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(54) A rotor blade for a wind turbine

(57) In one aspect, a rotor blade 22 for a wind turbine
10 is disclosed. The rotor blade 22 may include a body
28 extending between a blade root 24 and a blade tip 26.
The body 28 may define a pressure side and a suction
side extending between a leading edge 34 and a trailing
edge 36. In addition, the body 28 may define a chord line
42 extending between the leading 34 and trailing edges

36. The rotor blade 22 may also include an airfoil modifier
100 coupled to at least one of the pressure side or the
suction side of the body. The airfoil modifier 100 may
define an end surface disposed adjacent to the trailing
edge. At least a portion of the end surface may extend
at a non-perpendicular angle relative to the chord 40.
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Description

[0001] The present subject matter relates generally to
wind turbines and, more particularly, to airfoil modifiers
that may be installed onto a wind turbine rotor blade to
modify the aerodynamic profile of such blade.
[0002] Generally, a wind turbine includes a tower, a
nacelle mounted on the tower, and a rotor coupled to the
nacelle. The rotor typically includes a rotatable hub and
a plurality of rotor blades coupled to and extending out-
wardly from the hub. Each rotor blade may be spaced
about the hub so as to facilitate rotating the rotor to enable
kinetic energy to be transferred from the wind into usable
mechanical energy, and subsequently, electrical energy.
[0003] In order to achieve higher performing rotor
blades with increased annual energy production, "flat-
back" airfoils have been tested and used for the inboard
sections of blades. Compared to thick conventional,
sharp trailing-edge airfoils, a flatback airfoil with the same
thickness exhibits increased lift and reduced sensitivity
to fouling. Conventionally, flatback airfoils are formed in-
tegrally with the rotor blade during the molding process
and, thus, have only been available for newly manufac-
tured rotor blades. However, U.S. Patent Application
Publication Number 2010/0278657 (Kildegaard), entitled
"Wind Turbine Blade and Blade Element Combination
and Method of Changing the Aerodynamic Profile of a
Wind Turbine Blade," discloses a separate blade element
that may be installed onto a rotor blade to create a trun-
cated or flatback airfoil. Specifically, the blade element
is installed onto a rotor blade such that a planar end sur-
face of the blade element is directly aligned with the trail-
ing edge, thereby creating a blunt trailing edge defining
a perpendicular angle relative to the chord of the rotor
blade. While such a blade element provides a means for
creating a conventional flatback airfoil shape, it is desir-
able to provide rotor blades with modified flatback airfoil
shapes to further enhance the overall performance of the
blades.
[0004] Accordingly, an airfoil modifier that may be in-
stalled onto a rotor blade to create a modified flatback
airfoil design would be welcomed in the technology.
[0005] Various aspects and advantages of the inven-
tion will be set forth in part in the following description,
or may be clear from the description, or may be learned
through practice of the invention.
[0006] In one aspect, the present subject matter is di-
rected to a rotor blade for a wind turbine. The rotor blade
may include a body extending between a blade root and
a blade tip. The body may define a pressure side and a
suction side extending between a leading edge and a
trailing edge. In addition, the body may define a chord
line extending between the leading and trailing edges.
The rotor blade may also include an airfoil modifier cou-
pled to at least one of the pressure side or the suction
side of the body. The airfoil modifier may define an end
surface disposed adjacent to the trailing edge. At least a
portion of the end surface may extend at a non-perpen-

dicular angle relative to the chord.
[0007] In another aspect, the present subject matter is
directed to a rotor blade for a wind turbine. The rotor
blade may include a body extending between a blade
root and a blade tip. The body may define a pressure
side and a suction side extending between a leading edge
and a trailing edge. In addition, the body may define a
chord line extending between the leading and trailing
edges. The rotor blade may also include an airfoil modifier
coupled to at least one of the pressure side or the suction
side of the body. The airfoil modifier may define an end
surface spaced inward from the trailing edge.
[0008] Various features, aspects and advantages of
the present invention will become better understood with
reference to the following description and appended
claims. The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and, together with the de-
scription, serve to explain the principles of the invention.
In the drawings:

FIG. 1 illustrates a perspective view of one embod-
iment of a wind turbine;

FIG. 2 illustrates a perspective view of one embod-
iment of a rotor blade including airfoil modifiers in-
stalled thereon in accordance with aspects of the
present subject matter;

FIG. 3 illustrates a cross-sectional view of the rotor
blade shown in FIG. 2 taken about line 3-3;

FIG. 4 illustrates a cross-sectional view of a rotor
blade including another embodiment of an airfoil
modifier installed thereon in accordance with as-
pects of the present subject matter;

FIG. 5 illustrates a cross-sectional view of a rotor
blade including a further embodiment of an airfoil
modifier installed thereon in accordance with as-
pects of the present subject matter;

FIG. 6 illustrates a cross-sectional view of a rotor
blade including yet another embodiment of an airfoil
modifier installed thereon in accordance with as-
pects of the present subject matter;

FIG. 7 illustrates a cross-sectional view of a rotor
blade including an even further embodiment of an
airfoil modifier installed thereon in accordance with
aspects of the present subject matter;

FIG. 8 illustrates a perspective view of a rotor blade
including a plurality of airfoil modifiers installed ther-
eon in accordance with aspects of the present sub-
ject matter;

and
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FIG. 9 illustrates a trailing edge view of the rotor
blade shown in FIG. 8 looking from the perspective
of line 9-9.

