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Abstract—The performance of the aerodynamic system of 

wind turbine plays crucial role to get maximum torque from 

wind power, which is key parameter to generate power. 

While the size of the wind turbine is increasing, it is 

important to create optimal blade designs to generate higher 

lift, and provide maximum torque to the generator. In order 

to generate optimum lift on blades, we need to consider the 

main factors such as: speed and density of the wind, surface 

area, lift coefficient. The imaginary cross section of each 

region from root to tip of the blade is called airfoil. The 

geometrical shape of an airfoil, including trailing edge, 

leading edge, chord length, thickness, suction and pressure 

regions with structural and aerodynamic properties are 

discussed. When designing the airfoil for wind turbine, the 

aspects like insensitivity to roughness, high drag to lift ratio, 

stable stall characteristics must be considered. The most 

common airfoil designs from several developers were 

addressed. The recent publications on design structures for 

wind turbine blades are reviewed. To achieve optimal 

control aerodynamics and protect environmental damages of 

blades the morphing concepts, and electro-thermal anti-icing 

systems tends to be the promising solutions. During the 

review process, it is found that while designing airfoils there 

is only a few research was conducted on reducing the noise 

out of blades, which is a great concern for neighborhoods 

close to wind farms. In this review we tried avoid from 

numerical calculations, so the nontechnical audience can use 

this for reference purposes. The paper gives a brief 

knowledge about wind turbine aerodynamics, airfoil design 

and characteristics, blade structure and control from recent 

publications.  

 

 
Index Terms — airfoil design, optimization, rotor 

aerodynamics, blade, wind turbine, wind energy, roughness, 

thickness, performance, morphing structures, power 

generation, drag and lift theory; 

 

 

1. INTRODUCTION 

 

Comparing other renewables wind power generation 

is the fastest growing industry in energy sector. By the 

end of 2012, the world total installed capacity of wind 

turbines reached 285 GW and it is predicted that will 

exceed 500 GW by the year 2017 [1]. There are number 

of researches have been conducted to increase size, 

efficiency, reliability of the wind turbines by reducing 

costs, complexity, and risks. Although the capacity and 

 
 

applications are increasing, the airfoil design for blades 

has not been changed relatively. However, there are 

number of investigations going regarding composition 

material for the blade structure to improve the control 

efficiency and reliability of the aerodynamics of wind 

turbines.  

Aerodynamic design of the wind turbine blades is 

one of the main problems of wind industry, which has a 

significant impact for getting maximum power out of 

wind. One may think that the airfoil sections of the blades 

can be implemented from aircraft wings, but the study and 

applications showed that the wind turbines need special 

design airfoils to be controlled in different weather 

conditions. The airfoil sections of the aircraft have a 

sudden stall that produced a huge loss of power output 

that was not gained until the wind speed is increased. The 

“gentle stall” was required for wind turbine airfoil in 

order to avoid such significant losses of capturing energy 

[2]. Since the rotor blade of the wind turbine is one of the 

important components, the airfoil sections needs to be 

developed in order to meet global energy requirements. 

The blade of the wind turbine is consists of imaginary 

airfoil that can be divided into three regions: root region, 

middle region, and tip region. The design versions of 

airfoil sections of blades can vary for specific applications 

depending on the capacity of the wind turbine. The 

general requirement for airfoil designs is high lift to drag 

ratio. Increasing the lift coefficient increases thrust, which 

would result reducing the drag coefficient, and increases 

higher aerodynamic efficiency, but does not improve the 

torque [3].  

Special-purpose airfoils for horizontal-axis wind 

turbines (HAWTs) started to develop from 1984 as a joint 

effort between the National Renewable Energy 

Laboratory (NREL), formerly the Solar Energy Research 

Institute (SERI), and Airfoils, Incorporated. Within a 

decade nine airfoil families consisting 25 airfoils have 

been designed for various size rotors using the Eppler 

Airfoil Design and Analysis Code [4]. Until that time the 

airfoils chosen for existing wind turbines from NACA 

(National Advisory Committee for Aeronautics) were old 

NACA 23XX, NACA 44XX, NACA 63XXX, and NASA 

LS family airfoils, but those airfoils had poor stall 

characteristics, incompatible performance at varying 

Reynold numbers, degradation problems resulting from 

leading edge contamination, lower percentage drop lift 

coefficient, energy losses due to leading-edge roughness 

[5].  
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Paper reviews various airfoil designs for HAWT 

blades and technology innovations of blade concepts from 

several literatures. In the beginning, the basic concepts of 

wind turbine aerodynamics, and airfoil characteristics are 

provided. Next, the common airfoil designs by NREL, 

Risø, Delft and other developers are introduced. Finally, 

the current innovations on blade airfoil structure and new 

aerodynamic control systems are presented from recent 

publications. The challenges and future perspectives of 

the wind turbines blade airfoil design are also discussed.  

