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Abstract. A demand clean and renewable energy through 
the use of submerged turbines. Using this new source of energy 
that we can grow the production of electrical energy from 
sustainable way.  This paper presents the simulation of maritime 
currents using a wind tunnel which allows the comparison of 
speed variations of water compared to air. It also features a brake 
system that uses a magnetic sensor in real time using the 
wavelets. As an example, it can be the ones mentioned 
concerning the feedback control system applied in a brand WEG 
motor of 100 hp with 2 poles 3500rpm rotation. Using software 
tools, the Acquired data are post-processed. 
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1. Introduction 
 
Energy is a major constituent of modern society. It is 
necessary to create goods based on natural resources and 
to provide many of the services with which we have 
benefited. Energy is a basic concept in all disciplines of 
science and engineering. At around all the different 
decades forms of generation have been researched and 
used. Global demand for energy has tripled in the past 50 
years and may triple in the next 30 years. With this growth 
in consumption along with the scarcity of current resources 
and non-renewable, the company was forced to seek new 
alternatives for the future of energy supply. Alternative 
energy, renewable, are new prospects for energy resources. 
We are learning to use different sources of energy 
photovoltaic, hydro, wind, thermal and sea. The marine 
current turbines are energy conversion mechanisms that 
leverage the movement of water caused by tides to move. 
Resulting from interaction with the fluid the turbine blades 
come into rotational motion transmitting power to the shaft 
to which it is coupled. In turn, the shaft, which may or may 
not be connected to a gearbox, a generator operates and 
produces energy [1]. 
The blades of a turbine marine surfaces serve as sustaining 
forces capable of producing and sustaining appreciable 
considerably larger than the forces of resistance. Among 
the various processes for production of renewable two 
mentioned are very similar with regard to conversion 
technology used: wind and sea current energy. In these 

processes are used turbines that are driven turbo 
machinery which convert kinetic energy of the fluid in 
which they are immersed into mechanical energy and 
being coupled to a generator into electrical power. The 
technology applied to the systems of marine current 
follows the same basic principles of wind turbines, with 
the main difference is the density of the fluid passing 
through the turbine, since water is about 800 times denser 
than air. This factor makes marine turbines have several 
potential advantages over wind turbines and other 
renewable energy technologies, including: Production of 
greater potencies for rotors of similar size to a wind 
turbine caused by the higher load factors exercised by the 
water . The current velocity does not depend on climatic 
factors, since the tides are caused mainly by the rise and 
fall of water bodies resulting from the gravitational 
interaction between the earth, moon and sun, and 
predictable throughout the year such as the amount 
energy that can be extracted. Therefore, it is possible to 
build simpler systems without complex mechanisms that 
prevent destruction braking unit in case of a sudden 
increase in fluid velocity [2]. 
 
2.  Formulation 
 
A. Tidal Power 
 
Tidal energy is derived from the gravitational forces of 
attraction that operate between a molecule on the earth 
and moon, and between a molecule on the earth and sun. 
As the earth rotates, the distance between the molecule 
and the moon will vary. When the molecule is on the 
dayside of the earth relative to the moon or sun, the 
distance between the molecule and the attracting body is 
less than when the molecule is on the horizon, and the 
molecule will have a tendency to move away from the 
earth. Conversely, when the molecule is on the night side 
of the earth, the distance is greater and the molecule will 
again have a tendency to move away from the earth. The 
separating force thereby experiences two maxima each 
day due to the attracting body. It is also necessary to take 
into the account the beating effect caused firstly by 
difference in the fundamental periods of the moon- and 
sun-related gravitational effects, which creates the so 
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called spring and neap tides, and secondly the different 
types of oscillatory response affecting different seas. If the 
sea surface were in static equilibrium with no oscillatory 
effects, lunar forces, which are stronger than solar forces, 
would produce tidal range that would be approximately 
only 5.34 cm high[3]. 
 
