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WINDTURBINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit of 
the filing of U.S. Provisional Patent Application Ser. No. 
61/283,668, entitled “The Tully Wind Turbine Electricity 
Generator, filed on Dec. 7, 2009, and the specification and 
drawings thereof are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention (Technical Field) 
0003 Embodiments of the present invention relate to the 
generation of electricity with a wind driven turbine. 
0004 2. Description of Related Art 
0005 Known wind-powered devices, such as wind tur 
bines, typically rely on propeller-like structures that are 
designed primarily for power generation in limited high 
velocity wind environments. Most wind turbines which gen 
erate electrical power for sale, have diameters approaching 
400 and blades which measure nearly 200 feet in length. 
Obviously, such massive components require specialized 
shipping procedures, including but not limited to specially 
designed semi-trailers. Further, the assembly and repair of 
Such wind turbines requires large and expensive cranes. Such 
known systems provide little or no work when exposed to 
low-velocity winds. Still further, such known devices capture 
only a small portion of the total wind force to which they are 
exposed, thus resulting in poor efficiency. 
0006 Such large wind turbines are exceedingly intrusive 
on the visual environment and generate significant noise. 
0007 Although other manners of generating electricity 
are known, such as coal-fired, water cooled power plants, 
such power plants use about 48% of the available potable 
water, while human consumption of available potable water 
accounts for only about 9%. Accordingly, replacement of 
only about 12% of such water-hungry power plants with 
renewable energy sources, including wind turbines, would 
thus enable an increase in the consumption of potable water of 
more than 50% of its current level. 
0008. There is thus a present need for a wind turbine which 
provides a lower profile and allows a less intrusive element in 
the visual environment, reduces noise, and which helps 
increase the availability of water for human consumption 
which is otherwise wasted by water-cooled power plants. 
0009. There is also a present need for a wind-powered 
system which provides significant work even when exposed 
to low-velocity winds, and which provides comparatively 
greater outputs than known systems even when exposed to 
higher-velocities. There is also a need for a wind turbine 
which can provide significant electrical power output without 
the need for specialized shipping procedures, or the use of 
large and expensive cranes for assembly and repair. 

BRIEF SUMMARY OF THE INVENTION 

0010. An embodiment of the present invention preferably 
relates to a wind turbine which includes a central hub orien 
tated to rotate about an axis which lies at an angle of from 
about Substantially horizontal to an angle of about 45 degrees 
with respect to a vertical axis; a plurality of spokes compris 
ing a proximal end communicably coupled to and extending 
in a plane which is Substantially perpendicular with respect to 
the axis; and a plurality of airfoils disposed on terminal end 
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portions of the spokes, the spokes each having a distance 
which is at least as long as one of the airfoils. In one embodi 
ment, the airfoils are optionally oriented into an incoming 
wind at an angle of about 30 to about 60; about 40 to about 50: 
and/or about 45 degrees with respect to the plane of rotation 
of the hub. The spokes can intersect the airfoils in a location 
at or near the aerodynamic centroid of the airfoil. Optionally, 
the hub can be orientated to rotate about an axis which is at 
least substantially horizontal. 
0011. In one embodiment, the wind turbine has at least 5 
airfoils, at least 10 airfoils, at least 15 airfoils, and more 
preferably at least 20 airfoils. The spokes can comprise a 
distance which is at least twice as long as one of said airfoils. 
Optionally, the turbine can comprise an outer ring of airfoils 
and one or more innerrings of airfoils. In on embodiment, one 
or more rings of airfoils can be counter-rotating with respect 
to one another. 

0012. An embodiment of the present invention also relates 
to a wind turbine which has a central hub, at least eight spokes 
with a proximal end communicably coupled to the central 
hub, at least eight airfoils, disposed on terminal end portions 
of the spokes, the spokes each having a distance which is at 
least as long as one of the airfoils. Optionally, the central hub 
can be orientated to rotate about an axis which is substantially 
horizontal, Substantially vertical, and/or some other angle. 
Optionally, the airfoils can be orientated at an angle of less 
than about 22 degrees, and/or less than about 17 degrees with 
respect to a wind stream. 
0013 In one embodiment, one or more photovoltaic cells 
can be disposed on a Surface of one or more of the airfoils. 
Optionally, at least some of the airfoils can be spaced apart by 
a distance of less than about a width of the airfoil, thus 
providing a ground effect lift. The central hub can be orien 
tated to rotate about an axis which lies at an angle of between 
about substantially horizontal to about substantially vertical. 
0014 Objects, advantages and novel features, and further 
scope of applicability of the present invention will be set forth 
in part in the detailed description to follow, taken in conjunc 
tion with the accompanying drawings, and in part will 
become apparent to those skilled in the art upon examination 
of the following, or may be learned by practice of the inven 
tion. The objects and advantages of the invention may be 
realized and attained by means of the instrumentalities and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0015 The accompanying drawings, which are incorpo 
rated into and form a part of the specification, illustrate one or 
more embodiments of the present invention and, together 
with the description, serve to explain the principles of the 
invention. The drawings are only for the purpose of illustrat 
ing one or more preferred embodiments of the invention and 
are not to be construed as limiting the invention. In the draw 
ings: 
0016 FIGS. 1A and 1B are drawings which illustrate an 
embodiment of the present invention wherein airfoils are 
configured to capture wind that is blowing from behind the 
nacelle; 
0017 FIG. 2 is an exploded view drawing which illustrates 
various components of an embodiment of the present inven 
tion; 
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0018 FIG.3 is a drawing which illustrates an embodiment 
of the present invention wherein airfoils are configured to 
capture air flowing toward a front of the nacelle; 
0019 FIG. 4 is a drawing illustrating a nested configura 
tion of rings of airfoils; 
0020 FIGS. 5 and 6 are drawings which illustrate alterna 

