Description Titleoftelnvention:Igicro-Bubbl eGenerat orandhlicro-Bubble
CGeneration Device Technical Field [0001] The present invention relates to a

m cro- bubbl e generator and a m cro-bubbl e generati on device. Background Art
[0002] I n recent years, gas-liquid mxture fluid containing mcro bubbles is
used in various industries, such as, for dissolution of a dysoxic water nass
in a closed water area, an activation neans of m croorgani snms in drainage
treatment, growth facilitation of plants in hydroponics and the like, arld
renmoval of cont am nati ngsubst anceson asubstance surface, as a technique capable
of supplying various gases into water by maki ng such gases in the form of

m cro bubbles. [0003] For exanple, in Japanese Unexam ned Patent Application
No. 2003-182158, a spare swirl porfdQnibLsiprovided in order to rectify a
liquid introduced froma liquid introduction opening into a gas-liquid swrl
chanber, andialswifrdheflrownitsogeneratedublol acwad tasurdacei¢m-whibktiea gas
introduction opening is provided, the wall surface being orthogonal to a
surface in werehathen |fuic¢ i ntroduction is arranged. Wiile generating the
swirl flow, the liqg i?,tu ns backward at the wall surface in which the gas

i ntroducti o6 8h?%§ %?%é(mn ded, and a gas is drawn by utilizing negative

pressure of (he.swi | filow.and.di soharged, ta.a.dischar gg; opening Loward an

opposite wall surface 1 n which the discharge opening i s provi
generator and a micro-bubble generation device.

Background Art

[0002] In recent vears, gas-liquid mizture fluid
containing micro bubbles is used in various industries, such
as, for dissolution of a dysoxic water mass in a closed water
area, an activation means of microorganisms 1in drainage
treatment, growth facilitation of plants in hydroponics and
the like, and removal of contaminating substances on a substance
surface, as a technique capable of supplying various gases into
water by making such gases in the form of micro bubbles.
[0003] For example, in Japanese Unexamined Patent
Application No. 2003-182158, a spare swirl portion is provided
in order to rectify a liquid introduced from a liquid
introduction opening into a gas—-liquid swirl chamber, and a
swirl flow is generated to a wall surface in which a gas
introduction opening 1is provided, the wall surface being
orthogonal toasurfaceinwhich the liquid introduction opening

is arranged. While generating the swirl flow, the liquid turns



[ 0004] I n Japanese Unexam ned Patent Application No. 2008-272719, a plurality
of annul ar grooves is provided in such a manner that gas-liquid mxture fluid
introduced into a as-liquid swirl chanber is not expanded in the axial
direction, and a swirl flow of the gas-liquid mxture fluid is generated to a
wal | surface in which a gas-liquid mxture fluid introduction opening is not
provi ded, the wall surface being orthogonal to a surface in which the
gas-liquid mxture fluid introduction opening is arranged. The

gas-liquidm xture fluid turns backward at the wall surface, goes toward an
opposite wall surface in which a discharge opening is provided while
increasing swrl speed, and is discharged to the discharge opening. Prior Art

Docunent Patgpt:,,Dogunentnd QRA3] sRatent Docunent the Japanese.ddnexani ned Patent
Application No. 2003-182158 Patent Docunent 2: Japanese Unexam ned Patent
ApplicationoNeni2fQ08 2¥2¥1Q=Suamdry oafs theldanwedyionlizing negative
pressure of the swirl flow and discharged to a discharge opening
toward an opposite wall surface in which the discharge opening
is provided.
[0004] In Japanese Unexamined Patent Application No.
2008-272719, a plurality of annular grooves is provided in such
a manner that gas-liquid mixture fluid introduced into a
gas—liquidswirl chamber is not expanded in the axial direction,
and a swirl flow of the gas-liquid mixture fluid is generated
to a wall surface 1in which a gas-ligquid mixture fluid
introduction opening is not provided, the wall surface being
orthogonal to a surface in which the gas-liquid mixture fluid
introductionopeningisarranged. Thegas-liquidmixture fluid
turns backward at the wall surface, goes toward an opposite
wall surface in which a discharge opening is provided while
increasing swirl speed, and is discharged to the discharge
opening.
Prior Art Document
Patent Document
[0005]
Patent Document 1: Japanese Unexamined Patent Application No.

2003-182158



Problenms to be Solved by the Invention [ 000 5] Any of the above swirl type

m cr o- bubbl e generati on devices reduces the size of bubbles but does not
efficiently generate bubbles having a particle size of a nanoneter order.

[ 0007] The present invention is achieved in consideration with the above
background art, and an object thereof is toprovide a m cro-bubble generator,
etc., capable of efficiently generating bubbles having a particle size of a
nanonet er order. Means for Solving the Probl ens [0008] According to this
invention, in order to achieve the above object, configurations as described
in the clains are adopted. Hereinafter, this invention will be described in
detail. [O0009]A first aspect of the present invention is a m cro-bubble

generator, BaviRg: DR EWLEl2 CHaPRELse Unexamindd Pk i2plneduet bQmQpeni ng
connected to the swirl chanber, the fluid introduction opening for introducing
fluid al ong2aoBraeztangent to an inner surface of the swirl chanber;
Summary of the Invention
Problems to be Solved by the Invention
[0006] Any of the above swirl type micro-bubble generation
devices reduces the size of bubbles but does not efficiently
generate bubbles having a particle size of a nanometer order.
[0007] The present invention is achieved in consideration
with the abovebackgroundart, andanobject thereof istoprovide
a micro-bubble generator, etc., capable of efficiently
generating bubbles having a particle size of a nanometer order.
Means for Solving the Problems
[0008] According to this invention, in order to achieve
the above object, configurations as described in the claims
are adopted. Hereinafter, this invention will be described
in detail.
[0009] A first aspect of the present invention is a
micro-bubble generator, having:
a swirl chamber;
a fluid introduction opening connected to the swirl
chamber, the fluid introduction opening for introducing fluid
along a line tangent to an inner surface of the swirl chamber;

and



a discharge tube for guiding the fluid in the direction substantially

perpendi cular to the direction in which the fluid is introduced, wherein

t he di scharge tube penetrates a wall surface of the swirl chanber and
protrudes to an interior of the swirl chanmber. [0010] According to the
present configuration, by isolating a path of the introduced fluid, a |lass of
kinetic energy of a swirl flow of the fluid can be reduced. Thus, the

m cr o- bubbl e generat or capabl e of reducing the size of generated mcro bubbl es
can be obtained. [0011] A second aspect of the present invention is the

m cr o- bubbl e generator according to claim1l1, wherein a central axis of
the discharge tube in the swirl chanber is provided in the direction

substantial |y perpendigiad theet her divigethomd riwhiich the d4.id s introduced.
[ 0012] According to the present configuration, by isolating the path of the

i ntroduced fshbsdanthel 1yossrpfndine lkirnet tice ehes gyiof it heiswithe fludw of t he
fluid can be reduced. Thus, the m cro-bubble generator capable of reducing the
size of theigehefaved-sd crdebabbl es can be obtained. [0013] A third aspect of

the present invention is the :
P ghe dlsé%arge tube penetrates a wall surface of the swirl

chamber and protrudes to an interior of the swirl chamber.
[0010] According to the present configuration, by
isolating a path of the introduced fluid, a loss of kinetic
energy of a swirl flow of the fluid can be reduced. Thus, the
micro-bubble generator capable of reducing the size of generated
micro bubbles can be obtained.
[0011] A second aspect of the present invention is the
micro-bubble generator according to claim 1, wherein

a central axis of the discharge tube in the swirl chamber
is provided in the direction substantially perpendicular to
the direction in which the fluid is introduced.
[0012] According to the present configuration, by
isolating the path of the introduced fluid, the loss of the
kinetic energy of the swirl flow of the fluid can be reduced.
Thus, the micro-bubble generator capable of reducing the size
of the generated micro bubbles can be obtained.
[0013] A third aspect of the present invention is the
micro-bubble generator according to claim 1, having:

the swirl chamber;



m cr o- bubbl e generator according to claim11, having: the swirl chanber;
the fluid introduction opening connected to the swirl chanber, the fluid
i ntroduction opening for introducing the fluid along the Iine tangent to the

i nner surface of the swirl chanber; and t he di scharge tube for guiding
the fluid in the direction substantially perpendicular to the direction in
which the fluid is introduced, wherein the fluid introduced fromthe

fluid introduction opening circulates around a circunference of the discharge
tube, and then flows fromone end of the discharge tube to the other end, and
is discharged. [0014] According to the presentfiguration, by isolating the path
of the introduced fluid, the loss of the kinetic energy of the swrl flow of

the fluid can be dieduggdy Thus,qdhe R 6poxbubble genenat orcicapahlke of reducing
the size of the generated m cro bubbl es can be obtained. [0015] A fourth aspect

of the presentmbayentliconflusdt het mdora-ibubbben geneicat ontacgoridinghto claim 3,
wherein fluid along the line tangent to the inner surface of the swirl

chamber; and

the discharge tube for guiding the fluid in the direction
substantially perpendicular to the direction in which the fluid
is introduced, wherein

the fluid introduced from the fluid introduction opening
circulates around a circumference of the discharge tube, and
then flows from one end of the discharge tube to the other end,
and is discharged.
[0014] According to the present configuration, by
isolating the path of the introduced fluid, the loss of the
kinetic energy of the swirl flow of the fluid can be reduced.
Thus, the micro-bubble generator capable of reducing the size
of the generated micro bubbles can be obtained.
[0015] A fourth aspect of the present invention is the
micro-bubble generator according to claim 3, wherein

the one end of the discharge tube is positioned close
to a wall surface of the swirl chamber facing the wall surface
that the discharge tube penetrates.
[0016] According to the present configuration, by

isolating the path of the introduced fluid, the loss of the



the one end of the discharge tube is positioned close to a wall su
swirl chanber facing the wall surface that the discharge tube pene
[ 0016] According to the present configuration, by isolating the pat
introduced fluid, the loss of the kinetic energy of the swirl flow of the
fluid can be reduced. Thus, the m cro-bubbl e generator capable of

size of the generated m cro bubbles can be obtained. [0017]A fifth

t he present

invention is mcro-bubble generation device, having: t

rface of the
trates.
h of the

reduci ng the
aspect of
he

m cr o- bubbl e generator according to claim4; and a fluid storage tank
accomodati ng the m cro-bubbl e generator and storing m cro-bubbl e containing

fluid.

kinetic energy of the swirl flow of the fluid can be reduced.
Thus, the micro-bubble generator capable of reducing the size
of the generated micro bubbles can be obtained.

[0017] A fifth aspect of the present invention is a
micro-bubble generation device, having:

the micro-bubble generator according to claim 4; and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid.

[0018] A sixth aspect of the present invention is a
micro-bubble generator, having:

a swirl chamber having a space in which a fluid is capable
of swirling;

a fluid introduction opening for introducing the fluid
along a line tangent to an inner surface of the swirl chamber;
and

a discharge tube, wherein

the swirl chamber is provided with a first wall surface
substantially orthogonal to a surface of the swirl chamber in
which the fluid introduction opening is arranged, and a second
wall surface facing the first wall surface, and

the discharge tube penetrates the second wall surface
and protrudes to an interior of the swirl chamber.

[0019] According to the present configuration, by



[ 0016] A si xth aspect of the present invention is a m cro-bubble generator,

havi ng: a swirl chanber having a space in which a fluid is capabl e of
swirling; a fluid introduction opening for introducing the fluid al ong
a line tangent to an inner surface of the swirl chanber; and a di scharge tube,
wherein the swirl chanber is provided with a first wall surface

substantially orthogonal to a surface of the swirl chanber in which the fluid
i ntroduction opening is arranged, and a second wall surface facing the first
wal | surface, and t he di scharge tube penetrates the second wall surface
and protrudes to an interior of the swirl chanber. isolating the path of the
introduced fluid, the loss of the kinetic energy of the swirl flow of the

fluid can besreduced. crithuscnt be Mcriotbubbleqgenerat eh.capablg efereduci ng the
size of the generated m cro bubbl es can be obt ai ned.

kinetic energy of the swirl flow of the fluid can be reduced.
Thus, the micro-bubble generator capable of reducing the size
of the generated micro bubbles can be obtained.

