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1. Introduction

Climate pollution and demand for electricity, in

Abstract

The phenomenon of climate change resulting from the increase of
global warming has become one of the main problems facing the world.
Where researchers and specialists have worked for many years to find a
solution that reduces this phenomenon and limits its risks. It is likely
that clean energy is an alternative to fossil fuel sources, which are the
main source of global warming. One of the clean energy sources is
ocean wave energy, which is a huge and untapped energy source, despite
the possibility of extracting large energy from waves. This paper focuses
on the study of deep-sea turbines and their results. A study was
conducted on the capture chamber. Where this paper presents an
experimental model of a water tank with certain dimensions in the
university laboratories to describe the dynamic behavior of the capture
chamber. The Froude number scale was used to model the dimensions
and depth of the water as well as the wave properties. Through
experimental work and its results show, and it was found that the power
generated by the motion of the wave strength is related to the height
and frequency of the wave.

Keywords: Wave energy, Air turbine, performance, power generation.
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population does not have access to electricity but has
the means to get it [2].

addition to high diesel price, are among the main
reasons that encourage the use of renewable energies
[1]. It has been proven that one third of the world’s

Renewable energy of all kinds provides clean and
effective energy by reducing greenhouse gas emissions
and providing job opportunities in addition to
economic development [1]. Among the forms of
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renewable energy are the seas and oceans, which store
energy in the form of thermal energy, tidal energy, and
others. The possibility of using the energy of pecan
waves can cover a large part of the electricity
consumption [3]. The concept of collecting and using
ocean energy was not a new as the (WEC) wave
transducer was used in 1799 and was patented [4], and
the first practical form of using wave energy was by Y
Masuda when he used ocean waves to power
navigation buoys [5]. Ocean wave energy has the
second largest potential among all ocean renewable
energy sources [6][7], and despite differing opinions,
some studies have determined the amount that can be
exploited as 10 — 20% of the total potential. [8]

2. Technology OWC:

OWC is a type of (WEC) [9] transducer which is
one of the ways that are used to extract energy from
ocean waves [10]. These systems are one of the
solutions to current problems of energy and an
alternative to the use of fossil fuels [11]. Mutriku
station is the only commercially powered OWC
station in the world now. This system consists of two
main components: a concrete chamber and a turbine
generator set that converts wave energy into electricity
[12]. A partially submerged structure is constructed,
where the trapping of air above the surface of the free
air depends on the submerged part under the surface
of the water, the air moves within the inner surface
according to the oscillating movement of water that
drives the turbines placed across it. The original
design of the flow chamber could be detrimental to
the operation of the turbine due to water mist from
the jet air on the water-free surface [3]. It has been
suggested that the air passage be designed to be as
smooth and short as possible to prevent poor flow
distribution that seriously reduces turbine efficiency
[13]. A horizontal baffle plate was used to drain air
from the turbine, and its effectiveness has been
proven. These systems are affected by wave direction
as well as water depth.

Air column _ ,}
T r Wells turbine

L

Figure (1): Oscillating column of water [14].

Incident wave
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Profile of wave (n) and (H) water height may be given
by
n= g cos(kx_ Awt +B) 1)
Where vector of wave k = 2n /A, w =2m / T.
Denotes the depth of the water d and the hotizontal
wave X:

w?= kg tanh(kd)
A =T?g/2m tanh(kd)
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Since the 1970s, the free inner surface was
considered as a weightless solid piston to determine
the hydrodynamic pressure in OWC, which is a
simple model. The equation of motion, as did Sykes,
has been used to describe the behavior of OWC
[15], as the pressure on the free surface is assumed
to be zero and pressure constant P across S at z=-L:

pS(L + rIOWC)nOWC + pSgnOWCSPOWC (4)

Where p is density, nowc (t) and Powc (t) are the
height of the free surface of the water column and
dynamic pressure in OWC. These models ignore the
spatial differences of the inner free surface and
therefore will only be appropriate when the
diffraction pressure is zero across the horizontal
plane.

