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Abstract— The turbine blades are responsible for extracting energy from the high temperature gas produced by the combustor. 

Operating the gas turbine blade at high temperatures would provide better efficiency and maximum work output. These turbine blades 

are required to withstand large centrifugal forces, elevated temperatures and are operated in aggressive environments. As many as 42 

percent of the failures in gas turbine engines were only due to blading problems and the failures in these turbine blades can have 

dramatic effect on the safety and performance of the gas turbine engine.  To survive in this difficult environment, turbine blades often 

made from exotic materials. A key limiting factor in gas turbine engines is the performance of the materials available for the hot section 

of the engine especially the gas turbine blades. An effort has been made in this study to analyze the failure of gas turbine blade through 

Numerical analysis. Mechanical analysis has been carried out assuming that there might be failure in the blade material due to blade 

operation at elevated temperature and subjected to large centrifugal forces. The gas turbine blade model profile is generated and is 

analyzed for its structural as well as thermal performance of the blade for Titanium alloy, N 155, Hastealloy x, Nitinol alloy & Inconel 

625 materials. From numerical analysis, it was observed that there was no evidence of rubbing marks on the tip section of turbine blade 

indicating the elongation of the blade is within the safe limit. Maximum stresses and strains are observed near to the root of the turbine 

blade and upper surface along the blade roots. Maximum temperature distributions are observed at the blade tip sections and minimum 

temperature at the root of the blade. Temperature distribution is decreasing from the tip to the root of the blade section. The 

temperatures observed are below the melting temperature of blade material. 
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I.  INTRODUCTION 

 

Whether propelling aircraft through the sky, ships through the ocean or providing power to the electrical grid, gas turbine 

engines have become incorporated into our daily lives. As society moves towards a higher dependence on technology, there will 

be an increased demand for gas turbine engines to produce power at higher efficiencies. The effects of globalization will further 

the need of the more efficient gas turbine engines for propulsion and power generation. These requirements will be met only 

through detailed research of the specific components of the gas turbines. The main goal of the gas turbine technology is to extract 

maximum amount of energy from the high temperature gases which could be achieved by improving the thermal efficiency of the 

gas turbine engine [1]. The turbine blades are often the limiting component and were considered as the critical components of the 

gas turbine engines in which failures occur frequently [2]. These turbine blades are subjected to high mechanical stresses, elevated 

temperatures and are operated in aggressive environments [3-12]. From the studies, it was understood that the efficiency of gas 

turbine is a direct function of turbine inlet temperature (TIT) and thus operating the gas turbine at elevated temperatures would 

provide better efficiency and specific power output [13].  

 

  A key limiting factor in early gas turbine engines was the performance of the materials available for the hot section 

(combustor and turbine) of the engine especially the gas turbine blades. The thermal efficiency of early gas turbines was very low 

because the maximum temperature of the cycle was limited by metals then available for the manufacture of components. 

Advancements made in metallurgy of the materials have slowly increased the thermal efficiency of the gas turbine. In particular, 

achieving enhanced efficiency for aircraft gas turbines is a major challenge as the surrounding environment is highly aggressive. 

This aspect depends not only on the design but also on the selection of appropriate materials for their manufacturing. Between the 

two, selection of materials plays a vital role as the materials have to perform well for the designed period under severe aircraft 
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environmental conditions [14]. The need for better materials of turbine blades spurred much research in the field of alloys and 

manufacturing techniques.  

 

               This metallurgical examination was carried out assuming that there might be some micro-structural changes in the blade 

material due to blade operation at elevated temperature which led to the ultimate failure a gas turbine blade [15]. The research on 

turbine blade materials resulted in a long list of new materials and methods that make modern gas turbines possible to operate at 

highest temperature. 

   

      Titanium alloy with some other elements specially aluminium is used in the manufacture of gas turbine blade as it has its high 

tensile strength, high corrosion resistance, density and its capability to resist creep at high temperature. Superalloys were 

developed since the second quarter of the 20th century as materials for elevated temperature applications and can be divided into 

three main groups: nickel base superalloys, cobalt base superalloys and iron base super alloys [16]. The nickel base alloys are the 

most widely used. Excellent thermal stability, tensile and fatigue strengths, resistance to creep and hot corrosion, and micro 

structural stability possessed by nickel base superalloys render the material an optimum choice for the application in turbine 

blades [17–19]. These superalloys are the standard material for hot stages of gas turbines, where blades are subjected to high 

mechanical stresses, elevated temperatures and aggressive environments [20–26]. 

