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Abstract— India is developing country need of energy 

requirement is increasing at the rate of 7.2% per year. India's 

GDP is growing at the rate of 7 to 8 to sustain such large 

development India requires energy. Non-renewable energy 

resources are depleting at much faster rate and hence there is 

no option to renewable energy resource. Renewable energy 

has very low efficiency but there is large scope for 

development in renewable sector of energy development 

rather than developing more energy resource we should 

develop existing one. Whenever we discuss about renewable 

energy first thing is wind energy. Modifying the present 

windmill for gaining high amount of power can be the best 

option. Windlens turbine is modification of normal windmill 

to increase the power by two to three times. Windlens turbine 

is very fast growing technology. In windlens turbine the 

major role is played by the shroud. Shroud is device which 

produce the low pressure region to increase the wind velocity 

which increases the rpm of the rotor blade hence increase the 

power output of the windmill. 
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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. Now a 

days normal wind turbines are operated by rotating blades 

around a central spinning horizontal axis that turns a magnetic 

coil electrical generator. This system was always believed to 

have a maximum efficiency of 59.53% – the Betz Limit. A 

normal wind turbine is modified in such way to get two to 

three times power output. Brim is a ring shape structure 

which creates the low pressure region behind the wind 

blade. Due to the low pressure region created causes greater 

wind to pass through the windmill turbine due to which the 

blades rotates at faster rate. The Wind Engineering Section of 

Kyushu University, Japanare currently researching wind 

lenses. The worldwide increase in demand for energy and the 

obligation to protect the environment further necessitates the 

use of renewable energy. One such renewable energy 

resource that can be used is wind energy. The use of wind 

mills to produce energy from wind power dates back as far as 

3000 years. From the late nineteenth century wind mills with 

generators (wind turbines) have been used to generate 

electricity (Burton et al. As the demand for energy increased, 

it became clear that it will be necessary to locate wind 

turbines at certain terrains and regions which previously have 

not been considered suitable. Progressively more wind 

turbines tend to be installed at such complex region. Also, 

recently more efficient designs have been introduced for low 

wind speeds as well as for urban use where turbulence, noise 

levels and appearance needed to be considered and 

addressed. Some new designs propose that the turbine forms 

part of a building and/or structures. Other designs apply 

turbines in conjunction with solar panels or other types of 

renewable energy systems (Grant et al. 2008). South Africa 

and most parts of Africa have a relative low average wind 

speed. The regions that do have a higher mean wind speed are 

small and usually confined to coastal areas and mountain 

escarpments (AFDB 2004). Wind near mountain 

escarpments and at a turbulence will have an effect on the 

performance of a wind turbine (Burton et al. Thus, the design 

of a wind turbines should be adapted to reduce this 

influence. The urban environment greatly reduces the wind 

speed and thus also requires an efficient wind turbine to 

extract the maximum amount of energy from the slow moving 

air. 

II. LITERATURE SURVEY 

Buyung Kosasih, Andrea Tondelli: In this paper, the scientist 

observed that for application of build horizontal shroud wind 

turbine (diffuser augmented) has been shown to be an 

efficient way to the effect of diffuser shape and geometries is 

reported in this paper. Performance of diffuser with three 

different geometrical features namely: straight diffuser, 

nozzle-diffuser combination, and diffuser-brim (brimmed 

diffuser) combination have been investigated. Tests 

confirmed that placing the micro turbine model inside a 

shroud can substantially improve its performance. The 

diffuser improves power output by 60.2% compared to the 

conventional turbine and the nozzle-shroud increases power 

output by 63.5% is slightly better than diffuser only. The 

improvement with brimmed diffuser also shows substantial 

performance enhancement [1].  

 Kazuhiko Toshimitsu, Hironori Kikugawa, Kohei 

Sato, and Takuya Sato: The wind lens turbine performance is 

analysed for steady as well as unsteady winds. Windlens 

turbine has more power output as compared with the bare 

turbine. The flow structure around the compact-type wind 

turbine examined by CFD and PIV in steady wind [2].  

 Vishnu Priya: In this paper, 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 can be improved by adding a brim on the 

diffuser 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 [3]. 

 Abhishek Mohan Menon, Ananthapadmanabhan 

S.R, Ullas Innocent Raj: In this paper, 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 

diffuser 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 
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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% [4].  

 Srikanth K S, Tushar, Numerical Analysis of Wind 

Lens: In this paper, 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 extraction through the 

turbine [5].  

III. PROBLEM STATEMENT 

To design and develop the ‘Windlens Turbine to increase the 

power output of the normal Windmill’. 

IV. METHODOLOGY  

 Problem identification. 

 Design of shrouded wind turbine with brimmed diffuser. 

 Detailed Design drawing. 

 Purchase of Materials. 

 Manufacturing Process. 

 Selection of manufacturing process. 

 Part Manufacturing. 

 Assembly of brimmed Diffuser in wind turbine as per 

proposed design. 

 Working model. 

 

V. OBJECTIVES 

 Improvement in power output compared to conventional 

turbine is two to five times. 

 Significant reduction in wind turbine noise. 

 Improved safety & Improved cut-in velocity. 

 Space optimization. 

VI. CALCULATIONS 

A. Windmill Dimensions 

 Diameter of Rotor Blades 

Power = 
𝐶

𝑝 
𝑋 ղ𝑚𝑋 ղ𝑒 𝑋 𝜋 𝑋 𝜌 𝑋 𝐷2𝑋 𝑉

∞ 
3

8
 

Taking Maxing Possible Efficiency  

ղ𝑚= 0.9  

ղ𝑒= 0.95  

Cp= 0.593 … (From Betz Law).  

