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DESCRIPTION

[0001] The invention relates to a way of changing the aerodynamic characteristics of a rotor
blade. In particular, the invention relates to a rotor blade of a wind turbine, wherein the rotor
blade comprises a lift modifying device, and to a method of modifying the lift of a rotor blade of
a wind turbine.

[0002] A rotor blade of a wind turbine typically comprises a root section, which is arranged
and prepared for being attached to a hub of the wind turbine, and an airfoil section, which is
arranged and prepared for generating lift. Regarding the airfoil section, a pressure side, a
suction side, a leading edge and a trailing edge can be attributed to it.

[0003] At every spanwise position of the rotor blade, a chord line, which is a straight line
connecting the trailing edge and the leading edge, can be determined. The angle between the
chord line and the direction of the airflow that is impinging on the rotor blade at the leading
edge is referred to as the angle of attack. If the actual angle of attack equals a predetermined
design angle of attack, an optimum power can be extracted from the airflow that is impinging
on the rotor blade. The rotor blade is designed such that for normal operating conditions of the
rotor blade the airfoil shape and the structural characteristics are optimal.

[0004] However, various circumstances can lead to deviations of the actual angle of attack
with regard to the design angle of attack. Reasons for these deviations are, for instance:
turbulence variations in the airflow, thus the wind speed suddenly increases or decreases;
gusts where the wind speed suddenly changes direction; changes in the angle of attack due to
torsion of the blade; changes of the angle of attack due to wind shear and veer; operation of
the wind turbine with a yaw error. When the angle of attack at which the rotor blade operates
deviates from the optimal angle of attack, i.e. the design angle of attack, the lift which is
generated by the rotor blade may deviate from its optimal value.

[0005] This deviation can, generally speaking, have two effects on the wind turbine:

First, there may occur a non-optimal power extraction due to either high loading which may
cause a high blocking of the airflow by the wind turbine, or due to low loading and therefore
resulting in a low torque.

[0006] Second, there may occur a higher loading of the components as the components have
been designed to due to, for instance, a simultaneous extreme increase in wind speed and
increase in the angle of attack.

[0007] Both effects are in principle unwanted effects as they reduce the energy output of the
wind turbine, reduce the life time of the wind turbine, and/or cause an overly conservative
design of the main components of the wind turbine.
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[0008] Thus, it is desirable to optimize the lift that is generated by the rotor blade.
[0009] Several solutions are known for increasing or decreasing the lift of a rotor blade.

[0010] A first option is the provision of Gurney flaps which are typically add-ons that are
attached at the trailing edge at the pressure side of the rotor blade. An example of such a
modification, which may also be integrated in the design of the airfoil such that the attachment
of a separate piece is not necessary, is given in the European patent application EP 2 004 989
A1l

[0011] A second option for influencing the lift of the rotor blade is the provision of flaps that
are connected to or integrated into the trailing edge section of the rotor blade. Examples of
such flaps are given in the Danish utility model

[0012] DK 95 00009 U3. In this document, it is proposed to add a rigid or flexible flap at the
pressure side at a trailing edge section behind the trailing edge or upstream of the trailing
edge.

[0013] An example of a passively actuated flap of a wing of an airplane is given in GB 329 783
A, whereas WO 2013/076009 A1 discloses a trailing edge serrations having apertures to
control the flow at the trailing edge. Yet another option to influence the lift of the rotor blade is
the provision of slats or other add-ons that are mounted to the leading edge section of the
rotor blade. The concept and some specific embodiments of this idea is for example disclosed
in the European patent application EP 2 078 852 A2.

[0014] These aerodynamic add-ons may be externally actuated. In other words, there is a
mechanism by which these aerodynamic devices can be actuated externally. Actuation may be
implemented by mechanical mechanisms, piezoelectric mechanisms or hydraulic mechanisms.
An example of a piezo-actuated lift modifying trailing edge section of a rotor blade is, for
instance, disclosed in the European patent application EP 2 233 735 A2.

[0015] The conventional methods and devices for influencing the lift of the rotor blade, in
particular for optimizing the lift of the rotor blade in order to maximize the energy output that
the wind turbine can generate, have, however, several drawbacks.

[0016] On the one hand, there may be the need of external actuator mechanisms which may
be costly to implement and expensive to service.