tive embodiments for connection configurations of spokes 
into a hub; 
0021 FIGS. 7A and B are side and perspective view draw 
ings which illustrates an airfoil according to an embodiment 
of the present invention; 
0022 FIG.7C is a drawing which illustrates internal brac 
ing of an airfoil according to an embodiment of the present 
invention; 
0023 FIG. 8 is a drawing which illustrates a counter 
rotating vertical axis wind turbine according to an embodi 
ment of the present invention; 
0024 FIGS. 9A and B illustrate an embodiment of a con 
nection arrangement for a spoke to an airfoil for a vertical 
wind turbine embodiment of the present invention; 
0025 FIG. 10 is a drawing illustrating an airfoil shape 
with a fixed down-turned trailing edge incorporated therein; 
0026 FIGS. 11A-D are drawings which illustrate results 
of simulations of a computer-modeled embodiment of the 
present invention; and 
0027 FIG. 12 is a drawing illustrating a possible configu 
ration of a Support structure according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0028 Embodiments of the present invention relate to a 
wind turbine apparatus which can provide several different 
levels of energy output and which can encompass a range of 
axes from horizontal to vertical. Optionally, photovoltaic 
cells, which for purposes of this application and claims can 
include a photovoltaic film, can be disposed on or otherwise 
incorporated into one or more components of the wind tur 
bine, thus enhancing the electrical generation capabilities of 
the present invention. 
0029 Embodiments of the present invention provide sig 
nificantly lower cost energy generation and a more durable 
system of operation, all with a design which may be erected 
on almost any sort of terrain. Embodiments of the present 
invention can operate in prevailing updraft conditions, pre 
Vailing down draft conditions, and/or in prevailing horizontal 
wind conditions. 
0030 Embodiments of the present invention provide sig 
nificantly lower fabrication costs per kilowatt hour as com 
pared with conventional wind turbines, thus reducing the total 
cost of power generation per kilowatt hour. 
0031. Because of the width and number of blades provided 
in embodiments of the present invention, the area through 
which the blades travel is readily apparent, particularly as 
compared with known wind turbines, accordingly, birds are 
much less likely to fly through the kill Zone of the blades. 
Thus, embodiments of the present invention reduce likeli 
hood of birds being killed as compared with known wind 
turbines. 
0032. In one embodiment, photovoltaic cells can be dis 
posed on one or more surfaces of the wind turbine of the 
present invention, thus enhancing the electrical output of the 
turbine. Although desirable results of these embodiments can 
beachieved at most latitudes, these embodiments are particu 
larly desirable for latitudes of between about 37 degrees north 
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and south latitude and more preferably between about 25 
degrees north and South latitude, or across the central and 
southern portions of the United States or elsewhere. 
0033 Referring now to the figures, FIGS. 1-4 illustrate an 
embodiment of the present invention wherein horizontal wind 
turbine 10 comprises a plurality of airfoils 12 attached to a 
plurality of spokes 14 which extend radially from central hub 
16. Central hub 16 is preferably fixedly secured to driveshaft 
18, which is communicably coupled to electro-mechanical 
generator 20. Turbine 10 is preferably supported by support 
structure 22. Optionally, mechanical advantage system 24, 
which can comprise a gearbox, can be communicably 
coupled to drive shaft 18 and generator 20. Nacelle 26 pref 
erably houses generator 20 and/or mechanical advantage sys 
tem 24. Support structure 22 can optionally include one or 
more guy-wires or stays. Such a method of vertical and lateral 
Support reduces the amount of structural material otherwise 
required and allows for easier installation on areas of irregular 
or high slopes. This allows the installation of these elements 
in otherwise difficult terrain making more efficient use of the 
available real estate. Optionally, Support structure 22 can 
include a tower type design formed from angled shapes and 
which is generally a tall narrow triangle with respect to the 
width of its base, for example as is illustrated in FIG. 12. 
0034. Although various sizes of airfoils 12 can be used and 
will provide desirable results, in one embodiment, airfoils 12 
are preferably about 8 to about 16 feet in length and are about 
8 to about 16 feet in width, and are more preferably about 10 
to about 14 feet in length and about 10 to about 14 feet in 
width, and most preferably about 12 feet in length and about 
12 feet in width. In one embodiment, multiple sizes of turbine 
10 can be created from airfoils 12 which have the same 
approximate dimensions. For example, a relatively small tur 
bine can be formed by providing about 16 airfoils that are 
about 12 feet by about 12 feet on spokes which are about 23.5 
feet in length, while larger turbines can be provided by dis 
posing about 80 airfoils that are about 12 feet by about 12 feet 
on spokes that are about 117 feet in length. Accordingly, 
because airfoils which have the previously-identified dimen 
sions can easily be shipped via common shipping methods 
(for example on tractor trailers) and because both Small and 
large turbines can be fashioned from the same airfoils, the 
cost of manufacturing and shipping for various sizes of tur 
bines can be greatly reduced from those of conventional wind 
turbines. In one embodiment, when turbine 10 is assembled, 
the center to center distance of airfoils 12, at their innermost 
edges, preferably measures about 8 to about 20 feet, and more 
preferably about 10 to about 12 feet, and most preferably 
about 9 to about 10 feet. In one embodiment wherein the 
spacing between airfoils 12 is less than the length of each 
airfoil, the spacing and airfoil size causes additional ground 
effect lift between adjacent airfoils, thus enhancing the rota 
tional force experienced by shaft 18, this additional ground 
effect lift is similar to that encountered by bi-planes. In one 
embodiment, wherein airfoils 12 comprise a length of about 
12 feet, airfoils 12 preferably comprise a thickness of about 2 
feet. Ground effect is equivalent to a reduction in drag. Thus, 
ground effect has a positive and direct effect on the airspeed 
of airfoil 12. 

