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DESCRIPTION

Background of the invention

[0001] The invention relates to a pitch controlled wind turbine blade as specified in the preamble of claim 1, a wind turbine as
specified in claim 15 and use hereof.

Description of the Related Art

[0002] A wind turbine known in the art comprises a wind turbine tower and a wind turbine nacelle positioned on top of the tower.
Awind turbine rotor with three wind turbine blades is connected to the nacelle through a low speed shaft, which extends out of the
nacelle front as illustrated on figure 1.

[0003] In stall controlled wind turbines the rotor blades are usually attached at a fixed angle. The geometry of the rotor blade
profile however, is aerodynamically designed to ensure that in high wind speed situations, turbulence is created on the backside
of the rotor blade, making it stall. The basic advantage of stall control is that moving parts in the rotor and a complex control
system are avoided.

[0004] A disadvantage at stall controlled wind turbine blades is the fact, that stalling is a significant noise generating mechanism,
when the boundary layer separates from the blade surface. The generated noise is typically high levelled and high frequented
e.g. in the kilohertz area.

[0005] To prevent early stall at wind speeds that occurs before nominal power is reached, it is known to provide stall controlled
blades with vortex generators close to the root of the blades, where the speed of the blades are the lowest. Applying vortex
generators create controlled turbulence and may thus delay the boundary layer separation.

[0006] GB 2186033 discloses a wind turbine blade provided with longitudinally extending pathways, where air is directed out and
over the blade adhering to the blade surface. Hereby the air accelerates over the blade surface increasing the aerodynamic lift.
WO 2004/099608 discloses the use of adjustable bilt-regulating flaps on the leeward surface side of a pitch-regulated wind
turbine blade.

[0007] Further it is known from WO 00/15961 to provide the blades with vortex generators throughout the entire length of the
blades, to prevent premature stalling at high wind speed on the stall controlled blades.

[0008] However, blades of a stall controlled wind turbine have to be well designed and strong in order to prevent stall-induced
vibrations and to withstand the forces of high wind speeds. The size and especially the weight of stall controlled wind turbine
blades are significantly larger than any other type of wind turbine blades. Consequently stall control are not a typical choice in
designing large modem wind turbines.

[0009] Further, using vortex generators in stall controlled wind turbines result in a large increase in drag during normal operation
and also self induced noise from the vortex generators.

[0010] An object of the invention is to provide an advantageous aerodynamic blade technique for large modern wind turbines
and wind turbine blades.

[0011] Especially it is an object of the invention to provide for an advantageous technique for pitch controlled wind turbines and
wind turbine blades, in relation to noise emission.

The invention

[0012] The invention provides for a pitch controlled wind turbine blade, according to claim 1, wherein said blade comprises
turbulence generating means wherein said means are placed on the leeward surface side of said wind turbine blade and at the
outer section of said wind turbine blade in direction of the blade tip.
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[0013] The height of said turbulence generating means is of equal extent or is higher closest to the trailing edge of said wind
turbine blade, than closest to the leading edge of said wind turbine blade.

[0014] Making the turbulence generating means with a constant height or higher at the back as seen from the tip or the root of
the blade is advantageous, in that it provides the means with good turbulence generating qualities.

[0015] The highest height of said turbulence generating means is between 0,01 % and 5 %, preferably between 0,1 % and 3 %
and most preferred between 0.2 % and 0,8 % of the chord length of said wind turbine blade.

[0016] The present height range provides the turbulence generating means with an advantageous relation between noise
emission and drag.

[0017] It is advantageous to provide a pitch controlled wind turbine blade with turbulence generating means, in that it makes it
possible to continuously optimise the blades angle of attack in relation to power output and noise emission.

[0018] Furthermore, the human ear is sensitive to noise in a narrow frequency band. Providing the blade with turbulence
generating means broadens the frequency band at which the noise is emitted, making it less irritating to the human ear.

[0019] Further the turbulence generating means may transform a part of the generated noises frequency, from low frequency to
high frequency. This is advantageous, in that air can much more efficiently absorb high frequency noise than low frequency
noise, which thereby reduces the overall noise emission from the blade and thereby from the wind turbine on which the blade is
mounted, as perceived by the human ear.

