
(19) United States 
US 20140328688A1 

(12) Patent Application Publication (10) Pub. No.: US 2014/0328688 A1 
Wilson et al. (43) Pub. Date: Nov. 6, 2014 

(54) ROTOR BLADE ASSEMBLY HAVING (52) U.S. Cl. 
VORTEX GENERATORS FOR WIND CPC ........................................ FOID 5/02 (2013.01) 
TURBINE USPC ...................................................... 416/223 R 

(71) Applicant: General Electric Company, 
Schnectady, NY (US) (57) ABSTRACT 

(72) Inventors: Megan Michela Wilson, Greenville, SC 
(US); Stefan Herr, Greenville, SC (US); 
Ramesh Vedula, Bangalore (IN); John 
Glenn Luedke, Simpsonville, SC (US) 

(21) Appl. No.: 13/938,546 
(22) Filed: Jul. 10, 2013 

(30) Foreign Application Priority Data 

May 3, 2013 (IN) ........................... 1313/DELA2013 
Publication Classification 

(51) Int. Cl. 
FOID 5/02 (2006.01) 

Rotor blade assemblies for wind turbines are provided. In one 
embodiment, a rotor blade assembly includes a rotor blade, 
and a plurality of Vortex generators configured on at least one 
of a Suction side or a pressure side and disposed within an 
inboard area of the rotor blade. The plurality of vortex gen 
erators include a row of Vortex generators extending in a 
generally span-wise direction, the row comprising a first por 
tion of Vortex generators and a second portion of Vortex 
generators, the second portion of Vortex generators spaced 
apart from the first portion of Vortex generators in the Span 
wise direction. Each first portion Vortex generator is disposed 
at a first chord-wise location, and each second portion Vortex 
generator is disposed at a second chord-wise location differ 
ent from the first chord-wise location. 
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ROTOR BLADE ASSEMBLY HAVING 
VORTEX GENERATORS FOR WIND 

TURBINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims filing benefit of 
Indian Patent Application 1313/DEL/2013 having a filing 
date of May 3, 2013, which is incorporated herein by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

0002. The present disclosure relates in general to wind 
turbines, and more specifically to rotor blade assemblies 
therefor which include Vortex generators. 

BACKGROUND OF THE INVENTION 

0003 Wind power is considered one of the cleanest, most 
environmentally friendly energy sources presently available, 
and wind turbines have gained increased attention in this 
regard. A modern wind turbine typically includes a tower, 
generator, gearbox, nacelle, and one or more rotorblades. The 
rotor blades capture kinetic energy of wind using known 
airfoil principles. The rotor blades transmit the kinetic energy 
in the form of rotational energy so as to turn a shaft coupling 
the rotor blades to a gearbox, or if a gearbox is not used, 
directly to the generator. The generator then converts the 
mechanical energy to electrical energy that may be deployed 
to a utility grid. 
0004 Rotor blades are the primary elements of wind tur 
bines for converting wind energy into electrical energy. The 
blades have the cross-sectional profile of an airfoil such that, 
during operation, air flows over the blade producing a pres 
sure 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 the generator for producing 
electricity. 
0005. The lift force is generated when the flow from the 
leading edge to the trailing edge creates a pressure difference 
between the top and bottom surfaces of the blade. Ideally, the 
flow is attached to the top surface 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. 
Ablade section extracts much less energy from the flow when 
it separates. 
0006 Flow separation depends on a number of factors, 
such as incoming airflow characteristics (e.g. Reynolds num 
ber, wind speed, in-flow atmospheric turbulence) and charac 
teristics of the blade (e.g. airfoil sections, blade chord and 
thickness, twist distribution, pitch angle, etc). The detached 
flow region also leads to an increase in drag force, mainly due 
to a pressure difference between the upstream attached-flow 
region and the downstream detached-flow region. Flow sepa 
ration 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. 
0007 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 
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the drag force. To this purpose, it is advantageous to increase 
the attached-flow region and to eliminate or at least 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. 
0008. It is known in the art to change the aerodynamic 
characteristics of wind turbine blades by adding dimples, 
protrusions, or other structures on the surface of the blade. 
These structures are often referred to as “vortex generators' 
and serve to create local regions of turbulent airflow over the 
surface of the blade as a means to delay flow separation and 
thus optimize aerodynamic airflow around the blade contour. 
Conventional vortex generators are typically sheet metal and 
defined as “fins' or shaped structures on the suction side of 
the turbine blade. 
0009 Conventional vortex generators are not, however, 
without drawbacks. For example, improper placement and 
sizing of conventional vortex generators can lead to signifi 
cant drag as well as ineffectiveness in maintaining and 
increasing the attached-flow region. 
0010. Accordingly, improved wind turbine rotor blades 
are desired in the art. In particular, rotor blades which utilize 
vortex generators having specific arrangements and/or sizing 
which increase attached-flow regions and thus overall wind 
turbine efficiency, would be advantageous. 

