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To provide a thrust generating device that has a simple structure and can effectively control the magnitude of a Magnus force
generated at a cylindrical blade in accordance with the direction of a flow acting on the cylindrical blade. [Solution] Provided is a
Magnus-type thrust generating device that comprises: a first member 1 that has a first rotational axis C1 and that can rotate about
the first rotational axis C1; and a second member 4 that is disposed at a rear surface side in an advancement direction of the first
member 1. (M - L)/L < 2 is satisfied, where Lis the distance from the first rotational axis C1 to the most distant part of the surface of
the first member 1 and M is the distance from the first rotational axis C1 to the closest part of the surface of the second member 4 in
a plane perpendicular to the first rotational axis C1 of the Magnus-type thrust generating device.
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ABSTRACT

To provide a thrust generating device that has a simple structure and can effectively control the
magnitude of a Magnus force generated at a cylindrical blade in accordance with the direction of a flow
acting on the cylindrical blade. [Solution] Provided is a Magnus-type thrust generating device that
comprises: a first member 1 that has a first rotational axis Cl and that can rotate about the first rotational
axis Cl; and a second member 4 that is disposed at a rear surface side in an advancement direction of the
first member L. (M - L)/L <2 is satisfied, where L is the distance from the first rotational axis Cl to the
most distant part of the surface of the first member 1 and M is the distance from the first rotational axis
C1 to the closest part of the surface of the second member 4 in a plane perpendicular to the first
rotational axis C1 of the Magnus-type thrust generating device.
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DESCRIPTION

MAGNUS TYPE THRUST GENERATING DEVICE

Technical Field

[0001] The present invention relates to a thrust generating device
using the Magnus force that a substantially cylindrical wing
rotating in fluid generates, a wind power rotating device, a
hydraulic rotating device, a tidal power rotating device which are
rotated by using the thrust generating device, and a fluid machinery
such as a wind power generator, a hydraulic power generator, and

tidal power generator rotated using the thrust generating device.

Background Art
[0002] There are conventionally known devices utilizing the Magnus

force that a cylindrical wing rotated in fluid generates.

Citation List

Patent Document

[0003] Patent Document 1l: JP 2010-143530 A
Patent Document 2: JP 2008-106619 A
Patent Document 3: JP 2007-85327 A
Patent Document 4: JP 2008-82185 A
Patent Document 5: JP 2008-175070 A
Patent Document 6: JP 2010-121518 A

Patent Document 7: JP W02013/014848

Disclosure of the Invention

Problems to be Solved by the Invention
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[0004] A vehicular aerodynamic control device as described in
Patent Document 1 is aimed at obtaining downforce to be applied
to a vehicle by utilizing the Magnus force generated by rotation
of a cylindrical wing.

[0005] A composite Magnus wing as described in Patent Document 2
is aimed at obtaining a torque of a horizontal axis wind turbine
or airplane lift force by utilizing the Magnus force.

[0006] A Magnus type wind turbine as described in Patent Document
3 or Patent Document 4 is aimed at obtaining a torque of a horizontal
axis wind turbine by utilizing the Magnus force.

[0007] When the Magnus force isutilized in a vehicle or an airplane
as in Patent Document 1 or Patent Document 2, airflow acting on
the cylindrical wing is a relative wind speed due to movement of
a vehicle or an airplane, and it is assumed that the direction of
airflow is determined by the travelling direction of a vehicle or
an airplane and is basically fixed.

[0008] Further, when the Magnus force is utilized in a horizontal
axis windmill as in Patent Document 3 or Patent Document 4, a wind
receiving surface is made to face the wind direction under yaw axis
control for the windmill, so that it is assumed that the direction
of airflow acting on the cylindrical wing is basically fixed.
[0009] However, when the Magnus force is utilized in, e.g., a
vertical axis windmill, the direction of airflow acting on the
cylindrical wing is constantly changed by a wind direction of the
moment or rotaticnal movement of the windmill itself, so that the
assumption as in Patent Document 1 to Patent Document 4 cannot be
made.

[0010] Further, in the case of the vertical axis windmill, the

direction of the Magnus force generated when the cylindrical wing
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is rotated in one direction is the same on both the windward side
and leeward side of the windmill, so that the directions of torques
of the vertical axis windmill on the both sides are opposed to each
other and thus cancel each other. Thus, the configuration of the
horizontal axis windmill cannot be applied to the vertical axis
windmill as it is.

[0011] Patent Document 5 describes a method that suppresses the
Magnus force of the opposite direction generated on the leeward
side of the windmill by shielding a cylindrical wing on the leeward
side by a wind screen device provided at the center of the windmill.
[0012] However, the wind screen device provided at the center of
the windmill cannot shield the cylindrical wing over the entire
area of the leeward side of the windmill, so that it is difficult
to efficiently suppress the Magnus force of the opposite direction
generated on the leeward side of the windmill.

[0013] Patent Document 6 describes a method that generateswindmill
torgues of the same direction on the windward side and the leeward
side of the windmill by making the rotation direction of the
cylindrical wing different between the windward side and leeward
side of the windmill to change the direction of the Magnus force.
[0014] However, since the cylindrical wings need to be changed in
direction individually and frequently according to the wind
direction, complicated control is required. Further, in an
environment where the wind direction is frequently changed, the
change of the rotation direction of the cylindrical wing does not
catch up with the change of the wind direction, which may degrade
power generation efficiency.

[0015] Patent Document 7 describes amethod that generates windmill

torques of the same direction on the windward side and leeward side
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by making two cylindrical wings into a pair and rotating them in
opposite directions.

[0016] This method makes it possible to always generate the
windmill torques of the same direction even when the wind direction
is frequently changed; however, much cost is required for use of
the pair of the cylindrical wings.

