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ABSTRACT 

The turbine blades are responsible for extracting energy from 

the high temperature gas produced from the combustor of a 

gas turbine. To obtain a better efficiency and maximum work 
output from the gas turbine, it is operated at elevated 

temperature. The blades are required to withstand elevated 

temperature. The need for the blades to operate effectively 

and survive in an aggressive environment without failure 
required an exotic material for the design of the blades. In this 

paper, the blade under study is made of titanium and it was 

subjected to a temperature of 1200°c to 1650°c. The thermal 

finite thermal element analysis was done with the aid of 
ABAQUS software. A 3- dimensional model of the blade was 

developed by the software and also to predict the thermal 

behavior of the blade at different elevated temperature with an 

interval of 50°c. The simulation result shows that the 
temperature gradient along the blade length is 49°c/mm.  

General Terms 
Finite Element Analysis 
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1. INTRODUCTION 
Thermal finite element analysis (TFEA) required the 

differential and variational equations that govern the thermal 

conditions. These equations provide the basis for the finite 

element analysis formulation and the solution of the thermal 
problems. 

It is a known fact from the gas turbine cycle analysis that 

higher turbine inlet temperature produce large amount of work 

per unit mass flow and also improve the power to weight ratio 

of the gas turbine engine. The major problem that is 

associated in achieving this increase in performance is the 

availability of material that can withstand such high 

temperature and combined stress due to temperature, rotation 
and aerodynamic loading [1-10]. 

The need for higher turbine inlet temperature for aircraft gas 

turbine, lead to the relationship of temperature and the two 

paramater of specific thrust and thrust specific fuel 
consumption. 
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Heat are transfer in gas turbine blade through conduction and 

convection modes. Conduction is the mode of heat transfer 
due to temperature difference in a solid or any phase of 

material where the mass is contiguous and in thermal contact. 

Microscopically this mode of energy transfer is attributed to 

free electron flow from higher to lower energy levels, lattice 
vibration and molecular collision [11-19].   

This is mode of heat transfer occurs in the blade of gas 

turbine. Heat transfer occurring through the intervening matter 

without bulk motion of the matter. The outside surface, which 
is exposed to the hot gases from combustor, is at higher 

temperature than the inside surface, which has cooling air next 

to it. The level of the wall temperature is critical for a turbine 

blade. 
For one –dimensional plane heat conduction, Fourier’s law is 

apply. 

 

 ̇     
  

  
                                                                        (3)                                                                                                                 

 

The rate of heat transfer by conduction from a body is related 

with equation (3). The amount of heat conducted per unit time 
per unit area per unit negative temperature gradient is the 

thermal conductivity ( ) of the material. Conduction is an 

intermolecular diffusion, and its process can be predicted 

easily as long the accurate value of   is known [3]. 
A high value for thermal conductivity indicates that the 

material is a good heat conductor, and a low value indicates 

that the material is a poor heat conductor or insulator. 

For three-dimensional heat transfer in a Cartesian coordinate, 
the conduction equation is shown in equation (4) 
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Heat is transfer from the hot gas to the blade, across the blade 

from external surface to internal surface and heat transfer 

from the inner surface of the blade to the coolant. This will 
involve simultaneous calculations. With the help of ABAQUS 

software, the analysis is made easy and simple. The 

temperature of within the blade can be determined by giving 

solution to the Laplace equation.  
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In turbomachinery and aerospace applications, the transfer of 

heat in a fluid occurs through conduction and convection 
through the movement of the fluid. The overall heat transfer 

in a moving media, both convection and conduction is called 

convective heat transfer. In convective heat transfer, 

temperature and velocity field always interact. The velocity 
field affects temperature distribution. In some situation where 

velocity is high and temperature is small, the velocity field 

influences the temperature, but the velocity field is mildly 

affected by the temperature. Gas turbine has both high 
velocity and temperature and the flow of heat is influence by 

external forces. This is to say that the flow of heat in gas 

turbine is a force flow. 

For convective heat flow in the turbine blade, there is 
movement of heat from the hot gas to the surface of the blade. 

The interaction of the fluid (hot) gas and the surface of the 

blade viscous force at the boundary. The boundary tends to 

prevent the flow of heat. Due to the friction created by the 
media, it generates a layer. The boundary layer plays a very 

critical role in the heat transfer. The conditions and properties 

of the boundary layers determine the rate at which heat is 

transferred. 
For three-dimensional flow, the heat transfer equation 

is; 
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2. MATERIAL AND METHODS 

2.1 Thermal governing equations 
The equations establishes in vector and differential form, 

shows the relationship between the time and space variation 

of temperature at any point of the gas turbine blade through 

which heat flow in three dimension by conduction takes place. 