BRIEF DESCRIPTION OF THE INVENTION 

(0011 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 invention. 
0012. In one embodiment, a rotor blade assembly for a 
wind turbine is disclosed. The rotor blade assembly includes 
a rotor blade having exterior surfaces defining a pressure side. 
a suction side, a leading edge, and a trailing edge each extend 
ing between a tip and a root. The rotor blade further defines a 
span and a chord. The rotor blade assembly further includes a 
plurality of vortex generators configured on at least one of the 
suction side or the pressure side and disposed within an 
inboard area of the rotor blade. The plurality of Vortex gen 
erators include a row of Vortex generators extending in a 
generally span-wise direction, the row comprising a first por 
tion of vortex generators and and a second portion of Vortex 
generators, the second portion of Vortex generators spaced 
apart from the first portion of Vortex generators in the span 
wise direction. Each first portion Vortex generator is disposed 
at a first chord-wise location, and each second portion Vortex 
generator is disposed at a second chord-wise location differ 
ent from the first chord-wise location. 
0013. In another embodiment, a vortex generator assem 
bly for a wind turbine rotor blade is disclosed. The Vortex 
generator assembly includes a plurality of Vortex generators 
arranged in a single row and configured for mounting on at 
least one of a suction side or a pressure side of the wind 
turbine rotor blade. The plurality of vortex generators com 
prises a first portion of vortex generators and a second portion 
of vortex generators. The second portion of Vortex generators 
is arranged to be spaced apart from the first portion of Vortex 
generators in a span-wise direction. Each first portion Vortex 
generator is arranged to be disposed at a first chord-wise 
location, and each second portion Vortex generator is 
arranged to be disposed at a second chord-wise location dif 
ferent from the first chord-wise location. 
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0014. In another embodiment, a rotor blade assembly for a 
wind turbine is disclosed. The rotor blade assembly includes 
a rotorblade having exterior Surfaces defining a pressure side, 
a Suction side, a leading edge, and a trailing edge each extend 
ing between a tip and a root. The rotor blade further defines a 
span and a chord. The rotorblade assembly further includes at 
least one Vortex generator configured on at least one of the 
suction side or the pressure side of the rotor blade, the at least 
one Vortex generator having an aspect ratio between approxi 
mately 4 and approximately 10. 
0015. In another embodiment, a rotor blade assembly for a 
wind turbine is disclosed. The rotor blade assembly includes 
a rotorblade having exterior Surfaces defining a pressure side, 
a Suction side, a leading edge, and a trailing edge each extend 
ing between a tip and a root. The rotor blade further defines a 
span and a chord. The rotorblade assembly further includes at 
least one Vortex generator configured on at least one of the 
suction side or the pressure side of the rotor blade, the at least 
one Vortex generator having a length between approximately 
4% and approximately 20% of a local chord. 
0016. 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 DRAWINGS 

0017. A full and enabling disclosure of the present inven 
tion, 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: 
0018 FIG. 1 is a side view of a wind turbine according to 
one embodiment of the present disclosure; 
0019 FIG. 2 is a top view of a rotor blade assembly 
according to one embodiment of the present disclosure; 
0020 FIG. 3 is an enlarged view of an inboard portion of 
the rotor blade assembly of FIG. 2; 
0021 FIG. 4 is an enlarged view of an inboard portion of 
a rotor blade assembly in accordance with another embodi 
ment of the present disclosure; 
0022 FIG. 5 is a cross-sectional view of a rotor blade 
assembly, along the lines 5-5 as shown in FIG. 2, in accor 
dance with one embodiment of the present disclosure; 
0023 FIG. 6 is a cross-sectional view of a rotor blade 
assembly, along the lines 6-6 as shown in FIG. 2, in accor 
dance with one embodiment of the present disclosure; 
0024 FIG. 7 is an enlarged view of an inboard portion of 
a rotor blade assembly in accordance with another embodi 
ment of the present disclosure; 
0.025 FIG. 8 is a cross-sectional view of a rotor blade 
assembly, along the lines 8-8 as shown in FIG. 7, in accor 
dance with one embodiment of the present disclosure; 
0026 FIG. 9 is an enlarged view of an inboard portion of 
a rotor blade assembly in accordance with another embodi 
ment of the present disclosure; 
0027 FIG. 10 is a cross-sectional view of a rotor blade 
assembly, along the lines 10-10 as shown in FIG.9, in accor 
dance with one embodiment of the present disclosure; and 
0028 FIG. 11 is an enlarged view of an inboard portion of 
a rotor blade assembly in accordance with another embodi 
ment of the present disclosure. 
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DETAILED DESCRIPTION OF THE INVENTION 

