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Title of Invention: TILTING GENERATOR FOR THE
GENERATION OF WAVES AND MODULAR WAVE

GENERATOR SYSTEM USING THE TILTING GENERATOR
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The invention relates to a top axis tilting generator for the generation of surfable
waves. The invention also relates to a sequential type generator system using a set of

tilting generators according to the invention.

Background Art

Several surfable wave generator systems are known in the State of the Art.
Common among these is the use of sequential module generator systems based
on the arrangement of a set of contiguous modules or movable elements acting in
sequence to achieve a surfable wave. These modules or movable elements are referred
to as "generators" in some publications. The modules or movable elements may be
positioned, for example, in a row or in line, and may have a single row of modules or
several rows or groups of modules. The movable elements may be horizontal pistons,
tilting pistons (“flaps”) or other types of movable elements that can be moved and/
or tilted in a sequential and repeatable manner. In any case, the generators form a
moving wall of changing shape capable of causing disturbances in the mass of water
to generate surfable waves. For this purpose, the movable elements of the sequential
modular system move with a time lag between them. In this way, the moving wall
defined by the modules acquires a serpentine movement generating surfable waves. By
controlling the offset between adjacent modules, it is possible to control the angle and
curvature of the wave front to generate different types of waves.

Patent US11255098B1 discloses a modular type generator system comprising
a plurality of generators or movable elements in series such as tilting pistons. As
described in this publication, when a piston is immersed in the mass of water, both
front and rear surfaces of the piston are exposed to the water, so that the movement
of the piston produces waves in the desired direction (away from the front surface of
the wave generator) but also rear waves in an undesired direction (away from the rear
surface of the wave generator).

The generation of rear waves is problematic, since a rise in the water level at the
rear of the generator can cause splashing or flooding, unwanted interference with
the desired wave generation and, above all, it implies an increase in the energy
consumption of the system. The invention US11255098B1 proposes a first possible
solution to this problem, by using a displacer, configured to move synchronously

with the wave generator, to move water from the rear of the wave generator. In this
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way, it seeks to compensate for changes in water elevation at the rear of the wave
generator, so that the elevation of the water level behind the wave generator remains
essentially constant, thereby reducing the power requirements of the drive system.
However, this displacer-based system only partially compensates for the additional
power consumption caused by the generation of back waves at the back of the pistons,
as the displacer mitigates the back waves but does not completely eliminate them.

A second known solution, suitable for generating waves in shallow water and
applicable in research, engineering and testing of coastal structures, is disclosed in
the link http:/www4.edesign.co.uk/product/piston-wave-generators/. The referred
piston wave generators (“wavemakers”) use a displacement technique that allows a
perfectly horizontal movement of a front face of the piston for wave generation and,
simultaneously, prevents the formation of back waves. For this purpose, the wave-
generating piston consists of two interconnected components that rotate relative to
each other. The rear surface of each of these two components forms part of a cylinder
centred on its axis of rotation, so that no backwash wave is formed when the structure
rotates. A support structure holds the generator piston in a modular unit. The upper part
of this structure supports the main axis of rotation and other components of the drive
mechanism.

A third known solution, based on a similar principle, is described in CN111238770B.
The solution is mainly applicable in marine environment simulation and research. The
wave generator of the invention CN111238770B also comprises two blocks that move
synchronously by the action of a drive device. The assembly is supported on a frame.
The front block is a horizontal type pushing piston, for wave generation in a frontal
water zone ahead of the generator. The rear block is a rear wave compensation block
positioned at the rear of the pushing block. The drive system causes a translational
movement of the pushing block and, simultaneously, a synchronised rotation of
the compensation block around a pivot axis located at the top of the frame. A front
surface of the pushing block, which moves back and forth, always remains in a vertical
position for optimised wave formation in the front water area. At the same time as
the pushing block moves, the compensation block rotates so that the action force in
a rear water area of the wave pushing block is eliminated. Thanks to the described
mechanism, it is possible to prevent the formation of back waves and vortices in the
back water area and reduce energy consumption.

It is an aim of the present invention a tilting generator for the generation of surfable
waves, with simple construction, suitable for forming part of modular generator
systems. The tilting generator of the invention makes it possible to compensate for the

generation of rear waves, without the need for a rear wave displacer or compensator
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mechanism (similar to those described above) whose movement must be synchronised

with the movement of the tilting generator.

Summary of Invention

The invention relates to a top axis tilting generator, to a modular generator system
and a to surfable wave lagoon integrating the system.

The invention pursues a compromise to achieve simplicity of design of the tilting
generator and its drive system, while at the same time enabling surfable waves of
suitable quality to be obtained.