[0017] The present invention has been made in view of the above
problems, and the object thereof is to provide a simply-structured
thrust generating device capable of efficiently controlling the
magnitude of the Magnus force generated by the cylindrical wing

depending on the direction of a flow acting on the cylindrical wing.

Means for Solving the Problems
[0018] To attain the above object, there is provided a first aspect
that is a Magnus type thrust generating device including:

a first member having a first rotation axis and rotatable
about the first rotation axis; and

a second member disposed on the back surface side with
respect to the travelling direction of the first member, wherein

the first and second members are revolvable around the
second rotation axis, and

in a plane perpendicular to the first rotation axis of the
Magnus type thrust generating device, (M - L)/L < 2 is satisfied
where L is the distance between the first rotation axis and a part
of the surface of the first member that is farthest from the first
rotation axis, and M is the distance between the first rotation
axis and a part of the surface of the second member that is closest
to the first rotation axis.

[0019] A second aspect is the Magnus type thrust generating device
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according to the first invention, wherein the second member has a
substantially plate-like shape extending in the direction opposite
to the travelling direction of the first member.

[0020] A third aspect is the Magnus type thrust generating devices
according to the first or second inventions, wherein the second member
has a substantially streamlined shape extending in the direction
opposite to the travelling direction of the first member.

[00211 A fourth aspect is the Magnus type thrust generating device
according to any one of the first to third inventions, wherein the
second member has optional unevenness on its surface.

[0022] A fifth aspect is the Magnus type thrust generating device
according to any one of the first to fourth inventions, wherein the
first member has optional unevenness on its surface.

[0023] A sixth aspect is a wind power rotating device, a hydraulic
rotating device, or a tidal power rotating device using a Magnus type
thrust generating device according to any one of the first to fifth
inventions.

[0023a] According to an embodiment, there is provided a Magnus type
thrust generating device comprising: a first member having a first
rotation axis as a vertical axis and rotatable about the first
rotation axis; and a second member disposed on a back surface side
with respect to a travelling direction of the first member, wherein
the first and second members are rotatable around a second rotation
axis extending parallel to the first rotation axis, 1in a plane
perpendicular to the first rotation axis of the Magnus type thrust

generating device, (M- L)/L< 2 is satisfied, where L is the distance

CA 2988381 2019-05-22
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between the first rotation axis and a part of the surface of the first
member that is farthest from the first rotation axis, and M is the
distance between the first rotation axis and a part of the surface
of the second member that is closest to the first rotation axis, and
the second member has a shape extending in the direction opposite
to the travelling direction of the first member.

[0023b] According to another embodiment, there is provided a wind
power rotating device, a hydraulic rotating device, or a tidal power
rotating device using the Magnus type thrust generating device as

described herein.

Advantages of the Invention

[0024] When the first member is rotated in fluid, a flow 1is
accelerated by the rotation of the first member in a region (flow
acceleration side) where the flow direction and the rotation
direction of the first member coincide with each other, with the
result that the pressure on the surface of the first member is reduced,
while a flow is decelerated by the rotation of the first member in
a region (flow deceleration side) where the flow direction and the
rotation direction of the first member are opposed to each other,
with the result that the pressure on the surface of the first member

is increased.

CA 2988381 2019-05-22
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[0025] The difference between the pressure on the flow acceleration
side and the pressure on the flow deceleration side produces a thrust
force (Magnus force), so that the Magnus force acts in the direction
perpendicular to the flow direction.

[0026] When the plate-like second member is provided on the flow
acceleration side at a position where the distance between the
second member and the surface of the first member does not exceed
the diameter of the first member, the flow on the flow acceleration
side is blocked by the second member to be decelerated, making it
hard to lower the pressure on the flow acceleration side surface
of the first member. It follows that the pressure difference
between the flow acceleration side surface of the first member and
the flow deceleration side surface thereof is reduced, with the
result that the magnitude of the Magnus force generated in the first
member is reduced.

[0027] Similarly, when the second member is provided on the flow
deceleration side at a position where the distance between the
second member and the surface of the first member is smaller than
the diameter of the first member, the flow on the flow deceleration
side is blocked by the second member to be decelerated. However,
the flow deceleration side is originally a side on which the flow
is decelerated, so that a large difference does not occur in the
degree of deceleration of the flow depending on the presence/absence
of the second member. Thus, even when the second member is provided
on the flow deceleration side of the first member, the pressure
on the surface of the first member is equivalent to that when the
second member 1s absent. It follows that the pressure difference
between the flow acceleration side surface of the first member and

the flow deceleration side surface thereof does not change
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significantly, with the result that the magnitude of the Magnus
force generated in the first member is equivalent to that when the
second member is absent on the flow deceleration side of the first
member.

[0028] In the first invention, when the second member is provided
on the back surface side with respect to the travelling direction
of the first member, the second member is positioned on the flow
acceleration side or flow deceleration side of the first member,
depending on the flow direction with respect to the travelling
direction of the first member.

[0029] It is assumed here that the first invention is applied to
a vertical axis windmill and that the rotation direction of the
windmill, i.e., travelling direction of the first member is set
to the clockwise direction of the windmill.

[0030] To set the direction of the Magnus force generated in the
first member on the windward side of the windmill in the direction
in which the windmill is rotated clockwise as a whole, the first
member is rotated clockwise.

[0031] At this time, the second member provided on the back surface
side with respect to the travelling direction of the first member
exists in a range of the flow deceleration side of the first member.
[0032] Thus, the magnitude of the Magnus force in the clockwise
direction of the windmill, which is generated in the first member
on the windward side of the windmill, is equivalent to that when
the second member is absent.