0029 Reference now will be made in detail to embodi 
ments 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 inven 
tion. 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 embodi 
ment to yield a still further embodiment. Thus, it is intended 
that the present invention covers such modifications and 
variations as come within the scope of the appended claims 
and their equivalents. 
0030 FIG. 1 illustrates a wind turbine 10 of conventional 
construction. The wind turbine 10 includes a tower 12 with a 
nacelle 14 mounted thereon. A plurality of rotor 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. 
0031 Referring now to FIG. 2, a rotor blade 16 according 
to the present disclosure may include exterior Surfaces defin 
ing a pressure side 22 and a Suction side 24 extending between 
a leading edge 26 and a trailing edge 28. These surfaces may 
extend from a blade tip 32 to a blade root 34. The exterior 
Surfaces may be generally aerodynamic Surfaces having gen 
erally aerodynamic contours, as is generally known in the art. 
0032. In some embodiments, the rotor blade 16 may 
include a plurality of individual blade segments aligned in an 
end-to-end order from the blade tip 32 to the blade root 34. 
Each of the individual blade segments may be uniquely con 
figured so that the plurality of blade segments define a com 
plete rotor blade 16 having a designed aerodynamic profile, 
length, and other desired characteristics. For example, each of 
the blade segments may have an aerodynamic profile that 
corresponds to the aerodynamic profile of adjacent blade 
segments. Thus, the aerodynamic profiles of the blade seg 
ments may form a continuous aerodynamic profile of the 
rotor blade 16. Alternatively, the rotor blade 16 may be 
formed as a singular, unitary blade having the designed aero 
dynamic profile, length, and other desired characteristics. 
0033. The rotorblade 16 may, in exemplary embodiments, 
be curved. Curving of the rotor blade 16 may entail bending 
the rotor blade 16 in a generally flapwise direction and/or in a 
generally edgewise direction. The flapwise direction may 
generally be construed as the direction (or the opposite direc 
tion) in which the aerodynamic lift acts on the rotor blade 16. 
The edgewise direction is generally perpendicular to the flap 
wise direction. Flapwise curvature of the rotor blade 16 is also 
known as pre-bend, while edgewise curvature is also known 
as sweep. Thus, a curved rotor blade 16 may be pre-bent 
and/or swept. Curving may enable the rotor blade 16 to better 
withstand flapwise and edgewise loads during operation of 
the wind turbine 10, and may further provide clearance for the 
rotor blade 16 from the tower 12 during operation of the wind 
turbine 10. 
0034. The rotor blade 16 may further define chord 42 and 
a span 44. As shown in FIG. 2, the chord 42 may vary through 
out the span 44 of the rotor blade 16. Thus, a local chord 46 
may be defined for the rotor blade 16 at any point on the rotor 
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blade 16 along the span 44. Further, a maximum chord 48 may 
be defined at a predetermined span-wise location on the rotor 
blade 16. 

