International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ljiemr.org

DESIGN AND STRUCTURAL ANALYSIS OF PELTON WHEEL TURBINE BLADE
IMrs. T.Madhavi, 2Mohammed Omar Sohaib
! Associate Professor, Department of Mechanical Engineering, Sree Chaitanya College of
Engineering, Karimnagar
2Student, Department of Mechanical Engineering, Sree Chaitanya College of Engineering,
Karimnagar
ABSTRACT:
In this research, we examined a recently developed design called the hooped runner, also
known as the advanced pelton wheel. It consists of two hoops that support and allow the
bucket to rest on the rear side. The reorganisation of the functions of the various components
of the Pelton wheel forms the basis of the new design. In a traditional runner, the water jet
strikes the bucket's splitter directly, imparting force to it. The buckets then turn that force into
momentum, which causes the shaft to spin and provides us with power. In contrast to a
simple pelton wheel, an advanced pelton wheel bucket transfers force to the runner through a
set of hoops that are connected to a shaft, generating power. As a result, the stress generated
in a hooped pelton wheel is reduced because the runner is supported more simply than in a
simple pelton wheel. We want to get some important data for this experiment, such as
developed stress. The goal of the project is to use CATIA, a 3D Cad tool, to create both
conventional and sophisticated bucket pelton wheels. The ANSYS WORKBENCH
simulation program was used to analyse both buckets utilising two distinct materials, namely
cast iron, Inconel 600, 1020 steel, and 1060 alloy, under specified loading conditions of 350N
and 10000N.The superior material out of the two is INCONEL600 because it develops less
stresses under the specified loading conditions.
Keywords: Ansys, Catia, Pelton Wheel Turbine Blade

1. INTRODUCTION

A turbine is a rotational mechanical device
that turns fluid flow energy into productive
work. The name turbine comes from the
Latin turbo, which means vortex, and is
linked to the Greek word toppn, tyrbe,
which means "turbulence". When paired
with a generator, the work generated by a
turbine may be utilised to create thrust, as
in the case of jet engines, or electrical
power. The rotor assembly, which consists
of a shaft or drum with blades attached, is
the only moving component of a turbine,
which is a turbomachine. The rotor
receives rotational energy from the blades
as a result of the action of moving fluid on
them. Examples of early turbines include

waterwheels and windmills.The working
fluid in gas, steam and water turbines is
contained and managed by a casing that
surrounds the blades. The credit for the
creation of the steam turbine goes to
Swedish engineer Gustaf de Laval (1845—
1913) for the impulse turbine and British
engineer Sir Charles Parsons (1854—-1931)
for the reaction turbine. response and
impulse are often used in the same unit in
modern steam turbines, with the degree of
response and impulse being varied from
the blade root to its perimeter.The Latin
turbo, or vortex, is where the term
"turbine" originated. It was first used in a
document titled "Des turbines
hydrauliques ou machines rotatoires a
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grande vitesse" that French mining
engineer Claude Burdin presented to the
Académie royale des sciences in Paris in
1822. The first usable water turbine was
constructed by Claude Burdin's former
pupil Benoit Fourneyron, as shown in
fig:1.1

Figure 1: Turbine
Types of turbines

J Reaction turbine

. Impulse turbine

Reaction turbines

Reaction turbines are acted on by water,
which changes pressure as it moves
through the turbine and gives up its
energy. They must be encased to contain
the water pressure (or suction), or they
must be fully submerged in the water flow.
Impulse turbines

Impulse turbines change the velocity of a
water jet. The jet pushes on the turbine's
curved blades which changes the direction
of the flow. The resulting change in
momentum (impulse) causes a force on the
turbine blades. Since the turbine is
spinning, the force acts through a distance
(work) and the diverted water flow is left
with diminished energy.

Scope of work:

. To generate 3-dimensional
geometry model in CATIA workbench of
the pelton wheel bucket.

. To perform structural analysis on
the model to determine the stress,

deformation, shear stress of the component
under the static load conditions

. To compare analysis between four
different materials of pelton wheel turbine
bucket

Problem Statement:

Improper material leads the failure and
damage due to excessive forces at that
time need proper material of pelton wheel
bucket, grey cast iron formed corrosion,
cracks, generally using steel and aluminum
materials we are choosing the Inconel
material because of high stiffness, low
stresses, deformation Inconel is a family of
austenitic nickel-chromium-based
superalloys. These alloys are oxidation-
and corrosion-resistant materials well
suited for service in extreme environments
subjected to pressure and heat. When
heated, it forms a thick, stable, passivating
oxide layer protecting the surface from
further attack.

