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PCT/A U99/00333  FIELD OF THE INVENTION 5 The present invention relates to
an improved hydrofoil device whereby lift is generated primarily from a
local pressure increase above that of the local free stream or ambient
pressure. It relates particularly, although not exclusively, to improved
hydrofoil devices with marine applications such as hydrofoil wings,
propeller blades and control surfaces such as rudders and hydroplanes.
BACKGROUND TO THE INVENTION 10 15 20  The term "hydrofoil" as employed
throughout the specification is used to describe a physical structure used
to generate lift when passed through water in much the same way the word
"aerofoil" is used to describe a similar structure when employed In au
Hydroforls may be used for dsmamlc support as for a wing, for a control
surface such as a rudder, for propulsion as for a scre~n~ propeller and rn
pumps and water turbine machinery. The pru~clples of operation of
hydrofoils are however similar In each application. Like aerofoils,
hydrofoils generate tiff by changing the velocity of the fluid= around the
surface. A change in the velocity distribution over the hydrofoil 1~
associated with a pressure change over the surface of the hydrofoil. It is
thr~ pressure distribution, that when integrated over the surface of the
hydrofoil results in force The Integral of pressure over the surface ~f the
hvdrofor~ resolved normal to the floe is the lift force of the hydrofoil
and the Integral of pressure resolved in the direction of flow is the drag
The ratio of lift to drag is a measure of the hydrofoil's efflcvencv The
left vector may be aligned m an~, direction according to the applicatron It
may be upward, downward, horrzonta; or at some other orientation. 1~or
convenience of further descrlptvon the Iri vector will normally be assumed
to be upward. for conventronal l~vdroforl sectron5 ~, usmi for most 5lups~
prol~e~.~r; r'.~ acc~lcratmn of five tlmd around tl~u lw~irofcnl my~lm, ~
;~ ~w~crotud rc~civ._tu ~' i~w~~u~~~~   WO 99/57007 -2 30t" October 2002
PCT/AU99/00333 pressure. It is hence the reduction in pressure over the
hydrofoil that contributes most to lift. The limit in the application of
such devices to high inflow velocities lies in the magnitude of the
pressure reduction possible resulting from velocity increase. 5 When the
local pressure falls below the vapour pressure of the water, the water
vaporises and a vapour pocket forms. The forming of such vapour pockets is
often referred to as cavitation. Once the water vaporises, the pressure
cannot be significantly reduced further and so this condition represents a
lower limit of pressure and a hence a limit to the force capability of a
hydrofoil. 10 The present invention relates to an improved hydrofoil device
whereby Iift a generated primarily from a local pressure increase. This
approach reps esents significant departure from conventional hydrofoil
design where lift i~ ~ : amary generated by means of pressure reduction, or
suction. An object of the presen~ invention ~s, amongst other benefits, to
avoid the above mentioned lim~:atmn or 15 force capability imposed by the
onset of cavitation, thereby enabling appl~catior with high inflo~
velocities that would otherwise result in, or be limited m fo: by,
cavitat~on. The device however remains effective at reduced inflow-
veloctti~s~~ It ~s generally known that a decrease m fluid velocvty is
accompar.~ed by pressure increase. This phenomenon ~s widely exploited in
aviation ~n the forr: 20 of a spoiler used to intercept the flow over a wng
thereb~~ reducmh ve: - mtv ar effecting a local pressure increase. The use
of such a device ~s :;oweveaccompanied by a flot~~ separation and the
formation of lo~ press~:-~~ regiobehind the device. It is the pressure drag
associated with this lov. = ressu~_ region that contributes to such devices
poor efficiency 25 Thc~ application of similar demce~ to the marm
enmronment - i::rtl~~ complicated b~~ the hc~ssib:IW~ of 111Ll~tlple phase
flaw a, namely lyuv. ~:,~~: 1;~.~ lNlnlo a pressure increase ahead o` the
device n~av ~~u hoss:blu, tla~ ~ ~w.~ w~t~   



30'" October 2002 PCT/AU99/00333 Received 5 April 2000 -3 region formed
behind the device may be of sufficiently low pressure to initiate
cavitation. Australian patent application No. AU 43617/96, which is the
Australian National 5 Phase of PCT/SE95/01582, describes a mechanism for
dynamic trimming of the floating position of a planing or semi-planing ship
hull so as to counteract the pitching and rolling movements in operation.
