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(57) Abstract: A wind-power station for power generation from kinetic en-
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ergy of atmospheric air masses is described, the wind-power station com-
prising : - a symmetric turbine housing; - an electric generator arranged in
the turbine housing, the generator having a substantially vertically oriented
driveshatt; - a multi-bladed wind wheel mounted substantially horizontally
on the vertical driveshaft of the generator; and - a wind receiver comprising
annular guiding surtaces, the guiding surfaces being arranged to change the
direction of the airflow in towards the multi-bladed wind wheel the wind re-
ceiver comprising three or more annular guiding surfaces, each of the guid-
ing surfaces having an aerofoil-shaped profile, whereby the three or more
annular guiding surfaces form two or more channels between them, arranged
to accelerate an airtlow in towards said multi-bladed wind wheel and to re-
duce the turbulence downstream of the wind wheel.
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WIND-POWER STATION FOR POWER GENERATION

The present invention relates to a wind-power station. More specifically, the present
invention relates to a wind-power station for generating power from the kinetic energy
of atmospheric air masses, the wind-power station comprising a symmetric turbine
housing; an electric generator arranged in the turbine housing, the generator having a
substantially vertically oriented driveshaft; a multi-bladed wind wheel mounted sub-
stantially horizontally on the vertical driveshaft of the generator; a wind receiver com-
prising annular guiding surfaces, the guiding surfaces being arranged to change the
direction of the airflow in towards the multi-bladed wind wheel.

DE 20 2013 011 686 discloses a prior-art wind-power station for power generation. A
wind receiver of the known technical solution is formed as a symmetric body. The
body has a conical shape towards the top and has the purpose of changing the direc-
tion of the airflow and direct the airflow towards a turbine blade. Inside the symmetric
body, an electric generator is installed. On the top of the vertical driveshaft of the
generator, a horizontal multi-bladed wind wheel made in the form of an axial turbine
is installed. Over the wind wheel, a disc-shaped deflector is installed. The diameter of
the deflector is larger than the diameter of the turbine. The disc-shaped deflector is
further provided with solar cells converting solar energy into electrical energy.

One of the drawbacks of the known technical solution is that considerable eddy cur-
rents form in front of the turbine wheel, arising when the air masses move from the
bottom of the symmetric body to the top thereof, and there is also considerable for-
mation of eddy currents / turbulence behind the wind turbine. The turbulent flow re-
duces the output of the wind-power station and increases the aerodynamic resistance
of the entire structure. Another drawback of the known technical solution lies in the
fact that the electric generator, installed in the symmetric housing, lacks supply air
cooling the generator. This may lead to overheating and damage affecting the opera-
tion and reducing the life of the wind-power station.

The website www . asroareen.info which is considered the closest prior art, describes

another wind-power station for power generation in which the turbine housing is pro-
vided with several annular guiding surfaces which have for their purpose to change the
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direction of the airflow and guide the airflow to the turbine blades mounted inside an
annular cowling. The turbine consists of two multi-bladed wind wheels, a lower one
and an upper one. The lower turbine wheel is a wind wheel fixedly installed in the tur-
bine housing and has for its purpose to direct the airflow in front of the upper turbine
wheel. The upper turbine wheel is a runner. The runner is connected to an electric

generator, installed inside the turbine housing, via a vertical driveshaft.

The spherical design of the known technical solution reduces undesired air resistance,
both at and behind the turbine housing. Still, there is eddy formation on the guiding
surfaces, creating turbulence before / upstream of the turbine blades, which reduces
the total efficiency of the turbine. Another drawback of this known technical solution is
the lack of supply air and cooling of the electric generator installed in the inner sym-
metric body. This increases the risk of overheating and a possible breakdown of the
generator, which may further lead to increased operation costs of the plant. A further
drawback of the known technical solution is energy loss at the blade ends. The loss is
due to overflow of the airflow from the bottom side to the top side, upstream to down-
stream, of the rotating runner and arises between the inner side of the cowling and
the blade ends, which reduces the efficiency of the wind-power station.

The invention has for its object to remedy or reduce at least one of the drawbacks of
the prior art or at least provide a useful alternative to the prior art.

The purpose of the present invention is to provide a wind turbine which ensures a sig-
nificantly high efficiency by reducing eddy formation inside the turbine housing. In
advantageous embodiments, the invention also has for its purpose to reduce the loss
factor at the blade ends and to ensure sufficient heat diversion from the electric gen-
erator installed in the symmetric body and thereby increase the general lifetime, relia-
bility and autonomy of the plant.

The object is achieved through the features that are specified in the description below
and in the claims that follow.

The invention is defined by the independent claim. The dependent claims define ad-

vantageous embodiments of the invention.

