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(57) Abrégée/Abstract:

It Is an object to provide a stirring rotor and a stirring device capable of performing a stirring operation In a safe and efficient
manner, Irrespective of intended purposes. A stirring rotor 1 of the present invention comprises a rotor body 10 adapted to be
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(57) Abrege(suite)/Abstract(continued):

rotated about a rotation axis C, an inlet port 12 provided in an outer surface of the rotor body 10, an outlet port 14 provided in the
outer surface of the rotor body 10, and a flow passage 16 communicating the inlet port 12 with the outlet port 14. The Iinlet port 12
IS provided at a position closer to the rotation axis C than the outlet port 14, and the outlet port 14 Is provided at a position more
outward in a centrifugal direction from the rotation C axis than the inlet port 12.



CA 02763226 2011-12-22

ABSTRACT

It 1s an object to provide a stirring rotor and a stirring device capable of performing a stirring
operation in a safe and efficient manner, irrespective of intended purposes. A stirring rotor 1 of
the present invention comprises a rotor body 10 adapted to be rotated about a rotation axis C, an
inlet port 12 provided in an outer surface of the rotor body 10, an outlet port 14 provided 1n the
outer surface of the rotor body 10, and a flow passage 16 communicating the inlet port 12 with
the outlet port 14. The inlet port 12 1s provided at a position closer to the rotation axis C than
the outlet port 14, and the outlet port 14 1s provided at a position more outward 1n a centrifugal

direction from the rotation C axis than the inlet port 12.
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TITLE OF THE INVENTION

Stirring rotor and stirring device

TECHNICAL FIELD
[0001]
The present invention relates to a stirring rotor and a stirring device for stirring a liquid or

various other fluids to perform a mixing operation, a dispersing operation, or the like.

BACKGROUND ART
10002}

Heretofore, for example, in an operation of mixing two or more types of fluids or uniformly
dispersing various materials, such as a powder, in a fluid, an agitator or stirrer has been used
which is designed to rotate an impeller in a fluid. Typically, the impeller is provided with
propeller blades or turbine blades, and adapted, upon being rotated, to cause a flow of the tlud
SO as to stir the flud.

[0003]

The stirrer includes a dominant type which is used under a condition that 1t 1s permanently
installed in a tank for receiving a fluid therein. It also includes a handy type which is often
used for stirring a fluid, such as paint, at a job site just before use of the fluid. Typically, the
handy-type stirrer is designed such that the impeller 1s provided at a distal end of a drive shaft of
a hand drill-shaped drive unit, wherein a user holds the drive unit with both hands and inserts the

impeller into a container containing a stirrable substance to be stirred, such as paint, to stir the

stirrable substance according to rotation of the impeller.
[0004]

However, the handy-type stirrer has a problem that 1t requires careful handling because of
danger from sharp blade tips of the impeller to be rotated at a high speed. There is another
problem that, if the impeller with many protrusions is hit against the container, or the impeller
undergoes fatigue fracture, a portion of the container or an edge of the impeller is likely to be

chipped or scraped, and mixed in the stirrable substance.

-1 -
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[0005]

The impeller is adapted to cause a flow of a stirrable substance through collision with the
stirrable substance. Thus, the stirrer with the impeller has yet another problem that the impeller
is apt to be shaken due to a counteracting force occurring when the impeller is put in the stirrable
substance while being rotated, or starts being rotated within the stirrable substance.
Consequently, user inexperience in operating the stirrer frequently causes an undesirable
situation, such as hitting of the impeller against the container or scattering of the stirrable
substance outside the container.

10006]

In cases where the stirrable substance includes a precipitate, the precipitate can be
adequately dispersed only if the stirrable substance is stirred while keeping the impeller in
contact with a bottom wall of the container. Thus, the stirrer with the impeller has still another
problem that debris or chips caused by contact between the impeller and a wall surface of the
container are likely to be mixed 1n the stirrable substance.

[0007]

The stirrer with the impeller has yet still another problem that powder particles mixed in the
stirrable substance are likely to be pulverized due to collision with the impeller. Thus, in cases
where it 1s required to keep the mixed powder particles from being pulverized, for example, as in
metallic paint, it 1s difficult to sufficiently stir the stirrable substance.

[0008]

Meanwhile, there has also been proposed a mixer for a high viscous fluid, wherein the

impeller comprises a cylindrical body which has a 6-sided column shaped contour with a lateral

surface provided with a plurality of holes, instead of using propeller blades or turbine blades

(see, for example, the following Patent Document 1).

PRIOR ART DOCUMENTS
[PATENT DOCUMENTS]
(0009]

Patent Document 1: JP 5-154368A
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SUMMARY OF THE INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0010]

However, the high viscous fluid mixer disclosed in the Patent Document 1 is provided with
an impeller having a 6-sided column shaped contour, and designed to cause a flow of a stirrable
substance, primarily by means of collision between an outer wall of the impeller and the stirrable
substance, so that it cannot solve the problem of a counteracting force occurring when the
impeller starts being rotated, and the problem of pulverization of powder particles in a stirrable
substance.

[0011]

The mixer 1s intended to allow the stirrable substance to flow out through the holes in the
lateral surface. However, an inner space of the impeller has a large volume relative to the holes
in the lateral surface, so that a flow rate of the stirrable substance in the inner space of the
impeller becomes lower, which causes a problem that, when the mixer 1s used for a long period
of time, a stagnant substance 1s liable to adhere and accumulate onto an inner surface of the
impeller, resulting in deterioration of stirring capability.

[0012]

In view of the above circumstances, it 1s an object of the present invention to provide a

stirring rotor and a stirring device capable of performing a stirring operation in a safe and

efficient manner, irrespective of intended purposes.

[MEANS FOR SOLVING THE PROBLEM]
[0013]

The present invention provides a stirring rotor which comprises: a rotor body adapted to be
rotated about a rotation axis; an inlet port provided in an outer surface of the rotor body; an
outlet port provided in the outer surface of the rotor body; and a flow passage communicating the
inlet port with the outlet port, wherein the inlet port is provided at a position closer to the rotation

axis than the outlet port, and the outlet port is provided at a position more outward in a

centrifugal direction from the rotation axis than the inlet port.

-3 -
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[0014]

In the stirring rotor of the present invention, the rotor body may be configured such that a
cross-section thereof perpendicular to the rotation axis has a circular shape.

[0015]

In the above stirring rotor, the rotor body may have a semi-spherical or semi-ellipsoidal

shape.
[0016]

Alternatively, in the above stirring rotor, the rotor body may be configured in a spherical or

ellipsoidal shape.
[0017]

In the above stirring rotor, the rotor body may be configured in a shape where at least one of
opposite base surfaces of a circular column or a disk is formed as a spherical surtace.
[0018]

In the stirring rotor of the present invention, the rotor body may be configured such that an
outer peripheral shape of a cross-section of at least a part thereof pefpendicular to a direction of
the rotation axis has a shape where a plurality of convex or concave segments are provided in a
circle.

[0019]

In the above stirring rotor, each of the convex or concave segments may be configured such

that a contour shape thereof in the cross-section perpendicular to the direction of the rotation axis

has a generally triangular shape.
[0020]

In the above stirring rotor, the outer peripheral shape of the cross-section of at least a part of
the rotor body perpendicular to the direction of the rotation axis may be configured as a

polygonal shape by the convex or concave segments.

(0021]

In the above stirring rotor, the outer peripheral shape of the cross-section of at least a part of
the rotor body perpendicular to the direction of the rotation axis may be configured as a 12 or

more-sided polygonal shape by the convex or concave segments.

_ 4 -
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(0022]

In the above stirring rotor, a corner of a top of each of the convex segments may be

rounded.

10023]

Alternatively, in the above stirring rotor, each of the convex or concave segments may be

configured such that a contour shape thereof in the cross-section perpendicular to the direction of

the rotation axis has a generally arc shape.

10024]

In the stirring rotor of the present invention, the rotor body may be configured 1n a shape

where a thickness of at least a part thereof in a direction of the rotation axis gradually decreases

toward an outward side in the centrifugal direction.

[0025]

In the stirring rotor of the present invention, the rotor body has an inclined surface which
extends to become gradually farther away from the rotation axis, in a direction from one side to

the other side of the rotation axis, wherein at least a part of the outlet port 1s located in the

inclined surface.