0035. Additionally, the rotor blade 16 may define an 
inboard area 52 and an outboard area 54. The inboard area 52 
may be a span-wise portion of the rotor blade 16 extending 
from the root 34. For example, the inboard area 52 may, in 
some embodiments, include approximately 25%, 33%, 40%, 
50%. 60%. 67%, 75% or any percentage or range of percent 
ages therebetween, or any other Suitable percentage or range 
of percentages, of the span 44 from the root 34. The outboard 
area 54 may be a span-wise portion of the rotor blade 16 
extending from the tip 32, and may in Some embodiments 
include the remaining portion of the rotor blade 16 between 
the inboard area 52 and the tip 32. Additionally or alterna 
tively, the outboard area 54 may, in some embodiments, 
include approximately 25%33%, 40%, 50%, 60%, 67%, 75% 
or any percentage or range of percentages therebetween, or 
any other Suitable percentage or range of percentages, of the 
span 44 from the tip 32. 
0036) As illustrated in FIGS. 2 through 10, the present 
disclosure may further be directed to one or more rotor blade 
assemblies 100. A rotor blade assembly 100 according to the 
present disclosure generally includes a rotor blade 16. Fur 
ther, a rotor blade assembly 100 includes one or more vortex 
generators 102. Each vortex generator 102 is configured on a 
surface of the rotor blade 16. For example, in the embodiment 
illustrated in the figures, the Vortex generators 102 are 
depicted on the suction side 24. It should be appreciated that 
the Vortex generators 102 could also be provided on the pres 
sure side 22. 
0037 Vortex generators 102 can be configured on a sur 
face of the rotor blade 16 through any suitable mounting 
technique or apparatus. For example, Suitable adhesives can 
be utilized to bond a vortex generator 102 to a surface of the 
rotor blade 16. Alternatively, suitable mechanical fasteners, 
Such as nails, screws, rivets, nut-bolt combinations, etc., can 
be utilized to attacha vortex generator 102 to a surface of the 
rotor blade 16. Still further, in other alternative embodiments, 
welding, brazing, or other Suitable techniques can be utilized 
to connect a vortex generator 102 to a surface of the rotor 
blade 16. Additionally, in some embodiments (not shown) a 
Vortex generator 102 may include a mounting plate for 
mounting of the vortex generator 102 to a surface of the rotor 
blade 16. 
0038 Any suitable vortex generators 102 are within the 
Scope and spirit of the present disclosure. In exemplary 
embodiments, as shown in the figures, a Vortex generator 102 
includes a fin 110. The fin 110 may be configured on a rotor 
blade 16 surface such that it extends therefrom, thus defining 
a height 112 (such as a maximum height). The fin 110 may 
further define a length 114 (Such as a maximum length) as 
shown, which may be defined between a forward end 116 and 
an aft end 118. In exemplary embodiments as shown, the fin 
110 may extend generally linearly between the forward end 
116 and the aft end 118, although in alternative embodiments 
the fin 110 may so extend in a generally curvilinear fashion or 
otherwise. Further, the fin 110 may have any suitable cross 
sectional shape. For example, in Some embodiments, a fin110 
may have a square or rectangular cross-sectional shape. In 
other embodiments, the fin 110 may have a trapezoidal cross 
sectional shape, with the sidewalls tapering inwards from a 
bottom of the fin to a top of the fin or, alternatively, tapering 
outwards. In other embodiments, only portions of the side 
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walls of a fin 110 may taper. In still other embodiments, a fin 
110 may have an oval, triangular, or other Suitable polygonal 
shaped cross-section. 
0039. A vortex generator 102 may further be configured 
on a rotor blade 16 at any suitable orientation. For example, a 
vortex generator 102 may be aligned with a local chord 46, 
such that for example, a length 114 thereof is parallel to the 
local chord 46, or a vortex generator 102 may be angled to the 
local chord 46. FIGS. 2 through 4, 7 and 8 illustrate angled 
vortex generators 102. In these embodiments, each fin 110 as 
shown is oriented at an angle to the local chord 46. A fin 110 
may be oriented in Some embodiments, for example, at an 
angle between approximately 10 degrees and approximately 
30 degrees to the local chord 46, such as in some embodi 
ments approximately 20 degrees. As further shown, alternat 
ing fins 110 may be oriented in opposite directions, such that 
pairs offins 110 together generally form wedge-shaped struc 
tures. For example, as illustrated a first fin 110 of a pair offins 
may be oriented at an angle 120 to the local chord 46. A 
neighboring second fin 110 that together with the first fin 110 
forms a pair may be oriented at an opposite angle 122 to the 
local chord 46. Both angles 120, 122 in exemplary embodi 
ments may be between approximately 10 degrees and 
approximately 30 degrees to the local chord 46. Such as in 
Some embodiments approximately 20 degrees. It should be 
understood, however, that fins 110 or other suitable vortex 
generators 102 having any suitable orientations are within the 
Scope and spirit of the present disclosure. 
0040 Vortex generators 102 according to the present dis 
closure are oriented and/or sized to advantageously increase 
the overall performance and efficiency of the rotor blade 
assembly 100 and wind turbine 10 in general. The present 
inventors have discovered that conventional Vortex genera 
tors are relatively inefficient and, in some cases, adversely 
affect the performance of rotorblade assemblies 100. Further, 
the present inventors have discovered that particular orienta 
tions and/or sizing of Vortex generators 102 as discussed 
