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generating nenber. The funnel -shaped portion has a
tp brealy up thd gas inje finpdubllarby Bedhedndorso pf tha spiigbiagiflow.
[ﬁ@ﬁﬁeCted to the inlet hole to supply a pressurized
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The swirbing Sowrgeperdtidg member has one inlet hole provided in an upper end
portion thereof to introduce a gas-liquid mixed fluid. The inlet hole tangentially
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 fo 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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the cylindrical nmenber. [0005] Japanese Patent .
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paratus, the swirling flow generating nmenber has one
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apparatds, Wheeswidirpchew geebrating member has one 1nIet 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 mixed 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.



2 Your Ref.; I TAI/20801725 /| CQur Ref.;
075027Tsuj i - PCT PCT/ JP2007/ 060354 [0006] Japanese
Pat ent Application Publication Nos. 2002-11335 and

1, | 5el - wher ei n
gg‘g-qﬁef"qjuii%ﬁmaggleggf PR O T i nt o BCTE2007/060354
fl ow generating nmenber having a cylindrical inner
806Jpheral surface through two axially spaced
gas-liquid mxture inlet holes provided in the

swi r | i 14B3n°Pe beleR< RGeS | Negh d0@hl 333tand e
R i R AL e T eR

svarberflow BaictdingBoantie hbvib a bghadieabinRat tipheral surface
Application Publication No. 2001-276589 Patent o
theughdvie axially spaged ses-Imuié mixtappinlet heleppropidst iie teiswirling

I R A
ARRIch 6alldte Proviieliia Béth QAdINGE the WVRLALBSw zch@h@fY member.

Docunment 5. Japanese Patent Application Publitcation
Ratent Pogome@d1 Sapangiedtatant Appliction Reblication Noo A0 P2 HH88 M

b0 Do s e AR OPETGERe PR RS OANSr A A BBk
ftent DIOBRLES 3¢ PHaRbRa%idnING. §@8ok5qui d m xed fluid into

fine bubbles by generating a swirling flowin the
Rdtent Docivperd 4o fapahess P abemhA pplication Bublidaiion &t RHO[EIBS6at e

nanonet er -1 evel bubbl es (nanobubbl es). [0008] An

Tsgng Docypentipe ?@a@%ﬁ@t%é}eﬂh%ﬁn Publicatign Hlp; aéf)?aléﬁléé
| . apparatus that can efficiently

]gilgﬁgérug%gﬁri}gglg‘{aebgg?'es. Means for Solving the Problem

}rob16M]to BaSopied bg ke Invwetiolnt on provi des a fine bubbl e
enerating apparatus including a gas swirling
ring unit. The gas swirling shearing unit includes

a cylipgreical [ ' | Lndrical i.nner
oo AT ARG SRAPH S OR8
bbbkt gatitaifled @ @%aféiﬁ;u%i;&ﬂdhﬂd inkd B MHbIEHyCatherdBARET |

a second end wa menber configured to close the
sotithiag flowdndhe fleid. cNonp df theml, hereensarcan gffidiently gegeriatel | ng
I%Ph?alg? g{wg&&iélggﬁa?%ﬁtag&b%&i ndrical menber and the
[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
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ﬂmu@tﬁmﬁid@me{h@w in a direction away fromthe outl et
hole. The swirling flowis reversed by the first end
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wal | At.this tine, the radius of rotation of
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chamber once moves in a swirling flow in a direction 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.
[oo12]

Specifically, the fluid inlet hole may be configured to be close to the



[0012] Specifically, the fluid inlet hole may be
configured to be close to the 4 Your Ref.;
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;d the second end wal |l menber. [0015] Further, it
I'S preferabl e that the fluid inlet hole be confi gured
[00l1Hxtend at an angle of from 10 to 30, nore
preferably about from 15 to 20, to a direction_ in

whi ch Ptr?férabm the fiyid swiring ehapsher Basean asiad lerseth votiless than 6
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efficiently than in the case of setting the fluid
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in Wthh the fluid inlet hoIe 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 unit
"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 circumferentiaily corresponds to the fluid inlet hole, which opens on the inner