0035. In one embodiment, as illustrated in FIG. 4 two rings 
40 and 40' of airfoils 12 can be connected to a single drive 
shaft. In this embodiment, airfoils 12 on inner ring 40 pref 
erably comprise the same shape and size as those which form 
outer ring 40'. Although an equal number of airfoils 12 can be 
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used to form both inner ring 40 and outer ring 40', it is 
preferred that more airfoils 12 be used to form outer ring 40' 
Such that the airfoils of the two rings maintain a similar 
distance from the airfoils which follow each of them. 
Although inner and outer ringS 40 and 40' can optionally 
rotate in the same direction, in an alternative embodiment, 
ringS 40 and 40' can be counter-rotating, thus reducing the 
gyroscopic effect and thereby enhancing the vertical stability 
of turbine 10. In this counter-rotating embodiment, one of 
rings 40 or 40' is preferably connected to a hollow drive shaft, 
and the other ring is preferably connected to a driveshaft 
which is concentrically disposed within and axially aligned 
with the hollow drive shaft. Accordingly, a counter-rotating 
shaft is thus disposed within a first hollow shaft, a power 
transfer mechanism, which can included gearing, clutch 
plates, belt-drives, chain-drives, and the like can be used to 
combine the power generated from rotation of each of rings 
40 and 40' and thus drive a single generator. Optionally, 
however, individual generators can be provided for each of 
rings 40 and 40'. Although FIG. 4 illustrates just one embodi 
ment wherein multiple rings of airfoils 12 are provided, other 
embodiments of the present invention can comprise addi 
tional rings of airfoils 12. 
0036 Airfoils 12 can optionally be constructed of a wide 
variety of materials including but not limited to steel, cast 
aluminum components, aluminum sheets shaped and rein 
forced, resin reinforced with glass and/or carbon fiber, plas 
tics Such as poured and/or cut urethane, polyethylene, styrene 
foam or epoxy materials, and the like. Various shapes of all or 
of portions of airfoils 12 can also optionally be obtained by 
cutting through a material which has a low melting point, Such 
as plastics and foams, with hot shaped surfaces or devices. 
High-strength synthetic sheets can optionally be used to form 
a skin of airfoil 12 by disposing it over an internal skeleton 
structure. In this embodiment, the synthetic sheets can be 
pre-coated with a liquid resin, or can be applied to the skel 
eton and then sprayed with a resin. Airfoils 12 can also 
optionally beformed in a mold such that the Surface geometry 
can be precisely controlled and such that the mold can be 
reused multiple times, thus reducing the cost of airfoils 12. 
0037. In one embodiment, one or more generators 20 may 
be fabricated around driveshaft 18, thus reducing and/or 
eliminating losses caused by mechanical advantage system 
24. In embodiments wherein counter-rotating rings of airfoils 
12 are provided, a first ring can be used to drive a rotor of the 
generator in a first direction, while another ring of airfoils 12 
drives the stator in an opposite direction. 
0038 Embodiments of the present invention provide sev 
eral airfoils 12, rather than just the three blades found on 
conventional wind turbines. The cantilever-induced bending 
moment at their base (i.e. hub connection location) increase 
as the difference squares with the length of spokes 14, 
Because Applicant's invention provides more airfoils at less 
distance from the hub, the forces experienced by Applicant's 
spokes near the hub are thus able to be distributed over the 
several spokes. Accordingly, because each spoke experiences 
significantly less bending, each of the spokes can thus be 
made from significantly less material as those of conventional 
wind turbines. For example, a 200 foot long propeller has 16 
times higher stresses at the hub than does each spoke of the 
present invention when Such spoke and airfoil instead has 
overall length of only 50feet while to producing an equivalent 
amount of energy. The significant reductions in weight and 
material sizes which can thus be obtained in accordance with 
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the teachings of the present invention thus result in massive 
savings not only in material costs but also in construction, 
shipping, and installation. 
0039. Because the airfoils of embodiments of the present 
invention preferably provide reactive lift as well as significant 
Bernoulli lift, airfoils 12 preferably provide enough lift to 
drive turbine 10 even in relatively low wind velocities of less 
than about 10 miles per hour, more preferably less than about 
7 miles per hour, and most preferably less than or about 5 
miles per hour. 
0040. As best illustrated in FIG. 1, because embodiments 
of the present invention preferably provide a plurality of 
airfoils, each having a substantial Surface area, embodiments 
of the present invention provide a significant amount of Sur 
face area onto which photovoltaic cells 30 can be disposed, 
thus enhancing the ability for a user to collect renewable 
energy. Thus, embodiments of the present invention can con 
tinue to produce electricity even on days when the wind does 
not have a sufficient velocity to drive turbine 10, thereby 
maximizing the use of turbine 10. In one embodiment, a 
microcontroller or other comparison-based circuit can be pro 
vided which evaluates the amount of solar electricity that can 
be collected and the amount of electricity that can be gener 
ated from the wind and rotates nacelle 26. Thus airfoils 12 
maximize that the total electrical output of turbine 10. In one 
embodiment, airfoils 12 preferably measure about 12 feet by 
12 feet and the projected Surface area on one side of each 
airfoil is about 144 square feet. Current photovoltaic cells 
have a maximum electrical generation capacity of up to about 
18 watts per square foot. Accordingly, the 144 square feet of 
each side of airfoil 12 is capable of generating a maximum of 
about 2592 watts of electricity. Forturbines that comprise 20 
airfoils the total maximum collectable amount of photolytic 
solar energy is about 52 KW and forturbines that comprise 80 
airfoils it is about 208 KW. In one embodiment wherein 
photovoltaic cells 30 are affixed to the airfoils, turbine 10 can 
be caused to rotate and/or cam over a point of Support Such 
that the photovoltaic cells are positioned to receive a maxi 
mum amount of Sunlight. In one embodiment, Solar cells 30 
can optionally be used to form the skin of airfoil 12. 
0041 Referring now to FIG. 5, an embodiment of spokes 
14 is illustrated where they connect to hub 16. In one embodi 
ment, the cross-sectional shape of spokes 14 is preferably 
altered at their proximal end portion nearest hub 16. For 
example, in one embodiment, spokes 14 preferably comprise 
a substantially circular cross sectional area for the majority of 
their length, but the end of spokes 14 nearest hub 16 is pref 
erably compressed into an oval or elliptical shape Such that 
two surfaces 32 of spokes 14, which reside on opposite sides 
of spoke 14, are closer together. In this embodiment, spokes 
14 also preferably comprise tip 34 which is preferably receiv 
able into opening 36 on hub 16. In this embodiment, surfaces 
32 preferably permit closer spacing of spokes 14 about hub 
16, thus enabling more spokes 14 and thus airfoils 12 to be 
attached to hub 16, without the need for increasing the diam 
eter of hub 16. 

