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(57) ABSTRACT

A water-borne vessel for propulsion by incident waves com-
prises a hull having elongate bow and stern portions having a
length greater than its width at its widest point; and a central
portion wider than the bow and stern portions. The central
portion has a first flared region at the junction with the bow
portion and wider than the width of the adjacent region of the
bow portion, and a second flared region at the junction with
the stern portion and wider than the adjacent region of the
stern portion. The central portion being between and wider
than the first and second flared regions. The central portion
acts to induce the hull to pitch and roll under the action of an
incident wave. The vessel further comprises a foil assembly
for generating movement of the vessel through the water
under the action of an incident wave.
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WAVE POWERED WATER-BORNE VESSEL

[0001] Thepresent invention relates to a water-borne vessel
that derives power from the motion of waves.

[0002] The use of wave motion to power water-borne ves-
sels is known in the art and has been the subject of consider-
able research and development for some time. An early wave
powered boat was developed by Herman Linden of the Zoo-
logical Station, Naples in 1895. The boat comprised fins
attached to each of the bow and stern of the boat. The fins were
moved through the water and flexed as a result of the normal
pitching and rolling motion of the hull of the boat, thereby
generating forward motion of the boat.

[0003] GB 551,168 is concerned with the propulsion of
boats, rafts and the like. There is disclosed a propulsive fin
having a flexible blade. The fin is oscillated in the manner of
a paddle, to provide propulsion to the craft.

[0004] GB 1,176,559 discloses a flexible fin propulsion
member for propelling a vessel and a vessel comprising the
same. The propulsion member comprises a generally planar
fin having a relatively rigid leading edge portion, the fin
decreasing progressively in rigidity in a direction transverse
to the direction of motion of the vessel. The trailing edge
portion of the fin is sufficiently flexible for the fin to be
deformed by the pressure of water on the fin to an inclined or
declined attitude.

[0005] U.S. Pat. No. 3,872,819 concerns a wave actuated
horizontal array stretcher for use in pulling submerged cables,
pipes or other assemblies. The stretcher is attached to a float
at the surface of the water and comprises a plurality of pivotal
or flexible fins. In operation, the stretcher is submerged below
the water surface and the fins are moved by the wave-induced
action of the float at the surface.

[0006] U.S.Pat. No.4,332,571 discloses a wave motor. The
motor comprises a supporting structure extending from the
keel of the vessel into the water below the hull. A tilting
element is provided on the supporting structure. The tilting
element is biased to a neutral, horizontal position. In opera-
tion, the tilting element is moved from the neutral position by
the action of waves on the hull of the vessel, thereby gener-
ating forward motion. The biasing means for the tilting ele-
ment may be a spring or comprise a hydraulic piston.

[0007] A similar hydraulic system to that of U.S. Pat. No.
4,332,571 is disclosed in U.S. Pat. No. 4,371,347. In this later
system, the supporting structure is arranged to move verti-
cally with respect to the hull of the vessel, its movement being
restrained by a hydraulic actuating system.

[0008] During the 1980’s, the Hitachi Zosen Corporation
began development of a wave-powered vessel. The vessel
employed either two horizontal fins mounted side by side
under the bow of the vessel or a single foil assembly, again
mounted under the vessel bow. Vertical motion of the fins
through the water pulls the vessel along.

[0009] More recently, U.S. Pat. No. 7,371,136 entitled
‘Wave power’ concerns a wave powered water vehicle. The
vehicle comprises a surface float and a fully submerged
swimmer. The float and swimmer are connected by a tether, as
aresult of which the swimmer is caused to move up and down
due to the motion of the float induced by incident waves. The
swimmer comprises one or more fins. The fins are shaped to
induce forward motion of the swimmer as a result of the up
and down motion induced by the action of the float. U.S. Pat.
No. 7,371,136 describes a number of different configurations
for the fins. A first configuration comprises a fin mounted to
rotate about an axis that is displaced from a body of the
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swimmer. In a second configuration, the fin is mounted to
move about an axis and is provided with an elastic compo-
nent, separate from the fin, which deforms under the action of
the fin to change the orientation of the fin. In a third configu-
ration, the fin is provided with a leading edge. The leading
edge comprises a relatively rigid central portion having a
fixed relationship with the swimmer body and a flexible out-
board portion. The fins may be arranged to rotate about a
longitudinal axis of the swimmer body and are referred to in
U.S. Pat. No. 7,371,136 as pectoral fins. The tether may be
rigid or elastically deformable. The swimmer body may be
rigid. Alternatively, the swimmer body may comprise a flex-
ible portion. A similar assembly is shown and described in
U.S. Pat. No. 7,641,524.

[0010] JP 2002220082 disclosed a wave-propelled ship
equipped with a hydrofoil.

[0011] Still more recently, Isshiki, H. et al., ‘Thrust Gen-
eration by Waves’, Proceedings of the Ninth (2010) ISOPE
Pacific/Asia Offshore Mechanics Symposium, Busan, Korea,
Nov. 14-17, 2010, provide an overview of aspects of use
waves to propel sea-going vessels.

[0012] There is a need for an improved wave-powered
water-borne vessel. As noted above, recent developments
have concentrated on a vessel comprising a separate sub-
merged swimmer connected to the vessel by way of a tether.
This is necessarily a complicated arrangement in terms of its
construction, deployment and operation, with the accompa-
nying risk of entanglement with other objects in the water. It
would be advantageous if a simpler system for providing
wave-powered propulsion to a vessel could be provided.
[0013] It has now been found that the efficiency of a wave
powered vessel can be significantly improved by appropriate
design of the hull of the vessel. Prior art vessels comprised
hulls that are designed to rise under the action of the incident
waves, in the same manner as the hull of a conventionally
powered vessel. It has now been found that an increase in the
power generated from incident waves may be obtained by
providing the vessel with a hull that maximises the movement
of the hull induced by incident waves, in particular pitching
and rolling motions of the hull, and which minimises drag
resistance to motion through the waves. Drag resistance is
reduced by shaping the hull and/or the bow and stern of the
hull to cut through the incident waves, rather than rising under
the action of the waves. This is in contrast to the hulls of the
prior art vessels, which were designed to rise and fall with the
surface of the water as the waves pass the vessel.

[0014] Theefficiency ofthe vessel in generating propulsion
from incident waves is increased by increasing the tendency
of'the vessel to pitch and roll under the action of the waves. In
contrast, conventional hull design reduces the tendency of the
hull to pitch and roll, by the flared shape of the bow and, more
particularly, the stern of the vessel. In this way, a conventional
hull drives into an incident wave and rises with the wave,
losing energy in the process. It has been found that these
effects may be achieved by using a novel configuration for the
hull of the vessel.

[0015] Accordingly, in a first aspect, the present invention
provides a water-borne vessel for propulsion by incident
waves, the vessel comprising a hull, the hull of the vessel
comprising:

[0016] anelongate bow portion having alength greater than
its width at its widest point;

[0017] an elongate stern portion having a length greater
than its width at its widest point; and
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[0018] a central portion between the bow portion and a
stern portion, the central portion having a width greater than
the widths of the bow and stern portions, the central portion
comprising a first flared region at the junction with the bow
portion, the first flared portion having a width greater than the
width of the adjacent region of the bow portion, and a second
flared region at the junction with the stern portion, the second
flared region having a width greater than the width of the
adjacent region of the stern portion, the central portion having
its widest point between the first and second flared regions
and greater than the widths of the first and second flared
regions;

[0019] wherein the bow and stern portions act to cut
through an incident wave; and

[0020] wherein the central portion acts to induce the hull to
pitch and roll under the action of an incident wave;

[0021] the vessel further comprising a foil assembly for
generating movement of the vessel through the water under
the action of an incident wave.