The mechanism includes a plate that is mounted submerged transversely to
the relative water flow and protrudes at the lower end of the stern of the
ship hull for generating a vortex having an upwardly 10 and forwardly
directed velocity component in front of the plate. This vortex creates a
water volume below the stern of the ship hull that has an increased
pressured directed to the bottom surface of the hull and which therefore
directly affects the trimming position of the ship at prescribed
velocities. This mechanism is however limited in application to transom
stern vessels where the region behind the transverse 15 plate can be
ventilated to minimise pressure drag. The present invention was developed
with a view to providing a means to exploit the benefits of a local
pressure increase on a surface of a hydrofoil whilst reducing the
detrimental influence of pressure drag. 20 SUMMARY OF THE INVENTION
Throughout this specification the term "comprising" is used inclusively, in
the sense that there may be other features and/or steps included in the
invention not expressly defined or comprehended in the features or the
steps specifically defined or 2 5 described. What such other features
and/or steps will include will be apparent from the specification read as a
whole. According to one aspect of the present invention there is provided
an improved hydrofoil device, the hydrofoil device comprising: 30 a first
surface and a second surface located on an opposite side of the device to
said first surface, wherein water flows over the first and second surfaces
from a leading edge to a trailing edge of the device; and, AMENDED SHEET
1PEA/AU   30t" October 2002 PCT/AU99/00333 Received 5 April 2000 -4 a
protnision provided adjacent the trailing edge of the device so as to
produce a surface discontinuity on said first surface wherein said
protrusion is arranged with an included angle to the upstream direction of
the blade of less than or equal to 90 whereby, in use, the flow of water
over the surface is deflected back on itself, a 5 resulting increase in the
local pressure on said first surface ahead of said protrusion contributes
substantially to the lift generated by the hydrofoil device. Advantageously
said protrusion is provided by means of an adjustable interceptor, said
interceptor having a moveable surface forming said included angle whereby,
in l0 use, the extent to which said moveable surface protrudes from said
first surface can be varied to control the degree of lift generated by the
hydrofoil device. Preferably said moveable surface can be made to protrude
from either one of said first surface or said second surface so as to
change the direction of lift generated by the hydrofoil device. 15
Typically said hydrofoil device further comprises means for ventilating a
separated cavity formed adjacent a trailing edge of the device bounded by
the water flowing over said first and second surfaces. Preferably said
means for ventilating comprises a flow path for air from atmosphere
whereby, in use, air will be drawn into the cavity 2 0 by natural
ventilation. 



In one embodiment said adjustable interceptor is formed by a trailing edge
section of the hydrofoil device, said trailing edge section being pivotally
mounted on a main body of the device by means of one or more pivot plates.
Preferably each said pivot 2 5 plate extends outwards to a maximum depth of
said protrusion and extends upstream at least twice this distance.
Typically each said pivot plate is pivotally coupled to the interior of
said main body by a pivot pin. Advantageously one of said pivot plates is
located at an end of a span of the hydrofoil device to prevent pressure
loss at a tip of the device. AMENC7!=D SHEET IPF'r4lAU   30`" October 2002
PCT/AU99/00333 Received 5 April 2000 -5 In another embodiment said
adjustable interceptor is formed by a moveable section slidably mounted in
guides so as to be moveable in a direction substantially perpendicular to
the direction of flow of water around said hydrofoil device. Advantageously
said guides are formed by guide plates fixed to a main body of the 5 device
and adapted to minimise spilling of the localised high pressure region
across said first surface. According to another aspect of the present
invention there is provided an improved propeller for marine propulsion,
the propeller having a plurality of hydrofoil blades) l0 and at least one
of the hydrofoil blades comprising: a first surface and a second surface
located on an opposite side of the blade to said first surface, wherein
water flows over the first and second surfaces from a leading edge to a
trailing edge of the blade; and, 15 a protrusion provided adjacent the
trailing edge of the blade so as to produce a surface discontinuity on said
first surface and wherein said protrusion is arranged with an included
angle to the upstream direction of the hydrofoil of less than or equal to
90 whereby, in use, as the flow of water over the surface is deflected back
2 0 on itself, a resulting increase in the local pressure on said first
surface ahead of said protrusion contributes substantially to the thrust
generated by the propeller. Preferably said protrusion is provided by means
of an adjustable interceptor, said interceptor having a moveable surface
forming an included angle to the upstream 2 5 direction of the blade
whereby, in use, the extent to which said moveable surface protrudes from
said first surface can be varied to control the thrust generated by the
propeller. Preferably said moveable surface is formed on a slidable plate
which is supported in 3 0 diagonal guide slots oriented in a main body of
the blade so that actuation from a hub of the propeller of said slidable
plate is orthogonal to the direction of the blade movement. Advantageously
said hydrofoil device further comprises: AMENDEf~ ~llE,~ IPEA/AU   30'"
October 2002 WO 99/57007 -6 PCT/AU99I00333 a second protrusion provided
adjacent the leading edge of the device so as to produce a surface
discontinuity on said second surface whereby, in use, a resulting flow
separation defined on said second surface reduces friction and contributes
substantially to stable flow conditions across said second surface. 5
Preferably means for ventilating the second surface behind said second
protrusion are provided so as to prevent reattachment of the separated flow
and inhibit the possibility of cavitation on said second surface.
Preferably said second protrusion is adjustable between a first position m
which a leading edge surface discontinuity is formed on said second surface
and a 10 second position on which a leading edge surface discontinuity ~s
formed on said first surface. 