0042. In an alternative embodiment, as illustrated in FIG. 
6, spokes 14' preferably comprise tapered end 38 which is 
also preferably receivable into opening 36 in hub 16. As with 
surfaces 32 of spokes 14, tapered end 38 of spokes 14' also 
preferably permit a larger number of spokes to be attached to 
hub 16, without the need for increasing a diameter of hub 16. 
Because spokes 14 preferably comprise the same cross-sec 
tional area, even at the location nearest hub 16, spokes 14 can 
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thus preferably to withstand greater forces than tapered end 
38, which effectively reduces the cross sectional area of 
spokes 14 near hub 16. 
0043. To reduce bending moments and/or forces encoun 
tered by spokes 14, Struts 42 can optionally be connected to 
spokes 14 at a single orata plurality of locations along spokes 
14. Optionally, hub 16 can comprise an extension for connec 
tion of struts 14, optionally, however, driveshaft 18 can extend 
through a central opening in hub 16 and struts 42 (FIG.3) can 
be attached to an end-portion thereof via a strut-connecting 
hub. As best illustrated by contrasting the arrangement of 
airfoils 12 between FIGS. 1 and 3, airfoils can optionally be 
positioned on spokes 14 Such that the leading edge of airfoils 
lies facing away from support structure 22 (FIG.3) or toward 
support structure 22 (FIG. 1). In the embodiment of FIG. 3, 
struts 42 can comprise cables or other flexible members since 
the force created by the wind will cause struts 42 to be in 
tension and not compression. 
0044. In one embodiment, spokes 14 preferably extend 
from hub 16 and through side 44 (see FIGS. 7A and B) of 
airfoil 12. While desirable results can be obtained by attach 
ment of spokes 14 at various locations alongside 44 of airfoil 
12, spoke 14 is most preferably located at or near the aerody 
namic centroid of airfoil 12. This configuration permits the 
terminal end portion of spoke 14 to be disposed within airfoil 
12 and thus is well supported via internal bracing within 
airfoil 12. Such a secure connection preferably provides 
structural sufficiency for the forces of dead load and for live 
load forces under all conditions. Optionally, side 44 of airfoil 
12 can have opening 45 through which spoke 14 can pass. 
Most preferably, side 44 is made larger than the cross sec 
tional area of the rest of airfoil 12 such that Vortex dam 47 is 
created around airfoil 12, thus improving efficiency by pre 
venting air from sliding off the side of airfoil 12. In one 
embodiment, vortex dam 47 preferably extends less than 
about 6 inches above the rest of airfoil 12, more preferably 
less than about 4 inches, and most preferably about 2 inches. 
In one embodiment, opening 45 preferably lies between about 
3 to about 5 feet from the leading edge of airfoil 12, and more 
preferably about 50 and 3/4 inches for embodiments wherein 
airfoil 12 comprises a length of about 12 feet. FIG. 7C illus 
trates internal bracing 43 for airfoil 12. Of course other con 
figurations and arrangements of internal bracing 43 can be 
used and will provide desirable results. 
0045 Optionally, support structures can be disposed 
between one or more of spokes 14 and/or airfoils 12. For 
example, as best illustrated in FIGS. 2 and 3, bracing 46, 
which can be rigid, semi-rigid, and/or flexible, preferably 
assists in maintaining a fixed distance between leading and 
following airfoils 12. Bracing 46 also helps to distribute 
forces between each of spokes 14 in a relatively even manner. 
Because of its ability to assistin distribution offorces, bracing 
46 thus reduces sheer forces encountered by spokes 14 where 
they join hub 16 as would otherwise be encountered during 
gusty wind conditions which reach the various airfoils of 
turbine 10 at slightly different times. Although illustrated as 
being connected between spokes 14 between airfoils 12 and 
hub 16, desirable results can also be provided by disposing 
bracing 46 between airfoils 12, for example, at an outside 
edge thereof. 
0046 Spokes 14 may be constructed of a wide variety of 
materials or combinations thereof including but not limited to 
metals, stainless Steel, steel, aluminum, titanium, resins rein 
forced with glass or carbon fibers; timber or laminated timber 
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reinforced with an outside structural sheath of carbon or glass 
fiber reinforced resins, and plastics. Optionally, spokes 14 can 
comprise a cross-sectional shape which includes but is not 
limited to circular, elliptical, rectangular, polygonal, triangu 
lar, H-shaped, I-shaped. Optionally, spokes can have a con 
tinuous cross-sectional shape, or one which changes over a 
distance. Spokes 14 can comprise a shape which tapers from 
their proximal ends, connected at hub 16, out to their distal 
ends, connected at airfoils 12. 
0047 Although the various components of embodiments 
of the present invention can optionally be used form horizon 
tal wind turbine 10, most of those same components can also 
alternatively be used to form vertical axis wind turbine 60 (see 
FIG. 8). In this embodiment, instead of attaching to spokes 14 
through side 44, airfoils 12 preferably attach to spokes 14 on 
the high-pressure side of airfoil 12 by a bracket. Accordingly, 
airfoils 12 are preferably orientated in an at least substantially 
vertical axis. In this embodiment, airfoils 12 are disposed in a 
ring which lies on a substantially vertical plane and a primary 
axis of spokes 14 is preferably orientated substantially hori 
Zontal. Alternatively, airfoils 12 can be oriented at an angle or 
angles from the vertical, including but not limited to about 30 
degrees to about 80 degrees and more preferably about 40 to 
about 70 degrees such that photovoltaic cells 30, if provided 
on airfoils 12, can provide a desirable amount of electrical 
output at a given latitudinal location of turbine 60. In one 
embodiment, as illustrated in FIGS. 9A and B, spokes 14 
preferably pass through a high pressure surface of airfoils 12 
and terminate in a cap which is attached to a low pressure 
surface of the airfoil. 

