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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 120 to U.S. Patent Application Serial No.
13/612,716, filed on September 12, 2012, entitled "Surface Gravity Wave Generator And Wave Pool", which is a Con-
tinuation-in-Part of U.S. Patent Application Serial No. 12/274,321, filed on November 19, 2008, entitled "Surface Gravity
Wave Generator And Wave Pool".

BACKGROUND

[0002] Ocean waves have been used recreationally for hundreds of years. One of the most popular sports at any
beach with well-formed, breaking waves is surfing. Surfing and other board sports have become so popular, in fact, that
the water near any surf break that is suitable for surfing is usually crowded and overburdened with surfers, such that
each surfer has to compete for each wave and exposure to activity is limited. Further, the majority of the planet’s population
does not have suitable access to ocean waves in order to even enjoy surfing or other ocean wave sports.
[0003] Another problem is that the waves at any spot are varied and inconsistent, with occasional "sets" of nicely
formed waves that are sought after to be ridden, interspersed with less desirable and, in some cases, unrideable waves.
Even when a surfer manages to be able to ride a selected wave, the duration of the ride lasts only a mere 2-30 seconds
on average, with most rides being between 5 and 10 seconds long.
[0004] Ocean surface waves are waves that propagate along the interface between water and air, the restoring force
is provided by gravity, and so they are often referred to as surface gravity waves. FIG. 1 illustrates the principles that
govern surface gravity waves entering shallow water. Waves in deep water generally have a constant wave length. As
the wave interacts with the bottom, it starts to "shoal." Typically, this occurs when the depth gets shallower than half of
the wave’s length, the wave length shortens and the wave amplitude increases. As the wave amplitude increases, the
wave may become unstable as the crest of the wave is moving faster than the trough. When the amplitude is approximately
80% of the water depth the wave starts to "break" and we get surf. This run up and breaking process is dependent on
the slope angle and contour of the beach, the angle at which the waves approach the beach, and the water depth and
properties of the deep water waves approaching the beach. Refraction and focusing of these waves is possible through
changes to the bottom topography.
[0005] Ocean waves generally have five stages: generation, propagation, shoaling, breaking, and decay. The shoaling
and breaking stages are the most desirable for rideable waves. The point of breaking being strongly dependent on the
ratio of the water depth to the wave’s amplitude but also depends on the contour, depth and shape of the ocean floor.
In addition, velocity, wavelength and height of the wave, among other factors, can also contribute to the breaking of a
wave. In general, a wave can be characterized to result in one of four principal breaker types: spilling, plunging, collapsing,
and surging. Of these wave types the spilling waves are preferred by beginner surfers while the plunging waves are
revered by more experienced surfers. These breaker types are illustrated in FIG. 2.
[0006] Various systems and techniques have been tried to replicate ocean waves in a man-made environment. Some
of these systems include directing a fast moving, relatively shallow sheet of water against a solid sculpted waveform to
produce a water effect that is ridable but is not actually a wave. Other systems use linearly-actuated paddles, hydraulics
or pneumatics caissons or simply large controlled injections of water to generate actual waves. However, all of these
systems are inefficient in transferring energy to the "wave", and none of these systems, for various reasons and short-
comings, have yet to come close to generating a wave that replicates the desired size, form, speed and break of the
most desirable waves that are sought to be ridden, i.e. waves entering shallow water that plunge, breaking with a tube
and which have a relatively long duration and sufficient face for the surfer to maneuver.
International publication no. WO 2010/059871, to the present applicant, describes systems for overcoming some of the
above-discussed shortcomings.

SUMMARY

[0007] This document presents a wave generator system and wave pool that generates surface gravity waves that
can be ridden by a user on a surfboard.
[0008] The wave pool includes a pool for containing water and defining a channel having a first side wall, a second
side wall, and a bottom with a contour that slopes upward from a deep area proximate the first side wall toward a sill
defined by the second side wall. The wave pool further includes at least one foil at least partially submerged in the water
near the side wall, and being adapted for movement by a moving mechanism in a direction along the side wall for
generating at least one wave in the channel that forms a breaking wave on the sill; and
[0009] According to the invention, the wave pool includes one or more passive current control gutter mechanisms to
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mitigate currents in the water induced by the movement of the at least one foil in the direction along the side wall. In yet
another not claimed aspect, the wave pool includes a passive chop and seich control mechanism to mitigate random
chop and seich in the water at least partially induced by the movement of the at least one foil in the direction along the
side wall, and at least partially induced by a shape and the contour of the channel. In still yet another not claimed aspect,
the wave pool can include any or all of the aforementioned control mechanisms for controlling and/or minimizing water
flow, chop or auxiliary waves besides a main surface gravity wave generated by each of the at least one foil.
[0010] Both WO 00/05464 and WO 2006/060866 show wave pools having active means for generating currents in
opposite direction of the waves, in order to mitigate a mean flow of the water induced by the movement of the foils in
the direction along the wall.
[0011] The details of one or more embodiments are set forth in the accompanying drawings and the description below.
Other features and advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other aspects will now be described in detail with reference to the following drawings.

FIG. 1 depicts properties of waves entering shallow water.

FIG. 2 illustrates four general types of breaking waves.

FIGS. 3A and 3B are a top and side view, respectively, of a pool having an annular shape.

FIG. 4 illustrates an embodiment of a bottom contour of a pool.

FIG. 5 illustrates an embodiment of a pool in an annular configuration, and a wave generator on an inner wall of the
pool.

FIG. 6 illustrates an embodiment of a section of a pool in an annular configuration having a wave generator arranged
vertically along an outer wall.

FIGS. 7A and 7B are a perspective view and cross-sectional view, respectively, to illustrate an embodiment of a
shape of a foil for a linear section of wall.

FIG. 8A illustrates a section of an embodiment of a foil 500 including an eccentric roller.

FIG. 8B and 8C illustrate an embodiment of a foil 500 with several morphing rollers.

FIG. 9 shows the relative geometry of the velocity of the wave propagation with respect to the foil velocity.

FIG. 10 illustrates an embodiment of a wave generator pool in which a rotating inner wall is positioned within a fixed
outer wall.

FIG. 11 illustrates an embodiment of a wave generator in which a flexible layer is placed on an outer wall, and the
outer wall includes a number of linear actuators for being arranged around the entire length or circumference of the
outer wall.

FIG. 12 illustrates an embodiment of a wave generator having a flexible layer placed on an outer wall.

FIG. 13 illustrates an embodiment of a wave generator that includes a flexible layer that can be raised away from
the outer wall to define a foil.

FIG. 14 illustrates an embodiment of vortex generators having elongated members with a square cross section.FIG.
15 illustrates another embodiment of a vortex generator having squared members spaced-apart both width-wise
and length-wise.

FIG. 16 illustrates an embodiment of vortex generators mounted both on a bottom section adjacent to an outer gutter
of the basin, and on a lower portion of an outer gutter wall of the basin.
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FIG. 17 illustrates an embodiment of vortex generators having non-linear shapes, such as being angled or curved.

FIG. 18 illustrates an embodiment of a smooth (curved) pool profile where the vortex generators meet the side walls
or floor.

FIG. 19 illustrates an embodiment of at least a part of the cavity near the inner island of the pool being fitted with a
series of angled vanes.

FIG. 20 shows an embodiment of a pool having both an inside gutter system and an outside gutter system between
the foil and wave generation mechanism and the outer wall of the basin.

FIG. 21 illustrates an embodiment of a flow redirection gutter system on a sloping beach.

FIG. 22 illustrates an embodiment of implementations of gutters and/or baffles that can be used as a perforated wall.

FIG. 23 illustrates an example of a time evolution of a resulting wave from a moving foil, including an incident wave
and reflected wave(s).

