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ABSTRACT

Device marine proposal, Blowjet, with close aerofoil profile to take advantage of surge energy is presented. Wave
train complexity can be simplified using the well-known hydrodynamics model of the water spurt by means of the
profile of the called wind instrument, tuba. The main goal of this work is to reproduces the famous coastal
phenomenon known like “bufadora” to obtain a water-jet. This makes turbo generator work, which is an ocean
energy systems innovation. The Blowjet can be integrated to electrolysis-fuel cell system, in order to accumulate
wave energy and became to hydrogen. The power plant prototype is in the integration process in the laboratory, each
one of the devices is being tested.

Electrolysis is the simplest process for hydrogen production, it has been known for more than two hundred years, but
currently, scale industrial electricity generation from photovoltaic systems, wind or ocean energy, has not been
solved. While developments in wind and solar systems energy generation have been well documented in recent
years, investigations in sea systems energy generation are just beginning. Mexico has more than twelve thousand
kilometres of coastline and more than thousand islands. We should look towards the sea and research for developing
sustainable energy sources.
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1. Introduction

At same time as development of the technologies that transform the solar energy [1], wind [2] and biomass [3] to
convert particular work in electricity, others technologies are been developed to transform the surge, sea currents,
tides, concentration gradients and thermal gradients energies to finds blunting with more than thousand patented
devices [4] and every year new designs and innovations are added to diminish the presence of the hydrocarbons in its
fuel paper [5].

From all these concepts, models and prototypes, around twenty are highlight by their ingenuity, realised investments
and supports as much deprived as public [6][7][8][9]1[10][11][12]. Although the most of the technologies
concentrates the transformation of the waves and currents of tides, the techniques that make use of the thermal
gradients [13][14], salts gradients [15], ocean currents [16] and the concepts where all the renewable energies are
hybrid and are presented in a single Power Station of Power integrating zones of storage, they begin to draw
attention by their great potential [17][18][19][20][21][22][23]. Then, the dynamics of the renewable energies begins
to take own form without historical precedents [24].

The main reason of the forces of the surge investigation, its hydrodynamics and the impact on the coast has been the
coastal protection and they support the conception, design, construction, tests and operation of power devices [25]
[26][27][28][29][30][31]. Particularly, energy transformations in the waves breaking zone, their ascent and reduction
by the coasts have a wide range of theoretical and experimental studies that allow to be taken into account for diverse
designs of ocean/coastal energy converters on the coastline.

The oscillations of the waves on the coastline is transformed in to a movement toward the front by means of know
devices and in phase of commercialization known like Oscillating Water Column that even begins to simulate
[32]. The movement of ascent of the surge on the coast has been proven by means of inclined planes which bring the
amplification effect that cause that the water lifts several meters on the sea mean water level where it is stored in a
coastal dam to again return to the ocean generating electricity. This set of walls that conform a channel open in
narrowing and which they amplify the marine waves is known like TAPCHAN (TAPeredCHANnNel).

The TAPCHAN emphasizes like the transformation device energetics of the surge on the coastal line, simpler and
elegant [33][34]. An example of this kind of device has been proven in Norway [35][36][37][38], see figure 1.
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The Blowjet takes some ideas from the tapchan and aims to reproduce the hydraulic behaviour of the well-known,
naturally occurring blowhole or “sea cavern” structure. Blowholes occur all over the world and are known locally by
different names; the most famous example on the Mexican coast is that located on the North Pacific, in Ensenada,
Baja California, and called the “Bufadora”, figure 2 (YouTube), which is an onomatopoeic term and several
examples could be found also in Australia and Hawaii. Although it has been described very briefly by the specialized
bibliography [39][40], it suggests another form to operate the surge energy.

Figure 2. Bufdora, Mexico

This natural coastal feature sees wave energy compressed in a narrowing space and blasting out of a chimney in a
spectacular form. The complex internal morphology of blowholes has been poorly studied, what we do know is that
this natural formation always presents a catchment entrance, a compression cavern and an expelling hole. The
different sizes, slopes and arrangement of these three components determine the force and air-water mixture of the
expelled jet. In terms of designing a wave energy converter based upon this hydraulic operation it is desirable to
reduce wave reflection, minimize resonance inside the device and avoid an excessive air-water mixture.

Based on observation of the natural blowholes energy transformation process, this paper presents a device which
maximize wave energy conversion in a similar way to that of a “blow hole” with a close hydrodynamic profile where
waves funnel up and out and the water is compressed as tube becomes smaller and smaller causing the pressure to
increase forcing a stream of water to shoot up to ten meters into the air. The complex nature of the wave train can be
simplified as a mere flow of water as it passes through a musical instrument, the tuba. In terms of energy conversion,
the blowhole turns relatively small waves into very strong water jets. The great advantage of this structure is that
only Kinetic energy is amplified and it can be easily directed to a turbine. Also, once the water has been used to move
the turbine, it can be easily returned to the sea and no further storage is needed.

Looking at the transformation of the wave energy, from Kinetic to potential, the blow jet is a variation of the recent
TAPCHAN, consisting of an open channel which, on narrowing, converts wave energy into potential energy. This is
then transformed into Kinetic energy in a closed TAPCHAN and the water is expelled with great force. From a
theoretical model of the energy control balance, the aim of this study is to presents design criteria of the Blowjet.