The tilting generator of the invention is intended to form part of a waves W generator
system in a mass of water. The tilting generator pivots around a top axis of rotation
by the action of a drive system. The generator comprises a water displacing front
face towards a front water zone of the mass of water ahead of the tilting generator
for the formation of waves W. The generator also comprises a top face and a convex
face extending from the front face towards the top face. Preferably, the convex face
is cylindrical. Optionally, the convex face is cilyndrical, being the centre of this
cylindrical convex face centred on the axis of rotation of the tilting generator.

Top axis means an axis above the front face of the tilting generator. The tilting
generator is substantially arranged under the axis of rotation, although a rear portion of
the tilting generator may reach a higher height than the height of the axis of rotation,
e.g., during the angular backward rotation of the tilting generator.

The configuration of the tilting generator of the invention makes it possible to
minimise the formation of back waves, providing a top axis tilting generator with
adequate energy efficiency within the working tilting range of the piston that is
defined later in this document. These advantages are achieved without the need for
additional elements, such as displacers or other types of additional rotating blocks
whose movement should be synchronised with the movement of the tilting generator.
In the solutions mentioned in the introductory "Prior art" section, two elements are
used that require synchronisation of movement: one of the elements is a pushing
piston for wave formation; the other element is a displacer or a compensation block. In
conventional solutions with a dual-mechanism, the pushing mechanism is mounted on
the compensating mechanism, two movements being synchronised.

In the context of the present invention, a "back wave" will be interpreted as a wave
generated towards an unwanted direction away from the rear surface (back) of the
generator. These back waves imply an undesired energy consumption. Some solutions
to alleviate this problem are described in the introductory section. Another solution is
to have a surfable wave generator system as described in the patent ES2611764B1 that

allows the generation of surfable waves at both sides of the generator.
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The present invention provides an alternative solution to all of the above.

Another important advantage of the top axis tilting generator according to the
invention is its simplicity of design. The tilting generator comprises a single solidary
block capable of simultaneously contributing to wave generation and rear wave
prevention. As indicated above, in the conventional solutions cited, the movement of
the pusher piston must be synchronised with the movement of the compensator block.
This synchronisation of movements usually requires a more complex drive mechanism
to actuate the pusher block in coordination with the rear block. Thanks to the use of the
tilting generator of the invention, the required drive system is simplified. In particular,
the invention makes it possible to dispense with a specific mechanism intended to
maintain a pusher surface in a vertical position, during the wave generation sequence,
in coordination with a rear block.

As will be detailed below with reference to the figures and the embodiments of
the detailed description, the characterising tilting generator of the invention can
sufficiently approximate the behaviour of a horizontal piston in a certain range of
sizing and movement of the tilting generator.

The invention also relates to a generator system for the generation of waves W in
a front water zone of a mass of water arranged on a floor (4). The generator system
comprises at least a set of sequential modules arranged in adjacent locations. Each
sequential module comprises a tilting generator according to the invention.

Each tilting generator pivots with a turning radius (R) defined in relation to a depth
(H) of calm water measured ahead of the tilting generator. According to an optional
aspect of the invention, the ratio R/H is greater than 1.2.

Optionally, the R/H ratio is greater than 2.

Optionally, the R/H ratio is greater than 2.1.

The tilting generator of the invention performs an angular rotation (a, - o) with
respect to a reference position in which the front face is in a vertical position.
According to an optional aspect of the invention, the angular rotation (a, - c) is limited
to an absolute value of the angle () of 30°, i.e. the tilting generator optionally pivots
between 30° and -30° with respect to the reference position.

Optionally, the angular rotation (a, - a) is limited to an absolute value of the angle
(o) of 22°,

Optionally, the angular rotation (a, - a) is limited to an absolute value of the angle
() of 13°.

Optionally, the floor comprises a recess adapted in shape to the convex face of the
tilting generators.

