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Blade for a rotor of a wind or water turbine

Field of the Invention

The present invention relates to a blade for a rotor of a wind or water turbine, which
rotor comprises a hub, from which hub at least one blade extends substantially ra-
dially, which blade comprises a root area closest to the hub, which blade comprises a
transition area away from the hub, which blade comprises a pressure side and a low

pressure side.

The present invention further relates to a method for converting energy from a flow in
a media such as air or water into rotational energy by using at least one blade, which
blade rotates around an axis, which blade is formed in radial direction in relation to the
rotating axis, which blade comprises a pressure surface at which pressure surface the
flowing media generates a pushing force at this pressure surface, and where the blade
comprises a low pressure surface, where at the low pressure surface the media gener-

ates a pulling force.

Background of the Invention

WO 2007/045244 concerns a blade for a rotor of a wind turbine having a substantially
horizontal' rotor shaft, said rotor comprising a hub, from which the blade extends sub-
stantially radially from said rotor when mounted. The blade has a chord plane extend-
ing between the leading edge and the trailing edge of the blade. The blade comprises a
root area closest to the hub, an airfoil area furthest away from the hub and a transition
area between the root area and the airfoil area, and comprises a single airfoil along
substantially the entire airfoil area. The blade comprises at least a first root segment
and a second root segment along substantially the entire root area, said segments being
arranged with a mutual distance, as seen transverse to the chord plane. At least one of

the root segments has an airfoil profile.

WO 2007/057021A1 relates to a wind power plant with a first set with at least one

blade mounted on a shaft and at least one second set with at least one blade mounted
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on the same shaft and mounted such that the blade sets will have the same direction of
revolution and the same number of revolutions. The second set of blades has a length
which is smaller than that of the first set of blades and has another optimal tip speed
ratio than the first set of blades, whereby the two sets of blades are optimised with
regard to power output at the same number of revolutions. The ratio between the
lengths of the two sets of blades can be determined approximately by the ratio between
the optimal tip speed ratios of the two sets of blades. Alternatively the second set of
blades can be constructed to have an optimal tip speed ratio, which is determined on
the basis of the ratio between the length of the two sets of blades and the optimal tip
speed ratio for the one set of blades. The two or more sets of blades can be placed ei-
ther right behind each other or in the same rotor plane and, according to the invention,
the two sets of blades can be constituted by a small wind rose and a larger fast-runner.

The invention further relates to use of such wind power plant.

WO 2007/105174 concerns rotor blades for large-sized horizontal axis wind turbines
that allow easy transport, handling and storage at the same time guaranteeing greater
efficiency in the use of wind energy. The present invention results in a blade made up
of two or more elements arranged collaterally and preferably fixed among themselves

such as to cause an aerodynamic interference between said elements.

Object of the Invention
It is the object of the invention to increase the power production from a wind or water
turbine. A further object of the invention is to increase the power production of the

slower rotating inner part of the blades.

Description of the Invention

The scope of the invention can be fulfilled by blades as described in the preamble to
claim 1 if at least one longitudinal channel is formed between the pressure side of the
blade and the low pressure side of the blade, which channel has an inlet in the pressure
side of the blade, which channel has an outlet in the low pressure side of the blade,
which channel comprises an opening area, which opening area is decreasing from the

inlet to the outlet.



10

15

20

25

30

WO 2009/143846 PCT/DK2009/000117

Hereby, it is achieved that in the channel there is an increasing speed of the air or wa-
ter which is flowing through that channel which will lead to increasing the power that
is produced from the wind or water surrounding the blade. Especially, in the area near
the hub of a blade near the rotating centre, the rotation speed is relatively slow and
relatively little power or maybe no power is thus produced. If there is a longitudinal
channel formed in the blade in the slowly rotating part, the power production in that
part of the blade is rapidly increasing. Thereby, the power production from the blade
of a wind turbine is not reduced to mainly coming from the outer third of a blade but
also from the inner part of the blade. The use of a channel in a blade can increase the
energy produced from that blade by more than 20 %. The increasing power production
is achieved without adding much weight to the blade and also without making the
blade longer. Therefore, this invention leads to a highly efficient blade which can be

used in almost all existing wind turbines if the blades are simply changed.

The channel can be formed between a secondary blade and the main blade, which sec-
ondary blade is placed at the front of the main blade at the low pressure side of the
main blade. By placing the secondary blade at the front of the blade and parallel to the
low pressure side of the blade, a flow channel is formed between the main blade and
the secondary blade. This flow channel can be formed so that the distance between the
primary and the secondary blade is slightly decreasing. This will lead to an increasing
velocity of a media flowing through that channel. The increasing velocity will also
increase the acting force which is acting at the front of the main blade. As well as me-
dia flowing along the secondary blade will also increase its speed as the travelling path
length is now being somewhat longer because the media has to pass around the secon-
dary blade. This also increases the force which is acting at the secondary blade. All in
all, the increasing media speed will result in increasing energy consumption from the

media.

