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DESCRIPTION

[0001] The present invention relates to reducing fluid flow induced forces produced by vortex shedding on a wind turbine rotor
blade. In particular, the present invention reduces vortex shedding on a wind turbine rotor blade through the use of movable
devices on the rotor blade.

[0002] Wind turbine rotor blades are susceptible to edgewise vibrations which are vibrations parallel to the chord of the rotor
blade. Such edgewise vibrations may be problematic when the wind turbine is at standstill and the rotor blades are braked
(mechanically or aerodynamically) or are idling slowly.

[0003] One cause of the initial disturbances which lead to edgewise vibrations at wind turbine standstill is vortex shedding. If a
wind turbine rotor blade is not positioned correctly toward the oncoming flow the blade will present a bluff body to the oncoming
flow. When such a bluff body is subjected to the oncoming wind flow, the flow may separate from the blade giving rise to periodic
vortex shedding form either side of the blade. This periodic vortex shedding causes fluctuating pressure forces on the surfaces of
the blade which may then result in the blade experiencing edgewise vibrations. Wind turbine rotor blades are typically slender
flexible members and if the frequency of the vortex shedding happens to be close to one of the eigen frequencies of the blade,
this may lead to forces which could result in structural failure of the blade or reduce the lifetime of the blade.

[0004] US5570859 describes a wind turbine having a rotor blade with a spoiler flap. The spoiler flap is activated to control blade
thrust and bending moments as well as acting as an aerodynamic braking device,

[0005] WO97/01709 describes a system for reducing loads on a wind turbine rotor blade which uses a flap that is connected to a
mass, so that mass moves the flap during operation.

[0006] WO2004/099608 describes a wind turbine blade having flaps that can be adjusted so that the lift generated by the blade
can be varied in the spanwise direction of the rotor blade.

[0007] EP1524431 describes a wind turbine rotor blade with a flap that pivots at the trailing edge. Different size flaps are
provided along the length of the blade.

[0008] It is an aim of the present invention to reduce the fluid flow induced forces produced by vortex shedding upon a wind
turbine rotor blade when the wind turbine is at standstill.

[0009] According to a first aspect of the present invention there is provided a method of reducing fluid flow induced forces
produced by vortex shedding upon a wind turbine rotor blade having a blade body, the method comprising: providing a plurality of
movable devices connected to the blade body and spaced along the span of the rotor blade for modifying the aerodynamic
surface or shape of the rotor blade; configuring at least two of the plurality of movable devices such that their position relative to
the blade body when the rotor blade is not rotating, is at a standstill position; wherein the standstill positions of the at least two of
the plurality of movable devices relative to the blade body are different.

[0010] By configuring at least two of the plurality of movable devices such they have different standstill positions along the span
of the blade means that the frequency at which vortices are shed, varies along the span of the blade. Therefore, the risk of
synchronous vortex shedding along the span of the blade is reduced. Consequently, it is less likely that one distinct frequency of
vortex shedding will appear which may excite blade eigen-frequencies and lead to edgewise vibrations.

[0011] By "standstill position" is meant the position at which the movable devices are set when the rotor blade is not rotating
about a horizontal axis.

[0012] The method may further comprise configuring each of the plurality of movable device such that their position relative to
the blade body when the rotor blade is not rotating is at a standstill position; wherein the standstill positions of each of the plurality
of movable devices relative to the blade body are different to the standstill position of a neighbouring movable device relative to
the blade body.

[0013] The method may further comprise configuring each of the plurality of movable device such that their position relative to
the blade body when the rotor blade is not rotating is at a standstill position, wherein the standstill positions of each of the plurality
of movable devices relative to the blade body are different.
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[0014] At least two of the plurality of movable devices may be arranged so that they are biased to their standstill positions. The
biasing may include springs or a pre-tensioned material for example.

[0015] At least two of the plurality of movable devices may comprise an actuator for moving the movable devices to their
standstill positions.

[0016] The plurality of movable devices may comprise trailing edge flaps. Or, the plurality of movable devices may comprise
leading edge flaps.

[0017] The plurality of movable devices may comprise trailing edge tabs. The trailing edge tabs may be in the form of Gurney
flaps. The ftrailing edge tabs may be used during normal operation to improve the aerodynamic efficiency of the rotor blade. In
normal operation of the wind turbine (i.e. when it is generating power) the trailing edge tabs may be in a fixed position relative to
the blade body, or they may be actuated to provide fine tuning to reduce blade loads or increase aerodynamic performance of
the blades.

[0018] The plurality of movable devices may also comprise micro-electro-mechanical (MEM) translational tabs located at a
leading edge.

