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VORTEX GENERATOR FOR A ROTOR BLLADE

ABSTRACT

Universal vortex generators for wind turbine rotor blades and methods of
manufacturing same are disclosed. The vortex generator includes a base portion configured
for attachment to at least one of a suction side surface or a pressure side surface of the rotor
blade and at least one airflow modifying element extending from the base portion. In
addition, the airflow modifying element includes one or more discontinuities configured

therein so as to increase flexibility of the vortex generator.
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VORTEX GENERATOR FOR A ROTOR BLADE

FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of wind turbines, and more

particularly to universal vortex generators for wind turbine rotor blades.
BACKGROUND OF THE INVENTION

[0002] Turbine blades are the primary elements of wind turbines for converting wind
energy into electrical energy. The working principle of the blades resembles that of an
airplane wing. The blades have the cross-sectional profile of an airfoil such that, during
operation, air flows over the blade producing a pressure difference between the sides.
Consequently, a lift force, which is directed from a pressure side towards a suction side, acts
on the blade. The lift force generates torque on the main rotor shaft, which is geared to a

generator for producing electricity.

[0003] The lift force is generated when the flow from the leading edge to the trailing
edge creates a pressurc difference between the top and bottom surfaces of the blade.
Ideally, the flow is attached to both the top and bottom surfaces from the leading edge to the
trailing edge. However, when the angle of attack of the flow exceeds a certain critical
angle, the flow does not reach the trailing edge, but leaves the surface at a flow separation
line. Beyond this line, the flow direction is generally reversed, i.e. it flows from the trailing
edge backward to the separation line. A blade section extracts much less energy from the

flow when it separates.

[0004] Flow separation depends on a number of factors, such as incoming air flow
characteristics (e.g. Reynolds number, wind speed, in-flow atrhospheric turbulence) and
characteristics of the blade (e.g. airfoil sections, blade chord and thickness, twist
distribution, pitch angle, etc). The detached-flow region also leads to a decrease in lift and

an increase in drag force, mainly due to a pressure difference between the upstream
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attached-flow region and the downstream detached-flow region. Flow separation tends to
be more prevalent nearer the blade root due to the relatively great angle of attack of the

blade flow surfaces in this region as compared to the blade tip.

[0005] Hence, in order to increase the energy conversion efficiency during normal
operation of the wind turbine, it is desired to increase the lift force of the blades while
decreasing the drag force. To this purpose, it is advantageous to increase the attached-flow
region and to reduce the detached-flow region by moving flow separation nearer the trailing
edge of the blade. This is particularly desirable nearer to the blade root in order to increase

the overall lift generated by the blade.

10006] It is known in the art to change the aerodynamic characteristics of wind turbine
blades by adding dimples, protrusions, and/or other structures on the surface of the blade.
These structures are often referred to as “vortex generators” and serve to create one or more
vortexes that enhance the momentum of the flow to overcome an adverse pressure gradient
and prevent separation. As such, the vortex generators are configured to prolong the

attached flow region and thus optimize aerodynamic airflow around the blade contour.

[0007] Conventional vortex generators are typically constructed of plastic and contain
one or more “ribs” or shaped structures connected to a base that is attached to one of the
flow surfaces of the turbine blade. In the past, such vortex generators had to be custom
designed to fit in an exact area on the blade for which it is intended to be used, as the ribs
are typically stiff and cannot easily conform to blade curvature. Thus, the manufacturing
cost associated with customizing vortex generators is expensive due to higher part count

and tooling costs since unique molds must be built for cach part.

[0008] Accordingly, the industry would benefit from improved vortex generators that
address the aforementioned issues. More specifically, universal vortex generators that could

be used with nearly any blade surface would be advantageous.
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BRIEF DESCRIPTION OF THE INVENTION

[0009] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of

the 1nvention.