 

  In present work, materials such Titanium alloy, N155, Hastealloy x, Nitinol alloy & Inconel 625 used for turbine blades 

of a gas turbine engine meant for aircraft applications.Turbine blades have to be designed to withstand high temperatures, high 

pressure forces and large centrifugal forces. The data to make real model of a turbine blade is obtained using Coordinate 

Measuring Machine (CMM). This work mainly focuses on structural and thermal analysis of different materials using ANSYS 

14.0. The turbine blade is analyzed for its thermal as well as structural performance due to the loading condition. Static analysis 

carried out to know the mechanical stresses and elongation experienced by the gas turbine rotor blades, which includes the 

parameters such as the gas forces which are assumed to be distributed evenly, the tangential and axial forces act through the 

centroid of the blade. The centrifugal force also acts through the centroid of the blade in the radial direction. Thermal analysis was 

carried out to know the thermal stresses and the temperature distribution by applying temperatures and thermal fluxes of the gas 

turbine rotor blades. 

II. TURBINE BLADE MATERIALS 

 

Advancements made in the field of materials have contributed in a major way in building gas turbine engines with higher 

power ratings and efficiency levels. Improvements in design of the gas turbine engines over the years have importantly been due 

to development of materials with enhanced performance levels. Gas turbines have been widely utilized in aircraft engines as well 

as for land based applications importantly for power generation. Advancements in gas turbine materials have always played a 

prime role – higher the capability of the materials to withstand elevated temperature service, more the engine efficiency; materials 

with high elevated temperature strength to weight ratio help in weight reduction. A wide spectrum of high performance materials 

- special steels, titanium alloys and super alloys - is used for construction of gas turbines [27]. 

 

                 Titanium alloys are mainly used for substituting materials for hard tissues. Fracture of the alloys is, therefore, one of 

the big problems for their reliable use in the body. The fracture characteristics of the alloys are affected by changes in 

microstructure. Therefore, their fracture characteristics, including tensile and fatigue characteristics should be clearly understood 

with respect to microstructures. N-155 alloy has high temperature properties which are inherent and do not depend upon age 

hardening. It is recommended for applications involving high stresses at temperatures up to 1500°F, and can be used up to 2000°F 

where only moderate stresses are involved. It has good ductility, excellent oxidation resistance, and can be readily fabricated and 

machined.  

   

              HASTELLOY X alloy is a nickel-chromium-iron-molybdenum alloy that possesses an exceptional combination of 

oxidation resistance, fabric ability and high-temperature strength. It has also been found to be exceptionally resistant to stress-

corrosion cracking in petrochemical applications. X alloy exhibits good ductility after prolonged exposure at temperatures of 

1200, 1400, 1600°F (650, 760 and 870°C) for 16,000 hours. Inconel Alloy 625 is a nonmagnetic, corrosion - and oxidation-

resistant, nickel-based alloy. Its outstanding strength and toughness in the temperature range cryogenic to 2000°F (1093°C) are 

derived primarily from the solid solution effects of the refractory metals, columbium and molybdenum, in a nickel-chromium 

matrix. The alloy has excellent fatigue strength and stress-corrosion cracking resistance to chloride ions. The most common shape 
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memory material is an alloy of nickel and titanium called Nitinol (50 atom% Ni, 50 atom% Ti). When the material is heated 

above its transformation temperature it undergoes a change in crystal structure which causes it to return to its original shape. If the 

(Shape Memory Alloys) SMA encounters any resistance during this transformation, it can generate extremely large forces. This 

particular alloy has very good electrical and mechanical properties, long fatigue life, and high corrosion resistance. 

 

III. MODELING OF GAS TURBINE BLADE 

 

The gas turbine blade model profile is generated by using CATIA V5R21 software. 3D model of a gas turbine blade with 

root was done in two stages. First for creating the 3D model of the turbine blade, key points were created along the profile in the 

working plane. The points were joined by drawing B Spline curves to obtain a smooth contour. This contour was then converted 

into area and then into volume. Then working plane was rotated by 90º to generate the root part in the same way as the blade. 

These two volumes were then combined to make a single volume using union Boolean operation. 

 
 

Fig. 1. Gas turbine blade model 

 

The gas turbine blade is then analyzed sequentially with thermal analysis preceding structural analysis. 

 

IV. FINITE ELEMENT METHOD 

 

The stress analysis in the field of gas turbine engineering is invariably complex and for many of the problems, it is extremely 

difficult and tedious to obtain analytical solutions. The finite element method is a numerical analysis technique for obtaining 

approximate solutions. It has now become a very important and powerful tool for numerical solution of wide range of engineering 

problems. The method being used for the analysis of structures solids of complex shapes and complicated boundary conditions. 

