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1 - For its complaint against Defendant American Wave Machines, Inc., Plaintiffs Wave
2| Loch, Inc. and Light Wane, Ltd. allege as follows | | .
3 | © PARTIES
4 - L Plaintiff Wave Loch, Inc. (“Wave Loch”) is‘a California corporatlon having its
) prmcxpal place of business at 210 Westbourne Street, La Jolla, California 92037 .
6 2. . Plaintiff Light Wave Ltd. (“Light Wave”) is a Utah limited partnershlp having
71 its prmcnpal place of business at 150 N. Center Street, Reno, Nevada 89501.
8 3. Upon information and belief, Defendant Amerlcan Wave Machines, Inc.
9 '(“AWM”) is"a California corporatlon havmg its pr1nc1pal place of busmess at 615 Marvista
10 Dnve Solana Beach, Callforma 92075.
11 v JURISDICTION AND VENUE
.12 | 4, This is'an action for patent infringement arising under the United States Patent
13| Laws, 35 US.C.§ 101 et seq. o | |
14 5. This Court has subject matterJurlsdlctlon pursuant to 28 U.S.C. §§ 1331 and
5l 1338 | . ;o
16 ' 6 Upon information and belIef,_AWM conducts business threughout the United
17|l - States, inc]uding in this Judicial District, and has committed the acts complained of in this
18 || Judicial ‘DiSIrict and elsewhere. ‘
19 7. Venue lies in this judicial district under 28 U.S.C. §§ 1391(b) and (¢) and
201l 1400b). | |
21 FIRST CLAIM FOR RELIEF
| 22 INFRINGEMENT OF U.S. PATENT 'NO: 5,236,280
- 23 8. Plaintiffs incorporate by reference and reaIlege each of the allegations set forth
24| in Paragraphs 1-7 above. | A _ | 4
25 9. On August 17, 1993, ‘U.S. Patent No. 5,236,280 (“the ‘280 Patent”), entitled'
26 “Method And Apparatus For Improving Sheet Flow Water Rides,” was duly and legally
27|l issued by the United States Patent and Trademark Office. Light Wave is the owner of all
280 /17 |
-1- _ , .
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right and title,'both legal and equitable, to the 280 Patent. Wave Loch is the exclusive
licensee of the *280 patent. A copy of the ‘280 Patent is attached hereto‘ as Exhibit 1.
. | 10. AWM has infringed the ‘280 Patent under 35 U.S.C. §271 thro‘ugh its
manufacture, use, sale, and/ot_offer for sale of amusement water rides, including the
SurfStream water ride. | |

11.  AWM’s acts of linfringemen't Have caused damage to Plaintiffs in an amount to
be determined at trial. |

12. © AWM’s mfrmgement of the ‘280 Patent is causing irreparable harm to
Plamtlffs for wh1ch there is no adequate remedy at Iaw AWM’s infringement will contmue

and will continue to cause 1rreparable harm to Plamtlffs, unless AWM’s mfrmgement is -

-enjoined by this Court.

13. - Plaintiffs are informed and believe that AWM’s infringement of the ‘280
Patent was artd is willful and deliberate, entitling Plaintiffs to enhanced damages under 35 -
U.S. C § 284 and attorneys’ fees and non-taxable costs under 35 U.S.C. § 285

" SECOND CLAIM FOR RELIEF
" INFRINGEMENT OF U.S. PATENT NO. 5,393.170
_ 14, Plaintiffs incoi’potate by reference and reallege each of the allegations set forth
in Patagraphs 1-7 above. o ' A | _ |

15.  On -February 28, 1995, U.S..Patent No. 5,393,170 (“the ‘170 Patent™), entitled
“Method And Apparatus For Improving Sheet Flow WateraRides,” was duly and legally
issued by the United States Patent and Trademark Office. Light ‘Wave is the owner of all’
right and title., both legal and‘ equitable, to the ‘170 Patent. Wave Loch is the exclusive
licensee of the *170 patent. A copy of the ¢170 Patent is attached hereto as E)I(hibit 2.

16. AWM has infringed the ‘170 Patent under 35 U.S.C. §271 through its
manufacture, use, sale, and/or offelj for sale of amusement water ridee, including the_
SurfStream water ride. ‘ |

A 17.  AWM’s acts of infrirtgetnent have caused damage to Plaintiffs in an amount to

be determined at trial.

Complaint for Patent Infringement
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Ji 18, AWM’svi'nfringement of the ‘170 Patent is causing irreparable harm to

2 || Plaintiffs, for which there is no adequate remedy at law. AWM’s inftingement will continue,
| 3 'and will continue to cause irreparable harm to Plaintiffs, unless AWM’s infringement is

4 enjomed by this Court. |

5 19. Plamtlffs are informed and believe that AWM’s mfrmgement of the ‘170

6 || Patent was and is willful and dehberate, entitling Plaintiffs to enhanced damages under 35

7 U;S.C. § 284 and attorneys’ fees and non-taxable costs under 35 U.S.C. § 2;85. -

sl THIRD CLAIM FOR RELIEF ‘

9 " INFRINGEMENT OF U.S. PATENT NO. 5564859
10 20.  Plaintiffs 1ncorporate by reference and reallege each of the allegatlons set forth
111 in Paragraphs 1 7 above. _ , _
] 2 21. On October‘IS, 1996, U.S. Patent No. 5,564,859 (“the ‘859_Patent”), entitled '
13 || “Method And Apparatus For Improving Sheet Flow Water Rides,” was duly and legally
14| issued 'by the United States Patent and Trademark Office. Light Wave is. the owner of all
15 || right and title, both legal and equitable, to the ‘859 Patent Wave Loch is the exclusive
16| licensee of the ’859 patent. A copy of the ‘859 Patent is attached hereto as Exhibit 3. |
17 22, AWM has infringed the ‘859 Patent under 35 U.S.C. §271 through its
18| manufacture, use,"'lsale, and/or offer for sale >o,f amusement water rides, including the
19| SurfStream water ride. |
20 23. AWM s acts of infringement have caused damage to Plaintiffs in an amount to
21 || be determined at trial. ' A . .
22 24. AWM s mfnngement of the ‘859 Patent is causing meparable harm to
23|l Plaintiffs, for which there is no adequate remedy at law. AWM'’s infringement will continue,
24 || and will continue to cause irreparable harm to Plaintiffs, unless AWM’s infringement is’
25 |l enjoined by this Court. _
26 25. Plaintiffs are informed and believe that AWM’s infringement Qf the ‘859
27 || Patent was and is willful and deliberate, entitling Plaintiffs to enhanced damages under 35
28| U.S.C. § 284 and attorneys’ fees and non-taxable costs under 35 U.S.C. § 285.

-3- : :
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‘ PRAYER FOR RELIEF ‘
WHEREFORE, Plaintiffs pray for judgment in their favor arrd seek relief as folloWs: :
A A judgment that AWM has infringed U.S: Patent No. 5,236,280, U.S. Patent

‘No. 5,393,170, and U.S. Patent No. 5,564,859;

B. vPreliminary and permanent injunctions against further infringement of U.S. -
Patent No. 5,236,280, U.S. Patent No. 5,393,170, and U.S. Patent No. 5,564,859 by AWM ‘
and all others in active concert or participation with AWM , |

C. An award of damages for AWM's infringement of U.S.vPatent No. 5,236,280,
U. S Patent No. 5,393,170, and U.S. Patent No 5,564,859;

D. A trebling of the award of damages under 35 U.S.C. § 284 or such other
enhancement of the award of damages that the Court deems appropnate

E- A declaratron that AWM’s mfnngemem of U.S. Patent No. 5,236,280, U.S. -
Patent No. 5 ,393,170, and U.S. Patent No. 5,564,859 was and is wrllful and that this is an
exceptional case under 35 U.S.C. § 285;

F. An award of attdmeys’ fees and non-taxable costs under 35 U.S.C. § 285'0r1
account of AWM’s willful infringement; |

G. | An award of taxable costs; and

H. - Such o.thér and further relief as this Court may deem just and proper._

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated:; 5//2 3/ 3 (? 7@""""‘
4 ’ Cralg S. G_um*n
David G. Jankowskr

Attorneys for Plaintiffs,
WAVE LOCH, INC. and LIGHT WAVE LTD.

Complaint for Patent Infringement
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-] - DEMAND FOR TRIAL BY JURY

2 * Plaintiffs Wave Loch, Inc. and Light Wave, Ltd. hereby demand a trial by jury on all
"3 || 1ssues so triable in the above-captioned action.

4 .
.5 - KNOBBE, MARTENS, OLSON & BEAR, LLP

6

7 . Co )

8|l Dated:_ ;/23/05 By: A tB

! , Craig S, Su
9 David G™Fankowski.
Attorneys for Plaintiffs, 4 .
10 WAVE LOCH, INC. and LIGHT WAVE, LTD.
11 |
120
13 ‘
LOCHTL.120L
14 5399954 _1
052008
15 '
16 || )
17
18
19
20
21
22
23
24
25
26
. A}
27
28
-6-
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. . S005236280A
[ ]
United States Patent [ Cmy Patent Number: = 5,236,280
Lochtefeld '[45] Date of Patent: Aug. 17, 1993
{54] METHOD AND APPARATUS FOR 1300144 6/1962 France .
IMPROVING SHEET FLOW WATER RIDES 1539959 8/1968 France .
o 0041392 3/1977 Japan ......unieienennens 405/79
{75) Inventor: Thomas J. Lochtefeld, La Jolia, Calif. 5241392 3/1977 Japan .
Wi 7 y . !
[73) Assignee: Biade Loch, Inc., La Jolla, Calif. WP00690 £/1990 PCT It ASEL
. 212138 4/1968 USSR. .
(21 Appl. No.: 577,741 953075 8/1982 USSR. . .
[22] Filed: Sep. 4, 1990 1090262 2/1965 United Kingdom . ~
1118083 3/1966 'Uniled Kl:ngdom .
Related U.S. Application Data 1159269 1171967 United Kingdom .
[63) Continuation-in-part of Ser. No. 286,964, Dec. 19, OTHER PUBLICATIONS
. 1988, Pat. No: 4,954,014, which is a continuation-in- Fauvelle/Blocquel, Brever D"lnvemian. Sep. 19, 19'33_
'4”7'323205" No. 34521, May 27. 1987, Pat. No.  pornung, H. G. and Killen, P. “A Stationary Oblique
. Breaking Wave for Laboratory Testing of Surfboards,”
[51] Iat. CL* AG63B 69/00  Journal of Fluid Mechanics (1976), vol. 78, Part 3, pp.
-[52] U.S. CL 405/79; 405/52;  459-484.
472/13  Killen, P. D., “Mode! Studies of a Wave Riding Facil-
[58] Field of Search ..................... 405/79, 52, 303, 80, ity’ 7th Australasian Hydrau]ics and Fluid Mechanics
. 73/148; 366/278; 4/491; 472/13 Conference, Brisbane (1980).
3 Ref Cited ' Killen, P. D. and Stalker, R. J. “A Facility for Wave
(56) elerences e Riding Research,” Eighth Australasian Fluid Mechan-
U.S. PATENT DOCUMENTS ics Conference, University of Newcastle, N.S.W.
490,484 171893 Mackaye . (1983). ’
799,708 9/1905 Boy . . N .
1,655.498 171928 F;;:;e. Primary Examiner—Dennis L. Taylor
1,701,842 2/1929% Fisch . ‘ABSTRA
1,871,215 8/1932 Keller . 571, ABSTRACT o
1,884,075 10/1932 Meyers . , An amusement apparatus for water sports activities
2.815,951 12/1957 Baldanza . wherein a flowing body of water is provided. The water
3,005,207 10/1961 Matraj . moves across an inclined, declined or horizonta! riding
3.038,760 6/ ‘ggg S“’."}:" : surface upon which the velocity, volume and gravita-
3,085,404 4/1 mith . tional dynamics of the flowing body of water is such
3,473,334 10/1969 Dexter . h id f Kimmi imulated
3,477,233 1171969 Anderson . that a rider may periorm water s ‘lmmlng/SImu al.e .
3.478,444 1171969 Presnell . surfing maneuvers thereon. Composite structures with™
3,562,823 271971 Koster . horizontal and inclined surfaces and varying flow ve-
3,598,402 8/1971 Frenzl . - locity over time across specifically shaped structures

(List continued on next page.') :

" FOREIGN PATENT DOCUMENTS

159793 871903
373684 ~ 7/1932
2222594 5/1972
2714223 1071978

1019527

1071952

Fed. Rep. of Germany .
Fed. Rep. of Germany .
Fed. Rep. of Germany .
Fed. ch of Germany .
France

permit water skimming/simulated surfing maneuvers on
unbroken, spilling or tunnel type wave forms. Asymme-
try in the downstream ridge line of an inclined surface
allows spilling type wave formations as well as facilitat-
ing the removal of a transient surge. A novel fluid *half-
pipe" waveform is also introduced.

31 Claims, 19 Drawing Sheets

Exhibit 1
-7-




[ T D

Case 3:08-cv-00928‘MA_-WMC Document 1 Filed 0563/08 Page 8 of 115

5,236,280
Page 2

U.S. PATENT DOCUMENTS 4276664 7/1981 Baker .
4,522,535 671985 Bastenhof .

. 4,538,719 9/1985 Schuster .
3,789,612 2/1974 Richard et al. . : '

4,564,190 1/1986 Frenzl . -
3,802,697 4/1974 LeMehaute . 4,662,781 5/1987 Tinkler .
3,881,476 12/1974 Edwards . . 4,790,685 12/1988 Scott et al. .
3,913,332 10/1975 Forsman . 4,792,260 12/1988 Sauerbier .
3,981,612 9/1976 Bungeretal. . 4,905,987 3/199%0 Frenz] .
4,201,496 5/1980 Anderson . 4,954,014 971990 Sauerbier et al. . |

Exhibit 1

-8-




Case 3:08-cv-00928‘MA -WMC Document1 Filed 0%3/08 Page 9 of 115

-~ U.S. Patent " Aug. 17, 1993 Sheet 1 of 19 | 5,236,280

FIG.1

Exhibit 1
9-
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U.S. Patent Aug. 17, 1993 Sheet 2 of 19 5,236,280
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U.S. Pat_ent - Aug. 17, 1993 " Sheet 3 of 19 5,236,280

Exhibit 1
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'U.S. Patent Aug. 17, 1993 . Sheet4of19 5,236,280

Exhibit 1
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U.S. Patent  Aug 17,1993 Sheet5of 19 5,236,280
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U.S. Patent Aug. 17, 1993 | Sheet 60f19 5,236,280 B

FIG.8

* Exhibit 1
-14-.
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U.S. Paterllt' Aug. 17,1993  Sheet 7of 19 | 5,23_6,280 |

- Exhibit 1
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' U.S. Patent Aug. 17, 1993 Sheet8of19 5,236,280

Exhibit 1 -
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U.S. Patent Aug. 17, 1993 " Sheet 9 of 19 '5,236,2.80 .
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U.S. Patent o Aug. 17,1993 Sheet 10 of 19 5,236,280
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' FIG.14b
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US. Patent  Auw. 17, i993 | ‘Sheet 11 of 19 '5,236,280 o

 FIG.I3a __. &

Exhibit |
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US. Patent  Aw 17,199 Sheet12of19 5,236,280 -
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U.S. Patel_lt | 'Aug. 17, 1993 Sheet 13 of 19 5,236,280

FIG.I6b

Exhibit 1
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* Sheet 14 of 19 - 5,236,280 .

Aug. 17, 1993
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U.S. Patent r-Aug. 17,1993  Sheet 15 of 19 5,236,280
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r

U.S. Patent - Aug.17,193 ~  Sheet 17 of 1 5,236,280
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Sheet180f19 5,236,280

Aug, 17, 1993
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US. Patent  Aw 1,199  swet9oris 5,236,280
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1

METHOD AND APPARATUS FOR iMPROVING.
SHEET FLOW WATER RIDES

RELATED APPLICATIONS

This application is a continuation-in-part of co-pend-
ing U.S. application Ser. No. 07/286,964, filed Dec. 19,
1988 for IMPROVEMENTS IN SURFING-WAVE
GENERATORS, to be issued as U.S. Pat.. No.
4,954,014 on Sep. 4, 1990, which is a continuation-in-
part of U.S. application Ser. No. 07/054/521, filed May
27, 1987 for TUNNEL WAVE GENERATOR, issued
as U.S. Pat. No. 4,792,260 on Dec. 20, 1988.

FIELD OF THE INVENTION

The present invention relates in general to water
rides, specifically a mechanism and. process that pro-
vides a flowing body of water having flat, radial, and
* inclined surfaces thereon of sufficient area, depth and
slope to permit surfboarding, skin-boarding, body-
boarding, inner-tubing, and other water-skimming ac-
tivity and, in particular, to several embodiments with

means for generated, forming, maintaining. moving and.

riding said flow of water in a predominantly steady state
condition.

BACKGROUND OF THE INVENTION

For the past 25 years, surfboard riding and associated
wave riding activities, e.g., knee-boarding, body or
“Boogie™ boarding, skim-boarding, surf-kayaking, in-
flatable riding, and body surfing (all hereinafter collec-
tively referred to as wave-riding) have continued to
grow in popularity along the world's surf endowed
coastal shorelines. In concurrence, the 80's decade has
witnessed phenomenal growth in the participatory fam-
ily water recreation facility, i.e., the waterpark. Large
pools with manufactured waves have been an integral
component in such waterparks. Several classes of wave-
pools have successfully evolved. The most popular
class is that which enables swimmers or inner-tube/in-
flatable mat riders to bob and float on the undulating

“swells generated by the wave apparatus. A few pools
exist that provide large turbulent white-water bores that
surge from deep to shallow pool end. Such pools enable
wave-riding. However, white-water bore riding is not
preferred by the cognoscenti of the wave-riding world,
rather the forward smooth water face of a curling or
tubing wave that runs parallel to the shoreline holds the
ultimate: appeal. Although numerous attempts have
been made to establish wave-riding on curling waves as
a viable activity in the commercial waterpark wavepool
setting, such attempts have met with limited success.
The reasons which underlie wave-riding's limited
waterpark success is four-fold, 1) small spilling or un-
broken waves which are ideal for the mass of novice
waterpark attendees are not ideal for intermediate or
advanced wave-riders; 2) the larger ‘waves ideal for
wave riding have proven prohibitive in cost to dupli-
cate and become inherently more dangerous as their
size increases; 3) the curling and plunging waves sought
by advanced wave riders require steep and irregular
pool bottom configurations that are inherently danger-
ous and can cause strong deep water current; 4) assum-
ing a compromised and safer wave shape is acceptable
to wave-riding participants; wave-riding is ideally a
one-man-lo-one-wave event that monopolizes an ex-
tended surface area. As consequence of limited wave
quality, excessive cost, potential liability, and large

0

~
w

w
o

40

50

2

surface area to low rider capacity ratios, wavepools
specifically designed for waveriders have proven unjus-
tifiable to water park operators. . .

All wavepools that currently exist in the waterpark
industry and the majority of previously disclosed wave-
making inventions attempt to duplicate those types of
oscillatory waves found naturally occurring at a beach.
For purposes of definition, such waves are hereinafter
termed “natural waves". Natural waves also include
those found occurring in rivers as caused by submerged
obstacles e.g., boulders. As known to those skilled in the .
art, natural waves have specific characteristics capable

of mathematical description as a function of wave

length, wave height, period, wave angle, velocity,
phase speed, break speed, gravity, free surface water
elevation, water depth, etc. Additionally, mathematical
descriptions can be provided for.a wide range of wave
shapes progressing from an unbroken-to-breeking-to-
broken. Breaking waves, those of most interest 10 wave-
riders, are traditionally classified as either spilling,
plunging or surging. Broken waves can either be sta-
tionary (e.g., 8 river impacting on an obstacle creating a
stationary hydraulic jump), or moving (e.g., an ocean-
white water surge or bore characterized by rapidly
varied unsteady flow). The shape of a breaking wave is
primarily a function of a given set of the aforemen-
tioned wave characteristics and the contour of the bot- -
tom over which the wave is moving. Beginning wave-
riders prefer the smaller gentle spilling wave produced
by a gradually sloped bottom surface. Advanced wave-
riders prefer the larger plunging breakers that result
from a steeply inclined beach. Since there are demo--
graphically a greater number of beginning wave-riders
and since the wave favored by beginning riders is a
product of an inherently safer gentle incline of beach,
and since the energy and cost required to produce a
small spilling wave is exponentially less that required to
produce a large plunging wave, the current genre of
wave pools have by necessity and practicality not been
suitable for wave-riding by the more advanced wave
rider.

The subject invention aims at creating a “wave
shape™ that can serve to provide those types of “wave
shapes” desired by intermediate to advanced riders.
Additionally, the subject invention seeks to accomplish
such *'wave shape” creation at a fraction of the cost and
with.an improved margin of safety as compared to that
required to duplicate the aforementioned intermediate
to advanced natural waves. The reason the subject in-
vention can succeed at its goal is that it does not dupli-
cate natural waves, rather, it creates “flow shapes™ that
are result of high velocity sheet flow over a suitably-
shaped forming surface. This concept of sheet flow
formation versus natural wave formation is one of two
primary distinguishing factors between the subject in-
vention and the prior art. X

This second distinguishing factor focuses on the

" forces that “drive™ a wave rider when he is riding a

60

wave. To this end, the subject invention defines two
distinct classes of flow shapes, i.e., deep water flow
shapes and shallow water flow shapes. A deep water
flow shape is where the water depth is sufficient such
that boundary layer effects of the sheet flow over the
forming surface does not influence the operation of
rider or riding vehicle, e.g., surfboard. Deep waier flow
shapes can, assuming certain flow forming and flow
characteristics (e.g., velocity) are met, duplicate natu- .

Exhibit I
28-
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rally occurring waves. A shallow water flow shape is
where the water is of such depth that the surface bound-
ary layer effects of the sheet flow over the forming
surface influences the operation of rider or riding vehi-
cle, e.g., surfboard. As contemplated by the subject
invention, shallow water flow shapes will never dupli-
cate naturally occurring waves, because there are dif-
fering forces that come into play when a rider rides a
shallow flow. As the result of those differing forces, the
operational dynamics of the subject invention require
that for shallow flows the average velocity of the water
sheeting over the flow forming surface will always
exceed the maximum velocity which would be found in
a natural wave. To better explain why the shallow
water flow velocity must always be greater than that of
a deep water flow, and to further expand on the forces
involved when a surfer rides an ocean wave or con-
versely when a “skimmer” rides a shallow water flow,
the following examples are given: On a natural wave (a
deep water flow environment) a surfer prior to starting
a ride begins to move up the slope of the coming wave
by primarily, the forces of buoyancy. In order to over-
come the forces of fluid drag, the surfer commences to
paddle and take advantage of the interaction between
the forces of buoyancy and, gravity to provide a for-
ward component to the surfboard and achieve riding

speed. Thereafier, maintenance of a steady state posi-.

tion riding normal to the wave front is a balancing act
between on the one hand, the hydrodynamic lift forces
on the bottom of the surfboard coupled with buoyancy,
and on“the other hand. the forces of gravity and fluid
drag. Cutting/trimming across the wave front (at an
angle to the wave front) requires the same balancing
act. If one attempts to reproduce the above described
scenario in natural flow conditions, a large water depth
is required. Likewise, in the laboratory setting this can
be accomplished by deep water flows (reference the
Killen papers, infra).

Conversely, in a shallow water flow environment,
the forward force component of the “'skimmer” and
skimming device required to maintain a riding position
and overcome fluid drag is due to the downslope com-
ponent of the gravity force created by the constraint of
the solid flow forming surface, balanced primarily by
momentum transfer from the high velocity upward
shooting flow. The “skimmer's™ motion upslope (in
excess of the kinetic energy of the “skimmer™) consists
of the forée of the upward shooting flow exceeding the
downslope component of gravity. In both deep water
and shallow water flow environments, non-equilibrium

riding maneuvers such as cross-slope motion and oscil--

lating between different elevations are made possible by
the interaction between the respective forces as de-
scribed above and the use of the rider’s kinetic energy.

The parent inventions to the subject applications
have focused upon deepwater flow shapes specific to
the performance of “surfing maneuvers”. Surfing ma-
neuvers, is defined by those skilled in the art, as those
which occur under ocean like hydrodynamic condi-
tions. Consequently, surfing maneuvers can be per-
formed in an artificial environment, ¢.g., a wavepool,

- assuming that the wave which is produced duplicates

the ocean wave riding experience (deep water flow) as
described above. By corollary, true surfing maneuvers
cannot be performed in shallow flow environments
since the hydrodynamic conditions are distinct. How-
ever, full scale tests have demonstrated that the physical

look and feel of “surfing like maneuvers™ performed in.
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a shallow flow are surprisingly similar to *'real” surfing
maneuvers performed in a deep flow. For purposes of
technical clarity, shallow flow “surfing type maneu-
vers” shall be termed as a subset of what hereafter can
be described as “water skimming maneuvers”. Water
skimming maneuvers are defined as those activities
which can be performed on shallow water flows includ-
ing “surfing like maneuvers" as well as other activities
or other types of maneuvers with differing types of
vehicles e.g. inner-tubes, bodyboards, etc.

The subject invention discloses improvements to the
prior art of shallow water flows, as well as similar im-
provements to the deep water flow shapes of the parent.
invention. The parent invention generated two types of
stationary flow shapes, i.e.,«a stationary peeling tunnel
flow shape for advanced waveriders, and a stationary -
non-breaking upwardly inclined flow shape for begin- -
ners.

DISCUSSION OF PRIOR ART

The water recreation field is replete with inventions
that generate waves yet lacking as to inventions that
create flow formed wave-like shapes. In all cases, none
1o date describe the improvements contemplated by the
subject invention, as an examination of some representa-
tive references will reveal. ’

To facilitate distinction, the prior art can be divided
into seven broad wave or wave shape forming catego-
ries:

Category l—an oscillating back-and-forth or peri-
odic up-and-down movement by an object or pressure
source that. results in disturbance propagation from
point to point over a free water surface. Representative
prior art: Fisch U.S. Pat. No. 1,655,498; Fisch U.S. Pat.
No. 1,701,842; Keller U.S. Pat. No. 1,871,215; Matrai
U.S. Pat. No. 3,005,207, Anderson ‘U.S. Pat. No.
3,477,233; Presnell et al U.S. Pat. No. 3,478,444; Koster
U.S. Pat. No. 3,562,823; Anderson U.S. Pat. No.
4,201,496; and Baker U.S. Pat. No. 4,276,664, The struc-
ture and operation of Category | prior art illustrate
those types of devices which generate waves in an un-
steady flow, i.e., a wave profile which will vary over
distance and time. .

Category 2—a moving hydraulic jump caused by the
release of a quantity of water. Representative prior art:
Dexter U.S. Pat. No. 3,473,334; Bastenhof U.S. Pat. No.
4,522,535; and Schuster, et al U.S. Pat. No. 4,538,719.
Although differing in method, the structure and opera-
tion of Category 2 prior art is similar to Category 1 in
that they generate weaves in an unsteady flow, i.e., a
wave profile which will vary over distance and time. As
to the issues of water depth, direction of flow and direc-

_ tion of wave spill, the channel or pool bottoms of Cate-

w
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gory 2 devices constantly change in depth and become
more shallow as one moves in the direction of the trav-
eling wave and released water. :
Category 3—a stationary hydraulic jump resulting in
a spilling wave. Representative prior art: Le Mehaute
U.S. Pat. No. 3,802,697. .
Category 4—a moving hydraulic jump caused by a
moving hull. Representative prior art: Le Mchaute '697
(supra) also disclosed movement by a wedge shaped
body through a non-moving or counter-moving body of
water, with such movement causing a hydraulic jump
and resultant spilling wave suitable for surf-riding.
Category 5—a wave shape that simulates a stationary
unbroken wave. Répresentative prior art: Frenzl U.S.
Pat. No. 3,598,402 issued Aug. 10, 1971 is perhaps more
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5
closely related in structure to the shallow watér flow
embodiments of the present invention than any of the
previously discussed references. Frezl disclosed an ap-
pliance for practicing aquatic sports such as surf-riding,
water-skiing and swimming comprised of a vat, the
bottom of which is upwardly sloping and has a longitu-
dinal section which shows a concavity facing upwards
while a stream of water is caused to flow upsiope over
said bottom as produced by a nozzle discharging water
unto the surface of the lower end of said bottom. Provi-
sion is made for adjustment of the slope of the vat bot-
tom around a pivotal horizontal axis to permit the appli-
ance to be adjusted for that sport which has been se-

6
similar to the ideal wave in the real surfing situation.
The “conforming wave shape” as formed by the shal-
low water flows of the subject invention does not at-
tempt to geometrically and hydrodynamically simulate
the ideal wave in the real surfing situation. The “con-
forming™ deep water flows of the subject invention do
not require such simulation, even though they can so -

- simulate.

0

lected for practice, e.g., water skiing reduced slope or .

surf-riding increased slope. Provision is also made for

. varying the speed of the water from a “torrential flow”
for water skimming activities, e.g., surfboard riding, to
a “river type flow™ wherein the speed of the water is
matched 1o the speed of an exercising swimmer. How-
ever, Frenz! '402 does not recognize, either explicitly or
implicitly some of the problems solved and advantages
proffered by the present invention.

Frenzl U.S. Pat. No. 4,564,190 issued Jan. 14, 1986
shows improvements to the appliance for practicing
aquatic sports using gliding devices (as disclosed in the
Frenzl *402 patent) by introduction of a device that
removes water from an upwardly sloping bottom sur-

. face which has been slowed down by friction at the
boundary faces and returns_the water to a pumping
system to thereby increase the flow rate and thus elimi-
nate the delirious effects of slowed down water. Frenzl
U.S. Pat. No. 4,905,987 issued Mar. 6, 1990 shows im-
provements to the appliance disclosed in the Frenzl ‘402
patent (described above) by showing connected areas
for swimming, non-swimming and a whirlpool so that
water from the Frenz} ‘402 appliance is further utilized
after outflow thereof. The primary objective of the
Frenzl "987 patent is to improve the start and exit char-
acteristics of the Frenzl ‘402 appliance by providing a
means whereby a user can enter, ride, and exit the appli-
ance to avoid breakdown of the torrential flow.
Category 6—a deflective wave shape that simulates a
stationary tunnel wave. Representative prior art: Hor-
- nung, H.G. and Killen, P., “A Stationary Oblique
Breaking wave for Laboratory Testing of Surfboards™,
Journal of Fluid Mechanics (1976), Vol. 78, Part 3,
pages 459-484. P. D. Killen, “Model Studies of a Wave
Riding Facility", 7th Australasian Hydraulics and Fluid
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Mechanics Conference, Brisbane, (1980). P. D. Killen

and R. J. Stalker, “A facility for Wave Riding Re-
search”, Eight Australasian Fluid Mechanics Confer-
ence, University of Newcastle, N."S. W. (1983). The
apparatus taught by Killen (all three articles will be
collectively referred to as Killen, and each article is
specifically referenced by chronological date of publi-
cation) forms a wave shape of the type favored by surf-

SUMMARY OF INVENTION

To better understand the objects and advantages of
the invention as described herein, a list of special terms
as used herein are defined:

(1) “deep water flow”: that flow whereby the water
depth is sufficient such that boundary layer effects of
the sheet flow over the forming surface does not signifi-
cantly influence the operation of rider or riding vehicle, .
e.g., surfboard. Deep water flow shapes can, assuming
certain flow forming and flow characteristics (e.g.,
velocity) are met, duplicate naturally occurring waves.

(2) “shallow water flow™: that flow whereby the
water is of such depth that the surface boundary layer
effects of the sheet flow over the forming surface signif-
icantly influences the operation of rider or riding vehi-
cle, e.g., surfboard. Shallow water flow shapes will
never duplicate naturally occurring waves.

(3) “surfing maneuvers": those maneuvers capable of
performance on a surfboard which occur-under ocean
like hydrodynamic conditions, including deep water
flows with the appropriate ocean approximating flow
characteristics. Surfing maneuvers include riding across -
the face of the surface of water on a surfboard, moving
down the surface toward the lower end thereof, manip-
ulating the surfboard to cut into the surface of water so
as to carve an upwardly arcing turn, riding back up
along the face of the inclined surface of the body of
water and cutting-back so as to return down and across
the face of the body of water and the like, e.g., lip bash-
ing, floaters, inverts, aerials, 360, etc.

(4) “water skimming maneuvers': those maneuvers
which can be performed on shallow water flows includ--
ing “'surfing like maneuvers" (i.e., similar to those de-
scribed in “surfing maneuvers above) as well as, other
activities or other types of maneuvers with differing
types of vehicles e.g., inner-tubes, bodyboards, etc.

(5) “body of water™: a volume of water wherein the
flow of water comprising that body is constantly chang-

"ing, and with a shape thereof at least of a length,

breadth and depth sufficient to permit surfing or water
skimming maneuvers thereon as limited or expanded by
the respective type of flow, i.e., deep water or shallow
water.

(6) “conform (conformed, conforming)", where the
angle of incidence of the entire depth range of a body of

" water is (at a particular point relative to the inclined

board.riders, by placing a suitably shaped fixed position -

obstacle in a channel of specified width and in the path
of a flow of water with specified depth and velocity
such that deflection of the water off the obstacle dupli-
cates the geometric and hydrodynamic aspects of a
surface gravity wave that is obliquely incident to a
sloping beach. At first glance, it may appear that struc-
ture as taught by Killen and that as disclosed by the
subject invention are substantially similar. However,
close examination will reveal significant differences.

" Insummary, Killen was attempting to create a wave
shape that was geometrically and hydrodynamically

60

flow forming surface over which it flows) predomi-
nantly tangential to said surface. Consequently, water
which flows upon an inclined surface can conform to
gradual changes in inclination, e.g., curves, without

. causing the flow to deflect. As a consequence of flow

conformity, the downstream termination of an inclined
surface will always physically direct and point the flow
in a direction aligned with the downstream termination
surface. A conformed water flow is a non-separated
water flow and a deflected water flow is a separated
water flow, as the terms separated and non-separated
are known by those skilled in the art.
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7
(7) “equilibrium zone": that portion of an upwardly
inclined body of water wherein a rider is in equilibrium
depending on the one hand, on an upwardly directed
force ascribable to the drag or resistance of the riders
vehicle or body dipped into the stream of water and, on
the other hand, on a downwardly directed force pro-

duced by the component of the weight of the rider in a’

direction parallel with the inclined water forming
means.