Optionally, the top face of the tilting generators remains outside the mass of water

during their rotation.
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Further advantages and details of the invention are included in the detailed
description, with reference to the particular embodiments of the figures.
Brief Description of Drawings

The details of the invention are shown in the accompanying figures, which are not
intended to limit the scope of the invention:
Fig.1a

[Fig.1a] shows a perspective view of an embodiment of the modular type wave
generator system according to the invention, provided with top axis tilting generators
at their backward rotating limit position.
Fig.1b

[Fig.1b] shows the generator system of [Fig.1a], with the tilting generators at their
forward rotating limit position.
Fig.2a

[Fig.2a] is a sectional side view of the system of [Fig.la].
Fig.2b

[Fig.2b] is a sectional side view of the system of [Fig.1b].
Fig.3

[Fig.3] shows a perspective view of an embodiment of the tilting generator,
illustrating its geometry and its different parts.
Fig.4

[Fig.4] shows a perspective rear view of several tilting generators of the system of
[Fig.1a].
Fig.5

[Fig.5] shows another perspective view of several tilting generators comprised in the
generator system of [Fig.la].
Fig.6

[Fig.6] shows an enlarged view of the top of two tilting generators of the previous
figure.
Fig.7

[Fig.7] is a detailed view showing the separation between two adjacent tilting
generators of previous figure.
Fig.8

[Fig.8] is a perspective view of a lagoon of surfable waves W comprising a modular
generator system (1) according to the invention.

Description of Embodiments
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The invention relates to a top axis tilting generator intended to form part of a surfable
wave generator system. The invention also relates to a generator system comprising a
set of tilting generators according to the invention. Figures 1a and 1b show a particular
embodiment of the generator system of the invention, in this case, a sequential modular
generator system additionally provided with divisional intermediate structures arranged
between each module. In the present invention, the movable elements of each module
are tilting generators (20) which pivot around a top axis of rotation (40), in a sequential
and repeatable manner, to generate surfable waves W. The tilting generators form a
movable wall (3) of changing shape capable of causing disturbances in the mass of
water to generate surfable waves.

Optionally, the tilting generators (20) are arranged along a longitudinal direction
L forming a single row, as in the embodiment of [Fig.1a]. In other embodiments,
there may be more than one group or row of tilting generators (20). In each row, the
movable wall (3) of the generator system (1) has a front face formed by all the front
faces (23) of the tilting generators (20) facing a front water zone (2a) of the mass of
water (2). The front face of the movable wall (3) thus formed pushes water from of the
mass of water (2) for the formation of surfable waves W in the front water zone (2a),
by means of a serpentine movement as the front faces (23) of the tilting generators (20)
move with a certain offset between them.

Figures 1a, 1b, 2a and 2b show the angular rotation of the tilting generators (20).
Figures 1a and 2b show, respectively, a perspective view and a side view of the
generator system (1) with the tilting generators (20) at their backward rotating
limit position. Figures 1b and 2b illustrate the generator system (1) with the tilting
generators (20) in their forward rotating limit position.

Figures 2a and 2b show how each tilting generator (20) is installed in a wave W
lagoon partially submerged in the water. As can be seen in figures, the tilting generator
(20) pivots around an axis of rotation (40) by the action of a drive system which may
be mechanical, hydraulic or other types. The axis of rotation (40) is a top axis of
rotation, located above a front face (23) of the tilting generator (20), as can be seen in
[Fig.2a] and [Fig.2b]. The tilting generator is substantially disposed below the axis of
rotation (40), although a rear portion thereof may reach a higher height than the height
of the axis of rotation (40) during the angular backward rotation of the tilting generator
(20), as shown in [Fig.2a].

The tilting generator (20) comprises a water displacing front face (23) for the
formation of waves W in the front water zone (2a) ahead of the tilting generator (20)
and an top face (22). Optionally, as in the embodiment of figures, the drive system
(not shown in its entirety) of the tilting generators (20) is hydraulic and comprises a

hydraulic cylinder (41) connected to the top face (22) of the tilting generator (20), so
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that the compression and extension of the hydraulic cylinder (41) causes the rotation
of the tilting generator (20) around the axis of rotation (40). Optionally, as in the
embodiment of figures, the frontal face (23) is flat. Also optionally, the top face (22)
remains outside the mass of water (2) during the rotation of the tilting generator (20)
for greater energy efficiency.

The tilting generator (20) of the invention has the particularity of comprising a back
or convex face (24) extending from the front face (23) to the top face (22). The term
convex refers to the rear outer face of the tilting generator (20) seen from the rear
water zone (2b). Preferably, as in the embodiment of figures. this convex face (24)
is cylindric has its centre on the axis of rotation (40) of the tilting generator (20) to
prevent the formation of back waves at the rear of the tilting generator (20). The axis
of rotation (40) of one of the tilting generators (20) is represented with dashed lines in
[Fig.1a], [Fig.1b], Fing. 4 and [Fig.5].

In other embodiments, the convex face (24) may not be cylindrical, e.g., it may be
polyhedral.

In the embodiment of [Fig.2a] and [Fig.2b], the cylindrical convex face (24), at least
partially, delimits and forms the rear and bottom of the tilting generator (20), this
cylindrical convex face (24) extending from a lower part of the front face (23) towards
the rear of the top face (22) of the tilting generator (20). The surface contour of the
tilting generator (20) also comprises two side faces (25).

