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Wind Turbine

Abstract

Wind turbine apparatus (10) is described for converting wind energy into
electrical energy. The apparatus includes a rotatable central shaft (13), a plurality of
rotor blades (11) attached to the central shaft, and a plurality of convex airfoils (14)
spaced around the periphery of the rotor blades. The ratio of the number of rotor
blades to the number of airfoils is at least 1.25 to 1. The size of the apparatus may
vary, and the apparatus is useful in a variety of applications and environments. It is
very efficient in converting wind energy to electrical energy. It may be operated even

in very high wind conditions.
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The following statement is a full description of this invention, including the
best method of performing it known to me/us:-
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WIND - TURBINE

Field of the Tnvention

This invention relates to wind-driven turbines which are
capable of generating‘electr;cal energy. More particularly,
5 this invention relates to wind turbines of the type having a
rotor and a plurality of stationary statoré positioned around
the rotor. .

. Background of the Invention

e f : Windmills and wind turbine machines of various designs
,5u:10 have been previously proposed for use in converting wind
energy to electrical energy. Machines of the type utilizing
a plurality of exposed blades rotating about a horizontal axis
Has are in commercial use in a number of different locations.
(TR However, such machines cannot be safely operated in high wind

conditions because they lack sufficient structural integrity.

Furthermore, such machines are deadly to any birds which may

fly intc the path of the rotating blades.

Previously disclosed wind turbines typically utilize a

rotor which is rotatablé about a vertical axis. The rotor

20 normally includes a plurality of blades. A plurality of
stationary wind deflectors or wind—directing blades - are
positioned around the rotor to deflect air toward the rotor

blades. The typical wind deflectors are generally planar or
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slightly curved devices whlch are vertically oriented and are
positioned around the perlmeter of the rotor.

A variation of the typical wind turbine apparatus
previously known is described in U.S. Ppatent No. 5,391,926.
That apparatus requires the use of passive-stationary blades
which have corresponding and opposing double curves. The
apparatus as shown in the patent also utilizes twice as many
stationary blades ag rotor blades. The cpposing double curves
of the stationary blades leads to undeSLrable air turbulence,
thereby inherently limiting the efficiency of the apparatus.

There has not heretofore been provided a wind turbine
apparatus having the features and advantages ‘provided by the
Present invention.

Summary of the Present Invention

In accordance with the present invention there is
provided wind turbine apparatus which‘is very efficient in
converting wind energy to electrical energy. TIn a preferred
embodiment the apparatus comprises:
(a) a rotatable central shaft member;
{b) & plurality of rotor blades each having inner and
Outer edges; wherein.the inner edges are attached
to the shaft_member; ,

.(c) a;plurality of airfoils spaced around the periphery
of the rotor blades; wherein each airfoil has a
convex cross-section and a Cross-sectional length-

to-width ratio in the range of about 8-12:1;
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and wherein the ratio of the number of rotor blades to the
number of airfoils is at least 1.25 to 1.

The unique shape and arrangement of the airfeils relative
to the rotor blades provides for smooth and efficient movement
of air past the airfoils and against the surface of the rotor
blades with minimal turbulence. The apparatus is omni-
directional so that the wind enexgy is imparted to the rotor
regardless of the direction of the wind. The apparatus is
fully functional even in &ery high wing cbnditions. It is
very efficient in converting wind energy to electrical energy.

Preferably the orientdtion of each airfoil relative to
the rotor blades is such that the angle of attack of the air
coming off the airfoil and hitting a rotor blade is in the
range from about 20 to 90 degrees as the ctentral shaft
rotates.

The present invention also provides a pyramid base for
Supporting the wind turbine apparatus  and for enclosing the °
electrical generator, control System, batteries, etc. The
base has sloping walls to direct w;nd currents upwardly toward
the rotor, This results in additional efficiency of the
apparatus.

In another aspect, the present invention provides
uniquely shaped rotor blades in which the. outer edge of each
blade includes a portion bending away from the direction of

rotation of the rotor. This feature enhances the ability of
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the rotor blades to better hold the wind and transfer the wind energy to rotational
energy. »

In yet another aspect of the invention, a number of horizontal gussets may be
used to reinforce the rotor and improve its structural rigidity (particularly in high wind
speed conditions).

The size of the wind turbine apparatus may vary, for example, from about 1.5
to 48 feet (0.457m to 14.630m) in diameter and from about 1.5 to 24 feet (0.457m to
7.136m) in height.

It is also possible to stack one wind turbine apparatus of the invention on top
of another in order to obtain increased energy conversion. In such case, the central
shafts of the two stacked units are coupled together.

