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Abstract: 

Domestic renewable power plant is important for the reduction of world’s CO2emission. Micro-wind turbines based domestic power 

generation is still new technology and has many challenges including high capital costs and performance issues. The technical 

challenges are mainly to overcome the high frequency of changes of wind direction. The unpredictable and low wind velocity and 

high turbulence flow which are very site specific. It is well known that several factors affects the degree of performance enhancement  

of wind turbine like blade airfo ils and the wind direction at mounting site. The take up of micro-wind turbinebased power generation 

can be simulated if the device can be made to produce power in d ifficu lt wind conditions encountered in built environment and  

alternative utilization of technology can be developed. Windlens turbine can help overcome these problems. Th is windlens turbine has 

a brimmed diffuser around the turbine rotor, which is referred to as windlens. The windlens can achieve wind concentration on  the 

turbine rotor, resulting in the significant enhancement of turb ine output increasing the wind velocity at the vicinity of the rotor, hence 

increasing the power output compared to present day wind turbines. 
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I. INTRODUCTION 

 

Wind energy has become one of the most economical renewable 

energy technologies in recent years. Electricity generation using 

wind turbine has proven significantly economical and provide 

clean sustainable energy supply. Wind energy can already 

successfully compete with conventional energy production at 

highly windy sites. 

 

 Present day traditional turbines have always worked by placing 

blades around a centrally spinning axis that turns a magnetic coil 

electrical generator encased in the structure. This system was 

always believed to have a maximum efficiency of 59.3% – the 

Betz Limit. A wind lens is a modificat ion made to a wind turbine 

to make it a more efficient way to capture wind energy. Brim 

also known as windlens is a ring like structure which surrounds 

the blades and diverts the air behind the bladesaway from the 

exhaust outflow. The turbulence created as a result of the new 

configuration creates a low pressure zone behind the turbine, 

causing greater wind to pass through the turbine, and this, in 

turn, increases blade rotation and energy output. The Wind 

Engineering Section of Kyushu University, Japanare currently 

researching wind lenses.  

 

If we use a long type diffuser, the wind speed is accelerated 

further near the entrance of the diffuser. Practically it is not 

feasible to use continuous long structure. Adding a ring-type 

plate, called “brim”, to the exit periphery of a short diffuser the 

plate forms vortices behind it and generates a low-pressure 

region behind the diffuser. As low pressure is developed, the 

tendency of fluid is to move from high to low pressure region, 

thereby causing rushing of air into the brim portion and increase 

the wind velocity  

II. LITERATURE S URVEY 

 

Buyung Kosasih, Andrea Tondelli, Experimental study of 

shrouded micro-wind turbine, Evolving Energy-IEF 

International Energy Congress (IEF-IEC2012)[1] 

 

The author observed that for for application of build 

environment shrouding (diffuser augmented) horizontal axis 

micro -wind turbine has been shown to be an efficient way to 

potentially improve the performance of micro wind turbine. The 

effect of diffuser shape and geometries is reported in this paper. 

Performance of diffuser with three different geometrical features 

namely: straight diffuser, nozzle-d iffuser combination, and 

diffuser-brim (brimmed d iffuser) combination have been 

investigated.  

 

Tests confirmed that placing the micro turbine model inside a 

shroud can substantially improve its performance. The diffuser 

only shroud improves the performance by 60% compared to the 

bare turbine and the nozzle -diffuser enhancement of 63% is 

slightly better than diffuser only. The improvement with 

brimmed diffuser also shows substantial performance 

enhancement. 

 

Kazuhiko Toshimitsu, Hironori Kikugawa, Kohei Sato, 

Takuya Sato,  Experimental Investigation of Performance of 

the Wind Turbine with the Flanged-Diffuser Shroud in 

Sinusoidally Oscillating and Fluctuating Velocity Flows, 

Open Journal of Fluid Dynamics, 2012, 2, 215-221. )[2] 

 

In this paper, the wind turbine performance is investigated for 

both steady and unsteady winds. Windlens turbine has higher 

efficiency as compared with the conventional turbine. The flow 
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structure around the compact-type wind turbine visualized by 

CFD and PIV in steady wind.  

