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The present invention relates to a rotor blade of a wind turbine. The present invention

moreover relates to a wind turbine.

Wind turbines are a matter of common knowledge. The most common wind turbines
nowadays are the so-called horizontal axis wind turbines, which are also the subject of
the present application. Modern wind turbines are adapted to the wind conditions ex-
pected at their installation site. One can differentiate, in particular, between wind turbines
for strong wind sites and wind turbines for weak wind sites. Further subcategorization is

possible, if necessary.

As compared to wind turbines for sites with higher average wind speeds, wind turbines for
weak wind sites feature longer rotor blades that are more delicate, at least section-wise.
This way, such longer rotor blades can over-sweep a larger disk area and extract as
much energy from the wind as possible, even in weak wind conditions. Heavy loads

caused by strong wind are comparatively rare.

When building such rotor blades, one must make sure to design especially their central
area narrow enough to make them as light as possible but provide them, at the same
time, with sufficient load capacity for the blade. Especially in the area of the rotor blade
that is central in relation to the radial direction of the rotor, it can be difficult to accommo-
date the described requirements on stability and load capacity of the rotor blade to the

required aerodynamic design.

Sometimes, the scope for designing the aerodynamic profile may be so little that, alt-
hough one will achieve an aerodynamic profile with good properties, slight deviations of
this ideal aerodynamic profile may have a significant effect on the flow properties. Espe-
cially contamination of the rotor blade may cause an unwanted early stall that would not,
or at least not to that extent, happen with a non-contaminated blade. Sometimes, even

raindrops can cause a significant contamination of the blade.

The purpose of this invention is therefore to address at least one of the above problems.
The invention shall, in particular, provide a solution for improving the aerodynamic proper-
ties of a rotor blade. It shall, in particular, improve a rotor blade of a wind turbine for weak
wind sites and, in particular, make it less prone to contamination. It shall at least propose

an alternative solution to prior art.
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The German Patent and Trademark Office has researched the following prior art in the
priority application to the present PCT application: DE 103 47 802 B3, US 2011/0211966
A1, US 2012/0051936 A1 and EP 2 466 122 A2.

What is proposed according to the invention is a rotor blade according to claim 1. Such
rotor blade, namely the rotor blade of an aerodynamic rotor, comprises at least one first
and one second wing fence. The position of said wing fences is specifically aligned to an
area that is central in relation to a radial direction of the aerodynamic rotor. The position
of the at least two wing fences is selected such that said wing fences enclose a central

area of the rotor blade.

This is based on the consideration that the rotor blade even of weak wind installations,
i.e., of wind turbines for weak wind sites, may have a wide design in the area close to the
hub and allow for a less vulnerable profile. A more robust profile design may be also
performed in the outer area, i.e. in the area facing towards the rotor blade tip, because
here in this outer area the load capacity of the rotor blade does not depend so much on
the blade design. In the central area, the load capacity of the rotor blade plays a major
role and the wind's influence on the output of the wind turbine is still quite strong in this
area. Also, contamination caused, for example, by rain may have a greater influence in
the central area, because the rotational speed is not that high here as in the outer area of

the blade and rainwater can thus better stick to the surface.

Please note at this point that the use of wing fences in rotor blades of wind turbines is a
matter of common known. In this context, reference is made to German Patent DE 103 47
802 B3. Said patent provides for wing fences to prevent cross-flows between an essen-
tially cylindrical root area of the rotor blade and the outer portion of the rotor blade having
an aerodynamic profile. To this end, a wing fence is proposed in the area where the rotor
blade transitions from its cylindrical root area to the area featuring an aerodynamic profile.

A second wing fence may be provided for support purposes.

The present invention, on the other hand, relates to a completely different problem,
namely to preventing, or at least limiting to a predetermined area, a stall caused, in par-
ticular, by blade contamination. The present invention relates, in particular, to rotor blades
having their largest profile depth directly in their root area for attaching to a rotor hub. In
other words: the present invention relates, in particular, to rotor blades having an aerody-

namic profile along their entire axial or radial length, respectively.
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In this context, it is proposed for the first wing fence to be arranged in a range of 25 to
40% and for the second wing fence to be arranged at the rotor blade in a range of 45 to
60%. These details relate to the radial direction of the rotor blade when used as intended
in the aerodynamic rotor of the wind turbine. This means that a value of 0% would be
exactly at the rotation axis of the aerodynamic rotor and a value of 100% would be at the

rotor blade tip of the rotor blade.

Preferably, the first wing fence is arranged in a range of 30 to 35% in radial direction and,
in addition or alternatively, the second wing fence is arranged at the rotor blade in radial
direction in a range of 50 to 55%. This provides the correspondingly concrete central area
of the rotor blade with said two wing fences that enclose said central area. The proposed

measure can thus focus specifically on this central area.