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



finished, and a portion of the inner peripheral
surface of the cylindrical nenber that
circunferentially corresponds to the fluid inlet hole,
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di sperser is connected to fluid outlet hole of the
nyixed together by rotation of the impeller. The fluid outlet of the vortex pump is

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. '
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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



swirling shearing unit to dispersedly discharge the
fluid delivered fromthe gas swrling shearing unit.
Specifically, the disperser may have a cylindrical
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menber. Brief Description of the Drawi ngs: [0021]
[Of2Y. 1] is a diagramfor explaining a fine bubble
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to Theeprent Rfvedtigas sW rling shearing unit used in the
fine bubbl e generating apparatus. [Fig. 3] is a

(e 2] raadiagramvior epdainiak dirpintenior bf mgad swirlinglsheaningivgit 2.
Best e for. .Carrying Qut the Invention: [0022] An
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ow wth reference to the acconpanyi dr awi ngs.
B30RB{e ForgCarflying Oatthe Xppleatiad:ory vi ew of a fine bubbl e
Bﬁ%’jrati ng apparatus 10 according to the present
[ ntion. The apparatus 10 has a vortex punp 12, a

gas swirli _ . . 4 .
e 1 PR ALACLROGRI B oSO BB o The
wwetid innghtdh edllibe@xplalred bdloweeith Yeferch&ieto gRSadcb@ipartying
mxed fluid fornmed in the vortex punp 12 and breaks up
diajiags.contained in the gas-liquid mixed fluid into
[pﬁﬂﬁ bubbl es. The di sperser 16 di spersedly di scharges
€'fluid in which the gas has been broken up into

fine IFubhliesn Byplhi@orgasevs ¥f 4 fihEBubbid Sdictditlg Uppdrathd10
The disperser 16 is inmersed in aliquid Linaliquid
ageasding éo thegmesegbinventivns p&he epttayatds ¢ hasragerek pempuBbh es

AP B R g focl Ry OB et
HobRl e f1h&. 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 liguid L in a liquid storage
tank 36 to dispersedly discharge fine bubbles into the liquid L in the liquid storage
tank 36. The liguid 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

7



t hrough a pi pe 38. [0024] The vortex punp 12 has a
housing 20 and an inpeller 22 housed in the housing
20 and driven to rotate. The housing 20 is provided
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[gégﬁlded with a solenoid valve 32. The sol enoi d val ve
s closed when the punp 12 is started. The
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of the cylindrical nenber 40, a second end wall
er 44 configured to close the other end of the

cylin
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tangential direction thereof uid outlet hole
tixofizskansirgconyl endrwalmembers 42 and 44 a fluid inlet hole 48 extending

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 of the cylindrical
member 40 to introduce the gas-liquid mixed fluid into the fluid swirling chamber
46 in a 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



t he second end wall nmenber 44 along the center axis of
the i nner peripheral surface of the cylindrical
rrerrber 40. [0027] In the illustrated exanple, a

Sur ?{% ﬁg@f%?? | . a?%%rr%' Ze out er pPRLLENGIRL4

the cy O i n conmuni cati on
Wlththef|UId |nIet hol e 48. The pipe 54 is
lala 28 of the pumpal 2pi weccﬁaﬁe@xig@pﬁ mszt]ng) sacited tol élel seeund end
Your Ref.; ] TOH 20801725 / Qur, Ref.; 075027Tsuji-PCT
vewIBaunieaion vith he fpikoutighipla 50. AThe pipe

my
r e second end
e R Y TS U T
[mokg 50. The pipe 52[54] is connected to a pipe
extending to the disperser 16. [0028] In the
il ustlﬂéh%léﬂuétkaé%w@mpﬂméhefﬂludem;etrhOéq4 islcenfigiredto be close