Typically said second protrusion is formed by a leading edge portion of the
hydrofoil demce which is moveable between said first and second pos~t~ons
BRIEF DESCRIPTION OF THE DRAWINGS 15 In order to facilitate a more detailed
comprehension of the nature of the invention several embodiments of the
improved hydrofoil device rili no~ be described in detail, by way of
example only, with reference to the accompanying drawings, in which Figure
1 (a) and (b) illustrate a first embodiment of a hydrofoil device accordm~
20 to the present in~~ention, Figure 2(a), (b) and (c) Ulustrate a second
embodiment of a llvdrofo!! dewcc according to the present invention, Figure
3(a) and ;:~ ~ ~Ilust<<1tc vartatmn~ of li~c hydrofoil dcvic~~ of Fy:~~~ ~'
30t" October 2002 WO 99I57007 PC'TIAU99100333 Figure 4(a) and (b)
illustrate one possible mechanical arrangement for providing an adjustable
interceptor for the hydrofoil device of Figures 2 and 3; Figure 5(a) and
(b) illustrate another possible mechanical arrangement for providing an
adjustable interceptor for the hydrofoil device of Figures 2 and 3; 5
Figure 6(a) and (b) illustrate a possible mechanical arrangement for
providing an adjustable interceptor for a hydrofoil blade of a propeller,
Figure 6(b) being a section view through the line A-A in Figure 6(a);
Figure 7(a) and (b) illustrate the formation of separated flow on a surface
of the hydrofoil device of Figure 1; 10 Figure 8(a) and (b) illustrate a
third embodiment of z by drofotl device accordtc~;~ to the present
invention; Figure 9(a), (b) and (c) illustrate a fourth embodiment of a
hydrofoil de~~tcc according to the present invention; Figure 10(a), (b) and
(c) illustrate a fifth embodiment of a hydrofoil device 15 according to the
present invention; Figure 11(a), (b) and (c) illustrate a variation of the
hydrofoil device of Figur:= 10; and Figure 12 illustrates a sixth
embodiment of the hydrofoil device according to th~_ present invention 20
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS ,A first embodiment of the
improved Vwdrofotl device 10 IIl acc()Cdallc~' w ii ; tt invention as
illustrated tn lugure 1 comprises ;3 ttrat 5nrtoco 1? frenerallv ai:up to a
ly~l~c~r than ambient local hf eaauru :~ wcmod sin tac'~, I 4 m hrm m:wi ~
,., t .   30t" October 2002 



WO 99l57007 PCTIAU99100333 _g_ opposite side of the hydrofoil device and is
generally subject to a local pressure relatively lower than that of the
first surface 12 as water flows in the direction of arrow A over the first
and second surfaces from a leading edge 16 to a trailing edge 18 of the
device 10. A protrusion 20 is provided adjacent the 5 trailing edge 18 so
as to produce a surface discontinuity on the first surface 12. As can be
seen more clearly in Figure I(b) the protrusion 20 is arranged with an
included angle A to the upstream direction of the hydrofoil of
approximately 90 so that the flow of water over the first surface 12 is
deflected back on itself. For this reason, the included angle 9 is
preferably slightly less than 90 so as to 10 create a recirculating flow 22
in front of the protrusion 20. The recirculating flow 22 serves to
decelerate the flow thereby increasing the local pressure on the first
surface 12 It is this increase in local pressure that is of benefit i:~
generating lift. Near the first surface 12 a separating stream line 24 will
exist, above ~hrch the 15 flow will recirculate and below which the flow
-rll be deflected by the recrrculating flow 22 Upon being deflected, the
floe below the separatrnr streamline 24 will separate off a discontinuity.
The flow will remain separated aft of the hydrofoil device 10 so as to form
a separated cavity 26. An air sour~e made available to the separated cavity
26 will minimise the pressure drag. A 20 the separated cavity 26 without
air will typically be at a pressure less than atmospheric pressure, air
will be drawn into the cavity without po~~e= assistance. This ~s kno~~n as
natural ventilation and relies on a suit2ble pat being available for the
air to reach the hydrofoil device 10 from the atmosphere To assist the
natural ventilation, a base vented hydrofoil sect~oi~ has bee 25 adopted.
Base venting describes the blunt end face 28 of the trarl~n~ edge that will
encourage ventilation at all times thus maintaining a readily a~-ailab -_
air pathway As a result of the prea~nce of the protrusion 20 on the lower
surfmu :m loc pressure on lh~~ orsl surtacu ahead of tho protrusion 20 m
m~r~asc~d :~_~._w,u th of the local hw:~ostotn prussuru Tlic ~~tent c>i
tl~c~ wt(u~oru on ti:_ :~'~'ssr'   30`" October 2002 WO 99I57007 -9
~'CT/AU99/00333 ahead of the protrusion 20 is a function of (among other
things) the height of the protrusion 20. By varying the height of the
protrusion above the first surface 12 the extent of the influence can be
varied. Figure 2 illustrates a second embodiment of a hydrofoil device
according to the invention which incorporates 5 an adjustable interceptor
for varying the height of the protrusion. In the hydrofoil device 30 of
Figure 2, a trailing edge section 32 of the device forms an adjustable
interceptor having a moveable surface 34. The trailing edge section 32 is
pivotally mounted on a main body 36 of the device so that the extent to
which the moveable surface 34 protrudes from a first surface 38 as 10 shown
in Figure 2(a), can be varied. Moveable surface 34 forms an included angle
to the upstream direction of the foil of slightly less than 90 so as to
produce a recirculating flow and a resulting increase in local pressure on
the first surface 38 ahead of the moveable surface 34. The integral of
pressure o~~er the entire surface of the section will provide the net force
on the hydrofoil 15 section. The force may be resolved into a first
component in the direction of the flow called drag, and a second component
normal to the flow called lift ~'~'rth the described embodiment, the
contribution to lift from the lower surface 38 o~~er 



pressure (above hydrostatic pressure) is more significant than that from
the-- upper surface, although there are contributions to lift from both