 

Raju Govindharajan, Dr. K. M, Parammsivam, V. Vivek,  R. 

Vishnu Priya, Numerical investigation and design 

optimization of brimmed diffuser, The Eighth Asia-Pacific 

Conference on Wind Engineering, December 10–14, 2013, 

Chennai , India)[3] 

 

The author observed that the presence of diffuser induces wake 

formation which in turn reduces the pressure behind wind 

turbine. The strength of the low pressure region and the wake 

formation can be augmented by adding a brim at the end of rear 

end of diffuser. After numerical investigations of various 

diffusers it was observed that pressure region is more 

pronounced in bumped type of diffuser which gives significant 

increase in mass flow rate available for wind turbine. 

 

Abhishek Mohan Menon, Ananthapadmanabhan S.R, Ullas 

Innocent Raj, Wind Lens Energy Recovery System, IJARET 

[4] 

 

The wind power developed from a wind turbine is proportional 

to the cubic power of velocity. Hence slightly increase in 

velocity, power output increases in large amount. This principle 

is used in shrouded wind turbine. A flanged type diffuser shroud 

is used to create pressure gradient which results in an increase in 

the approaching wind velocity.  

 

The free stream velocity of wind was observed to be increased 

from 7 meter per second to 8 meter per second. The available 

wind power increased from 13.58 W without shroud at a free 

stream velocity of 7 meter per second to 20.27 Watt with shroud 

at a velocity of 8 meter per second which shows a definite 

increase in velocity and hence available power by 66.99%. 

 

Srikanth K S, Tushar, Numerical Analysis of Wind Lens, 

International Journal of Innovative Research in Science, 

Engineering and Technology, Vol. 5, S pecial Issue 9, May 

2016)[5] 

 

The brim or windlens has the possibility of enhancing the power 

of a given rotor and a given free stream beyond the limit put by 

Betz theory by altering the velocity at the vicinity of the rotor. 

The essential concept here is the possibility of enhancing the free 

stream velocity at the rotor in order to extract much larger power 

by increased velocity at the rotor. The concept tries to go beyond 

the Betz limit of 59% on the limit for power ext raction through 

the turbine. 

 

III. OBJECTIVES  

 

1. Improvement in power output compared to 

conventional turbine is two to five. 

 

2. Brim-based yaw control. 

 

3. Significant reduction in wind turbine noise. 

 

4. Improved safety & Improved cut-in velocity. 

 

5. Space optimization. 

IV. METHODOLOGY 

 

 
 

V. CONCEPTS 

 

Vorticity 

Vorticity is the tendency for elements of the fluid to “spin”. 

More precisely, the vorticity is a pseudo vector field, defined as 

the curl (rotational) of the flow velocity vector. The defin ition 

can be expressed by the vector analysis formula:  

 
   =   ×   

 

Where,∇ is the Del operator. 

The vorticity of a two-dimensional flow is always perpendicular 

to the plane of the flow, and therefore can be considered a scalar 

field. 

 

Aerofoil  

An aerofoil is the shape of a wind blade (of a propeller, rotor, of 

turbine), or sail. An aerofoil-shaped body moved through a fluid 

produces an aerodynamic force. Component of this force which 

is perpendicular to the direction of the motion is known as lift. 

The component parallel to the direction of motion is known as 

drag. The aero foils has a characteristic shape having curve 

shape with maximum radius on one side and sharp pointed edge 

on other side. The lift on an aerofoil is primarily the result of its 

angle of attack and shape. When aerofoil is oriented at a suitable 

angle, the aerofoil deflects oncoming air resulting in a force on 

the aerofoil which is in direction opposite to the deflection. This 

force is known as aerodynamic force and can be resolved into 

two components: lift and drag.The cambered aerofoils can 

develop drag at zero degree angle of attack which is not possible 

in most of the available aerofoils. This "turning" of the air in the 

vicinity of the aerofoil creates curved streamlines, resulting in 

lower pressure on one side and higher pressure on the other. As 

per Bernoulli’s principle, pressure difference will be 

accompanied by a velocity difference which will lead to higher 

velocity on the upper surface compared to lower surface of the 

aerofoil. The geometry of the aerofoil is described with a variety 

of terms: The lead ing edge is the point at the front of the aerofo il 

that has maximum curvature (min imum radius). The trailing 

edge is defined similarly as the point of maximum curvature at 

the rear of the aerofoil. The chord line is the straight line 

connecting leading and trailing edges. That is the reference 
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dimension of the aerofoil section. Some important parameters to 