The advance in computer technology and high-speed electronic computers enables complex problems to model easily. Various 

researches have done lot of work to develop analysis of gas turbine rotor blade using finite element analysis. 

 

A. Evaluation of Gas Forces on the Rotor Blades 

 

Gas forces acting on the blades of the rotor in general have two components namely tangential (Ft) and axial (Fa). These 

forces result from the gas momentum changes and from pressure differences across the blades. These gas forces are evaluated by 

constructing velocity triangles at inlet and outlet of the rotor blades. The rotor blades considered for analysis are untwisted and 

same profile is taken throughout the length of the blade. If the gas forces are assumed to be distributed evenly then the resultant 

acts through the centroid of the area [28], [29].  

 

B. Evaluation of Gas Forces on the First Stage Rotor Blade 

 

At the inlet of the first stage rotor blades,  

Absolute flow angle α = 23.85
0
, Absolute velocity V1 = 462.21 m/s 

The velocity triangles at inlet of first stage rotor blades were constructed as shown in Fig.2. 
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Fig. 2. Inlet Velocity Triangles of I-Stage Rotor Blades 

 

Diameter of blade mid span D = 1.3085 m, Design speed of turbine N = 3426 rpm 

Peripheral speed of rotor blade at its mid span, U =ΠDN/60 

From the velocity triangles in Fig.2, we get,  

Whirl velocity Vw1 = 422.74 m/s, Flow Velocity Vf1 = 186.89 m/s 

Relative velocity, Vr1 = 265.09 m/s, Blade angle at inlet, θ = 135.017 0 

At the exit of the first stage rotor blades, 

Flow velocity, Vf2 = 180.42 m/s, Relative flow angle, Ф = 37.88 0 

The velocity triangles at the exit of the first stage rotor blades as were constructed as shown in Fig.3. 

 

 
Fig. 3. Exit Velocity Triangles of I-Stage Rotor Blades 

 

From the velocity triangles in Fig.3, we get, 

Whirl velocity, Vw2 = 2.805 m/s 

Relative velocity, Vr2 = 293.83 m/s 

The gas forces and power developed in the first stage rotor blades were evaluated using the equations that were used for first stage 

rotor blades. 

Tangential force Ft = 248.199 Newton 

Axial force Fa = 3.82 Newton. 

Power developed P = 6.991 megawatts. 

Centrifugal force Fc = 38038.73 Newton [28], [29]. 

 

C. Convective Heat Transfer Coefficients over the Blade Surfaces 

 

The flows over suction and pressure side of rotor blade as shown in Fig.4. 

 

 
 

Fig. 4. Gas Flows over Suction and Pressure Side of Rotor Blade 

 

Convective Heat Transfer Coefficients on Suction side of Rotor Blades hs = 379.92 w/m
2
 k. 

Convective Heat Transfer Coefficients on the Pressure side of rotor blade hp = 284.95 w/m
2
k [1], [2],[15]. 

 

D.  Evaluation of Convective Heat Transfer Coefficient (hr) 

 

Convective Heat Transfer Coefficient (hr) on the Two Rectangular Faces at inlet and Exit of Rotor Blades as shown in Fig.5. 
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Fig. 5. Inlet and Exit of the Rotor Blade 

 

Convective heat transfer coefficients on the rectangular face at inlet hfi = 231.195 w/m2 K.  

Convective heat transfer coefficients on the rectangular face at exist hfe = 224.73 w/m2K [28], [29], [30]. 

 

V. NUMERICAL ANALYSIS 

 

A. Structural Analysis of a Gas Turbine Rotor Blade 

 

Solid185 is used for 3-D modeling of solid structures. It is defined by eight nodes having three degrees of freedom at each 

node, translations in the nodal x, y, and z directions. The element has plasticity, hyper elasticity, stress stiffening, creep, 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. 

  For structural analysis, the model is meshed using Solid 185 elements. The pressure load is applied on the pressure side 

of the blade and the analysis performed. Since hub side of the blade was fixed with disc, hub side of the blade is fully arrested. 

Then structural loads are applied on pressure side of the blade model. 

 
Fig. 6. Finite element model of the blade 

 

B. Thermal analysis of a Gas Turbine Rotor Blade 

 

Solid70 has a 3-D thermal conduction capability. The element has eight nodes with a single degree of freedom, temperature, 

at each node as shown as below in figure 8. The element is applicable to a 3-D, steady-state or transient thermal analysis. The 

element also can compensate for mass transport heat flow from a constant velocity field. If the model containing the conducting 

solid element is also to be analyzed structurally, the element should be replaced by an equivalent structural element (such as 

solid45). See solid90 for a similar thermal element, with mid-edge node capability. An option exists that allows the element to 

model nonlinear steady-state fluid flow through a porous medium. With this option, the thermal parameters are interpreted as 

analogous fluid flow parameters. For example, the temperature degree of freedom becomes equivalent to a pressure degree of 

freedom. 

