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(57) Abstract: THIS invention relates to a power generating
device. More specifically, the invention relates to a renew-
able energy power generating device for converting wind
and/or water-flow energy into useable electrical power. The
power generating device includes a support structure rotat-
able about a first axis of rotation, a plurality of aerofoil
blades rotatably mounted on the support structure and fiee to
rotate relative thereto about second axes of rotation substan-
tially parallel to and radially spaced from the first axis of ro-
tation, and a means of actuating the aerofoil blades between
first and second reflexed camber aerofil section conditions
such that the aerofoil blades are freely rotatable to automatic-
ally set an angle of attack relative to a fluid flow direction
thereby to generate a lift force thereover and transmitting a
torque to the support structure to drive It through a repeating
360 degree rotary cycle.
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POWER GENERATING DEVICE

LI

BACKGROUND

THIS invention relates io & power generating device. More specifically, the invention

hoss

10 relates io a renewable energy power generating device for converting wind and/e

water-flow energy into useable elecirical power.

Renswable energy power generating devices are well Known, with most known devices

typically converling wind andlor water-flow energy into reciprocaling or rotary

i5 mechanical enerqy for-driving some form of generator for producing electrical power.
Alihough this present invention may be configured {0 produce a reciprocating motion
for driving a generator, a rotary-type motion is preferable in that such motion is smooth,
continucus and, at least for exiended psriods, moving in a single dirsction.

28
When the concepts of wind powered devices {.e. turbines) andfor waler powerad
devicss {t.e. waterwheels} wers first being explored, most such devices incorporated
blades with ralatively large surface areas o capture passing wind or water-fiow thereby
to drive the blade in the direction of flow and power the turbine.

25
The disadvantage of such devices is that the blades do not provide drive continuously
throughout the cycle. Typically, the cycle is broken subsianiially inlo a drive phasg,
where the blades are driven in the direction of flow, and a return phase, where the
blades move against the flow to return fo the start of the drive phase.

36

During the return phase of the cycle, the blades moving sgainst the flow creats drag,
significantly reducing the efficiency of these devices. Many atlempls have been made
fo address the disadvaniage of drag created during the return phase. One such sttempt

is by pivoling the blade during the return phase into a condition offering less drag.
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Ancther attempl, and one that is of far more interest in respect of the present invention,

is by replacing the large surface area resistive biades with wing-type blades {ie.

e

aarofoll or hydrofoil blades), which generate drive as a result of creating fif

Most of the known wing-type turbine or waterwhes! devices, for exampie the one taught
by Managahn in international patent appiication no. PCT/AUZ011/000723 {published as

WO 2012/000028), incorporate a plurality of symmetrical section aerofoil biades
pivoially connected to a walerwhee! structure having systems to pivotally conirgl their

respeactive angles of attack throughout rofation of the waterwhes! thereby io orientate

the blades correctly relative to the dirsction of flow o produce lift

Typicaily, these conirol systems drive pivotal movemesnt of the aerofoil blades about
thelr respective pivol axis on the waterwheel by internal drive mechanisms {(i.e. gearing

4

between ths blads and the pivol axis), or alternatively by making use of extemal

giierons at leading andfor trailing edges of the blades.

There are howsver at least two significant shoricomings in respect of these known

¥
wing-type turbine or waterwhest devices. Firstly, the control systems {particularly the
exiernal tvpe) are overly complicated and expeosad (o damaging forces and corrosive

elements especially in high current deep-sea appiications.

Secondly, to enable {ift {0 be generated throughout the cycle, the use of symmetrical
section aggrofoll blades at first glance appears o be the obvious solulion. However,

H

symmetrical section aercfoll sections, as Gpposed to non-symmetrical lift generatling

foil sections, do not offer optimum {iff characteristics.
As such, to gddress the shoricomings of the prior art, there is 2 nesed Yor a {urbine /
waterwhee! tvpe device having non-symmetrical iift generaling aercfoill section plades

3

However, such blades must be configurable it such a manner to produce iift

substantially throughout the rolational cycle. it is envisaged that this may be allainable
by incorporating sither an inverting fixed profile non-symmetrical aerofoil seciion blade,

or a reversible variable camber aerofoll section blade, the laller being the preferabie

option.
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Furthermore, incorporation of a reflexed camber into efther of the abovementioned
fixed or variable profile non-symmetrical aerofoll section blades will enable the blades
o automatically orientate to the oplimum angle of attack without having fo pivetally
drive the biades into the required posilion. in so doing, it is envisaged that the coniro
systems required will be simple and housed substantially within the aerofoil blads,

thersby profecting the control sysiem from sxternal damaging forces.

For background purposes, the camber of an aerofoil or wing can be defined by & mean
camber line, which is the curve or line that is somewhat between the upper and lower
surfaces of the aerofoil and passing through the aercfoil's leading and trailing edgss,
that is, the forward most and rear most points of the wing respectively. An asrofoi
where the camber line reverses curvalure direction nsar the frailing edge is called a

reflexed camber aerofoil.

Reflex aerofoils are the type of section used in fiving wing aircraft due o the inherent
tendency of the shape {o induce g rotational moment {o the trailing edge of the wing, so

as {o raplace the more traditiona! tail plane surface that is used {0 maintain the wing at

a stable posilive angle of attack. This wing section, when used in a flying win

b

biended wingfluseiage configuration, has considerable advaniages in aircraft design
where the omission of the {ail boom and tail plans reduces drag by & large facier. The
advaniages offersd by refisxed camber asrofeil sections in aircraft applications are
clearly fransposable to turbine type applications.

ot
an

it will be appreciated that the preferred embodiment of ths asrofall blade that forms

ke

of the prasent invention is functionally the same or similar 1o the wing invention
described in the invenior's previously filed internationa! patent apglicalion no.
BCT/ZAZ013/000080 {published as no. WG 2014/085835), fully incorporated hareinio

by reference.

it will be apprecigted further that reference 1o the term asrofoll will be undersicod o

24 [3

nciude any ift generating member such as wings, hydrofoils, eic.
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SUMMARY OF THE DISCLOSED EMBODIMENTS

A power generating device including:

& suppoert structurg;

one or more mounts for rotatably mounting the support siructure, the support

struciure being rolatable on the mount{s} about a first axis of roiation;

a plurality of aerofoil blades each being rotaiably mounied on the support

siructure and freely rotalable reiative thereto about a respeciive second axis

)}

of rotgtion, the second axes of rolation each being substantially parallel o

and radially spaced from the first axis of rotation: and

a means of actuating each of the aerofoil blades bstwesn a first condition,
wherein the aerofoil blade has a first lifting asrcioll section for generaling a
iift force in a first direction thersby to impart a torque on the support struciure
in a first rotational direction, and a sacond condition, wherein the aerofoi

blade has a second iifting asrofoll section for generating a i force in &

‘

sgcond direction 10 impart a torque on the support siructure in the sams first
rotational direction such that the support structure is operatively driveable in

repeating 360 degree rotary cydles;

whersin the first and the second iifting aerofoll sections ars: () reversed
sections of one ancther; and (i) reflexed camber aerofoil sections; such that
in use fiuid flow acting over the aerofoil blades automatically seis an angle of

attack of the aerofoil biades relative to the direction of the fluid flow; and

e

urther wherein the acluating mieans operably deforms or inveris the serofoll

blades between the first and second conditions.

sactions are mirrored section of one
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The power generating device may further include a msans for orientating the support

truciure and the actuating means relative to the direciion of the fluid flow in an aligned
condition thereby to enable the actuating means o operatively acluale deformation or
inversion of the aerofoil blades betwesn the first and sscond conditions at
predetermined iransition regions along the rolary cycle and relative to the fluld fow
during respective transition phases

3

Generally, the actuating means and the supporting structure are fixed relative 10 one

ancther with at least the support struciture mounted on the mounts within a housing
defining an inlel, an outlet and a flow path extending there between for enabling fluid
flow operatively passing through the housing {o impinge on the support structure, the

orientating means being located on the housing and in use, orientates the housing
such that, in the aligned condition, the flow path is subsiantially aligned with the

direction of the fluid flow with ths inlet thereof upstream of the putlet.

