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Abstract— Blades are significant components of steam 

turbines which are failed due to stresses arising from 

centrifugal and bending forces. The turbine blade has a 

number of geometrical variables that need to be considered at 

the design stage. Hence, this paper investigated a three 

dimensional model of steam turbine blade with different 

aerodynamic profile using finite element method. A three-

dimensional model of blade was developed using computer-

aided design software. All materials were assumed linear, 

homogenous, elastic and isotropic. A 150 N widespread force 

was applied to the blade. The results of this study showed that 

thinner blades are experienced higher maximum Von Mises 

Stress and Maximum Principal Stress than thicker ones. The 

blade with the parameter of profile 2 experienced the lowest 

maximum Von Mises Stress at 4.998 MPa. Furthermore, 

blade with the parameter of profile 3 experienced the lowest 

Maximum Principal Stress at 4.419 MPa. 
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I. INTRODUCTION 

Blades are the heart of a steam turbine, as they are the 

elements that convert the thermal energy into kinematic 

energy. The efficiency and consistency of a turbine depends 

on the proper design of the blades. It is therefore necessary 

for engineers involved in the steam turbines field to have an 

overview of the importance and the basic design aspects of 

the steam turbine blades. The blade design is a multi-

disciplinary task. It involves like thermodynamic, aero-

dynamic, mechanical and material science restraints. The 

total development of a new blade is thus possible only when 

experts of all these fields come together as a panel. Efficiency 

of the turbine is depends on the parameters like, Inlet and 

outlet angle of blade, blade Materials, blade profile and 

Surface finishing of the blade and etc. 

 Blades are exposed to failure due to stresses arising 

primarily from centrifugal loads and bending forces related to 

the steam mass flow. In order to design a highly efficient 

steam turbine, it is essential to consider many design 

objective functions about the fluid dynamic performance (the 

smooth guidance of working steam, etc.) at the same time. 

Moreover, the steam turbine has a number of geometrical and 

topological variables (blade shape, the number of blades 

number of stages, etc.) that also need to be considered at the 

design stage simultaneously. 

 Vijendra K and Viswanath T [1] the investigation on 

design of high pressure steam turbine blade addresses the 

problems of steam turbine efficiency. A precise focus on 

aerofoil profile for high pressure turbine blade and it gages 

the effectiveness of certain like Chromium and Nickel in 

resisting creep and fracture in the turbine blades. Zachary 

Stuck, Stanley Schurdak [2] this paper addresses the issue of 

steam turbine efficiency by discussing the overall design of 

steam turbine blades with a specific focus on blade 

aerodynamics, materials used in the production of steam 

turbine blades, and the factors that cause turbine blade failure 

and therefore the failure of the turbine itself. P. Vaishaly and 

B Ramarao [3] Low pressure turbine is very critical from 

strength point of view because of the high centrifugal and 

aerodynamic loading. The stress in these highly twisted 

blades is required to be evaluated accurately in order to avoid 

blade failures and cracking. In the present work, effect of 

‘pressure loading on the blade surface’ and ‘centrifugal 

loading’ on the steady state stress has been studied. 3D blades 

from the given profile data for the last stage of a typical steam 

turbine is generated by stacking 2D profile sections in a 

customized software including blade root attachment. The 

generated model is meshed in ANSYS package driven by 

customized software and the pressure distribution is mapped 

on the blade surface. Steady state stress analysis generated to 

understand the dynamic behavior of the blade. Guoliang 

Deng, Qi Sun, Qilin Wu and Xiaoping Fan [4] the design of 

a low reaction turbine blade profiles was carried out to 

improve the steam flow efficiency. The blade profiles 

geometry design for both the stationary and moving blades 

and reprofiling of them are done using Vista AT Blade, 

according to the aerodynamic analysis results from the 

cascade analysis code MISES. The original stator profile is 

aft-loaded, and the new one present in this paper is highly-

aft-loaded (HAL) to depress the development of secondary 

flow further, while maintaining even lower profile loss and 

wider incidence angle tolerance. The newly designed moving 

blade is more robust compared with the original one, thus it 

has larger aspect ratio under the same blade section average 

stress level, and with better incidence tolerant capability as 

well. 

