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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a wind turbine blade, in particular a wind turbine blade having devices or structures for
reducing noise generated by the wind turbine blade during use.

Background of the Invention

[0002] The ever growing number of wind turbines implies an increased demand for suitable wind turbine locations. Wind turbine
blades of a wind turbine create a considerable quantity of noise during operation. In general, noise from wind turbines is a limiting
factor when considering possible wind turbine locations.

[0003] It is known to provide a serrated panel at the trailing edge of a wind turbine blade, with a view to reducing the operational
noise of a wind turbine blade, e.g. US Patent No. 7,909,576. However, such a system does not provide a complete elimination of
trailing edge noise, nor does it account the noise generated by wind turbine blades of increased dimensions and/or having blunt
trailing edge profiles.

[0004] Accordingly, itis an object of the present invention to provide a wind turbine blade with improved noise properties, i.e. it is
desired to provide a low-noise wind turbine blade in order to minimize noise from wind turbines thereby reducing noise nuisance
for people living near wind turbines. Further a low-noise wind turbine blade or a wind turbine blade with tailored noise properties
may enable wind turbine locations near or in populated areas. Further, it may be an object to provide a low noise wind turbine
blade with a minimum reduction of performance or even improved aerodynamic properties.

[0005] EP 1 112 928 A2 discloses the use of fin or vane elements on a wind turbine blade, which are structures standing proud
of the surface of the wind turbine blade. These vane elements act to disrupt the trailing edge flow over the airfoil, as vortex
generator-type devices.

[0006] US 2009/074585 A1 discloses a wind turbine blade having with a trailing edge having several serrations.

Summary of the Invention

[0007] Accordingly, there is provided a wind turbine blade for a rotor of a wind turbine having a substantially horizontal rotor
shaft, the rotor comprising a hub, from which the wind turbine blade extends substantially in a radial direction when mounted to
the hub, the wind turbine blade extending in a longitudinal direction parallel to a longitudinal axis and having a tip end and a root
end,

the wind turbine blade further comprising a profiled contour including a pressure side and a suction side, as well as a leading
edge and a trailing edge with a chord having a chord length extending there between, the profiled contour, when being impacted
by an incident airflow, generating a lift,

the wind turbine blade further comprising at least a first longitudinal section having a cross section with a first plurality of
projecting elements provided at the trailing edge on said pressure side and a second plurality of projecting elements provided at
the trailing edge on said suction side, said first plurality spaced from said second plurality in a flapwise direction,

wherein said first plurality of projecting elements are arranged to perform a first modulation operation of a boundary layer flow of
the pressure side of the blade, wherein said second plurality of projecting elements are arranged to perform a second modulation
operation of a boundary layer flow of the suction side of the blade, said first and second modulation operations operable to
reduce the operational noise of the wind turbine blade, and

wherein said first plurality of projecting elements and said second plurality of projecting elements are arranged such that said first
modulation operation is different to said second modulation operation.

[0008] As the blade comprises two different arrangements of projecting elements shaped to perform different modulation
operations on the suction side and pressure side flows, the blade may be configured to perform an improved and more effective
reduction of the blade operational noise, by tailoring the modulation performed on the pressure side to reduce noise generated
by the pressure side flow, and tailoring the modulation performed on the suction side to reduce noise generated by the suction
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side flow. Such an efficient and directed reduction of the particular noise generated by the different flows provides an improved
reduction of the overall noise generated by the operation of the wind turbine blade.

[0009] A flapwise direction is understood as a direction orthogonal to the longitudinal direction of the blade and to the chord of
the blade.

[0010] Preferably, the shape of said first plurality of projecting elements is different to the shape of said second plurality of
projecting elements, such that said first modulation operation is different to said second modulation operation.

[0011] Preferably, at least one of said first plurality of projecting elements and said second plurality of projecting elements
comprises a base and at least one protruding element and is arranged as a panel, strip or tape extending along the first
longitudinal section.

[0012] Providing the projecting elements as part of a panel, strip or tap allows for easy retrofitting of the elements to existing
blades,

[0013] Preferably, said first plurality of projecting elements forms a first serrated edge having a first spatial frequency, and said
second plurality of projecting elements forms a second serrated edge having a second spatial frequency, wherein said first spatial
frequency is different to said second spatial frequency.

[0014] As the projecting elements may comprise a serrated panel having a plurality of projecting teeth elements. the distance
between adjacent elements may be varied depending on the modulation it is desired to be performed on the boundary layer flow
at the trailing edge. It will further be understood that the spatial frequency of the projecting elements may be varied as a function
of the longitudinal distance of the projecting elements from the root end of the blade.

[0015] Preferably, said first plurality of projecting elements forms a first serrated edge having a first inter-serration vertex angle,
and said second plurality of projecting elements forms a second serrated edge having a second inter-serration vertex angle,
wherein said first inter-serration vertex angle is different to said second inter-serration vertex angle.

[0016] As the serrations have different angles, different modulation effects can be performed at the different sides of the blade
trailing edge.

[0017] Preferably, said first plurality of projecting elements forms a first serrated edge having a first serration length, and said
second plurality of projecting elements forms a second serrated edge having a second serration length, wherein said first
serration length is different to said second serration length.