,-+~

rnatively, the actuating means is rotalable relative {o the supporting structure
further wherein the orieniating means is connecied {o the actuating means thereby o
move the actualing means about the first axis of rotation such that both the support
structure and the actualing means are operatively orientated to the direction of the fluid
flow i an aligned condition to enable the aciualing means io operatively aciuale
deformation or inversion of the aercfoll blades at the predetermined transition regions
aiong the rotary cycle and relative to the fluid flow during the respective fransition

chasss,

Preferably, the orientating means is one or more fing for steering the housing or
actuating means into the alignsd condition, the acluating means being an sleciric
electronic or a mechanical actuating means. it will be appreciaied that the orientating
means may be, instead of fins, in other forms. For example, propellers or jets may be

used to push the housing and/or actuating means inic the aligned condition

Gensrally, the flow path defined in the housing between the inlet and outlet therecf has
a narrowing within or near which the support structure is mounied thereby io

operatively increase the flow rate of the flow passing there through. Furthermore
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recess may be defined at or near the narrowing thereby o reduce and/or counter drag

generated by the aerofoll blades as they pass through the recess.

Typically, the housing is:

{3 rotatabiy mounted to the ground thereby enabling the housing o
operatively rotate into the aligned condition; andlor
{31} bucyant and fethered in a submerged siate thereby enabling ths
housing o operatively drift into the aligned condition.
10
it will be appreciated that at least the support structure, the aercfoill blades rotatably
mounted therson and the actuating means make up & drive sef, with the housing
capable of housing a plurality of drive sets therein. Praferably, the housing houses an
even purnber of counter rotaling drive sais thereby to minimise torque effects on ths
{5 housing
The hcusing may includs g guard at or near ths inlet for preventing solid materials
and/or sea animals of a size greater than a predefined maximum to enter the housing,
and/or a diffuser near the ocullet of the housing.
20
Typically, the mechanical actuating means is made up of;
{i} a cam member;
{i gl ieasi one cam follower associated with each of the zerofoll blades,
25 wherein the cam followsr is operatively caused {6 reciprocally move as it
rides along a profile of the cam member as the support structure rolates
through the rotary cycie;
{1t deforming or inverting actuators for respectively actuating deformation or
inversion of the respective aerofoil blade’ and
30 {v) means for fransmitting the reciprocal movemsnt of the cam foliower o

the deforming or inverling actuaftors of the respeciive asrofcil blade

i

hersby o operatively retain ths aerofoil blade in the first or second
condition, andfor fo deform or invert the aerofoil biads bebtween the first

and second conditions during the fransilion phases.
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Generally, the cam member is mounted remotely from the support structure with

ot
ey
M

M

first axis ¢f rotation passing there through, and the cam followers are mounied on th

Preferably, the aerofoil blades on diametrically opposing sides of the support structure,
across a diamelric axis passing through the first axis of rotation, are deformabie or

inveriible during the transition phases between the first and second conditions.

1 wili be appreciated that the aerofoil blades on the support structure, lving on:

{H a first side of the diametric axis and spaced therefrom, are generaliy
etainagble by the actualing means in the first condition operatively during
a primary drive phase of the rotary oycle; and

{5y a second side of the diamstric axis and spaced therefrom, arse typicaily
vetainable by the actualing means in the second condition operatively
during a secendary drive phase of the rotary cyclg;

such that in use, the rotary cycle is made of a primary drive phase -transition

phase - secondary drive phase - fransition phase seguence, where the drive

phases and iransilion phases are located along diameirical opposing drive

phase segments and the transition phasses segments about the first axis of

rotaiion.

The aerofoll blades each have opposing leading and trailing edges and
under the force of the fluid flow acting there over, automatically rotate to set an angle of
attack with the aerofoll biades lying on both sides of the diametric axis being crieniatad

such that their respective leading edges are upsiream of their {ralling edges.

Generally, the support structure, relative to the first axis of rotation, comprises a
plurality of radially extending booms on which the aerofoll blades are supperied, the
agrofoil blades being rotaiably and pivotally mounted on the booms thereby to enable
the aercfell blades to invert under the actuation of the inverting actuators during the

transition phases, and further wherein the aerofoil blades have a siatic reflexed camt

gercfcl section.
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xiend thereby defining a blads span, and further where

the aerofoill blades are rigid or cofiapsible across such biade spans.

In an sliemative embodiment of the invention, the asrofoll blades have a deformabie
aeroicii section and capable of on actuation thereon by the actuating means

deforming between the first and second conditions fuily or incrementally

it will be appreciated the aerofoil sections of the deformable aercfoil biades may have a
sliding joint. Preferably, however, the the aerofoil sections of the deformable asrofoll
olades have a continuous closed loop form, each of the aercfoil sections comprising of
a first aerofoll segment and a second aerofoil segment having ends connected or fixed
o one anoiher at the opposing leading and tralling edges thereby preventing the end

of the first and second aerofoll segments from sliding relative to one another, wherein
the first and sscond aerofoll segments are spaced apart from one another aiong their

iengths across a neulral mean camber iine extending betwesen the leading and trailin

«©2

edges to form the aercfoil section of the aerofoll blade, and further wherain the tralling

edge is free {o move across the neutral camber line.

() the deforming actuators deform the aerofoil blade between the first and
the sscond conditions;

i the first and second aerofcil segments are resilient to bias the aercfoill
blade towards a symmetrical fransition condition through which condition
the aerofoil blade passes as it is deformed betwesen ths first and second
conditions; and

(i) the critical buckiing load of the asrofoil segments is greater than a

compressive icad genersted in the aerofoll segments by the deforming

j¢i)

ciuators during deformation thereof between the transition condition

4]

nd the first and second conditions;

such that when the aercfcil blade is deformed, displacement |

]
)
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®
)
3
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poinis on one of the asrofoll segments generates the comprsssi

h
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least such asrofoll segment, and the abiiity of such asrofoil segment o resist

the compressive joad cases such segments o adopt the reflexed camber

T

j8¥]

erofoll seclion form having a reflexed camber line with 2 point of inflection

$

ocated nearer the traifing edge than fo the lsading edge, wit

g
et
=
D
yore
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{13
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[to3
o
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LA

on the aerofoll blades on opposite sides of the diamstric axis being flicked

1.

iowards opposite directions.

U section in the transiion condition. it is envisaged that a change in dimension of

maximum thickness between sither of the first and second conditions and the transition

condition of up to about 4:1 is attainabie.

The first and/or second aercfoil segments may:
5 {1y each be formed from a single aercfoll member spanning betwsen ths

leading and ftralling edges, jointly forming a continucus closed loon

asrofail rib;

[
[0

ach be formed from a plurality of aerofoil members connecied or fixad

3t

na-to-end between the lsading and trailing edges, jointly forming a

b

20 continuous clossd loop aerofoii rib;

e
<

be & single integral aerofoil member forming a continuous closed loop

aerofoil rib such that the aerofoil blade comprises a plurality of aerofoil

hch |

ibs spaced apart relative o one another o define an elongate asrsioil

blade framework for supporting a flexible or semi-rigid skin there over,

A

the skin being a continuous closed loop skin member having a trailing

N

edge coinciding with the trajling edge of the aercioil blade framework;

{iv} be cpposing first and second members of an slongates aerofoil shafl

&

spaced apari from ong another across the neulral camber ling, the first
and second members each being single aercioil members, a plurality of
0 aevofoll mambers connected or fixed end-fo-end, or integral with one
anoiher 1o form g conlinuous closed loon aercfoll ssction, wherein th
cuter suriace of the shell is 2 skin over which fluid is flowable in use, and

further wherein the shell is seif-supporiing and semi-rigid,
¥ b o)
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Preferably, the collapsible aerofoll blades comprise a plurality of aerofoii ribs spaced
relative {o one another scross ths blade span of the aerofoil blades, and further
wherein the first and second snds of the azerofoll blades are movable rafative 1o one
another between an erected condition, wherein the first and second ends of the asrofoil
blades ars spaced remolely from one another thereby o stretch the skin member
between such ends and over the asrofoil ribs spaced there betwesn, and a coliapsed
condition, wherein the first and second ends of the aerofoil biades are brought info
close proximity with one another, conseguently causing the aercfoll ribs to collapse

ante or inis one another.

The deforming aciuators may be configured to act on ong or more movable aciuatin
members of an acluating structure substantially located within 2 holiow inferior of the

respective aercfoll blade and in contact with or connecied {o acluaior points on the

(')

aercfoll blade, the movable actuating members being movable on actuation thereon by
the actuating means and deforming actuators o impart a primary deforming force for
displacing one or more actuator points on the first and second aerofoll segments
thereby to deform the asrofell blade section betwsen the transition condition and the

first and/or second reflexed camber aerofoil section conditions.

Furthermore, the power generating dsevice may include one or more biasing means for
imparting, together with the primary deforming force, & secondary deforming force for
aiding in the displacement of the aclualor points, thereby reducing the load on the
deforming actuators to deform the aerofoll blades between the transition condition a

the first andior sscond reflexed camber aercfoil section conditions, the aerofoll biades

being resiliently biased {owards the transition condition.

