97026926 A1 I 0O 000 00O O

—

O

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T A 50T

International Bureau

(43) International Publication Date
5 March 2009 (05.03.2009)

(10) International Publication Number

WO 2009/026926 Al

(51) International Patent Classification:
F03D 1/06 (2006.01) FO1D 5/14 (2006.01)

(21) International Application Number:
PCT/DK2008/000310

(22) International Filing Date: 29 August 2008 (29.08.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

07388065.0 31 August 2007 (31.08.2007)  EP

(71) Applicant (for all designated States except US): LM
GLASFIBER A/S [DK/DK]; Rolles Mollevej 1, DK-6640
Lunderskov (DK).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FUGLSANG, Peter
[DK/DK]; Stentoften 30, DK-7100 Vejle (DK). BOVE,
Stefano [IT/DK]; Jaettebhoj 5, DK-6640 Lunderskov
(DK).

(74) Agent: CHAS. HUDE A/S; H.C. Andersens Boulevard
33, DK-1780 Copenhagen V (DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report

(54) Title: WIND TURBINE BLADE WITH SUBMERGED BOUNDARY LAYER CONTROL MEANS COMPRISIN CROSS-

ING SUB-CHANNELS

Fig. 2

(57) Abstract: A wind turbine blade having a longitudinal direction with a root end and a tip end as well as a chord extending in
a transverse direction between a leading edge and a trail- ing edge is described. The blade comprises a flow control surface with a
suction side and a pressure side. A number of boundary layer control means is formed in the flow control surface. The boundary layer
control means include a channel submerged in the flow control surface with a first end facing towards the leading edge and a second
& end facing towards the trailing edge of the blade. The channel further comprises a bottom surface extending from the first end to the
@ second end. The channel at the first end comprises a first channel zone comprising a first sub-channel having a first cross- sectional
area and a second sub-channel having a second cross-sectional area, the first sub-channel and the second sub-channel crossing each

other at a point of crossing.
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Title: Wind turbine blade with submerged boundary layer control means comprising

crossing sub-channels

Technical Field

The present invention relates to a wind turbine blade having a longitudinal direction
with a root end and a tip end as well as a chord extending in a transverse direction be-
tween a leading edge and a trailing edge, the blade comprising a flow control surface

with a suction side and a pressure side.

Background

There are many situations, where it is desirable to provide a method of delaying or pre-
Venting flow separation between a flowing medium and a flow control surface in re-
gions, where the boundary layer of the flow medium due to the profile of the flow con-
trol surface is subjected to pressure gradients, which are sufficient to cause flow sepa-

ration.

When a viscous fluid passes over a wind turbine blade towards the trailing edge, the
fluid flows from a region with low static pressure to a region with high static pressure, in
the process being subjected to an adverse pressure gradient. This results in forces,
which tend to retard the boundary layer, which can be strong enough to arrest or re-
verse the flow, which can cause the fluid to separate and behave in a non-predictable
manner. This in turn causes an increase in drag due to the cross-sectional area of
separated flow in the wake of the flow control medium, which in turn reduces the lift of
the wind turbine blade and even may cause the blade to stall.

It is well-known to delay or prevent flow separation by mixing free flow with the bound-
ary layer by use of vortex generators protruding from the flow control surface, i.e. from
the surface of the wind turbine blade. There is a large number of different vortex gen-
erator types, such as of the vane type, see for instance WO 01/16482, or vortex gen-
erators formed as delta shaped protrusions as shown in WO 00/15961. However, all of
these vortex generators are encumbered with a drawback of relatively high drag. Fur-
thermore, these vortex generators, which are usually mounted on the surface of the
wind turbine blade after production of the blade, have a tendency to break off during
transport, which may seriously impair the functionality of the blade.

CONFIRMATION COPY
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US 4,455,045 describes an alternative means to maintain a flow of a flowing medium
aftached to the exterior of a flow control member, where an essentially triangular
shaped channel is submerged in the surface of the flow control member. The triangular
shaped channel has an apex portion facing the flow of the flowing medium, and the

channel emerges at the surface of this apex portion.

