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Abstract

Energy consumption all over the world is increasing rapidly, that is why to fulfill this demand
various types of energy sources are needed. During this project, one of the well known type of
renewable energy sources wave water energy will be explored. The main aim of this research is
to calculate coefficient of efficiency in terms of cost and power dependence and to model new
design of ocean wave energy converter. The structure of Sea Slot-cone Generator will be
benchmark model for this research and it has several reservoirs, which will have own turbines to
produce energy. The data analysis in terms of efficiency and physical behavior will be tested on
software ANSYS by making 2D and 3D simulations of a flow. Various shapes of sea slot cone
generator will be tested and analysis in terms of pressure and velocity would be made. For
preliminary study, the simulation of a flow in 2D will be made and by identifying the velocity
profile of the flow ocean wave energy extraction will be tested.



Introduction

Number of people all over the world increasing rapidly, which causes high energy
consumption rate. (Chen 2011) That is why, several ways of energy production was developed,
to satisfy needs of population around the world. According to the production type and effect to
the nature energy production was divided into renewable and non-renewable energy production.
(Sharif 2018) There are different types of renewable energy sources, such as hydropower,
modern biomass, wave, solar, geothermal etc. According to statistics of Renewable Energy
Policy Network for the 21st Century, 14% of total energy was produced by green energy sources.
(Panwar 2011). This alternative energy sources helps to decrease the CO, emissions to the
atmosphere and to increase the cost efficiency of energy production. (Arent 2009). According to
Hydropower Status Report statistics in 2018 25.6% of total energy around the world was
produced by renewable energy sources, whereas hydropower consisted 15.9% of total energy
production. (Scorza 2019) There several types of energy production by using water, such as
hydroelectric power, ocean energy and saline water. In every case, different properties of water
used as a source of energy. For example, during hydroelectric power production the velocity of
water is used, which is wave. Solar ponds and algae production helps to extract energy from salt
water, which is based on the composition of a water. In addition, due to the temperature
differences and by using ocean thermal energy conversion electricity can be produced between
warm and cold water. (Srinvas 2019). During this project wave energy extraction technique will
be studied. This project will be focused on the work of Margheritini, who have wrote about sea
slot-cone generator in the island of Kvitsoy, Norway.

Figure 1. Sea slot cone generator in Kvitsoy

The mechanism of converting wave energy into electricity will be based on this research,
however the model for wave converter will be optimized in this project. Energy efficiency rate
and physical behavior will be studied using ANSY'S software. According to the results of
simulations optimization of design of wave energy converter will be made and new model will
be shown.



Literature review
Water at a high speed is a powerful source of energy. That is why the hydropower energy
generation one of the fastest growing energy production type.
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Figure 2. Hydropower generation growth throughout the decades

As it can be seen from the Figure 2, hydropower generation grows 20 times from 1950s.
(IHA 2019) As it was discussed before, there are different ways of extracting energy from water.
The most effective and widespread type of energy extracting from water is wave energy
converter.
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Figure 3. Main categories of wave energy converters

As it can be seen from the Figure 3, there many types of wave energy converters. They
have different designs according to their locations and efficiency rate. For ocean wave energy
extraction, terminator device(E) should be used, because it has fixed structure and ability to work
at different velocities of wave. (Margheritini 2009) Most of these wave energy converter are
directed to convert mechanical energy into electricity and they work on the basis of turbines. The
main idea behind wave energy converter is gravitational fall of water flow into the reservoir.
This gravitational potential energy is converted into mechanical kinetic energy with the help of

water turbines. The highest value of kinetic energy during the flow occurs, when the velocity is
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high. That is why by decreasing the distributor or nozzle size of water turbine high kinetic
energy can be produced. There are two main categories of water turbines, such as impulse and
reaction. In impulse turbine, all potential energy taken from the wave is converted into kinetic
energy in the distributor, whereas in reaction turbines the converting of energy occurs partially in
distributor and partially in rotor. (Edward 2015)
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Figure 4. Pelton wheel turbine

Turbine shown in Figure 4 is a classical example of impulse turbine, because the energy
converting process occurs at the end of nozzle. This type of hydraulic turbine is used at a high
flow rate of water and was invented by American scientist Allan Pelton. The main difference of
this kind of turbines is its location in the water. Most of the turbines locate inside the water,
whereas vanes of Pelton wheel turbine enters the water, which leads to the rotation of a wheel.
Pelton wheel turbines can have different sizes and the power can reach 200 - 250MWh. (Padhy
2009)

As it was discussed before there is also reaction turbines, which converts the energy due
to the pressure and moving water. The mechanism of these turbines different from impulse,
because reaction turbines are located directly in water flow region and blades every blade of
turbine covered with water. That is why, reaction turbines used in places, where pressure is low
but the water flow is high. (Adhijit 2009)

Francis turbine is a most known reaction turbine, which has different pressure values at
different flow rates. This type of turbine used for a dams where the inlet area of a wave energy
converter is high, whereas the outlet is small. This turbine was named after James B. Francis in
Lowell, Massachusetts and the geometry was as in Figure 5.
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Figure 5. Francis turbine

Advantages and disadvantages of hydropower energy production
As it was discussed before hydropower energy generation one of the fastest growing
energy production type. There are several reasons to use this kind of renewable energy sources.

¢ Renewability of a source of energy. Hydraulic cycle is infinite and the water resources
are supplied by precipitation (rain, snow)

e Power produced by hydropower plants can be easily controlled, by changing the velocity
of a water flow

e Reservoirs made for energy production can be helpful to build beach and resting zone for
tourists. By constructing wave energy converter near the beaches, the velocity of wave
can be decreased, because most of power from wave will be directed to produce energy.
That is why, safety during the swimming can be improved.

e Decreasing the COz emissions into atmosphere.