[0017] Additionally, it may be difficult to locally influence the lift of the rotor blade. In this
context it is important to understand that it may occur that at a first section of the rotor blade
the actual angle of attack approaches the design angle of attack well, while at a different,
second section at the rotor blade the design angle and the actual angle of attacks differ. In
other words, it may be beneficial to be able to locally influence the lift if needed. Another
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disadvantage of existing lift influencing devices is that typically they are able to either increase
the lift or decrease the lift.

[0018] It is thus desirable to provide alternative means to influence the lift characteristics of a
rotor blade, in particular of an airfoil section of the rotor blade. Preferably, these alternative
means overcome at least some of the mentioned drawbacks of existing lift influencing devices.

[0019] This objective is achieved by the independent claims. Advantageous embodiments are
described by the dependent claims.

[0020] According to the invention there is provided a rotor blade of a wind turbine with a lift
modifying device. The rotor blade comprises a leading edge section with a leading edge, and a
trailing edge section with a trailing edge. The lift modifying device is a part of the trailing edge
section. The lift modifying device is configured such that, at a predetermined loading of the
trailing edge section, an air channel opens up a flow path from the pressure side to the suction
side and vice versa in the trailing edge section. Thus, air flow flowing from the leading edge
section to the trailing edge section is at least partly deflected by the open air channel. This
results in a modification of the lift of the rotor blade. Furthermore, the lift modifying device is
firmly attached to the trailing edge section. Additionally, the lift modifying device is flexible such
that it can elastically deflect for passively opening up the air channel at a predetermined
loading of the trailing edge section.

[0021] The rotor blade comprises an airfoil section. Due to the aerodynamic design, i.e. the
aerodynamic shape, of the airfoil section, the rotor blade is able to generate a lift. The lift
translates into a force that is substantially perpendicular to the chordal plane of the rotor blade
and which is directing away of the suction side, i.e. opposite to the pressure side. The lift
modifying device is integrated into the trailing edge section.

[0022] The trailing edge section surrounds the trailing edge. The trailing edge section has a
chordwise extension of less than 20 per cent of the chord length. In other words, the trailing
edge section extends at most from 80 per cent of the chord length until 100 per cent of the
chord length, as measured from the leading edge. The chord line, which length is referred to
as the chord length, is defined as the straight line connecting the leading edge with the trailing
edge and being substantially perpendicular to the span of the rotor blade.

[0023] Note that in the case that the trailing edge section comprises an extension part that is
separate from the remaining trailing edge section, the trailing edge has to be understood as
being the section of the extension part that is furthest downstream. This even applies to the
case that the extension part and the remaining trailing edge section are separated by a gap.
Also then the trailing edge has not to be understood as the section of the remaining trailing
edge section that is furthest downstream, but as the section of the extension part that is
furthest downstream.

[0024] At no loading of the trailing edge section or at a loading which is smaller than the
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predetermined loading the lift modifying device is in a closed status. This means that
substantially no airflow flows from the pressure side to the suction side or vice versa via the lift
modifying device. Thus, the airflow that is flowing from the leading edge to the trailing edge
section flows along the lift modifying device at two separate airflows, one at the pressure side
and one at the suction side. If the predetermined loading is reached or exceeded the lift
modifying device opens up an air channel such that the airflow is at least partly deflected by
the open air channel. Consequently, the lift modifying device is projecting into the airflow and at
least a small flow from the pressure side to the suction side or vice versa is achieved.

[0025] The predetermined loading has to be understood as a certain loading or pressure or
force that is acting on the trailing edge section. The predetermined loading may, for instance,
be understood as a certain threshold value. If the threshold value is reached or exceeded, the
open air channel opens up.

[0026] Note that the opening up of the air channel may occur actively or passively.

[0027] An active mechanism is referred to as an external mechanism such as a mechanical,
hydraulic or piezoelectric mechanism or the like which has to be actuated in order to carry out
the configurational change of the lift modifying device at the predetermined loading.

[0028] A passive mechanism is referred to as a concept where the choice of the material and
the design of the lift modifying device allows a reversible change of its configuration depending
on the load on the lift modifying device.

[0029] Examples of how the lift modifying device may be configured concretely will be
described in more detail below. Generally speaking, the choice of material and the way how
the lift modifying device is connected to the remaining part of the rotor blade are important
aspects of ensuring that the air channel opens up at the predetermined loading and not at
loadings which are smaller or larger than the predetermined loading.

