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(57) Abstract: A wind turbine blade (10) for a rotor of a wind turbine (2) having a substantially horizontal rotor shaft, said rotor
comprising a hub (8), from which the blade (10) extends substantially in a radial direction when mounted to the hub (8), the blade
having a longitudinal direction (r) with a tip end (14) and a root end (16) and a transverse direction, is disclosed. The blade further
comprises: a profiled contour (40, 42, 50) including a pressure side and a suction side, as well as a leading edge (18) and a trailing
edge (20) with a chord having a chord length extending there between, the profiled contour, when being impacted by an incident
airflow, generating a lift. The wind turbine blade is provided with a longitudinally extending flow guiding device (70, 170) at-
tached to the profiled contour. The flow guiding device comprises: a base (90, 190) having a first longitudinal end (91, 191) near-
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Title: Wind turbine blade with longitudinally extending flow gquiding device having a

plate-shaped element

Technical Field

The present invention relates to a wind turbine blade for a rotor of a wind turbine hav-
ing a substantially horizontal rotor shaft, said rotor comprising a hub, from which the
blade extends substantially in a radial direction when mounted to the hub, the blade
having a longitudinal direction with a tip end and a root end and a transverse direction,
the 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 air-

flow, generating a lift.

Background Art

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.

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 circu-
lar 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 re-
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gion. Typically, the width of the blade in the transition region increases substantially

linearly with increasing distance from the hub.

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 accumu-
late to a high increase in financial gains, which surpass 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 aerody-

namic performance of the root and transition regions of the blade.

WO2007/065434 discloses a blade wherein the root region is provided with indenta-

tions and/or projections in order to decrease the drag from this part of the blade.

WQO2007/045244 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.

WO00208600 describes a wind turbine, where the output of the wind turbine is in-
creased 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 ab-

sorb wind energy and increases the overall efficiency of the wind turbine.

W02007/118581 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 increasing the
aerodynamic performance of the blade by increasing the lift. However, the design pro-
posed 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.

DE 10 2008 002930 discloses a wind turbine blade provided with a flow guiding device
comprising a base and a plate-shaped element extending in a transverse direction of

the blade along a chord of the blade.
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Disclosure of the Invention

It is an object of the invention to obtain a new blade, and which overcomes or amelio-
rates at least one of the disadvantages of the prior art or which provides a useful alter-

native.

According to a first aspect of the invention, the wind turbine blade is provided with a
longitudinally extending flow guiding device attached to the profiled contour, the flow
guiding device comprising: a base having a first longitudinal end nearest the root end
and a second longitudinal end nearest the tip end, a first side nearest the leading edge
and a second side nearest the trailing edge, as well as a first surface and a second sur-
face, the first surface of the base being attached to the profiled contour, and the sec-
ond surface facing away from the profiled contour, wherein a longitudinally extending
substantially plate-shaped element protrudes from the second surface of the base in
direction from the first end towards the second end, wherein the flow guiding device is
arranged so as to generate a separation of airflow from the pressure side of the blade
at a point between the flow guiding device and the trailing edge of the blade, when the
blade is impacted by the incident airflow. Thus, it is recognised that the flow guiding
device is arranged between the leading edge and the trailing edge at a distance (i.e.

with a spacing) from the trailing edge.

Compared to the known structure of the spoiler described in WO2007/118581 this
structure has the advantage that it is more flexible and will reduce peel forces at the
ends of the flow guiding device parts. Thereby, the base has a lower tendency to break
off from the surface of the blade. Similar to the spoiler device described in
W02007/118581, the present device may be used as a high lift device for adding lift to

certain longitudinal areas of the blade, thus contributing to the annual energy yield.

The flow guiding device is advantageously arranged substantially parallel to a longitu-
dinal axis of the wind turbine blade, e.g. the pitch axis. Thus, the longitudinal direction
of the flow guiding device and the longitudinal axis of the blade form an angle of less

than 30 degrees, or less than 20 degrees.

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 sur-

face is non-adjustable. Also, it is recognised that the flow guiding device is utilised for
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increasing the lift and the energy yield. Thus, the flow guiding device may alternatively

be denoted as a high lift device.

