equivalent stress for the three materials has been increased. In the 
case of third stage impeller FSI stress analysis, equivalent stress increased for all the three materials as 
compared to the first and second stage impeller. As it can be observed from Table 4, the maximum 
equivalent stress of the third stage impeller of the pump for G-Cu-Sn10 Copper Tin Alloy is 166.96 MPa 
and minimum equivalent stress is 0.087 MPa. Similarly maximum equivalent stress of the third stage 
impeller for EN-GJL-250 Grey Cast Iron and G-X6CrNiMo18-10 is 161.34 MPa and 163.05 MPa 
respectively. Additionally, minimum equivalent stresses for both materials are 0.12671 MPa and 
0.10297 MPa respectively. Generally, the stress in the impeller increases from the first stage to the third 
stage because the pressure of the water rises as the pump stage increases, which results in high pressure 
on the surface of the impeller. 

Table 4. FSI equivalent stress of impeller at Qd flow rate 

Materials Equivalent stress (MPa) 
Stage I Stage II Stage III 
Max Min Max Min Max Min 

G-Cu-Sn10 Copper Tin Alloy 50.802 0.018 108.98 0.128 166.96 0.087 
EN-GJL-250 Grey Cast Iron 48.097 0.025 105.93 0.094 161.34 0.127 
G-X6CrNiMo18-10 48.509 0.013 107.05 0.115 163.05 0.103 

 

3.2.3 FSI impeller equivalent stress at1.4Qd flow rate: The FSI stress analysis results for three stage 
impeller is presented in Table 5. As shown, maximum equivalent stress of the first stage impeller of the 
pump for G-Cu-Sn10 Copper Tin Alloy is 49.251 MPa and minimum equivalent stress is 0.012 MPa. 
Similarly maximum equivalent stress of the first stage impeller for EN-GJL-250 Grey Cast Iron and G-
X6CrNiMo18-10 stainless steel are 48.366 MPa and 48.764 MPa respectively. Also, the minimum 
equivalent stress for both materials are 0.0174 MPa and 0.020 MPa respectively. 

On the other hand, the equivalent stress in the second stage impeller for G-Cu-Sn10 Copper Tin Alloy 
is 103.96 MPa and minimum equivalent stress is 0.096 MPa. Similarly, as it can be observed from Table 
5 that maximum equivalent stresses of the second stage impeller for EN-GJL-250 Grey Cast Iron and 
G- X6CrNiMo18-10 are 101.78 MPa and 102.78 MPa respectively. Additionally, minimum equivalent 
stresses for both materials are 0.0476 MPa and 0.092 MPa. 

 

 
Figure 6. Equivalent stress for G-Cu-Sn10 Qd flow rate (a) Stage I (b) Stage II (c) Stage III. Figure 6:  Equivalent stress for G-Cu-Sn10 Qd flow rate

(a) Stage I (b) Stage II (c) Stage III

3.3 FSI Total deformation 
of impeller

3.3.1 FSI Total deformation 
of impeller at 0.6Qd flow rate:
From FSI stress analysis of 
impeller total deformation of 
impeller at different stages of 
the pump was carried out. In 
this study total deformation 
analysis was carried out 
only for the third impeller 
because third stage impeller 
experiences high pressure 
and stress. Maximum total 
deformation of third stage 
impeller of the pump for 
G-Cu-Sn10 Copper Tin Alloy 
is 1.4609 mm and minimum 
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total deformation is 0.037053 mm. Similarly total 
deformation of the third stage impeller for EN-
GJL- 250 Grey Cast Iron and G-X6CrNiMo18-10 is 
1.5 mm and 1.3959 mm respectively. Additionally, 
minimum deformation for both material is 
0.035975 mm and 0.038336 mm.

