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tion the blade of the wind turbine comprises at least one vortex-generator. The vortex generator is constructed and arranged at the
blade in a way that it contributes to the aerodynamic characteristics of the blade. The blade contains a recess, which is constructed
and arranged to receive at least a part of the vortex-generator. The vortex generator is fixed in the recess. The recess is at least partly
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Description

Wind turbine blade comprising a vortex-generator

The invention relates to a blade of a wind turbine, which

comprises a vortex generator.

It is known to use shaped devices to generate beneficial vor-
texes asides a wind turbine blade. These devices are known as

"vortex generators".

The vortexes are used to influence the air flow along the
surface of the wind turbine blade. For example the vortex
generators are used to counteract the stall of air along the
blade. Thus the rotational movement of the blade is improved

by the generators.

WO 0015961 Al discloses a wind turbine blade, which is pro-
vided with a plurality of vortex generators. They project
from the lee surface of the blade and are used to control a

so called "boundary layer separation”.

WO 2008113350 discloses an advantageous design of a wind tur-
bine blade. The blade shows one or more parallel rows of sub-
boundary layer vortex generators. The resulting blade is re-
sistant to stall and a high maximum 1lift cecefficient is ob-

tained for the resulting blade.

FIG 5 shows a blade 15 which comprises a row of vortex gen-

erators 25. For the section A-A’° reference is made to FIG 6.

It is known to attach the row of vortex generators 25 to the
blade 15 for example by glue.

This situation is even shown in FIG 6. The vortex generator

66 contains a platform (or basement or basis) 46 and an ex-

tension part 36, which might be formed like a fin for exam-

ple.
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The vortex generator 66 is connected with the wind turbine
blade 16 by a glued connection 56, while the glue is applied
between the surface of the blade 16 and the platform 46. The
extension part 36 extends from the glued connection 56 and
from the blade 16 and is also responsible for the generation

of vortexes.

Due to the requested lifetime of more than twenty years for
offshore-wind turbines it might be a problem to ensure a
long-lasting connection by the glue, which is applied i.e.

between the surface of the blade and the vortex generator.

FIG 7 shows another connection between the surface of a blade

17 and a vortex generator 67.

The vortex generator 67 comprises a platform 47 and an exten-
sion-part 37, which is preferably formed or shaped like a
fin. The extension-part 37 extends into the air flow and thus

is the main aerodynamic characteristic part.

The platform 47 is used as basement or base for the exten-

sion-part 37.

The platform 47 of the vortex generator 67 ig arranged within
a recess 77. The recess 77 i1s an integrated part of the blade
17.

The recess 77 might be formed or shaped into the blade 17

while the blade 17 1is manufactured.

It is also possibkble to mill the recess 77 into the surface of
the blade 17 later, i.e. when the blade-manufacturing process
is finished. Thus the recess 77 might be milled into a fin-
ished blade-surface at a wind turbine site for example. Thus
already mounted wind turbine blades can be retrofitted easily

1f needed.
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A connection 57 is provided to fix the platform 47 into the
recess 77. The connection might be done by using adhesive,

glue, silicone or even a double sided adhesive-tape.

It is intended to influence the aerodynamic properties of the

blade by the extension-part.

But the aerodynamic properties of the blade-solutions shown
above are even influenced by the height of the platform. At
least a part of the platform may extend cver the blade sur-
face due to manufacturing-tolerances and/or due to platform-

tolerances.

The aerodynamic properties of the blade-solutions shown above
are even influenced by the amount of adhesive, which is ap-
plied into the recess. If the amount of adhesive is too much,
the platform even might extend over the blade surface and

thus might even contribute to the blade-characteristics.

Thus careful and time-expensive work needs to be done by ex-
perienced workers to fix vortex generators at or into a blade
as described above.

Thus the resulting blade-vortex-generator-arrangement and
even the fixation method are quite expensive in time and in

costs, too.

It is therefore the aim of the invention to provide an im-
proved blade of a wind turbine, which comprises a vortex-
generator, and even to provide an improved method to manufac-

ture the blade.

This aim is reached by the features of the independent

claims.

Preferred configurations of the invention are addressed in

the dependent claims.
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According to the invention the blade of the wind turbine com-
prises at least one vortex-generator.

The vortex generator is constructed and arranged at the blade
in a way that it contributes to the aerodynamic characteris-

tics of the blade.

The bklade contains a recess, which is constructed and ar-
ranged to receive at least a part of the vortex-generator.

The vortex generator is fixed in the recess.

The recess is at least partly arranged and at least partly
embedded in a layer of paint of the blade-surface. The recess
is established by a former plate, which is arranged on the
surface of the blade before the blade-surface is painted and
while the recess is established by removing the former plate

after the painting is finished.

