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(57) ABSTRACT

Wind turbine assembly, and related method, is provided that
exploits an aerodynamically enhanced wind region of a build-
ing in proximity to a parapet of the building. A wind turbine
assembly includes a support assembly configured to couple to
a building in proximity to a parapet of the building and a rotor
assembly coupled to the support assembly such that its rotor
is oriented relative to the enhanced wind region to optimize
electrical generation.
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WIND TURBINE ASSEMBLY AND RELATED
METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates generally to wind turbines
and, more particularly, to wind turbines for use in small-scale
applications. The present invention also relates to a method of
using wind turbines in small-scale applications.

Electrical power generation from environmentally friendly
sources, or “alternative energy sources,” has long been a goal
of many, for both environmental and economic concerns.
Wind-powered generators have been used for this purpose.
Generally speaking, wind turbines transfer the wind’s kinetic
energy into electrical energy. This has been achieved by
exposing a rotor to wind. The rotor turns a generator typically
mounted aft of the rotor, driving the generator to create elec-
tricity. The rotor and generator combination (i.e., wind tur-
bine generator) is mounted at the top of a tower high above the
ground to expose it to high winds. The tower is attached to a
foundation and is configured to endure significant structural
loads.

Government incentives exist promoting the use of alterna-
tive sources of electricity, in both utility-scale and small-scale
applications. Wind turbine generators have been particularly
successful in utility-scale applications. In such applications,
fields of large wind turbine generators are used. These wind
turbines can exceed a height of 200 feet. Some utility-scale
installations generate in excess of 100 mega-watts. However,
such installations are very costly. A number of factors must
properly align to make such an investment worthwhile,
including location, government incentives, electricity costs,
and turbine costs. Thus, utility-scale installations can play an
important, but not exclusive role, as an alternative source of
electricity.

Wind turbine generators have also been used in small-scale
applications, typically ranging between 50 watts and 100
kilowatts. Even for small-scale applications, a number of
factors must be satisfied to make the investment worthwhile.
For example, proper location and mounting of wind genera-
tors can be an issue. In many current approaches, a single,
relatively small, wind turbine is mounted on a tower away
from other structures such that the turbine is spaced away
from turbulent flow caused by such structures. Thus, current
approaches are typically limited to rural settings and are
impractical in many other settings.

It should, therefore, be appreciated that there exists a need
for a wind turbine system for use in small-scale applications
in a broad range of settings, including industrial settings, that
is cost-effective, environmentally safe, and does not hamper
other systems. The present invention fulfills this need and
others.

SUMMARY OF THE INVENTION

The invention is embodied in a wind turbine assembly that
exploits an aerodynamically enhanced wind region of a build-
ing. A wind turbine assembly includes a support assembly
configured to couple to a building in proximity to a parapet of
the building and a rotor assembly coupled to the support
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assembly such that its rotor is oriented relative to the
enhanced wind region to optimize electrical generation.

In an exemplary embodiment, the rotor includes a plurality
of blades radiating outwardly from a central hub thereby
defining an axis of rotation. The rotor is configured to rotate
by facing the wind such that the axis of rotation is aligned
with the wind flow. Preferably, the rotor is mounted in such a
manner that it is confined within the enhanced wind region
and, more preferably, such that it is pitched downward rela-
tive to the parapet, when in use.

In another exemplary embodiment, the rotor includes an
elongated hub, a plurality of airfoils disposed about the hub,
and a plurality of arms the couple the airfoils to the hub.
Preferably, the rotor is oriented in such a manner that the
airfoils disposed in a bottom portion of the rotor’s rotation are
disposed in a wind shadow of the parapet, providing for
optimum performance.

In yet another exemplary embodiment, the rotor includes
an elongated hub and a plurality of drag blades disposed about
the hub. Preferably, the rotor is oriented in such a manner that
the drag blades disposed in a bottom portion of the rotor’s
rotation are disposed in a wind shadow of the parapet, and the
drag blades are curved to face concavely towards the wind in
an upper portion of the rotor’s rotation.

