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DESCRIPTION

Technical Field

[0001] The invention relates to a wind turbine blade provided with a surface mounted device,
and a method of attaching a device to a surface of a wind turbine blade.

Background Art

[0002] Ideally, a wind turbine blade of the airfoil type is shaped similar to the profile of an
aeroplane wing, where the chord plane width of the blade as well as the first derivative thereof
increase continuously with decreasing distance from the hub. This results in the blade ideally
being comparatively wide in the vicinity of the hub. This again results in problems when having
to mount the blade to the hub, and, moreover, this causes great loads during operation of the
blade, such as storm loads, due to the large surface area of the blade.

[0003] Therefore, over the years, the construction of blades has developed towards a shape,
where the blade consists of a root region closest to the hub, an airfoil region comprising a lift-
generating profile furthest away from the hub and a transition region between the root region
and the airfoil region. The airfoil region has an ideal or almost ideal blade shape with respect to
generating lift, whereas the root region has a substantially circular cross-section, which
reduces the storm loads and makes it easier and safer to mount the blade to the hub. The root
region diameter is preferably constant along the entire root region. Due to the circular cross-
section, the root region does not contribute to the energy production of the wind turbine and, in
fact, lowers this a little because of drag. As it is suggested by the name, the transition region
has a shape gradually changing from the circular shape of the root region to the airfoil profile
of the airfoil region. Typically, the width of the blade in the transition region increases
substantially linearly with increasing distance from the hub.

[0004] As for instance blades for wind turbines have become bigger and bigger in the course
of time, and they may now be more than 60 meters long, the demand for optimised
aerodynamic performance has increased. The wind turbine blades are designed to have an
operational lifetime of at least 20 years. Therefore, even small changes to the overall
performance of the blade may over the lifetime of a wind turbine blade accumulate to a high
increase in financial gains, which surpasses the additional manufacturing costs relating to such
changes. For many years, the focus areas for research have been directed towards improving
the airfoil region of the blade, but during the recent few years, more and more focus has been
directed towards also improving the aerodynamic performance of the root and transition
regions of the blade.

[0005] US2012/0151769 describes the use of vortex generators for the blade of a wind
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turbine.

[0006] WO2007/065434 discloses a blade wherein the root region is provided with indentations
and/or projections in order to decrease the drag from this part of the blade.

[0007] WO2007/045244 discloses a blade, wherein the root region and the transition region
are designed so as to have at least two separate airfoil profiles in order to increase the lift of
these regions.

[0008] WO0208600 describes a wind turbine, where the output of the wind turbine is increased
by providing the root section of a wind turbine with a member that is designed in such a way
that the assembly consisting of the member and the root section can absorb wind energy and
increases the overall efficiency of the wind turbine.

[0009] WO2007/118581 discloses a blade, where the inboard part of the blade is provided with
a flow guiding device on the pressure side of the blade in order to increase the aerodynamic
performance of the blade by increasing the lift. However, the design proposed is very rigid due
to the triangular shaped cross-section and consequently the flow guiding device has a
tendency to separate from the surface of the blade, when the blade bends.

[0010] WO2011/042527 discloses a wind turbine blade provided with a plurality of flow guiding
device parts attached to the pressure side of the blade. The longitudinally extending flow
guiding parts are grouped together to form a first flow guiding device group in the transition
region of the blade. The modular construction of the flow guiding device makes the
construction more flexible and reduces peel forces at the ends of the flow guiding device parts.
However, the flow guiding device parts are designed with a base part and a protruding plate-
shaped element, and loads are still to a large degree transferred to the plate-shaped element,
when the blade bends.

[0011] Further, state of the art methods of attaching devices to the surface of a wind turbine
blade are tedious and complicated. The previous surface attachment techniques have required
grinding of gelcoat to reveal fibre material for bonding, applying of adhesive, positioning of the
device, removal of excess adhesive, and finally post-treatment, such as painting, for surface
visual purposes, thus involving a large number of steps and tools for carrying out the method.

Summary of the Invention

[0012] It is an object of the invention to obtain a new blade and method of attaching devices to
the surface of a wind turbine blade, and which overcome or ameliorate at least one of the
disadvantages of the prior art or which provide a useful alternative.

[0013] According to a first aspect, the invention provides a wind turbine blade for a rotor of a
wind turbine having a substantially horizontal rotor shaft, said rotor comprising a hub, from



DK/EP 3177827 T3

which the wind turbine blade extends substantially in a radial direction when mounted to the
hub, the wind turbine blade having a longitudinal direction with a tip end and a root end and a
transverse direction. The wind turbine blade further 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 a surface mounted device is attached to a surface
of the wind turbine blade, wherein the surface mounted device is attached to the surface of the
wind turbine blade via at least a first attachment part, which is connected to a part of the
surface mounted device. The attachment part comprises a flexible housing that forms a cavity
between at least the housing and the surface of the wind turbine blade, and the cavity is filled
with an adhesive that provides an adhesive bonding to the surface of the wind turbine blade.

[0014] Equivalently, the first aspect of the invention provides a flow guiding device, which is
adapted to be attached to the surface of a wind turbine blade, via at least a first attachment
part, wherein the attachment part comprises a flexible housing that is adapted to form a cavity
between at least the housing and the surface of the wind turbine blade, the cavity being
adapted to be filled with an adhesive that provides an adhesive bonding to the surface of the
wind turbine blade.

[0015] This provides a particular advantageous embodiment with a relative discrete or soft
attachment to the surface of the blade, such that loads from the blade, e.g. from bending of the
blade or ovalisation of the blade shell, do not transfer up into the surface mounted device itself.
Thus, the attachment at discrete parts of the surface mounted device provides an
embodiment, which is less likely to be damaged or detached from the surface of the blade.
Further, the attachment part with a glue cavity also provides a particular simple method of
attaching the surface mounted device to the surface of the blade. Since the housing of the
attachment part is flexible, the attachment part may accommodate to the curvature of the
blade surface, e.g. by applying pressure to the attachment part. Thereby, the attachment
provides a simple method of fitting the add-ons to the surface of the blade without the need of
fixtures and lengthy preparation of the surface of blade. Accordingly, a worker may more
quickly attach the surface mounted device to the surface of the blade.

[0016] The adhesive is preferably a hardened or cured adhesive.

[0017] It is clear that the surface mounted device is preferably attached to an external surface
of the wind turbine blade. However, it may also be an internal surface of the wind turbine
blade.

[0018] The housing of the attachment part is seen to form a glue shaper or glue shoe, which
may be used for attaching add-ons to the surface of the blade. The housing or attachment part
may be provided with glue spacers, e.g. formed as protrusions extending from the roof of the
cavity in order to ensure a controlled thickness of the adhesive bond.

[0019] The glue cavity may be formed between the flexible housing, the surface of the wind
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turbine blade and a part of the surface mounted device. It may also be provided as a separate
socket for screw mounting the surface mounted device to the surface of the blade.

[0020] The attachment part is preferably connected to a proximal part of the surface mounted
device. The proximal part of the surface mounted device is the part, which is located nearest
the blade surface and so to speak is attached to the surface of the blade. However, by utilising
the attachment parts, it is clear that there may be a spacing between the proximal part of the
surface mounted device and the surface of the blade.

[0021] The adhesive may for instance be PU-based, epoxy-based or MMA.

[0022] It is clear that the surface mounted device also comprises a distal part, which is the part
farthest from the surface the blade and attachment part.

[0023] According to a second aspect, the invention also provides: a wind turbine blade for a
rotor of a wind turbine having a substantially horizontal rotor shaft, said 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 having a longitudinal direction with a tip end and a root end and
a transverse direction, 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, wherein a surface mounted device is attached to a surface
of the wind turbine blade, characterised in that the surface mounted device is attached to the
surface of the wind turbine blade via three attachment parts, which are connected to parts of
the surface mounted device and which attach the surface mounted device to three discrete
areas on the surface of the blade, wherein the three discrete areas when seen in a top view
are arranged in a triangle.

[0024] Equivalently, the second aspect provides a flow guiding device, which is adapted to be
attached to the surface of a wind turbine blade, via three attachment parts, which are
connected to parts of the surface mounted device and which are adapted to attach the surface
mounted device to three discrete areas on the surface of the blade, wherein the three
attachment parts when seen in a top view are arranged in a triangle.

[0025] This provides a particularly simple way of attaching add-ons to the surface of a wind
turbine blade, since the three-point attachment will always be able to contact the surface of the
blade despite having a complex curvature, as compared to for instance a device having four
attachment parts, three attachment parts in line or a large bonding surface along the entire
extent of the device, where it may be difficult to let all (or the entirety of the) attachment parts
contact the blade. Thereby, the attachment provides a simple method of fitting the add-ons to
the surface of the blade without the need of fixtures and lengthy preparation of the surface of
blade. Accordingly, a worker may more quickly attach the surface mounted device to the
surface of the blade.
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[0026] According to a third aspect, the invention also provides a wind turbine blade for a rotor
of a wind turbine having a substantially horizontal rotor shaft, said 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 having a longitudinal direction with a tip end and a root end and a
transverse direction, 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, wherein a surface mounted device is attached to a surface
of the wind turbine blade, wherein the surface mounted device in a lengthwise direction is
curved, characterised in that a lengthwise radius of curvature of the surface mounted device
varies from a proximal part of the surface mounted device to a distal part of the surface
mounted device.