[0022] The vessel of the present invention is buoyant and is
borne by the water at the water surface. For generating pro-
pulsion from incident waves via the motion of the vessel
relative to the water, the vessel is provided with one or more
foil assemblies, as described in more detail hereinbelow.
Movement of the vessel, in particular forward motion, is
provided by propulsive forces induced by the movement of
the foil assemblies through the water. By having the hull of
the vessel formed to increase the tendency of the vessel to
pitch and roll under the action of incident waves, propulsion
of'the vessel is provided more efficiently. The elongated form
of'both the bow and stern portions of hull allow the hull to cut
through waves, allowing the foil assemblies to remain in
contact with the water and to remain in motion relative to the
water. In particular, the form of the bow and stern portions
allows the or each foil assembly to be positioned and main-
tained within the incident waves, such that the pitching and
rolling motion of the hull induced by the incident waves
causes the or each foil assembly to move in the opposite
direction to the particle flow of the water in the waves.
[0023] The tendency of the hull to cut through incident
waves and to be more susceptible to pitching and rolling
induced by the action of waves on the vessel is provided by the
aforementioned elongated bow and stern portions in conjunc-
tion with the flared central portion. In this respect, the term
‘elongated’ is a reference to the portion having a length that is
significantly greater than its width at the widest point. In
particular, the term is preferably a reference to a portion
having a length that is several times greater than the width of
the portion at its widest point.

[0024] The hull of the vessel comprises an elongated bow
portion and an elongated stern portion. The bow portion and
stern portion may be the same or different in form, such as
length and width. In one preferred embodiment, the bow
portion and stern portion have the same general form and
comprise substantially the same portion of the hull, in par-
ticular being of substantially the same length.

[0025] The elongated bow portion may have any suitable
form that acts to cut through an incident wave and reduce the
tendency for the bow to rise up or fall down under the action
of'the wave, as it reaches and passes the bow. In one preferred
form, the bow portion has generally flat, planar sides, extend-
ing from the upper edge to the lower edge ofthe hull. The bow
portion is preferably tapered, that is the width of the bow
portion increases along the longitudinal axis of the hull in the

Jul. 16, 2015

direction from the bow to the stern of the hull. The bow
portion is most preferably symmetrical about the longitudinal
line of the hull extending from the bow to the stern. In one
preferred embodiment, the bow portion is generally triangu-
lar in plan view, more preferably having an outline in plan
view that is of an isosceles triangle, with the base of the
triangle extending laterally across the hull. The sides of the
triangle, when taken in plan view, may be substantially
straight or may be curved, for example concave.

[0026] The bow portion may taper from the upper edge or
deck of the hull to the lower edge or keel of the hull. To aid in
the bow cutting through incident waves and to minimise the
tendency of the bow portion to rise and fall under the action of
incident waves, the bow portion is preferably substantially
uniform in cross section extending from the upper edge or
deck to the lower edge or keel of the hull. If tapered, as
mentioned hereinbefore, the bow portion is most preferably
wider at its upper portion than its lower portion. More pref-
erably, if tapered in the vertical direction, the bow portion is
generally triangular in vertical end section along its length.
[0027] Inembodiments in which the bow portion is tapered
in the vertical direction, part or all of the sides of the bow
portion preferably extend at an angle of from 5 to 30° to the
vertical axis, more preferably from 10 to 25°, still more pref-
erably from 15 to 20°. It is preferred that the vertical taper of
the bow portion increases in the longitudinal direction from
the bow to the stern.

[0028] The stern portion has a similar form to the bow
portion. Thus, the elongated stern portion may have any suit-
able form that acts to cut through and incident wave and
reduce the tendency for the stern to rise up or fall down under
the action of the wave, as it reaches and passes the stern. As
with the bow portion, in one preferred form, the stern portion
has generally flat, planar sides, extending from the upper edge
to the lower edge of the hull. The stern portion is preferably
tapered, that is the width of the stern portion increases along
the longitudinal axis of the hull in the direction from the stern
to the bow. The stern portion is most preferably symmetrical
about the longitudinal line of the hull extending from the stern
to the bow. In one preferred embodiment, the stern portion is
generally triangular in plan view, more preferably having an
outline in plan view that is of an isosceles triangle, with the
base of the triangle extending laterally across the hull. The
sides of the triangle, when taken in plan view, may be sub-
stantially straight or may be curved, for example concave.
[0029] The stern portion may taper from the upper edge or
deck of the hull to the lower edge or keel of the hull. As with
the bow portion, to aid in the stern cutting through incident
waves and to minimise the tendency of the stern portion to rise
and fall under the action of incident waves, the stern portion
is preferably substantially uniform in cross section extending
from the upper edge or deck to the lower edge or keel of the
hull. If tapered, as mentioned hereinbefore, the stern portion
is most preferably wider at its upper portion than its lower
portion. More preferably, if tapered in the vertical direction,
the stern portion is generally triangular in vertical end section
along its length.

[0030] Inembodimentsinwhichthe sternportionis tapered
in the vertical direction, part or all of the sides of the stern
portion preferably extend at an angle of from 5 to 30° to the
vertical axis, more preferably from 10 to 25°, still more pref-
erably from 15 to 20°. It is preferred that the vertical taper of
the stern portion increases in the longitudinal direction from
the stern to the bow.
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[0031] Each of the bow and stern portions may be consid-
ered to have aratio of their length to their width at their widest
point. Generally, the widest regions of the bow and stern
portions are preferably situated adjacent the central portion.
In this way, in embodiments in which the bow and stern
portions are tapered in the longitudinal direction, they both
increase in width in the direction towards the central portion.
[0032] In the case of the bow portion, the ratio X of the
length of the bow portion to the width of the bow portion is
preferably at least 2.5. More preferably, the ratio X is at least
3.0, still more preferably at least 4.0. A ratio X of greater than
4.5 is preferred for many embodiments, more preferably at
least 5.0. A ratio X of at least 6.0, more preferably at least 6.5
has been found to be particularly suitable for many embodi-
ments. One preferred embodiment has a ratio X of about 7.75.
[0033] In the case of the stern portion, the ratio Y of the
length of the bow portion to the width of the stern portion is
preferably at least 2.5. More preferably, the ratio Y is at least
3.0, still more preferably at least 4.0. A ratio Y of greater than
4.5 is preferred for many embodiments, more preferably at
least 5.0. A ratio Y of at least 6.0, more preferably at least 6.5
has been found to be particularly suitable for many embodi-
ments. One preferred embodiment has aratio Y of about 7.75.
[0034] The bow and stern portions may have the same
relative dimensions, that is the ratios X and Y may be the
same. Alternatively, the ratios X and Y may be different. In
one preferred embodiment, the ratios X and Y are the same.
[0035] The bow and stern portions may be of the same
length or of different lengths. In one preferred embodiment,
the bow and stern portions are of the same length. In an
alternative embodiment, the bow portion is longer than the
stern portion, that is the central portion is displaced towards
the stern of the hull.