2. Experimental Section

All the experimental work was held at the wave flume of the National University of Mexico. This is a 37 m long,
1.2m high and 0.8 m wide flume with a piston type wave maker. The flume is made of glass in one side and stainless
steel in the other and the bottom (Figure 4). The flume is equipped with an active wave absorber attached to the
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paddle and a passive one at the other end. The experimental set up for the Blowjet consisted in three wave gauges at
the front of the device for registering the incident and reflected waves and one more gauge behind the device to get
the transmitted ones. The water velocities at the entrance of the device and at the jet were measured with micro
ADV’s and PIV respectively. More than 300 tests were carried out with the Blowjet device; regular wave trains with
different height (8 to 20 cm) and period (0.8 to 2.0 s) were generated. Four device’s axis angle from the still water
level were tested (0, 10, 20 and 30 degrees) for three relative submergences (1/3, 1/2 and 2/3 of the Blow-Jet
entrance area). Some conditions were eliminated from the analysis because waves were breaking before reaching the
device.

Figure 3 shows all the elements of the Blowjet in the lab that is shown in Figure 3. Profile, is initially set the inlet and
outlet diameter of the device. Then to each fraction of submersion of the device are made to change its inclination
angle, height and the wave period to stay registered mainly, the speed of the jet.
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Figure 3. Experimental Diagram

Where:

T = Period [s], H = Height of the wave [m], f (x) = Hydrodynamic Profile of Blowjet, | = Length of Blowjet [m],
R = Radio of Blowjet, D; = Inlet diameter [mm], v; = Speed to the entrance [m/s], v, = Speed when coming out
[m/s] D, = Outlet diameter [mm], o = Pending of the device, S=Submersion level

The tests were made with the magnitudes:
f(x)= 1.37178 x **

= 630 mm

= 172 mm
D,= 21 mm
D;= 366 mm

= 1/3,1/2, 2/3

«[°] = 0,10, 20, 30
H [m] = 0.08, 0.12, 0.16, 0.2
T[s]= 08,1012 14,16, 18,20

The setup of the experiments is illustrated in Figure 4.
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Figure 4. Blowjet

The Blowjet has been positively received with interest in various congresses where it has been presented, it is in
innovation and improvement process by their authors [41][42][43][44].

3. Results and discussion

The normalized maximum and mean velocity in the outlet of the Blowjet are showed figure 5 and Figure 6,
respectively, where S; is the proportion of the inlet diameter flooded with water.

Blowjet reduces the complexity of the sea wave transformation to the elemental hydrodynamics of a water-jet
allowing calculate theoretically the power of the jet as p~ V3. The results show a wide range of jet velocities that
range its power from 5 to 19 watts. The experimental results obtained with small waves, between 8 and 20
centimetres in heights and periods between 0.8 and 2 seconds, shows that they are able to carry so much energy per
unit of time.

Actually, a research group from IPN and UNAM are in the process of designing and building a turbo-generation
system able of produce energy from 1.7 to 2.5 volts and amperage between 10-300 mA, with pulses that match the
period of the water waves. These features will undoubtedly be able to integrate for the first time a device with a
small wave power converter with an electrolysis system for storing the wave energy in the form of the chemical
components of the water: oxygen and hydrogen.
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Figure 5. Dimensionless maximum velocity as a function of the normalized wavelength and relative
submergence: fora) a=0°and S; =1/3,b) a=10°and S; =1/3,a) a=0°and S; =1/2,a) a=10° and
Si1=1/2,a) a=0°and S; =2/3,a) a=10°and S; = 2/3
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Figure 6. Dimensionless mean velocity as a function of the normalized wavelength and relative
submergence: fora) a=0°and S; =1/3,b) a=10°and S; =1/3,a) a=0°and S; =1/2,a) a=10° and
S;1=1/2,a) a=0°and S; =2/3,a) a=10°and S; = 2/3
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The displayed graphs suggest a wide range of heights and periods of wave where the device emits enough energy and
regular jets to suggest operating a turbo-generator.

4. Forward-looking to the mass storage of renewable energy in the form of hydrogen

Throughout history, the port protections requirement was easier to fix with dissipating the energy infrastructure of
the sea as an alternative to take advantage of these unlimited resources. Projects to use of the oceans energy have
arisen independently to the dissipative development protection dams of power. The Blowjet allows to merge the
ancient techniques of break waters construction with designed devices to transform wave energy into electricity and
proposing at the same time a solution to the problem posed both by Travis [20] and Bernard [45] in the sense that
they are still non-existent technologies for the electricity mass storage from renewable energy sources, which
prevents that they can currently replace hydrocarbons in its function of energy. Being the target capture, focus and
harness the waves energy conceived as plant wave power. Vertical breakwaters profile is an extension of the Blowjet
hydrodynamic profile as shown in Figure 7. With different concept, there is already in operational project that
leverages the wave’s power that has been developed in Mutriku, Spain, figure 7.

Each concrete block of the Blowjet is conceived in a monolithic way (its hydrodynamic profile allows it), They are
moulded and fabricated on land. Each produced block are placed and armed on the seafloor joining each block with
its own turbine attached to the rest of the turbines through a single axle trailer on land with a simple generator and
sustained through a rails system that would allow up or down in maintenance times or accident, thereby facilitating
the operations of composure change parts, general maintenance or simply let out stream in some air sound and light
show. The upper end of the dyke would be no different to the constructive ways of the existing breakwater dykes.

Figure 7. Breakwater-Blowjet and Breakwater in Mutri J?pé"in' [4]

4, Conclusions

The Blowjet is the most simple and economic transformation of waves conceived so far. The testing for
characterization and linkage to a scale turbo-generator in laboratory for the breaking of the water molecule, offering
both the alternative generation of electricity and its storage as hydrogen and oxygen. It is inspired by the
phenomenon of "bufadora”. It is a device that transforms the wave energy into Kinetic energy. With the Blowjet it
can conceive a dyke that does not dissipate the sea energy and protecting the coastal infrastructure, capture, focus
and take advantage of that energy for the benefit of the protected area.
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