10026]

In the stirring rotor of the present invention, a ratio of a cross-sectional area of the inlet port
perpendicular to a flow therein to a cross-sectional area of the outlet port perpendicular to a flow

therein 1s set in a range of 1/3 to 3.

[0027]
The stirring rotor of the present invention may include a plurality of the outlet ports,

wherein the inlet port and the flow passage are provided with respect to a respective one of the

plurality of outlet ports.
10028]

In the stirring rotor of the present invention, the inlet port may be provided on a side

opposite to a drive shaft to be connected to the rotor body so as to rotate the rotor body.
[0029]

In the stirring rotor of the present invention, the inlet port may be provided on an outward

.5 -
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side in the centrifugal direction with respect to the rotation axis.

[0030]

In the stirring rotor of the present invention, the flow passage is configured to communicate
the inlet port with the outlet port in plurality to one relationship, wherein the plurality of inlet
ports communicated with the one outlet port are arranged such that they are different from each
other in terms of a distance from the rotation axis in the centrifugal direction.

[0031]

The stirring rotor of the present invention may further comprise a gas suction port provided
in the outer surface of the rotor body at a position closer to the rotation axis than the outlet port,
and a gas passage communicating the gas suction port with the outlet port, wherein the stirring
rotor is usable in a posture where the gas suction port is exposed to gas outside of a stirrable
substance, so as to allow the outside gas to be sucked from the gas suction port and introduced
1into the stirrable substance.

[0032]

The stirring rotor of the present invention may further comprise a guide member for guiding
a flow from the outlet port 1n a given direction.

10033]

In the stirring rotor of the present invention, the rotor body may be connected to a drive
shaft for rotating the rotor body, wherein the drive shaft has an in-shaft passage communicating
an opening provided therein with the flow passage.

[0034]

In the above stirring rotor, the opening may be provided in a portion of the drive shaft to be

located outside the stirrable substance.

10035]

In the above stirring rotor, the opening is provided in a portion of the drive shaft to be

located 1nside the stirrable substance.

(0036]

In the above stirring rotor, a supply device is connected to the in-shaft passage to supply a

fluid or a mixture of a fluid and a solid to the flow passage via the in-shaft passage.

.6 -
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(0037]

The present invention also provides a stirring device which comprises a plurality ot the

stirring rotors as described above, wherein the plurality of stirring rotors are arranged in a

direction of the rotation axis.

[EFFECT OF THE INVENTION]
(0038]

The present invention can achieve a beneficial effect of being able to perform a stirring

operation in a safe and efficient manner, irrespective of intended purposes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039]

FIG. 1(a) is a top plan view of a stirring rotor according to a first embodiment of the present

invention.

FIG. 1(b) 1s a front view of the stirring rotor.

FIG. 2(a) 1s a top plan view illustrating an operation of the stirring rotor.

FIG. 2(b) 1s a front view illustrating the operation of the stirring rotor.

FIGS. 3(a) and 3(b) are schematic diagrams 1llustrating an example of how the stirring rotor
1s used.

FIGS. 4(a) and 4(b) are schematic diagrams 1llustrating other examples of how the stirring
rotor 1s used.

FIGS. 5(a) and 5(b) are front views illustrating examples of a modified configuration of a
flow passage.

FIGS. 6(a) to 6(c) illustrate examples of a modified configuration of an inlet port, an outlet
port and the flow passage.

FIGS. 7(a) and 7(b) are front views illustrating examples of a modified shape of a rotor
body.

FIGS. 8(a) and 8(b) are front views 1llustrating other examples of the modified shape of the

rotor body.
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FIG. 9(a) is a front view illustrating an example where the inlet port is provided on the side
of a drive shatft.

FIG. 9(b) is a front view illustrating an example where the stirring rotor is provided with a
gas suction port for sucking a gas outside of a fluid, and a gas passage communicating the gas
suction port with the outlet port.

FIG. 10(a) and 10(b) are front views illustrating examples where the stirring rotor 1s
configured to be capable of capturing foreign substances.

FIG. 11 is a front view illustrating an example of a stirring device based on the first
embodiment.

FIG. 12(a) 1s a top plan view of a stirring rotor according to a second embodiment of the
present 1nvention.

- FIG. 12(b) 1s a front view (side view) of the stirring rotor.

FIG. 12(c) 1s a bottom view of the stirring rotor.

FIG. 13(a) 1s a top plan view 1llustrating an operation of the stirring rotor.

FIG. 13(b) 1s a sectional view illustrating the operation of the stirring rotor.

FIGS. 14(a) and 14(b) are schematic diagrams 1llustrating an example of how the stirring
rotor 1s used.

FIGS. 15(a) to 15(c) illustrate examples of a modified configuration of an inlet port, an
outlet port and a flow passage.

FIGS. 16(a) to 16(c) 1llustrate additional examples of the modified configuration of the inlet
port, the outlet port and the flow passage.

FIGS. 17(a) to 17(c) 1llustrate other examples of the modified configuration of the inlet

port, the outlet port and the flow passage.

FIG. 18(a) illustrates an outer peripheral shape of a cross-section of a rotor body of the
stirring rotor perpendicular to a central axis of the rotor body.

FIG. 18(b) 1s an enlarged view of the area A in FIG. 18(a).

FIGS. 19(a) to 19(d) illustrate examples of a modified shape of a convex segment.

FIGS. 20(a) to 20(d) illustrate examples of a shape of a concave segment.

FIGS. 21(a) to 21(c) 1llustrate an example of a modified shape of the rotor body of the

-8 .
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stirring rotor.

FIGS. 22(a) to 22(c) illustrate another example of the modified shape of the rotor body of
the stirring rotor.

FIGS. 23(a) to 23(c) illustrate yet another example of the modified shape of the rotor body
of the stirring rotor.

FIGS. 24(a) to 24(c) illustrate still another example of the modified shape of the rotor body
of the stirring rotor.

FIGS. 25(a) to 25(c) illustrate yet still another example of the modified shape of the rotor
body of the stirring rotor. .

FIGS. 26(a) to 26(c) illustrate another further example of the modified shape of the rotor
body of the stirring rotor.

FIGS. 27(a) to 27(c) illustrate still a further example of the modified shape of the rotor body
of the stirring rotor.

FIGS. 28(a) to 28(c) illustrate an additional example of the modified shape of the rotor body
of the stirring rotor.

FIGS. 29(a) to 29(c) illustrate yet an additional example of the modified shape of the rotor
body of the stirring rotor.

FIGS. 30(a) to 30(c) illustrate other example of the modified shape of the rotor body of the
stirring rotor.

FIGS. 31(a) and 31(b) are front views 1llustrating examples of a stirring device based on the
second embodiment.

F1G. 32(a) 1s a top plan view of a stirring rotor according to a second embodiment of the

present invention.
FIG. 32(b) 1s a front view of the stirring rotor.
FIG. 32(c) 1s a bottom view of the stirring rotor.
FIG. 33 1s a partially sectional view of the stirring rotor.
FIG. 34(a) is a top plan view illustrating an operation of the stirring rotor.
FIG. 34(b) 1s a front view illustrating the operation of the stirring rotor.

FIGS. 35(a) and 35(b) are schematic diagrams illustrating an example of how the stirring

.9 .
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rotor 1s used.

FIGS. 36(a) to 36(c) are partially sectional views illustrating examples of how the stirring
rotor 1s used.

FIGS. 37(a) to 37(c) are front views showing examples of a modified arrangement of an
inlet port and an outlet port.

FIG. 38 is a front view illustrating an example of a modified shape of a rotor body.

FIG. 39 is a front view illustrating an example of the modified shape of the rotor body.

FIGS. 40(a) to 40(d) are sectional views illustrating examples of a modified configuration
of a connection port.

FIG. 41 is a front view 1llustrating an example of a stirring device based on the second
embodiment.

FIG. 42(a) 1s a top plan view of a stirring rotor according to a third embodiment of the
present invention.

FIG. 42(b) 1s a front view of the stirring rotor.

FIG. 42(c) 1s a bottom view of the stirring rotor.

FIG. 43(a) 1s a top plan view illustrating an operation of the stirring rotor.