 

 

2. AIRFOIL CHARACTERISTICS ON ROTOR 

PERFORMANCE 

 

Depending on the size of the blades, the airfoil 

characteristics of the wind turbine defines the 

aerodynamic performance, amount of mechanical power 

of the rotor, and rigidity of the blade. It is important to 

understand the aerodynamic concepts of the airfoils to 

define the power production of the given wind turbine [6]. 

 

2.1. Structural terminology  

Typical airfoil can be divided into four sections: the 

leading edge, trailing edge, upper surface or suction side, 

and lower surface or pressure side. The line connecting 

leading edge with trailing edge is called the chord line. 

The curve that passes through midway pint of the upper 

surface and the lover surfaces of an airfoil is called mean 

camber line. The typical airfoil structure is shown in 

Figure 1. The sickness of an airfoil is defined the 

maximum distance between airfoil’s upper surface and 

lower surface and it is generally provided as a fraction of 

the chord length. For example twelve percent thick airfoil 

has a maximum thickness that is twelve percent of the 

airfoil’s chord length.  

 

 
Fig 1.  Structure of the typical airfoil [6] 

 

2.2.  Lift and drag forces 

The airflow through an airfoil is distributed unevenly 

and produces forces on the airfoil surface. The lift force is 

obtained the when there is a pressure difference of the air 

between upper surface region and the lower surface 

region of an airfoil, and it is perpendicular to the relative 

wind flow. Drag force is the parallel to flow direction, and 

it is also created form unequal pressure on the airfoil 

surfaces facing forward and away from the oncoming 

flow. Both lift and drag forces result the thrust and torque 

to the system and their ratio defines one of the key 

characteristics of an airfoil. The lift force is a beneficial 

force, which needs to be increased, and the drag force 

needs to be as much as smaller in order to get high lift to 

drag ratio.  

 

2.3. Turbulent vs. laminar flow 

When airflow with no disruption and smooth streamline 

is called laminar flow. The particles of the air moves 

parallel layer. In turbulent flow, the fluctuations cause the 

particles of the air to get mixed and move through the 

layers; as a result they get high and low kinetic energy, 

giving a much more uniform velocity profile. Also, 

turbulent flow has higher friction and lower tendency to 

separate [7].  

 

2.4. Angle of attack, stall, and separation 

Angle of attack is defined the angle between chord line 

of an airfoil and the relative wind. The angle of attack can 

be negative or positive depending on the position and 

shape of an airfoil. When the flow is no longer manages 

to stay attached to the surface the separation will occur, 

where there will be a layer of reversed flow close to the 

surface, and oncoming flow will be pushed away. As the 

angle of attack increases the drag and lift force increases 

up to a point when the lift decreases abruptly and drag 

becomes a principle component. This angle called a 

stalling angle and from this angle the drag starts to 

increase dramatically reducing the lift. At 900 the airfoil 

has a maximum drag and very small lift.  

 

2.5. Tip speed ratio 

Tip speed is defined as the product of the rotors speed 

and the rotor radius. The ratio between the tip speed and 

the wend speed is called tip speed ratio. The optimum 

values of tip speed ratio are typically in range between 5 

to 10. 

 

2.6. Reynolds number  

One of the important parameter for every airfoil is its 

operating Reynolds number. The performance 

characteristics of an airfoil are expressed as a function of 

Reynolds number, and it significantly affects the values of 

airfoil drag and lift characteristics. The general level of 

the drag coefficient increases with decreasing Reynolds 

number [2]. Also, as the length of the blade decreases, the 

blade’s Reynolds number also tends to decrease. The 

large Reynolds number tells that inertial forces are 

predominating than viscous forces.  

 

2.7.  Insensitivity to roughness  

Leading edge roughness of an airfoil causes 

aggregation of dirt, insect, or ice on the surface, which 

brings serious issue and affects rotor power output. In 

extreme cases this can degrade the rotor power output as 

much as 40%. [8] 
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3. AIRFOIL DESIGNS 

 

Several research and investigations have been 

conducted to design and improve the airfoil performance 

for wind turbine blades over the years by laboratories, 

scientists, and technical institutions such as:  NREL, Risø, 

Delft, Martin Hepperle MH, Althaus AH, Wortman FX, 

and Selig Giguere SG. Below, brief information about 

some of the famous airfoil developers and their airfoil 

designs are discussed with key characteristics.  

