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(57) Abstract: Marine current energy is at an early stage of develop-
ment. Air and water are fluids but both have alot of differences in their
properties. While ocean currents move slowly relative to typical wind
speeds, they carry a great deal of energy because of the density of wa-
ter. Submersible turbine with Buoyant Moored collector is different
current technology concept, because direction of ocean currents con-
tinually are changed, in this embodiment duo to possibility of rotation
on one point that apparatus tethered to that point, power plant always
could operate in maximum efficiency, and collectors with large intake
duo to incompressibility of water could extract kinetic and potential
energy in efficient small turbines. This embodiment can be utilized
successfully at a commercial scale because a number of engineering
and technical challenges, including: avoidance of cavitation; preven-
tion of marine growth buildup; reliability, are addressed.
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Description
Title of Invention : Submersible Current Power Plant

Technical Field

[0001] This invention relates generally to water current power plants, and, more specifically to
submaersible furbine with buoyant maored collector that can extract ocean, tidal and river current

energies.
Background Art

[0002] Growing global energy demand creates a dual challenge: providing energy to meet people’s
needs while managing the risks of climate change. Renewable energy is collected from
renewable resources, which are naturally replenished on a human timescale, such as sunlight,

wind, rain, tides, waves, and geothermal heat.

[0003] Marine energy could be a safe alternative to increasing energy demand. No standard ocean
stream generator has emerged as the clear winner, among a large variety of designs. Six
principal types of acean current energy converier are recognize so far. They are horizontal axis
turbines, vertical axis turbines, oscillating hydrofoils, venturi devices, Archimedes screws and tidal

kites.
Summary of invention

[0004] Energy and climate change are defining challenges of this century. Energy underpins
economic growth. Modern energy and its path is shaped by countless forces. The challenge of
providing the energy supplies that power the global ecanomy is coupled with the need to de so in
ways that reduce energy-related greenhouse gas emissions and mitigate the risk of climate

change.

[0005] In general, progress on energy and climate goals requires practical solutions that are reliable,
affordable, and cost-effective. Many opportunities exist to reduce CO2 emissions, and since the
costs vary widely and can be substantial, societies should adopt policies targeting CO2 emissions
that will minimize the related costs that are ultimately borne by consumers and tax-payers.

[0006] Renewables growth supported by policies to reduce CO2 emissions. Solar energy is about
double the cost of wind for curbing emissions in the United States. These renewable energias
such as solar and wind can't solve challenge. While ocean currents move slowly relative to typical
wind speeds, they continuously carry a great deal of energy because of the density of water.

[0007] Ali fluids in two category liquids and gases are classifying. The main difference is in
compressibility. Using collector has advantages on the basis of incompressibility feature. Volume
of fluid in the collector can be considerad as control volume, that applied force on one side will
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cause farce on opposite side duo to incompressibility. In this case turhines can with high

efficiency extract kinetic and potential energy. More energy can be extracted with larger collector.

[0008] The movement of water in the world’'s oceans creates a vast store of kinetic energy or energy
in motion. This energy can be harnessed to generate electricity. Strong ocean currents arg
generated from a combination of temperature, wind, salinity, bathymetry, and the rotation of the
Earth. Ocean stream generators draw energy from water currents in much of the same way
as wind turbines draw energy from air currents. However, the potential for power generation by an
individual ocean current or tidal turbine can be greater than that of similarly rated wind energy
turbine. The higher density of water relative o air (water is about 800 times the density of air)
means that a single generator can provide significant power at low tidal flow velocities compared

with similar wind speed.

{0009} Relative to wind, wave, and tidal resources, the energy resource potential for ocean current
power is the least understood, and its technology is the least mature. Qcean-current-generated

energy technelogies have many favorable characteristics, including the following:
Water currents have a relatively high energy density.

Some ocean currents are relatively constant in location and velacity, ieading to a large capacity
factor {fraction of time actively generating energy) for the turbines.

They are installed beneath the water's surface, water turbines have minimal visual impact.