3.3.2 FSI Impeller total deformation at Qd flow 
rate:

As it can be observed from Table 3 above the 
maximum total deformation of third stage impeller 
of the pump for G-Cu-Sn10 Copper Tin Alloy 
is 1.2056 mm and minimum total deformation 
is 0.020185 mm. Similarly, from Table 4.19 total 
deformation of the third stage impeller for EN-
GJL-250 Grey Cast Iron and G-X6CrNiMo18-10 
Stain- less steel is 1.2556 mm and 1.2065 mm 
respectively. Additionally, minimum total 
deformation for both material is 0.021183 mm and 
0.020871 mm respectively.

3.3.3 FSI impeller total deformation at 1.4Qd 
flow rate

Total deformation of the third stage impeller at 
1.4Qd flow rate of the pump discussed. Results 
obtained from total deformation is presented in 

stage impeller. This is due to the fact that the 
impellers have the same geometry, and from the 
three impellers arranged in series on the shaft, the 
third stage impeller experiences high stress and 
deformation. As it can be observed from Figure 
8(a), the safety factor at 0.6Qd flow rate of the 
pump for G-Cu- Sn10 Copper Tin Alloy is around 
0.76, while for EN-GJL- 250 Grey Cast Iron and 
G-X6CrNiMo18-10, the safety factors 0.98 and 1.24 
respectively. Factor of safety for G-Cu-Sn10 Cop- 
per Tin Alloy and EN- GJL-250 Grey Cast Iron 
is less than one which means the impeller fail be- 
fore design life of the impeller. Factor of safety for 
G-X6CrNiMo18-10 is 1.24 which indicates that the 
impeller is safe because the safety factor is greater 
than one.

Stage III FSI safety factor at Qd flow rate: As 
it can be observed from the Figure 8(b), the safety 
factor for G- Cu-Sn10 Copper Tin Alloy is around 
0.78, while for EN- GJL-250 Grey Cast Iron and 
G- X6CrNiMo18-10 the safety factors are 1.02 and 
1.3 respectively. Factor of safety for G-Cu-Sn10 
Cop- per Tin Alloy is less than one, which means 
the impeller fails before its design life. The safety 
factor for G-X6CrNiMo18-10 is 1.29 which is also 
greater than one implying that the impeller is safe.
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At 1.4Qd flow rate operation of the pump, the equivalent stress at third stage is greater than that of 
the first two stage impellers. As it can be observed from Table 5, maximum equivalent stress of third 
stage impeller of the pump for G-Cu-Sn10 Copper Tin Alloy is 154.68 MPa and minimum equivalent 
stress is 0.094 MPa. Similarly, as it indicated in Table 4.20 maxi- mum equivalent stress of the third 
stage impeller for EN-GJL-250 Grey Cast Iron and G- X6CrNiMo18-10 is 151.21 MPa and 152.86 MPa 
respectively. Also minimum equivalent stress for both material is 0.122 MPa and 0.076 MPa. Generally, 
the stress of the impeller increases from the first stage to the third stage because of the fact that as the 
stage of the impeller increases the pressure of the water rise which results in high pressure on the surface 
of the impeller as the pump stage increases.  

The study shows that in all operating conditions of the pump minimum stress was observed near the 
hub on the suction side of the pump. Research indicated that in centrifugal pump impellers, the minimum 
pressure exists at the suction side of the impeller. The lowest result of pressure at the suction side of the 
impeller results in the lowest equivalent stress value at the suction side of the impeller.  As it can be 
observed from the above stress analysis of the impeller at all flow rate conditions i.e at 60% Qd, Qd and 
1.4 Qd flow rate the maximum equivalent stress was observed on the pressure side at the trailing edge 
of the pump. The result agrees with previous research conducted [16].   

