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Underwater Anchoring Devices, Systems, and Methods

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Application No. 18/216,966 filed

June 30, 2023, the disclosure of which is incorporated herein in its entirety.

TECHNICAL FIELD
[0002] This document relates to anchor techniques for a submersible apparatus, for
example, diverless anchoring of a submersible turbine system that rotates to generate

electrical power from fluid flow.

BACKGROUND
[0003] Various turbine systems generate electrical power in response to rotation of a
turbine. For example, numerous wind turbine systems attempt to harvest the wind
energy from air flow over a set of wind turbine blades, which drive the wind turbine
blades to rotate about an axis and thereby drive an internal generator to output
electrical energy. In another example, conventional hydro turbine systems seek to
convert energy from water currents in rivers or tidal currents in oceans or seas into
electrical energy. Some turbine systems include turbines that rotate about a vertical
axis, for example, in response to fluid flow in a direction generally perpendicular to the
vertical axis.
[0004] Deployment of underwater structures and devices can be difficult and costly
to perform. Underwater construction requires the time and talents of divers with

specialized construction skills. Such work is often made even more challenging and
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potentially hazardous by the water currents present at locations where flows are

sufficient to actuate turbine systems.

SUMMARY
[0005] In general, this document describes anchors for diverless anchoring of
submersible apparatuses. In some examples, the anchors provide a pivotable mount
for a turbine that rotates in response to off-axis fluid flow, such as water flowing in a
generally horizontal direction generally perpendicular to a vertical axis of rotation. A
rampart device may act as a shield apparatus and may direct and control flow upstream
or otherwise proximate the turbine. In some examples, the turbine system employs a
synergistic combination of fluid dynamics principals to harvest the kinetic energy of
moving water or other fluid for conversion into mechanical rotary motion. For example,
the turbine system can provide a vertical-axis turbine that rotates in one direction
regardless of the direction of the fluid flow, and that may be positioned with a rampart
device that directs flow proximate the turbine to protect and promote energy harvesting
by the turbine system.
[0006] In a general example, a submersible system includes an anchor having a cap
configured to be submerged along a bottom of a body of water, and a submersible
turbine configured to rotate relative to the anchor while submerged to releasable lock
the submersible turbine to the anchor.
[0007] Various examples can include some, all, or none of the following features.
The submersible turbine can include a socket in the lower face to releasably mate with
cap of the anchor. The submersible turbine can include an outer housing having a

hydrodynamic shape configured to orient the submersible turbine relative to a fluid flow
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and having a hydrodynamic center, the outer housing defining a bow portion, a stern
portion, and a ventral portion, a primary attachment point configured to affix the
submersible turbine to a tether, and a deployment attachment point arranged proximal
the stern portion and configured to releasably affix the submersible turbine to a tether,
wherein a channel is defined in the outer housing and extends from an open end
proximal the stern portion and configured to receive the cap, to a terminal end arranged
forward of the hydrodynamic center and configured to at least partly retain the cap. The
outer housing can be configured to produce a ventral downforce based on a forward
fluid flow from the bow portion toward the stern portion, and can be configured to
produce substantially offsetting ventral downforce and dorsal lift based on a reverse
fluid flow from the stern portion toward the bow portion. The channel can be configured
as a U-shaped channel proximal to the open end, and the channel can be configured as
a C-shaped channel proximal to the terminal end and configured to at least partly retain
the cap.

[0008] In another general example, a method of submersible deployment includes
submersing a submersible turbine toward an anchor seated along a bottom of a body of
water so that tail portion of the submersible turbine is oriented closer to a cap of the
anchor and upstream of a nose portion of the submersible turbine, urging the
submersible turbine against a direction of flow of the body of water such that a channel
defined along a ventral portion of the submersible turbine is drawn over a cap of the
anchor, and while the cap is slidably engaged the submersible turbine, rotating the
submersible turbine about the cap such that the nose portion is oriented upstream of the

tail portion.
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[0009] Various examples can include some, all, or none of the following features.
The method can include arranging an anchor at a predetermined location proximal to a
bottom of a region of a body of fluid having a direction of flow, orienting a tail portion of
the submersible turbine into the direction of flow, the submersible turbine having a
hydrodynamic center and defining a nose portion, the tail portion, a ventral portion, and
a channel defined along the ventral portion, the channel having an open portion
extending from an open end proximal to the tail portion to a partly enclosed portion
having a terminal end arranged forward of the hydrodynamic center, engaging the cap
of the anchor within the open portion, retaining the cap within the partly enclosed
portion, urging the submersible turbine with the direction of flow such that the channel is
drawn over the cap, and contacting the cap with a terminal end of the channel along a
ventral portion of the submersible turbine in response to movement the submersible
turbine with the direction of flow. Arranging the anchor at the predetermined location
proximal to the bottom of a region of a body of fluid having the direction of flow can
include screwing the anchor into the bottom, or submerging the anchor to the bottom.
The method can include affixing a tether to the submersible turbine, extending the tether
from the submersible turbine, through a retainer of the anchor, to a tether retractor
apparatus, where submersing the submersible turbine toward the anchor comprises
retracting, by the tether retractor apparatus, and drawing, by the tether, submersible
turbine toward the retainer. The method can include electrically connecting a tether to
the submersible turbine and to an electrical load, wherein the submersible turbine
comprises an electrical generator configured to generate an electrical current along the

tether. The method can include affixing a tether to a deployment attachment point
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arranged proximal to a tail portion of the submersible turbine, tensioning the tether, and
urging the tail portion of the submersible turbine into the direction of flow based on the
direction of flow and the arrangement of the deployment attachment point. The method
can include urging a ventral downforce based on a hydrodynamic shape of the
submersible turbine and a forward fluid flow from the nose portion toward the tail
portion, and produce substantially offsetting ventral downforce or dorsal lift based on a
hydrodynamic configuration of the submersible turbine and a reverse fluid flow from the
tail portion toward the nose portion. The method can include drawing the channel over
the cap, escaping the cap from the channel, and surfacing the submersible turbine
based on a positive buoyancy of the submersible turbine.

