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Title: Wind turbine blade having a forwardly oriented flow quiding device

Technical Field

The present invention relates to a blade for a rotor of a wind turbine having a substan-
tially 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 longitu-
dinal direction with a tip end and a root end, and a transverse direction, the blade fur-
ther 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, gen-
erating a lift, wherein the blade is provided with a flow guiding device added to and pro-

truding from the profiled contour of the blade on the pressure side of the blade.

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. The focus areas for research have been directed to-
wards improving the airfoil region of the blade for many years, 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.

W0O2007/045244 discloses a blade, wherein the root region and the transition region is
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.

EP 1 845 258 discloses a blade having a Gurney flap like device arranged in the transi-
tion portion of the blade. The Gurney flap like device has a concave curvature and is

arranged at the trailing edge on the pressure side 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 flow guiding device of the blade has a
front surface facing towards the oncoming airflow and having an 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.

It is clear that the surface normal forms more than one angle with the average tangent
or the median line, but it is clear from the following description that the first angle men-
tioned is located in a quadrant between the surface normal and the leading edge of the
blade and outside the blade contour. In other words, it is the angle formed in front of

the surface normal, which is larger than O degrees.

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 in-
creases the local pressure in front of the flow guiding device, and which guides the air-
flow 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 guid-
ing 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 pres-
sure 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 an-
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nual energy yield compared to conventional wind turbine blades without such flow guid-

ing devices.

Accordingly, it is recognised that the flow guiding device is arranged between the lead-
ing edge and the trailing edge of the blade at a distance (i.e. with a spacing) from the

trailing edge.

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
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.

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 to-

wards the oncoming flow and the leading edge of the blade.

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 degrees.

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.

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 de-
grees or at least 25 degrees or at least 30 degrees. Higher angles more efficiently pro-

vide the air pocket and may also decrease the drag, since the front surface does not
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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 ef-

fective height of the flow guiding device smaller.

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 sur-
face and thus contribute further to forming a re-circulating zone in front of the flow guid-

ing device.

However, according to another simple and advantageous embodiment, the front sur-
face is substantially straight. Thus, the first portion of the front surface extends along

the entire front surface.

According to another embodiment, the front surface on average is angled towards an
oncoming flow. In other words, a line drawn between the proximal point and the distal
point will be angled towards the oncoming flow and the leading edge of the blade and

thus form an angle with the surface normal being larger than 0 degrees.

According to yet another advantageous embodiment, the first portion of the front sur-
face is located at an outer portion of the front surface, i.e. a part nearest the distal point
of the front surface. Thus, the outer portion of the front surface will displace the flow
away from the surface of the blade, around the flow guiding device and then away from
the blade surface in the region between the flow guiding device and the trailing edge.

This forms re-circulating flow zones in advance of — and after — the flow guiding device.

In one embodiment according to the invention, the average tangent or the median line
(or a linearly fitted line) to at least the first portion of the flow guiding device further is
angled forwardly compared to a second normal being a normal to the chord, so that
said line and the second normal form a second angle being at least 0 degrees. Simi-
larly, the second angle may be at least 5 degrees, or at least 10 degrees, or at least 15

degrees, or at least 20 degrees.

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
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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.

Preferably, the flow guiding device is forwardly angled in at least a central portion of the
longitudinally extending flow guiding device. The central portion may extend along at
least 50%, 60%, 70%, 80%, or 90% of the longitudinal extent of the flow guiding de-
vice. However, longitudinal ends of the flow guiding device may be differently designed,

e.g., to minimise the formation of vortices.

According to an advantageous embodiment, the flow guiding device is arranged so as
to generate a separation of airflow along at least the central longitudinal portion of the
flow guiding device 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 in-
cident airflow. Thus, at least a central longitudinal portion of a longitudinally extending
flow guiding device is adapted and arranged to generate a separation of airflow and
thus to create a pressure increase in front of and behind the flow guiding device. It is
recognised that the longitudinally extending device may be arranged in the transition
region of the blade and thus that the entire central longitudinal portion may be located

within a transition region of the blade.