2.LITERATURE REVIEW

The pelton wheel is one of the impulse
turbines which produces power by
converting the pressure energy into kinetic
energy. This process is done with the help
of jet nozzle assembly and runner is used
to generate power from kinetic energy [1].
Runner of Pelton turbine consists buckets
that are mounted on the disc. Immediately
after the jet strikes the angular rotation of
the bucket takes place. The wheel will
come into motion when the water jet
strikes the buckets of the pelton wheel.
Pelton turbine is a high head turbine. It is
used in various applications. Advantages
of pelton turbine over other turbines are
many. It is having high overall efficiency
and can operate at low discharge. The
added benefits of this is it can be operated
in salt water [2]. Compared to other
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turbines it can be easily assembled. When
it comes to disadvantages, the efficiency of
it reduces with time. The generator,
powerhouse required is large. Pelton
turbine is mostly chosen when the flow
rate is low. It is used at relatively high
hydraulic heads The water which is stored
at high heads comes through the penstock
and reaches the nozzle. Kinetic energy is
increased and directs the water in the form
of jet by the nozzle. This jet strikes the
vanes of pelton wheel. Because of this the
runner moves at very high speed and the
spear which is at nozzle controls the
amount of water striking the buckets [3].
Then comes the generator which is
attached to the shaft of runner which
converts the mechanical energy into
electrical energy. Buckets are located on
the circumference with same spacing. The
nozzles are tangential to the wheel
circumference. Number of nozzles depend
upon the water head and the running
requirement. The nozzles present across
the wheel varies. There are splitters at the
center of the bucket. The water jets are
divided into same watercourses which are
also called streams [4]. The water flows
together with the internal curve of the
bucket. The water leaves from the other
side of the incoming jet. A small nozzle
which directs the jet of water on back of
buckets is provided to stop the runner for
some time. This jet is called the breaking
jet. Casing is provided to overcome the
splashing of water [5][6]. Moreover, it
discharges water to tailrace. Using the high
pace water turbine, the pelton wheel
should be labored. It receives the excessive
strain water jet from the water frame
which is located on the excessive level to
push the water downwards. Impulse on the

blade of the pelton wheel turbine is
produced by the stream water because of
alternate inside the momentum [7]. The
rotation and torque within the shaft of the
pelton wheel is generated using this
impulse. To gain the optimal output the
impulsive should pass backwards by way
of the blades must be severe. Alternate in
the momentum provides the maximum
water movement [8]. So, it's far located as
quickly as the water circulation is bounced
inside the opposite course to which it
strikes the buckets with similar pace
relative to the buckets.
3.METHODOLOGY

o Create a 3D model of the pelton
wheel turbine bucket using parametric
software Catia v5.

. Convert the surface model into IGS
and import the model into ANSYS to do
analysis.

o Perform static analysis on the
pelton wheel bucket
o Finally, it was concluded which

material is the suitable for pelton wheel
bucket

I Literature Review
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|

[ Modeling Of Pelton Whed Bucket :
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I Analysis and Effects

|

{ Result Validation

JJ

\ Parametric Analysis

Figure 2: Methodology flow chart
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Using Materials:

Gray iron, or grey cast iron, is a type of
cast iron that has a  graphitic
microstructure. It is named after the gray
color of the fracture it forms, which is due
to the presence of graphite. It is the most
common cast iron and the most widely
used cast material based on weight. It is
used for housings where the stiffness of
the component is more important than its
tensile  strength, such as internal
combustion engine cylinder blocks, pump
housings, Turbines, valve bodies, electrical
boxes, and decorative castings.