[0036] In contrast to the bow and stern portions, the central
portion of the hull is relatively wide, compared with the bow
and stern portions. The central portion has a flared region
adjacent each of the bow and stern portions, each flared region
having a width that is greater than that of the respective bow
and stern portion. The action of the central portion and the
flared regions is to cause the hull to pitch and roll under the
action of an incident wave contacting this portion of the hull.
[0037] The flared regions of the central portion provide a
transition from the elongated form of the bow and stern por-
tions to the generally wider, more bulbous form of the central
portion. As noted above, the central portion is generally of a
substantially greater width, at its widest point, than both the
bow and stern portions. The widest point of the central portion
is preferably positioned centrally in the central portion on the
longitudinal axis of the hull extending from the bow to the
stern. In general, the central portion has an increased width
relative to the bow portion and the stern portion, with the
increased width being uniform along the vertical axis of the
central portion. In this way, the central portion has a substan-
tially uniform increased width extending from the upper edge
or deck of the hull to the lower edge or keel.

[0038] As noted, the flared regions provide a transition
between the respective bow and stern portion and the central
portion. In one preferred embodiment, one or both flared
regions are arranged to provide the hull with lift, under the
action of an incident wave. This lifting action is preferably
provided by having the flared region provided with a non-
uniform width profile in vertical section. More particularly,
the flared region is preferably provided with an upper portion
and a lower portion, the upper portion having a width greater
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than the lower portion. The upper portion is most preferably
disposed above the normal waterline of the hull, whereby
incident waves contact the lower surface of the upper portion,
thereby generating lift on the hull. This action, in turn induces
the hull to pitch and roll. This movement of the hull moves the
or each foil assembly through the water, in turn generating
movement of the vessel through the water, as described in
more detail hereinafter.

[0039] The ratio of the width of the upper portion to the
width of the lower portion is preferably at least 1.2, more
preferably at least 1.5, still more preferably at least 1.75, with
aratio of atleast 2.0 being suitable for many embodiments. To
provide a transition between the hull or stern portion and the
central portion, the flared portion is provided with a transi-
tional surface between the upper portion and the lower por-
tion. This transitional surface is preferably smooth. Prefer-
ably, this transitional surface extends at an angle downwards
from the upper edge or deck of the hull in the longitudinal
direction towards the centre of the central portion. In other
words, the upper portion of the flared region increases in
height and the lower portion of the flared region decreases in
height in the longitudinal direction to the centre of the central
portion.

[0040] The flared regions may comprise any suitable por-
tion of length of the central portion, sufficient to provide a
transition between the bow and stern portions and, preferably,
to provide the aforementioned lifting action. Preferably, each
flared region comprises at least 10.0% of the length of the
central portion, more preferably at least 15.0%, still more
preferably at least 17.5%. A flared region forming about
20.0% of the length of the central portion is preferred for
many embodiments.

[0041] The flared regions may be the same in size and form,
ormay be different. Preferably, the flared regions are the same
and the central portion is symmetrical about its central lateral
axis.

[0042] The flared regions of the central portion of the hull
may be extended into the respective bow and/or stern por-
tions. In this way, the bow and/or the stern portion may be
provided with flared regions, adjacent those of the central
portion. In this way, the interaction between an incident wave
and the flared regions, giving rise to lifting of the hull and
inducing the hull to pitch, is increased and/or accelerated as
the wave passes the hull.

[0043] In the case of a bow portion comprising a flared
region, the flared region may extend to be at or adjacent the
bow of the hull. Alternatively, and more preferably, the flared
region is spaced from the bow, to allow the bow to cut into and
enter an incident wave. In such embodiments, the flared
region may be spaced from the bow by 40.0% of the length of
the bow portion, more preferably at least 50.0%, still more
preferably at least 60.0%.

[0044] Similarly, in the case of a stern portion comprising a
flared region, the flared region may extend to be at or adjacent
the stern of the hull. Alternatively, and more preferably, the
flared region is spaced from the stern, as with the bow portion.
In such embodiments, the flared region may be spaced from
the stern by 40.0% of the length of the stern portion, more
preferably at least 50.0%, still more preferably at least 60.0%.

[0045] Asnoted above, the central portion is a wide portion
of'the hull, relative to the bow and stern portions. In particular,
the central portion of the hull preferably has a ratio Z of its
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length to its width that is no greater than 8.0. More preferably,
the ratio Y is less than 6.0, preferably less than 5.0, still more
preferably less than 4.0.

[0046] As noted above, the central portion is substantially
wider at its widest point than the widest points of the bow and
stern portions. Preferably, the ratio of the maximum width of
the central portion to the maximum width of the bow or stern
portions is at least 2.0, more at least 2.5, still more preferably
at least 3.0. A higher ratio is generally preferred, that is
preferably at least 3.5, more preferably at least 4.0, still more
preferably at least 4.5. A ratio of at least 5.0 is particularly
preferred for many embodiments. A ratio of about 5.5 is
particularly suitable.

[0047] The central portion is preferably symmetrical about
its longitudinal axis.

[0048] Itisto be understood that references to the width of
portions of the hull of the vessel are references to the width of
the respective portion in a direction laterally and perpendicu-
lar to the longitudinal axis of the hull at the widest point of the
portion.

[0049] The hull of the vessel may have any suitable dimen-
sions of length, width and height. Itis an advantage of the hull
configuration of the present invention that the hull may be
applied on a wide range of different scales, according to need.

[0050] The bow, central and stern portion of the hull of the
vessel may be of any suitable length, relative to each other. In
a preferred embodiment, the bow portion comprises at least
10.0% of the total length of the hull of the vessel, more
preferably 15.0%, still more preferably 20.0% of the total
length. In one particularly preferred embodiment, the bow
portion comprises about 25.0% of the total length of the hull
of the vessel.

[0051] Similarly, the stern portion comprises at least 10.0%
of the total length of the hull of the vessel, more preferably
15.0%, still more preferably 20.0% of the total length. In one
particularly preferred embodiment, the bow portion com-
prises about 25.0% of the total length of the hull of the vessel.

[0052] The length of the bow and stern portions may be the
same or different. Preferably, the bow portion and the stern
portion have the same length.

[0053] The central portion of the hull preferably comprises
less than 80.0% of the total length of the hull of the vessel,
more preferably 70.0%, still more preferably 60.0% of the
total length. In one particularly preferred embodiment, the
central portion of the hull comprises about 50.0% of the total
length of the hull of the vessel.

[0054] As noted, the bow portion and the stern portion may
be the same in size and form, or may be different in either
form and/or size, for example length and/or width. In one
preferred arrangement, the bow and stern portions have the
same form and are generally of the same size.

[0055] The transition between each of the bow and stern
portions of the hull and the central portion of the hull is
preferably smooth.

[0056] To further increase the tendency of the vessel to
pitch and roll, the hull of the vessel is preferably without other
features commonly provided in the design of conventional
water-borne vessels to provide the vessel with increased sta-
bility. For example, the hull of the vessel is preferably pro-
vided with a rounded bilge. Further, it is preferred that the hull
is not provided with a substantial keel, as a keel acts to
dampen the rolling motion of the hull. Preferably, the hull is
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not provided with a keel extending from the bottom of the
hull. Still further, the hull is preferably not provided with
rubbing strakes.

[0057] The vessel of the present invention may comprise a
single hull, that is be of a mono-hull configuration. Alterna-
tively, the vessel may comprise two or more hulls of the
aforedescribed configuration, for example a catamaran or a
trimaran. Preferably, the vessel is a mono-hull configuration.
[0058] To propel the vessel across the water, the vessel is
provided with one or more foil assemblies. The foil assem-
blies are arranged such that vertical motion of the foil assem-
blies with respect to the water generates forward thrust on the
foil assemblies and, hence, movement through the water of
the vessel to which they are attached.

