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, sutiTas @pawmienwEnfiu@ly 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 rotatedi"tB1¢ £RI8E ARSI BOtHR/H8id 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 offtbeHNIGALypiEaLY, 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 in9¥lthe impeller into a container containing a stirrable substance to be stirred, such as

paint, to stir the sifARlesHRRIRRGEIERREL ok (F AR IRRP hHAC IBRGHF bl HBOMr 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
S0 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. [05] 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 Hifel P8l 6bimterREhY fGiss adtanriiwiabinsupsisene feope e tdostviabi®substance

while being rafaiags gfi~iafts befiglaes it e FEARIS, AU anGE. GRIREAIEAe 3B

inexperience in operating the stirrer frequently causes an unde situation, such as hitting of the
impeller agaiissiptite bostakerdos scatiermeg atithefstterablerduy staacthe utgethepuontairetirf@®es] In
cases where the stirrable substance includes a precipitate, the precipitate can be adequately dispersed

only if the stiftSR"SEIL LA PRING;rFaR IO kel g RRBImIgEE! i bR adbsyifH 5Bt SHR SRRSO f the
container. Thys,dhgigiveriedthifeedenertierinasystiliagathespreblem, thah debriseor £hipsiearasd by

contact between the impeller and a wall surface of the container are likely’'to be mixed in the stirrable
substance. [600a]on, Bhehstisreittivighahémmipalbdiehagayest Stik anotkiserpeoicatetint pbwdestisealileles mixed
in the stirrable substance.are likely to be pulverized due to collision with the impeller. Thus, in cases
where it is redthPEI Tk %eﬁl?s ?‘ﬂ‘ﬁ@aeﬁowder particles from being pulverized, for example, as in metallic
paint, it is diffigsdsto 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 sHagateTomieE: WRhsHTatdeapurptace prelidrsdavRreeiniiealitieoprrsielathsiand®f using

propeller bladgs of L RS BIRHeS: (F5F Q" SARIR' S NG WV R LR IGTTOE IS thed himpetter 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 counteractin \g@ﬁrce occurring when the impeller starts being rotated, and the

problem of pal&¥atioh 8F Jordd\Fetidfed 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 accumulggetonigaidirseaien serfaee ehitieniaxpelian fesuléngia 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&o%ﬂable of performing a stirring operation in a safe and efficient manner, irrespective of

intended p“rpos(jfﬁ-&hé'%w Tt (%%V[g)\égég-[%eﬁt% ,EihEMMeﬂQg@J may B Eﬁ‘f’gﬁﬂ&&f‘s\tﬁﬂ.ﬁ& grovides a

stirring rotor which comprises: a rotor body adapted to be rotat out a rotation axis; an inlet port
provided in arr@sisscsonfaeecof phpendorubo dy Hreraatiet postasavitteaanstiepeouter surface of the rotor
body; and a flow passage communicating the inlet port with the outlet port, wherein the inlet port is
provided at l lion closer to the rotation axis than the outlet port, and the outlet port is provided at a

position more outyard by ety Iallrartinidr HBHN R AP NN Aim BRIt RArkIRRdal  In the
stirring rotor of the present invention, the rotor body may be configured such that a cross-section thereof
perpendiculash@pthe 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 thestisideg sokajopkReapsesant tveekion ctheatetesgheeis. 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 sr@B%ZJvhere a plurality of convex or concave segments are provided in a circle. [0019] In

the above stirring fofr, £3GH &ﬁr‘rﬁ}?%%'&%’r?g%r HE & EY‘PQB}?Q&’%?XH%ec%B%EQ%Q%&HEWTb@ contour
shape thereof in the cross-section perpendicular to the direction of the rotation axis has a generally
triangular shagended.

[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 1 @feremriengieerpoir@qiadshape ol eheanes®t fRNGRVESGRGMONSN [0@RAtd In the
above stirring rotor, a corner of a top of each of the convex segments may be rounded. [0023]
Alternatively SiHetHERRRAE EHIALY TESHAN WHBHESPeRELBIRVEIAERdfeave segments may be configured such
that a contoulroig e 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 fronflgin®sidaikeutbefatifaicide Didhe toliatinonayissayb ergtneahlsast gagareof the outlet port is
located in the inclined surface. [0026] In the stirring rotor of the present invention, a ratio of a

cross-sectiorlP3fka of the inlet port perpendicular to a flow therein to a cross-sectional area of the outlet

port perpe”dicu'afﬁé’ é?réﬂgmrﬁ%ﬁ{l}ﬁa’f&} wcﬁ‘/ﬁ?e@%es Hﬁg"gﬂ%ﬁc&%ﬁﬂw COH%’?}%%; %@Jamr U g present

invention may includ ity of the outlet ports, wher e inlet port a low paSsage are
provided withstiesme cotrsa ae spetibed abevef thieeminratity phalitiebpatisif§Qd8)rs ahe treasgeding eotor 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 s HEHPPALIREHRHOR P 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
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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 ditieseny 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 ofité&r S@tdte %P’ﬁﬁé'%’t(b'l'%gévnﬁtaé? BEAIRRIA Whese i I POFhTORT Ui R SIBRitlet port,
and a gas PaSSAGE & H}municating 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 Fj&@s egblpés suickedvieomil bistr gag) snctiamplerivaad thersduicgd amo ithe stidabldtswbstance.
[0032] The stirring rotor of the present invention may further comprise a guide member for guiding a
flow from the9BR KT PRSI iRk g aBhO 9T @ }/Mﬂeagﬂr?iﬁésr[%ﬁag? FEPIUNEHNAVBAERY, the
rotor body m'g'\yc{?@n%mﬁﬁpﬁqetg@grﬁéﬁshaﬂ 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 passagepfi@sheli@staft pgsisageatiOfs ekamjibe Peearidifioy ention cispepravidesia stitieg device
which comprises a plurality of the stirring rotors as described above, wherein the plurality of stirring rotors
are arrangedSiH¥'@if@efion 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 opeTEE®IBS{alEhStH5BY dRtechértatic thadaadimntviemy kusixatipge the epemdieirahghe stirring
rotor. FIGS. 3(a) and 3(b) are schematic diagrams illustrating an example of how the stirring rotor is
used. FIGEWQ(H) UsAe 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 cBfmhinisateantiviane idusstabnd ra e xRipeowhergitighiplet 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 folGucifY B gAChUBRAEIBHY 1RGHPNahYigNGd Y YsHatdag ecominhivARRFME-§atsuction
port with the alég%qu rovidelGn & easrﬁgﬁl eg{gdftrcpmw’tﬁwsoggiﬁtrating examples where the stirring
rotor is configured to be capabre of capturing foreign substances.” FIG. 11 is a front view illustrating an
example of a stirfing3ieadice asyd)andkecfioshenidvadithatibting 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 illusiiiienext soxaseplm 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) illustrat®tRditional examples of the modified configuration of the inlet port, the outlet port and the

flow passage. FA%J%Z{% %&Mtf”&'%ﬂ&n%?%e@?%' Ofot%ﬂnlé?‘?ﬁiﬁetﬂecﬂ&ﬁ%%g%@fg fhe inlet
port, the outlet port and the flow passage. FIG. 18(a) illustrates an outer peripheral shape of a
cross-sectiorcaffaynoddrabadylid thetireing matddeenpemdt steentphaof emdiradtaxisdf thee ratanitedsl.

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.  Fifsfhe 2atR)eiabddiepiiusioatefyleaiiathpiseagdpbe iofctigiguadifisd whapsabsbegotor body

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

rotor body ofﬂ@%ﬁ%h@fr@t‘dﬂ'etﬁfﬁr@@ S qyist P[] Aierdrie iy QﬁW%ﬁéﬁ? B 8AsibveloMee Modified
e nes SRR s SR CHALD PR s b e
example of thiesrflodiivasb=jeas=cah theamity foadydobyhuziBingiadgoidrom 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 enspadEMapsn rofatfng 32(alnsng tePlamyéewohaissing ratonasecsdinate fuseeond
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 sﬂ?ﬁh@f r‘@ﬁ)ﬂuﬁéqj@?ﬁ@ H’ﬁﬁ_rﬂbﬂﬁ? gidtiesnel mé\ﬁiﬁﬂﬁrﬁﬂé%ﬂﬁ.ﬂnﬁ f@f@)tﬁdli@?tﬁﬁr(é{yitﬁ ‘éh?_op plan
view illustratigg, an, pRfaf{i) fEBRSHHNGSERL. P 3Rkl Istalingdhs apgiation of the

stirring rotor.
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
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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 illugiieding Rrexampia of theparadifieg shapeiettioa seths haghorFGShAQB) daldldpare
sectional views iIIustrating examples of a modified configuration of a connection port.  FIG. 41 is a front
I

view iI.Iustratih@]vz.&ﬁ"@'BQéc'm @Qﬁ%f’gﬁffﬁ@ ﬁ@ﬂ%‘@ﬁé@ﬂ%ﬂ”@%%ﬁd@ﬁw&mﬁé%?tmméQ dyrigg is atop
plan view of & stigring, roarAGCRIHIR Bl MRAReRh i Re ST RALIBHG THAR- Filken 4aihiis a front

view of the stirring rotor.
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(cpameifeapviews 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) IEQQ’F_@@C) are front views illustrating examples where the rotor body is provided with a guide

member. FIGS. 4R iRr3(oh BE HOMMRY TSI RN IS BRES BIGKE hSARCSRPINS 5(b) are

front views illustrating examples of a modified configuration of the flow passage 16. FIG. 5(a)
illustrates an example where each of the flow passages 16 is configured as a smoothly curved
passage. Based on configuring the flow passage 16 in this manner, a flow resistance in the 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 thedtibisaranalreims thddit Gt Be3N R EIWEIR BN MItMAIS IO A effidéiihstrfgignce to the
accompanying drawings, various embodiments of the present invention will now be described. [0041]
<FIRST EMHEMSMIENT> A structure of a stirring rotor 1 according to a first embodiment of the present

invention will be GgSCHBR|RRIPKL RGNS ISP Alanora aithe shyDe LRt eaNdidGn {p) Is a
front view of the gﬁrrin otor 1 ass?deei(/]‘lié@ E identicalﬁ]k?ereto%As ﬁ?ustrateldo%n IE?PGeS. 1%8 zgridé 1(b), the
stirring rotor dieotiyprisehargrtienadkissemixdgphentoaks tap adagitor dfadyot@s@pdinglayeaffitietfloorts 12
provided in an outer surface af the rotor body 10, a plurality of outlet ports 14 provided in the outer

surface of th@ISAIEDLY N FONUMPYS il AL HYL YR A I SRIMIBHELAIRPHIENEE 85 tsmitiuflicate the
inlet ports 12MdtdReAHtRIR R4 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 it ajeyfied feobetio@igs phoul atRiptiva s sletipRy byamentiabaxisikretdhe tretor body
10. A technique for the connection between the drive shaft 20 and the connection portion 18 may be any

conven_tionalrﬁﬁ@a‘i’%ﬂysw:iﬂé@tﬁ?@ﬁ@@@rﬁﬁ%ﬁﬁ“@ﬁ @ﬂi}&@Q%ﬂﬁﬂ@gﬁﬁﬁéﬂé‘ﬁ?{@mUtWPfMﬁ@‘?iff@t.
embodimenty, Qgﬁb‘?@;}?&%,r%%QQFQYeQEQnOH?EEF@ d%}e7 w %ﬁ?&ﬁﬁ%ﬁﬁsﬁpﬁfﬂ&%ﬁdt@%ﬂ&?'d

structure to provide enhanced strength of the rotor y 10.”A materia Ing the rotor body 10 is not
particularly lithéebiclnesarinaprdipriste ofatierisdtstiviabldsfor wbalseasdhabtrated, isUdic ag(b)etdh desamics,
resin, rubber or wood, may be employed. The rotor body 10 in the first embodiment is designed in a
simple and eSSy FRFREEIBREBPIAQ Hrﬂ}%%f&f&ﬂ%ﬂ@h%?ﬁﬂ%@dﬂﬁﬂ?%%M&Qﬁ&&é@f&éOEBff rm the rotor
body 10 from@udfle 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 portiohhg8termtfigpfiescansbaaimenthehprerentbevesttibre iepetspoitsa 1 dadaranoaptevdiicithe four

inlet ports 12, d side-by-sid ircle havi t th tral axis C, | Il d
rlation to ealFIIFRP, ARACCHRAPLPHEIOUPIIE Gt S & ofabePi U &I RRTon LE (ot the.

central axis Ge|fips it shapertmlfcapreaiavicratioa ipesahs W ineadlsmedgharriPieRés1d shaphe first

embodiment, the number of the outlet ports 14 is four, wherein each of the four outlet ports 14 is provided
at a position eRiMREseriaf4 pactiaf avedinspiGantbardianesbailar @ ellirsaififugal 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 the ceajraluexigeCal@Rdbble Wikgeflav passageyl)is fesnfigdras id passpgekagmunicating
each of the inlet ports 12 with a corresponding one the outlet ports 14. In other words, in the first

embodiment & sHibREf thbe18eEisseighs reEformaxts masyel thdesseares deyaid the Ritwacheiof the flow
passages 16;fs formegh fuextend lingasiy, %”&mfa\i)%t?w%125%&%8%“%3&{56%,&&%% &4 Higp. after

bending at a right angle, extend linearly outwardly in the radial direction of the rotor body 10 to reach the
correspondingjrectdett@oatdLthe 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:fepipia posEpperiehloeapeltietimprivdatevard dhgigentral 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-sectior{ﬁp‘.éﬂape is not limited thereto, but may be any other suitable shape such as an elliptical

shape or a polygeqal hsne, E?%?Jiewﬁmwﬁgﬁgigﬂgg@ﬂéWﬁmg ﬂ%“?ﬁléé@&'r'ttl% %e)ﬁl@r\%’cﬁe(a BRlw- FIG.

2(a) is a top plan view lllustrating the operatio ng rotor 1, and FIG. 2 a front view
illustrating therivpetatfiosidef thHestirspegifiotdy LETCha @iitingreadoarl dgaagdpteictio the dfivenfandmetated
about the central axis C lgthe drive shaft 20, within a stirrable substance which is a fluid, so as to stir the

stirrable subSR-Ae[BEYEEd 10y P¥nPASEaHA T d iPAHEE StbE ShitbRie coridrigHsmadticaiamiged in a
fluid, a part of th&;fist aterpasAsidRPac AP Low BRssaursGdsralsa soiaieddanetigrnivgih the

stirring rotor 1. Then, a centrifugal force is applied to the fluid inside of the flow passage 16, and thereby
the fluid insid@defatieaflemaizisgdage 1@ ftohvs tworadedaon dhevising shaé sidhe rsithedatiivelstidapending stirring

tor 1, as illustrated in FIGS, 2 2(h). Each of the outlet ports 14 is provided twardly in th
il direcioh CHTRTHUIPBEy S I B S bR O ST HERRST 5. L hat the centrfugal

force becomegpspnger 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 Bresd RN an jetebaseling dmn aHansamenpok thedintat daiimidianctisnaltleve fesire fluid is

ked f inl 2 into the f 6,C a flow, radiaf from the lateral
Sirface 100 WS BURRTSH 11, SN A R el N P B DA o B LAl T Y i e

inlet port 12, wiNdetgenesaies dvibe fivid areneriliibessirtineutrtands GABHER] of tHelttheto ypsitveiating 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&"SAPRTBIE SO Rideatdatge ek withhif enatiprifiProtire i pHAw amasibPeidissditgd Thus, a
centrifugal fofﬁﬁﬁﬁﬁ%mi%@a fiid adiacent to the gitaSurface of the stirring rotor 1, so that the

outer surface-adjacent fluid flows to the lateral surtace 10c along the outer surface of the stirring rotor 1,
and become$0ad8jw 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@dareenhieidingttheiaaalguntaesoddddndh mabay e sioapecppadrdhtheutiow dreeed toward

the distal end of the stirring rotor 1 can be smoothlélﬁatuided to the lateral surface 10c along the base
surface 10b, e EGMbitfo 8N RHCHRD RS ddiatitigiendt HofArnel rieaiADsF £86 RERsagthis’ Malke®® possible

to generate %Dﬂﬁ? flaws i‘arﬂgt'tiﬁ "TRLAdIAGAY &é%:%%a %?T@%g%ﬂ%@@ﬁ@%@%tmﬁ%%%@ diagrams

performing an efficient stirring operation. [0051 are sc

illustrating exanglpsrodvhiotvitieelditiomatiyrptovidets inseslrofs bhdstrEted e dtiGSaSiatD thedfln)d 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 type fixerblo e capaing 40 AR HEkena RS MhuRe AEaRIRAJ A HagualY held

and operated by a user. [0052] pon rotating the stirring rotor 1 by the drive unit 30, a flow radiating out
from the stirrirgfigteedltarie adhabledirbceptitngdmieibe disttdreasl ofFite dfitandlvetiatet anceganelated, as

described above. As. illustrated in FIGS. 3 d 3(b),. licated circulating fl
omoratad e e A AL AT B Bk A Su i B B R SR P o by the
circulating flanstibithasdiisdsern besipatbnthgdaiardady Qi kM ons el B Gt AbACIASS I@etOoN

thereof perpendicular to the direction of the rotation axis has a circular shape, i.e., configured to become
free of a portfoniNpiRes Gl ide s iemehdnstheallpsvspassegnded 50 Hisimpaner retiiva, Pothsatltibasemes

possible to almost elimipate unteracting force.which.waquld ofherwi ccur during start of the
Fotation. 10028 0V, O S e e e S e R G e

container 40 filte dEtakerne ohdbe stiningteatarslinely be mourehied® nositensi@sastovihemadiosn of the
container 40, as illustrated in FIG. 4(a). This makes it possible to suck up the stagnant substance from the

inlet ports 125BPRPfet ALPRSHHSM TRl b esTHiesBO-s Rotliffiésd ayihadnsidentbietasAdRtdGostance

into the stirra&;}% o BegégyFH{ép%it- @Edgﬂ%r@tion of dispersing a stagnant substance accumulated
at a corner of the container 40, t%e distal end of the stirring rotor 1 may be moved to a position close to

the corner of[d@2jontainer 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. T1G- 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 moysytteestirougiaterdiite shapsiitnrsele theuwalisuiaseapliborentainandiviinga sense of
security so as to sufficiently perform the stirring operation throughout the container 40. In addition, it

becomes pod8iBle tai8rewRIbestip 6 LBt thasdIHsHARS I8 Gr thdR SRtk 4be dlerakiiffbeing
N e | . 1 the il . <12
easily mixed Ipfg ¢ %&Hﬁ%ﬁ@fg@%@gﬁg@%ép%ﬁi tﬂg&éﬂli?n HFR%WQ%%H%SP?&%Q{ ecniptports 12 is

provided at a position s a center o tal end of the stirring rotor 1 (slightly outward
of the centrabaxibhl€ @asftindaoimporyexis)ssiorng tapabdthe Thietipeftet@viroparbieityl | ogen eviridvhen the
distal end of the stirring rotor 1 is brougght into contact with the wall surface of the container 40. This

makes it posidie tHEANRS SpRraEPERE stirt oS HAHEIO 10BYER 2 I HHERTLI AdfackPr ek ditdface of the
container 40.J[pR5EL.: ATRGHCAIRYRHIR:SHTENRARISS bk BF AoSERRSSk Dol EIGS. GFgand 50

are front views illustrating examples of a modified configuration of the flow passage 16. FIG. 5(a)
illustrates ancaranpiervdibcerhcmafrtosftovingbesdages 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 It becomes possible to further strengthen a flow to be generated by the stirring rotor 1, so

as to improve stirgag¢anabiliind tePrarricothifimgddied flowenasaagaclfeantenormeedin aroducing
the rotor body 10 through casting. [0057] FIG. 5(b) illustrates an example where each of the flow

passages 16sfapohfgoectiah aesheligatiatiipe FThexannle AR stlenslevitrgulbstiatedismbnnd(@an also
reduce the N BE SIEE LA AR RRiBf P PRSREAG G gkes Tt easy to 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:@asdiuiae ftoweassages o6 iheCatiisrousisehaiion trdiarosilpe pet lotdsrembgefred to
form an angle with respect to the radial direction of the stirring rotor 1. Based on chan in? an orientation
I

of the outlet YBPRIEAGH WIS rFRSRPRT [Foinex:taprs, e raRLetmingY&REr 1 T84btaiEeraniNelrom an
counterclockyyise Araeian iRGIGAR HkElFo 0@l RN aradis RUISLABH K SRBRS AR
formed. On t eﬁot er hand, when the stigrﬁra rotgr 1% rota%éd in the C%Jo‘gzwise g?recﬁ{{%)n?ndicated in FIG.
6(a), the jet flalrdtion) dinekiny the tthpeotitd Avicizh Wweultd otiginvisd@ e tu dovilenthetedeatibm other words, in this
modification, the arrangement and orientation of the flow passage 16 and the outlet port 14 are
appropriatel %%E?]depending on intended purposes of the stirring rotor, so that it becomes possible to
obtain an optimal, oy et £fHgissHisHINthe M08Ploodl 1 0 RRbAMRIAISH ansryaMiehes&aek of the
outlet ports 14 is arranged offset in the direction of the rotation axis in such a manner that a region of a
correspondinienens of the diosotpasshies dBtionconsiualus| e ldtioeasestievactien porvad isigonfithered to be
oriented on the side of the distal end (distal end side) of the stjrring, rotor 1. Based_ on orienting the outlet
port 14 on théa%fét lraﬂaogi&&ww{ﬂpﬁ ARELI", 1 W%&/éﬁ‘avaaf{{ﬁ%e?é\%lt QY R e ¥Rk it
becomes posgifer tocEAcanabtinp ingnealaMANhelaramEPRIrRE £jcthmolikeshentossiiensboms or
turbulences adjacent to the fluid level. Alternatively, the outlet port 14 may be oriented on the side of the
drive shaft (dFivié Bakgs Higegsibleritearnsraiay sendes tew suesithlfatherimaray Helieeaarasin. the fluid.
[0061] FI S%ﬂl 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 anehintatponbadiraad, thendasamodyawas ddhigolasality ofrautetslona dAdisk drigpenanner,
the inlet port 12 may be provided as a common port to the plurality of outlet ports 14. In this case, a

cross-s_ectioﬁ’éﬁm%(?eaé s %%%W?Q&&ﬁ%é&rfﬁcﬂﬁém&ﬁfd&& i%%&’%ﬂ@k@i%‘?be%ﬁ%ﬁs
approximately g&gﬂalléQ@g%HEPaféf 45l tho‘?/v?%\?lﬁséﬁS\ﬁ“(ﬂQ%I@f‘ffﬁﬁ b 3oniH rﬁllﬁ%@ﬁé’f@@ﬂ% rggions 16b of

the flow passage 16, so as to keep a flow rate from becoming lower in each of th nched regions 16b.
This makes itqposasilies tyqareuentasstagrant fithstatacefromadeingckecstagnéatedbstaie flol pawesage 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 10VEHE. (RSN nTHIE IR BEE BT Mo Gy iAYs WS SArRraPephdfeal shape,

and FIG. 7(b)isHatesran @taBalg !‘6‘:%(9 thesriRiuRACN 4 QoiseRenfigurRsicarfiiesoidal shape. The
e

rotor body 10 may have any other shape (e.g., a circular column shape or a disk shape) as long as it is
configured sii@bBfiat a cross-section thereof perpendicular to the direction of the rotation axis has a