To prevent injury to birds or persons, the perimeter of the apparatus can be
covered with wire mesh. This does not interfere with operation or efficiency of the
apparatus. The mesh also reduces opportunity for vandalism of the apparatus.

The apparatus is highly efficient in converting wind energy into electrical
energy by means of a generator which is housed in the base of the apparatus. As much
as 92-94% of the energy of the wind which passes through the rotor is converted to
rotational torque applied to the electrical generator. The electrical energy produced
may be fed to an existing electrical grid, or to batteries for storage, or directly into a
dedicated or closed electrical system.

INALIBLLI16428:KER
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Other features of the invention will be apparent from the
following detailed description.

Brief Description of the Drawings

The invention is described in more deEail hereinafter
with reference to the accompanying drawings, wherein like
reference characters refer to the same parts throughout the
several views and in which:

FIGURE 1 is a front elevational, partially cut-away,
elevational view of one embodiment of wind turbine apparatus
of the invention;

FIGURE 2 is a top view of one embodiment of a rotor which
is useful in the apparatus of this invention;

FIGURE 22 is a top view illustrating one of the blades on
a preferred rotor for use in this invention;

FIGURE 3 is a sectional view of the rotor shown in Figure
2 taken along line 3-3;

FIGURE 4 is a top view of one embodiment of a wind
turbine apparatus of the invention;

FIGURE 42a is a Cross-sectional view of a preferred
airfoil design;

FIGURE 5 is a top view of another embodiment of rotor
which is wseful in this invention;

FIGURE 6 is an elevaﬁional view of a control system
useful in thig invention;

FIGURE 7 is a wiring diagram which is useful in
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controlling the electrical enérgy output from a wing turbine
apparatus of the invention; and
FIGURE 8 is a Derspective view illustrating another

embodiment of wind Curbine apparatus of this invention.

Detailed Description of the Invention

In the §ccompanying drawings there is shown one
embodiment of wind turbine apparatus 10 of the invention which
comprises a rotatable rotor 12 and a plurality of stationary
or fixed airfoils 14 which are positioned aroungd the perimeter
of the rotor 12. Preferably é_top platé 10B is secured to the
upper ends of the airfoils, aﬁd a bottom Plate 10A is secured
to the lower ends of the airfoils to" improve structural
Strength and to force wind currents which enter the apparatus
Lo push against the rotor blades.

The rotor includes a plurality of blades 11 which radiate
ocutwardly from a central shaft 13, The rotor blades are
preferably all of the same size and style and are
equidistantly spaced around the central shaft. The preferred
shape of the blades i1s as shown in Figure 2, The portion 11a
along the outer edge of each blade is angled away from the
direction of rotation of the rotor (e.g. about 15 to 80
degrees).. The blades are concave on the side which is acted
upon by the wind currents. The angled outer edge 11A helps to
hold the moving air current on the blade longer 0 that more
wind energy is captured by the blade.

The preferred Cross-sectional shape .of each rotor blade
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is shown in Figure 2A. The radius of curvature, R.C., of the blade is such that air is
held on the surface of the blade long enough to obtain maximum thrust. Too little
curvature (i.e., a flatter blade) does not hold the air on the blade long eﬁough. Too
much curvature has a tendency to block a portion of the airflow from the surface and
thus lower the efficiency of the turbine. Preferably the curvature of each rotor blade is
such that an angle of about 65 degrees is defined as illustrated in Figure 2A.

Preferably the outer edge 11A of each rotor blade is bent or angled away from
the direction of rotation of the rotor central shaft. Preferably the angle C defined by
the outer edge portion 11A is about 30 degrees. The width of edge portion 11A is in
the range of about 2 to 6 inches (5.08cm to 15.24cm). If the width of portion 11A is
too great, turbulence on the blade is increased and efficiency suffers. If the width is
too small, the desired retention effect of holding the air flow on the blade is reduced
and efficiency is reduced.

The preferred shape and arrangement of the airfoils is as shown in Figures 4
and 4A. The airfoils are double convex in cross-section and have a tapered inner edge
14A. The outer edge 14B is rounded. Preferably the opposite sides of each airfoil are
symmetrically shaped relative to the centerline of the airfoil. This shape provides for
much smoother and efficient air flow than is possible with flat, single-curved or double-
curved directional blades or stator blades

[N:ALIBLL]16428:KEH
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previously proposed by chers in this field. The preferred
cross-sectional sﬁape of the airfoil'isbas shown in Figure 43,
Testing pursuant to chisvinveﬁtion has shown that there is a
direct relationship between the length and the thickness or
width of the airfoil to the overall turbine performance. &
preferred ratio of L to W is in the range of about 8-12:1 to
maintain maximum efficiency of airflow with a minimum of
negative turbulence and trailing edge separation. A lower
ratio of L:W produces a more adverse gradient (higher degree
of trailing edge separation and increased adverse turbulence) .