[0018] Longer serrations will provide a different flow modulation compared to shorter serrations, resulting in a different effect on
the noise generated at the blade trailing edge. The length of the serrations may be selected to provide for the maximum reduction
of the trailing edge noise as a result of the pressure side and suction side boundary layer flows.

[0019] Preferably, said first plurality of projecting elements forms a first serrated edge, and said second plurality of projecting
elements forms a second serrated edge, wherein said first serrated edge is offset in the longitudinal direction from said second
serrated edge.

[0020] Providing offset serrated edges can result in a greater overall noise reduction at the trailing edge, as the projecting
elements of the first plurality may overlap with the inter-serration gaps of the second plurality of projecting elements.

[0021] Preferably, said first plurality of projecting elements forms a first serrated edge, and said second plurality of projecting
elements forms a second serrated edge, wherein said first serrated edge is offset in the edgewise direction from said second
serrated edge.

[0022] One of the first and second pluralities of projecting elements may be stepped back relative to the other of the pluralities,
to provide a different modulation effect on the respective boundary layer flows.

[0023] Preferably, said profiled contour comprises a blunt trailing edge, and wherein said first plurality of projecting elements are
provided on the pressure side of said blunt trailing edge, and wherein said second plurality of projecting elements are provided
on the suction side of said blunt trailing edge.
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[0024] Preferably, at least one of said first plurality of projecting elements and said second plurality of projecting elements are
arranged within an interval of 70-100% of the chord length from the leading edge of the blade in the edgewise direction.

[0025] Preferably, at least one of said first plurality of projecting elements and said second plurality of projecting elements are
formed from a relatively flexible material, said at least one first or second plurality operable to flex with the passage of wind over
said at least one first or second plurality.

[0026] The flexible material may comprise may comprise any suitable plastics material, a synthetic or natural rubber material, or
a flexible composite material.

[0027] Additionally or alternatively, at least one of said first plurality of projecting elements and said second plurality of projecting
elements are formed from a relatively stiff material, said at least one first or second plurality operable to resist flexing with the
passage of wind over said at least one first or second plurality.

[0028] The stiff material may comprise any suitable metal material, a hardened plastics material, a reinforced composite material.

[0029] In one embodiment, a first of said first plurality of projecting elements and said second plurality of projecting elements are
formed from a relatively stiff material, and a second of said first plurality of projecting elements and said second plurality of
projecling elements are formed from a relatively flexible material.

[0030] Providing such a difference in the relative flexibility of the projecting elements will act to provide a different modulation
effect on the respective boundary layer flows over the projecting elements.

[0031] Preferably, the first longitudinal section at least partly extends in the longitudinal direction at a distance from the root end
in the range from 0.3L to L, where L is the length of the wind turbine blade.

[0032] There is further provided a wind turbine having at least one wind turbine blade as described above.

[0033] There is also provided a method of retrofitting a wind turbine blade extending in a longitudinal direction and having a tip
end and a root end, the wind turbine blade further comprising a profiled contour including a pressure side and a suction side, as
well as a leading edge and a trailing edge with a chord having a chord length extending there between, the profiled contour, when
being impacted by an incident airflow, generating a lift, the method comprising:

¢ mounting a flow modulating system on the wind turbine blade, such that the wind turbine blade comprises at least one
longitudinal section having a cross section and a plurality of flow modulating devices, wherein the at least one longitudinal
section comprises a first longitudinal section having a cross section with a first plurality of projecting elements provided at
the trailing edge on said pressure side and a second plurality of projecting elements provided at the trailing edge on said
suction side, said first plurality spaced from said second plurality in a flapwise direction,

¢ wherein said first plurality of projecting elements are arranged to perform a first modulation operation of a boundary layer
flow of the pressure side of the blade, wherein said second plurality of projecting elements are arranged to perform a
second modulation operation of a boundary layer flow of the suction side of the blade, and

o wherein said first plurality of projecting elements and said second plurality of projecting elements are arranged such that
said first modulation operation is different to said second modulation operation.

[0034] Preferably, wherein the shape of said first plurality of projecting elements is different to the shape of said second plurality
of projecting elements , such that said first modulation operation is different to said second modulation operation.

[0035] The use of such a retrofitting method allows for existing blades to be fitted with flow modulation elements which are
specifically tailored to the boundary layer flows over the blade, providing for an improved and effective reduction in the
operational noise of the blade.

[0036] Preferably, the flow modulating system comprises at least one flow modulating device having a base and at least one
protruding element, and wherein mounting at least one flow modulating device on the wind turbine blade comprises attaching the

base at the trailing edge of the wind turbine blade.

[0037] There is also described a wind turbine blade for a rotor of a wind turbine having a substantially horizontal rotor shaft, the
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rotor comprising a hub, from which the wind turbine blade extends substantially in a radial direction when mounted to the hub, the
wind turbine blade extending in a longitudinal direction parallel to a longitudinal axis and having a tip end and a root end, is
provided. The wind turbine blade comprises a profiled contour including a pressure side and a suction side, as well as a leading
edge and a trailing edge with a chord having a chord length extending there between, the profiled contour, when being impacted
by an incident airflow, generating a lift, wherein the wind turbine blade comprises at least a first longitudinal section having a cross
section with a plurality of flow modulating devices. The plurality of flow modulating devices includes a first primary flow modulating
device and a secondary flow modulating device for modulating noise spectra, and the first primary flow modulating device and the
first secondary flow modulating device are spaced perpendicularly to the longitudinal direction.

