FI NE BUBBLE GENERATI NG APPARATUS Techni cal Fiel d:
[ 0001] The present invention relates to
apparatus for generating fine bubbles and, nore
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of utilizing fine bubbles having a dianeter of
m croneter |evel or nanoneter |evel, and various

ug+for generating fine bubbles have been
proposed. The present invention relates to an
[eppigr at us having a cylindrical interior space, wherein
a gas-containing liquid is introduced into the
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Pat ent Application Publication No. 2001-276589. The
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pipe is connected to the inlet hole to supply a
tPeeak yp theegss intefige brlhiesbypihapheantorae pf thaswiling flow.
[ﬁ&ﬁﬁeCted to an intermedi ate portion of the pipe. A
iguid mxed with air as bubbles is passed through the

aspi r ainQippaaghsiof EHeQﬁp@@éécﬁEHd%bbb@isﬁﬂ\éc[dsE@,Q‘of é}&ﬂﬁple, in
generating menber through the inlet hole. The
Jppanesedintend Agplicatiog Rubligatien ok P12 H588s Thevmmratusahi | e

e P PeRGEPR bR lingrShlshagee s ng eatter
ifnbdébsdd Qutibaily Mta idued 1OVBGui@ Mdrage tank for generating fine bubbles.
The swirling flow generating 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 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



of the swirling flow generating nenber. A shear force
occurs between the discharged gas-liquid mxed fluid
and the liquid in the storage tank. Thus, the bubbles
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Di scl osure of the Inventionr. Problemto be Solved by
the I nvention: [0007] Al the above-descri bed
fi ne bubbl e generating apparatus break up bubbl es
contained in a gas-liquid mxed fluid into fine
bubbl es by generating a swirling flowin the fluid.
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[ 0008] An object of the present inventionis to
provide a fine bubble generating apparatus that can
efficiently generate nanobubbles. Means for Sol ving
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a gas swirling shearing unit. The gas swirling
[606@dri ng unit includes a cylindrical menber having a
cylindrical inner peri_phergl surface, a first end wall
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the second end wal |l nenber than the center in the
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s, JEAL mdhlidke in the aforenentioned fine bubble
generating apparatus having one fluid inlet hole, nost
Rebblemeo aSelviediby chaThxedioh] ui d i ntroduced into the
fluid swirling chanber through the fluid inlet hole

ds inaswirling flowtoward the first end wall
menber,, [ h 0 t haol nd_ i ever sed by
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[beusggoi ng conventional apparatus, the gas-liquid m xed

fluird introduced into the fluid swirling chanber
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aB%wﬁth%BF% "%ﬁ %E%fatmbﬁ%l?%e gas-liquid mxed
Nidadk for ¥R HeadohiB0 the fluid swirling chanber once

moves inaswrling flowin a direction away fromthe
[0e0A et hole. The swirling flowis reversed by the
first end wall nenber to nove therefromtoward the
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npegRtees copfiaurryl torslashengersd efdhe aylinddicalrmereer 4 spebnd end wall
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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



Specifically, the fluid inlet hole may be configured
to be close to the second end wall nenmber. More
specifically, the fluid inlet hole may have a circul ar
' . i.ti-aned awa
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distance at least 0.5 to 2 tinmes the dianeter of the
nidmbeelat aposition@l@ser {0084 8dcond end wall hienbeathan thwentchin the
fluid inlet hole is not positioned in contact with the
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by the second end wall nenber. [0014]
pexigifee] qwiface of the gylinddcal wamibeng chanber has an axi al
#@r&gth not less than 6 tines the dianmeter of the fluid
[P t hole. The reason for this is to | engthen, as
nuch qge RARSE BF Bis il ubBlcbeBbrafNg fppaRiud leQ¥eBhA the
toward the first end wall Tmenber  and the path of
flowd inlek hgje fis prowided ahgpdsitom dlérer fa the seoond ewhiviall meniber
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hatihg bnd fieidfihled leblé, mhest ohthle@asdighid neixtdididiifitréducedinto the
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shearing unit actually nade on an experinental basis.