surfaces The 20 greater the height of the perturbation on the lower surface
38 provided b~- the adjustable interceptor 32, the greater the lift
generated. Advantageously the adjustable Interceptor 32 can be pivoted
either side of the hydrofoil device so as to extend the protrusion from
either surface of the hydrofoil. Figure 2(b) illustrates the trailing edge
section 32 forming the 2~ adjustable interceptor in the neutral position,
whereas Figure 2(c) shows tt~u adjustable interceptor 32 protruding above
the upper surface of the hvdrofo!l The increase m local pressure on the
upper surface of the hydrofoil dev!ce 3u G shown in lui;ure 2(c) would
contribute to a net lift force acting on tloe S:~ctl~ ~:, !' a dow~n~l~ards
direction Tlos pr!ncr~~lu may L~o applied to botll svmmutr!,- :.' ~
aavmrt~etric foal sections   30t" October 2002 WO 99/57007 PCT/AU99/00333
-10 In applications where high lift is required for only a limited period
of time, or where the hydrofoil device is to be operated for extended
periods of time with low inflow velocities, the effect of the present
invention may be combined with a conventional hydrofoil and a non-base
vented foil 39 may be used as shown 5 in Figure 3(a). Like the base vented
foil 41 illustrated in Figure 3(b), an air source should preferably be made
available to be most effective. Any suitable mechanism for effecting
movement of the adjustable interceptor may be employed. An important
consideration is that the included angle at the discontinuity should not
allow pressure loss through the mechanism. The lift 10 generated by the
hydrofoil device will diminish with increasing pressure loss through this
location. Movement of the trailing edge section 32 of the device may be
effected by a hydraulic actuator, mechanical linkage or a servo control
surface. Any such driving device can be operatively connected to an
electronic controller of appropriate type to regulate the lift generated
for the particular 15 application It is in such active control applications
that the device Till demonstrate rapid lift variations due to adjustment of
the discontinuity. The low driving power required and the rapid response
time make this device more effective than incidence control of a
conventional hydrofoil. - Two possible mechanical arrangements for
effecting movement of an adjustable 20 interceptor are illustrated in
Figures 4 and 5. In 4(a) the adjustable interceptor is formed by a trailing
edge section 42 which is pr~~otall5~ mounted on a main body 44 of the
hydrofoil device by means of a pivot plate 46. Pivot plate 46 is pivoted
from the interior of the main body 44 by a pivot pin 4S. Typically, two or
more of such pivot plates 46 are provided for supporting the adjustable 25
interceptor 42 The presence of the plates 46 serves not onl`~ to support
the trailing edge section 42 of the hydrofoil, but also provides a means of
trapom~ the localised high pressure region and preventing rt spillrng
across the surface of the fort Advantageously the prvot plates 46 arc sized
ae that they evtend a. least to the depth of the protrusron and at least W
we tlm distancr unstr~am   30`" October 2002 WO 99I57007 PCT/AU99100333 -11



A plate should also be located at least at the end of the hydrofoil span to
prevent pressure loss at the tip. Figure 5 illustrates a sliding
arrangement in which the adjustable interceptor is formed by a moveable
section 50 which is slidably mounted in guides similar 5 to a guillotine.
In this embodiment the guides are formed by guide plates 52 fixed to a main
body 54 of the hydrofoil device. In this arrangement, the guide plates 52
also help to minimise spilling of the localised high pressure region across
the surface of the hydrofoil. The sizing and location of the guide plates
52 would be dictated by similar considerations to that of the pivot plates
46 of 10 Figure 4. In the application of the present invention to a
propeller blade, the actuation of the adjustable interceptor would normally
be available from a hub o- the propeller. Figure 6 illustrates an
appropriate arrangement for propeller actuation. Figure 6(a) illustrates a
blade 56 of a propeller viewed end on from 15 the trailing edge, with an
adjustable interceptor 58 protruding from a first surface 60 thereof. As m
the previous embodiments, the protrusion provided by the adjustable
interceptor is provided adjacent the trailing edge of the _. propeller
blade 56 so as to produce a surface discontinuity on the first surface 60.
In use, a resulting increase m the local pressure on the first surface 60
of the 20 blade contributes substantially to the thrust generated by the
propeller. This contrasts with conventional propeller design in which most
of the thrust is generated by suction on the low pressure side of the
propeller blades. As can be seen more clearly in Figure 6(b) the adjustable
interceptor is formed by a slidable plate which is supported m diagonal
guide slots 62 oriented m a main 25 body of the blade 56 so that actuation
in the direction of arrow B from the huh of the propeller of the sl~dable
plate 58 is orthogonal to the direction of the b!ad~~ movement The
interceptor plate 58 sides m the d~rect~on of arro~n~ C Each of the
emhod~ments of the hydrofoU dewcc Ulustrated m I~yures ~ '> ~` best suOed
to condittow of stead- Il~rlo~ ~l~hm fiuctuat~ons m tli~ ~;~~icm   30`"
October 2002 WO 99I57007 PCT/AU99/00333 -12 velocity exist due to
instability in the flow, there is a risk of uncontrolled ventilation as
illustrated in Figure 7. Due to changes in the inflow velocity, there may
exist a region of low pressure on the upper surface of the hydrofoil (the
surface on the opposite side to the protrusion). In this situation, it is 5
possible that the base vented air cavity may extend forward as shown in
Figure 7(b) to equalise the pressure. Since there would no longer be a
defined separation point at the leading edge of the cavity, unstable flow
conditions would result and the lift force would fluctuate as the
separation point 66 oscillates along the upper surface of the hydrofoil.
