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VERTICAL SCETION THROUGH COMPLETE SARDIM ASSINELY, AR

(57) Abstract: An omni-directional, vertical discharge wind turbine assembly (1) including a shroud that includes a diffuser (9) and

- the structure surrounding and defining the collection chamber (12) that caplures wind in any direction and directs it o [low vertically
@ via stacked curved blades of toroidal Torm (10a-10e). The hlades (10a-10e) are secured by vertical walls (6.1-6.3). The diffuser (9)

o

deflecting the free wind Mowing across the ouflet of the difTuser.

is connected downstream of the rotor (3) and it expands in cross section in the direction of airflow. Wedge (41) and a collar (40)
are formed near the outlet of the diffuser (9). The wedge (41) and collar (40) assist in increasing the airllow through the rolor by
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COmni-Directipnal Wind Turbine

This invention relates to a shrouded omni~-dirsctional
wind turbine which discharges vertically and is capable
of extracting higher guantities of electric power than &

free wind turbine of equal diameter.

BP;CKGROUND OF THE INVENTION

The expcnentlally rising global demand for electric power
and the smgnlflcant and enLLenched damage caused to the
ecosystem through the generation of such power utilizing
non-renewable fuéls such as oil and coal, together with
the rapid'depletion of these resources and the lack of
other natural rescurces to keep up with growing demand,
has in the recent past provided new impetus to look
towards the further development of renewable energy

sources.,

Mankind hag attempted to utlllze the vast.amount of power
available in the wind, for over several centuries and has
been sumccessful in powering sailing ships, pumping water

and grinding graln. Although, since the :otating eleatric

' generator was invented some athenpts have been made to

utilize wind power to drive generators, it is only in the

Last 50 years, with the discovery of strong and light
weight materials; wind power has begun to be considered

economically viable for this purpose,

‘Wind‘turbines can be broadly divided inte two groups. The

shorizontal” types, as in the vexy familiar Duteh
windmill and the “vertical” types, as in the wind speed
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measuring cup/paddle ox Darrieus airfoil unit. Although,
“ertical” wind machines are well known for their
simplicity of design, strength and fewer‘ﬁoving parta,
due to the fact that they need not be constantly rotated
to faée the wind directiom, their lower efficiencies in
comparison to the horizontal type units has resulted in

the horizontal type units being favored,

The commonly réecegnized theoretical analysis of wind
power production indicates that, the power extractable
from the wind is in proportion to the intercepted wind
area and the cube of the wind velocity. For wind turbings
operating in free wind conditions, only by increasing the
blade diameters to sweep larger areas can Mors power be
extracted from the wind. This can now be seen in
corwercial power supply unite having blade diameters in-
excess of 150 meters. According te Betz’s Law the’
theoretical maximum level of power extraction is limited
to no more than 53% of that available in a scuare meter
of frae wind. However, even with today’s high-ftech ‘
machines this level is far from being achieved at

present,

an alternative approach has been to utilize diffusers,

shrouds or other devices to accelerate the. free wind to
increase its energy density per square’meter, prior to
the wind resaching the rotor blades. As the energy
extractable is proportional to the third power of‘the
wind velocity, even minor acceleratioms can lead to
significant inoresses in energy demsity and thus
extractable power. This alsc snables the power extraction
to commence at much lower wind velocities and be
available for significantly longer periods during the

year. Consequently these could be utilized in areas wheze
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thé wind velocity is lower than that useable by the free

wind turbines.

Regardless of theéé advantages, the fact that a large
shroud type structure needs to he flexibly mounted in a
highly wind exposed positicn and be rotatable to face the
wind has been a major draw back of guch devices. Also,
as. the free wind speed increases, the magnification
through the use qf the shroud elevates the rotor speed to
extremely high levels with conseguent high stress levels

ol the rotor blades.

Vertically discharging shrouds which accelerate wind and
containinj wind turbines located in the Qertical section
have been attempted in an effort to combine the best of
both applications.

These are mainly of two different catedories. First
aategory consists of units whic¢h, create a cyclonic
action through spiral air movement formation (vortex)
utilizing the free wind, to either generate a pressure
differential for suction of the alr through a throat or
dirasctly impinge on the rotor to prbduce thrust for
rotation, The second categoxy comsists of units through
which the air movement is substantially irrotational.
They rely on the free wind being accelerated and
transperted via concentric or segmented channels from the
periphery of & ¢ylindrical unit, to be discharged to a
se¢lected segment éf the swept area of ths rotor. The
rotors used in both of these categozy units range from
axial aerofoll type to mixed flow or centrifugal types..
The first category offerad much promise as it has the
capacity for augmentation effecﬁs of well over ten fold

but as yet these have not met commerclal realization. The
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second category bas Limited augmentation effects as it
relies on the acceleration of the free wind purely
through direct concentratlon of the wind stream to
increase lts energy denSLty The concentration is
achieved by reducing the cross o¢ction area through which
the wind passes, This direct concentraticn has a rmaxinum
limit capability, as in an open environment the wind will
simply by pass {‘leak’) an§ constricting device.

The main draw backs of these devices have been the
significant cost of construction, due té complex shape
requiréments, high number of moving parts, high cyclic
loading on the rqf@rs as they crossed from active
sogments to inactive segments in thelr swept- area, the
leakage losses through iﬁactiva sections and the

significant energy losses ip forcing the free wind to

_ move in & highly constrigted manner through the

ugmenting devices. The bigh levels of constrictions
generate resistance and energy losses which need to be
over come by the free wipnd utilizing some of its energy.
In many instances these résistahces tend to reduce the
guantity of wind passing through the device to such low
levels that the augmentation could indeed be
significantly negative. Many of them also rely on.