[0020] The term "leeward surface sides" may also be understood as the suction side i.e. the side of the blade facing the tower on
an upwind wind turbine during normal operation.

[0021] In an aspect of the invention, said turbulence generating means are airflow noise reduction means.

[0022] Wind turbines produce noise when the blades rotate through the air. It is therefore advantageous to provide the blades
with airflow noise reduction means, even though it might increase drag and thereby decrease the wind turbines efficiency
marginally.

[0023] In an aspect of the invention, said turbulence generating means are placed in an outer section ranging from 60 % to 100
% of the length of said blade e.g. the outermost third of said wind turbine blade.

[0024] The noise emission from a wind turbine blade increases, when the rotation speed of the blade increases; and the speed
of blade, relative to the surrounding air, increases towards the tip of the blade. The present range therefore provides for an
advantageous placement of the turbulence generating means in relation to noise emission.

[0025] In an aspect of the invention, said outer section is subdivided into two or more subsections, and said turbulence
generating means is substantially uniform within each of said subsections.

[0026] Making the turbulence generating means uniform is advantageous production wise, in that they can be mass-produced,
and thereby reducing the cost of the individual turbulence generating means considerably. But to efficiently reduce the noise
emission from the blade, it can be advantageous to vary the design or the size of the turbulence generating means throughout
the section of the blade at which they are distributed. By subdividing the outer section into two or more subsections in which the
turbulence generating means are substantially uniform, an advantageous relation between manufacturing costs and reduction of
noise emission is reached.

[0027] In an aspect of the invention, the distance between said turbulence generating means are substantially constant.
[0028] Keeping the distance between the turbulence generating means substantially constant is advantageous in that it makes it
easy to mount them on a ready made wind turbine blade. Furthermore it can also improve the turbulence generating means

efficiency in relation to reducing noise emission.

[0029] In an aspect of the invention, said turbulence generating means are placed in a range between 5 % and 85 %, preferably
between 10 % and 75 % and most preferred between 15 % and 60 % of the chord length, from the leading edge of said wind
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turbine blade.

[0030] The present range provides for an advantageous placement of the turbulence generating means in relation to noise
emission.

[0031] In an aspect of the invention, said turbulence generating means are attached to the wind turbine blade individually or as
pairs by means of attachment means such as screws, bolts, rivets, welding or preferably adhesive.

[0032] It is advantageous to attach the turbulence generating means individually or as pairs, in that it enables the possibility of
positioning the means individually for optimal noise reduction.

[0033] In an aspect of the invention, said turbulence generating means are attached to the wind turbine blade as part of a string
of tape, a coil or a band by means of attachment means such as screws, bolts, rivets, welding or preferably adhesive.

It is advantageous to attach the turbulence generating means to the surface of the blade as part of a string of tape, a coil or a
band, in that it provides for a simple and cost efficient way of attaching the means.

[0034] In an aspect of the invention, said turbulence generating means are plates extending in an angle between 60° and 120°
e.g. orthogonally from the surface of said wind turbine blades leeward surface side.

[0035] Designing the turbulence generating means as plates extending from the blades suction surface side in the present angle
range, provides for an advantageous design of the turbulence generating means in relation to noise emission.

[0036] In an aspect of the invention, said turbulence generating means comprises sides alternately positioned in an angle in
relation to the direction of the airflow between 50° and 2°, preferably between 30° and 5° and most preferred between 20° and
10° and.-50° and -2°, preferably between -30° and -5° and most preferred between -20° and -10°.

[0037] Making the angle of the sides of the turbulence generating means alternately positive and negative in relation to the
direction of the incoming airflow, provides for an advantageous design of the turbulence generating means in relation turbulence
generation and noise emission.

[0038] In an aspect of the invention, said turbulence generating means are formed integrally with the wind turbine blade.