[0020] A seventh aspect of the present invention is a
micro-bubble generator, having:

a swirl chamber having a space in which a fluid is capable
of swirling;

a fluid introduction opening for introducing the fluid
along a line tangent to an inner surface of the swirl chamber;
and

a discharge tube, wherein

a first wall surface orthogonal to a surface of the swirl
chamber in which the fluid introduction opening is arranged,
and a second wall surface facing the first wall surface are
provided in the swirl chamber, and

the discharge tube is positioned on a substantially
central axis line of the swirl chamber, penetrates the second
wall surface, and reaches to a position close to the first wall
surface.

[0021] According to the present configuration, by
isolating the path of the introduced fluid, the loss of the

kinetic energy of the swirl flow of the fluid can be reduced.



[ 0020] A seventh aspect of the present invention is a m cro-bubble generator,

havi ng: a swirl chanber having a space in whic:h a fluid is capabl e of
swirling; a fluid introduction opening for introducing the fluid al ong
a line tangent to an inner surface of the swirl chanber; and a di scharge tube,
wherein a first wall surface orthogonal to a surface of the swrl

chanber in which the fluid introduction opening is arranged, and a second wal |
surface facing the first wall surface are provided in the swirl chanber, and
t he di scharge tube is positioned on a substantially central axis |ine of the
swirl chanber, penetrates the second wall surface, and reaches toa position
close to the first wall surface. [0021] According to the present confiquration,

by isol ati ngnt;he pat hiofoihadint roduced, f Lupgr14 he 108s-19f; the Ki-aetic energy
of the swirl flow of the fluid can be reduced.

of the generated micro bubbles can be obtained.
[0022] An eighth aspect of the present invention is a
micro-bubble generation device, including:

a micro-bubble generator having a swirl chamber, a fluid
introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing fluid along a 1line tangent
to an inner surface of the swirl chamber, and a discharge tube
for guiding the fluid in the direction substantially
perpendicular tothedirectioninwhich the fluidis introduced,
wherein the discharge tube penetrates a wall surface of the
swirl chamber and protrudes toan interior of the swirl chamber;
and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[0023] A ninth aspect of the present invention is a
micro-bubble generation device, including:

a micro-bubble generator having a swirl chamber, a fluid
introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing gas—-liquid mixzture fluid

along a line tangent to an inner surface of the swirl chamber,



Thus, the m cro-bubble generator capable of reducing the size of the generatbd
m cro bubbl es can be obtained. [0022] An ei ghth aspect of the present invention
is a mcro-bubble generation device, including: a m cro-bubbl e
generator having a swirl chanmber, a fluid

i nt roducti onopeni ngconnect edt ot heswi rl chanber, the fluid introduction opening
for introducing fluid alone a line tangent to an inner surface of the swrl
chanber, and a discharge tube for guiding the fluid in the direction
substantially perpendi cul artc)thedirectioni nwhichthe fluid is introduced,
wherein the di scharge tube penetrates a wall surface of the swirl chanber and
protrudes to an interior of the swirl chanber; and a fluid storage tank

accommodat i ng 4t hejiki-6hegbubbl-er genenat af and gstor i fHg ek g bul¥al.g gcont ai ni ng
fluid, wherein t%e m cr o- bubbl e containing fluid discharged vertically
upwar d frominhehd Hurrdcstor agestamnkidlsl obt apaeth.c{10028) Ahri ditteaspect of the
present invention is a mcro-bubble generation device, including:

in which the gas-liquid mixture fluid is introduced, wherein

the discharge tubepenetratesawall surfaceof the swirl chamber

and protrudes to an interior of the swirl chamber, and the

gas—liquidmixture fluidintroduced fromthe fluidintroduction

openingcirculates aroundacircumferenceof thedischarge tube,

and then flows from one end of the discharge tube to the other

end; and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[0024] A tenth aspect of the present invention is a
micro-bubble generation device, including:

a micro-bubble generator having a swirl chamber, a fluid
introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing gas—-liquid mixzture fluid
along a line tangent to an inner surface of the swirl chamber,
and a discharge tube for guiding the gas-liquid mixzture fluid
in the direction substantially perpendicular to the direction

in which the gas—-liquid mixture fluid is introduced, wherein

the discharge tubepenetratesawall surfaceof the swirl chamber



a mcro-bubble generator having a swirl chanber, a fluid introduction opening
connected to the swirl chanber, the fluid introduction opening for introducing
gas-liquid mxture fluid alone a line tangent to an inner surface of the swrl
chanber, and a discharge tube for guiding the gas-liquid mxture fluid in the
direction substantially perpendicular to the direction in which the gas-liquid
m xture fluid is introduced, wherein the discharge tube penetrates a wall
surface of the swirl chanber and protrudes to an interior of the swrl

chanber, and the gas-liquid mxture fluid introduced fromthe fluid

i ntroduction opening circulates around a circunference of the discharge tube,
and then flows fromone end of the discharge tube to the other end; and

a fluid storaget-arkqaceonmpdatdng the yd wprlb@Mkeergeafé%é@rll%stt oring
m cr o- bubbl e containing fluid, wherein t he m cro-bubbl e contai ni ng

fluid d|schangedraaﬂnu@ahhyr@pﬂmardrbmdﬁkiheuiﬁwndxsbmbagenkth;m@ obt ai ned. [
002 4 J]A tenth aspect of the present invention is a mcro-bubble generation
devi ce, incléddragates around a figrgrpabblhec genéhat brs Havidhgt eswiarld chamber, a

fluid introduction o n|n t e swirl. chanher he fluid
| odunt | oD R LI 2 End TR PEACE “aong a 11 ne
tangent to apcl anen Spy tjaﬁ&tqir e, 4 eG 200 2,01 scharge.t ube f or

gui -ding the g |qU| m Xt ure in the -direction substantially
per pendi cul andt e1é6he idi rreeki ORe | spaicBnthen@ase ldhquidsshxtdy e ufleyi d s

i ntroduced, wherein the discharge tube penetrates a wall surface of the swrl
chanber and the wall surface is a wall surface of the swirl chamber

facing the wall surface that the discharge tube penetrates;

and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[0025] An eleventh aspect of the present invention is a
micro-bubble generation device, including:

a micro-bubble generator provided with a cylindrical
gas—-liquid swirl chamber having a space in which a gas-liquid
mixture fluid is capable of swirling, agas-liquid introduction
cylinder including a gas-liquid introduction opening for
introducing the gas-liquid mixture fluid along a line tangent
toaninner surface of thegas-liquid swirl chamber, agas-liquid
introduction cylinder including a gas-liquid introduction

opening for introducing the gas-liquid mizture fluid along a

10



and protrudes to an interior of the swirl chanber, the gas-liquid m xture
fluid introduced fromthe fluid introduction opening circul ates around a

ci rcunference of the discharge tube, and then flows fromone end of the

di scharge tube to the other- end, the gas-liquid m xture fluid turns backward
at a wall surface and flows in fromthe opened one end of the discharge tube,
and the wall surface is a wall surface of the swirl chanber facing the wall

surface that the discharge tube penetrates; and a fluid storage tank
accomodati ng the m cro-bubble generator and storing m cro-bubbl e containing
fluid, wherein t he m cro-bubble containing fluid discharged vertically

upward fromthe fluid storage tank is obtained. [ 0 02 5 [An el eventh aspect

of the presentinveahi @B drSifhdP £1:0-hUbl & generatd on demiice,arddacl, udi ng:
a mcro-bubbl e generator provided with a cylindrical gas-liquid swi rl chanber

havi ng a space&€iratwhith aug@szd iquihdgphxiute &l sudfase capabliehofthewi rling, a
gas-liquid introduction cylinder including a gas- Ilguid i ntroducti on opening
for introduciagltfe gasnitioguicd tanxeprelTd uisd 2alrengea- | # nectagentl it o an i nner

rface -of the gas-| d d l'i nd
"l udi ng. o “YASE T G d ritioRbbLt I GRS T on'd ALF ohirhg 1 HE Gae- 1) quid
mxture 71 uidial.ong .a. |, pe.tangent, 1 g an, Laner ; surd age.of, e, gas- | | qui

swirl chamber, afirs surface orthogonal to a surface 1n i'ch the

as-liquid i pghrodyes+ DIy OREN Hiehd 1Sasgangrdy o & tSeeeadmaldensuki ace sf aci ng t he
first wall surface, the second wall surface being positioned close to the
gas-|iqui d ilntrodudtsi on iopenicag gaandiauassvigueidandischarge: openivng posi tioned
on a central axis line of the cylindrical gas-liquid swirl chanber, the

gas- | i qui d dillééﬁéi?@% PR 1y Wétrﬁéﬂpﬁgt?ﬁe8§%%%dﬂw| SffEceédnd reachi ng

to a position close to the first rf for supplying
the f1ui d t QUCRELI CrD- bUGBIG Genbrators o rirst wall ubiTRe}

a pump for supplying the fluid to the micro-bubble
generator;

a suction piping connected to a suction opening of the
pump;

a discharge piping connected to a discharge opening of
the pump and connected to the gas-liquid introduction opening;

a cylindrical casing forming a gas—-liquid mixture fluid
storage tank accommodating the micro-bubble generator and
storing micro-bubble containing fluid discharged from the
micro-bubble generator;

a semi-spherical thirdwall surface forming an upper part
of the gas-liquid mixture fluid storage tank;

a storage tank discharge opening positioned in an upper

part of a central axis line of the gas-liquid mixture fluid

11



a suction piping connected to a suction opening of the punp; a

di scharge piping connected to a di scharge opening of the punp and connected to
the gas-liquid introduction opening; cvlindrical casing formng a
gas-liquid mxture fluid storage tank accommodati ng the m cro-bubbl e generat or
and storing mcro-bubble containing fluid discharged fromthe m cro-bubble
gener at or; a sem -spherical third wall surface form ng an upper part
of the gas-liquid mxture fluid storage tank; a storage tank discharge
openi ng positioned in an upper part of a central axis line of the gas-liquid
m xture fluid storage tank, the storage tank di scharge opening penetrating
the third wall surface; a sem -spherical fourth wall surface formng a

lover part okcthgegasm,i gub didPeiyur af )t Wiid c8E0580% drndRK; penetrating
the third wall surface;

a semi-spherical fourth wall surface forming a lower part
of the gas-liquid mixture fluid storage tank;

adrainage openingpositionedina lower part of thecentral
axis line of the gas-liquid mixture fluid storage tank, the
drainage opening penetrating the fourth wall surface;

a storage tank discharge pipe connected to the storage
tank discharge opening; and

a drainage pipe connected to the drainage opening.
[0026] A twelfth aspect of the present invention is a
micro-bubble generation device, including:

a micro-bubble generator provided with a cylindrical
gas—-liquid swirl chamber having a space in which a gas-liquid
mixture fluid is capable of swirling, a gas-liquid introduction
cylinder including a gas-liquid introduction opening for
introducing the gas-liquid mixture fluid along a line tangent
to an inner surface of the gas-liquid swirl chamber, a first
wall surface orthogonal to a surface in which the gas-liquid
introduction opening is arranged, a second wall surface facing
the firstwall surface, the secondwall surfacebeingpositioned
close to the gas-liquid introduction opening, and a tubular

gas—1liquid discharge opening positioned on a central axis line

12



a drai nage opening positioned in a lower part of the central axis line of the
gas-liquid mxture fluid storage tank, the drai nage opening penetrating the
fourth wall surface; a storage tank di scharge pipe connected to the
storage tank di scharge opening; and a drai nage pi pe connected to the
dr ai nage opening. [0026] A twelfth aspect of the present invention is a

m cr o- bubbl e generati on device, including: a m cro-bubbl e generator
provided with a cylindrical gas-liquid swirl chanber having a space in which a
gas-liquid mxture fluid is capable of swirling, a gas-liquid introduction
cylinder including a gas-liquid introduction opening for introducing the
gas-liquid mxture fluid along a line tangent to an inner surface of the

gas-liquid sw thechanberca1fisstywalily suitace . githogenal g 10 1a sunface in
whi ch the gas-liquid introduction opening is arranged, a second wall surface
faci ng the fdisshawad | osanfracegericheasecondhaakécsut fackel beinfgqeosintli oned cl ose
to the gas-liquid introduction opening, and a tubul ar gas-liquid discharge
openi ng positER6nedd ofr & destitabPraxiess ite thef fEhet oyt hdriréaregas-1iquid swirl
chanber, the gas-1liquid discharge .openi.ng penetrati t he second wal |l surface
and reaching to & positiomn cf 8% e F i Fst haltd gg‘?fﬁjc‘é‘fo_cbub%le a punp for
suppl yi ng t@%n@k&£9z}° the m cro-bubbl e generatct; a suction piping connected
to a suction opening of the