switlingshapbesi bTheresifien viileduglhes ingrpasinigrthe swicking veodity the
RBRRS Gt e rora e w61 € st R b e
thrbiigh tha RERMJutiRt helkr ection. [ 0016] The i nner
peri pheral surface of the cylindrical nmenber may be

[9A1df or - fi ni shed, and a portion of the inner peripheral
surface of .the lindrical nenber that T
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provided wth a plurality of annul'ar grooves space
hbleo miretheshfinzt bubble genedatingappakatol, uslitd inrthefonvemtianaher
agpearrzilh%r] %oaslt ots tlfllg Eggsqlelc]uigl- I'I]neix's:d fluid introduced into the fluid swirling
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.
[0012]

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



annul ar grooves have a width and a depth that are not
nmore than 1 millineter. [0017] Wth the
above-descri bed structure, is possible to formthe
as ui ce nto th
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(00131 9] Mre specifically, the fine bubble
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1551.19% ded in the peripheral wall of the casing to
el'iver a gas-liquid mxed fluid formed froma liquid

[aorhjgas sucked into the casing and m xed together by
rotation of the inpeller. The fluid outlet of the
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sheari n‘g unit and hence all ows nanobubbl es to be

yenizar ané thegatnofrasvidingfffovncmeminigyfroni §@A03t end wall member
Pref abl rser is connected to the fluid
o EhTrsi Y RESEE R T ng. shear | ng. uni t Lo
gmsg?er sedly discharge the fluid delivered fromthe gas

swrling shearing unit. Specifically, the disperser
may hdweher, ityd pm&ralﬂ@thanﬁm’lﬂeuid ndot ihnly be coyfigurelt foositend at
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the fluid inlet hole to extend in the true tangential direction.
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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



[Fig. 2] is a diagramfor explaining the interior of a
gas swirling shearing unit used in the fine bubble
generating apparatus. [Fig. 3] is a sectional view
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fine bubbl e generating apparatus according to the
fooraacH othérvie mid adial Widettidicofai@inabmeiphehabsirficé.h The
reference to the acconpanying draw ngs. [0023]
grnglar groogesdinve g vidthaang raydeptheifiatare notimere thaghlymadlimeter.
L%ﬁ@gr ating apparatus 10 according to the present
( ntion. The apparatus 10 has a vortex punp 12, a
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punp 12 forns a gas-liquid mxed fluid. The gas
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m xed.fluid formed int vaortex punp 12 and breaks up
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vortex punp 12 has a housing 20 and an inpeller 22

qtherwdse hindor pmoetbgeneratioookavarlingifledn to rotate. The

@Bﬂging 20 is provided with a liquid suction hole 24,
gas suction hole 26 and a delivery hole 28. The
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mixed 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.

[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



[ 0025] The gas suction hole 26 is connected
wWth a pipe 30 that is provided with a sol enoid val ve
32. The solenoid valve 32 is closed when the punp 12
[ .3 S open
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40, a second end wal |l nenber 44 configured to close
[002d] ot her end of the cylindrical nenber 40, a fluid
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I.nner peripheral surface of the cylindrical nenber 40.
[?‘5@‘17] In the illustrated exanple, a connecting
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pi pe 55 extending fromthe delivery Your Ref.;
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g?ig-lialrlll% nf;llxgcli ﬂu{dr}ht%tﬁnrgi)lu%bﬂzg' 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 liguid suction



