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Omi-Directional Wnd turbine This invention rel ates
to a shrouded omi -directional wi nd turbine which

hi gher quantities of electric power than a free w nd
turbi ne of equal dianeter } BACKGROUND OF THE

I NVENTI ON The exponentially rising gl obal demand for
el ectric power and the significant and entrenched
damage caused to the ecosystemthrough the generation

of such powe’E)_m]Jti_‘bL LPg; o neyepla.dael s such as
oi | and coal %geﬁéra—wt%mpm—d‘?pl etl on of
t hese resources and the | ack of other natura

r esuricesntiork sepr i Pt h HEGHHS Ctﬂ‘é‘ﬁaﬁ’orecﬁégnﬁlh t he
S&%ﬂku@ﬁﬁe RQVh ded dRewsd TReUscdIa vl ank itsonepals-et he
fur

er devel gpnent of enemab C
B KA RELA L BTDE SHoEb T oo e r o Rk DO o

peyes vavai tmhimequtdwawmmft@lf over sever al
centuries and has been successful- in powering sailing
shi ps, punping water and grinding grain. Although,
since the rotating electric generator was invented

S OfE-wlb 8P sr harenpagiromde to utilize wind power to
drive generators, it is only in the last 50 years,
with the discovery of strong and |ight weight
N@herd.@ofian i £1d.ypoieinghadolizdg demé s Herceluatder eepwer
econom cal, | e, fon I DOASEe g\glmgdt b biHzes
cand @ebf%%}c{ﬂ%’lcg%l eag P%Aj;%rﬁir;\%g gr oups ‘

" Iaowmwathrmwﬁ?e§h@ SRR IR $&r S’/“q‘baﬁloi“’?%rutbbfzcwg

Wi, BN ddewante tHR 15 Veidn aal 811 ypascomls kogsttherwiid:
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other natural resources to keep up with growing demand,

has in the recent past prov1ded new impetus to look
towards the further development of renewable energy

sources.,

Mankind has attempted ta utilize the vast . amount of power
avallable in the wind, for over geveral centuries and has
been successful in powering salllng ShlpS, pumplng water
and grinding graln although, since the rotatlng electric
' generator was invented some attempts have been made to
utilize wind power to drive generators, it is only in the
last 50 years, with the discovery of st;ong and light
weight materials; wind power has begun to be considered

economically viable for this purpose.

,Wlnd‘turbines can be broadly divided inte two groups. The
“horizontal” types, as in the vexy familiar Dutch

windmill and the “vertical” types, as in the wind speed
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"vertical" wind machines are well known for their
sinplicity of design, strength and fewer noving parts,

rotated to face the wind direction, their |ower
efficiencies in conparison2to the horizontal type
units has resulted in the horizontal type units being
fayawuxinthmpApadnbﬂlqp Pecuigiisz etk fchéowmtti-caPL EfalsPsi s

O W41 tag ndP kg Js00-d N6 atRsmt Bat .cukbhe power

extrac romthe wnd is in proportion to the
i ﬁwéwei@mt@dowqﬁfalﬁ?eétéﬁw%émé e6fm‘f‘ﬁ'é19v\}"?fata'
valocid the FRictWeng: tunebi mesi apernat cogsiantly esotsitad

C&gdét I onﬁ%r o'nldyd ﬁ(ectq.%r e@qu i&&bbhﬁﬂ%z_@hé{'@é anLs to

Areas can nbre e extracted from
t hemwmonﬁn sheahoricannbel sté@ﬁ L tohdR et pbwer

SURR! o4 Bbh S NAYHE Quliltadge HigaRB¥ &fe@ . i n excess of 150
nmeters . According to Bets' s Law the theoretical

maxi mum | evel of power extraction is limted to no
nane ddimpnSP%ecbgbiedd abeddetical ianadysiuafevhid er of

b8fe! o M %gﬁéavxﬁvgﬁm&%g t\Matth méiqaewar hixghabeoh.e

['evel 1s.far from bei ng achi eved. a
plfégférﬁhe B e R BTPETRPPY FAcHhASTHREH FH. "G | i se
digk£4SR1ES £hé i ds £ OtheOtvingd vdevecms For aded| Brxtigethe

(EgLg 10 LST 6850 Jok 8 NGLOYGNS) LihARE, BaALE

Re Wi reac e rotor bl ades
théa«éenehgye’@@ﬁ &eta‘tﬁeé’ #érqﬁrogéﬁ% SAAIMYTE PREST % d

PQYeradfoqt BeoVitRd WelQCrhys RMeRoweose@cdel erations
can | ead to si gni fi cant Qgrh%%ggs ﬂlgdgn fag%tgleg‘%nty
excess of 150 meters. According to Betz’s Law the’
theoretical maximum level of power extraction ls limited
to no more than 59% of that available in a square me?er

of free wind. However, even with today’s high-tech
machines this level is far from being achieved at

present.

An alternative aﬁproaah has been to.ubilize diffuse?s,
‘shrOuds or other devices to accelerate the. free wipd to
increase its energy density per squareAmeter, prior to
the wind reaching the rotor blades. As the energy
extractable is proportional to the third power of the
wind velocity, even minor accelerations can lead to
significant increases in energy density and thus
extractable power. This alsc enables the power axtraction
to commence at much lower wind velocities and be
avallable for131gn1f1cantly longer periods during the

year. Ccnsequeﬁtly these could be utilized in areas where
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extractabl e power. This al so enabl es the power
extraction to conmmence at nuch |l ower wind velocities

during the year. Consequently these could be utilized
in areas wherethe wind velpcity is | ower than that
useabl e by the free wind turbines . Regardl ess of

t higs eriadvadiloages, it hewd:aahahhatiata ubasige shroid frype
structure needs to be flexibly nounted in a . highly
W EXPE - position and be rotatable to face the

w nd has been a major draw back of such devices. Al so,

8Seda181 £ £6 M ALk S REFEhIREEASRS fact NerarBgNi figeat | on
t hr'ough t he use of the shroud el evates theF%cﬁtor speed

t%h r BYRS YERPGHTCTRIY WPt B corgete AP RTYh &t Fess
lemelly emd kepsotdpobl @ides and \fer triocatdbledt s clraregting

M%qusvr@e%h accel el @b%redochﬁormcegngmsed

t ur bl nes ocated "in the vertical section have been
a2 dhpt EeRd WiBR BRREr INEGEBThI e TRHEFESREH™ bot h

atEm:'ohgﬁt N Sse THeSReafieratai Blavaakst m dickberserkd to

cate e St cate ory consi st

c‘?’% %\ygﬂf@F % 15 %h c%éﬁr Fough ﬁl@r Sw%gssr%o\g&é%
f@rrtaer mtqzvbit@@@) ut| lizing the free wind, to elther
generate a pressure differential for suction of the

air through a throat or dlrectl‘%_l_rrg on t tor
s st Ao e Arbaatg estib o brabte e e e ahe)
congiasbipiwivgi tebtihsouglanbd cir the watinel ermantop s

SRRt 8oLt ae1tlt¥ rfr{yoaat 1,00 They ge YePRnE heechr ge Wi nd
e

bei ng accel era and transported via concentric or
Setpre AP CERaPRPRl s fromthe

These are mainly of two different categories.. First
category consists of unikts which, create a cyclonic
action through spiral air movement formation (vortex)
utilizing the frée wind, to either generate a pressure
differential for suction of the air through a throat or
directly impinge on the rotor to prdduce thrust for
rotatien, The second category c¢onsists of units through
which the air mevement is substantially irrotational.
Thaey rely on the free wind being accelerated and
transported via concentric or segmented channels from the
periphefy of a cylindrical unit, to be discharged to a
selected segment ef the swept area of the rotor. The
rotors used in both of these category units range from
axial aerofoil type to mixed flow or centrifugal types..
the first categoxy.offered much promise as it has the
capacity for augmentation effecﬁs oFf well over ten fold

but as yet these have not met commercial realization. The



w0 odoenes3used i n both of these category units re€yauRisv18s2

10

peri phery of a cylindrical unit, to be discharged to a
sel ected segnent of the swept area of the rotor. The

axi al aerofoil type to mxed flow or centrifugal
types.. The first category4offered nuch prom se as it
has the capacity for augnentation effects of well over
t @gebod d:abbkjoxgs hyetlihése dwmenmmomeeffﬁn‘h‘-vemlﬂél

' agllzal.one Theseeond falLaRLy-has hdiedyy

adgient ati on STE as it reli s on the accel eration
oﬁ:htth‘egh‘ doreqii wanpeR@Ryiemcu§he diirgcft JE‘?ﬂ’TbEﬂt ration

Ofi nbhea i g Séﬁeegm a@lsnﬁyr emsecbicneneripn density. The
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dichectimconesss.afhon dasca qm%?ﬁ‘iﬁﬂqipﬁl ]T-afc &p’aﬁfi‘ir‘l“f“y
aﬁlinﬂf( pARENSNVLE Q@Tﬁﬂtoﬂéﬁeem%n\ﬂfeht Slemplyd by 1pass
an constricting device maJ n draw backs
oPllf'Weﬁéc?Yd%%"’r%é Tealkd B%n':cinﬁgr’}fftdﬁ’lgf Thiit" cost of.
construction, due to conplex shape requirenents, high

ng'g)genﬁal%f d”%y g, pagd 3h?£]é ol cpT/e] I:ﬁvleoggémghen t he

ey crossed from active segments to
i sace}icasbgifstt of | FPISHERFTiGRe ptiaf@atoTHE™ 82 ge
| 0888 dmBhosghiyRaginbee seeiovang mtst heigi gpefiacant

e”er%u' Shothe gfasf 21 Calsnghé}{]%rogg d VﬁhrBEl i1qimave in a
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r %%sfé&@q%sé@ad S :Lh@é@ﬁfe %b@ibd&,eeﬂdttmebe over
cone ree.-w na ut| Sth\E éthL gn@g agy. In
nﬁﬁw%%ﬁaﬁﬁc%?rﬁﬁeg%s*ésf%té 9t%id 0 reduce the
qlvlﬁ%liry a0highlyd cpassilnged hmmgh throudevilee to such
\N gmenting devices. The high levels of constrictions
generate resistance and energy lovsses which need to be
over come by the free wind utilizing some of 1ts energy.
In many instances these résistahces tend to reduce the
gquantity of wind passing through the device to such low
levels that the augmentatlon could indeed be
significantly negative. Many of them also rely on.
additional,physicai air ‘gates’ to prevent loss of air
through inactive sections. Thus even if other benefits
were possible; the additional costs of any augmenting
device cannot be justified. As a consequence, augmented
vertical-axis machines (even horizomtal units) have not
been commercially attractive. and have not achieved
accepténce in competition with the present form of

horizontal-axis wind turbines.
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| evel s that the augnmentation could indeed be
significantly negative. Many of themalso rely on

t hrough inactive secti ons . Thus even if other
benefits were possi bl e; g addi ti onal costs of any
augmentl ng devi ce cannot bé justified. As a

o3 %ﬁe{e 2{|C %écﬁrs%)ngﬁt %ﬂ:o\éﬂ:i g %Iroﬁxérﬁrl%ﬁﬂéﬂk%ilgﬁé/ en
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d turbi nes. However, because 0 | .o
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bived1btfnasfiwids asd mafhtblltaf@ﬁdbyasrs@gw’%ﬂq g th

{1,838 SLAM1HRY ADHQhek abl @obemit eegi«&m;y a9} se,
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constructlo of expensive power.. qr he
ﬁp%?to&ge SPEEI REES ﬁg urers: 4 %gner af% ac’{l?l\%?{rﬁiglylt n
I alrlgengrbanaageagba@mmueﬁwnaequﬁh@rye Fge% figr £her

r e&‘{%!aa‘? rke'dﬂc@ &1 llﬂbé‘%ﬂgﬁ@é ShiR rt @ud Q%S@chdd% thethe
transm ssion grid and, i ncreased cost

t rEesAEsIon. gr’toh a&ﬂdﬁ‘ir@ﬁs?%e%"?tﬁa% |tr§81§5%:?5é?’ 8Ps0 not
capabl e of being located in areas where, high | evels
of inniaddi tiawohese mayhbeetagar| HFoenBuCARAPLR WX Beti%Ence

frequent Ghangss ivheWeNthigh levels of wind resouzce may
be available but which experience freguent change in wind .
direction due to the local terrain or have periods of
highly elevated wind ﬁelocities such as cyclones oxr
tw1sters, as thesa may easily damage the fully exposed

rotor blades

It is an object of the pxesent invention to address or at

least ameliorate some of the. above disadvantages.

SUMMBRRY OF THE INVENTION

In this specification the term “shroud” is used to denote
the overall césing structure of the turbine of preferred
embodiments of the invention. That is, the shzoud denotes'
- the structure surrounding and defining the central
collection chamber together with the structure defining



direction due to the local terrain or have periods of
hi ghly el evated wi nd vel ocities such as cycl ones or
WO MosNe3s) as these may easily damage the ful | BCEAp2®E&/d01832
rotor blades. 1t is an object of the present invention
to address or at |east anelgi orate sone of the above
di sadvant ages. SUVMARY OF THE INVENTION In this

SReG lfli)l?ﬁhj fEmbdre whesm d'i&@&@élﬁi'iri §wa§s @doﬁ?tkdie aeﬁmﬂge
over. casin stru ure . of the turhbine " pre rre
o PO AP RS CBEeTe S HEb i, 07 PRSP (REopf B, pEAASE
derfotks tdietshy ucinbee. Siker ooredilng, meprgrdétdadifngst he
CAciBLe AskAEL | AN CORMAr L agRLbEr W Lh the structure

ni ngt he | ow menber which directs air away from
the central collection anbe fter it.ha se
5 { SR B cite PGP RETR ota TR TAsar oRge°H
r gtratiLder menberl-idisebtidnglendirosed Werhitpat hilsdshr oud
St WGE HE € AGELAREL Yoldde ONG i, OBkk forBrd the

invention thére is provided an omi-directional,
sheBHae - ¥erti cal wi nd turbine for generating
electricity, the turbine conprising: a ) multiple
curved nenbers defining a central collection chanber;

10 b 2y AltifleecVaidd GahbSUPREEinMRNBEsEL 61 )calhotlaw
nenbeﬁﬁmhlch expands in a direction of air flow, d ) a

¢ GPAPPRY menber | ocat ed above the central collection
chanber and connected to a generator to generate

el 8Chht Lg% HEAMJaQt 8ldRR ¢ Oferdtiest Ot ati ng menber ;

15 ¢) a hollow member which expands in a direction of air

flow;

d) a rotating member located above the central collection
chamber and connected to a generator to generate

20 electricity from rotation of the rotating member:

. whereby the rotating niember is located near the inlet of

the hollow member;

25 whereby each of the curved members is connected te at
least one of the support members 30 as to form airx inlets

intd the chamber;

whereby at least one of the curved members and the

- 30 support members are shaped and spaced to direct air to an
opposite side of the central collection chamber of the
oﬁni-directional wind turbine‘thereby reducing air

leakage;



whereby the rotating nmenber is |ocated near the inlet
of the holl ow nenber; whereby each of the curved

wOoreibeees10 s connected to at | east one of the SPEPADR005/001882

menbers so as to formair inlets into the chanber;
whereby at |east one of theg curved nenbers and the
support nenbers are shaped and spaced to direct air to

?hmél%gef;;ieé@ ShAROfdible Cont 'l cOldLet han&hagher of

mm1 -di rectional w nd turbine thereby reducing air

| SARRER: W PRISRG he EtfiarEdehetBets SHTdTE HeP*SEppor t
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Mesense arethbapedt gl repaeed to direct air to an
entire | ower surface. of the rotating menber.

