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Abstract - The paper aims to present the new technological innovation for the efficient energy production through the wind 
turbine. At wind energy section of Kyushu University, a new efficient wind power turbine has been developed. The system 
has been attached to a diffuser shroud named “Wind Lens” [1]. The Wind lens concentrates the wind energy through the 
turbine by which the output power of the wind turbine will be increased dramatically. The power output of the wind turbine 
with wind lens technology is 2.5 to 5 times of the convectional wind turbine. This paper focus on the complete research and 
flow analysis of the wind lens turbine and comparison of the output power levels at different wind velocities. Since wind 
load on the Wind-Lens turbine is larger than typical wind turbine, application of the Wind Lens to turbine in larger size faces 
structural challenge. The behavior of the air flow around the wind lens turbine in stream lines produced by the cardice smoke 
generator (CSG) in the wind tunnel is observed and evaluated for the better formation of the eddy’s, creating a low-pressure 
region behind the turbine for better power generation. The output performance of the wind turbine with C-type compact 
brimmed diffuser with different length is observed and performance curves are generated with the power coefficient (Cp). 
The power output is expected to be 2-3 time large from the convectional wind turbine, when the ratio between the length and 
height of the brim is greater than 0.1 (Lt/h>0.1). On contrast the wind lens turbine generates much more power than the 
conventional turbine and produce very less noise. The Power output of the wind lens turbine is directly proportional to the 
wind speed cubed (P α V3). The 1.4 times increase in the wind speed leads to 3 times increase in the power output. The 
paper focuses on the comparative study of the wind lens turbine with the theoretical data from the computational fluid flow 
analysis on the simulation software and the actual data obtained from the wind tunnel analysis monitoring the air stream flow 
and behavior of the air stream in contact with the wind lens turbine. 
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I. INTRODUCTION 
 
Wind turbines have always been the most popular 
product in the market when it comes to generation of 
electricity in an eco-friendly manner, but the system 
has not been much efficient when it comes to the 
feasible production and system management. The 
wind turbine has always been holding back from its 
limitations of installation location and service 
maintenance. Due to the frictional and other losses 
the energy produced by the wind turbine only works 
at a 35% of its efficiency approximately, this reason 
has been a major drawback in this energy system. 
Various ideas had been implemented from changing 
the axis of rotation developing horizontal and vertical 
axis turbine improving the efficiency with an 
approvable margin. Still the other methods of energy 
generation had been dominating the wind energy 
solution. The Researches have been taken into the air 
flow structure to improve the turbine efficiency. The 
research of Prof. Yuji Ohya of the Kyushu University 
has been working with a team to improve the 
efficiency of wind turbines. The research claims a 
high improvement in the turbine efficiency by a 5 
times increase in the energy generation when 
compared to a traditional wind turbine. The turbine 

consists of a diffuser shroud with a broad-ring brim at 
the exit periphery and a wind turbine inside it. The 
shrouded wind turbine with a brimmed diffuser has 
demonstrated power augmentation by a factor of 
about 2–5 compared with a bare wind turbine, for a 
given turbine diameter and wind speed [1]. The wind 
lens turbine achieves such a improvement a improved 
air flow around the wind turbine blades and its whole 
structure. 
 
II. WIND LENS TURBINE 
 
The energy generation of a wind turbine mainly 
depends on the rotational speed of the rotor of the 
wind turbine. The Power output of the wind lens 
turbine is directly proportional to the wind speed 
cubed (P α V3). The wind lens turbine achieves the 
higher energy production by concentrating the wind 
flow around the wind blades, thus increasing the 
rotational speed. The 1.4 times increase in the wind 
speed leads to 3 times increase in the power output. 
The diffuser shroud structure of the wind lens turbine 
with brim is capable of concentrating and 
accelerating the approaching wind. The higher 
acceleration is achieved by the low-pressure regions 
generated behind the turbine creating suction force, 
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these low-pressure regions are also known as eddy 
zones, the generation of low pressure region by 
vortex formation, flow entrainment by vortices and so 
on, of the inner or peripheral flows of a diffuser 
shroud, thus increasing the air flow around the 
turbine and therefore increasing the energy output. 