[ 0029] The fluid swirling chanber 46 has an

axial length not less than 5 tines the dianeter of the

fluid inlet hole 48 and a dianeter not |less than 4
Tﬁlgm I et hol

Yto}nll)%strate d)exans"goeuﬁ{f= gﬁggﬂgﬁﬁpedr?gth of ?ﬁgﬁ%’%do‘?/gﬁék%

swrling chanber 46 is about 12 tines the dianeter of
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provi ggd ﬁX‘A dultiéh ROI¥Did édﬁn@éte@ﬂ'ﬁh!' ?ﬁpeﬁ(ﬂﬁyﬁ§ RPiRESAEA

fromeach other in the axial direction of i nner
apelenpiienbie 32ur The eolcrdié valva A2 & clgged oxhes ﬂ&@thm& B

w dt h and th that are not nor e_t han mllineter.
stapfed-p elhq 810%19}43 akve Bdaepered vihen, arm@}etegamilﬁslﬁgv%\ie g 00

SPHE00RE: BRpiapl DR S T RRETS. ShlY iR oREDR R
obdifirenteo g titicanalthgpmany €2 tse rsaviides gk irta e pringel 0f

t he i nner peripheral surface portion provided with the
[9326¢ grooves. Specific di rrensi ons of the annul ar

003z e B ik shed e it 0, Alfiofh i Pk b, o,
clclirrecaadbad Melde a’@ymih&ﬁﬁal 4rhef &Iﬂiéraﬂiﬁitﬁ'fdiesd gReehd 0

ave mass and so forth that have a natural frequency
vallfrhemiean 2 feonfigured teedossring cgé néﬂmc@h!nwat imemben g a

he fluid | | 46 h
s B Sl mghiter 48 Fab airbt Be' RLAIUIIRE tieey iifesd
menteR a0, il Ismﬁlhg Shani e rdeﬁgedw the @ylﬁi@rﬂcﬁlq“ﬁélﬁ@ér 40 and

i nner peripheral Surface and end nbers
theeofikst zgldrse@brtdcendlvaélembmbd:rs dRdsad 44, atﬂmd u;lenhw&rfl&aitendmg

The dIS er 6 further hasafl d inlet
ﬂm@bﬁﬁ* lq#‘h%c eeém#ﬁﬁt RSB FIOT ¢ ¢ second
i | ui d

i e AT

nienileh 40 to inhedwheﬂhe gaseluqlﬂ&nim ﬂlildl mﬂo ﬂ‘lﬂ:tﬂlﬁdl swithng chamber
ext endi ng, t hrough t he end, wal

4p dis p aogpnrial ere%noaﬁ@erﬁcrfe%a ﬂwéfouflﬁtél%w? Wa?ridé%a thigtigber

tl'?e 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



[ 0034] The fluid delivered fromthe fluid
outlet hole 50 of the gas swirling shearing unit 14
flows into the disperser 16 through the fluid inlet 64
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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 peripheral surface portion provided with the five grooves.



to break up into fine bubbles on the nanoneter |evel.
[ 0038] The gas-liquid mxed fluid delivered from
the gas swirling shearing unit 14 is discharged into
he,lLi.qui t . i|.e ing for j
B e e I 1 R
breaki ng up of bubbles al so takes place in the
Spiesifie iaénsidns of He3Dhular groovdsiH6tdhe0.3Inhisik deptk dnd®8 3Mvindn
the liquid is circulated fromthe liquid storage tank
vgdth hr ough the punp 12, the gas swirling shearing unit
[@é%ﬁnd the disperser 16. In this regard, the supply of
liquid to the punp 12 nay be perfornmed from ot her

than tine chiifidHcdl Sb@bads draitke B8Rt aldWBMRT endiviall MEmbers 42
liquid is circulated as in the illustrated exanple,

and ddlaradpsigned fo hdve nypas andsopforth dhatbave appternklitqueneind | t

i.s. therefore possible to,ohtain,even fine uhbl es.. ..

dieraiom & Heafighny ssnuied b ths i Produad loy Rl ApieESyirling

ERBE 4648 RBH i Guif MletiRd 4gTENDErs 42 and 44 of the
trlin [ [

gas swr shearing unit 14 were fornmed from
[603]nl ess steel having a thickness of 10 nm The fluid
swirling chanber 46 was forped with an axial | epgth of