Preferably, the curved nenbers include toroid shaped
r tedbtablour Vingubled esnbprefiociipdy toheld erhepedl
SURROKLI1RIBREISy bighade vertical walls. Preferably,
the rotating nmenber includes a horizontal - axis type
wi nd turbine rotor, nmounted vertically. Preferably,

t leeliotdiy, metd et fxed Judespar td mbhbeser infrwicevabticalt he
C%}(?Q. menbers have an aerofoil cross section.
Preferably, the curved nenbers have varying perineter
di areters and annul ar dianeters. Preferably, the
Cuiréedrampbhetise &fbeas%;:gmem;]ém ipkRG®si B Boxicneealr{ C
arrangenent . Prefera the cu rg, are
v?\xtlﬁg Fieywé?cggtélé: ed” Iy;tgfbrm@t‘)nﬁ%;srﬁg%gg%l d nenbers
are |located in a stacked

preferably, the hollow member includes a diffuser.

5

20

23

30

Preferably, the curved members have an aerofoil cross

section.

Preferably, the curved members have varying perimeter

diameters and annular diameters.

Preferably, the curved members are secured in place in a

concentric arrangement.
Preferably, the curved members are vertically staggered.

Preferably, the curved members are located-in a stacked

arrangement.

Preferably, the curved members have an overlapping

arrangement.

Prefefably, the curved members form a central collection

chamber that expands in cross section from a lowest



arrangenent . Preferably, the curved nenbers have an
over | appi ng arrangenent . Preferably, the curved
woretwbeees1d orm a central coll ecti on chanber thapCEAp206901882
in cross section froma | owestl ocation of the curved
menbers to a hi ghest Iocatiifmn of the curved nenbers
Preferably,. the central collection chanber converges

t ‘ u 5) . =3 ti h
Owa%ogoﬁ%g% mﬁ%wébmg edi o.o nPERdSr ablyy o:nhgf

central ection cha r is continuous with
i nthe FREVeRLMEEER"Drof il e of the hol | ow nenber.
Preferably, the vertical support nenbers are

aer odynam cal . RBret I r IRg
T R o b gt oS AL ambel? oRVBLIN, |
5 cemvaatist hrgatrakdgihonat Pregierabl y, the rotating nenber

includes airfoil blades. Preferably, focusing of air

entering the shroud by t curved nber.s resul [n a
A eagrien P8, FOTGEL SALAGEIT FeaTaes dosbgn Bl
pasisagese fiorteedabysuirfact ipref henivdr shefhdlhew gramped-
menbers thereby preventing air | eakage. Preferably,
the | ower nost of the curved nenbers is shaped and

10 ¢ ofafgapiely s GPasTIGLER STFPPRE ™HPEED dHFe i nacti ve
Cuisredyhaihensyadnadeliower pressure than air external
to the shroud thereby contributing to the air gate
effect. Preferably, the orientation of the curved
nefrgiesabit the Xamatiealneglppors Myenkrt:s Vi Sh dd@pPEtf t o
[ epgitd@a BNGhedS et RARERN RErba©OMeatyndi I ection.

5 Preferably, the orientation of the curved nenbers and
t he ‘

Preferably, the rotating member includes airfoil blades.

pPreferably, focusing of air entering the shroud by the
curved members results in a fluid dynamic air gate being
90 formed across air passages formed by inactive members of

the curved members thereby preventing air leakage.

. Preferably, the lowermostAof the curved members is shaped
and configured so as to direct the air to the inactive
25  curved members at a lower pressure than air external to

the shroud thersby contributing to the air gate effect,

Preferably, the orientation of the curved members and the
vertical support members is adapted to receive and use

30 wind coming from any direction.

Preferably, the orientation of the curved members and the -
vertical support members is adapted to direct air across

the full swept area of the rotating member.



vertical support nenbers is adapted to direct air
across the full swept area of the rotating

woresobee63Rr ef erabl y, the rotating nmenber is conPEABEZD05/001882
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via a rotating shaft to an electricity generating
power train assembly and deyice. Preferably, between 3
and 6 substantially vertical support nmenbers are

utm{eféealbip, $86 W& ol hey Gﬂélin}ééﬁ m&’eﬁﬁ@ateae%w%n a bel |
nou

ase.supportin
PRarBE FhalRot, B p et e G AR RN RELP P (B
r enceregblly aewdoflevicesecti on with identical surface
curvatures on both vertical wall faces of the reversed
aerofoil section. Preferably, the vertical support

NETRFE R EX K e PBEHRTRA P y2hyPe PUlHt@aEE % Wy varFi ¥Hannel s
fqms@drt rmdfbard enei agl;mi@e t® s&cbﬁ@lﬂﬁeﬂ@uﬁ&lcf of both

ef“}%ra 1y %%%h Of 2§ %Otultﬁaheprpewggé JTEMDELS

boun ary lay pres rV|ng air channels
eﬁ*wpb@ﬁﬂgf aée@e -of each of the vertical support
nmenber s tangentialiy at an angle |l ess than 15 degr ees

er surfac Preferabl t he ver support
hEarCite P ARGEUCTRaPRPy SPTRT TP al o 11 orm
ttnavarsed|meebsoinasacpmnn wetieridehtidrd cenfaad

Cohlecii . ChATNEN vo RIS @Jghy fﬁ%@%lo\feﬁxé Caly SUpport

menbers | nclude all aero ade t hi ckness
béergTpet weeRi®5% 50% of chord | ength. Preferably, a
t hi ckest point of each .of the vertical support nenbers

I %T%%S@gb : ttﬁng%}{gégl %ngéélpkdmﬁéygg%ave boundary
- layer preserving alr channels formed from a leadlng'edge
te a trailing half of hoth faces of each of the vertical

support members.

FPreferably, the boundary layer preserving air channels
exit both faces of each of the vertical support members
tangentially at an angle less than 15 degrees to an outer

surface.

Preferably, the vertical support membetrs are arrangéd
radially at equal intervals, from the air inlets to a

perimeter of the central collection chamber.

Preferably, the vertical support members include an
aesrofeil wall blade thickness being between 35%-50% of
chord length.



fromthe | eading edge. Preferably, an included angle

between two faces of each of the vertical support
woreebees10 s in the range 75 - 150 degrees and RET/AUZN05/001882

15% of the chord length froma trailing edge . :

Preferably, said turbine ingludes four or nore,

hori zontal to near vertical curved toroidal bl ades

Vapyd fegably,i At eriedesanmuiinisofli cuvdt ef fhreoNe2006atlo 145%

of 0 i ter. I colvex.and capgave
our Dt Phine B b X Eheh O pe LMY PRI E
mefyey $harkeaddnal @496 - bet ween 25% and 55% of the -

di aneter of the rotating nenber. Preferably, the

curved nmepbers start. to curve with an le |ess. than
S Q0P RfFGFRRYY 1t 7t h’é‘%ﬁgﬁ&zaon S P%Y"e5R gvﬂ ?rqa%af aorr%t% %F Land
f i of sheaterivel t furgiorberdibays akglie bie eraeet 50186 70

degrees.t o, # HoniZankabs dhkeghdnioReaf erahly, a slope

of & shortest straight line connecting an inner
peFiatetBE ¥9%a |.argest of the curved nernbers to an
i nner perineter of any of the other curved nenbers and

any vertical axjs_j$.bet. 10,35, 96356€Ss.
0 prhgeses %f,’ tsﬁéactudrr\%éggn%\éﬁgg?% e 2ot BEE i th

spaetingnial Fot wedh veRbl@dr FBEVefABEP EubR?dttat a

| eaglindgefga nagendr abhing edgrewfr eaah 20k thelwsrved
menber s oveo[,l agt?p a m ni mum anount of 2% of a
't

di Sfett8F b ating menber. Preferably, the curved
menbers focus air entering the shroud across a full

ISSVﬁggfeQFSf&fﬂEokgé&'éﬁhaééﬂﬂivge£¢¥¥éceF%#ﬁﬁ$7ab|¢hrvaﬁure
i nternal exit passage area of the ommj directi oré%L
of each of the curved members are egqual to between 5

and 55% of the diameter of the rotating member.

Preferably, the curved members start to curve with an
20 angle less than 20 degrees to the horizontal at an outer
diameter and finish at a vertical bending angle of

between 50 to 70 degrees to a horizontal direction.

Preferably, a slope of a shortest straight line
25 connecting an inner perimeter of a largest of the curved
members to an inner perimeter of any of the other curved

members and any vertical axis 1s between 5 to 35 degrees.

Preferably, the curved members .are stacked with spacing
30 in between the curved members such that & leading edge
.and trailing edge of each of the curved'members overlap

by a minimum amount of 2% of a diameter of the rotating

member,
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wind turbine is a mninmmof 25% and a maxi nrum 75% of
an external perineter entry passage area between any

region has an area that is not |ess than 70% of the
annul ar core area of the uppernost nenber of the
curved nenbers. Preferably, the uppernost nenber of

t h?r&é&r‘éﬁﬁy,”%f%e&éfx}e% Refflds FBULD a&Qr&&th&d@ze

Preferab multiple air passages are forned within at
I e&%‘fc’%’né%‘fsst ﬁef‘éldr VEEPRETRSEr %f fHhEnT ARG aNEEdr f ace

side to a convex surface side of the at | east one of
t herefemabdy membénsernalr ety #bkEyagemalres phfe taprompassages

te&ﬂé&&@n@i‘%lﬁé'{uﬂﬂlﬁe‘?%\ée}&lﬁi{{lfn%@ §5°&1%an at | east
one of ‘the curved nenbers tangenti al |l ess.-than 15

de‘@?"é‘é‘é‘mt &% dupt a“"c’@e(‘ifla:t ReTare e sht é’aSFa%earéﬁr ved
mebdeeen &iefoasabdsy tha eiareet eemimfrsa concentric open -
top of the hollow menber has a discharge outlet that
Is between 130% and 180% of the dianeter of the

r ofxrfemgbhenivée. tippestera®iap hah Bpénet dpadi $EHage
outd &t tﬁéntm bel Hawaneaher cbse HIRMI d2knM Lpdmost
horlnﬁgg ta}f % g an mc%érasr around its

0 ePTiRSEeP” Frar SFaRY ™R Wedge is | ocated bel ow an
outlet of the holl ow nmenber at a hei ght of between 7%

1919@é3:feraﬂly,p%e @B;@f%@{ Rt e h ekl oW, ARAD8ERbers is

Preferably a face %th of the wedge is between
13‘""5%§1i6‘6@)6t6‘f C9T frigh QIJIF f the collar of the hollow
merrber Preferably , additional mni- vvedges are pl aced

Preferably, multlple air passages are formed within at
least one of the curved members from a concave aurface
side to a convex surface gide of the at least one of the

curved members.

Preferably, multiple air passages terminate and exit the
convex surface side of at least one of the curved members
tangentially at less than 15 degrees to a surface of the

at least one of the curved members.

Preferably, a diameter of a concentric open top of the
hollow member has a discharge outlet that is between 130%
and. 180% of the diameter of the rotating member.

Preferably, an open top discharge outlet of the hollow
member is provided with a horizontal wedge and collax

around its perimeter,



circunferentially around an external body of the
hol | ow nenber and spaced evenly bel ow a mai n wedge

wWowaok/oeashd i pl e air passages from an outer surfBCEAUZ008/M001882
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i nside surface of the hollow nenber. Preferably,
mul tiple air passages terni,gate and exit an internal
face of the hollow menber t4ngentially at |ess than 15

degggfesfamy% %{a&é SUsbaseobe1lp an%&tqvat"s

" Preferably ectricity %ener ating unit p aced
di F@Jelthym athe FeelE i Hy PRERIEY 7N B Pﬁd@pmeﬁt ly

suppoidied anokl Bollat mérage{iQ\Nn stream of a shadow of
the. rotati ng menber. Preferably, the nacelle is

sem&%% %&9@% Eﬁdaﬁlthé%%@t §tﬂe%%é'r§ 8 355

sconpect ed oW nenb Preferab
5 el B8YY ioF] ?yheg‘é’ﬁ*ér%? |tﬁ‘@ ‘Ef?ﬁltaé’ a# 151 ﬁejeld"”df“?%}&rl 'y bel ow

the rotating nenber in an i ndependently supported

rOLPerf ggg ))PO%%d 9&%1%5&%@9 28, 11956 cone is
umm Support st ruc Gr & ext endi ng froma
ba@@@@égﬁz‘t‘qlﬁglmwnﬁ oant ketewwd botie ofPEks drodBpy,

t hferRbrakhd %pﬁ@é@ &.rvemy aRnRacs Qldaltnow@dgféo WRLE i 1R OWES
generatl on_as y via a rotati shaf.t on supporting
10 DoR RSt 2FAR) ry R REB st rachT ARG
Cue¥ édebhades mmkaercl osed pol ygon arrangenent .-
Preferably, a sloping surface of the collar is formed

of pi¥eaagl e Relvgar 5i2Gadegieesotrnimateehhd it an
gh%nert Ino:[] %Eaegﬁrt&}lbl ?I olgremhr%!;e ovtvan éfq:%.al.ll. att less

y sem ¢€ psol es 0 angent
s pewEnf ;Lédde;ﬂregsstg%ram plgter surface of the hollow member

Preferably, an electricity generating unit is placed
directly above the rotating member in an independently
supported nacelle that is down stream of a shadow ¢f the,

rotating member.

Preferably, the nacelle i1s secured by a “sloped” radial

support structure connected to the hollow member,

Preferably, electricity generating units are placed
directly below the rotating member in an independently

supported rotor hub nose cone.

Preferably, the nose cone is secured by a column support
structure extending from a base supporting plate to the

nose cone.