The localised high pressure 10 region on the lower surface ahead of the
protrusion will suppress any ventilation on the.lower surface of the
hydrofoil. While Figure 7 illustrates such instability on a hydrofoil
design for lift in one direct>on only, a similar phenomenon could occur on
either side of a hydrofoil designed to lift in both directions such as that
In F>gure 2 A hS~drofoU operating >n -aves may be subject to such
oscl!lations 15 To extend the application of the invention to operate
successfully in oscillating inflow conditions, a further discontinu>tv may
be provided on the upper surface of the hydrofoil Figure 8 illustrates a
third embodiment of a hydrofo>l dev>ce 70 in accordance-= with the present
invention. The hydrofoil dev>ce 70 of F>gure 8 is s>milar to that 20
illustrated in Figure 1 except that >t further compr>ses a second
protrusion 72 provided adjacent to a leading edge 74 of the device The
device 70 also has a first protrusion 76 provided adjacent a trailing edge
78 of the device so as t~ produce a surface discontinuity on a f>rst
surface 80, s>.milar to that of the hydrofoil device 10 of Figure 1. The
second protrusion 72 produces a surface 



25 discontinuity on a second surface 82 of the device. The function of the
discontinuity on the second surface 82 is to define a separation point 84
t-lat i11. remain constant across a wide range of inflow angles As the flow
mov es over the second surface 82 of the hydrofoil the dtscontlnultv at or
near the ~eadlnf: edge 74 will cause the flow to separate 'Ii~e angle 0 at
m~hlcV~ ti fl(wv :~~parate~ 30 can be controlled by selecting tfle tangent
line on tl)e surface ul tl)e h~ ;rusl()i /~ at tllC dISCOIItIIIUIt~~
~~~Itll lUdlclal 5ell'Ctl()il ()f tile IIII~~(.'Ill ,ll tlll~ 1~ ''11l, t!1
30t" October 2002 WO 99I57007 PCT/AU99100333 -13 cavity shape can be
defined to cover the trailing edge of the hydrofoil device 70 as shown in
Figure 8(h). In the region behind the discontinuity formed by the second
protrusion 72, an air source is preferably made available so as to prevent
reattachment of the 5 separated flow on the second surface 82. Preferably
the same air source made available to the base vented trailing edge 78 is
employed. By separating the flow the friction across the second surface 82
is thereby reduced and the possibility of cavitation is prevented with the
admission of air. The purpose of the discontinuity on the second surface 82
is to encourage a clean separation and 10 stable flow conditions, thereby
avoiding buffeting. Prior to the addition of the discontinuity on the
second surface 82 the local pressure on the upper surface ma~~ have been at
a pressure less than atmospheric. However, the addition of the upper
surface discontinuity mad reduce the lift force generated due to the upper
surface being mostly ventilated 15 at atmospheric pressure This loss of
lift is however offset by the reduced friction over the upper surface and
the stability of lift. At very high intZo~, velocities the upper surface
discontinuity may become essential to prevent-' cavitation and instability.
The principle advantage of this arrangement over conventional hydrofoils is
that 20 the speed of the flow over the section is no longer constrained by
the onset o` cavitation. Sufficient flo~ speed past the section should be
maintained so as tc~ ensure separation occurs. Beyond this speed, the
presence of air inhibrt~ cavitation and stable flo~ conditions exist. Fully
cavitating hydrofoil sections have been designed for high spee~ 25
applications previousl}~ h~ general a relatively high inflocN angle and
high f lov speed are required to mair~tarn a stable vapour cavrtv over tho
entire surface c the foil Such high inflow- angles ~tverel~~
cOi111~r~~llrse tire efficrcnc~. c~' tl~ liydr<>foil and the reqmrument fc
~: Ilr~Il Illlnllllriill spuccf limit applicatrc~;v   30`" October 2002 WO
99/S7007 -14 PCT/AU99/00333 By generating a separated region from a
discontinuity and the admission of air, the present invention allows a
relatively thin section to be used with minimal angle of incidence to the
flow. This results in a profound reduction in drag and an increase in the
efficiency of the present invention over previously designed 5 cavitating
hydrofoils. However, the present invention may also be applied to hydrofoil
sections designed for fully cavitating conditions. The benefits of a
leading edge discontinuity may also be applied to hydrofoils designed for
lift in two directions as shown in Figure 9. Figure 9 illustrates a 10
forth embodiment of a hydrofoil device 90 in accordance with the invention,
m which the second protrusion 92 is adjustable between a first position m
which a leading edge surface discontinuity is provided on a second surface
9~ of the device, and a second position in which a leading edge surface
discontinuity is formed on a first surface 96 of the device The first and
second positrons of the 15 second protrusion 92 are illustrated in Figures
9(a) and 9(c) respectivel\' In this embodiment, the second protrusion 92 is
formed by a leading edge portion of the hydrofoil device 90 which is
moveable between the first and second positions The leading edge portion 92
of the hydrofoil ahead of the upper surface discontinuity can be arranged
to move in the opposite direction to the 20 trailing edge section 98 of the
hydrofoil as shown in Figures 9(a) and 9(c). Mechanisms For moving the
leading edge portion 92 of the hydrofoil may- be similar to those employed
in moving the aft portion 98 The t~o moveable portions of the hydrofoil
device 90 may also be mechanically connected 



One advantage of this arrangement is that In the mid-travel position a~
silo\~~I, 25 in Figure 9(b), both surfaces 94 and 9~ of the hydrofoil
benetlt from tile reducea friction afforded by the air cavity .-~s
mentioned In relWiol) to Figure 5, th~~ tangent at the separation point
should be defined so os to ~;elmratu a c,lv. It\ `.1( encapsulates the
entire aft portiol) of tj~~ I)ydl~ol11 ~1 iu' ~1(~j~llv tn ti)~ 011W
C)ilt111111tV t() tile nlalll 17(ld~' ()~ tl)t' 1)\'drOt()II dt'\ IW'
IlV)\' l't' II)t Iv'~)~~'~   30`" October 2002 WO 99/S7007 -15
PCT/AU99/00333 decreased to provide additional cavity volume to overcome
any cavity oscillations as a result of oscillations in inflow. The
arrangement of the leading edge discontinuity ensures that the air supply
is maintained adjacent the leading edge at all times. This arrangement is
particularly suited for controlled surfaces 5 such as rudders. In adopting
such an arrangement care should be exercised so as to not induce a pocket
of cavitation near the leading edge of the section during the neutral stage
