A POWER GENERATOR Technical Field The present invention relates generally to a power
generator, and more particularly to an electrical power generator assembly for using kinetic energy
from a flowing fluid to 5generate power.  The present invention relates also to an electrical power
generator installation including such electrical power generator. The present invention is expected to
be particularly advantageously, but not exclusively, used in the context of hydro-powered electricity
generation. 10Background of the Invention  Kinetic energy in flowing fluids, such as water and wind,
is a known alternative to energy sources such as bio-fuels and fossil fuels for generating power.
Unlike, for example, bio- and fossil fuel AviREDWWIEEh GdeN ERATOHRI power generation, go
handin-hand with emission of hainiful combustion gasses into the atmosphere, generation of 15 power
by using flowing fluids has no or very little adv?&?tﬁfif@ %fmdhe atmosphere. Although known
installations for harvesting wind power generally have low running costs, they tend to be expensive to
install and have relpitiyelydaw geastationl sepaciyrdnown postet gtionatfer hatvestingphtydiadgwer, for

example tidal #)owelr, %%‘][the other hand, have re{)&ltivﬁyuhjgh%r II%ﬁgeration agjaci i HOWI%\J/%rt these
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types of mstaﬁ HHdRS GoAre 2 ensive, requwe);‘requenlgmaln enancfc@f an cou?&vf)egunrellable due

to proble_sns mmqnbwmh silting_and corrosion. Object of the In_vention Embodiments of the
present invention spck 19, SbSIPRIAlY YRIZOS 7 &t Leashamalioiale an.ar otk e above

disadvantages, or at Fe%st to provide a use alternative. Summary of the Invention  In one
aspect, the piasbuiiigratichcprovidips eer eraeical pbwargwent inrsnaesenippersediiy kinetic energy
from a flowing fluid. 19 dengrate alsclical Rowet: g RastHical R RS QARSI RSP L IRELIAING red

electricity generation.

10 Background of the Invention

Kinetic energy in flowing fluids, such as water and wind, is a known alternative to
energy sources such as bio-fuels and fossil fuels for generating power. Unlike, for
example, bio- and fossil fuel which, when used in electrical power generation, go hand-
in-hand with emission of harmful combustion gasses into the atmosphere, generation of

15 power by using flowing fluids has no or very little adverse effects on the atmosphere.
Although known installations for harvesting wind power generally have low running
costs, they tend to be expensive to install and have relatively low generation capacity.
Known installations for harvesting hydropower, for example tidal power, on the other
hand, have relatively higher generation capacity. However, these types of installations

20 too are expensive, require frequent maintenance, and could be unreliable due to problems

associated with silting and corrosion.

Object of the Invention

Embodiments of the present invention seek to substantially overcome or at least
ameliorate one or more of the above disadvantages, or at least to provide a useful

25  alternative.

Summary of the Invention

In one aspect, the present invention provides an electrical power generator assembly
for using kinetic energy from a flowing fluid to generate electrical power, the electrical
power generator including:

30



2 ablade assembly having a head end for facing incoming flowing fluid, a tail end spaced from the
head end for facing in the direction of the flowing fluid, and a rotational axis extending between the
head end and the tail end, the blade assembly including a blade arrangement which is arranged in
generally helical fashion about the rotational axis, 5 apd at least one mounting formation connected to
the blade arrangement, each mounting foiniation being adapted to permit mounting of the blade
assembly for rotation about its rotational axis, so that in use fluid flowing past the electrical power

generator assembly ypigragie il e Blade auandameantiuiaimhe ladsagapmblviabout its

rotational axis; a shroud having a head end section via which a flowing fluid enters the shroud, a 10talil
end section viRAFFAKIBHAG R GEKIRE TRk iBdbe dHEcHRER AR Miliand adeiiit®iending
between the heatenrdEagtivnaed theHailiend sectbnialitadheribeimediaialgectiondagverging from

the head end.section towards the tail. end sectjan; and at least o rimary coil. connected to the blade
arrangement R T ATt U RGP AR S Ao RGP RR A EO GG
energizable andl helngsborangednitingsona dtiter achmdtined ttréethst ldade statioganeise cactdanyuodit go
generate electrical power in res e to rotation of the blade.assemblv... ~wherein the shroud is
Cgomat?on% in a%ggt%%ﬁo Sc-:%m? %hng RP éﬁ Bi1agest e{ﬁ}éblgiforr tg %111 a%?ut i

elongated and open-ended and exten etween ead end an en e blade assembly,
the shroud beirigtzashestadedianchsise Gund hgythng pat duecissenblyy wer ternteriatos hsserdbistates with

the blade assgmbly,inseEhe.aleGHeALRRIEIBRRIIR Riaterakly s sles ARl ot Rrimary

coils, each primary coil being connected to one of the blades at or adjacent the tip of the blade. In one

fonn, the electrical pewerbenaratansidyeasteticndé bishentlanpgyfluid enters the shroud, a

10 tail end section via which flowing fluid exits the shroud, and an elongated intermediate
section extending between the head end section and the tail end section, with the
intermediate section converging from the head end section towards the tail end section;
and

at least one primary coil connected to the blade arrangement for rotation with the

15 blade arrangement, said at least one primary coil being energizable and being arranged in
use to interact with at least one stationary secondary coil to generate electrical power in
response to rotation of the blade assembly;

wherein the shroud is elongated and open-ended and extends between the head end
and the tail end of the blade assembly, the shroud being connected to and surrounding the

20  blade assembly, so that the shroud rotates with the blade assembly in use.

The electrical power generator preferably includes a plurality of primary coils, each
primary coil being connected to one of the blades at or adjacent the tip of the blade.

In one form, the electrical power generator may also include a current supply
electrically connected to each primary coil, for energizing each primary coil in order to

25 induce a magnetic field around each primary coil. In another form, the electrical power
generator may also include a current supply electrically connected to each secondary coil,
for energizing each secondary coil in order to induce a magnetic field which induces a
current in each primary coil.

Preferably, the electrical power generator yet further includes a said at Jeast one

30 stationary secondary coil, for magnetically communicating with each primary coil when

each primary coil is energized. The electrical power generator, preferably, includes a

plurality of said secondary coils.



electrically connected to each primary coil, for energizing each primary coil in order to 25induce a
magnetic field around each primary coil. In another form, the electrical power generator may also
include a current supply electrically connected to each secondary coil, for energizing each secondary
coil in order to induce a magnetic field which induces-g current in each primary coil. Preferably, the
electrical power generator yet further includes a said at least one 30stationary secondary coil, for
magnetically communicating with each primary coil when each primary coil is energized. The electrical

power generator, prefecablysingliges & £l Wiakity ol peidsecaraasy £imbRafor Jdesisaalso disclosed
an electrical powerg@ nerator assembly for using kjnetic energy from a flowing fluid to generate

electrical powBFE e FIBCH AV BEWEN G 4N 8FAESR IR Bl et P DEde B SEHBIAhROY SMERE%End for
facing incomipgiflawigg fluid, a tail end Sspaced from the head end for facing in the direction of the

flowing fluid, and a 1tﬂi%:onala xtendin twe e head end and the tail e dhtth %de

assembly mcludmgj”ﬁ & A rf’é%?ﬁé‘?ﬁ %\ﬁﬁ% (fﬁ)ér a%&%ﬁrbcgﬁ’éf%"g hetli&r tasniof about the

rotationak axispatud dtdeadi-dredeod lﬁm@émmatlﬂm doecientied toctfievolag & wdangemretit;i esdh ‘

mounting formatlonfﬁblg %{\)’ted %ﬁ)e%erarg gt](ii} of the gd%lggggsse fl 1{1%5%) bout its 3
a

rotational axis, so owing p as |ca [50W€‘I‘ generator assem teracts with

the blade arrémg@nemng@rr@natwhh@ mm@@@@bm tlgnatdint gl insldtisnah it g rotational axis,

and at least one mounting formation connected to the blade arrangement, each mounting

formation being adapted to permit mounting of the blade assembly for rotation about its



at least one petanent magnet connected to the blade arrangement for rotation with 5the blade
arrangement, said at least one permanent magnet being arranged in use to interact with at least one
stationary secondary coil to generate electrical power in response to rotation of the blade assembly.
The blade assembly preferably includes an elongated;shaft extending between the head end and the
tail end of the blade assembly, the shaft having a longitudinal axis rodefining the rotational axis of the
blade assembly, and the blade arrangement being mounted on and radiating from the shaft. The

generator is praigrmRb-dviRolYconnecRddathashai Thediade arenasment arsfarablibterminates

shy of the ends of the shatft, with each mounting formation being provided by an end portion of the
shaft, so that Hiaes & Fr0lafe SERSANE e Bladhe ddadssir il b s ot P &tipported.

15Preferably agach mounting formation includes a bearing element mounted on the shaft and adapted
to be connected to a support structure, to permit rotation of the blade assembl¥ elative. to saﬁnsupport
structure.  In on&'eff to‘ﬁ]%‘?ﬂ?ﬁ‘?&%l%@“ﬁﬁ%%ﬁ#‘b% erabfy HEREY éﬂﬂ%ﬂﬁmﬁl% s

which are longigudialbrspaeedin saEitqgénatathy beticahtas iogaiongithershaftdlimthss 0embodiment,

each beam is. I%:r%f%{a%vbll% mqugstted on,the shaft sucgéthat iEII; adé'rl{statgl o#a}%aéliple around the rotational

r
axis of the sha ? 0 permit adjus r%%%ttagf) ﬁ%g&?gﬂno e D 8egas%13mb%lﬁc ade arrant gxrﬁgnt, in

this embodimnpthjimhafph@fbkalﬂy&ﬂmmd}as a web or skin extending along the lengths of and
connected to each el adiacent heatia-AlCH At sRiRR ALRNMRMERNEREGLE ldhe pitch

of each beam, is 25uninterrupted across its surface.  In another embodiment, if desired, the blade

arrangement pedeiabapdibietibado bimblade antmudlys hefbafthavasg a lompssdiaplyxife blade
arrangement juhgR Sardalkle elevalion.tRaE.famihe hepdeaddbareafdaisialbend. 30The

shroud too thus has a head end and a tail end, Preferably, the shroud is .
mounted on and radiating from the shaft. The generator 1s preferably drivingly connected

to the shaft. The blade arrangement preferably terminates shy of the ends of the shaft,
with each mounting formation being provided by an end portion of the shaft, so that in
use, the shaft, and accordingly the blade assembly, is rotatably mounted or supported.