O e o o el A o A e R oS TP B O SR gy 10 1o be
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 strengtogp]the flow radiating out from the stirring rotor 1. [0063]  The term "spherical shape” in
the present invention represents a broad concept which includes a shape comprised of a part of a sphere,

and a shape similartﬂ? iésbt?@?'é?dﬁﬁé%m?"@\%%@ﬂ%ﬁ%ﬁ@ﬁﬁ%@%i@%é’#@ﬁ%ﬁf@qiPe%é@ﬂi‘# a broad
concept whicf) Hé}a b:rﬁlgc%ﬁrﬁﬁ@ﬂedﬁ%ﬂBﬁfﬁlﬂﬁfép%ﬁ@ﬁ%r}oq %Oéstag@&ﬁamQ%eﬁ.'mﬁﬁ%?e@%gﬁlll'pso'd'

[0064] FIG.8 strates an example where the rotor body 10 Is configure a shape where a
thickness theteadtinitiyeroioe dtismafvdtetocdgimitiaxisl gpaciuallyatlestndasesf thw awh ttisequitvbacdrsede in the
radial direction and along a concaved curve. Based on this shape, a part of a flow directed toward the

inlet ports 12PRRPAEABRVRHGA THEAURIEVEIEE O BHTARR RIS ChI BEKIpSRIONG ARG SPoRGIWEB R surface
of the rotor bedy dQandiRrmediRsiReliAm: ?}%?Pﬁﬁ?@i@éwy ithrgdet fow frmsibR RV PEAATI4are that it

becomes possible to generate a Stronger flow. [0065] FIG. 8(b) illustrates an example where the rotor
body 10 is cotifitugedaraiiosieapeintases atttickectisrofga gartltlsanenfidHytieeditedtion of the rotation axis
gradually de @g{g s toward the outward side in the radial direction. In this case, the part having a
decreasing t ss may be provided outwardly in the radial direction with respect to the remaining part

having a constantHisknfgsratdicr MtV RlithERe sy 08 LEERFEVM BIRNRRRIMAY J%e Airidded
outwardly in the radial direction with respect to the part having a decreasing thickness. [0066] In
addition to séfentiiGalifesshsipreef an@ iy PRseROa 0, /tiienamuaiostint dee dfagh sy BRItV OV iialide

fndc{‘;jtggcfr:t@eq’t?etagr‘oﬁﬂﬂropﬂﬂgemra < *i}ﬂo%%?i.k‘ﬂéft%%ﬁi%%@%éﬂ&ﬁﬁfé&%‘%@‘é Sy affrind .h”%ﬁ’f';es% i fface, to
y contrdl flows around the stirring rotor 1. Further, an appl€, a soccer ball or the like may
be painted orutisgantier 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 tEyisal Botbaiddandfatiemaimigoreart 1bereqlssipmdadonitts. divg sbaft@idene
Alternatively, depending on intended purposes, all of the inlet ports 12 may be provided on the drive shaft

side. [0068] stigtge@8h %%W&@@%@%W@Wé%ﬁ?ﬁﬁd@We?ﬁ% f-ﬁ@iﬁl:@i%@'ﬁ! Qé,iréiﬁt oetignalflow for an
ntended PUrBRRRE PRSI SHELTGY JheIEhACHRAR o he AiyeanT s kf mroved o @

position close a level of uid so as to suck a gas outsli to positive orporate the
outside gas inttid¢hpoftisid1 4 bisvinigkas (b passibbetace!tifacfathéomberdisdateart thahetdlubddyr 1a0allow gas
bubbles to be entrained in the fluid. [0069]  FIG. 9(b) is a front view illustrating an example where the
stirring rotor & MOV RaSFRRH P JALned dBRIAS DR 28 8PS LAY SOHRUBLRITIBOMARPALRL Lt gas
passage 17 qm}ggmﬂgm 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 bodff@8/tonfigured in a spherical shape, and a gas passage 17 is formed inside the rotor body

10 to communicate each of the suction.ports 13 with a corresponding one of the outlet ports 14 via a
corresponding oirre%gfrt?{grf&)W)bg@a&egaf%'.gmetiiénn‘?loé%i Q%énc Br3 g@&néﬁﬁﬁ%ﬁ Yhe" 8¥8?(body 10

provided withdh@ s Swetisre pRRd® einenthateiaseRpsAes thédgIartdn Rpastuiewyhere dheugas 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 disedvea (MereniliavaH teerseribess IngbbleShe oo hedidd rtiiecaungcioorortiondiBis case,
f;‘;:g’r‘: ggﬁﬁﬁ#@iﬁg}ﬁi&sﬂ%ﬁ& P 3l d)ot?lietir%gfE[Téozﬂ?owhvé’?rrgviensﬁgﬁ RARLAREIRR (lger to the
ponding one of the inlet ports 12, 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 exampigg wheppitha stidiogrovidediistaontgoresitabe 1aapalitetaapbedna forgighce
substances. FIG. 10(a) illustrates an example where a filter 60 for capturing foreign substances such as
foreign particle3q8 Srodicits iARPASHE drtrierierD15a48R RSN d48) pobitibie H8FAPERTHU EBPEsH8Nding one
of the outlet S interppsing the fi [ in thi ek stirring of
the fluid and ﬁgm%%;}r Eﬁoﬁ&gﬁo SVU9§ &%ﬂ%@%&%ﬁ%@? 8% Tﬂ%ﬁﬂlgﬁ:gﬁggﬁﬁaﬁ@as%gﬁéirﬁed. The
filter 60 may treaniacle dvdinmateriel auitellento axisrideindedahyrgmesed stlafioasoreaenidsh ardsgaohge. A
position for installing the filter 60 is not limited to the position illustrated in FIG. 10(a), but ma%_be any

other suitabl@HB&EBY. ¥ietBets Eié s st dediteersh Yiepimetvinarr e dri s Sotor bdy where
the inlet port J,2)is REAYOED a5 FRMBRANRAFATAPICIRSLADAYR. G CRRCANS PRSLIP™M S8, foRfaRturing

foreign substances is formed in an inner peripheral wall of the common region 16a of the flow passage
16. In the rotepebdplyhir ghersedaiet qoarodihéstptoeitachasd termullehpodst LiHeifItadr pabsieig dacbugh the

ion, 16a of the fl 16 is f d. irling fl di the rotati f th
stiting rotor 1 FRAR ESEA ST R RSB AR IrRES Y I & FRUAERBLATRARIEE common

region 16a offibedhewl BRSS@9E the HRse i pubstaneasolnitheriivd cathP eremnhy eehwiliridhe isancave

portion 62 by the same mechanism as centrifugal separation. The filter 60 may be provided inside the
concave portitie@RrPeIrsnditidacdptthe sefirelighis thstatce sageseaslingI9naedd ihethietdatavid portion 62.

[0073] A stirring devi for b lin [urality: of the stirring. rotors 1 will escribed below.
FIGS. 11(2) hT o e R B T ST R M S S Sy, Fic
11(a) illustratesqn 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 FI_Gihif{&Wé}ﬁési%B)l,Etﬂ% fﬁfméqlit?s& BTG Fﬂmﬂ'mgcﬁﬁﬂk@f ttX _eifﬂ%tr RAth Jcﬁre(_:tion of
the rotation gxjg, §%ﬂ@§d&l?§ﬁ&'&?estﬂﬁﬁﬁlmeg@tguﬁqer RERMEIRRSY IR §§:§ﬁ9'g%6ﬁﬂlﬁefﬁ,‘?ﬁ@c“ve’

particularly, when a fluid to be’stirred has a large depth. The stirring device 2 illustrated in FIG. 11(b) may
be used to sucknbegas thetsicle tassélyas TiGnhotinednietigotte t@arbtdg diivdsdoaft sigihlinftiis ¢ase, the gas
can be more ;%gégbigt%éni%%%e%rﬁ etg (ithterrllg ﬂﬁég'n{/()%ﬂ 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 perpangiciliastiatiglitectiperaich rofatiensaxiagheteol basaacCirtalar Fhppe aasdaeiapaibd2
provided in an outer surface of the rotor body 10; an outlet port 14 provided in the outer surface of the

rotor body 10/ kEEaHA8itNsPRsEYEC PR SUA A &Rl HiPectiole fHERBArRIR tRRStRSBPEE BSITHER port 12;

and a flow p%ﬁﬁargg‘al}%iie'éﬁgtl'ﬁ;{igesét a&i‘&x‘i@'Etﬁg’tﬂel&i%t%éﬁeze}éﬂ?etﬁ%tsﬁ &?e%@stanirer%ﬁicﬁﬁ‘f‘s glirring

rotor 1 can be pro r lower than an impeller or lle ensuring sufficient stirring
capability. Infhddjsons thatiotior fivcy 2 Quisstmoéigured 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
counteractinéqQ%b during start of the rotation, and allow damage, chipping or the like of the stirring rotor

1 or a container qgpAIRIRGIR HEAPIHSYOBIANRAIRBCCOME ISR IR ARFUIAMEITIfiDG SiFring rotor 1

is hit against the container or the like. This makes it possible to perform a stirring operation in a safe and
efficient mantherflingspiectigersidateactied herflosemsiagesr] Fuithadag keisied gathgrfigiihitiae thtenotor body

10 h that th - tion th f dicular to the dj ion.of t ti is h ircul
Shape. the olATh ARLo P ERFITEA G R S R3O UMY B AN ASSE0T 1R Sferontly
from an impefiereay the flkel Whiah Hkely tR w3y bedanses ihReCemesRREIWetithalmastsaimipate

vibration, shaking or the like which would otherwise occur during the rotation. [0078] In the first

embodiment ek 8 rbBHtIteRkiadn B uistrIrnrisiFpe Winsheoh theiokHelsrottelbbiSRrhadgi &wren of the

rtation axis g Al SR SRR A U AR B, D e SRSIBRARS UBalc iR

e outer surrace ot the rotor € SMOOo ormed as a flow
accompaniegavith azesdlmat irenadie fagéietopes badonidiistroad@ sittpesatiiedorgeneraie & gisonger 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
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[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 peggiesiatddenstigingiopResabe i saxHgipLitine coRtaiReat digifaiaioneshydionay serpenfigured
in a spherical or ellipsoidal shape. [0080] In the first embodiment, the stirring rotor 1 includes a plurality
of the outlet ﬁé??@'ﬂ%{-wherein the inlet port 12 and the flow passage 16 are provided with respect to a
respective o §08F he 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 acthensedaiioh anaicstiagima riased stamoeslinghie thelflovopasssaendtts [O81the rstdhe first
embodiment, the inlet port 12 is provided on a side opposite to a drive shaft 20 to be connected to the

rotor body 1P alld IR GDE Bols IBEIT RRIURAKEEREp ISR &' EIREHRIEGhsATREBEtANce at a
bottom of thecANRIRRISH 8% 1RBEHRI M2 BURRIRIRITENG aRerating {eeRiinpVaRgasolmigseiion, it

becomes possible to perform the stirring operation without destabilizing a level of the stirrable substance.
[0082] In the dirkt-sidddopiityeonakisbapdet pdiarnaiisiyrdbidedonrbddy dldwaay bideonfiguserhiiadndirection

(centrifugal dirgction) with respect to the rotation axis (central axis C). Thus, even if the stifring rotor 1 is
S B e o W e e e o
where the stiglingarRiorelcis sistd0aly iaresabtintoCcantasibwibdhe yalt sofage-anshtiereimy-drdnlet port

12 is closed. This makes it possible to perform a stable stirring operation even in cases where the stirring
rotor 1 is mafeHRnoibepatete [oagsgr 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 4 et axisrith s Wakesdtrasgibbatmbdariherdsnpiayieste shging.eaprBtimgnekimprove
the aesthetic quality. [0085] Although the first embodiment has been described based on an example

where the thitRed$¥8¢ tRdeterBEayLoarrane alrdeHe oirthan 88RibRLadaREaARBH Y aREbABRE toward

the outward %%eom;&gor 'g %iFection, 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 rgae0djody 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&PPAESIEHRRNB FU[HHY6PLE RN BE MBI BIEITS Tlow EfiRtRePBY H¥hriiy rotor
100 accordinﬁt@a@ﬁ%@@@lﬁmﬂmﬁg‘cr&& REBSERLNGENHREWY [BR e scilad el eRlfFidg (@) 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 theretio), &t (BHBoR3sUCrich i 1D honomsideverfotie sorthegddversheld. 223 Hresteatsatdd, RKGS. 12(a)

to 12(c), the stirrir 100 i | -shaped rotor body 110, a plurality of inlet ports 112
orovided n (BB SaPfRco 1B of A WUHICD L85 Rt BaM) 116, 4 Lhaity Br GG port

114 providedsipfhacateralsturface kg cadrthecoutas surtaae af thrdeieidbady30.1apg antow passage
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 AcidifAtisrecraptediiongedioiatenhanast ryaipéppeiis 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 ¢dfveRfidAdl mbEHstes erimRietPE adnoOgHirsCERSH Byt gE e flebRfie ddentOoBYSt  In the
second embaqdj t i body 110 other than the flow passage 116 is configured as a
solid structu%g%%%@g%gﬁ&ﬁggg%é%%th of the rotor body 110. A material for forming the rotor body
110 is not pajoimgarly 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 sinfgf@ Rtk Sty b AHRS Rt AR e B MRS E258 10T JBer Al 3ERaTRS L B dSsible to
form the rotog herdyirdd QdroamaoiecAiatRlmateBals i en RRIRGy BRITBRDRL RO IHS oMy ocesses.
[0089] Based (F)ar)érconfiguring thgﬁ%tor b(?dy ﬂ% in such a simlé?zJ sﬂgape, the occuérbrrence of unbalance
with respect toatheratévonreststacemib Eeniloiwn asshJeh Ll diffdeeredydedmoathahitiedbones tasdilie tohich is
likely to causg unbalance, it becomes possible to almgst eliminate vibration, shaking or the like which
Do WG DY R R OB ™ T LR 1000 o LB e Eo

would otherwid
surface 110b-gidh@tiotorfaskirhpie, iy ineaifReiABVPPasaide opBasHE forihe 69 pResiipnRRsteA18). In

the second embodiment, the number of the inlet ports 112 is four, wherein the four inlet ports 112 are
arranged sideogy-sl@dhseughcsesiéntiaving a center at the central axis C, in equally spaced relation to each
other, and e the four inlet ports 112 is formed in the same direction as that of the central axis C.
The outlet ports 114 are provided in the lateral surface 110c of the rotor body 110. More specifically, in

the second emborligiersbinie adrameriol thrntatiah partsddgdidsidare, sibiedimediohyvqfaegtsurieutet ports
114 is provided at a position more outward in a centrifugal direction from the central axis C of the rotor

body 110 (at“é”H@%lfRS_HWé’rﬂqéfgﬁmﬁ?omTﬂ?ef@éhﬂaéﬁ%ﬁ%@ ﬁ?@fiQH@@tiBﬁ%ﬁ?@Hﬁi@m}a‘f“f@ ﬂ%’%%n?ral axis
C)than a COfﬂ%SrﬂBmﬂva&s?&iﬁem}ﬁE&%im'eﬁﬁ%ﬁé[i&&%-]tﬁmfﬁ%&i ﬁ?l%tggsé%eﬂ?rﬁa%ﬂse& dina

direction perpendicular to the central axis C. [0091]  The flow pass 6 Is formed as a passage
communicatiperfeanitiearing ivfleb pwite fHkPevfith 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 fIBWBlassages 116 is formed to extend linearly from the inlet port 112 along the central axis

C, and then, aftei-pgngling AtAright RIPIRuSEENTHNGarHIB HiRreaRriftaalairessianahagd e 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 dyitingea twpdet iroa atatioritinecabilst oiatheinastrdibd tooviarslithe eemiial gxis Cogfdihsiugh the
flow passage 116 in the second embodiment is configured such that a cross-section thereof has a circular

shape, the CrEEERARHIa PR ehe HBWIiﬁﬁ%é@?héﬂéd{‘mﬁnﬁwlﬂﬁe_@hy%m@r%iPA!EJRi %Hp@é@éh as an
o R AN AT aRGe AR aRRRE R AIGPHTRAITIY dOILpS A= below

r
FIG. 13(a) is a top plan view Illustrating the operation of the stiffing rotor 100, an Isa
sectional vieBatkedtiatthgntjiegapesationtinhtio€ thtirountpr @t 100 inl thés stiaring,rédoexX:06bls, adaptéd 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 toWHNHEHABIE QipetindRe foyakE clodkpdi AYERIng tRYiFRARY bR 1K Nge A Bondition
that it is immefgeddmp fluid ng P REATERS Mud RrtaHReRYde Rt btherdew Pessageasntl fdsalso

rotated together with the stirring rotor 100. Then, a centrifugal force iS applied to the fluid inside of the flow
passage 116wherdttiestebnghetdiuifdnsidtief iheftalogosisagecrlierfiovisatedtipydbaifagat dinedtjon of the

tirri tor 10 illustrated in. FIGS. 13 d 13(b). Each of tlet ports 114 | ided
o T e SN B BT ke o L SR AL S e ooree 142
so that the cepieifygRbiofRaReRRNESSERANGR ALHIR R HlehRlidnt4ithosy MR inieised 11@addwus, as

long as the stirring rotor 100 is being rotated, the fluid flows from the inlet port 112 toward the outlet port
114. More spéeifiedehparid HirtasarIensiptely sRIndpRessireon 16te8Jededrerpesrohthteligintetqheitse14, and

simultaneou tl.} outside fluid is. sucked from the inlet ortTIILZi to the flow passage 116.
Consequentﬁ%é' %%Orég?aﬁ?ﬁa c;%ﬁr%grkr(? ' aenlgmflelrngl%sptlﬁ ag)er 1 ée\r}v{:f'ﬁ rfﬁ@butlet port 114, and a flow
directed towgoddfe 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 fitz, igPof ARFD(IR i HitAaT Ak AeRisraRkd) WIeFR SAGH A rBenerileé REftaNg ofor 100 by

igfogi%‘éeﬁhseﬁrgévﬂigﬁs&ﬂsgﬁ RrAVdgReRN SR %?éﬂéﬂ‘??x??lﬂ?-sﬁéﬂ ng Wﬁ%ﬁ?etﬁ%a&i%%‘fﬁnﬂlﬁ sfirring
, g or turbulent flows are integrated with flows from the outlet ports 114, so that more
complicated flomesoundingenis|ofvilewfitho epgmagratd iim thentinic @& oelatiorh eostheingtret ot 00L4 GO 96]
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
embodiment,[¢asgd 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 ﬁ@c&ﬁﬂﬁéﬁ@'@dﬂ&ﬂdﬂi%@j% %%@W%rﬁ tf?@i'@bﬁpﬂd&é&ﬁp:gﬁj&ﬁé’.%h%rngtively,
the rotor body; %]HQI?&B? conigusdita Efa.eU\@Wﬂﬁbﬂ%ﬂ:&%ﬁ?ﬁﬁ?@%e%ﬁﬂg?glljpl%(f)?e? é}/dﬁgosny or

other property of the stirrable substance, etc. However, In cases where the rotor bo configured in
a multi-sidedid@laraprshiajpd ithtetombefaoé ibasors theafdvalhaftaide. 1 2\erintbiemotifiegoiefeakilolly to 16 or
more, particularly preferably to 18 or more, in view of maximally avoiding collision of the rotor body 110

with the surrd2 RN OIS RIS LA BaY, SR PrARE 98 Rt rofitiiosdfooaBie AN YA second
embOdime”td@p%m%%?ﬁ“%k&ﬁﬁp%gég%é‘kﬁhi%ﬂ'f? W ilerpsrssactivnabaramaldnsutiet Rarbdd 2

perpendicular to a flow passing therethrough) is set to be approximately equal to a cross-sectional area of

the outlet pothdredf (isrpssHsiedtimntheatistalofritheidtudied paenbldngerpe tiaicatistoravilias passirdyive
therethroughgr [terpatively, the two cross-sectional areas may be set to become different from each
other, depen il%% Fintended purposes of the stirring rotor 100, etc. However, in view of allowing the fluid
to smoothly flgyd 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 BIeWFRHiG AL It 0g Heta o ensss ofdbeibrell RridaldR tae enitraal by fagan

(cross-sectiopgl aepraldhe st park A PRIGHar BN ASSINGRE TGN R Rrsferaly se

in a range of ore preferably in a’ range o icularly pre y In a rang 0F5/6 to

1.2. [0099] nfohe&tcld payition Aé{b) arepohemeLtic dingramadlusiseivngian eddaladab povitihystirring
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 conrlBeRERPIRellf el dptadas it RedHviElunforetias Roesriiade, Al irgaeiedg 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 surfarg: iHboaiSpsidih RRPesiidanlthasiverabafjz0heregruRratar mevdesedbed aboye.
Further, swirling or turbulent flows are generated in a vicinity of the lateral surface 110c of the stirring

rotor 100. Asthe rHeistifrad im?sﬁaété@ﬂiﬁ”ltl@?f i3a) %E%@B)‘EWE&% @ﬁcﬁﬂ%ﬁﬁij%v@é@@ﬂenerated
in the St'rrablfﬁesﬁmé?r?fiﬁ 294 56 t&ﬂgﬁg‘%tﬁtﬁgtﬂﬁ&%Et%%z&g’sggﬁ ?ﬁf'ﬂfg]ﬂx 56\5{91%%%85%%1? the

circulating flows. In an operation persing a stagnant substance accumulated at a bottom of the
container 40 gtuicatistaludadpofttivaishiisiaddittorally) Provided é nhe et tb cly o sitiorjetloseatgathetb ditom 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 oJﬂI‘é'fjports 114 so as to sufficiently disperse the stagnant substance into the stirrable
substance 5({@%})1] 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 possiblélte. dlifmstiediraieraan exavpletadzctng foecbavhichonioady pihated seitbdbeoderive start of

the rotation. | ition, differently f ' | the like, the rotor body 110 h h
rotrasion sBU B Seai o S BEION st ata Se A T E00h T BT 40 is
damaged or higgRe, &Y ahé thRREINGdRIrs30Q i RiAGRINstep M allstifacerdthe contginesd. 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 sde@ytoayiidimanepiatebmartHd Stifnfusth Spation thigalHdataeerehtaten 4t6arwhtigition, it

ecomes e B SR S A G R s e B o

easily mixed in Irrable substance A'mo ation o
described betows, Fi&s&t 35 tortind|wsiratieaepanpprasnol eomodifiathaopdiganationf diethelebipaidrll2, 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 116spgs betferoned-kacisedaeis gotoryaipn bogyrddaituaushirasing! iikQédtatidnexidxb) is a
front view illustrating an example where each of the flow passages 116 is configured in a straight shape.
The flow pas$agffaBecorFigensaaIfe makiai ! SR dagans HbW AseigranicdedreeiviMiladdition,

this momﬁedd‘ﬂﬁ% Eéf?%ﬂ?réiﬂr%&&?‘???hi ‘8&%)’%%’39 fﬂ@‘lﬁ'@&‘@'}%rﬁ(ﬂl}eg‘aﬁgﬁ ﬁ’ﬁ‘aﬁ‘r&%&ﬁ?&tfﬁ%kape': IG. 15(c)

is a front view Illustrating an example where the Inlet port 112 is pro with respect to
correspondingyededfeinpbetctdst-seavioa-perpbackidiiiaretatherceht | wkisreihathe dimerpssanguldiGhameonfigured
to extend from the one jnlet port 112 and then branch toward th%tgéijrality of outlet ports 114. As in this

modification, THEetSobMsT a8 Ay KNG prdii AP 82pT OheAth PIRESAMEH REANRM S JCHEE 5610 114. In
this case, in yigyy, ppleriogiasly sty %H!é‘cé%klﬁm@e@ RMRAndleyy thepght it lIaymessage 116

without stagnation so as to obtain an effective stirring capability, a ratio of a croSs-sectional area of the
inlet port 112o(teopsrpbetidnbderehtd thessriettivoroflthe oémeotyiddpepentioulgsasshegehsabtxiough) to a
sum of respe&tive. Cross-s ctionatl areas of thF outl tS ﬁortz 114 Cross-se tione% areas of the outlet ports

K .

