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ABSTRACT 

A steam turbine is mechanical device which converts thermal energy of steam into mechanical work. A high 

pressure steam hits the steam turbine ,due to this turbine will soon will  fail or it has to be replaced in short 

period of time  due to wear and cracks. To run for longer period it is essential to withstand   high pressure 

and temperature. In this work the parameters of steam turbine are pressure and temperature are selected 

because these are major failures that are observed by research survey.  To do analysis at static condition and 

thermal conditions are selected from the existing turbine .The varied parameters  for the design of the 

turbine blade are ,the ratio of X-axis distance of blade profile by chord length and ratio of maximum height 

of blade profile in Y-direction to the chord length. The 3D modeling of turbine blade is done by using 

CATIA software because blade is the most effected component in steam turbine. The designed blade is 

analyzed on ANSYS software, it is used for static, thermal analysis, on three materials. The materials are 

(Haste alloy, Chrome steel, Inconel 600) for steam turbine blade. To know which material will give better 

performance for the same operating conditions that should be selected for preparation of  blade for  steam 

turbine . It is proved Inconel 600 has given properties, followed by Haste alloy and Chrome steel lastly. 

 

KEY WORDS: Steam Turbine, Thermal Energy, Reaction Turbine, Static Analysis, Thermal Analysis, 
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1. INTRODUCTION 

A turbine is a rotary mechanical device that extracts energy from a fluid flow and converts it into 

useful work. The work produced by a turbine can be used for generating electrical power when combined 

with a generator for producing thrust. A turbine is a turbo machine with at least one moving part called a 

rotor assembly, which is a shaft or drum with blades attached. Moving fluid acts on the blades so that they 

move and impart rotational energy to the rotor. Early turbine examples are windmills and waterwheels. 

Steam turbine: is used for the generation of electricity in thermal power plants, such as plants 

using coal, fuel oil or nuclear fuel. A steam turbine is a device that extracts thermal energy from pressurized 

steam and uses it to do mechanical work on a rotating output shaft. 

Gas turbines: Are sometimes referred to as turbine engines. Such engines usually feature an inlet, fan, 

compressor, combustor and nozzle. 

Screw turbine: Is a water turbine which uses the principle of the Archimedean screw to convert 

the potential energy of water on an upstream level into kinetic energy. 

Turbine blades are of two basic types, blades and nozzles. Blades move entirely due to the impact of steam 

on them and their profiles do not converge. This results in a steam velocity drop and essentially no pressure 

drop as steam moves through the blades. A turbine composed of blades alternating with fixed nozzles is 
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called an impulse turbine, Curtis turbine and  Brown-Curtis turbine. A turbine composed of moving nozzles 

alternating with fixed nozzles is called a reaction turbine or Parsons Turbine. 

1.1 Challenges in Blade design: A major challenge facing in turbine design was reducing the creep 

experienced by the blades. Because of the high temperatures and high stresses of operation, steam turbine 

materials become damaged through these mechanisms. As temperatures are increased in an effort to 

improve turbine efficiency, creep becomes significant. To limit creep, thermal coatings and super alloys 

with solid-solution strengthening and grain boundary strengthening are used in blade designs. 

Protective coatings are used to reduce the thermal damage and to limit oxidation. These coatings are often 

stabilized zirconium dioxide -based ceramics. Using a thermal protective coating limits the temperature 

exposure of the nickel super alloy. This reduces the creep mechanisms experienced in the blade. Oxidation 

coatings limit efficiency losses caused by a buildup on the outside of the blades, which is especially 

important in the high-temperature environment. 

The nickel-based blades are alloyed with aluminum and titanium to improve strength and creep resistance. 

The microstructure of these alloys is composed of different regions of composition. A uniform dispersion of 

the gamma-prime phase – a combination of nickel, aluminum, and titanium – promotes the strength and 

creep resistance of the blade due to the microstructure. 

Refractory elements such as can be added to the alloy to improve creep strength. The addition of these 

elements reduces the diffusion of the gamma prime phase, thus preserving the fatigue resistance, strength, 

and creep resistance. 

