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paid to various nethods of utilizing fine bubble
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level , and various apparatus for generating fine
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type descri bed above is disclosed, for exanple, in
BagkgrawndsArtpat ent  Appl i cation Publication No.
[O&ﬁ 1-276589. The apparatus disclosed in this
publication has a cylindrical swirling flow generating
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nected to the inlet hole to supply a pressurized
f|UId froma punp. An aspirator is connected to an
i nt erneapparatisid thdi type ddsctibral abopeis disclased;ifor exasople, inwi t h

air bubbl es .is rat or and
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portion thereof to introduce a gas-liquid mixed fluid. The inlet hole tangentially

M

intersects the inner peripheral surface of the cylindrical member. A funnel-
shaped portion is provided at the lower end of the swirling flow generating
member. The funnel-shaped portion has a fluid outlet at the lower end thereof.

A pipe is connected to the inlet hole to supply a pressurized fluid from a pump.
An aspirator is connected to an intermediate portion of the pipe.: A liquid mixed
with air as bubbles is passed through the aspirator and introduced into the swirling
flow generating member through the inlet hole. The introduced gas-liquid mixed
fluid moves downward while swirling in the swirling flow generating member and

is discharged into the liquid storage tank through the fluid outlet at the lower end
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gas-liquid mxed fluid and thé liquid in the storage

tank. Thus, the bubbles in the gas-liquid mxed fluid
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apparatus, the swirling flow generating member has one inlet hole for introducing

a gas-liquid mixed fluid at the center of the major axis of ellipse. The gas-liquid

mixed fluid introduced through the inlet hole moves in a swirling flow toward

outlets provided at both ends in the major axis direction of the swirling flow

generating member and is discharged through the outlets. It is stated that the gas

in the gas-liquid'mjxed fluid is broken up into fine bubbles by swirling flow in the

swirling flow generating member and shear force applied to the gas-liquid mixed

fluid when discharged.



swirling flow generating nmenber and shear force
applied to the gas-liquid mxed fluid when
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Dizelosure betheliexatioubbl es (nanobubbl es). [0008] An
obj ect of the present invention is to provide a fine
P@b’@mt@bg@é\fedtbw@emapmmnat us that can efficiently
[ g}glerate nanobubbl es. Means for Sol ving the Problem
O? 09] The present invention provides a fine bubble

generAll itegibappassatibed find Wibbi degeratigRsppainisl brédk up

shearing unit. The gas swirling shearing unit incl udes

bubbles gptained inea sanelifed miveedi fhid intefing bubblesdly generating a
<BEIE BB St LT P SR e e
néhofR e eERibbYRl(hanobubbles).

[0008]

An object of the present invention is to provide a fine bubble generating
apparatus that can efficiently generate nanobubbles.
Means for Solving the Problem:

[0009]

The present invention provides a fine bubble generating apparatus
including a gas swirling shearing unit. The gas swirling shearing unit includes a
cylindrical member having a cylindrical inner peripheral surface, a first end wall
member configured to close one end of the cylindrical member, a second end wall
member configured to close the other end of the cylindrical member, a fluid
swirling chamber defined by the cylindrical member and the first and second end

wall members, one fluid inlet hole extending through the wall of the cylindrical



menber configured to close the other end of the
cylindrical nmenber, a fluid swrling chanber defined
by the cylindrical menber and the first and second end
YOUER4L; MEOHY20801 7370k Ref 750217 edujilpeire ext endengpioby/osiabs
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i s .of the lnner [ ral surface of the
pe’& qrﬂa}nl'fg%ofﬁléwél,n 6%9] ®fhe feature of this fine
qﬁble generating apparatus resides in that the fluid
|nlet hole is provided at a position closer to the
secofitle frathreval thinfmdiarbbletdeacratifeapparines residestih ehatical
dir ion of the cylindrical nmenber. Wth this
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bei ng dir d tomard
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velocity, the fluid noves toward the second end wal |
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noves toward the outlet hole. In this fine bubble

thepugle thetflwidoutigb Aelet us, unli ke in the conventi onal
[OBPl[ aratus, nost of the gas-liquid m xed fluid
roduced into the fluid swirling chanber once noves

i N a Thet #s] ihBe fdré@%ﬂ%’boﬁvéﬂti)ﬁﬂtabﬁﬁaﬁl‘é’q}ie EaORqUi D it | et
hole. The swirling flowis reversed by the first end
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nmoving toward the first end wal ere

chamberf dngeymoves in a swirling flow in a dlrectlon away from the outlet hole.
The swirling flow is reversed by the first end wall member to move therefrom
toward the second end wall member. At this time, the radius of rotation of the
swirling flow moving toward the second end wall member is smaller than that of
the swirling flow moving toward the first end wall member. Therefore, the flow
velocity increases, and the shear force acting on the gas contained in the liquid
increases. Thus, breaking up of the gas is accelerated.