The blade can comprise at least one longitudinal channel between the pressure side of
the blade and the low pressure side of the blade, which channel has an inlet opening in
the pressure side of the blade, which channel has an outlet opening in the low pressure

side of the blade, which channel opening area is decreasing from the inlet opening to
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the outlet opening. As an alternative, the channel can be formed inside the main blade.
This can be a preferred embodiment for blades in the future because new production
facilities are necessary if blades are to be formed with channels. The effect of forming
a channel in a blade is mostly the same as previously described. The media flowing
through the channel will increase its speed as the distance between the walls of the
channels are decreasing along the channel. This leads to an increasing speed of the
media. Therefore, an acting force will be generated at the walls in the channel. When
the media leaves the channel at a relatively high speed, this media will deflect the me-
dia passing around the blade without passing the channel. This media will be deflected
in a way that increases the actual size of the blade. Therefore, the combined forces

with are generated are increasing the power consumption from the media.

The channel can start near the root of the blade and continue to the end of the blade.
Also near the end of a blade a narrow channel can result in increasing the energy con-

sumption of the blade.

It is further preferred that the channel starts near the root of the blade and continues to
at least 2/3 of the length of the blade. It is possible to achieve further improvements in
the energy production by letting the length of the channel be up to the inner 2/3 of the
blade. Further increasing the length of the blade is possible probably by slower rotat-
ing wind turbine blades. In some possible embodiments of the invention, the channel

can go all the way to the front of the blade.

It is preferred that the channel starts near the root of the blade and continues to at least
the middle of the length of the blade. The channel is most efficient in the inner part of
the blade where the efficiency of the blade as such is reduced under normal conditions.
Placing the channel in the inner part of the blade, the power production from the inner

half of that blade will increase.

In a second embodiment for the invention, the blade can comprise two parallel longi-
tudinal channels. Further improvement of the power production from a blade can be
achieved if there are two parallel channels formed in the blade. The power production

will probably be further increased if there is a second channel at least at the inner part
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near the hub where the first channel is somewhat longer in the direction somewhat

closer to the outer end of the blade.

The channel is mainly formed by dividing the airfoil in a primary and a secondary

blade between which the channel is formed.

The distance between the main blade and the secondary blade is preferably decreasing
from the inlet towards the outlet opening. By reducing the opening of the channel, the
air flowing through the channel will increase in speed. This increasing speed is the
reason for the increasing power production. The air passing through the channel leaves
the channél with a higher speed than the surrounding air which leads to further energy
production of the area of the main airfoil as the speed of air is higher than usual. The
difference in the speed of air between air passing below the blade and air passing
above the blade is the cause of the energy produced in the blade. Therefore, the in-

creasing speed of air would lead to higher energy production.

At least one channel can be formed in relation to the blade, which channel has an inlet
at the pressure side of the blade and an outlet in the low pressure side. Placing a chan-
nel at the slow rotating part of a blade in the area that is closest to the hub, this inner
area of the blade will increase its effectivity. Maybe the channel only has to be placed
in the inner third of the length of a blade to be fully effective. A typical blade is de-
signed for being highly effective at the fast rotating outer part of the blade. Therefore,
the inner part of the blade is constructed in a way where material strength for support-
ing the highly effective outer part is more important than the correct aerodynamic de-
sign. Therefore, the aerodynamics is not perfect at the inner part of a blade. Placing a
channel in the inner part of the blade will increase the effectivity of the inner part of
the blade, thus compensating for a bad aerodynamic construction. In fact, placing one
or two channels in one or another possible way at the inner part of the blade, it is pos-
sible to increase the power produced up to 20 %. An even higher increase is possible if
the design of channels and blades is performed in a computer simulation, and a new

blade is designed according to this computer simulation.
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Description of the Drawing

Fig. 1 shows a first possible embodiment of the invention, and

Fig. 2 shows the same embodiment as fig. 1 but seen from the opposite side, and
Fig. 3 shows a sectional view of a possible embodiment of the invention, and
Fig. 4 shows an enlarged side view which is sectional in the end.

Fig. 5 shows three blades which are connected to a hub.

Fig. 6 shows a sectional view A-A of the blade.

Fig. 7 shows the same elements as previously described in fig. 6.

Fig. 8 shows a blade 102 seen from the low pressure side.

Fig. 9 shows an alternative embodiment to the invention.
Fig. 10 shows a sectional view of an alterative embodiment for a blade.
Fig. 11 shows a blade from the alternative embodiment seen from the low pressure

side.

