DESCRI PTI ON
TI TLE OF THE | NVENTI ON: LOOP FLOWTYPE BUBBLE GENERATI ON NOZZLE
TECHNI CAL FI ELD
[ 0001]

The present inventionrelates toaloop flowtype bubble
generation nozzle which generates bubbles (air bubbles)
i ncl udi ng fine bubbles (nanobubbl es and m crobubbl es).
BACKGROUND ART
[ 0002]

Conventionally, the inventor of the present application
has i nvent ed a nozzl e capabl e of generati ng bubbl es as di scl osed
in Patent Literature 1. The nozzleis aloop flowtype bubble
generation nozzle which includes a |l oop flowtype gas-1liquid
stirring and m xi ng chanber which stirs and m xes |iquid and
gas by aloop-like flowto forma fluid m xture, aliquidfeed
hol e whi ch i s fornmed on one end of thel oop flowtype gas-liquid
stirring and m xi ng chanber and f eeds pressurizedliquidtothe
| oop fl owtype gas-liquidstirringandm xing chanber, at | east
one gas inflow hole into which gas flows, a gas feed chanber
which is formed on the other end side of the |loop flow type
gas-liquid stirring and m xi ng chanber and feeds gas fl ow ng
in through the at | east one gas inflow hole to the | oop fl ow
type gas-liquidstirringand m xi ng chanber toward one end si de
of the loop flowtype gas-liquid stirring and m xi ng chanber

through the entire circunference or part of the circunference



while circulating the gas around a central axis of the |iquid
feed hole, and a jet hole which is forned on the ot her end of
the loop flowtype gas-liquid stirring and m xi ng chanber in
amanner toalignacentral axis of thejet holewiththe central
axis of the liquid feed hole, has a dianeter |arger than the
di aneter of the liquid feed hole, and jets the fluid m xture
fromthe |l oop fl owtype gas-liquidstirringand m xi ng chanber.
Cl TATI ON LI ST

PATENT LI TERATURE

[ 0003]

Pat ent Docunent 1: Japanese Pat ent Lai d- open Publ i cati on
No. 2009-189984
SUMWARY OF THE | NVENTI ON
TECHNI CAL PROBLEMS
[ 0004]

However, when liquid (sludge water, sea water, etc.)
containing relatively large nunber of inpurities such as
cal ci umand m croorgani sns (i ncl udi ng pl ankt on of shel | fi shes,
the sane applies hereinbelow) is used to generate bubbles in
t he bubbl e generati on nozzl e describedin Patent Literature 1,
sl udge (a solid body) or/and scal e (so-called fur) formed from
impurities such as calcium and dead m croorgani sns may be
deposi ted and adhered between the |oop flow type gas-liquid
stirring and m xi ng chanber and the gas feed chanber of the

nozzl e by a spl ash phenonenon (a phenonenon of | i qui d spl ashi ng)



caused by cavi tati on (a physi cal phenonenoni n whi ch generati on
and di sappearance of bubbles occur in a short tinme due to a
difference in pressure inthe flowof liquid). In this case,
gas feed from the gas feed chanber to the loop flow type
gas-liquid stirring and m xi ng chanber nmay be obstructed to
reduce the gas feed anmpbunt. This nmay gradually reduce the
bubbl e generation efficiency. Further, in bubble generation
nozzl esrepresented by Patent Literaturel, further i nprovenent
I n bubbl e generation efficiency is demanded.

[ 0005]

Therefore, an object of the present invention is to
provide a | oop fl ow type bubbl e generati on nozzl e capabl e of
i nproving the bubble generation efficiency conpared to
conventional nozzles w thout reducing the bubble generation
efficiency even when liquid containing inpurities is used.
SOLUTI ONS TO PROBLEMS
[ 0006]

(1) Aloop flow type bubble generation nozzle of the
present invention includes: a loop flow type gas-liquid
stirring and m xi ng chanber that stirs and m xes |i qui d and gas
by aloop-like flowto forma fluid m xture; aliquidfeedhole
formed on one end of the | oop flowtype gas-liquidstirring and
m xi ng chanber, theliquidfeedholefeedingpressurizedliquid
tothe loop flowtype gas-liquid stirring and m xi ng chanber;

at | east one gas inflow hole into which gas flows; a gas feed
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chanber forned on the other end side of the |oop flow type
gas-liquid stirring and m xi ng chanber, the gas feed chanber
feeding gas flowing inthroughthe at | east one gas i nfl owhol e
to the loop flowtype gas-liquid stirring and m xi ng chanber
toward one end side of the loop flowtype gas-liquid stirring
and m xi ng chanber through the entire circunference or part of
the circunference while circulating the gas around a centra

axis of the liquid feed hole; a jet hole formed on the other
end of theloopflowtypegas-liquidstirringandm xingchanber
in a mnner to align a central axis of the jet hole with the
central axis of the liquid feed hole, the jet hole having a
di aneter | arger than the dianeter of the liquid feed hol e and
jetting the fluid m xture fromthe | oop flow type gas-liquid
stirring and mxing chanber; and a tapered section whose
di anet er conti nuously expands fromthe jet hol etoward the | oop
flowtype gas-liquid stirring and m xi ng chanber, wherein at
| east one cut-away part i s formedonanendof thetaperedsection,
theendfacingtheloopflowtypegas-liquidstirringandm xing
chanber.

[ 0007]

In the configuration of the above (1), liquidis fedto
the loop flow type gas-liquid stirring and m xi ng chanber
through the liquid feed hole and gas is fed to the |oop flow
typegas-liquidstirringandnm xi ngchanber t hroughthe gas feed

chanber. Accordingly, when the fluid m xture inside the | oop
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flow type gas-liquid stirring and m xi ng chanber is jetted
throughthejet hole, aloop-likeflow(alsoreferredtoas “l oop
flow) of liquid containing gas is generated inside the | oop
flow type gas-liquid stirring and m xi ng chanber.

[ 0008]

The | oop fl owindi cates a series of flowthat fl ows al ong
the flowof liquidflowngfromtheliquidfeedholetothejet
hol e, then reverses near the jet hole by outside gas or/and
outside liquidflownginthroughthe jet hole and fl ows al ong
the inner wall of the loop flowtype gas-liquid stirring and
m xi ng chanber, and then again flows along the flowof liquid
fed through the liquid feed hole. The speed of aloop flowto
be generat ed can be controlled to sone extent froma | ow speed
to a high speed by the feed anount and pressure of |iquid and
gas. Thus, it is also possible to forma high speed | oop fl ow
by adj usting the feed anount and pressure of liquid and gas to
further increase the speed of the | oop flow.

[ 0009]

When the fluid mxture inside the loop flow type
gas-liquid stirring and m xi ng chanber is jetted through the
jet hole, theinside of the loop flowtype gas-liquidstirring
and m xi ng chanber i s brought into a negative pressure. Thus,
gasflowsinfromthegasinflowhol ethroughthegasfeedchanber.
In addition, since the dianeter of the jet holeis |arger than

t he di anmet er of theliquidfeedhol e, outside gas or/and outsi de
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liquid flows into the | oop flowtype gas-liquid stirring and
m xi ng chanber through a gap between the i nner wall of the jet
hol e and the periphery of the fluid mxture in the jet hole
(outside gas or/and outside liquidflows induetothe external
envi ronnent) .
[0010]

(a) Gasfedtotheloopflowtype gas-liquidstirring and
m xi ng chanber through the gas feed chanber is broken up by a
turbul ent flow generated on the boundary between t he gas feed
chanber and the |l oop flowtype gas-liquid stirring and m xi ng
chanber; (b) stirred and sheared by aloop flow, and (c) further
broken up by a turbul ent flow generated when part of the gas
collides with liquid fed through the liquid feed hole, and
jetted through the jet hole. Further, (d) the gas in the | oop
flow is further broken up by outside gas or outside |iquid
flowngintotheloopflowtype gas-liquidstirringand m xi ng
chanber through the jet hole. A nmechanismof the generation
of air bubbles mcronizedinthese steps (a) to(d) isafeature
of the I oop fl owtype bubbl e generation nozzle and a superi or
poi nt which is not provided in other nozzles.
[0011]

Further, (e) gas flowing in through the gas infl ow hole
isfedintothe loop flowtype gas-liquid stirring and m xi ng
chanber toward one end side of the |oop flow type gas-liquid

stirring and m xi ng chanber through the entire circunference



or part of the circunference whil e being circul ated around t he
central axis of the liquid feed hole in the gas feed chanber.
Thi s step (e) i nproves t he degr ee of vacuumi nsi de the | oop fl ow
type gas-liquid stirring and m xing chanber. Thus, it is
possible to further increase the anmobunt of gas flowing in
through the gas i nfl owhol e to accel erate t he generati on of air
bubbl es.

