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ABSTRACT 

The study of turbine blade profile performance by using 3-Dimensional CFD 
is very important because it detennining the quality of turbine to produce the power 
output. Basically, there are two methods when study the turbine's blade profile 
performance, first is by doing the experimental method and second is by using 
simulation software such as CFO. In this study, using 3- Dimensional CFO simulation 
method is chosen, since this method is cheaper and save more time compare to 
experimental method. The geometry used for this analysis are NACA 8412, NACA 
8413 and NACA 8414 that are referring to airfoil geometry. All the selected turbine ·s 
blade profiles are conduct the analysis with the same parameter. The parameters are 
used for the turbine' blade analysis are velocity inlet of 265 m/s, angle of attack of 0 
degrees, temperature of 1112 K and twist angle of 36 degrees. After conduct the 
simulation, the result is compare to determine which turbine 's blade has the best 
performance. Hence, the performance of turbine is evaluating based on the coefficient 
of lift, coefficient of drag, lift and drag coefficient, velocity streamline and also 
pressure contour. As result of simulation obtain, NACA 8414 is chosen to have the 
best turbine 's blade profile performance since give good result for all the coefficient 
of lift, coefficient of drag, lift and drag coefficient, velocity streamline and also 
pressure contour. 
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ABSTRAK 

Kajian prestasi profit bi/ah turbin dengan menggunakan 3-Dimensi CFD 
adalah sangat penting kerana ia me11entuka11 kualiti turbin untuk menghasilkan 
output kuasa. Pada asasnya, terdapat dua kaedal, ketika kajian prestasi profil bi/ah 
turbin, pertama adalah de11ga11 melakukan kaedah eksperimen dan kedua adalah 
dengan menggunakan perisia11 simulasi seperti CFD. Dalam kajian ini, denga,, 
me11ggunakan 3- Dimensional kaedah simulasi CFD dipilih, kerana kaedah ini 
ada/al, lebih murah dan menjimatkan lebih banyak masa berbanding dengan 
kaedah eksperimen . . Geometri digunakan untuk analisis ini adalah NACA 8412, 
NACA 8413 dan NACA 8414 yang merujuk kepada aerofoil geometri. Semua projil 
bi/ah turbin 's dipilih adalah menjalankan analisis dengan parameter yang sama. 
Parameter yang digunaka11 untuk turbiti 'analisis bilah adalah halaju masuk 265 m 
Is, sudut serang 0 darjah, suhu 1112 K dan sudut twist 36 darjah. Selepas 
menjalankan simulasi, hasilnya adalah perbandingan untuk menentukan turbh, 's 
bi/ah mempunyai prestasi yang terbaik. O/eh itu, prestasi turbin sedang menilai 
berdasarka11 pekali daya angkat, pekali sereta11, /if da11 pekali sereta11, halaju arus 
da11juga tekanan kontur. Sebagai hasil simulasi mendapatkan, NACA 8414 dipilih 
untuk mempu11yai terbaik bilah prestasi projil turbin 'sejak memberika11 hasil yang 
baik untuk semua pekali daya a11gkat, pekali seretan, /if dan pekali seretan, halaju 
arus dan juga tekanan kontur. 
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CHAPTER 1 

INTRODUCTION 

1.1 Backgrmmd 

The investigation on the turbine blade' s profile performance is associated to 

the concept of turbomachinery. Turbine, compressors and fans are wholly member of 

the same family of turbomachinery. A turbomachine is a power or head producing 

machine which employs the dynamic action of a rotating element the rotor; the action 

of the rotor changes the energy level of the constantly flowing fluid through the 

turbomachine (Y ahya, 2005). The study of turbomacbinery is involving in many 

engineering field such as gas turbine plant, steam turbine plant and many more. In this 

case, the study of turbine's blade profile is concentrate on gas turbine application. 

Gas turbine plant is plant that consists of turbo-compressor, heat exchanger and 

turbine. The first patent that of gas turbine was introduce is in 1791 by John Barber, 

his invention was the most important element present in the modem day gas turbine, 

and his turbine was to design horseless carriage (David Gordon Wilson, 1998). The 

study of gas turbine continues until the present day. For the study of the turbine' s blade 

profile performance, two methods are considered in this investigation, first is using 

experimental method or another way is using numerical simulation on turbine's blade 

performance by using CFD. The second are considered because of performing 

experiment is require more time and money. (Hadi karrabi, 2011). 