a suction piping connected to a suction opening of the

pump;

a discharge piping connected to a discharge opening of
the pump and connected to the gas-liquid introduction opening;

a gas-liquid ejection opening positioned on a negative
pressure axis formed by a swirl flow of micro-bubble containing
fluid discharged from the micro-bubble generator;

a cylindrical casing forming a gas—-liquid mixture fluid
storage tank accommodating the micro-bubble generator and
storing the micro-bubble containing fluid ejected from the
gas—1liquid ejection opening;

a semi-spherical thirdwall surface forming an upper part
of the gas-liquid mixture fluid storage tank;

a storage tank discharge opening positioned in an upper
part of a central axis line of the gas-liquid mixture fluid
storage tank, the storage tank discharge opening penetrating
the third wall surface;

a semi-spherical fourth wall surface forming a lower part

13



punp;

and connected to the gas-liquid introduction openi ng;
ej ection opening positioned on a negative pressure axis formed by a swirl

a di scharge piping connected to a di scharge opening of the punp

a gas-liquid

fl ow

of m cro-bubble containing fluid discharged fromthe m cro-bubbl e generator;

a cylindrical

containing fluid ejected fromthe gas-liquid ejection opening;

sem - spheri cal t hi r dwal
m xture fluid storage tank;

in an upper

casing formng a gas-liquid mxture fluid storage tank
accommodati ng the m cro-bubble generator and storing the m cro-bubble

a

surface form ng an upper part of the gas-Iliquid
a storage tank discharge opening positioned

part of a central axis line of the gas-liquid mxture fluid
storage tanks the s$iorage itiank.discharge; aperibpg penetrating the third wall
surface; a sem -spherical fourthwallsurfaceformne a |ower part of the
gas-liquid m xt ureedfdimiadestrenage poankionedina lower part of the central

axis line of the gas-liquid mixture fluid storage tank, the
drainage opening penetrating the fourth wall surface;

a storage tank discharge pipe connected to the storage
tank discharge opening; and

adrainage pipe connected tothe drainage opening, wherein

the gas-liquid mixture fluid introduced from the
gas—1liquid introduction opening circulates around a
circumference of the gas-liquid discharge opening, then turns
backward at the first wall surface, flows in from an opened
one end of the gas-liquid discharge opening, and flows from
the one end of the gas-liquid discharge opening to the other
end.

[0027] It should be noted that one example of other aspects
may be a micro-bubble generation device, including:

a micro-bubble generator provided with a cylindrical
gas—-liquid swirl chamber having a space in a which gas-liquid
mixture fluid is capable of swirling, a cylindrical casing
provided with the gas-liquid swirl chamber, a gas-liquid
introduction cylinder including a gas-ligquid introduction
opening for introducing the gas-liquid mizture fluid along a

line tangent toan inner surface of thegas-liquidswirl chamber,

14



a drai nage opening positioned in a lower part of the central axis line of the
gas-liquid mxture fluid storage tank, the drai nage opening penetrating the
fourth wall surface; a storage tank di scharge pipe connected to the
storage tank di scharge opening; and a drai nage pi pe connected to the drainage
openi ng, wherein the gas-liquid mxture fluid introduced fromthe as-liquid

i ntroduction opening circulates around a circunference of the gas-liquid

di scharge opening, then turns backward at the first wall surface, flows in
from an opened one end of the gas-liquid discharge opening, and flows fromthe
one end of the gas-liquid discharge opening to the other end. [0027]1t should
be noted that one exanple of other aspects nmay be a m cro-bubbl e generation

device, includiipg: @M CEQrbubbl e genekat ofopkovided i £:h a eyl icpdri cal
as-liquid swrl chanber having a space in a which gas-liquid mxture fluid is
capabl e of smaksrlingidaicydddudrical ogasimg ipr evirdedews th tdeorghsealilqui d swirl
chanber, a gas-liquid introduction cylinder including a as-liquid introduction
openi ng for SAfpregUcicAgItHe §asst vgdil b Hhbetcar e-ifd aracad opdlasutinest angent to
an inner su L?%gEQLi%qgngg%i%gg%kgtﬁﬁggg— ﬂ%ﬂﬁfghtroductionopening,
and a gas—-1liquid discharge opening positioned on a central axis
lineof thecylindrical gas-liquidswirl chamber, thegas-1liquid
discharge opening penetrating the second wall surface and
reaching to a position close to the first wall surface;
a pump for supplying the fluid to the micro-bubble
generator;
a suction piping connected to a suction opening of the
pump;
a discharge piping connected to a discharge opening of
the pump and connected to the gas-liquid introduction opening;
a gas-liquid ejector provided with a gas-liquid ejection
opening positioned on a negative pressure axis formed by a swirl
flow of micro-bubble containing fluid discharged from the
micro-bubble generator;
a cylindrical casing forming a gas—-liquid mixture fluid
storage tank accommodating the micro-bubble generation device
and storing the micro-bubble containing fluid ejected from the
gas—1liquid ejection opening;

a semi-spherical thirdwall surface forming an upper part
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a first wall surface orthogonal to a surface in which the gas-liquid

i ntroduction opening is arranged, a second wall surface facing the first wall
surface, the second wall surface being positioned close to the gas-liquid

i ntroduction opening, and a gas-liquid discharge opening positioned on a
central axis line of the cylindrical gas-liquid swirl chanber, the gas-liquid
di scharge openi ng penetrating the second wall surface and reaching to a

position close to the first wall surface; a punp for supplying the
fluid to the m cro-bubble generator; a suction piping connected to a suction
openi ng of the punp; a di scharge piping connected to a discharge

openi ng of the punp and connected to the gas-liquid introduction opening;

a gas-|iqui drejget @fsprioyiided Wkt he ar gasr Idc@uideef £et i on opening positioned on
a negative pressure axis formed by a swirl flow of mcro-bubble containing
fluid di scharged & soméde taner o ulbloe geaetrat positioned inaacyddprdri cal casing
formng a gas-liquid mxture fluid storage tank accommodati ng the m cro-bubble
gener ati on ®evicef ahdeStteriing=t hel ificcPé- bubby s dontariniihgt #iifd véjidect ed from

the gas-liquid electigon opening; a sem-spherical third wall surface formn
an ugper pgﬁgorage taéﬁ, tge sté%age tagﬂ &igcﬁarge opening penetrating 9

the third wall surface;

a semi-spherical fourth wall surface forming a lower part
of the gas-liquid mixture fluid storage tank;

adrainage openingpositionedina lowerpartof thecentral
axis line of the gas-liquid mixture fluid storage tank, the
drainage opening penetrating the fourth wall surface;

a storage tank discharge pipe connected to the storage
tank discharge opening; and

a drainage pipe connected to the drainage opening.
Effects of the Invention
[0028] According to the present invention, the
micro-bubble generator capable, etc., of reducing the size of
the generated micro bubbles can be obtained.

Further other objects, characteristics, or advantages
of the present invention will be elucidated by detailed
description based on an embodiment of the present invention
described later and the attached drawings.

Brief Description of the Drawings

[0029]
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of the gas-liquid mxture fluid storage tank; a storage tank discharge
openi ng positioned in an upper part of a central axis line of the gas-Iliquid
m xture fluid storage tank, the storage tank di scharge opening penetrating the
third wall surface; a sem -spherical fourth wall surface formng a

| ower part of the gas-liquid mxture fluid storage tank; a drai nage
opening positioned in a lower part of the cent ral axis line of the gas-liquid
m xture fluid storage tank, the drainage opening penetrating the fourth wall
surface; a storage tank discharge pipe connected to the storage tank

di scharge opening; and a drai nage pi pe connected to the drainage
opening. Effects of the Invention [0026] Accordi ngt ot he presentinvention,the

m cro-bubbl e genenator capabliejusteasirf eduehhg the sbzeipftathengenerated
m cro bubbl es can be obtai ned. Further other objects, characteristics,

or advant ages ef mibheopresdnt genveatéon will he el ucidated by detail ed
description based on an enbodi nent of the present invention described |ater
and the attached fdgawt ﬁ@san illustrative view showing the configuration
of the micro-bubble generator;
Fig. 3 is an illustrative view showing the configuration
of the micro-bubble generator;
Fig. 4 is an illustrative view showing a configuration
of a swirl type micro-bubble generation device; and
Fig. 5 is a graph showing particle size distribution of
micro bubbles generated in the micro-bubble generation device.
Modes for Carrying Out the Invention
[0030] [Outline]
[0031] Any of the conventional swirl type micro-bubble
generation devices reduces the size of bubbles but requires
a great deal of energy for generation and does not efficiently
generate bubbles having a particle size of a nanometer order.
Thus, an object 1s to provide a more energy-efficient
micro-bubble generator capable of efficiently generating
bubbles having a particle size of a nanometer order, and a
micro-bubble generation device provided with the micro-bubble
generator.
[0032] For example, one micro-bubble generator 1 of the

present embodiment includes a gas-liquid discharge cylinder
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Brief Description of the Draw ngs [0029] Fig. 1 is an illustrative

vi ew show ng a configuration of a m cro-bubble generator; Fig. 2 is an
illustrative view showi ng the configuration of the m cro-bubhle generator;
Fig. 3is an illustrative view show ng the configuration of the m cro-bubble
gener at or; Fig. 4 is an illustrative view show ng a configuration of a
swrl type mcro-bubble generation device; and Fig. 5 1is a graph
showi ng particle size distribution of mcro bubbles generated in the

m cr o- bubbl e generati on device Mddes for Carrying Qut the Invention [0030]
[Qutline]

9 provided with a gas-liquid discharge opening 8 penetrating
a second wall surface 7 positioned on a central axis line of
a cylindrical gas-liquid swirl chamber 3 and reaching to a
position close to a first wall surface 6. Thus, gas-liquid
mixture fluid 10 introduced from a fluid introduction opening
4 so as to go along an inner surface of a cylindrical casing
2betweenthegas-liquiddischargecylinder 9andthecylindrical
casing 2 turns backward at the first wall surface 6 while
generating an outer swirl flow 11, and then the gas-liquid
mixture fluid 10 passes through an interior of the gas-liquid
discharge cylinder 9 provided with the gas-liquid discharge
opening 8 while generating an inner swirl flow 12, and is
discharged from the cylindrical gas-liquid swirl chamber 3.
Thereby, the flowshaving contradictoryvectors canbeprevented
from being adjacent to each other, so that a decrease in a flow
rate of both the outer swirl flow 11 and the inner swirl flow
12 can be prevented, and hence the outer swirl flow 11 and the
inner swirl flow 12 which are further rectified canbe generated.
Therefore, regardingthegas-liquidmixture fluid 10 introduced
fromthe fluidintroductionopening 4, swirl force canbe applied
to the gas-liquid mixture fluid 10 in the gas-liquid swirl
chamber 3 more efficiently at lower pressure than the

conventional swirl typemicro-bubble generationdevices. Thus,
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[ 0031] Any of the conventional swirl type mcro-bubble generation devices
reduces the size of bubbles but requires a great deal of energy for generation
and does not efficiently generate bubbles having a particle size of a
nanonet er order. Thus, an object is to provide a nore energy-efficient

m cr o- bubbl e generator capable of efficiently generating bubbles having a
particle size of a nanoneter order, and a m cro-bubbl e generation device

provi ded with the m cro-bubble generator. [0032] For exanpl e, one m cro-bubble
generator 1 of the present enbodi ment includes a gas-liquid discharge cylinder
9 provided wwth a gas-1liquid discharge opening e penetrating a second wal |
surface 7 positioned on a central axis line of a cylindrical gas-liquid swrl
chanber 3 andrpeacbidgrto, & Posi tyQRrekogeit0aaghirstnmalle surnfage 6. Thus,
gas-liquid mxture fluid 10 introduced froma f?UId i ntroduction opening 4 so
as to go al oag-angutdern=zsuré deidfl@ eyldhadritad redastngor? ihetumean st he
gas-liquid discharge cylinder Sand the cylindrical casing 2 turns backward at
the first wall f3ttfber 6l while generating an outer swirl flow 11, and then the

gas-liquid m e flud 10 sses through an interior o he gas-|iquid

O Scharge cyPirder o provigEatert e SR8t I Thtd HiCRaT§e ooty o whi l o
generating an ipaer swrd iElgw 12, 8nd i s;diseharged firomthe cylindrica
gas-liquid smﬁrP c%anggf 37T éreﬁ@, t he %goms hagﬁhglcontradf%¥%Fy vectors
can be prevent gdl fsombel Ag Agjiacenhdt eheacheot hefamSe st bata a idecrease in a
flowrate of both the outer r wirl flow 11 and the inner swirl flow 12 can be
prevent ed, and hencecther cutlepnswigdsdlliow, ldndndet hiekd nnBrasmiad offl ow 12 whi ch

are further rectified can be generated. Therefore, regardinﬁ}the gas-liquid
m xture fl uPPAVCPRPPOHUCET Ry CHAYIRE / f1AR G i W ddGetd o opni:NG™E, swirl force

can be applied to the -liquid mxture fluid 10 in the gas-l.iquid swrl
chanber 3 ngﬁergg??ti%n ﬁ?mh?lﬁgmer%%?%s§hf@thg%e{ﬁe£%%n%%%ﬁfﬁﬂ%p’smﬁrl type

m cro- bubbl ¢;generati.pny devi geseq s i nthar gemishear hoice ds..generated in a
gas contained in the gas-liquid mxture fluid 10, so that size reduction in
bubbl es i s fwacil bt atethl [ @@33)libeshoul d be noted that the fluid includes fluid

[0034] Hereinafter, the embodiment of the present

invention will be described in detail with reference to the

drawings.

