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Abstract: This work concentrates  on   Effect of Aerofoil 

blade thickness on Designing and Simulation of Vertical  

AxisWind Turbine rotor blades through General Public 

Licensed Software Q blade. Effect of Aerofoil on different 

Aerodynamic governing characteristics can be judged by 

help of different plots. This paper can be found useful in 

selection of most suitable aerofoil amongst using Dedicated 

Wind turbine simulation software. 
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I. INTRODUCTION 

Wind energy is a growing industrial sector fuelled by 
economic, environmental and political motivations[1] The 

latest global trend report published on the Global Wind 

Energy Council website showing figures updated to 2010 

describes how in the previous decade, the global installed 

wind capacity grew twelve fold to reach a production 

capacity of 197 GW with nations such as China doubling 

their capacity annually[2] The economic impact of this 

growth, under the impulse of global policies, means that the 

wind turbine industry is now a key sector for employment 

and investment. Research work is ongoing in both academic 

and industrial centres to improve the efficiency and reliability 

of the wind turbine  devices that will service the growing 
energy demand. In the present work, numerical simulation 

techniques, based on Computational Fluid Dynamics (CFDs) 

software technologies, are used to investigate the response of 

a vertical axis wind turbine to design changes with the 

additional benefit of experimental validation. The same 

approach was taken by Chong et al. to calibrate compare 

numerical results and experiments in H-rotor designs, for 

example [3]. The device considered here is a simplified 

version of a vertical axis wind turbine (VAWT) designed in 

collaboration with an industrial partner, with a view to be 

relevant to the industry while simplified enough to be 
published without compromising the company’s intellectual 

property. Prior work has also been shown to be of value to 

compare numerical and experimental design with early stage 

prototypes yielding low efficiency[3] Previous work has 

shown that VAWTs can work under conditions which are not 

normally favourable for traditional horizontal axis wind 

turbines (HAWTs) [4], thus generating interest from some 

sections of the energy generation industry sector[5,6]. 

Traditionally, wind turbine performance is defined in terms 

of power-extraction performance expressed  dimensionless   

 

as  power  coefficient, Cp   and  the  turbine’s  ability  to  
start  is  normally  ignored.  Nevertheless  if  a  turbine  

cannot  accelerate  through  start-up,  its  power extraction 

performance is drastically limited. The consideration of 

starting behaviour therefore offers  another  solution  to  

improve  the  overall  performance  as  the  period  that  the  

turbine  needs to start might be shortened and a longer 

power-production  period might be achieved. Therefore, it is 

crucial to have a good understanding of the mechanism of 

start, in particular at relatively  low  Reynolds  number   

appropriate  to  the  urban  applications.  Different types  of  

wind turbines  behave  differently  during  start  up.  In  the  
present  paper  a particular  attention  is  paid  to  vertical  

axis  wind  turbines  (VAWT)  which  are  not  fully  

understood. 

 

A. OVERVIEW OF AERODYNAMIC PRINCIPLES  

Wind turbines are machines that remove energy from the 

wind by leveraging the aerodynamic principals of lift and 

drag. Lift and drag forces move the turbine blades which 

convert kinetic wind energy to rotational energy. The 

rotational energy can then be transformed into electrical 

energy. The rate of energy extracted from the wind is 

governed by Equation (1), where P is the power, T is the 
torque, and ω is the angular velocity of the turbine blades. 

P=Tw                              (1) 

Lift and drag forces are measured experimentally in a wind 

tunnel for airfoils as a function of the angle of attack, α. The 

angle of attack is defined as the angle between the chord line 

c of the airfoil and the direction of the wind, as shown in 

Figure 2. For aircraft wing design, it is generally ideal to 

choose the airfoil that has the greatest lift-to drag ratio, since 

there will be the least amount of thrust required to maintain 

altitude. The objective of turbine blade design is also to 

maximize the lift force on the blade and reduce drag so that 
the force on the blade that acts in the tangential direction is 

maximized. Lift acts in the direction normal to the fluid flow, 

which is not necessarily acting in the tangential direction 

once the turbine blades begin to spin. In most wind turbine 

designs, only the lift force on a blade creates a tangential 

force in the correct direction, while the drag force creates a 

small tangential force in the opposite direction. Other than 

the tangential force, another force, called thrust, is also 

comprised of lift and drag and acts normal to the plane of 

rotation. In air turbine design, it is crucial to reduce the thrust 
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on the turbine blades because it wastes energy and it requires 

a stronger blade to withstand its loading. 

