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(57) Abstract: The present invention is a wind direction system. The system includes at least one lower aitfoil having a leading edge,
front surface, middle surface, rear surface, and trailing edge, and at least one wind turbine mounted above the at least one lower airfoil.
The lower airfoil is mounted to a building surface. The front surface of the lower airfoil is angled into an airflow relative to the middle
surface. The lower airfoil causes wind aitflow travelling over a building to "stick" to an upper sutface of the building and be directed
towards the wind turbine, resulting greater utilization of the wind and increased power generation through the turbine
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WIND DIRECTION SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of prior-filed, co-pending U.S. Provisional
Patent Application No. 63/035,366, filed on June 5, 2020, the contents of which are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates to wind turbine systems, more specifically a
wind concentrator for directing wind as it passes over a building.
2. Background

[0003] A building naturally acts as a concentrator of all of the wind that hits the
surface of the building and needs to travel over the top. Pressure differences and
concentration of wind created in this process naturally cause wind to speed up as it travels
over the edge of a building. While many rooftop wind turbine companies have tried to exploit
this increased wind speed in one way or another to produce power, all solutions have fallen
short of their power potential due to massive flow separation as wind travels over the edge
of the roof. This flow separation means that only a small portion of this faster wind can be
captured close to the rooftop edge, resulting in the majority of faster speed wind on the edge
of the roof requiring a large, expensive, and ugly tower to capture. Not only are such towers
aesthetically obtrusive, they can block light for solar panels and can be difficult and time-
consuming to install.

[0004] Accordingly, there is a need in the art for a structure which can direct the wind
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to a lower-profile wind turbine without loss of wind speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figures 1a and 1b are images illustrating how an exemplary embodiment of
a wind direction system changes the air flow over a building.

[0006] Figures 2a, 2b, 2c, 2d, 2e, 2f, and 2g illustrate side views of exemplary
embodiments of a wind direction system.

[0007] Figure 3 illustrates a perspective view of an exemplary embodiment of a wind
turbine which may be incorporated into an embodiment of the wind direction system.

[0008] Figure 4 illustrates a plan view of an exemplary embodiment of a wind turbine
powertrain which may be incorporated into an exemplary embodiment of a wind direction

system.

SUMMARY

[0009] The present invention is a wind direction system. The system includes at least
one lower airfoil having a leading edge, front surface, middle surface, rear surface, and
trailing edge, and at least one wind turbine mounted above the at least one lower airfoil. The
lower airfoil is mounted to a building surface. The leading edge and the front surface extend
over a building edge formed between a front building surface and an upper building surface.
The front surface of the lower airfoil is angled into an airflow relative to the middle surface.

[0010] Another embodiment of the wind direction system includes at least one lower
airfoil having a leading edge, front surface, middle surface, rear surface, and trailing edge,

at least one upper airfoil mounted above the lower airfoil, and at least one wind turbine
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mounted between the lower airfoil and the upper airfoil. The lower airfoil is mounted to a
building surface, while the front surface of the lower airfoil is angled into an airflow relative
to the middle surface.

[0011] Another embodiment of the wind direction system includes at least one lower
airfoil having a leading edge, front surface, middle surface, rear surface, and trailing edge,
at least one wind turbine mounted above the lower airfoil, and at least one powertrain
assembly operably connected to the wind turbine. The lower airfoil is mounted to a building
surface. The front surface of the lower airfoil is angled into an airflow relative to the middle
surface, while the rear surface of the lower airfoil extends at a downward angle relative to
the middle surface.

[0012] The objects and advantages of the invention will appear more fully from the

following detailed description of the embodiments of the invention and examples.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In the present description, certain terms have been used for brevity, clearness
and understanding. No unnecessary limitations are to be applied therefrom beyond the
requirement of the prior art because such terms are used for descriptive purposes only and
are intended to be broadly construed. The different systems and methods described herein
may be used alone or in combination with other systems and methods. Various equivalents,
alternatives and modifications are possible within the scope of the description. Each
limitation is intended to invoke interpretation under 35 U.S.C. §112, sixth paragraph, only if
the terms “means for” or “step for” are explicitly recited in the respective limitation.