114 perpend P! 'ff)gl%@ war e ?FH%M%?B &5 FgBY)? BYWPE" ﬁ%aé) f 1/3 to 3, more preferably

in a range of (44 4p 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 IR $ifcRegonthAmePATaet regicn61 e ofreapsiawrgnes Jrliive e vpioukisdgestnise in
continuous relgion {8 e OHISkEAN 4145 GenTokTed o .20 AnalE Wil FRanert G dhe cerpfugal

direction of the stlrrlnggr% ase changing an orientation of the outlet por IS manner,
for example, snhaitdhrestitring iebillQ). is ratatedkin theshgpaterelociknvine cireeticagndinatedday 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 e BEHRHG 162001 aBeabulimaxihs Ry inse HatdedBfPidicated (by the arrowed line R) in
FIG. 16(a), t|1|61jﬁ flow from the outlet port 114 can be brought into a turbulent state. In other words, in
this modification, I]he arrangement and orientation of the flow passage 116 and the outlet port 114 are
appropriately setFiepet@(a)gohoiffeilidetthpurxosgissod therstiifind sodpe, cfdtiaditvbe segmestpdssible to
obtain an optimal flow for efficient stirring. LOlO?] . . .

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 puatlgf 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 tubbQBpicwerdsijdecHieRs SfdrraNuve segmens L L0¢ fany e appsoRtAsly vrbwWeanerdiging an

example Wh%ﬁ’iﬁf%ﬁﬁe%]%hﬁ?o%‘é'&ﬁa"Ssré%&r?u‘?tii&w%fe{hg%ﬂrﬂﬁi‘?&j& o divaghon oG [REHRRAYS In such a

manner that a region of a corresponding one o ow passages 116 in continuous relation to the outlet
port 114 is cardigheecutobee ariandegkorrthefsie ahtres deyaecsitaflti@tiivesddd siedeppiophretase; even if
the stirring rotor 100 is rotated in a deep position far away from the fluid level, the entire stirrable

substance cSHEUNH R RUPISET B8 15989 B §enerating a flow oriented toward the fluid level, a

gas outside c[f)ilg 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 speciflostiwg BfGheliavel ustraeat 140k xaropiaveybegmerticl i0aminjebepresiddiatbepiavided in the

t f 10a qn the drive. shaft side. As in thi ification, all of the plurality of inlet ports, 112
i iy v g1 AR T S DI ol s e o 4 S g kT metind
ports 112 mayRRritang s rbebniatripadtineresids Omyjdrdamitigedisial #RgesidR@ADRMEMAINING

part thereof is provided on the drive shaft side. [0110] Based on appropriately setting the arrangement
of the inlet p&ft§ontavesse@peiital IR PEYinte Hiedipusbekelcablbe ldhisraaes) trusane effestiatet ports

112 on the drjv ft side may be moved t itiop ¢l I f the fluid S0 as to suck a gas
outsde of AL > SR THRR o e e SECRLAR STt % e R sl to atow a
gas to be dispmiyed in the fluid or to allow gas bubbles to be entrained in the fluid. [0111] FIG. 17(b) is a

front view iIIustratian an example where the stirring rotor 100 is provided with a gas suction port 113 for

sucking a gas oufdfde AR urd(@nileshaie pxaBRige ah e emphiintatAncave srEmsbddRepoior13 with
the outlet po%%@\,ﬂﬂ%rﬁ?&%ﬂ‘iﬁé%f FHGcohEE0) @%ﬁ@@ﬁ@@iﬁ’fﬁ‘@@&%ﬁ@ﬂ&? BRATIHSH R yRerts 113

are provided in the top surface 110a of the rotor body 110 on the drive s side, and a gas passage 117
is formed instdetthleaxatQr hagdpeld gt beratyrmangidatahepehsafitiseagasis FéGo AGM@rts 24(8)withmay be
corresponding one of the outlet parts 114 via a corres grnadd%%one of the flow passages 116. In this

r

modification,%@@%@rﬁéﬁﬂﬂ‘? aiatREaIedp hayPe _ d WHREREVGRG ZRansh Hl’)ﬁgai'ﬂ 'And the
il the st oo T e e B oy thachuc o to
allow gas bubtgawnts btOemegaperd onahthélad.njoy bejarranged 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 kifematithm CRiprauris atet apitwacie dieatednitflef Rorva klyiseadditionallycprexided 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 BEIPPISE4I AAtARYEIBh RISt AN RREH pegiaHes B8 dhsr Pl IPaseihe 116

has an enlarggd PETYQN 49 4o %gdbﬁ/ RINATRIOQ AR 08S ﬁiét'ﬂ?et%héipgr he Qs BofigPEERIan
substances t%erein. In rtLe rotor%‘o y %vin’g the one #}?et port 112, the fﬁﬁi)[d paoggfngoﬁgroughst%e common
region 116a tifrtie flovugassageet 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 E1478 flow passage 116, foreign substances in the fluid can be captured within the enlarged

portion 119 by theumwmmuaér%%iwﬁﬁ@mw% forSthsd,MAR dhisigliree ik 400 can

simultaneously perform stirring, and removal of foreign substances. A trap may be provided inside the
enlarged porfidrsidddpa yedizbishhrddrticesagsttion fokigrosebsfantpsofeddif thatbroeytsdjosmtstion is

itted, inst f iding th ' forej tance-capturing fil b
e 1 AL RS S b S H s A B
an easy and ghiPigempRanes dhieilteemaxpecialde obastréarialistitghia fesras intendes Rirpese, such

as wire mesh or sponge. [0115] FIG. 18(a) illustrates an outer peripheral shape of a cross-section of

the rotor bod{onYeXSeaRERiHIP safely POtpetipdrtietales ere keenhanssds AN AddIfIG itiBEMHMesan
enlarged view of the area A in FIG, 18(a). As described above, in t nd diment, the rotor body
110 5 configthibls S meebiEs o A R B o B B R R TSI e
of the cross-sestienvattiheereiorabredyoldiGpeire nibtiudat thiheaee pérl axisatiotatien axisg Silmblenfigured
as a polygonal shape. Specifically, as illustrated in FIG. 18(a), the outer peripheral shape of the
cross-sectiorF $istARCPotor body 110 perpendicular to the central axis (rotation axis) C is configured as a
shape where &Egjrality 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)etoe 2(y)trikvgyatar ahapemplethberashbustriatedenipréal kBby, tfetsbape of
each of the convex segments 110d is set to allow respective sides 110d1 of adjacent ones thereof to be

aligned on a SSIGRETRAE LohattRE BORYr HiipRESILHAYC 1Br the UL axiidIPBHRTe F9Br boSy 110
perpendiculagJorifecaenial s BRI A IRe (S anligynshas-RRabianflshrprs(capyex Relygonal

shape) 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 goavYridsggmantablOslbsan&xautplas iiscesiniottc shepetef Bug\canyessagmeahadd in the
cross-section perpendicular to the central axis C may be a shape which allows the outer peripheral shape

of the cross-8BRYRINPE 6L IIPBIGRYN 18Tl AHE NP RS AR entfallisisarotafidh Hxib} CaovBe
configured ag3 g ﬁl&"’l‘i%ﬁﬁ%%%ﬂh&ﬂﬁ‘@ﬁ??é '&'ﬁ%‘?"i‘i"ﬂ%&ﬁ'e@g&?sﬁﬁ?é %g;@gFP?e&imerw@ pallows the

outer peripheral shape of the cross-section of the rotor body 110 perpen ar to the central axis
(rotation axisyRetotiee stionidig uoent a8talsiapmiatedria arpligtalitytottméany with shegred nerotrusiofikeare
provided in a circle, as illustrated in FIG. 19 Alternatively, the contour shape of the convex

> (b). [0118].
segment 110RFRAI%08 CHRS TESENBR B ATE AAlitad At i‘&erﬁgfe%ﬁa?%{%?éec may be a shape other than a

generally triaﬂﬂg 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). Altesnafizelto 2dilep ilbistitesarativamislomitedihe noatobeshape othide Soitattestgoiegbnal

h th itable shape copfigured b bini d lines.and/or straight lines.
0116 I o TEC RS 8 B rR e P oBE AL R0 HEUSHD Hopl e GEt At ehding on
intended purgesesiBnglpstorRnaiigrs whiRgstiEingdmocdfx Fdghentdt 1300 Be wislasstred that the

number or arrangement of the convex segments 110d may also be appropriately set depending on
intended purfiigaksarfacadd Govfdiroiesonoadnl 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 sgg@nts 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 perfeHtifc M tcaiEbeAttaPafisiTanely the £YuRerafyeRindlPer khapefigurafliditaled in FIG.

20(a) or 20(%c9e{nahmyr Qﬁai%ee%(?qﬁﬂ@ﬂll%{t%ﬁnslhﬁf @(%)i.”‘%%@éﬁs mrﬁ!%e%%@uwageoﬁggg &tsgﬁjﬂegm'a’

although illustration i1s om , It may be any other suita ape. In an arrangement o plurality of

concave segimanysollikdeyiztjrchapnechtheaabicotaysimpaoraangeiipiicelosafed rélatiape of thesantde arranged
in spaced-apart relation. [0122]  As above, the outer peripheral shape of the cross-section of the rotor

body 110 pef{SBMEcHEMER A Wb AR BEieC(HiRHRsh8,ASF e RBRiRy ShaRPa s HCnpa MRBRAHePpiurality of
convex segmapis; i 05 0r FONSANRSRITANA.bA0CI AIRRIOYIHRTL N ARe FHR! e LBl JiHpmakes it

possible to generate moderate swirling or turbulent flows around the stirring rotor 100 so as to enhance
the stirring cdpabimgy pe bpangedHIGInRlixpa@rillustrate 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 perié | shape of a cross-section of at least a part thereof perpendicular to the direction of the

rotation axis C hag@sshapg whe(e) inadpiateaditeirrpRvenc regesliR I Rr Fans YR sRIBEAERtL 10e are
provided in a circle. Although typical examples of the shape of the rotor body 110 will be described below,

it is understobtPhtit trecsprsecivtheeratdrisolay 1bescABralnitsd inchaeiamRpResobanw] asEGS. 21(a)
to 210 ilustiale ap exaripleavisie e oL ot 110, configwert o hiave A d8 sidedipoanpal shape

. % g,
In Cross-sectron, and a corner of a top of each of the convex segmen IS roun , wherein FIG.

21(a), FIG. 23(mcend 6d GF A (erdrreoaytanmkaie waweia Fmtasey (sde2eieydnarid @ bettyare/icon
respectively. Based on rounding the corner of the top of the convex segment 110d, safety of the stirring
rotor 100 carPl38 ¥isHaddERNt e dHsnY IRBeR i BorsTiRe thefRRFIMENe d LREPANGEItRR R \ARREHEe stirring

rotor 100 beipg fafaiedis brought IR SARASEILD the £ADIAIReHAT 86Kk SeRHARF &N 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 110134y 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 substanddestieRe Yi8hsity catcayRsadisPbbERR TRY O8rRgliesiethatenanbyarsiss8aesh provide

an efficient sfiing aperatan, [4420Ly FIGS AL ZHAN M Siale An ARG where g gogour

shape of the convex segment 110d in the cross-section perpendicular to the central axis (rotation axis) C
is configuredthsraageneridiy ahe shapes vegereits ihodwelvieeconvigrddeqrigniy fdt@anare 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 i¥Rtliew (side view) and a bottom view, respectively. Depending on properties of a fluid as

a stirrable substafGe,FUETLRIMRERTIndlEe O QMRS (ROBYHHHY £PREOYIRH RalNB.aRAYS shaPsFan

provide an efficient stirring operation. In this case, each of the convex segments 110d has a roundish
shape, so thahipbetandwpissisreitepheribdrsredece thidyrisketiohthevinsthitactidrifg aototihd GOtiesing rotated

is brought into cont ith a container or the like, debris or chjps are generated and mixed in the stirrable
ubstance. (VT LIICERR ) RS aroESARBIATR i ST e AR R B F e Bomven
segment 110g,ipdbe LopSteasH P eNeiCsHalototHaeneRBHad ATdB:(DlgHiI ORasBE) deriveseinfiguked as a
generally trapezoidal shape, wherein the twelve convex segments 110d are provided on the lateral

surface 110cCOREAEANDFUIEYELLOP SHHAREHBMOF IE: CONGEY R B. RUVSX hePRoG, 2ufroeaktdR B3y plan
view, a front ylew fGigi, WA AR B Ry TasRRElysh enendlng. an Rrppepjes of a fluid as a

stirrable substance, such as viscosity, etc, the rotot body configured in the above shape can provide
an efficient sfoni®g] 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 tHéSer&ew i'i%? fharHerdiEtrs N s9aHaUEBAR S8 HNUS O, BEtdiE Hhefhrftied Ber a part
of the OVeral'b'&%u‘?‘l%&@i%ﬁ@griﬂcg%i% oV %H\S%%?)m%% RS EBIheald [RayPe

provided only in a portion necessary to generate swirling or turbulent flows. According to need, the
convex segmetur bhfyl Ibaydoé qureditheatten dtepdop 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 viewpa3gpnt 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 efficieﬁhl%tfﬂ‘iﬁ’fg Q?Séréﬂi%rf.“f@l@‘i)]‘:?nfliﬁlt% PH.éf&iiﬁ@étiérﬂ‘,a& f’oﬁeﬁﬁﬁabfeeﬂi‘ﬁ‘lif@'cgﬁﬂ%x degment
110d is conflgwgrq"g ﬂ#‘?f%?@%ﬁg,:ﬁ%@ﬁeﬁlgl%ﬁmﬂtﬁ%ﬁbf 'sﬁaﬁ%fs@)géﬁgﬁﬂ}fiw ufé}es%eﬂd?f%ce may

be configured In any other suit ape, such as a circular shape or an elliptical shape. A shape of the
entire convexaegitentapdfidatalyabe, cofrtiguried, dsdendeod)varkdtesnatieglg sthsuctoasodyyr@magdieor conical
shape, or a semi-spherical shaﬁe. Instead of the zigzag pattern, the convex segments 110d may be

arranged in £PAHENER AT PR PR RIASE 3 EaFRBERS (€55 FStAalBH I RIS W8 HRBESHr shape of
the concave segmaRinl 10QdAR QIPRSBHINLAF RONAIGHIRT dh R e8TH 3! @R GRRUAL RNk IS

configured as a generally arc shape, wherein thetwelve concave segments 110e are provided on the
lateral surfacef Lo0cwd thementy biddy(dri@®naex sehoestn FIG) 26{ayoFided 26(b )spirali EIGoge (CF are a top

plan view, a front vi ﬁ'de vieV\g and a boftom yiew, respectively. Depending on properties of a fluid as
a stirrable su %Pe?%%\fvg ‘i‘ﬁ’ég%ﬂ e8Pt ,"’tﬁ8'ﬂ??@fr body 110 configured in the above shape can
provide an effigigg)t 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 &l/efak¥énde8(andygitate 5o @yananviige diciondetynd edsteafignredan Bushapay be
R A S0 R SOOEPSEH ORr f o
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 110cl 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 adiesteativdigWihesnestivgly . fyepaadifaaomprapasiemeftrelitiduag adtimaersohstance,
such as viscosity, etc, the rotor body 110 configured in the above shape can provide an efficient stirring
operation. [0184Pe Piavidetaiserstitiee e SHva vEdk et Hig\PBROBEN I tRH NS 8blof various

shapes other{fan theSGMl SRS KA AR S BHER t?o%;{]”gg?ném@m aar‘é%%.eﬁﬁles&?e"gﬁ dpgtead of

the matrix pattern, the concave segments 110e may be arr in'a zigzag p [013 Further,
each of the toplsucfde Iikalandilbabqidainswiatbe tikOldanaylirarceodérechiy drypsbagedotihes than the
semi-spherical shape, or only one of the top surface 110a and the bottom surface 110b may be

concaved. InSRPSEIF R GIVIRBCHYE BFSatHE b5 derbPYFARL BB IPARN 1 0BE trﬁ’éofﬁf:?%rface
110a and/or {1g hotiRmrsiiaeant AMBIaMiBR SCIVRXAT: JGHPRRYSALAT-SARY SYREER FHERRE 110a or

the concaved or convexed bottom surface 110b may be additionally provided with the convex segment
110d or the condaseatesymdniGl 206 FIGE3610(a) Itas2a(mkretd aohyhbe trafigpretiffscmbdenistwiace region

S T R T T

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)), pat-sigenprabyycirroians irrngisnlfeantside wusiseyw ey 0FlGe 286pHod)138]maymatkber words,
the rotor body 110 is configured in a shape where a thickness thereof in the direction of the central axis
(rotation axisYiEEeERRRIANSE dEheasstd BIa R R GlARR A SidBU K tHed srtHmbIaR JefRRe Y8 Yhat it
becomes poiﬁﬂl 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 stirrifg auititioh Q0 saitig tof emhstimpe dfetistirttog beghabiltyas [@E3Yed doeacdatehmdyoll10 may
be configured such that it has a generally elliptical shape, a generally rhombic shape, a generally

semi-circularSHAIESH % SBPEHY G SR EALP-SARYR Shapg Bh Ay e aER6RRl LRS! iPOROMLOiBRY (side
view). Alterngiively,stie tors P Qe hymantRa fBRAGHEEAPHARAMIERSN HIeSe At PRRI Gufich as a

regular polyhedron or a semi-regular polyhedron. Alternatively, the rotor body 110 may be configured in a
shape wheresarfsice afitheofotariralyel 8 s eatsi Ay (ori o ve xaeghentsprd\Gesitelicquididgyl on a
spherical boig (‘ﬁﬁr an ellipsoidal body), such as a shape of a golf ball. [0140] FIGS. 29(a) to 29(c)
illustrate an x%\ ])Ie where the rotor body 110 is configured in a shape of a combination of a circular

column and a muKi-gieigeh REABRIdRL MR, By heIgiing| @ PRty B Aitiag d dide. ZRHGQrarea top plan
view, a front view (side view) and a bottom view, respectively. As in this modification, the rotor body 110

may be configescetbasy tbmoin s Akl bBUfR SN BbeTEEMRoRgEIRersibeHEY (0141]
in this modifigeienathe raIRrLaC Ao Epaauied By slacknaABIEY RN AT A e

pyramidal frustum, in such a manner Ss of the rotor Irectiorr of the central

axis (rotation1agisleCauractal¢tectaasgs tevdare Bnafpuhuand selennilbseestifiegahgitastion.this makes
it possible to smoothly combine a flow adjacent to a lateral surface 110c1 of the 12-sideq%f£gramidal

frustum portiBﬁ%Ffﬁ'&QlW@alM%V‘éQ@WWﬂ'f@ &Rfé’?%ortﬁslw.uﬁtmﬁ@ %56@%@_%@?, _ %ﬁ_l%teral
surface 110“%@[}@%& ‘Bf'@ﬁr‘?ﬂ'é‘%%%ofﬁﬁ%'@ é?ﬁﬁféaodt Bl CHMRY Aleld e PR B R} Alsgetion than the

lateral surface 110c1 of the 12-sided pyramidal frustum portion. In other words, the convex segments
110d are cortfigunedbsocasenagidssiprettadéuftben tingptaterahsustadadl ldapabditywardlyisnithefteniviugal
direction to allow an outwardmaost contour of the rotor body 110 in a direction perpendicular to the central

axis C to haR& eHelVardiadell AL ARNLSH HBR it B Ran COSHIBN DAtHESAAIHY 1L 6D, while
preventing degisaqshing ke Rdrinseea R ssHee AARABHHE RIEOANEIYTRR MRe 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 pymausigia Sty RoraTiion cae: ierisiubatix 2 ddsraocblvaitedriarihesorribinationkef a circular
column and a multi-sided pyramidal frustum, as illustrated in FIG. 29 (FIGS. 29(a) to 29(c)), but may be
configured byVEBABIFAGINEBEIHORE 63RARHEYS tRAEECHRA¥NSYHHI DD WeHIgYw T FeItE b RMN,

circular cone irSl =Sl i hsided. i stum
i BHAUR NG 8'&5?4#—!0&' Rigesk R ARy Ay &Y ES”JH?F:‘#BW ’
sphere, semi-splﬁere, ree ular pog/%kec}?([)ﬂn an serﬁle@gguﬁar poI%e%}ra)ng%M %@IGS. 30(a) to 30(c)
illustrate an exahepiegrmblersuthamodédnioaty ihld ditideshihtn budflsubebddiastiyabld augstpnse fronided
between the divided sub-bodies to serve as a part of the flow passage 116, wherein FIG. 30(a), FIG.