The first and the second wing fence is preferably arranged at the suction side of the rotor
blade. It was found, in particular, that this is where most of the problems relating to a stall
can occur, so that the wing fences are provided here, in particular. Preferably, the suction
side of the rotor blade features not only a wing fence on each side, but each wing fence
features also two fence sections, one of which is arranged at the suction side, and the
other one of which is arranged at the pressure side of the rotor blade. Here, it was found
that the proposed aerodynamic measure can be even improved when supporting the wing
fence of the suction side by a fence section at the pressure side. This way, any stall

phenomena can be limited even more effectively to this central area of the rotor blade.

According to one embodiment, each wing fence is designed such as to increase in terms
of height from the blade nose to the rear edge. This means that the basis is a common
rotor blade featuring a blade nose or rotor blade nose approximately in the direction of
motion and a rear edge facing away from the blade nose, i.e. facing backwards, basically.
Preferably, the height of the wing fence is geared to the thickness of the boundary layer
of the air blowing against the blade. Said boundary layer is assumed as the area where
the oncoming air speed has such a great distance to the blade's surface that it has
reached 90% of the undiminished air flow speed. Here, the flow speed of the air relative

to the rotor blade at the respective point is taken as a basis.

It has now transpired that said boundary layer has an increasing distance from the blade
nose to the rear edge. According to one embodiment, it is proposed that the height of the

wing fence should be geared thereto.
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The considerations relating to the height of the wing fence assume a wing fence that is
configured, for example, as a flat object that is realized vertical to the blade surface and
lengthwise to the angle of incidence, i.e. that is approximately bridge-shaped. These
details are moreover to be also applied to wing fence sections — also simply referred to
as fence sections — if the wing fence features a fence section on the suction side and

one on the pressure side.

The wing fence starts, in particular, close to the blade nose, e.g. in relation to a cord of
the blade profile at the respective point at 5 to 10% behind the blade nose. Here, the wing
fence or the fence section, respectively, starts out at a low height of 0 to 5 mm and then
continuously increases up to a height of more than 15 mm, in particular more than 20
mm. In case of the first wing fence or its fence sections, respectively, said elevation can
increase to more than 30 mm. Preferably, the wing fence will remain unchanged in terms
of height — namely evenly high — in its rear area, in particular in its rear third. This way,
it can adapt to the position of the boundary layer to thus avoid unnecessarily great
heights and hence unnecessary contact surfaces and to ultimately save material as

compared to a variant with consistently great height.

This means that each wing fence or fence section, respectively, is preferably designed as
a bridge that features a base section and a rear section. The bridge is attached to the
rotor blade surface — i.e. to the suction side or pressure side — with the base section,
and the other, free side of the bridge is formed by the rear section. The base section thus
follows the blade profile. The rear section is also designed as the blade profile, but in a
different position. To this end, a contour line is assumed that in terms of its shape equals
the blade profile, but is twisted/rotated by a pivot/rotation axis in relation to the blade
profile. These approaches assume a section in the area of the respectively examined
wing fence. So, what is assumed here, at first, is a contour line that follows the blade
profile e.g. at the suction side. What is then applied, theoretically, is an axis of rotation,
preferably in the area of the blade nose. Said contour line is then rotated — theoretically
— about said axis of rotation, in particular at an angle of approx. 1 to 3°, so that said
contour line has a common point with the blade profile in the axis of rotation, while other-
wise continuously moving away from the blade profile, i.e. from the suction side in this
example, backwards towards the rear edge. The wing fence or wing fence section, re-

spectively, thus runs between the blade profile and said rotated contour line.

Accordingly, when a fence section is provided at the pressure side, the contour line of the

pressure side is taken as a basis to form the course of the basis of the bridge, while the
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contour line rotated towards it forms the course of the rear of the bridge. Here, the direc-
tion of rotation about the same axis is exactly reverse compared to the design of the wing

fence on the suction side.

In the front area facing towards the blade nose, i.e. in particular in a range of 5 to 10% in
relation to the cord of the blade, the height of the bridge would be so low as to make the
bridge redundant, and it would suffice if the bridge started only at a corresponding dis-

tance to the blade nose. This applies to both the suction side and the pressure side.

Preferably, the height of the wing fence will be geared to between two and five times, in
particular three and four times, the size of the displacement thickness of the boundary

layer in the corresponding area.

It was moreover found that a low height of the wing fence towards the blade nose may
suffice, as stalls that are to be prevented by the proposed measure occur only in the
central or even rear area of the blade or of the blade profile, respectively. Therefore, a
greater height of the wing fence with increasing position towards the rear edge is advan-

tageous.