[0010] In accordance with aspects of the invention, a rotor blade for a wind turbine is
provided having a suction side surface and a pressure side surface. The rotor blade includes
at least one vortex generator configured on at least one of the suction side or pressure side
surfaces. The vortex generator includes a base portion with at least one airflow modifying
element extending therefrom. Further, the airflow moditying element includes one or more

discontinuities configured therein so as to increase flexibility of the vortex generator.

[0011] In one embodiment, the one or more discontinuities include an opening in a
lower portion of the airflow modifying element such that a gap is created between the
airflow modifying element and the rotor blade when attached. In another embodiment, the
vortex generator may include an airflow limiting component blocking at least a portion of
the gap so as to limit air flow through the gap. For example, in certain embodiments, the
airflow limiting component may include an adhesive, sealant, tape, foam, cork, one or more

flaps, a plurality of tines, or similar.

[0012] In an alternative embodiment, the one or more discontinuities may include a
plurality of apertures or channels spaced apart along a lengthwise axis of the airflow
modifying element. In additional embodiments, the apertures may extend through a width
of the airflow modifying elements. Further, in certain embodiments, the apertures may be

angled with respect to the lengthwise and widthwise axes of the airflow modifying element.

[0013] In still another embodiment, the rotor blade may include a plurality of airflow
modifying elements. Thus, in particular embodiments, the plurality of airflow modifying
elements may include a plurality of ribs or a plurality of tine bundles. More specifically, the
ribs and/or tine bundles may form any suitable shape. For example, in one embodiment,

each of the ribs may have a substantially trapezoidal shape. In addition, in certain
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embodiments, the plurality of airflow modifying elements may be arranged in pairs, with
each pair of airflow modifying elements arranged at opposite angles with respect to each

other, e.g. + 45 degrees and -45 degrees.

[0014] In another aspect, the present disclosure is directed to a method of manufacturing
a vortex generator for a rotor blade of a wind turbine. More specifically, the method
includes providing a mold of the vortex generator. The mold of the vortex generator
includes, at least, a base portion and a plurality of airflow-modifying-element shaped
protrusions extending therefrom. Another step includes forming a pliable sheet material to
the mold so as to form the vortex generator, wherein the airflow-modifying-element shaped
protrusions of the mold form a plurality of airflow modifying elements in the vortex
generator. The method also includes forming one or more discontinuities within at least one

of the airflow modifying elements so as to increase flexibility of the vortex generator.

[0015] The method of manufacturing the vortex generator as described herein may
include any suitable methods known in the art, including but not limited to vacuum forming,
compression forming, thermoforming, or similar. In addition, the discontinuities may be
formed within the airflow modifying element(s) using a variety of methods and may depend
upon the chosen manufacturing method. For example, in one embodiment, the method
includes forming onc or more discontinuities into the airflow-modifying-element shaped
protrusions of the mold such that the discontinuities are formed into the part as it is being
made. Alternatively, the method may include machining one or more discontinuities into

the airflow modifying elements after forming the sheet material to the mold.

[0016] In yet another aspect, the present disclosure is directed to a vortex generator for a
rotor blade of a wind turbine. The vortex generator includes a base portion configured for
attachment to at least one of a suction side surface or a pressure side surface of the rotor
blade and at least one airflow modifying element extending from the base portion. In
addition, the airflow modifying element includes one or more discontinuities configured

therein so as to increase flexibility of the vortex generator during operation. It should be
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understood that the vortex generator may be further configured with any of the additional

features as described herein.

[0017] The invention also encompasses a wind turbine having one or more turbine

blades configured with the unique vortex generators as described herein.