Each airfoil is preferably: positioned such that the angle
B between the airfoil and an adjacent rotor blade is in the
range of about 10 to 45 degreeé (with 20-30 degrees being
preferred), as shown in Figufe 4. The design and arrangement
of the airfoils prevent wind currents from impacting the
backside of the rotor blades (which would have a tendency to
slow the rotor and réduce efficienéy). Also, the arrangement
of airfoils directs airflow‘onté each rotor blade from the
center of the blade outward in order to maximize the power of
the wind. The angle A defined between adjacent airfoils is 60
degrees when 5ix airfoils are used.

The number of rotor blades relative to the number of
airfoils is very important. It has been found that the ratio
of the number of rotor blades to the number of airfoils must
be at least 1.25 to 1 (and m;y'be as great ‘as 2:1). When the

ratio is less than that just stated, the efficiency of

8
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conversion of wind energy to electrical energy is reduced significantly. Preferably
thete are at least seven rotor blades and at least five airfoils utilised in the apparatus.
More preferably there are 8 to 12 rotor blades and 6 to 8 airfoils.

When the number of rotor blades is equal to or less than the number of
airfoils, a rotor blade has a tendency to hesitate or hide behind the airfoil at low wind
speeds and the apparatus will not operate as efficiently as when the number of rotor
blades exceeds the number of airfoils. Rotor rpm was increased 20 to 25% by using 8
rotor blades and 6 airfoils, When the number of rotor blades exceeds a ratio of 2:1,
there is resistance to new air inflow at high wind velocities, thus reducing power
applied to the rotor.

The wind turbine apparatus of the invention can be made in any desired size.
The apparatus may have a diameter from about 1.5 feet to 48 feet (0.457m to 14.63m)
or even greater, if desired. The height may also vary, for example, from about 1 foot
to 30 feet (0.305m to 9.144m), or more if desired. It is also possible to stack one such
apparatus on top of another (e.g. as shown in Figure 8 where the central shafts of the
two units are connected together). It is also possible to offset the airfoils on the upper
unit from the airfoils of the lower unit to obtain more uniform application of torque
from the two rotors to the central shaft.

Another feature of this invention is the provision of

ENALIBLLI16428:KEH
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wire mesh 18 or screen arouﬁd“the entire periphery of the
airfoil assembly. This is also illustrated in Figure 8, The
mesh prevents birds and-persons from intentionally or
inadvertently entering into thé apparatus where they could be
injured by the rotating rotor or where the rotors themselves
could become damaged. The mesh also prevents trash and debris
from entering into the apparatus.

A preferred form of the wind turbine apparatus for
generating electrical energy from wind energy is shown in
Figure 1. The central shaft 13 of the rotor extends through
the base 10A and into the housing or enclosure 16 on which the
apparatus is supported. The enclosure 16 has four side walls
which are angled or sloped inwardly from a floor up to the
horizontal roof. The sloped walls facilitate movement of win
currents upwardly toward the rotor. The angle of each side
wall relative to the floor is in the rangé of about 20 to 80
degrees (with 45 to 60 degrees being preferred), depending
upen installation location and conditions.

The lower end of the central shaft is connected to a gear
box 22 via a flexible omega coupler. A disk brake 15 1is
preferably- included for the purpose of enabling the central
shaft 40 be slowed and locked in a stationary position
whenever repairs or servicing of the apparatus is desired.

The output shaft from the gear box'is coupled to an
electrical generator 20 with é flexible coupler. Control

units 23 control the interconnection of the turbine to the

10
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utility grid, for example, or to a battery system for storage
of electrical energy. The contrgl.SYStem'also provides system
performance measurements for operator evaluation, and it also
provides for safe shutdown under normal and default
conditions. The inputs to the control system are: shaft rbm,
generatoxr speed, generator current, generator temperature,
vibration, line voltage, wind speed, line harmonics, all fault
conditions, over wvoltage, dnd. utility 1line surges. The
control systems shown in Figures 6 and 7 are commercially
available and are described in- U.S. patents 5,079,494 and
5,256,949, incorporated herein by reference.

The wind turbine appearatus of this invention is useful in
a variety of industries and applications, such as transmitter
sites, buildings (e.g. office buildings, or recreational
cabins, or homes), remote villages, oil platforms, ranches and
farms, aircraft {(e.g. to provide emergency power for hydraulic
systems and control surfaces), vrecreational vehicles,
commercial trucking, shipping, yachts, etc,

The apparatus of this invention is fully functional for
generating electrical energy even in very high wind
conditions. Yet, the apparatus 1is capable of generating
electrical energy even at low wind speeds (e.g. 8 miles per
hour} . |

The apparatus 1is normalLy_provided as a vertical-axis
unit, although it is also possible for tﬁe apparatus to be

used as a horizontal-axis unit, if desired. For example, in
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sub-terranean or water (hydro) applications it may be preferred to use a horizontal-axis
unit.