FIG. 24 illustrates an embodiment of a gutter having vertical slots in the gutter wall.

FIG. 25 illustrates an embodiment of a gutter having vertical slots in the gutter wall and a non-perforated step.

FIG. 26 illustrates an embodiment of a gutter system having porous walls integrated with vortex-generating roughness
elements.

[0013] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0014] This document describes an apparatus, method, and system to generate waves of a desired surfability. Sur-
fability depends on wave angle, wave speed, wave slope (i.e. steepness), breaker type, bottom slope and depth, curvature,
refraction and focusing. Much detail is devoted to solitary waves as they have characteristics that make them particularly
advantageous for generation by the apparatus, method and system presented here. As used herein, the term "solitary
wave" is used to describe a shallow water wave, or "surface gravity wave" having a single principal displacement of
water above a mean water level. A solitary wave propagates without dispersion. It very closely resembles the type of
wave that produces favorable surf in the ocean. A theoretically-perfect solitary wave arises from a balance between
dispersion and nonlinearity, such that the wave is able to travel long distances while preserving its shape and form,
without obstruction by counteracting waves. A wave form of a solitary wave is a function of distance x and time t, and
can be characterized by the following equation: 

where A is the maximum amplitude, or height, of the wave above the water surface, h0 is the depth of the water, g is
the acceleration of gravity and η(x,t) is the height of the water above h0. The length of a solitary wave, while theoretically
infinite, is limited by water surface elevation, and can be defined as: 
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POOLS

[0015] The systems, apparatuses and methods described herein use a pool of water in which solitary type or other
surface gravity waves are generated. In some preferred implementations, the pool can be circular or annular, being
defined by an outer wall or edge that has a diameter of 200 to 800 feet (approx. 61-244m) or more. Alternatively, a round
or circular pool having a diameter of less than 200 feet (approx. 61m) can be used, however, a diameter of 450 to 550
feet (approx. 137-168m) may be preferred. In one exemplary implementation, the pool can be annular with a center
circular island that defines a channel or trough. In this annular configuration, the pool has an outer diameter of 550 feet
(approx. 168m) and a channel width of at least 50 feet (approx. 15m), although the channel can have a width of 150
feet (approx. 46m) or more, which can yield 30-100 feet (approx. 9-30m) of rideable wave length.
[0016] In another exemplary implementation, the pool can be a contiguous basin such as a circular pool without a
center island. In the circular configuration, the pool can have a bottom that slopes up toward the center to a shoal or sill,
and may include a deeper trough or lead to a shallow sill or flat surface. In yet other implementations, the pool can be
any closed-loop, curvilinear channel, such as a racetrack shape (i.e. truncated circle), oval, or other rounded shape. In
still other implementations, the pool can include an open or closed looped linear or curvilinear channel through which
water is flowed (such as a crescent shape or a simple linear canal), and which may or may not use a water recapture
or recirculation and flow mechanism.
[0017] FIGS. 3A and 3B are top and cross-sectional views, respectively, of a pool 100 in accordance with an annular
implementation. Pool 100 has a substantially annular shape that is defined by an outer wall 102, an inner wall 104, and
a water channel 106 between and defined by the outer wall 102 and the inner wall 104. In annular implementations, the
outer wall 102 and inner wall 104 may be circular. The inner wall 104 can be a wall that extends above a mean water
level 101 of the water channel 106, and can form an island 108 or other type of platform above the mean water level
101. The inner wall 104 may also be inclined so as to form a sloping beach. Alternatively, the inner wall 104 may form
a submersed reef or barrier between the water channel 106 and a second pool. For example, the second pool can be
shallow to receive wash waves resulting from waves generated in the water channel 106. Pool 100 can further include
a side 110 which, according to some implementations, can include a track such as a monorail or other rail for receiving
a motorized vehicle. In addition, the vehicle can be attached to at least one wave generator, preferably in the form of a
movable foil, as will be described further below. In some implementations, outer wall 102, with or without cooperation
with the side 110, can host a wave generator in the form of a flexible wall or rotating wall with built-in foils, as will also
be described further below.

WAVE GENERATOR

[0018] FIG. 4 illustrates a bottom contour of a pool having a critically-sloped beach design. The bottom contour of the
pool having the critically-sloped design may be implemented in any number of shaped pools, including pools that are
linear, curvilinear, circular, or annular. The bottom contour can include a side wall 200 which can be an inner side wall
or an outer side wall. The side wall 200 can have a height that at least extends higher than a mean water level, and can
extend above a maximum amplitude, or height, of a generated wave. The side wall 200 can be adapted to accommodate
a wave generator, such as a foil that is vertically placed on the side wall 200 and moved laterally along the side wall
200. The bottom contour can further include a deep region 202, which in some configurations extends at least long
enough to accommodate the thickness, or height, of the foil. The intersection of the side wall 200 and the deep region
202 may also include a slope, step or other geometrical feature, or a track/rail mechanism that participates in guiding
or powering the motion of the foil. A swell can be produced to have an amplitude up to the same or even greater than
the depth of the deep region 202.
[0019] The bottom contour of the pool can further include a slope 204 that rises upward from the deep region 202.
The slope 204 can range in angle from 1 to 16 degrees, and also from 5 to 10 degrees. The slope 204 can be linear or
curved, and may include indentions, undulations, or other geometrical features. The bottom contour can further include
a shoal 206 or sill. The surface from a point on the slope 204 and the shoal 206 can provide the primary break zone for
a generated wave. Wave setup in the break zone can change the mean water level. The shoal 206 can be flattened or
curved, and can transition into a flattened shallow planar region 208, a shallow trench 210, or a deep trench 212, or any
alternating combination thereof. The basin side opposite the wave generator ultimately ends in a sloping beach.
[0020] The shoal 206 can also be an extension of the slope 204 and terminate directly into a beach. The beach may
be real or artificial. The beach may incorporate water evacuation systems which can include grates through which the
water can pass down into. The water evacuation systems may be linked to the general water recirculation and/or filtering
systems, any may incorporate more advanced flow redirection features. The beach may also incorporate wave damping
baffles that help to minimize the reflection of the waves and reduce along shore transport and currents.
[0021] The bottom contour can be formed of a rigid material and can be overlaid by a synthetic coating. In some
implementations, the bottom may be covered with sections of softer more flexible materials, for example a foam reef or
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covering may be introduced that would be more forgiving during wipeouts. For example, the coating can be thicker at
the shoal 206 or within the break zone. The coating can be formed of a layer that is less rigid than the rigid material used
for the bottom contour, and may even be shock dampening. The slope 204, shoal 206 and/or other regions of the bottom
contour can be formed by one or more removable inserts. Further, any part of the bottom contour may be dynamically
reconfigurable and adjustable, to change the general shape and geometry of the bottom contour. For example, the
bottom contour may be changed on-the-fly, such as with the assistance of motorized mechanics, inflatable bladders,
simple manual exchange, or other similar dynamic shaping mechanisms. In addition, removable inserts or modules can
be connected with a solid floor making up a part of the pool, including the bottom contour. The inserts or modules can
be uniform about the circle, or variable for creating recurring reefs defined by undulations in the slope 204 or shoal 206.
In this way particular shaped modules can be introduced at specific locations to create a section with a desirable surf break.
[0022] FIG. 5 illustrates a pool 300 in an annular configuration, and a wave generator 302 on an inner wall 304 of the
pool 300. The wave generator 302 can be a foil arranged vertically along the inner wall 304, and moved in the direction
303 indicated to generate a wave W. FIG. 6 illustrates an example section of a pool 400 in an annular configuration
having a wave generator 402 arranged vertically along an outer wall 404. The wave generator 402 can be moved in the
direction 403 indicated, to generate a wave W as shown. In some implementations, the outer wall 404 placement of the
wave generator 402 can enable improved focusing and larger waves than an inner wall placement. Additionally, in some
implementations, inner wall placement can enable reduced wave speed and improved surfability. The wave generators
302 and 402 can be moved by a powered vehicle or other mechanism that is generally kept dry and away from the water,
such as on a rail or other track, part of which may be submerged. In some implementations the entire rail can rotate,
allowing for the possibility of keeping the drive motors in the non-rotating frame.
[0023] The wave generators may also be configured to run in the center of the channel in which case there would be
beaches on both the inner and outer walls and the track/rail mechanism would be supported either from an overhead
structure or by direct attachment to the floor of the pool.