[ 0012]

Thus, bubbl es havi ng an aver age di anet er of | ess t han 100
um in particular, fine bubbles including mcrobubbles and
nanobubbl es havi ng an average di aneter of approximately 20 um
can be generatedwi th a si npl er configurati onthan conventiona
products. Further, since the configuration is sinpler than
that i nconventional products, downsi zingtoasmall er sizethan
conventional products can be achieved.

[0013]

Further, in the configuration of the above (1), gas can
be stirred and sheared so as to be further broken up by a
turbul ence fl ow generated by the high speed | oop fl ow by the
cut - away part of theinflowhol e (the end of the tapered section
facing the loop flow type gas-liquid stirring and m xing
chanber). Further, (a) splash liquid which may get into the
gas feed chanber fromthe | oop flow type gas-liquid stirring
and m xi ng chanber by a spl ash phenonenon caused by cavitation

occurringinagas-|iquidboundary whichistheboundary between



t he gas feed chanber and the | oop fl owtype gas-liquidstirring
and m xi ng chanber or/and (b) fine bubbl es near the gas-liquid
boundary nay be dried, concentrated, or aggregated near the
gas-|iqui dboundarytocause scal e or/ and sl udge of , for exanpl e,
calciumto deposit and adhere onto the wall of the gas feed
chanber. Even in such a case, since the cut-away part of the
inflow hole remains as a space, for exanple, a continuous
ring-like scale or/and sludge is not forned. Further, the
cut - away part of theinflowhol e has asufficient space. Thus,
even when splashliquidgettingintothegas feedchanber around
the cut-away part forns scale or/and sludge, at |east scale
or/ and sl udge deposited and adhered onto t he side part of the
cut - away part can be destroyed by a shock wave gener at ed by t he
sel f-col | apse of cavitation and a shock wave generated by t he
coll apse of fine bubbles colliding wth another nmatter.
Therefore, since the gas feed chanber i s not bl ocked (cal ci um
or thelikeis not deposited and adhered at | east onto t he space
part and the side part of the cut-away part), it is possible
to prevent gas feed from the gas feed chanber from being
obst r uct ed. As a result, in the loop flow type bubble
generation nozzle of the above (1), the bubble generation
efficiency is not reduced even when |iquid containing
inmpuritiesis used. Accordingly, sincegas flow nginthrough
thegasinflowholeisstablyfedtothel oopflowtypegas-Iiquid

stirring and m xi ng chanber, the high speed | oop fl ow inside
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the Il oop flowtype gas-liquid stirring and m xi ng chanber can
be stabilized.
[ 0014]

(2) In the loop flow type bubble generation nozzle
according to the above (1), a cut-away part is preferably
further formed to extend fromthe at | east one cut-away part
toward the gas feed chanber.

[ 0015]

In the configuration of the above (2), since cal ciumor
the like is not deposited and adhered onto the space part of
the cut-away part, it is possibletoreliably prevent gas feed
fromthe gas feed chanber frombei ng obstructed. As aresult,
intheloop flowtype bubbl e generati on nozzl e accordingtothe
present invention, a reduction in the bubble generation
efficiency is reliably prevented even when |iquid containing
inmpuritiesis used. Accordingly, sincegas flow nginthrough
thegasinflowholeisstablyfedtothel oopflowtypegas-Iiquid
stirring and m xi ng chanber, the high speed | oop flow inside
the loop flowtype gas-liquid stirring and m xi ng chanber can
be stabilized.

[0016]

(3) As anot her aspect, aloop fl owtype bubbl e generati on
nozzl e accordingtothe present i nventionincludes: aloop flow
typegas-liquidstirringandm xingchanber stirringandm xi ng

liquid and gas by a loop-like flowto forma fluid m xture; a



liquid feed hole formed on one end of the loop flow type
gas-liquid stirring and m xi ng chanber, the liquid feed hole
feeding pressurized liquid to the loop flow type gas-I|iquid
stirring and m xi ng chanber; at | east one gas inflowhole into
whi ch gas fl ows; a gas feed chanber forned on t he ot her end si de
of the I oop flowtype gas-liquid stirring and m xi ng chanber,
t he gas f eed chanber feeding gas fl owi nginthroughthe at | east
one gas inflowhole to the | oop flowtype gas-liquid stirring
and m xi ng chanber toward one end side of the |oop flowtype
gas-liquid stirring and m xi ng chanber through the entire
circunference or part of the circunference while circulating
the gas around a central axis of the liquid feed hole; a jet
hol e formed on the other end of the | oop flowtype gas-liquid
stirring and m xi ng chanber ina manner to align acentral axis
of the jet hole with the central axis of the liquid feed hol e,
the jet hol e having a di aneter | arger than the di aneter of the
liquid feed hole and jetting the fluid m xture fromthe | oop
fl owtypegas-liquidstirringandm xi ngchanber; and arecessed
gas reservoir section forned on the gas feed chanber at a side
facingthel oopflowtypegas-liquidstirringandm xi ngchanber
ontheentirecircunference or part of the circunference of the
gas feed chanber
[0017]

In the configuration of the above (3), as with the | oop

fl ow type bubbl e generati on nozzle of the above (1), bubbles
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havi ng an aver age di aneter of | ess than 100 um in particul ar,
fine bubbl es i ncl udi ng m crobubbl es and nanobubbl es havi ng an
aver age di aneter of approxi mately 20 umcan be generated with
a sinpler configurationthan conventional products. Further,
since the configuration is sinpler than that in conventiona
products, downsizing to a smaller size than conventional
products can be achi eved.

[ 0018]

Further, the gas reservoir section enabl es t he anount of
gas flowing in through the gas inflow hole to be further
i ncreasedto accel eratethe generationof air bubbles. Further,
(a) splash liquid which nay get into the gas feed chanber by
a splash phenonmenon caused by cavitation occurring in a
gas-|iquid boundary whichis the boundary between t he gas feed
chanber and the |l oop flowtype gas-liquid stirring and m xi ng
chanber or/and (b) fine bubbles near the gas-1iquid boundary
may be dried, concentrated, or aggregated near the gas-liquid
boundary to cause scal e or/ and sl udge of, for exanple, cal cium
to deposit and adhereinaring-like formonto the wall of the
gas feed chanber (for exanple, a position several nmaway from
the loop flowtype gas-liquid stirring and m xi ng chanber in
t he gas feed chanber). Evenin such acase, since asufficient
space is ensured by the gas reservoir section, the gas feed
chanber is not blocked. As a result, in the |oop flow type

bubbl e gener ati on nozzl e of t he above (3), t he bubbl e generati on
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efficiency is not reduced even when |iquid containing
inmpuritiesis used. Accordingly, sincegas flow nginthrough
thegasinflowholeisstablyfedtothel oopflowtypegas-Iiquid
stirring and m xi ng chanber, the high speed | oop flow inside
the Il oop flowtype gas-liquid stirring and m xi ng chanber can
be stabilized.

[0019]

(4) In the loop flow type bubble generation nozzle
according to the above (4), a recessed stirring and m xi ng
section further stirring and m xing the fluid m xture inside
the loop flowtype gas-liquid stirring and m xi ng chanber may
be formed on an inner wall of the loop flow type gas-liquid
stirring and m xi ng chanber.

[ 0020]

I nthe configurationof the above (4), afurther | oop fl ow
can be formed. This enables the fluid m xture inside the | oop
flowtype gas-liquidstirring and m xi ng chanber to be further
stirred and m xed. Accordingly, it is possible to further
efficiently generate fine bubbles.

