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WIND TURBINE BLADE WITH AERODYNAMIC DEVICE ATTACHED THERETO

The present invention relates generally to wind turbine blades and more specifically to a
wind turbine blade having an aerodynamic device mounted to a surface of the blade. The
invention also relates to an aerodynamic device for mounting to a wind turbine blade and

to a method of mounting an aerodynamic device to a wind turbine blade.

Background

It is known to provide a variety of aerodynamic devices on the outer surface of wind
turbine blades in order to improve the performance of the blade or, for example, to
reduce noise levels produced by the blades in use. Typical aerodynamic devices include
flaps such as Gurney flaps, vortex generators, and other trailing edge devices such as

serrations.

The devices may be formed integrally with the outer shell of the blade, or they may be
mounted to the blade shell. These devices are often generally referred to as ‘add-ons’,
and may be provided on the blade during the blade manufacturing process, or later to
existing blades as a retrofit.

The aerodynamic devices typically comprise a baseplate configured for mounting to the
outer surface of the blade. The baseplate supports aerodynamic features such as flaps,
turbulence producing formations and/or serrations. The baseplate is typically bonded to
the outer shell of the blade by means of adhesive.

The blade add-ons should remain firmly secured to the blade during the service life of the
wind turbine, which is typically twenty years or more. As the blade moves through the air
at high speed when the rotor rotates, these aerodynamic devices experience significant
forces. Any degradation of the adhesive may therefore present a risk of the devices
being torn from the surface of the blade in use.

It is therefore important to ensure that the adhesive is not compromised during mounting
of the add-ons and thereafter when the wind turbine is in use. Wind turbines are often

exposed to harsh environmental conditions and experience extremes of temperature and
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other climatic conditions. It is important to protect the adhesive from exposure to these
conditions, otherwise there is a risk that the adhesive may be compromised or degrade
over time. In particular, it is desirable to prevent the adhesive coming into contact with
moisture, dust and direct exposure to sunlight.

One solution to this problem is described in the applicant’'s European patent no.
EP2027390, whereby sealant is provided at the periphery of a turbulence generating
strip. The sealant serves to seal the edges of the device to the outer surface of the blade.
The seal prevents ingress of moisture and dust between the surface of the blade and the
device and thus protects the adhesive that bonds the strip to the surface of the blade.

However, when the sealant is initially applied, it may be difficult to prevent the sealant
from coming into contact with the adhesive bonding the device to the blade surface.
There is therefore a risk that the sealant may interfere with the adhesive bond between
the device and the blade. The sealant also remains visible around the edges of the
device, and thus is itself exposed to moisture and dust in use, which may cause the
sealant to deteriorate over time.

Against this background, it as an object of the present invention to address at least one
of these problems.

Summary of the invention

According to a first aspect of the present invention, there is provided a wind turbine blade
comprising an aerodynamic device mounted to an outer surface of the blade, the
aerodynamic device comprising: a baseplate having an inner surface defining a
substantially planar mounting region, the baseplate further comprising a skirt at least
partially surrounding the mounting region and inclined relative to the plane of the
mounting region, the skirt having an edge defining an outer perimeter of the baseplate,
wherein the mounting region of the baseplate is bonded to the outer surface of the blade
by an adhesive layer such that the mounting region of the baseplate is spaced from the
outer surface of the blade by the adhesive layer; and wherein the edge of the skirt is in
contact with the outer surface of the blade such that the skirt defines a substantially
enclosed volume at least partially surrounding the adhesive layer between the baseplate
and the outer surface of the blade.
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The skirt forms a peripheral portion of the baseplate and preferably completely or
substantially completely surrounds the mounting region.

The skirt provides an aerodynamically optimised surface for airflow over the baseplate.
The inclination of the skirt relative to the mounting region of the baseplate improves
airflow over the blade since it provides a more gradual transition between the outer
surface of the blade and the baseplate in comparison to a step-wise transition that would
be present without the skirt.

The substantially enclosed volume preferably completely or substantially completely
surrounds the adhesive. Optionally, a seal may be located within the substantially
enclosed volume. The seal may comprise any suitable seal for example sealant or a
gasket. The seal may be arranged to protect the adhesive against ingress of moisture,
dust etc. Accordingly, the seal may surround the mounting region and hence surround
the adhesive layer. The skirt advantageously covers and conceals the seal such that the
seal is substantially not exposed. The skirt therefore protects the seal by preventing the
seal from being exposed to sunlight, moisture dust etc. The skirt also improves/enhances
the aesthetics of the device in comparison to the prior art where sealant is exposed on
the outer surface of the blade.

As the seal is covered by the skirt, the seal does not affect airflow across the device.
Accordingly, the seal does not affect or impede the performance of the blade in any way.
The skirt therefore enhances the performance of the device by providing a smooth
transition between the outer surface of the blade and the device, which may be
configured to optimise airflow over the device.

In certain embodiments, the edge of the skirt may form a seal against the outer surface
of the blade. This provides additional protection for the adhesive and the seal in
embodiments that include a seal in the substantially enclosed volume. Alternatively, in
other embodiments, it may allow the seal described above to be dispensed with.

The skirt is preferably integrally formed with the remainder of the baseplate and may be
made from the same material as the remainder of the baseplate, e.g. a plastics material
or it may be made from a different material. The skirt may be flexible and may be formed
at least partially from an elastic material such as rubber. This is particularly preferred
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where the skirt is to form a seal with the outer surface of the blade. A rubber skirt may be
formed integrally with a plastic baseplate via injection moulding or extrusion, for example.