[0039] Forming the turbulence generating means integrally with the wind turbine blade e.g. during the manufacturing of the blade
is advantageous, in that it provides for a simple and cost efficient way of providing the blade with turbulence generating means.

[0040] In an aspect of the invention, said turbulence generating means are vortex generators.

[0041] Using vortex generators as means for preventing or minimizing stall are well known within the art of making wind turbine
blades, airplane wings and other. A lot of issues regarding production methods, attachment methods and other have therefore
already been dealt with, and it is therefore advantageous to make use of these experiences in making turbulence generating
means.

[0042] In an aspect of the invention, said wind turbine blade comprise at least one pitch controlling unit.

[0043] The invention further provides for a wind turbine according to claim 15 comprising at least two pitch controlled wind
turbine blades. Hereby is achieved an advantageous apparatus according to the invention.

[0044] In an aspect of the invention, said wind turbine is a variable speed pitch controlled wind turbine.

[0045] Variable rotation speeds produces variable noise at variable levels which can be particularly irritating to the human ear. It
is therefore advantageous to reduce the sound emission by use of turbulence generating means on the blades in variable speed
pitch controlled wind turbine.

[0046] The invention also relates to use of pitch controlled wind turbine blades according to any of claims 1 to 14 in connection
with a pitch controlled wind turbine according to claims 15 or 16 for adjusting blade pitch and noise level.

Figures
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[0047] The invention will be described in the following with reference to the figures in which

fig. 1.

illustrates a large modern wind turbine as seen from the front,
fig. 2

illustrates a wind turbine blade, as seen from the front,
fig. 3

illustrates a cross-section of a wind turbine blade, as seen from the root of the blade,
fig. 4

illustrates an embodiment of a turbulence generating mean as seen from the front,
fig. 5

illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 4, as seen from the side,
fig. 6

illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 4, as seen from the top,
fig. 7

illustrates an embodiment of a solid turbulence generating mean as seen from the front,
fig. 8

illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 7, as seen from the side,
fig. 9

illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 7, as seen from the top,
fig. 10
illustrates another embodiment of a solid turbulence generating mean as seen from the front,
fig. 11
illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 10, as seen from the side,
fig. 12
illustrates the same embodiment of a turbulence generating mean as illustrated in fig. 10, as seen from the top,
fig. 13
illustrates a section of wind turbine blade, as seen from the leeward side, comprising a number of turbulence generating
means,
fig. 14
illustrates a section of wind turbine blade, as seen from the leading edge of the blade, comprising a number of turbulence
generating means, and
fig. 15
illustrates a diagram showing the results of a series of tests.

Detailed description

[0048] Fig. 1 illustrates a modem wind turbine 1, comprising a tower 2 and a wind turbine nacelle 3 positioned on top of the tower
2. The wind turbine rotor 4, comprising three wind turbine blades 5, is connected to the nacelle 3 through the low speed shaft
which extends out of the nacelle 3 front.

[0049] Fig. 2 illustrates a wind turbine blade 5, as seen from the front/pressure side 14. The wind turbine blade 5 comprises a
leading edge 6, a trailing edge 7, a tip 8 and a root 9. A wind turbine blade 5 known in the art is typically made of a glass fibre and
resin composite reinforced by carbon fibre, carbon fibre reinforced wood or a combination hereof.

[0050] The length of the blade 5 is indicated by BL.

[0051] At the root 9 the blade 5 is provided with a pitch controlling unit 16 which could comprise bearings, gear wheel, means for
pitching the blade 5 and/or means for attaching the means for pitching the blade 5.

[0052] OS indicates the outer section of the blade 5 in this embodiment of the invention, and the outer section OS is further
subdivided into subsections 1, 2 and 3 8S1, 8S2, SS3. In another embodiment of the invention the outer section OS could be
subdivided into another number of subsections e.g. two or four of identical or varying length. The outer section OS constitutes
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approximately 40% of the blade length BL in this embodiment of the invention i.e. it extents from approximately 60% of the blade
length BL to 100% of the blade length BL, as measured from the root 9.