[Micro-Bubble Generator]

[0035] Fig. 1 shows a configuration of the micro-bubble

generator of the present embodiment. A shows a vertically

sectional view thereof, and B shows a section by the line A-A’

shown in the figure.

[0036] In the figure, the micro-bubble generator 1 is

configured from the cylindrical casing 2, the cylindrical

gas—-liquidswirl chamber 3 havinga space inwhich thegas-liquid

mixture fluid 10 is capable of swirling, the fluid introduction
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in which a gas is mxed into a liquid, fluid in which a gas is nelted into a
liquid, and the |ike. Exanples of a liquid can be water, a solvent, gasoline,
and the |ike. Exanples of-a gas can he nitrogen, oxygen, carbon di oxide,

ozone, ethylene, hydrogen, and the like. Here, a case where the gas-liquid

m xture fluid is introduced into the mcro-bubble generator will be mainly
descri bed [0034] Herei nafter, the enbodi nent of the present invention wll be
described in detail with reference to the drawi ngs. [M cro-Bubbl e Generator]
[0035]Fig. 1 shows a configuration of the m cro-bubble generator of the
present enbodi nent. A shows a vertically sectional view thereof, and B shows a
section by the line A-A shown in the figure. [0036]In the figure, the

i cro- bubbl e gengyat o5 Int soeonfiguredatromtheneytindeical 16asifhg 2, the
cylindrical gas-Iiquidswrlchanber3havi nga space i nwhi cht hegas-1i quid

a line tangent to the inner surface of the gas-liquid swirl
chamber 3, a gas—-liquid introduction cylinder 5 provided with
the fluid introduction opening 4, the first wall surface 6
orthogonal to a surface of the gas-liquid swirl chamber 3 in
which the fluid introduction opening 4 is arranged, the second
wall surface 7 facing the wall surface, the secondwall surface
being positioned close to the fluid introduction opening 4,
the gas-liquid discharge opening 8 positioned on the central
axis line of the cylindrical gas—-liquid swirl chamber 3, the
gas—1liquid discharge opening penetrating the second wall
surface 7 and reaching to the position c¢lose to the first wall
surface 6, and the gas-liquid discharge cylinder 9 provided
with the gas-liquid discharge opening 8.

[0037] As shown in the figure, the gas-liquid discharge
cylinder 9 1is positioned on the central axis line of the
cylindrical gas-liquid swirl chamber 3 inside the gas-liquid
swirl chamber 3 of the c¢ylindrical casing 2, penetrates the
second wall surface 7, and reaches to the position close to
the first wall surface 6. By these two cylinders, the
micro-bubble generator 1 forms a double-cylinder structure.
The gas—-liquid discharge opening 8 provided in the gas-liquid

discharge cylinder 9 is provided at the position close to the
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m xture fluid 10 is capable of swirling, the fluid introduction opening 4 for
introducing the gas-liquid mxture fluid 10 along a line tangent to the inner
surface of the gas-liquid swirl chanber 3, a gas-liquid introduction cylinder
5 provided with the fluid introduction opening 4, the first wall surface 6
orthogonal to a surface of the gas-liquid swirl chanber 3 in which the fluid

i ntroduction opening 4 is arranged, the second wall surface 7 facing the wall
surface, the second wall surface being positioned close to the fluid

i ntroduction opening 4, the gas-liquid discharge opening B positioned on the
central axis line of the cylindrical gas-liquid swirl chanber 3, the
gas-liquid di scharge opening penetrating the second wall surface 7 and
reaching tosiherppsiiion«<lese to the first wall surface 6, and the gas-liquid
di scharge cylinder 9 provided with the gas-liquid discharge opening S.
[0037] As shawa3bn t he Theguse;1tde dyais=thimgui thil schargedoytd nden thei s
positioned on the central axis line of the cylindrical gas-liquid swrl
chanber 3 iAside tHe gasIipguikrsiiia P ehamseni grofbutid ecyfimericall casing 2,

penetrates th ond mall face 7, a reaches to the position close to the
Pirot well SUFRaco6aohy®t Huteid o P NS, EERL=T cHo: LUBD S Gafier at or 1L

forms a dou%'lg ﬁﬁt@@d@;h%tdteecwg e, gas:! L qu dcde disgh arge ©pgnijag e provided
in the gas-l1quid discharge cyl |nd‘ 9 I's provi d a t e position close to
the first waklcsunfiacea6.9:0038LThewgas-dHaued Muxtiune & uidiLQaiint r oduced
fromthe fluid introduction opening 4 of the mcro-bubble generator 1 with the
above confi gasatbcnséleowso et weery the igas #quiatdp§char gel ioydtiindér 9
positioned on the central axis line of the cylindrical gas-liquid swrl

chanber 3 af@sthe- cyiiidri"cai®ddsifg 286 547t 616 lalORg A & & surface of
the cylindrical, casipg.  Thu the rectdfled ouherbsmngl flow 11 can be

1
gener at ed in the cylin ri'cal 8 TQuid Swirl ©
[0039] The outer swirl flow 11 goes toward the first wall

surface 6 of the cylindrical gas-liquid swirl chamber 3 and
turns backward at the first wall surface 6, and swirl speed
is increased inside the gas-liquid discharge cylinder 9 having
a smaller diameter than the cylindrical casing 2, so that the
inner swirl flow 12 is formed. This inner swirl flow 12 forms
a high-speed swirl flow, and a negative pressure hollow portion
13 is formed in the vicinity of a center thereof by centrifugal
force.

[0040] As described above, the micro-bubble generator 1
includes the gas-liquid discharge cylinder 9 provided with the
gas—1liquid discharge opening 8 penetrating the second wall
surface 7 positioned on the central axis line of the cylindrical

gas—1liquid swirl chamber 3 and reaching to the position close
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[ 0039] The outer swirl flow 11 goes toward the first wall surface 5 of the
cylindrical gas-liquid swrl chanber 3 and turns backward at the first wall
surface 6, and swirl speed is increased inside the gas-liquid discharge
cylinder "9 having a smaller dianeter than the cylindrical casing 2, so that
the inner swirl flow 12 is forned. This inner swirl flow 12 forns a hi gh-speed
swrl flow, and a negative pressure hollow portion 13 is fornmed in the
vicinity of a center thereof by centrifugal force. [0040] As descri bed above,
the m cro-bubble generator 1 includes the gas-liquid discharge cylinder 9
provided with the as-1liquid discharge opening 8 penetrating the second wall
surface 7 positioned on the central axis line of the cylindrical gas-liquid
swirl chanber, J,and-Jeachi 8-t 0-4 be posist ionR & 036 qutia ke ukbratiwal | surface
6. Thus, the gas-liquid mxture fluid 10 i ntroduceoCI]1 fromthe fluid

i ntroducti onoopetidipckdsoras e gauvabohg tdwmdtiner osanfrace 8b dsheocyl i ndri cal
casing 2 between the gas-liquid discharge cylinder '9 and the cylindrical

casi ng 2 tueRsdbackiar d raert fiet fagese L dlel csurfadead while gerdrationg t he out er
swirl flow 11, and then the as-liquid mxture fluid 10 passes through the
interior of tﬂkﬁeqagsésl-llqiudﬁi 5 iéléﬁﬁgﬁ/é‘lél P ndabd ¢ "protiided Wit e dgas- | i qui d
di scharge opepj i td.ng .t i I gl fd i's

di schar ged ?rgtrlnt ga\ggk%ﬁ%%ﬁggﬁggfa%-%lti gﬁ%%@éﬁ\%fﬁ%wc gr%érgvg%ﬁitpegy, the flows
havi ng cont radi etnysveet eanswcan bedpheventedakrombei ig:-adiacentidt o each
other, so that the decrease in the flowrate of both the outer swirl flow 11
and the innéP swbsts ftlowuk? chr betpreventfedhcagdshéngeid hél outeegeswi rl fl ow
11 and the inner swirl flow 12 which are further rectified can be generated.
Therefore, re&gardfhg’ tHeVgdsdl Yl dF Ledr &1 1rid FoRPRER otREEdS Fom the fluid
i ntroduction,opening 4, the swirl force can, be plied.to.th as-|iquid

m xture fl uiwcki‘l% ?%Ig?%detlél st |ethim rsvﬁwrllrgcﬁ%i%efz% arrrlt%r éseﬁfljfslcgiagfﬁteldy at | ower
pressure than hhe copvantiiional g smirlytype,mMicrosfpthbb e generpli gnedevices.
Thus, larger shear force is generated in the gas contained in the gas-liquid
m xture fl uifdol6,hasanghainttrheiskzey redtetsarmn e bhevbubbd €scindfiagi | 1t at ed.
[0041] [M cro-Bubble Generation Device] [0042 |Fig. 4 is an illustrative view

showi ng a adjacent to each other, so that the decrease in the flow rate
of both the outer swirl flow 11 and the inner swirl flow 12
can be prevented, and hence the outer swirl flow 11 and the
inner swirl flow 12 which are further rectified canbe generated.
Therefore, regardingthegas-liquidmixture fluid 10 introduced
from the fluid introduction opening 4, the swirl force can be
applied to the gas-liquid mixture fluid 10 in the gas-1liquid
swirl chamber 3 more efficiently at lower pressure than the
conventional swirl typemicro-bubble generationdevices. Thus,
larger shear force is generated in the gas contained in the
gas—liquid mixture fluid 10, so that the size reduction in the

bubbles is facilitated.
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configuration of a m cro-bubble generation device 21 provided with the

m cr o- bubbl e generator 1 shown in Fig. 1. [0043]In the figure, the

m cr o- bubbl e generati on device 21 provided with the m cro-bubble generator 1
supplies mcro-bubble containing fluid 27 fromthe m cro-bubble generator 1, a
punp 22 for supplying the gas-liquid mxture fluid 10 to the m cro-bubble
generator 1, a suction piping 24 connected to a suction opening 23 of the punp
22, a discharge piping 26 connected to a discharge opening 25 of the punp and
connected to the fluid introduction opening 4 of the mcro-bubble generator 1,
and the gas-liquid discharge opening 8 of the m cro-bubble generator 1.

[ 0044] A gas-liquid ejector 31 has a discharge piping connected to a gas-liquid
i ntroductiongcopeni ng; 32,-ARg1a8 Bass+4aHd relgetion opening 36 positioned on a
negative pressure axis 35 formed by a swirl flow 34 of the m cro-bubble
cont ai ni ng f[lookd] 27 diBichar ged isr oant hel o cre-thwbbl eigenestatwaimagl, aand i s
capabl e of efficiently diffusing the mcro-bubble containing fluid 27 supplied
fromthe m crofbubblelygenératorra-hgra qgasctiduicd A%t er e Lfrusivd dstlor age t ank.