[0019] The actuators may comprise at least one of a pneumatic actuator, an electric motor, an/or a piezo electric actuator.

[0020] The present invention will now be described by way of example only with reference to the accompanying Figures in which:
Figure 1 is a view of a horizontal axis wind turbine.

Figure 2 shows the representation of vortex shedding from a part of a wind turbine rotor blade.

Figure 3 is a perspective view of part of a rotor blade equipped with trailing edge flaps.

Figures 4 and 5 are partial cross sections of the trailing edge region of the wind turbine rotor blade along the line IV-IV in Figure
3.

Figure 6 is a perspective view of part of a rotor blade equipped with Gurney flaps.

Figure 7 is a partial cross section view of the leading edge region of a wind turbine rotor blade equipped with MEM tabs.

[0021] Figure 1 shows a typical horizontal axis wind turbine 1. The turbine comprises a tower 11 which supports a nacelle 12.
The wind turbine 1 comprises a rotor made up of three blades 10 each having a root end 16 mounted on a hub 13. Each blade
10 comprises a leading edge 14, a trailing edge 15, and a tip 17. As is well known in the art, each blade 10 can pitch about its
own pitch axis which extends longitudinally along the span of the blade, and the nacelle 12 (together with the rotor) can yaw about
a vertical axis aligned with the tower 11.

[0022] When the wind turbine is at standstill and the rotor is not rotating, the rotor blades 10 are aligned with the oncoming wind.
This means that the yaw of the rotor and the pitch of each blade 10 is set such that the oncoming wind is first incident on the
leading edges 14 of the blades and then flows over the blade toward the trailing edge 15. The rotor blade 10 thus presents an
aerodynamic profile to the oncoming wind such that minimum aerodynamic forces are transferred to the blade. To start
generating power from the wind turbine, each blade 10 is pitched such that the angle of attack is increased so that the rotor starts
rotating when each blade 10 generates a lift force.

[0023] Figure 2 illustrates a region of a blade 10 near the tip 17. In Figure 2, 50% of the blade span is shown. In Figure 2, the
leading edge 14 is not aligned with the oncoming wind flow 20. As described above, typically, the rotor blades 10 are aligned with
the oncoming fluid flow 20 when the turbine is at standstill. This non-alignment may be caused by a yaw mechanism failure, a
pitch system failure, or the wind direction may have suddenly changed before the yaw mechanism has time to yaw the rotor into
the oncoming wind. The rotor blade 10 now presents a "bluff* or "blunt" structure to the oncoming flow. This may lead to vortex
shedding as illustrated by the flow patterns on the right hand side of Figure 2.

[0024] Figure 3 illustrates in a first example how fluid flow induced forces produced by vortex shedding upon the rotor blade 10
are reduced when the blade is not rotating. Figure 3 shows a region of a blade 10 adjacent to the tip 17. The blade 10 comprises
a blade body 25 and three trailing edge flaps 30a, 30b and 30c (collectively referred to as 30) connected to the blade body and
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spaced along the span of the blade for modifying the aerodynamic surface or shape of the rotor blade. In normal use, when the
turbine is generating power, the flaps 30 are actuated so that they deflect, in order to reduce the loads experienced by the wind
turbine 1. However, according to the invention, during standstill of the wind turbine 1, the flaps 30 are positioned at an angle to
the blade body 25 such that they alter the camber of the blade 10, that is they change the shape of the airfoil profile of the blade
10.

[0025] Each of the flaps 30 are configured such that their position relative to the blade body when the rotor blade 10 is not
rotating is at a standstill position. The standstill positions of at least two of the flaps relative to the blade body 25 are different. In
Figure 3 it can be seen that flap 30a and 30c are at the same standstill position which is different to the standstill position of flap
30b.

[0026] By configuring the flaps such they have different standstill positions along the span of the blade (i.e. alternating up and
down in the example of Figure 3) means that the frequency at which vortices are shed, varies along the span of the blade 10.

[0027] Therefore, the risk of synchronous vortex shedding along the span of the blade 10 (as shown in Figure 2) is reduced.
Consequently, it is less likely that one distinct frequency of vortex shedding will appear which may excite blade eigen-frequencies
and lead to edgewise vibrations.