Yet another embodiment proposes that the first and second wing fence should have
different heights, in particular different mean heights. In as far as the wing fences are
designed as a bridge with a bridge back that follows the rotated profile line, the height of
the first wing fence will be greater than that of the second wing fence over the entire
length of the bridge. For comparison purposes, a mean height of the two wing fences is
simply taken as a basis, which may be, for example, an arithmetic mean of the height of
the course of the respective wing fence. If the wing fence features a fence section also on
the pressure side, such considerations and descriptions are to be applied analogously to

the height of the respective fence section.

What is proposed in any event is for the first wing fence, i.e. the one arranged closer to
the rotor hub, to be at least 30%, in particular at least 50%, higher than the second wing
fence. Here, it was found that a lower height is sufficient for the outer wing fence, which

may be advantageous in terms of aerodynamics.

Preferably, vortex generators are provided in addition. Such vortex generators, which are
arranged approximately in the first third towards the blade nose and located preferably on

the suction side of the rotor blade, can counteract a release effect, i.e. a stall at the blade
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profile. They can, in particular, cause a position of such a stall to shift more towards the
rear edge, which will at least reduce the aerodynamic disadvantages caused by the stall.
If said stall can be — theoretically — shifted to the rear edge, it will practically cease to

occur.

Preferably, it is proposed for said vortex generators to be arranged only between the first
and second wing fence. Their effect is thus limited to this area and is also shielded to-
wards the outer or inner area, respectively, of the rotor blade by the wing fences. What is
also addressed here, in particular, is the problem that such vortex generators may consti-
tute an unwanted source of noise. By arranging them only in this area between the two
wing fences, the level of noise can be also reduced by avoiding/being able to avoid an

occupancy with vortex generators that is unnecessarily vast in radial direction.

The rotor blade is preferably designed for a weak wind installation, i.e., for a wind turbine
intended for a weak wind site. This means that the proposed solutions address, in particu-

lar, a problematic central area of such a rotor blade of a weak wind installation.

Preferably, the invention is based on a rotor blade having its greatest profile depth directly
at its blade root for attaching to the rotor hub. It hence does not make use of a rotor blade
that becomes slimmer towards the hub and that features an essentially cylindrical area
that is not designed as a blade profile. In other words: the present solutions do not relate
to effects occurring between a profile area of the rotor blade and an unprofiled area of the

rotor blade, namely a cylindrical blade root.

What is moreover proposed according to the invention is a wind turbine having one or
more rotor blades according to at least one of the above-described embodiments. What is
proposed, in particular, is a wind turbine having three rotor blades, each of which is

designed as proposed by one of the above embodiments.

One preferred rotor blade of a wind turbine features a rotor blade root for connecting the
rotor blade to a rotor hub and a rotor blade tip arranged at the side facing away from the
rotor blade root. Here, a relative profile thickness, which is defined as the profile thickness
to profile depth ratio, shows a local maximum in a central area between rotor blade root
and rotor blade tip. Hereinafter, profile depth shall mean the length of the profile, i.e. the
distance between leading edge and trailing edge. Profile thickness means the distance
between upper and lower profile side. The relative profile thickness thus shows a lower

value if the profile thickness is small and/or the profile depth is large.
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The relative profile thickness shows a local maximum between rotor blade root and rotor
blade tip. The local maximum is located in the central area between rotor blade root and
rotor blade tip, preferably in a range between 30 and 60% of the total length of the rotor
blade, measured from the rotor blade root to the rotor blade tip. So, if the total length is,
for example, 60 meters, the local maximum will be in a range of preferably 18 meters to
36 meters. This means that the relative profile thickness will first decrease starting from
the rotor blade root and will then increase in the central area until it again reaches the
local maximum, namely up to a point in the surroundings of which the relative profile
thickness does not show a higher value. The local maximum in the central area of the
rotor blade is formed, in particular, when the profile depth decreases noticeably from the
rotor blade root to the central area. At the same time, or alternatively, the profile thickness
can be increased or it can decrease not quite as noticeably as the profile depth. This
results in material savings, in particular between the rotor blade root and the central area,
and thus in weight saving. The increase in profile thickness leads to great stability of the

rotor blade.

It was found that a decrease in profile depth in the central area may result in reduced load
capacity, but at the same time also in a reduction of the weight of the rotor blade. A
possible decline in the efficiency of the rotor blade is accepted in order to achieve a lower
weight. The focus in the central area is more on stability and stiffness with an as good as
possible efficiency, while the focus in the outer area is more on high efficiency. What is
thus proposed is a profile whose profile depth decreases at least less noticeably from the

central area outwards towards the rotor blade tip than in the central area.

Preferably, the relative profile thickness of the local maximum is 35% to 50%, in particular
40% to 45%. The relative profile thickness will normally start at the rotor blade root at a
value of 100% to 40%. A value of about 100% means that the profile thickness is about
the same as the profile depth. Thereafter, the value will decrease monotonically. In one
embodiment according to the invention, the value will first decrease starting from the rotor
blade root until it reaches a local minimum. After having reached a local minimum, the

relative profile thickness will increase until it reaches about 35% to 50%.

