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(57) ABSTRACT

A rotor blade of a wind turbine, wherein the rotor blade
includes a lift modifying device, is provided. The lift modi-
fying device is a part of the trailing edge section of the rotor
blade. 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. As a
consequence, airflow flowing from the leading edge section
of'the rotor blade to the trailing edge section is at least partly
deflected by the open air channel, which results in a modifi-
cation of the lift of the rotor blade. A method to modify the lift
of a rotor blade of a wind turbine is also provided.
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LIFT INFLUENCING DEVICE FOR A ROTOR
BLADE OF A WIND TURBINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to European Appli-
cation No. 14185540.3 having a filing date of Sep. 19, 2014,
the entire contents of which are hereby incorporated by ref-
erence.

FIELD OF TECHNOLOGY

[0002] The following relates to a way of changing the aero-
dynamic characteristics of a rotor blade. In particular,
embodiments of the invention relate to a rotor blade of a wind
turbine, wherein the rotor blade comprises a lift moditying
device, and to a method of modifying the lift of a rotor blade
of a wind turbine.

BACKGROUND

[0003] 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.

[0004] 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 imping-
ing on the rotor blade at the leading edge is referred to as the
angle of attack. If the actual angle of attack equals a pre-
determined 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 struc-
tural characteristics are optimal.

[0005] However, various circumstances can lead to devia-
tions 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 sud-
denly 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.

[0006] This deviation can, generally speaking, have two
effects on the wind turbine:

[0007] First, there may occur a non-optimal power extrac-
tion due to either high loading which may cause a high block-
ing of the airflow by the wind turbine, or due to low loading
and therefore resulting in a low torque.

[0008] 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.

[0009] 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 conser-
vative design of the main components of the wind turbine.
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[0010] Thus, it is desirable to optimize the lift that is gen-
erated by the rotor blade.

[0011] Several solutions are known for increasing or
decreasing the lift of a rotor blade.

[0012] 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 Al.

[0013] A second option for influencing the lift of the rotor
blade is the provision of flaps that are connected to or inte-
grated into the trailing edge section of the rotor blade.
Examples of such flaps are given in the Danish utility model
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.

[0014] 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.

[0015] Theseaerodynamic add-ons may be externally actu-
ated. In other words, there is a mechanism by which these
aerodynamic devices can be actuated externally. Actuation
may be implemented by mechanical mechanisms, piezoelec-
tric 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 appli-
cation EP 2 233 735 A2.

[0016] The conventional methods and devices for influenc-
ing 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.

[0017] On the one hand, there may be the need of external
actuator mechanisms which may be costly to implement and
expensive to service.

[0018] 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 influ-
ence the lift if needed. Another disadvantage of existing lift
influencing devices is that typically they are able to either
increase the lift or decrease the lift.

[0019] 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 alter-
native means overcome at least some of the mentioned draw-
backs of existing lift influencing devices.

SUMMARY

[0020] According to embodiments of the invention, there is
provided a rotor blade of a wind turbine with a lift moditying
device. The rotor blade comprises a leading edge section with
aleading 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 prede-
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termined 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.

[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 percent of the chord length. In other words, the
trailing edge section extends at most from 80 percent of the
chord length until 100 percent of the chord length, as mea-
sured 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 remain-
ing trailing edge section, the trailing edge has to be under-
stood 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 fur-
thest 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 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 configu-
ration depending on the load on the lift moditying device.
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[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 suit-
able 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 moditying device.

[0031] The loading of the whole rotor blade plays a role for
activation of the lift modifying device. However, it is specifi-
cally 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] Thetrailing 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 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:

[0035] 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.
[0036] Second, the loading of the rotor blade can be
changed in order to avoid variations of the loading due to
shear forces.

[0037] 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.

[0038] Fourth, an upgrade of the performance, in particular
the energy production capability of the wind turbine at spe-
cific sites, is possible.

[0039] Fifth, the performance of the rotor blade, in particu-
lar the airfoil section of the rotor blade, as a function of the
wind speed can be upgraded and improved.

[0040] In summary, embodiments of the invention are able
to provide a rotor blade with a customized lift curve.

[0041] 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.

[0042] 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 exten-
sion part does not require fundamental changes in the manu-
facturing process of the rotor blade.

[0043] 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
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the existing extension part can be substituted by a new exten-
sion part, which comprises at least one lift modifying device.
[0044] According to another embodiment of the invention,
the lift modifying device is built as one single piece.

