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Abstract — A static analysis of two different blades which are
of trapezoidal shape and inlet inclined has been done in
ANSYS software in order to find the stress distribution on
different material. The materials that have been chosen for the
study are titanium, stainless steel, Copper and bronze because
they are widely used in area of fluid machinery. Then a
comparison of von-Mises stress distribution for all the four
materials has been done. To perform this work, ANSY'S static
structure analysis was used. The blade model was designed in
ANSY'S workbench. In this study one end of blade was fixed
and force has been applied on the surface of blade, the see
was used as boundary condition. The stress was measured at
different value of forces and results are obtained. It has been
observed that trapezoidal blade of stainless steel subjected to
maximum stress and inlet inclined blade of stainless steel
subjected to minimum stress. This work was further
proceeding to find out the deformation in both cases of blade
for all these four materials and then compared the results
obtained from the analysis. It has been found that trapezoidal
stainless-steel blade was subjected to maximum deformation.

Keywords: Digital Data and Cybersecurity Protection

I. INTRODUCTION

A. Pump

Pump is a mechanical device which is used to converts
mechanical energy to hydraulic energy. Pumps can be used
for various industrial purposes. Due to load, pressure induced
at pump outlet and to overcome this pressure pump generates
flow with enough power. At the inlet of the pump, a vacuum
is created which forces the liquid from the reservoir to the
pump and discharges the liquid at the pump outlet.

B. Classification of Pump

1) Rotodynamic pump
a) Centrifugal Pump

2) Positive displacement pump
a) Rotary pump
b) Reciprocating Pump

C. Centrifugal pump

To convert mechanical energy into hydraulic energy
centrifugal pumps are used by means of centrifugal force
which is acting on the fluid. The principle of centrifugal pump
based on the free vortex flow which means that the pressure
head increases due to rotation of the fluid and the fluid is
rotated by an external torque. At the impeller outlet, fluid
leaves the impeller in radially outward.

D. Classification of centrifugal pumps on the basis of
different type of impeller

1) Impeller

A rotating part of the centrifugal pump is termed as impeller.
A series of backward curved vanes are mounted on the
impeller vanes. The impeller contains limited range of blades
i.e. the number is chosen to satisfy the motion of the fluid

within the preferred direction and the number of vanes varies
with the diameter of the impeller and also with the radial
depth of the blades. The number of blades are generally lies
between 6 and 12.
On the basis of mechanical construction

1) open impeller

2) semi-open impeller

3) closed impeller

Shroud (or Plate) on One Side

(a) Closed impeller (b) semi open impeller (c)open impeller
Fig. 1.1: Types of impellers on the basis of mechanical
construction
(i) on the basis of suction
1) Single suction

2) Double suction
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Fig. 1.2: Types of impeller on the basis of suction
(ii) On the basis of direction of flow in reference to the axis
of rotation
1) Axial flow impeller
2) Radial flow impeller
3) Mixed flow impeller

E. Types of Blades

B, < 90° backward curved vanes- the curvature of the blade
is in the opposite direction to that of the rotation of impeller.
B, =0, radial vanes

B, > 90°,forward curved vanes- the curvature of blade in the
direction of the rotation of the impeller.
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Fig.1.3: Types of impeller blade based on curvature of blade

F. Objective

Comparison of stress on two blades at different position in the
meridional annulus having different materials (Copper alloy,
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Bronze, Stainless steel and Titanium alloy) by using von
misses stress distribution theory.

The main objective of the blade design of mixed
flow impeller is to realize minimal losses as well as minimum
as stresses within the blade section.

on the basis of FEM analysis, the above two models
one is inlet inclined and other is trapezoidal one in the
meridional annulus were compared to check which is best
among them. For design acceptability, von Mises stress
distribution theory is used for the safe design of the impeller
blade. the optimum design of the impeller blade require
proper selection of material. In the present work four
different materials namely bronze, Stainless steel, copper and
titanium alloy are selected as the material of construction of
blade.

inlet inclined
[

\

hub

tra p_ga-:-idal

midspan

Fig. 1.12: Blade design

Il. REVIEV OF LITERATURE

1) A high efficiency mixed-flow pump was optimized by
Kim et al. in 2011 by designing it through different
optimization. techniques. They optimized the vane
diffuser of the mixed flow pump by weighted-average
optimization technique. The optimized result was then
validated with the experimental data by comparing their
head, power and efficiency. The model was discretized
by using finite volume method and SST turbulence
model was used on hexahedral grids to evaluate the
efficiency. From the results of the optimization, the
efficiency at the designed flow coefficient was improved
by 7.05%.

