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Abstract 

 

For gas turbines, the energy of the fluid can be expressed in terms of the enthalpy change, which is 

almost directly related to the turbine temperature. The performance of the gas turbine can be improved 

by continuously improving the temperature and compression ratio. In this article, for the cooling of 

blades, making several radial holes has been suggested to pass high cooling air at high velocity along the 

span of blade. CFD analysis has been used to analyse the effect of heat transfer of a gas turbine with six 

different models which has 6,7,8,9,10,11,12 inline one row of holes and are further compared with each 

other. Three different materials has been considered and heat transfer in each material has been 

examined and then compared. After evaluation it has been concluded that the blade with 12 staggered 

holes in Titanium had the minimum temperature rise. All other performances were also best in Titanium 

comparative to other two materials. 
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1. Introduction 

 

A machine called turbine is that which converts the rotational energy of a fluid pumped by a rotor into 

work or energy. The machine does this and generates electricity through conduction or electrical 

induction. For gas turbines, the energy of the fluid can be expressed in terms of the enthalpy change, 

which is almost directly related to the turbine temperature. The working fluid in the gas turbine is burnt 

fuel mixed with air. Most gas turbine engines have at least one compressor, combustion chamber and 

turbine. They are usually built as a unit and run entirely as generators; this is called an open circuit; 

remove the air from the air and release the combustion product and leave it where it is. Since the success 

of the cycle depends on the integration of all parts, not only the turbine but also the internal generator 

needs to be considered.  

  

2.  Problem Identification and Methodology 

 

The efficiency and power output of a gas turbine plant depend on the maximum temperature reached in 

the cycle. Advanced gas turbine engines operate at high temperatures (1200-1500°C) to maximize 

thermal efficiency and power output. As the oil temperature increases, the heat transfer to the blade will 

increase and this will cause thermal failure of the blade. Film cooling is one of the process used to reduce 

temperature of blades. Cold film is formed by blowing cold air onto the teeth through small holes in the 

teeth. This air creates a thin layer of cooling air on the surface of the blade, protecting the blade from hot 
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oil. In this study, CFD analysis was used to analyse the temperature change of a gas turbine with a 6 to 13 

row hole structure and a comparison was made for three different materials. Estimation is done with CFD 

software using FLUENT. The following steps are followed to carry out the work- 

1. Firstly the CAD model of turbine blade has been created. 

2. Afterwards three suitable material were selected for the designing. 

3. Ansys Fluent was used for CFD analysis to get the results. 

4. On the basis of the analysed result graphs to be plotted for comparison. 

5. Validating the results. 

 

3.   Dimensions of Turbine blade 

 

Dimensions of Turbine blade taken for modeling purpose were- 

Diameter of shaft, D = 1400 mm,  

Speed of turbine in RPM, N = 3500 rpm,  

Length of blade, L = 100 mm,   

Diameter of cooling air passage, d = 2.5 mm 

 

3.1 Geometric Modeling of blade 

 

 
Fig 1 Geometry of a Gas Turbine blade model with 6 holes. 
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Fig 2  Meshing of model using Tetrahedron Element 

 

 

4.  Simulation and Analysis 

.  

Analysis started primarily with the selection of materials. Different materials are considered and for 

different numbers of hole, the analysis has been done. 

 

First Material: Copper; Annealed.                                     

 

Table 1 Properties of copper 

Poisson’s Ratio 0.343 

 Heat of Fusion 204.8 J/g 

Heat of Vaporization 5234 J/g 

CTE, linear  20.2 µm/m-°C 

Specific Heat 

Capacity 
0.385 J/g-°C 

Thermal Conductivity 10500 W/m-K 

Melting Point 
1083.2 -

 1083.6 °C 

Boiling Point 2562 °C 

Second Material: Nickel, Ni 

 

Table 2 Properties of Nickel 

Poisson’s Ratio  0.31 

Heat of Fusion  305.6 J/g 

Heat of Vaporization  5862 J/g 

CTE, linear  13.1 µm/m-°C 

Specific Heat 

Capacity  
0.460 J/g-°C 

Thermal Conductivity  60.7 W/m-K 

Melting Point  1455 °C 

Boiling Point  2913 °C 
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Third Material: Titanium, Ti 

