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Abstract

In Industries the Turbines are used for convgrtive forms of energy, the Blades are the key ehtsrfer
turbines where the blades of the turbines expeeuiferent types of failures. The common reasbth@se types
of failures is the thermal stress which is expargehby the blades. The breakage point of bladesrdkspupon the
material used to make it. If we can have thermasst analysis of the blade materials then it iy éasletermine
that under different conditions & up to which pointaterials can resist. Having this informatiorsyatem having
turbine can be analysed, according to that masecah be used to make blades. These blades canlreser than
any other blades which can be used. In this wokdets have been generated based on actual meastirginiee
blades which are used in industries for steam i Applying the properties of different materials these
models, the simulation of thermal stress has béerrwed in this paper.
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Introduction

First of all let’s introduce the Turbines, where
Neilson defines a turbine as “a machine in whicbtary
motion is obtained by the gradual change of mommantu

without rotating blade row [5]. Studies of the quex
end-wall flows have also been performed in statipna
cascades with three dimensional airfoil shapes [6].

of a fluid.” The turbine is a device often usedtoduce

or recover energy in a fluid by method using aeseof
vanes known as ‘“blades” or “buckets”.[1] Turbines

extract kinetic energy from a moving fluid and certv

that energy into power.[2] Turbines can be brokewm {
into two main categories: axial and radial (centydl). '
In an axial flow turbine, the majority of the flonwmains
parallel to the shaft of the turbine. Conversely an
centrifugal flow turbine, the flow travels the htib the
tip of the turbine.[l] The flow in a turbine stage
(stator/rotor) is complex and is still the subje€tmany
ongoing research activities in the turbine communit
The flow is inherently three dimensional due to the For the manufacturing of turbine blades, we
vane/blade passage geometry with features such as used some specific materials like Modern alloyspesu
twisting of the vane/blade along the span, cleaanc  alloys, Nickel based alloys and CF-8. But in owe@ch
between the blade tip and the shroud, fi Im codhiolgs, work we have selected the following materials: 383,
and end wall contouring[3]. The passage flow is  SS 4340, DIN SS, Crome SS and Ti6Al4V.
characterized by boundary layer effects, secontlaws
generated by the passage pressure gradients, aiwhho
flow structures such as the leading edge horse-shoe
vortices, tip-leakage flow vortices, and corner tioms

[4], which is called Profile Blading. The three
dimensional complex flow structures near the hull en
wall region and in the blade tip-shroud clearanageh
been simulated in annular vane/blade passagesawith

Fig-1 Cross Sections of Various Types of Profile Bde

Methodology
In this section after selection of the materials,
we have the following steps to be performed:

1. Gathering of the detailed specifications of the
turbine blade. The parameters which are needed
for designing blade are length, width, thickness,
speed, angular velocity, steam temperature,
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steam pressure, tapper angle, fillet, angle of
twist & bend.

Generation of the model with suitable design

software. Here, ANSYS and Solidworks can be

taken into consideration. But it should be noted

that current simulation is done with the help of

Solidworks.

For each material, all the parameters are applied
to model recursively.

The results are gathered for each material and
compared with one another to get optimum

point of solution.

Results

With help of the software named Solidworks,

we found the following results for stress analysisthe

given selected materials.

von Mises (N/m*2)
4,010,451 968.0
3,678,745.856.0

. 3,347,038,486.0
. 3,015333376.0
. 2,683627,2640
. 2,351921,1520
2,020,215,040.0

. 1,688,508,800.0

| 1,356,802,688.0
. 1,025086,446.0
blade-55 304-Stress-Stresst
6933302720
361,684,086.0
29977 9220

—¥ Yield strength: 206 807 000.0

Fig-2 Stress- Stress1 Analysis for SS-304 Blade

von Mises (Nm*2)
3,572,233,984.0
3,276,525,056.0
. 2980816128.0
. 2,885,107 456.0
. 2,389398,528.0
. 2,093,689,856.0

1,797,981,056.0

15022721280
L 1,208563328.0
blade-5S 4340-Stress-Stressi . 9108544640
615,145600.0
319,436,768.0

237279460

—¥ Yield strength: 470,000,000.0

Fig-3 Stress- Stress1 Analysis for SS-4340 Blade
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von Mises (Nin2)
2,087,739,008.0
l 1,896 ,486,400.0
| 1,725233,664.0
. 1,553,981 056.0
. 13827284480

. 1,211,4758400

1.040,223.2320

868,370,560.0
| 897,717,8520
blade-Ti-6Al-4V-Stress-Stressi . 52646853120
3552126720
183,960,032.0

12,707 3880

— Yield strength: 1,050,000,000.0

Fig-4 Stress- Stress1 Analysis for Ti-6Al-4V Blad

von Mises (Nm*2)

3,513,747 3680
l 3,222,747 5480
| 2,931,747,3280
. 2640,747,264.0

. 2,349,746,944.0

_ 2,058,746,880.0

1,767,746 6830
1,476,746 368.0
blade-Crome S5-Stress-Stresst "

| 11857461760

| 8947459200
603,745,664.0
3127454400
21,745.226.0

— Yield strength: 172,338,000.0

Fig-5 Stress- Stress1 Analysis for Crome SS Blade

von Mises (Nm*2)

3,596,399,360.0
' 3298,519,808.0
. 3,000640512.0
. 2,702,761 216.0

. 2,404,881 664.0

. 2,107,002,240.0

1,809,122 816.0
d 1511,243392.0
blade-DIN 55-Stress-Strass1 |

| 12133639650

| 915484 5080
§17,605,184.0
318,725,760.0
21,846,3320
—¥ Yield strength: 400,000,000.0
Fig-6 Stress — Stress1 Analysis for DIN-SS Blade
As we analyse above representation of stress of
various materials, we came to know that SS-304 is
having maximum stress value and Ti-6Al-4V is having
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minimum stress value. Apart from that, remainingeéh
materials are denoting average cases of inducesisstr

Conclusion
The graphical representation of data of Resulticeds
shown in Fig-7.
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Fig-7 Simulation of Stress. (Material Indicators- 1 SS-304,
2: Crome SS, 3: DIN SS, 4: Ti6Al4V, 5: SS 4340)

For stress analysis of various steam turbine

blade materials, we have taken mainly five matsyial
namely Chrome SS, Din SS, SS 4340, SS 304 and
TiBAI4V. As we know that the material which induces
minimum stress is the one which is best suited. So,
Ti6Al4V is the best one and SS -304 shows worsé.cas
But, if we see the remaining three materials they tare

on the mid way, showing average cases of inducedsst

So, it can be concluded that based on the need of
operation, one of the four materials i.e. Chrome [SISI

SS, SS 4340, Ti6AI4V can be selected.
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