2) In a mixed flow pump impeller, Cao et al. in 2012
developed a loss model to predict the performance of the
pump impeller and study their performance curves. The
loss model was based on the iterative calculations for two
stream surfaces i.e., S1 and Sy with the help of continuity
and motion equations of fluid. Based on the test data,
curves of various losses which varied with different flow
rates were analyzed under different blade angles.
Moreover, they discussed in details the mechanisms of
these losses undergoing inside the mixed-flow impeller.

3) The pump whose impeller with HSRR 1.94 and outlet
diffusion angle 90° has been selected Hao et al.
[2013].They carried CFD analysis using k-€ model and
observed that as HSRR and blade wrap angle increases
the working capabilities and hydraulic efficiency were
improved. The impeller blade stresses analyzed by F F
Hu et al.[2013] for various flow condition and upgrade
the efficiency of the pump. The stress was been analyzed
at various flow rates and circumferential speed. The FEM
was used to find stress distribution in the blade caused
due to rotational inertia or flowing liquid load or

combination of both. The result predicted that stresses
developed in the blade changes flow rate and speed
changes.

Mixed flow pump impeller blades were designed
having two different blade positioning in the meridiona
lannulus.The stress developed in the pump blades are
evaluated using FEM analysis. Artificial neural network
(ANN) was used to optimize the thickness of the aero foil
blade von-Mises stress. It wasobserved by Srivastava et
al. [2014]that the mixed flow pump impeller blade with
inlet inclined blade position in the meridional annulus is
more suitable with respect to trapezoidal blade as
predicted through ANN.

I1l. THEORETICAL DESIGN ASPECT OF MIXED FLOW
IMPELLER BLADE AND METHODOLOGY

1) Firstly, airfoil shape is being designed using online
aerofoil tool. The dimension used is according to
standard NACA 0010 airfoil shape.

2) To generate the impeller blade surface 7 airfoil shape is
combined and a solid geometry model of the impeller
blade is generated using geometry modeling workspace
in ANSYS software.

3) The solid geometry of the airfoil shape is being generated
for two different blade positioning namely inlet inclined
type and trapezoidal shape type.

4) The solid geometry is then exported for grid generation
after which it is ready for structural analysis.

5) In the static structural workspace, a surface load of 3183
N of uniform distribution type is being applied on the
blade surface and further von Mises stress and
deformation analysis is done on the same platform.

6) Four different materials such as Titanium, Bronze,
Stainless Steel and Copper is being applied on both of
the blade positioning.

7) On comparison of maximum von Mises stress and
deformation on 4 different materials, the best blade with
the most appropriate material type will be used for the
design of mixed flow impeller.

angle of attack
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a T camber line
- { ~
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max. thickness / ———
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Fig. 2.1: Blade geometry aerofoil profile

A. NACA Profile

The NACA four-digit wing sections define the profile by

1) First digit signifies maximum camberas 0 % of
the chord.

2) Second digit indicate the distance of maximum camber
from the airfoil leading edge in % of chord

3) Last two digits show maximum thickness of the airfoil as
% of chord.

For example, the NACA 0010 airfoil has a
maximum camber of 0% located 0% of chord at the leading
edge with a maximum thickness of 10% of the chord.
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4.2 Material Used for construction of blade

The meshing done for each part is volume mesh not surface

Table 4.1: Material properties which are used for
construction of blade

IV. SoLIDb MODELING OF MIXED FLOW IMPELLER BLADE

A. Introduction

The modeling of the blades was done firstly by designing the
airfoil with the given dimensions and then with the
combination of 7 airfoils with different radius of curvature.
The 2d figure thus obtained is then imported to ANSYS
design modeler interface to obtain the 3d image of the blade.

B. Design of inlet inclined blade

NACA 0010

Chord (mm) 50 | 65 | 80 | 95 | 90 | 75 | 60
Radius of

curvature 400 | 360 | 320 | 270 | 260 | 250 | 220

(mm)
Thickness (%) 100 | 100 | 100 | 100 | 100 | 100 | 100
distance of

maximum

thickness from 30 | 30 | 30 | 30 | 30 | 30 | 30
leading edge (%
Chord)
Angle of attack
(degree)

6 8 10 | 12 | 14 | 16 | 18

Table 5.1: Data for inlet inclined blade

Fig 5.1: Airfoil section

==

Fig 5.2: Inlet inclined blade

o.00 so.00 100.00 trrm>
— —
25.00 75.00

Fig 5.3: Solid model of inlet inclined blade
1) Meshing
The 3D structure of the blade is then imported for grid
generation in meshing interface of ANSYS software. The
partial differential equations that governs the static analysis.

