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Abstract 

Wind power generation is proportional to the third power of the wind speed. If we can increase the wind speed, specifically by 

capturing and concentrating the wind energy locally, the output power of a wind turbine can be increased substantially. To embody 

the scenario, a simple shroud structure which intentionally creates vortices behind it to draw more mass flow into the wind turbine 

was devised. The structure was named “Wind Lens”. The wind lens has a compact diffuser shroud with a broad-ring rim at the exit 

periphery. This system has demonstrated power augmentation for a given turbine diameter and wind speed by a factor of about 2-

3 compared with a bare wind turbine.   
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I. INTRODUCTION 

In recent years, wind energy has become one of the most economical renewable energy technologies. Today, electricity generating 

wind turbines employ proven and tested technology, and provide a secure and sustainable energy supply. The technological 

development of recent years, bringing more efficient and more reliable wind turbines, is making wind power more cost-effective. 

A wind lens is a modification made to a wind turbine to make it a more efficient way to capture wind energy. This paper aims at 

providing a good overview of wind lens and various other design parameters.  

II. LITERATURE SURVEY 

Yuji Ohya et al [1], presented A Shrouded Wind Turbine Generating High Output Power with Wind-Lens Technology in 2010. 

They have found a way to increase the efficiency of wind turbine by installing a shrouded diffuser (wind lens) at the exit periphery 

and the wind turbine inside it. A large boundary-layer wind tunnel was used. One of the merits of wind-lens turbine is the brim-

based yaw control. It had a measurement section of 15m long × 3.6m wide × 2m high with a maximum wind velocity of 30m/s. 

The various types of wind lens having different Lt/D were tested and compared. When the brim height was larger than 10%, i.e., 

in case of h>0.1D, the Cw of a wind-lens turbine showed almost twofold increase compared to a bare wind turbine and the one with 

Lt/D=0.371 showed 2.6 times increase. Thus, they expected 2-3 times increase in output performance, even if they used a very 

compact brimmed diffuser as the wind-lens structure. With a relatively long diffuser (Lt=1.47D), a remarkable increase in the 

output power of approximately 4-5 times that of a conventional wind turbine was achieved. Even by adopting the swept area A* 

instead of A (due to the rotor diameter), where A* is the circular area due to the outer diameter of brim at diffuser exit, the output 

coefficient based on A* becomes 0.48-0.52 for those compact wind-lens turbines. It is still larger than the Cw (=0.37) of 

conventional wind turbines. It means that the compact wind-lens turbine clearly show higher efficiency compared to conventional 

wind turbines, even if the rotor diameter of a conventional wind turbine is the same as the brim diameter. 

Magdi Ragheb and Adam M. Ragheb [2] presented in 2011, Wind Turbines Theory - The Betz Equation and Optimal Rotor Tip 

Speed Ratio.  The fundamental theory of design and operation of wind turbines was derived based on a first principles approach 

using conservation of mass and conservation of energy in a wind stream. The author compared the Betz equation to Carnot cycle 

efficiency in Thermodynamics, because a heat engine cannot extract all energy from a given source and must reject some back to 

the environment. The power coefficient of a wind turbine was defined and related to the Betz Limit. The power coefficient Cp is 

a function of the tip speed ratio for different wind machines designs. A graph of power coefficient versus interference was plotted 

and the theoretical maximum efficiency of a wind turbine was given by the Betz Limit, and is around 59 per cent. Practically, wind 

turbines operate below the Betz Limit. It was noted that when a rotor blade passes through the air stream it leaves a turbulent wake 

in its path. If the next blade in the rotating rotor arrives at the wake when the air is still turbulent, it will not be able to extract power 

from the wind efficiently, and will be subjected to high vibration stresses. If the rotor rotated slower, the air hitting each rotor blade 

would no longer be turbulent. Totally blocking a wind stream does not allow any energy extraction. Only by allowing the wind 

stream to flow from a high speed region to a low speed region can energy be extracted by a wind turbine. 
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Raju Govindharajan et al [3] presented in 2013, Numerical investigation and design optimization of brimmed diffuser – wind 

lens around a wind turbine.  For a given wind turbine, power output can be increased by wind lens. In the analysis a comparative 

numerical prediction of mass flow rates through the wind turbine with various types of wind lens which in turn helps to optimize 

the torque augmentation. It was numerically proven that there is significant increase in wake formation and vortex strength when 

brimming effect is added to the diffuser. The rotor diameter of the turbine was 3.5m and the clearance between rotor and diffuser 

section was set to 0.1m.  Inlet velocity was taken as 14 m/s and further analysis was done to compare wind turbines with and 

without brim. The inlet and outlet diameter of the diffusing passage was kept constant while the outer surface of the diffuser was 

modified to get different flow pattern and vortex formation. An unstructured tetra mesh was formed in the flow domain for 

computations. Velocity contours showed a significantly low pressure behind the diffuser blade. It was found that brimmed turbines 

induced wake formation which resulted in induced pressure at the exit of turbine. This gave significant increase in mass flow rate 

for the given turbine. The above observations were also experimentally proven. 