[0010] In another general example, an assembly for submersible use includes an
anchor having a cap, and a base affixed to the cap and configured to maintain a
position submerged at a predetermined location proximal a bottom of a region of a
flowing body of fluid, and a submersible apparatus having an outer housing having a
hydrodynamic shape configured to orient the submersible apparatus relative to a fluid
flow and having a hydrodynamic center, the outer housing defining a bow portion, a
stern portion, and a ventral portion, and a channel defined along the ventral portion and
extending from an open end proximal the stern portion and configured to receive the
cap, to a terminal end arranged forward of the hydrodynamic center and configured to at
least partly retain the cap.

[0011] Various examples can include some, all, or none of the following features.
The channel can be configured as a U-shaped channel proximal to the open end, and

the channel is configured as a C-shaped channel proximal to the terminal end. The
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base can include a screw piling anchor or a gravity anchor. The submersible apparatus
can include a primary attachment point configured to affix the submersible apparatus to
a tether, and a deployment attachment point arranged proximal the stern portion and
configured to releasably affix the submersible apparatus to a tether. The anchor can
include a tether retainer configured to retain a tether arranged therethrough. The outer
housing can be configured to produce a ventral downforce based on a forward fluid flow
from the bow portion toward the stern portion, and is configured to produce substantially
offsetting ventral downforce and dorsal lift based on a reverse fluid flow from the stern
portion toward the bow portion. The submersible apparatus can include a vertical-axis
turbine that rotates about an axis in response to fluid flowing toward the vertical-axis
turbine in a flow direction that is generally perpendicular to the axis, the vertical-axis
turbine including a dorsal portion and a plurality of dorsally protruding fins extending
from an outer region proximate an outer periphery of the vertical-axis turbine.

[0012] The systems and techniques described here may provide one or more of the
following advantages. First, a system can provide diverless deployment and anchoring
of underwater turbines or other submersible assemblies. Second, the system can
reduce the need for heavy equipment during deployment. Third, the system can utilize
ambient fluid flow to assist with the deployment and positioning of the submersible
assembly. Fourth, the system can provide pivotable movement to facilitate dynamic
positioning of the submersible apparatus relative to changing flow direction, velocity,
and/or depth. Fifth, the system can have positive buoyancy to facilitate retrieval and/or
maintenance at the fluid surface, reducing the need to retrieval to shore. Sixth, the

system can be anchored in natural bodies of water, or can be anchored in canals or
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other artificial waterways without penetrating the waterway floor. Seventh, the system
can provide a dynamic hybrid axis of attached devices (e.g. such as for a turbine
system whether vertical or horizontal axis of rotation is utilized). For example, the
system dynamically pivots the angle of attack based on water flow velocity. Eighth, the
system can provide increased durability of attached devices by allowing attached
devices to pivot in three dimensions upon impact from debris in the flow. Ninth, the
system can provide increased resistance to clogging and jamming from debris by
allowing attached devices to pivot in three dimensions to allow debris to move more
easily and slip off when the device is in motion. Tenth, in some implementations, energy
generated by the system can reduce the production of greenhouse gases or otherwise
mitigate climate change compared to conventional energy generation from fossil fuels.
Eleventh, in some implementations, the system can generate energy from moving water
without substantially altering or disrupting a natural waterway, unlike the environmental
modifications associated with dam-based power generation.

[0013] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features and advantages will be apparent

from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0014] FIG. 1 is a schematic diagram that shows an example of a system for
deployment and retrieval of an example submersible apparatus.
[0015] FIG. 2 is a perspective view of an example submersible apparatus.
[0016] FIG. 3 shows an example of a screw anchor.

[0017] FIG. 4 shows an example of a platform anchor.
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[0018] FIG. 5 shows an example submersible apparatus assembled to the example
platform anchor of FIG. 4.

[0019] FIGs. 6A-6C are bottom views of the example submersible apparatus.
[0020] FIGs. 7A-7G show the example deployment system and the example
submersible apparatus in various stages of submersible deployment.

[0021] FIG. 8 is flow chart that shows an example of a process for deployment and

anchoring of a submersible apparatus.

DETAILED DESCRIPTION
[0022] This document describes anchors and techniques for anchoring of
submersible apparatuses, such as diverless anchoring of underwater turbine
generators. In general, an anchor having an upwardly-protruding ball or attachment
feature is placed at the bottom of a river, canal, or other body of flowing water. A
submersible apparatus is submerged toward the anchor such that a partly enclosed
channel in the bottom of the submersible apparatus is slotted over the ball, capturing
the ball and removably affixing the submersible apparatus to the anchor. In some
examples, the submersible apparatus can rotate relative to the anchor assembly while
submerged to releasably lock the submersible apparatus to the anchor assembly. For
example, the submersible apparatus includes a socket in the lower face to releasably
mate with a rounded cap of the anchor assembly. As will be described in more detail
below, such configurations permit deployment and anchoring of submersible
apparatuses entirely from above water, substantially without the need for divers. Such
configurations can reduce cost and resources, and promote safety and efficiency, of

deployment, retrieval, and/or other underwater assembly operations.
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[0023] FIG. 1 is a schematic diagram that shows an example of a system 10 for
submersible deployment and retrieval of an example submersible apparatus 100. In the
illustrated example, the submersible apparatus 100 is an electrical generator turbine
system configured to generate electrical power. The submersible apparatus 100 can be
assembled and otherwise prepared close to the deployment location (e.g., on shore or
on a ship, boat, or barge).