[0038] Further disclosed is a method of retrofitting a wind turbine blade, the wind turbine blade extending in a longitudinal
direction and having a tip end and a root end, the wind turbine blade further comprising a profiled contour including a pressure
side and a suction side, as well as a leading edge and a trailing edge with a chord having a chord length extending there
between, the profiled contour, when being impacted by an incident airflow, generating a lift. The method comprises mounting a
flow modulating system on the wind turbine blade, such that the wind turbine blade comprises at least one longitudinal section
having a cross section and a plurality of flow modulating devices, wherein the at least one longitudinal section comprises a first
longitudinal section having a cross section with a first primary flow modulating device and a first secondary flow modulating device
for modulating the boundary layer noise, wherein the first primary flow modulating device and the first secondary flow modulating
device are spaced perpendicular to the longitudinal direction.

[0039] The wind turbine blade according to the present invention exhibits improved and/or tailored noise properties thereby
enabling a wind turbine operator to operate a wind turbine at sites where low noise is desired or required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other features and advantages of the present invention will become readily apparent to those skilled in
the art by the following detailed description of exemplary embodiments thereof with reference to the attached drawings, in which:

Fig. 1
schematically illustrates a wind turbine,
Fig. 2
schematically illustrates a wind turbine blade according to the invention,
Fig. 3
shows a cross section of a wind turbine blade,
Fig. 4
shows a wind turbine blade,
Fig. 5
shows a part of an exemplary wind turbine blade,
Fig. 6
shows a part of a cross section of the wind turbine blade in Fig. 5
Fig. 7
shows a part of a cross section of an exemplary longitudinal section,
Fig. 8
shows a part of an exemplary wind turbine blade,
Fig. 9
shows a part of a cross section of the wind turbine blade in Fig. 8, and
Fig. 10
shows a part of a cross section of an exemplary wind turbine blade.

DETAILED DESCRIPTION

[0041] The figures are schematic and simplified for clarity, and they merely show details which are essential to the understanding
of the invention, while other details have been left out. Throughout, the same reference numerals are used for identical or
corresponding parts.
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[0042] The wind turbine blade comprises one or more longitudinal sections including a first longitudinal section having a cross
section with a first and a second flow modulating device. The first flow modulating device and the second flow modulating device
are spaced perpendicularly to the longitudinal direction of the wind turbine blade. Provision of a first and second flow modulating
device enables modulation of at least two separate flows or at least two different frequency spectra of the boundary layer noise.
Thereby a wind turbine blade with improved noise properties may be provided.

[0043] The first flow modulating device may be arranged to modulate a boundary layer flow of the pressure side of the blade.
The second flow modulating device may be arranged to modulate a boundary layer flow of the suction side of the blade.

[0044] Modulating the boundary layer flow of the suction side and the pressure side, respectively, e.g. near the trailing edge of
the wind turbine blade enables a more efficient mitigation, frequency shift or elimination of noise generated by operating the wind
turbine. Using a plurality of flow modulating devices enables creation of a mixing zone or space where modulated pressure side
flow and modulated suction side flow is mixed. Provision of a plurality of flow modulating devices facilitates a wind turbine blade
design with controlled or modulated mixing of pressure and suction side boundary flows resulting in improved noise properties of
the wind turbine blade.

[0045] A flow modulating device, e.g. the first primary flow modulating device and/or the first secondary flow modulating device,
may comprise a base and at least one protruding element extending from the base. Two, three, or more flow modulating devices
may share a common base. A flow modulating device may be arranged as a panel, strip or tape extending along the first
longitudinal section. A flow modulating device may have a suitable length, i.e. extension in the longitudinal direction. Flow
modulating devices may have lengths in the range from about 0.2 m to about 50 m, such as in the range from about 1 m to about
10 m. Lengths about 2 m may be advantageous, e.g. when retrofitting a flow modulating device arranged as a panel on a wind
turbine blade. The base of a flow modulating device may comprise fastening elements enabling mechanical fastening of a flow
modulating device to the shell body. Additionally or as an alternative, the base or parts thereof may be provided with an adhesive
layer enabling adhesion of the flow modulating device to the shell body of the wind turbine blade. Arranging the flow modulating
devices on a panel, strip or tape may advantageously facilitates manufacture and enables retrofitting flow modulating devices on
existing blades.

[0046] Protruding elements extending from the base of a flow modulating device may have any suitable shape and size in order
to obtain a desired modulation of the boundary layer flows. A protruding element may be formed as a serration, e.g. a plane
serration, with a first surface and a second surface and having one or more edge parts, e.g. including a first edge part and a
second edge part. The edge parts may be straight or curved. The first surface and/or the second surface may be plane and/or
curved surfaces. A protruding element may have a thickness in the range from 0.5 mm to about 20 mm, such as about 1 mm to
about 10 mm. In one or more embodiments, the thickness of one or more protruding elements of a flow modulating device is about
2 mm. The edge parts may be rounded. A protruding element may have a length in the range from about 3 cm to about 20 cm
such as in the range from 5 cm to about 15 cm. In one or more embodiment, one or more protruding elements may have a length
larger than 6 cm.

