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Abstract

The Centrifugal Pump Impeller with Flow Simulation project focuses on the design
and computational analysis of a centrifugal pump impeller to study fluid flow
behavior and evaluate its performance. A centrifugal pump converts mechanical
energy into hydraulic energy by rotating an impeller, which transfers energy to the
fluid and generates the required pressure and flow. The efficiency and performance of
the pump depend significantly on the impeller geometry, blade design, rotational
speed, and operating conditions.

In this project, a 3D model of the centrifugal pump impeller is designed using suitable
Computer-Aided Design (CAD) software. The impeller geometry includes important
parameters such as blade angle, blade number, inlet and outlet diameter, blade width,
and hub dimensions. A computational fluid dynamics (CFD) simulation is then
performed to analyze the flow of fluid through the impeller.

The simulation helps evaluate important flow characteristics such as pressure
distribution, velocity distribution, streamline patterns, turbulence, and pressure losses.
The obtained results are used to understand the interaction between the rotating
impeller and the fluid and to identify regions of high pressure, low pressure,
recirculation, and possible flow losses.

The main objective of this project is to analyze the performance of the centrifugal
pump impeller through numerical flow simulation and identify opportunities for
improving its design and efficiency. The proposed approach can be further enhanced
by analyzing different blade profiles, rotational speeds, flow rates, materials, and
impeller geometries to obtain an optimized centrifugal pump design.

I. Introduction

A centrifugal pump is a widely used mechanical device for transporting fluids from
one location to another by converting mechanical energy into hydraulic energy. It is
commonly used in industries such as water supply, agriculture, chemical processing,
power generation, petroleum, and manufacturing. The impeller is the main rotating
component of a centrifugal pump and plays a critical role in transferring energy to the
fluid. Therefore, the design and performance of the impeller have a significant effect
on the overall efficiency and operating characteristics of the pump.

The performance of a centrifugal pump depends on several factors, including impeller
diameter, blade angle, blade number, blade width, rotational speed, flow rate, and
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pressure conditions. Improper impeller design can lead to undesirable flow
phenomena such as turbulence, recirculation, pressure losses, cavitation, and reduced
efficiency. Understanding the flow behavior inside and around the impeller is
therefore essential for developing an efficient pump design.

In this project, a 3D model of a centrifugal pump impeller is developed using suitable
CAD software. The designed impeller is then analyzed using Computational Fluid
Dynamics (CFD) to study the behavior of fluid flowing through the impeller. The
simulation provides important information about pressure distribution, velocity
distribution, streamlines, turbulence, and other flow characteristics.

The flow simulation results help identify areas of high and low pressure, velocity
variations, flow separation, and possible energy losses. By studying these results, the
impeller design can be evaluated and modifications can be made to improve its
hydraulic performance.

The main objective of this project is to design a centrifugal pump impeller and
analyze its internal flow characteristics using CFD simulation. The study provides a
cost-effective method for evaluating impeller performance before manufacturing a
physical prototype. The analysis can also be extended by investigating different blade
geometries, rotational speeds, flow rates, and operating conditions to achieve an
optimized and efficient centrifugal pump impeller.

II. Literature Survey

Several researchers have studied centrifugal pump impellers and their internal flow
characteristics using Computational Fluid Dynamics (CFD). CFD has become an
important tool for analyzing complex three-dimensional flow inside centrifugal
pumps, including turbulence, secondary flow, cavitation, and unsteady effects.
Research has shown that CFD can be used to predict pump performance under design
and off-design operating conditions and to investigate pressure and velocity
distributions inside the pump.

Previous studies have investigated the influence of impeller blade geometry on pump
performance. Parameters such as blade number, blade inlet angle, blade outlet angle,
blade width, and blade wrap angle can significantly affect pressure development,
hydraulic losses, head, and efficiency. Studies using CFD and experimental validation
have demonstrated that modifying these geometric parameters can improve
centrifugal pump performance.

Research on blade outlet angle has shown that it is an important design parameter
affecting the internal flow field and hydraulic performance of centrifugal pumps.
Numerical studies using different outlet angles have been compared with
experimental results, showing similar performance trends and demonstrating the
usefulness of CFD for selecting suitable blade geometry.

Several researchers have also used optimization techniques combined with CFD to

obtain improved impeller designs. Taguchi methods, response surface methodology,
parametric studies, and genetic algorithms have been applied to identify combinations
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of impeller parameters that improve efficiency and reduce energy losses. These
studies demonstrate that CFD-based optimization can reduce the need for repeated
physical prototype development.

