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Description
Technical field

[0001] The invention relates to a wind turbine compris-
ing a rotor with at least one blade, and to a method of
controlling operation of a wind turbine. More specifically,
the invention relates to improvements with respect to
auxiliary blade portions, such as leading edge slats
and/or trailing edge flaps for increasing lift. Such wind
turbines are for example known from WO 2007/057021.

Background of the invention

[0002] Thereis a general desire for wind turbine rotors
to produce as much energy as possible for a given wind
speed. However, the inner part of a wind rotor blade has
to meet constraints related to structure, manufacturing
and transport, which counteract measures for optimizing
lift. The structural constraints include that the thickness
of the wind turbine blade must increase towards a root
section thereof.

[0003] The rpm of wind turbine rotors, their power out-
put and load on the wind turbine blades is commonly
conducted by controlling the pitch of the blades, i.e. the
level of twisting of the blades into the wind. Generally, a
decreasing pitch angle increases the load on the blades
of the wind turbine rotor and hence the amount of energy
that can be extracted from the wind at a given wind ve-
locity. However, the pitch needs to be kept within limits
in order to avoid aerodynamic stall or overload on the
blades. In order to optimize power output, most modern
wind turbines are equipped with pitch control systems for
controlling the pitch angles of the blades based on meas-
ured or estimated parameters, such as output power.
[0004] One concern in the design of wind turbines is
to safeguard components, which are subject to forces
and torques, against overload occurring, for example, at
extreme wind conditions, at the occurrence of gusts, or
at sudden wind direction changes.

Summary of the invention

[0005] It is an object of embodiments of the invention
to provide improvements to the configuration of wind tur-
bines and wind turbine blades to increase power output.
Embodiments of the invention are notably concerned with
increasing lift on the blades near the root, i.e. near the
hub section of the blades. More specifically, itis an object
of embodiments of the invention to increase the chord
and/or planform area of wind turbine blades in a way that
avoids collision between the blades and the tower, even
in respect of pitch-controlled wind turbines. It is a further
object of embodiments of the invention to ease transport
of the blades. It is a further object of embodiments of the
invention to provide a wind turbine control, which reduces
the risk of mechanical overload at sudden extreme wind
direction changes.
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[0006] In a first aspect, the invention provides a wind
turbine with a rotor mounted on a hub section, the rotor
comprising the features of claim 1.

[0007] Thanks to the auxiliary blade section, the plan-
form area of the blade is increased to increase lift. In
order to avoid that a root/hub portion of the main blade
section and/or of the auxiliary blade section collides with
the tower during operation ofthe blade in a pitched stated,
the auxiliary blade section is preferably separately
mounted to the hub, so that it can be pitched independ-
ently of the main blade, or mounted in a fixed non-pitch-
able way. Alternatively, the main blade while having a
reduced chord due to the auxiliary blade section(s) may
be pitched independently of the auxiliary blade section(s)
and avoid tower collision. Also, the reduced chord of the
main blade enables easier transport, as the auxiliary
blade section(s) may be transported separately. Hence,
whereas the blades may have a relatively large chord in
their use configuration, i.e. when mounted on the wind
turbine, they may have a smaller chord in their transport
configuration, when the main blade section(s) and the
auxiliary blade section(s) are separate and hence may
be transported separately.

[0008] Generally, the auxiliary blade section is prefer-
ably arranged or configured such that any cross-sectional
plane through the blade includes the chord of the main
blade section as well as the chord of the auxiliary blade
section. In other words, the chord plane of the auxiliary
blade section is preferably also the chord plane of the
main blade section.

[0009] Each auxiliary blade section is configured and
arranged such that itforms a leading edge slator a trailing
edge flap for the main blade section. Hence, the main
blade section and the auxiliary blade section may provide
a synergetic aerodynamic effect, as the auxiliary blade
section in essence forms an extension of the main blade
section at its leading and/or trailing edge. In embodi-
ments of the invention, the main blade section comprises
one single auxiliary blade section in the area of the lead-
ing edge and/or one single auxiliary blade section in the
area of the trailing edge.

[0010] Inone embodiment, in which the auxiliary blade
section is provided as a pitchable trailing edge, a control
system of the wind turbine may be configured to adjust
the pitch at tower passage of the blade to ensure that no
collision occurs. Alternatively, pitch of the auxiliary blade
section may be limited to avoid tower collision. In a yet
further alternative, as mentioned above, the trailing edge
is fixed to the hub in a non-pitchable manner.

[0011] Inthe present context, the term ’pitch’ or ’pitch-
able’ includes the ability of a blade or blade section to
rotate with respect to the hub section around an axis ex-
tending transversely to the main axis of the wind turbine
in the longitudinal direction of the blades. The term 'yaw’
or 'yaw angle’ refers to the orientation of the rotor plane
with respect to the oncoming wind. The yaw or yaw angle
of the wind turbine is typically controllable by rotation of
a nacelle, which supports the main axis, the rotor and
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other drive components such as gearbox and generator,
relative to an upright tower of the wind turbine. The term
"angle of attack’ refers to the angle between a reference
line on the wind turbine blade or one of its sections, usu-
ally the chord line of an airfoil, and the vector representing
the relative motion between the blade or blade section
and the oncoming wind, i.e. the oncoming flow of air.
[0012] The term 'hub’ designates a structural compo-
nent, which interconnects the blades of the wind turbine
to the main shaft. The hub hence transmits the driving
torque of the rotor to the driving shaft of the main turbine,
i.e. to the main shaft. In wind turbines comprising pitch-
able blades, the hub typically also comprises or houses
the pitch-controlling mechanism for rotating the blades
or the blade sections around their longitudinal axes. The
hub may e.g. be made from cast iron, steel or a strong
composite material capable of withstanding and trans-
mitting the torque of the rotor to the main shaft. In most
modern wind turbines, a cover, i.e. a so-called spinner,
is provided for covering the hub. The spinner protects
the hub from rain and dirt, it provides an aerodynamic
surface for the wind flowing past the wind turbine, and it
is also provided for aesthetical reasons. However, the
spinner is not usually a torque-transmitting component
like the hub.

[0013] The term 'main axis’ should be understood as
the axis of the main shaft of the wind turbine, i.e. that axis
around which the rotor rotates during power-producing
operation of the wind turbine. The main axis is normally
aligned with the main wind direction, and the rotor plane
is normally essentially orthogonal to the main axis. The
driving torque of the blades is hence transmitted to the
main shaft, which co-extends with the main axis.
[0014] It will be appreciated that the present invention
is in particular concerned with improvements for so-
called horizontal axis wind turbines (HAWT) with a main
shaft and electrical generator at the top of a tower. The
main axis is essentially horizontal, and the rotor plane is
essentially vertical, though the main axis and as well the
rotor plane may be tilted.