[001Q] There are only small fluctuations in current speed and stream location with no changes in
direction, ocean currents may ke suitable locations for deploying energy extraction devices such

as turbines.

[0011} There are a number of different current technology concegts under development. Several
types of open-fiow devices can be used in marine-current-power applications; many of them are
modern descendants of the waterwhee! or similar. However, the more technically sophisticated
designs, derived from wind-power rotors, are the most likely to achieve encugh cost-effectiveness
and reliability te be practical in a massive marine-current-power future scenaria. Even though
there is no generally accepted term for these open-flow hydro-turbines, some sources refer to
them as water-current turbines. There are two main types of water current turbines that might be
considered: axial-flow harizontal-axis propellers, and cross-flow vertical-axis Darrisus rotors. Both
rotor types may be combined with any of the three main methods for supporting water-current
turbines: floating moored systems, sea-bed mounted systems, and intermediate systems. Sea-
bed-mounted mono-pile structures constitute the first-generation marine current power systems.
They have the advantage of using existing and reliable engineering know-haw, but they are

limited to relatively shallow waters.

[0012] In accordance with one embodiment a submersible power plant comprises a tethered buoyant
collector seamlessly coupled to an energy extraction unit that said energy extraction unit

configured o extract energy from the flow of water pravided by said tethered buoyant collector.
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Advantageous Effects of Invention

[0013] Accordingly several advantages of one or more aspects are as follows: to embody
submersible current power plant that there is no difficulty in generating large quantity of
electricity ; that are more reliable, that they do not lead to the growing global warming problem;
that the ultimate solution to the energy problems is the balance on many various power sources
and current urbine's technology is the least mature; that ocean currents are relatively constant
and flow in different direction, in cantrast to tidal currents along the shore when turbines fixed 1o a
point, energy can extracted in all direction; that are solely relies in the weather and that are
consistent and predictable. Other advantages of one or more aspects will be apparent from a
consideration of the drawings and ensuing description.

Brief Description of Drawings

[0014] The accompanying drawings, which are incarporated into and form a part of the specification,
iflustrate embodiments of the present invention and, together with the description, serve to explain

the principles of the invention. In the drawings:
Fig.1

[0015] [fig.1] is a perspective view of a submersible turbine with buoyant collector
that tethered to two or more fixed point.

Fig.2A

[0016] [fig.2A] is a perspective view of an external watertight casing (shroud) that

covered shaft-less turbine.
Fig.2B

{00171 [fig.2B] is a perspective view of an internal casing that covered shaft-less

turbine.
Fig.2C
[0018] [fig.2C] is a perspective view of a shaft-less turbine.
Fig.2D
{0019] [fig.2D] is an exploded perspective view of a shaft-less turbine.
Fig.3A

[0020] [fig.3A] is a perspective view of an internal watertight casing of a turbine.
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Fig.3B

[0021] [fig.3B] is a perspective view of the turbine.

Fig.3C

[0022] [fig.3C] is a sectional side view of the turbine.

Fig.4

[0023] [fig.4] is a side view of the submersible turbine with buoyant tethered collector.
Fig.5

[0024] [fig.5] is a perspective view of the submersible turbine with buoyant collector
that tethered to one point (in order to possibility of rotation and using current

energy in all directions).
Fig.BA

[{0025] [fig.6A] is a top side view of the submersible turbine with buoyant collector

{that operate in ocean current).
Fig.eB

[0026] [fig.6B] is a top side view of the submersible turbine with buayant collector

{that tethered to one point and could operate in all direction of currents).
Fig.7

[0027] [fig.7] is a perspective view of the submersible turbine with buoyant collector

that tethered by a chain and anchor.
Fig.8

{0028] [fig.8] is a perspective view of the submersible turbine with buoyant tethered
flexible collector (with buoyant intake and a set of turbine that connected to intake

by collector and cables for withstand in high pressure).
Fig.9

[0029] [fig.9] is a perspective view of the submersible turbine with buoyant tethered

collector in tidal current.
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Fig.10

[0030] [fig. 10] is a perspective view of the submersible turbine with tethered collector

and without buoyancy tanks in tidal current that fixed on river-bed or seabed.