[0018] These and other 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 incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWING

[0019] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill in the art is set forth in the specification, which

makes reference to the appended figures, in which:
[0020]  FIG. 1 illustrates a perspective view of a conventional wind turbing;

[0021] FIG. 2 illustrates a perspective view of an embodiment of a wind turbine blade

in accordance with aspects of the invention;

10022] FIG. 3 illustrates a perspective view of one embodiment of a vortex generator

according to the present disclosure;

[0023] FIG. 4 illustrates a detailed, cross-sectional view of the vortex generator of FIG.
3;

[0024] FIG. 5 illustrates an enlarged, partial perspective view of the vortex generator of
FIG. 3;

[0025] FIG. 6 illustrates a perspective view of another embodiment of a vortex

generator according to the present disclosure;
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[0026] FIG. 7 illustrates a cross-sectional view of the vortex generator of FIG. 6;

{0027] FIG. § illustrates a top view of one of the airflow modifying elements of the

vortex generator of FIG. 6;

[0028] FIG. 9 illustrates a perspective view of another embodiment of a vortex

generator according to the present disclosure;

{0029] FIG. 10 illustrates a detailed, cross-sectional view of the vortex generator of

FIG. 9;

[0030] FIG. 11 illustrates a flow diagram of a method for manufacturing a vortex

generator according to the present disclosure.
DETAILED DESCRIPTION OF THE INVENTION

[0031] Reference now will be made in detail to embodiments 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 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 invention include such
modifications and variations as come within the scope of the appended claims and their

equivalents.

[0032] The present invention is described herein as it may relate to a component of a
wind turbine blade. It should be appreciated, however, that the unique vortex generator
configuration in accordance with principles of the invention is not limited to use on wind
turbine blades, but is applicable to any type of airfoil or flow surface that would benefit
from the modified aerodynamic characteristics provided by the vortex generator. Examples

of such surfaces include airplane wings, boat hulls, sails, and so forth.
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[0033] Generally, the present disclosure is directed to a universal vortex generator for a
rotor blade of a wind turbine and methods ot manufacturing same. The vortex generator
includes a base portion configured for attachment to either or both of the suction side or
pressure side surfaces of the rotor blade and at least one airflow modifying element
extending from the base portion. The airflow modifying element includes one or more
discontinuities configured therein so as to increase flexibility of the vortex gencrator. The
increased flexibility of the airflow modifying element provides a universal vortex generator

that can be fit to rotor blades having varying sizes and/or shapes.

[0034] The present disclosure provides many advantages not present in the prior art.
For example, the manufacturing process for the universal vortex generators requires fewer
parts to inventory, fewer parts to monitor during installation, and simpler installation. In
addition, the manufacturing process has reduced tooling, start-up, and/or part costs.
Moreover, the universal vortex generators of the present disclosure can be installed at
multiple locations of varying rotor blade surfaces, in contrast to previous designs, which
were designed for a specific location on a single rotor blade surface. In addition, in some
instances, the flexibility of the vortex generator allows movement that can be beneficial to

performance.

[00353] Referring now to the drawings, FIG. 1 illustrates a wind turbine 10 of
conventional construction. The wind turbinc 10 includes a tower 12 with a nacelle 14
mounted thereon. A plurality of turbine blades 16 are mounted to a rotor hub 18, which is
in turn connected to a main flange that turns a main rotor shaft. The wind turbine power
generation and control components are housed within the nacelle 14. The view of FIG. 1 is
provided for illustrative purposes only to place the present invention in an exemplary field
of use. It should be appreciated that the invention is not limited to any particular type of

wind turbine configuration.

[0036] FIG. 2 depicts a wind turbine blade 16 incorporating aspects of the invention.
As shown, the blade 16 includes a suction side surface 20, a pressure side surface 22, a
leading edge 24, and a trailing edge 26. Further, the blade 16 extends from a root portion

7
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28 to a tip portion 30. A plurality of unique vortex generators 32 in accordance with aspects
of the invention described in greater detail below are placed at any location on either or both
of the flow surfaces 20, 22 of the blade 16 wherein it is desired to modify the aerodynamic
characteristics of the surface. For example, in the embodiment illustrated in the figures, the
vortex generators 32 are depicted on the suction side surface 20 for illustrative purposes
only. It should be appreciated that the vortex generators 32 could also be provided on the

pressure side surface 22.

