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Abstract- Renewable energy has seen an increasing development over the decade as a possible replacement for fossil fuels. 
Wind based power generation has showed a promising potential as efficient and viable way to produce energy than compared 
to other renewable energy methods. Wind farm are popularly used in countries which has steady wind speeds. The inefficiency 
of the current horizontal axis wind turbine (HAWT) is that it is large, have mechanically complex turbines, is also expensive, 
unwieldy, inefficient, and hazardous to people and wildlife. The funnel based wind turbine eliminates the need to have large 
towers mounted at sea, increases turbine reliability,  and reducesintermittency as well as environmental issues. One of the 
advantages of the funnel based wind turbine is that it can operate at low wind speeds by capturing wind with the 
omni-directional intake, accelerating wind velocity by concentrating the wind at the venturi throat by using ground based 
generator. An increase in wind velocity also increases the power output. The maximum power output is affected by the design 
parameters which is the funnel height, top curvature radius and angle as well as the funnel intake diameter. The objective is to 
optimize the power output by analyzing the effect of the changes to the funnel design on the output wind velocity. The funnel 
was designed using solid modeling software (SolidWorks) and the flow simulation is conducted in ANSYS FLUENT software 
to determine the velocity output relative to the input. The results show that output wind speed is double of the input speed. 
 
Index terms – Funnel Based Wind Turbine, Wind Power, Wind Turbine, Ducted Turbine, Renewable Energy, Omni- 
Direction 
 
I. INTRODUCTION 
 
Wind power generation basically involves the act of 
converting wind energy into a usable form of energy. 
Wind power is commonly converted into electrical 
power by using wind turbines. However, there are 
some setbacks with generating power from the wind. 
Huge wind farms have an array of individual wind 
turbines which are connected as part of a network of 
electrical power transmission. Effective wind turbines 
are commonly built at offshore because wind is more 
consistent and stronger compared to wind turbines on 
land. The advantage of offshore wind turbine is that it 
has less visual impact. However, some disadvantages 
include higher construction and maintenance cost. 
Wind power is generally abundant, renewable, 
broadlyscattered, and clean as well as produces no 
greenhouse gas emissions when functional and 
requires little land. Wind power is considered as one 
the favorable replacement to fossil fuels. Compared to 
other energy sources, wind power generation have less 
impact on the environment and much easier for 
operation. Wind power is very steadier from year to 
year but has considerable variation over shorter time 
scales[1].  
According to theglobal wind market statistics released 
today by the Global Wind Energy Council 
(GWEC)Globally, 51,477 MW of new wind 
generating capacity was added in 2014 according to 
the.Wind power capacity has expanded rapidly to 336 
GW in June 2014, and wind energy production was 
around 4% of total worldwide electricity usage, and 
growing rapidly [2].The record-setting figure 
represents a 44% increase in the annual market. Total 

cumulative installations stand at 369,553 MW at the 
end of 2014. Wind power market penetration is 
expected to reach 3.35% by 2013 and 8% by 2018 [3]. 
 
Some of the disadvantages of the wind power turbine 
are the wind unpredictability and irregularity factor. In 
some areas, the winds strength is not sufficient to 
sustain a wind turbine. Wind turbinesusually produce 
a lesseramount of electricity than compared to power 
station that uses fossil fuel.  The low electricity 
generated problem is overcome by placing multiple 
wind turbines in order to make ansignificant impact 
and compete with fossil fuel. Constructing a wind 
turbine can also be very costly. Wind turbine also 
poses danger to the surrounding environment and 
wildlife. The noise pollution emitted from the wind 
turbines is harmful if it is in a high decibel and disrupts 
radar performance due to its noise similarityto a small 
jet engine. This causes disturbance if there issuburban 
areas nearby [4]. 
Sometimes, it is claimed that wind farms spoils the 
view at the countryside. Wind turbines are usually 
made of blades that rotate constantly and intensely. 
The turbine blades are usually located high up in the 
air and this causes any birds that fly over it to be killed. 
According to statistics, about 45,000 birds have been 
killed for the past 20 years. The efficiency of the 
turbine also comes into question due to the criticism 
raised that isthe little electricity produced worth the 
costs that come with constructing the wind turbines. 
The general consensus is that the amount of electricity 
produced is not worth the cost of setting up wind 
farms. The wind turbine and towers also needsto be 
replacedand maintained after some time.This causes 
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the cost of wind turbine to bemore expensive and 
hencethe public opinion is that it is not worth it [5]. 
The funnel is designed to work at low wind speeds and 
does not need a yaw to control the wind so that it faces 
the direction of the wind [11]. It is relatively smaller 
than the conventional wind turbine and can collect 
winds from all the direction through the 
omni-directional intake and channel it through the 
venturi where turbine is placed [8]. The funnel can 
reduce installation capital cost and increase energy 
production capacity. It minimizes environment, 
animal and human impact [4]. 
 