Table 5. FSI equivalent stress of impeller at 1.4 Qd flow rate 

Materials Equivalent stress (MPa) 
Stage I Stage II Stage III 
Max Min Max Min Max Min 

G-Cu-Sn10 Copper Tin Alloy 49.251 0.012 103.96 0.095 154.68 0.094 
EN-GJL-250 Grey Cast Iron 48.366 0.017 101.78 0.048 151.21 0.122 
G-X6CrNiMo18-10 48.764 0.020 102.78 0.091 152.86 0.076 

 
3.3 FSI Total deformation of impeller 
3.3.1 FSI Total deformation of impeller at 0.6Qd flow rate: From FSI stress analysis of impeller total 
deformation of impeller at different stages of the pump was carried out. In this study total deformation 
analysis was carried out only for the third impeller because third stage impeller experiences high pressure 
and stress. Maximum total deformation of third stage impeller of the pump for G-Cu-Sn10 Copper Tin 
Alloy is 1.4609 mm and minimum total deformation is 0.037053 mm. Similarly total deformation of 
the third stage impeller for EN-GJL- 250 Grey Cast Iron and G-X6CrNiMo18-10 is 1.5 mm and 1.3959 
mm respectively. Additionally, minimum deformation for both material is 0.035975 mm and 0.038336 
mm.  

 
Figure 7. Total deformation for G-Cu-Sn10 impeller material at (a) 0.6Qd 

flow rate, (b) Qd flow rate and (c) 1.4Qd flow rate 
Figure 7: Total deformation for G-Cu-Sn10 impeller material at 
(a) 0.6Qd flow rate, (b) Qd flow rate and (c) 1.4Qd flow rate

Table 6.  FSI Equivalent stress of impeller at  
0.6Qd, Qd and 1.4Qd flow rate

Materials
Total deformation (mm)

0.6Qd Qd 1.4Qd
Max Min Max Min Max Min

G-Cu-Sn10 
Copper Tin Alloy 1.4609 0.037053 1.2056 0.020185 1.4661 0.037053

EN-GJL-250 Grey 
Cast Iron

1.5 0.035975 1.2556 0.021183 1.5 0.019502

G-X6CrNiMo18-10 1.3959 0.038336 1.2065 0.020871 1.4425 0.01894

Table 3 above. As it can be observed from 
the Figure 7 maximum total deformation 
of third stage impeller of the pump is for 
G-Cu-Sn10 Copper Tin Alloy is 1.46609 
mm and minimum deformation is 0.037053 
mm. Similarly total deformation of the third 
stage impeller for EN-GJL-250 Grey Cast 
Iron and G- X6CrNiMo18-10 is 1.5 mm and 
1.4425 mm respectively. Also, minimum 
total deformation for both material is 
0.019502 mm and 0.01894 mm. In all cases 
of the operating conditions of the pump 
maximum impeller deformation was 
observed at the trailing edge of the impellers 
in all the three materials of the pump. This 
is due to the fact that the pressure inside the 
impeller increases from the leading edge of 
the pump to the trailing edge of the pump 
hence it creates high stress and deformation 

at the trailing edge of the impeller of 
the pump.
3.4 FSI safety factor of impeller 

at different flow rate:
Stage III FSI safety factor at 0.6Qd 
flow rate: In this study, the safety 
factors were analysed only for the third 
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MED 20 Sectional Committee along with MED20.5 and MED 20.6 on 24th January, 2024

MED 20 Sectional Committee along with MED20.5 and MED 20.6 was conducted at SIEMA board room on 24th January 
2024 . Our President Vignesh along with IPMA president K.V. Karthik welcomed the participants. The meeting was chaired 
by Shri Abdul Rahiman from CWPRS instead of Shri A. K. Nijhawan chairman MED 20. Dr.C. Murugesan our TC Chairman, 
Convenor MED 20.5 and Dr.R Birajdar VP - Design KBL Convenor MED20.6 convened the meeting along with Mr. Aman 
Dhanawat Member secretary.
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Stage III FSI safety factor at 1.4Qd flow rate: 
Plot of the safety factor distribution for this case is 
given in Figure 8(c), where it is observed that the 
value for G- Cu-Sn10 Copper Tin Alloy is 0.76. For 
EN- GJL-250 Grey Cast Iron and G-X6CrNiMo18-10, 
the minimum safety factor values are 0.98 and 1.24 
respectively. It indicates that the safety factor for 
G-Cu-Sn10 Copper Tin Alloy and EN-GJL-250 
Grey Cast Iron are less than one, which means 
the impeller fails before its design life. On the 
other hand, the G-X6CrNiMo18-10 material is safe 
because its safety factor is 1.24 which is greater 
than one.