B. Stream Turbines 
 
Stream turbines make use of the kinetic energy of the tidal 
stream or ocean stream (river stream can also be exploited 
with the same technology) by using both propeller type 
horizontal axis turbines and vertical axis ones. Therefore 
they are different from conventional hydraulic turbines 
used for dams, which mainly use the potential energy due 
to high hydraulic heads and pressure by employing high 
solidity, i.e. their turbine blades cover most of the water 
flow passages. Stream turbines cannot do so because they 
operate in free stream conditions, thus they have to have 
relatively low solidity and at the same time, as large rotors 
areas as possible to capture the energy in the flow with low 
pressure and low velocity. 
 
C. Marine Current Turbines 
 
Marine current turbines are developing twin horizontal 
axis two bladed turbines.  The currently has limited the 
feasible installation sites to have spring peak current 
velocity of > 2 m/s and with a depth of 20 m to 40 m. We 
have successfully installed a 300 kW prototype off the 
coast of Lynmouth which has been in operation since 
16/6/03, dumping power into a load bank. Following 
successful installation and operation in Strangford, the 
next stage will be a semi-commercial venture with the 
installation of about 10 turbines at a site which has not yet 
been announced according to figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. - 1. The current system design for a 1.2 MW  
system to be located in Strangford Lough. 

 
The prototype off the coast of Lynmouth was found to 
produce better energy conversion efficiency than expected. 
The model used to predict energy output was based on a 
wind turbine model which has a maximum theoretical 
efficiency of 0.59 known as the Betz limit. The Betz limit 
is dependent on the velocity difference between the front 
and rear of the turbine. The energy contained in the flow 
(wind or tidal) is[4]:       

 
 

 
(1) 

where Earea= Energy per unit area, Ek = Kinetic energy 
per unit volume, m = mass, V = velocity before the 
turbine � = density. By contrast with wind turbines of 
similar output the high power densities achieved with 
streams of flowing water at the velocities encountered 
mean that large horizontal thrust forces are applied to 
marine turbines. The power available per square meter of 
sea surface.  
 

 
 

 
(2) 

 
where h = water depth, ks = Daily availability factor 
(0.424),kn = neap / spring availability factor (0.57) kef 
=efficiency, V = max. current velocity. 
 
D. Determination of Power Output 
 
According to the literature the general power available 
per square meter can be determined according to 
equation2. 
Including ks and kn will give the average power output 
over both spring neap cycle and over a daily cycle. The 
efficiency of the TED can also be included to appreciate 
the total amount of energy available at any given 
location. However the TEDs cannot be installed infinitely 
close behind and in front of each other because there is a 
need to enable the tidal current to both recover in velocity 
behind them and return to a laminar. The area seen by 
each turbine row: 
 

 
 

 
(3) 

 
where h = water depth, c = blade clearance depth, �x = 
width of the grid square, assumed length of the row 
The number of rows in each grid square depends on the 
spacing between each row. However an estimate was 
made to use 15 blade diameters between each row. The 
number of turbine rows per square:  
 

 
 

 
(4) 

 
where �y = breadth of the grid squares, r = the turbine 
radius, s = spacing in blade diameters. 
 It is therefore, possible to determine the number of rows 
of turbines in each grid square, and hence the area by the 
turbines in each grid square. The number of turbine rows 
per square: 
 

 
 

 
(5) 

 
 
Power output for a given grid square can be determined 
as follows: 
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(6) 

 
where A = Area seen by turbines, within the square 

 
However the values of  ks and kn were tested against values 
calculated from the verified model output and were found 
to vary according to location. Therefore when  determining 
the power output from each grid square for the resource 
assessment these values were dropped and an 
approximation of the velocity was used to calculate the 
power at 15 min time steps throughout a spring neap cycle. 
The tidal velocity also varies according to the spring neap 
cycle over a period of 14.75 days. The method of 
determining an approximate tidal velocity for each square 
at any given time. 
 