According to another advantageous embodiment, the flow guiding device in at least the
central longitudinal portion is arranged so that the proximal point has a relative chordal
position, seen from the leading edge of the blade, lying in an interval between 40% and
92%.

According to yet another advantageous embodiment, the proximal point is located be-

tween a position of maximum relative thickness and the trailing edge of the blade.

Typically, the profiled contour of the wind turbine blade 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 be-
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tween the root region and the airfoil region, the transition region having a profile gradu-
ally changing in the radial direction from the circular or elliptical profile of the root region

to the lift-generating profile of the airfoil region.

According to an advantageous embodiment, the flow guiding device extends along at
least a longitudinal part of the transition region. The flow guiding device is particular
advantageous in this region of the blade, where the profiled contour is sub-optimal, and
it has been shown that the wind energy extracted from this part of the blade can be in-
creased significantly by using such a flow guiding device. The flow guiding device may

for instance extend along at least 75% of the longitudinal extent of the transition region.

According to another advantageous embodiment, the flow guiding device extends
along substantially the entire longitudinal length of the transition region. According to
another embodiment, the flow guiding device extends into the airfoil region. According
to yet another advantageous embodiment, the flow guiding device extends into the root

region.

In one advantageous embodiment according to the invention, the relative chordal posi-
tion of the distal point, seen from the leading edge of the blade, decreases in the longi-

tudinal direction of the blade.

In another embodiment according to the invention, the relative chordal position of the
distal point at an inboard part of the flow guiding device, seen from the leading edge of
the blade, lies in an interval of between 75% and 92%, and the relative chordal position
of the distal point at an outboard part of the flow guiding device lies in an interval of be-
tween 40% and 60%. The inboard part is the part nearest the root end of the blade and

the outboard part is the part farthest away from the root end of the blade.

According to a particularly simple embodiment, the flow guiding device comprises a rib
or plate-shaped element protruding from the profiled contour of the blade. Thus, the rib
has a front surface forwardly oriented and the orientation of the rib forming the first an-
gle with the surface normal of the blade at the proximal point or at an attachment point.
However, the flow guiding device need not be shaped as a rib or similar shape but may
comprise a rear surface facing towards the trailing edge of the blade. The angle of the
rear surface may in principle form any angle with the surface normal and the chord of

the blade section. However, the rear surface is preferably shaped so that a pressure



10

15

20

25

30

35

WO 2011/042528 PCT/EP2010/065076

8

build up can occur behind the flow guiding device and contribute to a higher lift on the

blade section.

According to another advantageous embodiment, the flow guiding device in at least the
central longitudinal portion is formed so that, for each transverse cross-section, the
minimum distance from the distal point to the profiled contour is at least 10% of a
maximum thickness of the profiled contour. Such a height has shown to provide an ef-
fective air pocket in front of the flow guiding device and an effective separation of air-

flow behind the flow guiding device.

In yet another advantageous embodiment, the relative chordal position of the distal
point, seen from the leading edge of the blade, lies at an interval of between 75% and
92%, and wherein an angle of attack for a design point of the central longitudinal por-

tion lies at an interval of between 15 and 25 degrees, or between 15 and 20 degrees.

Advantageously, the relative chordal position of the distal point, seen from the leading
edge of the blade, lies at an interval of between 40% and 80%, or between 40% and
70%, or between 40% and 60%.

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 flow guiding device is integrally formed with the

blade, alternatively the flow guiding device is fitted on the surface of the blade.

Advantageously, the blade is provided with a plurality of longitudinally extending flow
guiding device parts, which are grouped together to form a first flow guiding device
group in the transition region of the blade, the first flow guiding device group extending
along at least a longitudinal part of the transition region, wherein each of the flow guid-
ing device parts are added to the profiled contour of the blade on the pressure side of
the blade.
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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 de-
vice parts. Thus, the modular parts have a smaller tendency to break off from the sur-

face of the blade.

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 vyield of the wind tur-

bine. Accordingly, the spoiler parts are not used for breaking purposes.

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.