[0024] An anchor assembly 110 is placed at a predetermined location at the bottom
of a flowing body of water 20 (e.g., a river, stream, canal) or other fluid having a fluid
flow or current in a flow direction (represented by arrows 22). The anchor assembly 110
includes a cap 112, such as a ball joint, that is configured to be releasably engaged by
the submersible apparatus 100. Details of an example of this engagement are
discussed further in the descriptions of FIGs. 4-8.

[0025] The submersible apparatus 100 includes an outer housing 101. The outer
housing has a hydrodynamic shape that is configured to orient the submersible
apparatus 100 relative to the fluid flow 22 about a hydrodynamic center 102. The outer
housing 101 defines a front portion 103 (e.g., bow portion, fore portion, nose portion), a
rear portion 104 (e.g., stern portion, aft portion, tail portion), and a bottom portion 105
(e.g., ventral portion, lower portion, belly portion).

[0026] The submersible apparatus 100 is hoisted by a crane 30 located above water,
on a barge 40 or from shore. The crane 30 hoists the submersible apparatus 100 to a
location downstream from the anchor assembly 110. The crane 30 then lowers the
submersible apparatus 100 into the water 20, toward the anchor assembly 110. The

submersible apparatus 100 engages the anchor assembly 110 to remain submerged in
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the flow 22. Alternatively or additionally, the submersible apparatus 100 can be
deployed using one or more other techniques, such as by being towed by or lowered
from an aircraft (e.g., helicopter), launched from a boat ramp or from the shoreline, by
being dragged directly into the body of water by the deployed anchor and a winch
system, or by being towed to the deployment location by a surface vessel (e.g., a boat).
[0027] Referring to FIG. 2, some embodiments of an exemplary turbine system 200
include a turbine 210 and an outer housing 212 that defines a rampart device 240. In
some embodiments, the turbine system 200 is the example submersible apparatus 100
of FIG. 1. The outer housing 212 defines a front or bow portion 245, a rear or stern
portion 258, a bottom or ventral portion 260, and a top or dorsal portion 262. The turbine
system 200 defines a hydrodynamic center 214 and has a hydrodynamic shape
configured to urge orientation of the turbine system 200 such that the bow portion 245
faces into an oncoming fluid flow and the stern portion 258 trails downstream relative to
the fluid flow.

[0028] In some embodiments, the turbine system 200 includes a vertical-axis turbine
210 (e.g., such that the axis is arranged in a substantially vertical orientation relative to
a horizontal fluid flow) that generates mechanical rotary motion to produce electrical
power in response to water flowing in a river, stream, ocean, sea or other body of water
having currents or flow. The turbine system 200 is shaped and oriented to provide
enhanced efficiency for electrical power generation under a variety of flow conditions.
[0029]  Still referring to FIG. 2, the vertical-axis turbine 210 and the housing 212
include features configured to promote efficient harnessing of kinetic energy from fluid

flow 22. For example, the turbine 210 includes a central upper surface 220 and a
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collection of dorsally protruding fins 230. The upper surface 220 may be partially
defined by a bell-shaped or conical curve such that the upper surface 220 has a
generally dome or convex shape. In some optional embodiments, the upper surface 220
includes a flat or concave shape. Each of the fins 230 extends upwardly or dorsally from
an outer region of the upper surface 220 of turbine 210, for example at or near an outer
periphery 211 of turbine 210.

[0030] In operation, the fluid flow 22 may advance over the housing 212 to turbine
210. The fluid flow 22 is directed as it contacts and passes by one or more of the upper
surface 220, a collection of channels 255, and/or the fins 230 such that kinetic energy of
fluid flow 22 is harnessed to result in mechanical rotary motion of the turbine 210. The
collection of fins 230 are arranged such that the turbine 210 is urged to rotate in
response to the fluid flow 22. The arrangement of the fins 230 causes the turbine 210 to
rotate in the same rotational direction even if the fluid flow 22 were traveling opposite to
that depicted in FIG. 1.

[0031] The turbine system 200 may supported, directly or indirectly, by the example
anchor assembly 110 such that the housing 212 remains generally stationary relative to
the rotating turbine 210 (e.g., the housing 212 does not rotate with the turbine 210 and
is completely fixed or configured to pivot relative to the anchor assembly 110 under
particular conditions). In an exemplary embodiment, the turbine system 200 may be
completely fixed relative to the anchor assembly 110. In other exemplary embodiments,
the turbine system 200 may be able to pivot relative to anchor assembly 110. For
example, turbine system 200 may be able to pivot 180 degrees or more about the cap

112 such that the turbine system 200 may have a desired orientation relative to a
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changing fluid flow. For example, the turbine system 200 may pivot about the cap 112 to
be oriented in a first direction for a high tide current and a second direction for a low tide
current. Alternatively or in addition, the turbine system 200 may be able to pivot about
another (horizontal) axis such that the turbine system 200 has a selected angular
orientation relative to incoming fluid flow 22 (e.g., the bow portion 103 of the turbine
system 200 is tilted relative to the horizontal plane of the fluid flow 22, for example, to
shift the overall orientation of combined assembly of the turbine system 200 to a tilted
orientation by about +/- 15-degrees). For example, the turbine system 200 may be able
to articulate, manually and/or by the force of fluid flow 22, such that an angle of the
turbine system 200 is varied based on the speed, turbulence, or other characteristic of
fluid flow 22.

[0032] The example submersible apparatus 100 and/or the example turbine system
200 is configured to releasably engage with the anchor assembly 110 of FIG. 1. FIG. 3
shows an example of a screw anchor 300 for submersible use. In some embodiments,
the screw anchor 300 is the example anchor assembly 110.

[0033] The screw anchor 300 is positioned below the submersible apparatus 100,
the example turbine system 200, or both. The screw anchor 300 is configured to be
secured to a floor (e.g., a riverbed or other ground) of the body of water 20 in which the
submersible apparatus 100 is submerged. As such, the screw anchor 300 is configured
to remain generally stationary and retain the submersible apparatus 100 at a
predetermined position within the body of water 20.