[0015] The invention of the first aspect of the invention
is of particular interest at or near the root/hub section of
the blade. At low radii, the flow velocity across the blade
is relatively small compared to flow velocities at large
radii, and hence lift is smaller. At larger radii, where flow
velocities are high, auxiliary blade sections may not nec-
essarily increase lift to a significant degree. Therefore,
each of the auxiliary blade sections may preferably ex-
tend atmost40% of the radius of the rotorin a longitudinal
direction of the blades, such as at most 30% or at most
20%, preferably with the auxiliary blade section being
provided closer to a hub/root portion of the blade than to
a tip portion thereof.

[0016] In a second aspect, the invention provides a
method of controlling operation of a wind turbine with a
rotor mounted on a hub section, having the features of
claim 14.

[0017] During normal conditions, i.e. during power pro-
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ducing operation, the main blade section is usually
pitched to a position, which confers lift. During abnormal
conditions, e.g. at extreme wind speeds, the main blade
section is pitched to a position, which does not confer lift,
normally to a pitch angle of 90 degrees, i.e. to an idling
position. Upon occurrence of a sudden extreme wind di-
rection change, e.g. a change of wind direction close to
90 degrees, lift may unavoidably be conferred on the
main blade section, as the pitch and yaw control system
of the wind turbine only reacts with a time delay of some
fractions of a second or even with a time delay of several
seconds. Such lift may cause a torque around an axis,
which does not coincide with the main axis of the wind
turbine, and which is therefore undesirable. However,
wind turbine blades and the blade supports must be built
to structurally resist loads occurring in consequence of
sudden extreme wind direction changes.

[0018] Embodiments of the second aspect of the in-
vention reduce the undesired lift conferred on wind tur-
bine blades at sudden extreme wind direction changes.
Upon the occurrence of a sudden extreme change of
wind direction, liftis possibly conferred on the main blade
but not necessarily on the auxiliary blade section, which
is at a different angle of attack to the oncoming flow than
the main blade section. Hence, undesired loads, which
may occur until the pitch and/or yaw control of the wind
turbine have had time to react, can be reduced.

[0019] Inotherwords, uponthe occurrence ofasudden
extreme change of wind direction, lift may be conferred
on the main blade section. As discussed above, such lift
is highly undesirable and may be harmful, as it provides
atorque around an axis, which is transverse to the main
axis of the wind turbine. However, at the same time, the
change of wind direction results in a change of angle of
attack on the auxiliary blade section, which results in a
loss of lift on the auxiliary blade section. Hence, the un-
desirable/harmful lift on the blade is lower than if the main
blade section and the auxiliary blade sections were
pitched together.

[0020] Preferably, the yaw and/or pitch control of the
wind turbine compensates for the wind direction change
by bringing the rotor plane back to an essentially orthog-
onal orientation with respect to the wind direction. How-
ever, a certain time delay exists before the yaw control
reacts, and during this time delay the individual pitch po-
sitions of the main and auxiliary blade sections results in
a reduced lift and hence reduced torque.

[0021] It will hence be appreciated that the second as-
pect of the invention aims at controlling sudden transi-
tions, in particular sudden changes of wind direction oc-
curring, e.g. when the wind turbine is in an idling opera-
tion, in which the main blade sectionis pitched to anangle
of approximately 90 degrees with respect to the oncom-
ing flow. Generally, the first angle of attack may hence
be an angle of attack, at which aerodynamic stall is
achieved. The main blade section may hence be pitched
positively or negatively, i.e. towards positions, in which
either one of the suction side or the pressure side of the
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main blade section is pitched into the wind, with the on-
coming wind striking the pressure or the suction side,
respectively.

[0022] During idling operation of the wind turbine, the
first angle of attack of the main blade section may be set,
so that essentially no lift is conferred on the main blade
section. Idling operation is typically desired when no pow-
er is to be produced, e.g. during maintenance, or during
extreme wind conditions, such as during storms or hur-
ricanes.

[0023] Thesecondangle of attack of the auxiliary blade
section may provide an aerodynamic lift on the auxiliary
blade section, even when no lift is desired at the main
blade section, for example during idling or periods of
standstill. Such aerodynamic lift on the auxiliary blade
section may be acceptable during idling, because it only
provides a load driving torque around the wind turbine
main axis. The benefit of such a configuration is that no
or only reduced lift is conferred on the auxiliary blade
section, upon the occurrence of an sudden extreme
change of wind direction, which causes undesired lift on
the main blade section. Hence unneeded lift on the aux-
iliary blade section occurring during idling may be ac-
cepted because suchliftresults in a driving torque around
the wind turbine main axis, which the blades and their
supports are dimensioned to withstand, and which there-
fore is harmless in a structural sense. The operational
drawback of an unneeded lift on the auxiliary blade sec-
tion occurring during idling can be accepted, as the wind
turbine can be relatively easily stopped by a mechanical
brake. Rotation of the rotor at low speed due to the lift
on the auxiliary blade section may even be accepted dur-
ing non-power producing operation. Further, the auxiliary
blade section may, in the case it is provided in the form
of a trailing edge flap, typically be arranged at least par-
tially in the lee of the main blade section, and accordingly
the unneeded or undesired lift conferred by the auxiliary
blade section in the idling position may be negligible.
[0024] In other embodiments, the second angle of at-
tack of the auxiliary blade section provides essentially no
aerodynamic lift on the auxiliary blade section when the
main blade section is at the first angle of attack, e.g. dur-
ing idling. Accordingly the pitch of the auxiliary blade sec-
tion can be controlled, so that stall is ensured during
idling, i.e. the auxiliary blade section provides no lift dur-
ing idling operation. Yet, the pitch of the auxiliary blade
section may be such that, upon the occurrence of a sud-
den extreme wind direction change, no or only very lim-
ited lift is provided by the auxiliary blade section.
[0025] It will hence be appreciated that, generally, the
fist and second angles of attack may be set such that a
sudden extreme change of wind direction increases the
aerodynamiclifton one of the blade sections andreduces
the aerodynamic lift on the other of the blade sections.
[0026] The auxiliary blade section may pitchable, in
which case the step of arranging the auxiliary blade sec-
tion with a second angle of attack with respect to the
oncoming wind may comprise the step of pitching the
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second blade section. In alternative embodiments, the
auxiliary blade section is fixed to the hub section in a non-
pitchable manner.