According to one advantageous embodiment, individual flow guiding parts are arranged
juxtaposed in the longitudinal direction of the wind turbine blade. Thus, the individual
flow guiding device parts are preferably provided as separate devices, which can be

mounted individually on the surface of the blade.

The flow guiding parts may be arranged so as to abut each other at longitudinal ends.
Thus, an oncoming flow will not have a tendency to flow around the individual flow
guiding device parts. The flow guiding device parts may advantageously substantially

flush with each other.

Alternatively, the flow guiding parts are arranged with a longitudinal spacing between
the flow guiding parts. This adds a further small degree of flexibility to the longitudinal
direction of the first flow guiding device group. Advantageously, the longitudinal spac-
ing lies at an interval of between 5 mm and 50 mm, or between 5 mm and 40 mm, or

between 5 mm and 30 mm. The gap may even be between 5 mm and 20 mm.
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According to one advantageous embodiment, the spacing between adjacent flow guid-
ing parts is closed with a flexible body, e.g. made of a rubber material. Accordingly, a
flexible body is provided in the spacing between adjacent flow guiding device parts,
thus ensuring that the airflow does not flow around the individual flow guiding device
parts. Thereby, it is ensured that the pressure build up is achieved along the entire lon-
gitudinal extent of the first flow guiding device group and the flexibility of the group is

maintained. Furthermore, noise which may arise from the spacing, is removed.

According to an advantageous embodiment, the flow guiding device parts are arranged
on a common, longitudinally extending base. Thus, the base typically comprises a first
side and second side, as well as a first longitudinal end and a second longitudinal end.
In an advantageous embodiment, a substantially planar element or a rib protrudes from
the base and extends substantially along the entire longitudinal extent of the base. The
planar element may protrude from the first side or the second side of the base and thus
be provided similar to an angle bar. Alternatively, the planar element or rib may be ar-

ranged between the first side and the second side, e.g. a middle part of the base.

According to another advantageous embodiment, the flow guiding device parts are
separated by a recess. The recess preferably extends from a top position of the spoiler
device or the flow guiding device part and down to the base part. Thus, spacings be-
tween the flow guiding device parts are formed. This provides an alternative design to
add further flexibility in the longitudinal direction of the blade. The recesses may com-
prise a bottom part, i.e. a part nearest the base and the wind turbine blade, where a
keyhole design is provided at said bottom part, the key hole having a diameter, which is
larger than the immediate width of the recess. This will reduce stress concentrations

and peel forces even further.

According to yet another advantageous embodiment, the plurality of longitudinally ex-
tending 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 in-
dividual 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.

In one embodiment, the individual flow guiding device parts are substantially straight in

the longitudinal direction. In another embodiment, the individual flow guiding device
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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.

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 longitudi-
nal 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.

In yet another advantageous embodiment, the flexibility or stiffness of the first flow
guiding device group may vary, e.g. periodically, in the longitudinal direction of the
blade. Thus, the first flow guiding device group may comprise first flow guiding device
parts having a first stiffness and second, intermediate flow guiding device parts having
a second stiffness. This may for example be achieved by using different plies in the
longitudinal direction of the blade, or by changing the fibre direction of such parts made
of a fibre-reinforced composite material. Yet again, it is possible to achieve the varying
stiffness by manufacturing the flow guiding device as a sandwich structure with differ-
ent sandwich core materials, e.g. foamed plastic and balsa wood. Thus, it is seen that
the first flow guiding device group in principle may be formed as a single unit and

mounted to the surface of the wind turbine blade.

According to an advantageous embodiment, the flow guiding device comprises longitu-
dinal ends, where at least one of the longitudinal ends is closed. Preferably both ends
are closed. Thus, for instance a planar element extending substantially in the trans-
verse direction of the blade and parallel to the oncoming airflow is located at the longi-
tudinal ends of the flow guiding device. The planar element may extend in front of the
front surface of the flow guiding device, i.e. between the front surface and the leading
edge of the blade, and may protrude from the blade between the profiled contour and
up to the distal point of the flow guiding device. The closed longitudinal ends ensure
that a transverse airflow does not arise and thus prevents the airflow from being guided
around the flow guiding device without building up an increased pressure in front of

and/or behind the flow guiding device. The flow guiding device may also comprise one
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or more intermediate transverse extending planar elements between the first longitudi-

nal end and the second longitudinal end.

