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Abstract 

A gas turbine used in power generation by converting 

kinematic energy into mechanical energy by rotors. 

The rotors has to withstand high temperatures, 

pressure, stresses and strains during compression and 

expansion in turbine and it has to increase thermal 

efficiency. The life of the blade is also important by 

avoiding fatigue. Solidworks software is used to 

model it. Meshing, analysis is performed by Ansys 

14.5 software. Rotors cooling methods are also 

analyzed to improve convection and decrease 

temperatures on blades. Deformations are analyzed 

by static structural analysis. Thermal stresses and 

strains results by software are compared for different 

materials. This analysis is done to introduce new 

innovated materials into real-time application on 

existing or new products to increase efficiency and 

life.Structural load like Pressure analysis is done at 

required areas to choose a best material. Vibrational 

frequency in turbine are also estimated by modal 

analysis.  

 
Fig: Gas turbine blade with rotor 

 

1. Introduction: 

Gas turbines are used for power generation. Today, 

gas turbines are one of the most widely-used power 

generating technologies. Gas turbines are a type of 

internal combustion (IC) engine in which burning of 

an air-fuel mixture produces hot gases that spin a 

turbine to produce power. It is the production of hot 

gas during fuel combustion, not the fuel itself that the 

gives gas turbines the name. Gas turbines can utilize 

a variety of fuels, including natural gas, fuel oils, and 

synthetic fuels. Combustion occurs continuously in 

gas turbines, as opposed to reciprocating IC engines, 

in which combustion occurs intermittently. 

 

Fig: Gas turbine rotor blade 

2. How does a gas turbine works: 

Gas turbines are comprised of three primary sections 

mounted on the same shaft: the compressor, the 

combustion chamber (or combustor) and the turbine. 

The compressor can be either axial flow or 
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centrifugal flow. Axial flow compressors are more 

common in power generation because they have 

higher flow rates and efficiencies. Axial flow 

compressors are comprised of multiple stages of 

rotating and stationary blades (or stators) through 

which air is drawn in parallel to the axis of rotation 

and incrementally compressed as it passes through 

each stage. The acceleration of the air through the 

rotating blades and diffusion by the stators increases 

the pressure and reduces the volume of the air. 

Although no heat is added, the compression of the air 

also causes the temperature to increase. 

The compressed air is mixed with fuel injected 

through nozzles. The fuel and compressed air can be 

pre-mixed or the compressed air can be introduced 

directly into the combustor. The fuel-air mixture 

ignites under constant pressure conditions and the hot 

combustion products (gases) are directed through the 

turbine where it expands rapidly and imparts rotation 

to the shaft. The turbine is also comprised of stages, 

each with a row of stationary blades (or nozzles) to 

direct the expanding gases followed by a row of 

moving blades. The rotation of the shaft drives the 

compressor to draw in and compress more air to 

sustain continuous combustion. The remaining shaft 

power is used to drive a generator which produces 

electricity. Approximately 55 to 65 percent of the 

power produced by the turbine is used to drive the 

compressor. To optimize the transfer of kinetic 

energy from the combustion gases to shaft rotation, 

gas turbines can have multiple compressor and 

turbine stages. 

Because the compressor must reach a certain speed 

before the combustion process is continuous or self-

sustaining – initial momentum is imparted to the 

turbine rotor from an external motor, static frequency 

converter, or the generator itself. The compressor 

must be smoothly accelerated and reach firing speed 

before fuel can be introduced and ignition can occur. 

Turbine speeds vary widely by manufacturer and 

design, ranging from 2,000 revolutions per minute 

(rpm) to 10,000 rpm. Initial ignition occurs from one 

or more spark plugs (depending on combustor 

design). Once the turbine reaches self-sustaining 

speed – above 50% of full speed – the power output 

is enough to drive the compressor, combustion is 

continuous, and the starter system can be disengaged. 

3. Gas Turbine Working Principle 

Gas turbine engines derive their power from burning 

fuel in a combustion chamber and using the fast 

flowing combustion gases to drive a turbine in much 

the same way as the high pressure steam drives a 

steam turbine. 

 
    Fig: gas turbine combustion 

One major difference however is that the gas turbine 

has a second turbine acting as an air compressor 

mounted on the same shaft. The air turbine 

(compressor) draws in air, compresses it and feeds it 

at high pressure into the combustion chamber 

increasing the intensity of the burning flame. 

It is a positive feedback mechanism. As the gas 

turbine speeds up, it also causes the compressor to 

speed up forcing more air through the combustion 
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chamber which in turn increases the burn rate of the 

fuel sending more high pressure hot gases into the 

gas turbine increasing its speed even more. 

Uncontrolled runaway is prevented by controls on the 

fuel supply line which limit the amount of fuel fed to 

the turbine thus limiting its speed. 