[0027] Equivalently, the third aspect of the invention provides a flow guiding device, which is
adapted to be attached to the surface of a wind turbine blade, wherein the flow guiding device
is curved in a lengthwise direction of the device, and wherein a lengthwise radius of curvature
of the device varies from a proximal part of the device to a distal part of the device.

[0028] By varying the radius of curvature of the surface mounted device, it is possible to vary
the stiffness of the device from the proximal part to the distal part of the device and/or to better
control the transfer of loads from the blade and to the device itself.

[0029] The first, second and third aspect may be combined in any way. In the following a
number of embodiments is described, which are applicable to all three aspects and in
particular embodiments combining all three aspects.

[0030] According to an advantageous embodiment, the flexible housing is made of a first
material and the surface mounted device made of a second material, wherein a hardness of
the first material is smaller than the hardness of the second material. Alternatively, the first
material is softer than the second material. In general, the housing should be more flexible
than the surface mounted device.

[0031] The flexible housing may for instance be made of an elastomer material. Further, the
housing is preferably relatively thin-walled.

[0032] According to an advantageous embodiment, the attachment part is tapered from a
proximal part to a distal part of the attachment part, e.g. being bell-shaped, conical shaped, or
frusto-conical shaped. Accordingly, the attachment part is shaped so that it has a larger
surface area at a part proximal to the surface of the blade than a part distal to the part of the
blade, whereby the attachment part prevents a notch effect at the surface of the blade and
instead provides a gradual transition of loads transferred from the blade and onto the surface
mounted device. Preferably, the attachment part is also tapered seen in a side view so that the
height of the attachment part goes towards zero and provides a minimal notch effect.
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[0033] The attachment part is advantageously formed so that a top view cross section of the
attachment device is substantially circular. According to another advantageous embodiment,
the attachment part is substantially oval.

[0034] Accordingly, the attachment device may be shaped similar to a flexible suction cup,
which accommodates the surface of the blade. The cavity formed between the cup and the
surface of the blade is filled with an adhesive, which is hardened or cured.

[0035] The housing of the attachment part may advantageously be made from rubber or
polyurethane, or another suitable polymer material.

[0036] In another advantageous embodiment, the attachment part is connected to the surface
mounted device via an adhesive bond or by being moulded onto the surface mounted device.
Accordingly, the attachment part may be glued onto the surface mounted device. It is also
possible to mould the attachment part onto the surface mounted device via for instance
injection moulding.

[0037] The surface mounted device or the attachment part may also be provided with a grip or
the like, which may facilitate easier handling for a worker attaching the surface mounted device
to the surface of the blade by allowing the worker to more easily press the flexible housing
against the surface of the blade. This is particular advantageous, if the device is mounted on
site in the field.

[0038] The surface mounted device may in an advantageous embodiment be made from a
polymer material, such as a polyurethane, optionally reinforced with reinforcement fibres, such
as glass fibres or carbon fibres.

[0039] In a particular advantageous embodiment, the surface mounted device is made of a
polyurethane (PUR) material, optionally reinforced with reinforcement fibres, and the
attachment part is also made of a polyurethane (PUR) material. Accordingly, it is ensured that
the attachment part and the device are compatible and provide a strong connection. The two
parts may be integrally formed, or the parts may be for instance injection moulded in two steps.
By using PUR material, it is further fairly simple to vary the hardness and stiffness of the parts,
whereby the attachment part can be made relatively flexible and the surface mounted device
may be made stiffer. A similar effect may be achieved by manufacturing the attachment device
and/or surface mounted device in a thermoplastic material, which is particular relevant for high
volume manufacturing. According to a preferred embodiment, the surface mounted device is
not fibre reinforced. Thus, the device may be made of e.g. PUR or another polymer material
only, which provides a device, which is simpler and cheaper to manufacture.

[0040] In an advantageous embodiment, the attachment part comprises a circumferential lip
for attaching to the surface of the wind turbine blade. The circumferential lip thus forms the
lower or proximal part of the attachment device and glue cavity formed between the housing
and the surface of the wind turbine blade.



DK/EP 3177827 T3

[0041] The circumferential lip may have a substantially flat attachment surface for mounting to
the blade. Alternatively, the circumferential lip may have an inclined attachment surface so that
the attachment surface accommodates to the surface of the wind turbine blade, when it is
pressed against said surface of the wind turbine blade.

[0042] The circumferential lip may be provided with an adhesive, such as an adhesive tape,
e.g. a pressure-sensitive double-adhesive tape, for providing a preliminary attachment to the
blade surface. Thus, the adhesive provides a sealing to the blade surface, and provides the
glue cavity, which is then filed with an adhesive and hardened or cured. The tape may be
provided with a liner, which is removed after the flexible housing has preliminary been fitted to
the surface of the blade. In another embodiment, a preliminary attachment is provided by
screwing or riveting the attachment part on to the surface of the blade as a fixation during the
adhesion filling process.

[0043] According to a preferred embodiment, the surface mounted device is a flow guiding
device, such as a spoiler device or a Gurney flap. Thereby, it is seen that the device is a
device, which changes the aerodynamics of a part of the wind turbine blade. However, the
device may also be a trailing edge element, such as a plate comprising a serrated trailing
edge.

[0044] According to another preferred embodiment, the surface mounted device comprises a
plate-shaped element, which protrudes from the surface of the wind turbine blade. In the
following, when referring to the surface mounted device, this may as such be a reference to
the plate-shaped element of the surface mounted device.

[0045] The surface mounted device may be oriented so that it extends substantially in the
longitudinal direction of the blade, i.e. the lengthwise direction of the surface mounted device is
oriented substantially in the longitudinal direction of the blade. By "substantially in the
longitudinal direction" is meant that the lengthwise direction of the surface mounted device
forms an angle of 30 degrees or less to the longitudinal direction of the blade, advantageously
20 degrees or less, and even more advantageously 10 degrees or less.

[0046] According to another preferred embodiment, the surface mounted device is arranged
on the pressure side of the blade. The surface mounted device, e.g. a flow-guiding device,
may for instance be positioned at the trailing edge and forming a Gurney flap. However,
according to a preferred embodiment, the surface mounted device is a spoiler device, which is
arranged in a distance from the trailing edge of the blade, e.g. in a position between a position
of maximum thickness of the blade profile and the trailing edge of the blade. Accordingly, the
surface mounted device may be arranged so as to generate a separation of airflow from the
pressure side of the blade at a point between the surface mounted device and the trailing edge
of the blade, when the blade is impacted by the incident airflow. Accordingly, the surface
mounted device or flow guiding device facilitates a pressure build-up between the device and
the trailing edge and thus increased lift.



DK/EP 3177827 T3

[0047] In one advantageous embodiment, the surface mounted device is curved in a
lengthwise direction of the device. Such a design has the advantage that the surface mounted
device may be stretched slightly in the lengthwise direction, e.g. when the blade bends or the
blade shell ovalises. It is clear that it is the plate-shaped element that may be curved in the
lengthwise direction.

[0048] In a particular advantageous embodiment, a lengthwise radius of curvature of the
surface mounted device varies from a proximal part of the surface mounted device to a distal
part of the surface mounted device. The radius of curvature may for instance increase from the
proximal part to the distal part of the surface mounted device. This provides a simple
embodiment, where the distal part of the device may be made stiffer than the proximal part.
Accordingly, the proximal part may better accommodate to blade bending, whereas the distal
part may better withstand the wind pressure and facilitate a build-up of pressure. The
curvature of radius of the distal part may for instance approach infinity, in which case the distal
part of the device is straight. In an alternative embodiment, the radius of curvature decreases
from the proximal part to the distal part of the surface mounted device. The surface mounted
device may for instance be formed as a part of a frusto-conical shape.

[0049] In one particularly advantageous embodiment, the surface mounted device is
reinforced with a grid or rib structure. The grid or rib structure may for instance be provided as
surface protrusions. The ribs may for instance be arranged along the two end parts of the
plate-shaped element, and with a rib extending along a distal part of the plate-shaped element.
Further or alternatively, the plate-shaped element may be provided with cross-ribs extending
from near a distal part and end part and to a proximal and intermediate part of the plate-
shaped element. This provides a strong triangular rib structure that adds strength to the plate
shaped element. The rib or grid design may readily be moulded together with the plate-shaped
element, in particular if the plate-shaped element is formed in PUR.

[0050] The plate-shaped element is advantageously not provided with a rib along the proximal
part of the plate-shaped element, since this would prevent the plate-shaped element to
accommodate blade bending or ovalisation. Thereby, the blade surface as such provides the
third side (with variable length) of a triangle that provides stiffness to the plate-shaped element.