Computational fluid dynamic (CFD) is a proven simulation tool which can be 

used to any field of engineering. The CFD software is extensively use to engineer so 

that they can perform analyse, and optimize various engineering designs. In this study, 

the discussion is focused on investigation on various type of standard turbine blade 

profile in term of its effects on performance. The turbine blade profile just be match to 

the other blade turbine profile and suggest the one has the best performance. The 

blade's profiles are used in this study are 3-Dimensional model that have fix turbine 
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input all the detail geometry. 3D simulation of turbomachinery has the highest 

accuracy. Therefore, the investigation on turbine's blade profile must be in 3-

Dimensional because 3-Dimensional can perform twisted angle shape of model. In this 

project three turbine blade's profile are choose for the study of turbine' s blade 

performance which are NACA 8412, NACA 8413 and NACA 8414 (Kaurase2, 2016). 

1.3 Objective 

The objectives of this study are as follows: 

1. To investigate various type of standard turbine blade profile (twisted) in 

term of its effect on performance. 

2. To suggest a better turbine's blade profile that has better performance 

compare to others. 

1.4 Scope of project 
The scopes of this project are: 

1. The study is using 3-Dimensional CFO software in order to stimulate the 

fluid flow through a single blade profile. 

2. The single turbine blade' s profiles are used in this analysis are NACA 

8412, NACA 8413 and NACA 8414. 

3. The parameter set up for single turbine' s blade profile are chord length of 

10cm, span length of 50 cm, angle of attack a at O degrees and twisted of 

angle ~ at 36 degrees. 

4. The parameter geometry of test section for wind tunnel used for this 

analysis is in box shape with length of l 00 cm, height and width of 50.6 

cm. 

5. The analysis is ANSYS FLUENT 16.0 as solver preference and the model 

use for this analysis is K-epsilon turbulence model. 

6. Evaluation of the performance of turbine's blade profile are based on 

coefficient of drag, coefficient of lift and lift to drag ratio at angle of 

attack 10 degree in order to suggest the best performance of turbine's 

blade profile. 
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CHAPTER 2: 

LITERA TORE REVIEW 

2.1 Introduction of Turbo machinery 

The investigation on the turbine blade· s profile performance is identified with 

the idea of turbomachinery. Turbine, compressors and fans are all individual from a 

similar group ofturbomachinery. A head generating machine or power which uses the 

dynamic action of a rotating component of rotor is known as turbomachine, the energy 

level of the continuously flowing fluid through the turbomachine change the activity 

of rotor (Y ahya, 2005). This turbomachine can produce change in enthalpy in a stream 

of fluid through it and exchange work through a rotating shaft; the interaction between 

the fluid and the machine is essential fluid-dynamic lift. This change in enthalpy also 

can be brought by the heat transfer. The overall enthalpy change in through the engine 

is almost negligible when considering the heat transfer (Wilson, 1998). 

The first person who encourage of the early development of turbomachinery 

was Hero of Alexandria in I 00 BC. He invented a device known as Aeolipile shown 

in figure 2.1 This device is operating when the container is heated the simple bladeless 

radial steam turbine is will spin The steam jets exiting the turbine can produce torque 

which is same concept as tip jet or a rocket engine (Meher-Homji, 2000). Therefore, 

the advancement of turbomachinery invented by Hero of Alexandria has encouraged 

many famous researchers to studies about turbomachinery. 
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Figure 2.1: Aeolipile Developed by Hero of Alexandria(Meher-Homji, 2000) 

In l 500AD Leonardo Da Vinci study the device known as chimney jack as 

shown in figure 2.2 .This device has turbine which allow hot air passed over a fan like 

a blades and crude bevel gear use to rotate the spit (Meher-Homji, 2000). 

Figure 2.2: Chimney Jack (Meher-Homji, 2000) 

In 1687, Sir Isaac Newton uses his formula of law of motion, which was 

fundamental to the development of all type of turbomachinery. The device name as 

"Newton Steam Carriage" shown in figure 2.3 and also known as "Steam Wagon··. 

This device can utilize a reaction jet to provide forward movement. In this device there 
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are a spherical boiler with a four-wheel carriage mounted over fire and nozzle that 

designed to provide a reaction jet (Meher-Homji, 2000). 

Figure 2.3: Newton's Steam Carriage (Meher-Homji, 2000) 

The development of turbomachinery is known through the world, until now 

many applications that use concept of turbomachinery have been introduced such as 

Pelton turbine, wind turbine, gas turbine and many more. In this study, the 

investigation of turbine blade profile is applying on the gas turbine. 

2.2 Gas Turbine 
Gas turbine term is referring as an abbreviation for a gas turbine engine, which 

define as heat engine that accepts heat, reject heat and produces work. Basically the 

form of fuel that is burned is the input heat (giving rise the term as "combustion 

engine"), and other it also come from another process through a heat exchanger. The 

heat is rejected to atmosphere in the form of hot engine-exhaust flow, and also can be 

rejected through heat exchanger. Through all the process, the work may be given as 

output torque in turning shaft or as the velocity and pressure in a jet, which produce in 

larger size of compressor. The other term "gas turbine" also can be applied more 

narrowly for just the turbine expander. (Wilson , 1998) 
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The early design use thermodynamic cycle of the modem gas turbine was 

introducing by John Barber in 1791. In his design the turbine is equipped with a chain 

-driven reciprocating type of compressor and had a combustor and turbine. He then 

proposed the use of gas, charcoal or other suitable fuel to produce inflammable gas as 

shown in Figure 2.4: Patent Drawing of John Barber of Gas Turbine Cycle in 1791 

(Meher-Homji, 2000). 