Whereas, there are also negative effects of hydropower energy production.

e Big area is needed for construction of hydropower plant. This land can be used for other
purposes, such as agriculture, living etc.

e Breaking of reservoirs and dams can lead to the fatal consequences.

e Building water power system depends on the climate of a region.

e Reservoirs decrease the amount of hydrogen of the water, due to the blocking the normal
flow of the water in ocean. That is why, natural habitat for fishes can be destroyed.

Modelling
Starting with the design of Sea Slot-cone Generator (SSG) observed in the work of

Margheritini, which was the fundamental base structure in designing the ocean sea wave
extractor. The dimensions of SSG is 17m (length) x 10m (width) x 6m (height). The SSG model
would be benchmark design, whereas the new design will be developed model. The developed
model was created with dimensions: 17m (length) x 3m (width) x 6m (height).

Firstly, the design of SSG was created in Solidworks, see Figure 1. Solidworks is the
computer software program aimed to design 2D and 3D models of any object.
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Figure 6. SSG model
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Figure 7. Flow simulation through the SSG model

Making some improvement in design in order to achieve more efficient power generation, the
developed model, see Figure 8, was created.



Figure 8. The isometric view of the developed model

Figure 9. The side view of the developed model

Figure 10. The top view of the developed model

The model consists of three main parts: main body, vertical water turbine and cross flow water
turbine.



Figure 11. The main body

This kind of structure allows to accelerate the water flow in the place where the turbines are
located.

Figure 12. The vertical (left) and horizontal (right) water turbines.

The horizontal water turbine structure is a cross flow water turbine also known as Michell-Banki
turbine. (Sinagra 2014)

The differences of this model from SSG are modified main body, additional two horizontal
turbines and more efficient vertical turbines.
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Figure 13. The sectional view of the developed model

From the Figure 13, it can be seen that the cross-flow water turbines are located at the
end of the inclined inlet. The water goes through the horizontal turbines and makes circular
motion when they pass the loop structured pathway. The vertical turbines located under another
inlet that is placed in the middle of the circular pathway. These two vertical turbines are
connected to each other and have one common generator.

Simulation

Mesh verification

At the beginning of the simulation, the mesh verification process was completed. The
mesh verification is the process when the mesh size is decreasing until the point when the results
of previous and last simulation will not change significantly. It completes to obtain the more
accurate result during the simulation.

Figure 14. The mesh of the developed model

Elem[(rarr]\]t size Nodes Elements
0.1 95806 51750
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0.07 186776 104556
0.05 374137 213502

The physics preference was set as “Mechanical”. The “tetrahedron” method of meshing
was chosen. The span angle center set as “Medium”. Quality of mesh was equaled to 0.8.

The first mesh check was at element size of 0.1m, then it was decreased to 0.07. The
difference in results were more than 5%. The mesh with element size of 0.05m was checked. The
difference was about 1% comparing with 0.07m.

Boundary conditions

The velocity of the flow was installed as 1.97m/s, according to IPCC report , it is the
average value for the wave speed. (IPCC 2018) Fluid was set as water-liquid. Temperature of the
water is 283K. The wall is in no slip condition. The simulation was completed under different
flow conditions: laminar and turbulent.

Results

ANSYS

2019 R2
ACADEMIC

Figure 15. The velocity profile for laminar flow
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Figure 16. The velocity profile for turbulent flow (k-epsilon)

Figure 17. The velocity profile for turbulent flow (k-omega)

Figure 18. The velocity profile for turbulent flow (SST)
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The results were obtained for laminar flow and turbulent flow calculated with three
different equations (k-epsilon, k-omega, SST). According to the research of Douvi, the k-epsilon
and k-omega are two-equation modes, whereas the SST is the four-equation mode. (Douvi 2012)
The k-epsilon calculates well the results far from wall, whereas the k-omega does it near the
wall. The SST combines the advantages of both equations. That’s why for further calculations
the results obtained by SST equation will be used.

As it can be seen from the Figure 15-18, the velocity of the flow at the place, where
horizontal turbine is located, is decreasing. However, the circular motion adds the velocity to the
flow, and at the second inlet, the velocity increases almost to its initial value.

Energy analysis
The energy calculation was completed following the formula:
Power [kVA] =Q XpXHX gXn (Eq. 1)

Where, Q — flow rate m%/s
p — density of the water
H — waterfall height
g — gravitational acceleration
n — total efficiency of the turbine

The data for calculation was given as:

Hydro resources:
Flow rate = velocity*inlet area = 2.364 m®/s
Diameter = 40 cm
Inlet width =175 cm
Gravitational acceleration = 9.81 m?/s
Waterfall height = 1m; 2m;
Density = 997 kg/m®

Losses and real electrical power (approximately)
Efficiency of turbine = 0.8
Pressure drop factor = 0.9
Other losses = 0.98

Days: 365

Power production by SSG = 320 MWh/year
Power production by developed model = 450 MWh/year

450-350

The efficiency n = w0 " 100% = 30%

The efficiency increases up to 30% compared to SSG model according to the simulation results.
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Conclusion

To sum up, the new developed model of ocean wave energy extractor was designed and
water flow in it was simulated. The developed model was compared with the SSG model made
by Margheritini and his team. According to the results of simulation, the developed model with
extra two horizontal turbines and redesigned main body should be able to generate 450 MWh
energy per year. Although the simulation results show the efficiency increase up to 30%, the real
experimental results could be different. The energy absorption simulation should be completed
using the Simulink/Matlab software. The further studies on this topic and testing of real model
will be completed in the future.
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