FIG. 43(b) 1s a front view 1llustrating the operation of the stirring rotor.

FIGS. 44(a) and 44(b) are schematic diagrams illustrating an example of how the stirring
rotor 1s used.

FIGS. 45(a) to 45(c¢) are front views 1illustrating examples where a rotor body 1s configured
in a spherical shape.

FIGS. 46(a) to 46(c) are front views 1llustrating other examples where the rotor body 1is

configured in a spherical shape.
FIGS. 47(a) to 47(c) are front views illustrating examples of a modified shape of the rotor

body.

FIGS. 48(a) to 48(c) are front views illustrating examples where the rotor body is provided

with a guide member.

FIGS. 49(a) to 49(c) are front views illustrating examples where the inlet port is

communicated with the outlet port in plurality-to-one relationship.

- 10 -



CA 02763226 2011-12-22

FIGS. 50(a) to 50(c) are partially sectional views illustrating an example where an in-shatt
passage is provided in a drive shaft connected to the rotor body.

FIGS. 51(a) to 51(d) are sectional views illustrating examples of a modified contiguration
of a connection port.

FIG. 52 is a front view illustrating an example of a stirring device based on the third

embodiment.

DESCRIPTION OF EMBODIMENTS
[0040]
With reference to the accompanying drawings, various embodiments of the present

invention will now be described.

[0041]
<FIRST EMBODIMENT>

A structure of a stirring rotor 1 according to a first embodiment of the present invention will
be described below. FIG. 1(a) 1s a top plan view of the stirring rotor 1, and FIG. 1(b) 1s a front
view of the stirring rotor 1 (a side view i1s identical thereto). As 1llustrated in FIGS. 1(a) and
1(b), the stirring rotor 1 comprises a generally semi-spherical shaped rotor body 10, a plurality of
inlet ports 12 provided 1n an outer surface of the rotor body 10, a plurality of outlet ports 14
provided in the outer surface of the rotor body 10, and a flow passage 16 formed inside the rotor
body 10 to communicate the inlet ports 12 with the outlet ports 14.

10042]

In the first embodiment, the rotor body 10 is configured in a generally semi-spherical shape,
specifically, in a shape where one 10b of opposite base surfaces of a disk is formed as a spherical
surface. The rotor body 10 has a connection portion 18 provided in the center of the other base
surtace 10a thereof to allow a drive shaft 20 of a drive unit such as a motor to be connected
thereto. Thus, the stirring rotor 1 is adapted to be rotated about a rotation axis defined by a
central axis C of the rotor body 10. A technique for the connection between the drive shaft 20

and the connection portion 18 may be any conventional means, such as thread connection or

engagement connection.

- 11 -
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[0043]

In the first embodiment, a portion of the rotor body 10 other than the flow passage 16 1s
configured as a solid structure to provide enhanced strength of the rotor body 10. A material
for forming the rotor body 10 is not particularly limited, but an appropriate material suitable for
its use conditions, such as metal, ceramics, resin, rubber or wood, may be employed. The rotor
body 10 in the first embodiment is designed in a simple and easily-fabricatable or machinable
configuration, so that it becomes possible to form the rotor body 10 from a wide variety of
materials without being restricted by production processes.

[0044]

The 1nlet ports 12 are provided in the base surface 10b of the rotor body 10 on a side
opposite to the connection portion 18. In the first embodiment, the number of the inlet ports 12
1s four, wherein the four inlet ports 12 are arranged side-by-side on a circle having a center at the
central axis C, in equally spaced relation to each other, and each of the four inlet ports 12 is
formed 1n the same direction as that of the central axis C. The outlet ports 14 are provided in a
lateral surface 10c of the rotor body 10. In the first embodiment, the number of the outlet ports
14 1s four, wherein each of the four outlet ports 14 is provided at a position outward in a radial
direction of the rotor body 10 (in a centrifugal direction) (at a position away from the central axis
C 1n a direction perpendicular to the central axis C) with respect to a corresponding one of the
inlet ports 12.  Further, each of the outlet ports 14 is formed in a direction perpendicular to the
central axis C.

[0045]

The tlow passage 16 1s formed as a passage communicating each of the inlet ports 12 with a
corresponding one the outlet ports 14. In other words, in the first embodiment, the number of
the flow passages 16 formed inside the rotor body 10 is four. Each of the flow passages 16 is
formed to extend linearly from the inlet port 12 along the central axis C, and then, after bending

at a right angle, extend linearly outwardly in the radial direction of the rotor body 10 to reach the

corresponding outlet port 14.

[0046]

In the first embodiment, each of the flow passages 16 is configured as just described to

12 -



CA 02763226 2011-12-22

allow a set of the inlet port 12, the outlet port 14 and the flow passage 16 to be easily formed by
a boring operation using a drill.  Specifically, the set of the inlet port 12, the outlet port 14 and
the flow passage 16 can be easily formed by drilling a hole from a position of the inlet port 12
along the central axis C, and drilling a hole from a position of the outlet port 14 toward the
central axis C. Although the flow passage 16 in the first embodiment is configured such that a
cross-section thereof has a circular shape, the cross-sectional shape is not limited thereto, but
may be any other suitable shape such as an elliptical shape or a polygonal shape.

[0047]

An operation of the stirring rotor 1 will be described below. FIG. 2(a) 1s a top plan view
illustrating the operation of the stirring rotor 1, and FIG. 2(b) 1s a front view illustrating the
operation of the stirring rotor 1. The stirring rotor 1 i1s adapted to be driven and rotated about
the central axis C by the drive shaft 20, within a stirrable substance which is a fluid, so as to stir
the stirrable substance.

[0048]

Upon rotating the stirring rotor 1 under a condition that it 1s immersed 1n a fluid, a part of
the fluid entering inside each of the flow passages 16 1s also rotated together with the stirring
rotor 1. Then, a centrifugal force 1s applied to the fluid inside of the flow passage 16, and
thereby the fluid inside of the flow passage 16 flows toward an outward side in the radial
direction of the stirring rotor 1, as illustrated in FIGS. 2(a) and 2(b). Each of the outlet ports 14
1s provided more outwardly in the radial direction of the rotor body 10 than a corresponding one

of the 1inlet ports 12, so that the centrifugal force becomes stronger at the outlet port 14 than at

the inlet port 12. Thus, as long as the stirring rotor 1 is being rotated, the fluid flows from the
inlet port 12 toward the outlet port 14. More specifically, the fluid inside of the flow passage
16 1s jetted out from the outlet port 14, and simultaneously the outside fluid is sucked from the
inlet port 12 into the flow passage 16. Consequently, a flow radiating out from the lateral
surtface 10c with the outlet port 14, and a flow directed toward a distal end of the stirring rotor 1

with the 1nlet port 12, will be generated in the fluid around the stirring rotor 1.

[0049]

Further, upon rotating the stirring rotor 1 under a condition that it is immersed in the fluid, a

- 13 -
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part of the fluid adjacent to an outer surface of the stirring rotor 1 is rotated together with the
stirring rotor 1 by the effect of viscosity. Thus, a centrifugal force is also applied to the tluid
adjacent to the outer surface of the stirring rotor 1, so that the outer surface-adjacent fluid tlows
to the lateral surface 10c¢ along the outer surface of the stirring rotor 1, and becomes a tlow
accompanied with the jet flow from the outlet port 14, as illustrated in FIGS. 2(a) and 2(b).
[0050]

In the first embodiment, the base surface 10b is formed as a spherical surface, 1.e., the rotor
body 10 is configured in a shape where an axial thickness thereof gradually decreases toward the
outward side of the radial direction, so that it becomes possible to smoothly combine a tlow
adjacent to the base surface 10b of the stirring rotor 1 with the flow radiating out from the lateral
surface 10c. In addition, based on configuring the base surface 10b in the above shape, a part
of the flow directed toward the distal end of the stirring rotor 1 can be smoothly guided to the
lateral surface 10c along the base surface 10b, and combined with the flow radiating out from the
lateral surface 10c. This makes it possible to generate strong flows 1n the surrounding fluid, so
that the stirring rotor 1 becomes capable of performing an efficient stirring operation.