[0021] Drawings are for purposes of illustrating the concepts of the invention and, except for the

graphical illustration, are not o scale.
Description of Embodiments

[0032] Following description and the accompanying drawings provide examples for the purposeas of
ilustration. However, these embodiments should not be construed in a limiting sense as they are
not intended to provide an exhaustive list of all possible implementations. in other instances,
certain structures and devices are omitted or simplified in order to avoid obscuring the details of
the various embodiments. Various other components may te included and called upon for
providing for aspects of the teachings herein. For example, additional materials, combinations of
materials and/or omission of materials may be used to provide for added embodiments that are
within the scope of the teachings herein, In the present application a variety of variables are
described, including but not limited to components and conditions, It is to be understood that any
combination of any of these variables can define an embodiment of the disclosure. Other
combinations of articles, components, cenditions, and/or methods can also be speacifically
selected from among variables listed herein to define other embodiments, as would be apparent
o those of ordinary skill in the art.

[0033] When introducing elements of the present disclosure or the embodiment(s) thereof, the
articles “a,” “an,” and "the” are intended to mean that there are cne ar more of the slements,
Similarly, the adjective "another,” when used to introduce an element, is intended to mean one or
more elements. The terms “including” and “having” are intended to be inclusive such that there
may be additional elements other than the listed elements.

[0034] As shown in Figs. 1 through 6, a submaersible turbine with buoyant collector 20 that tethered
to anchor 24 on seabed. One ambodiment of the submersible turbine with buoyant collector 20 is
ilustrated in Fig.1. The submersible turbine has a collector 20 consisting of a stiffened plate of
material which can be durable and supportive for turbine generator. In one embodiment, the wall
of collector 20 is a metallic stiffened structure, such as steel, aluminum, etc. However, the wall of

collectar 20 can consist of any other flexible or inflexible material such as plastic, compuosite, etc.

{0035] Thereis a concern about how the creation of EMF and acoustic outputs may affect marine
organisms. It should be noted that because these devices are in the water, the acoustic output
can be greater than those created with offshore wind energy. Depending on the frequency and
amplitude of sound generated by the ocean current or tidal energy devices, this acoustic output
can have varying effects on marine mammals, particularly thase who echolocate to communicate

and navigate in the marine environmant such as dolphins and-whales. Since adding collector has
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advantages over traditional large blades ocean current devices. Ducted and shaft-less turbine

have low acoustic outputs than traditional tidal turbines.

[0036] Fig. 1 shows a submersible turbine with buoyant collector 20 that it is positioned by a seriegs of
downwardly extending anchor cables 22 between anchors 24 and intake 27 of collector 20.
Collector 20 can have any forms and sections. Said tethered buoyant collector could be made
from light and buoyant material with or without buoyancy tanks. Said anchor cables is disposed
between the inlet and sides of said buoyant collector and a plurality of said anchors, in order to
tolerate all strong forces and operate in one direction. Based on current specification in any depth
like near seabed, middle depth, near sea surface. The submersible turbine is preferably
positioned a desired distance down the water’s surface to maintain the equipment out of the reach
of waves, ocean spray, etc. and avaid occupied space in sea surface and cause trouble for ships
traffic. Thus, each iurbine is provided as shown with a plurality of cable 22 with thimble eye
machine swaged 31 or other kind of end termination on cables, which are judiciously disposed in
front of collector 20, botiom the casing of turbine generator 28, efc. Turbines will support by the
necessary buoyancy tank 30. This buoyancy tank 30 can be seamless with power plant or with
cables joined to the submersible turhine (not shown).

[0037] At first buoyancy tanks 30 can be flooded or ballasted by opening the flood valves which are
attached to each tank 30. The submersible turbine is free to guidably descend to the ocean floor.
Each support anchor cable 22, is provided with a hold down cable assembly which extends from
the cable winching equipment, downward te anchor 24. Basically, each anchor cable 22 is
connected to an anchor 24 in such manner that when tension is applied to the cables through
cable winching mechanism, the respective cables will be pulled uniformly tighter.