[0012]
Specifically, the fluid inlet hole may be configured to be close to the



vel ocity increases, and the shear force acting on the

gas contained in the liquid increases. Thus, breaking

up of the gas is accelerated. [0012] Specifically, the
Yéur Ref IroHEI0s LS (R L7BONTSGLPEH t O De peirapsnota6633a

4 Your Ref.; |TOTI/20801725 / CUr Ref .

075027Tsu |-PCT PCT/ JP2007/ 060354 second end wal |
sependxrad. walixnenbgec More secifically ¢hef fluid itll¢tm0btmabohayeraay

citi sfrighalsFEPeciod 18 N Rasianed rayiioen e ecang'ea ">
mgrhf)&‘ﬂl kR hxA dﬁ’e&oﬁtb@r!l‘\(ﬁstﬂce abfealdt e()OS ?0013% thﬁ OBfheldr®f

diameter of the tldid inlet hol e reason
theflyidtinket hélei d inl et hole is not positioned in contact
with the second end wall nenber is to prevent the
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mhﬂwrd the f| rst end vvaII merrber and the path of
swrling flow noving fromthe first end wall nenber
[00b%ar d the second end wal | nmenber. [0015] Furt her, it

th let h
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which the fluid inlet hole would extend if it

maesasmedsible, thatpethrdisivirling flow mdnang formast thediirdt esdmfaﬂce of
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towatd thg ¥6don8 en@¥vall kRnftlerli d swi rling chanber. The
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inet hole to extend in the true tangential direction.
in which the fluid inlet hole would extend if it is assumed to internally touch the
inner wall surface of the fluid swirling chamber and extend tangentially, about the
point of internal tangency to the inner wall surface of the fluid swirling chamber.
The numerical values of the angle were obtained from a gas swirling shearing uﬁit
actually made on an experimental basis. It was possible with this gas swirling
shearing unit to generate nanobubbles more efficiently than in the case of setting
the fluid inlet hole to extend in the true tangential direction.
[0016]

The inner peripheral surface of the cylindrical member may be mirror-

finished, and a portion of the inner peripheral surface of the cylindrical member

that circumferentially corresponds to the fluid inlet hole, which opens on the inner

peripheral surface, may be provided with a plurality of annular grooves spaced



[0016] The inner peripheral surface of the cylindrica
menber may be mrror- finished, and a portion of the
i nner peripheral surface of the cylindrical nenber
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hol e, which opens on the inner peripheral surface,
may be provided with a plurality of annul ar grooves
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[Oa—hﬁ annul ar grooves have a width and a depth that are
not more than 1 millimeter. [0017] Wth the
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L fE ' P .axial direction. [0018]
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a fre,ﬁ{;enqy generated by the fluid introduced into
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[0019] More specifically, the fine bubble generating

toppgygntthe gibratipniod thereylindrigat mgohbenirom inwsesmgnphisb veadt ed
o the.fluid inlet hole of the_gas swirling shearing
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obhe vortex punp has a casing, an inpeller rotating in

the casing, a liquid inlet formed in the peripheral
wal | Méretsheciieadliynthe fiae bulsble pénetatihg mpprtatus mah durther
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and gas sucked into the casing and m xed together by
hasatcasing ranampelber rotatieg inghe cafing, 4 ligiid idett fosnedoih thde
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bubbl es before being introdlced into the gas swrling
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enerated, even nore efficient|y. '
m%(eg together by rotation of the {mpefler. ' tI'h%:/ fluid outlet of the vortex pump is
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connected to the fluid inlet hole of the gas swirling shearing unit. The use of
such a vortex pump enables the gas to be broken up into fine bubbles before being
introduced into the gas swirling shearing unit and hence allows nanobubbles to be
generated even more efficiently.

[0020]

Preferably, a disperser is connected to the fluid outlet hole of the gas
swirling shearing unit to dispersedly discharge the fluid delivered from the gas
swirling shearing unit. ~Specifically, the disperser may have a cylindrical |
member having a cylindrical inner peripheral surface, end wall members

configured to close both ends of the cylindrical member, a fluid inlet formed in an



[0020] Preferably, a disperser is connected to the
fluid outlet hole of the gas swirling shearing unit
to dispersedly discharge the fluid delivered fromthe
YdueRef ; SPOH20M 733V60Ur RSG 075027 TsufiesT f i cal | pCTAPI®07/060354
di sperser may have a cylindrical nenber having a
cylindrical inner peripheral surface, end wall nenbers
axaailmcm@teﬁl partioy of theseylindnasl mgabenin copanuygationwith she fluid
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cylindrical nenber in comunication wth the fluid
BrinfiDes¢riptionef tfe Diawingss swirling shearing unit, and
0§%gid outl ets extendi ng through the end wall nenbers,
[ pectively, along the axis of the cylindrical

r. . ol 3 » . 3
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[Fign ?bﬁia&la%mé‘orgea@%%wg fhe hrgtegwﬁﬁ 83§ Syiislmg shgarng ymit ¢ he
' i atus. [Fig. 3] is a
“SE%Q%G‘P%?"@?%%‘?%E%‘%‘EEP%%@%he line ITI-111 in Fig. 2.
[FRe 3] isMhdetidnal viGartikenapn@diie KRallI-NVARiE@: [ 0022] An
enbodi ment of the fine bubble generating apparatus
Begt Moda fordCanying,@ut the byemtion: nvention wil I be expl ai ned
[OP owwth reference to the acconpanying draw ngs.
23] Fig. | is an explanatory view of a fine bubble

genermd émgo e AthisfinebubBleGRhétafifp Apathf al@&&&iﬂgtto the
i nvention. The apparatus 10 has a vortex punp 12, a

preggst igyigntionryglideeaplangd belpw with refgrencg telthspeeosepanyi®g The
aRup 12 fornms a gas- liquid mxed fluid. The gas