[0047] The first primary flow modulating device may form a first serrated edge, e.g. a first serrated trailing edge, of the wind
turbine blade and may have a first spatial frequency. Accordingly, the first primary flow modulating device may be mounted or
arranged near or at the trailing edge of the wind turbine blade.

[0048] The first secondary flow modulating device may form a second serrated edge, e.g. a second serrated trailing edge, of the
wind turbine blade and may have a second spatial frequency. Accordingly, the first secondary flow modulating device may be
mounted or arranged near or at the trailing edge of the wind turbine blade.

[0049] In general, flow modulating devices, such as the first primary and/ the first secondary flow modulating device, may be
arranged within an interval of 70-100% of the chord length from the leading edge of the blade in the edgewise direction, i.e. along
a first axis parallel to the chord. Thereby, the largest noise reducing effect with minimum disturbance of blade effect may be
provided, since noise is mainly generated at the trailing edge of the wind turbine blade.

[0050] The first primary and the first secondary flow modulating devices may be spaced in an edgewise direction of the wind
turbine blade.

[0051] The first primary and the first secondary flow modulating devices may be spaced in a flapwise direction perpendicular to
the edgewise direction of the wind turbine blade.
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[0052] The first primary and the first secondary flow modulating devices may be arranged on different sides of the wind turbine
blade, i.e. the first primary flow modulating device may be arranged on the pressure side of the wind turbine blade and the first
secondary flow modulating device may be arranged on the suction side of the wind turbine blade. Arranging flow modulating
devices on different sides of the wind turbine blade facilitates separate modulation of the pressure and suction side flows.

[0053] In one or more embodiments, the first primary and the first secondary flow modulating devices are arranged on the same
side of the wind turbine blade.

[0054] One or more flow modulating devices, such as the first primary flow modulating device, may be flexible, thus being
configured to alleviate load fluctuations/pressure difference fluctuations on the wind turbine blade.

[0055] The first secondary flow modulating device may be stiff. The load fluctuations in the suction side flow may be less than the
load fluctuations in the pressure side flow. Accordingly, a stiff first secondary flow modulating device may be selected considering
costs and life time of the flow modulating device.

[0056] A flow modulating device of a longitudinal section may be characterized by the angle between the chord and the flow
modulating device. A flow modulating device or protruding elements thereof may be substantially parallel to the chord or form an
angle with the chord. A primary flow modulating device may form a primary angle o with the chord and a secondary flow
modulating device may form a secondary angle B with the chord. In one or more embodiments, the primary angle a is in the range
from 0° to about 60°, such as in the range from 0° to about 45°. In one or more embodiments the primary angle a is in the range
from 0° to about 30°. In one or more embodiments, the secondary angle B is in the range from 0° to about 60°, such as in the
range from 0° to about 45°. In one or more embodiments, the secondary angle B is in the range from 0° to about 30°.

[0057] A primary flow modulating device or primary protruding elements thereof may form an angle 6 with the secondary flow
modulating device or secondary protruding elements thereof. The angle 8 between the primary flow modulating device and the
secondary flow modulating device may be in the range from 0° to about 45°. A relatively small angle, e.g. where the angle 8 is in
the range from 0° to about 20° may be preferred.

[0058] The primary angle of a primary flow modulating device may vary in the longitudinal direction. For example, different
protruding elements of a primary flow modulating device may form different primary angles. The secondary angle of a secondary
flow modulating device may vary in the longitudinal direction. For example, different protruding elements of a secondary flow
modulating device may form different secondary angles.

[0059] A primary protruding element of a primary flow modulating device facing a secondary protruding element of a secondary
flow modulating device in a cross section may be substantially parallel to the secondary protruding element, i.e. 8 = 0. The
distance may be in the range from about 0.5 mm to about 5 cm, such as in the range from 1 mm to about 1 cm, e.g. about 2.5
mm.

[0060] By having a distance between primary protruding elements and secondary protruding elements, a space or mixing zone is
created where modulated boundary flows are mixed facilitating tailored or improved noise properties.

[0061] The first longitudinal section of the wind turbine blade may at least partly extend in the longitudinal direction at a distance
from the root end in the range from 0.3L to L, where L is the length of the wind turbine blade. In one or more embodiments, the
first longitudinal section of the wind turbine blade extends in the longitudinal direction at a distance from the root end in the range
from 0.6L to L. It may be beneficial to arrange one or more longitudinal sections with flow modulating devices towards the tip end
of the wind turbine blade since noise is mainly created in regions where the flow speeds are high.

[0062] The wind turbine blade comprises a profiled contour which may be divided into a root region having a substantially
circular or elliptical profile closest to the hub, an airfoil region having a lift-generating profile furthest away from the hub, and
optionally a transition region between the root region and the airfoil region. If present, the transition region has a profile gradually
changing in the radial or longitudinal direction from the circular or elliptical profile of the root region to the lift-generating profile of
the airfoil region. One or more longitudinal sections, e.g. the first longitudinal section and optionally a second longitudinal section
may extend in the airfoil region. One or more longitudinal sections may extend in the transition region.