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.

According to an advantageous embodiment, the profiled contour is divided into: a root
region having a substantially circular or elliptical profile closest to the hub, an airfoil re-
gion 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. This corresponds to the design

of conventional, modern wind turbine blades.

According to a particular advantageous embodiment, the flow guiding device is ar-
ranged 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.

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 vyield. In prin-
ciple it may also extend into the root region. Also, the flow guiding device may be ar-

ranged in the root region alone, or in the airfoil region alone.

According to one advantageous embodiment, the plate-shaped element extends sub-

stantially along the entire longitudinal extent of the base.

According to a first embodiment, the plate-shaped element protrudes from the first side
or the second side of the base. Thereby a simple embodiment is provided, wherein the

flow guiding device as such is formed as an angle bar. According to a second embodi-
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ment, the plate-shaped element protrudes from a point between the first side and the
second side of the base, e.g. a middle part. Accordingly, the plate-shaped element may

extend substantially from the middle of the base.

According to one advantageous embodiment, the plate-shaped element is substantially
planar. This provides a simple embodiment, which is easy and cheap to manufacture.
According to another advantageous embodiment, the plate-shaped element is curved,
e.g. convex or concave. This may in certain situations be advantageous, e.g. in order
to obtain a smooth transition from the blade surface to the plate-shaped element. The
plate shaped element can be moulded in the curved shape or be formed as a planar

element, which subsequently is bent to the desired shape.

In one embodiment according to the invention, the plate-shaped element at a point of
attachment forms a first angle with the base, the first angle being maximum 80 de-
grees, advantageously being maximum 70 degrees, more advantageously being
maximum 60 degrees. According to another embodiment, the first angle is at least 100
degrees, or advantageously at least 110 degrees, or more advantageously at least 120
degrees. This embodiment is particularly relevant, if the point of attachment is found at
the first side or the second side of the base. These embodiments provide simple solu-
tions to angle the plate-shaped forward or backward, which contributes additionally to a

pressure build up on the pressure side of the blade.

According to a first advantageous embodiment, the plate-shaped element is angled to-
wards the trailing edge of the blade. Thus, the plate-shaped element is located sub-
stantially between the trailing edge and a surface normal to the base at the point of at-
tachment (or seen from the inflow, behind said surface normal). In this embodiment,
the plate-shaped element has an inflow surface corresponding to the inflow surface of
the spoiler disclosed in WO2007/118581. 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 EP08171530.2 and EP08171533.6, respec-
tively, by the present applicant. However, compared to e.g. W0O2007/118581, this de-

sign has a huge structural advantage in not being as rigid.

According to a second advantageous embodiment, the plate-shaped element is angled
towards the leading edge of the blade. Thus, the plate-shaped element is located sub-

stantially between the leading edge and the surface normal to the base at the point of
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attachment (or seen from the inflow, in front of said surface normal). 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 pressure in front

of the flow guiding device, and which guides the airflow around the flow guiding device.

Preferably, the flow guiding device is formed as a longitudinally extending device. Ac-
cording to an advantageous embodiment, the flow guiding device extends along at
least 5% of a longitudinal extent of the wind turbine blade. Yet again, the longitudinal
extent of the flow guiding device may be at least 7%, 10%, 15%, or even 20% of the

longitudinal extent or length of the blade.

According to another embodiment, the longitudinally extending flow guiding device ex-
tends 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.

In one embodiment, a minimum distance from the distal point to the profiled contour (or
in other words the height of the flow guiding device), in at least the central longitudinal
portion of the flow guiding device, decreases in the longitudinal direction towards the tip
end. Alternatively, the height of the flow guiding device may be substantially constant in
at least the central portion of the flow guiding device. The height may also vary in the
longitudinal direction with alternating parts, in which the height increases, and parts, in

which the height decreases.