[0037] More specifically, in a particular embodiment, the vortex generators 32 are
defined on the suction side surface 20 at a span length of between about 15% to about 65%
and about 75% to about 90%, as depicted in FIG. 2. As used herein, a span of the rotor
blade 16 generally refers to the direction extending between the root portion 28 to the tip
portion 30, whereas the chord of the rotor blades 16 generally refers to the direction
extending between the leading edge 24 to the trailing edge 26. Further, the vortex
generators 32 may be disposed closer to the root portion 28 of the blade 16 as compared to
the tip portion 30, or closer to the tip portion 30 as compared to the root portion 28. It
should be understood that the invention is not limited to any particular placement of the

vortex generators 32 on either or both flow surfaces 20, 22 of the blade 16.

[0038] Referring now to FIGS. 3 and 4, a detailed, perspective view and a
corresponding cross-sectional view of one embodiment of the vortex generator 32 according
to the present disclosure is illustrated. As shown, the vortex generator 32 includes a base
portion 36 with at least one airflow modifying element 34 extending therefrom. More
specifically, in the illustrated embodiment, four airflow modifying elements 34 are
extending from the base portion 36. In further embodiments, more than four or less than

four airflow modifying elements 34 may extend from the base portion 36.

[0039] In addition, as shown generally in FIGS. 4-7, the airflow modifying elements 34
of the present disclosure include one or more discontinuities 38 configured to increase
flexibility of the vortex generator 32. Thus, when the vortex generator 32 is installed, the
vortex generator 32 either substantially fits to the blade surface 20 with no significant

8
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deformation or deforms to match the surface 20 with less curvature. For example, in certain
embodiments, the discontinuities 38 may include openings, apertures, recesses, slits, slots,
holes, channels, protrusions, ribs, or similar. Therefore, it should be understood that the
discontinuities 38 may extend fully or partially through the airflow modifying element 34 in

any direction.

[0040] More specifically, as shown in FIG. 4, the airflow modifying element 34 may be
in the form of a rib and comprises a top surface 341 and a bottom surface 342 separated by a
thickness 343. The airflow modifying element 34 may include one or more openings or
recesses 40 or open slots in a lower portion of the airflow modifying element 34 such that
one or more gaps are created between the airflow  modifying element 34 and the surface
20 of the blade 16 when attached thereto. Thus, the resulting gap(s) allows the airflow
modifying element 34 to more easily flex with varying blade surfaces as needed. Further, as
shown, the opening 40 may be a single slot that runs lengthwise along the airflow modifying
element 34. Alternatively, the airflow modifying element 40 may include a plurality of
openings 40 spaced apart along the lengthwise axis of the vortex element 34. More
specifically, in a particular embodiment, the openings 40 may start on cither end of the
airflow modifying element 40 such that only the central portion of the airflow modifying
element 40 is attached to the base portion 36 and two gaps are formed between the element
34 and the surface 20 of the rotor blade 16.

[0041] In additional embodiments, as shown in FIG. 5, the vortex generator 32 may also
include an airflow limiting component 44 configured to block at least a portion of the
opening 40 so as to limit air flow through the gap formed between the airflow modifying
element 34 and the blade surface 20. As such, the airflow limiting component 44 is
configured to offset any change in aerodynamic performance caused by the opening 40. In
certain embodiments, the airflow limiting component 44 may include adhesive, sealant,
tape, foam, cork, one or more flaps, or similar. For example, as shown, the airflow limiting

component 44 includes a flap located on each side of the opening 40.