Prefefably, the rotating member is connected to a
complete power generation assembly via a rotating shaft

on supporting beariﬁgs.



| ocation on the ellipsoid and at a finishing | ocation.
In a further broad formof the invention there is

w@ewsioasd a hol | ow menber for use on an PCT/AU2005/001882
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omi -directional, shrouded vertical wind turbine for
generating electricity wheggin the holl ow nmenber
expands in cross section in a direction of air flow

Prﬁe@’é@%i’y thé ecxhﬁleaoﬂ‘énm&@ eindinekuses careed flusess
Pr ef er abl P°ﬂ nmeter of a concentric open top of the

hotA BwF “aaaf%ftgﬁﬂﬁa*e outlet that is between
130% and. 180% of the dianeter of the rotating nenber.
Pr e%gémg, Q”sﬂﬂ:%gt gpfﬂlcécmrta@ ou 116t 5 Of sdhigahl | ow

me I's providéd with a horizontal wedge and col | ar

ar%uﬁagh sbeﬁé?%e‘ﬁr@P desrerar bhidy Yo Rt ddgei TREH8R at ed
bel ow an outl et of the hollow nenber at a hei ght of

b en 7% 1 % u dl ane , | ow
eJrW% rabllgr,e?er gml rP%S S su%: 1* J.a%E; Jla e i s

beihik/eemllceﬁ%ih 168&‘%391‘0% tﬁéggfm S@ﬁ%ﬁ@dc eF| EarStéf-”t%frﬁé

halJdoaw: srerdaetne Rnehgsel] Yaatde hel b omingnbesathas.
addi ti onal m ni -wedges placed circunferentially around

an external body of theholl ow nenber and spaced evenly
beirow furrdiem Weskge fait pinbhe | jpivention gassages from an

rr%tr%(nééﬁ X aﬁglﬂ:& %@mﬂaﬁée e ?ég facen qmﬁhglmalgﬂ\él,

Prefera ow nenber has nultiple air
padsayerd (verhi Fit F”ﬁ@d a*ﬁ’d:bé?? t§9g ISP FAT-BP n%llecf"ég‘éltgf

t haehold aenesher hamgentkablys ah tess bhancbSidegr ees
t%lq__n out er sgrf % of the hollow nenber. Preferably,
t he ﬁoT’Jr ow rren;be as an electricity

Preferably, the hollow member includes a diffuser.

Preferably, a diameter of a concentric open top of the"
hollow member has a discharge outlet that iz between 130%

and 180% of the diameter of the rotating member.

~ Preferably, an open top discharge outlet of the hollow
Ar'nember is provided with a horizontal wedge and collar

around its perimeter.

. pPreferably, a wedge 1s located below an outlet of the

hollow member at a height of between 7%-19% of an upper

diameter of the hollow member.

APreferably, a face length of the wedge is between 135%-
160% of a height of the collax of the hollow member.

Preferably, the hollow member has additional mini-wedges

placed circumferentially around an external body of the



generating unit placed directly above the rotating
menber in an independently supported nacelle that is

waloomw/oet3team of a shadow of the rotating nmenmbePCT/AU2005/001882
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Preferabl y, the hollow nenber has a nacelle secured by
a "sl oped" radial support §%ructure connected to the
hol | ow nenber. Preferably, ‘the hollow nmenber is

substant hahlor 38 rp%_cga PSR W0, AR08 O e g Gs B
speci a ti fion on the e I'I psoi d and
atmal fliphe sdfﬂm@abmﬂl énom Rrepetarbisyriares rtép’f“hg”?&id? ace

of i1 80kt athel BofMREmQSr.an angl e bet ween 5-20
degfees to a vertical direction. In a further broad

f LS am? tﬂgeﬂ&m ﬁélﬁ{e‘% hs %@\éigfed aqrnsggb%egor

omi -directional, shrouded vertical Ww nd
t u‘mﬁﬂﬁ@a‘ﬁmg gefersitting ¥ dRtrFRAY F2ED AT LB P YR
Stlﬁ@tﬁoer(?@éﬂcf&lttb.élglﬁmbl &8s @hhih | BVdbgi€esa toent ralter

.coII tion cﬁhgn‘goe{]t rom.any direction in a near
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ho?‘? §iftart Halg g 't he air flow direction from
a near horizontal notion to a near._vertical notion;

di Peater ARl & PR obP FrEnPIRe ts P 35f She e &Y
Coééx%bltﬁ)ﬁg ahdaRbeTadsa aisetondaiveetiod delret tren tmeaber
ocollectio n a t.

10 S okbit AP RaREry, pflered hUIMATeAY (BN EP bbb
si o éofsh@ﬁ@f o&nthalrotat it rpBPeThanber; directing the
airflow to substanti al I y all of the under si de of a
rotatin urthe broadf £rm

i n@”eﬁﬁelr th’n‘gss 1?%{1& ov‘f“&éﬁ et Aod- € errﬁrgi:%%%e "hé
st epipefl” contiedt sumgpoat structure connected to the hollow

membexr.

Preferably, the hollow member is substantially semi
ellipsoid with angles of tangent specified at a starting
location on the ellipsoid . and at a finishing location.

Preferably, a sloping surface of the collar is formed of

an. angle between 5-20 degrees to a vertical directionm.

In & further bread fbrm of the invention there is
_provided a method for forming an omni-~directional,
shrouded vertical wind turbine for generating electricity

comprising the steps:

collecting ambient airflow into a central collection

chamber from any direction in a near heorizontal plane;

changing the air flow dlrectlon from a near horlzontal

motion to a near. vertlcal motlon,



hol | ow nenber in an omi-directional, shrouded
vertical wind turbine for generating electricity

wob@ee6a31d he hol | ow menber expands in cross sepCT/AN2G05/001882

a direction of air flow. DRAWNGS The best

contenpl ated constructional _arrangenents are
illustrated in the acconpanying drawi ngs: FLG 1
Vertical Sectional view taken along line AA of FIG 1A
showi ng an enbodi nent of the shrouded wi nd turbine

Fl Siraghingr#2gdedl £:8ecrhonsldeyvpéw tcakermlalconfedtiine BB
of cinlBerlts O WeBEnd N8 avabt ﬁ@dcéﬂﬁlldécrﬂe@tlgﬁ

Horj zont al Secti opal view taken al on ine CC of FIG

1 SHOWSAGS? S Pt FUSe PR rgﬁF%r“’o[tQﬁe%‘%i}O@d pide

5 Setluemal redweingf 1da0dagk df tiradpe Sdeapad afnidies backiang

arf ll%gq:g&# Sl 3 Sectional view of the
I pse s ape fuser wall arrangement wth wedge,

collar and air bleed channels FIG 4 Sectional view of

aedii)&fe&ithn@rt&iéEle’ﬂchM eal supspRRtLa1wel L1 widehegd r bl eed

chan E%IEE %’IO% 5 C,Ct |nonal view of the toroidal inlet.
? gha%r?efs FIG 6 Omi-Drectional

10Wnd Tur bi ne - Isomatrl c view of an enbodi nent of the
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DETAI LED.  DESCRI PTI ON OF THE | NVENTI ON GENERAL
provided a method comprising the steps of connecting a
hollow member in an omni-directional, shrouded vertlcal
wind turbine for generating electricity wherein the
hollow member expands in cross section in a direction of

air flow.

DRAWINGS

The best contemplated constructional arrangements are

illustrated in the accompanying drawings:

FIG. 1 Vertical Sectional view taken aldng line AA of
FIG, 1A showing an embodiment of the shrouded

wind turbine

FIG. 1a Horizontal Sectional view taken along line BB of
FIG. 1 showing the wall and toroids

FIG. 1B Horizontal Sectional view taken along line CC of
FI1G, 1 éhowinq the diffuser and rotor blades



Figure 1 shows an enbodi nent of the present invention.
An ommi -di rectional augnented wi nd turbine assenbly 1
w0 g00amensted with its base 2 rigidly connected POI/AU2005/001882

support columm 17. The turbine rotor 3 of dianeter 'D
wth air foil rotor blades iy attached via a central

rotating shaft 16 to equipnment within the non rotating
huBT&. vhi Ghcisomslppie ed byrddcblada shapx teerids pgrdihgm
t he base lLete assenbly. The rotor 3 is
a hori zont%gfaxg%ngegt%y%%gnt ed vertically. The hub 4

is retained by additional stay cables 18 attached to

‘t hershroudedi fdaseriandssuppeit i fige Wakhed %1 Frgsdyub
.-cont ai ns thgéer ectri cal gower enerator 15a and al |

associ at ed*geat BELHHT dort MEFITe APANRE MRS gir bleed
converti nghtéireelsot or's torque into electrical power.
The void area 20 under the |last toroid 10e can be
utilized to house other electrical gear 15¢ required -
f of “Bpth nP ST reh e Eive of rdar opb VPR TR tdapbl i ed to
t he end userpork Wadderithoanc®essd tdhanhehs i s provi ded
1ot hrough the colum 5 fromthe base . A strean.ined
nacelle 14 is provided down streamof the rotor 3 and
caft%e Sat PeretHenat ovieeof dihsr toqhide lairkatgbhedr wilthows
easy accessr figecticamnak19f 1 arge rotors through the
top 21 of the shroud assenbly. In smaller sized nodels
the vertical support colum 5 can be del eted and the
na®t®t & | Oyonmpletetiwneh Wind Gerigmst + nipcegupmeritwlsh,
.15 can be supparfed; v isbepad B@m@%n@éﬁ%gneﬂo&r&ehhsﬁ

shroud di ffuser 9 wall down stream of t]
a tower structure )

DETATLED DESCRIPTION OF THE INVENTION
20 GENERAL

Figure 1 shows an embodiment of the present invention, An
omni-directional augmented wind turbine assembly 1 is
mounted with its base 2 rigidly connected to a support

column 17.

25 The turbine rotor 3 of diameter ‘D’ with air‘foil rotor
blades is attached via a central rotating shaft 16 to
eguipment within the non rotating hub- 4 which is
supported by a column 5 extending from the base 2 of the
complete aaseﬁbly. The rotor 3 is & horizontal axis type

30 mounted vertically.

The hub 4 is retained by additional stay cables 18
attached to the shroud diffuser and supporting wall 19,



rotor. WALLS As shown in Fig. 1A Three vertical walls
6.1, 6.2 and 6.3 of aerofoil shape, arranged radially

wa@eooemesho angl e i nterval a, extend in an angl ePCDAUL®S/001882
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10

vertical fromthe base 2 of the shroud to the bell
mouth entry of the shroud. Radially they span from
near the central air charrbé? s perimeter 12 to beyond

theo eri,neter o thet roj ds Thei r t i on
he BB R nT i BLar e T pipsbs B Sne on

0. &'ﬁD. asfbeiatedegeac bx hgidgleont@l fieomnisesbieye 2 to

th%@%'tk dgf%%hm&\ée@.h%gl $Gedt L1688 R8 1apMidH, Mg of

led in Fig. t he sug port wal | alr(fioil:ls
haveidz eFer APbardendhgr 4 408eH9 105, Pk BF syt 1iaed o
C%ds@ubemé:@@lte@tiﬂtmsg@ndaﬁd rapiesd flow optimizing
cal Ly focu g
toé% %g n}] J.cal OWﬁr %ellnggol lié&jltg ﬁl% <88 &J&%m A

e cénfral” arr ctl oncha '
t hlaskdeasto 'aRcess e hulald pﬁpwf@di §hbfémeéhe m‘é of
the-kl ade deoth 'L and the thickest point 'N of the
bl ade is reached at not |less than 51% away fromthe

lbleg etr:]:garﬁggi% Zﬁac?lrl% H‘\DJ-J g %adé'ﬁg 4300t hge val |

curve e fromt hi ckest point 25
t ovedTods 3t #red é’éﬁ‘rﬂ% a‘ttFaFlP?%jS’eHb‘?e r26“‘”‘At bfe trailing
e?&ﬁaan ehéntf ageswolfesbpeadicaderdd menbvat of Sehrmae AA'
of 60 ees t t he cent e
Infﬁﬁﬁfgdg%foqgh iL ;P %?'khg 5%%835r5%$%539§

enthetvvo
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Ofd%lrb%egh&{dj tha@nxgééblﬁéo%&rﬁb@eﬁé adﬂthnglle@gﬁeﬂaftltnbe wal |
| eadi n ge 24 of the_wal W ogbstructed
mnfqp%gppnt 15k, ca be upported by slope ea
attached to the shroud diffuser 9 wall down stream of the

rotor.
WALLS

As shown in Fig.lA Three vertical walls 6.1, 6.2 and 6.3
of aerofoil shape, arranged radially at equal angle
intervals, extend in an angle to the vertical from the

" base 2 of the shroud to the bell mouth entry of the
shroud. Radially they spén from, near the central air
chamber’s perimeter 12 to beyond the outer perimeter of
the toroids. Their extension ‘M’ beyond any toroid blade
is limited to a maximum of 0.3D. Their vertical height

. VP’ from the base 2 to the ‘bell mouth’ overhang disc 47

‘can be a minimum of 0.7D.

As detailed in Fig.4 the support wall airfoils have zero-
camber and are placed in a reversed configuration to the
standard manner, to aerodynamically focus the air

impiﬁéing on them towards the central air collection
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channel openings 27 critically placed along the
vertical edge fromthe bell nouth to the base of the

injection of high kinetic energy air fromthe | eading
edge to the rear hal f of begh faces of the blade to
reinforce the boundary layer of air flow ng and reduce

g:ah ok QW fﬁp@ﬁ@tazﬂ@kDJ@ ‘er @ftﬁlagﬂ F0anpekse g.éit the

e surface at an angle ess than 15 degrees to
t (RETaRY e ~PB® tHe tharTRcE. Lot r%du?é’é’st]é?\é'%hdﬂ;‘?k%%ses
i rpdllﬁe avcelretnd iHQadPr 0L esschadORO a& Assbesmarsee@ in

ure_1 eto bl.ade 0 od
an AP & aced{%a%{l enégcehgllba%e % aaceﬁep%e 913
ofof ke staldubllade shown 4ldirtigeallar ér@edci}fﬂ ethisdenken

t'B%lﬁ@réﬁ Q@ka¥@%|€§6653mmo§ @rafﬂyﬁgGeébe As . shiowmei N Fi g.
hese bl ades are of inverted_ aerofoil cross sgctlon

wtﬁﬁ L GRIRaMSEr. Ta%RE BF alfts PABIO YRR ¢t 13y #1ope
acedl esaté® dagrextvahgeticheedta@ddneont afhet bbads.r Thé ow

erltn%ﬁh&l&i ta'ﬂ?lé’asw?@gﬁ :‘!@Hx?@tﬁ% en Shemenf LAMBEaLa1

hori zont al O hear vertica m ni mum of four toroid
blf2Ges “REWes 1oaFveedc’ 511G exEesar n‘@“ihﬁé L9el9f KBEt h'

t ghokd ergid tien tROGLRiQSH edgkosDithel @81 Pravide
opti mum energy capture and utilization. The |argest

t ghQ ﬁealf&l% eeé%é Bl eg Nlne( @QﬂU|lléS):o§é%@t:§cﬁ WiSh air
i denti cal di aneter of the 6010%er openi n
t

tr?é‘a%‘#vé’PﬁPhrgg%éEt'F’b“ﬁlfi‘“r%éa&ﬁﬁad Heth "8§F aflhese
t waigedfes ahe keant mmmsbytlr&t trasheskt ttagesinerdat athei r

p%ﬁlﬁﬁ{befa’ 88 A ‘Bﬁ &L @F@nﬁﬂ%@tﬁrﬁwy‘ né)é@éic}ﬂ ng BigPel |
entry to t oat
kinetic energy air from the leading edge td the rear half
~of both faces of the blade to reinforce the boundary
layer of air flowing and reduce air flow separation. The
injection channels exit the blade surface at an angle
VAR’ less than 15 degrees to thg tangent t¢ the surface.

