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(57) Abstract: A wave-forming system includes a channel having a water Inlet and a water outlet for directing water from the water
inlet and the water outlet. The channel has a side wall and a bottom surface profile that slopes downward toward the water outlet and
the side wall. The system also includes a back pressure barrier positioned in the water outlet to introduce a back pressure to the water
flow inside the channel to continuously form waves across the channel.
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SYSTEM AND METHOD OF GENERATING WAVE

Cross-Refersnce to Related Application

{6001} This application claims the benefif of U.S. Provisional Patent
Application Serial No. 82/351,783 filed on June 17, 2018, the contents of which are

herein incorporated by reference in their entirety.

Field of the Invention

[0002] The present invention relates o wave generating systems, and more
particularly, to a wave generating system for generating waves suitable for surfers

and other wave-riding sports.

Background of the lnvention

[0003] Interest in the sport of surf-riding has increased at a rapid rate. As
surfing and other wave-riding based sports have become more popular, demand
for artificial waves has increased, While some attempts have been made o create
artificial waves for surfers and cther wave-riding sports, the waves created so far
have not been able to simulate well the natural waves of these activities, The
artificial waves created by current wave-generaling apparatuses ysually have
fimited shapes, sizes, speeds, and other features of wave profile or control thersof.

Further improvements are possible for systems and methods of wave generation.
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Summary of the lnvention

[0004] In view of the foregoing, it is an object of the present invention to
provide a system and method of generating artificial waves that are close mimics
of natural waves. According to one embodiment of the invention, a wave-forming
system includes a channel having a water inlet and a water outlet for directing
water from the water inlet and the water ocullet. The channel has a side wall and a
bottom surface profile that slopes downward toward the water outlet and the side
wall. The system also includes a back pressure barrier positioned in the water
outlet {o infroduce a back pressure to the water flow inside the channel to
continuously form waves across the channel.

[0008] According o another embodiment of the present invention, the
method of generating waves provides a channel having a water inlet and a water
outlet, a side wall, and a bottom surface profile that slopes downward toward the
water outlet and the side wall. A water flow is directed from the water inlet to the
water outlet, A back-pressure barrier is positioned in the water outlet to introduce
a back pressure applied to the water flowing inside the channel, Waves are thus
continuously formed across the channel.

{0008} These and other objects, aspects and advantages of the present
invention will be better appreciated in view of the drawings and following detailed

description of preferred embodiments.
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Brief Description of the Drawings

[0007] Figure 1 is a top view of a wave generating system illustrating a

channel bottom surface profile, according fo one embodiment of the present

invention;
{0008} Figure 2 is a side view of a wave generating system of Figure 1,
{00091 Figure 3 is a cross-sectional view of the wave generaling system of

Figure 1 taken along line A-A7

{0010} Figure 4 is another cross-sectional view of the wave generating
system of Figura 1 taken slong line B-B';

[0014] Figure § is another cross-sectional view of the wave generating
system of Figure 1 taken along line C-C’;

[0012] Figure 8 is another cross-sectional view of the wave generating
systemn of the Figure 1 taken along line D-D’;

{0013} Figure 7 is a fop view of a wave generating system, according fo
another embodimeant of the present invention;

[0014] Figure 8 is a side view of a wave generating system implemented in
a river valley, according to another embodiment of the prasent invention;
[0018] Figure 9 is a top view of the wave generating system of Figure 8;
{0018} Figure 10 is a cross sectional view a wave generating system at

water inlet, according to one embodiment of the present invention;
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[0017] Figure 11 is a side view of a wave generating system having a
cascade arrangement, according to ancther embodiment of the present invention;
and

{0018} Figure 12 is a flow chart of method for generating waves, according

to one embodiment of the present invention.

Detailed Descrintion of the Preferred Embodiments

[0018] According to one embodiment of the present invention, referring {o
FIGS. 1-2, a wave-forming system 100 includes a channel 102 having a water inlet
104 and a water outlet 106 for directing water therebetween. The channel 102 has
a side wall 108 and a bottom surface 110 having a surface profile that slopes
downward toward the water outlet 106 and the side wall 108, The system 100 also
includes a back-pressure barrier 112 positionad at the water outlet 108 o introduce
a back pressure {o the water flowing inside the channel 102 for the continuous
formation of waves 114 across the channel 102.