[0027] In order to benefit form the auxiliary blade sec-
tion at partial load of the wind turbine, and in order to
protect the auxiliary blade section from high load during
operation at nominal load, the wind turbine may be op-
erated according to a partial load control scheme at ve-
locities of the oncoming wind, at which the nominal output
power of the wind turbine is not achievable, and the wind
turbine may be operated according to a nominal control
scheme at velocities of the oncoming wind, at which the
nominal output power of the wind turbine is achievable.
At conditions of partial load, the auxiliary blade section
may be pitched to provide an aerodynamic lift, whereas
at conditions of nominal load the auxiliary blade section
may pitched to a non-lift generating position, or at least
to a position, at which the lift conferred by the auxiliary
blade section and hence the aerodynamic load thereon
is negligible. Hence, the efficiency of the wind turbine
may be improved by the auxiliary blade section at partial
load, and yet the auxiliary blade section may be protected
from high aerodynamic loads at higher wind velocities, i.
e. at nominal power operation.

[0028] Experience has shown that gusts may in par-
ticular be harmful, if they occur at the transition of the
power output curve from partial to nominal load. Hence,
the auxiliary blade section may advantageously be pro-
tected further by pitching it to the non-lift generating po-
sition at wind velocities exceeding more than 90% or 95%
of the wind velocity, at which the nominal power output
is achievable, i.e. at wind velocities around 5-10% below
the transition from partial load to nominal load.

[0029] Inthe presentcontext, the nominal poweroutput
may be understood as the maximally desired power out-
put of a given wind turbine, that is an output power level,
which is normally not exceeded, even if the wind velocity
would render a higher power output possible. Hence,
once the wind velocity is sufficiently high to achieve the
nominal power output, the wind turbine is controlled, e.
g. by pitching the blades, to limit the power output. At
partial load, the wind velocities are not sufficient to
achieve the nominal power output.

[0030] Theleading edge slat may be deployed to allow
the blade to operate at a higher angle of attack and hence
to increase lift, which is of particular interest at or near
the hub/root section of the blade i.e. at low radii where
flow velocity is relatively small. The leading edge slat is
preferably arranged or configured such that any cross-
sectional plane through the blade includes the chord of
the main blade section as well as the chord of the leading
edge slat. The chord plane of the leading edge slat is
accordingly preferably also the chord plane of the main
blade section. The leading edge slat may be pitchable or
non-pitchable. In respect of leading edge slat, the risk of
tower collision is normally of no concern, and hence the
leading edge slat may be provided to pitch with the main
blade section. In other embodiments, the slat may how-
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ever be pitchable independently from the main blade sec-
tion or mounted to the hub in a fixed, non-pitchable way.
In embodiments, in which the slatis to pitch with the main
blade section in all operational conditions, or in respect
of non-pitchable stall-controlled wind turbines, the slat
may be mounted to the main blade section, e.g. by fixed
supports.

[0031] The invention also provides a wind turbine with
a rotor comprising a plurality of blades, at least one of
which, preferably all of which is a blade according to the
third aspect of the invention.

[0032] The below description applies to all aspects of
the invention.

[0033] The auxiliary blade sections, i.e. leading edge
slats and/or trailing edge flaps may be mounted to the
hub or main blade section by fixed supports. In alternative
embodiments, they may be movable, e.g. pitchable
and/or movable in the chord direction, so that the may
be retracted at certain flow field conditions, such as e.g.
high wind speeds.

[0034] The effectachieved by slats and flaps when de-
ployed is that the blades are allowed to operate at higher
angles of attack and to increase lift, as the stalling speed
is reduced. The leading edge slats and/or trailing edge
flaps may be provided as slotted slats or flaps, respec-
tively. This brings about the additional benefit that air
from the pressure side may flow through the slot and
delay flow separation on the suction side. Hence, in the
case of leading edge slats, a trailing edge of the leading
edge slat may be arranged at a distance from a leading
edge of the main blade section, so as to thereby provide
a flow passage from a pressure side of the leading edge
slat to a suction side of the main blade section. In the
case of trailing edge flaps, a leading edge of the trailing
edge flap may be arranged at a distance from a trailing
edge of the main blade section, so as to thereby provide
a flow passage from a pressure side of the main blade
to a suction side of the trailing edge flap. The flow pas-
sage between the main blade section and the trailing
edge flap and/or the leading edge slat may positively in-
fluence the aerodynamics of the blade. Specifically, the
flow passage allows energy to be transmitted from the
pressure side of the leading edge slat to the suction side
of the main blade section, and/or form the pressure side
of the main blade section to the suction side of the trailing
edge flap. Thereby, flow separation, i.e. aerodynamic
stall at the main blade section and/or of the trailing edge
flap, respectively, may be avoided at a certain angle of
attack, at which stall would otherwise occur. Hence, the
flow passage allows the blade sections to be operated
at slightly higher angles of attack than if no such flow
passages were present.

[0035] The provision of an auxiliary blade section, i.e.
a leading edge slat and/or a trailing edge flap near the
root of the blade, i.e. near the hub, may provide additional
aerodynamic lift to the inner part of the blade. Due to the
fact that it is normally desired to provide the innermost
part of the main blade section, i.e. that part which is to
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be connected to the hub, with a circular cross-section,
the root part of the main blade section normally provides
a gradual transition from a lift-generating airfoil shape
when seen in cross section to a circular cross section.
This transition compromises aerodynamic lift. The aux-
iliary blade section may, however, confer lift to the blade
near the hub to thereby increase the efficiency of the
wind turbine to at least partially compensate for the loss
of lift conferred by the aforementioned transition.
[0036] Thenumber ofleading edge slats and/or trailing
edge flaps (auxiliary blade sections) may be selected
such that each of the main blades has one and only one
leading edge slat and/or one and only one trailing edge
flap. In other embodiments, the number of leading edge
flaps and/or trailing edge flaps (auxiliary blade sections)
may be selected such that each of the main blades has
aplurality of leading edge slats and/or a plurality of trailing
edge flaps. For example, several slats or flaps may be
provided at various radii along the length of the main
blade section.

[0037] A chord of the leading edge slat and/or trailing
edge flap may extend essentially in continuation of a
chord line of the main blade section. However, in order
to enhance the aerodynamic benéefits of the slats and/or
flaps, a chord line of each of the leading edge slats and/or
trailing edge flaps may be vertically offset from a chord
line of respective one of the main blade sections, when
seen in cross section perpendicular to a longitudinal axis
of the main blade section.