The invention relates more specifically to a wind-power station for power generation
from the kinetic energy of atmospheric air masses, the wind-power station compris-
ing:

- a symmetric turbine housing;

- an electric generator arranged in the turbine housing, the generator having a sub-
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stantially vertically oriented driveshaft;

- a multi-bladed wind wheel mounted substantially horizontally on the vertical
driveshaft of the generator; and

- a wind receiver comprising annular guiding surfaces, the guiding surfaces being ar-
ranged to change the direction of the airflow in towards the multi-bladed wind wheel.
The wind-power station is characterized by the wind receiver comprising three or more
annular guiding surfaces, wherein

each of the guiding surfaces has an aerofoil-shaped profile, whereby the three or more
annular guiding surfaces form two or more channels between them, arranged to ac-
celerate an airflow in towards said multi-bladed wind wheel and reduce the turbulence
in front / upstream of the wind wheel.

The three or more annular guiding surfaces are formed with an aerodynamic/aircraft-
wing-shaped cross-sectional profile. This makes two or more oblong conical channels
be formed, having for their purpose to change the direction of the airflow in a smooth
manner and direct it to the turbine blades. The slotted channels give an even, laminar
flow along the surface, which reduces the turbulence in the flow in front of the turbine
blades, thus improving the operational conditions of the turbine and increasing the
efficiency of the wind turbine.

In one embodiment, the wind-power station includes exactly three of the above-
mentioned guiding surfaces with an aerodynamic cross-sectional profile. This will be
sufficient to achieve an accelerating, laminar airflow. The same effect may be achieved
by more than three guiding surfaces, but then at an increased production cost.

In one embodiment, the turbine housing may be formed with vents, which may pro-
vide cooling of the generator. A particularly favourable cooling effect may be achieved
if the turbine housing is formed with an even distribution of vents along the circumfer-
ence in the lower part of the wind turbine, which may ensure airflow therethrough and
cooling of the generator independently of the wind direction.

To reduce loss at the blade ends of the turbine, the wind-power station may, in an
advantageous embodiment, be provided with an annular cowling arranged around the
wind wheel, wherein an inner surface of the annular cowling is formed with a projec-
tion covering the radial outer edge of the wind wheel downstream of the plane of rota-
tion of the wind wheel. This may prevent airflow leakage on the outside of the wind
wheel and thereby reduce the loss factor and increase the efficiency of the wind-power
station.
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To be able to increase power generation, and even ensure power generation in the
absence of wind, the outer surfaces of the wind-power station may be entirely or par-
tially covered with photovoltaic elements (solar cells) for converting solar radiation
into electrical energy.

In what follows, an example of a preferred embodiment is described, which is visual-
ized in the accompanying drawings, in which:

Figure 1 shows a side view and a cross section of the wind-power station.

Figure 2 shows a side view and a schematic diagram of the movements of the
airflow around the wind turbine.

Figure 3 shows a cross section and a schematic diagram of the movements of the
airflow inside the turbine body.

Figure 4 shows the same as figure 3, but on a larger scale.

Figure 5 shows cross sections and schematic diagrams of the movements of the
airflow through the vents by different wind directions.

In what follows, the reference numeral 20 will indicate a wind-power station according
to the present invention. Like reference numerals indicate like or similar elements in
the figures. The figures are shown schematic and simplified and the various elements

are not necessarily drawn to scale.

Figure 1 shows a wind-power station 20 according to the present invention. The wind-
power station 20 is shown in a side view on the left in the figure and in section on the
right in the figure. The wind-power station 20 is shown comprising a two-part housing
16, in which an upper part 1 of the housing, which functions as a deflector, has the
shape of a hemisphere. Below the upper part of the housing, an inner deflector 2 of a
smaller diameter is placed. The semi-circular outer deflector 1 has a symmetric form
and is mounted on the lower part 18 of the housing by means of fastening devices 3,
shown here as threaded bolts. The deflector 2 is attached to a wind wheel / turbine
wheel 4 which is placed in an annular cowling 5. Below / downstream of the wind
wheel, annular guiding surfaces 6 are installed. The guiding surface 6 is formed with a
cross section like that of an aircraft wing, and three such guiding surfaces like that
together form two slots in the shape of elongated, conical channels, where the airflow
is guided in and accelerated in towards the wind wheel 4. The annular guiding surface
6 is installed by means of mounting plates / partitioning plates 7, which divide the
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guiding surfaces 6 and the lower part 18 of the housing into segments. The mounting
plates 7 are oriented vertically, and together with a symmetric cover 8 of a conical
shape they form a further conical channel arranged to direct air up to the wind wheel
4. The wind wheel 4 is connected to the electric generator 9 via a vertical driveshaft
17. The turbine housing 16 is symmetric around a vertical axis coinciding with the
driveshaft 17 of the generator 9. In the lower part 18 of the housing, vents 10 are
arranged, having for their purpose to ensure supply air to the inside of the symmetric
cover 8 for cooling of the generator 9. The generator 9 is installed by means of a fas-
tening device 11, here bolts, secured to the bottom side 12 of the lower part 18 of the
turbine housing. The spherically shaped surface of the bottom side 12 of the housing
also functions as a deflector and has for its purpose to give a smooth deflection of the
airflow from the bottom side of the wind turbine. In the exemplary embodiment, the
deflector 12 is mounted on a pylon 13 anchored to a foundation 14.