Disclosure of the Invention

It is an object of the invention to provide a new blade for a rotor of a wind turbine, which
overcomes or ameliorates at least one of the disadvantages of the prior art or which

provides a useful alternative.

According to a first aspect of the invention, the object is achieved by a number of
boundary layer control means being formed in the flow control surface, wherein the
boundary fayer control means inciude a channel submerged in the flow control surface
with a first end facing towards the leading edge and a second end facing towards the
trailing edge of the blade, the channel comprising a bottom surface extending from the
first end to the second end, and wherein the channel at the first end comprises a first
channel zone comprising a first sub-channel having a first cross-sectional area and a
second sub-channel having a second cross-sectional area, the first sub-channel and
the second sub-channel crossing each other at a point of crossing. The two crossing
sub-channels each direct a separate flow having a first velocity and second velocity di-
rection, respectively, and due to the different velocity directions of these two oncoming
flows vortices are generated at the point of crossing. Such vortices will pull the bound-
ary layer towards the flow control surface and energises the boundary layer, thereby
delaying flow separation or preventing it entirely. This provides for a wind turbine blade,
where detachment of the flow can be delayed towards the trailing edge of the blade or
be prevented entirely. Thus, the overall lift and efficiency of the wind turbine blade can
be increased. The point of crossing is located in a part of the first channel zone nearest
the trailing edge of the blade, the first sub-channel and the second sub-channel thus
converging towards the point of crossing.

According to a first embodiment, the channel at the second end comprises a second
channel zone having a shape so that vortices generated at the point of crossing can
propagate in the flow direction through the second channel zone. Thereby, the vortices
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can propagate in the flow direction and thereby energise and re-energise the boundary

layer effectively.

In one embodiment according to the invention, the second channel zone comprises a
first sidewall extending between the flow control surface and the bottom surface, and a
second sidewall extending between the flow control surface and the bottom surface,
wherein the first sidewall and the second sidewall are substantially parallel, for instance
parallel to the transverse direction or the flow direction. Alternati\/ely, the first sidewall
and the second sidewall are diverging in the transverse direction or the flow direction.
These two solutions provide simple embodiments, where the vortices can propagate in

the flow direction.

According to one embodiment of the blade, the first channel zone and the second

“channel zone are separated by a sharp edge. That is, one sidewall of the first sub-

channel continues over to the first sidewall of the second channel zone, and one side-
wall of the second sub-channel continues over to the second sidewall of the second
channel zone, the transverse distance between these sidewalls varying discontinuously
in the flow direction.

According to a first embodiment of the sub-channels, the first cross-sectional area is
substantially the same as the second cross-sectional area. According to another em-
bodiment of the sub-channels, thé first cross-sectional area is different from the second
cross-sectional area. This enhances the shear stress between the two oncoming flows
at the point of crossing, thereby more effectively producing flow vortices.

In one embbdiment according to the invention, the second channel zone comprises a
first additional sub-channel and/or a second additional sub-channel. These two addi-
tional sub-channels can also have different cross-sectional areas and can be utilised

for producing new sets of vortices downstream from the point of crossing.

In another embodiment according to the invention, the first cross-sectional area and/or
the second cross-sectional area is decreasing in the flow direction. This provides for a
simple solution for accelerating the flows towards the point of crossing, thereby being
able to produce even stronger vortices. This can be achieved by letting sidewalls of a
sub-channel being diverging in the flow direction and/or by letting the height of these
sidewalls being decreasing in the flow direction.
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According to advantageous embodiments, the sidewalls of the sub-channels as well as
the first and the second sidewalls form sidewall edges with the flow control surface,
where these edges are relatively sharp, i.e. the sidewalls and the flow control surface
form angles of about 90 degrees. However, the edges need not be about 90 degrees
for the vortex generating channels to function intentionally. Thus, the first sidewall and
the second sidewall may also cross-sectionally diverge, so that the first sidewall edge
and the second sidewall edge form angles of more than 90 degrees. Alternatively, the
sidewall edges may extend beyond the flow control surface. This can for instance be
implemented by forming a lip above the channel. Thereby, the channel does not have a
sharp edge, thereby making it easier to mould the object with the flow control surface.

