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ABSTRACT: A turbine blade is the individual component which makes up the turbine section of a gas turbine. The
objective of this thesis is to study the heat transfer problem in a gas turbine blade to give the optimum cooling. Various
techniques have been proposed for the cooling of blades and one such technique is to have axial holes along the blade
span. Cooling of blades has been a major concern since they are in higher temperature environment. In high
temperature gas turbine, turbine blade cooling designs require key technologies. Gas turbine blade model is created
using Gambit, mesh is created using CFD (Fluent) software, to performtheflowanalysis.k-
eturbulencemodelisusedforthisanalysis. Threemodels (6, 8 &12) with Titanium-Aluminum alloy and Nickel-Chromium
alloy were analyzed to find out the optimum number of holes for better cooling rates, better material with temperature
distribution and determining cooling rate of gas turbine blade with different holes and different materials. Cooling rate
of gas turbine blade with temperature distribution for different materials, Graphs are plotted for velocity, pressure and
temperature distribution for existing design. When the number of holes increased in the blade, the temperature
distribution falls down.

LINTRODUCTION

Gas Turbine Blade

A turbinebladeistheindividualcomponentwhichmakesuptheturbinesectionofa gas turbine. The blades are responsible for
extracting energy from the high temperature, high pressure gas produced by the combustor. The turbine blades are often
the limiting component of gas turbines. To survive in this difficult environment, turbine blades often use exotic
materials like super alloys and many different methods of cooling, such as internal air channels, boundary layer cooling,
and thermal barrier coatings.
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As the mass of the high velocity gas flows across the turbine blades, the gaseous energy is converted to mechanical
energy.Velocity, temperature, and pressure of the gas are sacrificed in order to rotate the turbine to generate shaft
power.

ILLOBJECTIVES

» Comparing a better material and cooling rate of the gas turbine blade.

» Inanalyzing the fluid flow around a gas turbine blade with numerical method(CFD).

» Thegeometry then optimized to get better cooling rate.

» The ultimate goal of this work is to modify the material to achieve its better cooling rate of gas turbine blade.

III.LMODELING OF GAS TURBINE BLADE

Using GAMBIT software, modeling is created with given dimensions as shown in above figure. Launch Gambit once
Gambit is open make certain solver is set for the appropriateoutputi.e., FLUENT14.5byselectingstart-
>FLUENT14.5.Thecoordinatedocumentmustnow be imported in to Gambit. This is done by selecting File->import-
>ICEMInputs->this will open the ICEM Import window/Make certain the edge command is selected and that the
face command is deselected. Once the desired coordinate file to be imported is listed in the File Name text box, accept
the settings. Since the text file told Gambit to read in two sets of one hundred coordinates, each set of one hundred
coordinates will be defined by one edge resulting in Gambit window now displaying the gas turbine blade profile.
Next theupper and lower surfaces of the gas turbine blade must be unite with each others, create thegas turbine blade
edges as a face and then geometry operation -> face command -> sweepface sclect the gas turbine blade face up to
same distance in negative Z- co ordinate system. Geometry operation -> Volume Command -> volume size of
15x15x15¢cm size volume as a boundary of gas turbine blade. In order to save processing time the gas turbine blade
face doesn’t need to be meshed. Therefore, the gas turbine blade can be subtracted from
volumebyselectinggeometryoperation->facecommand->subtractfaceboxselectthegasturbinebladefaceand then select

apply.

.—-,,——JK— 1 ' Geometrvofl2Holes
: GasTurbineBlade
GeometurvOf6Holes
GasTurbine Blade GeomeurvOf8HolesGasTurbineB

Meshing of gas turbine blade with different models:

»  The mesh is refined around the gas turbine blade to properly capture the boundary layer.

»  Meshingistheprocessofdiscretizationofspaceinwhichflowtakesplace.

»  Meshing is the basic step in building a computer model for a flow problem. Depending on the
discretization technique used, meshing procedure varies
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Meshingof 6 Holes Gas
TurbineBlade

Number Of Nodes And Number Of Elements:

Meshingof SHoles Gas
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Meshing Ofl 2HolesGas Turbine

Blade

SL.No ModelOfGasTurbin NumberOfNodes NumberOfElements
eBlade
1 6 holes 87950 131455
2 8 holes 296340 416570
3 12 holes 448982 632850
Boundary Conditions:

Inlet pressure 160kPa

Inlet temperature 800°C

Inlet velocity Sm/s

Exit static pressure 110kPa

Inlet turbulence intensity 9%

Coolant temperature 300°C

IV.RESULTS AND DISCUSSIONS

The cooling rate behind the gas turbine blade with Nickel-chromium alloy is better compared to Titanium-aluminum alloy
depends on the blade material properties for the6holes blade,8 holes blade and 12 holes blade. It is also evident from the Figures the

number of holes affects the flow field significantly

Contours of Nickel Chromium alloy with 6 holes:
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Contours of Titanium-Aluminum alloy with 6 holes
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Contours of Titanium-Aluminum alloy with 8 holes
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Contours of Nickel-Chromium alloy with 12 holes
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Contours of Titanium aluminum alloy with 12 holes
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12 Holes Titanium alloy
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No.of Holes Pressure(Pa) Temperature(-C)
Titanium alloy Nickelalloy Titanium alloy Nickelalloy
6 2.76e6 9.80e5 6.68e2 6.65¢2
8 2.46e6 2.63e5 5.25e2 5.06e2
12 1.38e6 1.33e5 3.95¢e2 2.64¢e2

V.CONCLUSION & FUTURE SCOPE OF WORK

» Temperature distribution for Titaniumalloy: 6-8holesis143°C,6-12 holesis273°C.

» TemperaturedistributionforNickelalloy:6-8holesis159°C,6-12holesis401°C.

» The placement of cooling holes in the blades results in increased turbine efficiency because gas turbine efficiency
depends on temperature distribution.

» The gas turbine blade with different number of holes 6, 8 and 12 were used for analysis. It is found that the blade
with 8 holes has the moderate cooling rate for both materials of the blade when the coolant temperaturewas
300°C.

» Theoverall coolingrateis 20%from theboth materials with 6,8and 12 holes models.

FUTURE SCOPE OF WORK

»  One can study the effect of cooling rate of the gas turbine blade in better way with different methods
and analysis by changing blade material and increasing the number of holes.

»  We can change the shape of the Hole.

» By calculating the Thermal Stresses using factor of Safety we can decide whether that material with
stand or not.

» The flow is considered in the present study to be in steady state however the simulation studies need to
be considered under unsteady state with appropriate boundary conditions.

» This detailed pressure and temperature measurements also provides a reference for further experimental
or computational study.

REFERENCES

1. S.Gowreesh,S.,SreenivasaluReddy, N.and YoganandaMurthy, NV. 2009.Convective Heat Transfer Analysis of a
Aero Gas Turbine Blade Using Ansys, International Journal ofMechanics and Solids. 4:39-46.

2. B.Deepanraj,P. Lawrence andG.Sankaranarayanan,ScientificWorld,Vol.9,N0.9,July2011, Theoretical AnalysisOf
Gas Turbine BladeByFiniteElementMethod.

3. Han,J.C.,Dutta,S.,andEkkad,S.V.,GasTurbineHeatTransferandCoolingTechnology, TaylorandFrancis.

4. KirankumarK.M,Dr.Basawaraj,Vol.2,Issue11,November2013,ConjugateHeatTransferAnalysis OfInternallyCooled
GasTurbineAirfoils.

5. Mohammad, H., Albeirutty., Abdullah, S., Alghamdi., Yousef, S. Najjar. 2004. Heattransferanalysisfor amultistage
gasturbineusingdifferentblade-coolingschemes, AppliedThermalEngineering.24:563-577.

6. Giovanni,C.,Ambra,G., Lorenzo,B.andRoberto,F.2007 Advancesineffusivecoolingtechniques of
gasturbines,Applied ThermalEngineering. 27:692-698.

7. V.Ganeshan,ATextBookofGas Turbines.

8. R.Yadav,”SteamandGasturbine”,CentralPublishingHouse,Allahabad,2003

9. Hidekazu Iwasaki, Koji Take Gas Turbine Research & Development Center, GasTurbine & Machinery Company

IJIRSET©2023 |

Kawasaki Heavy Industries, Ltd., Akashi, Japan, “Thermalandfluid analyses forgasturbinecooled vaneandblade”.

An ISO 9001:2008 Certified Journal | 8424


http://www.ijirset.com/

INTERNATIONAL %3
INNO @ SPACE d srmmn
SIF Scientific Journal Impact Factor s sml’ 'a
fentific - ({*
sref mmm
cros
SC IR

Impact Factor: 8.423 l\ DIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

(5 9940 572 462 [@ 6381 907 438 () ijirset@gmail.com ;;ﬁ”"

Ww.ijirset.com



	II.OBJECTIVES
	Meshing of gas turbine blade with different models:
	Contours of Titanium-Aluminum alloy with 6 holes
	Contours of Nickel-Chromium alloy with 8 holes
	Contours of Nickel-Chromium alloy with 12 holes
	Contours of Titanium aluminum alloy with 12 holes
	FUTURE SCOPE OF WORK
	REFERENCES

