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Abstract— The main aim of the study is to generate electrical
energy using wave energy near seashore. This study work
deals with the design of oscillating water column. The model
of oscillating water column is prepared to conduct a simple
experiment to show its working method. This model is
designed to consist of three portions that are a vertical duct,
air chamber and air duct. The wind turbine rotates by the
action of air pressure generated by the ocean wave entering
and leaving the OCW. The wells turbine rotates in the same
direction irrespective of the wind direction i.e., whether the
wind is entering from the ocean’s side or from the air duct
side. The wells turbine blade design and performance analysis
were also studied. The maximum power output in the model
OCW varies from 1- 1.5 W. It depends on the wave speed and
wind velocity.
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|I. INTRODUCTION

The demand for electrical energy continues to grow every

year in our modern life. The supply of coal for the existing

power stations is expected to last for 15 years only. The

supply of fossil fuels will be unable to meet the demand. So,

the demand for renewable energy is increasing every year.

Renewable energies such as wave energy do not pollute the

environment and because they are renewable they will never

become depleted. There has become an increasing interest in

producing electricity from renewable sources.

The aims of this study are:

1) To generate electrical energy using wave energy near
seashore.

2) To generate a source of non-polluting renewable source
of energy.

3) To improve the instantaneous power output.

4) To improve power efficiently to a wide range of sea
states.

Il. LITERATURE REVIEW

A. Renewable Energy in India

India has a vast supply of renewable energy resources.
Indeed, it is the only country in the world to have an exclusive
ministry for renewable energy development, MNRE
(Ministry of New and Renewable Energy).

Renewable energy sources accounted 60.98 GW
(18.37 percent of total installed capacity). This is projected to
be 175 GW from renewable energy by 2022 [5].

B. Wave Energy

Wave energy is created by ocean waves caused by interaction
of winds with the ocean surface. Wave power devices extract
energy directly from surface waves or from pressure
fluctuations below the surface. The wave power systems can
either be a floating or shore mounted device. Wave energy is
potentially a less variable energy source than wind.

India is estimated to have potential of 40-60 GW of
Wave Energy around its coast with the current state of
technology. The wave energy potential is estimated to be 5-
15 MW per meter of coastline [5]. Note there are no big wave
energy plants in India except the pilot plant at Vizinjham
Fisheries Harbour near Trivandrum in Kerala.

Maharashtra government has built project would
generate 15 to 20 kilowatts of electricity located at Borya and
Budhal villages in coastal Ratnagiri district. Similar pilot
projects exploiting the tidal waves are being undertaken in 15
coastal villages.

Sagar Shakti is a 1 MW OTEC plant built off the
Tuticorn coast which utilizes the temperature different wave
energy device.

C. Wave Energy Devices

There are three fundamental wave energy devices used in

converting wave power into electric power, and they are:

1) Wave Profile Devices: These are wave energy devices
which turn the oscillating height of the ocean’s surface
into mechanical energy.

2) Oscillating Water Columns: These are wave energy
devices which convert the energy of the waves into air
pressure.

3) Wave Capture Devices: These are wave energy devices
which convert the energy of the waves into potential
energy.

D. Oscillating Water Column

The Oscillating Water Column, (OWC) is a shoreline wave
energy device normally positioned onto or near to rocks or
cliffs. They consist of a partly submerged hollow chamber
fixed directly at the shoreline which converts wave energy
into air pressure. The structure used to capture the waves
energy in the manmade vertical duct connected to an air
chamber. The constant flowing motion of the waves forces
the trapped water inside the chamber to oscillate in the
vertical up-down direction like a giant piston on the air above
the surface of the water, pushing it back and forth. This air is
compressed and decompressed by this movement every
cycle. The air is passed through a wind turbine generator to
produce electricity as shown. Figure 2.1 shows an oscillating
water column near seashore.

OO

Fig. 2.1: Oscillating Wave Column (Source: waveenergy.it)
The type of wind turbine generator used in an
oscillating water column design is the important factor in its
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conversion efficiency. The air inside the chamber is moving
in both direction with every up and down movement of the
sea water. If a conventional turbine was used the blade will
rotate in one direction air flow. To overcome this problem the
type of wind turbine used in oscillating water column is Wells
Turbine.