Pressure  distribution  theory  which
formulated by Falcao [16] and generalized by Evans
[17], and is the second method for evaluating
hydrodynamic behavior in OWC. This theory allows
for an accurate description of the free inner surface.
Some equations that govern the behavior of OWC
are mentioned which are still in the potential flow
framework:

(1) Equation of air mass conservation:

Using the Sarmiento and method of Falcao
(1985) [18], which postulates the theory of equal
evolution. This theory assumes equal and following
expression is used for the evolution of the air
volume in chamber by Chatry [19]:

was

- d
q () = ~50 - 220 6
Where: 17, air volume at the free surface at rest
in the chamber, dV(t) /dt is the hydrodynamic
flux of volume, V, /yp, Air Compression Effect
(pa: atmospheric pressure, y: constant specific heat
volume and pressure).
(2) Equation of governing for devices OWC:
Hydrodynamic volume flow using the above
decomposition into a problem of diffraction
radiation, and this equation allows modeling of the
behavior of OWC:
q ) =q°@) + g (e) — = ED ©
YPa dt
A significant improvement in OWC performance
can be achieved by improving turbine rotational

speed control as well as improving rotor diameter as
demonstrated by Falcao [20].

3. Calculating Wave Energy Using an

Oscillating Water Column (OWC):

There things to know before
calculating the energy of wave in the model,
including the ocean energy of wave potential,
chamber dimension, gravity of earth, and the specific
gravity of the wind [14]. To calculating the wave
energy, the following equation is used:

E = (P, — P)A,V, )

Where E is power of OWC, P, is orifice air
pressure, Py is air pressure outside the system, A, is

are many

orifice column area, V, is air flow speed around the
orifice.



NJES 26(3)150-156, 2023
Sharif et al.

To get parameters in the above equation we use
the following equations:

v, = 2 Hsin(wt) ®)
A
v, = ivl )
A1\d$ Q
P=Ptp ()R r2W,-1) (0

To calculate electrical power that can be generated
from the energy wave, use the following equation:

1)

Whete P, is electrical power, H is wave height,

p9% 112
POWC = 647TH TWnOWC

T is wave period, w is chamber width.

The total efficiency of an (OWC) is the product of

the sum of the efficiencies of the generator, chamber,
and turbine used in the (OWC) system. According to
several studies, the overall efficiency of the (OWC)
system range from 0-20% of the total potential energy
produced by the waves, depend on the height of wave
and its period [21].

Nowe = MtNpNy (12)

Where 7o is total efficiency of OWC, 14 is
efficiency of generator, 1, is efficiency of chamber,

7 is efficiency of turbine.

4. Turbines:

OWC plants must be equipped with air turbines
such as (Wells turbines, radial turbines, Savonius
turbine, and impulse turbines) [22]. Air turbine
conventional is used to convert secondary part of
the energy into OWC wave transducer, but in a large
energy of wave, such systems cannot be adopted
because the valve becomes large. If self-correcting
air turbines are used, no correction valve is required
to convert wave energy.

Impulse turbines with steering rotors actively
controlled using a hydraulic actuator have been
proposed and selected [23]. The authors have also
proposed a radial turbine with actively controlled
steering vanes to convert energy of wave [24] but
according to the latest research, the efficiency of the
turbine is not good [25].

The features of air turbine for converting energy
of waves were studied through numerical simulation
and offshore experiment under the condition of
irregular flow and it has been found that turbine
impulse type could outperform well turbine [22].
The performance of a unidirectional impulse turbine

has been experimentally under steady flow
conditions using a piston with a wind tunnel [26].
The unidirectional turbine has shown good

efficiency over a wide range [27]. The authors have
suggest with twin turbines are using new topology
that promises to produce 50% of the wave to wire
efficiency of the OWC [28].

OWC stations must be equipped with self-
correcting turbines which can maintain the same
direction of rotation regardless of the direction of
the air. Among these turbines, well turbines are the
most common and over many years, designs have
been developed to eliminate their flaws and make
them better than conventional turbines such as
reducing noise, and increase efficiency [29].
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With many research and experiments conducted
to improve the efficiency regarding the turbines used
in OWC, it was found that the thrust turbines are
more suitable for sudden rise in wind power and
their efficiency is up to 75% [30]. In power plants,
two types of turbines are used across Europe, Japan,
Korea, and India are well turbines and impulse
turbines [31][28].

