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Abstract— Energy requirement is increasing day to day and 

therefor renewable energy source is most power full way to 

full fill requirement of energy. Wind energy is one of the 

most efficient renewable energy. Airfoil shape of wind 

turbine and design of airfoil shape are investigated in this 

review paper. General airfoil behavior and airfoil 

optimization for improve coefficient of lift are investigated 

in this review paper. Airfoil is most affecting parameter in 

whole wind turbine for extracting energy so it is necessary 

to design for maximizes aerodynamic efficiency for high 

energy production rate. 
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I. INTRODUCTION 

Wind turbine is convert kinetic energy from wind to 

mechanical and finally convert it to electrical energy by 

combine some equipment. Airfoil is most important 

parameter in wind turbine design for generate high rate of 

energy production. There are several technique is reviewed 

for design an airfoil and optimization of airfoil shape for 

maximum coefficient of lift force. And review CFD 

(Computational Fluid Dynamics) analysis which is very 

highly using for prediction of aerodynamic behavior of 

airfoil. 

II. LITERATURE REVIEW 

Quang wang et al. (2013) [5] According to this paper, author 

are going choose airfoil integral and B-spline both combine 

methods for generating airfoil shape. And aim of these 

combine design of airfoil is getting an effective control on 

airfoil shape by use of B-spline because B-spline curve has a 

local adjustment point. Relatively thin thickness airfoil is 

good to be design by airfoil integral method in medium 

thickness airfoil it is difficult to design for better 

performance. 

A fig.2.1 shows an airfoil design by using a combine 

method. 

 
Fig. 2.1: Shows a New Proposed Design of Airfoil Shape 

B-spline curve is expressed as follow: 

 ( )  ∑     
 
     ( )  (2.1) 

After than optimal mathematical model are obtained for 

airfoil design then optimized it by use of improved particle 

swarm optimization technique and validate it with RFOIL 

software calculation of aerodynamic performance. 

By this new method improved aerodynamic 

performance is ration Cl/Cd is increase 7.335% and weight 

and fatigue load is also reduced. 

J. Fazil et al. (2011) [8] in this paper, author 

proposed a quantic reverse engineering Bezier curve 

formula for producing airfoil shape. By, this formula they 

produce an airfoil shape in CATIA and validate with NACA 

four digit profile generator. They used a quantic reverse  

engineering Bezier curve formula for the find out the control 

points of the camber profile which is used to create upper 

and lower camber profile .By using the control points, we 

easily modify the shape of the profile so that to produce the 

cambered airfoil shape without affecting basic airfoil 

geometry. The objective of this work is to find a simple and 

accurate way to design the airfoil profile in CATIA using 

six camber control point position. However the proposed 

method is applied only for six camber control point position 

in the airfoil. Below Fig. 2.2 show a validation of profile 

using a CATIA and Fig. 2.3 show a modification using a 

control point in CATIA software. 

 
Fig. 2.2: Validation of NACA Profile Generator With 

CATIA Profile 

 
Fig. 2.3: Modification of Airfoil Profile By Control Point In 

CATIA 

Jae Woo Lee et al. (2013) [2] have represent a 

airfoil shape by two method Non-uniform rational B-spline 

curve (NURBS) and class/shape function (CST) 

transformation but the CST method with four control 

variables fits the existing airfoil better than NURBS. They 

have done analyze and reveal that the coefficient obtained 

by the airfoil distribution function have an important role in 

the performance of the rotor and airfoil shape should be 

consider as a design variable this optimization problem 

applied to the rotor blade of a Bo 105 LS Helicopter and get 

result as an objective function decrease by 7.4% . 
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I. Trejo-vargas et al. (2012) [10] are study about 

method for reduction in control point without reduction in 

accuracy. Main objective of their study is creating a 

practical method to define surface of blades according to 

parameters that are related to its performance. In this study 

they are using a B-spline curve for representation of airfoil 

geometry. By using a least square fitting method they can 

control a curve by using a reduced number of control points. 

The weighted fitting method for representation of airfoil is 

tested for different characteristics of airfoil and this is give a 

good result to them. 

Nitin Teguria et al. (2011) [4] in this paper, author 

worked on the formulation of design of blade based on 

gluert annulus momentum equation. They select a parameter 

as chord and twist distribution, type of air foil, tip speed 

ratio. They choose a NACA airfoil four and five series. 

They give a diagram for all airfoil and different 

parameter.so, from this paper we can conclude that power 

co-efficient of airfoil NACA 4412 and NACA 23012 are 

higher than other airfoil. Also, we conclude that co-efficient 

of power is dependent on the local tip speed ratio, axial 

interferance faction, rotation interferance factor, angle of 

relative wind from rotor plane, drag to lift ratio. 

Chalothorn Thumthae et al. (2009) [1] in this 

paper, author have experimental data of profile NREL’s 

S809 and work on finding a optimal angle of attack for 

untwisted blade by use of CFD analysis for prediction of 

AoA. They analyze that the angles are slightly larger as the 

speeds are higher and this is consistent with the shift of the 

curves as the Reynolds numbers are increased. 