FOILS

[0024] Some implementations of the wave pools described herein can use one or more foils for generating waves of
a desired surfability. The foils can be shaped for generating waves in supercritical flow, i.e. the foils move faster than
the speed of the generated waves. This can allow for significant peel angle as the wave is inclined with the radius. The
speed of a wave in shallow water (when the water depth is comparable to the wave length) can be represented by VW: 

 where g is the force of gravity, and ho is the depth of the water and A in the wave amplitude. Criticality can be represented
by the Froude number (Fr), in which a number greater than 1 is supercritical, and a number less than 1 is subcritical: 

where VF is the velocity of the foil relative to the water
[0025] The foils can be adapted to propagate the wave away from a leading portion of the foil as the water and foil
move relative to each other. This movement may be able to achieve the most direct transfer of mechanical energy to
the wave. In this manner, ideal swells can be formed immediately adjacent to the leading portion of the foil. The foils
can be optimized for generating the largest possible swell height for a given water depth. However, some foils can be
configured to generate smaller swells.
[0026] In order to achieve the best energy transfer from the foil to the wave and to ensure that the generated swell is
clean and relatively solitary, the foils can be designed to impart a motion to the water that is close to a solution of a
known wave equation. In this way it may not be necessary for the wave to have to form from a somewhat arbitrary
disturbance as is done with some other wave generation systems. The proposed procedure can rely on matching the
displacement imparted by the foil at each location to the natural (theoretical) displacement field of the wave. For a fixed
location through which the foil will pass P, the direction normal to the foil can be x and the thickness of the part of the
foil currently at P can be X(t).
[0027] The rate of change of X at the point P may be matched with the depth averaged velocity of the wave u. This
can be shown expressed in equation (1). 
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[0028] Applying the change of variable from (x,t) to (θ = ct - X,t) where c is the phase speed of the wave. 

[0029] In equation (2) the depth averaged velocity of the wave u can be given by any of a number of different theories.
For the case of solitary waves, which generally take the form of equation 3 and 4 below, several examples can be
provided. This technique of foil design may also apply to any other form of surface gravity wave for which there is a
known, computed, measured or approximated solution. 

Here η(θ) is the free surface elevation from rest, A is the solitary wave amplitude, ho is the mean water depth, β is the

outskirts decay coefficient, c is the phase speed, and u(θ) is the depth averaged horizontal velocity. C and β can differ
for different solitary waves.
[0030] Combining equations (2) and (3) with (4) can give the rate of change of the foil thickness in time at a fixed
position (5), and can be related to the foil shape X(Y), through the foil velocity VF, by substituting t=Y/VF

A maximum thickness of foil can be given from (5) as: 

The length of the active section of the foil can then be approximated as: 

Values for C and β corresponding to the solitary wave of Rayleigh can be: 

 In this example for small displacements after linearization the foil shape X(Y), can be approximated as. 
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This solution can also be approximated with a hyperbolic tangent function. These foil shapes, as described by at least
some of the mathematical functions, would have extremely thin leading edges which would be structurally unstable. The
actual leading edges would be truncated at a suitable thickness typically of 3-12 inches (approx. 7,6 to 30,5 cm), and
rounded to provide a more rigid leading edge. The rounding may be symmetrical or not and in some implementations
may loosely follow the shape of an ellipse.
[0031] As shown in an exemplary configuration in FIGS. 7A and 7B, the foils 500 are three-dimensional, curvilinear
shaped geometries having a leading surface 502, or "active section X(Y)," that generates a wave, and a trailing surface
504 that operates as a flow recovery to avoid separation of the flow and to decrease the drag of the foil 500 for improved
energy efficiency. The foil 500 is shown by way of example as configured for towing in a linear canal and hence has a
flat surface which would be adjacent to the vertical wall of the canal. The foil 500 can be shaped to get most of the energy
into the primary, solitary wave mode, and minimize energy into oscillatory trailing waves. As such, the foil 500 can
promote a quiescent environment for a following wave generator and foil, if any. Each foil 500 may contain internal
actuators that allow its shape to morph to produce different waves, and/or can articulate so as to account for changes
in curvature of the outer wall in non-circular or non-linear pools. In some implementations the morphing of the foil 500
can allow for the reversal of the mechanism to generate waves by translating the foil 500 in the opposite direction. The
morphing can be accomplished by a series of linear actuators or by fitting several vertical eccentric rollers 552 (as shown
in FIGS. 8A-8C) under the skin of the wave generating face of the foil 500. A sketch of a foil 500 including an eccentric
roller 552 is shown in FIG 8A. The skin of the wave generating face of the foil 500 is shown in FIG. 8A as being transparent
for purposes of showing the eccentric roller 552. In addition, a foil 500 with several morphing rollers 552 is shown in FIG
8B, 8C. Similar to FIG. 8A, the skin of the wave generating face of the foil 500 is shown in FIG. 8C as being transparent
for purposes of showing the several morphing rollers 552. Rollers 552 can also be added in the location of the foil 500
having either the maximum thickness or the recovery. In some implementations of the foil 500, the flexible layer may be
formed as a relatively rigid sheet that slides horizontally as the foil changes shape. In addition, some implementations
may include a specific fixture consisting of a slotted grove that can take up the slack in the relatively rigid sheet through
spring or hydraulic tension devices that stretch the relatively rigid sheet along the length of the foil 500. The ability to
morph the shape of the foil 500 can allow for large variation in the size and shape of the generated swells, and allow for
optimization of the foil 500 shape to generate the desired swell shape. This fine optimization can be necessary due to
other viscous fluid mechanical phenomenon at play in the boundary layer that develop over the surface of the foil 500.
The attached boundary layer can have the effect of slightly changing the effective shape of the hydrofoil. In other
implementations there may be specific surface roughness or "a boundary layer trip" installed on the surface of the
hydrofoil. In particular, the physical length of the hydrofoils may be reduced if sufficient turbulence is generated on the
recovery section to ensure there is no flow separation, and the strongly turbulent boundary layer will not be separated
so easily in an adverse pressure gradient.
[0032] In some implementations, the foils 500 are shaped and formed to a specific geometry based on a transformation
into a function of space from an analogy to an equation as a function of time. Hyperbolic tangent functions that mathe-
matically define the stroke of a piston as a function of time, such that the piston pushes a wave plate to create a shallow
water wave that propagates away from the wave plate. These hyperbolic tangent functions consider the position of the
wave plate relative to the position of the generated wave in a long wave generation model, and produce an acceptable
profile for both solitary and cnoidal waves. These techniques can be used to generate any propagating surface gravity
wave accounting for the propagation of the wave away from the generator during generation (i.e. adapt to how the wave
is changing during generation). Compensation for movement of the generator over time and the specific shape of the
recovery section can assist in removing trailing oscillatory waves, which can provide a more compact and efficient
generation process. Other types of waves to those discussed here can be defined.
[0033] The thickness of the foil can be related to the amplitude (height) of the wave and the depth of the water.
Accordingly, for a known depth and a desired amplitude A, it can be determined that a thickness of the foil, FT, can be
given approximately by:

For a Rayleigh solitary wave: 

For a Boussenesq solitary wave: 
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For shallow water, second order solitary wave: 