110 ndhcsrpensr |G hasa qiigdacabmegbena) with g sykmdngs] inpgi
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axially central portion of the cylindrical member 60 in communication with the

fluid outlet hole 50 of the gas swirling shearing unit 14.  Further, the disperser 16
has fluid outlets 66 extending through the end wall members 62, respectively,
along the axis of the cylindrical member 60. |

[0034]

The fluid delivered from the fluid outlet hole 50 of the gas swirling
shearing unit 14 flows into the disperser 16 through the fluid inlet 64 of the
disperser 16, separates into two streams flowing toward the axially opposite ends
of the disperser 16 while swirling and is dispersedly discharged into the liquid 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 ¢lapsed 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
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. the fluid inlet hole 48 was 20 nm The nounting angle
0 of the connecting pipe 54 was about 18 degrees. The
delivery fromthe punp 12 was 120 liters per m nute.
t nunber
Gl oE I s S Al i S
In the foregoing, one enbodi nent of the fine bubble
Ipesiap a0 indrivenpa nmlvd aloag dor idhéargetiphdrilesupheseithe housing 20
i nvention has been descrjhbed. It shoulg be noted that

byrbe pstioa of thsompelenidr andideliverpp drenghdhe deliysmphale 28,
WEAHE BB 10 25kl e P8y s 86 om

ti@ukint B6wloecdting Name Bubb| Sonattabbles gbtaiea htthisyyadehitay
fine bubble generatlng apparatus according to the
have s dindtenpémittometes levgber i or in surface activity and
ﬁﬁﬁ]abl ity and usable for fibers, nmetallic nolds,
[ ine parts, silicon wafers and vari ous ot her
pur posgse. afﬁﬁuﬂi@ﬁ&b@ﬂuﬁ' fhdnf e MBT&Y ol TR RHtRIALSedRieT
contalnlng ni'trogen bubbl es shoul d”preferably be used.
the ﬂmdnmnﬂmg rr:hambﬂ\ﬁﬁ ofithe gastswiniogsheadeg gnio lll‘ﬁi,dWhﬂI’@ thedluid
.gener pr act n wat er__cont ai ni n
1 fiemed n B S MUUAE Gomas il Ve FESbR P BHnS Buidds

r
R At T bublis Y o el RSt P wiring flo.
THe str@ng bhdabfoecenmtire gasswidimg shéding snjpdd nihles mostrbeblhlee
t he anmount of surface- actlvetgggnt used. It is also

tp GEapkpipante dine dyblbles o the naperastadestl e extent the work
ﬁ ed to separate the obtained extra-heavy oil from
[t e ‘surface-active agent. [0043] In addition,

nanob Ufiel gas-1ighidmifRas flaididedPerpd fioir tAD ghs swirlaptheding unit
t herefore usable in al cohol brewi ng, for exanple. That

li4sis disghasged into the ligpidstoragedank 3¢ Whﬂe&%m@ fasmed gntp g lywerling

{7 R LIrRRbetse 16 AccoRlimP et {ICOH B, 865 takes

faiRqhubdigevat €6, the dipping tinme can be reduced to
about 6 hours, i.e. one fourth of the conventi onal

[@0FHi ng tinme. [0044] In making bread or fish
TR TN T T MR R,
t%@ﬁ@ﬂﬁ'&g‘hrﬁlé ]WI‘@ dhe 551 SHHin! rshédrﬁ% uelitQ 4 BRE HRS A Rrsek t
becones possible to prevent deconp05|t|on of the bread
Idx.  fln s pastkiethesophly bEtheilighali thespungp 2 prag de pefoinvesl.
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



[ 0045] Nanobubbl e water can al so be used to
purify river water, etc. |If nanobubble water is used
in a wastewater treatment system enploying the

