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Abstract— Wind-turbines extract kinetic energy from the 

windIn this study, two-dimensional aero foil (i.e. DU-93 and 

NREL-S809) CFD models are presented using ANSYS-

FLUENT software. The dimensionless lift, drag and pitching 

moment coefficients were calculated for wind-turbine blade at 

different angles of attack Thesis work is aimed at designing a 

wind turbine for tapping the average wind speed in urban 

locations, The NACA 63 and 64 series is chosen as the basic 

group for investigation because they have good low speed and 

medium speed characteristics and the power curve is better in 

the low and medium wind speed ranges. 
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I. INTRODUCTION 

A. Green and renewable source of Energy 

The word “Green” in green manufacturing means ecofriendly 

manufacturing which must be done without affecting 

environment, living world and natural resources. Green 

Manufacturing is regarding reducing impact on the 

environment, becoming more efficient, & using limited 

resources responsibly. It is also on the subject of operating 

your business in a sustainable and more profitable manner 

that ensures its survival and competitiveness in the future. 

From sustainable prospective one should keep in mind while 

producing goods that pollutant release should be minimum. 

The use of resources more than requirement is prohibited, 

because it is our moral responsibility towards our future 

generation to give them which are their right. Wind energy is 

green and sustainable source of energy as it is environment 

friendly which does not affect the nature. 

Wind energy has been one of the most viable sources 

of renewable energy. As a sustainable energy resource, wind 

energy is increasingly important in national and international 

energy policy in response to climate change. A wind turbine 

is a machine which converts the power in the wind into 

electricity in an efficient manner. Thus efficiency of turbine 

blade mainly depends on lift to drag ratio and efficiency of 

blade.  

II. BACKGROUND 

Wind energy is a significant source of the world’s energy 

must rank as one of the significant developments of the late 

21th century. The development of the steam engine, followed 

by the other technology took place for converting fossil fuels 

to useful energy. But due to limited quantity of fossil fuel 

reserved as well as of the adverse effects on environment due 

to burning of fuel, many people started looking for 

alternatives to fulfill energy demand. The other thing is it was 

the availability of wind energy. Wind present everywhere on 

the earth, and in several places with considerable wind energy 

density and these wind energy are being used for power 

development. Wind energy in India is available in high speed 

and low speed wind. To harness wind energy, wind turbine 

are install. 

It is to be noted that most of the wind turbine high 

wind power density areas in the zone of large wind speed are 

already being installed and this offers a large possibility for 

the developing the  low wind speed turbines. 

 

 
Fig. 1: Horizontal wind turbine in urban area 

A. Wind Turbines 

Wind turbines are rotating prime mover machines which 

convert wind power in to electrical power with the help of 

generators. . Wind power are solely depends on wind hence, 

free from pollution, green/clean and renewable source of 

energy. If the rotational power developed by rotor is directly 

utilized as mechanical work like water pumping, stone 

crushing etc. then it is called as wind Mills. and if power is 

used to generate electricity then it is termed as wind turbines. 

Wind turbines are classified in two ways, first according to 

their axis of rotation and second according to power 

generation. According to power generation wind turbines are 

classified as micro (<1 KW), mini (1KW-5KW), small 

(5KW-10KW), intermediate (10KW-1MW), and large 

(>1MW). 

There are two type of wind turbine based of axis of 

rotation 

 Horizontal Axis Wind Turbine (HAWT) 

 Vertical Axis Wind Turbine (VAWT) 

 Horizontal Axis Wind Turbine (HAWT) 

Horizontal axis wind turbine axis is parallel to 

direction of wind motion. The Wind sticks to the blade and 

blade starts rotating, the rotation is send to the gear assembly 

with the help of shaft. This shaft is connected to the generator 

which produces electricity. If changes directionwind, a motor 

(yaw motor) turns the nacelle so the blades are always facing 

the wind.  
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1) Advantages 

 Most are self-starting. 

 Ability to wing warp, which gives the turbine blades the 

best angle of attack. 

 Ability to pitch the rotor blades in a storm to minimize 

damage. 

 Tall tower allows access to stronger wind in sites with 

wind shear. 

 Tall tower allows placement on uneven land or in 

offshore locations. 

 Blades are to the side of the turbines center of gravity, 

helping stability. 