Gas- and air compressor 

Figure 2.4: Patent Drawing of John Barber of Gas Turbine Cycle in 1791 (Meher

Homji, 2000) 

In 1872 J. F(Franz) Stolze developed the first practical gas turbine with trials 

being made in 1900 and 1904. The design of his gas turbine was a single shaft unit 

supported by a bearing at each end and had a single silo combustor. The power of both 

end of the shaft belt drove alternators were rated at 150kW. There axial flow 

compressor comprised I 0 stages (pressure ratio of 2.5:1) and the reaction turbine had 

J 5 stages. The inlet temperature of turbine machine operated is 400°C and the 

efficiency of compressor is cover by 70 percent for the unit to be self-sustaining. 

Stolze' s gas turbine uses a reheater with combustor being essentially a rudimentary 
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Next, for the radial turbine is appear commonly as centrifugal compressor but 

the diffuser the radial turbine use ring of nozzle guide vane to replace the diffuser vane. 

A radial turbine is a turbine which operational fluid enters radially to the shaft. 

Commonly, in radial flow turbine have two kinds of flow which are inward flow radial 

turbine and outward flow radial turbines. The flow of gas in radial flow turbine is 

tangential with high velocity and is directed inwards and leaves the rotor with small 

whirl velocity near the axis of rotation. Furthermore, when compare radial flow turbine 

with axial flow turbine, the radial turbine can handle low mass flows more efficiently 

than axial flow turbine. Due to that reason, the radial flow turbine is suitable used in 

cryogenic industry as turbo expander and also in turbochargers for reciprocating 

engine (Sondkar Pratik, 2016) 

(a) (b) 

Figure 2.10: Radial Flow Turbine (He P, 2012) 
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2.5 Turbine blade Profile 

The analysis of turbine blade exposes facts of various engineering 

considerations. Basically, turbine is known as combustion rotary engine that extract 

energy from a flow of combustion gas and ifs involved with upstream mechanical 

device coupled to a downstream rotary engine, and combustion chamber middle. Next, 

energy is supplementary to the gas within the combustor; any fuel is mixed with air 

and ignited. The combustion of fuel will increase, within the air mass atmosphere of 

combustor. The product of the combustion square measured forced into rotary engine 

section. Then, the high speed and volume of the gas flow is directed through a nozzle 

over the turbine's blade, spinning the rotary engine that powers the mechanical device 

and, for some of other turbines, drives the mechanical output. Finally, the energy given 

up to the rotary engine comes from the reduction within the temperature of the exhaust 

gas.(Gendcha & Kaurase, 2016) 

In addition, the turbine blades of gas are in charge of separating energy from 

the high temperature, high pressure gases. These blades are worked at elevated 

temperature in forceful situation and are subjected to huge centrifugal force. Upward 

of 42% of the failures in gas turbine were just because of blading issues and the failures 

in these turbine blade can have sensational impact on the safety and performance of 

the gas turbine engine (Rao et al ,2014) 

2.5.1 Airfoil Geometry 

For this investigation, the turbine's blade profile is referring to geometry of 

airfoil shape. Airfoils are specific geometric shapes structure that can generate 

mechanical force due to relative motion of the airfoil and a surrounding fluid. Airfoil 

also uses in many engineering applications such wing of airplane, blade of wind 

turbine, and compressor blade (Fazil & Jayakumar, 201 I). 

In general, airfoil plays important role in performance of the gas turbine as they 

are important component of the gas turbine. The characteristic design criterion of the 

airfoil helps to generate the whole body on its profile. The different design parameter 

such as chamber position, chord length, value of chamber, blade thickness will help to 

develop a unique blade profile which will perform better for the working condition 

(Gendcha & Kaurase, 2016) 
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Figure 2.11: Terminology Airfoil(Patel, Patel, & Bbensdadiya, 2015) 

For every airfoil contains an outer surface airfoil surface and outer airfoil 

surface. In geometry shape of airfoil, the inner airfoil and outer airfoil surface are 

representing a vane airfoil thickness(Castan,2003). Airfoil incorporate a main edge 

positioned along first outer and inner airfoil surface intersection, a trailing edge 

positioned along a second outer and inner surface are specially configured to give an 

airfoil camber line, positioned between the two airfoil profile and reaching out along 

the length of the airfoil that is significantly length of the camber line (Eppler., 1990). 