In one advantageous embodiment, the base is formed of a flexible material. Thus, the
bending stiffness of the base may be reduced and the base be bent to fit to the surface
of the blade without introducing large stresses in a bond line between the base and the
plate-shaped element. This may for instance be obtained by forming the base as a
composite structure, such as polymer matrix material reinforced with glass fibres. The
polymer matrix material may for instance be a polyurethane resin. Yet again, the base

may be made of a polymer material, such as ABS plastic or polycarbonate.

Advantageously, a longitudinal extent of the flow guiding device is at least 0.5 meters,
or at least 1 meter, or at least 2 meters, or at least 3 meters. Also, a width of the base,
i.e. the distance between the first side and the second side of the base, is advanta-

geously between 20 cm and 100 cm, or between 20 cm and 70 cm.
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According to one advantageous embodiment, the first surface of the base is curved,
and the curvature of the first surface may optionally vary in the longitudinal direction of
the base. Thereby, this shape can substantially match the longitudinally varying surface
curvature of the profiled contour of the wind turbine blade. However, according to one
advantageous embodiment, the base is plane. Thus, it is feasible to manufacture the

flow guiding device as an extruded or pultruded element.

The wind turbine blade may advantageously be made of a composite structure, such
as a polymer matrix reinforced with a fibre material. 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. Yet again, the base may be made of a polymer material, such as

ABS plastic or polycarbonate.

The flow guiding device (or flow guiding device parts) may be attached to the surface of
the blade by adhering it to the surface of the blade. It may also be bolted or riveted to
the surface of the blade. It can also be mounted to the surface of the blade by use of
screws. In principle, it may also be possible to attach the flow guiding device to the sur-
face of the blade by use of magnet means, if the flow guiding device and/or the blade

comprises a magnetisable material.
According to another aspect, the invention provides a wind turbine comprising a hum-
ber of blades, preferably two or three, according to any of the aforementioned embodi-

ments.

Brief Description of the Drawings

The invention is explained in detail below with reference to the drawing(s), 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,
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Fig. 3 shows a schematic view of an airfoil profile,

Fig. 4 shows a schematic view of a first embodiment of a flow guiding device according

to the invention,

Fig. 5 shows a schematic view of a second embodiment of a flow guiding device ac-

cording to the invention,

Fig. 6 shows cross-sections of various designs of flow guiding devices according to the

invention,

Fig. 7 illustrates the attachment of flow guiding devices to a surface of a wind turbine
blade,

Fig. 8 shows a rear edge height of a first flow guiding device according to the invention

as a function of the radial distance from the hub,

Fig. 9a shows the rear edge height of a second flow guiding device according to the in-

vention as a function of the radial distance from the hub,

Fig. 9b shows the rear edge height of a third flow guiding device according to the in-

vention as a function of the radial distance from the hub,

Fig. 10 shows an embodiment of a flow guiding device provided with stiffening mem-

bers, and

Fig. 11 shows an embodiment, where ends of the device are provided with notches.

Detailed description of the Invention

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 furthest from the
hub 8.
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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 geometri-
cal 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 @ 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 fol-
lows 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.

Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10 accord-
ing 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 furthest away from the hub and a transition region 32 between the root re-
gion 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 trail-

ing edge 20 facing the opposite direction of the leading edge 18.

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 con-
siderations 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 dis-

tance r from the hub.
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The airfoil region 34 has an airfoil profile 50 with a chord extending between the lead-
ing edge 18 and the trailing edge 20 of the blade 10. The width of the chord decreases

with increasing distance r from the hub.

It should be noted that 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 be-
ing most often the case in order to compensate for the local velocity of the blade being

dependent on the radius from the hub.

The wind turbine blade 10 according to the invention is provided with a flow guiding de-
vice 70, which protrudes from the pressure side of the blade in at least the transition
region 32 of the blade. But the element may also be arranged in other parts of the
blade 10. In a particular advantageous embodiment, the flow guiding device 70 extends

into the root region 30.