Applied Youngs Poisson’s | Density Yield mesh becausg here_ it is to_tally a solid dense model. The
: modulus ; 3y | strength volume meshing will contain tetrahedral mesh elements in
materials ratio (Kg/mm?) A .
(MPa) (Pa) unstructured format and for surface it will be triangular or
Bronze 1.1x105 | 0.341 8.86x107° | 5.2x108 rectangular.
Stainless 5 -6 8
steel 2x10 0.31 7.7x10 2.07x10
Titanium -6 8
alloy 96000 0.342 4.42x10 8x10
Copper 1.1x10° | 0.33 8.94x107° | 4x107

0.00 25.00
I
1750 50

Fig. 5.4: Structured meshing
Number of nodes 1077442
Number of elements | 952890
2) Static Structural analysis
— Boundary condition
After developing the mesh model, the problem is
formulated by providing initial condition like boundary
condition.

— Rotation and displacement
In these analysis proper displacement and rotational
constraints were provide. Displacement of model was
constrained in x, y, z direction.

During the analysis of the single blade, the side

which is connected to the hub is fixed which is shown in
fig. 5.8. The blade rotation is kept fixed about y and z
axis and it is free to rotate about x-axis. The arrow in fig.
5.6 is showing the direction for rotation of the blade and
the blue side is showing the fixed side which is attached
to the hub.

— Fixed support

Fixed Suppon

29,00 ¢cmm)

Bl Fi<edt Support

0.00 4s.00
22.50 §7.50

50,00 6rer)

Fig. 5.5: Rotation about x-axis and displacement constrained
in X, y, z direction

— Loading
After properly constraining the model, the load is
applied. The red surface in fig. 5.6 showing the surface
over which these loads are applied. The force is applied
about z-axis and magnitude of force used is 3183 N.

— Force applied 3183 N

B Force: 3183. N
Components: 0,0,-3183. N

0.00 45.00
-
2250 67.50

90.00 ()
1]

Fig. 5.6: Inlet inclined blade on which force applied
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C. Design of trapezoidal blade

Fig. 5.7: Airfoil section of trapezoidal blade

1) Meshing

0.00 _40.00
- —
20.00 60.060

Fig. 5.9: Structured meshing of trapezoidal blade
Number of nodes | 22667

Number of elements | 11840

2) Static structral analysis

Similarly, the boundary condition and force are used for

trapezoidal blade.

R

o.ooo o.oso

o100 G

Fig. 5.10: Solid model of trapezoidal blade

D. Rotation and displacement
1) Fixed support -

90.00 (mm)
)

22.50 67.50

Fig. 5.11 Rotation about x-axis and displacement
constrained in X, y, z direction

E. Loading
1) Force applied 3183 N

Static Structural
Force

[ Force: 3183.3 N
Components: 0,,-3183.3,0. N

0.00 50.00

100.00 (mm)

25.00 75.00

Fig. 5.11: Trapezoidal blade on which force applied

V. RESULTS AND DISCUSSIONS

A. Stress analysis

The von-Mises stress analysis is done for 4 different blade
materials namely Titanium, Stainless Steel, Copper and
Bronze with force magnitude 3183 N. Firstly, the stress
analysis is done on inlet inclined blades and then the same is
done for trapezoidal blades as well. Then a detailed
comparison is done for finding the blade material with the
minimum von-Mises stress and then on comparing for the
same material between the two types of blade profiles, an
appropriate blade is selected.

1) Inletinclined blade

Force = 3183 N

Stress analysis

Equivalent Stress
Type: Equivalent (van-Mises) Stress
Unit: MPa

128.34 Max
11412
99.897
g5.676
71.454
57.233
43.012

28.79

14.569
0.3478 Min

0.00 50.00 100.00 (rrrm)
1

25.00 75.00

Fig. 6.1 von-Mises stress distribution in Titanium blade

Equivalent Stress
Type: Equivalent tvon-hdises) Stress
Unit: MPa

125.08 Max
111.22

a7.35

83.483
69.617

55.75

41.884
28.017
14.151
028449 Min

0.00 50.00 100.00 (rmrm)
L A ASSSaa—— S—
25.00 75.00

Fig. 6.2: von-Mises stress distribution in Copper
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o von- s Sres B. Stress Analysis on Trapezoidal Blade
Unit: MPa
120.75 Max
107.37 Equivalent Stress
03,080 :J),/,F,’:';‘;:N.I.M (von-Mises) Stress
280.609 177.07 Max
s e
B 6.5743
e
13.714 psy
0.33448 Min 0.0050622 Min
0.00 50,00 100,00 (mm) 0.0 50.00 100.00 (mm)
25.00 70 " @00 = 7o ]