 

Table 3 Properties of Nickel 

 

Poisson’s Ratio  0.34 

Heat of Fusion  435.4 J/g 

CTE, linear   8.90 µm/m-°C 

Specific Heat 

Capacity  
0.528 J/g-°C 

Thermal Conductivity  17.0 W/m-K 

Melting Point  1650 - 1670 °C 

Boiling Point  3287 °C 

 

The values obtained for temperature variations for the blade without and with 6 holes are shown in fig 3 

and fig 4 respectively. Similarly, the effect of heat flux has also been analysed and is shown in fig 5 and 6 

respectively for the surface of blade without hole and with 6 holes. A similar simulation has been carried 

out for other number of holes made in blade viz 7, 8, 9, 10, 11, 12 and 13 holes. The figure shown below 

is for the copper and for other materials the values obtained are depicted and compared through graphs. 

 
 

Fig 3 Temperature Variation over the surface of blade without holes 
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Fig 4 Temperature Variation over the surface of Turbine blade with 6 holes 

 

 

 

 

 
Fig 5 Total Heat Flux in Turbine blade without holes 
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Fig 6 Total Heat Flux in Turbine blade with 6 holes. 

 

5.  Results  

 

The results of various effect of temperature on varying numbers of holes are plotted and values tabulated 

for each materials. Further a comparison has been made to find out the suitability of materials. 

 

 

Table 4    Comparison of temperature developed in turbine blade with and without hole 

Material 
Temperature (in oC) 

without hole with holes 

Cu 1924 1906.9 

Nk 1993.7 1988.1 

Ti 2019.1 2008.6 
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Fig 7  Variation of temperature development in turbine blade with and without hole consideration 

 

Table 5  Comparison of heat flux development in turbine blade with and without hole  

Material 
Heat Flux (W/m2) 

without hole with holes 

Cu 9.34E+06 8.82E+06 

Nk 4.68E+06 4.18E+06 

Ti 1.53E+06 1.41E+06 

 

 
Fig 8 Variation of heat flux development in turbine blade with and without hole 
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Fig 9 Variation of temperature development in turbine blade for different number of holes 

 

 
Fig 10 Variation of heat flux development in turbine blade for different number of hole 

 

In figure number 9 and 10, the number of holes along x axis is shown from 1 to 8 which represents actual 

number of holes as from 6 to 13. 

 

6.  Conclusions 

 

Gas turbine blade cooling of three different materials was investigated. Titanium (Ti) has been shown to 

have better thermal performance due to lower tooth temperature and less thermal stress. It has been found 

that giving cold air to the teeth can reduce the problem of heat and cold. By analysing models with 

different numbers of holes, it was determined that the 12 hole model was the most suitable. 

 

6.1 Further scope of the work 

Further the alloy of various materials can also be analysed and the results may be obtained for different 

holes. 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 07 Issue: 09 | September - 2023                       SJIF Rating: 8.176                            ISSN: 2582-3930                                                                                                                                               

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM25721                        |        Page 9 

References 

       

[1] William Wiberg , Nicholas Anton, 2013, Aerodynamic design of a gas turbine rotor blade for the 

KTH test turbine, Thesis, Division of Thermal Power Engineering, Department of Energy Sciences ,Lund 

Institute of Technology, Sweden. 

[2] R D V Prasad, et al, 2013, Steady State Thermal & Structural Analysis Of Gas Turbine Blade Cooling 

System, International Journal of Engineering Research & Technology (IJERT),Vol. 2 Issue 1, pp.1-6 

[3] G D Ujade, et al, 2014, Review of structural and thermal analysis of gas turbine blade, International 

Journal of Mechanical Engineering and Robotics Research, Vol. 3, issue 2, pp. 347-352 

[4] Priyanka Singh, et al, 2015, Heat Transfer Analysis of Gas Turbine Rotor Blade Cooling Through 

Staggered Holes using CFD, International Journal of Engineering Research & Technology (IJERT),Vol. 