additional ph sical air ‘gates’ to prevent loss of air
bay

through inactive sections. Thus even if other benefilts

wera possible; the additional costs of any augmenting
device cannot be justified. As a consequence, augmented
vertical—éxis machines (even horizomtal units) have not
been comnercially attractive and have not achieved
acceptance in campetition with the present form of

horizental-axis wind turbines.
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However, because of opposition from environmentalists
with regarﬁ to, injury to migrating bird life as well as
prohibition by regulating authorities sighting
intolexable low frequency noise, stroboscopic light-
reflection affects and safety hazards associated with
these large propeller machines in populéted areas, meny
areas which would‘be‘ideal for generating wind energy,
such as atop large buildings, are simply off-limits. Due
to the above these machines, are remotely located
significantly away from the area of power usage, thus
necessitating construction of expensive powexr grids to
transport the enhargy produced to the consumers, generally

living in large urban areas. Consequently, there is a

_ further reduction in available power due to losses in the

transmission grid and increased costs of transmission.

in addition these machines are also not capable of being
located in éreas'ﬁhere, high leﬁels of wind resource may
be available but whiuh experience frequent change in wind
direction due to the ;ocai terrain or have periods of
highly elevated wind velocities such as cyclones or
twisteré, as thsse may casily damage the fully exposed

rotor blédes.

Tt is an object of the present invention to address or at

least ameliorate some of the azbove disadvantages.

SUMMARY OF THE INVENTION

In this specification the term “shroud” is used to denote
the overall c¢asing structure of the turbine of preferred
embodiments of the invention. That is, the shzqud denotes
the structure surrounding and defining the central
collection chamber together with the structure defining

PCT/AU2005/001882
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" the hollow member which directs air away from the central

collection chamber after it has passed through the blades
of the rotating member. The rotating member itself is

enclosed within this shroud structure.

Accordingly in one brovad form of the. invention there is
provided an ocmni-directional, shrouded vertical wind
turbine for generating electricity, the turbine

comprising:

2) multiple curved members defining & centyal collection

. chamber;

b) multiple verticsl support members;

¢) a hollow mewmber which expands in a direction of air

flow;

d) a'rotating rember located above the central collection
chamber and connected to & generator to gemerate

electricity Erom rotation of the rotating member:

.- whereby the rotating pember is locabted near the inlet of

the hollow member:

uhereby each of the cuzved members is connected to at
least one of the support members so as to form aix inlets

intdé the chamber;

whereby at least one of the curved members and the
support members are shaped and spaced ta direct air to an
opposite side of the central cellection chaﬁber of the
omni-dizectional wind turbine thereby reducing air

leakage;
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whereby the curved members and the support members are

shaped and spaced to direct air to an entire lower

surface of the rotating member.

Preferably, the curved membsrs
radially curving blades.

include toroid shaped

Sraferably, the vertical support members include vertical

walls,

Preferably, the rotating membexr includes a horizomtal -

axis type wind turbine rotor, mounted vertically,

Preferably, the hollow member includes a diffuser.

Prefexably, the curvad mewmbers

section.

Preferably, the curved members

have an aerofoil cross

have varying perimeter

diameters and annular diameters.

Preferably, the curved members

¢congentric arrangement.

rreferably, the curved members

Preferably, the curved mewbars

arrangement.

Preferably, the curved membezs

arrangement.

Preferably, the curved members

are secursd in place in a

are Gertically staggered.

are located in a stacked
nave an overlapping

form a central collection

chamber that expands in cross section from a lowest
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location of the curved members to a highest location of

the curved members.

Preferably, the central collection chamber converges

towards a central threat region.

Preferably, the central collection chamber is continuous
with the internal surface profile of the hollow member.

pPreferably, the vertical support members are

aerodynamically shaped,

Preferably, the rotating member’is mounted, with its axis

vertical, near the central throat region.
Freferably, the rotating member includes airfoil blades.

Preferably, focusing of aix entering the shroud by the
curved members results in a fluid dynamic sir gate being
formed across air passages formed 5y inactive members of

the curved members thereby preventing air leakage.

. BPreferably, the lowermostiof the curved members is shapsed

and configured so as to direct tha air to the inactive
curved members at a lower pressure than air external to

the shroud thereby contributing to the alr gate effect.

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

wind coming from any direction.
Preforably, the orientation of the curved members and the -

vertical support members is adapted te direct air agross
the full swept area of the rotating member.

-10-
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Preferably, the rotating member is connected via a
rotating abaft ¢o an electricity gengrating power train

asgembly and device.

Pieferably, between 3 ‘and 6 substantially vertical
support members are utilized to secure the curved
members, between a bell mouth uppér body and a base
supporting plate.

Preferably, the vertical support members include a
reversed aerofoil section with identical surface
curvatures on both vertigal wall faces of the reversed

aerofcil section,

Preferably, the vertical support members have boundary
layer preserving alr channels formed from a leading edge
to a trailing half of both faces of each of the vertical

support membexs.

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

surface.

Preferably, the vertical support members are arranged
radially at equal intervalg, from the air inlets to a

perimeter of the central collection chamber.
Preferably, the vertical support members inglude an

aerofoil wail blade thickness being between 35%-50% of
chord length.

11-
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Preferably, a thickest point of each of the vertical
support members is greater than 51% of the chord length
from the leading edge.

Preferably, an included angle between two faces of each
of the vertical support members is in the range 75 - 150
degrees and within 15% of the chord length from a

trailing edge.

Freferably, said turbine includes four or more, |
horizontal to near vertical curved toroidal blades
varying in internal anmilus diameter from 20% to 145% of

the rotor diameter.

Preferably, convex and concave surface radii of curvature
of each of khe curved members are equal to between 25%
and 55% of the diameter of the rotating member.

Preferably, the curved members start to curve with an
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
connecting an inner perimeter of a largest of the curved
members to an inner perimeter of a@ny of the other curved

members and any vertical asis is between 5 to 35 degrees.

Preferably, the curved members .are stacked with spacing
in between the curved members such that & leading edge

and trailing edge of cach of the curved members overlap

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

menbar,

-12-
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Preferably, the curved members focus air entering the
shroud across a full swept area of the rotating member.