(8) “supra-equidyne area™: that portion of a body of
water above the equilibrium zone wherein the slope of
the incline is sufficiently steep to enable a rider to over-
come the upwardly sheeting water flow and slide
downwardly thereupon. ’

(9) “sub-equidyne area": that portion of a body of
_ water below the equilibrium zone that is predominantly
horizontal. In the sub-equidyne area a rider cannot
achieve equilibrium and will eventually (due to the
forces of fluid drag) be moved back up the incline.

One object of the present invention is to improve
upon the parent invention by providing a flow forming
surface upon which a shallow water flow can produce
a body of water that is similar to the kind prized by
surfers, i.e., 8 tunnel wave, which has 2 mouth and an
enclosed tunnel extending for some distance into the
interior of the forward face of the wave-shape. Such
improvement is hereinafier referred to as the “Shallow
Flow Tunnel Wave Generator.” Heretofore, ‘tunnel
waves have only been available to surfers in a natural or
deep water flow environment. The subject invention,
through proper configuration of a flow forming surface
and adequate shallow water flow characteristics (e.g.,
velocity, turbidity, depth, direction. etc). can produce
wave forms that have similar appearance and ride char-
acteristics as “real” tunnel waves subject to certain ride
conditions, e.g., limitation on surfboard fin size. How-
ever, the significant cost savings attributive to shallow
flow construction -and reduced energy consumption
outweigh any limitations that may be imposed.

The parent invention also provided for a stationary
non-breaking upwardly inclined deep water flow shape
for beginners. The subject invention will also improve
upon this embodiment of the parent invention through
the use of shallow water flow technology. Such im-
provement is hereinafter referred to as the “*Shallow

Flow Inclined Surface.” In addition to the significant

advantage or reduced cost, additional advantages to the
shallow water improvements described above include,
increased safety due to reduced deep water pool depth,
reductions in water maintenance due to decrease in
_volume of water treated, and the opportunities to create
novel water sports, e.g., flowboarding or inner-tube
-“bumper cars”. '
A second object of the subject invention is to provide
a flow forming means (hereinafier referred to as the
. “Connected Structure™) comprised of a substantially
horizontal flat surface (the sub-equidyne area) that tran-
sitions by .way of a radial concave arc (the equilibrium
zone) connected to the supra-equidyne area (e.g., the

_inclined plane or tunnel wave generator). The Con--

nected Structure facilitates a riders ability to maximize
his forward speed by the riders own efforts of “pump-
turning", hereinafter more fully described as the “Ac-
celeration Process™. Without benefit of said Connected
Structure such increased speed would not be available.
The Connected Structure encompasses the complete
_spectrum of surface flows and wave shapes desired by
wave-riding and water skimming enthusiasts. Beginning

8 .
at one extreme with a flat incline, and progressing by
introduction of an increasing array of surface curva-
tures from the horizontal to the vertical combined with
varying attitude and inclination of said surface relative
to an upward (or downward, as the case may be) flow
of water that culminates at the other extreme in a tunnel
wave shape. A significant feature of the Connected
Structure is how its unique configuration can dramati-
cally improve the performance parameters of the parent
invention’s inclined Surface embodiment. The parent
invention hereto permitted conventional surfing maneu-

‘vers; however, its structure did not optimaliy facilitate

the generation of forward speed with which to perform
such maneuvers. The “Acceleration Process” as now
enabled by the Connected Structure improvement al-
lows such forward speed to be attained.

A third object of the subject invention is to solve the
transient surge problems associated with the ride start-
up and rider induced flow decay upon upwardly in-
clined flow surfaces. This solution results by lowering

- the downstream boundary area of the inclined flow
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forming surface at an angle so as to create a maximum' |
height ridge line of decreasing elevation to facilitate
self-clearing of undesirable transitory surges. This im-
provement is hereinafter referred to as the “Self-Clear-
ing Incline. *

A fourth object of the subject invention and a nove!
ramification to the *Self-Clearing Incline” occurs by
extending the inclined flow forming surface and associ-
ated ridge line of the downstream boundary area to an
increased elevation. If such increase in elevation is in
excess of the net total head flow necessary to scale this
new increase in elevation, then the flow wili form'a
hydraulic jump and the sub-critical water thereof will
spill down the upwardly sheeting flow in the manner of
a spilling wave. This improvement is hereinafter called
the “Inclined Riding Surface with Spilling Wave™). The
spilling wave phenomena can also be incorporated into
the other embodiments as described herein. A corollary
improvement 10 any spilling wave application is a prop-
erly configured vent system to handle the water which
spills back down the flow forming surface. If such water
remained unvented, it would eventually choke the en-
tire flow. Consequently, 10 maintain a steady state con-
dition, to the extent that new water flows into the sys-

" tem, then, an equal amount of old water must vent out.

A fifth object of the subject invention is to improve
by way of combination the tunnel and inclined flow
forming surfaces, as well as, creation of an intermediate
“spilling wave” that works in combination with the
inclined flow surface. This embodiment is hereinafter
referred 10 as the “Omni-Wave". A feature of the Omni-
Wave embodiment is its unique flow.forming shape can

. permit (by way.of a progressive increase of the net head

60

of the sheet flow) the transformation of a sheet of water
flow from a stationary “spilling wave" along the entire
forming means, to a transitional “spilling wave” with
inclined surface flow, to the final inclined surface flow
and tunnel wave shape. This method is hereinafter re-
ferred to as the “Wave Transformation Process”. The
Omni-Wave and the Wave Transformation Process will
offer an improved environment for the performance of
surfing and water skimming maneuvers.-

A sixth object of the present invention is to provide
an apparatus that will enable riders to perform surfing

- and water skimming maneuvers in a format heretofore

unavailable except by analogy to participants in the
separate and distinct sports of skateboarding and snow-
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boarding, to wit, half-pipe riding. In this regard, the
present invention comprises a method and apparatus for
forming a body of water with a stable shape and an

inclined surface thereon substantially in the configura-

tion of a longitudinally oriented half-pipe. Such im-
provement is hereinafter referred to as the “Fluid Half-
Pipe.” A corollary improvement to the Fluid Half-Pipe
is to provide an apparatus that permits an increased
throughput capacity by increasing the depth of the
Fluid Half-Pipe in the direction of its length. This in-
crease in depth will have the added benefit of causing a
rider to move in the direction of fall and facilitate his
course through the ride.

The final object of the present invention is the posi-
tioning of dividers within a Fiuid Half-Pipe or Inclined
Surface as described above and to prevent a “'jet wash™
phenomenon that can result in loss of a rider's flow.
This “jet wash™ phenomenon occurs when a rider who
is positioned in the equilibrium or supra-equidyne area
of a thin sheet flow gets his flow of water cut off by a

- second rider positioned with priority to the line of flow.
The cutting off of water occurs in thin sheet flow situa-
tions due to the squeegee effect caused by the second
rider’s skimming vehicle. The improvement aids in pre-
venting adjacent riders.from cutting off their respective
flows of water. Such lmprovemem is hcremafter re-
ferred to as “Sheet Flow Dividers.”

Other objectives and goals will be apparent frorn the
following description taken in conjunction with the
drawings included herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a profile view of a Tunne) "“Wave" Genera-
tor configured for shallow waterflows.

FIG. 2 is a contour map of Tunnel *Wave" Genera-
tor as set forth in FIG. 1.

S
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FIG. 3 is a plan view of the range of horizontal atti- .

tude with respect to the direction of water flow that the
wave generator (as set forth in F1G. 1) can take and still
form a tunnel wave.

FIG. 4 is a view in profile of a typical cross-section
disclosing the range of inclination of the forward face of
the wave generator (as set forth in FIG. 1) with respect
to the direction of water and orientation to the vertical.

FIG. § depicts a rider on the Tunnel Wave Genera-
tor.

FIG.6isa proﬁlc view of the inclined surface.

FIG. 7 is a cross-sectional view of the inclined sur--

face as shown in FIG. 6.

FIG. 8 depicts a rider on the Inclined Surface.

FIG. 9a is a profile view of the Connected Structure.

FIG. 9b is a cross-section of FIG. 9a.

FIG. 10 depicts a surfer riding an Inclined Surface as
improved by the Connected Structure and who is tak-
ing advantage of the acceleration process.

FIG. 11a is a profile view of the Self Clearing Incline.

FIG. 11b is a cross-section of F1G. 1la.

FIG. 12 is a contour map of the Self-Clearing Tunnel
Wave. }

FI1G. 13q, FIG. 13b, and FIG. 13c are three views in
prol' le that illustrate in time lapse sequence a self-clear-
ing Inclined Surface.
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FIG. 144 and FIG. 14b illustrate in time lapse se-

_ quence the self-clearing Tunnel Wave.
FIG. 15 is a profile of the Omni-Wave.
FIG. 16a depicts the Omni-Wave with a spllhng
wave formed along its entire front face.

65
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FIG. 16b depicts the Omni-Wave with a clear in-
clined surface and a spilling wave.

F1G. 16¢ depicts the Omni-Wave with a clear in-
clined surface and a Tunnel Wave.

FIG. 16d depicts a Body Boarder performing water
skimming maneuvers and a surfer performing surfing
maneuvers on the Omni-Wave.

"FIG. 16e depicts a knee boarder riding the spilling
wave.

FIG. 16/ depicts a water skier on the inclined surface
and an inner-tube rider on the spilling wave.

FIG. 17 shows in profile view of a novel embodiment
for water sports—the Fluid Half-Pipe. .

FIG. 182 shows an elevation of a typical Flmd Half-
Pipe.

FlG 185 shows an elevation of a Fluid- Hnlf-Plpe
with modified flow forming botiom to assist in capacity
and rider through put.

FIG. 19 illustrates in profile view an improvement to
the Fluid Half-Pipe to assist in increased through put
capacity.

FIG. 20 shows dividers in a shallow flow to avoid
flow *‘jet wash.”

DETAILED DESCRIPTION OF THE SUBJECT
INVENTION.

Because the original application, the continuation of
the original application and' the subject invention are
operated in water, and many of the results of its passage
therethrough, or the propelling of water against the
wave or flow forming means thereof, are similar to
those caused by a boat hull, some of the terms used in
the descriptions hereto will be nautical or marine terms;
likewise, from the perspective of physical water dynam-
ics, some of the terms used herein will be hydraulic
engineering terms; and finally, from the perspective of
ride operation and function, some of the terms used
herein will be terms as used in the sport of surfing; all
such terms constitute a ready-made and appropriate
vocabulary which is generally understood by those
skilled in the art. To the extent that there are special
terms, then, those.terms are further defined herein.

Further, it will be understood by those skilled in the
art that much of the description of structure and func-
tion of the wave generator and inclined surface of the
original application and its -continuation application
may apply to the embodiments of the subject invention,
to the extent used by this application, Therefore, the
descriptions of the fiow forming means/wave generator
huli and inclined surface of the prior applications should
also be read in conjunction with FIGS. 1-20. However,
to the extent there are any differences or dxscrepancnes
between the description and teachmg of the prior appli-
cations and the subject invention, the description and
teaching of the subject invention shall prevail.

Except where specifically limited, it is to be under-
stood that the embodiments as described herein are to
function in both deep and shallow flow environments.
Furthermore, that the flow (except where noted) is to
be super-critical (i.e., according to the formula v>\/gd
where v=velocity, g=acceleration due to gravity
ft/sec2, d=depth of the sheeting body of water).

Description of Shallow Flow Tunnel *Wave"
Generator

Turning now to FIG. 1 (isometric view) and FIG. 2

(contour map) there is illustrated a Tunnel “Wave"
Generator 30 similar to the generator of prior applica-
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. 11
tion, however, improved to serve in a shallow water
flow. Plan-sectional lines as revealed in FIG. 1 and
contour lines as revealed in FIG. 2 are solely for the
purpose of indicating the three-dimensional shape in
general, rather than being illustrative of specific frame,
plan, and profile sections. Tunnel Generator 30 is com-
prised of a stem 31, a front face 32, a stern arch 33, an
upstream edge 34 running from stem 31 to stern arch 33
and acting as the upstream perimeter of front surface 32,
a downstream edge 35 running from stem 31 to stern
arch 33 and acting as the downstream perimeter of front
face 32, back surface 36, and sub-surface structural sup-
port 37. Front surface 32, bounded by upstream edge
34, downstream edge 35 and stern arch 33 is that feature
of Tunnel Generator 30 which effectively shapes its
tunnel “wave”. Moving in a direction as indicated by
arrow 38, super-critical shallow water flow 39 originat-
ing from a water source (not shown) moves in a con-
forming flow upward over the front face 32 to form an
inclined body of water in the shape of a tunnel “wave"
(not shown) upon which a rider (not shown) can ride.
Back surface 36 is sufficiently smooth and with transi-
tions analogous to a conventiona! waterslide such that a
rider (not shown) could safely be swept over or around
Tunnel Generator 30 to a termination pool or area (not
- shown) to properly exit. The outside dimensions of the
flow forming front face 32 of Tunnel Generator 30 are
capable of a broad range of values which depend -more
upon external constraints, e.g., financial resource, avail-
ability of water flow, etc., rather than specific restric-
tions on the structure itself. However, for purposes of
scale and not limitation, in order to form a tunnel
“wave" of adequate size to fully accommodate an adult
user, the outside dimensions of Tunnel Generator 30
should be approximately 1 to 3 meters in height and 3 to
12 meters in length. '

At least three characteristics of front face 32 of Tun-'

ne) Generator 30 influence the size, shape and angle of
the tunnel “wave.” and each of them interacts with the
others: )
- A. its shape (FIGS. 1 and 2);
B. its attitude—its horizontal position or angle with
respect to the direction of water flow (FIG. 3); and
C. its inclination—its vertical position or angle with
respect 1o the direction of water flow (FIG. 4).
Each characteristic of front face 32 is now discussed in
detail.

A. Shape

Front face 32 of Tunnel Generator 30 has a complex
shape comprised of concave curvature, both vertically
and horizontally, as indicated generally by the FIG. 1
plan sections lines and FIG. 2 contour lines. Such lines
are substantially but not specifically illustrative of the
range of possible shapes, as will now be explained more
fully:

1. Vertically: . .
a. the shape of the vertical curvature can be: -
(1) substantially a simple arc of a circle; or
" (2)_preferably an arc of a more complex changing
curve, e.g.:
(a) ellipse;
(b) parabola;
(c) hyperbola; or
(d) spiral. .

If a changing curve, it preferably changes from an
opening curve (i.e., the ascending water encounters an
increasing radius as it ascends front face 32) at stem 31

[
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through a transition point 40; to a closing curve (i.e., the
ascending water encounters a decreasing radius as it
ascends front face 32) from transition point 40 to stern
arch 33. A critical feature of Tunnel Generator 30 is
that commencing at transition point 40, front face 32
begins to curve past the vertical. Curvature past the
vertical from transition point 40 towards the stern arch
33 gradually increases from 0 to a maximum of 30 de-
grees. 10 degrees if preferred.
2. Horizontally
a. The shape of the horizontal curvature can be:
(1) substantially an arc of a circle; or
(2) preferably, a portion of a more complex, chang-
ing, curve, e.g.: :
(a) ellipse;
(b) parabols;
(c) hyperbola; or
(d) spiral.

] B. Attitude
As disclosed in FIG. 3, the horizontal attitude of

“front face 32 with respect to direction 38 of water flow
_can vary only within certain Jimits otherwise the “tun-

nel” will not develop. Since front face 32 has concave
curvature of varying degrees along its horizontal axis,
for purposes of orientation an extension of upstream
edge 34 is used to indicate varying horizontal attitudes
of front face 32 therefrom. Accordingly, upstream edge
34 can vary from substantially perpendicular to the
direction 38 of water flow to an angle of approximately
35 degrees, as shown.

C. Inclination

As disclosed in FIG. 4, the inclination of the front
face 32 with respect to the direction 38 of water flow is
also limited, otherwise the tunne! will not be developed.
Two factors are important with respect to inclination,

- first, the change in angle of incline relative 10 the depth

[y
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of the water must be sufficiently gradual 1o avoid sepa-
ration of flow lines/deflection. Second, the angle of
release (as defined by a line tangent to front face 32 at
downstream edge 35 when compared to the vertical)
must be past the vertical as shown. Amounts past verti-
cal may vary, however, a preferred amount is 10 de-
grees. : .

At least two other factors effect the size and shape of

- tunnel wave formation, i.e., flow velocity and water

flow depth. The velocity of the water over Tunnel
Generator 30 has a wide range, dependent upon the
overall size of the Tunne! Wave Surface and the depth
of water. In general, the flow is to be super-critical (i.e.,
according to the formula v>Vgd where v=velocity,
g=acceleration due to gravity ft/sec2, d=depth of the
sheeting body of water). However, velocities in excess
of that which is at a minimum necessary to achieve
supercritical velocity are sometimes desired, e.g., to
provide sufficient momentum transfer to support the
weight component of a given rider, and to achieve the
vertical heights required to form a tunnel “wave.”
The depth of the water is primarily a function of the
minimum necessary to permit a tunnel “wave” to form
at a given height, and simultaneously enable the flow of
water to support (via momentum transfer) the weight
component of a contemplated range of users. Because of
the operational requirements of momentum transfer, the
depth of the water has direct relationship to the velocity
of the water, i.e., the higher the velocity of flow, the
lower the requisite depth. Since this embodiment is
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limited to shallow flows, the depth of water will range’
from approximately 2 to 40 centimeters.

Tunnel Generator 30 can be fabricated of any of
several of well known materials which are appropriate
for the use intended. Concrete; formed metal, wood, or
fiberglass; reinforced tension fabric; air, foam or water
filled plastic or fabric bladders; or any such materials
which will stand the structural loads involved. A pre-
ferréd embodiment includes a thick foamed plastic cov-
ering to provide additional protection for the riders
using the facility.

Theoretically, no pool or water containment means is
required for Tunne) Generator 30, in that the flow from
a suitable flow source (e.g., pump and nozzle, fast mov-
ing stream or elevated reservoir/lake) is all that is re-
quired. However, where water recycling is preferred,
then, low channel walls can be constructed to retain the
flowing water with a lower collection pool, recycling
pump and appropriate conduit connected back to the
upstream flow source. The area of channel containment
need be only large enough to allow the performance of
appropriate water skimming maneuvers, since the cur-
ling water of the tunnel wave would remain more or.
Jess stationary with respect to the containment struc-
ture. Thus, such a structure could be constructed even
in a backyard. '

From the description above, a number of advantages
of Tunnel “Wave" Generator 30 becomes evident:

(a) The energy required to produce a tunnel “wave”
shape under shallow flow conditions is dramatically less
than that required under “natural” conditions, e.g., as
indicated in Killen's 1980 article, the power required to
produce operational natural ‘waves is proportional to
the height of the wave raised to the 3.5 power (hw3-3).
Consequently, a 2 meter wave would require 11.3 times
the power of a | meter wave or approximately 3.7 mega
watts or 4800 horsepower. An 8 cm in depth shallow
flow wave as contemplated by the subject invention
with similar width to Killen's structure would be able to
produce a 2 meter high tunnel “wave"” for under 400
horsepower.

(b) The capital costs and operating costs for shallow
water tunnel “wave" generation is substantially less
than deep water installations.

(c) The sight, sound, and sensation of tunnel “wave"

{
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of front face 32 towards stern arch 33. Combined with
the attitude of Tunnel Generator 30 relative to the di-
rection 38 of water flow 39, the resultant forces thereto
propel water flow 39 along the path of least resistance
which is upward and outward creating the desired tun-
nel 42. Tunnel 42 size is adjustable depending upon the
velocity of water flow 39, i.e., the higher the flow ve-
locity the larger the tunne) effect. The forward force
component required to maintain rider 41 (including any -
skimming device that he may be riding) in a stable rid-
ing position and overcome fluid drag is due to the
downslope component of the gravity force created by
the constraint of the solid flow forming surface bal-
anced primarily by momentum transfer from the high
velocity upward shooting water flow 39. Rider's 41

. motion upslope (in excess of the kinetic energy of rider

25

40

riding is a thrilling participant and observer experience, .
that has heretofore only been available to relatively few -

people in the world. The subject invention will enable
this experience to become more readily available.

(d) From a safety perspective, shallow water is gener-
ally perceived as safer in view of drowning.

Operation of the Tunnel “Wave" Generator

FIG. § illustrates Tunnel Generator 30 in operation
with the concavity of front face 32 acting to shape a
water walled tunnel from super-critical shallow water
flow 39 within and upon which rider 41 can ride. Water

" flow 39 originating from a water source (not shown)
moves in a direction 38 as indicated. At stem 31 water
flow 39 moves over front face 32 and onto back surface
(not shown). Back surface (not shown) is sufficiently
smooth and with transistions analogous to a conven-
tional waterslide such that rider 41 could safely be
swept over or around Tunnel Generator 30 to a termi-
nation pool or area (not shown) to properly exit. Pro-
gressing from transition point 40 to stern arch 33 the
horizontal and vertical concavity of front face 32 acts as
a scoop to channel and lift water into the central portion
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41) consists of the force of the upward shooting water
flow 39 exceeding the downslope component of grav-
ity. Non-equilibrium riding maneuvers such as cross-
slope motion and oscillating between different eleva-
tions on the “wave" surface are made possible by the
interaction between the respective forces as described
above and.the use of the rider's kinetic energy. -
Accordingly, it should now be apparent that Tunnel
“Wave" Generator 30 embodiment of this invention can
use shallow water flow in a water ride attraction to
simulate ocean tunnel waves. In addition, Tunnel

"“Wave" Generator 30 has the following advantages:

it requires a fraction of the energy utilized in generat-
ing a “real” wave;

it costs substantially less to build and maintain;

it allows a rider to experience the sight, sound, and
sensation of tunnel wave riding, an experience that
heretofore has not been available in commercial
settings; .

it uses shallow water which is inherently safer than
deep water in the prevention of drowning.

Description of Shallow Flow Inclined Surface

Turning now to F1G. 6, there is illustrated shallow
flow inclined surface 44. Plan-sectional lines as revealed
in FIG. 6 are solely for the purpose of indicating the
three-dimensional shape in general, rather than being
illustrative of specific frame, plan, and profile sections.
Shallow flow inclined surface 44 is comprised of sub-
surface structural support 45; back surface 46; and front
face 47 which is bounded by an imaginary downstream
ridge line 48, an upstream edge 49, and side edge 50a
and S0b. Side edge 50 can have walls (not shown) or be
connected with conventional broad surfaced downhill
sliding transitions (not shown) to either contain or allow
a rider to move out and off of the flow. Front face 47
can either be a gradual sloping inclined plane, a continu-
ous concave planar surface, a concave planar surface
joined to a convex planar surface, or preferably a com-
bination of planar curved surfaces and planar inclined
surfaces. FIG. 7 shows in cross-section a preferred pro-
file of front face 47 with upstream edge 49 (indicated as
a point in this cross-sectional view) as the upstream
boundary and with a combination of curves and straight
inclines as follows: concave curvature 51 as one moves
upwards towards the downstream ridge 48 (indicated as
a point in this cross-sectional view); concave curvature
51 transitioning to a straight incline 52 at a concave/-
straight transition point §3; straight incline 82 continu-
ing to straight/convex transition point 55; and convex
curvature 56 from straight/convex transition poim 55 to

downstream ridge 48. Back surface 46 joins front face
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47 at the downstream ridge line 48. Back surface 46 is
sufficiently smooth and with transitions analogous to a
conventional waterslide such that a rider (not shown)
could safely be swept over downstream ridge line 48 to
a termination pool or area (not shown) to properly exit.
Turning back 1o FIG. 6, super critical water flow 39
originating from a water source (not shown) moves in
direction 38 to produce a conforming upward flow over
front face 47, the downstream ridge line 48 and onto the
back surface 46 to form an inclined body of water upon
which a rider (not shown) can ride. The outside dimen-
sions of the flow forming front face 47 of shallow flow
inclined surface 44 are capable of a broad range of val-
ues which depend more upon external constraints, e.g.,
financial resource, availability of water flow, etc.,
rather than specific restrictions on the structure itself,
The velocity of the water over shallow flow inclined
surface 44 has a wide range, dependent upon the overall
size of the inclined surface and the depth of water. In
_ general, the flow is to be super-critical (i.e., according
10 the formula v>Vgd where v=velocity, g =acceler-

ation due to_gravity ft/sec?, d=depth of the sheeting .

body of water). However, velocities in excess of that
which is at a minimum necessary to achieve super-criti-
cal velocity are sometimes desired, e.g., to provide
sufficient momentum transfer to support the weight
component of a given rider, and to achieve the vertical
heights required to form an unbroken “wave.”

The depth of the water is primarily a function of that
which is necessary to successfully operate for the pur-
poses intended. Because of the operational requirements
of momentum transfer, the depth of the water has direct
relationship to the velocity of the water, i.e., the higher
the velocity of flow, the lower the requisite depth.
Since this embodiment is limited to shallow flows, the
depth of water will range from approximately 2 to 40
centimeters. ’

Shallow flow inclined surface 44 can be fabricated of
any of several of well known materials which are appro-
priate for the use intended. Concrete; formed metal,
wood or fiberglass; reinforced tension fabric; air, foam
or water filled plastic or fabric bladders; or any such
materials which will stand the structural loads involved.
A preferred embodiment includes a thick foamed plastic
.covering to provide additional protection for the riders
using the facility.

Theoretically, no pool or water containment means is
required for shallow flow inclined surface 44, in that the
flow from a suitable flow source (e.g., pump and nozzle,
fast moving stream or elevated reservoir/lake) is all that
is required. However, where water recycling is pre-
ferred, then, low channel walls can be constructed to
retain the flowing water with a lower collection pool,
recycling pump and appropriate conduit connected
back to the upstream flow source. The area of channel
containment need be only large enough to allow the
performance of appropriate water skimming maneu-
vers. Thus, such a structure could be constructed even
in a back yard.

From the description above, a number of advantages
of Shallow Flow Inclined Surface 44 becomes evident:

(a) The energy required to produce an unbroken
“wave" shape similar to that simulated by Shallow
Flow Inclined Surface 44 is dramatically less than that
required under “natural” conditions. .g., as indicated in
Killen's 1980 article, the power required to produce
operational natural waves is proportional to the height
of the wave raised to the 3.5 power (hw35). Conse-
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quently, a 2 meter wave would require 11.3 times the
power of a | meter wave or approximately 3.7 mega
watts or 4800 horsepower. An 8 cm in depth shallow
flow wave as contemplated by the subject invention
with similar width to Killen's structure would be able to
produce a 2 meter high inclined surface “wave” for
under 400 horsepower.

(b) The capital costs and operating costs for shallow
water inclined surface “wave” generation is substan-
tially less than deep water installations.

(c) The sight, sound, and sensation of inclined surface
“wave" riding is a thrilling participant and observer
experience, that has heretofore only been available to
relatively few people in the world. The subject inven-
tion will enable this experience to be become more
readily available.

(d) From a safety perspective, shallow water is gener-
ally perceived as safer in view of drowning.

Operation of Shallow Flow Inclined Surface

FIG. 8 illustrates Shallow Flow Inclined Surface 44
in operation. Super-critical water flow 39 originating
from a water source (not shown) moves in direction 38
to produce a conforming upward flow over front face
47, the downstream ridge line 48 and onto the back
surface 46 to form an inclined body of water upon
which rider 41 can ride. Front face 47 serves as the
primary riding area for rider 41. On this area rider 41
will be able to perform skimming maneuvers as follows:
The forward force component required to maintain
rider 41 (including any skimming device that he may be
riding) in a stable riding position and overcome fluid
drag is due to the downslope component of the gravity
force (created by the constraint of sub-surface struc-

" tural support 45) balanced primarily by momentum

40
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transfer from the high velocity upward shooting water -

flow 39. The motion of rider 41 in an upslope direction
(in excess of the kinetic energy of rider 41) consists of
the force of the upward shooting water flow 39 exceed-
ing the down slope component of gravity. Non-equilib-
rium riding maneuvers such as cross-slope motion and
oscillating between different elevations on the “wave"”
surface are made possible by the interaction between
the respective forces as described above and the use of
rider's 41 kinetic energy. Back surface 46 is sufficiently
smooth and with transitions analogous to a conven-
tional waterslide such that rider 41 could safely be
swept over downstream ridge line 48 to a termination
pool or area (not shown) to properly exit.
Accordingly, it should now be apparent that Shallow
Flow Inclined Surface 44 embodiment of this invention

.can use shallow water flow in a water ride attraction to

simulate unbroken ocean waves. In addition, Shallow
Flow Inclined Surface 44 has the following advantages:
it requires a fraction of the energy utilized in generat-
ing a “real” wave; .
it costs substantially less to build and maintain;
it allows a rider to experience the sight, sound, and

sensation of continuous unbroken wave riding, an .

experience that hereto for has not been available in
commercial settings. Such capability will greatly
expand the training of beginning “surf-riders” and
provide a venue for surf-camps, etc.

it uses shallow water which is inherently safer than
deep- water in the prevention of drownings.
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Description of Connected Structure

The Connected Structure creates additional surface
area beyond the areas defined by Tunnel Wave Genera-
tor 30 and Shallow Flow Inclined Surface 44. In general
terms, this expanded-area can be described as a horizon-
tal area upstream of the upstream edge of each respec-
tive embodiment. Furthermore, the Connected Struc-
ture describes specific ratios between three distinct
regions that can be defined to exist on Tunnel Wave
Generator 30 and Shallow Flow Inclined Surface 44 as
improved by the Connected Structure. Through combi-
nation of area expansion and defined region size rela-
tionship, a flow forming means can be described with
performance characteristics as yet undisclosed by the
prior art. ) )

Turning now to FIG. 9a, we see a generalized dia-
gram of an improvement for a flow forming means
herein called Connected Structure 57. Plan-sectional
lines as revealed in FIG. 9a are solely for the purpose of
indicating the three-dimensional shape in general,
rather than being illustrative of specific frame, plan, and
profile sections. Connected Structure 57 is comprised of
a supra-equidyne area 58 which transitions (as repre-
sented by a dashed line §9) to an equilibrium zone 68,
which in turn transitions (as represented by a dotted line
61) 10 a'sub-equidyne area 62. The dimensions and rela-
tionship of Connected Structure's §7 sub-equidyne 62,
equilibrium 60, and supra-equidyne 58 areas are de-
scribed as follows:

FIG. 9b illustrates a cross-section of Connected
Structure 57, with sub-equidyne area 62, equilibrium
zone 60, and supra-equidyne area 58 with a range of
configurations 58a, 585, and 58¢ that are capable of
producing a flow that ranges from the previously de-
scribed unbroken “wave™ (i.e., inclined flow) and the
tunnel “wave” flow.

10
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The preferred embodiment for the breadth of the ~

sub-equidyne area 62 in the direction of flow 38 is, at a
minimum, one and one half to four times the vertical
height (as measured from sub-equidyne to the top of
supra-equidyne) of the total flow forming means. The
large breadth would apply to low elevation means (e.g.,
1 meter) and smaller breadth to high elevation means
(e.g., 6 meters). Sub-equidyne 62 orientation is substan-
tially horizontal and normal 10 the force of gravity.

The preferred embodiment for the shape of equilib-
rium zone 60 can be defined by a portion of a changing,
curve, e.g., an ellipse; parabola; hyperbola; or spiral. If
a changing curve, the configuration of equilibrium zone
60 is substantially arcs of a closing curve (i.e., the as-
cending water encounters a decreasing radius as it as-
cends the face of the flow forming means). The radius of
said closing curve being at its smallest approximating
the radius of supra-equidyne 58 leading edge, and at its
longest less than horizontal. For purposes of simplicity
and scale (but not by way of limitation) the uphill
‘breadth of equilibrium zone 60 can generally be defined
by a distance approximately equal to the length of the
rider's flow skimming vehicle, i.e., approximately three
to ten feet.

The preferred embodiment for the shape of supra-
equidyne area 58 can be defined by a portion of chang-
ing curve, e.g. an ellipse; parabola; hyperbola; or spiral.
If a changing curve, the configuration of supra-
equidyne area 58 is initially arcs of a closing curve (i.e.,
the ascending water encounters a decreasing radius as it
" ascends the face of the flow forming means). The radius
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of said closing curve is at its longest always less than the
radius of the longest arc of equilibrium zone 60, and, at
its smallest of sufficient size that a rider could still fit
inside a resulting “tunnel wave". On the opposite end of .
the spectrum, said arcs of a closing curve can transition,
after a distance at least equal to §'s the length of the
riders flow skimming vehicle (approximately two to
seven feet), to arcs of an opening curve (i.e., the ascend-
ing water encounters an increasing radius as it ascends
the face of the flow forming means). The only limitation
as to the overall breadth of supra-equidyne area 58 in
the direction of flow 38 is the practical limitation of
available head of an upwardly sheeting flow.

Super-critical water flow 39 originating from a water
source (not shown) moves in direction 38 to produce a
conforming flow over sub-equidyne area 62, equilib-
rium zone 60, and supra-equidyne area 58 to form an
inclined body of water upon which a rider (not shown)
can ride and perform surfing or water skimming maneu-
vers that would not be available but for such Connected
Structure §7.

Operation of the Connection Structure

The significance of Connected Structure 57 is a func- .
tion of how it can be used to enable the performance of
surfing and water skimming maneuvers. Essential to the
performance of modern surfing and skimming maneu-
vers are the elements of oscillation, speed, and proper
area proportion in the “wave” surface that one rides
upon. Each element is elaborated as follows:

OSCILLATION: : : .

The heart and soul of modern surfing is the opportu-
nity for the rider to enjoy substantial oscillation be-
tween the supra-critical and sub-critical areas: As one
gains expertise, the area of equilibrium is only perceived
as a transition area that one necessarily passes through
in route to supra and sub critical areas. Oscillatory mo-
tion has the added advantage of allowing a rider to
increase his speed.

SPEED

Speed is an essential ingredient to accomplish modern
surf maneuvers. Without sufficient speed, one cannot
*“launch” into a maneuver. The method and means for.
increasing one’s speed on a properly shaped wave face
can be made clear by analogy to the increase of speed
on a playground swing as examined in SCIENTIFIC
AMERICAN, March 1989, p. 106-109. On a swing, if
one is crouching at the highest point of a swing to the
rear, ones energy can be characterized as entirely poten-
tial energy. As one descends, the energy is gradually
transformed into kinetic energy and one gains speed.
When one reaches the lowest point, one’s energy is
entirely kinetic energy and one is moving at peak speed.
As one begins to-ascend on the arc, the transformation
is reversed: one slows down and then stops momen-
tarily at the top of the arc. Whether one goes higher
(and faster) during the course of a swing depends on
what one has done during such swing. If one continues
to crouch, the upward motion is a mirror image of the
downward motion, and ones center of mass ends up just
as high as when one began the forward swing, If instead
one stands. when one is at the lowest point, i.e., “pump-
ing” the swing, then one would swing higher'and faster.