[0034] FIG. 9 shows a cross-sectional geometry of a foil 600. As a three-dimensional object, the foil 600 can generate
a wave having a propagation velocity and vector VW, based on the speed and vector of the foil VF. As the foil moves in
the direction shown, and dependent on its speed, the wave will propagate out at a peel angle α, given by sin α = Fr-1,
so for a given water depth and wave height the peel angle can be determined by the speed of the foil, with larger speeds
corresponding to smaller peel angles. The smaller the peel angle, the longer the length of the wave crest will be across
the pool.
[0035] FIG. 10 illustrates a wave generator 700 in which a rotating inner wall 702 is positioned within a fixed outer wall
706. The rotating inner wall 702 can be equipped with one or more fixed foils 704 that can be the same size and shape
as the foils described above. These embedded foils704 may have internal actuators 708 which can assist in allowing
the embedded foils 704 to morph and change shape, such as according to a variety of the cross-sectional shapes
described above. The change in cross-sectional shapes can accommodate "sweet spots" for different speeds and water
depths. These actuators can function is a way similar to the morphing eccentric rollers shown in FIG. 8.
[0036] FIG. 11 illustrates a wave generator 800 in which a flexible layer 802 is placed along an outer wall 804, and
the outer wall 804 can include a number of linear actuators 806 arranged around at least a majority of the length or
circumference of the outer wall 804. In addition, the linear actuators 806 can also be attached to the flexible layer 802.
The flexible layer 802 can be formed out of any number of flexible materials, including rubber or materials similar to
rubber. The linear actuators 806 can be mechanical or pneumatic actuators, or other devices that have at least a radial
expansion and retraction direction, such as a series of vertically aligned eccentric rollers. The linear actuators 806 can
be actuated in order to form a moving shape in the flexible layer 802 that approximates the shape of the foils as described
above. The foil shape can propagate along the outer wall 804 or flexible layer 802 at a velocity VF.
[0037] FIG. 12 illustrates an implementation of a wave generator 900 including a flexible layer 902 positioned along
an outer wall 904. The gap in-between the flexible layer 902 and the outer wall 904 can define a moving foil 906, similar
to as described above, and can includes one or more rollers 908 in tracks that can connect to both the outer wall 904
and flexible layer 902. The rollers 908 in tracks can allow the foil 906 formed in the gap to travel smoothly in a direction
along the outer wall 904. This moving foil 906 can produce a radial motion of the flexible layer 902 that at least closely
approximates the shapes of one or more foils described above.
[0038] FIG. 13 illustrates a wave generator 1000 that includes a flexible layer 1002 that can be raised away from the
outer wall 1004 to define a foil 1006. The foil 1006 can include internal actuators or eccentric rollers 1010 that allow it
to morph the shape of the foil 1006, which may change depending on the direction of movement along the outer wall
1004. The defined foil 1006 can move via rollers 1008 on tracks, such as those described above. Accordingly, the flexible
layer 1002 can be shaped to approximate the foils described above while shielding actuators and rollers 1008 on tracks
from water. This configuration may also diminishing the risk of a separate moving foil in which body parts can be caught.

VIRTUAL BOTTOM

[0039] In some implementations, a system of jets positioned near the bottom of the pool on the slope can simulate
the water being shallower than it actually is which can allow the wave to break in deeper water than what could otherwise
be achieved. These jets may be positional so as to generate both mean flow and turbulence at a required level. The
distribution of these jets may change both radially and in the direction from the outer wall towards the beach with more
jets on the beach. There may also be azimuthal variation in the nature and quantity of the jets. This jet system may be
incorporated with both the filtering system and the wave system to provide mean flow or lazy river mitigation. Roughness
elements may be added to the bottom of the pool to promote the generation of turbulence that may promote changes
in the form of the breaking wave. The distribution and size of the roughness elements can be a function of both radius
and azimuth. The roughness elements may take the form of classical and novel vortex generators and are described
below.

MEAN FLOW

[0040] A moving foil or set of foils within a pool, particularly a circular basin as described above, will eventually generate
a mean flow or "lazy river" effect, where water in the pool will develop a slight current in the direction of the one or more
moving foils.
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[0041] In other implementations, a pool can include a system to provide or counter a mean flow or circulation. The
system may include a number of flow jets through which water is pumped to counter or mitigate any "lazy river" flow
created by the moving foils, and/or help to change the shape of the breaking wave. The mean circulation may have
vertical or horizontal variability. Other mean flow systems may be used, such as a counter-rotational opposing side,
bottom or other mechanism.

PASSIVE "LAZY RIVER" FLOW CONTROL

[0042] FIGS. 14-16 illustrate various passive mechanisms that can be added to select surfaces of the pool, particularly
in the deep area under and beside the foil, as turbulence-generating obstacles to the mean flow of azimuthal and radial
currents which can mitigate the mean flow induced by the moving foils.
[0043] In some implementations, as shown in FIG. 14, a number of vortex generators 1302 are provided to a surface
1304 of a pool, such as on a bottom of the pool or a side wall of the basin. The vortex generators 1302 can be placed
in areas behind a safety fence at an outer side of the pool proximate the moving foils, such as where surfers will not
likely come into contact with them. Alternatively or in addition, vortex generators 1302 can be placed in the basin surface
of the pool where surfing takes place, especially if the vortex generators 1302 are part of a safety feature, such as being
made out of a soft material such as foam to protect against impact to the surface by a surfer. The vortex generators
1302 can be positioned and spaced apart incrementally on the surface 1304, such as a floor of the basin of the pool, as
shown in FIGS. 14 and 15, and/or can be positioned on the side wall of the pool, as shown in FIG 16.
[0044] FIG. 14 illustrates an implementation of vortex generators 1302 having elongated members with a square cross
section. Additionally, the vortex generators can be spaced-apart at an increment, such as a space of 8 times the cross-
sectional width k of each vortex generator 1302 (px=8k). FIG. 15 illustrates another implementation of a vortex generator
1306 having squared members spaced-apart both width-wise (i.e., 8 times the cross-sectional width k), and length-wise
(i.e. every other cross-sectional length, pz=2k). FIG. 16 illustrates vortex generators 1302 mounted both on a bottom
section adjacent to an outer gutter 1310 of the basin, and on a lower portion of an outer gutter wall 1312 of the basinsuch
generators may also be implemented on the actual outer wall if there is no gutter, or when the gutter system does not
extend to the full depth... Rectangular members may also be used in which case the spacing would be approximately
8 times the azimuthal width of the members. As illustrated in FIG. 17, vortex generators 1330 can also have non-linear
shapes, such as being angled or curved. In the case of angled vortex generators, they may be positioned with their point
toward either the upstream or downstream directions of the movement of the foils and the resultant mean flow.
[0045] The interactions between the mean flow with the vortex generators can increase the Reynolds stresses and
overall turbulence intensity in the vicinity of the hydrofoil path which can provide for thicker boundary layers in the water.
These enhanced boundary layers can dissipate substantially more energy than an equivalent-sized smooth surface.
Additionally, the transport of momentum by turbulent diffusion, specifically associated with the larger vortices, can allow
the basin floor or wall areas covered with the vortex generators to provide strong sinks for both azimuthal and radial
momentum. In effect these elements can allow the fluid within the basin to better transmit a torque to the basin itself.
[0046] While each vortex generator can have a squared cross section, as shown in FIGS. 14, 15, 16 and 17, other
cross-sectional shapes can also be used, such as rounded, rectangular, or other prisms or three dimensional shapes.
In some preferred implementations, each vortex generator has cross-sectional dimensions of approximately 1 foot square
(approx. 0,093 square meter), although side dimensions of less than 1 foot (approx. 0,3 m) or greater than 1 foot (approx.
0,3 m) can also be used. The vortex generators can be preferably spaced apart 6-12 feet (approx. 1,8 to 3,6 m). For
example, if used on a bottom surface of the pool, the vortex generators can be spaced apart along radial lines, at an
average azimuthal spacing of 6 to 12 feet (approx. 1,8 to 3,6 m). If positioned on a vertical sidewall of the pool, the vortex
generators can be spaced apart uniformly. Still in other variations, spacing of vortex generators can be varied around
the pool so as to achieve different effects.
[0047] In order to facilitate cleaning of the vortex generators and pool, and to avoid the collection of debris in the
corners in and around the vortex generators, some implementations may opt for smooth (curved) pool profiles 1500
where the vortex generators meet the side walls or floor, as shown by way of example in FIG. 18.
[0048] In some implementations, the vortex generators can be formed out of a rigid or solid material and can be
permanently affixed to the pool. For example, the vortex generators may be made of concrete reinforced with rebar and
integrated into the basin structure. In other implementations, the vortex generators may be modular and attached with
bolts, or constructed of plastic, carbon fiber, or other less rigid or solid material. These modular vortex generators can
also allow for custom configuration of variable spacing, sizes and orientation. For instance, various combinations and
arrangements of fixed and modular vortex generators may be employed.