Generally, the one or more biasing means are springs acting between a fixed point
within the hollow inlerior of the aercfoll blade and a movable point on the movable

actuating members or asrofoil blade,
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e I
Typical

iy, the actuating structure comprises:

a primary spar located within the holiow interlor of the aerofnil biads:

5 a pair of the movable actuating members, each having first ends

movably connected {o the primary spar and second ends conneciad (o
or abutling the actuator poinis on one or the other of the first and second
aerofoil segments of the aerofoll biade; and

§

1o the biasing means in the form of a spring, associated with sach movable

[¢

actuating member, and connscted at one end {o the movakle aciuatin

>

member or the respective aercfoil segment and at the opposite end o

the fixed pointi, the fixed poim being on the primary spar and nearer the

leading edge of the aerofoil blade than the point at which the movabie

L

actuating members are movably connsacted io the primary spar.

Preferably, the actuating structure further comprises:

a secondary spar located within the hollow intsrior of the aerofoil blade

[
>

such that the primary and secondary spars are jocated closer o the
feading and ftrailing sdges of the aerofoil blade respeciively, the
secondary spar being connected 10 or abulting secondary actuator
points on ong or the other of the first and second aerofoll segments of

the aercfci biade:

3]
[

an elongate actuating connector exiending from the primary spar at one
end thereof and having & sscond end pivolally connected o the

secondary spar.

tad

0  Mors preferably, the actuating structure is consirucied info each aerofol rib, with the
orimary spar being part of or movable on a collapsible mast through which the second

axis of rotation of the aerofoil blades operatively exténds,
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Generally, the aerofoll blades are rotatably mounted on the support structurs by: () a

mounting shaft about which the mast is roiatable; or (i) on sty

o
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each of the first and second ends of the aerofoll biade.
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Typically, the support structure is a pair of discs spaced apart by the aerofsil
rotatably mounted there between, and further wherein the support siructure comprisas
a power take-off from which the rotary movement of the support structurs is operatively
capabis of being drawn from for driving a power generstion means for operably

converting the mechanical energy of the support structure into slectrical energy.

According 1o a second aspect of the invention, there is provided a power generating

instaligtion including:

a rolatably mounted support sitruciture being rotatable aboutl g first axis of

a plurality of aercfoil blades rotatably mounted on the support structure and

freely rotatable relative thereio about a respective sscond axis of roiation
being substantially parallel ¢ and radially spacsd from the first axis of

rotation:

the support siructure being drivable in repeating 380 degres rotary cycles by

{ift forces imparted therson by the asrofoil blades and generated from fluid

flow passing there over in a fluid flow direction;

wherein the aerofoll blades, in a fransition region of the support structure

i

where a transition line thal passes through the first axis of rotation is

perpendicular to the fluid flow direction, is deformable or invertible between:

{H a first condition, during a primary phass of the rolary cycle, in
which the gerofoll blades have g first reflexed cambear asrofci

section for generating a lift force in a first diraction thersby o
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(i) a second condition, during a secondary phase of the rotary cycle,

in which the aerofoil blades have a sscond reflexed camber
aerofcli seclion for generaling & Jift force in a sscond direction

thereby o impart g torqus on the supgort structurs in he first
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and further wherein the aerofcil blades are freely rofatable throughout the
rotary cycle in response o forces induced on the asrcfoif blades by fluid fow

and

passing there over;

"’5

l\’}
a power generation means for operably converting the mechanical ensargy of
the suppeort structure into electrical energy.
it will be appreciated that reference in this specification {o “substantially paralie!”,
5 substantially perpendicuiar” and “substantially aligned” will be understood o

respectively mean parallsl, perpendicular and aligned, or any variarice therefrom of up

R

Generally, the ragion, with reference o the first axis of rolation, is a pair of diametrically
20 opposing transition sectors overlying the transition line.

=

According o a third aspect of the invention, there is provided a power generaling

=

meihad including the steps of:

&
U
o
=
2

exposing a piuralily of aercofoil blades roizaiably mounied on g support
structure 1o a fluid flow thereby to generate lift forces and rotatably drive the

support structure about g first axis of relation in repeatling 380 degree rotary

{B) deforming or inverling the aerofoil blades, in a transition region of the

>}

support structure where g iransition fine that passes through the first axis of
rotation is perpendicular o the fluid fliow direction, bebwsen;

{t a first condition, during a primary phase of the rofary cycie, in

K

g ny

whichy the aerofoil blades have g first reflexed camber aercfoil

4]

section for generating a it force in a first direction thereby {o
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impart a forgue on the support structure in a first rotational

direction; and

i a second condition, during a secondary ghase of the rotary cycle,

i which the zerofoll bladss have z

i
o
0
o]
5
&
ik
@
)
%
o
£
o
i)
3
s
&
e

aercioit section for generaling a2 lift force in a sescond direction
thereby to impart a torque on the suppert struchure in the first

rotational direchion;

verting the mechanical energy of the support structure into electrical

ani
o]

LN

response to forces ind

d on the agerofoil biades by fiuid

iades are freely roiatable throughout the rotary oycie in
2 3 5

ow passing there

7

—-cs

BRIEF DESCRIPTION OF THE DRAWINGS

[

i

]

fad

These and othe

will become appre

speciiication, claims and appended dra

generating device in accordance with the pressnt invention;

Figure 3-8 are

symmetrical transiiion aerofoll seclion condition, as well as each of first

and

Ky
(2]
o
B
RN

Tel¥
‘m
=)

is @ perspec

fop view of the drive

cross-seciional

res 3A o 3C;

er features and advantages of the present device, system, and method

i

ciated as the same becomes betfer undersicod with refersnce o the

ngs wherse:

ive view of a first embodiment of a drive set of & power

set of figurs 1;

top views of an aerofeil blade, depiciing a

cond reflexed camber aerofoll section conditions

a top view of an aciuating means for deforming the aerofoll section of
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(351

Figure is g perspective view of an aercfoil blade with the aerofoil shell or skin

3
&
3
&

gr removed ihere from, thereby o show the aciuaior struciure

5>  Figure 8A-C are cross-sectional top views of an aerofoll biade, depicting a
symmetrical transition aerofoil section condition, as wall as each of first
and second refiexed camber gercfoll section conditions, togsthser with an

aliernative actuating means for deforming such aerofoil section;

10 Figure 7 i5 & top view of a second embodiment of a drive set of the power

generatling device in accordance with the prasent inveniion;

Figure 8 is a side view of the second embodiment of the drive set of figure 7;
i3 Figure 9 Is a perspective view of a third embodiment of a drive set of a power

generating device in gocordance with the present invention;

Figure 18 is a top view of the drive set of figure 9;
20
Figure 18 is a perspsctive view of an aercfoil blade with aercfoll shell or skin
member removed there from, thereby ic show the actustor strucilurs
housed with in the aerofoil biade;

25 Figure 11 is a perspective view of a preferred embodiment of the power generating
device of the present invention with the drive set housed within a
housing;

Figure 12 is a perspective view of an allernative embodiment of the power

30 generating device of figure 11, with a pair of drive sats positioned naxt {o

ong anocther;

[
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is a side view of a ship into and/or onto which the power generating
devices are insialled;

Figure 14 is a cross-sectional top view of the ship of figure 13;

Figure 15 is a side view of a yacht with a plurality of power generating devices
mounted therson, with the collapsible asrofoil blades in the erecied

condition;

Figurs 18 is a side view of the yacht of figure 15 with the collapsibie aerofoil

biades of the power generaling device in the coliapsad condition;

O

Figure 17 is a side view of a collapsibie aerofoil blads in an erscted condition;

Figure i8 is a side view of the collapsibie aerofoil biade of figure 17 in a collapsed

Q)
9

condition; and

Py
w0y

Figure is a top view of an allernative embodimant of the gpower gensrating
device with an aerofoll blade set comprising a plurality of aercfol] biades

mourtted about each second axis of rotation.

DETAILED DESCRIPTION OF THE DRAWINGS

A power generating device ac ing 1o a preferred embodiment of the invention is
designated generajly in figures 1 and 2 with reference numeral 10
generaling device 10 includes at ieast & support structure 12A, 128, & plurality of

asrofeil biades 14 pivotally mounted on the suppori structure 124, 12B and a means 80

ior actusting deformation of the zerofoll blades 14 betwsen first and second fully

reversitle refiexed camber aerofoil section conditions.