15 Preferably, each mounting formation includes a bearing element mounted on the shaft and
adapted to be connected to a support structure, to permit rotation of the blade assembly
relative to said support structure.

In one embodiment, the blade arrangement preferably includes a plurality of beams
which are longitudinally spaced in said generally helical fashion along the shaft. In this

20 embodiment, each beam is preferably mounted on the shaft such that it is adjustably
rotatable around the rotational axis of the shaft, to permit adjustment of the pitch of the
blade assembly. The blade arrangement, in this embodiment, further preferably includes
a web or skin extending along the lengths of and connected to each pair of adjacent
beams, such that the blade arrangement, irrespective of the pitch of each beam, is

25 uninterrupted across its surface.

In another embodiment, if desired, the blade arrangement preferably includes one or
more continuous helical blades.

Preferably, the blade arrangement, when seen in side elevation, tapers from the head
end thereof to its tail end.

30 The shroud too thus has a head end and a tail end. Preferably, the shroud is

connected to the tip of each blade of the blade arrangement, the connection



connected to the tip of each blade of the blade arrangement, the connection 4 between the shroud
and each blade being a substantially fluid impervious connection. Likewise, in the embodiment where

the blade ar, includes a plurality of beams and said webs or skigs;a fip,pfi@ash web or skin
is, preferabl){?% fgryé%%%gcted to the shroud. Preferably, the connections between the webs or skins

and the shroud are substantially fluid impervious cohnections. In use, flowing fluid interacting with the
blade arrangement to rotate the power generator assembly thus enters the shroud from its head end
and exits the shroud via its tail end.  Preferably, the shroud is of thin wall construction, and '

converges ahstigear lashisad srdieainjedebrngs Remereiniched mrsadosa P eivi@igence

correspondingig.the H0anerpeiahthewiadarssemblradhashroudupreieralbii i 0bsatiti-section or
unitary moulded construction,, havingdoaghe d end sectian via hﬁ f'OWi,Q,%L't%!Pte ters the shroud, a
n

( h
tail end sectiSH TRAVREh SR RS AEHERATSEE I&r?deaﬁr%%'hglg?eﬁj ermediate section
extending beiweeh thefbehly ghed sectiotican ddtvetaitlendebe ctickingithdthe Mtonhediate section

L5converaing ram i, e s sesion-inuarss e 13 sRd saclin Acaiassausly, the head end

section of the shroud converges towards the intermediate section, and the tail end section diverges
away from tHeu#terrmeeER SBCHE S RAMET BRRCEHAE GEF FEBnEHEIRPIF TR HANGfEpm its -
converging-gi¥ergincNe RiE NRWRG@ Genueging.elongated throat defined by the intermediate section.

2ol R Gt o sl D950, i ond e
of its length from its head end to its tail end, said convergence corresponding to the
o tapering of the blade assembly. '
The shroud, preferably, is of multi-section or unitary mouided construction, having
a head end section via which a flowing fluid enters the shroud, a tail end section via
which flowing fluid exits the shroud, and an elongated intermediate section éXtending
between the head end section and the tail end section, with the intermediate section
15 converging from the head end section towards the tail end section. Advantageously, the
head end section of the shroud converges towards the intermediate section, and the taﬂ
end section diverges away from the intermediate section, such that the shroud is generally -
in the form of a converging-diverging venturi having a conV;rging elongated throat
defined by the intermediate section.
20 Preferably, the shroud has a circular cross-sectional profile, so that the head end —
section and the tail end section of the shroud are flared in bell mouth fashion.
Each mounting formation preferably includes a bearing element connected to an
end section of the shaft, the bearing elements in use being rﬁounted on an anchored
suppért structure, such that the power generator assembly rotates relative to the support
25 structurék
In 2 further variation, the power generator assembly includes a stator in front of the
shroud, most preferably adjacent the shroud head end section. The stator preferably
includes one or more blades of adjustable pitch.
| In a yet variation, the power generator assembly includes a slotied ejector
30 amrangement behind the shroud, most preferably adjacent the shroud tail end section. In
one form, the slotted ejector arrangement is connected to, and rotates with, the shroud. in
another form, the slotted ejector arrangement is not connected to, and does not rotate
with, the shroud. In one embbdiment, the slotted ejector arrangement includes a plurality

of spaced apart tubular sections, and most preferably diverges diametrically away from.



Each mounting formation preferably includes a bearing element connected to an end section of the
shaft, the bearing elements in use being mounted on an anchored support structure, such that the
power generator assembly rotates relative to the support 25structure. In a further variation, the power
generator assembly includes a stator in front of the shyoud, most preferably adjacent the shroud head
end section. The stator preferably includes one or more blades of adjustable pitch. In a yet variation,
the power generator assembly includes a slotted ejector 30arrangement behind the shroud, most

preferably adigeenithe Shrandtallancthasction e 9oeloER iheslatiesRiRGisarFargement is

connected to, and rotates with, the shroud. In another form, the slotted ejector arrangement is not

connected toSARFEBIN N Fotdie! i i SFrBAn P BT Erehhn BtriFRes: e bty Settorom

arrangementtinckueasia plwialifsoh Spaceskapayijiifias seativdss ankimnastpe iy diverges

diametrically away.fraqm 5 the shroud. In another embodiment, the slotted ejector arfangement is of

nitary consdIEGSHTREY LIS QUFHTETER, SFEDBENEHL ) BRSPS S A By from the

shroud. In onpréterah hmassembbriprederalsiydaptad 6s agrihe medrisratiaptedd 1diMamdtecfidial length

of the slottedS%%C'LCP%%Q{%?%ment. In.another form, the assembly 5preferably includes a drive means
e axial le

adapted to vary% ng%gg%lg%dial width of the slotted ejector arrangement.  There is also
disclosed an electrltarpovwdsogdne it assenibbpfpowsingekimetic essergyl frémusifigiingtituid to

generate po%@r&%ﬁ@%@@\kﬂ%’mig %@%@Q&ﬂ@ﬁlﬂ%‘?&he electrical power generator including:
a blade assembly having a head end for facing incoming flowing fluid, a tail end
10 spaced from the hea& end for facing in the direction of the flowing fluid, and a rotational
axis extending between the head end and the tail end, the blade assembly including a
blade arrangement which includes a plurality of blades spaced along the length of the
rotation axis, and at least one mounting formation connected to the blade arrangement,
each mounting formation being adapted to permit mounting of the blade assembly for
15 rotation about its rotational axis, so that in use fluid flowing past the electrical power
generator assembly interacts with the blade arrangement to rotate the blade assembly
about its rotational axis; and
at least one primary coil connected to the blade arrangement for rotation with the
blade arrangement, the primary coil being arranged in use to interact with at least one
20 stationary secondary coil to generate power in response to rotation of the blade assembly.
There is also disclosed an electrical power generator installation, the installation
including:
| an electrical power generator as hereinbefore described including at least one
secondary coil; and
25 a support structure, the electrical power generator being mounted, by means of each
mounting formation of the blade arrangement, on the support structure for rotation of the
blade arrangement about its rotational axis, and each secondary coil of the power

generator being mounted on the mounting structure.



a blade assembly having a head end for facing incoming flowing fluid, a tail end iospaced from the
head end for facing in the direction of the flowing fluid, and a rotational axis extending between the
head end and the tail end, the blade assembly including a blade arrangement which includes a
plurality of blades spaced along the length of the rotagon axis, and at least one mounting formation
connected to the blade arrangement, each mounting formation being adapted to permit mounting of
the blade assembly for 15 rotation about its rotational axis, so that in use fluid flowing past the

electrical power gaperatersassemplyieieiasiosin ihebladaerrangemmion! tRerpiaier thenblade assembly
about its rotational axis; and at least one prim%ry coil connected to the blade arran%ement for rotation

with the blad& BHXRRERCTHE BIrREFe ot BRI  PANGEE HP TR TESPEEIR0n Bf RAEFone
20stationary seceatanyiticikioubenesateipaweeinréspangsiesataliothoictse blade hedbmlhy  There

is also disclosed an. electri alhg)ower enerator installation, the installation including: electrical
es qoma A R B SR s L 8 S The bt S o b8 ST
structure; theleleeiticahpowar geasrbtor el meuptedd by fesarSaof wheh towmihglforsnation of the

blade arrangement, on ihe support stctyre for feiatian ol ihsbiade AnANgeMEN) kRN, li otational

. h one em I}n I uﬁ) lp[)
axis, and each secondary coll of the' power generator being mounted on the mounting structure. 6

In the case of@cﬂlmﬁgﬁwatéhﬁ@@mww@@@ﬁ@&f&ﬁfﬁ@ﬁé@v@ﬁ’@éﬁ@rﬁwfbﬂl@%@g%merged
in the ocean. Jn.the 6aRe QIFIYALI0W BRWREARNG AN Ihe RRWer Senaialarull hs,sumgrged in a

river or flowing stream. In'the case where the flowing fluid with which the power generator is
associated is ophelfiweribadiaidrriricrbbiseahed relars g brinagiadaneaiiBeposed to
flow of ajy WhgR e WHIdIPWSs fluid. In this embodiment, the network of flexible elements can,

preferably, be arranged such that the generator is mounted thereon in the general fashion
of a windsock. In another embodiment, the support structure is a rigid structure including
a network of rigid elements.
There is also disclosed a propulsion or pump device adapted to eject a fluid, the
15 propulsion or pump device including:
a blade assembly having a head end for facing incoming flowing fluid, a tail end
spaced from the head end for facing in the direction of the flowing fluid, and a rotational
axis extending between the head end and the tail end, the blade assembly including a
blade arrangement which is arranged in generally helical fashion about the rotational axis,
20 and at least one mounting formation connected to the blade arrangement, each mounting
formation being adapted to permit mounting of the blade assembly for rotation about its
rotational axis, so that in use rotation of the blade assembly about its rotational axis
interacts with fluid flowing through the electrical power generator assembly; and
at least one primary coil connected to the blade arrangement for rotation with the
25 blade arrangement, said at least one primary coil being arranged in use to interact with at
least one stationary secondary coil to generate rotation of the blade assembly in response

to electrical power being applied to said at least one stationary secondary coil.