[0033] On the other hand, on the leeward side of the windmill, the
direction of the Magnus force generated in the first member being
rotated clockwise is set in the direction in which the windmill

is rotated counterclockwise as a whole.
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[0034] At this time, the second member provided on the back surface
side with respect to the travelling direction of the first member
exists in a range of the flow acceleration side of the first member.
[0035] Thus, the magnitude of the Magnus force in the
counterclockwise direction of the windmill, which is generated in
the first member on the leeward side of the windmill, is reduced
as compared to that when the second member is absent.

[0036] Therefore, a torque on the windward side of the windmill
and a torque on the leeward side do not cancel each other, with
the result that the windmill is rotated clockwise.

[0037] Further, the flowdeceleration effect when the second member
is provided on the flow acceleration side of the first member can
be enhanced by making the distance between the second member and
the surface of the first member equal to or less than the diameter
of the first member, so that it is possible to control the magnitude
of the Magnus force generated in the first member more efficiently.
[0038] As described above, a thrust generating device capable of
efficiently controlling the magnitude of the Magnus force generated
in the first member according to the direction of the flow acting
on the first member can be provided by the simply-structured second
member.

[0039] In the second invention, by forming the second member into
a substantially plate-like shape extending in the opposite
direction with respect to the travelling direction of the first
member, it is possible to control more efficiently the Magnus force
generated in the first member according to the direction of the
flow acting on the first member.

[0040] It is assumed here that the second invention is applied to

a vertical axis windmill and that the rotation direction of the
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windmill, i.e., travelling direction of the first member is set
to the clockwise direction of the windmill.

[0041] At this time, the azimuth angle of the Magnus type thrust
generating device is defined as clockwise with the wind inflow
direction is 0 degrees. In this case, the second member provided
on the back surface side with respect to the travelling direction
of the first member is positioned at the center position on the
flow deceleration side of the first member when the azimuth angle
is 0 degrees, at a 45-degree position from the center of the flow
deceleration side of the first member toward the windward side when
the azimuth angle is 45 degrees, and at 90-degree position from
the center of the flow deceleration side of the first member toward
the windward side when the azimuth angle is 90 degrees, i.e., at
the boundary between the flow deceleration side and the flow
acceleration side.

[0042] At this time, when the width of the second member in the
perpendicular direction with respect to the travelling direction
of the first member is large, the end portion of the second member
blocks even a region of the flow acceleration side of the first
member as the azimuth angle becomes larger in a range of 0 degrees
to 90 degrees. Thus, the flow on the flow acceleration side 1is
blocked, with the result that the Magnus force generated in the
first member is undesirably reduced.

[0043] By forming the second member into a substantiallyplate-like
shape having a small width in the perpendicular direction with
respect to the travelling direction of the first member, the end:
portion of the second member hardly blocks a region of the flow
acceleration side even when the azimuth angle becomes larger in

a range of 0 degrees to 90 degrees. Thus, it is possible to prevent



10

15

20

25 -

CA 02988381 2017-12-05

+ 10° - CL192216KY-P

the Magnus force generated in the first member from being reduced.
[0044] In the third invention, the end portion of the second member
hardly blocks a region of the flow acceleration side even when the
azimuth angle becomes larger in a range of 0 degrees to 90 degrees
to thereby prevent reduction in the Magnus force generated in the
first member, as in the second invention. Further, in the third
invention, by forming the second member intc a substantially
streamlined shape, the fluid resistance of the second member can
be reduced.

[0045] In the fourth invention, a flow control unit having
optional unevenness such as grooves, dimples, projections or vortex
generators are formed on the surface of the second member. This
can reduce fluid resistance of the second member and noise such
as wind noise.

[0046] In the fifth invention, opticnal unevenness such as
projections or cuts are formed on the surface of the first member.
This can increase the Magnus force generated in the cylindrical
wing 1.

[0047] In the sixth invention, when the Magnus type thrust
generating devices according to the first to fifth inventions are
each applied to a wind rotating device, a hydraulic rotating device,
and a tidal power rotating device each of which has a vertical axis
or a horizontal axis extending in the perpendicular direction with
respect to the flow, the Magnus force exerted in the direction of
reversely rotating the rotating device that occurs on the downstream
side when the first member is rotated in one direction can be
suppressed by the simply-structured second member, thereby

enhancing rotation efficiency of the rotating device.
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Brief Description of the Drawings
[0048]

FIGS. 1A and 1B are plan views each illustrating a Magnus
type thrust generating device according to a first embodiment of
the present invention.

FIGS. 2A to 2C are plan views each i1lustrating amodification
of a flow blocking unit of the Magnus type thrust generating device
according to the first embodiment of the present invention.

FIGS. 3A and 3B are plan views each illustrating a Magnus
type thrust generating device according to a second embodiment of
the present invention.

FIGS. 4A and 4B are plan views each illustrating the
difference between the Magnus type thrust generating devices
according to the first and second embodiments of the present
invention.

FIG. 5 is a plan view illustrating a modification of a flow
blocking unit of the Magnus type thrust generating device according
to the second embodiment of the present invention.

FIGS. 6A to 6D are front views each illustrating a
modification of the flow blocking unit of the Magnus type thrust
generating device according to the second embodiment of the present
invention.

FIG. 7isaplanviewillustrating a wind power rotatingdevice
according to a third embodiment of the present invention.

FIG. 8 is a front view illustrating the wind power rotating
device according to the third embodiment of the present invention.

FIG. 9 is experimental data indicating the relationship
between the distance between the cylindrical wing and the flow

blocking unit and Magnus force suppression effect.
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FIG. 10 is a view illustrating the distance between a first
rotation axis and a part of the surface of the cylindrical wing
that is farthest from the first rotation axis and the distance
between the first rotation axis and a part of the surface of the
flow blocking unit that is closest to the first rotation axis.

FIGS. 11A to 11F are plan views each illustrating a
cylindrical wing according to a fourth embodiment of the present
invention.