In embodiments that include a seal in the substantially enclosed volume, a barrier may
be arranged to prevent contact between the seal and the adhesive layer. The provision
of a barrier between the seal and the adhesive advantageously prevents the seal from
coming into contact with the adhesive. The seal is therefore prevented from interfering
with or otherwise compromising the adhesive bond between the device and the blade
when the device is initially mounted to the blade, and subsequently when the blade is in
use during the lifetime of the wind turbine.

The aerodynamic device may be any blade add-on, for example it may be a flap or a
turbulence generating device such as vortex generators. Such devices typically include a
baseplate having an inner surface for bonding to the blade surface. An outer surface of
the baseplate may include one or more turbulence generating features such as vortex
generators. Alternatively, a flap may extend from the baseplate. The device may be
either on a pressure surface or a suction surface of the blade, at the leading edge or
trailing edge of the blade, or at any other suitable position on the blade surface. In
particular examples of the invention discussed in detail later, the device is a serrated
trailing edge device, which is mounted to the trailing edge of the blade and includes a
plurality of serrations that extend from the baseplate.

The baseplate may be made of any suitable material, but preferably it is made from a
plastics material. In preferred embodiments, the baseplate is an injection-moulded
component. Aerodynamic features of the device, such as serrations or turbulence-
generating features may advantageously be integrally-formed with the baseplate.
Equally, in some embodiments the barrier may be integrally formed with the baseplate.
This reduces the number of parts and reduces cost, and increases the structural integrity
and ease of mounting of the device.

The baseplate may be any suitable shape, for example rectangular or substantially
rectangular or substantially trapezoidal. The baseplate is preferably relatively thin,
typically of the order of a few millimetres in thickness. The baseplate is also preferably
substantially planar. The baseplate may therefore have some flexibility allowing it to
conform to contours of the outer surface of the blade.
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The mounting region of the baseplate preferably occupies a substantial portion (e.g. a
majority) of the inner surface of the baseplate. Maximising the area of the mounting
region is advantageous since it maximises the bond area between the baseplate and the
blade. The mounting region may be any suitable shape, but preferably corresponds
substantially in shape to the baseplate (e.g. substantially rectangular or trapezoidal) and
is located inwardly of an outer perimeter of the baseplate.

The inner surface of the baseplate preferably comprises a sealing region. The sealing
region preferably at least partially surrounds the mounting region, and more preferably
completely surrounds (or at least substantially completely surrounds) the mounting
region. Accordingly, the sealing region preferably occupies an area of the inner surface
of the baseplate between the mounting region and the perimeter of the baseplate. The
sealing region is preferably defined partly or entirely by an inner surface of the skirt.

In certain embodiments, the seal comprises a gasket such as a rubber gasket provided
between the baseplate and the outer surface of the blade. The barrier is located between
the gasket and the adhesive and serves to retain the gasket and prevents the gasket
from coming into contact with the adhesive during the initial mounting of the device to the
blade and subsequently when the blade is in use.

In other embodiments, the seal is provided in the form of a wet sealant which
subsequently hardens to form a seal. Suitable sealants include silicone and polyurethane
(PU) sealants, but other suitable wet sealants will be apparent to persons skilled in the
art. The sealant may be applied to the sealing region of the baseplate and/or to the blade
surface prior to mounting the device to the blade, or it may be applied (for example
injected) between the sealing region of the baseplate and the blade surface after the
device is mounted, i.e. bonded, to the blade.

The wet sealant flows or spreads before curing or hardening and the barrier is arranged
to prevent the flowing or spreading sealant from coming into contact with the adhesive.
The barrier may advantageously be configured to define a tortuous path between the
sealant and the adhesive. For example, and as will be discussed in more detail later, the
barrier may be arranged to redirect or otherwise slow down the flowing or spreading
sealant in such a way that the wet sealant cures or hardens before reaching the
adhesive.
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The adhesive used to bond the device to the blade may be any suitable adhesive, for
example epoxy- or methacrylate-based structural adhesive may be used. However, a
double-sided adhesive tape is particularly preferred. The tape preferably comprises a
pressure-sensitive adhesive. Adhesive foam tapes are particularly preferred, for example
an acrylic foam tape comprising a pressure-sensitive adhesive. Use of an adhesive tape
is particularly convenient and facilitates the mounting process since it avoids the use of
wet adhesives, which are more difficult to handle and control and must undergo a curing
or hardening process. The adhesive tape is therefore also particularly convenient for use
in the field where the device is retro-fitted to the blades of existing turbines.

The adhesive may be applied initially to the baseplate or to the outer surface of the
blade. However, it is particularly preferred to apply the adhesive initially to the baseplate.
For example, a layer of double-sided adhesive foam tape may be applied to the
mounting region of the baseplate, and the baseplate is then pressed into contact with the
outer surface of the blade to activate the pressure-sensitive adhesive and ensure a firm
bond.

The barrier preferably at least partially surrounds the mounting region of the baseplate.
More preferably, the barrier completely or at least substantially completely surrounds the
mounting region. Accordingly, the barrier preferably at least partially surrounds the
adhesive, or more preferably completely or substantially completely surrounds the
adhesive.

The barrier may be separate from the baseplate, or integrated with the baseplate. In
preferred embodiments of the invention, the barrier is integral with the baseplate, for
example the barrier may be integrally formed with the baseplate. This facilitates the
mounting process since it reduces the number of parts and fixes the position of the
barrier relative to the baseplate thus avoiding the possibility of positioning errors during
mounting of the device. It also advantageously reduces the cost of the device. In
preferred embodiments, the barrier comprises one or more features that protrude from
the inner surface of the baseplate. However, these features may be provided in the form
of separate parts in other embodiments.

The one or more features forming the barrier may include features such as ribs, ridges,
channels, lips or other suitable features or combinations of such features. In some
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embodiments, examples of which are described in detail later, the barrier comprises one

or more ridges.