For the purposss of this des cr.ptso , the aforementionad support struciure 124

the asrofci! blades 14 and the actuating means jcintly
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ixis of rotation "C”, with the aerofoll blades 14 being freely rotatable

relative (o the support struciure 12A, 128 about respective second axis of rotation “Q°.

it will be appreciated that although the drive set 16 has been represented in the figures
as being rotatable about a substantially vertical first axis of rotation *C”, the drive sei 18
may be configured such that the first axis of rotation “C” is substantially horizonial or at

any cther angle.

Aithough the support structure 12A,12B has been illustrated as having & pair of disc-
fike wheel structures 12A and 128 spaced apart from oneg ancther by the aerofoil
blades 14, t will be appreciated that the support structure may be configured with just a
single wheel structure, disc-like or otherwise. For example, instead of the whesl
siructure being disc-like, the wheel structures may be a ring-like member on which the
aerofoil blades 14 are pivolally supported with a plurality of radial connecting arms

extending between the first axis of rotation “C” and such ring-like memb

With reference now aiso to figure 2, each of the aerofcil biades 14 are pivotally
mounted on the support siructure 12A, 12B are configurable for operably converting

fuid flow energy passing there over into a lift force "L for mechanical driving th

o

support structure 12A, 128 through 2 repealing 380 degree rotary cycle "R”.

b

The rotary cycle “R” is best described through referencing the support struciure 12A in

an aligned condition with an “in uss” fluid flow direction “D” and at least two axes

namely a primary diametrical axis "P-P” substantiaily aligned with the direction of the

i
o
£,
é
o
iis
4

fluid flow “D” and a secondary diametrical axis “S-8” being substantiaily perp

2]

o the primary diametrical axis “P-P” and the fuid fiow direction “0”.

3

With refersnce now to the dsfined primary and secondary diamstrical axes “P-P”, “S-

57, the rotary cycle "R’ is substantially divided into a primary phase “Rp” and g

sgcondary phase “Rs” by the secondary diamstrical axis “S-8”.

During the primary phase "Re” of the rotary cycle "R”, the aerofcil biades 14 sre

deformable by ths

ﬂ)

galing means into a first condition, whersin the aerofoi! blades 14
take a first reflexed camber aerofoil section form 14'A. in response {o the fluid flow

passing over the aercioil blade 14 in the first con 1 14'A, and as & resuit of the
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characteristics of a reflexed camber zercfoll section and sarficul

[
1)}
4
ke
e}
a1}
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)

trailing edgs 20 thereof to inducs a moment on the serofoil section 14'A, the aerofoll

olade 14 fresly rotates about ifs second axis *Q” to automatically set an angle of

relative 1o the fluid flow direction “D”, operably to generate lift in a first divection “Ly”.
For the purposes of comparisan to the second condition of the asrofoil biade 14 to be

described hereafler, it will be appreciated that the first reflexad camber aercfoll seciion

form 14'A has a leading edge 18 tending away from the first direction “Lp” with the
trailing edge 20 flicked or tending ioward the first diraction “Ls”.

During the secondary phase “Rs” of the rotary cycle “R7, the asrofoll biades 14 are

deformable by the actuating means inioc a second condition, wherein the aerofoil biades
¥

14 take a second reflexed camber aerofoll section form 14'B. In & similar fashion and in

response to the fluid flow passing over the aercioll blade 14 in the szcond condiiion

14'8, the aerofoil blade 14 free!y rotates about its second axis "Q” {o automatically set
an angle of attack relative io the fluid flow direction “D”, operably io generate {iff in a

The second refiexed camber aerofoll section form 14'B has a leading edge 18 tending
away from the second direction "Ls" with the trailing edge 20 flicked or tending toward
the second direction “Lg” and, comparsd with the first reflexed camber aerofoil section
form 14'A, are reversed sections thereof. At diamstrically opposite sides of the support
struciure 12A, 128, the first and second conditions 14'A, 14'8 of the asrofsil biades ar
substantially mirrored sections of one another with the {iff forces “Ls”, “Lg
substantially opposing.

Although it is possible to construct an embodiment of the invention with aerofoll blades
14 having incrementaily variable asrofoil sections, it is preferable that the zerofoil

ssctions are deformed fully between the first and sacond conditions 14'A, 14'RB.

Generally, the first axis of rotation “C” is transversally, and preferably subsiantiaily
perpendicularly orientated relative 1o both the primary and sscondary diametrical axes
Dﬂpl)) (LS‘S”-
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use, i operaniy generated by the aerofoil blades 14 in the first direction “Le

nduces retation of the support structure 12A gbout the first axis of rotation “C” in a first
clockwise or anticlockwise rotational direction *R”, whareas iift operably generated by
the aerofoil biades 14 in the second direction “Lg” induces rotation of the support
structure 12A about the first axis of rotation *C” in the same first clockwise or

nticiockwise rotational direction “R”,

For {ift forces to be generated by the aerofoll blades 14 in substantially varving
directions to maintain rofation of the support struciure 12A in a constant direction, the
deformation of the asrofoil blades 14 must transition bebtwesn the first and second
conditions 14'A, 14'8 at some point during the rolary oycle *R”, namsly QJH‘G &
transition phase "Ry”, occurring twice within a full rotary cycle “R” within iransition
regions or seclors being diametrically opposite ons another across the suppornt
structure 12A, 12B and substantially al the ends of each of the primary and the

secondary phases “Rp”, "Rg”.

During the transilion phase "Ry, the aerofcil blades 14 take a substantially neutral and
symmetrical aerofoil section shape 14, towards which the aerofoll blades 14 are ideally
biased. Throughout the rotary cycle “R”, the aserofoil blades 14 are freely roiatable
about their respective second axis of rotation "Q” thereby {0 direct the leading edges 18

thereof into the direction of fluid fiow “D” fo continucusly adjust their respeciive angles

ft will be appreciated that the manner in which the aercfoll biladses 14 are deformed

more specifically the configuration of the actuating means smployed, may take many

igures 3A o 3C, together with figure 4 ilustrale one possible configuration of the

{8

actuatmg means 60, with many componentis thereof housed within a volume “V” of the

The actuating means 60 comprises a cam member 82 iocated on the support

tructureizZA, 128, and a base plate 64 having one or more cam foliowsrs 86 mounted
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ihereon. The base plate 84 is mounted on a shaf 85 on or about which the respective
agrofoil biade 14 is rolatable, with the cam followsrs 85 configured to ride along a

profile of the cam member 82,

The actuating means 80 further comprises an actuator siruciure 88, in the form of

pluraiity of trusses, connected fo the base piate 84 and to one or mors of the aciuator

points 70, 72 on first and second aeroioil segmenis 24, 26.

The bass plaie 84 is connecled {o the actuator points 70, 72 by lever arms 74 pivolaily
connected at first ends o the bass plaie 64 and pivotally connscted st second ends fo

respeciive anchoring members 764, 768, which anchoring members are connecied or
fixed across the respective actuator poinis 70, 72 as depiciad in figures 3A 1o 3C and
figure 4

The acluator siruciure 88, is made up of primary and sscondary russ member sais
88A, 88B. The primary truss member set 68A is made up of af least a pair of iruss
members configured in a substantial V formation and pivetally connected at first ends
to the respective actuator points 70A, 708, and pivatally connected at second ends o

the respective anchoring member 7868 at pivot point 788.

Similarly, the secondary truss member set 88B is made up of at least a pair of truss

members configured in a substantial V formation and pivotally connectad at first ends
o the respective acluator points 724, 72B, and pivotally connecied at second ends 1o
the respective anchoring member 76A at pivot point 78A.

With reference now also 1o figure 5, it will be appraciated that the r structure is

made up from a plurality of primary and secondary truss member ssts 88A, 688,
spaced apart relative io one another along the span of the aerofoll blads 14 36 as o

reate a russ latlice on which an aerofoil shell or skin member is supporiable.

With reference again io figures 3A to 3C and figure 4, relative movement in use
between the cam member 62 and the base plate 64 will cause dispigcament of the
actuator struclure 68 and conssquently relative displacement betweern the one or more

actuator points 70A, 70B. 72A, 728 on the first and second aerofoll segments 24, 28.
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In this manner, the aerofoll blade section 14, as depicted in figure 24, is deformabie
into the reflexad camber asrofoll sections 14'A, 14'B, as dapicted in figurss 3C and 38
respecf_iveéy, such that the aerofoil biade 14, undsr a rotationa! force {ie. g ruddering
ce) generated in use by the reflexed camber aercfoil section, is rotaiabie about its
respective second axis of rotation “Q” to automatically set an angle of attack relative 1o

5 by rred Thoma e H (13 et
the fluid flow diraection “D".