In a preferred embodiment, the rotor blade has a profile depth between 1500 mm and
3500 mm, in particular about 2000 mm, in the central area and/or in the area of the local
maximum. If the rotor blade shows a profile depth of about 6000 mm in the area of the
rotor blade root, the profile depth will hence decrease by approximately one third towards

the central area and/or towards the area of the local maximum.
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The rotor blade is preferably designed for a tip speed ratio in a range between 8 and 11,
preferably between 9 and 10. The tip speed ratio is defined as the ratio of the peripheral
speed at the rotor blade tip to the wind speed. High design tip speed ratios along with a

high power coefficient can be reached by using lean, quickly rotating blades.

In yet another embodiment, the rotor blade features in a range of 90% to 95% of the total
length of the rotor blade, as measured from the rotor blade root to the rotor blade tip, a
profile depth that equals about 5% to 15%, in particular about 10% of the profile depth in

the area of the rotor blade root.

Such reduced profile depth in the area of the rotor blade tip will also reduce the loads, in
particular aerodynamic loads, that act on the machine structure and tower. What is basi-

cally proposed is a relatively lean rotor blade.

In a preferred embodiment, the rotor blade has a profile depth of at least 3900 mm at the
rotor blade root, in particular in a range of 3000 mm to 8000 mm, and/or a profile depth of
not more than 1000 mm, in particular in a range of 700 mm to 300 mm, in a range of 90%

to 95% of the total length, in particular at 90%, based on the rotor blade root.

Preferably, the rotor blade has a profile depth in the central area, in particular at 50% of
the total length of the rotor blade and/or in the area of the local maximum, that equals
about 20% to 30%, in particular about 25%, of the profile depth in the area of the rotor
blade root. If the profile depth in the area of the rotor blade root is, for example, 6000 mm,
the profile depth in the area of the local maximum and/or in the central area will be only
about 1500 mm. The result of this rapid decrease in profile depth between the rotor blade
root and the central area, is a lean profile with minor loads, in particular aerodynamic
loads. The loads are lesser than in other common rotor blades. With common profiles, the
rotor blade depth will normally decrease linearly, in essence. As a result, there will be a
higher profile depth and thus more material present especially between the rotor blade

root and the central area.

What is proposed, preferably, is a wind turbine for a weak wind site with at least one rotor
blade according to at least one of the above embodiments. Such a wind turbine is eco-
nomically efficient thanks to its at least one and quickly rotating rotor blade, high design
tip speed ratio and high power coefficient. The wind turbine is thus also particularly suited
for operation in the partial-load range and/or in weak wind conditions, and thus also for

inland sites. Preferably, the wind turbine features three rotor blades.
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The invention is described in more detail below, using embodiments as examples with
reference to the accompanying figures. The figures include schematic illustrations that
have been partially simplified.

Fig. 1 shows a schematic view of a rotor blade.

Fig.2 shows a diagram, where the relative profile thickness is shown qualitatively

above the normalized rotor radius.

Fig.3  shows a diagram, where the depth is shown qualitatively above the radius.

Fig.4  shows a diagram, where the thickness is shown qualitatively above the radius.

Fig. 5 shows a perspective view of a wind turbine.

Fig. 6  shows a lateral view of a rotor blade.

Fig. 7  shows another lateral view of the rotor blade of Fig. 6.

Fig. 8 shows a local power coefficient cp_loc qualitatively for two conditions, depend-

ing on the radial position at the rotor blade.

Fig. 9  shows the first and second wing fence in a rotor blade axial view.

Fig. 10 shows a rotor blade from two perspectives.

Fig. 11  shows a perspective view of one part of the rotor blade.

Fig. 12 shows the exemplary perspective view of some vortex generators.

Fig. 1 shows a distribution of various profile geometries of a rotor blade 1 of one embodi-
ment. In rotor blade 1, profile thicknesses 2 and profile depths 3 are shown in sections.
On one end, rotor blade 1 features rotor blade root 4, and on the other, far end it features
a connection area 5 for mounting a rotor blade tip. The rotor blade has a large profile
depth 3 at rotor blade root 4. Profile depth 3 is, however, much smaller in the connection
area 5. The profile depth decreases noticeably starting from rotor blade root 4, which may

be also referred to as profile root 4, all the way to a central area 6. A cutoff point (which is
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not shown in this figure) may be provided in the central area 6. The profile depth 3 re-
mains almost steady between the central area 6 and the connection area 5. The depicted
rotor blade 1 is intended for mounting a small rotor blade tip that accounts for less than

1% of the length of the depicted rotor blade 1 and therefore can be neglected here.

