TITLE OF INVENTION: HORIZONTAL SHAFT ROTOR
TECHNICAL FIELD
[0001]

The present invention relates to a horizontal shaft rotor that arisk of breaking of
wind turbine blades is small even if strong centrifugal force acts through generating a
large lift, moreover efficient rotation is possible even at a low wind speed.
BACKGROUND OF THE INVENTION
[0002]

The propeller type horizontal shaft wind turbine is disclosed in, for example,
Patent Literature 1. In this wind turbine, a horizontal rotor shaft is projected from a
nacelle that is pivotably supported by a support column, and a plurality of blades are fixed
toward aradial direction to arotor fixed to atip of the horizontal rotor shaft.

PRIOR ART
PATENT LITERATURES
[0003]

Patent Literature 1: JP2013-189970A
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

In the invention disclosed in Patent Literature 1, blades are a same thickness
over the whole, and a string length is the same from atip to a base end, in addition the tip
is simply bent forward. This wind turbine rotates preferably as a pinwheel, but a cogging
torque of magnet acts on a generator when the wind turbine is connected to the generator,
so that rotational force drops extremely, this wind turbine is inferior in practicality for a
generator.

In particular, the blade is a flat plate shape, so that it is difficult to fully exert the
Coanda effect. Especially in alarge wind turbine, if the power generation efficiency is not
excellent, only the cost burden will be large and a practicality becomes poor.

Blades of alarge wind turbine are easily destroyed by rotational centrifugal force
and wind pressure, and if arigidity isincreased, blades become heavy and a rotational
efficiency deteriorates, and at low wind speeds, it is difficult to start and a practicality
becomes poor.

In view of such circumstances, it is an object of the present invention to provide
a blade having excellent wind receiving performance, being hard to be broken, and having
high rotational efficiency, and to provide a horizontal shaft rotor suitable for awind
turbine and a water turbine equipped with this blade.

MEANS FOR SOLVING THE PROBLEMS
[0005]

The present invention has taken the following technical measuresin order to
solve the above problems.
[0006]

(1) A horizontal shaft rotor comprising a hub and a plurality of blades facing a
radial direction and fixed to a peripheral surface of the hub, wherein each of the bladesis
alift type of which a string length is gradually increased from a base end part to a blade
end in afront view, wherein a distal part from aradial direction middle part of the blade is
aforward curved part, and wherein a front end surface of a forward tip of the forward
curved part is alift type in which aleading edge is thicker in a front view.

[0007]



(2) The horizontal shaft rotor according to (1) above, wherein the front end
surface of the forward tip of the forward curved part is the lift type with a thick leading
edgein afront view, and the leading edge and a trailing edge of the front end surface are
located on the same rotating track.

[0008]

(3) The horizontal shaft rotor according to (1) or (2) above, wherein a radius of
curvature of the forward curved part is larger on a curved inner surface than on a curved
outer surface, in aside view of the blade of the horizontal shaft rotor.

[0009]

(4) The horizontal shaft rotor according to any one of (1) to (3) above, wherein a
thickness of a portion parallel to an axis center line at a base end of the front end surface
of the forward tip is a maximum thickness portion of the blade, in a side view of the
forward curved part.

[0010]

(5) The horizontal shaft rotor according to any one of (1) to (4) above, wherein
the front end surface at the forward tip of the forward curved part is orthogonal to the axis
center line in aside view, and the trailing edge is more inclined than the leading edge
toward arear surface direction with respect to a rotation direction in planar view.

[0011]

(6) The horizontal shaft rotor according to any one of (1) to (5) above, wherein a
maximum thickness of the front end surface at the forward tip of the forward curved part
is set to be approximately 50% of the thickness of the base end part of a base part, and a
front part of the front end surface is a thicker lift type.

[0012]

(7) The horizontal shaft rotor according to any one of (1) to (6) above,
wherein a rear surface of the base part of the blade is orthogonal to the axis center linein
a side view, and the front surface of the base part is gradually inclined toward the rear
surface direction from the base end part to the radial direction middle part of the blade.
ADVANTAGES OF THE INVENTION
[0013]

According to the present invention, the following effects can be achieved.