describe an aerofoil’s shape are its camber and its thickness. For 

example, an aerofoil o f the NACA 4-digit series such as the 

NACA 6315 (to be read as 6 – 3 - 15) indicates that aerofoil with 

a camber of 0.06 chord located at 0.30 chord, with 0.15 chord of 

maximum thickness. The important concepts used to describe 

the aerofoil’s behavior when moving through a fluid are: The 

aerodynamic centre, which is the chord-wise length about which 

the pitching moment, is independent of the lift coefficient and 

the angle of attack. The centre of pressure, which is the chord-

wise location about which the pitching moment is zero.  

 

Angle of attack  

 
Figure.1. Pre-treatment of water hyacinth 

 

The angle of attack is the angle between the chord line of an 

aerofoil and the oncoming air. A symmetrical aerofoil will 

generate zero lift at zero angle of attack. Increasing angle of 

attack will cause deflection of air with larger angles which tends 

to increase lift. Increasing angle of attack increases the lift 

developed up to maximum at a specific angle. Increasing angle 

of attack beyond this critical angle causes separation of the upper 

surface flow which reduces lift . The aerofo il is said to be stalled. 

 

Lift and Drag Forces 

 
Figure.2.Pre-treatment of water hyacinth 

 

The lift coefficient (CL, CN or Cz) is a d imensionless coefficient 

that relates the lift generated by a lift ing body to the fluid density 

around the body, the fluid velocity and an associated reference 

area. A lift ing body is a foil or a complete foil-bearing body. CL 

is a function of the angle of the body to the flow, its Reynold and 

its Mach number. 

 

The lift coefficient CL is defined by,  

CL =  
 

 

 
  

 
 
 

  

  
 
 
 

 

  
  

Where L is the lift force,   is fluid density,  is true airspeed, S is 

the relevant plan area and q is the flu id dynamic pressure. 

 

Critical angle of attack  

 
Figure.3.Pre-treatment of water hyacinth 

 

The critical angle of attack is the angle of attack which produces 

maximum lift coefficient which is also known as  "stall angle of 

attack". As the angle of attack increases, the coefficient of lift 

(Cl) increases (angle do not exceeds critical angle of attack). At 

the same time, above the critical angle of attack, as angle of 

attack increases, the air begins to flow less smoothly over the 

upper surface of the aerofoil and begins to separate from the 

upper surface. As the angle of attack increases, the upper surface 

separation point of the flow moves from the trailing edge 

towards the leading edge on most of the aerofoil shapes. During 

critical angle of attack, fluid separation from the boundary of the 

blade surface occurs which results in maximum lift therefore 

increase in lift force developed. As angle of attack increases 

further, the upper surface flow becomes more and more fully 

separated and the aerofoils or wing produces less coefficient of 

lift. 

 

Tip-S peed ratio 

The ratio between the tangential speed ofthe tip of a blade and 

the actual velocity of the wind is known as Tip Speed Ratio for 

wind turbines. The tip-speed ratio can be related to efficiency, 

with its optimum value varying with blade design. Optimum 

value for TSR is needed to ensure reduced centrifugal forces to 

increase the strength of blade and reduce the noise level due to 

high operating speed. 

 

The tip speed of the blade can be calculated as: 

  
  

 
 

Where, 

 Is the rotor rotational speed in radians/second,  

R is the rotor radius in meters.  

 

BETZ LIMIT 

The maximum power that can be extracted from the wind is 

based on the Betz’s law, which is independent of the design of a 

wind turbine in open flow. The German physicist Albert Betz 

published the Betz’s law in 1919. According to Betz's law, no 
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turbine can capture more than 16/27 (59.3%) of the kinetic 

energy in wind. The factor 16/27 (0.593) is called as Betz's 

coefficient. Practical utility-scale wind turbines achieve at peak 

75% to 80% of the Betz’s  limit.  

