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Description

Technical area

[0001] The invention relates to a wind power station for energy generation with an axial-
flow, rotating, vortex-generating wind concentrator with a ring-shaped outer jacket which on
the outside features flow channels distributed over 360° and which is equipped with
concentrator blades in a circular arrangement between the shaft and the ring-shaped outer
jacket (WO 02/057625 Al).

State of technology

[0002] The above appliance is equipped with a vortex generator on its outer jacket, but also
features a very sophisticated, turbine-type design. Otherwise, various systems are suitable for
utilizing the kinetic energy of air.

[0003] The known wind power stations mostly have propeller-shaped rotors which are
aligned in an upwind or downwind direction for using the uplift force. However, based on
Betz’s law, propeller-shaped wind power stations provide the disadvantage that their
effectiveness is quite low, in particular in the case of low wind speeds and smaller diameters.
Furthermore, it is generally known that propeller-shaped wind power stations produce very
high noise levels exceeding those permitted for smaller in-house systems in residential areas.
Propeller-shaped rotors also require adequate hub heights as — with increasing rotor blade size
— the usable energy density and energy content of the airstream vary considerably over the
total sweeping cross-section.

[0004] A known procedure (EP ‘1415089) for improving this situation is to feed the airstream
through an axial-flow rotor to produce higher energy density with increased energy content
and convert the kinetic energy of natural air to electrical energy.

[0005] The axial-flow rotor on a pivot-mounted shaft with blades includes flow channels for
the axial acceleration of the airstream. As a result of its axial airstream, this known wind
power station is able to more efficiently use the available air in a location and thereby
improve the utilization of the kinetic energy of this airstream within the permitted range of
Betz’s law by using accelerating flow channels and then converting it to electrical energy.

[0006] It is also known that airstream speed is decelerated in proportion to the roughness of
the ground. Another fact is the specific wind shear of a location, i.e. that air speed decreases
the closer it gets to the ground. With decreasing height, these circumstances result in gusty to
turbulent winds that negatively affect the roughness lengths and significantly reduce the
energy content of the airstream. More details on these conditions are provided in the
handbook “Guidelines for Design of Wind Turbines” by Risoe National Laboratory. The
document WO2010/131052 describes a wind power station with the features listed in the
general concept of Claim 1. Description of the invention. The invention is therefore based on
the task of remedying these deficiencies to provide a simple, efficient wind power station
which uses the above-described available wind energy with an improved degree of efficiency
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and especially feeds the airstream into the rotating, vortex-generating wind concentrator with
superior roughness lengths and increased energy content for all usable air speeds.

[0007] The invention solves this challenge by introducing saw-tooth-shaped, curved guide
profiles generating edge vortices producing a down-stream vortex coil across the entire cross-
section of the ring-shaped outer jacket. Especially the sawtooth-shaped, curved flow channels
distributed over 360 degrees on the outer jacket which turn into the direction of the flow
create edge vortices behind the wind concentrator which are separated on the guide profiles.

[0008] The edge vortices go with the flow and, through mutual induction, start a rotating
downstream motion creating a vortex coil with a concentrator eye creating a strong vacuum
across the entire cross-section of the ring-shaped outer jacket.

[0009] This produces an increased flow rate on the inside of the vortex coil with a drop in the
local pressure behind the wind concentrator, thereby increasing the performance of the
rotating wind concentrator as a result of the increased pressure drop.

[0010] We know from flow mechanics that vacuum also propagates to adjacent areas,
increasing the airstream in the described wind concentrator via the concentrator blades; this
results in a higher energy performance due to the forced higher mass flow rate.