[0028] Figure 4 shows how the flaps 30 may be deflected by means of a pneumatic actuator system 40 which is disposed in the
blade 10 adjacent to the flap 30. Figure 4 is partial cross section along the line IV-IV in Figure 3. The flap 30 comprises an upper
skin 41 formed from a flexible material so that the blade profile maintains a smooth upper surface when the flap 30 is deflected.
The flap 30 is movably connected to the blade body 25 and can be rotated about a hinge 43. A lever element or vane 44 is
disposed between two pressure chambers 45 and 46. When the chamber 45 is pressurised and the chamber 46 is depressurised,
the lever element 44 is forced downwards according to the orientation in Figure 4. This applies a rotational motion to the flap 30
to deflect it upwards about the hinge 43. When the chamber 45 is depressurised and the chamber 46 is pressurised, the lever
element 44 is forced upwards according to the orientation in Figure 4. This applies a rotational motion to the flap 30 to deflect it
downwards about the hinge 43. As shown in Figure 4, a radial surface 47 with its centre in the rotation hinge 43 is provided to
enable the flap 30 to move while maintaining the continuity of a lower skin 42 of the flap 30 when the flap 30 is actuated. The
chambers 45 and 46 may be in the form of thermoplastic hoses disposed along the longitudinal axis of the wind turbine blade.
Each flap 30 has its own pneumatic actuator.

[0029] In the example of Figure 4, the flaps 30 are controlled such that when the turbine 1 is at standstill, the flaps have different
standstill positions along the span of the blade. A control unit (not shown) in the nacelle instructs the pneumatic actuator 40
associated with each flap 30 to deflect the respective flap to a predetermined standstill position. Thus, for example, flap 30a is
deflected upwards, flap 30b is deflected downwards and flap 30c is deflected upwards.

[0030] In another example, the flaps 30 are configured such that they automatically return to their respective standstill position
when the turbine 1 is at standstill, i.e. the flaps move to a failsafe position. Such a system is advantageous when the power supply
of, or to, the turbine fails and the flaps 30 cannot be actuated by pneumatic actuators 40. Figure 5 shows how for flaps 30a and
30c, the pressure chambers 45 and 46 of the pneumatic have no pressure within them and hence are not operating as required.

[0031] However, the flap 30 is constructed such that the upper skin 41 comprises a pre-tensioned material which acts to pull the
flap upwards when the actuator 40 is not operating, in other words the flap 30 is biased towards the position shown in Figure 5.
The pre-tensioned material of the upper skin 41 is a pre-tensioned fibre glass composite material. In a similar manner, flap 30b
can be constructed so that the lower skin 42 is pre-tensioned so that the failsafe position of flap 30b is deflected downwards.
Further examples of how the flaps 30 may deflect to their respective failsafe position in the absence of power are possible and
include biasing springs and ratchet mechanisms.

[0032] Figure 4 shows how the flaps 30 are deflected by means of a pneumatic actuator. However, the skilled person will
recognise that other types of actuators are possible and which may include, for example, piezo electric actuators, hydraulic
actuators or electrical actuators.

[0033] Figure 6 shows an example where the flaps 30 have been replaced with trailing edge tabs 60. In this example the trailing
edge tabs are in the form of Gurney flaps 60. The Gurney flaps 60 operate in the same way to the flaps 30 shown in Figure 3. In
normal use, when the blades 10 are rotating and the turbine 1 is generating power, the Gurney flaps 60 are deflected downwards
and so form a 90 degree angle to the chord line and increase the aerodynamic efficiency of the rotor blade 10, as is well known in
the art. However, during standstill of the wind turbine 1, some of the Gurney flaps 60 are positioned so that they are substantially
parallel to the chord of the rotor blade. For example, Gurney flap 60b is shown as positioned so that it is substantially parallel to
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the chord of the rotor blade. The Gurney flaps 60 are operated by electric motors. In other embodiments, the Gurney flaps 60
may be operated by pneumatics or piezo electric actuators.

[0034] Each of the Gurney flaps 60 are configured such that their position relative to the blade body when the rotor blade 10 is
not rotating is at a standstill position and the standstill positions of at least two of the Gurney flaps relative to the blade body 25
are different. In Figure 6 it can be seen that Gurney flaps 60a and 60c are at the same standstill position which is different to the
standstill position of Gurney flap 60b.

[0035] By configuring the Gurney flaps 60 such they have different standstill positions along the span of the blade means that
the frequency at which vortices are shed varies along the span of the blade 10. Therefore, the risk of synchronous vortex
shedding along the span of the blade 10 (as shown in Figure 2) is reduced. Consequently, it is less likely that that one distinct
frequency of vortex shedding will appear which may excite blade eigen-frequencies and lead to edgewise vibrations.