The ridges are preferably sized such that they do not touch or otherwise come into
contact with the outer surface of the blade when the device is mounted to the blade.
Accordingly, a gap is preferably defined between a tip or top portion of the one or more
ridges and the outer surface of the blade when the device is mounted. The height of the
ridges (or other such barrier features) may therefore be suitably selected in accordance
with the height or thickness of the adhesive between the mounting region and the blade
surface to ensure that the ridges do not prevent the necessary compression or
squeezing of adhesive when the device is initially bonded to the blade. For example, the
ridges may be slightly shorter than the thickness of the adhesive foam tape so that the
ridges do not interfere with the compression of the tape and the action of the pressure-

sensitive adhesive.

The barrier may include one or more ridges. Preferably the or each ridge completely
surrounds the mounting region. In certain embodiments, the barrier may comprise a
plurality of ridges, for example a series of ridges. The ridges may be mutually spaced
apart such that channels are defined between adjacent ridges. The ridges and channels
in-between ridges preferably completely surround the mounting region. In such
arrangements, the barrier defines a tortuous path between the seal and the adhesive.
The channels between the ridges serve to redirect flowing or spreading wet sealant
parallel to the edge of the mounting region rather than towards the mounting region. The
sealant must therefore follow a longer and more restricted path before reaching the
adhesive. The series of ridges therefore effectively slows down the sealant, which allows
time for the sealant to cure before reaching the adhesive during mounting of the device
to the blade.

The sealant will tend to fill one or more of the channels between ridges closest to the
outer perimeter of the baseplate before hardening. Accordingly, the resulting seal may
comprise hardened sealant within at least one channel of the barrier. The presence of
the hardened sealant within the channels has been found to provide a highly effective
seal, and the ridges of the barrier also serve to maintain and stabilise the position of the
sealant during the lifetime of the blade. The barrier in this configuration also provides
additional protection for the adhesive during the service life of the blade as it effectively
forms a second seal around the adhesive and hence further restricts the ability of water,
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dirt or other contaminants to reach the adhesive. In particular embodiments the second
seal is a labyrinth seal.

In other embodiments the barrier may comprise a lip arranged to form a seal against the
outer surface of the blade. The lip preferably completely surrounds the mounting region.
The lip is preferably flexible and able to deflect somewhat when the device is initially
bonded to the blade so that the lip does not hinder compression of the adhesive or
otherwise adversely affect the formation of an optimal adhesive bond between the
baseplate and the blade. The lip preferably protrudes from the inner surface of the
baseplate.

The lip may advantageously be inclined slightly towards the outer perimeter of the
baseplate so that it is encouraged to deflect in this direction when the baseplate is
pressed against the outer surface of the blade during the mounting/bonding process.
This results in the lip being inclined towards the perimeter of the baseplate when the
device is mounted to the blade. This is advantageous since the pressure of wet sealant
acting on the lip forces the lip more tightly against the outer surface of the blade and
enhances the sealing effect. The lip therefore completely blocks the passage of wet
sealant towards the adhesive and hence prevents the sealant from coming into contact
with the adhesive.

The aerodynamic device may include one or more anti-peel features configured to further
reduce the possibility of the device being torn from the surface of the blade in use. The
anti-peel features are suitable when the device is mounted to an edge of the blade, and
particularly suitable when the device is mounted at the trailing edge of the blade. The
anti-peel features may extend from the baseplate and be arranged to overlap an
opposite surface of the blade to the surface against which the baseplate is bonded. For
example, if the baseplate is attached to the pressure surface of the blade, then the anti-
peel features would overlap the suction surface of the blade. The pressure surface and
the suction surface may also be referred to as the pressure side and suction side
respectively.

In particular embodiments, the anti-peel features may be configured as fingers. For
example, a series of discrete fingers may be configured to overlap the suction surface of
the blade. The fingers may be spaced at intervals along the baseplate. Alternatively a
continuous sleeve could be provided to overlap the suction surface. The anti-peel
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features (e.g. the fingers) are preferably arranged such that a slot is effectively defined
between the fingers and the inner surface of the baseplate. The edge of the blade (e.g.
the trailing edge) is received in this slot. The fingers serve to counteract any peel forces
acting on the baseplate by bearing down against the opposite surface of the blade to the
surface against which the baseplate is bonded.

According to a second aspect of the present invention, there is provided an aerodynamic
device for mounting to an outer surface of a wind turbine blade, the device comprising a
baseplate having an inner surface defining a substantially planar mounting region for
bonding to the blade by an adhesive layer, and a skirt at least partially surrounding the
mounting region, the skirt having an edge defining an outer periphery of the baseplate,
wherein the skirt is inclined relative to the plane of the mounting region, such that when
the baseplate is mounted to the outer surface of the blade, the mounting region of the
baseplate is spaced from the outer surface of the blade by the adhesive layer and the
edge of the skirt is in contact with the outer surface of the blade to define a substantially
enclosed volume at least partially surrounding the adhesive layer between the baseplate
and the outer surface of the blade.

According to a further aspect of the present invention, there is provided a wind turbine
blade comprising an aerodynamic device mounted to an outer surface of the blade, the
aerodynamic device comprising a baseplate having an inner surface defining a mounting
region and a sealing region at least partially surrounding the mounting region, wherein:
the mounting region is bonded to the outer surface of the blade by an adhesive; a seal is
provided between the sealing region of the baseplate and the outer surface of the blade,
the seal at least partially surrounding the mounting region; and a barrier is provided
between the seal and the adhesive, the barrier being arranged substantially to prevent
contact between the seal and the adhesive.