Detailed Description of the Invention

Fig. 1 shows a blade 2 for a wind or water turbine. The blade is seen from the low
pressure side 8 of the blade 2. The blade 2 comprises a root connection 4 and a transi-
tion area 6. The transition area 6 continues into the low pressure side 8 of the blade.
The blade 2 continues into the end 10. The pressure side 16 of the blade 2 comprises
the inlet 14 for the longitudinal channel 18.

Fig. 2 shows the same embodiment as fig. 1, but seen from the pressure side 16. The
root connection 4 is connected to the blade 2 by the transition area 6 which blade 2 has
an end 10. The pressure side 16 of the blade 2 comprises the outlet opening 20 for the
channel 18 which channel 18, in fig. 1, has the inlet 14.

Fig. 3 shows a sectional view of the blade 2. The blade 2 has a low pressure side 8 and
a high pressure side 16. The inlet 14 for the channel 18 continues into the outlet 20.
The blade 2 is in the shown section formed of a secondary blade section 22 and a pri-
mary blade section 24 where the channel 18 is formed between the blade sections 22,
24,
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Fig. 4 shows the blade 2 with the hub connection 4 and the transition area 6. This fig-
ure further shows the low pressure side 8 of the blade 2 and the pressure side 16 of the
blade 2. The channel 18 has an inlet 14 and an outlet 20. The channel 18 is formed
between the secondary blade section 22 and the primary blade section 24.

In operation, air or water will flow around the blade 2 and thereby create the driving
force for the wind or water turbine, where the wind or water turbine then converts the
wind or water energy into power that can be used, stored or transmitted. In the central
part of this blade 2 shown in the drawings, there is a channel 18. This channel 18 starts
approximately at the end of the transition area 6; also in the inner part of the blade 2
where only a small effect is usually achieved as the inner part of the blade 2 is rotating
very slowly. Compensation for this slow rotation is performed by using the channel 18
having the inlet 14 and the outlet 20. Inside this channel 19, the air or water stream
will increase its velocity simply because the inlet 14 has a bigger open area than the
outlet 20. This increasing air or water velocity will result in higher power consump-
tion. The higher air or water speed will increase the forces acting on the blade. By us-
ing this channel 18 in the inner part of a blade 2, the power prodﬁction of a blade 2 can

be increased by up to 20%.

Fig. 5 shows three blades 102 which are connected to a hub 103. The blade 102 com-
prises a transition area 106 between the blade itself and the hub 103. The blades 102
are seen from their pressure side 116. A secondary blade 122 is fixed to the blade 102
from the transition area and outwards along the blade. The blade 122 ends nearly
halfway along the main blade 102.

Furthermore, fig. 6 shows a sectional view A-A of the blade 102 as seen in fig. 5. At
fig. 6, the blade 102 comprises a low pressure side 108 and a pressured side 116. A
channel inlet 114 is indicated towards a channel 118 and also a channel outlet 120.
The channel 118 is formed because a secondary blade 122 is placed in a distance from

the main blade 102.

Fig. 7 shows the same elements as previously described in fig. 6. Only points of dif-

ference between the two figures will be mentioned. Fig. 7 is a sectional view B-B near



10

15

20

25

30

WO 2009/143846 PCT/DK2009/000117

8

the end of the secondary blade 122. Compared to fig. 6, it is clearly seen that also the
main blade 102 has a reduced sectional area. The blade 122 is reduced a lot in size,
and the distance towards the main blade 102 is increasing. The channel 118 is as such
much shorter but also has a much larger opening area. This has been made because the
media speed is much higher as the rotational speed of the blade is much higher so

much longer from the hub 103.

Fig. 8 shows a blade 102 seen from the low pressure side 108. The blade 102 is con-
nected to a root connection 104 by a transition area 106. At the low pressure side 108,
the secondary blade 122 is seen which has an inlet 114 and an outlet 120. It is here to

be seen that the blade 122 is decreasing in size in the direction of the blade.

Fig. 9 shows an alternative embodiment to the invention in that a blade 202 comprises
two channels 218 and 226. The first channel 218 has an inlet 214 and an outlet 220.
Furthermore, the channel 226 has an inlet 228 and an outlet 230. Both channels 218
and 226 are designed so that the distance between the walls is decreasing from the
inlets 214,228 towards the outlets 220,230. This will lead to an increasing media ve-
locity in the channels and thereby a much higher energy consumption from the media.
In fact, the fast flowing media will act at three different surfaces and at the same time,
the two outlets 220, 230 will result in deflection of the media streaming around the
blade. This deflection will act as if the blade was much bigger than it is, and therefore

increase the power consumption.