The importance of sub-equidyne area 62 in the con-
text of the previous discussion of swing dynamics, is
that sub-equidyne area 62 is by its nature the lowest
point on Connected Structure 57 and on a wave. Stan-
ding/extending at this low point results in a larger in-
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crease of speed than if one stood at any other point on
-Connected Surface 57 or on a wave. This increase in
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from front surface 32, sub-equidyne area 62 and struc-

" tural matrix support 37 (not shown) a shallow venting

speed and total kinetic energy is due to two different.

mechanistic principals, both of which may be utilized
_by a rider on Connected Structure 57 or 2 wave. By
standing at the lowest point in the oscillatory path, the

center of gravity of the rider is raised allowing a greater -

vertical excursion up the slope than the original de-
scent. Crouching at the top of the path and alternately
standing at the bottom allows an-increase in vertical
excursion and restoration of energy lost to fluid drag.
Additionally, the other mechanism, increasing the ki-
netic energy, is due to the increase in angular rotation.
As the rider in his path rotates around a point located up
the wave face, extension/standing at the low point in-
creases his angular velocity much in the same manner as
a skater by drawing in his/her arms increases his/her
rotationa) speed due to the conservation of momentum.
However, kinetic energy increases due to the work of
standing against the centrifugal force and because ki-
netic energy is proponional to the square of angular

20

velocuy. this increase in kinetic energy is equnvalent to -

an increase in speed.

PROPER AREA PROPORTION: -

Connected Structure 57 as a flow forming surface
combines in proper proportion the sub-critical 62, equi-
librium 60, and supra-critical 58 areas so as to enable a
rider to oscillate, attain the requisite speed and have
" available the requisite transition area for performance of
‘'modern day surfing and skimming maneuvers that

would not be possnble, but for said Connected Structure
57.
Turning to FIG. 10 there is illustrated a surfer 63 on
. an inclined surface as improved by Connected Struc-
ture 57 in various stages of a surfing maneuver. Surfer
63 is in a.crouched position on supra-equidyne area 58
and gathering speed as he moves downward over a
conformed sheet of super-critical water flow 39 which
originates from a water source {not shown) and moves
in direction 38. Upon reaching the low point at sub-
equidyne area 62, surfer 63 extends his body and simul-
taneously carves a turn to return to supra-equidyne area
$8. As a consequence of such maneuvering, surfer 63
‘will witness an increase in speed to assist in the perfor-
mance of additiona) surfing maneuvers. The process by
which a surfing or water skimming rider can actively
maneuver to increase his speed is referred to as the
Acceleration Process. .

Description of Self-Clearing Incline and Tunnel Wave

Turning to FIG. 11a (isometric view) and FIG. 11b
(cross-sectional view) there is illustrated a top vent
self-clearing incline improvement for Shallow Flow
Inclined Surface (as improved by Connected Structure)
all of which is hereafter referred to as a Self-Clearing
Incline 64. Self-Clearing Incline 64 is comprised of
Shaliow Fiow Inclined Surface as modified by lowering
the elevation of side edge 505’ and causing downstream
ridge line 48 10 incline from the horizontal. FIG. 116
superimposes a cross-sectional profile of side edge 50a
over the lowered side edge 505. To have a noticeable
effect, the angle of inclination should be a minimum 5
degrees.

Turning to FIG. 12 (contour map) there is lllustrated
a swale self-clearing incline improvement for Tunnel
“Wave" Generator 30 (as improved by Connected
Structure 57) all of which is hereafter referred to as
Self-Clearing Tunnel Wave 66, comprised of sculpting
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swale 65. All surfaces of swale 65 are smooth and with-
out edges.

Operation of Self-Clearing Incline and Tunnel Wave

Self-Clearing Incline 64 and Self-Clearing Tunnel
Wave 66 are designed to prevent unwanted turbulent
white water build-up that fails to clear from the riding
surface in the usual manner of *“washing™ over the
downstream ridge of these respective embodiments. In
practice, this vent problem will only occur if there is a
restriction on flow venting to the side of the inclined
surface or generatos, e.g., & channel wall, or where
there is a tremendous amount of activity, e. -8 muluplc '
riders on the surface of the water.

This undesirable build-up is particularly acute in an
upward directed flow. This build-up will most likely
occur during three stages of operation, (1) water flow
start-up with no rider present; (2) transferring the ki-
netic energy of high speed water flow to a8 maneuvering
rider; and (3) cumulative build-up of water due to a
spilling wave. In the start-up situation (1), due to the
gradual build up of water flow associated with pump-
/motor phase in or valve opening, the initial rush is
often of less volume, velocity or pressure than that
which issues later. Consequently, this initial start water
is pushed by the stronger flow, higher pressure, or faster
water that issues thereafter. Such pushing results in a
build-up of water (a hydraulic j jump or transient surge)
at the leading edge of the flow. An upward incline of .
the riding surface serves only to compound the prob-
lem, since the greater the transient surge, the greater the .
energy that is required to continue pushing such surge
in an upward fashion. Consequently, the transient surge
will continue 1o build and if unrelieved will result in
overall flow velocity decay, i.e., the slowed water
causes additional water to pile up and ultimately col-
lapse back onto itself into a turbulent mass of bubbling
white water that marks the termination of the predomi-
nantly unidirectional super-critical sheet flow. In the
situation of kinetic energy transfer (2), when a maneu-
vering rider encounters faster flowing water or water
that is moving in a direction different than the rider, a
transient surge builds behind or around the rider. Like-
wise, if this transient surge grows too large it will choke
the flow of higher speed unidirectional super-critical
sheet flow, thus, causing flow decay. In the sitvation of
an excessive build up of water over time from a spilling
wave (3), the interference of a preceding flow with a
subsequent flow can result in an undesired transient
surge and flow decay at a point near where the two -
flows meet. Under all three conditions, it is possible to
control or eliminate the transient-surge by immediately
increasing the flow pressure and over-powering or
washing the transient surge off the riding surface. How-
ever, there comes a point where the build-up of water .
volume is so great that for all practical purposes over-
powering is either impossible, or at best, a costly solu-
tion to a problem capable of less expensive solution.
Such less expensive solution is possible by the introduc-

" tion of vents.

Two classes of vent mechanisms are identifiable. The
first class, self-clearing inclines, are used to clear tran-
sient surges from inclined surfaces. FIGS. 134, 135, and
13¢ show in time lapse sequence how the design of
self-clearing incline 64 operates to solve the problem of
a pressure/flow lag during start-up. In FIG. 13a water
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flow 39 has commenced issue in an uphill direction from
water source (not shown) in direction 38. As water {low
39 moves up front surface 47, the leading edge of water

flow is slowed down by a combination of the down-

ward force of gravity and friction with front surface 47,
whereupon, it is overtaken and pushed by the faster and
stronger flow of water that subsequently issued from
the water source. The result of this flow dynamic is that
a transient surge 68 begins to build. However, as tran-
sient surge 68 builds, it reaches the height of low side
edge 505’ and commences to spill over onto back sur-
face 46. F1G. 13b shows this start procedure moments
later wherein the water pressure/flow rate from the
water source has increased and transient surge 68 has
moved further up the incline. FIG. 13c shows the final
stage of start-up wherein the transient surge has been
pushed over the top of Down Stream Ridge Line 48 and
water flow 39 now runs-clear. Similar to the start-up
procedure, when a lower speed rider encounters the
higher speed water, or when an accumulative build-up
of water results from a spilling wave, a transient surge
may occur. In like manner, the transient surge will clear
by spilling off to the lowered side accordingly.

The second class of vent mechanism, swale vents, are
used to assist in clearing transient surges from tunnel
wave generators. FIGS. 14a and 14b show in time lapse
sequence how the design of swale 67 operates to solve
identical problems as suffered by the inclined surfaces
with channel walls. In FIG. 14a water flow: 39 has
commenced issue in an uphill direction from water
source (not shown) in direction 38. Transient surge 68
begins to build. However, as transient surge 68 builds, it
commences 10 vent into swale 67, thus, permitting tun-

" nel wave 42 to properly form as shown in FIG. 14b.

Description and Operation of the Omni-Wave

FIG. 1§ depicts a preferred embodiment herein
named-an Omni-wave 69 comprised of Self-Clearing
Incline 64 which is interconnected and continuous with
Self-Clearing Tunne] Wave 66.

FIG. 16q, FIG. 165, FIG. 16¢, FIG. 164, FIG. 16e
and F1G. 16/ illustrates Omni-Wave 69 in operation. A
unique feature of Omni-Wave 69 is its unique flow form-
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skimming maneuvers in a format heretofore unavailable
except by analogy to participants in the separate and
distinct sports of skateboarding and snowboarding, to
wit, half-pipe riding. Fluid Half-Pipe 74, comprises a
method and apparatus for generating a body of water 80
with a stable shape and an inclined surface thereon
substantially in the configuration of a half-pipe with the
opening of said half-pipe facing in an upwards direction.
The water 81 which supplies said body of water flows
over the leading edge 82 of the half-pipe flow forming
means 89 and down one side (hereinafter referred to as
the down-flow-side 83), in a direction perpendicular to
the length of said hdlf-pipe, across an appropriate sub-
equidyne flat section 84, and up and over the other side
of the half-pipe (hereinafier referred to as the up-flow-
side 85), across the trailing edge 86, and into an appro-

_priate receiving poo! 87. or other suitably positioned

Fluid Half Pipe or attraction. A rider 88a enters the
flow at any appropriate point, e.g., sub-equidyne flat
section 84, wherein as a result of his initial forward
momentum of entry, the excessive drag of his water-
skimming vehicle, and the added drag of the riders
weight induced trim adjustments to his riding vehicle,
said rider (now 885) is upwardly carried to a supra-criti-
cal area in the upper regions of up-flow-side 85 near the
half pipe's trailing edge 86, wherein as a result of the
force of gravity in excess of the drag force associated -

" with the riding vehicle and the riders own weight trim
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ing shape can permit (by way of a progressive increase '

. of the net head of the water flow) the transformation of

super-critical water flow 39 that originates from a water
source (not shown) in direction 38 to a stationary spill-
ing wave 70 along the entire forming means (as illus-
trated in FIG. 16a); to a stationary spilling wave 70 with
Self Clearing Incline 64 flow (as illustrated in FIG.
16a); to a Self-Clearing Incline 64 and Self-Clearing
Tunnel Wave 66 flow (as illustrated in FIG. 16¢). This
progressive wave forming method is hereinafter re-
ferred to as the “Wave Transformation Process”. The

_Omni-Wave and the Wave Transformation Process will

offer an improved environment for the performance of
surfing and water skimming maneuvers.- FIG. 164
shows surfer 63 and rider 41 on Self-Clearing Tunnel
Wave 66 and Self-Clearing Incline 64 respectively.
FIG. 16¢ shows surfer water skimming kneeboarder
riding upon stationary spilling wave 70, FIG. 16fshows
inner-tube rider 72 and water skier 73 on stationary
spilling wave 70 and Self-Clearing Incline 64 respec-

© tively.

Descripxibn and Operation of the Fluid Half Pipe

Turning to FIG. 17 wherein an apparatus is revealed
that will enable riders to perform surfing and water

adjustments to reduce drag, rider (now 88¢c) hydro-
planes down the up-flow-side 85, across the sub-
equidyne flat 84, and performs a turn on down flow side
83 to return to up-flow-side 85 and repeat cycle.

As can be appreciated by those skilled in the art, -
Fluid Half-Pipe 74 will offer its participants a consistent
environment in which to perform known surfing and
water skimming maneuvers, and due to the combination
of up-side-flow, flat, and down-side-flow a unique envi-
ronment in which to perform new maneuvers unachiev-
able on existing wave surfaces.

The preferred embodiment for the breadth of the
flow forming means 89 of Fluid Half-Pipe 74 approxi-
mates ‘Connected Structure 57 joined to its mirror
image at the midpoint of sub-equidyne 62. It is preferred
that said width remain constant for the length of flow-
forming means 89, however, variations in width with
resultant-variations in cross-sectional shape are possible.

_ The limitations on minimum and maximum width is a

50
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N

function of ones ability to perform surfing and water
skimming maneuvers. If the flow forming means is too
narrow, a rider would be unable to negotiate the transi-
tion from the up-flow side 85 to the down-flow-side 83
or vice versa. If too wide, a rider would not be able to
reach or utilize the down-flow side 83 to perform surf-
ing and water skimming maneuvers. '

A preferred embodiment for the length of the flow
forming means of Fluid Half-Pipe 74 is at a minimum a

_length sufficiently ‘wide to perform surfing and water

skimming maneuvers thereon, and at a maximum a func- |

. tion of desire and/or budget.

60

o
w

A preferred embodiment for the cross-sectional shape
of the up-flow side’s flow forming means has been
shown in FIG. 9b and discussed above. FIG. 9b illus-
trated a detailed cross-section of Connected Structure
§7, with sub-equidyne area 62, equilibrium zone 60, and
supra-equidyne area S8. Caution must be taken in the
design of the up-flow-side 85 supra-equidyne area to
insure proper water flow up and over the trailing edge
86. Excessive steepness or height that results in un-
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timely or improperly located spilling or tunneling
waves can result in an excessive build-up of turbulent
white water in the sub-equidyne flat area 84 which may
culminate in complete deterioration of the up-side-flow.
However, since advanced riders, in order to maximize
speed and perform certain maneuvers, e.g., aerials, pre-
fer a steep supra-critical area that approaches or ex-
ceeds vertical then it is preferred that spilling or tunnel
wave formation (if any) be limited to areas adjacent the
side openings of half-pipe 74, and that the majority
middle half pipe 74 be substantially the shape as illus-
trated in FIG. 9b with supra-equidyne configuration
84, .

Generally, the elevation of half-pipe 74 leading edge
B2 will exceed its line-of-flow position on half-pipe 74
trailing edge 86. This differential in elevation will insure

" that the water of said body of water 81 will have suffi-

cient dynamic head to overcome all internal and exter-
nal-friction that may be encountered in.its circuit down,
across, up, and over flow forming means 89. The pre-
ferred ratio by which the down-flow-side exceeds the

" up-flow-side ranges from a minimum of ten to nine to a

maximum of ten to one. It is also preferred that the
respective leading and trailing edge 82 and 86 remain at

_constant elevations along the length of the half-pipe.

Variations in elevation are possible, however, source
pool water 81 dynamics, receiving pool water 87 dy-
namics, and maintenance of line of flow dynamic head
must be accounted for.

In cross-sectional profile, a standard configuration
for Fluid Half Pipe 74 is illustrated in FIG. 18a. In this
standard configuration the cross-sectional elevation,
width, and depth remains constant for the length of
half-pipe 74. FIG. 18b illustrates an asymmetrical con-
figuration, wherein, the leading and trailing edges 82
and .86 remain at constant elevations and the width
between trailing edges remains constant, however, the
distance between trailing edges and the flat sub-
equidyne section 84 continues to increase at a constant
rate of fall. The object of this particular asymmetrical
embodiment is to increase throughput capacity for half-
pipe 74 as the result of rider movement in the direction
of fall due to the added vector component of gravity
force ascribed to the weight of the rider in the direction

_ of fall.

" distance from leading edge 82 to the flat area 84. Conse-

The preferred velocity of water in the subject inven-
tion is substantially a function of the overall drop in

quently, previously discussed preferences in the overall
height of the Connected Structure dictate the preferred
water velocity. Such velocity can be calculated in ac-
cordance with Bernoulli's equation v=V2 gz where v
is the velocity in feet per second, g is gravity ft/sec?and
z=vertical distance dropped in feet.

The preferred depth of water is that which is required
1o perform surfing and water skimming maneuvers. For

. purposes of Half Pipe 74 the minimum depth is 2 cm.

and the maximum depth is whatever one might be able
1o afford to pump. Except the desirable spilling/tunnel
wave formation adjacent a side-opening of half-pipe 74,

* an additional preference is that the water avoid exces-

sive turbulence that results from a hydraulic jump
which occurs when the velocity of a sheeting body of
water exceeds a certain critical velocity at a certain
minimum depth.

Variations in the breadth and longitudinal movement
of the body of water that flows upon the half-pipe can
result in enhancements to rider through-put capacity for

. 24 ‘
the Fluid-Half Pipe. FIG. 19 depicts a half-pipe config-
ured flow forming means 89. A stably shaped body of
water 80a is situated on one side 892 of said flow form-
ing means. The water 81 which supplies said stably
shaped body of water is limited by a dam 91a to just
one-half of the flow forming means 89. Riders 884, b, ¢

" and d enter the flow at any appropriate point., ¢.g., the

30

sub-equidyne flat section 84 and perform water skim-
ming maneuvers thereon. As shown in FIG. 19, the
water skimming maneuvers are performed using an
inner-tube type vehicle. After an elapsed period of time,
e.g., several minutes, a dam 915 is positioned to block
the water 81 which supplies the stably shaped body of
water 80a on side 892 of said flow forming means. Upon
blockage of the source of water, the stably shaped body
of water 80a soon ceases to exist on side 89a of said flow
forming means. Consequently, the riders 88q, b, cand d
drift to the sub-equidyne section 84 and can easily exit.
Simultaneously with, or shortly after the blockage by
dam 915, dam 91a opens and water 81 begins to flow
over flow forming means 895, whereupon forming a
stably shaped body of water 80b that remains situated
on side 89b. Riders 88e, f, and g enter the flow and
commence to perform water skimming maneuvers for
their allotted time span, whereupon dam 91a is re-posi-
tioned and the cycle is.set to repeat.

FIG. 20 illustrates super-critical water flow 39 origi-
nating from a water source (not shown) moving in di-
rection 36 to produce a conforming upward flow over
front face 78. Dividers 79 provide separation for the
individual riders 77a, 77b, and 77¢ and to prevent a “jet
wash™ phenomenon that can result iri loss of a rider's

_ flow. This “jet wash™ phenomenon occurs when a rider

40

who is positioned in the equilibrium or supra-equidyne -
area of a thin sheet flow gets his flow of water cut off by
a second rider positioned with priority to the line of
flow. The cutting off of water occurs in thin sheet flow
situations due to the squeegee effect caused by the sec-
ond rider's skimming vehicle. :
As will be recognized by those skilled in the art,
certain modifications and changes can be made without
departing from the spirit or intent.of the present inven-
tion. For example, the curvatures given.as examples for

- the Connected Structure do not have to be geometri-

4
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cally precise; approximations are sufficient. The same is
true of limits in angles, radii and ratios. The temperature
and density of the water will have some difference
although the range of temperatures in which surfer/rid-
ers would be comfortable is fairly limited.

The terms and expressions which have been em-
ployed in the foregoing specifications are used therein
as térms of description and not of limitation, and there is
no intentjon, in the use of such terms and expressions, of
excluding equivalents of the features shown and de-
scribed, or portions thereof, it being recognized that the
scope of the invention is defined and limited only by the
claims which follow.

1 claim: :

1. An amusement apparatus for water sports activities
utilizing a stably-shaped body of water having a surface
thereon, comprising:

means for forming a substantially horizontal body of

water, said horizontal body of water having a sub-
stantially horizontal surface thereon;

. said horizontal body of water moving in a predeter-
mined direction over said horizontal forming
means with a first horizontal velocity, wherein said
horizontal body of water has a shape and dimen-
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sions thereof that are substantially stable with re-
spect to time;

means for forming an upwardly inclined body of

water, said inclined body of water having an up-
wardly.inclined surface thereon;

means for joining said horizontal forming means to

said upwardly inclined forming means;

said horizontal body of water moving over said join-

ing means and on to said upwardly inclined form-
ing means to form said upwardly inclined body of
water, wherein said upwardly inclined body of
water moves over said upwardly inclined forming
means with a second velocity; and

said upwardly inclined surface of said upwardly in-

. clined body of water having a slope sufficient to

permit an object floating by condition of motion
thereon to slide down said upwardly inclined sur-
face with a third velocity, relative to said second
velocity, at least as great as the negative of said
second velocity.

2. An apparatus as ‘defined in claim 1 wherein said
means for forming said upwardly inclined body of
water includes first and second interconnected inclined
surfaces, said first inclined surface being connected to
said means for forming said horizontal body of water,
said second inclined surface being connected to said
first inclined surface to provide a continuous flow of
water over said horizontal surface and said first and
second inclined surfaces, said second inclined surface
. having greater angular inclination with respect to said

horizonta)l surface than said first inclined surface.

3. An apparatus as defined in claim 2 wherein the
angular inclination of the second inclined surface is
sufficient 10 permit an object floating by condition of
motion thereon to slide down said second inclined sur-
face with a velocity greater than the negative of said
second velocity.

4. An apparatus as defined in claim 3 wherein the
minimum length in the direction of flow of said horizon-
tal flow forming means is equal 10 1.5 to 4 times the tota}

* vertical height of said means for forming said upwardly
inclined body of water.

5. An apparatus as defined in claim 4 wherein said
first inclined surface has a length in the direction of flow
which is at least equal to the length of a device being
employed by a user of said apparatus.

6. An apparatus as_defined in claim 4 wherein said
first inclined surface is curved.

7. An apparatus as defined in claim 4 wherein said
first inclined surface is straight.

8. An apparatus as defined in claim 6 wherein said
body of water substantially conforms to said horizontal
surface, and said first and second inclined surfaces.

9. The apparatus as defined in claim 1 wherein said
upwardly inclined body of water and said horizontal
body of water have sufficient depth to permit surfing
maneuvers thereon.

10. The apparatus as defined in claim 1 wherein said
upwardly inclined surface of water and said horizontal
surface of water have sufficient width and length 10
permit surfing maneuvers thereon.

11. An amusement apparatus for water sports activi-
ties using a body of water flowing in a predetermined
direction, comprising:

means for forming an upwardly inclined body of

water, said inclined body of water having an up-
wardly inclined surface thereon;
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said forming means having an elevated ridge line, said
ridge line having first and second ends, wherein
said first end has a greater elevation than said sec-
ond end; and
said upwardly inclined body of water moving over
said upwardly inclined forming means with a range:
of velocity and volume to a pre-determined maxi-
mum, said inclined body of water:

having a shape and dimensions thereof that are pro-

portional to predetermined velocity and volume
ratios, and having:
at a minimum, a shape and dimensions thereof that
are substantially stable with respect to time along
said second end, and having a white water break-
ing region maintained upstream of said first end;
and
at a maximum, 8 shape and dimensions thereof
" along said second end and along said first end
that are substantially stable with respect to time;
having at.a minimum, velocity and volume sufficient
to form, over a pericd of time, an inclined body of
water that at least flows over said other side; and
having at a maximum, velocity and volume sufficient
to form an inclined body of water that flows over
said other side and said one side.

12. The apparatus as defined in claim 11 further com-
prising:

means for forming an upstream horizontal body of

- water with a horizontal surface thereon;

said horizontal body of water moving over said hori-
zontal forming means with a first horizontal veloc-
ity, wherein said horizontal body of water has a
shape and dimensions thereof that are substantially
stable with respect to time;

means for joining said horizontal forming means to

said upwardly inclined forming means; and

said horizontal body of water moving over said join-

ing means and on to said upwardly inclined form-
ing means to form said upwardly inclined body of
water with said upwardly inclined surface thereon.

13. The apparatus as defined in claim 12 further com-
prising:

means for forming an upstream downwardly inclined

body of water with a downwardly inclined surface
thereon;

said downwardly inclined body of water movmg

over said downwardly inclined forming means
with a downward velocity, wherein said down-
wardly inclined body of water has a shape and

. dimensions thereof that ‘are substantially stable
with respect to time;

means for joining said downwardly inclined forming

means to said horizontal forming means; and

said downwardly inclined body of watér moving

over said joining means and on to said horizontal
forming ‘means to form said horizontal body of
water with said horizontal surface thereon.

14. The apparatus as defined in claim 11 wherein said
upwardly inclined body of water having sufficient
depth to permit surfing maneuvers -thereon, and
wherein said upwardly inclined surface of water having
sufficient width nnd length to permit surfing maneuvers
thereon.

15. The apparatus as defined in claim 12 wherein said
upwardly inclined body of water and said horizontal
body of water having sufficient depth to permit surfing
maneuvers thereon, and wherein said upwardly inclined
surface of water and said horizontal surface of water
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having sufficient width and length to permit surfing
maneuvers thereon.
16. An apparatus as defined in claim 13 wherein said
upwardly inclined body of water and said horizontal
body of water and said downwardly inclined body of
water having sufficient depth to permit surfing maneu-
vers thereon, and wherein said upwardly inclined sur-
face of water and said horizontal surface of water and
said downwardly inclined surface of water having suffi-
cient width and length to permit surﬁng maneuvers
thereon.
17. The apparatus as defined in claim 11 wherein said
upwardly inclined body of water having sufficient
depth to permit skimming maneuvers thereon, and
wherein said upwardly inclined surface of water having
sufficient width and length to permn water skimming
maneuvers thereon.
18. The apparatus as defined in claim 12 wherein said
vpwardly inclined body of water and said horizontal
body of water having sufficient depth to permit water
skimming maneuvers thereon, and wherein said up-
wardly inclined surface of water and said horizontal
surface of water having sufficient width and length to
permit water skimming maneuvers thereon.
19. The apparatus as defined in claim 13 wherein said
upwardly inclined body of water and said horizontal
body of water and said downwardly inclined body of
" water having sufficient depth to permit water skimming
maneuvers thereon, and wherein said upwardly inclined
surface of water and said horizontal surface of water
and said downwardly inclined surface of water having
sufficient.width and length 0 permit water skimming
maneuvers thereon.
20. An apparatus for forming a stably-shaped body of
water with a surface thereon, comprising:.
means for forming a downwardly inclined body of
water with a downwardly inclined surface thereon;

said downwardly inclined body of water moving
over said downwardly .inclined forming means
with a downward velocity, wherein said down-
wardly inclined body of water has a shape and
dimensions thereof that are substantially stable
with respect to time;

means for forming a downstream upwardly inclined

body of water with an upwardly inclined surface
thereon;

said upwardly inclined body of water moving over

said upwardly inclined forming means with a first
upwardly inclined velocity, wherein said upwardly
inclined body of water has a shape and dimension
thereof that is substantially stable with respect to
time;

said upwardly inclined body of water and said up-

wardly inclined surface having a downstream slope
sufficient to permit an object floating by condition
of motion thereon to slide down said slope with a
second velocity, relative to said first upwardly
inclined velocity, at léast as great as the negative of
said first upwardly inclined velocity; and

means for interconnecting said means for forming

said downwardly inclined body of water with said
means for forming said upwardly inclined body of
water.

121. The apparatus as defined in claim 20 wherein said
upwardly inclined body of water having an upwardly
inclined surface thereon comprises:
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‘an upstream slope insufficient to permit an object
floating by condition of motion thereon to slide
down said slope;

a downstream slope sufficient to permit an object.
floating by condition of motion thereon to slide
down said slope with said second velocity, relative
to said first upwardly inclined velocity, at least as
great as the negative of said first upwardly inclined
velocity; and

a furthermost downstream slope sufficient to permit
an object floating by condition of motion thereon
to slide down said slope with a third velocity, rela-
tive 1o said first upwardly inclined velocity, greater
than the negative of said first upwardly inclined
velocity.

22. The apparatus as defined in claim 20 wherein a
means for forming a horizontal body of water is located
adjacent and between said means for forming said
downwardly inclined body of water and said means for
forming said upwardly inclined body of water, wherein
said upwardly inclined body of water and said horizon-
tal body of water have sufficient depth to permit surfing
maneuvers thereon, and wherein said upwardly inclined
surface of water and said horizontal surface of water
have sufficient width and length to permit surfing ma-
neuvers thereon.

23. The apparatus as defined in claim 20 further com-
prising a means for forming a horizontal body of water
located adjacent and between said means for forming
said downwardly inclined body of water and said means
for forming said upwardly inclined body of water,
wherein said upwardly inclined body of water and said
horizontal body of water and said downwardly inclined
body of water have sufficient depth to permit water
skimming maneuvers thereon, and wherein said up-

-wardly inclined surface of water and said horizontal’

surface of water and said downwardly inclined surface
of water have sufficient width and length to permit
water skimming maneuvers thereon.

24. An amusement apparatus for water sports activi-
ties using a body of water flowing in a predetermined
direction comprising:

means for forming an upwardly inclined body of

water, said inclined body of water having an up-

wardly inclined surface thereon;

said forming means having a tunnel wave forming

- area thereon, said tunnel wave forming area com-

prising:

a predominantly concave curvature in sections
both paralle] and normal to the horizontal;

a face positioned, as a whole, in a direction angu-
larly displaced with respect to the direction of
water flow of said upwardly inclined body of
water and having:
an inclination with respect to the horizontal; and
an attitude with respect to the dxrecuon of water

flow; '
said face facing predommantly. at any given point,
in a direction tangential to the direction of water
flow of said upwardly inclined body of water,
whereby said body of water conforms to said
concave curvature;

" a down stream terminus such that the angle of |
release for said upwardly inclined body of water
defines an acute angle with respect to the hon-
zontal; and
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said attitude being greater than ninety degrees and

29
less than paraliel with respect to said direction of
water flow;

a source of water for provxdmg said body of water,

said body of water having:

a depth sufficient to allow water skimming maneu-
vers thereon;

a velocity which is at least super critical; and

a momentum transfer sufficient to support a user on
said surface while performing water skimming
maneuvers thereon.

25. An amusement apparatus for water sports activi-
ties using a body of water flowing in a predetermined
direction comprised of:

means for forming a body of water, wherein a portion

of said forming means forms an upwardly inclined

body of water having an upwardly inclined surface
‘ thereon;

said forming means having a tunnel wave fomung

area thereon, said tunnel wave forming area com-

prising:

a8 predommamly concave curvature in sections
both parallel and normal to the horizontal;

a face positioned, as 8 whole, in a direction angu-
larly displaced with respect to the direction of
water flow of said upwardly inclined body of
water and having;
an inclination with respect to the horizontal; and
an attitude with respect to the direction of water

flow;

N ,saud face facing predominantly, at any given point,
in a direction tangential to the direction of water
flow of said upwardly inclined body of water,
whereby said body of water conforms to said
concave curvature;

a down stream terminus such that the angle of
release for said upwardly inclined body of water
defines an acute angle with respect to the hori-
zonta); and

said attitude being greater than ninety degrees and
less than parallel with respect to said direction of
water flow;

said upwardly inclined surface forming area compris-

ing: :

an upstream surface having an upwardly concave
curvature with respect to the horizontal;

an upward incline extending from said upstream
surface;

a downstream surface having a convex curvature
in sections normal to the horizontal and from an
upward incline towards the horizontal;

said downstream surface being at an angle from the
horizontal;
said downstream surface having an elevated side

and a non-elevated side;
said elevated side being adjacent said tunnel
wave forming area;

a face positioned, as a whole, in a direction obtuse
to the direction of water flow of said upwardly
inclined body of water and having; .
an inclination with respect to the horizontal; and
an attitude with respect to the flow direction;

said face facing predominantly, at any given point,
in a direction tangential to the direction of water
flow of said upwardly inclined body of water;

a source of water for providing said body of water,

said upwardly inclined body of water moving over
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said forming means with a range of velocity and
volume to a pre-determined maximum;
said upwardly inclined body of water:
having shape and dimension thereof propor-
tional to pre-determined velocity and volume
ratios;
at a minimum, having a shape and dimensions
thereof that are substantially -stable with
respect 1o time at said non-elevated side and
having white water breaking region main-
tained upstream and of said elevated side;
at a maximum, having a shape and dimensions
thereof from said non-clevated side to said
elevated side. substantially stable with re-
spect to time;
said water of said inclined body of water:
having a minimum, velocity and volume suffi-
cient to form, over a period of time, an in- -
clined body of water that at least flows over
said non-elevated side and flows upon a por-
tion of said tunnel wave area to form a spilling
white water breaking region;
having a maximum, velocity and volume suffi-
cient 1o form an inclined body of water that
flows over said non-elevated side and flows
over said elevated side and over said tunnel
wave area to form a tunnel wave,

26. A method of increasing speed during use of an
amusement water ride comprising:

providing a continuous flow of water having an equi-

librium area sandwiched between a sub-equidyne
area and a supra-equidyne area with flow being

" from said sub-equidyne area to said supra-equidyne

area;

positioning said sub-equidyne area as the lowest area

of said flow of water; and

proportioning - said sub-equidyne area, said supra-

equidyne area and said equilibrium area so that a
rider on said water flow may oscillate between a
position on said supra-equidyne area through said
equilibrium area to said sub-equidyne area and by
extending himself accelerates and may return
toward said supre-equidyne area at an increased
speed.

27. The apparatus as defined in claim 1 wherein said
upwardly inclined body of water and said horizontal
body of water have sufficient depth to permit surfing
and water skimming maneuvers thereon.

28. The apparatus as defined in claim 1 wherein said
upwardly inclined surface of water and said horizontal
surface of water have sufficient width and length to

. permit surfing and water skimming maneuvers thereon.

29. A water ride facility wherein the user rides on a

flowing body of water, said facility comprising:

a riding surface comprising an inclined portion and an
adjacent downstream wave-forming structure ele-
vated above said inclined portion;

means for forming a shallow flow of water at a super-
critical velocity on said riding surface, said shallow
flow of water flowing up said inclined portion and
on said wave-forming structure to form a simulated
wave, wherein said user riding on said shallow
flow of water utilizes the force of gravity and the
momentum of said flow of water to perform water
skimming maneuvers thereon; and

said shallow flow of water having a minimal depth
and a supercritical velocity sufficient to cause said
shaliow flow of water to traverse at least a portion
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of said elevated wave-forming structure, {hcreby depth of said shallow flow of water ranges between 2
forming said simulated wave without experiencing and 40 cm ;

a drop in velocity to less than a supercritical veloc-
ity at said portion, wherein said minimal depth 31. The water ride facility of claim 29, wherein said

serves 10 minimize the energy consumption of said 5 \yave.forming structure is concave, whereby a tunnel
water ride facility and helps prevent said user from .
drowning. wave is formed. :

30. The water ride facility of claim 29, wherein the . e s s o s
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tional dynamics of the flowing body of water is such
that a rider may perform water skimming/simulated
surfing maneuvers thereon. Composite structures with
horizontal and inclined surfaces and varying flow ve-
locity over time across specifically shaped structures
permit water skimming/simulated surfing maneuvers on
unbroken, spilling or tunnel type wave forms. Asymme-
try in the downstream ridge line of an inclined- surface
allows spilling type wave formations as well as facilitat-
ing the removal of a transient surge. A novel fluid *“half-
pipe” waveform is also introduced.
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METHOD AND APPARATUS FOR IMPROVING
. SHEET FLOW WATER RIDES

RELATED APPLICATIONS - 5

This application is a continuation of application Ser.
No. 577,741, filed Sep. 4, 1990, now U.S. Pat. No.
5,236,280, which is a continuation-in-part of U.S. appli-
cation Ser. No. 07/286,964, filed Dec. 19, 1988, for
IMPROVEMENTS IN SURFING-WAVE GEN. !0
ERATORS, issued as U.S. Pat. No. 4,954,014, on Sep. 4,
1990, which is a continuation-in-part of U.S. application
Ser. No. 07/054/521, filed May 27, 1987, for TUNNEL
WAVE GENERATOR, issued as U.S. Pat. No.