Fig. 2 shows a diagram, where the relative profile thickness of two different rotor blades
of a wind turbine is drawn in above the normalized rotor radius. The relative profile thick-
ness, namely the profile thickness to profile depth ratio, may be stated in %; however, in
this case the qualitative course is crucial, and therefore no values have been plotted.
Only the values for 38% and 45% are drawn in for orientation purposes. The rotor radius
relates to a rotor with at least one rotor blade mounted to a rotor hub of the rotor. The
length of the respective rotor blade extends from the rotor blade root to the rotor blade tip.
The rotor blade starts with its rotor blade root at a value of about 0.05 of the normalized
rotor radius and ends with its rotor blade tip at a value of 1 of the normalized rotor radius.
The value of the normalized rotor radius in the area of the rotor blade tip is about equal to
the percentage length of the respective rotor blade. The value 1 of the normalized rotor

radius is, in particular, equal to 100% of the rotor blade length.

The diagram shows the two graphs 100 and 102. Graph 100 represents the course of the
relative profile thickness of a wind turbine for a weak wind site, and graph 102 shows the
course of a wind turbine for sites with higher mean wind speeds. From the graphs, it can
be seen that the course of the relative profile thickness of graph 102 is monotonically
decreasing, in essence. In the area of the rotor blade root, i.e., between a normalized
rotor radius of 0.0 and 0.1, graph 102 starts with a relative profile thickness of less than

45%. The values of the relative profile thickness decrease steadily.

Graph 100 of the weak wind installation starts with a clearly higher relative profile thick-
ness. It drops below the drawn-in 45% mark of relative profile thickness only at about
15% of the normalized rotor position and leaves this area only at about 50% of the nor-
malized radius. The difference in relative profile thickness between a weak wind installa-
tion pursuant to graph 100 and a strong wind installation pursuant to graph 102 is great-

est if the normalized radial position is about 45%.

The illustration thus shows that the decrease in relative thickness in the weak wind instal-
lation is much more pronounced on the outskirts than in the strong wind installation.

Especially in the range of 40% to 45%, where the relative thickness is the greatest com-
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pared to the strong wind installation, it is proposed to provide for boundary fences that

can enclose this area and/or to provide for vortex generators.

Fig. 3 shows a diagram that depicts the profile depth — referred to simply as depth in the
diagram — qualitatively, subject to the rotor radius, whose value normalizes to the maxi-
mum radius of the respectively underlying rotor. Graph 200 shows the course for a weak
wind installation, which was also underlying the illustration in Fig. 2, whereas graph 202
shows the course of a strong wind installation, which was also underlying Fig. 2. It can be
seen therein that the weak wind installation unlike the strong wind installation shows a
comparatively low depth at a very early stage, i.e., already at about 50% of the total

radius.

Fig. 4 shows a diagram, where the respective profile thickness — referred to simply as
thickness in the diagram — is shown for the profile depths of Fig. 3. Here, too, graph 300
for the weak wind installation and graph 402 for the strong wind installation are shown
only qualitatively above the normalized radius. Graphs 100, 200 and 300, on the one
hand, and graphs 102, 202 and 402, on the other, are based on one and the same wind

turbine.

It can be seen that thickness profiles 300 and 302 are very similar for either wind turbine
type to ensure the respective structure stability. However, a lesser depth in the outer rotor
area is specified for the weak wind installation to make allowance for the special condi-
tions, as shown by graph 200 in Fig. 3 as compared to graph 202. This results in the
characteristic course of the relative thickness pursuant to graph 100 with a plateau in the

range around about 40%, as shown in Fig. 2.

Fig. 5 shows a wind turbine 400 with a tower 402 built on a base-plate 403. At the upper
side opposite the base-plate 403, there is a nacelle 404 (machine house) with a rotor 405
consisting essentially of a rotor hub 406 and rotor blades 407, 408 and 409 that are
attached thereto. Rotor 405 is connected to an electrical generator located inside of
nacelle 404 for converting mechanical work to electrical energy. Nacelle 404 is rotatably

mounted to tower 402, whose base-plate 403 provides the necessary stability.

Fig. 6 shows a lateral view of a rotor blade 500 of an embodiment over its entire length |,
i.e., from 0% to 100%. On one end, rotor blade 500 features a rotor blade root 4, and on
the other, far end it features a rotor blade tip 507. In a connection area 505, rotor blade tip
507 is connected to the remainder of the rotor blade. The rotor blade has a large profile

depth at rotor blade root 504. The profile depth is, however, much smaller in the connec-
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tion area 505 and at the rotor blade tip 507. The profile depth decreases noticeably
starting from the rotor blade root 504, which may be also referred to as profile root 504,
all the way to a central area 506. A cutoff point (which is not shown in this figure) may be
provided in the central area 506. The profile depth remains almost steady between the

central area 506 and the connection area 505.