According to another aspect of the present invention, there is provided an aerodynamic
device for mounting to an outer surface of a wind turbine blade, the device comprising a
baseplate having an inner surface defining a mounting region for bonding to the blade
and a sealing region at least partially surrounding the mounting region, wherein the
sealing region includes a barrier protruding from the inner surface of the baseplate, the
barrier being located between the mounting region and an outer perimeter of the
baseplate.
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According to a further aspect of the present invention there is provided a method of
mounting an aerodynamic device to an outer surface of a wind turbine blade, the method

comprising:

a. providing a wind turbine blade having an outer surface;

b. providing an aerodynamic device having a baseplate comprising an inner
surface defining a mounting region and a sealing region at least partially
surrounding the mounting region;

c. bonding the baseplate to the outer surface of the blade by an adhesive
applied between the mounting region of the baseplate and the outer surface
of the blade;

d. providing a seal between the sealing region of the baseplate and the outer
surface of the blade such that the seal at least partially surrounds the
mounting region; and

e. substantially preventing the seal from contacting the adhesive by a barrier
arranged between the seal and the adhesive.

The steps of the method may be performed in any suitable order. Preferably step (c) of
the method comprises applying the adhesive to the mounting region of the baseplate. As
already discussed, this facilitates the mounting process.

The method may comprise applying wet sealant to the sealing region of the baseplate
before bonding the baseplate to the blade, or providing wet sealant between the sealing
region of the baseplate and the outer surface of the blade after bonding the device to the
blade.

As discussed previously, the method may comprise slowing the progression of wet
sealant towards the adhesive by means of the barrier such that the sealant cures or
hardens before reaching the adhesive. Accordingly, the method may comprise
configuring the barrier such that it provides a tortuous path between the seal and the
adhesive. The method may further comprise substantially covering the seal with a skirt
forming a peripheral portion of the baseplate.

According to a further aspect of the invention there is provided a method of making a
wind turbine blade comprising mounting an aerodynamic device to an outer surface of

the blade according to the methods described above.
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According to a further aspect of the invention there is provided an aerodynamic device
for attaching to a trailing edge of a wind turbine blade, the device comprising a baseplate
having an inner surface for bonding to a pressure surface of the blade and one or more
anti-peel features extending from the baseplate and arranged to overlap a suction
surface of the blade when the device is mounted to the blade.

The anti-peel features discussed previously may be used in combination with any of the
embodiments described herein or encompassed by the inventive concepts defined
above, or they may be used in conjunction with any other suitable aerodynamic devices.

Accordingly, the present invention also provides an aerodynamic device for attaching to
a trailing edge of a wind turbine blade, the device comprising a baseplate having an inner
surface for bonding to a pressure surface of the blade and one or more anti-peel features
extending from the baseplate and arranged to overlap a suction surface of the blade
when the device is mounted to the blade. As discussed previously, a slot for receiving
the trailing edge of the blade may be defined between the inner surface of the baseplate
and the one or more anti-peel features. In preferred embodiments the anti-peel features
comprise one or more fingers arranged to overlap the suction surface of the blade.

The invention also provides a wind turbine comprising a wind turbine blade having an

aerodynamic device as described herein mounted thereto.

Various optional and advantageous features of the present invention have been
discussed in detail above in relation to the first aspect of the present invention. It will be
appreciated that these features are equally applicable to all of the other aspects of the
invention and repetition of these features has been avoided purely for reasons of
conciseness. Accordingly, within the scope of this application it is expressly intended that
the various aspects, embodiments, examples and alternatives set out in the preceding
paragraphs, in the claims and/or in the following description and drawings, and in
particular the individual features thereof, may be taken independently or in any
combination. That is, all embodiments and/or features of any embodiment can be

combined in any way and/or combination, unless such features are incompatible.

Brief description of the drawings
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Figure 1 shows a wind turbine according to an embodiment of the present invention;

Figure 2 is a plan view of a wind turbine blade having a plurality of aerodynamic devices

mounted to its outer surface;

Figure 3 is a perspective view of a serrated trailing edge device according to a first
embodiment of the present invention;

Figure 3a is an enlarged perspective view of part of the serrated trailing edge device of
Figure 3;

Figure 4 is a cross-sectional side view of the serrated trailing edge device of Figure 3
when mounted to the trailing edge of a wind turbine blade;

Figure 4a is an enlarged view of part of Figure 4;

Figure 5 shows sealant provided adjacent a peripheral edge of the serrated trailing edge
device;

Figure 6 illustrates a second embodiment of the serrated trailing edge device;

Figure 7 illustrates a third embodiment of the serrated trailing edge device;

Figure 8 illustrates a fourth embodiment of the serrated trailing edge device; and

Figure 9 illustrates a vortex generator device according to the present invention.

Detailed description

Figure 1 shows a wind turbine 10 according to an embodiment of the present invention.
The wind turbine 10 comprises a tower 12 supporting a nacelle 14 to which a rotor 16 is
mounted. The rotor 16 comprises a plurality of wind turbine blades 18 that extend radially
from a central hub 19. In this example, the rotor 16 comprises three blades 18.

Figure 2 is a plan view of one of the blades 18 of the wind turbine 10. The blade 18
extends from a root end 20 to a tip end 22 in a longitudinal ‘spanwise’ direction S, and
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between a leading edge 24 and a trailing edge 26 in a transverse ‘chordwise’ direction C.
The blade 18 comprises an outer shell 27 formed primarily of fibre-reinforced plastic
(FRP). The outer shell 27 defines an outer surface 28 of the blade 18. The outer surface
28 comprises a pressure surface 29 on a pressure side of the blade 18 and a suction
surface 30 on the suction side of the blade 18. Only the pressure surface 29 is visible in
Figure 2, but both surfaces 29, 30 can be seen for example in Figure 4. As shown
schematically in Figure 2, a plurality of aerodynamic devices 34 are mounted to the outer
surface 28 of the blade 18 and spaced at intervals along the trailing edge 26.