Thus the recess is established by using the painting process
cof the blade-surface. The former plate is shaped as counter-
part or as negative mould of the shape of a desired recess.
The former plate is removed after the layer of paint has
dried. Thus after the removal of the former plate a recess is

built in the layer of paint as positive mould.

Accordingly the former plate is positioned on the surface of
the blade before the surface of the blade is painted. It is
positioned at a blade-surface-position, where a vortex-

generator is desired to be afterwards.

Tt has to be noted that at least one layer of paint is
brought on the surface of the blade to establish the recess
as described. In a preferred configuration at least one addi-
tional layer of filler material is brought on the blade-

surface, too.

Thus the combined layers are used to embed the former plate
and thus the vortex-generator - in a complete embedding man-

ner or even in a partly embedding manner.
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The use of the combined filler-and-painting-layers allows a

stable positioning and embedding of the vortex generator.

The use of the combined layers even allows retrofitting of
already existing blades. In this case a filler-layer is
brought to relevant parts of the blade-surface - and together
with the former plate according to the invention as described
above. One or more layers of paint are sprayed on the filler
and or the remaining blade-surface, too. At least the former
plate is removed out of the stacked layers of filler and

paint and the recess is established.

In a preferred configuration the recess is established when
the main blade-manufacturing process of the blade is com-
pleted. The recess is arranged and embedded into layers of
paint and/or filler.

The blade may be manufactured by help of a so called “vacuum
assisted resin transfer molding, VARTM”-method. The VARTM
method is used to cast a single blade. The method is de-
scribed in more detail in document EP 1 310 351 Al for exam-
ple. The former plate is established on the casted blade com-

posite structure accordingly.

In a preferred configuration a strip or even a number of

stacked strips of adhesive tape is/are used as former plate.

The vortex-generator preferably comprises a platform and an
extension-part, while the platform is fixed at least partly

within the recess.

The extension part is arranged into the windflow, which is

directed along the surface of the blade. Thus the extension
part contributes to the aerodynamic characteristics of the

blade.

In a preferred configuration the recess is formed into the

surface of the blade as part of the final blade-
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manufacturing-painting-process. The vortex-generator itself
is adjusted, arranged and positioned later at a site of a

wind turbine for example.

In a preferred configuration a number of vortex-generators
are summarized and shaped to result in a so called vortex-

generator-carrier-unit.

The carrier-unit might be formed as a strip or as a sheet of
metal or as a sheet of plastic or the like, thus the whole
carrier-unit is made of the same material by help of a cast-
ing method or by help of a cupping-method or by help of a
thermoforming method. The vortex-generator-carrier-unit is

connected according to the invention as described above.

In a preferred configuration an additional layer of paint is
used to protect the vortex-generator and the blade-surface

from ambient influences like salt, i1ce and dirt.

The invention allows an adjustment of a wind turbine blade
with vortex-generators in a cheap and reliable way. The re-
cess 1s established easy and cost-effective. The whole proc-
ess does not require specialized machinery, only a type of

former plate or edit format is needed.

There is even no need for further steps within the blade-
production process as the recess-making-process is part of

the (often obligatory) blade-painting-process.

Unwanted contributions of tolerances to aerodynamic proper-—
ties of the blade (as described above) are reduced. It is
possible in a easy way to adjust the thickness of paint by
layers by well known and introduced methods.

Thus the depth of the recess can be achieved quite easy and

in a predictable manner, even in view to needed tolerances.

The vortex-generator-carrier-unit, which is shaped like a

strip, increases the total adhered surface between the blade
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and the strip. Thus the strip is attached to the blade in a

sSecure manner.

The vortex-generator-carrier-unit, which is shaped like a
strip, allows a gquite accurate positioning of the summarized

vortex—-generators.

The invention allows the replacement of damaged vortex-
generators. The recess is quite stable and thus can be used

several times.

The invention is shown in more detail by help of scome fig-

ures.

The figures show preferred configurations and thus do not

limit the scope of the invention.

FIG 1-4 show in method steps, how the recess is prepared ac-
cording to the invention and how vortex-generators
are fixed therein,

FIG 5 shows a prior-art blade with a row of vortex generators
as described in the introduction of this application,

FIG 6 shows a row of vortex generators in reference to FIG 6,
and

FIG 7 shows a known fixation of a vortex-generator, which is

positioned at a blade.

FIG 1 - FIG 4 show in method steps, how the recess is pre-
pared according to the invention and how vortex-generators

are fixed therein finally.

FIG 1 shows the side view and the top view of a blade 11. A
former plate 91 is placed on top of the surface of the blade
11.

In this preferred configuration an adhesive tape 91 is used
as former plate 91. The height H and the width W of the adhe-

sive tape 91 corresponds to the dimensions of a recess, which
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is needed to fix a vortex generator there. This is shown
later in FIG 4.

FIG 2 shows paint 71, which is applied in different layers to
the surface of the blade 11.