14,792,260, on Dec. 20, 1988. . 15

FIELD OF THE INVENTION

The present invention relates in general to water
rides, specifically a mechanism and process that pro-
vides a flowing body of water having flat, radial, and 20
inclined surfaces thereon of sufficient area, depth and
slope to permit surfboarding, skim-boarding,.body-

. boarding, inner-tubing, and other water-skimming ac- -
tivity and, in particular, to several embodiments with
means for generated, forming, maintaining, moving and 25
riding said flow of water in a predominantly steady state
condition. - -

BACKGROUND OF THE INVENTION

For the past 25 years, surfboard riding and associated 30
wave riding activities, e.g., knee-boarding, body or
“Boogie” boarding, skim-boarding, surf-kayaking, in-
flatable riding, and body surfing (all hereinafter collec-
tively referred to as wave-riding) have continued to
grow in popularity along the world’s surf endowed 335
coastal shorelines. In concurrence, the 80°s decade has

. witnessed phenomenal growth in the participatory fam-
ily water recreation facility, i.e., the waterpark. Large
pools with manufactured waves have been an integral
component in such waterparks. Several classes of wave- 40
pools have successfully evolved. The most popular
class is that which enables swimmers or inner-tube/in-

- flatable mat riders to bob and float on the undulating
swells generated by the wave apparatus. A few pools
exist that provide large turbulent white-water bores that 45
surge from deep to shallow pool end. Such pools enable
wave-riding. However, white-water bore riding is not
preferred by the cognoscenti of the wave-riding world,
rather the forward smooth water face of a curling or
tubing wave that runs parallel to the shoreline holds the 50
ultimate appeal. Although numerous attempts have
been made to establish wave-riding on curling waves as
a viable activity in the commercial waterpark wavepool
setting, such attempts have met with limited success.
The reasons which underlie wave-riding’s limited 55
waterpark success is four-fold, 1) small spilling or un-
broken waves which are ideal for the mass of novice

. waterpark attendees are not ideal for intermediate or
advanced wave-riders; 2) the larger waves ideal for
wave riding have proven prohibitive in cost.to dupli- 60

‘cate and become inherently more dangerous as their
size increases; 3) the curling and plunging waves sought
by advanced wave riders require steep -and irregular
pool bottom configurations that are inherently danger-

ous and can cause strong deep water current; 4) assum- 65

ing a compromised and safer wave shape is acceptable
to wave-riding participants, wave-riding 'is ideally a
one-man-to-one-wave event that monopolizes an ex-

2 -

- tended surface area. As a consequence of limited wavi

quality, excessive cost, potential liability, and large
surface area to low rider capacity ratios, wavepools
specifically designed for waveriders have proven unjus-
tifiable to water park operators.

All wavepools that currently exist in the waterpark
industry and the majority of previously disclosed wave-
making inventions attempt to duplicate those types of
oscillatory waves found naturally occurring at a beach. .
For purposes of definition, such waves are hereinafter
termed “natural waves”. Natural waves also include
those found occurring in rivers as caused by submerged
obstacles e.g., boulders. As known to those skilled in the
art, natural waves have specific characteristics capable
of mathematical description as a function of wave
length, wave height, period, wave angle, velocity,
phase speed, break speed, gravity, free surface water
elevation, water depth, etc. Additionally, mathematical
descriptions can be provided for a wide range of wave
shapes progressing from an unbroken-to-breaking-to
broken. Breaking waves, those of most interest to wave-
riders, are traditionally classified as either spilling,
plunging or surging. Broken waves can either be sta-
tionary (e.g., a river impacting on an obstacle creating a
stationary hydraulic jump), or moving (e.g., an ocean
white water surge or bore characterized by rapidly
varied unsteady flow). The shape of a breaking wave is
primarily a function of a given set of the aforemen-
tioned wave characteristics and the contour of the bot-
tom over which the wave is moving. Beginning wave-.
riders prefer the smaller gentle spilling wave produced
by a gradually sloped bottom surface. Advanced wave-
riders prefer the larger plunging breakers that result
from a steeply inclined beach. Since there are demo-
graphically a greater number of beginning wave-riders
and since the wave favored by beginning riders is a
product of an inherently safer gentle incline of beach,
and since the energy and cost required to produce a
small spilling wave is exponentially less that required to
produce a large plunging wave, the current genre of
wave pools have by necessity and practicality not been
suitable for wave-riding by the more advanced wave
rider. .

The subject invention aims at creating a *“wave
shape” that can serve to provide those types of “wave
shapes” desired by intermediate to advanced riders.
Additionally, the subject invention seeks to accomplish
such “wave shape” creation at a fraction of the cost and
with an improved margin of safety as compared to that
required to duplicate the aforementioned intermediate
to advanced natural waves. The reason the subject in-
vention can succeed at its goal is that it does not dupli-
cate natural waves, rather, it creates “flow shapes” that
are a result of high velocity sheet flow over a suitably
shaped forming surface. This concept of sheet flow
formation versus natural wave formation is one of two
primary distinguishing factors between the subject in-
vention and the prior art.

This second distinguishing factor focuses on the
forces that “drive” a wave rider when he is riding a
wave. To this end, the subject invention defines,two
distinct classes of flow shapes, i.e., deep water flow
shapes and shallow water flow shapes. A deep water
flow shape is where the water depth is sufficient such
that boundary layer effects of the sheet flow over the
forming surface does not influence.the operation of
rider or riding vehicle, e.g., surfboard. Deep water flow
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shapes can, assuming certain flow forming and flow
characteristics (e.g., velocity) are met, duplicate natu-
rally occurring waves. A shallow water flow shape is
where the water is of such depth that the surface bound-
ary layer effects of the sheet flow over the forming
surface influences the operation of rider or riding vehi-
cle, e.g., surfboard. As contemplated by the subject
invention, shallow water flow shapes will never dupli-
cate naturally occurring waves, because there are dif-
fering forces that come into play when a rider rides a
shallow flow. As the result of those differing forces, the
operational dynamics of the subject invention require
that for shallow flows the average velocity of the water
sheeting over the flow forming surface will always
exceed the maximum velocity which would be found in
a natural wave. To better explain why the shallow
water flow velocity must always be greater than that of
a deep water flow, and to further expand on the forces
involved when a surfer rides an ocean wave or con-
versely when a “skimmer” rides a shallow water flow,

—

0

—
wv

20.

the following examples are given: On a natural wave (a

deep water flow environment) a surfer prior to starting
a ride begins to move up the slope of the coming wave

by primarily the forces of buoyancy. In order to over-.

come the forces of fluid drag, the surfer commences to
paddle and take advantage of the interaction between

25

the forces of buoyancy and gravity to provide a for- °

ward component to the surfboard and achieve riding
speed. Thereafter, maintenance of a’ steady state posi-
tion riding normal to the wave front is a balancing act
between on the one hand, the hydrodynamic lift forces
on the bottom of the surfboard coupled with buoyancy,
and on the other hand, the forces of gravity and fluid
drag, Cutting/trimming across the wave front (at an
angle to the wave front) requires the same balancing
act. If one attempts to reproduce the above described
scenario in natural flow conditions, a large water depth
is required. Likewise, in the laboratory setting this can
be accomplished by deep water flows (reference the
Killen papers, infra).

Conversely, in a shallow water flow environment,
the forward force component of the “skimmer” and
skimming device required to maintain a riding position
and overcome fluid drag is due to the downslope com-
ponent of the gravity force created by the constraint of
the solid flow forming surface, balanced primarily by
momentum transfer from the high velocity upward
shooting flow. The “skimmer’s” motion upslope (in
excess of the kinetic energy of the “skimmer™) consists
of the force of the upward shooting flow exceeding the
downslope component of gravity. In both deep water
and shallow water flow environments, non-equilibrium
riding maneuvers such as cross-slope motion and oscil-
lating between different elevations are made possible by
the interaction between the respective forces as de-
scribed above and the use of the rider’s kinetic energy.
" The parent inventions to the subject applications
have focused upon deepwater flow shapes specific to

" the performance of “surfing maneuvers”. Surfing ma-
neuvers, is defined by those skilled in the art, as those
which occur under ocean like hydrodynamic condi-
tions. Consequently, surfing maneuvers can be, per-
formed in an artificial environment, ‘e.g., a wavepool,
assuming that the wave which is produced duplicates
the ocean wave riding experience (deep water flow) as
described above. By corollary, true surfing maneuvers
cannot be performed in shallow flow environments
since the hydrodynamic conditions are distinct. How-

45

4 .
ever, full scale tests have demonstrated that the phystcal
look and feel of “surfing like maneuvers” performed in
a shallow flow are surprisingly similar to “‘real” surfing
maneuvers performed in a deep flow. For purposes of
technical clarity, shallow flow “surfing type maneu-
vers” shall be termed as a subset of what hereafter can
be described as “water skimming maneuvers”. Water -
skimming maneuvers are defined as those activities
which can be performed on shallow water flows includ-
ing “surfing like maneuvers™ as well as other activities
or other types of maneuvers with differing types of
vehicles e.g. inner-tubes, bodyboards, etc. .

The subject invention discloses improvements to the
prior art of shallow water flows, as well as similar im-
provements to the deep water flow shapes of the parent
invention. The parent invention generated two types of
stationary flow shapes, i.e., a stationary peeling tunnel
flow. shape for advanced waveriders, and a stationary
non-breaking upwardly inclined flow shape for begin-
ners. :

DISCUSSION OF PRIOR ART

The water recreation field is replete with inventions
that generate waves yet lacking as to inventions that
create flow formed wave-like shapes. In all cases, none
to date describe the improvements contemplated by the
subject invention, as an examination of some representa-
tive references will reveal.

To facilitate distinction, the prior art can be divided”
into seven broad wave or wave shape forming catego-
ries:

Category 1—an oscillating back-and-forth or peri-
odic up-and-down movement by an object or pressure
source that results in disturbance propagation from
point to point over a free water surface. Representative
prior art: Fisch U.S. Pat. No. 1,655,498; Fisch U.S. Pat.
No. 1,701,842; Keller U.S. Pat. No. 1,871,215; Matrai
U.S. Pat. 3,005,207; Anderson U.S. Pat. No. 3,477,233;
Presnell et al U.S. Pat No. 3,478,444; Koster U.S. Pat.
No. 3,562,823; Anderson U.S. Pat. No. 4,201,496; and
Baker U.S. Pat. No. 4,276,664 The structure and opera-
tion of Category 1 prior art illustrate those types of
devices which generate waves in an unsteady flow, i.e.,
a wave profile which will vary over distance and time.

Category 2—a moving hydraulic jump caused by the
release of a quantity of water. Representative prior art:
Dexter U.S. Pat. No. 3,473,334; Bastenhof U.S. Pat. No.

" 4,522,535; and Schuster, et al U.S. Pat. No. 4,538,719.

50

55

60

65

Although differing in method, the structure and opera-
tion of Category 2 prior art is similar to Category 1 in
that they generate waves in an unsteady flow, ie., a
wave profile which will vary over distance and time. As
to the issues of water depth, direction of flow and direc-
tion of wave spill, the channel or pool bottoms of Cate-
gory 2 devices constantly change in depth and become
more shallow as one moves in the direction of the trav-
eling wave and released water.

Category 3—a stationary hydrauhc jump resultmg in
a spilling wave. Representative prior art: Le Mehaute
U.S. Pat. No. 3,802,697.

Category 4—a moving hydraulic jump caused by a
moving hull. Representative prior art: Le Mehaute '697
(supra) also disclosed movement by a wedge shaped
body through a non-moving or counter-movmg body of
water, with such movement causing a hydraulic jump
and resultant spilling wave suitable for surf-riding.

Category 5—a wave shape that simulates a stationary
unbroken wave. Representative prior art: Frenzl U.S,
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Pat. No. 3,598,402 issued Aug. 10, 1971 is perhaps more
closely related in structure to the shallow water flow
embodiments of the present invention than any of the
previously discussed references. Frenzl disclosed an
appliance for practicing aquatic sports such as surf-rid-
ing, water-skiing and swimming comprised of a vat, the
bottom of which is upwardly sloping and has a longitu-
dinal section which shows a concavity facing upwards
while a stream of water is caused to flow upslope over
said bottom as produced by a nozzle discharging water
unto the surface of the lower end of said bottom. Provi-
sion is made for adjustment of the slope of the vat bot-
tom around a pivotal horizontal axis to permit the appli-
ance to be adjusted for that sport which has been se-
lected for practice, e.g., water skiing reduced slope or

ot

0

—

surf-riding increased slope. Provision is also made for

varying the speed of the water from a “torrential flow”

for water skimming activities, e.g., surfboard riding, to-

a “river type flow” wherein the speed of the water is
matched to the speed of an exercising swimmer. How-
ever, Frenzl *402 does not recognize, either explicitly or
implicitly some of the problcms solved and advantags
proffered by the present invention.

Frenzi U.S. Pat. No. 4,564,190 issued Jan. 14, 1986
shows improvements to the appliance for practicing
aquatic sports using gliding devices (as disclosed in the
Frenzl "402 patent) by introduction of a device that
removes water from an upwardly sloping bottom sur-
face which has been slowed down by friction at the
boundary faces and returns the water to a pumping
system to thereby increase the flow rate and thus elimi-
nate the delirious effects of slowed down water. Frenzl
U.S. Pat No. 4,905,987 issued Mar. 6, 1990 shows im-
provements to the appliance disclosed in the Frenzl 402
patent (described above) by showing connected areas
for swimming, non-swimming and a whirlpool so that
water from the Frenzl *402 appliance is further utilized
after outflow thereof. The primary objective of the
'Frenzl "987 patent is to improve the start and exit char-
acteristics of the Frenzl "402 appliance by providing a
means whereby a user can enter, ride, and exit the appli-
ancé to avoid breakdown of the torrential flow.

Category 6 —a deflective wave shape that simulates
a stationary tunnel wave. Representative prior art: Hor-
nung, H. G. and Killen, P.,, “A Stationary Oblique
Breaking wave for Laboratory Testing of Surfboards”,
Journal of Fluid Mechanics (1976), Vol. 78, Part 3,
pages 459-484. P. D. Killen, “Model Studies of a Wave
Riding Facility"”, 7th Australasian Hydraulics and Fluid
Mechanics Conference, Brisbane, (1980). P. D. Killen
- and R. J. Stalker, “A facility for Wave Riding Re-
'search”, Eighth Australasian Fluid Mechanics Confer-
ence University of Newcastle, N.S.W. (1983). The ap-
paratus taught by Killen (al! three articles will be collec-
tively referred to as Killen, and each article is specifi-
cally referenced by chronological date of publication)
forms a wave shape of the type favored by surfboard
- riders, by placing a suitably shaped fixed position obsta-
cle in a channel of specified width and in the path of a
flow of water with specified depth and velocity such
that deflection of the water off the obstacle duplicates
the geometric and hydrodynamic aspects of a surface
gravity wave that is obliquely incident to a sloping
beach. At first glance, it may appear that structure as

taught by Killen and that as disclosed by the subject
invention are substantially similar. However, close ex-
amination will reveal significant differences.

‘45

6 ;

In summary, Killen was attempting to create a wave
shape that was geometncally and hydrodynamically
similar to the ideal wave in the real surfing situation.
The “conforming wave shape” as formed by the shal-
low water flows of the subject invention does not at-
tempt to geometrically and hydrodynamically simulate
the ideal wave in the real surfing situation. The “con-
formmg" deep water flows of the subject invention do

_not require such simulation, even though they can so

simulate.

SUMMARY OF INVENTION

To better understand the objects and advantages of
the invention as described herein, a list of special terms
as used herein are defined:

(1) “deep water flow”: that flow whereby the water
depth is sufficient such that boundary layer effects

. of the sheet flow over the forming surface does not
significantly influence the operation of rider or
riding vehicle, e.g., surfboard. Deep water flow
shapes can, assuming certain flow forming and
flow characteristics (e.g., velocity) are met, dupli-
cate naturally occurring waves.

(2) “shallow water flow™: that flow whereby the
water is of such depth that the surface boundary
layer effects of the sheet flow over the forming
surface significantly influences the operation of
rider or riding vehicle, e.g., surfboard. Shallow
water flow shapes will never duplicate naturally
occurring waves. .

(3) “surfing maneuvers”: those maneuvers capable of
performance on a surfboard which occur under
ocean like hydrodynamic conditions, including
deep water flows with the appropriate ocean ap-
proximating flow characteristics. Surfing maneu-
vers include riding across the face of the surface of
water on a surfboard, moving down the surface |
toward the lower end thereof, manipulating the -
surfboard to cut into the surface of water so as to
carve an upwardly arcing turn, riding back up
along the face of the inclined surface of the body of
water and cutting-back so as to return down and
across the face of the body of water and the like,
e.g., lip bashing, floaters, inverts, aerials, 360, etc.

@) “water skimming maneuvers”: those maneuvers
which can be performed on shallow water flows
including “surfing like maneuvers” (i.e., similar to
those described in “surfing maneuvers above) as
well as, other activities or other types of maneuvers
with differing types of vehicles e.g., inner-tubes,

" bodyboards, etc.

(5) “body of water": a volume of water wherein the
flow of water comprising that body is constantly -
changing, and with a shape thereof at least of a
length, breadth and depth sufficient to permit surf-
ing or water skimming maneuvers thereon as lim-
ited or expanded by the respective type of flow,
i.e.,.deep water or shallow water. .

(6) “conform (conformed, conforming)”, where the
angle of incidence of the entire depth range of a .
body of water is (at a particular point relative to the
inclined flow forming surface over which it flows)
predominantly tangential to said surface. Conse-
quently, water which flows upon an inclined sur-
face can conform to gradual changes in inclination,
e.g., curves, without causing the flow to deflect. As
a consequence of flow conformity, the downstream
termination of an inclined surface will always phys-
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ically direct and point the flow in a direction
aligned with the downstream termination surface.
A conformed water flow is a non-separated water
flow and a deflected water flow is a separated
" water flow, as the terms separated and non- $
separated are known by those skilled in the art.

(7) “equilibrium zone™: that portion of an upwardly
inclined body of water wherein a rider is in equilib-
rium depending on the one hand, on an upwardly
directed force ascribable to the drag or resistance 10
of the riders vehicle or body dipped into the stream
of water and, on the other hand, on a downwardly
directed force produced by the component of the
weight of the rider in a direction parallel with the
inclined water forming means. 15

(8) “supra-equidyne area”: that portion of a body of
water above the equilibrium zone wherein the
slope of the incline is sufficiently steep to enable a
rider to overcome the upwardly sheeting water
flow and slide downwardly thexeupon ’ 20

(9) “sub-equidyne area”: that portion of a body of

. water below the equilibrium zone that is predomi-
nantly horizontal. In the sub-equidyne area a rider .
cannot achieve equilibrium and will eventually
(due to the forces of fluid drag) be moved back up 25
the incline.

One object of the present invention is to improve -
upon the parent invention by providing a flow forming
surface upon which a shallow water flow can produce
a body of water that is similar to the kind prized by. 30
surfers, i.e., a tinnel wave, which has a mouth and an
enclosed tunnel extending for some distance into the
interior of the forward face of the wave-shape. Such
improvement is hereinafier referred to as the “Shallow
Flow Tunnel Wave Generator.” Heretofore, tunnel 35
waves have only been available to surfers in a natural or
deep water flow environment. The subject invention,
through proper configuration of a flow forming surface
and adequate shallow water flow characteristics (e.g.,
velocity, turbidity, depth, direction, etc.), can produce 40
wave forms that have similar appearance and ride char-
acteristics as “real” tunnel waves subject to certain ride
conditions, e.g., limitation on surfboard fin size. How-
ever, the significant cost savings attributive to shallow
flow construction and reduced ‘energy consumption 45

outweigh any limitations that may be imposed.

- The parent invention also provided for a stationary
non-breaking upwardly inclined deep water flow shape
for beginners. The subject invention will also improve
upon this embodiment of the parent invention through 50
the use of shallow water flow technology. Such im-
provement is hereinafter referred to as the “Shallow
Flow Inclined Surface.” In addition to the significant
advantage or reduced cost, additional advantages to the -
shallow water improvements described above include, 55
increased safety due to reduced deep water pool depth,
reductions in water maintenance due to decrease in
.volume of water treated, and the opportunities to create.
novel water sports, e.g., ﬂowboarding or inner-tube
“bumper cars”. 60

A second object of the subject invention is to provide
a flow forming means (hereinafter referred to as the
“Connected Structure’) comprised of a substantially
horizontal flat surface (the sub-equidyne area) that tran-
sitions by way of a radial concave arc (the equilibrium 6
zone) connected to the supra-equidyne area (e.g., the
inclined plane or tunnel wave generator). The Con-
nected Structure facilitates a riders ability to maximize

n

8.
his forward speed by the riders own efforts of “pump-
turning”, hereinafter more fully described as the “Ac-
celeration Process”. Without benefit of said Connected
Structure such increased speed would not be available.
The Connected Structure encompasses the complete
spectrum of surface flows and wave shapes desired by
wave-riding and water skimming enthusiasts. Beginning
at one extreme with a flat incline, and progressing by
introduction of an increasing array of surface curva-
tures from the horizontal to the vertical combined with
varying attitide and inclination of said surface relative
to an upward (or downward, as the case may be) flow

_of water that culminates at the other extreme in a tunnel

wave shape. A significant feature of the Connected
Structure is how its unique configuration can dramati-
cally improve the performance parameters of the parent
invention’s inclined Surface embodiment. The parent
invention hereto permitted conventional surfing maneu-
vers; however, its structure did not optimally facilitate
the generation of forward speed with which to perform
such maneuvers. The “Acceleration Process” as now
enabled by the Connected Structure improvement al-
lows such forward speed to be attained.

A third object of the subjéct invention is to solve the
transient surge problems associated with the ride start-

up and rider induced flow decay upon upwardly in-

clined flow surfaces. This solution results by lowering
the downstream boundary area of the inclined flow
forming surface at an angle so as to create a maximum
height ridge line of decreasing elevation to facilitate

. self-clennng of undesirable transitory surges. This im-

provement is hereinafter referred to as the “Self Clear-
ing Incline.”
A fourth object of the subject invention and a novel

ramification to the “Self-Clearing Incline” occurs by

extending the inclined flow forming surface and associ-

- ated ridge line of the downstream boundary area to an

increased elevation. If such increase in elevation is in
excess of the net total head flow necessary to scale this

new increase in elevation, then the flow will form a -

hydraulic jump and the sub-critical water thereof will

spill down the upwardly sheeting flow in the manner of

a spilling wave. This improvement is hereinafter called
the “Inclined Riding Surface with Spilling Wave"). The
spilling wave phenomena can also be incorporated into
the other embodiments as described herein. A corollary
improvement to any spilling wave application is a prop-
erly configured vent system to handle the water which
spills back down the flow forming surface. If such water
remained unvented, it would eventually choke the en-
tire flow. Consequently, to maintain a steady state con-
dition, to the extent that new water flows into the sys-
tem, then, an equal amount of old water must vent out.

A fifth object of the subject invention is to improve

by way of combination the tunnel and inclined flow
forming surfaces, as well as, creation of an intermediate
“spilling wave” that works in combination with the
inclined flow surface. This embodiment is hereinafter
referred to as the “Omni-Wave”. A feature of the Omni-
Wave embodiment is its uniqie flow forming shape can
permit (by way of a progressive increase of the net head
of the sheet flow) the transformation of a sheet of water
flow from a stationary “spilling wave” along the entire
forming means, to a transitional “spilling wave” with
inclined surface flow, to the final inclined surface flow
and tunnel wave shape. This method is hereinafter re-
ferred to as the “Wave Transformation Process”. The
Omni-Wave and the Wave Transformation Process will
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9 .
offer an improved environment for the performance of
surfing and water skimming maneuvers.

A sixth object of the present invention is to provide
an apparatus that will enable riders to perform surfing
and water skimming maneuvers in a format heretofore
unavailable except by analogy to participants in the
separate and distinct sports of skateboarding and snow-
boarding, to wit, half-pipe riding. In this regard, the
present invention comprises a method and apparatus for
forming a body of -water with a stable shape and an
inclined surface thereon substantially in the configura-
tion of a longitudinally oriented half-pipe. Such im-
provement is hereinafter referred to as the “Fluid Half-
Pipe.” A corollary improvement to the Fluid Half-Pipe
is to provide an apparatus that permits an increased
throughput capacity by increasing the depth of the
Fluid Half-Pipe in the direction of its length. This in-
crease in depth will have the added benefit of causing a
rider to move in the direction of fall and facilitate his
course through the ride.

The final object of the prcsent invention is the posi-
tioning of dividers within a Fluid Half-Pipe or Inclined
Surface as described above and to prevent a “jet wash”
phenomenon that can result in loss of a rider’s flow.
This “jet wash” phenomenon occurs when a rider who
is positioned in the equilibrium or supra-equidyne area
of a thin sheet flow gets his flow of water cut off by a
second rider positioned with priority to the line of flow.
The cutting off of water occurs in thin sheet flow situa-
tions due to the squeegee effect caused by the second
rider’s skimming vehicle. The improvement aids in pre-
venting adjacent riders from cutting off their respective
flows of water. Such improvement .is hereinafter re-
ferred to as “Sheet Flow Dividers.”

Other objectives and goals will be apparent from the
following description taken in conjunction with the
drawings included herewith.

BRIEF DESCRIPTION OF THE DRAWINGS v

FIG. 1is a profile view of a Tunnel “Wave” Genera-
tor configured for shallow waterflows.

35
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FIG. 13a. FIG. 13b, and FIG. 13c are three views in
profile that illustrate in time lapse sequence a self-clear-
ing Inclined Surface.

FIG. 14aq and FIG. 14b, illustrate in time lapse se-
quence the self-clearing Tunnel Wave.

FIG. 15 is a profile view of the Omni-Wave.

‘FIG. 16a depicts the Omni-Wave with a spilling
wave formed along its entire front face.

FIG. 16b depicts the Omni-Wave with a clear in-
clined surface a spilling wave.

FIG. 16¢ depicts the Omni-Wave with a clear in-
clined surface and a Tunnel Wave.

FIG. 16d depicts a Body Boarder performing water
skimming maneuvers and a surfer performing surfing
maneuvers on the Omni-Wave,

FIG. 16e depicts a knee boarder riding the spilling
wave.

FIG. 16/ depicts a water skier on the inclined surface
and an inner-tube rider on the spilling wave.

FIG. 17 shows in profile view of a'novel embodiment

for water'sports--the Fluid Half-Pipe.

FIG. 18a shows an elevation of a typical Fluid Half-
Pipe, .

FIG. 18 shows an elevation of a Fluid Half-Pipe
with modified flow forming bottom to assist in capacity
and rider through put.

FIG. 19 illustrates in proﬁle view an improvement to
the Fluid Half-Pipe to assist in increased through put
capacity. :

FIG. 20 shows dividers in a shallow flow to avoid
flow “jet was|

DETAILED DESCRIPTION OF THE SUBJECT
* INVENTION

Because the original application, the continuation of

_ the original application and the subject invention are

40

FIG. 2.is a contour map of Tunnel “Wave” Genera-

tor as set forth in FIG. 1.
FIG. 3 is a plan view of the range of horizontal atti-
tude with respect to the direction of water flow that the

wave generator (as set forth in FIG. 1) can take and still .

form a tunnel wave.

FIG. 4 is a view in profile of a typ)cal cross-section
dlsclosmg the range of inclination of the forward face of
the wave generator (as set forth in FIG. 1) with respect
to the direction of water and orientation to the vertical.

FIG. 5 depicts a rider on the Tunnel Wave Genera-
tor.

" FIG. 6 is a profile view of the inclined surface.

FIG. 7 is a cross-sectional view of the inclined sur-
face as shown in FIG. 6.

FIG. 8 depicts a rider on the Inchned Surface.

FIG. 9a is a profile view of the Connected Structure.

FIG. 9b is a cross-section of FIG. 9a.

FIG. 10 depicts a surfer riding an Inclined Surface as
improved by the Connected Structure and who is tak-
ing advantage of the acceleration process.

'FIG. 11a is a profile view of the Self Clearing Incline.

FIG. 11, is a cross-section of FIG. 11a.

FIG. 12 is a contour map of the Self-Clearing Tunnel
Wave.

(v
o
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operated in water, and many of the results of its passage
there-through, or the propelling of water against the
wave or flow forming means thereof, are similar to
those caused by a boat hull, some of the terms used in
the descriptions hereto will be nautical or marine terms;
likewise, from the perspective of physical water dynam-
ics, some of the terms used herein will be hydraulic
engineering terms; and finally, from the perspectivé of
ride operation and function, some of the terms used
herein will be terms as used in the sport of surfing; all
such terms constitute a ready-made and appropriate
vocabulary which is generally understood by those
skilled in the art. To the extent that there are special
terms, then, those terms are further defined herein.

Further, it will be understood by those skilled in the -
art that much of the description of structure and func-
tion of the wave generator and inclined surface of the
original application and its continuation apphcation
may apply to the embodiments of the subject invention,
to the extent used by. this application, Therefore, the
descriptions of the flow forming means/wave generator
hull and inclined surface of the prior applications should
also be read in conjunction with FIGS. 1-20. However,
to the extent there are any differences or discrepancies
between the description and teaching of the prior appli-
cations and the subject invention, the description and
teaching of the subject invention shall prevail.

‘Except where specifically limited, it is to be under-
stood that the embodiments as described herein are to
function in both deep and shallow flow environments.
Furthermore, that the flow (except where noted) is to
be super-critical (i.e., accordmg to the formula v>\/gd
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where v =velocity, g= acceleration due to gravity
ft/sec?, d=depth of the sheeting body of water).

Description of Shallow Flow Tunnel “Wave" ‘

Generator 5

Turning now to FIG. 1 (isometric view) and FIG. 2
(contour map) there is illustrated a Tunnel “Wave”
Generator 30 similar to the generator of prior applica-
tion, however, improved to serve in a shallow water
flow. Plan-sectional lines as revealed in FIG. 1 and
contour lines as revealed in FIG. 2 are.solely for the
purpose of indicating the three-dimensional shape in
general, rather than being illustrative of specific frame,
plan, and profile sections. Tunnel Generator 30 is com-
prised of a stem 31, a front face 32, a stern arch 33, an 15
upstream edge 34 running from stem 31 to stern arch 33
and acting as the upstream perimeter of front surface 32,

a downstream edge 35 running from stem 31 to stern
arch 33 and acting as the downstream perimeter of front
face 32, back surface 36, and sub-surface structural sup- 20
port 37. Front surface 32, bounded by upstream edge
34, downstream edge 35 and stern arch 33 is that feature

of Tunnel Generator 30 which effectively shapes its
tunnel “wave.” Moving in a direction as indicated by
arrow 38, super-critical shallow water flow 39 originat- 25
ing from a water source (not shown) moves in a con-
forming flow upward over the front face 32 to form an
inclined body of water in the shape of a tunnel “wave”
(not shown) upon which a rider (not shown) can ride.
Back surface 36 is sufficiently smooth and with transi- 30
tions analogous to a conventional waterslide such that a
rider. (not shown) could safely be swept over or around

. Tunnel Generator 30 to a termination pool or area (not
shown) to properly exit. The outside dimensions of the
flow forming front face 32 of Tunnel Generator 30 are 35
capable of a broad range of values which depend more
upon external constraints, e.g., financial resource, avail-
ability of water flow, etc., rather than specific restric-
tions on the structure itself. However, for purposes of
scale and not limitation, in order to form a tunnel 40
“wave” of adequate size to fully accommodate an adult
user, the outside dimensions of Tunnel Generator 30
should be approximately 1 to 3 meters in helght and 3 to

12 meters in length.

At least three characteristics of front face 32 of Tun- 45
nel Generator 30 influence the size, shape and angle of -
‘the tunnel “‘wave,” and each of them interacts with the
others:

A. its shape (FIG. 1 and 2);

B. its attitude —its horizontal position or angle with 50

respect to the direction of water flow (FIG. 3); and

C..its inclination-its vertical position or angle with

respect to the direction of water flow (FIG. 4).

Each characteristic of front face 32 is now dis-

cussed in detail. 55
A. Shape

Front face 32 of Tunnel Generator 30 has a complex
shape comprised of concave curvature, both vertically
and horizontally, as indicated generally by the FIG. 1
plan sections lines and FIG. 2 contour lines. Such lines 60
are substantially but not specifically illustrative of the
range of possible shapes, as will now be explained more
fully:

1. Vertically:

a. the shape of the vertical curvature can be: 65

(1) substantially a simple arc of a circle; or
(2) preferably an arc of a more complex
changing curve, e.g.:

L

0

(a) ellipse;
(b) parabola;
(c) hyperbola; or
(d) spiral. :
If a changing curve, it preferably changes from an
opening curve (i.e., the ascending water encounters an
increasing radius as it ascends front face 32) at stem 31
through a transition point 40; to a closing curve (i.e., the
ascending water encounters a decreasing radius as it
ascends front face 32) from transition point 40 to stern
arch 33. A critical feature of Tunnel Generator 30 is
that commencing at transition point 40, front face 32
begins to curve past the vertical. Curvature past the
vertical from transition point towards the stern arch 33
gradually increases from 0 to a maximum of 30 degrees
10 degrees if preferred.
2. Horizontally
a. The shape of the horizontal curvature can be:
(1) substantially an arc of a circle; or
(2) preferably, a portion of a more complex, chang-
ing, curve, e.g.:
(a) ellipse;
(b) parabola;
(c) hyperbols; or
(d) spiral.
B. Attitude
As disclosed in FIG. 3, the horizontal attitude of
front face 32 with respect to direction 38 of water flow
can vary only within certain limits otherwise the “tun-
nel” will not develop. Since front face 32 has concave
curvature of varying degrees along its horizontal axis,
for purposes of orientation an extension of upstream
edge 34 is used to indicate varying horizontal attitudes
of front face 32 therefrom. Accordingly, upstream edge
34 can vary from substantially perpendicular to the
direction 38 of water flow to an angle of approxtmatcly
35 degrees, as shown.
C. Inclination
As disclosed in FIG. 4 the inclination of the front
face 32 with respect to the direction 38 of water flow is

also limited, otherwise the tunnel will not be developed.