[0014] The present wind direction system 100 uses modern airfoil aerodynamic
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theory to manipulate the air flow closest to the upper surface of the building and allow wind
which is naturally faster at the edge of the building to be easily captured and used to produce
power. The use of a well-tuned lower airfoil 110 causes wind to be drawn down as it travels
over the edge of the upper surface of the building. This technology allows for this faster
speed wind to be captured close to the upper surface of the building, allowing for generation
of significantly more energy capture than previous turbines have allowed for.

[0015] Figures 1a and 1b show images of how the system 100 changes the air flow.
When mounted to a building surface, the design of the lower airfoil 110 incorporates features
to achieve at least one of two important functions. First, the front of the lower airfoil 110
extending over the edge of the building causes wind to be drawn down as it goes over the
edge. The edge of the building is formed between a front building surface and an upper
building surface. Second, the slight down-curve at the back of the lower airfoil 110 pulls the
air flow down towards the building, further reducing the amount of wake behind the lower
airfoil 110 and increasing the amount of air that can be pulled towards a wind turbine 130
mounted above and in some embodiments, behind the lower airfoil 110. A combined lower
airfoil 110 and wind turbine 130 is shown in Figure 2a.

[0016] As the fastest wind speed is still concentrated towards the front of the lower
airfoil 110, it may be difficult for the wind turbine 130 behind the lower airfoil 110 to take full
advantage of the faster flow. Additional embodiments combine the lower airfoil 110 (which
causes wind to be drawn down towards to the building) with additional elements that re-
direct, recirculate, and/or concentrate the flow, allowing for the wind to be further sped up
and directed so that the wind turbine 130 can easily capture the faster wind speed. These

additional elements may include additional lower airfoils 110, at least one detached lower
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airfoil 140, at least one upper airfoil 120, at least one detached upper airfoil 145, and/or at
least one recirculating airfoil 150.

[0017] In certain embodiments, as seen in Figures 2d through 2g, the lower airfoil
110 may include multiple lower airfoils 110 to provide increased control over and direction
of the airflow. In certain embodiments, each lower airfoil 110 may have a front surface 112,
a middle surface 113, and a rear surface 114.  In other embodiments, the front surface
112, middle surface 113, and/or rear surface 114 may be split and/or duplicated between at
least two different lower airfoils 110. In certain embodiments, the lower airfoil 110 may also
be split into a lower airfoil 110 and at least one detached lower airfoil 140. The additional
lower airfoil(s) 110 and/or detached lower airfoil(s) 140 may be latitudinally and/or
longitudinally displaced from the lower airfoil 110. The detached lower airfoil 140 lengthens
the effective surface of the lower airfoil 110 and also allows increased control over and
direction of the airflow.

[0018] In certain embodiments, as can be seen in Figures 2a through 2g, at least one
upper airfoil 120 may be used which forces the air flow that is drawn in by the lower airfoil
110 to stay in a channel where it can be better captured, rather than eventually separating
and escaping to the atmosphere. In certain embodiments, the upper airfoil 120 may simply
take the form of a flat plate above the lower airfoil 110.

[0019] However, other embodiments of this upper airfoil 120 provide an added
benefit in that the upper airfoil 120 further concentrates the air flow, increasing the wind
speed in the channel. The angled fore surface 121 of the upper airfoil 120 acts as the
concentrator, funneling air into the channel formed between the central surface 122 of the

upper airfoil 120 and the middle surface 113 of the lower airfoil 110 and increasing the airflow
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speed. The back surface 123 of the upper airfoil 120 may extend at an upward angle relative
to the central surface 122. This may allow the upper airfoil 120 to act as a diffuser, pulling
this faster speed wind further through the system 100. The combination of using a
concentrator and diffuser at the building edge, combined with the lower airfoil 110,
significantly increases the power output compared to existing solutions.