2) Disadvantages 

 Difficult to install (require tall cranes and skilled 

operators). 

 Difficult to transport (20% of equipment costs). 

 Difficult maintenance. 

 Difficulty operating in near ground winds. 

 Local opposition to aesthetics. 

B. Vertical Axis Wind Turbine (VAWT) 

In VAWT’s the axis of rotation is perpendicular to direction 

of motion of wind. The main advantage of this arrangement 

of VAWT is that, it need not necessarily to be pointed toward 

the wind flow direction. Due to These advantage it is used for 

sites where the wind direction is highly variable or has 

turbulent winds. 

 
Fig. 2: Vertical Axis Wind Turbine 

(Source - http://www.green-mechanic.com/2013/03/vertical-

axis-wind-turbine-parts.html) 

1) Advantages 

 Easy to maintain. 

 Lower construction and transportation costs. 

 All of the main components are close to the ground. 

Therefore the tower does not, need to support it, and also 

makes maintenance easier. 

2) Disadvantages 

 Blades constantly spinning back into the wind causing 

drag. 

 Less efficient. 

 Operate in lower, more turbulent wind. 

 Low starting torque and may require energy to start 

turning. 

A comparison between Horizontal Axis Wind 

Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT) 

is given below:- 

 
Fig. 3: Comparison between HAWT and VAWT 

The Role of airfoil in Wind Turbine performance: 

The shape of the aerodynamic profile is decided for 

blade performance. Even minor changes in the shape of the 

profile can significantly effected the power curve and noise 

level. In order to extract the maximum kinetic energy from 

wind, researchers put more effort in the design of effective 

blade geometry. A rotor blade may have different airfoil in 

different sections in order to increases the efficiency, so the 

modern blades are more complex and efficient comparing to 

early wind turbine blades. A wind turbine is a complex 

system which consists of several components, including a 

rotor, a transmission system, a generator, a nacelle, a tower 

and other electro-mechanical subsystems. The blades are the 

most important components, thus transfer wind energy into 

mechanical power, the blade is designed as an aerodynamic 

geometry with nonlinear chord and twist angle distributions. 

The section view of a wind turbine blade is of an airfoil shape 

(one or more airfoils), which is expected to generate high lift 

and low drag forces. The shape of the blade is vital as it 

determines the energy captured, and the loads experienced. 

The study of interaction between wind flows and wind 

turbines is wind turbine aerodynamics which plays an 

important role in wind turbine design and analysis. 

III. LITERATURE REVIEW 

A.J. Vitale and A.P. Rossi. (2008 )  have analyzed to design 

low-power, horizontal-axis wind turbine blades for consider 

the parameter of blade such as length, blade surface, pitch 

angle variation along the blade span, rotor angular speed, 

wind speed etc. usually wind turbine  the Rotor shapes are 

usually not optimum because of fabrication difficulties. Thus 

optimize the blade and he was selected the NACA 2412 

airfoil was chosen with a Reynolds number of 60,000 and 

generate 100W with an average wind of 3 m/s. The ratio of 

the internal to the tip radiuses was set at 5.2%. And the 

Reynolds number of 250,000 was chosen. The results were: 

0.42564 rotor efficiency, 102.045W rotor power, 0.5645 m2 

for each blade (less weight than the previously designed 

blades and better performance). And same profile and same 



A CFD Analysis of a Wind Turbine Blade Design at various Angle of Attack and Low Reynolds Number 

 (IJSRD/Vol. 5/Issue 01/2017/061) 

 

 All rights reserved by www.ijsrd.com 235 

Reynolds number the results were 0.44394 rotor efficiency, 

102.035W rotor power, 0.4832m2 for each blade. It can be 

seen that these blades have a better performance and are 

smaller (and therefore lighter), but they are more expensive 

because of the difficulty of construction, due to their smooth 

surface and variable width. 

Rong Ma, Peiqing Liu.al (2009) have 

analyzedoverall aerodynamic parameters of airfoil S1223 

with various relative thicknesses, it can be seen that 

aerodynamic parameters (especially lift-to-drag ratio) of low-

Reynolds-number and high-lift airfoil S1223 are greatly 

affected by relative thickness and Reynolds number. Airfoil 

S1223with the relative thickness of 12.13% and 5% own the 

best performance based on the comparison and analysis. So it 

is suggested that the airfoil S1223 with relative thickness of 

5% can be used for the blade tip and the airfoil S1223 with 

relative thickness of 12.13% can be used for blade root. 