FIG. 12 is a front view illustrating a cylindrical wing

according to a fifth embodiment of the present invention.

Best Mode for Carrying Out the Invention
[0049] Specific embodiments of the present invention will be
described below. The embodiments are merely illustrative, and the

present invention is not limited thereto.

[0050] (First Embodiment)

A Magnus type thrust generating device according to a first
embodiment of the present invention will be described.
[0051)] FIGS. 1A and 1B are plan views each illustrating the Magnus
type thrust generating device according to the first embodiment
of the present invention.
[0052] In the positional relationship illustrated in FIG. 1A, a
flow direction 5 is set to the downward direction on the paper
surface, and a travelling direction 3 of a cylindrical wing 1 is
set to the rightward direction on the paper surface. A plate-like
flow blocking unit 4 is provided on the back surface side with
respect to the travelling direction 3 of the cylindrical wing 1,

i.e., on the paper surface left side of the cylindrical wing 1 at
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a position where the distance between the flow blocking unit 4 and
the surface of the cylindrical wing 1 does not exceed the diameter
of the cylindrical wing 1.

[0053] The cylindrical wing 1 is an example of a first member of
the present invention, and the flow blocking unit 4 is an example
of a second member of the present invention.

[0054] The "back surface side with respect to the travelling
direction 3 of the cylindrical wing 1" refers to the opposite side
area of the travelling direction 3 of two areas of the cylindrical
wing 1 divided by a plane including a first rotation axis C1l of
the cylindrical wing 1 (first member) and perpendicular to the
travelling direction 3. In the example of FIG. 1A, the left side
part of the dashed dotted line corresponds to the "back surface
side with respect to the travelling direction 3 of the cylindrical
wing 1".

[0055] At this time, when a rotation direction 2 about the first
rotation axis Cl of the cylindrical wing 1 is set to the clockwise
direction, the left side part with respect to the dashed dotted
line (center line of the cylindrical wing 1) serves as a flow
deceleration side since the flow direction 5 and the rotation
direction 2 of the cylindrical wing 1 are opposite to each other,
while the right part of the dashed dotted line serves as a flow
acceleration side since the flow direction 5 and the rotation
direction 2 of the cylindrical wing 1 are the same. As described
later, the cylindrical wing 1 and the flow blocking unit 4 can
revolve around a second rotation axis 12.

[0056] The cylindrical wing 1 has a high surface pressure on the
flow deceleration side, while it has a low surface pressure on the

flow acceleration side, with the result that a Magnus force 6 is
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generated in the right direction perpendicular to the flow direction
5.

[0057] That is, the travelling direction 3 of the cylindrical wing
1 and the direction of the Magnus force 6 coincide with each other.
[0058] The flow blocking unit 4 is positioned on the flow
deceleration side of the cylindrical wing 1, so that the flow on
the flow deceleration side is blocked by the flow blocking unit
4, However, the flowdecelerationside isoriginally a side onwhich
the flow is decelerated, so that the surface pressure on the flow
deceleration side of the cylindrical wing 1 is equivalent to that
when the flow blocking unit 4 is absent. It follows that the surface
pressure difference between the flow deceleration side and the flow
acceleration side is also equivalent to that when the flow blocking
unit 4 is absent, with the result that the magnitude of the Magnus
force 6 generated in the cylindrical wing 1 is equivalent to that
when the flow blocking unit 4 is absent.

[0059] TIn the positional relationship illustrated in FIG. 1B, the
flow direction 5 is set to the downward direction on the paper
surface, and the travelling direction 3 of the cylindrical wing
1 is set to the leftward direction on the paper surface. The
plate-like flow blocking unit 4 is provided on the back surface
side with respect to the travelling direction 3 of the cylindrical
wing 1, i.e., on the paper surface right side of the cylindrical
wing 1 (the right side part with respect to the dashed dotted line).
[0060] At this time, it is assumed that the rotation direction 2
of the cylindrical wing 1 is the clockwise direction. 1In this case,
the left side part with respect to the dashed dotted line (center
line of the cylindrical wing 1) is the flow deceleration side since

the flow direction 5 and the rotation direction 2 of the cylindrical
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wing 1 are opposite to each other, while the right part with respect
to the dashed dotted line is the flow acceleration side since the
flow direction 5 and the rotation direction 2 of the cylindrical
wing 1 are the same.

[0061] The cylindrical wing 1 has a high surface pressure on the
flow deceleration side, while it has a low surface pressure on the
flow acceleration side, with the result that the Magnus force 6
is generated in the right direction perpendicular to the flow
direction 5.

[0062] That is, the travelling direction 3 of the cylindrical wing
1 and the direction of the Magnus force 6 are opposed to each other.
[0063] The flow blocking unit 4 is positioned on the flow
acceleration side of the cylindrical wing, so that the flow on the
flow acceleration side is blocked by the flow blocking unit 4 to
be decelerated, making it hard to lower the surface pressure on
the flow acceleration side of the cylindrical wing 1. It follows
that the surface pressure difference between the flow acceleration
side and the flow deceleration side is reduced, with the result
that the magnitude of the Magnus force 6 generated in the cylindrical
wing 1 is reduced.

[0064] Although the flow blocking unit 4 has a linear shape in the
example of FIGS. 1A and 1B, it may have a substantially circular
arc shape as illustrated in FIG. 2A or a substantially V-1ike shape
as illustrated in FIG. 2B.

[0065] When the flow blocking unit 4 is formed into a substantially
circular arc shape or a substantially V-like shape, the drag of
the flow blocking unit 4 can also be utilized as auxiliary thrust
for the cylindrical wing 1, depending on the flow direction.

