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(57) Abstract: A deployable aerodynamic component configured
to be mounted to a wind turbine. The wind turbine includes at
least one rotor blade. The deployable acrodynamic component
configured to be positioned in front of an inner portion of the at
least one rotor blade, and is structurally configured to cover a sub-
stantial portion of the inner portion of the at least one rotor blade
in a wind direction during deployment of the deployable aerody-
namic component and to allow the passage therethrough of an in-
coming wind when non-deployed. Further described is a wind tur-
bine including the above-described deployable aerodynamic com-
ponent and method for aerodynamic performance enhancement of
an existing wind turbine, wherein the method includes mounting
the above-described deployable acrodynamic component to a wind
turbine.
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APPARATUS AND METHOD FOR AERODYNAMIC PERFORMANCE
ENHANCEMENT OF A WIND TURBINE

BACKGROUND

[0001] Embodiments disclosed herein relate generally to apparatus and methods
for increasing the acrodynamic efficiency of an existing wind turbine. In particular,
embodiments disclosed herein relate to apparatus and methods that enable an
acceleration of an airflow into more acrodynamically efficient region of a wind

turbine rotor blade providing an increase in efficiency of an existing wind turbine.

[0002] Commonly, rotor blades of wind turbines do not possess an acrodynamic
profile at the inner rotor section. More specifically, the air flow in the inner rotor
portion may pass over the rotor of the wind turbine. Accordingly, root region torque
extraction in wind turbines is typically low. Thus, not all kinetic energy of the wind
passing an area that is swept by the rotor blades is used for the energy production.
Accelerating the inboard section velocities and pushing the sped-up flow to outer span
locations of the rotor blades will help increase the coefficient of power (Cp) of the

blade.

[0003]  Accordingly, there is a need for an improved wind turbine that provides for
the acceleration of the flow into and over a more acrodynamically efficient region of

the rotor blades.

BRIEF SUMMARY

[0004]  These and other shortcomings of the prior art are addressed by the present
disclosure, which provides an apparatus and method that enable an acceleration of an
airflow into and over a more acrodynamically efficient region of a wind turbine rotor

blade.

[0005] In accordance with an embodiment, provided is an acrodynamic component

for a wind turbine configured to be mounted to said wind turbine, wherein at least one
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rotor blade is connected to a hub of said wind turbine and defines an inner portion and
a profiled outer portion. The acrodynamic component comprising a front portion
configured to be positioned in front of the inner portion of the at least one rotor blade
of the wind turbine in operation. The acrodynamic component is structurally
configured to: operate in a deployed state to redirect an incoming wind toward the
profiled outer portion of the at least one rotor blade; operate in a non-deployed state
to allow the incoming wind to pass therethrough toward the inner portion of the at
least one rotor blade; and allow rotation of the at least one rotor blade about its
longitudinal axis for pitch angle adjustment of the at least one rotor blade without

interfering with the deployment of the acrodynamic component.

[0006] In accordance with another embodiment, provided is a wind turbine
comprising: a hub; at least one rotor blade connected to the hub; and a deployable
acrodynamic component configured to be mounted to the wind turbine. The
deployable aerodynamic component comprising: a front portion configured to be
positioned in front of the inner portion of the at least one rotor blade of the wind
turbine in operation; wherein the deployable acrodynamic component is structurally
configured to: operate in a deployed state to redirect an incoming wind toward the
profiled outer portion of the at least one rotor blade; operate in a non-deployed state
to allow the incoming wind to pass therethrough toward the inner portion of the at
least one rotor blade; and allow rotation of the at least one rotor blade about its
longitudinal axis for pitch angle adjustment of the at least one rotor blade without
interfering with the deployment of the acrodynamic component. The rotor blade

comprising an inner portion and a profiled outer portion.

[0007] In accordance with yet another embodiment, provided is a method for
acrodynamic performance enhancement of a wind turbine comprising: providing a
wind turbine including a hub and at least one rotor blade connected to the hub;
mounting a deployable acrodynamic component to the wind turbine; determining the
presence of winds exceeding preset parameters; deploying the deployable
acrodynamic component to redirect an incoming wind toward the profiled outer
portion of the at least one rotor blade when winds do not exceed the present

parameters and operating the deployable acrodynamic component in a non-deployed
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state to allow the incoming wind to pass therethrough toward the inner portion of the
at least one rotor blade when winds exceed the present parameters; and rotating the at
least one rotor blade about its longitudinal axis to generate energy. The at least one

rotor blade having an inner portion and a profiled outer portion

[0008]  Other objects and advantages of the present disclosure will become apparent
upon reading the following detailed description and the appended claims with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The above and other features, aspects, and advantages of the present
disclosure will become better understood when the following detailed description is
read with reference to the accompanying drawings in which like characters represent

like parts throughout the drawings, wherein

[0010] FIG. 1 is schematic side view of a wind turbine including a deployable

aerodynamic component in a deployed state according to an embodiment;

[0011] FIG. 2 is an enlarged schematic side view of the wind turbine including the

deployable acrodynamic component of FIG. 1 in a deployed state;

[0012] FIG. 3 is perspective view of the wind turbine including the deployable

acrodynamic component of FIG. 1 in a non-deployed state;

[0013] FIG. 4 is a perspective view the wind turbine including the deployable

acrodynamic component underlying structure of FIG. 1;

[0014] FIG. 5 is a side view of a wind turbine including a deployable acrodynamic

component in a deployed state according to an embodiment;

[0015] FIG. 6 s a front view of the wind turbine including the deployable

acrodynamic component of FIG. 5;
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[0016] FIG. 7 is a perspective view of the wind turbine including the deployable

acrodynamic component of FIG. 5 in a partially non-deployed state;

[0017] FIG. 8 is a side view of a wind turbine including a deployable acrodynamic

component in a deployed state according to an embodiment;

[0018] FIG. 9 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 8 in a deployed state;

[0019] FIG. 10 is a side view of the wind turbine including the deployable

acrodynamic component of FIG. 8 in a non-deployed state;

[0020] FIG. 11 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 8 in a non-deployed state;

[0021] FIG. 12 is a side view of a wind turbine including a deployable acrodynamic

component according to an embodiment in a deployed state;

[0022] FIG. 13 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 12 in a deployed state;

[0023] FIG. 14 is a side view of a wind turbine including a deployable acrodynamic

component of FIG. 12 in a non-deployed state;

[0024]  FIG. 15 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 12 in a non-deployed state;

[0025] FIG. 16 is a front view of a wind turbine including a deployable

acrodynamic component according to an embodiment in a deployed state;

[0026] FIG. 17 is a side view of the wind turbine including the deployable

acrodynamic component of FIG. 16 in a deployed state;
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[0027]  FIG. 18 is a front view of a wind turbine including a deployable

aerodynamic component in a deployed state according to an embodiment;

[0028] FIG. 19 is a side view of the wind turbine including the deployable

acrodynamic component of FIG. 18 in a deployed state;

[0029] FIG. 20 is a side view of the wind turbine including the deployable

acrodynamic component of FIG. 18 in a non-deployed state;

[0030] FIG. 21 shows a side view of a wind turbine including a deployable

aerodynamic component in a deployed state according to an embodiment;

[0031] FIG. 22 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 21 in a deployed state;

[0032] FIG. 23 is a side view of the wind turbine including the deployable

acrodynamic component of FIG. 21 in a non-deployed state;

[0033] FIG. 24 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 21 in a non-deployed state;

[0034] FIG. 25 is a front view of the wind turbine including the deployable

aerodynamic component in a deployed state according to an embodiment;

[0035] FIG. 26 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 25 in a non-deployed state;

[0036] FIG. 27 is a front view of a wind turbine including a deployable

aerodynamic component in a deployed state according to an embodiment;

[0037] FIG. 28 is a front view of the wind turbine including the deployable

acrodynamic component of FIG. 27 in a non-deployed state;
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[0038] FIG. 29 is a front view of a wind turbine including a deployable

acrodynamic component in a non-deployed state according to an embodiment; and

[0039] FIG. 30 is a schematic block diagram of method for acrodynamic

performance enhancement of a wind turbine according to an exemplary embodiment.