[0051]

FIGS. 3(a), 3(b), 4(a) and 4(b) are schematic diagrams illustrating examples of how the
stirring rotor 1 1s used. As illustrated in FIGS. 3(a) to 4(b), the stirring rotor 1 1s used under a
condition that 1t i1s connected to a drive shaft 20 of a drive unit 30 such as a motor, and immersed
in a stirrable substance 50 which is a fluid contained in a container 40. The drive unit 30 may

be a type fixed to the container 40, a frame or the like, or may be a type adapted to be manually
held and operated by a user.
[0052]

Upon rotating the stirring rotor 1 by the drive unit 30, a flow radiating out from the stirring

rotor 1 and a flow directed toward the distal end of the stirring rotor 1 are generated, as described
above. As a result, as illustrated in FIGS. 3(a) and 3(b), complicated circulating flows are
generated 1n the stirrable substance 50, so that the stirrable substance 50 will be sufficiently
stirred by the circulating flows. In the first embodiment, the rotor body 10 is configured such

that a cross-section thereof perpendicular to the direction of the rotation axis has a circular shape,

- 14 -
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i.e., configured to become free of a portion which collides with the stirrable substance 50 during
the rotation, so that it becomes possible to almost eliminate a counteracting force which would
otherwise occur during start of the rotation.

[0053]

In an operation of dispersing a stagnant substance accumulated at a bottom of the container
40, the distal end of the stirring rotor 1 may be moved to a position close to the bottom of the
container 40, as illustrated in FIG. 4(a). This makes it possible to suck up the stagnant
substance from the inlet ports 12 and jet out it from the outlet ports 14 so as to sufficiently
disperse the stagnant substance into the stirrable substance 50. Further, in an operation of
dispersing a stagnant substance accumulated at a corner of the container 40, the distal end of the
stirring rotor 1 may be moved to a position close to the corner of the container 40, as illustrated
in FIG. 4(b). In the first embodiment, the base surface 10b is formed as a spherical surface, so
that the 1nlet ports 12 can be moved even to a position close to a narrow corner.

10054]

In the first embodiment, the rotor body 10 is configured such that a cross-section thereof
perpendicular to the direction of the rotation axis has a circular shape, 1.€., configured to have no
protrusion, so that it becomes possible to reduce a risk that the stirring rotor 1 or the container 40
1s damaged or chipped, even if the stirring rotor 1 1s hit against a wall surtace of the container 40.
Thus, a user can move the stirring rotor 1 to a position close to the wall surface of the container
40 with a sense of security so as to sufficiently perform the stirring operation throughout the

container 40. In addition, 1t becomes possible to prevent debris or chips of the stirring rotor 1

or the container 40, etc., from being easily mixed into the stirrable substance 50.

[0055]

In the first embodiment, each of the inlet ports 12 is provided at a position slightly outward
of a center of the distal end of the stirring rotor 1 (slightly outward of the central axis C as the
rotation axis) so as to keep the inlet port 12 from being closed even when the distal end of the
stirring rotor 1 1s brought into contact with the wall surface of the container 40. This makes it

possible to stably operate the stirring rotor 1 even in a position adjacent to the wall surface of the

container 40.
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[0056]

A modification of the stirring rotor 1 will be described below. FIGS. 5(a) and 5(b) are
front views illustrating examples of a modified configuration of the flow passage 16. FIG. 5(a)
illustrates an example where each of the flow passages 16 is configured as a smoothly curved
passage. Based on configuring the flow passage 16 in this manner, a flow resistance in the tlow
passage 16 can be reduced, so that it becomes possible to further strengthen a tlow to be
generated by the stirring rotor 1, so as to improve stirring capability. For example, this
modified flow passage 16 can be formed by producing the rotor body 10 through casting.

[0057]

FIG. 5(b) illustrates an example where each of the flow passages 16 i1s configured in a
straight shape. The flow passage 16 configured in this manner can also reduce the flow
resistance therein. In addition, this modified flow passage 16 makes it easy to perform cleaning

of an 1nside thereof.

[0058]

FIGS. 6(a) to 6(c) illustrate examples of a modified configuration of an inlet port 12, an
outlet port 14 and the flow passage 16, wherein FIG. 6(a) 1s a top plan view of the stirring rotor
1, and FIGS. 6(b) and 6(c) are front views of the stirring rotor 1.

[0059]

FIG. 6(a) illustrates an example where each of the outlet ports 14 1s arranged offset in a
rotation direction of the stirring rotor 1 in such a manner that a region of a corresponding one of
the flow passages 16 in continuous relation to the outlet port 14 is configured to form an angle
with respect to the radial direction of the stirring rotor 1. Based on changing an orientation of
the outlet port 14 1n this manner, for example, when the stirring rotor 1 is rotated in the
counterclockwise direction indicated in FIG. 6(a), a jet flow from the outlet port 14 can be
smoothly formed. On the other hand, when the stirring rotor 1 is rotated in the clockwise
direction indicated in FIG. 6(a), the jet flow from the outlet port 14 can be brought into a
turbulent state. In other words, in this modification, the arrangement and orientation of the
flow passage 16 and the outlet port 14 are appropriately set, depending on intended purposes of

the stirring rotor, so that it becomes possible to obtain an optimal flow for efficient stirring.
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[0060]

FIG. 6(b) illustrates an example where each of the outlet ports 14 is arranged offset 1n the
direction of the rotation axis in such a manner that a region of a corresponding one of the tlow
passages 16 in continuous relation to the outlet port 14 is configured to be oriented on the side of
the distal end (distal end side) of the stirring rotor 1. Based on orienting the outlet port 14 on
the distal end side in this manner, a flow toward a fluid level can be weakened, so that 1t
becomes possible to reduce whipping, entrainment of gas bubbles or the like due to strong flows
or turbulences adjacent to the fluid level. Alternatively, the outlet port 14 may be oriented on
the side of the drive shaft (drive shaft side) to intentionally allow a gas outside of a fluid to be
entrained 1n the fluid.

[0061]

FIG. 6(c) illustrates an example where the inlet port 12 1s provided with respect to the
corresponding outlet port 14 in one-to-plurality relationship, wherein the flow passage 16 1s
configured to extend from the one inlet port 12 and then branch toward the plurality of outlet
ports 14. In this manner, the inlet port 12 may be provided as a common port to the plurality of
outlet ports 14. In this case, a cross-sectional area of a common region 16a of the flow passage
16 may be set to be equal or approximately equal to a sum of respective cross-sectional areas of
a plurality of branched regions 16b of the flow passage 16, so as to keep a flow rate from
becoming lower in each of the branched regions 16b. This makes it possible to prevent a
stagnant substance from being accumulated in the flow passage 16.

[0062]

FI1GS. 7(a), 7(b), 8(a) and 8(b) are front views illustrating examples of a modified shape of
the rotor body 10. FIG. 7(a) illustrates an example where the rotor body 10 is configured in a
spherical shape, and FIG. 7(b) illustrates an example where the rotor body 10 is configured in an
ellipsoidal shape. The rotor body 10 may have any other shape (e.g., a circular column shape or
a disk shape) as long as it is configured such that a cross-section thereof perpendicular to the
direction of the rotation axis has a circular shape. However, in view of allowing a flow
adjacent to the outer surface of the rotor body 10 to be smoothly formed as a flow accompanied

with a jet flow from the outlet port 14, it is preferable to employ a shape where a thickness of the
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rotor body 10 in the direction of the rotation axis gradually decreases toward the outward side in
the radial direction, as illustrated in FIGS. 7(a) or 7(b). Particularly, it is preferable to reduce
the thickness in the direction of the rotation axis in whole, as illustrated in FIG. 7(b). In this
case, it becomes possible to further strengthen the flow radiating out from the stirring rotor 1.
[0063}]

The term "spherical shape" in the present invention represents a broad concept which
includes a shape comprised of a part of a sphere, and a shape similar to a sphere. The term
"ellipsoidal shape" in the present invention represents a broad concept which includes a shape
comprised of a part of an ellipsoid, and a shape similar to an ellipsoid.

10064 ]

FIG. 8(a) illustrates an example where the rotor body 10 is configured in a shape where a
thickness thereof in the direction of the rotation axis gradually decreases toward the outward side
in the radial direction and along a concaved curve. Based on this shape, a part of a tlow
directed toward the inlet ports 12 and a flow from the side of the rotation axis can be smoothly
guided along the outer surface of the rotor body 10 and formed as a flow accompanied with a jet
flow from the outlet port 14, so that 1t becomes possible to generate a stronger flow.