[0063] The wind turbine blade may have a length larger than 55 m.

[0064] A flow modulating device may constitute or comprise a noise modulating device and/or a noise reducing device.
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[0065] The method of retrofitting a wind turbine blade enables wind turbine operators and/or manufacturers to upgrade existing
wind turbines in order to improve, i.e. reduce or tailor, the noise created by wind turbine blades during operation of the wind
turbines or even improve the aerodynamical properties to the wind turbine blade.

[0066] The method may comprise mounting at least one flow modulating device comprising a base and at least one protruding
element by attaching the base at the trailing edge of the wind turbine blade.

[0067] Fig. 1 illustrates a conventional modern upwind wind turbine 2 according to the so-called "Danish concept" with a tower 4,
a nacelle 6 and a rotor with a substantially horizontal rotor shaft. The rotor comprises a hub 8 and three blades 10 extending
radially from the hub 8, each blade 10 having a blade root 16 nearest the hub and a blade tip 14 furthest from the hub 8. The
rotor has a radius denoted R.

[0068] Fig. 2 shows a schematic view of an exemplary embodiment of a wind turbine blade 10 according to the invention. The
wind turbine blade 10 extends from the root end to the tip end in a longitudinal direction as shown by arrow r parallel to the
longitudinal axis or pitch axis. The wind turbine blade 10 comprises a root region 30 closest to the hub, a profiled or an airfoil
region 34 furthest away from the hub and a transition region 32 between the root region 30 and the airfoil region 34. The blade
10 comprises a leading edge 18 facing the direction of rotation of the blade 10, when the blade is mounted on the hub, and a
trailing edge 20 facing the opposite direction of the leading edge 18.

[0069] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade shape with respect to generating
lift, whereas the root region 30 due to structural considerations has a substantially circular or elliptical cross-section, which for
instance makes it easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root region 30 may be
constant along the entire root area 30. The transition region 32 has a transitional profile gradually changing from the circular or
elliptical shape of the root region 30 to the airfoil profile of the airfoil region 34. The chord length of the transition region 32
typically increases with increasing distance r from the hub. The airfoil region 34 has an airfoil profile with a chord extending
between the leading edge 18 and the trailing edge 20 of the blade 10. The width of the chord in the airfoil region decreases with
increasing distance r from the hub. A shoulder 40 of the blade 10 is defined as the position, where the blade 10 has its largest
chord length. The shoulder 40 is typically provided at the boundary between the transition region 32 and the airfoil region 34.

[0070] The wind turbine blade comprises a first longitudinal section 36 having a cross section with a first primary flow modulating
device 64 and a first secondary flow modulating device (not shown) for modulating noise spectra. The first primary flow
modulating device and the first secondary flow modulating device are spaced perpendicularly to the longitudinal direction
illustrated by the arrow r, i.e. spaced in a direction perpendicular to the longitudinal direction. Optionally, the wind turbine blade
may as illustrated in Fig. 2 comprise a second longitudinal section 38 having a cross section with a second primary flow
modulating device 64' and a second secondary flow modulating device (not shown) for modulating noise spectra. The second
primary flow modulating device and the second secondary flow modulating device are if present spaced perpendicularly to the
longitudinal direction illustrated by the arrow r. The flow modulating devices are mounted near or at the trailing edge of the wind
turbine blade and may form a part of the trailing edge.

[0071] Figs. 3 and 4 depict parameters, which may be used to explain the geometry of the wind turbine blade according to the
invention.

[0072] Fig. 3 shows a schematic view of a cross section of an airfoil profile 50 of a typical blade of a wind turbine depicted with
the various parameters, which are typically used to define the geometrical shape of an airfoil. The airfoil profile 50 has a pressure
side 52 and a suction side 54, which during use - i.e. during rotation of the rotor - normally face towards the windward (or upwind)
side and the leeward (or downwind) side, respectively. The airfoil 50 has a chord 60 with a chord length ¢ extending between a
leading edge 56 and a trailing edge 58 of the blade. The airfoil 50 has a thickness f, which is defined as the distance between the
pressure side 52 and the suction side 54. The thickness t of the airfoil varies along the chord 60. The deviation from a
symmetrical profile is given by a camber line 62, which is a median line through the airfoil profile 50. The camber line can be
found by drawing inscribed circles from the leading edge 56 to the trailing edge 58. The median line follows the centres of these
inscribed circles and the deviation or distance from the chord 60 is called the camber f. The asymmetry can also be defined by
use of parameters called the upper camber (or suction side camber) and lower camber (or pressure side camber), which are
defined as the distances from the chord 60 and the suction side 54 and pressure side 52, respectively. Airfoil profiles are often
characterised by the following parameters: the chord length ¢, the maximum camber f, the position dfof the maximum camber f,

the maximum airfoil thickness ¢, which is the largest diameter of the inscribed circles along the median camber line 62, the position
dy of the maximum thickness ¢, and a nose radius (not shown). These parameters are typically defined as ratios to the chord

length c. Thus, a local relative blade thickness t/c is given as the ratio between the local maximum thickness t and the local chord
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length c. Further, the position dp of the maximum pressure side camber may be used as a design parameter, and of course also

the position of the maximum suction side camber.