 

Concept of Betz Law 

Betz Law applies to all Newtonian fluids  Consider that if all of 

the available energy from the wind if extracted, the wind flow 

would stop and achieve zero velocity. Therefore at zero velocity 

the air movement will stop and further block the way for the 

continuous flow of air. Therefore to maintain continuous flow 

and keep the wind moving there has to be some wind movement, 

no matter how small on the other side. Betz' law states that as air 

flows through a certain area upto the energy extract ion point it 

must slow down and spread out to wider area to maintain 

continuous flow of air. As a result, geometry limits any turbine 

efficiency to 59.3%. 

 

Assumptions: 

1. The rotor does not possess a hub and is ideal, with an 

infinite number of b lades   which have no drag.  

2. Inward and outward flow of the air around the rotor is 

considered to be axial. 

3. The flow is non-compressible. Density remains 

constant, and there is no heat transfer. Uniform thrust 

over the disc or rotor area. 

 

VI. DES IGN OF WIND TURBINE  

 

Wind Turbine  

Designing a wind turbine and wind lens is based on the 

aerodynamics of the blades and vorticity principle. Designing 

the blades is an intricate form of engineering wherein a lot of 

factors are considered simultaneously in order to get the best out 

of the renewable source of energy. Wind turbines since ancient 

times have contributed their good share to the generation of 

power. Hence the designing process started back then, thus 

enlightening with a stipulated formulas and empirical 

relationships that are gained by experimentation and experience. 

Using all the data the following design process is carried out. 

 

Number of Blades  

Two blade wind turbine has comparative lower efficiency and is 

not suitable for the wind conditions for the respective region. 

Also, using four blades does not significantly increase power 

output and also increases the rotor weight, which  will need more 

higher torque for rotation and use of more nu mber of gears in 

gearbox to step up the speed.. Slow-turning mult i blade 

machines are better to suited applications such as water pumping 

than to electricity generation. Thus we use Three Blade wind 

turbine. 

 

Aerofoil Profile  

A number of wind turbine aerofoil’s are available in different 

series suited for different application. NACA-6 series has the 

following advantage 

 

1. High maximum lift coefficient 

2. Very low drag over a small range of operating 

conditions 

3. Optimized for high speed 

 

Adding to the above advantages these series are easy to handle 

and are efficient. NACA- 6(3)-215 series is chosen. Since in and 

around Pune region the wind turbines use the above series it is 

compatible. 

 

Betz Limit & Power Coefficient 

Power coefficient is the ratio of actual electric power produced 

by a wind turbine divided by the total wind power flowing into 

the turbine blades at specific wind speed. 

 

Turbine power output 

   
 

 
           

 

The Betz Limit is the maximal possible Cp = 16/27 or 59% 

efficiency is the BEST a conventional wind turbine can do in 

extracting power. 

The design of the wind turbine is for an output power of 50 watt.  

 

Diameter of Rotor Blades  

 

       
          

      
 

  
 
 

 
      

 

Where P= Power Output of the Wind Mill.  

 

Ρ = Density Of air (kg/m³).  

D = Rotor Diameter of the wind mill.  

V  = Velocity of Air (Pune) (m/sec).  

  = Betz law coefficient. 

 
 

= Mechanical Efficiency. 

 
 
= Electrical Efficiency. 

Taking Maxing Possible Efficiency 

 
 

= 0.9 

 
 
= 0.95 

  = 0.593 … (From Betz Law).  

 

Substituting all the above values into equation (1). 

 

Therefore, 

    
                           

 
  

 

    
      

                          
  

 

          

 

  
 

 
 

      

 
 

 

           

 

Height of Tower  

 

Considering the safety, cost and wind velocity, the height of the 

tower is generally considered twice the diameter. 

H = 2×D 

H = 2×1.2832 

H = 2.5664m 
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Tip S peed Ratio 

 
Figure.4. Pre-treatment of water hyacinth 

 
From the above graph, 

Tip Speed Ratio (TSR) = 5  ...… (Design is for 3 b lades) 

But we know that, 

Tip Speed Ratio (TSR) = 
       

  
  

  =  
                

 
  

  = 5 

Where, 

R = rotor radius of wind mill (m). 