Moreover, further optimized design research will be carried 

on based on low-Reynolds-number and high-lift airfoil 

S1223. 

Ravi Anant Kishore et. [2009] develop small scale 

wind energy portable turbine (SWEPT) which can work wind 

speed below 5m/s. Aerodynamic performance of SWEPT 

were broadly examined using the wind tunnel experiment and 

it was found that the maximum coefficient of performance 

(CP) of 14% occurred at the TSR of 2.9. It was found to have 

very low cut in wind speed of 2.7 m/s and it produces 1.25W 

of mechanical power & 0.83 W of electrical power at the rated 

wind speed of 5 m/s. A diffuser was also designed & 

fabricated to study its effectiveness for the small-scale wind 

turbines. Study with CFD analysis revealed that the diverging 

part of the diffuser is stronger parameter than its converging 

part which influences its performance. During the study it 

was found that the performance of turbine with diffuser is 1.4-

1.6 times more than without diffuser. 

S. Rajakumar and Ravi Chandra(2010)Lift and Drag 

forces along with the angle of attack are the important 

parameters in a wind turbine system. These parameters decide 

the efficiency of the wind turbine. In this paper an attempt to 

analysis of wind blade NACA4420 to calculate lift and Drag 

forces in various sections and the different of angle of attack 

on the 2 D modal in CFD software. It analyzed that angle of 

attack ranging from 0° to 12° and the velocity range from 3 -

12 m/sec. It is found that blade with 5° angle ofattack has the 

maximum L/D ratio.  

Andreas Echtermeyer(2012)in this paper analyzed 

failure criteria at high wind speed region 70 meter long blade 

in horizontal-axis wind turbine. It selected hybrid composite 

structure using glass and carbon fiber plies was created stiff, 

lightweight design with a high fatigue life is with a low tip 

deflection. The EOG ( extreme operating gust) load case was 

found to produce the largest tip deflection and strain, while 

the EWM (extreme wind moment) load case was the most 

severe in terms of the critical buckling load., the EWM has a 

larger total load than the EOG, suggesting why buckling is 

more critical here. The EOG has a higher load along the outer 

26% of the blade length (52m and higher) where it is much 

more flexible. In fact, 62% of the blade tip deflection occurs 

in this region, explaining why this load case produces a higher 

deflection. 

Vendan & S. Aravind Lovelin . (2012)the project is 

aimed at designing a wind turbine for tapping the low speed 

wind in urban locations. It is to be noted that most of the high 

wind power density regions in the zone of high wind speed 

are already being tapped and this offers a large scope for the 

development of this low wind speed turbines. Our study 

focuses primarily on designing the blade for tapping power in 

the regions of low wind power density. The aerodynamic 

profiles of wind turbine blades have crucial influence on 

aerodynamic efficiency of wind turbine. This involves the 

selection of a suitable airfoil section  

For the proposed wind turbine blade. The NACA 63 

series is chosen as the basic group for investigation because 

they have good low speed characteristics and the power curve 

is better in the low and medium wind speed ranges. In this 

paper a Horizontal axis wind turbine blade profile NACA 63-

415 is analyzed for various angles of attack. The coefficient 

of Lift and drag is calculated for this NACA 63-415 for 

various angles of attack from 0° to 16° and the maximum CL 

/CD ratio is achieved at 2° of angle of attack. The coefficient 

of Lift increases with increase in angle of attack up to 8°. 

After 8°, the coefficient of lift decreases and stall begins to 

occur. The drag forces begin of dominate beyond this angle 

of attack. The rate of increase in lift is more for angle of attack 

from 0° to 8° and then it starts to decrease. The drag increase 

gradually until 5° angle of attack and then rapidly increases. 