[0014]

In the invention described in (1) above,
each of the blades is a lift type of which a string length is gradually increased from the
base end part to the blade end in a front view, and the distal part from the radial direction
middle part of the blade is the forward curved part, so that, when the blade receives an
airflow from the front, a fluid that hits the forward curved part with along string length is
collected at high speed on an curved inner surface of the forward curved part from a blade
tip direction toward the radial direction middle part of the blade, and passes diagonally
backward from a trailing edge of the radial direction middle part, and as a reaction, the
blade is rotated toward a rotation direction.

[0015]

In the invention described in (2) above, the front end surface of the forward tip
of the forward curved part is the lift type with a thick leading edge in a front view, and the
leading edge and a trailing edge of the front end surface are located on the same rotating
track, so that a fluid passing along a peripheral surface of the blade in accordance with
rotations of the blade becomes high speed due to the Coanda effect and passes backward
on the rotating track, and the blade moves forward on the rotating track as a reaction. In
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particular, a portion near the front end surface of the forward tip is a maximum thickness,
so that a high-speed flow passes through the blade, and the blade rotates at high speed due
to the Coanda effect as a reaction.

[0016]

In the invention described in (3) above, the radius of curvature of the forward
curved part is larger on the curved inner surface than on the curved outer surface, in aside
view of the blade of the horizontal shaft rotor, so that a thickness of a cross section can be
increased when the blade end is facing upward, a negative pressure is generated due to
increasing of flow velocity due to the Coanda effect at that part in accordance with
rotations, a surrounding atmospheric pressure instantly rushes to a portion of the negative
pressure, and the blade moves toward a rotation direction due to a differencein air
pressure.

[0017]

In the invention described in (4) above, the thickness of the portion parallel to
the axis center line at the base end of the front end surface of the forward tip is the
maximum thickness of the blade, in a side view of the forward curved part, so that an
airflow passing through the surface becomes a high-speed flow due to the Coanda effect, a
fluid pressure of the high-speed flow decreases, a fluid hitting the curved inner surface
moves toward the blade end, and a rotational efficiency isimproved by a passage of a
large amount of fluid.

[0018]

In the invention described in (5) above, the front end surface at the forward tip of
the forward curved part is orthogonal to the axis center line in a side view, and the trailing
edge is more inclined than the leading edge toward a rear surface direction with respect to
arotation direction in planar view, so that a fluid along the front end surface of the
forward tip passes toward atrailing edge direction in accordance with rotations of the
blade, as a reaction, the blade moves toward a rotation direction.

[0019]

In the invention described in (6) above, the maximum thickness of the front end
surface at the forward tip of the forward curved part is set to be approximately 50% of the
thickness of the base end part of a base part, and a front part of the front end surfaceis a
thicker lift type, so that a high-speed flow is generated due to the Coanda effect even at
the blade end, and the rotational efficiency isimproved.

[0020]

In the invention described in (7) above, arear surface of the base part of the
blade is orthogonal to the axis center line in a side view, and a front surface of the base
part is gradually inclined toward the rear surface direction from the base end part to the
radial direction middle part of the blade, so that the fluid that hits the front surface of the
base part of the blade moves toward the curved inner surface of the forward curved part in
accordance with rotations of the blade, alarge amount of fluid passes from the trailing
edge toward the outward direction while pushing the curved inner surface in the rotation
direction, a high-speed flow is generated due to the Coanda effect, and the blade is rotated
at high speed, as a reaction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1isafront view of the horizontal shaft rotor according to the present
invention.

Fig. 2isavertical cross-sectional view taken along theline II-11 in Fig. 1.
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Fig. 3 is across-sectional plan view taken along the line I11-111 in Fig. 1.

Fig. 4 is across-sectional plan view taken along the line IV-IV in Fig. 1.