[ 0045] By providing a cylindrical casing 43 provided with_ a gas-liquid mxture
fluid stora&étga 36451 (%6ﬁ%%gﬁtgﬁ@e¥%(”hiCF%9BﬁbbTeEﬁ%nération devi ce 21 and
storing the hghe- bubbl.e cqont Al ning.fL i 2T aLeeL el bham Lheigasel i quid el
ection opening 36, a sem -spherical fourth wall surface 44 positioned in an
upper part of thegasd i@guird ehxt wierbhyidssd ogageriadk 42, s stiesage tank

di scharge opening 45 positioned in an upper part of a central axis line of the
gas-liquid miixtoreuflbls dcstoragend afikud?, 2 hefstwor dfe tankrdilsddege openi ng
45 penetrating the third wall surface 44, a sem -spherical fourth wall surface
46 position&G"FR2ECY ower® pEFP %?1FﬁéS§§§lyﬁﬂ%i?PQﬁg%FGFéq?+%FHD§%6ﬁage tank 42,
and a drai nage. i.ng, 47 positioned in a |lower part of the.centrgl axis line
of “the gas. TRgina mex e Rrar e Soer g tane e P et Bhed ng 47
penetrating the-foumitdh wall-surf agenitdesmerebybhl & contai ning Ll uid 27 can
be obtained fromthe storage tank di scharge opening 45. It shoulg be noted
that a storageitanks dbsaharge tHoubediconeckedpd i thessidrageptanlkndi schar ge
openi ng 45 and a drai nage tube connected to the drai nage openi ng 47 may be
provi ded. [QQ48FFNd hetboAvent iohabdsuiirdn egare ngi Ly fot bbbl eo-bubble

generator 1, and the gas-liquid discharge opening 8 of the
micro-bubble generator 1.

[0044] A gas-liquid ejector 31 has a discharge piping 33
connected to a gas-liquid introduction opening 32, and a
gas—-liquidejectionopening36épositionedonanegativepressure
axis 35 formed by a swirl flow 34 of the micro-bubble containing
fluid 27 discharged from the micro-bubble generator 1, and is
capable of efficiently diffusing the micro-bubble containing
fluid 27 supplied from the micro-bubble generator 1 to a
gas—liquid mixzture fluid storage tank.

[0045] By providing a cylindrical casing 43 provided with
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generation devices, -There is a need for directly imersing a

gener at ori nwat eri nor dert ogener at em cr obubbl es. However,

i nt hem cr o- bubbl egener ati ondevi cel of t hepr esent enbodi ment, by providing the

m cro- bubbl e containing fluid storage tank 42, them cro-bubbl e containing
fluid 27canbet ht ai ned wi thout i mersing the rel ease port 47 of the storage
tank di scharge pipe 46. [0047] Asuction tube portion may be protrudingly
provided in a predeterm ned part of the suction piping connected to the
suction opening of the punp, or a gas supply opening nmay be provided in a
casing part of the punp. Alternatively, a gas supply piping connected to the
gas supply opening and connected to a gas di scharge openi ngofa gas supply

punp, or a gasasuPpiyPhRipgr£annget edot0Acgas i scharge9pe ngeof a gas
contai ner may be provided. [0046] [Particle Size Distribution of Generated

M cro Bubbl esprof0049le kbge bat sagdaphshoiangpardrickesiezede st+hritlieon of mcro
bubbl es generated in the m cro-bubbl e generation device. [0050] As shown in the
figure, nanVOﬁitéF@lfb%ﬁblPé%N\éﬁécbéb%éﬁ%ﬁh%ﬁhrhl%U#%WWWq@Be size from

10 nmor nore to 300 nm or , th er t hereof, was 100 mllion or
oo Nany et IIDEEBL R gfe%éfrgt%afm% 5 P st el e rs 51 o from

50 nmor e Lo 150, 0p Q.| £55..1f dwh%xtmhmlad ange. ot far tisgl e size from

50 nmor nore to 110 nm or | ess, furt hernore

range( 9f par ti §ﬂcﬁ:53!gée@ir@u3@s@19£r@rbpa_ﬂﬂir$g dat@sllmdbﬁaaasl irhabpbutpﬁlres having a
particle size of a nanonmeter order can be efficiently generated by the
t echni que obfthecabowé cerfisodiment the gas-liquid mixture fluid storage

tank 42, the storage tank discharge opening 45 penetrating the
third wall surface 44, a semi-spherical fourth wall surface
46 positioned in a lower part of the gas-liguid mixture fluid
storage tank 42, and a drainage opening 47 positioned in a lower
part of the central axis line of the gas-liguid mixture fluid
storage tank 42, the drainage opening 47 penetrating the fourth
wall surface, the micro-bubble containing fluid 27 can be
obtained from the storage tank discharge opening 45. It should
be noted that a storage tank discharge tube connected to the

storage tank discharge opening 45 and a drainage tube connected
to the drainage opening 47 may be provided.

[0046] In the conventional swirl type micro-bubble

generation devices, there is a need for directly immersing a

generator inwater inorder togeneratemicrobubbles. However,

inthemicro-bubblegenerationdevicel of thepresent embodiment,

by providing the micro-bubble containing fluid storage tank
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[0051] [Material] [0052] Metal materials and various plastic materials can be
used as a material of the above described parts of the m cro-bubbl e generator,
etc. For exanple, manufacturing can be perforned with an alloy of iron,

chrom um and ni ckel, stainless steel, 3U5304, SU3316. The nmanufacturing can
al so be perforned with a resin material such as Teflon (registered trademnark)
and pol ycarbonate. Moreover, Teflon-coating, surface coating, electrostatic
coating, plating, or the |ike my be perforned for the mcro-bubble generator,
etc. [0053] [Uses] [0054] Many uses of the above techni que are considered. For
exanple, there is a possibility that the technique can be utilize(m in the
followng fields. [0055]Application to a food and agricultural field includes

i nactivati on20f RAFOVWIJ WS HRYe PLEE Qi RURDEES; 4 bnaghinwatdn el Midiuses i nside
oysters, sterilization and purification of hydroponic culture solutions using

m cr o- bubbl emezonéng stter irkilzate opoof 4Cubtutlee solaitaigens aandd 0otz gby
m cro-bubbl e ozone, and agricultural utilization of nano-bubbles . Application
to a nedi caPiPrel@- i ncl udes clinical

[0047] A suction tube portionmay be protrudingly provided
in a predetermined part of the suction piping connected to the
suction opening of the pump, or a gas supply opening may be
provided in a casing part of the pump. Alternatively, a gas
supply piping connected to the gas supply opening and connected
to a gas discharge opening of a gas supply pump, or a gas supply
piping connected to a gas discharge opening of a gas container
may be provided.

[0048] [Particle Size Distribution of Generated Micro Bubbles]
[0049] Fig. 5 is agraph showingparticle size distribution
of micro bubbles generated in the micro-bubble generation
device.

[0050] As shown in the figure, many micro bubbles were
observed within a range of particle size from 10 nm or more
to 300 nm or less, and the number thereof was 100 million or
more. Many micro bubbles were generated within a range of
particle size from 50 nm or more to 150 nm or less, further,
within a range of particle size from 50 nm or more to 110 nm
or less, and furthermore, within a range of particle size around

100 nm. This data indicates that bubbles having a particle
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application of a mcro-bubble ultrasonic contrast agent and the I|ike,
adapt ati on of contrast-enhanced ultrasound to a hepatic disorder diagnosis, a
m cro- bubbl e ultrasonic contrast agent, a clinical diagnhosis, an angi ogenic
remedy using breakage of m cro bubbles, an angi ogeni c nmechani sm by ul trasound
and m cro bubbles, ultrasonic manipul ation of mcro bubbles, acoustic

radi ati on pressure acting on mcro bubbles in ultrasound, capture of mcro
bubbl es by ultrasound, ultrasonic capture of a yeast using mcro bubbles, gene
transfer using ultrasound and mcro bubbles, cavitation enhancenent using both
ul trasound and mcro bubbles (contrast agent) , gene transfer by using both
ultrasonic stinulation and mcro bubbles, application to an ani mal nodel, and
medi cal treatipents f0f. citangous 6l sodet and skihp1¢leaning.afy @ dpet by mcro
bubbl es. Application to an environnental field includes a hybrid-type

envi ronment akchneatsent tthechbolegymusiing:ra.m cr o- bubbl e net hod, i ntroduction
of excited oxygen mcro bubbles to a |iquid phase, decontam nation of
oiI-contanid&pgé156M4Uﬁ@iﬂﬂcro bubbl es, decontam nation of a contamninated site
by a bubbl e rai nmen t hod, rification of ter qualit degr adati on of
- vater or gUArE] substAHCEs AN TRI PO SUDSESnEb" by AFEF b bhbRas.

degr adationof .chemical substances: such 83,01 4aBLe; sUbsiANCes,: degradation of
har nf ul substances by ozone, dissolution of a dysoxic water nmass by mcro
bubbl es, gererabipiblOfe Feakoabibples . i F@ eanabic ApRhineatt @i daincr o bubbl es
to an artificial brackish |ake, application of mcro bubbles in a shipping
route, watebequalifbynpdrviticatn onlland dincirease chnoal dis sold edi adxigen
concentration of |akes, marshes, and rivers, an oil-water separation

t echnol ogy iFhaentedatEreedmibSi o, tPeat renffn6f "eyeolse TRast enatlér by a
biofiltrati?% deygce u &Qgh%?EQQWq%E?eriQTQQL:rQsQ”QQE%S a.cu%%ghng t echni que

utilizing nicr'o- bubbles, ~an “eco: rlenﬁfy cl'eani ng f%chni&ﬁ%ﬁﬁy mcro bubbl es,
removal of oqichgshalns Byam 660, bubbles. a washeredryerci o, whigh wat er - savi ng
is realized by injecting m cro-bubble shape ozone, utilization for ships, a
shi p resi st ane€areducttion, t ecdut e ahy cnieata daybbl esin@ndrdevellapaent of a
ship in-water noise predicting nethod by bubble dynam cs. Devi ce devel opnent

i ncl udes a Mew powes r fr st Bubbk ke geharativbh ldevieer ateoBulsice Jet type
air-lift pumm ngb le Jet is a registered trademark) , conbination with

mi cr o- bubbl & 8 Aer at 7 on through an orifice, and a househol d cl eani ng device
utilizing migro,bubbl gs,, Further, there is A pgssjfi LiLy.that,the technique
can be applied to environnental 1 nprovenent in a sem -cl osed water area
utilizing mrerocbulblesingas hydrale igeneration uhkldzimgqakci bubbles, a
water treatnent technique utilizing crushing of mcro bubbles,

preservati vetfiléecKaimaboko folapanesef priacessed seaf ood product) by oxygen
nano- bubbl es, and the like . [0055] [Conclusion] [0057] The swirl type

m cr o- bubbl d °§érér at or2Hfl ithé 1pPesént @ edbodi s Hé veyli ddriléal casi ng,

t he cyIinercah gas-lithg s%irl chgnber havi ng Ehe sgace in %ﬂjch t he
gas-1iquid mixtdre” f 1t 9 ¢dpanl 87 of "sWi TitiMg, P¥he™t T d it Sduct i on

openi ng for ;iatreduci g dhe, gag:dd quid @ xture £l uid. gl ongtihe lipe tangent to
the inner surface of the gas-liquid swrl chanber, the gas-liquid introduction
cylinder provicdedcat idh t heff | nivdiropbroductduoruepenistguttibesfi nstinwal | surface
orthogonal to the surface of the gas-liquid swirl chanber in which the fluid
i ntroducti omiopeniugelis cranangedert hezseicondwaldulsurt asel faicingg ankle wal |
surface, the second wall surface being positioned close to the fluid

i ntroduct i oA °Bpenihy. E AP YALT i°Gaia- di'stRAF e bperiing tpostt i bed on t he
central axi in t he | ical -Liqui d. sw r., .t gas-liquid
di schar ge o%ghfngu%%H%¥Ta§¥%gﬂg%gl%g%%%%ea%?%igh% a%%ggggﬁgggbjf%g to the
position close to the first wall surface, and the gas-1liquid discharge
cylinder provided with the gas-liquid discharge opening. [0058] According to
the present enbodi nent, by providing the gas-liquid discharge cylinder
provided with the gas-liquid discharge opening penetrating the second wal l
surface positioned on the central axis line of the cylindrical gas-liquid

sw rl chanber and reaching to the position close to the first wall surface,
the gas-liquid mxture fluid introduced fromthe fluid introduction opening so
as to go along the inner surface of the cylindrical casing between the
gas-liquid discharge cylinder and the cylindrical casing flows toward the
first wall surface while generating the swirl flow. Thus, the rectified swrl
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provided with the gas-liquid discharge opening penetrating the second wal l
surface positioned on the central axis line of the cylindrical gas-liquid
swirl chamber and reaching to the position close to the first wall surface,
the m xture fluid introduced fromthe fluid introduction opening so as to go
al ong the inner surface of the cylindrical casing between the gas-liquid