[0051] Overall, it is seen that the invention according to a fourth aspect provides a flow guiding
device that comprises a plate-shaped element, which is reinforced with a rib structure, e.g.
according to any of the previous embodiments. This provides the possibility of manufacturing
the plate-shaped element in a polymer material without the need to fibre reinforce the
structure.

[0052] The thickness of the spoiler is advantageously 0.5-10 mm, e.g. around 1-3 mm. The
thickness of the rib or grid structure is advantageously 5-50 mm, e.g. around 15 mm.

[0053] The longitudinal length of the surface mounted device is advantageously 20-150 cm, or
25-120 cm. The height of the surface mounted device is advantageously 3-50 cm.
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[0054] The hardness of the flexible housing is advantageously 20-75 on the Shore A scale,
e.g. around 55 on the shore A scale. The hardness of the surface mounted device is
advantageously 45-100 on the shore D scale, e.g. around 75 on the shore D scale. The lip of
the attachment device advantageously has a maximum external dimension, such as an outer
diameter, of 1-15 cm, or 2-10 cm. Thus, the proximal part of the attachment device may have
this maximum external dimension.

In one embodiment, the surface mounted device is connected to the attachment part such that
a spacing between a proximal part of the surface mounted device and the surface of the wind
turbine blade is in the interval 1-20 mm, e.g. around 10 mm.

[0055] The plate-shaped element may be made with a flexibility that allows the plate-shaped
element to deflect at high wind speeds and thereby reduce loads to the blade.

[0056] In another embodiment, the surface mounted device may be angled towards the
leading edge of the blade so as to provide a pocket between the surface mounted device and
the surface of the blade, said pocket facing towards the leading edge of the blade. This
provides a spoiler device, which facilitates a build-up of pressure both in front of and behind
the spoiler device, thereby increasing lift even further.

[0057] The surface mounted device (or plate-shaped element) is advantageously curved
towards the leading edge of the blade, thus also providing the pocket between the surface
mounted device and the surface of the blade. With a flexible plate-shaped element, this design
also allows the surface mounted design to be collapsed or pressed against the surface of the
blade, e.g. by use of straps, since the device will be flexible in a direction towards the leading
edge of the blade and stiff in the direction of the incoming flow. This may be advantageous for
transport purposes.

[0058] The surface mounted device may for instance be angled 5-45 degrees, or 10-40
degrees, e.g. around 25 degrees, compared to a surface normal at the attachment point.
However, in principle, the surface mounted device may also be protruding substantially normal
to a blade surface or be angled towards the trailing edge of the blade.

[0059] In an advantageous embodiment, the wind turbine blade is provided with a plurality of
surface mounted devices. The plurality of surface mounted devices may for instance be
arranged as longitudinally extending flow guiding device parts, which are grouped together to
form a first flow guiding device group.

[0060] The plurality of surface mounted devices may advantageously be arranged in
substantially mutual lengthwise extensions of each other. Accordingly, the flow guiding devices
may be arranged juxtaposed with a small spacing between them or so that ends of juxtaposed
devices substantially abut each other. The flow guiding devices may also be arranged slightly
overlapping in the longitudinal direction.



DK/EP 3177827 T3

[0061] The flow guiding devices may be arranged with a longitudinal spacing between the flow
guiding parts. The longitudinal spacing may e.g. lie in an interval between 5 mm and 50 mm, or
between 5 mm and 40 mm, or between 5 mm and 30 mm, e.g. around 10 mm. In one
embodiment, the spacing between adjacent flow guiding parts is closed with a flexible body,
e.g. made of a rubber material.

[0062] Thus, the first flow guiding device group may comprise separate or modular parts in
particular in the longitudinal direction of the blade. The modular construction makes the
construction more flexible and reduces peel forces at the ends of the flow guiding device parts.
Thus, the modular parts have a smaller tendency to break off from the surface of the blade.

[0063] Longitudinally extending means that the flow guiding device parts are extending
substantially in the longitudinal direction of the blade. Thus, the device parts typically have a
first side (nearest the leading edge) and a second side (nearest the trailing edge) as well as a
first longitudinal end (nearest the root end) and a second longitudinal end (nearest the tip end).

[0064] Advantageously, the first side faces substantially towards the leading edge of the blade.

[0065] The flow guiding device is preferably permanently attached to the surface of the wind
turbine blade and cannot be actively controlled. Thus, the orientation of the front surface is
non-adjustable. Also, it is recognised that the flow guiding device is utilised for increasing the
lift and the energy yield. Thus, the flow guiding device may alternatively be denoted as a high
lift device.

[0066] By incident flow is meant the inflow conditions at a blade section during normal use of
the blade, i.e. rotation on a wind turbine rotor. Thus, the incoming flow is the inflow formed by
the resultant of the axial wind speed and the rotational component as it is seen by the local
section of the blade. By oncoming flow is meant the flow impinging the flow guiding device, i.e.
the local flow on the pressure side of the blade meeting and impacting the flow guiding device.

[0067] According to one embodiment, the flow guiding device parts are spoiler device parts.
Again, it must be pointed out that the parts are preferably non-adjustable and arranged to
increase the lift of the wind turbine blade and thus the energy yield of the wind turbine.
Accordingly, the spoiler parts are not used for breaking purposes.

[0068] According to an advantageous embodiment, the flow guiding device parts comprise
planar or plate-shaped elements protruding from the profile. Thereby, a particularly simple
design of the flow guiding device parts is provided. Furthermore, this design is much more
flexible than the typically wedge-shaped design, which is very rigid. Thus, the planar design
has a smaller tendency to have high joint loads, which in worst case can make the flow guiding
device parts break off from the surface of the wind turbine blade.

[0069] According to an advantageous embodiment, the flow guiding device parts together form
a substantially continuous first side facing towards the leading edge of the blade so that the
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flow guiding device parts together form a flow guiding device, which is arranged and adapted
to form a separated airflow between the glow guiding device and the trailing edge of the blade.

[0070] According to one advantageous embodiment, the flow guiding device parts are shaped
so that they have an inflow surface with a start point oriented towards the leading edge of the
blade and an end point oriented towards the trailing edge of the blade, the distance between
the inflow surface and the profiled contour increasing from the start point to the end point.
Thus, the flow guiding device parts may have a substantially wedge shaped or triangularly
shaped profile. However, the inflow surface may also be provided by a planar element oriented
backwardly or towards the trailing edge of the blade. The angle of the inflow surface and
surface height of a distal point of the inflow surface may advantageously correspond to those
described in European patent applications W02010066500 and W02010066501, respectively,
by the present applicant.

[0071] According to an advantageous embodiment, the flow guiding device of the blade has a
front surface facing towards the oncoming airflow and having a proximal point located at the
profiled contour and a distal point located at a distance (i.e. with a spacing) from the profiled
contour of the blade, wherein the profiled contour has a surface normal at the proximal point,
and wherein the front surface of the flow guiding device comprises at least a first portion, which
is angled towards an oncoming airflow so that an average tangent or median line to said first
portion forms a first angle with the surface normal being larger than 0 degrees.

[0072] Accordingly, the front surface of the flow guiding device, seen from the proximal point, is
angled towards the oncoming airflow and thus also towards the leading edge of the blade.
Thus, when the profiled contour of the blade is impacted by the incident airflow, the flow
guiding device creates an air pocket in front of the front surface, which increases the local
pressure in front of the flow guiding device, and which guides the airflow around the flow
guiding device. Further, the flow guiding device functions as an obstruction to the flow on the
pressure side of the profile. Downstream of the flow guiding device, i.e. typically between the
flow guiding device and the trailing edge of the blade, a separation of the airflow occurs. This
obstruction is resulting in a higher pressure after the flow guiding device, i.e. between the flow
guiding device and the trailing edge of the wind turbine blade, due to a detachment of the flow.
Thus, the pressure is increased both in front and behind of the flow guiding device, which in
turn increases the lift significantly on this section of the blade at the governing inflow angles for
this section. A realistic estimate of the potential performance improvement is 1-2% of annual
energy yield compared to conventional wind turbine blades without such flow guiding devices.

[0073] The terms average tangent or median line here mean that the first portion of the front
surface on average is angled towards the oncoming flow. This corresponds to a linear fit to the
first portion of the front surface of the flow guiding device being angled towards the oncoming
flow and the leading edge of the blade.

[0074] The forwardly angled first portion also results in a tangent to the profile and the tangent
or median line to the first portion of the front surface forming an angle being less than 90
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degrees.

[0075] From the definitions, it is clear that the front surface may comprise a second portion,
which is not angled towards the oncoming flow and the leading edge of the blade.

[0076] According to an advantageous embodiment, the first angle is at least 5 degrees, or at
least 10 degrees, or at least 15 degrees. The first angle may even be at least 20 degrees or at
least 25 degrees or at least 30 degrees. Higher angles more efficiently provide the air pocket
and may also decrease the drag, since the front surface does not have to protrude as much
from the surface in order to provide the build-up of pressure in front of the flow guiding device.
On the other hand even higher angles make the effective height of the flow guiding device
smaller.

