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Abstract— In the present work the first stage rotor blade of a 

two-stage gas turbine has been analyzed for structural, 

thermal using ANSYS 12 which is powerful Finite Element 

Software. In the process of getting the thermal stresses, the 

temperature distribution in the rotor blade has been 

evaluated using this software. From different materials 

nitinol alloy, structural steel that has been considered for the 

purpose analysis. The turbine blade along with the groove is 

connatural steesidered for the static, thermal analysis. The 

blade is modeled with the 3D-Solid Brick element. The 

geometric model of the blade profile is generated with 

splines and extruded to get a solid model. It is observed that 

the Maximum temperatures are observed at the blade tip 

section are linearly decreasing from the tip of the blade to 

the root of the blade section. 
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I. INTRODUCTION 

A gas turbine is an engine where fuel is continuously burnt 

with compressed air to produce a steam of hot, fast moving 

gas. This gas stream is used to power the compressor that 

supplies the air to the engine as well as providing excess 

energy that may be used to do other work. 

The engine consists of three main parts: The 

Compressor, Combustor and Turbine compressor usually 

sits at the front of the engine. There are two main types of 

compressor, the centrifugal compressor and the axial 

compressor. The compressor will draw in air and compress 

it before it is fed into the combustion chamber. In both 

types, the compressor rotates and it is driven by a shaft that 

passes through the middle of the engine and is attached to 

the turbine as shown. The combustor is where fuel is added 

to the compressed air and burnt to produce high velocity 

exhaust gas as shown. 

 
Fig. 1: Indicator diagram of Gas Turbine 

 
Fig. 2: Simple Open Cycle Gas Turbine 

Gas turbines have been constructed to work on the 

following: -oil, natural gas, coal gas, producer gas, blast 

furnace and pulverized coal. 

Gas turbines may be classified on the basis of following: - 

A. On The Basis Of Combustion Process the Gas Turbine 

Is Classified As Follows 

Continuous combustion or constant pressure type-The cycle 

working on this principal is called Joule or Bray ton cycle. 

The explosion or constant volume type-The cycle working 

on this principal is called Atkinson cycle. 

B. On The Basis Of the Action of Expanding Gases Similar 

To Steam Turbine Is Classified As 

1) Impulse turbine or Impulse-reaction turbine. 

C. On The Basis Of Path of Working Substance the Gas 

Turbine Is Classified As 

1) Open cycle gas turbine (working fluid enters from 

atmosphere and exhaust to atmosphere. 

2) Closed cycle gas turbine (Working fluid is confined 

in the plant) 

3) Semi closed cycle (part of the working fluid is 

confined within the plant and another part flows 

from and o the atmosphere. 

D. On The Basis of Direction of Flow 

Axial flow turbines 

Radial flow turbines 

The turbine extracts energy from the exhaust gas. The 

turbine can, like the compressor, be centrifugal or axial. In 

each type the fast moving exhaust gas is used to spin the 

turbine. Since the turbine is attached to the same shaft as the 

compressor at the front of the engine they will turn together. 

The turbine may extract just enough energy to turn the 

compressor. The rest of the exhaust gas is left to exit the rear 

of the engine to provide thrust as in a pure jet engine. Or 

extra turbine stages may be used to turn other shafts to 

power other machinery such as the rotor of a helicopter, the 
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propellers of a ship or electrical generators in power 

stations.       

The rotor blades of the turbo machine are very 

critical components and reliable operation of the turbo 

machine as a whole depends on their repayable operation. 

The major cause of break down in turbo machine is the 

failure of rotor blade. The failure of the rotor blade may lead 

to catastrophic consequences both physically and 

economically. Hence, the proper design of the turbo 

machine blade plays a vital role in the proper functioning of 

the turbo machine. 

A good design of the turbo machine rotor blading involves 

the following: 

1) Determination of geometric characteristics from 

gas dynamic analysis. 

2) Determination of steady loads acting on the blade 

and stressing due to them. 

3) Determination of natural frequencies and mode 

shapes. 

