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 [0002] Heretofore,
for example, in an operation of mixing two or more types of fluids or uniformly dispersing various
materials, suthras @pawdennVENTiuEl 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 rotatedirtBgaIge A BEtHRVfGid so as to stir the fluid. [0003]  The stirrer includes a
dominant type which is used under a condition that it is 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 offtheHNIdATypiEaly, the handy-type stirrer is designed such that the impeller is 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 in€&fslthe impeller into a container containing a stirrable substance to be stirred, such as

paint, to stir the ST'E@PJ&&HQE%H&&%P&?&Q'ﬂ%gat&m@%‘ibpfaﬂaea'm%@ﬁe[@%)@r stirring a liquid or

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

BACKGROUND ART
[0002]

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 fluid
so as to stir the fluid.

[0003]

The stirrer includes a dominant type which is used under a condition that it is 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 is 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 it 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.
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However, the handy-type stirrer has a problem that it 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. [@00@5] 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 Haf‘eitepaﬂébém@_éaaaﬁh@ foree Qé&mﬁfglm%blﬁéqhﬁﬁéﬂ%ﬁhsohgh P st @S ubstance
while being rgtated, QJb%E%E%.beirﬂl%sf%%té‘t%r‘é‘{ft&iﬁl%% i ;5%%‘81%%“#%%9& erjg?&ﬁgﬁ%%lth{e YRGliter

inexperience In operating the stirrer frequently causes an undes e situation, such as hitting of the
impeller agaiisipihe soshalkesidos scataring afitefciterablersupstanceouigidétheppontiahesri[0066] In
cases where the stirrable substance includes a precipitate, the precipitate can be adequately dispersed

only if the stifti5i8"sEib B e eORngirfalthil @ kedPing RRESMIRHES in*dbiftadbvithi s Bist SHY SR Of the
container. T%s‘éﬁ%&%?%‘é@@i%‘iﬂéﬁ@ﬁé‘cﬁrih‘%@EQ&E‘QQH&Grstﬁ’r‘i‘ép'ﬂgllﬂéﬂﬁge&ﬂ?eg’rawiﬁ’r?d‘éﬁ%?éj by

contact between the impeller and a wall surface of the container are likely’'to be mixed in the stirrable
substance. [300atjon, Fhehstisreittmigh théhimipgltdlehagapett stk anothecrprobientetivet pOwdestpeatiieles mixed
in the stirrable substance. are likely to be pulverized due to collision with the impeller. Thus, in cases
where it is rein B RELY 118 1A% owder particles from being pulverized, for example, as in metallic
paint, it is diffigstdsto 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 shagestcorhowr Withstinatdeabehittace previdrsdavitrecimplicalitieopresipsatinstemdof using
propeller bladgs, of My PR RIades (58P 2" SXAmR'Sudhg Il owing LAtaNt DREUME Nt Himpelter 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 in 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 is required to keep the mixed powder particles from being pulverized, for example, as in
metallic paint, it is 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



PRIOR ART DOCUMENTS [PATENT DOCUMENTS] [0009] Patent Document 1: JP 5-154368A
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 pi¥Hadon OF gt YaNide in a stirrable substance. [0011]
[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 is 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 is used for a long period
of time, a stagnant substance is 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 is 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
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The mixer is 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 is used for a long period of time, a stagnant substance is liable to adhere

and accumulaig.oniorditneh swidaee Rliihenmpelian drsultingia deterioration of stirring capability. [0012]
In view of the above circumstances, it is an object of the present invention to provide a stirring rotor and a

stirring devic®8&pable of performing a stirring operation in a safe and efficient manner, irrespective of

riended purposeg, MEANR s %ﬁﬂ%})’é}é%&'ﬂl@eﬂ% SHENIIR] maTBE DIGPRRLANER'IR Rrovides a

stirring rotor which comprises: a ro adapted to be rotated about a rotatiorr axis; an inlet port
provided in an@wieicsuifaee:of phep¢niarubody laraudiat posthasevideddnstigouter 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[%ﬁion closer to the rotation axis than the outlet port, and the outlet port is provided at a

position more outyard in,a centrifugaldirartiandramiinasotation.adsihanheinetaertiffddl In the
stirring rotor of the present invention, the rotor body may be configured such that a cross-Section thereof
perpendiculashigothe rotation axis has a circular 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 surface.
[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 perpendicular 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
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[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 surface.

[0018] In thestisiaeg petprsahthrapeasant bvesiioncshearetaizhedi may be configured such that an outer
peripheral shape of a cross-section of at least a part thereof perpendicular to a direction of the rotation

axis has a sHa88&2lvhere a plurality of convex or concave segments are provided in a circle. [0019] In

ihe above Sti”i_“gléoﬁ?er 5360 ghdhe Cr%'EB’r?é %ﬁ%ﬁ]c&‘ég Feﬁr&}?&&”&ﬁ}%ec 89@9%5%%&%%@ f,@ contour
shape thereof in the cross-section perpendicular to the ditection of the rotation axis has a generally
triangular shageded.

[0023]

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.

[0024]

In the stirring rotor of the present invention, the rotor body may be configured in 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 is located in the
inclined surface.

[0026]

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 is 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.

[0028]

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]



[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 @fero@rengicRer RAINGgRalshape R eneaRANEN R CANGRVESEYaVAtan [0QR3td In the
above stirring rotor, a corner of a top of each of the convex segments may be rounded. [0023]
Alternatively SifetHetkgrsneridueatdiestion wabHeoPIRdcBsvekRéMtdHzave segments may be configured such
that a contou[roiglé\}oe thereof in the cross-section perpendicular to the direction of the rotation axis has a
generally arc shape. [0024]

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
into 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 in a given direction.

[0033]

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.
[0035]

In the above stirring rotor, the opening is provided in a portion of the drive shaft to be
located inside the stirrable substance.
[0036]

In the above stirring rotor, a supply device is connected to the in-shaft passage to supply a
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In the stirring rotor of the present invention, the rotor body may be configured in 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 fronp@aesideitetbefatheicide oidhe totatiopwayisswbereineahlaast gapageof the outlet port is
located in the inclined surface. [0026] In the stirring rotor of the present invention, a ratio of a
cross-sectionPaféa of the inlet port perpendicular to a flow therein to a cross-sectional area of the outlet

port perpendiculaf e&é }4\“ eLgi [gnl‘h etl atange 91;_&%1 g%gcio\gglgi c m%dlstgrrl urgq Qf tﬁl% present
a

invention may inc urality of the outlet ports, whersin the inlet port the flow pa sage are
provided Withﬂiﬁﬁf@@bﬁﬁﬁid@ﬂpﬁﬁi&ﬂ abhevef thikcpiirality ppfuautlebporiaij@Q38)rs aba tieasgirdrig totor 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 sdiggcfb’Pdtﬁi]éetWéaF’Gfb?’B%dy [0029]

[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) is a front view of the stirring rotor.

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

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

FIGS. 3(a) and 3(b) are schematic diagrams illustrating an example of how the stirring rotor
is used.

FIGS. 4(a) and 4(b) are schematic diagrams illustrating other examples of how the stirring
rotor is 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 illustrating other examples of the modified shape of the

7



In the stirring rotor of the present invention, the inlet port may be provided on an outward 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 diffeseny 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 ol#&r S(Hdte gﬁl@héi?@télﬂ%gasmt@ pEAIRn Ehssetho ittt Pothtforrabiisdranthhéiduitlet port,
and a gas pagfsgggvg%m@unicating 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 outsidelgjas obpés sutkedvisonltinergas suctiiompervand iht edutceddndoithe stidabiatsubstance.
[0032] The stirring rotor of the present invention may further comprise a guide member for guiding a
flow from theSBRfesBBrPRS d Yiveri et oybirissyt 2 éf‘fﬂe%ﬂrﬁﬁ@srBW&? FsrENEHinAVRRESh, the
rotor body mgycg&l%@mﬁﬁetqetg@grﬁ\()@tshaﬂ for rotating the rotor body, wherein the drive shaft has an
in-shaft passage communicating an opening provided therein with the flow passage.

FIG. 10(a) and 10(b) are front views illustrating examples where the stirring rotor is

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) is a top plan view of a stirring rotor according to a second embodiment of the
present invention.

FIG. 12(b) is a front view (side view) of the stirring rotor.

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

FIG. 13(a) is a top plan view illustrating an operation of the stirring rotor.

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

FIGS. 14(a) and 14(b) are schematic diagrams illustrating an example of how the stirring
rotor is 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) illustrate additional examples of the modified configuration of the inlet
port, the outlet port and the flow passage.

FIGS. 17(a) to 17(c) illustrate 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) is 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.
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[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. [0035] In the above stirring rotor, the opening is provided in a
portion of the drive shaft to be located inside 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 passageptigsheiiayskaft pgssageadOfB Ckamgiba prespyatieyeintipn sspepravidesia stiieg device
which comprises a plurality of the stirring rotors as described above, wherein the plurality of stirring rotors
are arrangedSHT&8if&€fion of the rotation axis. [EFFECT OF THE INVENTION]

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 illustrating examples of a stirring device based on the
second embodiment.

FIG. 32(a) is a top plan view of a stirring rotor according to a second embodiment of the
present invention.

FIG. 32(b) is a front view of the stirring rotor.

FIG. 32(c) is a bottom view of the stirring rotor.

FIG. 33 is 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) is a front view illustrating the operation of the stirring rotor.
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[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) is a front view of the stirring rotor. FIG. 2(a) is a top plan view

illustrating an operERIBefatastasiBY fRteEnEH a2 ds Aot viens hustkating: the pe miien-ahghe stirring
rotor. FIGS. 3(a) and 3(b) are schematic diagrams illustrating an example of how the stirring rotor is
used. FIGSA(&) WA 4(b) are schematic diagrams illustrating other examples of how the stirring rotor is

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

rotor is 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 illustrating an example of a stirring device based on the second
embodiment.

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

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

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

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

FIG. 43(b) is a front view illustrating the operation of the stirring rotor.

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

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

FIGS. 46(a) to 46(c) are front views illustrating other examples where the rotor body is
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
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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 illustrating other examples of the modified shape of the rotor

body. FIG  Sfanhisidafeantiviane Justabng mpexampleowheraithetmpet port is provided on the side of a
drive shaft.  FIG. 9(b) is a front view illustrating an example where the stirring rotor is provided with a
gas suction port fO{EucKIY @ gae biisrietisy faiPrahdiatydE paasagarcemminivatisgthie-gtsuction

port with the aIEIROBroyidelfSy KANANG AR AIE o viawsiystrating examples where the sifring
rotor is configured to De capable of capturing foreign substances.” FIG. 11 is a front view illustrating an
example of a stirfitigsielice tesSHd)andhecficdhembodimatihting examples of a modified configuration

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) is a top plan view of the stirring rotor 1, and FIG. 1(b) is a front
view of the stirring rotor 1 (a side view is identical thereto). As illustrated 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 in 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.

[0042]

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
surface 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
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FIG. 12(a) is a top plan view of a stirring rotor according to a second embodiment of the present
invention. FIG. 12(b) is a front view (side view) of the stirring rotor. FIG. 12(c) is a bottom view of the
stirring rotor. FIG. 13(a) is a top plan view illustrating an operation of the stirring rotor. FIG. 13(b) is a
sectional view illustrating the operation of the stirring rotor.  FIGS. 14(a) and 14(b) are schematic
diagrams illushiaiiegain @nasalte of how the stirring rotor is 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) illustraté¥thditional examples of the modified configuration of the inlet port, the outlet port and the

flow passage. = FlGR afi'r%c(%#ﬁ?o&iﬁ%ﬂ"&'%Hﬁ%gn"é? %{e%?{ﬁ R qo%%@?ﬁﬁﬂ%ﬂ&%&&%%%%@ Rf he inlet
port, the outlet port and the flow passage. FIG. 18(a) illustrates an outer peripheral shape of a
cross-sectioraifigzieddrabadylaf thestireng poiddp enpendicwishiohaoteniraltexis@f the rotoniedyl.

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 inlet 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
is 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 in 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 is 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 in 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 flow passage 16 is 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]
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FIG. 18(b) is 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) illustrate an example of a modified shape of the rotor body of the stirring
rotor. FIGS. 22(a) to 22(c) illustrate another example of the modified shape of the rotor body of the

stirring rotor.  FiS e 28@)kiabda(@riusitatoygl-anethpisexamnpieiofthei saadifisd whapaabshesotor body
of the stirring rotor.  FIGS. 24(a) to 24(c) illustrate still another example of the modified shape of the

rotor body of¥*stisghef ideoinlet TG B, sy ayst Pste) Hlieidrdetinst samagtotAde bxamiblelompe thodified
shape of the [o{or Oﬁy?]e lrlz?{or § d%‘%n torg ecﬁ‘@aﬁ 28219, 28(C) n'féﬁ%!&t?za %‘hﬁue fxﬁ‘ ple of

the modified shape 0 y of the stirring r otor.  FIGS, 27(a) to 27(c) il ustr e stil rther
example of thie:rfiodifadc shkapredah theaoibr fopdydobthkiBtigiagoetidfom 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) is a top plan view
illustrating the operation of the stirring rotor 1, and FIG. 2(b) is a front view illustrating the
operation of the stirring rotor 1. The stirring rotor 1 is 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 is immersed in a fluid, a part of
the fluid entering inside each of the flow passages 16 is also rotated together with the stirring
rotor 1. Then, a centrifugal force is 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
is provided more outwardly in the radial direction of the rotor body 10 than a corresponding one
of the inlet 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 is 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
surface 10c with the outlet port 14, and a flow directed toward a distal end of the stirring rotor 1
with the inlet port 12, will be generated in the fluid around the stirring rotor 1.

[0049]
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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 illustrating examples of a stirring device based

on the second enpaad#Mapbn rofatfag d(aiisna teRplamyiewhaissking ratonhasseedingie fugecond
embodiment of the present invention. FIG. 32(b) is a front view of the stirring rotor. FIG. 32(c) is a bottom
view of the sBAingf rbfoflul@didseiy o parfaiRy sedtinel ewgirBadafring Foteiedrrsetharayiis &eop plan

‘S’itﬁ‘:‘i’r:guritt?rt.iﬂﬂr%{lg BEIABY QL DRGSR, FURSA IR AN B NI RINGRS QRgHALon of the
adjacent to the outer surface of the stirring rotor 1, so that the outer surface-adjacent fluid flows
to the lateral surface 10c along the outer surface of the stirring rotor 1, and becomes a flow
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, i.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 flow
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 in 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 is used. As illustrated in FIGS. 3(a) to 4(b), the stirring rotor 1 is used under a
condition that it is 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 in 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

14



FIGS. 35(a) and 35(b) are schematic diagrams illustrating an example of how the stirring rotor is used.
FIGS. 36(a) to 36(c) are partially sectional views illustrating examples of how the stirring rotor is 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 illugtiating An&xampla ot theparadifing chapeietthea sotar RadyHlGShAQXB) da14Qdhare
sectional views illustrating examples of a modified configuration of a connection port.  FIG. 41 is a front

view illustrating) SATEEAFSPIE GPEOBErFRg AeVRoEoA SR Brr thidee Bohdermiystiia spstang &) dgiiay is a top
5:2@ ‘gm:g&rﬁﬁgﬁﬁgfﬁ%rtﬁﬁﬁ?@é@&&& 3 e RRnEntohRe ISR RALIRYE AR FiGn 47Rlis @ front
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 inlet ports 12 can be moved even to a position close to a narrow corner.

[0054]

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, i.e., configured to have no
protrusion, so that it becomes possible to reduce a risk that the stirring rotor 1 or the container 40
is damaged or chipped, even if the stirring rotor 1 is hit against a wall surface 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, it 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 is 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
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FIG. 42(c) is a bottom view of the stirring rotor. FIG. 43(a) is a top plan view illustrating an operation of the
stirring rotor. FIG. 43(b) is a front view illustrating the operation of the stirring rotor.  FIGS. 44(a) and
44(b) are schematic diagrams illustrating an example of how the stirring rotor is used.  FIGS. 45(a) to
45(c) are front views illustrating examples where a rotor body is configured in a spherical shape. FIGS.
46(a) to 46(cyaeifcenapviews illustrating other examples where the rotor body is 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) {@W(c) are front views illustrating examples where the rotor body is provided with a guide

member. FIGS. 43(R), IR Ch UL HOU MGV TSI RIS SSRGS BARSHS hEARICKRPUF 51) 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 flow
passage 16 can be reduced, so that it becomes possible to further strengthen a flow 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 is 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 inside 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) is 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 is 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 in 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
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communicated with the outlet port in plurality-to-one relationship.  FIGS. 50(a) to 50(c) are partially
sectional views illustrating an example where an in-shaft 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
configuration of a connection port.  FIG. 52 is a front view illustrating an example of a stirring device

based on thebisgheARROGIME thDE REHABTIRINHRREIMBE B Mishh A0 AQ]etriMéithstgfgrence to the
accompanying drawings, various embodiments of the present invention will now be described. [0041]
<FIRST EMBBISMENT> A structure of a stirring rotor 1 according to a first embodiment of the present

invention will be écrﬁi) qlﬁ%l?“[‘" FIG 1's g%)&l \fiﬁl\g f}h[e gtrripg.got% gq)c}f G Q) isa
front view of the gﬁrring&ﬁotor 1?585? ee)\glj?e il:svlv entica%?ﬁereto PtAes ﬁ?usstrateld in Igj%s. 1%113 lgr%é 1(b), the
stirring rotor dicorjpriseharganefialkissenmikdpheticaksiapaddagtor dadyot@smplinaliyeaffitetloorts 12
provided in an outer surface of the rotor body 10, a plurality of outlet ports 14 provided in the outer

surface of th@%?@?%b@@f@?%ﬂ"ég fio PRSP e aHd N SRREIBYE IR PO ES 18 Enildfutlicate the
inlet ports 12tﬂglmsqaﬁegﬁt@$spa@ré§d]'s‘}de) 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 it
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 in the fluid.

[0061]

FIG. 6(c) illustrates an example where the inlet port 12 is provided with respect to the
corresponding outlet port 14 in one-to-plurality relationship, wherein the flow passage 16 is
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]

FIGS. 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
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[0042] 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 surface
10a thereof to allow a drive shaft 20 of a drive unit such as a motor to be connected thereto. Thus, the

stirring rotor i adapied fobhemetaied phout arpiptigadsselipey byrasentiabaxis&metihe #etor body
10. A technique for the connection between the drive shaft 20 and the connection portion 18 may be any

conventional Rieabfsys e dketAissiioa sh L fRIALISP BhyagenBhesiaTetonId0m3quiwRidisdiiat

bodi t ion.of th 0 t t . 16, ' d lid
cooccimen VLS b ol msens AT g

of the rotor body 10."A materia orniing the rotor y 10 is not
particularly lichiekichutsamapprdpsiate waterislsudiablesfor iwhalscacanakitiard, isUudica3(metdh agsamics,
resin, rubber or wood, may be employed. The rotor body 10 in the first embodiment is designed in a
simple and e%ﬁylfz?ﬁ?fﬁg?éﬁfég%l?lﬁfﬁng%I%rﬁ?ﬂ{hﬁh%igﬂv,v%dﬂﬁ%gt%é@ﬁqégeﬁ%i@lé°f8rf rm the rotor
body 10 from@yéfle variety of materials without being restricted by production processes. [0044]  The
inlet ports 12 are provided in the base surface 10b of the rotor body 10 on a side opposite to the
connection portiohht8etmthigphestdnbaaiinanthehprenember oftidre iepetsportsa 12 ésdoumoaatevditine four
inlet ports 12 are arranged side-%%de on a circle h§ving a center at the central axis C, in equally spaced

relation to ealfi Bifib? TRECHUAPSETHe tPIRIEY Sottd TS &b AviadPh YR Yol é S on 2% tF5Pof the
central axis Ge[fip&futletperts IfapeRuauigied ioldeiah Ul faeadLAmeighe iR IRAMK1O shaghe first

embodiment, the number of the outlet ports 14 is four, wherein each of the four outlet ports 14 is provided
at a position eitnasedinfa radiaf aireldtivpi dfaseardtencsonifat (@ ellgesatdfugal direction) (at a position
away from th Ge tral axis C in 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 #1e cemirmhsititcCalRA4dple Witecflow passageyliis fernfigdras a passpge EaamuUNicating
each of the inlet ports 12 with a corresponding one the outlet?ggrts 14. In other words, in the first

em bodiment}&#@%ﬁb@?@ﬁiﬂn@wﬁ%&s@g@% fP@f@ﬂﬁéH HE llhé%%?%éwai@%’wﬁwéghéﬁeof the flow
passages 16;)S f%%r%%ﬁiafod%éﬁgﬁ HH@%E%%%”&&E%U@'@%RR@. 1231009 Ihg, ceqtial axis G and fisn. after

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

correspondingjrecttiétt@oitdLthe 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 it becomes possible to generate a stronger flow.
[0065]

FIG. 8(b) illustrates an example where the rotor body 10 is configured in a shape where a
thickness of a part thereof in 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 in 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
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[0046] In the first embodiment, each of the flow passages 16 is configured as just described to 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-{teipia posipas-Rhtkeapstetpprékhiowvard dhaigentral 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-sectiodP&hlape is not limited thereto, but may be any other suitable shape such as an elliptical

shape or a polygepal 5%%@&L@Qrﬁ?\liewﬁ'ﬁua?&fe%i%%m Stirking &9&%&8 g&l&% %e)sg&%fe% belgw. FIG.

2(a) is a top plan view Illustrating the operation e stirring rotor 1, and FIG. 2 a front view
illustrating therbpetaiiosidef thd@tirspregifiotoly LFThe @hiitingtoiond dsaagapteictio the drivenfandmetated

about the central axis C by the drive shaft 20, within a stirrable substance which is a fluid, so as to stir the
stirrable subﬁ%fh%%ﬁe[eﬁ’z}f&%/ed iy fsnbAsEatiihithe Qi Sibie Shafs covidrigHstdiilitndtsed in a

fluid, a part r“élﬁ?&’h Wigh %ﬁ&‘??&ﬂsi n5ige,eachRlHhe low H%%j%ﬁ?;ﬂ@ééﬁ@é@%@é@@ﬁ%@ﬂ?ﬁﬁwﬂﬁ the

stirring rotor 1. Then, a centrifugal force is applied to the fluid inside of the flow passage 16, and thereby
the fluid insidédefahkaflewgdasgage TG ftohvs fowadedaom chitwiard sidé ndhe relthialadivelgtidapehdine stirring

rotor 1, as illustrated in FIGS. 2(a) and 2(b). Each of the outlet ports 14 is provjded more outwardly in the
racial dircctidh GTHLSHARSTSRy L eGSO N S B ED. WFthat the contrifugal
force becomegpgtipnger 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 flowBresdagjeangasrjetebusoting o thensathenpoithiedinkt gaimilancmionpltHevofside fluid is

sucked from IhEEi let port 12 into the flow pas 16, Consequ n?, a flow, radiating out from the lateral
urtace oo R R R L e b e

inlet port 12, will hergenpesates dnibe fivid arawmhibesiviinguatonds §AQ4R] of teuttheto ypaavatating the
stirring rotor 1 under a condition that it is immersed in the fluid, a part of the fluid adjacent to an outer
surface of th&"&HPRIaI TSRS rdGtatdatogedie withhinanakieriigrotdra oy A afatiobyidesditsd Thus, a

centrifugal fof&ﬁqésfﬁﬁﬁooﬂ%oﬂ%%tsga flvid adjiacent to the puter surface of the stirring rotor 1, so that the

outer surface-adjacent fluid flows to the lateral surface 10c along the outer surface of the stirring rotor 1,
and becomegoadigw accompanied with the jet flow from the outlet port 14, as illustrated in FIGS. 2(a) and
2(b). FIG. 9(b) is a front view illustrating an example where the stirring rotor 1 is 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 is 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 in a posture where the gas suction ports 13 are exposed to an outside of the fluid, the stirring

rotor 1 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.

[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
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[0050] In the first embodiment, the base surface 10b is formed as a spherical surface, i.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 flow adjacent to
the base surface 10b of the stirring rotor 1 with the flow radiating out from the lateral surface 10c. In

addition, basp@&Qusenigdingthahasasuntacsolabnihaabayeshaapalcprad@hiheufitw draged toward
the distal end of the stirring rotor 1 can be smoothly guided to the lateral surface 10c along the base
surface 10b, e Eombitfedanithcting fRFIsrddiatiigiendt fosATHa Mtatar st Lee RTEATthis nakedft possible

to generate sifon | ToHd %ig'gtﬁe 2R JRL ?gig%g%g% i %%%mﬁ%pﬂ%m@a%fd

flaws 1, thes i
performing anueﬁ%ler%t stlijrarllfrllg%p?eration.ﬁ[ ), 4(a 4(b) are schematic diagrams

illustrating exaimglpsrof hiowithe dticiatyrpiovideis inskroks Bhastrated;in G SaS{@p theilinyd the stirring
rotor 1 is used under a condition that it is connected to a drive shaft 20 of a drive unit 30 such as a motor,
and immerse@%% stirrable substance 50 which is a fluid contained in a container 40. The drive unit 30

may be a ype IxeRiofincaNang 40 ASiamRL e KenormALRE e AcaRldio e magualy held

and operated by a user. [0052] pon rotating the stirring rotor 1 by the drive unit 30, a flow radiating out
from the stirringfigtordl tarte adiehlaivtctpd:towdidclle cdibttdrens offilie dtitainglvetare anecganpiated, as

described above. As a result, as illustrated.in FIGS. 3(a) and 3(b), .complicated circulating flows are
genoratod U S LITe UL CERREE 86 5 H PP A0T0 o LB S o SRS 6)ahed by the

circulating flq“@ﬂwtbgsﬂ%?sqm hesliahbnthe JQiarbady 1A isfernfion ed Gechuthgbacrassisaetion

thereof perpendicular to the direction of the rotation axis has a circular shape, i.e., configured to become
free of a portioninpipesiegl lilediiithohenstireathiey spdsstance 30 dusimepanerrotitios, Jothisatlibeodmes

possible to ajmos eliminate. 2 cqunteracting.forge, wiichyuld oftenyise accult during start of e
rotation. [005r§]“ fn @n ope%atlon of dispersing a sl%agnant{ subStance accumuiateld at a bottom of the

container 40 filke distahe¢nd ohihe stivingatorstitisly ba moutehtR@ pesiionsulasaste/thehatiosn of the
container 40, as illustrated in FIG. 4(a). This makes it possible to suck up the stagnant substance from the

inlet ports 125BPREfet SLPRSFESYR ipfeititlBnp diesiiieselas wotstifficsdrityhfigveisentHistagAdntdGbstance
into the stirram?a)s’%kaﬂ%yge%gy I%H{ép_%t%glg KQperation 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[tligontainer 40, as illustrated in FIG. 4(b). In the first embodiment, the base surface 10b is
formed as a spherical surface, so that the inlet ports 12 can be moved even to agosition close to a
narrow corner FIG. 10(b) illustrates an example where, in the above rotor body where the inlet port 12 is

provided as a common port as described above, a concave portion 62 for capturing foreign

substances is 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 fluid

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
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[0054] 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, i.e., configured to have no
protrusion, so that it becomes possible to reduce a risk that the stirring rotor 1 or the container 40 is
damaged or chipped, even if the stirring rotor 1 is hit against a wall surface of the container 40. Thus, a

user can movygxtagstiriugHaker dkite anaAskienralose e theuwalsuiaseaplbesartaiperdQiviha sense of
security so as to sufficiently perform the stirring operation throughout the container 40. In addition, it

becomes pog8ible tasridireitiettiplsr rapd st thasdtinihged st iGr the R onthldey abe @lerafigmibeing

easily mixed jpto the O%ff{gafﬁlfg esgg\ll\%%gc(% g&Segn JO055] t%ilgg d ?gnfgisttlgen}?t

gi(men.seg)cl‘hgf }pgi I t ports 12 is
provided at a position s y out a center o Istal end o %é sti?ﬁn’g ro'fortl (sl?éh%f/: outward

of the centrapaxi®hIe @asfilndaotaipesy axis) ssorag pediihe Thietipeftet2viroparbaingl ¢/ogea eviridvhen the
distal end of the stirring rotor 1 is brought into contact with the wall surface of the container 40. This

makes it pos&ite AR Spdrateithd stirtfifos ot 1even il HERibl ddfhcEnbidntheliadicduitace of the
container 40, QP58 A mRdHiCARI B INE.SHIENEHR!PS kil B deserResk Delpu EIGS. A and 5(0)

are front views illustrating examples of a modified configuration of the flow passage 16. FIG. 5(a)
illustrates an@rdnplewdibresichafrpboaftdinpbsfages 16 is configured as a smoothly curved passage.
Based on comiﬁz ring the flow passage 16 in this manner, a flow resistance in the flow passage 16 can be
reduced, so |]becomes possible to further strengthen a flow to be generated by the stirring rotor 1, so

as to improve stirgpg £apabilfiin S Pr@nRies tRismedified flow.nassagadacanhesormsaddiy producing
the rotor body 10 through casting. [0057] FIG. 5(b) illustrates an example where each of the flow

passages 16sknpohfigozddgh sessheliglaraiizipe Frhexfiow ¢ s sigjeinsdesieiguibg tatedisn HianEl(@an also
reduce the flow, EaSIANCR terei In AR IR RO PRSRAREAATkes I asy o perform

[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 of 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, it 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
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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) is 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 is arranged offset in a rotation direction of the stirring rotor 1 in such a manner that a region of a
corresponding:gRedidhe fiowdasseges b ineCantisipusiselation tadharouigtpait lstdsreapiigsred to
form an angle with respect to the radial direction of the stirring rotor 1. Based on changing an orientation
of the outlet P8PRIEAGH thid rFrsReér [FothexEapne wherihdstifiing¥etdr 1T8%ot&iggmnnelrom an
counterclockyyi irection indicated in EIG. 6(a), a jet flow from the out 4 €§ hly
formed. On (1T e b o e S AR ric.
6(a), the jet flawrdrion) dhekiayttetipolikd 4 kiah Weullt ought i@ & v tiwilenthstaiatibn other words, in this
modification, the arrangement and orientation of the flow passage 16 and the outlet port 14 are
appropriately[%gbepending on intended purposes of the stirring rotor, so that it becomes possible to
obtain an optimahflan, et e Uimnl kit 906Ploeal 1% RIBLANSHAISH A RAMPIEWICHRRAER of (he
outlet ports 14 is arranged offset in the direction of the rotation axis in such a manner that a region of a
correspondindcoed of the diowtpassagestdibtioncontirpuoluslieldtioeatestievoutlet porivadi isidonfighered to be

oriented on the side of the distal en istal end sjde) of the stjrring rotor 1. Based on orienting the outlet
ot 12 o thE LT S STH R LRI IOt e s g s TSR PS5 et

becomes poggiler tpchadidcenvbinpingmeatain MRNLIaaRRLPRIRE Piciheo ke sHentossiiensflows or

turbulences adjacent to the fluid level. Alternatively, the outlet port 14 may be oriented on the side of the
drive shaft (dFivie whkds gidejstbléritegrivruidy siiove tew sutsiteliothefimgry beiamesineadiin. the fluid.
[0061] FI gggﬂl illustrates an example where the inlet port 12 is provided with respect to the
corresponding outlet port 14 in one-to-plurality relationship, wherein the flow passage 16 is configured to

extend from the gaehinfatpenbddiaad, thenhoanediawa dshedplddality ofrautetfnans d4dik thispganner,
the inlet port 12 may be provided as a common port to the plurality of outlet ports 14. In this case, a

cross-sectiorl@red 5% e@mm?é@dﬁ%ar&%%m&mfﬁé&r %%ﬁ&@ﬂﬁ%éﬁ%be%ﬁ&a&ﬁs
approximately g&lé%'lé%ag%ﬂ%%f 1&RBGS WS, CIORSRESHROR! ﬁ%ﬁ 95 gAY '&%B%&’%’% chieg rggions 16D of

the flow passage 16, so as to keep a flow rate from becoming lower in each of the branched regions 16b.
This makes itqpoasible todaraveintaastagreant sithstancefronadeingckecumubatedbstdhe flol passage 16.