Brief Description of the Drawings

30 Preferred embodiments of the present invention will now be described, by way of
examples only, with reference to the accompanying drawings wherein:
Fig. 1 is a schematic cross sectional view of a first embodiment of a power

generator;



In one embodiment, the support structure includes a network of flexible elements, for example (heavy)
chains or cables. The network of flexible elements may be arranged such that the generator can be

aligned such that the inlet end of the shroud opposes the direction of flow of the quidlb%referably SO
that it aligns"H@&Eetbrdance with the iodirection of flow of a fluid. In thid @HBSHIMERt, the network

of flexible elements can, preferably, be arranged such that the generator is mounted thereon in the
general fashion of a windsock. In another embodiment, the support structure is a rigid structure
including a network of rigid elements. There is also disclosed a propulsion or pump device
adapted to eject aFfigid ithedhEmassuisienseeunHy deite rreRisisatbodimsibee22996mbly having a
head end forfagingincoming flowing fluid, a tail end spaced from the head end for facing in the

direction of the flowing fluid, and a rotational axis extegfin between.the head end and the tail end, the
blade assembly incRidirty s TIEBRIS FENG SRREARAMVKIEY /& Weg% §/#7&Ti¢al fashion about the

rotational axiger2@ang at least one mounting formation connected to the blade arrangement, each

mounting formatiop belnd adanied. (o peralt mioning o' he fladeaseubly bpdgigtion about its

rotational axis, so that'in use rotation of t e assembly about its rotational axis interacts with fluid
flowing througgne¢htoelectrical power generator assembly; and at least one primary coil connected to

the blade arrangemeny fo5, tetiatignvthstheZehipde.apangamantogaitatdeagbare primary coil being
arranged in use to interact with at least one stationary secondary coil to generate rotation of the blade

assembly in ﬁ'@gﬁ‘??l%é to electrical power being applied to said at least one stationary secondary coil.
Brief Description dfighé Draslingst80Rreferstherhbedinfents df ¢mbphiesanviraperion will now be
describeuc)i, b)écwg%t%;examples only, with reference to the accompanying drawings wherein:  Fig. 1

. €11 N . - . .
is a schematit cross sectional view of a first embodiment of a power generator;

Fig. 7 is.a schematic cross sectional view of a seventh embodiment of a power

generator;

Fig. 8 is a schematic cross sectional view of an eighth sixth embodiment of a power

generator; and

15 Fig. 9 is a schematic cross sectional view of a ninth embodiment of a power

generator.-

Detailed Description of the Preferred Embodiments

"Fig. 1 shows schematically a first embodiment of an electrical power generator

20  assembly 10a, which is driven by the kinetic energy of a ﬂowing flwid 12, such as a tidal -
current, ocean stream, nver flow or @ind, to generate electrical power. The generator
assembly 10a includes a blade assembly 14 with a head end 16 facing the oncoming flow
of the fluid 12 and 2 tail end 18, spaced from the head end 16, which faces in the direction
of the flow of the fluid 12.

25 The blade assembly 14 has a rotational axis 20 extending between the head end
16 and the tail end 18. The blade assembly 14 also includes a mounting formation in the
form of a shaft 24 supported by head end bearings 26 and tail end bearings 28. Stay
cables 36 and 38 are attached to the bearings 26 and 28 respectively, which locate the
assembly 10z and resist movement of the assembly 10a in the fluid flow 12.

30 , The blade assembly 14 also has a blade arrangement, in the form of a plurality, -
in this case, a pair, of equiangularly spaced helical biades 44, and a generally frusto-
conical shroud 50. Other numbers of the equiangularly spaced helical blades {eg. 3, 4 or



WO 20_09/062261PCT/AU 2008/001704 7  Fig. 2 is a schematic cross sectional view of a second
embodiment of a power generator; Fig. 3 is a schematic cross sectional view of a third embodiment of

a power generator; Fi(ggﬁf is a schematic Cross sectional view of a fourth embaodiment of a power

generator; I'—Vlﬁo /0% Hematic cross sectional view of a fifth embodimeRt of %%%W@%%‘nerator; Fig. 6

is a schematic cross sectional view of a sixth embogliment of a power wgenerator;  Fig. 7 is. a
schematic cross sectional view of a seventh embodiment of a power generator;  Fig. 8 is a
schematic cross sectional view of an eighth sixth embodiment of a power generator; and 15Fig. 9 is a
schematic cfosgsestiehalbiessdf Tiniftdembbditventofiiepeivenytugruiof aound the shaft

24 from the head end 16 to the tail end 18 following the internal dimension of the shroud

50. The distal ends of the blades 44 are also bonded to the interior surface of the shroud

50. Asa result, in usé, the shroud 50 rotates with the blades 44, which creates a vortex in
5 front of the shroud 50. ‘

The shroud 50 is of multi section construction having a head end section 50a, via
which the flowing fluid 12 enters the shroud 50, a tail end section 50b, via which the
flowing fluid 12 exits the shroud 50; and an elongated intermediate section 50c¢ extending
between the head end section 50a and the tail end section 50b. The intermediate section .

16 50c also converges in diameter from the head end section 50a towards the tail end section
50b. The head end section 50a of the shroud 30 also converges towards the intermediate
section 50¢ and the tail end section 50b diverges away from the intermediate section 50c
‘such that the shroud 50 is generally in the form of a converging-diverging venturi having
a converging elongated throat defined by the intermediate section 50c. At all points along '

15 its length, the shroud 50 has a circular cross-sectional profile. The shroud head end
section 50a, being sﬁaped as a venturi, .produces an area of low pressure behind the blade
assembly 14 which advantageousiy results in a much freer flow. of fluid through and
exiting the shroud 50. Further, as the shroud 50 is bonded to thé blades 44, the shroud 50
rotates in conjunction with the blades 44 and the rotational motion of the shroud 50

»0  induces a swirl or vortex in front of the shroud 50. This vortex is advantageous as it
models a whirlpool (as found in nature) and sucks additional fluid into the bladé assem‘c;ly
14 than would other\;ise pass through it. The shroud 50 can also be of unitary moulded
construction, for increased strength.

The assembliy 10a also includes a stator 100.

5 A series of primary coils 52 are integrated into the shroud head end section 50z,
by being wound around the extent of same. A series of secondary coils 54a and
secondary power coils 54b are integrated into the stator 100.

~ Inuse, the blade assembly 14 is mounted within the fluid flow 12 which imparts
its energy to the blades 44. As the fluid flow 12 applies a férce to the blades 44, the

30 blades 44 react by imparting a rotational force or torque to the shaft 24.

When 2 small excitation current 55 is applied to the secondary coils 54a, a

magnetic field 56 is created which induces a current in the primary coils 52. The primary



Detailed Description of the Preferred Embodiments Fig. 1 shows schematically a first embodiment of
an electrical power generator 20 assembly 10a, which is driven by the kinetic energy of a flowing fluid

12, such asg (t)ig@?%gzeé)t, ocean stream, river flow or wind, to generate glegtrical,poyves, The
y ! '

generator assem 1a Includes a blade assembly 14 with a head end 16 facing the oncoming flow of
the fluid 12 and a tail end 18, spaced from the head?end 16, which faces in the direction of the flow of
the fluid 12. 25The blade assembly 14 has a rotational axis 20 extending between the head end 16
and the tail end 18. The blade assembly 14 also includes a mounting formation in the form of a shaft

24 supported B FdbcarfaBisHingems a sl vl Ye urgenyib i coplndauntignaidbs attached

to the bearings,26-ang;28stespactiely lampchinsatadie assebhud9a,sndiresia saeverent of the
assembly 10a in the fluid flow 12. 30 The blade assembly 14 also has a blade arrangement, in the

form of a pluFANREHR4AR egeEIC BRI ERuIEngularly spaced helical blades 44, and a generally

frustoconical shroud S Numbsaimehtbs gguianguiarkyieparedihelsabitadesgegs st or WO
2009/062261PCT/AU2008/001%0']?i 85 etg), c%r:‘i also be used, The blades 44 reducF i{ Ei&meter as
o] ntéPn

they wind arGUREELHE SRAFRSH H5HH the IRE400HE 1 S HH TR eAFT ot RRNY tHe [ dimension
of the shrouckk@irithe gistakemdssofihablasetzdshive, dlsahondes toithé4ataribhsudaceiat the shroud
50. As a result, in %Jgg the shroud 50 rotates with the blades 44, which creates a vortex in 5front of the
shroud 50. “FFRe sHPSHY 5698 6F multi section construction having a head end section 50a, via
which the flowing fluighiiRee ntgrndhecth ibud:E@a8daibera SET ien BOpplisd/thidie treondénd fluid 12

exits the shrqud 50, and an.elongated.int ediate ti end] e head end
section 50a ;%gd tsi(?é %ﬁ gﬂ%%eué%%oﬁl Edb}lg %%nél}%%r rn%%%:ﬁa%ls%%%gﬁé ioa%%gtgsgggfr?\?te%%sg {I?It’l diameter
from thetheacbeht:béection 50a towards_ the tail e_nd secti_on 506. The head _end sectio_n 50a of _the
shroud 50 also conveyges lowands {pe. jtsraediaie.segtion pAgand g ol gadsectian.pb diverges

away from the intermediate section 50c such that the shroud 50 is generally in the form of a
converging-divérgipes v ATLAeTasIE 1A bR 678iRY BIOHERGPtAMTE Hefintsd dyaiiemtaiifétiate section