[0020] The upper and lower airfoils 120 and 110 have solid curvilinear or planar
surfaces over solid or hollow interiors. The upper and lower airfoils 120 and 110 may be
formed by casting, 3D printing, or manipulation of stock sheet material.

[0021] The upper airfoil 120 can provide additional shaping of the air flow, and can
also serve to diffuse the air flow, while the lower airfoil 110 causes the wind to travel along
the front and upper surfaces of the building. The lower airfoil 110 may have a lower surface
116 of the lower airfoil 110 flush with the front surface of the building so that the leading
edge 111 is in contact with the front surface of the building and the front surface 112 is
angled approximately 90 degrees to the middle surface 113. In other embodiments, the
lower airfoil 110 may incorporate a closed gap between the leading edge 111 of the lower
airfoil 110 and the front surface of the building. The closed gap is created by angling the
lower surface 116 of the lower airfoil up to approximately 45 degrees from the front surface
of the building. While wind cannot pass through the closed gap, the front surface 112 of the
lower airfoil 110 is angled into the wind. The middle surface 113 of the lower airfoil 110
extends back towards a rear surface 114, which terminates in a trailing edge 115. The rear
surface 114 may curve or angle downward from the middle surface 113 toward the upper
surface of the building to reduce wake and force the air flow to travel more closely to the

upper surface of the building.
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[0022] In certain embodiments, the lower airfoil 110 may also be connected to at least
one vertical guide surface 117 extending perpendicularly to the middle surface 113 of the
lower airfoil 110. Embodiments which also use at least one upper airfoil 120 may have the
at least one vertical guide surface 117 extending between the upper and lower airfoils 120
and 110. The vertical guide surface 117 may be integral with the upper and/or lower airfoils
120 and 110, added on to the upper and/or lower airfoils 120 and 110, or part of a separate
structure. Vertical guide surfaces 117 may provide additional concentration and direction of
the airflow, as well as structural reinforcement of the system.

[0023] In certain embodiments, as seen in Figures 2d and 2f, the upper airfoil 120
may include multiple upper airfoils 120 to provide increased control over and direction of the
airflow. In certain embodiments, each upper airfoil 120 may have a fore surface 121, a
central surface 122, and a back surface 123. In other embodiments, the fore surface 121,
central surface 122, and/or back surface 123 may be split and/or duplicated between at least
two different upper airfoils 120. In certain embodiments, the upper airfoil 120 may also be
split into an upper airfoil 120 and at least one detached upper airfoil 145. The additional
upper airfoil(s) 120 and/or detached upper airfoil(s) 145 may be latitudinally and/or
longitudinally displaced from the upper airfoil 120. The detached upper airfoil 145 lengthens
the effective surface of the upper airfoil 120 and also allows increased control over and
direction of the airflow.

[0024] As seen in Figure 2g, inclusion of at least one recirculating airfoil 150 behind
and in line with the upper airfoil 120 allows faster airflows to be funneled back through the
system 100. The recirculating airfoil 150 features a flatter recirculating lower surface 151

and more rounded recirculating upper surface 152. In other embodiments, such a
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recirculating airfoil 150 may be located behind and in line with the lower airfoil 110.

[0025] Another benefit of locating the lower airfoil 110 on a building edge is that it
allows for a space-efficient design for the wind turbine 130 that is better integrated into the
building architecture. A vertical axis (VA) wind turbine 130 shown in Figure 3 may be used.
Such wind turbines are known in the art. In the exemplary embodiment shown in Figure 2a,
the axis of rotation of the VA wind turbine 130 is rotated 90 degrees to be parallel to the
upper building surface and perpendicular to the direction of airflow.