Referring to Figure 3, this is a perspective view of one of the aerodynamic devices 34
indicated schematically in Figure 2 according to a first embodiment of the invention. In
this example, the device 34 is a serrated trailing edge add-on. The device 34 comprises
a baseplate 36 for mounting to the blade 18. A plurality of serrations 38 extend from the
baseplate 36. The serrations 38 serve to reduce noise caused by the blade 18 in use.
The serrations 38 are integrally formed with the baseplate 36. In this example, the device
34 is an injection moulded plastics components formed from acrylonitrile butadiene
styrene (ABS), but other suitable materials or manufacturing processes may be used.
Injection moulding is particularly preferred due to the complex shapes of the parts.

The baseplate 36 has a generally trapezoidal shape comprising first and second
generally trapezoidal surfaces 40 and 42, also referred to as ‘inner’ and ‘outer’ surfaces
respectively. Only the inner surface 40 is visible in the perspective view of Figure 3. The
inner surface 40 comprises a mounting region 44 for bonding to the outer surface 28 of
the blade 18. The mounting region 44 in this example is substantially flat and generally
trapezoidal in shape, although it could also be rectangular. The mounting region 44
occupies a major central portion of the inner surface 40 of the baseplate 36.

A perimeter 46 of the baseplate 36 comprises four edges: a leading edge 48, a trailing
edge 50, and two transverse edges 52, 54 between the leading and trailing edges 48 and
50. The leading and trailing edges 48 and 50 are substantially parallel, with the leading
edge 48 being slightly shorter than the trailing edge 50. The transverse edges 52, 54
converge slightly moving from the trailing edge 50 to the leading edge 48 of the
baseplate 36 to provide the trapezoidal shape of the baseplate 36. This shape optimises
airflow over the baseplate 36 in use. The serrations 38 extend outwards from near the
trailing edge 50 of the baseplate 36.
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The inner surface 40 of the baseplate 36 includes a sealing region 56 between the
mounting region 44 and the perimeter 46 of the baseplate 36. The sealing region 56
surrounds the mounting region 44 in this example. The sealing region 56 includes a
barrier 58 comprising a series of ridges 60. The ridges 60 protrude from the inner side 40
of the baseplate 36. The ridges 60 are each arranged in a generally trapezoidal loop or
track surrounding the mounting region 44. Accordingly, a portion of each ridge 60
extends substantially parallel to each of the four edges 48, 50, 52 and 54 of the
baseplate 36. The ridges 60 are shown more clearly in Figure 3a, which is a detailed
view of the region 62 encircled in Figure 3. Here it can be seen that there are five ridges
60 in total, which are numbered 60a-e in Figure 3a. The ridges 60a-e are mutually
parallel and spaced apart relative to one another such that each ridge is located at a
different respective distance from both the mounting region 44 and from the perimeter 46
of the baseplate 36.

The series of ridges 60a-e includes an innermost ridge 60a, located closest to the
mounting region 44, an outermost ridge 60e located closest to the perimeter 46 of the
baseplate 36, and three intermediate ridges 60b, 60c and 60d between the innermost
and outermost ridges 60a and 60e. The ridges 60a-e are spaced apart by approximately
0.4 mm in this example, such that a series of four channels 72a-d each having a width of
approximately 0.4 mm are defined between the ridges 60a-e. As shown in Figure 3a, the
series of channels 72a-d includes an innermost channel 72a located closest to the
mounting region 44, an outermost channel closest 72d to the perimeter 46 of the
baseplate 36, and two intermediate channels 72b and 72¢ between the innermost and
outermost channels 74 and 76.

The sealing region 56 of the baseplate 36 comprises a skirt 82, which surrounds the
series of ridges 60a-e. Accordingly, the barrier 58 is located between the skirt 82 and the
mounting region 44. A peripheral edge 83 of the skirt 82 defines the outer perimeter 46 of
the baseplate 36. The skirt 82 is inclined slightly relative to the plane of the mounting
region 44 such that the perimeter 46 of the baseplate 36 is in contact with the outer
surface 28 of the blade 18 when the device 34 is mounted to the blade 18.

As shown in Figure 3, the serrated trailing edge device 34 includes a plurality of anti-peel
features in the form of ‘fingers’ 84. The fingers 84 may alternatively be referred to as
‘tabs’ or ‘brackets’. There are three fingers 84 in this example, which are mutually spaced
along the spanwise length of the device 34 near the trailing edge 50 of the baseplate 36.
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As shown in the detail view of Figure 3a, each finger 84 is substantially L-shaped when
viewed from the side and comprises a proximal end 86 and a distal end 88. The proximal
end 86 is bonded to a spacer 90 that projects from the inner surface 40 of the baseplate
36 at the trailing edge 50 of the baseplate 36. The finger 84 includes a bend 87 between
the proximal and distal ends 86 and 88. In this example, the angle of the bend 87 is
slightly greater than ninety degrees. Accordingly, the distal end 88 of the finger 84
partially overlies the baseplate 36 and is spaced apart from the inner surface 40 of the
baseplate 36 such a slot 91 is defined between the finger 84 and the baseplate 36. In
another example, the proximal end 86 could be integral with the spacer 90.