SW P ng shearing unit 14 receives the gas-liquid
[oo2xed fluid formed in the vortex punp 12 and breaks up

a gas _contained in the gas-liquid mxed fluid into
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R D, 6 R SR B
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liquid mixed fluid. The gas swirling shearing unit 14 receives the gas-liquid
mixed fluid formed in the vortex pump 12 and breaks up a gas contained in the
gas-liquid mixed fluid into fine bubbles. The disperser 16 dispersedly discharges
the fluid in which the gas has been broken up into fine bubbles by the gas swirling
shearing unit 14. The disperser 16 is immersed in a liquid L in a liquid storage
tank 36 to dispersedly discharge fine bubbles into the liquid L in the liquid storage
tank 36. The liquid L in the liquid storage tank 36 is supplied to the pump 12
through a pipe 38.
[0024]

The vortex pump 12 has a housing 20 and an impeller 22 housed in the
housing 20 and driven to rotate. The housing 20 is provided with a liquid

suction hole 24, a gas suction hole 26 and a delivery hole 28. The liquid suction



tank 36 to dispersedly discharge fine bubbles into the
liquid L inthe liquid storage tank 36. The |iquid
Lin the liquid storage tank 36 is supplied to the punp

Yob2Refl; TTOMQD8A 715 //wr REE,; 0766224 4uji T Vor t expEDIIR0I204618S4 @
housi ng 20 and an inpeller 22 housed in the housing
20 and driven to rotate. The housing 20 is provided
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[0 bﬂhe 24 to increase the speed of the fluid delivered
the gas swirling shearing unit 14. [0025] The gas
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ocehgensg opcavitation] wohepuiné2 dustoswptian afgas tathepympni2 14
[g%% as shown in Figs. 2 and 3, a cylindrical nenber
having a cylindrical inner peripheral surface, a

firstTieds swiling sReadel urdi’l CleRf isghéwd il Bigs1206d 3p8e end
of the cylindrical nmenber 40, a second end wal
cyhidmen membenH} hayingeaicylindera daner peripberah @rrfa@p,oﬂ st ende

wiil e E0op BN iy ok cost ik BVt PR o o1
seam& EAGRHNCm IBer¥@| don ARFEE foscldsd tRd$thd%nd Bf tHeWyHndritapt

hol e 48 extendi ng through the wall of the cylindrica

mgmhérer0, ﬂ@udts“arlmghmhmx 46|dsEned hysthe pdinglsicalmiembandOwad |
thfnﬁ S ?%8‘541 %gll &/a mém E:r%r42|a1qd EE % X! alletq'nI e&t ex? q)d%{g
through the wall of the cylindrical member 40 at a position closer to the second
end wall member 44 than the center in the axial direction 6f the cylindrical
member 40 to introduce the .gas-li(lluid mixed fluid into the fluid swirling chamber
46 in é tangential direction thereof, and a fluid outlet hole 50 extending through
the second end wall member 44 along the center axis of the inner peripheral
surface of the cylindrical member 40.
[0027]

In the illustrated example, a connecting pipe 54 is secured to the outer
peripheral surface of the cylindrical member 40 in communication with the fluid

inlet hole 48. The pipe 54 is connected to a pipe 55 extending from the delivery



menber 40 to introduce the gas-liquid mxed fluid into
the fluid swirling chanber 46 in a tangenti al
direction thereof, and a fluid outlet hole 50

YRR OO 26401 2250M0ur RS, (98R9TGigee Wal | MPEbes20dAoa)38n0
the center axis of the inner peripheral surface of

e cylindrical nenber 40. [0027] In the illustrated
%&ﬁfvtee pemp bAnedcommpciingpips 42[54] issewnreditotthe sehendoertder

w@ﬁwﬁﬂ “hip Bt i Al Pl agbe e i pe

[ hgg fromt he
S .‘%:?ﬁmé%%ﬂelﬁ%z’?eﬂ%@v%%ﬁ%@/ Qur Ref .

[OGMHOZ?TSUJl-PCT PCT/ JP2007/ 060354 hol e 28 of the punp

A on ectl g pipe 52[54]. js,secured to the second
end epill rexmplen'ie &Jm{i}ﬁi%aﬂpéﬁ igpaniigpred (¢ beFlgse

ip pi pe
S i P8 AL S
citchlatisdctioiat shapeanp isepositiv@ed Awdydfrorm lties sebeldeend8vallsmember
configured to be close to the second end wall nenber
447y a digfargersubsipantiallyepeal to (e digmetestof st Ruid snletdheleds.