[0042] In an alternative embodiment, as shown in FIGS. 6 and 7, the one or more
discontinuities 38 may include a plurality of apertures 42 spaced apart along a lengthwise

axis 46 of the airflow modifying element 32 so as to form a plurality of ribs. Thus, as the

CA 2918917 2019-06-13
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vortex generator 32 deforms, the deformation causes the shorter ribs to bend towards (or
away from) each other. The overall vortex for the vortex generator 32 will develop through
the merging of the smaller vortices from the individual shorter length ribs. Further, as
shown, the apertures 42 may extend through a width W of the airflow modifying element
34. In additional embodiments, the apertures 42 may only extend through a portion of the
width. In further embodiments, the apertures 42 may be angled with respect to the

lengthwise and widthwise axes 46, 48, e.g. as shown in FIG. 8.

[0043] As mentioned, the plurality of airflow modifying elements 34 may be arranged
in any suitable configuration on one of the blade surfaces 20, 22 so as to provide the desired
air flow. For example, as shown in FIGS. 3 and 6, the airflow modifying elements 34 are
arranged in pairs having opposite angles with respect to each other. More specifically,
corresponding pairs of airflow modifying elements 34 may be angled away from each other,
e.g. at a 90-degree angle, an acute angle, or an obtuse angle. For example, as shown in
FIGS. 3 and 6, the corresponding pairs 35 of airflow modifying elements 34 form angle 6

with respect to the wind direction 15.

[0044] In further embodiments, the airflow modifying elements 34 may be formed using
a variety of methods. For example, as generally illustrated in the figures, the airflow
modifying elements 34 may form substantially solid ribs, as shown in FIGS. 3-5. In an
alternative embodiment, as shown in FIGS. 9-10, each of the airflow modifying elements 34
may be constructed of a plurality of tines 52 or tine bundles 50. As used herein, a “tine
bundle” broadly encompasses a plurality of tines, bristles, prongs, or similar, arranged
together to form a single airflow modifying element 34. Similarly, a “plurality of tine
bundles” refers to more than one tine bundle 50. For example, as shown in FIGS. 9-10,
there are four tine bundles 50, with each bundle 50 having a plurality of tines 52. As such,
an airflow modifying element 34 formed from a plurality of tines 52 may be the same or
similar shape as a vortex generator 34 constructed of a solid material. The tine bundles 50,
however, by their very nature, are inherently more flexible than a vortex generator

constructed of a solid material and therefore can be used with blades having varying shapes

CA 2918917 2019-06-13
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and/or curvature. More specifically, in flatter surface applications, as the vortex generator
32 is bonded to the blade 16, the flexing of the base portion 36 would further compress the
tines together and maintain a feature that would continue to create a vortex. In another
embodiment, a tine bundle can be mounted inside one of the airflow modifying elements 34,

e.g. within the opening 40, to block any flow from going through the gap.

[0045] Thus, the airflow modifying elements 34, whether ribs, tine bundles, or similar,
may have any suitable body and/or cross-sectional shape configurations within the scope of
the invention. More specifically, in certain embodiments, the body of the airflow modifying
elements 34 may have a fin-type, wedge-type, or a crescent/sand-dune shape. For example,
in certain embodiments, the airflow modifying elements 34 may be considered as being
modeled after naturally occurring sand dunes, which act as vortex generators in nature. The
unique sand-dune shape generates the aerodynamic vortexes without significantly
increasing drag, which is highly desirable for a vortex generator on a wind turbine flow
surface. Further, as shown generally in the figures, the rib-shaped vortex elements 34 have
a substantially trapezoidal cross-sectional shape. In further embodiments, the airflow
modifying elements 34 may have a rectangular, square, arcuate, triangular, crescent, or any

other suitable cross-sectional shape.

[0046] It should be understood that the vortex generators described herein may be
constructed of any suitable material. For example, in one embodiment, the vortex
generators may be formed of a relatively rigid material so as to develop the desired
aerodynamic properties, e.g. plastic or metal material. Alternatively, the vortex generators

may be constructed of a flexible, low durometer material.