This reduces enerdy losses in the acceleration process.
TOROILDS

As best gseen in Figure 1, multiple toroid blades 1l0a,

10b, 10c, 10d and 10e placed between the base 2 and the
bell mouth of the shroud as shown in Fig 1 are secured
between the vertical walls 6.1, 6.2, and 6.3. As shown in
Fig.2 these blades are of inverted aerofoll cross. section
. with a high-camber. The blades aerodynamically accelerate
and change the direction of the air flow entering the
passége ways between them, from near horizontal‘to near"’

vertical.



rotor is located. The toroid blades in the shroud
assenbly vary in their internal annulus dianeter from
WQOMsA6B% of the rotor diameter. For optimum rBGU/AUS005/001882

the smallest toroid s internal annulus 49 di aneter
vari es between 20% 35% of the rotor dianeter and the
| argest toxoidrs internal dfnul us 48 di ameter varies
betvveen 1009% 45% of t rot or_ di apet er, of shroud.

At SRR 1P it gor S orot hePeaes) 16 Loy 4% 0 of 't he
pas;sﬂ@eumytﬁeet‘beﬂn meath’ pakpidf? ehéstheh|'and sliosuge’

M OLIBIR Bhe 23%R00 BTkl WD 0f LBY! e eniry area

passage way e sane bl ades. The
bl el igahiqrof oi Ths degpdtt derpie HlpAe’ hdeta &Enber
5 L Iad%mmé) m@mlatw as Riehaicueetb Qhﬁ5£l|aﬁkféﬁe9 &S?he ng
e's centerll a e adl n e
e e ST 5 o SRS T RE oS il R 884 oy
t hiene thirbatng Thdee 30 PEgesABre beantdanoBOy7ettedes to
t h@‘og@%bz% gheid %r@bﬁ@lﬁ%saw & angead sgh@:geg%a in.

front of the _shroud' s bell nouth starting w
neXPIEEIYR < "PBrLIPUEBa. SHFGY ehS e ?}h%qﬁéc Psw}he&e the

10 hordtaant al Lddaned of sight fromthe wi ndward side to the
| eeward side through the full shroud, the trailing

edgf %f@ﬁplﬂalaawaqauen& ﬂ%QMass@maw apsyt he dreadi ng

ed e of jts eV| oraojd b F. _.of 0.02D.
téfl’fﬁ?ie uf)e %‘lelf htJ Oﬂrlleér(?oﬁ cgll5 n}% short est
stat:amgherl ifve cpniveet Faglithe thealsmﬁhgeﬂt?dger@fd'tshe

Heshal ARk and Lhgnd A bwgase@eevseéaf 2@%1¥35%f othe

su sequent toroirds can range betwee <§ te%ﬂge The
15| g FAEST dHLEDRERhiFEA TR LREIS RN OEPHE &t &g dis

annulus 48 digdmeter varies between 100%-145% of the rotor

diameter of the shroud.

As shown in Fig.2, the total exit area ‘Ex’ of the

passage way between each pair of these blades is a-

.20 minimum of 25% and a maximum of 75% of the entry area
‘En’ of the passage way between the same blades. The
blade's aerofoil section centre iine has a camber radius
of curvature“R’ between 0.25D and 0.55D, The blade’s ‘
centerline angle ‘AC’ at the leading edge 29 is between

25 O‘—iS degrees to the horizontal ‘AC’ and at the trailing
edge 30 ig ‘AD’ between 50-70 degrees to the norizontal.
The blades are arranged staggered in front of the
shroud’s bell mouth starting with the next largest toroid
10a. To ensure thare is no horizontal line of sight from

30 the windward side to the leeward side through the full
shroud, the tralling edge of each subsequenf toroid,
overlaps the leading edge of its previous toroid by a
minimum ‘F/ of 0.02D. The angle ‘AR’ between the vertical



directly nounted on the base 2 . A conical section 37

extends fromthe last toroid s trailing edge 49 to
WOore@b/06d3e0 support columm 5 , to conpl etely encPCEaU2(98/001882

| ast toroid' s annulus. The 'bell nouth" toroid's

| eadi ng edge is circunfereghially extended with a flat

overhang disc 47 to finish“at the | eading edge 24 of
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openi I ca ace
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Lo ShR PR SR AL 34 SOP i ALBEECon Bl O
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ém%%fﬁ%&f fflgela@taggréﬂi ewgﬂ 6§ dde Q@um%xt

ayer 0 alr oW ng g conveéex surface and
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10t he7 dec §heist kontipr deedtng Fdge | Hsft m%uvarlwld@éélﬁot
regui r¢ bhig; @szno air is directed along its convex
surface. Referring to FIG 1 , wind flowng from any

di £ectf| on, andl%géh rnlfgg %%S,l ixggoysd Si1Porhagnt Al Jpassage

mays e created by the toroid
bl akhny ;ea perdpetapes ToRl JeAdin0edoni 11 Bt cel Brath® and

extindaie 9&@&% o c& bhgharorvel aoiat y1dmit aot hendcantr al

15 COLLECLE on GHARDEr 12 THE.LOURSLnPESHR08. 458 atakCh
air channels 34 permit injection of high kinetic energy
air from the leading edge to the convex surface 33 of the

- blade to reinforce the bouﬂdary layer of air flowing
aleong. the convex surface and reduce anr flow separatlon

20 from the convex surface of the blade: The injection

channels exit 36 the convex side at an angle ‘AF’ less
than 15 degrees to the tangent. This measure again
reduces ehergy logsses in the acceleration process. The
last toroid 10e does not require this as no air is

25 directed along its convex surface.

Referring to FIG. 1, wind flowing from any direction and
entering the shroud’s horizontal passage ways 13a, 13b
13¢, 13d and 13e created by the toroid blades 10a, 10k,
10c, 10d and 10e, will accelerate and exit the blades at
30 a higher velocity into the central collection ch‘amber 12.
The lowest passage 13e which is located closest to the
central axis of the chamber is designed to produce the

highest exit velocity and it will be directed across the



central axis of the chanber is designed to produce the
hi ghest exit velocity and it will be directed across
wo bewbaes1®f the inactive passage ways 38 whi chPGEF/aU®E/001882
directly facing the wind. This novenent of air acts as
a fluid dynamc "air gate', due to its pressure being
| ower than the pressure in#he entry side 39 of the

i nactive ssage. ways and i nduces_air flowinto the
e o1 BE AR TY adPrYe PSS PTG ST AOS

si ghrdqtdantigimgedteiwigdt hehies capenwfc atraienbets rg the
chaghas 4y 8 actl.Me/pagsa red HIRQA Lgn
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avERaRydhgi Preasise 1 e ofr e sidhetl® parthsofnepeve
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seGtion torol a7 ot tﬁ@ Shi oud” Marrows ¢ ncen?rlgally ‘
t oWeR s crhe athpduterGerimhetheyrhinherr giorti® Rstisiet uat ed
negdsQwnystd.eam of the throat. The cross section area
of the throat 8 of the short converging section 11

t hatpnagonnects the bell nouth toroid. s annulus and
th user 9 is not less than 70% of the cross

section area of the bel th torojd . s nul us 48.
10 ctile, SRAEET Prarub Tetanb B P ar S P Aot er
i sthdtmthedetexage i mahooftyO£86e theeldwsgherrt ke the
regtgg;}:i Ned Nplh O58+S6GH | ; reater the
bac p? gs%%?ggbﬁ?ﬁlo%prw% I h%gr}i.’%{]%? ﬁggltc}[gr?tg r%lél
cot1ECeP oM c RANPRI Al Fite 1gr Bt &1L PS8R ai r
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15 Oftgwg?cdgott,hoer tﬁ%Qaé Bqnghg%%%bgggerotox 3 is situated

| near down atream of the throat. The cross section area
of the threat 8 of the short oonverging gection 11 that.
connects the bell mouth toroid’s annulus and the diffuser
9 is not less than 70% of the cross section area of the

20 bell mouth toroid’s annulus 48. As the hub 4 also reduces
the throat area its diameter is limited to a maximum of
0.3D.‘The higher the reduction in the cross section area,
the greater the back pressure build up will be in the
central ¢ollection chamber and the greater the loss of

25 air through the inactive sections.

The air stream precfile of the rotor hub 4 and nose cone
is designed as a semi ellipsoid to ensure that the air
approaching the throat from the active passage ways is
able to flow across to the far side of the throat with

30 minimal interference. This results in the full swept area
of the rotor blades receiving air at near uniform
velocities across it, reducing the cyclic stress loading

on the rotor blades.



is designed as a sem ellipsoid to ensure that the air

approaching the throat fromthe active passage ways is
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mnimal interference. This results in the full swept

area of the rotor blades regeiving air at near uniform

vel ocities across it, reducing the cyclic stress
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They;¢i-aust 6f 1 Q.d thheydidkhusess ank 44 Sebecatikaa 39 is

bet ween 130% 180% of the_throat dianmeter. The diffuser

ox AL S R va MHBCH Ut RBFOT GETSE Rt IS HEE RS 3 o

f se199%=@ify tthendaf fardeendirametere dkvd@Bs agha collar
1530 LhBAIdY oBPE 09,k L0E ALIOERNCLG cddor ThBahid T NAl

surface of this collar section nakes an ang3
The diameter of the diffuser at this location 392 is

between 130%~180% of the throat diameter.

The diffuser extends and expands further for a minimum '
length ‘J’ of 7%- 19% of the diffuser diameter at 39 as a
20 " collar 40 finally opening to the atmosphere 21. The
internél surface of this céllar section makes an angle
‘AH' between 5 — 20 degrees to. the vertical. A wedge 41
is formed along the perimeter of the outer surface of the
diffuser to defiect, in combination with the collar, neac
25 verticaliy the free gstream air approaching the diffuser
from the wind ward side. This deflection creates a
suction effect along the internal walls of the wind ward
gide of the diffuser and indreases air flow exiting the
diffuser, resulting in increased air flow being drawn
-30 through the throat 8. The ﬁigher side of the wedge is
located to finish at the bottom end 39 of the collar 40.
The angle ‘AJ/ formed by the upper surface of the wedge
is between 10-60 degreeé to the horizontal. The surface



"AH Dbetween 5 - 20 degrees to the vertical. A wedge

41 is fornmed along the perineter of the outer surface
w@Roobkes3dd f f user to deflect, in conbinati on w PET/ALZ005/001882

collar, near vertically the free streamair

approachl ng the diffuser fromthe wind ward side. This

defl ection creat es a suctidn effect al ong t he internal

ide,o f th f.fuser.and
in ?régig‘es ait Wij |tﬂ’s1 5t REH % Eggei%' 6ld§su§t| ng in
i nessssed might] OW [ nge dioamrt Wheugberdrsindhr oat 8 .
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of _the dge 4 et 69%.0f .. v cal
heKdlcmhB PEI®CH gh ng Gﬁﬁgps%%%c‘){%t;lﬁlg&u%de%% e of
théonﬁeégetm §Féﬂ%€ﬁ@éﬁm war ds towards the diffuser
and can be encl osed. The length of diffuser required

t 0 mehizavktriduiasd Bsane seddds0d3edf ediildbutshapthdwt t hi s
pff%%f'tpgﬁi wRdge @ned 59943' Qfan' Se wrﬁe&fmntgwee as | ong

IS arrangenent ditional m nor dges 43 of
10 5j ¢ fegpak earane be qfe§§e t%afﬁuw% &ftrt ‘Fl"é“%‘iei eSPaRYDe
fog ﬂ%@dabmg%hea@(tfebmaiihepeﬁtémtselrcf@éa etk fifmser .

channe e 44 an
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15 QLGS REFTILE 1TISSELP o ol H i REHee ety FaT
f rom tied wiard m@d@l tgi tee tignehesunfaer strthacéi fusehe
diéglfégﬁforce the boundary layer of air flowing and reduce
air flow separation. The injection channels 45 exit the

diffuser surface at an angle ‘AK’ less than 15 degrees to
20 the tangent to the surface. This reduces energy losses in
the deceleration process of the alr flowing along the

inner surface of the diffuser.

As, seen in Figure 1, the complete diffuser assembly 9
and throat section 8 is supported by the vertical walls
25 6.1; 6.2 and 6,3 through extension walls 19 attached to
the bell mouth toroid. Additional structural support
struts 46 extend from the diffuser to the vertical walls

6.1, 6.2 and 6.3

30
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to reinforce the boundary |ayer of air flow ng and
reduce air flow separation. The injection channels 45

W@2006/06d3¢0 di f f user surface at an angle ' AK | eRGI/AL2005/001882

15 degrees to the.tangent to the surface. This reduces
energy |losses in the decebgration process of the air
flow ng -along the:inner surface of the diffuser. As,
SeeBrigidihgure 1 , the conplete diffuser assenbly 9

and throat section 8 is supported by the verti cal

walls 6.1, 6.2 and 6.3 through extension walls 19
aithchelbrenct e bok | ahnyet Hettagief desaddbtiangklient
SHebUGEY dle EBMPRIYe scsésetﬁbékﬁ e%samnftgomet he diffuser
to the vertical walls 6.2 and 6. 3Description Wth

FFEREREE PHL e above det ail ed description salient
features of the above descri bed enbodi nents are

| prds d% ggopﬂgl ougﬁ'ef‘pcr"g}{éfl e%hgg S vestieal,

ction ed verti cal
mﬁaﬁl%@we% t@éﬁsm%t@leh FRsaxtalof aerféfl@llr type

rae&efoam a0p4l Mitohi flaeahiDitdn dhenepen desi gpeof the
str on ggﬂparlson wth

nstrjction j.n
gteﬁe nv° r%g%aﬁhrgngc"hgcr%glé‘l% rguao%‘c’rtrran efent's, the
ZOTDATATRIY miﬁomsengferas@el elna@hmeaﬁhm@errent s, the

ak_»yaxsigééfbéﬂayl c thal £e1§5’é1 SamBd [FARGSIRNT abORE¥ERY
| eakage a t he wed col |l ar arrangement at the

arst Etfyf tthﬁefb‘r‘lfdr &é"é‘?mltco F‘h’&r §e JUCPABIHT f8ct s
plreoargh lehea@hroddtipy envdesoileh drirghgemenitr avolhgnes to

fa QW L1 OHON 1N G 5 EQLQL. +J NQROVES XL ACTRd0Y; the
rotor iI's transf erreé an el ectric power generator
FHF?HRﬂthe shroud promotes much higher air volumes to

flow through the rotor. The power extracted by the rotor
is transferred to an elecktric power generator through a

rotating shaft mechanism.