\aq% 'gé!@trﬁéﬁ%é’(gg% RERREE75b T pé-pul ar, %@Ffﬁ%(ﬁﬁ)ﬁ%ﬂ
sl'udgé, i.e.

acteria, can ctivated, and the
purification efficiency can be | ncreased [ 0046]
theiflbideénlet hdle 4& yge A0 am.ai Thermnmhiﬂgkahgb Garfehegmmahg@ipen
etrol eum or ot her ustion qil he f bubbl e
trsrakprin$ degps Fatw‘g‘g‘é’%’ %th%ﬂwe ?pWé%PR}hters pet

DL L5 I8 SRS N DLREN S fbbfs6h napan be

nproved

rﬁﬁbﬁﬂeﬂevé[a;mbj@hﬁhﬂﬁ_ offer physi ol ogi cal activity. For
exanpl e, if hands are immersed i n nanobubbl e water,
[Q%I]pores of the hands open, and sebumin the pores

can b ved. |f nanohubbl e wat a hot
bat h, TRHE RisEo s sneaeaa o B Eeribitiion e
alpF)aI@.%Q QBRI E Fo 1HR pRABRIANANALIEH WA IRjen AERriBEE! rOXRMIDYe
trasoni c waves oOr |ight energy, explosive power can
riotedgbatshafivcbubblagaentop ppparaineaysablh movagious pppdications as
gﬁchnlque nanobubbl e water can be used to cut genes
Pr°¥&netic reconbination, for exanple. CLAIMS [1] A
% bubbl e generating apparatus conprising a gas
sWwrling shearing unit, the gas swirling shearing unit
i ncl udongxample, water containing nanobubbles (hereinafter referred to as
“nanobubble water”) generated by the fine bubble generating apparatus according
- to the present invention is superior in surface activity and wettability and usable
for fibers, metallic molds, machine parts, silicon wafers and various other
purposes. For washing silicon wafers, nanobubble water containing nitrogen
bubbles should preferably be used. To mine extra-heavy oil out from
underground, it is general practice to inject water containing a surface-active
agent into an extra-heavy oil deposit located deep under the ground and to suck up
extra-heavy oil mixed with the water. In this regard, if nanobubble water is used,
it is possible to reduce the amount of surface-active agent used. It is also
possible to reduce to a considerable extent 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
lexample, 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 1s kneaded

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

12



a cylindrical menber having a cylindrical inner
peri pheral surface; a first end wall nenber configured
to close one end of the cylindrical menber;

a
. QU I
SRERET OB TR R PG © © o PP B

chanber defined by the cylindrical nenber, the first
frind omédH diee nbiesrefared ittheeomaqoesblens ptoatidt deesthpasition of the
a fluid inlet hole extending through a wall of the
bésadiqaéisw&ﬂten@%@ﬁwathowﬁwiamrw'@%@%er to the second
[ﬁﬁg]wall menber than a center in an axial direction of
e-cylindrical nenber to introduce a gas-liquid m xed

f 1 ui d NanbBubbewhtbtd-6 580 Hel useditocirifp fiver watar, bRNOENt i al
direction thereof; and a fluid outlet hole
naneterlilervatertis verghn ehveastcenten reatngnthwistermempleyingitithg a

t [ f the i [ I .of th
57 SR oS R SD ke bRt 15,
a%ﬂ%@%ﬂ@ﬂ&‘é}uﬁh@étmn%fﬁmaﬂbé fRrdabed. d inlet hole is
set close to the second end wall nenber. [3] The fine

{bodA e generating apparatus of claim2, wherein the
et, hole has a cir ar sectional e and.i s

Tolog: : in%ﬁ@ ﬁwéygqﬂr%mrmedg@g i REaE mioR Ofhige
S PG 0SAES gyt e roame

ibvdnkibe, thecatinistiog efiofeacabiithe ofl cah be im@ovedieraionsitaable

otent,

[0047]