1.2 Reaction steam turbine: The reaction arrangement is made up of a ring of fixed blades  

Attached to the casing, and a row of similar blades mounted on the rotor, i.e. moving blades. The blades are 

mounted and shaped to produce a narrowing passage which, like a nozzle, increases the steam velocity. This 

increase in velocity over the blade produces a reaction force which has components in the direction of blade 

rotation and also along the turbine axis. There is also a change in velocity of the steam as a result of a 

change in direction and an impulsive force is also produced with this type of balding. The more correct term 

for this blade arrangement is 'impulse-reaction'. A reaction turbine utilizes a jet of Reaction steam turbine: 

steam that flows from a nozzle on the rotor.  

1.3 CATIA is a (Computer Aided Three Dimensional Interactive Application): It is a  software package. 

The Part Design workbench is a parametric and feature-based environment in which you can create solid 

models. The basic requirement for creating a solid model in this workbench is sketch. The sketch for the 

features is drawn in the Sketcher workbench that can be invoked within the Part Design workbench. After 

drawing the sketch, exit the Sketcher workbench and convert it into a feature. The tools in the Part Design 

workbench can be used to convert the sketch into a sketch-based feature. 
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Fig.1Blade Dimensions Fig.2 Steam Turbine Blade In 

CATIA Work Bench 

Fig.3 Geometry And Node Location 

 

1.4 ANSYS: ANSYS is a large-scale multipurpose finite element program developed and maintained by 

ANSYS Inc. It is used to analyse a wide spectrum of problems encountered in engineering mechanics. The 

word loads in ANSYS terminology includes boundary conditions and externally or internally applied 

forcing functions, as illustrated in loads. A force is a concentrated load applied at a node in the model. 

Examples are forces and moments in a structural analysis, heat flow rates in a thermal analysis, and current 

segments in a magnetic field analysis.     Post processing means reviewing the results of an analysis. It is 

probably the most important step in the analysis, because you are trying to understand how the applied loads 

effect your design, how good your finite element will mesh. 

1.5 Static Analysis: 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. A static analysis can, 

however, include steady inertia loads (such as gravity and rotational velocity), and time-varying loads that 

can be approximated as static equivalent loads. Static analysis determines the displacements, stresses, 

strains, and forces in structures or components caused by loads that do not induce significant inertia and 

damping effects. A static analysis can be either linear or nonlinear. All types of nonlinearities are allowed - 

large deformations, plasticity, creep, stress stiffening, contact (gap) elements, hyper elastic elements, and so 

on. This analysis gives a clear idea whether the structure or component will withstand for the applied 

maximum forces.  

1.6 Modeling of solid Element: Modeling solid element named SOLID 45 is taken. It is the element which 

is having a higher order 3-D, 8-node element. The element is defined by 8 nodes having three degrees of 

freedom at each node: translations in the nodal x, y, and z directions. The element has plasticity, creep, 

swelling, stress stiffening, large deflection, and large strain capabilities. It also has mixed formulation 

capability for simulating deformations of nearly incompressible elastoplastic materials, and fully 

incompressible hyper elastic materials. The geometry, node locations, and the coordinate system for this 

element are shown in the figure. 3 
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1.7.Material Composition: 

 

 

S.N

o 

ELEMENT COPOSITIO

NS 

1 Carbon 0.380-

0.430% 

2 Chromium 0.80-1.10% 

3 Iron 96.785-

97.77% 

4 Manganese 0.75-1.0% 

 

 

 

 

S.N

o 

ELEMENT COPOSITION

S 

1 Nickel 72.00% min 

2 Chromium 14.00-17.00% 

3 Iron 6.00-10.00% 

4 Manganese 1.00% max 

5 Silicon 0.50% max 

6 Copper 0.15% max 

7 Sulfur 0.01% max 

 

 

S.No ELEMENT COPOSITION

S 

1 Chromium 21.7% 

2 Iron 18.8% 

3 Molybdenum 9.1% 

4 Cobalt 1.6% 

5 Manganese 0.46% 

6 Silicon 0.44% 

7 Oxygen 0.32% 

8 Carbon 0.55% 

9 Nitrogen 0.308% 
 

Table-1 CHROME STEEEL 
Table-2  INCONEL 600 

 