30(b) and FIECRY 28t tpSpIiRtickCames PSR (i 9eglalk)camR Bk BmWARIP e detldly. More
specifically, thg FRiarRRAY MQRHIS RIS aian G OmRHsEHABRYE ShalisitesaHib oS iR for allowing

the drive shaft 20 to be connected thereto, and a distal end-side sub-body 110g provided with the inlet

ports 112, wietés 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 Passa e 116 is formed inside the distal
g 2

end-side sub-bo RRTHIROSECE AR YIRS TRRAEE L T1% TAthCL & FoBARDL  BRaIAN e

shaft-side suitoesdetOfigneetheralisirbrRdcgidBesHinhARY AL 1GgrSerthRitaR @ap Retretothadivive
shaft-side sub-body 110f and the distal end-side sub-body 110g serves as a part of the flow passage 116,

and an outerq3giaghefPiBp e Yo DBIREIASHEHTIVG SHaft-HIBeob@bChBdl a1 CTHitdiNelitistilrapld-side
sub-body 110 serves a5 e oulIetpers 114,10 atherprds, e Uisleor A1 n s maficagon i

: s hif against the ¢o el
provided over the entire circumierential region o eral surface c'othtlhegrétor o&y o) [0144]

Depending oor pionieetieT s aridkid @pasibie ab|Risobs tastiteingwpbrasovifcasiie #i¢ o theigatatabogy 110
configured in the above shape can provide an efficient stirring operation. The drive shaft-side sub-body
110f and the iHiRstRAENE idicadpdiyERPEB0g 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 rotorbody 110 as described above, a degree of roughness or a more fine concavo-convex
shape of the outdnsihefaeeond térebumtiondno dgadhl Ofntizey doe\adlj sspedtncs mtde acteateiyavostphéioaws around

the stirring rotor 100. Further, the outer surface of the rotor b_odt¥1 10 may be variously painted or colored
to improve aé%ﬂ‘?e'ﬁcca'&féqliﬁr/‘?({(ﬂﬁ%]that 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 illwsirateelsmnbikesSt gadaibland adiém, Hig piliraliteeBIMNGHIN GEhIA) R IeRERRAdPgether in
the direction of the rotation axis, so that it becomes possible to further improve the stirring capability. This
is effective, patGelligiag Withdheiifd s vesanrfe AURR SSRISPHRIAHAY THee stiingstel it dne ot i9strated in
FIG. 31(b) m ga ide t el f‘t inl dg side. In
this case, theg%lda %é%%ﬁ eﬂ% nr?o&jribé@@:%sﬁﬁwﬁ!gsgrpnoﬁé@ Ii%ﬁ)trr{]héf g}g? %&#%ﬁ%ﬁ%ﬁ% gﬂ g@é@g the
stirring rotor ®¢€haicitdrelingeto [ibssibctongel @rin aoimertidcsafieryri s@d: raduaior bisk\ofl 112 condigeredofuch that
an outer peripheral shape of a cross-section of at least a part thereof perpendicular to a direction of a
rotation axis FRBIES CRRIRY A7 dhe SRS ML RINEFYISE B SR LIOS A VRS SLEYRREAtY 1P8dSdltoncave
segments 1155%@5@3(}{9%{%]&@ 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 l116[eétrBmunicating the inlet port 112 with the outlet port 114, wherein the inlet port 112 is

ided iti | [ is than th I 114, and th I 114
provided at & pooR QI O LETRHP THhE SRt LT ARG VETATEH S (e T et por

112.10148] rouhbets. theistifdRE iDpREIOR EAprbRRMAMHeeEMhREOsiiaY laMefiirn rEueRRilekIr the like,
while ensuring high stirring capability. Particularly, swirling or turbulent flows generated by the convex

segments 110fths GeeLEEAES0E GHTRABMBIANIDS @iréhs\HeEryibifbalip P iibervoseMeriroseGithen stitrable
substance intg the inlet pagt.1 nd an outflow pf the stirrable substance from the outlet port 114, so that
it becomes p%)?'sréllgger?g)beef}rlbe'rsa%ﬁ gc? arﬁ]gigggeﬁa ﬂg\@ Ejrbulent flow) in the fluid around the stirring rotor 100
So as to obtajpig4)onconventional 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 Furthet f1866AEBeiBIETo S50 I ABR/BNiHSIMENST fHAGiRS BierseSaVAr§IBRHS100 or a
container conajpig /e SHFRDIEAURIANGS CRBEP AR IE TR (oS Yerl hrsfiignrgior 1001s

hit against the container or th e. This makes it possible to perform a stirring operation in a safe and
efficient mantherdirees@eofivie obiatiended pes pogesrdhl 36 shape thd biscoakkeinpadibient, espheahcef the
convex segments 110d or the concave segments 110e is configured such that a contour shape thereof in

the cross-sectibliFEBEARRRLIR: I HESRIRSEABI dia e Tbtand MaXRSHARCE Betfthaly MR hape. This

makes it posgileiARANRIAIARiiREH\RBUTIRE®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 @ﬂ@é-section of at least a part of the rotor body 110 perpendicular to the direction of the
Pl B L e R e
possible to ingieasdidiarst Qs afdam retessbeenohilpachfesiirtaidredusivmanst ahthe 4 elew 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 arange of 1/3to 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, spehasothBpfriacaciing fyweadttingsiartwoitine jeetatantand pil\vetizaion of powdss particles.
In addition, the rotor body 110 has no sharp protrusion, so that it becomes&ssib_le to provide enhanced
safety, and r&f8e A RRSRIBIEtR08BRIGIPhECBI AIAYGR GRilHIHGNGF tRAaNke RIHRIHNDEARPRHErWISe be

. and réBige B AR oo be
corner of 2 1o o Sa g S e R EE I v

further enhanbe chsaifetyxaris domtteat. 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 eW&iment, each of the convex segments 110d or the concave segments 110e may be

configured such fiahe GRB{URHIARRANCIROLIR e S oo sRiaRoE MERHigRHP AR diRipn of the

rotation axis has a generally arc shape. This makes it possible to enhance the stirring capability while
maintaining tvbeseifetyednldtthertrésistad tiee thoslapaseggectip pin grow sl Nkidhdesipegt ihittimespagdivesorE certain
object. [0155],  Preferably, in the second embodiment, a ratiq of a cross-sectjgnal area of the inlet port
125 perpenaill RO T B Ao < b AL B AR A A UL E o
passing theretupughloitiatQiorrisealiRnabaraa iehdrerreit b RMk kb J rReEPE ReisibRItInai HlevrtRgrein
(cross-sectional area of the outlet port 114 perpendicular to a flow passing therethrough) is set in a range
of 1/3 to 3. ThapaRitikedut Forssioy ksianGhstagn aiirpuBIERASH YRGS Renorasssotdhbthrough the flow
passage 116 3%5@]'5 to prevent deterioration in stirring capability due to accumulation of stagnant
substances \/{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 eminanee: the stitisngrcaragityininrtis coses theoietor Heskiutd Wnarytraragliyidi@veparportion
where the thickness in the direction of the rotation axis is constant. [0157] In the second embodiment,
the stirring rotd? A0BXRASRIGESAUBIL AP PR SUIBP SoredsianeeiRctel IO IBE SYEti9a 93818 Be flow

passage 116586Ee8rﬁxmﬂ%‘gﬂ‘sﬁ%ﬁf}ﬁrﬁﬂ?1%%@8%6‘8&8&%Htfqtﬂﬁe E’t'Hn.rg i@’sﬁﬁ&&%’e‘. PRI Iy Lbys, a flow

rate in the flow passage 116 can be maintained at an appropriately high value, so that it becomes
possible to ppevsihledetetor atio hubbsdsrting: eapblehtyathee iothestimiblasobsahstagnant substances within
the flow passage 116. [0158] In the second embodiment, the inlet port 112 is provided on a side
opposite to t 81Ve shaft 20 to be connected to the rotor body 110 so as to rotate the rotor body 110.

This makes it posgiplg;inRyeh /S RBNHESURHRAEERH BRIHRMLAT AR FRRIINESISRRS B BRTiAgM 2

reliable stirring operation free of unevenness. In addition, it becomes possible to perform the stirring
operation withubors dé¥tadiinged anldébeldifethiostotdhterstabstangis. [ONB9]makes thepssaibiade inibdiment, the
inlet port 112 is provided.on the outyard side in the centrifugal direction with respect to the rotation axis.
In this case, ?8%5@?3 I%t,'ré'ﬁlﬁ?@éégﬁ&'in FIG. 28(b), the rotor body 110 can have a portion provided in
the center of e gistal 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 WHarBRriaMBRIAEVMBISI>100 is suckingly brought into contact with the wall surface and

f:gesreesbzvthheer;”t'ﬁé So#rriﬁg’t%riesog%% ik V5P {58%&&&8.5@;9%%{%@]8 TRBBARIRE AUTFIRG APRRASeven in
g rotor is manually operated. [0

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 subskaneg, 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 stirrabl®%Mstance. [0161] The stirring device 200 based on the second embodiment comprises

the plurality of stikgj ' irecti ‘ofati ' ' ' ible t
furthor snhance T Sirome o, T TR MRS T LA APS SAeg roor

300 accordinglta ardraof e bbolimentr ot thieafir@semsanisetiovitvitl devdesoiilsadhbedoavnielGr. B2@), FIG.
32(b) and FIG. 32(c) are a top ﬁ)_lan view of the stirring rator 300, a front view of the stirring rotor 300 (a

side view is iGUHECHAARGER), WS BStbHAI0g(0tek A1 LiAthapiedds B i HEd ARy BENAIS o
partially Sec"@?ﬂe‘diﬁxvtﬁ’é LBRsiiTRg gteRSRorR dusihated {Bchifas: R7He IBrnclids SRS frior 300

comprises a semi-spherical shaped rotor body 310, a plurality of inlet ports 312 provided in an outer
surface of thdnigeahbb AP 3m0, thepdanatityiat partion sG8Y4pravidedventlmal uteasufacteasfttiieadotor body
310, and a flow passage 316 formed inside the rotor body 310 to communicate the inlet ports 312 with the
outlet ports FA! fﬁ&'%@ rer]ﬂ%?@ﬁmg%qgﬂ'g%bodiment, the rotor body 310 is formed in a semi-spherical
shape which [igigs3hape 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, alititize $pkie AEROHEIRTER SerREoB 1T oidiedy alSumeridt vt tPRFeRIsetiGi e the
central xis G, My peclieal s Aelnsh surasr. 0P RIamertee e sge e SHends ©

dﬁO
become graau arther away 1rrom central axis C, In a ction from one si ower side in FIG.

32(b) or 33) ttheathe teidadippE Sidesinobpartid@dlyarmditidohtnencanims raxisniateiapthrabiorsts, the
rotor body 310 is configured in a shape where a thickness thereof in a direction of the central axis C
gradually dedfel¥$e® R SHCH FRVHPER sefEaiRiSSr &35 HiRBEFighwood, 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 connectigiporimie3d2ditryIRe mMheam@aHdaalmaeanke Suaibasdhieadutirnpeat @ oisepgagement
connection. [0165] In the third embodiment, a portion of the rotor body 310 other than the flow passage

316 is config%@(ﬂeﬁé%@d?ﬂ@rt%'fmét@ B?H\?iab“.éﬁﬁfﬁ’{é‘&ﬂi §fréﬁ@%ﬁi_6'? fﬁ@r?cﬁ@)‘.ﬂ"éﬂhy‘ 3‘1Q§owﬁ%‘t'erial for
forming the rBE%EE&Wr;U}IQ '&%Fé@ﬁ&@r%ﬂaﬂx Eﬂﬁﬁfja%‘t(?‘(?fﬁﬂ@r%?&aﬁ‘é ateyial %ub@sﬁ)ﬂ%ﬁq%){/ﬁepse.

conditions, such as metal, ceramics, resin, rubber or wood, may be employed. The rotor body 310 in the
third embodiaveayt isaesignedninad skispe and eisityidabperptabieutar nachenabieatontiguCitiban so that it
becomes possible to form the rotor body 310 from a wide variety of materials without being restricted by

production prOCESERIs R of BaJREIRYE Afigurify 1RE RS Yol 84PFHPURR Y diipIEhibR, the
occurrence ofiHRRBIANGBeNAtBLISSRAAL IR ihs faiton 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 [®i8dtation, differently from an impeller or the like which is likely to cause unbalance. [0167]

The inlet ports 3 ided in a distal [ [ f the incli f 10b on the side of
s comtral axis G315 RBOPBo0) 0 O B (PSR 0 R BHNGEREh oo SLECMR G it

embodiment,§hg aYBREpAHARG tHetROBiSBL Bofsfaun. WietheribR ieuriinteé RArts b araeatranged
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@umﬁﬂ_épbﬁjﬁsf®mn§$é@m€d%f%@%bmiFé@tﬁ@i@fa}%oﬂ?/aﬂﬁ théogentizacixes ﬂ)?‘ﬂﬁ_)@’outlet
ports 314 are provider in sl surface feglon (edlanof e oslined sufage A1han e e of the

top surface 39L 2% otor body 3 ore specifically, in iment, the number of the
outlet ports hénisafeienbietein £eght ahghe étshouihebmpitstid deisrifiguidsicerich pogidaotonexiputward in
a centrifugal direction (radial direction) from the central axis C of the rotor body 310 (at a position farther
away from thelBdnfearaks eoirReriegiBHisEPBERdttular to the central axis C) than a corresponding one
of the inlet pg5%%12. 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 linearfgimihe 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 1Y ey S4depaRommoarratre3A6H prashiges rsthabeceiasisf tBerrier BYd boring
operation us@fbEl‘odsw\'/esﬁea%%?ﬁl}fom%%a?&mﬁtmﬂtcﬂ%ﬁ%ﬁg 5’#@%‘1@0\%@%‘}&“ ég&g&%[passage

316 can be easily formed by ing rom a position o et port 312 along the central axis C,
and drilling apoal@4ranhedxsitioh affthee ivdlsighc0 Blehtovdudttbeaemoalkpads 8164 lthepegifitadyfjow
passage 316 in the third embodiment is configured such that a cross-section thereof has a circular shape,

the cross-sedfioRAINGSH AR RATHER RSP ondawsd iealion) e ) abtnassans:ap & Meapilve 8ATEOdR elliptical
shape or a pglygapal shara- (i 1Rl corﬁ%w’%té@é%qé& GiRreby s e Shafl 2O bok rtirnaliy driving

the rotor body 310 has an in-shaft passage 22 formed thereinside to extend in"an axial direction (the
direction of tlad cting dloskjznsSagertiK Glvilad sheaitrROtIs pdibz4 anddhteatioopsm@Bpravided at a distal end
thereof to se 2 an opening for communicating the in-shaft passage 22 with the flow passage 316; and
an external oié % g 26 provided at a given position of a lateral surface of the drive shaft 20 to serve as an

opening for commyigieating thdbaikatt PRSSA| AR theLutsiRed B ddendifiparaigioRed)nd10 has a

common space 316a formed in the central region of the rotor body 310 to serve as a space
communicatdtPWitbpssaast e FRINDAES aefay BUG vilepdpn the diRtRMEbN Bofireait eerefit20Ward of the

drive shaft 20 | en h mon space, . Specifically, the, cannection partion 318 is configured
o allow the 1t0 R S e 3 PR e e T o e R R R B
whereby the flvwhalkarssagac’Rngecommnesiethtn afac B1edlow 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 topplgiteiRNY ilusidisingdearenaratis o thstireoroiResage 3aed Hensaténtis a flant view
illustrating the operation of the stirring rotor 300. The stirring rotor 300 is adapted to be driven and rotated

about the cefFAtEE L BorhBelairs ﬁﬂ@?@!%iﬂﬂMH'EEW?&%‘F@EG%%@W&&?Y& @rﬁa'i_%ﬂ_ Lq_sva@ to stir the
stirrable Sw?ﬁ%:lg%%%yf]e joh/ Ath rt%afmﬁ mﬁéi@',f\ﬁirf’&fg%ﬂgré{@@% ﬂw?qpu%t'%tm@ttﬁte'ﬁfm ersed in a

fluid, a part o entering inside eac ow passages 316 Is also rotated together with the
stirring rotor &36x. J0den, 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 %5115 illustrated in FIGS. 34(a) and 34(b). Each of the outlet ports 314 is provided more

outwardly in the Gep{FifHoRlAiTRRiRY ANGiHHG BRASEI Aiian-A.CAIESP ARG ONR-RYLbe iRlgiports 312,

so that the centrifugal force becomes stronger at the outlet port 314 than at the inlet port 312. Thus, as
long as the sfltighcp netroB 0ite il e iag) acsiztedaneituili fleve o frthe stiveingledtpo A0 1i2 tatateddapesheutlet port

314. More spegifically, the fluid inside of the flow passage 316 is jetted out from the outlet port 314, and
ot G S e e G o oS e s e Al e ©
Consequenthqerfilpyafpdiating BuliRrsthRdaEar dleiiiasg iReidn Vs ihe BuiRid el ftdagadeatflow

directed toward the distal end region with the inlet port 312, will be generated in the fluid around the
stirring rotor Ho0! flowz4) a vikiitverf egsbvtthanHbet oS Aldq I eoutahasragecribRRsvr thchatds

immersed in r(}j fluid, a part of.the quiPdnad'a nt.to.an.outer syrface of the stirring rotor 300.is, rotated
together it e SHEE TR0 100 B I Are A SR e O S S BB IR e e
fluid adjacentig shesgaptendssafaye 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&Qi‘ié@ﬂ 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 guigeddg the sicisitinneeasieobihrrouftetupriencdlatentesthi nedipectisedasehoploand
combined with the flow radiating out from the lateral surface region. This makes it possible to generate
strong flows RRYFRSESUBLEUNGTRE TRABNSOSHEHP RV &SSHIR RREHIIED O WEema S ApRe B A sthillsg an
efficient stirriggﬂgp 6&99?4.[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) communica®s] 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 HieHl5sS f@ﬂé@@ﬁ\?@%?@gg[ﬂ'@%%@ﬁgﬁg}ﬁ@eqwWgtdﬁrﬁ?ﬂw{esﬁfaﬂgi@ﬂ%&qﬂ the
central regiopdyiEiQysitt s oM RAsRaAGT THRIRIARrd Heoud fide & troasaidugaldirsgtion.

Then, the fluid from éach of the inlet ports 312 and the fluid from the in-shaft passage 22 can be mixed
together throggghinterlaulgwided agin dnetieaftinassags p2otiibeonemefsing fhewstipesg sigfes FD6ibihehdgnislgative

suction pressure, and jetted out from a corresppnding one of the gutlet ports 314. [0178 hus, the
Stiring rotor S0 ELENTNIIE B T EINBOI G AT N s SHTETY PR
mixing/stirringoRpRicHiMAt HechirmahoanesasinphiBaricingranigrermoaastgtenaligvidl e dhe 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 théaléftiffeyieaifopeiaitrstdiovid deiati Rt thaiaHe SirMat Painoseo. iinieakad in a first
liquid, introducing an external nd liguid different from the first liquid,.into the first liquid via the in-shaft
passage 22, %8@5&%}['8/ §T§Wﬁgr%ﬁ§rﬁéﬁ)ﬁfgsol§3)|%ﬁ'éﬁgﬁ%%%rto Egrﬁ%:&gr fdaélt]ﬁég A f;[llr Pcﬂ@#;r/g%“%ﬁg operation
of introducingraex@tieingdoasonidiguicuide eeexib sl igasrieividedfintodis e gssidauieiaiesiageording to
turbulences caused by the negative suction pressure, so that it becomes possible not only to allow the

gas to be efftIEHRNERSSAITRARY B RRIBUVMSHFE ARBeRsiG: A<BAJIPSRRIPSEPAMRPE DaLMIBS AW Iiquid.
01701 -1GRe e BOGRAEARSS0ERAS GG AMRC H4Bite B0 AD s gmele  hgw s R Ting roror

300 is used. As illustrated in FIGS. 35(a) and 35(b), the stirring rotor 300 IS used under a condition that it
is connectedtte Haiitze 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 [9&57,9$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 stirred hyrtldpecatisd airgsperviog Kddddant ibaanepetalinnlabdi@pesstagnostagaanamdbstance
accumulated at a bottom of the container 40, the distal end region of the stirring rotor 300 may be moved

to a position é@bé‘éﬁt@.f%b%@ti@ﬁﬂ)@)Pfﬁ@eg%iﬁ'fﬁmé‘?t@fﬁGﬂ'ﬁ@?h%(@@‘(@%é%é‘iB%Wi?%ﬁ@%eutﬁ fﬁ%@ﬁ@jﬁam
substance ff%‘F‘tHaecH%'ﬁFr&P%.?%ﬁ'\ﬂ 1 oML EBE‘?]L?&“&AS %%a@%ﬁnﬁﬁ?éﬁc@uﬁwm@’ ifigperse the

stagnant substance into the stirrable substance 50. Further, in an operation of dispersing a stagnant
substance aquunolHtethdjet cotnefiohihbaontaingrrt03thedistabbendficgnly didgteesstitrenstamiant300 may
be moved to a position close to the corner of the container 40. In the third embodiment, the rotor body

310 is configBHEUAIFS KEPiNEpHIKHRY SHEFRN SN hat THENRiethaRLRY 810ANG TRV SR MR Dosition
close to a nagRWHRENREUIRIRRY at b diedhiERmbARdimS 6 i tieN BRdYegit '@fwgﬁﬂ‘i@drmo?

semi-spherical shape, i.e., configured to have no collision with the stirrable substance 50 during the
rotation, so tR&0 inwycbmesopessible teositinostlelieninateeacomeantefatingdaiadeewkizh woule dtherwise

occur during start of the rotation. In additian, differently from an impeller or the like, the rotor body 310 has
0 sharp profTERATER i T L e ST TP L ISPt 8y LGP L BPORE container
40 is damaged 0sahipRefle8¥einitdAe &itidn ¢16REab A0RAeRitagainst 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 sdel¥’Y so as to sufficiently perform the stirring operation throughout the container 40. In

addition, it beco 0, si(?l to prevent debrjs qr chi f the stirring rotor 300 gr the container 40, etc.,
oo betng o E IR Cr iR IR A AR e BT LR i Lt el I B

inlet ports 31gbigigueaddechaa mposdingioslighthy thesuatblef aisenier 56 theidistak ebatiegico efsthie stirring
rotor 300 (sli%ggtly outward of the central axis C as the rotation axis) so as to keep the inlet port 312 from

being closedRegeMswREHHHe iata1ishel iFRRm b Hsarting fSesrdue vevsLIREIMS SRS the wall
surface of th@t&%ﬁ%%ﬁa‘ﬁ?ﬁh'ﬁﬂ%ﬁ%h! Hﬂ&?ﬁ?iﬁ;}‘f’ré&?ﬁ% @E}&i@%#ﬂ% FRETEHA FBIOY B0 SYS R @

position adjacent to the wall surface of the container 40.
no sharp protrusion, so that it becomes possible to reduce a risk that the stirring rotor 300 or the

container 40 is damaged or chipped, even if the stirring rotor 300 is hit 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 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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Furthermore, in the third embodiment, based on providing the in-shaft passage 22 communicated with the
flow passages 316, an external fluid, such as gas or liquid, can be introduced into the stirrable substance
50 via the in-shaft passage 22 to perform an efficient mixing/stirring operation. FIGS. 36(a) to 36(c) are
partial sectional views illustrating examples of how the stirring rotor 300 is used. [0185] FIG. 36(a)

illustrates an exampireviieEe iRe Bxterial ep@oinder®, Pigedieshinpibadnyetshafi-2fs pasagd o the
outside. Based on communicating the external opening 26 with the outside, a gas (e.g., air) or the like
outside of thé ¥R paithEe StPwanFEetsckes itlottHe Rl pids SHEe$3 985 ahdifitbCButom the

outlet ports 314 ipta e lit b&%ﬁé’&ét?gif%?aﬁé%’ iR tﬂﬁé“ﬁ-@ﬂ%‘l‘?%é@’%bg?u%” 8rﬁﬁu%ft@ﬁi%?er$[o in the

flow passages 316. This makes it possible to efficiently perform gas tion or bubbling in the stirrable
substance, geirdngiiinrivigroperationbbles 2186 () 188H (c) Attapaaitil/ edytithel exdemidiuspainiggxathphay be
opened to a liquid different from the stirrable substance 50 to mix the liquid with the stirrable substance
50. In other \H%Ft%‘{ 4 FPERASIPHPMIHEvo types of liquids can be performed in a significantly efficient
manner. Furthggstogether 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 substan¢dG Ak ri Busiraipieartieiame keetirp destxlertalpmdning 20 wpedetion theslipplyhaf food

while dissolving. oxygen in water, in a fish farm. [0187]. FIG, 36(b) illystrates an ex le where a supply
Uit 60 5 corCE BB e sk 93 I T GRS ST SRV E b w AL oo a g
or a liquid, oragmixéye abpdiuich amd auisitie. dn M SSEXANPLRLEM GUBPIYaH Mk Gl drReBORBIiREHIORT
example, of a pump or a compressor, and connected to the external opening 26 though a supply pipe 62

and a rotary J&iseges. 306,981 Bt PWrreohiecitigttperts B3 Alintarectitipies iR Phdubidebeings just
described, A Q&P 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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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 316, so that it becomes possible to significantly quickly perform various
mixing and dispersing operations. Further, a supply amount from the supply unit 60 may be controlled so
as to appropriately adjust a degree of mixing, a size of gas bubbles to be entrained, etc. [0189] FIG.