Preferably, an internal exit passage area of the omni-
directional wind turbine is a minimun of 25% and a
maximim 75% of an external perimeter entry passageAarea

between any pair of the curved members.

Preferably, the tnraat reglon has an area that is not
less than 70% of the annular core area of the uppermost

member of the curved members.

Preferably, the uppermost member of the curved members 1s

& bell mouth toroid blade,

Er&ferably,lmultiple air passages are formed within at
least one of the curved members from & c¢oncave suzface
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 & concentric open top ¢f the
hollow member has a discharge outlet that is between 130%
and 180% of the diameter of the rotating member.

Preferably, an opeén top discharge outlet of the hollow

member is provided with a horizontal wedge and ¢ollaz

around its perimeter.

13-
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Preferably, a wedge is located below an outlet of the
hollow member at a height of between 7%~ 19% of an upper

diameter of the hollow member.

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

Preferably, additional mini-wedges are placed
circumferentially around an external body of the hollow
member and spaced evenly below a main wedge with multiple
air passageés from an outer surface to an inside surface

of the hollow member.

Preferably, multiple air passages terminate and exit an
internal face of the hollow member tangentially at less
than 15 degrees to an outer surface of the hollow member.

Praferably, an slectricliy generating unit is placed
direatly ahove the rotating member in an independently
supported nacelle that is down stream of a shadow ¢f the

rotating member.

Preferably, the nacelle is 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¢ cong is secarad by a column support
structure extending from a base supporting plate to the’

naese cone.

Erefeiably, the rotating member is connected to z
complete power generaticn agsembly via a rotating shaft

on supporting beariﬁgs.

-14-
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Preferably the curved members include any curved blades

in a closed polygon arrangement.

Preferably, a sloping surface of the collar is formed of

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

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.

In a further broad form of the invention there is
provided a hollow member for use on an ommi-directional,
shrduded vertical wind turbine fer géneratiﬁg electricity
wherein the hollow mewber expands in cross section in a

direction of air flow..
Preferahly, the hollow member includes a diffuser.

Preferably, a diameter of a,conceﬁtric open top of the '
hollow member has a discharge outliet that iz between 130%
and 180% of the diameter of the rotating member.

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

around its perimeter.

.preferably, a wedge is located below an outlet of the

hollaw member at a hedght of betwsen 73-19% of an upper

diameter of the hollow member.

APreferably, a face length of the wedge is between 135%-

160% of a height of the c¢ollar of the hollow member.

Preferably, the hollow member has additional mini-wedges
placed circumferentially around an external body of the

-15-
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hollow memher and spaced evenly below a main wedge with
multiple air passages fzom an obter surface to an inside

surface of the hollow member.

preferably, the hollow member has multiple aix passages
terminating and exiting an internal face of the hollow
member tangentially at less than 15 degrees to am outer

surface of the hollow membex. ’ ) .

Preferably, the hollow member has an electricity
generating unit placed directly above the rotating membex
in an independently supported nacelle that is down stream
of a shadow of the rotating member.

Preferably, the hollow member has a nacelle -secursd by a
“gloped” radial support structure connected to the hollow

member.
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 direction.

In a further broad :brm of the invention there is

.provided a method for forming an omni-directicnal,

shrouded vertical wind turbine for generating electricity

comprising the steps:

collecting ambient airflow into a central collection

chamber from any direction im & near horizontal plane;

changing the air flow direction from a near horizontal

motion to a near vertical motion;

-16-
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directing aixflow from one side of a central collection
chamber to a second side of the c¢entral collection
chamber so @s to form an air gate on the second side
thereby reducing leakage from the second aide 5f the
central gollection chamber; ‘
directing the airflow to substantiallyvall of the

underside of a rotating member.

In a further broad form of the invention there is
provided a method cémprising the steps of connecting a
hollow mermber in an omni-directional, shrouded vertical
wind turbine for generating electricity wherein the
hollow member expands in cross section in a dirzection of

air flow.

DRAWINGS

The best contemplated constructicnal arrangements are

illustrated in the accompanying drawings:

FIG. 1 Vertical Sectional view taken along 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 toreids

FIG. 1E Horizontal Sectional view taken along line CC of

FIG. 1 showing the diffuser and rotor blades

17-
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FIG. 2 Sectional view of toroid blade shape and stacking

arrangement details

FIG. 3 Sectional view of the ellipse shaped diffuser
5 wall arrangement with wedge, collar and air bleed

charnels

FIG. 4 Secotional view of asrofoil shaped vertical

support wall with air bleed channels

10
FIG. 5 Sectional view of the toroidal inlet blade with .
alr bleed channels
FIG, 6 Omni~Directional Wind Turbine = Isomelric view of
- 15 an embodiment of the present invention mounted on
a tower structure )
DETAILED DESCRIPTION OF THE INVENTION
20 GENERAL

Figure 1 shows an embodiment of the present invention. An 4
cmni-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 diamster ‘D’ with air foil rotor
blades is attached via a e¢entral rotating shaft 16 to
equipment within the non rotating hul 4 which is
supported by a column 5 extending from the bhase 2 of the
compléte asseﬁbly. The iotor 3 is a horizontal axis type

30 nmounted vertically.

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

18-
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The hub contains the electrical pewer generatorlSa and
all associated gear box and control mechanisms for

converting the rotor’s torque into electrical power. The

void area 20 under the last toroid 10e can be utilized to

house other electrical géar 15¢ reguired for optimizing
the electrical power heing supplied to the end user. 2
ladder to access the hub is provided through the column 3

from the base,

A streamlined nacelle 14 is provided down stream of the
rotor 3 and c¢an be attached to the rotor. This
akrangement allewe easy access for removal of large
rotors through the top 21 of the shroud assembly. In
smaller sized models the vertical support colﬁmn 5 can ‘be
deleted and the nacelle, complete with éll ggnerating
equipment 15k, can be supported by sloped beams 22
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 asrofoil shape, arranged radially at equal angle

intervals, extend in an angle to the vertical from the

" pase 2 of the shroud to the bell mouth entry cf the

shroud. Radially they Epén from, near the central air
chamber’s perimeter 12 to beypn& the outer perimeter of
the tercids. Their extension W' beyond any toroid blade
is limited to a makimum of 0.3D. Their vertical height

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

‘can be a minimum of 0.7D.