 
Figure 1 – Power output proportionality formula 

 
III. WIND LENS WORKING AND DIFFUSER 
SIMULATION 
 
The Wind Lens works by creating an area of low 
pressure behind the turbine that essentially sucks the 
wind through the turbine, increasing effective wind 
speed. As wind power is proportional to the wind 
speed cubed, the wind lens changes the fluid 
dynamics around the turbine to increase its power. 
Strong vortices created by the diffuser and the brim 
of the Wind Lens produce low pressure region behind 
the turbine. This increased pressure difference that 
helps the wind to flow more into the Wind Lens.  
 

 
Figure 2 – Diffuser shroud with brim creating air vortex 

 
The wind lens diffuser helps in formation of the 
vortex wind across the turbine structure, thus 
increasing the wind speed and improving the 
performance output. 
 
 Diffuser Shroud Duct Structure 
The wind turbine with the diffuser shroud in the 
Cardice smoke generator (CSG) shows the low-
pressure region – Eddy zones. These low-pressure 
zone helps in concentration of more air through the 
wind lens turbine leading the vortex formation and so 
on, of the peripheral flow of a diffuser shroud. 

 
Figure3 – Actual fluid flow analysis of turbine diffuser 

 
The diffuser shroud duct structure increases 2-5 
output power compared to the traditional wind 
turbine with same rotor diameter. The brim on the 
diffuser makes the turbine rotate accordingly with the 
change in the wind direction. The diffuser helps in a 
significant reduction in the noise produced by the 
wind turbine, usually generated due to the air foil 
section of the turbine blade. which gives the best 
performance in a low-tip speed ratio range. 
 
IV. WIND LENS TURBINE PERFORMANCE 
CURVE 
 
The performance curves of a typical wind turbine is 
plotted by the power coefficient (Cw) obtained which 
is the ratio of the output power to the product of air 
density, cube of wind velocity and half of the area of 
the wind turbine which is in contact with the fluid air. 
 
 Theoretical data obtained from wind tunnel 

and computational software 
The wind lens turbine with the theoretical data from 
the computational fluid flow analysis on the 
simulation software and the actual data obtained from 
the wind tunnel analysis monitoring the air stream 
flow and behaviour of the air stream in contact with 
the wind lens turbine  
 

 
Figure 4 – Flow Analysis on wind turbine 

 
In the above figure we can observe the generation of 
low pressure region by vortex formation, flow 
entrainment by vortices and so on, of the inner or 
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peripheral flows of a diffuser shroud. The pressure 
difference is seen in as the wind flows through the 
wind lens diffuser shroud. The pressure on the turbine 
is increased compared to the typical turbine which 
can be tackled with better material structure selection 
in the making of the wind lens turbine. 

 
 

 
 

Figure 5 – Power Curve of Cw 
 
The above graph shows the power output obtained 
with respect to the wind speed. A significant increase 
in the power output is obtained when the wind lens is 
attached to the wind turbine, of about 4 times increase 
when compared to the traditional turbine. [2] 
 
V. POWER GENERATION DATA OBTAINED 
FROM 5KW TURBINE 
 
The Field test on the energy production from the 
wind lens turbine of a 5kw power installed at the sea 
shore of the, Hakata bay, Japan having a rotor 
diameter of 2.5m has achieved a power generation of 
3000kw at wind speed of only 10m/s, as shown in the 
figure – 6. The Traditional wind turbine can generate 
a power output of 1200kw only at the wind speed of 
10m/s. The diffuser shroud helps in a dramatic 
increase in power generation of 2.5 times the 
traditional wind turbine. Further power output can be 
achieved with increase in the size of brim structure 
around the wind lens create more vortex formation, 
flow entrainment by other vortices creating the eddy 
regions behind the wind lens turbine, thus increasing 
the wind concentration around the wind lens turbine. 
[2] 

 
Figure 6 – Graph showing 5kw turbine power generation at 

10m/s wind speed [2] 
 