[ 0021]

(5) As anot her aspect, aloop flowtype bubbl e generation
nozzl e according tothe present i nventionincludes: aloopflow
typegas-liquidstirringandm xingchanber stirringandm xi ng
liquid and gas by a loop-like flowto forma fluid m xture; a

liquid feed hole formed on one end of the loop flow type
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gas-liquid stirring and m xi ng chanber, the liquid feed hol e
feeding pressurized liquid to the loop flow type gas-liquid
stirring and m xi ng chanber; at | east one gas i nflowhol e into
whi ch gas fl ows; a gas feed chanber forned on t he ot her end si de
of the | oop flowtype gas-liquid stirring and m xi ng chanber,
t he gas f eed chanber feeding gas fl owi nginthroughthe at | east
one gas inflowhole to the | oop flowtype gas-liquid stirring
and m xi ng chanber toward one end side of the | oop flow type
gas-liquid stirring and m xi ng chanber through the entire
circunference or part of the circunference while circulating
the gas around a central axis of the liquid feed hole; a jet
hol e formed on the other end of the | oop flowtype gas-liquid
stirring and m xi ng chanber in a manner to align acentral axis
of the jet hole wth the central axis of the liquid feed hol e,
the jet hol e having a di aneter | arger than the di anmeter of the
liquid feed hole and jetting the fluid m xture fromthe | oop
flowtypegas-liquidstirringandm xi ngchanber; andarecessed
stirring and m xi ng section fornmed on aninner wall of the |l oop
flowtype gas-liquidstirring and m xi ng chanber, the recessed
stirring and m xing section further stirring and m xing the
fluid m xtureinsidetheloop flowtype gas-liquidstirringand
m xi ng chamber
[ 0022]

In the configuration of the above (5), as with the | oop

fl ow type bubbl e generati on nozzle of the above (1), bubbles
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havi ng an aver age di aneter of | ess than 100 um in particul ar,
fine bubbl es i ncl udi ng m crobubbl es and nanobubbl es havi ng an
aver age di aneter of approxi mately 20 umcan be generated with
a sinpler configurationthan conventional products. Further,
since the configuration is sinpler than that in conventiona
products, downsizing to a smaller size than conventional
products can be achi eved.
BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0023]

Fig. 1(a) is a schematic sectional viewshow ng a bubbl e

generation nozzle according to a first enbodi nent, Fig. 1(b)

is a sectional viewon arrows I-1 in Fig. 1(a), Fig. 1(c) is
a sectional viewon arrows II-I1 in Fig. 1(a), and Fig. 1(d)
Is a sectional viewon arrows IIl-11l1 in Fig. 1(a).

Fig. 2is adiagramfor describing the operation of the
| oop fl owtype bubbl e generation nozzleinFigs. 1(a) to 1(d).

Fig. 3(a) is a schematic sectional view showi ng a | oop
fl owtype bubbl e generati on nozzl e according to a nodi fication
of thefirst enbodinent, Fig. 3(b) is asectional viewon arrows
-1 in Fig. 3(a), and Fig. 3(c) is a sectional viewon arrows
[1-11 in Fig. 3(a).

Fig. 4(a) is a schematic sectional viewshow ng a bubbl e
generati on nozzl e according to a second enbodi nent, Fig. 4(b)
is a sectional viewon arrows I-1 in Fig. 4(a), and Fig. 4(c)

is a sectional viewon arrows II-11 in Fig. 4(a).
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Fig. 5(a) is a schematic sectional view showi ng a | oop
fl ow type bubbl e generation nozzle according to Mdification
1 of the second enbodi nent, Fig. 5(b) is a sectional view on
arrows I-1 in Fig. 5(a), and Fig. 5(c) is a sectional viewon
arrows Il1-11 in Fig. 5(a).

Fig. 6(a) is a schematic sectional viewshow ng a bubbl e

generation nozzle according to Mddification 2 of the second

enbodi nent, Fig. 6(b) is asectional viewonarrows I-1 inFig.
6(a), and Fig. 6(c) is asectional viewonarrows II-11 in Fig.
6(a).

DESCRI PTI ON OF EMBODI MENTS
[ 0024]
[ FI RST ENMBODI MENT]

A first enbodinent of the present invention will be
descri bed belowwi th reference to Figs. 1(a) to 1(d), and 2.
Fig. 1(a) is aschematic sectional viewshowi ngaloopflowtype

bubbl e generati on nozzl e 10 according to the first enbodi nent,

Fig. 1(b) is a sectional viewon arrows I-1 in Fig. 1(a), Fig.
1(c) is asectional viewonarrows II-I1 inFig. 1(a), and Fi g.
1(d) is a sectional viewonarrows II1-11l1 inFig. 1(a). Fig.

2 is a diagramfor describing the operation of the | oop flow
type bubbl e generati on nozzle 10.

[ 0025]

( CONFI GURATI ON OF LOOP FLOWTYPE BUBBLE GENERATI ON NOZZLE 10)

As shown in Fig. 1(a), the loop flow type bubble
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generation nozzl e 10 i ncl udes a bottonmed nenber 1 as a bott oned
tubular first nenber having a circular cross section and a
tubul ar menber 2 as a second nenber which is fitted into the
other end side of the bottoned nenber 1. A substantially
cylindrical space surrounded by the bottomed nmenber 1 and t he
t ubul ar menber 2 serves as aloop flowtype gas-liquidstirring
and m xi ng chanber 6.

[ 0026]

The bottoned nmenber 1 has, on the side part thereof, a
gas inflow hole 3 which allows the outside and the inside of
the | oop fl owtype bubbl e generati on nozzle 10 to communi cate
with each other tolet gas flowtherein. Further, two or nore
gas inflow holes 3 may be fornmed. The bottonmed nenber 1 has,
on the center of the bottompart thereof, afirst liquid feed
hol e 5a and a second liquid feed hole 5b to which liquid that
has been pressurized (liquidto which pressureis applied even
slightly, hereinbel ow, may al so be referredto as “pressuri zed
liquid”) is fed fromthe outside. The pressurized liquidfed
fromtheoutsideisfedtotheloopflowtypegas-liquidstirring
and m xi ng chanber 6 through the first liquid feed hole 5a and
the second liquidfeed hole5binthis order. The central axis
of the first liquid feed hole 5a and the central axis of the
second liquid feed hole 5b intersect with the central axis of
the gas inflow hole 3.

[ 0027]
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The second liquidfeedhole5bisformedinataperedshape
whose di anet er conti nuously expands fromthe first liquidfeed
hol e 5atowardthe |l oop fl owtype gas-liquidstirringandm xing
chanmber 6. The second liquid feed hole 5b plays a role of
al | owi ng ahighspeedloopflowtojoinaflowof the pressurized
liquidfromadirectionoppositetothe flowof the pressurized
liquidtogenerateaviolent turbulent fl owinsidetheloopflow
type gas-liquid stirring and m xi ng chanber 6.

[ 0028]

The t ubul ar menber 2 has, onthe center thereof, aninfl ow
hol e 7 whi chi s capabl eof allowingliquidandgastoflowtherein,
andafirst jet hol e 8aand a second et hol e 8b whi ch are capabl e
of jettingliquidandgas. The central axes of the inflowhole
7, thefirst jet hole 8a, and the second jet hole 8b are al i gned
with the central axes of the first liquid feed hol e 5a and t he
second liquid feed hole 5b.

[ 0029]

The inflow hole 7 is fornmed in a tapered shape whose
di anet er conti nuously expands fromthe first jet hole 8atoward
the loop flowtype gas-liquid stirring and m xi ng chanber 6.
Aplurality of cut-away parts 7a are forned on an end face of
the inflow hole 7, the end face facing the loop flow type
gas-liquid stirring and m xi ng chanber 6. The inflow hole 7
pl ays a rol e of accel erating a high speed | oop flowi nside the

| oop flowtype gas-liquid stirring and m xi ng chanber 6. One
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end of thefirst jet hole 8ais connectedtooneendof theinflow
hole 7. The other end of the first jet hole 8a is connected
to one end of the second jet hole 8b. The second jet hole 8b
isfornmedinataperedshape whose di anet er conti nuousl y expands
fromthe first jet hole 8a toward a direction opposite to the
| oop flowtype gas-liquid stirring and m xi ng chanber 6. The
second j et hol e 8b pl ays arol e of adj usti ngthe anount of out si de
gas and/or outside liquid flowwing into the |loop flow type
gas-liquidstirringandmxingchanber 6 fromthefirst jet hole
8a and stabilizing a flow around the outer side of the first
jet hole 8a (jettingof afluidmxture fromthe first jet hole
8a and inflow of outside gas or/and outside Iiquid).