[0066] The flow blocking unit 4 may not necessarily have a uniform
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thickness and may be formed into a substantially streamlined shape
as illustrated in FIG. 2C.
[0067] As described above, the flow blocking unit 4 may be any
tangible object having an cptional shape as long as it can have
some kind of influence on the flow on the surface of the cylindrical
wing 1, and it is clear that such tangible object has some kind
of influence on the flow on the surface of the cylindrical wing
1.
[0068] (Second Embodiment)

Next, a Magnus type thrust generating device according to
a second embodiment of the present invention will be described.
[0069] The Magnus type thrust generating device according to the
second embodiment is the same in basic configuration as the first
embodiment but differs therefrom in that the flow blocking unit
has a substantially plate-like shape extending in the direction
opposite to the travelling direction of the cylindrical wing 1.
[0070] FIGS. 3A and 3B are plan views each illustrating the Magnus
type thrust generating device according to the second embodiment
of the present invention.
[0071] In the positional relation ship illustrated in FIG. 3A, the
flow direction 5 is set to the downward direction on the paper
surface, and the travelling direction 3 of the cylindrical wing
1 is set to the rightward direction on the paper surface. The
plate-like flow blocking unit 4 extending in the direction opposite
to the travelling direction 3 of the cylindrical wing, that is,
in the leftward direction on the paper surface is provided on the
back surface side with respect to the travelling direction 3 of
the cylindrical wing 1, i.e., on the paper surface left side of

the cylindrical wing 1 (left side part with respect to the dashed
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dotted line) at a position where the distance between the flow
blocking unit 4 and the surface of the cylindrical wing 1 does not
exceed the diameter of the cylindrical wing 1.

[0072] The cylindrical wing 1 is an example of the first member
of the present invention, and the flow blocking unit 4 is an example
of the second member of the present invention.

[0073] At this time, when the rotation direction 2 of the
cylindrical wing 1 is set to the clockwise direction, the Magnus
force 6 is generated in the right direction perpendicular to the
flowdirection 5 as in the example of FIG. 1A in the first embodiment.
[0074] That is, the travelling direction 3 of the cylindrical wing
1 and the direction of the Magnus force 6 coincide with each other.
[0075] The flow blocking unit 4 is positioned on the flow
deceleration side of the cylindrical wing 1, so that, as in the
example of FIG. 1A in the first embodiment, the magnitude of the
Magnus force 6 generated in the cylindrical wing 1 is equivalent
to that when the flow blocking unit 4 is absent.

[0076] Tn the positional relationship illustrated in FIG. 3B, the
flow direction 5 is set to the downward direction on the paper
surface, and the travelling direction 3 of the cylindrical wing
is set to the leftward direction on the paper surface. The
plate-like flow blocking unit 4 extending in the direction opposite
to the travelling direction 3 of the cylindrical wing 1, that is,
in the rightward direction on the paper surface is provided on the
back surface side with respect to the travelling direction 3 of
the cylindrical wing 1, i.e., on the paper surface right side of
the cylindrical wing 1 (right side part with respect to the dashed
dotted line).

[0077] At this time, when the rotation direction 2 of the
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cylindrical wing is set to the clockwise direction, the Magnus force
6 is generated in the right direction perpendicular to the flow
direction 5 as in the example of FIG. 1B in the first embodiment.
[0078] That is, the travelling direction 3 of the cylindrical wing
and the direction of the Magnus force 6 are opposed to each other.
[0079] The flow blocking unit 4 is positioned on the flow
acceleration side of the cylindrical wing 1, so that, as in the
example of FIG. 1B in the first embodiment, the magnitude of the
Magnus force 6 generated in the cylindrical wing 1 is reduced.
[0080] Effects of the second embodiment differ from those of the
first embodiment when an azimuth angle 13 between the flow direction
5 and the Magnus type thrust generating device of the present
invention is not 0 degrees.

[0081] As illustrated in FIG. 4A, when the width of the flow
blocking unit 4 in the perpendicular direction with respect to the
travelling direction 3 of the cylindrical wing 1 is large, the end
portion of the flow blocking unit 4 blocks even the right side part
of the dashed dotted line parallel to the flow direction 5, i.e.,
the flow acceleration side area of the cylindrical wing 1, depending
on the azimuth angle 13, so that the flow on the flow acceleration
side is blocked, resulting in reduction in the magnitude of the
Magnus force 6 generated in the cylindrical wing 1.

[0082] As illustrated in FIG. 4B, when the flow blocking unit 4
is formed into a substantially plate-like shape having a width in
the perpendicular direction with respect to the travelling
direction 3 of the cylindrical wing like the flow blocking unit
4 of the second embodiment, the end portion of the flow blocking
unit 4 hardly blocks the flow acceleration side area, regardless

of the azimuth angle 13, making it possible to prevent the magnitude
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of the Magnus force 6 generated in the cylindrical wing 1 from being
reduced.

[0083] The flow blocking unit 4 extending in the direction opposite
to the travelling direction 3 of the cylindrical wing 1 may not
necessarily be formed into a plate-like shape and may be formed
into a substantially streamlined shape as illustrated in FIG. 5.
When the flow blocking unit 4 is formed into a substantially
streamlined shape, the fluid resistance of the flow blocking unit
4 can be reduced.

[0084] A flow control unit having unevenness such as grooves 7 as
illustrated in FIG. 6A, dimples or projections 8 as illustrated
in FIG. 6B, or vortex generators 9 as illustrated in FIG. 6C may
be formed on the surface of the flow blocking unit 4.

[0085] The fluid resistance of the flow blocking unit 4 and noise
such as wind noise can be reduced by such a flow control unit.
[0086] Further, a flow control unit 10 having unevenness such as
projections or cuts as illustrated in FIG. 6D may be formed in the
end portion of the flow blocking unit 4.

[0087] Noise such as windnoise can be reduced by such a flow control
unit.