[0034] The screw anchor 300 includes a screw piling anchor 310. The screw piling

anchor 310 is a threaded body that is configured to be screwed or otherwise driven into
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a stationary location in a riverbed, lakebed, sea floor, canal bottom, or other appropriate
feature.

[0035] The screw anchor 300 includes a cap 320. In the illustrated example, the cap
320 is configured as a ball affixed upon an end of the screw piling anchor 310. After
submersed deployment, the cap 320 is arranged extend away (e.g., toward the water
surface) from the bed in which the screw piling anchor 310 has been driven.

[0036] The screw anchor 300 includes a tether retainer 330 that retains a tether
arranged therethrough. For example, the tether retainer 330 is configured as a bore or
aperture in the screw piling anchor 310 through which a tether can pass. Alternatively or
additionally, the tether retainer 330 includes one or more other features, such as an
eyelet or hook that extends from (or is arranged proximal to) the screw anchor 300. In
an example embodiment, the tether retainer 330 is integrally formed with one or more
other features of the screw anchor 300 (e.g., including the screw piling anchor 310
and/or cap 320). In some examples, the tether retainer 330 is part of a separate
assembly that is deployed proximal to the screw anchor 300.

[0037] FIG. 4 shows an example of a platform anchor assembly 400 for submersible
use. In some embodiments, the platform anchor assembly 400 is the example anchor
assembly 110. The platform anchor assembly 400 includes a base structure 410 that is
weighted and configured to rest in a stationary location (e.g., by friction) on a riverbed,
lakebed, sea floor, canal bottom, or other feature. In some embodiments, the platform
anchor assembly 400 facilitates anchoring of a submersible device without altering the
anchoring location (e.g., without driving an anchor into a bottom of the submerged

location). For example, platform anchor assembly 400 can rest on a canal bottom or
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other feature that may not be suitable or desirable to penetrate with an anchoring
device. In some embodiments, the platform anchor assembly 400 can be retrieved to
return the anchoring location to its original condition.

[0038] The platform anchor assembly 400 includes a cap 420. In the illustrated
example, the cap 420 is configured as a ball affixed upon an upper (e.g., water surface-
facing side) of the base structure 410. After deployment, the cap 420 is arranged extend
away (e.g., toward the water surface) from the bed upon which the platform anchor 410
has been placed.

[0039] In some embodiments, the anchor assembly 110 includes one or more legs
having a longitudinal length greater than a height of the submersible apparatus 100.
Such a length may facilitate stability in a variety of fluid flow and floor conditions. In
various exemplary embodiments, a rampart device may be mounted in spaced relation
with the anchor assembly 110, and/or the anchor assembly 110 may be spaced from
the floor such that one or more passages may be present through which fluid flow may
pass below the submersible apparatus 100. Such passages may result in areas of
slower fluid flow promoting marine life habitation, and/or may provide space for the
submersible apparatus 100 to rotate and/or articulate in response to fluid flow.

[0040] The platform anchor assembly 400 includes a tether retainer 430 configured
to retain a tether arranged therethrough. For example, the tether retainer 430 is
configured as a bore in the anchor base structure 410 through which a tether can pass.
In other examples, the tether retainer 430 can have other configurations, such as an
eyelet or hook that extends from (or is arranged proximal to) the platform anchor

assembly 400. In an example embodiment, the tether retainer 430 is integrally formed
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with one or more other features of the screw anchor platform anchor assembly 400
(e.g., including the base structure 410 and/or cap 420). In some examples, the tether
retainer 430 can be part of a separate assembly that is deployed proximal to the
platform anchor assembly 400.

[0041] FIG. 5 shows the example submersible apparatus 100 assembled to the
example platform anchor assembly 400. The submersible apparatus 100 includes a
channel 510 defined in the ventral portion 105 of the submersible apparatus 100. The
channel 510 extends from an open end 512 proximal the stern portion and configured to
receive the cap, to a terminal end 514 (e.g., arranged forward of the hydrodynamic
center 214) and configured to at least partly retain the cap 420 (e.g., or the caps 112 or
320).

[0042] The open end 512 is configured as an open portion with a generally U-shaped
channel in cross-section having a side that is substantially open, through which the cap
420 can pass (e.g., perpendicular to the ventral portion 105). The terminal end 514 is
configured with a generally C-shaped channel in cross-section having a side that
provides a partly enclosed portion, retaining the cap 420 from escapement (e.g., in a
direction perpendicular to the ventral portion 105).

[0043] During deployment of the submersible apparatus 100, the submersible
apparatus 100 is positioned such that the cap 420 becomes at least partly arranged
within the channel 510 proximal the open end 512. The submersible apparatus 100 is
moved relative to the cap 420 such that the cap 420 traverses the channel toward the
terminal end 514 and becomes ventrally retained within the C-shaped cross-section of

the channel 510. The hydrodynamic shape of the submersible apparatus 100 orients the
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channel 510 so as to be substantially aligned with oncoming water flow, and fluid drag
on the submersible apparatus 100 in the flow urges the cap 420 into contact with the
terminal end 514.

[0044] The cap 420 and the terminal end 514 are configured to work together as a
ball joint. In use, the direction of fluid flow 22 can vary slightly (e.g., shifts in flow along a
river, channel, or canal) or significantly (e.g., tidal flows). The hydrodynamic
configuration of the submersible apparatus 100 and the arrangement of the cap 420 at
the terminal end 514 relative to the hydrodynamic center 102 cause the submersible
apparatus 100 to pitch and/or turn in response to directional changes in the flow 22
such that the bow portion 103 is urged into orientation with the oncoming flow 22.
[0045] FIGs. 6A-6C are views of the ventral portion 105 of the example submersible
apparatus 100. The channel 610 includes a U-shaped portion 612 that extends from an
open end 614 to a C-channel portion 616 that extends to a terminal end 618.