The front face (23) and the top face (22) of the tilting generators (20) may consist of
one continuous surface or comprise a plurality of surfaces or faces.

As already indicated in the brief description, the invention provides a top axis of
rotation (40) tilting generator (20) with improved energy efficiency, within the tilting
range defined below.

As shown in [Fig.2a] and [Fig.2b], the tilting generator (20) pivots about the axis of
rotation (40) with a turning radius (R). It is desirable that the axis of rotation (40) is
located at a certain height. A depth (H) of the calm water, in relation to the floor (4)
of the mass of water (2), measured in front of the tilting generator (20), is defined as
a reference. It is common for the floor (4) to extend away from the tilting generator
(20) with a slight slope. If the floor (4) has sloping areas, the depth (H) of calm water
is measured from the floor (4) (without considering the recess (4a)) with the tilting
generator (20) in its most forward position (see [Fig.2b]). In embodiments where
the convex face (24) is not cylindrical and circular, the turning radius (R) may be
measured as a reference on the front face (23).

The tilting generator (20) presents a maximum behaviour of interest for a value of
the ratio R/H at least greater than 1.2, preferably greater than 2 and more preferably
greater than 2.1. With these values for the R/H ratio, the axis of rotation (40) and drive
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mechanism (not fully shown) of the tilting generator (20) are arranged at a suitable
height, the turning radius (R) is sufficient to obtain quality surfable waves and it is
possible to make the behaviour of the tilting generator (20) sufficiently close to that
of a horizontal piston. For example, for a wave W height of 2 metres, the depth (H)
can be set equal to 3 metres obtaining an advantageous R/H ratio of 2 m for a turning
radius (R) of 6 metres. For that wave W height of 2 metres, the depth (H) can also
be set at 2.85 metres obtaining an advantageous R/H ratio of 2.1 for a turning radius
(R) of 6 metres. A slight decrease in the R/H ratio is also possible by placing the axis
of rotation (40) at a lower height. For example, for a R/H value of 1.85 metres, an
admissible surfable wave W can be obtained by modifying the tilting range of the
tilting generator (20).

As also shown in [Fig.2a] and [Fig.2b], taking as a reference the tilting generator (20)
with its front face (23) in a vertical position perpendicular to the direction X, the tilting
generator (20) performs an angular rotation (a, - ), i.e. it tilts towards the front water
zone (2a) until the front face (23) forms an angle (o) with the vertical direction and
backwards towards the rear water zone (2b) until the front face (23) forms an angle (-
a) with the vertical direction. It is advantageous to limit the angular rotation (a, - a) by
an angle (a) of absolute value 30°, preferably 22° and more preferably 13°.

Optionally, the value of R/H is between 2 and 2.1 metres and the absolute value of
the angle (a) is 13°, the angular rotation (a, - o) being limited to between 13° and -13°
with respect to the front face (23) in a vertical position.

The appropriate parameterisation of the R/H values allows the axis of rotation (40) of
the tilting generator (20) to be arranged high enough to provide a sufficient horizontal
pushing component of the tilting generator (20), so that it is possible to generate
surfable waves W of suitable size and in different directions of advance of the W wave
of interest. Although the movement of the tilting generator (20) of the invention is not
completely horizontal and the pushing is, therefore, not uniform (the pushing caused
in the water has a higher speed at the bottom of the tilting generator), surprisingly the
simplified tilting generator (20) of the invention is very advantageous, since it allows
obtaining a variety of types of quality surfable waves W and preventing the generation
of back waves that could significantly worsen energy efficiency.

The reduction of the vertical component of the tilting generator (20) also makes
it possible to avoid or, at least, minimise a possible decoupling that may occur
between the programmed movement for the sequence of the tilting generators (20)
and the advance of the wave W, when the tilting generators (20) are part of a modular
generator system (1), as in the embodiment of the figures. This undesired decoupling
could imply a loss of height of the generated waves, negatively impacting the energy

efficiency of the wave generator system in some cases.
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To enhance energy efficiency and the other advantages mentioned above, it is also
desirable that the tilting generator (20) is installed so that its lower end extends to
a level very close to the floor (4) on which the mass of water (2) is placed. Further
details of this feature are given below.

[Fig.3] shows a perspective view of the geometry and the various parts of the tilting
generators (20) of [Fig.1a].

The tilting generator (20) comprises a differentiated structural portion (30), whose
function is to serve as a support for the anchoring of a metal part to hold and connect
the tilting generator (20) to the drive mechanism.