4) Determination of unsteady forces due to stage flow 

interaction. 

5) Determination of dynamic forces and life 

estimation based on the cumulative damage fatigue 

theories. 

The stress analysis of the rotor blade being the key 

phase of the turbo machine design requires much attention 

and careful determination of the blade loading to get 

realistic results. The stress analysis is performed to 

determine the critical section as well as the stressing pattern. 

As the blade vibration is also a cause of failure in many 

cases, the determination of natural frequencies and mode 

shapes is also of paramount importance. The designer 

should take care of dynamic forces such that the frequencies 

of these must be away from those of the rotor blades to 

avoid resonance, which is an undesirable phenomenon.              

 
Fig. 3: Turbine Blade Coupled to Centrifugal Compressor 

1) Finite Element Formulation 

The finite element method is a numerical analysis technique 

for obtaining approximate solutions to a wide variety of 

engineering problems. Although originally developed to 

study stresses in complex airframe structures, it has since 

been extended and applied to the broad field of continuum 

mechanics. Because of its diversity and flexibility as an 

analysis tool, it is receiving much attention in engineering 

schools and in industry. 

2) How the Finite Element Method Works 

1) Finite difference and 

2) finite element discretization’s of a turbine blade 

profile  

 
Fig. 4: Discretizations of Turbine Blade Profile 

On the other hand, the finite element model (using the 

simplest two-dimensional element—the triangle) gives a 

better approximation to the region. Also, a better 

approximation to the boundary shape results because 

straight lines of any inclination represent the curved 

boundary. This example is not intended to suggest that finite 

element models are decidedly better than finite difference 

models for all problems. The only purpose of the example is 

to demonstrate that the finite element method is particularly 

well suited for problems with complex geometries. Still 

another numerical analysis method is the boundary element 

method (boundary integral equation method) this method 

uses Green’s theorem to reduce the dimensionality of the 

problem; a volume problem is reduced to a surface problem, 

a surface problem is reduced to a line problem. 

We have been alluding to the essence of the finite 

element method, but now we shall discuss it in greater 

detail. In a continuum problem of any dimension the field 

variable (whether it is pressure, temperature, displacement, 

stress, or some other quantity) possesses infinitely many 

values because it is a function of each generic point in the 

body or solution region. Consequently, the problem is one 

with an infinite number of unknowns. The finite element 

discretization procedures reduce the problem to one of a 

finite number of unknowns by dividing the solution region 

into elements and by expressing the unknown field variable 

in terms of assumed approximating functions within each 

element. The approximating functions (sometimes called 

interpolation functions) are defined in terms of the values of 

the field variables at specified points called nodes or nodal 

points.  

Regardless of the approach used to find the element 

properties, the solution of a continuum problem by the finite 

element method always follows an orderly step-by-step 

process. To summarize in general terms how the finite 

element method works we will succinctly list these steps 

now. 

a) Discretize the Continuum 

The first step is to divide the continuum or solution region 

into elements. In the example of figure the turbine blade has 

been divided into triangular elements that might be used to 

find the temperature distribution or stress distribution in the 

blade. A variety of element shapes may be used, and 

different element shapes may be employed in the same 

solution region. Indeed, when analyzing an elastic structure 

that has different types of components such as plates and 

beams, it is not only desirable but also necessary to use 

different elements in the same solution. 

b)  Select Interpolation Functions 

The next step is to assign nodes to each element and then 

choose the interpolation function to represent the variation 
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of the field variable over the element. The field variable may 

be a scalar, a vector, or a higher-order tensor. Often, 

polynomials are selected as interpolation functions for the 

field variable because they are easy to integrate and 

differentiate. The degree of the polynomial chosen depends 

on the number of nodes assigned to the element, the nature 

and number of unknowns at each node, and certain 

continuity requirements imposed at the nodes and along the 

element boundaries. The magnitude of the field variable as 

well as the magnitude of its derivatives may be the 

unknowns at the nodes. 