2.5.2 NACA Airfoil 

Jn this study, NACA airfoils are choose as turbine blade·s profile. NACA is 

defining as National Advisory Committee for Aeronautics (NACA), it develops airfoil 

shapes for aircraft (E. N. Jacobs, 1935). The NACA airfoil shape is described by using 

the series of digit and following by the word of "NACA .. , for example NACA24 I 2. 

The parameter is in the numerical code can be entered into equations and generate the 

cross section and calculate its properties. The NACA has distinctive series of digit 

airfoils: -

15 
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and money, computer simulation is chosen to investigate the effect of turbine ·blade 

performance (Hadi karrabi, 20 I 1 ). Table 2.1 shows the comparison between 

simulation of CFO and Experiment 

Table 2.1 : Comparison Simulation (CFD) and Experiment (Zuo, 2005) 

Simulation (CFD) Expe1imem 

Cost Cheap Expensive 

Time Shon Long 

Scale Any Small 1Iiddle 

Infomiation All Measmed Point 

Repearable Yes Some 

Safety Yes Some Dangerous 

Based on the table, the cost of simulation of CFD is cheaper when compare 

with experiment and takes less time to do. Next the scale used for simulation CFD can 

be any size. Furthermore, this simulation can be repeated and= very safety. Finally, it 

provides more information compare with experiment method. 

2.6.1 Analysis of Transonic Flow over Supercritical Airfoil Using CFD for Gas 
Turbine Blade 

Analysis of transonic flow over supercritical airfoil using CFO for gas turbine 

is used as a reference for investigation on turbine's play using 3D CPD. In this analysis, 

the author uses NACA 8-series airfoil because this NACA has been widely used in 

many researchers for generating the optimum turbine optimum airfoil design for gas 

turbine blade(Gendcha & Kaurase, 2016). Thus NACA 8412, NACA 8413 and NACA 

8414 are choosing for this study 
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Figure 2. 16: Flowchart of Methodology for Analysis 

First of all, there are two categories of airfoil which are critical and non-critical 

airfoil. In this study the authors use REA2282(Kumar, 2015) airfoil as non-critical 

airfoil. Thus, the author compares the REA 2282 airfoil with NACA 8412, NACA 

8413 and NACA 8414. The analysis parameter and boundary condition used is as 

shown in Table 2.2 (Gendcha & Kaurase, 2016). 
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After doing the iteration on selected airfoil, the result of selected airfoil is being 

compare with following factor. first is comparison of coefficient of drag of non-critical 

airfoil with reference. In this factor, the best suitable airfoil is the airfoil that has 

minimum coefficient of drag. Based on table 2.3 and figure 2.18, NACA 8414 has the 

minimum coefficient of drag(Gendcha & Kaurase, 2016). 

Table 2.3: Comparison of coefficient of drag of non-critical airfoil with 

reference(Gendcha & Kaurase, 201 6) 

Cd 

RAI2282 ~ACA8412 ~ACA8413 \ACA8414 

0.0111 0.02206 0.023315 0.02042i 57 

0.038 18 0.02449 0.050429 0.04807726 

0. 123 0. 132315 0.1 32833 0.0131 

0.2468 0.263543 0.3635436 0.2625303 

0.33555 0.42249 0..t224585 0.42255-l59 

0.4591 0.574338 0.57525499 0.5740-l 7 l 

0.54 0.6889468 0.68874011 0.68978 
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In this journal, the author has acquired different parametric outcome identified 

with coefficient of lift and coefficient of drag, moreover shock position of critical 

airfoil REA 2282 and other three supercritical airfoiJs. While considering the drag 

coefficient individually NACA 8414 was indicating slightest estimation of the drag 

which is alluring condition for the gas turbine blade profile, also in case of lift 

coefficient NACA 8414 demonstrate the best outcome but with regards to compare 

both result in well proportionate manner i.e lift to drag coefficient ratio the NACA 

8414 airfoil demonstrate the best outcome which was exceedingly expected while 

looking at c1itical and non-critical airfoil in transonic zone condition(Gendcha & 

Kaurase, 2016). In previous study, the author used 2-Dimensional CFD to obtain the 

result of performance of gas turbine. But for this study, 3-Dimensional CFD are used 

for this study since the turbine blade have twisted angle geometry. 
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CHAPTER3 

GENERAL METHODOLOGY 

3.1 Introduction 

This chapter is describing the methodology used in this study and show the 

data need to use for CFD is obtain. When study the performance of turbine blade 

profile by using 3-Dimensiona CFD, there are a lot of information need to find out. 