The cam member 62 is fixed o the support structure 124, 128 such that in use, the

orientation of the cam member 62 varies with respact to the fluid flow direction “0".

Due io the aerofoil section shape 14' of the aerofoil blades 14, fiuid flow passing there
over in use causes g first rotation force on the aercioil biade 14 about iis respeciive
second axis of rofation "Q” so as to substantially maintain the aerofoll bladss 14
pointed into the fluid flow direction as the support struciure 124, 12B rotates about the

first axis of rotation “C".

A second rotation forece is in use applied {o the ssrofoll blade 14 by the actuating

means 64 80, wherein a resuitant force between the first and second rotational force

o

conssgquentially causes the relative movement between the cam member 62 and base
plate 64 with the cam followers 88, conseqguently displacing the aciugtor struciure 68

and deforming the aercfoll section 14",

igure 7 and figure 8 illusirate a preferred alfernative embodiment of
ine actuating means 160, with like reference numerals designating like components, on
a version of the power generating device 110 wherein the support structurs 1124 is
formed from a single base unit with the aesrofoll blades 114 extending operatively

upwardly therefrom.

The actuating means comprises a cam member 162 mounted remotely from the
support structure 112A, either in & fixed orisniation relative to the suppert structurs 124

{as would be the case in liguid fluid flow medium application

or rotgiably about the first axis of rotation “C" as is the case for flquid or air fluid flow

medium applications as depicted in figures 8 o 8.
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Cam foliowers 186 are mounted on the support structure 1124 and have a first end

dapted {© ride along & profile of the cam member 162 and a second end extending

)
!
e

Y & means 187 of

3

HEeH

C

ransmitting a mechanical action of ithe cam fo
deforming actuators {not shown) for actuating an actuator structure 188 in sach of the

14,

aercofoi] blades -

it will be appreciated that the deforming actustors are typically locatable at or near

each of the respective aercfoill blades 114 and that the transmitting means 187 may be

any mesans of transmitling the mechanical aciion of the cam foliowers 1685 o the

deforming actuators.

For example, the deforming actuators may be in the form of servemotors, hydrauiic

actuators or pneumatic actuators. Similarly, the transmitting means 187 may be in th

4}

form of mechanical linkage, hydraulic actuatiors or pnsumatic aciualors.

i1 use, as the support structurs 112A rotates about the first axis of rotation “C”, the cam
foliowers 168 following the profile of the cam member 182 are caused io reciprocate
sack-and-forth, which reciprocating mechanical action is inducad on the transmitling

means 187,

Although not shown in the accompanying figures, the mechanical action induced on the
fransmitling means 187 is then fransmitted to the deforming actuator of the respeciive
aerofoil blage 114 to act upon the actuator structure 188 and specifically, movable

actuating membaears 174A, 1748 in the form of lever arms

The actuator structure 168 further comprises a primary spar 169 to which each of the
lever arms 174A, 1748 are pivotally connected {o at respective first ends thereo
second ends of sach of the lever arms 174A, 1748 respectively connectad {0 ong or
the other actuator points 1704, 172A.

21

i use, and on actuation thereon, the lever arms 174A, 1748 are forced to movs in ar

-3

3

arc away from the neutral camber line N ihereby‘ o impart a primary deforming forcs o

i

the respective actuator point 170A, 172A so o cause disptacement of such actuaior
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poim‘ and conssguently, deformation of the symmetricagl aercfoil section 114 in a

transition condition into the first or second condition 114'A, 114'8.

he actuator structure 188 further comprises one or more biasing means 171 in the
ed with each of the lever arms 174A, 1748 for imparting
together with the primary deforming force, a secondary deforming force for aiding in the
displacement of the respective actuator point 170A, 172A.
Preferably, the springs 171 are connected at first ends to one or the other of the
respective actuator points 1704, 172A or lever arms174A, 1748, and at opposite
secend ends {0 respeciive fixed points on the primary spar 169, with the fixed points
being closer o the leading edge 118 of the aerofoll blade 114 than the points at which
the lever arms 174A, 1748 are pivotally connected io primary spar 189, in this manner,
the secondary deforming force imparted on the zerofoil section 114 increases as the

asrofoll section 114 is deformed closer to the first and second conditions 114'A, 114'8.

The springs 171 act as & pre-ioading devices thereby io reduce the load for displacing
the actuator points 170A, 172A on the actualing means 180 and/or the deforming
actyater, Although the biasing means 171 iilustrated in the accompanying figurss is
configured fo impart the secondary deforming force as a tension force, & will be

appreciated thal it may be configured fo impart a compression force, where for

exampie, the fixed points are further from the leading edge 118 of the aerofoll blads

114 than the points at which the lever arms 174A, 1748 are pivoiaily connected to

primary spar 169, and where the spring is an independent coil spring, or a coil spring
a

fitted over g hydraulic or pneumatic damper.

On release of the aciuating means 188, the aerofoll blade 114 resiliently returns o |

symmetrical, fransition condition 1‘;4*, where iW's inherent force of resiliencs acts o

wta

subsiantially squalise or overcome at least the secondary deforming force of ths

bizsing megans 171.

j43)

To aid in the deformation of the asrofoil blade, the actuator structure 188 preferabiy
1 ¥

Iso includes a secondary spa

%

actualing connector 175, with the second
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aciuator points 1708, 1728 located nearer the tralling edge 120 of the asrofoit section

14" g5 compared o the aclualor peints 170A, 172A & which the lever arms 1744

1

‘i

Where the cam member 162 is rotatable about the first axis of rotation "C7, primariiy in

applications where the support siruciure T12A is mount

E‘D
j 1
=
o
s
o5
1)
©r
oy
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o
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(63

seabed 200, the power gsneraiing device 110 further includes 2 means 177 for

]

risntating the actuating means 160, and parlicularly the cam member 182, correctly

o3
e
(s
o
=
(0]
93]

tigned condition refative o the fluid flow direction “I¥",

in the aligned condition, the secondary diamstrical axis "S-8%, at or near which the
PRSI it o i ] P i a4l s A
aerofcil bladss 114 transiiion between the first and second conditions 114'A, 114'B, is

crientated to His substantially perpendicylarly relative to the fiuid How direction ‘DY, in 8
oreferred embodiment, the orientating means 177 is z fin appendage sttached 1o ths

cam member 182 and rolaiable there with about the first axis of rotation “C”.

The power gensrating device includes a power generation means for operably
converting the mechanical energy of the support structure into electrical energy. The
powsr generation means may be configured in many different ways, inclusive of
mounting magnets and/or slectromagnetics {o induce power production of the drive set

18 directly, or alternatively have a power take-off for driving a power gensralor.

urthermore, and although not shown, the power generaiing device may further include

a piurality of sensors for sensing, at minimum, the speed of the fluid flow. Whers the

spesd of the fluid flow exceeds a predetermined maximum, the aciuating m S0

bl

)]
0
s
[47]
G
<

180 may be disengaged, for example with a clutch mechanism, such thal all of the
gerofoll blades 14, 114 reiumn to & symmetrical aerofoil section generating no #ift and

therefore no torque on the support struciure 12, 112,

Although the description following hereon makes reference to componenis of the firs
srmbodiment of the invantion 10, it will be appreciated that uniess specifically exciudsd

the description will similarly apply to the second embodiment of the invention 110
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be appreciated that the aercfoil blades 14 are capable of automatically setiing an

angie of attack as a result of the “ruddering” or "weathercocking” effact generated

O,
[»3
K

5

o
[D)]
a3
@
>
3]
2.
[9)
33}
3
o
o
%
0
[¢3]

%
3
S

seclion, i.e. 8% & result of the irajling edge 20 being flicked

The aerofoll sections 14' of sach of the aerofoil biades 14 comoprise g first asrofoll

segment 24 and a second asrofoll segment 25 having ends connecied or fixed io one

The first and second aerofoil segments 24, 28 ars spaced apart from one another
along thelr lengths across a neutral mean camber line "N exisnding between ihe
neutral isading and trailing adges 18, 20 fo form the neufral asrcfoil section 14" of the
asrofoll blade 14, wherein the trailing edge 20 is free ¢ move across the neutral

camber line “N”,

The first and second aerofoll segments 24, 28 are typically resilient {o bias the aeroici

blade 14 towards an initial at rest aerofcil section 14, previously referred to as ths

> v

)

1

symmetrical, transition condition thersof. Furthermore the critical buckling load of the
n

aercfoif segments 24, 26 is greater than a compressive ioad generated in the aeroio

segmenis 24, 28 by the actuator deforming the aerofoil blade 14 between the neutral

aerofoll section 14! and thes reflexed camber asrofcii sections ?4‘,5\, 14‘8 sych that

it blade 14 is deformed by the actuzior, displacement between two

g

points on one or either of the aerofcil segments generates the compressive ioad in al
ieast such serofoil segment, and the abilily of such aercfoil segment(s) o resist the

compressive foad causes such segmeni(s) to adopt a form with a point of inflection

b

thereby causing the aerofoil blade 14 to form the reflexed camber gerofoli saction 14'A

]

With reference to figure 1 and figure

N

gach of the aerofcll blades 14 comprise

<0

opposing first and second ends 28, 30 across which the leading and frailing edges 18
20 span. The aerofoil blades 14 are pivotally mounted to at least a base member of the

support structurs 124, and preferably also {0 a operatively up
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ont & mast (not shown) passing through the span of each of the asrofoil blades 14, or

on stub masis (not shown) passing cutwardly from each of the opposing first and

seconag ends 28, 30 thereof.