between generating lift in one direction and the other. A circumstance may
arise in high velocity applications, where the air source contained in the
base 10 vented cavity cannot reach the leading edge due to a region of
attached fiov~ and a pocket of cavitation may exist ahead of the attached
flow region. This circumstance may be overcome, albeit at a lesser
efficiency, by continuall~~ maintaining a discontmuy' on both sides of the
Poll near the leading edge am: hence a ventilated cavit~~ on both sides of
the foil. If a significant aft disturbance 15 depth Is provided on the
lo~n'er side of the foil, the region of h>.gh pressure resulting will
suppress the ventilation and lift will result. In applying the present
invention to a propeller significant ga;;ns may be= achieved over
conventional propellers For a conventional ship's propeller the local blade
velocities are limited so as not to cavitate the fluid. Considering the 20
finite thickness limit for blade strength, the practical limit for a
non-cavitating blade is typically in the region 25- 35 metres per second
The local blade velocity comprises a component due to Inflow' Into the
propeller disk area and a velocity component due to propeller rotation. As
the inflo~~. velocity to the propeller disk Increases, the velocity
component due to propelle 2~ rotation must be reduced to maintain
cavitation free flow over the blade T~ prevent cavltatlon It therefore
becomes necessary to Increase the pltcil of th~_ blade to effectively
reduce thu Inti(~'.~ angle In dolnf; s(~ ll)~ left of tloe fo; cOntCIbUtes
yr<)~feSSIVeI\' lf'sS I() tll`' ;:)rLISt ()I the VeSSC'l ,11)u 1)lOr(' t()
tll~' t()r~Lv <)f the pr()EII('r, rusultl:; 1 ~il)mm~nn~ efflclenc5'   30t"
October 2002 WO 99/57007 PCTIAU99/00333 -16 Because it is not limited by
the onset of cavitation, the present invention allows a significantly
higher rotational speed of the propeller to be maintained, thereby
increasing the component of lift acting in the direction of required
thrust. The relatively thin section and its alignment closer to the
rotation of the propeller 5 reduce torque and/or provide greater
efficiency. Furthermore the higher rotational speed reduces the torque
requirement for the design of the mechanical components and shafting to
transmit a set amount of power. Shock loading as a result of intermittent
cavitation is also avoided. The higher rotation speed of the propeller also
serves to reduce the Induced 10 drag. Induced drag is the component of drag
resulting from the formation of lift. 



Further reduction in induced drag can be achieved by effectively increasing
the aspect ratio of the propeller blade geometrically or by use of
endplates or wing tips The higher rotational speed allo~~s a higher
momentum exchange to occur ath 15 the passing fluid and hence a higher disk
loading; or a smaller propeller to be utilised for the same power. This is
particularly beneficial where high po~n~er is to be transmitted or
restricted propeller disk space is available.  By making the height of the
disturbance adjustable the benefits of a controlled pitch propeller can be
achieved with less structural limitations than full blade 20 incidence
control, as a significant portion of the blade can be rigidly attached to
the hub. The hub would need to be vented to provide the necessary air
source for the effective operation of the invention An added advantage is
that this arrangement allows the use of relatively stronger blade section
shapes to be adopted than can be used for fully v,~etted conventional
blades. This n due to 25 the non-critical shape, both inside the cavity and
of i of the lower perturbation Furthermore the surface finish required
using, this arrangement is less critical to performance than for
conventional propellers oper<~cm~T close to thc~ c; ~. nailc~i~~ llITllt
30`" October 2002 WO 99/57007 PCT/A U99/00333 -17 A further advantage of
the improved hydrofoil is that the rearward location of the over pressure
region created by the perturbation and the stable air cavity on the upper
surface minimises the sensitivity of the section lift to changes in inflow
angle and influences of the free surface. This phenomenon makes the 5
section particularly useful for application on lifting hydrofoils operating
near the free surface or propellers where the pressure face of a propeller
blade operates in close proximity to the ventilated cavity of the preceding
blade. For a conventional hydrofoil where lift is generated primarily from
a reduction in pressure over the upper surface of the foil there exists a
danger in the 10 hydrofoil drawing air from the free surface into the low
pressure region resulting in loss of lift. As the upper surface of the
improved hydrofoil is already ventilated there is no danger of unwanted
lift loss. In fact the device can operate effechvelv in generating ups>>ard
lift wuth the entire upper surface abow~ the water (planing condition). 15
For a conventional hydrofoil the reduction in pressure over the upper
surface is most significant near the leading edge of the section. Small
changes in inflow angle resulting from the orb>tal velocities of cvaves can
result in changes irt'~ inflow angle to the foil and may generate large
unwanted force variations. The improved hydrofoil minimises this influence
by biasing the lift centre aft away 20 from the leading edge. Figure 10
illustrates a fifth embodiment of the improved hydrofoil de~~ice Ir, this
embodiment, the shape of the hydrofoil section is made similar at both the
leading and trailing edges to enable the same hydrofoil to generate lift
upwards and do~l~nwards depending on the direction of the tnflo~ As sho~n
in th~_ 25 hydrofoil device 100 of Figure 10, if the first protrusion 102
on the ftrsr surfac~ 104 is made the same shape as the second protrusion
106 on the second surfac~_ 10~, tlic~ hydrofoil can be used to f;enutate
dow~wvard lttt tf tl~e~ directtc~:, of flay to r~~v~tsed a~ illustrated tn
Fthurm 10(b) anal 10(c j rcapectmei I li' at ran~,moent m eo t~arUculat
synftcamo tn the ahhlicattooi t l~rol~ull~~: _ w hc~r   30`" October 2002
WO 99!S7007 -18 



PCT/AU99/00333 until now the hydrofoil sections used were only designed for
flow in one direction. When the direction of flow is reversed, by reversing
the direction of propeller rotation, the performance with a conventional
propeller was severely compromised. With the improved hydrofoil section
applied to the propeller 5 blades, it is possible to generate similar
performance with propeller rotation in either direction. When applied to
propeller blades, the depth of the protrusions 102, 106 can be used to fine
tune the propeller loading to that of the propulsion system. If the