[ 0030]

The tubul ar nmenber 2 has a groove 4b which is | ocated on
an outer peripheral position facing the gas i nfl ow hole 3 and
continuous in the circunferential direction. A ring-Ilike
space surrounded by the groove 4b and the i nner wall surface
of the bottonmed nenber 1 serves as a gas feed chanber 4. The
gas feed chanber 4 communicates with the loop flow type
gas-liquid stirring and m xi ng chanber 6 through a cl earance
4a.

[ 0031]

As shown in Fig. 1(d), the gas inflowhol e 3 and t he gas

f eed chanber 4 communi cat e wi t h each ot her t hrough t he cl ear ance

4da. Gas flowi nginthroughthegasinflowhol e 3 passesthrough
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the cl earance 4a through the entire circunference or part of
the circunference while being circulated around the central
axis of the first liquid feed hole 5a in the gas feed chanber
4tobefedtotheloopflowtype gas-liquidstirringandm xing
chanber 6 toward one end side of the |l oop flowtype gas-1liquid
stirring and m xi ng chanber 6. Accordingly, afilmof gas, air
bubbl es or/and m crobubbl es are generated on the i nner wal | of
the loop flowtype gas-liquid stirring and m xi ng chanber 6,
and the high speed loop flow is accel erat ed.

[ 0032]

For exanpl e, net al s such as SUS304 and SUS316, resin, wood,
gl ass, ceram c, and ceram cs can be used as t he bot t oned nenber
1 and the tubul ar nmenber 2. Any solid materials nmay be used.
An appropriate material may be selected for each of the
conmponents. Wenresin, glass, or ceramcisselected, thelife
of the valve generation nozzle 10 can be extended due to its
resi stance to corrosion.

[ 0033]

The | oop fl owtype gas-1liquidstirringandm xi ng chanber
6 is a space in which liquid fed fromthe second Iiquid feed
hol e 5b and gas fed fromthe gas feed chanber 4 are stirred and
m xed by a |l oop-like flow The second |iquid feed hole 5b is
formed on one end of the | oop flowtype gas-liquidstirring and
m xi ng chanber 6. The inflowhole 7 is formed on the ot her end

of the loop flowtype gas-liquid stirring and m xi ng chanber
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6. The gas feed chanber 4 and the gas i nfl ow hole 3 are forned
on t he ot her end side of theloop flowtype gas-liquidstirring
and m xi ng chanber 6. Asperities (for exanple, a so-called
rough skin, onesimlar toathermal spraying skin of ceramc,
or/and sinpl e projections) are fornmed on the i nner wall of the
| oop flowtype gas-liquid stirring and m xi ng chanber 6. The
asperities are not necessarily formed onthe entireinner wall,
and may be fornmed only on part of theinner wall. Theasperities
on the inner wall play a roll of accelerating the high speed
| oop flowto increase the degree of vacuuminsi de the | oop fl ow
type gas-liquid stirring and m xi ng chanber 6.
[ 0034]
( OPERATI ON OF LOOP FLOW TYPE BUBBLE GENERATI ON NOZZLE 10)
Next, the operation of the loop flow type bubble
generation nozzle 10 will be described with reference to Fig.
2. Fig. 2 is a diagram showng the |oop flow type bubble
generation nozzle 10 of Figs. 1(a) to 1(d), a hose 11 whichis
connected to one end si de of the bottonmed nenber 1 of the | oop
fl ow type bubbl e generati on nozzle 10, a shower head 12 whi ch
I's connected to the other end side of the tubul ar nmenber 2 of
the | oop fl owtype bubbl e generati on nozzl e 10, a gas feed t ube
13 which is connected to the gas infl owhol e 3 of the bottoned
nmenber 1 of the | oop fl owtype bubbl e generati on nozzl e 10, and
a throttle valve 14 which adjusts the anount of outside gas

flow ngintothe gas feedtube 13. For t he sake of conveni ence,
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only the loop flow type bubble generation nozzle 10 is
illustrated as a schemati c sectional view. One end of the gas
feed tube 13 is capable of taking in the outside air. A check
val ve 13ai s di sposedinsidethe gas feed tube 13soastostably
gener at e bubbl es.

[ 0035]

First, pressurizedliquidis fed fromthe hose 11to the
| oop fl owtype gas-liquidstirringand m xi ng chanber 6 t hrough
the first liquid feed hole 5a and the second |liquid feed hol e
5b. At this point, the pressurized |liquid flows along aline
connectingthefirst liquidfeedhol e5a, thesecondliquidfeed
hol e 5b, the inflow hole 7 and the first jet hole 8a of Fig.
2. Then, the pressurized liquidis nostly jetted through the
first jet hol e 8a whil e bei ng spread, and partially fornms ahigh
speed |l oopflow(asubstantiallyelliptical part insidethel oop
flowtype gas-liquid stirring and m xi ng chanber 6 in Fig. 2)
by outside gas and/or outside liquid flowng in through the
second jet hole 8b and the first jet hole 8a. At this point,
part of the pressurized liquid further increases the speed of
t he hi gh speed | oop flow.

[ 0036]

Sincetheinsideof theloopflowtypegas-liquidstirring
and m xi ng chanber 6 has a negative pressure, gas flows from
the gas feedtube 13intothel oop flowtype gas-liquidstirring

and m xi ng chanber 6 through the gas feed chanber 4.

21



[ 0037]

Gas fed intothe loop flowtype gas-liquid stirring and
m xi ng chanber 6 through the gas feed chanber 4 is (a) broken
up by a turbulent flow generated on the boundary between the
gas feed chanber 4 and the | oop flowtype gas-liquid stirring
and m xi ng chanber 6; (b) stirred and sheared by a hi gh speed
| oop fl owaccel erated by the inflowhol e 7 and t he second i qui d
feed hol e 5b; (c) collideswiththe asperities ontheinner wall
of the loop flowtype gas-liquid stirring and m xi ng chanber
6; (d) further broken up by aturbul ent fl owgener at ed when part
of the gas collides with pressurized liquid fed through the
first liquid feed hole 5a on the way; and (e) collides with
out si de gas and/or outside liquid flowwng into the first jet
hol e 8a to be further broken up, and jetted as a fluid m xture
cont ai ni ng bubbl es or/and fine bubbles such as m crobubbl es
t hrough the second jet hole 8b.

[ 0038]

Further, (f) gas flowing in through the gas inflow hole
isfedintotheloop flowtype gas-liquidstirringand m xing
chanber 6 toward one end side of the |l oop flowtype gas-1liquid
stirring and m xi ng chanber 6 through the entire circunference
or part of the circunference whil e being circul ated around t he
central axis of the first liquid feed hole 5ain the gas feed
chanber 4. This inproves the degree of vacuumi nsi de the | oop

flowtype gas-liquid stirring and m xi ng chanber 6. Thus, it
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is possible to further increase the anmount of gas flowng in
through the gas inflow hole 3 to accel erate the generati on of
air bubbl es.

[ 0039]

Bubbl es or/and fine bubbles such as m crobubbles are
conti nuously generated one after another by such a series of
oper ati on.

[ 0040]

Since the inflow hole 7 forned in a tapered shape
accel erates t he hi gh speed | oop fl owand t he second | i quid feed
hol e 5b generates a vi ol ent turbul ent fl ow, gas i nside thel oop
flow type gas-liquid stirring and m xing chanber 6 can be
further broken up.