II. OBJECTIVE AND METHODOLOGY 
 
In order to determine the design parameters that give 
the optimum wind speed results, the flow 
characteristic of the funnel based wind tunnel was 
determined in the simulation. The details of the funnel 
based wind tunnel construction have been studied and 
changes were made to the shape, size and unit length 
of the funnel to optimize the output. The design must 
also be finalized with the best constructional design 
that yields the greatest performance in wind speed 
simulation test [11].  
In the preliminary computational fluid dynamics 
(CFD) simulation, the ratio of input speed and output 
speed was determined to be 2. In this report, the 
parameters are varied so that a higher input to output 
ratio could be obtained. It is essential that the 
suggested model be tested in a simulation and the 
different design parameters are determine so that it 
appropriate for industrial power generation and at the 
same time being commercially viable project in terms 
of costing.The objectives of this project are as follows: 
 To design the Funnel Based Wind tunnel by using 
SolidWorks 3D modeling tool and carry out the 
computational fluid dynamics analysis by using 
ANSYS FLUENT 
 To observe and analyze the tunnel wind output by 
varying the design parameters such as funnel diameter, 
height, and top cone angle and radius. 
 To compare the different parameter wind speed 
result and finalize the best design. 
 To carry out the optimization study for Funnel 
Based Wind tunnel. 

 

 
Fig 1. Basic dimensions of Funnel based Wind tunnel 

 
Fig 2. 2D drawing with 3 views of 4 finned Funnel based wind 

tunnel. 
 

A. SolidWorks Model 
The funnel was designed with the dimensions which 
are shown in figure 1. The funnel has a 360ᵒ capability 
to capture the wind which blows in any direction. The 
venturi is given a diameter of 1.8m and the top omni 
directional cone [7] and bottom cone is given a 
diameter of 12m. The height of the funnel from the 
ground till the top is approximately 21m. Due to the 
fact that the funnel’s output wind speed depends on the 
principle of mass flow rate and swept area, it is crucial 
to design the funnel with the given dimensions so that 
speed ratio of 2 or more can be achieved. This is a very 
important design feature. The top cone acts a guide for 
wind to be channeled into the lower cone, into the 
channeling passageway and finally into the venturi 
before diffused at the outlet as seen in figure 3. The 
Omni directional intake is also able to take more air as 
the four fins of the top it is orientated at 45ᵒ to the flow 
and have a bigger area to collect wind [9]. 
 

 
Fig 3. shows the parts of funnel Wind tunnel in section view. 

 
A. Computational Fluid Dynamics (CFD) Model 
 
The computational fluid dynamics simulation was 
done in FLUENT software in ANSYS workbench 
program. The ANSYS FLUENT settings is as follows. 
Before the simulation was run in FLUENT, the funnel 
was modeled in Design Modeler and Enclosure 
domain settings were added to the funnel to define the 
boundary of the air flow simulation. 
The computational domain used in the ANSYS 
computations had a size of 120m length (60m in +x 
direction and 60m in –x direction), 72 m width (36m in 
+z direction and 36m in –z direction) and 67.2 m 
height (65m in +y direction and 2.2 in –y direction). 
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The outer diameter of upper funnel at the tip of its 
lowest vertical position is 1.8m while the inner 
diameter of the lower part of the funnel at the same 
height is 4.8m. The flow domain was constructed with 
a mesh of tetrahedral-elements. Mesh sizes from 
174,412 to 252,908 were used for solution 
convergence tests in the ANSYS computations. In 
both cases, the three-dimensional Reynolds-Averaged 
Navier- Stokes (RAN-S) equations were solved 
numerically with a second-order accuracy upwind 
schemes and standard or realizable k-epsilon 
turbulence model closures with standard wall 
functions. For the inlet air source, 5% turbulence 
intensity was used in the computations while a length 
scale of turbulence of 1.0 m was used in ANSYS 
computations. The average wind speed is between 3 
m/s to 7 m/s. Hence, the input speed was set at 7 m/s as 
it is the average wind speed around the world. The 
pressure was assumed to be atmospheric pressure [9]. 
 