[0030] As an example, the lift modifying device may be made of an elastomeric material with a
given range of the elastic modulus, such as e.g. rubber. Other examples of suitable materials
are thin plastic layers or thin, ductile metallic layers. In general, a metallic material with a
sufficiently high ductility and a coating which provides for electric isolation, may be well suited
for the lift modifying device.

[0031] The loading of the whole rotor blade plays a role for activation of the lift modifying
device. However, it is specifically the loading of the trailing edge section that is crucial and
critical for the fact of opening or closing the air channel at the trailing edge section.

[0032] The trailing edge section may also be denoted as the aft portion of the rotor blade.

[0033] By careful and suitable design of the lift modifying device a customized lift curve can be
generated by easy and reliable means. Thus, energy extraction by the wind turbine can be
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improved and/or load on main components of the wind turbine can be alleviated.

[0034] Specifically, some advantages of this lift modifying device being integrated in a rotor
blade of a wind turbine are named in the following:

First, a decrease of the level of loading of the rotor blade at low wind speeds is possible. This
is particularly advantageous for rotor blades with a backward sweep.

[0035] Second, the loading of the rotor blade can be changed in order to avoid variations of
the loading due to shear forces.

[0036] Third, a decrease of the loading for unfavorable combinations of a relative inflow wind
speed and angle of attack of the airfoil section which otherwise would cause considerably high
loads.

[0037] Fourth, an upgrade of the performance, in particular the energy production capability
of the wind turbine at specific sites, is possible.

[0038] Fifth, the performance of the rotor blade, in particular the airfoil section of the rotor
blade, as a function of the wind speed can be upgraded and improved.

[0039] In summary, the invention is able to provide a rotor blade with a customized lift curve.

[0040] In a first embodiment of the invention, the trailing edge section comprises an extension
part which is separate from the remaining trailing edge section. The extension part is attached
to the remaining trailing edge section, and the lift modifying device is a part of the extension
part.

[0041] An advantage of integrating the lift modifying device into a separate part, i.e. the
extension part, is that manufacturing of the main part of the rotor blade including the remaining
trailing edge section but excluding the extension part does not require fundamental changes in
the manufacturing process of the rotor blade.

[0042] Another advantage is that a retrofit of an existing rotor blade is easily feasible. If, for
example, the existing rotor blade already comprises an existing extension part, which however
does not comprise any lift modifying device, then the existing extension part can be substituted
by a new extension part, which comprises at least one lift modifying device.

[0043] According to another embodiment of the invention, the lift modifying device is built as
one single piece.

[0044] According to another embodiment of the invention, the trailing edge section with the lift
modifying device is built as one single piece.
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[0045] This has the advantage that a connection between the two parts, i.e. between the
extension part and the remaining trailing edge section, is not needed. This reduces the risk of
failure in the rotor blade and reduces or completely prevents a servicing of the extension part
and the connection of the extension part with the remaining trailing edge section.

[0046] In another embodiment of the invention, the rotor blade comprises a plurality of lift
modifying devices, which are arranged in spanwise direction on the trailing edge section. Thus,
the lift of the rotor blade can be modified locally with regard to a spanwise position along the
rotor blade.

[0047] The possibility of locally modifying the lift along the span of the rotor blade is a
significant advantage compared to existing lift modifying systems. As the dimensions of the lift
modifying devices can be chosen in a wide range between a few centimeters and several
meters, there is a considerable variety of modifying the lift of the rotor blade on a local,
spanwise basis. It may, for example, be advantageous to place the lift modifying devices in the
outer part, i.e. the outboard section, of the rotor blade. The outer part refers to the section of
the rotor blade which is, in spanwise relation, adjacent to the tip of the rotor blade. The outer
part may for example be understood as the last third of the span, as measured from the root of
the rotor blade.

[0048] Another aspect of the configuration of the lift modifying device is the direction to which
the lift modifying device projects when the air channel is opened. Concretely, the lift modifying
device may open towards the pressure side of the rotor blade or towards the suction side of
the rotor blade. In other words, if a force from the suction side is applied on the trailing edge
section the lift modifying device opens up towards the pressure side. This scenario is referred
to as the first predetermined loading. Likewise, the second predetermined loading scenario is
referred to as the case where a force from the pressure side is applied on the trailing edge
section, thus opening up the lift modifying device towards the suction side.