[ 0041]

Further, gas in the high speed | oop fl ow can be stirred
and sheared so as to be further broken up by the cut-away parts
7a of theinflowhole 7. Further, (a) splash liquid which may
get into the clearance 4a by a splash phenonenon caused by
cavitation occurring in a gas-liquid boundary which is the
boundary between t he gas feed chanber 4 and the | oop fl owtype
gas-liquidstirringandm xi ngchanber 6 or/and (b) fi ne bubbl es
near the gas-liquid boundary nmay be dried, concentrated, or
aggr egat ed near the gas-1iquid boundary to cause scal e or/and
sl udge of, for exanple, calciumto deposit and adhere in a

ring-like formonto the outer surface of the tubul ar nmenber 2
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or/and the inner surface of the bottomed nenber 1 inside the
cl earance 4a. Even in such a case, since the cut-away parts
7a of the inflow hole 7 remain as spaces, for exanple, a
continuous ring-like scale or/and sludge is not forned.
Furt her, each of the cut-away parts 7a has a suffici ent space.
Thus, even when splash liquidgettingintothe gas feed chanber
4 around each of the cut-away parts 7aforns scal e or/ and sl udge,
at | east scal e or/ and sl udge deposi t ed and adher ed ont ot he si de
part of each of the cut-away parts 7a can be destroyed by a shock
wave generat ed by the self-col |l apse of cavitation and a shock
wave generated by the col | apse of fine bubbles collidingwith
anot her matter. Therefore, sincethe gas feed chanber 4 i s not
bl ocked (calciumor the like is not deposited and adhered at
| east onto the space part and the side part of each of the
cut-away parts 7a), it is possibleto prevent gas feed fromthe
gas feed chanber 4 frombei ng obstructed. As aresult, inthe
| oop flow type bubble generation nozzle 10 according to the
present enbodi nent, the bubble generation efficiency is not
reduced even when liquid containing inpurities is used.
Accordi ngly, since gas flowing in through the gas infl ow hol e
3is stably fed to the | oop flowtype gas-liquid stirring and
m xi ng chanber 6, the high speed | oop fl owinside the | oop fl ow
typegas-liquidstirringandm xi ngchanber 6 can be stabilized.
[ 0042]

Further, the second jet hole 8b fornedin atapered shape
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adj ust s t he anount of out si de gas and/ or outsideliquidflow ng
intotheloop flowtype gas-liquidstirring and m xi ng chanber
6 through the first jet hole 8a and stabilizes the fl owaround
the outer side of the first jet hole 8a (jetting of a fluid
m xture fromthe first jet hole 8a and inflow of outside gas
or/and outside liquid).

[ 0043]

Since the loop flowtype gas-liquid stirring and m xi ng
chanber 6 is a substantially cylindrical space, it i s possible
to easily formthe high speed | oop fl ow and easily obtain the
above operation. Further, the asperities are forned on the
i nner wal | of theloop flowtype gas-liquidstirringand m xing
chanber 6. Thus, collision of a fluid m xture of |iquid and
gas in a high speed loop flow with the asperities nakes it
possible to further break up gas inside the loop flow type
gas-liquidstirringandm xi ngchanber 6 and accel eratethe hi gh
speed | oop fl owto i ncrease t he degree of vacuumi nsi de t he | oop
flow type gas-liquid stirring and m xi ng chanber 6.

[ 0044]

Inthe | oop fl owtype bubbl e generati on nozzl e 10 havi ng
t he above confi guration, fine bubbl es such as m crobubbl es each
havi ng a di anet er equal to or | ess t han a conventi onal di aneter
(approxi mately 20 um) can be gener at ed by t he above operati on.
[ 0045]

Al t hough, in the above operation of the | oop flow type
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bubbl e generation nozzle 10, there has been described a case
in which pressurized liquid is fed to the loop flow type
gas-liquid stirring and m xing chanber 6 through the first
liquidfeed hole 5a and the second | iquid feed hole 5Sbinthis
order, the present invention is not limted thereto. Fine
bubbl es such as m crobubbl es can be generated al so by feedi ng
sl udge water or sea water containing inpurities or tap water.
[ 0046]

[ MODI FI CATI ON OF FI RST EMBODI MENT]

Next, al oop fl owt ype bubbl e generati on nozzl e accordi ng
to a nodification of the first enbodiment of the present
i nventionw Il be described. Figs. 3(a) to 3(c) are schematic
sectional views showing a |loop flow type bubble generation
nozzl e 20 accordingtothe nodificationof thefirst enbodi nent.
[ 0047]

( CONFI GURATI ON OF LOOP FLOWTYPE BUBBLE GENERATI ON NOZZLE 20)

As shown in Fig. 3(a), the loop flow type bubble
generation nozzl e 20 i ncl udes a bott omed nenber 21 as a bott oned
tubular first nenber having a circular cross section and a
t ubul ar nenber 22 as a second nmenber which is fitted into the
ot her end side of the bottoned nenber 21. A substantially
cylindrical space surrounded by t he bottoned nenber 21 and t he
t ubul ar menber 22 serves as aloopflowtypegas-liquidstirring
and m xi ng chanber 26.

[ 0048]

26



The tubul ar nenber 22 has a groove 24b which is | ocated
on an out er peri pheral position facing agasinflowhole 23 and
continuous in the circunferential direction. A ring-Ilike
space surrounded by t he groove 24b and t he i nner surface of the
t ubul ar menber 22 serves as a gas f eed chanber 24. The gas f eed
chanber 24 communicates with the loop flow type gas-liquid
stirring and m xi ng chanber 26 through a clearance 24a. A
recessed gas reservoir section 24c is forned on the cl earance
24a at aside facingtheloop flowtype gas-liquidstirring and
m xi ng chanber 26 along the entire circunference of the
cl earance 24a.

[ 0049]

As shown in Fig. 3(a), the gas inflowhol e 23 and t he gas
feed chanber 24 comunicate with each other through the
cl earance 24a. Gas flowing in through the gas infl ow hole 23
passes through the <clearance 24a through the entire
circunference or part of the circunference while being
circulated around the central axis of afirst Iiquidfeed hole
25a in the gas feed chanber 24 to be fed to the | oop fl owtype
gas-liquid stirring and m xi ng chanber 26 toward one end si de
of the loop flowtype gas-liquid stirring and m xi ng chanber
26. Accordingly, afil mof gas, air bubbl es or/and m crobubbl es
are generated ontheinner wall of theloopflowtype gas-liquid
stirring and m xi ng chanber 26, and a hi gh speed loop flowis

accel erated. Further, the anmount of gas fl owi nginthroughthe
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gas i nfl owhol e 23 can be furt her i ncreased by t he gas reservoir
section 24c near the gas feed chanber 24 to accelerate the
generation of air bubbles. Further, (a) splash |iquid which
may get into the clearance 24a by a spl ash phenonenon caused
by cavitation occurring in a gas-|iquid boundary which is the
boundary bet ween t he gas feed chanber 24 and the | oop fl owtype
gas-liquid stirring and m xi ng chanber 26 or/and (b) fine
bubbl es near t he gas-1i qui d boundary nay be dri ed, concentr at ed,
or aggregat ed near t he gas-1i qui d boundaryto cause scal e or/ and
sl udge of, for exanple, calciumto deposit and adhere in a
ring-1like formonto the outer surface of the tubul ar nenber 22
or/and the inner surface of the bottonmed nenber 21 inside the
cl earance 24a. Even in such a case, since a sufficient space
I's ensured by the gas reservoir section 24c, the cl earance 24a
(the gas feed chanber 24) is not blocked. As aresult, inthe
| oop fl ow type bubbl e generati on nozzle 20 according to the
present nodification, the bubbl e generation efficiencyis not
reduced even when liquid containing inpurities is used.
Accordingly, since gas flowing in through the gas i nfl ow hol e
23 is stably fed tothe | oop flowtype gas-liquid stirring and
m xi ng chanber 26, t he hi gh speed | oop fl owi nside the |l oop fl ow
type gas-liquid stirring and mxing chanber 26 can be
stabilized.

[ 0050]

The other configuration and operation are the sanme as
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thoseinthe first enbodi mrent. Thus, descriptionthereof wll
be om tted.