Figure 4 shows a cross-sectional side view of the device 34 mounted at the trailing edge
26 of the blade 18. Referring to Figure 4, it can be seen that the baseplate 36 is bonded
to the pressure surface 29 of the blade 18. The trailing edge 50 of the baseplate 36 is
located at or near the trailing edge 26 of the blade 18 and extends parallel to the trailing
edge 26 of the blade 18. The serrations 38 therefore extend beyond the trailing edge 26
of the blade 18. The trailing edge 26 of the blade 18 is located in the slot 91 defined
between the fingers 84 and the baseplate 36. The trailing edge 26 of the blade 18 abuts
the spacers 90 to which the fingers 84 are mounted, and the fingers 84 overlie the
suction surface 30 of the blade 18. The fingers 84 counteract peel forces that act on the
device 34 in use and reduce the risk of the device 34 becoming detached from the blade
18 in use.

The device 34 is bonded to the outer surface 28 of the blade 18 by a layer of double-
sided adhesive tape 92, comprising a pressure-sensitive adhesive. The tape 92 is
applied to the mounting region 44 of the inner side 40 of the baseplate 36 prior to fitting
the device 34 to the blade 18. In order to mount the device 34 to the blade 18, the device
34 is arranged in the desired position on the blade 18 and pressure is applied to the
baseplate 36 to press the adhesive tape 92 into contact with the outer surface 28 of the
blade 18.

Referring to Figure 4a, which is an enlarged view of the region 93 encircled in Figure 4,
the tape 92 has a thickness of approximately 2 mm (millimetres) in this example. The
ridges 60 of the baseplate 36 each have a height that is slightly less than the thickness of
the tape 92. In this example, each ridge 60 has a height of approximately 1.9 mm.
Accordingly, the ridges 60 are sized such that contact between the ridges 60 and the
outer surface 28 of the blade 18 is avoided when the device 34 is mounted to the blade
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18. This ensures that the ridges 60 do not interfere with compression of the adhesive
tape 92 during bonding and thus the ridges 60 do not adversely affect the bond between
the device 34 and the blade 18. A small gap 94 is therefore defined between the top or
tip 94a of each ridge 60 and the pressure surface 29 of the blade 18 when the device 34
is bonded to the blade 18. In this example, the size of this gap 94 is approximately equal
to the difference between the thickness of the tape 92 and the height of the ridge 60, i.e.
the gap 94 is approximately 0.1 mm.

Referring again to Figure 4, it can be seen that the baseplate 36 tapers in thickness
moving in a chordwise direction from the trailing edge 50 of the baseplate 36 towards the
leading edge 48. The thickness of the baseplate 36 is defined as the perpendicular
distance between the inner and outer surfaces 40 and 42 of the baseplate 36. The
baseplate 36 therefore tapers in thickness towards the leading edge 24 of the blade 18,
which advantageously optimises airflow over the baseplate 36 when the blade 18 is in

use.

The skirt 82 of the baseplate 36 is inclined towards the pressure surface 29 of the blade
18 when the baseplate 36 is mounted to the blade 18. The skirt 82 is relatively thin and
provides a smooth transition between the blade surface 28 and the device 34, thus
further optimising airflow over the baseplate 36. The peripheral edge 83 of the skirt 82 is
in contact with the outer surface 28 of the blade 18 such that the skirt 82 defines a
substantially enclosed volume 95 surrounding the adhesive layer 92 between the
baseplate 36 and the outer surface 28 of the blade 18.

Referring now to Figure 5, this shows a seal 96 at the periphery 46 of the baseplate 36
between the sealing region 56 of the baseplate 36 and the pressure surface 29 of the
blade 18. The seal 96 protects the adhesive tape 92 from ingress of dust or moisture
which may otherwise cause deterioration of the adhesive over time when the blade 18 is
in use. The seal 96 is formed by supplying wet sealant 97 between the baseplate 36 and
the blade surface 28. In this example, the sealant 97 is injected into the enclosed volume
95 defined by the skirt 82. The skirt 82 is relatively flexible and may be folded back
slightly to facilitate injection of the sealant 97. Alternatively, the sealant 97 may be
injected through one or more holes (not shown) provided in the skirt 82. As a further
alternative, the wet sealant 97 may be applied to the baseplate 36 or blade surface 28
prior to mounting the device 34. The sealant 97 may be any suitable wet sealant, for
example polyurethane (PU) or silicone sealant. Whilst Figure 5 only shows the seal 96
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near the leading edge 48 of the baseplate 36, it will be appreciated that the seal 96
surrounds the adhesive 92.

The series of ridges 60 described above and shown in Figure 5 are provided to prevent
the wet sealant 97 from contaminating the adhesive tape 92 that bonds the device 34 to
the surface 28 of the blade 18. The ridges 60 form a barrier 58 between the adhesive
tape 92 and the sealant 97 and serve to prevent the sealant 97 from coming into contact
with the tape 92. When the sealant 97 is injected into the enclosed volume 95, it will tend
to flow or spread out towards the adhesive tape 92. Due to the small gap 94 (0.1 mm —
Figure 4a) between the top 94a of the ridges 60 and the outer surface 28 of the blade 18,
the wet sealant 97 is able to progress past the ridges 60 towards the tape 92. However,
as the wet sealant 97 flows over a ridge 60, it will initially fill the channel 72 behind the
ridge 60. The channels 72 have a relatively large width (approx. 0.4 mm) in comparison
to the size of the gap 94 (approx. 0.1 mm) between the top 94a of a ridge 60 and the
blade surface 28. Accordingly, the sealant 97 will preferentially flow along the channels
72 before flowing past the ridges 60. The channels 72 therefore redirect the spreading or
flowing wet sealant 97 such that it circulates in the channels 72 around the mounting
region 44 before progressing towards the mounting region 44.