[0047] Referring now to FIG. 11, a flow diagram of a method 100 for manufacturing a
vortex generator according to the present disclosure is illustrated.  More specifically, as
shown at 102, the method 100 includes providing a mold of the vortex generator, wherein
the mold of the vortex generator has, at least, a base portion and a plurality of airflow-
modifying-element shaped protrusions extending therefrom. At 104, the method 100
includes forming a pliable sheet material, e.g. plastic, to the mold so as to form the vortex

11
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generator, wherein the airflow-modifying-element shaped protrusions of the mold form a
plurality of airflow modifying elements in the vortex generator. At 106, the method
includes forming one or more discontinuities within at least one of the airflow modifying
elements so as to increase flexibility of the vortex generator. By providing airflow
modifying elements with at least one discontinuity, the vortex generator is more flexible and

therefore can be used on a variety of blade surfaces having different curvature.

[0048] The method 100 of manufacturing the vortex generator as described herein may
include any suitable methods known in the art, including but not limited to vacuum forming,
compression forming, thermoforming, or similar. In addition, the discontinuities may be
formed within the airflow modifying element(s) using a variety of methods and may depend
upon the chosen manufacturing process. For example, in one embodiment, if the vortex
generators are manufactured using compression forming, the discontinuities may be formed
into the airflow-modifying-element shaped protrusions of the mold such that the
discontinuities are formed into the part as it is being made.  Alternatively, the
discontinuities may be machined into the airflow modifying elements after the vortex

generator is formed.

{0049] In still additional embodiments, the vortex generators 32 may be formed by first
molding a base portion and subsequently installing one or more bosses in the desired
airflow modifying locations. ~ After installation of the bosses, one or more airflow
modifying elements can be installed into those bosses at the locations. In another
embodiment, a flexible base portion can be formed with slots to locate stiff vertical ribs.
Thus, the ribs can be placed in the slots and then the base portion can be bonded to the
blade. It should also be understood that the present invention encompasses any
configuration of wind turbine 10 (FIG. 1) that includes one or more blades 16 incorporating

at least one of the unique airflow modifying elements 32 as described herein.

[0050] While the present subject matter has been described in detail with respect to
specific exemplary embodiments and methods thereof, it will be appreciated that those
skilled in the art, upon attaining an understanding of the foregoing, may readily produce

12
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alterations to, variations of, and equivalents to such embodiments. As mentioned, it should
also be appreciated that the invention is applicable to any type of flow surface, and is not
limited to a wind turbine blade. Accordingly, the scope of the present disclosure is by way
of example rather than by way of limitation, and the subject disclosure does not preclude
inclusion of such modifications, variations and/or additions to the present subject matter as

would be readily apparent to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:

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

a suction side surface and a pressure side surface; and

at least one vortex generator configured on at least one of said suction side or
said pressure side surfaces, the at least one vortex generator comprising a base portion
being generally parallel to at least one of said suction side or said pressure side surfaces
and a rib extending substantially perpendicularly from the base portion and at least one of
said suction side or said pressure side surfaces, the rib comprising a top surface and a
bottom surface separated by a thickness,

wherein the bottom surface of the rib comprises one or more discontinuities
formed in the rib so as to increase flexibility of the at least one vortex generator, the one or
more discontinuities extending partially through the thickness of the rib and terminating

before the top surface.

2. The rotor blade of claim 1, wherein the one or more discontinuities

comprises an opening such that a gap is created between the rib and the rotor blade.

3. The rotor blade of claim 2, further comprising an airflow limiting
component configured to block at least a portion of the gap so as to limit air flow through

the gap.

4. The rotor blade of claim 3, wherein the airflow limiting component
comprises at least one of adhesive, sealant, tape, foam, cork, one or more flaps, or a

plurality of tines.

5. The rotor blade of claim 1, wherein the at least one vortex generator

further comprises a plurality of ribs.

6. The rotor blade of claim 5, wherein the plurality of ribs are arranged in
pairs, and wherein each pair of ribs are arranged at opposite angles with respect to each

other.

14
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7. The rotor blade of claim 5, wherein each of the ribs comprises a

substantially trapezoidal cross-sectional shape.