 
 

 
(7) 

 
 
 

 
(8) 

 
Where Vsn = Velocity according to a spring neap cycle, Vt 
= Velocity according to a spring neap cycle and the semi-
diurnal cycle, Vs = Maximum velocity during a spring , de 
Vn = Maximum velocity during a neap tide, � = The tidal 
phase difference and T = Time (hours from start time of 
model data). The total tidal generation at any given time 
can be established, taking into account the different tidal 
phases between the squares with the use of the array given 
above. A routine was developed to do this but also to 
include the ability to selectively remove generator clusters  
from the dispatch. Although the average tidal phase is 
given for the group when selecting which generators to 
remove the individual tidal phase is used to calculate the 
total tidal generation at a given time [5]. 
 
3. Application 
 
We use the transfer methodology of obtaining the of 
energy through wind power in the energy drawn from the 
sea currents. Taking account of the difference between the 
two means of obtaining energy equals the ratio between 
the relative densities of the media under consideration. To 
estimate the values that we could get in marine turbine 
systems, taking into account the proportions ideas and a 
turbine equivalent to a wind turbine, we base this work in 
order to estimate potential energy. 
Typical values for the components when the efficiency of 
the turbine is operating at its nominal conditions are as 
follows: The efficiency with which the turbine extracts 
kinetic energy of the incoming stream is approximately 
45%. For water flowing through a turbine for extracting 
the maximum efficiency occurs when the flow velocity in 
the rotor face is reduced to 1/3 in relation to the free 
stream velocity, which provides a good extraction 
efficiency of 16/27 (= 59%), which is the so-called 
"Lanchester Betz limit". The efficiency with which the 
energy extracted from the stream is delivered to the 

generator is 96%. Losses at this stage include friction 
within the gearbox usually used to accelerate the 
rotational speed of the turbine rotor (slower) rotational 
speed of the generator (fast). The losses represent 
approximately 5% are due to friction and mechanical 
energy dissipated as heat [6]. Taking these efficiency 
criteria have an approximate representation of the reality 
of energy a turbine generator. For generating an air flow 
in order to provide measurements generated by a turbine, 
the wind tunnel used prepared in our laboratories from 
the center of mechanical engineering. The equipment is 
called generator of an air flow in a concentrated area 
delimited enabling approximate calculations of natural 
reality. 
The tunnel is based on a cylindrical tube where we have a 
5 HP motor concentrate (3.728 KW). The air flow at the 
turbine outlet has a maximum speed of approximately 32 
m/s at 1280 rpm. The figure 2 we show the equipment 
used. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 - The wind tunnel 
 

 
Using the method of energy transfer through the fluid (air 
- water), relative density, we have the force generated 
from the force exerted by the fluid under study only 
depends on its density, its speed, the area absorbed by the 
generator. 
Thus we can use this theoretical foundation to generate 
signals and execute forms of security, magnetic brake 
system for the generation of energy through currents 
maritime. For the system of the proposed system we use 
the brake wavelet analyze. So we will analyze the signals 
through the method, and thus can create a form of 
magnetic brake. The stator current evaluation is carried 
out using the signal acquired by a current sensor. It 
should be mentioned that, for this propose, the related 
magnetic field can also be evaluated.  
The signal of the current sensor is converted for digital 
into regular intervals of time. Using the Matlab, Simulink 
and a analog-to-digital conversion board, the variation of 
the coefficients of the transformed signal by the Haar 
wavelets are computed in real time, verifying the instant 
where we got some type of disturbance in the process, as 
for example one tool in addition or a joining in the axle. 
In figure 3 we present in form of diagram of blocks, the 
acquisition method that converts and processes the 
developed system [7]. 
 