For example, the wet sealant 97 is initially injected into the region between the perimeter
46 of the baseplate 36 and the outermost ridge 60e. After filling this region, the wet
sealant 97 flows or spreads towards the adhesive tape 92 through the gap 94 (see also
Figure 4a) defined between the outermost ridge 60e and the blade surface 28. The wet
sealant 97 then flows or spreads along the outermost channel 72d in a direction parallel
to the edges of the mounting region 44. When the outermost channel 72d is full of
sealant 97, the sealant 97 proceeds to flow or spread through the gap 94 defined
between the intermediate ridge 60d and the blade surface 28 to fill the intermediate
channel 78, and so on.

The ridges 60a-e therefore define a tortuous path between the sealant 97 and the
adhesive 92 and serve to slow the progression of wet sealant 97 towards the adhesive
tape 92 such that the sealant 97 cures before reaching the adhesive 92. The ridges
therefore effectively form a labyrinth seal around the mounting region 44, and hence
around the adhesive 92. It has been found that a series of five ridges 60 in this
embodiment is sufficient to slow the sealant 97 sufficiently so that it cures before
reaching the adhesive tape 92. It can be seen in Figure 5 that the sealant 97 has cured
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before filling the innermost channel 72a between the ridges 60. Accordingly, there is a
gap 929 between the cured sealant 97 and the adhesive tape 92 and the sealant 97 is
prevented from contacting the tape 92. The adhesive bond between the device 34 and
the outer surface 28 of the blade 18 is therefore not contaminated or otherwise
compromised by the sealant 97. In addition, the wet sealant 97 is also constrained by the
ridges 60a-e so that it flows in an outward direction away from the mounting region 44 —
the sealant 97 can flow past the peripheral edge 83 of the skirt 82 where it can be simply
wiped off the blade surface when it is still in a wet state.

Referring still to Figure 5, it can be seen that the seal 96, formed by the cured sealant 97
adjacent the periphery 46 of the baseplate 36, is located within the periphery 46 of the
baseplate 36 and is covered by the skirt 82. The skirt 82 therefore protects the sealant
97 from direct exposure to climatic conditions and conceals the sealant 97 resulting in
improved aesthetics. Further, the concealed sealant 97 does not adversely affect the
aerodynamic performance of the blade 18 since it is not directly exposed to airflow over
the blade 18. The skirt 82 is shaped to provide optimum airflow over the blade 18, which
allows consistent and reproducible performance to be achieved.

Figure 6 shows an aerodynamic device 34a in accordance with a second embodiment of
the present invention. The aerodynamic device 34a is identical to the first embodiment
shown in Figure 3, except that the barrier between the sealant 97 and the adhesive 92
comprises a flexible lip 98 protruding from the inner surface 40 of the baseplate 36
instead of the series of ridges 60 described in relation to the first embodiment. In
common with the ridges 60 of the first embodiment, the lip 98 is arranged along a
substantially trapezoidal path and forms a continuous loop surrounding the mounting
region 44. The lip 98 is therefore provided between the periphery 46 of the baseplate 36
and the mounting region 44. As discussed below, the lip 98 forms a seal around the
mounting region 44 and hence around the adhesive 92.

The lip 98 has a height that is slightly greater than the thickness of the adhesive tape 92.
In this example, the height of the lip 98 is approximately 1.2 mm. The height of the lip 98
is selected so that the top of the lip 98 makes contact with the outer surface 28 of the
blade 18 (in this case with the pressure surface 29) when the device 34a is mounted to
the blade 18. The lip 98 is angled slightly towards the periphery 46 of the baseplate 36 to
encourage a slight deflection of the lip 98 in this direction when the baseplate 36 is
pressed against the outer surface 28 of the blade 18 to compress the adhesive tape 92.
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The lip 98 itself forms a seal against the outer surface 28 (in this case the pressure
surface 29) of the blade 18 to prevent any wet sealant 97 from flowing past the lip 98
towards the adhesive tape 92. As the lip 98 is inclined towards the periphery 46 of the
baseplate 36, the pressure of the wet sealant 97 acting against the lip 98 will cause the
lip 98 to move slightly towards a more vertical position. This results in the lip 98 being
pushed more tightly against the outer surface 28 of the blade 18 by the sealant 97 thus
creating a tighter seal.

Figure 7 shows an aerodynamic device 34b in accordance with a third embodiment of
the present invention. The aerodynamic device 34b is identical to the devices 34, 34a
described above according to the first and second embodiments, except that it includes a
single ridge 100 protruding from the inner surface 40 of the baseplate 36 instead of the
series of ridges 60 of the first embodiment or the flexible lip 98 of the second
embodiment. The single ridge 100 is provided along a substantially trapezoidal path and
forms a continuous loop surrounding the mounting region 44. In this respect, the ridge
100 is similar to one of the ridges 60 of the first embodiment. The ridge 100 is therefore
provided between the periphery 46 of the baseplate 36 and the mounting region 44.

As with the first embodiment, the height of the ridge 100 is slightly less than the
thickness of the adhesive tape 92 such that the ridge 100 does not make contact with the
pressure surface 29 of the blade 18 when the device 34b is mounted to the blade 18.
The ridge 100 therefore does not affect compression of the adhesive tape 92 and hence
does not affect the bond between the device 34b and the blade 18. A rubber gasket 101
is provided between the perimeter 46 of the baseplate 36 and the mounting region 44
instead of the wet sealant 97 described in relation to the first and second embodiments.
The ridge 100 provides a barrier between the rubber gasket 101 and the adhesive tape
92 and serves to retain the gasket 101 in place and prevent the gasket 101 from coming
into contact with the adhesive tape 92. The rubber gasket 101 therefore does not
interfere with the bond between the device 34b and the blade 18. The gasket 101
protects the adhesive tape 92 from ingress of dust or moisture which may otherwise
cause deterioration of the adhesive 92 over time when the blade 18 is in use.