One of information need to find out is the suitable parameter for construct the turbine 

blade and how to design it before doing the simulation. Normally, the turbine blade 

geometry is referring to the geometry shape that obtain form NACA airfoil. Another 

information need to be considered is to find out the boundary condition that need to 

use for the simulation such as velocity and the temperature. The information will 

ensure the objective of this project success. Therefore, Figure 3.1 shows the flow for 

this study. 
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3.2 Turbine Blade Profile 

The turbine's blade profile was choosing based on study from the literature 

review. In this study, the turbine's blades profiles chosen are NACA 8 series airfoil. 

This NACA is known as supercritical airfoil and has been widely used by many 

researchers for generating the optimum airfoil for the gas turbine. Based on (Kaurase2, 

2016), the airfoil that have been choose in this investigation is NACA 8412, NACA 

8413 and N ACA 8414. Based on their study, they used 2D simulation for the analysis 

of the airfoil to identify best airfoil for the gas turbine blade profile. 

Table 3 .1 : Turbine ' s Blade Profile Parameter 

Turbine Blade PARAMETER 

Profile 

NACA 8412 /----- - -------

----~ 

--- -
-------- ------------' ,_ ------- -

Name = NA.CA 8412 Asfo I M=8 0% P=40 0% T =12 0% 
Ch«d = 100mm Radius = 0mm Tllldmess = 100% 011,lill = 0'4 Pilch = o· 

NACA 8413 I/ ___ ------

-----~ 
------ - ---- ~----________ , 

-
'-- ---------

' Name = NACA8413 Aif~ M:30'4 P--40 0'4 T: 130"' 
Chord= Hlllmm Radius = 0mm Th!cl;ness = 100'!. 011,llll = 0% Ptlell = o· 

NACA 8414 

1/-- -- -- --
---~ 

----- - ----- -~ 
- -- --

Name= N~CA 8414 ~ M--ll.O,_ P=400'11 T=14 o,t 
Chord = 100mm RadtUS = 0mm TMt,ness = 100'11 Or1Q11 = 0'11 P1tcll = o· 
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Table 3.2: Parameter of all turbine blade profile 

Parameter NACA 8412 NACA 8413 NACA 8414 

Maximum Camber 8 8 8 

(%) 

Maximum Camber 40 40 40 

Position 

Thickness (%) 12 13 14 

Number of Points 80 8 80 

Chord length (cm) 10 10 10 

Pitch or Angle of 0°(Gandecha 0°(Gandecha & 0°(Gandecha & 

Attack, a(citation) & Kaurase, Kaurase, 20 I 6) Kaurase, 2016) 

2016) 

Table 3.1 shows the parameter use for this analysis. Based on table 3. 1 all the 

turbine's blade parameter has the same properties for maximum camber, maximum 

camber position, number of points, angle of attack and chord length. The only things 

different are the percentage of thickness of the thickness. 
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Airfoil surface 
X(mm) Y{mm) 

96.592583 -25.881905 

96.465467 -25.782932 

96.084557 -25.487478 

95.45073 -24.999608 

94.565866 -24.32583 

93.432523 -23.475525 

92.054225 -22.459889 

90.435399 -21.292529 

88.581736 -19.988533 

86.500063 -18.564535 

84.19859 -17.038574 

81.686609 -15.429291 

78.97532 -13. 755939 

76.ono26 -12.038278 

73.005684 -10.296092 

69.n6631 -8.549022 

66.406794 -6.816199 

62.914245 -5.11634 

59.31855 -3.467213 

55.640792 -1.885959 

Figure 3 .3: NACA 8412 airfoil at angle of attack of 10°generate using website. 

(http://www.airfoiltools.com/index, n.d.) 

Figure 3.6 show the data file obtain for NACA 8412. This data fi le is obtaining 

from NACA airfoil generator. The data file is important, because it will be used in 

SolidWork to create a 3- Dimensional geometry. 

3.4: Create 3-Dimensional turbine's blade profile by using SolidWork 

The turbine's blade profile of NACA 8412, NACA 8413 and NACA 84 14 

model is create by using SolidWork. The Data file coordinate that obtain is used in 

SolidWork to create the geometry ofNACA 8-series airfoil. Figure 3.7 shows the data 

file used to create the parameter of turbine blade profile of NACA 8412. 
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Figure 3.11 : Final Meshing 

III. Fluent Setup 

Fluent setup is where all the important parameter such as temperature of turbine 

blade, fluid use for turbine blade, velocity inlet and pressure of turbine blade is located. 

ln meshing analysis, the model is used tetrahedral mesh, but in fluent the tetrahedral 

mesh is converted into polyhedral mesh shown in figure 3.15. The advantage of 

polyhedral model in this analysis is used to reduce the iteration time and also improve 

the quality of skewness meshing. 
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to set up for this analysis. The velocity and the temperature used for this analysis are 

265 m/s and 1112 k and it set up on the inlet boundary condition. 