0048. Optionally, spokes 14 of turbine 60 can be supported 
at least in part by a plurality of Supports 62. Supports 62 can 
be rigid, semi-rigid, and/or flexible. Supports 62 are prefer 
ably attached to support hub 64 which is disposed above or 
below the spoke that it is attached to. In the embodiment 
wherein hub 64 is disposed above spokes 14, supports 62 can 
optionally be made from cables, chains, straps, belts, wires, 
ropes and/or rods, which can optionally be made from a 
metal, non-metal, and/or a combination thereof. In addition to 
Supports 62, bracing 48 (not shown) can also optionally be 
provided on turbine 60 as described for turbine 10. Although 
FIG. 8 illustrates an embodiment of turbine 60 wherein a 
plurality of counter-rotating rings of airfoils 12 are provided, 
thus reducing the gyroscopic forces created by either rotating 
ring, vertical axis turbine 60 can of course be constructed 
which has only a single rotating ring of airfoils 12. Alterna 
tively, turbine 60 can be configured such that it comprises 
additional rings of airfoils 12. In this embodiment, concentric 
synchronous or counter rotating (asynchronous) cylindrical 
arrangements of airfoils 12 are preferably capable of operat 
ing in a wide variety of wind speeds and can be energized by 
the lift efficiency of airfoils 12 and the wind pressure on the 
lower surface thereof. 