Fig. 4 shows a first embodiment of a flow guiding device 70 according to the invention.
The flow guiding device is formed as a longitudinally extending device having a base
90. The base 90 comprises a first longitudinally end 91, which — when the flow guiding
device 70 is attached to the profiled contour of the wind turbine blade 10 — is arranged
nearest the root end of the blade and a second longitudinal end 92, which is arranged
nearest the tip end of the blade 10. The base 90 further comprises a first side 93 ar-
ranged nearest the leading edge 18 of the blade 10 and a second side 94 arranged
nearest the trailing edge 20 of the blade. The base 90 also comprises a first surface 95,
which is attached to surface of the blade 10, and a second surface, which faces away
from the surface of the blade 10. A plate-shaped element 97 protrudes from the second
surface 96 of the base 90 from a part substantially in the middle between the first side
93 and the second side 94. The plate-shaped element 97 extends longitudinally along
the entire longitudinal extent of the base 90. The plate-shaped element comprises a
front surface 98, which faces towards the leading edge 18 of the blade 10, and a back
surface 99, which faces towards the trailing edge 20 of the blade 10. During operation
of the wind turbine, the front surface 98 of the plate-shaped 97 element is thus im-
pacted by an oncoming airstream. The plate-shaped element 97 functions as an ob-
struction to the flow on the pressure side of the profile. After the flow guiding device,
i.e. 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 guid-
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ing device, i.e. between the flow guiding device and the trailing edge of the wind turbine
blade, due to a detachment of the flow. This higher pressure contributes to a higher lift

in the longitudinal section, in which the flow guiding device 70 is arranged.

Fig. 5 shows a second embodiment of a flow guiding device 170 according to the in-
vention, wherein like numerals refer to like parts of the embodiment shown in Fig. 4.
Therefore, only the difference between the two embodiments is described. In this em-
bodiment, the plate-shaped element 197 is angled forward so that the plate-shaped
element 197 forms a first angle ¢ with the base 190. Thus, the front surface 198 also
faces slightly downwards towards the base 190 and the surface of the blade 10. When
the front surface 198 during normal operation of the wind turbine is impacted by an on-
coming airstream, an air pocket is formed in front of the front surface, which increases
the pressure in front of the flow guiding device, and which guides the airflow around the
flow guiding device 170. Thus, an increased pressure is built up both in front of and
behind the flow guiding device 170. Thereby, the lift is increased along a large part of
the blade section. The first angle ¢ is advantageously at least 20 degrees and angles
around 30 to 45 degrees have shown excellent results, both with respect to the gain in

lift and with regards to the flexibility of the flow guiding device.

However, the plate-shaped element need not be protruding substantially normal to the
base (and the profiled contour of the blade) as shown in Fig. 4 or be forwardly angled
as shown in Fig. 5. Also, the plate-shaped element need not be protruding from a mid-
dle part of the base. Fig. 6 shows variations of the cross-sectional design of the flow

guiding device.

Figs. 6 (a)-(e) show different examples of flow guiding devices, which as such are
shaped as angle bars. In all the embodiments, it is assumed that the leading edge of
the blade is arranged to the right and the trailing edge to the left. Thus, during normal

operation of a wind turbine, the oncoming airstream is from the right to the left.

In embodiment (a), the plate-shaped element is angled forwards and protrudes from
the second side of the base. In embodiment (b), the plate-shaped element is angled
backwards and protrudes from the first side of the base. In these two embodiments,
the angle between the plate-shaped elements of (a) and (b) forms an angle of 45 de-

grees with the base.
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In embodiment (c), the plate-shaped element is angled forwards and protrudes from
the second side of the base. In embodiment (d), the plate-shaped element is angled
backwards and protrudes from the second side of the base. In these two embodiments,

the plate-shaped element forms an angle of approximately 135 degrees with the base.

In embodiment (e), the plate-shaped element protrudes substantially normally to the

base from the first side of the base.

Embodiments (f)-(h) show embodiments, where the plate-shaped element protrudes
from a middle part of the base, i.e. between the first side and the second side of the
base. The plate-shaped element may e.g. be forwardly angled as shown in embodi-
ment (f), be backwardly angled as shown in embodiment (g) or protrude normally from

the base as shown in embodiment (h).