Advantageously, the flow guiding device is 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.

Compared to the known structure of the spoiler described in W0O2007/118581 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
WO02007/118581, 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.

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-
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.
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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.

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.
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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.

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.
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Further, the invention recognises that the flow guiding device according to the invention
also could be used as a Gurney flap like device, i.e. arranged at the trailing edge of the
blade without being adapted to create a separated airflow between the device and the

trailing edge.
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 an embodiment 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 a flow guiding device according to the invention,

Fig. 3 shows a schematic view of an airfoil profile,

Fig. 4 shows a cross section of a wind turbine blade according to the invention,

Fig. 5 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. 6a 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. 6b 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. 7 illustrates the aerodynamic effect of the flow guiding device according to the in-

vention,
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Fig. 8 shows various shapes for the front surface of the flow guiding device according

to the invention,

Fig. 9 shows a schematic view of an embodiment of a flow guiding device according to

the invention,

Fig. 10 shows cross-sections of various designs of flow guiding devices according to

the invention,

Fig. 11 illustrates the attachment of flow guiding devices to a surface of a wind turbine
blade.

Fig. 12 shows a schematic view of an embodiment of a wind turbine blade provided

with flow guiding device parts according to the invention,

Fig. 13 shows a schematic view of a first embodiment of flow guiding device parts ac-

cording to the invention, seen from the side,

Fig. 14 shows a schematic view of the first embodiment of flow guiding device parts

according to the invention, seen from the top,

Fig. 15 shows a schematic view of a second embodiment of flow guiding device parts

according to the invention, seen from the top,

Fig. 16 shows a schematic view of a third embodiment of flow guiding device parts ac-

cording to the invention, seen from the side,

Fig. 17 shows a schematic view of the third embodiment of flow guiding device parts

according to the invention, seen from the top,

Fig. 18 shows a schematic view of the fourth embodiment of flow guiding device parts

according to the invention, seen from the top,

Fig. 19 shows a schematic view of the fifth embodiment of flow guiding device parts

according to the invention, seen from the top,
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Fig. 20 shows a schematic view of the sixth embodiment of flow guiding device parts

according to the invention, seen from the top,

Fig. 21 shows a schematic view of the seventh embodiment of flow guiding device

parts according to the invention, seen from the top,

Fig. 22 shows a schematic view of the eighth embodiment of flow guiding device parts

according to the invention, seen from the side,

Fig. 23 shows a schematic view of the ninth embodiment of flow guiding device parts

according to the invention, seen from the side,

Fig. 24 shows a schematic view of the tenth embodiment of flow guiding device parts

according to the invention, seen from the side,

Fig. 25 shows the aerodynamic lift coefficient versus inflow angle for an airfoil with and

without a flow guiding device according to the invention,

Fig. 26 shows the aerodynamic drag coefficient versus inflow angle for an airfoil with

and without a flow guiding device according to the invention,

Fig. 27 shows an embodiment of a flow guiding device provided with stiffening mem-

bers, and

Fig. 28 shows an embodiment, where ends of the device or modules are provided with

notches.

Detailed description of the Invention
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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.

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
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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.

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.

Fig. 4 shows a cross section of the wind turbine blade 10 in the transition region 32.
The wind turbine in this region comprises a profiled contour with a transitional profile
42, which gradually changes from the circular profile 40 of the root region 32 to the air-
foil profile 50 of the airfoil region. From an aerodynamic point of view the transitional
profile is non-ideal. It can be seen that the profile has a smooth shape, from which the
flow guiding device 70 protrudes on the pressure side of the blade. The flow guiding
device 70 comprises a front surface 72 with a proximal point 74 near the profile 42 and
a proximal point 76 located at a distance (i.e. with a spacing) from the profile 42. The
proximal point 74 can also be conceived as a point of attachment for the flow guiding
device 70, if the flow guiding device is retrofitted to the surface of the blade 10. The
flow guiding device 70 further comprises a rear edge 84, which extends from the

proximal point 76 to the profiled contour 42 of the blade 10.