[0062] FIGS. 7(a), 7(b), 8(a) and 8(b) are front views illustrating examples of a modified shape of the
rotor body 10V, H(deARREFaRes i exanipiasinnthe Hfiéf%?orﬂl?odﬁ}rilﬁgs‘ERS’Fﬁ@E‘retBrW%Pg%égfcal shape,

and FIG. 7(b) Jlshatesap Sxarpls WS hiespiuRedy 1 ikreniguispiiansiipsoidal 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 su@PBtHat a cross-section thereof perpendicular to the direction of the rotation axis has a

circular shape. H wever, i? view of aIItowlilng a flow ag'acient }odthe outer turfaf(:ttehof tht? trotor£ b?gy 10 to be
SmOOthly fOrmed S eﬂ Wa?éa ?ﬂ]ﬂl&?ﬁec} € sturrig rotor mcludes a plurality o € outlet ports ,

wherein the inlet 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 it 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.
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with a jet flow from the outlet port 14, it is preferable to employ a shape where a thickness of the 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 strengtiognithe 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 similarths disprsereodimente the "wligh Sl al S Hapevidethep b et e nisnifeiite sthits a broad

concept which | ?{8 2R R2RC MBSOl R RA QAN GlIRSCIG:s AR, A4 1R S MR 108, Sipsoid.
[0064] FIG. S%a fﬁgcsﬁrarteusgan erxampife w eefeﬁ%he rotor t())od[)%/) 10 ga(cconﬁaure%eﬁ?'a sqh‘%élp’eew Tere a
thickness theteodtirtitizeroise dtismefviietsodgiisitiaxisl graduallytecréasest twara thircgutvbacdisede in the
radial direction and along a concaved curve. Based on this shape, a part of a flow directed toward the

inlet ports 12PARRiPAADRV G tHEAERTE et hotaiaRedRISTChE BreSRBBIgrgidRe S8y thébther surface
of the rotor bady {0aadfermedsa.flaw acremnanisd it ishiow frobe Qv Hskhait. dase thatit
becomes possible to generate a Stronger flow. [0065] FIG. 8(b) illustrates an example where the rotor
body 10 is configug egdnntzoslapeintsre alttnckressrofga@artl thvaneofidiytlgetatettion of the rotation axis
gradually deirggﬁes toward the outward side in the radial direction. In this case, the part having a
decreasing t ? éss may be provided outwardly in the radial direction with respect to the remaining part
having a constantfRickpassrodternativehtnthe Mastiaying aconsint BigknNaskinay 8 iriided
outwardly in the radial direction with respect to the part having a decreasing thickness. [0066] In
addition to sébéntjiviblesshsipecof e 2ater bosied J,/tkenvntarcstinadecafahsucttor buty 3o ithafibe

adjusted to haye an anaroPriate rquatiness o aicated it coneavosonvex of dinpleg siface. to
more accurately an{l’0| flows around the sﬁrrlng I'O{)OI’ igL urtner, an appfe}f a soccer%a orlf]he ﬁke may

be painted oRhgaatser surface of the rotor body 10 configured, for
[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 it 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 in the radial direction, the present invention is not limited thereto. For example, depending
on properties of a fluid 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) is a front view of the stirring rotor 100 (a side view is identical thereto), and FIG.
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example, in a spherical shape, to improve aesthetic quality. [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 thrJisial eacbsidaandakemaimiRg-eart thereoldsipevidadopiths. dive shafiGidene
Alternatively, depending on intended purposes, all of the inlet ports 12 may be provided on the drive shaft

side. [0068] SUBHEPOR H}Sb?@@ﬁ&ﬁé%é%?@%eﬁb&?ﬁﬁg@ﬁwemfbf iHQ»iﬁ@%lﬁe#tg Q‘s“z_jr&ﬁ dptimal flow for an
intended p“rg%’o%‘?d%&’}ntf %%ﬁ}‘%%?t&‘?faﬁé‘ &g SRe.n 'c?&té’r%g%f%% AR Ha‘g fyesghaf fpd% gl%ﬁ’tﬁ glovedto a
%e flui eo t%e ui ﬁ

position close a level of SO as to suck a gas outsi to positively inCorporate the
outside gas int@dhpofidid 1 bisvidakas (b passibkariacllbacgatéobedissatead hdhedtiuiddr totallow gas

bubbles to be entrained in the fluid. [0069]  FIG. 9(b) is a front view illustrating an example where the
stirring rotor " $pPOVidaErHtH K JasddiiAciBrr e8P SULKiHG SCgERBIERIEDMARPATII HEnt R gas
passage 17 qgm}ggilg&@glme 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 bodP@87tonfigured in a spherical shape, and a gas passage 17 is formed inside the rotor body
%rres ondin%eoone of the outlet ports 14 via a

10 to communicate each of the suction, ports 13 with a,

corresponding on 8%8%%99%33%&?1%‘5%@igﬁﬁ‘o Fﬁ&':gcﬁ R UNYB LSBT I YRS PBSF body 10
provided with {h@ GRS SRl BRIV:IAS ANahthieEias-PRRSADESH hédSI18RtD RPRIIUIRWRere theugas suction
ports 13 are exposed to an outside of the fluid, the stirring rotor 1 is rotated. This makes it easy to allow a

gas to be dissdved iherdehididvoH teealiyvibeds Ipigbblesho totoehodkindf thecfluidetioo PoTtion this case,
each of the gas \%Hgéion orts 13 i§ J){gvide%c %tl%)ot%iéirogfrtnorﬁoinw rd in ﬁlgg E%d(;{ala irectior g(l:llc%ser to the

. . 0] 1n the center;.o su, allow a arive S r1ve uni
rotation axis)\than a corresponding one of the inlet ports 15, So tha

as a motor to be connected thereto. Thus, the stirring rotor 100 is 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
is configured as a solid structure to provide enhanced strength of the rotor body 110. A
material for forming the rotor body 110 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 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]
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it becomes possible to efficiently incorporate a gas into the fluid while preventing outflow of the 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 exampias whegpiie sticingristaediisconligurecuie.be 1qapallinofsapbsdng foreighuce
substances. FIG. 10(a) illustrates an example where a filter 60 for capturing foreign substances such as
foreign particledq8 Progidits iAnPatiE oPtikefieptsad8aqestips dild)positidis agfaedntbadiverpesénding one

of the outlet pors -fﬁé}sf%‘lje{’ oirrt‘st%rf’f’l%i'?%f‘%ﬁié%%fng ei?ﬁt&?[%“gg&sf?ﬂ%?r%e@ﬁ AR Rlirring of

t
the fluid and removal of foreign substances contained in the fluid can be simultan ouslly peﬁormed. The
filter 60 may Geavnade nfvenmateriat auitablenfon axidiendedplyrposed stislvasoriehrodwsh atdspohge. A
position for installing the filter 60 is not limited to the position illustrated in FIG. 10(a), but may be any

other suitabl®pG&itiow, THe7yrts Héis ymemdririteenn dresipeivbare it b ifotor where
the inlet port J.2,i3 RroMided aga GomEanRafas.Aesculed abqve. 8rCRRCANS: PRSP §8. forngapturing

foreign substances is formed in an inner peripheral wall of the common region 16a of the flow passage
16. In the rotepcbdayllyherérthedniet qparodithés tpthyidecbasd demmienpoast,| tHefliner pabsieig darbugh the

common region 16a of the flow passage 16 is formed. as a swirling flow according to the rotation of the
i rotor £ A R e R A OO T RS It SR A AR THTE common

region 16a ofghediow Rassaee &b iseipubstanassinitierivid:cambecaniyeshwithirithe moncave
portion 62 by the same mechanism as centrifugal separation. The filter 60 may be provided inside the

concave portidissRicelisndipidacdptihedefirdignisbsiaceseudseonsliapignhedd thethidet patavid portion 62.

[0073] A stiri dev'ceﬁ for by coupling a plurality. of the stirring. rotors 1 will be described below.
FIGS. 11(a) MHUEE L L A S s R L L S ey, PG
11(a) illustratesan 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 rotors 1 are integrally coupled together. As

illustrated in FIGShe ftay sreesagd) e ioriredits of Bitigy Fororyniciing saphedf thgatier rathe direction of
the rotation ayig, 39 JnatibResemesesalea iher impipyehasiiring canabilivIhis sffective
particularly, when a fluid'to be’stirred has a Igrge depth. The stirring device 2 illustrated in FIG. 11(b) may
be used to sucknbegas titsicke thesfleid fionfoinednietiporte 1@@rbtde divesdoaft sidehlpftlts case, the gas
can be more efficiently incorporated in the fluid. [0074] . )

passages I'16 is 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 is 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 flow 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.

[0093]

An operation of the stirring rotor 100 will be described below. FIG. 13(a) is a top plan
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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 perpendiculiasdara dingctiperaia retatienaxisdhereol basacirtalar Fbape aadnlelapaib 2
provided in an outer surface of the rotor body 10; an outlet port 14 provided in the outer surface of the
rotor body 10!B¥&3g88ithsrPRsETEB dhBe At ag sl Witectits eéi@ﬁmmj@zl b%@tﬁéiﬁytﬁﬁiatﬁ Rselfiiet port 12;
and a flow p ca [I] inlet 12 .wit ugl tirring
rotor 1 can ba%%%?g?ﬁ%%%gg# arl1 lclzoé&*gr owser8 tr]%rtlﬁgn |lr\r/1ep %&%8” ﬁ‘ﬁ% e ensuﬁlr?ge suﬁ'l %ﬁ%tﬁ stirring
capability. Infhddjtions thetiotiar iecyld Qubsemagigured such that a cross- sectlon thereof perpendicular to
the direction of the rotation axis has a circular shape. Thus, it becomes possible to eliminate a
counteractlnéﬂfe%le during start of the rotation, and allow damage, chipping or the like of the stirring rotor
L or a container agaialRRg Sl'ahle SuRSIERRIRGSCAMAISIHIK A RARUAKEING sirig rotor 1
is hit against the container of the like. This makes it possible to perform a stirring operation in a safe and
efficient mantherflinéspeaiigecidatented pmrﬁowawﬁé@%?} lﬁmh@q based tmgarhnmgumml@m&mogor body

10 such that the cross-section there endicul ectlon f the rotation axis has a circular
gl et el s g o e R AR it e M g sl
from an impeligfe8y e fikkeWhiah kely m&a#@@a snbadanses ihhrcemesRasaibledthalmastaliminate

vibration, shaking or the like which would otherwise occur during the rotation. [0078] In the first
embodiment reb ﬂ@m@bﬁwt&mﬁie&iﬁ@uﬂé&)m@déﬁé@e vﬂ?@f@étﬂﬂékﬂe@oﬁﬁelré@fmlm@dﬁ@mmn of the

rotation axis gudedugi d creases | rec arl% t5|r e %\dlal direction (c dﬁrﬂentrlfugﬁ! dlria(gtlon)
Thus, a flow adjace e outer surface otntﬁe rGtor bo é) yl anaBe smooPhR/ ofmed as a fow

accom panleqamhlazewlm m&ﬂﬁmgﬁhefowua&éoﬂdmStmag@&tttﬁ@satweﬁ@ngeneﬂaa@ a gteanger flow so
as to further improve stirring capacity.

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 flow 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 is immersed in the
fluid, 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, in the second embodiment, based on a synergistic effect of the inflows of the

fluid into 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

26



[0079] 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 is formed as a spherical shape. This makes it 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 pegiasimdienstiingiepesationthraughoridie oortainas dheikaiaidesivdQisaay serkenfigured
in a spherical or ellipsoidal shape. [0080] In the first embodiment, the stirring rotor 1 includes a plurality
of the outlet §&#¥1H%-wherein the inlet port 12 and the flow passage 16 are provided with respect to a
respective or;sogfﬂhe plurality of outlet ports 14. Thus, a flow rate in the flow passage 16 can be
maintained at an appropriately high value. This makes it possible to prevent deterioration in stirring
capability due to acdisnsedaiib arciclagnariasebstamoesiinghie thelflowopassagendfis [0QB1}he dsidhe first
embodiment, the inlet port 12 is provided on a side opposite to a drive shaft 20 to be connected to the
rotor body 108y ad i) Foreralinusdt Bodl teedr ARiUMAKEERepdSsiR &t cReERighahtRsuBStance at a

bottom of the.cantaingrsq as R BeHRIM Arsliakieistining aparation fiee Rfunsvannass i addiion, i

becomes possible to perform the stirring operation without destabilizing a level of the stirrable substance.

[0082] In the dirsi-edsdophipeniaiisbapiet pdrrifii®iyrobidedoorbiide dldwary bideomfifveerhdiaddirection

(centrifugal direction), with rgs ct to the rot tiondaxis (central axis C). Thus, even ifﬁhg stirring rotor 1 is
s Vi

moved to a pY&itiol'ei5d PFRSe SFRRY SN RN R B% cBmaleh JE S VB SRt Stion

where the stiglipgafRtOrelcis sHEKINGLY iRrexghtintoCcoRtastwitidhe vwall seHase-anththerghy-thednlet port
12 is closed. This makes it possible to perform a stable stirring operation even in cases where the stirring
rotor 1 is mareizinoberatetic [0083Yr 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) is 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, in 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 flow 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 is used. As illustrated in FIGS. 14(a) ad 14(b), the stirring rotor 100 is used under a

condition that it is connected to a drive shaft 20 of a drive unit 30 such as a motor, and immersed
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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 1 ota#ien axiseribhs Makasdtansaibladombdtherdmpiaveshe stigingveapaibitmanskimprove
the aesthetic quality. [0085]  Although the first embodiment has been described based on an example

where the thi¢ ] tRéhoterBEey o drrame alrtetdis ofthed Beatibiaidanipadubtyraasibabed toward

the outward %IQF }dirgd'e?l %{ectlon the present invention is not limited thereto. For example,
depending on properties of a fluid as a stirrable substance, such as viscosity, and intended purposes of
stirring, the rgao0djody 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 t&Pradigidrechentifeo8aPLs EEONDE MBS HINENTS flow EiftitgePtt S¥hirflify rotor
100 according;to. 236600618V OGREQ! G RIBSERLIMEENERR W 58 feschibad RelpwreRlfid2(d) is a

top plan view of the stirring rotor 100. FIG. 12(b) is a front view of the stirring rotor 100 (a side view is
identical thereto), &0 GBIBoRA3stZbcy |$1é)lbc91rtoansidevmmfcﬂi® strtirgdtorsh@. A3 Hhasgeateaed, FIGS. 12(a)

to 12(c), the stirring rotor 100 rises colum ar sh ed rotor body 110, a Iurall of| let ports 112
oroviced in (S BRI Lo OB of A st r SUMEEh SR Fo RSBy 116 “HIL ettt BHL port

114 providedsuilfﬁaelqtﬁyalowﬁéwsar%%gcr&t%rth@ooutﬁg Sauféé&l% f thry@ieabadyi&0.1apg anfloy@assage
116 formed inside the rotor body 110 to communicate the inlet ports 112 with the outlet ports 114.
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 of 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 it 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 is configured in a 12-sided column shape,
i.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 is 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.

[0102]
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[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 xoi@aRQisAelaptas tenbe Jotates ahast R aiBtiopeaxis 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 édfvenfidhdl mbaaisaermpicthreadodHirsceirisratigjageheitieoppiédddntiooBdit  In the
second emb%gmqtaggqgg } N, faghg [otps body 110 other than the flow passage 116 is configured as a
solid structure to provide enhance gtreng'th of the rotor body 110. A material for forming the rotor body
110 is not pappicadarly 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 sinfpfé dntbistyrabaiatdbrs G iraRirAme e origtisB ot dBerhlamitsetashiels Pdssible to
form the rotog hody, 1394 rz?%@o\fﬂﬂﬁcﬁﬁf@t}ﬁa@g%@teﬁ%k%d’@rh%ﬁfé%ﬁﬂgrﬁ%rmdp%&@?ir@tiiﬁ"&lﬁrocesses-

[0089] Based on configuring thée rotor body 110 in such a simple shape, the occurrence of unbalance
with respect toatheretéivonrestisacenibemilomzeshhul) cifférerdydedmoathampaitenes tedikde which is
likely to cau\j’e unbalance, it be ossible to all)most eliminate vib g(sion, shaking or the Jike which

|

omes
would other ‘éréhsr(:éﬁ??%ﬂ[?ﬁ?gatlfg)?'ofgtﬁ)engf@@@&f Y1he BB 19%8 BrolidBI iR the hdkom
surface 110b.gf & Otorhody i R, (B fRceifRAINGWPAsside oPPASHE 1atha SOREARHIOR:RREtRL18). In

the second embodiment, the number of the inlet ports 112 is four, wherein the four inlet ports 112 are
arranged sideady-ti@elopuahciesienkhaving a center at the central axis C, in equally spaced relation to each
other, and eg[rqilwoaithe 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 embogiersibihe Aurskerief thewatalb partsdddidsiaie, swbiegimeachy gfathgsteurieutiet ports
114 is provided at a position more outward in a centrifugal direction from the central axis C of the rotor

body 110 (at@&fé%}fﬂﬂﬁér%fga&ﬁ&yﬁﬁomTﬂﬁeﬂ@éhﬂaéﬁ%saé ©® ﬁ?laﬁéﬁ@étiéﬁhé)@i‘ﬁé‘ﬁﬁi(?alh?lf@ tégentral axis
C) than a corgesponding ene o ﬁ*&%ﬂﬂ'3&19%%%15%(5}151]@%%‘85&{?&%% Esg’alré}léeifhoﬁ%?a%e’s4ﬂse2%gﬂ‘3d In a

direction perpendicular to the central axis C. The flow passage 116 is formed as a passage
communicatipgrfeaalviefiing istfleh poite likZewfith 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 is four.

Each of the f[8\}\9f)]assages 116 is formed to extend linearly from the inlet port 112 along the central axis

C, and then, afterpenping AtAcright RAOIR. SXendineatyip hecantrifnaal Airessian asaed aier body 110
to reach the corresponding outlet port 114.
respect to the corresponding outlet port 114 in one-to-plurality relationship, wherein the flow

passage 116 is 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) is a top plan view illustrating an example where each of the outlet ports 114 is
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[0092] In the second embodiment each of the flow passages 116 is 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 flow
passage 116 can be easily formed by drilling a hole from a position of the inlet port 112 along the central

axis C, and dyiftingea biele: iiom aapesitinpcabing outlehpertddd toovard,the eaniial dxis CegMthaiugh the
flow passage 116 in the second embodiment is configured such that a cross-section thereof has a circular

shape, the crSsReBdsEaPangehs ﬂ@wiﬁﬁ%é%?hér&dnmﬁnﬁfwlﬁerah%m@rté@i% $REpkldUeh as an
elliptical Sha%‘én?{ ?a PYIRNA %E‘%H [%9%3&3)’%&%r%%"é%ﬁ%!&“ﬁa?%%%ﬁ&? %%Q% Gg%q?es%@ed below.

FIG. 13(a) is a to n view Illustrating the operation of the stirring rotor 100, an ) Isa
sectional vieB4dktistiatthgniliegapesationtontioe ktroing:rear 100inl thes stiring,raioed06pbis, acajptead 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'SHME S taBis QiHetindke f@@@@fdoﬁﬁbﬁ‘? f’éﬁ%‘ﬁ‘rﬁ’é‘ tREAFAAY SO IO hgela Bondition
that it is immegged 4n, 2 fluid na P& AT ERG e rtarineinydesash phiie fow Pessageaskl fdsalso

rotated together with thestirring rotor 100. Then, a centrifugal force iS applied to the fluid inside of the flow
passage 116waﬂdtﬂaetebyghadhjd(lmsmateﬂuheHéonpia&sagaefphﬁlfImWSandhbydbnmfugaddimetRDon of the

stirring rotor 1 ed| FIGS. 13(a) and 13(b). Each ft eo orts 114 is provided more
outwardly in fﬂég &@n #fLé 8?{ PR qﬁbﬁ%ﬂbgtﬁ%{h (5?P 6 8|ﬁdu6]hlge(51f r%%“?nl ports 112,
so that the C%ﬂ&éﬁ%hﬁ?iﬁ&t@@%&lﬁ%a%ﬁﬁﬁ%fa%%%&ﬂ!%ﬁ%ﬁléﬁﬁlﬂ?ﬁ&%é%mlﬁls%gé }Raddus, as

long as the stirring rotor 100 is being rotated, the fluid flows from the inlet port 112 toward the outlet port
114. More spbeifieddhparid ftiicinsiierobiple ﬂ@mﬂﬂ@@ﬁé@@Jlst%qe@te@lrmﬁgﬁﬁm@iﬁmyq@mtsm14 and
smultaneousdy tl} outS|de f|Ul |s sugged from th Iet ort?llZ | to the flow passage 116.

lo

t
Consequently, a W radiat |ng ou From the 12k él% sur éeevlﬁtn%egoutlet port 114, and a flow

directed towaoddhe bottom surface 110b Wlth the inlet port 112, will be generated in the fluid around the
stirring rotor 100. 009’5,%()9( Further, upon rotating the stirring rotor 100 under a condition that it is
immersed in the ).rﬁgaofrﬂafbﬂréwmét@fe@eﬁ@mpéﬁ YheFre G Arignerilsé BeitSnd tdfor 100 by

the convex Sgl%ﬂggﬁso%'sgp Rrodga.on he fateral SHiface: ?Fl?& -RNY Wit the fofafiqn,of th sfirring
rotor 100, the swirling or turbulent flows are integrated with flows from the outlet ports 1%4 so that more
complicated Homesf{oudingenicflofvalewilhbepganarated iim thenfluidaraeladoih eosthéingttat@oi 004 GO96]
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 it 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) is 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.
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As above, in the second embodiment, based on a synergistic effect of the inflows of the fluid into 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 in the fluid around the
stirring rotor 100 so as to obtain a nonconventional stirring capability. [0097]  In the second
embodimentdpaggd 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 & cEHtvaP X otatoH w18 ebprrRjipkdasts the isigerrolydénarskisgenahernatively,
the rotor body tAQmaY;e caafiauediinany pfher myisiad columnshang.Aapending,an yiscosity o
other property o the stirrable subs ance, etc. However, in cases where the rotor body 110 |§)conf|gured in
a multi-sidedidaluraprshaiee iihtaiombefaoé sidsois theafarablyafatide. 1 2Aohmbiemoitifie fokefettlboly to 16 or
more, particularly preferably to 18 or more, in view of maximally avoiding collision of the rotor body 110

with the surrdtdHEHEidolstReROLHDSKANBAY, BhdPraisg 18 harrfottiiondfooodlicmiy Y -second
embOdimemd@p@ﬁ%%%%‘%ﬂ%ﬁle@iﬁﬁp%@émﬂé‘kﬁh&‘ﬁ'i %%%@B&ﬁg%@%%h@fﬁ%ﬁgé@Qul!ﬂ%é?%f%ei#

perpendicular to a flow passing therethrough) is set to be approximately equal to a cross-sectional area of
the outlet porthdrtdf(cross-sedtiondkatealofntheiduitiet poenbimngeppe ticicutrstoraviled padsintyive
therethrough), Alternatively, the two cross-sectional areas may be set to become different from each
other, depen AB% “intended purposes of the stirring rotor 100, etc. However, in view of allowing the fluid
to smoothly flgy ghrough 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 B#edqpapsivginettietbng Hcteringonsss ddbtionel raaldL e eritlatldlnw Feran

(cross-sectional yep ofihe oulet Rort A4 perpadicyac o passing et s rsferably se

in a range of prefer In‘a range 0 to arly prefterably in a rang of 5/6 t0

1.2.[0099] nfoheSioldfariand dddb) are-pehamatitl dingramsdiusiratingias exaspledab poviitheystirring
rotor 100 is used. As illustrated in FIGS. 14(a) ad 14(b), the stirring rotor 100 is used under a condition
that it is conriBeRERPtY Al v S Bt RuVE unksomatles hoestivbide, Al ifngheiadg dissolved

in the fluid or to allow gas bubbles to be entrained in the fluid.
[0111]

FIG. 17(b) is a front view illustrating 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)
illustrates 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 is 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
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in a stirrable material 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. [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 surfagg: i Hboar apsidpRRPesiiadathpahive abalt 20 areganaraed, @ewdesssibediaboye.
Further, swirling or turbulent flows are generated in a vicinity of the lateral surface 110c of the stirring
rotor 100. AstierBeiditras ithesersteertiivrress 147a) Hntsaheh copmpieies br dratnyswd ardGenerated

in the S,“”ab'f%éSHQﬁé?r?SS 204 ,%Qrtjolﬂé& %&“ﬁ(@"ﬂ&i&%‘ﬁ%t%&‘;% %%%éé syifigianty §8'£{d% Aegarding o the
circulating flows. In an operation of diSpersing a stagnant ibstance accumulated at a bottom of the
container 40 dtueslistalendpofttivaisthiisiaddiatanlp Provade dén mhe veditd @l p o sitiorclose tenthetdaitom of the
container 40. This makes it possible to suck up the stagnant substance from the inlet ports 112 and jet out
it from the OLHI@fiports 114 so as to sufficiently disperse the stagnant substance into the stirrable
substance 5%[%91] In the second embodiment, the rotor body 110 is configured in a 12-sided column
shape, i.e., configured to reduce collision with the stirrable substance 50 during the rotation, so that it
becomes possibl&l. dlifstielimicade exooplktedactng foredavhichoniould pihaededseitbobeoderitie start of

the rotation. In addition, differently from an | ler or the like, the rotor body 110 has no sha
orotrusion, SEU AN BRI FERSILI 1o T6HEAON AESTRRS MES ARG PSRSH BOBET IS SRESSr 40 is
damaged or ghippsd, SVam: thamtiing«etersd0Q is hifRginst-Awallbsiiacerd the containesdp. 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 sdedytbasifficintiyepaitd marthld Stiikingioperation thiouhbatadereontainer 400arpathdition, it

becomes posaibe 10 pIeYEAt debis orchins PG, TN Rton 1808116 CoNiainer 40 ate. fiom being

easily mixed into Hie Sirrable’ substance A'mo e stirring ro w
described betows, His&t 45 torhinilusdratieexanppiasnol mmodifiathaopdigination af tremslebpatén 12, the

outlet port 114 and the flow passage 116. [0103]
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 illustration 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) illustrates 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 in 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
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FIG. 15(a) is a front view illustrating an example where each of the flow passages 116 is 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 116sgasn bederoaed-hyspdogisgobesaion bogyAditmeughieasing QA tatidnl id(b) is a
front view illustrating an example where each of the flow passages 116 is configured in a straight shape.
The flow pasiagffiaBecotfiguhacniis maktalite! sy redesaare U rssigtandediarerirtiladdition,
this modiied fow paFsaagdie Makes e oAl Glepng BLARINSIIR HETPablRlYpdH1C- 15()
is a front view Iillustrating an example where the inlet port 112 is prO\%dre with respect to the
correspondingedetifainpbetctd4-wrviva-terptutidiijar etatienehim whie réinathe et ppssageuldGiaeonfigured
to extend from the one inlet port 112 and then branch toward the plurality of outlet ports 114. As in this

modification, iH&hetspditsirasdrigy e prfbider a8 e onrAdgh PoreSIEpiRAEmEr o datet pert9 114. In
this case, in g, of gloios g{'vidstirabi susianselin smecihiden heuah i lavipgasage 116

without stagnation so as to obtain an effective stirring capability, a ratio of a cross-sectional area of the
inlet port 112o(¢eopsrpbetidnbi@rehthd thessriattporoflth? pempentidulapd¢penfiowl passheg¢hesbthirough) to a
sum of respective cross-sectional areas of the outlet ports 114 (cross-se tione% areas of the outlet ports

114 perpend!CURIHA ol D ELLIY et at g MY Bt raBI SR e AR B 1/3 to 3, more preferably
in a range of B4 &p 2, particularly preferably in a range of 5/6 to 1.2. [0106] FIG. 16(a) is a top plan view

illustrating an example where each of the outlet ports 114 is arranged offset in a rotation direction of the
stirring rotor 100 In shchegonthambediagnt. réianusfldycofrespisvidingnesmes ofliik flowrpsisksdgasthizs in
continuous relation to thee?L{tIet port 14 is {:on(f)llngrrgglggtfﬁrm an angfl%1W|st. respg)gé{tﬁﬁg cenEnfugaI

direction of tﬁ%aglt]ﬁfinggr%r{orafda z%gdq'%lﬁlc anging an oriéntation of the outiet in ﬁ?isomanner,

for example, sMhattdhBestifring @iRILAARY. is ratatedkin dhesegunterclackwise eireliasgdndicatedday the
arrowed line L) in FIG. 16(a), a jet flow from the outlet port 114 can be smoothly generated. On the other
hand, when th Bty ¢ ierhoE iibtabstimaxhe ey kirsedidetbiPindicated (by the arrowed line R) in
FIG. 16(a), t'l@lj?f flow from the outlet port 114 can be brought into a turbulent state. In other words, in
this modification, t]he arrangement and orientation of the flow passage 116 and the outlet port 114 are
appropriately setRiepenlingomiabeitidechpusposgieobithesiiifing soips, salhabilybecegneatpdssible to
obtain an optimal flow for efficient stirring. [I0107] ) ) )

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 in 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.
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FIG. 16(b) is 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
distal end (distal end side) of the stirring rotor 100 (on a side opposite to the drive shaft 20). Based on
orienting the putlef port 114 on the distal end side as just described, a flow toward a fluid level can be
weakened, so that it becomes possible to reduce whipping, entrainment of gas bubbles or the like due to
strong flows or tulbaiBeicesrdtjtsetiters tieuraneveremo]! 10¢ iy s epprsoradtly vidwanerdiaging an
example wheye .cagh gf tﬁ}go%%'é'gﬁa"ﬁ’sr ol n%]ﬂﬂﬁ%ﬁrﬂﬁgss?&%} e dinsgion of e Fatafioneyis 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 configticesuiabee arieniegkorithefsinle ahthe devaesinalti@iveshad sidaeppioitisetase; even if
the stirring rotor 100 is rotated in a deep position far away from the fluid level, the entire stirrable
substance calis8UREHRIARI LRI Bt A 56880 B generating a flow oriented toward the fluid level, a
gas outside %}ag]stirrable substance can be intentionally entrained in the stirrable substance. [0109]
FIG. 17(a) is a front view illustrating an example where the inlet port 112 is provided on the drive shaft
side. More speciflostiyd BGhel dm)etl yegrates Id Nk xarmplevekeseiiel fOamajebpprisiddPiatbepravided in the

top surface 110a on the drive shaft side. As in this modification, all of the plurality of inlet ports 112 may
i hwaltmaty e o i Rt e ot S el
ports 112 may.prrranges meehnibatipadihsresiis@myded ofithe.distal gRgd-sideRADRMAINIng

part thereof is provided on the drive shaft side. [0110] Based on appropriately setting the arrangement
of the inlet poftsontaveasegipeirital FRswfo pravinendedipurposecaplbe ehisrared Urusthes effrstintet ports
112 on the drjve shaft side may be moved t osition close a | (lfOf the fluid so as to suck a gas
outside of ML SULTednEmiara s O SO Sariatd S e PR ossivie 1o alow a
gas to be disgalyed in the fluid or to allow gas bubbles to be entrained in the fluid. [0111] FIG. 17(b) is a
front view illustrating an example where the stirring rotor 100 is provided with a gas suction port 113 for

sucking a gas outdfde- ofife m?&ﬁ%)nal%%tg pE¥gage 9f17 epfinieasapcte gEnstittloAporter13 with
the outlet port, 1 14, More speelficallye BIG. hilod 'AE%%E%%‘F&éé‘iﬁ’{ﬁl&!%gsé%‘ﬁ&%v@g‘%p%ﬁ&&ﬁs}'%”d?ec’”s 113

are provided in the top surface 110a of the rotor body 110 on the driv side, and a gas passage 117
is formed insidetihlexxot0r hadyeldl g-terabymmugidateleaehsafitheagabis FEGo0Orts 1AB)Withhay be

corresponding one of the outlet parts 114 via a corresponding one of the flow passages 116. In this
modification, UFHEFLCERANEN HALTHETEASE bidy D0 Uit OHAHE-GHS SLRHH HBREHA And the

gas passagegyliddSiseldy BePARWHNNEIGHREHAR SURIION RRASdhanfi& SXPORGAIIS 3P ufiside 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 bubtgestt bé&lentdgnead imdaheadhaid. i@t dbRJarranged in coupled relation, or may be arranged in

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 it possible to generate moderate swirling or turbulent flows around the stirring rotor 100
so as to enhance the stirring capability.

[0123]

FIGS. 21 to 30 illustrate examples of a modified shape of the rotor body 110 of the stirring

rotor 100. The rotor body 110 may have any shape, as long as it is configured such that an

outer peripheral shape of a cross-section of at least a part thereof perpendicular to the direction
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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 it becomes possible to
efficiently incorporate a gas into the fluid while preventing outflow of 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 passageot kifemanitm crmrounicatedapitvase dicajad ouflelr Rorvahigl isead ditionallyc-prexided 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 BE&PPSVAHE FAtArEEdehaniRistiplsrt 1thongd Mireh eagiiet rédhst hrrsioh pasese 116
has an enlargeg PNt 4 fRUMRE.ENIBING AL INSY HIAMESrIBErRale0 A 1B, GeAtIS prgion
substances thergin. In the rotor bo y having the one inlet port 112, the flui passing t rougl% the common
region 116a ghitelflovwngassageet 16 is formed as a swirling flow according to the rotation of the stirring
rotor 100. Thus, based on forming the enlarged portion 119 in an inner peripheral wall of the common
region 116a EH#d flow passage 116, foreign substances in the fluid can be captured within the enlarged
portion 119 by theygame mechanis A seNIHLdA ReRARlAN \nathasars dhsistiring itar 100 can
simultaneously perform stirring, and removal of foreign substances. A trap may be provided inside the
enlarged portididddpd yehad yhhypl dthe sapivred fokigrosgbstanceso{@ddidf théliowegréusiration is
omitted, instead of providing the enlarged portio a forei bstance-capturing filter may be
interposed inlﬁgél fFoWBQ%%’S&EéCTi%ﬁﬁ? tﬁcjép aé%@ﬂ%i(%é H?SO\FEF%méfdﬁ %H@s&%c‘é‘g aan%f?é“pvé?%rmed in
an easy and ginplgempaner dheditelmayde-made obasmatarialsyitable: fasa8 intendes Rirpese, such
as wire mesh or sponge. [0115] FIG. 18(a) illustrates an outer peripheral shape of a cross-section of
the rotor bodgoniex ot gmenititliddy safiesy PO pevipertiiotiad 96 the keenhahesds AnadditRIG itligEspissan
enlarged view of.the area A in FIG. 18(a). As described above, in t cond embodiment, the, rotor body
110 1 confighat s S e T e e B R D T LRSS ahape
of the cross-gestienvatithe:redenhedyoldOpeipe nibistlar ththeaee péirk-axisai@iatien axisy Sitssrenfigured
as a polygonal shape. Specifically, as illustrated in FIG. 18(a), the outer peripheral shape of the
cross-sectiorF§BtAFotor body 110 perpendicular to the central axis (rotation axis) C is configured as a
shape where[éllegirality 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 axiFIGHagHa)ene A y)tridngtalar shapemplethérrashibustnatedeiiphéal k8Epy, dfetbbape of
each of the convex segments 110d is set to allow res(gective sides 110d1 of adjacent ones thereof to be

aligned on a S6sighETRME, Lohhafdine BotEr bhiBRERCiHHe B e cruLd Mg BHe ¥ body 110

gﬁ;%zr)\dicula&&&@&a%@é&@%@g@%m@ﬁap@ 320009 uRskes.RIANRLShAPR;(comyeXRRlygONal

22(b) and FIG. 22(c) are a top plan view, a front view (side view) and a bottom view,
respectively. As illustrated in FIGS. 22(a) to 22(c), the rotor body 110 may be configured in a
multi-sided column shape, wherein each of the top surface 110a and the bottom surface 110b has
a concave polygonal shape. Depending on properties of a fluid as a stirrable substance, such as
viscosity, etc, the rotor body 110 configured in the above shape can provide an efficient stirring
operation.