Optionally, the tilting generator (20) comprises a counterweight system to
compensate the tilting generator (20) moment and minimise the torque or
actuator force (depending on the type of actuator used). A suitable location of the
counterweight helps to minimise the vertical forces of the tilting generator (20),
balancing the buoyancy and weight of the tilting generator (20).

Optionally, the tilting generator (20) includes an additional watertight compartment,
hollow or with a low density, located in a lower part of the tilting generator (20). The
function of this compartment is to reduce the moment of inertia of the tilting generator
(20) so that less force is required to accelerate it. In addition, it makes the tilting
generator (20) less expensive.

The tilting generator (20) may be inflatable or comprise a foam block.

In any case, the tilting generator (20) is provided with a structural portion (30)
to transmit the force of the drive motor to a large area of the tilting generator (20).
Under this structural portion (30) a low-density or even hollow portion with a
smaller structural strength is provided. Additionally, it is advantageous to have a
counterweight, attached to the structural portion (30) and located in an upper zone
away from the axis of rotation (40), so that the weight is loaded on the structural
portion (30) and not on the lower part of lower density of the tilting generator (20).

In the particular embodiment of the figures, the tilting generator (20) comprises the
three previously differentiated parts, according to the configuration detailed below. As
shown in [Fig.3], the structural portion (30) is located in an upper part of the tilting
generator (20) in a position close to and under the axis of rotation (40). This structural
portion (30) extends from the front face (23) towards the rear of the tilting generator
(20), being delimited at least by the front face (23), the side faces (25) and the top
face (22) of the tilting generator (20). A compensation tank (31) is located behind the
structural portion (30), extending from the structural portion (30) to the convex face
(24) of the tilting generator (20). The compensation tank (31) is delimited at least by
the top face (22), the side faces (25) and the convex face (24) of the tilting generator

(20) and allows the incorporation of the counterweight.
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Preferably, the compensation tank (31) is located in an accessible position of the
tilting generator (20), away from the axis of rotation (40). In the embodiment of
figures, the position of the compensation tank (31), at top of the tilting generator (20)
and behind the structural portion (30), in a position further away from the axis of
rotation (40) than the structural portion (30), is advantageous because it provides an
easily accessible tank, also allowing a weight reduction to be optimised for a given
torque compensation of the tilting generator.

Optionally, the compensation tank (31) can be filled with water, allowing the
counterweighting function to be implemented by adding or removing ballast in a
simple and economical way by using water from the mass of water (2) of the system.
In this way, a regulable counterweight is provided for an optimisation of the power
and/or force of the drive system used for the rotation of the tilting generator (20). The
possibility of regulating the counterweight is particularly advantageous for generating
certain waves that are more demanding in this respect. In this way, the motors of the
drive system of the tilting generators (20) work optimally and with minimum peak
power.

Under the structural portion (30) and the compensation tank (31), there is a
watertight tank in the form of a bath tank (32). In the embodiment shown in [Fig.3],
the bath tank (32) extends between the front face (23) and the convex face (24) of the
tilting generator (20), being delimited at least by said front face (23) and convex face
(24) and by the side faces (25) of the tilting generator (20).

The described compartment geometry, corresponding to the embodiment of figures,
could present variations in other embodiments of the tilting generator (20). Also, in
other embodiments, the counterweight may be implemented by means of metal blocks
attached to the surface of the tilting generator (20) or in other ways.

Optionally, a lightweight material is used to manufacture the tilting generator (20),
e.g. composite, thermoplastic material, aluminium or inflatable canvas. The use of a
lightweight material, rather than metal, reduces the inertia of the tilting generator (20)
and prevents corrosion problems.

The invention also relates to a modular generator system (1) for the generation of
surfable waves W in a mass of water (2). As shown in [Fig.8], the generator system (1)
comprises at least a set of sequential modules (19) arranged in adjacent locations, each
sequential module (19) comprising a tilting generator (20) according to the invention.
The invention also relates to a surfable wave W lagoon comprising the generator
system (1) of the invention. The waves are generated in a front water zone (2a) of the
mass of water (2) of the lagoon, arranged on a floor (4).

Optionally, the tilting generator (20) of the invention may be provided with a

widened portion (21) configured to be located ahead of a lower part (11) of adjacent
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intermediate structures (10) when the tilting generator (20) is installed in a modular
generator system (1) such as the one shown in [Fig.1a] and is provided with such
intermediate structures (10). A rear portion (29) of the tilting generator (20), located
behind the widened portion (21), is narrower than the widened portion (21).