c) Find the Element Properties 

Once the finite element model has been established (that is, 

once the elements and their interpolation functions have 

been selected), we are ready to determine the matrix 

equations expressing the properties of the individual 

elements. For this task we may use one of the three 

approaches just mentioned: the direct approach, the 

variation approach, or the weighted residuals approach. 

d) Assemble the Element Properties to Obtain the 

System Equations 

To find the properties of the overall system modeled by the 

network of elements we must “assemble” all the element 

properties. In other words, we combine the matrix equations 

expressing the behavior of the elements and form the matrix 

equations expressing the behavior of the entire system. The 

matrix equations for the system have the same form as the 

equations for an individual element except that they contain 

many more terms because they include all nodes. The basis 

for the assembly procedure stems from the fact that at a 

node, where elements are interconnected, the value of the 

field variable is the same for each element sharing that node. 

A unique feature of the finite element method is that 

assembly of the individual element equations generates the 

system equations.  

e) Impose the Boundary Conditions 

Before the system equations are ready for solution they must 

be modified to account for the boundary conditions of the 

problem. At this stage we impose known nodal values of the 

dependent variables or nodal loads.  

f) Solve the System Equations 

The assembly process gives a set of simultaneous equations 

that we solve to obtain the unknown nodal values of the 

problem. If the problem describes steady or equilibrium 

behavior, then we must solve a set of linear or nonlinear 

algebraic equations.  

g) Make Additional Computations 

If desired, Many times we use the solution of the system 

equations to calculate other important parameters. For 

example, in a structural problem the nodal unknowns are 

displacement components. From these displacements we 

calculate element strains and stresses.  Similarly, in a heat-

conduction problem the nodal unknowns are temperatures, 

and from these we calculate element heat fluxes. 

3) Designing By Using Catia 

 

 
Fig. 4: Designing By Using Catia 

4) Material Properties 

 
Fig. 5: Material Properties 

 
Fig. 6: Mesh model 

 
Fig. 7: Boundary Conditions 
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5) Static Structural Analysis Results (Inconel 783) 

 
Fig. 8: Total Deformation 

 
Fig. 9: Directional deformation 

 
Fig. 10: Equivalent Elastic Strain 

 
Fig. 11: Equivalent elastic stress 

6) Static Structural Analysis Results (Inconel 718)  

 
Fig. 12: Total deformation 

 
Fig. 13: Directional deformation 

 
Fig. 14: Equivalent elastic strain 

 
Fig. 15: Equivalent Elastic Stress 
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7) Static Structural Analysis Results (Nitinol) 

 
Fig. 16: Total deformation 

 
Fig. 17: Directional deformation 

 
Fig. 18: Equivalent Elastic Strain 

 
Fig. 19: Equivalent Elastic Stress 

8) Thermal Analysis Results (Inconel 783) 

 
Fig. 20: Temperature 

 
Fig. 21: Total Heat Flux 

 
Fig. 22: Directional Heat Flux 

9) Thermal Analysis Results (Inconel 718) 

 
Fig. 23: Temperature 
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Fig. 24: Total Heat Flux 

 
Fig. 25: Directional Heat Flux 

10) Thermal Analysis Results (Nitinol) 

 
Fig. 26: Temperature

 
Fig. 27: Total Heat Flux 

 
Fig. 28: Directional Heat Flux 

II.  COMPARISON OF RESULTS 

 
Fig. 29: Comparison of Results 

III. CONCLUSION 

Complete static and thermal analysis was carried out using 

ansys 14.5 workbench. All the results are tabulated. The 

minimum total deformation is observed for “NITINOL” The 

minimum stress is for “NITINOL” The minimum heat flux 

is observed for “NITINOL” Therefore from above results it 

is clear that we should select “nitinol” For production of 

turbine rotor blade for optimum results 

Future Work: Other smart materials like ceramic 

matrix compounds which are Sic TIAL3Nb and Sic 

TIAL3Nb preferably for elevated temperatures at a range of 

1500 -2000 are to be used for blade materials for better 

results of deformations, stress and heat flux.  
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