[0126]

FIGS. 23(a) to 23(c) illustrate an example where the contour shape of the convex segment
110d in the cross-section perpendicular to the central axis (rotation axis) C is configured as a
generally arc shape, wherein the twelve convex segments 110d are provided on the lateral
surface 110c of the rotor body 110, and wherein FIG. 23(a), FIG. 23(b) and FIG. 23(c) are a top

plan view, a front view (side view) and a bottom view, respectively. Depending on properties
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[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 gonyridsagmentablOsvsanexamplas Misceantotk shrpewef taconyessegmanhkAdd in the
cross-section perpendicular to the central axis C may be a shape which allows the outer peripheral shape

of the cross-$BetiorisPtherp e ndayn Mf&sé?pbﬁ@ﬁéaﬂaeﬁsrﬂﬁ@rbe nifaltaxisdfot&tich exisy CIBBE
configured a%%@%ﬁl‘é%%6ﬁﬁi¥%°ﬁ&%h§§ﬁ%ﬁ§§,f@'ﬁ?ﬁ%?ﬁ?%%E‘o G E%%ﬁ%?é o @‘@FP?eé‘u%Q%Peer}éﬁ?}%Qtf’"'OWS the

outer peripher ape of the cross-section of the rotor body 110 perpendicular to the central axis
(rotation axisykeiiotlie storifigused agtatshapmsimaers arpligtaliytottidngwath shapedjerotrusiofikare
provided in a circle, as illustrated in FIG. 19(b). [0118]  Alternatively, the contour shape of the convex
segment 1108 KiH08 ArPs e SEne B AR Mt &t tor tHTaRlSFaPS3ISC may be a shape other than a
generally triaﬁgg r 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). Alte$naditzelin 2dlepugistidtestratiommplomitedihit noalobeshme othdbe suitadiesqohggonal

shape or may be any other suitable shape conpfigured by combining curved lines.and/qr straight lines.
0100 o) TRSacs SHABE BB e LBt AL 158 G EE bl gl Sat dcbehing on
intended purpeRgsIRNEapssorRNditigrs RhthesENG ROEIARx Rkt 1300 he Yrslarstred that the

number or arrangement of the convex segments 110d may also be appropriately set depending on
intended purpteebsarfacadd Govdhioivso0ad0] 10, and wherein FIG. 24(a), FIG. 24(b) and FIG. 24(c) are

a top plan view, a front view (side view) and a bottom view, respectively. Depending on
properties of a fluid as a stirrable substance, such as viscosity, etc, the rotor body 110 configured
in the above shape can provide an efficient stirring operation. Instead of forming the convex
segment 110d in parallel to the central axis C, it may be spirally formed.

[0128]

Further, the convex segment 110d is not necessarily provide over the overall length of the
rotor body 110 in the direction of the central axis C, but may be provided over a part of the
overall length, as illustrated in FIG. 24(b). In other words, the convex segment 110d may be
provided only in a portion necessary to generate swirling or turbulent flows. According to
need, the convex segment 110d may be provided on the top surface 110a and the bottom surface
110b.

[0129]

FIGS. 25(a) to 25(c) illustrate an example where the contour shape of the convex segment
110d in the cross-section perpendicular to the central axis (rotation axis) C is configured as a
generally trapezoidal shape, wherein a plurality of the convex segments 110d are arranged on the
lateral surface 110c of the rotor body 110 in a zigzag pattern, and wherein FIG. 25(a), FIG. 25(b)
and FIG. 25(c) are a top plan view, a front view (side view) and a bottom view, respectively.
Depending on properties of a fluid as a stirrable substance, such as viscosity, etc, the rotor body

110 configured in the above shape can provide an efficient stirring operation.
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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 sggmgnts 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 perPetifciertocaionentiaPasisicmely the syereranseindlidr shapeigemilidttated in FIG.

20(&) or 2000k LT O B IR RN A G PRR S48 [UARIGALE GieABI &0, BIEIANNEY.

although illustration Is omitted, it may be any other suita ape. In an arrangem plurality of

concave segimanisoiitdeyiadjrchapareshtheieticmaysigaciangebpinceodpted ralatiops of theaantxe arranged
in spaced-apart relation. [0122]  As above, the outer peripheral shape of the cross-section of the rotor

body 110 pefiS8HicHEMEHA bt biie(HiRARchxA8s s 8Bty heRPasiclipg WHERHe plurality of
convex segments, 11060 faNcaNe SRANeNE.bL0eAR prayided in the virtual gitcle 0L This makes it

possible to generate moderate swirling or turbulent flows around the stirring rotor 100 so as to enhance
the stirring cdpadbitiy. P0 2A3hgedHIGSnRdixpBOrillustrate examples of a modified shape of the rotor body
110 of the stirring rotor 100. The rotor body 110 may have any shape, as long as it is configured such that
an outer perib@él shape of a cross-section of at least a part thereof perpendicular to the direction of the

rotation axis C hag@sshaps whe(e) e piMealine of e UeK oM estie ORI FRCAYE-#RIMENER 1 10e are
provided in a circle. Although typical examples of the shape of the rotor body 110 will be described below,

it is understobtthiat thre cspriprecdiothectotodisaldy ol héscaprdinmitsdtodisshasikarmpleso22#]l asFIGS. 21(a)

to 21(c) iIIustr:étt% ap exam le whe;lre the?got%el?ody 110 is confieqltflsrelqéo have a 1(12e1§id§dh%0[1:é/@%?al shape

. nera arc snape, €rein € vV oncave segm c TOV1
n cross-sect%n, and a corngr of”a top o each O? tﬁe convex segments fﬁ)g IS rounge , wherein FIG.

21(a), FIG. 23(lmand 6J Gt B (@r@rsoaytapmlai waweia Funtadew sdesieyirarda bettome/ieny
respectively. Based on rounding the corner of the top of the convex segment 110d, safety of the stirring
rotor 100 carPl38 BisHardent e dHisny R betishido porasiine t6erirgibe hedueerandsre AR R aRfaRCthe stirring

rotor 100 beipg f %E‘?%%Fﬁ%@ﬂt R SR ID e KaDtaRe A Q6IS <61 H SRR A& RS Are

generated and mixed In the stirrable substance.
above shape can provide an efficient stirring operation. The concave segment 110e may be

formed in a spiral pattern.
[0132]

Further, as with the convex segment 110d, the concave segment 110e is not necessarily
provide over the overall length of the rotor body 110 in the direction of the central axis C, but
may be provided over a part of the overall length. According to need, the concave segment
110e may be provided on the top surface 110a and the bottom surface 110b.

[0133]

FIGS. 27(a) to 27(c) illustrate an example where a plurality of generally semi-spherical
shaped concave segments 110e are arranged on the lateral surface 110c of the rotor body 110 in a
matrix pattern, and each of the top surface 110a and the bottom surface 110b is concaved in a
generally semi-spherical shape, wherein FIG. 27(a), FIG. 27(b) and FIG. 27(c) are a top plan
view, a front view (side view) and a bottom view, respectively. Depending on properties of a
fluid as a stirrable substance, such as viscosity, etc, the rotor body 110 configured in the above

shape can provide an efficient stirring operation.
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[0125] FIGS. 22(a) to 22(c) illustrate an example where 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 concave
polygonal shape (12-sided polygonal shape), wherein FIG. 22(a), FIG. 22(b) and FIG. 22(c) are a top plan
view, a front view (side view) and a bottom view, respectively. As illustrated in FIGS. 22(a) to 22(c), the
rotor body 130 1may be configured in a multi-sided column shape, wherein each of the top surface 110a
and the bottom surface 110b has a concave polygonal shape. Depending on properties of a fluid as a
stirrable substandg'esiighcay VIsEHsig carc 2RSSR bbHYr 19y bRy liesithathena9bvarshiapBagsah provide
an efficient sYFNGARSIR'ANIINREL. FIGS AL Ip alahHlshinte anaxampisunere e gogiour
shape of the convex segment 1 0d in the cross-sectign perpendicular to the central axis Erotatlon axis) C
is configuredtRsmagengratlyate shiapee vdaerein thodwelve:convexisegmienig pdi@enare provided on the
lateral surface 110c of the rotor body 110, and wherein FIG. 23(a), FIG. 23(b) and FIG. 23(c) are a top
plan view, a #8rtView (side view) and a bottom view, respectively. Depending on properties of a fluid as

a stirrable substapge, SUCRRIMIECATImEIC. e AN OBy b1 CrRlioYIeH iR.iE.aRAE Shapgcan

provide an efficient stirring operation. In this case, each of the convex segments 110d has a roundish
shape, so thabipbedomdsupdssieleitepherib@rstegecer thd yiskethathehgnstinestiirifg xodothd GOtveng rotated
is brought into contact with a container or the like, debris or chjps are generated and mixed in the stirrable
substance. [OYI" | I8 RSy USRS aFPESATRBIA ol e e D S P aebomven
segment 1104,ip¢he popsmsasH A paipengiciiarotothersrpthad akise(rolesion g)és) rvecanfigured as a
generally trapezoidal shape, wherein the twelve convex segments 110d are provided on the lateral

surface 110ccofehecdord c@igyetiliop andagh&HeinoF B caneiyeR|®. Raisxehbori@. RufasealrtOh teyy plan

view, a front yiew (side view) and a om view, respecti %y. epending on properties of a fluid as a
stimare subdo N S B B Y Rty SRR ERE0E Sape can provice
an efficient stuiizg) operation. Instead of forming the convex segment 110d in parallel to the central axis C,

it may be spirally formed. [0128]  Further, the convex segment 110d is not necessarily provide over the

overall length of théSr@fb}eﬁW 1he fheHerdiretssnl bPaHevesat & Rt @, Betdme Hefpriided Ger a part
of the °Vefa"b'&ﬂ%hsu?f_%éwﬁ%@tﬁﬂrf‘&cg&%;gi&é‘@?)tdé‘ At ?%Xkﬁ%&%% ﬂf&, ‘t‘b%r&‘é%a%@ menkddd may,pe

provided only in a portion necessary to generate swirling or tur ows. According to need, the
convex segmetir by IMaydné pieditdesten dngdop surface 110a and the bottom surface 110b.
[0137]

FIGS. 28(a) to 28(c) illustrate an example where the lateral surface 110c is configured as a
curved surface to allow the rotor body 110 to be configured in a generally spherical shape,
wherein FIG. 28(a), FIG. 28(b) and FIG. 28(c) are a top plan view, a front view (side view) and a
bottom view, respectively. The rotor body 110 in this modification is configured such that it
has a polygonal shape in top plan view (FIG. 28(a)), and a generally circular shape in front view
(side view) (FIG. 28(b)).

[0138]

In other words, the rotor body 110 is configured in a shape where a thickness thereof in the
direction of the central axis (rotation axis) C gradually decreases toward the outward side in the
centrifugal direction, so that it becomes possible to smoothly combine a flow adjacent to the
lateral surface 110c of the stirring rotor 100 with a flow caused by a jet from the outlet port 114.

This makes it possible to strengthen a flow radiating out from the stirring rotor 100 so as to

enhance the stirring capability.
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[0129] FIGS. 25(a) to 25(c) illustrate an example where the contour shape of the convex segment 110d
in the cross-section perpendicular to the central axis (rotation axis) C is configured as a generally
trapezoidal shape, wherein a plurality of the convex segments 110d are arranged on the lateral surface
110c of the rotor body 110 in a zigzag pattern, and wherein FIG. 25(a), FIG. 25(b) and FIG. 25(c) are a
top plan viewpasgpnt view (side view) and a bottom view, respectively. Depending on properties of a fluid
as a stirrable substance, such as viscosity, etc, the rotor body 110 configured in the above shape can

provide an efficieﬁ’fl_@strmwgWréﬂi@r@f@l@@pnﬁiﬁww@ Pﬁé‘éiiﬁ@étiérh,a& ?oﬁ%ﬁﬁb}&eﬁamqi@bélﬁ\%x 3egment
110dis CO”f'gé{{&%W %ﬁ)%%%”, ﬁsﬁ &?ﬁ""é@ﬁ@&%ﬁ'ﬂaﬁs aﬁ%?(?) Alemativel u%lesﬁ’ Surface may
e shap (\é § ﬁl

be configured in any other suita e, such as a circular shape or an efliptical shape. A slzlape of the
entire convexaegiientapdLddmalabe, cofitiguvies, as dneaeef)varkiusnatiageshsuctoasodypyramigialeor conical

shape, or a semi-spherical shaﬁe. Instead of the zigzag pattern, the convex segments 110d may be
arranged in £PREEHP Tt PYORSIPRRASE 5% @ FRBCSB M iStratesd R eRIMISIE WHErE Rt 8tor shape of

the concave Segmani:L 108RHf GiPSR:SORIALACRBNHIGHR 9. Hig e al s‘l’lé%% (eauon ek is

configured as a'generally arc shape, wherein thetwelve concave segments 110e are provided on the
lateral surfacef td@ciof taemetor biddy(drl@napd wieesin HIG!) 26{ pyoFided 26(b )spimatiEiG026 (6 are a top
plan view, a front view %’de view) and a bottom view, respectively. Depending on properties of a fluid as
a stirrable suﬂi‘f’éﬂ QiR (&?égc\ﬂ SASIPBit &ﬁgl)‘:&}f‘\é\(» body 110 configured in the above shape can
provide an effigignt stirring operation. The concave segment 110e may be formed in a spiral pattern.

[0132] Further, as with the convex segment 110d, the concave segment 110e is not necessarily
provide over the &lebafIende?ofchdysitaie vodyantdantise divestionbofynd ¢eneealianisdOn bishanay be

o o T TR TP OGP A provid
FIG. 29(b) and FIG. 29(c) are a top plan view, a front view (side view) and a bottom view,
respectively. As in this modification, the rotor body 110 may be configured by combining a
plurality of three-dimensional bodies having different shapes
[0141]

In this modification, the rotor body 110 is configured by stacking a circular column and a
12-sided pyramidal frustum, in such a manner that a thickness of the rotor body 110 in the
direction of the central axis (rotation axis) C gradually decreases toward the outward side in the
centrifugal direction. This makes it possible to smoothly combine a flow adjacent to a lateral
surface 110c1 of the 12-sided pyramidal frustum portion with a flow caused by a jet from the
outlet port 114. In this modification, that a lateral surface 110c2 of the circular column portion
is located more outwardly in the centrifugal direction than the lateral surface 110cl of the
12-sided pyramidal frustum portion. In other words, the convex segments 110d are configured
so as not to protrude from the lateral surface 110c2 outwardly in the centrifugal direction to
allow an outwardmost contour of the rotor body 110 in a direction perpendicular to the central
axis C to have a circular shape. This makes it possible to enhance safety of the stirring rotor
100, while preventing debris or chips from being generated due to contact with a container or the

like.
[0142]
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[0133] FIGS. 27(a) to 27(c) illustrate an example where a plurality of generally semi-spherical shaped
concave segments 110e are arranged on the lateral surface 110c of the rotor body 110 in a matrix
pattern, and each of the top surface 110a and the bottom surface 110b is concaved in a generally
semi-spherical shape, wherein FIG. 27(a), FIG. 27(b) and FIG. 27(c) are a top plan view, a front view

(side view) and adieigmwdgwinespectively. fyrpanditg.ampiepesienefrllidas agtiraiegupstance,
such as viscosity, etc, the rotor body 110 configured in the above shape can provide an efficient stirring

operation. [013upe Plr%igﬁarﬁ%?ttwésem@%éﬁaa\ﬁé%aﬁ?emdl%é T8 PPROSEN Iy tedrys ehiétof various
shapes otherdhan thg SeMiS g&g ebf%éﬁ‘@a‘??m%lﬁ%‘ fo t?oHM”BQ%rév \ARF S e?‘rg%é&?\!es(bl%oo pogead of

the matrix pattern, the concav ments 110e may be arran in a zigzag pattern. [0135]  Further,
each of the tejdsutaae kilRalandolhebgitemswifate tikOldanaylbarcenairechily arypsbepedodhes than the
semi-spherical shape, or only one of the top surface 110a and the bottom surface 110b may be

concaved. In%&“d?éﬁ‘ﬁcfg\}?ﬁﬁoﬁﬁ@ tifrsakeem b dethpsramitp e B eain 1 18B¢ t‘i‘i’éofdi?%rface
110a and/or {1 ROt R-SHiACEHELANBIANBE GeNVRXad: JNEGPRGAYERLAT-SARY %ﬁ?ﬂn‘iﬁ@l $Hidage 110a or

the concaved or convexed bottom surface 110b may be additionally provided with the convex segment
110d or the condaveasegmdiitl 20a HIGI3EP (a)Itas2dferbtoochihb¢ thefigpredifacehblanisuriace region

on the drive shatt side). or the boftom surf 10b (surface re ion on the djstal end side) may be
concaved o ESH BRI Al PSS EEhAUND 1 HEF IHEBC(Be7 o, roncated o

multi-sided column, multi-sided pyramid, multi-sided pyramidal frustum, sphere, semi-sphere,
regular polyhedron and semi-regular polyhedron.
[0143]

FIGS. 30(a) to 30(c) illustrate an example where the rotor body 110 is divided into two
sub-bodies, and a gap is provided between the divided sub-bodies to serve as a part of the flow
passage 116, wherein FIG. 30(a), FIG. 30(b) and FIG. 30(c) are a top plan view, a front view
(side view) and a bottom view, respectively. More specifically, the rotor body 110 in this
modification comprises a drive shaft-side sub-body 110f for allowing the drive shaft 20 to be
connected thereto, and a distal end-side sub-body 110g provided with the inlet ports 112,
wherein the drive shaft-side sub-body 110f and the distal end-side sub-body 110g are connected
together by four connection members 110h. The flow passage 116 is formed inside the distal
end-side sub-body 110g to communicate each of the inlet ports 112 with a gap between the drive
shaft-side sub-body 110f and the distal end-side sub-body 110g, so that the gap between the
drive shaft-side sub-body 110f and the distal end-side sub-body 110g serves as a part of the flow
passage 116, and an outer periphery of the gap between the drive shaft-side sub-body 110f and
the distal end-side sub-body 110g serves as the outlet port 114. In other words, the outlet port
114 in this modification is provided over the entire circumferential region of the lateral surface
110c of the rotor body 110.

[0144]
Depending on properties of a fluid as a stirrable substance, such as viscosity, etc, the rotor

body 110 configured in the above shape can provide an efficient stirring operation. The drive
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FIGS. 28(a) to 28(c) illustrate an example where the lateral surface 110c is configured as a curved

surface to allow the rotor body 110 to be configured in a generally spherical shape, wherein FIG. 28(a),
FIG. 28(b) and FIG. 28(c) are a top plan view, a front view (side view) and a bottom view, respectively.
The rotor body 110 in this modification is configured such that it has a polygonal shape in top plan view

(FIG. 28(a)), sad-sigeasraliycirmianshapadnaiantsiewnlsidayienw) (flGe 280000d0138]maymatbher words,
the rotor body 110 is configured in a shape where a thickness thereof in the direction of the central axis

(rotation axisyiffegiaicihanss deichetsbe B FPHBNGhARR Ad SidBU tHecdsntiry sl agh detipistisslhat it

becomes po%'ﬁlg to smoothly combine a flow adjacent to the lateral surface 110c of the stirring rotor 100
with a flow cause(% by a jet from the outlet port 114. This makes it possible to strengthen a flow radiating
out from the stirringda@inion (0 satag tof ehhsinge dfatsiiring bapabiliys @1 ed doedotatehrdyol10 may
be configured such that it has a generally elliptical shape, a generally rhombic shape, a aenerally

semi-circular @RS B rlBPANY S ARBEHSP-SARYE ShugehbIany trapezsiel Shapir iPeRbord iBw (side
view). Altemngfively e [Pl Lo LAdMANRG FeRianisd AR Relvhedron Mese e Asphereusych as a

regular polyhedron or a semi-regular polyhedron. Alternatively, the rotor body 110 may be configured in a
shape wheresarfsiusrafiticofosorivalyel Sagmbatsuld @y (oriced vexdeghentspid Gdjeatte prquided on a
spherical bodx %c:qr an ellipsoidal body), such as a shape of a golf ball. [0140] FIGS. 29(a) to 29(c)
illustrate an éx};\ ble where the rotor body 110 is configured in a shape of a combination of a circular

column and a muki-gidech RkrABRIGRLTbsHEN, WeRgIRE | & pRR{@ly FIBme AR apd fikz. ARG @area top plan
view, a front view (side view) and a bottom view, respectively. As in this modification, the rotor body 110
may be confidesathdsy eborbiniig . pllialispdfitbeardifransisng Bodiasiraeiigoitferdibeshapex [0141]

In this modifigation. te rajor bady, A3 s epafigured by stacldng & diediar, columnand 8 2:sided
pyramidal frusffum, N SUCh & MAanNer tdt a thickness of the 10tor ngcfy‘ﬁ 0in the diréctiorr of the central

axis (rotation1agis)Caacuaily Hecteases tewake theroubyandsiernitheaentifugahgdicection.dhis makes
it possible to smoothly combine a flow adjacent to a lateral surface 110c1 of the 12-sideq(‘1}£%/ramidal

frustum portiBﬁ%ﬁﬁi&&_IW@a&Qeﬁwtﬁ%&W@ﬁ?ﬂl@&Eﬁfé‘%%ortplslﬁluﬁ‘ﬁfﬁ% iﬁlEHﬁﬁ:é_ﬂéﬁ _ b(l_l’é{eral
surface 1100@1@&&%& GlaE CQlImR, ROTHEN I8 %88@%9 E%Q{ﬁepﬂl“ﬂ%r%‘eﬂ?i&ﬁeof trifvgal dirgetion than the

t
lateral surface 110c1 of the 12-sided pyramidal fr m portion. In other words, the convex segments
110d are contfiguredmsocasngidaiprottadéufroen tiheptaterahsustaciagl apabditpwardlyidnitheftenivifugal
direction to allow an outwardmast contour of the rotor body 110 in a direction perpendicular to the central

axis C to hadicHehardivagelsie harbest fasailiestaErhand8s el otk SaPHYHSIIFd b, while
preventing dersqhips BomLeins.eenerried dueie feRESHIR AICONANENYRR ke shaft

side. In this case, the gas can be more efficiently incorporated in the fluid.
[0147]

As described above, the stirring rotor 100 according to the second embodiment comprises: a
rotor body 110 configured such that an outer peripheral shape of a cross-section of at least a part
thereof perpendicular to a direction of a rotation axis (central axis C) thereof has a shape where a
plurality of convex segments 110d or concave segments 110e are provided in a circle (virtual
circle 101); an inlet port 112 provided in an outer surface of the rotor body 110; an outlet port
114 provided in the outer surface of the rotor body 110; and a flow passage 116 communicating
the inlet port 112 with the outlet port 114, wherein the inlet port 112 is provided at a position
closer to the rotation axis than the outlet port 114, and the outlet port 114 is provided at a

position more outward in the centrifugal direction from the rotation axis than the inlet port 112.

[0148]
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[0142]  Alternatively, the multi-sided pyramidal frustum portion and the circular column portion may be
provided, respectively, on the drive shaft side and on a side opposite to the drive shaft. Further, the
multi-sided pyramidal frustum portion may be provided on a respective one of both sides of the circular
column portion, or the circular column portion may be provided on a respective one of opposite sides of

the multi-sided pymamidal frstenopariioncdhe: rateubady 11Qdsrnobivaiteddadhasortinationef a circular
column and a multi-sided pyramidal frustum, as illustrated in FIG. 29 (FIGS. 29(a) to 29(c)), but may be

configured by BBmmBIRHGNEBSHIORE 6IRARIBYS tﬁ?é@@ﬁﬂén§Y6ngo@ﬁré@l%%rﬂaywéﬁﬁéai%mn
circular CO“ethté ngatedd g%:@%tm IrgidRd & d&‘z{“&e’g&{'th %'9?&5%&%%% }%|}1115'9§@19c}/{§q}1'?9§1g\95tum

sphere, semi- sp ere, re r polyhedron and semi- egu ar pol 014 IGS. 30(a) to 30(c)
illustrate an exaheplénablerautheoidnfoatly ihld idivideshintd midlsubebadiesabed augapnic: [fronided
between the divided sub-bodies to serve as a part of the flow passage 116, wherein FIG. 30(a), FIG.

30(b) and FICR aRstd %6psa|aﬁwew6%fﬁarw%w (Sidensialn camlis BettoRMABYD YeupRRtely. More
spectcall. 1 IRiasham HQin s mediisaancomarises A ekl sHinbaguitg or allowing

the drive shaft 20 to be connected thereto, and a distal end-side sub-body 110g provided with the inlet
ports 112, wheréh the drive shaft-side sub-body 110f and the distal end-side sub-body 110g are
connected together by four g]c?nnectlon members 110h. The flow passage 116 is formed |nS|de the distal

end-side sub-body 1YYy EHRTERESteC AR BY RS IR TES UHthoL Ga s e tha ylide

shaft-side suipeyJetPfigngethsisdistaherdesids-sHinhagydl 1qg:serthatyhie gap falweethasliive
shaft-side sub-body 110f and the distal end-side sub-body 110g serves as a part of the flow passage 116,

and an outerqgmgheﬁbibpm(gafbdaékﬁeérﬂthétﬂﬁ% spiaft-Kideosabcbodinar] ofgidingethfistairebld-side

sub-body 110 Serves ag,ethe 0 tletl 14. In other. lg)rd the o tlf ort 1EL4 in thl%mod flcatlon IS

1tr
provided over the entire circumierent ré)g?gﬁu{)f:}/ﬁn atera sﬁr} ce 1 Otor ogy 187 [0144]

Depending opr piepeetie T ais antlkid ﬁ%@ﬁﬁ[&@@&ﬁ&@ﬁmﬁﬁngl@&a&w&cgsﬂﬁé zﬁf@efﬂ&éﬂtﬂfabﬁ)&y 110
configured in the above shape can provide an efficient stirring operation. The drive shaft-side sub-body
110f and the i#iteENe iducadedB¥ERPIeE0g of the rotor body 110 may have different shapes, such as a
circular colu %ape and a multi-sided column shape, respectively. [0145] In addition to setting of the
shape of the rotor body 110 as described above, a degree of roughness or a more fine concavo-convex
shape of the outdnsiefacenod thetatondaadyadil Ofntiay doa adjusadtic Mbié acduw atelyacontmhéiaws around

the stirring rotor 100. Further, the outer surface of the rotor bOdPﬁ 10 may be variously painted or colored
to improve aééﬂqelﬁcca chd’fgf ]t at a contour shape thereof in the cross-section perpendicular to the

direction of the rotation axis has a generally triangular shape. This makes it possible to
generate effective swirling or turbulent flows to enhance the stirring capability, while
minimizing collision with the stirrable substance.
[0151]

In the second embodiment, the outer peripheral shape of the cross-section of at least a part
of the rotor body 110 perpendicular to the direction of the rotation axis is configured as a
polygonal shape by the convex segments 110d or the concave segments 110e. In this manner,
the rotor body 110 is configured in a relatively simple shape, so that it becomes possible to
increase the strength of the rotor body 110 and reduce a production cost of the rotor body 110.
[0152]

Preferably, in the second embodiment, the outer peripheral shape of the cross-section of at
least a part of the rotor body 110 perpendicular to the direction of the rotation axis is configured

as a 12 or more-sided polygonal shape by the convex segments 110d or the concave segments
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A stirring device 200 formed by coupling a plurality of the stirring rotors 100 will be described below.
FIGS. 31(a) and 31(b) are front views illustrating examples of the stirring device 200. More specifically,
FIG. 31(a) illustrates an example where the three stirring rotors 100 are coupled together through the
drive shaft, and FIG. 31(b) illustrates an example where the two stirring rotors 100 are integrally coupled

together. As illugtrateddmbkeSt dd(apiand Suklim, Hize pliarabty HhelifyngHieiaesviAO RBlepH Rddogether in
the direction of the rotation axis, so that it becomes possible to further improve the stirring capability. This

is effective, partelligny, Withehes ikt Hesstitfe dUsh 852 srBRi g the Toiee stiviifysHelfédhedotiigstrated in
FIG. 31(b) may;h a ide the fluid.fr inlet port ' haft side. In
tis case. the L e P B S MR e
stirring rotor i®hactdreingdo phaiskcongst@ndsadimertdcarieprisad: radiaton byl i2 condigenedssuch that
an outer peripheral shape of a cross-section of at least a part thereof perpendicular to a direction of a
rotation axis fEB1RESIDREES HdheSKRId il nopl RiReRY IS ELaHEF bIOERVR EEps Rt 198 d5dH concave
segments 119g%iﬂ5?a@é}¥zlﬂ1e@oj&ﬁ circle (virtual circle 101); an inlet port 112 provided in an outer surface
of the rotor body 110; an outlet port 114 provided in the outer surface of the rotor body 110; and a flow
passage 116[@bfmunicating the inlet port 112 with the outlet port 114, wherein the inlet port 112 is

provided at a posjtion closer to the rotation axis than the outlet part 114, and the outl rt114 is
Drovided at & pod RS bERNAHTHind CBACHGAI T Lttt ROTHE NSTGTARS A et port

112.10148] rouhbets. thestiriRg P[RR aprbaRradicedahacosiiay lanerthan rRadseRRlIeker the like,
while ensuring high stirring capability. Particularly, swirling or turbulent flows generated by the convex
segments 110ty tseussneavé dutraentsinmioe eiréhsydergibiidatipdgsiibe wsahdnfiowe dithen stierable
substance intS% rtrrile iplteotrQB{)tig'%l% gr;lcling\na%urtg‘lg)v% g.f trge stirrable substance from the outlet port 114, so that
it becomes possﬁ])%e 0 generate complica ed ﬂom}e(%u'rbulent flow) in the fluid around the stirring rotor 100
So as to obtajpig4gjonconventional high stirring capability. [0149]  In addition, the occurrence of a
counteracting force during start of the rotation or unbalance with respect to the rotation axis can be

minimized Furthel ﬁ@é@éﬁﬂés@@@géim@lfo ealﬂavmﬁmg%vemmwg%? tHedike Bretsensivirgaeesi=100 or a
container contgjn 'HQ#% §6'ﬁ§%%ﬁ(§yl?c§{%ﬁ‘a¢at90%ﬁ? @Bﬁ%@ﬁ%&&%‘%%@%%%&%ﬂ é@%fﬁ'&{éﬂ% Qgor 100 is

hit against the container or t e. This makes it possible to perform a stirring operation in a safe and
efficient manterdircespeofivie: abimiended puypasesr{l 26 shahe thd'sraasidteimpedinent, daeicef the
convex segments 110d or the concave segments 110e is configured such that a contour shape thereof in

the cross-secBiofiFErsSARRRLILT TG BIRcEREIR JresRicbiand HPaXrSIHARCS Weliarass R hape. This

makes it posgﬂ:&lg&g&qﬁg{@%{a@jﬁ(ﬁ@g@@mwﬁgc@r turbulent flows to enhance the stirring capability, while
minimizing collision with the stirrable substance. [0151] In the second embodiment, the outer peripheral

shape of the [€¥d=4-section of at least a part of the rotor body 110 perpendicular to the direction of the
rotation axis is configured as g polygopal shape by the convex segments 110d or the concave segments
1106 In this mannE O ol bt 1 GTCEAREDAETD & ré el MBI AP SE AT Bddomes
pogsible to ingeesadhastenuh afdhe reiesbeei-hil.and resust-aireductionarst Qhthe F7otar body
110.

passing therethrough) to a cross-sectional area of the outlet port 114 perpendicular to a flow
therein (cross-sectional area of the outlet port 114 perpendicular to a flow passing therethrough)
is set in a range of 1/3 to 3. This makes it possible to allow the stirrable substance to smoothly
flow through the flow passage 116 so as to prevent deterioration in stirring capability due to
accumulation of stagnant substances within the flow passage 116.
[0156]

In the second embodiment, the rotor body 110 may be configured in a shape where a
thickness thereof in the direction of the rotation axis gradually decreases toward an outward side

in the centrifugal direction. Thus, a flow adjacent to the outer surface of the rotor body 110 can
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[0152] Preferably, in the second embodiment, the outer peripheral shape of the cross-section of at least
a part of the rotor body 110 perpendicular to the direction of the rotation axis is configured as a 12 or
more-sided polygonal shape by the convex segments 110d or the concave segments 110e. This makes it
possible to obtain high stirring capability while solving problems caused by collision with the stirrable

substance, syeh@smBOEHaraciing fureeadetinensiartwatihe retationtang pulvetization of povdes particles.
In addition, the rotor body 110 has no sharp protrusion, so that it becomes possible to provide enhanced
safety, and r&thee i PRSRIDIEtHe2sB@PehtEBEAMNEAGYE ehilspither thbake WhikHietPatiierwige be

caused wherythe Stiring, rotor, 100 isNit.39a0she f&VLal Q.iE)’ll)eCt- AORARE il ARG REGRNAL& '?09%”"6”" a
corner of a top ofaesa’ch oﬁ%e convex sea@ir?ﬁ%rﬁs ?10& mg)y el}(mnde(ﬁ 'I%s nmries%[ pérssgi{l]) e to provide
further enhancecbsaifetyxans dowth@r.reduce the risk of the occurrence of damage chipping or the like
which would otherwise be caused when the stirring rotor 100 is hit against a certain object. [0154] In

the second em]rfgéiment, each of the convex segments 110d or the concave segments 110e may be

configured such thate cepauARRARSIRLiR e SesseianpermeRtispO R Alkelipp of the

rotation axis has a generally arc shape. This makes it possible to enhance the stirring capability while
maintaining thbesafethcankdtthertrésistan dee thodapasgeechippingrow il kichdesiegt Ittt mep pagraivisoe certain
object. [0155 erably, in the second enl‘?dei ent, a ratig of a cross-sectjonal area qf the inlet port

Pref
112 perpend&c,ftﬁéerlf O RRVS P UL o, -s QA QP F S R i o34 | A G5 LA S low
passing ther%ﬂ'ﬁﬁ)%gbﬁog}iﬁtélﬁpﬁfgﬁ%ﬂ@?@baefﬁ@ iefbtheRutigb Rk I HRE B adic Ak onaiflQuithgrein

(cross-sectional area of the outlet port 114 perpendicular to a flow passing therethrough) is set in a range
of 1/3 to 3. Thivabiikedug ossiiaikgial ohsthenanirsabiaeb stihioethe ororstkiseldwothrough the flow
passage 116 3ﬁ5§f to prevent deterioration in stirring capability due to accumulation of stagnant
substances v{nt In"the flow passage 116. [0156]

In the second embodiment, the inlet port 112 is provided on a side opposite to the drive

shaft 20 to be connected to the rotor body 110 so as to rotate the rotor body 110. 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.