In all the previous embodiments, the plate-shaped element is designed as a planar
element. However, the plate-shaped elements of the previous embodiments may be
slightly bent or curved, e.g. in a concave shape as shown in embodiment (i) or a con-
vex shape as shown in embodiment (j). Yet again, the plate-shaped element may com-
prise different planar parts, which are differently angled with respect to the base, the

plate-shaped element thus having a discontinuous design as shown in embodiment (k).

The flow guiding device is typically mounted on a curved surface of the wind turbine
blade. Thus, the sides of the base may potentially detach slightly from the surface of
the blade as shown in Fig. 7 (a). Accordingly, it is advantageous that the base of the
flow guiding device is made of a flexible material so that stress formations are reduced
along the entire base plate. Further, by making the plate-shaped element flexible, peel
forces are reduced at the ends of the flow guiding device. This can be obtained by
forming the base as a relatively thin plate, e.g. made of a composite material, such as a
polymer matrix material reinforced with fibreglass. Alternatively, the base may be
slightly curved as shown in Fig. 7 (b) so as to complement the surface of the wind tur-
bine blade. The base may be attached to the surface of the blade by e.g. adhering the
first surface of the base to the surface of the blade, or by connecting it to the blade via
connection means, such as screws or nuts and bolts. It is also possible to mould the
flow guiding device on to the surface of the blade. Yet again, the flow guiding device
may be attached to the blade surface by use of magnet means, if for instance the base

plate and/or the blade shell comprise a magnetisable material. Also, the curvature of
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the first surface of the base may vary in the longitudinal direction of the base in order to

accommodate to the varying shape of the wind turbine blade.

In a first embodiment, a height h of the flow guiding device may as shown in Fig. 8 be
decreasing in the longitudinal direction (or radial distance from the hub) towards the tip
end r of the blade — at least within the central longitudinal portion 71 of the flow guiding
device. The height of the flow guiding device is shown as a function of the radial dis-
tance r from the hub in Fig. 8. At the longitudinal end of the flow guiding device 70
nearest the hub, the flow guiding device 70 is rounded or tapered in order to obtain a

smooth transition to the profiled contour of the blade.

In a second embodiment, the height of the flow guiding device 70 is as shown in Fig.
9a substantially constant in the longitudinal direction of the blade, at least within the
central longitudinal portion 71. Furthermore, it is seen that the flow guiding device 70
can be rounded or tapered near the longitudinal ends of the flow guiding device 70 in

order to obtain a smooth transition to the profiled contour of the blade.

In a third embodiment, the height of the flow guiding device 70 increases in a first longi-

tudinal part and decreases in a second longitudinal part as shown in Fig. 9b.

When the flow guiding device parts are shaped as a plate-shaped element angled for-
wardly as shown in Fig. 5, the device part may advantageously be provided with stiffen-
ing devices 1190 arranged at the back surface of the plate-shaped element as shown
in Fig. 10. The stiffening devices may advantageously be formed as triangular shaped
plates between the back surface and the base of the device. The stiffening devices are
advantageously arranged substantially in the transverse direction of the blade, i.e. sub-

stantially parallel to the local chord.

The flow guiding device or individual modules of the group of flow guiding devices may
advantageously be provided with a notch 1285, a cut or the like at one or both ends of
the device as shown in Fig. 11. This will reduce stress concentrations and peel forces
at the ends. The notches may be useful relevant shape such as triangular, rounded

square or the like.

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
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and modifications can be carried out without deviating from the scope of the invention.
For instance, only an embodiment in which the flow guiding device is arranged on the
pressure side of the blade in the transition region of the blade is presented. However,
advantageously, the flow guiding device also extends into the root region and/or the
airfoil region of the blade. Yet again, the flow guiding device may in other advanta-
geous embodiments be arranged on other parts of the blade, such as on the suction

side of the blade or at the trailing edge of the blade as a Gurney like device.
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Claims

1. A wind turbine blade (10) for a rotor of a wind turbine (2) having a substantially
horizontal rotor shaft, said rotor comprising a hub (8), from which the blade (10) ex-
tends substantially in a radial direction when mounted to the hub (8), the blade having
a longitudinal direction (r) with a tip end (14) and a root end (16) and a transverse di-
rection, the blade further comprising:

- a profiled contour (40, 42, 50) including a pressure side and a suction side, as
well as a leading edge (18) and a trailing edge (20) with a chord having a chord length
extending there between, the profiled contour, when being impacted by an incident air-
flow, generating a lift, characterised in that

- the wind turbine blade is provided with a longitudinally extending flow guiding
device (70, 170) attached to the profiled contour, the flow guiding device comprising:

- a base (90, 190) having

- a first longitudinal end (91, 191) nearest the root end (16) and a second lon-
gitudinal end (92, 192) nearest the tip end (14),

- a first side (93, 193) nearest the leading edge (18) and a second side (94,
194) nearest the trailing edge (20), as well as

- a first surface (95, 195) and a second surface (96, 196), the first surface of
the base being attached to the profiled contour, and the second surface facing away
from the profiled contour, wherein

- a longitudinally extending substantially plate-shaped element (97, 197) protrudes
from the second surface (96, 196) of the base (90, 190) in direction from the first end
(91, 191) towards the second end (92, 192), and wherein

- the flow guiding device (70, 170) is arranged so as to generate a separation of
airflow from the pressure side of the blade at a point between the flow guiding device
(70, 170) and the trailing edge (20) of the blade, when the blade is impacted by the in-

cident airflow.

2. A wind turbine according to claim 1, wherein the profiled contour is divided into:

- a root region (30) having a substantially circular or elliptical profile closest to the
hub,

- an airfoil region (34) having a lift-generating profile furthest away from the hub,
and

- a transition region (32) between the root region (30) and the airfoil region (34),

the transition region (32) having a profile gradually changing in the radial direction from
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the circular or elliptical profile of the root region to the lift-generating profile of the airfoil

region.

3. A wind turbine blade according to claim 2, wherein the flow guiding device (70) is
arranged in the transition region (32) of the profiled contour on the pressure side of the
blade (10).

4. A wind turbine blade according to claim 3, wherein the flow guiding device ex-

tends substantially along an entire longitudinal extent of the transition region.

5. A wind turbine blade according to any of claims 2-4, wherein the flow guiding de-

vice extends into the airfoil region.

6. A wind turbine blade according to any of the preceding claims, wherein the plate-

shaped element extends substantially along the entire longitudinal extent of the base.

7. A wind turbine blade according to any of the preceding claim, wherein the plate-

shaped element protrudes from the first side or the second side of the base.

8. A wind turbine blade according to any of claims 1-6, wherein the plate-shaped
element protrudes from a point between the first side and the second side of the base,

e.g. a middle part.

9. A wind turbine blade according to any of the preceding claims, wherein the plate-

shaped element is substantially planar.

10. A wind turbine blade according to any of the preceding claims, wherein the plate-

shaped element is curved, e.g. convex or concave.

11. A wind turbine blade according to any of the preceding claims, wherein the plate-
shaped element at a point of attachment forms a first angle with the base, the first an-
gle being maximum 80 degrees, advantageously being maximum 70 degrees, more

advantageously being maximum 60 degrees.

12. A wind turbine blade according to claim 11, wherein the plate-shaped element is

angled towards the trailing edge of the blade.
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13. A wind turbine blade according to claim 11, wherein the plate-shaped element is

angled towards the leading edge of the blade.

14. A wind turbine blade according to any of the preceding claims, wherein the base

is formed of a flexible material.

15. A wind turbine blade according to any of the preceding claims, wherein the first

surface of the base is curved.

16. A wind turbine blade according to claim 14, wherein the curve of the first surface

varies in the longitudinal direction of the base.