herein advantageously increase rotor blade assembly 100 and 
wind turbine 10 performance and efficiency, in some cases 
Surprisingly increasing wind turbine efficiency by 1-2%. 
0041. For example, FIGS. 2 through 4 illustrate particular 
orientations of Vortex generators 102 according to the present 
disclosure. In particular, a single row of Vortex generators 102 
is illustrated. The single row extends generally in the Span 
wise direction. Further, the row includes a first portion 130 of 
vortex generators 102 and a second portion 132 of Vortex 
generators 102. Each portion 130, 132 extends generally in 
the span-wise direction, as shown. The second portion 132 is 
offset from the first portion 130 in both the span-wise and 
chord-wise directions. Thus, as shown, the second portion 
132 is spaced apart from the first portion 130 in the span-wise 
direction, Such that each second portion 132 vortex generator 
102 is relatively outboard of each first portion 130 vortex 
generator 102. Additionally, as shown, the second portion 132 
is spaced apart from the first portion 130 in the chord-wise 
direction, Such that each second portion 132 vortex generator 
102 is relatively downstream of each first portion 130 vortex 
generator 102. Further, each first portion 130 vortex generator 
102 is disposed at a first chord-wise location, and each second 
portion 132 vortex generator 102 is disposed at a second 
chord-wise location. The second chord-wise location is, as 
shown, different from the first chord-wise location. The ori 
entation of the vortex generators at different chord-wise loca 
tions as provided herein may advantageously improve the 
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performance and efficiency of the rotor blade assembly 100 
and wind turbine 10 in general. 
0042. It should be noted that span-wise and chord-wise 
locations according to the present disclosure are determined 
based on the position of the forward end 116 of the vortex 
generator 102. Thus, a disclosure of a vortex generator 102 
disposed at a particular chord-wise location and/or span-wise 
location means that the forward end 116 of the vortex gen 
erator 102 is positioned at that location. 
0043. As further illustrated in FIGS. 2 through 4, each first 
portion 130 vortex generator 102 and each second portion 132 
vortex generator 102 may be disposed between approxi 
mately 10% and approximately 40% of the local chord 46 for 
that vortex generator 102. It should be noted that a percentage 
of local chord 46 is defined for a local chord 46 with the 
leading edge end of the local chord 46 being 0% and the 
trailing edge end of the local chord 46 being 100%. It should 
additionally be noted that a percentage of local chord 46 is 
based on the chord 42 and local chord 46 being considered 
straight lines between the leading edge 26 and trailing edge 
28, and the location of a vortex generator 102 on a surface of 
the rotor blade 16 being based on a generally perpendicular 
(when viewed in a cross-section as shown in FIGS. 5 and 6) 
extrusion from a location along the local chord 46. Further, as 
discussed, the second portion 132 may be offset chord-wise 
from the first portion 130. In exemplary embodiments, the 
first chord-wise location of the first portion 130 vortex gen 
erators 102 may be between approximately 10% and approxi 
mately 20% of the local chord 46 for each first portion 130 
Vortex generator 102. Such as in Some embodiments approxi 
mately 15% of the local chord 46 for each first portion 130 
vortex generator 102. Further, in exemplary embodiments, 
the second chord-wise location of the second portion 132 
vortex generators 102 may be between approximately 25% 
and approximately 35% of the local chord 46 for each second 
portion 132 vortex generator 102, such as in some embodi 
ments approximately 30% of the local chord 46 for each 
second portion 132 vortex generator 102. 
0044. In some embodiments, the first portion 130 and 
second portion 132 are discrete from each other in the chord 
wise direction, such that no other vortex generators 102 are 
between the portions 130, 132 in the span-wise or chord-wise 
direction and such that there is no transition between the 
portions 130, 132, as shown in FIGS. 2 and 3. Alternatively, 
however, additional vortex generators 102 may be utilized to 
provide a transition between the portions 130, 132. For 
example, as shown in FIG. 4, one or more Vortex generators 
102 of the plurality of vortex generators 102 may be disposed 
in transition locations, which may be between the first portion 
130 and second portion 132 in the generally span-wise direc 
tion and between the first chord-wise location of the first 
portion 130 and the second chord-wise location of the second 
portion 132. For example, as shown, four Vortex generators 
102 may be disposed in transition locations. Two such first 
transition Vortex generators 136 may be disposed at approxi 
mately 20% of the local chord 46 for those vortex generators, 
and two such second transition vortex generators 138 may be 
disposed at approximately 25% of the local chord 46 for those 
vortex generators. Such vortex generators 136, 138, by being 
located at transition locations, provide a gradual transition 
between the first portion 130 and second portion 132 vortex 
generators 102. 
0045 Referring again to FIGS. 2 through 4, in exemplary 
embodiments, the plurality of Vortex generators 102 may be 
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disposed within the inboard area 52. Further, in exemplary 
embodiments, at least a portion of the first portion 130 of 
vortex generators 102 may further be disposed in the span 
wise direction between the root 34 and the span-wise maxi 
mum chord 48 location. 