[0009] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
in the art that various modifications and variations can
be made in the present invention without departing from
the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present inven-
tion covers such modifications and variations as come
within the scope of the appended claims and their equiv-
alents.
[0010] In general, the present subject matter is directed
to a rotor blade including one or more airfoil modifiers
configured to be installed thereon in order to modify the
blade’s aerodynamic profile. In several embodiments,
the airfoil modifiers may be configured to be installed
along a portion of the rotor blade extending adjacent to
its trailing edge so that the airfoil modifiers may be used
to form a modified flatback airfoil shape. For example,
as an alternative to including a blunt, perpendicularly ex-
tending end surface at the trailing edge, the end surfaces
of the airfoil modifiers may be angled inwardly or out-
wardly to modify the aerodynamic shape of the rotor
blade at the trailing edge. In another embodiment, the
end surfaces of the airfoil modifiers may be configured
to define non-planar profiles (e.g., concave or convex
profiles) to alter the shape of the rotor blade at the trailing
edge. In further embodiments, the end surfaces of the
airfoil modifiers may be spaced inwardly from the trailing
edge such that the trailing edge extends outwardly from
the airfoil modifiers by a given distance.
[0011] It should be appreciated that the disclosed airfoil
modifiers may be configured to be installed onto rotor
blades without changing the existing structure of the
blades. As such, in addition to installing the airfoil mod-
ifiers onto new rotor blades, the airfoil modifiers may also
be installed onto existing rotor blades in the field to en-
hance the overall performance of such blades. For ex-
ample, the airfoil modifiers may be offered as add-on or
upgrade components without the need to replace existing
rotor blades.
[0012] Referring now to the drawings, FIG. 1 illustrates
a perspective view of one embodiment of a wind turbine
10. As shown, the wind turbine 10 generally includes a
tower 12 extending from a support surface 14, a nacelle
16 mounted on the tower 12, and a rotor 18 coupled to
the nacelle 16. The rotor 18 includes a rotatable hub 20
and at least one rotor blade 22 coupled to and extending
outwardly from the hub 20. For example, in the illustrated
embodiment, the rotor 18 includes three rotor blades 22.
However, in alternative embodiments, the rotor 18 may