[0065]

FIG. 8(b) illustrates an example where the rotor body 10 1s configured in a shape where a
thickness of a part thereof 1n the direction of the rotation axis gradually decreases toward the
outward side in the radial direction. In this case, the part having a decreasing thickness may be

provided outwardly 1in the radial direction with respect to the remaining part having a constant
thickness. Alternatively, the part having a constant thickness may be provided outwardly in the

radial direction with respect to the part having a decreasing thickness.

[0066]
In addition to setting of the shape of the rotor body 10, the outer surface of the rotor body

10 may be adjusted to have an appropriate roughness or fabricated into a concavo-convex or
dimpled surface, to more accurately control flows around the stirring rotor 1. Further, an apple,

a soccer ball or the like may be painted on the outer surface of the rotor body 10 configured, for

example, 1n a spherical shape, to improve aesthetic quality.
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[0067]

FIG. 9(a) is a front view illustrating an example where the inlet port 12 is provided on the
drive shaft side. More specifically, FIG. 9(a) illustrates an example where two of the four inlet
ports are provided in the base surface 10a on the drive shaft side. As in this modification, the
plurality of inlet ports 12 may be arranged such that a part thereof is provided on the distal end
side and a remaining part thereof is provided on the drive shaft side. Alternatively, depending
on intended purposes, all of the inlet ports 12 may be provided on the drive shatft side.

[0068]

Based on appropriately setting the arrangement of the inlet ports 12, an optimal flow for an
intended purpose can be generated. Further, the inlet ports 12 on the drive shaft side may be
moved to a position close a level of the fluid so as to suck a gas outside of the fluid to positively
incorporate the outside gas into the fluid. This makes it possible to allow a gas to be dissolved
in the fluid or to allow gas bubbles to be entrained in the fluid.

[0069]

FIG. 9(b) 1s a front view illustrating an example where the stirring rotor 1 1s provided with a
gas suction port 13 for sucking a gas outside of the fluid, and a gas passage 17 communicating
the gas suction port 13 with the outlet port 14. More specifically, FIG. 9(b) illustrates an
example where two gas suction ports 13 are provided in a drive shaft-side surface region of the
rotor body 10 configured in a spherical shape, and a gas passage 17 i1s formed inside the rotor
body 10 to communicate each of the gas suction ports 13 with a corresponding one of the outlet

ports 14 via a corresponding one of the flow passages 16. In this modification, under a
condition that the rotor body 10 provided with the gas suction ports 13 and the gas passages 17 is
set 1n a posture where the gas suction ports 13 are exposed to an outside of the fluid, the stirring

rotor 1 1s rotated. This makes it easy to allow a gas to be dissolved in the fluid or to allow gas

bubbles to be entrained in the fluid.
[0070]

In this case, each of the gas suction ports 13 is provided at a position more inward in the
radial direction (closer to the rotation axis) than a corresponding one of the inlet ports 12, so that

It becomes possible to efficiently incorporate a gas into the fluid while preventing outflow of the
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fluid from the gas suction ports 13. Instead of communicating the gas passage 17 with the
outlet port 14 for jetting out the fluid, the gas passage 17 may be communicated with a dedicated
outlet port which is additionally provided in the rotor body 10 to jet out a gas into the fluid.
[0071]

FIG. 10(a) and 10(b) are front views illustrating examples where the stirring rotor 1 1s
configured to be capable of capturing foreign substances. FIG. 10(a) illustrates an example
where a filter 60 for capturing foreign substances such as foreign particles 1s provided in each of
the flow passages 16 at a position adjacent to a corresponding one of the outlet ports 14. Based
on interposing the filter 60 in the flow passage 16 in this manner, stirring of the fluid and
removal of foreign substances contained in the fluid can be simultaneously performed. The
filter 60 may be made of a material suitable for an intended purpose, such as wire mesh or
sponge. A position for installing the filter 60 is not limited to the position illustrated 1n FIG.
10(a), but may be any other suitable position.

[0072]

FIG. 10(b) illustrates an example where, in the above rotor body where the inlet port 12 1s
provided as a common port as described above, a concave portion 62 for capturing foreign
substances 1s formed in an inner peripheral wall of the common region 16a of the flow passage
16. In the rotor body where the inlet port 12 is provided as a common port, the fluid passing
through the common region 16a of the flow passage 16 is formed as a swirling flow according to
the rotation of the stirring rotor 1. Thus, based on forming the concave portion 62 in the inner
peripheral wall of the common region 16a of the flow passage 16, foreign substances in the tluid
can be captured within the concave portion 62 by the same mechanism as centrifugal separation.

The filter 60 may be provided inside the concave portion 62 to allow the captured foreign

substances to be reliably held in the concave portion 62.
[0073]

A stirring device 2 formed by coupling a plurality of the stirring rotors 1 will be described
below. FIGS. 11(a) and 11(b) are front views illustrating examples of the stirring device 2.
More specifically, FIG. 11(a) illustrates an example where the three stirring rotors 1 are coupled

together through the drive shaft, and FIG. 11(b) illustrates an example where the two stirring
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rotors 1 are integrally coupled together. As illustrated in FIGS. 11(a) and 11(b), the plurality of
stirring rotors 1 are coupled together in the direction of the rotation axis, so that it becomes
possible to further improve the stirring capability. This is effective, particularly, when a tluid
to be stirred has a large depth. The stirring device 2 illustrated in FIG. 11(b) may be used to
suck a gas outside the fluid from the inlet ports 12 on the drive shaft side. In this case, the gas
can be more efficiently incorporated 1n the fluid.

[0074]

Based on coupling the plurality of stirring rotors 1, the stirring device 2 can be formed in a
shape having high aesthetic quality. For example, the stirring device 2 illustrated in FIG. 11(b)
may be painted as a snowman to enhance merchantability as a household whisk.

[0075]

As described above, the stirring rotor 1 according to the first embodiment comprises: a rotor
body 10 configured such that a cross-section thereof perpendicular to a direction ot a rotation
axis thereof has a circular shape; an inlet port 12 provided in an outer surface of the rotor body
10; an outlet port 14 provided in the outer surface of the rotor body 10 at a position more
outward in a radial direction (centrifugal direction) than the inlet port 12; and a flow passage
communicating the inlet port 12 with the outlet port 14.

[0076]

Thus, the stirring rotor 1 can be produced at a cost far lower than an impeller or the like,
while ensuring sufficient stirring capability. In addition, the rotor body 10 is configured such
that a cross-section thereof perpendicular to the direction of the rotation axis has a circular shape.
Thus, 1t becomes possible to eliminate a counteracting force during start of the rotation, and
allow damage, chipping or the like of the stirring rotor 1 or a container containing a stirrable
substance to become less likely to occur even if the stirring rotor 1 is hit against the container or
the like. This makes it possible to perform a stirring operation in a safe and efficient manner,

irrespective of intended purposes.

(0077

Further, based on configuring the rotor body 10 such that the cross-section thereof

perpendicular to the direction of the rotation axis has a circular shape, the occurrence of
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unbalance with respect to the rotation axis can be minimized. Thus, differently from an
impeller or the like which likely to cause unbalance, it becomes possible to almost eliminate
vibration, shaking or the like which would otherwise occur during the rotation.

[0078]

In the first embodiment, the rotor body 10 is configured in a shape where a thickness
thereof in the direction of the rotation axis gradually decreases toward an outward side in the
radial direction (centrifugal direction). Thus, a flow adjacent to the outer surface ot the rotor
body 10 can be smoothly formed as a flow accompanied with a jet flow from the outlet port 14.
This makes it possible to generate a stronger flow so as to further improve stirring capacity.
10079]

In the first embodiment, the rotor body 10 is configured in a circular column or disk shape
where at least one of opposite base surfaces thereof 1s formed as a spherical shape. This makes
1t possible to generate a strong flow, and allow the inlet port 12 to be moved to a position close
to a narrow area, such as a corner of the container, so as to suck a stagnant substance. In other
words, it becomes possible to sufficiently perform the stirring operation throughout the
container. The rotor body 10 may be configured in a spherical or ellipsoidal shape.