Asydetailed in Fig.4 the support wall airfoils have zero-
camber and are placed in a reversed configuration to the
standerd manner, to aerodynamically focus the alr

in@iﬁéimg on them towards the central air collection

-19-
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chamber 12. The thickness 'T/ of sach wall blade is
between 35%~50% of the blade length ‘L’ and the thickest

‘point N’/ of the blade 1s reached at not less than 51%

away from the leading edge 24. The two faces 23a and 23b
of the wall blade curve elliptically from the thickest
point 25 towards the common trailing edge 26. At the
trailing edge, both faces of the blade finish af a slope
YAA! of 60 degrées to the centerline of the-ﬁlade. The
included angle, which is twice ‘AAf, betwsen the th wall
faces ranges between 75-150 degrees, within 15% of the
chord length from the trailing edge of the wall blade.

The leading edge 24 of the wall is constructed with air
channel openings 27 critically placed along the vertical
edge from the bhell mouth to the base of the shroud. Air
channels 28 from these openings permit injection of hiéh

kinetic energy air from the leading edge td the rear half

_ of both faces of the blade to rsinforce the boundary

Layer of air flowing and reduce air flow separation. The
injection channels exit the’ blade surfacge at an angle
‘AB’ less than 15 degrees to the tangent to the surface.

This reduces energy losses in the acceleration process.
TOROLRS

As best seen in Figure 1, multiple toroid blades 10a,
10b, 10c, 10d and 10e placéd 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 asrofoil cross. section

. with & high-camber. The blades aerodynamically accelerate

and ¢hange the direction of the air flew entering the
passége ways between them, from near horizental to near-

vertical.
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A minimum of four toroid bklades 10a, 10b, 10c¢, 104
excluding the ‘bell méuth' torold 7 and the ‘end clcsure’
toroid 10e provide optimum energy capture and
utilization. The largest toroid blade’s intermal

(annulug) diameter is identical to the diameter of the

.larger opening of the converging section 11 leading to

the throat. These two edges are contimuously attached
together at their peripheries 48 to form a single body
typifying a “bell mouth” entry to the throat 8 whers the

rotor i35 locgted.

The toroid blades in the shroud assembly vary in their
internal annulus dismeter from 20%-145% of the rotor
diameter. For optimm results, the smallest toroid’s
internal annulus 49 diameter varies between 20$=35% of
the rotér diameter and the largest toroidfs internal
annulus 48 didmeter 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
minimum of 25% and a maxinum of 75% of the entry area
‘En' of the passage way between the same blades. The
blade’s aerofoil section centre line 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
0-15 degrees to the horizontal ‘AC’ and at the trailing
edgé 30 is»;AD’ between 50-70 degrees to the horizontal.
The blades are arranged staggered in front of the
shroud’s bell mouth starting with the next largest toroeid
10z. To ensure there ig no horizontal line of sight from

the windward side to the leeward side through the full

shroud, the trailing edge of each subsequent toroid,

overlaps the leading sdge of its previous toroid by a
minimum ‘F! of 0.02D. The angle ‘AE’ between the vertical

21-

PCT/AU2005/001882




WO 2006/066310 PCT/AU2005/001882

10

15 .

20

25

30

20

and the shortest straight line connecfing the trailing
edge of the largest toroid and the trailing edges of any
of the subseguent torolds can range between‘5—35 degiees.k
The last toroid 10e which is the ‘end closure’ tordid is
directly mounted on the base 2. A conical section 37
extends from the last torcid’s trailing edge 49 to meet
the support column 5, to completely enclose the last
toroid’s annulug. The ‘bell mouth’ toroid’s leading edge
ié circumferentially extended with a flat ¢verhang disc
47 to finish at the leading edge 24 of the vertical walls
6.1, 6.2 and 6.3.

Fig.5 shows air chanmel opeanings 35 critleally placed
along the perimeter of the leading edge 31 and along the
concave surface 32 of sach torcid 10a, 10b, 10c and 10d,
including the bell mouth. These openings and associated
air channels 34 permit injection of high kinetic energy
air from the leading edge to the convex surfaceYBB of the
blade to reinforce the bowidary layer of air flowing
along the convex surfadce énd reduce air flow separation
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 losses in the acceleration process. The
last toroid 10e does not require this as no air is

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, 10b,
10c, 10d and 10e, will accelerate and exit the blades at
a higher velocity into the central collaction chanber 12.
The lowest passage 13e¢ which is located closest to the
central axis of the chamber ig deslgned to produce the
highest exit velecity and it will be directed across the
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face of the inactive passage ways 38 which are not
_directly facing the wind, This movement of air acts as a
£luid dynamic ‘aixr gate’, due to its préssure being lower
than the pressure in the entr& side 39 of the inactive
5 passage ways and induces air flow into the chamber 12 via
the inactive passage4ways, thus significantly reducing
the esgape of air entering the chawher via the active

passage ways.
THROAT

10 The design of the central collection chamber 12 is such
that the average air velocity from the lower part of the
chambayr to the uppei part is nearly uniform or is
increasing. As shown in Fig.l, the bell mouth entry
section toroid 7 of the shroud narrow; concentrically

I3 towards the throat 8. The turbine rotox 3 is situated
near down stream of the throat. The creoss section area
of the throat 8 of the short converging gection 11 that
gonnects the bellvméuth toroid’s annulus and the diffuser
9 15 not less than 70% of the cross section area of the

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

25 air through the inactive sections.