[0026] As a result, the rotated vertical axis (RVA) or crossflow wind turbine 130
rotates around a horizontal axis, stretching out in a long cylinder along the building edge
above the front surface 112, middle surface 113, or rear surface 114 of the lower airfoil 110.
The length of the wind turbine 130 will typically have a length of up to twice the diameter of
the wind turbine 130, though increased lengths beyond twice the diameter are
contemplated. Multiple wind turbines 130 may be coupled together on the same shaft,
utilizing a common gearbox and generator.

[0027] Reorientation of the wind turbine is a space-efficient method for increasing the
power output of the wind turbine 130 by using a crossflow wind turbine, compared to a typical
three-bladed horizontal axis wind turbine. Due to structural constraints, such a horizontal
axis wind turbine having a similar height to a crossflow turbine 130 would be size-limited to
a unit that produces less than half the power, by way of non-limiting example. At this higher
power level, overall system costs go down due to economies of scale on the mechanical
components and power electronics.  Additionally, there are structural benefits when
operating the crossflow wind turbine 130 at the edge of the building. The crossflow wind

turbine 130 may be supported with a bearing on both sides, reducing commonly known



WO 2021/248103 PCT/US2021/036056

structural problems with VA wind turbines which can be only supported on one side in their
vertical configuration.

[0028] In other embodiments, the wind turbine 130 is used in its standard VA wind
turbine configuration where the axis of rotation of the VA wind turbine 130 is perpendicular
to the upper building surface. This configuration allows the system 100 to incorporate and/or
accommodate conventionally-installed VA wind turbines 130.

[0029] In other embodiments, the wind turbine 130 is a horizontal-axis wind turbine
commonly known in the art, where the axis of rotation of the wind turbine 130 extends
parallel to the upper building surface and parallel to the direction of airflow. This
configuration also allows the system 100 to incorporate and/or accommodate more
conventional wind turbines 130.

[0030] The powertrain 131 of the wind turbine 130 can often be as much as 50% of
the overall cost. The architecture shown in Figure 4 allows the use of almost entirely COTS
components which have other uses that have allowed their costs to be brought down by
scale. This includes a gearbox, an industrial motor (run in reverse as a generator), a variable
frequency drive (VFD) (run in reverse and re-purposed as an active rectifier), and an
inverter. Multiple VFDs may be connected to a single inverter. The inverter may be an
inverter designed for solar applications.

[0031] Particular to this architecture is the repurposing of the VFD to run as an active
rectifier. Typically, VFDs are made to take AC power from the wall and convert it to a signal
used to control a motor. To accomplish this, they consist of a passive rectifier which converts
AC to DC, and an active inverter to control the AC output to the motor. The wind direction

system runs this in reverse: the active inverter becomes an active rectifier, which allows us



WO 2021/248103 PCT/US2021/036056

to take the AC output of the generator and control it to a reliable DC voltage that can be fed
into an inverter. This is then combined in a DC bus and fed into a single inverter. The inverter
shown is a 25 kW inverter, though other inverter wattages are contemplated. These inverters
are already known for use with solar panels, and using a single inverter takes advantage of
the lower $/kW cost of larger systems.

[0032] To further reduce the cost of control, control algorithms allow users to
accurately control the speed of the wind turbine 130 to its optimum operating point without
requiring expensive power electronics.

[0033] In the foregoing description, certain terms have been used for brevity,
clearness, and understanding. No unnecessary limitations are to be inferred therefrom
beyond the requirement of the prior art because such terms are used for descriptive
purposes and are intended to be broadly construed. The different configurations, systems,
and method steps described herein may be used alone or in combination with other
configurations, systems and method steps. It is to be expected that various equivalents,

alternatives and modifications are possible within the scope of the appended claims.