GUTTER SYSTEM TO COUNTER AZIMUTHAL CURRENTS (VANED CAVITY GUTTERS)

[0049] The previously discussed systems, such as vortex generators, roughness enhancement and other protrusions
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or flaps, can be configured to reduce lazy river flows by increasing turbulent dissipation within the flow. Additionally,
these systems can act as a sink or inhibitor for both the mean azimuthal/longitudinal momentum and also the alternating
currents in the radial/transverse and vertical directions. Alternatively, or additionally, azimuthal/longitudinal flow can be
redirected by a gutter system employed at an inner beach area of the circular, crescent shaped or linear basin ("inside
gutter system"), at an outer wall of the basin ("outer gutter system"), or both. The basic principal of these flow redirection
gutters can be to capture the kinetic energy of the flow as potential energy by running it up a slope. The fluid can then
be returned to the basin with a different velocity vector direction to that with which it arrived. This redirection can be
accomplished with a system of vanes, but other means such as tubes or channels can also be implemented.
[0050] In some implementations, the gutter system includes a sloped floor overlaid by a water-permeable, perforated
grate, typically of 25-40% open area. In this case for an inside (sloped beach) gutter system, the slope of the grating
can be greater than the slope of the angled floors or beach, forming a cavity between the sloped floor of the beach and
the more steeply sloped grating that extends around the center island in the basin. For a 500ft diameter circular wave
pool (approx. 152,4 meter) with wave generation around the outer perimeter, the cavity may extend 20-40 ft (approx. 6
to 12 meter) from the island with the bottom floor being sloped at approximately 5-9 degrees and the perforated gratings
forming the top cover of the cavity being sloped at approximately 10-20 degrees. The slopes may be chosen differently
for smaller or larger pools, with larger pools requiring less steep slopes and smaller pools requiring a somewhat steeper
slope.
[0051] This cavity alone can absorb wave energy and reduce reflected waves generated from the movement of the
foil around the basin. Additionally, the cavity can reduce the azimuthal currents near the sloped beach through simple
dissipative mechanisms as water entering through the gratings may encounter enhanced turbulence. For a circular wave
pool implementation, the importance of reducing the currents near the central island cannot be overstated. When there
are significant currents parallel to the shore in the direction that the wave is breaking the currents can allow the wave
to "overtake itself’ requiring the wave generating mechanism to move at a higher speed if the form of the wave barrel is
to be preserved. It is these currents that can tend to limit the minimum operational speed of the wave, whether it is
generated by a hydrofoil type system or some other type of wave generator. This minimum operational speed where
the wave will no longer barrel but instead presents itself as a foamy crest of white water is associated with a condition
that has been dubbed "foam-balling".
[0052] In other implementations, and as illustrated in FIG. 19, at least a part of the cavity near the inner island 1402
can be fitted with a series of angled vanes 1404. The angled vanes 1404 can be formed out of a solid material, such as
concrete, or any number of a variety of solid materials. The angled vanes 1404 can be overlaid by a water-permeable
perforated grate 1406. The perforated grate 1406 is shown in FIG. 19 as being transparent for purposes of showing the
angled vanes 1404. In operation, an incoming wave can approach the cavity at a slight angle, enter through the grate
1406 and run up each angled vane 1404 under the grate 1406. Upon the wave run-up reaching a maximum height in
the channel formed by the angled vane 1404, stored potential energy can then be returned to its kinetic form as the
wave runs back down in a confined set of angled vanes 1404. The wave then exits the cavity through the grate with a
component of azimuthal velocity different and largely opposite to that with which it entered. In this manner, a completely
passive mechanism is provided for limiting or reversing azimuthal/cross-shore currents near the island.
[0053] In some implementations, the gutter system can provide complete or near-complete current reversal proximate
the gutter. The importance of these vaned cavity gutter systems in their ability to mitigate the detrimental effects of foam-
balling on the tube of the wave where a surfer may be riding is related to the extent to which their effects can be propagated
away from the island. For this reason it is important that the vanes that redirect the flow be angled so as to inject the
redirected flow into the interior of the basin away from the island. Typical configurations call for these vanes be angled
at 45-70 degrees from the radius around a vertical axis. The exact angle will depend somewhat on the specific bathimetry
of the basin, but in general there is a tradeoff where more steeply angled vanes will perform better at redirecting the
currents, and less steeply angled vanes will better transfer the redirected fluid to the interior of the basin, slowing the
wave at that location.
[0054] The vanes are angled both relative to a radius from the inner island 1402, as well as to the horizontal forming
a triangle to accommodate the slope of the grating over the vanes. FIG. 20 shows both an inside gutter system 1600
(note that in this diagram the floor under the grating has no apparent slope, but there may be slope in most implemen-
tations), and an outside gutter system 1620 between the foil 1610 and wave generation mechanism and the outer wall
of the basin 1630. The outer gutter 1620, which is shown to include a horizontal plate 1640 that inhibits vertical movement
of the water level from pressure changes when the foil moves, can be constructed in a similar way to the inner gutter
described above. Such an outer gutter 1620 can incorporate a series of sloping plates between the outer wall and the
perforated wall. These plates would be inclined from the horizontal both in the radial and azimuthal sense. In this way
fluid entering the gutters would be redirected and exit with a velocity directed inward and counter to the prevailing current.
[0055] A further implementation of the flow redirection gutter system includes allowing the water that enters between
any two vanes 1700 to run up the slope as described above. Upon approaching the highest point of the run-up, some
of the flow is redirected to the adjacent gutter through a sloped opening 1720. In this way the flow is ratcheted around
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the beach further enhancing the cross shore transport. FIG. 21 illustrates this implemented on a sloping beach with the
grating cover removed.