8. A method of manufacturing a vortex generator for a rotor blade of a wind
turbine, the method comprising:

providing a mold of the vortex generator, the mold of the vortex generator
having, at least, a base portion and a plurality of rib-shaped protrusions extending
substantially perpendicularly therefrom, the base portion being generally parallel to at least
one of a suction side surface or a pressure side surface when mounted to the rotor blade:

forming a sheet material to the mold so as to form the vortex generator, wherein
the rib-shaped protrusions of the mold form a plurality of ribs in the vortex generator, each
of the ribs comprising a top surface and a bottom surface separated by a thickness; and

forming a plurality of discontinuities into the bottom surface of at least one of
the ribs and adjacent to the base portion so as to increase flexibility of the vortex generator,
the plurality of discontinuities extending partially through the thickness of the rib and

terminating before the top surface of the rib.

9. The method of claim 8, wherein forming the plurality of discontinuities
within at least one of the ribs further comprises at least one of: forming the plurality of
discontinuities into the rib-shaped protrusions of the mold or machining the plurality of

discontinuities into the ribs after forming the sheet material to the mold.

10. A vortex generator for a rotor blade of a wind turbine, the vortex
generator comprising:

a base portion configured for attachment to at least one of a suction side surface
or a pressure side surface of the rotor blade, the base portion being generally parallel to at
least one of the suction side surface or the pressure side surface of the rotor blade when
mounted thereto; and

a rib extending substantially perpendicularly from the base portion and at least
one of said suction side or said pressure side surfaces when mounted to the rotor blade, the

rib comprising a fop surface and a bottom surface separated by a thickness,

15
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wherein the bottom surface of the rib comprises one or more discontinuities so
as to increase flexibility of the vortex generator, the one or more discontinuities adjacent
to the base portion, the one or more discontinuities extending partially through the

thickness of the rib and terminating before the top surface.

11.  The vortex generator of claim 10, wherein the one or more discontinuities
comprises an opening in a lower portion of the rib such that a gap is created between the

rib and the base portion.

12.  The vortex generator of claim [ 1, further comprising an airflow limiting
component blocking at least a portion of the gap so as to limit air flow through the gap,
wherein the airflow limiting component comprises at least one of adhesive, sealant, tape,

foam, cork, one or more flaps, or a plurality of tines.

13.  The vortex generator of claim 10, wherein the one or more discontinuities

comprises a plurality of apertures spaced apart along a lengthwise axis of the rib.
14.  The vortex generator of claim 10, further comprising a plurality of ribs.

15.  The vortex generator of claim 1[4, wherein the plurality of ribs are
arranged in pairs. and wherein each pair of ribs are arranged at opposite angles with respect

to each other.

16. The vortex generator of claim 10, wherein the rib comprises a

substantially trapezoidal shape.

17.  The vortex generator of claim 13, wherein each of the plurality of

apertures extend through a width of the rib.
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100 FIG —10-
A

102
/"

PROVIDE A MOLD OF THE VORTEX GENERATOR,
THE MOLD OF THE VORTEX GENERATOR HAVING,
AT LEAST, A BASE PORTION AND A PLURALITY
OF AIRFLOW—MODIFYING—-ELEMENT SHAPED
PROTRUSIONS EXTENDING THEREFROM

1
f04

FORM A SHEET MATERIAL TO THE MOLD SO AS TO
FORM THE VORTEX GENERATOR, WHEREIN THE
AIRFLOW-MODIFYING—ELEMENT SHAPED PROTRUSIONS
OF THE MOLD FORM A PLURALITY OF AIRFLOW
MODIFYING ELEMENTS IN THE VORTEX GENERATOR

10
/‘6

FORM ONE OR MORE DISCONTINUITIES WITHIN AT LEAST
ONE OF THE AIRFLOW MODIFYING ELEMENTS SO AS TO
INCREASE FLEXIBILITY OF THE VORTEX GENERATOR

FIG —11-
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