50c. At all pojpts.alang 4. s ngthotie shirugdE0 has a circular cross-sectional profile. The shroud
head end section 50a, being shaped as a venturi, produces an area of low pressure behind the blade

assembly 14 which 2K/ERAYEKFERBRILHIS Th BERERHERE? Ao A eYaY GRPA G R &thdf the shroud

50. Further, assthseshiydifRisbondadiatbrdcaiades Ads thermspleous hbtioiatesbiniaanjuneion with the
blades 44 and the \rotgti%gal, mation of the shro%g 50,20 induces a swigl or vortex in front of the shroud

50. This vorteXGE Ko KhE3EEE S A S MRS JSTOY S0 ORI AL STRTTR Adird) HiRtf stidkeé fitional fluid

into the bladewggeentloly: 1k thanl wol lddthdoniseqiass dufiugh iThEheaghrahies 5B can dlsobise of unitary
moulded Con%rrrtljc%ie%nétfc rtigé:tr&aese?sge%ﬁg QH%. is supported by only the stayu cables 36 and finds its
own optimal alignment to flow much like a windsock does. The assembly 10a can also be
20 neutrally buoyant and allowed to swing and change direction to operate on incoming and
outgoing tides.

Further altemativeiay, a current of different frequency can be applied to the
secondary coils 54a which in turn creates a magnetic field to induce a current in the-
primary coils 52. The induced current creates a magnetic field to interact with the

25 magnetic field from the secondary coils 54a to pfoduce rotational motion which in tum
produces rotational motion of the blades 44 and provides thrust in the surrounding fluid to
propel a craft or pump a fluid. The frequency of the current applied to the secondary coils
54a can be further adjusted so the assembly 10a acts as a regenerative brake which is
useful for slowing or stopping the assembly 10a in adverse weather conditions.

30 Fig. 2 shows a second embodiment of an electrical power generator assembly

10b. The assembly 10b is similar in conétruction and operation to that shown in Fig ! and



The assembly 10a also includes a stator 100. 25A series of primary coils 52 are integrated into the
shroud head end section 50a, by being wound around the extent of same. A series of secondary coils
54a and secondary power coils 54b are integrated into the stator 100. . . blade
assembly 12 %ﬂ%gﬂ‘%fezgiwithin the fluid flow 12 which imparts its energy %: #%%@%gg’jg’ As the fluid
flow 12 applies a force to the blades 44, the 30bladé€s 44 react by imparting a rotational force or torque
to the shaft 24. When a small excitation current 55 is applied to the secondary coils 54a, a
magnetic field 56 is created which induces a current in the primary coils 52. The primary WO
2009/06226 1RETEAACAABOBIOOLT0H thewiless ithtrs Eretremborimgnetielidrisvhimisricesgdiiter with the
rotational m%ion o; m?l r&m_ary coils 52, induces a large current inside the secondary power coils 54b
that is connec é%ir?or eletfricity generation 58. Alternatively, the primary coils 52 can be replaced
with permanent magetkethatembtd dhe thrabhidtcenesan’yy dicchiBRi®S Tarrsit 9 Hedseddndary

power colls S48, L elecH ey deneiation mlidd Himrontanilonnihe seanndanmaaisadannd the

excitation current’s5 are not required. . Further alternatively, the excitation current 55 can be

applied to therprinteanptediine U Midesatfigureias, YRES-REHALAMCERS BhaRiFdRs Hadi¥tic field 56

are not torequlired., ¢o11sTHE St GRRIRS ROBRE3RisiRRORNB IRl Rkl gssIRpadstiucture
installed in the ocean or alternatively, they can be connected to a bridge or set of cables spanning an

ocean inlet o?eﬁ%‘éﬁﬁ’f%‘t}tﬁ‘ﬁ(ft‘f‘@tﬁ?&ures. Alternative arrangements of the bearings 26 and 28 and the
stay cables 36 and 38, Hhimhaybesragsrsdiphiefarethanaputications:cmbi e kaumpie iipanmother

o Support both TSI 4 A AHof e o G LRATPIR: HES1d) LAIAL ad AR emoved
such tha theragsembhpifiads supponidddiyeaniyotqesstayheablds 36 dihd findesitst eamadptimal
shgnment o Jlou il e wodsackdoce T aspg e lop snalboegapauTalyorantan
minimal fluid is allowed to escape the boundary of the assembly 10b; as defined by the
| secondary coils 54a and the secondary power coils 54b.
When the small excitation current 55 is applied to the secondary coils 54a, the
15 magnetic field 56 is created which induces a current in the primary coils 52. The primary
coils 52 then create the magnetic‘ field 57 which, together with the rotational motion of
the primary coils 52, induces a large current inside the secondary power coils 54b that is | '
connected for electricity generation 58, '

Fig. 3 shows a third embodiment of an electrical power generator assembly 10c¢.

20 The assembly 10c is similar in construction and operation to those shown in Figs. 1 and 2
and like reference numerals to those used in déscribing the first and second embodiments
shall be used to indicate like featur;:s in Fig 3.

In the assembly 10c, the blade assembly 14 has a blade arrangement, in the form '

of a series of independent beams 22 which aﬁe arranged in a generally helical fashion
25 about the rotational axis 20. ‘

The beams 22 are connected to the shaft 24 with sufficient clearance so they can
rotated about the axis 20 with respect to each other. The bearns 22 are held in place at the
head end 16 of the shaft 24 via a flange (not shown) and, at the tail end 18, the shafl 24 is-
threaded and a nut (not shown) is tightened to apply force along the shaft 24 and lock the

30 beams 22 in place. Optionally, a skin or web 40 can be wound around the beams 22, the

skin 40 being able to expand and contract with the changing pitch of the beams 22.



outgoing tides. Further alternatively, a current of different frequency can be applied to the
secondary coils 54a which in turn creates a magnetic field to induce a current in the primary coils 52.
The induced current creates a magnetic field to interact with the 25 magqpéilg Alﬂﬁoﬁ%&me secondary
coils 54a to%’%&%’gé)%zt%ltional motion which in turn produces rotational motion ot the blades 44 and
provides thrust in the surrounding fluid to propel a ¢daft or pump a fluid. The frequency of the current
applied to the secondary coils 54a can be further adjusted so the assembly 10a acts as a regenerative
brake which is useful for slowing or stopping the assembly 10a in adverse weather conditions. 30Fig. 2
shows a second emBadieegthaflaablettficdiqgowdr gematsradbempipd atpurheiasbambly 10b is

similar in congigucin,and RPTRIRNIR YAt PN ALY ek 2B030ERRRIPATHNR008I001704

10 like reference numerals to those used in the first embodiment shall be used to indicate like features

inFig 2.  defites dsstheinjeropditie sskiige 8oty staausniBrisEeskionddofBitee® Ambrranged
such that they.create a:heligelarefie aiawpd 11g sPaft 4. The primary coils 52 5 are integrated into

the blades 44 by being wound around the tips of the blades 44. The primary coils 52 are in magnetic

communication with IA& e sanbiass asireBlal 4iemesdetsrdunollud dar Bamhich imprtfiyid flow as

depicted by the auoys, R caerahanssambly, L0bmnd impris itspprEgY Prthadblrdssdd. As the
fluid 12 applies a force to the blades 44, the blades 44 |o react by imparting %rotational force or

torque to the 2n&te aarkh &2iersb ByAPRAT IS patignal JRss 85 Whds EASHE %0 flow radially inward
towards the shaft 245 thaiminreal Hlsislis allowetdacsrapaitbdionoan eidhénasembly 10b, as

curtent 58 i ARBTANE (16 BeAcRAA SIS ST 1 TGRS K B U ndus. s
current i thetpridoatyscoils Bnkhe pritearyiesid &P thedicremie ¢hehmagnett fieldvbRedhict, together
with the rotatienalmotion. of, e RIMANCOILS: 9% NAHCES SAHT SUHSPLIRAC.Meecqidary power
coils 54b that T eonnectsd 161 elec nué genera¥|on0§8. &
and direct the fluid flow towards the axis 20. As the fluid flow 12 continues to flow
through the biade assembly 14, the cross sectional area of the flow decreases and its
pressure decreases. As its pressure decreases, the velocity of fluid fiow increases such
1s  that a maximum amount of energy is transferred from the fluid flow 12 to the beams 22.
As a result, ‘the generafor assembly 10a behaves like a reaction turbine, which are
normally associated with medium head flows rather than zero head free flows. As the
velocits'r of the fluid flow 12 changes, the rotational alignmerﬁ {ie. pitch) of the beamns 22
can be altered in order to operate the generator assembly 10 at maximum efficiency or
20  power output. This advantageously aliows the turbine efficiency and power output to be
significantly increased for a'range of flow velocities, _
The beams 22 include the primary-coiis 52 at their tips, similar to that desciibed
with reference to the assembly 10b in Fig. 2. The secondary coils 54z and the secondary
power coils 54b are also similar to that described with reference to the assembly 10b in
25 Fig. 2, and are positioned external the shroud 50. ‘
The fluid flow 12 enters the assembly 10c and imparts its energy to the skin 40
and the beams 22. As the fluid 12 applies a force to the beams 22, the beams 22 react by '
imparting a rotational force or torque to the shaft 24.
When a small excitation current 55 is applied to the secondary coils 54a, the

10 magnetic field 56 is created which induces a current in the primary coils 52. The primary

coils 52 then create the magnetic field 57 which, together with the rotational motion of



Fig. 3 shows a third embodiment of an electrical power generator assembly 10c. 20 The assembly
10c is similar in construction and operation to those shown in Figs. 1 and 2 and like reference
numerals to thos[%glfﬂs(%czj i]n describing the first and second embodiments ﬁrﬁl}m%§%gl%i'ndicate like
features in Ié?é)g 224 the assembly 10e, the blade assembly 14 has a blade arrangement, in the
form of a series of independent beams 22 which arg arranged in a generally helical fashion 25about
the rotational axis 20. The beams 22 are connected to the shaft 24 with sufficient clearance so
they can rotated about the axis 20 with respect to each other. The beams 22 are held in place at the
head end 16tk thisnshafoflq $2aindiasge iaTee ShowW jasite hetrreaiaengorsrrlspdh Yuds threaded

and a nut (n%éﬁq&%)ﬂﬁ gg@&qagﬁg@)agggﬁfggpe along the shaft 24 and lock the 30 beams 22 in place.