The air stream profile of the rotor hub 4 and nose cone
is désigned as a gemi ellipsoid to ensﬁre that the air
approaching the throat from the active pasgage ways is
able to flow across to the far side of the throat with

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

on the rotor blades.
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DIFFUSER, COLLAR & WEDGES

The shroud then expands as the congentric diffuser 9 with
an open top 21, As shown in detail in Fig.3 the diffuser.
takes the general form of a semi ellipsoid with the angle

5 VYAG’ of the tangent of the internal surface of the
ellipsoid at the down stream of the throat § being a
maximum of 30 degrees and & minimum of 12 degrees to the
vertical, The slope of the internal surface 38 of the
diffuser progressivaely reduces to a maximum of 5 degrees.

10 The vertical distance ‘H' from the start of the diffuser
sestion to this point 39 is a minimum of 0.5D. This
diffuser allows the pressure of the air leaving the
turbine blades, which is below atmospheric pressure to
rise steadily to near ambignt pressure levels. The

15 vélocity of the air decreases as the diffuser expands.
The diameter of the diffuser at this location 39 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
internal surface of this céllar secticn 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 c¢ollarx, near

25 verticaliy the free gtream air approaching the diffuser
from the wind ward side. This deflection creates &
suction effect along the internal walls of the wind ward
side of the diffuser and incieases air flow exiting the
diffuser, resulting in increased air flow being drawn

30 through the throat 8. The higher side of the wedge is
located to finish at the bottom end 38 of the collar 40.
The angle ‘AT’ formed by the upper surfzce of the wedge
is hetween 10-60 degreeé o the horlzontal. The surface
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length 'K’ of the ﬁedge 41 ig between 135%-160% of
vertical height \J' of the collar. The supporting
underside of the wedge 42 slopes down wards towards the
diffuser and can be enclosed. The length of diffuser
required to achieve this same suction effect, but without

this prescribed wedge and collar is more than twice as

" long as this arrangement.

Two additional minor wedges 43 of similar shape, but
less than 10% of the size, can be formed along the
egternal perimeter of the diffuser. Air channel openings
44 and passage ways from the outer surface to the inner
surfiace of the diffuser are formed circumferentially on
the shroud body immediately zbove wherc the upper surface
of these minor wedges finish as shown in Fig. 3. These
openings permit injection of high kinetic energy air from
the wing ward side to the inner surface of the diffuser '
to reinfcrca the boundary layer of aix flowing and reduce
air flow seperation. The injection chanonels 45 exit the
diffuser surface at an angle ‘AK’ less than 15 degrees to
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
6.1, 6.2 and 6.3 through extensieon walls 19 attached to
the bell mouth toroid. Additional structural suppart
struts 46 extend from the diffuser to the vertical walls

6.1, 6.2 and 6.3
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Description

With referemce to the above detailed description salient
features of the above described embodiments are

summarized below:

There is provided an %mni—dire;tional, shrouded vertical
discharge wind turbine which consists of an axial,
aerofoil type rotor placed within a shroud. The open
design of the shroud with minimal constriqtiﬁn'in
comparigon witl other vsftidal discharge shroud
arrangements,' the aerodynamic focusing, accelerating
arrahgements/ the fluid dynamic “air gate” arrangement to
prevent leakage and the wedge/collar arrangement at the
discharge of the diffuser to increase suction effects
through the shroud promctes much higher air volumes to
flow through the rotor. The powsr exkracted by the rotor
is transferred to an electric power generater through a

rotating shaft mechanism.

The shroud in the present embodiment of the invention is

" constructed with z convergent ‘bell mouth! with toroid

blades at the entry leading td a throat section. Free
windﬁmoving in any direction is intexcepted by these
blades and is directed im Lo the convergent section. The
blades are cuzved in a rédial direction, 'with an aezofoil
¢rogs section, starting near horizontal at the external.
perimetef and finishing near vertical at the‘inteinal
perimeter. Bach to:éid blade has a different diameter.
The ‘heli wouth’ consists of a toreid with the largest
internal diameter {annuius) which is horizentally’
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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staggered and arranged concentrically in front of this
“bell'mouth”[ commencing with the next largest toroidal
blade and finishing with the smallest.

The combined annuluses of the torcidal blades, define a
central collection chamber which acts as a ‘c¢loged’
conduit for air moving towards the full cross sectional
area of the convergent throat section where the rotor is
loceted. Alr is prevented from moving horizontally,
directly acrose, to the opposite side of the air chamber
by the overiapping of the external perimeter and internal

perimeter of adjacent blades.

- The smallest toroidal blade’s annulus is enclosed

completely with a ¢onical extension section which asgsists

in directing the air, entering the chamber via this

. passage way, which 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 Erom
the bell mouth to the end of the last toroidal blade.
These walls span across each toroidal biade, starting
from before_the'outer perimster of the toroidsl blade and
finishing at the annulus. These walls assist in
increasing the‘free wind interception by, aercdynamically
accelerating the Ifres wind impinging on them and focusing
it towards the central collection chamber with mimimal
energy less in the process. This is achieved by
constructing the walls as a reversed profile aerxofoll
which has identical curvstures on both vertical surfaces -

of the wall and with Poundary layer strengthening air
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channels from the leading edye of the aerofoil, exiting

at both surfaces.

The asrodynamic free wind interception decreases the
approach velocity of the free wind towards the shroud and
converts part of the wind’s kinetic energy to pressure
energy. Some of this pressure energy is utilized to
overcome the lossegs in the ﬁordidal bladés; the remainder °
energy is re converted Lo kinetic energy when the air is
accelerated through the contracting tardid blade

channels, to higher velocities.

s the wind is now flowing in the central collection
chamber in a near verticel direction towards the throat,
the inactive sections of the torcvidal blades, on the
opposite side of the chamber will “appear” &5 plane
surfaces assisting the flow of the air, entering the
chember, towards. the convergent section and the thzoat of
the shroud. The high velocity movement of alr across the
face of these inactive sections creates a relative
ncgative pressure with a suction effect to drag air into
the chamber performing like a fluid dymamic “alir gate”
resisting air leakages through the inactive sections. As
the air approaches the roter in the throat section its
velocity isvreduced which results in aﬁ increase in
pressure with some minor air leakage via the closest

inactive toroid passage way.