[ 0051]

(QUTLI NE OF PRESENT EMBODI MENT)

As descri bed above, the | oop fl owtype bubbl e generati on
nozzl e 10, 20 of the present enbodi nent i ncl udes the | oop fl ow
type gas-liquid stirring and m xi ng chanber 6, 26 which stirs
and m xes liquid and gas by a | oop-like flowto forma fluid
m xture, thefirst |iquidfeedhol e5a, 25aandthesecondliquid
feed hol e 5b, 25b which are formed on one end of the | oop fl ow
type gas-liquid stirring and m xi ng chanber 6, 26 and feed
pressurized liquid to the oop flowtype gas-liquid stirring
and m xi ng chanber 6, 26, the at | east one gas inflow hol e 3,
23 into which gas flows, the gas feed chanber 4, 24 which is
formed on the other end side of the | oop flowtype gas-I|iquid
stirring and m xing chanber 6, 26 and feeds gas flowing in
throughthegasinflowhole3, 23tothel oopflowtypegas-Iiquid
stirring and m xi ng chanber 6, 26 toward one end side of the
| oop flow type gas-liquid stirring and m xi ng chanber 6, 26
through the entire circunference or part of the circunference
whil e circul ati ng the gas around the central axis of the first
liquidfeed hole 5a, 25a, theinflowhole 7, 27 which is forned
on the other end of the | oop flowtype gas-liquid stirring and
m Xi ng chanber 6, 26 i namanner toalignthecentral axi sthereof

with the central axis of the first liquidfeedhole 5a, 25a and
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has the plurality of cut-away parts 7a, 27a, and the first jet
hol e 8a, 28a and t he second j et hol e 8b, 28b whichjet thefluid
m xture fromthe | oop flowtype gas-liquid stirring and m xi ng
chanber 6, 26.

[ 0052]

I nthe above configuration, liquidisfedtotheloopflow
type gas-liquid stirring and m xi ng chanber 6, 26 through the
first liquid feed hole 5a, 25a and the second Iiquid feed hol e
5b, 25b andgasisfedtotheloopflowtypegas-liquidstirring
and m xi ng chanber 6, 26 through the gas feed chanber 4, 24.
Accordingly, when the fluid m xture inside the | oop fl owtype
gas-liquidstirring and m xi ng chanber 6, 26 is jetted through
the second jet hole 8b, 28b, a | oop-like flow (also referred
toas “loopflow') of liquidcontaininggasis generatedinside
the loop flowtype gas-liquid stirring and m xi ng chanber 6,
26.

[ 0053]

When the fluid mxture inside the loop flow type
gas-liquidstirring and m xi ng chanber 6, 26 is jetted through
the second jet hole 8b, 28b, the inside of the |oop flowtype
gas-liquid stirring and m xi ng chanber 6, 26 is brought into
a negative pressure. Thus, gas flows in fromthe gas inflow
hol e 3, 23 through the gas feed chanber 4, 24. In addition,
since the dianmeter of thefirst jet hole 8a, 28ais |arger than

the dianeter of the first Iiquidfeedhol e 5a, 25a, outside gas
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or/and outside liquidflows intothe loop flowtype gas-liquid
stirringandm xi ng chanber 6, 26t hrough a gap bet weent hei nner
wal | of thefirst jet hol e 8a, 28a and t he peri phery of the fluid
m xture in the first jet hole 8a, 28a.
[ 0054]

Gas fed intothe loop flowtype gas-liquid stirring and
m xi ng chanber 6, 26 through the gas feed chanber 4, 24 is (a)
br oken up by a turbul ent fl owgenerated on the boundary bet ween
the gas feed chanber 4, 24 and the loop flowtype gas-liquid
stirring and m xi ng chanber 6, 26; (b) stirred and sheared by
a hi gh speed | oop fl owaccel erated by the inflowhole 7, 27 and
the second liquid feed hole 5b, 25b; (c) collides with the
asperities on the inner wall of the | oop flowtype gas-liquid
stirring and m xi ng chanber 6, 26; (d) further broken up by a
turbul ent flow generated when part of the gas collides with
pressurized liquid fed through the first |iquid feed hol e 5a,
25a onthe way; and (e) col li des wi th outsi de gas and/ or out si de
liquid flowng into the first jet hole 8a, 28a to be further
broken up, and jetted as a fluid m xture containi ng bubbl es
or/and m crobubbl es through the second jet hole 8b, 28b. A
mechani smof the generation of air bubbles mcronizedinthese
steps (a) to (e) is a feature of the loop flow type bubble
generation nozzle 10, 20 and a superior point which is not
provi ded in other nozzl es.

[ 0055]
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Further, (f) gas flowing in through the gas inflow hole
3, 23 is fedinto the loop flowtype gas-liquid stirring and
m Xi ng chanber 6, 26 toward one end side of the | oop flowtype
gas-liquidstirring and m xi ng chanber 6, 26 throughtheentire
circunference or part of the circunference while being
circul ated around the central axis of thefirst liquidfeedhole
5a, 25a in the gas feed chanber 4, 24. This step (f) i nproves
the degree of vacuum inside the loop flow type gas-liquid
stirring and m xi ng chanber 6, 26. Thus, it is possible to
further increase the anount of gas flowi ng in through the gas
inflowhole 3, 23 to accel erate the generati on of air bubbl es.
[ 0056]

Thus, bubbl es havi ng an aver age di anet er of | ess t han 100
um in particular, mcrobubbles having an average dianeter
equal to or less than a conventional dianeter, specifically,
an average di aneter of approxi mately 20 um can be gener at ed.
Further, since gas in the high speed | oop flowis stirred and
sheared so as to be further broken up by the cut-away parts 7a,
27a of theinflowhole 7, 27. Thus, it is possible to inprove
the efficiency of generating bubbles or/and m crobubbles
conpared to conventional nozzles in the gas-liquid boundary
whi ch is the boundary between the gas feed chanber 4, 24 and
the loop flowtype gas-liquid stirring and m xi ng chanber 6,
26. Further, splash liquid nay be generated by a splash

phenonenon caused by cavitation occurring in the gas-liquid
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boundary whi ch i s t he boundary bet ween t he gas feed chanber 4,
24 andthel oopflowtypegas-liquidstirringandm xing chanber
6, 26. The splash liquid may get into the cl earance 4a, 24a
and may be dried therein. The dried splash liquid may be
deposi ted and adheredinaring-1ikeformas scal e or/and sl udge
of , for exanple, cal ciumonto the outer surface of the tubul ar
menber 2, 22 or/and the inner surface of the bottomed nenber
1, 21 inside the clearance 4a, 24a. However, since a part in
whi ch scal e or/and sludge i s not deposited is provi ded by the
cut-away part 7a, 27a or a sufficient space is ensured by the
gas reservoir section 24c, thecl earance 4a, 24ai s not bl ocked
As aresult, intheloop flowtype bubbl e generati on nozzl e 10,
20 according to the present enbodi nent, the bubbl e generation
efficiency is not reduced even when |iquid containing
inmpuritiesisused. Further, since gas flowi nginthroughthe
gas inflow hole 3, 23 is stably fed to the loop flow type
gas-liquid stirring and m xi ng chanber 6, 26, the high speed
| oop flowinside the I oop flow type gas-liquid stirring and
m xi ng chanber 6, 26 can be stabilized.
[ 0057]

Further, sincetheinflowhole 7, 27 fornmed in a t apered
shape accel erat es t he hi gh speed | oop fl owand t he second | i qui d
f eed hol e 5b, 25b generates aviol ent turbul ent fl ow, gas i nside
the loop flowtype gas-liquid stirring and m xi ng chanber 6,

26 can be further broken up.
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[ 0058]

Further, the second jet hole 8b, 28b forned in a tapered
shape adj usts the anmount of outside gas and/or outside |iquid
flowngintotheloopflowtype gas-liquidstirring and m xi ng
chanber 6, 26 through the first jet hole 8a, 28a and stabilizes
the flow around the outer side of the first jet hole 8a, 28a
(jetting of afluidmxture fromthe first jet hole 8a, 28a and
i nfl ow of outside gas or/and outside liquid).

[ 0059]

Further, the asperities are formed on the i nner wall of
the loop flowtype gas-liquid stirring and m xi ng chanber 6,
26. Thus, collision of a fluid mxture of liquid and gas in
a high speed loop flowwith the asperities nmakes it possible
to further break up gas inside the loop flowtype gas-liquid
stirring and m xi ng chanber 6, 26 and accel erate t he hi gh speed
| oop flowto increase the degree of vacuuminsi de the | oop fl ow
type gas-liquid stirring and m xi ng chanber 6, 26.