fi d to to t e I nber
IR G P i Sy PeipREf | spacitinbe BRudiiele 4/ B4
Gl lséﬁ’uoﬁﬁ%hh}%@ld i$ PERForRA dwlas fBASHE sQBAM eANGYI i iBer
the second en nenber 44" by a di stance
Hhysa éiﬁtahm Jupsteunficdly egoaltth ¢heodiameteeof thé flukldnlet bold 4Bnl et
[BQ‘J,’-@ [0029] The fluid swirling chanber 46 has an
I Iength not less than 5 tines the dianeter of

0 b A AT 01 50 10

th¢ Huasieten b thedbuadrinlet holehks @ndiaadiathetbgiidi 1@k thahhetnﬁésﬂ]é
svvlrlln chanber 46 is about 12 tines the di aneter of
digppeter firddpletnle 45.48ln the illustiated paenlerthepxitiiength of

ng@@]sm}_ﬁ n@?ﬁéﬂlbé 4t6I utt f11§ ti @ﬁ?gﬁ%rﬁe Céﬂﬁe h itisler holg

urd |nIe Tore onnec |ng pIp

A4 aebieditintotdred thd faghevis bifoll 3%inde tRdismeRrt 6f hetitieRd
wth a hypot hetical axis T of the fluid inlet hole

[9930]t hat is assumed to intersect with an inner vvaII

surfa chanbe 46 and en

¢ angernteaiid Mehold 45 it dtec BRI vRledtl o <
thW TR Bad feaxidiBise0Bhg withalldp6that cal Bxid T eheMuidl 280 hiile
to 30 degrees, preferably out from15 to 20. [0031]

+Bhidat ispesumsd o pﬁ@‘ﬁ%ﬂt Wsthraﬁlanmer ofallt dua“awcbﬁ ﬂwﬂuldazwvlnimgb er
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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'perip_heral surface portion provided with the five grooves.



corresponds to the fluid inlet hole 48, which opens on
the inner peripheral surface, 1is provided with a
plurality of annul ar grooves 56 spaced from each ot her
i the. ' ' ' X I roperi
08 I Dol oS bt R Q0o Bl BT, BT PHCT Biagggoosse
depth that are not nore than 1 millineter. In the
Bpdcifit diniendomyaitid snula@grocveess perl. Pheal al depth dnd®e5 mm in
portion that circunferentially corresponds to the
hid, inlet hole 48 is provided with five grooves,
ﬁﬁgz ne additional groove is provided at each side of

he ™ nner peripheral surface portion provided with the
five grienutisdriil ¥ktbeRad and th Bkt 208 9688 ehd WMl nRefbers 42
075027Tsuj i - PCT PCT/ JP2007/ 060354 Specific di nensions
aid 4drpse defgried to haveoness agé sefasthoth@ hawe a natdeb fikqesndy 0. 5

1

e sy W ek 00T S b B Gl TEmBer 0, and Lhe,

deaberedihtsudhanennmssictnsle 89 forth that have a natura
frequency Ifferent froma frequency generated by the

[OP33]d i ntroduced into the fluid swirling chanber 46
t hrou the fluid inlet hale 48. [0033] The di sperser
16 nacths JgiﬂerSﬁaP?d b garel it A0 27 S Hefrighfnner
R tral EAEPARI (] BB CERRREN lo JRERGIerdk of the

ayfindhécal 6@mbehe0.di Bipadiserset 66 firtienkis Sihsid anléd 64 Rraad Bian
- 64 fornmed in an _axially central égorti on of the

ajallyrantra portiarafdke edindrca spemher 6861 eammppipatignewith thei d

. RAN heari.n ni,t 14,
(Rl b MO X sl 3R sl i 15 G Bl B ptspeider 16
1 flefidiuligistdor taididghBroa ol thednld W THEhBerS82, respectively,
respectively, along the axis of the cylindrical