N = speed of rotor (rpm). 

V =Velocity of air (Pune) (m/sec).  

Thus, 

N=  
      

     
  

N=  
   

          
  

N = 6.201rps. 

 

Angle of Attack, Blade Velocity & Angle of Incidence  

 
Figure.5. Pre-treatment of water hyacinth 

 

U = 2× ×R×N 

Where, 

U = blade velocity (m/sec) 

R = rotor radius of wind mill (m). 

N = speed of rotor (rpm). 

U                  

U = 24.9986 

U ≈ 25m/sec 

Now, 

I = Angle of incidence. 

α = Angle of attack.  

β = Angle of p itching.         

 I        
  

 
  

Where, 

U = blade velocity (m/sec).  

  = velocity of air (Pune) (m/sec).  

Thus, 

I=       
 

  
  

I = 11.30º 

Pitch Angle is normally considered in between the range of (4º-

5º) 

Thus we choose optimum value which is 4.5º. 

Now from the geometry, 

I = β + α  

α = I - β  

α = 11.30-4.5 

α = 6.8099º  

Hence, the optimum angle of attack is 6.8099º  

 

Angle of Twist 

 

Ψ = (
 

 
)tan

−1
(
 

 
) 

 

Where, Ψ = angle o f twist( º )  

                = t ip speed ratio. 

             Ψ = (
 

 
)tan

−1
(
 

 
)  

             Ψ = 7.5399 

 

Chord Lenght 

 

C= 
            Ψ 

      
 

Where, 

 C = Chord Length (m). 

Cl = coefficient of lift .  

R = Radius of blade (m). 

B = No. of Blades. 

Ψ = Twist Angle (º).  

 

Thus, 

C=
                        

          
 

C = 0.05411m 

 

Coefficient of Lift And Drag  

 

Cl = Coefficient of lift.  

Cd = Coefficient of drag. 

Re = Reynold’s Number. Reynold’s number: In fluid Mechanics, 

The Reynolds’s Number (Re) is a dimensionless quantity that is 

used to help predict similar flow patterns in different flu id flow 

situations. 
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Mach number (M): 

In fluid Dynamics, the ratio of flow velocity cross a boundary to 

the local speed of sound (C) in a medium is known as Mach 

number and it is dimensionless quantity. 

 

 
Figure.6. Pre-treatment of water hyacinth 

 

Thus from the above Table 2 Interpolating, 

For α = 6.8099º  

Cl = 0.8186 

Cd = 0.01932 

 

Lift and Drag Forces 

Calculating blade area from the CAD Model 

Blade area = Ab = 0.11m2 

Thus at optimum angle of attack the fo rces are,  

 

Lift Force 

 

    
          

 
  

Where 

FL = lift Force (N) 

Ρ = Density of air (kg/m3) 

Ab = Blade area (m2) 

Cl = Coefficient of lift.  

 

Hence, 

 

    
                   

 
  

 

FL = 1.3732 N 

 

Drag Force 

 

    
          

 
  

 

    
                    

 
  

 

FD = 0.0324N 

 

Experimental Demonstration and Observations  

A scale down model of windlens is created with fan. The 

windlens  was placed in front of fan. The setup is horizontal axis 

wind turbine. The power recovery with and without Wind lens is 

compared in experiment. The fan was placed near the diffuser to 

obtain negative pressure gradient effect, to avoid dispersion. The 

experimental setup and observations are shown below of air to 

the surrounding and concentrate the air entry at diffuser 

 

 
Figure.7. Pre-treatment of water hyacinth 

 

Table.1.For average flow rate of  1.6 m
3
/s 

Tachometer Readings (rpm) 

Without Windlens With Windlens 

46 110 

68 136 

65 126 

92 127 

69 121 

Avg:   68 124 

 

VII. CONCLUS ION 

 

A very sincere attempt in the development and experimental 

demonstration of windlens was made. The average number of 

revolutions per minutes was increased from 64 without shroud to 

128 with shroud which shows definite increase in revolutions 

twice. Increase in number of revolutions indicates  the increase in 

air in let velocity. Since the air inlet velocity of diffuser is 

increased the power output will be increased since P∝V
3
. 
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