Padmanabhan. (2012)this paper analysis the 

performance of small wind turbine in the households of Rural 

India and Urban India and small scale industry. The model 

taken into analysis is a 3 kilowatt Horizontal axis type wind 

generator of 4 meter diameter. And the test was conducted in 

a south to taken the behavior of wind.   According to Census 

of India, the whole population will reach 1.4 billion in year 

2026. The development rate is projected to rise from 29 % in 

year 2006 to 33% in 2026. Extrapolating this trend gives an 

urbanization rate of nearly 35 percent by 2031.the 

development means, increased use of electrical appliances in 

home needs and it increase in per capita power consumption. 

That means the huge demand for power. The power needs of 

the country are met by various sources and wind power is one 

of the important source of energy. The tendency now is to use 

bulky wind turbines and the power generation is utilization 

by big industries. But, there is tremendous energy potential of 

wind power to utilization in other place like small industrial 

units and houses in urban/rural locations.  

IV. COMPUTATIONAL FLUID DYNAMICS 

A. Introduction 

Computational fluid dynamics is shortly known as CFD, 

Computational fluid dynamics (CFD) is a computer‐based 

simulation method for analyzing fluid flow, heat transfer, and 

related phenomena such as chemical reactions. And it is 

combine numerical method and algorithm to solve and 

analyze problem that involve fluid flow. Computer is used to 

perform the calculation requires to simulate the interaction of 

liquids and gases with body. With supercomputer, better 

solutions can be achieved. Ongoing research yields software 

that improves the accuracy and speed of complex simulation 

scenarios such as transonic or turbulent flows. 

For designing and analyzing the engineering 

systems which involve fluid flow, there are basically two 

approaches: experimental and numerical. The experimental 

approach involves a complete testing rig setup for performing 
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experiments on a scaled model of the prototype machine, 

while the latter is based on either analytical or computational 

solution of differential equations governing the flow through 

the system. In the present chapter a brief introduction to 

computational fluid dynamics (CFD) is given. The 

computational approach for solving fluid flow problems is 

devoted to the solution of the governing equations of fluid 

flow through use of a computer. Today both the experimental 

and CFD analysis are applied and the two complement each 

other. For example, globalproperties, such as lift, drag, 

pressure drop, or power, may be obtained experimentally but 

to obtain details about the flow field, such as velocity, shear 

stresses, flow streamlines and pressure profiles CFD is used. 

In addition, for validating CFD solutions, experimental data 

is used by matching the computationally and experimentally 

determined global quantities. Then CFD is employed to 

shorten the design cycle through carefully controlled 

parametric studies, thus reducing the required amount of 

experimental testing. The present state of computational fluid 

dynamics is that it can handle laminar flows with ease, but 

turbulent flows of practical engineering interest are 

impossible to solve without considering turbulence models. 

Unfortunately, there is no universal turbulence model and a 

turbulent CFD solution is dependent on the appropriateness 

of the turbulence model. Despite this limitation, the standard 

turbulence models yield reasonable results for many practical 

engineering flow problems. 

Any numerical simulation of fluid flow problems 

consists of various distinguished processes. These are 

mentioned below 

 Model the geometry of problem domain 

 Choose appropriate mathematical model of the physical 

problem. 

 Choose a suitable discretization method. 

 Generate a grid based on problem geometry and the 

discretization method. 

 Use a suitable solution technique to solve the system of 

discrete equations. 

 Set suitable convergence criteria for iterative solution 

methods. 

 Prepare the numerical solution for further analysis. 

V. METHODOLOGY 

A. Blade Profile Selection 

Aerodynamics of blade is main criteria for selection of blade 

profile. Thus for efficient blade will have high lift to drag 

ratio. NACA 4- digit series will have given the good 

performance at low speed. Therefore we choose the NACA 

6409 blade air foil for analysis. These profile given the better 

performance at low speed having high lift to drag ratio and 

good stall properties. 

1) NACA Four-Digit Series 

First designed airfoils is NACA 4 –digit series and it number 

specified as- 

First digit specifies the maximum camber (m) in 

percentage of the chord (airfoil length), the second indicates 

the position of the maximum camber (p) in tenths of chord, 

and the last two numbers provide the maximum thickness (t) 

of the airfoil in percentage of chord. For example, the NACA 

2415 airfoil has a maximum thickness of 15% with a camber 

of 2% located 40% back from the airfoil leading edge (or 

0.4c). Utilizing these m, p, and t values, we can compute the 

coordinates for an entire airfoil using the following 

relationships: 

1) Pick values of x from 0 to the maximum chord c. 