DETAILED DESCRIPTION

[0040] The invention will be described for the purposes of illustration only in
connection with certain embodiments; however, it is to be understood that other
objects and advantages of the present disclosure will be made apparent by the
following description of the drawings according to the disclosure. While preferred
embodiments are disclosed, they are not intended to be limiting. Rather, the general
principles set forth herein are considered to be merely illustrative of the scope of the
present disclosure and it is to be further understood that numerous changes may be

made without straying from the scope of the present disclosure.

[0041] Reference will now be made in detail to the various embodiments of the
invention, one or more examples of which are illustrated in the figures. Each example
is provided by way of explanation of the invention, and is not meant as a limitation of
the invention. For example, features illustrated or described as part of one embodiment
can be used on or in conjunction with other embodiments to yield yet a further
embodiment. It is intended that the present invention includes such modifications and

variations.

[0042] FIG. 1 shows a wind turbine 100. The wind turbine 100 includes a tower
102 onto which a nacelle 104 is arranged. Within the nacelle 104 a generator (not
shown) for producing electrical current is placed. The generator is connected to a hub
106 with a substantial horizontal shaft. A plurality of rotor blades 108 are coupled to
the hub 106 and configured to rotate about an axis (horizontal or vertical) at a rate
determined by the wind speed and the shape of the rotor blades 108. Typically the
plurality of rotor blades 108 includes two or more rotor blades. The rotor blades 108
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and the hub 106 form a rotor 110 of the wind turbine 100. In operation the wind,
indicated by arrows 112, imparts a rotation on the rotor 110 due to an acrodynamic
profile on the rotor blades 108. More specifically, in the illustrated embodiment, the
rotor 110 turns around a substantially horizontal rotor axis 114, which is substantially
parallel to the wind direction112. The rotor 110 drives the generator, such that

electrical energy is produced from the kinetic energy of the wind 112.

[0043] It should be noted that relative adjectives like in front, backward, behind
and rear are defined with respect to the wind direction 112 related to a wind turbine
100 in operation, i.c. when the wind turbine 100 produces electrical energy. That
means that the wind 112 flows from a front end 116 to a back end 118 of the wind
turbine 100. In addition, the terms axial or radial relate to the rotor axis 114 of the hub
106, when the wind turbine 100 produces electrical energy. Thus, as described above,

the rotor axis 114 is substantially parallel to the wind 112 direction.

[0044] Referring again to the drawings wherein, as previously stated, identical
reference numerals denote the same elements throughout the various views, FIGs. 2-4
depict in simplified schematic drawings, a wind turbine according to an embodiment.
For the sake of simplicity, only a portion of the plurality of rotor blades 108 is shown.
Each of the plurality of rotor blades 108 has an outer portion 122 and an inner portion
124. The terms “outer” and “inner” are used with respect to the hub 106. Therefore,
the outer portion 122 of each of the plurality of rotor blades 108 is radially outside of
the inner portion 124 in FIG. 2. The inner portion 124 of cach of the plurality of rotor
blades 108 is connected to the hub 106. Each rotor blade 108 may be, in a typical
embodiment, turned around its longitudinal axis to adjust a pitch angle. For that
purpose a pitch mechanism is located in the hub 106 and/or the nacelle 104 of the
wind turbine 100. The outer portion 122 of each of the rotor blades 108 has a wing
shaped profile, such that the outer portion may also be called profiled section or
profiled outer portion 122 of the rotor blade 108. The front end of each of the plurality
of rotor blades 108 is typically straight from the connection to the hub to the outer
portion 122; in another typical embodiment of the present patent application the front
end of each of the plurality of rotor blades 108 is typically straight to the blade tip of
cach of the rotor blades 108. Thus, a leading edge 126, i.e. the windward or front edge
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of cach of the plurality of rotor blades 108, defines during operation of the wind
turbine 100, i.e. when the hub 106 and the rotor blades 108 turn around the rotor axis
114, a substantially flat disk. Thus, the outer end of the inner portion 124,
approximately where the profiled portion begins, i.e. where each of the rotor blades
108 start the leeward protrusion in the embodiment shown in FIG. 2 when looking
from a hub sided end of the rotor blade 108 to the blade tip, is defining a circle around

the rotor axis 114.

[0045]  Asillustrated in FIG. 2, in front, i.e. windward, of the rotor blades 108, a
deployable aerodynamic component 130 according to an embodiment is symmetrically
disposed with respect to the turning axis 114. In the illustrated embodiment, the
deployable aerodynamic component 130 resembles an umbrella-like structure, and is
thus referred to herein as an umbrella-like deployable acrodynamic component 132.
The umbrella-like deployable acrodynamic component 132 defining a front portion
152 and a rear portion 154, and including a mechanically deployable support structure
(described presently) and a skin-like covering 134. The skin-like covering may be
comprised of a tensionable fabric, plastic, or any other suitable material capable of

creating a flow blockage and redirecting the incoming wind 112 as described herein.

[0046]  The umbrella-like deployable acrodynamic component 132 may be
connected to the hub 106 via a shaft 136, or later connected to an existing small
spinner (not shown) already mounted on the hub of the wind turbine 100. In the last
case, the deployable acrodynamic component 130 covers the small spinner. Thus, the
deployable aerodynamic component 130 may be a nose cone of the hub 106. The
umbrella-like deployable acrodynamic component 132 is in a typical embodiment
symmetrically placed with respect to the turning axis 114 when mounted on a wind
turbine 100. The umbrella-like deployable acrodynamic component 132 when
deployed may have a parabolic or semi-spherical outer shape as illustrated in FIG. 2,
or any other shape capable of redirecting the airflow as indicated herein when
deployed. When deployed, the umbrella-like deployable acrodynamic component 132
guides or redirects incoming wind 112 that is typically directed toward the hub 106 or
to the nacelle 104 toward the profiled or outer portions 122 of each of the plurality of
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rotor blade 140. Thus, kinetic energy of the wind 112 directed toward the hub 106 is

also capable of being transformed it to electrical energy.

[0047]  In an embodiment, the umbrella-like deployable acrodynamic component
132 has a maximum outer diameter D in front of the rotor blades 108 that is
corresponding substantially to a diameter of the circle defined by the outer end of the
inner portion 124 in operation of the wind turbine 100. The maximum outer diameter
D might also be slightly greater or smaller than the circle. Hence, the wind 112
directed to the hub 106 and the nacelle 1104 is directed along the umbrella-like
deployable acrodynamic component 132 to the outer portion 122 of the rotor blades
108, as indicated by arrows 112. The acrodynamic shape of the umbrella-like
deployable aerodynamic component 132causes an acceleration in the flow of wind 112

over the more acrodynamically efficient regions of each of the plurality of blades 108.