Kazuhiko Toshimitsu et al [4] presented in 2012, Experimental Investigation of Performance of the Wind Turbine with the 

Flanged-Diffuser Shroud in Sinusoidally Oscillating and Fluctuating Velocity Flows. The wind turbine performance was analyzed 

for both steady and unsteady airflow. The rotors were designed for the two tip-speed ratios 3.7 and 5.0. The blade cross section 

profile was changed from NACA63218 at root to NACA63212 at tip along a span the wind velocity was taken as 7 m/s. The ratio 

of diffuser length to diameter was 0.225. Performance of wind turbine (with wind lens) was studied for steady and unsteady winds 

by CFD and PIV (Particle image velocimetry).A graph of power coefficient versus tip speed ratio was plotted for bare wind turbine 

and wind lens. It was clear from the graph that the compact-type wind-lens turbine indicated higher performance than an only rotor 

one in both steady and unsteady winds. 

W.T. Chong et al [5] presented in 2012, Performance investigation of a power augmented vertical axis wind turbine for urban 

high-rise application. A novel power-augmentation-guide-vane (PAGV) that surrounds a Sistan wind turbine was designed to 

improve the wind rotor performance by increasing the on-coming wind speed and guiding it to an optimum flow angle before it 

interacts with the rotor blades. From the wind tunnel testing measurements where the wind turbine is under free-running condition 

(only rotor inertia and bearing friction were applied), the wind rotor rotational speed (with the PAGV) was increased by 75.16%. 

Meanwhile, a computational fluid dynamics (CFD) simulation shows that the rotor torque was increased by 2.88 times with the 

introduction of the PAGV. Through a semi-empirical method, the power output increment of the rotor with the PAGV was 5.8 

times at the wind speed of 3 m/s. Also, the flow vector visualization (CFD) shows that a larger area of upstream flow was induced 

through the rotor with the PAGV. From the CFD flow visualization, with the presence of the PAGV, higher mass flow rate is 

transported and channeled to the rotor blades and this contributes to higher positive torque and power output. 

Shuhei Takahashi et al [6] presented in 2012, Behavior of the Blade Tip Vortices of a Wind Turbine Equipped with a Brimmed-

Diffuser Shroud. a three-dimensional numerical simulation using a large eddy simulation (LES) was conducted. Wind-Lens turbine 

(rated power of 3 kW at 11 m/s wind speed) was designed. Three types of diffuser blades were considered for simulations which 

are long-type Wind-Lens, compact-type Wind-Lens and bare wind turbine. In the case of the long-type Wind-Lens turbine, the 

blade tip vortex and the induced vortex are mutually weakened and dissipate before they reach the end of the diffuser. In the case 

of the compact-type Wind-Lens turbine, the induced vortex is partially rolled up by the blade tip vortex and these vortices are 

mutually weakened. However, neither of the vortices dissipates before they reach the end of the diffuser because the diffuser length 

is shorter than that of the long-type Wind-Lens turbine and is shorter than the distance required for the vortices to dissipate. After 

the vortices flow out of the diffuser, they dissipate due to interference with the vortices separating from the inner surface of the 

diffuser. The blade tip vortices of the bare wind turbine remain identifiable further downstream than those of the compact-type 

Wind-Lens turbine. 

Ken-ichi Abe and Yuji Ohya [7] presented in 2003, An investigation of flow fields around flanged diffusers using CFD. 