Rotor blade 500 has a split shape in the area of rotor blade root 504. Rotor blade 500
thus consists of a basic profile 509, to which yet another section 508 is arranged in the
area of the rotor blade root 504 to increase the rotor blade depth of the rotor blade 500.
Section 508 is, for example, glued to the basic profile 509. Such split shape is easier to

handle during transportation to the installation site and is easier to produce.

What is also shown in Fig. 6 is a hub connection area 510. Rotor blade 500 is connected

to the rotor hub through the hub connection area 510.

Fig. 7 shows yet another lateral view of the rotor blade 500 of Figure 6. What can be seen
here is rotor blade 500 with basic profile 509, section 508 to increase the rotor blade
depth, central area 506, rotor blade root 504 and hub connection area 510 as well as
connection area 505 for rotor blade tip 507. The rotor blade tip 507 is designed as so-

called winglet to reduce vortices at the rotor blade tip.

Figures 1 to 7 illustrate a rotor blade or a wind turbine, respectively, without showing the
wing fences and without showing vortex generators. Fig. 8 shows a problem that may
occur with an underlying blade of a weak wind installation. The illustration shows two
different courses of the local power coefficient, qualitatively plotted above the relative
radius of the rotor blade, namely of the current radius r in relation to the maximum radius
R of the underlying rotor. The value 1, i.e. 100%, thus corresponds to the position of the
tip of the blade, while the value 0, i.e. 0%, corresponds to the axis of rotation of the un-
derlying rotor. Since the blade does not extend to the zero point, the illustration starts

approximately at 0.15. The analysis is based on a tip speed ratio of 9 (A=9).

The two curves are simulation results of three-dimensional computational fluid dynamics.
They quantitatively show the local power coefficient for two identical but unequally con-
taminated rotor blades. The upper curve 700 shows the result for a basically ideal rotor
blade that does not, in particular, show any contamination. It is marked "laminar-

turbulent” in each case. The lower curve 701 shows the result for basically the same rotor
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blade that is not in an ideal condition and shows contamination, such as rain or raindrops

on the blade. This is referred to as "fully turbulent" in Fig. 8.

The local power coefficient may drop in case of adverse conditions in a central area of the

rotor blade.

Fig. 9 shows a first wing fence 810 and a second wing fence 820. Either one shows a
suction side section 811 and 821 and a pressure side section 812 and 822. Each one of
these sections 811, 812, 821 and 822 is designed as a bridge and shows a base section
B and a rear section R, marked herein with the same letters for the sake of simplicity, to
emphasize their functional similarity. Each base section B hence marks, at the same time,
the profile of the blade in the respectively depicted section, namely for suction side 801 or
for pressure side 802, respectively. All fence sections 811, 812, 821 and 822 continuously
increase in height, starting from an area close to rotor blade nose 803 towards rear edge
804. Reference signs 801 to 804 are thus identical for both wing fences 810 and 820, as
they relate to the same rotor blade, except that they are shown at different radial positions

in the two views of Fig. 9.

Fig. 9 also shows an axis of rotation 806 for either wing fence 810 and 820, about which
the pressure side contour or suction side contour, respectively, is pivoted to get the
contour of the respective rear section R. This is shown only for the first wing fence 810
and there only for the suction side section 811, but it translates analogously to the pres-
sure side section 812 and also to the wing fence 820, namely, in each case, to the suc-

tion side section 821 and the pressure side section 822.

The contour for the rear section R is thus pivoted about pivot angle a, which becomes
most noticeable in the end area 808. Pivot angle a may be different for the different wing
fence sections 811, 812, 821 and 822. As a result of this design, the fence sections have
a height h over the respective blade surface. Height h changes along the respective
bridge, i.e. it increases from blade nose 803 to rear edge 804. This means that height h
varies along the respective bridge and may also be different for the various fence sec-
tions 811, 812, 821 and 822. To illustrate the functional interactions, however, variable h

has been selected for every fence section 811, 812, 821 and 822.

Fig. 10 shows two views of a rotor blade 800, namely a top view of the suction side 801
and a top view of the pressure side 802. The rotor blade 800 is shown from the root area

807 to the tip of the blade 808, and the respective top view relates to the area of the
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blade tip 808. The root area 807 is pivoted in relation to the blade tip area 808, which may
be up to 45 to 50°, so that the root area 807 does not seem to show the widest area, i.e.,
the largest profile depth, which is, however, only a phenomenon of the perspective of this

pivoted area.

Fig. 10 shows the position of the first wing fence 810 and of the second wing fence 820
and thus the position of the two fence sections 811 and 821 of the suction side and of the
fence sections 812 and 822 of the pressure side. The example shown is based on a rotor
blade 800 of a rotor with a radius of 46 m. The first wing fence 810 is arranged at a posi-
tion of 15 m in relation to the radius of the rotor, and the second wing fence 820 is ar-

ranged at a position of 25 m.