4, Issue 07, pp 425-432 

[5] Pasayev, et al, 2007, Development of Effective Cooling Schemes of Gas Turbine Blades Based on 

Computer Simulation, World Academy of Science, Engineering and Technology, International Journal of 

Aerospace and Mechanical Engineering, Vol.1, issue 3, pp 140-145 

[6]  Madhurima Dey, et al, 2016, Computational study of turbine blade cooling with various blowing 

ratios Carbon – Science and Technology, Vol.8, issue 2, pp 46-54 

[7] W.B. de Wolf, et al, 2001, Analysis of combined convective and film cooling on an existing turbine 

blade, National Aerospace Laboratory, Issued 29 May, pp 1-22 

[8] Roberta Mascia, et al, 2016, a lumped thermodynamic model of gas turbine blade cooling: prediction 

of first-stage blades temperature and cooling flow rates, Proceedings of ECOS - The 29th international 

conference on efficiency, cost, optimization, simulation and environmental impact of energy systems, pp 

1-13 

[10] Gubbala Sesha Saikrishna, et al, 2013, Overview of a Gas Turbine and the different methods to 

improve its Thermal Efficiency International Journal of Engineering Research & Technology, Vol. 2, 

Issue 9, pp 1655-1661 

[11] FawziSh.Alnasur1,et al, 2021, Estimation the Performance of Gas Turbine Power Station with Air 

Cooling Fog System, IICESAT Conference, Journal of Physics: Conference Series 1973, pp 01-10 

[12] Abhishek Kumar Sharma, 2017, Improvement of Gas Turbine Power Plant Performance: A Review, 

International Journal of Innovative Research in Engineering & Management, 

Vol 4, issue 3, pp 658-663 

[13] Liang Xu, et al, 2023, Development Trend of Cooling Technology for Turbine Blades at Super-High 

Temperature of above 2000 K, Energies, Vol 16, pp 1-19 

[14] Sushil Sunil Gaikwad, et al, 2014, Numerical simulation of gas turbine blade cooling for 

enhancement of heat transfer of the blade tip, International Journal of Research in Engineering and 

Technology, Vol 03, issue 09, pp 35-41 

 

 

 

A Brief Author Biography  

 

1st Author Name – A brief biography including qualifications, research interests, and any other 

information that the author wishes to include. Biography should be less than 150 words.  

 

Alok Sharma – has completed Bachelor of Mechanical Engineering from Government Engineering 

College, Raipur and M.E. in Production from Bhilai Institute of Technology, Durg. He has currently 

submitted his PhD thesis in CSVTU, Bhilai. He has a teaching experience of 23 years and is working as 

Head of Department & Associate Professor in SSTC, Bhilai. He also has an online teaching experience of 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 07 Issue: 09 | September - 2023                       SJIF Rating: 8.176                            ISSN: 2582-3930                                                                                                                                               

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM25721                        |        Page 10 

3years on Ed-Tech platform and many of his lectures are available in internet. He has published 3 patents 

and is an author of a book on ESE. Also he has 15 National and International journal publications and is a 

life member of IE (India), ISTE and IAENG (Hong Kong). His research interest are in the fields of 

multibody dynamics, kinematics, machine design, Robotics, CAD modelling and optimization etc. 

 

Vikky Kumhar- has completed his BE in Mechanical Engineering from CSVTU Bhilai. He also 

completed his M Tech in Mechanical Engineering specialization in CAD/CAM Robotics from CSVTU 

Bhilai. He is currently working as Assistant Professor in Department of Mechanical Engineering, SSTC 

Bhilai. He holds the more than 10 years’ experience in teaching as well as industry. He had published 

more than 40 international papers and more than 15 papers in conference. His research interests are in bio 

mechanical and materials, computer aided conceptual design, 3D modelling and optimization, hybrid 

composites, additive manufacturing etc. 

 

 

http://www.ijsrem.com/