Substituting all the above values into equation (1). 

Therefore, 

4 = 
1.22 𝑋 𝜋 𝑋 𝐷2 𝑋 0.95 𝑋 0.9 𝑋 0.593 𝑋 53

8
 

Dr2 = 
4 𝑋 8

1.22 𝑋 𝜋 𝑋 53 𝑋 0.95 𝑋 0.9 𝑋 0.593
 

Dr = 0.36 m = 14 inch's 

Hence 

Rr = 
𝐷

2
 

Rr = 14/2 

Rr = 7 inch’s 

 Height of Tower  

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

the tower is generally considered twice the diameter.  

H = 2×Dr  

H = 2×14 

   = 28 inch’s 

Angle of Attack, Blade Velocity & Angle of Incidence 

 
Fig. 1: Angle of Attack 

 Design of rotor blade 

U = 2𝜋 ×R×N  

U = 2𝜋 × 0.6416 × 6.201 

U = 24.9986  

U ≈ 25m/sec  

Now, 

Angle of incidence is 

I = tan−1 V∞

U
 

I =  tan−1 5

25
 

I = 11.30° 

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 

φ =  
2

3
 tan−1

1

λ
 

φ =  
2

3
tan−1

1

5
 

𝜑 = 19.23 
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B. Shroud Dimensions 

 
Fig. 2: Design of Wind Lens Shroud 

 D = Dr + 2C 

Where C = Clearance =0.03 m 

D = 0.36 + 2 (0.02) 

= 0.4 m 

= 15 inches 

 L = 0.4 D 

= 0.4 (15) 

= 6 inch’s 

 Ls = 1.15 L 

= 1.15 (6) 

= 6.9 inch’s 

 H = 0.1 D 

= 0.12 (15) 

=2 inch’s 

Hence power obtained will be 

P = ½ [Cp ρA (V)3 ] 

𝐴 = 𝜋𝑟2 = 𝜋()2 = 0.18103 m2 

ρ = 1.22 kg/m3 

Cp= 0.593 

Therefore, 

Checking of calculated dimensions: 

Power= ½ [0.593 x 1.22 x 0.1017 x 53 ] 

= 4.59 watt 

VII. EXPERIMENTAL SETUP 

An anemometer measures the speed of the artificial wind as 

shown in Fig. 3.1. In the first stage, the wind is directed 

towards the unmodified turbine blades and hits them. For the 

next stage of the experiment, the difference lens diameter is 

installed in front of the blades. The artificial wind is run over 

the blades through the lens. A tachometer located behind the 

turbine measures the blade rotation speed to determine the 

impact of the lens. If the lens successfully concentrates wind 

power through the turbine, it will increase the rotation rate of 

the blade and this in turn will improve the turbine’s energy 

output. A data logger is used to measure and record the speed 

through the tachometer in rotations per minute (RPM) and 

power output for each wind speed. 

 
Fig. 3: 

VIII. WORKING 

In windlens turbine we show that the output power increases 

due to shroud. Wind power is directly proportional to the 

wind velocity cube. We have manufactured shroud which is 

able to increase wind velocity, approaching wind by utilizing 

various flow parameters. Generation of low pressure region 

by brim formation. The actual working of the model is as 

follows: first we start the blower and set the speed as per the 

limit and the check for the power output of the turbine. Check 

for the power output of the windlens for considering shroud 

then we will observe that the power output of the wind turbine 

increases. 

 
Fig. 4: 

IX. RESULT 

A. Without Shroud 

Results are taken with no shroud used. 

SR 

NO 

SPEED 

(RPM) 

VOLTAGE 

(V) 

CURRENT 

(mA) 

POWER 

(W) 

1 120 5.3 4.07 0.0215 

2 109 4.43 3.35 0.0148 

3 105 4.28 2.5 0.0107 

4 100.7 4.21 1.55 0.0065 

5 57.85 2.57 1.35 0.0034 

Table 1: 
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B. With Shroud 

 Results are taken when shroud is placed over the blades. 

SL 

NO 

SPEED 

(RPM) 

VOLTAGE 

(V) 

CURRENT 

(mA) 

POWER 

(W) 

1 120 5.3 4.07 0.0215 

2 109 4.43 3.35 0.0148 

3 105 4.28 2.5 0.0107 

4 100.7 4.21 1.55 0.0065 

5 57.85 2.57 1.35 0.0034 

Table 2: 

X. CAD MODEL & CFD ANALYSIS 

A. Shroud without Brim 

1) CATIA Model 

 
Fig. 5: 

2) Pressure Contour of Shroud without Brim 

 
Fig. 6: 

                                                           

3) Velocity Contour of Shroud without Brim 

 
Fig. 7: 

 

B. Shroud with Brim 

1) CATIA Model 

 
Fig. 8: 

2) Pressure Contour of Shroud with Brim 

 
Fig. 9: 

3) Velocity Contour of Shroud with Brim 

 
Fig. 10: 

XI. CONCLUSION 

This model is simple, and the main purpose of project is to 

increase the wind intake velocity and improve the power 

output by increasing rpm of blade. The average number of 

revolutions per minutes was increased from 120 rpm without 

shroud to 245 rpm with shroud which shows improvement in 

the rotation. As there is increase in number of revolutions 

indicates that increase in air inlet velocity. As the air inlet 

velocity increases due to the shroud indirectly the power 

output will be increased since P∝V3. Implementation of this 

project increases the efficiency of wind turbine. The 
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application areas are in wind turbine, ocean water turbines 

etc. This “BRIMMED DIFFUSER IN WIND TURBINE” 

leads to future device, which are helpful for mankind such as 

high efficiency wind turbines.  
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