Fig. 10 moreover shows a suction-side and a pressure-side position line 851 at the suc-
tion side 801 or a position line 852 at the pressure side 802, respectively, each of which
mark one line along which vortex generators 853 or 854, respectively, are to be arranged.
Vortex generators 853 and 854 are likewise merely suggested and may be, in particular,
provided for in much greater numbers than shown. In any event, this embodiment shows
vortex generators 853 on the suction side 801 only in the area between the first and
second wing fence 810 or 820, respectively. This means that vortex generators 854 are
also provided for on the pressure side 802, which may be also arranged outside the area

between the two wing fences 810 and 820 towards the blade root 807.

The perspective illustration of Fig. 11 basically shows a detail of the rotor blade 800,
which essentially shows the suction side 801 of the rotor blade 800. What can be seen
here is the position and configuration of the wing fence sections 811 and 821 on the
suction side. What can be also seen is the arrangement of the vortex generators 853
between said fence sections 811 and 821. The wing fences or fence sections 821 and
811, respectively, become smaller towards the rotor blade nose 803 and bigger towards

the rear edge 804, showing a greater height than towards the rotor blade nose 803.

The wing fences are preferably applied in a blade section plane that is at an angle of 90°
to the longitudinal axis of the rotor blade. A deviation therefrom caused by production
shall not exceed a tolerance angle of 2 to 5°, so that the trailing edge of the wing fences
— i.e., the area pointing towards the blade rear edge — is not twisted in the direction of

the hub more than said tolerance angle.
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Fig. 12 shows a perspective view of some vortex generators 870. One angle of incidence
is drawn in schematically in form of an arrow 872. The vortex generators are designed,
for example, as triangles with a flat body, which is arranged vertically to the blade surface
874 and at a bias to the angle of incidence 872, and thus at a bias to the rotor blade's
direction of movement, with the tilted position alternating from one vortex generator 870
to the next. The vortex generators thus have an alternating tilted position to the wind's
angle of incidence. Moreover, the vortex generators resemble, for example, a shark fin in
terms of their nature and direction, namely a dorsal shark fin, except that the shark fin is
not at a bias to the angle of incidence. The vortex generators 870 may be applied to the

rotor blade surface as a vortex generator bar 876.

What is also described hereinafter are preferred embodiments of a rotor blade that — as
described above in connection with other embodiments — may feature two wing fences

and, optionally, vortex generators, as described.

Embodiment 1:

A rotor blade (1) of a wind turbine, having:

- arotor blade root (4) for connecting the rotor blade (1) to a rotor hub and

- arotor blade tip that is arranged at the side facing away from the rotor blade root (4),
wherein a relative profile thickness (2), which is defined as the profile thickness (2) to
profile depth (3) ratio, shows a local maximum in a central area (6) between rotor blade

root and rotor blade tip.

Embodiment 2:
A rotor blade (1) according to embodiment 1, characterized in that the relative profile

thickness (2) of the local maximum is 35% to 50%, in particular 40% to 45%.

Embodiment 3:
A rotor blade (1) according to one of the embodiments 1 or 2, characterized in that the
rotor blade (1) has a profile depth of 1500 mm to 3500 mm, in particular about 2000 mm,

in the area of the local maximum.

Embodiment 4:
A rotor blade (1) according to one of the above embodiments,
characterized in that the rotor blade (1) is designed for a tip speed ratio in a range be-

tween 8 and 11, preferably between 9 and 10.
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Embodiment 5:

A rotor blade (1) according to one of the above embodiments,

characterized in that the rotor blade (1) features in a range of 90% to 95% of the total
length of the rotor blade, as measured from the rotor blade root to the rotor blade tip, a
profile depth (3) that equals about 5% to 15%, in particular about 10%, of the profile
depth (3) in the area of the rotor blade root (4), and/or

that the rotor blade shows a linear thickness profile from 5% to 25% of the total length of
the rotor blade, preferably from 5% to 35%, in particular from the rotor blade root to the

central area.

Embodiment 6:

A rotor blade (1) according to one of the above embodiments,

characterized in that the rotor blade (1) has a profile depth (3) of at least 3900 mm at the
rotor blade root (4), in particular in a range of 3000 mm to 8000 mm, and/or a profile
depth (3) of not more than 1000 mm, in particular in a range of 700 mm to 300 mm, in the
range of 90% to 95% of the total length, in particular at 90%, based on the rotor blade
root (4).