[0049] Note that it is possible that the lift modifying device is designed such that it can project
towards the suction side in the first predetermined loading scenario, i.e. if a force from the
suction side is applied on the trailing edge section and at another scenario, i.e. the second
predetermined loading, the lift modifying device projects towards the suction side. Thus, one
single lift modifying device may influence the airflow in either the one or the other side
depending on the loading, in particular depending on the direction of the force which translates
into the loading.

[0050] However, it may be desired that the lift modifying device is exclusively able to open up
towards one specific side. In this case, the lift modifying device may comprise a mechanism
which prevents that the lift modifying device opens up towards the pressure side, thus only
allowing that the lift modifying device opens up towards the suction side. The same concept
can be implemented vice versa, i.e. preventing an opening up of the lift modifying device
towards the suction side and only allowing an opening up of the lift modifying device towards
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the pressure side.

[0051] This mechanism of selectively blocking the opening of the air channel towards either
the pressure side or the suction side may for example be realized by a rim of the lift modifying
device which at least partly overlaps with a rim of the air channel in the closed state of the air
channel.

[0052] In other words, a protrusion or a prominence in the rim of the air channel may be
implemented which prevents that the lift modifying device moves into a predetermined
direction.

[0053] In general, a leading edge device portion and a trailing edge device portion can be
attributed to the lift modifying device. The leading edge device portion is defined as facing
towards the leading edge section of the rotor blade. Likewise, the trailing edge device portion is
facing towards the trailing edge. Thus, the trailing edge device portion is opposite to the
leading edge device portion.

[0054] In another advantageous embodiment of the invention, the lift modifying device opens
up at either the leading edge device portion or the trailing edge device portion.

[0055] In other words, the design of the lift modifying device can be chosen such that it is
connected to the remaining trailing edge section by specifically the leading edge device portion
or the trailing edge device portion. As a consequence, when the lift modifying device opens up
the air channel one part of the lift modifying device is still in close contact to the rim of the air
channel while the opposite end of the lift modifying device now projects into the airflow and in
particular induces a fraction of the airflow to flow through the air channel.

[0056] An alternative embodiment of the invention, which is not claimed, however, is
characterized in that the connection of the lift modifying device with the remaining trailing edge
section is realized by a mechanical hinge which may in particular comprise a torsional spring.

[0057] This has the advantage that the lift modifying device can be designed as a rigid and
stiff component which is hinged on one side to the trailing edge section by a mechanical hinge.
Torsional springs are advantageous to be used as they are readily available; they are proven
and able to withstand harsh conditions over a long period of time, in particular over the life time
of the rotor blade.

[0058] According to the claimed invention, the mechanism of opening up the air channel is
characterized in that the lift modifying device is firmly attached to the trailing edge section, but
that the lift modifying device is flexible such that it can elastically deflect for passively opening
up the air channel at a predetermined loading of the trailing edge section.

[0059] This has the advantage that no mechanical parts such as springs and the like are
needed. Flexible flaps are known to be implemented into rotor blades from flexible serrated
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flaps, for instance, which may be attached to the trailing edge of the rotor blade.

[0060] Note that depending on the choice where the lift modifying device is attached to the
remaining trailing edge section, in particular if the lift modifying device is attached at its leading
edge device portion or at its trailing edge device portion, the airflow is deflected differently. In
the example of a first predetermined loading, i.e. in the case that a force from the suction side
is applied on the trailing edge section of the rotor blade, the airflow is deflected from the
suction side to the pressure side if the lift modifying device is hinged at the leading edge device
portion. If the lift modifying device is hinged at the trailing edge device portion, the airflow is at
least partly deflected from the pressure side to the suction side. In other words, there are a
plurality of opportunities and design choices where to place the lift modifying device: for
instance, it can be attached either at the leading edge device portion or at a trailing edge
device portion.

[0061] Advantageously, the lift modifying device is made of a non-metallic material, for
example rubber or a composite material.

[0062] Furthermore, note that the lift modifying device can be implemented in combination
with other conventional aerodynamic add-ons, such as vortex generators or serrated trailing
edge flaps.

[0063] The predetermined loading at which the air channel is opened up can be set by pre-
stressing the torsion or friction connection between the lift modifying device and the remaining
trailing edge section. The pre-stressing and thus the predetermined loading of the lift modifying
device can be chosen differently for different spanwise positions at the rotor blade. Thus a
customized lift characteristic of the rotor blade can be achieved.