The shroud in the present embadiment of the invention is

' constructed with a convergent ‘bell mouth’ with toroid

blades at the entry leading t¢ a throat section., Free
wind_moving in any direction is intexcepted by these
blades and is directed in Lo the convergent section. The
blades are curved in a radial direction, with an asrofoil
cross section, starting near horizontal at the external .
perimeter and finishing near vertical at the internal
perimeter. Bach toroid blade has a different diameter.
The ‘beli mouth! consists of a toreid with the largest
internal diameter {(annulus) which is herizontally
extended at the perimeter and conically extended at the
annulus in the shape of a frustum, To achieve greater |

interception of the wind, subsequent toroidal blades are
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rotating shaft mechanism The shroud in the present
enbodi nent of the invention is constructed with a

entry leading to a throat section. Free wind noving in
any direction is inter cepbgﬂ by these blades and is
directed in to the convergent section. The bl ades are
c j ial dir i . W ofail,cross’
ceBgekdh Al Ch T ERELOR DY BN RERE R baS
peErERBiRALtANd FITEEERITHY WAtRrtheenext dlaraest Heorphdal nal
penkoetfle tEACdhiner Kith Rhadeyhassa. di fferent dianeter.
The 'bell nouth' consists of a toroid with the | argest
i nternal dianmeter (annulus) which is horizontally
eXhendotiatdt dremvdesearetfe chantroddr L dllkhye X tdended =t

t henapiul s daythecshape ﬁﬁi@l Leustdm, 1o achi eve
greater interception of .the w nd, subsequent toroidal
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Cross_sect |.gnag. ar ea bqf gge convergent throat section
WRBFE'TTFE PoiBr e Scafe® Air is prevented from
nmoving horizontally, directly across, to the opposite
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external perjneter and_internal perineter of adjacent
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,“95&4&&%3§5§}‘%mich is located closest to the central
axis, towards the inactive toroid blade face of the

> chamber.

The toroidal blades are secured in position by
aerddynamically shaped vertical wall plates connected
berpendicularly through them. The vertical walls run from
the bell mouth to the end of the last toroidal blade.
These walls span across each toroidal biade, starting
Erom before‘the'outer perimater of the toroidal blade and
finishing at the annulus. These walls assist in
increasing the‘free wind interception by, aerodynamically
accelerating the free wind impinging on them and focusing
it towards the central collection chamber with minimal
energy loss in the process. This is achieved by
constructing the walls as a reversed profilé aerofoil
which hag ldentical curvatures on both vertical surfaces -

of the wall and with boundary layer strengthening air



in directing the air, entering the chanber via this
passage way, which is located closest to the central
w@zios/o6d3omar ds the i nactive toroid bl ade face PET/ALZ005/001882
chanber. The toroidal blades are secured in position
by aerodynam cally shaped vertical wall plates
connect ed perpendicularly t#rough them The verti cal
run f. fromthe bell mouth to the end of the | ast
toF P’a%? PIELFR . hpnLeading] F%‘?f%ﬁafnt%%rac%g %Ja]chef‘b*mgdal
bl adeboigt autEsagesf.r om before the outer perineter of the
toroi dal blade and finishing at the annul us. These
wal |'s assist in increasing the free wind interception
by r hﬁe?Wﬁﬁﬁ‘T”é‘alfF?e FEEE| ereRIcRpLIMe deFERASRion e
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coll ecti.on cha m ener 0SS in the
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a reverwedope off ttelaem@fs@mre whechy W@sui:diememm
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w t h boundar ye ai r channel s fromthe

r strengthenin
| e SHFHY é&gEgdif‘mE’ﬁ’ét%f’eFBf }g’rf}etléx%ﬁ”r%f wpethgR air 1s
- 10surtackxatibettaengll yantentraee ing nobrioht ésleept | on
degreanas the apRLoARh xelog ty of the free wind

tovvar%ietl’]e shroud and converta part of the wind' s
kinetic energy to pressure energy. Sonme of this
Pr 85 StHee 'weﬂ@rﬂay nb§ flidwihgeth ttheoMeftGamecdneckosses in

the, torol dal blades, Lhe, renBloder SNSLAY 48 Lroat,

cofVEMEd o meﬁétVértéﬁerg
15actkt dmarctdve mesugtns lvé tlonttcaeidalg tlades d OBI Here

chgphlite LOadi@heke W@LAGLL W8S1 “appear” as plane
surfaces assisting the flow of the air, entering the
. chambex, towards the convergent section and the throat of
the shroud. The high velocity movement of alr across the
20 face of these inactive sections creates a relative
negative pressure with a suction effect to drag air into
the chamber performing like a fluid dynamic “alr gate”
fesisting alr leakages through the inactive sections. As
~ the air approaches the roter in the throat section its
25  velocity is reduced which results in an increase in
pressure with some minor air leakage via the closest

inactive toroid passage way.

The torecidal blades are constructed with ¢ritically

30 blacedrair passages from the boncéve~surface side, which
is subjected to direct impact‘by the wind, to the convex
surface‘side. These passages permit transfer of small
quantities of air from the high pressure concave surface

to the convex surface. The passages are positioned to
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As the wind is now flowng in the central -collection
chanber in a near vertical direction towards the

on the opposite side of the chanber will "appear" as
pl ane surfaces assisting tJ),e flow of the air, entering
t he chanber, towards the convergent section and the
thhogh Gl thensRLoud, Jbecdiahe velpehtyaiRyegeate of
air across the face of these Inacti've sections creates
a PBV & i €S ndh rv Bh 888 g eift tr #5sHet imBARet eVt 0
groagr atHe kcBh@ed Berﬁilaifbehiﬁefeﬁﬁéé‘@i Rgel J;é@raﬁibmidf
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resukds WhBnadhiRChEagR LRagSSUre Wi th some mnor air
| eakage via the closest inactive toroid passage way.
The toroidal blades are constructed with critically
plrae eshtaiyr tpageagescdtr am tite sbomghve sensftacetsd deth
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the conveéx Surface side. These passages permt
t WhhSE enabies FRe| 2HUARPERS ESVBFISithef FIHAthES hi g Y
PEESSIH R LE OMDAY eeSiidiapeedhrkhBoz@avex surface. The
passages are positioned toallow the transferring air
to exit tangentially to the convex side and in the
saketlth retot cmeasy tive epbiartgidr #2dWwhevere ashee cORRIN
SHEf AL 51 TSRy %ugh@ec&%aaé@tﬂe@m ©indhNcid faifl ow
fromthe convex side Y st rengt.heni ng 'tge f.l,ﬂ‘l‘d
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. assembly in the form of an inverted ellipsoid/frustum

from down stream of the throat. This enables the pressure
of the air stream to regain to atmospheric levels by the
- air stream velocity decreasing with the conversion of

part of the remaining kinetic energy to pressure energy.

The free wind passing across the discharge opening,
subjects the opening to a pressure Jdifferential biased
towards the free wind and air from the shroud is drawn
into the free wind stream. This allows the pressure down
.stream of the rotor to reach greater sub-atmospheric
levels resulting in even higher energy extraction from
the air stream through the rotor. Without the pressure
recovery the free wind stream passing across the top
opening, will be at a higher pressure than the pressure
at the exit and this will obstruct exit of the air from



a converging section, in the shape of a standard
frustum which enables the air noving towards th.e

W@ booemse3t® sl owly accelerate with reduced presBCr/au2005/001882
| osses. At the rotor -energy is extracted .and the
pressure energy of the airniireantrapidly decr eases
resulting in the air strea ressure reaching

Sukt-hg.t 5{99@@%5' Au%xgé ) balR® rset; ovd 11y tlg@um%ﬁeyt
enbodi n"ent o entlon [ constructed
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of an inverted ellipsoid/frustum from down stream o f
he throat. This ena bl es -t he, pressure o
Bhnd Teo B e EGR SR shRETR: TRt et e i ¢
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of Suéﬁ%ﬁbncf&t'ékn@{ﬂsceﬁﬂﬂl%eﬁg R!h%sﬁ&'&?exe@ﬁé gy.
The free w nd passi ng across di sch arge openi ng
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down ream o P%e rotor tO eac
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W t hout thsggres% re, recqver thgﬂf ee néjro eam
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obstruct exit of the air fronthe diffuser, causing a
back Eressure and reduction of air fl owthro gh t he

5r o Br therRasp ey EFLPHE At sehahge IBFREITAY, T F&fer
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t h%té@éhe‘édneéﬁ &gl A1 8L L0 S 80L& NERNG; £ 48 NI ghGT
reduces free wind interference from the wind ward slde
and enhances the suction effect acreoss the face of the

20 diffuser outlet, This decreases back pressure at the

throat and increases the air flow through the rotor.

Additional wedge shaped collars are attached
, circuﬁferentially to the external diffuser body. These
25A concentrate and direct the free wind to alr channels
exiting tangentially to the diffuser internal surface in
the direction of‘air flow. This reduces the separation of
main air flow along the diffuser interhal surface (by
strengthening the fluid boundary layer) thereby
.30 permitting pressure recovery within the diffuser with

reduced pressure energy losses.

The rotor placed near the throat intercepts the

accelerated wind and extracts power from it. As the wind



velocity increase at the throat. However, this
di ffusi on process needs to be carried out gradually

warwenb31di f f usi on cone needs to be very | ong POI/AU2005/001882

achieve this (included angle | ess than 15 degrees)
Shorter cones with w de di gusi on angles fail due to
fl ow separation at the wall” and due to the

i nierf.et fL.0 eLE o1 O RY=d he free
vvi%fgeaaﬁ{%gsg%s%:ﬁfg%k%&t&[gentlf(nl n the S?e%ent
enisterest, dhetPrReN RYRRRYTSNIRIREAGRE fAse FRF efgRAvPas
begfont Qﬂélccﬁ.dxtﬁéll Q:THJ_|19¥1:II‘,Q1 a?é'(mﬁﬁ:eara??:h&mihﬁtﬁ&ét ached
near the. di.scharge outl et the _diffuser, S
re%‘?fé’éga} S’elgg\?\ns n%“clrﬁ? ¥ ier gﬁ FPERET 58 W nd ward si de

5 antheeghanioes toheidalcblafesebiertsigod Hant ey ingeeasd, t he

di ffdsefnputl et1infihh Sy dREHERASSS sRaRIGHREEFSIM @patbad he
throat and i ncreases ct;he ir flow throu E t he rolor.
At EROREAN OGS TRAPLRD CBF| HCRFE- Lo REFRR . PALS
Cipewiities enbeatficitd fdecuextef pabtertingaghe botdyr These
Co&%%”fgéﬂgﬁ eQE??% lrtgqn-:‘f}}qﬁi&ﬂ G Bekd@ air channel s

exi't1 ng tange y tothe diffuser internal surface

8inthe direction of air flow. This reduces the
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sefas Qbf&m i@; aMBd N zahtaflaqws al veagwihe wdisbinseptor,
i nternal surfac by, str.engt hening_the fl 1 ary
|dV%F§e?Hﬁ?%B§aﬁgﬁn¥¥?t 15 gapa'le gf ef%raé&%%hgg Qp

P i g pressure recover Chin the
di ffams ee WinH . reducetoprassite oferihrtrdsaewiothe

I 0 1 Bh 308 B e it ed NHoRAI AN LBHELRIrSatif®on in
accel erated w nd and extracts power frltgm if.

wi it SpBREPUh B FEARSET g TR 0ol & FBFati% r?g\?‘:;gged

i neveasesmerbhendakckipes esoupked ror easegbandt he | eakage

fram.Lne,£90t ﬁfzice%ogiag&t a0 chanbgi.dd.a Lhe ihpagiive
in the leaving air stream. The nacelle is supported by a
fadially sloped beam strﬁcture secured to the body of the
shroud. The support structure is sufficiéntly sloped to

ensure that any upward deflection of the rotor blades

will not foul the individual suppeort members.

For larger units, all power generating equipment will be
located in the nose cone hub of the rotor in the
upstream. A héllow column extending from the rotor nose .
cone hub to the base of the shroud assembly will support
the nose cone. Single‘or;multiple generators placed ‘
inside the nose cone should be easily accessible fxom the

base via a ladder‘in the hollow column.

The circular form of the multiple toroidal blades can be

replaced with any other straight or curved polygonal



toroi dal bl ades increases, the pressure | osses through
the curving toroidal blades also significantly

WO pwseese) resulting in alimting condition apChAUR®E/001882
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wi nd speeds by reducing and reversing the augnentation
effect. This provides a begeficial feature of
protecting the rotor from being exposed to very high

Wi1G 2 SPERAS . wIHE b 04&Y JeScRe @Rk ZDNAlcr8Xd Ssekb¥psh Wond
turbine rotor, nounted vertically, that is capable of

e APERYS FGepdWF* from the wind. The rotor consists of
twi sted.aerofoil section blades optimzed for w nd

pqp@g oductlon in this shroud arrangenent. For snal
~r55&?e el ectric power generating device, coupled to

a gear box or otherwi se is placed above the rotor
blx@x@e@,moﬂd& 3rNagekl£1d Fobhend eaMing ickistalgam The

u rted radi ally. sl.oped. be
Feb e veRbhrdo i MiaPHiay SPTEhoREGLE Mgeer
sumpothqudamcblﬂd95|wnl#ubélqmqa@tbyrqﬂgbpéQQQQJWEhQMWe
t hak . ahy pwesdedef é@rﬁfwh@ﬂ st PEAQIOELD] agles Wi |- I

not foul the individual uppar.t hgﬁ r (f 1Iar
urioreidag Iblﬁ%ﬁeranae\ﬁ@etrt&f:?h Hdi b ?’ev\ffl Oblé f ot

i rmhbe:m&iemonm hotooblbde motoiain wihe Upstream A
Nl L RSN @XLERURO L £ Kngfe?fp;l%r AP &re CONE hub

ase roud assenb support the
nms-”esmi'n etatsjofgltee Pt 45 éﬂ@%*eerat 6? SMPHEL EY
| nEagde-ieneose: eenenshoubs Ha enisidee aneessipbhes froom
qﬁ B se via a ladder in the hollow colum. The '
¢ arnPSrn1of the nultiple toroidal blades can be
repl aced with any other strai ght or curved
pol ygonal arrangenent with bl ades of crescent |ike
crsgssection to

In use the embodiments ¢f the present invention are
adapted for use in a variety of terrains. Some
eﬁbodiments can be used in rémote areas and in urban
areas. The shrouded nature of embodiments reduces the
chance of persons or cbjects from being injured in the

event that parts of the turbine become detached during

use.

Additionally, the shroud form minimizes low frequency

‘noise by actiﬁg ag a barrier to buffer noise produced by
moving components of the wind turbine; Further, shrouding
also reduces visual problems associated with stroboscopic

light reflection from rotating parts of the turbine.