[0073] Fig. 4 shows other geometric parameters of the blade. The blade has a total blade length L. As shown in Fig. 3, the root
end is located at position r= 0, and the tip end located at r= L. The shoulder 40 of the blade is located at a position r=dg, and has

a shoulder width W, which equals the chord length at the shoulder 40.

[0074] Fig. 5 shows a part of an exemplary wind turbine blade according to the invention. The wind turbine blade 10 comprises a
first longitudinal section 36 comprising a first primary flow modulating device (not shown) and a first secondary flow modulating
device 66. The first primary flow modulating device comprises a base (not shown) attached to the blade shell 72, and a plurality of
primary protruding elements (not shown) distributed along the longitudinal axis at the trailing edge of the wind turbine blade.
Further, the first secondary flow modulating device 66 comprises a base 68" attached to the blade shell 72, and a plurality of
secondary protruding elements 70" distributed along the longitudinal axis at the trailing edge of the wind turbine blade. Primary
protruding elements (not shown) form a first serrated trailing edge of the wind turbine blade (see Fig. 6 and Fig. 7). First edge
parts 74 and second edge parts 76 of the secondary protruding elements 70" form a second serrated trailing edge of the wind
turbine blade. First edge parts 74 form respective first angles ¢4 with the longitudinal axis, and second edge parts 76 form
respective second angles ¢o with the longitudinal axis. The length Lo of secondary protruding elements may vary, e.g. Lo may be
in the range from 3 cm to about 20 cm. The first angle ¢4 may be in the range from 0 to about 90°, e.g. about 45°. In one or more
embodiments, the first angle ¢4 is larger than 40°, e.g. in the range from 60° to 75°. The second angle ¢2 may be in the range
from 0 to about 90°, e.g. about 45°. In one or more embodiments, the second angle ¢2 is larger than 40°, e.g. in the range from
60° to 75°.

[0075] For a respective flow modulating device, first angles ¢4 of respective first edges of protruding elements may vary and/or
second angles ¢o of respective second edges of protruding elements may vary. An edge part may be straight. In one or more
embodiments, one or more edge parts of one or mare protruding elements are curved.

[0076] Fig. 6 partly shows a part of an exemplary cross section of the wind turbine blade shown in Fig. 5, the cross section taken
along line A-A. The first longitudinal section 36 of the wind turbine blade 10 comprises a first primary flow modulating device 64
with a base 68' and a primary protruding element 70', and a secondary flow modulating device 66 with a base 68" and a
secondary protruding element 70". The base 68' is attached to the pressure side 52 of the wind turbine blade and the base 68" is
attached to the suction side 54 of the wind turbine blade. The first primary flow modulating device 64 is arranged to modulate the
pressure side boundary flow created during operation of the wind turbine. The first secondary flow modulating device 66 is
arranged to modulate the suction side boundary flow created during operation of the wind turbine. The flow modulating devices
64, 66 are spaced perpendicular to the longitudinal direction. The primary protruding element 70' and the secondary protruding
element 70" are substantially parallel, i.e. 81 = 0, with a distance d4 of about 2.5 mm, thus the first primary flow modulating device

64 and the first secondary flow modulating device 66 are spaced in the flapwise direction. In general, the distance between
protruding elements of different flow modulating devices may be in the range from about 1 mm to about 5 cm. A protruding
element of a flow modulating device may contact a protruding element of a different flow modulating device in one or more cross
sections. The flow modulating devices 64, 66 or protruding elements thereof 70, 70" may be substantially parallel to the chord 60
or form an angle a4 and B4, respectively, with the chord.

[0077] Fig. 7 partly shows a part of an exemplary cross section of the wind turbine blade shown in Fig. 5, the cross section taken
along line A-A. The longitudinal section 36 comprises a first primary flow modulating device 64 and a secondary flow modulating
device 66 with a common base 68 attached to the trailing edge of the blade shell of the wind turbine blade. The first primary flow
modulating device 64 comprises a primary protruding element 70', and the secondary flow modulating device 66 with a secondary
protruding element 70". The primary protruding element 70' and the secondary protruding element 70" are plane elements with
an angle 81 of about 5°. The smallest distance d1 min is about 2 mm.

[0078] Fig. 8 shows a part of an exemplary wind turbine blade according to the invention. The wind turbine blade 10 comprises a
first longitudinal section 36 comprising a first primary flow modulating device and a first secondary flow modulating device 66. The
first primary flow modulating device comprises a base (not shown) attached to the pressure side of the wind turbine blade, and a
plurality of primary protruding elements 70' distributed along the longitudinal axis at the trailing edge of the wind turbine blade.
Further, the first secondary flow modulating device 66 comprises a base 68" attached to the suction side of the wind turbine
blade, and a plurality of secondary protruding elements 70" distributed along the longitudinal axis at the trailing edge of the wind
turbine blade. Primary protruding elements 70' form a first serrated trailing edge of the wind turbine blade (see Fig. 9). The
secondary protruding elements 70" form a second serrated trailing edge of the wind turbine blade. The primary protruding
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elements 70' and the secondary protruding elements 70" are displaced along the longitudinal axis.