  The thermal analysis is performed by applying the loading condition by using a time curve. For this, hot gas temperature 

is specified along the pressure side of the blade. The hub being fixed to the rotor disc, it is constrained in all six degrees of 

freedom. Different thermal loads and convection boundary conditions are applied on pressure side of the blade model. 

 

VI. RESULTS AND DISCUSSION 

The work deals with the modeling and analysis of gas turbine blade. The thermal-structural finite element analysis was 

performed for the turbine blade using ANSYS 14.0 software. Different materials such as Titanium alloy, N 155, Hastealloy x, 

Nitinol alloy & Inconel 625 alloy, the material which is used in the manufacturing of aircraft gas turbine blade have been 

considered for the analysis under same operating conditions and the results are presented. 
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(a) Total deformation       (b) Distribution of Stress   (c) Strain Distribution 

Fig. 7. Structural analysis in the turbine blade for Titanium alloy 

 

Fig.7 (a), shows the deformations in the turbine blade made of Titanium Alloy due to forces. Maximum elongation 

(deformations) of 0.44326 mm observed at the blade tip sections and minimum elongations at the root of the blade. Fig.7 (b), 

indicates the stress distribution in the turbine blade made of Titanium Alloy due to mechanical loads and it is observed a stress of 

449.93 N/mm
2
 which is maximum at leading edge near to the root of the blade and the value is minimum at the tip of the blade. 

Fig.7 (c), shows the Strain distribution in the turbine blade due to action of all forces. It is observed that the maximum strain of 

0.0046868 occurs at the root section and on the pressure side of gas turbine blade.  

(a) Total deformation        (b) Distribution of Stress   (c) Strain Distribution 

Fig. 8. Structural analysis in the turbine blade for Hastealloy X alloy 

 

Fig.8 (a), shows the deformations in the turbine blade made of Hastealloy X alloy due to forces. Maximum elongation 

(deformations) of 0.52646 mm observed and the maximum mechanical elongations induced in the turbine blade material are 

within the safe limit. It is observed at the blade tip sections and minimum elongations at the root of the blade. Fig.8 (b), indicates 

the stress distribution in the turbine blade made of Hastealloy X alloy due to mechanical loads and it is observed a stress of 

877.56 N/mm
2
 which is maximum at leading edge near to the root of the blade and the value is minimum. at the tip of the blade. 

Fig.8 (c), shows the Strain distribution in the turbine blade and it is observed that the maximum strain of 0.00609 occurs at the 

root section. Minimum stain occurs at the tip section. 

 

(a) Total deformation       (b) Distribution of Stress   (c) Strain Distributio 

Fig. 9. Structural analysis in the turbine blade for Nitinol alloy 
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Fig.9 (a), shows the deformations in the turbine blade due to action of all forces such as gas and centrifugal forces. It is 

observed that the maximum deformation of 0.40668 m occurs at the tip section of turbine blade material and the minimum occurs 

at the root section. There was no evidence of rubbing between tip of the turbine blade and casing indicating elongation is within 

the limit. Fig.9 (b), indicates the stress distribution in the turbine blade due to mechanical loads and it is observed a stress of 

333.46 N/mm
2
 which is maximum at leading edge near to the root of the blade and the value is minimum at the tip of the blade. 

Fig.9 (c), shows the Strain distribution in the turbine blade. Minimum stain occurs at the tip section and the maximum strain of 

0.0044461 occurs at the root section.  

  (a) Total deformation      (b) Distribution of Stress   (c) Strain Distribution 

 

Fig. 10. Structural analysis in the turbine blade for N155 

 

Fig.10 (a), shows the deformations in the turbine blade and the maximum deformations of 0.20587 mm observed at the 

blade tip sections and minimum elongations at the root of the blade.  Fig.10 (b), indicates the stress distribution in the turbine 

blade made of Titanium Alloy due to mechanical loads and it is observed that the maximum stress of 322.41 N/mm2 occurs at the 

root section and on the pressure side of gas turbine blade. Minimum stress occurs at the tip section. Fig.10 (c), shows the Strain 

distribution of turbine blade and the maximum strain of 0.0022546 occurs at the root section.  