Xiongwei Liu et al. (2013) [6] presented a blade 

design optimization through linearization of both the chord 

and twist angle radial profiles for fixed-pitch fixed-speed 

small wind turbines through the case study of a 25 kW 

baseline wind turbine with DU93W210 airfoil. From this 

paper we conclude that Linearization of the chord and twist 

angle radial profiles with fixed values at the blade tip from a 

preliminary blade design offers a promising optimization 

strategy for wind turbine blade design to improve power 

performance and reduce both materials and manufacturing 

cost. With consideration of the constraints for top limit of 

the maximum rotor power, an optimal blade design is 

achieved through linearization of the chord and twist angle 

radial profiles with fixed values at the blade tip, and the 

optimal design achieves an improvement of 3.33% higher 

annual energy production than its preliminary design version 

at the design annual mean wind speed 5 m/s for the case 

study baseline wind turbine, with a reduced materials and 

manufacturing cost for the blade. 

Ozge Polat et al. (2013) [3] in this paper, author 

proposed an optimization through method of parallel 

Genetic Algorithm (GA). They created a blade section by 

the NACA four digit airfoil series or arbitrary airfoil profile 

defines by Bezier curve. Then optimization study performed 

on NordTank wind turbine for 1MW wind turbine. They 

developed BEM for optimization. Then they conduct an 

optimization study by selecting NACA for root, mid-span, 

and tip region. They used a Micro GA with population size 

of 10 and optimization study is performed at 10 m/s wind 

speed. The optimization study achieves a 10% increase in 

power production. 

 
Fig. 2.4: Radial Station Vs Chord Length and Twist Angle 

 
Fig. 2.5: Aoa Vs CL and CL/CD for Different Reynold 

Number 

Mohir Chandrala et al. (2013) [7] in this paper, 

author selected NACA 0018 airfoil is designe and analysed 

for diffenet blade angle at constant wind speed 32 m/s. The 

CFD analysis is carried out using ANSYS CFX software. 

The velocity and pressure distribution at various blade 

angles is different. These results match with the wind tunnel 

experimental values. Hence the results are validated with the 

experimental work. The optimum value of power has been 

achieved at a blade angle 10° for 32 m/s wind speed. In this 

paper flat blade with single airfoil is considered for an 

analysis. Fig. 2.6 for CFD analysis of blade at 10° angle is 

showing here. 

 
Fig. 2.6: Pressure Contour on Blade At 10° Angle 

H.V. Mahawadiwar et al. (2012) [9] in this research 

paper, author have an already a design of blade, which is use 

for CFD analysis. They modeling that in the Pro-E and then 

generate a mesh in GAMBIT and after then CFD analysis is 

carried out in fluent software. They also compute Numerical 

power and conclude that the numerical power is increase as 

AoA increase from 0° to 7°, after 7° the value of Numerical 

power is suddenly reduce from these effect we can say that 

after 7° AoA there is a stall effect is produce. Maximum 

value of Co-efficient of power was observed at AoA 7° and 

velocity of wind 8m/s. They also give a maximum power 
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generation by blade 620W ate maximum co-efficient of 

power, and AoA 7° at velocity of wind 8m/s. 

Farooq Ahmad Najar et al. (2013) [11] In presented 

paper they done CFD analysis of NREL S809 Airfoil by 

selecting various numbers of solver and compare it to 

experimental data of wind tunnel test and conclude that k-e 

standard wall function is best match with experimental data 

than other solver like a S-A, SST, etc. NREL S809 gives a 

maximum performance at 14   Angle of Attack. 

R. Mukesh et al. (2013) [12] in presented paper 

they have selected a NACA 2411 airfoil as base shape for 

optimization process. The airfoil was described using the 

PARSEC parameterization scheme. The flow around the 

airfoil was solved using the Panel method. And finally 

optimized airfoil shape is validating by using an 

experimental validation. GA is used for optimization and at 

5   of Angle of Attack airfoil analysis is carried out. 

Ava Shahrokhi et al. (2007) [13] in this paper, we 

conclude that the effect of airfoil shape parameterization in 

airfoil optimum shape and its convergence rate were 

investigated. Two parameterization methods were 

introduced based upon the flow characteristics of transonic 

viscous flow. A Genetic Algorithm was used as the 

optimization method and the shape of a viscous transonic 

airfoil was optimized to achieve the maximum Cl/Cd at 

specified flow conditions. The optimization results of two 

parameterization methods were compared with that of the 

conventional PARSEC method. The new method provides 

more flexibility in defining the airfoil geometry, thereby 

resulting in a better shape. In addition, it was shown that a 

suitable parameterization method can improve the 

convergence rate of the optimization algorithm. 

III. CONCLUSION 

In under literature review we had seen that there are number 

of design methods and aerodynamics tool are available for 

airfoil shape analyzing. CFD is most effective aerodynamic 

analysis tool which is highly using today. Airfoil shape 

design is affected by angle of attack, wind velocity, and 

requirement of coefficient of lift. And airfoil behavior can 

be maintained by proper design of airfoil. 
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