ahengihe age of fhe@slipdripabmembet®lel i vered fromthe fluid
[ﬁﬁﬁlet hole 50 of the gas swirling shearing unit 14
on into the disperser 16 through the fluid inlet 64

of  t heThe @hsP@INBFed Hfom BRARI@bETet hBleS 0l SEds §3iding
flowng toward the axially opposite ends of the

shieasingrussrl 41f®wshintoghs dispériserd 6aheduils theti gk indet ¥ yof the
d%%§0h ed iqto. he liquid in. the |iguid tora%e t apk
PP SHRATPLITE BRSPS B Winegawsic o 2gpily aprosts gnds
oglrﬂi&\e;iéﬁie%} 6 GRNE SHIiRY aAPRUPENSAY YischPEediiPh Zight in
the liquid storage tank 36 from the fluid outlets 66.
[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



to suck in the liquid fromthe liquid storage tank 36,
thereby inducing a flow of liquid circulating from
the punp 12 through the gas swirling shearing unit 14
eid R NA A SRBIBSY OLPRLO oY B 7TduABCY St Or ag8-tApds

[ 0036] The sol enoi va%\ie %@J{sﬁ%gg‘ned vvheﬁcg 0760354
predeterm ned tine, e.g. 60 seconds, has el apsed

bdéuseng 20ne devar to méve dengthomnPperiphasbspréat by thediotsihg 20
ucked. in.throu he pipe 30, and thus_a gas-1liquid
R eetion lahe bepdllr o anb e thmueh tng delivesy Bolects « he
_ L i . _ i i o
PR, o S0 RV o PO Bk bl
firtadehi Tiouw) decleihgRETHeIRAA0 78 6OBTblesobuBddht Als btSge may
driven to nove along the inner peripheral surface of
kays abametarpizgicrameterdevelet i on of the inpeller 22 and
@@bjlvered through the delivery hole 28. Meanwhil e,
he ]gas inthe fluid is broken up into fine bubbles by

shear Ty g@s-liguRidedthul 86h thd RNVESHHE 298 ihtfoddlBd into

fluid. Some bubbles obtained at this stage may have a
e Awist evirling chpoberdt efithe gassiwirling 6Beringhwitdds whergwhaifluid

m.xed fluid fromthe deliyery hole 28 is intraoduced
P eaimg R 1 Siyed o The: D it pa ot
o ér BrBlEenSIpEALO fiik B : Mﬁg bkhe kirdi
into al{ SW rling flmoj\kbgeg%gtt%te hgg%é\}gfér#ﬁgg@etsﬁgﬁgégs ﬁh
Thesstifohg slbar $ored imrthbgas dwvidkegrshegpinigninit 14 enablositnbkidsibbles
the stran hear. force of the swrling flow The
tgttf’lr‘?i’gélpéﬂtgdis"e?%}[’@@s PR thepanemeteslgvel i ng shearing unit
[@363 nabl es nost bubbles to break up into fine bubbles
on the nanonmeter |level. [0038] The gas-liquid m xed
f1 ui d Telgas-tigeid rhixednluldalefiasresd Worl the gassévaaling Wheatitighunit
14 is discharged into the liquid storage tank 36 while
 19ds digchasgsdanto the Hasidsigrage tark 36 while bejag formpddnte a swirling
' d . in -breaki ng up o bl es. al so
R BB 67 i REPLE MBS BE A gt R S 1S
pladelis tHeadispdrsexdfipl €, the liquid is circulated fromthe

Iicb:Ji d storage tank 36 through the punp 12, the gas
[90H i ng shearing unit 14 and the di sperser 16.