The front surface 72 is formed so that, for each transverse cross-section in at least a
central longitudinal portion 71 of the transition region 32, at least a first portion of the
front surface 72 is angled towards the oncoming airflow and the leading edge of the
blade profile. In the shown embodiment, the entire front surface is angled towards the

oncoming flow. Thus, the first portion corresponds to the entire front surface 72.
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Accordingly, a front surface tangent 80 to the front surface 72 of the flow guiding device
70 forms a first angle 6 with a normal 82 to the profile surface, the first angle 6 being
larger than O degrees and advantageously at least 5 degrees, or even more advanta-
geously at least 10 degrees, or at least 15 degrees, or at least 20 degrees. Equiva-
lently, an angle between a profile tangent 78 to the profile 42 at the point, where the
front surface tangent 80 crosses the profile 42, and the front surface tangent 80 should
be less than 90 degrees and advantageously less than 85 degrees, or even more ad-

vantageously less than 80 degrees, or less than 75 degrees, or less than 70 degrees.

Further, another design parameter may be used for the design of the flow guiding de-
vice 70, and in particular the shape of the front surface 72, viz. a second angle «,
which is the angle between the front surface tangent 80 and a normal 88 to the chord
44 to the profiled contour 42. The second angle o is advantageously larger than 0 de-
grees, or even more advantageously larger than 5 degrees, or larger than 10 degrees,
or larger than 15 degrees. Equivalently, an angle between the front surface tangent 80
and the chord 44 should be less than 90 degrees and advantageously less than 85 de-
grees, or even more advantageously less than 80 degrees, or less than 75 degrees.
Thus, it is seen that the flow guiding device 70 advantageously also is angled towards
the oncoming airflow and the leading edge of the blade compared to the chord 44 of
the profile 42.

The flow guiding device 70 on one hand functions as an obstruction to the flow on the
pressure side of the profile. This obstruction results in a higher pressure after the flow
guiding device 70, i.e. between the flow guiding device 70 and the trailing edge of the
wind turbine blade, due to detachment of the flow from the surface. After the flow guid-
ing device 70, i.e. between the flow guiding device and the trailing edge of the blade
70, a separation of the airflow occurs. This corresponds to the effect of spoiler devices

known per se in the art.

On the other hand, the flow guiding device differs significantly from conventional spoiler
devices in that the front surface 72 is angled towards the oncoming flow. The effect of
this design is illustrated in Fig. 7, where it is seen that an air pocket of circulating air-
flow is created in front of the flow guiding device 70, i.e. between the front surface 72
and the leading edge of the blade. This air pocket increases the pressure in front of the
flow guiding device and guides the airflow around the flow guiding device 70. Thus, the

pressure is increased both in front of and behind the flow guiding device, which in turn
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increases the lift significantly on this section of the blade at the governing inflow angles

for this section.

As shown in Fig. 2, the flow guiding device 70 may comprise a first longitudinal end 73
and a second longitudinal end 75, where the longitudinal ends 73, 75 are closed by use
of planar elements. The planar elements extend substantially in the transverse direc-
tion of the blade and thus parallel to the direction of the oncoming airflow. The planar
elements extend in front of the front surface of the flow guiding device, i.e. between the
front surface and the leading edge of the blade, and protrude from the blade between
the profiled contour and up to the distal point of the flow guiding device. The closed
ends ensure that a transverse airflow does not arise in the spanwise (or longitudinal)
direction of the blade and thus prevents the airflow from being guided around the flow
guiding device 70 without building up an increased pressure in front of and/or behind

the flow guiding device.

In a first embodiment, a height h of the flow guiding device may as shown in Fig. 5 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. 5. 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.
6a 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. 6b.