[0038] Inordertodelayflow separationand/orincrease
lift, vortex generators may be provided at the suction side
of the main blade section, or the leading edge slats and/or
trailing edge flaps (auxiliary blade sections).

[0039] The main blade sections may have a blunt trail-
ing edge along at least a part of their length, e.g. at low
radii in the area of the trailing edge flaps. The thickness
of the blunt trailing edge is preferably at least 1% of the
chord of the main blade section, such as at least 2% or
at least 5%. The blunt trailing edge may preferably be
provided at radii of the blade, which have a thickness-to-
chord ratio of at least 30%, such as at least 32%, at least
35%, at least 37%, at least 40% or at least 45%.

[0040] Theleadingedge slatsand/or trailing edge flaps
(auxiliary blade sections) are primarily intended for low
radii portions of the blades, at which the thickness of the
blades is relatively high, and where leading edge slats
and trailing edge flaps have been found to have the most
significant influence on aerodynamic lift. Hence, in cer-
tain embodiments of the invention, the leading edge slats
and trailing edge flaps (auxiliary blade sections) are pro-
vided only at a part of the main blades, which have a
thickness-to-chord ratio of at least 30%, such as at least
32%, at least 35%, at least 37%, at least 40% or at least
45%.

[0041] From the above summary of the invention, it will
be appreciated that the invention generally provides a
wind turbine with a rotor mounted on a hub section,
wherein the rotor and hub section are rotatable around
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a main axis of the wind turbine, and wherein the rotor
comprises a plurality of blades each comprising:

- amain blade section;

- anauxiliary blade section mounted to the hub section
and arranged to be driven along with the main blade
section;

wherein the auxiliary blade section in a direction of rota-
tion of the rotor is arranged in front of a leading edge
and/or behind a trailing edge of the main blade, so that
each blade is thereby provided with a leading edge slat
and/or a trailing edge flap formed by the auxiliary blade
section to increase the planform area of the blade and
increase aerodynamic lift.

Brief description of the drawings

[0042] Embodiments of the invention will now be fur-
ther described with reference to the drawings, wherein:

Fig. 1 shows a side view of a wind turbine according
to the first and third aspects of the invention, includ-
ing a blade with two auxiliary blade sections;

Fig. 2 is a cross-sectional view of the blade of Fig. 1;

Fig. 3is a cross-sectional view of an alternative blade
configuration including a laterally offset trailing edge
flap;

Figs. 4 and 5 illustrate a wind turbine with pitachable
blades;

Figs. 6a - 6¢ illustrate a wind turbine according to
the first aspect of the invention, including a trailing
edge flap;

Fig. 7 illustrates cross-sectional view of a slotted trail-
ing edge flap;

Figs. 8 and 9 illustrate cross-sectional and side
views, respectively, of a blade operated in accord-

ance with the second aspect of the invention.

Detailed description of the drawings

[0043] Fig. 1 shows a side view of a wind turbine ac-
cording to the first aspect of the invention, including a
blade 100 with a main blade section 102 attached to a
hub 104, and two auxiliary blade sections 106 and 108.
The auxiliary blade section 106 is a trailing edge flap at
the root/hub section of the blade, and auxiliary blade sec-
tion 108 is a leading edge slat. The leading edge slat 108
is shown in dotted lines. As shown in Fig. 2, the trailing
edge flap 106 and the leading edge slat 108 may be pro-
vided as slotted flaps and slats, respectively, with gaps
110 and 112 between the trailing edge of the main blade
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section 102 and the leading edge of the trailing edge flap
106, and between the trailing edge of the leading edge
slat 108 and the leading edge of the main blade section
102. As shown, the main blade section 102 may have a
blunt trailing edge facing the gap 110. Fig. 3 shows an
embodiment, in which the trailing edge flap is offset by a
lateral distance (vertical distance in the cross-sectional
view of Fig. 3). Likewise, the leading edge slat may be
vertically offset from the main blade section (not shown).
[0044] In Fig. 1, the leading edge slat 108 is attached
to the hub 104. It may, however, be attached to the main
blade section 102 with no direct connection to the hub
104.

[0045] Itshould be understood thatthe verticaland hor-
izontal position of the flap 106 with respect to the main
blade 102 when seen in cross section may vary along
the length of the blade. Hence, for example at one radius
the flap 106 may be arranged as shown in Fig. 2, whereas
at adifferentradius it may be arranged as shown in Fig. 3.
[0046] Figs. 4 and 5 illustrate a wind turbine 200 with
pitchable blades. The wind turbine comprises a nacelle
202 including the drive train of the wind turbine and a
power converter, e.g. a generator. In Fig. 4, the blade is
provided with approximately zero pitch, and no risk exists
that the blade collides with the tower 202. In Fig. 5, how-
ever, the blade is pitched to 90 degrees, and as shown
those parts of the blade which have a large chord, i.e.
blade portions near the root/hub of the blade, may collide
with the tower 204. However, if the large-chord portions
of the blade are provided as shown in Fig. 1, with a main
blade section 102 and a trailing edge flap 106, the trailing
edge flap 106 may be controllable in a way that avoids
tower collision. For example, the trailing edge flap 106
may be fixed to the hub in a non-pitchable manner, or
pitch of the trailing edge flap 106 may be controllable
independently from the pitch control of the main blade
section 102.

[0047] Figs. 6a - 6¢ are illustrations of a wind turbine
according to the first aspect of the invention, including
the main blade section 102 and a slotted trailing edge
flap 106. The hub is covered by a spinner 105, and the
trailing edge flap 106 is mounted in fixed, non-pitchable
manner to the hub 104. Fig. 7 illustrates a cross-sectional
view of a slotted trailing edge flap 106.

[0048] Figs. 8 and 9 illustrate cross-sectional and side
views, respectively, of a blade operated in accordance
with the second aspect of the invention. In Figs. 8 and 9,
the main blade section 102 is pitched approximately 90
degrees relative to the auxiliary blade sections, i.e. rela-
tive to the trailing edge flap 106 and the leading edge slat
108. Fig. 8 only shows the pitched position of the main
blade section 102, whereas Fig. 9 shows the 90 degrees
pitched position of the main blade section 102 in dotted
lines and an operating position of the main blade section
102 in full line. The operating position should be under-
stood to be a pitch position, in which the angle of attack
is such that lift is conferred on the main blade section to
result in a driving torque around the wind turbine main
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axis.

[0049] Whenthemainblade section 102isinits pitched
position as shown in dotted lines in Fig. 9, and the aux-
iliary blade section 106 is kept in its orientation shown in
Fig. 9, the main blade section forms a first angle of attack
with respect to the oncoming wind 300 of approximately
90 degrees, and the auxiliary blade section 106 forms an
angle of attack of approximately 10 degrees in the ex-
ample shown.