Table-3 HASTE ALLOY 

 

 

2. LITERATURE SURVEY 

[1]Many investigators have suggested various methods to explain the effect of stress and loading on turbine blade, 

rotor and analysis the various parameters: John. V, T. Ramakrishna was investigated on design and analysis of Gas 

turbine blade, CATIA is used for design of solid model and ANSYS software for analysis for F.E. model generated, by 

applying boundary condition, it also includes specific post processing and life assessment of blade. How the program 

makes effective use of the ANSYS pre-processor to mesh complex geometries of turbine blade and apply boundary 

conditions.[2] The principal aim of this paper is to get the natural frequencies and mode shape of the turbine blade. 

In this paper explains  about  previous designs and generals of turbine blade to do further optimization, Finite 

element results for free standing blades give a complete picture of structural characteristics, which can utilized for 

the improvement in the design and optimization of the operating conditions. [3]They investigated on design of high 

pressure steam turbine blade addresses the issue of steam turbine efficiency. A specific focus on aerofoil profile for 

high-pressure turbine blade, and it evaluates the effectiveness of certain Chromium and Nickel in resisting creep and 

fracture in turbine blades. The efficiency of the steam turbine is a key factor in both the environmental and 

economic impact of any coal-fired power station. Based on the research presented modifications to high-pressure 

steam turbine blades can made to increase turbine efficiency of the turbine. The results and conclusions are 

presented for a concerning the durability problems experienced with steam turbine blades. The maximum 

operational Von Moses Stresses are within the yield strength of the material but the deformation is comparatively 

better for material CA-6 NM (Chromium Nickel). [4]They investigated on creep life of turbine blade. Inertia load is 

the constant load that will cause creep failure. Creep is a rate dependent material nonlinearity in which material 

continues to deform in nonlinear fashion even under constant load. This phenomenon is predominant in 

components, which exposed to high temperatures. By studying the creep phenomenon and predicting the creep life 

of the component, author estimated its design life. [5] The main objective is to predict the creep life of the simple 

impulse steam turbine blade, and to give the FEM approach for creep analysis. The analysis of turbine blade for 

different loads, which shows that the maximum stresses, induced in each case. These stresses are within yield limit 

of the material and will not undergo plastic deformation during operation result is found that, creep life decreases 

as the stress value increases. Hence, by decreasing the stress value in the component creep life can increase. This 

was be achieved by modifying the blade design. [6][7] They investigated on the architecture and capabilities of Blade 

Pro. An ANSYS based turbine blade analysis system with extensive automation for solid model and F.E. model 

generation, boundary condition application, file handling and job submission tasks for a variety of complex analyses; 

the program also includes turbo machinery specific post processing and life assessment modules. 
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3. PROBLEM IDENTIFICATION AND METHODOLOGY 
 

To understand  the structural analysis and  thermal stresses acting on the turbine blades  on a last stage Low 
Pressure (LP) blade of a large steam turbine rotating at 3000 rpm. In order to estimate the material stresses at the 
blade root. The analysis is on three materials (Haste alloy, Chrome steel, Inconel 600) so as to use best result 
material in steam turbine to improve efficiency and performance of steam turbine.   
1.Create a 3D model of the different Steam turbine blades using parametric software CATIA V5. 
2. Convert the surface model into IGS and import the model into ANSYS to do analysis.  
3. Perform static and thermal analysis on the steam turbine blade. 
4. Based on results, conclude which material are the best suits for steam turbine. 

Objective: The objective of this project is to make a Steam turbine blade on 3D model .To study the static - thermal 

behavior of the steam turbine blade with different materials by performing the finite element analysis. To use 3D 

modeling software (CATIAV5)  for drafting and for analysis  (ANSYS). 

3.1. Load calculations: 
𝐹 = 𝑀 × 𝑉𝑚                                                                                                                                               

Vm=velocity of steam in m/s, M=1000kg/hr, Vm=1310m/s, F=362.87N, Blade area=23319.1mm2, Blade 
area=23319.1mm2 , Pressure =F/A, P=0.01556N/mm2. 