Two factors are important with respect to inclination,
first, the change in angle of incline relative to the depth
of the water must be sufficiently gradual to avoid sepa-
ration of flow lines/deflection. Second, the angle of
release (as defined by a line tangent to front face 32 at
downstream edge 35 when compared to the vertical)
must be past the vertical as shown. Amounts past verti-
cal may vary, however, a preferred amount is 10 de-
grees.

At least two other factors effect the size and shape of
tunnel wave formation, i.e., flow velocity and water
flow depth. The velocity of the water over Tunnel
Generator 30 has a wide range, dependent upon the
overall size of the Tunnel Wave Surface and the depth
of water. In general, the flow is to be super-critical (i.e.,
according to the formula v>\/gd where v=velocity,
g=acceleration due to gravity ft/sec?, d=depth of the
sheeting body of water). However, velocities in excess
of that which is at a minimum necessary to achieve
supercritical velocity are sometimes desired, e.g., to
provide sufficient momentum transfer to support the
weight component of a given rider, and to achieve the
vertical heights required to form a tunnel “wave.”

The depth of the water is primarily a function of the
minimum necessary to permit a tunnel “wave” to form
at a given height, and simultaneously enable the flow of
water to support (via momentum transfer) the weight
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component of a contemplated range of users. Because of
the operational requirements of momentum transfer, the
depth of the water has direct relationship to the velocity
of the water, i.e., the higher the velocity of flow, the
lower the requisite depth. Since this embodiment is
limited to shallow flows, the depth of water will range
from approximately 2 to 40 centimeters.

Tunnel Generator 30 can be fabricated of any of
several of wéll known materials which are appropriate
for the use intended. Concrete; formed metal, wood, or
fiberglass; reinforced tension fabric; air, foam or water
filled plastic or fabric bladders; or any such materials
which will stand the structural loads involved. A pre-
ferred embodiment includes a thick foamed plastic cov-
ering to provide additional protection for the riders
using the facility.

Theoretically, no pool or water containment means is
required for Tunnel Generator 30, in that the flow from
a suitable flow source (e.g., pump and nozzle, fast mov-

ing stream or elevated reservoir/lake) is all that'is re-

quired. However, where water recycling is preferred,
then, low channel walls can be constructed to retain the
. flowing water. with a lower collection pool, recycling
pump and appropriate conduit connected back to the
_ upstream flow source. The area of channel containment
need be only large enough to allow the performance of

14 .
smooth and with transitions analogous to a conven-
tional waterslide such that rider 41 could safely be
swept over or around Tunnel Generator 30 to a termi-
nation pool or area (not shown) to properly exit. Pro-
gressing from transition point 40 to stern arch 33 the
horizontal and vertical concavity of front face 32 acts as
a scoop to channel and lift water into the central portion-
of front face 32 towards stern arch 33. Combined with
the attitude of Tunnel Generator 30 relative to the di-
rection 38 of water flow 39, the resultant forces thereto

" propel water flow 39 along the path of least resistance

appropriate water skimming maneuvers, since the cur- .

ling water of the tunnel wave would remain more or
less stationary with respect to the containment struc-
ture. Thus, such a structure could be constructed even
in a backyard.

From the description above, a number of advantages

of Tunnel “Wave” Generator 30 becomes evident:

(a) The energy required to produce a tunnel “wave”
shape under shallow flow conditions is dramati-
cally less than that reqnued under “natural” condi-
tions, e.g., as indicated in Killen's 1980 article, the
power required to produce operational natural
waves is proportional to the height of the wave
raised to the 3.5 power (hw3-3). Consequently, a 2
meter wave would require 11.3 times the power of
a 1 meter wave or appmximately 3.7 mega watts or
‘4800 horsepower. An 8 cm in depth shallow flow
wave as ‘contemplated by ‘the subject invention
with similar width to Killen’s structure would be
able to produce a 2 meter high tunnel “wave" for
under 400 horsepower. .

(b) The capital costs and operating costs for shallow

water tunnel “wave” generation is substantially.

less than deep water installations.

(c) The sight, sound, and sensation of tunnel “wave”
riding is a thrilling participant and observer experi-
ence, that has heretofore only been available to
relatively few people in the world. The subject
invention will enable this experience to become
more readily available.

(d) From a safety perspective, shallow water is gener-
ally perceived as safer in view of drowning.

Operation of the Tunnel “Wave” Generator

FIG. § illustrates Tunnel Generator 30 in operation
with the concavity of front face 32 acting to shape a
water walled tunnel from super-critical shallow water
flow 39 within and upon which rider 41 can ride. Water
flow 39 originating from a water source (not shown)
moves in a direction 38 as indicated. At stem 31 water
flow 39 moves over front face 32 and onto back surface
(not shown). Back surface (not shown) is sufficiently

40

45

50

which is upward and outward creating the desired tun-
nel 42. Tunnel 42 size is adjustable dependingupon the
velocity of water flow 39, i.e., the higher the flow ve-
locity. the larger the tunnel effect. The forward force
component required to maintain rider 41 (including any
skimming device that he may be riding) in a stable rid-

/ing position and overcome fluid drag is due to the

downslope component of the gravity force created by
the constraint of the solid flow forming surface bal-
anced primarily by momentum transfer from the high
velocity upward shooting water flow 39. Rider’s 41
motion upslope (in excess of the kinetic energy of rider
41) consists of the force of the upward shooting water
flow 39 exceeding the downslope component of grav-
ity. Nonequilibrium riding maneuvers such as cross-
slope motion and oscillating between different eleva-
tions on the “wave” surface are made possible by the
interaction between the respective forces as described
above and the use of the rider’s kinetic energy.
Accordingly, it.should now be apparent that Tunnel
“Wave” Generator 30 embodiment of this invention can
use shallow water flow in a water ride attraction to
simulate ocean tunnel waves. In addition, Tunne}
“Wave” Generator 30 has the following advantages:’
it requu's a fraction of the energy utilized in generat-
ing a “real” wave; .
it costs substantially less to build and mamtam
it allows a rider to experience the sight, sound, and
sensation of tunnel wave riding, an experience that
heretofore has not been available in commercial
settings;
it uses shallow water which is inherently safer than
deep water in the prevention of drowning.

Description of Shallow Flow Inclined Surface

Turning now to FIG. 6, there is illustrated shallow
flow inclined surface 44. Plan-sectional lines as revealed
in FIG. 6 are solely for the purpose of indicating the
three-dimensional shape in general, rather than being
illustrative of specific frame, plan, and profile sections.
Shallow flow inclined surface 44 is comprised of sub-
surface structural support 45; back surface 46; and front
face 47 which is bounded by an imaginary downstream
ridge line 48, an upstream edge 49, and side edge 50a
and 50b . Side edge 50 can have walls (not shown) or be
connected with conventional broad surfaced downhill

~ sliding transitions (not shown) to either contain or allow

60

a rider to move out and off of the flow. Front face 47
can either be a gradual sloping inclined plane, a continu-
ous concave planar surface, a concave planar surface
joined to a convex planar surface, or preferably a com-
bination of planar curved surfaces -and planar inclined
surfaces. FIG. 7 shows in cross-section a preferred pro-
file of front face 47 with upstream edge 49 (indicated as
a point in this cross-sectional view) as the upstream
boundary and with a combination of curves and straight
inclines as follows: concave curvature 51 as one moves
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upwards towards the downstream ridge 48 (indicated as
a point in this cross-sectional view); concave curvature
§1 transitioning to a straight incline 52 at a concave/-
straight transition point 53; straight incline 52 continu-
ing to straight/convex transition point 55; and convex
curvature 56 from straight/convex transition point 55 to
downstream ridge 48. Back surface 46 joins front face
47 at the downstream ridge line 48. Back surface 46 is
sufficiently smooth and with transitions analogous to' a
-conventional waterslide such that a rider (not shown)
could safely be swept over downstream ridge line 48 to
a termination pool or area (not shown) to properly exit.

Turning back to FIG. 6, super critical water flow 39
originating from a water source (not shown) moves in -

- direction 38 to produce a conforming upward flow over

—

front face 47, the downstream ridge line 48 and onto the

back surface:46 to form an inclined body of water upon
which a rider (not shown) can ride. The outside dimen-
sions of the flow forming front face 47 of shallow flow
inclined surface 44 are capable of a broad range of val-
ues which depend more upon external constraints, e.g.,

financial resource, availability of water flow, etc.,.

rather than specific restrictions on the structure itself.

The velocity of the water over shallow flow inclined
" surface 44 has a wide range, dependent upon the overall
size of the inclined surface and the depth of water. In
general, the flow is to be super-critical (i.e., according
to the formula v>Vgd where v=velocity, g=acceler-
ation due to gravity ft/sec?, d=depth of the sheeting
body of water). However, velocities in excess of that
which is at 2 minimum necessary to achieve super-criti-
cal velocity are sometimes desired, e.g., to provide
sufficient momentum transfer to support the weight
component of a given rider, and to achieve the vertical
heights required to form an unbroken “wave.”

The depth of the water is primarily a function of that
which is necessary to successfully operate for the pur-
poses intended. Because of the operational requirements
of momentum transfer, the depth of the water has direct
relationship to the velocity of the water, i.e., the higher
the velocity of flow, the lower the requisite depth.
Since this embodiment is limited to shallow flows, the
depth of water will range from approximately 2 to 40
centimeters.

20
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(a) The energy required to produce an unbroken
“wave" shape similar to that simulated by Shallow -
Flow Inclined Surface 44 is dramatically less than
that required under “natural” conditions, e.g., as
indicated in Killen's 1980 article, the power re-
quired to produce operational natural waves is

-proportional to the height of the wave raised to the

3.5 power (hw3 9). Consequently, a 2 meter wave
would require 11.3 times the power of a 1 meter
wave or approximately 3.7 mega watts or 4800
‘horsepower. An 8 cm in depth shallow flow wave
as contemplated by the subject invention with simi-
lar width to Killen’s structure would be able to
produce a 2 meter high inclined surface “wave” for
under 400 horsepower.

(b) The capital costs and operating costs for shallow
water inclined surface “wave” generation is sub-
stantially less than deep water installations.

+ (c) The sight, sound, and sensation of inclined surface
“wave” riding is a thrilling participant and ob-
server experience, that has heretofore only been’
available to relatively few people in the world. The

“subject invention will enable this experience to be
become more readily available.
(d) From a safety perspecuve, shallow water is gener-
ally perceived as safer in v1ew of drowning.

Operation of Shallow Flow Inclmed Surface

FIG. 8 illustrates Shallow Flow Inclined Surface 44
in operation. Super-critical water flow 39 originating
from a water source (not shown) moves in direction 38

to produce a conforming upward flow over front face -

47, the downstream ridge line 48 and onto the back ,
surface 46 to form an inclined body of water upon
which rider 41 can ride. Front face 47 serves as the
primary riding area for rider 41. On this area rider 41

‘ will be able to perform skimming maneuvers as follows:

40

Shallow flow inclined surface 44 can be fabricated of 45

- any of several of well known materials which are appro-
priate for the use intended. Concrete; formed ‘metal,
wood or fiberglass; reinforced tension fabric; air, foam
or water filled plastic or fabric bladders; or any such
materials which will stand the structural loads involved.
A preferred embodiment includes a thick foamed plastic
covenng to provide additional protection for the riders

" using the facility. -

Theoretically, no pool or water containment means is
required for shallow flow inclined surface 44, in that the
flow from a suitable flow source (e.g., pump and nozzle,
fast moving stream or elevated reservoir/lake) is all that
is required. However, where water recycling is pre-
ferred, then, low channel walls can be constructed to

The forward force component required to maintain
fider 41 (including any skimming device that he may be
riding) in a 'stable riding position and overcome fluid
drag is due to the downslope component of the gravity
force (created by the constraint of sub-surface struc- -
tural support 45) balanced primarily by momentum
transfer from the high velocity upward shooting water
flow 39. The motion of rider 41 in an upslope direction
(in excess of the kinetic energy of rider 41) consists of
the force of the upward shooting water flow 39 exceed-
ing the down slope component of gravity. Non-equilib-
rium riding maneuvers such as cross-slope motion and
oscillating between different elevations on the “wave”
surface are made possible by the interaction between

the respective forces as described above and the use of

rider’s 41 kinetic energy. Back surface 46 is sufficiently
smooth and with transitions analogous to a conven-
tional waterslide such that rider 41 could safely be

swept over downstream ridge line 48 to a termination

pool or area (not shown) to properly exit.
Accordingly, it should now be apparent that Shallow
Flow Inclined Surface 44 embodiment of this invention

retain the flowing water with a lower collection pool, 60 can use shallow water flow in a water ride attraction to
recycling pump and appropriate conduit connected . simulate unbroken ocean waves. In addition, Shallow
back to the upstream flow source. The area of channel ~ Flow Inclined Surface 44 has the following advantages:
containment need be only large enough to allow the it requires a fraction of the energy utilized in generat-
- petformance of appropriate water skimming maneu- ing a “real” wave;
vers. Thus, such a structure could be constructed even 65 it costs substantially less to build and maintain;
in a back yard. it allows a rider to experience the sight, sound, and
From the description above, a number of advantages sensation of continuous unbroken wave riding, an
of Shallow Flow Inclined Surface 44 becomes evident: experience that hereto for has not been available in
Exhibit 2
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commercial settings. Such capability will greatly )

expand the training of beginning “surf-riders” and
provide a venue for surf-camps, etc.

it uses shallow water which is inherently safer than
deep water in the prevention of drownings.

Description of Connected Structure

The Connected Structure creates additional surface
area beyond the areas defined by Tunnel Wave Genera-
. tor 30 and Shallow Flow Inclined Surface 44. In general
terms, this expanded area can be described as a horizon-
tal area upstream of the upstream edge of each respec-
tive embodiment. Furthermore, the Connected Struc-
ture describes specific ratios between three distinct
regions that can be defined to exist on Tunnel Wave
Generator 30 and Shallow Flow Inclined Surface 44 as
improved by the Connected Structure. Through combi-
nation of area expansion and defined region size rela-
tionship, a flow forming means can be described with
performance characteristics as yet undisclosed by the
prior art.

Turning now to FIG. 9a, we see a generalized die-
. gram of an improvement for a flow forming means
herein called Connected Structure 57. Plan-sectional
lines as revealed in FIG. 9a are solely for the purpose of
indicating the three-dimensional shape in general,
rather than being illustrative of specific frame, plan, and
profile sections. Connected Structure 57 is comprised of
a supra-equidyne area 58 which transitions (as repre-
sented by a dashed line 59) to an equilibrium zone 60,
which in turn transitions (as represented by a dotted line
61) to a sub-equidyne area 62. The dimensions and rela-
tionship of Connected Structure’s 57 sub-equidyne 62,
equilibrium 60, and supra-equidyne 58 areas are de-
scribed as follows:

FIG. 9b illustrates a cross-section of Connected
Structure 57, with sub-equidyne area 62, equilibrium

zone 60, and supra-equidyne area 58 with a range of

configurations 584, 585, and 58¢ that are capable of
producing a flow that ranges from the previously de-
scribed unbroken “wave” (i.e., inclined ﬂow) and the
tunnel “wave” flow.
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ing curve, e.g., an ellipse; parabola; hyperbola; or spiral.
If a changing curve, the configuration of supra-
equidyne area 58 is initially arcs of a closing curve (i.e.,
the ascending water encounters a decreasing radius as it
ascends the face of the flow forming means). The radius
of said closing curve is at its longest always less than the
radius of the longest arc of equilibrium zone 60, and, at
its smallest of sufficient size that a rider could still fit
inside a resulting “tunnel wave". On the opposite end of
the spectrum, said arcs of a closing curve can transition,
after a distance at least equal to §'s the length of the
riders flow skimming vehicle (approximately two to
seven feet), to arcs of an opening curve (i.e., the ascend-

' ing water encounters an increasing radius as it ascends

the face of the flow forming means). The only limitation
as to the overall breadth of supra-equidyne area 58 in
the direction of flow 38 is the practical limitation of
available head of an upwardly sheeting flow.
Super-critical water flow 39 originating from a water -
source (not shown) moves in direction 38 to produce a
conforining flow over sub-equidyne area 62, equilib-

+ rium zone 60, and supra-equidyne area 58 to form an
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inclined body of water upon which a rider (not shown)
can ride and perform surfing or water skimming maneu-
vers that would not be available but for such Connected
Structure §7. .

Operation of the Connected Structure

The significance of Connected Structure 57 is a func-
tion of how it can be used to enable the performance of
surfing and water skimming maneuvers. Essential to the
performance of modern surfing and skimming maneu-
vers are the elements of oscillation, speed, and proper
area proportion in the “wave” surface that one rides

upon. Each element is elaborated as follows:

.. oscillation between the supra-critical and sub-critical

40

The preferred embodiment for the breadth of the ‘

sub-equidyne area 62 in the direction of flow 38 is, at a
minimum, one and one half to four times the vertical

45

‘height (as measured from sub-equidyne to the top of .

supra-equidyne) of the total flow forming means. The
large breadth would apply to low elevation means (e.g.,
1 meter) and smaller breadth to high elevation means
(e.g., 6 meters). Sub-equidyne 62 orientation is substan-
tially horizontal and normal to the force of gravity.

The preferred embodiment for the shape of equilib-

rium zone 60 can be defined by a portion of a changing
curve, e.g., an ellipse; parabola; hyperbola; or spiral. If
a changing curve, the configuration of equilibrium zone
60 is substantially arcs of a closing curve (i.e., the as-

- - cending water encounters a decreasing radius as it as-

cends the face of the flow forming means). The radius of
said closing curve being at its smallest approximating
the radius of supra-equidyne 58 leading edge, and at its
_ longest less than horizontal. For purposes of simplicity
and scale (but not by way of limitation) the uphill
breadth of equilibrium zone 60 can .generally be defined
by a distance approximately equal to the length of the
rider’s flow skimming vehicle, i.e., approximately three
to ten feet.

The preferred embodiment for the shape of supra-
equidyne area 58 can be defined by a portion of chang-
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OSCILLATION: The heart and soul of modern surf-
ing is the opportunity for the rider to enjoy substantial

areas. As one gains expertise, the area of equilibriom is
only perceived as a transition area that one necessarily
passes through in route to supra and sub critical areas.
Oscﬂlatory motion has the added advantage of allowmg.
a rider to increase his speed

SPEED: Speed is an essential mgredlent to accom-
plish modern surf maneuvers. Without sufficient speed,
one cannot “launch” into a maneuver. The method and
means for increasing one’s speed on a properly shaped
wave face can be.made clear by analogy to the increase
of speed on a playground swing as examined in SCIEN-
TIFIC AMERICAN, March 1989, p. 106-109. On a
swing, if one is crouching at the highest point of a swing
to the rear, ones energy can be characterized as entirely
potential energy. As one descends, the energy is gradu-
ally transformed into kinetic energy and one gains
speed. When one reaches the lowest point, one’s energy
is. entirely kinetic energy and one is moving at peak
speed. As one begins to ascend on the arc, the transfor-
mation is reversed: one slows down and then stops
momentarily at the top of the arc. Whether one goes
higher (and faster) during the course of a swing depends
on what one has done during such swing. If one contin-
ues to crouch, the upward motion is a mirror image of
the downward motion, and ones center of mass ends up -
just as high as when one began the forward swing. If
instead one stands when one is at the lowest point, i.e.,
“pumping” the swing, then one would swing higher and
faster.
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The importance of sub-equidyne area 62 in the con-
text of the previous discussion of swing dynamics, is
that sub-equidyne area 62 is by its nature the lowest
point on Connected Structure 57 and on a wave. Stan-
ding/extending at this low point resuits in a larger in-
- crease of speed than if one stood at any other point on
Connected Surface 57 or on a wave. This increase in
speed and total kinetic energy is due to two different
mechanistic principals, both of which may be utilized
by a rider on Connected Structure 57 or a wave. By
~ standing at the lowest point in the oscillatory path, the
center of gravity of the rider is raised allowing a greater
vertical excursion up the slope than the original de-
scent. Crouching at the top of the path and alternately
- standing at the bottom allows an increase in vertical
excursion and restoration of energy lost to fluid drag.
Additionally, the other mechanism, increasing the ki-
netic energy, is due to the increase in angular rotation.
"As the rider in his path rotdtes around a point located up
the wave face, extension/standing at the low point in-
creases his angular velocity much in the same manner as
a skater by drawing in his/her arms increases his/her
rotational speed due to the conservation of momentum.
However, kinetic energy increases due to the work of
standing against the centrifugal force and because ki-
netic energy is proportional to the square of angular
velocity, this increase in kinetic energy is equivalent to

an increase in speed. ' '
PROPER AREA PROPORTION: Connected
Structure 57 as a flow forming surface combines in
proper proportion the sub-critical 62, equilibrium 60,
and supra-critical 58 areas so as to enable a rider to
oscillate, attain the requisite speed and have available

the requisite transition area for performance of modern 4

day surfing and skimming maneuvers that would not be
possible, but for said Connected Structure §7.

Turning to FIG. 10 there is illustrated a surfer 63 on
an inclined surface as improved by Connected Struc-
ture §7 in various stages of a surfing maneuver. Surfer
63 is in a crouched position on supra-equidyne area 58
and gathering speed as he moves downward over a
conformed sheet of super-critical water flow 39 which

. originates from a water source (not shown) and moves
in direction 38. Upon reaching the low point at sub-
equidyne area 62, surfer 63 extends his body and simul-
taneously carves a turn to return to supra-equidyne area
§8. As a consequence of such maneuvering, surfer 63
will witness an increase in speed to assist in the perfor-
mance of additional surfing maneunvers. The process by
which a surfing or water skimming rider can actively
maneuver to increase his speed is referred to- as the
Acceleration Process.

Description of Self-Clearing Incline and Tunnel Wave

Turning to FIG. 11g (isometric view) and FIG. 115
(cross-sectional view) there is illustrated a top vent
self-clearing incline improvement for Shallow Flow
Inclined Surface (as improved by Connected Structure)
all of which is hereafter referred to as a Self-Clearing
Incline 64. Self-Clearing Incline 64 is comprised of
Shallow Flow Inclined Surface as modified by lowering
the elevation of side edge 505’ and causing downstream
ridge line 48 to incline from the horizontal. FIG. 115
superimposes a cross-sectional profile of side edge 50a
over the lowered side edge 50b". To have a noticeable
effect, the angle of inclination should be a minimum 5
degrees. N

™
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Turning to FIG. 12 (contour map) there is illustrated
a swale self-clearing incline improvement for Tunnel
“Wave"” Generator 30 (as improved by Connected -
Structure 57) all of which is hereafter referred to as
Self-Clearing Tunnel Wave 66, comprised of sculpting
from front surface 32, sub-equidyne area 62 and struc-
tural matrix support 37 (not shown) a shallow venting
swale 65. All surfaces of swale 65 are smooth and with-
out edges.

Operation of Self-Clearixig Incline and Tunnel Wave

Self-Clearing -Incline 64 and Self-Clearing Tunnel
Wave 66 are designed to prevent unwanted turbulent
white water build-up that fails to clear from the riding
surface in the usual manner of “washing” over the

‘downstream ridge of these respective embodiments. In

practice, this vent problem will only occur if there is a

" restriction on flow venting to the side of the inclined

surface or generator, e.g., a channel wall, or where
there is a tremendous amount of activity, e.g., multiple
riders on the surface of the water.

This undesirable build-up is particularly acute in an
upward directed flow. This build-up will most likely
occur during three stages of operation, (1) water flow
start-up with no rider present; (2) transferring the ki-
netic energy of high speed water flow to a maneuvering
rider; and (3) cumulative build-up of water due t0 a
spilling wave. In the start-up situation (1), due to the
gradual build up of water flow associated with pump-
/motor phase in or valve opening, the initial rush is
often of less volume, velocity or pressure than -that
which issues later. Consequently, this initial start water
is pushed by the stronger flow, higher pressure, or faster
water that issues thereafter. Such pushing results in a
build-up of water (a hydraulic jump or transient surge)
at the leading edge of the flow. An upward incline of
the riding surface serves only to compound the prob-
lem, since the greater the transient surge, the greater the
energy that is required to continue pushing such surge
in an-upward fashion. Consequently, the transiest surge
will continue to build and if unrelieved will result in
overall flow velocity decay, ie., the slowed water
causes additional water to pile up and ultimately col-
lapse back onto itself into a turbulent mass of bubbling
white water that marks the termination of the predomi-
nantly unidirectional super-critical sheet flow. In the
situation of kinetic energy transfer (2), when a manecu-
vering rider encounters faster flowing water or water
that is moving in a direction different than the rider, a
transient surge builds behind or around the rider. Like-

-wise, if this transient surge grows too large it will choke

the flow of higher speed unidirectional super-critical
sheet flow, thus, causing flow decay. In the situation of
an excessive build up of water over time from a spilling
wave (3), the interference of a preceding flow with a
subsequent flow can result in an undesired transient
surge and flow decay at a point near where the two
flows meet. Under all three conditions, it is possible to
control or eliminate the transient surge by immediately
increasing the flow pressure and over-powering or
washing the transient surge off the riding surface. How--
ever, there comes a point where the build-up of water
volume is so great that for all practical purposes over-
powering is either impossible, or at best, a costly solu-
tion to a problem capable of less expensive solution.
Such less expensive solution is possible by the introduc-
tion of vents.
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Two classes of vent mechanisms are identifiable. The
first' class, self-clearing inclines, are used to clear tran-
sient surges from inclined surfaces. FIG. 134, 13b, and

13c show in time lapse sequence how the design of -

self-clearing incline 64 operates to solve the problem of
a pressure/flow lag during start-up. In FIG. 13 water
flow 39 has commenced issue in an uphill direction from
water source (not shown) in direction 38. As water flow
39 moves up front surface 47, the leading edge of water
flow is slowed down by a combination of the down-
ward force of gravity and friction with front surface 47,
whereupon, it is overtaken and pushed by the faster and

5
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spilling wave 70 and Self-Clearing Incline 64 respec-
-tively. : B '
Description and Operation of the Fluid Half Pipe
Turning to FIG. 17 wherein an apparatus is revealed

that will enable riders to perform surfing and water

skimming maneuvers in a format heretofore unavailable
except by analogy to participants in the separate and
distinct sports of skateboarding and snowboarding, to
wit, half-pipe riding. Fluid Half-Pipe 74, comprises a

. method and apparatus for generating a body of water 80

stronger flow of water that subsequently issued from

the water source. The result of this flow dynamic is that
a transient surge 68 begins to build. However, as tran-
sient surge 68 builds, it reaches the height of low side
" edge 505’ and commences to spill over onto back sur-
face 46. FIG. 13b shows this start procedure moments
later wherein the water pressure/flow rate from the
water source has increased and transient surge 68 has
moved further up the incline. FIG. 13¢ shows the final
stage of start-up wherein the transient surge has been
pushed over the top of Down Stream Ridge Line 48 and
water flow 39 now runs clear. Similar to the start-up
procedure, when a lower speed rider encounters the
higher speed water, or when an accumulative build-up
of water results from a spilling wave, a transient surge
may occur. In like manner, the transient surge will clear
by spilling off to the lowered side accordingly.
" The second class of vent mechanism, swale vents, are
used to assist in clearing transient surges from tunnel
wave generators. FIG. 14a and 14b show in time lapse

sequence how the design of swale 67 operates to solve .

identical problems as suffered by the inclined surfaces
with channel walls. In FIG. 14¢ water flow 39 has
commenced issue in an uphill direction from water
source (not shown) in direction 38. Transient surge 68
begins to build. However, as transient surge 68 builds; it
‘commences to vent into swale 67, thus, permitting tun-
nel wave 42 to properly form as shown in FIG. 145.

Dcscﬁption and Operation of the Omni-Wave

FIG. 15 depicts a preferred embodiment herein
named an Omni-wave 69 comprised of Self-Clearing
Incline 64 which is interconnected and continuous with
 Self-Clearing Tunnel Wave 66.

FIG. 16a, FIG. 165, FIG. 16¢, FIG. 16d, FIG. 16e
and FIG. 16f illustrates Omni-Wave 69 in operation. A
unique feature of Omni-Wave 69 is its unique flow form-
ing shape can permit (by way of a progressive increase
of the net head of the water flow) the transformation of
super-critical water flow 39 that originates from a water
source (not shown) in direction 38 to a stationary spill-
ing wave 70 along the entire forming means (as illus-
trated in FIG. 16a); to a stationary spilling wave 70 with
Self Clearing Incline 64 flow (as illustrated in FIG.
16b); to a Self-Clearing Incline 64 and Self-Clearing
Tunnel Wave 66 flow (as illustrated in FIG. 16¢). This
progressive wave forming method is hereinafter re-
ferred to as the “Wave Transformation Process”. The
Omni-Wave and the Wave Transformation Process will
offer an improved environment for the performance of
surfing and water skimming maneuvers. FIG. 16d
shows surfer 63 and rider 41 on Self-Clearing Tunnel
Wave 66 and Self-Clearing Incline 64 respectively.
FIG. 16e shows surfer water skimming kneeboarder
riding upon stationary spilling wave 70, FIG. 16/ shows
inner-tube rider 72 and water skier 73 on stationary
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with a stable shape and an inclined surface thereon
substantially in the configuration of a half-pipe with the
opening of said half-pipe facing in an upwards direction.
The water 81 which supplies said body of water flows
over the leading edge 82 of the half-pipe flow forming
means 89 and down one side (hereinafter referred to as
the down-flow-side 83), in a direction perpendicular to
the length of said half-pipe, across an appropriate sub-
equidyne flat section 84, and up and over the other side
of the half-pipe (hereinafter referred to as the up-flow-
.side 85), across the trailing edge 86, and into an appro-
priate receiving pool 87 or other suitably positioned
Fluid Half Pipe or attraction. A rider 884 enters the
flow at any appropriate point, e.g., sub-equidyne flat
section 84, wherein as a result of his initial forward
momentum of entry, the excessive drag of his water-

skimming vehicle, and the added drag of the riders .

weight induced trim adjustments to his riding vehicle,

. said rider (now 88b) is upwardly carried to a supra-criti-

cal area in the upper regions of up-flow-side 85 near the
half pipe’s trailing edge 86, wherein as a result of the
force of gravity-in excess of the drag force associated
with the riding vehicle and the riders own weight trim
adjustments to reduce drag, rider (now 88¢) hydro-
planes down the up-flow-side 85, across the sub-
equidyne flat 84, and performs a turn on down flow side
83 to return to up-flow-side 85 and repeat cycle.

" As can be appreciated by those skilled in the art,

Fluid Half-Pipe 74 will offer its participants a consistent

environment in which to perform known surfing and
water skimming maneuvers, and due to the combination
of up-side-flow, flat, and down-side-flow a unique envi-
ronment in which to perform new maneuvers unachiev-
able on existing wave surfaces.

The preferred embodiment for the breadth of the
flow forming means 89 of Fluid Half-Pipe 74 approxi-
mates Connected Structure 57 joined to its mirror
image at the midpoint of sub-equidyne 62. It is preferred
that said width remain constant for the length of flow-
forming means 89, however, variations in width with
resultant variations in cross-sectional shape are possible.
The limitations on minimum and maximum width is a
function of ones ability to perform surfing and water
skimming maneuvers. If the flow forming means is too
narrow, a rider would be unable to negotiate the transi-
tion from the up-flow side 85 to the down-flow-side 83
or vice versa. If too wide, a rider would not be able to
reach or utilize the down-flow side 83 to perform surf-
ing and water skimming maneuvers.

A preferred embodiment for the length of the flow
forming means of Fluid Half-Pipe 74 is at a minimum a
length sufficiently wide to perform surfing and water

. skimming maneuvers thereon, and at a maximum a func-

tion of desire and/or budget.

A preferred embodiment for the cross-sectional shape
of the up-flow side’s flow forming means has been
shown in FIG. 9b and discussed above. FIG. 9b illus-
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trated a detailed cross-section of Connected Structure
§7, with sub-equidyne area 62, equilibrium zone 60, and
supra-equidyne area 58. Caution must be taken in the
design of the up-flow-side 85 supra-equidyne area to
insure proper water flow up and over the trailing edge

86. Excessive steepness or height that results in un- -

- timely or improperly located spilling or tunneling
waves can result in an excessive build-up of turbulent
white water in the sub-equidyne flat area 84 which may
culminate in complete deterioration of the up-side-flow,
However, since advanced riders, in order to maximize
speed and perform certain maneuvers, e.g., aerials, pre-
fer a steep supra-critical area that approaches or ex-
ceeds vertical then it is preferred that spilling or tunnel
wave formation (if any) be limited to areas adjacent the

—

5

- side openings of half-pipe 74, and that the majority -

middle half pipe 74 be substantially the shape as illus-
trated in FIG. 9b with supra-equidyne configuration
58a.

Generally, the elevation of half-pipe 74 leading edge
82 will exceed its line-of-flow position on half-pipe 74
- trailing edge 86. This differential in elevation will insure
that the water of said body of water 81 will have suffi-
cient dynamic head to overcome all internal and exter-
nal friction that may be encountered in its circuit down,
across, up, and over flow forming means 89. The pre-
ferred ratio by which the down-flow-side exceeds the
up-flow-side ranges from a minimum of ten to nine to a
maximum of ten to one. It is also preferred that the
respective leading and trailing edge 82 and 86 remain at
constant elevations along the length of the half-pipe.
Variations in elevation are possible, however, source
pool water 81 dynamics, receiving pool water 87 dy-
namics, and maintenance of line of flow dynamic head
must be accounted for.