[0011] In addition to this vortex coil formation, the coil-forming wind concentrator which is
the subject matter of this invention, with its sawtooth-shaped inward-turning curved guide
profiles distributed over 360 degrees in a circular shape on the ring-shaped outer jacket, also
provides the benefit of increasing the downstream flow rate and torque on the shaft of the
wind power station, forming a concentrator eye with a strong vacuum behind the wind
concentrator across the entire cross-section of the ring-shaped outer jacket for all air speeds.
This improves the roughness lengths and, among others, balances wind power-related short-
term fluctuations in the drive speed between gusts of wind. To this end, the guide profiles
may be curved in a longitudinal profile direction and, if necessary, around a longitudinal axis
of the profile. g

[0012] This enhances the energy yield per square metre of sweeping area as a result of the
increasing effect of uplifting forces on the rotating, vortex-generating wind concentrator
which also increasingly affect the torque and, hence, the actual performance per square metre
of sweeping area. This results in a faster start-up of the wind power station with lower wind
speeds and subsequently has a beneficial effect on the performance curve for all usable wind
speeds.

[0013] In addition or as an alternative, the outer jacket may be equipped with guide profiles
with wing-tip shaped winglets with particularly beneficial, calculable vortex shedding.

[0014] To improve flow characteristics, propulsion and vortex shedding, in particular for low
wind speeds, the outer jackets, guide profiles and, if necessary, the winglets may feature a
wing section.

[0015] The vortex-generating, inward-turning curved guide profiles in a counter-rotational
direction can also be used for fixed jackets of turbines and rotors.

[0016] Another configuration for the wind concentrator which is the subject matter of this
invention is as a motor-operated propulsion-generating fan concentrator. In this configuration,
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a vacuum zone is formed in an upstream direction which, in a downstream direction, also
propagates into adjacent remote local areas of the wind concentrator as a result of the suction
effect, thereby reducing the energy consumption of the motor drive by reducing the local
pressure as compared to traditionally designed fans to the state-of-the-art. The invention
allows for an additional increase in the degree of efficiency of the wind power station which
is the subject-matter of this invention by adding an axial-flow auxiliary concentrator
downstream to the rotating wind concentrator which is mounted on an additional shaft with
both the wind and auxiliary concentrators being covered by a horizontal uninterrupted ring- or
diffuser-shaped fixed jacket.

[0017] If an additional increase of the wind speed in the horizontal, ring- or diffuser-shaped
fixed jacket is requested, it is advantageous to use a nozzle-shaped tapered design on the wind
entry side which widens on the exit side to a laval-nozzle shape.

[0018] In order to be able to operate the wind concentrator or the auxiliary concentrator as a
control device for the respective other wind concentrator, the wind concentrator and/or
auxiliary concentrator is assigned a brake system by which either one of the wind
concentrators can be decelerated to standstill.

[0019] The wind power station with a rotating, vortex-generating wind concentrator which is
the subject-matter of this invention is equipped with a horizontal rotation axis in an upwind or
downwind direction fitted on a mast with a slewing ring or similar. In the same way, the in-
line wind concentrator and the downwind auxiliary concentrator with a horizontal fixed ring-,
diffuser- or laval-nozzle-shaped jacket are designed to be fixed on a mast with slewing rings
or similar.

[0020] If a solar use of the wind power station which is the subject matter of this invention is
requested, the vertical vortex-generating wind concentrator is fitted with flexible thin-layered
solar panels for solar energy use. The coating with flexible solar panels covers the wind
concentrator, the vortex-generating guide profiles which are arranged in a circular direction as
well as the horizontal, fixed ring-, diffuser- or laval-nozzle-shaped outer jackets or parts
thereof.

[0021] The heat energy produced by the solar panels is dissipated and converted to electrical
energy. By dissipating the heat energy, the solar panels contribute to cooling down the wind
concentrator surfaces which in addition cools the airstream in the flow channels, thereby
increasing the specific weight of the air and, hence, energy efficiency. It is also generally
known that solar panels delay ice formation or snow deposits.

[0022] Another suggested use of the wind power station which is the subject matter of this
invention is the withdrawal of water from the humidity in the incoming axial, coil-shaped air
flowing to the horizontal, fixed laval-nozzle-shaped outer jacket which is initially tapered in
the incoming air direction and later widens towards the air exit side.

[0023] The spiral-shaped entry of air into the horizontal laval-nozzle-shaped outer jacket
cools down the air between the two wind concentrators resulting in the separation of water at
the bottom of the jacket. The water withdrawn from the air is intended for collection and
efficient irrigation and other technical areas of use. The water can either be collected
underground or by pumping it into above-ground collection basins.