In what follows, reference will especially be made to figures 2-5, in which the wind
direction is indicated as well, as arrows in the figures. In the presence of wind, inde-
pendently of its direction, air masses will enter channels, formed by the cover 8 and
the guiding surfaces 6, which change the direction of the airflow, directing and accel-
erating it towards the wind wheel 4. The mass of air changes direction from substan-
tially horizontal to substantially vertical, as can be seen best in figures 3 and 4. The
wind receiver, in the form of annular guiding surfaces 6, is formed as wing profiles.
The guiding surfaces 6 are spaced apart and form two slotted channels. The airflow
passes the slotted channels with acceleration and changes direction, at least partially
because of the Coanda effect, as will be known to a person skilled in the art. The air-
flow is carried further up towards the wind wheel / turbine wheel 4, as can be seen
best in figure 4. The Coanda effect is already a tested, well documented method of
entrainment, in which a primary airflow is passed over a Coanda surface. A description
of the characteristics of a Coanda surface and the effect of a fluid flow across a
Coanda surface is found in many specialist-literature sources and articles.

The turbine blades of the wind wheel 4 has an aerodynamic profile, where the kinetic

energy of the airflow is converted into rotary energy for the wind turbine. The turbine
blades 4 are fixed to a vertical driveshaft 17 of an electric generator 9, which converts
the mechanical rotary energy into electrical energy.

After having passed the rotary plane of the turbine blades 4, the speed of the airflow
is reduced. According to a simplification of Bernoulli's equation, which describes the
connection between the pressure and speed of a fluid flowing in a pipe, the pressure



10

15

20

25

30

WO 2018/208169 6 PCT/NO2018/050120

will decrease by increasing speed. The air pressure is thereby increased at the lower
part of the deflector 1, upstream of the guiding surfaces 6, which is due to a decreas-
ing speed of the airflow, and is reduced at the upper part of the deflector 1, down-
stream of the guiding surfaces 6, because of an increasing speed of the airflow.

Because of this difference in pressure, the air is moved from areas with high pressure,
that is to say from the bottom side of the disc-shaped deflector 1, to areas with low
pressure, that is to say towards the upper part of the disc-shaped deflector 1 where

the air pressure is lower.

To reduce overflow loss at the blade ends, the clearance between the blades of the
wind wheel 4 and the inner surface of the cowling 5 is made with a minimal distance.
A projection 51, arranged on the inside of the upper part of the cowling 5, down-
stream of the plane of rotation of the wind wheel, also has for its purpose to prevent
overflow of the airflow and reduce a corresponding loss, see detail A in figure 4.

The vents 10 are evenly distributed along the circumference in the lower part 18 of
the turbine housing 8 and ensure airflow therethrough and cooling of the electric gen-
erator 9 with an outlet through the wind wheel, see detail B in figure 4, independently
of the wind direction, see figure 5.

The outer surfaces of the deflector 1 and the annular cowling 5 are provided with pho-
tovoltaic elements (solar cells) ensuring power production by means of solar radiation,
independently of the wind speed or wind conditions.

The dimension of the disc-shaped deflector 1, which exceeds the diameter of the wind
turbine 4, and the presence of the annular cowling 5 protect the wind turbine and en-
sure reliable operation of the power station even by unfavourable weather conditions

(sleet, hail, subcooled rain, etc.).

It should be noted that all the above-mentioned embodiments illustrate the invention,
but do not limit it, and persons skilled in the art may construct many alternative em-
bodiments without departing from the scope of the attached claims. In the claims,
reference numbers in brackets are not to be regarded as restrictive.

The use of the verb "to comprise" and its different forms does not exclude the pres-
ence of elements or steps that are not mentioned in the claims. The indefinite article

a" or "an" before an element does not exclude the presence of several such elements.
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The fact that some features are indicated in mutually different dependent claims does
not indicate that a combination of these features cannot be used with advantage.
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Claims

A wind-power station (20) for power generation from kinetic energy of at-
mospheric air masses, the wind-power station (20) comprising:

- a symmetric turbine housing (16) formed with vents (10) which ensure
supply air of atmospheric air masses into the turbine housing (16);

- an electric generator (9) arranged in the turbine housing (16), the genera-
tor (9) having a substantially vertically oriented driveshaft (17);

- a multi-bladed wind wheel (4) mounted substantially horizontally on the
vertical driveshaft (17) of the generator (9); and

- a wind receiver comprising annular guiding surfaces (6), the guiding sur-
faces (6) being arranged to change the direction of the airflow in towards
the multi-bladed wind wheel (4), ch aracterized in that
- the wind receiver comprises three or more annular guiding surfaces (6),
each of the guiding surfaces (6) having an aerofoil-shaped profile, whereby
the three or more annular guiding surfaces form two or more channels be-
tween them, arranged to accelerate an airflow in towards said multi-bladed
wind wheel (4) and to reduce the turbulence downstream of the wind wheel

(4).