include more or less than three rotor blades 22. Each
rotor blade 22 may be spaced about the hub 20 to facil-
itate rotating the rotor 18 to enable kinetic energy to be
transferred from the wind into usable mechanical energy,
and subsequently, electrical energy. For instance, the
hub 20 may be rotatably coupled to an electric generator
(not shown) positioned within the nacelle 16 to permit
electrical energy to be produced.
[0013] Referring now to FIGS. 2 and 3, one embodi-
ment of a rotor blade 22 having one or more airfoil mod-
ifiers 100 installed thereon is illustrated in accordance
with aspects of the present subject matter. In particular,
FIG. 2 illustrates a perspective view of the rotor blade 22
and FIG. 3 illustrates a cross-sectional view of the rotor
blade 22 taken along line 3-3.
[0014] As shown, the rotor blade 22 generally includes
a blade root 24 configured to be mounted or otherwise
secured to the hub 20 (FIG. 1) of a wind turbine 10 and
a blade tip 26 disposed opposite the blade root 24. A
body 28 of the rotor blade 22 generally extends between
the blade root 24 and the blade tip 26. The body 28 may
generally serve as the outer surface of the rotor blade
22. Additionally, the body 28 may define a pressure side
30 and a suction side 32 extending between leading and
trailing edges 34, 36 of the rotor blade 22. Further, the
rotor blade 100 may have a span 38 defining the total
length between the blade root 24 and the blade tip 26
and a chord 40 defining the total length between the lead-
ing edge 34 and the trailing edge 36 (e.g., measured
along dashed chord line 42 (FIG. 3)). As is generally un-
derstood, the chord 40 may generally vary in length with
respect to the span38 as the rotor blade 22 extends from
the blade root 24 to the blade tip 26.
[0015] The body 28 of the rotor blade 22 may generally
be configured to define an aerodynamic profile. Thus, in
several embodiments, the body 28 may define an airfoil
shaped cross-section. For example, the body 28 may be
configured as a symmetrical airfoil or a cambered airfoil.
Further, in one embodiment, the body 28 may also be
aeroelastically tailored.
[0016] Moreover, as shown in FIG. 3, the rotor blade
22 may include at least one substantially rigid spar mem-
ber 44 configured to provide increased stiffness and ri-
gidity to the rotor blade 22. For example, in several em-
bodiments, the spar member 44 may include a pair of
longitudinally extending spar caps 46, 48 configured to
be engaged against opposing inner surfaces 50, 52 of
the pressure and suction sides 30, 32 of the blade 22.
The spar member 44 may also include one or more shear
webs 54 configured to extend between the opposed spar
caps 46, 48.
[0017] Referring still to FIGS. 2 and 3, the rotor blade
22 may also include one or more airfoil modifiers 100
installed along the outer surface of the rotor blade 22. In
general, each airfoil modifier 100 may be a non-structural
component configured to modify at least a portion of the
blade’s aerodynamic profile. In other words, the airfoil
modifiers 100 need not be configured to carry significant
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loads but, rather, may be designed primarily to enhance
the overall performance of a rotor blade 22. For example,
using one or more airfoil modifiers 100, the aerodynamic
profile of a rotor blade 22 may be specifically tailored
based on the blade’s structural/aerodynamic design to
provide increased lift, reduced noise and/or to enhance
various other operating parameters of the blade 22.
[0018] In several embodiments, the airfoil modifiers
100 may be configured to be installed on the rotor blade
22 at locations near the trailing edge 36 in order to modify
the aerodynamic profile of the portion of the blade body
28 extending from the trailing edge 36. For example, as
shown in the illustrated embodiment, the rotor blade 22
includes two airfoil modifiers 100 coupled to the pressure
side 30 of the blade body 28 such that each airfoil modifier
100 extends to a location adjacent to the trailing edge
36. In such an embodiment, it should be appreciated that
the airfoil modifiers 100 may generally be positioned at
any suitable location along the span 38 of the rotor blade
22. For instance, as shown in FIG. 2, the airfoil modifiers
100 are spaced apart from one another along the span
38. However, in other embodiments, the airfoil modifiers
100 may be positioned directly adjacent to one another
(e.g., as shown in FIG. 8). It should also be appreciated
that, in alternative embodiments, the rotor blade 22 may
include any other suitable number of airfoil modifiers 100
installed thereon, such as a single airfoil modifier 100 or
three or more airfoil modifiers 100.
[0019] As particularly shown in FIG. 3, each airfoil mod-
ifier 100 may generally define a three-sided shape (e.g.,
a generally triangular shape) including a body-side sur-
face 102, an airflow surface 104 and an end surface 106
extending between the body-side and airflow surfaces
102, 104. The body-side surface 102 may generally be
configured to extend adjacent to the outer surface of the
blade body 28 when the airfoil modifier 100 is coupled to
the rotor blade 22. Thus, as shown in FIG. 3, the body-
side surface 102 may generally be configured to conform
to or otherwise match the contour of the surface extend-
ing along a portion of the pressure side 30 of the rotor
blade 22. However, in embodiments in which the airfoil
modifier 100 is coupled to the suction side 32 of the blade
22, the body-side surface 102 may be configured to con-
form to or otherwise match the contour of the surface
extending along a portion of the suction side 32.
[0020] The airflow surface 104 of each airfoil modifier
100 may generally be configured to intersect the body-
side surface 102 at a leading edge 108 of the airfoil mod-
ifier 100. In addition, the airflow surface 104 may gener-
ally correspond to the primary surface along which air is
directed or otherwise flows during operation of the wind
turbine 10. For example, in the illustrated embodiment,
air flowing along the pressure side 30 of the rotor blade
22 may transition from the outer surface of the blade body
28 to the airflow surface 104 at the leading edge 108 of
the airfoil modifier 100. As such, it should be appreciated
that the leading edge 108 may be configured to generally
define a smooth, continuous transition surface between