[0088] The flow control unit illustrated in FIGS. 6A to 6D are
formed in the flow blocking unit 4; alternatively, however, the
unevenness may be formed on the surface of the cylindrical wing
1, and in this case, the same effects as those when the unevenness
is formed in the flow blocking unit 4 can be obtained. The groove
7, dimple or projection 8, vortex generator 9, and flow control
unit 10 are each an example of unevenness of the second member of
the present invention.

[0089] (Third Embodiment)



10

15

20

25

CA 02988381 2017-12-05

< 20" - CL192216KY-P

Next, a wind power rotating device according to a third
embodiment of the present invention using the above-described
Magnus type thrust generating device will be described.

[0090] FIG. 7 is a plan view of the wind power rotating device
according to the third embodiment of the present invention.
[0091] A plurality of support members 11la, 11lb, and 11c are mounted
to the second rotation axis 12 of the wind power rotating device,
and cylindrical wings la, 1lb, and lc and flow blocking unit 4a,
4b, and 4c are mounted to the support members 1lla, 1llb, and 1llcg,
respectively. The flow blocking units 4a, 4b and 4c are each
provided at a position where the distance between each of them and
the surface of the corresponding cylindrical wing does not exceed
the diameter of the cylindrical wing.

[0092] The cylindrical wings la, 1lb, and lc are each an example
of the first member of the present invention, and the flow blocking
units 4a, 4b, and 4c are each an example of the second member of
the present invention.

[0093] The cylindrical wings la, 1b, and 1c and flow blocking units
4a, 4b, and 4c can revolve around the second rotation axis 12 through
the support members 1lla, 1llb, and 1llc.

[0094] The numbers of the support members, cylindrical wings, and
flow blocking units mounted to the second rotation axis 12 are each
three in this example, but this is merely an example, and the numbers
of the above members may be optiocnally decided.

[0095] As illustrated in FIG. 8, the cylindrical wings la, 1lb, and
lc and flow blocking units 4a, 4b, and 4c may be supported at their
respective both ends by a pair of support members 11d and 1lle.
[0096] When the cylindrical wings la, 1lb, and lc are rotated in

airflow, Magnus forces 6a, 6b, and 6c are génerated in the respective
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cylindrical wings la, 1b, and l¢, thereby rotating the wind power
rotating device around the second rotation axis 12.

[0097] The cylindrical wings la, 1b, and lcmay be rotated by motors
provided at the rcots of the respective cylindrical wings la, 1lb,
and 1lc, or by a single motor provided near the second rotation axis
12. 1In the latter case, a torque may be transmitted to the
cylindrical wings through chains or belts.

[0098] In the third embodiment, the flow direction 5 is set to the
downward direction on the paper surface, rotation directions 2a,
2b, and 2c¢ of the respective cylindrical wings are each set to the
clockwise direction so as to rotate the wind power rotating device
clockwise about the second rotation axis 12, and the flow blocking
units 4a, 4b, and 4c are provided on the back surface sides with
respect to travelling directions 3a, 3b, and 3c of the respective
cylindrical wings.

[0099] At this time, the direction of the Magnus force 6a generated
in the cylindrical wing la disposed on the windward side of the
wind power rotating device is the rightward direction on the paper
surface, i.e., a direction in which the wind power rotating device
is rotated in the clockwise direction.

[0100] The flow blocking unit 4a is positioned within a range of
the flow deceleration side of the cylindrical wing la, so that the
magnitude of the Magnus force 6a generated in the cylindrical wing
la is equivalent to that when the flow blocking unit 4a is absent.
[0101] On the other hand, the directions of the Magnus forces 6b
and 6c generated in the cylindrical wings 1lb and 1lc disposed on
the leeward side of the wind power rotating device are each also
the rightward direction on the paper surface, i.e., a direction

in which the wind power rotating device is rotated in the
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counterclockwise direction.

[0102] The flow blocking units 4b and 4c provided on the back
surface sides with respect to the travelling directions 3b and 3c
of the cylindrical wings are positioned within a range of the flow
acceleration sides of the respective cylindrical wings 1b and lc.
[0103] Thus, themagnitudes of the Magnus forces 6b and 6c generated
in the cylindrical wings 1lb and lc are reduced as compared to that
when the flow blocking units 4b and 4c are absent.

[0104] That is, a clockwise torgue generated on the windward side
of the wind power rotating device and a counterclockwise torque
generated on the leeward side do not cancel each other, with the
result that the wind power rotating device is rotated clockwise.
[0105] As described above, by applying the Magnus type thrust
generating device according to the present invention to the wind
power rotating device having a vertical axis or a horizontal axis
perpendicular to the wind direction, the Magnus force exerted in
the direction of reversely rotating the wind power rotating device
that is generated on the downstream side of the wind power rotating
device when the cylindrical wing is rotated in one direction is
suppressed by the simply-structured flow blocking unit, whereby
rotation efficiency of the wind power rotating device can be

enhanced.

[0106] When a generator is mounted to the second rotation axis 12
of the third embodiment, a wind power generator can be obtained.
[0107] The torque of the second rotation axis 12 can be utilized
as a means for driving a rotating machine such as a pump.

[0108] The rotation direction of the wind power rotating device
may be set to the counterclockwise direction. In this case, the

rotation direction of each cylindrical wing is set to the
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counterclockwise direction, and the flow blocking unit is provided
on the back surface side with respect to the travelling direction
of the cylindrical wing.

[0109] Although the wind power rotating device is exemplified in
the third embodiment, the same can be applied to a hydraulic rotating
device and a tidal power rotating device.