[0077] According to another advantageous embodiment, the front surface is concave. The
front surface of the flow guiding device may guide the airflow across the concave surface and
thus contribute further to forming a re-circulating zone in front of the flow guiding device.

[0078] According to yet another advantageous embodiment, the plurality of longitudinally
extending flow guiding device parts comprises individual flow guiding device parts, which are at
least partially overlapping in the longitudinal direction of the blade. Thus, the individual flow
guiding device parts are individually displaced in the transverse direction of the blade.
Accordingly, a first end of a first flow guiding device extends beyond the radial position of a
second end of a second flow guiding device part.

[0079] In one embodiment, the individual flow guiding device parts are substantially straight in
the longitudinal direction. In another embodiment, the individual flow guiding device parts are
curved in the longitudinal direction. For example, every second flow guiding device part may be
convex and the others concave. This can also be combined with the partially overlapping
design.

[0080] According to yet another advantageous embodiment, the first flow guiding device group
has a corrugated design in the longitudinal direction, advantageously at least a distal point of a
plate-shaped element. The design may for instance be wavy in the longitudinal direction and
comprise alternating flow guiding device parts being concave and convex, respectively.
Alternatively, a trapezium shaped design may be used. These designs have the advantage that
the flow guiding device parts may be stretched slightly in the longitudinal direction, when the
blade bends. The individual flow guiding device parts may also be corrugated.

[0081] Preferably, the flow guiding device group is formed as a longitudinally extending device.
According to an advantageous embodiment, the flow guiding device group extends along at
least 5% of a longitudinal extent of the wind turbine blade. Yet again, the longitudinal extent of
the flow guiding device group may be at least 7%, 10%, 15%, or even 20% of the longitudinal
extent or length of the blade.
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[0082] According to another embodiment, the longitudinally extending flow guiding device
group extends along at least 1 meter of the blade, or at least 2 meters, or at least 3 meters, or
at least 4 meters, or at least 5 meters, or at least 6 meters, or even at least 8 or 10 meters of
the wind turbine blade.

[0083] The wind turbine blade or at least an aerodynamic shell of the wind turbine may
advantageously be made of a composite structure, such as a polymer matrix reinforced with a
fibre reinforcement material, such as glass fibres or carbon fibres. The resin may be a
thermosetting resin, such as epoxy, vinylester, polyester. The resin may also be a
thermoplastic, such as nylon, PVC, ABS, polypropylene or polyethylene. Yet again the resin
may be a thermosetting thermoplastic, such as cyclic PBT or PET. The flow guiding device may
also be made of such composite materials. The polymer matrix material may also be a
polyurethane resin.

[0084] The wind turbine blade may be made with a load bearing spar beam and an
aerodynamic shell attached to said beam. Alternatively, the load bearing structure may be
integrated into the blade shell with spar caps (also called main laminates) integrated in the
blade shell and intermediate shear webs attached between the spar caps.

[0085] In one embodiment, the profiled contour is 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 a transition region between the root region
and the airfoil region, the transition region having a profile gradually changing in the radial
direction from the circular or elliptical profile of the root region to the lift-generating profile of
the airfoil region. The surface mounted device may advantageously be provided in the
transition region of the blade.

[0086] According to a particular advantageous embodiment, the flow guiding device is
arranged in the transition region of the profiled contour, preferably on the pressure side of the
blade. The device can increase the lift in the transition region and thus contribute to the energy
yield. Advantageously, the flow guiding device extends substantially along an entire longitudinal
extent of the transition region, thus contributing to the increased lift along the entire transition
region.

[0087] Yet again, the flow guiding device may advantageously extend into the airfoil region.
This will add lift to the airfoil region and thus increase the annual energy yield. In principle it
may also extend into the root region. Also, the flow guiding device may be arranged in the root
region alone, or in the airfoil region alone.

[0088] In a preferred embodiment, the surface mounted device is attached to the surface of
the blade via three attachment parts, wherein a first attachment part is connected near a first
end of the surface mounted device, a second attachment part is connected near a second end
of the surface mounted device, and a third attachment part is connected at an intermediate
part of the surface mounted device. The three attachment parts may, when seen in a top view,
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be arranged in a triangle on the surface of the wind turbine blade. The triangle may have an
acute angle being at least 5 degrees, or at least 10 degrees.

[0089] In one advantageous embodiment, the attachment part or the flexible housing is made
of a double-adhesive tape. This provides a particular simple method of forming the shape of
the attachment part and the cavity which is to be filled with the adhesive, which forms the
adhesive bonding.

[0090] Accordingly, the double-adhesive tape may in one embodiment form a circumferential
part between the surface of the wind turbine blade and the surface mounted device, and
further form a cavity between the double-adhesive tape, the surface of the wind turbine blade
and a part of the surface mounted device.

[0091] In one advantageous embodiment, the double-adhesive tape comprises a layer of
compressible material. This provides a viscoelastic housing. The compressible material may
for instance be a layer of foam cells, such as acrylic foam. The double-adhesive tape may
have a thickness of at least 0.5 mm, and preferably at least 1 mm. Further, the adhesive tape
may have a thickness of maximum 10 mm, or maximum 7 mm, or maximum 5 mm.
Accordingly, a cavity having a height of 0.5 mm to 10 mm may be formed, e.g. having a height
of 1T mm to 5 mm.

[0092] According to another aspect, the invention provides a wind turbine comprising a
number of blades, preferably two or three, according to any of the aforementioned
embodiments.

[0093] The first aspect of the invention also provides a method of attaching a surface mounted
device to a surface of a wind turbine blade, wherein the wind turbine blade has a longitudinal
direction with a tip end and a root end and a transverse direction, wherein the wind turbine
blade further 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 method comprises the steps of:

1. a) providing the wind turbine blade,

2. b) proving a surface mounted device for mounting on the surface of the blade, the
surface mounted device having at least one attachment part connected to a part of the
surface mounted device, wherein the attachment part comprises a flexible housing
adapted to form a cavity between at least the housing and the surface of the wind
turbine blade,

3. ¢) positioning the attachment part on a first discrete area of the surface of the blade so
that a cavity is formed between at least the housing and the surface of the wind turbine
blade,

4. d) injecting an adhesive or resin into the cavity, and

5. e) curing or hardening the adhesive or resin so that the device is attached to the surface
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of the wind turbine blade via an adhesive bonding.

[0094] The method involving an attachment part with a glue cavity also provides a particular
simple method of attaching the surface mounted device to the surface of the blade.

[0095] Since the housing of the attachment part is flexible, the attachment part accommodates
to the curvature of the blade surface, e.g. by applying pressure to the attachment part. The
exact position of the device may also be fine-tuned by carefully moving the attachment parts so
that the desired position is obtained. Overall, the new attachment method provides a simple
method of fitting the add-ons to the surface of the blade without the need of fixtures and
lengthy preparation of the surface of blade. Further, the flexible housing also acts as a glue
shaper and glue stopper, which alleviates the subsequent need for finishing operations, such
as removal of excessive adhesive. Accordingly, a worker may more quickly attach the surface
mounted device to the surface of the blade than with prior art techniques.

[0096] The cavity may be formed by pressing the attachment part against the surface of the
blade.

[0097] The attachment part is preferably previously connected to the device, .e.g. by gluing or
moulding the attachment part onto the device. The connection part is preferably connected to
a proximal part of the surface mounted device. The proximal part of the surface mounted
device is the part, which is located nearest the blade surface and so to speak is attached to the
surface of the blade. However, by utilising the attachment parts, it is clear that there may be a
spacing between the proximal part of the surface mounted device and the surface of the blade.
However, in principle, the attachment device may in an alternative embodiment be connected
to the device as part of the glue filling and hardening steps of steps d) and e).

[0098] It is clear that the surface mounted device is preferably attached to an external surface
of the wind turbine blade. However, it may also be an internal surface of the wind turbine
blade.

[0099] In one embodiment, the first discrete area of the wind turbine blade is degreased prior
to step a, e.g. via an alcohol based rub. Thereby, it is ensured that an effective adhesive bond
can be provided to the surface of the blade. The degreasing is advantageously carried out on
a gelcoat of the wind turbine blade. However, compared to previous attachment methods, it is
not necessary to grind the gelcoat in order to reveal fibre material for bonding.

[0100] In a preferred embodiment, the attachment part comprises a circumferential lip for
attaching to the surface of the wind turbine blade. The circumferential lip thus forms the lower
or proximal part of the attachment device and seals to the surface of the blade, thereby
forming the glue cavity between the housing and the surface of the wind turbine blade. The
circumferential lip may have a substantially flat attachment surface for mounting to the blade.
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The circumferential lip may alternatively have an inclined attachment surface so that the
attachment surface accommodates to the surface of the wind turbine blade, when it is pressed
against said surface of the wind turbine blade.

[0101] The circumferential lip may be provided with an adhesive, such as an adhesive tape,
e.g. a pressure-sensitive double-adhesive tape, for providing a preliminary attachment to the
blade surface. This is particular useful of in situ retrofitting of add-ons to the surface of the
blade.