[0024] If the further cooling down of the airstream in the horizontal laval-nozzle-shaped
a4
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outer jacket is requested to remove more water from the humidity of the air, it is suggested to
cool down the wind concentrator on the air entry side as well as the laval-nozzle-shaped outer
jacket as required by fitting cooling wires and/or cooling loops or similar. Such cooling wires
and/or cooling loops may also be arranged parallel, in a grid shape, between the two wind
concentrators.

[0025] To be able to use the mechanism for eliminating water from the air stream also in
times of no or very little wind, one of the in-line wind concentrators in the horizontal laval-
nozzle-shaped outer jacket is motor-operated via the generator to function as a propulsion-
generating fan. There is an option to either use the wind concentrator or the auxiliary wind
concentrator as a motor-operated fan; thereby, an upstream suction is created with a
propulsion-generating effect.

Brief description of the drawings:

[0026] The technical drawings provide a schematic representation of the invention. The
figures show the following:
Fig. 1
is a front view of the wind power station with the rotating, vortex-generating wind
concentrator in an upwind configuration.
Fig. 2
is a side view of the wind power station with rotating vortex-generating wind
concentrator in a downwind configuration.
Fig. 3
is a cross-sectional side view of the configuration option of the wind power station
which is the subject matter of this invention, with rotating vortex-generating wind
concentrator and a downwind auxiliary concentrator on a parallel additional shaft with
a horizontal, fixed laval-nozzle-shaped outer jacket and installed cooling wires and
water collection basin.
Figs. 4 :
to 6 show a configuration option of the curved, inward turning sawtooth guide profiles
arranged in a circle over 360 degrees in a counter-rotational direction in different
views.
Figs. 7
to 12 provide more configuration options of the curved, inward turning sawtooth guide
profiles arranged in a circle over 360 degrees in a counter-rotational direction from
different views, and
Figs. 13
to 21 show design variants of configuration examples according to Figs. 4 - 12 with
guide profiles featuring a wing section.

Modes for carrying out the invention

[0027] A wind power station 1 for energy generation with a rotating vortex-generating wind
concentrator 2 mainly consists of an axial-flow, rotating wind concentrator 2 which is pivot-
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mounted on a shaft 3 with a ring-shaped outer jacket 4 to be able to use the full cross-section
of the incoming stream of air.

[0028] The outside of the ring-shaped outer jacket 4 features inward-turning, flow-
concentrating, vortex-generating flow channels distributed over 360° with sawtooth-shaped
guide profiles 5 curled in the rotational direction, and may widen (broaden the cross section)
in the direction of the flow.

[0029] Between the hub 6 and the ring-shaped outer jacket 4, the wind concentrator 2 has
concentrator blades 7 arranged in a circular, radial shape around the hub 6, which depending
on the intended purpose of use feature either low-speed or high-speed profiles. Low-speed
profiles are defined as wing sections which are designed for low flow speeds. Accordingly,
high-speed profiles are designed for higher or high flow speeds.

[0030] The vortex-generating guide profiles 5 are intended to force the incoming airstream to
form edge vortices which, behind wind concentrator 2, create a vortex coil across the entire
cross-section of the wind concentrator 2 through which the air flows. The circulation of air is
boosted inside the vortex coil creating an increase in air speed and, hence a vacuum. In the
covered ring surface behind wind concentrator 2, i.e. in the concentrator eye, the local
pressure is reduced across the entire cross-section of the ring-shaped outer jacket. Due to the
vacuum in the core of the vortex, environmental air is fed in an upstream direction through the
wind concentrator 2 as molecules flow at molecular speed in a local vacuum creating
independent acceleration. This acceleration improves the roughness lengths with improved
energy content of the airstream and balances short-term fluctuations of wind strength between
gusts of wind.

[0031] As specified in the configuration examples (Fig. 4 to 12), the vortex-generating,
inward turning, curved guide profiles 5 at the tip of the profile may have a variety of shapes
and, by using flexible materials, may also be implemented as operated against a spring force
or designed to adjust to the airstream by using flexible materials.