In a detailed aspect of an exemplary embodiment, a wind
turbine assembly includes a support assembly a base config-
ured to couple to a building in proximity to a parapet of the
building and a support extending from the base. A rotor
assembly includes a housing adjustably coupled to the sup-
port of the support assembly and a rotor coupled to the hous-
ing. The rotor including a plurality of blades radiating out-
wardly from a central hub thereby defining an axis of rotation
configured to rotate by facing the wind such that the axis of
rotation is generally aligned with the wind flow.

In another detailed aspect of an exemplary embodiment,
the support includes a curved upper portion, and the housing
of the rotor assembly includes a sleeve disposed about the
support of the support assembly. The sleeve is configured to
be axially displaced along the upper portion to adjust the pitch
angle of the rotor assembly.

In yet another detailed aspect of an exemplary embodi-
ment, the rotor assembly is configured to rotate about the
support to adjust the pitch angle of the rotor assembly.

In a distinct and independent aspect of the invention, a
method of generating electrical power is provided in which a
wind turbine assembly is positioned in proximity to a parapet
of'a building, such that the wind turbine assembly is exposed
to an enhanced wind region created as wind travels over the
building. The wind turbine assembly includes a support
assembly a base configured to couple to a building in prox-
imity to a parapet of the building and having support extend-
ing from the base. A rotor assembly is also included, having a
housing adjustably coupled to the support of the support
assembly, and a rotor coupled to the housing. The rotor is
coupled to an electric generator to generate an electrical cur-
rent.

For purposes of summarizing the invention and the advan-
tages achieved over the prior art, certain advantages of the
invention have been described herein above. Of course, it is to
beunderstood that not necessarily all such advantages may be
achieved in accordance with any particular embodiment of
the invention. Thus, for example, those skilled in the art will
recognize that the invention may be embodied or carried out
in a manner that achieves or optimizes one advantage or group
of'advantages as taught herein without necessarily achieving
other advantages as may be taught or suggested herein.
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All of these embodiments are intended to be within the
scope of the invention herein disclosed. These and other
embodiments of the present invention will become readily
apparent to those skilled in the art from the following detailed
description of the preferred embodiments having reference to
the attached figures, the invention not being limited to any
particular preferred embodiment disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described, by way of example only, with reference to the
following drawings in which:

FIG. 1 is a side elevational view of a first embodiment of a
wind turbine assembly in accordance with the present inven-
tion, depicting a rotor assembly adjustably mounted to a
support pole to adjust pitch angle of the rotor assembly.

FIG. 2 is front elevational view of the wind turbine assem-
bly of FIG. 1, depicting the support pole extending from a
mounting assembly coupled to a wall.

FIG. 3 is a top view of the mounting assembly of wind
turbine assembly of FIG. 1, depicting marking for adjusting
yaw.

FIG. 4 is a simplified side elevational view of the wall of
FIG. 1, depicted various wind zones disposed about the wall.

FIG. 5 is a side elevational view of a second embodiment of
a wind turbine assembly M accordance with the present
invention, depicting a rotor assembly adjustably mounted to a
support pole to adjust pitch angle of the rotor assembly.

FIG. 6 is front elevational view of the wind turbine assem-
bly of FIG. 5, depicting the support pole extending above a
parapet of a wall.

FIG. 7 is a top view of the mounting assembly of wind
turbine assembly of FIG. 5, depicting marking for adjusting
yaw.

FIG. 8 is a side elevational view of a third embodiment of
a wind turbine assembly in accordance with the present
invention, depicting a rotor assembly adjustably mounted to a
support pole to adjust pitch angle of the rotor assembly.

FIG. 9 is a front elevational view of the wind turbine
assembly of FIG. 8, depicting the support pole extending
above a parapet of a wall.

FIG. 10 is a top view of the mounting assembly of wind
turbine assembly of FIG. 8, depicting marking for adjusting
yaw.

FIG. 11 is a side elevational view of a fourth embodiment
of a wind turbine assembly in accordance with the present
invention.

FIG. 12 is a front elevational view of the wind turbine
assembly of FIG. 11.

FIG. 13 is a side elevational view of a fifth embodiment of
a wind turbine assembly in accordance with the present
invention.