The rubber gasket 101 is provided within the periphery 46 of the baseplate 36 and is
covered by the skirt 82. The skirt 82 therefore protects the gasket 101 from direct
exposure to climatic conditions and conceals the gasket 101 so that the gasket 101 does
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not detract from the aesthetic appearance of the blade 18. Further, the concealed gasket
101 does not adversely affect the aerodynamic performance of the blade 18 since it is
not directly exposed to airflow over the blade 18. The skirt 82 is shaped to provide
optimum airflow over the blade 18, which allows consistent and reproducible
performance to be achieved.

Figure 8 shows an aerodynamic device 34c in accordance with a fourth embodiment of
the present invention. The aerodynamic device 34c is similar to the previous
embodiments except that it does not includes any barriers such as ridges or lips
surrounding the mounting region 44 of the baseplate 36. Instead, in this embodiment, the
skirt 82 is formed of rubber and provides the same function as the gasket 101 of the third
embodiment. Accordingly, the rubber skirt 82 forms a seal against the pressure surface
29 of the blade 18 and prevents ingress of moisture, dust and other contaminants
between the baseplate 36 and the blade surface 28.

Whilst the present invention has been described by way of example above in relation to a
serrated trailing edge device, it will be appreciated that the inventive principles described
above can be applied equally to other aerodynamic devices such as vortex generators
and flaps which include a baseplate for bonding to the surface 28 of the blade 18. A
vortex generator device 104 is shown, for example, in Figure 9. The vortex generator 104
includes a baseplate 106 having inner and outer surfaces of which an outer surface 108
is visible in Figure 9. A pair of fins 110 project from the outer surface 108, whilst the inner
surface is adapted for bonding to the surface 28 of a blade 18 in substantially the same
way as the baseplate 36 of any of the devices described in the previous embodiments.

The anti-peel fingers 84 described in relation to Figures 3 and 3a are an optional feature
that may be used in relation to any of the examples described above to further prevent
detachment of the device in use.

Many modifications may be made to the above examples without departing from the
invention as defined in the following claims. For example, whilst adhesive tape 92 has
been described in relation to the above examples, other suitable adhesive may be used
to bond the baseplate 36 to the outer surface 28 of the blade 18, for example structural
adhesive such as epoxy or methacrylate adhesives may be used. The number and
dimensions of the various ridges 60 and channels 72 in the first embodiment may vary in
other embodiments. A variant of the second embodiment may include multiple lips.
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Further embodiments may, for example, incorporate a combination of lips and ridges. A
flexible skirt, such as the skirt 82 described in relation to the fourth embodiment shown in
Figure 8, may be used with any of the embodiments to form a seal against the surface of
the blade 18. The baseplate can also be bonded to the pressure surface 29 or the

5  suction surface 30 of the blade.
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Claims

. A wind turbine blade comprising an aerodynamic device mounted to an outer surface

of the blade, the aerodynamic device comprising:

a baseplate having an inner surface defining a substantially planar mounting
region, the baseplate further comprising a skirt at least partially surrounding the
mounting region and inclined relative to the plane of the mounting region, the skirt
having an edge defining an outer perimeter of the baseplate,

wherein the mounting region of the baseplate is bonded to the outer surface
of the blade by an adhesive layer such that the mounting region of the baseplate is
spaced from the outer surface of the blade by the adhesive layer; and

wherein the edge of the skirt is in contact with the outer surface of the blade
such that the skirt defines a substantially enclosed volume at least partially
surrounding the adhesive layer between the baseplate and the outer surface of the
blade.

. The wind turbine blade of Claim 1, wherein the edge of the skirt forms a seal against

the outer surface of the blade.

. The wind turbine blade of any preceding claim, wherein the skirt is flexible and

formed at least partially from an elastic material such as rubber.

The wind turbine blade of any preceding claim, wherein a seal is located within the
substantially enclosed volume.

The wind turbine blade of Claim 4, wherein the seal comprises sealant or a gasket.

The wind turbine blade of Claim 5, further comprising a barrier arranged to prevent
contact between the seal and the adhesive layer.

The wind turbine blade of Claim 6, wherein the barrier at least partially surrounds the

mounting region.

The wind turbine blade of Claim 6 or Claim 7, wherein the barrier forms a second
seal around the adhesive layer.
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The wind turbine blade of any of Claims 6 to 8, wherein the barrier includes one or
more features protruding from the inner surface of the baseplate.

The wind turbine blade of any preceding claim, wherein the aerodynamic device is
mounted to a trailing edge of the blade.

. The wind turbine blade of Claim 10, wherein the aerodynamic device includes a

plurality of serrations extending from the baseplate.

. The wind turbine blade of any preceding claim, wherein the baseplate is bonded to a

pressure surface of the blade and the device further comprises one or more anti-peel
features extending from the baseplate and overlapping a suction surface of the
blade.

The wind turbine blade of Claim 12, wherein the anti-peel features comprise one or

more fingers.

A wind turbine comprising the wind turbine blade of any preceding claim.

An aerodynamic device for mounting to an outer surface of a wind turbine blade, the
device comprising a baseplate having an inner surface defining a substantially planar
mounting region for bonding to the blade by an adhesive layer, and a skirt at least
partially surrounding the mounting region, the skirt having an edge defining an outer
periphery of the baseplate, wherein the skirt is inclined relative to the plane of the
mounting region, such that when the baseplate is mounted to the outer surface of the
blade, the mounting region of the baseplate is spaced from the outer surface of the
blade by the adhesive layer and the edge of the skirt is in contact with the outer
surface of the blade to define a substantially enclosed volume at least partially
surrounding the adhesive layer between the baseplate and the outer surface of the
blade.
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