[ﬁ%gcular sectional shape and is positioned away from
é second end wall nmenber 44 by a distance

substiystfiuvad $wirlespieHamber 461s dh akRl Rhgtfifnot 126s thh5 @nies| et
hole 48. [0029] The fluid swirling chanber 46 has an

the diagieter eﬁ@ne tﬂwbtnlfrt dele 48aad agiameternot lesethdn 4hiptes theof

the fl l.e d. ter | e t han. 4
aippgtothE it 0r T8 B nRoral Folipiq) el englt T
the hhm&m%g%%@&ﬂaqs ab i@ 1 2% tHe@ahderddf thd Mad fdittidie

swirling chanber 46 is about 12 tines the dianmeter of
48, land ﬂllelsﬂnadnetm odthehfokreer i4 8houd A dintel ¢heddiameterof thé latthe

is about 5 tinmes the diameter of the latter.
[Of)g O] The fluid inlet hole 48 and the connecting pipe

54 corpeunii@ ali@hold 4x4mAhd ébnh@e'im%‘}nﬁ(ﬁtﬁcdnﬁﬁﬁﬁ&%t i ng
with a hypothetical axis T of e fluid inlet hole

thegwithihas an sxisdersesting mthmheypetbctucawnh Taxf therflued injethble

ace of the fluid W|rI er. 46 t end
8. s B o Tprsitey SO o PRd e o o
HeteP 6 ald Kk tdrangigenahily a%rﬁomq vileréfe ﬁg@dtﬁeﬁe&l &xiom 10
to 30 degrees, prefera b about from 20. [0031]
touches the inner wall surface at an angle of from 10 to 30 degrees, preferably

about from 15° to 20°.
[0031]

The inner peripheral surface of the cylindrical member 40 is mirror-
finished, and a portion of the inner peripheral surface that circumferentially
corresponds to the fluid inlet hole 48, which opens on the inner peripheral surface,
is provided with a plurality of annular grooves 56 spaced from each other in the
axial direction of the inner peripheral surface. The annular grooves 56 have a
width and a depth that are not more than 1 millimeter. In the illustrated example,
an inner peripheral surface portion that circumferentially corresponds to the fluid
inlet hole 48 is provided with five grooves, and one additional groove is provided

at each side of the inner peripheral surface portion provided with the five grooves.



The inner peripheral surface of the cylindrical nenber
40 is mrror- finished, and a portion of the inner
peri pheral surface that circunferentially corresponds

YJuPREMETIL208D172Y /&ur REA.; D797 TWHLIRIT Opens  paTAPROT/0H®I54
peripheral surface, is provi ded with a plurality of
annul ar grooves 56 spaced from each other in the

Spgsifia dir¢nsions pbhe annularegrpeies 56 gea 0.5 vum il depthy andc®S nirp én
]ﬁg{wl ar grooves 56 have a w dth and a depth that are

w nmore than 1 millimeter. In the illustrated

npl e, an inner peripheral surface portion that
cifcunferentially corresponds to the fluid inlet hole
48 i Shprcylimdizdl memberf40aad gheofirseand seomhdend vatldnemipaa i

anf A CL Y e 9] o B bits AL PAYe

OigRS B o ey By ) s o AR BT R R n i snitige,

chafnbedus through de fyid mlehokbisare 0.3 mmin depth and 0.5
mmin wdth. [0032] The cylindrical nenber 40 and the
[0P3}lst and second end wal | members 42 and 44 are

des! HELDANEINSS LRI RHALL b LIF) DRI gt

erent rom a rrequency erate t he

periphérd] dufat©ghdced walll Berhbés b2 Ud)rﬁig&x%drtb lcl'd)@e b&h%ﬂ@ﬁd&f thE
through the fluid inlet hole 48. [0033] The di sperser
cyliodned membyr S Tolsnesan i i hid e e i an

ol Ry R Fer R G SRR ot eE PO i S FRFRGR Ruifine
flaeFaes Bk SOTJIQhéjga%QG/Er%ﬁg sH@rihphhites. hagtir fullékﬂlgbdr&lr eb

64 formed in an axially central portion of the
hasyfluichelstleted6 extending tBEuEh theendwalloaembens 64, réspettivelyt | ui d

out . et hol.e 50..0 W rling shearing unit 14.
lﬁlﬁﬁ" &5 9 tfﬁlés Call"slé)récra{s]rélre'%%%r&nas fluid outlets 66

[(}@m]endl ng t hrough the end wall nenbers 62,
respectively, along the axis of the cylindrical

me rr‘loeThEGfﬂ}lld pgl@}@nqd ﬁmm thel fliig Ot!'éflrt iholer b tirecges swisling ui d
14
st i P4 Boviaint i aodp B hioueh Hhe RAEMG B s Biel ot "o

dﬁf)er§éi‘Q6 LhSBRE 86 twstreafR FoMiEStowatdthé Yi‘ﬂaﬁi Bﬁﬁﬁﬁe ends
ow ng toward the axially opposite ends

otithe gispereer 156vhilei swirlimgiand isndspersddlyslisthapet mtmltlhy 11qu1d in

ﬂ%gfi’lg{»bgﬁﬁqq@greta%%ﬁh&}kl?gu@d%ds 6%he liquid storage tank

[0035]

To operate the fine bubble generating apparatus 10, the pump 12 is driven
to suck in the liquid from the liquid storage tank 36, thereby inducing a flow of
liquid circulating from the pump 12 through the gas swirling shearing unit 14 and
the disperser 16 to the liquid storage tank 36.