Numerical investigations were carried out for flow fields around flanged diffusers to develop small-type wind turbines under 1.5 

kW. The Reynolds was set to be 20000. The free stream velocity was 5 m/s. First, to examine the basic performance, computations 

were performed for various heights of with the condition of L/D = 1.5 and ɸ = 4. Next, to investigate the effect of loading 

coefficient, several computations were performed under various loading coefficients, with the condition of L/D = 1.5; ɸ = 4 and 

h/D= 0.5 fixed. Finally, to show a possible direction of optimizing the performance of a flanged diffuser, another set of parameters, 

L/D = 1.25, ɸ = 15 and h/D = 0.35; were examined and then the obtained results were compared with those of the other cases. For 

all the test cases, the load was imposed in the region of x/D = 0.1 inside the diffuser. Design concept for a wind turbine with flanged 

diffuser is considerably different from that for a normal one. The local loading coefficient for the best performance of a flanged 

diffuser is considerably smaller than that for a bare wind turbine. Performance of a flanged diffuser strongly depends on the fact 

whether there exists a separation inside the diffuser. Also, the loading coefficient has strong relationship with the generation of a 

separation. From these facts, the performance of a flanged diffuser needs to be discussed under conditions with suitable loading 

coefficient. 

Karna S. Patel et al [8] presented in 2014, CFD Analysis of an Aerofoil. Analysis of two dimensional subsonic flows over a 

NACA 0012 aerofoil at various angles of attack and operating at a Reynolds number of 3×106 was done. A 3D model was created 

and meshing was done in Ansys. A contour of Static pressure and velocity magnitude at different angle of attack was generated. 

The stagnation point was just below the leading edge and a low pressure above the blade which was responsible for producing the 

required lift. Values of Lift and drag forces were found out through analysis. It was noted that at zero degree of Angle of Attack 

there is no lift force generated and the value of lift force increases with angle of attack but at certain point it starts to decrease. A 

https://en.wikipedia.org/wiki/Particle_image_velocimetry
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graph of coefficient of lift and drag versus number of iterations was plotted. A lift force of 888.72N was generated at 6 degree of 

angle of attack and lift coefficient was 0.569, while at 0-degree angle of attack it was 0.2487 N and 0.00015. 

V. Parezanovic et al [9] presented Design of aerofoils for wind turbine blades. They made a comparative study on three different 

aerofoils namely NACA 63(2)215, FFA-W3-211 and A-Aerofoil on CFD software fluent and measured their performances on air 

turbines. The drag and lift curves for each aerofoil was plotted. Their aim was to design aerofoils that would increase the overall 

efficiency of wind turbines. NACA 63(2)215is and aerofoil from the 6th series of NACA laminar wing section family. Maximum 

relative thickness is 15%, located at 35% of the chord length. The experimental data was measured in low-turbulence pressure 

tunnel at NASA. Computational mesh was done in Fluent’s mesh tool Gambit. The resolution of the mesh is greater in regions 

where greater computational accuracy was needed, such as the region of the leading edge and the trailing edge wake. The mesh 

consists of 11970 quadrilateral cells, of which 146 is on the aerofoil. Reynolds number for the experiments and simulations is 

Re=3X106 and turbulence intensity is 0.07%. A fully turbulent flow solution was used in Fluent. Calculations were done for the 

“linear” region, i.e. for angles of attack ranging from - 2 to 6 degrees, due to greater reliability of both experimental and computed 

values in this region. They found out that maximum lift was produced for a 6-degree angle of attack for NACA 63(2)215. 

Miguel Toledo Velázquez et al [10] presented in 2014, Design and Experimentation of a 1 MW Horizontal Axis Wind Turbine. 

In this work was carried out on aerodynamics design of a 1 MW horizontal axis wind turbine by using blade element momentum 

theory. Strip theory was used for the aerodynamic performance evaluation. BEM theory provides a two-dimensional analysis in 

the turbine. The results are affected by an error in the value of the lift coefficient that should be 3D analysis. Other turbulent 

phenomena input errors in the calculation of aerodynamic performance too. BEM considers no velocity components in the radial 

direction and the effect of a blade element is not taken into account in the calculation of the other elements. Loss phenomena at 

the root and tip are approximate only through adjustment factors. Rotation wake and pressure gradients that are carried on this are 

not considered also. All these phenomena cause significant errors in the performance calculation mainly for large tip speed ratios. 

To achieve an efficient design, other design techniques applying the BEM simple qualities should be used. Combining BEM and 

any optimization algorithm is more advisable to develop a more sophisticated design. 

William David Lubitz et al [11] presented in 2014, Wind loads and efficiency of a diffuser augmented wind turbine (DAWT). 