[0048]  FIG. 3 illustrates in a simplified schematic the deployable acrodynamic
component 130, and more particularly the umbrella-like deployable acrodynamic
component 132, when in a non-deployed state. More particularly, during a high wind
occurrence, when loading/drag or thrust loads become too great for the umbrella-like
deployable aerodynamic component 132 to withstand, the structure may be retracted to
a non-deployed state. In an embodiment, the non-deployed state of the umbrella-like
deployable acrodynamic component 132 resembles a typical umbrella-like folded
structure as best illustrated in FIG. 3. The acrodynamic shape of the umbrella-like
deployable aerodynamic component 132 when in the non-deployed state minimizes
any blockage or redirecting of the flow of wind 112 and allows the wind 112 to flow
toward the the plurality of blades 108 as is typical. In an alternate embodiment, the
skin-like structure 134 may be configured to detach from an underlying structure

without an immediate requirement to retract the underlying structure.

[0049] The underlying structure for the umbrella-like deployable acrodynamic

component 132 is best illustrated in FIG. 4. More particularly, illustrated is a support
structure 138 for the umbrella-like deployable acrodynamic component 132 of FIGs. 2
and 3. The support structure 138 is illustrated having the skin-like covering 134 (FIG.

3) removed for simplicity of illustrating the support structure 138. In an embodiment,
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the support structure 138 is coupled to the shaft 136, or alternatively coupled to the
hub 106 via an alternate means, such as a primary extension tube 140 configured as a
part of the support structure 138. In an embodiment, the support structure 138 is
further comprised of a secondary extension tube 142, a plurality of spreaders 144
configured to provide immediate support to the skin-like covering 134 and a plurality
of secondary supports 146. The secondary extension tube 142 is slideably coupled to
the primary extension tube 140 so as to provide adjustment of a clearance space
between the umbrella-like deployable acrodynamic component 132 and the hub 106.
The plurality of secondary supports 146 are coupled to the plurality of spreaders 144
and a support structure hub 150 through which the primary and secondary extension
tubes 140, 142 extend. In an embodiment, a plurality of power heads 148 are
provided proximate the support structure hub 150. The plurality of power heads 148
may provide slideable movement of the support structure hub 150, in a forward and aft
direction, along the primary and/or the secondary tubes 140, 142, thus enabling
deployment and retraction of the umbrella-like deployable acrodynamic component
132.

[0050] Referring now to FIGs. 5-7, in which like features are designated with the
same reference numbers, illustrated is another embodiment of the deployable
acrodynamic component 130 coupled to a wind turbine 100. The deployable
acrodynamic component 130 according to FIGs. 5-7 is configured as a roller and
support arc deployable acrodynamic component 160, and has a generally similar shape
as the umbrella-like structure previously disclosed. In this particular embodiment, and
as best illustrated in FIG. 5, the roller and support arc deployable acrodynamic
component 160 is coupled to the wind turbine 100, and more particularly the hub 106
of the wind turbine 100, via a shaft 136, and defining a front portion 162 and a rear
portion 164.  The roller and support arc deployable aerodynamic component 160
when deployed is shaped similar to the deployable acrodynamic component 130, and
more particularly the umbrella-like deployable acrodynamic component 132, described
with respect to FIGs. 2-4. FIG. 6 shows a front view of an embodiment of the roller
and support arc deployable acrodynamic component 160 with a substantially circular
shape in a front view when in a deployed state. The roller and support arc deployable

acrodynamic component 160 may have in this case a paraboloid shaped form or a form

10
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of a sphere segment when viewed in a side view. As it is shown in this embodiment,
the inner portions 124 of ecach of the plurality of rotor blade 108 are completely
covered in wind direction 112 when deployed. In some embodiments, only a
substantial portion of the inner portions 124 might be covered by the roller and support
arc deployable acrodynamic component 160 in direction of the wind 112. A substantial
portion of the inner portion may be 50 to 100 percent, 75 to 100 percent, or 90 to 100
percent of a total length of the inner portion 124. The total length of the inner portion
124 is typically the distance from a connecting flange for connecting each of the rotor
blades 108 to the hub 106 to the beginning of the airfoiled or profiled outer portion
122 of the rotor blade 108. In an embodiment, the roller and support arc deployable
acrodynamic component 160 may have a maximal outer diameter D of about the
diameter of the circle defined by the outer end of the inner portion 124 in operation of

the wind turbine 100.

[0051] The rear portion 164 of the deployable acrodynamic component 130, and
more particularly the roller and support arc deployable aerodynamic component 160
may have a substantially circular shape defined by a frame 168, about which a
plurality of support arcs 170, each having a roller 172 coupled thereto the support arc
170 and the frame 168, are moveable. In an embodiment, the rear portion 164 may at
least partially enclose the hub 106 of the wind turbine. The rear portion 164 of the
roller and support arc deployable acrodynamic component 160 is formed such that the
airfoiled shaped outer portion 122 of each of the plurality of rotor blades 108 is not
touching in any pitch angle of the rotor blade 108 the rear portion 164 of the
deployable aerodynamic component 130 Therefore, the deployable aecrodynamic
component 130 is adapted to provide a low air resistance and to guide the wind 112

toward the airfoiled shaped outer portion 122 of the rotor blades 108 when deployed.

[0052]  The roller and support arc deployable aerodynamic component 160 further
includes a skin-like covering 134, such as a tensionable fabric, supported by support
arcs 170. In an embodiment, the skin-like covering 134 is configured to overlay the
support arcs 170 and being coupled thereto to allow for deployment. In an alternate
embodiment, the skin-like covering 134 is configured to extend between adjacent

support arcs 170, being coupled thereto.  The roller and support arc deployable

11
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acrodynamic component 160 is deployable via mechanical automation that provides
for movement of the support arcs 170, via rollers 172, about the frame 168. When
deployed, the roller and support arc deployable acrodynamic component 160 provides
blockage and redirecting of the incoming wind 112 toward the outer portions 122 of
cach of the plurality of rotor blades 108, previously described. In addition, the
acrodynamic shape of roller and support arc deployable acrodynamic component 160
causes an acceleration in the flow of wind 112 over the more acrodynamically efficient

regions of each of the plurality of blades 108.

[0053] FIG. 7 illustrates in a simplified schematic view roller and support arc
deployable acrodynamic component 160 during the process of deployment as the
rollers 172 move about the frame 168. In a non-deployed state, such as during a high
wind occurrence, when loading/drag or thrust loads become too great for roller and
support arc deployable acrodynamic component 160 to withstand, the support arcs 170
may be moved about the frame 168 so as to stack one against another, and configured
in a non-deployed state. The acrodynamic shape of roller and support arc deployable
acrodynamic component 160 when in the non-deployed stated minimizes any blockage
or redirecting of the flow of wind 112 and allows the wind 112 to flow toward the
inner portion 124 of the plurality of blades 108 as is typical. In an alternate
embodiment, the skin-like structure may be configured to detach from an underlying
structure without an immediate requirement to move the support arcs 170 about the

frame 168.