[0064] The invention is also directed towards a method to modify the lift of a rotor blade of a
wind turbine. The rotor blade is configured according to one of the embodiments as described
above. The method includes a first step at which the air channel opens up - actively or
passively - and a second step at which the airflow that is flowing from the leading edge section
to the trailing edge section is at least partly deflected by the open air channel. This may result
in a modification of the lift of the rotor blade. Note that the first step occurs at a predetermined
loading of the trailing edge section. Both steps may occur simultaneously or one after the
other.

[0065] Furthermore note that specific embodiments and details, which have been described in
relation to the rotor blade with the lift modifying device as such, also apply to the method of
modifying the lift of the rotor blade.

[0066] Embodiments of the invention are now described, by way of example only, with
reference to the accompanying drawings, of which:

Figure 1
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shows a wind turbine;

Figure 2
shows a rotor blade of a wind turbine;

Figure 3
shows a section of a rotor blade with lift modifying devices in a perspective view;

Figure 4
shows the lift characteristics of a conventional rotor blade at a given spanwise position,
compared to the lift characteristics of a rotor blade at a given spanwise position with an
examplary lift modifying device;

Figure 5
shows a force acting on the lift modifying device from the pressure side;

Figure 6
shows a force acting on the lift modifying device from the suction side;

Figure 7 and Figure 9
show a lift modifying device that is attached tothe trailing edge section at the leading
edge de-vice portion;,

Figure 8 and Figure 10
show a lift modifying device that is attached tothe trailing edge section at the trailing
edge de-vice portion;

Figure 11
shows a lift modifying device that is designed as a flexural element;

Figure 12
shows a detailed view of the lift modifying device of Figure 11;

Figure 13
shows a lift modifying device designed as a flexural element and attached at the leading
edge device portion to the trailing edge section;

Figure 14
shows the same lift modifying device as shown in Figure 13, but attached at its trailing
edge device portion to the trailing edge section; and

Figure 15
shows a lift modifying device with a mechanism for selectively blocking the opening up of
the air channel.

[0067] The illustration in the drawings is in schematic form. It is noted that in different figures,
similar or identical elements may be provided with the same reference signs.

[0068] In Figure 1, a wind turbine 10 is shown. The wind turbine 10 comprises a nacelle 12
and a tower 11. The nacelle 12 is mounted at the top of the tower 11. The nacelle 12 is
mounted rotatable with regard to the tower 11 by means of a yaw bearing. The axis of rotation
of the nacelle 12 with regard to the tower 11 is referred to as the yaw axis.

[0069] The wind turbine 10 also comprises a hub 13 with three rotor blades 20 (of which two
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rotor blades 20 are depicted in Figure 1). The hub 13 is mounted rotatable with regard to the
nacelle 12 by means of a main bearing. The hub 13 is mounted rotatable about a rotor axis of
rotation 14.

[0070] The wind turbine 10 furthermore comprises a main shaft, which connects the hub 13
with a rotor of a generator 15. The hub 13 is connected directly to the rotor, thus the wind
turbine 10 is referred to as a gearless, direct driven wind turbine. As an alternative, the hub 13
may also be connected to the rotor via a gearbox. This type of wind turbine is referred to as a
geared wind turbine.

[0071] The generator 15 is accommodated within the nacelle 12. It comprises the rotor and a
stator. The generator 15 is arranged and prepared for converting the rotational energy from
the rotor into electrical energy.

[0072] Figure 2 shows a rotor blade 20 of a wind turbine. The rotor blade 20 comprises a root
section 21 with a root 211 and a tip section 22 with a tip 221. The root 211 and the tip 221 are
virtually connected by the span 26 which follows the shape of the rotor blade 20. If the rotor
blade were a rectangular shaped object, the span 26 would be a straight line. However, as the
rotor blade 20 features a varying thickness, the span 26 is slightly curved or bent as well. Note
that if the rotor blade 20 was bent itself, then the span 26 would be bent, too.

[0073] The rotor blade 20 furthermore comprises a leading edge section 24 with a leading
edge 241 and a trailing edge section 23 with a trailing edge 231.

[0074] The trailing edge section 23 surrounds the trailing edge 231. Likewise, the leading
edge section 24 surrounds the leading edge 241.

[0075] At each spanwise position, a chord line 27 which connects the leading edge 241 with
the trailing edge 231 can be defined. Note that the chord line 27 is substantially perpendicular
to the span 26. The shoulder 28 is defined in the region where the chord line comprises a
maximum chord length.