di scharge cylinder and the cylindrical casing turns backward at the first wall
surface while generating the swirl flow, then passes through the interior of
the gas-liquid discharge cylinder provided with the gas-liquid discharge
opening while generating the swirl flow, and is discharged fromthe
cylindrical gas-liquid swirl chanber. Thereby, the flows having conttadictory
vectors can a&aﬁwggyﬁ&e& tram beingadj acent 4.0 €achetberaqgsn that the
decrease in the flowrate of the gas-liquid mxture fluid flowi ng toward the
first wall suefadceei ntdeduceib!f radmddie rdastredustd¢an wpenrisngndanocbe prevent ed.
[ 0060] By providing the gas-1iquid discharge cylinder provided with the
gas-liqui d diepeharésopent AgapenetTat Magr e helldecontt waldnisurdrddeé sposi ti oned on
the central axi§ Iigg of gg cylindrical gas-quuid Wi rl hanQpr and reaching
to the positiP6h cFdset' the “FIPSt"war F7 StF tate, * the'gas-1i'quidm Xtare fl uid

i ntroduced from hd.in oguﬁg' .0pen] - he i nner
surface of Fﬁeﬁg§ ?ﬁ%%#%%ﬁ'cgéing (%%ﬁégnﬁgﬁggﬁgﬁT?ﬁhhgégg?g%ﬁggﬁg cyl i nder
and the cyl imdrbcalipeaskngul Urasobackwat thatattibe fder sti wal lbsiiface whil e
generating the swirl flow, then passes through the interior of the gas-liquid
di schar ge cykindeic previdedow lreshergasdtiiqui dordi sthay geubpéas ngnwhi | e
generating the swirl flow, and is discharged fromthe cylindrical gas-liquid
swirl chanb&tFrTReredy C2Phers POE HWaVi Ty eonty RdFEt By U ebt'ors®dn be
prevented from being. adjacent to each other. so that the decrease in the flow
rate of the g S-quU|§iﬁ%x€ure F1i passing ?%Téhgh the"interior “of the
gas-liquid discharge eyhhnder nRroYLdeda W ¢ the gasddgukd -di,sgharnge opening
whil e generating the swirl flow can be prevented. [0061] As descri bed above,
in the conventirenahndewvidces;r@ beohani smital stegdddti)cayeon tsararfevi ded in
order to generate a swirl flow, and a swrl flow is generated to a wal
surface ort kogorsina ooet s urf taces dmi ankd téhnuda tiiat r eddc tiiory coperitmig sf or
introducing a lLiquid or the like is arranged, the wall surface heing away from
t he int rodué??&hgﬁ‘bje?ﬁ ng> Fhe T4 @OgF?t he"fi ﬁ@g&%ﬁi%@s‘i‘weﬂ“ﬁ the wal |
surface, then tHLOS, Bﬁ%%%&f’%g%&& ij/\?%rgir{[g?gfsdlpgeeg[ ﬁ% rrg_lc%lgub%‘irefsace I n which

a di scharge opening i s provi and ws t owar scharge opening while
generating appi A¥er s&n 3 kh dlwawohRshdel the 19w £é1fdowaf how ing toward the wal |
surface away fromthe introduction opening. Thus, since flows of contradictory
vectors are-cadjiacenntol eaehtmeiriersctandlogy uss ngener at et ubm la rfdtdwdr, at e of bot h
the swirl flows. [0062]A swirl flowrate of the swirl flow of the fluid is
decreased byrfhedapeve’ PESSC1E691HAY SR RECE O 81 lseeh £ ot igrdatsedeal of

energy in order to pressurize the fluid b pu nd_send t fluid into a
gae- 1} qui d Gt PP EREGE 6 Toanar B TR L PO Fopy moors DaEbist,

decontamination of a contaminated site by a bubble entrainment
method, purification of water quality, degradation of in-water
organic substances and harmful substances by micro bubbles,
degradation of chemical substances such as organic substances,

degradation of harmful substances by ozone, dissolution of a
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[ 0063] However, according to the present enbodi nent, by providing the
gas-liquid discharge cylinder pr=ided with the gas-liquid discharge opening
penetrating the second wall surface positioned on the central axis line of the
cylindrical gas-liquid swirl chanber and reaching to the position close to
the first wall surface, the mxture fluid introduced fromthe fluid

i ntroduction opening so as to go along the inner surface of the cylindrical
casi ng between the gas-liquid discharge cylinder and the cylindrical casing
turns backward at the first wall surface while generating the swirl flow, then
passes through the interior of the gas-liquid discharge cylinder provided with
the gas-liquid discharge opening while generating the swrl flow, and the

gas-liquid raih,ét;sﬁ@wfaltematsg pdirsichanged fomdie 26y b Remical, 19assikisqui d swirl
chanber as the m cro-bubble containing fluid. Thereby, the flows having

cont radi ct oriyy wechtarns, capp becprieventfechiforonbbebhgs adp acens rtiof isdeh ot her, so
that the decrease in the flowrate of both the swirl flows can be prevented,
and hence t ReaskzehfeltcPPBhliat1diecbubbFesubahebenfadilrrtabedulicth smal |

energy. [ 00641According to the present .enmbodi ment, hy isolating the path of
the introdud8d=fId 4 %]’sjsgjocfatl%PHei”? ~ehergy” of' ?ﬁgséﬁiﬁ?’?g “6f the fluid

can be reduced. _Thus,; 4,ne. i crosbubhl.e generahor capabl g, of, reducing the size

of the generated mcro es can be obtained. Further, according to the
present enbediAeAtiobytdsalatdng ia patihwatet hemiint r@duced fddend, o& | ass of

ki netic: energy of the swirl flow of the fluid can be reduced Thus, the

nicro-bubbl@ygénesanﬁt@ag&bﬂey@biofiltrationdeviceusingcarbonfiber
andmicrobubbles, acleaning techniqueutilizingmicrobubbles,
an eco-friendly cleaning technique by micro bubbles, removal
of o0il stains by micro bubbles, a washer-dryer in which
water-saving isrealizedbyinjectingmicro-bubble shape ozone,
utilization for ships, a ship resistance reduction technique
by micro bubbles, and development of a ship in-water noise
predicting method by bubble dynamics. Device development
includes a low-power micro-bubble generation device, a Bubble
Jet type air-1ift pump (Bubble Jet is a registered trademark),
combination with micro-bubble generation through an orifice,
and a household cleaning device utilizing micro bubbles.
Further, thereisapossibilitythat the technique canbe applied
to environmental improvement in a semi-closed water area
utilizingmicrobubbles, gashydrate generationutilizingmicro
bubbles, awater treatment techniqueutilizingcrushingofmicro

bubbles, preservative-free kamaboko (Japanese processed
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reduci ng the size of the generated m cro bobbles can be obtained. [0065] By
provi ding the m cro-bubble containing fluid storage tank, m cro bubbles can be
generated, for exanple, not only for a water tank. [0066] [Interpretation,
etc.] [0067] The present invention is described above with reference to the
speci fic enbodi ment. However, it is obvious that those skilled in the art can
correct or substitute for the enbodinent within a range not departing fromthe
gist of the present invention. That is, the present invention is -disclosed in
a formof exenplification, and descriptive contents -of the present
-description should not be interpreted in a limted way. In order to determ ne
the gist of the present invention, the paragraphs corresponding to the clains

-descri bed atatheqbeginingrsheul debe dakenpbate, consideratikan. [0068] Al t hough
it is clear that the enbodi nent for explaining this invention achieves the
above object[00bt]i sCalslmsinder st ood that those skilled in the art can nake
many nodi fications and inplenent other enbodi nents. The el enents or the
conponent s dPUPRé enboldiceEntt ¥ brPa heckd divmd letdse erdést pif pthicd,esthé - dr awi ngs,

and_explana%i n may be adopted with one of the others or in ¢ nbiﬂation. The
claims are FRCGAUGHt o Tric Ut SUGRT D11 cAErORE’ ard®ot hélTEHBGE ment s v t hi n
a range the@%@?u&@?&?ﬁffdﬂ%é@@%ﬂ@ H&eséba%%mﬂm -'cﬁilf&%ig-lgi%ifdhe t echni cal
scope of thi's invention. Industrial Applicability [0069] The above technique is
a benefici anitechaiOue f Ok capable of swirling, the fluid introduction

opening for introducing the gas-liquid mixture fluid along the

line tangent to the inner surface of thegas-liquid swirl chamber,

the gas-liquid introduction cylinder provided with the fluid

introduction opening, the first wall surface orthogonal to the

surface of the gas-liquid swirl chamber in which the fluid

introductionopeningisarranged, the secondwall surface facing

thewall surface, the secondwall surfacebeingpositionedclose

to the fluid introduction opening, the gas-liquid discharge

opening positioned on the central axis line of the cylindrical

gas—1liquid swirl chamber, the gas-liquid discharge opening

penetrating the secondwall surface and reaching to theposition

close to the first wall surface, and the gas-liquid discharge

cylinder provided with the gas-liquid discharge opening.

[0058] According to the present embodiment, by providing

the gas-liquid discharge cylinder provided with the gas-1iquid

discharge opening penetrating the second wall surface

positionedonthecentralaxislineof thecylindricalgas-liquid
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efficiently generating mcro bubbles having a particle size of a nanoneter
order in a fluid. For exanple, the m cro-bubble containing fluid supplied
byt he m cri o-bubbl e generatui b device provided with the m cro-bubbl e generat or
of the present invention extends thepossibility& effective utilization of

m cro bubbles in a wide range of fields such as oxygen supply to a water

envi ronnment, nedical treatnent, welfare, cleaning,

chem cal i ndustry, wast ewat ertreat nent, bioactivity, fishery, and agriculture.
Expl anati on of Reference Nunerals [0070] |I: Mcro-bubble generator z. Casing
3: Gas-liquid swirl chanmber 4: Fluid introduction opening 5: Gas-liquid

i ntroduction cylinder 6: First wall surface

swirl chamber and reaching to the position close to the first
wall surface, the gas-liquid mixture fluid introduced from the
fluid introduction opening so as to go along the inner surface
of the cylindrical casing between the gas-liquid discharge
cylinder and the cylindrical casing flows toward the first wall
surface while generating the swirl flow. Thus, the rectified
swirl flow can be generated without providing a structure for
rectification on an inner wall surface of the cylindrical
gas—1liquid swirl chamber.

[0059] By providing the gas-liquid discharge cylinder
provided with the gas-liquid discharge opening penetrating the
second wall surface positioned on the central axis line of the
cylindrical gas-liquid swirl chamber and reaching to the
position close to the first wall surface, the mixture fluid
introduced fromthe fluid introduction opening so as to go along
the inner surface of the c¢ylindrical casing between the
gas—1liquid discharge cylinder and the cylindrical casing turns
backward at the first wall surface while generating the swirl
flow, then passes through the interior of the gas-liquid
discharge cylinder provided with the gas-liquid discharge
opening while generating the swirl flow, and is discharged from
the cylindrical gas-liquid swirl chamber. Thereby, the flows

having contradictory vectors can be prevented from being
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7: Second wal |

SW I
devi ce

adjacent to each other, so that the decrease in the flow rate
of the gas-liquid mixzture fluid flowing toward the first wall
surface introduced from the introduction opening can be
prevented.