propeller is manufactured with a generous height of the protrusion on the
lower side of the blades, material can be progressively 10 removed until
the propeller is matched to the propulsion system. It is also possible to
arrange the improved hydrofoil of F>gure 10 in a manner that allows lift to
be generated in two directions ~ith two possible ~nfio~ directions. In the
embodiment of Figure 11, the two edge sections 1l0,11? are pivotally
mounted at each end of a main body 114 of the hydrofoil section Each 1~ of
the edge sections 1l0,112 can be based to be proud of ether the upper or
lower surface. Furthermore, the Lift generated m either direction can be
controlled by varying the height of the protrusion. As with the t~NO-wa~~
lifting hydrofoil described in Figure 9, care should be exercised to ensure
that air supply is available to both leading edge discontinuities The
tangent point of the 20 surface at the leading edge discontinuity should
also be defined to ensure that the cavity encapsulates the moveable portion
of the hydrofoU at what is nov`~ the rear portion of the foil An associated
application of the present invention relates to the use of a base vented
section l16 with an adjustable perturbation 118 on tile base of the section
2as shown m Figure 12 In this embodiment the discontmnty near the leaciin~.
edge is omitted and a dmergm~ section adopted to mainta> a pos~tme pressure
gradient on both sides of the section, thereby preventml; Loth cavitat~ol~
anc ventilation An air source is promded at th~~ reai on tl~c ~ectlotl alld
t't~e r~ pc~rturbat~on 1 18 is used to vary Loth tlic snl~~ of tlm ~~~rf
ioo on w~fml~ ! ~ ~ m >t~' generated and thin nlal;IlIW ~ir~ of llm I~tt
30`" October 2002 WO 99/57007 -19 PCT/A U99/00333 It is envisaged that such
a section would be ideally suited for use in struts connecting elements
adopting the basic form of the invention, operating below the water
surface, with structure above or near the water surface. Such a strut
section would benefit frbm increased section strength properties needed to
5 support lift generating surfaces. Furthermore the large base vented
cavity would serve to provide an adequate air supply path to sub-surface
elements. An example of such an application is a surface piercing strut for
a submerged vented hydrofoil section with the strut combining the function
of a rudder, air supply path and structural support. A similar arrangement
may be employed 10 in the application of Z drive propulsion where the
invention is employed for propeller blades Now that several embodiments of
the improved hydrofoil device according to the present invention have been
described m detail, ~t will be apparent that it 15 has significant
advantages over conventional hydrofoils. In particular, by shifting the
emphasis of force generation from the low pressure side to the high
pressure side of the hydrofoil, the present invention is able to overcome
many of the limitations of conventional non-cavitating and fully cavitating
hydrofoils The improved hydrofoil device of the invention may be used for
the generatior>- 20 of dynamic force, be it for dynamic support,
propulsion, dtrect~on control, or indeed any application where conventional
or cavitating hydrofoil sections are employed. This ~~~ould include pumps,
water turbines, rudders, control fins and thrusters operating m any fluid
medium. The device is particularly suited t~ those applications where
cavitation may otherwise limit performance and a 



25 range of inflow velocities are anticipated Numerous var~at~ons and
modifications will suggest themselves to nerson~ skilled m the naval
architectural arts, m add~t~on to those already described, mathout
departing from the bass mventm~ concepts For example, m eaci~ of
thcdescribed embodiments the hydrofoil ~cctlofl is of similar sllap~ ( loww
c'r, tlo 30 improved liydrotcnl dmnce accordm~ W t1e mvent~on may bu oU
on~, ~~utabl._ shahs dopendy~ o;~ tl~c~ pai t~cul~~- ah(~I~c:atmn ~\Il
SucV~ vormt:,~w ~n~   30'" October 2002 WO 99l57007 -20 PCT/AU99/00333
modifications are to be considered within the scope of the present
invention, the nature of which is to be determined from the foregoing
description and the appended claims.   30`" October 2002 PCT/AU99/00333
Received 5 April 2000 -21 THE CLAIMS DEFINING THE INVENTION 1. An improved
hydrofoil device, the hydrofoil device comprising: 5 a first surface and a
second surface located on an opposite side of the device to said first
surface, wherein water flows over the first and second surfaces from a
leading edge to a trailing edge of the device; and, a protrusion provided
adjacent the trailing edge of the device so as to produce a surface 10
discontinuity on said first surface wherein said protrusion is arranged
with an included angle to the upstream direction of the hydrofoil of less
than or equal to 90 whereby, in use, the flow of water over the surface is
deflected back on itself, a resulting increase in the local pressure on
said first surface ahead of said protrusion contributes substantially to
the lift generated by the hydrofoil device. 15 2. An improved hydrofoil
device as defined in claim 1, wherein said protrusion is provided by means
of an adjustable interceptor, said interceptor having a moveable surface
forming said included angle whereby, in use, the extent to which said
moveable surface protrudes from said first surface can be varied to control
the degree of 2 0 lift generated by the hydrofoil device. 3. An improved
hydrofoil device as defined in claim 2, wherein said moveable surface can
be made to protrude from either one of said first surface or said second
surface so as to change the direction of lift generated by the hydrofoil
device. 25 4. An improved hydrofoil device as defined in claim 3, further
comprising means for ventilating a separated cavity formed adjacent a
trailing edge of the device bounded by the water flowing over said first
and second surfaces. 3 0 5. An improved hydrofoil device as defined in
claim 4, wherein said means for ventilating comprises a flow path for air
from atmosphere whereby, in use, air will be drawn into the cavity by
natural ventilation. AMENDED SHC~ ~PEA/Al l   



30t" October 2002 PCT/AU99/00333 Received 5 April 2000 -22 6. An improved
hydrofoil device as defined in claim 2, wherein said adjustable interceptor
is formed by a trailing edge section of the hydrofoil device, said trailing
edge section being pivotally mounted on a main body of the device by means
of 5 one or more pivot plates. 7. An improved hydrofoil device as defined
in claim 6, wherein each said pivot plate extends outwards to a maximum
depth of said protrusion and extends upstream at least twice this distance.