[0080]

In the first embodiment, the stirring rotor 1 includes a plurality of the outlet ports 14,
wherein the 1nlet port 12 and the flow passage 16 are provided with respect to a respective one of
the plurality of outlet ports 14. Thus, a flow rate in the flow passage 16 can be maintained at an

appropriately high value. This makes 1t possible to prevent deterioration in stirring capability

due to accumulation of stagnant substances within the flow passage 16.

[0081]

In the first embodiment, the inlet port 12 is provided on a side opposite to a drive shaft 20 to
be connected to the rotor body 10 so as to rotate the rotor body 10. This makes it possible to
suck a stagnant substance at a bottom of the container so as to perform a reliable stirring

operation free of unevenness. In addition, it becomes possible to perform the stirring operation

without destabilizing a level of the stirrable substance.

(0082]
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In the first embodiment, the inlet port 12 is provided on the outward side in the radial
direction (centrifugal direction) with respect to the rotation axis (central axis C). Thus, even if
the stirring rotor 1 is moved to a position close to a wall surface of the container, it becomes
possible to avoid a situation where the stirring rotor 1 is suckingly brought into contact with the
wall surface and thereby the inlet port 12 is closed. This makes it possible to perform a stable

stirring operation even in cases where the stirring rotor 1 1s manually operated.

(0083]

The stirring rotor 1 may further comprise a gas suction port 13 for sucking a gas outside of
the stirrable substance, and a gas passage 17 communicating the gas suction port 13 with the

outlet port 14. This makes it possible to allow gas bubbles to be easily entrained in the stirrable

substance.

[0084]

The stirring device 2 based on the first embodiment comprises the plurality of stirring rotors
1 arranged in the direction of the rotation axis. This makes 1t possible to further improve the
stirring capability and improve the aesthetic quality.

[0085]

Although the first embodiment has been described based on an example where the thickness
of the rotor body 10 in the direction of the rotation axis gradually decreases toward the outward
side 1n the radial direction, the present invention is not limited thereto. For example, depending
on properties of a tluid as a stirrable substance, such as viscosity, and intended purposes of

stirring, the rotor body 10 may be configured in a disk or circular column shape or the like
without a portion where a thickness thereof in the direction of the rotation axis gradually

decreases toward the outward side in the radial direction.

[0086]

<SECOND EMBODIMENT>

A structure of a stirring rotor 100 according to a second embodiment of the present
invention will be described below. FIG. 12(a) is a top plan view of the stirring rotor 100.
FIG. 12(b) 1s a front view of the stirring rotor 100 (a side view is identical thereto), and FIG.

12(c) 1s a bottom view of the stirring rotor 100. As illustrated in FIGS. 12(a) to 12(c), the
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stirring rotor 100 comprises a columnar-shaped rotor body 110, a plurality of inlet ports 112
provided in (a bottom surface 110b of) an outer surface of the rotor body 110, a plurality of
outlet ports 114 provided in (a lateral surface 110c of) the outer surface of the rotor body 110,
and a flow passage 116 formed inside the rotor body 110 to communicate the inlet ports 112 with
the outlet ports 114.

[0087]

The rotor body 110 is configured in a 12-sided column shape where twelve convex
segments 110d are provided on an outer peripheral surface (lateral surface 110c) of a circular
column (the details will be described later). The rotor body 110 has a connection portion 118
provided in the center of a top surface 110a thereof to allow a drive shaft 20 of a drive unit such
as a motor to be connected thereto. Thus, the stirring rotor 100 1s adapted to be rotated about a
rotation axis defined by a central axis C of the rotor body 110. A technique for the connection
between the drive shaft 20 and the connection portion 118 may be any conventional means, such
as thread connection or engagement connection.

[0088]

In the second embodiment, a portion of the rotor body 110 other than the flow passage 116
1s configured as a solid structure to provide enhanced strength of the rotor body 110. A
material for forming the rotor body 110 1s not particularly limited, but an appropriate material
suitable for its use conditions, such as metal, ceramics, resin, rubber or wood, may be employed.
The rotor body 110 in the first embodiment is designed in a simple and easily-fabricatable or

machinable configuration, so that it becomes possible to form the rotor body 110 from a wide

variety of materials without being restricted by production processes.
[0089]

Based on configuring the rotor body 110 in such a simple shape, the occurrence of
unbalance with respect to the rotation axis can be minimized. Thus, differently from an
impeller or the like which is likely to cause unbalance, it becomes possible to almost eliminate

vibration, shaking or the like which would otherwise occur during the rotation.

[0090]

T'he nlet ports 112 are provided in the bottom surface 110b of the rotor body 110 (surface
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region on a side opposite to the connection portion 118). In the second embodiment, the
number of the inlet ports 112 is four, wherein the four inlet ports 112 are arranged side-by-side
on a circle having a center at the central axis C, in equally spaced relation to each other, and each
of the four inlet ports 112 is formed in the same direction as that of the central axis C. The
outlet ports 114 are provided in the lateral surface 110c of the rotor body 110. More
specifically, in the second embodiment, the number of the outlet ports 114 is four, wherein each
of the four outlet ports 114 is provided at a position more outward in a centrifugal direction from
the central axis C of the rotor body 110 (at a position farther away from the central axis C 1n a
direction perpendicular to the central axis C) than a corresponding one of the inlet ports 112.
Further, each of the outlet ports 114 is formed in a direction perpendicular to the central axis C.
[0091]

The flow passage 116 1s formed as a passage communicating each of the inlet ports 112
with a corresponding one the outlet ports 114. In other words, in the second embodiment, the
number of the flow passages 116 formed inside the rotor body 110 i1s four. Each of the flow
passages 116 1s formed to extend linearly from the inlet port 112 along the central axis C, and
then, after bending at a right angle, extend linearly in the centrifugal direction of the rotor body
110 to reach the corresponding outlet port 114.

[0092]

In the second embodiment, each of the flow passages 116 1s configured as just described to
allow a set of the inlet port 112, the outlet port 114 and the flow passage 116 to be easily formed
by a boring operation using a drill.  Specifically, the set of the inlet port 112, the outlet port 114
and the tlow passage 116 can be easily formed by drilling a hole from a position of the inlet port
112 along the central axis C, and drilling a hole from a position of the outlet port 114 toward the
central axis C. Although the flow passage 116 in the second embodiment is configured such
that a cross-section thereof has a circular shape, the cross-sectional shape is not limited thereto,
but may be any other suitable shape such as an elliptical shape or a polygonal shape.

10093]
An operation of the stirring rotor 100 will be described below. FIG. 13(a) is a top plan

view 1llustrating the operation of the stirring rotor 100, and FIG. 13(b) is a sectional view
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illustrating the operation of the stirring rotor 100. The stirring rotor 100 is adapted to be driven
and rotated about the central axis C by the drive shaft 20, within a stirrable substance which 1s a
fluid, so as to stir the stirrable substance.

[0094]

Upon rotating the stirring rotor 100 under a condition that it is immersed in a fluid, a part of
the fluid entering inside each of the flow passages 116 is also rotated together with the stirring
rotor 100. Then, a centrifugal force is applied to the fluid inside of the flow passage 116, and
thereby the fluid inside of the flow passage 116 flows in the centrifugal direction of the stirring
rotor 100, as illustrated in FIGS. 13(a) and 13(b). Each of the outlet ports 114 is provided more
outwardly in the centrifugal direction of the rotor body 110 than a corresponding one of the inlet
ports 112, so that the centrifugal force becomes stronger at the outlet port 114 than at the nlet
port 112. Thus, as long as the stirring rotor 100 is being rotated, the fluid flows from the inlet
port 112 toward the outlet port 114. More specifically, the fluid inside of the tlow passage 116
is jetted out from the outlet port 114, and simultaneously the outside fluid is sucked from the
inlet port 112 into the flow passage 116. Consequently, a flow radiating out from the lateral
surface 110c with the outlet port 114, and a flow directed toward the bottom surface 110b with
the inlet port 112, will be generated in the fluid around the stirring rotor 100.