[0036]

The solenoid valve 32 is opened when a predetermined time, e.g. 60
seconds, has elapsed after the start of the pump 12. Consequently, air is sucked
in through the pipe 30, and thus a gas-liquid mixed fluid is introduced into the
housing 20 of the pump 12. The gas-liquid mixed fluid introduced into the pump

10



[0035] To operate the fine bubble generating apparatus
10, the punp 12 is driven to suck in the liquid from
the liquid storage tank 36, thereby inducing a flow of

Yot Riéfi; Gr@H/R@300 2051/ @gir REQU7502eTRHPETL2 t hr opghyIR2007/060354
swirling shearing unit 14 and the disperser 16 to the
liquid storage tank 36. [0036] The sol enoid valve 32

hopsing, 2 isedaivem Enmaverplapg the inpenperinherab surfacg of gig housngAQls,

| . r,5h [ e.punp. 12.

by RBRAR bR 2 5 Shletea UL PR RV ik ol 38, 50,

Médnivhilbthe gasd $hd hid icbrokentfp ihtoUid Hubbled b? SkHAF Rfcd MéA
the housing 20 of the punp 12. The gas-liquid m xed

turbulgntiflow pecyaningia the:rfleidt hSome hpbbies obtainedrgfthis stage may

h ITC}VZO%gl 25 / r Rﬁf.; 075027Tsuj i - PCT

A AIESHH 9 BEEBSter I¢¥¢lsi ng 20 is driven to move al ong

[Ogﬁﬁ i nner peripheral surface of the housing 20 by the
action of the inpeller 22 and delivered through the
del i Uhe gahbqed a8xed\ihad fioid the d¢elheryglasie 28 it ingoduced thtéd s

intg fine _hubbles by shear force from

th¢ ﬁ?ﬁ_ﬁ‘?@ be Fhampes 48 of Meregs piringshepripgmicliwheipghe Buid
s S P B0 o A L SRR L BB B

fufth@rbrdkden ugéhtd \fige publslbeb e istorig vheaduae df ihe svirling€low.

fluid swirling chanmber 46 of the gas swirling shearing
Ther$trong sheatfosqedn theogas swirking phearipg waiti14 enables nackt bytibles
ove t as in the fluid is
to%er r‘%@?“‘giﬁg‘&gﬁbbﬁ% h SI?#{) ﬁ"é"‘%ﬁ%‘b ‘es by the strong
[og¥ejar force of the swirling flow The strong shear
force in the 'gas_ swirling shearing unit 14 enables
nmost Thgigps-beuid myx et Buill dglyverest fornitleegas swirliag slimaring unit
anoneter. .l evel .. [.0038 h as-.| i,aui d. m xed fluid.
1 DERRTELER BN it g AR B e 2 Hlfhing
flelv agdiabge@ dispeet I | Aduidihgly, Breapmgtuprf babbledulsctakai ng
formed into a swirling flow again by the disperser
plag in thecdisngrseyl s, breaki ng up of bubbl es al so takes
[Oeggce in the disperser 16. [0039] In the illustrated
exanple, the liquid is circulated fromthe liquid
St or gg ehe illadtatedCexhipRy gle lighﬂ iPbifdulated frbMmeh&R§uid Wofdgk Y
shearing unit 14 and the di sperser
tank 36 through the pump 12, the gas swirling shearing unit 14 and the disperser

16. In this regard, the supply of the liquid to the pump 12 may be performed
from other than the liquid storage tank 36. However, if the liquid is circulated as
in the illustrated example, breaking up of the gas is performed repeatedly, and it is
therefore possible to obtain even finer bubbles.

[0040]

As a specific example, the cylindrical member 40 and the end wall
members 42 and 44 of the gas swirling shearing unit 14 were formed from
stainless steel having a thickness of 10 mm. The fluid swirling chamber 46 was
formed with an axial length of 110 mm and an inner diameter of 43 mm to 55 mm.
The fluid inlet hole 48 and the connecting pipe 54 each had an inner diameter of

10 mm. The distance from the second end wall member 44 to the center line of

11



16. In this regard, the supply of the liquid to the
punp 12 may be perforned fromother than the liquid
storage tank 36. However, if the liquid is circul ated
YausRefl; ITOHR080 17256t Reft 093G@TPsEI-PAT eaki ng Pap/Ipfoot/ben3zas
'S perforned repeatedly, and it is therefore possible
tain _even finer bubbles. [0040] As a specific
th%ﬁ&lﬁﬁvlét hqlﬁéS B3 29 Ay caﬁ%%%mgﬁeglaﬁ& theeccoangsting pipe

54@&%? 1.%3 44T}%fde§10 ﬁm\@é{ k'rh) \%&eﬁb'l §Q‘jt 14

were T ormed ot om staln ss s avi ng ness

minfite] 0 ithis CBSE, gehethttbnSofiarlhige guﬁlbaﬂifﬂi’ne‘lﬁbmon fh@r med
with an axial length of 110 nm and an i nner dianeter

nagpmgter lewelivpassenfigmed. The fluid inlet hole 48 and the

[0 necting pi pe 54 each had an inner dianeter of 10

The di stance fromthe second end wall nenber 44 to

t he CIﬁmeefbré§ 13 &e elbodRként Bethe: ﬁn'e-f)%ﬂlg%&%gtgé I Qur
Ref.; 075027Tsuji-PCI PCI/JP2007/ 060354~ the fluid

appaatis abesirding 8 thegprezent nmvenfibrehascheen desgribey| dt Shoofd behe

ecti [ 54 was about 18 rees. The dellvery

e Bl BiPToechsaRE abharaiis § e avLEpPlgions &
ofiges, dgeneration of a large nunber of fine bubbles on
the nanoneter | evel was confirnmed. [0041] In the