As can be seen in [Fig.1a], [Fig.1b] and [Fig.5], each pair of contiguous adjacent
locations is at least partially delimited by an intermediate structure (10), each
intermediate structure (10) extending towards the front water zone (2a) in a direction
X, perpendicular to the direction L. The widened portion (21) of each tilting generator
(20) is located aheado of a lower part (11) of the intermediate structures (10). [Fig.2a]
and [Fig.2b] show how the intermediate structures (10) comprise a lower part (11) and
an upper part (12) with a cantilevered front part (13).

The said lower part (11) is preferably a part of the intermediate structures (10) which
is below a maximum height reached by the water in contact with a pushing front face
(23) of the tilting generator (20) when waves W are being generated. The widened
portion (21) extends vertically upward from the lower end of the tilting generator (20),
along the lower part (11) of the intermediate structures (10), to that maximum height
at which the water contacts the pushing front face (23) (although the outgoing wave W
may exceed that referenced maximum contact height).

The drive system of the tilting generators (20) may be at least partially supported on
the upper part (12) of the intermediate structures (10). The cantilevered front part (13)
also serves as a support for the installation of a cover (not shown) intended to conceal
the sequential modules (19) of the generator system (1). The widened portion (21) of
the tilting generator (20) is arranged ahead of the lower part (11) of the intermediate
structures (10). This is not incompatible with the fact that there may be an upper
part (12) of the intermediate structures (10) which may be further forward in the X
direction with respect to the tilting generators (20).

Thanks to the fact that the widened portion (21) is located ahead of the adjacent
intermediate structures (10), an advantageous configuration of set back intermediate
structures (10) between the sequential modules (19) is obtained. According to this
configuration, the lower part (11) of the intermediate structures (10) does not protrude
ahead of the water-displacing front face (23) of the tilting generator (20) at any
time during the movement sequence, as shown in [Fig.la], [Fig.1b], [Fig.2a] and
[Fig.2b]. This configuration helps to prevent the wave W from being affected by the
turbulence formed in other conventional solutions at the exit of the divisional walls, as
the intermediate structures (10) of the tilting generator (20) are located further back.
In addition, the use of the intermediate structures (10) makes it possible to generate
turned and curved wave fronts by adequately controlling the offset between adjacent

tilting generators (20) and without undesired loss of wave height or energy.
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In the embodiment of figures, the widened portion (21) of the tilting generators
(20) remains ahead of the intermediate structures (10) during the whole movement
sequence of the tilting generators (20). As can be seen in the figures, this widened
portion (21) makes it possible to fill the gap between two adjacent tilting generators
(20), reducing the separation between them and minimising the flow of water towards
the rear of the generator. As a result, a better watertightness is provided and energy
consumption is optimised. The water displacing front face (23) of each tilting
generator (20) is located in close proximity to the front face (23) of the adjacent tilting
generator (20), preferably with a gap (D) smaller than 20 mm, more preferably with a
gap (D) smaller than 5 mm.

Optionally, the widened portion (21) extends from at least one of the side faces (25)
of the tilting generator (20) extending the surface of the front face (23) of the tilting
generator (20). Optionally, as in the embodiment of [Fig.3], the widened portion (21)
comprises two side projections (21a) extending from the side faces (25). Additionally,
the side projections (21a) forming the widened portion (21) comprise at least one
sliding element (27) allowing to control and reduce the friction between two side
projections (21a), i.e, between the widened portion (21) of one tilting generator (20)
and the widened portion (21) of another adjacent tilting generator (20) arranged in
an adjacent location of the generator system (1) or between the widened portion (21)
and the side face (25) of another adjacent tilting generator (20). The side projections
(21a) have enough depth, between widened portions or between a widened portion
and another adjacent tilting generator, to ensure a suitable overlap for most types of
surfable waves W. In alternative embodiments, the widened portion (21) of the tilting
generator (20) comprises a single side projection (21a) which may be wider than the
side projections (21a) of the embodiment shown in the figures.