Fig. 5is across-sectional plan view taken along the line V-V in Fig. 1.

Fig. 6 is across-sectional plan view taken along the line VI-VI in Fig. 1.

Fig. 7 is across-sectional plan view taken along the line VII-VII in Fig. 1.

Fig. 8 is across-sectional plan view taken along the line VIII-VIIl in Fig. 1.
EMBODIMENTS OF THE INVENTION
[0022]

An embodiment according to the present invention will be described with
reference to the drawings. Although a horizontal shaft rotor 1 of the embodiment will be
described for a wind turbine, the present invention can also be applied for a water turbine.
[0023]

In Fig. 1 being afront view, in the horizontal shaft rotor 1 according to the
present invention, a plurality of lift type blades 3 (five bladesin Fig. 1) are fixed to a
peripheral surface of a hub 2 at equal intervals toward a radial direction. The horizontal
shaft rotor 1 is a medium-sized rotor, for example, having that this diameter is 430 cm, a
maximum string length of the blade 3 is 100 cm and a string length of a base end part 4A
is about 39 cm. The horizontal shaft rotor 1 rotates counterclockwise when it receives
wind from the front. Note that these dimensions are merely examples.

[0024]

Fig. 2 isavertical cross-sectional view taken along the line Il-11 in Fig. 1. A
forward curved part 5 that is largely curved toward the front surface direction is formed at
atip of abase part 4 in contact with a hub 2 with aradial direction middle part 3A of the
blade 3 as a boundary. In a front shape of the blade 3, the string length is gradually
increased from a base end part 4A to a blade end, and a wind receiving area at a
centrifugal portion during rotation is increased.

[0025]

A thickness of the base end part 4A is, for example, 20% + 2% of a radius of
rotation, and, up to the radial direction middle part 3A in theradial direction, arear
surface 4C is orthogonal to an axis center line G of the hub 2.

A front surface 4B is gradually inclined backward from the base end part 4A to the radial
direction middle part 3A, and a thickness of the radial direction middle part 3A is slightly
thinner than a thickness of the base end part 4A.

[0026]

In the forward curved part 5, a front end surface 5A at aforward tip in aside
view is orthogonal to the axis center line G. A front surface from a base end 5B of the
front end surface 5A to the radial direction middle part 3A is a curved inner surface 5D. A
rear surface from atip 5C of the front end surface 5A of the forward tip is a curved outer
surface 5E up to the radial direction middle part 3A.

[0027]

A radius of curvature of the curved inner surface 5D is larger than a radius of
curvature of the curved outer surface 5E, and athickness is decreased from the radial
direction middle part 3A to the tip 5C. However, as shown in the cross sections in Figs. 5
to 8, the forward curved part 5 is gradually thickened from the radial direction middle part
3A in Fig. 2 toward the blade end direction.

[0028]

The Coanda effect that occurs on the surface of the blade 3 during rotation

becomes greater as the blade 3 becomes thicker, and the flow velocity becomes faster. In
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the vicinity of the cross section of the line VIII-VIII of Fig. 1 in the forward curved part 5,
the thickness is large and the string length is long, so that the speed becomes the highest
in this portion and the efficiency of the blade 3 during high speed rotation is improved.
[0029]

Asshown in Figs. 2 and 8, the forward curved part 5 is thick, so that the Coanda
effect is large and a high-speed flow is generated, and even if the wind speed is decreased,
the rotation of the horizontal shaft rotor 1 is maintained by the continuation of the Coanda
effect in accordance with the rotation.