II. MATERIALS & METHOD 

A steam turbine blade was modelled using Catia V5. Catia is 

a multi-platform software suite for computer-aided design, 

computer-aided engineering, PLM and 3D, developed by the 

French company Dassault Systems. CAD model was 

prepared by taking dimensions of steam turbine blade from 

previous studies (Figure 1). In order to model, the first stage 

steam turbine blade was chosen. The modelling of blade 

profile is an important task due to its direct effect on the 

simulation results. All materials were assumed linear, 

homogenous, elastic and isotropic. Elastic modulus and yield 

stress for turbine blade (Stainless Steel) were considered 

E=193 GPa and 210 MPa respectively. Poisson's ratio (ν) and 

density were also set 0.31 and 7750 kg/m3 respectively. Wide 

range amount of force has been used for analysis of turbine 

blade, therefore in the present study a 150 N. The root of 

blade (base) was fixed in three directions (X, Y, Z) (Figure 



Effect of Different Aerodynamic Profile on Stresses & Power Developed for Steam Turbine Blade 

 (IJSRD/Vol. 6/Issue 03/2018/551) 

 

 All rights reserved by www.ijsrd.com 2290 

2). After applying material properties and meshing, next step 

was the solution using FEA. We selected the true chord (C), 

axial chord (Cx), leading edge radius (le), trailing edge radius 

(te) of the blade as variable parameters for analysis. 

Therefore, 5 different cases were made as shown in table 1. 

The described models were used to obtain the Von Mises 

stress and Maximum Principal Stress in blades. 

 
(a)                           (b)                          (c) 

Fig. 1: Steam Turbine Blade (A) Modelled Blade (B) 

Meshed Blade (C) Applied Force and Boundary Conditions 

 Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 

Parameter 
Mean 

line 

Near 

tip 

Mean 

line 

Near 

tip 

Mean 

line 

Near 

tip 

Mean 

line 

Near 

tip 

Mean 

line 

Near 

tip 

True Chord(mm) 65.08 64.16 64.88 63.97 64.68 63.77 65.28 64.36 65.48 64.56 

Axial Chord(mm) 62.24 50.45 62.04 50.25 61.84 50.05 62.44 50.65 62.64 50.85 

Leading edge 

radius(mm) 
1.85 1.85 1.656 1.656 1.456 1.456 2.05 2.06 2.256 2.256 

Trailing edge 

radius(mm) 
0.67 0.67 0.407 0.407 0.207 0.207 0.87 0.870 1.07 1.07 

Inlet angle(°) 43.3 50 43.3 50 43.3 50 43.3 50 43.3 50 

Exit angle(°) 20.5 20 20.5 20 20.5 20 20.5 20 20.5 20 

Blade Span(mm) 126 

Stagger angle(°) 37.048 

Table 1: Variable Parameters for Turbine Blade Analysis 

A. Introduction of ANSYS Workbench 

The ANSYS workbench environment is an intuitive up-front 

finite element analysis tool that is used in conjunction with 

CAD system and/or Design Modeller. ANSYS Workbench is 

a software environment for performing structural, thermal, 

and electromagnetic analyses. The class focuses on geometry 

creation and optimization, attaching existing geometry, 

setting up the finite element model, solving, and reviewing 

results. The class will describe how to use the code as well as 

basic finite element simulation concepts and result 

interpretation. 

B. Problem Solving Approach through FEM 

 Static Structural 

 Engineering Data 

 Meshing 

 Set up 

 Solution 

 Result 

C. Generation of FE Model 

FE mesh will create a model that contains volumes, areas, 

lines and key points etc., solid model entities in addition to 

elements and nodes. Boundary conditions such as nodal 

coupling, displacement constraints, forces etc. will be applied 

only in the case of FE model. The option available for 

generating the 3D FE model is shown in Figure 2. 

 

III. STRESS ANALYSIS 

The following results are obtained from the above analysis: 

A. Von Mises Stress 

The Von Mises stress is used to predict yielding of material 

under complex loading from the result of uniaxial tensile 

tests. The Von Mises stress satisfies the property where two 

stress states with equal distortion energy have an equal Von 

Mises stress. 
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Profile 1 

 
Profile 2 

 
Profile 3 

 
Profile 4 

 
Profile 5 

Fig. 3: Von Mises Stress Distribution 

B. Maximum Principal Stress 

Maximum Principal Stress theory is useful for brittle 

materials. Maximum Principal Stress theory or Maximum 

Principal Stress criterion states that failure will occur when 

Maximum Principal Stress developed in a body exceeds 

uniaxial ultimate tension/compressive strength (or yield 

strength) of the material. 

 
Profile 1 
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Profile 2 

 
Profile 3 

 
Profile 4 

 
Profile 5 

Fig. 4: Maximum Principal Stress Distribution 

IV. POWER GENERATION 

Power generation using steam turbine has been in use for 

more than 100 years. A turbo generator is the combination of 

a turbine directly connected to a generator for the generation 

of electrical power. Large steam power generators provide the 

majority of the electric power. Steam turbines are ideal for 

very large power configuration used in power plants because 

of their higher efficiencies and lower cost. In a power plant, 

the steam turbine is attached to a generator to produce 

electrical power. The turbine act as the more mechanical side 

of the system by providing the rotary motion for the 

generator, while the generator acts as the electrical side by 

employing the laws of electricity and magnetism to produce 

electrical power. 