Fig. 8 shows various designs for the front surface of the flow guiding device, all of
which are adapted to form an air pocket in front of the flow guiding device. In all the fig-
ures, the surface normal is depicted with a dashed line and the direction of the oncom-

ing airflow is depicted with an arrow.
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A first embodiment is shown in Fig. 8 (a), where the front surface of the flow guiding
device is straight. Thus, a tangent to the entire front surface forms an angle with the
surface normal being larger than O degrees. A second embodiment is shown in Fig. 8
(b), where the front surface of the flow guiding device is concave. Thus, the front sur-
face only comprises a first portion, viz. an outer portion of the front surface, which is
angled towards the oncoming flow, which is sufficient for forming the air pocket in front
of the flow guiding device. A tangent (or equivalently a median line or a linearly fitted
line) to said first portion thus forms an angle with the surface normal being larger than 0
degrees. It is seen that the proximal point and the distal point of the front surface are

both located near the normal to the surface.

A third embodiment is shown in Fig. 8 (c), where the front surface comprises two
straight parts, viz. a first, outer portion being angled towards the oncoming airflow and
towards the leading edge of the blade, and a second, inner portion being angled away
from the oncoming airflow and the leading edge of the blade. A fourth embodiment is
shown in Fig. 8 (d), where the front surface is concave. Contrary to the second em-
bodiment, however, the distal point of the front surface is located in front of the surface

normal, i.e. towards the oncoming airflow and the leading edge of the blade.

A fifth embodiment is shown in Fig. 8 (e) in which the front surface comprises two
straight parts, viz. a first, outer portion being angled towards the oncoming airflow and
towards the leading edge of the blade, and a second, inner portion following the sur-

face normal.

A sixth embodiment is shown in Fig. 8 (f). This embodiment comprises two straight
parts, viz. a first, inner portion being angled towards the oncoming airflow and towards
the leading edge of the blade, and a second, outer portion being angled away from the
oncoming airflow and the leading edge of the blade. With this embodiment an air
pocket is formed in front of the first, inner portion of the flow guiding device, whereas
the second, outer portion of the flow guiding device is adapted for forming an effective
separation of airflow behind the flow guiding device, e.g. between the flow guiding de-

vice and the trailing edge of the blade.

Fig. 9 shows an 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
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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-
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. In this em-
bodiment, the plate-shaped element 97 is angled forward so that the plate-shaped
element 97 forms a first angle ¢ with the base 90. Thus, the front surface 98 also faces
slightly downwards towards the base 90 and the surface of the blade 10. When the
front surface 98 during normal operation of the wind turbine is impacted by an oncom-
ing 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 70'. Thus, an increased pressure is built up both in front of and be-
hind the flow guiding device 70'. 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.

The plate-shaped element need not be protruding from a middle part of the base. Fig.
10 shows variations of the cross-sectional design of the flow guiding device. It should

be noted though that embodiments (b), (d), (e), (g) and (h) do not fall within the scope
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of the present invention, since these relate to embodiment, where the front surface is

not angled towards the oncoming flow.

Figs. 10 (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.

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).
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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. 11 (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. 11 (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
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.

Fig. 12 shows a schematic view of a wind turbine blade provided with flow guiding de-
vice parts 170, which are grouped together in a first flow guiding device group 177 in
the transition region of the blade and protruding from the pressure side of the blade.
The first flow guiding device group 177 further extends slightly into the root region and
the airfoil region of the blade. The first flow guiding device group 177 is shown as ex-
tending substantially parallel to a longitudinal axis (or pitch axis) of the blade. However,

it may be arranged slightly skewed or curved compared to said longitudinal axis.

Fig. 13 depicts the flow guiding device group 177, seen from the side. As can be seen
the group 177 comprises a number of individual flow guiding device parts 170, which
mutually are separated by gaps 181. The individual parts may for instance have a lon-
gitudinal extent of between 50 cm and 200 cm, e.g. 100 cm. The gaps 181 between ad-
jacent 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. The shown modular construction makes the construction of the flow guiding de-
vice group 170 more flexible than conventional longitudinally extending flow guiding

devices and reduces peel forces, which normally occur at the ends of the flow guiding
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devices. Thus, the modular parts will have a smaller tendency to break off from the sur-

face of the blade.