VI. OUTPUT PERFORMANCE WITH 
COMPACT BRIMMED DIFFUSER LENGTH 
LT/D 
 
The performance of the wind lens turbine changes 
accordingly as per the change in the brim diffuser 
structure of the wind lens of the turbine. The brim 
diffuser length depends on the ratio of the length of 
the wind lens to the diameter of the wind turbine with 
the minimal thickness to ensure better effectiveness 
of the wind lens on the turbine. The figure 7 shows 
the performance variation with different types of C-
type diffuser having different lengths. The different 
length of the C-type diffuser can be used when the 
system has certain limitation where the structure 
cannot handle the increase in wind load or its 
complete structural weight going beyond the stability 
point. In such situation wind lens with smaller brim 
structure can be used to obtain lower wind loads and 
also a shorter wind lens to equalize the structural 
weight in its safe limits. The comparative structure in 
the graph of figure 7 is obtained at the tip speed ratio 
of the wind of Uo=8m/s. The highest performance 
improvement obtained by C-iii diffuser wind lens is 
2.8 times to the normal performance obtained by the 
wind turbine when no wind lens is attached to the 
system at the same tip speed ratio of Uo=8m/s. 

 
Figure 7 – Performance Curves for C-type diffusers with 

different length (h=0.1D, Uo=8m/s) [3] 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-6, Jun.-2018, http://iraj.in 

Computational Fluid Flow Analysis and Performance Evaluation of a Shrouded Wind Turbine with Wind Lens Technology 
 

59 

 
The performance improvement of the wind turbine 
with the different types of C-type diffuser is obtained 
as follows comparing with the default performance of 
wind turbine without wind lens – 
 
 Co – 2.1 times increase in the performance 
 Ci – 2.3 times increase in the performance 
 Cii – 2.6 times increase in the performance 
 Ciii – 2.8 times increase in the performance 
 
If Lt/D > 0.1, a 2-3 times performance increase as 
large as a bare wind turbine is expected. 
 
VII. MERITS OF WIND LENS TURBINE 
 
The wind lens turbine is the best feasible solution for 
the energy production for the time, presenting the 
best structural durability, strength and light in weight 
when compared with the typical wind turbine. The 
wind lens diffuser reduces the size of the wind 
turbine making it compact, less noise (Figure-8) and 
much more efficient, Opening the possibility of its 
installation in the urban region and also for individual 
homes. 
The wind lens diffuser brim structure helps in 
controlling the strong wind with the stall up and tilt 
up pole. A power output of 100kw can be obtained 
with just rotor diameter of 13m and 5kw turbine with 
rotor diameter of 2.5m. 

 
Figure 8 – Graph Comparison of noise reduction in turbine 

with wind lens [3] 
 

The wind lens turbine can easily be adapted by the 
surroundings due to its compact size and greater 
power generation efficiency. An 100kW Mid-size 
wind lens turbine of rotor diameter of 12.8m can 
generate 100,000kwh power annually on an average, 
which can be fed to 30 standard family homes. 
Smaller wind turbines with wind lens structure 
generating 1kwh power can also be used for 
individual homes. 
The wind lens turbine is also being used in sea shore 
energy farms where the power can be generated by 
the means an offshore energy farm on floating bodies 
with combined power generation systems such as 
wind, solar, tidal, wave, current and with storage 
systems, Annual mean wind speed on the sea is larger 
than that on land of 1-2 m/s, Twofold total power 
output will be expected.[4] Generating around 3MW 
of power which in total combining all the storage 
systems. 
 
CONCLUSION 
 
For the purpose of the practical application to a small 
to mid-size wind turbines, the wind lens turbine with 
diffuser brim is a very compact and durable structure 
which generates enough electricity that a traditional 
wind turbine produces. Two-threefold increase in 
output power as compared to conventional (bare) 
wind turbines due to concentration of wind energy. 
The wind lens turbine is quiet and safe, also ensuring 
the safety of the bird strike. The small wind lens 
turbine can be installed in the urban area and above 
individual home of power generation capacity of 
1kw-3kw, making the system affordable. The wind 
lens turbine with higher power generation capacity 
(>100Kw) can be used in energy farms for mass 
production of energy. 
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