5. Generators:

Generators are devices that convert mechanical
energy into electrical energy, and generators in
general can give AC or DC. There are several factors
that determine the choice of generator, such as the
speed of the prime mover, output power, and
operating range. One of the types of generators are
synchronous generators that operate at a constant
speed with permanent magnet system [1]. Its
advantages include high efficiency due to direct drive
permanent magnet, It has brushes which makes
maintenance low costs, low noise and high energy
density as well as at variable speed provide constant
frequency and voltage [32].

The other types of generators are induction
generators  which are the most common in
independent power generation systems. It is one of
the preferred generators to produce electricity on a
small scale due to its simplicity, its ability to protect
and its small size [33], as this type does not require
an external DC source [34].

One of the most effective and simplest laws of
control is the law derived from simple physical
arguments. If the inertia is zero and the goal is to
increase the efficiency of turbine, the turbines must
be operated at the best point of power and efficiency
of the turbine must be proportional [35]:

Peury (Ppep, ) = pD°f (u¥pep)2® (13)

The power of generator control should follow

the relation:
Pctrl = abep 03 (14)

The coupling between the OWC and
aerodynamics of turbine is considered in case the
inertia is large, as in the following equation [30]:

Petr = Apep 0P (15)

A variable frequency drive is used to connect the
electric generators to the grid, and the drive is
controlled in torque mode and depends on the
following relationship:

m _ . b-1
T ,; =min[02°7",

P
E > Tgen]

(16)

The matrix transformer topology achieves direct
conversion AC /AC and has not a DC link feature.
Whereas a topology that includes intermediate DC
cOnversion and no voltage is a complex system and
is not used because of this. The lack of DC link of
electrolytic capacitor can be a good feature in term
of life [9]. The multi-level array transformer motors
matrix have been investigated [37] [38].

During the past twenty years, we note the
development and technical change in generators, as
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the technological development of microprocessors
increases the performance of multiple functions [9].

A method used in the 1990s and 2000s is
considered a good method, which is to use bridge
rectifiers along with generators [39] [40]. In 1997,
one of the most important advantages of the PICO
OWC plant is the use of a variable speed electric
generator. One of the main tasks of the project is the
development of unconventional control equipment
and the development of power electronics. A mains
transformer current source inverter (CSI), which is
the approved power transformer for this system, is
used.

Grid

Stator

Rotor
lpc contactor contactor
—p

Induction
generator

Figure (2): Diagram of the PTO electrical for the
PICO OWC [9].

6. Control law:

The latest control systems in OWC consist of
two systems, the wave transducer control and
transducer control, the first control the speed of
rotation of the turbine and the flow of air [41], and
the second control the electrical variable as active
powet.

The electronics of power unit controls the WEC
turbine’s generator and can increase control
strategies as the OWC’s mechanical and electrical
parts become more complex, i.e., implementation of
the strategy affects the efficiency of power
conversion as well as requirements such as
durability, capacity, maintenance, and cost.

The maximum power position can be tracked
depending on the rotational speed and is one of the
reliable solution with a preprogrammed feature
obtained from the model of turbines, such as MPPT
method based on the torque reference [42].

The wind flow is bilateral in the case of single
chamber of OWC, and this requires the selection of
suitable turbines technology, i.e., the well turbine.
The stall phenomenon occurs when the ratio
between the blade tip speed and velocity of wind
exceeds a certain limit. Therefore, it is necessary that
the control element be designed to avoid this
phenomenon [43], the air flow coefficient should be
within certain limits.

In  multi-chamber  systems of OWC,
unidirectional turbine is used, the control problems
are similar to the open field wind power conversion
system [44].