Optionally, a skin or web 40 can be wound around the beams 22, the skin 40 being able to expand and

contract with the chdngit #temay th8bdammeonid Bbassoarelssse ToET KUPEBER0TdA11 The
length of eagh,gf the eanmeaKlscieRsRsas taeowischarp bl ihe shali: Adm the heackend 16 to

the tail end 18 within the generally frusto-conical boundary defined by the intermed%lte, section 50c of

the shrotid SBFFRS ShFEAT 76 GRaRir e Ratldesbad WY (B R USERT O RG. 1. 5in use,
the blade assemply dfHis rpesnierh withir the-fluid flevidad witichsimparéshitsienrsey ity the &kin 40 and

beams 22. As the fluid flow 12 applies a force to the beams 22, the beams 22 react hy imparting a
rotational forE& oGt ?ﬁ%‘}%ﬁ&f%ﬁe headl’ﬁa(%égrﬁin%’f 5%?%?5%%2?5%1‘]’8@@%?0 %if}gbt the fluid
flow 12 radiafiyciewedds-davvardesihe shafdddrbordectasainimiserfuichést apingutiel idyribary of the

shroud 50. 10 Tq do this, the beams 22, when viewed.in the direction .of the .axis 20, are tywisted and
Ciamitoantly SRS SRR HReA Letan Btk B Ry R Dl

_ ke cups’ and direct the
fluid flowstowiadasitiae axis=20n A theffihidbilaly 4@eounfindesnd thowntitleupsitcthel addadssembly 14, the

e ot ik ahe o evlol deehegnas AGIS PIASRUIR HRCIB AR I BieRaM GBI eases, the

velocity of fluitf floWiRcréases stch 15 that a maximum amount of energ ransferred from the fluid
flow 12 to thélbdanrsseablnsdaheswyitlieofumeist orescilsjncaske Had samma fuaegdfturbine,

which are nogmally asseriaed-wihimedumbeaciions@lispibareeraged fiee flows. As the
W

velocity of the flui 12 changes, thé rotational alignment (ie. pitch) of the beams 22 can be altered

in order to operate tiéggengtarsr adeeribRmPodimsMamE B BpEFT generator assembly

15 10d. Once again, like features to those described with reference to earlier embodiments
are denoted with like reference numerais. .

In the assembly 10d, the blades 44 are similar to that described with reference o
the assembly 10a in Fig. 1. The primary coils 52 are also integrated into the shroud head
end section 50a, also similar to that described with reference to the assembly 10a in Fig.

20 ‘1. The primary coils 52 are in magnetic communication with the secondary coils 54a and .
the secondary power coils 54b integrated into the stator 100. The shroud 50 rotates with
the blades 44 and encompasses a half-set of magnétic bearings 60 that are in magnetic
communication with an opposing half-set of magnetic bearings 62. The magnetic
bearings 60 and 62 act as a set to repel each other so that they allow rotation of the shreud

a5 50, the blades 44 and the primary coils 52. The tapered shape of the magnetic bearings 60
and 62 also allow them to act.as a thrust bearing and apply a force along the axis of
rotation 20 towards the head end 16 to react agéinst the drag force applied fo the blades
44, The magnetic bearings 60 and 62 are securely connected to the stator 100 by means
of supports 64.

30 The fluid flow 12 enters the assembly 10c¢ and imparts ifs energy to the blades
44, As the fluid 12 applies a force to the blades 44, the blades 44 react by imparting a
rotational force or torgue to the shaft 24.



20power output. This advantageously allows the turbine efficiency and power output to be significantly

increased for a range of flow velocities. The beams 22 include the primary coils 52 at their tips,
similar to that described with reference to the assembly 106 in Fig. 2. Theéecond%gxﬂgfg)dls 54a and the

secondary 6’6@/%‘}{’3{9ﬂ§2§hb are also similar to that described with referencé o zgoassem%ly 10b in

25Fig. 2, and are positioned external the shroud 5Q3 The fluid flow 12 enters the assembly 10c
and imparts its energy to the skin 40 and the beams 22. As the fluid 12 applies a force to the beams
22, the beams 22 react by imparting a rotational force or torque to the shaft 24. When a small
excitation current 55¥happieukid thatstoorndamntofisianphied 80thageerrdivldSE i84c@ted which

induces a current in imary col . hle: o ils: - ibe-magpetic.field 57 which,
(0getner it B oL ool I8 SO bR DL AR S L (e oy colle 5.

induces a largdicGirérninsidie the seeondafelsoiverbishs susthsarvite dhin evatian BricR sty
generation 58, gﬁg,H)gﬁ%%S?Em!é{cwgquge%%@ 20 @lsadnelidesyares a0 insialerhon the leading
roud héa

edge of the s end section 50a in order to further increase the vortex 5 induced in front of
the shroed m@h@e@cf?@@ig%%ﬂﬁé?aﬁﬁiéagby the increased velocity of the tips of the beams 22 at the

entry of the head eng},16,abthaPlade assembinifiRGaating s uktionpresey s ahditshead end 16 of
the shroud 50. The combination of: decreased pressure inside the shroud 50; ecr§£seo%4)ressure

behind the sPRYRIEES AfeaRStAfiesHABRRTED RAURIPE SEPRATTRSRID fRa A B 8&RBly 14: the

flow vanes 9g;ig:ingieing, anéortaxin fronsekbthe hagerassesbiky b4 caidstbpasmalen pieimof the
blades at the entry of the blade assembé

ly 14 results in substantiallytrr&cl)ggmﬂuid bt{gslr}% S d into the
blade assemBi§'LA #35h W SHASHIBRGE %céiﬁ?%g?nﬂg%%ﬁeﬂfﬁ& passing throtgh the lé%ade
assembly l4ghamaticallyindieasesdive golertbutp Hofthenabsdmislyildy fabled Bhowsladfourth
embodimentb%f I%%g\l{(eagt&%%l ViRe sesg?nrglgfoﬁ(?f tssesrtqu%rted by only the stay cables 36 and finds
its own optimal alignment to flow much' like 2 windsock does. The assembly 10d can
also be neutrally buoyant and allowed to swing and change direction to operate on
incoming and outgoing tides. -
15 Fig. 5 shows a fifth embodiment of an electric power generator assembly 10e.
Like features to those’ described with reference to earlier embodiments are again denoted
with like reference numerals. _
The assembly 10e is very similar in construction and operatidn to the assembly
10a described with reference to Fig. 1 except that the primary coils 52 and the secondary
20  coils 54a and secondary power coils 54b are spaced radially apart rather than axially, with
the secondary coils 54a and secondary power coils 54b on the outside of the primary coils
52, In this configuration, the assembiy 10d behaves 1:;101*6 like a ring generator, as
opposed to a disc generator, and allows more space to integrate the coils. In an
alternative arrangement, the secondary coils 54a and secondary power coils 54b are
25 positioned on the inside of the primary coils 52. .
Fig. 6 shows a sixth embodiment of an electric power generator assezﬁbly 10f,
Like features to those described with reference to earlier embodiments are again denoted
with like reference numerals.
In the assembly 10f, the shaft 24 is hollow and includes therein tapered roller
30  bearings 70 around a solid structural beam 72, which is bonded to the stator 100 (or other .
stationary structure). The bearings 70 allow the shaft 24 and the blades 44 to rotate

relative to the beam 72 as well as fo react to the axial thrust or drag forces on the