 

3.1 The NREL airfoils 

 

NREL airfoils were designed based on method of 

determining the nature of two-dimensional viscous flow 

around an airfoil of any profile, which was developed by 

professor Richard Eppler, Germany. Most of the airfoil 

families are being successfully used on commercial wind-

turbine blades. The wind turbines comprising these types 

of airfoils provides significant increases energy 

production because of less sensitivity to roughness 

effects, better lift-to-drag ratios, and, in the case of stall-

regulated rotors, through the use of more swept area for a 

given generator size [4]. The appropriate blade rotor 

diameter and types for each airfoil family along with the 

corresponding airfoils consisting each family from blade 

root to tip are shown in Table 1.  The generator sizes of 

wind turbines use those airfoil families starting from 2kW 

up to 1MW depending on the blade length.  

 

Table 1.   NREL Airfoil Families [9] 

 

Annual energy capture improvements for NREL 

airfoil families are 23%-35% for stall regulated turbines, 

8-20% for variable-pitch turbines, and 8-10% for variable 

rpm turbines. Some of the large airfoil profiles are 

presented in figure 2. 

 

 
Fig 2.  NREL airfoil profiles for large blades [9] 

 

3.2 The Risø airfoils 

Risø National Laboratory in Denmark proposed 

deign for families of airfoils in the middle of 1990’s, and 

it has been developed with three airfoils families: Risø-

A1, Risø-P and Risø-B1 in wind power industry 

applications. The design tools for the Risø airfoils were 

the XFOIL code developed by professor Mark Drela, 

USA [10].  Comparing to Eppler’s simple boundary layer 

method Drela has implemented flow calculations during 

the optimization [11]. XFOIL is developed for low 

Reynolds number flows and is well suited for 

optimization because of the fast and robust 

viscous/inviscid interaction scheme.  

The Risø-A1 airfoil family first designed in 

1990, and was implemented for stall controlled turbines, 

but the sensitivity for surface roughness was higher than 

expected. This design is finalized in 1998 to constitute six 

airfoils with thickness-to-chord range from 15% to 30%. 

The wind turbine’s rated power that used this airfoil 

design was around 600kW [12]. Table 2 shows the most 

important design parameters.  Fig 3 shows the airfoil 

contours of ris Risø family airfoils.  

 

Table 2.  The principle characteristics of the 

Risø-A series [2]. 

 
 

In 2001 the Risø-P airfoil family was developed 

with four airfoils with thickness-to-chord ratios, 15, 18, 
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21 and 24%, for variable pitch and variable rotors with 

either fixed speed or variable speed and rated power 

exceeding 1MW wind turbines. Fig 3 shows the airfoil 

contours and Table 3 shows the most important design 

parameters [12], [2]. 

 

Table 3.  The principle characteristics of the Risø-P 

series [2] 

 
 

 
Fig 3.  Risø-A,  Risø-P and Risø-B series of 

airfoil profiles  [2] 

 

The Risø-B1 airfoil family was designed as 

seven separate airfoils with extended range of thickness to 

chord ratio range from 15% to 53% to cover entire span 

of the wind turbine blade. The airfoils were designed for 

MW-size wind turbines with variable speed and pitch 

control to have high maximum lift and high design lift to 

allow a slender flexible blade while maintaining high 

aerodynamic efficiency [12].  

 

 

3.3 Delft airfoils  

 

Delft (DU) airfoil series were developed by Delft 

University of Technology in Netherlands. Their design 

approach was to keep surface roughness insensitivity, and 

in order to gain structural advantage more emphasis was 

to develop thicker airfoils. The first designs were made 

with the XFOIL code to improve lift predictions around 

stall and to calculate the affect of rotation in airfoil 

performance. DU airfoils, with a relative thickness 

ranging from 15% to 40%, are being used by various 

wind turbine manufacturers world wide in over 10 

different rotor blades for turbines with rotor diameters 

from 29 m to over 100 m, corresponding to machines with 

maximum power ranging from 350 kW to 5 MW [13]. Fig 

4 shows the airfoil contours and Table 4 shows the most 

important design parameters. 