5 Preferably, the masts or stub masts are positioned closer {0 the leading edgss 18 than
o the trailing edges 20 of the aerofoll blades 14, enabiing the asrofoll blades 1o fresly

rotate into the regquired angEe of aliack about respective second axes of rolagtion “Q7

To counter fiuid flow from spilling over the opposing ends 28, 30 of the aercicil blades

14, each of the ends terminate at an endpiate 22, Allernafively, the support siruciure

124, 128 may itself double as asrofoll blade endpiates.

iS5 it will be appreciated that the displacement between the two points on one of the
aercioll segments 24, 26 during deformation of the aeroioll section 14" causes s
reduction in disiance beitween those iwo points and conseguently an increase in

distance betwesen two referenc
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as such, bending in such aercfoil segment 24, 26. The compressive and tensile iocads,

20 together with the bending, jointly contribute to the causing of the asrofoll biades 14 o
form the reflexed camber aercfoil section 14'A, 14*5, through deformation by the
actualing means and deforming actuators.

<

The first andior second aercofoil segments 24, 28 may sach beg formed from a singls

B2
N
jsh}
<
-5
[e]
2,
Q

ember spanning between the leading and trailing edges 18, 20, or formed

from a plurality of asrofoll members connected or fixed end-to-end between the leading

o

and frailing »—dges 18, 20, jointly forming a continuous closed loop aerofoii rib. in a first

sliernative embodiment, the first and/or second aerofoil segments 24, 26 may be a

v

single integral aerofoil member forming a conlinuous closed loop aerofoll rib.

a2
o}

Generally, the aerofoil blades 14 may be formed from a plurality of ribs spaced apart
relative 1o one ancther to define an elongate aerofoil blade framework for supporting a

skin over which fluid is flowabie in use, the skin being a continucus closed foop skin
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member 28 having a tralling edge coinciding with the trailing edgs of the asrofoil blads
framework.

Typically, the skin member 32 is semi-rigid and resilient {o bias, independently or joinily

5 with the aerofoil segments, the aercioll bladss 14 towsards the initial at rest section 14
the skin member 32 further having a critical buckling load similar to tha the asrofoll
segmenis 24, 26.

o
v
i

i ancther embodiment, the first and second aerofoll segments may be opposing
10 and second members of an elongate aercfoll shell spaced apart fom ong ancther
across the neulral camber line, the first and second members sach Dbed
aerofoil members, a plurality of asrofoll members connected or fixed end-ic-end or
integral with one ancther to form a continuous closed loop aeroicil section, and further
whearsin the outer surface of the shell is the skin 32 over which {iuid is flowabie in use.

15 Preferably, the shell is seif-supporiing and semi-rigid

The materials from which the shelis are typically made are preferably siiff, sheetlike
materials, for exampie, strong, rust proof shest-like materials such as siainless sieel or

composite materials, having smooth surface finishes {o minimise drag.

28
Preferably, the reflexed camber aerofoil sections 14'A, 14'B ars under camberad lifting
asrofoll sections, with the aerofoll segment 24, 26 in which the under camber is formed
assuming an increasingly tighter concave shape with the aerofoil saction progressively
eforming from the neutral aerofoil section 14! More preferably, the assumed concave
25 shape is formed in a location of the aerofoil section within or near a zone of maximum
thickness “M” thereof.
The location of the point of inflection created along the deformed segment 24, 28 of the
reflexed camber aerofoll seciion 14'A, 14'B is variable with the varving degrees of
30 deformation of the agrofoll section. The point of inflection in the deformed segment of

the reflexed camber aercfoil seclion is preferably a single point of inflection defined
here:
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ihe ieading and trailing sdges 18, 20, defining a continuousiy
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Furthermore, the aerofoil section is deformable sush that the lesding edge 18 is
deformsad loward ong side of the neulral camber iine "N’ and ihe trailing edgs 20 is
deformed o an opposite side of the nesulral camber line "N” 1o form the respeciive

reflexed camber asrofoil section 14'A, 14'B,

According o vet ancther embaodiment of the powsar generaling device 210 as depicied
in figures 3 and 4 of the accompanying figures, with likes refsrence numerals

designating fike componenis, the aercioil blades 214, instead of being variable throu

o]
i3

-

deformation, are siafic reflexed camber aerofoil sections 214",
The aercfoill blades 214 are pivotally supporied on respeciive invertible support
subsiructurss 213, which invertible support substructures 213 ars pivotally connecied

o a support structure 212.

Although this embodiment of the power generating device 210 works much in the same

way as the first embodiment 10 thereof, it will be appreciated that where the aerofoi

5]

sections 214 are static refiexed camber aerofoi] sections, it is not possible o deform

34

their shape fo alier the direction of iift "L” generaled thersby during the primary phase

"

“Re” and secondary phase "Rg” of a rotary cycle "R” 1o maintain the suppornt structure

212 rotaling in the same direction.

Accordingly, during the transition phase Ry the aercfoll blades 214 are pivoially
inverfed by 180 degrees relative to the support structure 212 thereby to sffectively
raverse the direction in which iift "L” by the asrofoll blades 214 is generaled as the
aerofoi] blades 214 move between the primary phase “Rp” and secondary phase "Ry” of

the rotary cycle "R

The aciuating means in respsct of the power generaling device 210 of the second

smbodiment, instead of deforming the aerofeii blades 214 as is the case in the first

embodiment of the invention, inverts the support subsiruciures 213 relalive to the

includes al least the following further sensors: a spesd mesaswing sensor

ety
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fivid flow, sensors for measuring the position of the aerofoil blades around the rotary
oycie "R” sensors for measuring the produciion of electiical power {fLe. volt meiars

amp melers, elc.); weather sensors for measuring impending wsather condilions; sirain

S sensors or gauges for measuring the strain on the asrofoll blades; and impact or G-
force sensors for recording sirikes on the power generating device that could causse
damage. and cameras for visually monitoring the operation of the device.

sl

or ths above intelligence s buill into the power generating device 10, & will be
& doprwc:;awd that instead of using mechanical gctuating means and orieniating means
such means may be elaclronic. For exampig, the actuagting structure may be actusied
slectronically to deform or invert the asrofoll section of the asrofoll biades {0 a reflexsd

-

camber aerofell section comesponding o the position thereof sensed by the positional

S&8NSOr

5
it will be appreciatad further that the application of the power generaiing device 10 are
vast. For example, the drive sets 16 ars capable of being driven in use by wind,
thermals and water flows or currenis,

20 To further enhance the efficiency of the power generating device 10 one or more drive
sets 18 grs mountable within a purpose bullt housing 34, as depicted i figure 11. The
housing 34 defines a fluid flow channel 36 for directing fluid flow “D" {o impinge the
asrofoll blades 14, wherein the fluid flow channe!l 36 dafines an inlet 38 and an outlst
40 with the drive sets 18 positionad intermediate the inlel 38 and ihe outlet 40 of the

5 fyid flow channel 35,
To spasd up the fluld flow impinging the drive sets 16, the fluid flow channet 36 dsfines
a narrowing 42, typically a venturi, between the inlet 38 and the cullet 40 substantiaily
in the vicinily of the drive set. The fluid flow channel 38, at or near the vicinity of the

narrowing 42, further defines cutwardly extending recesses 44 for creating reverse

vortices therein thereby to reduce and/or counter drag generated by the aegrofoil bi
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Furthermore, the housing 34 includes a diffuser formation at or near the outiet 40
fiow back toward iis original fiow speed. The housing 34 also
includes origntating means in the form of {ins 48 Yor operably maintaining the inlst 38 of

the housing 34 pointed inte the direction of fluid fiow *D".

it will be appreciated that where the housing 34 is movable with fiuid flow, the

he cam member 82, 162 of the a

Q

Q.

tuating means €0, 180 may be fixe

e

relative 1o the supporting structure 12, 112, therehy eliminating the need for a rotalable

it is envisaged that the powsr generating device 10 will have very little impact on seg oy
bird life due o s abiiity o operate and very low fluid flow speeds. Furtharmors
specifically for instaliation in oceanic environments, His envisaged that the pows
gensrating device 10 is sized such that most sea animals will be zble o pass through
the power generating device 10 unimpeded and without harm. Accordingly, the device
will have little effect on existing migration palterns.