Further, nanobubbles offer physiological activity, For example, if hands
are immersed in nanobubble water, the pores of the hands open, and sebum in the
pores can be removed. If nanobubble water is used for a hot bath, the 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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swirling chanber has an axial length not |ess than 6
times the dianmeter of the fluid inlet hole. [5] The
fi ne bubble generating apparatus of any of clains 1 to

ffm%ﬁrﬁbﬁ/zﬁ)ﬁ‘@lﬁ#ﬂ)ﬂ Ref oi‘ﬂ‘g‘gi-f?@?. an aXiP%JT/JfPF(l)JOI’?é)GO3S4

Intersecting wth a hypotheti axis of the
inlet hole, that is assuned to intersect wwth an inner
wal | surface of the flui@LAMSI i ng chanber and extend
tangential |y, at a point where the hypothetical_ axis
[l buches finpRubblmesnerghing 2BRAHAT COTBRTISIHE &5 S IBIESheARnE0
. {4l bubbl e generating
%’gtpglgag?gg‘hgﬁ&gﬁhglg%%',}ma Iéllrugl‘l?lﬁ'the i nner peri pheral
sur f acreylihdddaereitibenilviged cyRpahed inrfer Perisherdl isivfadaed,
and a portion of the inner peripheral surface of the
cyl i ndrfirgtzandearaemberaontgyred tef dessrimiegnd of thecybrdsirals
to the fluid inlet hole, which opens on the inner
Bheral surface, is provided with a plurality of

annul %Fse@dﬂ&%ﬂ%aﬁlﬂﬁ&ﬁﬂerfcbﬂﬁg&%% @bR8he bifcPdhddfitiad
direction of the inner peripheral surface, the annul ar

glindved mieebeng a wi dth and a depth that are not nore
than 1 m.llinpgter. _[7] The fine buhhl enerati

ppar A SFTERE s FEa by b OgRF e e hisspnd
PR doithe QR6hd'eld wilPABEbeaNd second end wal |
rren]tr)ler Flave a natura ‘?requency different froma

f r equenthyid géetdiokt extending theubh uiwdill ofthodliaddcedl mamitehet a

fluid i)WI rling chapber through the fluid inlet hole.
ositiomsloser tadhasiesendeengaralt mewher thypasaterdn ar axigl digyction

e e AT
St ch@mbdtiih atahgsitidd ditediohlthidrgoft end he fluid swirling
chanber, the vortex punp including: a casing; an

i npel Iadiuid gutlgtihale extending teraughthe sacand sodl wallinember slong@
L e N SRR
[2] The fine bubble generating apparatus of claim 1, wherein the fluid inlet
hole is set close to the second end wall member. .

[3] The fine bubble generating apparatus of claim 2, wherein 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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a fluid outlet provided in the peripheral wall of the
casing to deliver a gas-liquid mxed fluid forned from
a liquid and gas sucked into the casing and m xed

t he '
ol S e g R N o S e
swrling shearing unit. [9] The fine bubble
refipledrsitsurfaceaiitie alindried] nedntberisSnirfofinisbed, aadmapostiongpfa
di sperser connected to the fluid outlet hole of the

theasmengperiphergl sypaes offle eylindrice) rapmbsa that girgurpfescatialy e
c%ﬁ’%polﬂl t%d? %1&%1513&101 ﬁgl'pgpegggn \lelﬁérraﬁg%gl{b%?rshﬁg e, is

e ‘generating us o

pebaddd x91,th m/ﬁﬁmaity of é}ﬁmmr SRRVELEpab Aok @8ch @hédihiaf Akiat al
menber havi ng gllndrlcal i nner peripheral surface,
dewdlqmnﬂthmmeslp onk fuglaes tha anslap gwowes evinggswisith pucba

| fluid |l et f d |1
d@ﬁﬁﬁ?ﬂ[ﬂ'ﬁﬁ%ﬁﬂ%ﬂ% Laniipdes L1 oL, Toreo L an axially
9IRE l $046 bk b0t by BOVBrth OGB!
SW rl gsearlng unit t Uld outl et’s