I Boundary Conditions 

Zone 
airfoilwall 
inlet 

outlet 
wall 
wall-fluid 

Figure 3.14: Boundary Condition 

Then, the solution method used for this analysis need to be determine. In this 

analysis the solution model used is the second order because it has more accuracy 

compare with first order. Finally, the number of iteration used for calculate in the 

simulation. The number of iteration set up for this simulation is 1000 iteration because 

is the range where solution is fully converged for this analysis. 

3.6 Performance Turbine's Blade Profile 

The performance of turbine blade profile is determining after finish the 

iteration calculation on the ANSYS FLUENT setup. The performance of turbine 's 

blade profiles are evaluated based on: -

• Velocity StreamJine 

• Pressure Distribution 

• Coefficient of lift for angle of attack a=0° 

• Coefficient of drag for angle of attack a=0° 

• Ratio of coefficient of lift and drag for angle of attack a=0°. 
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C 
Ratio of coefficient of lift and drag= c: 

Ratio of coefficient lift and drag is equation used to determine whether the 

turbine' s blade profile has good performance or not. The higher the ratio of 

coefficient lift and drag the better performance. 

3.7: Comparison of Turbine Blade Profile Performance 

The Result of performance of each turbine' s blade profiles are compare in term 

of their performance and suggest which turbine' s blade profile has better performance. 
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(c) (d) 

Figure 4.3: Velocity Streamline ofNACA 8412 (4 PLANE SECTION) 

Figure 4. 3(a) show velocity Streamline I of NACA 8412. The velocity 

streamline I with distance of 5cm shows the flow move smoothly without turbulence, 

the velocity that moves around turbine blade is 177. I m/s and has maximum velocity 

at leading edge with 352 m/s, there is no turbulence occur at velocity streamline 

because the shape of turbine blade profile does not twist and have angle of attack of 0 

degree. 

Figure 4.3(b) shows velocity streamline 2 of NACA 8412. At velocity 

streamline 2 with distance 25 cm shows that the flow starts to turbulence after the flow 

move past the leading edge. The velocity that occur at turbulence is below 177.1 m/s, 

this is happen because of the shape of turbine blade profile at 25 cm have twisted angle, 

and have higher angle of attack cause the turbulence occur. 
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Figure 4.3(c) shows the velocity streamline 3 of NACA 8412. For velocity 

streamline 3 with distance 45 cm also shows that the flow moves past the leading edge 

have turbulence, the reason why the turbulence occur at velocity streamline 3 is 

because of the shape of turbine blade profile is twisted and have high angle of attack. 

Based on figure 4.6, velocity streamline 3 is more turbulence compare with the 

velocity streamline 2 because of velocity streamline 3 have higher angle of attack 

compare with velocity streamline 2. 

Figure 4.3(d) shows the velocity streamline 4 of NACA 8412. For velocity 

streamlines 4 with distance 50.3 cm (tip clearance) shows that the flow move toward 

the direction has turbulence but have less velocity compare with other streamline this 

is because the air flow is not turbine blade profile, and the turbulence that occur at 

velocity streamline 4 is due to the flow that pass through at the end of tip of turbine 

blade profile. 
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The velocity streamline 1 shown in figure 4.5 (a) with distance of 5cm shows 

the flow move smoothly without turbulence and the pattern of velocity streamline 1 

for NACA 8412 is almost similarly with velocity streamline 1 that obtain from NACA 

8412, the velocity that moves around turbine blade is 182. 5 m/s and has maximum 

velocity at leading edge with 365m/s. This shows that NACA 8413 has higher velocity 

around the blade when compare with NACA 8412. Furthermore, there is no turbulence 

occur at velocity streamline because of the shape of turbine blade profile does not twist 

and have angle of attack of O degree similarly with NACA 8412 shape of turbine blade. 

Next, at velocity streamline 2 with distance 25 cm shown in figure 4.5(b) shows 

that the flow starts to turbulence after the flow move past the leading edge and the 

turbulence that occur at NACA 8413 is less than NACA 8412. The velocity that occur 

at turbulence is below 185.1 m/s, this is happen because of the shape of turbine blade 

profile at 25 cm have twisted angle, and have higher angle of attack cause the 

turbulence occur similarly with NACA 8412 shape of turbine blade. 

For velocity streamline 3 shown in figure 4.5( c) with distance 45 cm also shows 

that the flow moves past the leading edge have turbulence, the turbulence that occur at 

velocity streamline 3 is because of the shape of turbine blade profile is twisted and 

have high angle of attack. Besides, velocity streamline 3 is more turbulence compare 

with the velocity streamline 2 because of velocity streamline 3 have higher angle of 

attack compare with velocity streamline 2 similar to case ofNACA 8412. 