[0059] Thefoil assemblies each comprise one or more foils,
movement of which through the water induces thrust to pro-
pel the vessel. The foil assemblies may be located at any
suitable position on the hull of'the vessel. For example, the or
each foil assembly may be mounted on a boom or arm assem-
bly extending from the hull, for extending longitudinally
from the bow or the stern of the hull and/or laterally to one
side of the hull. More preferably, the or each foil assembly
extends directly from the hull. In this way, the or each foil
assembly is less vulnerable to damage.

[0060] Suitable foil assemblies are known in the art. In
particular, preferred foil assemblies are those comprising one
or more foils that are deformed under the action of movement
of the foil relative to the water, such that the foil assumes an
hydrofoil form, thereby generating thrust on the hull of the
vessel to move the vessel through the water.

[0061] An improved foil assembly providing increased
propulsion to a vessel and having improved robustness has
now been found.

[0062] Accordingly, in a further aspect, the present inven-
tion provides a foil assembly for a wave-powered, water-
borne craft, the foil assembly comprising:

[0063] asubstantially rigid leading edge assembly having a
first end and a second end;

[0064] a flexible foil extending from the leading edge
assembly, the flexible foil having an inner edge and a trailing
edge; and

[0065] a tensioning assembly for tensioning the flexible
foil, the tensioning assembly applying a tension to the flexible
foil in the direction away from the leading edge assembly and
towards the trailing edge of the flexible foil, the tension be
provided to the flexible foil at an angle between the inner edge
and the trailing edge of the flexible foil.

[0066] The foil assembly comprises a leading edge assem-
bly, from which a flexible foil extends. The leading edge
assembly is substantially rigid in comparison with the flexible
foil, such that the foil may flex in relation to the leading edge
assembly with substantially no flexing of the leading edge
assembly. In use, the foil assembly is mounted to the hull of
the vessel such that the leading edge assembly of the foil
assembly is presented to the water, that is the leading edge is
forwardmost, and the flexible foil extends rearwards from the
leading edge assembly. The flexible foil has an inner edge and
a trailing edge. The foil assembly is arranged such that the
flexible foil is tensioned, with the tension being applied to the
flexible foil at an angle between the inner edge and the trailing
edge.

[0067] Typically, the foil assembly is mounted to the hull,
either directly to the hull or relative to the hull by means of a
mounting assembly, such that movement of the foil assembly
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through the water induces movement of the hull. Accordingly,
the foil assembly is generally mounted to the hull to generate
forward motion to the hull. As a result, the foil assembly is
mounted with the leading edge assembly forwardmost and
extending generally laterally of the longitudinal axis of the
hull.

[0068] The leading edge assembly may have any suitable
form. The leading edge assembly supports the foil and assists
in providing and maintaining the necessary tension to the foil.
The leading edge assembly may solely provide a support
function, that is to support the flexible foil. More preferably,
the leading edge assembly is shaped to provide thrust under
the action of moving through the water. In one preferred
embodiment, the leading edge assembly is in the form of a
hydrofoil. The hydrofoil is preferably a symmetrical hydro-
foil, that is without camber and has symmetrical top and
bottom surfaces. Suitable hydrofoil forms are known in the
art. One preferred general form for the foil is a NACA form,
known in the art of airfoil design, in particular a foil in the
NACA four digit series. As noted above, preferred NACA
foils are those without camber, that is the NACA 00 series of
foils. Preferably, the hydrofoil has a thickness-to-chord ratio
of from 10 to 20%, more preferably from 12 to 15. A particu-
larly preferred general form for the leading edge assembly is
a NACA 0012 to 0015 hydrofoil.

[0069] The leading edge assembly may be of any suitable
size to support the required area of foil. Preferably, the lead-
ing edge assembly comprises from 10 to 20% of the width of
the foil assembly, that is the distance from the leading edge to
the trailing edge, more preferably about 15%.

[0070] The foil assembly is mounted to the hull of a vessel
atafirst end of the leading edge assembly, with the second end
of the leading edge assembly being distal from the hull. The
first end of the leading edge assembly is at or generally
towards the longitudinal axis of the hull of the vessel, while
the second end of the leading edge assembly is generally
away from the longitudinal axis of the hull. As noted above,
the foil assembly may be mounted directly to the hull of the
vessel. Alternatively, the foil assembly may be provided with
a support assembly extending from the vessel and to which
the foil assembly is mounted. References herein to the foil
assembly or parts thereof being mounted to the hull are to be
understood accordingly as including mounting via such a
support assembly.

[0071] The foil assembly may be rigidly mounted with
respect to the hull, that is the leading edge assembly is at a
fixed position and orientation with respect to the hull. Alter-
natively, the foil assembly may be mounted such that the
leading edge assembly may be rotatable with respect to the
hull, that is the leading edge assembly is able to rotate about
its mounting with respect to the vessel hull. Preferably, the
leading edge assembly is mounted so as to be rotatable about
a longitudinal axis of the leading edge assembly with respect
to the hull. In one arrangement, the leading edge assembly is
rotatable about an axle extending from the mount of the foil
assembly and extending within the first end portion of the
leading edge assembly, with the leading edge assembly able
to rotate about the axle. Means may be provided to limit the
rotation of the leading edge assembly with respect to the hull,
in particular to limit the leading edge assembly to rotation
through a particular arc. In one embodiment, rotation of the
leading edge assembly with respect to the hull is limited by
the tension applied to the flexible foil, with the leading edge
assembly otherwise free to rotate without limitation.
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[0072] The leading edge assembly may be uniform in
cross-section along its length. More preferably, the leading
edge assembly is tapered, being wider in at least one dimen-
sion at the first end adjacent or towards the longitudinal axis
of the vessel hull than at the second end distal therefrom.
Preferably, the width of the leading edge assembly in the
direction from the leading edge to the trailing edge at the first
end is greater than the width at the second, distal end. In one
preferred embodiment, the ratio of the width of the leading
edge assembly at the first end to the second end is from 2.0,
more preferably at least 2.5, still more preferably at least 3.0.
[0073] The second end of the leading edge assembly is
preferably rounded. A particularly preferred arrangement has
the leading edge assembly tapering from the first end to the
second end, with the second end being rounded.

[0074] The leading edge assembly may be straight, that is
extend with a straight longitudinal axis away from the longi-
tudinal axis of the hull of the vessel. The leading edge assem-
bly may extend substantially perpendicular to the longitudi-
nal axis of the hull or be raked at an angle thereto, preferably
extending outwards and rearwards of the vessel longitudinal
axis. More preferably, the leading edge assembly extends
outwards from the longitudinal axis of the hull in an arc, in
particular in an arc extending rearwards away from the lead-
ing edge. The arc may be selected according to such factors as
to prevent entanglement of the foil assembly with lines or
objects in the water. The arc of the leading edge assembly may
be variable, for example by having the leading edge assembly
flexed under an applied tensioning force.

[0075] Theleading edge assembly may be formed from any
suitable materials, sufficient to withstand the forces exerted
thereon by the incident waves and the motion of the vessel.
Suitable materials include wood, for example laminated
wood, metals, including alloys, especially lightweight metals
and alloys, for example aluminium and alloys thereof, and
plastics, in particular fibre reinforced plastics, such as plastics
reinforced with glass or carbon fibres and the like.