6 n
this regard, .t su of.. t liquid.t.o the pu 12
my b B foseiAkg SHPBle uishaein sheilage Fom g R
thikd6 BRoughi@epiip 12,fthd bR sWidip Shdafing uhit 4h3h8 theABsperser
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

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

1



in the illustrated exanple, breaking up of the gas is
perfornmed repeatedly, and it is therefore possible to
obtai n even finer bubbles. [0040] As a specific
VAT SITGHIS0sRY 15N Yt RE; 0FRERRLiR:TaNd T he pefipitpd heossa
menbers 42 and 44 of the gas swirling shearing unit 14
were fornmed from stainless steel having a thickness
tife fivdd mbet hvkeed§ Wad 2D mwi. r [Thegnaeinting eugld 6 ofids: cofunrcting pipe
Lth an axial |eng of..110 .mm and an i nner _di ameter
S5 i B b Bagrefn Thordeifary i hF G2 avaeg 20T e
ESRRECt Le ] ] 10
mm Theﬁlgfﬁglt%g%ééé}%%%ﬁ?ﬁg?%%congﬁ%ﬁgﬁ%mﬁ 1121%644 to
hireneenierel Wapeonffrmed. Your Ref.; | TOH 20801725 / Qur
Ref.; 075027Tsuji-PCT PCT/JP2007/ 060354 the fluid
[Wél hol e 48 was 20 mm The nounting angle 0 of the
connecy | ' T livery
From ¢ w8 ieRue, wte 3B AL 038 HROORRT: e JORHAE, 1
§ARMIUOROGIRId 0 thdpresent MRafionHIDBEerdestdittd. buhBbad ben
the nanoneter |evel was confirnmed. [0041] In the
redihet thg fing habllaigeutirstingtappiratiy ds sahks i witidus applications as
ﬁ)ﬁ@erati ng apparatus according to the present

¥fti on has been described. It should be noted that

g2f i ne bubbl e generating apparatus is usable in
various applications as follows. [0042] For exanple,
wat er Borxainplengatencmitaibing asndbubbles (tak diesftor efferredi 4o

as " obubhl e water” erated by the fine bubble,
BB St o ) et S TE Bk g Soching
: . . - .

oRHEB AR PR ik y SHALARSIVRS bl WeHpTE and poabe
foa fihermemptaliicanolds, imawhine pafts sHican dvabas malisardibether

pur poses. For_ washing silicon wafers, nanobubbl e water
RBPesss-ni Ry ashing gison pighwss, @analrbblegvaiereoatanpg nigegen
IH%%R%S sﬁ&l%f%?ergﬁlgrb@hgﬁav Wo%ilne Q a—B%eR& oil"dl Blofl{ Oun d,

It I's genefal practice to inject water contalining a
widefgdaerdait id Yeheral @Ridticd wlifjeetrwRt dontaiday ¥ s@ificedepasi t

| ocat ed deep under_the ground and to suck u

AR Bl IoRY yrpik depot {avater] deoptaer thergromidsand b aucd up

. bbb, . erid T |
e R R PO oty uisglaerd, fEBER LD e WA JEHEE
iPRPBEIDIE té Rediesliie AndonttofGaTadedREFD heer®uidNt IHibalswor k

needed to separate the
possible to reduce to a considerable extent the work needed to separate the

e

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.c. 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, aerobic bacteria in the wheat
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obt ai ned extra-heavy oil fromthe surface-active
agent. [0043] In addition, nanobubble water has a high
penetrability and is therefore wusable in alcoho
?Bxﬁ-‘ﬂ glfro&f?ios@i‘ﬁgpf)ﬁr Rejfh?%o%?r uli Py W T Cpe B07/060354
sake for exanple drice is di ppe wat er
for about 24 hours before bei ng steaned. In thls
ﬂaﬂ'e),r fish did c @hesfate,fpestomes passibiertolprevenat @ompbokition of the
@P time cap be reduced to about 6 hours, i.e.
‘P’b%frhtl??s@fpr‘?qﬂ’@tsd’ﬂﬁ\%ht‘ﬁl%&Prea‘i’fﬁﬁti“ﬁ:g time. [0044] In
gﬁ ﬂng bread or fish paste products, if wheat flour or
Ishh is kneaded w th nanobubbl e water prepared by
USi Ng MarldbQBislo wate cabalco BeGdedltd putify rvee wahgake. 112 Your
Ref.; 1 TOH 20801725 / Qur Ref.; 075027Tsuji - PCT
POvhUbROBTIcoBOBEHn  Wargwaler trdahentisgsterTivmpkhyingthe| t