36(c) illustrateguan exampewhsre jae sxdernaliguaning Gdsidpames © fbrdiroapawiastancee50. In this
example, the stirrable substance 50 will be strongly sucked from the external opening 26 into the flow
passages 318WreitraupRrUshnioEe dlpw Passgahatt: prthibReseIshHe IR iRt ds, such

as air, stagn@téﬁgrm méﬁ%ﬁ’ﬂﬁgaaﬂﬂsd%jﬁsfﬁ%rg &Ryllet pﬁ)ﬁ%ﬁja%a[ﬁégs ouﬁPfr§%a{ﬁbo%§Pm2_shaﬁ

operation of stirring viscosity stirrable substance 50 using the aft 20 devoid

passage 22 coinhatunisabeconitio|tbe: show pappagea@hbadiugas dagiee domvixiagsagies Sflga¢dnabblri residing
in the flow passages 316 before immersion in the fluid) cannot be adequately discharged, which is likely
to make it im{FIEHIARPRL EBut the fluid from the outlet ports 314. In the third embodiment, such a problem
can be solvegh [g491] 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 flCtiSa(a)siHnsirdtes porex3nmd)|eanbeth éhit exiteiftapapsaige 22 is genahtmidatsdraith the inlet

port 312 of the connectjon portion 318. Thys, on a case-by-case basjs, as the iplet port, the rotor body
570 may be PVEVREIEE it A e AIRR Bl 9 P LGRS el B TR e vt
the in-shaft pagsagropeniy Otbehtyaielsich e isahalbPassaaR 22 MY REseIMUGaateG wikbihe flow
passages 316 via the inlet port 312. [0192] Although the external opening 26 in the third embodiment is

provided in teRRe 4P Sluitkde GFther ¢l iv@asharchas aibosRiAtHDtHE b tderaPeisesin g 16 i mothemited
thereto. For %ﬁgrrtlgloertstg&drive shaft 20 is configured in a pipe-like shape, wherein the external opening
26 is provided 3 '

[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 haveagianosHip e shatirivbigiais Jorevide dppikittheada-shal pasregendbrilza. comneiongar 24 and
the external opening 26 and directly connected to the rotor body 10 as substitute for the drive shaft 20.

[0193]  In tRBEHIIGIBABSAFAGKECkHLASYRHRGRRROREET DIV eBRHRATRAR AR Af Shard oW Bassages
316. Alternatiyely, feishall BeRsgas %ﬁ@ﬂYoP%%‘P}%ﬁ%HFF&%?MV&YNg %"Fﬂ 9% mﬁggﬁaﬁames 316.

Specifically, a common space 316a communicated w nly a part of the flow passages 316 may be
formed, and tikenmieunibatetherdthvehenin3shadly passade B2y @4 ]shafinctinenthiidaesnh bodhithe - shaft
cross-sectional area of the inlet port 312 (cross-sectional area of the inlet port 312 perpendicular to a flow

passing ther®F88RyR%-is SUEIBAHYERL 6N IEGRANTY BaKP AL WU GhATLAYBIS ISR WAL VAl 314
(cross-sectiopgl AIRR.AT HRSQIHISHPRRL THRBIRANGIFULY tha HWRASSINGHRRIEShSBULY- dhlggﬂ%atively,

the two cross-sectional areas may be set to become different from each other, depending on intended
purposes of tuarstiteth tp rbtoto80Godycl Howehasityia foiahe ofisBonafig@ fluid (stirrable substance) to
smoothly flovil tig ugh the flow passage 316 without stagnation so as to obtain an effective stirring
capability, a 8 10"of the cross-sectional area of the inlet port 312 (cross-sectional area of the inlet port 312

perpendicular to gnflpw passishBIRiRIY QHE M- ErdReaseRR-SeCtiohahaaRcaltN AN tgt BOERS Hbw
(cross-sectional area of the outlet port 314 perpendicular to a flow passing therethrough) is preferably set

in a range of PBBageES 3tforediesnstiisly itha tapRitarsyaden22, ipartRarQMMbritatetbyith & Ram§é e s5/6 to
1.2.[0195] .In the third odiment, in view of machinahility, the flow sage 316 is canfigured in a
shape bendell Al s Sten Bontti e AR St B SUAT oH p e U e o
smoothly curfied passg@es 16 magyd el gHiedioncandrdvicaterélia-tnkdt pesagd2.and the outlet port
314 ina straeiﬁéqt line. Based on configuring the flow passage 316 in this manner, a flow resistance in the
flow passag P8lcan be reduced, so that it becomes possible to further strengthen a flow to be

generated by the|ﬁtlﬁériﬂiF&@ﬁ&%ﬂné&%ﬁé&@&%ﬁaﬁ%&%‘fﬁ@ﬁ-ﬁé&i%rt 312 (cross-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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[0196] 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] thewtideluperpdis may deraiganged oBasidartherdiseatignneflithe pateiiprasin misuch a
manner that a region of the flow passage 316 in continuous relation to the outlet port 314 is configured to
be oriented JRANB'SRIEQY FeiRpare Hutaidy @ﬁﬁ@ﬂé}%ﬁ%ﬂé’?d@éﬁ%d%ﬁ!@ ibhRescsige RISHBIIHE to the

drive shat Z%’rt%rt%tgeei]éﬁﬂ?rﬁ?ﬁm [ﬁ%@ﬂf%t atf § Y% SBAf rgj?é(t‘ér%t Sg)- t?ﬁ\%\ﬁf’?\‘?@ ﬁf?ﬁ# gpriately

setting a direction o from t 4 in this manner, an optima or an efticient
stirring operatapabiléy.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 #98%live shaft side. Alternatively, the plurality of inlet ports 312 may be arranged such that a

part thereof is prawiggdpm Rudifikanchaids ARDAIEMALDG AR ereelisRiRidRiPRGIRdEve shaft

side. Alternatively, the inlet port 312 and the connection portion 318 may be provided in the inclined
surface 310ka hortierpazdeg thditeopndirfade 31Dinis rotsitet drettiensifidhefstrdisyalotard36d tihesstirring rotor

300. Based on a g riately. setting the arran ement fth inlet orts %1% ano timal floyv.for an
intendod purBBO0LAEha SIa Al HCTBRGNaME SNE AT ing DAtb SATAER: e rer AP SIRIRD £ provided

with respect tRetbgtetp6t RoH i3 trfigenare-Rikralilanglatinfshisheer i tRlUcaliyrigPaRd@lationgip. FIGS.

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

outlet port 33WrfudoBpr 3PIG. BiRERiiNRTafexian @din e wiitterdit Ihfetairis 3T2nEepIRlEeed with
respect to th cofr %gpé)nrf]rd ﬁlougg iBoTL 31ffn|rslgc§%e to-pl thjen trcglatlonﬁ%h|]p,[ﬂ§e prlilrn ighe ro ﬁaﬁsage 316

is configured to exten e one infet port anch oward ports 314.

In this mannebritieidaletaReidrBioltimayithe mn\adaedsaarﬁugmiadn@nb@@rrbﬁ@brwnherawwmﬁal pafts 314. In
this case, a common region of the flow passage 316 along the direction of the central axis C may be
defined as théliSEhfRbHPLEANS 1@fgr body 310 (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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[0200] 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 provigled on one 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 Pt they are different from each other in terms of a distance from the rotation axis (central
s C) in the cenyiifuag diipclipndaananibeiisnt o rabolon e saliiad digeionnin FIC.
37(c), the number of the'ihlet ports 312 communicated to the one outlet port 314 is two, wherein the two
inlet ports 31&aespandingedtif pettfi3iz wamie-oohevialigy oflati onstripewbesd oitie dfdleptstayPalis 312 on the
drive shaft side is located more outwardly in the centrifugal direction from the central axis C than the other

inlet port 31 2FBAGHEES QLR 198 (o689 NIXDABNE, AL themPRIsEgwerd TRerRiet S PIAUIRY of inlet
ports 312 may,Re HOMbjRedanshremmUnicalsh Wit e AnsaHESS ROKtEA o oS SR BIMBGr

example, in stirring a stirrable substance comprising completely separable components, such as a
mixture of watkouilet] wiltto3aéhidndidisppeesiopoomenn utsiftoatiahe Faviipassatye, 3he ghnalitg dfréatetnports 312

communicatezg \ﬁ/ith tige one %utlet %o%}]ﬁm can be arra%ged su%;lsthat they are different from each other
in terms of a YiSE SRR e PAYARTT Q‘fg e&&pﬁr%ﬂrg% éﬁ’&\ﬁet %‘entrifugal direction (arranged offset

from each othgrois) 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 pEHepnP i) aisp@etibHl et eiferonn fo2UB] inlelrpeiie3d Raprpraddir SHaERrCFIGS.
37(2) to 37(0), ip Vi ptallowing, o smaoiy Tou rausl e dow passege S16 oy staaation

6 the outle ;
S0 as to obtain an effective sfirring capability In"cases where the inlet por IS provide yespect to

the correspostlin@tidiet Jarhdybépanedta-phusatitpaaiationshiptha datial efidsidessnsesiienabasia of the
one inlet port 312 (cross-sectional area of the inlet Port 312 perpendicular to a flow passing therethrough)

to a sum of réspBetRidverssaliseBlicingl Hiv &51v latbISidfity oo (RiREP oids 1Be L (rSsd & el nddareas of
the outlet poﬁ?té%ﬁtﬁ@%%ﬂ@@%@fi G llaw fc?r?ss*&q m%@gg?%mdsoﬂr&@@;q%%ﬁ&m EhiPREE Qi L/3 o 3,

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 Wherettiraline st sBik Avithprespiete thwhthoresplet portt8i4orresponding 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)-gectional areas of the inlet ports 312 perpendicular to a flow passing therethrough) to a

cross-sectional am@tm,ﬂaﬁecgmmuy%tf RAEL BaAs(SIoSTRREHAER AR Qhdh OBl MM 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 pastnggolguehdhaiitiory efesddfesentZrom each 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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[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 bodyadd Qisenah ligrieddheraistatiet fray ke ataesheneitedieashame CF I the3tamiduga are front
views illustrating examples of a modified shape of the rotor body 310. [0206] FIG. 38(a) illustrates an

example wheteeghiend@rangey shfeeisitURiRGReatiis alRirbaISe AR SHEPEO(SK sHhigpeesRegiive
modification, inl t ' ded.j o. 3 [ ide,:and.the outlet
port 314 is pr‘S(tl)E\k/(;ﬁ gdqlbn'%g%a%erl&allbzéﬁ%e %?fgg%gra%%rglﬁgg%ﬁteaégﬁ ﬁ({lzs?@gﬂféréa a?(?r&é)ggln@[%alé of the
circular colurnecsimappodtiel eatogdnedye 3iararvaynpkceated fitpwe doiasaaredilicisidiychedtumthshigpersisrmay be
configured in a truncated cone, multi-sided pyramidal frustum, circular cone or multi-sided pyramid shape.
[0207] FICS5WFHIGAYes an example where the rotor body 310 is configured such that a bottom
surface 3100[@5@J:ircular 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 truncatedieoneoplasmibisivside hdyika®nididbfnestim), perpen dicallaniogartitadicn smastthereof, has
a spherical of,curved surface, In this case, the spherical or curved surface may be formed an.one or a
respective ol 8f St Hg LikaSER th GdW(ﬁéogﬁa?H’%’ﬂ&B‘?’l‘nSﬂmi%Srh%é’. fRLtish, THEBUBT 314 is
provided in actgiimkyp iifasrs3dRsoMaligbtpdhe 10tating \dada. itierasvety. tHeaaygoRtmyideidn the
bottom surface 310c. [0208] FIG. 39(a) illustrates an example where the rotor body 310 is configured in
a spherical sheip81l4ht PR30 P ivuslpdienstip, exalitsibasrescesastonor eroeh Bl onRsieshAgldd in an

ellipsoidal shape which has a circular shape i lan view. Based on configuring th or body 310 in
ine above or Gre- ST AR e AR A R GRS AR BRI TR Wi e o

flow accompaniesheetinecietSlcustisamaireseitied partidlbf sotibaicty 8ng @ndsessinghgapenibiescan be
improved depending on intended purposes. Particularly, it is preferable to reduce the thickness in the

direction of tﬁ’éﬂ%}tﬁ%ﬁ3&)4@‘#\?9\9}_‘?'@%',&5&@ﬁtfé@?’ét@éﬁ'ﬁqji@'feﬁgﬂbﬁh}wi%méei%%@}’iﬁ%éﬁérf?é@‘b%%le to
further S”e”QH‘?,'H&% Hf%‘féfa%%‘ﬁrbgr%&efﬁ?'l‘/i*}s ?,t%WiQJﬁFW &Q%‘rably inarange of 5/6 to 1.2. On

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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[0209] In addition to the aforementioned shapes, various other shapes may be employed as the 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 pgJghesizan 36 drthesnavRwEliys PANY vexples onsave FRasIRpSoN@Y feophedidsthon the
outer surface of the rotor body 310. [0210] Based on configuring the rotor body 310 in the shape with

appropriate i%@ﬁ]arities, a moderate flow can be generated around the stirring rotor 300, so that the

stirring capability g %§g&2‘ﬂf&§fﬁa‘i’eg‘£ﬁ9%n‘?@§%h@eaﬂ9i‘ij&% t%oscﬁ}t?@ q t%ﬁ;%&o%fﬁt A theirqipy body

310, a degree of roughness or a more fine concavo-convex shape’of the su he rotor body 310
may be adjusiddnta shape édiskirsitgly)comtrchiflon dicatiod, ttre $tilrinmnosde 30 Qrévidbaemn théatoer surface
of the rotor bod%/%é%lo may be variously painted or colored to improve aesthetic quality. [02115?]&8{@8.

40(a) to 40(d) ARSI PRistif ottt BLARFALSPE idifrelr 6P U alae 3t tHe B Maktion port
24. An arrangementanAlahehaesiO{IRrEPaRSEPN RRRAAINA% be ArRrenriale masiusieddpallow a

degree of mixing of an external fluid, solid, etc, into a stirrable substance, or a state of generation of gas
bubbles to béeyjkdtemajoxlAnfigetel. inG(ailustiedes lame sizapp|erwhgrectbentigwe sedtt2Ddstetisposed to

k distal end th f f truding into th 316a. B djusti trudi
amount of thEWREE DR R AAGE SHEH B ARSUG Vo L EATROIBI SRS i this manner. &

degree of mixipgyp 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 adjustifigf3hésgn dlsstAecaneeivn Worrolaatasharbntisl isccorigres oiusihtng 2@ etare of
generation Ofs@r?zf’c? lE!E)&l:(:"osf’ & E?rcﬁ%rr] é‘éﬁf’m‘%e(&%‘%tr‘? ﬂw‘e 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 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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[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 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 pelifpddoftire RitoRABERRBLIOr AtiangRipIenthefrthse somnsntiamppstsorfigasiy apppenngtely set to
desirably obtain a degree of mixing, a state of generation of gas bubbles, etc, [0214] A s_,ha%%e of the
connection pBYP 2 9918t Paracesr i imitiEeensionohReriessseage do e thidpracelHitap s AaPESSen a

rectangular and it-li hape Vi I I ively -li ay be
provided at t E@ﬁiecﬁ‘%ﬁ%‘ﬁt& 4.?8?215 bgﬁg‘;?rﬂiﬁgx vPc?e@(%@%ﬁ%eﬁt%%%ﬁ%ﬂ%%?ﬁ&a of the
stirring rotors@@eilide desadpddr helbyvedrds . ot laisemirosniulde walistiating Burtexaaphéuaiitigecstirring
device 400. In the illustrated example, the number of the stirring rotors 300 is three, wherein the three
stirring rotor<ABEAPE LOGHYEFEHTEUTEPIN RS AIHBIRNB IR SHTTace ATBE SR he&101, the plurality of
stirring rotors[é’azqg]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 deptrB482i167 coFbguwsanipéerdrotHmdyidiil ideicshapo wite dpivemiaét R@gnayities.installed to

trate through the, plurality of stirring rotors 300, and a plurality of th i s .24
provided in (AR CUHAELCS AR A 1K 55 SRR 1Rt BLLtlsS e UBh Mlnicatea

with the flow Ragra@esi3hGdmealatihe stiamadiotersig of ifeundsiTrad I thanssbail Rarsage 22
may be communicated with the flow passages 316 in only a part of the stirring rotors 300.
of roughness or a more fine concavo-convex shape of the surface of the rotor body 310 may be
adjusted to more accurately control flows around the stirring rotor 300. Further, the 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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[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 connepteshtacal i viee sheattiRydpaietaivng iedotor bardyopdihdamdivehedainitbgionet pothigl3 is
provided at a position closer to the rotation axis than the outlet port 314; the outlet port 314 is provided at

a position mGASCoURHIANR e GAI Hf SOTBRCHRIPATE 26tdbD M RRStARN A THBIPBINELL thind the
& postor ™ i o . . o
rive sha ﬁ%@@g&i@%&@%ﬁ%ﬁ&%ﬁﬂ%@ﬁ%"893955%’86‘3&]9 &ed?gf&%fﬁ%ﬂl{&? 28 rgyide

therein with t third embodiment configured in this' manner, a gas,
liquid, solid ogetieealiion ofgad®iifitseestirrable substance can be strongly sucked into the flow passage 316
and jetted out from the outlet port 314 together with the stirrable substance, so that it becomes possible to
efficiently stil®h&tirrable substance, while introducing a gas, liquid, solid or the like outside of the

stirable substance yipt e StsAREBIALRHA ARR TsRRIRH A tBUne: Atccable, subsRRgs, Differenty,

the stirrable substance may be sucked into the flow passage 316 via the in-shaft passage 22. This means
that it becomascplassitalee tousk dopcicagstarisitpopard iahitihikeasiops, maycohemntoyad! mdltrsatinelyn an

efficient manner. [0219] In the third embodiment, the opening (external opening 26) may be provided in
a portion of tﬁ@&?ﬁ\?ﬁ%&lﬁ?@ﬁr@%’e %Bg)t\égegl?fs etﬂqge&?%B?cﬁ bstance. In this case, a gas, liquid or

the like outsigi pfthe 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 bulfblftiiBe dispieessiy dpens|ieyserip Rgaappabiophteiclésing iitid0®illths also

possible to ggnerse migte bubles, .3 fauid L9750 Aenalivel: e uning (exergh oppring 26)

may be prov In"a portion of the drive s Insi e stirrable substance. In this case,

the stirrable stptaniegeB@eanphe B onglyswikae sntarieotirwIpassape Whstiathee thahafipngsage 22,
so that it becomes possible to quickly discharge a gas, such as air, stagnating in the flow passages 316,

from the outi&Bsr 9 2re icRURleHk SR PRI EIRIEAD e dEiMe RBattisPatidhs il eaHakg dagaSilitlddketo
stagnation Ofp%arﬁl'@mlfﬂlqmgol%ﬁr@%@m'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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[0221] 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 patrticles,
can be forcedly supplied into the flow passage 316, so that it becomes possible to significantly efficiently

perform variaissysx0)gretiiieg:antheisReising oprrpliniwirddhesitkaseeancontrolinethasuaply unit 60,
a degree of mixing, dispersion or bubbling, etc., can be appropriately adjusted. [0222] In the third

embodlment“iﬁé’LHH%PBB@‘M‘@%O%W%F&}%L?CWW&F 8FGsROSEIGHONQIFPUBIREE IBhERBLIAIAY the
rotation axis ias AR ARSI HRSATER PO IO RIINGIR 2 SaS6ASLIRG fgeuring

start of the rotation, and allow damage chipping or the stirring rotor 300 or a contalner
containing a ptssajd €22 Wostanoicttheaorogetdss (detyri opening\28) [rtwvidstirtiregeioteitBabeiflbiw against
the container or the like. Further, the occurrence of unbalance with respect to the rotation axis can be
minimized, s8313%t3€comes possible to almost eliminate vibration, shaking or the like which would
otherwise ocwlgynng 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 aleéhﬁitbbﬁnembatiﬂhap@omwpﬁ bdbomespossigse tolgdrnlidesthenigdioviside the

tirrabl b th t 12t b d itio t h
2 comor of LR Bt L Bk LA I R iat bLROd BOlbio o

sufficiently pgfgstpdhres siifipaRpaiatianr tirahaisthe cootainat nbhsretpsRmly 13 teidiabetgonfigured

in an ellipsoidal shape. As for the shape of the rotor body 310, it is preferable to reduce a thickness in the
direction of thergitable axpstancrhalule ﬂﬂtmét@aﬁkaiﬂ@eé@mésspbésﬂbléeté'K@rﬂﬂ&'@tr@r@ﬁ@ﬁ rehéeflow