With reference to the side view of [Fig.2a] or [Fig.2b], each tilting generator (20)
extends almost to the floor (4) of the mass of water (2). It is desirable that the tilting
generator (20) is arranged substantially adjacent to the floor (4), so as to substantially
prevent the flow of water under the generators of the generator system. "Substantially
preventing the flow of water" means that there should be a slight tolerance or gap
of a few millimetres from the floor. In practice, the installation is usually designed
with a gap between the tilting generator (20) and the floor (4) of about 50 mm for
a wave generator system up to 2 metres high. This gap allows to compensate for
possible errors and inaccuracies in the manufacturing and/or assembly processes, or to
prevent undesired failures caused by a stone or other element that could obstruct this
space. However, although a gap of about 50 mm prevents the above problems, it may
encourage excessive water flow in the X direction which could lead to a loss of wave

height. As shown in [Fig.2a], optionally, the floor (4) has a recess (4a) in the area of
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the floor (4) under the tilting generator (20). This recess (4a) is adapted in shape to the
convex face (24) of the tilting generators (20) over the entire angular rotation of the
tilting generators (20). Additionally, an additional element, e.g. a lip or plate (26), can
be provided in order to reduce the gap (S) between the tilting generator (20) and the
floor (4).

Preferably, the supplementary element is comprised in the tilting generator (20),
for example, it may be a plate (26) extending from the contour of the convex face
(24) towards the floor (4). Optionally, the gap (S) between a lower end of the
supplementary element and the floor (4) in the recess (4a) is set to a value smaller than
20 mm, preferably smaller 5 mm. This preferable implementation of the supplementary
element facilitates the adjustment of the gap (S) in a precise manner and simplifies
access for maintenance. In other embodiments, the supplementary element may be
positioned flush with the floor (4).

The recess (4a) in the floor (4) not only reduces the gap (S) between the tilting
generator (20) and the floor (4) but also improves hydrodynamics and energy
efficiency, compared to lagoons with flat floors, by reducing turbulence at the lower
part of the front face (23) of the tilting generator (20) close to the floor (4). The recess
(4a) is necessary in embodiments where the supplementary element is attached to the
tilting generator (20).

Preferably, the tilting generator (20) comprises a single solidary and rotating
block, capable of contributing simultaneously to the generation of waves and to the
prevention of back waves. That is to say, preferably, the main components of the
tilting generator (20) are comprised in said solidary block which rotates by the action
of the drive system in such a way that it is capable of displacing water towards the
front water zone (2a) for the generation of surfable waves W and, simultaneously,
it is capable of preventing or compensating the formation of waves in a rear water
zone (2b) of the generator system (1). Thus, the rear wave compensation function is
incorporated in the tilting generator (20), without the need for other components whose
movement must be synchronised with the movement of the tilting generator (20).

In the embodiment shown in the figures, the components of the tilting generator (20),
i.e. the differentiated structural portion (30), the compensation tank (31), the bath tank
(32), as well as any additional elements, i.e. the plate (26), the lateral projections (21a)
forming the widened portion (21) and the sliding elements (27), if present, are part of
this single solidary block and tilt as a block driven by the drive system.

The existence of this solidary block is not incompatible with the presence of other
fixed elements, such as parts of the drive system or other auxiliary elements of the
tilting generator (20), which may not form part of the solidary block in the sense

explained.
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In summary, the tilting generator (20) can be configured to provide the following
advantages:

compensation of rear waves with a consequent reduction in energy consumption;

behaviour close to the motion of a horizontal piston in the working range used for the
generation of surfable waves W;

possibility of using a simple, easily alignable and low-maintenance rotating system
compared to the guiding mechanism normally required for a horizontal piston;

possibility of using a simple drive system, e.g. integrating the motor assembly with
the axis of rotation (40);

possibility to place the components of the drive system out of the water, e.g., above
the intermediate structures (10) of a sequential module generator system.

In the embodiments of the generator system (1) provided with intermediate structures
(10), additional advantages can be noted: a portion of the tilting generators (20) (the
part that does not protrude with respect to the intermediate structures (10)) is located
between two intermediate structures (10), with the usual advantages provided by
this type of configuration. Thus, the intermediate structures (10) serve as support for
the tilting generator (20) and for parts of its drive system, thus avoiding the use of
submerged or cantilevered support structures. Furthermore, the intermediate structures
(10) help to orient the water displacement in a confined direction, minimising lateral
forces. In addition, they also allow the operation of each tilting generator (20) to be
individualised with respect to other adjacent generators, thus facilitating repair and
maintenance tasks.

Possible drive systems for the tilting generator (20) of the invention include, among
others: a geared motor transmitting the rotational movement to the tilting generator
(20) by means of gears or belts; a linear actuator (hydraulic, pneumatic or electric) that
pushes, from a fixed point, a part of the tilting generator (20) located out of the water;
a crank-crank system that transforms the rotational movement of a crown into the
longitudinal movement of an arm, so that the arm connects the crown with the tilting
generator and moves it or others.