[0054] Referring now to FIGs. 8-11, in which like features are designated with the
same reference numbers, illustrated is another embodiment of the deployable
acrodynamic component 130 coupled to a wind turbine 100. More particularly,
illustrated in FIGs. 8 and 9 is another embodiment of the deployable aerodynamic
component 130 in a deployed stated, and illustrated in FIGs. 10-11 in a non-deployed
state. The deployable acrodynamic component 130 according to FIGs. 8-11 is
configured as a weighted cable deployable acrodynamic component 180, and when
deployed has a shape generally similar to the umbrella-like acrodynamic component
132 structure previously disclosed, but in contrast is based on a spinning action of the

component 180 to deploy and take shape. In this particular embodiment, and as best

12
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illustrated in FIG. 8, the weighted cable deployable acrodynamic component 180 is
coupled to the wind turbine 100, and more particularly the hub 106 of the wind turbine
100, via a shaft 136, and includes a front portion 182 and a rear portion 184. The
weighted cable deployable acrodynamic component 180 when deployed is shaped
similar to the deployable acrodynamic component 130, and more particularly the
umbrella-like deployable acrodynamic component 132, described with respect to FIGs.
2-4. Therefore, it may have a deployed shape of a substantially spherical segment or a
substantially paraboloid shape when viewed from a side, with a maximal outer
diameter D of about a diameter of the circle defined by the outer end of the inner

portion 124 in operation of the wind turbine 100.

[0055] The weighted cable deployable aerodynamic component 180 generally
includes a plurality of cables 186, each having a first end extending from a central
component 188 at a front portion 182 to a second end proximate the rear portion 184
onto which a weight 190 is coupled. A skin-like covering 134, such as a tensionable
fabric is supported by the cables 186. In an embodiment, the skin-like covering 134 is
coupled thereto to plurality of cables 186 to allow for deployment. In an alternate
embodiment, the skin-like covering 134 is configured to extend between adjacent
cables 186, being coupled thereto. In an alternate embodiment, the skin-like covering
134 may extend over the cables 134, being coupled thereto. During deployment, the
rear portion 184 may have a substantially circular shape dependent upon a length “L”
of each cable 186. In a preferred embodiment, the length “L” is the same for each of
the plurality of cables 186. The rear portion 184 of the weighted cable deployable
acrodynamic component 180 is formed such that the airfoiled shaped outer portion 122
of each of the plurality of rotor blades 108 is not touching in any pitch angle of the
rotor blade 108 the rear portion 164 of the weighted cable deployable aecrodynamic
component 180. Therefore, the weighted cable deployable acrodynamic component
180 is adapted to provide a low air resistance and to guide the wind 112 toward the

airfoiled shaped outer portion 122 of the rotor blades 108 when deployed.

[0056] The weighted cable deployable acrodynamic component 180 is deployable
via mechanical automation that provides for a spinning action of the central

component 188. The spinning action, as indicated in FIG. 9, creates a dynamic
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structure in front of the plurality of rotor blades 108 due to centrifugal force. When
deployed, the weighted cable deployable acrodynamic component 180 provides
blockage and redirecting of the incoming wind 112 toward the outer portions 122 of
cach of the plurality of rotor blades 108, previously described. In addition, the
acrodynamic shape of the weighted cable deployable acrodynamic component 180
causes an acceleration in the flow of wind 112 over the more acrodynamically efficient

regions of each of the plurality of blades 108.

[0057]  FIGs. 8 and 9 illustrate in a simplified schematic view the weighted cable
deployable aerodynamic component 180 when deployed. In a non-deployed state as
illustrated in FIGs. 10 and 11, such as during a high wind occurrence, when
loading/drag or thrust loads become too great for the weighted cable deployable
acrodynamic component 180 to withstand, the spinning action of the central
component 188 is stopped and thus the weighted second ends of the cables 186 close
about the central shaft 136 to a non-deployed state. In an embodiment, additional
cables or means of control may be attached to the second ends of the cables 186, and
more particularly each of the weights 190 and to the rotor hub 106 or shaft 136 for
additional control during deployment and non-deployment. The aecrodynamic shape of
the weighted cable deployable acrodynamic component 180 when in the non-deployed
stated minimizes any blockage or redirecting of the flow of wind 112 and allows the
wind 112 to flow toward the inner portion 124 of the plurality of blades 108 as is
typical. In an alternate embodiment, the skin-like structure may be configured to
detach from each of the plurality of cables 186 without an immediate requirement to

stop the spinning action of the central component 188.

[0058] Referring now to FIGs. 12-15, in which like features are designated with the
same reference numbers, illustrated is another embodiment of the deployable
acrodynamic component 130 coupled to a wind turbine 100. More particularly,
illustrated in FIGs. 12 and 13 is another embodiment of the deployable acrodynamic
component 130 in a deployed stated, and illustrated in FIGs. 14 and 15 in a non-
deployed state. The deployable acrodynamic component 130 according to FIGs. 12-15
is configured as a fluid deployable acrodynamic component 200, and more particularly

configured for deployment by inflating with a fluid, such as air. In this particular
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embodiment, and as best illustrated in FIG. 12, the fluid deployable acrodynamic
component 200 is coupled to the wind turbine 100, and more particularly the hub 106
of the wind turbine 100, via a shaft 136, and includes a front portion 202 and a rear
portion 204. The fluid deployable acrodynamic component 200 when deployed takes
on a dome-like shape as best illustrated in FIG. 12. Therefore, it may have a deployed
shape of a substantially spherical segment or a substantially paraboloid shape with a
maximal outer diameter D of about the diameter of a circle defined by the outer end of

the inner portion 124 in operation of the wind turbine 100.

[0059] The fluid deployable aerodynamic component 200 generally includes a
skin-like covering 134, such as a fabric that is configured to be inflated with a fluid,
such as air. In an embodiment, the skin-like covering 134 is coupled thereto at least
one of the hub 106 or shaft 136 to allow for deployment and positioning relative to the
wind turbine 100. Included is a means for providing inflation (not shown) to the fluid
deployable aerodynamic component 200. During deployment, the rear portion 204
may have a substantially circular shape when viewed in front view. The rear portion
204 of the fluid deployable aecrodynamic component 200 is formed such that the
airfoiled shaped outer portion 122 of each of the plurality of rotor blades 108 is not
touching in any pitch angle of the rotor blade 108 the rear portion 204 of the fluid
deployable acrodynamic component 200. Therefore, the fluid deployable acrodynamic
component 200 is adapted to provide a low air resistance and to guide the wind 112

toward the airfoiled shaped outer portion 122 of the rotor blades 108 when deployed.