4. Conclusion
To investigate the effect of the fluid pressure on 
centrifugal water pump impeller, CFD analysis 
of a three-stage centrifugal pump was carried out 
using ANSYSS CFX at different flow rates of the 
pump ranging from 0.6Qd to 1.4Qd flow rates. In 
the analysis, a steady state solution with k- SST 
turbulence model was used in ANSYS-CFX for 
analysis of the centrifugal water pump. The result 
shows that as the flow rate increases the head of 
the pump decreases and as the flow rate of the 
pump decreases the head developed by the pump 
increases. The head rise obtained through CFD 
analysis was over predicted head rise than the 
design head of the pump which was 191 m. This 
is due to the fact that leakage was neglected in the 
analysis of the pump during the analysis and also 
surface roughness of the impeller, diffuser with 
return guide vanes was assumed to be smooth.

Figure 8: Stage III safety factor for G-Cu-Sn10 impeller material at
(a) 0.6Qd flow rate, (b) Qd flow rate and (c) 1.4Qd flow rate

Fourth Conference of Computational Methods & Ocean Technology
IOP Conf. Series: Materials Science and Engineering 1294  (2023) 012022

IOP Publishing
doi:10.1088/1757-899X/1294/1/012022
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Figure 8. Stage III safety factor for G-Cu-Sn10 impeller material at (a) 0.6Qd flow rate, (b) 

Qd flow rate and (c) 1.4Qd flow rate 
 
4. Conclusion 
To investigate the effect of the fluid pressure on centrifugal water pump impeller, CFD analysis of a 
three-stage centrifugal pump was carried out using ANSYSS CFX at different flow rates of the pump 
ranging from 0.6Qd to 1.4Qd flow rates. In the analysis, a steady state solution with k- SST turbulence 
model was used in ANSYS-CFX for analysis of the centrifugal water pump. The result shows that as 
the flow rate increases the head of the pump decreases and as the flow rate of the pump decreases the 
head developed by the pump increases. The head rise obtained through CFD analysis was over predicted 
head rise than the design head of the pump which was 191 m. This is due to the fact that leakage was 
neglected in the analysis of the pump during the analysis and also surface roughness of the impeller, 
diffuser with return guide vanes was assumed to be smooth. 

Numerical stress analysis of the impellers of the three-stage centrifugal water pump was performed, 
in which it was observed that the pressure distribution on the surface of the impeller varied from suction 
side to the pressure side of the impeller. The pressure of the fluid does not only vary along the surface 
of the impeller but also it varies along different stages of the pump. From the finding of the study, the 
third stage experiences higher deformation and stress than the first and the second stage impeller. The 
results obtained from the impeller analysis shows that the impeller stress increases as the flow rate 
decreases because the pressure acting on the wall of the impeller increases as the pump flow rate 
decreases. 
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£¯ÚØÓx, ö£õ¸zu©ØÓx. 

öŒ¯À£õkhß Ti¯ AÔ÷Áõ 

|ÀÁÍzøu¨ ö£¸USÁx’ GßÓõº 

H.¤.öá.A¨xÀP»õ®. B®! AÔÄÁÍzøu 

ö£¸UQU öPõs÷h C¸UP ÷Ásk®. 

HöÚßÓõÀ J¸Á¸øh¯ AÔÄ ÁÍ÷© 

AÁ¸øh¯ ÁÍºa]US® •ß÷ÚØÓzvØS® 

‰»uÚ©õP Aø©QÓx. 