FIG. 14 is a front devotional view of the wind turbine
assembly of FIG. 13.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the illustrative drawings, and particularly
to FIG. 1, there is shown a wind turbine assembly 10, includ-
ing a rotor assembly 12 and a support assembly 14 that
couples the assembly to a parapet 16 of a building 18. The
wind turbine assembly mounts atop the building, to exploit an
enhanced wind zone created as wind accelerates over the
parapet. More particularly, the rotor assembly is oriented
such that its axis of rotation (A,) is aligned with the wind flow,
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asitpasses over the parapet of the building. The orientation of
the rotor assembly can be adjusted. This allows a user to
maintain optimal performance, even as weather conditions
change.

With reference now to FIG. 4, several distinct wind flow
regions are created in proximity to the parapet 16. The present
inventors have found that as wind encounters a building, an
enhanced wind flow region (Ry) is formed as the wind flows
above the parapet. A wind shadow (R,) is formed directly
behind the parapet, in which the wind speed is effectively
zero. A turbulent wind flow (R,) is found in the region
between the wind shadow (R,) and the enhanced flow region
Rg).

In the enhanced wind flow region (R), the wind velocity
(V) is higher than the baseline velocity (V,) of wind, and it
is typically characterized by laminar flow. Moreover, it has
been found that the wind in this region (R ;) is typically angled
(A,) relative to horizontal. Various factors can influence the
wind angle (A,) as the wind passes over the parapet, includ-
ing, e.g., building configuration, building orientation, prevail-
ing wind, temperature, and pressure.

The wind turbine assembly 10 is configured to exploit the
enhanced wind zone (R). To that end, the rotor assembly 12
is preferably confined in the enhanced wind flow region and is
pitched downwardly to face the wind directly. This promotes
efficient energy generation.

For example, in an illustrative scenario, a rectangular, low-
rise. building encounters a prevailing wind normal to a side
wall. It has been calculated that within 10 percent of the
building height from the top of the parapet there is approxi-
mately 20 percent increase in the mean resultant wind speed.
The resultant wind vector is pitched normal to the roofline at
about a 20-degree angle for a considerable distance above the
parapet.

With reference again to FIG. 1, the support assembly 14
includes a base 20 attached to the parapet of the building and
a support pole 22, extending upwardly from the base. The
base includes a pair of horizontal flanges 24 that define
aligned openings 26 for receiving the support pole. The sup-
port pole is mounted through the opening such that axial
movement is inhibited. However, in the exemplary embodi-
ment, the support pole can rotate freely. This allows the wind
turbine assembly to yaw, as needed.

For example, if the wind direction is angled relative to the
wall’s normal axis, the resulting force on the rotor assembly
will cause the support pole to rotate, allowing the rotor assem-
bly to face the wind directly. Oftentimes, a building wall is not
oriented precisely normal to the prevailing winds. In such
situations, the horizontal component of the wind as it travel
over the building will likely not be normal to the wall. Since
the vertical support can rotate freely, the rotor assembly can
be selectively oriented in yaw to face the wind.

The support pole 22 includes a curved upper portion. The
rotor assembly 12 is mounted to the support pole in such a
manner that it can be positioned along the length of the
support pole. This allows a user to adjust the pitch axis of the
rotor assembly simply by repositioning the rotor assembly
along the length of the support pole.

In the exemplary embodiment, the curved upper portion of
the vertical pole allows for pitch adjustment ranging from
about 0 degrees to about 40 degrees, as measured from the
roofline. In this manner, the wind turbine assembly can be
optimized for use across a wide variety of site installations.
The wind turbine assembly can further include a protective
guard (not shown) disposed about the rotor for protection
against bird strikes, among other things.
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The rotor assembly 12 includes a housing 28 having a
sleeve 30 disposed about the support post. The sleeve includes
a locking apparatus that can secure the rotor assembly to any
one of various positions along the support post. The rotor
assembly includes a rotor 32 coupled to a generator set (not
shown) disposed within the housing.

In the exemplary embodiment, the rotor 32 is about four
feet in diameter and includes four blades; however, the num-
ber, size and aerodynamic configuration of the blades can be
optimized for different installation needs. Rotation of the
rotor drives the generator set, inducing the generation of
electrical current. The generator set can be aligned along the
rotor’s axis of rotation or otherwise in mechanical connection
to the rotor. For example, the generator set can be mounted at
the hub of'the rotor, or placed in the periphery of the housing
connect to the rotor by a chain or other motive connection.