0049 Embodiments of the present invention can be con 
structed at purpose built diameters, as for example, from 
about two feet to about 200 feet such that it can be used for 
large Scale power generation, domestic use, and/or for the 
generation of power for special-purpose applications at 
remote locations. Optionally, Support structure 22 can be 
configured to accommodate various applications. For 
example, if turbine 10 is intended to provide power to a 
remote road sign, the Support structure of the sign and also 
form all or a portion of the support structure of the turbine. 
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0050. In some embodiments, turbines constructed in 
accordance with the teachings of the present application can 
optionally be assembled in pieces or cast in part or in whole. 
0051. In turbine 60, each airfoil 12 preferably comprises a 

high-lift configuration. Optionally, airfoil 12 is orientated at 
an angle of less than about 30 degrees and more preferably 
less than 22 degrees, and most preferably less than about 17 
degrees to an axis of a wind stream, optionally, however, 
airfoils 12 can be adjusted to provide a best angle for lift for 
a particular application of turbine 60. 
0052 Optionally, airfoils 12 of turbines 10 and/or 60 can 
additionally comprise surface vortex generators 70. (see FIG. 
7B) placed so as to generate Vortices across one or more 
surfaces of airfoil 12, thus permitting airfoil 12 to be oriented 
at a steep angle with respect to an in-flowing wind stream and 
allowing airfoil 12 to thus generate a maximum amount of lift. 
Optionally vortex generators 70 can be placed at about 5% to 
about 25% of the cord length of airfoil 12, and more prefer 
ably at about 10% to about 20% of the cord length of airfoil 
12, and most preferably at about 15% of the chord length of 
the airfoil. Vortex generators 70 preferably extend less than 
about 2 inches above airfoil 12, and more preferably less than 
about 1 inch, and most preferably less than about/2 of an inch 
above airfoil 12. 

0053 At low wind speeds, and thus low rotational speeds, 
airfoils 12 of turbines 10 and/or 60 develops using the Ber 
noulli principle of low pressure on the upper surface of airfoil 
12 and higher pressure on the lower surface of airfoil 12 
(when the airfoil is orientated in a substantially horizontal 
plane). These different pressures thus provide lift to airfoil 12 
and drive the rotation at wind velocities of greater than about 
15 mph. For lower wind velocities, the lower surface of airfoil 
12 preferably acts more as a paddle as a result of “reactive lift' 
to provide rotation, although some Bernoulli lift is also pro 
vided. 