[0102] Thus, the tape provides a sealing to the blade surface, and provides the glue cavity,
which is then filled with an adhesive and hardened or cured. The preliminary attachment may
ensure that the attachment part does not move during the injection step, and further prevents
that adhesive escapes from the sides of the attachment device during the injection step. This is
particular advantageous, since the injection of adhesive may be carried out without previous
evacuation of the cavity, and in that the injection of adhesive may build up pressure in the
cavity.

[0103] The tape may be provided with a liner. The liner is advantageously provided with a tap
so that the liner can be pulled out from the lip. Thus, the lip of the attachment part may be
pressed against the surface of the blade. Once the device and attachment part are located in
the correct position, the liner is removed, whereby the lip is preliminary attached to the surface
of the wind turbine blade, and after which injection of adhesive into the cavity may be carried
out.

[0104] In an alternative embodiment, a few drops of adhesive are applied to the lip of the
flexible housing. The fastening element can still be moved along the blade surface and once
the desired position is found, the lip is simply pressed against the blade surface until the
adhesive at least partially hardens and provides a preliminary attachment to the blade surface.

[0105] In another embodiment, the attachment part is prior to step d) mechanically fixed to the
surface of the wind turbine blade, e.g. via a screw connected through the attachment part and
to an alignment hole formed in the surface of the wind turbine blade. The mechanical fixation
means, e.g. the screw, may be removed after the injection and curing of adhesive. The hole
from the screw may then be filled with a sealant.

[0106] In another embodiment, a micro-environment treatment is carried out in the cavity prior
to step d). The micro-environment treatment may for instance be chosen from the group of
evacuating the cavity, heating the cavity, or a degasification, e.g. via filing the cavity with
nitrogen. Thereby, the cavity may be dried before the injection step, which may improve the
adhesive bond even further, since moist is removed prior to the injection.

[0107] It is also possible to position the attachment part on the blade of the surface by use of a
fixture to keep the attachment part in place, while the adhesive is injected into the cavity. This
embodiment is particular useful, if the add-ons are mounted to the surface of the blade at the
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factory.

[0108] In one advantageous embodiment, the flexible housing is provided with a bore from the
cavity to an exterior. Thereby, gas or air is able to escape from the cavity during the injection
step. The bore is preferably relatively small. The bore may advantageously be provided near a
distal part of the flexible housing, whereby the adhesive or resin filled into the cavity pushes the
air towards a top part of the cavity. It is also possible to apply suction to the bore. The bore
may also provide a visual confirmation of the filling process, e.g. when liquid adhesive starts
pouring out from the hole, the injection of the adhesive may be stopped.

[0109] The flexible housing may also be made of an at least partially transparent material,
such that the filling process can easily be monitored.

[0110] The cavity may be connected to an adhesive reservoir or chamber during the curing or
hardening in step e). Thus, if the adhesive shrinks during the hardening, additional liquid
adhesive will be drawn into the cavity and fill the voids. The adhesive of the reservoir should of
course harden at a later stage than the adhesive in the cavity such that liquid adhesive is not
drawn in the wrong direction.

[0111] In a first additional aspect of the invention, the attachment part or the flexible housing of
the attachment part is made from double-adhesive tape, wherein the double-adhesive tape is
arranged to form a circumferential part and so as to form a cavity formed by partly by the
double-adhesive tape, the surface of the blade, and a part of the surface mounted device.

[0112] In other words, the first additional aspect provides a wind turbine blade for a rotor of a
wind turbine having a substantially horizontal rotor shaft, said 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 having a longitudinal direction with a tip end and a root end and a
transverse direction, 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, wherein

» a surface mounted device is attached to a surface of the wind turbine blade, wherein

» the surface mounted device is attached to the surface of the wind turbine blade via at
least a first attachment part, which is connected to a part of the surface mounted device,
wherein

» the attachment part comprises a flexible housing made of an double-adhesive tape that
forms a cavity between at least the housing, the surface of the wind turbine blade, and a
part of the surface mounted device, and wherein

« the cavity is filled with an adhesive that provides an adhesive bonding to the surface of
the wind turbine blade.
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[0113] Similar to the previous embodiments, the double-adhesive tape may form a
circumferential part, such as a lip, of the flexible housing.

[0114] The circumferential part may have a small opening, such that it may provide a visual
confirmation of the filling process, e.g. when liquid adhesive starts pouring out from the hole,
the injection of the adhesive may be stopped.

[0115] In one advantageous embodiment, the double-adhesive tape comprises a layer of
compressible material. This provides viscoelastic housing. The compressible material may for
instance be a layer of foam cells, such as acrylic foam. The double-adhesive tape may have a
thickness of at least 0.5 mm, and preferably at least 1 mm. Further, the adhesive tape may
have a thickness of maximum 10 mm, or maximum 7 mm, or maximum 5 mm. Accordingly, a
cavity having a height of 0.5 mm to 10 mm may be formed, e.g. having a height of 1 mm to 5
mm.

[0116] In a second additional aspect, the invention provides a method of attaching a surface
mounted device to a surface of a wind turbine blade, wherein the wind turbine blade has a
longitudinal direction with a tip end and a root end and a transverse direction, wherein the wind
turbine blade further 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 method comprises the steps of:

1. a) providing the wind turbine blade,

2. b) arranging double-adhesive tape on the surface of the wind turbine blade so as to form
a circumferential part of an attachment part

3. ¢) arranging a device for mounting on the surface of the blade on the double-adhesive
tape so that a cavity of an attachment part is formed between at least the double-
adhesive tape, the surface of the wind turbine blade, and a part of the device,

4. d) injecting an adhesive or resin into the cavity, and

5. e) curing or hardening the adhesive or resin so that the device is attached to the surface
of the wind turbine blade via an adhesive bonding.

[0117] It is recognised that the double-adhesive tape may be arranged directly on the surface
of the wind turbine blade and that the device is then later arranged on top of the double-
adhesive tape in order to form the cavity, or alternatively that the double-adhesive tape may be
arranged on the device and that the device with the double-adhesive tape is then arranged on
the surface of the wind turbine blade in order to form the cavity.

Brief Description of the Figures




DK/EP 3177827 T3

[0118] The invention is explained in detail below with reference to embodiments shown in the
drawings, in which

Fig. 1 shows a wind turbine,

Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade provided with flow
guiding device parts according to the invention, seen in perspective,

Fig. 3 shows a schematic view of an airfoil profile,
Fig. 4 shows a top view of a wind turbine blade according to the invention,

Fig. 5 shows various views of a flow guiding device according to the invention and provided
with attachment parts according to the invention,

Fig. 6 shows two embodiments of a proximal part of a flow guiding device according to the
invention with an attachment part according to the invention,

Fig. 7 shows cross-sectional views of two embodiments of attachment parts according to the
invention,

Fig. 8 illustrates an adhesive injection step of a method according to the invention,

Fig. 9 shows a group of flow guiding devices,

Fig. 10 shows a first embodiment of top parts of a group of flow guiding devices,

Fig. 11 shows a second embodiment of top parts of a group of flow guiding devices,

Fig. 12 shows a third embodiment of top parts of a group of flow guiding devices,

Fig. 13 shows a fourth embodiment of top parts of a group of flow guiding devices,

Fig. 14 shows a fifth embodiment of top parts of a group of flow guiding devices,

Fig. 15 shows a top view of a wind turbine blade provided with serrated trailing edge panels,

Fig. 16 shows a top view of a serrated trailing edge panel provided with an attachment part
according to the invention,

Fig. 17 shows a top view of a serrated trailing edge panel provided with three attachment parts
according to the invention,

Fig. 18 shows a top view of a first embodiment of a serrated trailing edge panel, where the
attachment part is made from double-adhesive tape,

Fig. 19 shows a top view of a second embodiment of a serrated trailing edge panel, where the
attachment part is made from double-adhesive tape,

Fig. 20 shows a top view of a part of a blade with an area prepared for arrangement of surface
mounted devices,
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Fig. 21 shows a template for driling alignment holes in the area prepared for arrangement of
surface mounted devices,

Fig. 22 shows areas prepared for mounting of the attachment parts of the surface mounted
devices, and

Fig. 23 shows an additional embodiment of a proximal part of a flow guiding device according
to the invention with an attachment part according to the invention.

Detailed Description of the Invention

[0119] Fig. 1 illustrates a conventional modern upwind wind turbine 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 includes a hub 8 and three blades 10 extending radially from the hub 8, each
having a blade root 16 nearest the hub and a blade tip 14 farthest from the hub 8.

[0120] Fig. 3 shows a schematic view 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 side and the leeward
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 t, 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 median 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 and lower camber, which are defined as the distances from the chord
60 and the suction side 54 and pressure side 52, respectively.

[0121] Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10
according to the invention. The wind turbine blade 10 has the shape of a conventional wind
turbine blade and comprises a root region 30 closest to the hub, a profiled or an airfoil region
34 farthest 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.