 
Fig 5. A view in ANSYS design module for 4 finned funnel Wind 

tunnel 
 

 
Fig 6. Mesh part of 4 finned funnel Wind tunnel 

i) Mesh Settings 
In the mesh section in ANSYS (Workbench), the 
following parameters were set.  The physic preference 
was set to CFD and the solver preference was set to be 
FLUENT. The relevance center was set to medium for 
medium shaped mesh. The curvature normal angle 
was set to 10ᵒ for a fine mesh to be created. In 
advanced option, the element mid-side nodes were set 
to “kept”. All the remaining options in the mesh 
section were maintained as default. 
 
B. Theoretical Calculations And Important Equations 
 
E = ଵ

ଶ
 mv2   =  ଵ

ଶ
 (Avtρ)v2 = ଵ

ଶ
Atρv3(1)                              

P = ଵ
ଶ
ρv2(2)                                                                     

P =  
୲
=   ଵ

ଶ
Aρv3(3) 

ṁ= ρAv (kg/s)                               (4)                                                                  
 
where: 
E is Energy (Joules); J 
A is Cross Sectional Area (m2) 
t is Time (seconds) 
ρ is Density (kg/m3) 
v   is velocity (m/s) 
m is Mass (kg) 
P is Pressure (Pa) 
P is Power (Watts); W 
ṁ is mass flow rate 
 
 Atmospheric pressure: 101325 pa 
 Density of air: 1.225 kg/m3 
 
The indication of the ability of the omnidirectional 
intake to capture flow [7], is the area in the free 
upstream where the captured flow begins. This area is 
given by the relation A =ṁ/ρV. When the value of ṁ is 
36 kg/s, the area, A is 4.4 m2. The same kind of 
equation relationship can be found for the venturi 
cross-sectional area, Av and its velocity, Uv. Thus the 
area ratio is AI/ AF   is equals to UF / UI is equals to 
speed ratio (SR). Another term for SR is velocity 
amplification. In this case, the speed ratio, SR is more 
than 1 and therefore AI/AF is more than 1. Therefore, 
this indicates that there is a significantamount 
reduction of the area where energy is harnessed from. 
By Calculation, we find from the mass flow rate 
equation that AV1 = AV2. The diameter and area of 
inlet is 12m and 4.4 m2 respectively. The diameter of 
the outlet is 3m and the area is 2.2 m2respectively. By 
dividing the outlet value with the inlet value 
(OUTLET/INLET) we obtain the speed ratio of 2 [9]. 
 
III. RESULTS AND DISCUSSION 
 
The wind velocity was set to 7m/s in FLUENT. This 
will be the base velocity as a reference when changes 
are later made to the funnel to see the effect on the 
velocity when variations are made to the design. 
Hence, 7m/s is set as the base velocity. 
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a) RESULTS FOR 4 FINNED FUNNEL BASED 
WIND TUNNEL 
 

 
Figure 8 Velocity magnitude of 4 finned funnel wind tunnel 

running at 7 m/s 
 

 
Figure 9. Static pressure of 4 finned funnel windtunnel running 

at 7 m/s 
b) RESULTS FOR 4 FINNED FUNNEL BASED 
WIND TUNNEL   VARIATION 
 

 
Table 1. Maximum velocity of 4 finned funnel wind tunnelfor 

curvature angle variations. 

 
Table 2. Maximum velocity of 4 finned funnel wind tunnel for 

curvature radius variations. 

 
Table 3. Maximum velocity of 4 finned funnel wind tunnel for 

height variations. 

 
Table 4. Maximum velocity of 4 finned funnel wind tunnel for 

diameter variations. 
 
The funnel top radius curvature, angle and height 
variations do not yield a very high output. This is 
because the wind angle of attack on the top curvature 
and height area of the top does not collect sufficient 
incoming wind to be channeled to the venturi for 
power conversion. 
 

 
Figure 10. Velocity vs angle analysis 

 

 
Figure 11. Velocity vs curvature radius analysis 

 

 
Figure 12. Velocity vs height analysis 

 