[0030]

In Fig. 1, the string length of the blade 3 is, for example, 50% * 5% of the radius
of rotation at a blade end part, and this value is preferable as the result of stacking
experiments. This value is gradually reduced toward the direction of the base end part 4A.
From a cut-in point 3D at the position of the line IV-IV on atrailing edge 3C, which is
20% of the radius of rotation from the axis center line G, toward the direction of aleading
edge 3B, acut-in part 3E is formed and the string length is reduced. The string length of
the cut-in part 3E is about 20% * 2% of the radius of rotation. The cross section of the

line l11-111 in Fig. 1 is asubstantially circular shape at the base part 4 as shown in Fig. 3,
and is a columnar shape.
[0031]

The leading edge 3B of the blade 3 is a substantially straight line from the axis
center line G toward the direction of thetip, that is, from a curved base point 3F, which
corresponds to 80% of the radius of rotation in Fig. 1, toward the base end part 4A of the
base part 4, and the leading edge 3B is a convex curved surface from the curved base point
3F to the blade end 3G, and a leading edge 5F projects forward.

[0032]

In Fig. 1, the shape of the front end surface 5A at the forward tip of the forward
curved part 5is alift type in which the thickness of the cross section of the blade 3 shown
in Figs. 5to 8 is gradually reduced, the maximum thickness is about 50% of the base end
part 4A in the base part 4, but is not limited to this. As shown in Fig. 2, the front end
surface 5A of the blade 3 is orthogonal to the axis center line G.

[0033]

Asshown in Fig. 1, the string length of the front end surface 5A of the forward
tip in the forward curved part 5 is gradually decreased from the cross section of the line
VIII-VIII toward the centripetal direction, and the leading edge 5F projects forward, in
addition, the curved inner surface 5D is gradually inclined toward the rear surface
direction from the leading edge 5F to the trailing edge 5G.

[0034]

As aresult, athickness at the base end 5B of the front end surface 5A of the
forward tip in Fig. 2 is larger than a width of an oblique line portion in Fig. 8, and the
rotation efficiency of the entire blade 3 is improved by the high-speed rotation generated
due to the Coanda effect in accordance with the rotation in this part.

[0035]

In this case, the front end surface 5A of the forward tip is orthogonal to the axis
center line G, and as shown in Fig. 8, the trailing edge 5G rather than the leading edge 5F
isinclined 6 to 12 degrees toward the direction of the curved outer surface 5E, so that,
when receiving wind from a front direction, the blade 3 is pushed toward the |eading edge
5F, and the rotation efficiency is improved.

In addition, both of the leading edge 5F and the trailing edge 5G of the front end
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surface 5A of the forward tip are located on the same rotating track T, so that the
resistance during rotation is small.
[0036]

In the cross section of the blade 3 with the blade end 3G facing upward in Fig. 1,
as shown in Figs. 3 to 8, the base part 4 is substantially circular, and the airflow receiving
from the front passes through the cut-in part 3E without resistance.

[0037]

In Fig. 4, from the axis center line G to the trailing edge 5G, it isinclined toward
the direction of the rear surface 4C by about 37 degrees with respect to the rotation
direction, and when an airflow hits from the front, the blade 3 is pushed toward the
direction of the leading edge 3B to rotate. In Fig. 5, from the axis center line G to the
trailing edge 5G, it isinclined toward the direction of the rear surface 4C by, for example,
about 30 degrees with respect to the rotation direction, and the airflow hitting the front
surface 4B of the base part 4 moves toward the direction of the trailing edge 3C of the
base part 4, and the blade 3 moves strongly in the counterclockwise direction.

[0038]

In Fig. 6, from the axis center line G to the trailing edge 5G, it isinclined toward
the direction of the rear surface 4C by, for example, about 26 degrees with respect to the
rotation direction, and the airflow hitting the curved inner surface 5D of the forward
curved part 5 moves toward the direction of the trailing edge 5G of the forward curved
part 5, the blade 3 moves toward a rotation direction.

[0039]

Asshown in Fig. 7, from the axis center line G to the trailing edge 5G, it is
inclined toward the direction of the rear surface 4C by, for example, about 23 degrees with
respect to the rotation direction, and in Fig. 8, from the axis center line G to the trailing
edge 5G, it isinclined toward the direction of the rear surface 4C by about 25 degrees
with respect to the rotation direction.