f
RFERRT 038 B i SRt Ao u TRETRS L PAgn Wve
RAOHBA, AR HNE udfﬁaééleﬁiaiéﬁauwllﬁlﬂa%&%dcan al so be used

to purlfy river water, etc. nanobubbl e water is
[08¢@ i n a wast ewat er treat rrent system enpl oyi ng the

activ I ocess, art| cul ar, . acti yvat ed
o}ty e i G b e S Rt e erin et other
&M[Hugﬁ&‘%ﬂ Pﬁﬂﬁfﬂde%ﬁﬂg eﬁ&%@%&%ﬁﬁ%@&dm QQ&@ res nt

Furt her, oxygen or 'es are gener
Lpeentmh,euhanmnbmﬁbn efficbawh o theanl @nlbelyiptdved td meodsulehibee
generating apparatus according to the present
Hént i on, the conbustion efficiency of the oil can be
t oved to a considerable extent. [0047] Further,
nanobubbl es of fer physiol ogical activity. For exanple,
i f  harfisthef héndbibesefferiphysialoglrdbivtieitwat Bdr,exhmplepidhasds
of . the hands open, and sebumin the pores can be
areipperged jonagg Water, et rores of theskands gpern apd schiyay i, the

f b h
rB g PLS e n oL VB HRER B b ot barn
dﬂebtr@gmleghmg@s or i ght ener gy, explosive power can

enerated in mcroscopic areas. Through
[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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this techni que, nanobubble water can be used to cut
genes in genetic reconbination, for exanple. 13 Your
Ref.; 1 TOH 20801725 / Qur Ref.; 075027Tsuji-PCT

Rol/ RO/ A08P4 ) ol VB7d0bdrdiilpcie bubbl ?Cgﬁﬁ%b?}’%&%

apparafus conprising a gas swriing shearing unit,

the gas swirling shearing unit including: a

cylindrical nmenber havi n@€EAIMS i ndri cal inner

F ri ph&rﬁnl le)Jrface; a first end wall nenber_ configured
cl oSdMEREORIE GERATANLAPRFRIMG FPIPHFINS b e ling Shearng

Wgﬂqp ' .0 .cl ose the other end of
tﬁ]ﬁg’ltﬂ%z{sisn ri ggﬁléﬁ%@%@#ﬁ&gu@? lid swirling chanber

def i neslcyiindtibsl reathben tiaviag b cyimdaRal inh&epekibhé&rhl ®flce;wal |
menber and the second end wal |l nenber; a fluid inlet
hol e exfisshendyall membghcanfigared tolospenagadi afdhe esdindrical
&%ﬁ%&r_ at a position closer to the second end wall
NMeENDEr than a center in an axial direction of the

cyl i ndg iceahd SRIDAI meRbbNdonBghed t@cBaStht btk ndb R
fluid into the fluid swrling chanber in a tangenti al
ehlindocal oremliesr eof ; and a fluid outlet hole extending

ot o o M Ew AR Fraray ghed BYClF PR b the frst end
il bREUcF & (RE BRBRd chPlall BonfeRe bubbl e generating

apparatus of claim 1, wherein the fluid inlet hole is
set clolddidet ivde exapiing tnhghal walhefithe cylidddkal thanbérnea

bubbl e generati ng apparatus of claim2, wherein_the
Pesthar ﬁl‘%‘j%ﬁo e spetnd i el meaesthag acentgriaangipdiregtion