[0036] Figure 7 shows a further example of the invention where the plurality of movable devices are in the form of micro-electro-
mechanical (MEM) translational tabs. The MEM tabs 71 are positioned along the leading edge 14 of the rotor blade in a spanwise
direction. Figure 7 is a partial cross section through one of the MEM tabs, but it should be appreciated that a plurality of such
MEM tabs are positioned along the leading edge 14 of the blade 10. During normal operation of the wind turbine 1, that is when
the turbine is generating electrical power, the MEM tabs 70 are deployed in order to modify the aerodynamic surface of the blade
10 at the leading edge 14. When an electric signal is applied to the MEM tab 71, it projects out of a recess 72 in the blade body
25. The position of the protruding MEM tab 70 is shown by the dashed line in Figure 7. The MEM tabs 70 are used to modify the
aerodynamic surface of the blade 10 and in particular to prevent separation of the airflow over the blade. The MEM tabs 71 are
configured in a similar way to the flaps 30 or the Gurney flaps 60, that is they each have a standstill position relative to the blade
body when the turbine 1 is at standstill. At least two of the MEM tabs 71 have a different standstill position relative to the blade
body, i.e. some MEM tabs 71 will protrude from the blade body 25, and some MEM tabs will be located inside the recess 72. By
configuring the MEM tabs 71 such they have different standstill positions along the span of the blade means that the frequency at
which vortices are shed varies along the span of the blade 10. Therefore, the risk of synchronous vortex shedding along the span
of the blade 10 (as shown in Figure 2) is reduced.

[0037] The MEM tabs 71 are configured to their standstill positions by a spring 73. A spring 73 biases each MEM tab towards its
failsafe standstill position. Thus, if the power supply is lost to the MEM tabs 71 which may occur when the turbine is at standstill,
the MEM tabs will automatically revert to their failsafe position. To achieve the different failsafe positions along the span of the
blade 10, it is necessary that the different springs have different spring constants, and some springs may be tensile springs and
some springs may be compression springs.

[0038] In a further example, the trailing edges of the flaps shown in Figure 3 are serrated. By using serrated trailing edges
reduces the aero-acoustic noise that is generated by the wind turbine blades when in operation.

[0039] As described above, by giving the movable aerodynamic device different standstill deflections along the span of the blade
10 (e.g. the flaps 30 may alternate full up/full down) the risk of synchronous vortex shedding along the span of the blade is
reduced.
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Patentkrav

1. Fremgangsmade til at reducere fluidstrgm-inducerede kraefter fremkaldt af
hvirvelaflgsning pé& en vindmgllerotorvinge (10) havende et vingelegeme (25),
fremgangsmaden omfattende:
at tilvejebringe en flerhed af bevagelige indretninger (30) forbundet til
vingelegemet og anbragt med mellemrum langs spandvidden af
rotorvingen til at modificere den aerodynamiske overflade eller form af
rotorvingen;
at konfigurere mindst to af flerheden af bevagelige indretninger (30)
saledes at deres position i forhold til vingelegemet (25) nar rotorvingen
ikke roterer, er ved en stillestdende position; hvor
de stillestdende positioner af de mindst to af flerheden af bevaegelige
indretninger (30) i forhold til vingelegemet er forskellige.

2. Fremgangsmade ifglge krav 1, endvidere omfattende at konfigurere hver af
flerheden af bevaegelige indretninger (30) saledes at deres position i forhold til
vingelegemet (25) nér rotorvingen (10) ikke roterer er ved en stillestdende
position; hvor

de stillestdende positioner af hver af flerheden af beveegelige indretninger (30) i
forhold til vingelegemet er forskellige i forhold til den stillestdende position af en
tilgraensende bevaegelig indretning i forhold til vingelegemet.

3. Fremgangsmade ifglge krav 1 eller krav 2, endvidere omfattende at konfigurere
hver af flerheden af bevaegelige indretninger (30) sdledes at deres position i
forhold til vingelegemet nér rotorvingen (10) ikke roterer er ved en stillestdende
position, hvor

de stillestdende positioner af hver af flerheden af bevaegelige indretninger i

forhold til vingelegemet er forskellige.

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor mindst
to af flerheden af bevaegelige indretninger (30) anbringes séledes at de er

forspaendt til deres stillestdende positioner.
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5. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor mindst
to af flerheden af beveaegelige indretninger (30) omfatter en aktuator (40) til at
bevaege de bevaegelige indretninger til deres stillestdende positioner.

6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor

flerheden af bevaegelige indretninger (30) omfatter bagkantflapper.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor flerheden af

bevaegelige indretninger (30) omfatter forkantflapper.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor flerheden af

bevasgelige indretninger (30) omfatter bagkantfaner.

9. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor flerheden af
bevasgelige indretninger (30) omfatter mikro-elektro-mekaniske (MEM)
overfgringsfaner (71) placeret ved en bagkant (14).
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FIG. 3
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FIG. 6
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FIG. 7
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