[0159]

In the second embodiment, the inlet port 112 is provided on the outward side in the
centrifugal direction with respect to the rotation axis. In this case, for example, as illustrated in
FIG. 28(b), the rotor body 110 can have a portion provided in the center of the distal end thereof
to protrude outwardly with respect to the inlet port 112. Thus, even if the stirring rotor 100 is
moved to a position close to a wall surface of the container, it becomes possible to avoid a
situation where the stirring rotor 100 is suckingly brought into contact with the wall surface and
thereby the inlet port 112 is closed. This makes it possible to perform a stable stirring operation
even in cases where the stirring rotor 100 is manually operated.

[0160]

In the second embodiment, the stirring rotor 100 may further comprise a gas suction port

113 provided in the outer surface of the rotor body 110 at a position closer to the rotation axis

than the outlet port 114, and a gas passage 117 communicating the gas suction port 113 with the
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In the second embodiment, the rotor body 110 may be configured in a shape where a thickness thereof in
the direction of the rotation axis gradually decreases toward an outward side in the centrifugal direction.
Thus, a flow adjacent to the outer surface of the rotor body 110 can be smoothly formed as a flow
accompanied with a jet flow from the outlet port 114. This makes it possible to generate a stronger flow so

as to further gdnanses: thes stiing caragityintntis cases tRepiotar Hpslyutd O KeRYRarkalkyidi@veparportion
where the thickness in the direction of the rotation axis is constant. [0157]  In the second embodiment,
the stirring rot? 10OANERIHEs2pILPalMg OPke olifiebsoredstarenwieteln Mo hiBe puFtida 2arid Hse flow

116 ' ' i .of the plurall let 4. ,afl
passage SQEEeHrf%XfQ%%Vg&hSE%EBSr%%P 1"1§%%8%‘8t}¥§u9£‘ael&q e E’tﬁéﬂ%ﬁ%}%&%.tﬁgﬁ% E}éaggr{]}éss atiow

rate in the flow passage 116 can be maintained at an appropriately
possible to ppevebledetetioratio hubbsisting: eapblslityathee iiotAcstuimblatiobsahstagnant substances within
the flow passa%e 116. [0158] In the second embodiment, the inlet port 112 is provided on a side
opposite to the1#ilVe shaft 20 to be connected to the rotor body 110 so as to rotate the rotor body 110.

This makes it posgiplg;ipRHGK A SRBNAL SURHRNECE, Al 2ROSRALAT IS FRAGINESIFARS Bt DRHAEM 2

reliable stirring operation free of unevenness. In addition, it becomes possible to perform the stirring
operation withoors dé¥tabilinged anlebeldfethostitalderswbstances. [0l59]makies thepsetbiademipbdiment, the
inlet port 112 is provided .on the oytyard side in the centrifugal direction with respect to the rotation axis.
In this case, ﬁﬁ’ AHSIEEE KR EAREY in FIG. 28(b), the rotor body 110 can have a portion provided in
the center of {hegistal end thereof to protrude outwardly with respect to the inlet port 112. Thus, even if
the stirring rotor 100 is moved to a position close to a wall surface of the container, it becomes possible to
avoid a situation WHEFRREHEMBRIABHBR6F>100 is suckingly brought into contact with the wall surface and

e e e o AT A AR Pl AR P oer
will be described below. FIG. 32(a), FIG. 32(b) and FIG. 32(c) are a top plan view of the
stirring rotor 300, a front view of the stirring rotor 300 (a side view is identical thereto), and a
bottom view of the stirring rotor 300, respectively. FIG. 33 is a partially sectional view of the
stirring rotor 300. As illustrated in FIGS. 32(a) to 33, the stirring rotor 300 comprises a
semi-spherical shaped rotor body 310, a plurality of inlet ports 312 provided in an outer surface
of the rotor body 310, a plurality of outlet ports 314 provided in the outer surface of the rotor
body 310, and a flow passage 316 formed inside the rotor body 310 to communicate the inlet
ports 312 with the outlet ports 314.

[0163]

In the illustrated embodiment, the rotor body 310 is formed in a semi-spherical shape which
is a shape obtained by dividing a sphere into halves. Thus, the outer surface of the rotor body
310 comprises a planar top surface 310a which is a surface perpendicular to a central axis C of
the rotor body 310, and a spherical inclined surface 310b which is a surface inclined with respect
to the central axis C. More specifically, the inclined surface 310b is formed as a surface which
extends to become gradually farther away from the central axis C, in a direction from one side
(lower side in FIG. 32(b) or 33) to the other side (upper side in FIG. 32(b) or 33) of the central
axis C. In other words, the rotor body 310 is configured in a shape where a thickness thereof in

a direction of the central axis C gradually decreases toward an outward side in a radial direction
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In the second embodiment, the stirring rotor 100 may further comprise a gas suction port 113 provided in
the outer surface of the rotor body 110 at a position closer to the rotation axis than the outlet port 114,
and a gas passage 117 communicating the gas suction port 113 with the outlet port 114, wherein the
stirring rotor 100 is usable in a posture where the gas suction port 113 is exposed to a gas outside of the
stirrable subskanes, so as to allow the outside gas to be sucked from the gas suction port 113 and
introduced into the stirrable substance. This makes it possible to allow gas bubbles to be easily entrained
in the stirrabléKMstance. [0161]  The stirring device 200 based on the second embodiment comprises

the plurality of S“Eﬁ%%%&%%dlg%%grﬁ%%%gd Téﬂjsllf'rc?rﬁ%% Pgo%gvﬁ%ét"l%’lh%"éémlm?f Eﬂé‘fﬁg {Lpgssible to

further enhance the stirring ¢ ility. [0162] < D EMBODIMENT> A structure of a stirring rotor
300 according)l tia aHidiirel embnekme ot thieapresensdeueationtvill dedessiibmdhbedownfolGr. 82(), FIG.
32(b) and FIG. 32(c) are a top plan view of the stirring rotor 300, a front view of the stirring rotor 300 (a

side view is iBUHFERAARTELS), it Bisttdimiveeln'er 419 Linfagisos 2o pishaRanietyoriEen3xis o
partially sectignal MigwRf (g SHHATBIhS0AB dusiiated (B-FiER: 2@ IBarciif SLLng mtor 300

comprises a semi-spherical shaped rotor body 310, a plurality of inlet ports 312 provided in an outer
surface of thdmetorhbh®p 310, tbeplomadityi@f putiet Fdiks18ybprovidedventivaad utensufadeasfttihendotor body
310, and a flow 1|§)as,sage 316 formed inside the rotor body 310 to communicate the inlet ports 312 with the
outlet ports IAFEIBSP" CHRAETE N SHHED @ bodiment, the rotor body 310 is formed in a semi-spherical
shape which ig;gsghape obtained by dividing a sphere into halves. Thus, the outer surface of the rotor

body 310 comprises a planar top surface 310a which is a surface perpendicular to a central axis C of the
rotor body 310, ahultize $hinédedbitolmec aurtarecs IBhroiidleds 3lSuntaratineibrtlowitbrrerssetittes the

central axis C. More specifically, the inclined surface 310b js formed as a surface,which, extends to
Olylﬁl)glfgﬁhas a so?iéy %tructl{ﬁ: l% gﬁ%}’éﬁe enﬁ" ce S{I‘aﬂgﬁnofdﬂ}e rotor l';(?(fb}i C;\eiv% % ma%rla?

become gracfua er away rrom the axisC,Ina ction from one ower side in FIG.

32(b) or 33) s athetsidaduRrEr SidesifoEpatidid)yarmsadobthercanpis raxisnGiditaDtariBNOfSlS, the
rotor body 310 is con%%ared in a shape where a thickness thereof in a direction of the central axis C
gradually dedfedSe0poiians SHeB IaarH lsitfsaRies rattial BiRbetighwood, may be employed.  The rotor

body 310 in the third embodiment is designed in a simple and easily-fabricatable or machinable
configuration, so that it becomes possible to form the rotor body 310 from a wide variety of
materials without being restricted by production processes.

[0166]

Based on configuring the rotor body 310 in such a simple shape, the occurrence of
unbalance with respect to the rotation axis can be minimized. Thus, in the third embodiment, it
becomes possible to almost eliminate vibration, shaking or the like which would otherwise occur
during the rotation, differently from an impeller or the like which is likely to cause unbalance.
[0167]

The inlet ports 312 are provided in a distal end region (region of the inclined surface 310b
on the side of the central axis C) of the rotor body 310 on a side opposite to the connection
portion 318. In the third embodiment, the number of the inlet ports 312 is four, wherein the
four inlet ports 312 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 312 is formed in the same
direction as that of the central axis C. The outlet ports 314 are provided in a lateral surface

region (region of the inclined surface 310b on the side of the top surface 310a) of the rotor body
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thereof. [0164] The rotor body 310 has a connection portion 318 provided in the center of the top
surface 310a thereof to allow a drive shaft 20 associated with a drive unit such as a motor to be
connected thereto. Thus, the stirring rotor 300 is adapted to be rotated about a rotation axis defined by
the central axis C of the rotor body 310. A technique for the connection between the drive shaft 20 and

the connection poriaie3ddiryibe AMheanyestidoalfRaanse suabasdhieadernpesticn Piengagement
connection. [0165]  In the third embodiment, a portion of the rotor body 310 other than the flow passage

316 is configwﬂ@aeasea%ﬁfd%r’{%ﬁ%% p@&@ié_lb“_éh REQYid §fréiﬁ§%ﬁi_9'ﬂ m@r?mgbyl 31‘(9.“@%“& for
forming the rgtor body 349 is, A0k RGHSUIaHY '%Et%%fjaggt@d@fatﬁé’fr%?&%gd?%ﬁ%f'@'t Saulst&'%'&é%%%ﬁe S€

conditions, such as metal, ceramics, resin, rubber or wood, may be employed. The rotor y 310 in the
third embodiment igdesignedniiad siipEe and ehsityrdabpieatabienbir nachénablegontiguratiban so that it

becomes possible to form the rotor body 310 from a wide variety of materials without being restricted by

production progEsEerRding1 o) of BadRg R EoAfigurifiy i 1B Plolly SitriPetier Y dinipiechipe, the
occurrence of;unRalANcENRIESRARE [Qihe tRiaiion axis can be minimized. Thus, in the third

embodiment, it becomes possible to almost eliminate vibration, shaking or the like which would otherwise
occur during fihsbtation, differently from an impeller or the like which is likely to cause unbalance. [0167]

The inlet ports 312 are provided in a distal end region (region of the inclined surface 310b on the side of
e ot s T a4 8 P CBHHE S ol BT T2 thir

embodimentiig pLBREpSIdRE BHEtROTSBL 3dasfaul, WheriR ke fauriiniet RAHS S digalranged
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 f@umbﬁ_épbénsf@mriﬂégmeﬂWﬂﬁ@@aﬁféd_ditb@ﬁm@ra}@ﬂ_ﬁfaﬁH?f théogentraichxis (h?'ﬂ@é/outlet
ports 314 are proyder i alaterd] urlacs (el Gegon o e nelied suage SAr e s of he

top surface ¥ rotor body 3 ore speci ,int ird emba&diment, the number of the

outlet ports Jhénisafeumnbietein each: ab e ftsnhoulielppitstBd deigwidacaton pesiiaopaoRIiputward in
a centrifugal direction (radial direction) from the central axis C of the rotor body 310 (at a position farther
away from the!Béntearafis eoirswenrbesiortisepperditular to the central axis C) than a corresponding one
of the inlet pgétl%g]lz. Further each of the outlet ports 314 is formed in a direction perpendicular to the
central axis C.

In the third embodiment, each of the flow passages 316 is configured as just described to

allow a set of the inlet port 312, the outlet port 314 and the flow passage 316 to be easily formed
by a boring operation using a drill. ~ Specifically, the set of the inlet port 312, the outlet port 314
and the flow passage 316 can be easily formed by drilling a hole from a position of the inlet port
312 along the central axis C, and drilling a hole from a position of the outlet port 314 toward the
central axis C. Although the flow passage 316 in the third 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.

[0170]

As illustrated in FIG. 33, the drive shaft 20 for rotationally driving the rotor body 310 has
an in-shaft passage 22 formed thereinside to extend in an axial direction (the direction of the
central axis C). The drive shaft 20 also has: a connection port 24 provided at a distal end
thereof to serve as an opening for communicating the in-shaft passage 22 with the flow passage
316; and an external opening 26 provided at a given position of a lateral surface of the drive

shaft 20 to serve as an opening for communicating the in-shaft passage 22 with the outside.
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[0168] The flow passage 316 is formed as a passage communicating each of the inlet ports 312 with a
corresponding one the outlet ports 314. In other words, in the third embodiment, the number of the flow
passages 316 formed inside the rotor body 310 is four. Each of the flow passages 316 is formed to
extend linearly from the inlet port 312 along the central axis C, and then, after bending at a right angle,
extend linearjyimihe centrifugal direction of the rotor body 310 to reach the corresponding outlet port 314.
[0169] In the third embodiment, each of the flow passages 316 is configured as just described to allow

a set of the inlet g 817 hedy ddfldrpatosrnoariaatie36iv paxshige s s ecsiasiRf tberirier B9 boring

operation usi a dsréy Specifi I¥ set gdth Bnmt it 303 gg%tg%tlgorth% 4 an tlghlt; flgt% assage
316 can be e%fsbllyoforr%ee kale1%1%?I‘lﬁn{(\);‘I‘El‘ﬁl1lo?ea?rorrv1v ::1 posﬁ%gn gﬂbtﬁégiln?e% port 312 a%%ﬁg t%eocg%trafpaxis C,
and drilling apoaleframadpedition dftbeeltutlatafard 3ldptavdrdiibe aamsakpads 0 6Althngititadyflow
passage 316 in the third embodiment is configured such that a cross-section thereof has a circular shape,

the cross-sedBORAIESHAR FETHBE Hitftise MR rtsd ot ey e iamabtrarsagspef i etBAGE 4R elliptical
shape or a pglygapah.share- ok 10 coﬁr%&“%?!@é%q 4R EBIared3: dag ive: Shafl RO 505 refafienally, driving

the rotor body 310 has an in-shaft passage 22 formed thereinside to extend in"an axial direction (the
direction of th8 ok dloaw 1592 @riveshaitROtmispdiedd andohnmeotonperi@8 pravided at a distal end
thereof to ser i an opening for communicating the in-shaft passage 22 with the flow passage 316; and
an external o[é h g 26 provided at a given position of a lateral surface of the drive shaft 20 to serve as an

opening for commuigicatipg thgdaishafll PRSSAFEAZPAR heLItsitRed ) Idhendiliearatoioh 310 has a

common space 316a formed in the central region of the rotor body 310 to serve as a space
communicatétpwithpssiast e frdonpabsaerat Bus viiisedionthedisnmsiobn postireulat therelistagwad of the

drive shaft 20 is opened tp the common space 316a. Specifically, the cannection portion 318 is configured
o allow the AR PHCSa T3 G TS e DU L o or i SN 0t B & Bice 316,

whereby the flrshalspassagec’iseconmnesiasto apaoct thedlow passages 316 via the connection port 24

and the common space 316a. [0172]
[0173]

An operation of the stirring rotor 300 will be described below. FIG. 34(a) is a top plan
view illustrating the operation of the stirring rotor 300, and FIG. 34(b) is a front view illustrating
the operation of the stirring rotor 300. The stirring rotor 300 is 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.

[0174]

Upon rotating the stirring rotor 300 under a condition that it is immersed in a fluid, a part of
the fluid entering inside each of the flow passages 316 is also rotated together with the stirring
rotor 300. Then, a centrifugal force is applied to the fluid inside of the flow passage 316, and
thereby the fluid inside of the flow passage 316 flows toward an outward side in the radial
direction of the stirring rotor 300, as illustrated in FIGS. 34(a) and 34(b). Each of the outlet
ports 314 is provided more outwardly in the centrifugal direction of the rotor body 310 than a
corresponding one of the inlet ports 312, so that the centrifugal force becomes stronger at the
outlet port 314 than at the inlet port 312. Thus, as long as the stirring rotor 300 is being rotated,
the fluid flows from the inlet port 312 toward the outlet port 314. More specifically, the fluid

inside of the flow passage 316 is jetted out from the outlet port 314, and simultaneously the
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In the third embodiment, the common space 316a is formed by extending a region of the flow passage
316 along the centrifugal direction. Alternatively, a circular or rectangular column-shaped separate
chamber may be formed inside the rotor body 310, and connected to the flow passages 316 to serve as
the common space 316a. [0173] An operation of the stirring rotor 300 will be described below. FIG.

34(a) is a top gV Hustrtingdhareparatism of thistiHing k300 3and ity a front view
illustrating the operation of the stirring rotor 300. The stirring rotor 300 is adapted to be driven and rotated
about the ceftfatEget Gorndalarsdamtae regitindhstheaniéesopsdlicandridlors dmeter Sovaslio stir the

stirrable substance. [0174]. . Upop rotati irsing- r nde ition that.it is,immersed in a
Tuic 2 part oF I o B B S e
stirring rotor 806k 3Uven, a centrifugal force is applied to the fluid inside of the flow passage 316, and
thereby the fluid inside of the flow passage 316 flows toward an outward side in the radial direction of the
stirring rotor %6,5115 illustrated in FIGS. 34(a) and 34(b). Each of the outlet ports 314 is provided more

outwardly in the geptrifudalsirestion ehihgiiaterbeased A ihana.coNesPanding one.afthe iplgiports 312,

so that the centrifugal force becomes stronger at the outlet port 314 than at the inlet port 312. Thus, as
long as the stimichqp netaroB0ii: 18 beéind) atatedarive uiohffawofrte siveinglestpo 0812 tawedddiehoutlet port

314. More specifically, the fluid inside of the flow passage 316 is jetted qut from the outlet port 314, and
S tancou e SRR SR A b T B AdS A Spred ©

Consequenthhearfigyaiadiaing autiirmthedataralsSiifase Maeicnyvih i auiRidilRid.aaad-aflow

directed toward the distal end region with the inlet port 312, will be generated in the fluid around the
stirring rotor 800, flowp5) a viRirer! easbrofdrammdetosidldg ko hOutantiefagccdriblitivnrtherdtas

immersed in }q’l fluigd, a part of the fluid adjacent to an.outer surface of IF stirring rotor 300 is, rotated
togeter with 16 SEATes o108 300 B (1O REL Rt THo B e ok L8 e o the
fluid adjacentigghesutenseufase of the stirring rotor 300, so that the outer surface-adjacent fluid flows to
a vicinity of each of the outlet ports 314 along the outer surface of the stirring rotor 300, and becomes a

flow accomp&Hié@l with the jet flow from the outlet port 314, as illustrated in FIGS. 34(a) and 34(b). [0176]

In the third embodiment, the rotor body 310 is configured in a semi-spherical shape, so that
it becomes possible to smoothly combine a flow adjacent to the distal end region of the stirring
rotor 300 with the flow radiating out from the lateral surface region. In addition, based on
configuring the rotor body 310 in the above shape, a part of the flow directed toward the distal
end region of the stirring rotor 300 can be smoothly guided to the vicinity of each of the outlet
ports 314 along the inclined surface 310b, and combined with the flow radiating out from the
lateral surface region. This makes it possible to generate strong flows in the surrounding fluid,
so that the stirring rotor 300 becomes capable of performing an efficient stirring operation.

[0177]

Furthermore, in the third embodiment, the in-shaft passage 22 has one end (connection port
24) communicated with the flow passage, and the other end (external opening 26) communicated
with the outside, whereby external other fluid, such as gas or liquid, can be efficiently sucked
into the flow passages 316. Specifically, the external fluid in the in-shaft passage 22 can be
strongly sucked by means of a negative pressure to be generated in the common space 316a in
the central region by flows in the flow passages 316 toward the outward side in the centrifugal

direction. Then, the fluid from each of the inlet ports 312 and the fluid from the in-shaft
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In the third embodiment, the rotor body 310 is configured in a semi-spherical shape, so that it becomes
possible to smoothly combine a flow adjacent to the distal end region of the stirring rotor 300 with the flow
radiating out from the lateral surface region. In addition, based on configuring the rotor body 310 in the
above shape, a part of the flow directed toward the distal end region of the stirring rotor 300 can be
smoothly guigede the vickitinrkeash obiheroulietuparisdddatenteths nelipeisuidace Ghonoand
combined with the flow radiating out from the lateral surface region. This makes it possible to generate
strong flows RitRESUHEUNIRg TRt \SosHeEPthR SHHiIRG POt SO O HEdm s eapaRl B pastniisg an
efficient stirriggﬂgp &qgigm.[Ol??] Furthermore, in the third embodiment, the in-shaft passage 22 has
one end (connection port 24) communicated with the flow passage, and the other end (external opening
26) communiecated with the outside, whereby external other fluid, such as gas or liquid, can be efficiently
sucked into the flow passages 316. Specifically, the external fluid in the in-shaft passage 22 can be

strongly sucked by'HiedHss F@ﬁéﬁ’&ﬁ\@%?@ﬁgfﬁé‘&d%@@gﬂ@réﬂ@ﬁﬁ#ﬂ?@dﬁrﬁ?ﬁﬂﬂ%ﬂ%&@@ﬂ%&qﬁ the
central regi0@tﬁ%i@lﬁwsp@}fﬁ?ﬁlfﬁo}ﬂiﬂﬁgﬁﬁﬁi‘ﬂ%@p@&w&@uﬁﬁeaww d-2i0€ i he.aeaiifugalqirgetion.

Then, the fluid from éach of the inlet ports 312 and the fluid from the in-shaft passage 22 can be mixed
together throgghiiuribulemdes gbnenatedtipaasngs R@ctitrdeanenefsing flowtpassages 36ibhthignelgative

suction pressure, and jetted out from a corresponding one of the qutlet ports 314. ,017811}) hus, the
Stiring fotor 300N H1e RS ARBUTEnPIL CATABITS e At AR bt
mixing/stirring,apeiction: alchiamanarerasianahistaducing-anigxiernialaasintona ligwid) dadhe in-shaft
passage 22 while immersing the stirring rotor 300 in the liquid, so as to allow the gas to be dissolved or

bubbled in thaieLitiffereainlopeviorntdidudderatohiiomthatate stishat Patenes0. isvimieerided in a first

liquid, introduci n external second liguid different from the first liquid, into the first%j id via the in-shaft
O ange 7o A p R AN O R S R S0SSb iSaaale ot

of introducingaexgxieinglgasoniaiguiguibe thecexiemsl gasrleividedfintodine gagdaukblesiaceerding to
turbulences caused by the negative suction pressure, so that it becomes possible not only to allow the
gas to be effitieHRNeRS SBNed R BEi BesaVmMSHIE MyPlieRsBis: Sp<BG ferursteAiPl: BabBIBs At liquid.

[0179]  FIGg, %?s(?(} @é‘&é&é?lé@%ﬁé&@@&“&%%%q{ %m&é'%%ﬁ@%ﬂga% R AMRIS IR SRl rotor

300 is used. As Tllustrated in FIGS. 35(a) and 35(b), the stirfing rotor 300 IS used under a condition that it

is connectedtte Aqditze 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 m<]e7,93)r may be a type adapted to be manually held and operated by a user. [0180]

FIGS. 35(a) and 35(b) are schematic diagrams illustrating an example of how the stirring
rotor 300 is used. As illustrated in FIGS. 35(a) and 35(b), the stirring rotor 300 is used under a
condition that it is 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.

[0180]

Upon rotating the stirring rotor 300 by the drive unit 30, a flow radiating out from the
lateral surface region of the stirring rotor 300 and a flow directed toward the distal end region of
the stirring rotor 300 are generated, as described above. As a result, as illustrated in FIGS.
35(a) and 35(b), complicated circulating flows are generated in the stirrable substance 50, so that
the stirrable substance 50 will be sufficiently stirred by the circulating flows.

[0181]
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Upon rotating the stirring rotor 300 by the drive unit 30, a flow radiating out from the lateral surface region
of the stirring rotor 300 and a flow directed toward the distal end region of the stirring rotor 300 are
generated, as described above. As a result, as illustrated in FIGS. 35(a) and 35(b), complicated
circulating flows are generated in the stirrable substance 50, so that the stirrable substance 50 will be

sufficiently stirredbyntbgeeitcs afingsfawss E0d8ddant lRmeRe@iGN RidiIspeIsitgmR Stagnaniswastance
accumulated at a bottom of the container 40, the distal end region of the stirring rotor 300 may be moved
to a position ¢fbsee 1 tabepatesrs Piibecitiinetan’ OthimbaEs Yep sz dibfeites glrad the EeMant

substance ff%@“rﬁ%%&%‘:%&%?%..ﬂ%ﬁnﬁigésof# b4Ioim 1 L%‘I‘J'SAS PRI 34 7L ?éﬁ%c%uﬁh%eﬁ%@/ﬁf&perse the
stagnant substance into the stirrable su stan&e 50, Furt%er, In an operation of dispersing a stagnant
substance ageumGlEietdta oarnerohihdecontaingsrd03 thedistabenditagioly dispesstititngaaimit300 may

be moved to a position close to the corner of the container 40. In the third embodiment, the rotor body
310 is configthBtatrea emibepHErmtds sHapa€othat kHEFeth8R LRI D RSTERR Y & 8% osition

close to a nagaw,GemetiRddel o I Mg rRmBadiment the winh bRev.st i eanfiguied:ii.a

semi-spherical shape, i.e., configured to have no collision with the stirrable substance 50 during the
rotation, so thao inpecdmesopessible tosiknostlelieninatecacoment@fadingdorgeewHhich iiould atherwise
occur during start of the rotation. In addiéion, differently from an impeller or the like, the rotor body 310 has

no sharp prof0RSHEE Kt 0156 O8hed S8 SBIL §8 FEAD e SRR thed &Rifrivty PAtSPSBUCHPIRE container

40 is damaged orahiPRRA @ ¥eiifdne SlidngImRian AR A it against a wall surface of the container 40.
Thus, a user can move the stirring rotor 300 to a position close to the wall surface of the container 40 with

a sense of sdBl¥RY so as to sufficiently perform the stirring operation throughout the container 40. In

addition, it becomes,possible revent debrjs qr chi f the stirring rotor 300 ar the cgntainer 40, etc.,
oo betne o B L Bl e BT B e e e e

inlet ports 31&igipiadddachata Rosiinndslightly e twmatsbef amenier b haidistat ebaiegiad afihe stirring
rotor 300 (sliggély outward of the central axis C as the rotation axis) so as to keep the inlet port 312 from
being closed¥gemsyRersile Qistaoshel raigrsn DF R SarHAG it duehis BrélioheTriscsstactiing the wall

surface of th?t&?'aﬁi{%elfoé%?lhis{ﬂ%ﬁﬁi%ﬁt, 88?@9{&%%&&?%’%8%8@%5&% FRETRL FRIQY 3 .?Y@He%‘ a

position adjacent to the wall surface of the containéer 40. [018 Furthermore, in the third embodiment,
based on pravidingytipeoin:sbaftpassadgee2heo pontibic ateddnithathiekflour passages B3ie,380 extkenal fluid,
such as gas or liquid, can be introduced into the stirrable substance 50 via the in-shaft passage 22 to

perform an effeRRERIYiRglamAssg Ypdianeh. s 8. e chyiseswies A8 Pdriarenstinaar\iewren Rstrating
examples of haw ih&giRErigg erR{S,SQQSié‘ S8 Gnove the stirring rotor 300 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 300 or the container 40, etc., from being easily mixed into the stirrable
substance 50.

[0183]

In the third embodiment, each of the inlet ports 312 is provided at a position slightly
outward of a center of the distal end region of the stirring rotor 300 (slightly outward of the
central axis C as the rotation axis) so as to keep the inlet port 312 from being closed even when
the distal end region of the stirring rotor 300 is brought into contact with the wall surface of the
container 40. This makes it possible to stably operate the stirring rotor 300 even in a position
adjacent to the wall surface of the container 40.

[0184]
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[0185] FIG. 36(a) illustrates an example where the external opening 26 provided in the drive shaft 20 is
opened to the outside. Based on communicating the external opening 26 with the outside, a gas (e.g., air)
or the like outside of the stirrable substance 50 can be sucked into the flow passages 316, and jetted out

from the outlet ports 314 into the stirrable substance 50, while being mixed with the stirrable substance 50

in the flow passagegn3tforthisimakemitPessibledereffisieatlyonepiornigasHisse!utign piseatblg in the
stirrable substance, generation of micro-bubbles, etc. [0186] Alternatively, the external opening 26 may
be opened to-anigumcaiet etk fleinfione sarfagie dlbhstanteesmtdltk fshigeigavith aiskieablBesubstance

20. In other "{]ﬂgéuc%ﬂ %RSr&%%h%faﬂi‘éxéﬂgs%?eﬂé%eﬁi ofllg s;%ads%&%gg%ggfﬁarme%ﬂf&m%%f Rty efficient
manner. Further, together with a liquid or gas, a so |(§1, such as a powder or paﬁlc es, may be introduced
from the externahgpeming @eriddhis &S, b salish@yate paraapewdenalcanvosiidfficient\e disparsed in the
stirrable substance 50. For example, this makes it possible to perform an operation of supplying food
while dissolviigO¥%yBerHiRvaRe: P4 irsohrm. [0187] FIG. 36(b) illustrates an example where a supply
unit 60 is conpegied to the in-shaft passage 22 via the external opening 26 to supply a fluid such as a gas
or a liquid, or a mixture of a fluid and a solid. In this example, the supply unit 60 is comprised, for

example, of a putiieoB@agotpessan axanpbnnéete thtoe ke ektererahg éninyidédthotghlavsupply pipe 62
and a rotary joint 64. [0188] Based on connecting the supply unit 60 to the in-shaft passage 22 as just
Gescribec » S SPERGTI, BF Anurc Ot GHS SR VA SNETEL TP A AL 8 B ebds particles,
can be forcedly suppliediinter the gy passragsRlGissibatishacomespossibieda sigpiticantiy quickly
perform various mixing and dispersing operations. Further, a supply amount from the supply unit 60 may

be controlledrsesagstc Hppropriatd|guadionst thedugins @afsmbdneiodhsi serublfas biitise 8GoMbd ebiiagned, etc.

mixed with the stirrable substance 50 in the flow passages 316. This makes it possible to
efficiently perform gas dissolution or bubbling in the stirrable substance, generation of
micro-bubbles, etc.

[0186]

Alternatively, the external opening 26 may be opened to a liquid different from the stirrable
substance 50 to mix the liquid with the stirrable substance 50.  In other words, an operation of
mixing two types of liquids can be performed in a significantly efficient manner. Further,
together with a liquid or gas, a solid, such as a powder or particles, may be introduced from the
external opening 26. In this case, the solid, such as a powder, can be efficiently dispersed in the
stirrable substance 50. For example, this makes it possible to perform an operation of
supplying food while dissolving oxygen in water, in a fish farm.