10
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CLAIMS

A wind direction system, the wind direction system comprising:

at least one lower airfoil having a leading edge, front surface, middle surface, rear
surface, and trailing edge,
wherein the at least one lower airfoil is mounted to a building surface,
wherein the leading edge and the front surface extend over a building edge

formed between a front building surface and an upper building surface,
wherein the front surface of the at least one lower airfoil is angled into an
airflow relative to the middle surface; and

at least one wind turbine mounted above the at least one lower airfoil.

The system of claim 1, wherein a closed gap extends between the leading edge and

the front surface of the building.

The system of claim 1, wherein the leading edge is located in contact with the front

surface of the building.

The system of claim 1, wherein the rear surface of the at least one lower airfolil

extends at a downward angle relative to the middle surface.

The system of claim 1, wherein the at least one lower airfoil comprises a plurality of

lower airfoils.

The system of claim 5, wherein at least one of the leading edge, front surface, middle

surface, rear surface, and trailing edge is located on one of the plurality of lower

airfoils, and another of the leading edge, front surface, middle surface, rear surface,

and trailing edge is located on another of the plurality of lower airfoils.

11
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11.
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The system of claim 5, wherein at least one lower airfoil of the plurality of lower airfoils
is located behind another lower airfoil of the plurality of lower airfoils.
The system of claim 1, wherein the at least one wind turbine is at least one crossflow
wind turbine, wherein the axis of rotation of the at least one crossflow wind turbine
extends parallel to the upper building surface and perpendicular to the direction of
airflow.
The system of claim 1, wherein the at least one wind turbine is at least one vertical
axis (VA) wind turbine, wherein the axis of rotation of the at least one VA wind turbine
extends perpendicular to the upper building surface.
The system of claim 1, wherein the at least one wind turbine is at least one horizontal
axis wind turbine, wherein the axis of rotation of the at least one horizontal axis wind
turbine extends parallel to the upper building surface and parallel to the direction of
airflow.
The system of claim 1, further comprising a recirculating airfoil extending rearward
from a location behind the rear surface of the at least one lower airfoil.
A wind direction system, the wind direction system comprising:
at least one lower airfoil having a leading edge, front surface, middle surface, rear
surface, and trailing edge,
wherein the at least one lower airfoil is mounted to a building surface,
wherein the front surface of the at least one lower airfoil is angled into an
airflow relative to the middle surface;
at least one upper airfoil mounted above the at least one lower airfoil; and

at least one wind turbine mounted between the at least one lower airfoil and the at

12
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least one upper airfoil.
The system of claim 12, wherein the at least one upper airfoil comprises a plurality of
upper airfoils.
The system of claim 13, wherein at least one of a fore surface, a central surface, and
a back surface is located on one of the plurality of upper airfoils, and another of the
fore surface, central surface, and back surface is located on another of the plurality
of upper airfoils.
The system of claim 13, wherein at least one upper airfoil of the plurality of upper
airfoils is located behind another upper airfoil of the plurality of upper airfoils.
The system of claim 12, wherein a back surface of the at least one upper airfoil
extends at an upward angle relative to a central surface of the at least one upper
airfoil.
The system of claim 12, further comprising a recirculating airfoil extending rearward
from a location behind a back surface of the at least one upper airfoil.
A wind direction system, the wind direction system comprising:
at least one lower airfoil having a leading edge, front surface, middle surface, rear
surface, and trailing edge,
wherein the at least one lower airfoil is mounted to a building surface,
wherein the front surface of the at least one lower airfoil is angled into an
airflow relative to the middle surface,
wherein the rear surface of the at least one lower airfoil extends at a downward
angle relative to the middle surface;

at least one wind turbine mounted above the at least one lower airfoil; and

13
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at least one powertrain assembly operably connected to the at least one wind turbine.
The system of claim 18, wherein the powertrain comprises at least one industrial
motor operably connected to the at least one wind turbine, at least one variable
frequency drive (VFD) operably connected to the at least one industrial motor, and a
single inverter operably connected to the at least one VFD.

The system of claim 18, further comprising at least one upper airfoil mounted above

the at least one lower airfoil.

14
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