 
Fig: Gas turbine 

The thermodynamic process used by the gas turbine 

is known as the Brayton cycle. Analogous to 

the Carnot cycle in which the efficiency is 

maximized by increasing the temperature difference 

of the working fluid between the input and output of 

the machine, the Brayton cycle efficiency is 

maximized by increasing the pressure difference 

across the machine. The gas turbine is comprised of 

three main components: a compressor, a combustor, 

and a turbine. The working fluid, air, is compressed 

in the compressor (adiabatic compression - no heat 

gain or loss), then mixed with fuel and burned by the 

combustor under constant pressure conditions in the 

combustion chamber (constant pressure heat 

addition). The resulting hot gas expands through the 

turbine to perform work (adiabatic expansion). Much 

of the power produced in the turbine is used to run 

the compressor and the rest is available to run 

auxiliary equipment and do useful work. The system 

is an open system because the air is not reused so that 

the fourth step in the cycle, cooling the working fluid, 

is omitted. 

Gas turbines have a very high power to weight ratio 

and are lighter and smaller than internal combustion 

engines of the same power. Though they are 

mechanically simpler than reciprocating engines, 

their characteristics of high speed and high 

temperature operation require high precision 

components and exotic materials making them more 

expensive to manufacture. 

4. Solidworks 

Solid Works is mechanical design automation 

software that takes advantage of the familiar 

Microsoft Windows graphical user interface. 

It is an easy-to-learn tool which makes it possible for 

mechanical designers to quickly sketch ideas, 

experiment with features and dimensions, and 

produce models and detailed drawings. 

Introduction to Solidworks: 

Solidworks mechanical design automation software is 

a feature-based, parametric solid modeling design 

tool which advantage of the easy to learn windows TM 

graphical user interface. We can create fully associate 

3-D solid models with or without while utilizing 

automatic or user defined relations to capture design 

intent. 

Parameters refer to constraints whose values 

determine the shape or geometry of the model or 

assembly. Parameters can be either numeric 

parameters, such as line lengths or circle diameters, 

or geometric parameters, such as tangent, parallel, 

concentric, horizontal or vertical, etc. Numeric 

parameters can be associated with each other through 

the use of relations, which allow them to capture 

design intent. 
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5. Design procedure of Gas Turbine Blade 

For designing the gas turbine blade the following 
procedure has to be follow 

Go to features and select curves and coordinates as 

follows 

 

 

Now go to features and extrude it as follows 

Draw the sketch as follows 

 

Draw the sketch as follows to make extrude 

 

 
Gas turbine rotor blade  

 
Four views of gas turbine rotor blade 
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6. Finite Element Analysis: 

Introduction:  

Finite Element Analysis (FEA) is a computer-based 

numerical technique for calculating the strength and 

behaviour of engineering structures. It can be used to 

calculate deflection, stress, vibration, buckling 

behaviour and many other phenomena. It also can be 

used to analyze either small or largescale deflection 

under loading or applied displacement. It uses a 

numerical technique called the finite element method 

(FEM). 

Basic Concepts of Analysis: 

Meshing: 

The software uses the Finite Element Method (FEM). 

FEM is a numerical technique for analyzing 

engineering designs. FEM is accepted as the standard 

analysis method due to its generality and suitability 

for computer implementation. FEM divides the 

model into many small pieces of simple shapes called 

elements effectively replacing a complex problem by 

many simple problems that need to be solved 

simultaneously. 

 

Material data: 

 
7. Structural analysis on Gas Turbine 

Fixed support 

 
Pressure (1 MPA) 

 
Meshing 

Size: fine 
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Material: Stainless Steel 

Maximum stress 

 
Total deformation 

 

Maximum strain  

 

Material: Titanium alloy 

Maximum stress 

 
Total deformation 

 

Maximum strain 

 

Material: Inconel (Nickel 625 Alloys) 

Maximum stress 
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Total deformation 

 

Maximum strain 

 

8. Steady State Thermal Analysis on Gas Turbine 

Rotor Blade 

Temperature (900 c) 

 

Convection (27 c)

 

Material: Stainless Steel 

Temperature Distribution  

 

 Total Heat Flux 

 

Material: Titanium Alloy 

Temperature Distribution  
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Total Heat Flux 

 

Material: Inconel (Nickel 625 Alloys) 

Temperature Distribution  

 

 Total Heat Flux 

 

10. Dynamic (Modal) Analysis  

Material: Stainless Steel 

Mode-1

 

Mode-2 

 

Mode-3 

 
Mode-4 

 

11. Results 
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Experimental Results

 

MODAL Analysis Results 

 

12. Conclusion 

 Modeling and analysis on gas turbine rotor blade is 

done. 

 Static structural analysis and thermal analysis are 

done. 

 In static structural analysis 1 mpa pressure is 

applied by assigning four various materials such as 

stainless steel, titanium alloy, and inconel 

 Maximum stress, strain & deformations are 

obtained titanium is showing least stress values 

compared to stainless steel and inconel 

 Inconel (Nickel 625 Alloy) showing least strain 

value as well as least deformation value compare to 

titanium & stainless steel. 

 In steady state thermal analysis maximum 

temperature is given as 9000C and convection 

through holes is 270C 

 Temperature distribution and total heat flux values 

are studied and tabulated. Max heat dissipation that is 

cooling is done by inconel materials followed by 

stainless steel. 

 Decreased failure rates by stress analysis and 

thermal analysis. 
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