[0053] Fig. 3 illustrates a cross-section of a wind turbine blade 5, as seen from the root 9 of the blade 5. The blade 5 comprises
a suction/leeward side 13, a pressure side 14, a leading edge 6 and a trailing edge 7. The chord length of the blade 5 is
illustrated as C and is the distance between the leading edge 6 and the trailing edge 7. The height of the blade 5 is marked as t.

[0054] In this embodiment of the invention a turbulence generating mean 10 is placed on the leeward side 13 of the blade 5
approximately 20 % of the chord length C from the leading edge 6.

[0055] Fig. 4 illustrates an embodiment of a turbulence generating mean 10 as seen from the front. In this embodiment the
turbulence generating mean 10 are made of a single plate where the ends of the plate are bended up, making a fin or plate 15
extend orthogonally from each end of the base 11. Then base 11 is then to be attached to the surface of a wind turbine blade 5
e.g. by adhesive means, screws, bolts, rivets or other suitable attachment means.

[0056] In another embodiment of the invention the fins 15 could be individual plates attached to the base 11 by use of adhesive
means, welding, screws, bolts or other, or the fins 15 could be attached directly to the wind turbine blade 5 e.g. by use of
adhesive means, screws, bolts or other or even made integrally with the blade 5 during the manufacturing of the blade 5.

[0057] The fins 15 could also be made integrally with at string of tape, a coil or a band made of e.g. aluminum, stainless steel,
plastic or any other material suitable for the purpose. This string of tape, cail or band containing a large number of turbulence
generating means 10 would then be attached to the wind turbine blade 5 e.g. by use of adhesive means, screws, bolts or other.

[0058] The turbulence generating mean 10 could be made from the same type of material as the blade 5 is made of, or it could
be made of wood, metal such as aluminum or stainless steel, plastic or any other material suitable for making turbulence
generating means 10.

[0059] Fig. 5 illustrates the same embodiment of a turbulence generating means 10 as illustrated in fig. 4, as seen from the side.
In this embodiment of the invention the fins 15 of the turbulence generating mean 10 are triangular, making the fins 15 highest at
the back. The highest height of the fins 15 are illustrated as the measurement H.

[0060] In another embodiment of the invention the fins 15 could be shaped as a part of a circle or a cone, as a shark fin,
rectangular or any other shape suitable for generating turbulence.

[0061] Fig. 6 illustrates the same embodiment of a turbulence generating mean 10 as illustrated in fig. 4, as seen from the top.
The arrow in front of the turbulence generating mean 10 illustrates the airflow direction during normal operation, when the
turbulence generating mean 10 is mounted on a wind turbine blade 5. As illustrated by the angle A, the sides 12 of the turbulence
generating mean 10 are positioned in an angle of approximately 16° and -16° relative to the airflow direction. In another
embodiment of the invention the sides 12 could be positioned in another angle relative to the airflow direction or the sides 12
could be parallel with the with the airflow direction.

[0062] Fig. 7 illustrates an embodiment of a solid turbulence generating means 10 as seen from the front. In this embodiment of
the invention the turbulence generating mean 10 is made as a solid element comprising a base 11, which could be attached to
the surface of a wind turbine blade 5 e.g. by adhesive means, screws, bolts, rivets or other suitable attachment means, or the
turbulence generating mean 10 could be formed integrally with the blade 5 during the manufacturing of the blade 5. In another
embodiment of the invention the illustrated turbulence generating mean 10 could also be hollow.

[0063] As illustrated by the angle A, the sides 12 of the solid turbulence generating mean 10 are created in an angle of
approximately 15° and -15° relative to the airflow direction. In another embodiment of the invention the sides 12 could be
positioned in another angle relative to the airflow direction or the sides 12 could be parallel with the with the airflow direction.
[0064] Fig. 8 illustrates the same embodiment of a turbulence generating mean 10 as illustrated in fig. 7, as seen from the side.
[0065] Fig. 9 illustrates the same embodiment of a turbulence generating mean 10 as illustrated in fig. 7, as seen from the top.

[0066] Fig. 10 illustrates another embodiment of a solid turbulence generating mean 10 as seen from the front.

