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Abstract - CFD analysis is very helpful tool for 

designers to optimize their design which has 

influence on performance because of fluid. To 

carryout parametric study of component having 

various input and output parameter, requires too 

much time and skilled person to carryout analysis. 

But due to CFD we can easily carryout parametric 

study which reduces complex manual calculation, 

time taken and included cost. Also, accuracy is 

achieved using this module. In this research CFD 

analysis of NACA 63-415 airfoil and its comparison 

with modified airfoil using Ansys Fluent software is 

carried out. Analysis is conducted to determine effect 

of using tubercles on leading edge and its effect on 

performance of airfoil. At higher angle of attack 

airfoil performance decreases usually. Main aim of 

the study is to analyze and measure increase in the 

lift force and reduction in drag force 

comparatively.so, to measure the power output at 

such velocity and how we can improve that to take 

maximum benefit for energy consumption. In this 

research ratio of coefficient of lift and drag has 

major impact on whole study. It has direct impact on 

power output and efficiency of blade.  
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1. INTRODUCTION 

Wind energy is freely available everywhere easily. 

Electricity demand is also increasing day by day due 

to technological advancement. Machines are being 

replaced with humans. Machines require electricity to 

run. All current sources of producing electricity are 

costly as well as polluting the environment. Wind 

energy on other hand is renewable source as well as 

clean energy. So, we have to find new techniques to 

acquire maximum benefit from it. Wind turbine is 

used for conversion of wind energy into mechanical 

energy by airfoil. This mechanical energy is 

converted into electrical energy by alternator 

connected with main shaft. Wind turbine power 

production depends on the interaction between rotor 

and wind. 

 India has 4th and 5th global positions in the 

wind and solar power deployment respectively. Since 

2013-14 till December 2019, the renewable power 

deployment has more than doubled [1]. Wind 

resources can be exploited mainly in areas where 

wind power density is at least 400 W/m2 at 30 m 

above the ground [2]. India has a large sector utilizing 

renewable energy sources apart from non-renewable 

resources of energy supply. the relationship between 

engineering and biology is being reversed. Nature is 

now being considered as the template for improving 

mechanical devices and operations, and developing 

whole new technologies. As novel morphologies and 

physiological operations are investigated by 

biologists, they are serving as the inspiration used by 

engineers for advances in technological development 

[3]. The modification of the leading edge that mimics 

the humpback whale flipper, which is believed to 

significantly help the whale to execute rolls and loops 

under water, have been considered to increase the lift 

of the wing and improve the wing stall characteristics 

[4]. 

 Computational Fluid Dynamics analysis 

predicts that the addition of the leading-edge 

tubercles to the propeller geometry leads to the 

formation of the counter rotating chord-wise vortex 
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pair and the altered pressure distribution around the 

propeller blades [5]. This performance by leading-edge 

tubercles has potential application for passive flow 

control in the design of wind turbine technology. The 

flow is modified by the formation of vortices in the 

troughs between tubercles. These vortices interact 

with the flow over the tubercles to keep the flow 

attached to the wing surface and delay stall [6]. The 

performance of the other air foil designs such as the 

45% of chord and the 50% of chord designs are 

approaching the good performance levels till Mach 

0.5 but steadily decrease with increase in the Mach 

number [7]. 

 Experience has shown that the major aspects 

of wind turbine performance are determined by the 

aerodynamic forces generated by the mean wind [8]. 

Bio-inspired engineering is an emerging discipline 

that continues to prove competence in many 

applications.  One of these applications concerns the 

utilization of leading-edge tubercles that are found in 

the flippers of the humpback whale [9]. Most turbines 

extract the maximum possible energy for lower wind 

speeds, but gradually become less efficient as the 

oncoming wind speed increases and the flow 

condition across the blades approach the stall 

condition [10]. In the early stage, the research on wind 

turbine blade design was limited on theoretical study, 

field testing and wind tunnel testing which need a lot 

of efforts and resources. Due to the development of 

computer aided design codes, they provide another 

way to design and analyzed the wind turbine blades. 

Aerodynamic performance of wind turbine blades 

can be analyzed using computational fluid dynamics 

(CFD), which is one of the branches of fluid 

mechanics [11]. 