As another variation of the invention, the rotor may be reinforced with a
number of gusset 17 which extend horizontally between adjacent rotor blades.
Preferred gussets include openings 17A as shown in Figure 5. The gussets also provide
lift to the rotor as wind currents are directed upwardly to the rotor by the sloped walls
of the enclosure shown in Figure 1. The gussets are vertically spaced from each other
about 3 to 4 feet apart (0.914m to 1.219m).

The gussets as shown herein have been proven to be extremely significant in
maintaining structural integrity of the rotor at high wind velocities. Rotors which do
not include the gussets may not be structurally adequate for use in winds of 60 to 90
miles per hour.

Other variants are possible without departing from the scope and spirit of this
invention.

[NALIBLL]16428:KEH
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The claims defining the invention are as follows:

1. Wind turbine apparatus comprising:
(a) a rotatable central shaft member;
(b) a plurality of rotor blades each having inner and outer edges; wherein

said inner edges are attached to said shaft member;

© a plurality of airfoils spaced around the periphery of said rotor blades,
wherein each said airfoil has a convex cross-section and a cross-sectional length-to-
width ratio in the range of about 8-12:1;

and wherein the ratio of the number of rotor blades to the number of said
airfoils is at least 1.25 to 1.

2. Apparatus in accordance with claim I, wherein each said airfoil
comprises an inner edge and an outer edge; wherein said inner edge is tapered; and
wherein said outer edge is rounded.

3. Apparatus in accordance with claim 1, wherein the diameter of said
rotor is in the range of about 12 inches to 24 feet (0.305m to 7.315m).
4, Apparatus in accordance with claim 2, wherein the distance said inner

edge and said outer edge of said airfoil is in the range of about one to twelve feet
(0.305m to 3.657m).

5. Apparatus in accordance with claim 1, wherein the height of said rotor
blades and said airfoils is in the range of about 1 to 24 feet (0.305m to 7.315m).

6. Apparatus in accordance with claim 1, wherein said outer edge of each
said rotor blade is angled away from the direction of rotation of said central shaft
member.

7. Apparatus in accordance with claim 2, wherein each said airfoil is
symmetrically curved relative to a centerline extending between its said inner and outer
edges.

8. Apparatus in accordance with claim 1, wherein the angle defined
between said airfoils and said rotor blades is in the range of about 20 to 90 degrees
upon rotation of said central shaft.

9. Apparatus in accordance with claim 1, wherein there are 8 to 12 rotor
blades and 6 to 8 airfoils.

10. Apparatus in accordance with claim 1, further comprising top and
bottom plates secured to said airfoils.

11. Apparatus in accordance with claim 1, further comprising mesh
extending around said airfoils.

12. Apparatus in accordance with claim 1, further comprising base means

supporting said apparatus, wherein said base means comprises four side walls sloping
upwardly towards each other.

IN:ALIBLL|16428:KEH
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13. Apparatus in accordance with claim 12, wherein each said wall forms an
angle in the range of about 45 to 60 degrees relative to horizontal.

14. Apparatus in accordance with claim 1, further comprising gussets
extending between adjacent rotor blades.

15. Apparatus in accordance with claim 14, wherein said gussets are in
horizontal planes.

16. Apparatus in accordance with claim 15, wherein said gussets include
openings.

17. Apparatus in accordance with claim 1, further comprising a second

‘wind turbine coaxial with and connected to said central shaft member; wherein said

second wind turbine includes a plurality of airfoils positioned around the petimeter
thereof; and further comprising a generator operatively connected to said central shaft
member and being capable of generating electrical energy in response to rotation of said
central shaft.

18. Wind turbine apparatus, substantially as hereinbefore described with
reference to any one of the embodiments of the invention shown in the accompanying
drawings.

Dated 30 April, 2002
Ronald J. Taylor
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

(RALIBLL]12964specie. doc:keh

e s
*e on
sene

. .
sese
ssee

.
cene

sane
vsee
.
ssns




1/8

108 110

%

al
=y

12T

HS 16> /10A
S / ’J/yTF;-
L / 23£E 0
- // b 21

/ \ ﬁ
A Al 2 b

I

FIGURE 1




.
cccccc

FIGURE

13 | 17

M

FIGURE

3 ,.4. r—*'17 ‘




3/8

FIGURE 4A




4/8

FIGURE 4
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FIGURE 8
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