E. Wells Turbine

The Wells turbine is a low-pressure air turbine that rotates
continuously in one direction independent of the direction of
the air flow. Its blades are designed as symmetrical air foil
with its plane of symmetry in the plane of rotation and
perpendicular to the air stream. It was developed for use in
Oscillating Water Column wave power plants. The use of this
bidirectional turbine avoids the need to rectify the air stream.
The efficiency of the Wells turbine in oscillating flow reaches
values between 0.4 and 0.7 [3]. Figure 2.2 shows the outline
of wells turbine and Figure 2.3 shows the wells turbine
prototype.

F. Design of Wells Turbine Blade

Shyjo Johnson et al. says that the effective energy conversion
is possible due to the turbine blades have symmetrical profiles
(commonly four-digit double zero NACA profiles). The
characteristics of wells turbine NACAQ0015 with constant
chord length for 2D blades and for 3d blades with
NACA0015, NACA0020 and NACAO0025.The turbine
characteristic in the case of 3D-A which the blade thickness
increases with a radius is better than the case of 2-
dimensional blade. The turbine characteristics such as
pressure drop coefficient, torque coefficient and efficiency
are found to be higher for 3D-A blade. The maximum
efficiency was found to be 66.32% for 3D-A blade [4]. The
details of 2D blades and 3D blades are shown on table 2.1.
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Fig. 2.2: Outline of Wells Turbine (Shinya Okuhara et al.,
2013)

Fig. 2.3: Wells turbine prototype (M. Torresi et al., 2009)

SHAP PROFILE D/L
E HUB MEAN TIP
RADIUS
3D-A NACA001 | NACA002 | NACAO002 0'_15
5 0 5 0.25
0.25
3D-B NACA002 | NACA002 | NACAO001 i
5 0 5 0.15
2D NACA0025 0.15
Table 2.1: Specifications of Blade (Shyjo Johnson et al.,
2005)

Fig. : 3D-B blade

Fig. : 3D-A blade
Fig. 2.4: 3D Blade profile (Shyjo Johnson et al., 2005)
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C.

I1l. METHODOLOGY

Structure Design

A reinforced concrete caisson is built in dry docks.

On the wave-beaten side, the caisson has a vertical duct
that is connected both to the sea through an upper
opening, and to air chamber through a lower opening.
The air chamber contains a water in its lower part and an
air pocket in its upper part.

An air-duct, which connects the air pocket to the
atmosphere, contains a wells turbine.

Fig. 3.1 shows our physical model wave energy
converter with dimensions details.

Working Principle

When waves produce enters into the vertical duct, water
oscillates up and down in the duct, and the air chamber
is compressed and expanded alternately.

Then, air flows into the air duct which drives the wells
turbine to produce electricity.

The water inside air chamber acts as a piston on the air
volume, pushing it back through the turbine as the waves
increase the water level in the air chamber, and pushing
forth as the water level decreases.

Model

A simple model of oscillating water column is prepared using
acrylic sheet as alternative to concrete and a powerful
dynamo with blade is used as a turbine. It is connected to a
multimeter to measure the voltage and ampere. The wave
inside the column is created using a wave generator.

The maximum power output in the model OCW

varies from 1- 1.5 W. It depends on the wave speed and wind
velacity. Fig. 3.1 shows physical model of the OCW.
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Fig. 3.1: Physical Model

Advantages

Easy construction and maintenance.

Less installment costs and grid connection cost.

Wave power does not produce greenhouse gases.

It is safe for people and for the environment.

This wave energy is free - no fuel needed.

Most of wave power plants are spread out along the
coastline, preventing erosion.
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The current cost of wave energy is varying between 30-
50 ¥/kWh.

Future Scope

Direct supply of electrical power to grid.
Combined electricity supply & coastal/harbor defense.
As a power generation system in remote areas.

Environmental Impact

Oscillating Water Columns have no moving parts in the
water, and therefore pose little danger to sea life.

Unlike dams, wave power structures that are equally
long-lived promise comparatively benign environmental
effects.

Wave power is renewable, green, pollution-free.

Its cost effective than wind, solar, small hydro or biomass
power plants.
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IV. CONCLUSION

Wave energy is not expensive to operate and maintain.
Wave power will be used a lot in the future and will help
towards lowering CO2 emissions.

India is estimated to have a potential of 40-60 GW of
Wave Energy around its coast with the current state of
technology. The wave energy potential is estimated to be
5-15 MW per meter of coastline.

The power output from the model OCW is 1-1.5 W. It
depends on the wave speed and wind velocity.
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