[0187]

FIG. 36(b) illustrates an example where a supply unit 60 is connected to the in-shaft
passage 22 via the external opening 26 to supply a fluid such as a gas or a liquid, or a mixture of
a fluid and a solid. In this example, the supply unit 60 is comprised, for example, of a pump or
a compressor, and connected to the external opening 26 though a supply pipe 62 and a rotary
joint 64.

[0188]

Based on connecting the supply unit 60 to the in-shaft passage 22 as just described, a gas, a
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[0189] FIG. 36(c) illustrates an example where the external opening 26 is opened to the stirrable
substance 50. In this example, the stirrable substance 50 will be strongly sucked from the external
opening 26 into the flow passages 316 via the in-shaft passage 22, so that it becomes possible to quickly
discharge a gas, such as air, stagnating in the flow passages 316, from the outlet ports 314. [0190] For

example, in aQpesAtoR;RfSHBING ANiGhAISCOgiha Stfak o BURsEANGE.SD WD iR oM, $aafb20 devoid
of the in-shaft passage 22 communicated with the flow passages 316, a gas in the flow passages 316

(e.g., air residFes Iy thplise ﬁlé%ﬁﬁ‘g%@vew%éfér@ﬁmﬁé%mhbﬁwmsrmgl lsrin Gt setyustiskly
discharged, QJ&) |sI é{tgnm% Illtd"?ﬂ \f?%lél 5}0%%;[ ”ﬁnfh' J%r%ﬁ},a u%“? rﬁ?tﬁ%‘% r‘l#the third

embodlment such a pro em cah be so e example din FIG

considered asné s0ructyte wherelad dolet pappdisgyavpeca ddheccannadhion poriohg3d Bubbtte rotor
body 310 (or the connection portion 18 is configured to function as an inlet port 312), and the in-shaft
passage 22 i© 5 HiRRA Y with the inlet port 312 of the connection portion 318. Thus, on a
case-by-cas (ggg s, as the inlet port, the rotor body 310 may be provided with only the inlet port 312 of
the connectlon portion 318 to be communicated with the in-shaft passage 22. In other words, the in-shaft
passage 22 may Eﬁ}céﬁﬁmuﬂﬂusam withxthepllowlpas dageseddB vigithe iddet pprn8d 2o [iDd 9girablAlthough
the external o en| e&ﬁ‘e third emhodiment is owded in the lateral surface of he rive shaft 20, a

position of th% B 8T i SHTAR et PEBI S AMBlE, the TR Y % %’@oWﬁgured ina
pipe-like Shapﬁefﬂa%ﬁgﬂlmgﬁﬁm%%mﬁ&s%@e@ POVIRHSR-shaft passage 22, so that it becomes

possible to quickly discharge a gas, such as air, stagnating in the flow passages 316, from the
outlet ports 314.
[0190]

For example, in an operation of stirring a high-viscosity stirrable substance 50 using the
drive shaft 20 devoid of the in-shaft passage 22 communicated with the flow passages 316, a gas
in the flow passages 316 (e.g., air residing in the flow passages 316 before immersion in the
fluid) cannot be adequately discharged, which is likely to make it impossible to jet out the fluid
from the outlet ports 314. In the third embodiment, such a problem can be solved.

[0191]

The example illustrated in FIG. 36(c) may be considered as a structure where an inlet port
312 is provided in the connection portion 318 of the rotor body 310 (or the connection portion 18
is configured to function as an inlet port 312), and the in-shaft passage 22 is communicated with
the inlet port 312 of the connection portion 318. Thus, on a case-by-case basis, as the inlet port,
the rotor body 310 may be provided with only the inlet port 312 of the connection portion 318 to
be communicated with the in-shaft passage 22. In other words, the in-shaft passage 22 may be
communicated with the flow passages 316 via the inlet port 312.

[0192]

Although the external opening 26 in the third embodiment is provided in the lateral surface

of the drive shaft 20, a position of the external opening 26 is not limited thereto. For example,

the drive shaft 20 is configured in a pipe-like shape, wherein the external opening 26 is provided
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at an end of the drive shaft 20 on an opposite side of the connection port 24. In this case, an opening may
be provided in a coupling connecting between the drive shaft 20 and the drive unit 30, or the drive unit 30
may be offset from a shaft center of the drive shaft 20 using a gear or the like. Further, the drive unit 30
may have a hollow output shaft communicated with the in-shaft passage 22. Alternatively, the drive shaft

30 may have;aanosp i shait-whighis Jorowidedppihithade-shal passagendarihe. conngaliondar 24 and
the external opening 26 and directly connected to the rotor body 10 as substitute for the drive shaft 20.

[0193] In tﬁéefﬁﬂ@ @fﬁﬁ@d??ﬁéiﬁﬁdtﬁéﬁ ﬁ%&ﬁ%@ﬁwg@qyﬁmﬁtwmﬂ A Shan o bassages
316. Alternatiyely, the jncshaft gq‘gf%%go% MG AT %%Hﬁmgﬁk'&a&?%g"a‘{ft@eﬁﬁﬂ 9 e '%%é%??s?ﬂ%es 316.

Specifically, a common space a‘communicated with only a part o ow passages 316 may be
formed, and tikenmBuibaiethandthy thenin3shadl passade 22y QiS4 ]shafinctmentbiidaesh badithe fib- chaft
cross-sectional area of the inlet port 312 (cross-sectional area of the inlet port 312 perpendicular to a flow

passing ther@iifaegRYis SEETBAHERpPrEH e b0 ANty BaXFs Wt hATt arB HISRE Y bt 314
(cross-sectiopal greg.af fAgQElebPart 314 RERANHIcHIY tha HWRASSINGRAMRIhSUIR- (ﬁ&lgg{f%atively,

the two cross-sectional areas may be set to become different from each other, depending on intended
purposes of dvastatrih ¢ ribto80®odicl Howawerpin forethe alfiadohafig@ fluid (stirrable substance) to
smoothly flow ti]q)rough the flow passage 316 without stagnation so as to obtain an effective stirring
capability, a 1[8 'o3g)f the cross-sectional area of the inlet port 312 (cross-sectional area of the inlet port 312

perpendicular to gflgw passieherRIIaHE M L8 6508%-secliopaharaAalthe RMtt POthd Hbw
(cross-sectional area of the outlet port 314 perpendicular to a flow passing therethrough) is preferably set

in a range of PSageS 3hfore’Piaferashy itha raskpstafaly@zeo?2, paytiautaryprateiehbyiih apangé be5/6 to

1.2. 01951 in,he third embodiment, i, view, of machinaniiy, the flow pagsage 30 is eanfigyred in a
shape bendet(]:ioat ppr%xma ely A rlght aﬁ’g?e. ,&ngna{i’ve?y, e flow passage 316 m%y & cdn Igured as a
smoothly curiied passages 1ormaaydp aarfiguiediotandrdricatethe-inlgt parshgd2.and the outlet port

314 ina straéght line. Based on configuring the flow passage 316 in this manner, a flow resistance in the
flow passagd ®P8lcan be reduced, so that it becomes possible to further strengthen a flow to be

generated by thelﬁtlgéqgi{&) te%b%%?mgﬁ,%s&gs'ﬂl@gﬁg&?ﬂf&@gf Qﬁtpgll?épﬁyoi%%QLross—sectional area of

the inlet port 312 perpendicular to a flow passing therethrough) is set to be approximately equal
to a cross-sectional area of the outlet port 314 (cross-sectional area of the outlet port 314
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
300, etc. However, in view of allowing a fluid (stirrable substance) to smoothly flow through
the flow passage 316 without stagnation so as to obtain an effective stirring capability, a ratio of
the cross-sectional area of the inlet port 312 (cross-sectional area of the inlet port 312
perpendicular to a flow passing therethrough) to the cross-sectional area of the outlet port 314
(cross-sectional area of the outlet port 314 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.
[0195]

In the third embodiment, in view of machinability, the flow passage 316 is configured in a
shape bended at approximately a right angle. Alternatively, the flow passage 316 may be

configured as a smoothly curved passage, or may be configured to communicate the inlet port
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In the third embodiment, each of the outlet ports 314 may be arranged offset with respect to a
corresponding to the inlet ports 312 in a rotation direction of the stirring rotor 300 in such a manner that a
region of a corresponding one of the flow passages 316 in continuous relation to the outlet port 314 is
configured to form an angle with respect to the centrifugal direction of the stirring rotor 300. Alternatively
or additionally; the oudeiuperpdr4 may bararganaed ofiseldbihemisastioneflithe pataliernsaxin imisuch a
manner that a region of the flow passage 316 in continuous relation to the outlet port 314 is configured to
be oriented JRANSTSRIBVY &etirdtareHutgidey eatated) ofthdsotdrtsdde3h (bhraosigerRaspbSIte to the
drive Shaft?%rt%}%tpe% C{H?I{]taefﬁ(())vo has! ?nQJaIEQ&‘ . Shaft (e, Shat §$d§s)-t$€ﬁ%\§9?%‘ &Rﬁégpr'ate'y
setting a direction of a j&t flow from the oudtlet port 314 1n this anner, an optima flow for an efficient
stirring operatipabidag.be obtained. [0197]  In the third embodiment, the inlet port 312 may be provided
on the drive shaft side (top surface 310a). In this case, all of the plurality of inlet ports 312 may be
provided on 9&%ive shaft side. Alternatively, the plurality of inlet ports 312 may be arranged such that a
part thereof is prqyigedion thadiftaleNcSids AROAILMADNG R therealdsivipidediPrdie dgve shaft
side. Alternatively, the inlet port 312 and the connection portion 318 may be provided in the inclined
surface 310 hoitleipoabeg thelopnsuriade 31Danis fotated brechensid ehefsadisgalogmdB0d tihesstirrang rotor

300. Based on appropriately. setting the arrangement of the inlet ports ,.an optimal flow for an
oot o BHOR SRR e e a e SR G BASGATER A 1SN S2 Y B provided

with respect {RtBgreHpel: Bt i3 L4nfRRere-RIHfalibaRelatianshipeer i hlalityrigpagdelationpaip. FIGS.

37(a) to 37(b) are front views showing examples of a modified arrangement of the inlet port 312 and the

outlet port 33dirieel 98pr 3KIG. Birgeiptinedir atexlditianedin sle whitsiepthie hfemopres 3aanieddideleid with

respect to the copresponding outietport 314, n, ope o plrality relationship whierein, the flow passage 316
is configured 6 extend from the one infe port 372 Gnd then brafchioward {'he plurgﬁ?y Bf ou epports 314.

In this mannebrtit:bnletpeid Bl Kpayiine p5aVvided as @i carme Bderthe:thenpheraliyy afoutel paits 314. In
this case, a common region of the flow passage 316 along the direction of the central axis C may be
defined as th@’éﬁ‘ﬁﬁ%ﬁ@é’ééhs 189" M(}]IO (on a side opposite to the drive shaft 20), or to be oriented

on the side of the drive shaft (drive shaft side). Based on appropriately setting a direction of a
jet flow from the outlet port 314 in this manner, an optimal flow for an efficient stirring
operation can be obtained.

[0197]

In the third embodiment, the inlet port 312 may be provided on the drive shaft side (top
surface 310a). In this case, all of the plurality of inlet ports 312 may be provided on the drive
shaft side. Alternatively, the plurality of inlet ports 312 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, the inlet port 312 and the connection portion 318 may be provided in
the inclined surface 310b. In this case, the top surface 310a is located on the side of a distal end
of the stirring rotor 300. Based on appropriately setting the arrangement of the inlet ports 312,
an optimal flow for an intended purpose can be generated.

[0198]

In the third embodiment, the inlet port 312 may be provided with respect to the outlet port

314 in one-to-plurality relationship, or in plurality-to-one relationship. FIGS. 37(a) to 37(b) are

front views showing examples of a modified arrangement of the inlet port 312 and the outlet port
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FIGS. 37(b) and 37(c) illustrate examples where the inlet port 312 is provided with respect to the outlet
port 314 in plurality-to-one relationship. In this case, one or more of the plurality of inlet ports 321 may be
provided on a respective one of the distal end side (on a side opposite to the drive shaft 20) and the drive
shaft side, with respect to the one outlet port 314. Alternatively, the plurality of inlet ports 321 may be
provided on gng, of the distal end side and the drive shaft side, with respect to the one outlet port 314.
[0201] Further, the plurality of inlet ports 312 communicated with the one outlet port 314 may be
arranged sudR kPt they are different from each other in terms of a distance from the rotation axis (central
s C) in the cenyiifuag diacion.@rangatefisel i saaneien g saolifued dlgeion,n FIC.
37(c), the number of the inlet ports 312 communicated to the one outlet port 314 is two, wherein the two
inlet ports 31&atepariding edtkifpetfrin maate-oshaniflisueflaa snaripew boadoie dfdheintagpoits 312 on the
drive shaft side is located more outwardly in the centrifugal direction from the central axis C than the other

inlet port 312°BF EditaPurie g8t o262 NALABANE, Wb e HASSgas 1BerRiaHE Bl IRy of inlet
ports 312 may,pe Lombiped and cemmunicajied Wi e QnsQUIE! ROLt 3k oIS AS S IRGIMEN QN

example, in stirring a stirrable substance comprising completely separable components, such as a
mixture of watepwled wittto3d¢hidwaldispeesioroomemutgifioaticthe Flavtipataalye, 3he ghmality diréatetinports 312

communicated with the one l%utlet %0%314 can be arra(rég[;ed su[%%that they are different from each other
in terms of a YiStESERFOH e PaYatOFHRTE (ARt AR ERAF theRentrifugal direction (arranged offset

from each othgroim the centrifugal direction), to allow respective suction forces at two of the inlet ports 312

to become different from each other, so that it becomes possible to generate more complicated flows so

as to efficiently pEHornmd e dish&rsibileiteingisifivationhfoR0R] inlefrpenie3dXanplrasdid stithtesiacFIGS.
37(a) to 37(c), in view of allowipg a fluid to smoothly. flow. thr .the flow passage without stagnation
e Y1 o gtk Sl e e vy R e i e

the correspopdin@Quiet Partadbipenedta-phuiattpdelationshipha dalig ehasdossnsestienpbasra of the
one inlet port 312 (cross-sectional area of the inlet port 312 perpendicular to a flow passing therethrough)

to a sum of ré%ﬁb%tﬂfé"éré&%f_lséeiidﬁél Heodsiv tHe Ilﬁir%qity”é‘ﬁlo{ﬂw?%oﬁsthﬁ@{'éré’gé]féeﬁ%n%ﬂ‘breas of
the outlet por,&ﬁtg&étﬂgfﬁetﬂg "&H@fit & oy g’c?r%s‘ﬁq m%regtgﬁy%aﬁld%ﬁfgﬁs A &Eatﬁ@eea% /31033,

more preferably in a rahge of 1/2 to 2, particularly pref In a range of 5/6 to 1.2. On the other hand, in
cases wWheretthalihletipdrsiBit 2wilprayiete owlithorespelet portitd €orresponding outlet port 314 in
plurality-to-one relationship, a ratio of a sum of respective cross-sectional areas of the plurality of inlet
ports 312 (crggé)-g]ectional areas of the inlet ports 312 perpendicular to a flow passing therethrough) to a

cross-sectional aﬁ%@t@r?'@ﬁe%{l\igﬁ@@f PALt BIAs(SToSTRARHANAL A IGM ARG OUllRLRK: 314 RgyRgndicular 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 prefergdlyuchahznigey of S8 kwehiArd@R2@¢h other in terms of a distance from the rotation axis

(central axis C) in the centrifugal direction (arranged offset from each other in the centrifugal
direction). In FIG. 37(c), the number of the inlet ports 312 communicated to the one outlet port
314 is two, wherein the two inlet ports 312 are arranged offset from each other in such a manner
that one of the inlet ports 312 on the drive shaft side is located more outwardly in the centrifugal
direction from the central axis C than the other inlet port 312 on the distal end side.

[0202]

As above, the flow passages 316 from the plurality of inlet ports 312 may be combined and
communicated with the one outlet port 312. This is effective, for example, in stirring a stirrable
substance comprising completely separable components, such as a mixture of water and oil to
achieve dispersion or emulsification.  Particularly, the plurality of inlet ports 312

communicated with the one outlet port 314 can be arranged such that they are different from
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In the third embodiment, the rotor body 310 is configured as a solid structure. Alternatively, the rotor body
310 may be configured as a hollow structure, wherein a pipe-like flow passage 316 may be provided
thereinside. In this case, the rotor body 310 can be configured as a lightweight structure. [0205]

Although the rotor body 310 in the third embodiment is configured in a semispherical shape, the shape of

the rotor bodya3i Qigenah ligrtaddheraiaaiis may ae aomethensuitahigshape OrlaShsS&ansrdQiare front
views illustrating examples of a modified shape of the rotor body 310. [0206]  FIG. 38(a) illustrates an

example whetéegtienoreeay sterisltunfridhedtisiaitiibalar ot SHagEntisR sthiapeyethegiise

mOd'f'Cat.'O“'sﬁk‘?}j&ﬁ"%l‘%gﬁt%]t%bs S avidgeing.Rou élﬁg&cﬁé&g&‘rgﬁ Suflistal e side. qnd;ghe outlet
port 314 is provided in a lateral surface 3104 parallel to the rotation axis (central axis C). Instead of the
circular colurmecshappodivl¢atogdnedye3lQdnaynpeceedfiigwe doinsaddiicisidgthedghimmhshiigpersasnimay be
configured in a truncated cone, multi-sided pyramidal frustum, circular cone or multi-sided pyramid shape.
[0207] FICr$8WHicdirstes an example where the rotor body 310 is configured such that a bottom
surface 3100[95@0]circular column (disk) on the distal end side is formed as a spherical surface. Similarly,
the rotor body 310 may be configured such that at least one of surfaces of a circular column, a multi-sided
column, a truncatedieorremmplasmitizsidé ohgylikasnitidh frivstidm), perpendiculariogarttadiom soostthereof, has
a spherical orfbgurved sLljgrface In this caset%tge spherical or curved surface may be formed on one or a

respective orlt® B SRt A9 SidasSH thE® dWUBCMA SHPLIEOMthids b PRRIAR, SHEBY Y 5314 is
provided in aclgigsmkpitfaceSiRdoaraligl todhe 1otatins axia. wilieragively. dideaylpopmyidamidp the

bottom surface 310c. [0208] FIG. 39(a) illustrates an example where the rotor body 310 is configured in
a spherical sheipé ! antdmp3o-Pdits)iifustptitastap exaimplbavhesrestaboior ool iB1 Onisielshfiglidd in an

ellipsoidal shape which has a circular shape in top plan view. Based on configuring the rotor body 310 in
e bos o B 1 S B e o

flow accompanieghvéiineacietlstisom ke outiet parkiBlbf sadbaistysng @rdsubsing gapahiltiescan be
improved depending on intended purposes. Particularly, it is preferable to reduce the thickness in the

direction of tWéﬂ%}taﬂﬁﬁ%ﬁiﬁmﬁ&lé{%@imfl%@déiiﬁﬂl@reﬁg(baghhi%mge@a@éyif@@é&@ﬁ?@%@%yae to
further Stre”%%s%%&}% H%‘Pélfa%‘i’g%ﬂ”agrﬁ’&ge%?%hs f}'ﬁ&&@%ﬂ%% ﬁd%rl%%g%]a'%ﬁ‘gedbtl%?é?oth‘.% On

aforementioned shapes, various other'shapes may be employed as
the other hand, in cases where the inlet port 312 is provided with respect to the corresponding

outlet port 314 in plurality-to-one relationship, a ratio of a sum of respective cross-sectional
areas of the plurality of inlet ports 312 (cross-sectional areas of the inlet ports 312 perpendicular
to a flow passing therethrough) to a cross-sectional area of the one outlet port 314
(cross-sectional area of the outlet port 314 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.

[0204]

In the third embodiment, the rotor body 310 is configured as a solid structure.
Alternatively, the rotor body 310 may be configured as a hollow structure, wherein a pipe-like
flow passage 316 may be provided thereinside. In this case, the rotor body 310 can be
configured as a lightweight structure.

[0205]
Although the rotor body 310 in the third embodiment is configured in a semispherical

shape, the shape of the rotor body 310 is not limited thereto, but may be any other suitable shape.
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shape of the rotor body 310. For example, the rotor body 310 may be configured by combining two or
more of various three-dimensional bodies, such as multi-sided column or multi-sided pyramid.
Alternatively, the rotor body 310 may be configured as a polyhedron close to a sphere, such as a regular
polyhedron or a semi-regular polyhedron. Further, a plurality of convex or concave segments may be

provided on thigsguterasirface: aidhe ieteninaetmb i8] of Basedienegiigunngthestatos indy 310 in
the shape with appropriate irregularities, a moderate flow can be generated around the stirring rotor 300,

so that the stif#§l capability can be improved in some cases. In addition to setting of the shape of the

rotor body 310, apqggr?ﬁa FIRNANESH %&%Ef%r%vﬂ&% ?f%n?&%9’&8%V%)f0sri]sa@gnﬁ;gal?gd%lﬂr@%‘rc%’f%é e rotor

body 310 may be adjusted to more accurately control flows around the stirring rotor 300. Further, the
outer surfacecoluthe sbipe ldidy SEPanayibehikanodiiy painted onleolared1Q improvidaestheticiguality .
[0211] FIGS. 40(a) to 40(d) are sectional views illustrating examples of a modified configuration of the

connection pdHa% NG AR cAA6F duhdse BitherHohiestsAvVitid sueis HeUhsFobiely
adjusted to aljgw 3, d6qre& QL Mmkingofenaxiernatfluig, salid £16. IR A-s ARG SHARamGe, 52 State of

generation of gas bubbles to be adjusted. [0212] FIG. 40(a) illustrates an example where the drive
shaft 20 is dibpdsétiotokebp @digtat e nddhertct fichgqrotmudiapg. intanthebe aonmhgmrapacet8hbéacBased on

adjusting a protrudin ,argofynt of tt&e %ifsgal end of the drive Shf:lft ZOéJrovideéi gith the connection port 24
in this manné:ﬁng’&‘é‘tﬁ"é% SF ARG Y LB GeHbrAR0R YrPRL BUSERY B LaRhe adjusted. FIG. 40(b)
illustrates anjgxgmple where a size of the connection port 24 provided at the distal end of the drive shaft
20 is reduced. Based on adjusting the size of the connection port 24 in this manner, a degree of mixing, a

state of generatidi©f Fab)blitsisiaiss ercexearpkelsdtie tidjistedofo2did)is cRitiguedcpemthac(Eyitustrate
Ell(ft 20 hc, Qytteld against an inggr wall of the common space
1S (4 S, 1O a rrace

examples th%rr?agg%%%tg% g%dr Ofl?;[rh go?liri}l/e (Sé?s ), o1 a side r sas cal surtace.
316a, and the connéction por% 591 IS provided In tﬁe lia era‘ suriace O% the la‘rlve 5?1 %alln PhIS manner,
the connecti@infinil 24HYayheopi9videanty be configured such that at least one of surfaces of a circular
column, a multi-sided column, a truncated cone or a multi-sided pyramidal frustum,
perpendicular to a rotation axis thereof, has a spherical or curved surface. In this case, the
spherical or curved surface may be formed on one or a respective one of the distal end side and
the drive shaft side. In this modification, the outlet port 314 is provided in a lateral surface
310d parallel to the rotation axis. Alternatively, it may be provided in the bottom surface 310c.
[0208]

FIG. 39(a) illustrates an example where the rotor body 310 is configured in a spherical
shape, and FIG. 39(b) illustrates an example where the rotor body 310 is configured in an
ellipsoidal shape which has a circular shape in top plan view. Based on configuring the rotor
body 310 in the above shape, a flow adjacent to the outer surface of the rotor body 310 can be
smoothly formed as a flow accompanied with a jet flow from the outlet port 314, so that stirring
and mixing capabilities can be improved depending on intended purposes. Particularly, it is
preferable to reduce the thickness in the direction of the rotation axis in whole, as illustrated in
FIG. 38(b). In this case, it becomes possible to further strengthen the flow radiating out from
the stirring rotor 300.

[0209]

In addition to the aforementioned shapes, various other shapes may be employed as the
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be opened in the centrifugal direction, instead of being opened in the axial direction. In this case, in
addition to a size of the connection port 24, the number and/or arrangement of the connection ports 24
can be appropriately set to desirably obtain a degree of mixing, a state of generation of gas bubbles, etc,
[0214] A shape of the connection port 24 is not particularly limited, but various shapes other than a

circular shapghpucit d esiangidias Bhapeaadasii-ike fbapsiynay beyessRlnyRdAlRroakivaliha
mesh-like member may be provided at the connection port 24. [0215] A stirring device 400 formed by
coupling a plEYaliey 8TuseostiiRy totors-SunIIPHE BedsribathatoWultiraderh qelentropt vislti-tidedrating an

example of t irring ice.4Q0. In the jllustrat , ny r of J98] rs 300 is
three, where {Eﬁe{lt ' regﬁs%rgr%é%%’té% l%%#a?é%o%%ﬁeﬁqf{gglégth%% %%Ié)k%%h% %@?@éﬁﬁa}ﬁ%&gﬁg illustrated
in FIG. 41, thephaliiyhohstirniagiroaterd 3edraieoc auptad-tegetharoly ib@ diredtiomat thelketditpro@axis, so
that it becomes possible to further improve the stirring and mixing capabilities. This is effective,
particularly, WHBYFAHIGRIE B Hirral XY Baargu s th o o4s) surkase ekdmpiriprthe’dtirring device 400,
the drive sha{@)glq)fnay be installed to penetrate through the plurality of stirring rotors 300, and a plurality
of the connection ports 24 are provided in the lateral surface of the drive shaft 20 to allow the in-shaft
passage 22 to beBeoednounicafedwighthhedlowhpdssiifesn3h6 whailt of itheagtiropriprotorsg ROt jsa

understood that the in-shaft passage 22 may be communicated with the flow passages 316 in only a part
ofthe siing IOIGFESBOY 207 £ BB ABOVEIhE i RSSO0 SLEOIe e

embodiment GORPFSRY: id §okRs OREY 310 Adapiedie-he airdahub Bl HaxSeeRtrRkLAXS C); an
inlet port 312 provided in an outer surface of the rotor body 310; an outlet port 314 provided in the outer
surface of thefrotpginessy s Bonarsdiadlevqpesayecd BBape mnthmivaliing ehéinietopbads B1 Qvieaytthe outlet

port 314, wherain & SOl Lok 218, SSNEPASA 2 & MIVE SRR ISl IIGHR e outer
surface of the rotor body 310 may be variously painted or colored to improve aesthetic quality.
[0211]

FIGS. 40(a) to 40(d) are sectional views illustrating examples of a modified configuration
of the connection port 24. An arrangement and/or a shape of the connection port 24 may be
appropriately adjusted to allow a degree of mixing of an external fluid, solid, etc, into a stirrable
substance, or a state of generation of gas bubbles to be adjusted.

[0212]

FIG. 40(a) illustrates an example where the drive shaft 20 is disposed to keep a distal end
thereof from protruding into the common space 316a. Based on adjusting a protruding amount
of the distal end of the drive shaft 20 provided with the connection port 24 in this manner, a
degree of mixing, a state of generation of gas bubbles, etc, can be adjusted. FIG. 40(b)
illustrates an example where a size of the connection port 24 provided at the distal end of the
drive shaft 20 is reduced. Based on adjusting the size of the connection port 24 in this manner,
a degree of mixing, a state of generation of gas bubbles, etc, can also be adjusted.

[0213]

FIG. 40(c) and 40(d) illustrate examples where the distal end of the drive shaft 20 is butted

against an inner wall of the common space 316a, and the connection port 24 is provided in the

lateral surface of the drive shaft 20. In this manner, the connection port 24 may be provided to
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body 310, and wherein: the inlet port 313 is provided at a position closer to the rotation axis than the
outlet port 314; the outlet port 314 is provided at a position more outward in a centrifugal direction from
the rotation axis than the inlet port 312; and the drive shaft 20 has an in-shaft passage 22 communicating
an opening (external opening 26) provided therein with the flow passage 316. [0218] In the third

embodiment g0 Bfignée chimEhsiManNRardideg@ss, liasichasofidaithpdika avisidexef thgestiviablenswstance
can be strongly sucked into the flow passage 316 and jetted out from the outlet port 314 together with the
stirrable substsac 88diHaR ithactred p&bf‘sméefél@ﬁmhﬂfr stie thendhiir apéos ssagreeewidhAtroducing

a gas, liquid, sglid or éﬂg olls®9 ta%do % ?5{5 %t%%fbc}%‘?]&iiifyrra £h§ 'r{eaébé? m&%%e SUBE into the

mixing/stirring It wit stlrrab e su eren e su tance may

flow passagezaibaviienthiegin-slittfiepassage 22 ThIS means that it becomes possible to perform a stirring
operation in various nonconventional modes and in an efficient manner. [0219] In the third
embodiment, (YR &)penlng (external opening 26) may be provided in a portion of the drive shaft 20 to be

located outside the glFabiesUBRIRBES: PRATS rass as gyt Rldhr ke omsidpaf e sHiple

substance can be introduced into and mixed/stirred with the Stirrable substance, so that it becomes
possible to efficigiatlyhppefonch mixirignehlarphmalippdh matBkiakbapasmis belemplvwrdbulBbtimgaordispersion of
a solid such as a ngder or, particles, in a li UId etc. Itis a|SOé) I%Elble to generate micro-bubbles in a

liquid. [0220]* RiHRARVEIYHHEY %Rfﬂ?ﬂ% f’élfHSFS%IEﬁ 119 §6) may be provided in a portion of the drive

shaft 20 to bgyipeated inside the stirrable substance. In this case, the stirrable substance 50 can be
strongly sucked into the flow passage 316 via the in-shaft passage 22, so that it becomes possible to
quickly discharge’a gexngstsivias 40 seagadtingdeutiiaglewpegisiagels Ba6lifrora thewsulldt pott B4, This

g“l%ke[ggzq‘i’sﬁ'é%'c%ﬁod"beﬁ’e”t 5EIArLOR NSNS SARARYTY, dug I stagnation of gas.nfiy fipy passage
the illustrated example, the number of the stirring rotors 300 is three, wherein the three stirring
rotors 300 are coupled together through the drive shaft 20. As illustrated in FIG. 41, the
plurality of stirring rotors 300 are coupled together in the direction of the rotation axis, so that it
becomes possible to further improve the stirring and mixing capabilities. This is effective,
particularly, when a fluid to be stirred has a large depth.
[0216]

For example, in the stirring device 400, the drive shaft 20 may be installed to penetrate
through the plurality of stirring rotors 300, and a plurality of the connection ports 24 are
provided in the lateral surface of the drive shaft 20 to allow the in-shaft passage 22 to be
communicated with the flow passages 316 in all of the stirring rotors 300. It is understood that
the in-shaft passage 22 may be communicated with the flow passages 316 in only a part of the
stirring rotors 300.

[0217]

As described above, the stirring rotor 300 according to the third embodiment comprises: a
rotor body 310 adapted to be rotated about a rotation axis (central axis C); an inlet port 312
provided in an outer surface of the rotor body 310; an outlet port 314 provided in the outer
surface of the rotor body 310; and a flow passage 316 communicating the inlet port 312 with the

outlet port 314, wherein the rotor body 310 is connected to a drive shaft 20 for rotating the rotor
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In the third embodiment, a supply device 60 may be connected to the in-shaft passage 22 to supply a fluid
or a mixture of a fluid and a solid to the flow passage 316 via the in-shaft passage 22. In this case, a gas,
a liquid, or a mixture of a gas and/or a liquid, and a solid such as a powder or particles, can be forcedly
supplied into the flow passage 316, so that it becomes possible to significantly efficiently perform various

mixing/stirringoand disparsineraRenatinng. fokrthe s hasadeancopstalbng thersupRiy dnibaAxR drgree of
mixing, dispersion or bubbling, etc., can be appropriately adjusted. [0222] In the third embodiment, the
rotor body 31bei9EdH RIS ikA HHtPErbSIsE AR H T PeYHen ittt tié ibtatiHkE has a
circular Shap%r&'i‘l%ﬁﬁf}o%?ﬁ%”}gﬁt C%E%; %91 Qeninate %&%‘i@?eaﬁ%%%g(fﬁ&%esﬁa‘f{ 'hg ﬁ&?rénofntﬁﬁag’ta“o“’
and allow damage chipping or t e like of the stirring rotor 300 or a container containing a stirrable
substance topaecgmelessilikelicioecanropeaindf thacstislingerobgr 30)QisHitedgabisintvda thamntaiiner or the
like. Further, the occurrence of unbalance with respect to the rotation axis can be minimized, so that it
becomes pod&iBiigtas Himost eliminate vibration, shaking or the like which would otherwise occur during
the rotation. dy’§8ﬁnakes it possible to perform a stirring operation in a safe and efficient manner,
irrespective of intended purposes. [0223] In the third embodiment, the rotor body 310 is configured in a
semi-spherical sHapks thinds;nbbdiommes possiblendchgenenate stgondifovisoiidhe deridioleuwsubistdnce, and

allow the inlet port 312 to be moved to a position close to a narrow area, such as a corner of the
container, so oY eh LS TRAAD SRR S SO GFoT BERBRReY ARSIt S FERALY perforr

the stirring opgrRtiga-thiaughaHt thgus artaiReibld B iRl bern 3 10pmanbe eatiigusadripiaglipsoidal
shape. As for the shape of the rotor body 310, it is preferable to reduce a thickness in the direction of the

rotation axis thewhHokblérsthitaneseyhilanbndesing ssibie iauidrtbrdsorethg thieh ameidlowf thdistiimgplsut from

the stirring rot r%go S0. 8s tg improve the stirring and mixing capabilities, [0224] In Ile third embodiment,
the ctiming oL G R R e e et i

respect to a EEReEIVE anesafidplubalincohoyties perks Bt Thusiow flawsratesing thi ilewvipassage 316
can be maintained at an appropriately high value, so that it becomes possible to prevent deterioration in
stirring capalifit§A&uiddo aCEaMERE0RBALREGABSE ABTRIRCR LA the MERE RESEHHS 31 64025

nonconventional modes and in an efficient manner.
[0219]

In the third embodiment, the opening (external opening 26) may be provided in a portion of
the drive shaft 20 to be located outside the stirrable substance. In this case, a gas, liquid or the
like outside of the stirrable substance can be introduced into and mixed/stirred with the stirrable
substance, so that it becomes possible to efficiently perform mixing of a plurality of materials,
gas dissolution or bubbling or dispersion of a solid such as a powder or particles, in a liquid, etc.
It is also possible to generate micro-bubbles in a liquid.