[0060] The fluid deployable aerodynamic component 200 is deployable via
mechanical automation that provides for inflation of the skin-like covering 134. The
inflation of the fluid deployable acrodynamic component 200, as illustrated in FIGs.
12 and 13, creates a dynamic structure in front of the plurality of rotor blades 108.
When deployed, the fluid deployable aerodynamic component 200 provides blockage
and redirecting of the incoming wind 112 toward the outer portions 122 of each of the
plurality of rotor blades 108, previously described. In addition, the acrodynamic shape
of the fluid deployable acrodynamic component 200 causes an acceleration in the flow
of wind 112 over the more acrodynamically efficient regions of each of the plurality of

blades 108.
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[0061] In a non-deployed state as illustrated in FIGs. 14 and 15, such as during a
high wind occurrence, when loading/drag or thrust loads become too great for the fluid
deployable aerodynamic component 200 to withstand, the skin-like covering 134 is
deflated, and may be packed away in a manner generally similar to a parachute. The
acrodynamic shape of the fluid deployable acrodynamic component 200 when in the
non-deployed stated minimizes any blockage or redirecting of the flow of wind 112
and allows the wind 112 to flow toward the inner portion 124 of the plurality of blades
108 as is typical. In an alternate embodiment, the skin-like structure may be
configured to detach from the wind turbine 100 without an immediate requirement to

deflate the skin-like covering 134 and pack it away.

[0062] Referring now to FIGs. 16 and 17, in which like features are designated
with the same reference numbers, illustrated is another embodiment of the deployable
aerodynamic component 130 coupled to a wind turbine, such as the wind turbine 100
of FIG. 1. More particularly, illustrated in FIGs. 16 and 17 is another embodiment of
the deployable aerodynamic component 130 in a deployed state. The deployable
acrodynamic component 130 according to FIGs. 16 and 17 is configured as a
perimeter paneled deployable aerodynamic component 210, and more particularly
configured for deployment by rotating a plurality of panels 216 positioned about a
perimeter 214 of the component 210 in a manner to redirect an incoming wind 112. In
this particular embodiment, the perimeter paneled deployable acrodynamic component
210 is coupled to the wind turbine, and more particularly the hub 106 of the wind
turbine 100, via a shaft 136, and includes a front portion 212. In an embodiment the
perimeter paneled deployable aerodynamic component 210 is configured having a
substantially dome-like shape with an optional central opening 218 formed
therethrough. The perimeter pancled deployable acrodynamic component 210 may
have a deployed shape of a substantially spherical segment or a substantially
paraboloid shape with a maximal outer diameter of about the diameter of a circle

defined by the outer end of the inner portion 124 in operation of the wind turbine 100.

[0063] The perimeter paneled deployable acrodynamic component 210 generally

includes the plurality of panels 216 spaced about a perimeter 214 of the component
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210 and configured to rotate during deployment via a plurality of rotation arms 220
coupled to each of the rotating panels 216 at a first end with a plurality of couplings
222, and to a means for providing rotation 224 as a second end. The component 210
may further include a plurality of secondary rotation arms 226 each coupled at a first
end to a panel 216 and to the hub 106 at a second end. In an embodiment, the plurality
of secondary rotation arms 226 are provided as an additional support structure to the
rotating panels 216 and may be configured to aid in rotation of the rotating panels 216

or simply provide additional support.

[0064] The perimeter pancled deployable aerodynamic component 210 is
configured such that the airfoiled shaped outer portion 122 (FIG. 1) of ecach of the
plurality of rotor blades 108 (FIG. 1) is not touching the panels 216 of the perimeter
pancled deployable acrodynamic component 210 in any pitch angle of the rotor blade
108. During deployment, the panels 216 are rotated via rotation arms 220 and the
means for providing rotation 224 in a manner to guide the wind 112 toward the

airfoiled shaped outer portion 122 of the rotor blades 108.

[0065] As previously indicated, the perimeter paneled deployable aerodynamic
component 210 is deployable via mechanical automation that provides for rotation of
the panels 216 relative to the incoming wind 112. The rotation of the panels 216, as
illustrated in FIGs. 16 and 17, so as to be oriented substantially perpendicular to the
direction of the incoming wind 112, creates a dynamic structure in front of the
plurality of rotor blades 108. When deployed, the perimeter pancled deployable
acrodynamic component 210 provides blockage and redirecting of the incoming wind
112 toward the outer portions 122 of each of the plurality of rotor blades 108, as
previously described. In addition, the aerodynamic shape of the perimeter paneled
deployable aerodynamic component 210 causes an acceleration in the flow of wind
112 over the more acrodynamically efficient regions of each of the plurality of blades

108.

[0066] In a non-deployed state, such as during a high wind occurrence, when
loading/drag or thrust loads become too great for the perimeter paneled deployable

acrodynamic component 210 to withstand, the panels 216 are rotated by the rotation
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arms 220 and the means for providing rotation 224 in a direction substantially parallel
(not shown) to a direction of an incoming wind 112. The acrodynamics of the
perimeter paneled deployable acrodynamic component 210 when in the non-deployed
stated minimizes any blockage or redirecting of the flow of wind 112 and allows the
wind 112 to flow toward the inner portion 124 of the plurality of blades 108 as is
typical.

[0067] Referring now to FIGs. 18-20, in which like features are designated with the
same reference numbers, illustrated is another embodiment of the deployable
acrodynamic component 130 coupled to a wind turbine 100. More particularly,
illustrated in FIGs. 18 and 19 is another embodiment of the deployable aerodynamic
component 130 in a deployed state, and illustrated in FIG. 20 in a non-deployed state.
The deployable aerodynamic component 130 according to FIGs. 18-20 is configured
as a pancled deployable aerodynamic component 230, generally similar to the
perimeter paneled deployable acrodynamic component 210 of FIGs. 15-17, but having
a different panel configuration.  More particularly, the pancled deployable
acrodynamic component 230 is configured having a plurality of panels 236 formed in
a front portion 232 of the paneled deployable acrodynamic component 230, in contrast
to the perimeter configuration as in the previous embodiment. Although the paneled
deployable acrodynamic component 230 is illustrated having four panels 236, it should
be understood that the component 230 may be configured to include any number of
panels 236 dependent upon design parameters. It is anticipated that at least two panels

236 are required.

[0068] The panecled deployable acrodynamic component 230 is configured for
deployment by rotating the plurality of panels 216 of the component 210 in a manner
to redirect an incoming wind 112 as illustrated in FIG. 19. In this particular
embodiment, the paneled deployable acrodynamic component 230 is coupled to the
wind turbine 100, and more particularly the hub 106 of the wind turbine 100, via a
shaft 136, and includes the front portion 232. In an embodiment the paneled
deployable aerodynamic component 230 is configured having a substantially dome-
like shape. Although the paneled deployable acrodynamic component 230 is not

depicted as including a central opening, such as central opening 218 of the previous

18



WO 2014/004087 PCT/US2013/045342

embodiment illustrated in FIGs. 16 and 17, it may be included. The pancled
deployable aecrodynamic component 230 may have a general shape of a substantially
spherical segment or a substantially paraboloid shape when viewed from a side with a
maximal outer diameter D of about the diameter of a circle defined by the outer end of

the inner portion 124 in operation of the wind turbine 100.

[0069] The paneled deployable acrodynamic component 230 generally includes the
plurality of panels 236 spaced evenly over the front portion 232 of the component 210
and configured to rotate during deployment via a means for providing rotation 244
coupled to each of the rotating panels 236 via a rotation arm 240. In an embodiment,
the panels 236 are configured to rotate in a manner similar to that previous described
with regard to FIGs. 15-17. The pancled deployable acrodynamic component 230 is
configured such that the airfoiled shaped outer portion 122 of each of the plurality of
rotor blades 108 is not touching in any pitch angle of the rotor blade 108, the panels
236 of the paneled deployable acrodynamic component 230. During deployment, the
panels 236 are rotated in a manner to guide the wind 112 toward the airfoiled shaped

outer portion 122 of the rotor blades 108 as illustrated in FIG. 19.