':ﬁs:jagrrﬁbggfrzgm [I} Stlrrrrllr;\g rogt wr%%% inetd eE:!les a plﬁ\rlz &?9 5 tIrgnogu ev%“E)ﬂ(;r)@ 3iﬁalp%%lmslgb ! %62'4] e
Differently, the stirrable substance may be sucked into the flow passage 316 via the in-shaft
passage 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, 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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wherein the inlet port 312 is provided with respect to a respective one of the plurality of outlet ports 314.
Thus, a flow rate in the flow passage 316 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 316. [0225] In the third embodiment, the inlet port 312 is provided

on a side oppositg pdhigirdréveoshinib0a SlipIgnakas:ibPassibke densestkdastagnasisuRstagseatoa bottom
of the container so as to perform a reliable stirring operation free of unevenness. In addition, it becomes

possible to paHEAtAUIdRHEIsEeATcH Wit 2Raltd MY amedurer HE YinbIo St RKgL0226]
In the third egbodiment. 1he @%Pgrﬁgﬁﬁ,ﬁrpﬂ\ﬁ' fh O A QuiNEEd ef"ﬁ&u'iﬂ,th‘?dCa?E‘éjIHJ%?Jﬁérse&“O” with

respect to the rotation axis. In this cas e rotor body 310°can have a portion provided In the center of a
distal end thex@eaddo q@rotmtide whnabe yovektlyespetittoithe indeflporpatbagel BLG, v éantfitheaimeng rotor
300 is moved to a position close to a wall surface of the container, it becomes possible to avoid a

situation whet®t esi‘?rr?i%"Féﬁ%ﬁr“é!o%ffi@'é[h%HEﬂKPBPoYngi?&WB‘é@H(%IH{ PG ARRAT L08R i thereby

the inlet port gl 4,15 ¢s8dn LDiRBIAKSSE APPRRIRITPSriRIMRAS AR S IPe GRS FRIRBIRYE R, cases
where the stirring rotor 300 is manually operated. [0227] ~In the third'embodiment, the inlet port 312

may be provickachavigprertelytadingiedutlet port 314 in plurality-to-one relationship. In this case, more
complicated \ES%\%Z can be generated. This is effective, for example, in efficiently dispersing or emulsifying
a mixture of ]and oil. Particularly, the plurality of inlet ports 312 communicated with the one outlet

port 314 can be gH anges$erdibRtdhehaREtans i @aagrtaatsn iBEMsPHa-sistanaadimn the

rotation axis in the centrifugal direction, to allow respective suction forces at two of the inlet ports 312 to
become diffepefendia laaishtiiietation e hepachitdal porisiblel foiy drecaiash peestueip etiERiBcws so as

to efficiently perform e dispersion.or smulsiicnian.O23PUIIP aLiHine deYisss"PkasRd gp e tird
embodiment comprisesthe pﬁurall?)g o* stirring
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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rotors 300 arranged in the direction of the rotation axis. This makes it possible to further improve the
stirring and mixing capabilities. [0229] <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 identigaktbigreioinrogor Bataspemeal Wit sjsieg tokoi§i0tivesprAVel phisailtysiraiegein FIGS.
42(a) to 42(c), the stirring rotor 500 comprises a semi-spherical shaped rotor body 510, a plurality of inlet
ports 512 prdAtiedlit ard Bifet Hemsrie BrthedIryidtassag SHocaa prunaiiAbee aliat pertarsitielyrBlddied in the

outer surface gf fhe foe ey S e a i passage S1aares) A e L bARY 310 B

[
communicate the inlet ports 512 with the outlet ports 514. OZSOFFﬁ In tie illus embodiment, the
rotor body 5Xgdsnfiatatied oh stageani-spencal \shhipehe fioh [magh@16. obtained by dividing a sphere into
halves. Thus, the outer surface of the rotor body 510 comprises a planar top surface 510a which is a
surface perpg%%ljlar to a central axis C of the rotor body 510, and a spherical inclined surface 510b

which is a suraceeligeh WiBARARAEL IR HRCRIMSLAKS G MRrBpefllsalitbe irlirtk e 5100

is formed as a surface which extends to become gradually farther away from the central axis C, in a
direction frol2®neTbidendbesdt padsilire FIGUAR fgipgnahicsoithiancsicé {umiemsitfelin 60@aind(s)) asftthe central

is C. In other words, the rotor hody 510 is configured in a sh thickness thereof in a directi
of the conraP AR C G/RUCHRy WEL SCESATEF S SUREIR S h LG BPSERORRIORI0S0)

The rotor bogy ffh RsSsBrAAG RBEHRIDPRIRN R SPInYIREE IBVihereaniar g ithedanrserface 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 886 adapted to be rotated about a rotation axis defined by the central axis C of the rotor

body 510. A techiiqye (1,5 SORMEROR AR B0 A1 A0 20 anf e copeion ARrign 18 may

be any conventional means, such as threa nnec I engagement connection. n the fourth

embodiment daqeaitioniof thpaatas thedytailshaitisr thamibedowhpasaagndléle configrrapasiensolid
structure to provide enhanced strength of the rotor body 510. A material for forming the rotor body 510 is

not particulamOyiHREH BﬁtCéﬂt%{p?fréﬁﬂ%@b%ﬁ@?fﬁ%lﬂt&@%%%Q'Edﬂmtfé%ck%W%g‘i?fe?aﬂ
ceramics, resjpy, rubher %WW%%%% 19¥6% TGP0 0R ot iR 1apAiNGrRRedmaat is

designed in a simple and easily-fabricatable or machinable configuration, so that it becomes possible to
form the rotocdmalyeb 1D henvnasvidesitdei ety avbit st esitaktiovithete diagtiestgatedrb30pradsictiking fyrocesses.
brought into contact with the wall surface and thereby the inlet port 312 is closed. This makes
it possible to perform 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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[0233] Based on configuring the rotor body 510 in such a simple shape, the occurrence of unbalance
with respect to the rotation axis can be minimized Thus, in the fourth 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. [0234] The inlet ports 512 are provided

in a distal engbt@gigouragiageafithénindiiretosusfage 33@Qbopnahe sitriohtheescanisadsiiis () faftHae rotor
body 510 on a side opposite to the connection portion 518. In the fourth embodiment, the number of the
inlet ports 51 QFNHERBAMEMBURGHAEPBHIES 12 are arranged side-by-side on a circle having a
center at the 8hy al 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 (regiowRiTth€ Bz ENTEREe 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 Pottd B4% RS AAVIESS HPLP8 &N BIRWLIEMP A LBFHTFH A HiFRt ARV EriaRl
direction) frog;ihg.ceRirah@ISfov?! heEOINBORYS L (Rt Basitionasthrr avay framibs eetal axis C

in a direction perpendicular to the central axis C) than a corresponding one of the inlet ports 512. Further,
each of the atittehgoeters0,ia foontedein of dieestiimg eojpe 30t (daside iryvcieriteutzalSICIOR3Bd a The flow

passage 516 is formed as a passage communicating each of the inlet port 2 with a corresponding one
syt A e o ot e e e S e e vl
formed insidethegaiabloastycarBisdorsemrsthaidheiipadregsasas S ipformeotametgpdsmearly from

the inlet port 512 along the central axis C, and then, after bending at a right angle, extend linearly in the
centrifugal diPERigeddn wivoses sdrep Bl thedaieatnRdne1toaiamdliafwitiaepptTDS4 Arquigesdin they the third

embodiment, each of the flgw passaqges 516 _is copfigure t ribed ta.all t Qf inlet port
512, the ounSH o BEE I o e b A A e R e e B g o i

Specifically, doenaeintfatbeninisiepositS5 22 iehanslettpepdt4and the flow passage 516 can be easily
formed by drilling a hole from a position of the inlet port 512 along the central axis C, and drilling a hole
from a positicﬂ?&z Plhe outlet port 514 toward the central axis C. Although the flow passage 516 in the

fourth embodimery 5.CANKiAYEAd, AU RA 2 RS BoaynsherBalLAR & SR aPS i Sunic

cross-sectional shape Is n thereto, but may bé any other suitable shape such as an elliptical

shape or a padygsiapt shegpeed 02 R iding a sphere 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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An operation of the stirring rotor 500 will be described below. FIG. 43(a) is a top plan 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 sfozg2gy 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 i %’GW@W‘F@WW@%QH@@QB&tﬂé\ﬁ?@&%ﬁgé@;@hﬁﬁﬂ%@&ﬁ%iﬁésﬂﬁﬂé ¥8ite of the
flow passage, U%W%ﬁt%"ggiqs%@g%’ﬁq%@ dnips rag 'ﬁl&'é?r?g?&ﬂé% 685?'@6@0,& ﬁ%(t)er ?n

illustrated in FIGS. 43(a) and 4 ch of the outlet ports 514 is provided more outwardly in the
centrifugal difectoomiofytihe ratordodg\s BB tapasticolady piati thdd e ap phep risetrpatetsab il tabie that the
centrifugal force becomes stronger at the outlet port 514 than at the inlet port 512. Thus, as long as the
stirring rotor 5665&088%0.’&&&&3,%@?Fﬁﬁd?ﬂ@%%ﬁﬁ'ﬂqéun%& ﬁ%@iﬂ%&fﬂﬁ’@&%et%{@m More

specifically, tBS‘dfg]‘@fbiﬂﬂﬁ@fﬁﬂﬂﬂ%ﬁ'\%\ﬁﬁﬁﬁéﬁ%@é@ﬁé& i St JHAMBaNG-PARERBI Srltha@iRable

simultaneously the outside fluid is sucked from the inlet port 512 into thé flow passage 516.
Consequentlgorfifioetiediatinigab it feoomidseplsstbid tu ffaoe thegiotonidaytHe @ dtben pontide adety afflow

directed toward the disI%I end r{e}:gzion with the inl tﬁort 512, will be generated in the fluid around the
stirring rotor g@&”ﬁi%ﬂ Ou‘i:li?t' rﬁSHbC(B Qﬁ%‘g“f 8”3?(8%&5?8t0r 500 under a condition that it is

immersed in ghgsfpid, a part of the fluid adjacent to an outer surface of the stirring rotor 500 is rotated
together with the stirring rotor 500 by the effect of viscosity. Thus, a centrifugal force is also applied to the
fluid adjacent to tRasediten SeFfteeriBpthee stond peioPS00NseHthat thiEnBlfteshapgfdbe - aegHuentel 9l flows to

a vicinity of el gf e, ARYELBATES AL iang 1% euisr ayase of e string o ORI RREOmes o

flow accompanied w e Jet flow from the outlet por , as llustrate n b). [0240]
In the fourth grobamiatepdsding: retalrhea)e hhthiseconfigio dhakingemitsplireeatishapsulo aherwrdlow
adjacent to the distal end region of the stirring rotor 500 to be smoothly combined with the flow radiating
out from the R8RS dBerégfdstonndhitmRsl, frRM b rBBeNes 1 Esnfilbiredinh tise S EsFISR allows a
part of the flqyy 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 lo@84]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] T"eR0IghBPRRPEZ RS ERE R A BISHRRSE T eBlot TSP IR YRR IMRIRe B A b Med in the
inclined surfage:fd Ol & 1 SUHRACILRIUAHO BRF DS W26WAllY SRRENGTBYRMS M LoRnERIRfiPN axis

(central axis C) in a direction from one side to the other side of the rotation axis, to allow an effective

stirring operaiwtico B pelfohe dolstemimdireightiésaashgr fafithe 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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[0242] 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 varipsfigsgrkshss 580 LiRRdMmentaptesigeom thaunaviaobanosnenomliéhadryentor of this
application has found out that, when the outlet port 514 is provided in the inclined surface 510b, i.e., a

surface inclinédVaitePrEESPRRYIR B1e 1BeaRidie BRI rall Baies WRidte HH B fRursLemabedBRAldNto the
riace inclintfvit ralBRST R Vel the
rotation axis i3, 3 1 i BAssaac T dARP MR g daghatoRd Sy g giyiscostt

fluid. [0243]  More speci on providing the outlet port 514 in the Inclined surface 510b, a
region of the masttejep oaichit Foomdtieosecteeiod Hratstal fend (okhsitdbepattside )atdriféhstammglrattr GO0éh¢on 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 SISy ES19tRENGINE FranioRicale rP ISR 18)thereeatifiagl 8 esHaB SRR FRINRAMYm each
other in termg¢f g AisiRARE P RifRBIAR Bxiss£L that it becomes 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 [028€k port 514. Then, based on the difference in circumferential velocity and centrifugal

force in the outle rt 514, turpulences ar ergted in a region of the flow passage 516.adjacent to the
outiet port 514 to A BT SARDSE R T A o A n6. & ST L RSB0 quieky
discharge they g frbiigeqhidebHe s 121 thel0dddnortrs18hns thasrd PAskigY Kl tothe atiletRaiEp 14 in the
inclined surface 510b, the outlet port 514 can be arranged at a position close to a separation point 510c

where a flowdarkgriRg aRemid ysirfaédlsl ObShepibicalbs thesetak thedridelFasdBioBemabetbmes a
flow in the centri | direction (qr.the separation point 510C can t within.the et.nprt 514). At the
separation pg%[ﬁ%@gw pacé ag(fi(ﬂ6 cin be e%s'qy%”%%%)é &r ﬁ’;né i R%ﬁfr?%ﬂ"o%?ﬁ%%@%‘ §ﬁh€ et

ort.
, a negative pressure Is'generated along w e S sepgra Ing from

the inclined s1fatend1bcehirabatiassdrardariaggingléteoatisl ebsiashE4hatoati pOsIHOBLCleoete thee
separation point 510c, a gas stagnating in the flow passage 516 can be sucked out from the outlet port
514 arrange(f‘?ﬂgébaw the ,ﬁl@ggg@ Wp&é@w@sg@gqg 6 in the fourth 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.
[0237]

An operation of the stirring rotor 500 will be described below. FIG. 43(a) is a top plan
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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As above, in the fourth embodiment, the outlet port 512 is provided in the inclined surface 510b which is 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. Thus, even under a high-viscosity fluid, a gas in the
flow passage 516 can be discharged therefrom immediately after start of a stirring operation so as to

perform the sfimigapsiaticin it thenaedhoand Eifican; masmess theataiivrorrenifiagas esieg into the
flow passage 516 for some reason, the entered gas can be immediately discharged from the flow
passage 516h8dtHadiewe fmdbehidiprritele mNpradhre et etiridy cAfripinrgCiiically] thedlither, in the
fourth embodiapteseR AN Asuhews RiRtLe'eAierRNGRIn phRusieERiamIar a)d pentrifucal
force in the outlet port 514, and the negative pressure at the separation point 510c, the flow radiating out
from the stirrmgsidddhuidB sackdabfgendraiedtana sndnatoahefloated fgwsliarbtentetdoent)\sa thaw it
becomes possible to obtain a higher stirring capability than ever before. [02471‘ FIGS. 44(a) and 44(b)

are schematiCHRERAS FRTEHRiIALh LUERFIRI NI 78 WHRHRPFbEIA st R IRK GRS AW in
FIGS. 44(a) gnd A4LP RS INGRAIY PR NSRS UpfepARediandiat fifCannesied W@Asyive 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 containerod®.5PAe drive unit 30 may be a type fixed to the container 40, a frame or the like, or may be
a type adaptiﬁ#%ﬁe manually held and operated by a user. [0248] Upon rotating the stirring rotor 500

by the drive , a flow radiating out from the stirring rotor 500 and a flow directed toward the distal

end region of thesinglg upsAr Ry e aiieiate fbtas shesanie ch albavRioN Rt ASkItnafdiidatiated in FIGS.
44(a) and 44(b), complicated circulating flows are generated in the stirrable substance 50, so that the

stirrable subdtaifcé BOT @Alhselsudfrslingent stineauis thifepeafdtip§titong rqoe49p is rotated together

with the stirring rotor 500 by the effect of viscosity. Thus, a centrifugal 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 an operation of dispersing a stagnant substance accumulated at a bottom of the container 40, the distal
end region of the stirring rotor 500 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 512 and jet out it from the
outlet ports 514 so as to sufficiently disperse the stagnant substance into the stirrable substance 50.
Further, in arjopagration of dispersing a stagnant substance accumulated at a corner of the container 40,

the distal end region of the stirring rotor 500 may be moved to a position close to the corner of the
container 40. In tReerisathe bytRpRATOthel RBINE Y Broseosinfilyiteaing a SERIGINRRESIHREpe, so

that the inlet %&H?h%gagﬁgftﬂﬁeW&Y§%§Y$ﬁ%€g?8ﬁﬁm r??ﬁﬁf&%{gﬁ%ﬁ'i&’l"i’_oct%%{afé%ﬁ%]stgc%ﬁt%\e fourth

embodiment, the rotor body 510 Is configure a semi-spherical shape, 1.e., configure ave no
collision withakie Sijrralyes subsearfiosySthsbagergste: (@iatiain, residingt it heedioesgaessiseS16 defmst
eliminate a counteracting force which would otherwise occur during start of the rotation. In addition,

differently frofAB SioAbIIEIE 14 GARBCHAE F0tBK e BIEISEE: NETERSSberadnake domRasHtiREbmes
possible (0 raguas fhEisfiofereibiig iRiRs 600 OTHEGRVAIRSE ARda cRaaed L hinRadegyen f 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 positiothelelsevtopirenanzheurfaeengéntos obtitsinppli@tioitthas Sensed @ft Sbalutitesdtasadtisufficiently

f the stirri tion throughaut th ' 0. In addition, it b ible t t
Gobrs or ChiDS b IHTEAEN B0 0 UM G, ke & RUISeINg ) SRR trabie

substance 5Qo{&gpldxis (EetRQIfRUER cMBesinete aactopingdntetROrtfdr dxiproyidad deadipsition

slightly outward of a center of the distal end region of the stirring rotor 500 (slightly outward of the central
axis C as thePpstagioplady) koimeasiRtebpdisehpined suensmderra Mdbevigesibsddidven when the distal end
region of the @?@@g 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 adjacent to the wall surface of the

container 40. [025&re shedhirRdmyrtasmnbadirogiaing erosstkepiensl aieatef mgitetebneatds 200, a
(cross-sectional area of the inlet port 512 perpendicular to a flow passing therethrough) is set to be

approximatel?@aﬂlﬁlft@eaoé'ltlf‘éﬁ%rééﬁér%l tHeedds e ‘Bﬂﬂb%rt_?oﬁ'iS@h%’réﬁ@s@‘cﬂf@ﬁgf%mééoé?rtﬁeooutlet port
o514 perpe”d@H@%i{@ﬁ%é@éﬁ@%%%nﬁé&mﬁ%@mn@Egi%tﬂj"a?hé?m?otf“fﬁe%&?&'ﬁgﬁ%‘iﬁ%%aﬁd@ay be set

to become differen ach other, depending on inténded purposes of the stirring rotor 500, etc.
However, in wvietheadralboshiafy (@rild d{sti rsialb)e( eu st aitze) ft ths roootididiopotivo g B) t ecfdiovpas sage 516
without stagnation so_as to gbtain an effective stirring capability, a ratio of the cross-sectional area of the

inlet port 51 PFERN LHRIRSh A EACBRE LA Po's1 Dl il PG HaRLTRG HRER8EATDUgh) to
the cross seqignplAaAkhaRak IR RiARR ol AP ARG HEE BtetkiamRpnaicular (o

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 peafesilelyagicn rantyéhefdigetshafsid2%gjion 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
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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 516positidie dieskiee the eciianitibh emesqeoasiale sadikiingristpagite masétey sadegeanerated by
the stirring rotor 500, so as to improve stirring capability. 0254]  In the fourth embodiment each of the
outlet ports SHEKSAUHE AR B8R BB ARSI B5eP Y SrPe98YAMILAS We inlet ports 512 in a rotation
direction of tfg@zﬁg'!ring 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 direstabovef imenstiorng eatbodOentAtternatistadyros &2l diponadtyd thereutelimmolthiztenay be
arranged offset in the direction of the rotation axis in such a manner that a region of the flow passage 516

in continuouzf¥atiBishd e YUAER 581U iL0BRARGUR Al B JREREE AR tTR'G dReofollt dhd
(distal-end Siﬁ%%ﬁ’zglt%s‘r @i badraRAqRLA IR RRPRSIE IRn_iBe AT AR L§h RN E9dhe oriented

on the side of the drive shaft (drive-shaft side) (on the side of the connection portion 518). Based on
appropriatelyugd¢ting Bighreistiosityffiujdt Aogasramttiee ftnw epasenges aGnctne kebdisehargethéheeefraptimal flow

f fficient stirri { be abtained. [0255] _In the fourth embodiment, the inlet port 512
may be proviTBAEOI e S AR & s L. P AE (U A B BN BETGt port

512 may be prvigee o thmskiveiphaltisicle. HHerrativaly ethesPialite olinphaags Sk fdrasohe arranged

such that a part thereof is provided on the distal-end side and a remaining part thereof is provided on the
drive-shaft sithesomitéha AR g9 rebpdrimediaiel techyapediin perfion Tresaaapbe seolided in the
inclined surfagc% 510b. |I‘I.Bhl Cast thg;“t[g e%rg%@ 1C 6 Em?cated on the side of a distal end of the

y Setting arran

- S possibleto A a : . .
stirring rotor .ngage 'on appropriate a geyment of the inlet ports 512, an optimal flow

for an intendgeppelrpose can be generated. [0256]  In the fourth embodiment, the inlet port 512 may be
provided with resEect to the outlet port 514 in one-to-plurality relationship, wherein the flow passage 516

is configured to e %‘i’?ﬂrfrdﬂn_tﬂﬁ’e f@H@_hn?@‘EﬁS@iﬂ@@? RAcpehen @ra?b!&ﬁr%mﬁm%é’fplhf\"alﬂiff_éfeﬁﬁ%le'ﬂports_514.
In this case, |pviey.AlAIPYINY;: f&ngc%ﬁlmﬁgmeé‘%Wtw BH@Q_g?S?t oW %ﬁ@%ﬁ%ﬁ/@"ﬂ@%ﬁéﬁ&?g”aﬂo”

SO as to obtain an effective stirring capability; a ratio of a cross-sectional area of the one inlet port 512
(cross-sectiothal sapaeatidripeinl &1 (o ths 112vp eagieticioad afrbonatftmiirpag sotgr thdredhrioniginetetad sam of
respective cross-sectional areas of the plurality of outlet ports 514 (crgss-sectional areas of the outlet

ports 514 pefB¥ACRIRIGEE A SHENHGARNTBIRH) TP BrefiraBSeie P L7y 8 BIOLRS "8 fhore
preferably in g sanag el e Berayticularly preferably in a range of 5/6 to 1.2. [0257]

[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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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. [0258]

Although the rotor body 510 in the fourth embodiment is configured in a semispherical shape, the shape

of the rotor bagly feldfsciotiysitecttbe tréailulamayflogany 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),ina direct®4$tom one side to the other side of the rotation axis. For example, the rotor body 510 may

have a spherical ﬁh%]PSpé?EﬁH%P@ggﬁ?s _ gﬁ%%%%&%ﬂ&%% %aﬁﬂﬁiﬁﬁgﬂo&o&i%%ﬂ?%@@8ﬁ%ﬁ%e'y’ the

rotor body 510 may have a partia eri pe as a part of a sphere, or a partial ellipsoidal shape as a
part of an ellig&ate. JBR2BBhd régiiGrSofahéas)itoirtbiatp abieh & Shed (e ticiol (s aimn frlust wwehshsiden views)
illustrating examples where the rotor body 510 is configured in a spherical shape. As illustrated in FIGS.