[0076] The foil assembly further comprises a flexible foil
extending from the leading edge assembly. The foil is a flex-
ible membrane and has an inner edge adjacent or towards the
longitudinal axis of the hull and a trailing edge.

[0077] The inner edge extends from the leading edge
assembly to the trailing edge of the flexible foil and is the edge
at or towards the longitudinal axis of the hull of the vessel.
The inner edge of the flexible foil is preferably straight or
substantially straight. It is preferred that the inner edge of the
flexible foil is arranged to be substantially parallel to the
longitudinal axis of the hull of the vessel. However, the inner
edge may extend at an angle to the longitudinal axis. If the
inner edge extends at an angle to the longitudinal axis of the
hull, it is preferred that the angle is kept to a minimum,
preferably less than 20°, still more preferably less than 15°,
more preferably still less than 10° to the longitudinal axis of
the hull.

[0078] Thetrailing edge is the rearmost edge of the flexible
foil and typically extends laterally outwards away from the
longitudinal axis of the hull. In one embodiment, the trailing
edge extends generally perpendicular to the longitudinal axis
of the hull. The trailing edge of the flexible foil may be
straight or substantially straight. In one embodiment, the
trailing is curved and extends in an arc outwards from the
longitudinal axis of the hull. Preferably, a curved trailing edge
extends in an arc outwards and forwards from the longitudinal
axis.
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[0079] The foil may have any suitable shape. A particularly
preferred shape is generally triangular, with the inner edge
and trailing edge of the foil and the leading edge assembly
forming the sides of the triangle. In this arrangement, the
trailing edge of the flexible foil extends from the inner edge to
the leading edge assembly, preferably to the second end of the
leading edge assembly.

[0080] The foil is tensioned under the action of the tension-
ing assembly. As noted above, the tensioning assembly
applies tension, that is a force, to the foil at an angle between
the inner edge and the trailing edge of the foil. The applied
tension is a force acting away from the leading edge assembly
and towards the trailing edge of the flexible foil. The tension
applied to the flexible foil may be at any angle between the
inner edge and the trailing edge of'the flexible foil. Preferably,
the tensioning force is applied in a direction that bisects the
angle between the inner edge and the trailing edge of the
flexible foil.

[0081] The force applied by the tensioning assembly to
tension the flexible foil is at an angle to the longitudinal axis
of the hull of the vessel. In particular, the force is applied to
the flexible foil at an acute angle to the forward direction of
the longitudinal axis. The force may be applied at any suitable
angle that evenly tensions the flexible foil. The force applied
and the angle are such that the flexible foil presents the opti-
mum angle of attack to the moving water when moving both
upwards and downwards through the water, thereby optimis-
ing the thrust produced by the foil assembly. The tensioning
force may be applied to the flexible foil at an angle of from 5
to 80° to the longitudinal axis of the hull, more preferably
from 10to 70°, still more preferably from 10 to 60°. An angle
in the range of from 10 to 40° to the longitudinal axis is
particularly preferred for many embodiments. The angle of
the tensioning force will vary according to the particular
shape of the flexible foil, in particular if the tensioning force
is to be applied at an angle to bisect the angle between the
inner edge and the trailing edge of the flexible foil, as in the
preferred arrangement.

[0082] The angle of incidence of the foil assembly, in par-
ticular the leading edge assembly of the foil assembly is
selected to produce forward thrust of the foil assembly to
propel the vessel. The angle of incidence may be adjusted, for
example, by adjusting the tension applied to the flexible foil
by the tensioning assembly.

[0083] Suitable materials for forming the foil are known in
the art and include any flexible, pliable or elastic materials.
Examples of suitable materials include rubber, for example
sheets of natural or synthetic rubber, polymer sheets, for
example sheets of polyurethane, polyvinylchloride and poly-
olefins, and thermoplastic elastomers. The foil may be
formed by weaving yarns of one or more suitable materials.
Alternatively, the foil may be formed by casting, for example.
Other techniques for forming the foil are known in the art. In
one embodiment, the material of the flexible foil is elastic.
[0084] The material of the foil and its properties should be
selected to ensure that the foil is able to form a hydrofoil
shape upon movement through the water, both upwards and
downwards. Further, the material should be resistant to
extended immersion in water, in particular sea water, and
resistant to prolonged exposure to light, in particular ultra-
violet (UV) light.

[0085] Thetensioning assembly may comprise any suitable
means for applying tension to the flexible foil in the manner
hereinbefore described. Suitable means for applying the
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required tension to the foil include a tensioning member
attached at one end to the flexible foil, in particular to the
region of the flexible foil adjacent the intersection of the inner
edge and the trailing edge. The other end of the tensioning
member is secured to the hull or the support assembly holding
the foil assembly. The tensioning member is placed under
tension, which in turn tensions the material of the foil. In one
embodiment, the tensioning member is a line.

[0086] The tensioning assembly may comprise an elastic
component, such that the tension applied to the flexible foil is
elastic. In one embodiment, the tensioning assembly com-
prises a tensioning member, arranged as described above, the
tensioning member being elastic or having an elastic compo-
nent therein. For example, the tensioning member may be an
elastic line. Alternatively, the tensioning member may com-
prise or be connected to a resilient member, such as a spring.

[0087] The tensioning assembly may apply a fixed tension
to the flexible foil. Alternatively, and more preferably, the
tensioning assembly is adjustable, such that the tension
applied to the foil may be varied. In this way, the form of the
foil assembly in the water may be adjusted to balance the
forces created by the movement of the hull of the vessel with
respect to the water and to optimise the drive generated by the
foil assembly. This will vary according to such factors as the
weight of the vessel, or the amount of any ballast or payload
being carried by the vessel.

[0088] As noted above, the leading edge assembly is rigid,
that is rigid in relation to the foil, which is flexible and able to
move under action of movement upwards and downwards
through the water, so as to adopt a hydrofoil shape, thereby
inducing thrust on the hull of the vessel. The leading edge
assembly may have some inherent flexibility, in particular
resiliency, allowing the leading edge assembly to flex under
the action of the tensioning force applied to the foil by the
tensioning assembly. This can assist in maintaining a uniform
tension on the flexible foil.

[0089] The foil assembly may have any suitable ratio of the
length of the foil assembly to the width of the foil assembly at
its widest point. In this respect, the length of the foil assembly
is the distance from the first end to the second end of the
leading edge assembly and the width is the distance from the
leading edge to the trailing edge of the assembly. The aspect
ratio is preferably in the range of from 2.0 to 10.0, more
preferably from 2.5 to 8.0, still more preferably from 3.0 to
7.5. More preferably still, the aspect ratio of the foil assembly
is from 3.5 10 7.0, in particular from 4.0 to 6.0, especially from
4.5t0 5.5. An aspect ratio of about 5.0 has been found to be
particularly advantageous in many embodiments.

[0090] To allow for adjustment of the area of the foil assem-
bly, as discussed below, means may be provided to vary the
area of the flexible foil between the leading edge assembly
and the trailing edge of the foil. For example, the flexible foil
may be arranged to be rolled and unrolled about, the leading
edge assembly or a portion thereof.