. e in
RPN, I Bhda e AR B sl BT
dwirthgg chantbanBtaeangedfialidhectidnthekebflagd hole. [4] The
fine bubbl e aﬁ?nerati ng. apparatus of claim 3, wherein

t he flafhed ogllgtholegyt ugh theggeend ead wadlgembergdong a

. 1 . ' f 1 f 1 uj inl
KB ki B b TR ShARE R in ok stpther "of - any
[@f cl ariesink Hubbié geidratigi e[pﬁhfﬁﬁls dflclbid 11, Mhelei Bk EultBHlaan

axis intersecting with a hypothetical axis of the
hdlgiisget dosstto thegleeqndrand ovallsnersberned to i ntersect with

[@? in "file fﬂ%lblubﬁl% rg]:age%?tinogf aptpgreatlfslo icijairﬁ\%i, \rNIhlerrégl the fluid 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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chanber and extend tangentially, at a point where the
hypot heti cal axis touches the inner wall surface at

an angle of from10 to 30 degrees. [6] The fine bubble
SBRAIAR! TR/ ARDF8Y Bar Rir; 61 Mazi-pAIer €1 Nt Rer/p¥6T 060594
Your Ref.; 1TOH 20801725 /~ CQur Ref.; 075027Tsuji - PCT
PCT/ JP2007/ 060354 peri pheral surface of the

psriphethl purEice € theeylindrical mewberf is mighe Onisbedd aml ppottion of

f . the i.nner ri ral .surface of the .cylindrical
st Beerdl s e Plsporingcal embes BatrRmig Ry
Ll e . > _ . .
ChA el A A0 D ) i
progoied svithpadeelifyrafrmmd ahgrod vesrspaded dronadchlothed i fcitigin

f the inner peripheral surface, the annul ar grooves
ﬁ%&%ﬁﬂﬁ@ ohthgiiner perigheral sydisenthe gamulan goonss hayne 2 prdth and a

gg'plﬂl ' e fi bbl e generating appar at us

0 cwgf%gé?t%%rtg%nl %lgﬁlgg#i ndrical nenber and the

fir st 'E}mﬁnwddbbl%%&b&aﬁﬁg‘ngw_ PRREUT cBiEl 5)@hkrcEIND @41iMaical
ifferent froma frequency

a natural frequency d
gemberand thaslirst end Walﬁm@mbm andcdgeand eni iveadl merabdribaiela

L rdEn ha r r ou the fluid inl al,e. The
el RO er YR Mo st Biea B o furdibead | o
ifito the fuidewirl @ FRALBériBrodglY Melfdd pilsThofoNnect ed to the
fluid inlet hole of the gas swirling shearing unit to
[Slipp! yrhe fidediubble gendratirg apparagwi of lany gf dhismsbieto, 4, firther
vortex pu i ncludi ng; .a casing. .an i | er rqtating
ooy P cpaitieo i Al intdthel D e g i
shRhringQfniftth 8 h Qi B ¢ i i Hﬁ% i
perip eral 1\%\%\1?? of the&%g%lp%g?lthgggﬁa r’ullﬂglbéhﬁ% Bt
ipelodinged in the peripheral wall of the casing to
deliver a gas-liquid mxed fluid formed froma Iiquid
and gd<8fi8ked into the casing and nixed together by
rotati '-ﬂg}iﬁl .the fluid outlet being
connecatﬁe 9?(1)&?@%{1 Jilleg&fsﬁﬁgt hol e of the gas swirling
shear ialgguithiniet fdried The péripher=d whilll of tigedsingf | Ng
apparatus_of claim$8, further congri sing a _disperser
conneét&as il fomedrin thepesipherat walb pbthefcasings agds swirl i ng