In a preferred configuration a heating arrangement (i.e. an

air-fan) is used to accelerate the curing of the painting 71.

FIG 3 shows the removal of the adhesive tape 91. It is simply
pulled away after the painting 71 was cured enough to allow

this action without damages of the painting 71.

The adhesive tape 91 is pulled away as indicated by the ar-

TYow.

As shown in this simplified three dimensional FIG 3 a recess

RE remains at this position, with guite the same width W and

height H as the removed adhesive tape 91 (please compare with
FIG 1).

FIG 4 now shows the final steps of the method invented - a
vortex generator 64 is placed in the recess RE, referring to
FIG 3.

The vortex generator 64 comprises a platform 44 and an exten-
sion-part 34, which is preferably formed or shaped like a
fin. The extension-part 34 extends into the air flow and thus

is the main aerodynamic characteristic part.

The platform 44 is used as basement or base for the exten-
sion-part 34. The platform 44 of the vortex generator 64 is

arranged within the recess RE.

In a preferred configuration the platform 44 is fixed with
the surface of the blade 11 by an adhesive or by silicone or

even by using a double sided adhesive-tape there.
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Gaps between the vortex-generator 64 and the painting 71 are
filled by so called “filler material” 40 if needed.
The resulting surface of the blade is post-machined to obtain

a smooth and aerodynamic surface of the blade.

As benefit of these steps the durability of the blade and the
attached vortex-generators is increased. Due to the filled
gaps there is no possibility for dirt, wind, tear and wear to
reach the attachment surfaces of the vortex generator.

Even the adhesive, which is used to fix the vortex generators

in the recess, is not eroded.

As shown in FIG 3 the recess RE is shaped like a trench.

Thus in a preferred configuration a number of vortex-
generators 64 are summarized to result in a so called vortex-

generator-carrier-unit (not shown here in detail).

This carrier-unit shows a joint platform 44, which extends
along the recess RE and which is designed to slip in the re-

cess RE.

The joint platform 44 caries a number of extension parts 34.

In another preferred configuration the surface of the plat-
form 44 and the inner surface of the recess RE are shaped in
a way that they interact with each other to reach a mechanic
connection.

One structural or mechanic configuration might be the well
known "dovetail", which is used to connect the platform

within the recess.
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Claims

Blade of a wind turbine,

- where the blade comprises at least one vortex-generator,
while the vortex-generator is constructed and arranged
at the blade in a way that it contributes to the aerody-
namic characteristics of the blade,

- where the blade contains a recess, which is constructed
and arranged to receive at least a part of the vortex-
generator,

- where the vortex generator is fixed in the recess,

- where the recess i1s at least partly arranged and at
least partly embedded in a layer of paint of the blade-
surface,

- while the recess 1is established by a former plate, which
is arranged on the surface of the blade before the
blade-surface is painted and while the recess is estab-
lished by removing the former plate after the painting

is finished.

Blade according to claim 1, where the former plate is
shaped as counterpart or as negative mould of the recess

needed.

Blade according to claim 1 or to claim 2, where the former

plate is an adhesive tape.

Blade according to claim 1,

- where the vortex-generator comprises a platform and an
extension-part,

- where the platform is prepared to be fixed at least
partly within the recess, and

- where the extension part is prepared to contribute to

the aerodynamic characteristics of the blade.

Blade according to claim 1,
- where a number of vortex-generators are combined to re-

sult in a vortex-generator-carrier-unit,
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- where the carrier-unit comprises a joint platform, which
is prepared to be fixed in the recess, and

- where the joint platform carries a number of extension
parts, which are prepared to contribute to the aerody-

namic characteristics of the blade.

Blade according to claim 4 or claim 5, where the platform
is connected with the recess and/or is fixed within the
recess by a glue, by an adhesive, by a silicone or by a

double sided tape, which carries an adhesive.

Blade according to claim 4 or claim 5, where the platform
is connected with the recess and/or is fixed within the

recess by a dovetailed surface-structure.

Blade according to claim 1, where the layer of paint,
which is used for embedding the recess, contains at least
one layver of paint and an additional layer of filler-

material.

Method to manufacture a wind turbine blade with at least

one vortex-—-generator,

- where the vortex-generator contributes to the aerody-
namic characteristics of the blade by its position,

- where a recess, which is at least partly arranged and
which is at least partly embedded in a layer of paint of
the blade-surface, is used to fix at least a part of the
vortex-generator,

- where the recess i1s established by a former plate, which
is arranged on the surface of the blade before the
blade-surface is painted and where the recess is estab-
lished by removing the former plate after the painting

is finished.

Method according to claim 9, where an adhesive tape is

used as forming plate.
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Method according to claim 8 or claim 9, where at least
one layer of paint and an additional layer of filler-
material is brought on the surface of the blade, thus the

recess is at least partly embedded by those layers.
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