10 8. An improved hydrofoil device as defined in claim 7, wherein each said
pivot plate is pivotally coupled to the interior of said main body by a
pivot pin. 9. An improved hydrofoil device as defined in claim 8, wherein
one of said 15 pivot plates is located at an end of a span of the hydrofoil
device to prevent pressure loss at a tip of the device. 10. An improved
hydrofoil device as defined in claim 2, wherein said adjustable interceptor
is formed by a moveable section slidably mounted in guides so as to 2 0 be
moveable in a direction substantially perpendicular to the direction of
flow of water around said hydrofoil device. 11. An improved hydrofoil
device as defined in claim 10, wherein said guides are formed by guide
plates fixed to a main body of the device and adapted to minimise 2 5
spilling of the localised high pressure region across said first surface.
12. An improved hydrofoil device as defined in claim 1, further comprising
a second protrusion provided adj acent the leading edge of the device so as
to produce a surface discontinuity on said second surface whereby, in use,
a resulting flow separation 3 0 defined on said second surface reduces
friction and contributes substantially to stable flow conditions across
said second surface. AMEiVU~D SHEEIr IPEA/AU   ' , 30`" October 2002
PCT/AU99/00333 ' , Received 5 April 2000 -2~ 13. An improved hydrofoil
device as defined in claim 12, wherein means for ventilating the second
surface behind said second protrusion are provided so as to prevent
reattachment of the separated flow and inhibit the possibility of
cavitation on said second surface. 5 14. An improved hydrofoil device as
defined in claim 13, wherein said second protrusion is adjustable between a
first position in which a leading edge surface discontinuity is formed on
said second surface and a second position on which a leading edge surface
discontinuity is formed on said first surface. 10 15. An improved hydrofoil
device as defined in claim 14, wherein said second protrusion is formed by
a leading edge portion of the hydrofoil device which is moveable between
said first and second positions. 15 16. An improved propeller for marine
propulsion, the propeller having a plurality of hydrofoil blades, and at
least one of the hydrofoil blades comprising: a first surface and a second
surface located on an opposite side of the blade to said first surface,
wherein water flows over the first and second surfaces from a leading edge
to a 2 o trailing edge of the blade; and, 



' a protrusion provided adjacent the trailing edge of the blade so as to
produce a surfacx discontinuity on said first surface and wherein said
protrusion is arranged with an included angle to the upstream direction of
the blade of less than or equal to 90 whereby, in use, as Z 5 the flow of
water over the surface is deflected back on itself, a resulting increase in
the local pressure on said first surface ahead of said protrusion
contributes substantially to the thrust generated by the propeller. 17. An
improved propeller as defined in claim 16, wherein said protrusion is 3 0
provided by means of an adjustable interceptor, said interceptor having a
moveable surface forming an included angle to the upstream direction of the
blade whereby, in use, the extent to which said moveable surface protrudes
from said first surface can be varied to AMENDEtt ~H~F~ ~PEAIAt ~   30`"
October 2002 PCT/AU99/00333 ' .. ' ( Received 5 April 2000 - 24 control the
thrust generated by the propeller. 18. An improved propeller as defined in
claim 17, wherein said moveable surface is formed on a slidable plate which
is supported in guide slots oriented in a main 5 body of the blade so that
actuation from a hub of the propeller of said slidable plate is orthogonal
to the direction of the blade movement. 19. An improved propeller as
defined in claim 16, further comprising a second protrusion provided
adjacent the leading edge of the blade so as to produce a surface l0
discontinuity on said second surface whereby, in use, a resulting flow
separation defined on said second surface reduces friction and contributes
substantially to stable flow conditions across said second surface. 20. An
improved propeller as defined in claim 19, wherein means for 15 ventilating
the second surface behind said second protrusion are provided so as to
prevent reattachment of the separated flow and inhibit the possibility of
cavitation on said second surface. AMENDED SHEET ~pEAIAU
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