WAVE ABSORBING AND PHASE CANCELLATION GUTTERS

[0056] In accordance some implementations of a wave pool using an annular basin, both the exterior and interior
boundaries of the annular basin can be fitted with gutters and/or baffles that are configured to limit both the reflection of
any incident waves that may be generated by the passage of a wave generating hydrofoil, and also reduce the persistence
of the general random chop within the basin. For example, the gutters and/or baffles can be configured to control particular
seiching modes, or other waves of known wavelength that are present within the basin. As illustrated in FIG. 22, some
implementations of the gutters and/or baffles 1500 can use a perforated wall 1506, having preferably 30% - 60% open
area, and placed parallel to or inclined to, the basin’s water containment walls 1504 or beaches. The distance between
the perforated wall 1506 and the main wall 1504 (b in FIG. 22) can be chosen so as to best dissipate the incident or
chop waves of concern.
[0057] In some implementations, a gutter 1500 can include a simple vertical porous plate of approximately 20% to
50% open area, and preferably about 33% open area which can form a cavity between the outer wall and the hydrofoil
path. The cavity width can be tuned for optimal phase cancellation, as described in further detail below.
[0058] In some implementations, the gutters are provided in the basin and are adapted for limiting the vertical dis-
placements and reflexted energy associated with any trailing, or recovery, waves generated by a moving foil or other
wave generating device. This may involve the use of a horizontal splitter plate or step 1508 set at a height h1 that is
typically 0.2h - 0.4h. In the case of a step the volume under the horizontal plate is filled, while for a splitter plate this
volume is left open, in another variation the step replaces the horizontal splitter plate in the form of a vertical solid wall
that extends from the bottom up to the height typically associated with the horizontal splitter plate. These gutters can
also be integrated with azimuthal flow control and redirection systems, as described in the above section.
[0059] FIG. 23 illustrates a time evolution of a resulting wave from a moving foil, including an incident wave and
reflected wave(s). The wavelength of the wave incident on the gutter can be L. In some implementations, it is desirable
to optimize the reflection percentage of the resulting wave from the porous wall of the gutter, such that, in rough approx-
imation:

- porous wall at a node (L/4) => 0% (*) reflection, 100% (*) transmission.

- porous wall at a max (L/2) => 100% reflection, 0% transmission.

[0060] If there were no perforated wall, the node may occur at a distance of L/4 from the back wall of the basin, and
the largest energy loss may also occur at this distance. However, due to the inertial resistance at the porous wall, a
phase change can occur inside the gap which can slow the waves. This makes the distance for maximum energy loss
to occur smaller than L/4. As can be seen in FIG. 23, the width of the gutter can be tuned based on the size and
wavelengths of incident waves that the gutter is configured to mitigate. The gutters can be formed of one or more parallel
porous plates, and can be further combined with a horizontal splitter plate and/or a vertical step as described further below.
[0061] A relationship between the wavelength of the wave incident on the gutter (L) and that of the wave inside the
gutter cavity (L1) can be such that L>L1. This wavelength reduction can be due to dispersion and can allow for the use
of smaller width gutters that would otherwise be required.
[0062] Note that there can be a similar effect when a splitter plate is used and the condition for minimum reflection
can occur at a ratio of approximately b/L, which can be less than a corresponding ratio for a wave chamber without the
splitter plate. This can be due to the waves in the gutter becoming shorter over the submerged plate and hence slowing
down.
[0063] Additional implementations of a gutter 2000 are shown, for example, in FIGS. 24 and 25, which illustrate outer
gutters 2100 for an annular basin. This outer gutter 2100 can include vertical slots 2300 in a gutter wall 2200 parallel to
the main wall 2400 to form a porus cavity. The slotted wall could also take the form of an array of vertical cylinders that
could have additional structural function, such as supporting a deck above the basin. The porosity ratios are preferably
similar to that of a similar geometry using porous plate or gratings, i.e. between 30-50% open area.
[0064] Note a non-perforated step 2500 that differentiates the gutter shown in FIG. 24 from the gutter shown in FIG.
25. The step is one variant that, as with the splitter plate, can be combined with any of the various implementations. The
step 2500 can function in a way similar to the splitter plate but can have the added advantage of being structurally more
robust.
[0065] Horizontal and vertical slots or piles have different properties. Vertical slots or piles, when adequately spaced
and sized, have a property that when the waves impact the vertical slots or piles obliquely, the incident and reflected
paths can be different. For horizontally aligned piles or slots, obliqueness can have no effect and the submersion of the
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slot or pile closer to the still water level can be of importance as it can allow smaller scale chop or waves to enter exit
the gutter area. Additionally, small variations in the water level can be used to adjust the relative depth of the horizontal
pile or slot.
[0066] The porous walls for some gutter systems may also be integrated with vortex-generating roughness elements,
such as described above, these can be seen on the lower wall of FIG. 26. As shown in FIG. 26 by way of example, some
implementations can use vertical slots or bars 2700 to form the porous wall 2800. In addition, the slots or bars 2700 can
be staggered such that alternative slots or bars protrude a different distances radially from the basin wall. In at least
some instances it is not necessary that the slots or bars alternate in their protrusion; for example, in some implementations,
every seventh or eighth slot or bar can protrude from a plane formed by the others. In some implementations the protrusion
distance of the one or more slots or bars can be 8-24 inches (approx. 0,2 to 0,6 meter) and the distance between the
protruding slots or bars can be 50-180 inches (approx. 1,27 to 4,57 meters).
[0067] Although a few embodiments have been described in detail above, other modifications are possible. Other
embodiments may be within the scope of the following claims.

Claims

1. A wave pool (100, 300, 400) comprising:

a pool for containing water, the pool defining a channel (106) having:

a first side (1402, 1504), the first side being any of an island; a shoal; a beach; and a wall;
a second side (110, 208, 504), the second side being any of a shoal; a beach; and a wall; and
a bottom with a contour that slopes upward from a deep area proximate the first side toward a sill (206)
defined by the second side; and

at least one foil (302, 402, 500, 600, 704, 802, 906, 1006, 1610) at least partially submerged in the water near
the first or second side, and being adapted for movement by a moving mechanism in a direction along the side
for generating at least one wave in the channel that forms a breaking wave on the sill,
characterized by one or more passive current control gutter mechanisms (1600, 1620) to mitigate currents in
the water induced by the movement of the at least one foil in the direction along the side.

2. The wave pool in accordance with claim 1, wherein the one or more passive current control gutter mechanisms
includes a gutter system (1600, 1620) having one or more perforated plates (1406) provided either

a) in the channel near the sloping bottom, and that form a cavity between the slope of the bottom and the one
or more perforated plates, and/or
b) near the sill, and that form a cavity between the slope of the sill and the one or more perforated plates, and/or
c) on the side in the channel, and that form a cavity between the side and the one or more perforated plates.

3. The wave pool in accordance with claim 2, wherein the wave pool further comprises one or more angled vanes
(1404, 1700) provided in the cavity between the slope or side and the one or more perforated plates, at least one
of the one or more angled vanes being angled substantially facing the movement of the moving mechanism to
receive water flow from the azimuthal currents and to redirect the water flow back to the channel opposite the
movement of the moving mechanism,
and optionally wherein a first angled vane receives the water flow and transfers the water flow to an adjacent second
angled vane, further optionally wherein the second angled vane is in front of the first angled vane relative to the
direction of the at least one foil.

4. The wave pool in accordance with claim 2 or claim 3, wherein the one or more perforated plates are provided at an
angle greater than the slope of the bottom.

5. The wave pool in accordance with any preceding claim, wherein the channel is linear.

6. The wave pool in accordance with claim 5, wherein the channel is shaped: curvilinear; rounded; truncated circle;
oval; crescent; linear canal; circular; annular; or non-circular.

7. The wave pool in accordance with any of claims 2 to 5, wherein the channel is circular and wherein the perforated
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plates are angled from the horizontal both in the radial and azimuthal directions.

8. The wave pool in accordance with any of claims 2 to 7, wherein each of the perforated plates comprise 25 to 40
percent open area.

9. The wave pool in accordance with any preceding claim, further comprising a passive chop and seich control mech-
anism to mitigate random chop and seich in the water at least partially induced by the movement of the at least one
foil in the direction along the side, and at least partially induced by a shape and the contour of the channel.

10. The wave pool in accordance with claim 9, wherein the passive chop and seich control mechanism includes a gutter
system (1500, 2000) on the side of the channel, the gutter system comprising one or more perforated walls (1506,
2200) to form a cavity (2100) between the side of the channel and a path of the at least one foil,
and optionally wherein the gutter system includes at least one horizontal solid wall (1508, 2500) provided in the
cavity between at least one vertical perforated wall and the side of the channel,
and further optionally wherein the at least one horizontal wall forms a top of a solid step beneath the gutter,
and yet further optionally wherein the at least one vertical perforated wall comprise 20 to 50 percent open area.