[0046] One or more tethers 620, such as an electrical cable line, hose, cable (e.g.,
braided steel cable), and/or a pipeline, may extend from a primary attachment point 630
proximal the bow portion 103 of the submersible apparatus 100 toward a non-
submerged electronics system (e.g., a power or control station on shore). In some
embodiments, the tether 620 can output electrical current generated from an electrical
generator (e.g., the turbine system 200) to the non-submerged electronics system.
Alternatively or in addition, an electronics system may be partially or fully located on an
above-surface platform constructed over the surface of the body of water 20. In some
embodiments, the electronics system can include an inverter and transmission system

that is configured to condition the electrical power from the tether 620 for output to an
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electrical load or an external grid system. For example, the electronics system can be
configured to output the electrical power as three-phase 120V AC power that is
transmitted to the external power grid. In some alternative embodiments, the electronics
system may house the electric generator. In those circumstances, the tether 620 can be
configured to provide a pressurized fluid path (e.g., for hydraulic fluid) that is pumped to
a fluid motor to the power of the mechanical rotary motion of the electric generator.
[0047] The tether 620 is detachably affixed to the submersible apparatus 100 at a
deployment attachment point 632 arranged proximal the stern portion 104 and
configured to releasably affix the submersible apparatus 100 to the tether 620. In the
illustrated example, the tether 620 is releasably retained within the channel 510 by a
retainer 634 arranged proximal to an entrance 619 to the C-channel portion 616.

[0048] In an initial state of submersible deployment, such as the example
configuration shown in FIG. 6A, the tether 620 is affixed to the primary attachment point
630 and/or the deployment attachment point 632, and is retained within the channel 510
by the retainer 634. In the initial deployment configuration illustrated example of FIG.
BA, since the tether is affixed to the deployment attachment point 632, the submersible
apparatus 100 will be urged into a stern-first orientation by drag and the fluid flow 22.
This stage of submersible deployment will be discussed further in the descriptions of
FIGs. 7A-7D.

[0049] In an intermediate state of submersible deployment shown in FIG. 6B, such
as when the cap 112 has been engaged with the U-shaped portion and the channel 612
has been drawn over the cap 112 such that the cap has entered the entrance 619 of the

C-channel portion 616, the tether 620 is released from the deployment attachment point
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632. In some implementations, release of the deployment attachment point 632 can be
triggered by a remote signal (e.g., from the surface). In some implementations, release
of the deployment attachment point 632 can be triggered by the retainer 634. For
example, the retainer 634 is configured to be pivoted (e.g., as shown in FIG. 6C) by
travel of the cap 112 through the channel 510.

[0050] In the intermediate state of submersible deployment, the tether 620 is no
longer affixed to the deployment attachment point 632 and is no longer acting on the
submersible apparatus 100 at a location to maintain the stern portion 104 into the flow
22. The hydrodynamic shape of the submersible apparatus 100 will cause the flow 22 to
urge the submersible apparatus 100 to rotate about the hydrodynamic center 102, as
will be discussed further in the description of FIG. 7F.

[0051] In afinal state of submersible deployment, such as the example configuration
shown in FIG. B6A, the tether 620 is released from both the deployment attachment point
632 and the retainer 634. This stage of deployment will be discussed further in the
descriptions of FIG. 7G.

[0052] FIGs. 7A-7G show the example system 10 and the example submersible
apparatus 100 in various stages of submersible deployment. In the illustrated examples,
the crane 30 is positioned on a platform 702 (e.g., shore, riverbank, canal wall, barge,
ship) directly upstream from the anchor assembly 110. The submersible apparatus 100
is being deployed in the body of water 20 having the flow 22.

[0053] The anchor assembly 110 is embedded or otherwise fixed at a bottom
location 704 (e.g., river bottom, seabed, canal bottom) of the body of water 20. In some

embodiments, the anchor assembly 110 is provided in the form of the example anchor
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platform assembly 400 of FIG. 4 (e.g., in embodiments in which a gravity anchor may be
preferable to a screw piling anchor, such as in man-made, concrete channels where
penetration of the bottom 704 may be damaging to structural integrity).

[0054] The submersible apparatus 100 is tethered to the crane 30 or other tether
retractor apparatus by the tether 620. In the illustrated example, the tether 620 extends
from the crane 30, down to the anchor assembly 110, and back up to the submersible
apparatus 100. In some embodiments, the tether 620 can also be tethered to an
electrical load on shore, such as an electrical generator. The tether 620 is releasably
affixed to the submersible apparatus 100 at the deployment attachment point 632 and
the primary attachment point 630. The anchor assembly 110 is configured with a tether
retainer 111 through which the tether 620 extends.

[0055] Referring now to FIG. 7A, the submersible apparatus 100 is floating on a
surface 21 of the body of water 20. In various embodiments, the submersible apparatus
100 can be configured to have a positive buoyancy. For example, the submersible
apparatus 100 can float unless it is anchored or retained in a way to keep the
submersible apparatus 100 submerged.

[0056] At the start of deployment, the submersible apparatus 100 is allowed to drift
downstream from the anchor assembly 110 based on the flow 22. With the tether 620
affixed to the deployment attachment point 632, the submersible apparatus 100 will
rotate to point the stern portion 104 into the flow 22.

[0057] The crane 30 then begins to retract the tether 620, as indicated by arrows
710. As the tether 620 is retracted, the submersible apparatus 100 is drawn across the

surface 21 toward the location of the anchor assembly 110, as indicated by arrow 712.
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[0058] Referring now to FIG. 7B, the submersible apparatus 100 is drawn by
retraction of the tether 620 to a location on the surface 21 that is substantially vertical
from the anchor assembly 110.