The wind-power station (20) according to claim 1, wherein the vents (10)
are evenly distributed over a lower part (18) of the turbine housing (16).

The wind-power station (20) according to any one of the preceding claims,
wherein the wind-power station (20) includes an annular cowling (5) ar-
ranged around the wind wheel (4), an inner surface of the annular cowling
(5) being formed with a projection (51) which covers the radial outer edge
of the wind wheel (4) downstream of the plane of rotation of the wind wheel.

The wind-power station (20) according to any one of the preceding claims,
wherein the outer surfaces of the wind-power station (20) are provided with

photovoltaic elements for converting solar radiation into electric power.

The wind-power station (20) according to any one of the preceding claims,

wherein the wind receiver includes exactly three annular guiding surfaces

(6).

The wind-power station (20) according to any one of the preceding claims,
wherein the wind-power station (20) is provided with a plurality of partition-
ing plates (7) arranged substantially vertically, to which the guiding surfaces
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(6) are attached, the partitioning plates being substantially equally angularly
spaced apart, whereby the partitioning plates divides a lower part (18) of
the wind-power station (20) into segments which are substantially equally

large.

7. The wind-power station (20) according to claim 6, wherein the wind-power
station includes 3, 4, 5 or 6 of said partitioning plates (7).

8. The wind-power station (20) according to any one of the preceding claims,
wherein an upper part (1) of the turbine housing (16) is formed as a hemi-

sphere.
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AMENDED CLAIMS
received by the International Bureau on 30.0c¢t.2018 (30.10.2018)

A wind-power station (20) for power generation from kinetic energy
of atmospheric air masses, the wind-power station (20) comprising:

- a symmetric turbine housing (16) formed with vents (10) which
ensure supply air of atmospheric air masses into the turbine housing
(16);

- an electric generator (9) arranged in the turbine housing (16), the
generator (9) having a substantially vertically oriented driveshaft
(17);

- a multi-bladed wind wheel (4) mounted substantially horizontally on
the vertical driveshaft (17) of the generator (9); and

- a wind receiver comprising annular guiding surfaces (6), the guiding
surfaces (6) being arranged to change the direction of the airflow in
towards the multi-bladed wind wheel (4), characteri-
zed in that

- the wind receiver comprises three or more annular guiding surfaces
(6),

each of the guiding surfaces (6) having an aerofoil-shaped profile,
whereby the three or more annular guiding surfaces form two or
more channels between them, arranged to accelerate an airflow in
towards said multi-bladed wind wheel (4) and to reduce the
turbulence upstream of the wind wheel (4).

The wind-power station (20) according to claim 1, wherein the vents
(10) are evenly distributed over a lower part (18) of the turbine
housing (16).

The wind-power station (20) according to any one of the preceding
claims, wherein the wind-power station (20) includes an annular
cowling (5) arranged around the wind wheel (4), an inner surface of
the annular cowling (5) being formed with a projection (51) which
covers the radial outer edge of the wind wheel (4) downstream of the
plane of rotation of the wind wheael.

AMENDED SHEET (ARTICLE 19)



10

15

WO 2018/208169 11 PCT/NO2018/050120

4,

The wind-power station (20) according to any one of the preceding
claims, wherein the outer surfaces of the wind-power station (20) are
provided with photovoltaic elements for converting solar radiation

into electric power.

The wind-power station (20) according to any one of the preceding
claims, wherein the wind receiver includes exactly three annular

guiding surfaces (6).

The wind-power station (20) according to any one of the preceding
claims, wherein the wind-power station (20) is provided with a
plurality of partitioning plates (7) arranged substantially vertically, to
which the guiding surfaces (6) are attached, the partitioning plates
being substantially equally angularly spaced apart, whereby the
partitioning plates divides a lower part (18) of the wind-power station
(20) into segments which are substantially equally large.

The wind-power station (20) according to claim 6, wherein the wind-
power station includes 3, 4, 5 or 6 of said partitioning plates (7).

The wind-power station (20) according to any one of the preceding
claims, wherein an upper part (1) of the turbine housing (16) is
formed as a hemisphere.

AMENDED SHEET (ARTICLE 19)
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