The bottom surface can also be either convex or concave in the flow direction. The bot-
tom surface can be rounded or substantially flat, when seen in the cross-section of the
channel.

The channel can also be provided with an inlet arranged before the first channel zone
and/or be provided with an outlet arranged after the second channel zone. Thus, the
channel can emerge at the flow control surface at the end of the inlet or at the end of
the first channel zone, as well as emerge at the end of the second channel zone or at
the end of the outlet. The sidewalls can be substantially paraliel to the flow direction
within the inlet and the outlet of the channel. The channel can also have a small dis-
continuity, i.e. the height of the channel or sidewalls may decrease stepwise.

According to advantageous embodiments, the first sub-channel and the second sub-
channel cross each other at the point of crossing with an angle between 10 and 100
degrees, or between 20 and 95 degrees, or between 25 and 90 degrees.

Preferably, the number of means to maintain attached flow is arranged on the suction
side of the blade. The means, i.e. the vortex generating channels, are typically ar-
ranged in an array in the spanwise or longitudinal direction of the blade. The means for
maintaining an attached flow can also be cascaded in the chordwise or transverse di-
rection of the blade, i.e. in the direction of the chord.

During use, the wind turbine blade is mounted to a rotor hub. The blade is typically di-
vided into a root region with a substantially circular profile closest to the hub, an airfoil
region with a lift generating profile furthest away from the hub, and a transition region
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between the root region and the airfoil region, the profile of the transition region gradu-
ally changing in the radial direction from the circular profile of the root region to the lift

generating profile of the airfoil region.

The means for maintaining an attached flow are positioned mainly on the profiled part
of the blade, i.e. the airfoil region, and optionally the transition region of the blade.

The chordwise position of the means for maintaining attached flow can be between
10% and 80% of the chord as seen from the leading edge. Alternatively, they are posi-
tioned within a region extending between 20% and 70% of the chord as seen from the

leading edge. In general the means are utilised to delay separation, where a forward

position, i.e. close to the leading edge, is used to delay stall, and a backward position,
i.e. further away from the leading edge, is used to increase efficiency.

According to an advantageous e'mbodiment of the wind turbine blade, the height of the
channels is between 0.1% and 5% of the chord length, or alternatively between 0.2%
and 3.5%, or alternatively between 0.5% and 2%. These heights effectively produce
vortices of the desired size. The mentioned channel height is preferably located at the
position, where the vortices are generated, i.e. immediately after the start of the second
channel zone. In general, the vortices preferably correspond to the height of the chan-

" nels and/or the boundary layer.

According to a preferred embodiment of the blade according to the invention, the wind
turbine blade is constructed as a shell member of fibre-reinforced polymer. The chan-
nels can be formed in the surface of the wind turbine blade during the moulding proc-
ess, either by forming protrusions in a negative mould, or by moulding strips of a dis-
solvable material in the surface of the wind turbine blade, which after moulding is dis-
solved in order to form the vortex generating channels. The channels can also be

formed in the surface of the blade after moulding by for instance milling.

According to a second aspect, the invention also provides a wind turbine rotor compris-
ing a number, preferably two or three, of the previously mentioned wind turbine blades.
According to a third aspect, a wind turbine comprising such a wind turbine rotor or a
number of such wind turbine blades is provided.
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The various embodiments of the boundary layer control means of course also may be
used to other flow control members, i.e. a flow control member having a flow control
surface, wherein the flow control member is provided with boundary layer control
means for maintaining a flow of a flowing medium attached to the exterior of the flow
control member, the flow having a flow direction, wherein the boundary layer control
means include: a channel submerged in the flow control surface, the channel having: a
first end facing the flow of the flowing medium, a second end positioned downstream in
the flow of the flowing medium from the first end, and a bottom surface extending from
the first end to the second end, wherein the channel at the first end comprises a first
channel zone comprising a first sub-channel having a first cross-sectional area and a
second sub-channel having a second cross-sectional area, the first sub-channel and

the second sub-channel crossing each other at a point of crossing.