[0067] Fig. 11 illustrates the same embodiment of a turbulence generating mean 10 as illustrated in fig. 10, as seen from the
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side. In another embodiment of the invention the front and the back of the mean 10 could be equal making the mean 10
substantially rectangular or square as seen from the side. This could be the case no matter if the mean 10 are solid, plates or
other.

[0068] Fig. 12 illustrates the same embodiment of a turbulence generating mean 10 as illustrated in fig. 10, as seen from the top.

[0069] Fig. 13 illustrates a section of the outer section of a wind turbine blade 5, as seen from the leeward side, comprising a
number of turbulence generating means 10. In this embodiment of the invention the turbulence generating means 10 are
positioned on the blade in a straight line, but in another embodiment of the invention they could be positioned within a fixed or
varying range from the leading edge 6 or the trailing edge 7 of the blade 5.

[0070] The turbulence generating means 10 are positioned in even intervals, but in another embodiment of the invention the
turbulence generating means 10 could be positioned with varying distances between adjacent means 10. In another embodiment
of the invention the turbulence generating means 10 could also be positioned in more than one row e.g. two or three rows.

[0071] In this embodiment of the invention the turbulence generating means 10 are all of the same size and design as seen from
the front, but in another embodiment both the size and the design could vary throughout the length of the section in which the
turbulence generating means 10 are placed.

[0072] Fig. 14 illustrates a section of the outer section of a wind turbine blade 5, as seen from the leading edge 6, comprising a
number of turbulence generating means 10. In this embodiment of the invention the outer section in which the turbulence
generating means 10 are positioned is subdivided into two subsections, where the turbulence generating means 10 are of
different height in the different subsections.

[0073] Fig. 15 illustrates a diagram showing the results of a series of tests carried out on a Vestas V90-2MW wind turbine. The
axis of ordinate shows the measured A-weighted sound power level in dBA, and the axis of abscissas shows the angle of attack
(AoA) measured in degrees.

[0074] During normal operation of a wind turbine 1 the blades 5 are rotated relative to the rotor plane. The incoming wind is
about orthogonal to the rotor plane, but since the blades 5 are in motion, the effective angle and speed of the incoming wind (i.e.
corresponding to steady blades) depends on the rotation speed of the blade. The effective angle is referred to as the angle of
attack (AoA).

[0075] Ideally the angle of attack would be around 3° to 8°, but when the wind speeds becomes too high the blades are pitched
out of the wind to protect the wind turbine. The present diagram therefore illustrates the relation between the total noise output
from the wind turbine at different angles of attack for the blades 5 i.e. different wind speeds.

[0076] In the diagram the gray dots illustrate a series of measurements conducted under different weather conditions before any
turbulence generating means 10 were mounted on the blades 5. The gray curve illustrates the equation fit of the gray dots.

[0077] The dark gray dots illustrate a series of measurements conducted under bad weather conditions with turbulence
generating means 10 mounted on the blades 5. The black dots illustrate a series of measurements conducted under good
weather conditions with turbulence generating means 10 mounted on the blades 5. The black curve illustrates the combined
equation fit of the dark gray and the black dots. The two curves illustrates that providing the blades 5 with turbulence generating
means 10 reduces the A-weighted sound power level with up to 3 dBA during normal operation, and at a high angle of attack the
reduction is up to 5 dBA.

[0078] The invention has been exemplified above with reference to specific examples of wind turbine blades 5 and turbulence
generating means 10. However, it should be understood that the invention is not limited to the particular examples described
above but may be designed and altered in a multitude of varieties within the scope of the invention as specified in the claims.
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Patenkrav

1. Pitch-styret vindmgllevinge (5) omfattende en trykoverfladeside (14) og en
laesideoverfladeside (13)

idet overfladerne (13, 14) danner en forkant (6) og en bagkant (7)
kendetegnet ved at

vingen (5) omfatter turbulensgenererende organ (10), hvor organet (10) er
placeret pa laesideoverfladesiderne (13) af vindmgllevingen (5) og ved yderleddet
(0S) af vindmgllevingen (5) i retningen af vingespidsen (8), hvor hgjden pa det
turbulensgenererende organ (10) har samme udstraekning eller er hgjere taettest
pa bagkanten (7) af vindmgllevingen (5) end teettest pa forkanten (6) af
vindmgllevingen (5), og hvor den hgjeste hgjde (H) af det turbulensgenererende
organ (10) er mellem 0,01% og 5% af kordelaengden (C) af vindmgllevingen (5).