Further, the non-requirement of a yawing mechanism to

turn the rotor to face the prevailing wind direction has



achi eve the same. Material The choice of materials for
the omi-directional, shrouded vertical wi nd turbine's
woeoobioeaho wal | s, di ffuser and toroi dal bl ades PET/AUL®S/001882

anong strong, |ight weight netals , conposites,
sandwi ch construction etc. _-The toroi dal bl ades and
vertical walls will be of 8 uble skin construct.i on.

The 0 e materjals. wll Iveac
ST Rt e 10T o TROsb L ool AR EorboC OIBLNALL O
ofarudw@sao@lamdt h@charmdam megatngrienimpd 22 sotEee -fp

| ngdddod efitie bPtPheapsranhance the response to Iight
winds. IN USE I n use the enbodi nents of the present

invention are adapted for use in a variety of.
5t e'rk[eaerSataS@TBhemh@jlarQM@acra‘meE basedkn wheenot e areas
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uces hance of persons or 0 tL,eCtS rom bei ng
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C y moving conponen s o]
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Pr opl21%e as30¢hat B ih v&tleﬁb&hﬁpalah@m}llsghzeg@ftl egtion
from rotatln%flparts of the_turbine: H the non-

r PARERBHS GPEY ARFRGS TECRaT B ? 6E%r to
f ameodebe ¥ evabl fang lakackddbyethd anBaSB:Isrtntwatleid al |

gygf§§%0960(éﬂargﬁﬁif@%tttﬁ%éfasO&hiéﬁeeéﬁrﬁ%Sshaped to
15 take advantage of a gsemi-elliptical configuration of a
‘central collection chamber 12 defined by the walls 6 and
‘the toroid blades 10 so as to enhance air flow to the

inactive toroid blades 10.

20 Additionally, the shaping and spacing of the walls 6 and
toroid blades 10 facilitates air flow to substantially
all of the underside of the rotor 3, thereby ensuring
that an even dlstrlbutlon of stress across the rotor 3 is
"achieved g0 &g to minimize the imposition of non un;form

25 cyclic stresses upon the rotor 3 which ‘could otherwise

lead to fracture of the rotor 3.

The diffuser, which can include a collar 40 and at least
one wedge 41, is adapted to allow a smooth trangition of
30 air leaving the turbine with outside air thereby
minimizing the prospect of disruption of the airflow
through the embodiment by negative feedback from the

exiting airflow.



and associ ated nmechani sns negating a maj or source of

comon failure of wnd turbines . The rel ative shapi ng
wa@anwesepar at i on bet ween the substantially vertPCEHAU2005/001882

menbers (walls 6 ) and the curved nenbers (toroid

bl ades 10) ensures that air,,at a relatively | ow

pressure,” conpared to outside air, can be directed

{ 0¥RLAS I BAGKAABLLOLO T DLAURS J0,30n88, 1 Form an air

gate ere mnimzing alr age acro i nacti ve
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defi ned the toroid bl ades 10 so as
t 0°8rhdn @r‘é‘? rraF‘F‘%V\‘?ft (’3’1?1’1 eﬁlﬁﬁi:ﬁe\?e toroid bl ades 10 .
Addi tional ly, the shaping and.spacing of the walls 6
an8*tordnd PriEdéag 1Uhef aeETY rarkemicf ¢ | Bwors is

s Ubﬁieﬂftteldahrhd/ a@bél@ﬁatteeew ndel ghdle v@ﬁoélft@ BR4 Q{w&er

thereb hat _.an even di s n str
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threshold free wind velocity for the operatlon of the
turbine is lowered, while at high wind speeds the flow
across the inlet part of the shroud will stall and create
- high levels of turbulence and back préssure within the
20  central collection chamber of the shroud to be self
limiting. The rotor blades convert the enhanced wind
energy, providing a much higher energy output than what
can otherwise be obtained using a standard prior-art

turbine of equal diameter at the same free wind speed.

25

Benefits

Embodiments of the present invention can have one or more
of the following advantages over standard art vertical :
30  turbines and horizeontal turbines of the shrouded and un-

shrouded type.



t hrough the enbodi nent by negative feedback fromthe

exiting airflow Preferred enbodi nents are of the
wG@iwseasto al |y irrotational type which negat esP€TiaUn@ng01832

di sadvant ages of the prior. known shrouded w nd

turbi nes by provision of a |ow resistance, |ow | eakage

, and shrouded verti cal di sciar ge w nd tur bine with the

rotor_as the onl ng co

safel Vmaﬁt?mgﬁﬁec Sﬁ‘?wyoﬁﬁ? :rg) e&%\:/éec} ago? ar 3’@1}‘%’{&, of

vv| ndtee|towet | @s oth&r edmiilad suruietvry wiiheowneny Seat i on
fJFg%ugdrlsngd %ﬁg&%%@%&@qsg a{r@fegdsé&r@ taém%a» |

veI00|t and higher energy level "as 1t 1s focused
toﬁﬁ?%%"ﬁé Ft GFPROTRGe B2 VAh PREFINIFRS BAMFYSScPFon
sel peesurs aliEh slichsthals \abnda@uﬁhea@,t |aragtm fmo@hd Vrotbem

tﬂgli\g\éees are conscléunécfl tz{]nﬁe & r %nt Tl'?é e?e&@%n%&“ﬁ%g.h

ward’s onp éte dev AS a result
evepndre Péarsd i 3spEows bm*@xﬁﬁalm éi’l?lléhwsﬁléeéher ay

| eyelydsS sh-BCL0a%88sayd the threshold free w nd
velocity for the operation of the turbine is | owered

whil e at high wind speeds the flow across the inlet
10pabt Tfe tiheesthimoudasvdibnsfaddntipdioreaterimiogh | evel s

&gmlﬂ%y% %B%&J typ&féls %9 Wdhhast hgsegnid al

coI ection he shroud to be self limting.

ThESFHHF B‘P ard’§§t% olrﬂft?r%t SHHEERRATCe 2GR fd®ener gy,

pr pyé€hingng wiih hi gher energy out put than what can

ot herw se be obtained using a standard prior-art

turbi ne of equal dianeter at the sane free w nd speed.
15 Bepef}tt SaEnboditrehesl 6frt e t§Fes SMMViRAVEREFoAT i °Rave

ONgudH mPELple components and their complex control
mechanisms which need to be operating to achieve

. workability, maintain effiéiency or safety.

20 - d. Generation of rotor blade tip vortices which are a
major source of noise from free wind turbines are
significantly reduced as the blade tips are contained in

& shroud.

25 e. It has no stroboscopic light reflection effects and
poses no risk to migrating bird life as the rotating

components are shielded by the shroud.

f. No gyroscopic force problems and associated component
30 failures which arise from the turning of large rotating

elements to face into the wihd, are experienced.

g. It has smaller sized rotors for the same power

.extraction compared to conventional rotors. This allows



of the follow ng advantages over standard art verti cal
turbi nes and horizontal turbines of the shrouded and
wap®knesded type.a . The conpl ete assenbly canP@EAU2005/001882
pl aced atop a building, water tower. or other simlar
structure without any fear gf |arge noving conponents
breaki ng under severe weather conditions and inpacting

onh@&ﬁfels %%Q&% Fﬂgsﬁéé'dlécéﬁw ee?.xﬁ[n@:%rssglrl@ t:)@f'et Bf gear
di sastrous consequences, as the nDV|ng?rotor bl ades

ar BOEh X ARLY i599RIEH Suat! r?ﬁéo 51 BP9 A9Enti on can
beppbatrdoat om Iﬂl@b&ﬁfrdﬁl&éga}t pd&e AUl ghthisaf esry Hessues

ar gag %%%%Iq:ed QO r%'[:hg [ nvgn%_‘léon has significantly

vi'ng "conpon ng away wth any
5rrechan|smv\h| ch is reqwred to rotate large structures

topf aﬁﬁcﬂnBehﬁheWi‘héé NG eWskebudC and |HheN8srdi@ ah&s@ al
VI ng vanes

air S |t
coﬁﬁ%‘%eenttgea‘ﬁﬁmfﬁ’é‘? % GiPI 05015{1%%5 ﬁ%fc}himﬁ’ R}bﬁ?’ ch
neetnd thy Bésopeiati vy tor atlvwete ther kabed.ity, mintain,
efficiency or safety. d . Generation of rotor bl ade
tip vortices which are a major source of noise from

10t r e i Ad EIRBIIRe’T HdnEi YrifFRANT yoveurded sRe%the
bl agdead,i pecar ehataided intraaséy Queder eextrhttiasing.

st &gbosaﬁegwg Aegg£%éu 'gctafoussqj %aeﬁ%rps?gﬁ A0

e rot atlng onents .
ar pesiidsl. d@@? Byeveheo ks RpetrRsefl m*rwnﬁ@%@oﬁwe# Gtde

pr Qbéﬁa%eanﬁlaas.@@iﬁi %@rﬁ&i@@@&ﬁt fial hifies whhwedhl ari se
fromtheturnln rge ra atll% .
total energy ex xactlon ver standa current art wind

turbines.

3. The capability of utilizing wind of lower speed coming
from rapidly cﬁanging directioﬁs,4wi£hout the need for

20 constant adjustment of the complete assembly to face the
wind, allows the invention to be placed gloser to
suburban centers or other peopulation centers nearer to

the end consumer of the electric power.

25 k. The omni directional feature also allows the unit to
be located in terrain where a continuous change in
direction of the wind prevents satisfactory utilization

of the standard horizontal axis wind turbine units.

30 The description of embodiments of the present invention
has been made with reference to specifically preferred
features. However various optimizing enhancements can be

made without departing from the principles of the



elements to face into the wnd, are experienced. g .
It has snmaller sized rotors for the sane power
we@ziosmed3sion conpared to conventional rotors. TPCEHAU2005/001882
al | onshi gher rotational speeds and elimni nates the use
of gear boxes or only requires small ratio gear boxes
for production of high freduency power supply which
can be easily converted to 'grid qualit h . gu i ng
hidgichpsris inhentsifeotieP g PHe4CoPdY GbIIlﬁﬁje‘é FPat %% t he
eXRPSHb& O hint N1 diakarnddeadesow.0 hi gh velocity wind by
di srupting the air flowto the rotor. i . It is
capabl e of being utilized in | ower wi nd speed areas,
because the shroud increases power extractability .
This allows the production of useful power for |onger
periods. The | evel of increased instantaneous power
and increased utilization periods result in higher
annual total energy extraction over standard current
art wind turbines . j . The capability of utilizing
wi nd of | ower speed com ng fromrapidly changing
directions, .w thout the need for constant adjustnent
of the conplete assenbly to face the wind, allows the
invention to be placed closer to suburban centers or
ot her popul ation centers nearer to the end consuner of
the electric power. k . The omi directional feature
also allows the unit to be located in terrain where a
conti nuous change in direction of the wnd prevents
satisfactory utilization of the standard hori zont al
axis wind turbine units. The description of
enbodi nents of the present invention



has been made with reference to specifically preferred
features. However various optim zing enhancenents can
wheoosmas1ni t hout departing from the principl esP@f/AU2005/001882
t hedi scl osed inventive subject matter particularly
poi nt ed out above and clained here bel ow. CLAIMS 1 . An
omi -di rectional, shr ouded%ertical wind turbine for
generating electricity, the turbine conprising: a ) a
plurality of curved nmenbers defining a central
coll ection chanber there“¥¥in; b ) a plurality of
substantially vertical support nenbers; c¢c ) a hollow
menber wherein the holl ow nenber expands in a. .
di }edpi gprlorizertiamahe PoPuges a’reéF%% HeRBet Hi8Rosed
5 abmte gbheradnyr alectelibegt,i 6he chabbes adnprising:he
rotating nenber is adapted for connection to a
generator thereby to generate electricity from
r ot)ati phugflitleck claVPHAJemeRbe e thpbIe By CeReE dlot at i ng
meshiek et Sorl @Eatesk R@ake anththet of the hol | ow menber;
wher eby each of the plurality.of curved nenbers is
connected to at | east one of the plurality of support
10 mewiber plemldsyt of faybrtantglabinlverpiofl #uprpat SRE0RR O
t he chanber; whereby at | east one of the plurality of
curved nenbers and the pl uralit)i of suypport nenbers
2@ ShAPECPaHETeTR EE= 1R A7 RATLEN ™ TB RN TRPOS 18 *
sidle-eetian dfnter nalowaspect of the ommi-directional
wi nd turbine thereby reducing air |eakage;whereby the
plurality of curved nenbers and the pluraljty of
15 supper robmingr senhes ShERASGatRPephRRFE T/ rect air to

collection chamber wherein the rotating member is adapted
for connestion to a generator thereby to generate

electricity from rotation of the rotating member;

20 whereby the rotating member is located near an inlet of

the hollow ﬁember;

whereby each of the plurality‘of curved members 1s
connected to at least one of the plurality of support
25 members so as to form a plurality of air inlets into the

chambai;

whereby at least one of the plurality of curved members
"and the plurality of support members are shaped and

30 spaced to direct air to an opposite side of an internal
aspect of the omni-directional wind turbine thereby

reducing air leakage;



an entire |lower surface of the rotating nmenber. 2 .
The ommi -di rectional, shrouded vertical w nd turbine
w@ewoendi3mg to claim 1 wherein the plurality oPCAD®E001882
menbers i nclude toroid shaped radially curving bl ades
3 . The omi-directional, shrouded vertical w nd
turbi ne according to clai m31 or 2 wherein the
plurali ty of substantially vertical sup ort nenbers
| neherby Vg tiloapliy P§. corved TRRINGHA| Al TBE (R BHALILY

shppudggo¥eridmbals Wrkdshiliddl BRd ageeedi fig diceanaiaf td he
cl ai ns above wherein the_rotatin merrber |ncI udes a
hof} ZBITt&F oYK %u}f{%‘ﬁ@ tg“ tﬁ?{bﬂgtr’f "mounted
~vertically. 5. The omi-directional |, shr ouded
svertical wind turbine according to any of the clains
above wherein the hol |l ow member includes a diffyser. 6

Th&henATa i ieetHomar; YHrYasR FeFElitit éﬂmfi\n TREERP bi ne
acgeidtaagy t &Hl;(lzﬁ)fl wherelmitns whovtivwherfetartdie

p'wﬁe'rtsv ofy y&dmﬁegi@aege% Dgaeﬁﬁgs 9591 b1 £

secC ommi - di rectiona rouded verti cal
Wi nd tur bi ne accordl ng to any of the chains above

10 WheT el Eﬁ%-@]m&é@ii&%lgfswb}i&ﬂj vemhess vdaauetm%e ng
perimeter dianmeters and,annul ar |a ters e.
wﬁ?codﬁdllﬁgﬁooﬁg?m?h%u%l “erties ¥ ura&ltﬁr%l ne
acedrstiangidld vanyriofcailh euprcaic neereiise v el wHardep vata cal
pl yLald ty of curved nenbers are secured in place in a
concentric arrangenent. 9 . The omi-directi snal,
shrouded vertical w nd turbine ,
15 4. The omni-directional, shrouded vertical wind turbine

according to any of the claims above wherein the rotating
member includes a horizontal - axis bype wind turbine

rotor, mounted vertically.