[0079] Fig. 9 partly shows a part of an exemplary cross section of the wind turbine blade shown in Fig. 8, the cross section taken
along line A-A.

[0080] Fig. 10 partly shows a part of an exemplary cross section of a wind turbine blade. The first primary flow modulating device
64 and the first secondary flow modulating device 66 are arranged on the suction side of the wind turbine blade and spaced in an
edgewise direction. In one or more embodiments, the first primary flow modulating device 64 and the first secondary flow
modulating device 66 are arranged on the pressure side of the wind turbine blade and spaced in an edgewise direction. Edge
parts of primary protruding elements 70' form a first serrated edge, and edge parts of secondary protruding elements 70" form a
second serrated edge at the trailing edge of the wind turbine blade.

[0081] It should be noted that in addition to the exemplary embodiments of the invention shown in the accompanying drawings,
the invention may be embodied in different forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and complete, and will fully convey the concept
of the invention to those skilled in the art.
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KRAV

1. En vindmgllevinge (10) til en rotor pa et vindenergianlaeg, som har en i hovedsagen
vandret rotoraksel, hvor rotoren omfatter et nav, ud fra hvilket vindmegllevingen straekker sig i
hovedsagen i en radial retning, nar den er monteret til navet, idet vindmgllevingen (10)
straekker sig i en langsgdende retning parallel med en langsgaende akse og har en tipende

(14) og en rodende (16), hvor

vindmgllevingen (10) yderligere omfatter en profileret kontur, der omfatter en trykside
(52) og en sugeside (54) savel som en forkant (18, 56) og en bagkant (20, 58) med en korde
havende en kordeleengde straekkende sig derimellem, idet den profilerede kontur, nar den

rammes af en indkommende strem, generer lift, hvor

vindmgllevingen (10) yderligere omfatter en fgrste langsgaende sektion (36, 38) med et
tveersnit med en forste flerhed af udragende elementer (70°), der er tilvejebragt ved bagkanten
(20, 58) pa tryksiden (52), idet den farste flerhed af udragende elementer (70’) danner en
forste savtakket bagkant pa vindmgllevingen (10),

hvor den farste flerhed af udragende elementer (70’) er placerede til at danne en fgrste
modulationsoperation for en graenselagsstremning pa tryksiden (52) af vindmgllevingen (10),

hvor

den fgrste langsgéende sektion endvidere omfatter en anden flerhed af udragende
elementer (70”), der er tilvejebragt ved bagkanten (20, 58) pa sugesiden (54), idet den anden
flerhed af udragende elementer (70”) danner en anden savtakket bagkant pa vindmgllevingen
(10), hvor den farste flerhed (70’) og den anden flerhed (70”) er placeret i afstand fra hinanden
set i en flapvis retning,

hvor den anden flerhed af udragende elementer (70”) er placerede til at danne en
anden modulationsoperation for en graenselagsstremning pa sugesiden (54) af
vindmgllevingen (10), hvor den farste og den anden modulationsoperation fungerer til at
reducere driftsstgj fra vindmgllevingen (10), og

hvor den farste flerhed af udragende elementer (70’) og den anden flerhed af
udragende elementer (70”) er placeret sa at den farste modulationsoperation er forskellig fra

den anden modulationsoperation.



10

15

20

25

30

DK/EP 2712399 T3

2. En vindmgllevinge ifalge krav 1, hvor formen af den farste flerhed af udragende
elementer (70’) er forskellig fra formen af den anden flerhed af udragende elementer (70”), sa

at den fgrste modulationsoperation er forskellig fra den anden modulationsoperation.

3. En vindmgllevinge ifalge ethvert af de foregadende krav, hvor i det mindste en af den
forste flerhed af udragende elementer (70’) og den anden flerhed af udragende elementer
(70”) omfatter en base (68’ 68’, 68”) og idet mindste et udragende element (70’, 70”) og er
indrettet som et panel, strimmel eller tape, som streekker sig langs den ferste langsgaende

sektion.

4. En vindmgllevinge ifalge ethvert af de foregéende krav, hvor den forste flerhed af
udragende elementer (70’) danner en farste savtakket kant med en farste rumlig frekvens, og
den anden flerhed af udragende elementer (70”) danner en anden savtakket kant med en
anden rumlig frekvens, hvor den farste rumlige frekvens er forskellig fra den anden rumlig

frekvens.

5. En vindmgllevinge ifalge ethvert af de foregaende krav, hvor den farste flerhed af
udragende elementer (70’) danner en farste savtakkant med en forste topvinkel mellem
savtakker, og hvor den anden flerhed af udragende elementer (70”) danner en anden
savtakkant med en anden topvinkel mellem savtakker, hvor den forste topvinkel er forskellig
fra den anden topvinkel.