[0060] By providing the gas-liquid discharge cylinder
provided with the gas-liquid discharge opening penetrating the
second wall surface positioned on the central axis line of the
cylindrical gas-liquid swirl chamber and reaching to the
positionclose tothe firstwall surface, thegas-liquidmixture
fluid introduced from the fluid introduction opening so as to
go along the inner surface of the cylindrical casing between
the gas-liquid discharge cylinder and the cylindrical casing
turns backward at the first wall surface while generating the
swirl flow, then passes through the interior of the gas-liquid
discharge cylinder provided with the gas-liquid discharge
opening while generating the swirl flow, and is discharged from
the cylindrical gas-liquid swirl chamber. Thereby, the flows
having contradictory vectors can be prevented from being
adjacent to each other, so that the decrease in the flow rate
of the gas-liquid mixture fluid passing through the interior
of the gas-liquid discharge c¢ylinder provided with the
gas—1liquid discharge opening while generating the swirl flow

can be prevented.
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surface 8. Gas-liquid discharge opening 9: Gas-liquid
di scharge cylinder 10: Gas-liquid mxture fluid 11: Quter swirl flow 12:
flow 13: Negative pressure hollow portion 21: M cro-bubble generation
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22: Punp 23: Suction opening 24: Suction piping 25: Di scharge openi ng 26:
Di scharge piping 27: Mcro-bubble containing fluid 31: Gas-liquid ejector 32:
Gas-liquid introduction opening 33: Discharge piping

[0061] As described above, in the conventional devices,
a mechanism for rectification is provided in order to generate
a swirl flow, and a swirl flow is generated to a wall surface
orthogonal to a surface in which an introduction opening for
introducing a liquid or the like is arranged, the wall surface
being away from the introduction opening. The liquid or the
like collides with the wall surface, then turns backward, goes
toward the side of a wall surface in which a discharge opening
is provided, and flows toward the discharge opening while
generating an inverse swirl flow inside the swirl flow flowing
toward the wall surface away from the introduction opening.
Thus, since flows of contradictory vectors are adjacent to each
other, a loss is generated in a flow rate of both the swirl
flows.

[0062] A swirl flow rate of the swirl flow of the fluid
is decreased by the above loss, so that there is a need for
a great deal of energy in order to pressurize the fluid by a
pump and send the fluid into a gas-liguid swirl chamber to
generate the swirl flow.

[0063] However, according to the present embodiment, by
providing the gas—-liquid discharge cylinder provided with the
gas—1liquid discharge opening penetrating the second wall

surface positioned on the central axis line of the cylindrical
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34: Swirl flow 35: Negative pressure axis 36: Gas-liquid ejection opening 42:
Gas-liquid mxture fluid storage tank 43: Casing 44:. Third wall surface 45:
St orage tank di scharge opening 46: Fourth wall surface

gas—1liquid swirl chamber and reaching to the position close
to the first wall surface, the mixture fluid introduced from
the fluidintroductionopening soas togoalongthe inner surface
of the cylindrical casing between the gas-liquid discharge
cylinder and the cylindrical casing turns backward at the first
wall surfacewhilegeneratingtheswirl flow, thenpassesthrough
the interior of the gas-liquid discharge cylinder provided with
the gas-liquid discharge opening while generating the swirl
flow, and the gas—-liquid mixture fluid is discharged from the
cylindrical gas-liquid swirl chamber as the micro-bubble
containing fluid. Thereby, the flows having contradictory
vectors can be prevented from being adjacent to each other,
so that the decrease in the flow rate of both the swirl flows
can be prevented, and hence the size reduction in the bubbles
can be facilitated with small energy.

[0064] According to the present embodiment, by isolating
the path of the introduced fluid, a loss of kinetic energy of
the swirl flow of the fluid can be reduced. Thus, the
micro-bubble generator capable of reducing the size of the
generated micro bubbles can be obtained. Further, according
to the present embodiment, by isolating a path of the introduced
fluid, a loss of kinetic energy of the swirl flow of the fluid

can be reduced. Thus, the micro-bubble generator capable of
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47: Drainage opening Cains [Claim1] A mcro-bubble generator, having: a
swi rl chanber; a fluid introduction opening connected to the swrl
chanber, the fluid introduction opening for introducing fluid along a line
tangent to an inner surface of the swirl chanber; and a di scharge tube
for guiding the fluid in the direction substantially perpendicul ar

tot hedirectioninwhich the fluid is introduced, wherein t he di scharge
tube penetrates awall surface of the swirl chanber and protrudes to an
interior of the swirl chanber. [Claim?21 The m cro-bubbl e generator according
to claim1, wherein a central axis of the discharge tube in the swrl
chanber is provided in the direction substantially perpendicular to the

direction inowhiehgthe shbdid drs ddHd0@Ue8d.crobubbles canbe obtained.
[0065] By providing the micro-bubble containing fluid
storage tank, micro bubbles can be generated, for example, not
only for a water tank.
[0066] [Interpretation, etc.]
[0067] The present invention is described above with
reference to the specific embodiment. However, it is obvious
that those skilled in the art can correct or substitute for
the embodiment within a range not departing from the gist of
the present invention. That 1is, the present invention 1is
disclosedina formofexemplification, anddescriptive contents
of thepresent description shouldnot be interpretedina limited
way. In order to determine the gist of the present invention,
the paragraphs corresponding to the claims described at the
beginning should be taken into consideration.
[0068] Although it 1is c¢lear that the embodiment for
explaining this invention achieves the above object, it is also
understood that those skilled in the art can make many
modifications and implement other embodiments. The elements
or the components of the embodiment for the claims, the
description, the drawings, and explanation may be adopted with
one of the others or in combination. The claims are intended

to include such modifications and other embodiments within a

34



[Claim3] The m cro-bubble generator according too laim1, having: the swrl
chanber; the fluid introduction opening connected to the swirl chanber,
the fluid introduction opening for introducing the fluid along the |ine
tangent to the inner surface of the swirl chanber; and t he di scharge
tube for guiding the fluid in the direction substantially perpendicul ar

tot hedi rectioni nwhich the fluid is introduced, wherein the fluid

i ntroduced fromthe fluid introduction opening circulates around a
circunference of the discharge tube, and then flows fromone end of the

di scharge tube to the other-end, and is discharged. [Caim4] The

m cr o- bubbl e generator according to claim 3, wherein the one end of the

di scharge tuyheqbstposidd onegd-£l ose tig.apwalliswiace-ofithe swWydnhcchamber
faring the wall surface that the discharge tube penetrates.
and the technical scope of this invention.
Industrial Applicability
[0069] The above technique is a beneficial technique for
efficiently generating micro bubbles having a particle size
of a nanometer order in a fluid. For example, the micro-bubble
containing fluid suppliedbythemicro-bubble generationdevice
provided with the micro-bubble generator of the present
invention extends the possibility of effective utilization of
micro bubbles in a wide range of fields such as oxygen supply
to a water environment, medical treatment, welfare, c¢leaning,
chemical industry, wastewater treatment, bicactivity, fishery,
and agriculture.
Explanation of Reference Numerals
[0070]
1: Micro-bubble generator
2: Casing
3: Gas-liquid swirl chamber
4: Fluid introduction opening
5: Gas-liquid introduction cylinder
6: First wall surface
7: Second wall surface

8: Gas-liquid discharge opening
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[Claim5] A mcro-bubble generation device, having: the m cro-bubbl e generator

according to claim4; and a fluid storage tank accommodati ng the

m cr o- bubbl e generator and storing m cro-bubble containing fluid. [Caim®6] A
m cr o- bubbl e generator, having: a swirl chanber having a space in
whicha fluid is capable of swirling; a fluid introduction opening for
introducing the fluid along a line tangent to an inner surface of the swrl
chanber; and a discharge tube, wherein the swirl chanber is provided

with a first wall surface substantially orthogonal to a surface of the swrl
chanber in which the fluid introduction opening is arranged, anda second wal |
surface facing the first wall surface, and

9: Gas-liquid discharge cylinder
10: Gas-liquid mixture fluid

11: Outer swirl flow

12: Inner swirl flow

13: Negative pressure hollow portion
21: Micro-bubble generation device
22: Pump

23: Suction opening

24: Suction piping

25: Discharge opening

26: Discharge piping

27: Micro-bubble containing fluid
31: Gas-liquid ejector

32: Gas-liquid introduction opening
33: Discharge piping

34: Swirl flow

35: Negative pressure axis

36: Gas-liquid ejection opening

42: Gas-liquid mixture fluid storage tank
43: Casing

44: Third wall surface

45: Storage tank discharge opening

46: Fourth wall surface
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t he di scharge tube penetrates the second wall surface and protrudes to an
interior of the swirl chanber. [Caim7] A mcro-bubble generator, having:

a swirl chanmber having a space in which a fluid is capable of swirling;

a fluid introduction opening for introducing the fluid along a |ine tangent to
an inner surface of the swirl chanber; and a di scharge tube, wherein a
first ,gall surface orthogonal to a surface of the swirl chanber in which the
fluid introduction opening is arranged, and a second wall surface facing the
first wall surface are provided in the swirl chanber, and t he di scharge
tube is positioned on a substantially central axis line of the swirl chanber,
penetrates the second wall surface, and reaches to a position close to the
first wall surfaeceinidd aign8hyA mcro-bubbl e generation device, =uprising:

a mcro-bubble generator having a swirl chanber, a fluid introducti on opening
connected to the swirl chanber, the fluid introduction opening for introducing
fluid along a line tangent to an inner surface of the swirl chanber, and a

di scharge tube for guiding the fluid in the direction substantially

perpendi cular to the direction in which the fluid is introduced, wherein the
di scharge tube penetrates a wall surface of the swirl chanber and protrudes to
an interior of the swirl chanber; and
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a fluid storage tank acconmodati ng the m cro-bubbl e generator and storing

m cr o- bubbl e containing fluid, wherein the m cro-bubbl e contai ning
fluid discharged vertically up-ward fromthe fluid storage tank is obtai ned.
[Claim9] A mcro-bubble generation device, conprising: a m cro-bubbl e

generator having a swirl chanber, a fluid introduction opening connected to
the swirl chanber, the fluid introduction opening for introducing gas-Iliquid
m xture fluid along a |ine tangent to an inner surface of the sw rl chanber,
and a discharge tube for guiding the gas-liquid mxture fluid in the direction
substantially perpendicular to the direction in which the gas-liquid m xture
fluid is introduced, wherein the discharge tube penetrates a wall surface of
the swirl chanmber and protrudes to apji{erior of the swirl chanber, and the
gas-liquidm xture fluid introduced fromthe fluid introducti on opening

circul ates drcound & cix cunfrerenbelefgdrireraticschargeéng ube, and then flows from
one end of the discharge tube to the other end; and a fluid storage

t ank accommodat i iy St'hé LnterER bbbl e generator and storing micro-bubble
containing fluid, erein .the m cro-bubble caontaining flui.d di scharged
vertical ly upward froth% HEFraratstor 8ge™ t 5K T8 S84 féd.“Fas4ithtio] A

m cr o- bubbl ati.aon Vi G 1Si NG~ : 1 = l.e generat or
havi ng a sm?%%ﬁgggh%g%,fgg¥%8?8r§%g?%‘uc??%%ugﬁgﬁfﬁﬁﬁgg%ﬁ%g?QEQFSQthe swirl
chanber, theibhyidikntreduehi-on apeniig Eakrh ot adued RgigascHdrpeird m xture
fluid alone a line tangent to an inner surface of the swirl chanber, and a

di scharge tuabé for guiding the gas-liquid mxture fluid in the direction
substantially perpendicular to the direction in_which the gas-liquid m xture
fluid is introducedlsSahere i PRel i SERArEEe thibélpenett abesTa s sur f ace of

the swrl C%%Eb%éné‘?%ﬂf Sé%éjedneds' & 33 Pﬁ?ﬁ'i?%tofod% E‘r?w%‘{“aﬁ 'tp%*ﬁr&bl%r’ _the
gas-liquid mxture ui‘d“irnmtroduced fromthe uid i'ntroduction openi ng
circul ates aroupd, gigideunf.erenge of the discharge tube, and then flows from
one end of the discharge tube to the other end, the gas-liquid raihture fluid
turns backward attha aved dhe=sufef age padet t00ss & wafln am e copened sone lend of the
di scharge tube,
chamber and protrudes to an interior of the swirl chamber.
[Claim 2] The micro-bubble generator according to claim 1,
wherein
a central axis of the discharge tube in the swirl chamber
is provided in the direction substantially perpendicular to
the direction in which the fluid is introduced.
[Claim 2] The micro-bubble generator according to claim 1,
having:
the swirl chamber;
the fluid introduction opening connected to the swirl

chamber, the fluid introduction opening for introducing the

fluid along the line tangent to the inner surface of the swirl
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and the wall surface is a wall surface of the swirl chanber facing the wall
surface that the discharge tube penetrates; and a fluid storage tank
accomodati ng the m cro-bubbl e generator and storing m cro-bubbl e containing
fluid, wherein t he m cro-bubble containing fluid discharged vertically
upward fromthe fluid storage tank is obtained. [Caim11] A mcro-bubble
generation device, conprising: a mcro-bubble generator provided with
a cylindrical gas-liquid swirl chanber having a space in which a gas-liquid