Brief Description of the Drawings

The invenﬁon is explained in detail below with reference to the drawings, in which

Fig. 1 shows a wind turbine,

' Fig. 2 a schematic view of a wind turbine blade according to the invention,

Fig. 3 a first embodiment of a boundary layer control means,

Fig. 4 a second embodiment of a boundary layer control means,

Fig. 5 a third embodiment of a boundary layer control means,

Fig. 6 a fourth embodiment of a boundary layer control means,

Fig. 7 a fifth embodiment of a boundary layer control means,

Fig. 8 a cross-sectional view of a channel being part of the boundary layer control
means,

Fig. 9 a second cross-sectional view of a channel being part of the boundary layer con-
trol means,
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Fig. 10 a sixth embodiment of a boundary layer control means, and

Fig. 11 a seventh embodiment of a boundary layer control means.

Detailed description of the Invention

Fig. 1 illustrates a conventional modern wind turbine according to the so-called "Danish
concept” with a tower 4, a nacelle 6 and a rotor with a substantially horizontal rotor
shaft. The rotor includes a hub 8 and three blades 10 extending radially from the hub 8,
each having a blade root 16 nearest the hub and a blade tip 14 furthest from the hub 8.

Fig. 2 shows a schematic view of an embodiment of a wind turbine according to the in-
vention. The wind turbine blade 10 comprises a number of boundary layer control
means 40 according to the invention, the means being formed as submerged channels
in the surface of a suction side of the wind turbine blade 10.

The wind turbine blade 10 has the shape of a conventional wind turbine blade and
comprises a root region 30 closest to the hub, a profiled or an airfoil region 34 furthest
away from the hub and a transition region 32 between the root region 30 and the region
area 34. The blade 10 comprises a leading edge 18 facing the direction of rotation of
the blade 10, when the blade is mounted on the hub, and a trailing edge 20 facing the
opposite direction of the leading edge 18.

The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 30 has a substantially cir-
cular or elliptical cross-section, which reduces loads from wind gusts and makes it eas-
ier and safer to mount the blade 10 to the hub. The diameter of the root region 30 is
typically constant along the entire root area 30. The transition region 32 has a shape
gradually changing from the circular shape of the root region 30 to the airfoil profile of
the airfoil region 34, optionally with an intermediate elliptical shape. The width of the
transition region 32 typically increases substantially linearly with increasing distance L
from the hub.

The airfoil region 34 has an airfoil profile with a chord extending between the leading
edge 18 and the trailing edge 20 of the blade 10. The width of the chord decreases with
increasing distance L from the hub. It should be noted that the chords of different sec-
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tions of the blade do not necessarily lie in a common plane, since the blade may be
twisted and/or curved (i.e. pre-bent), thus providing the chord plane with a correspond-
ingly twisted and/or curved course, this being most often the case in order to compen-
sate for the local velocity of the blade being dependent on the radius from the hub.

The boundary layer control means 40 are arranged in arrays in the spanwise or longi-
tudinal direction L of the blade. The sizes of the individual channels are grossly exag-
gerated in the figure and will normally be much smaller compared to the wind turbine
blade. Thus, the wind turbine blade can comprise a much higher number of boundary
layer control means 40 in the longitudinal direction L of the wind turbine blade 10.

The boundary layer control means 40 are utilised to generate vortices of turbulent flow
within the channel of the boundary layer control means 40, the vortices pulling a
boundary layer of a flowing medium flowing across the surface of the wind turbine
blade 10 from the leading edge 18 to the trailing edge 20 towards the surface of the
wind turbine blade, thus preventing the boundary layer from separating from the exte-
rior of the wind turbine blade 10. The boundary layer control means 40 may be cas-
caded in the chord-wise direction (or equivalently the transverse direction) of the blade
10 in order to continuously generate vortices in the chord-wise direction L of the blade
10.

The boundary layer control means 40 can be of any of the embodiments shown in Figs.

3-11 or combinations thereof.

Fig. 3 shows a schematic view of a first embodiment of a boundary layer control means
100 for maintaining flow of a flowing medium attached to the exterior of a flow control
member, such as a wind turbine blade, having a flow control surface 112. The bound-
ary layer control means 100 comprises a channel, which is submerged in the flow con-
trol surface 112. The channel extends in the direction of a free flow having a flow direc-
tion, which is depicted with arrows in the figure. The channel comprises a first end 102
facing the free flow and a second end 104 positioned downstream in the flow of the
flowing medium from the first end 102. The channel further comprises a bottom surface
106 extending from the first end 102 to the second end 104.