In cross-sectional profile, a standard configuration
for Fluid Half Pipe 74 is illustrated in FIG. 18a. In this
standard configuration the cross-sectional elevation,
width, and depth remains constant for the length of
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half-pipe 74. FIG. 18b illustrates an asymmetrical con- 40
figuration, wherein, the leading and trailing edges 82 -

and 86 remain ‘at constant elevations and the width
between trailing edges remains constant, however, the
distance between trailing edges and the flat sub-
equidyne section 84 continues to increase at a constant
rate of fall. The object of this particular asymmetrical
embodiment is to increase throughput capacity for half-
pipe 74 as the result of rider movement in the direction
of fall due to the added vector component of gravity
force ascribed to the welght of the rider in the direction
of fall.

The preferred velocity of water in the subject inven-
tion is substantially a function of the overall drop in
distance from leading edge 82 to the flat area 84. Conse-
quently, previously discussed preferences in the overall
height of the Connected Structure dictate the preferred
water velocity. Such velocity can be calculated in ac-
cordance with Bernoulli’s equation v="V 2gz where v is
the velocity in feet per second, g is gravity ft/sec? and
2=vertical distance dropped in feet.

. -The preferred depth of water is that which is required
. to perform surfing and water skimming maneuvers. For
purposes of Half Pipe 74 the minimum depth is 2 cm.
and the maximum depth is whatever one might be able

“to afford to pump. Except the desirable spilling/tunnel
wave formation adjacent a side-opening of half-pipe 74,
an additional preference is that the water avoid exces-
sive turbulence that results from a hydraulic jump
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which occurs when the velocity ofa sheeung body of
water exceeds a certain critical velocity at a certain
minimum depth.

Variations in the breadth and longitudinal movement
of the body of water that flows upon the half-pipe can
result in enhancements to rider through-put capacity for
the Fluid-Half Pipe. FIG. 19 depicts a half-pipe config-
ured flow forming means 89. A stably shaped body of
water 80q is situated on one side 892 of said flow form-
ing means. The water 81 which supplies said stably
shaped body of water is limited by a dam 91a to just
one-half of the flow forming means 89. Riders 884, b, ¢
and 4 enter the flow at any appropriate point., e.g., the
sub-equidyne flat section 84 and perform water skim-
ming maneuvers thereon. As shown in FIG. 19, the -
water skimming maneuvers are performed using an
inner-tube type vehicle. After an elapsed period of time,
e.g., several minutes, a dam 915 is positioned to block
the water 81 which supplies the stably shaped body of
water 80a on side 892 of said flow forming means. Upon
blockage of the source of water, the stably shaped body
of water 80a soon ceases to exist on side 89a of said flow
forming means. Consequently, the riders 884, b, c and d
drift to the sub-equidyne section 84 and can easily exit.
Simultaneously with, or shortly after the blockage by
dam 915, dam 91a opens and water 81 begins to flow -
over flow forming means 895, whereupon forming a
stably shaped body of water 80b that remains situated
on side 895, Riders 88¢, f and g enter the flow and
commence to perform water skimming maneuvers for
their allotted time span, whereupon dam 91a is re-posi-
tioned and the cycle is set to repeat.

FIG. 20 illustrates super-critical water flow 39 origi-
nating from a water source (not shown) moving in di-
rection 36 to produce a conforming upward flow over
front face 78. Dividers 79 provide separation for the
individual riders 77a, 775, and 77¢ and to prevent a “jet
wash” phenomenon that can result in loss of a rider’s
flow. This “jet wash” phenomenon occurs when a rider
who is positioned in the equilibrium or supra-equidyne
area of a thin sheét flow gets his flow of water cut off by
a second rider positioned with priority to the line of
flow. The cutting off of water occurs in thin sheet flow
situations due to the squeegee effect caused by the sec-
ond rider’s skimming vehicle.

As will be recognized by those skilled in the art,
certain modifications and changes can be made without
departing from the spirit or intent of the present inven-
tion. For example, the curvatures given as examples for
the Connected Structure do not have to be geometri-
cally precise; approximations are sufficient. The same is
true of limits in angles, radii and ratios. The temperature
and density of the water will have some difference
although the range of temperatures in which surfer/rid-
ers would be comfortable is fairly limited.

The terms and expressions which have been em-

" ployed in the foregoing specifications are used therein

60

as terms of description and not of limitation, and there is
no intention, in the use of such terms and expressions, of
excluding equivalents of the features shown and de-
scribed, or portions thereof, it being recognized that the
scope of the invention is defined and limited only by the
claims which follow.

It is claimed:

1. A water ride facility for amusement parks water
parks and the like, wherein a user rides on a sheet flow -
of water flowing in a predetermined direction onto said
water ride facility, comprising:
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a substantially stationary riding surface having a sub-
stantially horizontal portion, followed in the direc-

tion of said flow of water by a concave upwardly '

inclined poruon, and a substantially upwardly con-
vex ridge-portion; and

said sheet flow of water on said ndmg surfacc having -

a predetermined velocity and volume sufficient to
cause said flow to substantially conform to the
contours of said riding surface, said flow flowing
onto said horizontal portion, and onto said inclined
portion, and then onto said convex ridge portion,
wherein a user can ride over said portions on said
flow of water.

2 The water ride facility of claim 1, wherein said

inclined portion of said riding surface comprises a first
sub-portion followed in the direction of said flow by a
second sub-portion, the angle of inclination of said first

. sub-portion being less than that of said second sub-por-
tion.

3. The water ride facility of claim 1, whcrem one side
.of said riding surface is generally at a higher elevation

than another side of said riding surface, whereby said
riding surface has an inclination in a direction trans-
verse to the direction of said flow.

4. The water ride facility of claim 3, wherein said
convex ridge portion forms an upper ridge portion hav-
ing an inclination transverse to the direction of flow.

5. The water ride facility of claim 4, wherein said
flow has a velocity sufficiently high enough to caunse
said flow to flow over said ridge portion while main-
taining a super critical velocity throughout said riding
surface.

6. The water ride facility of claim 4, wherem said
velocity of said flow of water is reduced such that said
flow of water does not maintain a supercritical velocity
along the entire width of said riding surface, wherein a
portion of said flow due to gravity reaches a subcritical
speed adjacent said higher elevation side of said riding
surface.

7. The water ride facility -of claim 6, wherein said
sub-critical flow is self-cleared due to gravity in a direc-
tion away from said lngher elevation side of said riding
surface.

8. A water ride facility for amusement parks, water
parks, and the like, wherein a user rides on a flowing
body of water, said flowing body of water flowing in 2
predetermined direction, said facility comprising:

a substantially stationary riding surface having a gen-
erally inclined portion extending in the direction of
said flow, wherein said flowing body of water
travels onto said riding surface and substantially
conforms to the contours of said inclined portion of
said riding surface; and '
wave-forming structure extending upward from
and across said generally inclined portion and hav-
ing a curved, elevated, and inclined surface
thereon, said wave-forming structure having a
degree of inclination sufficient to cause said flow-
ing body of water to flow upward and across said
wave-forming structure, and due to gravity to
reach a subcritical flow such that said body of
water forms a spilling wave thereon.

9. The water ride facility of claim 8, wherein said
flowing body of water moves at a velocity insufficient
to cause it to flow completely over said wave-forming
structure, whereby a simulated spilling wave is formed

“upon which said user can ride.
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10. The water ride facdxty of claim 8, wherein said
wave-forming structure is shaped with a sufficient de-
gree of inclination and concavity so that said conform-
ing flowing body of water flows onto and upward along
said wave-forming structure and by virtue of the force
of gravity curves downwardly to form a tunnel wave.

11. The water ride facility of claim 8, wherein said
wave-forming structure has a.concave curvature in
both the vertical and horizontal directions.

12. The water ride facility of claim 8, wherein said
wave-forming structure comprises a front face having:
an angle of inclination which varies within a range of
56-90 degrees.

13. The water ride facility of claim 8, wherein said
wave-forming structure has a vertical cross section
along a plane extending in the direction of flow which
varies along its length, wherein the angle of inclination
of said vertical cross section extends upward to the .
vertical to about 10 degrees past the vertical. .

14. The water ride facility of claim 8, wherein said
wave-forming structure has an angle of inclination
which is sufficiently gradual to avoid scparation or
deflection of said flow.-

15. The water ride facility of claim 8, wherein said
wave-forming structure has a height of 1-6 meters.

16. The water ride facility of claim 8, wherein a sub-
stantially horizontal portion is located upstream relative
to the direction of said flow of water from said gener-
ally inclined portion.

17. The water ride facility of claim 16, wherem the
length of said substantially horizontal portion of said

-riding surface in the direction of flow is in the range of

1-4 to 4 times the height of said wave-forming structure.
18. A water ride facility for amusement parks, water
parks and the like, wherein a user rides on a flowing

"body of water, 'said facility comprising:

a substantially stationary riding surface comprising an
inclined portion having an upper generally smooth,
convcxly shaped ridge, said ridge being generally
higher in elevation on one side of said riding sur-
face and generally lower on another sxde of said
riding surface; and

said flow of water substantially conforming to the
contours of said riding surface, said flow of water
flowing up said inclined portion such that non-
equilibrium water-skimming maneuvers may be
performed by said user on said riding surface.

19. The water ride facility of claim 18, wherein said
upper ridge has an inclination transverse to the direc-
tion of said flow of water that is at least 5 degrees from
the horizontal extending from the low elevation side to
the high elevation side.

20. A water ride facility wherein a user rides on a
flowing body of water, said facility comprising:

a substantially stationary riding surface having a first
section extending generally along one side of said
riding surface, said first section extending upward
and having an inclined surface which forms an
upper convex ridge portion, said riding surface
having a second section extending generally later-
ally along another side of said riding surface, said
second section extending upward to form an ele-
vated wave-forming structure thereon; and

a first portion of said flowirig body of water onto said
first section of said riding surface and flowing onto
said inclined surface such that said body of water
flows over said ridge portion, and a second portion
of said flowing body of water flowing onto said
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second section of said riding surface and onto said
wave-forming structure such that said body of
water reaches a subcritical velocity due to gravity
acting on said body of water and forms a spilling
wave along said wave-forming structure.

5

21. The water ride facility of claim 20, wherein said

flow of water has a minimal depth and a super critical

velocity sufficient to cause said flow of water to flow up

said second section of said riding surface and onto said

elevated wave-forming structure, whereby said flow

" conforms to said wave-forming structure and flows
upward to form a simulated curling wave.

22, The water ride facility of claim 20, wherein said
wave-forming structure comprises an angled concave
surface which directs said flow of water up and trans-
versely across said wave-forming structure.

23. The water ride facility of claim 20, wherein said
wave-forming structure is formed with a steep inclina-
tion which directs said flow of water in an upward
direction beyond the vertical, whereby a tunnel wave is
formed.

24. A water ride facility for amusement parks, water
parks and the like, wherein a user rides on a flowing
body of water, said body of water flowing in predeter-

. mined direction, said facility comprising:

a riding surface having a substantially semi-cylindri-
" cal shape and being positioned such that an axis of
- said semi-cylindrical shape of said riding surface is
- oriented in a substantially transverse direction with
respect to the direction of said flowing body of
water, said riding surface being positioned such
that said flow flows downward along a first upper
edge portion of said riding surface and then along a
lower portion and then upward along a second
upper edge portion of said riding surface and over

said upper edge portion; and

said flow of water on said riding surface being in-

Jjected at a velocity sufficient to cause said flow to
substantially conform to said sem:-cyhndncal
shape of said riding surface.

25. The water ride facility of claim 24, wherein said
riding surface has a dividing means for separating said
riding surface in a direction substannally parallel to the

. direction of flow.

26. The water ride facility of claim 24, wherein said

riding surface is tilted such that one side of said riding
surface is higher in elevation than another side,
whereby an inclination in a direction transverse to the
direction of said flow of water is formed.

—
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‘21 A method for operating a water ride facility,
comprising the steps of:

providing a riding surface having a high elevation

side and a low elevation side;

flowing a shallow flow of water upon said riding"

surface with sufficient velocity such that said flow
substantially conforms to said low elevation side of

_ said riding surface but does not flow over said high .

elevation side of said riding surface; comprising the
additional step of providing a wave-forming struc-
ture on said high elevation side of said riding sur-
face and flowing said shallow flow of water up-
ward onto said wave-forming structure at a veloc- .
ity insufficient to allow said flow of water to rise
above said wave-forming structure due to gravity
whereby a spilling wave is formed; and
self-clearing the flow of water from said high eleva-

" tion side to said low elevation side.

28. The method of claim 27, including the additional
step of increasing the velocity of said flow of water on -
said riding surface to enable said flow of water to flow
up and over said high elevation mde of said riding sur-
face.

29. The method-of claim 27, further comprising the
step of increasing said velocity to a second velocity
which is sufficient to cause said flow of water to flow
onto and up said wave-forming structure, whereby by
virtue of gravitational forces acting on said flow, a
curling tunnel! wave is formed on said wave-forming
structure.

30. A water ride facxlxty for amusement parks, water
parks, and the like, wherein & user rides on a ﬂowmg
body of water, said facility comprising:

a riding surface having a generally half-pipe conﬁgu-

ration; and

- said flowing body of water flowing on said riding
surface having a velocity sufficient to cause said
flow to flow over a leading edge of said half-pipe
configuration so as to form a stable shape substan-
tially confirming to the surface of said half-pipe
configuration, wherein said flow flows up and over
a trailing edge of said half-pipe so that said user can
perform water skimming maneuvers thereon,

31. The water ride facility of claim 30, wherein said
riding surface is tilted, whereby an inclination in a di-
rection transverse to the direction of said flow of water
is formed. .

32. The water ride faclhty of claim 30, wherein said
half-pipe configuration is positioned such that the axis
of said half-pipe configuration is generally in a trans-
verse direction relative to the direction of said flow.

* % % % =
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[57] . ABSTRACT

An amusement apparatus for water sports activities wherein
a flowing body of water is provided. The water moves across
an inclined, declined or horizontal riding surface upon
which the velocity, volume and gravitational dynamics of
the flowing body of water is such that a rider may perform
water skimming/simulated surfing mancuvers thereon.
Composite structures with horizontal and inclined surfaces
- and varying flow velocity over time across -specifically
shaped structureg permit water skimming/simulated surfing
maneuvers on unbroken, spilling or tunnel type wave forms.
Asymmetry in the downstream ridge line of an inclined
surface allows spilling type wave formations as well as
facilitating the removal of a transient surge. A novel fluid
“half-pipc” waveform is also introduced.
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METHOD AND APPARATUS FOR
IMPROVING SHEET FLOW WATER RIDES

RELATED APPLICATIONS

This application is a continuation of application Ser. No.

08/074,300, filed Jun. 9,1993 now as U.S. Pat. No. 5,393,
170, which is a continuation of application Ser. No. 577,741,
filed Sep. 4, 1990, now U.S. Pat. No. 5,236,280 which is a
Continuation-In-Part of U.S, application Scr. No. 07/286,
964, filed Dec. 19, 1988 for IMPROVEMENTS IN SURF-

2 .
sive cost, potential liahility, and large surface area to low
rider capacity ratios, wavepools specifically designed for
waveriders have proven unjustifiable to water park opera-
tors.

All wavepools that currently exist in the waterpark indus-
try and thc majority of previously disclosed wave-making

- inventions attempt to duplicate those types of oscillatory

ING-WAVE GENERATORS, issued as U.S. Pat. No. 4,954,

014 on Sep. 4, 1990, which is a Continuation-In-Part of U.S.
application Ser. No. 07/054/521, filed May 27, 1987 for
TUNNEL WAVE GENERATOR, issued as U.S. Pat. No.
4,792,260 on Dec. 20, 1988.

FIELD OF THE INVENTION

The present invention relates in general to watcr rides,
specifically a mechanism and process that provides a flow-
ing body of water having flat, radial, and inclined surfaces
thereon of sufficient area, depth and slopc to permit surf-
boarding, skim-boarding, body-boarding, inner-bing, and
other water-skimming activity and, in particular, to several

_ embodiments with means for generated, forming, maintain-
ing, moving and riding said flow of water in a predominantly
steady state condition. .

BACKGROUND OF THE INVENTION

For the past 25 years, surfboard riding and associated
wave riding activities, ¢.g., knee-boarding, body or “Boo-
gie” boarding, skim-boarding, surf-kayaking, inflatable
riding, and body surfing (all hereinafter collectively referred
to as wave-riding) have continued to grow in popularity
along the world’s surf endowed coastal shorelines. In con-
currence, the B0’s decade has witnessed phenomenal growth
. in the participatory family water recreation facility, i.e., the

waterpark. Large pools with manufactured waves have been
an intcgral component in such waterparks. Several classes of
wavepools have successfully evolved. The most popular
class is that which cnables swimmers or inner-tube/inflatable
.mat fiders to bob and float on the undulating swells gener-
ated by the wave apparatus. A few pools exist that provide
large turbulent white-water bores 'that surge from deep to
shallow pool end. Such pools enable wave-riding. However,
white-water bore riding is not preferred by the cognoscenti
of the wave-riding world, rather the forward smooth water
face of a curling or tubing wave that runs parallel to the
shoreline holds the ‘ultimate appeal. Although numerous
attempts have been made to establish wave-riding on curling
waves as a viable activity in the commercial waterpark
wavepool setting, such attempts have met with limited
success. The reasons which underlic wave-riding’s limited -
waterpark success is four-fold, 1) small spilling or unbroken
waves which arc ideal for the mass of novice waterpark
attendees are not ideal for intermediate or advanced wave-
riders; 2) the larger waves ideal for wave riding have proven
prohibitive in cost to duplicate and become inherently more
dangerous as their size increases; 3) the curling and plunging
waves sought by advanced wave riders require steep and
irregular pool bottom configurations that are inherently
_dangerous and can cause strong deep water current; 4)
assuming a compromised and safer wave shape is acceptable
to wave-riding participants, wave-riding is ideally a one-
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waves found naturally occurring at a beach. For purposes of
definition, such waves are hercinafter termed “natural
waves”, Natural waves also include those found occurring in
rivers as caused by submerged obstacles e.g., boulders. As

~known to those skilled in the art, natural waves have specific
. characteristics capable of mathematical description. as a
function of wave length, wave height, “period, wave angle,
-velocity, phase speed, break speed, gravity, free surface

water elevation, water depth, etc. Additionally, mathemati-
cal descriptions can be provided for 2 wide range of wave
shapes progressing from an unbroken-to-breaking-to bro-
ken. Breaking waves, those of most interest to wave-riders,

" are traditionally classified as either spilling, plunging or

surging. Broken waves can either be stationary (e.g., & river
impacting on an obstacle creating a stationary hydraulic
jump), or moving (e.g., an ocean white water surge or bore
characterized by rapidly varied unsteady flow). The shape of

" a breaking wave is primarily a function of a given sct of the

aforementioned wave characleristics and the contour of the
bottom over which the wave is moving: Beginning wave-
riders prefer the smaller gentle spilling wave produced by a
gradually Sloped bottom surface. Advanced wave-riders
prefer the larger plunging breakers that result from a steeply
inclined beach. Since there are demographically a greater
number of beginning wave-riders and .since the wave
favored by beginning riders is a product of an inherently
safer gentle incline of beach, and since the energy and cost
required to produce a small spilling wave is exponentially
less that required to producc a large plunging wave, the
current genre of wave pools have by necessity and practi-
cality not been svitable for wave-riding by the morc
advanced wave rider.

- The subject invention aims at creating a “wave shape”
that can servc to provide thosc types of “wavc shapes”
desired by intermediate to advanced riders. Additionally, the
subject invention seeks to accomplish such “wave shape”

~ creation at a fraction 'of the cost and with an improved

60

man-to-one-wave event that monopolizes an extended sur-

face area. As a consequence of limited wave quality, cxces-

margin of safety as compared to that required to duplicate
the aforementioned intermediate to advanced natural waves.
The reason the subject invention can succeed at its goal is
that it does not duplicate natural waves, rather, it creates
“flow shapes” that are a result of high velocity sheet flow
over a suitably shaped forming surface. This concept of
sheet flow formation versus natural wave formation is one of
two primary distinguishing factors between the subject
invention and the prior art.

This second distingvishing factor focuses on:the forces
that “drive” a wave rider when he is riding 2 wave. To this
end, the subject invention defines two distinct classes of flow
shapes, i.e., decp water flow shapes and shallow water flow
shapes. A deep water flow shape is where the water depth is
sufficient such that boundary layer effects of the sheet flow
over the forming surface does not influence the operation of
rider or riding vehicle, e.g., surfboard. Deep water flow
shapes can, assuming certain flow forming and flow char-
acteristics (e.g., velocity) are met, duplicate naturally occur-
ring waves. A shallow water flow shape is where the water
is of such depth that the surface boundary layer effects of the
sheet flow over the forming surface influences the operation -
of rider or riding vehicle, e.g., surfboard. As contcmplated
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by thc subject invention, shallow water fiow sﬁapcs will

never duplicate naturally occurring waves, because there are
differing forces that come into play when a rider rides a
shallow flow. As the result of those differing forces, the
operational dynamics of the subject invention require that
- for shallow flows the average velocity of the water sheeting
over the flow forming surface will always exceed the
maximum velocity which would be found in a natural wave.
To betier explain why the shallow water flow velocity must
always be greater than that of a deep water flow, and to
further cxpand on the forces involved when a surfer rides an
occan wave or conversely when a “skimmer” rides & shallow
water flow, the following cxamples arc given: On a natural
wave (a deep water flow cnvironment) a surfer prior to
starting a ride begins to move up the slope of the coming
wave by primarily the forces of buoyancy. In order to
overcome the forces of fluid drag, the surfer commences to
paddle and take advantage of the interaction between the
forces of buoyancy and gravity to provide a forward com-
ponent o the surfboard and achicve riding speed. Thereafier,
maintenance of a stcady state position riding normal to the
wave front is a balancing act between on the one hand, the
. hydrodynamic lift forces on the bottom ‘of the surfboard
coupled with buoyancy, and on the other hand, the forces of
gravity and fluid drag. Cutting/trimming across the wave
.front (at an angle to the wave front) requires the same
balancing acL .If one attempis to reproduce the above
described scenario in natural flow conditions, a large water
depth is required. Likewise, in the laboratory setting this can
be accomplished by decp water flows (reference the Killen
‘papers, infra). ’
Conversely, in a shallow water flow cnvironment, the
forward forcc component of the “skimmer™ and skimming
device required to maintain a riding position and overcome
fluid drag is due to the downslope component of the gravity
force created by the constraint of the solid flow forming
surface, balanced primarily by momentumn transfer from the
* high velocity upward shooting flow. The “skimmer’s”
motion upslope (in excess of the kinctic energy of the
“skimmer”) consists of the force of the upward shooting
flow exceeding the downslope component of gravity. In both
deep water and shallow water flow cnvironments, non-
cquilibrium riding maneuvers such as cross-slopc motion
and oscillating between different elevations are made pos-
sible by the intcraction between the respective forces as
‘described above and the use of the rider’s kinelic energy.

The parent inventions to the subject applications have
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The subject invention discloses improvements to the prior
art of shallow water flows, as well as similar improvements
to the deep water fiow shapes of the parent invention. The
parent invention gencrated two types of stationary flow
shapes, i.e., a stationary peeling tunnel flow shape for
advanced waveriders, and a stationary non-breaking
upwardly inclined flow shape for beginners.

DISCUSSION OF PRIOR ART

The water recreation field is replete with inventions that
generate waves yet lacking as to inventions that create flow
formed wave-like shapes. In all cases, none to date descrihe
the improvements contemplated by the subject invention, as
an examination of some representative references will
reveal. o

To facilitate distinction, the prior art can be divided into
seven broad wave or wave shape forming categories:

Category 1—an oscillating back-and-forth or periodic
up-and-down movement by an object or pressure source that
results in disturbance propagation from point to point over
a free watcr surfacc. Representative prior art: Fisch U.S. Pat.
No. 1,655,498; Fisch U.S. Pat. No. 1,701,842; Keller U.S.

Pat. No. 1,871,215; Matrai U.S. Pat. No. 3,005,207; Ander-

son U.S. Pat. No. 3,477,233; Presnell et al U.S. Pat No.
3,478,444; Koster U.S. Pat. No. 3,562,823; Anderson U.S.
Pat. No. 4,201,496; and Baker U.S. Pat. No. 4,276,664, The
structure and operation of Category 1 prior art illustrate
those types of devices which generate waves in an unsteady
flow, i.e., a wave profile which will vary over distance and
time. '

Category 2—a moving hydraulic jump caused by the
release of a quantity of water. Representative prior ar:
Dexter U.S. Pat. No. 3,473,334; Bastenhof U.S. Pat. No.
4,522,535, and Schustcr, ct al U.S. Pat. No. 4,538,719.
Although differing in method, the structure and operation of
Category 2 prior art is similar to Category 1-in that they
generalc waves in an unsteady flow, i.c., a wave profile
which ‘will vary over distance and time. As to the issues of
water depth, direction of flow and direction of wave spill, the

. channel or pool bottoms of Category 2 devices constantly

45

focused upon deepwater flow, shapes specific to the perfor- -

mance of “surfing maneuvers”. Surfing mancuvers, is
defined by those skilled in the art, as those which occur

. under ocean like hydrodynamic conditions. Consequently,
surfing mancuvers can be performed in an artificial envi-
ronment, e.g., a wavepool, assuming that the wave which is
produced duplicates the ocean wave riding experience (deep
water flow) as described above. By corollary, truc surfing
maneuvers cannot be performed in shallow flow environ-
ments since the hydrodynamic conditions are distinct. How-
ever, full scale tests have demonstrated that the physical look
and feel of “surfing like maneuvers™ performed in a shallow
flow are surprisingly similar to “real” surfing maneuvers
performed in a deep flow. For purposes of technical clarity,
shallow flow “surfing typc maneuvers” shall be termed as a
subset of what hereafter can be described as “water skim-
ming maneuvers”. Water skimming maneuvers are defined
as those activities which can be performed on shallow water
fiows including “surfing like maneuvers™ as well as other
aclivities or other types of mancuvers with differing types of
vehicles e.g. inner-tubes, bodyboards, elc.

60

change in depth and become more shallow as onc moves in
the direction of the traveling wave and released water.
Category 3—a stationary hydraulic jump resulting in a
spilling wave. Representative prior art: Le Mehaute U.S.
Pat. No. 3,802,697.
Category 4—a moving hydraulic jump caused by a mov-
ing hull. Representative prior art: Le Mechaute 697 (supra)

also disclosed movement by a wedge shaped body through -

a non-moving or counter-moving body of water, with such
movement causing a hydraulic jump and resultant spilling

- wave suitable for surf-riding.

Category 5—a wave shape that simulates a stationary

unbroken wave. Represcntative prior art: Frenzl U.S. Pat-

No. 3,598,402 issued Aug. 10, 1971 is perhaps more closcly
related in structure to the shallow water flow embodiments
of the present invention than any of the previously discussed
references. Frenzl disclosed an appliance for practicing

aquatic sports such as surf-riding, water-skiing and swim- °

ming comprised of a vat, the bottom of which is upwardly
sloping and has a longitudinal section which shows a
concavity facing upwards while a stream of water is caused
1o flow upslope over said bottom as produced by a nozzle
discharging water unto the surface of the lower end of said
bottom. Provision is made for adjustment of the slope of the
vat bottom around a pivotal horizontal axis to permit the
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appliance to be adjusted for that sport which has been
selected for practice, e.g., water skiing reduced slope or
surf-riding incrcased slope. Provision is also made for
varying the speed of the water from a “torrential flow” for
waler skimming activities, e.g., surfboard riding, to a “river
type flow"” wherein the specd of the water is matched to the
speed of an exercising swimmer. However, Frenzl *402 does
not recognize, either explicitly or implicitly some of the
problems solved and advantages proffered by the present

- invention.

Frenzl U.S. Pat. No. 4,564,190 issued Jan. 14, 1986 shows
improvements to the appliance for practlicing aquatic sports
using gliding devices (as disclosed in the Frenzl "402 patent)
by introduction of a device that removes water from an
upwardly sloping bottom surface which has been slowed
down by friction at the boundary faces and returns the water
to a pumping system to thereby increase the flow rate and
thus eliminate the delirious ‘effects of slowed down water.
Frenz! U.S. Pat No. 4,905,987 issued Mar. 6, 1990 shows
improvements to the appliance disclosed in the Frenzl '402
patent (described above) by showing connected arcas for
swimming, non-swimming and a whiripool so- that water
from the Frenzl '402 appliance is further utilized after
outflow thercof. The primary objective of the Frenzl '987
patent is to improve the start and exit characteristics of the
Frenz] '402 appliance by providing a means whereby a user
can enter, ride, and exit the appliance to avoid breakdown of
the torrential flow.

Category 6—a deflective wave shape that simulates a
stationary tunnel wave. Representative prior art: Hornung,
H. G. and Killen, P, “A Stationary Oblique Breaking wave
for Laboratory Testing of Surfboards”, journal of Fluid
Mechanics (1976), Vol. 78, Part 3, pages 459-484. P. D.
Killen, “Model Studies of a Wave Riding Facility”, 7th
Australasian Hydraulics and Fluid Mechanics Conference,
Brisbane, (1980). P. D. Killen and R. J. Stalker, “A facility
for Wave Riding Research”, Eighth Australasian Fluid
Mechanics Conference, University of Newcastle, N.S.W.
(1983). The apparatus taught by Killen (all three articles will
be collectively referred to as Killen, and each article is
. specifically refcrenced by chronological date of publication)
forms a wave shape of the type favored by surfboard riders,
by placing a suitably shaped fixed position obstacle in a
channel of specified width and in the path of a flow of water
with specified depth and velocity-such that deflection of the
water off the obstacle duplicates the geometric and hydro-
"dynamic aspects of a surface gravity wave that is obliquely
incident to a sloping beach. At first glance, it may appear that
structure as taught by Killen and that as disclosed by the
subject invention are substantially similar. However, close
examination will reveal significant differences.

In summary, Killen was attempting to create a wave shape
that was geometrically and hydrodynamically similar to the
ideal wave in the real surfing situation. The “conforming
wavc shape” as formed by the shallow water flows of the
subject invention does not attempt to geomctrically and
hydrodynamically simulate the ideal wave in the real surfing
situation. The “conforming” deep water flows of the subject
invention do not require such simulation, even though they

" . can so simulate.

SUMMARY OF INVENTION

To better understand the objects and advantages of the
invention as described herein, a list of special terms as used
hierein arc defined:

6

(1) “deep water flow™: that flow whereby the water depth
is sufficient such that boundary layer effccts of the sheet
flow over the forming surface does not significantly
influence the operation of rider or riding vehicle, e.g.,
surfboard. Deep water flow shapes can, assuming cer-
tain flow forming and flow characteristics (e.g., veloc-
ity) are met, duplicate naturally occurring waves.

(2) “shallow water flow’": that flow whereby the water is
of such depth that the surface boundary layer effects of -
the sheet flow over the forming surface significantly

- influences the operation of rider or riding vehicle, e.g.,
surfboard. Shallow water flow shapes will never dupli-
cate naturally occurring waves.

(3) “surfing maneuvers™: those maneuvers capable of |
performance on a surfboard which occur under ocean
like hydrodynamic conditions, including deep water
flows with the appropriate ocean approximating flow

_ characteristics. Surfing maneuvers include, riding
across the face of the surface of water on a surfboard,
moving down the surface toward the lower end thereof,
manipulating the surfboard to cut into the surface of
waler so as to carve an upwardly arcing tumn, riding
back up along the face of the inclined surface of the
body of water and cutting-back so as to return down

- and across the face of the body of water and the like,
e.g., lip bashing, floaters, inverts, aerials, 360’s, etc.

(4) “water skimming maneuvers": those mancuvers which
can be performed on shallow water flows including
“surfing like maneuvers” (i.e, similar to those
described in “surfing” maneuvers above) as well as,
other activities or other types of maneuvers with dif-
fering types of vehicles e.g., inner-tubes, bodyboards,
etc. : .

(5) “body of water”: a volume of water wherein the flow
of water comprising that body is constantly changing,
and with a shape thereof at lcast of a length, breadth and
depth. sufficient 10 permit surfing or water skimming
mancuvers thereon as limited or expanded by the
respective type of flow, ie., deep water or shallow
walcr.

(6) “conform (conformed, conformmg)' , where the angle
of incidence of the entire depth range of & body of water
is (at a particular point relative to the inclined flow
forming surface over which it flows) predominantly -
tangential to said surface. Consequently, water which
flows upon an inclined surface can conform to gradual
changes in inclination, e.g., curves, without causing the

- flow to deflect. As a consequence of flow conformity,
the downstream termination of an inclined surface will
always physically direct and point the flow in a direc-
tion aligned with the downstream termination surface.
A conformed water flow is a non-scparated water flow
and a deflected water flow is a separated water flow, as
the terms separated and non-separatéd are known by
those skilled in the art. .

(7) “equilibrium zone™: that portion of an upwardly
inclined body of water wherein a rider is in equilibrium
depending on the one hand, on an upwardly directed
force ascribable to the drag or resistance of the riders
vehicle or body dipped into the stream of water and, on
the other hand, on a downwardly directed force pro-
duced by the component of the weight of the rider in a
direction parallel with the inclined water forming
means. ) .