[0076] Furthermore, the rotor blade 20 can be divided into an inboard section which
comprises the half of the rotor blade 20 adjacent to the root section 21 and an outboard
section which comprises the half of the rotor blade 20 which is adjacent to the tip section 22.

[0077] Figure 3 shows a perspective view of a rotor blade 20 with a plurality of lift modifying
devices 30. In particular, a part of the airfoil section of the rotor blade 20 is depicted. The airfoil
section comprises a main body and an extension part 39 that is attached to the main body at
the trailing edge section of the rotor blade. The extension part 39 comprises a plurality of lift
modifying devices 30 which are aligned one next to the other in spanwise direction of the rotor
blade. The various lift modifying devices 30 differ from each other with regard to their spanwise
extension. They may also differ with regard to the predetermined loading at which they are
activated in the sense of opening up the air channel for deflecting the airflow flowing from the
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leading edge section to the trailing edge section of the rotor blade.

[0078] By such a set of lift modifying devices aligned in spanwise direction, customized lift
characteristics of the airfoil section of the rotor blade can be provided.

[0079] As an alternative, several lift modifying devices may also be positioned in chordwise
direction of the rotor blade. Exemplarily, two lift modifying devices which are equal in size may
be placed one next to the other in chordwise direction at the extension part 39. This allows for
example for activating the first lift modifying device at a first predetermined loading and the
second lift modifying device, which is placed at the same spanwise position as the first lift
modifying device, at a second predetermined loading.

[0080] Figure 4 shows two graphs of lift characteristics of rotor blades. The vertical coordinate
axis represents the lift coefficient 42 and the horizontal coordinate axis represents the angle of
attack 41. The graph 43, which is referred to as the first graph, represents an example of a
conventional rotor blade. The graph 44, which is referred to as the second graph, represents
an example of a rotor blade with a lift modifying device.

[0081] It can be seen that for the minimum angle of attack and the maximum angle of attack
both graphs 43, 44 coincide. However, in a first section of small angles of attack the lift
coefficient of the second graph 44 is enhanced compared to the lift coefficient of the first graph
43. This may be advantageous in terms of energy production of the wind turbine. In a second
portion of angles of attack with high angles of attack the lift coefficient of the second graph 44
is reduced compared to the lift coefficient of the first graph 43. This may be a beneficial design
as the loading of the rotor blade and the wind turbine as a whole is reduced for higher angles
of attack, thus alleviating strain and stress on main components of the wind turbine.

[0082] In summary, it can be seen that by implementing lift modifying devices at the rotor
blade the lift coefficient versus angle of attack curve can be manipulated in a customized way.

[0083] Figures 5 and 6 show the airfoil section of a rotor blade in a cross sectional view. The
leading edge section 24, the trailing edge section 23, the suction side 252 and the pressure
side 251 can be depicted. The trailing edge section 23 comprises a lift modifying device 30.
The lift modifying device 30 is connected to the trailing edge section via a hinge at the leading
edge device portion of the lift modifying device 30.

[0084] In Figure 6, a first predetermined loading 31 acts on the trailing edge section 23. The
first predetermined loading comprises forces that are acting on the trailing edge section 23.
The first predetermined loading 31 comprises the magnitude of the forces and the direction of
the forces. As there may be variation of either the magnitude or the direction or both of the first
predetermined loading along the chord line, the first predetermined loading 31 has to be
understood as a set of vectors which represents the actual forces at various chordwise
positions. In Figure 6, the first predetermined loading can be translated into forces acting from
the suction side 252 towards the pressure side 251.
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[0085] In comparison, Figure 5 shows the second predetermined loading, which is
represented by a set of forces that act from the pressure side 251 towards the suction side
252.

[0086] Figures 7 to 10 show detailed views of lift modifying devices 30. These lift modifying
devices 30 are each connected to the trailing edge section of a rotor blade. As the lift modifying
device itself is defined as being part of the trailing edge section, it may also be said that the lift
modifying device is connected to the remaining trailing edge section. In this sense, the term
remaining trailing edge section refers to the fact that the remaining trailing edge section and
the lift modifying device form together the trailing edge section 23.

[0087] The lift modifying devices 30 are connected to the trailing edge section via a
mechanical hinge at either the leading edge device portion 35 or the trailing edge device
portion 36. The airflow that is flowing from the leading edge section to the trailing edge section
of the rotor blade is also depicted in Figure 7 to 10.