[0122] 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



DK/EP 3177827 T3

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 is typically constant along the entire root area 30. The transition region 32 has a
transitional profile 42 gradually changing from the circular or elliptical shape 40 of the root
region 30 to the airfoil profile 50 of the airfoil region 34. The width of the transition region 32
typically increases substantially linearly with increasing distance r from the hub.

[0123] The airfoil region 34 has an airfoil profile 50 with a chord extending between the leading
edge 18 and the trailing edge 20 of the blade 10. The width of the chord decreases with
increasing distance r from the hub.

[0124] The chords of different sections of the blade normally do not lie in a common plane,
since the blade may be twisted and/or curved (i.e. pre-bent), thus providing the chord plane
with a correspondingly twisted and/or curved course, this being most often the case in order to
compensate for the local velocity of the blade being dependent on the radius from the hub.

[0125] The wind turbine blade 10 according to the invention is provided with a number of
surface mounted devices in form of flow guiding device parts 70, which are grouped together
and protrude from the pressure side of the blade in at least the transition region 32 of the
blade so as to form a flow guiding device group 95 as shown in top view in Fig. 4. However,
advantageously the flow guiding device parts 70 may also extend into the airfoil region 34
and/or the root region 30 of the blade.

[0126] Figs. 5a-e show a flow guiding device part 70 according to the invention, which is
adapted to function as a spoiler and attached to the surface of a wind turbine blade, e.g. as
shown in Figs. 2 and 4. Fig. 5a shows a bottom view, Fig. 5b shows a side view , Fig. 5¢ shows
a rear view, Fig. 5d shows a perspective view showing the rear, and Fig. 5e shows another
perspective view showing the front of the flow guiding device part 70.

[0127] It is seen that the flow guiding device part 70 comprises a plate-shaped element 71 that
protrudes from the surface of the blade, when the flow guiding device part 70 is mounted to the
surface of the blade, and which provides an obstruction to the incoming flow. The plate-shaped
element 71 comprises a front surface 72, which faces towards the leading edge 18 of the blade
10 and thus towards the incoming flow, and a rear surface 73, which faces towards the trailing
edge 20 of the blade 10 and thus away from the incoming flow.

[0128] The plate-shaped element 71 comprises a proximal part 74 or lower part, which - when
the flow guiding device part 70 is mounted to the surface of the blade - is located nearest the
blade surface, and a distal part 75 or upper part, which is located farthest from the blade
surface. The plate-shaped element 71 is curved in the lengthwise or longitudinal direction and
has a first curvature of radius at the proximal part 74 of the plate-shaped element 71 and a
second curvature of radius at the distal part 75 of the plate-shaped element.

[0129] In the shown embodiment, the plate-shaped element 70 forms part of the outer surface
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of a frusto-conical element and thus the second radius of curvature is smaller than the first
curvature of radius. However, in an alternative embodiment, the second curvature of radius is
larger than the first curvature of radius, which may provide a stiffer structure to the distal part
75 of the plate-shaped element 71. The second radius of curvature may for instance approach
infinity, in which case the distal part 75 of the plate-shaped element 71 is straight. In yet
another embodiment, the radius of curvature may be constant from the proximal part 74 to the
distal part 75 of the plate-shaped element.

[0130] The plate-shaped element 71 is further angled forwards towards the leading edge of
the blade so as to provide a pocket between the plate-shaped element 71 and the surface of
the blade, said pocket facing towards the leading edge of the blade. Since the plate-shaped
element 71 is curved towards the leading edge of the blade (i.e. being concave as seen from
the leading edge of the blade), this also attributes to forming the pocket between the surface
mounted device and the surface of the blade. With a flexible plate-shaped element 71, this
design also allows the surface mounted design to be collapsed or pressed against the surface
of the blade, which may be advantageous for transport purposes.

[0131] The flow guiding device part 70 comprises three attachment parts 77, which are utilised
to attach the flow guiding device part 70 to the surface of the blade. Each of the attachment
parts 77 are tapered from a proximal part to a distal part of the attachment part 77 such that
the proximal part has a greater surface area than the distal part. The attachment part may for
instance be substantially bell-shaped, conical or frusto-conical shaped. This minimises notch
effects at the surface of the blades and provides a gradual transition of loads transferred from
the blade 10 and onto the flow guiding device part 70, when the blade bends or the blade shell
ovalises. As seen in Fig. 5c, the attachment part 77 is preferably also tapered in the side-view
so that the height of the attachment part 77 approaches zero at a circumference, thus
minimising the notch effect.

[0132] The attachment part 77 further includes a flexible housing 80, which forms a cavity
between at least the flexible housing 80 and the surface of the wind turbine blade. A part of the
attachment part 77 may be moulded as a first piece together with the plate-shaped element
71, and the flexible housing 80 may be moulded onto this first piece. Alternatively, the flexible
housing may be glued onto and/or mechanically connected to the first piece.

[0133] The flow guiding device part 70 may be attached to three discrete areas on the surface
of the blade, wherein the three discrete areas when seen in a top view are arranged in a
triangle as for instance seen in Fig. 5a. This provides a particularly simple way of attaching
add-ons to the surface of a wind turbine blade, since the three-point attachment will always be
able to contact the surface of the blade despite having a complex curvature. The triangle may
have an acute angle being at least 5 degrees, or at least 10 degrees.

[0134] The plate-shaped element 71 may, as seen in Figs. 5a and 5e, further be reinforced
with a grid or rib structure 76. The ribs may for instance be arranged along the two end parts
of the plate-shaped element 71, and with a rib extending along a distal part of the plate-shaped
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element. Further or alternatively, the plate-shaped element may be provided with cross-ribs
extending from near a distal part and end part and to a proximal and intermediate part of the
plate-shaped element 71. This provides a strong triangular rib structure that adds strength to
plate-shaped element 71. The rib or grid design may readily be moulded together with the
plate-shaped element 71. The grid or rib structure may for instance be provided as surface
protrusions.

[0135] The flow guiding device part 70 may further be provided with a grip or the like, e.g.
provided on the attachment part 77 as shown in Fig. 5e. This grip 78 may facilitate easier
handling for a worker attaching the flow guiding device part 70, which can use the grip to better
press the flexible housing against the surface of the blade. This is particularly advantageous, if
the flow guiding device parts 70 are mounted on site.

[0136] The thickness tg of the plate-shaped element 71 is advantageously 0.5-10mm, e.g.
around 1.5-3 mm. The thickness t, of the rib or grid structure 76 is advantageously 5-50 mm.

The longitudinal length / of the surface mounted device is advantageously 20-150 cm, or 25-
120 cm. The height h of the surface mounted device is advantageously 3-50 cm. The plate-
shaped element 71 is preferably connected to the attachment part 77 such that a spacing s
between the proximal part 74 of the plate-shaped element 71 and the surface of the wind
turbine blade is in the interval 1-20 mm, e.g. around 10 mm.

[0137] The flow guiding device 70 and the attachment part 77 may be made of polyurethane
(PUR) material or a thermoplastic polymer, optionally reinforced with reinforcement fibres, and
the attachment part is also made of a polyurethane (PUR) or thermoplastic material. The
hardness of the flexible housing 80 is advantageously 20-75 on the Shore A scale, e.g. around
55 on the shore A scale. The hardness of the plate-shaped element 71 is advantageously 45-
100 on the shore D scale, e.g. around 75 on the shore D scale.

[0138] Figs. 6a and 6b show detailed cross-sectional views of a first embodiment and a
second embodiment of a flow guiding device part according to the invention and provided with
attachment parts according to the invention.

[0139] Fig. 6a shows a first embodiment of the flow guiding device part 70 and the attachment
part 77. It is seen that a tapered section of the attachment part 77 and the plate-shaped
element are integrally formed, e.g. as a moulded element. The flexible housing 80 is
connected to a recess 83 of the tapered section of the attachment part 77. The flexible housing
may be glued onto or moulded onto the tapered section. The flexible housing 80 comprises a
circumferential lip 82, which is sealed against the surface of the wind turbine blade. This
provides a glue cavity 81, which is formed between the surface of the blade, the flexible
housing 80 and a lower part of the tapered section of the flow guiding device part 70. A bore or
hole 79 is provided through the attachment part 77 and which can communicate with the glue
cavity 81 such that an adhesive may be filled into the cavity 81 via the bore 79. The flexible
housing further comprises a ventilation hole 88, whereby gas or air is able to escape from the
cavity 81 during a step of injecting an adhesive into the cavity. The ventilation hole 88 may also
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provide a visual confirmation of the filling process, e.g. when liquid adhesive starts pouring out
from the hole, the injection of the adhesive may be stopped.

[0140] Fig. 6b shows a second embodiment of a flow guiding device part 70' and an
attachment part 77', where like numerals refer to like parts of the first embodiment. Therefore,
only the difference between the two embodiments is described. The second embodiment
differs from the first embodiment in that the flexible housing encases a lower part of the
tapered section 77' or the plate-shaped element 70', such that the glue cavity 81' is formed
between the flexible housing 80 and the surface of the blade only.

[0141] The lip 82 of the attachment device 77 advantageously has a maximum external
dimension, such as an outer diameter, of 1-15 cm, or 2-10 cm. Thus, the proximal part of the
attachment device 77 may have this maximum external dimension.