÷©¾®, E»QÀ {PÊ® 

ÂgbõÚ® ©ØÖ® öuõÈÀ 
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ªPÄ® ]UPÀ {øÓ¢uuõP 

©õØÔ Á¸QÓx GßÓõÀ 
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£ÇUP ÁÇUP[PÒ, EnÄ 
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Áõ]¨£uØS ÷|µªÀø» GÚU 

TÖÁøuÂh, BºÁªÀø» Gß£÷u 

Esø©¯õÚuõS®. Áõ]US® BºÁ® 

C¸¢uõÀ AuØPõÚ ÷|µzøu E¸ÁõUQU 

öPõÒÍ •i²®. |õ® Gøu ÷|]UQ÷Óõ÷©õ 

AuØPõÚ ÷|µzøu²® Dk£õmøh²® 

E¸ÁõUQU öPõÒÍ•i²®. BP÷Á, 

Áõ]¨£uØS® Auß‰»® AÔøÁ 

ÁÍ¨£kzvU öPõÒÁx® ÁÍºa]US ªPÄ® 

AÁ]¯®.

PÁÛzuÀ (Observation)
JÆöÁõ¸ ö£õ¸øÍ²® {PÌøÁ²® Tº¢x 

PÁÛ¨£uß ‰»©õP |©x AÔøÁ²® 

¦›uø»²® öuÎÄ£kzvU öPõÒÍ •i²®. 

JßøÓ¨ £õºzuÀ Gß£x ÷ÁÖ; PÁÛzuÀ 

Gß£x ÷ÁÖ. £õº¨£øu ©ÚvÀ C¸zva 

]¢v¨£÷u PÁÛzuÀ. B¨¤Ò £Ç® ©µzvÀ 

C¸¢x R÷Ç ÂÊÁøu GÀ÷»õ¸® £õºzuõºPÒ, 

BÚõÀ IöŒU {²mhß PÁÛzuõº. B¨¤Ò 

£Ç® Hß ÷©÷» öŒÀ»õ©À R÷Ç ÂÊQÓx 

GßÖ ]¢vzuõº. Auß ÂøÍÁõP ¦Â±º¨¦ 

ÂøŒø¯U Psk¤izuõº. Cxuõß 

£õº¨£uØS® PÁÛ¨£uØS® EÒÍ ÷ÁÖ£õk. 

|õ® £õº¨£øu GÀ»õ® PÁÛ¨£x CÀø». 

BÚõÀ GøuU PÁÛUQ÷Óõ÷©õ Av÷» 

C¸¢x PØÖU öPõÒQ÷Óõ®. AÆÁõÖ PØÖU 

öPõÒÐ® ÷£õx |©x AÔÄ ÂŒõ»©øhQÓx.

÷PmhÀ (Listening)
öŒÀÁzxÒ öŒÀÁ® öŒÂaöŒÀÁ® AaöŒÀÁ®  

öŒÀÁzxÒ GÀ»õ® uø» (411)

Gß£x ÁÒÐÁº ÁõUS. PØÓø» Âh 

÷PmhÀ ]Ó¢ux Gß£xuõß Cuß Aºzu®. 

SøÓÁõP¨ ÷£] {øÓÁõPU ÷PmP ÷Ásk®. 

ÁS¨£øÓ°À Tº¢x ÷PmS® ©õnÁºP÷Í 

]Ó¢u ]¢uøÚ¯õÍºPÍõP E¸ÁõQ 

C¸UQÓõºPÒ. ÷Pmhøu GÀ»õ® A¨£i÷¯ 

HØÖU öPõÒÍõ©À Ax SÔzx «sk® 

«sk® ]¢vzxz öuÎÄ ö£Ó ÷Ásk®.