[0088] As Figures 7 to 10 show situations where the air channel is open, there occurs a
deflection of the airflow, at least a part of the airflow is deflected by the open air channel.

[0089] Specifically, Figure 7 shows a lift modifying device 30 that is hinged at the leading edge
device portion 35 and which opens up towards the suction side of the rotor blade. As a
consequence, a fraction of the airflow 45 is deflected from the pressure side to the suction
side.

[0090] Figure 8 shows a lift modifying device 30 that is hinged at the trailing edge device
portion 36 and which opens up towards the suction side of the rotor blade as well. As a
consequence airflow on the suction side is partially deflected towards the pressure side by
passing through the air channel.

[0091] Figure 9 shows a lift modifying device 30 that is hinged at the leading edge device
portion 35 and which opens up towards the pressure side of the rotor blade. As a consequence
airflow of the suction side is partially deflected towards the pressure side and passes by the air
channel.

[0092] Figure 10 shows a lift modifying device 30 that is hinged at the trailing edge device
portion 36 and which opens up towards the pressure side of the rotor blade. As a consequence
a fraction of the airflow 45 from the pressure side flows towards the suction side via the air
channel.

[0093] Figure 11 shows a cross sectional view of the airfoil section of the rotor blade 20. The
leading edge section 24, the trailing edge section 23, the pressure side 251 and the suction
side 252 are illustrated. At the trailing edge section 23 a lift modifying device 30 is integrated.
The lift modifying device 30 is located upstream of the trailing edge 231 of the rotor blade 20.
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The lift modifying device 30 is a part of an extension part 39. The extension part 39 is attached
to the pressure side 251 of the rotor blade 20.

[0094] Figure 12 shows a detailed view of the trailing edge section 23 of the rotor blade
shown in Figure 11. In this embodiment, the lift modifying device 30 is configured as a flexural
element. If a force from the suction side to the pressure side acts on the lift modifying device
30, then the lift modifying device 30 is deflected elastically and performs a flexural movement
38.

[0095] This can be seen in Figure 13 showing the scenario that the lift modifying device 30 is
attached to the remaining trailing edge section at the leading edge device portion 35. Thus, if
the lift modifying device 30 is opened towards the suction side of the rotor blade, the airflow 45
on the pressure side of the rotor blade is deflected partially towards the suction side of the
rotor blade.

[0096] In Figure 14, a slightly different configuration of the flexural element acting as the lift
modifying device 30 can be seen. In this case, the lift modifying device 30 is connected to the
remaining trailing edge section at the trailing edge device portion 36. As a consequence,
airflow 45 of the suction side is partially deflected towards the pressure side by passing by the
open air channel.

[0097] Finally, Figure 15 shows a lift modifying device 30 comprising a mechanism to block a
movement of the lift modifying device 30 in one specific direction. In the embodiment shown in
Figure 15 the movement of the lift modifying device 30 from the suction side towards the
pressure side of the rotor blade is prevented by a special configuration of the rim 33 of the lift
modifying device 30 compared to the rim 34 of the air channel. Thus, if a first predetermined
loading 31, which basically comprises forces acting from the suction side towards the pressure
side of the rotor blade, acts on the lift modifying device 30 the position of the lift modifying
device 30 does not change. Thus, the lift characteristics do not change under the first
predetermined loading 31. If however, a second predetermined loading 32 acts on the lift
modifying device 30 then the lift modifying device 30 would open up an air channel. In this
context, the second predetermined loading 32 is to be understood as forces acting from the
pressure side towards the suction side of the rotor blade.
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Patentkrav

1. Rotorvinge (20) af en vindmglle (10) med en opdriftmodificeringsindretning
(30),

hvor

- rotorvingen (20) omfatter en trykside (251), en sugeside (252), en forreste
kantsektion (24) med en forkant (241) og en bagerste kantsektion (23) med
en bagkant (231),

- opdriftmodificeringsindretningen (30) er en del af den bagerste kantsektion
(23), og

- opdriftmodificeringsindretningen (30) er udformet séledes, at ved en forud-
bestemt belastning (31, 32) af den bagerste kantsektion (23) dbner en luftka-
nal (46) en stromningsbane fra tryksiden (251) til sugesiden (252) og om-
vendt i den bagerste kantsektion (23),

- séledes at luftstrom (45), der strammer fra den forreste kantsektion (24) til
den bagerste kantsektion (23) mindst delvist afbgjes af den abne luftkanal
(46), hvilket medfarer en modificering af opdriften af rotorvingen (20),
kendetegnet ved, at

- opdriftmodificeringsindretningen (30) er fast forbundet til den bagerste kant-
sektion (23), og

- opdriftmodificeringsindretningen (30) er fleksibel, saledes at den kan afbe-
jes elastisk til passiv dbning af luftkanalen (46) ved en forudbestemt belast-
ning (31, 32) af den bagerste kantsektion (23).