[0050] The 90 degrees pitched position shown in Fig.
8 and in dotted lines in Fig. 9 is an idling position, in which
the oncoming wind represented by arrow 300 does not
provide any lift on the main blade section. Hence, essen-
tially no power is produced by the wind turbine in this
configuration. It will be understood that, when the main
bladed section is in the position shown in dotted lines
Fig. 9, the trailing edge flap 106 is in the lee of the main
blade section 102. Hence, the trailing edge flap 106 only
provides a minimal degree of lift and hence a low or even
negligible driving torque on the main axis.

[0051] When the main blade section 102 is in the idling
position shown in dotted lines in Fig. 9, a sudden extreme
change of wind direction, for example a change to the
direction shown by arrow 302 in Fig. 9, will result in an
aerodynamic lifton the main blade section 102 and hence
in an undesired, but yet unavoidable torque load around
an axis transverse to the main axis. However, in that
case, the trailing edge flap will, in that circumstance, pro-
vide no lift. Hence, the total torque around the transverse
axis is lower than if the trailing edge flap 106 would have
been pitched together with the main blade section 102.

Claims

1.  Awind turbine with a rotor mounted on a hub section
(104), the rotor comprising a plurality of blades (100)
and being rotatable around a main axis of the wind
turbine, wherein the hub section is rotatable around
a hub axis in fixed co-axial alignment with the main
axis of the wind turbine, at least one of the blades of
the rotor comprising:

- a main blade section (102), which is arranged
to be driven by wind to rotate around the main
axis, the main blade section being optionally
pitchable;

- an auxiliary blade section (106, 108) arranged
to be driven by wind to rotate around the main
axis;

wherein the auxiliary blade section is arranged
in the area of a leading edge and/or of a trailing
edge of the main blade (102),

characterised in that each auxiliary blade section
is mounted to the hub section (104) and is provided
such that it forms a leading edge slat (108) or a trail-
ing edge flap (106) for the main blade section to in-
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crease the planform area of the blade and increase
aerodynamic lift.

A wind turbine according to claim 1, wherein the aux-
iliary blade section is secured to the hub section in
such a way that its position and orientation with re-
spect to the hub section is fixed, so that the auxiliary
blade section is mounted to the hub section in a non-
pitchable manner.

A wind turbine according to claim 1 or 2, wherein
each of the auxiliary blade sections extends at most
40% of the radius of the rotor in a longitudinal direc-
tion of the blades, such as at most 30% or at most
20%.

Awind turbine according to claim 3, wherein the lead-
ing edge slat or trailing edge flap is provided closer
to a hub portion of the rotor than to a tip portion there-
of.

A wind turbine according to any of the preceding
claims, wherein the number of auxiliary blade sec-
tions is selected such that each of the main blades
has one and only one leading edge slat and/or one
and only one trailing edge flap.

A wind turbine according to any of claims 1-4, where-
in the number of auxiliary blade sections is selected
such that each of the main blades has a plurality of
leading edge slats and/or a plurality of trailing edge
flaps.

A wind turbine according to any of the preceding
claims, wherein a chord line of each of the leading
edge slats and/or trailing edge flaps is vertically off-
set from a chord line of respective one of the main
blade sections, when seen in cross section.

A wind turbine according to any of the preceding
claims, further comprising vortex-generating struc-
ture on a suction side of the auxiliary blade sections.

A wind turbine according to any of the preceding
claims, wherein the auxiliary blade sections form
leading edge slats, and wherein a trailing edge of
the leading edge slat is arranged at a distance from
a leading edge of the main blade section, so as to
thereby provide a flow passage from a pressure side
of the leading edge slat to a suction side of the main
blade section.

A wind turbine according to any of claims 1-8, where-
in the auxiliary blade sections form ftrailing edge
flaps, and wherein a leading edge of the trailing edge
flap is arranged at a distance from a trailing edge of
the main blade section, so as to thereby provide a
flow passage from a pressure side of the main blade
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to a suction side of the trailing edge flap.

A wind turbine according to any of the preceding
claims, wherein each of the main blade sections has
a blunt trailing edge.

A wind turbine according to claim 11, wherein the
thickness of the blunt trailing edge is at least 2% of
the chord of the main blade section.

A wind turbine according to any of the preceding
claims, wherein the auxiliary blade sections are pro-
vided only at a part of the main blades, which have
a thickness-to-chord ratio of at least 30%.

A method of controlling operation of a wind turbine
with a rotor mounted on a hub section (104), the rotor
comprising a plurality of blades (100) and being ro-
tatable around a main axis of the wind turbine, where-
in the hub section is rotatable around a hub axis in
fixed co-axial alignment with the main axis of the
wind turbine, at least one of the blades of the rotor
comprising:

- a pitchable main blade section (102), which is
arranged to be driven by wind to rotate around
the main axis;

- an auxiliary blade section (106, 108) arranged
to be driven by wind to rotate around the main
axis;

wherein the auxiliary blade section is mounted to the
hub section and arranged in the area of a leading
edge and/or of a trailing edge of the main blade such
that it forms a leading edge slat or a trailing edge
flap for the main blade section;

the method comprising the steps of:

- arranging the pitchable main blade section with
a first angle of attack with respect to the oncom-
ing wind;

- arranging the auxiliary blade section with a sec-
ond angle of attack with respect to the oncoming
wind, which is different from said first angle of
attack.

A method according to claim 14, wherein aerody-
namic stall is achieved at said first angle of attack of
the pitchable main blade section.

A method according to claim 14 or 15, wherein, dur-
ing idling operation of the wind turbine, said first an-
gle of attack of the main blade section is set, so that
essentially no liftis conferred on the main blade sec-
tion.

A method according to claim 16, wherein, during
idling operation of the wind turbine, said second an-
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gle of attack of the auxiliary blade section provides
an aerodynamic lift on the auxiliary blade section.

A method according to claim 16, wherein, during
idling operation of the wind turbine, said second an-
gle of attack of the auxiliary blade section provides
essentially no aerodynamic lift on the auxiliary blade
section.

A method according to any of claims 14-18, wherein
the fist and second angles of attack are set such that
a sudden extreme change of wind direction increas-
es the aerodynamic lift on one of said blade sections
and reduces the aerodynamic lift on the other of said
blade sections.