0054 For turbines 10 and/or 60, one or more braking 
systems can optionally be provided Such that the speed of 
turbines 10 and/or 60 can be reduced in during high winds. 
0055 While embodiments of the present invention can 
provide desirable results with virtually any airfoil design 
capable of generating lift, airfoil 12 preferably comprises a 
shape similar to that of the National Advisory Committee for 
Aviation (NACA) airfoil design number 2312. More prefer 
ably, however, as illustrated in FIG. 10, airfoil 12 comprises a 
modified shape of NACA 2312, which includes down-turned 
edge 72. While numerous shapes and constructions of down 
turned trailing edge 72 can provide desirable results, it is 
preferred that down-turned trailing edge 72 comprise a radius 
of curvature between about 18 to about 50 inches and more 
preferably between about 24 inches to about 38 inches and 
most preferably equal to about 31.25 inches. Optionally, 
down-turned trailing edge 72 droops below airfoil 12 by a 
magnitude of about /12 of the length of airfoil 12, and more 
preferably by a magnitude of about /s to about /14. Accord 
ingly, in an embodiment wherein airfoil 12 has a length of 
about 12 feet, down-turned trailing edge 72 preferably droops 
below airfoil 12 by about four to about 24 inches and more 
preferably about eight to about 18 inches and most preferably 
by about 12 inches. 
0056. In one embodiment, airfoils 12 of turbine 10 are 
preferably disposed such that they are orientated into the 
incoming wind on an angle of about 30 to about 60 degrees, 
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more preferably about 40 to about 50 degrees, and most 
preferably about 45 degrees with respect to the plane of 
rotation of the hub. 
0057. In one embodiment, horizontal turbine10 or vertical 
turbine 60 preferably have at least four airfoils 12, more 
preferably at least 10 airfoils 12, and most preferably at least 
16 airfoils 12. In one embodiment, horizontal turbine 10 or 
vertical turbine 60 have at least 40 airfoils 12. In one embodi 
ment, horizontal turbine 10 and vertical turbine 60 do not 
comprise four or fewer airfoils 12. 
0.058 Although in a preferred embodiment airfoils 12 
preferably comprise a Substantially square shape in plan, 
embodiments of the present invention can provide desirable 
results with other plan shapes of airfoils 12, including rect 
angular. For example, in one embodiment, airfoils 12 can 
comprise a Substantially rectangular non-square shape. In one 
embodiment, the length of airfoils 12 is not greater than 20 
feet. In one embodiment, the length of airfoils 12 is not 
greater than 12 feet. In one embodiment, airfoils 12 have a 
length which is not more than twice their width. In one 
embodiment, aside from the down-turned trailing edge, the 
high pressure side of airfoil 12 does not comprise a concave 
shape. In one embodiment, aside from the down-turned trail 
ing edge, the high pressure side of airfoil 12 is Substantially 
planar. Although embodiments of the present invention most 
preferably comprise turbine 10, which is substantially hori 
Zontal and/or turbine 60, which is substantially vertical, the 
teachings from one or both of those embodiments can option 
ally be used to form a turbine which resides at some other 
orientation or which can adjust to operate at two or more 
orientations. Although embodiments of the present invention 
preferably comprise spokes 14 which extend into and thus 
terminate within airfoils 12, for purposes of describing the 
length of Such spokes throughout this application, including 
the claims, it is understood that such length descriptions are 
directed to the length of the spoke which lies between the hub 
and the airfoil and thus does not include those lengths which 
reside within the airfoil or the hub. 
0059 Embodiments of the present invention are readily 
adaptable to a wide variety of environments, including a wide 
variety of wind speeds, architectural and other environmental 
circumstances. The unique characteristics of these embodi 
ments enable them to be adjusted dynamically to be efficient 
in a wide variety of wind speeds. The unique characteristics 
enable embodiments to be constructed with relatively light 
and inexpensive Supporting structures. They can also be built 
in ways that minimize gyroscopic effects that affect alterna 
tive approaches to building efficient wind turbine electric 
generators. 