A. Blade Parameter for Power Generation 

Diameter of blade ring = 0.8 mm, speed = 1500 rpm, steam 

velocity at the inlet of moving blades = 165 m/s and the outlet 

blade angle is 20° are provided. 

Blade velocity, u = 
ΠdN

60
= 

Π×0.8×1500

60
 = 62.83 m/s 

In reaction turbine, 

Vf1 = Vf2 = Vf 

β1 = α2 and β2 = α1 

Vw1 = V1 cos α1 

= 165×cos 20° 

= 155.05 m/s 

Vf1 = Vf2 = Vf= V1 sin α1 

= 165×sin 20° 

= 56.43 m/s 

Refer figure 5, 

BE = Vw1 ˗u 

= 155.05 ˗ 62.83 

= 92.22 m/s 

 
Fig. 5: Velocity Triangle 

tan β1 = 
CE

BE
 

= 
56.43

92.22
 

= 0.6119 

β1 = α2 = 31.46° 

tanα2 = 
Vf2

Vw2 
 

Vw2 =
Vf2

tan α2 
 

= 
56.43

0.6119
 

= 92.23 m/s 

Mass flow rate (kg/s):   

m = ρ×A×V 

Where, Density of liquid or gas (kg/m3) = 0.6 

Velocity of liquid or gas (m/s) = 300 
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Flow area of the liquid or gas (m2) 

Mass flow rate for profile 1, 

m= 0.6×300×0.008538 

= 1.530 kg/s 

Mass flow rate for profile 2, 

m= 0.6×300×0.008367 

= 1.506 kg/s 

Mass flow rate for profile 3, 

m= 0.6×300×0.008189 

= 1.474 kg/s 

Mass flow rate for profile 4, 

m= 0.6×300×0.008482 

= 1.527 kg/s 

Mass flow rate for profile 5, 

m= 0.6×300×0.008535 

= 1.536 kg/s 

Now, Power Developed, 

For profile 1,     

P = 
m×u×(Vw1 ˖ Vw2 )

1000
 

= 
1.530×62.83×(155.05 ˖ 92.23)

1000
 

= 23.771 KW 

For profile 2,    

 P = 
m×u×(Vw1 ˖ Vw2 )

1000
 

= 
1.506×62.83×(155.05 ˖ 92.23)

1000
 

= 23.40 KW= 

For profile 3,     

P = 
m×u×(Vw1 ˖ Vw2 )

1000
 

= 
1.474×62.83×(155.05 ˖ 92.23)

1000
 

= 22.90 KW 

For profile 4,     

P = 
m×u×(Vw1 ˖ Vw2 )

1000
 

= 
1.527×62.83×(155.05 ˖ 92.23)

1000
 

= 23.725 KW 

For profile 5,     

P = 
m×u×(Vw1 ˖ Vw2 )

1000
 

= 
1.536×62.83×(155.05 ˖ 92.23)

1000
 

= 23.864 KW 

V. RESULTS 

Results were obtained for five various turbine blades. The 

different geometries affected the Von Mises Stress and 

Maximum Principal stress of blade. The variation of Von 

Mises stresses and Maximum Principal Stress for different 

aerodynamic profile of turbine blade is shown in below table. 

The highest Von Mises stress was observed at the base of all 

blades, but comparably with the highest stress was observed 

at less area of blade face (Profile 3). However, the lowest 

stress was seen in the tip of blades and comparatively was 

seen in the Profile 4. Similarly, the highest Maximum 

Principal stress was seen in the Profile 3. However, the lowest 

Maximum Principal stress observed in Profile 5. 

 Maximum Power generate in Profile 5 turbine blade. 

However, the lowest Power generate in Profile 3 turbine 

blade. Because of the area of mass flow is less than the other 

profile. But overall observation is indicating the most suitable 

steam turbine blade is profile 5 among the all five profile. 

 
Fig. 6: Maximum Von Mises Stress & Maximum Principal 

Stress for Blade with Different Aerodynamic Profile 

 
Fig. 7: Power Generation for Blade with Different 

Aerodynamic Profile 

VI. CONCLUSION 

The objective of this study was to modify a steam turbine 

blade using FEM. It was found that changing the geometry of 

turbine blade including axial chord, true chord, leading edge 

radius and trailing edge radius can be useful in decreasing 

Von Mises stress and Maximum Principal Stress. Results 

showed higher stress at the base of blades rather than tips. It 

can be concluded that using thicker blades are better to reduce 

stress, which may provide more durability. 
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