Thée toroldal blades are constructed with critically

placed air passages from the concave .surface side, which
is subjected to direct impact‘by the wind, to the convex
surfaceyside. 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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allow the transferring air fo exit tangentially ¢o the
convex side and in the same direction ag the main airflow
over the convex gurface. This reduces the sepération of
main air flow from the convex side (by strengthening the
fluid boundary layer) thereby reducing pressure energy

losses when entering the chamber,

The entry to the throat in the shroud is constructed with
a converglng section, in the shape of & standard frustum,
which enables the air moving towards the throat to slowly

acecelerate with reduced pressure Losses.

At the rotor energy is extracted and the pressure enezgy
of the air stream rapidly decréases resulting in the air
gtream pressure reaching sub-atmospheric le%sls. " The
shroud in the present embodiment of the invention is
constructed with an open top alr discharge diffuser
gssembly in the ferm of an inverted ellipsoid/frustum
from down streszm of the throat. This enables the pressure

of the air stréam to regain to atmospheric levels by the

- air stream velocity decreasing with the conversion of

part of the remaining kinetic energy to pressure nergy.

The free wind passing across the discharge opening,
subjects the opening to a pressure differsntial biased
towards the free wind and air from the shroud ig drawn

into the free wind streem. This allows the pressure down

.stream of the rotor to reach greater sub-atmospheric

levels resulting in sven higher energy extraction from
the air stréam through the rotor. Without the rressurs
recovery the free wind stream passing across the top
opening, will be at a higher pressure than the pressure
at the exit amd thiz will cbstruct exit of the air from
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the diffuser, ¢ausing a back pressure and reduction of

air flow through the zoter.

The larger the discharge 6pening, the greater the

3 qﬁantitylof air entrained into the free wind from the
shroud; the greater this entrainment, the highex the
velocity increase at the throat, However, this diffusion
process needs to be carried out gradually and the
diffusion cone needs to be wery long to achieve this

10 {included angle less than 15 degrees). Shorter cones with
wide diffusion angles fail due to flow separaticn at the
wall end due to the interference of the wake from the

rotor by the free wind, al the discharge out let.

15 In the prssent embediment of the invention tﬁe diffuser
length has been reduced by employing a wedge and collar
attached near the discharge outlet of the diffuser. This
reduces free wind interference from the wind ward side
and enhances the suction effect across 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. Thesa

25 concentrate and direct the free wind to air channels
exiting tangentially to the diffuser internal surface in
the direction of air flow. This reduces Lhe separation of
main air flow along the diffuger internal surface (hy
strengthening the fluid boundary layer) thereby

30 permitting pressure recovery within the diffuser with

reduced pressure energy losses.

The rotor placed near the throat intercapts the
accelerated wind and extracts power from it. As the wind
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speed increases and the rotor's rotational spesd
increases, the back pressure increases and the leakage
from the central collection chamber via the inactive
toroidal blades increases, the pressure losses through
the curving toroidal blades also significently increase,
resulting in a limiting condition at higher wind speeds
by reducing and reversing the augmentation effect. This
provides a beneficial feature of protecting the4rctor

from being exposed to very high wind speeds.

The rctor is a horizontal-axis type wind turbine rotor,
mounted vertically, that is capable of extracting power
from the wind. The rotor comsists of twisted aerofoil
sectlon blades optimized for wind. power production in
this shroud arrangement. For small units the electric
power generating device, coupled to a gearbox or
6tnerwise is pléced above the zotor blades, in a nacelle
in the leaving air stream. The nacelle is supported by a
radially sloped besm structure secured to the body of the
shroud. The suppert structure is sufficiently sloped to
ensure that any upward deflection of the rotor blades

will not foul the individwal support members.

For larger units, all powsr generating eqﬁipment will he
located in the nose cone hub of the rotor in the

upstream. A héllow colunn extending from the rotor nose .

cone hub to the base of the shroud assembly will support

the nose cone. Singls or:mnltiple generators placed
inside the nese coms should be easily accessible from the

base via a laddervin the hollow column.

The circular form of the multiple toroidal blades can be

replaced with any other straight or curved polygonal
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arrangement with blades of crescent like cross section teo

achieve the same.

Material

The choice of materials for the omni-dirsctional,
shrouded vertical wind turbine’s vertical wails, diffuser
and toroidal bladés will be among strdng, light weight
metals, composites, sandwich construction etc. The
toroidal blades and vertical wallsg wili be of double skin

construction. The rotor blade materials will involve a

" sombination of light and strong materials that are

present state of the art in the industry, to minimize
start-up lmertia of the rotor and enhance the response to

Light winds.

IN USE

In use the cmbodiments of the present imvention are
adapted for use in a variety of terrains. Scme
embodiments 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 turbina. Further, shrouding
also reduces visual problems associated with stroboscopic

light reflection from rotating parts of the turbine.

Purther, the non-requirement of a yawing mechanism to
turn the rotor to face the preveiling wind direction has
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eliminated all gyroscopic forces on the rotor, bearings

and associated mechanisms negating a major source of

common failure of wind turbines.

The relative shaping and separation between the
substantially vertical membexs (walls 6) and the curved
members (toroid blades 10} ensures that air &t a

relatively low pressure, compared to outside air,” can be

" diregted towards inactive toroid blades 10 so as to form

an alr gate, thereby minimizing air leakage across
inactive toroid blades 10 which can. otherwise result in
significant energy losses. The creation of the air gate
process is also facilitated by the lower most torcid
blade 10 (the smallest toroid) which c¢an be shaped to
take advantage of a semi-elliptical configuration of a
central collsction chamber 12 defined by the walls 6 and
‘the toroid blades 10 so as to enhance air flow to the

inactive toroid blades 10.