Fig. 6.3: von-Mises stress distribution in Stainless Steel - - P TR Rr——
Equmﬂ o Fig.6.6: Von-Mises stress distribution in Titanium
[Type: Equivalent (van-Mises) Stress
Enit: MPa

:]215':: Max E::TE;FTNS::;: (von-Mises) Stress
97.653 181.31 Max
83.753 61,722
69.851 21.012
z:.zg g
- 0.82894
28,144 0.28219
:.tf:;gn Min ppotaid
0.00 40.00 EOJOD(mm) 0TI
20.00 60.00
Fig. 6.4: von-Mises stress distribution in Bronze oo s 0000
Materials Von-Mises stress (MPa) - s - oo -
Titanium 128.34 i i _
Copper 125.08 Fig. 6.7: von-Mises stress distribution in Copper
Stainless steel 120.75
Bronze 125.46 Equivalent Stress
- - - . . Type: Equivalent (von-Mises) Stress
Table 6.1: Comparison of von-Mises stress for inlet inclined Unit: MPa
blade positioning Taze
Figures 6.1 to 6.4 depicted the wvon-Mises e
- - - - - - - - . 4.6181
distribution in different materials for inlet inclined blade res
positioning and the maximum stress observed were tabulated ozares
for comparison. On comparing, it was found out that the 0045042 Min
stress was maximum in case of Titanium blade and minimum
in Stainless Steel blade. 2900y
20.00 .00
Stress in different Material
Blade Fig. 6.8: von-Mises stress distribution in Stainless Steel
128.34 o i
T 10 125.08 125.46
S am
< 125 ' 120.75 l o
(%] 7379
(%] 2890
w 120 ' 087369
o 0.50063
; 0.1034%
115 001z248 M0
Titanium Copper Stainless Bronze
Steel
100.00 (mm)
MATERIAL
Fig. 6.5: Stress in inlet inclined blades of different materials Fig. 6.9: von-Mises stress distribution in Bronze
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Materials Von-Mises stress (MPa)
Titanium 177.07
Copper 181.31
Stainless steel 187.56
bronze 181.12

Table 6.2: Comparison of von-Mises stress for trapezoidal
blade positioning

Figures 6.6 to 6.9 illustrated the von-Mises stress
distribution along the blade surface in trapezoidal positioning
for different blade materials. The maximum stress observed
in each material was tabulated in a tabular form for
comparison. On comparing, the stress in Titanium blade was
found out to be minimum and Stainless Steel blade showed
maximum stress for a particular load.

Stress vs Material

= 187.56

o 190

S8 o 181.31 181.12

¢ 180

g 175

~ 170

» Titanium Copper Stainless bronze

steel

MATERIAL

Fig. 6.10: Stress vs material for trapezoidal blade

C. Deformation analysis
1) Inletinclined blade

Total Deformation
Type: Total Defarmation
Unit: mm

0.21207 Max _ti—
0.18851
016494
014138
011782
0.094254
0.07069
0.047127
0.023563
0 Min
0.00 50.00

100,00 (rmirm)
1

25.00 75.00

Fig. 6.11: Total deformation in Titanium blade material

Total Deformation
Type: Total Deformation
Unit: mm

0.18687 Max
0.16611
014535
012458
010382
0.083055
0.062292
0041528
0.020764

0 Min

0.00 50.00
25.00 75.00

100.00 (rarn)

Fig. 6.12: Total deformation in Copper blade material

Total Deformation
Type: Total Defarmation
Unit: mm
0.10766 Max
0.095699
0.083737
0.071775
0.059812
0.04785
0.035887
0.023925
0.011962
0 Min

o 5000 10000 (rrm)

25.00 7500

Fig. 6.13: Total deformation in Stainless Steel blade
material

__—

673 Max
0.15709
013746
o
0.008184
0.078547
0.058m
0039274
0.019637

0 Min

2250 67.50

Fig. 6.14: Total deformation in Bronze blade material

Materials Deformation(mm)
Titanium 0.21207
Copper 0.18687
Stainless steel 0.10766
Bronze 0.17673

Table 6.3: Comparison of total deformation for inlet inclined
blade positioning

Figures 6.11 to 6.14 showed the total deformation of
the blade for different blade materials in inlet inclined blade
position. Table 6.3 showed the comparison of the maximum
deformation observed in different blade materials. It was
found out that Stainless Steel had the least total deformation
and Titanium had the maximum total deformation for a
particular blade load.