the body 28 and the airfoil modifier 100 to ensure that
the air flowing along the rotor blade 22 is not interrupted
at the interface between such components.
[0021] In several embodiments, the end surface 106
of each airfoil modifier 100 may be configured to extend
between the body-side and airflow surfaces 102, 104 at
a location generally adjacent to the trailing edge 36 of
the rotor blade 22. Additionally, the end surface 106 may
be configured to define any suitable profile (e.g., planar
or non-planar) that allows at least a portion of the end
surface 106 to be oriented at a non-perpendicular angle
relative to the chord line 42 of the rotor blade 22. For
example, as shown in FIG. 3, the end surface 106 defines
a planar profile, with the edge of the end surface 106 that
intersects the body-side surface 102 being immediately
adjacent to the trailing edge 36 and the remainder of the
end surface 106 being angled inwardly (i.e., towards the
leading edge 34) such that a non-perpendicular, obtuse
angle 110 is defined between the end surface 106 and
the chord line 42. In such an embodiment, the angle 110
defined between the end surface 106 and the chord line
42 may generally be any suitable angle that is greater
than 90 degrees, such an angle ranging from greater
than 90 degrees to about 165 degrees or an angle rang-
ing from greater than 90 degrees to about 135 degrees
and any other subranges therebetween.
[0022] By configuring the end surface 106 to be angled
inwardly as shown in FIG. 3, the aerodynamic profile of
the rotor blade 22 may be modified at a location inward
of the trailing edge 36 (i.e., at a location closer the leading
edge 34). As such, the amount of drag on the rotor blade
22 may be reduced. Specifically, it is believed that airfoil
modifiers 100 having inwardly extending end surfaces
106 may provide for significantly reduced drag as op-
posed to airfoil modifiers having blunt end surfaces that
extend from the trailing edge 36 at a perpendicular angle
relative to the chord line 42.
[0023] Referring now to FIG. 4, a cross-sectional view
of a rotor blade 22 having another embodiment of an
airfoil modifier 200 installed thereon is illustrated in ac-
cordance with aspects of the present subject matter. As
shown in FIG. 4, the airfoil modifier 200 is coupled to the
rotor blade 22 along the suction side 32 of the blade body
28. However, in other embodiments, the airfoil modifier
200 may be coupled along the pressure side 30 of the
body 28. In general, the airfoil modifier 200 may be con-
figured similarly to the airfoil modifiers 100 described
above. For example, the airfoil modifier 200 may define
a body-side surface 202 configured to extend adjacent
to the outer surface of the blade body 28, an airflow sur-
face 204 over which air is directed during operation of
the wind turbine 10 and an end surface 206 extending
between the body-side and airflow surfaces 202, 204 at
a location generally adjacent to the trailing edge. As
shown in FIG. 4, the end surface 206 of the airfoil modifier
200 may be configured to define a planar profile, with the
edge of the end surface 206 that intersects the body-side
surface 202 being immediately adjacent to the trailing
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edge 28. However, in an alternative embodiment, the end
surface 206 may be configured to define a non-planar
profile.
[0024] However, unlike the embodiment described
above with reference to FIG. 3, the end surface 206 is
angled outwardly from the trailing edge 36 (i.e., away
from the leading edge 34) at a non-perpendicular angle
210. Specifically, as shown in FIG. 4, an acute angle 210
may be defined between the end surface 206 and the
chord line 42 such that the end surface 206 extends in
the chordwise direction beyond the trailing edge 36. In
such an embodiment, the angle 210 defined between the
end surface 206 and the chord line 42 may generally be
any suitable angle that is less than 90 degrees, such an
angle ranging from about 10 degrees to less than 90 de-
grees or an angle ranging from about 45 degrees to less
than 90 degrees and any other subranges therebetween.
[0025] By configuring the end surface 206 to be angled
outwardly as shown in FIG. 4, the effective chord length
of the rotor blade 22 may be increased by the length of
the portion of the airfoil modifier 200 that extends beyond
the trailing edge 36. As is generally understood, such an
increased effective chord length may generally allow for
the the overall performance of the rotor blade 22 to be
enhanced.
[0026] Referring now to FIG. 5, a cross-sectional view
of a rotor blade 22 having another embodiment of an
airfoil modifier 300 installed thereon is illustrated in ac-
cordance with aspects of the present subject matter. As
shown in FIG. 5, the airfoil modifier 300 is coupled to the
rotor blade 22 along the pressure side 30 of the blade
body 28. However, in other embodiments, the airfoil mod-
ifier 300 may be coupled along the suction side 32 of the
body 28. In general, the airfoil modifier 300 may be con-
figured similarly to the airfoil modifiers 100, 200 described
above. For example, the airfoil modifier 300 may define
a body-side surface 302 configured to extend adjacent
to the outer surface of the body 28, an airflow surface
304 over which air is directed during operation of the wind
turbine 10 and an end surface 306 extending between
the body-side and airflow surfaces 302, 304 at a location
generally adjacent to the trailing edge 36.
[0027] However, unlike the embodiments described
above with reference to FIGS. 3 and 4, the end surface
306 may be configured to define a non-planar profile,
thereby allowing the surface 306 to be oriented at multiple
different angles relative to the chord line 42. Specifically,
as shown in the illustrated embodiment, the end surface
306 defines a curved, concave profile between the body-
side and airflow surfaces 302, 304. In such an embodi-
ment, both edges of the end surface 306 (i.e., the edges
intersecting the body-side and airflow surfaces 302, 304)
may be configured to be aligned with the trailing edge
36. Alternatively, the end surface 306 may be angled
inwardly or outwardly (e.g., similar to that shown in FIGS.
3 and 4) such that the edge of the end surface 306 that
intersects the airflow surface 304 is positioned inward
relative to the trailing edge 36 (i.e., closer to the leading