Having said that, larger sea animals could be harmed by the dsvice, or conversely
damages the device. Accordingly, it is senvisage that the inlet 38 will comprise a guarg,
preferabiy in the form one or more series of cables or netting extending across ths inlet
38, enabling only objects and/or sea animals of & predefined maximum size or smaller
10 pass there through. Oblects and/or sea animals greater than the predefined
maximum will be prevented from passing through. Preferably, the inlet 38 inte the

ousing 34 will be angled or slanted such that greater sized objecls or seg animais

striking the guard will simply be bounced away from the inlet 38

To further protect the greater sized sea animals, the power generating device 10 will
include one or more repellent devices {o repel sea animals from swimming ioc close (o

{he housing inlet 38, for example, senic and/or electric puise devices.

Thne housing 34 illustrated in figurs 11 is specifically spplicable o submerged

(&]
O
¥
24
<
@

applications in, for example, oceans and rivers. The housing 34 may be

negatively or neutrally buovant.
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Figure 18 shows the aerofoil blade 5314 in a coliagsed condgition, with the ribs 580

i

5 nested into one another such that the coliapsed aerofoll blade 514 is compacdi

occupying a very shallow height. The collapsible aarofoll blade 514 is compliant with

harbour regulations, which typically require thal the sails of vessels enlering the
harbour are retracled. Also, in siorm conditions, the abiiity fo coliapse the asrofoll

blades 514 is advantageous. Other advaniages of a collapsible asrofoll blade 814 are

,,m
]
O
3

«r
4]
<<
=
O
&,
-
po

e skin member 582 and avoiding damage thergio in high wind conditions,
Many mechanisms may be incorporated © move the agsrofoll blade 514 belween i
erected and coliapsed conditions. One type of mechanism, as depicted in figure 17,

3

may be a cabie 584, threaded through a piurality of pulieys 586.

15 It will be appreciated that an overturning moment, that would normally be asscociated
where a single asrofoil blade or wingsall is used, is 10 2 iarge exient eliminated by &

balancing effect created by mounting a plurality of asrofoil blades about the first axis of

rotation “C”,

I
<

Although the invenion has besn described above with reference o preferred

.

embodiments, it will be appreciated that many modifications or variations of the

inventicn are possible without departing from the spirit or scope of the invention. For
example, the power generating device 10 may be applied at the top of, bottom of or

within passages definad in mountains and/or buildings, and/or supported on purpose

25 build support structures.
Furthermore, although the drive sets 18 depicted in the accompanying figures shows a
single array of asrcfoll blades arranged circumferentiaily about the first axis of rotations
“C7, the drive seis 18 may comprise mulliple arays arranged, for sxample,
30 circumierentially about the first axis of rotations “DY at differing radial distances

therefrom.

With refergnce now io figure 18, and insiead of having

a
N T ats Py i P ) e o $ 1o £ - ¢ HENT g ettt ety
pivotally mounied about each respective sscond axis of rotation “Q7, an aerofoll tlade
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sel 88 incorporating & plurality of (ie. three) aercfoll biades 14 mav be pivotaliy
mounted about each second axis of rotation "Q7. in this manner, the power generating
capabiiity of the power generating device 10 of the present invention may be

significantly increased without a2 subsiantial increase in the size of the powsr

From early stage CFD simulations undertaken by the inventor, it was found that

by

»  ths aerofoll blades have self-starting and seif-stabilizing characterigtics;
s the drive sels are applicable to low-speed and high-speed flow applications;

s a drive set having =& tolal of twenty four, 8 metre span aerofoll blades with 2.3

oo ]

veire chord fengths, spiit into two arrays about the first axis of rotations, will be

=y

capable of generating about 8 Megawaits of power with a water flow spesd ¢
about 1.4 melres per second; and

= gz drive set having a {otal of twelve, 8 metre span aerofoll blades with 4.3 melre
chord fengiths spaced about the firsl axis of rolations will be capable of

ene

o

ating about 27 Megawatis of power with a waler flow speed of abouyt 1.4

hy

«)

metres per second.

]

Once extrapolated, it appears that a housing incorporating four drive seils with the 4.3
iength chord aerofoll biades will be capabie of generaling about 100 Megawalis

of power in g 1.4 metre per second water flow.
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1. A power generating device including

3 & support structure
one or mors mountis for rotalably mounting the support structurs, the support
fructure being rotatable on the mount{s) about g first axis of rotation:

{0 a plurality of aercfoil blades each being rotatably mountzed on the suppori
structure and freely rotatable relative therstc aboui a respective sscond axis
of rotation, the second axes of rotation each being substantially parallel o

and radially spaced from the first axis of rotation; and

15 a means of actuating each of the aerofoil blades between a first condition,
whersin the aerofoll blade has a first {ifting asrofoil section for genarating &
it force in a first direction thereby to impart a torgue on the support structurs
in a first rolational direction, and a second condition, wherein the aerofoil
blads has & sscond lifting aerofoil secticn for generating g lift force in a

240 second direction o impart a torgue on the support siructure in the same first
rotational direction such that the support structure is opsratively driveabls in
repeating 380 degree rotary cycles
wherein the first and the second lifting aercfoil sections ars: ) reversed

25 seciions of one another; and (i) reflexad camber asrcfoll sections; such that
in use fuid flow acting over the aerofoil biades automaticaliy seis an angle of
attack of the aerofoll blades relative {0 the direction of the fluld fiow; and
further wherein the actuating means operably deforms or inveris the aerofoil

3G blades between the first and second conditio

2. A powsr generating device according to daim 1 inciuding a means for
orientating the suppoﬁ struciure and the actuating means relgtive io the

dirsction of the fluid flow in an aligned condition thereby to enabie hs actuating

R
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I

A power generating device according to claim 2, wherein the actuating means

=

and the supporiing structure are fixed relative to one another with at ieast the

1£)]

ugport structure mounted on the mounts within 2 housing dsfining an iniet, an

outlel and a flow path exiending there between for enabling

5
o
@
-
o
Q.
&
o
o
=
@

operatively passing through the housing fo impings on the support
ongntating means being located on the housing and in use, orientates the
housing such that, in the aligned condition, the flow path is substantially aligned

with ihe direction of the fiuid flow with the inlet thereof upsiream of the cutlet.

4. A power generating device accerding to claim 2, wherein the actuating means is
rolatable relative 1o the supporting structure, and further wherein the orientating

=

means {8 connected o the actuating means thereby io move the actuating

o
=
®
]
X
3.

means about the first axis of rolation such that both the support structus
the acluating means are operatively orientated 1o the direction of the fluid flow in

5

an aligned condition to enable the actuating means fo operatively actuate
deformation or inversion of the asrofoil biades at the predetermir:ed iransition

regions along the rotary cycle and relative to the fluid flow durin

©
5

b

=5

211

o

o
[}

g

<

i

transition phases.

3. A power generating device according o ciaim 3 or 4, wherein the orientating
means is one of more fins for steering the housing or actuating means inic the
aligned condition, the aclualing means bsing an eleciric, an elecironic or &

echanical actuating means.

8. A power generating device according o claim 5, wherein the fiow paih defined

the housing between the inlel and outiet thereof has a narrowing within or

near which the support structure is mounted thareby o operatively increase the

flow rate of the flow passing there through.
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228~
7. A pewer generating device according to ciaim 8, wherein the housing is
{1y rotalably mounted to the ground thersby enabling the housing ©
operatively rotate into the aligned condition: andlor
5 (i buoyant and tethered in a submerged state thereby snabling the

housing o operatively drift into the aligned condition.

