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Design and Fabrication of Vertical Axis Wind Turbine
for Water Pump Application
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Abstract Over the past few decades, due to extensive use of fossil energy sources, world is facing global warming and
increasing greenhouse effect. Higher need of energy and less accessibility to power supplies requires the use of renewable
sources of energy like wind-energy, which is most prominent for suitable applications. In the present work, design and
construction of a wind pump that can provide water to rural and remote areas facing electricity scarcity is attempted. Small
wind turbines need to be cost effective, affordable, and incur minimum maintenance cost. Perfectly designed wind mill which
can be used in optimal working climate could be a dependable energy source and produce socio-economically valuable
energy not only in developing countries but also in local applications. The overall design goals of the present work focused on
affordability and simplicity of design rather than efficiency.
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e To build up small wind turbine & to see practicality of
it.

e To design & develop water pump which will cope with
ordinary pump.

1. Introduction

Water pumping in rural areas is very important aspect
which requires energy [1]. Water sources like wells, dugouts,
rivers are often used for agricultural fields. Power scarcity in
rural areas is one of the major concerns in transportation of
water from the sources to the agricultural fields. Wind
energy is a significant source of renewable energy which can

2. Design and Fabrication of Wind Mill

be used for pumping water in inaccessible localities. A wind
pump is nothing but a windmill used for pumping water. It is
one of the primary approaches of using the energy of the
wind to pump water. Considering the available renewable
energy resources, the generation of electrical energy &
mechanical energy by wind turbines has appeared as a
feasible and commercial option.

In recent years people started using natural sources like
wind, hydro, solar energy to produce electricity for providing
power to the various power-plants. Energy is the main and
most general measure of all kinds of work by human beings
and nature. Everything what occurs in the world is the
expression of flow of energy in one of its forms.

This paper describes the design of a wind power operated
small wind pump. This paper also explains the design and
fabrication of such a wind turbine blade profile for domestic
application. The main objectives of this work are,

o To focus on energy generation where it is most needed,
by designing a vertical axis wind mill.
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2.1. Elements used for Turbine and Pump

e Aluminum sheet and Aluminum Strips
o Mild steel Rod and Mild steel Strips

e Flange bearings

o Bevel gears

e UPVC pipes

o Non-return valves and bushes

2.1.1. Aluminum Sheet and Aluminum Strips

Figure 1. Blade and Strip
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Blades are one of the most important components of the
wind turbine which influence the power productivity of the
system. The area of blades is directly proportional to the
wind energy absorbed by the system. In the present work,
aluminum sheet is selected to make the blades and aluminum
strip was used to provide the support for blade members.

2.1.2. Mild Steel Rods and Mild Steel Strips

The rotating shaft is the vertical shaft to which blade is
mounted. Rotating shaft is supported with flange bearings.
Mild steel strip is used to give support for blade at bottom
side.

Figure 2. Mild steel Strip and rod

2.1.3. Flange Bearings

Bearings that are mounted within a flanged housing are
used when the bearing mounting surface is perpendicular to a
shaft axis. They are commonly available in two, three, or
four-hole configurations. Four-bolt flanged ball bearing units
have a square shape with 4 holes for mounting to
accommodate higher loads than two-bolt flanges.

Figure 3. Flange bearing

2.1.4. Bevel Gears

Gears are used for transmitting power from rotor to slider
plate shaft. In this setup bevel gears are used to convert
rotational motion of the shaft in vertical axis in to horizontal
axis to rotate the slider plate in horizontal axis. The selected
bevel gear is of module 2.62mm and number of teeth in
pinion is 15 teeth and in gear is 30 teeth.
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Figure 4. Bevel gears

2.1.5. uPVC Pipes

In this work uPVC pipes were used to make the piston
pump. Because UPVC pipes have more thickness than
normal PVC pipes which has better strength. The whole
setup of valves, plunger, caps and piston body are of same
material.

=

Figure 5. uPVC pipes

2.1.6. Non-return Valve

Non return valve or one way valve is a valve that normally
allows fluid (liquid or gas) to flow through it in only one
direction. These valves are two port valves, meaning they
have two opening in the body, one for fluid to enter and other
for fluid to leave. In this setup, the non-return valve of brass
material were selected.

Figure 6. Non-return valve
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2.1.7. Miscellaneous Elements

The elements mainly used for assembly purpose are nuts,
bolts, washer, rivets, base plate etc. These elements also used
to fasten the parts and give support to the system.

2.2. Design

Design of Blade, Power output of turbine and pump:
Considering 1/4 hp power, P=186.5W
To find area required for the design of blade,

Power, P =0.5pAV? 1)
186.5=0.5x1.294 x A x 53
A =2.305 m?

From power equation, power available is proportional to
air density (1.225 kg/m®) & is proportional to the intercept
area. Since the area is normally circular of diameter D in
vertical axis aero turbines then,

Swept Area, A = (IID?)/4 2
2.305 = (I1D%»)/4
D=1713m
andalso, A=Dxl,
2.305=1.713x 1,

lb=1.345m
Pout = 0.5 X Cy X p X A XV3 ?3)
=0.5x0.3x1.294 x 2.305 x 58
Pout =55.92 W
Assuming transmission efficiency, nt =95%
Piy = Pou X 1t (4)
=55.92x0.95
Pin =56.13 W
We have Pyq = gHQ (5)
=9.81x1x2.305x5

Phyd =113.06 W
Power required to run the pump, np = 75%

P = Phyd/m, (6)
=113.06/0.7
P =161.514 W

Hence, 161.514 W (0.216 HP) power is required for
pumping water under head of 1m.

2.3. Fabrication of Wind Turbine

The fabrication of wind turbine shown in the figure 6 is
explained as follows.

Aluminium sheets cut in to required dimensions
(130cm*35cm), then bent into required shape. The
aluminium strips are cut and bent to match with the blade
diameter, then it attached to the blades by gun riveting. Blade
is mounted to the centre shaft plate by using bolt and nuts.
Stand is fabricated by the welding process by using M S

strips. Two 4-bolt flange bearing is used to mount the wind
turbine and 2- bolt bearing is used to mount the slider plate
and gear. UPVC pipes, non-return valves, bushes and caps
have been used for the preparation of piston pump. The final
setup of piston pump is attached to the link rod and to the
slider plate.

Figure 7. Model of the wind operated water pump

3. Working of Wind Pump

o This helical blade vertical axis wind turbine is designed
to pump the water. When air blows and strikes the blade
of turbine blade starts to rotate.

¢ Rotation of blade mainly depends upon the velocity of
air and surface area of blade. The bearings which are
fixed to centre shaft will smoothen the rotation.

e As blade shaft rotates, shaft of slider plate also rotates
when two bevel gears are mesh with each other.

e The circular rotation of slider plate causes the plunger
rod to move up and down by the help of link rod
connected to it.

o As the plunger rod move up the suction of water takes
place at one side of check valve and closes that valve
after suction.

e When plunger rod pushes the water releases at second
check valve. The required head can be maintained by
placing the outlet pipe in required position.
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Figure 8. Working of wind operated water pump
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4. Conclusions

In the modern period of rapidly developing technology the
design of this vertical axis wind mill generator can be able to
full fill certain amount of energy requirements. All materials
used are locally available and at a low cost making the model
economically viable. In villages, these wind mill can be used
for pumping of water when there is no power supply the ease
of construction and design modification of the vertical
Windmill pump meant that the system is well suited for
technological transfer to rural-based community groups.
Although it is capital intensive, these technologies will be
one of the most cost effective renewable energy wind pumps
in terms of the cost per water pumped in very low wind
regimes.
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