The generator set converts mechanical energy from the
rotor’s rotation into electrical energy. Generally speaking, the
generator set includes an electrical generator, e.g., an alter-
nator, and associated electronics to conform the generated
electricity within prescribed parameters. Various generator
configurations known in the art can be used, such as those
available from Southwest Windpower Inc., of Flagstaft, Ariz.
Selection of a particular generator configuration can be based
upon a number of factors and trade-offs, such as cost, effi-
ciency, prevailing wind parameters, electrical power require-
ments, and size to name a few.

For example, in the exemplary embodiment, the generator
set can include a three-phase brushless permanent magnet
alternator, along with associated electronics to rectify the
power to direct current and a voltage regulator to keep voltage
from rising over a set point such as 48 volts. At a continuous
wind speed of 20 mph, the generator can generate about 200
watts of direct current at a regulated voltage of 48 volts. Since
power. equals voltage multiplied by current, each wind tur-
bine in this example would provide a direct current of about
4.2 amps.

In the exemplary embodiment, only one wind turbine
assembly 10 is shown. However, a plurality of wind turbines
can be disposed along the building, as desired. The electrical
flow from numerous individual wind turbines can be accu-
mulated by connection to a busway. Examples of useful
busway configurations as well as other features for wind
turbine assemblies can be found in U.S. application Ser. No.
10/838,434, entitled “Wind Turbine System and Method of
Use,” filed May 3, 2004, now U.S. Pat. No. 7,084,520, which
is herein incorporated by reference, for all purposes.

With reference now to FIGS. 5-7, there is shown a second
embodiment for a wind turbine assembly 50, having a base 52
positioned on the roof 40 of the building 18 adjacent to the
parapet 16. The wind turbine includes a support pole 54
similar to the first embodiment, further having markings 56
disposed along an upper portion 58 of the pole. The markings
designate pitch angles for the rotor assembly 60. A user easily
set the rotor assembly at a prescribed pitch angle by aligning
it at the appropriate marking.

The support pole 54 is mounted through an opening 62
defined by the base 52. In this embodiment, the support pole
is mounted to the base such that the yaw angle of the rotor
assembly 60 can be set by turning the pole, as opposed to the
free rotation allowed in the first embodiment. As best seen in
FIG. 7, markings 64 are provided about the opening so that a
user can align the pole at a prescribed yaw angle.

With reference now to FIGS. 8-9, there is shown a third
embodiment of a wind turbine assembly 70, having a rotor
assembly 72 pivotally mounted to a support assembly 74. The
support assembly includes a base 76 attached to the parapet
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16 in a manner similar to the first embodiment. In this
embodiment, the base includes a first section 78 and a second
section 80.

The support assembly 74 further includes a support post
82, extending from the base. The support post includes a first
leg 84 and the second leg 86 and an upper portion 88 extend-
ing therebetween. More particularly, the first leg extends from
the first section of the base, and the second leg extends from
the second section of the base. The upper portion is oriented
generally horizontally, aligned with the upper edge of the
parapet 16.

The rotor assembly 72 is pivotally mounted to the upper
portion 88 of the support post 82. More particularly, the rotor
assembly includes a housing 90 having a sleeve 92, disposed
about the upper portion. The sleeve is coupled to the upper
portion in such a manner that the rotor assembly can be set at
a prescribed pitch angle. The housing further includes a tail
section 94, extending rearward relative to the rotor 96. The
tail section serves to balance the rotor assembly about the
upper portion of the support post, as well as, maintaining the
orientation of the rotor assembly relative to the wind.

With reference now to FIGS. 11-12, there is shown a fourth
embodiment of a wind turbine assembly 100, having a rotor
assembly 102 in which a series of airfoils 104 are arranged in
parallel about an axis of rotation (A,) oriented horizontally.
The wind turbine assembly includes a support assembly 106
having a base 108 positioned on the roof 40 of the building
adjacent to the parapet 16. The support assembly further
includes support posts 110 sized to position the rotor assem-
bly 102 for optimum performance relative to the enhanced
wind region (Re).