8. A power generaling device according o claim 7, wherein at least the support

structure, the aerofoil blades rotatabiy mounied therson and the acluating

LA

0 means make up a drive set, with the housing capable of housing a plurality of
drive seis therein.
8. A power generating device according to claim 8, wherein the housing includes a
guard at or near the inlet for preventing solid materiais and/or sea animals of 2
size greater than a predefinad maximum to enter the housing, andfor & diffuser
near the outlet of the housing
10. A power generating device according to claim 9, wherein the mechanical
aciualing means is made up of:
O

{i) cam member;
{v} at least one cam follower associaied with each of the sercioil blades

wherein the cam foilower is operatively caused to reciprocally move as it

rides along a profile of the cam member as the support struciure rotates
5 rough the rotary cycle;
{vih deforming or inverting actuaiors for respectively actuating deformation or
inversion of the respective asrofcll blade; and
{vii}  means for fransmitling the reciprocai movement of the cam follower io
+ dafarmin roin ) L £ o4 FrE ot aerofoil biads
e aSIorming oFf invening actusgiors of ihe respsactive aercfoll biads
3 thereby to operatively retain the aercfoll blade in the first or second

condiion, and/or to deform or invert the aerofoil biade between the first

and sscond conditions during the iransition phases.
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booms on which the aercfoll blades are supporied, the asrofoll biades baing
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16. A power generating device according to claim 15, wherein the aerofoil bladsas
have opposing first and second ends zcross which the leading and traliing

edges exiend thereby defining a biade span, and further wherein the aerofoil

16 ttades are rigid or coliapsible across such blade spans.

17. A power generating device according to claim 14, wherein the asrofoil blades
have a deformable aerofoll section and capable of, on actuation thereon by the
actuating means, deforming between the first and second conditions fully or

{5 incremantatly

18. A power gsnerating device according to claim 17, wherein the asrofoll secticns
of the deformable aerofoll blades have a sliding joint.

20 18. A powsr generating device according to claim 17, wherein the aerofoil sections
of the deformabie aerofoil blades have a continucus closed loog form, each of
the aerofoll sections comprising of a first aerofoll segment and a sacond asrofoil
segment having ends connected or fixed to one another at the opposing leading
and irailing sdges thereby preventing the ands of the first and second aercfoil

25 segments from sliding relative io one anocther, whersin the first and second
agrofoll sggments are spaced apart from one another along their isngths across
a neulral mean camber line extending between the jeading and trailing edges io
form the asrofoll section of the aerofoil blade, and further wherein the irailing
gdge is free {o move across the neutral camber ling, characierised in that:

3G {H & deforming actuaters deform the asrofoil biade betwsen the first and

the second conditions;
{5y the first and second gercfoil segments are resiiient o bias the asrofoil

blade towards & symmetrical transition condition through which condifion
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the aerofoil blade passes as it is deformed betwesn the first and second
conditions; and

{1} the critical buckling load of th
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compressive icad generated in the gerofoil segments by the deforming
actuators duréng deformation thereof between the transition condition
and the first and second conditions;
such that when the aerofoill blade is deformed, dispiacement between two
points on one of the aerofoll segments generates the compressive

reast such aerofoil segment, and the ability of such asrofoil segment to resist
the compressive load cases such segments to adopt the reflexed camber

<

asrofcil section form having a reflexed camber line with a point of inflection

on the aercfoll blades on opposite sides of the diametric axis being fiickad

towards opposite diractions.

cower generaling device according fo claim 19, wherein the dimension of

©

A

maximum thickness of aercofcll section in the first and second conditions is

greater than the dimension of maximum thicknass of the aerofoll seciion in the

transiticn condition.

A powser generating device according to claim 20, wherein the first andior

second aerofoil segments are

{y each formed from a single aerofoil member spanning betwesn the
ieading and trailing edges, jointly forming a continucus ciosed ioop
aerofoi] rib;

i) each formed from a plurality of asrofoll members connected or fixed

end-to-end between the leading and trailing edges, jointly forming a
continuous clossed ioop aerofoil rib;
(it} a single imegraé aeroioll member forming a continuous closed loop

aerofoll rib such that the aerofoll blade comprises a plurality of asrofoil

!

ribs spaced apart relative to one another to define an slongate asrofeil
biade framework for supporting a flexible or semi-rigid skin there over,
the skin being a continuous closaed loop skin member having a traifing

edge coinciding with the trailing edge of the asrofoll blade framework;
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{iv} oppesing first and sscond members of an elongate aercfoil shell spacad
apart from one ancther across ithe neutral camber line
second members each being single aerofoil members, 2 piurality of

1

aerofoll members connected or fixed snd-to-end, or integral with one

L

another o form g continuous closed foop aerofoil section, whersin the
outer surfgce of the shell is @ skin over which fiuid is flowsble in use
and further wherein the shell is seif-supporting and semi-rigid.

el

N
?\.)
T
(%}
Q

wer generating device according to claim 21, whersin the
10 have opposing first and second ends across which ihe leading and trailing
edges extend thersby defining a blade span, and further wherein the asrofoll

blades are rigid or collapsible across such blade spans.

597
03

A power generating device according to claim 22, wherein the collapsible

eouid

4
e
@
o
=i
&
(g
3]
.

comprise a plurality of aercfoil ribs spaced relative 10 one
another across the blade span of the aercfoil blades, and further wherein the
first and second ends of the asrofol] blades are movable relative t¢ one ancther
between an srscted condition, wherein ths first and second ends of the aerofoil

biades are spaced remotsly from one another thereby io streich the skin

b2
>

O member between such ends and over the zerofoll ribs spaced there between,
and g coilapsed condition, wharein the first and second ends of the asrofail
biades are brought into ciose proximity with one ancthsr, consequently causing

the aerofoil ribs to collapse onto or into one another.

25 24, A power generating device according to ciaim 23, whersin the deforming

acluators are configured to act on one or more movable actuating members of

an actuating structure substantially located within a hollow interior of the

respective aerofoil blade and in contact with or connscied io actuator poinis on

the aerofoil blade, the movabls actuating members baing movabis on actuation

therecn by the acluating means and deforming actuators to impart & priman
Spis

deforming force for dis
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oo
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]

second aercioll segments thereby o deform the aerofoll blade section belween
the transition condition and the first and/or second reflexed camber aerofoi

section condifions.
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25. A power generaling device according to claim 24 including one or more biasing

means for imparting, together with the primary deforming force

deforming force for aiding in the displacement of the actuator points, thereby
reducing the load on the deforming aciuators to deform the aerofoil blades
S between the transition condition and the first andfor second reflexed camber

aerofoll section conditions, the aerofoil biades baing resiliently biased fowards
{

ransttion condition

28. A powsr generaling device according io claim 25, wherein the one or more

-

10 biasing means are springs acting betwsen a fixed point within the hollow interior
of the aerofol] blade and a movable point on the movabie aciuating members or

aserofoil blade.

27. A power genersling device according fo claim 28, whersin the actuating

o
(Wa

siructure comprises:

a primary spar located within the hollow interior of the asrofoil blade;

a pair of the movable acluating members, sach having first ends
20 movably connected to the primary spar and second ends connected io

r abutling the aciuator points on one or the other of the first and sscond

aerofoil segments of the aeroioli blade; and

P

he biasing means in the form of a spring, associated with sach movable

B3
L

gctugling member, and connecied at one end o the movable aclualing
member or ihe respective aerofoil segment and at the opposite end o

5 R

e fixed point, the fixed point being on the primary spar and nearer the

:«/»

leading edge of the aerofoil blade than the point at which the movable

actuating members are movabily connected to the primary spar.

7

|8
fous’
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A power generating msthod including

84

z P

(A} exposing a pluralily of aerofoil blades rotatably mounted on a support

structure to a fluid flow thereby io generate [ift forces and rotatably drive the

support structure about a first axis of rotation in repeating 360 degrse rotary
cycles;

P

deforming or inverting the aerofoil blades, in a transition region of the

o
fovs

support structure where g fransition line thal passes through the first axis of

rotation is perpendicular to the fluld flow direction, betwsen:
{H a first condition, during a primary phase of the rotary cycie, in

which the asrofoll blades have z first reflexsed camber aerofoll
section for generating a iift force in a first direction thereby {o
impart a torque on the support siruciure in & first rotational
direction:; and

(i a second condition, during a secondary phase of the rotary cyals,
in which the aerofoil blades have a second reflexed camber

asrcfoil section for generating a lift force in a second divection

thereby to impart a forque on the support siructure in the first

o

rotationai direction;
{C) converting the mechanical energy of the support structure into elscirical

energy;

wherein {he asrofoil bladss are freely rotatable throughout

PN
[N
2
[¢)]
bl
o]
A
3]
2
O
h
Q
€]
b

response to forces induced on the aerofoil blades by fuid

Qver.



PCT/ZA2015/000059

WO 2016/074005

1/10

Figure 2
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Figure ¢
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Figure 18
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