20 5. The omni—difeétional, shrouded vertical wind turbine
according to any of the claims above wherein the hollow

. member includes a diffuser.

6. The omni-directional, shrouded vertical wind turbine
25 acecording to any of the c¢laims above wherein the
plurality of curved members have an aerofoil cross

gection.

7. The omnl—dlrectlonal, shrouded vertical w1nd turbine
30 accordlng to any of the claims above wherein the
“ plurality of curved members have varying perimeter

diameters and annular diameters.



waenosMbs1omi -di recti onal, shrouded vertical wWeeTAU2005/001882

according to any of the clains above wherein the
plurality of curved nenbers are vertically staggered.

turbi ne according to any of the clains above wherein
the plurality of -curved nmenbers are disposed in a
stacked arrangement. 11. TRA® onril - d| rectional ,
shrouded vertical w nd turbine accg ing. t %r%n]gf t he
cl & ﬁ’ﬁea‘%\}ed%ﬁ%?téf’ﬁajth€hﬁf’ﬂ?%q ey b e e d”
haseorBi:0y &kl appidiythe rdrgerestiove #erethethe

|-d rection S d r hipne
ac%élrrailL o 5 8%!%61 H% e cl g?%sgéggg%%wv\ﬁgrl éﬁ t he
plmhntgllcoﬁrcwmnﬁenbers forma .central collection
chanber that expands |n cross sectl on froma | onest
| ocation of the Iura

curye n
hi ghdse PEEaeEEH dfm? @ rﬁ}l% ty of gg?ﬂ?]\%{é% ELIQ£b€i‘e‘ir"s.

. 13acc'5hemgmlo- dhy et rtbﬂatlalghrmmfédwwqwc‘ame wi nd
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lp:frggléf Gr g'ilfk%dt ﬁe%@/rs‘)faré he1&k 8k By abeyg=aader ei n

e central t1on chanber converges towards a
cent ral throat region. 14. The ommi -directional,
Shicouq‘ﬁd evit-uead cdiondl t utirbnésdoeot dialg wipd dmrbeﬁet he

ai s above wherein,th t Lalcold esdsiropnghanber is
co‘i"ﬁcl aoUs i Fﬁyaoﬁtl |tlﬁ%e§1ngﬁgas ect "of the hol |0
mepberlils. OfTHér‘Cﬁﬁwle’iﬂlP?@btaFBn%‘}sP°§ﬁ?o’thé‘dSF/aech‘t cal

wi nd.Lhyehidie according to any of the clains above
wher ei n the plurality of substantially vertical -

support nenbers are aerodynamn cally shaped.
11. The omni-direactional, shrouded vertical wind turbine

according to any of the claims above wherein the
plurality of curved members have an overlapping

arrangement.,

12, The omni—direcﬁional, shrouded vertical wind tprbine
according‘to any of the c;aims above wherein the
plurality of curved member5 form a central collection
chamber that expands in cross section from a lowest
location of the plurality of gurved members to a highest

location of the plurality of curved menbers.

13. The omni- dlreot;onal, shrouded vertical wind turbine
accordlng to any of the clalms above wherein the central

‘collection chamber converges towards a central throat

region.

14, The omni-directional, shrouded vertical wind turbine

according to any of the claims above whe;ein the cent;al
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16. The ommi-directional, shrouded vertical w nd
turbi ne according to any of the clains above wherein

vertical, at the central throat region. 17. The
onnl-dlrectlonal shrouded ertical wi nd turbine
accordlng to any of the C|%IHB above wherein the

 UALL00: PRSI RUIGRABLEL O R Afl9fee Ay Tiect

rec rou vertical w nd turbine
aGébﬁhPﬁgﬂﬂ@WawvﬂE#-the cl ai ns above wherein focusing
of air entering the shroud by the plurality of curved

ne ers resylts in ;9af e e

med” %cof%sdja’ferCtﬁS’é‘,%Ja gr?lm’ tlc"ana‘éjt Ve ma Jer s
Ofactcbedpiq,l rtal ety off thel rqledeMErﬁ swltdr@rtebghepr eventi ng
a é{lﬁkggﬁg%f s&&talbﬁaﬂ@beﬁuc%@t boRee SdHERudege

turbli ne according to any of the clains
aﬁﬁV@dWH%FéFﬁl¥H%mP6ﬁernDst of the plurality of curved
menbers i s shaped and configured so as to direct the

alf t 9l Nl 0CH G L Vel SRIREL S Alead | BNPLDLARSUI @

thaﬁ air externa ereby contributing
t Gochediiy tgagey QZOthQTﬁéaéﬁﬁlah9vﬁe%ﬁﬁﬁ§halthﬁsﬁ?%%&&ﬂ?

Veiehb6al 1 Mrddntdd, Disen 3GGOEM NGk DLy of dHee cehadaIs
above mhereln theorientation of the plurality of

cFFEAT FfiHEFs and t he plurality of substantially
vertical support nenbers is adapted to receive and use

wijRd 99@a&&itam&wbﬁglantsh%daedawrw da@Chian tuzgmeThe

omi-directi onal, s hrouded vertical w nd tur
aGEEPEIRY (6 My 5T hhElePus RPONBOTS RARS Hith rf’ﬂ%tmg

member includes airfoil blades.

18. The omni-directiomal, shrouded vertical wind turbine
according to any of the claims above wherein foousing of
alr entering the shroud by khe plurality of curved
membérs results in a fluid dynamic air gate being formed
across air passages formed by inactive members of the
plurality of curved members thereby preventing air

leakage.

19, The omni—directioﬁal, shrouded vertical wind turbine
according to any of the claims above wherein the
towermost of the plurality of curved members is shaped
and configured se as to direct the air to the inactive
curved members at a lower pressure than air external to

the shroud thereby contributing to the air gate.

20. The omni-directional, shrouded vertical wind turbine

according to any of the claims above wherein the



orientation of the plurality of curved nenbers and the

plurality of substantially vertical support nenbers is
w@dmpvesla o direct air across the full swept aPEEHATGL005/001882

the rotating nmenber. 22. The omi-directipnal,

shrouded vertical w nd turbjpne according to any . of

the clai ns above wherein the rotating nenber is

conpgched ivhao 2 that ﬁiaﬁqlglﬁ 8th ctxs_av@en r@hBELS Iatilit ¥ne
generating power train _assenb and device.  23. The

L PSn%}bStéﬂP&}c}édVWFF‘?:a?uWﬁB Vit

ac eaagtay thoresnivef aidasabeirel ebalmp firng| sidisngnbist Mgen
3 ntially vertical support nmenbers to
se%&? §%§QQ§%€rallty of curved nenbers, between a bel
nout h upper body and a base supporting plate. 24. The
Oy - gfﬂ@%&ﬂ:?ﬂﬁl'rec}:sﬁ&aﬁl} dgﬂrd(ﬁifeltii ﬁ@tlﬁn Chy sridy b{ﬁﬁmne
accor di any of the abpve cl aj erein the
pIﬁF8P¥$3“bF° ﬂ%%?ﬁh??aﬁﬁﬁuﬁef PE%I SUBport menber s

i nolricetatirevef $éd pbrwfloty «fectiv wetrbeidenti tlzd

su Eaflﬁ‘fgll%r ¥§t é”b%%amati%hvé/ﬁ:rﬂ:laﬁ aAup‘ﬁl@H: 4A®R88s0fs t he
reversed aerofoil section. omi-directio a

Oshegarers er ¢4%est ww%%ﬂﬂ’e 5&%#& Ry ¥52%aRY OF t he
abQMEaﬁh@Iﬁ&thﬁreln the plurality of substantially

-~ vertical support nenbers has boundary | ayer preserving
air channels forned fromal eading edge to a trailjng
hal?g - ofheh omhi fhicest binadac A isoeR eV gitaFral | tipdofurbine

subgtandiral Ly M8r bECele SURPRY tapBRdTh@legein Hhe Theating
omi - di recti onal

hr ouded v rt iC ur bi ne
Bac E6rRFng St 5% C!tga Yife aﬁOR/ “cf &af\@\/\ggrgel n the
boendarsidisy egenpretbry ipoyeni traghardreimblexdnd BevHCS-aces
of each of

(4]

23. The omni-directional, shrouded vertical wind turkine
. according to any of the above claims including betweén 3
- 20 and 6 substantially vertical support members to secure
the plurality of curved members, between a bell mouth

upper body and a base supporting plate.

24. The emni-directional, shrouded vertical wind turbine

25 according to any of the above c¢laims wherein the
plurality of.substantially vertical support membe s
include a reversed aerofoil section with didentical
surface curvatures on both vertical wall faces of the.
reversed aerofeil section,

30
25. The omni-directional, ghrouded vertical wind turbine

according to any of the ebove claims wherein the
plﬁrality,of substantially vertical support members has

boundary layer preserving alr channels formed from a



the plurality of substantially vertical support
menbers tangentially at an angle I ess than 15 degrees

W 00am6@3d er surface. 27. The ommi -di r ect i onal PCT/AU2005/001882
shrouded vertical w nd turbine according to any of the
above cl ai s having.the pl ?{ ality of substantially
vertical support nenbers a anged radi ally at equal

intervals, fromthe ura nlets

' pelﬁaﬁé{‘%redﬁf* the étgﬁ Jr %’8 1}‘/ec i on c an’%erf teggg %he
orglie- gieatitgnat subhtanmdedlyeraitéarl viupgoriumsihers -
according to any of the above clains wherein the

plurality of substantially vertjcal por t
i i .udbs amizdt BTSSP vk IsXBP%‘ﬁFéi i ﬁf“é‘tﬁ‘?@sg”ﬁje i“Hg fod

5 b%d&%@&lzi’g':_)%b59% aff eherdbovengtdims @9erelhethe boundary
I -directional I €y
a%ﬁal REFYSARY Of ?{11 n%%ggvééﬁc g??rills grge(ls@n egl:ﬂ £
tfnhgkegnrqﬁytmtO@fsuggéﬁpﬁjaﬂlyh%pﬁﬂlggbjqqpyo%ﬁ members

‘subsiyaptialilyyav eerrt 268l e SWRROtRanTRED@IgT ks ©F @at entdhan
51% of the chord length fromthe | eading edge; . 30.

THSSARAT: di r ect i onal ; shrouded vertical w nd turbine
10 accordi ng to any of the above clainms with an included

r%; erhetRe0qi W fi36es, Ahreacdy Qérimlphﬂﬁ(ﬁltbkulﬁ
stantla Yy vertical su pOft menb er.s g% %l 5_&
ra"if@@rqtan EPERRY r £88 HH W IHIR B CohSERBT Y
I Q{wtsbbéfaﬁmlally aidritnga e dgepo8d nefheromuianeadect |
S a3 0 QIR YL G R, M n?r«Br#”tWe”ﬁl@%‘i@Hd'ﬁgaEP any

ai s T ncludin our or nore, horizontal
15 tomri@aﬁ Vi @ parinefey el ttélﬁoF%fH%raEal SIS T AT i RGP
i nternal annul us di aneter from?20%to 145% of

28. The omni-directional, shrouded vertical wind turbine
a;:cording to any of the above claims wherein the
plurality of substantially vertical support members

20 includes an aerofoil wall blade thickness being between

35%-50% of chord length.

29, The omni-directional, shxouded vertical wind turbine
according to any of the above claims wherein a thickest
25 point of each of the plurality of substantially vertical
support members is greater than 51% of the chord length
from the leading edge. :

30. The omni-directional, shrouded vertiéél wind turbine
30 according to any of the above claims with an ingluded
angle Eetween two faces of each of the plurality of
substantially vertical support members being in the range
75 - 150 degrees and within 15% of the chord length from

a trailing edge.



the rotor dianeter. 32. The omi-directional, shrouded
vertical wind turbine according to any of the above

w@bkaocies3m t h convex and concave surface radii PET/AU2005/001882

curvature of each of the plurality of curved nenbers
bei ng equal to between 25%4§nd 55% of the di ameter of
the rotating nmenber. 33 The  ommi-directional, shrouded
vertical wi nd turbine according to any of the above
clainms wherein the plurality of curved nenbers start
t Blouffe aunindareaighell ed5owdash voptirsgr BeRd (rorphRe
hogggogali ta% affp cSIUltlﬁé %@ge&ﬂinang%&mﬂjisg fduraor
vertical bending angle of between t.0 I to
A B o T R e
5 shvauyded Merihieadalnwiendulus diisreetaecbren #g3tee dity*o?f t he

ab&veergjcgi g Miid. a slope of a shortest straight line
connecting an I nner perimeter of a |largest of the

plurality of curved nmenbers to an inner perineter of
amy ofrmé hewat-hereqlivhal | tahrofdauveediomnénd tawrdiaay -
vertical axis_bei et Q.39 Sz @ The
on?‘ﬁc-oﬁgf’%%t i“oRta ,O%sgﬁgguég%?gvgﬁl%ga l%?%gﬁtgur bi ne

10 acemrdiagEunfagayratiit pf ABFERIRS &fnReh of e

pl yralh Ly e eHEVEO nBRIDES BeSip @Rl Wid Bespami 2G%i n
bet ween t'he plurali tg gber%bgych that a
0

sL0E B Of¢ GULVEL EIDELS
| 2Rft 179 W AN FIEEPFi Py "8G g B 8aAch f he-
plurality of curved nmenbers overlap by a mnimum

anpéj..ntrhgfo Oo—gg.:g:&:tg.ioﬂg?; erarhrgtldé&ere&*@l@etli ROndBIerns6.
The omi -di rectiona shr oude

_ I g vert)cal. wnpd turbine
15 4 cRARREE tH® &RY F PRIV LTS Hée’f/ﬁltnht{’]%e
pl pall i ¥y off eurwed mernder sthocusi ngre wight esn pgoihe
Sh{égédt§g£(§%sdegrees to the horizental at an outer
diameter and finish at a vertical bending angle of
betwéen 50 to 70 degrees to a horizontal direction.
20
34. The omni-directional, shrouded vertical wind turbine
according to any of the above claims with a si?pe of a
shortest straight line connecting an inner perimeter of &
largest of the plurality of curved members to an inner
,25 perimeter of any of the other plurality of curved members

and any vertical axis being between 3 to 35 degrees.