 3.2. Steady State Thermal Analysis: A steady state thermal analysis calculates the effect of steady thermal load 
on a system or component, analyses also on steady state analysis before performing the transient analysis. A steady 
state analysis can be the last step of transient thermal analysis. IT can use steady state thermal analysis to 
determine temperature, thermal gradient, heat flow rates and heat flux in an object that do not vary with time. 
Nodes 1580, elements 752 are selected here. 
 

 

 

  
 

Fig.4Boundary of 

Meshing Diagram 

Fig.5  Boundary conditions 

        Static Analysis 

Fig. 6 Boundary conditions 

Thermal Analysis 

 
Boundary condition in steady state thermal analysis: apply temperature 2290c, apply convection 220cfilm coefficient 
is 0.0025w/mm2oc 
 

4. RESULTS AND DISCUSSIONS 
 
4.1 Static Analysis: 
This analysis is performed to find Structural parameters such as Stresses, shear stress, Deformation, Here it is 
observed, results on three materials namely chrome steel, haste alloy, and Inconel 600 shown below figures. 
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Fig.7 Stress On Chrome Steel 

 
Fig.8Shear Stress On Chrome 

Steel 
Fig.9Deformation On Chrome 

Steel 

                                              

Table-4 CHROME STEEL 

S.NO DEFORMATIONS MAXIMUM MINIMUM 

1. STRESS 9.0033 Mpa 0 Mpa 

2. SHEAR STRESS 0.5319 Mpa -0.26612 Mpa 

3. 
TOTAL 
DEFORMATION 

0.028518 mm 0 mm 

 

From the table 4  and fig7,8, and 9 it is observed for chrome steel the maximum stress is 9.0033 Mpa is end 

of the blade and minimum stress 0 Mpa at the base of the blade. If the Maximum shear stress 0.5319 Mpa is 

middle of the blade and minimum shear stress -0.26612Mpa at base of the blade at starting point. If the 

Maximum total deformation 0.028518 Mpa is top of the blade at end of the edge and minimum total 

deformation 0mm at base of the blade at starting point.  

 

 
 

 

 

Fig.10  Stress On Inconel 600  Fig.11  Shear Stress On Inconel 

 

Fig.12 Deformation On 

Inconel 600 

 

Table-8 INCONEL 600 

S.NO DEFORMATIONS MAXIMUM MINIMUM 

1. STRESS 8.06495 Mpa 0 Mpa 

2. SHEAR STRESS 0.53522 Mpa -0.35801 Mpa 

http://www.jetir.org/
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3. TOTAL DEFORMATION 0.027633 mm 0 mm 

 

From the table 8 and figures 10,11 and 12 it is observed for Inconel 600 The maximum stress is 

8.06495Mpa is top edge of the blade and minimum stress is 0 Mpa at base of the blade. If the maximum 

shear stress is 0.53522 Mpa and minimum shear stress is -0.35801 Mpa and   maximum shear stress is near 

to blade edge and minimum shear stress is near to blade edge. If the maximum deformation is 0.27633 Mpa 

and minimum deformation is 0 Mpa. Maximum deformation is top of the blade and minimum deformation 

at bottom of the blade.  

 

 

 
 

Fig.13 Stress On Inconel 

 

Fig.14 Hear Stress On 

Inconel600 

Fig.15 Deformation Of 

Inconel600 

                                                  

 

Table-9 INCONEL 600 

S.NO DEFORMATIONS MAXIMUM MINIMUM 

1. STRESS 8.06495 Mpa 0 Mpa 

2. SHEAR STRESS 0.53522 Mpa -0.35801 Mpa 

3. TOTAL DEFORMATION 0.027633 mm 0 mm 

 

From the table 9 and figures 13,14 and 15 it is observed for Inconel 600. The maximum stress is 

8.06495Mpa is top edge of the blade and minimum stress is 0 Mpa at base of the blade. If the maximum 

shear stress is 0.53522 Mpa and minimum shear stress is -0.35801 Mpa and maximum shear stress is near to 

blade edge and minimum shear stress is near to blade edge. If the maximum deformation is 0.27633 Mpa 

and minimum deformation is 0 Mpa. Maximum deformation is top of the blade and minimum deformation 

is bottom of the blade. 