The practicality of the diffuser augmented wind turbine (DAWT) relative to the conventional horizontal axis wind turbine (HAWT) 

was studied.  When the swept area was defined as the maximum diameter of the diffuser, it was clear that DAWT power output is 

subject to the Betz limit. The drag force on the turbine was calculated. A graph of Ratio of drag force on diffuser versus 

conventional rotor of same diameter, assuming 3 bladed rotors was plotted.  It was shown that extreme wind loads on a DAWT 

will always be higher than loads on a comparable HAWT, potentially by one or more orders of magnitude. Conventional wind 

turbines use variable pitch blades to extend the operating range of the turbine and reducing extreme wind loads. Alternatively, 

some downwind turbines incorporated rotor coning as winds increased, effectively reducing the swept area in high winds. A similar 

approach to diffusers may be worth investigating: a variable diameter diffuser would have the potential to reduce cut-in speed and 

allow operation at very low wind speeds, while also reducing extreme wind loads at high speeds. 

III. CONCLUSION 

This paper provides a good overview of wind lens, its advantages over conventional wind turbine and its scope. For obtaining 

maximum output crucial parameters are angle of attack, tip speed ratio and aerofoil shape. By changing the length, diameter and 

curved section of brimmed diffuser the pressure difference can be changed. One way to obtain optimized design of wind lens is 

using empirical relations. As the power generated is increased, a smaller wind turbine can be used to provide the necessary power. 

Due to small size, installation and transportation of the turbine is easier and cheaper as compared to the conventional wind turbine.  

REFERENCES 

[1] Yuji Ohya and Takashi Karasudani, "A Shrouded Wind Turbine Generating High Output Power with Wind-Lens Technology ", Energies, ISSN 1996-1073 
31 March 2010. 

[2] Magdi Ragheb and Adam M. Ragheb (2011)." Wind Turbines Theory - The Betz Equation and Optimal Rotor Tip Speed Ratio", Fundamental and Advanced 

Topics in Wind Power, Dr. Rupp Carriveau (Ed.), SBN: 978-953-307-508-2. 
[3] Raju Govindharajan, K. M. Parammasivam, V. Vivek and R.Vishnu Priya ,"Numerical Investigation and Design Optimization of Brimmed Diffuser – Wind 

Lens Around a Wind Turbine" The Eighth Asia-Pacific Conference on Wind Engineering, December 10–14, 2013, Chennai, India. 

[4] Kazuhiko Toshimitsu1, Hironori Kikugawa1, Kohei Sato and 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, Japan.  

[5] W.T. Chong, K.C. Pan, S.C. Poh, A. Fazlizan, C.S. Oon, A. Badarudin, N. Nik-Ghazali," Performance investigation of a power augmented vertical axis wind 

turbine for urban high-rise application" Renewable Energy 51 (2013) 388e397, Elsevier, Malaysia. 
[6] Shuhei Takahashi, YuyaHata, Yuji Ohya, Takashi Karasudani and Takanori Uchida,"Behavior of the Blade Tip Vortices of a Wind Turbine Equipped with a 

Brimmed-Diffuser Shroud", Energies2012, 5, 5229-5242; doi:10.3390/en5125229, Japan. 

[7] Ken-ichi Abe, Yuji Ohya," An investigation of flow fields around flanged diffusers using CFD", Department of Aeronautics and Astronautics, Kyushu 
University, Fukuoka 812-8581, Japan. 

[8] Karna S. Patel, Saumil B. Patel, Utsav B. Patel, Prof. Ankit P. Ahuja, "CFD Analysis of an Aerofoil", International Journal of Engineering Research 

ISSN:2319-6890, Volume No.3, Issue No.3, pp: 154-158, India. 
[9] V. Parezanovic, B. Rasuo, M. Adzic. "Design Of Airfoils For Wind Turbine Blades", University Of Belgrade, Belgrade, Serbia. 

[10] Miguel Toledo Velázquez, Marcelino Vega Del Carmen, Juan Abugaber Francis, Luis A. Moreno Pacheco, Guilibaldo Tolentino Eslava, "Design and 

Experimentation of a 1 MW Horizontal Axis Wind Turbine”, Journal of Power and Energy Engineering, 2014, 2, 9-16, Mexico. 



Review on Wind Lens for Horizontal Axis Wind Turbine  
(IJSTE/ Volume 2 / Issue 11 / 126) 

 

 All rights reserved by www.ijste.org 
 

741 

[11] William David Lubitz and Adam Shomer, " Wind loads and efficiency of a diffuser augmented wind turbine (Dawt)”, Proceedings of The Canadian Society 

for Mechanical Engineering International Congress 2014, June 1-4, 2014, Toronto, Ontario, Canada. 