In finite element analysis, stress/deformation field in structure 

largely depends on temperature field, but the influence of 

stress/deformation field on the temperature field is negligible. 

For this heat transfer analysis not coupled with mechanical 
effect is considered. 

The transient temperature field  (       ) throughout the 

domain was obtained by solving the three-dimensional heat 

conduction equations along with the appropriate initial and 
boundary conditions [20-28]. 

Using the vector operator  , equation 4 can be represented as  
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2.1.1 Unsteady state condition 

This is the condition where there are no internal sources of 

heat generation (    ⁄   ) 
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2.1.2 Steady state condition 
This is the condition when temperature does not depends on 

time (    ⁄   ) 
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The thermal analysis was done with the help of ABAQUS 
software.  As shown in figure 1, a finite model of a gas 

turbine blade was built. The dimension under consideration is 

200mm with a thickness of 50mm. In this study, the initial 

temperature was set 100°c, surface temperature was set to 
500°C. Ten cases were simulated by varying the turbine inlet 

temperature from 1200°C - 1650°C. Table 3 shows the results 

obtained from the ten cases. 

 

 

Figure 1 Blade Model Drawing 

2.2 Material properties 
The material selected for this study is Titanium. Temperature- 

dependent thermal physical properties of titanium, including 

density, specific heat, thermal conductivity and latent heat, 
were used as an input. The values of these properties are 

shown in table 1.  

Table 1 Properties of Titanium  

Properties                                              Value 

Thermal Conductivity  (     )               

Density (     )                                       

Young Modulus (   )                             

Coefficient of Expansion                               

Specific Heat     (     )                                

Poisson ratio                                                      

 

2.3 Element selection 
The type and size of elements used to approximate the domain 

were determined on the bases of computational accuracy. In 

heat transfer analysis under dynamic conditions, with second-

order elements, there is a minimum required time increment 
[29-41]. 
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If the time increment is smaller than this value, nonphysical 

oscillations may appear in the solution. Such oscillations are 

eliminated with first- order elements [30], but can lead to 
inaccurate solutions [23]. 

Fine meshes were used in the deposition zone, and the mesh 

gradually increased with distance from the deposits. In the 

region more separated from the heat affected zone, coarse 
meshes were utilized.as shown in figure 2, 14328 elements 

and 18612 nodes were created. 

 

Figure 2 Meshing Scheme 

In order to obtain reliable results from the thermal analysis, 

the maximum nodal temperature change in each increment 

was set to 50°C and the time increments were selected 

automatically by ABAQUS to ensure that the time value does 
not exceed any mode during any increment of the analysis 

[30]. 

The maximum temperature for this study is 1650°c, while the 

lowest temperature is 100°c. This small temperature 
differences and small geometrical dimension cause a very 

small temperature gradient. 

 

(a) 

  

(b) 

Figure 3    (a) Heat Flux Magnitude         

(b)   Nodal Temperature Magnitude 

 

(a) 

 

(b) 

Figure 4 (a) Reaction Flux Magnitude   (b) Heat Flux 1 

Magnitude 

Figure 5 Heat Flux 2 Magnitude 

3. CONCLUSION 
The simulations results of temperature field are influenced by 

process parameter, material properties and boundary 

conditions. Among material properties, the thermal 

conductivity has some effect on the temperature field. The 
effect of material density and specific heat on temperature 

field can be neglected. 

 The results revealed the characteristics of temperature 

distribution on the blade. Table 2 shows the results obtained 
from the simulation of the model. 

The output obtained was used to plot graph against the 

maximum temperature the blade was subjected, at each case. 

Figure 6 shows the graph of NT11 versus Maximum 
temperature at each case. From the graph, it is deduced that 

the behavior of NT11 is directly proportional to the maximum 

temperature the blade was subjected. 
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Figure 6 Relationship between Nodal temperature and 

Maximum temperature 

Figure 7 Relationship between Heat flux and maximum 

temperature 

 

Figure 8 Relationship between RFL11 and Maximum 

Temperature 

Nomenclature 

Symbols 

α                 Thermal diffusivity 

                  Specific heat capacity at constant pressure  

                 Calorific value 

                   Density 

 ̇                  Heat flux 

 ̇                Free stream mass flow 

                   Turbine temperature ratio 

                   Compressor temperature ratio 

                   Ambient temperature 

                   Thrust 

                   Free stream velocity 

                   Vector operator 

                   Thermal conductivity 

Acronyms 

FEA             Finite element analysis 

HFL             Heat flux 
RFL             Reaction flux 

NT               Nodal temperature 
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