Embodiment 7:

A rotor blade (1) according to one of the above embodiments,

characterized in that the rotor blade (1) has a profile depth in the central area that equals
about 20% to 30%, in particular about 25%, of the profile depth in the area of the rotor
blade root (4).
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Patentkrav

1. Rotorvinge af en aerodynamisk rotor i et vindenergianlaeg omfattende:

- mindst et farste og et andet greenselaghegn (810, 820), hvor

- det farste graenelaghegn (810) er anbragt pa rotorvingen i radial retning, i
forhold til en drejeakse af rotoren, i et omrade fra 25 %- 40 % af rotorens ra-
dius, og

- det andet greenelaghegn (820) er anbragt pa rotorvingen i radial retning, i
forhold til rotorens drejeakse, i et omrade fra 45 %- 60 % af rotorens radius,
hvor rotorvingen

- har en vingenaese (803), som peger tilngermelsesvis i rotorvingens bevaegel-
sesretning, og

- har en bagkant (804), som vender veaek fra vingenaesen (803), og

- hvert graenselaghegn (810, 820) respektivt hegnsafsnit (811, 812, 821, 822)
tiltager i sin hgjde (h) forlgbende fra vingenaesen (803) til bagkanten (804),
kendetegnet ved, at graenselaghegnet (810, 820) respektivt hegnsafsnittet
(811, 812, 821, 822)

- i neerheden af vingenaesen (803) starter med en hgjde (h) fra 0 til 5 mm og
indtil bagkanten (804) stiger kontinuerligt til en hgjde (h) pa over 15 mm, iszer
over 20 mm, og ved, at

- det fgrste greenselaghegn (810) har en stgrre midterhgjde (h) end det andet
graenselaghegn (820).

2. Rotorvinge ifglge krav 1, kendetegnet ved, at

- det forste greenelaghegn (810) er anbragt pa rotorvingen i radial retning, i
forhold til rotorens drejeakse, i et omrade fra 30 %- 35 %, og/eller

- det andet graenelaghegn (820) er anbragt pa rotorvingen i radial retning, i
forhold til rotorens drejeakse, i et omrade fra 50 %- 55 %.

3. Rotorvinge ifglge et af de foregaende krav,

kendetegnet ved, at

- det farste og det andet graenselaghegn (810, 820) er respektivt anbragt pa
rotorvingens sugeside (801), eller
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- det farste og det andet graenselaghegn (810, 820) har respektivt et hegnsaf-
snit (811, 812, 821, 822) pa rotorvingens sugeside (801) og trykside (802).

4. Rotorvinge ifelge et af de foregaende krav,

kendetegnet ved, at

- hvert graenselaghegn (810, 820) respektivt hegnsafsnit (811, 812, 821, 822)
er udformet som et mellemstykke med

- et basisafsnit (B) og

- et rygafsnit (R), hvor

- i forhold til et profilsnit af rotorvingen i positionen af det pageeldende graen-
sehegn

- basisafsnittet (B) fglger vingeprofilen, og

- rygafsnittet (R) falger en konturlinje, som svarer til vingeprofilen, men som er
drejet i forhold til vingeprofilen, hvor

- konturlinjen er drejet isser om en drejeakse (806), som forlgber langs vinge-
naesen (803), i en udformningsvinkel.

5. Rotorvinge ifglge krav 4, kendetegnet ved, at udformningsvinklen ligger i
omradet fra 1-3°.

6. Rotorvinge ifglge et af de foregaende krav,

kendetegnet ved, at, graenselaghegnet har ca. en hgjde (h), som svarer til
tykkelsen af et greensehegn og/eller 2 gange til 5 gange stgrrelsen af greense-
fortreengningen i omradet.

7. Rotorvinge ifglge et af de foregaende krav,

kendetegnet ved, at

- midterhgjden (h) af det fgrste greenselaghegn er mindst 30 %, isser mindst
50 % hgjere end midterhgjden (h) af det andet greenselaghegn.

8. Rotorvinge ifglge et af de foregaende krav,
kendetegnet ved, at der pa rotorvingens sugeside (801) i den forreste tredje-
del til vingenaesen er anbragt hvirvelgeneratorer mellem det fgrste og andet
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greenselaghegn (810, 820), isaer udelukkende mellem det ferste og andet
greenselaghegn (810, 820).

9. Rotorvinge ifglge et af de foregaende krav,

kendetegnet ved, at rotorvingen er udformet til et svagvindsanlaeg og/eller
har sin sterste profildybde direkte ved sin vingerod til fastgerelse pa et rotornav
af den aerodynamiske rotor.

10. Rotorvinge ifglge et af de foregaende krav,

kendetegnet ved, at dens relative profildybde, i forhold til rotorens drejeakse
i radial retning

- i et omrade fra 30 %- 50 % har en veerdi pa 35 % - 45 %, isaer

- i et omrade fra 35 %- 45 % en veerdi pa 38 % - 45 % og/eller

- i et omrade fra 40 %- 55 %, iseer 45 % -50 % falder til under en veerdi pa 38
%.

11. Vindenergianlaeg, omfattende mindst en, iseer tre rotorvinger ifglge et af de
foregaende krav.
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