[0220]

Alternatively, the opening (external opening 26) may be provided in a portion of the drive
shaft 20 to be located inside the stirrable substance. In this case, the stirrable substance 50 can
be strongly sucked into the flow passage 316 via the in-shaft passage 22, so that it becomes
possible to quickly discharge a gas, such as air, stagnating in the flow passages 316, from the
outlet port 314. This makes it possible to prevent deterioration in stirring capability due to
stagnation of gas in the flow passage 316.

[0221]
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In the third embodiment, the inlet port 312 is provided on a side opposite to the drive shaft 20. 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. [0226] In the third embodiment, the inlet port 312 is

provided on an owiwa ¢heidenBdieneantifugal discicien with sespatidedhe retatignRyissiadhiscase, the
rotor body 310 can have a portion provided in the center of a distal end thereof to protrude outwardly with

respect to thUpitét pOkid 222 THYS @ 0EA ffuideadin iy dstohsbiotshaseresd s yipdtisrabsasses wall

face of th iner, it ible to avoid.a situati the stirri 39 I guckingl
surace of the fonifRrkeerames asAls to Ak a salon el he sUing (afar. 300 s suckinaly

brought into contact with the w e and there
to perform a ptahle stirpngidperaiiobeetgtetlycasgdiachane the skinringyaiar 30§ i Manuabycopesated.
[0227] In the third embodiment, the inlet port 312 may be provided with respect to the outlet port 314 in
plurality-to-oRessEtsibh &g lime LHsEN o RS EYMpI ey EWE CHHIBR YeherRgdngmES M sctive, for

example, in effieR! SRRSING A ATAINENNG dyPbduratwaler e olihaisHMths DIy of inlet

ports 312 communicated with the oné outlet port 314 can be arranged such that they are different from
each other incterpasygireptistayed;jfist. the rotation axis in the centrifugal direction, to allow respective
suction forceg(ﬁé two of the inlet ports 312 to become different from each other, so that it becomes
possible to g @te more complicated flows so as to efficiently perform the dispersion or emulsification.

[0228] The stirring, dryiea £ ORRASEEONHO S thirdaPasiMenticarapisgsthe Pl alitv ebatifipg rotors
300 arranged in the direction of the rotation axis. This makes it possible to further improve the stirring and
mixing capalifitieadjogd@ofo the rotation axis has a circular shape. Thus, it becomes possible to eliminate a

counteracting force during start of the rotation, and allow damage, chipping or the like of the
stirring rotor 300 or a container containing a stirrable substance to become less likely to occur
even if the stirring rotor 300 is hit against the container or the like. Further, the occurrence of
unbalance with respect to the rotation axis can be minimized, so that it becomes possible to
almost eliminate vibration, shaking or the like which would otherwise occur during the rotation.
This makes it possible to perform a stirring operation in a safe and efficient manner, irrespective
of intended purposes.

[0223]

In the third embodiment, the rotor body 310 is configured in a semi-spherical shape. Thus,
it becomes possible to generate strong flows in the stirrable substance, and allow the inlet port
312 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 310 may be configured in an
ellipsoidal shape. As for the shape of the rotor body 310, it is preferable to reduce a thickness
in the direction of the rotation axis in whole. In this case, it becomes possible to further
strengthen the flow radiating out from the stirring rotor 300 so as to improve the stirring and
mixing capabilities.

[0224]

In the third embodiment, the stirring rotor 300 includes a plurality of the outlet ports 314,
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<FOURTH EMBODIMENT> A structure of a stirring rotor 500 according to a fourth embodiment of the
present invention will be described below. FIG. 42(a), FIG. 42(b) and FIG. 42(c) are a top plan view of the
stirring rotor 500, a front view of the stirring rotor 500 (a side view is identical thereto), and a bottom view
of the stirring rotor 500, respectively. As illustrated in FIGS. 42(a) to 42(c), the stirring rotor 500 comprises
a semi-sphengalrshapedhreteoRady Klftoaiiuralily efpeletparisspdd wrovidediie rauierswiface of the
rotor body 510, a plurality of outlet ports 514 provided in the outer surface of the rotor body 510, and a
flow passagd’S‘Ing‘Pméﬁl}ﬁsm@oﬁﬁéaﬁéﬂéﬁlﬁﬁ)ﬂWSMﬁégééﬁﬁﬁ%Wa’t’é"‘iﬁ@ﬁﬁl‘éﬁb@r@ﬂf?ﬁﬁiﬂ*ﬁ’th@lbutlet

ports 514. [02%91: In ﬁpg ilku trated e Qg)gim(% t g}%e Qt%rg gyé 0 ig fgrm%g in 8 i-s(the{'cal shape
which is a shgpe obtained [}Jy dél'\%(ﬁlna g}) sp‘heere ?n{% Vzgf\l/es.eTﬁuéa, the 1outeurrrslu facggaoﬁ tllﬁe rotor ody 510
comprises a plamatltojpsuf lasen ol Gabathichsis ahsutfiad® perpendicutar to a central axis C of the rotor body
510, and a spherical inclined surface 510b which is a surface inclined with respect to the central axis C.

More specifiégﬂ%}he inclined surface 510b is formed as a surface which extends to become gradually

farther away from,the. GRR el @disfed ARG EPMORL IS IRWeldsIgF- il & e i) dQufie other

side (upper side in FIG. 42(b)) of the central axis C. In other words, the rotor body 510 is configured in a
shape where2&.thitkinessktisatgoisaibie direution sthinentenbdaxistQ dracually diecradasesrtowardoan

outward side in a radial direction thereof [023 The rotor body 510 has a cqonnection portion 518
orovided n tRETIAHG 6 AHL O SOFACET S0 1K A 6 ST e APt 2 SESHERRWR § arve unit

such as a MYGrIADBLAMRE IR RREEIAMbILS: hiBLHINOIFAtPE R0 Jsradarigd iake rotated about a

rotation axis defined by the central axis C of the rotor body 510. A technique for the connection between
the drive shaf@Z%hnd the connection portion 518 may be any conventional means, such as thread

connection or engagement connection. [02 al In,the fourth.embodiment rtion of the rotor body 510
Cher o e ol B po B B 8 B e DB o

rotor body 51f:etiiatatiatdgretenaning thatetaxodybii) isapttparticsHadyylimtednivan gppigpriate
material suitable for its use conditions, such as metal, ceramics, resin, rubber or wood, may be employed.

The rotor bodo5K5drintHeeferias ehisbtitheit leamedighegtivds siptedhntidheimeriirichgdpie aprt

e e RILoD &P AL LRAR A AORSIDIRIC P, IS IRIRI RGN Q i Auddp et o
materials without being restricted by pr 2 Bﬁ Based

duction processes. [0 ased on configuring the rotor body
510 in such asimipke,shapeyitiee postibienceaodidnbalandenmitherespectiivibersatation axisdamnsbe
minimized Thus, in the fourth embodiment, it becomes possible to almost eliminate vibration, shaking or

the like whichWRNGBHEPINRSS BHBIPOVAR GUHR F R i chitrdhe ARis tRorh Hit implaiest orthis MékSihich is

likely to causg Hmml%%eperform a stable stirring operation even in cases where the stirring rotor 300 is
manually operated.
[0227]

In the third embodiment, the inlet port 312 may be provided with respect to the outlet port

314 in plurality-to-one relationship. In this case, more complicated flows can be generated.
This is effective, for example, in efficiently dispersing or emulsifying a mixture of water and oil.
Particularly, the plurality of inlet ports 312 communicated with the one outlet port 314 can be
arranged such that they are different from each other in terms of a distance from the rotation axis
in the centrifugal direction, to allow respective suction forces at two of the inlet ports 312 to
become different from each other, so that it becomes possible to generate more complicated
flows so as to efficiently perform the dispersion or emulsification.
[0228]

The stirring device 400 based on the third embodiment comprises the plurality of stirring
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[0234] The inlet ports 512 are provided in a distal end region (region of the inclined surface 510b on the
side of the central axis C) of the rotor body 510 on a side opposite to the connection portion 518. In the

fourth embodiment, the number of the inlet ports 512 is four, wherein the four inlet ports 512 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 feptoinlsdpariaid is feemerindhe sapadiesiiorias that ahikescerpsalianisCrulireroutlet
ports 514 are provided in a lateral surface region (region of the inclined surface 510b on the side of the
top surface STTAY6f e it BodPBIME Meriléisscifically, in the fourth embodiment, the number of the
outlet ports 5[§ﬁi§ four, wherein each of the four outlet ports 514 is provided at a position more outward in
a centrifugal irec{ion (radial direction) from the central axis C of the rotor body 510 (at a position farther
away from the ceaf@URAISI EMBDDINeEtNN>perpendicular to the central axis C) than a corresponding one
of the inlet ports 512. Further, each of the outlet ports 514 is formed in a direction perpendicular to the

central axis C. [0238]Uctueid W Hs4ge8d RO TONA &YW B S8 Emesh i S BERTAY BYERGPthe inlet
ports 512 with;3 ¢RriRsAAAINGIoNe thaoulelPeis Sty InRinaGVesds, inthedpuitt embedimgnt, the

number of the flow passages 516 formed inside the rotor body 510 is four. Each of the flow passages 516
is formed to etiteng tineafofrofnothievienebPort SdR2isdongtHOCeéntidé axésy @5 miadtitwthaftey, bedding at a

outet port SIPBIE <t i FAF AR B GRP SRRt oS A PAKCAbEL s GG et s Just
outlet por . 0 ) ed as Jus
described to allow.asist shshedpaiRarteidpheiontigiRartadbsndshe flonbhrsSada&lRiQ beeasily

formed by a boring operation using a drill. Specifically, the set of the inlet port 512, the outlet port 514 and
the flow passage&tigcan béceswifyctorhribel iolpthiiyg 0n ol raimy phogitbpogh thitiptetidedtis Ik along the

central axis C, and drilling.a hole from a pasition of the outlet port.514 toward the central, axis.C. Although
e ettt e e ks e el

circular shapesiiusi@sstaeationsirshppessot limitegshesato, but may be any other suitable shape such
as an elliptical shape or a polygonal shape. [0237] An operation of the stirring rotor 500 will be

described beiB%@_.Oﬂ:IC_;. 43(a) is a top plan view illustrating the operation of the stirring rotor 500, and FIG.
43(b) is a front vigwlllystrating, g oRG NN, iNG §6'¢'i?_'39(f %t?f&tr%)eg'iﬁ__ %e%'jr-rs'@%ffgﬁ?rshr’qgag ifadapted 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 tasstislibg: sticaide suldstatice a[§R88] into halves. Thus, the outer surface of the rotor body

510 comprises a planar top surface 510a which is a surface perpendicular to a central axis C of

the rotor body 510, and a spherical inclined surface 510b which is a surface inclined with respect

to the central axis C. More specifically, the inclined surface 510b is formed as a surface which

extends to become gradually farther away from the central axis C, in a direction from one side

(lower side in FIG. 42(b)) to the other side (upper side in FIG. 42(b)) of the central axis C. In

other words, the rotor body 510 is configured in a shape where a thickness thereof in a direction

of the central axis C gradually decreases toward an outward side in a radial direction thereof.

[0231]

The rotor body 510 has a connection portion 518 provided in the center of the top surface
510a thereof to allow a drive shaft 20 associated with a drive unit such as a motor to be
connected thereto. Thus, the stirring rotor 500 is adapted to be rotated about a rotation axis
defined by the central axis C of the rotor body 510. A technique for the connection between the

drive shaft 20 and the connection portion 518 may be any conventional means, such as thread

connection or engagement connection.
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Upon rotating the stirring rotor 500 under a condition that it is immersed in a fluid, a part of the fluid
entering inside each of the flow passages 516 is also rotated together with the stirring rotor 500. Then, a
centrifugal force is applied to the fluid inside of the flow passage 516, and thereby the fluid inside of the
flow passage 516 flows toward an outward side in the radial direction of the stirring rotor 500, as
illustrated in 3%} 43(a) and 43(b). Each of the outlet ports 514 is provided more outwardly in the
centrifugal direction of the rotor body 510 than a corresponding one of the inlet ports 512, so that the

centrifugal force betsrfrRstEeaihgdinantha pitier poresmicthadad tHehiethesihs IoWsess 16y as the
tirri t is bei ted. the flui from. the inJ e qutl .M
strmng rotor tﬁ%%‘gsﬁ%ﬁ'ﬁ%a; %é?‘ﬁ%r C%Jé%@él%ﬁe %%ﬂh&?d'@g%é@ﬁ%?&%}%%ﬂ%& SR eARR%p%%f‘ ore

specifically, INSI ow pasSage 516 Is jette rom the outlet port 514, an
simultaneousiy: tloenongsitterdlvichisigdickesl oo pathe inigtpoit8 1 intoagiediolapaasage soikbble for
Consequently, a flow radiating out from the lateral surface region with the outlet port 514, and a flow

directed towdttife BRSHHPBh YL it tHE MRSt ol Y20 B bieratse MR thid the
stirring rotor gR, £983Rkhe GHIINGHHBRRRIIRY %H'qiﬂ%@%é@&\gﬁ%ﬁ@%ﬂ@@i@ﬂﬂﬂm@

immersed in the fluid, a part of the fluid adjacent to an outer surface of the stirring rotor 500 is rotated
together withctivdigtirriiog, retah&00 bscthe effect @E viscasityhd netsr debnirifudabiorceids alseapplied to the
fluid adjacent to the outer surface of the stirring rotor 500, so that the outer surface-adjacent fluid flows to
a vicinity of ¢3RS ﬂ‘ff&eﬂﬂﬁfg%ﬁe I%%Br SBULP'SGHAE, of the stirring rotor 500, and becomes a
flow accompggiggl with the jet flow from the outlet port 514, as illustrated in FIGS. 43(a) and 43(b). [0240]
In the fourth embodiment, the rotor body 510 is configured in a semi-spherical shape to allow a flow
adjacent to the diBtafér regibawinghdhstirding fsidy 500 to ecdnfostmplcohibinedavitrumsfiowofadiating

out from the lateral surface region. | adlc[ji ion, the rotor body 51Q canfi urecEPin[gthe bove shape allows a
o the o e B e o B P o e

vicinity of eaghetshe opdainerts Sikhalengitheindingehsyrace: 3k0hand.comEingsumithrtbayikew
radiating out from the lateral surface region. This makes it possible to generate strong flows in the
surrounding REFHT SRSt e ofittiely Btbraly HEUBAR S BapESIQofSe s itibighat eiigherie stivisg
operation. [0g41],. . Eurthermore, in the fourth embodiment, each of the outlet ports 514 is provided in the
inclined surface 510D, i.e., a surface extending to become gradually farther away from the rotation axis
(central axis O2#]a direction from one side to the other side of the rotation axis, to allow an effective
stirring operation to be performed even for a high-viscosity fluid. ([0242] o
The inlet ports 512 are provided in a distal end region (region of the inclined surface 510b

on the side of the central axis C) of the rotor body 510 on a side opposite to the connection

portion 518. In the fourth embodiment, the number of the inlet ports 512 is four, wherein the

four inlet ports 512 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 512 is formed in the same

direction as that of the central axis C. The outlet ports 514 are provided in a lateral surface

region (region of the inclined surface 510b on the side of the top surface 510a) of the rotor body

510. More specifically, in the fourth embodiment, the number of the outlet ports 514 is four,

wherein each of the four outlet ports 514 is provided at a position more outward in a centrifugal

direction (radial direction) from the central axis C of the rotor body 510 (at a position farther

away from the central axis C in a direction perpendicular to the central axis C) than a

corresponding one of the inlet ports 512. Further, each of the outlet ports 514 is formed in a

direction perpendicular to the central axis C.

[0235]
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Specifically, in an operation of stirring a high-viscosity fluid using a stirring rotor designed such that each
of the outlet ports 514 is provided in a surface parallel to the rotation axis (central axis C), a gas in the
flow passages 516 (e.g., air residing in the flow passages 516 before immersion in the fluid) cannot be
adequately discharged, which is likely to make it impossible to jet out the fluid from the outlet ports 514.
Through various regeasehps:aRd sxpevirantal iestpanthe-ahavaphenomenon dbenryeoier ofthis
application has found out that, when the outlet port 514 is provided in the inclined surface 510b, i.e., a
surface inclingtihwittPreesperding o iBeatisic aRsticartralagidie)vindte dtbe foarsuprabedpasatidhto the
s, RS IHYIE oW RARSAAes3A0GANPR IR el diae DR ST MIASI Gl SosTy
fluid. [0243]  More specitically, based on providing the outlet port 514 in the inclined surface 510b, a
region of the muilekpaonibidmmdbecssent dmdisialfend (cistatepettside )atirf enstiinglrator 80thfon a side
opposite to the connection portion 518), and a region of the outlet port 514 on the side of the drive shaft

(drive shaft sibdy @15tRENSIE8 HranBomisdctisFbRISATE 18) herer sl 4895EeB e eI Ma¥¥m each
other in termg ¢f @ figtanceFomLhRirRtaHen g&igﬁsg that it becomes possible to cause a difference in
et

circumferential velocity and centrifugal force between the distal end-side region and the drive shaft-side
region of the[028iet port 514. Then, based on the difference in circumferential velocity and centrifugal

force in the outlet port 514, turpulences ar nerated in a region of the E\ow passage 516.adjacent to the
outot port 514 to A UG AnG ThDATH O bASHEE S6. 56 TP Hoto L PEERdo quickly

discharge thggas freebgeqhilehHen 121 the02ddlrortFuhgh hased PasRievlip G the QuiletRarp14 in the
inclined surface 510b, the outlet port 514 can be arranged at a position close to a separation point 510c

where a flowtslergrine ineliried geirfaeal st ObSpepdaids thorrethé theclivdd ol FhddB10tldmebatbmes a
flow in the cent i%{ | direction (gr the separatian point 510C can, be set within.the outlet.port 514). At the
comarmtion A B S B R e R T A SR BRI 7

the inclined surfagend ibechidbaasedmaniamangingléeoatilpbiash DE4hatoatlPOsIHoN £lesedto dhe
separation point 510c, a gas stagnating in the flow assage 516 can be sucked out from the outlet port

514 arrangemgg}eaw the fegarel theeldaireasfoge _]6 il_wt edpBih ,emmfam@mf'ﬁ “rfiBtsheh the outlet
port 512 is proyided.in the, ‘%LJE‘FQ#WE%%%;?&QB%@H&Q ér%é‘s%%EE%%%F@&E%’%%‘S&%H&&HFﬁa%rg;i[@%"V farther

away from the rotation axis (central axis C), in a direction from one side to the other side of the rotation
axis. Thus, exag binger @aHeighiuisleositpefkiich & gasliiptieel Hbappasspole ohbl chaphe discharged therefrom
immediately after start of a stirring operation so as to perform the stirring operation in a speedy and
efficient manH&r th addition, even if a gas enters into the flow passage 516 for some reason, the entered

gas can be immegiaig)y. ischararAffom G Ao PasE ARt s TR PEEEMERHESTIRG (Rstably
achieve the stirring capability. [0246]

view illustrating the operation of the stirring rotor 500, and FIG. 43(b) is a front view illustrating
the operation of the stirring rotor 500. The stirring rotor 500 is 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.

[0238]

Upon rotating the stirring rotor 500 under a condition that it is immersed in a fluid, a part of
the fluid entering inside each of the flow passages 516 is also rotated together with the stirring
rotor 500. Then, a centrifugal force is applied to the fluid inside of the flow passage 516, and
thereby the fluid inside of the flow passage 516 flows toward an outward side in the radial
direction of the stirring rotor 500, as illustrated in FIGS. 43(a) and 43(b). Each of the outlet
ports 514 is provided more outwardly in the centrifugal direction of the rotor body 510 than a

corresponding one of the inlet ports 512, so that the centrifugal force becomes stronger at the
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Further, in the fourth embodiment, based on a synergic effect of the difference in circumferential velocity
and centrifugal force in the outlet port 514, and the negative pressure at the separation point 510c, the
flow radiating out from the stirring rotor 500 can be generated as a more complicated flow (turbulent flow),
so that it becomes possible to obtain a higher stirring capability than ever before. [0247] FIGS. 44(a)

and 44(b) areathesiascdiagrans iistiing an enaRplasfhewhtheistisingJios0 20Qisuseted\s
illustrated in FIGS. 44(a) and 44(b), the stirring rotor 500 is used under a condition that it is connected to

a drive shaft 1?9_ Brigd élﬁ\%s frem3besinke wté%ﬁ@w%al%ﬁm@fwi_ﬁlé-stMaﬁﬂé@@ifgqéheé@leHich is a
fluid contained.ina ¢qpiajngr %%s%%es%"i% ﬁ%@e? @"F}glg%% Qﬂgeg;égﬁ ng{,h%nﬁoﬁ In&h&0sR fiame or the

like, or may be a type adapte manua and operate a user. [0248]  Upon rotating the
stirring rotor bOEidky fihidl dhrive kadifidth edloerpoiadinyiowt tioMvthestapnglmtoCoi ardil floflodirected
toward the distal end region of the stirring rotor 500 are generated, as described above. As a result, as

illustrated in FAEAENE L8 Towy ha tpyr ficated Wrvita it HEN e ferierhiddem Frettiasit dubstance
50, so that thg sfifrable,g4bstanese thavitias, sHEFERY FreddydhecliieuRing fans 024 In an

operation of dispersing a stagnant substance accumulated at a bottom of the container 40, the distal end
region of themstrif@drotor 500 may be moved to a position close to the bottom of the container 40. This

makes it pos 'Zle to suck up the stagnant substance from the inlet ports 512 and jet out it from the outlet
ports 514 soié 3[%] sufficiently disperse the stagnant substance into the stirrable substance 50. Further, in

an operation of dispa{singy8rstaaRantBHREIRACEACLYIMINGS At rardarRitheicantaingn4R. he distal
end region of the stirring rotor 500 may be moved to a position close to the corner of the container 40. In

the fourth enfbodimenit, ehéheotwrdbetygcsnigisieontiyuatio af sbermitsphericar Shbpe rdateddeghddnlet ports
512 can be rr\}vqglet‘?leeyt?rﬁrgg %B?%H&ng%ﬁseeﬁt&taop 9fsrc93’§’1t‘§°mﬁ§ul9§ gglltrifugal force is also applied to
the fluid adjacent to the outer surface of the stirring rotor 500, so that the outer surface-adjacent
fluid flows to a vicinity of each of the outlet ports 514 along the outer surface of the stirring rotor
500, and becomes a flow accompanied with the jet flow from the outlet port 514, as illustrated in
FIGS. 43(a) and 43(b).
[0240]
In the fourth embodiment, the rotor body 510 is configured in a semi-spherical shape to
allow a flow adjacent to the distal end region of the stirring rotor 500 to be smoothly combined
with the flow radiating out from the lateral surface region. In addition, the rotor body 510
configured in the above shape allows a part of the flow directed toward the distal end region of
the stirring rotor 500 to be smoothly guided to the vicinity of each of the outlet ports 514 along
the inclined surface 510b and combined with the flow radiating out from the lateral surface
region. This makes it possible to generate strong flows in the surrounding fluid, so that the
stirring rotor 500 becomes capable of performing an efficient stirring operation.
[0241]
Furthermore, in the fourth embodiment, each of the outlet ports 514 is provided in the
inclined surface 510b, i.e., a surface extending to become gradually farther away from the
rotation axis (central axis C) in a direction from one side to the other side of the rotation axis, to

allow an effective stirring operation to be performed even for a high-viscosity fluid.
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In the fourth embodiment, the rotor body 510 is configured in a semi-spherical shape, i.e., configured to
have no 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 510 has no sharp protrusion, so that it becomes
possible to reguer a risk that the stirring rotor 500 or the container 40 is damaged or chipped, even if the
stirring rotor 500 is hit against a wall surface of the container 40. Thus, a user can move the stirring rotor
500 to a position eRSSHIt8I tha I pgrrsen of thiiesathigksy BoowthiBlidatisre o Surpgifpep &sitdsbifficiently

perform the %ﬁ%ﬂﬁ%?@%ﬁgf’ﬁl%&?& QuL tg ?%&@J%ﬁ?&?a'&&?%ﬁi% ’uiél*%SﬁQe”P%%tR)%S%Ps'?&%ﬁaﬁeV?“t

debris or chips of the stirring rotor 500 or the container 40, etc., eing easlly mixed into the stirrable
substance 5Q0x[0251]a gdn theHoulsh grbagimsn, @achHf thadilgtipats Baw ipapsavided @bar@esition
slightly outward of a center of the distal end region of the stirring rotor 500 (slightly outward of the central

axis C as theFURaE dRidy dbi48 canRekbr s ey shis deerbmBeiy Eiekeq Bikh Wi tHBlaiStal end
region of the ;5igring,FOfREPRDHS REQHBRE iR cANtactiihing palksutiare af 1he SPUANGEAFQesThis makes

it possible to stably operate the stirring rotor 500 even in a position adjacent to the wall surface of the
container 40 of0gts2{bovénplivadoerdne b odienemtpfitbrosppdedtion bhafeandfdinethate tybent thd Dutlet

(cross-sectional area of the.iplet port 512 perpendicular to a flow passing therethrough) is set to be
anproimatoR Beut 1 BETHES Bl HER B 416 outiet orcot terods SEaiBHAI s b1 aHERoutet por
514 perpendigilasiaadRurRassinatNaratirosal). HHerpativey thedwa £asasseationah aeasway be set
to become different from each other, depending on intended purposes of the stirring rotor 500, etc.

However, in Pisvagst 2l foseinbeanimidigely sliiehgigsdievroe)ndssaivghtiipdioviytAradigh the flow passage 516
without stag E'%lso as to obtain an effective stirring capability, a ratio of the cross-sectional area of the
inlet port 51 ?cro s-sectional area of the inlet port 512 perpendicular to a flow passing therethrough) to

the cross-sectiongicsep@iifiogiguteldaash pldv(enasssestirnabare ot andlateaasirfld pespendicular 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 p@%ﬁfﬁﬁ %P@_ﬁ@@rb? Sjendhe. zi.dfog%%}iistqlrﬁﬂéﬂe(@m %‘?ﬁﬁ&fih‘?éﬁl? iﬁlW@wr@f%é%inabnity,
the flow passage p}6 I3 cRnligyied I0ANars RN Ak AtaR WP%'W&?%@J&%% f{?ggelﬁ'%lﬁetﬂéasti'?{gly’ the

flow passage 516 may be configured as a smoothly curved pasSage, or may onfigured to
communicatetheeidléigparifb & iaan dhitfe sidit)abpahit 5idt iof ahstiaighcline . pBasedSoR) canfiglaweg tibe flow
passage 516 in this manner, a flow resistance in the flow passage 516 can be reduced, so that it

becomes poﬁﬁ@?&ﬁﬁﬁ‘&%‘?@ GRtRaHsr idiErBsue Yeiskiael vy T SaHMGF B 408, b e improve

stirring Capa%&’ib%@ause a difference in circumferential velocity and centrifugal force between the distal
end-side region and the drive shaft-side region of the outlet port 514. Then, based on the
difference in circumferential velocity and centrifugal force in the outlet port 514, turbulences are
generated in a region of the flow passage 516 adjacent to the outlet port 514 to disturb a gas
stagnating in the flow passage 516, so that it becomes possible to quickly discharge the gas from
the outlet port 514.
[0244]
Further, based on providing the outlet port 514 in the inclined surface 510b, the outlet port
514 can be arranged at a position close to a separation point 510c where a flow along the
inclined surface 510b separates from the inclined surface 510b and becomes a flow in the
centrifugal direction (or the separation point 510C can be set within the outlet port 514). At the
separation point 510a, a negative pressure is generated along with the flow which starts

separating from the inclined surface 510b. Thus, based on arranging the outlet port 514 at a

68



In the fourth embodiment each of the outlet ports 514 may be arranged offset with respect to a
corresponding to the inlet ports 512 in a rotation direction of the stirring rotor 500 in such a manner that a
region of a corresponding one of the flow passages 516 in continuous relation to the outlet port 514 is
configured to form an angle with respect to the centrifugal direction of the stirring rotor 500. Alternatively
or additionallyedfi0ulist perine It pnayderireiged affsat ininediaation abtheiokaion gxiainsuch a
manner that a region of the flow passage 516 in continuous relation to the outlet port 514 is configured to
be oriented ow ke SietdTomethfisrdlcs RaTt distarengrdigeyortike g e deSH0(on a side opposite to the
connection ppyipn 518), or to be oriented on the side of the drive shaft (drive-shaft side) (on the side of
the connection portion 518). Based on appropriately setting a direction of a jet flow from the outlet port
514 in the above mamoee, andepivmah #awddnanteffici@niesiiinglQpeaticid«hin be obimeeduf(265] In
the fourth embodiment, the inlet port 512 may be provided on the drive-shaft side (top surface 510a). In

this case, all Yihe"Bithalit? orifiet SSITEHAD Ay BEDFvHEl ofriHs oY sHaR dferAdtithatitely, the
plurality of inlef aafts qd & Mav.ReatBRIRISYRh hatd RaTdRERAS if ReNided Pibe digial-any side and

a remaining part thereof is provided on the drive-shaft side. Alternatively, the inlet port 512 and the
connection puntien & &maydosiprdizdecirgdhenndlinéd guptased 106. barthis chshatpeltopestrtace 510a is

located on the side of a djstal end fof the stirring rotor 500. Based on appropriately setting the
arrangemenﬂ%ﬂﬁi‘%ﬁlé& BHEE1 51 A5 BPRRAABN PPl IREBHIRE P SBEL AR BRI GB AR AR FH256]  In

the fourth empadimenrtthauinlet PartRiZicax ke Rrovided il ferPafRt IRINeRUIRL pPRtielddie

one-to-plurality relationship, wherein the flow passage 516 is configured to extend from the one inlet port
512 and therrdss@ncthtoodrdheaplnalis oinedistchofisobagethfiain daséloi prsvagst allowindghatfitid to
smoothly flovg etchrou h th%flow passage 51%!\" haut stag[gﬁxt[ion SO0 as to obtain an effective stirring

n 15q { . | .
capability, a FAtI0 Of & CrOSS-Sectional area of the offe inle 68/rt 512 (cross-sectional area of the inlet port

512 perpendjoala] to a flow passing therethrough) to a sum of respective cross-sectional areas of the
plurality of outlet ports 514 (cross-sectional areas of the outlet ports 5li§erpendicular to a flow passing
therethrough) is eabi sbEidaEngEtIrsb ParsdrapreferBpiRiincaltangé drerditisronssadticularly

preferably in g, tANg& O 2fQ i ding - QP:Lkri LIRS JOH @5‘&989ﬁ‘r?@iﬂﬁ@%i‘?ﬂ%%@%ﬂ%?h Lig gopfigured as

a solid structure. Alternatively, the rotor body 510 may be configured as a hollow structure, wherein a
pipe-like flomipaspage &ilpomaylbe profiide dathaiegsidéron diishaisg, rther K0 chobly ohéraadt Le
configured as a lightweight structure. [0258 ) , ) _ o
more complicated flow (turbulent flow), so that it becomes possible to obtain a higher stirring
capability than ever before.
[0247]
FIGS. 44(a) and 44(b) are schematic diagrams illustrating an example of how the stirring
rotor 500 is used. As illustrated in FIGS. 44(a) and 44(b), the stirring rotor 500 is used under a
condition that it is 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.
[0248]
Upon rotating the stirring rotor 500 by the drive unit 30, a flow radiating out from the
stirring rotor 500 and a flow directed toward the distal end region of the stirring rotor 500 are

generated, as described above. As a result, as illustrated in FIGS. 44(a) and 44(b), complicated

circulating flows are generated in the stirrable substance 50, so that the stirrable substance 50
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Although the rotor body 510 in the fourth embodiment is configured in a semispherical shape, the shape
of the rotor body 510 is not limited thereto, but may be any other suitable shape as long as it has the
inclined surface 510b which extends to become gradually farther away from the rotation axis (central axis
C), in a direction from one side to the other side of the rotation axis. For example, the rotor body 510 may

have a sphergalshapesietayrhavs an eliggeicialtsivape or a semi-ellipsoidal shape. Alternatively, the
rotor body 510 may have a partial spherical shape as a part of a sphere, or a partial ellipsoidal shape as a

part of an elli984f. [0259]  FIGS. 45(a) to 45(c) and FIGS. 46(a) to 46(c) are front views (side views)
lllustrating exam&'eﬁn"%gg{%ﬁ Fgf‘%éé%gﬁg 213 go0flawred 'z{}ca}lr%l%ﬁh&%' SDRGHoF \éé‘é& feflin FIGS.