In relation to the consumption of this type of sequential wave W generator systems
(1), the highest consumption occurs during the phases of the sequence in which each
tilting generator (20) must exert a pushing force on the mass of water, thus tilting
towards the front water zone (2a). In the phases of the cycle in which the drive system
pulls the tilting generator (20) in a direction opposite to the movement, it is possible to

implement energy recovery.
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Claims

Tilting generator (20) around an axis of rotation (40) by the action
of a drive system, the tilting generator (20) being intended to form
part of a generator system (1) of waves W in a mass of water (2),
characterised in that the tilting generator (20) comprises a water
displacing front face (23) towards a front water zone (2a) of the
mass of water (2) ahead of the tilting generator (20), a top face
(22) and a convex face (24) extending from the front face (23)
towards the top face (22), wherein the axis of rotation (40) is
arranged above the front face (23).

Tilting generator (20), according to claim 1, wherein the convex
face (24) is cylindrical.

Tilting generator (20), according to claim 2, wherein the centre of
the cylindrical convex face (24) is on the axis of rotation (40).
Tilting generator (20), according to any of claims 1 to 3,
comprising a counterweight attached to a structural portion (30),
wherein said structural portion (30) is located in an upper part of
the tilting generator (20) and connected to the drive system.
Tilting generator (20), according to claim 4, wherein the
counterweight is located behind the structural portion (30) at

a location further away from the axis of rotation (40) than the
structural portion (30).

Tilting generator (20) according to claim 4 or 5, wherein the
counterweight is regulable.

Tilting generator (20), according to claim 6, comprising a
compensation tank (31), behind the structural portion (30),
wherein said compensation tank (31) can be filled with water from
the mass of water (2) to implement the counterweight function.
Tilting generator (20), according to any of claims 4 to 7, further
comprising a watertight compartment, located in a lower part of
the tilting generator (20) under the structural portion (30) and
under the compensation tank (31), the watertight compartment
having a smaller structural strength than the structural portion
(30).

Tilting generator (20), according to any of the claims 1 to 3,

additionally provided with a widened portion (21) to reduce the
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gap (D) between the tilting generator (20) and at least another
adjacent tilting generator (20) of the generator system (1).
Tilting generator (20), according to any of the claims 1 to 3,
additionally provided with a supplementary element solidary to
the tilting generator (20) to minimise the flow of water between
the tilting generator (20) and a floor (4) under the mass of water
2).

Tilting generator (20), acording to any of the preceding claims,
conforming a single rotating solidary block.

Tilting generator (20), according to claim 11, comprising a
structural portion (30) and, optionally, may comprise a lower
compensation tank (31), a lower watertight compartment and a
widened portion (21), wherein the aforementioned components, if
present, are part of the single rotating solidary block.

Tilting generator (20), according to any of the preceding claims,
wherein the frontal face (23) is flat.

Generator system (1) for the generation of waves W in a front
water zone (2a) of a mass of water (2) arranged on a floor (4),
wherein the generator system (1) comprises at least a set of
sequential modules (19) arranged in adjacent locations, wherein
each module comprises a tilting generator (20) according to any of
claims 1 to 13.

Generator system (1), according to claim 14, wherein the tilting
generator (20) rotates with a turning radius (R) defined in
relation to a depth (H) of calm water mesured ahead of the tilting
generator (20), the ratio R/H being greater than 1.2, preferably
greater than 2 and more preferably greater than 2.1.

Generator system (1), according to claim 14, wherein the tilting
generator (20) performs an angular rotation (a, - a) with respect
to a reference position in which the front face (23) is in a vertical
position, the angular rotation (a, - o) being limited to an absolute
value of the angle (a) of 30°, preferably limited to an absolute
value of the angle (o) of 22° and more preferably limited to an
absolute value of the angle (a) of 13°.

Generator system (1), according to claim 14, wherein each pair
of contiguous adjacent locations is at least partially delimited by
an intermediate structure (10) extending towards the front water

zone (2a) and wherein each tilting generator (20) comprises a
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widened portion (21) that is located ahead of a lower part (11) of
the adjacent intermediate structures (10).

[Claim 18] Generator system (1), according any of the claims 14 to 17,
wherein the floor (4) comprises a recess (4a) adapted in shape to
the convex face (24) of the tilting generators (20).

[Claim 19] Wave generator system (1), according to any of the claims 14 to
18, provided with an energy recovery system, the energy being
recoverable during phases of the wave generation sequence in
which the drive system pulls the tilting generator (20).

[Claim 20] Wave generator system (1), according to any of the claims 14 to
19, wherein the top face (22) remains outside the mass of water
(2) during the rotation of the tilting generator (20).

[Claim 21] Wave lagoon comprising a modular generator system (1)

according to any of the claims 14 to 20.