0046. It should be noted, referring now to FIGS. 7 and 9, 
that the first portion 130 and second portion 132 vortex gen 
erators 102 need not necessarily be offset in the chord-wise 
direction. For example, in the embodiments illustrated in 
FIGS. 7 and 9, the first portion 130 and second portion vortex 
generators 102 are disposed at generally identical chord-wise 
locations, which may for example be a predetermined local 
chord-wise location. 

0047 Referring now to FIGS. 2 through 11, in some 
embodiments, one or more of the vortex generators 102 may 
advantageously be sized to increase the performance and 
efficiency of the rotor blade assembly 100 and wind turbine 
10 in general. For example, as shown, in Some exemplary 
embodiments, the first set 130 of Vortex generators 102 may 
have such advantageous sizing. In particular, in some exem 
plary embodiments as shown, each first portion 130 vortex 
generator 102 may have a height 112 and a length 114 that is 
greater than the height 112 and the length 114 of each second 
portion 132 vortex generator 102. For example, in some 
embodiments, each first portion 130 vortex generator 102 
may have a height 112 that is between approximately 1.25 and 
approximately 3.5 times a height 112 of each second portion 
130 vortex generator 102. Additionally or alternatively, each 
first portion 130 Vortex generator 102 may have a length 114 
that is between approximately 1.25 and approximately 3.5 
times a length 114 of each second portion 130 vortex genera 
tor 102. 

0048 Referring still to FIGS. 2 through 11, and in particu 
lar to the first portion 130 vortex generators 102 illustrated 
therein, in Some embodiments, one or more Vortex generators 
102 may have an aspect ratio between approximately 4 and 
approximately 10, Such as in some exemplary embodiments 
approximately 5. An aspect ratio of a Vortex generator 102 is 
defined as the length 114 divided by the height 112. Such 
aspect ratios according to the present disclosure are Substan 
tially larger than conventional Vortex generator 102 aspect 
ratios, and advantageously may provide improve rotor blade 
assembly 100 and wind turbine 10 performance and effi 
ciency. 
0049 Additionally or alternatively, one or more vortex 
generators 102 may have particular heights 112 and/or 
lengths 114 that provide Such advantageous performance and 
efficiency benefits. For example, a vortex generator 102 may 
have a height 112 between approximately 0.5% and approxi 
mately 4% of the local chord 46 for that vortex generator 102. 
such as between approximately 0.5% and approximately 3% 
of the local chord 46 for that Vortex generator 102, such as 
between approximately 1.0% and approximately 4% of the 
local chord 46 for that vortex generator 102, such as between 
approximately 1.5% and approximately 4% of the local chord 
46 for that vortex generator 102, such as between approxi 
mately 1.0% and approximately 3% of the local chord 46 for 
that Vortex generator 102. Such as between approximately 
1.5% and approximately 3% of the local chord 46 for that 
vortex generator 102. Further, a vortex generator 102 may 
have a length 114 between approximately 4% and approxi 
mately 20% of the local chord 46 for that vortex generator 
102, such as between approximately 7% and approximately 
15% of the local chord 46 for that vortex generator 102. 
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0050. Further, referring to FIGS.5 and 6, the height 112 of 
a vortex generator 102 may additionally or alternatively be 
defined relative to a boundary layer 140 at the span-wise 
location of the vortex generator 102. For example, the bound 
ary layer 140 may have a thickness, such as a local boundary 
layer thickness 142 at the location of the vortex generator 102, 
relative to the surface of the rotor blade 16. In exemplary 
embodiments, the local boundary layer thickness 142 may be 
measured at the forward end 116 of the vortex generator 102. 
The height 112 may be between approximately 0.5 and 
approximately 7 times the local boundary layer thickness 142 
at the span-wise location of the vortex generator 102. 
0051. It should be understood that the above-disclosed 
heights and lengths are not limited to use in first portion 130 
Vortex generators 102, and rather may apply to any Suitable 
vortex generators 102. As shown in FIGS. 2 through 11, 
however, in exemplary embodiments, one or more Vortex 
generators 102 having an aspect ratio, height 112, and/or 
length 114 as discussed above may be disposed within the 
inboard area 52, such as in some embodiments between the 
root 34 and the span-wise location of the maximum chord 48. 
0.052. In some embodiments, as shown in FIGS. 7 and 8. 
the plurality of Vortex generators 102 having aspect ratios, 
heights 112, and/or lengths 114 as discussed above each have 
generally identical heights 112 and/or lengths 114. FIGS. 7 
and 8, for example, illustrate first portion 130 vortex genera 
tors 102 having generally identical heights 112 and lengths 
114. FIG. 11 illustrates all vortex generators 102 in the row 
being generally identical, and thus having generally identical 
heights and lengths. Alternatively, in some embodiments, the 
plurality of Vortex generators 102 having aspect ratios, 
heights 112, and/or lengths 114 as discussed above each have 
generally differing heights 112 and/or lengths 114. FIGS. 9 
and 10, for example, illustrate first portion 130 vortex gen 
erators 102 having heights 112 and lengths 114 that decrease 
in a direction from the root 34 towards the tip 32. Alterna 
tively, the heights 112 and lengths 114 may be based on 
generally identical local chord 46 percentages, and thus vary 
based on the size of the local chord 46 for each vortex gen 
erator 102 Such that the percentage is generally constant 
throughout the plurality of vortex generators 102. 
0053. It should be noted that the present disclosure is 
further directed to vortex generator assemblies. Such assem 
blies include the plurality of Vortex generators 102 as dis 
cussed herein, which may be arranged in a row having various 
orientations and/or sizes. Such Vortex generators 102 may 
thus be arranged to be disposed at orientations as discussed 
herein and/or may be sized relative to a rotor blade 16 as 
discussed herein. A Vortex generator assembly may thus 
include the plurality of vortex generators 102, and may fur 
ther in some embodiments include one or more mounting 
plates. Such mounting plates may mount the Vortex genera 
tors 102 on the rotor blade 16, and may further serve to locate 
and orient the vortex generators 102 relative to the rotor blade 
16. 