[0059] Referring now to FIG. 7C, the crane continues to retract the tether 620,
drawing the submersible apparatus 100 substantially vertically downward (as indicated
by arrow 714) toward the anchor assembly 110, submerging the submersible apparatus
100. In the stern-forward orientation, the hydrodynamic shape of the submersible
apparatus 100 causes the flow 22 to produce substantially offsetting ventral downforce
and dorsal lift based on reverse fluid flow from the stern portion 104 toward the bow
portion 103.

[0060] Referring now to FIG. 7D, the submersible apparatus 100 is drawn into
contact with the anchor assembly 110. The cap 112 becomes partly engaged with the
channel 510. For example, the relatively wide opening of the channel 510 facilitates
acceptance of the cap 112 into the channel 510.

[0061] Referring now to FIG. 7E, the crane 30 continues to retract the tether 620,
drawing the submersible apparatus 100 and the channel 510 over the cap 112 in a
direction indicated by arrow 716. In some embodiments, the tether 620 is released from
the deployment attachment point 632. In various example embodiments, release is
triggered by a mechanical and/or proximity actuator such that the release occurs when
a relative position between the cap 112 and channel 510 is reached. Alternatively or
additionally, release may be manually actuated.

[0062] Referring now to FIG. 7F, the cap 112 has been drawn to a position in the

channel that is between the hydrodynamic center 102 and the terminal end 618. In this
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hydrodynamically unstable configuration, the flow 22 urges rotation (as indicated by
arrows 718) about the anchor assembly 110, bringing the bow portion 103 into a flow-
facing orientation relative to the flow 22. The submersible apparatus rotates relative to
the anchor assembly (e.g., while the anchor assembly110, including and cap 112
remain in a fixed position), while the submersible apparatus is submerged. In the bow-
forward orientation, the hydrodynamic shape of the submersible apparatus 100 causes
the forward fluid flow 22 to produce a downforce on the submersible apparatus 100.
[0063] Referring now to FIG. 7G, the crane 30 extends the tether 620, as indicated
by arrow 720. With tension on the tether relaxed, the flow 22 urges downstream
movement of the submersible apparatus 100, as indicated by arrow 722. This
downstream movement draws the channel 510 further over the anchor assembly 110,
bringing the cap 112 into contact with the terminal end 514 (e.g., to releasably lock the
submersible apparatus 100 to the anchor assembly 110). The submersible apparatus
100 is retained in secure engagement with the anchor assembly 110 (e.g., the cap 112
of anchor assembly 110) in part by the force of the flow 22 urging the submersible
apparatus 100 in a direction such that the cap is urged towards terminal end 514.
[0064] In some embodiments, such engagement facilitates slight movement,
including articulation, pivoting, rotation of the submersible apparatus 100 as a result of
varied flow 22, while maintaining the cap 112 in secure engagement with channel 510.
[0065] In some embodiments, the submersible apparatus 100 can be retrieved (e.g.,
for maintenance) by tensioning the tether 620 such that the submersible apparatus 100
and the channel 510 is drawn over the cap 112 (e.g., against the fluid flow 22). In some

embodiments, the tether 620 is drawn until the cap 112 escapes the open end 512. The
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tether 620 can be given additional slack, allowing the submersible apparatus 100 to at
least partly drift in the flow 22. When the submersible apparatus 100 moves with flow
22, the flow 22 no longer creates a downforce based on the hydrodynamic shape of the
submersible apparatus 100, and the submersible apparatus 100 can float to the surface
21 based on its internal buoyancy. Once surfaced, the submersible apparatus 100 can
be affixed to lifting sling or other affixment apparatus at the surface 21 for retrieval, such
as onto the platform 702 or the barge 40.

[0066] FIG. 8 is flow chart that shows an example of a process 800 for deployment
and anchoring of a submersible apparatus. The process 800 may be performed, for
example, by a system such as the example system 10 of FIG. 1, and/or one or more
features or components of other examples described with reference to FIGs. 2-7G. For
clarity of presentation, the description that follows uses the system 10 as an example for
describing the processes. However, another system, or combination of systems, may be
used to perform the processes 800.

[0067] At 810, an anchor is arranged at a predetermined location proximal to a
bottom of a region of a body of fluid having a direction of flow. For example, the
example anchor assembly 110 can be installed in the bottom 704 of the body of water
20.

[0068] In some implementations, arranging the anchor at the predetermined location
proximal to the bottom of a region of a body of fluid having the direction of flow can
include screwing the anchor into the bottom, wherein the anchor is configured as a
screw piling anchor. For example, the screw anchor 300 can be screwed or otherwise

driven into the bottom 704.
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[0069] In some implementations, arranging the anchor at the predetermined location
proximal to the bottom of a region of a body of fluid having the direction of flow can
include submerging the anchor to the bottom, wherein the anchor is configured as a
gravity anchor. For example, the platform anchor assembly 400 can be laid upon the
bottom 704.

[0070] At 820, a tail portion of a submersible apparatus is oriented into the direction
of flow. The submersible apparatus has a hydrodynamic center and defines a nose
portion, the tail portion, a ventral portion, and a channel defined along the ventral
portion. The channel has an open portion extending from an open end proximal the tail
portion to a partly enclosed portion having a terminal end arranged forward of the
hydrodynamic center. For example, in the illustrated examples of FIG. 7A and 7B, the
submersible apparatus 100 is initially deployed with the stern (e.g., tail) portion 104
oriented to face into the flow 22.

[0071] In some implementations, the process 800 can include affixing a tether to a
deployment attachment point arranged proximal to the tail portion, tensioning the tether,
and urging the tail portion of the submersible apparatus into the direction of flow based
on the direction of flow and the arrangement of the deployment attachment point. For
example, as shown in FIG. 7A, the tether 620 can be releasably attached to the
deployment attachment point 632, and the tether 620 can be tensioned by the crane 30
and/or drag from the flow 22 to cause the stern portion 104 to face into the flow 22.
[0072] At 830, the submersible apparatus is submerged toward the anchor. For
example, as shown in FIG. 7C the crane 30 can retract the tether 620, drawing the

submersible apparatus 100 below the surface 21 and toward the anchor assembly 110.
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[0073] At 840, a cap of the anchor is engaged within the open portion. For example,
as shown in FIG. 7D, the submersible apparatus 100 is drawn toward the anchor
assembly 110 until the cap 112 engages with the open, U-shaped portion 612 of the
channel 510.