The airfoils 104 are coupled to an elongated hub 112 via
arms 114. As the wind passes along the rotor assembly 102,
lift is generated by the airfoils, causing the hub to spin about
its axis of rotation (A,). The hub is coupled to a generator set
(not shown). Notably, the rotor assembly is positioned such
that as the airfoils pass through the bottom portion of the
rotation, they are disposed in the wind shadow of the parapet.
When shielded by the parapet in this manner, the blades move
forward through slower air, minimizing drag on the rotor
assembly.

With reference now to FIGS. 13-14, there is shown a fifth
embodiment of a wind turbine assembly 120, having a rotor
assembly 122 having a plurality of drag blades 124 extending
from an elongated hub 126 that defines an axis of rotation
(A,). The hub is coupled to a generator set (not shown). The
wind turbine assembly includes a support assembly 128 hav-
ing a base 130 positioned on the roof 40 of the building
adjacent to the parapet 16. The support assembly further
includes support posts 132 sized to position the rotor assem-
bly 122 for optimum performance relative to the enhanced
wind region (Re). The drag blades are curved to face con-
cavely towards the wind as it passes over the parapet. As the
drag blades pass through the bottom portion of the rotation,
they are disposed in the wind shadow of the parapet, to mini-
mizing drag on the rotor assembly.

It should be appreciated from the foregoing description
that the present invention provides a wind turbine assembly,
and related method, that exploits an aerodynamically
enhanced wind region of a building in proximity to a parapet
of the building. A wind turbine assembly includes a support
assembly configured to couple to a building in proximity to a
parapet of the building and a rotor assembly coupled to the
support assembly such that its rotor is oriented relative to the
enhanced wind region to optimize electrical generation.

Although the invention has been disclosed in detail with
reference only to the preferred embodiments, those skilled in
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the art will appreciate that various other embodiments of can
be provided without departing from the scope of the inven-
tion. Accordingly, the invention is defined only by the claims
set forth below.
What is claimed is:
1. A wind turbine assembly for mounting atop a building,
comprising:
a support assembly configured to mount atop a building, in
proximity to a parapet of the building, wherein wind
directed at a side of the building flows over the parapet to
create an enhanced wind region above the parapet and a
wind shadow behind the parapet; and
a rotor assembly including a rotor coupled to an electric
generator to generate an electrical current;
wherein the rotor includes an elongated hub and a plurality
of'blades disposed about the hub;
and wherein the rotor assembly is mounted to the support
assembly in such a manner that wind flowing over the
parapet interacts with the blades to cause the rotor to
rotate about the axis of the elongated hub, with the
blades disposed in an upper portion of the rotor’s rota-
tion disposed in the enhanced wind region and with the
blades disposed in a bottom portion of the rotor’s rota-
tion disposed in the wind shadow of the parapet.
2. A wind turbine assembly as defined in claim 1, wherein:
the plurality of blades include a plurality of airfoils dis-
posed about the hub;
the rotor further includes a plurality of arms that couple the
airfoils to the hub, and
the rotor is oriented relative to the support assembly in such
amanner that the airfoils disposed in the upper portion of
the rotor’s rotation are disposed in the enhanced wind
region and such that the airfoils disposed in the bottom
portion of the rotor’s rotation are disposed in the wind
shadow of the parapet.
3. A wind turbine assembly as defined in claim 1, wherein
the blades project outward from the hub and are curved to face
concavely towards the wind in the upper portion of the rotor’s
rotation.
4. A wind turbine assembly for mounting atop a building,
comprising:
a support assembly including a base configured to couple
to a building, in proximity to a parapet of the building,
and further including an elongated pole projecting
upward from the base, wherein wind directed at a side of
the building flows over the parapet creating an enhanced
wind region in proximity to the parapet in which the
wind flows along a wind flow path that is angled upward
relative to horizontal; and
a rotor assembly including
a sleeve adjustably disposed about the elongated pole of
the support assembly, and

arotor coupled to the [housing] s/eeve and to an electric
generator to generate an electrical current, the rotor
including a central hub and a plurality of blades pro-
jecting outward therefrom, thereby defining an axis of
rotation,

wherein the rotor assembly is coupled to the support
assembly such that the rotor is located in the enhanced
wind region and such that the rotor’s axis of rotation-
is oriented at a selected, fixed downward pitch, in
general alignment with the wind flow path;