[0091] As noted above, the vessel is provided with at least
one, more preferably a plurality of foil assemblies. Prefer-
ably, some or, more preferably all, of the foil assemblies are of
the aspect of the present invention hereinbefore described.
The total area of the foil assemblies may be expressed as a
percentage of the total area of the horizontal cross-section of
the hull of the vessel at the waterline. The total area of the foil
assemblies is preferably from 10 to 40% of the total water-
plane area of the vessel, that is the horizontal cross-sectional
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area at the waterline of the vessel. More preferably, the total
area of the foil assemblies is from 15 to 30% of the total
waterline area of the vessel.

[0092] The position of the waterline on the hull of the vessel
will vary in use, for example according to the ballasting and
payload ofthe vessel. The weight and position of the ballast of
the vessel will vary the periods of pitching and rolling of the
vessel under the action of incident waves. Accordingly, it is
preferred that the total surface area of the foil assemblies in
the water is variable, to accommodate changes in the periods
of pitching and rolling of the vessel.

[0093] Further, it may be necessary to vary the total surface
area of the foil assemblies according to the prevailing weather
conditions, in particular the size and nature of the incident
waves. In particular, in order to avoid damage to the vessel in
particularly heavy weather conditions, it is preferred that the
foil assemblies allow the foils to be reefed, as noted above,
and/or fully retracted and stowed. If retractable, the foil
assemblies are preferably retractable and stowed above the
water line and out of the water. The ability to raise the foil
assemblies from the water is also an advantage for vessels that
are required to enter a harbour or port and to be docked.
[0094] The vessel may be provided with any suitable num-
ber and configuration of foil assemblies, as required to pro-
vide the required propulsion of the vessel. Preferably, the
vessel comprises a plurality of foil assemblies, in particular at
least two foil assemblies. The foil assemblies may have the
same surface area or a different surface area. The foil assem-
blies may be in any suitable arrangement on the vessel.
[0095] Preferably, the foil assemblies are arranged to be
symmetrical about the longitudinal axis of the vessel, that is
the foil surface area is arranged in a symmetrical manner
about the longitudinal axis. In this way, the rolling motion of
the vessel about its longitudinal axis is balanced.

[0096] The foil assemblies are preferably arranged sym-
metrically about the lateral longitudinal axis of the vessel,
that is the foil surface area forward of the mid-point of the
vessel is the same as the foil surface area aft of the vessel
mid-point. In this way, pitching motion of the vessel about its
mid-point is balanced.

[0097] The foil assemblies are preferably arranged to have
surface area of the foil displaced from the longitudinal axis of
the vessel. In one arrangement, the foil assemblies are dis-
placed from the longitudinal axis. In this way, the rolling
motion of the vessel is more efficiently converted by the foil
assemblies into motion of the vessel.

[0098] In one embodiment, the vessel comprises first and
second foil assemblies, with the first foil assembly mounted at
or adjacent the bow of the vessel and the second foil assembly
mounted at or adjacent the stern of the vessel.

[0099] In an alternative embodiment, the vessel comprises
a single foil assembly at or adjacent the bow and two foil
assemblies at or adjacent the stern of the vessel. The foil
assemblies are sized to balance both pitching of the vessel
fore and aft and to balance rolling of the vessel from side to
side.

[0100] The foil assemblies are arranged to have the foils
submerged below the water surface. The foil assemblies may
be arranged to lie within the footprint of the vessel hull.
Alternatively, part or all of the surface area of the foil assem-
bly may extend from or lie outside the area of the hull at the
waterline. In particular, the part or all of the foil assembly may
extend beyond the bow or stern of the vessel or laterally from
the hull.
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[0101] As indicated above, each foil assembly may be
mounted directly to the hull of the vessel. Alternatively, the
vessel may be provided with a foil support assembly extend-
ing from the hull and supporting one or more foil assemblies.
It is advantageous to have the position of the foil assemblies
variable, in particular to be able to vary the position of the or
each foil assembly along the longitudinal axis of the hull of
the vessel, that is forwards or rearwards along the vessel,
laterally of the hull of the vessel, and/or adjusting the height
of the foil assemblies relative to the water. In this way, the
action of the or each foil assembly may be optimised for such
factors as the prevailing conditions and the condition of the
vessel, for example its payload or ballast. Means for effecting
such adjustment of the position of the foil assemblies is par-
ticularly preferred for manned vessels.

[0102] As noted above, the action of the incident waves on
the hull of the vessel causes the vessel to pitch and roll. The
form of the vessel hull of the present invention is designed to
enhance the pitching and rolling motion induced by the action
of incident waves, as described above. This movement of the
hull, and hence the foil assemblies, relative to the water
causes the foil assemblies to generate motion of the hull
through the water. The pitching and rolling motion of the hull
may be increased or decreased by varying the weight and
position of ballast within the hull. In particular, the pitching of
the hull is varied by moving the ballast along the length of the
vessel. The rolling action of the hull may be varied by altering
the vertical position of the ballast in the hull.

[0103] Inone preferred embodiment, the vessel comprises
a ballast and means for varying the position of the ballast
within the hull. In this way, the vessel may be adjusted to
accommodate different wave conditions. In addition, by hav-
ing the position of the ballast variable in this way, the vessel
may be adapted to different payloads, while remaining opti-
mised as far as possible to generate motion of the vessel
through the water under the action of the foil assemblies.
[0104] The vessel may also comprise means to move the
vessel, in particular to rock the vessel about the longitudinal
axis of the hull and/or to pitch the vessel forward and aft about
the lateral midline of the hull. This rocking and/or pitching
motion of the vessel causes the foil assemblies to move
through the water, in turn generating thrust on the vessel and
propelling it through the water. In this way, the vessel may be
propelled using the foil assemblies when in calm water with
insufficient or no waves. Suitable means for rocking and/or
pitching the vessel include one or more electrical generators
or a pendulum assembly.

[0105] Further, the vessel may be provided with means to
move the or each foil upwards or downwards through the
water, again to generate thrust to propel the vessel in the case
of calm water with insufficient or no waves.

[0106] Inoneembodiment, the vessel of the present inven-
tion is unmanned and carries an array of sensors, for example
to measure one or more parameters of the environment of the
vessel, together with means for transmitting and receiving
data.

[0107] Embodiments of the foil assembly and vessel of the
present invention will now be described, by way of example
only, having reference to the accompanying drawings, in
which:

[0108] FIG. 1 is a perspective view of a vessel hull accord-
ing to one embodiment of the present invention;

[0109] FIG. 2 is a plan view of the hull of FIG. 1 in the
direction of arrow II in FIG. 1;
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[0110] FIG. 3 is a side view of the hull of FIG. 1 in the
direction of arrow Il in FIG. 1;

[0111] FIG. 4is a frontal view of the hull of FIG. 1 from the
bow in the direction of arrow IV in FIG. 1;

[0112] FIG. 5a is plan view of a foil assembly according to
one embodiment of the present invention;

[0113] FIG. 554 is a side view of the foil assembly of FIG.
Sa;
[0114] FIG. 6 is a side view of an alternative foil assembly

to that of FIGS. 5a and 54, and

[0115] FIG. 7 is a plan view of a vessel according to the
present invention comprising a hull of the embodiment of
FIGS. 1 to 4 and a foil assembly of FIG. 5.

[0116] Referring to FIG. 1, there is shown a perspective
view of ahull of a vessel according to one embodiment of the
present invention. The hull, generally indicated as 2, is shown
with lines corresponding to the contours of the hull to indicate
the general form of the hull. The hull is shown in plan view in
FIG. 2, in side elevational view in FIG. 3 and in a front view
from the bow in FIG. 4, again with contour lines present to
indicate the shape of the hull, as appropriate.