11. The wave pool in accordance with any preceding claim, further comprising:
one or more passive flow control mechanisms to mitigate a mean flow of the water induced by the movement of the
at least one foil in the direction along the side.

12. The wave pool in accordance with claim 11, wherein at least one of the one or more passive flow control mechanisms
includes a plurality of vortex generators (1302, 1306, 1330) provided on a surface of the channel and under a surface
of the water.

13. The wave pool of claim 12, wherein the plurality of vortex generators are:

a) spaced apart on the surface of the channel, and/or
b) provided along the channel at spaced apart increments, and/or
c) provided on the bottom of the channel, and/or
d) removably attached to the surface of the channel, and/or
e) made of a soft material.

14. The wave pool in accordance with claim 12 or claim 13, wherein at least one of the plurality of vortex generators
comprises either:

a) a linearly elongated member that is provided on the surface of the channel perpendicularly to the direction
of the mean flow, or
b) an angled member that is provided on the surface of the channel, and having an angle that points relative to
a direction of the mean flow.

15. The wave pool in accordance with any of claims 12 to 14, wherein the channel is a circular channel, and wherein
the plurality of vortex generators are spaced apart along radial lines of the circular channel.

Patentansprüche

1. Ein Wellenbad (100, 300, 400), umfassend:

einen Pool, der Wasser enthält, der Pool definiert einen Kanal (106) mit:

einer ersten Seite (1402, 1504), die erste Seite ist entweder eine Insel; eine Untiefe; ein Strand oder eine
Wand;
einer zweiten Seite (110, 208, 504), die zweite Seite ist entweder eine Untiefe; ein Strand oder eine Wand;
und
einem Boden mit einer Kontur, die nach oben von einem tieferen Bereich nahe der ersten Seite zu einer
Schwelle (206) ansteigt, die von der zweiten Seite definiert wird; und
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mindestens eine Folie (302, 402, 500, 600, 704, 802, 906, 1006, 1610), die mindestens teilweise in das Wasser
in der Nähe der ersten oder der zweiten Seite eingetaucht ist und die angepasst ist, von einem Bewegungs-
mechanismus in eine Richtung entlang der Seite bewegt zu werden, um mindestens eine Welle in dem Kanal
zu erzeugen, die auf der Schwelle zu einer brechenden Welle wird,
gekennzeichnet durch einen oder mehrere passive Strömungssteuerungs-Abflussmechanismen (1600, 1620),
um die Strömungen im Wasser abzuschwächen, die durch die Bewegung der mindestens einen Folie in Richtung
entlang der Seite hervorgerufen wurden.

2. Das Wellenbad nach Anspruch 1, wobei der eine oder die mehreren passiven Strömungssteuerungs-Abflussme-
chanismen ein Abflusssystem (1600, 1620) mit einer oder mehreren perforierten Platten (1406) einschließen, die
entweder

a) in dem Kanal nahe des ansteigenden Bodens bereitgestellt sind, und einen Hohlraum zwischen dem Gefälle
des Bodens und der einen oder den mehreren Platten bilden, und/oder
b) nahe der Schwelle bereitgestellt sind, und einen Hohlraum zwischen dem Gefälle der Schwelle und der einen
oder den mehreren Platten bilden, und/oder
c) an der Seite im Kanal bereitgestellt sind, und einen Hohlraum zwischen der Seite und der einen oder den
mehreren Platten bilden.

3. Das Wellenbad nach Anspruch 2, wobei das Wellenbad ferner eine oder mehrere abgewinkelte Schaufeln (1404,
1700) umfasst, die in dem Hohlraum zwischen dem Gefälle oder der Seite und der einen oder den mehreren
perforierten Platten bereitgestellt sind, mindestens eine der einen oder mehreren abgewinkelten Schaufeln ist im
Wesentlichen der Bewegung des Bewegungsmechanismus zugewandt abgewinkelt, um einen Wasserstrom von
den azimutalen Strömungen aufzunehmen und den Wasserstrom zurück in den Kanal entgegen der Bewegung des
Bewegungsmechanismus zu leiten,
und optional, wobei eine erste abgewinkelte Schaufel den Wasserstrom aufnimmt und den Wasserstrom an eine
benachbarte zweite abgewinkelte Schaufel weiterleitet, ferner optional, wobei die zweite abgewinkelte Schaufel vor
der ersten abgewinkelten Schaufel im Verhältnis zur Richtung der mindestens einen Folie liegt.

4. Das Wellenbad nach Anspruch 2 oder Anspruch 3, wobei die eine oder die mehreren perforierten Platten in einem
Winkel bereitgestellt sind, der größer ist als das Gefälle des Bodens.

5. Das Wellenbad nach einem der vorhergehenden Ansprüche, wobei der Kanal linear verläuft.

6. Das Wellenbad nach Anspruch 5, wobei der Kanal wie folgt geformt ist: kurvenförmig, abgerundet; abgeschnitten
kreisförmig; oval; sichelförmig; als linearer Kanal; kreisförmig; ringförmig oder nicht-kreisförmig.

7. Das Wellenbad nach einem der Ansprüche 2 bis 5, wobei der Kanal kreisförmig ist und wobei die perforierten Platten
aus der Horizontalen sowohl in radialer als auch azimutaler Richtung abgewinkelt sind.

8. Das Wellenbad nach einem der Ansprüche 2 bis 7, wobei jede der perforierten Platten 25 bis 40 Prozent offene
Bereiche umfasst.

9. Das Wellenbad nach einem der vorhergehenden Ansprüche, ferner umfassend einen passiven Steuerungsmecha-
nismus für kabbelige und stehende Wellen, um die zufälligen Kabbelwellen und Seiches im Wasser mindestens
teilweise abzuschwächen, die von der Bewegung der mindestens einen Folie in Richtung entlang der Seite erzeugt
wurden, und mindestens teilweise von einer Form und der Kontur des Kanals erzeugt wurden.

10. Das Wellenbad nach Anspruch 9, wobei der passive Steuerungsmechanismus der kabbeligen und stehenden Wellen
ein Ablaufsystem (1500, 2000) an der Seite des Kanals einschließt, das Ablaufsystem umfassend eine oder mehrere
perforierte Wände (1506, 2200), um einen Hohlraum (2100) zwischen der Seite des Kanals und einem Pfad der
mindestens einen Folie zu bilden,
und optional, wobei das Ablaufsystem mindestens eine horizontale feste Wand (1508, 2500) einschließt, die in dem
Hohlraum zwischen mindestens einer vertikalen perforierten Wand und der Seite des Kanals bereitgestellt wird,
und ferner optional, wobei die mindestens eine horizontale Wand eine Oberseite einer festen Treppe unter dem
Ablauf bildet,
und noch mehr optional, wobei die mindestens eine vertikale perforierte Wand 20 bis 50 Prozent offene Bereiche
umfasst.
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11. Das Wellenbad nach einem der vorhergehenden Ansprüche, ferner umfassend:
einen oder mehrere passive Strömungssteuerungsmechanismen, um einen durchschnittlichen Wasserstrom abzu-
schwächen, der durch die Bewegung der mindestens einen Folie in Richtung entlang der Seite hervorgerufen wurde.

12. Das Wellenbad nach Anspruch 11, wobei mindestens einer des einen oder der mehreren passiven Strömungssteu-
erungsmechanismen eine Vielzahl von Wirbelerzeugern (1302, 1306, 1330) einschließt, die auf einer Oberfläche
des Kanals und unter einer Oberfläche des Wassers bereitgestellt sind.