Fig. 14 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 be-
tween adjacent flow guiding device parts 170 are closed by intermediate elements 179
made of a flexible material, such as rubber. In this particular embodiment, the interme-

diate elements 179 are attached to a front surface of the plate-shaped elements 170.

Fig. 15 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 279
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.

Fig. 16 shows a schematic view of a third embodiment of flow guiding device parts 370
according to the invention, seen from the side. In this embodiment, the flow guiding de-
vice parts 370 are partially overlapping in the longitudinal direction. Accordingly, one
end of one flow guiding device part extends beyond a second end of a second flow

guiding device part. The ends may be slightly angled as shown in the Figure.

Fig. 17 shows a schematic view of the third embodiment of flow guiding device parts
370 according to the invention, seen from the top. It can be seen the flow guiding de-
vice parts 370 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.

Fig. 18 shows a schematic view of the fourth embodiment of flow guiding device parts
470 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.

Fig. 19 shows a schematic view of the fifth embodiment of flow guiding device parts
570 according to the invention, seen from the top, which is similar to the fourth em-
bodiment with the exception that the flow guiding device parts 570 are alternately con-

vex and concave in the longitudinal direction. In the shown embodiment, two flow guid-
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ing device parts are arranged behind the others. However, they may also advanta-
geously be arranged in front of the other flow guiding device parts, thereby obtaining a

slightly different overall design.

Fig. 20 shows a schematic view of the sixth embodiment of flow guiding device parts
670 according to the invention, seen from the top. In this embodiment, the first flow
guiding device group consists of alternately convex and concave flow guiding device
parts, which are interconnected. Overall, a corrugated design is obtained in the longitu-

dinal direction of the blade.

Fig. 21 shows a schematic view of the seventh embodiment of flow guiding device
parts according to the invention, seen from the top, in which individual flow guiding de-
vice parts 770 are interconnected via intermediate flow guiding device part 779. Over-
all, an alternative corrugated design is obtained in the longitudinal direction of the
blade.

Fig. 22 shows a schematic view of the eighth embodiment of flow guiding device parts
according to the invention, seen from the side. In this embodiment, the first flow guiding
device group comprises a number of individual flow guiding device parts 870, which are
interconnected by intermediate flow guiding device parts 879. The flow guiding device
870 parts have a first stiffness, and the intermediate flow guiding device parts 879 have
a second stiffness. This may for example be achieved by using different plies in the
longitudinal direction of the blade, or by changing the fibre direction of such parts made
of a fibre-reinforced composite material. Yet again, it is possible to achieve the varying
stiffness by manufacturing the flow guiding device as a sandwich structure with differ-

ent sandwich core materials, e.g. foamed plastic and balsa wood.

Fig. 23 shows a schematic view of the ninth embodiment of flow guiding device parts
970 according to the invention, seen from the side. In this embodiment, the flow guiding
device parts 970 are arranged on a common, longitudinally extending base. Thus, the
base typically comprises a first side and second side, as well as a first longitudinal end
and a second longitudinal end as shown in Fig. 9. The flow guiding device 970 parts

are separated by recesses 981 or gaps.

Fig. 24 shows a schematic view of the tenth embodiment of flow guiding device parts

1070 according to the invention, seen from the side, similar to the ninth embodiment. In
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this embodiment, the recesses 1018 comprise a bottom part, i.e. a part nearest the
base and the wind turbine blade, where a keyhole design 1085 is provided at said bot-
tom part, the key hole having a diameter, which is larger than the immediate width of

the recesses 1081. This will reduce stress concentrations and peel forces even further.

Fig. 25 shows a normalised plot of the lift coefficient of a blade section without a flow
guiding device according to the invention (dashed line) compared to the lift of a blade
section with a flow guiding device according to the invention (full drawn line) as a func-
tion of the angle of attack (in degrees). The lift coefficient is increased significantly for
the governing inflow angles for the blade section. The increase in lift coefficient leads to
an increase in produced power for a wind turbine having blades with flow guiding de-

vices according to the invention.