wherein the elongated pole of the support assembly
includes a curved upper portion, and the sleeve of the
rotor assembly is configured to be axially movable along
the pole’s curved upper portion, to orient the rotor’s axis
of rotation at the selected, fixed downward pitch.
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5. A wind turbine assembly as defined in claim 4, wherein
the upper portion of the elongated pole of the support assem-
bly is curved such that the sleeve of the rotor assembly can be
moved to a position where the rotor’s axis of rotation has a
selected downward pitch of up to 40 degrees relative to hori-
zontal.
6. A wind turbine assembly as defined in claim 4, wherein
the base of the support assembly mounts directly onto the
parapet of the building.
7. A wind turbine assembly as defined in claim 4, wherein:
the parapet of the building is an extension of a substantially
vertical wall; and
the base of the support assembly mounts atop the building,
behind the parapet.
8. A wind turbine assembly as defined in claim 4, wherein
the rotor of the rotor assembly is located entirely above the
parapet.
9. A wind turbine assembly for mounting atop a building,
comprising:
a support assembly including a base configured to couple
to a building, in proximity to a parapet of the building,
and further including an elongated pole projecting
upward from the base, wherein wind directed at a side of
the building flows over the parapet creating an enhanced
wind region in proximity to the parapet in which the
wind flows along a wind flow path that is angled upward
relative to horizontal; and
a rotor assembly including
a sleeve adjustably disposed about the elongated pole of
the support assembly, and

arotor coupled to the [housing] s/eeve and to an electric
generator to generate an electrical current, the rotor
including a central hub and a plurality of blades pro-
jecting outward therefrom, thereby defining an axis of
rotation,

wherein the rotor assembly is coupled to the support
assembly such that the rotor is located in the enhanced
wind region and such that the rotor’s axis of rotation
is oriented at a selected, fixed downward pitch, in
general alignment with the wind flow path;
wherein the sleeve ofthe rotor assembly is configured to be
rotatable about the longitudinal axis of the elongated
pole of the support assembly, to orient the rotor’s axis of
rotation in a selected yaw direction.
10. A method of generating electrical power, comprising:
positioning a wind turbine assembly atop a building, in
proximity to a parapet of the building, such that the wind
turbine assembly is exposed to an enhanced wind region
created as wind flows over the parapet, along a wind flow
path that is angled upward relative to horizontal, the
wind turbine assembly including
a support assembly including a base configured to
couple to a building, in proximity to a parapet of the
building, and further including a support projecting
from the base, and

arotor assembly including a housing adjustably coupled
to the support of the support assembly, and a rotor
coupled to the housing and to an electric generator to
generate an electrical current, the rotor including a
plurality of radial blades defining an axis of rotation;
and

positioning the rotor assembly relative to the support
assembly such that the rotor is located in the enhanced
wind region and such that the rotor’s axis of rotation is
oriented at a selected, fixed downward pitch, in general
alignment with the wind flow path;
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wherein the support of the support assembly includes an

elongated pole projecting upward from the base of the
support assembly, the pole including a curved upper
portion;

wherein the housing of the rotor assembly includes asleeve 5

disposed about the elongated pole of the support assem-
bly; and

wherein the step of positioning the rotor assembly relative

to the support assembly includes axially moving the
sleeve along the curved upper portion of the elongated |,
pole, to orient the rotor’s axis of rotation at the selected,
fixed downward pitch.

11. A method of generating electrical power, comprising:

positioning a wind turbine assembly atop a building, in

proximity to a parapet of the building, such that the wind 5
turbine assembly is exposed to an enhanced wind region
created as wind flows over the parapet, along a wind flow
path that is angled upward relative to horizontal, the
wind turbine assembly including

10

a support assembly including a base configured to
couple to a building, in proximity to a parapet of the
building, and further including both a support project-
ing from the base and a generally horizontal crossbar
having a fixed orientation relative to the building, and

arotor assembly including a sleeve pivotally mounted to
the crossbar and a rotor coupled to the sleeve and to an
electric generator to generate an electrical current, the
rotor including a plurality of radial blades defining an
axis of rotation; and

positioning the rotor assembly relative to the support
assembly such that the rotor is located in the enhanced
wind region, the step of positioning including pivoting
the sleeve relative to the crossbar, to orient the rotor’s
axis of rotation at a selected downward pitch, in align-
ment with the wind flow path.