2. Vindmgllevinge (5) ifglge krav 1, hvor det turbulensgenererende organ (10) er

luftstrgmsstgjreduktionsorgan.

3. Vindmgllevinge (5) ifglge krav 1 eller 2, hvor det turbulensgenererende organ
(10) er placeret i et yderled (0S) i omradet fra 60 % til 100 % af lsengden (BL) af
vingen (5) f.eks. den yderste tredjedel af vindmgllevingen (5).

4. Vindmgllevinge (5) ifglge krav 3, hvor yderleddet (OS) er underopdelt i to eller
flere underled (f.eks. SS1, SS2, SS3), og det turbulensgenererende organ (10) er
i det vaesentlige ensartet inden i hvert af underleddene.

5. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor den
hgjeste hgjde (H) af det turbulensgenererende organ (10) er mellem 0,1 % og 3

% af kordelaengden (C) af vindmgllevingen (5).

6. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor
afstanden mellem det turbulensgenererende organ (10) i det vaesentlige er
konstant.
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7. Vindmgllevinge (5) ifslge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) er placeret i et omrade mellem 5 % og 85 %,
fortrinsvis mellem 10 % og 75 % og mest fortrinsvis mellem 15 % og 60 % af

kordeleengden (C), fra forkanten (6) af vindmgllevingen (5).

8. Vindmgllevinge (5) ifalge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) er fastgjort pd vindmgllevingen (5) individuelt
eller parvist ved hjeelp af fastggrelsesorgan sdsom skruer, bolte, nitter, svejsning

eller fortrinsvis klaebemiddel.

9. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) er fastgjort pd vindmgllevingen (5) som del af
en streng af tape, en rulle eller et b&nd ved hjzelp fastggrelsesorgan sdsom

skruer, bolte, nitter, svejsning eller fortrinsvis klaebemiddel.

10. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) er plader (15) der straekker sig i en vinkel pa
mellem 60° og 120° f.eks. ortogonalt fra overfladen af vindmgllevingernes (5)

laesideoverfladeside (13).

11. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) omfatter sider (12) skiftevis placeret i en vinkel
(A) i forhold til retningen af luftstrgmmen pa mellem 50° og 2°, fortrinsvis mellem
30° og 5° og mest fortrinsvis mellem 20° og 10° og -50° og -2°, fortrinsvis
mellem -30° og -5° og mest fortrinsvis mellem -20° og -10°.

12. Vindmgllevinge (5) ifglge et hvilket som helst af de foregdende krav, hvor det
turbulensgenererende organ (10) er indbygget i vindmgllevingen (5).

13. Vindmgllevinge (5) ifglge et hvilket som helst af de foregédende krav, hvor det

turbulensgenererende organ (10) er hvirvelstrgmsgeneratorer.

14. Vindmgllevinge (5) ifglge et hvilket som helst af de foregéende krav, hvor

vindmgllevingen (5) omfatter mindst en pitchstyringsenhed (16).
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15. Vindmglle (1) omfattende mindst to pitch-styrede vindmgllevinger (5) ifglge
et hvilket som helst af de foregdende krav.

16. Vindmglle (1) ifglge krav 15, hvor vindmgllen (1) er en pitch-styret vindmglle

med variabel hastighed.

17. Anvendelse af pitch-styrede vindmgllevinger (5) ifglge et hvilket som helst af
kravene 1 til 14 i forbindelse med en pitch-styret vindmglle (1) ifglge krav 15 eller
16 til justering af vingepitch og stgjniveau.
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B Fig. 2
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Fig. 14

Fig. 13
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