edge 34) or outward relative to the trailing edge 36 (i.e.,
further away from the leading edge 34).
[0028] By configuring the end surface 306 to define a
curved, concave profile as shown in FIG. 5, various ad-
vantages may be provided to a rotor blade 22. For ex-
ample, in addition to increased blade performance (e.g.,
increased lift), the concave shape may also provide for
a reduction in the amount of noise and drag generated
by the rotor blade 22. Specifically, it is believed that, dur-
ing operation of the wind turbine 10, a circular vortex or
vacuum may be generated along the end surface 306
(shown by the dashed line 312 in FIG. 5) that serves to
maintain separation of the air flowing along the pressure
and suction sides 30, 32 as it reaches the trailing edge
36, thereby reducing the magnitude of the noise and drag
created by the blade 22.
[0029] It should be appreciated that, in several embod-
iments, the configuration of the end surface 306 may be
specifically tailored to optimize the noise-reducing and/or
drag-reducing properties of the airfoil modifier 300. For
example, the height and/or the curvature of the end sur-
face 306 may be tailored to enhance the noise-reducing
and/or drag-reducing properties based on the particular
structural design of the rotor blade 22 and/or based on
the particular operating parameters of the wind turbine
10.
[0030] Referring now to FIG. 6, a cross-sectional view
of a rotor blade 22 having yet another embodiment of an
airfoil modifier 400 installed thereon is illustrated in ac-
cordance with aspects of the present subject matter. As
shown in FIG. 6, the airfoil modifier 400 is coupled to the
rotor blade 22 along the suction side 32 of the body 28.
However, in other embodiments, the airfoil modifier 400
may be coupled along the pressure side 30 of the body
28. In general, the airfoil modifier 400 may be configured
similarly to the airfoil modifiers 100, 200, 300 described
above. For example, the airfoil modifier 400 may define
a body-side surface 402 configured to extend adjacent
to the outer surface of the body 28, an airflow surface
404 over which air is directed during operation of the wind
turbine 10 and an end surface 406 extending between
the body-side and airflow surfaces 402, 404 at a location
generally adjacent to the trailing edge 36.
[0031] Additionally, similar to the embodiment de-
scribed above with reference to FIG. 5, the end surface
406 may be configured to define a non-planar profile.
Specifically, as shown in the illustrated embodiment, the
end surface 406 defines a curved, convex profile be-
tween the body-side and airflow surfaces 402, 404. In
such an embodiment, both edges of the end surface 406
(i.e., the edges intersecting the body-side and airflow sur-
faces 402, 404) may be configured to be aligned with the
trailing edge 36. Alternatively, the end surface 406 may
be angled inwardly or outwardly (e.g., similar to that
shown in FIGS. 3 and 4) such that the edge of the end
surface 406 that intersects the airflow surface 404 is po-
sitioned inward relative to the trailing edge 36 (i.e., closer
to the leading edge 34) or outward relative to the trailing
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edge 36 (i.e., further away from the leading edge 34).
[0032] By configuring the end surface 406 to define a
convex profile as shown in FIG. 6, the effective chord
length of the rotor blade 22 may be increased by the
length of the portion of the airfoil modifier 400 that extends
beyond the trailing edge 36. As is generally understood,
such an increased effective chord length may generally
allow for the overall performance of the rotor blade 22 to
be enhanced.
[0033] It should be appreciated that, as an alternative
to configuring the end surfaces 306, 406 in the manner
shown in FIGS. 5 and 6, the end surfaces 306, 406 may
be configured to define any other suitable non-planar pro-
file. For example, in other embodiments, the end surfaces
306, 406 may be configured to define a wavy profile (e.g.,
an "S-shaped" profile), a triangular-shaped profile or any
other suitable non-planar shape/profile.
[0034] Referring now to FIG. 7, a cross-sectional view
of a rotor blade having multiple airfoil modifiers 500, 501
installed thereon is illustrated in accordance with aspects
of the present subject matter. Specifically, as shown in
FIG. 7, the rotor blades includes a first airfoil modifier 500
installed along the pressure side 30 of the rotor blade 22
and a second airfoil modifier 501 installed along the suc-
tion side 32 of the rotor blade 22. In general, the first and
second airfoil modifiers 500, 501 may be configured sim-
ilarly to the airfoil modifiers 100, 200, 300, 400 described
above. For example, each airfoil modifier 500, 501 may
define a body-side surface 502 configured to extend ad-
jacent to the outer surface of the blade body 28, an airflow
surface 504 over which air is directed during operation
of the wind turbine 10 and an end surface 506 extending
between the body-side and airflow surfaces 502, 504.
[0035] However, unlike the embodiments described
above, the entire end surface 506 of each airfoil modifier
500, 501 is disposed inward relative to the trailing edge
36 (i.e., closer to the leading edge 34). For example, as
shown in FIG. 7, the end surfaces 506 may be spaced
inwardly from the trailing edge 36 such that the trailing
edge 36 extends beyond the end surfaces 506 by a dis-
tance 514. In such an embodiment, the distance 514 may
generally vary depending on numerous factors including
but not limited to, the shape, size and/or other parameters
of the rotor blade 22. However, in several embodiments,
the distance 514 may generally range from about 0% to
about 75% of the local chord of the rotor blade 22 (i.e.,
the chord distance defined at the location of the airfoil
modifiers 500, 501), such as from about 0% to about 50%
of the local chord or from about 0% to about 25% of the
local chord and any other subranges therebetween.
[0036] In embodiments in which the entire end surface
506 of each airfoil modifier 500, 501 is spaced inwardly
from the trailing edge 36, it should be appreciated that
the end surfaces 506 may be configured to define any
suitable profile and/or shape. For example, as shown in
FIG. 7, each end surface 506 has a planar profile defining
a generally perpendicular angle relative to the chord line
42. As such, each point along the end surfaces 506 may