45(a) to 46(c), when the rotor bo 101§ con gured Ina spherl ape, two incline sur aces 510b,
510d are form@dha drspeativesiegiahhconithiesdisial Fichsid®amdikktd e staitdide idnheaseswhere the
rotor body 510 has a pIurall\A)/gof the inclined surfaces, an outlet %‘2” 514 may be provided in any of the

inclined surfd{d8eiAULHBELITE: of DiSoBRlsH Bf%smléttﬁéﬂckl@ SEnanE SPRY ISR ted in
FIG. 45(a), thefotorbody plQmaymsdgRiangd: Sk et an IRIeS Refadsip His‘tﬁlé{g@%QQ thagistal end

side, and an outlet port 514 communicated with the inlet port 512 is provided in the distal end-side
inclined surfaocés&hob. 1mtteﬂrraﬂweb5bialthbﬂn@1¢ella@naﬁmdm onmmecbpﬂnalmnt@xf bbehe 5@ matapeudesigned
such that an injet port 512 |s rovided on the drive shaft side, and an outlet port 14 communicated with

the inlet port B985 8 itay! ef’h%t AT ESh SRS TR sH’ﬁa % 80 1789819 PANSTARTRRT. as
illustrated in K. Ax(De thR veioIPadSLBIMaYsPasiesionsdsush thatanitslcinles. part 2 udip second

inlet port 512 are provided, respectively, on the distal end side and the drive shaft side, and a first outlet
port 514 conﬁmhm&mm wWiehrete estyidleét poregiguigd drasseesarfdsuitet punes 34 bohithsunlearedwith the
second inlet g % are pr wdg res Sﬁ{:tthlég,elpothe distal end-side inclined surface 510b and the drive
shaft-side sur ace 8310[6 6627]e &Iperna ively, as filistrated in FIG. 45(c), the rotor body 510 may be
designed sugbas@t an inlet port 512 is provided on the distal end side, and an outlet port 514
communicated with the inlet port 512 is provided in the drive shaft-side inclined surface 510d.

Alternatively, althBugh flush sfihedensiitibe rot Radr bHY senfigiiydoe assnuasisch tcahtinlet port
512is Pro""’@&ﬂg&?& Po“t{%%*}%ﬁ SIS ﬁ”d?éiﬁﬁ}r%” B EDERIGAIE W G Nt partipl2 is

provided in the di end-side Inc |ned surface 510Db.
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 510 has
no sharp protrusion, so that it becomes possible to reduce a risk that the stirring rotor 500 or the
container 40 is damaged or chipped, even if the stirring rotor 500 is hit against a wall surface of
the container 40. Thus, a user can move the stirring rotor 500 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 500 or the container 40, etc., from being easily mixed into the stirrable
substance 50.

[0251]

In the fourth embodiment, each of the inlet ports 512 is provided at a position slightly
outward of a center of the distal end region of the stirring rotor 500 (slightly outward of the
central axis C as the rotation axis) so as to keep the inlet port 512 from being closed even when
the distal end region of the stirring rotor 500 is brought into contact with the wall surface of the

container 40. This makes it possible to stably operate the stirring rotor 500 even in a position
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[0263] Alternatively, as illustrated in FIG. 46(a), the rotor body 510 may be designed such that a first
set of a first inlet port 512 provided on the distal end side and a first outlet port 514 communicated with
the first inlet port 512 and provided in the drive shaft-side inclined surface 510d, and a second set of a
second inlet port 512 provided on the drive shaft side and a second outlet port 514 communicated with

the second inlgh@oetd 12 and piavided dnthadistalend-side inclined surface 510b are alternately
arranged. [0264] Alternatively, as illustrated in FIG. 46(b), the rotor body 510 may be designed such
that a flow pd932¢je 516 is branched at an intermediate position thereof to communicate an inlet port 512

provided on the djstal i with both of.a first outlet, port 1 let port 514
provided, respecctilll\?ﬁeﬁg{kt?le%g? gtaaa%%gt-’s% el}gi%c?ﬁ%g ns‘Jl L{J ﬂ’raézgleggEll{)%ngn (}p#%ﬁﬁ?/(e%%%%%g%%l éﬁ;n%%ﬁ ed
surface 510doflmhthisleapest @thopgpeiliisitatian dSlomifadingatbrehtheghijsiscutled perifptdxangdye second

outlet port 514 provided, respectively, in the distal end-side inclined surface 510b and the drive shaft-side

inclined surf468%10d, #hay teteamthatduitt arinit farss i tratded oh HeodHtePsHatl Side.
[0265] A'tq{a@&w(ﬁbma%"yﬁ%tsgsmlgkﬁeréﬁﬁsﬁ%@ﬁf%ﬂ%l%&@%fy?&% and azecons et AR hR{ 2

provided, respectively, on the distal end side and the drive shaft Side, may be communicated with a first
outlet port 51k aeid @tsecondidigtiait o Shdhprineid dehasBpe onvielynded iperdistal @ritlesideiingctined surface

510b and the ﬁ ivet shaft-side inclined s _rf ce ,51(%(/1@0 ?%1 Based on a ropriatiB/ arran _'n tIE inI_et port
212 and the Sk or ST oo RVATEN) At RALAHEARER T Bt Lo ot YISt Bhecribes. o
flow suitable fQr @MREHR PHPRRS CanhRiBERE AR s@ithat dlesRMESRL SIS PLHRER AN
efficient stirring operation.

the cross-sectional area of the inlet port 512 (cross-sectional area of the inlet port 512

perpendicular to a flow passing therethrough) to the cross-sectional area of the outlet port 514

(cross-sectional area of the outlet port 514 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.

[0253]

In the third embodiment, in view of machinability, the flow passage 516 is configured in a
shape bended at approximately a right angle. Alternatively, the flow passage 516 may be
configured as a smoothly curved passage, or may be configured to communicate the inlet port
512 and the outlet port 514 in a straight line. Based on configuring the flow passage 516 in this
manner, a flow resistance in the flow passage 516 can be reduced, so that it becomes possible to
further strengthen a flow to be generated by the stirring rotor 500, so as to improve stirring
capability.

0254]

In the fourth embodiment, each of the outlet ports 514 may be arranged offset with respect
to a corresponding to the inlet ports 512 in a rotation direction of the stirring rotor 500 in such a
manner that a region of a corresponding one of the flow passages 516 in continuous relation to
the outlet port 514 is configured to form an angle with respect to the centrifugal direction of the
stirring rotor 500. Alternatively or additionally, the outlet port 514 may be arranged offset in

the direction of the rotation axis in such a manner that a region of the flow passage 516 in
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[0267] FIGS. 47(a) to 47(c) are front views illustrating examples of a modified shape of the rotor body
510. The rotor body 510 may be configured in a shape having an inclined surface, such as a circular cone
or a truncated cone, or may be configured in a shape of a combination of a circular or truncated cone, and
other three-dimensional body, such as a circular column or a semi-sphere. [0268] FIG. 47(a) illustrates

an example whergithe rat@iohesyhs Htstgmfigureddmadivicaied 6angeahap@e lndbis madification, the
inlet port 512 is provided in a bottom surface 510e (flat surface on a side opposite to the connection

portion 518). Aiteirragvady) tdhinretphrdyd Hay béiﬁsmwiw&aﬁimméam%@@ﬂ@b:wgé@] FIG.
47(b) "'“S”atoer%gféaeéﬁ‘ RIS ey %&h&{r‘]%t%QPﬁ%i%@H?f&ﬁHé%@%'é“s%é%%l‘%ﬁeocfo%a%%(ﬁt&g' %Hg%l"f a

circular cone and a circular column. In this modification, the outlet port 514 is provi traddle a
boundary betiwgen Bhasl inclipecbstistelges&lip oldiheitcutar poMkpaftiantn dheedisial £diside and a

lateral surface 501f (surface parallel to the central axis C) of the circular column portion on the drive shaft
side. In case& WHeTE A ARMPEMAUIALEE 10 RIS HHoVIHEE QBF5HEH: 8the s surface 501f parallel to

the central a@gg, as in the above maodification, the outlet port 514 may be provided such that only a part
of the outlet port 514 is located in the inclined surface 510b. [0270] Even if the outlet port 514 is
arranged in this nhafreiutts @assibleto deuséapdifférence)irbeipcoviietentihkvbiocithane deqitifugal

force between the distal end-sjde region and the drive shaft-side region of the outlet port 514, and
antange the SUTBTHOI0 814 b a0 iBA: S CEpATalioH g 216cnat 26 Rorihii e
advantageougeHegh flerrribeddneanaecti_pwithify! 6. AR Podhis casey he.autetpaitmdhdmpybe formed
as an elongate hole to allow a part thereof to extend from the lateral surface 510f parallel to the central

axis C into th&sarselinie dosenfdase &1 Ok distal-end side and a remaining part thereof is provided on the

drive-shaft side. Alternatively, the inlet port 512 and the connection portion 518 may be
provided in the inclined surface 510b. In this case, the top surface 510a is located on the side of
a distal end of the stirring rotor 500. Based on appropriately setting the arrangement of the inlet
ports 512, an optimal flow for an intended purpose can be generated.
[0256]

In the fourth embodiment, the inlet port 512 may be provided with respect to the outlet port
514 in one-to-plurality relationship, wherein the flow passage 516 is configured to extend from
the one inlet port 512 and then branch toward the plurality of outlet ports 514. In this case, in
view of allowing a fluid to smoothly flow through the flow passage 516 without stagnation so as
to obtain an effective stirring capability, a ratio of a cross-sectional area of the one inlet port 512
(cross-sectional area of the inlet port 512 perpendicular to a flow passing therethrough) to a sum
of respective cross-sectional areas of the plurality of outlet ports 514 (cross-sectional areas of the
outlet ports 514 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.
[0257]

In the fourth embodiment, the rotor body 510 is configured as a solid structure.
Alternatively, the rotor body 510 may be configured as a hollow structure, wherein a pipe-like
flow passage 516 may be provided thereinside. In this case, the rotor body 510 can be

configured as a lightweight structure.
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[0271] FIG. 47(c) illustrates an example where the rotor body 510 is configured in a shape of a
combination of two truncated cones. In this modification, two inclined surfaces: a distal end-side inclined
surface 510b and a drive shaft-side inclined surface 510d, are formed, as with the example where the
rotor body 510 is configured in a spherical shape. Thus, based on appropriately arranging the inlet port
512 and the quithsty port 514 and appropriately providing communication therebetween, a flow suitable for
an intended purpose can be generated, so that it becomes possible to perform an efficient stirring

operation can be Ppiiighdbe orpody|s Hysitiba fourk emhieditestionsandimpesivarrstydsohserdhapes
b | h fth ifically, al h h I
may be emp %ﬁ% ?{]ﬁe g (?fqﬁeoro&neb%%tgo 59 Yn§|119m§§ft a2 ﬁt%%“z% an ﬁg&%ﬁ gtulc 3@19%M§pg‘xamp €s

is configured s at a'cross-section pérpendicular to the rotation axi has a circular
shape, the shapeghthehstdrchadinbd Suisanot lithitedithesetad Fortexaimpiedhdlotatheody Hldomay be

configured such that a cross-section perpendicular to the rotation axis has a polyé;onal shape, such as a

multi-sided pIaMIBUGR LHUIGERIR APy aniBa MR, BPhaSrvede dRrihe Rbehy €0 b G AR LIti-sided
column or a @H&?i'%‘?‘é;&}ﬁﬁ‘l@]iﬁlé!v}ﬂ?oY%Qy%fh%ﬁgﬁlﬁl@%&ﬁﬂ@i&‘?‘éﬂ%ﬁeﬁoo@ul‘i’é? RecrRsIrpestan

perpendicular to the rotation axis to have a polygonal shape. Further, a pluralify of convex or concave
segments maldpe providedianligreideitethsprfacsleiihevedyortibodyt&100{@278) mBabed:om pamtiuring the

rotor body 510 in the shape with appropriate irregularities as described above, a moderate flow can be
generated arHHSTSRRG AR BO0 K PR GHSTHR ABLIITRS S ' ThAPSUBRHisome cases. In

addition to setjgjof the shape of the rotor body 510, a degree of roughness or a more fine
concavo-convex shape of the surface of the rotor body 510 may be adjusted to more accurately control

flows around the Blfpfing YetorosddcFanhdilGhe e teibinet thentotemsddids Yoewiayilbestatigusly
ot S T R
48(c) are fronbuigwsblugtiaiingiexanplesiyvhryesa gifigecaembambiispiayidedianitee sotochody 510.
[0275] 510b, 510d are formed in respective regions on the distal end side and the drive shaft side. In
cases where the rotor body 510 has a plurality of the inclined surfaces, an outlet port 514 may be
provided in any of the inclined surfaces, irrespective of a position of an inlet port 512.
[0260]
For example, as illustrated in FIG. 45(a), the rotor body 510 may be designed such that an
inlet port 512 is provided on the distal end side, and an outlet port 514 communicated with the
inlet port 512 is provided in the distal end-side inclined surface 510b. Alternatively, although
illustration is omitted, the rotor body 510 may be designed such that an inlet port 512 is provided
on the drive shaft side, and an outlet port 514 communicated with the inlet port 512 is provided
in the drive shaft-side inclined surface 510d.
[0261]
Alternatively, as illustrated in FIG. 45(b), the rotor body 510 may be designed such that a
first inlet port 512 and a second inlet port 512 are provided, respectively, on the distal end side
and the drive shaft side, and a first outlet port 514 communicated with the first inlet port 512 and
a second outlet port 514 communicated with the second inlet port 512 are provided, respectively,

in the distal end-side inclined surface 510b and the drive shaft-side surface 510d.

[0262]
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FIG. 48(a) illustrates an example where the guide member 519 is provided on the rotor body 510 to have
a hood-like shape which protrudes in the centrifugal direction from the drive shaft side with respect to the
outlet port 514 and then bends toward the distal end side. In this modification, the guide member 519 is

configured to bend toward the distal end side. Thus, as illustrated in FIG. 48(a), a flow jetted out from the

outlet port 514 is guigediythe guite.emrec519 cinkeeha Braprrothal adiectiona ofdhenflow is
changed toward the distal end side. [0276] Based on providing the guide member 519 configured in an

appropriate siﬁlffn@?ih%l vieinng stethenolig etiyselre sy aidsy g @@ﬂ%@dgplsfd‘hgqmla@%ﬁb@&hé%w
direction of a,jet flowy kpm.the oyliet PRIt 2ld d%QfPSg%RREHH&ﬂEG%}’aSQQE@J!edAi%ré%% 'é"yv,oifél%u%ﬁ'ow to be

generated by the ‘stirring rotor 500 therearound can be controlled to become a desiredstate, so that it
becomes posHiklestoparioimed, e reweffteient string lepkcagiod. JER ARt anfh: 48() i usiiatadedn

example where the guide member 519 is provided on the rotor body 510 to have a hood-like shape which

protrudes in tHeReAtHATLHEERI Ao HEE Rl & AOTEREGARG SLBBE (9 @ GLiteE ForfB19ednd then

bends toward,the drivg shaltside AsifiRis.example, the guide member 519 may be configured to guide
a jet flow from the outlet port 514 toward the drive shaft side. [0278] FIG. 48(c) illustrates an example

where the guidvember 519 is provided as a means to guide a flow from the outlet port 514 in the distal

end-side inclined surface 510b, toward the distal end sjde, an ide a flow from the outlet port 514 in the
Cive shaft cite 1IHE e Hath SHUE EOMANT b SRR A e AETES HE bl mernber

5r1]9ﬂmag be [%%%f;%lﬂ ref dorgiigdaed flavn e ihe Qutlglenatth lhdovn@rdfoth gkthaidistabend and drive

shaft sides.

communicated with the first inlet port 512 and provided in the drive shaft-side inclined surface
510d, and a second set of a second inlet port 512 provided on the drive shaft side and a second
outlet port 514 communicated with the second inlet port 512 and provided in the distal end-side
inclined surface 510b are alternately arranged.

[0264]

Alternatively, as illustrated in FIG. 46(b), the rotor body 510 may be designed such that a
flow passage 516 is branched at an intermediate position thereof to communicate an inlet port
512 provided on the distal end side thereof with both of a first outlet port 514 and a second outlet
port 514 provided, respectively, in the distal end-side inclined surface 510b and the drive
shaft-side inclined surface 510d. In this case, although illustration is omitted, each of the first
outlet port 514 and the second outlet port 514 provided, respectively, in the distal end-side
inclined surface 510b and the drive shaft-side inclined surface 510d, may be communicated with
an inlet port 512 provided on the drive shaft side.

[0265]

Alternatively, as illustrated in FIG. 46(c), a first inlet port 512 and a second inlet port 512
provided, respectively, on the distal end side and the drive shaft side, may be communicated with
a first outlet port 514 and a second outlet port 514 provided, respectively, in the distal end-side
inclined surface 510b and the drive shaft-side inclined surface 510d.

[0266]

Based on appropriately arranging the inlet port 512 and the outlet port 514 and
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In the example illustrated in FIG. 48(c), the guide member 519 may comprise two separate components:
one for guiding a jet flow toward the distal end side; and the other for guiding a jet flow toward the drive
shaft side, may be provided as separate components. Alternatively, only one of the guide member 519 for
guiding a jet flow toward the distal end side and the guide member 519 for guiding a jet flow toward the

drive shaft sigigyrispREeuidpe tigiidemnertdimaldie e theruielepid diswhaidisialiengnside
inclined surface 510b and the jet flow from the outlet port 514 in the drive shaft-side inclined surface
510d. [0280]inteAdsA AyEPetattaryidEEAbetosthat il RetmsitaP 1S 0sePRIR IR I EHTESIAGIR) to 48(c),
but may be a&i\:ﬂ%ﬂ) r suitable shape capable of guiding a jet flow from the outlet port 514. For example,
instead of the hood-like guide member 519 extending over the entire circumference of the rotor body 510
as illustrated[2&1G. 48(a) and 48(c), the guide member 519 may be locally provided adjacent to the
outlet port 514. Further, the guide member 519 may be configured to guide only a jet flow from a part of

the plurality of ouli&tHorf&ds 1u+Fehiss Bt simGurBE taiagowaralre Qidnudiis G hiarmeb s Fi%iternately
changed. [0281, 51hhe-gidg Pespen & LAmav-oainiearally Jrmed Wit NG Aaios Regko Lemay be

formed separatéely from the rotor body 510 and thenfixed to the rotor body 510 by conventional means,
such as screwirigdnboring. dnthetdricvgeotor pap \hd echviagartiieiguidbapre nibe c&hbintheootiet port 514

may be provided in a surface region other than the ipclined surface 510b (510d), for example, a lateral
urface parafiSFHY dBHEAFLARTE. RETNer BRCS At O3 ALY THE AL GG okamples

where the inlgtpagiieie is communicated with the outlet port 514 in plurality-to-one relation. FIG. 49(a)
illustrates an example where the rotor body 510 is configured in a semi-spherical shape, and the flow
passage 516[#848tmed to communicate the inlet port 512 with the outlet port 514 in two-to-one

relationship, whe iﬂt %@ inlet ports 512 areh%éo@ded 0 (t)lae 91 tal errl)glé}g and the drige shaft side

. . . . ustrates an examplg w rotor 1S, CO 1 _a truncated co
(in the inclined surtace and t entop Surface 510& , respectively. Fur r, In this example,lfﬁe two

inlet ports 51shase anamgedRffselfsanneasbipihies 1o allnwibaidiiveshail-siteciniavpon.bdrfiede located

more outwardly in the centrifugal direction from the rotation axis (central axis C) than the distal end-side
inlet port 51201[@8@]3 opposite to the connection portion 518). Alternatively, the inlet port 512 may be

provided in an inclined surface 510b.
[0269]

FIG. 47(b) illustrates an example where the rotor body 510 is configured in a shape of a
combination of a circular cone and a circular column. In this modification, the outlet port 514
is provided to straddle a boundary between of an inclined surface 510b of the circular cone
portion on the distal end side and a lateral surface SO1f (surface parallel to the central axis C) of
the circular column portion on the drive shaft side. In cases where the inclined surface 510 b is
provided adjacent to the lateral surface S501f parallel to the central axis C, as in the above
modification, the outlet port 514 may be provided such that only a part of the outlet port 514 is
located in the inclined surface 510b.

[0270]

Even if the outlet port 514 is arranged in this manner, it is possible to cause a difference in
circumferential velocity and centrifugal force between the distal end-side region and the drive
shaft-side region of the outlet port 514, and arrange the outlet port 514 at a position close to the
separation point 510c, so as to achieve the advantageous effect described in connection with

FIG. 43. In this case, the outlet port 514 may be formed as an elongate hole to allow a part
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As above, respective flow passages 516 from the plurality of inlet ports 512 may be combined together
and communicated with the one outlet port 514. This is effective, for example, in stirring a stirrable
substance comprising completely separable components, such as a mixture of water and oil to achieve
dispersion or emulsification. Particularly, the plurality of inlet ports 512 communicated with the one outlet

port 514 canther&irapgeesuchihaidhayareditferenvirpmagacty etbelciiierns of adsirRnerifrem the
rotation axis (central axis C) in the centrifugal direction (arranged offset from each other in the centrifugal
direction), to aMB\erekBective suction forces at two of the inlet ports 512 to become different from each
other, so tha%tzl;acomes possible to generate more complicated flows so as to efficiently perform the
dispersion or emulsification. [0284] FIG. 49(b) illustrates an example where the rotor body 510 is
configured in a spiierida(Shaperasscaintetappit Slizantdhetaubiatypord 54 4aifee cad inunibapedowvith each
other in two-to-one relationship, wherein the two inlet ports 512 are provided, respectively, on the distal

end side and“tHBPHRVESIRAF YIS ARSI thi? didtamaosriiginIBY hAPeBRt isyshRatied Stposition
more outward,jf the crRAffyoakdicesipniendie Seniral @ik fnihanhe dive, shafbsida, inleh pert 512. As

in this example, the distal end-side inlet port 512 may be provided more outwardly in the centrifugal
direction thaththexdmpéesivafisitie it pody53I20 In othéigwedds, whjdierafathehahstal Bnd-sideedntet port 512

and the drive shatft-side inlet port 512 should be provided more outwardly in the centrifugal direction may
be appropriale) AR LA e G S thtedel bR LS. 888 RIAakl! MR A AIE itktrated

FIG. 49(b), theteienibathh HQmay e, ied HRdrr Brepndition dhripis dhyeshaftraicde Wlatpart 512 is

exposed to an outside of the stirrable substance. In this case, a gas or the like outside of the stirrable
substance cairdsenstipRestbiedrpetonmive ehaftnsisiatinkoprontisn 2asbetherfirbedomes possible to dissolve a
gas in the sti %j substance, or entrain gas bubbles in the stirrable substance to whip it. [0286] FIG.
49(c) illustrates an example where the rotor body 510 is configured in a truncated cone shape, and the

flow passage 51GiisafRimeditoerrarsnisaientaesiigdspotidls wildh amutieipoes Shidpdivestarone
relationship, wherein each of the two inlet ports 512 is provided on the distal end side (in the bottom

surface 510e3b%2$ i fhﬁfsr@%ﬂmﬁé,%% pﬁﬁ%ﬂif%bin?é@_ﬁegtse&ilz %Wmﬁbﬁres‘a%éwiﬂﬁ thewhigwediet port
514 may be Qﬁgl\{lﬁl%gaowysggegggndb%ﬁ%leg&guﬂg?0(%req8%%(§h§ﬁsstg§‘)tripc%§z]€) has a circular shape,

the shape of the rotor body 510 is not limited thereto. For example, the rotor body 510 may be
configured such that a cross-section perpendicular to the rotation axis has a polygonal shape,
such as a multi-sided pyramid or a multi-sided pyramidal frustum, or may be configured by
combining a multi-sided column or a multi-sided pyramid with various three-dimensional bodies
to allow the cross-section perpendicular to the rotation axis to have a polygonal shape. Further,
a plurality of convex or concave segments may be provided on the outer surface of the rotor
body 510.

[0273]

Based on configuring the rotor body 510 in the shape with appropriate irregularities as
described above, a moderate flow can be generated around the stirring rotor 500, so that the
stirring capability can be improved in some cases. In addition to setting of the shape of the
rotor body 510, a degree of roughness or a more fine concavo-convex shape of the surface of the
rotor body 510 may be adjusted to more accurately control flows around the stirring rotor 500.
Further, the outer surface of the rotor body 510 may be variously painted or colored to improve

aesthetic quality.
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In the stirring rotor where the plurality of inlet ports 512 are communicated with the one outlet port 514 as
illustrated in FIGS. 49(a) to 49(c), the shape of the rotor body 510 is not particularly limited, but any
suitable shape for an intended purpose, etc., may be employed. It is understood that the inlet ports 512
may be communicated with the outlet port 513 in three or more-to-one relationship. In the stirring rotor
where the plypality of inlet ports 512 are communicated with the one outlet port 514, the outlet port 514
may be provided in a surface region other than the inclined surface 510b (510d), for example, a lateral

surface parallel t&'#HEEeh @l mstbqorBgPe MG ahessobpdre Phttiamdsectiondisiéag)ilustrating
an example r in- e 22 is,pravided iR the drive cted tat r body
10, Specio e R B R
rotationally dexdngltkevieioralodic dkthbassan inpshadicpassage? boansththereinside to extend an axial
direction thereof The drive shaft 20 has: a connection port 24 provided at a distal end thereof to serve as
an opening fé@%?é%municating the in-shaft passage 22 with the flow passage 516; and an external
opening 26 providgd alst givRRARSIANChARIVAL SRR AL R divesiBall BRIRISEIYE &8 AN gPening for
communicating the in-shaft passage 22 with an outside of the stirrable substance 50. [0289] The rotor
body 510 ha$@ayditfimomspacdl8skéommedwhitthepoanidab iegienceiittiie gdtdirbocy hbhtthsdrise as a
space commuynicated with all of the flow passa 516, wherein the connection port 24 at the distal end of
the ciive Shall b GO ARLA RS BT Racd E e BTSNy SHEPE S BLTh 6ol £ f

configured togllgpeifednashaft Rassaser 34 fsthenflvie Shab29 dvag camintiGaiediwithrthe, gemmon

space 516a, whereby the in-shaft passage 22 is connected to all of the flow passages 516 via the

connection polespateghth kS coHBmh orflspacticd tealfor 98] outikspatiovd, ithevided hafthsagsdgaanbis provided
in the drive sg?gt 20,ualgld the omtahgtnd connec?gﬁle[ﬁllc())rt 243 %Qd H]t% ch)gpdetrheeggs { ?xt%rgllaleopenlng 26) of the

. direct :
in-shaft passagé 27 are‘communicate ,ercelé)f)lé)ctlve ,V\m efiow passage And the Olitside of the

stirrable substaneg 50, so that it becomes possible to a gas or the like outside of the stirrable substance
50 can be efficiently sucked into the flow passages 516. Specifically, the gas or the like in the in-shaft

passage 22 can @@@é@ﬂwgm&&w ' Ll NG s S R %@B@@@ﬁéh&f@d%%@fé&bﬁmon
space 516a ifthe S%t{ﬁ'(){?gi%%ﬂ%& 'Qo%}isjﬂ&‘gsﬁ9&5&9@&%&,6a188‘(%qrmo%¥vﬁa RAG HHhe

centrifugal direction. Further, the external ga ke is divided into fine gas bubbles according to
turbulences chusedebydhe hegative suctipriapiessuiteylka.thab ibtheconids pdisible botarmdiial ajow the
gas to be efficiently dissolved or bubbled in the liquid, but also to generate micro-bubbles in the liquid.

[0291]  In tHY FRBSFARTRY DRI I hReinRaRARe L Saeams 2 (RETE iHard Jetih G S8 Ay be

opened to a liguig diffesent fromihie stirphlesyhsianggq.to mix the liquid with the stirrable substance
50. In other words, the stirring rotor 500 having the drive shaft 20 provided with the in-shaft passage 22

allows an op&afidn of mixing two types of liquids to be performed in a significantly efficient manner.
Further, togetherﬁzz%&h %I'}%uj or 9as, a solid, guch as gJOW er o%artiécr{(?s,, may be intro%uced from the
external opening 26 Inis 'CA3E, the SShid e’ %r%% wder, E5R'Be 'ci@rﬁf}?}(’d £5e7885A AL stirrable
substance 5@)069“5%%‘1&4% méﬁﬁlh&%ﬂa@@%wﬁ ﬁ?oﬁﬁ@rm 3 eRRFANEN af-supRRlYIDs inediwhile
dissolving oxygen in water, in a fish farm.

end side with respect to the outlet port 514 and then bends toward the drive shaft side. As in

this example, the guide member 519 may be configured to guide a jet flow from the outlet port

514 toward the drive shaft side.

[0278]

FIG. 48(c) illustrates an example where the guide member 519 is provided as a means to
guide a flow from the outlet port 514 in the distal end-side inclined surface 510b, toward the
distal end side, and guide a flow from the outlet port 514 in the drive shaft-side inclined surface

510d, toward the drive shaft side. As in this example, the guide member 519 may be

configured to guide a jet flow from the outlet port 514 toward both of the distal end and drive
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[0292] FIG. 50(b) illustrates an example where a supply unit 60 is connected to the in-shaft passage 22
to supply a fluid such as a gas or a liquid, or a mixture of a fluid and a solid. In this example, the supply
unit 60 is comprised, for example, of a pump or a compressor, and connected to the external opening 26
though a supply pipe 62 and a rotary joint 64. [0293] Based on connecting the supply unit 60 to the
in-shaft passagg 2idds the above manner, a gas, a liquid, or a mixture of a gas and/or a liquid, and a solid
such as a powder or particles, can be forcedly supplied into the flow passages 516, so that it becomes
possible to si§Ritfantly quickly perform various mixing and dispersing operations. Further, a supply

amount from the gupply, UnILAQ MY, B Gopfrolled $9,a8.10 ARRLoRatly adiusta degres of mixing, a size
of gas bubbles to be en?ral}{rf)ed} etc. 10294] FIG. %O%)gilllllustrates an g(am%oleo where &e external
opening 26 isappsiedto dhefstigablegsu s @oeadvlurdritid examp kdhe stieahilestdo aidioe 2Gewill be
strongly sucked from the external opening 26 into the flow passages 516 via the in-shaft passage 22, so

that it becomB bHREtdtH HiEkRRHiSKaRR 2GRSV MBS A2 AGRRARE thA SN bELscHE 516
from the outlg, pafis814: s HiR-FAMPInAtianINIn the @lfect ofRroviding,ALinasha Rartel theioutiet port

514 in the inclined passage 510b, a gas or the like in the flow passage 516 can be immediately
discharged tmenatram | $ dothatidilgee grnBsvpossibleho digaiedintlfee il penilep erfartetie stihageoperation,

irrespective of viscosity of the stirrable magerial 50. [0295]. The example jllustrated in FIG. 50 (c) may
b considoreloH Bt IAEHE ChABTo LA IR JOT S8 HRGURABER S e Lo B CHEH BOROIPE L2t he roror

body 510 (orthe caaneetion pemion R &Hsrcanfinved 4 fHnctioras an inlet port 512), and the in-shaft
passage 22 is communicated with the inlet port 512 of the connection portion 518. Thus, on a

case-by-casdd388is, as the inlet port, the rotor body 510 may be provided with only the inlet port 512 of
the connection p?./g“s%%%% tth%?%?i &My r%ﬁ?;ﬁﬁ%‘%ﬁl‘lf&%é '@ht B%Q?\Es?ﬁ%%?ﬁ Hc%h%%%dzf]‘x(‘c@? In-shaft
passage 22 may be communicated with the flow passages 516 via the inlet port 512. 6

but may be any other suitable shape capable of guiding a jet flow from the outlet port 514. For

example, instead of the hood-like guide member 519 extending over the entire circumference of

the rotor body 510 as illustrated in FIG. 48(a) and 48(c), the guide member 519 may be locally

provided adjacent to the outlet port 514. Further, the guide member 519 may be configured to

guide only a jet flow from a part of the plurality of outlet ports 514, or may be configured to

allow a direction of the guidance to be alternately changed.

[0281]

The guide member 519 may be integrally formed with the rotor body 510, or may be
formed separately from the rotor body 510 and then fixed to the rotor body 510 by conventional
means, such as screwing or bonding. In the stirring rotor provided with the guide member 519,
the outlet port 514 may be provided in a surface region other than the inclined surface 510b
(510d), for example, a lateral surface parallel to the central axis C.