[0142] According to one embodiment shown in Fig. 7a, the circumferential lip 82 may comprise
a substantially flat attachment surface 84 for mounting to the blade. The attachment surface
may be provided with a pressure-sensitive double adhesive tape 85 for providing a preliminary
attachment to the blade surface. The tape 85 may be provided with a liner 86, which is
removed prior to fitting the flexible housing 80 to the surface of the blade. The liner 86 is
advantageously provided with a tap so that the liner 86 can be pulled out from the lip 82. Thus,
the lip 82 of the flexible housing 80 may be pressed against the surface of the blade. Once the
device 70 and attachment part 77 is located in the correct position, the liner 86 is removed,
whereby the lip 82 is preliminary sealed to the surface of the wind turbine blade and provides
the glue cavity 81, and after which injection of adhesive into the cavity 81 may be carried out.

[0143] According to another embodiment shown in Fig. 7b, a circumferential lip 182 of the
flexible housing has an inclined attachment surface 184. Similar to the embodiment shown in
Fig. 7a, the attachment surface may be provided with a pressure-sensitive double adhesive
tape 185 for providing a preliminary attachment to the blade surface, which in turn is provided
with a liner 186. The incline of the attachment surface 184 accommodates to the surface of the
wind turbine blade, when it is pressed against said surface of the wind turbine blade, which is
illustrated with the arrows shown in Fig. 7b.

[0144] Fig. 8 illustrates a step in a method of attaching a surface mounted device to the
surface of a wind turbine blade according to the invention. The method comprises a first step
of providing the wind turbine blade and a second step of providing the surface mounted device
with an attachment part according to the invention, e.g. one of the two embodiments shown in
Fig. 6. In a third step, the attachment part of the surface mounted device is positioned on a first
discrete area of the surface of the blade so that a cavity is formed between at least the housing
and the surface of the wind turbine blade. In a fourth step, illustrated in Fig. 8, an adhesive or
resin 91 is filled into the glue cavity. Once the glue cavity 81 has been filled with the adhesive,
injection is stopped after which the adhesive 91 in a fifth step is cured or hardened so that the
surface mounted device 70 is attached to the surface of the wind turbine blade via an adhesive
bonding.
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[0145] The adhesive 91 is injected into the glue cavity 81 via the bore 79, e.g. via a syringe or
a static mixer. The ventilation hole 88 is preferably located at a proximal part of the flexible
housing, such that adhesive 91 filled into the cavity 81 reaches said ventilation hole 88 last.
Thereby, the ventilation hole 88 may also be used for visual inspection to check if the cavity
has been filled. Alternatively or additionally, the flexible housing may be made in an at least
partially transparent material, such that the filling process can be monitored.

[0146] The cavity 81 may remain connected to an adhesive reservoir 90 or chamber during
the curing or hardening in the fifth step. Thus, if the adhesive 91 shrinks during the hardening,
additional liquid adhesive will be drawn into the cavity and filling the voids. The adhesive 91 of
the reservoir 90 should of course harden at a later stage than the adhesive in the cavity such
that liquid adhesive is not drawn in the wrong direction.

[0147] The adhesive 90 may for instance be PU-based, epoxy-based or MMA. It may also be a
hybrid between the various materials, such as a polymerisable PU mixed in a MMA.

[0148] In another embodiment, a micro-environment treatment is carried out in the cavity prior
to the fourth step. The micro-environment treatment may for instance be chosen from the
group of evacuating the cavity, heating the cavity, or a degasification, e.g. via filling the cavity
with nitrogen. Thereby, the cavity may be dried before the injection step, which may improve
the adhesive bond even further, since moist is removed prior to the injection. This may be
carried out via attaching the appropriate tool to the bore 79 or the ventilation hole 88.

[0149] As shown in Figs. 2 and 4, the surface mounted devices are advantageously flow
guiding devices e.g. in form of spoiler devices, which are grouped together to form a flow
guiding device group. The modular construction of this group makes the construction more
flexible and reduces peel forces at the ends of the flow guiding device parts. The individual flow
guiding device parts are preferably arranged such that the lengthwise directions of the parts
are oriented substantially in the longitudinal direction of the blade.

[0150] Fig. 9 shows a back view of a first embodiment of a flow guiding device group. As can
be seen, the group comprises a number of individual flow guiding device parts 170, which
mutually are separated by gaps 181. The gaps 181 between adjacent flow guiding device parts
170 may for instance be between 5§ mm and 30 mm. According to another embodiment (not
shown), the flow guiding device parts abut each other.

[0151] Fig. 10 shows the flow guiding device parts 170 seen from the top, here depicted as a
proximal part of a plate-shaped element. In the shown embodiment, the gaps 181 between
adjacent flow guiding device parts 170 are closed by intermediate elements 196 made of a
flexible material, such as rubber. In this particular embodiment, the intermediate elements 179
are attached to a front surface of the plate-shaped elements 170. This may provide a
continuous front surface for the flow guiding device group. However, according to a preferred
embodiment, the design does not comprise any intermediate elements (corresponding to the
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embodiment shown in Fig. 9).

[0152] Fig. 11 shows a second embodiment of flow guiding device parts 270 according to the
invention. In this embodiment the gaps are also closed by intermediate elements 296 made of
a flexible material, such as rubber. In this embodiment, the intermediate parts fill the entire gap
between the flow guiding device parts 270 and are attached to both a front surface and back
surface of the flow guiding device parts 270.

[0153] Fig. 12 shows a schematic view of a third embodiment of flow guiding device parts 370
according to the invention, seen from the top. In this embodiment, the flow guiding device parts
are alternately arranged in front of and behind other flow guiding device parts, such that the
flow guiding device parts form a nearly continuous front surface.

[0154] Fig. 13 shows a schematic view of a fourth embodiment of flow guiding device parts
470 according to the invention, seen from the top. It can be seen the flow guiding device parts
470 are staggered in the longitudinal direction. The back surface of one flow guiding device
part may abut the front surface of a second flow guiding device part, or there may be a small
gap in the transverse direction of the blade.

[0155] Fig. 14 shows a schematic view of a fifth embodiment of flow guiding device parts 570
according to the invention, seen from the top, which is similar to the third embodiment with the
exception that the flow guiding device parts 570 are alternately convex and concave in the
longitudinal direction. In the shown embodiment, two flow guiding device parts are arranged
behind the others. However, they may also advantageously be arranged in front of the other
flow guiding device parts, thereby obtaining a slightly different overall design. If the flow guiding
device parts are angled forwards to form a pocket between the plate-shaped element and the
blade surface, it is clear that two different types of flow guiding device parts are needed.

[0156] The invention has so far been described in relation to surface mounted devices in form
of spoiler devices. However, the attachment parts and method according to the method may
also be used for attaching other types of flow guiding devices to the surface of a wind turbine
blade, e.g. serrated trailing edge panels or Gurney flaps.

[0157] Fig. 15 shows such an embodiment of a wind turbine blade 610, which is provided with
a plurality of serrated trailing edge panels 670, which are arranged at the trailing edge of the
blade near the blade tip. As seen in Fig. 16, the serrated trailing edge panel 670 may be
provided with an attachment part, which comprises a flexible housing 681, which forms a glue
cavity 681 between the panel 670 and the blade surface. The panel 670 is adhesively attached
to the blade by filling the glue cavity with an adhesive and letting the adhesive cure or harden.

[0158] Fig. 17 shows an alternative embodiment of a serrated trailing edge panel 770, which is
provided with three attachment parts, each comprising a flexible housing 780 and forming a
glue cavity 681 between the panel 770 and the blade surface. The three attachment parts may,
seen in a top view, be arranged in a triangle.
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[0159] In the above embodiments, the flexible housing is described as a pre-manufactured
element. However, the attachment part or the flexible housing is made from a double-adhesive
tape or the like. In the following, such embodiments are exemplified for the attachment of a
serrated trailing edge panel. However, the flexible housing made of double-adhesive tape may
be used for any surface mounted device, such as spoiler devices or the like.

[0160] Fig. 18 shows a top view of a first embodiment of a serrated trailing edge panel 870,
where the flexible housing 880 of an attachment part is made from double-adhesive tape. The
double-adhesive tape may be applied to the surface of the wind turbine blade (not shown) as
separate parts 880a, 880b, 880c, 880d, which are arranged so that they form a circumferential
part. Once the serrated trailing edge panel 870 is arranged on top of the double-adhesive
tape, a cavity 881 is formed between the surface of the wind turbine blade, the double-
adhesive tape and the serrated trailing edge panel 870. Liquid adhesive may then be injected
into the cavity 881, e.g. via a bore 879 in the serrated trailing edge panel 879, and the
adhesive propagates (illustrated with contour lines 893) through the cavity 881.

[0161] The double-adhesive tape parts 880a, 880b, 880c, 880d may be arranged so that a
small opening 888 is provided in the circumferential part, such that a visual confirmation of the
filling process may be provided, e.g. when liquid adhesive starts pouring out from the hole, the
injection of the adhesive may be stopped.