45(a) to 46(c! WiserPHRNGS 4P bobYs MRHESH RRgEIRLY 1 SYLhHR ARSISEARAY. SRSTHNCRHEMS Ml 510D,
510d are formee,igrespaGiy e fegiaRmPhins.diRBbaG £ldg aRA NG Il ARk siAR: IRecasgRiyhere the

rotor body 510 has a plurality of the inclined surfaces, an outlet port 514 may be provided in any of the
inclined surfacéstaitedptective difapesiticatanteahlnldtysthers 12 af0R6ORtioFof elicperpiey assiHgsardited in

FIG. 45(a), the rotor body 510 may be designed such that an jnlet pqrt 512 is provided on the distal end
Cide, ant an BUEN GO ST AP A QP IR i S5 R PO R S AT P B

inclined surfag S48p-HlRovatvelya gésreahdibdstiation isprpitied ibecsatanfiody. 51@ ryieg-#esigned
such that an inlet port 512 is provided on the drive shaft side, and an outlet port 514 communicated with

the inlet port BNPOEMeBl/ithed atPtHWdYibeOshamerdigeracime destirsaberisaloinape2ed that Meeketineny, as

illustrated in A4 @h rotor bod 0 may be designed such that a first inlet port 512 and a second
inlet port 512%?&%%\5/1 é ,gorlegprclz-tcJ i%gﬁ/?&é%”t ?é%aitg)tglngﬁ Vgl%i éh;eﬁd the drive shaft side, and a first outlet

port 514 conorsoicated 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 surfacérBtféde@Q@TbOd'mentv 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 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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Alternatively, as illustrated in FIG. 45(c), 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 drive shaft-side inclined surface 510d. 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

communicatedjweéht taeHaleaIpsuiradelos iy evigigaeiuthe distal end-side inclined surface 510b. [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[%Wded on the distal end side and a first outlet port 514 communicated with the first inlet

port 512 and providgd i Ak Qﬁk{]SdﬂlﬁS&ig&je%%?gﬁé%&ﬁQn%PEfr%‘i{eo?ﬂ%qn%Pﬂo?t%ﬁ%" Po?&&e%ﬁgﬁﬁﬁ&%d inlet

port 512 provided on the drive sha a second outlet port 514 communicated wi e second
inlet port 512o&mnick prdatighect 1 ehpechstal ertal- side filoalipastisgrtaaetbbObara attetnatehp@mangedy [0264]
Alternatively, as illustrated in FIG. 46(b), the rotor body 510 may be designed such that a flow passage

516 is branclEHEA %A SHRETRTEUAR HERINbINTRIS MY R ARRTAtE R hEt O (112 HFbOREA SN the
distal end sidgtherGaliuith DAtWAIGHRERTRRIT O L AR A REF ANE A GbROERILARQUIdGhy

respectively, in the distal end-side inclined surface 510b and the drive shaft-side inclined surface 510d. In
this case, althesgfttalheswagatifisrenifited, caslciotoérthiefastioatetiptridsd pundsth@bemtidiogttetaport 514

ided, tively, in the distal end-side incli 10b and the dri -side inclined
it e awi R e R A e
Alternatively tastbuspatage 8 el @ithUCHag FHiss iRILhPR bhhh ANd ReseroRsHine ERRMI f 2N @8 d,

respectively, on the distal end side and the drive shaft side, may be communicated with a first outlet port
514 and a sebeng esstieetialsasay vidediniels pectivak, (erapresersieiad rafesidd ifgiralgtsopicel810b and

mg gfj';g tSha'E%tégpi%ediE‘@%P?Q ARSI HAZRBRP S RD GBRSRURIRY ALLANGHY Sl 5 RQY 512 and
po an
(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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appropriately providing communication therebetween as just described, a flow suitable for an intended
purpose can be generated, so that it becomes possible to perform an efficient stirring operation. [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 corentdiunayrdigieandghediie: piaps iofcarermeinaticnopleatedr ok iaeidswicaietarone, and
other three-dimensional bod\g, such as a circular column or a semi-sphere. [0268] FIG. 47(a) illustrates

an example WHEAERE 860 PhBRY BRI SAfidoPcsifeL PRASEAIEANESIENSREPRPIH IS Hb AN, the
inlet t 512 ' i t . | ' i ti
inlet port 512,13 pray W%énsﬁj?% B0 FVERGRR gr%/g-ﬁaﬁ’g@?r@ﬁ] el %‘?Qﬁé'ct,‘c?ntr%%nc%g\gg IonFIG.

portion 518). Alternatively, the inlet port 512 m provide an Inclined surface 510b.
47(b) illustratel8pn Besetiple aphee ithe y otatidypa y ibdddios obrafigt ftmhirfrans hisg eutiea ool &tidhe of a
circular cone and a circular column. In this modification, the outlet port 514 is provided to straddle a

boundary beARRENNAR iALIRRNALIR 05 20 5THE L TIFEDPRESHODEMSS Bhialedistal end side and a

lateral surfac, f (surface parallel to the central axis C) of the circular column portion on the drive shaft
side. In cases whére the inclined surface 510 b is provided adjacent to the lateral surface 501f parallel to
the central axis Anabaridinthadyoes imeolifitetiorst ther tchitbetnpy it pevitey be fhoditeckaithidedtanly a part

f the outlet 514 i ted in the inclined . 510p. [0270 if the outl t514 i
Sl At T A A g b T R A
force betweegyiitesistal@nd-AldenRRap andnnasEvs fhafbsigeieginy sé theidieiprihdldpand

arrange the outlet port 514 at a position close to the separation point 510c, so as to achieve the
advantageou§eseRicisdBRMERSI IR domh AistalcamdvRile RRd 43 ramaiingeast therenftlist poMiget4 gddPee formed

asan elongaéﬁpeqéﬁaﬁg glj(ljce)w %Rgrrrgatively, 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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thereof to extend from the lateral surface 510f parallel to the central axis C into the inclined surface 510b.
[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 5J@asggonfigured in a spherical shape. Thus, based on appropriately arranging the inlet port
512 and the outleg\fort 514 and appropriately providing communication therebetween, a flow suitable for

an intended purpOsEXR (e JeitEraedy, B8 tinate hei: hediambleitcrpRitBRe 4R arfRipRNSiGHhg
operation ca p [Q27 iti ' r hapes
may be empli‘gbh? 8’ gg&e sd(gp%%orﬁ %ﬂrebrq)bgrggéég& éﬁ'ép%%feﬁﬁgw@ﬁ %@@%@h@ﬁ@%%gﬁ%xam ples
is configuredasuchythsit hasroesiseiced 3yrEages idic whictoekien do tatime axésy (edurtligl fartieCagr@mircular

shape, the shape of the rotor body 510 is not limited thereto. For example, the rotor body 510 may be
configured stidh AN @YsdSEBERb AN e Hufc Bl HOHE B ERfb AR (S ﬁﬁs%ﬁbﬁ%ﬂgf%%@!%ch as a

mult-sided pygamick ey & giki- isle By NI HEIIEOE ARSI SRS WrerMhSompiRingsgimpiti-sided

column or a multi-sided pyramid with various three-dimensional bodies to allow the cross-section
perpendiculash@ptherratastion-elkisstidhlaseapepolddfermatishbyp ehé-uetioe rbedpl dddlitinaf depeex partiehcave

ts may be provided on the outer surface of the rotor hody 510. [0273] . Based on configuring th
otor bocy 520 TR 90 SRR EHER PV OPAETe G LIPS AL L8 SRR\ AUBEHRe o can be.

generated argpag]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 Elﬁﬁe@(@h@s@fﬁb@f& tHeotthi(Botey 4510 rigyfratavieisseGits M@V@hﬂ&@éﬁ@w control
flows around th‘?n(ﬁﬂarsr ngdotar 500, 'E%%yhEiot.?sec%@ﬁ%rfﬁ%es&‘;etﬁgaf QFRpEOIN SRR MrEQUSlY

) Xa
painted or colored 1o improve aesthetic quality.

45(a) to 46(c), when the rotor body 510 is configured in a spherical shape, two inclined surfaces
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]

73



Further, a guide member may be provided on the rotor body 510 to guide a flow (jet flow) from the outlet
port 514 in a given direction. FIGS. 48(a) to 48(c) are front views illustrating examples where a guide
member 519 is provided on the rotor body 510. [0275] 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 directipndienig, dsive.shaddsideIsithsesnret o GUIEs pat Sldesigathaittbendsfoward the
distal end side. In this modification, the guide member 519 is configured to bend toward the distal end

side. Thus, a@'%@ﬂ?fh?é@ 8 Pf@idc?g(@),ta_efﬁj\?@aj'e‘%f@oﬂﬂﬁt ﬁ%ﬂ%%tl@(‘pﬂ‘ﬂ GQWWQEﬂ%WWHEguide
member 519;in Pﬁﬂé@%i&@@ﬁrﬂﬁérﬁﬁ%@?gﬁi 5“%iwe&fgaﬁ%ds&%waf%@?n%ﬁ}adbem . [0276]

Based on providing the guide member 519 configured in an appropriate shape, in a vicinity of the outlet
port 514 of thduwtatidnds prait@dshieisitdelsatibet) mdjove desgriisadhathet doinlétqrortBe2ashedvidet 514 can
be appropriately controlled. In other words, a flow to be generated by the stirring rotor 500 therearound

can be contrOlHeEBERIHE 0B AIL U8t BEY1RAE EWREYRieEI dLkibiRe ISE AN RS RoFavethtient

stirring opergtiqRe 44 dhd-SdGindRih) dlvsiatesian 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 distal

end side witH®863Ject to the outlet port 514 and then bends toward the drive shaft side. As in this
example, the guide member 519 may be copfigured to guide a jet floy from the outlet port 514 toward the
cive Shaft i, [OVTBRV o AR AL i o PN SR L L b as o
means to guiggastiowt fiomsthmietiekrort ptdvindhe digialpng-side Jrelingd surfaceufdOporioward the
distal end side, and guide a flow from the outlet port 514 in the drive shaft-side inclined surface 510d,

toward the diGOBRHARaiRde Ml the thist dédahnors Sveagdiae vifsth Beihs Kyivaspatesinmglined turfiarde a jet
flow from theSRHg,egr%ozgts éLo4n(EosVé'ta 59 abgetpo éﬁﬂ%tdﬁ%tr?l'ﬁ? %r%\r}%edJ i(\)/ﬁ 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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shaft sides. [0279] 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 towgyistdpeatiy @ @vafirgidenimpirddedttergbidecanasofutteigetiisay, fiomiheunstiet iopenb14 in the
distal end-side inclined surface 510b and the jet flow from the outlet port 514 in the drive shaft-side
inclined surfdBEBIEIPYBEBOFaN peJeapated the Hatde teamBePestle RopdmiBRitfiiskatiisinted in
FIGS. 48(a) gﬁ{ _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
circumferenc@2dhe rotor body 510 as illustrated in FIG. 48(a) and 48(c), the guide member 519 may be
locally provided add'gcent to the outlet port 514. Further, the guide member 519 may be configured to

guide only a jet fI6WPRoM(@ AAEEARE HORLIV W BLSEENSHEETRIES Of A PO RashRreR] (951N a
direction of thg guidance o BeAlaie s 8restid0%dsh a shiR amids Dembeed i@ araYspeinegrally

formed with the rotor body 510, or may be formed separately from the rotor body 510 and then fixed to
the rotor body Bi1Qilay coreventionaiaatedesnsuch rasysbeewifggaredondirahape tfeastvngnattor pravided with

the guide membe&ﬁSlg the outlet IE)ort 514 @aﬁbe provided ir|1 %urfaci‘region %ttger thlan the inclined
surface 510b"(51 )?"f&F“éB‘i%’ﬁ%}pFé{ & 1808 8ISt YR PIMERIP P8 RA™N e A AR EG0%8%UMBIES 49(a) to
49(c) are fronyieyyreiltistrating 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-spheriegd&hape, and the flow passage 516 is formed to communicate the inlet port 512 with the

outlet port 514 I & 10;1 SR IR VR PR IFIB R R IS A AEE RGN SR e gt end
side and the drive
shape. In this modification, the inlet port 512 is provided in a bottom surface 510e (flat surface
on a side 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 501f (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 501f 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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shaft side (in the inclined surface 510b and the top surface 510a), respectively. Further, in this example,
the two inlet ports 512 are arranged offset from each other to allow the drive shaft-side inlet port 512 to be
located more outwardly in the centrifugal direction from the rotation axis (central axis C) than the distal
end-side inlet port 512. [0283] As above, respective flow passages 516 from the plurality of inlet ports

512 may be eqrbinedaiageiTesrmnbecarm widated votpihalane endlesmeait &4 CTins imefiadtiiv, for
example, in stirring a stirrable substance comprising completely separable components, such as a
mixture of watEfasAa 1o achieve dispersion or emulsification. Particularly, the plurality of inlet ports 512
communicat 2\9/1 the one outlet port 514 can be arranged such that they are different from each other
in terms of a distance from the rotation axis (central axis C) in the centrifugal direction (arranged offset
from each other iRlthedg@)tilfugeiteliractigaypie alleve tespecivmdy Sionsawdiyattnio afstiapdrdéaports 512
to become different from each other, so that it becomes possible to %g/nerate more complicated flows so

as to efficienfiQ FRIABION e WEpEYERIPSrBRTsiflBatith Me2dLAtion: Vo BN AR sHHARES Redsiple where
the rotor body g f4isiFAiIMUWGFER 819RNRHCAlRDaRR rRREdHRliRY atscaBddhe RUtshB oM Rre

communicated with each other in two-to-one relationship, wherein the two inlet ports 512 are provided,
respectively, tbe trendfistalvberd dhderetad bhdydbil@ shefoBglieecaitd avsherinathghalistal Bng-Jideeintet port 512

is provided at a position more outward in the centrifugal direction from the central axis C than the drive
Pt sido iR BPAED) ACATO L8 Anict o ou 2L TR CPLIEL FRIACITA Pk SPHIGD e b B fhore
outwardly in e gRATEiHeREtFasIRB ATIHE dite Shafirsideinéateasbelan PeajbiRranerds tdpigh of the

distal end-side inlet port 512 and the drive shaft-side inlet port 512 should be provided more outwardly in
the centrifugQEeRrBRIIBNSIINS 10 BesiopTbpTieliiie tletdiinmerpidion e opript@atdied purposes, etc. [0285]

In the exampg Zi} strated 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 substance. In this case, a gas or the like

outside of the stimaktisispstence darchersisnkediizpm, theidiyetbbathside indgt Roshiplayesoathadeit

becomes possible to dissolve a gas in the stirrable substance, or entrain gas bubbles in the stirrable

substance tosﬁf’lﬂ?) of tl_t@z@g?r body 510. Specifically, although each of the above examples is configured
such that a cross-section perpendicular to the rotation axis (central axis C) 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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FIG. 49(c) illustrates an example where the rotor body 510 is configured in a truncated cone 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 each of the two inlet ports 512 is provided on the distal end side (in the bottom
surface 510e). As in this example, the plurality of inlet ports 512 communicated with the one outlet port
514 may be poeviged only on the distal end side (or drive shaft side). [0287] 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 shagd'Ghehe BHGE RARPSL B A PEMHEH BN RTHELDeAN M e weidaa EeupdefdlAn intended
purpose, etc At s that il ' with the
outier o 5 L s S b B e
512 are comexanipiztedheriia thede membtie? 1oid rbdiddueon ttketqoarb&dyAsatay be provided in a surface
region other than the inclined surface 510b (510d), for example, a lateral surface parallel to the central
axis C. [028@]027%68. 50(a) to 50(c) are partially sectional views illustrating an example where an

in-shaft passage isisqafay et arCierahelh R coRnstRchign B o10ribork A Py, in this

example, as illustrated, for example, in FIG. 50(a), the drive shaft 20 for rotationally driving the rotor body
510 has an iastya$i pasdaye 2 Rofatiktistiapecivisitieptotasdenic &re arivilitligattioectiner&onTthe drive shaft 20

has: a connectign port 24 provided at a distal end thereqf to serve as a ning for communijcating the
ihatt pasc ST SBRTLE RS B AL e Shers DL ARAr oS S5 a0 e fen gd postion of
a lateral surfaeinfcHiRiriNe Rhgdtndirisepe1ga P AfigRRININ BT GARYMNtHRicRiInGHaaileshafigagsage 22
with an outside of the stirrable substance 50. [0289] The rotor body 510 has a common space 516a

formed in thelbestiatarreditln. GBthk #6toK i) BaduTsERRUHS A8hake ieamAt R iR UM TEMEPthe flow
passages 516, lelsin s ARTESIONRUEA AR RS S0 ol e A a0 g opened to the

common space 5 pecifica € connection portion Is configured to allow the in-shaft passage
22 of the driveat®ft 20 to be communicated with the common space 516a, whereby the in-shaft passage

22 is connected to all of the flow passages 516 via the connection port 24 and the common space 516a.

[0290] As abo\RESEIPTHPERAA %%édﬁéﬂm\ﬁég&%fi%?ﬂ?@@%ﬁﬂﬂr oy enane. (B‘hé whttionnection
port 24) and Uf?h@tﬁ.gfﬁ%%grﬂ%f?wﬂ#eoﬁ?&"Bgd%@_l f%ﬂ%@&%?ﬂgb ISSAGR GireliG COMTHAIGRRm

respectively, with t passage and the outside e substance 50, so that it becomes
possible to atgasulethmiike dutside effirpiiirigdenswlistande dberamobds effftientty rugdadhiaddothe flow
passages 516. Sﬁepifically, thegas or the like in the in-shaft passage 22 can be stro%ﬂ?/ sucked by

means of a NGBl A% HaasRch 528 P5 PR Usth R RCops e dsai6ed isfale Sdh#Al PEBRTIF by flows in
the flow passqages e 18 Janrithe RWia SifRily hiragRvrifugal 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 becomE® pdssible not only to allow the gas to be efficiently dissolved or bubbled in the liquid, but

also to generate mlgro4§)(ﬂ5)t|)llﬁ§t}gté? %rli%%%ple 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 distal
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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[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, togethert vy 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 509 c%example, this makes it possible to perform an operation of supplying food while
dissolving oxygen. i afi ; 9 FIG. g](eb i % e pply unit
60 is connected %%%&?@ﬁgﬁ@g%ﬁ% 's%héaytlffﬁ.ﬁ sbgwgé@%%g%ﬁﬁ@& ,Yc\\f\?%aggnp?;%u}e of a
fluid and a salthdonthits: exerfyplguithiegsu jEp iffountd @ardstbo digtpiserd), fiok exahtidaetiod g woipioy ajet
compressor, and connected to the external opening 26 though a supply pipe 62 and a rotary joint 64.