Table 4.  The principle characteristics of the DU 

series [2] 

 

 
Fig 4. DU series of airfoil profiles. [2] 

 

3.4 CAS-W1 Airfoils 

 

China became world’s leader in wind power 

generation. The CAS-W1 family of airfoils was designed 

by the Chinese Academy of Sciences. The airfoils have 

thicknesses of 15–25%. According to the ref [14] the 

CAS-W1-250 airfoil has a maximum thickness of 25% 

and a TE thickness of 0.6%. At Re=3106, the airfoil has 

very good aerodynamic characteristics with a Cl,max of 1.7 

at 15o in clean conditions and of 1.66 at the same a with 

LE roughness. The maximum L/D is 157.6 at a = 6o. 

Thus, it has better aerodynamics characteristics and 

reduced sensitivity to LE roughness compared with the 

Risø-A1/B1-24 and DU-91-W2-250 airfoils.  

 

 

3.5 Martin Hepperle MH airfoils  

 

Five types of optimum airfoils were designed for 

wind turbine blades by German scientist Dr.Martin 

Hepperle by inverse design methods. Inverse design 

methods first defined Glauret and Praudtl during 1920s. 

To avoid destruction of the windmill in high speed 

conditions the airfoils are designed to stall when the limits 

of the operation is exceeded [15]. The airfoils designed 

for stall regulated machine are provided with 

specifications in figure 5. Table 5 shows the most 

important design parameters. 

 
MH102 
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MH104 

 

Fig 5. Martin Hepperle MH series airfoils [15] 

 

Table 5.  The principle characteristics of the 

Martin Hepperle MH series [15] 

 
Other developers are also designed number of 

airfoil families for HAWT different applications such as: 

Althaus AH 93-W-145, 174, 215, 257, 300; Wortmann 

FX 77-W, 79-W, 80-W, 84W-121, 153, 258, 270, 270S, 

Selig Giguere SG 6041-6043, 6050, 6052. Detailed 

coordinates and technical characteristics of most of the 

airfoils from different developers are can be found at 

reference [16].  

 

4. STRUCTURAL DEVELOPMENT AIRFOILS 

AND FUTURE TRENDS 

 

Development of material science and computer 

technology made it possible to create and design airfoils 

for wind power applications to improve aerodynamic 

efficiency to generate maximum wind power in different 

weather conditions. Because of increasing in size, 

variability of the operating conditions and environmental 

issues, it is important to design and manufacture stiffer, 

lightweight, load carrying wind turbine blades. Several 

researches were conducted to improve the wind turbine 

blade design by changing the airfoil structure. The 

morphing concepts and materials brought significant 

solutions and improvements both control and design 

aerodynamics of wind turbines.  

 

4.1 Morphing concepts of wind turbine blade 
 

Modification of the blade profile at any given regions 

by active methods has significant affects for load 

reduction. To improve load carrying and stiffness 

characteristics morphing technologies becoming popular. 

Distribution of active surfaces along the blade and 

controlling these surfaces with measured quantities allows 

us to be able to adjust the blade’s profile. This helps to 

control the loads in real time. Both passive and active 

morphing solutions are available for blade load control. In 

order to meet the requirements such as: lightweight, load 

carrying and adaptability of the shape, morphing 

structures offer several airfoil design solutions. 

Elastomeric, anisotropic, multistable materials allow the 

large deformations for morphing wind turbine blades [17]. 

Typical structure of the most wind turbine blades are 

provides in figure 6. They mainly made of reinforces 

plastic webs surrounded by shells acting as aerodynamic 

fairings, which also consists of foam, flange, gelcoat, 

glass fiber mats and epoxy [18].  

 
Fig 6.  Typical wind turbine blade composition [18]. 

 

Lachenal et al classified the morphing of airfoils into 

two main groups: in-plane morphing and out-of-plane 

morphing. Those morphing methods include span-wise 

change, cord-wise change and sweep, shown in figure 7. 

 
 

Fig 7.  Morphing shape changes of HAWT blades. In 

plane morphing: a) span-wise b) cord-wise c) sweep. Out-

of-plane morphing: d) span-wise e) cord-wise f) sweep 

[17]. 

In span-wise change structure the sections of the blade 

consists of several segments of reducing cross-section. 

Each of these sections slides inside the adjacent inner 

segment. Telescopic structures are can be example for this 

type of morphing. 