0054 As discussed, vortex generators 102, rotor blade 
assemblies 100, and wind turbines 10 according to the present 
disclosure may have orientations and/or sizes that advanta 
geously improve the performance and efficiency thereof. In 
Some embodiments, the relative offset positioning of various 
portions of Vortex generators 102 provides such advanta 
geous performance characteristics. In additional or alterna 
tive embodiments, the relatively larger sizing of the vortex 
generators 102 as compared to conventional Vortex genera 
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tors provides such advantageous performance characteristics. 
These advantages may be particularly pronounced in embodi 
ments wherein these vortex generators 102 are disposed in the 
inboard area 52, such as in embodiments wherein at least a 
portion of these vortex generators 102 are between the root 34 
and the Span-wise maximum chord 48 location. 
0055. This written description uses examples to disclose 
the invention, including the best mode, and also to enable any 
person skilled in the art to practice the invention, including 
making and using any devices or systems and performing any 
incorporated methods. The patentable 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 elements that do not differ from the literal language 
of the claims, or if they include equivalent structural elements 
with insubstantial differences from the literal languages of 
the claims. 

What is claimed is: 

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

a rotor blade having exterior Surfaces defining a pressure 
side, a Suction side, a leading edge, and a trailing edge 
each extending between a tip and a root, the rotor blade 
further defining a span and a chord, and 

a plurality of vortex generators configured on at least one of 
the Suction side or the pressure side and disposed within 
an inboard area of the rotor blade, the plurality of vortex 
generators comprising a row of Vortex generators 
extending in a generally span-wise direction, the row 
comprising a first portion of Vortex generators and a 
second portion of Vortex generators, the second portion 
of Vortex generators spaced apart from the first portion 
of Vortex generators in the Span-wise direction, each first 
portion Vortex generator disposed at a first chord-wise 
location, and each second portion Vortex generator dis 
posed at a second chord-wise location different from the 
first chord-wise location. 

2. The rotor blade assembly of claim 1, wherein each of the 
first portion of Vortex generators and each of the second 
portion of Vortex generators is disposed between approxi 
mately 10% and approximately 40% of a local chord. 

3. The rotor blade assembly of claim 1, wherein the first 
chord-wise location is between approximately 10% of a local 
chord and 20% of a local chord, and wherein the second 
chord-wise location is between approximately 25% of a local 
chord and approximately 35% of a local chord. 

4. The rotor blade assembly of claim 1, wherein the first 
chord-wise location is approximately 15% of a local chord 
and the second chord-wise location is approximately 30% of 
a local chord. 