Additionally, the shaping and spaecing of the walls 6~anﬁ
tornid blades 10 facilitates air flow to substantially
all of the underside of the rotor 3, thereby ensuring
that an even disﬁributlon of stress across fhe rotor 3 is

‘achieved s¢ a2 to minimize the imposition of mon uniform

cyclic stresses upon the rotor 3 which could otherwise

lead to fragture of the rotor-3.

The diffuser, which can include a ecollaxr 40 and at least
one wedge 41, is adapted to allow a smooth transition of
air leaving the turbine with ocutside aix thereby
ﬁinimizing the prospect of disruption of the airflow
through the embodiment by negative feedback from the

exiting airflow.
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Preferred embodiments are of the substantially
irrotational type which negates the many disadvantages éf
the piior known shrouded wind turbines by provision of a
low resistance, low leakage, and shrouded vertical-

5 discharge wind turbine with the rotor as the only moving
component, which cen be safely and efficiently operated

over a large range of wind velocities.

Free wind entering the entry seéticn of a shroud is
directed and accelerated to a higher velogity and higher

10 energy level as it is focused towards the rotor located
within it. The entry section slements are such that while
promoting air entry from the wind ward side, they prevent
air leakage through the lee ward side ¢f the complete
device: Bs a result, even at low wind speeds the

15 extractable wind energy level is increased and the
threshold free wind velocity for the operation of the
turbine is lowered, while et high wind'speeds the flow
across the inlet part of the shroud will stall and create

- high levels of turbulence and back presssure within thé

20 central coilection‘chamber of the shroud to be self
limiting. The rotor blades convert the enhanced wind
enerqy, 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 horizontal turbines of the shrouded and un-

shrouded type.
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a. The complete assembly can ke placed atop a bullding,
water tower or other similar structure without any fear
of large woving components bfeaking undeyr severe weather
conditioﬁ§ and impacting cn amy surrounding structures oi
pergong with disastrous consequences, as the moving rotor
blades are contained in a shroud, The complete invention
can bhe placed at a lower height as no height safety

issues are encountered.

b. The inventien has significantly fewer moving
components by doing away with any mechanism which is
reguired to rotate large structures to face the

prevailing wind.

. It has no physical air ‘gates’, moving vanes or other
such multiple compenents and their complex control

mechanisms which need to be operating to achieve

. workability, maintain effiéiency or safety.

d. Gensration of rotor blads tip vortices which are &

majer gource of noise from free wind turbines are

significantly reduced as ths blade tips are contained in

& shroud.

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.

£. No gyroscopic force problems and associated compeonent
failures which arigse from the turning of lérge rotating

elements to face into the wind, are experienced.

g. Tt has smaller sized rotors for the same power

.extraction compared to conventional rotors. This allows
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higher rotational speeds and eliminates the use of gear
boxes or only requires small ratio gear bozes for
production of hiéh frequency power supplyiwhich can be

easily converted to ‘grid’ quality.

h. During high winds the shroud and the toroid blades

‘raduce the exposure of the rotor blades to high velocity

wind by disrupting the air flow to the rotor.

i. It ié capable of being utilized in lower wind speed
areas, because the shroud increases powér ax?tacﬁability.
This allows the production ¢f useful power for longer
pericds. Thé level of incressed instantanecous power and
increased utilization periods result in higher annual
total energy extraction over standard current art wind

turbines.,

3. The capability of utilizing wind of lower speed coming
from rapidly changing directioﬁs,‘wiﬁhout the need for
constant adjustment of the complete assembly to face the
wind, allews the invention to be placed qloser to
suburban centers or other population centers nearer to

the end consumer of the electric powex.

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

of the standard horizontal axis wind turbine units.

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
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disclosed inventive subjéct matter particularly pointed

vut above and claimed here below.
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CLAIMS

1. An omni-directional, shrouded vertical wind turbine
for generating electricity, the omni directional,

shrouded vertical wind turbine comprising:

a) a plurality of curved members defining a central
collection chamber substantially expanding in a direction

of airflow there within;

b} a plurality of substantiaily vertical support members;

c} a hollow member wherein the hollow member expands in

cross section in the direction of air flow;

d) a rotating member disposed above the central
collection chamber wherein the rotating member is
connected to a generator to generate electricity from

rotation of the rotating member;

wherein the rotating member is connected to the omni
directional, shrouded vertical wind turbine and located

near an inlet of the hollow member;

wherein each of the plurality of curved members is
connected to at least one of the plurality of
substantially vertical support members so as to form a
plurality of air inlets into the central collection

chamber;

wherein at least one of the plurality of curved members

and the plurality of substantially vertical support

COMS ID No: ARCS-196872  Received by IP Australia: Time (H:m} 18:24 Date (Y-M-d) 2008-07-02
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members are shaped and spaced to direct air to a
diametrically opposite side of an internal aspect of the
omn: directional, shrouded vertical wind turkine so as to
form an air gate to reduce air leakage on the
diametrically opposite side and adjacent sides of the
irterral aspect of the omni directional, shrouded

vertical wind turbine;

wherein the plurality of curved members and the plurality
of substantially vertical support members are shaped and
spaced to focus air directly to an entire lower surface

of the rotating member,

2. The omni-directional, shrouded vertical wind turbine
according to claim 1 wherein the plurality of curved

members include toroid shaped radially curving plades.

3, The omni-directional, shrouded vertical wind turbine
according to claim 1 or 2 wherein the plurality of
gubstantially vertical support members includes vertical

walls.

4. The omni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the
rotating member includes a horizomtal - axis type wind

turbine rotor, mounted vertically.
5. The omni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the

hollew member includes a diffuser.

6. The omni-directiocnal, shrouded vertical wind turbine

accerding to any one of the claims above wherein the

COMS ID No: ARCS-196872  Received by IP Australia: Time (H:m) 18:24 Date (Y-M-d) 2008-07-02
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plurality of curved members have an aerofoil cross

section.

7. The omni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein all of
the plurality of curved members have varying perimeter

diameters and annular diameters.