(8) “supra-equidyne area™: that portion of a body of water
above the equilibrium zone wherein the slope of the. -

Exhibit 3
-99-




Case 3:08-cv-00928-wA "WMC Document1 Filed 05/‘08 Page 101 of 115

[

‘ o 5,564,859

7

incline is sufficiently stcep to enable a rider to over-

come the upwardly sheeting water flow and slide -

downwardly: lhercupou )
(9) “sub-equidyne area™: that portion of a body of waler

8 N
the Connccted Structure improvement allows such forward
speed to be attained.
A third object of the subject invention is to solve the
transient surge problems associated with the ride start-up

below the equilibrium zone that is predominantly hori- 5 and rider induced flow decay upon upwardly inclined flow
zontal. In the sub-equidyne arca a rider cannot achieve surfaces. This solution results by lowering the downstream
cquilibrium and will eventually (due to the forces of boundary area of the inclincd flow forming surface at an
.- Nuid drag) be moved back up the incline. anglec so as to create a maximum height ridge linc of
- One object of the present invention is to improve upon the decreasing clevation Lo facilitate sclf-clcanng of undesirable
parent invention by providing a flow forming surface upon 10 transitory surges. This improvement is hercinafter rcfcrrcd
which a shallow watcr flow can produce a body of water that to as the “Self-Clearing Incline.”
is similar to the kind prizced by surfers, i.e., a tunnel wave, A fourth object of the subject invention and a novel
which has a mouth and an enclosed tunnel extending for ramification to the “Self-Clearing Inclinc" occurs by exiend-
some distance into the interior of the forward face of the ing the inclined flow forming surface and associated ridge
wave-shape. Such improvement is hercinafter referred to as 15 line of .the downstream boundary area to an incrcased
the “Shallow Flow Tunnel Wave Gencrator." Heretofore, elevation. If such increase in clevation is in excess of the net
tunnel waves have only been available to surfers in a natural total head flow necessary 1o scale this new increasc in
or deep water flow environment. The subject invention, elevation, then the flow will form a hydraulic jump and the
through proper configuration of a flow forming surface and sub-critical water thercof will spill down.the upwardly
adequate shallow water fiow characteristics (e.g., velocity, 20 sheeting flow in the manner of a spilling wave. This
turbidity, depth, direction, etc.), can produce wave forms  improvement is hercinafter called the “Inclined Riding Sur-
that have similar appcarancc and ride characteristics as face with Spilling Wave™). The spilling wave phenomena '
“real” tunnel waves subject to cerain ride conditions, e.g., can also be incorporated into the other embodiments as
limitation on surfboard fin size. However, the significant described herein. A corollary improvement to any spilling
cost savings attributive to shallow flow construction and 25 wave application is a properly configured vent system to
reduced energy consumpltion outweigh any limitations that handle the water which spills back down the flow forming
may be imposcd. surface. If such water remaincd unvented, it would eventu-
The parent invention also provided for a stationary non- ally choke the entire flow. Conseguently, 1o maintain a
breaking upwardly inclined decp water flow shape for sicady state condition, to the extent that new water flows into
beginners. The subject invention will also improve upon this 30 the system, then, an cqual amount of old water must vent
embodiment of the parent invention through the use of out. . ‘
shallow water flow technology. Such improvement is here- A fifth object of the subject invention'is to improve by
inafter referred to as the “Shallow Flow Inclined Surface.” way of combination the tunnel and inclined flow forming
In addition 10 the significant advantage or reduced cost, surfaces, as well as, creation of an intermediate “spilling
additional advantages to the shallow water improvements 35 wave” that works in combination with the inclined flow
described above include, increased safety due to reduced surface. This embodiment is hercinafter referred to as the
deep waler pool depth, reductions in water maintenance duc "*Omni-Wave”. A feature of the Omni-Wave embodiment is’
to decrease in volume of water treated, and the opportunities . its urique flow forming shape can permit (by way of a
to create novel waler sports, ¢.g., flowboarding or inner-tube progressivc increase of the net head of the sheel flow) the
“bumper cars”. 40 transformation of a sheet of water flow from a stationary
A second object of the subjecl invention is to provide a “spilling wave" along thc entire forming means, to a tran-
flow forming mecans (hereinafter referred to as the “Con- _ sitional “spilling wave” with inclined surface flow, to the
nected Structure™) comprised of a substantially horizontal final inclined surface flow and wnnel wave shape. This
fiat surface (the sub-equidyne area) that transitions by way method is hereinafter referred to as the “Wave Transforma-
of a radial concave arc (the equilibrium zone) connected to 45 tion Process”. The Omni-Wave and the Wave Transforma-
the supra-equidyne area (c.g., the inclined plane or tunnel tion Process will offer an improved environment for the
~ wave generator). The Connected Structure facilitates a riders performance of surfing and water skxmmmg mancuvers,
ability to maximize his forward speed by the riders own A sixih objcet of the present invention is to provide an
efforts of “pump-tuming”, hereinafter more fully described apparatus that will cnable riders to -perform surfing and
as the “Acceleration Process™. Without benefit of said Con- 50 water skimming maneuvers in a format heretofore unavail-
nected Structure such increased speed would not be avail- able exccpt by analogy to participants in the separatc and
able. The Connccted Structure encompasses the complete distinct sports of skaieboarding and snowboarding, to wit,
spectrum of surface flows and wave shapes desired by half-pipe riding. In this regard, the present invention com-
wavc-riding and water skimming enthusiasts. Beginning at prises 2 method and apparatus for forming a body of water
onc extreme with a flat incline, and progressing by intro- 55° with a stable shape and an inclined surface thereon substan-
duction of an increasing array of surface curvatures from the tially in the configuration of a longitudinally oriented half-
horizontal to the vertical combined with varying attitude and pipe.” Such improvement is hereinafter referred to as the
inclination of said surface relative to an upward (or down-  “Fluid Half-Pipe.” A corollary improvement to the Fluid
ward, as the case may be) flow of water that cilminates at Half-Pipe is to provide an apparatus that permits an
- the other cxtreme in a tunnel wave shape. A significant 60 increased throughput capacity by increasing the depth of the
feature of the Connected Structure is how its unique con- Fluid Half-Pipe in the direction of its length. This increase
figuration can dramatically improve the performance param- in dcpth will have the added benefit of causing a rider to
eters of the parent invention’s inclined Surface ecmbodiment. move in the direction of fall and facilitate his course lhrough
The parent invention hereto permitted conventional surfing . the ride.
maneuvers; however, its structurc did not optimally facilitate 65  The final object of the present invention is the positioning
the gencration of forward speed with which to perform such of dividers within a Fluid Half-Pipe or Inclincd Surface as
maneuvers. The “Acceleration Process” as now cnabled by described above and to prevent a “jet wash” phenomenon
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that can result in Joss of a rider's flow. This “jet wash”
phenomenon occurs when a rider who is positioned in the
equilibrium or supra-cquidyne area of a thin sheet flow gets
his flow of water cut off by a sccond rider positioned with

S 10
FIG. 18a shows an elevation of a typical Fluid Half-Pipe.

FIG. 18b shows an elevation of a Fluid Half-Pipe with
maodified flow forming bottom to assist in capacity and rider
through put:

priority 10 the };ne Df. ﬂo“." The cuting off of water oc;;_urs 3 FIG. 19 illustrates in profile view an improvement to the
in thin sheet flow situations due to the squeegee effect gy yarr pine 1o assist in increased through put capacity.
caused by the. sccond rider’s skimming vehicle. The
improvement aids in preventing adjacent riders from cutting FIG. 20 shows dividers in & shallow flow lo avoid flow
off their respective flows of water. Such improvement is “Jet wash. :
hereinafter referred to as “Sheet Flow Dividers.” ]
Other abjectives and goals will be apparent from the DETAH“ED DESCRIPTION OF HE SUBJECT
following description taken in conjunction with the draw-- ) INVENTION ]
ings included herewith. Because the original application, the continuation of the
] original application and the subjecct invention are operated in
15 water, and many of the results of its passage there-through,
BRIEF pBSCRIPTION OF THE DRAWINGS or the propelling of water against the wave or flow forming
FIG. 1 is a profile view of a Tunnel “Wave” Generator - means thercof, are similar to those caused by a boat hull,
configured for shallow waterflows. some of the terms used in the descriptions hereto will be
FIG. 2 is a contour map of Tuancl “Wavc” Generator as nautical or marine terms; )ikcwisc, from the perspective of
set forth in FIG. 1. 20 physical water dynamics, some of the terms used herein will
. . . . ‘be hydraulic engineering terms; and finally, from the per-
[FIG. 3 is a plan vicw of the range of horizontal auitude o otive of ride operation and function, some of the terms
with respect to the direction of water flow that the wave used herein will be terms as used in the sport of surfing; all
generator (as set forth in FIG. 1) can take and still form 8 such terms constitute a ready-made and appropriate vocabu-
tunnel wave. 25 lary which is gencrally understood by those skilled in the art.
FIG. 4 is a view in profile of a typical cross-section To the extent that there are special terms, then, those terms
disclosing the range of mclina'tion of the fqrward face of the are further defined herein.
wave gencrator (as sct fqnh n FIG'.D with respect 1o the Further, it will be understood by those skilled in the art
direction of water and orientation to the vertical. that much of the description of structure and function of the
FIG. § depicts a rider on the Tunnel Wave Generator. 3¢ yaye penerator and inclined surface of the original appli-
FIG. 6 is a profile view of the inclined surface. cation and its continuation application may apply to the
FIG. 7 is a cross-sectional view of the inclined surface as -embodiments of the subject invention, to the extent used by
" shown in FIG. 6. ) this application, Therefore, the descriptions of the flow
FIG. 8 depicts a rider on the Inclined Surface. 2 forming means/wave generator hull and inclined surface of
. . the prior applications should also be read in conjunction
FIG. 9a is a profile view of the Connected Structure. with FIGS. 1-20. However, to the extent there are any
-FIG. 9b is a cross-section of FIG. 9a. _ differences or discrepancies between the description and
FIG. 10 depicts a surfer riding an Inclined Surface as teaching of the prior applications and the subject invention,
improved by the Connected Structure and who is taking the description and teaching of the subject invention shall
advantage of the acceleration process. “ prevail.
FIG. 11a is a profile view of the Self Clearing Incline. Except where specxﬁca]]y hmned it is to be understpod
FIG. 115 is a cross-section of FIG. 11a. that the embodiments as described herein are to function in
both deep and shallow flow environments. Furthermore, that
w:vleG 12 is a contour map of the Self- Cleanng Tunnel . the 1}3 W (exce;t ;vherclnolc 3) ci[s u})] be super-lt:ril:i cal (e,
according to thc formula v>vgd where v =velocity, g=ac-
FIG. 134, FIG. 13b, and FIG. 13C are threc views in celeration duc to gravity fi/sec?, d=depth of the sheeting
- profile that illustrate in nme lapse scquence a self-clearing body of water).
Inclined Surface. “ "
. o Description of Shallow Flow 'D.mnel 'Wave' Generalor
FIG. 14a a}:d FIG. 14b illustrate in time lapse scqucnce 0 Tuming now to FIG. 1 (isometric view) and FIG. 2
the self-c]efmng Tunncl .Wavc‘ . " “(contour map) there is illustrated a Tunnel “Wave” Genera-
FIG. 15 is a profile view of the Omni-Wave. tor 30 similar to the gencrator of prior application, however,
FIG. 16a depicts the Omni-Wave with a spilling wave improved to serve in a shallow water flow. Plan-sectional
formed along its entire front face. lines as revealed in FIG. 1 and contour lines as revealed in
FIG. 16b depicts the Omni-Wave with a clear inclined 55 FIG. 2 arc solely for the purposc of indicating the three-
surface and a spilling wave. dimensional shape in general, rather than being illustrative
" FIG. 16¢ depicts the Omni-Wave with a clear inclincd of specific frame, plan, and profile sections. Tunnel Gen- .
surface and a Tunnel Wave. erator 30 is comprised of a stem 31, a front face 32, a stem
. ; ; . arch 33, an upstream edge 34 running from stem 31 to stem
mi?;ﬁ:ggﬂgc;; aBgS!chr(;;dfeo;r‘::;fgo mﬁgwr:geik\::s 60 arch 33 and acting as the upstream perimeter of front surface
on the Omni-Wave. 32, a downstream edge 35 running from stem 31 to stern
- A P : arch 33 and acting as the downstream perimeter of front face
FIG. 16e depicts a knee boarder riding the spilling wave. 32, back surface 36, and sub-surface structural support 37.
FIG. 16f depicts a water skicr on the inclined surface and Front surface 32, bounded by upstream edge 34, down- -
an inner-tube rider on the spilling wave. 65 stream edge 35 and stern arch 33 is that feature of Tunnel
FIG. 17 shows in profile view of a novel embodiment for Generator 30 which cffectively shapes its wnnel “wave.”
water sports—the Fluid Haif-Pipe. Moving in a direction as indicated by arrow 38, super-
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critical shallow water flow 39 originating from a water
source (not shown) moves in a conforming flow upward
over the front face 32 to form an inclined body of water in
the shape of a tunncl “wavc” (not shown) upon which a rider
{not shown) can ride. Back surface 36 is sufficiently smooth
and with transitions analogous to a conventional waterslide
such that a rider (not shown) could safely be swept over or
around Tunnel Generator 30 to a termination pool or arca

(not shown) to properly exit. The outside dimensions of the .

"flow forming' front facc 32 of Tunnel Gencrator 30 are
capablc of a broad range of values which depend more upon
external constraints, €.g., financial resource, availability of
water flow, etc., rather than specific restriclions on the
structure itself. However, for purposes of scale and not
limitation, in order to form a tunncl “wave” of adequate size
to fully accommaodatc an adult uscr, the outside dimensions
of Tunnel ‘Generator 30 should be approximately 1 to 3
meters in height and 3 to 12 meters in length.

At least three characteristics of front face 32 of Tunnel
Gencrator 30 influcnce the size, shape and angle of the
tunncl *“wave,” and each of them interacts with the others:

A. its shape (FIG. 1 and 2);

B. its attitude—its horizontal position or angle with

respect to the direction of water flow (FIG. 3); and

C. its inclination—its vertical position or angle with

respect to the direction of water flow (FIG. 4). Each
characteristic of front face 32 is now discussed in
detail.

A. Shape

Front face 32 of Tunnel Generator 30 has a complex shape
comprised of concave curvature, both vertically and hori-

5

12

“within certain limits otherwise the “tunnel” will not develop.

Since front face 32 has concave curvature of varying degrees
along its horizontal axis, for purposes of orientation an
extension of upstream edge 34 is used to indicate varying
horizontal attitudes of front face 32 therefrom. Accordingly,
upstream edge 34 can vary from substantially perpendicular
to the direction 38 of water flow to an angle of approxi-
mately 35 degrees; as shown.
C. Inclination i :

- As disclosed in FIG. 4, the inclination of the front face 32
with respect to the dircction 38 of water flow is also limited,
otherwise the tunnel will not be developed. Two factors are
important with respect to inclination, first, the change in

- angle of incline relative to the depth of the water must be

sufficiently gradual to avoid separation of flow lines/deflec-
tion. Sccond, the angle of rclease (as defined by a line-
tangent to front face 32 at”downstrcam edge 35 when
compared to the vertical) must be past the vertical as shown.
Amounts past ventical may vary, however, a preferred
amount is 10 degrecs.

At lcast two other factors effect, lhc size and shape of -
tunnel wave formation, i.e., flow velocity and water flow
depth. The velocity of the water over Tunnel Generator 30
has a wide range, dependent upon the overall size of the
Tunne] Wave Surface and the depth of water. In general, the
flow is to be super-critical (i.c., according to the formula

. v>\/gd where v=velocily, g=acceleration due to gravity

zontally, as indicated generally by the FIG. 1 plan scctions -

lines and FIG. 2 contour lines. Such lines are substantiaily
-but not specifically illustrative of the range of possible
shapes, as will now be explained more fully:. .
1. Vertically:
a. the shape of the vertical curvature can be:
(1) substantially a simple arc of a circle; or
(2) preferably an arc of a more complex changing
curve, €.g.:
(a) ellipse;
(b) parabola;
(c) hyperbola; or
(d) spiral.

I a changing curve, it preferably changes from an open-
ing curve (i.c., the ascending watcr encounters an increasing
radius as it ascends front face 32) al stcrn 31 through a
transition point 40; to a closing curve (i.e., the ascending
water encounlers a decreasing radius as it ascends front face
32) from transition point 40 to stern arch 33. A critical
feawre of Tunnel Generator 30 is that commencing at
transition point 40, front face 32 begins to curve past the
vertical. Curvature past the vertical from transition point 40
towards the stem arch 33 gradually increases from 0 10 a
maximum of 30 degrees: 10 dcg'regs if preferred.

2. Horizontally

a. The shape of the horizonal curvature can be:

(1) substantially an arc of a cm:le, or

(2) preferably, a portion of 'a more complex, chang-
ing, curve, e.g.:
(a) cllipse;
(b) parabola; -
(c) hyperbola; or
(d) spiral.

B. Attitude

As disclosed in FIG. 3, the horizontal attitude of front face
32 with respect to direction 38 of water flow can vary only

s

a5

fUsec?, d=depth of the sheeting body of water). However,
ve]ocxues in excess of that which is at a minimum necessary
to achieve supercritical velocity arc sometimes desired, e.g.,
to provide sufficient momentum transfer to support the
weight component of a given rider, and to achieve the
vertical heights required to form a tunnel “wave.”

The depth of the water is primarily a function of the
minimum necessary to permit a tunnel “wave” to form at a
given height, and simultaneously enable the flow of water to
support (via momentum transfer) the weight component of
a contemplated range of users. Because of the operational
requirements of momentum transfér, the depth of the water
has direct relationship to the velocity of the water, i.e., the
higher the velocity of flow, the lower the requisite depth.
Since this embodiment is limited to shallow flows, the depth -
of water will range from approximately 2 to 40 centimelers.

Tunnel Generator 30 can be fabricated of any of scvera]
of well known materials which are appropriate for the use
intended. Concrete; formed metal, wood, or fiberglass; rein-
forced tension fabric; air, foam or water filled plastic or
fabric bladders; or any such materials which will stand the
structural loads involved. A preferred embodiment includes
a thick foamed plastic covering to provide additional pro-
tection for the riders using the facility. :

Theoretically, no pool or water containment mcans is

_ required for Tunnel Generator 30, in that the flow from a

55

60

suitable flow sourcc (c.g., pump and nozzle, fast moving
stream or elevated réservoir/lake) is all that is required.
However, where water recycling is preferred, then, low -
channel walls can be constructed to retain the flowing water
with a lower collection pool, recycling pump and appropri-
ate conduit connected back to the upstream flow source. The
area of channel containment need be only large enough to
allow the performance of appropriate water skimming
mancuvers, since the curling water of the tunnel wave would
remain morc or Jess stationary with respect to the contain-
ment structure. Thus, such a structure could be constructed
even in a backyard.

From the description above, a number of advantages of
Tunnel “Wave” Generator 30 becomes evident:
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(a) The energy required to produce a tunnel “wave” shape
under shallow flow conditions is dramatically less than
that required under “natural” conditions, e.g., as indi-
cated in Killen's 1980 article, the power required to
producc opcrational natural waves is proportional to the

beiaht of th od o the 3§ iy 5 it uses shallow waler which is mhercntly safer than deep
eight of the wave rais e 3.0 power (hw water in the prevention of drownin
Consequently, a 2 meter wave would require'11.3 times Description of ghallow Flow Inclinengurface
the power of a 1 meter wave or approximately 3.7 mega Turning now to FIG. 6, there is illustrated shallow flow
watts or 4800 horsepower. An 8 cm in depth shallow 4 cined gurface 44, Plan-sectional lines as revealed in FIG.
3?“; s‘;’:‘;{f maswi%otg‘f;n%?}:g,;’i lﬁ‘:t:;bi:g:]g“;";g: 10 6 are solely for the purpose of indicating the three-dimen-
to produce a 2 meter high tunnel “wave” for under 400 sional shape in general, rather than l?eing illustrative of -
horsepower. specific frame, plan, and profile sections. Shallow flow
(b) The capital costs and operating costs for shallow water :rlxlclu:;d :‘Slff;gik‘,:uﬁaizm&{ls:g doggi?';ga:‘; swuuh;t;:r?:
tunne] “wave” generation is substantially less than deep D T g idge line 48
water installations. 15 bounded by ‘an imaginary downstream ridge !mc ,-an
(c) The sight, sound, and sensation of tunncl “wave” upstream edge 49, and side edge 50a and 50b. Sgde edge 50
riding isi tl'lrilling participant and observer experience, can have"walls (not shown) or‘bc cqnpected m.ﬂ.' conven-
that has heretofore only been available to relatively few tional broa_d surfaccq downhill s} iding transitions (not
people in the world. The subject invention will enable shown) to either contain or allow a rider to move out and.oﬂ’
this experience to become more readily available 20 “of the flow. Front face 47 can cither be a gradual sloping
F . hall . ) I inclined plane, a continuous concave planar surface, a
@ fom a ds afety a? erspective, sf dr oW walter is generally concave planar surface joined to a convex planar surface, or
Opiz?c‘):eofﬁ: T;’;’;’;lv,“m;’e" é);:l::ﬁ;r preferably a combination of planar curved surfaces and
Flp(‘; 5 illustrates Tunnel Generator 30 in operation With planar inclined surfaces. FIG. 7 shows in cross-section a
. o P 25 preferred profile of front face 47 with upstream edge 49
the concavity of front face 32 acting to shape a water walled (indicated as a point in this cross-sectional view) as the
tunnel from super-critical shallow water flow 39 within and upstream boundary and with a combination of curves and
:paz‘::’:z;g:r& tmg:c;)w;l:\fe?;\s: (gl?rgeg,t?::gSrSman; straight inclines as follows: concave curvature §1 as one -
indicated. At stem 31 water flow 39 moves over front face moves upwards towards the downstream ridge 48 (indicated
;"2 °ad ; “1: urf a °wh Back surf 30 as a pointin this cross-sectional view); concave curvature 51
T ok e 1 o Bak i ot ™ mioing o 4 i nie 2 ' 1 conemvelvagh
to a conventional wgterslide such that rider 41 could safel ransition point 53; st{mght incline 52 continuing to straight/
be d Tunnel Ge 30to 1ely convex transition point 55; and convex curvature 56 from
G swep ’1 °:°;2; ?;%]:Zhowﬁ;ww gcn:;orexil P?me“?:' straight/convex transition point 55 to downstream ridge 48.
fr‘;n Poo’ or nt 40 P p;3ym h' . grt:lss g 35 Back surface 46 joins front face 47 at the downstream ridge
er:?c:]answoni?o“?fmnttofsmgzmz a:cognfg?:ha::el‘ “line 48. Back surface 46 is sutﬁf:ient]y smoqth and with
v 4 l_ﬂconcl:v .i'“‘:) the ac;a] acnj;ts of frgm face 32 transitions analogous to a conventional waterslide such that
f:war:ls s:.ve:n ;nl:h 33 Cos\?ined \‘:v?lh l:e attitude of Tunnel & rider_(not shown) cou}d s?.fely be swept over downstrcam
Generator 30 mlativc. to the direction 38 of water flow 39, ' ridge line 4? o 8 termination pool o area. (not‘ ghown) o
th P th ] flow 39 &l m' 40 properly exit. Turning back to FIG. 6, super critical water
pa(:hn:f;ﬂl?:stt ;::;nczrfnl?n‘c’l?ﬂcu:wa::j a‘:‘vd' outw:rn'dgcree flow 39 originating from a water source (not shc:iw;) moves
- in direction 38 to prodi nformin, W ove
ating the desired tunnel 42. Tunnel 42 size is adjustable ‘f;‘oﬁ‘l“}zc:% e o ridge T g and omto the -
depending upon the velocity of water flow 39, i.e., the higher back surface '46 to form an inclined body of water upon
the flow velocity the ].m'ger the t}mnf:l °.ﬁ°c“ ’I‘he: forwgrd 45 which a rider (not shown) can ride. The outside dimensions
force lz:iomp!mex:; n.:qmrg; t;)‘ mmnm;n n.‘jfi:‘ 41_(}nclud1;:g of the flow forming front face 47 of shallow flow inclined
iy kg dove o b gy b g 8 98 e 44 capte o o g o vt i
: - pend more upon external constraints, e.g., financi
downslppe component of the gravity fc:_rfce created bg th'e resource, availability of water flow, etc., ralhcr than specific -
constraint of the solid flow forming surface balfmce P~ o restrictions on the structure itself,
manly by momentum t;agnsfl':r;ro'm ‘i’c hxgh‘velqcxtylupwafd The velocity of thc water over shallow flow inclined -
shooul‘lgf t\;ﬂll‘:; ﬂl‘i’w o (: ‘ er ds 411)m::s(i’:tsl:>‘;'sl:§?or(::: surface 44 has a wide range, dependent upon the overall size
z’f“[:ﬁisu‘;) o a:d s;‘lzo ‘:l :g wg;a{cr ﬂl;‘:f” ex(::eeding the downs gf the inclined surface and x’;h(e depth of \;/fnter. In Lien?ral. Ll;e
A i 2. i ow is to.be super-critical ‘(i.e., according to the formuta
lope component of gravity. Nqn-eqmghnuri?l nflmgbmaneu- 55 v>Vgd where v=velocity, g=acceleration due to gravity
;cf;‘s sutl:hlas l?oss'“olgi ‘fnotu;s sanr os:maunge ets“::;';z - fi/sec?, d=depth of the sheeting body of .w_ater). However,
ifferent elevations on 'wav ur'act} made po bed velocities in excess of that which is al a minimum necessary
bg the mmgr;xhcuon betfwt;en E:;e r'esizdcculye orces as descri . to achieve super-critical velocity are sometimes desired,
8 ‘X’;oa:di ]c usﬁ ‘;hou‘; dn n::\: b:calc ‘;::;%y'mal Tunnel e.g., 10 provide suﬂicicnt,m'omcnn‘xm transfer to support the
“Wave” G:r?ex)':\tor 30 embodiment oftg?s invention can use 60 weight component of a given rider, and to achieve the
: . . . : . vertical heights required to form an unbroken “wave.”
shallm;rj watler flow ‘I'; : d‘é".:;:;‘}ﬁf agrﬁcwu::e,foc":g?;‘:x The depth of the water is primarily a function of that
ocean unne’ Waves. ! . an which is necessary to successfully operate for the purposes
30 has the following advantages: intended. Because of the operational requirements of
it requires a fraction of the energy uul:zcd in generating ¢s momentum transfer, the depth of the water has direct rela-
"a “real” wave; tionship to the velocity of the water, ie., the higher the
it costs substantially less to build and mmnta.m, velocity of flow, the lower the requisite depth. Since this
Exhibit 3
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it allows .a rider to experience the sight, sound, and
sensation of tunnel wave riding, an experience that
heretofore has not been available in commercial set-
tings;
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embodiment is limited to shallow flows, the depth of water
will range from approximately 2 to 40 centimeters. .

Shallow flow inclined surface 44 can be fabricated of any
of several of well known materials which are appropriate for
the use intended. Concrete; formed metal, wood or fiber-
glass; reinforced tension fabric; air, foam or water filled
plastic or fabric bladders; or any such materials which will
stand the structural loads involved. A preferred embodiment

includes a thick foamed plastic covering to provide addi- _

tional protection for the riders using the facility.
Theoretically, no pool or water containment means is

required for shallow flow inclined surface 44, in that the

flow from a suitable fiow source (e.g., pump and nozzle, fast

moving stream or clevated reservoir/lake) is all that is -

required. However, where water recycling is preferred, then,
low channel walls can be constructed to retain the flowing
water with a lower collection pool, recycling pump and
appropriate conduit connected back to the upstream flow
sourcc. The arca of channel containment need be only large

. enough to allow the perfortnance of appropriatc water

skimming maneuvers. Thus, such a siructure could be con-
structed even in a back yard. :
From the description above, a number of advantages of

" Shallow Flow Inclincd Surface 44 becomes evident:

(a) The energy required to produce an unbroken “wave”
shape similar to that simulated by Shallow Flow
Inclined - Surfacc 44 is dramatically less than that
required vnder “natural” conditions, c.g., as indicated
in Killen’s 1980 article, the power required to produce

operational natural waves is proportional to the height

of the wave raised to the 3.5 power (hw>*).Conse-
quently, a 2 meter wave would require 11.3 times the
power of & 1 metcr wave or approximately 3.7 mega
watls or 4800 horsepower. An 8 cm in depth shallow
flow wave as contemplated’ by the subject invention
with similar width to Killen's structurc would be able
to produce a 2 meter high inclined surfacc “wave” for
under 400 horscpower.

—

5

(b) The capital costs and operating costs for shallow water -

inclined surface “wave” generation is substantially less
than deep water installations.

(c) The sight, sound, and sensation of inclined surface
“wave” riding is & thrilling participant and observer
cxperience, that has herctofore only been available 10
relatively few people in the world. The subject inven-
tion will enable this experience to be become more
readily available. )

(d) From a safety perspective, shallow water is generally
perceived as safer in view of drowning.

Operation of Shallow Flow Inclined Surface

FIG. 8 illusirates Shallow Flow Inclined Surface 44 in

opcration, Super-critical water flow 39 originating from a

- water source (not shown) moves in direction 38 to produce

a conforming upward flow over front face 47, the down-
stream ridge line 48 and onto the back surface 46 to form an
inclined body of water upon which rider 41 can ride. Front
face 47 serves as the primary riding area for rider 41. On this

area rider 41 will be able to perform skimming maneuvers

as follows: The forward force component required to main-
tain rider 41 (including any skimming device that he may be
riding) in a stable riding position and overcome fluid drag is
duc to the downslope component of the gravity force (cre-
ated by thc constraint of sub-surface structural support 45)
balanced primarily by momentum transfer from the high
velocity upward shooting water flow 39. The motion of rider
41 in an upslope direction (in excess of the kinetic energy of
rider 41) consists of the force of the upward shooting water

Exhibit 3
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flow 39 exceeding the down slope component of gravity.

Non-cquilibrium riding mancuvers such as cross-slope

motion and oscillating between different clcvations on the

*“wave” surface are made possible by the interaction beiween

the respective forces as described above and-the use of
rider’s 41 kinctic cnergy. Back surface 46 is sufficiently
smooth and with transitions analogous to a conventional

waterslide such that rider 41 could safely be swepl over

downstream ridge line 48 to a termination pool or area (not

shown) to properly exit.

Accordingly, it should now be apparent that Shallow Flow

" Inclined Surface 44 embodiment of this invention can use

shallow water flow in a water ride attraction to simulate
unbroken ocean waves. In addition, Shallow Flow Inclined
Surface 44 has ihe following advantages:

it requires a fraction of the energy utilized in generating
a “real” wave;

it costs substantially less 1o build and maintain;

it allows a rider to experience the sight, sound, and
" sensation of continuous unbroken wave riding, an
experience that hereto for has not been available in
commercial scttings. Such capability will - greatly
expand the training of beginning ‘“‘surf-riders” and
provide a venue for surf-camps, etc.
it uses shallow water which is inherently safer than deep
water in the prevention of drownings.
Description of Connected Structure
The Connected Structure creates additional surface area
beyond the areas defined by Tunnel Wave Generator 30 and |
Shallow Flow Inclined Surface 44, In general terms, this
cxpanded. area can bc describcd as a horizontal area
upstream of the upstream edge of. cach respective cmbodi-
ment. Furthermore, the Connected Structure describes spe-
cific ratios between threc distinct regions that can be defined

‘to exist on Tunnel Wave Generator 30 and Shallow Flow

Inclined Surface 44 as improved by the Connected Struc-
ture. Through combination of area expansion and defined
region size relationship, a flow forming means can be
described with performance characteristics as yct undis-
closed by the prior art.

Turning now to FIG. 9a, we scc a generalized diagram of
an improvement for a flow forming means herein called
Connccted Structure 57. Plan-sectional lines as revealed in
FIG. 9a are solely for the purposc of indicating the three-

_ dimensional shape in general, rather than being illustrative

50
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of specific frame, plan, and profile sections. Connected
Structure 57 is' comprised of a supra-cquidync area §8 which
transitions (as represented by a dashed line 59) to an
equilibrium zonc 60, which in tumn transitions (as repre-
sented by a dotted line 61) to a sub-cquidync arca 62. The
dimensions and relationship of Connected Structure's 57
sub-equidyne 62, equilibrium 60, and supra-equidyne 58
areas arc described as follows:

FIG. 9b illustrates a cross-section of Connected Structure

"~ 57, with sub-equidync arca 62, cquilibrium zone 60,

and supra-equidyne arca 58 with a range of configura-
tions 58a, 58b, and 58¢ that are capable of producing a
flow that ranges from the previously described unbro-
ken “wave” (i.e., inclined flow) and the tunnel “wave”
flow. . :

The preferred embodiment for the breadth of the sub-
cquidyne area 62 in the direction of flow 38 is, at a
minimum, one and one half to four times the vertical height
(as measured from sub-equidync 10 the top of supra-equi-
dyne) of the total flow forming means. The large breadth
would apply to low clevation means (e.g., 1 meter) and




. 17 .
smaller breadth to high elevation means (e.g., 6 meters).
Sub-eqmdyne 62 orientation is substantially honzomal and
normal to the force of gravity.

The preferred embodiment for the shape of equilibrium
zone 60 can be defined by a portion of a changing curve, e.g.,
-an ellipse; parabola; hyperbola; or spiral. If a changing

5,564,859

curve, the configuration of equilibrium zone 60 is substan-

tially arcs of a closing curve (i.e., the ascending water
encounters a decreasing radius as it ascends the face of the
flow forming means). The radius of said closing curve being
at its smallest approximating the radius of supra-equidyne
58 leading edge, and at its longest less than horizontal. For
purposes of simplicity and scale (but not by way of limita-
tion) the uphill breadth of equilibrium zone 60 can generally
be defined by a distance approximately cqual to the length
of the rider's flow skimming vehicle, i.e., approxlmalely
three 10 ten feet.

The preferred embodiment for the shape of supra-equi-
dyne area 58 can be defined by a portion of changing curve,
e.g, an ellipse; parabola; hyperbola; or. spiral. If a changing
curve, the configuration of supra-equidyne area 58 is ini-
tially arcs of a closing curve (i.e., the ascending water
encounters a decreasing radius as it ascends the face of the
flow forming means). The radius of said closing curve is at
its longest always less than the radivs of the longest arc of
equilibrium zone 60, and, at its smallest of sufficient size that
a rider could stil] fit inside a resulting “tunnel wave”. On the
opposite end of the spectrum, said arcs of a closing curve can

0
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‘transition, after & distance at lcast equal to %4°s the length of -

- the riders flow skimming vehicle (approximately two to
scven feet), to arcs of an opening curve (i.e., the ascending
" water encounters an increasing radius as it ascends the face

30

of the flow forming means). The only limitation as to the -

overall breadth of supra-cquidyne area 58 in the direction of
flow 38 is the practical limitation of available head of an
upwardly shecting flow.

Super-critical water flow 39 originating from a water
source (not shown) moves in direction 38 to produce a
conforming flow over sub-equidyne area 62, equilibrium
zone 60, and supra-equidyne area 58 to form an inclined
body of water upon which a rider (not shown) can ride and
perform surfing or water skimming maneuvers that would
not be available but for such Connected Structure 57.

Operation of the Connccted Structure

_The significance of Connected Structure 57 is a function
of how it can be uscd to cnable the performance of surfing
and water skimming mancuvers. Essential to the perfor-
mance of modem surfing and skimming maneuvers are the
clements of oscillation, speed, and proper area proportion in
the “wave"” surface that one rides upon. Each clement is
elaborated as follows:

OSCILLATION: The heart and soul of modem surfing is
the opportunity for the rider to enjoy substantial oscillation
between the supra-critical and sub-critical areas. As one
gains cxpertise, the area of equilibrium-is only perceived as
a transition area that one necessarily passes through in route
to supra and sub critical areas. Oscillatory motion has the
added advantage of allowing a rider to increase his speed.