[0045] This has the advantage that a connection between
the two parts, i.e. between the extension part and the remain-
ing trailing edge section, is not needed. This reduces the risk
of failure in the rotor blade and reduces or completely pre-
vents 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 sec-
tion. 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 moditying the lift along
the span of the rotor blade is a significant advantage compared
to existing lift moditying 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. [t 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 modi-
fying 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 predeter-
mined 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 trans-
lates 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. pre-
venting an opening up of the lift modifying device towards the
suction side and only allowing an opening up of the lift
modifying device towards 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
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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] Ingeneral, aleading edge device portion and a trail-
ing 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 inven-
tion, 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 remain-
ing trailing edge section by specifically the leading edge
device portion or the trailing edge device portion. As a con-
sequence, 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] This connection ofthe lift modifying device with the
remaining trailing edge section can for example be 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 mechani-
cal hinge. Torsional springs are advantageous to be used as
they are readily available; they are proven and able to with-
stand harsh conditions over a long period of time, in particular
over the life time of the rotor blade.

[0058] Another possibility to design the lift modifying
device, in particular to realize the mechanism of opening up
the air channel, is 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 pas-
sively 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 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
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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 aero-
dynamic add-ons, such as vortex generators or serrated trail-
ing 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 remain-
ing trailing edge section. The pre-stressing and thus the pre-
determined 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] Embodiments of the invention are 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 pas-
sively—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.

BRIEF DESCRIPTION

[0066] Some of the embodiments will be described in
detail, with reference to the following figures, wherein like
designations denote like members, wherein:

[0067] FIG. 1 shows an embodiment of a wind turbine;
[0068] FIG. 2 shows an embodiment of a rotor blade of a
wind turbine;

[0069] FIG.3 shows a section of a rotor blade with embodi-

ments of lift modifying devices in a perspective view;
[0070] FIG. 4 shows the lift characteristics of a conven-
tional 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;

[0071] FIG. 5 shows aforce acting on an embodiment of the
lift modifying device from the pressure side;

[0072] FIG. 6 shows aforce acting on an embodiment of the
lift modifying device from the suction side;

[0073] FIG. 7 shows an embodiment of a lift modifying
device that is attached to the trailing edge section at the
leading edge device portion;

[0074] FIG. 8 shows an embodiment of a lift modifying
device that is attached to the trailing edge section at the
trailing edge section;

[0075] FIG. 9 shows alift modifying device that is attached
to the trailing edge section at the leading edge device portion;
[0076] FIG. 10 shows an embodiment of a lift modifying
device that is attached to the trailing edge section at the
trailing edge device portion;

[0077] FIG. 11 shows an embodiment of a lift modifying
device that is designed as a flexural element;
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[0078] FIG. 12 shows a detailed view of an embodiment of
the lift modifying device of FIG. 11;

[0079] FIG. 13 shows an embodiment of the lift modifying
device designed as a flexural element and attached at the
leading edge device portion to the trailing edge section;
[0080] FIG. 14 shows the same embodiment of the lift
modifying device as shown in FIG. 13, but attached at its
trailing edge device portion to the trailing edge section; and
[0081] FIG. 15 shows an embodiment of the lift modifying
device with a mechanism for selectively blocking the opening
up of the air channel.

DETAILED DESCRIPTION

[0082] In FIG. 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.

[0083] The wind turbine 10 also comprises a hub 13 with
three rotor blades 20 (of which two rotor blades 20 are
depicted in FIG. 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.
[0084] 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.

[0085] 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.

[0086] FIG. 2 shows a rotor blade 20 of a wind turbine. The
rotor blade 20 comprises a root section 21 with aroot 211 and
atip 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. Ifthe 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.

[0087] 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.

[0088] The trailing edge section 23 surrounds the trailing
edge 231. Likewise, the leading edge section 24 surrounds the
leading edge 241.

[0089] 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 per-
pendicular to the span 26. The shoulder 28 is defined in the
region where the chord line comprises a maximum chord
length.

[0090] 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.

[0091] FIG. 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
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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 moditying 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 leading edge section to the trailing edge
section of the rotor blade.

[0092] By such a set of lift modifying devices aligned in
spanwise direction, customized lift characteristics of the air-
foil section of the rotor blade can be provided.

[0093] 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 predeter-
mined loading and the second lift modifying device, which is
placed at the same spanwise position as the first lift moditying
device, at a second predetermined loading.

[0094] FIG. 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 moditying
device.

[0095] 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 advanta-
geous 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.

[0096] Insummary, 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.
[0097] FIGS. 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.

[0098] In FIG. 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 magni-
tude 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 chord-

Mar. 24, 2016

wise positions. In FIG. 6, the first predetermined loading can
be translated into forces acting from the suction side 252
towards the pressure side 251.

[0099] In comparison, FIG. 5 shows the second predeter-
mined loading, which is represented by a set of forces that act
from the pressure side 251 towards the suction side 252.
[0100] FIGS. 7 to 10 show detailed views of lift modifying
devices 30. These lift modifying devices 30 are each con-
nected 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 modi-
fying device form together the trailing edge section 23.
[0101] 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 FIGS. 7 to 10.