An airflow hitting the curved inner surface 5D is collected in the portion of the
line VI-VI and in the portion from the line VI11-VIII to theline VII-VII in Fig. 1, and
moves in the direction of the trailing edge 5G of the forward curved part 5, so that the
blade 3 rotates vigorously toward a rotation direction due to the pressure difference.
[0040]

That is, at the base part 4 of the blade 3, the airflow hitting the front surface in
Fig. 1 passes from the radial direction middle part 3A toward the outside of the trailing
edge 3C on the front surface 4B in the direction of the base end part 4A of the base part 4,
as a reaction to the Coanda effect, the action of pulling the blade 3 toward a rotation
direction is increased.

Asshown in Figs. 3 to 8, in the front end surface 5A of the forward tip, the
trailing edge 5G is more inclined than the leading edge 5F toward the direction of the rear
surface 4C by about 10 degrees with respect to the rotation direction orthogonal to the axis
center line G.

[0041]

In the forward curved part 5, in FIG. 1, the leading edge 5F and the trailing edge
5G at the front end surface 5A of the forward tip are located on the rotating track T, so
that the airflow passing through this peripheral surface passes backward on the rotating
track T, and, due to the reaction, the blade 3 is strongly pulled in the counterclockwise
direction on the rotating track, and the rotation efficiency is improved.

[0042]



In Fig. 2, an collective airflow that is collected an airflow that slides from the
base end 5B of the front end surface 5A at the forward tip to the curved inner surface 5D
toward the direction of the radial direction middle part 3A of the blade 3, and, an airflow
that moves from the direction of the radial direction middle part 3A of the blade 3 in Fig.
1 to a portion of theline VII-VII, wherein the collective airflow passes at high speed in
the outward direction of the trailing edge 5G of the blade 3 in the portion, as a reaction
due to the Coanda effect, the blade 3 is rotated at high speed.

[0043]

In Fig. 2, when an airflow indicated by an arrow X hits the curved inner surface
5D, a speed of an airflow sliding on the curved inner surface 5D from the point 5B to an
airflow landing point Q becomes faster than a speed of an airflow from an airflow starting
point P to the airflow landing point Q (the air pressure drops), so that a large amount of
air is collected at the portion of the airflow landing point Q, and passes at a high speed in
the outward direction of the trailing edge 5G, as a reaction, the rotation efficiency of the
blade 3 is improved.

[0044]

The airflow that hits the front surface 4B inclined backward from the base end
part 4A of the base part 4 of the blade 3 to the radial direction middle part 3A of the blade
3 and passes through toward the blade end strongly hits the forward curved part 5, rotates
the blade 3 in the rotation direction, and passes toward the outside from the trailing edge
5G.

[0045]

The radial length of the forward curved part 5 is, for example, about 50% of the
radius of rotation of the blade 3, and the front end surface 5A of the forward tip thereof
projects forward by alength corresponding to approximately 72% of alength direction
from the rear surface 4C of the base part 4.

The first feature of this unique shape has the function that an airflow received on
the curved inner surface 5D is collected at the portion of the airflow landing point Q in
Fig. 2 and is passed in the outward direction of the trailing edge 5G.

[0046]

In addition, the portion of the leading edge 5F of the forward curved part 5 is
thicker, so that a high-speed flow due to the Coanda effect is efficiently generated, and
when the high-speed flow passes, the blade 3 is strongly pulled in the rotation direction
due to the pressure difference as a reaction, high-speed rotational force is generated.
[0047]

In this blade 3, the tip portion from the radial direction middle part 3A isthe
forward curved part 5 that curves forward, and the string length thereof is lengthened, so
that the wind receiving area in arotating centrifugal portion becomes large, the rotation
efficiency isimproved.

The airflow that hits the curved inner surface 5D from the front is become high
speed at the curved inner surface 5D and is collected at the center part of the forward
curved part 5, and a large amount of accelerated airflow passes toward the outside from
the trailing edge 5G, so that, as a reaction, the blade 3 is rotated at high speed.