A method according to any of claims 14-19, wherein
the auxiliary blade section is pitchable, and wherein
the step of arranging the auxiliary blade section with
a second angle of attack with respect to the oncom-
ing wind comprises the step of pitching the second
blade section.

A method according to claim 20, wherein the wind
turbine is operated according to a partial load control
scheme at velocities of the oncoming wind, at which
the nominal output power of the wind turbine is not
achievable, and wherein the wind turbine is operated
according to a nominal control scheme at velocities
of the oncoming wind, at which the nominal output
power of the wind turbine is achievable, and wherein
the auxiliary blade section is pitched to provide an
aerodynamic lift at conditions of partial load, and
wherein the auxiliary blade section is pitched to a
non-lift generating position at conditions, at which
nominal load is achievable.

A method according to claim 21, wherein the auxil-
iary blade section is pitched to the non-lift generating
position at wind velocities exceeding more than 95%
of the wind velocity, at which the nominal power out-
put is achievable.

Patentanspriiche

1.

Windturbine mit einem Rotor, der an einem Naben-
abschnitt (104) montiert ist, wobei der Rotor mehrere
Schaufeln (100) umfasst und um eine Hauptachse
der Windturbine drehbar ist, wobei der Nabenab-
schnitt in feststehender koaxialer Anordnung mit der
Hauptachse der Windturbine um eine Nabenachse
drehbar ist, wobei mindestens eine der Schaufeln
des Rotors Folgendes umfasst:

- einen Hauptschaufelabschnitt (102), der dafir
angeordnet ist, durch Wind zur Drehung um die
Hauptachse angetrieben zu werden, wobei der
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Hauptschaufelabschnitt optional anstellbar ist,
- einen Nebenschaufelabschnitt (106, 108), der
daflr angeordnet ist, durch Wind zur Drehung
um die Hauptachse angetrieben zu werden, wo-
bei der Nebenschaufelabschnitt im Bereich ei-
ner Anstrémkante und/oder einer Abstromkante
der Hauptschaufel (102) angeordnet ist,

dadurch gekennzeichnet, dass jeder Neben-
schaufelabschnitt am Nabenabschnitt (104) mon-
tiert und derart bereitgestellt ist, dass er einen An-
stromkanten-Vorfligel (108) oder eine Abstrémkan-
tenklappe (106) fur den Hauptschaufelabschnitt bil-
det, um den Tragflachenbereich der Schaufel zu ver-
gréRern und den aerodynamischen Auftrieb zu er-
héhen.

Windturbine nach Anspruch 1, wobei der Neben-
schaufelabschnitt derart am Nabenabschnitt befes-
tigtist, dass seine Position und Ausrichtung in Bezug
auf den Nabenabschnitt feststehend ist, sodass der
Nebenschaufelabschnitt nicht-anstellbar am Naben-
abschnitt montiert ist.

Windturbine nach Anspruch 1 oder 2, wobei sich je-
derder Nebenschaufelabschnitte Gber héchstens 40
% des Radius des Rotors in Langsrichtung der
Schaufeln erstreckt, wie beispielsweise tber héchs-
tens 30 % oder hochstens 20 %.

Windturbine nach Anspruch 3, wobei der Anstrém-
kanten-Vorfliigel oder die Abstrémkantenklappe na-
her an einem Nabenabschnitt des Rotors bereitge-
stellt ist als an einem Spitzenabschnitt desselben.

Windturbine nach einem der vorhergehenden An-
spriiche, wobei die Anzahl von Nebenschaufelab-
schnitten derart ausgewahlt ist, dass jede der Haupt-
schaufeln einen und nur einen Anstromkanten-Vor-
fligel und/oder eine und nur eine Abstrémkanten-
klappe aufweist.

Windturbine nach einem der Anspriiche 1 bis 4, wo-
beidie Anzahl von Nebenschaufelabschnitten derart
ausgewahlt ist, dass jede der Hauptschaufeln meh-
rere Anstrdmkanten-Vorfligel und/oder mehrere
Abstrémkantenklappen aufweist.

Windturbine nach einem der vorhergehenden An-
spriiche, wobei eine Fllgeltiefenlinie jedes der An-
stromkanten-Vorfliigel und/oder jeder der Abstrém-
kantenklappen, im Querschnitt betrachtet, vertikal
zu einer Fligeltiefenlinie der jeweiligen Hauptschau-
felabschnitte versetzt ist.

Windturbine nach einem der vorhergehenden An-
spriiche, ferner eine wirbelerzeugende Struktur auf
einer Saugseite der Nebenschaufelabschnitte um-
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fassend.

Windturbine nach einem der vorhergehenden An-
spriiche, wobei die Nebenschaufelabschnitte An-
stromkanten-Vorfligel bilden und wobei eine Ab-
stromkante des Anstrémkanten-Vorfligels in einem
Abstand von einer Anstrémkante des Hauptschau-
felabschnitts angeordnet ist, sodass dadurch ein
Strémungsweg von einer Druckseite des Anstrém-
kanten-Vorfligels zu einer Saugseite des Haupt-
schaufelabschnitts bereitgestellt wird.

Windturbine nach einem der Anspriiche 1 bis 8, wo-
bei die Nebenschaufelabschnitte Abstrémkanten-
klappen bilden und wobei eine Anstrémkante der Ab-
strémkantenklappe in einem Abstand von einer Ab-
stromkante des Hauptschaufelabschnitts angeord-
netist, sodass dadurch ein Strémungsweg von einer
Druckseite der Hauptschaufel zu einer Saugseite
der Abstromkantenklappe bereitgestellt wird.

Windturbine nach einem der vorhergehenden An-
spriiche, wobei jeder der Hauptschaufelabschnitte
eine stumpfe Abstromkante aufweist.

Windturbine nach Anspruch 11, wobei die Dicke der
stumpfen Abstrdomkante mindestens 2 % der Fllgel-
tiefe des Hauptschaufelabschnitts betragt.

Windturbine nach einem der vorhergehenden An-
spriiche, wobei die Nebenschaufelabschnitte nuran
einem Teil der Hautschaufeln bereitgestellt sind, die
ein Verhaltnis der Dicke zur Fligeltiefe von mindes-
tens 30 % aufweisen.