[0282]

FIGS. 49(a) to 49(c) are front views illustrating examples where the inlet port 512 is
communicated with the outlet port 514 in plurality-to-one relation. FIG. 49(a) illustrates an
example where the rotor body 510 is configured in a semi-spherical shape, and the flow passage
516 is formed to communicate the inlet port 512 with the outlet port 514 in two-to-one

relationship, wherein the two inlet ports 512 are provided on the distal end side and the drive
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Although the external opening 26 in the examples illustrated in FIGS. 50(a) to 50(c) is provided in the
lateral surface of the drive shaft 20, a position of the external opening 26 is not limited thereto. For
example, the drive shaft 20 is configured in a pipe-like shape, wherein the external opening 26 is provided
at an end of the drive shaft 20 on an opposite side of the connection port 24. In this case, an opening may
be provided ishaCQUPlIRGHRONBREINGIHRWSEID Rl dive sbaitadd 304) thesshivedmit 3Qr@etha aikive unit 30
may be offset from a shaft center of the drive shaft 20 using a gear or the like. Further, the drive unit 30

may have a ﬁéﬂﬁ\ﬂl%&]ﬁﬁlﬁwgﬁé_]ﬁtmﬁdﬁié&téﬂ%‘ﬁlt‘l’fé‘*fﬁ%ﬁ%ﬁhﬁé‘?@%ﬂt%%%F}l,afhéi@frive shaft
30 may have,an, ?,%gplzgtﬂgfggv{yg et HI%%'QS%X\MP tﬁeth'%%grﬂgfﬂgﬁsﬁ%%tio% ,%Po‘?ncﬁ'%” SEHOM Reft 24 and
to th ody  the

the external opening 26 and directly connecte e rotor 0 as substitute fo rive shaft 20.
[0297] In thedaurtxie@podiniend;diabemtshrfimpagsage! 22 is communicated with all of the flow passages
516. Alternatively, the in-shaft passage 22 may be communicated with a part of the flow passages 516.

Specifically, H0e8Mmon space 516a communicated with only a part of the flow passages 516 may be

formed, and compunigaed Wi e IHoah 3llRassaoR 2R lDRBLIuRANS SR SAOS 1hrg the drive

shaft 20 is provided with the in-shaft passage 22 communicated with the flow passage 516 as illustrated
in FIGS. 50(aptabbR(t Yotrthshape ofitimeurdtetcth odighs 1@ isneobpdatipatarh 4imitdds buteéieytswitdble shape
for an intend%gf%lﬁgose,.etc., ma'g{be emlglo ed. Further, the a{ran ement and configuration of each of
the inlet port B13'ie B EHRTISGH B9 Krd TS P PRES e S T8 A s PH AN oA R fe dH FbPekample, a

single inlet pariake rovided:in thesaptesvel dhpeaizialpnchekthereior hiwcﬁﬂaﬁynmé(?ﬁlﬁ.@mmpnicated

with a plurality of outlet ports 514. In the stirring rotor where the drive shaft 20 is provided with the in-shaft
passage 22 ¢oRirneiticate¢euithumicafishwphsdagms vetichewufiet sant 51 b suphabiddben aesurface

region other than the 'nclineq}s face 510b %10 for e ampl[()-:' a Jateral sugac araJIe}\:o.th central
T et o R R B R eion

of the connectiiifgH 2HcAibar angemeoffandiena shapaiel the wenraiREpai24isnayba@ppropriately
adjusted to allow a degree of mixing of an external fluid, solid, etc, into a stirrable substance, or a state of

generation qf"g*ﬁ%cﬁﬁ%%g% E%C_ﬁ%iﬁistfé%i ofoBooplet pects éi%a}_))ine_%%%e@f&ﬁe@kém@é%@r@ﬂqéodrive
shaft 20 is digposed 0 Kee c?ss%%aﬂoig&é&%eﬁM@é&&f&R&%‘é&d%Wiosésh%_38?%%1&@@%&%&9%@6‘5“ on

adjusting a protruding amount of the distal end of the drive shaft 20 provided with t onnection port 24
in this mannelisgedégreecafukikingioa. state of generation of gas bubbles, etc, can be adjusted. FIG. 40(b)
illustrates an example where a size of the connection port 24 provided at the distal end of the drive shaft
20 is reduced?B4ed on adjusting the size of the connection port 24 in this manner, a degree of mixing, a

state of generatigr@gf g%)bﬂfﬁgﬁt%eseyﬁ’ %ﬁlé%@r@%‘és‘;@gr [9&8;]510 is configured in a spherical

shape, and inlet port 512 and the outlet port 514 are communicated with each other in two-to-one
relationship, wherein the two inlet ports 512 are provided, respectively, on the distal end side and
the drive shaft side, and wherein the distal end-side inlet port 512 is provided at a position more
outward in the centrifugal direction from the central axis C than the drive shaft-side inlet port
512. As in this example, the distal end-side inlet port 512 may be provided more outwardly in
the centrifugal direction than the drive shaft-side inlet port 512. In other words, which of the
distal end-side inlet port 512 and the drive shaft-side inlet port 512 should be provided more
outwardly in the centrifugal direction may be appropriately determined depending on intended
purposes, etc.
[0285]

In the example illustrated in FIG. 49(b), the rotor body 510 may be rotated under a

condition that the drive shaft-side inlet port 512 is exposed to an outside of the stirrable
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FIG. 51(c) and 51(d) illustrate examples where the distal end of the drive shaft 20 is butted against an
inner wall of the common space 516a, and the connection port 24 is provided in the lateral surface of the
drive shaft 20. In this manner, the connection port 24 may be provided to be opened in the centrifugal
direction, instead of being opened in the axial direction. In this case, in addition to a size of the connection

port 24, the nupibgcandipfadrangemanietibeicosnectiat pRtsiZsbrabeapprapiatalyksetitomesirably
obtain a degree of mixing, a state of generation of gas bubbles, etc. [0302] A shape of the connection
port 24 is nothsadtidalabnytitititeal B pevaticu ssHap ésbetnaietasiblariutbssshape gauthtberatétahlsular

shape and a Sllfe 206V R.Sploy B AUSRALEl SaIlie member may be provided at he

connection port 24. [0303]  ATstirring device 600 formed by coupllng a plurality of the stirring rotors 500
will be descrifgeddjelow. FIG. 52 is a front view illustrating an example of the stirring device 600. In the
illustrated example, the number of the stirring rotors 500 is three, wherein the three stirring rotors 500 are

coupled together tHrodgiHE RS RSO AR hRIRHa RSP PRYS Ebisrniisviedit) HIURFARE 7886rs 500
are coupled @ﬂﬁéh%drﬂh@ﬁo@&rgﬁﬁ&%g‘ﬁ FOIRHQR AR R AL %Q%ﬁggﬂ%ﬁ pPsSIRIedR Betilgsdmprove the

stirring capability. This is effective, particularly, when a fluid to be stirred has a large depth. [0304] As
described abbifjrthedstiring rdtoiosd0pasderdingadd thietiouvth mmbpadimeit sampidesomthetdstaddy 510

adapted to be rotated about a rotation axis_(central axis C); an inlet port 512 provided in an outer surface
of the rotor b3y 849 n" %H&tﬁ%ﬁ%f{%f%r‘oﬁa)ed St Blesran §Céh8f%léa}8¥o?€ P> a%:'tg a flow

passage 516.6aMIHAICAINGHRR BHeLRAL B yYithihereWstipaltoakAoheBitutRad olar Redy 10 is

connected to a drive shaft 20 for rotating the rotor body 510, and wherein: the rotor body 510 has an
inclined surfabeftsidd.(510d) which extends to become gradually farther away from the rotation axis, in a
direction fronﬁ %g side to the other side of the rotation axis; the inlet port 512 is provided at a position

8L

0 . - : g
closer to the ro n axis than the outlet port 514; and the outlet port 514 is provided at a position more

outward in a centrifugakaliragtionfram:thencopaiianiaxis thanptie inlet pRertdddumbseaheigimableast a part
of the outlet port 514 is located in the inclined surface 510b (510d21. [0305] ‘
outlet port 514 as illustrated in FIGS. 49(a) to 49(c), the shape of the rotor body 510 is not
particularly limited, but any suitable shape for an intended purpose, etc., may be employed. It
is understood that the inlet ports 512 may be communicated with the outlet port 513 in three or
more-to-one relationship. In the stirring rotor where the plurality of inlet ports 512 are
communicated with the one outlet port 514, the outlet port 514 may be provided in a surface
region other than the inclined surface 510b (510d), for example, a lateral surface parallel to the
central axis C.
[0288]

FIGS. 50(a) to 50(c) are partially sectional views illustrating an example where an in-shaft
passage 22 is provided in the drive shaft 20 connected to the rotor body 510. Specifically, in
this example, as illustrated, for example, in FIG. 50(a), the drive shaft 20 for rotationally driving
the rotor body 510 has an in-shaft passage 22 formed thereinside to extend an axial direction
thereof. The drive shaft 20 has: a connection port 24 provided at a distal end thereof to serve as
an opening for communicating the in-shaft passage 22 with the flow passage 516; and an
external opening 26 provided at a given position of a lateral surface of the drive shaft 20 to serve

as an opening for communicating the in-shaft passage 22 with an outside of the stirrable

substance 50.
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In the fourth embodiment configured in this manner, even in an operation of stirring a high-viscosity fluid,
a gas, such as air, stagnating in the flow passage 516 can be quickly discharging from the flow passage
516. This makes possible to prevent deterioration in stirring capability due to stagnation of gas in the flow
passage 516 so as to perform the stirring operation in a speedy and efficient manner, irrespective of
viscosity of thexgtifrable substance. [0306]  Further, according to the inclined surface 510b (510d), a
flow adjacent to the outer surface of the rotor body 510 is smoothly formed as a flow accompanied with a

jet flow from the J@ﬂé?%h@l@,lﬁﬁ@%WﬁW@kséM W@tﬁé%ﬁ@éﬁ%@%félr@g?ﬁwéﬁﬁd%beﬁy and
centrifugal foggg in é&%eoéét'a%é’?%tc%%ﬁn d.the Daoative ﬁ%eﬁé&fﬁai’st%g%?nﬁf‘g?%&ﬁ%ﬁ& H%%%é&e% 7 applied

to the jet flow, so that it becomes possible to generate a more stron omplicated flow In the stirrable
substance. This Mbkakddpadsibderfahakliair shadoonvesniddnakivghmsbising aagEblity Jp207dallyln the
fourth embodiment, the rotor body 510 is configured such that a cross-section thereof perpendicular to the

rotation axis RESAPRRUNAPEHP Hrbon sy dllossipiathuliRiiTats ARt HenEAO RO Yuring
start of the rojation,Ang alaw ArmagschiRRIpLo5 1Be IR QHINRSIINGPIN:0908 3 HARLRHNES

containing a stirrable substance to become less likely to occur even if the stirring rotor 500 is hit against
the containerbthbelitew Ipassddetion pthie hecwmaerceroparnbatadsBewitmiresppeatdd the rotation axis can be
minimized, sgq%@aijit becomes possible to almost eliminate vibration, shaking or the like which would
otherwise oc 8 ring the rotation. This makes it possible to perform a stirring operation in a safe and

efficient manner, KtegppetivReofinipndpsipuEroses. JRRAR idniberrierihamhndimeMe theeretr body
510 is configured in a semi-spherical or spherical shape. Thus, it becomes possible to generate strong
flows in the stémailsietisnaxtante, 2nddthdiehehenidléeporab PRawiise 3hbvedhto ia-puditiprseissé2aee narrow

area, such as a corner of the cogta ner iﬁlotﬁés’ ﬁg suck a sta t%nt syb tarig%aé In ot%%rs\l%ords it Becomes

possible to sﬁ?ﬁ%’i%llrﬂﬁ/afjeeffbersl%ef lées%rﬁ}ng operaﬁ&aﬁﬁ%eu% out the con alnersfu[laé ] Sltre}ngeelsseé where

the rotor body5he: is eeofiauseshisislssphearical shapelik distalend-gidaincbnedusviiace flokmand a drive
shaft-side inclined surface 510d are provided as the inclined surface. Thus, based on appropriately

arranging thetifociiblineded e diesion pasogesadbitaiee fid\iator it igtenader dlipbseatrbefyenerated
to perform ?%%U&%%e%%ﬁﬁi%% %R‘SB%%P%JE I foHR TP HDEN. Rt Bosl 24 May Re gonfigured
in an ellipsoidal or semi-ellipsoidal shape. f0310]

common space 516a in the central region by flows in the flow passages 516 toward the outward

side in the centrifugal direction. Further, the external gas or the like is divided into fine gas

bubbles according to turbulences caused by the negative suction pressure, so that it becomes

possible not only to allow the gas to be efficiently dissolved or bubbled in the liquid, but also to

generate micro-bubbles in the liquid.

[0291]

In the drive shaft 20 provided with the in-shaft passage 22, the external opening 26 may be

opened to a liquid different from the stirrable substance 50 to mix the liquid with the stirrable

substance 50. In other words, the stirring rotor 500 having the drive shaft 20 provided with the

in-shaft passage 22 allows an operation of mixing two types of liquids to be performed in a

significantly efficient manner. Further, together with a liquid or gas, a solid, such as a powder

or particles, may be introduced from the external opening 26. In this case, the solid, such as a

powder, can be efficiently dispersed in the stirrable substance 50. For example, this makes it

possible to perform an operation of supplying food while dissolving oxygen in water, in a fish

farm.
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In the fourth embodiment, the stirring rotor 500 includes a plurality of the outlet ports 514, wherein the
inlet port 512 and the flow passage 516 are provided with respect to a respective one of the plurality of
outlet ports 514. Thus, a flow rate in the flow passage 516 can be maintained at an appropriately high
value, so that it becomes possible to prevent deterioration in stirring capability due to accumulation of
stagnant subgiagmes within the flow passage 516. [0311] In the fourth embodiment, the inlet port 512 is
provided on a side opposite to a drive shaft 20 to be connected to the rotor body 510 so as to rotate the
rotor body 510. TRIS nd4k®)s il istakiblanssteRrla eheghantWUBStaREOat ia BorfsRicef héhsoaiér so as to
perform a relj i ratign. free_ of en . ition, | S %? toperform the
Sirting operAion dat e SECIL i el BFHE Bl BFRSRRRSS, IR
embodimentekaepidetthortdpp isifirosid &d @miliscltivareksidgldn dieacentnifugah dicagitessavjthrn@spect to
the rotation axis. In this case, the rotor body 510 can have a portion provided in the center of the distal
end thereof t6°BRSEELE RAWHFIR\ORFNF RS SR LpBetha SHIBD RIS AN RUS 4aY T fe stirring rotor 500 is
moved to a gign close to a wall surface of the container, it becomes possible to avoid a situation
where the stirring rotor 500 is suckingly brought into contact with the wall surface and thereby the inlet
port 512 is closeddbtisomekes itipgsseiepd perfoft) @ stabbesbiiftriprysope 2tiontiey epoie caseswiere the

stirring rotor 500 isl,manualrlgl o,peratcésc-il.c%BlBlH In the fourth enilbodi ent, the étirrin rqt%r 500 further
comprises a &tk IHEFSE A ETSHEF GLidkAY L HEW IR OAABL DS S 19 48NN 8%@%%‘?10 ire@fon. Thus,
a flow directigp pfracig} flappfiemdtenuitrlpaitaldscars be, ciangestiemi FNBRI Iale digrlignto
appropriately control a flow condition around the stirring rotor 500, so that it becomes possible to perform

a more efficielmogﬂmn@@pewarﬁ@ps fo3iny and rﬁlﬂﬂj\@rﬁ@lﬁméﬁﬁtb@@imEhtFWTeﬂ‘l@WHbfﬁ@Q@getg&@m@y_be
configured (o ATNEAS D NIELERPIZ D e ulcha ot alaltyigione sldonshi

wherein the 6FLB%| In 0 communica one outlet por fgf"’é%?range%a%uch that
they are diffesepdifonteash-Haerdie terms of a distance from the rotation axis in the centrifugal direction.
In this case, based on a difference in centrifugal force applied to the plurality of inlet ports 512, a more

complicated f¥#dan be generated. This makes it possible to efficiently disperse or emulsify a mixture of

water and oil, ethi%?’%éJc) illustrates an example where the external opening 26 is opened to the stirrable

substance 50. In this example, the stirrable substance 50 will be strongly sucked from the
external opening 26 into the flow passages 516 via the in-shaft passage 22, so that it becomes
possible to quickly discharge a gas, such as air, stagnating in the flow passages 516, from the
outlet ports 514. Thus, in combination with the effect of providing at least a part of the outlet
port 514 in the inclined passage 510b, a gas or the like in the flow passage 516 can be
immediately discharged therefrom, so that it becomes possible to significantly efficiently
perform the stirring operation, irrespective of viscosity of the stirrable material 50.
[0295]

The example illustrated in FIG. 50 (c) may be considered as a structure where an inlet port
512 is provided in the connection portion 518 of the rotor body 510 (or the connection portion
518 is configured to function as an inlet port 512), and the in-shaft passage 22 is communicated
with the inlet port 512 of the connection portion 518. Thus, on a case-by-case basis, as the inlet
port, the rotor body 510 may be provided with only the inlet port 512 of the connection portion
518 to be communicated with the in-shaft passage 22. In other words, the in-shaft passage 22

may be communicated with the flow passages 516 via the inlet port 512.
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In the fourth embodiment, the rotor body 510 may be connected to a drive shaft 20 for rotating the rotor
body 510, wherein the drive shaft 20 has an in-shaft passage 22 communicating an opening (external
opening 26) provided therein with the flow passage 516. In this case, a gas, liquid or the like outside of
the stirrable substance can be sucked into the flow passage 516, so that it becomes possible to efficiently
perform mixinpgpop plurality of materials, gas dissolution or bubbling or dispersion of a solid such as a
powder or particles, in a liquid, as well as stirring. It is also possible to generate micro-bubbles in a liquid.

[0316] Furthgrﬁd@fﬁ&y}ﬁemr@b %W%%%é&éﬁ%@ﬂifé M@H&ﬁ%&ﬁ&@zﬂw@pﬁﬂ%iﬂuid ora
mixture of a ‘}i!%@ié&ijiﬁ‘ él%'&‘été%f*l%rﬂé"év &%ﬁé@%ﬁéé‘hﬁ g 'Sofffﬂé‘sﬁ%%f&’@és&ge%% blbé%&l}l'% E%%e &9as, a
ﬁq n ﬁ S, Can pe 10r

liquid, or a mixture of a gas and/or a liquid, and a solid such'as a powder or partic cedly
supplied intolihgdtbivepassagerzkompt: tiat drive chnfieX0de ssitiigue significantiieaffigie néiigperoim various
mixing and dispersing operations. Further, based on controlling the sg{;}iply unit 60, a degree of mixing,

dispersion orbiHMIngPeBtee 28rihB apprdpHattIysafistea dirs1att Fhetingreelscdsooiblised on the
fourth embodimgat ApRHsas the mlvrality £f SHUKing rRler pRViaLERIedinihe Sisretian gttherotation

axis. This makes it possible to further improve the stirring capabilities. [0318] ~ Although the present
invention hashselivdedsdtibedridabedmove varicls @rtiisattimants 30erepfhétafwendierstosichthedntiaedtirring

rotor and the stirring device of the present jnvention are not limited to.the above embodiments, but
Vatious chan 5 THIBRE PR BATnitfe (Pai o R GL 4B PO KRt ebope of

the present igNGRHORIINRIAST Rih h& RERIEABIAIY P03 101 rmathel pLiling R ter.ansh theystirvinghdevice of
the present invention are usable in the field of stirring of various fluids and entrainment of gas bubbles.
output shaft which is provided with the in-shaft passage 22, the connection port 24 and the

external opening 26 and directly connected to the rotor body 10 as substitute for the drive shaft
20.
[0297]

In the fourth embodiment, the in-shaft passage 22 is communicated with all of the flow
passages 516. Alternatively, the in-shaft passage 22 may be communicated with a part of the
flow passages 516. Specifically, a common space 516a communicated with only a part of the
flow passages 516 may be formed, and communicated with the in-shaft passage 22.

[0298]

In the stirring rotor where the drive shaft 20 is provided with the in-shaft passage 22
communicated with the flow passage 516 as illustrated in FIGS. 50(a) to 50(c), the shape of the
rotor body 510 is not particularly limited, but any suitable shape for an intended purpose, etc.,
may be employed. Further, the arrangement and configuration of each of the inlet port 512, the
outlet port 514 and the flow passage 516 are not particularly limited. For example, a single
inlet port 512 provided in the center of the distal end of the rotor body 510 may be
communicated with a plurality of outlet ports 514. In the stirring rotor where the drive shaft 20
is provided with the in-shaft passage 22 communicated with the flow passage 516, the outlet port
514 may be provided in a surface region other than the inclined surface 510b (510d), for
example, a lateral surface parallel to the central axis C.

[0299]
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EXPLANATION OF CODES [0320] 1, 100, 300, 5 00: stirring rotor 2, 200, 400, 600: stirring device 10,
110, 310, 510: rotor body 12, 112, 312, 512: inlet port 13, 113: suction port 14, 114, 314, 514: outlet port
16, 116, 316, 516: flow passage 17, 117: gas passage 20: drive shaft 22: in-shaft passage 26: external
opening 60: supply unit

FIGS. 51(a) to 51(d) are sectional views illustrating examples of a modified configuration

of the connection port 24. An arrangement and/or a shape of the connection port 24 may be
appropriately adjusted to allow a degree of mixing of an external fluid, solid, etc, into a stirrable
substance, or a state of generation of gas bubbles to be adjusted.

[0300]

FIG. 51(a) illustrates an example where the drive shaft 20 is disposed to keep a distal end
thereof from protruding into the common space 516a. Based on adjusting a protruding amount
of the distal end of the drive shaft 20 provided with the connection port 24 in this manner, a
degree of mixing, a state of generation of gas bubbles, etc, can be adjusted.  FIG. 40(b)
illustrates an example where a size of the connection port 24 provided at the distal end of the
drive shaft 20 is reduced. Based on adjusting the size of the connection port 24 in this manner,
a degree of mixing, a state of generation of gas bubbles, etc, can also be adjusted.

[0301]

FIG. 51(c) and 51(d) illustrate examples where the distal end of the drive shaft 20 is butted
against an inner wall of the common space 516a, and the connection port 24 is provided in the
lateral surface of the drive shaft 20. In this manner, the connection port 24 may be provided to
be opened in the centrifugal direction, instead of being opened in the axial direction. In this
case, in addition to a size of the connection port 24, the number and/or arrangement of the
connection ports 24 can be appropriately set to desirably obtain a degree of mixing, a state of
generation of gas bubbles, etc.

[0302]

A shape of the connection port 24 is not particularly limited, but various shapes other than a
circular shape, such a rectangular shape and a slit-like shape, may be employed. Alternatively,
a mesh-like member may be provided at the connection port 24.

[0303]

A stirring device 600 formed by coupling a plurality of the stirring rotors 500 will be
described below. FIG. 52 is a front view illustrating an example of the stirring device 600. In
the illustrated example, the number of the stirring rotors 500 is three, wherein the three stirring

rotors 500 are coupled together through the drive shaft 20. As illustrated in FIG. 52, the
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101 virtual circle 110d: convex segment 110e: concave segment 5106, 510d: inclined surface 519: guide
member C: central axis CLAIMS 1. A stirring rotor comprising:  a rotor body which is configured such
that a cross-section thereof perpendicular to the rotation axis is circular. 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 conpnuigatingitned s eu0mEh dhe RUtteEdIBEE in the direction of the rotation axis, so that it
becomes possible to further improve the stirring capability. This is effective, particularly, when
a fluid to be stirred has a large depth.
[0304]

As described above, the stirring rotor 500 according to the fourth embodiment comprises: a
rotor body 510 adapted to be rotated about a rotation axis (central axis C); an inlet port 512
provided in an outer surface of the rotor body 510; an outlet port 514 provided in the outer
surface of the rotor body 510; and a flow passage 516 communicating the inlet port 512 with the
outlet port 514, wherein the rotor body 510 is connected to a drive shaft 20 for rotating the rotor
body 510, and wherein: the rotor body 510 has an inclined surface 510b (510d) 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; the inlet port 512 is provided at a position closer to the rotation axis than
the outlet port 514; and the outlet port 514 is provided at a position more outward in a centrifugal
direction from the rotation axis than the inlet port 512, and wherein at least a part of the outlet
port 514 is located in the inclined surface 510b (510d).

[0305]

In the fourth embodiment configured in this manner, even in an operation of stirring a
high-viscosity fluid, a gas, such as air, stagnating in the flow passage 516 can be quickly
discharging from the flow passage 516. This makes possible to prevent deterioration in stirring
capability due to stagnation of gas in the flow passage 516 so as to perform the stirring operation
in a speedy and efficient manner, irrespective of viscosity of the stirrable substance.

[0306]

Further, according to the inclined surface 510b (510d), a flow adjacent to the outer surface
of the rotor body 510 is smoothly formed as a flow accompanied with a jet flow from the outlet
port 514, and a synergic effect of the difference in circumferential velocity and centrifugal force
in the outlet port 514, and the negative pressure at the separation point 510c is applied to the jet
flow, so that it becomes possible to generate a more strong and complicated flow in the stirrable
substance. This makes it possible to obtain a nonconventional high stirring capability.

[0307]
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wherein said inlet port is provided at a position nearer to said rotating axis relative to said outlet port, and
said outlet port is provided more outward in a radial direction axis from the inlet port. 2. The stirring rotor
as defined in claim 1, wherein the rotor body is configured in 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 radial

direction. 3. The stiéngu@inasdaiinedta cladimady 51vheseltthedaiohhpdy iseanfigtsedsaas to be a
circular column or a disk where at least one of opposite base surfaces is formed as a spherical surface. 4.
The stirring rBtéreadigidfinedha KRR ifa s epbdyTiave ol fRgerBasiRa ssppdrieAMbrastibsoidal

shape. 5. The, stiing, 19tpras fgfined.in amnons.af Glaims 4ide hapRich ingiudes, 2 Rlufglityof the outlet
ports, and wherein tﬁe inlet port nd t$1e ngW passage are prow(ﬁe{a‘éwnéh lcpé%p%ct to a respective one of
the plurality cfiatiletqportso®Gol hestliifirg coiaidsdetiieabln amstamne ob bkaions letd Bkely to occur

even if the stirring rotor 500 is hit against the container or the like.  In addition, the occurrence

of unbalance with respect to the rotation axis can be minimized, so that it becomes possible to

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

This makes it possible to perform a stirring operation in a safe and efficient manner, irrespective

of intended purposes.

[0308]

In the fourth embodiment, the rotor body 510 is configured in a semi-spherical or spherical
shape. Thus, it becomes possible to generate strong flows in the stirrable substance, and allow
the inlet port 512 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.

[0309]

In cases where the rotor body 510 is configured in a spherical shape, a distal end-side
inclined surface 510b and a drive shaft-side inclined surface 510d are provided as the inclined
surface. Thus, based on appropriately arranging the two inclined surfaces 510b, 510d, a
suitable flow for an intended purpose can be generated to perform an efficient stirring operation.
In the fourth embodiment, the rotor body 510 may be configured in an ellipsoidal or semi-
ellipsoidal shape.

[0310]

In the fourth embodiment, the stirring rotor 500 includes a plurality of the outlet ports 514,
wherein the inlet port 512 and the flow passage 516 are provided with respect to a respective one
of the plurality of outlet ports 514. Thus, a flow rate in the flow passage 516 can be maintained
at an appropriately high value, so that it becomes possible to prevent deterioration in stirring
capability due to accumulation of stagnant substances within the flow passage 516.

[0311]
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wherein the inlet port is provided on a side opposite to a drive shaft to be connected to the rotor body so
as to rotate the rotor body. 7. The stirring rotor as defined in any one of claims 1 to 6, wherein the inlet
port is provided on an outward side in the radial direction with respect to the rotation axis. 8. The stirring
rotor as defined in any one of claims 1 to 7,  which further comprises a gas suction port provided in the

outer surface of thetretRiubadynBba ReSIlte GIREPHIOMNE fPaNaR@YIs {Rar Lipautaeb partivand.d gas
passage communicating the gas suction port with the outlet port, ~ wherein the stirring rotor is usable in a

posture wher®tHe R§asoanrtien (e Brposedhresiyad dutsite o dXtirtbratetibstantt) solas teraifovit the
outside gas tg A e) t% A0y %F%%Q Roftand inge éi}écce ni.ms §§'”aE!§ SHDSIa068,9- A

stirring device comprising a p urality oft e stirring rotors as eflne In any one of claims 1 to 8, wherein
the plurality cfistifipngé¢nioss ate afrangethiza direadidition! thesat@atiopaxible to perform the stirring

operation without destabilizing a level of the stirrable substance.
[0312]

In the fourth embodiment, the inlet port 512 is provided on the outward side in the
centrifugal direction with respect to the rotation axis. In this case, the rotor body 510 can have
a portion provided in the center of the distal end thereof to protrude outwardly with respect to the
inlet port 512. Thus, even if the stirring rotor 500 is moved to a position close to a wall surface
of the container, it becomes possible to avoid a situation where the stirring rotor 500 is suckingly
brought into contact with the wall surface and thereby the inlet port 512 is closed. This makes
it possible to perform a stable stirring operation even in cases where the stirring rotor 500 is
manually operated.

[0313]

In the fourth embodiment, the stirring rotor 500 further comprises a guide member 519 for
guiding a flow from the outlet port 514 toward a given direction. Thus, a flow direction of a jet
flow from the outlet port 514 can be changed to an appropriate direction to appropriately control
a flow condition around the stirring rotor 500, so that it becomes possible to perform a more
efficient stirring operation.

[0314]

In the fourth embodiment, the flow passage 516 may be configured to communicate the
inlet port 512 with the outlet port 514 in plurality-to-one relationship, wherein the plurality of
inlet ports 512 communicated with the one outlet port 514 are arranged such that they are
different from each other in terms of a distance from the rotation axis in the centrifugal direction.
In this case, based on a difference in centrifugal force applied to the plurality of inlet ports 512, a
more complicated flow can be generated. This makes it possible to efficiently disperse or
emulsify a mixture of water and oil, etc.

[0315]
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ABSTRACT [OBJECT] Itis 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.
[SOLUTION] 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 in the oueihsudace ahtoairaiar Brdyodd, ad 3 fow:passagemidbcommunicatingithe iRlet port 12
with the outlet port 14. The inlet port 12 is provided at a position closer to the rotation axis C than the

outlet port 149%@&%69&%?96&51@, iwhsisindbeiditva Pusitorhmnord bthafhpdshiss 8 amigalieitdetion from
the rotation G axis than e IRt RO dREERES RNTATWE RRAWNSEEIS 1S, 1 this case, a

gas, liquid or the like outside of the stirrable substance can be sucked into the flow passage 516,
so that it becomes possible to efficiently perform mixing of a plurality of materials, gas
dissolution or bubbling or dispersion of a solid such as a powder or particles, in a liquid, as well
as stirring. It is also possible to generate micro-bubbles in a liquid.

[0316]

Further, a supply device 60 may be connected to the in-shaft passage 22 to supply a fluid or
a mixture of a fluid and a solid to the flow passage 516 via the in-shaft passage 22. In this case,
a gas, a liquid, or a mixture of a gas and/or a liquid, and a solid such as a powder or particles, can
be forcedly supplied into the flow passage 516, so that it becomes possible to significantly
efficiently perform various mixing and dispersing operations. Further, based on controlling the
supply unit 60, a degree of mixing, dispersion or bubbling, etc., can be appropriately adjusted.
[0317]

The stirring device 600 based on the fourth embodiment comprises the plurality of stirring
rotors 500 arranged in the direction of the rotation axis. This makes it possible to further
improve the stirring capabilities.

[0318]

Although the present invention has been described based on various embodiments thereof, it
is understood that the stirring rotor and the stirring device of the present invention are not limited
to the above embodiments, but various changes and modifications may be made therein without

departing from the spirit and scope of the present invention.

INDUSTRIAL APPLICABILITY
[0319]
The stirring rotor and the stirring device of the present invention are usable in the field of

stirring of various fluids and entrainment of gas bubbles.
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EXPLANATION OF CODES
[0320]

1, 100, 300, 5 00: stirring rotor
2, 200, 400, 600: stirring device
10, 110, 310, 510: rotor body
12, 112, 312, 512: inlet port

13, 113: suction port

14, 114, 314, 514: outlet port
16, 116, 316, 516: flow passage
17, 117: gas passage

20: drive shaft

22: in-shaft passage

26: external opening

60: supply unit

101: virtual circle

110d: convex segment

110e: concave segment

510b, 510d: inclined surface
519: guide member

C: central axis

89



CLAIMS

1. A stirring rotor comprising:

a rotor body which is configured such that a cross-section thereof perpendicular to the
rotation axis is circular;

an inlet port provided in an outer surface of the rotor bodys;

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 said inlet port is provided at a position nearer to said rotating axis relative to said
outlet port, and

said outlet port is provided more outward in a radial direction axis from the inlet port.

2. The stirring rotor as defined in claim 1, wherein the rotor body is configured in 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 radial direction.

3. The stirring rotor as defined in claim 2,
wherein the rotor body is configured so as to be a circular column or a disk where at least

one of opposite base surfaces is formed as a spherical surface.

4. The stirring rotor as defined in claim 2,

wherein the rotor body is configured in a spherical or ellipsoidal shape.

5. The stirring rotor as defined in any one of claims 1 to 4,
which includes a plurality of the outlet ports, and
wherein the inlet port and the flow passage are provided with respect to a respective one of

the plurality of outlet ports.

6. The stirring rotor as defined in any one of claims 1 to 5,
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wherein the inlet port is provided on a side opposite to a drive shaft to be connected to the

rotor body so as to rotate the rotor body.

7. The stirring rotor as defined in any one of claims 1 to 6,
wherein the inlet port is provided on an outward side in the radial direction with respect to

the rotation axis.

8.  The stirring rotor as defined in any one of claims 1 to 7,

which further comprises 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 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 into the stirrable substance.

9. A stirring device comprising a plurality of the stirring rotors as defined in any one of claims

1to8,

wherein the plurality of stirring rotors are arranged in a direction of the rotation axis.
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