D e e e A, he 1o
cor vt Pidos bRt R AleEfipHerd! TRLET AR sl délifigy
ghbiqhidngixbd Bbideo BRIk & b MY uAPHA' Ak Ycked irftd HeBaling and

wherein the disperser includes:
mixed together by rotation of the impeller, the fluid outlet being connected to the

flnid 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 ilole 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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a cylindrical menber having a cylindrical inner
peri pheral surface; end wall nenbers configured to
cl ose both ends of the cylindrical nenber; a fluid
vahster! PIOMEO08007281 OaXREH; boys @&fﬁu ialcTpor ti onpet/Tbie7/060354
cyllndrlcal 15 Your Ref.; IT 20801725 / Qur Ref.:
075027Tsuj i - PCT PCT/ JP2007/ 060354 member i n
gsmbghinceetinpmiction withgh¢ fluidcoutlat hade ofitbe gavswitling asring
sw.rling shearing wunit ; and fluid outlets extending
P o the end wall nmenbers, respectively, along an
axi s ofiuiiensy bkiealihg aimligmae End Wik inchbias Pés EbtivE ghﬂgng
conprising the steps of preparing water cont inin
ﬁmmHSbﬁ&mebmhydhnmngaIhe fine bubble generating

to 10; and washing an

ara f of clajps
Elﬁ i cl E‘ﬂgﬂ‘? W@PHS’PE e eRfeRthod of i ncreasi ng a

wat er t he
ot eps PP vl BhahIT hOGUIRLIRAGRTRE SL Bibbid 1°
gaienging hppdratoeobatyliifelaigemes a0jag appar at us of any of

cl ai ns 1 to 10; and di pping the grains in the water.
[13] Avighigpequride withdhewpigr produci ng net hod

Y T

melg&pgbfng appar atus of any of clains 1 to 10; and
produci ng a kneaded food material by using the water.
[ 14] mrw@dvmr OQntaumg ﬁ:ge bubblasihysisingrthefihe bibble

raved co L enc the met hod conpri si ng
%fﬁ% ﬁpgggpasq S Wlog ﬁ‘ ﬁéo W #dhubbl e generat i ng
appar ailyﬁngﬁlea%één@fntﬁéwa{& 1 to 10; and generating
fine ox bles in the conbustion oil by using the

flBhe fblﬂ:tmlded frodenaitrial gradupbiganaisod fobirisikgthe Isﬁa;is m
d. slu d s|
st o RPN S RIS f0r D TRED 550y ComE R TGP uthle
ge&l@ﬁﬁnggpspamt@%ﬂng%fkpﬁné { m@,%ﬂgl e generating
f c 1 t'o 10:;

appar a of any
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 wastewatef treatment system by

- using the fine bubble generating apparatus, thereby activating the activated sludge.

- f16] An extra-heavy oil mining method comprising the steps of:

supplying an extra-heavy oil deposit with water containing fine bubbles
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and generating fine bubbles in water in the wastewater
treatnment system by using the fine bubble generating
apparatus, thereby activating the activated sl udge.
ra@IRANTTRRY EROIRBY YuPRAE ; BV IR0  CONPPEBiITBot/bB6354
steps of: supplying an extra-heavy oil deposit with
wat er contai ning fine bubbles 16 Your Ref.;
nreoMed b osing they t%mbuhblre.genmﬁmmcqtus gf@my of claims 1 to 10;
5&?/JP2007/060354 prepared by using the fine bubble
geherating apparatus of any of clainms 1 to 10; and
Sucki NgickiRe i ShVRAEF tobMEGTNRE eXfd-Ref¥lojia- heavy oi | .
[17] A netﬁod of enhanci ng hot bath éffect, the nethod
daipr i Aimrethadnd eshaping ot bptheffact, thy methet congnisaigthesteps
fine bubbles by using the fine bubble generating
paratus of any of clains | to 10; and using the

wat er §r8arfheRterRBhinidy fine bubbles by using the fine bubble

generating apparatus of any of claims 1 to 10; and

using the water for a hot bath,
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