[0048]

In addition, the portion of the leading edge 5F of the forward curved part 5 is
thicker, so that the airflow moving along the surface of the blade 3 passes at high speed
due to the Coanda effect, as a reaction, the rotation efficiency of the blade 3 is improved.

The forward curved part 5 has along string length and projects more forward
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greatly than the base part 4, so that it can efficiently receive an airflow from a diagonal
direction, and even if an airflow direction is changed, the blade 3 can continue to rotate
without reducing the rotation speed.

[0049]

Furthermore, in the thicker forward curved portion 5, the flow velocity of the
airflow passing through the surface is increased, so that the pressure at the front part is
decreased, a flow at the rear part is returned to the original, and a pressure is increased.
Therefore, the rotational force does not drop sharply, the rotation is continued, and a high
rotational torque is maintained.

The horizontal shaft rotor 1 of the present invention can be applied from a small
size having a diameter of about 5 cm to a large size having a diameter of 10 m or more,
and is suitable for a wind turbine and a water turbine.

INDUSTRIAL APPLICABILITY
[0050]

The forward curved part that curves forward from the center of the blade Iength
does not cause a blade end stall, so that the rotation efficiency isimproved. In addition,
the horizontal axisrotor 1 of the present invention has a thicker forward curved part, so
that it has a high rotation efficiency due to the Coanda effect and has high rigidity, and is
used in awind power generator and a hydraulic power generator.

REFERENCE SIGNS LIST

[0051]

1. horizontal shaft rotor
2. hub

3. blade

3A. radial direction middle part
3B. leading edge

3C. trailing edge

3D. cut-in point

3E. cut-in part

3F.  curved base point
3G. Dblade end

4. base part

4A. base end part

4B.  front surface

4C.  rear surface

5. forward curved part
5A. front end surface
5B. baseend

5C. tip

5D. curved inner surface
5E.  curved outer surface
5F. leading edge

5G. trailing edge

E center line

G. axis center line

P. airflow start point

Q airflow landing point



WHAT IS CLAIMED IS:

1. A horizontal shaft rotor comprising a hub and a plurality of blades facing a radial
direction and fixed to a peripheral surface of the hub, wherein each of the bladesis alift
type of which a string length is gradually increased from a base end part to a blade end in
afront view, wherein a distal part from aradial direction middle part of the blade is a
forward curved part, and wherein a front end surface of a forward tip of the forward
curved part is alift type in which aleading edge is thicker in a front view.

2. The horizontal shaft rotor according to claim 1, wherein the front end surface of the
forward tip of the forward curved part is the lift type with a thick leading edge in afront
view, and the leading edge and a trailing edge of the front end surface are located on the
same rotating track.

3. The horizontal shaft rotor according to claim 1 or 2, wherein a radius of curvature of
the forward curved part is larger on a curved inner surface than on a curved outer surface,
in aside view of the blade of the horizontal shaft rotor.

4. The horizontal shaft rotor according to any one of claims 1 to 3, wherein a thickness of
a portion parallel to an axis center line at a base end of the front end surface of the
forward tip is a maximum thickness portion of the blade, in a side view of the forward
curved part.

5. The horizontal shaft rotor according to any one of claims 1 to 4, wherein the front end
surface at the forward tip of the forward curved part is orthogonal to the axis center linein
aside view, and the trailing edge is more inclined than the leading edge toward a rear
surface direction with respect to a rotation direction in planar view.

6. The horizontal shaft rotor according to any one of claims 1 to 5, wherein a maximum
thickness of the front end surface at the forward tip of the forward curved part is set to be
approximately 50% of the thickness of the base end part of a base part, and a front part of
the front end surface is a thicker lift type.

7. The horizontal shaft rotor according to any one of claims 1 to 6, wherein a rear surface
of the base part of the blade is orthogonal to the axis center line in a side view, and a front
surface of the base part is gradually inclined toward the rear surface direction from the
base end part to the radial direction middle part of the blade.