[ODd2]egoi ng, one enbodi nent of the fine bubble

gener ti ng apparatus. accordi to the resent
i nverfor §kapRle, walehcoglainpg %@kulﬁzle%(hemr@ prareterisd éQiag hat

“M&Jbb@%ﬂé&b%&e&%@[{ﬁhé ﬁg% ?]]P%\?\% @r#@éhgfb@%faécgrqnég

varil ous appl at1 ons “as or exa

towbé Priesano itivantivnnig sﬁ}&ﬁﬁbmb;bffeé‘e dckieftg hinbf bieabilite hed aedld o
"nanobubbl e wat er” )%rg;:ner ated by the fine bubble
fog @h@ﬁdﬁ?tﬁﬁlcaﬁﬂ% Maghing parésy siligen watsrs and variewseqiher

ti
PR, SURHRRELEh i S PRES AL b
bubbidsisheuld prefarablyibk usedn Wafeine eatradheady bilwat Béder
pur poses, For washing silicon wafers, nanobubbl e water

uRdsraropne, Hds &?WF%@@ﬁU“’de P SV eI SanigInET BIREE-HCtiye
|
o§56fo SoeIRaE LA BRSRIl asBtnf BPedAISHRI ARG o

eftti-Heaoy ol ik stewilly dietwatdil Olnothisa¥gdra-iPeaioyulsblé wdt%pﬁ;sdsbd
| ocat ed deep under the ground and to suck up

itdspqsgibleda yeduse theamennt ofjsurfacerastivg pgant used. t Kiisalsegar d,
pbsfmbpeat'aqu&g |to a %ﬁsﬁfera'bf’e e%e%g the work needed to separate the

‘obtained extra-heavy oil from the surface-active agent.
' [0043] |

In addition, nanobubble water has a high penetrability and is therefore '

usable in alcohol brewing, for example. That is, to brew rice wine (sake), for

.example, polished rice is dipped in water for about 24 hours before being steamed.

In this case, if rice is dipped in nanobubble water, the dipping time can be reduced
to about 6 hours, i.e. one fourth of the conventional dipping time.
[0044]

In making bread or fish paste products, if wheat flour or fish is kneaded

with nanobubble water prepared by using nitrogen, acrobic bacteria in the wheat

12



it is possible to reduce the anpbunt of surface-active
agent used. It is also possible to reduce to a
consi derabl e extent the work needed to separate the

Y qubRaf; TEOH2B801 229 vaRy ReR 0756270805iitiea sur f acecagbios®060354
agent. [0043] In addition, nanobubble water has a high
penetrability and is therefore wusable in alcohol

flqw enfishydies oFhesstarepitdecornestpossible topisyent de¢amepogition of the

K for xanmpl polished rice is dipped in water
b et arofi AT B B R e e 1 thi s
[oo4#s3e, if rice is dipped in nanobubble water, the

di pping tinme can be reduced to about 6 hours, i.e.
one fNanobubbld wathecanatspdetisedhtl pudifppvergvatemetc. [ 1044] | n
roducts, if eat flour or

Ki b d fish t
R S B S o .
08, ERSRIG RGOSR L s o

acRGied RA the/ffifis&itbn dffidericyatn be fleredsedl. Therefore, it
becones possible to prevent deconposition of the
[0B#ad or fish paste products w thout using a
pres ' 0] I ed
o poy et M it e HROABSRTaF YL e BRI BFpiee
contbstionoibbyvhe tfiawdlibhle ermadtiignbpatat BC0oRITRE AYthe grebéift
. activated s|ludge process, in particular, activated
in¥¢ntiggethe combustige edicieacy ebihelod cambe improed togrrgnsifierable
eé%mification efficiency can be increased. [0046]
urther, if oxygen or air nanobubbles are generated in
[opgt)r ol eum or other combustion oil by the fine bubble
generati ng apparatus according to the present
i nverfturiar, nanebukhlesefsaripbysielbgicali agtivify. ofFor bxanaple, ifbandse
L apraoved. t o siderabl e extent. [0047] Further
ot SRR i B PR HEE P s B epd ), o ahce,
pdrés duadSemaved. | DIRLSKbbIWitae BsHaThLa KA, tHd 1t BRRES
of the hands open, and sebumin the pores can be
cffesheapche enhancgdinobubbl e water is used for a hot bath,
K%Qﬁ hot bath effect can be enhanced. [0048]

If nanobubbles in nanobubble water are destroyed by ultrasonic waves or
light energy, explosive power can be generated in microscopic areas. Through
this technique, nanobubble water can be used to cut genes in genetic

recombination, for example.
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I f nanobubbl es i n nanobubbl e water are destroyed by

ultrasonic waves or |ight energy, explosive power can

be generated in mcroscopic areas. Through this
YHe®en; MO8/ 20860725 LOR ref Ve 617 TeaPOE Used tpeTOPE00908654

in genetic reconbination, for exanple. 13 Your Ref.;