The channel comprises a first channel zone 122 at the first end 102 of the channel, and
a second channel zone 124 at the second end 104 of the channel. The first channel
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zone 122 comprises a first sub-channel 118 and a second sub-channel, both of which
are adapted to guide separate flows. The first sub-channel 118 and the second sub-
channel and thereby also the separate guided flows cross each other at a point of
crossing at a boundary between the first channel zone 122 and the second channel
zone 124. Since the two separate flows have different velocity directions at the point of
crossing, a set of vortices 132 is generated, which propagates through the second

channel zone 124 in the flow direction.

The second channel zone comprises a first sidewall 108 extending between the flow
control surface 112 and the bottom surface 106, as well as a second sidewall 110 ex-
tending between the flow control surface 112 and the bottom surface 106. The first
sidewall 108 and the second sidewall 110 are diverging in the flow direction. Thus, the
generated set of vortices 132 can freely propagate through the second channel zone
124. The set of vortices 132 pulls the bdundary layer of a the flowing medium towards
the flow control surface 112, which ensures that the boundary layer separates further
downstream of the flow or is prevented entirely. If the flow control member is a wind

turbine blade, this means that the overall lift of the blade can be improved.

The height of the vortices should generally correspond to the height of the channel, i.e.
the distance between the bottom surface 106 and the flow control surface 112, in order
to efficiently energise the boundary layer and keep the flow attached to the exterior of

the flow control member.

Fig. 4 shows a second embodiment of a boundary layer control means 200. In the fig-
ure like numerals refer to like parts of the first embodiment. Therefore, only the differ-
ences between the first embodiment and the second embodiment are described. The
second embodiment differs from the first embodiment in that the first sub-channel 218
has a first cross-sectional area and the second sub-channel 220 has a second cross-
sectional area, where the first cross-sectional area differs from the second cross-
sectional area. This enhances the shear siress between the two oncoming flows at the

point of crossing, thereby more effectively producing flow vortices.

Fig. 5 shows a third embodiment of a boundary layer control means 300, where like
numerals refer to like parts of the second embodiment. Therefore, only the differences
between the third embodiment and the second embodiment are described. This em-
bodiment differs from the second embodiment in that the first sub-channel 318 contin-
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ues into the second channel zone 324. This sub-channel can then cross other sub-
channels in order to generate new sets of vortices in order to further ensure that the

boundary layer separates further downstream.

Fig. 6 shows a fourth embodiment of a boundary layer control means 400, where like
numerals refer to like parts of the second embodiment. Therefore, only the differences
between the fourth embodiment and the second embodiment are described. This em-
bodiment differs from the second embodiment in that the first sidewall 408 and the
second sidewall 410 are substantially parallel to the flow direction of the free flow in the

second channel zone 424.

Fig. 7 shows a fifth embodiment of a boundary layer control means 500, where like
numerals refer to like parts of the second embodiment. Therefore, only the differences
between the fifth embodiment and the second embodiment are described. This em-
bodiment differs from the second embodiment in that the cross-sectional areas of the
first sub-channel 518 and the second sub-channel 520 are deéreasing in the flow direc-
tion. Thereby, the separate flows through the sub-channels are accelerated towards

the point of crossing, thereby producing stronger vortices.

In the embodiments shown in Figs. 3-7 sidewall edges formed between sidewalls and
the flow control surface are depicted as having an angle of about 90 degrees. How-
ever, the sidewall edges can also protrude beyond the flow control surface and form
lips 60, 62 above the channel as shown in Fig. 8, which depicts a cross-section of a
channel according to the invention. Furthermore, a first bottom edge 64 and a second
bottom edge 66 formed between the first sidewall and the bottom surface and the sec-
ond sidewall and the bottom surface, respectively, can be rounded. Thus, the channel
does not have any sharp edge, thereby making it easier to mould the object with the
flow control surface. The bottom surface of the channel can also be even more

rounded as depicted in Fig. 9.