[0102] As FIGS. 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.
[0103] Specifically, FIG. 7 shows alift 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.

[0104] FIG. 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.
[0105] FIG. 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 conse-
quence airflow of the suction side is partially deflected
towards the pressure side and passes by the air channel.
[0106] FIG. 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 conse-
quence a fraction of the airflow 45 from the pressure side
flows towards the suction side via the air channel.

[0107] FIG. 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. 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.

[0108] FIG. 12 shows a detailed view of the trailing edge
section 23 of the rotor blade shown in FIG. 11. In this embodi-
ment, 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.

[0109] This can be seen in FIG. 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
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suction side of the rotor blade, the airflow 45 on the pressure
side of the rotor blade is deflected partially towards the suc-
tion side of the rotor blade.

[0110] InFIG. 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.

[0111] Finally, FIG. 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 embodi-
ment shown in FIG. 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.

[0112] Although the present invention has been disclosed
in the form of preferred embodiments and variations thereon,
it will be understood that numerous additional modifications
and variations could be made thereto without departing from
the scope of the invention.

[0113] For the sake of clarity, it is to be understood that the
use of “a” or “an” throughout this application does not
exclude a plurality, and “comprising” does not exclude other
steps or elements.

1. A rotor blade of a wind turbine with a lift modifying
device, comprising:

a pressure side;

a suction side;

a leading edge section with a leading edge; and

a trailing edge section with a trailing edge,

wherein the lift modifying device is a part of the trailing

edge section, and 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, such that airflow flowing from the
leading edge section to the trailing edge section is at least
partly deflected by the open air channel, which results in
a modification of the lift of the rotor blade.

2. The rotor blade according to claim 1, wherein the trailing
edge section comprises an extension part which is separate
from a remaining trailing edge section, the extension part
being attached to the remaining trailing edge section, and the
lift modifying device being a part of the extension part.

3. The rotor blade according to claim 1, wherein the trailing
edge section with the lift modifying device is built as one,
single piece.
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4. The rotor blade according to claim 1, wherein the rotor
blade comprises a plurality of lift modifying devices, which
are arranged in a spanwise direction along the trailing edge
section, such that the lift of the rotor blade is modified locally
with regard to a spanwise position along the rotor blade.

5. The rotor blade according to claim 1, wherein at a first
predetermined loading, a force from the suction side is
applied on the trailing edge section of the rotor blade, thus
opening up the lift modifying device towards the pressure
side of the rotor blade.

6. The rotor blade according to claim 1, wherein at a second
predetermined loading, a force from the pressure side is
applied on the trailing edge section of the rotor blade, thus
opening up the lift modifying device towards the suction side
of the rotor blade.

7. The rotor blade according claim 1, wherein the lift modi-
fying device comprises a mechanism that prevents the lift
modifying device from opening up towards the pressure side,
thus only allowing the lift modifying device to open up
towards the suction side, or that prevents the lift modifying
device from opening up towards the suction side, thus only
allowing that the lift modifying device open up towards the
pressure side.

8. The rotor blade according to claim 7, wherein the mecha-
nism of selectively blocking the opening of the air channel
towards either the pressure side or the suction side includes a
rim of the lift modifying device that at least partly overlaps
with a rim of the air channel in a closed state of the air
channel.

9. The rotor blade according to claim 1, wherein the lift
modifying device comprises a leading edge device portion
facing towards the leading edge section of the rotor blade and
a trailing edge device portion being opposite to the leading
edge device portion, the lift modifying device opening up at
either the leading edge device portion or the trailing edge
device portion.

10. The rotor blade according to claim 1, wherein the lift
modifying device is attached to the remaining trailing edge
section by a mechanical hinge, which comprises a torsional
spring, thus the lift modifying device is arranged and pre-
pared for passively opening up the air channel at a predeter-
mined loading of the trailing edge section.

11. The rotor blade according to claim 1, wherein the lift
modifying device is firmly attached to the trailing edge sec-
tion, and the lift modifying device is flexible such that it
elastically deflects for passively opening up the air channel at
a predetermined loading of the trailing edge section.

12. The rotor blade according to claim 1, wherein the rotor
blade comprises a means for actively opening up the air
channel.

13. The rotor blade according to claim 1, wherein the air
channel is opened up passively.

14. A method to modify a lift of a rotor blade of a wind
turbine, wherein the rotor blade is configured according to
claim 1, and—at the predetermined loading of the trailing
edge section, the air channel opens up, and the airflow flowing
from the leading edge section to the trailing edge section is at
least partly deflected by the open air channel, which results in
a modification of the lift of the rotor blade.
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