[0032] Wind concentrator 2 is pivot-mounted on a shaft 3 sitting in a casing 8 which is
connected to a generator 11 through a gearbox 9 and coupling 10, converting wind energy to
electrical energy. The air feed of the wind power station 1 is controlled by an electric motor
13 that interferes in the slewing ring 12. As shown in (Fig. 1 and 2) the wind power station 1
which is the subject matter of this invention is mounted on a steel tube mast 14. Coaxial to
shaft 3, the wind concentrator 2 has a medium displacement element which at the same time
serves as a hub 6 for connecting wind concentrator 2, channelling the airstream from the
central turbine area where its effectiveness would be very small due to the short distance to
the axis of rotation, to the farther outside part of the turbine, thereby additionally increasing
the dynamic pressure in front of wind concentrator 2 and, as a consequence, the uplift force of
the concentrator blades on the low-speed profiles.

[0033] In the configuration variant for solar use, the vertical wind concentrator 2 and the
vortex-generating curved guide profiles 5 can be fitted with flexible, thin-layered solar panels
for solar energy use. The solar power produced by the solar panels is dissipated and converted
to electrical energy.

[0034] Wind concentrator 2 also provides the option to be used as a motor-operated
propulsion-generating fan wind concentrator 2 by using generator 11, thereby creating a
vacuum zone in an upstream direction by reducing the local pressure as a result of the suction
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effect in the downstream direction; the vacuum also propagates into adjacent local areas of the
motor-operated fan wind concentrator thereby further increasing its effectiveness.

[0035] In another configuration variant of wind power station 1 which is the subject matter of
this invention, wind concentrator 2 may be equipped with a downwind auxiliary wind
concentrator 16 mounted on an additional shaft 15, which has an axial flow design such as
wind concentrator 2 for a more efficient utilization of wind energy. The auxiliary wind
concentrator 16 also operates a generator 11. Both wind concentrators, 2 and 16, are covered
by a fixed ring- or diffuser-type outer jacket 17.

[0036] A laval-nozzle-shaped design on the incoming air side of outer jacket 17, which is
tapered in the flow direction towards wind concentrator 2 and widens to a diffuser shape in a
downstream direction towards the auxiliary concentrator 16, provides additional benefits.

[0037] The air feed of the wind power station 1 with wind concentrators 2 and 16 aligned
parallel to each other, is controlled by an electric motor 13 that interferes in the slewing ring
12. As shown in (Fig. 3), the wind power station 1 which is the subject matter of this
invention is mounted on a lattice mast 18.

[0038] For a configuration variant for solar use, the ring-, diffuser- and laval-nozzle-shaped
outer jacket 17 of the vertically arranged in-line wind concentrators 2 and 16 of wind power
station 1 which is the subject of this invention, may be equipped with flexible, thin-layered
solar panels for solar energy use. The heat energy produced by the solar panels is released and
converted to electrical energy.

[0039] Another configuration variant of wind power station 1 which is the subject matter of
this invention according to Fig. 3 provides for the withdrawal of water from the humidity of
the air from the airstream to the ring-, diffuser- or laval-nozzle-shaped outer jacket 17. The
airstream to the ring-, diffuser- or laval-nozzle-shaped outer jacket is cooled down between
wind concentrator 2 and the auxiliary wind concentrator 16 which results in the elimination of
water. The water eliminated from the airstream may be collected in a water basin 19 and used
for commercial purposes.

[0040] For another configuration variant for cooling the air even more to withdraw water
from the humidity of the air, it is suggested to equip wind concentrator 2 in an upstream
direction and/or the ring-, diffuser- or laval-nozzle-shaped outer jacket 17 with integrated
cooling wires 20 or cooling loops which can also be arranged parallel in a grid-shape
configuration between in-line wind concentrator 2 and auxiliary concentrator 16.

[0041] Wind power station 1 according to Fig. 3 which is the subject matter of this invention,
can also be motor-operated by wind concentrator 2 or auxiliary concentrator 16 via its
generator 11 providing the option of eliminating water from the air also in times of no or little
wind. In this configuration variant, either wind concentrator 2 or auxiliary concentrator 16 are
operated as a fan concentrator 2 or 16 with a propulsion-generating effect.