Is10d. Once again, like features to those described with reference to earlier embodiments are denoted
with like reference numerals. In the assembly 10d, the blades 44 are similar to that described with

reference to thezee})g%errﬂgily 10a in Fig. 1. The primary coils 52 are also intggrated intathe,shroud head
end section‘gga, also éimilar to that described with reference to the assembly 10a in Fig, 20 1. The

primary coils 52 are in magnetic communication wittthe secondary coils 54a and the secondary
power coils 54b integrated into the stator 100. The shroud 50 rotates with the blades 44 and
encompasses a half-set of magnetic bearings 60 that are in magnetic communication with an opposing

half-set of magyeetd héafinfreddadend fraag manidap arhagdesoribed witintafaenreaéq therapsemélich other so
that they alloygrotation of thg.shraud 25, 80,-the biades 44.a00:the REMatealsdmd Redapered

shape of the magnetiC bearings 60 and 62 also allow them to act as a thrust bearing and apply a force

along the axi§® rothtfssoorewareri théarsddisngrnde Yoy dgam stiharaialyge1ied Hpke to the

blades 44. The magngiic beadngs Shand G2-ars secweh: sonpasterinthestator 100 by means of
supports 64. The fluid flow 12 enters the assemblé 10c and imparts its energy to the blades 44. As

the fluid 12 applies a fBFYFAY bHdL® 4actidesth %4 FERE B RESATR (04 POHARGRNIG6rce or

torque to the ghaf2dec N¥O 209 8/062 26 LRECITAYRONBIAALH 04l IrrangMiizan @S o alhexeitation current
55 is applied to the secondary coils 54a, the. magnetic field 56 is creagg which induces a current in the
primary coils @?%ﬁ@%ﬁ@ééﬁgsﬁtﬂﬁ?ﬁé% 8?%@%{6? hetit"féRP RO R the
rotational mogiesi@fsthe@erinaly cils:d %jieciicasaagargatcuoenilinsidiib efisedopdasymber coils 546

that is 5connected for power genperatjon 5 . The.assembly 10d is held in.g movi urrent by the
stay cables 3‘3‘???8%%{9 t’?ﬁ&%?ﬁﬂ‘/{;@’a 555%8 5558 AT e%toﬁﬁéqé o & LGS Sﬁrggo{: Stitture
installediin thfcockaniog dtcrinatidelThthefecoofdhireadditiveatdhitd Wby endrsstafceatiesigspanning an
ocean inlet or g set of support structures. rnative arrangements of the stay cables.36.and 38 10
may be morees%:l g%?eg c[)lrg og & agp?%%ﬁ%r%.&%%rﬁ 8&?&%@%%&[%%9“ Zaea%ﬁlsss%%g can a.ls(.ic? be removed
such that thepsseéminigil 0 issmop oftdeb pprontl Hhetbtegprdiviess 88 @ty fifitis dosowrl aptireral
alignment to HQ?M&HJ%&&‘M?%QPK does. The assembly 10d can also be neutrally buoyant and
allowed to swing and change direction to operate on incoming and outgoin%}ides. 15Fig. 5 shows a

fifth embodiment of aRtelBetfdlpo\ee dgupierls s samitsy A gaterskberammdyy O huskiawetfibed with
reference to earlier, eMmbegingpRts ake again dencledyitadikesrelarenes,UBeflfe blades 44

react by imparting a rotational force or torque to the shaft 24,

' When a small excitation current 55 is applied to the secondary coils 54a, a
magnetic field 56 is created which induces a current in the pﬁmary coils 52. The primary
coils 52 then create a magnetic field 57 which, together with the rotational motion of the |

20 p;rimary coils 52, induces a large current inside the secondary power coils 54b that is
connecied for power generation 38. |
| Alternatively, the primary coils 52 can be replaced with pz-:rmanent magnets that
create the magnetic field 57 and induce a current in the secondary power coils 54b for
electricity 'generation 58. In this configuration, the secondary coils 54a and the excitation
25 current 55 are pot required. '

The stay cables 36 and 38 are connected to a suitable support structure installed
in the ocean or alternatively, they can be connected to a bridge or set of cables spanning
an ocean inlet.or a set of suppoﬁ structures. Altemative arrangements of the stay cables
36 and 38 may be more suitable for other applications. For example, the exit stay cables”

30 38 can also be removed such that the assembly 10f is supported by oniy the stay cables 36

and finds its own optimal alignment to flow much like a windsock does. The assembly



The assembly 10e is very similar in construction and operation to the assembly 10a described with
reference to Fig. 1 except that the primary coils 52 and the secondary 20 coils 54a and secondary
power coils 54b are spaced radially apart rather than axially, with the sec [ and
secondary p%&ép()(?&fgzéﬁb on the outside of the primary coils 52. In this c??t?r?{%%g{%ﬁﬁ % assembly
10d behaves more like a ring generator, as opposed to a disc generator, and allows more space to
integrate the coils. In an alternative arrangement, the secondary coils 54a and secondary power coils
54b are 25positioned on the inside of the primary coils 52. Fig. 6 shows a sixth embodiment of an
electric powdgenerdtortassanily bobyaikefdatlioesdadrvsegiest chadaithertiaréncpaatearlier
embodiments are (%c_]aina% no%gt i]\4vith'I§e reference numerals. In the assembly 10f, the shaft 24 is
hollow and ifAIGHes thefein ta%ere roller 30 bearings 70 around a solid structural beam 72, which is

bonded to the statorAlg@r@ivether cwmtibnirgiStmantUreyuTie IsearisrpPiedlswhheeshadend and the

blades 44 to rotate relati ; I ; 3% dr es on the
WO 2009/06%%%1?5 %5 %J%%%ISE)SOQI% {Iﬁag%swe%%%?e}%fg %?etf Bé’ié%%%@??ﬁ?ﬁi‘?ﬁ%r g%ﬁ%?%escribed

with refefencetls file Absdndbied OUTANERICAICT HaMERHR Kb dorErechrhtbsgragagindietfie shroud
head end segfjgn 50a andihe seeensarvcqlkafranstiienseradaryRavercaladhaiecintegrated

into the stator, similar to that described with reference to the assembly 10a in Fig. 1.

Th
assembly 10fesrsonACToRl 25 badrdss Abradamyidreirat nimaudil il pmsha sedith e50b) of

the shroud 50,,1hq slaiied piepianalsangensentiiiprennsaiestodbephtud iiandbibus rotates
with the shroud 50. The gaps 104 between spaced apart sections 106 31: Ihe%cgtﬁeél jector

arrangementPedo R ARG RV TR OR ATR @Rk FEATICOING RS 1H& ctveiiject, as

shown hy argwsd8g intortias:iid i dtewwlearingdhditshtoud. The effect of this additional fluid 108 is
it induces a scavenging eﬁﬁi(f:t and incr%aseg the energzqoetié&e. fluid Ieavineq the shro%gl %d causes

more fluid to pass th &Jhs SiRERcFSE RS SATBER B hereB;C/ %‘6?55%19 t t%rg |gt|%n(y,y anid power
output of theIagsdmahly:d Gethose défhtbididiflovefastepictaslisy thbatmagsl@entersdimadsembly 10b

and imparts 1aits,energy to the blades 44, As the fluid,12 applies a force ta.the blades 44, the blades
44 react by ir‘ﬁggr %‘39"39%{51%‘{?0%61 %?%’é 1@?&3%%%%%%%2%‘%4, I When[a small gxé?té\t?on current
55 is appliedttothhessenbhoHhdeeilstBdayithredepatictfidld 56 is created which induces a current in the

primary goils 52. The-pUmal £Qlis.? WelhEfRle 0790NlicdRH &7 wbidhlposharaviiuine
rotational motion of the ‘ ‘ .
rotates with the shroud 50. However, in the assembly 10f] the slotted ejector arrangement

102 is of unitary construction with a single helical slot forrning the gaps 104 between the
séctions 106. 1t should be noted that the ier-agth of the slotted gjector 102 can be adjusted
to change the width of the slots 104 to vary the effect of injection and power output. By
26 changing the length of the ejector, the width of the slots 22 can be altered and the power
output adjusted. A drive device, in the form of a hydraulic ram 80 is connected to the
structural beam 72. The drive device can alternatively be a worm gear ar;angement. A
hydraulic cylinder 82 is connected to one endlof the ram 80 and used to extend or contract
the ram 80. The other end of the ram 80 is connected to the most outwardly ejector ring -
25 108, via supports 84 and a pivot 86. As the ram 80 extends, it applies a force on the pivot
86, the supports 84 and the (end) ring 108, such that the ejector arrangement 102
increases in length (#nd reduces in diameter). To confract (and widen) the ejector
arrangement 102, a reverse force is applied using the ram 80.
For example, the assembly 10f can be installed with a longer slotted ejector
30 arrangement 102 in slow flows to draw more water through and increase power ouiput.

In fast currents, a shorter slotted ejector arrangement 102 can be utilised. The helical

slotted ejector arrangement 102 can also be constructed from an elastic material such as



20primary coils 52, induces a large current inside the secondary power coils 54b that is connected for
power generation 58. Alternatively, the primary coils 52 can be replaced with permanent magnets
that create the magnetic field 57 and induce a current in the secondary pgower ¢Qils 546 for electricity
generation 5891HY f%%%%figuration, the secondary coils 54a and the exciFﬁin%ﬁﬁ%ﬁ%S are not
required. The stay cables 36 and 38 are connggted to a suitable support structure installed in the
ocean or alternatively, they can be connected to a bridge or set of cables spanning an ocean inlet or a
set of support structures. Alternative arrangements of the stay cables 36 and 38 may be more suitable

for other appligatianss k@ esampie ithaaxitisinydables G@3Brecanmlsalbe emovd stichgthat the
assembly 10f is supported by only the stay cables 36 and finds its own optimal alignment to flow much
like a windsdtkIo¥& T H8%ssembly WO 2009/062261PCT/AU2008/00 | 704 15 10d can also be

neutrally buoyant angiglipwed-iaswinghanthobiange directionitc operagsamatncessémpantdbutgoing
tides. Alternatively a cyrrent of different.freguenc n l?% ied 10, the secondary poyer coils
54b which in&lg%agg?ggést%%rﬁgar% i E?fi%({dwtlo iﬁ#ﬁ?en %élct:%%ernlt ﬁ&tﬁi primary 5 e?:c%qills 52. The induced
current createdta likagefetin fieldnwinterdtevitetid g e safitidir epntheciee ohd HCESIE 54a to
produce rotatiotrﬂglarsgoti

9 %?yvyﬁécgeg@r}yg@ Mﬁﬁ%ﬁr‘%&t%@@bmmion of the blades 44 and provides thrust

in the fluid 1§Gto propé?a craft or pump a e frequency of the-current applied to the secondary
power coils 54b can Bevwartermdjustsecadine! flibihie seieds acrdfe ABRREGRBYakEivickPls useful for

slowing toor ééﬁﬂ?&ﬂ% thedurhing insadyar§6 W eatherO0NMEARS shroud i@, 713RoNs Bdisqvanth

embodiment of an electric power generator assembly 10g. Like features to those described with

reference to eashereemboMinichtical CAaREadn Sttt AT AE RN AUMEPSIE ThE'AS%mbly 10g is
similar ig, co%y&;{gg@&@ aReratiomtosthe assembiy efdeseribeebwith. reference to Fig. 6.