 
 

3
s n ef

1
P = �Ak k k V

2

( ) ( )
sn s n

2� 24 + T
V = V - V sin

14.75

φ� �
� �
� �

( ) ( )
t s n

2� T +
V = V - | V | sin

12.4224

φ� �
� �
� �

https://doi.org/10.24084/repqj11.480 893 RE&PQJ, Vol.1, No.11, March 2013



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - System of data acquisition 
 
Normally the electric engines are composites for two 
components: the separate stator and the rotor for a small 
called interval "gap". The phase tensions are applied in the 
stator causing a current field. These currents provoke a 
rotation in the magnetic field that puts into motion the 
rotor in one determined direction [8][9]. The speed of 
rotation of the magnetic field is called synchronism speed 
ns (rpm) and normally can be represented by the relation 
of frequency (f) of the stator (Hertz) and by the number of 
poles for each phase of the motor. In milling machines, the 
breaking of cutting tools can cause deformations on the 
rest of the machine. Normally, this phenomenon is caused 
by an extreme increasing force in the cutting pieces 
laterals. This effect will be the increasing in the current, as 
well as the torque increasing will be the dissipate power in 
the motor. The current of the motor can be gotten, by 
multiplying the signal of the output for the value of the 
shunt resistance (10Ω/25W), for each one of the phases in 
accordance with figure 4. 
 
 
 
 

 
 

  
 
 
 
 
 

Fig. 4 - Measuring the current of the motor 
 

 
The current in the electric engine can be calculated in 
agreement with the following: 
  

 
 
 

(9) 

 
The signal of the output tension then is sent for a board 
installed in the computer, which makes the conversion of 
the analogical signal to digital. The interface between the 

signal and the board in the computer is made through a 
digital to analogical converter of high performance, 
installed in the computer that allows the communication 
with the Simulink in real time [10].  
The figure 5 shows the Simulink equivalent block 
diagram that was developed.  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 5 - Example of Simulink block diagram 
 

The block "Adapter" is used for the acquisition of the 
data, not intervening with the signal of the model. It also 
serves to help in the functioning of block "RT" that has 
as out, the signal received from the data acquisition 
board. In this block, it is possible also to configure the 
sampling time of the signal and the number of used input. 
The block "DWT" carries through transformed discrete of 
the wavelet input signal, that will be a size vector  in the 
input, so respecting dyadic intervals. It also allows 
selecting the family of wavelets and the used level 
number, and the analysis of vectors and the coefficients, 
grouped in form of matrices. Finally the block "Scope", 
that allows graphically showing the signals of the 
entrance and outputting [11]. 
 
 

4. Results 
 
With the lifting of the data generated through the wind 
tunnel, we have the following propositions. The variation 
of engine power is transferred proportionally to its 
rotation, from this structure we have the following data 
obtained by wind tunnel. 
The marked difference in power density of water 
compared to that of wind, however, may be seen from 
Table 1 for various velocities assuming a density for salt 
water of 1030 kg/m3 and an air density of 1.2473 kg/m3 
corresponding to air at 10 oC. 

 
 
 
 

 
 
 
 
 

V 60 1RI =
R 5 N

× ×
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Table I. Relative power densities of marine currents  
and air at different velocities. 

 
Velocity 

(m/s) 
Power Density 

Marine 
(KW/m2) 

Power Density 
Wind 

(KW/m2) 
1 0.52 - 
2 4.12 - 
3 13.91 0.2 

10 - 0.62 
15 - 2.10 
20 - 4.99 

 
The pressure on the spot remained at 1.1 kg/m³, a variation 
of approximately 10% of the pressure used in the studies 
presented the temperature stayed 19.1 ° C. These 
characteristics are due to climatic factors and the height of 
where the experiment was conducted. Thus if we calculate 
the proportion of energy generated by these data, 
transferring the data to a maritime environment, we have 
to evaluate its relative density, the fact that the same speed 
of 2 m/s in water can generate about 4 kW/m2, and taking 
into account the wind turbines would have to spend a wind 
flow of approximately 20 m/s. This is caused by the much 
lower density of air (1.225 kg/m3 at sea level), relative to 
water (1024 kg/m3 for sea water), wind speeds of 9.3 to 
11.8 m/s are needed to achieve the same energy density of 
wind turbines. The area used was the area of the wind 
tunnel test, considering a small turbine with approximately 
an area A = 0.450 m (width) x 0.425 m (height). Totaling 
an area of approximately A = 0.1912 m². Due to the size of 
the minimized area of evidence, we have the values were 
lower than the actual size according to Table II. 
 