Another important research area is cavitation analysis in centrifugal pumps.
Cavitation occurs when local pressure falls sufficiently to cause vapor bubbles to form,
potentially reducing performance and damaging pump components. CFD studies
commonly use turbulence and cavitation models to investigate this phenomenon and
determine operating conditions that can reduce cavitation risk.

Based on the existing literature, the proposed Centrifugal Pump Impeller with Flow
Simulation project focuses on designing an impeller and analyzing its fluid-flow
behavior using CFD. The study can evaluate pressure contours, velocity distribution,
streamlines, turbulence, head, and hydraulic efficiency under selected operating
conditions. The results can be used to identify flow losses and evaluate the
effectiveness of the selected impeller geometry. Future improvements can include
parametric optimization of blade angles, blade number, blade width, and rotational
speed, along with experimental validation of the CFD results.

II1. System Analysis

System analysis is an important phase in the development and evaluation of the
Centrifugal Pump Impeller with Flow Simulation. The analysis focuses on
understanding the impeller design parameters and fluid-flow requirements. Important
parameters such as impeller diameter, blade number, blade angle, blade width,
rotational speed, and flow rate are considered. A suitable three-dimensional impeller
geometry is created using CAD software. The fluid domain around and through the
impeller is then prepared for CFD analysis. Appropriate boundary conditions such as
inlet flow rate, outlet pressure, and rotational speed are applied. The simulation is
used to study pressure, velocity, turbulence, and streamline patterns. The results help
identify regions of high pressure, low pressure, flow separation, and energy losses.
Pump head and hydraulic performance can also be evaluated from the simulation
results. Different operating conditions can be analyzed to understand the behavior of
the impeller. The system should provide accurate visualization and meaningful
simulation results. Overall, system analysis defines the design, simulation, and
evaluation requirements needed to study centrifugal pump impeller performance.

Existing System

In the existing approach, centrifugal pump impellers are commonly designed using
conventional design calculations and CAD-based modeling techniques. The
performance of a newly designed impeller is often evaluated through physical
prototype manufacturing and experimental testing. Engineers may need to
manufacture several impeller designs to compare their performance under different
operating conditions. Experimental testing requires laboratory equipment, pumps,
sensors, test rigs, and considerable time. Internal fluid-flow behavior is difficult to
observe directly during physical experiments. Parameters such as pressure distribution,
velocity variation, turbulence, and flow separation may therefore be difficult to
analyze in detail. Traditional methods can also require repeated modifications to the
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impeller geometry. Manufacturing multiple prototypes increases material and
production costs. Testing different rotational speeds and flow rates can further
increase the experimental effort. Although experimental testing provides valuable
real-world results, it may be difficult to perform during the early stages of design.
Therefore, a simulation-based approach can provide an efficient method for
preliminary performance evaluation.

Disadvantages of Existing System

e Requires physical prototype manufacturing.

o High cost of experimental testing.

e Time-consuming design and testing process.

o Difficult to observe internal fluid flow directly.

e Multiple prototypes may be required.

o Difficult to analyze complex flow patterns.

e Limited visualization of pressure distribution.

o Limited visualization of velocity distribution.

o Testing different operating conditions requires additional effort.
o Design modifications can increase development time.

o Experimental equipment requires regular maintenance.
o Difficult to identify flow losses at an early design stage.

Proposed System

The proposed system focuses on designing a centrifugal pump impeller and analyzing
its flow behavior using Computational Fluid Dynamics (CFD). A three-dimensional
impeller model is first developed using suitable CAD software. Important design
parameters such as impeller diameter, blade number, blade angles, and blade width
are selected according to the required operating conditions. The fluid domain is
created around the impeller to represent the flow passage. Appropriate material
properties, boundary conditions, inlet flow rate, outlet pressure, and rotational speed
are assigned to the simulation model. A suitable turbulence model is selected to
represent the fluid behavior accurately. The CFD solver analyzes the flow through the
rotating impeller and generates numerical results. Pressure contours, velocity contours,
streamlines, and turbulence distributions are obtained from the simulation. Pump head
and hydraulic performance can be evaluated using the simulation results. Different
design parameters can be modified and analyzed without manufacturing physical
prototypes. The simulation results help identify areas of energy loss and undesirable
flow behavior. Overall, the proposed system provides a cost-effective and efficient
method for analyzing and improving centrifugal pump impeller performance.

Advantages of Proposed System

o Reduces the need for physical prototypes.

e Reduces design and testing costs.

e Saves development time.

e Provides detailed internal flow visualization.
o Shows pressure distribution clearly.

o Shows velocity distribution clearly.
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o Helps identify turbulence and flow separation.

o Allows different operating conditions to be tested.

e Supports easy modification of impeller geometry.

o Helps evaluate pump performance before manufacturing.
e Supports design optimization.

o Provides useful data for improving impeller efficiency.