Vipin Kumar and Dr. Vilas warudakar (2016) has 

carried out modelling and aerodynamic analysis of 

small-scale mixed airfoil HAWT blade. It shows 

Smaller blades with smaller chord lengths combined 

with low wind conditions leads to the blades 

operating at low Reynolds numbers from the root to 

tip. Small turbine requires less starting torque. In this 

analysis they concluded that NACA 63 series NACA 

63-415 is most suitable for low re application as it 

shows higher l/d ratio and also stall occurs at higher 

angle of attack [12]. Christian Bak (2000) has carried 

out wind tunnel test of NACA 63-415 and modified 

NACA 63-415 airfoil. They added vortex generators 

to the current blade design. And after analysis they 

have found that there is significance of increase in CL 

from 1.33 at 13° AOA to 1.74 at 18° AOA with 

vortex generators [13].  

Mark W. Lohry, David Clifton and Luigi Martinelli 

(2012) have carried out CFD analysis on tubercle 

wings. In this analysis they found that tubercle 

increase lift at higher angle of attack. It also improves 

the stall characteristics. Tubercles may also be used 

to energize the flow at critical span wise location. 

Their observation indicates that a fully three-

dimensional shape optimization is necessary to 

design tubercles with higher performance [14]. Giada 

abate and Dimitri N. Mavris (2019) has carried out 

CFD analysis of blades having tubercles of different 

wavelength and amplitude. In their research they 

tried amplitude having range (0.01-0.05) and 

wavelength having range (0.016-0.075). After study 

they concluded that most promising tubercle 

configurations in term of average yearly power 

produced are ones with the high values of 

wavelength. Tubercle having high wavelength at 

higher mean speed (above 10m/s) with maximum 

AEP improvement of 5% can be seen. Future scope 

of this research is to try different ranges of amplitude 

and wavelength [15]. 

A. Taheri (2018) has studied Meta model for tubercle 

design of wing platforms inspired by humpback 

whale flippers. In this study they have used tubercle 

on its leading surface of different wavelength and 

height. Results show that critical angle of attack 

obtained in this study is up to 28°. So, it provides 

High lift co-efficient and stalling occurs at higher 

angle of attacks only [16]. The numerical analysis 

predicts that the tubercles modify the flow field 

around the propeller blades, delay flow separation, 

and reduce span wise flow and blade-tip vortices, 

leading to improved propeller efficiencies [17]. 

Variation of the tubercle amplitude and wavelength 

leads to similar differences in performances of the 

half span and full span air foils. In both cases, most 

successful configuration is the one with the smallest 

amplitude and wavelength tubercles [18]. 

Initial experiments suggested that as the wavelength 

of the tubercles is reduced, the air foil performance 

improves in terms of maximum lift coefficient, stall 

characteristics and drag. However, it was found that 

for a given tubercle amplitude, there is a limitation in 

the improvements that can be gained through 

reducing the wavelength [19]. Tubercles may be used 
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successfully to energize the flow at critical span-wise 

locations, potentially improving the outboard stall 

characteristics as in the case of Miklosovic’s whale 

flipper model. Hensen’s observation that tubercles 

might be detrimental at low Reynolds numbers [20]. 

2. NACA PROFILE 

Figure 1 shows basic blade terminology of NACA 

airfoil. which includes chord line, mean camber line, 

leading edge and trailing edge. Figure 2 represents 

the NACA 63-415 having plain leading edge without 

any modification. Figure 3 represents the airfoil 

having tubercles on its leading edge after 

modification. Different sample based on tubercle 

variation will be analyzed for the comparison. Figure 

3 shows annotation of tubercles like wavelength and 

amplitude. Table 1 shows value of tubercle size based 

on which different modified airfoil is prepared for 

CFD analysis. 
 Blade Co-ordinates – Standard NACA 63-

415[21] 

 Leading edge: the front edge of an airfoil is 

called as leading edge. 

 Trailing edge: the rearmost edge of an 

airfoil is called as trailing edge. 

 Chord line: straight line intersecting leading 

and trailing edges of the airfoil is called as 

chord line. 

 Mean camber line: a line drawn halfway 

between the upper and lower surfaces of the 

airfoil. 

 Angle of attack: it is the angle between 

chord line and resultant wind. 

 

 

Figure 1.Blade Terminology 

 

 

 

 

 

Table 1. Blade Dimensions 

Air foil NACA 63-415 

Chord length  200mm 

Chord width 120mm 

Maximum Thickness 15% at 34.9% chord 

Maximum Camber 2.2% at 50% chord 

 

 

Figure 2. NACA 63-415 

 

Figure 3. Modified profile 

    

Figure 4. Tubercle details 

 

Figure 4. Shows the tubercle details based on which 

different samples will be generated by using different 

combination of wavelength and amplitude. 