[0070] The pancled deployable acrodynamic component 230 is deployable via
mechanical automation that provides for rotation of the panels 236 relative to the
incoming wind 112. The rotation of the panels 216, as illustrated in FIGs. 18 and 19
substantially perpendicular to the direction of the incoming wind 112, creates a
dynamic structure in front of the plurality of rotor blades 108. When deployed, the
paneled deployable acrodynamic component 230 provides blockage and redirecting of
the incoming wind 112 toward the outer portions 122 of each of the plurality of rotor
blades 108, previously described. In addition, the acrodynamic shape of the paneled
deployable aerodynamic component 230 causes an acceleration in the flow of wind
112 over the more acrodynamically efficient regions of each of the plurality of blades

108.

[0071] In a non-deployed state, such as during a high wind occurrence, when
loading/drag or thrust loads become too great for the paneled deployable acrodynamic

component 230 to withstand, the panels 236 are rotated in a direction substantially
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parallel to a direction of an incoming wind 112, such as illustrated in FIG. 20. The
acrodynamics of the paneled deployable acrodynamic component 230 when in the
non-deployed stated minimizes any blockage or redirecting of the flow of wind 112
and allows the wind 112 to flow toward the inner portion 124 of the plurality of blades
108 as is typical.

[0072] FIGs. 21-24, in which like features are designated with the same reference
numbers, illustrate another embodiment of the deployable acrodynamic component
130 coupled to a wind turbine 100. More particularly, illustrated in FIGs. 21 and 22 is
another embodiment of the deployable acrodynamic component 130 in a deployed
state, and illustrated in FIGs. 23 and 24 in a non-deployed state. The deployable
acrodynamic component 130 according to FIGs. 21-24 is configured as a rotor flap
deployable acrodynamic component 250. More particularly, the rotor flap deployable
acrodynamic component 250 is configured having a plurality of rotor flaps or panels
256 that retract or fold away during non-deployment. Although the rotor flap
deployable aerodynamic component 250 is illustrated having a specific number of
rotor flaps 256, it should be understood that the component 250 may be configured to
include any number of rotor flaps 256 dependent upon design parameters. It is
anticipated that the rotor flaps 256 are configured in alignment with each of the
plurality of rotor blades 108 as illustrated and may fold or retract into each of said

rotor blades 108.

[0073] The rotor flap deployable aerodynamic component 250 is configured for
deployment by an actuation mechanism (not shown) utilizing hydraulics, levers, or the
like to unfold or extend the plurality of rotor flaps 256 of the component 250 in a
manner to redirect an incoming wind 112 impinging on a front portion 252 as
illustrated in FIGs. 21 and 22. In this particular embodiment, the rotor flap deployable
aerodynamic component 250 is coupled to the wind turbine 100, and more particularly
the hub 106 of the wind turbine 100, via a shaft 136. In an embodiment the rotor flap
deployable acrodynamic component 250, and more particularly each of the rotor flaps
256, is configured having a substantially delta-like shape relevant to each rotor blade
108 during a deployed state. In an embodiment the rotor flap deployable acrodynamic

component 250, and more particularly the front portion 252 may have a general shape

20



WO 2014/004087 PCT/US2013/045342

of a substantially spherical segment or a substantially paraboloid shape with a
maximal outer diameter D of about the diameter of a circle defined by the outer end of

the inner portion 124 in operation of the wind turbine 100 when in a deployed state.

[0074]  The rotor flap deployable acrodynamic component 250 generally includes
the plurality of rotor flaps 256 spaced having a maximal outer diameter D of about the
diameter of a circle defined by the outer end of the inner portion 124 of the wind
turbine 100. The rotor flaps 256 are configured to extend or unfold during deployment
via hydraulics, levers, or other means for accomplishing such. In an embodiment, the
rotor flaps 256 are configured such that the airfoiled shaped outer portion 122 of each
of the plurality of rotor blades 108 is not touching in any pitch angle of the rotor blade
108, the rotor flaps 256 of the pancled deployable acrodynamic component 250.
During deployment, the rotor flaps 256 are deployed in a manner to guide the wind
112 toward the airfoiled shaped outer portion 122 of the rotor blades 108 as illustrated
in FIGs. 21 and 22. In an embodiment, it is anticipated that the plurality of rotor flaps
108 may be configured having a “shroud-like” shape to direct the incoming wind 112
in an upward and outward direction toward the airfoiled shaped outer portion 122 of

the rotor blades 108.

[0075] The rotor flap deployable acrodynamic component 250 is deployable via
mechanical automation that provides for extension of the rotor flaps 256 relative to the
rotor blades 108. The extending of the rotor flaps 256, as illustrated in FIGs. 21 and
22, from a centerline of each of the rotor blades 108, creates a dynamic structure in
front of cach of the plurality of rotor blades 108. When deployed, the rotor flap
deployable aerodynamic component 250 provides blockage and redirecting of the
incoming wind 112 toward the outer portions 122 of ecach of the plurality of rotor
blades 108, as previously described. In addition, the acrodynamic shape of the rotor
flap deployable acrodynamic component 250 causes an acceleration in the flow of
wind 112 over the more acrodynamically efficient regions of each of the plurality of

blades 108.

[0076] In a non-deployed state, such as during a high wind occurrence, when

loading/drag or thrust loads become too great for the rotor flap deployable
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acrodynamic component 250 to withstand, the rotor flaps 256 are retracted into the
rotor blades 108, such as illustrated in FIGs. 23 and 24. The aerodynamics of the
rotor flap deployable aerodynamic component 250 when in the non-deployed stated
minimizes any blockage or redirecting of the flow of wind 112 and allows the wind
112 to flow toward the inner portion 124 of the plurality of blades 108, as illustrated in
FIG. 23.

[0077]  FIGs. 25-29 illustrate a plurality of front views of a plurality of
embodiments of a deployable acrodynamic component 130, employing sliding panel
deployment features, and configured as a sliding panel deployable aerodynamic
component 260. It should be understood that like features are designated with the
same reference numbers throughout the figures. More specifically, FIGs. 25-29,
illustrate embodiments of the deployable acrodynamic component 130 configured to
couple to a wind turbine, such as previously disclosed for the embodiments illustrated
in FIGs. 1-24. TIn particular, illustrated in FIGs. 25 and 26 is an embodiment illustrating
a front view of a front portion 262 including a plurality of slideable panels 264,
configured to align and misalign with a plurality of flow through openings 266 formed
therein the sliding panel deployable acrodynamic component 260. FIG. 25 illustrates
the sliding panel deployable acrodynamic component 260 in a deployed state. FIG. 26
illustrates the sliding panel deployable acrodynamic component 260 in a non-deployed
state. More particularly, the sliding panel deployable acrodynamic component 260 is
configured having a plurality of slideable panels 264 that slide relative to the front
portion 262 so as to uncover the flow through openings 266 during non-deployment.
Although the sliding panel deployable aerodynamic component 260 is illustrated
having a specific number of slideable panels 264, it should be understood that the
component 260 may be configured to include any number of slideable panels 264

dependent upon design parameters.