Verfahren zur Steuerung des Betriebs einer Wind-
turbine mit einem Rotor, der an einem Nabenab-
schnitt (104) montiert ist, wobei der Rotor mehrere
Schaufeln (100) umfasst und um eine Hauptachse
der Windturbine drehbar ist, wobei der Nabenab-
schnitt in feststehender koaxialer Anordnung mit der
Hauptachse der Windturbine um eine Nabenachse
drehbar ist, wobei mindestens eine der Schaufeln
des Rotors Folgendes umfasst:

- einen anstellbaren Hauptschaufelabschnitt
(102), der dafiir angeordnet ist, durch Wind zur
Drehung um die Hauptachse angetrieben zu
werden,

- einen Nebenschaufelabschnitt (106, 108), der
daflr angeordnet ist, durch Wind zur Drehung
um die Hauptachse angetrieben zu werden,

wobei der Nebenschaufelabschnitt am Nabenab-
schnitt montiert und im Bereich einer Anstrdmkante
und/oder einer Abstromkante der Hauptschaufel an-
geordnetist, derart, er einen Anstromkanten-Vorfli-
gel oder eine Abstrdomkantenklappe fiir den Haupt-
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schaufelabschnitt bildet,
wobei das Verfahren folgende Schritte umfasst:

- Anordnen des anstellbaren Hauptschaufelab-
schnitts mit einem ersten Angriffswinkel in Be-
zug auf den auftreffenden Wind,

- Anordnen des Nebenschaufelabschnitts mit ei-
nem zweiten Angriffswinkel in Bezug auf den
auftreffenden Wind, der sich von dem ersten An-
griffswinkel unterscheidet.

Verfahren nach Anspruch 14, wobei mit dem ersten
Angriffswinkel des anstellbaren Hauptschaufelab-
schnitts aerodynamischer Strémungsabriss erzielt
wird.

Verfahren nach Anspruch 14 oder 15, wobeiim Leer-
laufbetrieb der Windturbine der erste Angriffswinkel
des Hauptschaufelabschnitts so eingestellt wird,
dass dem Hauptschaufelabschnitt im Wesentlichen
kein Auftrieb verliehen wird.

Verfahren nach Anspruch 16, wobei im Leerlaufbe-
trieb der Windturbine der zweite Angriffswinkel des
Nebenschaufelabschnitts einen aerodynamischen
Auftrieb am Nebenschaufelabschnitt bereitstellt.

Verfahren nach Anspruch 16, wobei im Leerlaufbe-
trieb der Windturbine der zweite Angriffswinkel des
Nebenschaufelabschnitts im Wesentlichen keinen
aerodynamischen Auftrieb am Nebenschaufelab-
schnitt bereitstellt.

Verfahren nach einem der Anspriiche 14 bis 18, wo-
bei der erste und der zweite Angriffswinkel derart
eingestellt werden, dass eine plétzliche extreme An-
derung der Windrichtung den aerodynamischen Auf-
trieb an einem der Schaufelabschnitte erhéht und
den aerodynamischen Auftrieb am anderen der
Schaufelabschnitte verringert.

Verfahren nach einem der Anspriiche 14 bis 19, wo-
bei der Nebenschaufelabschnitt anstellbar ist und
wobei der Schritt des Anordnens des Nebenschau-
felabschnitts mit einem zweiten Angriffswinkelin Be-
zug auf den auftreffenden Wind den Schritt des An-
stellens des zweiten Schaufelabschnitts umfasst.

Verfahren nach Anspruch 20, wobei die Windturbine
bei Geschwindigkeiten des auftreffenden Windes,
bei denen die nominale Ausgangsleistung der Wind-
turbine nicht erzielbar ist, nach einem Teillaststeue-
rungsprogramm betrieben wird und wobei die Wind-
turbine bei Geschwindigkeiten des auftreffenden
Windes, bei denen die nominale Ausgangsleistung
der Windturbine erzielbar ist, nach einem nominalen
Steuerungsprogramm betrieben wird und wobei der
Nebenschaufelabschnitt angestellt wird, um bei
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Teillastbedingungen einen aerodynamischen Auf-
trieb bereitzustellen, und wobei der Nebenschaufel-
abschnitt bei Bedingungen, bei denen die nominale
Last erzielbarist, in eine keinen Auftrieb erzeugende
Position angestellt wird.

Verfahren nach Anspruch 21, wobei der Neben-
schaufelabschnitt bei Windgeschwindigkeiten, die
mehr als 95 % der Windgeschwindigkeit tberschrei-
tet, bei der die nominale Ausgangsleistung erzielbar
ist, in die keinen Auftrieb erzeugende Position an-
gestellt wird.

Revendications

Turbine d’éolienne présentant un rotor monté sur
une section de moyeu (104), le rotor comprenant
une pluralité d’aubes (100) et pouvant tourner autour
d’un axe principal de la turbine d’éolienne, dans la-
quelle la section de moyeu peut tourner autour d’'un
axe de moyeu dans un alignement coaxial fixe avec
I'axe principal de la turbine d’éolienne, au moins
'une des aubes du rotor comprenant :

- une section d’aube principale (102) qui est
aménagée pour étre entrainée par le vent afin
de tourner autour de I'axe principal, la section
d’aube principale étant éventuellement
adaptable ;

- une section d’aube auxiliaire (106, 108) amé-
nagée pour étre entrainée par le vent afin de
tourner autour de I'axe principal ;

dans laquelle la section d’aube auxiliaire est amé-
nagée dans la zone d’un bord d’attaque et/ou d’un
bord de fuite de I'aube principale (102),
caractérisée en ce que chaque section d’aube auxi-
liaire est montée sur la section de moyeu (104) et
est prévue de sorte qu’elle forme un bec de bord
d’attaque (108) ou un volet de bord de fuite (106)
pour la section d’aube principale afin d’augmenter
la surface planiforme de I'aube et augmenter sa por-
tance aérodynamique.

Turbine d’éolienne selon la revendication 1, dans
laquelle la section d’aube auxiliaire est fixée a la sec-
tion de moyeu de maniére que sa position et son
orientation par rapport a la section de moyeu soient
fixes de sorte que la section d’aube auxiliaire soit
montée sur la section de moyeu de maniére non
adaptable.

Turbine d’éolienne selon la revendication 1 ou lare-
vendication 2, dans laquelle chacune des sections
d’aube auxiliaires s’étend au maximum sur 40 % du
rayon du rotor dans une direction longitudinale des
aubes, notamment au maximum sur 30 % ou au
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maximum sur 20 %.

Turbine d’éolienne selon la revendication 3, dans
laquelle le bec de bord d’attaque ou le volet de bord
de fuite est aménagé plus prés d'une portion de
moyeu du rotor que de sa portion de pointe.

Turbine d’éolienne selon I'une quelconque des re-
vendications précédentes, dans laquelle le nombre
de sections d’aube auxiliaires est choisi de sorte que
chacune des aubes principales ait un et seulement
un bec de bord d’attaque et/ou un et seulement un
volet de bord de fuite.