Then for velocity streamlines 4 shown if figure 4.5(d)with distance 50.3 cm 

(tip clearance) shows that the flow move toward the direction has turbulence but have 

less velocity compare with other streamline this is because the air flow is not on the 

turbine blade profile, and the turbulence that occur at velocity streamline 4 is due to 

the flow that pass through at the end of tip of turbine blade profile similarly with 

NACA 8412. 
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Figure 4.7(a) shown velocity streamline I with distance of 5cm. According to 

the velocity streamline 1, NACA 8414 has the same pattern of velocity streamline is 

similarly to the velocity streamline obtain for NACA 8412 and 8413, the velocity that 

moves around turbine blade is 185. 1 m/s and has maximum velocity at leading edge 

with 370.2 m/s. NACA 8414 has higher velocity around the blade when compare with 

NACA 8412 and NACA 8413. For NACA 8414, there is no turbulence occur during 

the velocity flow past through the trailing edge similarly to velocity streamline obtain 

for NACA 8412 and NACA 8413. This is proving that, turbine blade can flow move 

smoothly without turbulence when the shape of turbine of blade does not twist and 

have zero angle of attack. 

Next, at velocity streamline 2 with distance of 25 cm shown in figure 4.7(b), 

shows that the flow moves smoothly without turbulence when passing through the 

leading edge of turbine blade. For this turbine blade, the increase of angle of attack 

cause by twisted angle does not cause the turbulence to occur when hit the leading 

edge of turbine blade, different with NACA 8412 and NACA 8413. This shows that, 

NACA 8414 has better shape of turbine blade when comparing with NACA 8413 and 

NACA 8412. Moreover, the velocity flow around the turbine blade ofNACA 8414 is 

higher than velocity streamline 2 obtain from NACA 8413 and NACA 8414. This 

prove that, the turbulence can cause the velocity around the turbine blade decrease. 

At velocity streamline 3 shown in figure 4.7(c) with distance 45 cm also shows 

that the flow moves past the leading edge start to turbulence. The turbulence that 

occurs at velocity streamline 3 is because of the shape of turbine blade profile is more 

twisted and have higher angle of attack compare with the shape of turbine blade for 

velocity streamline 2. Furthermore, the turbulence that occur at velocity streamline 3 

for NACA 8414 is less than NACA 8412 and NACA 8413. This shows, that NACA 

8414 has better shape of turbine blade when comparing with NACA 8413 and NACA 

8412. 

Lastly, for the velocity streamlines 4 with distance 50.3 cm (tip clearance) 

shown in figure 4.7(d), shows that the flow move toward the direction has turbulence 

but have less velocity when compare with other streamline ,this is because the air flow 

is not on the turbine blade profile, and the turbulence that occur at velocity streamline 
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4 is due to the flow that pass through at the end of tip of turbine blade profile similarly 

with case for NACA 8412 and NACA 8413 and only the velocity around the blade. 

1000 
900 
800 
700 

il500 
8,oo 
...J 

~00 
300 

200 
100 

0 

TURBINE BLADE PROFILE VERSUS 
VELOCITY 

-+-Minimum Velocity -e- Maximum Velocity 

704.5 

• 

176.1 

NACA 8412 

182.5 

NACA 8413 

TYPE OF TURBINE BLADE 

740.4 • 

185.1 

NACA 8414 

Figure 4.8: of Turbine Blade Profile Versus Velocity 

Figure 4.8 shows the graph that been plotted based on value obtain from the 

simulation for maximum and minimum velocity. According to the figure 8, all the 

maximum velocity for all the is above 700 m/s and minimum velocity is below 200 

m/s. NACA 8414 has the highest maximum and minimum velocity which are 740.4 

m/s and 185.1 m/s. Next, NACA 8413 is the second higher maximum and minimum 

velocity afterNACA 8414 which are 730.0 m/s and 182.5 m/s. Then, NACA 8412 has 

the lowest maximum and minimum velocity with 704.5 m/s and 176. l m/s. NACA 

8414 has the highest velocity is because ofNACA 8414 has very less turbulence when 

compare with NACA 8412 and NACA 8412 for velocity streamline and this prove 

that, turbulence can affect flow of velocity. 
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4.4 Drag and Lift Coefficient (NACA 8412) 

Drag and lift coefficient can be obtaining alongside the graph for each turbine 

blade profile when do the simulation. The simulation need to set the suitable iteration 

calculation to get the value of drag and lift coefficient. The value of lift and drag 

coefficient is selected at the last iteration point where it is fully converged. Figure 4. 