Figure 13. Velocity vs intake analysis 
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The general principle in generating the most output 
velocity matters only to the fact of how much air is 
captured and fed into the venturi. This can be done by 
increasing the intake air velocity and changing the 
diameter that shows significant results or drastic 
changes. The velocity distribution is almost the same 
at all key points in the ANSYS simulation. Input air 
velocity is not within the design parameters or control 
in real life application. Therefore, among the 
variations, only diameter change gives highest output 
velocity. The height, angle and radius changes also 
gives a higher output than the control velocity, 
however, the effect is only slightly which within a plus 
minus 1m/s range. This is due to the fact that the wind 
intake area has increased when diameter is increased. 
When the area of the funnel is increased, it can collect 
more wind. When more wind is channeled to the 
venturi, the wind speed output also increases due to the 
venturi effect. The ratio of the funnel intake cone size 
and the venturi size also heavily influences the output 
wind speed [6]. Currently, the relationship factor of 
velocity inlet and velocity outlet is determined to be 2. 
This is determined by dividing velocity outlet with the 
velocity inlet to get the ratio. Therefore, it can be said 
the output is double of the input given. This due to the 
fact that there is a limit to how much air can be 
captured with current default funnel shape without 
causing the air flow to be turbulent, bounced back and 
having eddy losses  when altered. It all comes down to 
how much air can flow through the lower cone of the 
funnel after the air has been collected. Therefore 
increasing the diameter directly increases the surface 
area of the lower cone air collecting place. More air 
can flow per area after it has been collected at the omni 
directional top [8]. This mass surge of air rushes 
through to reach the venturi. Increased diameter at the 
top omni directional cone also helps to collect more air 
per fin and the fins also helps to retain the captured air 
without escaping back and channeling it downwards to 
the lower cone which also has an increased 
diameter/surface [8]. The collected air is accumulated, 
compressed with concentrated air and forced through 
the channeling passageway and fed into the venturi 
[8]. The increase in diameter combined with the speed 
ratio or differentials (corresponding diameter of 
venturi in relation to the intake diameter or area), 
yields an increased output velocity at the outlet of the 
funnel. 
 
c) WIND SPEED RATIO FOR THE DESIGN 
PARAMETERS 

 
Table 5 Wind speed ratio of 4 finned funnel wind tunnel with 

different design parameters 

The highest input speed to out speed ratio that can be 
achieved from the variation of the design parameters is 
which is obtained by increasing the diameter of the 
funnel. Currently, the relationship factor of velocity 
inlet and velocity outlet is determined to be 2. This is 
determined by dividing velocity outlet with the 
velocity inlet to get the ratio. Therefore, it can be said 
the output is double of the input given. In case of the 
diameter variations, the output ratio is 2.3. Potentially, 
the speed ratio can be increased to achieve a factor of 3 
by increasing the diameter of the intake while 
maintaining the dimension of turbine diameter. 
However, by altering the size of the intake and venturi 
size, it is possible to alter this ratio to suit to the needs 
of the environment (average wind speed and other 
factors) where this funnel is mounted. 
 
CONCLUSION 
 
As a conclusion, the factors that determine the output 
of a wind tunnelwas investigated and factor that 
affects the output of a wind turbine was limited to 
geometry design factor in this report. The duct shape 
or the funnel was designed to overcome some of the 
setbacksof the wind tunnel[6]. Betz law states that 
maximum energy that could be extracted from the 
wind regardless of the type of device used is 59.3 
percent. This number is known as the Betz' limit. The 
funnel basically does break the Betz law but merely 
provides moreair velocity per area compared to 
amount of air that can be obtained without the duct and 
with this increases the amount of the power that can be 
extracted without violating the law. As mentioned, 
increased amount of power can be achieved at the 
output by increasing the total air intake flow to the 
wind turbine with the aid of a channeling passageway 
via the funnel omni directional intake and by utilizing 
the venturi effect [6][7]. This increases the wind speed 
twofold and therefore doubling the air flow at the air 
outlet. Among the 4 variations done in this report 
(Funnel curvature radius, funnel curvature angle, 
funnel height, funnel diameter), the most suitable 
option to optimize the output of the wind tunnel is by 
increasing the diameter of the funnel. This finding is 
supported by the mass flow rate equation which states; 
A1V1= A2V2. When there is a reduction in swept area 
at A2 near the venturi, there is an increase in 
V2(velocity) due to equivalence on the left side of 
equation and conservation of mass. 
There are some assumptions made to ease the 
simulation and to get approximated geometric design 
parameters. Since this report only concerns about the 
geometry design parameters, turbine was not part of 
the analysis.Steady state flow is assumed and blockage 
as well as backflow in funnel was not taken in to 
consideration and neglected while setting up the CFD 
modeling parameters. As renewable energy is gaining 
ground and more research is done into the fields of eco 
energy and sustainability, wind power shows a lot of 
promise. However, harnessing conventional wind 
power has some setbacks and disadvantages and 
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hopefully this paper willbe an addition to the research 
done in the field of wind power and renewable energy. 
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