m xture fluid is capable of swirling, a gas-liquid introduction cylinder
including a gas-liquid introduction opening for introducing the gas-liquid

m xture fluid along a line tangent to an inner surface of the gas-liquid swrl
chanmber, a gasmhbbguig.d ntroduction cylinder including a as-liquid introduction
opening for introducing the gas-liquid mxture fluid along a |line tangent to
an i nner surface tofe dhelgasrl tgid doswuibichameefluial £h ek dvaldctsunf ace
orthogonal to a surface in which the gas-liquid introduction opening is
arranged, asseedpdtivally BeFFdtdE fdeirdy thediresticmir vsarh abe,f tHe second wal |
surface bein% gositione close . to the gas-liquid introduction opening, and a
gas-1iqui d di°s¢HAr e  openi g poti ti oned on a central axis line of the

cylindrical gaS'Hﬁ%Ufﬂxﬁgﬁﬁkrg Ermﬁ%ﬁegéﬁﬁkﬂ£Hﬂf%dd@f§89%&§§u%89ning

penetrating the second surface and reaching to a position close to the
first wall surtacgies aroundaa PUMR uk@E rsHPPlH Agetdies fHatigd t@-d henail cro- bubbl e

gener at or;

then flows from one end of the discharge tube to the other end,
and is discharged.
[Claim 4] The micro-bubble generator according to claim 3,
wherein

the one end of the discharge tube is positioned close
to a wall surface of the swirl chamber facing the wall surface
that the discharge tube penetrates.
[Claim 5] A micro-bubble generation device, having:

the micro-bubble generator according to claim 4; and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid.
[Claim 6] A micro-bubble generator, having:

a swirl chamber having a space in which a fluid is capable
of swirling;

a fluid introduction opening for introducing the fluid
along a line tangent to an inner surface of the swirl chamber;

and
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a suction piping connected to a suction opening of the punp; a

di scharge piping connected to a di scharge opening of the punp and connected to
t he gas-|iquidi ntroducti onopeni ng; a cylindrical casing formng a
gas-liquid mxture fluid storage tank accommodati ng the m cro-bubbl e generat or
and storing mcro-bubble containing fluid discharged fromthe m cro-bubble
gener at or; a sem -spherical third wall surface form ng an upper part of
the gas-liquid mxture fluid storage tank; a storage tank discharge
openi ng positioned in an upper part of a central axis line of the gas-liquid
m xture fluid storage tank, the storage tank di scharge opening penetrating the
third wall surface; a sem -spherical fourth wall surface formng a

| oner part of the gas-hhdydid-mxtyie £hyid storage tank; a drai nage
opening positioned in a lower part of the central axis line of the gas-liquid

m xture fluid stamhagewtahlchatnherdtaippagedopenitnga peinettr atl hgsudteceourt h wal |
surface; substantially orthogonal to a surface of the swirl chamber in

which the fluid introduction opening is arranged, and a second

wall surface facing the first wall surface, and

the discharge tube penetrates the second wall surface
and protrudes to an interior of the swirl chamber.

[Claim 7] A micro-bubble generator, having:

a swirl chamber having a space in which a fluid is capable
of swirling;

a fluid introduction opening for introducing the fluid
along a line tangent to an inner surface of the swirl chamber;
and

a discharge tube, wherein

a first wall surface orthogonal to a surface of the swirl
chamber in which the fluid introduction opening is arranged,
and a second wall surface facing the first wall surface are
provided in the swirl chamber, and

the discharge tube is positioned on a substantially
central axis line of the swirl chamber, penetrates the second
wall surface, and reaches to a position close to the first wall

surface.

[Claim 8] A micro-bubble generation device, comprising:
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a storage tank discharge pipe connected to the storage tank di scharge opening;
and a drai nage pi pe connected to the drainage opening. [Claim 121 A

m cro- bubbl e generati on device, conprising: a m cro-bubbl e generator
provided with a cylindrical as-liquid swirl chanber having a space in which a
gas-liquid mxture fluid is capable of swrling, a gas-liquid introduction
cylinder including a gas-liquid introduction opening for introducing the
gas-liquid mxture fluid along a line tangent to an inner surface of the
gas-liquid swirl chanmber, a first wall surface orthogonal to a surface in

whi ch the gas-1liquid introductionopeningisarranged, a second wall surface
facing the first wall surface, the second wall surface being positioned close

to the gas-liquid juntfodugidien;openidg, hanth Aatduliadhamber, a f1uid _
gas- | i qui ddi schar geopeni ngposi ti onedona central axis line of the cylindrical

gas-liquid swtrbdehaitrerpethey gasrétiopd dodilschat gecbpeirw ngtperfatuidt i ng t he
second wal |l surface and reaching to a position close to the first wall
surf ace; introgupig, e SUppPy iR eRec iUl duroat hed /ildrs-Bublsiné gener at or ;
a suction piping.connected to uction opening of the .popp; a discharge
pi pi ng conndetaa ‘{658 T'SeHar Gb GpeRT Hig: 6F "t BUAE A EORRGATSE to the
gas-liquid E%Er09&£&£681 Qﬂgniﬁfﬁid in the direction substantially
perpendicular tothedirectioninwhich the fluidis introduced,
wherein the discharge tube penetrates a wall surface of the
swirl chamber and protrudes to an interior of the swirl chamber;
and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[Claim 9] A micro-bubble generation device, comprising:

a micro-bubble generator having a swirl chamber, a fluid
introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing gas—-liquid mixzture fluid
along a line tangent to an inner surface of the swirl chamber,
and a discharge tube for guiding the gas-liquid mixzture fluid
in the direction substantially perpendicular to the direction
in which the gas—-liquid mixture fluid is introduced, wherein
the discharge tubepenetratesawall surfaceof the swirl chamber

and protrudes to an interior of the swirl chamber, and the
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-gas-liquid ejection opening positioned on a negative pressure axis formed by
a swirl flow of mcro-bubble containing fluid discharged fromthe m cro-bubbl e
generat or; a cylindrical casing formng a gas-liquid mxture fluid
storage tank accommodati ng the m cro-bubble generator and storing the

m cr o- bubbl e containing fluid ejected fromthe gas-liquid ejection opening;

a sem -spherical third wall surface form ng an upper part of the gas-liquid

m xture fluid storage tank; a storage tank di scharge opening
positioned in an upper part of a central axis line of the gas-liquid m xture
fluid storage tank, the storage tank di scharge opening penetrating the third
wal | surface; a sem -spherical fourth wall surface formng a | ower

part of the . gasikiquid: ot xtdre,fd vhoestorage ks F1uid intr&ddionage opening
positioned in a |ower part of the central axis line of the gas-liquid m xture

fluid storagechanycitheldrad magendpent ognPenretceati g dhe-Haourttubwal | surf ace;
a storage tank discharge pipe connected to the storage tank di scharge openi ng;
and a drai nagé pige féorndcddord stiiec rtdiendgeclopersi hghe WiveF e ke gas- | i qui d
m xture fluggdtngggduced fromthe

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[Claim 10] A micro-bubble generation device, comprising:

a micro-bubble generator having a swirl chamber, a fluid
introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing gas—-liquid mixzture fluid
along a line tangent to an inner surface of the swirl chamber,
and a discharge tube for guiding the gas-liquid mixzture fluid
in the direction substantially perpendicular to the direction
in which the gas—-liquid mixture fluid is introduced, wherein
the discharge tubepenetratesawall surfaceof the swirl chamber
andprotrudes toan interior of the swirl chamber, thegas-liquid
mixture fluid introduced from the fluid introduction opening
circulates around a circumference of the discharge tube, and
then flows from one end of the discharge tube to the other end,

the gas—-liquid mixzture fluid turns backward at a wall surface

and flows in from the opened one end of the discharge tube,
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gas-liquid introduction opening circulates around a circunference of the
gas-liquid di scharge opening, then turns backward at the first wall surface,
flows in froman opened one end of the gas-liquid discharge opening, and flows
fromthe one end of the gas-liquid discharge opening to the other end.

and the wall surface is a wall surface of the swirl chamber
facing the wall surface that the discharge tube penetrates;
and

a fluid storage tank accommodating the micro-bubble
generator and storing micro-bubble containing fluid, wherein

the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained.

[Claim 11] A micro-bubble generation device, comprising:

a micro-bubble generator provided with a cylindrical
gas—-liquid swirl chamber having a space in which a gas-liquid
mixture fluid is capable of swirling, agas-liquid introduction
cylinder including a gas-liquid introduction opening for
introducing the gas-liquid mixture fluid along a line tangent
toaninner surface of thegas-liquid swirl chamber, agas-liquid
introduction cylinder including a gas-ligquid introduction
opening for introducing the gas-liquid mizture fluid along a
line tangent toaninner surface of thegas-liquidswirl chamber,
a first wall surface orthogonal to a surface in which the
gas—1liquid introduction opening is arranged, a second wall
surface facing the first wall surface, the second wall surface
being positioned ¢lose to the gas-liquid introduction opening,
and a gas—-1liquid discharge opening positioned on a central axis

lineof thecylindrical gas-liquidswirl chamber, thegas-liquid
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discharge opening penetrating the second wall surface and
reaching to a position close to the first wall surface;

a pump for supplying the fluid to the micro-bubble
generator;

a suction piping connected to a suction opening of the
pump;

a discharge piping connected to a discharge opening of
the pump and connected to the gas-liquid introduction opening;

a cylindrical casing forming a gas—-liquid mixture fluid
storage tank accommodating the micro-bubble generator and
storing micro-bubble containing fluid discharged from the
micro-bubble generator;

a semi-spherical thirdwall surface forming an upper part
of the gas-liquid mixture fluid storage tank;

a storage tank discharge opening positioned in an upper
part of a central axis line of the gas-liquid mixture fluid
storage tank, the storage tank discharge opening penetrating
the third wall surface;

a semi-spherical fourth wall surface forming a lower part
of the gas-liquid mixture fluid storage tank;

adrainage openingpositionedina lowerpart of thecentral
axis line of the gas-liquid mixture fluid storage tank, the

drainage opening penetrating the fourth wall surface;
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a storage tank discharge pipe connected to the storage
tank discharge opening; and

a drainage pipe connected to the drainage opening.
[Claim 12] A micro-bubble generation device, comprising:

a micro-bubble generator provided with a cylindrical
gas—-liquid swirl chamber having a space in which a gas-liquid
mixture fluid is capable of swirling, agas-liquid introduction
cylinder including a gas-liquid introduction opening for
introducing the gas-liquid mixture fluid along a line tangent
to an inner surface of the gas-liquid swirl chamber, a first
wall surface orthogonal to a surface in which the gas-liquid
introduction opening is arranged, a second wall surface facing
the firstwall surface, the secondwall surfacebeingpositioned
close to the gas-liquid introduction opening, and a tubular
gas—1liquid discharge opening positioned on a central axis line
of the cylindrical gas-liquid swirl chamber, the gas-liquid
discharge opening penetrating the second wall surface and
reaching to a position close to the first wall surface;

a pump for supplying the fluid to the micro-bubble
generator;

a suction piping connected to a suction opening of the
pump;

a discharge piping connected to a discharge opening of
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the pump and connected to the gas-liquid introduction opening;

a gas-liquid ejection opening positioned on a negative
pressure axis formed by a swirl flow of micro-bubble containing
fluid discharged from the micro-bubble generator;

a cylindrical casing forming a gas—-liquid mixture fluid
storage tank accommodating the micro-bubble generator and
storing the micro-bubble containing fluid ejected from the
gas—1liquid ejection opening;

a semi-spherical thirdwall surface forming an upper part
of the gas-liquid mixture fluid storage tank;

a storage tank discharge opening positioned in an upper
part of a central axis line of the gas-liquid mixture fluid
storage tank, the storage tank discharge opening penetrating
the third wall surface;

a semi-spherical fourth wall surface forming a lower part
of the gas-liquid mixture fluid storage tank;

adrainage openingpositionedina lowerpart of thecentral
axis line of the gas-liquid mixture fluid storage tank, the
drainage opening penetrating the fourth wall surface;

a storage tank discharge pipe connected to the storage
tank discharge opening; and

adrainage pipe connected tothe drainage opening, wherein

the gas-liquid mixture fluid introduced from the
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gas—1liquid introduction opening circulates around a
circumference of the gas-liquid discharge opening, then turns
backward at the first wall surface, flows in from an opened
one end of the gas-liquid discharge opening, and flows from
the one end of the gas-liquid discharge opening to the other

end.
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