The size of the cord is decreased or increased using 

complex systems in cord wise morphing systems. Shape 

memory foams and alloys are mostly used for these 

applications. The investigated designs are: discrete flaps 

(ailerons) and morphing trailing edges. In sweep systems 

the airfoil is twisted around the given axis to change the 

angle of attack [19].  

 Reference [20] provides assessment of the 

aerodynamic behavior of morphing wind turbine airfoil 

using CFD and Finite element models. The chosen airfoil 

for this research was NACA 4412, which is commonly 

used in wind power applications. The investigation was 

focused on measuring aerodynamic forces based on 

trailing edge deflection, wind speed, and material 

elasticity.   The results show that morphing blade has 

performance load efficiency over the rigid NACA blade.  

Shape memory alloys (SMA) are also becoming 

popular in active control techniques of HAWT blades. 

SMAs have a special ability to memorize their shape at 
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certain temperatures. The result of heating they generate 

strain recovery and stress [29]. A high-rate shape memory 

alloy was tested and discussed in reference [30]. In this 

paper the high-rate SMA actuator is designed. Using 

developing fuzzy logic controller tests the thermal 

behavior characterization of an actuator. Frequency 

response and performance of an actuator is also tested. 

Thermal experiments show that cooling channels in the 

actuator the cooling rate increased 10 times with the 

forced convection. Controlling the cooling rate of the 

actuator limits the power consumption. This helps to 

reduce fatigue loads [30].  

 

4.2 Active flow technology  
 

Active flow technology was developed several 

institutions in Europe to improve aerodynamic control of 

wind turbine blades by changing the structure of the blade 

surfaces. Application of active flow technology on a wind 

turbine technology started from 2007. Delft University of 

Technology initiated number of student projects on active 

flow applications on wind turbine blades. For example, In 

Lousberg’s research for improvement of boundary layer, 

it found that for a given airfoil applying BLS on the 

suction side leads better performances. Resulting thicker 

shape has an has beneficial affects for the moment of 

inertia and stiffness, and reducing the cost of the blade by 

using less materials. By modeling the internal channel 

underneath the porous material, he proved that the 

rotation of the rotor was producing a centrifugal effect 

high enough to allow a passive system [21].  

Ghedin in his thesis provided existing boundary layer 

suction (BLS) technologies, and proved that applying 

BLS technology to a wind turbine blade with thicker 

profiles has a significant effects to reduce production 

costs [22].  

Several patents were issued regarding boundary layer 

control system for the turbine blades. In figure 8, the 

perspective view of the cross section of the blade is 

provided with active flow regions.  

 
 

Fig. 8   shows creation suction of the boundary layer 

for the turbine blade sections [23].  

 

One of the important criteria of the blades is to make 

the airfoils as thick as possible. Thick blades need less 

material which has lower cost and weight. It is known that 

the airflow around the airflow is separated from the blade 

surface, and this separation reduces a power production. 

Researchers found that flow separation can be avoided by 

replacing a blade surface by porous material. The suction 

affect helps us attached airflow over the blade surface.  

The smart design of the open active flow blade tips allows 

us to naturally create a suction of the air flowing through 

blade surface. During the rotation of the blade the air 

inside the blade is slung out through the tip openings due 

to the centrifugal forces creating low pressure inside the 

blade. Using this pressure the air is sucked into the blade 

through the porous material. This creating a useful affect 

to the aerodynamic performance. The great advantage of 

this concept is that system works passively, which means 

no electronics is required.  

To improve aerodynamic behavior of the blades the 

passive devices are mostly used. Because of simplicity 

and robustness the popular passive devices for blades are 

vortex generators, gurney flaps, and stall strips [19]. In 

doctoral research paper and research paper in ref [24], 

[25], the latest innovations and findings of active and 

passive control solutions are provided with experimental 

analysis. Methodology of the selection process of best-

performing elements investigated, which could be 

implemented on a HAWT blade structure.  Figure 9 

shows schematic representations of all elements in the 

preliminary flow control investigation. The function and 

operation of the various active and passive flow control 

solutions were analyzed. Technical, aerodynamic and 

economic aspects of different blade sections are compared 

with their control performance.  

 
Fig. 9 schematic representations of the all elements in 

preliminary flow control [24] 

 

4.3 Anti-icing system for polymer composite airfoils 
One of the big environmental problems for the wind 

turbine generators is icing events because accumulation of 

the ice reduces the aerodynamic efficiency of the system. 

Characteristics of the blade profile under icing conditions 

were tested in the refrigerated wind tunnel of the Anti-

icing Materials International Laboratory. Figure 10 shows 

masses and shapes of the ice deposits for simulations. 