153

0.7F

/%Q)
'Wells turbine with guide vanes

== == == Turbine with self-pitch-controlled blades
0.6f:ccererenes Biplane Wells turbine with guide vanes

=+ ===|mpulse turb. with self-pitch-controlled guide vanes
==+ + =Impulse turbine with fixed guide vanes

0.5F

— aof ey .
~ 0.4 ~

E / g L7 S
] e
S 03F i

0.2f A SN

. ~
0.1F I

-

[ 4
0 0.2 0.4 0.6 0.8
Air Flow Coefficient, ¢

Figure (3): Efficiency of self-correcting turbines

[45].
7. OWC chamber:

The case study consists of a watercourse with a
depth of 50 cm, a width of 100 cm, and a length of
300 cm, and it is open to the atmosphere. The test
required us to make waves at specific speeds (5
speeds have been determined), the primary four
speeds have been simulating ordinatry sea situations
and the 5th velocity became simulating the kingdom
of turbulence in sea water. Shown fig (4), (5).

Based on previous studies, this type of turbine
and its dimensions were chosen, in addition to the
dimensions being chosen to suit the water basin. The
Wells turbine adopted for the experiments. Wells
turbine tested in detail in case of casing diameter
D,= 200 mm is as follows. The blade Profile
NACA0021, number of blades 6 (symmetric).
Shown fig (6).

The basin is isolated from the vibrations that
could occur as a result of the wave maket’s work by
installing the wave maket's motor on a stand, far
enough from the basin.

The results of previous experiments (Teixeira), a
similar case, showed that a wave height of one meter
does not cause wave refraction, and that the

turbulence effects using model were lower at free
surface height outside and inside the water chamber.
This means that turbulence modeling is not used in
this case because the effect of turbulence on
hydrodynamics is not significant.

Verification demonstration the accuracy of the
model to represent phenomena is an important step
in numerical simulation. The First regular wave
digital simplified external OWC device and first
Falcao code validation for OWC devices by Paixido
Conde. In this work two things were considered for
the chamber:

1. The chamber is open to the atmosphere.
2. The well turbine is placed in the upper part of
the chamber.

By comparing the numerical results with other
numerical results obtained from the Fluent model
and with the experimental results, the authors
showed the accuracy of the Fluinco model. In recent
research, Teixeira (2013) validated Fluinco model for
OWC devices by comparing results. The authors
used pneumatic power to evaluate the efficiency of
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the device, which is the force a turbine uses to
generate mechanical power. In the case of this study,
due to the standard difficulties in turbine modeling, a
simple air vent was used to provide a representative
analogy with the pressure drop associated with the
airflow passing through the turbine.

Glass
Rubber

Wave maker

Water Basin

Figure (5): Schematic showing the connection of
the parts of the water basin experiment equipment.

NACA0021

60.0 mm;

Figure (6): Geometric parameters of the Well
turbine.

8. Results

Results of the experimental work are discussed in
this chapter, which includes the amount of power
that can be obtained from the movement of waves
within the specified characteristics.
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Figure (7): The comparative of the amount of
power for three cases.

Table (1): Values of the Results of the
experimental work.

Case | H T | A f 1 \% P
No | (ecm) | (S) [(cm)| (Hz) A) %) (Watt)

1. 1.2 105139 ] 2.0 ]0.0396]0.140| 0.005544

2. 19 | 0.6 | 53 | 1.66 | 0.0435 [ 0.216| 0.009396

3. 285108 | 76 | 1.25 ] 0.0483 |10.231 | 0.0111342

Notice that the amount of output power and
wavelength increase has an increasing period.

Wavelength and Period

=05 =06 =038

Figure (8): The comparative of the amount
wavelength at different period.

9. Conclusions:

In this paper, the power ratio of the OWC device
has been verified by experimental work, which is
based on the Navier-Stokes equations as well as air-
water dynamics, considering the effect of wells
turbines and control of air pressure inside the
chamber.

The power output was taken for more than one
wavelength and different wave heights. This study
showed, when taking different speeds, the
importance of rotational speed in turbine
petformance. Through experimental work and its
results show, and it was found that the power
generated by the motion of the wave is related to the
height and frequency of the waves. In addition, the
amount of power obtained from the rotation of the
turbine in the air chamber depends on the height
and wavelength of the water.
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