12 show the converged solution ofNACA 8412. In this analysis the performance of 

turbine blade will be evaluated based on value obtain coefficient oflift, coefficient of 

drag and lift and drag ratio. In coefficient of drag analysis, the turbine blade that bas 

lower value is chosen to have best perfonnance, then for the coefficient of lift, the 

turbine blade that has higher value is chosen to have best performance, while for lift 

and drag ratio analysis, the turbine blade that has higher value is chosen. 
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Figure 4.12: Converged Solution of NACA 8412 
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Table 4.1: Result oflift coefficient, drag coefficient and Ratio of Lift and Drag 

Type of COEFFICIENT Coefficient OF RATIO OF LIFT 

Turbine Blade OF LIFT DRAG AND 

Profile DRAG,CL/CD 

NACA 8412 -0.017996 0.011794 0.6554 

NACA 8413 -0.019049 0.011168 1.7057 

NACA 8414 -0.027324 0.005404 5.0563 

Table 4.1 shows the result of lift coefficient, drag coefficient and ratio of lift 

and drag obtain from simulation. Based on table above, NACA 8412 bas the highest 

value for the coefficient of drag which is 0.011794, then N ACA 8413 come for second 

which is 0.01168 and lastly is NACA 8414 which is 0.005404. Next for the coefficient 

of lift, NACA 8414 has the highest value which is 0.027324, then NACA 8413 come 

for second which is 0.019049 and lastly is NACA 8412 which is 0.017996. Lastly, for 

the ratio of lift and drag, NACA 8414 has the higher value which is 5.0563, then 

NACA 8413 come for second which us 1.7057 and lastly is NACA 8412 which is 

0.6654. In this analysis, the performance of turbine's blade profile is depending on the 

value of coefficient of lift, coefficient of drag and r lift and drag ratio. The turbine ' s 

blade that has low coefficient of drag has the best turbine 's blade, while for analysis 

based on coefficient of lift and ratio of lift to drag the turbine's blade that has highest 

value is chosen to have best performance. Following to the result that obtain from this 

simulation, NACA 8414 is chosen to has the best performance compare with other 

turbine blade since it has highest value for coefficient of lift, lowest value for 

coefficient of drag and highest value for lift and drag ratio. 
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Discussion 

From the simulation, the results that are obtained are velocity streamline, 

pressure contour and coefficient of lift and drag. Based on velocity streamline that 

obtain from simulation is show that why the coefficient of lift is negative value. The 

negative value of lift coefficient represents that, the turbine blade profile is moving 

downward force and also because of the shape turbine's blade profile is twisted. 

Velocity streamline also shows the velocity around the turbine blade and 

maximum velocity value can obtained from the simulation, the result from velocity 

streamline shows that NACA 8414 has the best performance since it has highest 

maximum velocity and also less turbulence compare with other turbine blade. Next, in 

analysis of pressure contour, it shows where the location around the turbine blade has 

higher pressure and also pressure value. According to pressure contour analysis, the 

maximum pressure is occurring at above the leading edge of the turbine blade profile. 

Following the pressure contour analysis, NACA 8414 is chosen to have best 

performance compare with other since it has lowest pressure value compare with other 

turbine blade. 

Lastly, when comparing the result of coefficient oflift, coefficient of drag and 

lift and drag ratio. NACA 8414 is chosen to have the best performance when compare 

with NACA 8413 and NACA 8414, because it has highest value of coefficient oflift 

and lift to drag ratio and also lowest value for coefficient. Therefore, the best turbine 

blade for this analysis is NACA 8414. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion and Recommendation 

According to the analysis, there are many factor that influence the performance 

of turbine. One of factor that influence of turbine performance is when selecting the 

suitable turbine blade geometry. This can be proved from the analysis of velocity 

streamline. Based on streamline analysis, is shows that the turbine blade that good 

shape has less turbulence. In velocity streamline comparison, NACA 8412 has most 

turbulence occur compare with other turbine blade. The influence of turbulence that 

occur around the turbine cause velocity flow decrease, hence NACA 8412 has the 

lowest velocity compare to other the turbine' s blade. Next factor is pressure, according 

to the simulation result, shows that the turbine' s blade that has lowest value of pressure 

has high velocity. NACA 8414 has the lowest values pressure compare with other, 

therefore NACA 8414 has higher value of velocity. Lastly, coefficient of lift, 

coefficient of drag and lift and drag ratio factor, in this NACA 8414 is chosen to have 

the best performance since it has highest value of coefficient of lift, lift and drag ratio 

and lowest value for coefficient of drag compare to other blade. 

In conclusion, the investigation of turbine blades by usmg 3D-CFD 

performance is evaluate the performance based on coefficient of lift, coefficient of 

drag and lift and drag ratio value and the best turbine blade is NACA 8414. But there 

is performance should be evaluated which are the leakage flow loses and energy loses 

since it has tip clearance. Therefore, for the next recommendation analysis, the 

investigation should include the leakage flow loses and energy loses. 
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