[0110] (Experimental Data)

FIG. S is experimental data obtained as a result of
experiments conducted using a cylindrical wing with ribs(diameter:
100 mm) and a plate-like flow blocking unit (width: 100 mm,
thickness: 5 mm) extending in the opposite direction with respect
to the travelling direction of the cylindrical wing under a
condition of wind speed: 5 m/s. FIG. 10 is a view illustrating a
distance L between the first rotation axis Cl and a part of the
surface of the cylindrical wing 1 that is farthest from the first
rotation axis C1 and a distance M between the first rotation axis
Cl and a part of the surface of the flow blocking unit 4 that is
closest to the first rotation axis C1.

[0111] In the graph of FIG. 9, the horizontal axis indicates a value
obtained by dividing the distance (M - L (M: distance between the
center of the cylindrical wing and the flow blocking unit, L: radius
of the cylindrical wing)) between the cylindrical wing and the flow
blocking unit by L. The vertical axis indicates the measurement
value of the Magnus force. The term "airflow deceleration side"
refers to the Magnus force generated when the flow blocking unit
is provided only the airflow deceleration side (corresponding to
the case of FIG. 1A), and the term "airflow acceleration side" refers
to the Magnus force generated when the flowblocking unit is provided

only the airflow acceleration side (corresponding to the case of
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FIG. 1B). The term "difference" refers to the difference between
the Magnus force generated in the case of "airflow deceleration
side" and the Magnus force generated in the case of "airflow
acceleration side".
[0112] The graph of FIG. 9 illustrates the following items.
[0113] That is, when the flow blocking unit is provided on the
alrflow deceleration side, a substantially constant positive
Magnus force is generated regardless of the value of (M - L)/L.
[0114] On the other hand, when the flow blocking unit is provided
on the airflow acceleration side, a negative Magnus force becomes
less as the value of (M - L)/L is smaller.
[0115] Thus, the smaller the value of (M - L)/L, the larger the
difference between the Magnus force generated when the flow blocking
unit is provided on the airflow deceleration side and the Magnus
force generated when the flow blocking unit is provided on the
airflow acceleration side becomes.
[0116] When the value of (M - L)/L exceeds 2, the above-mentioned
difference becomes substantially 0. This implies that the Magnus
force generated when the flow blocking unit is provided on the
airflow deceleration side and the Magnus force generated when the
flow blocking unit is provided on the airflow acceleration side
canicel each other as a whole, so that effects of the present
invention cannot be obtained.
[0117] Thus, the value of (M - L)/L is desirably smaller than 2,
more desirably smaller than 1, and still more desirably smaller
than 0.4.
[0118] (Fourth Embodiment)

Next, a Magnus type thrust generating device according to

a fourth embodiment of the present invention will be described.
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[0119] FIGS. 11A to 11F are plan views each illustrating the
cylindrical wing 1 according to the fourth embodiment of the present
invention.

[0120] The Magnus type thrust generating device according to the
fourth embodiment differs in terms of the cross-sectional shape
of the cylindrical wing 1. The cylindrical wing 1 according to the
fourth embodiment has opticnal unevenness on its surface.
[0121] In the cylindrical wing 1 illustrated in FIG. 11A, three
ribs 13 each having a triangular cross section are formed on the
surface thereof so as to be parallel to the rotation axis Cl.
Although the number of the ribs 13 is not especially limited, it
is preferably about three to eight. The height of each rib 13 is
preferably equal to or less than 10% of the diameter of the
cylindrical wing 1. The distance between the first rotation axis
C1l and the highest position of each rib 13 is defined as the distance
L between the first rotation axis Cl and a part of the surface of
the cylindrical wing 1 that is farthest from the first rotation
axis Cl1l, as illustrated in FIG. 11A.

[0122] In the cylindrical wing 1 illustrated in FIG. 11B, two ribs
13 each having a triangular cross section and two ribs 14 each having
a quadrangular cross section are formed on the surface thereof so
as to be parallel to the rotation axis Cl. Although the number of
the ribs 13 and that of the ribs 14 are each not especially limited,
the total number of the ribs 13 and 14 is preferably about three
to eight. The height of the rib 13 and that of the rib 14 are each
preferably equal to or less than 10% of the diameter of the
cylindrical wing 1. The distance between the first rotation axis
Cl and the highest position of the rib 13 or rib 14 is defined as

the distance L between the first rotation axis Cl and a part of
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the surface of the cylindrical wing 1 that is farthest from the
first rotation axis Cl, as illustrated in FIG. 11B.

[0123] In the cylindrical wing 1 illustrated in FIG. 11C, six cuts
15 each having a circular arc cross section are formed on the surface
thereof so as to be parallel to the rotation axis Cl. Although the
number of the cuts 15 is not especially limited, it is preferably
about three to eight. The depth of each cut 15 is preferably equal
to or less than 10% of the diameter of the cylindrical wing 1. The
distance between the first rotation axis Cl and the surface of the
cylindrical wing 1 is defined as the distance L between the first
rotation axis C1l and a part of the surface of the cylindrical wing
1 that is farthest from the first rotation axis Cl, as illustrated
in FIG. 11C.

[0124] In the cylindrical wing 1 illustrated in FIG. 11D, four cuts
15 each having a circular arc cross section and four cuts 16 each
having a quadrangular cross section are formed on the surface
thereof so as to be parallel to the rotaticon axis Cl. Although the
number of the cuts 15 and that of the cuts 16 are each not especially
limited, the total number of the cuts 15 and 16 is preferably about
three to eight. The depth of the cut 15 and that of the cut 16 are
each preferably equal to or less than 10% of the diameter of the
cylindrical wing 1. The distance between the first rotation axis
Cl and the surface of the cylindrical wing 1 is defined as the
distance L between the first rotation axis Cl and a part of the
surface of the cylindrical wing 1 that is farthest from the first
rotation axis Cl, as illustrated in FIG. 11D.