[ 0060]
[ SECOND EMBODI MENT]

A second enbodi nent of the present invention will be
descri bed beloww th reference to Figs. 4(a) to 4(c). Figs.
4(a) to 4(c) are schematic sectional views showi ng a |l oop fl ow
type bubble generation nozzle 30 according to the second
enbodi nent .

[ 0061]

34



( CONFI GURATI ON OF LOOP FLOWTYPE BUBBLE GENERATI ON NOZZLE 30)

As shown in Fig. 4(a), the loop flow type bubble
generation nozzl e 30i ncl udes a bott omed nenber 31 as a bott oned
tubular first nenber having a circular cross section and a
t ubul ar nenber 32 as a second nmenber which is fitted into the
ot her end side of the bottoned nenber 31. A substantially
cylindrical space surrounded by t he bottoned nenber 31 and t he
t ubul ar nenber 32 serves as aloopflowtypegas-liquidstirring
and m xi ng chanber 36.
[ 0062]

The tubul ar nmenber 32 has, on the center thereof, an
i nfl ow hol e 37 which is capable of allowing liquid and gas to
flowtherein, and a first jet hole 38a and a second jet hole
38b which are capable of jetting liquid and gas. The inflow
hole 37isfornedinataperedshape whose di anet er conti nuously
expands fromthe first jet hole 38a toward the | oop flowtype
gas-liquid stirring and m xi ng chanber 36. A plurality of
cut-away parts 37a are forned on an end face of the inflowhole
37, the end face facing the |l oop flowtype gas-liquidstirring
and m xi ng chanber 36. A plurality of cut-away parts 37b are
appropriately formed to extend fromsone of the cut-away parts
37a toward a gas feed chanber 34. The infl ow hole 37 plays a
rol e of accel erating a highspeed!loopflowinsidetheloopflow
type gas-liquid stirring and m xi ng chanber 36. The cut - away

parts 37a and 37b of the inflowhole 37 play arole of stirring
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and shearing gas i nthe high speed | oop flowso as to be further
br oken up. Further, splash liquid which nay get into a
cl earance 34a by a splash phenonmenon caused by cavitation
occurringinagas-|iquidboundary whichistheboundary between
the gas feed chanber 34 and the loop flow type gas-Iliquid
stirring and m xi ng chanber 36 nmay be dri ed, concentrated, or
aggregat ed t o cause scal e or/ and sl udge of , f or exanpl e, cal ci um
to deposit and adhereinaring-1likeformontothe outer surface
of t he tubul ar menber 32 or/ and t hei nner surface of t he bottoned
menber 31 inside the cl earance 34a. Evenin such a case, since
the cut-away parts 37a and 37b renai n as spaces (cal ciumor the
i ke is not deposited and adhered onto the space part of each
of the cut-away parts 37a and 37b), the clearance 34a i s not
bl ocked. As aresult, intheloop flowtype bubbl e generation
nozzle 30 according to the present enbodi nent, the bubble
generation efficiency is not reduced even when |iquid
containinginpuritiesisused. Accordingly, sincegas flow ng
inthroughthe gasinflowhole 33is stablyfedtotheloop flow
type gas-liquidstirring and m xi ng chanber 36, the hi gh speed
| oop flow inside the |loop flow type gas-liquid stirring and
m xi ng chanber 36 can be stabilized.
[ 0063]

The other configuration and operation are the sane as
thoseinthe first enbodi mrent. Thus, descriptionthereof wll

be omtted.
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[ 0064]
[ MODI FI CATI ON 1 OF SECOND EMBODI MENT]

Next, al oop fl owt ype bubbl e generati on nozzl e accordi ng
to Modification 1 of the second enbodi nent of the present
i nventionw ||l be described. Figs. 5(a) to5(c) are schematic
sectional views showing a loop flow type bubble generation
nozzl e 40 accordi ngto Modi fication 1 of the second enbodi nent .
[ 0065]

( CONFI GURATI ON OF LOOP FLOWTYPE BUBBLE GENERATI ON NOZZLE 40)

As shown in Fig. 5(a), the loop flow type bubble
generation nozzl e 40 i ncl udes a bott omed nenber 41 as a bott oned
tubul ar first nenber having a circular cross section and a
t ubul ar nenber 42 as a second nmenber which is fitted into the
ot her end side of the bottoned nenber 41. A substantially
cylindrical space surrounded by t he bottoned nenber 41 and t he
t ubul ar menber 42 serves as aloopflowtypegas-liquidstirring
and m xi ng chanber 46.

[ 0066]

The tubul ar nmenber 42 has a groove 44b which is | ocated
on an out er peri pheral position facing agasinflowhole 43 and
continuous in the circunferential direction. A ring-Ilike
space surrounded by t he groove 44b and t he i nner surface of the
t ubul ar menber 42 serves as a gas feed chanber 44. The gas feed
chanber 44 conmmunicates with the loop flow type gas-liquid

stirring and m xi ng chanber 46 t hrough a cl earance 44a. A gas
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reservoir section 44c is formed near the gas feed chanber 44.
[ 0067]

As shown in Fig. 5(a), the gas i nfl owhol e 43 and t he gas
feed chanber 44 communicate with each other through the
cl earance 44a. Gas flowing in through the gas infl ow hole 43
passes through the clearance 44a through the entire
circunference or part of the circunference while being
circul ated around the central axis of afirst |iquidfeed hole
45a in the gas feed chanber 44 to be fed to the | oop fl owtype
gas-liquid stirring and m xi ng chanber 46 toward one end si de
of the loop flowtype gas-liquid stirring and m xi ng chanber
46. Accordingly, afil mof gas, air bubbl es or/and m cr obubbl es
are generated ontheinner wall of theloopflowtype gas-liquid
stirring and m xi ng chanber 46, and a hi gh speed loop flowis
accel erated. Further, the amount of gas fl owi nginthroughthe
gas i nfl owhol e 43 can be further i ncreased by t he gas reservoir
section 44c near the gas feed chanber 44 to accelerate the
generation of air bubbles. Further, splash Iiquid which may
get into the clearance 44a by a splash phenonenon caused by
cavitation occurring in a gas-liquid boundary which is the
boundary bet ween t he gas feed chanber 44 and the | oop fl owtype
gas-liquid stirring and mxing chanber 46 nay be dried,
concentrated, or aggregated to cause scal e or/and sl udge of,
for exanple, calciumto deposit and adhereinaring-like form

ontothe outer surface of the tubul ar menber 42 or/ and t he i nner
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surface of the bottoned nenber 41 inside the clearance 44a.
Even i n such a case, since a sufficient spaceis ensured by the
gas reservoir section 24c, the clearance 44a is not bl ocked.
As aresult, inthe |l oop fl owtype bubbl e generati on nozzl e 40
according to the present nodification, the bubble generation
efficiency is not reduced even when |iquid containing
inmpuritiesis used. Accordingly, sincegas flow nginthrough
the gas inflow hole 43 is stably fed to the |Ioop flow type
gas-liquidstirring and m xi ng chanber 46, the hi gh speed | oop
flowinside the | oop flowtype gas-liquid stirring and m xi ng
chanber 46 can be stabilized.

[ 0068]

The other configuration and operation are the sanme as
thoseinthe first enbodi ment. Thus, descriptionthereof wll
be om tted.

[ 0069]
[ MODI FI CATI ON 2 OF SECOND EMBCODI MENT]

Next, al oop fl owtype bubbl e generati on nozzl e accordi ng
to Modification 2 of the second enbodi nent of the present
i nventionw || be described. Figs. 6(a) to6(c) are schenmatic
sectional views showing a loop flow type bubble generation
nozzl e 40 accordi ngto Modi fication 2 of the second enbodi nent.
[ 0070]

( CONFI GURATI ON OF LOOP FLOWTYPE BUBBLE GENERATI ON NQZZLE 50)

As shown in Fig. 6(a), the loop flow type bubble
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generation nozzl e 50 has a configuration substantially simlar
to the configuration of the |oop flow type bubbl e generation
nozzl e 40 according to Modi fication 2 of the second enbodi nent
of the present invention. Theloopflowtype bubbl e generation
nozzle 50 differs fromthe |oop flow type bubble generation
nozzle40inthat astirringandmxingsection55cwhichfurther
stirs and mxes a fluid mxture inside a loop flow type
gas-liquid stirring and m xi ng chanber 56 is provided.
[0071]

The stirring and mxing section 55¢c is a ring-Ilike
recessed groove which is fornmed on the m dway part of a second
liquid feed hole 55b in a manner to substantially align the
central axis thereof withthe central axis of the secondliquid
feed hole 55b. A loop flowwhich is smaller than a | oop fl ow
generated inside the |loop flow type gas-liquid stirring and
m xi ng chanber 56 is generated in the stirring and m xing
sectionb55c. Theloopflowgeneratedinthestirringandm xing
section 55c further stirs and m xes a fluid m xture insidethe
| oop flow type gas-liquid stirring and m xi ng chanber 56 to
efficiently generate air bubbl es.