INDUSTRIAL APPLICABILITY 

0060. The invention is further illustrated by the following 
non-limiting example. 

Example 1 

0061 An embodiment of the present invention was mod 
eled in computer modeling Software. Simulations and calcu 
lations were performed on the modeled embodiment and 
results were obtained. An airfoil having a width of 12 feet and 
a length of 12 feet, including a down-turned trailing edge 
which extended one foot below the airfoil, was modeled. 
0062 FIG. 11A is a velocity-vector diagram which illus 
trates air velocities around the airfoil, when the airfoil 
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encounters the air at an angle of 45 degrees. FIG. 11B is a 
diagram which illustrates air pressures around the airfoil, 
when it encounters air at an angle of 45 degrees. As can 
clearly be seen by the two figures, a significant amount of 
Bernoulli lift is generated as well as a significant amount of 
reactionary lift. FIGS. 11C and Dare drawings which illus 
trate the pressure contours on the modeled airfoils for a tur 
bine having 20 such modeled airfoils. 
0063 Based on the modeled airfoil subjected to wind at a 
relative angle of 45 degrees, it was calculated that the power 
output from the modeled airfoil at one revolution per minute 
(RPM) is about 482.3 Watts. Increasing the rotation rate to 
five RPM increases the output of the modeled airfoil to about 
723.45 Watts. Accordingly, for embodiments of the present 
invention which comprise 20 airfoils results in a total wattage 
output of about 9,646 watts at one RPM, and about 14,469 
watts at five RPM. A turbine constructed according to the 
teachings of the present invention is thus capable of generat 
ing 32.8 megawatt hours of power at one RPM and 48.6 mega 
watt hours at five RPM. 
0064. The preceding examples can be repeated with simi 
lar Success by Substituting the generically or specifically 
described components and/or operating conditions of this 
invention for those used in the preceding examples. 
0065. Although the invention has been described in detail 
with particular reference to these preferred embodiments, 
other embodiments can achieve the same results. Variations 
and modifications of the present invention will be obvious to 
those skilled in the art and it is intended to cover in the 
appended claims all such modifications and equivalents. The 
entire disclosures of all references, applications, patents, and 
publications cited above are hereby incorporated by refer 
CCC. 

1: A wind turbine comprising: 
a central hub, said central hub oriented to rotate about an 

axis of rotation which resides at an angle of from about 
Substantially horizontal to an angle of about 45 degrees 
with respect to a vertical axis; 

a plurality of spokes, said spokes each comprising a proxi 
mal end communicably coupled to and extending in a 
plane of rotation which is Substantially perpendicular 
with respect to the axis of rotation and said spokes each 
comprising a terminal end; 

a plurality of airfoils disposed on said terminal end por 
tions of said spokes; and 

said spokes each having a length which is at least as long as 
one of said airfoils. 

2: The wind turbine of claim 1 wherein said airfoils are 
oriented into an incoming wind at an angle of about 30 to 
about 60 degrees with respect to the plane of rotation of said 
hub. 

3: The wind turbine of claim 2 wherein said plurality of 
airfoils are oriented into an incoming wind at an angle of 
about 40 to about 50 degrees with respect to the plane of 
rotation of said hub. 
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4: The wind turbine of claim 3 wherein said plurality of 
airfoils are oriented into an incoming wind at an angle of 
about 45 degrees with respect to the plane of rotation of said 
hub. 

5: The wind turbine of claim 1 wherein said spokes inter 
sect said airfoils in a location at or near an aerodynamic 
centroid of said airfoils. 

6: The wind turbine of claim 1 wherein said plurality of 
airfoils comprise at least five airfoils. 

7: The wind turbine of claim 6 wherein said plurality of 
airfoils comprise at least 10 airfoils. 

8: The wind turbine of claim 7 wherein said plurality of 
airfoils comprise at least 15 airfoils. 

9: The wind turbine of claim 8 wherein said plurality of 
airfoils comprise at least 20 airfoils. 

10: The wind turbine of claim 1 wherein said length of said 
spokes is at least twice as long as one of said airfoils. 

11: The wind turbine of claim 1 wherein said plurality of 
airfoils comprise an outer ring of airfoils and an inner ring of 
airfoils. 

12: The wind turbine of claim 11 wherein said outer and 
inner rings of airfoils counter-rotate with respect to one 
another. 

13: (canceled) 
14: A wind turbine comprising: 
a central hub: 
at least eight spokes, each said spoke comprising a proxi 

mal end communicably coupled to said central hub and 
a terminal end portion; 

at least eight airfoils, said airfoils disposed on said terminal 
and portions of said spokes, said spokes each comprising 
a length which is at least as long as one of said airfoils. 

15: The wind turbine of claim 14 wherein said central hub 
is oriented to rotate about an axis which is substantially hori 
Zontal. 

16: The wind turbine of claim 14 wherein said central hub 
is oriented to rotate about an axis which is substantially ver 
tical. 

17: The wind turbine of claim 14 wherein said airfoils are 
oriented into an incoming wind at an angle of about 40 to 
about 50 degrees with respect to the plane of rotation of the 
hub. 

18: (canceled) 
19: The wind turbine of claim 14 wherein said airfoils are 

oriented at an angle of less than about 17 degrees with respect 
to a wind stream. 

20: The wind turbine of claim 14 wherein one or more 
photovoltaic cells are disposed on a surface of one or more of 
said airfoils. 

21: The wind turbine of claim 14 wherein at least some of 
said airfoils are spaced apart by a distance of less than about 
a width of said airfoils, thus providing a ground effect lift. 

22: The wind turbine of claim 14 wherein said central hub 
is oriented to rotate about an axis which lies at an angle of 
between about substantially horizontal to about substantially 
vertical. 