generally be spaced apart from the trailing edge 36 by
the same distance 514. However, in alternative embod-
iments, the end surfaces 506 may be angled inwardly or
outwardly (e.g., similar to that shown in FIGS. 3 and 4)
and/or may define non-planar profiles (e.g., similar to that
shown in FIGS. 5 and 6). In such embodiments, it should
be appreciated that the distance 514 defined between
the trailing edge 36 and the end surface 506 may vary
at different points along the length of each end surface
506.
[0037] By configuring the airfoil modifiers 500, 501 as
shown in FIG. 7, various advantages may be provided
to a rotor blade 22. For example, in addition to increased
blade performance (e.g., increased lift), the spacing de-
fined between the end surfaces 506 and the trailing edge
36 may also allow for a reduction in the amount of noise
and drag generated by the rotor blade 22. Specifically, it
is believed that the portion of the trailing edge 36 extend-
ing beyond the end surfaces 506 may serve to maintain
separation of the air flowing along the pressure and suc-
tion sides 30, 32 as it reaches the trailing edge 36, thereby
reducing the magnitude of the noise and drag created by
the blade 22.
[0038] It should be appreciated that, in alternative em-
bodiments, the entire end surface 506 need not be
spaced inward from the trailing edge 36. For example, in
one embodiment, the edge of the end surface 506 that
intersects the body-side surface 502 may be disposed
inwardly from the trailing edge 36 by a given distance
514 while the remainder of the end surface 506 is angled
outwardly from the body-side surface 502 such that at
least a portion of the end surface 506 extends beyond
the trailing edge 36.
[0039] It should also be appreciated that the rotor blade
22 need not include both the first and second airfoil mod-
ifiers 500, 501. For example, in a particular embodiment,
the rotor blade 22 may simply include a single airfoil mod-
ifier at a given spanwise location that defines an edge
surface 506 spaced inwardly from the trailing edge 36.
[0040] Referring now to FIGS. 8 and 9, perspective
and edge views of a rotor blade 22 including a plurality
of airfoil modifiers (e.g., a first airfoil modifier 600a, a
second airfoil modifier 600b and a third airfoil modifier
60c) installed thereon is illustrated in accordance with
aspects of the present subject matter. As indicated
above, in several embodiments, the airfoil modifiers
600a, 600b, 600c may be spaced apart from one another
along the span 38of the rotor blade 22. Alternatively, as
shown in FIGS. 8 and 9, two or more of the airfoil modifiers
600a, 600b, 600c may be disposed directly adjacent to
one another. In such an embodiment, it may be desirable
to configure the airfoil modifiers 600a, 600b, 600c such
that a smooth and continuous airflow surface 604 is de-
fined between each pair of adjacent airfoil modifiers
600a, 600b, 600c.
[0041] For example, as shown in FIG. 8, each airfoil
modifier 600a, 600b, 600c may define a length 616 be-
tween its leading edge 608 and its end surface 606. In
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one embodiment, to provide for a smooth, continuous
airflow surface 604 between adjacent airfoil modifiers
600a, 600b, 600c, the length 616 of each airfoil modifier
may be tapered in the spanwise direction (e.g., by reduc-
ing the length 616 as each modifier 600a, 600b, 600c
extends in the direction of the blade tip 26) such that the
leading edges 616 of the airfoil modifiers 600a, 600b,
600c are generally aligned along a common reference
line 618. Alternatively, each airfoil modifier 600a, 600b,
600c may be configured to define the exact same length
616 such that the leading edges 608 of the airfoil modi-
fiers 600a, 600b, 600c are generally aligned along a com-
mon reference line 618.
[0042] In addition, as shown in FIG. 9, in one embod-
iment, a height 620 of each airfoil modifier 600a, 600b,
600c (i.e. the distance defined between the edges of the
end surface 606 of each airfoil modifier) may be similarly
tapered in the spanwise direction such that a smooth and
continuous airflow surface 604 is defined between adja-
cent airfoil modifiers 600a, 600b, 600c. In another em-
bodiment, the airfoil modifiers 600a, 600b, 600c may sim-
ply be configured to each define the same height 620.
Alternatively, in embodiments in which the airfoil modifi-
ers 600a, 600b, 600c define differing heights, a patch or
other suitable covering (not shown) may be positioned
at the interface between adjacent airfoil modifiers 600a,
600b, 600c to achieve a blended and smooth airflow sur-
face 604.
[0043] It should be appreciated that the airfoil modifiers
100, 200, 300, 400, 500, 600 described herein may gen-
erally be formed using any suitable material(s) known in
the art. However, as indicated above, in several embod-
iments, the airfoil modifiers 100, 200, 300, 400, 500, 600
may be configured as non-structural components. Thus,
it may be desirable to form the airfoil modifiers 100, 200,
300, 400, 500, 600 from one or more lightweight and/or
flexible materials. For example, in one embodiment, the
airfoil modifiers 100, 200, 300, 400, 500, 600 may be
formed from a lightweight laminate material and/or a light-
weight polymer material. Additionally, as shown in FIG.
3, in one embodiment, the airfoil modifiers 100, 200, 300,
400, 500, 600 may be hollow and, thus, may include an
outer wall 140 (e.g., formed from a laminate or polymer
material) defining an inner cavity or void 142. In another
embodiment, shown in FIG. 4, the cavity defined by the
outer wall 140 may be filled with a relatively lightweight
material 144, such as foam, balsa wood and/or any other
suitable filler material. Alternatively, as shown in FIGS.
5-7, the airfoil modifiers 100, 200, 300, 400, 500, 600
may be configured to define a solid, uniform cross-sec-
tion.
[0044] Additionally, it should be appreciated that the
disclosed airfoil modifiers 100, 200, 300, 400, 500, 600
may be configured to be installed onto or otherwise cou-
pled to the rotor blade 22 using any suitable means
known in the art. For example, in one embodiment, a
suitable adhesive may be applied between the outer sur-
face of the body 28 and each airfoil modifier 100, 200,