6. En vindmgllevinge ifalge ethvert af de foregaende krav, hvor den farste flerhed af
udragende elementer (70’) danner en forste savtakkant med en forste tandleengde, og den
anden flehed af udragende elementer (70”) danner en anden savtakkant med en anden

tandlaengde, hvor den farste tandlaengde er forskellig fra den anden tandleengde.

7. En vindmgllevinge ifalge ethvert af de foregaende krav, hvor den farste flerhed af
udragende elementer (70’) danner en fgrste savtakket kant, og den anden flerhed af
udragende elementer (70”) danner en anden savtakket kant, hvor den farste savtakkede kant

er forskudt i den langsgaende retning fra den anden savtakkede kant.
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8. En vindmgllevinge ifalge ethvert af de foregdende krav, hvor den forste flerhed af
udragende elementer (70’) danner en forste savtakket kant, og den anden flerhed af
udragende elementer (70”) danner en anden savtakket kant, hvor den fgrste savtakkede kant

er forskudt i den kantvise retning fra den anden savtakkede kant.

9. En vindmgllevinge ifalge ethvert af de foregédende krav, hvor den profilerede kontur
omfatter en stump bagkant, og hvor den farste flerhed af udragende elementer (70’) er
tilvejebragt pa tryksiden (52) af den stumpe bagkant, og hvor den anden flerhed af udragende

elementer (70") er tilvejebragt pa sugesiden (54) af den stumpe bagkant.

10. En vindmgllevinge ifalge ethvert af de foregaende krav, hvor i det mindste en af den
forste flerhed af udragende elementer (70’) og den anden flerhed af udragede elementer (70”)
er placeret inden for et interval af 70-100% af kordeleengden, set fra forkanten (18, 56) af
vingen (10) i den kantvise retning.

11. En vindmgllevinge ifalge ethvert af de foregaende krav, hvor i det mindste en af den
forste flerhed af udragende elementer (70’) og den anden flerhed af udragede elementer (70”)
er dannet af et forholdsvist fleksibelt materiale, hvor den farste flerhed og den anden flerhed
kan bgjes som falge af passage af vind hen over den fgrste eller den anden flerhed.

12. En vindmgllevinge ifglge ethvert af kravene 1-10, hvor i det mindste en af den forste
flerhed af udragende elementer (70’) og den anden flerhed af udragede elementer (70”) er
dannet af et forholdsvist stift materiale, hvor den farste flerhed og den anden flerhed er
indrettet til at modsta bajning som folge af passage af vind hen over den farste eller den
anden flerhed.

13. En vindmgllevinge ifolge ethvert af kravene 1-10, hvor i det mindste en af den forste
flerhed af udragende elementer (70’) og den anden flerhed af udragede elementer (70”) er
dannet af et forholdsvist stift materiale, og en anden af den forste flerhed af udragende
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elementer og den anden flerhed af udragende elementer er dannet af et relativt fleksibelt

materiale.

14. Et vindenergianleeg omfattende i det mindste en vindmgllevinge ifglge et af kravene 1-
13.

15. En fremgangsmaéde til retrofitting af en vindmellevinge (10) som streekker sig i en
langsgdende retning og har en tipende (14) og en rodende (186), hvor vindmgllevingen (10)
yderligere omfatter en profileret kontur, der omfatter en trykside (52) og en sugeside (54) savel
som en forkant (18, 56) og en bagkant (20, 58) med en korde havende en kordelaengde
straeekkende sig derimellem, idet den profilerede kontur, nar den rammes af en indkommende

stram, generer lift, hvor fremgangsmaden omfatter:

- montering af et stramningsmodulerende system, sa at vingen omfatter i det mindste en forste
langsgdende sektion (36, 38) med et tveersnit og en flerhed af stramningsmodulerende
indretninger, hvor i det mindste den farste langsgdende sektion har et tvaersnit med en forste
flerhed af udragende elementer (70’) tilvejebragt ved bagkanten (20, 58) pa tryksiden (52),
hvor den farste flerhed af udragende elementer (70’) danner en fgrste savtakket bagkant pa
vindmallevingen, og en anden flerhed af udragende elementer (70”) tilvejebragt ved
bagkanten (20, 58) pa sugesiden (54), hvor den anden flerhed af udragende elementer (70”)
danner en anden savtakket bagkant pa vindmgllevingen, hvor den farste flerhed (70’) er
placeret i afstand fra den anden flerhed (70”) set i den flapvise retning,

- hvor den farste flerhed af udragende elementer (70’) er placerede til at danne en farste
modulationsoperation for en graenselagsstremning pa tryksiden (52) af vindmgllevingen (10),
og hvor den anden flerhed af udragende elementer (70”) er placerede til at danne en anden
modulationsoperation for en graenselagsstremning pa sugesiden (54) af vindmgllevingen (10),

09
- formen af den farste flerhed af udragende elementer (70’) er forskellig fra formen af den

anden flerhed af udragende elementer (70”), sa at den farste modulationoperation er forskellig

fra den anden modulationoperation.



DK/EP 2712399 T3
DRAWINGS




DK/EP 2712399 T3




DK/EP 2712399 T3




DK/EP 2712399 T3




DK/EP 2712399 T3




DK/EP 2712399 T3




DK/EP 2712399 T3




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