 
Fig 1 Aerodynamic Forces acting on Aerofoils 

The  lift  and  drag  forces  on  an  airfoil  are  equal  to  the  
following  functions,  respectively,  where  CL is  the  

coefficient  of  lift,  CD is  the  coefficient  of  drag,  ρ  is  the  

density of air, w is the relative wind speed, b is the length of 

the blade, c is the chord  length, and B is the number of 

blades. 

                   FL = ½pw2(bc)B                           (2) 

                   FD = ½pw2(bc)B                           (3) 

Fig.1 shows how the lift and drag forces are transformed into 

torque T and thrust Th forces, which are required to 

determine the power created by the turbine. 

 
Fig 2 Components of Aerodynamic Forces 

The following equations define the torque T and thrust Th for 

a section of a turbine blade with a width of dr, where φ is the 

angle between the relative wind speed and the plane of  
rotation. 

dT = ½ pw2c r dr (Cx)                             (4) 

Cx = CL sin ( ) – CD cos ( )                   (5) 

dTh = ½ pw2c r dr (Cy)                           (6) 

Cy  =  CL cos ( ) + CD sin ( )                (7) 

An  additional  difference  between  aircraft  wing  airfoils  

and  those  used  in  wind  turbines are the distributions of 

velocity  from  the base of the foil to the end.  The wind  

velocity relative to the wind turbine blade is comprised of 

two velocity components: the  wind  velocity  in  the  

direction  normal  to  the  plane  of  rotation  v  and  the  
tangential velocity  u  of  the  blade  due  to  its  rotation  

about  the  hub. The tangential  velocity  is  a  function of the 

distance r  from the hub of the wind turbine and the angular 

velocity of  the turbine ω as shown in Equation (8). 

                    u = r ω                                     (8)                                           

Most  aircraft  wing  designs  assume  the  span  of  the  wing  
has  a  uniform  velocity  distribution,  so  as  long  as  the  

angle  of  attack  is  correctly  set,  the  performance  of  the  

blade is optimized.  In order to have the desired performance 

from the turbine blade, it  must be angled as a function of the 

blade radius so that the front of the blade is properly angled  

into  the  wind.   The  farther  from  the  hub  the  blade  

extends,  the  greater  the  component of velocity becomes 

that is parallel to the plane of rotation.  The efficiency of  

most wind turbines can  be defined as a function of the tip 

speed ratio  X, which is the  speed of the tip of the blade 

divided by the wind speed. 

 
                  X = r ω / V        (9) 

 
B. NON DIMENSIONAL COEFFICIENTS  

The forces and moment depend on a large number of 

geometric and flow parameters. It is often advantageous to 

work with non dimensionalized forces and moment, for 
which most of these parameter dependencies are scaled out. 

For this purpose we define the following reference 

parameters: 

Reference area: S 

Reference length: ℓ 

Dynamic pressure: q∞ = 1/2 ρV2∞ 

The choices for S and ℓ are arbitrary, and depend on the type 

of body involved. For aircraft, traditional choices are the 

wing area for S, and the wing chord or wing span for ℓ. The 

nondimensional force and moment coefficients are then 

defined as follows: 

 Lift Coefficient              

 Drag Coefficient              

    

 Moment Coefficient         
 

C. MOMENT COEFFICIENT AND AEROFOIL SHAPE  

The shape of an airfoil can always be thought of being 

composed of two parts:  

A camber distribution (camber line) and a thickness 

distribution, which is distributed along the camber line. The 

requirements for the three classes of tailless planes can be 

translated in corresponding airfoil shapes and wing twist 
distributions. The only way to achieve a positive moment 

coefficient and the required amount of lift is to use a S-

shaped camber line, which is also called a reflexed camber 

line. 