[0038] Ballast water is discharged by a suction pump and the flood valves are closed. When so
released, the hull will slide fo its place, because length of each cable and volume of buoyancy
tank are designed and calculated. The hull will thereby be buoyed to its position at near of water's
surface. As the submersible turbine pulled progressively downward into the water overcoming its
own buoyancy by virtug of the tensioned hold down cables, the submersible turbine will become

horizontal and more closely aligned in front of ocean current,

[0038] Anchors 24 rests on the seabed. Power cable 28 is attached to anchor cable 22 from the
underside of the submersible turbine to the anchor 24. Also, Power cables 28 run from anchor 24
to destination that carries generated energy by the submersible turbine for consumption.

[0040] Ocean currents flow in complex patterns affected by wind, water salinity, temperature,
topography of the ocean floor, and the earth's rotation. The Sun acts as the primary driving force,
causing winds and temperature differences. Water is more than 800 times denser than air. So for
the same surface area, water moving 12 miles per hour exerts the same amount of force as a
constant 110 mph wind. Because of this physical property, ocean currents contain an enormous
amount of energy that can be captured and converted to a usable form.
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[0041] Aturbine generator (or more) is disposed in the collector such that fluid moving through the
collector motivates the turbine generatar. Although turbine generator is disposed near outlet 29,
turbine generator may be disposed at any position within collector 20. As shown in Figs. 2A
through 2D, a shaft-less turbine that rest inside of watertight walls 34. Watertight walls 34
seamlessly joined to wall of collector 20. Althcugh a turbine generator is used in this embodiment
to generate energy or electricity, any device could be disposed in the fluid path to take advantage
{e.g., mechanically or electrically) of the maving fluid. Fig. 2B shows watertight external caging 38
of turbine generator that rest inside watertight walls 34 with stiffener 36 and bolts 41 that inlet 33

of turbine generator join to collector 20 by bolts and nuts 40.

[0042] As shown in Fig. 2¢, a shaft-less turbine generator includes a Main casing 48; long bolts and
nuts 42; and Separable casing 44. Shaft-less turbine could have stationary guide vanes 32 to
direct the working fluid at the appropriate angle towards the propeller. The distance between the
downstream edges of the guide vanes 32 and the leading edges of the propeller will have a
bearing on the size of fish that can safely pass through the turbine, and prevent from large fish,
sharks, etc. to inter and injured by blades 52 of propellers. Fig. 2D shows a shaft-less turbine
generator which includes a shaft-less propelier 50 supported by the ball bearing 48. Shaft-less
propeller 50 have blades 52 fixed therein so that water will rotate the propeller 50 and thereby the
shroud 54. A stator 58 which in use is fixed to the main casing 46, and a rotor 56 which is
constrained for rotation within the stator 58 thereby and generate power.

[0043] As shown in Figs. 3A through 3C, a turbine that rest inside of watertight walls 34. Watertight
walls 34 seamlessly joined to wall of collector 20. Fig. 3A shows watertight duct 61 of turbine
generator that rest inside of watertight walls 34 with stiffener 36 and bolts 41 that inlet 33 of
turbine generator join to collector 20 by bolts and nuts 40. Watertight duct 61 around the blades

contains and controls the working fluid.

[0044] As shown in Fig. 3B, a turbine generator includes a blades 52; hub 64; fixad casing 68 of
generator 72; strut 86, power cable 28; and conduit 60. Turbine could have stationary guide
vanes to direct the working fluid at the appropriate angle towards the propeller (not shown). Fig.
3C shows a sectional view of turbine generator which includes a generator 72; blades 62; and
hub 64 supported by struts 66. Fixed casing 68 of generator 72 will joined to shaft 70 by tiltable
pad 74. Turbine have blades 82 fixed therein so that water will rotate the hub 84 and thereby the
shaft 70. A generator 72 which in use is mounted on the fixed casing of generator 88, and a shaft
70 which is constrained for rotation within the generator 72 thereby and generate power,