Material | Inconel | 1060 1020 Steel
600 Alloy
Density 8.4 7.85 7.85 g/ce
g/cc g/cc
Young’s |207Gp | 200Gp | 140Gpa
modulus | a a

Poisson’s | 0.33 0.30 0.29
ratio

Tensile 655Mp | 485Mp | 394.72Mp
strength | a a a
ultimate

Tensile 310 620 294.74
strength | MPa Mpa MPa
yield

Elongatio | 45% 10% 0.365
n break

Basic Bucket Design:

Bucket is made of elliptical section as in
figure. The longitudinal section of the one
half of the bucket is an ellipse with axes
52mm and 29mm, similarly the middle
transverse section is an ellipse with axes
58mm and 29 mm

www.ijiemr.org

Figure 3: Pelton wheel bucket model
4. RESULTS AND DISCUSSIONS:
A static analysis calculates the effects of

steady loading conditions on a structure,
while ignoring inertia and damping effects,
such as those caused by time varying
loads. This analysis is performed to find
Structural parameters such as Stresses,
Deformation, shear stress. Here we
observed results on four materials namely
Inconel 600, steel1020,steel 1060 steel and
grey cast iron as shown below figures

Nodes

s

Figure 4: Meshing model

Boundary conditions :350N

.

Figure 5: Boundary condition on pelton
wheel bucket
Inconel 600 material
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Figure 6: Stress on Inconel 600 material
In this study, the stress analysis of Inconel
600 material used in a Pelton turbine blade
was performed using ANSYS software.
Inconel 600, known for its high strength
and resistance to oxidation and corrosion,
makes it a suitable candidate for high-
performance turbine blades. The Pelton
blade, subjected to high-velocity water
jets, experiences significant stresses that
can impact its structural integrity and
performance.

e Y

figure 7: Shear stress on Inconel 600
material

Total deformation analysis in Inconel 600
material on a Pelton blade using ANSYS
software provides critical insights into the
material's performance under operational
stresses. Inconel 600, a nickel-chromium
alloy known for its excellent mechanical
properties and resistance to  high
temperatures and corrosion, is often used
in high-stress environments. In ANSYS,
the total deformation is calculated by
applying various load conditions to
simulate real-world operating scenarios.

www.ijiemr.org
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Figure 8: Total deformation on Inconel
600 material

Cast Iron:
In the analysis of stress in cast iron Pelton
blades using ANSYS software, the focus is
on understanding the material's response
under operational loads. Cast iron, known
for its brittleness and high compressive
strength, is subjected to hydraulic forces
during turbine operation. ANSYS provides
a robust platform to simulate these
conditions, allowing for detailed stress
distribution  visualization. The finite
element method (FEM) in ANSYS helps
identify critical stress points, particularly
at the blade's edges and curvature
transitions.

(R —

Figure 9: Stress on cast iron
In the meticulous analysis of Pelton blade
performance within ANSYS software,
understanding shear stress in cast iron
material is paramount. Cast iron, known
for its robustness and durability, undergoes

intense mechanical forces when subjected
to high-speed water flow in Pelton
turbines. Shear stress, the force applied
parallel to a material's surface, becomes a
critical parameter in evaluating blade
integrity and efficiency.
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In the realm of Pelton turbine analysis
within ANSYS software, understanding
shear stress in materials like steel 1020 is
paramount. Steel 1020, known for its

e T‘ excellent weldability and moderate
‘ strength, undergoes rigorous examination
Figure 10: Shear stress on cast iron in Pelton blade simulations. As water jets
In the realm of Pelton blade analysis impact the blades, shear stress becomes a
within ANSYS  software, understanding pivotal factor. Shear stress, the force per
total deformation in cast iron material is unit area parallel to the surface, dictates
paramount. Cast iron, known for its the material's stability and performance
robustness and resilience, undergoes under intense hydraulic forces.
deformation when subjected to varying s
loads and stresses. In ANSYS simulations, g‘m:
total deformation serves as a critical o
metric, delineating the overall Him
displacement experienced by the material.
= s AN Uy
- ; " L
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Figure 13: Shear stress on 1020 steel
In the realm of Pelton turbine blade

i
[
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analysis ~ within ~ ANSYS  software,
scrutinizing total deformation in steel 1020
e 11 \/ material is paramount. Steel 1020, revered

for its versatility and durability, undergoes
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d

Figure 11: Total deformation on cast iron ‘ _ _ )
1020 steel intense scrutiny for its deformation

characteristics under Pelton turbine
operational conditions. Total deformation,
a critical parameter, encapsulates the
cumulative effect of various mechanical
forces acting upon the steel.