[0078] The sliding panel deployable acrodynamic component 260 is configured for
deployment by an actuation mechanism (not shown) utilizing hydraulics, levers, or the
like to move the slideable panels 264 of the sliding panel deployable acrodynamic
component 260 to cover the flow through openings 266 in a manner to redirect an

incoming wind 112 as illustrated in FIG. 25. During deployment, the slideable panels
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264 are deployed in a manner to guide the wind toward the airfoiled shaped outer

portion 122 of the rotor blades 108 as previously described.

[0079] The sliding panel deployable acrodynamic component 260 is coupled to the
wind turbine100, and more particularly the hub 106 of the wind turbine 100. In an
embodiment the sliding panel deployable aerodynamic component 260, and more
particularly the front portion 262 may have a general shape of a substantially spherical
segment or a substantially paraboloid shape when viewed from a side, with a maximal
outer diameter D of about the diameter of a circle defined by the outer end of the inner

portion (not shown) in operation of the wind turbine 100 when in a deployed state.

[0080] The sliding panel deployable acrodynamic component 260 is deployable via
mechanical automation that provides for sliding of the slideable panels 264 to achieve
deployment. The sliding of the panels 264 to cover or block the flow through
openings 266, as illustrated in FIG. 25, creates a dynamic structure in front of the
plurality of rotor blades 108. When deployed, the sliding panel deployable
acrodynamic component 260 provides blockage and redirecting of the incoming wind
112 toward the outer portions 122 of each of the plurality of rotor blades 108, as
previously described. In addition, the aerodynamic shape of the sliding panel
deployable aerodynamic component 260 causes an acceleration in the flow of wind
112 over the more acrodynamically efficient regions of each of the plurality of blades

108.

[0081] In a non-deployed state, such as during a high wind occurrence, when
loading/drag or thrust loads become too great for the sliding panel deployable
acrodynamic component 260 to withstand, the slideable panels 264 are mechanically
actuated to slide and uncover the flow through openings 266, such as illustrated in
FIG. 26, so as to allow the flow of wind to pass therethrough. The aerodynamics of
the sliding panel deployable acrodynamic component 260 when in the non-deployed
state minimizes any blockage or redirecting of the flow of wind and allows the wind to
flow toward the inner portion 124 of the plurality of blades 108, as illustrated in FIG.
26.
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[0082] Referring now to FIGs. 27-29, illustrated are additional configurations for
the sliding panel deployable acrodynamic component 260. More particularly, in
contrast to the previous embodiment illustrated in FIGs. 25 and 26, the embodiments
illustrated in FIGs. 27-29 include a plurality of slideable panels 264, but in this
particular embodiment, the panels 264 are pie-shaped and slide or rotate about a
central point 272 and in an overlapping configuration when in a non-deployed state. In
particular, illustrated in FIGs. 27-29 is an embodiment illustrating a front view of a front
portion 262 including a plurality of slideable panels 264, configured to slideably
overlap so as to block or unblock a plurality of flow through openings 266. FIG. 27
illustrates the sliding panel deployable acrodynamic component 260 in a deployed
state. FIG. 28 illustrates the sliding panel deployable acrodynamic component 260 in
a non-deployed state. FIG. 29 illustrates an embodiment of the sliding panel
deployable acrodynamic component 260 including a support structure 274 that may be

configured to include an inner support ring 276, an outer support ring 278, or both.

[0083] The embodiments of the sliding panel deployable acrodynamic component
260 illustrated in FIGs. 27-29 are configured having a plurality of slideable panels 264
that slide relative to the each other so as to form the flow through openings 266 during
non-deployment. Although the sliding panel deployable acrodynamic component 260
is illustrated having a specific number of slideable panels 264, it should be understood
that the component 260 may be configured to include any number of slideable panels

264 dependent upon design parameters.

[0084] The sliding panel deployable acrodynamic component 260 is configured for
deployment by an actuation mechanism (not shown) utilizing hydraulics, levers, or the
like to move the slideable panels 264 of the sliding panel deployable acrodynamic
component 260 to cover the flow through openings 266 in a manner to redirect an
incoming wind 112 as illustrated in FIG. 27. During deployment, the slideable panels
264 are deployed in a manner to guide the wind 112 toward the airfoiled shaped outer

portion of the rotor blades as previously described.

[0085] The sliding panel deployable acrodynamic component 260 is coupled to the

wind turbine (not shown), and more particularly the hub (not shown) of the wind
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turbine.  In an embodiment the sliding panel deployable acrodynamic component
260, and more particularly the front portion 262 may have a general shape of a
substantially spherical segment or a substantially paraboloid shape with a maximal
outer diameter D of about the diameter of a circle defined by the outer end of the inner

portion in operation of the wind turbine when in a deployed state.

[0086] Similar to the previously disclosed sliding panel embodiment, the sliding
panels 264 are deployable via mechanical automation that provides for sliding of the
slideable panels 264 to achieve deployment. The sliding of the panels 264 creates a
dynamic structure in front of the plurality of rotor blades 108. When deployed, the
sliding panel deployable aerodynamic component 260 provides blockage and
redirecting of the incoming wind 112 toward the outer portions 122 of each of the
plurality of rotor blades 108, as previously described. In addition, the aerodynamic
shape of the sliding panel deployable aerodynamic component 260 causes an
acceleration in the flow of wind 112 over the more aerodynamically efficient regions

of cach of the plurality of blades 108.

[0087] In anon-deployed state, such as during a high wind occurrence, when
loading/drag or thrust loads become too great for the sliding panel deployable
acrodynamic component 260 to withstand, the slideable panels 264 are mechanically
actuated to slide and form the flow through openings 266, such as illustrated in FIGs.
28 and 29. The aerodynamics of the sliding panel deployable acrodynamic
component 260 when in the non-deployed stated minimizes any blockage or
redirecting of the flow of wind 112 and allows the wind 112 to flow toward the inner

portion 124 of the plurality of blades 108.

[0088] In FIG. 30 a method for acrodynamic performance enhancement of a wind
turbine, thus improving the efficiency of an existing wind turbine is shown at 300. In a
first step 302, a wind turbine is provided. The wind turbine includes a hub and at least
one rotor blade connected to the hub. The at least one rotor blade has an inner portion
and a profiled outer portion as previously described here-above. Next, in step 304, a
deployable aerodynamic component is mounted on the hub. The deployable

acrodynamic component may be one of the deployable acrodynamic components

25



WO 2014/004087 PCT/US2013/045342

described here-above. In a further step 306, a determination is made as to the presence
of winds exceeding preset parameters. If wind exceed preset parameters, the
deployable acrodynamic component operates in a non-deployed state, at step 308, to
allow the incoming wind to pass therethrough toward an inner portion of the at least
one rotor blade. If wind does not exceed preset parameters, the deployable
acrodynamic component is deployed to redirect an incoming wind toward a profiled
outer portion of the at least one rotor blade, at step 310 and provide increased
efficiency and enhanced acrodynamic performance of the wind turbine. At a step 312,
the wind turbine is operated by rotating the at least one rotor blade about its
longitudinal axis to generate energy. Step 306 is repeated during operation of the
wind turbine to determine the need commence or cease deployment of the deployable

acrodynamic component as described in steps 308 and 310.