TTOH 20801725 / Qur Ref.; 075027Tsuji-PCT

PCT/ JP2007/ 060354 CLAI®ARIS] A fine bubble

enerat.i n aratus conprising a.gas.swrl.in .
[ ears ApE Botiie Bhtaltg SEPRYS sy e R ey i hearing
unif) ehe ik B@irliAe Shebtinglidicativamgber having a cylindri cal
i nner peripheral surface; a first end wall nenber
conf i guliedricad menbsehaving 2eydindfical imnec peripiairal saface;
menber, a secqnd end wal.l nber configured to cl ose
the it st endrighl RemRer CORGEITFRI Giate GRg APt cylingrgal
madbEt i ng chanber defined by the cylindrical nenber,
the first end wall nmenber and the second end wal
nmenber secand dndivehli membertvohfgiead @ndoseghéd dtherugld ofithsal | of
the cylindrical nmenber at a position closer to the
clwdgst msmPelial | nenber than a center in an axial

di rect - i Lheal : |0t u

o L0 Aok R (ORS00 EIRBE 0 LS, o
walh archder and the tex0géBid wall slembed; i on thereof; and a fluid

outl et hol e extending through the second end wal |

nembed fhaf gt hole exdending thsough afwallind thewidindrieal msmbernat a

urface of 1h indri,cal er, .The f.i,ne bubbl e
p&icseflo thlSechid LRAAFRemBEREL § ol BF bRl
of thE €flindfiedendnsb ¥ &4 intlo@S® al s hiagidsaxeA dufNdiowsd fluid
nmenber. [3] The fine bubble generating apparatus of

swirlingahambeiia adpngentia direction theteeft anchol e has a circul ar

sectiopal, s e.and i.s sitioned a framthe second
ond | SRR RGBS Lerda BB i R SEeith Wol el BERER
cétfter|aRBDF . iAndr PeApHeralBerfaedf ABRIyEhdridi nichfef. | Ui d i nl et
hole. [4] The fine bubble generating apparatus of

[l ai 18 fingthabblergené¢rating apparatuswif claimd, whensinethe flaid inlet

xial  l.ength not |gess than times the dianeter of the
h‘?llebsl %t clp %8&%S§F%rfde‘in§]w%e’%?qe bubbl e generati ng
[HPparBidEneBubBR)geRérain@dpphratusto? cthim WNEhEleth thBuid inlet

hole has a circular sectional shape and is positioned away from the second end

wall member in the axial direction by a distance at least 0.5 to 2 times a diameter
of the fluid inlet hole.

[4] The fine bubble generating apparatus of claim 3, wherein the fluid
swirling chamber has an axial length not less than 6 times the diameter of the fluid
inlet hole.

{5] The fine bubble generating apparatus of any of claims 1 to 4, wherein the
fluid inlet hole has an axis intersecting with a hypothetical axis of the fluid inlet
hole, that is assumed to intersect with an inner wall surface of the fluid swirling
chamber and extend tangentially, at a point where the hypothetical axis touches
the inner wall surface at an angle of from 10 to 30 degrees.

[6] The fine bubble generating apparatus of claim 5, wherein the inner
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fluid inlet hole has an axis intersecting with a
hypot heti cal axis of the fluid inlet hole, that is

assuned to intersect with an inner wall surface of the

YhilrRefl; IFOH080MT25 craRREr 0730 oL t angeptirabidng/08éssa
poi nt where the hypothetical axis touches the inner

wal | surface at an angle of from10 to 30 degrees. [6]

peripher] ssfageipithe cyjindaeal imempes iromirearfinished, endiaposijon of

wher ei n. the.inper 4 Youy. Ref.. | TOH 2080172 Qur
s sty vt ot pleithismimh Gdem ST ErBALY o
c&t&dﬁmg toPthe FIORI iAdét hA1EN AN opERs bR Ehd iﬁnépp%@{eﬂl's{ifﬁ&e ﬁs
and a portion of the inner peripheral "surface of the
proyidedwith aglluratityio anrtutatgrasives spaced fromicatt otherdnman asjabnds
to.the.fluid inlet hole, ich opens on the inner
d‘beéF?‘bﬂ%ﬁfhﬁFWDP"F@%@E&P?@C#@%%&I&{Q‘)He 3 ing2aY idhy angk a
@R hBIre G6QRYE IAPAGREMELL™ €ach other in an axial
Irection of the inner peripheral surface, the annul ar
[7§r oovE=R: fire\biubble gendratiny appatatus oflelainh 5t kdreia tige Hindrvdle
n1mllinmeter. [7] The fine bubble generating

th
mﬁlﬁg%&aatial&e Tt endayalh membgrapd second end yell memberhaverfenber

' 1 r ng, end | ]
o0 R SRR BRSO BT 0 Py
into the flalkicywigpgehahed thyushdeffluid #idt Rbleoduced into the
fluid swirli n%lgcharrber through the fluid inlet hole.

[818] Thhe finefubblgigenesatingrappanatus gf appetrcdaims 166 4afuythof

s 1 to 4  furthe c I.SINg,a vartex pu
ol By P Spieteled PTG B s heies BeiPpe ng
el driGtoWipply b AurdiBRhe/A@d slvitlilg ERntRE thd Wirbxpidg | N9
_chanber, the vortex punp including: a casing; an
inchydisgl er rotating in the casing; a liquid inlet formed

in a:ﬂ%@fn heral wall of the casing; a gas inlet forned
in the"peri pheral wall of the casing; and a fluid

out | edn ifipeNérde@tindlintth€caRfifgt Pheral wal |l of the casing
to deliver a gas-liquid mxed fluid formed froma

| i qui adliqdiinggi ormed keed penipheral nallod themgsiagd i xed

t oget her . ot af.i of. the impeller, .the fluid outlet
bei nd* %agﬁ‘ﬂétcfg’gﬂg‘i%%{;%mp Fral yah ﬂ*@f’cﬁ%‘i‘gea’& ‘the gas
SwWi 1 |d fhld S0 praidedTh the dePibheriPwdll HRhOERRle&0 WAL | NY
apparatus of claim38, further conprising a disperser
gasdguamixgd floid foeméd fiord adiguideandrgak sudked irtethgassisgvand i ng

o e B Bk B e

fluid inlet hole of the gas swirling shearing unit.