8. The omni-directioral, shrouded vertical wind turbine
according te any one of the claims above wherein the
plurality of curved members are secured in place in a

concentric arrangement.

9. The cmni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the

pluraiity of curved members are vertically staggered.

10. The omn’-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the
plurality of curved members are gisposed in a stacked

arrangenent.

11, The omni-directional, shrouded vertical wind turbine
aceording to any one of the claims above wherein the
plurality of curved members hava an overlapping

arrangement.

12, The omni-directional, shrouded vertical wind turbire
according to any one of the claims above wherein tae
plurality of curved members form a central collection
chamber that expands in cross section from a location
furthest from the rotating member to a location nearest

the rotating member.
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13. The omni-directional, shrouded vertica’ wind turbine
according to any one of the claims ebove wherein the
central collection chamber converges towards a central
throat region.

14. The omni-directional, shrouded vertical wind turbine
acoording to any one of the claims above wherein the
central collection chamber is continuous with an internal

aspect of the hollow member.

15. The cmni-directional, shrouded vertical wind turbine
according to aay one of the claims above whereir the
plurality of substantially vertical support members are
aerodynamically shaped.
16, The omni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the
rotating member is mounted, with its axis vertical, near
the central throat region.
17. The omni-directional, shrouded vertical wind turbine
according to any one of the clains above wherein focusing
of air entering the shroud by the plurality of curved
members results in the air gate being formed across air
passages formed by inactive members of the plurality of

curved members so as to reduce air leakage.

18. The omni-directional, shrouded vertical wind turbine
according to any one of the claims above wherein the
lowermost of the plurality of curved members is shaped
and configured to direct the air to the inactive curved
members at a lower pressure than air external to the

shroud so as to contxibute to the air gate.
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19. The omni-directional, shrouded vertical wind turbine
according to any one of the claims sbove wherein the
orientation of the pluraiity of curved members and the
plurality of‘substantially vertical support members
receive and use wind coming from substantially any

direction.

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

mouth upper body and a base supporting plate.

21, The omni~directional, shrouded vertical wind turbine
accorcing to any one of the above claims having the
plurality of substantially vertical support members
arranged radially at egual intervals, from the plurality
of air inlets to a perimeter of the central collection

chamber .

22. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims including four
or more, horizontal fto near vertical curved toroidal

blades varying in internal annulus diameter from 20% to

145% of the rotor diameter.

23. The omni-directioral, shrouded vertical wind turbine
according tc any one of the above claims wherein the
plurality of curved members start to curve with an 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.
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24, The omni-directional, shrouded vertical wind turbine
accoraing to any one of the above claims where an
internal exit passage area of the omni-directional wind

turbine is a minimum of 25% and a maximum 75% of an

02 Jul 2008

external perimeter entry passage area between any pair of

the plurality of curved members.

25. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims where the throat
region has an area that is not less than 70% of the

annular ccre area of the uppermost member of the

2005318921

plurality of curved members.

26. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims wherein the
uppermost member of the plurality of curved members is a

bell mouth toroid blade.

27, The cmni-directional, shrouded vertical wind turbine
according to any one of the above claims where a
discharge outlet of a concentric open top of the hollow
member has a diameter that is between 130% and 180% of

tne diameter of the rotating member.

28, The omni-directional, shrouded vertical wind turbine
according to any one of the above claims where an open
top discharge outlet of the hollow member is provided

with a horizontal wedge and collar around its perimeter,

29. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims with the wedge
located below an cutlet of the hollow member at a height
of between 7%- 19% of an upper diameter of the hollow
member.
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30. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims including
additional mini-wedges placed circumferentially around an
external body of the hollow member znd spaced evenly
below a main wedge with multiple air passages from an

outer surface to ar inside surface of the hollow member.

3l. The omni-directional, shrouded vertical wind turbine
according to any one of the above claims including
multiple air passages terminating and exiting an internal
face of the hollow member tangentially to an inner
surface of the hollow member, in the expanding direction
of the hollow member.

32. The omni-diresctional, shrouded vertical wind turbins
according to any one of the above claims wherein the
plurality of curved members includes non toroidal
vertically curved blades connected to each other in a

closed polygon arrangement .,

33. The omni-directicnal, shrouded vertieal wind turbine
according to any one of the above claims with the gloping
surface of the collar forming an angle between 5-20

degrees to a verticel direction.

34. A hollow member for use on an omni-directional,
shrouded vertical wind turbine for generating electricity
wherein the holiow member expands in cross section in a
direction of air flow; said hollow member including
wedges placed circumferentially around an external body
of the hollew member with multiple air passages

terminating and exiting an irternal face of the hollow
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member tangentially to an inner surface of the hollow

member in the expanding direction of the hollow member.

35. A method for using an omni-direetional, shrouded
vertical wind turbine for generating electricity

comprising the steps:

using a plurality of curved members and a plurality of

substentially vertical support members to collect ambient

airflow into a central collection chamber from any

direction in a near horizontal plane;

using the curved members and the vertical support members
to change the air flow direction from a near horizontal

motion to a near vertical motion:

using the curved members and the vertical support members
to focus airflow from the windward side of a central
collection chamber substantially directly across the full
width of the chamber to a diametrically opposite side of
a central collection chamber so as to substantially form
an air gate on the opposite and adjacent sides of the
chamber to reduce air leakage from the opposite and

adjacent sides of the central collection chamber;

using the curved members and the vertical support members
to direct the airflow to substantially all of the

underside of a rotating member;
using a hollow member to permit the airflow leaving the

rotating member to gradually return to atmospheric

pressure levels.
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36. The methods associated with the omni-directional
shrouded vertical wind turbine for generating
electricity, substantially as illustrated and described

in the body of the specification.
37. The omai-directional shrouded vertical wind turbine

for generating electricity, substantially as illustrated

and described in the body of the specification.
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FIG I
VERTICAL SECTION THROUGH COMPLETE SHROUD ASSEMBLY. AA
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FIG 4 .
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