Deformation vs Material

=z

o 04
0.10766

S = -7

[N

L 0

Titanium Copper Stainless Bronze
Steel
MATERIAL

Fig. 6.15: Deformation vs material for inlet inclined blade
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2) Deformation in trapezoidal blade

Titanium

Toral Dufarmatarr

Typa: Tornl Dafarmatian
Uait mm

096906 Max
Qs
anme
angy
aw

B 00me
L
0007
00
oM

oo Yo NOW vy

0867 Mes
o1e80e
o
ovpee7
o

0 Carre

B 008200
0.04 7400
0.05074%

O M

Figures 6.16 to 6.19 illustrated total deformation in
different blade materials for trapezoidal blade positioning and
then maximum total deformation was tabulated for further
comparison in table 6.4. When compared, it was observed
that the total deformation in Titanium material was found to
be minimum and Copper had the maximum deformation.

Deformation vs Material

’E\ 0.25 0.21067
= 0o 0.169060'18.671 — 0.18.659
Z . —
S o0i1s
o1
2 0.05
g 0

< > 2
e Q/@\?}% 4\\0@ OQQQ’ o J\O&’

@,5,& <L C .&Qjﬁ’ Q
o
MATERIAL

Fig. 6.20: Deformation vs material for Trapezoidal blade

00

Fig.6.17: Total deformation in Copper blade material

Total Deformation
Type: Total Defarmation
Unit: rm

0.21067 Max
0.18726
0.16386
0.14045
011704
0.093632
0.070224
0.046816
0.023408

0 Min

25.00

50.00

75.00

100.00 (mm,

Fig. 6.18 Total deformation in Stainless Steel blade material

Tetal Deformation
Type Totnl Deturmation
Uit mm

8659 Mas
[l
014513
o134
e
commn
oo
C0araen
oo™
DL

e

nwo

Bronze

Fig. 6.19: Total deformation in Bronze blade material

Materials Deformation(mm)
Titanium 0.16906
Copper 0.18670
Stainless steel 0.21067
Bronze 0.18659

Material Inlet inclined blade | Trapezoidal blade
Titanium 128.34 MPa 177.07 MPa
Copper 125.08 MPa 181.31 MPa
Stainless steel 120.75 MPa 187.56 MPa
Bronze 125.46 MPa 181.12 MPa

Table 6.5: von-Mises stress comparison of two blades with

different material

Stress vs Material

181.31  187:56181.12
200 177.07
v 150 128. 125. 120. 125.
(%]
& 100
&
50
0
Titanium Copper Stainless bronze
steel
MATERIAL

M inlet inclined blade

M Trapezoidal blade

Fig. 6.21: Stress vs Material for both blade

Material Inlet inclined blade | Trapezoidal blade
Titanium 0.21207 mm 0.16906 mm
Copper 0.18687 mm 0.18670 mm
Stainless steel 0.10766 mm 0.21067 mm
Bronze 0.17673 mm 0.18659 mm

Table 6.6 Deformation comparison of two blades with

different materials

Table 6.4: Comparison of total deformation for trapezoidal
blade positioning
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Deformation vs Material

©
N
(o

0.21207 0.21067

= 0.184%8671 59
E 0.2 906 0.1%
&o.15
E 0.107;
= 0.1
o
o
[N
10,05

0

N
‘\,Z}‘o é\‘)@ Q (_)\,Q’QJ 001’6
,5&6 «{&/b (JO ‘—)c) Q}
& Q&
o®
MATERIAL

HInletinclined blade  ® Trapezoidal blade

Fig. 6.22: Deformation vs material for both blade

VI. CoNcLUSION AND FUTURE SCOPE

The 3D model of mixed flow pump impeller blade developed
using CATIA was analysed for von mises stress and
deformation with four different materials (Copper alloy,
Bronze, Stainless steel and Titanium alloy) using ANSYS
11.0 with similar loading and support conditions. The results
obtained clearly indicates that Titanium alloy can be
considered as the constructional material for the blades as it
gave minimum deformation (at Tip) and minimum von mises
stress (at base) out of the four selected materials. In this work
other parameters like cost ease of machining and application
of hydrostatics loading conditions have not been considered.
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