(a) Total deformation       (b) Distribution of Stress   (c) Strain Distribution 

 

Fig. 11. Structural analysis in the turbine blade for Inconel alloy 

 

 Fig.11 (a), shows the deformations in the turbine blade made of Inconel alloy. Maximum elongation (deformations) of 

0.46576 mm observed at the blade tip sections and minimum elongations at the root of the blade. Fig.11 (b), indicates the stress 

distribution in the turbine blade made of Inconel alloy due to mechanical loads and it is observed a stress of 815.5 N/mm
2
 which 

is maximum at leading edge near to the root of the blade and the value is minimum at the tip of the blade. Maximum strain of 

0.0054366 occurs on the tip of gas turbine blade which indicates in Fig.11 (c). 
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             (a) Titanium alloy                                   (b) Haste alloy          (c) Inconel alloy 

Fig. 12. Temperature Distribution in the Turbine Blade 

 

Fig.12, shows the Temperature distribution in the turbine blade due to temperature gradient and heat flux. Titanium alloy 

has the maximum temperature distribution compared to haste alloy and Inconel materials. It is observed that Maximum 

temperature of 1049.2
 
K occurs from the leading edge of the turbine blade section and it is varying along the path. This non 

uniform temperature at tip and root of the blade materials might induce the thermal stresses in the turbine blade.  

 

 
 

(a) N155     (b) Nitinol alloy 

 

Fig. 13. Temperature Distribution in the Turbine Blade 

 

Fig.13, shows the Temperature distribution in the turbine blade made of N155 and Nitinol alloy. Nitinol alloy has the 

maximum temperature distribution compared to N155 blade material. It is observed that Maximum temperature of 944.44
 
K 

occurs from the leading edge of the turbine blade section followed by N155 and it is varying along the path.  

 

 

Fig. 14. Turbine Blade Material Vs Total Deformation 

 

Fig.14, shows the variation of deformation foe different materials of turbine blade .It is observed that the deformation is 

varying as the radial distance increases and maximum is 0.023821 mm for the Haste Alloy and minimum is 0.00978284 mm for 

N155. 

 

Fig. 15. Turbine Blade Material Vs Equivalent Strain 

Fig.15, shows the variation of strain distribution for different materials of turbine blade .It is observed that the 

deformation is varying as the radial distance increases and maximum is 0.023821 mm for the Haste Alloy and minimum is 

0.00978284 mm for N155. 

 

http://www.ioirp.com/


                                        International Journal of Innovative Research in Technology, Science & Engineering (IJIRTSE)  

www.ioirp.com                                         ISSN: 2395-5619, Volume – 1, Issue – 4. June 2015 

 

42 

 

 
Fig. 16. Turbine Blade Material Vs Equivalent Stress 

 

Fig.16, shows that variation of stresses for the different materials of gas turbine blade. It is observed that the stress is 

varying as the radial distance increases. The maximum stresses are observed to be 719.075 MPa for Haste alloy and the minimum 

stresses are observed to be 94.8706 MPa for N155. 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Turbine Blade Material Vs Temperature Distribution 

 

  Fig.17, shows the variation of resultant nodal temperature along the longitudinal distance .It is observed that the variation 

is nonlinear and maximum temperature is observed to be 1050 K for titanium alloy and minimum temperature is 920 K for N155. 

 

 

VII. CONCLUSION 

 

The gas turbine blade is modeled and the turbine blade is analyzed for its thermal as 

well as structural performance due to the loading condition and the temperature gradients. The results obtained were presented in 

the form of contour maps and profiles of temperature distributions, radial elongations and mechanical stresses for the rotor blades.  

 Maximum temperatures are observed at the blade tip sections and minimum temperature at the root of the blade. 

Temperature distribution is almost uniform and is linearly decreasing from the tip of the blade to the root of the blade section. The 

distribution of temperature is same for turbine blades made of three different materials. It can be seen that the temperature 

attained is maximum for titanium alloy and then N155 has lower temperature is attained for super alloy under examination.  

 Maximum elongations (deformations) observed at the blade tip sections and minimum elongations at the root of the 

blade. The maximum elongation is 0.5 mm for titanium alloy and 0.2 mm for N155 super alloy under same loading conditions. To 

avoid the failure of a gas turbine blade due to creep, the elongation of the blade should be as less as possible. Under the same 

loading condition, deformation is for titanium alloy and it is almost same for Nimonic 80 A and super alloy. 

 Maximum stresses are observed near to the root of the turbine blade and upper surface along the blade roots. The 

stresses induced in the turbine blade made up of super alloy under examination and N155 is well within the safe limits. From the 

above results, it might be concluded that the super alloy which is being used for manufacture of turbine blade of aircraft gas 

turbine engine as the best suitable material. 
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