Fig. 9 shows a ninth embodiment of an electric power generator assembly 101
Like features to those described with reference to earlier embodiments are again denoted
with like reference numé_:rais. The assemi::ly 10i is similar in construction and operation to
the assembly 10g described with reference to Fig. 7. |

s However, in the assembly 101, the slotted ejector arrangement 102 is again not
connected to the shroud 50 and does not rotate with the shroud 50. Further, the; ram 80 |
does not rotate relative to the structural beam 72. The slotted ejector arrangement 102 is
instead connéc;ted to the structural beam 72 via the supports 84 and the pivot 86 and thus
remains stationary whilst the shroud 50 rotates.

20 " The hydraulic cylinder 82 connected to one end of the ram 80 can be used to
extend or contract the ram 80. As the ram 80 extends, it applies a force on the pivot 86,
the supports 84 and ﬁle {end) ring 106, such that the ejector arrangement 102 increases in "
length (and narrows in diameter). To contract {and widen) the ejector arrangement 102, a
reverse force is applied using the ram 80. Further, if the pivot 86 is replaced with a fixed

35 connector, then extending the ram 80 only increases the length of the gjector arrangement.
Similarly, a reverse force on the ram 80 only contracts the ejector arrangement 102.

Although the invention has been descried with reference to preferred-
embodiments, it would be appreciated by persons skilled in the art that the invention may
be embodied in manjf other forms.

30



15The slotted ejector arrangement 102 is connected to the shroud 50 and thus rotates with the shroud
50. However, in the assembly 10f, the slotted ejectlo{ arrangement 102 is of unitary construction with a
single helical slot forming the gaps 104 between the sections 106. It should be noted that the length of
the slotted.gjector 102 can be adjusted to change the width of the slots 104 to vary the effect of
injection a‘f:i Bgﬁler output. By 20 changing the length of the ejector, the width of the slots 22 can be
altered and the power output adjusted. A drive device, in the form of a hydraulic ram 80 is connected

to the strugtural bgame4écAIe Wiivg deyiGe cameiernalivel i heR WRFs aeal AHangementcA hydraulic

cylinder 82 is connected to one end of the ram 80 and used t%ﬁxtend or contract the ram 80 The other

end of the&Hf 8D IS LHRHEMEET 1 FRIHISE SARTA SR BREF iS5 108, via supports 84 and a pivot
86. As the ram 80aéhttendsscitbjydiesng ddreel endthie fiviot 86;iné:s fopontsBddamththendepadedng 108,

such that g SieCial AUADGS @A@ﬁ%@&%@&&%ﬁo@ﬂh@_ neRikRNshieduaesdndiam %;&g)exm&aggtract (and

widen) the ejector arraﬁr%gement 102, a reverse force is ap[i)lled using the ram 80. For example, the
assembly B0 esh Be it amdawitheaat rperrifdtieds eettync uiaR g SREN T THE TR EROWHOWS to draw
more watek Hiraigh angiecieasdipoishoutihdut thiastaisraniss sasherlesslaited@padigr arrangement

102 can beyflsed. e el slanad sieclar sanaement 407 cartalsa, be consiuciod.figm an

: { \
elastic mat(érrrllgiri1 suc Ogléecvialo 61PCT/AU2008/001704 16 aluminium so It can'vary its shape

dependingrsmrisererceedisircusenblydon platsmahgh ST piatinatbraowe that inpyse BudSiag eighth
embodimgnkofarielestticpavel-ganeiaiaeassemiiiiORikite Rattresigdhansacesatbiad with

reference g? garlier ebrpbc!)dimq_nts are again denoted with like reference numerals. The assembly 10g is
L . ade assembly about 1ts rofatioparaxis . . .
similar in constfuction an operation {5 the assembly 10g described with reference to Fig. 7.

However, in the assémbihaong thecsfomddesiearorarrainbefenineoiid eendhnamg. ik shroud 50

and does gRj Eeéaﬁ\ﬁ@&mn@h%?uﬂg Midhasiatiad ciecn %r@w@fsﬁm&@g@&ﬁﬂ@m;@onneoﬁeﬁ toh
an extension 72: of the structural beam 72 via the tosupports 84 and. thus. remains stationary whilst the
shroud 50?8?5‘5@%3 betwgy .t%lgﬁ%%éﬁggﬁ?ﬁ’t%ngfﬁ%o i‘m“‘%ﬁf%)% SH%Btet trlilcﬁ]ﬁol\?\}g%eeclﬁaé{?ast%;rt '§8sembly 10i.
Like featurestorthust e soribed withsefengneertl 8wriier exhbodimentd are again denoted with like

reference numera&%-xé&@@oﬁégﬁmgﬂyé@% d3mipeilar inROnRULGHARARRRS AN IPINE @s3ambly 109

described with reference to Fig. 7. IsHowever, in the assembly 10j, the slotted ejector arrangement
HHgement, said at least one primary coil being energizablé and being arranged in use to

102 is aga
interact with at least one stationary secondary coil to generate electrical power in response to
rotation of the blade assembly;

wherein the shroud is elongated and open-ended and extends between the head end and
the tail end of the blade assembly, the shroud being connected to and surrounding the blade
assembly, so that the shroud rotates with the blade assembly in use.
2. . The power generator assembly as claimed in claim 1, wherein the electrical power
generator includes a plurality of primary coils, each primary coil being connected fo one of the
blades at or adjacent the tip of the blade. .
3. The power generator assembly as claimed in claim 1 or 2, wherein the electrical power
generator also includes a current supply electrically connected to each primary coil, for
energizing each primary coil in order to induce a magnetic field around each primary coil.
4. The power generator as claimed in claim 1 or 2, wherein the electrical power generator
also includes a current supply electrically connected to each secondary coil, for energizing each
secondary coil in order to induce a magnetic field which induces a current in each primary coil.
3. The power generator assembly as claimed in any one of the preceding claims, wherein

the electrical power generator further includes at least one stationary secondary



connected to the shroud 50 and does not rotate with the shroud 50. Further, the ram 80 does not
rotate relative to the structural beam 72. The slotteldgejector arrangement 102 is instead connected to
the structural beam 72 via the supports 84 and the pivot 86 and thus remains stationary whilst the
shroud 50 roltaites. ZOTpe Hgdraulic cglitnder %gggng&t}ed tg Sr‘}ﬁwengac f trI]le ramcgilg).gan be used to
extend or EONtract i Tam 80. AS the fant 80" ex ean, it 1gpﬁles a force Bn%aéyplvo% 86, the supports
84 and thexedyding 106, such that the ejector arrangement 102 increases in length (and narrows in

diameter) sTo conifaghtandwidan) ihegigciRraianosrpnt X mteyarsadonaipapglied using the
ram 80. Further, if the pivot 86 is,re;‘?)’lfaé%%déwith fixed connector, then extending the ram 80 only

increases $ETARG RO LKA RYERt*Sifitsrly, a reverse force on the ram 80 only contracts
the ejectof7arrangém@nvtci@Rneratéilthsughithe davendiondngsbeetitgseristogwidmeafetenoe to preferred
embodim%ﬂésozgd\é/%@n%%qpaﬁﬂ%?Qlaylgaga%ﬂgﬁ skiledp sbe ek Mahihe Myantionmakke embodied

in many other forms. 17 Claims 1. An electrical power generator assembly for using kinetic energy

from a floWirBerklititdembhaiberbatiial pohion asimd s deiome FisdnelaarindteiilE  ablade
ass_em_bly B!aﬁ&tg@hﬁgdaﬁmdlﬁjﬂﬁaeim@mﬁmmgeﬂcg@mﬁm@mm Ira@idt@gémﬂ frorkdfie head end for
facing in the drectio Rl eclenine. ludyAnd alaiananehaxs ceding: Rebieenesrd end and
the tail end, the b ade assem Iry Including ‘a blade arrangement which is arranged in generally helical

fashion atjétptrérctatiohiieaRis dribeahrdastibrethamigdermaiion Bonaecesifed anride
arrangemeptiieachmRaupting fosmatien beingadaptedtoipemmihemuntingafieiblageassembly for
rotation about i{g rg}%tionqjte?is, so that in use fluid flowing past the electrical power generator
assembly 1%?3?61&5 With{he blade arrangement to rotate the blade assembly about its rotational axis;
a shroud Having alivame ergpewsetivnsspmiiiishciafiaid iycin éatdsihuesmesttmgalinend section via
which flowing,Huig eetsdhe shiaud candanslongatadistaanadipig.sectionextending between the
head end section and the tail end section, with the intermediate section converging from the head end
section towards the tail end section; and at least one primary coil connected to the blade
arrangement for rotation with the blade arrangement, said at least one primary coil being energizable
and being arranged in use to interact with at least one stationary secondary coil to generate electrical
power in response to rotation of the blade assembly; wherein the shroud is elongated and
open-ended and extends between the head end and the tail end of the blade assembly, the shroud
being connected to and surrounding the blade assembly, so that the shroud rotates with the blade
assembly in use. 2. The power generator assembly as claimed in claim 1, wherein the electrical power
generator includes a plurality of primary coils, each primary coil being connected to one of the blades
at or adjacent the tip of the blade. 3. The power generator assembly as claimed in claim 1 or 2,
wherein the electrical power generator also includes a current supply electrically connected to each
primary coil, for energizing each primary coil in order to induce a magnetic field around each primary
coil. 4. The power generator as claimed in claim 1 or 2, wherein the electrical power generator also
includes a current supply electrically connected to each secondary coil, for energizing each secondary
coil in order to induce a magnetic field which induces a current in each primary coil.