Teothlmm dnch thetfhrstend lwallheenatrmt andikécons nﬂubwa],l meegpebiviewe| vy,

2 Oﬂ%ﬂﬁﬁ@?&ﬁ e g lﬁlggq%%lg %g:le%?;g&]gy the ﬂuu} 11‘!troduced

iftlo th e@’gu‘E pHBLE b GO L gy Hlé?ﬁblgs by using the

bl'e gén ngaparatus any of clainms 1 to
[8D; allte\fias bulﬁtge génemmg@bpmt; of tuyeofvaddims 1 to 4, further

comprising a vortex pump connected to the fluid inlet hole of the gas swirling
shearing unit to supply a fluid to the fluid swirling chamber, the vortex pump
including;

a casing;

an impeller rotating in the casing;

a liquid inlet formed in a peripheral wall of the casing;

a gas inlet formed in the peripheral wall of the casing; and

a fluid outlet provided in the peripheral wall of the casing to deliver a
gas-liquid mixed fluid formed from a liquid and gas sucked into the casing and
mixed together by rotation of the impeller, the fluid outlet being connected to the
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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[12] A nethod of increasing a water content of gains,
the met hod conprising the steps of: prepari ng
wat er containing fine bubbles by using the fine bubble

\go%?ﬁ%@tﬂn?ﬁ/zﬁﬁﬁ%@}é@ﬂf-@@Mzﬁ&y&ﬁ”s 1 tQ’C]lgﬁP G%s0354

I pplI rig e grarns 1 n the wate 3] A kneaded food
mat eri al produci ng nethod conprising the steps of:
pcabain dgninahiesticonitia el fivgd bttt holetof dgegns bwitihg shdaying
usi ng the fine bubble generating apparatus of any of
witgiakd 1 to 10; and producing a kneaded food materi al

I e

conmbusti on ol rov on ertil1crency,

aEdxOst tROSPIntSédl theidtRr.St eps of : providing the fine
bubbl e generating apparatus of an% of claine 1 to 10;
yu

[Ahh A washingwethpd nempiisieg teytren obubbl es in the

Com S 8P R A R SR
R e L R Cleps. of - pr ovi di ng
t he fiweshinghblagiclpewih tte wagerappar at us of any of clains
[]IZZ]t © %fne&n@g of increasing a water content of grains, the method comprising
the steps of:

preparing water containing fine bubbles by using the fine bubble
generating apparatus of any of claims 1 to 10; and

dipping the grains in the water.
[13]  Akneaded food material producing method comprising the steps of:

preparing water containing fine nitrogen bubbles by using the fine bubble
generating apparatus of any 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 apparatus, 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
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generating fine bubbles in water in the wastewater
treatnment system by using the fine bubble generating
apparatus, thereby activating the activated sl udge.
X[oqlpi{efAﬁ? @ﬁbbﬁn I?f&a/\@ur (Rle% d’%&%fﬁ’ﬁ od con %Iﬁ!?%?ﬁﬂla@?ﬁé@
supplying anexir avy oil deposit with
mater containing fine bubbles prepared by using the
prépascdinyhising the fiae hibhkggapnaingtapparatus afiynyodf otdims dgo 101 o
10; and sucking up the water together wth extra-heavy
8| . [17] A nethod of enhancing hot bath effect, the
met ho [ Q repari ng water
cont ag]'rlﬁq(g ﬂl %g@ﬁaﬁ%gﬁ?ggg{eg%tll}su{xﬁa hteﬁ‘g ?llpne bubbl e
[0ENer & mBllodppaiahtiag Bbt b’aﬂyef@éct Qh@inﬁﬁmﬂ cb@piifing ditthteps

l%si ng the water for a hot bath.
of:

preparing water containing 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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