In the rigorous world of engineering
analysis, stress becomes a paramount
concern, especially in the evaluation of
materials like 1020 steel for Pelton blade
applications using ANSYS software. Steel

. v AStS|
1020, renowned for its robustness and s .
Tpe!
versatility, faces the crucible of stress -
analysis to ensure optimal performance —
and safety standards. H;m
. - =
i :
_m \Y/ Figure 14: Total deformation on 1020
e steel

Figure 12: Stress on 1020 steel
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1060 steel:
In the rigorous realm of Pelton blade
analysis within ANSYS software, the
challenge of stress in 1060 steel material
emerges as a pivotal concern. As the
blades bear the brunt of intense hydraulic
forces in hydroelectric turbines, the
properties of 1060 steel face a rigorous test
of endurance. Stress, the silent adversary,
manifests in myriad forms, from tensile
strains to compressive forces, threatening
the structural integrity of the blades.

ANSYY

f

Figure 15: Stress on 1060 steel
In the intricate realm of Pelton blade
analysis ~ within ~ ANSYS  software,
understanding shear stress in materials like
1060 steel is paramount. 1060 steel,
renowned for its robustness and durability,
faces rigorous examination under the
computational lens. Shear stress, a critical
parameter, delineates the force
experienced by adjacent layers within the
material when subjected to opposing
forces or movement parallel to their plane.

ANSYS

Y

Figure 16: Shear stress on 1020 steel

In the rigorous analysis of Pelton blades
using ANSYS software, understanding
Total Deformation in steel, particularly

www.ijiemr.org

1060  steel, is
Deformation refers to the overall
displacement experienced by the material
under applied loads, offering insights into
structural integrity and performance. In the
context of Pelton blades, crafted from
robust materials like 1060 steel, Total
Deformation assessment aids engineers in
evaluating blade response to hydraulic
forces and turbine operation conditions.

ANSYS |

paramount.  Total

>

Figure 17: Total deformation on 1060
steel
Table 1: Validation of Final Results

Materi | Stress | Shear | Total

al (MPa | stress | deformation(m
) (MPa) | m)

Inconel | 3.610 | 0.7410 | 0.007026

600 4 5

Grey 5.325 | 1.0931 | 0.0095054
cast 4

iron
1020 4.332 | 0.8892 | 0.0084312
steel 5 6

1060 5.054 | 1.0375 | 0.0098364
steel 6

Stress(Mpa)

I I I I o

Inconel 1600 cast iron 1020 steel 1060 steel

o = oM w & ow @

Graphl: Stress
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This graph shows the different maximum
stress values in different materials, Inconel
600) (3.6104) material has least shear
stress value compared to other materials as
shown in the graph

Shear Stress(Mpa)

1
0.8
0.6 i

M shear Stress(Mpa)

04
0.2

0

cast iro: I

Incone! 1600 n 1020 steel 1060 stee

Graph 2: shear stress
This graph shows the different maximum
shear stress values in different materials,
Inconel 600(0.74105) material has least
shear stress value compared to other
materials as shown in the graph

Total deformation (mm)
0.012

0.01

0.008
0.006
e 0. 54 4. Lz 04 @ Total deformation (mm)
. 0. 6
0.002

0

Inconel cast ir
600

iron 1020 steel 1060 steel

Graph 3: Total deformation

This graph shows the maximum
deformation values for different materials,
Inconel 600 (0.007026)material has least
maximum deformation value compared to
another materials as shown in the graph

5. CONCLUSION

ANSYS software is used to do structural
analysis on the Pelton wheel bucket in
order to verify the quality of materials
such as Inconel 600, Grey Cast Iron,
STEEL 1020, and Steel 1060. The Pelton
wheel bucket is first modelled using
CATIAVS  software. Following the
examination, the materials' corresponding
Von-misses stresses, shear stresses, and
deformations These Inconel 600 materials

www.ijiemr.org

have fewer strains, deformations, and
shear stress than any other material. After
conducting a structural study, it was
determined that Inconel 600 is an excellent
material since Inconel alloys are resistant
to oxidation and corrosion and are ideal for
use in harsh, pressure- and heat-filled
situations. Inconel creates a thick, stable,
passivating oxide layer that shields the
surface from further damage when heated.
Because Inconel maintains its strength
over a broad temperature range, it is a
good material for pelton wheel buckets.
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