[0045] Figs. 4 through 6, show the submersibie turbine with buoyant tethered collector 20 that joined
to single anchor 24. Fig 4 shows cables are joined to the battom side of submersible turbine that
turbine can be fixed horizontally. Fig § shows submersibie turbines can be adapted to the
variation in directions of ocean currents by utitize a single anchor 24 andfor a master-link 76. In
this case {change in current direction) submersible turbines could change direction and stand in
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front of current and operate with maximum efficiency. Power cable 28 could along anchor cable

22 is transferred to seabed and then to shore.

[0048] Said anchaor cables can pe disposed between said buoyant collector and a master-link, that a
plurality of said anchar cables is disposed between said master-link and said anchors for make
possibility to rofation in order {o operate in all current directions if single anchor can't tolerate

forces {not shown),

[00477 As shown in Fig. 8A and 6B, the submersible furbine with buoyant collector 20 that tethered to
one point and could operate in all direction of currents 79. in order to possibility of rotation and
using current energy in all directions, whenever direction of ocean current is changed, apparatus
can turn and placed against current automatically. In this case apparatus always can use current

energy in all directions.

{0048} It has become necessary to go further offshore in search of adequate powerful ocean currents.
Haowever, the further offshore that one goes, the deeper the water will be. As a consequence,
strong currents are being flowed regularly in greater than one thousand fest of water, While much
technology is available regarding the safe and contralled operating of offshore power plants, the
problems which arise in conjunction with the deeper waters are becoming increasingly complex.
Further, with the greater depths of water in which it becomes necessary o operate, fixed power

plants utilized for producing (generating) such current turbines involves enormous costs.

[0048] As shown in Fig. 7, the submersible turbine with buoyant collector that tethered by a chain 80
and anchor 82. In this case the submersible turbine could tethered with many cables to end of
one heavy chain that is on seabed and frictional force between chain 80 and seabed could fix
submersible turbines. Size of said anchor cables are determined before fix in water to operate. In

ancther cases, only chain without anchor may be used.

[0080] In the cases that one anchor can’t endure large force, and in other side we want power plant
have possibility for rotation. A master link can be added that cable join to master link, afterward

master [ink join to anchars on seabed (not shown),

[0051] As shown in Fig. 8 the submersible turbine with flexible collector 88 and buoyant intake 84
that buoyant turbine generator 86 is join to intake by flexible collector 88 and cables 85 ta
withstand in high tension (a composite structure can be used that fibers can withstand forces).

[0052] A combination of said collectors and said energy extraction units (turbines) may be used in
said submersible power plant (not shown). A plurality of said energy extraction units (turbines)
may be used in a single said collector (not shown).

[0063] Asshown in Fig. 9, the submersible turbine with buoyant tethered colfector in tidal current
includes a reciprocating collector 90; cases 26 of turbine generators; buoyant tanks 30; anchor
cables 22; power cable 28; and anchors 24. Of course instead of adding buoyant tanks 30, light
materials could be used. Tidal currents have reciprocating nature. This apparatus in two sides
fixed to a number of point by anchor cables. Cables can fixed on riverbed, bridge truss, tree trunk,
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efc. Said tethered reciprocating power plant is used in coastal waves as breakwater, or any other

reciprocating currents,

[0054] As shown in Fig. 10, the submersible turbine with tethered collector and witheut buoyancy
tanks in tidal current that fixed on river-bed or seabed includes a base 82; a reciprocating
collector 90; cases 26 of turbine generators; anchor cables 22; power cable 28; and anchors 24.
Rigid and stiffened compenents such as rods and joints, truss, etc. can be used in shallow water
instead of cables, ropes, etc.