0293]  BadlVIRS AR ARG iy T ISPEBHAEd ASSRBR o SORRENSBln thlteBBUEMAIEr, a gas,
2 liquid, or & g giréne g6 eARMRTSAY ol TR RIGioHRS S PRUR! AhBarliclam B Riforoedly

supplied into the flow passages 516, so that it becomes possible to significantly quickly perform various
mixing and disp®lsingl® pergtoinyg &jsttAevy towarsplyeamausitafitaidehe wopplgdunig®0emas dféhegatrolled so

as to appropriately adjyst a degree of mixing, a sjze of gas bubbles to b trained, etc, [0294] FIG.
50(0) iR el RAR A TS S B ATt R ALIFES LA aIEL HEATER S0, 1 thi
example, theysdigiafigsHisIRRcH OGNl kharsianalyissickaehiomdde 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, stagnd®?®#In the flow passages 516, from the outlet ports 514. Thus, in combination with the effect

of providing at legst a part of the.qutlet port 514 in the incli S 10b, S e like in the flow
passage 516 can %ﬁfn}ﬁ%)eg?gtgwggirsn&n%%re J?h'(‘f‘}rne Eoﬁrrrq 't%s%qﬁwqgt% ﬁebﬁfcl%o?%%go 5‘0@5%94%61 iéonzilféfghtly

efficiently pedormathpestiyiota@Rarabishapesppsbide D vigiagsitieof sheftirael eunatesiabd. [0295] The
example illustrated in FIG. 50 (c) may be considered as a structure where an inlet port 512 is provided in

the copnecti&%aﬁ&l‘?omgi@é’lfﬂ@é PBP@r'B@cﬂP@'fGWQﬁ@%@ﬁﬁW ﬂ?ﬂid?ﬁ@ﬂﬁrﬁs%%ﬂﬁﬁ%%ffunction
as an inlet pagt.91g). l‘%l?@rgl% -SRI RAPHRERG24 &fﬁﬁﬂ'ﬁé‘(ﬁb?%?&%@rﬂ%ﬂ%ﬁ@‘%ﬁom ek

connection portion 5 hus, on a case-by-case basis, as the inlet port, the rotor body 510 may be
provided withpmvigdt edjaetnp arttae audétiperc 6 ivhe cCEonhportiery b8 taeinber GitBmiaydatednfigirébheon-shaft
passage 22. In other Wor_ds,rthe in-shaft passage 22 may be communicated with the flow passages 516
via the inlet Fﬁ’ﬁfi?,fﬂ!y 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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[0296] 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 ikhaFenewlingHeONBREIING HaiWSED el dive s baita2d 5108 thesshivioawit 30raethia thive 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 ﬁéﬂW%&'ﬂﬁﬁWgﬂaﬁtWﬁiéﬁtéHW ﬁfésﬂﬁfé?fﬁf?%s%ﬁﬂé(’z@]%t%ﬁ'ﬂ\é%ﬁ?,afﬁéi@?ive shaft
30 may haveim@t%w%rﬁr}gfb [ehds pisvidag Wil tmethrelfgﬂﬂfeﬁeﬁsﬁ% mﬁncfﬂ'férﬁ?ﬂﬁﬁ BQ% 24 and
ng to ody 10 r the dri

the external opening 26 and directly connecte e rotor as substitute fo ve shaft 20.
[0297] In thedoalrtxie@pthemtiend;siabemtsivafirpetgsag®l22 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, éogg/?‘llnmon space 516a communicated with only a part of the flow passages 516 may be

formed, and compuiaisgiechiriie el 3spaps s ol WBblurlide IR EROs NG e drive

shaft 20 is provided with the in-shaft passage 22 communicated with the flow passage 516 as illustrated
in FIGS. 50(aptab§e(t ftotiethshape ofheuritetedoulifht 1@ isnsovpitaticararbl4imitfeds butediagtiveitdble shape

f intended etc. loyed. Further, th t and configuration of each of
oo ot port BTG ML RSl A G LS BB b P AN ST o B P harmple, &
single inlet paiiaie orovieedin tirisokevel dReeriRlRrehoktheatRior tedycobAynak baepynernicated

with a plurality of outlet ports 514. In the stirring rotor where the drive shaft 20 is provided with the in-shaft
passage 22 dolgiroiticzte semmumieatrRslbRsEe & patiehestifitd sant B1 armanggheuphdtridbed aiesurface

region oxher 1iARINEOEITSH SHIACH SA0R GRSk LRI AERL TR ARl g o

axis C. [0299 sectional views illustrating examples of a modi configuration

of the connectinmifgtl 24rebtivAr(argrmentfandiona atapstiael the enreainapatirddimpytbealdppropriately
adjusted to allow a degree of mixing of an external fluid, solid, etc, into a stirrable substance, or a state of
generation of REHVBBISHD fRacazifidise) Ofoedplet ports 512 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.
[0284]

FIG. 49(b) illustrates an example where the rotor body 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(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 paibsishpyovidediatibe digialoemsk oficheuthivie Fhpét 20ris lecslived cdBaserk suckeiusting 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 é@ﬁdgﬂéﬂﬁlt@ﬁfﬁiﬁ’? irﬂﬂ@%ﬁ?&?a%@@(ﬂ)hﬁ%ﬂ%@%ﬁ@*ﬁ6%@'%?1'&%3@%3&.&5? éﬂﬂ""@f&he drive
shaft 20 is b%ﬁﬁ&aﬂ@@'&?érﬂﬁi‘ﬁgﬁh@ rl@J itrbﬁ&&'fﬂ'gbq@tsﬁl%ﬁﬁcgjr@ﬁh | the connection port 24 is

provided in the Tateral surface Ive shaft 20. In this manner, the connection port 24 may be
provided to b@288¢ned in the centrifugal direction, instead of being opened in the axial direction. In this
case, in addition to a size of the connection @ort 24, the number and/or arrangement of the connection

ports 24 can be dpfrdHiRtdlyLateNSXRIBK WBESHNS EREGFEaN M ISR BragEMSARbFPBE gas
bubbles, etc.d0302]hq e SAPELHEsBRORSGHRA RPEL Rt RARAC RGO BRHEGH HOHE Yafiousorhapes

other than a circular shape, such a rectangular shape and a slit-like shape, may be employed.
Alternatively 5ame $ivaiteeanerelatomsizp, véhpravierst af the taoninkat iortpai? 21p[0808] on Me&tisialy device

600 f db l lurality of the stirrj 500 will be described below. FIG. 52 is 3 front vi
lustrating oA LB S Goh. TASHE ML Ex oGy e, R B
rotors 500 is ¢hrafunERe Nithenthsre slistB o RO GafRoRIcal ealyaBatedi oyl de sl vashaft 20.

As illustrated in FIG. 52, the plurality of stirring rotors 500 are coupled together in the direction of the
rotation axis,s8aftiigelt becomes possible to further improve the stirring capability. This is effective,
particularly, V[@z%’?]a fluid to be stirred has a large depth. [0304]

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 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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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 tojgpdgive 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 ond deteh Ry stHEPasiac BRI chash A Gadermasd Infae seriraheqiop AhHEatak Bopvsition

closer to the gg '%@ﬁ%@w@wﬁ% hRHAith %ﬂ%ﬂﬁ% ?%}Ug%@&hp%bs %Yéﬂ?fﬁ@&&uﬁé’cﬂpﬁ” more

outward in a centrifugal direction from the rotation axis than t etport 512, and wherein at least a part
of the outlet port 514 thd aisaiiehohdhidaniclireetiSuplasopdid (& tRdofd3dbpacérbibe. fogpteiéinabipdiment
configured in this manner, even in an operation of stirring}g q?h-viscosity fluid, a gas, such as air,

h
stagnating in‘tREABREHAR ORGP DA BEIgRKE Alovk fﬂ'éf‘ AlrRatsedfice PRbe NS THTtHAddnakes
possible to prRve AGTRAMAHAR RSBRAG SIpRRIBRELURHRBIRIRAHANA SRS BIEiflevnRagsage 516 so

as to perform the stirring operation in a speedy and efficient manner, irrespective of viscosity of the
stirrable substantthe[0806Jassagentiiéryadbe ndimgpctornpoin chrend Hiertacer®nGpae 163, a flow adjacent to
the outer sur@gg(ﬁf 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 51AsadibiBetREIRLMEAPIRESIYE Bt thRRRAtiaNROMVRL Y6ait apPisd tecthadeatndow, so

that it becomes possible to generate a more strong and complicated flow in the stirrable substance. This

makes it pos§iBraaetioptanita2abacd e olitai A Bt @renbb ey . JoYT7n-shaftirassdet? 2 @Bodiment,
the rotor body 510 is configured.such that a cross-section_thereof perpendicular to,the ratati Xis has a
circular shapéé[(?%iwﬁﬂgl,cﬁ?%atfégg?%‘secst'\f)%:g’s%lle %eeﬁ%r‘%gg ec%rbﬁ%ergé%ﬁ%%f((ﬁ%%eéﬁﬂégglgs gpt&ép ﬁ%—;\% (rf(l)tation,

and allow dagoaget ahipgngesr jbsilike tof thpisirring 1KOLERBMAIOA teniain®lconistmng 50 sibiadde
substance to become less likely to occur even if the stirring rotor 500 is hit against the container or the

like. In additi§H! HRBYCRFHEh EEOIE lRNaPRIEAGAPHEs p et Yot 9SS EalBd iSRRI so that it
becomes Poﬁ%%é%'%sbg'%ﬁat}g VIRIBHOR, Shakingrox R%@At%ﬂ?e Vﬁ?@&éﬁ?@%"ﬂ@fﬂ%ﬁ@%ﬁ QFGHE during

the rotation. akes it possible™to perform a stirring operation in'a safe and efficient manner,
irrespective abmtendshqeuspesestidd08]al rdgidhdydilnts émtbe dionepdstives 61idr tbadyd Hiddsteanfigured in
a semi-spherical or spherical shape. Thus, it becomes possible to generate _stronaﬁflows in the stirrable

substance, atlfealfbiieFaHIIBbABTHOR hEUHR e foX poaliRss Alots 1& KAPIAPL AL BNewas a cormner
of the containghQ asiRdHGKAEIRGIRAMSSURSEANGL 1P ﬁ’ég%i)é’%[féﬁoﬁ BREQRESPosRINS LeoRvdficiently

perform the stirring operation throughout the container. [0
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.

81



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 configureqorpan 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 withfiéspeliPlol BUSESIRS iy GHePbY Mﬁ'ée[ﬂuﬁfaﬂi’@/pbf &Ut‘e@@d?@@fﬂdﬂuﬁ% therigushate in the

flow passage 216,635 by %i té‘mqylélll}ﬁf% 598F'§‘ ?d YiBigR VAN ANRIIIPHHMERPOSHBIR O

prevent deterioration in stl capa 0 accumu atlon of stagnant substances within the flow
passage 516eXa3plk] thdnstfp@ltourﬂn émlidomenitethefonlekpopld 16X ia provpded arcengidesoppasite to a
drive shaft 20 to be connected to the rotor body 510 so as to rotate the rotor body 510. This makes it

possible to sﬁ%@”ﬁcﬁg%gﬁteﬂgﬁﬂ%@@ﬂg%&%ﬁ? 8rtRRl¥ BiRa FrefcbedStey e a reliable stirring

operation fregyeddynevenness. In addition, it becomes possible 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 dsasedransidengcting thentvifplyaliaiir€6tioriheith-skafp @etsapeht? rotthioabaxismanthis case, the

tor body 510 h 1 ded in t f tal end ther ft td t dl
o oo BB I D B G o T T B LT P e SER IS &l te vl

surface of th@CesHRING' sibPREPTARS RO IR ER:AYEI G BeSitHaHANWRRKEBESTIG o tRgifiiRIpUCKingly
brought into contact with the wall surface and thereby the inlet port 512 is closed. This makes it possible

to perform a SuaKly SRFFATE dpé@aﬁéﬂi@%ﬁﬂﬁ giapersingheperatienstirriritjthgtor SaWly smavahifpdgeeated.

[0313] Inthe fourth e b hiein tor OOf h 1R ldem mber 519 for
gmdlngaflowpr?? '(teét;au porf@ﬁﬁowar aglz\i)oepn |Irr'é’hcj‘,|§1i usJ%a?ow dlré)g{]gh o?ajef%wfrom

the outlet poriubbitscarbberth@gestdo an appropriate direction to appropriately control a flow condition
around the stirrin % rotor 500, so that it becomes possible to perform a more efficient stirring operation.
[0314] [029

FIG. 50(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 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 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[tedbe 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] In the fourth

embodiment, the 56(19%9’6%3&/%@69\@@0'{%% %@mp@%ﬂhﬁ.@@ﬁf’om&@ oPfd) rixOLady 510,
wherein the JiYARRAT 7R AR ALIRR03 RASRAAS AR ATINRIANAD A1 SRaRRGdeNia 38 oRghing 26)

provided therein w ow passage 516. In this case, a gas, liquid or the like outsid e stirrable
substance cdimiedstheketd. infotleedigie phsshge Sift 30 ithadntipaed ineshestikdalapeffidienily therform
mixing of a plurality of materials, gas dissolution or bubbling or dispersion of a solid such as a powder or

particles, in £§01a| 8eHBH 28 EirPlityidkhdsah b P ShiBadd¥harate 7Hicr BuBRASL Hifaid316]
Further, a suppiyagicg.AQmay RiseaResteshiRitaG Ry R RARRANS: 23uitiny BRMK iy dangemixture 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 ¢asdaive/ghaft RGwit] thediavealidt SOchrabeadpgevarat 30 paytioteaffeaifirtp foastibegapplied into

the fl 16, tit b ibl ignificantly efficientl f i ixj d
Gisporing ot AR ST AL IR SRR A BRIISTing I A0 0 A e P B braion or
bubbling, etcshgardMenapiaBdiARMRdNSHRE I834gd 22. Thastisngeriea R hased paythe faarth

embodiment comprises the plurality of stirring rotors 500 arranged in the direction of the rotation axis.

This makes iPpagsiBlaftoviighds Rrpigee wighstheiysbalai5araee. 403the] connggingbrth@dprsdetieinvention
cirring devicd OF e Bl o B b S S e & nges
and modificapipons may be made therein without departing from the spirit and scope of the present
invention. INDUSTRIAL APPLICABILITY

[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]

83



[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. 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

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

84



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 5106, 510d: inclined surface 519: guide member
C: central axis CLAIMS 1. A stirring rotor comprising: a rotor body adapted to be rotated about a rotation
axis; an inlet port provided in an outer surface of the rotor body;

plurality of stirring rotors 500 are coupled together in the direction of the rotation axis, so that it
becomes possible to further improve the stirring capability. This is effective, particularly, when
a 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]

85



an outlet port provided in the outer surface of the rotor body; and a flow passage communicating the inlet
port with the outlet port, wherein: the inlet port is provided at a position closer to the rotation axis than the
outlet port; and  the outlet port is provided at a position more outward in a centrifugal direction from the
rotation axis than the inlet port. 2. The stirring rotor as defined in claim 1, wherein the rotor body is

configured such tinaha RIRESAeIIMdNE teOf e pendsIdlar dontiRiraiationtaxia bassasedtiml aiepéspe. 3.
The stirring rotor as defined in claim 2, wherein the rotor body has a semi-spherical or semi-ellipsoidal

shape. 4. ka@@ﬁﬂ‘i’ﬂ@”l%t@f?ﬁ%l @é’ﬁi‘?@(ﬁ#ﬁ&&ﬁ_fﬁ QEWH%?_B%HQ-heTr'&iiér.ibW'FéeéBﬁ%*ﬂ@@ ﬁ*li@_iﬁé'l‘iéri(_:al or
ellipsoidal shap@nd, %;e %PE&”&@AH@@? gﬁﬁ@%tﬁ?i&#a'gﬂd?almgf@ﬂﬁ]bﬁ Eﬂﬁ%at@??’ {ﬁecfﬁ@:?f"iﬁg In a

shape where at least one of opposite base surfaces of a circ ora s formed as a spherical
surface. 6. Tdvieristyyriotgrro00r s defitadckirtaltdmidy whimabiethebsahareltodhecsrnendiyUiedystecbetiat an outer

peripheral shape of a cross-section of at least a part thereof perpendicular to a direction of the rotation

axis has a sHASB WHERIHIBILIIRPBP SobtUIEBRCANALE MlRd KTe prlAdEESR dneiRgeimence

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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7. The stirring rotor as defined in claim 6, wherein each of the convex or concave segments is configured
such that a contour shape thereof in the cross-section perpendicular to the direction of the rotation axis
has a generally triangular shape. 8. The stirring rotor as defined in claim 6 or 7, wherein 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 ifcpefiguitedrasodipehtoorahiiaes byAhepronvex r soneameementsive sidre stirring
rotor as defined in claim 8, wherein the outer peri&heral shape of the cross-section of at least a part of the

rotor body pedHEhdit GRINESEYELQliR AT IARE P& %R)ﬁfatgi@?@oﬁ'ﬁgﬁ%% bé’g)é 51129-orWﬁ‘@ﬁre‘i‘J%K@éd"poIygonal
shape by the ﬁgﬂkféxté)gﬁap‘ef%%ﬁﬁﬁﬁgﬁnc&%t X%&éﬂ'aﬂth%t%rﬂ%ﬂ&f%e 'ébsg&’fgr’ﬁ? Lislagps 60 9,

wherein a corner of a top of eac nvex segments is rounded. 11. T irring rotor as defined in
claim 6, whesgimiegopeodtitie tenvexrayearsavelsegdignts iisbeoniigs pedsiilehdipatfarcotitostirsingpe thereof
in the cross-section perpendicular to the direction of the rotation axis has a generally arc shape. 12. The

stirring rotor SREGEISY P UIHPIARF g de¢e] AbtHa SHiRRIR MRHR Stor body is configured in a shape

where a thickgess of at least a part thereof in a direction of the rotation axis gradually decreases toward
an outward side in the centrifugal direction. 13. The stirring rotor as defined in any one of claims 1 to 12,
wherein the rotorlboitly Heigthnemolhdedestirthcamdticloexiéhds fwdadeshen gited aalyafdrihids awée from the

tati is, in a directjon f ide to the oth ide of the rotati [ d in at least t
of the outer oM ELKFLALGE 51 hETHER S BB E] e <t Aot T RE ARV claimé 1

to 13, whereipRipipphAcetrpsitrestitnaiane aiskhiad b ResRaRdItIN &0 ilpvetheein fe a
cross-sectional area of the outlet port perpendicular to a flow therein is set in a range of 1/3 to 3.
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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15. The stirring rotor as defined in any one of claims 1 to 14, which includes 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. 16. The stirring rotor as defined in any one of claims 1 to 15, 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. 17. The stirsifig rRigtasmigiinednn tayrewe efdslansmaioskbconhereintthe et psttioErayided on
an outward side in the centrifugal direction with respect to the rotation axis. 18. The stirring rotor as

defined in anfPBHBIGHEIEIRISPRD, TP, Whkdihe EriussEE bR A donshflRaEFtgecHERTIMIEHESTH® inlet

ports with the \&,J\p iR R ARAIA ma)éas(gwaewm ESIRD #H glityeof iplghRAtS
communicateg) ﬁlth&e(tgne outlﬁgogogﬁ 1Ez:?rrange such t Iat tﬁey aresgl feﬁrent rom eac otﬁ’ear1 in terms
of a distancedagridiid ootihtidikexissidetbé the stiifaig alsdixtaimercarl®e Jlvkestimiogheotionasaskatjnédon any one
of claims 1 to 18, which further comprises afgas suction port provided in the guter surface of the rotor

body at a poéﬂidhaElgsg?mFﬁe PBESsh QxRITRSAHEPBITAE g IhTa Gy AL FALS e BRI 35ting the
gas suction RRENHHTS BUIRTRUELNDESIA te SHIANGJPIRMIDHFRR I8 PaRiPRSIHE WHREE dh&&Rs suction

port is exposed to gas outside of a stirrable substance, so as to allow the outside gas to be sucked from
the gas suctiehspurt@nd ingr@shupgessimedaigerstirtabisrethsizlecn a2iuithe stirring rotor as defined in any
one of claimjglggajlg, which further comprises a guide member for guiding a flow from the outlet port in a
given direction: 21. The stirring rotor as defined in any one of claims 1 to 20, wherein the rotor body is

connected to a diveshaitsippipi@ing Eemejasfiedta drive shafifpxisganifoisHPasrader

communicating an opening provided therein with the flow passage. 22. The stirring rotor as defined in
claim 21, whar@ixtiied sdhiitbprd grenlid del tie Al Qs nrseras H16 wiavBednzhal Rrssritaded dhididéaste stirrable

substance. 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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23. The stirring rotor as defined in claim 21, wherein the opening is provided in a portion of the drive shaft
to be located inside the stirrable substance. 24. The stirring rotor as defined in any one of claims 21 to
23, wherein a supply device is connected to the in-shaft passage to supply a fluid or a mixture of a fluid
and a solid to the flow passage via the in-shaft passage. 25. A stirring device comprising a plurality of the
stirring rotorssag dainsetoneoy aapekclaims 1 to 24, the plurality of stirring rotors being arranged in a
direction of the rotation axis.

[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
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CLAIMS

1. Asstirring rotor comprising:
a rotor body adapted to be rotated about a rotation axis;
an inlet port provided in an outer surface of the rotor body;
an outlet port provided in the outer surface of the rotor body; and
a flow passage communicating the inlet port with the outlet port,
wherein:
the inlet port is provided at a position closer to the rotation axis than the outlet port; and
the outlet port is provided at a position more outward in a centrifugal direction from the

rotation axis than the inlet port.

2. The stirring rotor as defined in claim 1, wherein the rotor body is configured such that a

cross-section thereof perpendicular to the rotation axis has a circular shape.

3. The stirring rotor as defined in claim 2, wherein the rotor body has a semi-spherical or

semi-ellipsoidal shape.

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 claim 2, wherein the rotor body is 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.

6. The stirring rotor as defined in claim 1, wherein the rotor body is 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.
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7. The stirring rotor as defined in claim 6, wherein each of the convex or concave segments is
configured such that a contour shape thereof in the cross-section perpendicular to the direction of

the rotation axis has a generally triangular shape.

8. The stirring rotor as defined in claim 6 or 7, wherein 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

is configured as a polygonal shape by the convex or concave segments.

9. The stirring rotor as defined in claim 8, wherein 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

is configured as a 12 or more-sided polygonal shape by the convex or concave segments.

10. The stirring rotor as defined in any one of claims 6 to 9, wherein a corner of a top of each of

the convex segments is rounded.

11. The stirring rotor as defined in claim 6, wherein each of the convex or concave segments is
configured such that a contour shape thereof in the cross-section perpendicular to the direction of

the rotation axis has a generally arc shape.

12. The stirring rotor as defined in any one of claims 1 to 11, 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 centrifugal direction.

13. The stirring rotor as defined in any one of claims 1 to 12, wherein 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, and wherein at least a part of the

outlet port is located in the inclined surface.
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14. The stirring rotor as defined in any one of claims 1 to 13, wherein 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.

15. The stirring rotor as defined in any one of claims 1 to 14, which includes 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.

16. The stirring rotor as defined in any one of claims 1 to 15, 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.

17. The stirring rotor as defined in any one of claims 1 to 16, wherein the inlet port is provided

on an outward side in the centrifugal direction with respect to the rotation axis.

18. The stirring rotor as defined in any one of claims 1 to 17, wherein the flow passage is
configured to communicate the inlet ports with the outlet port in plurality to one relationship, and
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.

19. The stirring rotor as defined in any one of claims 1 to 18, 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 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.

20. The stirring rotor as defined in any one of claims 1 to 19, which further comprises a guide

member for guiding a flow from the outlet port in a given direction.
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21. The stirring rotor as defined in any one of claims 1 to 20, wherein the rotor body is
connected to a drive shaft for rotating the rotor body, the drive shaft having an in-shaft passage

communicating an opening provided therein with the flow passage.

22. The stirring rotor as defined in claim 21, wherein the opening is provided in a portion of the

drive shaft to be located outside the stirrable substance.

23. The stirring rotor as defined in claim 21, wherein the opening is provided in a portion of the

drive shaft to be located inside the stirrable substance.
24. The stirring rotor as defined in any one of claims 21 to 23, wherein a supply device is
connected to the in-shaft passage to supply a fluid or a mixture of a fluid and a solid to the flow

passage Via the in-shaft passage.

25. A stirring device comprising a plurality of the stirring rotors as defined in any one of claims

1 to 24, the plurality of stirring rotors being arranged in a direction of the rotation axis.
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