[0125] In the cylindrical wing 1l illustrated in FIG. 11E, four ribs
14 each having a quadrangular cross section and four cuts 16 each

having a quadrangular cross section are formed on the surface
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thereof so as to be parallel to thg rotation axis Cl. Although the
number of the ribs 14 and that of the cuts 16 are each not especially
limited, the total number of the ribs 14 and cuts 16 is preferably
about three to eight. The height of the rib 14 and the depth of
the cut 16 are each preferably equal to or less than 10% of the
diameter of the cylindrical wing 1. The distance between the first
rotation axis C1l and the highest position of each rib 14 is defined
as the distance L between the first rotation axis Cl and a part
of the surface of the cylindrical wing 1 that is farthest from the
first rotation axis Cl, as illustrated in FIG. 11E.

[0126] In the cylindrical wing 1 illustrated in FIG. 11F, two ribs
14 each having a quadrangular cross section, two ribs 17 each having
a circular arc cross section, and two cuts 18 each having a
triangular cross section are formed on the surface thereof so as
to be parallel to the rotation axis Cl. Although the number of the
ribs 14, that of the ribs 17, and cuts 18 are each not especially
limited, the total number of the ribs 14, ribs 17, and cuts 18 is
preferably about three to eight. The height of the rib 14, height
of the rib 17, and the depth of the cut 18 are each preferably equal
to or less than 10% of the diameter of the cylindrical wing 1. The
distance between the first rotation axis Cl and the highest position
of each rib 14 is defined as the distance L between the first rotation
axis C1 and a part of the surface of the cylindrical wing 1 that
is farthest from the first rotation axis Cl1l, as illustrated in FIG.
11F.

[0127] The cylindrical wing 1 is an example of the first member
of the present invention, and the ribs 13, 14 and 17 and cuts 15,
16 and 18 are each an example of unevenness of the first member

of the present invention.
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[0128] As described above, by forming optional unevenness such as
projections or cuts on the surface of the cylindrical wing 1, the
Magnus force generated in the cylindrical wing 1 can be increased.
[0129] (Fifth Embodiment)

Next, a Magnus type thrust generating device according to
a fifth embodiment of the present invention will be described.
[0130] FIG. 12 is a front view of the cylindrical wing 1 according
to the fifth embodiment of the present invention.
[0131] In the Magnus type thrust generating device according to
the fifth embodiment, a large diameter part D is formed at the both
ends of the cylindrical wing 1 in the first rotation axis Cl
direction. The large diameter part D is rotated integrally with
the cylindrical wing 1. By forming the large diameter part D at
both ends of the cylindrical wing 1, the flows generated near the
center and both ends of the cylindrical wing 1 are made uniform,
with the result that the Magnus force generated in the cylindrical

wing 1 is increased.

Industrial Applicability

[0132] The Magnus type thrust generating device according to the
present invention can efficiently control the magnitude of the
Magnus force generated in the cylindrical wing according to the
direction of the airflow acting on the cylindrical wing with a simple
structure and is useful as a thrust generating device for driving
a wind power rotating device, a hydraulic rotating device, a tidal
power rotating device, and a fluid machinery such as a wind power

generator, a hydraulic power generator, and tidal power generator.

Reference Signs List
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[0133] 1, 1la, 1lb, 1lc: Cylindrical wing
2, 2a, 2b, 2c: Rotation direction of cylindrical wing
3, 3a, 3b, 3c: Travelling direction of cylindrical wing
4, 4da, 4b, 4c: Flow blocking unit
5: Flow direction
6, 6a, 6b, 6c: Magnus force
7: Groove
8: Dimple or projection
9: Vortex generator
10: Projection or cut
11, 1l1a, 11b, 1lc, 11d, lle: Support member
12: Second rotation axis

13: Azimuth angle of Magnus type thrust generating device
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CLAIMS:
1. A Magnus type thrust generating device comprising:

a first member having a first rotation axis as a vertical

axis and rotatable about the first rotation axis; and

a second member disposed on a back surface side with

respect to a travelling direction of the first member, wherein

the first and second members are rotatable around a second

rotation axis extending parallel to the first rotation axis,

in a plane perpendicular to the first rotation axis of the
Magnus type thrust generating device, (M - L)/L< 2 1is
satisfied, where L is the distance between the first rotation
axis and a part of the surface of the first member that is
farthest from the first rotation axis, and M is the distance
between the first rotation axis and a part of the surface of
the second member that is closest to the first rotation axis,

and

the second member has a shape extending in the direction

opposite to the travelling direction of the first member.

2. The Magnus type thrust generating device according to

claim 1, wherein

the second member has a substantially plate-like shape or
a substantially streamlined shape extending in the direction

opposite to the travelling direction of the first member.

3. The Magnus type thrust generating device according to any

one of claims 1 and 2, wherein

CA 2988381 2019-05-22
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when an azimuth angle of the Magnus type thrust generating
device is 90 degrees, and at least a part of the second member
is positioned on a flow acceleration side that is a region
where a fluid flow direction and the rotation direction of the

first member coincide with each other.

4. The Magnus type thrust generating device according to any

one of claims 1 to 3, wherein

in the plane perpendicular to the first rotation axis of

the Magnus type thrust generating device,

the second member is disposed between a first tangent line
and a second tangent line, the first tangent line being drawn
on a part of the surface of the first member that is closest to
the second rotation axis, the second tangent line being drawn
on a part of the surface of the first member that is farthest

from the second rotation axis.

5. The Magnus type thrust generating device according to any

one of claims 1 to 4, wherein

at least one of the first member and the second member has

surface unevenness.

6. A wind power rotating device, a hydraulic rotating device,
or a tidal power rotating device using the Magnus type thrust

generating device as claimed in any one of claims 1 to 5.

CA 2988381 2019-05-22
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