35: The omni-directional, shrouded vertical wind turbine
according to aﬁy of the above claims wifh the plurality
30  of curved members stacked with spacing in between the
Aplurality of curved mémbers such that a leading edge and
trailing edgé of each of the plurality of curved members
~overlap by a min?mum amoﬁﬁt of 2% of a diameter of the

rotating member,



a full swept area of the rotating nenber. 37. The
omi -directional, shrouded vertical w nd turbine
wa@ewoendi3ng to any of the above clai ns where anPCTIABR00&001882

exit passage area of the omi-directional w nd turbine

is a mninmmof 25% and a naxi num 75% of an external
‘perineter entry passage ar€a between any pair of the
plurality of curved nenbers. 38. The omi -directional,
shrouded vertical wind turbine according to any of the
ab;@sveTmel A - dhece ot t hhoaiiederr B cRAswinE ARERINEhat

c@gltrda{n%ﬁ%ot ozotﬁé)fabt)b@ ARRHL &Flt@lo‘él@e QﬂQ&aDitlt he
perm)st nenber of the ural it

g & 3 ouﬁea%:eos%

39L FHEVEShARPWRR%Se EPFHNAY, a%re&'&a gﬂ/écr?l

5 tWr blhne seger stidag of oclanyrooétinyemedizase cl ai N8 wherein
t he upperrmst menber of the plurality of curved

MBIADEE S, | SR~ PEldor TR Eﬁf&d&dbbmcaﬂmlnm euebltie

dlrectlon , Shrouded vertlc turbin di ng
{ GoaRgAtTS EHemmbTeCty HTES e ial Ty Surt | Be Ay

P &S a0pss fagk NEckaniot hi e axnniﬁastecbn@ladf Wik tpllrwla? iitsy

of, SULYEd: HETDAY S0 OMAGAACAUCoS Ui agecside to a
c e 8t face” si ge of the at | east one, of

: h

10 plngramgtsr GﬁténrRFééaﬁ%rﬂ?@Fsbveenﬁ{év Bh - g‘ct i onal ,
srylgl,;g@g;y\/%ﬁftb@@ledmm&dodxtsr bi ne according to any of t he
above clainms including nultiple air passages
term nating and exiting the convex surface side of at
| ezist Tomeonofi - G qsiional i ppropdeyvgelfcatl wind turbine ..

%Eéi Q%naﬁ}any cat diRss &hamslimdegerestimas

surface o the ‘at | east, one, of t-h r.al f curved
15 ntﬁﬁ@éPg has an area that is not {ess €h£ﬂ‘#0% 5£yfﬂé

. annular core area of the uppermost member of the

plurality of curved members .

39. The omni-directiomal, shrouded vertical wind turbine
20 according to any of the above claims wherein the
uppermost member ¢f the plurality of curved members is a

bell mouth toroid blade.

140, Tﬁe omni- directibnél, shrouded vertical wind turbine
25 accordlng to any of the above claims 1nclud1ng multlple
“alr passages formed within at least one of the plurallty
of curved members from a concave surface gide to a convex

surface' side of the at4least one of the plurality Of:

) curved members.

30 .
41. The omni-directional, shrouded vertical wind turbine
according to any of the above claims including multiple
air passages terminating and exiting the convex surface

side of at least one of the plurality of curved members



42. The ommi-directional, shrouded vertical w nd
turbi ne according to any of the above clains where a

waele@aweeio of a concentric open top of the hol | OU/ABNIE001882
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has a di scharge outlet that is between 130% and 180%
of the dianmeter of the rot ting menber. 43. The
omni -di rectional, shroude ertical w nd turbine

accordin ny of the AN, 0n8R top
di$eRE? lgﬁt atxie §F T ﬁg e(%N%!eg‘nﬁ[;E‘é awlg]gfﬁ roe?
vmatthlaadtoronzoq:ﬂ a:lhe\/\etig@lamd Ccfolcpa‘fedaiméw&i ‘ts
perinmeter. 44. The ommi -di recti onal, shrouded verti cal

wi nd turbine accordi nqﬂ of the a{t_)ove cI alms vvlth
. thRe Tl gENE oo BRA WPBEPBSE) EEGERE HE D ER B
W&i’ﬂéeﬁdﬁig aohgightt ofe hetweerlalte WMot dimmapperof

di aneter .of _t Io e
r?nwa‘fe‘?gtlf:ogr]%ﬁn %s réé)%u (gjrbls%rlw éTmb\%Enhasf t]ar

actierbaray otlety tHRttife babisAR dPOF MadWABl % 05 F%%e

| enghbedf dehensvadgerisy bekween 135% 160% of a hei ght
of the collar of the holl ow menber. 46. The

omi -directional, shrouded vertical w nd turbine
accor theguino- ém;&oaﬁ-omélrﬁe abowsied| Be¥iE cRACTIRG fgrbine

addi tLLg eﬂ?al ‘%%dgﬁé Rbag edh 6 ink CrHERer entdgrhl yo@mr ound

an ext of the h IIowmgg er agglée%acegh a
eV ¥R awt%\ew nthe dge ¥ I RET tTHFE AT passages
f reQIPi gl eedgdzhaceslaranrdursi des surfiseesf t he
hol | ow nenber. 47. The omni-directional, shrouded
vertical wind turbine according to any

t
cl4f-nEhe resing e e AP ed Il éh’é‘i"t‘deﬁ'ag?é’i;‘é?lt ‘éﬂr’}ﬁ&f PT ”‘e and
exXdddongsi AN tbn&@f I’:b&| thacPookt dieihsl vk weaberdge

tarl) eaggél%l l)éw an ou%?e %ntﬂ'é Igoﬁ.g.ﬁ\g%nﬁogr at a he:_ght

of between 7%~ 19% of an upper diameter of the hollow

member.

45. The omni-directional, shrouded wvertical wind turbine
according to any of the above elaims where a face leundgth
of the wedge is between 135%-160% of a heightAof the

collar of the hollow member,

46. The omnl —-directional, shrouded vertical wind turbine
aCCOIdlng to any of the above claims 1nclud1ng addltxonal
mini-wedges placed circumferentially aroupd an external
bédy of the holloﬁ member and spaced evenly below a main
wedge with multiple air passages from an outer surface

Lo an inside surface of the hollow member.

47. The omni-directional, shrouded vertical wipd turbine
according to any of the above claims including multiple

. air passages terminating and exiting an internal face of



wa@ewoendi3ng t o any of the above clai ns where anPCT/AU2005/001882
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an outer surface of the holl ow menber. 48. The
omi-directional, shrouded vertical w nd turbine

electricity generating unit_ is placed directly above
the rotating nenber in an |§1dependently support ed
nacelle that is down stream of a shadow of the

"R h0P JPHRber KinglhE 0 'at desectianat, asheoyded
vertical w nd Yurbing accor to any of the above
cla ﬁﬁt%\ﬁuﬁéa?%é’fnébélkl‘cél%cfﬁﬁ“@&rby a "sloped" radial
support structure connected to the holl ow nenber. 50.
The .onThe dirnéedimmalonshr shdediedereiciaalwiind tturbime
acLoLding tQ any o thg%@@evaaml wﬁef@gaeeﬂ&mw ty

generating units are placed directl \;/ bel ow t he

r GIERET R I HBEE §5 PARCEh dE bR uen PPV (BB oF P iRBt or
hutempeseir aﬁelncfebenaa@tmuppbﬂueat handlle siroudedown
vert| cal ]%M nd, t rwblo@e ﬁec%g;:g&n ny of the above
IR haV|ng e nose cone  se ure y a col umm
support structure extending froma base supporting

plat erho drhe- @g_se%tfieﬂﬂ QZMJM Q8P rAiLl ROAd @R@bine
shrouded verti cal e .according . to an f t he

SBSCEREIng e There ERe PHvE TR Thebera S Tt fed 1o
a sconpt@tiy poweropgdfieradiadnsagsetbdyrugtara crq_mmat:tﬁg
shaf t, N, 34BRAHAg bearings. 53. The

omi -lal rectional, shrouded vertical w nd turbine
according to any of the above clains wherein the
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15

20

25

30

8 Glosed. POLYARN Br LANGRHED! o130 JEOMctricity
ditTectional, roude vertlc W nd turbji ne accor di ng
t GeanyaGingt heihove elafeds Wy Ly hee lopphgrotating

member in an independently supported rotor hub nose cone,

51. The omni—directional, shrouded vertical wind turbine
according to any of the above claims having the nose cone
secured by a column support structure extending from a

base supporting plate to the nose cone.

52. The omni-directional, shrouded vertical wind turbine
according to any of the above claims where the rotating
member is connected to a complete power generation

aggembly via a rotatzng shaft on supporting bearings.

53, The omni:directiOnal,.shrouded vertical wind turbine,
according to any of the above claims wherein the
plurality of curved menbers includes curved blades in a

closed polygon arrangement.



surface of the collar formng an angl e between 5-20
degrees to a vertical direction. 55. The

wWo@RasA6i3iect i onal , shrouded vertical w nd tur bPCEBAU2005/001882
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according to any of the above clains wherein the
hol | ow nenber is substantiaély sem ellipsoid with
angl es of tangent specified at a starting |ocation on
t te .elthe psoiiddamebtabnal f ishicobdery vesERFloRind gurpine
NoldBUAIRIIES ahTotiEhe IbAR OTEm it B¢ henalopiabr ouded
vertical W nd turbine for, gener ating | ectricity
wherdiefie t fle Bi81 FoV ae APEHTEX AR P PETYS88 Seéction in
a dHgreetieh OFeaiicall avtetIonThe hol | ow nenber
according to claimb56 wherein the holl ow nenber
includes a diffuser. 58. The holl ow nmenber accordi ng
t 5%| ahesoBE -dhteGAonhbr ailFoufRd deatiadndied BFLYRe
8%&%%55& &Plﬁﬂyt&ﬁ t@g_éﬂbgreheiiﬂwlﬁgfﬁﬁﬂfn s Iﬁ;ll?w X

I scharge outlet t, I S het yween n %, t he
i SRR Lo S F UG TEHD )L SRS THEn P T i Senber
aceaidhngsgaridnyd oft el efarsibs leraSgomtmy &b - ispeid
tpﬁcgia%cgafigﬁsgyﬁg& at,-9f;ide holl ow nmenber is provided
W ta

a horizon wedge and collar around its
perimeter. 60. The hol | ow nenber according to any of
cl & M, B6116r BQubdd Fobk hesavedgen |@rat etrdssionmrlan out | et
of the hqllow.nme r.a hei ght .of, . betiwgen: d¥%er1 8% of
anSktFpoﬁlgsgd‘feé:r% %?bo % %lé&ﬁg'lgl gw ,rfg%rrger l\g% The .hol | 'ow
nedipersiactior dicAgeY BeBRGT FEPEREF M 56°%% B WHbrE 3
f age.denat hhohithersmedge is between 135% 160% of a
hei ght of the collar of the holl ow nenber.

57. The hollow member accerding to claim 56 wherein the

hollow member includes a diffuser.

58. The hollow member according to. ¢laims 56 and 57
wherein where a diasmeter of a concentric open top of the
hollow member has a discharge outlet that is between 130%
and 180% of the diameter of a rotating member.

59. The hollow member according to any of claims 56 to 58
wherein an open top discharge outlet of the hollow member

is provided with a horizontal wedge and collar around its

perimeter,

60. The hollow member according to any of claims 56 to 59
with the wedge located below an outlet of the hollow
member at a height of between 7%-19% of an uppsr diameter

of the hollow member.



62. The hol | ow nmenber according to any of clains 56 to
61 wth additional mni-wedges placed:

w@eooened3er enti al | y around an external body of PBEEAU2005/001882
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hol | ow nenber and spaced evenly bel ow a nai n wedge
with nultiple air passages4froman outer surfade to an
i nside surface of the holl ow nenber. 63. The hol | ow
Megbe Frna CEaNGvngerika rafycfdial aldrenpbot @l62naitthto 60
multiple air e er g 0

i n'f'léer’% ? 8’?‘3‘?%8%% megﬁerf’%e}ogﬁgenegé%tg%a 6%

| esshetibhih C13‘5 t@egtF@é-grt@fa?heomJérows{ﬂWkﬁcre of the hoI | ow
menber. 64. The hol | ow menber according to any of

clains 56 tQ 63 where an el.ectricity geqerat gkgtgngf
5i 561 FB8HIPECTIPeAbBYETHEY (6t APV nY" fe in-an
.1 nelepe adettlonas uppdr-tvedoara pdhdat t:ha@urqz@r@tomlém eam of

a gha Wa@feﬁggngptb@h}/naf '%ﬁgbﬁélloﬁ%erﬂlﬁ bk | puceber

according to any of clalns to 64_having the nacelle
seeYaed byiay @ srll@ﬁ’eaedg% H&F%Im%ﬁﬁﬁ? iy gﬁ%‘ﬁ?r‘“’é
coppachadodtrrt Berfidel oW aeahside sGbfaddhefhohd dwliewber
accor di .ng to any of clainms 56 to 65 wherein the holl ow
ne’ﬁ?f‘éq‘a 's substantially sem ellipsoid with angl es of
tangent specified at a starting | ocat

on o
el $F pIBR G vabsml e AFSHHGY | é’PVo‘ﬁ% cg“?lmﬁ'he 581 Fow
medDar naCey1di Bgr tixsanyeoftechiatsnbband «B6timd ot he

sl o Igg SULfACE . Ofp Hglgaq gl O1Bhath-an1apale Jagk ween

5- egrees tO a vert ectl1 on A net hod for
f. otimmgfvaﬁeqmﬁﬁ & rBEC PRERN SPT TR QGJERE VEHL PR ISR hy

turbine for generating electricity conprising the
St @pS The hollow member according to any of claims 36 to 63

where an electricity generating unit is placed directly
above the rotating member in an independently supported
nacelle that is down stream of a shadow of the rotating

member,

65. The hollow member according to any of claims 56 to 64
having the nacelle secured by a “ sloped ¥ radial support

structure connected to the hollow member .

66. The holloﬁ member according to any of claims 56 to 63
wherein the hollow member is substantially semi'ellipsoid
with angles of tangent specified at & starting location

on the ellipsoid and at a finishing location.

67. The hollow member according to any of claims 56 to 66
with the sloping surface of the collar forming an angle

between 5-20 degrées to a vertical direction.



web@eneasg t he air flow direction froma near heCT/AU21I08/001882

collecting anbient airflowinto a central collection
chanber fromany direction in a near horizontal plane;

notion to a near vertical nmotion; directing airflow
fromone side of a central 4gol | ecti on chanmber to a
second side of the central collection chanber so as to
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| eakage from the second side of the central collection
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conprising the steps of connecting a holl ow nmenber in
an omi -directional, shrouded vertical w nd turbine
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71. The nethods substantially as illustrated and

described in the body of the specification. 72. The.
dentiabgdng ulret ant | Fidwy disedtionsfrat edneard hdeseoitsdd in

thehedye ol LQ& SREE £41Cabt oo ;
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diiecting airflow from one side of a central collection
chamber to a second side of the central collection
champer so as to form an alir gate on the second side
thereby reducing leakage from the second side of the

central ¢ollection chamber;

directing the airflow to substantially all of the

underside of a rotating member.

70, The method comprising the steps of connecting a
hollow member in anvomni—directional, shrouded vertical
wind turbine for generating electricity ﬁherein the
hollow member expands in cross section in a»direction—of

air flow,

71. The methods substantially as illustrated and

descfibed in the body ¢f the specification.

72. The devices substantially as illustrated and
described in the body of the specification.