[0095]

Further, upon rotating the stirring rotor 100 under a condition that it 1s immersed 1n the
tfluid, swirling or turbulent flows are generated in the fluid around the stirring rotor 100 by the
convex segments 110d provided on the lateral surface 110c. Along with the rotation of the
stirring rotor 100, the swirling or turbulent flows are integrated with flows from the outlet ports

114, so that more complicated flows (turbulent flows) will be generated in the fluid around the

stirring rotor 100.
[0096]

As above, 1n the second embodiment, based on a synergistic effect of the inflows of the
fluid 1nto the inlet ports 112, the outflows of the fluid from the outlet ports 114 and the swirling
or turbulent flows by the convex segments 110d, complicated flows (turbulent flows) can be

generated 1n the fluid around the stirring rotor 100 so as to obtain a nonconventional stirring
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capability.
[0097]

In the second embodiment, based on providing the twelve convex segments 110d, the rotor
body 110 is configured in a 12-sided column shape, i.e., an outer peripheral shape of a
cross-section of the rotor body 110 perpendicular to the central axis (rotation axis) 1s configured
as a 12-sided polygonal shape. Alternatively, the rotor body 110 may be configured in any
other multi-sided column shape, depending on viscosity or other property of the stirrable
substance, etc. However, in cases where the rotor body 110 1s configured in a multi-sided
column shape, the number of sides is preferably set to 12 or more, more preferably to 16 or
more, particularly preferably to 18 or more, in view of maximally avoiding collision of the rotor
body 110 with the surrounding fluid (stirrable substance), and having no sharp protrusion.

[0098]

In the second embodiment, a cross-sectional area of the inlet port 112 (cross-sectional area
of the inlet port 112 perpendicular to a flow passing therethrough) 1s set to be approximately
equal to a cross-sectional area of the outlet port 114 (cross-sectional area of the outlet port 114
perpendicular to a flow passing therethrough). Alternatively, the two cross-sectional areas may
be set to become different from each other, depending on intended purposes of the stirring rotor
100, etc. However, 1n view of allowing the fluid to smoothly flow through the flow passage
116 without stagnation so as to obtain an effective stirring capability, a ratio of the
cross-sectional area of the inlet port 112 (cross-sectional area of the inlet port 112 perpendicular

to a tlow passing therethrough) to the cross-sectional area of the outlet port 114 (cross-sectional
area of the outlet port 114 perpendicular to a flow passing therethrough) is preferably set in a

range of 1/3 to 3, more preferably in a range of 1/2 to 2, particularly preferably in a range of 5/6
to 1.2.

[0099]

FIGS. 14(a) and 14(b) are schematic diagrams illustrating an example of how the stirring
rotor 100 1s used. As illustrated in FIGS. 14(a) ad 14(b), the stirring rotor 100 is used under a

condition that 1t 1s connected to a drive shaft 20 of a drive unit 30 such as a motor, and immersed

In a stirrable material 50 which is a fluid contained in a container 40. The drive unit 30 may be
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a type fixed to the container 40, a frame or the like, or may be a type adapted to be manually held

and operated by a user.

[0100]

Upon rotating the stirring rotor 100 by the drive unit 30, a flow radiating out from the
lateral surface 110c of the stirring rotor 100 and a flow directed toward a distal end of the stirring
rotor 100 (bottom surface 110b on a side opposite to the drive shaft 20) are generated, as
described above. Further, swirling or turbulent flows are generated in a vicinity of the lateral
surface 110c of the stirring rotor 100. As a result, as illustrated in FIGS. 14(a) and 14(b),
complicated circulating flows are generated in the stirrable substance 50, so that the stirrable
substance 50 is sufficiently stirred according to the circulating flows. In an operation of
dispersing a stagnant substance accumulated at a bottom of the container 40, the distal end ot the
stirring rotor 100 may be moved to a position close to the bottom of the container 40. This
makes it possible to suck up the stagnant substance from the inlet ports 112 and jet out 1t from
the outlet ports 114 so as to sufficiently disperse the stagnant substance into the stirrable

substance 50.
[0101]

In the second embodiment, the rotor body 110 1s configured in a 12-sided column shape,
1.e., configured to reduce collision with the stirrable substance 50 during the rotation, so that it
becomes possible to almost eliminate a counteracting force which would otherwise occur during
start of the rotation. In addition, differently from an impeller or the like, the rotor body 110 has

no sharp protrusion, so that it becomes possible to reduce a risk that the stirring rotor 100 or the

container 40 1s damaged or chipped, even if the stirring rotor 100 is hit against a wall surface of
the container 40. Thus, a user can move the stirring rotor 100 to a position close to the wall
surface of the container 40 with a sense of security so as to sufficiently perform the stirring
operation throughout the container 40. In addition, it becomes possible to prevent debris or

chips of the stirring rotor 100 or the container 40, etc., from being easily mixed into the stirrable

substance 50.

10102]

A modification of the stirring rotor 100 will be described below.
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FIGS. 15 to 17 illustrate examples of a modified configuration of the inlet port 112, the outlet

port 114 and the tlow passage 116.
[0103]

"FIG. 15(a) is a front view illustrating an example where each of the flow passages 116 1s
configured as a smoothly curved passage. Based on configuring the flow passage 116 in this
manner, a flow resistance in the flow passage 116 can be reduced, so that it becomes possible to
further strengthen a flow to be generated by the stirring rotor 100, so as to improve stirring
capability. For example, this modified flow passage 116 can be formed by producing the rotor
body 110 through casting.

0104 ]

FIG. 15(b) i1s a front view illustrating an example where each of the flow passages 116 1s
configured in a straight shape. The flow passage 116 configured in this manner can also reduce
the flow resistance therein. In addition, this modified flow passage 116 makes it easy to
perform cleaning of an inside thereof.

[0105]

FIG. 15(¢c) 1s a front view 1llustrating an example where the inlet port 112 is provided with
respect to the corresponding outlet port 114 in one-to-plurality relationship, wherein the flow
passage 116 1s configured to extend from the one inlet port 112 and then branch toward the
plurality of outlet ports 114. As in this modification, the inlet port 112 may be provided as a
common port to the plurality of outlet ports 114. In this case, in view of allowing a fluid
(stirrable substance) to smoothly flow through the flow passage 116 without stagnation so as to
obtain an effective stirring capability, a ratio of a cross-sectional area of the inlet port 112
(cross-sectional area of the inlet port 112 perpendicular to a flow passing therethrough) to a sum
of respective cross-sectional areas of the outlet ports 114 (cross-sectional areas of the outlet ports
114 perpendicular to a flow passing therethrough) is preferably set in a range of 1/3 to 3, more

preferably in a range of 1/2 to 2, particularly preferably in a range of 5/6 to 1.2.
[0106]

FIG. 16(a) 1s a top plan view illustrating an example where each of the outlet ports 114 is

arranged otfset 1n a rotation direction of the stirring rotor 100 in such a manner that a region of a
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corresponding one of the flow passages 116 in continuous relation to the outlet port 114 1s
configured to form an angle with respect to the centrifugal direction of the stirring rotor 100.
Based on changing an orientation of the outlet port 114 in this manner, for example, when the
stirring rotor 100 is rotated in the counterclockwise direction indicated (by the arrowed line L) 1n
FIG. 16(a), a jet flow from the outlet port 114 can be smoothly generated. On the other hand,
when the stirring rotor 100 is rotated in the clockwise direction indicated (by the arrowed line R)
in FIG. 16(a), the jet flow from the outlet port 114 can be brought into a turbulent state. In
other words, in this modification, the arrangement and orientation of the flow passage 116 and
the outlet port 114 are appropriately set, depending on intended purposes of the stirring rotor, so
that it becomes possible to obtain an optimal flow for efficient stirring.

[0107]

FIG. 16(b) is a front view illustrating an example where each of the outlet ports 114 1s
arranged offset in the direction of the rotation axis in such a manner that a region of a
corresponding one of the flow passages 116 in continuous relation to the outlet port 114 1s
configured to be oriented on the side of the distal end (distal end side) of the stirring rotor 100
(on a side opposite to the drive shaft 20). Based on orienting the outlet port 114 on the distal
end side as just described, a flow toward a fluid level can be weakened, so that 1t becomes
possible to reduce whipping, entrainment of gas bubbles or the like due to strong flows or
turbulences adjacent to the fluid level.