[06020] One or more vector gates 118 can be positioned at certain locations
at the water inlet 104 to further adjust water flow at the water inlet 104 to achieve a
desired wave profile. In the depicted embodiment, a vector gate 116 is positioned
in proximity to the sidewall 108 at the water inlet 104, The position andfor
orientation of the one or more vector gates 116 can be adjusted via a gate
controfler 118,

[0021] One or more flow conditioners 120 such as filters 122 and/or vanes

124 can be implementad at the water inlet 104, For example, one or more filters
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122 can be implemented at the water inlet 104 to provide a desired resistance to
waler flow and decrease water turbulence. As another example, one or more
vanes 124 can be used {o direct water flow to a desired direction as water passes
through the water inlet 104. The water is preferably orientated toward the side wall
108 when flowing through the channel 102. The conditions of the water {g.q., flow
speed, flow volume, hydraulic pressure, and flow laminate level, etc.) at the water
inlet 104 will partially determine the wave profile (e.g., type, size, shape, speed,
etc.) generated in the channel 102,

{0022} The bottom surface 110 is preferably smooth o facilitate laminar
flow. The profile of the bottom surface 110 is indicated by bathymetry lines 126,
As shown, bathymetry fines 126 illustrates that the bottom surface 110 slopes
downward and toward the sidewall 108 at different rates, depending on locations of
the channel 102. Example slopes can be in the 1:2 - 1:10 range. The slope of the
bottor surface 110 can be adjusted to mimic the bathymetry of natural wave
formation or to be custom designed to create a custom wave for surfers with
diverse levels of experience. A shallow slope angle will create gentle waves, whils
a steeper slope angle will create waves that curl over to create an interior portion
(e.g., barreling waves).

[0023] The back-pressure barrier 112 can create a back pressure o slow
down a portion of water flow so that an upper layer of slow-moving water will meat
with a lower layer of fast-moving water, thereby generating a hydraulic jump. The
hydraulic jump can partially determine the form of waves, such as size, speed, and

shape. The back-pressure barrier 112 can be extended perpendicular fo the
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direction of water flow, as shown in FIG. 1, or at angles relative to the direction of
the water flow. Examples of the angles include +/- 0-5, 5-10, 10-15, 15-20, 20-25,
25-30, 3540, 40-45, 45-50, 50-55, §5-60, 60-85, 65-70, 70-75, 75-80, and 80-85
degrees relative o the direction of water flow inside the channel 104. The back-
pressure barrier 112 can be planar or include a curved surface (e.g., concave
surve, convex curve, etc.). The dimension of the back-pressure basrier 112 will
also partially influence the profile of the wave {e.g., size, speed, stvie).

[0024] The back-pressure barrier 112 can include one or more
independently-positionable panels. The position and/or orientation of the back-
pressure barrier 112 can be adjusted by a back-pressure barrier controller 126. By
adjusting the position and/or orientation of the back-pressure barrier 112, the
speed and orientation the hydraulic jump can be adjusted, thus producing the
desired wave profile (e.g., style, size and speed, elc.).

[0025] Referring to FIGS. 3-6, four cross-sectional views of the boliom
surface 110 and respective water line 128 along the channel 102 are shown.
Specifically, the cross-sectional views along lines A-A’, B-B', C-C', and D-D' show
that the bottom surface 110 slopes downward toward the water outlet 106 and the
sidewall 108 of the waving forming channel 102, The water lines 128 in these
figures show how the water volume builds up and forms waves corresponding to
the slope and §on§§tu§§nai distance along the channel and foward the back-
pressure barrier 112,

[0026] Referring to FIG. 7, according to another embodiment of the present

invention, the channel 102 can also have two sidewalls 108A and 108B. The
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bottom surface 110 slopes downward from a central axis of the channel 102 to
both side walls 1084 and 108B and from a longitudinal point on the channel 102 to
the water outlet 106. As such, continuous wave 114A and 114B can be created gt
both sides of the channel 102 for multiple surfers o ride simultansously.