[0042] The guide profiles according to Fig. 4 - 12 feature a wing section to improve uplift
force (rotary drive) and vortex shedding during low wind speeds.
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EP 2 839 146 B1 vindkraftanlseg
Krav

1. Vindkraftanleeg (1) til energiproduktion med en aksialt gennemstremmet, roterende
hvirveldannende vindkoncentrator (2), som er drejeligt lejret pa en aksel (3), og som
har et ringformet ydersveb (4), pa hvis udvendige side der er monteret styr, som er
fordelt pa 360°, og som mellem akslen (3) og det ringformede ydersvab (4) er
udstyret med cirkelformet fordelte koncentratorblade (7), kendetegnet ved, at der pa
vindkoncentratoren (2) er eftermonteret en aksialt gennemstremmet
hjeelpevindkoncentrator (16), som sidder pa en ekstra aksel (15), at begge
vindkoncentratorer (2, 16) er lejret pa hver sin horisontale aksel (13, 15) og er
omgivet af en fastsiddende, fortrinsvist horisontait forlebende, ring-, diffusor- eller
lavaldyseformet kappe (17), og at styrene omgiver savtandsformede, krumme
styreprofiler (5), som genererer randhvirvler, som bevirker en nedstrems-hvirvelspiral
over hele det ringformede ydersvabs (4) tvaersnit.

2. Vindkraftanlaeg (1) i henhold til krav 1, kendetegnet ved, at der er placeret et
bremsemodul pa vindkoncentratoren (2) og/eller pa hjeelpekoncentratoren (16).

3. Vindkraftaniaeg (1) i henhold til krav 1 eller 2, kendetegnet ved, at bgjelige, tynde
solcellepaneler til beklaedning af en horisontalt forlgbende, fast ring-, diffusor- eller
lavaldyseformet kappe (17) er taget i betragtning, og at disse bevirker en
varmebortledning, en afkeling af overfladerne pa den faste ring-, diffusor- eller
lavaldyseformede kappe (17) og en afkeling af den aksialt gennemstremmende
luftstrem.

4. Vindkraftanleeg (1) i henhold til et af kravene 1 til 3 kendetegnet ved, at de
vandmaengder, som er udskilt ved afkeling af luftstremmen, og som er indeholdt i
luftfugtigheden, bortledes i bunden af den horisontalt forlebende, faste ring-, diffusor-
_ eller lavaldyseformede kappe (17) og fortrinsvist opsamles i et vandfangerkar (19).

5. Vindkraftanlaeg (1) i henhold til et af kravene 1 til 4 kendetegnet ved, at der pa
vindkoncentratoren (2), specielt ogsa pa den fortrinsvist horisontalt forlabende faste
ring-, diffusor- eller lavaldyseformede kappe (17), er monteret kaletrade (20) og/eller
koleslanger (20), som er udformet som et netgitter og monteret mellem
vindkoncentratoren (2) og hjeelpevindkoncentratoren (16), og at disse pa grund af
afkelingen af de udrustede overflader bevirker en gget aﬂmhng af den aksialt
gennemstremmende luftstrom.

6. Vindkraftanlaeg (1) i henhold til et af kravene 1 til 5 kendetegnet ved, at
vindkoncentratoren (2) eller hjeelpekoncentratoren (16) kan drives
fremdriftsgenererende via generatoren (11) og motorisk som ventilator-
vindkoncentrator (2 eller 16), og at anlaegget sdledes ogsa ved vindstille og ved svag
vind kan anvendes som luftaffugter til vandudskillelse fra luftstrammen.

7. Vindkraftanlasg (1) i henhold til et af kravene 1 til 6 kendetegnet ved, at bgjelige,
tynde solcellepaneler til bekleedning af vindkoncentratoren (2) er taget i betragtning,
og at disse bevirker en atkgling af overfladerne pa vindkoncentratoren (2) gennem
varmebortledning og en afkaling af den aksialt gennemstreammende luftstram.
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FIG.3
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FIG.13
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