RECTIFIED SHEET (RULE 91)



WO 2011/042530 PCT/EP2010/065078

1/5

Fig. 1 L



PCT/EP2010/065078

WO 2011/042530

2/5




WO 2011/042530 PCT/EP2010/065078

g

Fig. 4

197
198

/170

Fig. 5




WO 2011/042530 PCT/EP2010/065078

4/5

ZA N
7\ -

(e) (h)

NN

' (@) (b)

Fig. 7




WO 2011/042530 PCT/EP2010/065078

5/5
h
Fig. 8 L/\ .
h
Fig. 9a %/ \H




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/065078

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO3D1/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO3D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Elecironic data base consulted during the international search (name of data base and, where praciical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of documnent, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 02/08600 Al (STICHTING ENERGIE [NL]; 1-16
CORTEN GUSTAVE PAUL [NL])
31 January 2002 (2002-01-31)
cited in the application

* abstract
page 2, line 13 - page 5, line 5
figures 1-3
Y DE 10 2008 002930 Al (GEN ELECTRIC [US]) 1-16

15 January 2009 (2009-01-15)
paragraph [0038]

figures 2,15,16

A EP 1 845 258 Al (SIEMENS AG [DE]) 1-16
17 October 2007 (2007-10-17)
* abstract

paragraph [0011]

figures 4,7

m Further documents are listed in the continuation of Box C. E See patent family annex.

* Spedial categories of cited documents : . . .

*T" later document published after the intemnational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

‘A" document defining the general state of the art which is not
considered to be of particular relevance
*E* earlier document but published on or after the intemational *X* document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to

*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular retevance; the claimed invention
cilation or other special reason (as specified) cannot be considered o involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior 10 the international filing date but inthe ar.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search repont
6 January 2011 17/01/2011
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Gebker, Ulrich

Form PCT/SA/210 (second shest) (April 2005)



" INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/065078

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant lo claim No.

A

DE 10 2006 017897 Al (REPOWER SYSTEMS AG
[DE]) 18 October 2007 (2007-10-18)
* abstract
paragraphs [0036] - [0052]
figures 1,3
W0 2009/083987 A1 (TECHNION RES & DEV
FOUNDATION [IL]; GREENBLATT DAVID [IL])
9 July 2009 (2009-07-09)
* abstract
page 16, paragraph 2
figures 2D, 3
EP 0 615 903 Al (WESTLAND HELICOPTERS [GB]
GKN WESTLAND HELICOPTERS LTD [GB])
21 September 1994 (1994-09-21)
* abstract
column 12, 1ine 49 - column 13, Tine 53
figure 12
JP 52 168140 U (FUJI ELECTRIC MANUFACTURE
INCORPORATED COMPANY)
20 December 1977 (1977-12-20)
figures 1-3
GB 404 269 A (ZAP DEV CORP)
. 4 January 1934 (1934-01-04)
page 3, lines 34-43
figures 5-7

1-16

1-13

6-12

9,11-13

9,11-13

Form PCT/1SA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/065078
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 0208600 Al 31-01-2002 AT 348263 T 15-01-2007
AU 6961501 A 05-02-2002
AU 2001269615 B2 02-12-2004
CA 2415087 Al 31-01-2002
DE 60125172 T2 - 08-11-2007
DK 1295032 T3 10-04-2007
EP 1295032 Al 26-03-2003
ES 2277928 T3 01-08-2007
NL 1015558 C2 08-01-2002
PT 1295032 E 30-03-2007
US 2004013512 Al 22-01-2004
DE 102008002930 Al 15-01-2009 CN 101344068 A 14-01-2009
US 2009016891 Al 15-01-2009
EP 1845258 Al 17-10-2007 CN 101405504 A 08-04-2009
EP 2004989 Al 24-12-2008
WO 2007115861 Al 18-10-2007
Us 2009142197 Al 04-06-2009
DE 102006017897 Al 18-10-2007 CA 2642840 Al 25-10-2007
’ CN 101711308 A 19-05-2010
EP 2004990 Al 24-12-2008
WO 2007118581 Al 25-10-2007
US 2009274559 Al 05-11-2009
WO 2009083987 ‘Al 09-07-2009  NONE
EP 0615903 Al 21-09-1994 DE 69420603 D1 21-10-1999
DE 69420603 T2 30-12-1999
JP 3641491 B2 20-04-2005
dJP 6305492 A 01-11-1994
us 5492448 A 20-02-1996
JP 52168140 u 20-12-1977  NONE
GB 404269 A 04-01-1934  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