[0162] Fig. 19 shows a top view of a second embodiment of a serrated trailing edge panel,
where the attachment part is made from double-adhesive tape. The double-adhesive tape may
be applied to the surface of the wind turbine blade (not shown) as separate parts 980a, 980b,
980c, 980d, which are arranged so that they form a circumferential part. Once the serrated
trailing edge panel 970 is arranged on top of the double-adhesive tape, a cavity 981 is formed
between the surface of the wind turbine blade, the double-adhesive tape and the serrated
trailing edge panel 970. The double-adhesive tape parts 980a, 980b, 980c, 980d are arranged
so that an opening 979 is provided in the circumferential part. Liquid adhesive may then be
injected through said opening 979 illustrated with contour lines 993.

[0163] Liquid adhesive may then be injected into the cavity 881, e.g. via a bore 879 in the
serrated trailing edge panel 879, and the adhesive propagates (illustrated with contour lines
893) through the cavity 881.

[0164] The double-adhesive tape parts 980a, 980b, 980c, 980d may additionally be arranged
so that a second small opening 988 is provided in an opposite side of the circumferential part,
such that a visual confirmation of the filling process may be provided, e.g. when liquid adhesive
starts pouring out from the hole, the injection of the adhesive may be stopped.

[0165] In one advantageous embodiment, the double-adhesive tape comprises a layer of
compressible material. This provides a viscoelastic housing. The compressible material may
for instance be a layer of foam cells, such as acrylic foam. The double-adhesive tape may
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have a thickness of at least 0.5 mm, and preferably at least 1 mm. Accordingly, a cavity having
a height of e.g. 1 mm to 5 mm may be provided.

[0166] Figs. 20-23 illustrate various steps in another embodiment for attach surface mounted
devices, such as spoiler parts, to the surface of a wind turbine blade. While it according to the
invention is not strictly necessary to remove the gelcoat for providing a proper bonding for the
attachment parts, this may in some circumstances improve the bonding. In a first step shown in
Fig. 20, an area 1065 on the surface of the blade may be prepared for arrangement and
mounting of surface mounted devices. This may be carried out by removing the gelcoat in the
area 1065. Alternatively, the blade shell may be manufactured with an area void of gelcoat.

[0167] In a next step illustrated in Fig. 21, a template for drilling alignment holes 1067 is
arranged in the area 1065 prepared for arrangement of the surface mounted devices.

[0168] In a next step illustrated in Fig. 22, a plurality of patches 1068 are aligned on top of the
alignment holes 1067. The patches 1068 may be provided with a pin for arrangement in the
alignment holes. The patches 1068 may be arranged by use of a special tool, which has pre-
aligned the orientation of the patches 1068.

[0169] In a next step, not illustrated, a gelcoat is applied to the prepared area 1065 and on top
of the patches 1068. After the gelcoat has cured, the patches 1068 may be removed, thereby
leaving a plurality of areas without gelcoat on the surface of the wind turbine blade.

[0170] In a next step, not illustrated, the surface mounted devices are arranged such that the
flexible housing and attachment part is arranged on top of the gelcoat-free areas 1068.

[0171] The attachment part of the surface mounted devices may be mechanically fixed to the
surface of the blade by use of screw attached through the attachment part and screwed into
the alignment holes 1067 on the surface of the blade.

[0172] Such an embodiment is shown in Fig. 23, wherein like reference numeral refer to like
parts of the embodiments shown in Figs. 6a and 6b. Therefore, only the difference between
the embodiment in Fig. 23 and Fig. 6a is described. The embodiment differs in having a bore
1087 for a screw, and the attachment part is preliminary attached to the surface of the blade
via a screw (not shown) inserted through the bore 1087 and screwed into the alignment holes
1067 formed in the surface of the blade. The alignment holes e.g. have a depth of 20 mm.

[0173] After the adhesive has been injected into the cavity 1081 and cured, the screw may be
removed. The remaining hole may then be filled with a sealant.

[0174] The invention has been described with reference to a preferred embodiment. However,
the scope of the invention is not limited to the illustrated embodiment, and alterations and
modifications can be carried out without deviating from the scope of the invention.

List of reference numerals
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2 wind turbine

4 tower

6 nacelle

8 hub

10, 610 blade

14 blade tip

16 blade root

18 leading edge

20 trailing edge

22 pitch axis

30 root region

32 transition region

34 airfoil region

36 pressure side shell

38 suction side shell

40, 42, 50 Profiled contour

52 Pressure side

54 Suction side

56 Leading edge

58 Trailing edge

60 Chord

62 Camber line / median line

1065 Area prepared for mounting of surface
mounted devices

1067 Template for alignment holes

1068 Pads / gel-coat free areas

70,70, 170, 270, 370, 470, 570, 670, 770, { Surface mounted device / flow guiding

870, 970, 1070 device

71,71, 1071 Plate-shaped element

72 Front surface

73 Rear surface

74 Proximal/lower part of surface mounted
device

75 Distal/upper part of surface mounted
device

76 Grid/rib structure

77,77 Attachment part
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78 Grip

79,79, 879, 979, 1079 Bore/hole/opening

80, 80', 680, 780, 880, 980, 1080, Flexible housing

81, 81',681, 781, 881, 981, 1081 Glue cavity

82, 82', 182, 1082 Circumferential lip

83, 83', 1083 Recess

84, 184 Attachment surface

85, 185 Double adhesive tape

86, 186 Liner

1087 Bore for screw

88 Ventilation bore/hole

91 Reservoir

893, 993 Propagation front

92 Adhesive

95 Flow guiding device group

196, 296 Intermediate elements

c Chord length

d position of maximum thickness

dr position of maximum camber

dp position of maximum pressure side
camber

f camber

r local radius, radial distance from blade
root

t thickness
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Krav

1. Envindmgllevinge til en rotor pa et vindenergianlaeg med en i hovedsagen vandret
rotorakse, hvor rotoren omfatter et nav, ud fra hvilket vindmgllevingen straekker sig ho-
vedsageligt i en radial retning, nar den er monteret til navet, hvor vindmgllevingen har
en langsgaende retning med en tipende og en rotorende samt en tvaergaende retning,
hvor vindmgllevingen yderligere omfatter:

- en profileret kontur omfattende en trykside og en sugeside savel som en forkant
og en bagkant med en korde havende en kordelaengde straekkende sig derimellem, idet
den profilerede kontur genererer lift, nar den rammes af en indkommende luftstram, hvor
- en overflademonteret indretning er fastgjort til en overflade pa vindmgllevingen,
hvor
- den overflademonterede indretning er forbundet til vindmgllevingens overflade via
i det mindste en forste forbindelsesdel, som er forbundet til en del af den overflademon-
terede indretning, kendetegnet ved, at

- forbindelsesdelen omfatter en perifer del lavet af en dobbeltklaebende tape, der
danner et hulrum mellem i det mindste huset, vindmgllevingens overflade og en del af
den overflademonterde indretning, og hvor

- hulrummet er fyldt med et kleebemiddel, der tilvejebringer en klaebende binding til

vindmgllevingens overflade.

2. Envindmgllevinge ifelge krav 1, hvor den dobbeltklaebende tape omfatter et lag af

komprimerbart materiale.

3. En vindmollevinge ifolge krav 2, hvor det komprimerbare materiale er et lag af

skumceller, sdsom akrylskum.

4. En vindmgllevinge ifalge ethvert af kravene 1-3, hvor den dobbeltkleebende tape
har en tykkelse pa i det mindste 0,5 mm, og fortrinsvis i det mindste 1 mm.

5. En vindmgllevinge ifglge ethvert af kravene 1-4, hvor den dobbeltklaebende tape

har en tykkelse pa maksimum 10 mm, eller maksimum 7 mm, eller maksimum 5 mm.

6. En fremgangsmade til fastgorelse af en overflademonterte indretning pa en over-
flade pa en vindmgllevinge, hvor vindmgllevingen har en langsgaende retning med en

tipende og en rotorende samt en tveergaende retning, hvor vindmgllevingen yderligere
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2

omfatter en profileret kontur omfattende en trykside og en sugeside savel som en forkant
og en bagkant med en korde havende en kordelaengde straekkende sig derimellem, idet
den profilerede kontur genererer lift, nar den rammes af en indkommende luftstram, hvor
fremgangsmaden omfatter falgende trin:

a) tilvejebringelse af en vindmgllevinge

b) placering af dobbeltkleebende tape pa en overflade af vindmgllevingen for at danne
en perifer del af en forbindelsesdel,

c) placering af en indretning til montering pa vingens overflade pa den dobbeltklaebende
tape, sa et hulrum for forbindelsesdelen dannes mellem i det mindste den dobbeltklze-
bende tape, vindmgllevingens overflade og en del af indretningen,

d) indsprgijtning af et kleebemiddel eller resin ind i hulrummet, og

e) heerdning af klaebemidlet eller resinen, sa indretningen er forbundet med vindmglle-
vingens overflade via en kleebemiddelsbinding.
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