[0108]

FIG. 16(c) 1s a front view illustrating an example where each of the outlet ports 114 is
arranged offset in the direction of the rotation axis in such a manner that a region of a
corresponding one of the flow passages 116 in continuous relation to the outlet port 114 is
configured to be oriented on the side of the drive shaft (drive shaft side). In this case, even if
the stirring rotor 100 is rotated in a deep position far away from the fluid level, the entire
stirrable substance can be sufficiently stirred. Further, based on generating a flow oriented

toward the fluid level, a gas outside of the stirrable substance can be intentionally entrained in

the stirrable substance.

(0109]
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FIG. 17(a) is a front view illustrating an example where the inlet port 112 is provided on the
drive shaft side. More specifically, FIG. 17(a) illustrates an example where the four inlet ports
112 are provided in the top surface 110a on the drive shaft side. As in this modification, all ot
the plurality of inlet ports 112 may be provided on the drive shaft side. Alternatively,
depending on intended purposes, the plurality of inlet ports 112 may be arranged such that a part
thereof is provided on the distal end side and a remaining part thereof is provided on the drive
shaft side.

[0110]

Based on appropriately setting the arrangement of the inlet ports 112, an optimal flow for an
intended purpose can be generated. Further, the inlet ports 112 on the drive shaft side may be
moved to a position close a level of the fluid so as to suck a gas outside of the tluid to positively
incorporate the outside gas into the fluid. This makes 1t possible to allow a gas to be dissolved
in the fluid or to allow gas bubbles to be entrained in the fluid.

[0111]

FIG. 17(b) 1s a front view 1llustrating an example where the stirring rotor 100 is provided
with a gas suction port 113 for sucking a gas outside of the fluid, and a gas passage 117
communicating the gas suction port 113 with the outlet port 114. More specifically, FIG. 17(b)
1llustrates an example where two gas suction ports 113 are provided in the top surface 110a of
the rotor body 110 on the drive shaft side, and a gas passage 117 is formed inside the rotor body
110 to communicate each of the gas suction ports 113 with a corresponding one of the outlet
ports 114 via a corresponding one of the flow passages 116. In this modification, under a
condition that the rotor body 110 provided with the gas suction ports 113 and the gas passages
117 1s set in a posture where the gas suction ports 113 are exposed to an outside of the fluid, the

stirring rotor 100 is rotated. This makes it easy to allow a gas to be dissolved in the fluid or to

allow gas bubbles to be entrained in the fluid.

[0112]

In this case, each of the gas suction ports 113 is provided at a position more inward in the
radial direction (closer to the rotation axis) than a corresponding one of the inlet ports 112, so

that 1t becomes possible to efficiently incorporate a gas into the fluid while preventing outflow of
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the fluid from the gas suction ports 113. Instead of communicating the gas passage 117 with
the outlet port 114 for jetting out the fluid, the gas passage 117 may be communicated with a
dedicated outlet port which is additionally provided in the rotor body 110 to jet out a gas into the
fluid.

[0113]

FIG. 17(c) illustrates an example where, in the above rotor body provided with the one inlet
port 112, a common region 116a of the flow passage 116 has an enlarged portion 119 formed by
enlarging an inner diameter thereof so as to capture foreign substances therein. In the rotor
body having the one inlet port 112, the fluid passing through the common region 116a of the
flow passage 116 is formed as a swirling flow according to the rotation of the stirring rotor 100.
Thus, based on forming the enlarged portion 119 1n an inner peripheral wall of the common
region 116a of the flow passage 116, foreign substances in the fluid can be captured within the
enlarged portion 119 by the same mechanism as centrifugal separation. In other words, the
stirring rotor 100 can simultaneously perform stirring, and removal of foreign substances. A

trap may be provided inside the enlarged portion 119 to reliably hold the captured foreign

substances.
[0114]

Although 1llustration is omitted, instead of providing the enlarged portion 119, a foreign
substance-capturing filter may be interposed in the flow passage 116. In this case, the removal
of foreign substances can be performed in an easy and simple manner. The filter may be made

of a material suitable for an intended purpose, such as wire mesh or sponge.

[0115]

FIG. 18(a) 1llustrates an outer peripheral shape of a cross-section of the rotor body 110 of
the stirring rotor 100 perpendicular to the central axis C, and FIG. 18(b) is an enlarged view of
the area A 1n FIG. 18(a). As described above, in the second embodiment, the rotor body 110 is
configured in a multi-side column shape (12-sided column shape), i.e., the outer peripheral shape
of the cross-section of the rotor body 110 perpendicular to the central axis (rotation axis) C is
configured as a polygonal shape. Specifically, as illustrated in FIG. 18(a), the outer peripheral

shape of the cross-section of the rotor body 110 perpendicular to the central axis (rotation axis) C
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is configured as a shape where a plurality of convex segments 110d are provided in a virtual
circle 101, wherein each of the convex segments 110d is configured such that a contour shape
thereof in the cross-section perpendicular to the central axis C has a generally triangular shape.
Further, as illustrated in FIG. 18(b), the shape of each of the convex segments 110d 1s set to
allow respective sides 110d1 of adjacent ones thereof to be aligned on a straight line, so that the
outer peripheral shape of the cross-section of the rotor body 110 perpendicular to the central axis
(rotation axis) C is configured as a polygonal shape (convex polygonal shape).

[0116]

In the second embodiment, the plurality of convex segments 110d are provided in this
manner to generate moderate swirling or turbulent flows around the stirring rotor 100 so as to
enhance the stirring capability.  However, the shape of each of the convex segments 110d is
not limited to the above shape, but may be any other suitable shape.

[0117]

FIGS. 19(a) to 19(d) illustrate examples of a modified shape of the convex segment 110d.
For example, the contour shape of the convex segment 110d in the cross-section perpendicular to
the central axis C may be a shape which allows the outer peripheral shape of the cross-section of
the rotor body 110 perpendicular to the central axis (rotation axis) C to be configured as a
concave polygonal shape as illustrated in FIG. 19(a); or may be a shape which allows the outer
peripheral shape of the cross-section of the rotor body 110 perpendicular to the central axis
(rotation axis) C to be configured as a shape where a plurality of triangular-shaped protrusions
are provided 1n a circle, as illustrated in FIG. 19(b).

[0118]

Alternatively, the contour shape of the convex segment 110d in the cross-section

perpendicular to the central axis C may be a shape other than a generally triangular shape. For

example, the contour shape of the convex segment 110d in the cross-section perpendicular to the

central axis C may be a generally arc shape as illustrated in FIGS. 19(a) and 19(b).

Alternatively, although illustration is omitted, it may be any other suitable polygonal shape or

may be any other suitable shape configured by combining curved lines and/or straight lines.

(0119]
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In other words, the shape of the convex segment 110d may be appropriately set depending
on intended purposes and use conditions of the stirring rotor 100. Further, it is to be understood
that the number or arrangement of the convex segments 110d may also be appropriately set
depending on intended purposes and use conditions.

[0120]

Instead of the convex segment 110d, a concave segment 110e may be provided in the rotor
body 110. Specifically, the outer peripheral shape of the cross-section of the rotor body 110
perpendicular to the central axis (rotation axis) C may be configured as a shape where a plurality
of concave segments 110e are provided in a virtual circle 101. In this case, the same effect as
that in the stirring rotor provided with the convex segments 110d can also be achieved.

[0121]

FIGS. 20(a) to 20(d) illustrate examples of a shape of the concave segment 110e. For
example, a contour shape of the concave segment 110e in the cross-section perpendicular to the
central axis C may be a generally triangular shape as illustrated in FIG. 20(a) or 20(b), or may be
a generally arc shape as illustrated in FIG. 20(c) or 20(d). Alternatively, although illustration 1s
omitted, it may be any other suitable shape. In an arrangement of the plurality of concave
segments 110e¢, adjacent ones thereof may be arranged in coupled relation, or may be arranged 1n

spaced-apart relation.

[0122]

As above, the outer peripheral shape of the cross-section of the rotor body 110

perpendicular to the central axis (rotation axis) C is configured as a shape where the plurality of

convex segments 110d or concave segments 110e are provided in the virtual circle 101. This

makes 1t possible to generate moderate swirling or turbulent flows around the stirring rotor 100

so as to enhance the stirring capability.

[0123]
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