[0117] The hull 2 is shown in the figures in the orientation
in which it sits in the water and the use of such terms as
‘upper’ and ‘lower’ are to be understood accordingly. Simi-
larly, the term ‘rearwards’ is indicating a direction away from
the bow and towards the stern of the hull, while the term
‘forwards’ is an indication in the opposite direction, that is
towards the bow and away from the stern.

[0118] The hull has a generally smooth outer surface. The
major features of the shape of the hull are described below. It
is to be understood that the transition from one feature to
another is generally smooth, unless otherwise indicated.
[0119] The hull 2 comprises a central portion 4, a bow 6, a
bow portion 8 extending between the bow and the central
portion, a stern 10, and a stern portion 12 extending between
the stern and the central portion. The hull 2 is symmetrical
about both its longitudinal axis 14 and its central lateral axis
16. As a result, the bow portion 8 and the stern portion 12 are
the same in form and size. Accordingly, the forward half of
the hull 2, extending from the lateral axis 16 to the bow 6 will
be described in detail. It is to be understood that the form of
the rear portion extending from the lateral axis 16 to the stern
is the same.

[0120] The hull has an upper edge or deck 20 and a lower
edge or keel 22. The keel does not extend from the bottom of
the hull, so as to provide a smooth bottom surface with mini-
mal resistance to movement through and with respect to the
water.

[0121] The bow 6 is provided with an upper rake 24,
extending upwards and rearwards from the bow 6, and alower
rake 26, extending downwards and rearwards from the bow.
The upper rake 24 is generally convex in form and transitions
in a smooth curve to the deck 20. The lower rake 26 is
substantially linear and meets the keel 22 at an angle. The
rakes 24, 26 of the bow reduce the tendency for the bow to
become entangled with lines, debris or the like below the
waterline and to minimise windage and wetted area above the
waterline. A straight bow would also function efficiently to
cut through and enter the waves.

[0122] The bow portion 8 has generally planar opposing
sides 30, 32 extending from the deck 20 to the keel 22. The
bow portion 8 is viewed in plan view in FIG. 2 and can be seen
to be tapered and increase in width extending rearwards from
the bow 6. In plan view, the bow portion is substantially
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triangular, with the base of the triangle extending laterally
across the hull and the sides extending substantially straight
in the rearwards direction. A more concave form may be
provided to the sides of the triangle if desired.

[0123] The contours of the bow portion may also be seen in
a vertical view in FIG. 4 and can be seen to taper inwards in
the vertical direction extending from the deck 20 to the keel
22.

[0124] The form of the bow portion 8 is to allow it to cut
into and through waves that are incident on the hull 2 and to
prevent the bow portion from rising upwards or falling down-
wards under the action of the incident wave.

[0125] The central portion 4 has a flared region 40. The
flared region 40 provides a transition between the bow portion
8 and the central portion 4. The flared portion 40 tapers
laterally outwards in the rearwards direction and has oppos-
ing sides 42, 44 of a generally concave form. Referring to
FIG. 3, the flared region 40 has an upper flared portion 46 and
a lower portion 48. The upper flared portion 46 has a greater
width than the lower portion 48 and is arranged to be above
the normal waterline of the hull 2. A transitional surface 50
lies between the upper tlared portion 46 and the lower portion
48 and extends rearwards and downwards to the keel 22 at a
point 52.

[0126] The central portion 4 to the rear of the flared region
and the point 52 has a generally rounded, bulbous shape
extending to the central lateral axis 16, where the central
portion is at its widest. As shown in FIG. 4, the central portion
has opposing outer surfaces 60, 62 which extend substantially
vertically between the deck 20 and keel 22.

[0127] In operation, a wave is incident at the bow 6 of the
vessel. The form of the bow portion 8 causes the bow portion
to cut into and enter the wave with little or no action of the
wave lifting the bow 6. The wave contacts the flared region 40
of'the central portion, in particular the surfaces 42 and 44. The
wave contacts the transitional surface 50 and the flared upper
portion 46 of the flared region 40. This action causes the hull
to be lifted at the flared region 40. In cases where the incident
wave is symmetrical on both sides of the hull 2, the lift on the
upper portions 46 of each side of the flared surface is substan-
tially the same, causing the hull to pitch. In cases where the
incident wave is asymmetrical to the hull, the action of the
wave contacting the flared region 40 is a combined pitching
and rolling motion of the hull.

[0128] The upper flared portions 46 of the flared regions of
the central portion 4 may extend from the central portion
along the upper portion of the rearmost part of the bow por-
tion 8. In this way, the interaction between the incident wave
and the flared regions 40 may occur soon in the passage of the
wave along the hull of the vessel, in turn increasing and/or
accelerating the lifting action of the hull to so to increase the
induced pitching motion.

[0129] The hull of FIGS. 1 to 4 may be used with a variety
of different foil assemblies. The degree of pitching and rolling
induced by the shape and form of the hull interacting with the
water of an incident wave causes the foil assemblies to move
through vertically through the water, in turn generating thrust
and causing the vessel to move through the water. A preferred
foil assembly is shown in FIGS. 54 and 56 and described in
detail below.

[0130] Referring to FIGS. 5a and 55, there is shown a foil
assembly for use in propelling a water borne vessel under the
action of incident waves. The foil assembly, generally indi-
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cated as 102, comprises a leading edge assembly, generally
indicated as 104, and a flexible foil, generally indicated as
106.

[0131] The leading edge assembly 104 has a first end 110
and a generally rounded second end 112. The foil assembly is
mounted to a vessel and arranged such that the first end 110 is
adjacent or towards the longitudinal axis of the hull of the
vessel and the second end 112 is distal thereof.

[0132] The leading edge assembly 104 comprises a stiff,
generally tubular leading edge member 120 formed from
glass fibre reinforced plastic. The leading edge member 120
has the profile of a hydrofoil, in particular the general form of
a NACA 0012 to 0015 foil, with a leading edge 122 generally
facing the intended direction of travel of the vessel. The
leading edge member 120 is generally arcuate, being curved
rearwards, that is away from the leading edge 122, in moving
from the first end 110 to the second end 112.

[0133] The foil assembly 2 is mounted to the vessel, either
directly to the hull or to a foil support assembly, by means of
a mounting shaft or spar 124 extending into the leading edge
member 120 from the first end. The leading edge member 120
may be fixed in relation to the mounting shaft or spar 124 or
may be rotatably mounted on the shaft.

[0134] The flexible foil 106 comprises a generally triangu-
lar sheet of polyurethane. The foil 106 has a leading edge
portion 130 attached to the leading edge member 120, for
example by a suitable adhesive. The foil 106 further has an
inner edge 132 extending rearwards from the first end 110 of
the leading edge assembly 104 and a trailing edge 134. The
trailing edge 134 extends from the rearmost end of the inner
edge to the second end 112 of the leading edge assembly 104.
[0135] The foil assembly 102 is mounted to the vessel so as
to have the inner edge 132 of the foil 106 extending substan-
tially parallel to the longitudinal axis of the hull of the vessel.
[0136] A tensioning assembly, generally indicated as 140,
comprises a tensioning member in the form of a line 142
attached to an eyelet ring 144 in the portion of the foil 106
adjacent the intersection of the inner edge 132 and the trailing
edge 134. The line 142 is attached either to the hull of the
vessel or a suitable support assembly (not shown for clarity)
and tensioned, thereby applying a tension to the foil 106. As
shown in FIG. 54, the line 142 extends at an angle to both the
inner edge 132 and the trailing edge 134 of the foil 106,
thereby applying a tensioning force to the foil. Thetensioning
force is applied to the foil 106 by the line at an angle that
substantially bisects the angle between the inner edge 132 and
the trailing edge 134.