JÆöÁõ¸ Â\¯® SÔzx® öuÎÄ 

EshõS®÷£õx, Gøu²® GÎvÀ 

GvºöPõÒÐ® vÓÝ® AÁØøÓ öÁÀ¾® 

BØÓ¾® TkQÓx.

AÝ£Á¨£kuÀ (Experiencing)
AÝ£Á÷© ]Ó¢u BŒõß Gß£õºPÒ. Áõ]zuÀ, 

PÁÛzuÀ, ÷PmhÀ BQ¯ GÀ»õÁØøÓ²® 

ÂhÄ® AÝ£Ázvß ‰»÷© I¯ªßÔ PØÖU 

öPõÒQ÷Óõ®. AÝ£Á Á¯ÀPÎÀ ÂøÍ¢u 

P¸zx©oPÒ, B²Ò •Êø©US® |®ø© 

ÁÈ|hzx® BØÓÀ ªUPøÁ. JÆöÁõ¸ 

AÝ£Ázv¼¸¢x® Kµõ°µ® £õh[PøÍU 

PØÖU öPõÒQ÷Óõ®. ÷©¾® GßÚ {PÌ¢ux 

Gß£uÀ» AÝ£Á®, Av¼¸¢x GßÚ PØÖU 

öPõs÷hõ® Gß£÷u AÝ£Á®.

]¢uøÚ öŒ#uÀ (Thinking)
Áõ]zux, PÁÛzux, PØÓx, AÝ£Á¨£mhx 

GÚ £»ÁøP¯õÚ uPÁÀPøÍ²® AÆÁõ÷Ó 

Esø© GßÖ |®¤ HØÖU öPõÒÍõ©À, 

AÁØøÓ £SzuÔÄUS Em£kzv £Szuõ#Ä 

öŒ#x Esø©ø¯ GxöÁÚ Enº¢x AuøÚ 

EÒÍzvÀ £v¯ øÁzxU öPõÒÁx ªPÄ® 

•UQ¯®.

GÀ»õÁØøÓ²® |®¤Âhõ©¾®, 

GÀ»õÁØøÓ²® |®£õ©¾® C¸¢x Âhõ©À 

Gøu²® ]¢vzx Enº¢x öPõÒÁvß 

‰»©õP÷Á |©x AÔÄ öuÎÁøhQÓx. 

AÆÁõÓõÚ öuÎ¢u |À»Ô÷Á öÁØÔUS 

Eµ©õPÄ® E¢x \Uv¯õPÄ® Aø©QÓx.

£ÓøÁPÒ £Ó¨£øu AøÚÁ¸® 

£õºzuõºPÒ. BÚõÀ øµm \÷PõuµºPÒ, ''|õ® 

Hß £ÓøÁPøÍ¨ ÷£õ» £ÓUP Thõx? GßÖ 

]¢vUPz öuõh[QÚõºPÒ. Auß ÂøÍÁõP 

BPõ¯ Â©õÚzøuU Psk ¤izuõºPÒ. 

Ax÷£õ» |õ® JÆöÁõ¸ {PÌøÁ²® EØÖ 

÷|õUQ BÇ©õP ]¢vzuõÀ AÔÄÁÍ® 

ö£¸S®; ¦v¯Ú {PÊ®.
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Republic Day Celebrations - Sitarc, Avarampalayam – 26th January, 2024

6th MC Meeting of SIEMA – 26th January, 2024





SCIENTIFIC AND INDUSTRIAL TESTING AND RESEARCH CENTRE 
(A-NOT-FOR-PROFIT SOCIETY TO SERVE ENGINEERING INDUSTRIES) 

Si’Tarc is NABL Accredited Laboratory and having the latest Testing facilities in Electrical Engineering, 
Mechanical Engineering, Chemical Engineering, and Metrology. 

We are glad to inform that Si’Tarc is now emerged with a new added facility of 

 “WATER TESTING IN NABL APPROVED LABORATORY” 

We have world-class equipments in our lab for testing water samples like, 

 Mineral Water
 Effluent Treated Process Water

 RO Water
 Packaged Drinking Water

 Bore well Water
 Waste Water

 Rain Water
 Raw Water etc,.