IV. Methodology

The methodology describes the systematic process followed for designing and
analyzing the centrifugal pump impeller. The process begins by defining the required
pump operating conditions such as flow rate, head, and rotational speed. Important
impeller design parameters are selected based on the required performance. A three-
dimensional impeller geometry is created using suitable CAD software. The
computational fluid domain is then generated around the impeller and flow passages.
The geometry is checked and prepared for CFD simulation. A suitable computational
mesh is generated to divide the fluid domain into small cells. Fluid properties and
appropriate boundary conditions are assigned to the model. The impeller rotation and
operating conditions are defined in the CFD setup. A suitable solver and turbulence
model are selected for the flow simulation. The simulation is executed until the
required convergence criteria are achieved. Results such as pressure, velocity,
streamlines, turbulence, head, and efficiency are analyzed. Finally, the simulation
results are evaluated to identify possible design improvements and optimize the
impeller performance.

System Architecture

The system architecture represents the flow of information between the design,
simulation, analysis, and result-generation stages. The process begins with the input
of pump specifications such as flow rate, head, rotational speed, and fluid properties.
These inputs are provided to the impeller design module for selecting suitable
geometric parameters. The CAD modeling module creates the three-dimensional
impeller geometry based on the selected parameters.
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SYSTEM ARCHITECTURE
CENTRIFUGAL PUMP IMPELLER WITH FLOW SIMULATION

2. IMPELLER DESIGN MODULE 3. PRE-PROCESSING MODULE 4. MESHING MODULE 5. CFD SETUP MODULE
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+ Flow rate (Q) « Impeller diameter « Import CAD model + Generate computational mesh « Select solver
« Head (H) + Blade number |+ Create fluid domain + Refine near blade region « Set fluid properties
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8. RESULT ANALYSIS MODULE

9. DESIGN OPTIMIZATION & FEEDBACK

‘ Analysis & Interpretation Optimization
A « Evaluate performance + Modify design parameters / \
|]I||' « Identify flow losses and critical regions o Resrin silation a
‘ :‘ + Compare with design objectives « Achieve optimized impeller performance K /

Suggest design improvements

The generated geometry is transferred to the computational fluid domain and
preprocessing module. The meshing module divides the fluid domain into suitable
computational cells for numerical analysis. The CFD setup module applies fluid
properties, rotational conditions, inlet conditions, outlet conditions, and turbulence
models. The CFD solver then performs numerical calculations to determine the fluid-
flow behavior inside the impeller. The post-processing module generates pressure
contours, velocity contours, streamlines, and turbulence results. Performance
parameters such as pump head and hydraulic efficiency can then be calculated and
analyzed. The results are compared with the required design objectives to identify
possible improvements. The optimized design can be sent back to the CAD module
for further analysis. Overall, this architecture provides a structured workflow from
pump requirements — impeller design — CFD simulation — result analysis —
design optimization.

V. Result and output
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1. 3D MODEL OF CENTRIFUGAL PUMP IMPELLER ‘ 2. PRESSURE CONTOUR 3. VELOCITY CONTOUR

4. STREAMLINES 5. PERFORMANCE CURVE (HEAD vs FLOW RATE)

25 Operating Conditions
Rotational Speed : 1450 rpm
Fluid + Water

Density  : 998 kg/m*
Viscosity : 0.001003 Pas

Head, H (m)

0
o 0048 0050 (m) ‘)\‘x 0.000 0.005 0.010 0.015 0.020 0.025 0.030
Flow rate, Q (m*/s)

VI. Conclusion

The Centrifugal Pump Impeller with Flow Simulation project successfully
demonstrates the design and CFD-based analysis of a centrifugal pump impeller. The
three-dimensional impeller model was developed by considering important
parameters such as blade geometry, impeller diameter, blade angles, and rotational
speed.

The CFD simulation provides useful information about the pressure distribution,
velocity distribution, streamlines, and flow behavior inside the pump. The obtained
results help identify regions of high and low pressure, velocity variations, turbulence,
and possible flow losses. This makes it easier to understand the hydraulic
performance of the impeller without depending completely on physical prototype
testing.

The simulation-based approach reduces development time, manufacturing cost, and
experimental effort while allowing different design conditions to be tested. The results
can be used to modify the impeller geometry and improve its efficiency and
performance.

Overall, the project demonstrates that CAD modeling combined with CFD simulation
is an effective approach for analyzing and improving centrifugal pump impeller
designs. In the future, the work can be extended by optimizing blade angles, blade
number, impeller dimensions, and rotational speed, along with experimental
validation and cavitation analysis.
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