Fig. 10 shows a sixth embodiment of a boundary layer control means 600, wherein like
numerals refer to like parts of the first embodiment. This embodiment differs from the
first embodiment in that the height of the sidewalls of the first sub-channel 608 and the
second sub-channel 610 are decreasing towards the first end 602 so that the sub-
channels 618, 620 emerge at the flow control surface 612 at the first end 602. Further-
more, the height of the first sidewall 608 and the second sidewall 610 is decreasing to-
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wards the second end 604 so that the channel emerges at the flow control surface 612
at the second end 604.

The channels can also be slightly curved or bent so that they cross each other with a
lower angle of attack, and where the vortices are generated by flow separating from the
first sidewall 608 and the second sidewall 610.

Fig. 11 shows a seventh embodiment of a boundary layer control means 700, wherein
like numerals refer to like parts of the first embodiment. This embodiment differs from
the first embodiment in that the first sub-channel 718 and the second sub-channel 720
are provided with inlets 742 having sidewall, which are substantially parallel to the flow
direction of the free flow, which is illustrated with arrows. The height of the sidewalls is
in the inlet region 742 decreasing towards the first end 702 so that the inlets 742 of the
sub-channels 718, 720 emerge at the flow control surface 712 at the first end 702. Fur-
thermore, the channel is provided with an outlet region 742 after the second channel
zone, where the first sidewall 708 and the second sidewall 710 are substantially paral-
lel to the flow direction of the free flow. The height of the sidewalls is in the outlet region
744 decreasing towards the second end 704 so that the channel emerges at the flow
control surface 712 at the second end 704.

The invention has been described with reference to a preferred embodiment. However,
the scope of the invention is not limited to the illustrated embodiment, and alterations
and modifications can be carried out without deviating from the scope of the invention.
For instance can the second channel zones of adjacent means merge into a common

channel zone.



WO 2009/026926

10

15

20

25

30

35

12

List of reference numerals

In the numerals, x refers to a particular embodiment. Thus, for instance 402 refers to

the first end of the fourth embodiment.

60, 62
64
66
x00
x02
x04
x06
x08
x10
x12
x18
x20
x22
x24
x32
x42
x44

wind turbine

fower

nacelle

hub

blade

blade tip

blade root

leading edge

trailing edge

root region

transition region
airfoil region
boundary layer control means
lips

first bottom edge
second bottom edge
boundary fayer control means
first end

second end

bottom surface

first sidewall

second sidewall

flow control surface
first sub-channel
second sub-channel
first channel zone
second channel zone
set of vortices

inlet

outlet
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Claims

1. A wind turbine blade (10) having a longitudinal direction with a root end (16) and a
tip end (14) as well as a chord extending in a transverse direction between a leading
edge (18) and a trailing edge (20), the blade (10) comprising a flow control surface with
a suction side and a pressure side, characterised in that a number of boundary layer
control means (40) is formed in the flow control surface, wherein the boundary layer
control means (40) include a channel submerged in the flow control surface (112; 212;
312; 412; 512; 612; 712) with a first end facing towards the leading edge (18) and a
second end facing towards the trailing edge (20) of the blade (10), the channel com-
prising a bottom surface (106; 206; 306; 406; 506) extending from the first end (102;
202; 302; 402; 502; 602; 702) to the second end (104; 204; 304; 404; 504; 604: 704),
and wherein the channel at the first end (102; 202; 302; 402; 502; 602; 702) comprises
a first channel zone (122; 222; 322; 422; 522) comprising a first sub-channel (118; 218;
318; 418; 518; 618; 718) having a first cross-sectional area and a second sub-channel
(120; 220; 320; 420; 520; 620; 720) having a second cross-sectional area, the first sub-
channel (118; 218; 318; 418; 518; 618; 718) and the second sub-channel (120; 220;
320; 420; 520; 620; 720) crossing each other at a point of crossing.

2. A wind turbine blade according to claim 1, wherein the number of boundary layer

control means (40) is arranged on the suction side of the blade.

3. A wind turbine blade according to claim 1 or 2, wherein the channel at the second
end (104; 204; 304; 404; 504; 604; 704) comprises a second channel zone (124; 224,
324; 424; 524) having a shape so that vortices generated at the point of crossing can
propagate in the transverse direction through the second channel zone (124; 224, 324;
424; 524).