[0137] The line 142 may be elastic or comprise a portion
that is elastic.
[0138] Turning to FIG. 6, there is shown an alternative

configuration for the foil assembly. Components common to
the embodiments of FIGS. 5a, 56 and FIG. 6 are indicated
using the same reference numerals. In the embodiment of
FIG. 6, the foil 106 is formed of two plys of material, 106a,
1064, and extends around the leading edge member 120, as
shown.

[0139] Finally, referring to FIG. 7, there is shown a plan
view of a wave-powered, water-borne vessel, generally indi-
cated as 202, comprising a hull 204 according to the embodi-
ment of the present invention shown in FIGS. 1 to 4 and
described above. The vessel 202 further comprises four foil
assemblies 2064, 2065, 206¢, 2064, according to the embodi-
ment of FIGS. 5a and 54, and described above. The foil
assemblies are arranged in pairs, with a two foil assemblies
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206a, 2065 arranged on opposing sides of the bow portion
208 of the hull and two foil assemblies 206¢, 2064 arranged
on opposing sides of the stern portion 210 of the hull 204. The
foil assemblies are shown mounted directly to the hull 202, by
means of spars, as described above inrelation to FIG. 5a. The
foil assemblies 2064 to 2064 are positioned to be below the
normal waterline of the vessel, so as to remain submerged
throughout substantially the entire motion of the vessel. The
action of the incident waves causing the hull to pitch and roll,
as described above, causes the foil assemblies to rise and fall
through the water, in turn inducing thrust to drive the hull
forwards through the water, that is in the direction to the left
in FIG. 7.

1-48. (canceled)

49. A water-borne vessel for propulsion by incident waves,
the vessel comprising a hull, the hull ofthe vessel comprising:

an elongate bow portion having a length greater than its

width at its widest point;

an elongate stern portion having a length greater than its

width at its widest point; and
a central portion between the bow portion and a stern
portion, the central portion having a width greater than
the widths of the bow and stern portions, the central
portion comprising a first flared region at the junction
with the bow portion, the first flared portion having a
width greater than the width of the adjacent region of the
bow portion, and a second flared region at the junction
with the stern portion, the second flared region having a
width greater than the width of the adjacent region of the
stern portion, the central portion having its widest point
between the first and second flared regions and greater
than the widths of the first and second flared regions;

wherein the bow and stern portions act to cut through an
incident wave; and

wherein the central portion acts to induce the hull to pitch

and roll under the action of an incident wave;

the vessel further comprising a foil assembly for generat-

ing movement of the vessel through the water under the
action of an incident wave.

50. The vessel according to claim 49, wherein the bow
portion and the stern portion are of the same form.

51. The vessel according to either of claim 49, wherein the
bow portion and the stern portion are substantially ofthe same
length.

52. The vessel according to claim 49, wherein the bow
portion and/or the stern portion has substantially flat, planar
sides extending from the upper edge to the lower edge of the
hull.

53. The vessel according to claim 49, wherein the ratio X of
the length of the bow portion to the width of the bow portion
at its widest point and/or the ratio Y of the length of the stern
portion to the width of the stern portion at its widest point is
at least 2.5.

54. The vessel according to claim 49, wherein one or both
of'the first and second flared regions has an upper portion and
a lower portion, the width of the upper portion being lower
than the width of the lower portion, wherein the upper portion
is above the normal waterline of the hull when in use.

55. The vessel according to claim 54, wherein the ratio of
the width of the upper portion to the width of the lower portion
is at least 1.2.

56. The vessel according to claim 49, wherein the central
portion has a ratio Z or its length to its width that is no greater
than 8.0.
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57. The vessel according to claim 49, wherein the width of
the central portion at its widest point to the maximum width of
the bow or stern portion is at least 2.0.

58. A foil assembly for a wave-powered, water-borne craft,
the foil assembly comprising:

a substantially rigid leading edge assembly having a first

end and a second end;

a flexible foil extending from the leading edge assembly,
the flexible foil having an inner edge and a trailing edge;
and

a tensioning assembly for tensioning the flexible foil, the
tensioning assembly applying a tension to the flexible
foil in the direction away from the leading edge assem-
bly and towards the trailing edge of the flexible foil, the
tension be provided to the flexible foil at an angle
between the inner edge and the trailing edge of the
flexible foil.

59. The assembly according to claim 58, wherein the lead-

ing edge assembly has the form of a NACA 0012 to 0015 foil.

60. The assembly according to claim 58, wherein the foil
assembly is mounted such that the leading edge assembly is
rotatable about its longitudinal axis with respect to the hull of
the vessel.

61. The assembly according to claim 60, wherein the foil
assembly comprises an axle extending into a first end of the
leading edge assembly, the leading edge assembly being
rotatable about the axle.

62. The assembly according to claim 58, wherein the lead-
ing edge assembly extends in an arc outwards and rearwards
of the hull of the vessel.

63. The assembly according to claim 62, wherein the arc is
variable.

64. The assembly according to claim 58, wherein the ten-
sioning force is at an angle of from 5 to 80° to the forward
direction of the longitudinal axis of the hull.

65. The assembly according to claim 58, wherein the ten-
sioning force is applied to the flexible foil at an angle to bisect
the angle between the inner edge and trailing edge.

66. A water-borne vessel for propulsion by incident waves,
the vessel comprising a hull, the hull ofthe vessel comprising:

an elongate bow portion having a length greater than its
width at its widest point;
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an elongate stern portion having a length greater than its
width at its widest point; and

a central portion between the bow portion and a stern
portion, the central portion having a width greater than
the widths of the bow and stern portions, the central
portion comprising a first flared region at the junction
with the bow portion, the first flared portion having a
width greater than the width of the adjacent region of the
bow portion, and a second flared region at the junction
with the stern portion, the second flared region having a
width greater than the width of the adjacent region of the
stern portion, the central portion having its widest point
between the first and second flared regions and greater
than the widths of the first and second flared regions;

wherein the bow and stern portions act to cut through an
incident wave; and

wherein the central portion acts to induce the hull to pitch
and roll under the action of an incident wave;

the vessel further comprising a foil assembly for generat-
ing movement of the vessel through the water under the
action of an incident wave;

the foil assembly comprising:

a substantially rigid leading edge assembly having a first
end and a second end;

a flexible foil extending from the leading edge assembly,
the flexible foil having an inner edge and a trailing edge;
and

a tensioning assembly for tensioning the flexible foil, the
tensioning assembly applying a tension to the flexible
foil in the direction away from the leading edge assem-
bly and towards the trailing edge of the flexible foil, the
tension be provided to the flexible foil at an angle
between the inner edge and the trailing edge of the
flexible foil.

67. The vessel according to claim 66, wherein the vessel
comprises a plurality of foil assemblies, the foil assemblies
being arranged such that the surface area of the foil assem-
blies is symmetrical about the mid-point of the vessel hull.

68. The vessel according to claim 66, wherein the vessel
further comprises a drive assembly to move each foil assem-
bly vertically through the water.
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