• All Tests are Conducted as per National/International Standards

• We collect the samples from your doorsteps and provide you the results on-time.

For More Details Contact:

#83,84 Avarampalayam Road, K.R.Puram Post, Coimbatore – 641021.
Ph/Fax: 0422 – 2562612, 2560473. 

Email:sitarcinfo@sitarc.com,Website:www.sitarc.com
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Flowers are not just beautiful; they are essential 
to our environment, culture, and well-being. 

Their vibrant colors and fragrant scents bring joy to 
our lives and inspire creativity in art and literature. 
Flowers serve as messengers of emotions and play 
a vital role in the pollination of food crops.

Flowers are a testament to the beauty and 
wonder of nature. Let us see the significance of 
flowers, exploring their role in our lives, their 
impact on the environment, and the joy they bring 
to people around the world.

Flowers have always held a special place 
in human culture. Their enchanting beauty has 
inspired artists, poets, and writers for centuries. 
From the romantic red rose to the cheerful 
sunflower, flowers come in an astonishing array 
of shapes and colors.

Flowers play a crucial role in our ecosystem. 
They are pollinated by bees, butterflies, and other 
insects, helping to fertilize plants and produce 
fruits and vegetables. In fact, experts estimate that 
nearly 75% of the world’s food crops depend on 
pollinators like bees.

Throughout history, flowers have been used 
to convey emotions and sentiments. The Victorian 
era saw the emergence of the “language of flowers,” 
where specific flowers were given to express 
feelings. For example, a red rose symbolized love, 
while a white lily represented purity.

Furthermore, flowers possess medicinal 
properties. For instance, in certain cultures, 
flowers such as chamomile and lavender have been 
employed for their calming and curative attributes. 
Additionally, medical professionals recognize the 
advantages of these flowers in addressing health 
issues and facilitating relaxation.

Flowers are an integral part of cultural 
traditions around the world. Moreover, in India, 
the marigold is used in garlands for festivals and 

ceremonies. Similarly, in Japan, cherry blossoms 
mark the arrival of spring and are celebrated with 
Hanami, the viewing of cherry blossoms.

“Flowers are frequently linked to celebrations 
and special occasions; furthermore, statistics reveal 
that billions of dollars are expended each year on 
flowers for events such as weddings, birthdays, 
and anniversaries. Consequently, the inclusion of 
flowers imparts an element of sophistication and 
emotion to these moments.

Flowers contribute to a healthier planet. They 
absorb carbon dioxide and release oxygen, helping 
to improve air quality. Experts in environmental 
science emphasize the importance of maintaining 
biodiversity, which includes preserving diverse 
species of flowers.

Gardening with flowers is a popular hobby 
enjoyed by people of all ages. It provides relaxation, 
exercise, and the satisfaction of nurturing life. 
Horticulture experts highlight the therapeutic 
benefits of tending to flower gardens.

As we admire the petals and leaves of these 
botanical wonders, let us remember that they are 
not just symbols of beauty but also symbols of 
life, growth, and interconnectedness. Flowers, in 
all their splendor, remind us of the remarkable 
tapestry of nature and the importance of 
preserving it for generations to come.

They have been used for various purposes, 
including decoration, medicine, and in religious 
practices. Flowers aren't just pretty; they're super 
important in nature because they provide food 
and habitat for many animals and insects.

Recent research from Rutgers University in 
New Jersey has shown that the presence of flowers 
triggers positive emotions and feelings of life 
satisfaction. Everyone knows the joy of receiving 
flowers, but studies have shown those feelings last 
and have a long-term positive impact.

Flowers
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What the 
Media 
says?

Times of India (30-1-24)

The Hindu (25-1-24)

The Kovai Herald (4-2-24)

The Hindu (2-2-24)