Wavelength is the distance between two adjacent 

tubercle and amplitude is height of tubercle. 
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Table- 2. Tubercle size for modified profile 

3. ANALYSIS & RESULTS 

Following are the input and output parameters used 

in the study.  

 

 Input Parameters & range  

Velocity (m/s) – (6, 8, 10, 12, 14)  

Angle of attack (°) – (0, 5, 10, 15, 20, 25)   

 Output Parameters 

Lift Force (N), Drag Force (N), CL/CD 

Co-efficient of lift (CL) & co-efficient of drag (CD) 

 

CL =        
𝐿

(0.5∗⍴∗𝑉2∗𝐴)
   ……….” Eq. (1)”  

CD =        
𝐷

(0.5∗⍴∗𝑉2∗𝐴)
   ………....“Eq. (2)” 

 

Where, CL= Co. efficient of Lift  

Where, CD= Coefficient of Drag 

 L = Lift force (N)    

 ⍴ = Density of air (kg/m3) 

 V=Velocity of air (m/s)  

 

Figure 5. CL/CD vs. AoA 

 

Figure 6. CL/CD vs. AoA 

 

Figure 7. CL/CD vs. AoA 

 

Figure 8. CL/CD vs. AoA 

 

Figure 9. CL/CD vs. AoA 

DISCUSSION 

We have carried out parametric study of different 

airfoil samples using Ansys-fluent. Aim is to check 

its performance at different velocity and angle of 

attacks to mimic real life wind conditions. From 

above graphs we can see their performance pattern at 

SR. NO Λ A 

SAMPLE 1 20 5 

SAMPLE 2 40 10 

SAMPLE 3 60 15 

SAMPLE 4 20 20 
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different velocity and different angle of attack. 

Tubercles in the leading edge try to channelize the 

incoming wind flow and create more and more 

pressure difference which in turn increases the lift. 

And as the lift increases so as the drag. But we have 

to find perfect combination of lift and drag ratio for 

higher power output for the same wind condition 

comparatively. 

Velocity helps in achieving more power output. So 

main input parameter which has great impact on 

airfoil efficiency becomes angle of attack. As angle 

of attack changes CL/CD ratio gets altered. So, we 

have to find the critical angle of attack for both 

normal profile and modified ones. At critical angle of 

attack CL/CD becomes maximum in figure 5 and 6 

critical angle of attack looks similar for all samples 

and NACA airfoil. But as we increase the inlet wind 

velocity, we found that critical angle of attack of 

sample 1 is increasing gradually compared to other 

profiles. So, we can say that as angle of attack 

increases NACA profile starts stalling. But sample 1 

due to tubercle on its leading edge showing good 

performance. 

5. CONCLUSION 

In Figure 5. We can see that at velocity 6 m/s and 

upto10º angle of attack sample 1,3&4 are showing 

high CL/CD ratio compared to plain NACA 63-415 

airfoil. and further as angle of attack increases only 

sample 1 showing good ratio of CL/CD comparatively. 

In Figure 6. At velocity 8 m/s and upto10º angle of 

attack sample 1&4 are showing high CL/CD ratio 

compared to NACA 63-415. In Figure 7. At velocity 

10m/s for low range of angle of attack sample 1,3&4 

are showing good CL/CD ratio. In Figure 8. We can 

see that sample 4 having good performance to all 

profiles at low range of angle of attack.  But at higher 

angle of attack it starts stalling rapidly. And only 

sample 1 has good ratio compared to all. In Figure 9. 

At velocity 14m/s all profile starts with almost same 

ratio. But as angle of attack increases sample 4 

showing rapid increase in CL/CD in ratio up to 10 º 

angles.  

 At the end after studying all the graphs we 

can conclude that for lower range of angle of attack 

airfoil with tubercle having less wavelength and high 

amplitude shows good performance. But for higher 

ranges where normal profile stalls easily airfoil with 

tubercles having low wavelength and less amplitude 

performs well. So, according to application we can 

use tubercles and its different pattern to take 

maximum advantage of that profile. In future work 

on this research we can use AI techniques to further 

optimize it precisely by using Ansys CFD generated 

data as an input to form neural logics. AI processes 

data and will provide best combination of wavelength 

and amplitude for the desired application of airfoil. 
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