[0027] Referring FIGS. 8-9, according to ong embodiment of the present
invention, a wave generating system 100 is implemented in downstream of a river
valley 128. Specifically, the water inlet 104 of the channel 102 is positioned on a
setlling area 130 of the river valley 128 between dams 132. Water passing the
water inlet 104 will have an adequate head pressure before entering the channel
102. This configuration can significantly reduce the energy cost of operating the
systerm 100.

[0028] Referring to FIG. 10, a plurality of containers 132 can be used {o
store water before entering the channel 102. The plurality of containers 132 can
be independently filled by a pump via respective pump outlets 134 or filled by
natural water flow as shown in FIGS. 8-9. The hydraulic head {s.g., height) inside
the plurality of containers 132 can be controlled independently to create a desired
water line 128 at the water inlet 102. Each of the plurality of containers 132 can
also include a hydraulic head reguiator {not shown) configured to regulate a
hydraulic head of the water inside the container 132. For example, the hydraulic
head regulstor can be an overflow gate {o ensure certain amount of water remains
at each of the plurality of container 132 to create a specific hydraulic head, but any
componeant capable of regulating {(e.g., increasing or decreasing) hydraulic head

within the container 132 can be used.
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[0029] Referring to FIG. 11, according to another embodiment of the
present invention, a series of sets of wave-forming systems are installed in a
cascading mode. Specifically, three sets of wave-generating systems 1004, 100B
and 100C are positioned at three elevations such that a wave forming system {(a.g.,
100B) at a lower altitude can utilize the water flowing downward from a wave
generating system (e.g., 1004) at a higher altitude. In other words, water released
from the water outlet at a higher altifude is configured to be used as a water source
for the system at a lower altitude. This arrangement can provide multiple wave
sites in an energy efficient manner.

[0030] Referring to FIG. 12, a method of generating waves includes
providing a channal having a water inlet and a water outlet, a side wall, and 2
botlom surface having a profile that slopes downward toward the water outlet and
the side wall at step 1202. Al step 1204, a water flow is directed from the water
inlet and the water outlet. At step 1206, a back-pressure barrier is positioned for
adjustable introduction of a back pressure to the water flow inside the channal. At
step 1208, waves are formed continuously across the channel.

{0031} The wave generating system 100 is configurable. A plurality of
variable the system 100 can be adjusted to achieve a desired type, shape, speed,
and size of wave suitable for surfers of varying levels of surfing experience.
Specifically, the variables include water condition {e.g., rate and volume) at the
water inlet 104, water rate inside the wave-forming channel, depth and bottom
surface profile of the channel 102, location, orientation, dimension, and shape of

the back-pressure barrier 112. For example, by adjusting filters and vanes on the
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water inlet 102, a desired flow condition can be achieved at the water inlet 102. As
another example, the profile of the bottom surface 110 of the wave forming
channeal 102 can be made according to a specific bathymetry (e.q., steeper slope,
shallower slope, elc.) to generale waves suitable for certain level of surfers.
Ehallower slopes will allow the wave to slowly steepen and then crumbile softly.
Steeper slopes can force the wave up gquicker and the crumbles slide heavily down
a steep face.

{6032} The wave-generating system 100 is simple to construct, sasy o
operate, easy to use and reliable. The system 100 can be used {o teach surfing
beginners the skills necessary for surfriding without exposing them to dangers
faced by experienced surfers, and the system 100 is readily modified to create
waves for experienced surfers. The system 100 can also be used to provide an
apparatus for testing boat models subjected to ocean wave conditions.