 

 
 

Fig.16Stress On Haste alloy 
Fig.17shear Stress On Haste 

alloy 

Fig.18 Deformation On Haste 

alloy 
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                                                    Table-10 HASTE ALLOY 

S.NO DEFORMATIONS MAXIMUM MINIMUM 

1. STRESS 8.493 Mpa 0 Mpa 

2. SHEAR STRESS 0.55331 Mpa -0.31465 Mpa 

3. TOTAL DEFORMATION 0.026962 Mm 0 Mm 

            

From the table 10 and fig16, 17 and 18 it is observed for haste alloy the maximum stress is 8.493 Mpa at top 

edge of the blade and minimum stress 0 Mpa at base of the blade. If the maximum shear stress is 0.55331 

Mpa and minimum stress is -0.31465Mpa.Maximum shear stress is near to blade edge and minimum shear 

stress is above the edge. The maximum deformation is 0.026962 mm and minimum deformation is 0 mm. 

Maximum deformations is top of the blade and minimum deformation is bottom of the blade. 

4.2 Thermal Analysis: This analysis is performed to find thermal parameters effect on materials chrome 

steel, haste alloy, and Inconel600 as shown below. 

 

 
 

  

Fig.19 Temperature Distribution Chrome Steel Fig.20 Heat Flux Chrome Steel 

 

Table-10 CHROME STEEL 

S.NO PARAMETERS MAXIMUM MINIMUM 

1 Temperature distribution(°c) 229 12.637 

2 Heat flux(W/mm2) 0.746 6.04 e-5 

From the table 10 and fig 19 and 20 it is observed chrome steel has maximum heat flux of 0.746 W/mm2   

for 229°c of temperature and minimum6.04 e-5W/mm2   of temperature 12.637°c. 

 
 

 

Fig.21 Temperature Distribution On Haste Alloy Fig.22 Heat Flux On Haste Alloy 
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Table-11HASTE ALLOY 

S.NO PARAMETERS MAXIMUM MINIMUM 

1 
Temperature 

distribution(°c) 
229 0.77216 

2 Heat flux(W/mm2) 13.403 8.3967 e-5 

 

From the table 11 and fig 21 and 22 it is observed haste alloy has maximum heat flux of 13.403 w/mm2   for 

229°c of temperature and minimum 8.3967 e-5w/mm2   of temperature 12.637°c. 

 
 

 

 

Fig.23 Temperature Distribution On 

Inconel 600 

Fig.24 Heat Flux On Inconel 600 

 

                                     

Table-12 INCONEL 600 

S.NO PARAMETERS MAXIMUM MINIMUM 

1 
Temperature 

distribution(°c) 
229 0.73623 

2 Heat flux(W/mm2) 12.325 5.2374 e-5 

 

From the table12 and fig 23 and 24 it is observed Inconel 600has maximum heat flux of 12.325w/mm2   for 

229°c of temperature and minimum 5.2374 e-5w/mm2   of temperature 12.637°c. 

4.3 Static and Thermal Analysis: 

4.3.1 Stress: This graph shows the different Stress deformation  values in different materials, chrome steel, 

haste alloy, and Inconel600, haste alloy material has least total deformation value of  8.49 Mpa compared to 

another materials as shown. 

 

 
 

   Graph :1 Stress Graph Graph :2 tTotal deformation graph 
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Table 13 STRESS VALUES 

S.NO MATERIAL 
STRESS 

VALUES 

1 Chrome steel 9.0033(Mpa) 

2 Haste alloy 8.49(Mpa) 

3 Inconel 600 8.64(Mpa) 

From the table 13 and graph 1  it is observed  stress analysis haste alloy(8.49 Mpa)possess low stress 

deformation compared to chrome steel(9.00 Mpa) and Inconel 600(8.64 Mpa) because in haste alloy the 

percentage chromium is more and it has brittle material, in other two materials iron content is more it is 

ductile material. 

4.3.2 Total deformation 

The graph 2shows the different total deformation values in different materials, chrome steel, haste alloy, and 

Inconel 600. Haste alloy material has least total deformation value of 0.0026mm compared to other 

materials. 