2. Rotorvinge (20) ifolge krav 1,

hvor

- den bagerste kantsektion (23) omfatter en forleengelsesdel (39), som er ad-
skilt fra en resterende bagerste kantsektion,

- forleengelsesdelen (39) er fastgjort til den resterende bagerste kantsektion,
¢

- opdriftmodificeringsindretningen (30) er en del af forlaengelsesdelen (39).

3. Rotorvinge (20) ifglge krav 1,
hvor den bagerste kantsektion (23) med opdriftmodificeringsindretningen (30)
er bygget som et enkelt stykke.
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4. Rotorvinge (20) ifglge et af de foregaende krav, hvor rotorvingen (20) om-
fatter en flerhed af opdriftmodificeringsindretninger (30), som er anbragt i en
spanwise retning langs den bagerste kantsektion (23), séledes at opdriften af
rotorvingen (20) kan modificeres lokalt med hensyn til en spanwise position
langs rotorvingen (20).

5. Rotorvinge (20) ifglge et af de foregaende krav, hvor, ved en forste forud-
bestemt belastning (31), en kraft fra sugesiden (252) anvendes pa den ba-
gerste kantsektion (23) af rotorvingen (20), séledes at opdriftmodificering-
sindretningen (30) &bner sig mod tryksiden (251) af rotorvingen (20).

6. Rotorvinge (20) ifolge et af kravene 1 til 4, hvor, ved en anden forudbe-
stemt belastning (32), en kraft fra tryksiden (251) anvendes pa den bagerste
kantsektion (23) af rotorvingen (20), séledes at opdriftmodificeringsindretnin-
gen (30) abner sig mod sugesiden (252) af rotorvingen (20).

7. Rotorvinge (20) ifelge et af de foregdende krav, hvor opdriftmodificering-
sindretningen (30) omfatter en mekanisme

- som forhindrer, at opdriftmodificeringsindretningen (30) &bner sig imod tryk-
siden (251), saledes at opdriftmodificeringsindretningen (30) kun kan &bne
sig mod sugesiden (252), eller

- som forhindrer, at opdriftmodificeringsindretningen (30) &bner sig mod su-
gesiden (252), séledes at opdriftmodificeringsindretningen (30) kun kan abne
sig mod tryksiden (251).

8. Rotorvinge (20) ifglge krav 7,

hvor mekanismen med selektivt at blokere abningen af luftkanalen (46) mod
enten tryksiden (251) eller sugesiden (252) effektueres ved hjaelp af en rand
af opdriftmodificeringsindretningen (33), som mindst delvist overlapper med
en rand af luftkanalen (34) i den lukkede tilstand af luftkanalen (46).

9. Rotorvinge (20) ifglge et af de foregaende krav, hvor

- opdriftmodificeringsindretningen (30) omfatter en forkantindretningsdel (35),
som vender mod den forreste kantsektion (24) af rotorvingen (20), og en
bagkantindretningsdel (36), som er over for forkantindretningsdelen (35), og
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- opdriftmodificeringsindretningen (30) &bner sig ved enten forkantindret-
ningsdelen (35) eller bagkantindretningsdelen (36).

10. Fremgangsmade til modificering af opdriften af en rotorvinge (20) af en
vindmglle (10),

hvor rotorvingen (20) er udformet ifalge et af de fglgende krav, og

- den fleksible opdriftmodificeringsindretning ved den forudbestemte belast-
ning (31, 32) af den bagerste kantsektion (23) afbgjes elastisk, hvorved den
passivt abner luftkanalen, og

- luftstrommen (45), der strammer fra den forreste kantsektion (24) til den
bagerste kantsektion (23) mindst delvist afbgjes af den abne luftkanal (46),
hvilket medfarer en modificering af opdriften af rotorvingen (20).
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