4. A wind turbine blade according to any of the preceding claims, wherein the first
sub-channel and the second sub-channel cross each other at the point of crossing with
an angle between 10 and 100 degrees, or between 20 and 95 degrees, or between 25
and 90 degrees.

5. A wind turbine blade according to any of the preceding claims, wherein the sec-
ond channel zone (124; 224; 324; 424; 524) comprises a first sidewall (108; 208; 308;
408; 508; 608; 708) extending between the flow control surface (112; 212; 312; 412;
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512; 612; 712) and the bottom surface (106; 206; 306; 406; 506), and a second side-
wall (110; 210; 310; 410; 510; 610; 710) extending between the flow control surface
(112; 212; 312; 412; 512; 612; 712) and the bottom surface (106; 206; 306; 406; 506),
and wherein the first sidewall (108; 208; 308; 408; 508; 608; 708) and the second
sidewall (110; 210; 310; 410; 510; 610; 710) are substantially parallel.

6. A wind turbine blade according to any of claims 1-4, wherein the second channel
zone (124; 224; 324; 424; 524) comprises a first sidewall (108; 208; 308; 408; 508;
608; 708) extending between the flow control surface (112; 212; 312; 412; 512; 612;
712) and the bottom surface (106; 206; 306; 406; 506), and a second sidewall (110;
210; 310; 410; 510; 610; 710) extending between the flow control surface (112; 212;
312; 412; 512; 612; 712) and the bottom surface (106; 206; 306; 406; 506), and
wherein the first sidewall (108; 208; 308; 408; 508; 608; 708) and the second sidewall
(110; 210; 310; 410; 510; 610; 710) are diverging towards the trailing edge (18) of the
blade.

7. A wind turbine blade according to claim 5 or 6, wherein the first sidewall (108;
208; 308; 408; 508; 608; 708) and the second side wall is continuously connected to a
sidewall of the first sub-channel (118; 218; 318; 418; 518; 618; 718) and a sidewall of
the second sub-channel (120; 220; 320; 420; 520; 620; 720), respectively.

8. A wind turbine blade according to any of the preceding claims, wherein the first
channel zone (122; 222; 322; 422; 522) and the second channel zone (124; 224; 324;
424; 524) are separated by a sharp edge.

9. A wind turbine blade according to any of the preceding claims, wherein the first
cross-sectional area is substantially the same as the second cross-sectional area.

10. A wind turbine blade according to any of claims 1-8, wherein the first cross-

sectional area is different from the second cross-sectional area.

11. A wind turbine blade according to one of the preceding claims, wherein the sec-
ond channel zone comprises a first additional sub-channel and/or a second additional
sub-channel.
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12. A wind turbine blade according to one of the preceding claims, wherein the first
cross-sectional area and/or the second cross-sectional area is decreasing towards the
trailing edge (18) of the blade.

13. A wind turbine blade according to any of the preceding claims, wherein the height
of the channels is between 0.1% and 5% of the chord length, or alternatively between
0.2% and 3.5%, or alternatively between 0.5% and 2%.

14. A wind turbine blade according to any of the preceding claims, wherein the blade
is divided into:

- a root region (30) with a substantially circular or elliptical profile closest to the
root end,

- an airfoil region (34) with a lift generating profile furthest away from the root end
and closest to the tip end, and

- a transition region (32) between the root region (30) and the airfoil region (34),
the profile of the transition region (32) gradually changing in the radial direction from
the circular or elliptical profile of the root region to the lift generating profile of the airfoil

region.

15. A wind turbine blade according to claim 14, wherein the number of boundary layer
control means (40) is provided in the airfoil region (34) only.

16. A wind turbine blade according to claim 14, wherein the number of boundary layer

control means (40) is provided in the airfoil region (34) and the transition region (32).

17. A wind turbine rotor comprising a number, preferably two or three, of wind turbine
blades according to any of the preceding claims.

18. A wind turbine comprising a number of blades according to claims 1-16 or a wind
turbine rotor according to claim 17.
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