 Wing without sweep (plank) 

A positive moment coefficient results in 

a reflexed camber line. A twist does not help for 

stability, but can improve the stall characteristics of 
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the wing. 

 swept wing 

Low moment coefficients and a small amount of 

twist can be achieved by airfoils with little camber 
and a neutral or slightly reflexed camber line. 

 wing with a low position of the center of gravity 

(parafoil) The moment coefficient poses no strong 

restriction on the airfoil shape. 

 

 
Fig. 3 Effect of Moment Coefficient 

 

II. DARRIEUS (EGGBEATER) TYPE  VERTICAL AXIS 

WIND TURBINE 

A. NACA PROFILE SELECTION: 
For analysis We chose two profiles NACA0012 and 

NACA0018 for study in which NACA0012 is relatively 

thinner than NACA0021.(Fig 1). As We go to higher Aero 

foils in NACA series its becomes thicker. We are going to 

analyze what Aerodynamic changes occurs and how 

performance changes on simulation results. For analysis first 

of all We introduced two Aerofoils NACA0012 and 

NACA0021 for analysis in which NACA0012 is shown in 

Red and NACA0021 in green colour (Fig 4) 

 
Fig. 4 NACA Foil Selection Tool 

 

B. X FOIL DIRECT ANALYSIS  

First option in this Simulation procedure first is X-foil 

Analysis is defining physical constraints involved in analysis 

like Reynold’s number for the current problem We take 

Reynold’s number as 1,20,000 rest options are taken 

unchanged.(Fig 5 and Fig 6) We took Angle of Attack range 

0 to 20 degrees and interval as 0.5 degrees for analysis. 

 
Fig. 5 Tool Box 

 
Fig. 6 Polar Definition 

Results of the X-foil analysis are shown in Fig 6, Fig. 7 and 

Fig. 8 respectively. Green curve represents characteristics of 

NACA0012 and blue represents the NACA21. Fig. 7 shows 

the variation of Coefficient of Drag and Coefficient of Lift of 
the two chosen profiles. Since the Darrieus type Vertical 

Axis Wind Turbines are run as lift driven devices, which 

means Lift component of air power is responsible for driving 

the VAWT. For range 0.2 to 0.16 values of coefficient of  

drag Coefficient of lift is higher for NACA0021 than 

NACA0012. It means a Thicker profile is better for better lift 

force yields. 

 
Fig 7 Variation of Lift and Drag Coefficients 

Fig 8 depicts the variation of Coefficient of lift with respect 

to Angle of Attack, here We chose Angle of Attack 0 to 20 

Degrees. For angle of Attack Range 4.50 to 170 coefficient  

of lift is better for NACA0021 than NACA0012. It shows 

that for a normal range of angle of Attacks performance of 

thicker profile is better than thinner profile. 
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Fig. 8 Plot between Angle of Attack and Coefficient of Lift 

 
Fig. 9 Variation of Moment Coefficient and Angle of Attack 
 

Fig. 9 shows variation of Moment coefficient with Angle of 

attack which shows that for range of Angle of Attacks from 5 

to 10 degrees Cm varies abnormally with respect to Angle of 

Attack. From range of angle of Attack 5 degrees to 13 

degrees thicker profile (NACA0021) has lower Moment 

coefficient than thinner profile (NACA0012). 

 

C. 3600 EXTRAPOLATION  

When we try to simulate any aerofoil for practical purpose 

the angle of attack is limited to a range of 200 for a particular 
design. To see the effect of different angle of Attack of 

Aerofoil performance We extrapolate the results to complete 

3600.This is called 3600 Extrapolation. We have got 

parameters to select for simulation the results (Fig. 10) after 

clicking OK We get the results.(Fig. 11) from which it can be 

seen that there is no significant difference between the two 

profiles in Lift Coefficient and Angle of Attack. Plot run 

parallel to each other.(Fig. 11). Red curve represents NACA 

0012 and Green represents NACA0021 characteristics. 

 
Fig 10 

 
Fig. 11 Polar Extrapolation upto 3600 

 

III. CONCLUSION 

Significant dynamic effects on propeller blade section lift, 

drag, and pitching moment coefficients are observed in this 

study. Study concluded Thicker profiles are more efficient 

than thinner profiles. For self starting due to lift forces 

VAWT of Eggbeater type with thicker profiles are more 

suitable than thinner profiles. 
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