Furthermore, fig. 10 shows a sectional view of an alterative embodiment for a blade
300. At fig. 10, the blade 300 comprises a low pressure side 308 and a pressured side
316. A channel inlet 314 is indicated towards a channel 318 and also a channel outlet
320. The channel 318 is formed because a secondary blade 304 is placed in a distance
from the main blade 302.

Fig. 11 shows a blade 300 seen from the low pressure side 308. The blade 300 is con-
nected to a root connection 305 by a transition area 306. At the low pressure side 108,

the secondary blade 304 is seen which has an inlet 314 and an outlet 320. It is here to
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be seen that the blade 304 is decreasing in size in the longitudinal direction of the

blade away from the root connection 305.
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CLAIMS

1. Blade for a rotor of a wind or water turbine, which rotor comprises a hub, from
which hub at least one blade (2,102,300) extends substantially radially, which blade
(2,102,300) comprises a root area (4,104,305) closest to the hub, which blade
(2,102,300) comprises away from the hub a transition area, (6,106,306) which blade
(2,102,300) comprises a pressure side (16,116,316) and a low pressure side
(8,108,308), characterized imn that at least one longitudinal ~channel
(18,118,218,226,318) is formed between the pressure side (16,116,316) of the blade
(2,102,300) and the low pressure side (8,108,308) of the blade (2,102,300), which
channel  (18,118,218,226,318) comprises at least one inlet  opening
(14,114,214,228,314) in the pressure side (16,116,316) of the blade (2,102,300), and
which channel (18,118,218,226,318) comprises at least one outlet opening
(20,120,220,230,320) in the low pressure side (16) of the biade (2,102,300), which
channel (18,118,218,226,318) comprises an opening area, which opening area is de-
creasing from the inlet opening (14,114,214,228,314) to the outlet opening
(20,120,220,230,320).

2. Blade according to claim 1, characterized in that the channel (18,118,318) is
formed between a secondary blade (22,122,304) and the main blade (2,102,302),
which secondary blade (22,122,304) is placed at the front of the main blade 2,102,302)
at the low pressure side (8,108,308) of the main blade (2,102,302). |

3. Blade according to claim 1, characterized in that the blade (2,102,302) comprises
at least one longitudinal channel (18,118,218,226,318) between the pressure side
(16,116,316) of the blade (2,102,302) and the low pressure side (8,108,308) of the
blade (2,102,302), which channel (18,118,218,226,318) comprises an inlet opening
(14,114,214,228,314) in the pressure side (16,116,316) of the blade (2,102,202,302),
which channel (18,118,218,318) has an outlet opening (20,120,220,230,320) in the
low pressure side (16,116,316) of the blade, which channel (18,118,218,226,318)
opening area is decreasing from the inlet opening (14,1 14,214,228,314) to the outlet
opening (20,120,220,230,320).
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4. Blade according to one of the claims 1-3, characterized in that the channel
(18,118,218,228) starts near the root (4,104,305) of the blade (2,102,300) and contin-
ues to the end (10) of the blade (2,102,300).

5. Blade according to claims 1-3, characterized in that the channel
(18,118,218,226,318) starts near the root (4,104,305) of the blade (2) and continues to
at least 2/3 of the length of the blade (2).

6. Blade according to one of the claims 1-3, characterized in that the channel
(18,118,218,228) starts near the root (4,104,305) of the blade (2,102,300) and contin-
ues to at least the middle of the length of the blade (2,102,300).

7. Blade according to at least one of the claims 3-6, characterized in that the blade (2)

comprises at least a first (18,218) and second (26,226) parallel longitudinal channels.

8. Blade according to one of the claim 2, characterized in that the channel (118,318,)
is formed by a main blade (124,302) and at least one secondary blade (122,304), be-
tween which main (124,302) and secondary blade (122,304) the channel (118,318) is

formed.

9. Blade according to claim 7, characterized in that the distance between the main
blade (124,302) and the secondary blade (122,304) is decreasing from the inlet
(114,314) towards the outlet opening (120,320).

10. Method for converting energy from a flow in a media into rotational energy by
using at least one blade (2,102.300), which blade (2,102,300) rotates around an axis,
which blade (2,102,300) is formed in radial direction in relation to the rotating axis,
which blade (2,102,300) comprises a pressure surface (16,116,316) at which pressure
surface (16,116,316) the flowing media generates a pushing force at this pressure sur-
face (16,116,316), and where the blade (2,102,300) comprises a low pressure surface
(8,108,308), where at the low pressure surface (8,108,308) the media generates a pull-
ing force, characterized in that at least one channel (18,118,218,226) is formed in
relation to the blade (2,102,300), which channel (18,118.218,226) has an inlet
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(14,114,214,228,314) at the pressure side (16,116,316) of the blade (2,102,300) and

where the channel (18,118,218,226,318) has an outlet in the low pressure side
(8,108,308).
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