[0074] At 850, the submersible apparatus is urged against the direction of flow such
that the channel is drawn over the cap. For example, as shown in FIG. 7E, the
submersible apparatus 100 is drawn upstream with its stern portion 104 facing into the
flow 22, such that the cap 112 slides further along the channel 510 toward the C-
channel portion 616 that is partly enclosed.

[0075] At 860, the retaining the cap retained within a partly enclosed portion. For
example, the cap 112 can be drawn into the C-channel portion 616 and at least partly
retained within the C-channel portion 616.

[0076] At 870, the submersible apparatus is rotated about the cap such that the nose
portion faces into the direction of flow. For example, as shown in FIG. 7F, the flow 22
can urge the submersible apparatus 100 to rotate about the cap 112 to bring the bow
portion 103 into an orientation that faces into the flow 22.

[0077] At 880, the submersible apparatus is urged with the direction of flow such that
the channel is drawn over the cap. For example, drag from the flow 22 over the
submersible apparatus 100 can urge downstream movement of the submersible
apparatus 100 relative to the anchor assembly 110. As shown in FIG. 7G, the crane 30
can provide slack on the tether 620, allowing the submersible apparatus 100 to drift

slightly downstream, causing the channel 510 to be drawn further over the cap 112.
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[0078] At 890, the cap is contacted with the terminal end based on the urging of the
submersible apparatus with the direction of flow. For example, as shown in FIG. 7G, the
crane 30 can provide slack on the tether 620, allowing the submersible apparatus 100
to drift slightly downstream, causing the channel 510 to be drawn further over the cap
112 until the cap 112 contacts the terminal end 618.

[0079] In some implementations, the process 800 can include affixing a tether to the
submersible apparatus, extending the tether from the submersible apparatus, through a
retainer of the anchor, to a tether retractor apparatus, where submersing the
submersible apparatus toward the anchor can include retracting, by the tether retractor
apparatus, and drawing, by the tether, submersible apparatus toward the retainer. For
example, the screw anchor 300 includes the tether retainer 330. The tether 620 can be
threaded through the tether retainer 330, as shown in FIGs. 7A-7F, such that when the
crane 30 retracts the tether 620 to pull the submersible apparatus 100 down toward the
anchor assembly 110.

[0080] In some implementations, the process 800 can include electrically connecting
a tether to the submersible apparatus and to an electrical load, where the submersible
apparatus comprises an electrical generator configured to generate an electrical current
along the tether. For example, the tether 620 can be electrically connected to the
submersible apparatus 100 at the primary attachment point 630 at one end, and can be
connected to a power-consuming device or electrical grid onshore.

[0081] The method of claim 6, further comprising urging a ventral downforce based
on a hydrodynamic shape of the submersible apparatus and a forward fluid flow from

the nose portion toward the tail portion, and produce substantially offsetting ventral
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downforce or dorsal lift based on the hydrodynamic configuration and a reverse fluid
flow from the tail portion toward the nose portion.

[0082] In some implementations, the process 800 can include drawing the channel
over the cap, escaping the cap from the channel, and surfacing the submersible
apparatus based on a positive buoyancy of the submersible apparatus. For example,
the crane 30 can retract the tether 620 to urge movement of the submersible apparatus
100 relative to the anchor assembly 110, drawing the channel 510 over the cap 112
such that the cap 112 is moved away from the terminal end 618 toward the open end
614. With the cap 112 escaped from the channel 510, the submersible apparatus 100
will become uncoupled from the anchor assembly 110. The submersible apparatus 100
can have a net positive buoyancy that can cause the submersible apparatus 100 to float
up to the surface 21 where it can be retrieved (e.g., for service, inspection,
replacement).

[0083] In some implementations, the submersible apparatus can include a vertical-
axis turbine that rotates about an axis in response to fluid flowing toward the turbine in a
flow direction that is generally perpendicular to the axis, the vertical-axis turbine
including a dorsal portion and a plurality of dorsally protruding fins extending from an
outer region proximate an outer periphery of the vertical-axis turbine. For example, the
turbine system 200 can be deployed as the submersible apparatus 100.

[0084] In some implementations, the process 800 can include generating electrical
power in response to rotation of the vertical-axis turbine caused by fluid flowing over the
rampart device and vertical-axis turbine and interacting with the plurality of dorsally

protruding fins. For example, the turbine system 200 can be removably affixed to the
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anchor assembly 110, where the flow 22 can cause the fins 230 to rotate and spin an
electrical generator that can produce electrical power that can travel up the tether 620 to
an electrical load on shore.

[0085] Although a few implementations have been described in detail above, other
modifications are possible. For example, the logic flows depicted in the figures do not
require the particular order shown, or sequential order, to achieve desirable results. In
addition, other steps may be provided, or steps may be eliminated, from the described
flows, and other components may be added to, or removed from, the described
systems. Accordingly, other implementations are within the scope of the following

claims.
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WHAT IS CLAIMED IS:
1. A submersible system comprising:

an anchor having a cap configured to be submerged along a bottom of a body of
water; and

a submersible turbine configured to rotate relative to the anchor while submerged

to releasably lock the submersible turbine to the anchor.

2. The submersible system of claim 1, wherein the submersible turbine includes a

socket in the lower face to releasably mate with the cap of the anchor.