Turbine d’éolienne selon I'une quelconque des re-
vendications 1 a 4, dans laquelle le nombre de sec-
tions d’aube auxiliaires est choisi de sorte que cha-
cune des aubes principales ait une pluralité de becs
de bord d’attaque et/ou une pluralité de volets de
bord de fuite.

Turbine d’éolienne selon I'une quelconque des re-
vendications précédentes, dans laquelle une corde
de profil de chacun des becs de bord d’attaque et/ou
des volets de bord de fuite est verticalement décalée
d’une corde de profil de 'une respective des sections
d’aube principales, lorsqu’on I'observe en section
transversale.

Turbine d’éolienne selon I'une quelconque des re-
vendications précédentes, comprenant par ailleurs
une structure génératrice de tourbillons sur un coté
d’aspiration des sections d’aube auxiliaires.

Turbine d’éolienne selon I'une quelconque des re-
vendications précédentes, dans laquelle les sec-
tions d’aube auxiliaires forment des becs de bord
d’attaque et dans laquelle un bord de fuite du bec
de bord d’attaque est aménagé a une distance d’'un
bord d’attaque de la section d’aube principale de ma-
niére a ménager un passage d’écoulementd’un coté
de pression du bec de bord d’attaque a un cété d’as-
piration de la section d’aube principale.

Turbine d’éolienne selon I'une quelconque des re-
vendications 1 a 8, dans laquelle les sections d’aube
auxiliaires forment des volets de bord de fuite etdans
laquelle un bord d’attaque du volet de bord de fuite
est aménagé a une distance d’'un borde de fuite de
la section d’ aube principale de maniére a obtenir un
passage d’écoulement d’un c6té sous pression de
'aube principale a un c6té d’aspiration du volet de
bord de fuite.

Turbine d’éolienne selon I'une quelconque des re-
vendications précédentes, dans laquelle chacune
des sections d’aube principale a un bord de fuite
émousse.
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Turbine d’éolienne selon la revendication 11, dans
laquelle I'épaisseur du bord de fuite émoussé est
d’au moins 2 % de la corde de la section d’aube
principale.

Turbine d’éolienne selon l'une quelconque des re-
vendications précédentes, dans laquelle les sec-
tions d’aube auxiliaires sont prévues uniquement sur
une partie des aubes principales qui ont un rapport
de I’épaisseur a la corde d’au moins 30 %.

Procédé de commande de fonctionnementd’une tur-
bine d’éolienne avec un rotor monté sur une section
de moyeu (104), le rotor comprenant une pluralité
d’aubes (100) et pouvant tourner autour d’'un axe
principal de la turbine d’éolienne, dans lequel la sec-
tion de moyeu peut tourner autour d’'un axe de moyeu
dans I'alignement coaxial fixe avec I'axe principal de
la turbine d’éolienne, au moins l'une des aubes du
rotor comprenant :

- une section d’aube principale adaptable (102)
quiestaménagée pour étre entrainée parle vent
afin de tourner autour de I'axe principal ;

- une section d’aube auxiliaire (106, 108) amé-
nagée pour étre entrainée par le vent afin de
tourner autour de I'axe principal ;

dans lequel la section d’aube auxiliaire est montée
sur la section de moyeu et aménagée dans la zone
d’un bord d’attaque et/ou d’'un bord de fuite de I'aube
principale de maniére a former un bec de bord d’at-
taque ou un volet de bord de fuite pour la section
d’aube principale ;

le procédé comprenant les étapes consistant a :

- aménager la section d’aube principale adap-
table avec un premier angle d’attaque par rap-
port au vent venant en sens inverse ;

- aménager la section d’aube auxiliaire avec un
second angle d’attaque par rapport au vent ve-
nant en sens inverse, qui est différent dudit pre-
mier angle d’attaque.

Procédé selon la revendication 14, dans lequel un
décrochage aérodynamique est imposé audit pre-
mier angle d’attaque de la section d’aube principale
adaptable.

Procédé selon la revendication 14 ou la revendica-
tion 15, dans lequel, au cours du fonctionnement au
ralenti de la turbine d’éolienne, ledit premier angle
d’attaque de la section d’aube principale est réglé
afin qu’essentiellement aucune portance ne soit con-
férée a la section d’aube principale.

Procédé selon la revendication 16, dans lequel, au
cours du fonctionnement au ralentide laturbine d’éo-
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lienne, ledit second angle d’attaque de la section
d’aube auxiliaire fournit une portance aérodynami-
que a la section d’aube auxiliaire.

Procédé selon la revendication 16, dans lequel, au
cours du fonctionnementauralentide laturbine d’éo-
lienne, ledit second angle d’attaque de la section
d’aube auxiliaire ne fournit essentiellement pas de
portance aérodynamique a la section d’aube auxi-
liaire.

Procédé selon I'une quelconque des revendications
14 a 18, dans lequel le premier et le second angle
d’attaque sontréglés de sorte qu’un changement ex-
tréme soudain de la direction du vent augmente la
portance aérodynamique sur l'une desdites sections
d’aube et réduise la portance aérodynamique sur
l'autre desdites sections d’aube.

Procédé selon I'une quelconque des revendications
14 a 19, dans lequel la section d’aube auxiliaire est
adaptable et dans lequel I'étape d’aménagement de
la section d’aube auxiliaire avec un second angle
d’attaque parrapport au vent venant en sens inverse
comprend |'étape d’adaptation de la seconde section
d’aube.

Procédé selon la revendication 20, dans lequel la
turbine d’éolienne est actionnée selon un schéma
de commande de charge partielle a des vitesses du
vent venant en sens inverse, ou la puissance de sor-
tie nominale de la turbine d’éolienne ne peut étre
atteinte, et dans lequel la turbine d’éolienne est ac-
tionnée selon un schéma de commande nominal a
des vitesses du vent venant en sens inverse aux-
quelles la puissance de sortie nominale de la turbine
d’éolienne peut étre atteinte, etdanslequella section
d’aube auxiliaire est adaptée pour fournir une por-
tance aérodynamique dans des conditions de char-
ge partielle, et dans lequel la section d’aube auxiliai-
re est adaptée a une position non génératrice de
portance dans des conditions dans lesquelles la
charge nominale peut étre atteinte.

Procédé selon la revendication 21, dans lequel la
section d’aube auxiliaire est adaptée a la position
non génératrice de portance a des vitesses du vent
dépassant plus de 95 % de la vitesse du vent a la-
quelle la sortie de puissance nominale peut étre at-
teinte.
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