300, 400, 500, 600 to allow such airfoil modifiers to be
coupled to the rotor blade 22. In other embodiments, any
other suitable attachment means and/or method may be
used to couple the airfoil modifiers 100, 200, 300, 400,
500, 600 to the rotor blade 22, such as by using suitable
mechanical fasteners (e.g., bolts, screws, pins, brackets
and/or the like).
[0045] It should also be appreciated that, although the
present subject matter has been described herein with
reference to the airfoil modifiers 100, 200, 300, 400, 500,
600 being positioned near the trailing edge 36 of a rotor
blade 22, the disclosed airfoil modifiers 100, 200, 300,
400, 500, 600 may generally be configured to be posi-
tioned at any other suitable location along the chord 40
of the blade 22. For example, in one embodiment, the
airfoil modifiers 100, 200, 300, 400, 500, 600 may be
positioned at or near the leading edge 34 of the rotor
blade 22 to modify the aerodynamic profile of the portion
of the rotor blade body 28 extending from such edge 34.
[0046] Additionally, it should be appreciated that the
disclosed airfoil modifiers 100, 200, 300, 400, 500, 600
may also be configured to define a height. For example,
as shown in FIG. 3, the illustrated airfoil modifier 100 may
define a height 114 between the uppermost and lower-
most portions of the modifier 100. In several embodi-
ments, the height 114 of each airfoil modifier 100, 200,
300, 400, 500, 600 may be selected so that the total airfoil
thickness to chord ratio (e.g., using the local thickness
116 and local chord 118 shown in FIG. 3) is not increased
by more than 5% by installing such airfoil modifier onto
the rotor blade 22. However, in alternative embodiments,
it should be appreciated that the airfoil modifiers 100,
200, 300, 400, 500, 600 may be configured to define any
suitable height 114.
[0047] Moreover, it should be appreciated that, al-
though the disclosed airfoil modifiers 100, 200, 300, 400,
500, 600 are shown in the illustrated embodiments as
being fixed in position relative to the rotor blade 22, the
modifiers may, in alternative embodiments, be config-
ured to be movable relative to the rotor blade 22. For
example, in one embodiment, a suitable actuator(s) may
be utilized to move one or more of the airfoil modifiers
100, 200, 300, 400, 500, 600 in a chordwise direction
and/or a spanwise direction relative to the rotor blade 22.
In another embodiment, the airfoil modifiers 100, 200,
300, 400, 500, 600 may be configured to be moved out-
wardly relative to the outer surface of the rotor blade 22
(e.g., by using a suitable actuator(s) to move the modifi-
er(s) away from the outer surface of the blade 22).
[0048] This written description uses examples to dis-
close the invention, including the preferred mode, and
also to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the invention is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they include structural
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elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guages of the claims.
[0049] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A rotor blade for a wind turbine, the rotor blade
comprising:

a body extending between a blade root and a
blade tip, the body defining a pressure side and
a suction side extending between a leading edge
and a trailing edge, the body further defining a
chord line extending between the leading and
trailing edges;

an airfoil modifier coupled to at least one of the
pressure side or the suction side of the body,
the airfoil modifier defining an end surface dis-
posed adjacent to the trailing edge, at least a
portion of the end surface extending at a non-
perpendicular angle relative to the chord line.

2. The rotor blade of clause 1, wherein the end sur-
face defines a planar profile.

3. The rotor blade of any preceding clause, wherein
the non-perpendicular angle is greater than 90 de-
grees.

4. The rotor blade of any preceding clause, wherein
the non-perpendicular angle is less than 90 degrees.

5. The rotor blade of any preceding clause, wherein
the end surface defines a non-planar profile.

6. The rotor blade of any preceding clause, wherein
the end surface defines a concave shape.

7. The rotor blade of any preceding clause, wherein
the end surface defines a convex shape.

8. The rotor blade of any preceding clause, wherein
the airfoil modifier is coupled to the pressure side.

9. The rotor blade of any preceding clause, wherein
the airfoil modifier is coupled to the suction side.

10. The rotor blade of any preceding clause, wherein
the airfoil modifier defines a body-side surface con-
figured to extend adjacent to the body and an airflow
surface across which air is configured to flow, the
end surface extending between the body-side sur-
face and the airflow surface.