13. Das Wellenbad nach Anspruch 12, wobei die Vielzahl der Wirbelerzeuger Folgendes sind:

a) In einem Abstand voneinander auf der Oberfläche des Kanals angebracht, und/oder
b) entlang des Kanals durch Abstände voneinander getrennten Zunahmeschritten bereitgestellt sind, und/oder
c) auf dem Boden des Kanals bereitgestellt sind, und/oder
d) abnehmbar auf der Oberfläche des Kanals angebracht sind, und/oder
e) aus einem weichen Material hergestellt sind.

14. Das Wellenbad nach Anspruch 12 oder Anspruch 13, wobei mindestens einer der Vielzahl von Wirbelerzeugern
entweder:

a) einen linear verlängerten Teil umfasst, der auf der Oberfläche des Kanals rechtwinklig zu der Richtung der
durchschnittlichen Strömung bereitgestellt ist, oder
b) einen abgewinkelten Teil umfasst, der auf der Oberfläche des Kanals bereitgestellt ist und einen Winkel hat,
der in die Richtung der durchschnittlichen Strömung zeigt.

15. Das Wellenbad nach einem der Ansprüche 12 bis 14, wobei der Kanal kreisförmig ist und wobei die Vielzahl der
Wirbelerzeuger in einem Abstand voneinander entlang radialer Linien des kreisförmigen Kanals angeordnet sind.

Revendications

1. Piscine à vagues (100, 300, 400) comprenant :

une piscine pour contenir de l’eau, la piscine définissant un canal (106) ayant :

un premier côté (1402, 1504), le premier côté étant un quelconque élément parmi une île; un haut-fond;
une plage ; et une paroi ;
un deuxième côté (110, 208, 504), le deuxième côté étant un quelconque élément parmi un haut-fond ;
une plage ; et une paroi ; et
un fond avec un profil qui est incliné vers le haut à partir d’une zone profonde proche du premier côté vers
un seuil (206) défini par le deuxième côté; et

au moins un volet (302, 402, 500, 600, 704, 802, 906, 1006, 1610) immergé partiellement au moins dans l’eau
près du premier ou deuxième côté, et étant apte à être mis en mouvement par un mécanisme de mouvement
dans une direction le long du côté pour générer au moins une vague dans le canal qui forme une vague brisante
sur le seuil,
caractérisé par un ou plusieurs mécanismes à gouttières de commande passive du courant (1600, 1620) pour
atténuer les courants dans l’eau induit par le mouvement de l’au moins un volet dans la direction le long du côté.

2. Piscine à vagues selon la revendication 1, dans laquelle l’un ou plusieurs mécanismes à gouttières de commande
passive du courant inclut un système de gouttières (1600, 1620) ayant une ou plusieurs plaques perforées (1406)
fournies soit

a) dans le canal près du fond incliné et qui forment une cavité entre la pente du fond et l’une ou plusieurs
plaques perforées, et/ou
b) près du seuil et qui forment une cavité entre la pente du seuil et l’une ou plusieurs plaques perforées, et/ou
c) sur le côté dans le canal et qui forment une cavité entre le côté et l’une ou plusieurs plaques perforées.

3. Piscine à vagues selon la revendication 2, dans laquelle la piscine à vagues comprend en outre une ou plusieurs
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pales incurvées (1404, 1700) fournies dans la cavité entre la pente ou le côté et l’une ou plusieurs plaques perforées,
au moins une parmi l’une ou plusieurs pales incurvées étant inclinée en faisant sensiblement face au mouvement
du mécanisme de mouvement pour recevoir un écoulement d’eau des courants azimutaux et pour rediriger l’écou-
lement d’eau de retour vers le canal opposé au mouvement du mécanisme de mouvement,
et facultativement dans laquelle une première pale incurvée reçoit l’écoulement d’eau et transfert l’écoulement d’eau
à une deuxième pale incurvée adjacente, facultativement en outre dans laquelle la deuxième pale incurvée se trouve
devant la première pale incurvée par rapport à la direction de l’au moins un volet.

4. Piscine à vagues selon la revendication 2 ou selon la revendication 3, dans laquelle l’une ou plusieurs plaques
perforées sont fournies selon un angle supérieur à la pente du fond.

5. Piscine à vagues selon l’une quelconque revendication précédente, dans laquelle le canal est linéaire.

6. Piscine à vagues selon la revendication 5, dans laquelle le canal a une forme : curviligne ; arrondie ; de cercle
tronqué ; ovale ; en croissant ; de canal linéaire ; circulaire ; annulaire ; ou non circulaire.

7. Piscine à vagues selon l’une quelconque des revendications 2 à 5, dans laquelle le canal est circulaire et dans
laquelle les plaques perforées sont inclinées par rapport à l’horizontale à la fois dans les directions radiale et
azimutale.

8. Piscine à vagues selon l’une quelconque des revendications 2 à 7, dans laquelle chacune des plaques perforées
comprend de 25 à 40 pour cent de zone ouverte.

9. Piscine à vagues selon l’une quelconque revendication précédente, comprenant en outre un mécanisme de régu-
lation passif de clapotis et de seiche pour atténuer le clapotis et la seiche aléatoires dans l’eau induits au moins
partiellement par le mouvement de l’au moins un volet dans la direction le long du côté, et au moins partiellement
induit par une forme et le profil du canal.

10. Piscine à vagues selon la revendication 9, dans laquelle le mécanisme de régulation passif de clapotis et de seiche
inclut un système de gouttières (1500, 2000) sur le côté du canal, le système de gouttières comprenant une ou
plusieurs parois perforées (1506, 2200) en vue de former une cavité (2100) entre le côté du canal et une trajectoire
de l’au moins un volet,
et facultativement dans laquelle le système de gouttières inclut au moins une paroi horizontale solide (1508, 2500)
fournie dans la cavité entre au moins une paroi verticale perforée et le côté du canal,
et facultativement en outre dans laquelle l’au moins une paroi horizontale forme un sommet d’une marche solide
au-dessous de la gouttière,
et encore facultativement en outre dans laquelle l’au moins une paroi verticale perforée comprend de 20 à 50 pour
cent de zone ouverte.

11. Piscine à vagues selon l’une quelconque revendication précédente, comprenant en outre :
un ou plusieurs mécanismes de contrôle passif d’écoulement pour atténuer un écoulement moyen de l’eau induit
par le mouvement de l’au moins un volet dans la direction le long du côté.

12. Piscine à vagues selon la revendication 11, dans laquelle au moins un parmi l’un ou plusieurs mécanismes de
contrôle passif d’écoulement inclut une pluralité de générateurs de tourbillons (1302, 1306, 1330) fournis sur une
surface du canal et sous une surface de l’eau.

13. Piscine à vagues selon la revendication 12, dans laquelle la pluralité de générateurs de tourbillons sont :

a) espacés sur la surface du canal, et/ou
b) fournis le long du canal à des incréments espacés, et/ou
c) fournis sur le fond du canal, et/ou
d) attachés de manière amovible à la surface du canal, et/ou
e) fabriqués à partir d’un matériau souple.

14. Piscine à vagues selon la revendication 12 ou selon la revendication 13, dans laquelle au moins un parmi la pluralité
de générateurs de tourbillons comprend soit :
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a) un élément allongé de manière linéaire qui est fourni sur la surface du canal perpendiculairement à la direction
de l’écoulement moyen, soit
b) un élément angulaire qui est fourni sur la surface du canal, et ayant un angle qui pointe par rapport à une
direction de l’écoulement moyen.

15. Piscine à vagues selon l’une quelconque des revendications 12 à 14, dans laquelle le canal est un canal circulaire,
et dans laquelle la pluralité de générateurs de tourbillons sont espacés le long de lignes radiales du canal circulaire.
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