5. The rotor blade assembly of claim 1, wherein the plu 
rality of Vortex generators further comprises at least one Vor 
tex generator disposed in a transition location between the 
first portion and the second portion in the generally span-wise 
direction and between the first chord-wise location and the 
second chord-wise location. 

6. The rotor blade assembly of claim 5, wherein the plu 
rality of Vortex generators comprises two Vortex generators 
disposed in transition locations, a first Vortex generator of the 
two Vortex generators disposed at approximately 20% of a 
local chord and a second Vortex generator of the two Vortex 
generators disposed at approximately 25% of a local chord. 
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7. The rotor blade assembly of claim 1, wherein at least a 
portion of the first portion of Vortex generators is further 
disposed between the root and a span-wise maximum chord 
location. 

8. The rotor blade assembly of claim 1, wherein each of the 
plurality of Vortex generators comprises a fin extending at an 
angle relative to the local chord. 

9. The rotor blade assembly of claim 1, wherein each of the 
first portion Vortex generators has a height and a length that 
are greater than a height and a length of each of the second 
portion Vortex generators. 

10. The rotor blade assembly of claim 1, wherein each of 
the plurality of Vortex generators has an aspect ratio between 
approximately 4 and approximately 10. 

11. The rotor blade assembly of claim 1, wherein each of 
the plurality of Vortex generators has a height between 
approximately 0.5% and approximately 4% of the local 
chord. 

12. The rotor blade assembly of claim 1, wherein each of 
the plurality of Vortex generators has a height between 
approximately 0.5 and approximately 7 times a local bound 
ary layer thickness at a span-wise location of the first portion 
Vortex generator. 

13. The rotor blade assembly of claim 1, wherein each of 
the plurality of Vortex generators has a length between 
approximately 4% and approximately 20% of the local chord. 

14. A wind turbine, comprising: 
a tower, 
a nacelle mounted on the tower, and 
a plurality of rotor blades, each of the plurality of rotor 

blades having exterior Surfaces defining a pressure side, 
a Suction side, a leading edge, and a trailing edge each 
extending between a tip and a root, each of the plurality 
of rotor blades further defining a span and a chord, 

a plurality of vortex generators configured on at least one of 
the suction side or the pressure side of at least one of the 
plurality of rotor blades and disposed within an inboard 
area of the at least one of the plurality of rotor blades, the 
plurality of Vortex generators comprising a row of vortex 
generators extending in a generally span-wise direction, 
the row comprising a first portion of Vortex generators 
and a second portion of Vortex generators, the second 
portion of Vortex generators spaced apart from the first 
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portion of Vortex generators in the Span-wise direction, 
each first portion Vortex generator disposed at a first 
chord-wise location, and each second portion Vortex 
generator disposed at a second chord-wise location dif 
ferent from the first chord-wise location. 

15. The wind turbine of claim 14, wherein the first chord 
wise location is between approximately 10% of a local chord 
and 20% of a local chord, and wherein the second chord-wise 
location is between approximately 25% of a local chord and 
approximately 35% of a local chord. 

16. The wind turbine of claim 14, wherein the first chord 
wise location is approximately 15% of a local chord and the 
second chord-wise location is approximately 30% of a local 
chord. 

17. The wind turbine of claim 14, wherein the plurality of 
Vortex generators further comprises at least one Vortex gen 
erator disposed in a transition location between the first por 
tion and the second portion in the generally span-wise direc 
tion and between the first chord-wise location and the second 
chord-wise location. 

18. The wind turbine of claim 14, wherein each of the first 
portion Vortex generators has a height and a length that are 
greater than a height and a length of each of the second 
portion Vortex generators. 

19. The wind turbine of claim 14, wherein each of the 
plurality of Vortex generators has an aspect ratio between 
approximately 4 and approximately 10. 

20. A vortex generator assembly for a wind turbine rotor 
blade, the Vortex generator assembly comprising: 

a plurality of vortex generators arranged in a single row and 
configured for mounting on at least one of a Suction side 
or a pressure side of the wind turbine rotor blade, the 
plurality of Vortex generators comprising a first portion 
of Vortex generators and a second portion of Vortex 
generators, the second portion of Vortex generators 
arranged to be spaced apart from the first portion of 
Vortex generators in a span-wise direction, each first 
portion Vortex generator arranged to be disposed at a first 
chord-wise location, and each second portion Vortex 
generator arranged to be disposed at a second chord 
wise location different from the first chord-wise loca 
tion. 