5. The power generator assembly as claimed in any one of the preceding claims, wherein the electrical
power generator further includes at least one staticir;ary secondary 18 coll, for magnetically
communicating with each primary coil when each primary coil is energized. 6. The power generator

assembly as claimed in claim 5, wherein the electrical power, generatar.includes a plyrality of said
o conlan T o BB ST o AU R o ) O e RS Blaims,
wherein théritade assembly includes an elongated shaft extending between the head end and the tall

end of the fjade arsgmRRYy the-SHRLkhANG.2 Jondituingl axis defioinedhs.iiatianal axis,of the blade

assembly, and the blade arrangement being mounted on and radiating from the shaft. 8. The power

generator RELAHIBRI AR HER AR YA S ERAAHS B (ARG EHEAL YRARABSA Y of the ends
of the shaftgneitiileaclicahGushtimgpformétiehalieing provided by an end portion of the shaft, so that in use,

the shatt, and acegrdingly (g blade assemal IS Helatpal MM gh SHBPRURH: RudfiERmaver

generator assembly as claimed in claim 7 or 8, wherein each mounting formation includes a bearing
element nfBEMBE Bl haTedRgt Ry pretpR e sEc s EsrédterrtdasipporbdfrieriF@ o permit
rotation ofifiesbiadecassepioly relativide sachslypport structure. 10. The power generator assembly

as claimed in any.pone of the precedin ims,.wherein the blade ayr me ludes a plurality of

. . 1 _
beams wnich arc e A e 1 e power
generator #sssBRai Ehaniedufce dirshLo, Iitererndns rlpaafcicrsdneddsaredpdtosuch that it is

adjustably«ptatableramased: thatetationalaxis shikeshakntenperaibadiusinaabatihe giteh of the
blade ass%rglbly. 12. The oyver ener%trzr assembly as claimed in claim 10 or 11, wherein the blade

arrangemen?frfulrs[ﬁg}fnfﬁréﬁu esa wesblto?‘s S ?fﬁeéxtending along the lengths of and connected to each pair

of adjacentheamdresivretzantridsaentdriaiipdaiacd, irespastiviecliinkel pitChvofeaaiboddadc is

uninterruptegdAckRss IR BHHAGR ol holdeRWBLIRNRIRILRSSEMDIY as claimed in any one of claims

to 9, Wher?i‘p thell%lade arranlgement inclgldes olne or. more conti Hﬁous heljcal blades. .
. < pOWBl" g€ erator assem yvasc almed 1 any one o (5] prece mg ciaims, wherem

the blade arrangement, when seen in side elevation, tapers from the head end thereof to its tail
end.

15. The power generator assembly as claimed in any one of the preceding claims, wherein
the shroud has a head end and a tail end.

16. The power generator assembly as claimed in any one of the preceding claims, wherein
the shroud is connected to the tip of each blade of the blade arrangement, the connection
between the shroud and each blade being a substantially fluid impervious connection.

17. The power generator assembly as claimed in any one of the preceding claims, wherein
the blade arrangement includes a plurality of beams and said webs or skins, a tip of each web or
skin 1s also connected to the shroud.

18. The power generator assembly as claimed in claim 17, wherein the connections between
the webs or skins and the shroud are substantially fluid impervious connections.

19. The power generator assembly as claimed in any one of the preceding claims, wherein in
use, flowing fluid mteracting with the blade arrangement to rotate the power generator assembly

thus enters the shroud from its head end and exits the shroud via its tail end.



14. The power generator assembly as claimed in any one of the preceding claims, wherein the blade
arrangement, when seen in side elevation, tapers Eréam the head end thereof to its tail end. 15. The
power generator assembly as claimed in any one of the preceding claims, wherein the shroud has a
head end and a tgil end. 16. The power.generator assembly as.claimed. in any e\glfle%c; preceding
claims, wr?eﬂeint & gﬁ%elj elgeé%%ngséteéab?% hetip %% each bla efo tﬁlée%(ga %?r%a%’ emenltl, the
connectiothbshvpud s thictiihroeil conelmaicnbiad e beirgea Bops eareklpALN ithlsesRoiisredhnection. 17.

The powerQanaRioaaRRb Y A5 SIReHis ankgneniine Rraapding slalmslaahameiadie blade
arrangement includes %é)luralit of beagwp? and saiddwebs or skirﬁlﬁ a ti‘?‘é%{.eaclh.web pr skin is also
connectedo the ST $8CHHer BETEP J R STABFAESEM RS 8 MRS REATTY 7" Whétein the
connectiotis: betvwdendhimwiiebsctrskinmany the:kledowddnesgobstantially fluid impervious connections.

19. The pawer geferatoL AR MR- HIRIME diR-AW:PRS, Ahther e srdinghg aimss Wherein in use,

flowing fluid interacting Wit%< the blade arrangement to rotate the power generato ssegbl thus enters

the shroudFSRIHE HEaeHam ARt SBIAR HRE SRS P TR Fr R LT DB e 6 e BOWE YL Ft ator
assembly astolaidiedges anyofienoflih expreeddirgcliaim spuvhibee ihdhershi Gugkis ot shim theall

construcionUFLSANEIAES l00a o LeAskARRAL IS eoall Lo sasag sRdJALS falend. said

convergence correspondi pering of the blade assembly.” 21. The power generator assembly
as claimedisTaIS{ 8§ &6 Te preceding claims, wherein the shroud is of multi-section or unitary
moulded construttiopowl? gthepawergbheiatdrinssentdynas clainled lirainytendrotdiepreceding
claims. whereiphe head snd seatien.otiishiond.cenaaes.P(ds e Jipgmadiaresagtion, and
the tail end'Section Iverges a\]/?/ay rom the intermediate section, such that the shroud is generally in
the form ofta Eaisdardiplgranverdhsiventuni having a converging elongated throat defined by the

intermediaig SeCtifg pover LBS-RAVYQELRSF AL ASRAMINARS GlaithedimhelpimedihgeRiuyyherein the

shroud has ﬁccirculaécross-.se ionatl (;)r%ﬂ:l{% SO a’ggggégee g%gn(ta&g sgcc%gi&)%%g% t&‘%&% gggﬁgction of
the shroud” Ar&HAFAH N BRI RS SR FaShioh. %eﬁ. e power gener%li\or assembly as dlaimed in claim
any one ofhh#, prebeding diairres whesrdiniemotvinisdivtirg fonkemd suPRNICE G HlY tRae et

connectediig.anehd-sechiaafithe shaflithe bearng.slemenisindise being mounted on an anchored
support structure, such that the power %inerat r.assembl rotati-:‘gprelativ((i“i to the sug%ort.structure.

25. The pdwer gérrli‘ﬁr%q&ﬁ%%‘gbeﬁ%{/aﬁ%e WS THARS 116%3?’/0%?13 BEEGNG GSIRRE> Whérein the power
generator dsgemblyénctudesssestblpimichfdent eftheishoud! 28. shhmdpower generator assembly as

claimed in 0y orig, ShINEIREANG.IEHBE S ORIEIIRE RO ARELRIALARPMAY InRides a slotted
elector arrtailg%%ggrnéenggltgr ;sggnigigroi%giudes a slotted ejector arrangement behind the shroud.
27. The power generator assembly as claimed in claim 26, wherein the slotted ejector
arrangement is adjacent the shroud tail end section.
28, The power generator assembly as claimed in claim 26 or 27, wherein the slotted gjector
arrangement is connected to, and rotates with, the shroud.
29. The power generator assembly as claimed in claim 26 or 27, wherein the slotted ejector
arrangement is not connected to, and does not rotate with, the shroud.
30. The power generator assembly as claimed in any one of claims 26 to 29, wherein the
slotted ejector arrangement includes a plurality of spaced apart tubular sections,

31. The power generator assembly as claimed in any one of claims 26 to 29, wherein the

slotted ejector arrangement is of unitary construction, with a helical slot therein.



27. The power generator assembly as claimed in claim 26, wherein the slotted ejector arrangement is
adjacent the shroud tail end section. 28. The powgr generator assembly as claimed in claim 26 or 27,
wherein the slotted ejector arrangement is connected to, and rotates with, the shroud. 29. The power
generator assemply as claimed jn _claim .26 or 27 W@ere'n. thgoslotﬁ:d eﬂectortk?rr?orgg gp(&ls not
connected 10, ar:dﬂlgggg it eﬁlgf gigr\i;\‘ﬁfﬁ?’t%%g @s%?%u 7°30° lﬂ{lé po%er ’ggngreall?or eagsemgbr%/ as claimed in
any one ofeiaigrnas dy agesvhersiniey sierefejetwiphgement includes a plurality of spaced

apart tubuiar sectighsewdi iR WREAsRaIAlanRAssaMMhasIChaimedinranyenssehslaims 26 to 29,

wherein the Iottedg(?#'ector arra %%erzfent is 9 unitap%co s(t&r#gtiophvxgth athelical slot tflerein. 21 32.
The powel §EHEF 4T SeUSATHRA G ANEY HETAIR ‘5038t 1 Whe e IR Ita s &ctor arrangement
diverges didmetridadiyoswagehoantessmidynds Q8nElepduieldendrawhassahivisastdiaimed in claim
31 or 32, Whergln J*a%sfﬁ@mpbaégféa@@%@%@@ﬂgp@ﬁ%@g@ﬁ%@w{w&h&.@m@ké@eﬁmo@f the slotted
ejector arrangement. 34. The power generator assembly as claimed in claim 31 or 32, wherein the
assembly HERFFEE Y drive means adapted to vary the axial length and radial width of the slotted

ejector arrangement.