{[0055] The collector of the submersible turbine can used every section and shape such as circular,
rectangular, etc, The submersible turbine can be made with a number of separate inlets or
outputs. Energy is increased with increase in dimensions of collector that can have varied
dimensions and formations

[0056] While the disclosure refers to exemplary embodiments, it will be understood by those skilled
in the art that various changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the disclesure. In addition, many modifications will be
appreciated by those skilled in the art to adapt a particular instrument, situation or material to the
teachings of the disclosure without departing from the spirit thereof. Therefore, it is intended that

the disclosiire not be limited to the particular embaodiments disclosed,
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[Claim 1]

[Claim 2]

[Claim 3]

{Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

10

Claims

- A submersible current power plant for extracting energy stored in water

current, comprising:

at least one tethered buoyant collector seamiessly coupled to at least one
energy axtraction unit, said energy extraction unit configured to extract

energy from the flow of water provided by said tethered buoyant collector;

at least one anchor cables is disposed between said submersible current

power plant and an anchor; and

wherein said {ethered buoyant collectar is configured so as to permit
intensify the potential and kinetic energy of water current before reaching

said energy extraction unit.

The power plant of claim 1, further comprising at least one buoyant tank

adding to said tethered collector.

The power plant of claim 1, wherein said tethered collector made from

light and buoyant material.

The power plant of claim 1, further comprising master link, or any other
means for perform rotating possibility, in order to said power plant rotate

and operate in all current directions

The power plant of claim 1, further comprising said anchor cables is
disposed between the inlet and sides of said buoyant collector and a
plurality of said anchor, in order to tolerate all strong forces and operate in

one direction.

The power plant of claim 1, wherein said anchor cables is disposed
between said buoyant collector and a master-link, that a plurality of said
anchor cables is disposed between said master-link and said anchors for
make possibility to rotation in order to operate in all current directions if

single anchor can't tolerate forces.

The power plant of claim 1, wherein said anchor cables is disposed

between said buoyant collector and end of a strong chain.
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[Claim 8] The power plant of claim 1, wherein a flexible collector is disposed

between a buoyant intake and a buoyant energy extraction unit.

{Claim 9] The power plant of claim 1, whergin said anchor cables is tethered to a

pile, an onshore pillar, or any other fixed point as anchaors.

{Claim 10] The power plant of claim 1, wherein a combination of sald collectors and

said energy extraction units may be used in said submersible power plant.

[Claim 11] The power plant of claim 1, wherein a plurality of said energy extraction

units may be used in a single said submersible power plant.

{Claim 12} The power plant of claim 1, wherein shaft-less turbine, conventional

turbine, or any other kind of turbines is used as said energy extraction unit.

[Claim 13] The power plant of claim 1, wherein size of said anchor cables are

determined before fix in water.

[Claim 14] A submersible power plant for extracting energy stored in reciprocating

current, comprising:

at least one tethered reciprocating collector seamiessly coupled to at least
one energy extraction units, said energy extraction units configured to
extract energy from the flow of water provided by said fixed (tethered)

reciprocating coliector;

wherein said tethered reciprocating coltector is configured so as to permit
intensify the potential and kinetic energy of water ctrrent before reaching

said energy extraction units.

[Claim 15] The power plant of claim 14, wherein said reciprocating collector of said
power plant rest on base, estuary bed, river bed, or any other places for

fixing said power plant.

[Claim 16] The power plant of claim 14, further comprising at least one buoyant tank
is disposed on said tethered reciprocating collector and a plurality of
anchor cables and anchors, piles, onshore pillars, or any other fixed

points;

wherein said anchor cables is disposed between said tethered

reciprocating collector and said fixed points.
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[Claim 17] The power plant of claim 14, further comprising a plurality of anchor
cables that is disposed between anchors, pile, onshore pillar, or any other
fixed points and said tethered reciprocating collector made from light and

buoyant material.

[Claim 18] The power plant of claim 14, wherein said tethered reciprocating power

plant is used in coastal waves, or any other reciprocating currents.

{Claim 19] The power plant of claim 14, wherein said tethered reciprocating power

plant is used in coastal waves as breakwater. |
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[Fig. 2A]
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[Fig. 3C]
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[Fig. 6A]
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[Fig. 7]
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[Fig. 9]
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