Fig. 26 shows a normalised plot of the drag coefficient of a blade section without a flow
guiding device according to the invention (dashed line) compared to the drag of a blade
section with a flow guiding device according to the invention (full drawn line) as a func-
tion of the angle of attack (in degrees). It can be seen that the drag coefficient is in-
creased along with the increase in the lift coefficient in Fig. 25. By comparing the in-
crease in drag with the increase in lift it can be seen that in the angle of attack range
from O to 20 degrees the lift to drag ratio is increased for a blade with a flow guiding

device according to the invention.

When the flow guiding device is shaped as a plate-shaped element as shown in Fig. 9,
the device may advantageously be provided with stiffening devices 1190 arranged at
the back surface of the plate-shaped element as shown in Fig. 27. The stiffening de-
vices may advantageously be formed as triangular shaped plates between the back
surface and the base of the device. The stiffening devices are advantageously ar-
ranged substantially in the transverse direction of the blade, i.e. substantially parallel to

the local chord.

The flow guiding device or individual modules of the group of flow guiding device 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. 28. This will reduce stress concentrations and peel forces
even further similar to the keyhole design shown in Fig. 24. The notches may be useful

relevant shape such as triangular, rounded square or the like.
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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.
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Claims

1. A 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 direc-
tion (r) with a tip end (14) and a root end (16) and a transverse direction, the blade fur-
ther 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, wherein

- the blade is provided with a flow guiding device (70) added to and protruding
from the profiled contour (40, 42, 50) of the blade on the pressure side (52) of the blade
(10), characterised in that

- the flow guiding device (70) has a front surface (72) facing toward an oncoming
airflow and having an proximal point (74) located at the profiled contour (40, 42, 50)
and a distal point (76) located at a distance from the profiled contour (40, 42, 50) of the
blade, wherein

- the profiled contour (40, 42, 50) has a surface normal (82) at the proximal point
(74), and wherein

- the front surface (72) comprises at least a first portion, which is angled towards
the oncoming airflow and the leading edge (18) of the blade so that an average tangent
or median line to said first portion forms a first angle (0) with the surface normal being
larger than O degrees, and wherein

- the flow guiding device is arranged and adapted to generate a separation of air-
flow downstream of the flow guiding device (70) between the flow guiding device (70)
and the trailing edge (20) of the blade.

2. A wind turbine blade according to claim 1, wherein the first angle (0) is at least 5

degrees, or at least 10 degrees, or at least 15 degrees.

3. A wind turbine blade according to claim 1 or 2, wherein the front surface (72) is

concave.

4. A wind turbine blade according to claim 1 or 2, wherein the front surface is sub-

stantially straight.



10

15

20

25

30

35

WO 2011/042528 PCT/EP2010/065076

31

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

portion of the front surface is located at an outer portion thereof.

6. A wind turbine blade according to any of the preceding claims, wherein the aver-
age tangent further is angled forward compared to a second normal to the chord, so
that the median line and the second normal forms a second angle (o) being at least 0

degrees.

7. A wind turbine blade according to any of the preceding claims, wherein the flow

guiding device is formed as a longitudinally extending device.

8. A wind turbine blade according to any of the preceding claims, wherein the pro-
filed 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
the circular or elliptical profile of the root region to the lift-generating profile of the airfoil

region.

9. A wind turbine blade according to claim 8, wherein the flow guiding device (70)

extends along at least a longitudinal part of the transition region (32).

10. A blade according to claim 9, wherein the flow guiding device (70) extends along

substantially the entire longitudinal length of the transition region (32).

11. A blade according to any of claims 8-10, wherein the flow guiding device (70) ex-

tends into the airfoil region (34) and/or into the root region (34).

12. A blade according to any of the preceding claims, wherein the flow guiding device

(70) is formed as a rib protruding from the profiled contour of the blade.

13. A blade according to any of the preceding claims, wherein the flow guiding device

is constructed as a plurality of separate longitudinally extending parts.
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14. A wind turbine blade according to any of the preceding claims, wherein the flow

guiding device comprises longitudinal ends, where at least one of the longitudinal ends

are closed.

5 15. A wind turbine comprising a number, preferably two or three, of blades according

to any of the preceding claims.
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