[9] The fine bubble generating apparatus of claim 8, further comprising a
disperser connected to the fluid outlet hole of the gas swirling shearing unit to
dispersedly discharge the fluid delivered from the gas swirling shearing unit.
[10]  The fine bubble generating apparatus of claim 9, wherein the disperser
includes:

a cylindrical member having a cylindrical inner peripheral surface;

end wall members configured to close both ends of the cylindrical
member;

a fluid inlet formed in an axially central portion of the cylindrical
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[10] The fine bubble generating apparatus of claim?9,
wherein the disperser includes: a cylindrical nenber
having a cylindrical inner peripheral surface; end
YoRRES; TEOH20801929f O WRee 07502 7ghgisEC OOt h - endeTob2007860354
cylindrical nenber; a fluid inlet formed in an
axjially central portion of the cylindrical 15 Your
megaper:in comyupigaiion7wih thedlwid mettet holg p6 e s ayvirlimgshearing
1HFCQS P2007/ 060354 nmenber in communication with the
ﬁUI outlet hole of the gas swrling shearing wunit
and fluid eutis éx@&féliﬁ%‘t gh B enb Waldherh s, 8P eti@lely, along
menbers, respectively, along an axis of the
ancaxiiy ¢fdh¢ exdindriealiembef.11] A washi ng net hod conpri si ng
e steps.of . preparin ter coptaining fine bubbles
“Et ué%ﬂ5§¥ﬂ%mﬁ%ﬂ§CW@B%ﬁggﬁﬁéﬁ@?8€ing appar at us of any
of clgsi \tai [ hel ' t he
wat erﬁéﬁg dg@éﬁé?[ﬁg@ﬂ%ffﬂ?ﬁ%?@%g%gﬁ? t/\l%tfglre \Mggﬁltee nt of
gagemting apparetuseftahg df claims 1 ®i Hgand he steps of : preparing

wat er containing fine bubbles by using the fine bubble

genershing 28 3piclevith therwalery of clains 1 to 10; and

AN L T f 00d
(15122 REYAE TR HIG SBLRcr il o KRR Ep o0t
thpsepasf: ng wat er contai ning fine nitrogen bubbl es by

using the fine bubble enerating apparatus of any of
cl ai rRFenaring wapr capfgi uhbley bk Heing the fingdubblgt er i al

gég‘é{%ﬁﬁégﬁ%a}ms%tg%fciﬂ% 1t§)f6‘3th d of producing a

on Ol i AProve cofbustion effici ency, the

met hatlpsingiheiggdingintthewsateeps of providing the fine
bubbl e generati ng apparatus of any of clainms 1 to 10;

[1dhd gkeseded fogdimateriab progdueing oisBiodsomprising theovensofi on

oil by _usin he fine ubb] e ner.atj ng .appar.at us
[15) PRt ol Py Bl e PR B b B e o
gaetativig bpghrathiefimy of claims 1 to 10; and

producing a kneaded food material by using the water.

[14] A method of producing a combustion oil of improved combustion
efficiency, the method comprising the steps of:

providing the fine bubble generating apparatus of any of claims 1 to 10;
and

generating fine oxygen bubbles in the combustion oil by using the fine
bubble generating apparatus.
[15] A method of activating activated sludge in an activated sludge
wastewater treatment system, the method comprising the steps of:

providing the fine bubble generating apparatus of any of claims 1 to 10;
and |

generating fine bubbles in water in the wastewater treatment system by
using the fine bubble generating ap};aratus, thereby activating the activated sludge.
[16] An extra-heavy oil mining method comprising the steps of:

supplying an extra-heavy oil deposit with water containing fine bubbles

16



wast ewat er treatnment system the nethod conprising the
steps of providing the fine bubble generating
apparatus of any of clainms 1 to 10; and generating
Y duir Ref - TTOR/ 2080 1705 M@iir®Ref.{ 0V50I syyRBCEWat er  tpraaPi®NI060354
system by wusing the fine bubble generating apparatus,
t herepby activating the activated sl udge. CkéG] An
preparedbhusng thsitine bpbhle generating @pparaiys of amypfictaims tl dpd Opf
uppl yi ng an extra-heavy oil deposit with water
containing fine bubbles 16 Your Ref.; 1TO -1/20801725
| QursuBeihg ip G50 satither R RERLRAPGT/ 060354
repared by using the fine bubble generating apparatus
[15} arfy mgthod|od ienanging botligath effient, theiniethod copptising vieet steps
ogether with extra-heavy oil. [17] A nethod of
énhanci ng hot bath effect, the nethod conprising the
st epSyregibi [(Na¥aT KOl ' es by
st ng e B AR Mt L D s el BT 7Yy
geankmting agparausl 6 angod ckasnabta He améit er for a hot bath. 17

using the water for a hot bath.

17