Table-14 Deformation Values 

 

 

 

 

 

The above table  14 shows  haste alloy(0.026 mm) gives low deformation compared to chrome steel (0.0285 

mm)and Inconel 600(0.027 mm) because in haste alloy the percentage chromium is more and it has brittle 

material, in other two material iron content is more it is ductile material. The  graph :3 shows the different 

total deformation values in different materials, chrome steel, haste alloy, and Inconel. Inconel 600 material 

has least shear stress compared to another materials 0.53mpa . 

 
 

 Graph : 3 Shear Stress Graph 

 

  Graph 4 Temperature Distribution Graph 

 

  

S.NO MATERIAL DEFORMTION 

VALUES 

1 Chrome steel 0.0285(mm) 

2 Haste alloy 0.026(mm) 

3 Inconel 600 0.027(mm) 
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Table-15 SHEAR STRESS VALUES 

S.NO MATERIAL SHEAR STRESS VALUES 

1 Chrome steel 0.59(Mpa) 

2 Haste alloy 0.55(Mpa) 

3 Inconel 600 0.53(Mpa) 

From the table  15 and graph 4it is observed shear stress analysis haste alloy(0.55 Mpa)possess low shear 

stress deformation compared to chrome steel(0.59 Mpa) and Inconel 600(0.53 Mpa) because in haste alloy 

the percentage chromium is more and it has brittle material, in other two material iron content is more it is 

ductile material. 

4.3.3 Temperature Distribution 

The graph 4 shows the different temperature distribution values in different materials, chrome steel, haste 

alloy, and Inconel600 , haste alloy has highest temp distribution value  of 13.403 (0c/min) compared to 

another materials. 

Table- 16TEMPERATURE DISTRIBUTION VALUES 

S.NO MATERIAL TEMPERATURE 

DISTRIBUTION 

1 Chrome steel 12.63(°c/min) 

2 Haste alloy 13.403(°c/min) 

3 Inconel 600 12.325(°c/min) 

 From  table16 it is observed temperature distribution analysis haste alloy(13.403°c/min)have high 

temperature distribution rate  compared to chrome steel(12.63 °c/min)and Inconel 600 (12.325°c/min) 

because in haste alloy the thermal conductivity nature is more than the other two materials. The composition 

of aluminum and chromium is more in haste alloy. 

4.3.4 Heat flux 

The graph 5 shows the different heat flux values in different materials, chrome steel, haste alloy, and 

Inconel600, haste alloy has highest heat flux value of 0.772w/mm2compared to another materials. 

                                                                                   

                                                                           TABLE-17TEMPERATURE DISTRIBUTIONVALUES 

    

    Graph 5 Heat Flux      

The graph 5 represents the heat flux rate is more in haste alloy (0.77w/mm2) then chrome steel(0.772 

W/mm2) and Inconel 600(0.73W/mm2) because in haste alloy the thermal conductivity nature is more than 

the other two materials. The composition of aluminum and chromium is more in haste alloy. 

S.No Material UNITS 

1 Chrome steel 0.74 (W/mm2) 

2 Haste alloy 0.772(W/mm2) 

3 Inconel 600 0.73(W/mm2) 

http://www.jetir.org/
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5. CONCLUSIONS 

 Modelling of steam turbine blade is done by using CATIAV5 Software and then the model is 

imported into ANSYS Software for Structural analysis. To check the stresses, shear stress & 

deformation for the materials of chrome steel, haste alloy, and Inconel600. In static analysis by 

applying pressure of 1.556e-002Mpa. The analysis showed haste alloy was high resistance to 

deformation followed by Inconel 600 and then chrome steel. 

 

 In thermal analysis,to check the temperature distribution and heat flux for the materials of chrome 

steel, haste alloy and Inconel 600. In thermal analysis by applying temperature of 229°c.  The 

analysis showed haste alloy as high temperature distribution followed by chrome steel and then 

Inconel 600. Finally from structural analysis and thermal analysis results it is concluded that haste 

alloy material is suitable for stream turbine when compared with selected materials. 
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