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ABSTRACT

In this paper presents to fabricate the two small horizontal axis wind turbines setup and increase the power
output of the wind turbines by using the separation distance. In which the rotational phase of the two wind turbines
are same and the wind turbines are facing the wind source arrangement one by one. The wind source is the fan
arrangement. The wind turbine blades are made up of sheet metal at required thickness and twisted at same angles.
The small permanent magnet DC generator is used to generate power. The distance between the two wind turbines
was changed from two to seven times of the diameter of the rotor. The results are showed at varies separation
distances. The power output of the downstream wind turbine is changed and the upstream wind turbine power
output is also slightly varied. To improve the power output of the horizontal axis wind turbine by varying the
separation distance between the wind turbines
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INTRODUCTION

Over the hundreds of years the wind power is used, purpose of pumping water and grinding corn with
historic designs. In this designs are typically large, heavy and inefficient. These are replayed in the 19th century
used in the energy producing machines. In half of the 20th century to consider the aerodynamics and advanced
materials to be used in the wind energy extraction. Now, the electrical energy is produced from the wind turbines.
In the wind farms there are produced large amount of electrical power and that having the several large wind
turbines. In the power generation methods the wind energy is preferred highly to the burning of fossil fuels.

The rotor is the turbine component responsible for collecting the energy that is present in the wind and
transforming that energy into mechanical motion. As the overall diameter of the rotor design increases, so too does
the energy that the rotor may extract from the wind. Therefore, turbines are often designed around a certain size
rotor diameter and the predicted energy that it may remove from the wind in a given application. Thus the rotor
having the number of blades. There are two major forces act on wind turbine blades as they rotate: lift and drag.
These forces are in constant competition. When you are optimizing wind turbine blades, try to maximize lift force
but minimize drag force. Wind turbine blades are airfoil shaped, much like airplane wings. This airfoil shape is
designed to generate lift and minimize turbulence. Lift is primarily produced as a result of the angle-of-attack of the
blade. This angle creates a deflection force on the upwind side and a vacuum force on the downwind side of a wind
turbine blade. The deflected air causes a reaction force that pushes the blade.

When the wind turbine blades are produced mechanical energy of rotation from the kinetic energy of wind.
At the same time, there should be creates the wakes. These wakes having the characteristics of reduced the mean
wind speed and the turbulence will increased. To reduce the mean wind speed means the energy output from the
wind turbines also reduced. The wakes are damage wind turbine and affect turbine efficiency. In the wind turbine
not all the kinetic energy of the wind is converted into mechanical energy some losses are presented. The wind
turbine efficiency is can’t be exceed 59.3%. This value is commonly known as power co-efficient (cp). This is
known as Betz limit (Max cp = 0.593). The other factors wake, turbulence, tip losses are further to reduce the
maximum efficiency.

MATERIALS AND METHODS

Thus blades are rotate means there are two major forces should be needed. There are lift and drag forces.
To produce high power output from the wind turbine means to increase the lift force and minimize the drag force.
The number of the blades will increase means the drag force also increased. So the power output from the wind
turbine is decreased. The blades should be flat shape means its works effectively. So, that we should use flat blades
and the number of blades are should be three. The specification of wind blade design is from the standard values. In
which the blades are manufactured from sheet metal. The specifications of the experimental setup are shown in
table 1.
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Table 1.Specifications of the experimental setup
Aspects Values Unit
Blade Radius 0.11 m
Number of Blades 3 -
Tower height 0.6 m
Generator Rated 36 w
power
Rated speed 100 rpm

We should have the wind source to give the input of the wind turbines. So we take the fan arrangement. It
should be parallel to the wind turbine axis and facing towards the wind turbine blades. The fan blade radius is
higher compare to the turbine blade radius. Then only the wind blades are captures the wind. So should be
considering the fan blade radius higher than the wind turbine blade radius. The fan blade radius is 0.4m and set
parallel to the wind turbine shaft axis. The generator is the component of the wind turbine responsible for
converting the mechanical motion of the rotor into electrical energy. There are many different types and sizes of the
electric generators for wide range of applications depending upon the size of the rotor and amount of mechanical
energy removed from the wind. We use the permanent magnetic DC generator. The rated voltage and current of
thus generator is 12V, 3A. The rated speed of generator is 100 rpm.

The power of air is decreased before attack the wind blades due to the environmental factors means the
wind turbines does not rotate effectively. So the closed arrangement is needed. We used the small wind tunnel
arrangement. In the wind tunnel arrangement to reduce the pressure and increase the wind speed. In the wind tunnel
arrangement to fit the fan arrangement at the inlet side. The line diagram of the experimental setup is shown in the
figure 1.

WIND MILL SETUP

Fig 1.Line diagram of the experimental setup
The separation distance between the wind turbine are based on the rotor diameter(D) because, the electrical
power generation from the horizontal axis is proportional to the square of the rotor diameter and cube of the wind
speed.

1
Fgan = EPAT.-’-'E Cp
Where Pgen is the electrical power output (W), p is the air density (kg/m?3), A is the rotor swept
area (m?), V is the wind speed (m/s), n is the overall efficiency and C; is the power coefficient. From

this the wind speed is changed simultaneously as the nature. The rotor diameter value is fixed, so
consider the diameter of the rotor to integrate with the separation distance.

RESULT AND DISCUSSION

From the results, the output power from the second wind turbine (downstream wind turbine) is
changed gradually according to the separation distance between the wind turbines. The graph of the
power output of the wind turbines with respect to the distance is shown in the figure 2. From the
graph the blue colour diamond shape point indicates the power output of the first wind turbine
(upstream wind turbine) and the red colour square shape point indicates the power output of the
second wind turbine (downstream wind turbine).

From that the power output of thus wind turbines increase when the separation distance
increased still when the wakes are eliminated. The wind speed does not regulated (or) varies. Only
change the separation distance between the wind turbines. In the minimum level of the distance the
power output of the second wind turbine is less. Because there was placed in the strong wakes region
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behind the first wind turbine. When the second wind turbine was placed out of the strong wake
region point at the place the power output of the second wind turbine is high.

The ratio shows a nonlinear relationship with respect to the separation distance between wind
turbines. This is because the wake length from the upstream wind turbine was almost constant, but
the location of the downstream wind turbine could be inside or outside the strong wake region
according to the separation distance. When the downstream wind turbine was placed in the strong
wake region of the upstream wind turbine, the power output of the downstream wind turbine
decreased due to the reduced incident wind speed compared to the upstream wind speed.
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Fig 2. Graph of Power output vs separation distance
CONCLUSIONS

An experimental study of the power output of the two sets of small wind turbine was
successfully performed. The separation distance is increased the power output of the downstream
wind turbine also increased because the wake effect became weaker. The power output of the
downstream wind turbine is effectively occurs in the separation distance of 5D, because the second
wind turbine is placed outside the strong wake region. From that, 5D is the effective separation
distance between the two wind turbine arrangements.
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