Table II – Power generated through 
the mathematical model. 

 
Rotation 

(rpm) 
Velocity 
relative 
(m/s) 

Power 
Provided 

(KW) 

Power 
Density 
Marine 
(KW) 

Power 
Density 
Wind 
(KW) 

100 2,5 0,28 0,87 0,00 

200 5 0,57 6,97 0,01 

300 7,5 0,86 23,52 0,02 

400 10 1,15 55,74 0,06 

500 12,5 1,44 108,87 0,11 

600 15 1,73 188,13 0,19 

700 17,5 2,02 298,74 0,30 

800 20 2,31 445,93 0,45 

900 22,5 2,6 634,93 0,64 

1000 25 2,89 870,96 0,88 

 
Due to the relative density of the water is much larger than 
that of the water, the speed greater than 7.5 m/s are not 
considered because the high kinetic energy that would be 
required to generate that force sing these data we can see 
how close to the actual values acquired certainly noticed 
the difference between the actual values and those 

obtained mathematically. It is possible to notice a 
remarkable difference between proportions of power 
generated  through wind and water, with the lowest 
values of maritime currents generate approximately 10 
times the values in the wind, due to its density and thus 
its strength coupled kinetic mass of water passing the 
kinetic pas generators. 
Thus the actual value  has a greater proportion however 
are only one difference between sizes of prototypes. Thus 
we can generate studies in small prototypes using air as a 
medium, and thus transform the results to water. Thus far 
we use the signals mathematically performed to study 
magnetic brake. 
For the brake system the results had been acquired for the 
easiness if also gets the data in real time and for the 
easiness of the coupling, with the computerized system.  
Applying the discrete transformed one into signal “s”, 
using the Haar wavelet with resolution level 1, we got the 
coefficients of approaching represented in the graph “a1” 
and the coefficients of details represented in “d1”. The 
coefficient of details using wavelet of Haar level 
one[12][13][14]. 
The figure 7 shows, from the top to bottom,  the peak 
current level signal, and the coefficients regarding the 
first level of resolution using wavelet of Haar, and the 
details and the discontinuity ones that are related to stator 
current increase behavior, in real time.  
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 7 - Current in the stator in unloaded and load 
 

Those coefficients were obtained considering the 
unloaded and loaded motor conditions.  
One aspect to be emphasized is   the ones concerning the 
signal conditioning requirements due to the inherent 
noisy present in the machine process.  
The amplitude of the output signal can be modified, and a 
proper approaching should be applied to take it into 
consideration.  
In the instant where the current in the stator increases 
quickly with torque, the cutting section in addition to the 
system, causes a discontinuity that is detected by the 
approaching coefficients. The stator current signal, 
considering the unloaded and loaded charge operation  
and the break at 0.55s 
 
 
 
 
 
 

https://doi.org/10.24084/repqj11.480 895 RE&PQJ, Vol.1, No.11, March 2013



5. Conclusion 
 

This study  present a methodology capable of recognizing 
and designing a model that can represent marine turbines 
in another way, being made from physically modeled 
equations from mathematical models and theories of fluid 
mechanics. It was possible the measurement of the 
calculation in a theoretical environment, structuring 
possible applied work in building a prototype to make this 
technology commercially viable in order to minimize 
impacts ambient in power generation today. As for the 
brake system proposed methodology can be used to detect 
faults in other media generators of electricity, where the 
kinetic force is employed in the process. The great 
advantage of the use of the magnetic sensor is that beyond 
not having consuming, the time of reply with the use of 
wavelets of Haar is extremely fast (< 0.55s) 
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