SPEED: Speed is an essential ingredicnt to accomplish
modern surf maneuvers. Without sufficient speed, one can-
not “launch” into a maneuver. The method and means for
increasing one's speed on a properly shaped wave face can
be made clear by analogy to the increase of speed on a
playground swing as cxamined in SCIENTIFIC AMERI-
CAN, Mar. 1989, p. 106-109. On a swing, if one is crouch-

ing at the highest point of a swing to the rear, ones energy"

can be characterized as -entirely potential energy. As onc
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descends, the energy is gradually transformed into kinetic
energy and one gains speed. When one reaches the lowest
point, one’s energy is entirely kinetic energy and one is.
moving at peak speed. As one begins to ascend on the arc,
the transformation is reversed: one slows down and then
stops momentarily at the top of the arc. Whether one goes
higher (and faster) during the course of a swing depends on
what one has done during such swing. If one continues to

“crouch, the upward motion is a mirror image of the. down-

ward motion, and ones center of mass ends up just as high
as when one began the forward swing If inslead one stands -
when one is at the lowest point, i.e., “pumping” the swmg.
then one would swing higher and faster.

The importance of sub-equidyne area 62 in the context of
the previous discussion of swing dynamics, is that sub-
equidyne area 62 is by its nature the lowest point on
Connected Structure 57 and on a wave, Standing/extending
at this low point results in a larger increase of speed than if
one stood at any other point on Connected Surface 57 or on
a wave. This increase in speed and total kinetic energy is due
to two-different mechanistic principals, both of which may
be utilized by a rider on Connected Structure 57 or a wave.
By standing at the lowest point in the oscillatory path, the
center of gravity of the rider is raised allowing a greater .
vertical excursion up the slope than the original descent.
Crouching at the top of the path and alternately standing at
the bottom allows an increasc in- vertical excursion and
restoration of energy lost to fluid drag. Additionally, the
other mechanism, increasing the kinetic energy, is due to the
increase in angular rotation. As the rider in his path rotates
around a point located up the wave face, extension/standing
at the low point increases his angular vclocity much in the
same manncr as a skater by drawing in his/her arms

<" increases his/her rotationa! speed duc to the conservation of

40
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" momentum. However, Kinctic energy increases due to the

work of standing against the centrifugal force and because
kinetic energy is propomonal to the square of angular
velocity, this increase in kinetic energy is cquwalcm to an

‘increase in speed.

PROPER AREA PROPORTION: Connected Structurc 57
as a flow forming surface combines in proper proportion the

‘sub-critical 62, equilibrium 60, and supra-critical 58 arcas so

as to cnable a rider to oscillate, attain the requisite speed and
havc available the requisite transition area for performance
of modern day surfing.and skimming maneuvers that would
not be possible, but for said Connected Structure 57.

. Turning to FIG. 10 there is illustrated a surfer 63 on an
inclined surface as improved by Connected Structure 57 in
various stages of a surfing maneuver. Surfer 63 is in a

_crouched position on supra-cquidyne area 58 and gathering

speed as he moves downward over a conformed sheet of
super-critical water flow 39 which originates from a water
source (not shown) and moves in direction 38. Upon reach-
ing the low point at sub-equidyne area 62, surfer 63 extends
his body and simultancously carves a tum to rctum to
supra-equidync area 58. As a consequence of such maneu-
vering, surfer 63 will witncss an increase in speed to assist
in the performance of additional surfing maneuvers. The
process by which a surfing or water skimming rider can
actively mancuver to increasc his speed is referred to as the
Acceleration Process.

Description of Self-Clearing Incline and Tunne! Wave

Tuming to FIG. 1la (isometric view) and FIG. 11b
(cross-sectional view) there is illustrated a top vent self-
clearing inclinc improvement for Shallow Flow Inclined
Surface (as improved by Connected Structure) all of which

- is hereafter referred to as a Self-Clearing Incline 64. Self-
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Clearing Incline 64 is comprised of Shallow Flow Inclined
Surface as modified by lowering the elevation of side edge
50b’ and causing downstream ridge line 48 to incline from
the horizontal. FIG. 11b supcrimposcs a cross-sectional
profile of side edge 50a over the lowered side edge 505", To
have a noticeable effect, the angle of inclination should be
a minimum 5 degrees.

Turning to FIG. 12 (contour map) there is 1llustratcd a
swale self-clearing incline improvement for Tunncl “Wave”
Generator 30 (as improved by Connccted Structure 57) all of
which is hereafter referred to as Sclf-Clearing Tunne] Wave
66, comprised of sculpting from front surface 32, sub-
equidyne arca 62 and structural matrix support 37 (not

0

* shown) a shallow venting swale 6S. All surfaces of swale 65 .

- are smooth and without edges.
Opcration of Self-Clearing Incline and Tunnel Wave
Self-Clearing Incline 64 and Self-Clcaring Tunncl Wave
66 arc designed to prevent unwanted turbulent white water

build-up that fails to clear from the riding surface in the -

usual manner of “washing” over the downstream ridge of
these respective embodiments. In practice, this vent problem
will enly occur if there is a restriction on flow venting to the
side of the inclined surface or gencrator, e.g., a channel wall,
.or where there is a tremendous amount of activity, e.g.,
multiple riders on the surface of the water.

This undesirable build-up is particularly acute in an
upward directed flow. This build-up will most likely occur
during three stages of operation, (1) water flow start-up with
no rider present; (2) transferring the kinetic energy of high
speed water flow to a maneuvering rider; and (3) cumulative
build-up of water due 1o a spilling wave. In the start-up
situation (1), due to the gradual build up of water flow
associated with pump/motor phase in or valve opcning, the
initial rush is often of less volume, velocity or pressure than
that which issucs later. Consequently, this initial start water
is pushed by the stronger flow, higher pressure, or faster
water that issucs thereafter. Such pushing results in a build-
up of water (a hydraulic jump or transient surge) at the
leading edge of the flow. An upward incline of the riding
surface serves only to compound the problem, since the
greater the transient surge, the greater the energy that is
required to continue pushing such surge in an upward
fashion. Consequently, the transient surge will continue to
build and if unrelieved will result in overall flow velocity
decay, i.c., the slowed water causes additional water to pile
up and ultimately collapse back onto itself into a turbulent
mass of bubbling white water that marks the termination of
the predominantly unidircctional super-critical sheet flow. In
the situation of kinetic energy transfer (2), when a mancu-
vering rider encounters faster flowing water or water that is
moving in a dircction different than the rider, a transient
surge builds behind or around the rider. Likewise, if this
transient surge grows too large it will choke the fiow of
higher speed unidirectional super-critical sheet flow, thus,
causing flow decay. In the situation of an excessive build up
of water over time from a spilling wave (3), the interference
of a preceding flow with a subsequent flow can result in an
undesired transient surge and flow dccay at a point near
where the two flows meet. Under all three conditions, it is

_possible .10 control or climinate the transient surge by
immediately increasing the flow pressure and over-powering
or washing the transient surge off the riding surface. How-
ever, there comes a point where the build-up of water
volume is so great that for all practical purposes over-
powering is cither impossible, or at best, a costly solution to
a problem capablc of less expensive solution. Such less
expensive solution is possible by the introduction of vents.

20
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Two classes of vent mechanisms are identifiable, The first
class, self-clearing inclines, are used to clear transient surges
from inclined surfaces. FIG. 13a, 13, and 13¢ show in time
lapse sequence how thc design of self-clearing incline 64
operates to solve the problem of a pressure/flow lag during
start-up. In FIG. 132 water flow 39 has commenced issue in
an uphill direction from water source (not shown) in direc-
tion 38. As water flow 39 moves up front surface 47, the
leading cdge of water flow is slowed down by a combination
of the downward force of gravity and friction with front
surface 47, whereupon, it is overtaken and pushed by the
faster and stronger flow of water that subsequenty issued
from the water source. The result of this flow dynamic is that
a transient surge 68 begins to build. However, as transicnt
surge 68 builds, it reaches the height of low side edge 50b
and commences to spill over onto back surface 46. FIG. 13b
shows this start procedure moments later wherein the water
pressure/flow rate from the water source has increased and
transient surge 68 has moved further up the incline. FIG. 13¢ -
shows the final stage of start-up wherein the transient surge
has been pushed over the top of Down Strcam Ridge Line 48
and water flow 39 now runs clear. Similar to the start-up
procedure, when a lower speed rider encounters the higher
speed waler, or when an accumulative build-up of water
results from a spilling wave, a transient surge may occur. In
like manner, the transient surge will clear by spilling oﬁ" to
the lowcred side accordingly.

The second class of vent mechanism, swale vents, are
used to assist in clearing transicnt surges from tunnel wave
generators. FIG. 14a and 14b show in time lapse sequence
how the design of swale 67 operates to solve identical
problems as suffered by the inclined surfaces with channel
walls. In FIG. 14a water flow 39 has commenced issue in an
uphill direction from water source (not shown) in direction
38. Transient surge 68 begins to build. However, as transient
surge 68 builds, it commences to vent into swale 67, thus,
permitting tunnct wave 42 to properly form as shown in FIG.
14b. :

Description and Operation of the Omni-Wave -

FIG. 15 depicts a preferred embodiment herein named an
Omni-wave 69 comprised of Self-Clearing Incline 64 which
is interconnected and continuous with Self-Clearing Tunnel
Wave 66.

FIG. 164, FIG. 16b, FIG. 16c, FIG. 164, FIG. 16 and
FIG. 16/ illustrates Omni-Wave 69 in operation, A unique
feature of Omni-Wave 69 is its unique flow forming shape
can permit (by way of a progressive increase of the net head
of the water flow) the transformation of super-critical water
flow 39 that originates from a water source (not shown) in
direction 38 to a stationary spilling wave 70 along the entire
forming means (as illustrated in FIG. 16a); to a stationary
spilling wave 70 with Self Clearing Incline 64 flow (as
illustrated in FIG. 16b); to a Self-Clearing Incline 64 and
Self-Clearing Tunnel Wave 66 flow (as illustrated in FIG.
16¢). This progressive wave forming method is hereinafter
referred to as the “Wave Transformation Process”. The
Omni-Wave and the Wave Transformation Process will offer
an improved environment for the performance of surfing and
water skimming maneuvers. FIG. 16d shows surfer 63 and
rider 41 on Sell-Clcaring Tunnel Wave 66 and Self-Clearing

Incline 64 respectively. FIG. 16e shows surfer water skim-

ming kneeboarder riding upon stationary spilling wave 70,
FIG. 16f shows inner-tube rider 72 and water skier 73 on
stationary spilling wave 70 and Sclf-Clearing Incline 64
respectively.
Description and Opcration of the Fluid Half Pipe
Tuming to FIG. 17 wherein an apparatus is revealed that
will cnable riders to perform surfing and water skimming

Exhibit 3
-106-




Case 3:08-cv-00928-WA -WMC Document 1 Filed OS/‘OS Page 108 of 115

5,564,859

21

‘maneuvers in a format heretofore unavailable cxcept by
analogy to participants in the separatc and distinct sports of
skateboarding and snowboarding, to wit, half-pipe riding:
Fluid Half-Pipe 74, comprises a method and apparatus for
generating a body of water 80 with a stable shape and an
inclined surface thereon substantially in the configuration of

5

a half-pipe with the ‘opening of said half-pipe facing in an -

upwards direction. The water 81 which supplies said body of
water flows over the leading edge 82 of the half-pipe flow
forming means 89 and down one side (hereinafier referred to
as the down-flow-side 83), in a direction perpendicular to the
length of said half-pipe, across an appropriate sub-equidyne
flat section 84, and up and over the other.side of the half-pipe
(hereinafter referred to as the up-flow-side 85), across the
trailing edge 86, and into an appropriate receiving pool 87
or other suitably positioned Fluid Half Pipe or attraction. A
rider 884 enters the flow at any appropriate point, e.g.,

" sub-equidyne fiat section 84, wherein as a result of his initial

forward momentum of entry, the excessive drag of his
water-skimming vehicle, and the added drag of the riders
weight induced trim adjustments to his riding vehicle, said

20

rider (now 88b) is upwardly carried to & supra-critical area '

in the upper regions of up-flow-side 85 near the half pipe's
trailing edgc 86, wherein as a result of the force of gravity
in excess of the drag force associated with the riding vehicle
and the riders own weight trim adjustments to reduce drag,
rider (now 88c)-hydro-planes down the up-flow-side 85,
across the sub-equidyne flat 84, and performs a turn on down
flow side 83 to retum to up-flow-side 85 and repeat cycle.

As can be appreciated by those skilled in the art, Fluid
Half-Pipe 74 will offer its participants a consistent environ-
ment in which to perform known surfing and water skim-
ming maneuvers, and due to the combination of up-side-
flow, flat, and down-side-flow a unique environment in
which to perform new maneuvers unachievable on existing
wave surfaces. - . .

The preferred embodiment for the breadth of the fiow
forming means 89 of Fluid Half-Pipc 74 approximates
Connected Structure 57 joined to its mirror image at the
midpoint of sub-equidyne 62. It is preferred that said width
remain constant for the length of flow-forming mcans 89,

3
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however, variations in width with resultant variations in ~

cross-sectional shape are possible. The limitations on mini-
mum and maximum width is a function of ones ability to
perform surfing and water skimming maneuvers. If the flow
forming means is too narrow, a rider would be unable to
negotiate the transition from the up-flow side 85 to the
down-flow-sidc 83 or vice versa. If too wide, a rider would
not be able to reach or utilize the down-flow side 83 to
perform surfing and water skimming maneuvers. :
-A preferred embodiment for the length of the flow form-
ing means of Fluid Half-Pipe 74 is at a minimum a length
sufficiently wide to perform surfing and-water skimming

-mancuvers thereon, and at a maximum a function of desire

and/or budget.

A preferred embodiment for the cross-sectional shape of
the up-flow side’s flow forming means has been shown in
FIG. 9b and discussed above. FIG. 9 illustrated a detailed
cross-section of Connected Structure 57, with sub-equidyne
arca 62, cquilibrium zone 60, and supra-equidyne area 58.
Caution must be taken in the design of the up-flow-side 85
supra-equidyne arca to insure proper water flow up and over

ing waves can result in an excessive build-up of turbulent
white water in the sub-equidyne flat area 84 which may
culminate in complete deterioration of the up-side-flow.
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" the trailing cdge 86. Exccssivc steepness or height that-
results in untimely or improperly located spilling or tunnel-
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However, since advanced riders, in order to maximize speed
and perform certain maneuvers, e.g., aerials, prefer a stecp
supra-critical arca that approaches or exceeds vertical then it
is preferred that spilling or tunnel wave formation (if any) be
limited to arcas adjacent the side openings of half-pipe 74,"
and that the majority middle half pipe 74 be substantially the
shape as illustrated in FIG. 9b with supra-equidyne configu-
ration 58a.

Generally, the elevation of half-pipe-74 leading cdge 82

will exceed its line-of-flow position on half-pipe 74 trailing
edge 86. This differential in clcvation will insure that the
walter of said body of water 81 will have sufficient dynamic
head to overcome all internal and external friction that may
be encountered in its circuit down, across, up, and over flow
forming means 89. The preferred ratio by which the down-
flow-side exceeds the up-flow-side ranges from a minimum
of ten to nine to a maximum of ten to one. It is also preferred
that the respective leading and trailing edge 82 and 86
remain at constant elevations along the length of the half-
pipe. Variations in elevation are possible, however, sourcce
pool water 81 dynamics, receiving pool water 87 dynamics,
and maintenance of line of flow dynamic head must be
accounted for. . .
" In cross-sectional profile, a standard configuration for
Fluid Half Pipe 74 is illustrated in FIG. 18a. In this standard
configuration the cross-sectional elevation, width, and depth
remains constant for the length of half-pipe 74. FIG. 18b
illustrates an asymmetrical configuration, wherein, the lcad-
ing and trailing edges 82 and 86 remain at constant eleva-
tions and the width between trailing edges remains constant,
however, the distance between trailing edges and the flat
sub-equidyne section 84 continues to increase at a constant
rate of fall. The object of this particular asymmetrical
embodiment is to increase throughput capacity for half-pipe
74 as the result of rider movement in the direction of fall due
to the added vector component of gravity force ascribed to
the weight of the rider in the direction of fall.

The preferred velocity of water in the subject invention is
substantially a function of the overall drop in distance from
leading edge 82 to the flat area 84. Consequently, previously
discussed preferences in the overall height of the Connected

"Structure dictate the preferred water velocity. Such velocity

can be calculated in accordance with Bemoulli’s equation
v=v2 gz where v is the velocity in feet.per second, g is
gravity ft/sec? and z=vertical distance droppcd in feet.

_ The preferred depth of water is that which'is required to
perform surfing and water skimming maneuvers: For pur-
poses of Half Pipe 74 the minimum depth is 2 cm. and the .
maximum depth is whatever one might be able to afford to
pump. Except the desirable spilling/tunncl wave formation
adjacen! a side-opening of half-pipe 74, an additional pref{-
erence is that the water avoid excessive turbulence that
results from a hydraulic jump which occurs when the

- velocity of a sheeting body of water exceeds a certain critical

velocity at a certain minimum depth.

Variations in the breadth and longitudinal movement of
the body of water that flows upon the half-pipe can result in
enhancements to rider through-put capacity for the Fluid-
Half Pipe. FIG. 19 depicts a half-pipe configured flow
forming means 89. A stably shaped body of water 80a is
situated on one side 89a of said flow forming means. The |
water 81 which supplies said stably shaped body of water is
limited by a dam 91a to just one-half of the flow forming
means 89. Riders 88a, b, ¢ and d enter the flow at any
appropriate poinL., e.g., the sub-equidyne flat section 84 and
perform water skimming maneuvers thereon. As shown in
FIG. 19, the water skimming maneuvers arc performed
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using an inner-tube type vehicle. Afier an elapsed period of
lime, e.g., several minutes, a dam 91b is positioned to block
the water 81 which supplies the stably shaped body of water
80a on side 89a of said flow forming means. Upon blockage
of the source of water, the stably shaped body of water 80a
soon ccascs 1o cxist on side 89a of said flow forming means.
Consequently, the riders 88a, b, ¢ and d drift to the sub-
- equidync section 84 and can easily exit. Simultaneously
with, or shortly after the blockage by dam 916, dam 91a
opens and waler 81 begins to flow over flow forming means
89b, whercupon forming a stably shaped body of water 805
that remains situated on side-89b. Riders 88e, f, and g enter
the flow and commence to perform water skimming maneu-
vers for their allotted time span, whereupon dam 9la is
re-positioned and the cycle is set to repeat.

FIG. 20 illustrates super-critical water flow 39 originating
from a water source (not shown) moving in direction 36 to
producc a conforming upward flow over front face 78.
Dividers 79 provide separation for the individual riders 77a,
" 77b, and 77c and 10 prevent a “‘jet wash” phenomerion that
can result in loss of a rider’s flow. This “jet wash’ phenom-
enon occurs when' a rider who is positioned in the equilib-
rium or supra-equidyne area of a thin sheet flow gets his flow
of water cut off by a second rider positioned with priority to
the line of flow. The cutting off of water occurs in thin sheet
flow situations due to the squeegee cffect caused by the
second rider’s skimming vchicle.

As will be recognized by those skilled in the art, certain
modifications and changes can be made without departing
from the spirit or intent of the present invention. For
example, the curvatures given as cxamples for the Con-
nected Structure do not have to be geometrically precise;
approximations are sufficient. The same is truc of limits in
angles, radii and ratios. The temperaturc and density of the
. water will have some difference although the range of
" temperatures in which surfer/riders would be comfortable is
fairly limited.

The tcrms and expressions which have been employed in
the foregoing specifications are used therein as terms of
description and not of limitation, and there is no intention,
in the usc of such terms and cxpressions, of excluding
equivalents of the featurcs shown and described, or portions
" thereof, it being recognized that the scope of the invention
is defined and limited only by the claims which follow.

[ claim: .

1. A water ride apparatus for supporting a shaliow flow of
waltcr thereon upon which water skimming maneuvers may
be performed, said ride apparatus comprising a ride surface
having:

a downward curving flow-supporting surface defining a
leading edge of said ride surface relative to said shal-
low flow of water thereon;

an upward curving flow-supporting surface dcfining a
trailing edge of said ride surface relative to said shallow
flow of water thereon; and

an intermediate flow-supporting surface contiguous' with
and curving substantially continuously downward and
forward from said downward curving surface and then
curving subsmnually upward and forward toward said
upward curving surface;

said ride surface being disposed relative to said shallow
flow of water such that said shallow flow of water flows
from said leading edge of said ride surface to said
trailing edge of said ride surface so as to form a
concave. riding surface upon which skateboard-like

- water skimming maneuvers may be performed.
2. The water ride apparatus of claim 1 wherein said ride
surface is formed in the shape of a semi-circular tube having
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concave cylindrical flow-supporting surfaces of substan-
tially uniform curvature.

3. The water ridc apparatus of claim 1 whercin said ride
surface is formed in the shape of a flattened cylinder wherein
said intermediate surface is substantially elongated and less
arcuate than said upward and downward curving surfaces,

4. The water ride apparatus of claim 1 wherein said ride
surface is formed in an asymmetric configuration wherein
the distance between said upward and downward curving
surfaces and said intermediate surface varies in a direclion
transverse to said shallow fiow of water.

5. The water ride apparatus of claim 1 wherein said
leading edge of said ride surface is at a higher clevation than
said trailing cdge of said ride surface.

6. The walter ride apparatus of claim 1 further comprising
one or more dividers disposed tangentially to said shallow
flow of water defining a plurality of riding lanes for accom-
modating multiplec ridc participants and/or ride vchicles
whilc substantially preventing~upsircam ride participants
from interrupting water flow to downslream ride partici-

- pants.

7. The water ride apparatus of claim 1 wherein said ride
surface is inclined in a direction transverse to said shallow
flow of water so as to facilitate clearmg of transient surges
of water occurring therein.

8. The water ride apparatus of claim 7 wherein said ride
surface is inclined at an angle of at lcast about five degrees.

9. A multi-participant water ride apparatus for supporung
a shallow flow of watcr thereon upon which ridc participants
may perform water skimming mancuvers, said water ride
apparatus comprising a ride surface having:

a first flow-supporting surface disposed adjacent an

upstream.portion of said shallow flow of water defining
a substantially sub-equidyne flow area;

a sccond flow-supporting surface disposcd adjacent a

downstrcam portion of said shallow flow of water

deﬁmng a subslanunlly supra-equidyne flow area; and. .

a third flow- -supporting surface contiguous with and curv-

ing substantially continuously from said first flow-

. supporting surface to said second flow-supporting sur-

face defining an intermediate equilibrium flow area;
one or more dividers disposed tangentially to said shallow
" flow of water defining a plurality of riding lancs for
accommodating multiple ride participants and/or ride

. vehicles;

whereby multiple ride paruclpams can perform water

skimming maneuvers on said shallow flow of water
while substantially preventing upstream ride partici-
pants from interrupting water flow to downstream ride
participants.

10. The water ride apparatus of claim 9 wherein the fluid
drag forces on a ride participant and/or ride vehicle riding in
said sub-cquidync flow arca arc greater than the gravita-
tional forces cxcrted on said ride panticipant and/or ride
vehicle in a direction tangential to said shallow flow of
water, the fluid drag forces exerted on said ride participant
and/or ride vehicle riding in said supra-equidyne flow area
are lesser than the gravitational forces exerted on said ride
participant and/or ride vehicle in a direction tangential to
said shallow flow of water, and the fluid drag forces exerted
on said ride participant and/or ridc vehicle riding in said

equilibrium flow area are substantially balanced by the - -

gravitational forces exerted on said ride participant and/or
ride vehicle in a direction tangential to said shallow fiow of
waler such that a ride participant by controlling the angle
and direction of said ride participant’s body and/or ride

Exhibit 3
-108-

Filed 05/308 Page 109 of 115




Case 3:08-CV-OO928-WA -WMC Document 1 Filed 05/‘08 Page 110 of 115

5,564,859

25

vehicle with respect to said shallow flow of water can vary
the drag forces exerted on said ride participant and/or ride
vehicle in order to perform desirable oscillating water skim-
ming maneuvers whereby said ride participant oscillates

26

19. The water ride apparatus of claim 13 wherein said ride
surface is inclined in a direction transverse to said shallow
flow of walter so as to facilitate clearing of transient surges
of water occurring therein.

between said sub-equidyne, equilibrium and suprd-equidyne . 20, The water ride apparaius of claim 13 further compris-
flow areas. ing a swale vent for allowing substantially continuous

11. The water ride apparatus of claim 9 further comprising venting of run-off water.

a fourth flow-supporting surface disposed downstream of 21. A wave forming structure adapted to support a shallow
said second surface defining a second sub-equidyne flow flow of water thereon simulating the shape of a tunnel wave
area for allowing safe exiting of ride participants. 10 2nd upon which water skimming maneuvers may be per-

12, The water ride apparatus of claim 9 further comprising formed, said wave forming structure compnsmg a ride

one or more drains disposed downstream of said second surface having:
surface adapted to collect said shallow flow of water and a first flow-supporting surface disposed adjacent an
dircet it to a water recirculation system. upstream portion of said shallow flow of water defining

13. A water ride apparatus for supporting a shallow flow a substantially sub-equidyne flow area;

of watcr thereon upon which ride participants may perform 13 5 0504 flow-supporting surfacc disposcd adjacent a
03::1“3““3 walcr S‘“‘?‘:““gf““‘“?‘“"‘.‘s' §md walcr ride appa- downstréam portion of said shallow flow of water
ralus comprising a i f‘ suriace having: i . defining 2 substantially supra-equidyne flow. ares; end
- a first flow-supporting surface -defining a substantially third N f ith and
sub-equidyne flow area in which’ the fluid drag forces a third flaw-supporting surface contiguous with and curv-
on a ridc participant and/or ride vehicle are grealer than 2 ing sub'stanual]y conthuously from said ﬁrs} flow-
the gravitational forces cxerted on said ride participant supporting surface to said second flow-supporting sur-
and/or ride vehicle in a dlrccuon tangential to said face defining an mtermcdlatc equilibrium flow area;
shallow flow of water; said first, second and third flow-supporting surfaces being

a second flow-supporting surface defining a substantially inclined in a direction transverse to.said shallow flow of
supra-equidyne flow area in which the fluid drag forces 25 water 80 as to facilitate clearing of transient surges of
exerted on said ride participant and/or ride vehicle are - watcr occurring therein,

. lesser than the gravitational forces exerted on said ride 22. The wave forming structure of claim 21 wherein said
participant and/or ride vehicle in a dxrecuun tangential flow-supporting surfaces are inclined at an angle of at least
to said shallow flow of water; and about five degrees.

a third flow-supporting surface between said first flow- 30 23. The wave forming structurc of claim 21 further
supporting surface and said sccond flow-supporting comprising a swale vent for allowing substantially continu-
surface defining an intermediate equilibrium flow arca ous venting of run-off water.
in which the fluid drag forces exerted on said ride 24. The wave forming structure of claim 21 wherein said
participant and/or ride vehicle are substantially bal- first surface is formed in the shape of an opening curve
anced by the gravitational forces exerted on said ridc 35 having an increasing radius in the direction of said flow of
participant and/or ride vehiclé in a direction tangential shallow water. )
to said shallow flow of water; 25. The wave forming structure of claim 21 wherein said

whereby said ride participant by controlling the angle and first surface is formed in the shape of a closing curve having
direction of said ride participant’s body and/or ride. a decreasing radius in the direction of said flow of shallow
vehicle with respect to said shallow flow of water can 40 water.

_ vary the drag forces exerted on said ride participant 26. The wave forming structure of claim 21 further
. and/or ride vehicle in order to perform desirable oscil- comprising one or more dividers disposed tangentially to
lating water skimming maneuvers whereby said ride said shallow flow of water defining a plurality of riding lanes
participant oscillates between said sub-equidyne, equi- for accommodating multiple ride participants and/or ride
librdum and supra-equidyne flow areas. 45 vehicles while substantially preventing upstrcam ride par-
14. The water ride apparatus of claim 13 whercin said ride ticipants from interrupting water flow 1o downsiream ride
surface is formed in the shape of a semi-circular tube having participants,
concave cylindrical ﬁow-suppomng surfaces of substan- 27. The wave forming structurc of claim 22 further
-tially uniform curvature. comprising a connected ride surface structure comprising a
15. The water ride apparatus of claim 14 wherein said ride 50 substantially horizontal flat flow-supporting surface defining
surface is formed in the shape of a complex curve such as an an extended sub-equidyne flow arca for allowing ride par-
ellipse, parabola, hyperbola and/or spiral. ticipants to increase their speed and/or acceleration by pump
16. The water ride apparatus of claim 13 wherein said ride turning in said extended sub-equidyne area.
surface is formed to simulate the shape of a tunnel wave. 28. The wave forming structurc of claim 21 further

17. The water ride apparatus of claim 14 further compris- 55 comprising a fourth flow-supporting surface disposed down-
ing a connected ride surface structure comprising a substan- stream ‘of said second surface defining a second sub-equi-
tially horizontal flat flow-supporting surface defining an dyne flow area for allowing safe exiting of ride participants.
extended sub-equidyne flow area for allowing ride partici- 29. The water ride apparatus of claim 1 wherein said
pants to increase their speed and/or acceleration by pump shallow flow of watcr is of such dcpth that the surface
turning in said extended sub-equidyne area. 60 boundary layer effects of the water flow over the ride surface

18. The water ride apparatus of claim 13 further compris- are more substantial than wave propagation cffects of the

ing one or more dividers disposed tangentially to said waler flow on the ride surface.
shallow flow of water defining a plurality of riding lanes for 30. The water ride apparatus of claim 1 wherein said
accommodating multiple ride participants and/or ride shallow flow of water has a thickncss of about 2 c¢m.
vehicles while substantially preventing upstrcam ride par- 65  31. The water ride apparatus of claim 1 wherein said
ticipants from interrupting water flow to downstream ride shallow flow of water has a thickness between about 2 cm
participants. and 8 cm.
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" . 32. The waler ride apparatus of claim 1 whérein said

shallow flow of water has a thickness of about 8 cm or more.
33. The water ride apparatus of ‘claim 9 wherein said
shallow flow of water is of such depth that the surface

boundary layer effects of the water fiow over the ride surface §

arc more substantial than wave propagation effects of the
watcr flow on the ride surface.

34. The water ride apparatus of claim 9 wherein said
shallow flow of waler has a thickness of about 2 cm.

35. The water ride apparatus of claim 9 wherein said
shallow flow of watcr has a thickness of between about 2 cm
and 8 cm.

36. The water ride apparatus of claim 9 wherein said

shallow flow of water has a thickness of about 8 cm or more.

37. The water ridc apparatus of claim 13 wherein said
shallow flow of water is of such depth that the surface
boundary layer effects of the water flow over the ride surface
arc morc substantial ‘than wave propagation effects of the
water flow on the ride surface. '

38. The walcr ride apparatus of claim 13 wherein said
shallow flow of water has a thickness of about 2 cm.

0

5

28 .

39. The water ride apparatus of claim 13 wherein said
shallow flow of water has a thickness of between dbout 2 cm
and 8 cm.

40. The watcer ride apparatus of claim 13 wherein said
shallow flow of water has a thickness of about 8 cm or more.

41. The wave forming structure of claim 21 wherein said
shallow flow of water is of such depth that the surface
boundary layer cffects of the water flow over the ride surface
are more substantial than wavc propagation cflects of the

. waler flow on the ride surface.

42. The wave forming structuré of claim 21 wherein said
shallow flow of water has. a thickness of about 2 cm. ~

43. The water 'ride apparatus of claim 21 wherein said
shallow flow of water has a thickness of between about 2 cm
and 8 ecm.”

44. The water ride apparatus of claim 21 wherein said
shallow flow of water has a thickness 6f about 8 cm or more.

® % X *x
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attachment, noting in this section "(see attachment)”.

I Jurisdiction. The basis of jurisdiction is set forth under Rule 8(a), F.R.C.P., which requires that jurisdictions be shown in pleadings.
Place an "X" in one of the boxes. If there is more than one basis of jurisdiction, precedence is given in the order shown below.

United States plaintiff. (1) Jurisdiction based on 28 U.S.C. 1345 and 1348. Suits by agencies and officers of the United States are
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United States defendant. (2) When the plaintiff is suing the United States, its officers or agencies, place an "X" in this box.

Federal question. (3) This refers to suits under 28 U.S.C. 1331, where jurisdiction arises under the Constitution of the United States, an
amendment to the Constitution, an act of Congress or a treaty of the United States. In cases where the U.S. is a party, the U.S. plaintiff
or defendant code takes precedence, and box 1 or 2 should be marked.

Diversity of citizenship. (4) This refers to suits under 28 U.S.C. 1332, where parties are citizens of different states. When Box 4 is
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over diversity cases.)
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Removed from State Court. (2) Proceedings initiated in state courts may be removed to the district courts under Title 28 U.S.C.,
Section 1441. When the petition for removal is granted, check this box.

Remanded from Appellate Court. (3) Check this box for cases remanded to the district court for further action. Use the date of remand
as the filing date.

f}Slc;instgted or Reopened. (4) Check this box for cases reinstated or reopened in the district court. Use the reopening date as the
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Transferred from Another District. (5) For cases transferred under Title 28 U.S.C. Section 1404(a). Do not use this for within district
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Section 1407. When this box is checked, do not check (5) above.

Appeal to District Judge from Magistrate Judgment. (7) Check this box for an appeal from a magistrate's decision.

VII. Requested in Complaint. Class Action. Place an "X" in this box if you are filing a class action under Rule 23, F.R.Cv.P.
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Jury Demand. Check the appropriate box to indicate whether or not a jury is being demanded.
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Case 3:08-cv-00928-MMA -WMC Document1l Filed 05/23/08

UNITED STATES

DISTRICT COURT

SOUTHERN DISTRICT OF CALIFORNIA
SAN DIEGO DIVISION

# 151248 — MB

May 23. 2008
16:15:50

Civ Fil Non-Pris
USAD #.: 08CY0928 CIVIL FILING
Judge..: THOMAS J WHELAN
Amount. : $350,00 CK
Check#.: BCBI066

Total—> $350.00

FROM: WAVE LOCH INC VS AMERICAN
WAVE MACHINES
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