3. The submersible system of claim 1, wherein the submersible turbine comprises:

an outer housing having a hydrodynamic shape configured to orient the
submersible turbine relative to a fluid flow and having a hydrodynamic center, the outer
housing defining a bow portion, a stern portion, and a ventral portion;

a primary attachment point configured to affix the submersible turbine to a tether,;
and

a deployment attachment point arranged proximal the stern portion and
configured to releasably affix the submersible turbine to a tether,

wherein a channel is defined in the outer housing and extends from an open end
proximal the stern portion and configured to receive the cap, to a terminal end arranged

forward of the hydrodynamic center and configured to at least partly retain the cap.

4 The submersible system of claim 2, wherein the outer housing is configured to
produce a ventral downforce based on a forward fluid flow from the bow portion toward

the stern portion, and is configured to produce substantially offsetting ventral downforce
28
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and dorsal lift based on a reverse fluid flow from the stern portion toward the bow

portion.

5. The submersible system of claim 2, wherein the channel is configured as a U-
shaped channel proximal to the open end, and the channel is configured as a C-shaped

channel proximal to the terminal end and configured to at least partly retain the cap.

6. A method of submersible deployment, comprising:

submersing a submersible turbine toward an anchor seated along a bottom of a
body of water so that tail portion of the submersible turbine is oriented closer to a cap of
the anchor and upstream of a nose portion of the submersible turbine;

urging the submersible turbine against a direction of flow of the body of water
such that a channel defined along a ventral portion of the submersible turbine is drawn
over a cap of the anchor; and

while the cap is slidably engaged the submersible turbine, rotating the
submersible turbine about the cap such that the nose portion is oriented upstream of the

tail portion.

7. The method of claim 6, further comprising:

arranging an anchor at a predetermined location proximal to a bottom of a region
of a body of fluid having a direction of flow;

orienting a tail portion of the submersible turbine into the direction of flow, the
submersible turbine having a hydrodynamic center and defining a nose portion, the tail
portion, a ventral portion, and a channel defined along the ventral portion, the channel
having an open portion extending from an open end proximal to the tail portion to a
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partly enclosed portion having a terminal end arranged forward of the hydrodynamic
center;

engaging the cap of the anchor within the open portion;

retaining the cap within the partly enclosed portion;

urging the submersible turbine with the direction of flow such that the channel is
drawn over the cap; and

contacting the cap with a terminal end of the channel along a ventral portion of
the submersible turbine in response to movement the submersible turbine with the

direction of flow.

8. The method of claim 7, wherein arranging the anchor at the predetermined
location proximal to the bottom of a region of a body of fluid having the direction of flow
further comprises screwing the anchor into the bottom, or submerging the anchor to the

bottom.

9. The method of claim 6, further comprising:
affixing a tether to the submersible turbine;
extending the tether from the submersible turbine, through a retainer of the
anchor, to a tether retractor apparatus; wherein:
submersing the submersible turbine toward the anchor comprises
retracting, by the tether retractor apparatus; and

drawing, by the tether, submersible turbine toward the retainer.

10.  The method of claim 6, further comprising electrically connecting a tether to the
submersible turbine and to an electrical load, wherein the submersible turbine
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comprises an electrical generator configured to generate an electrical current along the

tether.

11. The method of claim 6, further comprising;

affixing a tether to a deployment attachment point arranged proximal to a tail
portion of the submersible turbine;

tensioning the tether; and

urging the tail portion of the submersible turbine into the direction of flow based

on the direction of flow and the arrangement of the deployment attachment point.

12.  The method of claim 11, further comprising urging a ventral downforce based on
a hydrodynamic shape of the submersible turbine and a forward fluid flow from the nose
portion toward the tail portion, and produce substantially offsetting ventral downforce or
dorsal lift based on a hydrodynamic configuration of the submersible turbine and a

reverse fluid flow from the tail portion toward the nose portion.

13.  The method of claim 6, further comprising:
drawing the channel over the cap;
escaping the cap from the channel, and
surfacing the submersible turbine based on a positive buoyancy of the

submersible turbine.

14.  An assembly for submersible use, comprising:
an anchor comprising:
a cap; and

a base affixed to the cap and configured to maintain a position submerged
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88 at a predetermined location proximal a bottom of a region of a flowing body of fluid; and
89 a submersible apparatus comprising:
90 an outer housing having a hydrodynamic shape configured to orient the
91 submersible apparatus relative to a fluid flow and having a hydrodynamic center, the
92 outer housing defining a bow portion, a stern portion, and a ventral portion; and
93 a channel defined along the ventral portion and extending from an open
94 end proximal the stern portion and configured to receive the cap, to a terminal end
95 arranged forward of the hydrodynamic center and configured to at least partly retain the
% cap.
o7 15.  The assembly of claim 14, wherein the channel is configured as a U-shaped
98 channel proximal to the open end, and the channel is configured as a C-shaped channel
99 proximal to the terminal end.
100 16.  The assembly of claim 14, wherein the base comprises a screw piling anchor or
101 a gravity anchor.
102 17.  The assembly of claim 14, wherein the submersible apparatus further comprises
103 a primary attachment point configured to affix the submersible apparatus to a tether,
104 and a deployment attachment point arranged proximal the stern portion and configured
105 to releasably affix the submersible apparatus to a tether.
106 18.  The assembly of claim 14, wherein the anchor further comprises a tether retainer

107 configured to retain a tether arranged therethrough.
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19.  The assembly of claim 14, wherein the outer housing is configured to produce a
ventral downforce based on a forward fluid flow from the bow portion toward the stern
portion, and is configured to produce substantially offsetting ventral downforce and

dorsal lift based on a reverse fluid flow from the stern portion toward the bow portion.

20. The assembly of claim 14, wherein the submersible apparatus comprises:

a vertical-axis turbine that rotates about an axis in response to fluid flowing
toward the vertical-axis turbine in a flow direction that is generally perpendicular to the
axis, the vertical-axis turbine including a dorsal portion and a plurality of dorsally
protruding fins extending from an outer region proximate an outer periphery of the

vertical-axis turbine.