2) Compute the mean camber line coordinates by plugging 

the values of m and p into the 

Following equations for each of the x coordinates. 

     (1) 

From x=0 to x = p 

Yc = (m / (1-p)2) / [(1-2p) + 2px – x2]         (2) 

From x = p to x = c 

Where 

x = coordinates along the length of the airfoil, from 

0 to c (which stands for chord, or length) 

y = coordinates above and below the line extending 

along the length of the airfoil, these are either yt for thickness 

coordinates or yc for camber coordinates 

t = maximum airfoil thickness in tenths of chord (i.e. 

a 15% thick airfoil would be 0.15) 

m = maximum camber in tenths of the chord 

p =position of the maximum camber along the chord 

in tenths of chord 

VI. RESULT AND DISCUSSION 

A. Lift and Drag Calculation 

In this thesis work Horizontal axis wind turbine blade with 

.NACA 6409 performance has been investigated for different 

angle of attack and various low velocity. The airfoil NACA 

6409 is chosen for investigation as shown in various figure. 

The airfoil profile and boundary circumstances are formed. 

NACA 4-series profiles are obtained from Java foil. A Mesh 

Domain for the fluid around the airfoil is formed using 

Design Modeler in ANSYS software. A fine mesh is formed 

for the fluid flow area of the domain in ANSYS cfx software: 

Angle of 

Attack 

Drag        

Coefficient 

Lift 

Coefficient 

Lift /Drag 

Ratio 

1 0.18249 0.96915 53.10532 

2 0.20740 1.20978 58.3279 

3 0.23830 1.48158 62.1732 

4 0.27119 1.75295 64.638 

5 0.30052 1.99842 66.4965 

6 0.33739 2.22871 66.05627 

7 0.36988 2.42012 65.42927 

8 0.41825 2.62097 62.7679 

9 0.46713 2.79376 59.57014 

Table 1: Lift and Drag Calculation  

The coefficient of Lift and drag is calculated for this 

NACA 6409 series for the angle of attack 1° to 15° in the 

velocity of 4 m / second. The lift force at varies lengths from 

hub to tip is analyzed and it is clear that lift force increases 

from hub to tip for all range of angle of attack.  

In the first graph plot no. 6.1 will be lift coefficient 

increases with increase in angle of attack up to 12oat 4 m/sec 

and it starts to decrease gradually after 12oangle of attack.  

The drag forces begin gradually increasing up to 100 

of attack angel and then it growth of is rapidly. The rate of 

increase in lift is more for angle of attack from 1oto 10oand 

between 10o to 15o the rise in lift force is less. 
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Lift coefficient to drag coefficient ratio increases 

linearly 10 to 60 but after 60 to 150 will be decreases. Because 

of after the 60 lift force is increases less compare to increases 

to drag force. Lift to drag ratio maximum at 60 of angle of 

attack. Thus blade angle of attack are design at 6oat 4 m/ sec 

velocity because maximum lift to drag ratio at these angle of 

attack  

 
Fig. 10: Increase in drag for various AOA 

 
Fig. 11: Increase in lift for various AOA 

 
Fig. 12: Correlation between L/D ratio and angle of attack 

The drag forces begin gradually increasing up to 100 

of attack angel and then it growth of is rapidly. The rate of 

increase in lift is more for angle of attack from 1oto 10oand 

between 10o to 15o the rise in lift force is less. 

Lift coefficient to drag coefficient ratio increases 

linearly 10 to 60 but after 60 to 150 will be decreases. Because 

of after the 60 lift force is increases less compare to increases 

to drag force. Lift to drag ratio maximum at 60 of angle of 

attack. Thus blade angle of attack are design at 6oat 4 m/ sec 

velocity because maximum lift to drag ratio at these angle of 

attack. 

VII. CONCLUSION 

In this paper Low speed wind turbine blade are investigated 

at various angle of attack and comparison and examine of the 

overall aerodynamic performance of airfoil NACA 6409 with 

various angle of attack, it can see that aerodynamic 

parameters (especially lift-to-drag ratio) are greatly affected 

by Reynolds number and angle of attack. In future we will try 

to Designing, and development and installation of low wind 

speed turbines large scope in urban and rural locations in low 

power requirement. 
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