[0033] Many modifications and other embodimeants of the invention will
some to the mind of one skilled in the art having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it
is understood that the invention is not to be limited to the specific embodiments
disclosed, and that modifications and embodiments are intended to be included

within the scope of the appended claims.
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WHAT IS CLAMED IS:

1. A wave forming system comprising:

a channel having a water inlet and a water outlet for directing water from the
water inlet and the water outlet, the channel having a side wall and a botlom
surface profile that slopes downward toward the water outlet and the side wall; and

a back pressure barrier positioned in the water outlet to introduce a back
pressure o the water flow inside the channel to continuously form waves across the

channel.

2. The wave forming system of claim 1, wherein at least ona vector gale is

adjustably positioned at the water inlst.

3. The wave forming system of claim 1, wherein the water inlet includes a flow
gonditioner configured fo control a flow condition of the water passing through the

water outlet gate.

4. The wave forming system of claim 3, wherein the flow conditioner includes

at lzast one filter configured to reduce turbulence at the water inlet.

5. The wave forming system of claim 3, wherein the flow conditioner includes

at least one vane configured to adjust orientation of the water flow af the water

inlet.

10
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8. The wave forming system of claim 5, wherein the at least one vane is

adjusted fo orientate the water flow toward the sidewall.

7. The wave forming system of claim 1, wherein the system further includes a

water source for supplying water o the water inlst.

8. The wave forming system of claim 7, wherein the water source includes at

least one pump.

g. The wave forming sysiem of claim 7, wherein the waler source includes a

gravity flow arrangement.

18. The wave forming system of claim 1, wharein the back pressure barrier
includes a plurality of independently-positionable panels.
11.  The wave forming system of claim 1, wherein the back pressure barrier is

extends perpendicular to the direction of the water flow.

12.  The wave forming system of claim 1, wherein the back pressure barrieris

extends at an angle relative to the direction of the water flow.

13.  The wave forming system of claim 1, wherein the back pressure barrier

includes one or mora panels.

11
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14,  The wave forming system of claim 1, wherein the back pressure barrier

includes a curved surface.

18,  The wave forming system of claim 1, whergin the channel has two side
walls and a botiom surface profile that slopes downward from a central axis of the
channel {o both side walls and from a longitudinal point on the channel to the water

outlet, such that continuous wave are formed at both sides of the channel.

16.  The wave forming system of claim 1, further comprising a second channel
and a second back pressure barrier at 3 lower altitude, whersin the water inlet of
the second channel is configured to receive waler from the waler ocutlet of the

channel at a higher altitude.

17. A method for generating waves comprising:

providing a channel having a water inlet and a water outlet, a side wall, and
a bottom surface profile that slopes downward toward the water outiet and the side
wall;

directing a water flow from the water inlet and the water outlet;

positioning a back pressure barrier in the water outlet to adjustably
introduce a back prassure fo the water flow inside the channel; and

continuously forming waves across the channel.

12
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18. The method of claim 17, further comprising implementing a flow conditioner

at the water inlet to control a flow condition at the water inlet.

18. The method of claim 17, wherein implamenting a flow conditioner includes

implementing at least one filter to reduce flow turbulent at the water inlet.

20.  The method of claim 17, wherein implementing a flow conditioner includes

implementing at least one vans to orientate the water flow toward the side wall.

21.  The method of claim 17, further comprising adjusting at least one or more of

number and position of the back pressure barrier to form a specific wave.

22.  The method of claim 17, further comprising adjusting the slope profile of the

bottom surface to form a specific wave.

23. The method of claim 17, wherein the channel has two side walls and a
bottom surface profile that slopes downward from a central axis of the channsl o
both side walls and from a longitudinal point on the channel to the water outlet,

such that continuous wave are formed at both sides of the channel.

24,  The method of claim 17, further comprising:
providing a second channel at a lower altitude, the second channel having a

water inlet and a water outlet, a side wall, and a boltom surface profile that slopes

13
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downward foward the water outlet and the side wall, wherein the water inlet of the

second channel is positioned to receive water from water outlet of the channel at a

higher altituds;

directing a water flow from the water inlet and the water cutlet of the second

channel;

positioning a back pressure barrier in the water guilet of the second channel
to adjustably introduce a back pressure to the water flow inside the channal; and

continuously forming waves across the second channel.

14
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