According to the research the drag force on the entire 

blade became too large, which leads to a negative torque. 

Significant reduction of the torque was observed on the 

outer part of the blade, so it is more beneficial to install 

de-icing system only on the outer part of the blade to 
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reduce costs [26].  

 

 
Fig. 10   masses and shapes of ice deposits for icing 

event 

 

To prevent icing conditions there are relatively a few 

numbers of researches and investigations were conducted 

to design the anti-icing systems for blade sections. Two 

main categories are mainly used for anti-icing systems: 

passive and active. Some of the passive anti-icing systems 

include painting the black color and special ice-phobic 

coatings, but they are not sufficient and effective [27]. 

Active anti-icing systems, on the other hand, have 

significant effects to improve the blade performance for 

icing conditions. They can be thermal, chemical, or 

pneumatic systems, which require external energy supply. 

It is important to consider the amount of energy that is 

used for active systems. For example, resent experimental 

research on electro thermal anti-icing system for polymer 

composite airfoils in icing conditions claimed as the first 

experimental study in this area. To prevent ice formation 

embedded thermal elements (electrical wires) are used in 

a composite airfoil without thermal degradation of the 

composite material, figure 11. 

 

 

 
Fig. 11   schematic of composite airfoil with embedded 

thermal elements [28]. 

 

The experiment results show that the total power 

consumption of this system was lower than the similar 

aluminum airfoil at same conditions [28].  

 

4.4 Designing a Reduced noise blades 

Noise produces by wind turbines is one of the major 

problems in wind power generation. The effects of the 

noise on people cause annoyance, nuisance, 

dissatisfaction, and interference with activities [6]. 

According to the laboratory research the low frequency 

noise, which is higher in large turbines has more negative 

health affects comparing higher frequency noise [32]. 

Statistical analysis showed that people who live within 

1.4 km of wind farm have suffered sleep quality and 

health problems [33].  When wind flows around the 

blades the aerodynamic noise is produced due to the 

interaction of the boundary layer turbulence with blade 

trailing edge. Increasing the tip speed ratio increases noise 

levels. It is important to understand the noise source 

mechanisms to reduce noise. The noise from wind 

turbines can be divided by aerodynamic and mechanical 

noise. Aerodynamic noise includes low frequency noise, 

inflow turbulent noise, and airfoil self-noise [31]. The 

characteristics and mechanisms of airfoil noise is 

provided in figure 12.  

Fig. 12. Wind turbine airfoil noise mechanisms [31]  

 

 
Taehyung Kim et al provided numerical analysis for low 

noise airfoils that can be implemented for small-scale 

wind turbines with power rating 10kW. The paper 

discusses design optimization stages of low noise airfoil 

[34]. 

 

 

5. CONCLUSION 

 

The airfoil design and characteristics from popular 

institutions and laboratories are introduced, and the recent 

publications about developments of the blade structure 

and control methods are reviewed. Designing optimal 

airfoil for wind turbine blades are challenging because 

increased size of the blades need more strength and load 

carrying performances. While there several are airfoil 

designs developed, there is a steel room for the new 

airfoil designs to reduce the uncertainties in the load 

calculations. Also, the reduction of the noise from blades 

are still remains unsolved, which is an issue for the people 

living close to wind farms. Another important criteria is 

that during the research the developers are mostly 

focusing on increase on lifting force, but none of them are 

designed airfoils with negative lifting force, which has 

also be implemented for aerodynamic control systems. 

Morphing airfoil structures are developed last few years, 

and new software solutions like CFD made it easy to 
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compute the dynamic changes of airflow. Changing blade 

structure we can also passively control the flow of the 

wind through blade sections. Active flow technology is 

one of the new technologies for aerodynamic control 

technology of the wind turbines. Improvement of the 

surface suction of the blade helped to control the drag 

more efficient way. Controlling the operation of the wind 

turbines in extreme conditions needs to be investigated 

because the most wind turbines do not have operating 

capability in different levels. In high wind speeds wind 

turbines are shut down, so we need to find a way to use 

the portion of that high wind by designing the 

aerodynamic structure of wind turbine. There is also very 

few investigations are conducted regarding solutions for 

the environmental damages like icing conditions of the 

wind turbine blades and noise pollution from wind 

turbines. All those issues explain that there are a lot of 

research areas needs to be done for airfoil sections of 

wind power generators. 
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