[0089] Disclosed is a deployable acrodynamic component for enhanced
acrodynamic performance of a wind turbine. The deployable acrodynamic component
having dimensions such that the air impinging the wind turbine at the inner rotor
diameter will be guided to profiled rotor blade portions and thus will increase the
energy capture of the wind turbine. In a typical embodiment of the deployable
acrodynamic component the outer dimensions of the nacelle may be adapted to the
deployable aerodynamic component to increase energy capture and to avoid vortex in
the down flow wind stream. Therefore the energy capture is increased, and less energy
is loss as the air stream at the inner rotor diameter is guided to the profiled rotor blade

portions.

[0090] The deployable acrodynamic component may be fabricated of any suitable
material including, but not limited to stretchable fabric, tensionable fabric, plastic,
metal, carbon fiber and/or other construction material. In an embodiment of the
deployable aerodynamic component including an underlying support structure, the
structure may be fabricated of any suitable material, including, but not limited to
carbon fiber and/or other material capable of lending support to the deployable
acrodynamic component. In addition, as disclosed here-above, the deployable
acrodynamic component may be configured to operate solely when spinning with the

rotor blades, such as the weighted cable deployable acrodynamic component 180
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described with regard to FIGs. 8-11. In an alternative embodiment, the deployable
acrodynamic component may be configured to spin or remain stationary relative to the
rotor blades, and is not dependent upon a rotational force to deploy. Embodiments
disclosed herein include a deployable acrodynamic component having a substantially
dome-shaped configuration when deployed. In alternate embodiments, the dome may
not be a full 360 degrees, and may be configured having a “shroud-like” shape to
direct the incoming wind in an upward and outward direction toward the airfoiled
shaped outer portion of the rotor blades and/or to substantially cover each of the

plurality of blades only.

[0091]  Accordingly, disclosed is an apparatus and method for acrodynamic
performance enhancement of a wind turbine configured to operate in a deployed state
to redirect an incoming wind toward a profiled outer portion of the at least one rotor
blade and in a non-deployed state to allow the incoming wind to pass therethrough
toward the inner portion of the at least one rotor blade.. It will be understood that the
previous apparatus configurations and modes of operation described herein are merely
examples of proposed apparatus configurations and operating conditions. What is
significant is the apparatus provides for enhanced acrodynamic performance and thus

increased efficiency of a wind turbine.

[0092] The foregoing has described an apparatus and method for acrodynamic
performance enhancement of a wind turbine. While the present disclosure has been
described with respect to a limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other embodiments may be
devised which do not depart from the scope of the disclosure as described herein.
While the present disclosure has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the disclosure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the present disclosure
without departing from the essential scope thereof. Therefore, it is intended that the
present disclosure not be limited to the particular embodiment disclosed as the best

mode contemplated for carrying out the disclosure. It is, therefore, to be understood
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that the appended claims are intended to cover all such modifications and changes as

fall within the true spirit of the disclosure.
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CLAIMS:

1. An aerodynamic component for a wind turbine configured to be
mounted to said wind turbine, wherein at least one rotor blade is connected to a hub of
said wind turbine and defines an inner portion and a profiled outer portion, the
acrodynamic component comprising:

a front portion configured to be positioned in front of the inner portion of the at
least one rotor blade of the wind turbine in operation;

wherein the aerodynamic component is structurally configured to:

operate in a deployed state to redirect an incoming wind toward the profiled
outer portion of the at least one rotor blade;

operate in a non-deployed state to allow the incoming wind to pass
therethrough toward the inner portion of the at least one rotor blade; and

allow rotation of the at least one rotor blade about its longitudinal axis for pitch
angle adjustment of the at least one rotor blade without interfering with the

deployment of the aecrodynamic component.

2. The aerodynamic component according to claim 1, wherein in a side
view, the acrodynamic component has a deployed shape of a substantially spherical

segment.

3. The aerodynamic component according to claim 1, wherein in a side

view the acrodynamic component has a substantially paraboloidal shape.

4. The aerodynamic component according to claim 1, wherein the
acrodynamic component is a roller and support arc deployable acrodynamic

component.

5. The aerodynamic component according to claim 1, wherein the

acrodynamic component is an umbrella-like deployable acrodynamic component

6. The aerodynamic component according to claim 1, wherein the

acrodynamic component is a weighted cable deployable aerodynamic component.
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7. The aerodynamic component according to claim 1, wherein the

acrodynamic component is a fluid deployable acrodynamic component.

8. The aerodynamic component according to claim 1, wherein the

acrodynamic component is a perimeter paneled deployable acrodynamic component.

9. The aerodynamic component according to claim 1, wherein the

aerodynamic component is a paneled deployable acrodynamic component.

10.  The aerodynamic component according to claim 1, wherein the

aerodynamic component is a rotor flap deployable acrodynamic component.

11.  The aerodynamic component according to claim 1, wherein the

acrodynamic component is a slideable panel deployable acrodynamic component.

12. A wind turbine comprising:
a hub;
at least one rotor blade connected to the hub, the rotor blade comprising an
inner portion and a profiled outer portion; and
a deployable acrodynamic component configured to be mounted to the wind
turbine, the deployable acrodynamic component comprising:
a front portion configured to be positioned in front of the inner portion
of the at least one rotor blade of the wind turbine in operation;
wherein the deployable acrodynamic component is structurally
configured to:
operate in a deployed state to redirect an incoming wind toward
the profiled outer portion of the at least one rotor blade;
operate in a non-deployed state to allow the incoming wind to
pass therethrough toward the inner portion of the at least one rotor
blade; and
allow rotation of the at least one rotor blade about its

longitudinal axis for pitch angle adjustment of the at least one rotor
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blade without interfering with the deployment of the acrodynamic

component.

13.  The wind turbine according to claim 12, wherein the deployable
acrodynamic component has a shape of one of a substantially spherical segment or a

paraboloidal shape.

14. The wind turbine according to claim 12, wherein the deployable

acrodynamic component is an umbrella-like deployable acrodynamic component

15. The wind turbine according to claim 12, wherein the deployable

acrodynamic component is a weighted cable deployable aerodynamic component.

16. The wind turbine according to claim 12, wherein the deployable

acrodynamic component is a fluid deployable acrodynamic component.

17. The wind turbine according to claim 12, wherein the deployable

aerodynamic component is a paneled deployable acrodynamic component.

18. The wind turbine according to claim 12, wherein the deployable

acrodynamic component is a rotor flap deployable acrodynamic component.

19. A method for acrodynamic performance enhancement of a wind turbine
comprising:

providing a wind turbine including a hub and at least one rotor blade connected
to the hub, the at least one rotor blade having an inner portion and a profiled outer
portion;

mounting a deployable acrodynamic component to the wind turbine;

determining the presence of winds exceeding preset parameters;

deploying the deployable acrodynamic component to redirect an incoming
wind toward the profiled outer portion of the at least one rotor blade when winds do
not exceed the present parameters and operating the deployable acrodynamic

component in a non-deployed state to allow the incoming wind to pass therethrough
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toward the inner portion of the at least one rotor blade when winds exceed the present
parameters; and
rotating the at least one rotor blade about its longitudinal axis to generate

energy.
20. The method according to claim 19, wherein the deployable

acrodynamic component has a shape of one of a substantially spherical segment or a

paraboloidal shape.
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