11. The rotor blade of any preceding clause, further

comprising at least two airfoil modifiers coupled to
the body directly adjacent to one another, wherein a
smooth airflow surface is defined between the at
least two airfoil modifiers.

12. A rotor blade for a wind turbine, the rotor blade
comprising:

a body extending between a blade root and a
blade tip, the body defining a pressure side and
a suction side extending between a leading edge
and a trailing edge, the body further defining a
chord line extending between the leading and
trailing edges;

an airfoil modifier coupled to at least one of the
pressure side or the suction side of the body,
the airfoil modifier defining an end surface
spaced inward from the trailing edge.

13. The rotor blade of any preceding clause, wherein
the entire end surface is spaced inward from the trail-
ing edge.

14. The rotor blade of any preceding clause, wherein
the end surface extends at a perpendicular angle
relative to the chord line.

15. The rotor blade of any preceding clause, wherein
at least a portion of the end surface extends at a non-
perpendicular angle relative to the chord line.

16. The rotor blade of any preceding clause, wherein
the end surface defines a planar profile angled in-
wardly or outwardly relative to the trailing edge.

17. The rotor blade of any preceding clause, wherein
the end surface define a non-planar profile.

18. The rotor blade of any preceding clause, wherein
the airfoil modifier is a first airfoil modifier coupled to
the pressure side and further comprising a second
airfoil modifier coupled to the suction side, both the
first and second airfoil modifiers defining end surfac-
es spaced inward from the trailing edge.

19. The rotor blade of any preceding clause, wherein
the end surface of the airfoil modifier is spaced in-
ward the trailing edge by a distance ranging from
about 0% to about 75% of the chord.

20. The rotor blade of any preceding clause, wherein
the airfoil modifier defines a body-side surface con-
figured to extend adjacent to the body and an airflow
surface across which air is configured to flow, the
end surface extending between the body-side sur-
face and the airflow surface.
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Claims

1. A rotor blade (22) for a wind turbine (10), the rotor
blade (22) comprising:

a body (28) extending between a blade root (24)
and a blade tip (26), the body (28) defining a
pressure side and a suction side extending be-
tween a leading edge (34) and a trailing edge
(36), the body (28) further defining a chord line
(40) extending between the leading and trailing
edges (34, 36);
an airfoil modifier (100) coupled to at least one
of the pressure side or the suction side of the
body (28), the airfoil modifier (100) defining an
end surface disposed adjacent to the trailing
edge (26), at least a portion of the end surface
extending at a non-perpendicular angle relative
to the chord line (40).

2. The rotor blade (22) of claim 1, wherein the end sur-
face defines a planar profile.

3. The rotor blade (22) of any preceding claim, wherein
the non-perpendicular angle is greater than 90 de-
grees.

4. The rotor blade (22) of any preceding claim, wherein
the non-perpendicular angle is less than 90 degrees.

5. The rotor blade (22) of any preceding claim, wherein
the end surface defines a non-planar profile.

6. The rotor blade (22) of any preceding claim, wherein
the end surface defines a concave shape.

7. The rotor blade (22) of any preceding claim, wherein
the end surface defines a convex shape.

8. The rotor blade (22) of any preceding claim, wherein
the airfoil modifier (100) is coupled to the pressure
side.

9. The rotor blade (22) of any preceding claim, wherein
the airfoil modifier (100) is coupled to the suction
side.

10. The rotor blade (22) of any preceding claim, wherein
the airfoil modifier (100) defines a body-side surface
configured to extend adjacent to the body and an
airflow surface across which air is configured to flow,
the end surface extending between the body-side
surface and the airflow surface.

11. The rotor blade (22) of any preceding claim, further
comprising at least two airfoil modifiers (100) cou-
pled to the body directly adjacent to one another,
wherein a smooth airflow surface is defined between

the at least two airfoil modifiers.

12. A rotor blade (22) for a wind turbine (10), the rotor
blade comprising:

a body (28) extending between a blade root (24)
and a blade tip (26), the body (28) defining a
pressure side and a suction side extending be-
tween a leading edge (34) and a trailing edge
(36), the body further defining a chord line (42)
extending between the leading and trailing edg-
es (34, 36);
an airfoil modifier (100) coupled to at least one
of the pressure side or the suction side of the
body, the airfoil modifier defining an end surface
spaced inward from the trailing edge (36).

13. The rotor blade (22) of claim 12, wherein the airfoil
modifier (100) is a first airfoil modifier coupled to the
pressure side and further comprising a second airfoil
modifier coupled to the suction side, both the first
and second airfoil modifiers defining end surfaces
spaced inward from the trailing edge.

14. The rotor blade (22) of claim 12 or claim 13, wherein
the end surface of the airfoil modifier (100) is spaced
inward the trailing edge (36) by a distance ranging
from about 0% to about 75% of the chord (40).

15. The rotor blade (22) of any of claims 12 to 14, wherein
the airfoil modifier (100) defines a body-side surface
configured to extend adjacent to the body and an
airflow surface across which air is configured to flow,
the end surface extending between the body-side
surface and the airflow surface.
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