[0072]

The other configuration and operation are the sanme as
those in the first enbodi nent and Modi fication 1 of the second
enbodi nent. Thus, description thereof will be omtted.

[ 0073]
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(QUTLI NE OF PRESENT ENMBODI MENT)

As descri bed above, the | oop fl owtype bubbl e generati on
nozzl e 30, 40, 50 of the present enbodi ment includes the | oop
flow type gas-liquid stirring and m xi ng chanber 36, 46, 56
whi ch stirs and m xes | i qui d and gas by al oop-likeflowto form
afluid mxture, the first liquid feed hole 35a, 45a, 55a and
the second liquid feed hol e 35b, 45b, 55b which are forned on
one end of the loop flowtype gas-liquid stirring and m Xxi ng
chanber 36, 46, 56 and feed pressurizedliquidtothe |l oop fl ow
type gas-liquid stirring and m xi ng chanber 36, 46, 56, the at
| east one gas inflow hole 33, 43, 53 into which gas fl ows, the
gas feed chanber 34, 44, 54 which is forned on the other end
side of the loop flow type gas-liquid stirring and m xing
chanber 36, 46, 56 andfeeds gasflowi nginthroughthegasinflow
hol e 33, 43, 53 to the loop flowtype gas-liquid stirring and
m xi ng chanber 36, 46, 56 toward one end si de of the | oop fl ow
type gas-liquidstirring and m xi ng chanber 36, 46, 56 t hr ough
the entire circunference or part of the circunference while
circulating the gas around the central axis of thefirst liquid
feed hol e 35a, 45a, 55a, the inflow hole 37, 47, 57 which is
formed onthe other endof theloopflowtypegas-liquidstirring
and m xi ng chanber 36, 46, 56 in a manner to align the central
axi sthereof withthe central axis of thefirst Iiquidfeedhole
35a, 45a, 55a and has the plurality of cut-away parts 37a, 47a,

57a and 37b, 47b, 57b, and the first jet hol e 38a, 48a, 58a and
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the second jet hole 38b, 48b, 58b which jet the fluid m xture
fromthe | oop flowtype gas-liquidstirring and m xi ng chanber
36, 46, 56.

[ 0074]

I nthe above configuration, liquidisfedtothel oopflow
type gas-liquidstirring and m xi ng chanber 36, 46, 56 t hr ough
the first liquidfeed hol e 35a, 45a, 55a and t he second | i quid
feed hol e 35b, 45b, 55b and gas is fed to the |oop flow type
gas-liquid stirring and m xi ng chanber 36, 46, 56 t hrough t he
gas feed chanber 34, 44, 54. Accordingly, when the fluid
m xtureinsidetheloopflowtypegas-liquidstirringandm xing
chanber 36, 46, 56 is jetted through the second jet hol e 38D,
48b, 58b, a |l oop-like flow (also referred to as “loop flow’)
of liquidcontaininggasis generatedinsidetheloopflowtype
gas-liquid stirring and m xi ng chanber 36, 46, 56. Further,
an effect simlar tothe effect of the first enbodi ment can be
obt ai ned.

[ 0075]
( MODI FI CATI ONS OF EACH EMBODI VENT)

The enbodi nents of the present invention have been
descri bed above nerely as concrete exanples and thus do not
limt the present invention. Therefore, the concrete
configuration can be appropriately nodified. The action and
ef fect i nthe enbodi nments of theinvention are described nerely

as the nost preferable action and effect arising from the
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present i nvention. Thus, the action and effect obtained by the
present inventionis not limted to the action and the effect
described in the enbodi nents of the present invention.

[ 0076]

For exanple, in each of the enbodi nents and each of the
nodi fi cations, the |l oop fl owtype bubbl e generati on nozzl e nay
be f or med of a nenber whose surfaceiscoatedw thresinor forned
of only resin. Accordingly, sincethe nmenber surfaceis coated
withresinor thel oopflowtype bubbl e generati onnozzleitself
is formed of resin, corrosion can be prevented even i n adverse
envi ronnents such as sl udge water and sea water. As aresult,
it is possible to provide a |loop flow type bubbl e generation
nozzle with long life and | ow cost.

[0077]

| n each of the enbodi nents and each of the nodi ficati ons,
the |l oop fl owtype bubbl e generati on nozzl e has the gas i nfl ow
hol e. However, theloop fl owtype bubbl e generati on nozzl e nay
have no gas i nfl owhol e when gas is dissolvedinliquidfedfrom
the liquid feed hole. In this case, the gas dissolved in the
liquidis turned into bubblesintheloop flowtype gas-liquid
stirring and m xi ng chanber.

[ 0078]

In the I oop flow type bubbl e generation nozzle of each

of the enbodi nents, the bottomed nenber having the gas i nfl ow

hol e may further have an outsi de conmuni cati on hole which is
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open on t he peri pheral surface of theloop flowtype gas-liquid
stirringand m xi ng chanber inadirectionparallel toatangent
| i ne of the peri pheral surface of theloopflowtype gas-liquid
stirring and m xi ng chanber to communi cate with the outsi de.
Inthis configuration, outsideliquidand/or outside gas fl ows
intotheloop flowtype gas-liquidstirring and m xi ng chanber
t hrough t he out si de conmuni cati on hole. Thus, it is possible
to generate a swirl flow which flows along the periphera
surface of the loop flowtype gas-liquid stirring and m xi ng
chanber in addition to a loop flowto thereby tilt a flow ng
direction of theloop floww th respect to a feeding direction
of liquid fed through the liquid feed hole. As aresult, the
di st ance of one round of the | oop fl owcan be ext ended, and gas
I's thus sheared nore often by a turbul ent fl owgenerated by the
| oopflow. Therefore, gasinsidetheloopflowtypegas-liquid
stirring and m xi ng chanber can be further broken up.
[ 0079]

The shape of the |l oop flowtype gas-liquid stirring and
m xi ng chanber or the shape of the cut-away parts of the inflow
hole is not Iimted to the shape described in each of the
enbodi nents and each of the nodifications. The shape of the
| oop flow type gas-liquid stirring and m xi ng chanber nay be
a substantially square tubular shape, a substantially
triangul ar pyram d, a shape whose cross secti on has a pol ygonal

shape such as a pentagon or a hexagon, or a shape whose cross
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section has a conpli cat ed shape such as a star shape (i ncl udi ng
an irregul ar shape).
[ 0080]

| n each of the enbodi nents and each of the nodi fications,
the gas inflow hole may be forned close to the jet holes.
[ 0081]

| n each of the enbodi nents and each of the nodi fications,
the gas reservoir section may be fornmed on the surface of the
t ubul ar nenber. Al though, in each of the enbodi nents and each
of the nodifications, the gas reservoir section is formed in
a recessed shape (ring-like shape) along the entire
ci rcunference of the clearance, the present invention is not
limted thereto. A recess may be forned only in part of the
outer surface of the tubular nenber or/and the inner surface
of the bottonmed nenber inside the clearance in which scale
or/and sludge are likely to be deposited in a conventional
configuration to prevent obstruction of gas feed.
[ 0082]

| n each of the enbodi nents and each of the nodi fications,
one simlar tothe stirring and m xi ng secti on 55c provided in
the | oop fl owtype bubbl e generati on nozzl e 50 of Moudification
2 of the second enbodi nent may be provided in any part of the
loop flow type gas-liquid stirring and m xing chanber.
Al t hough the stirring and m xi ng section 55c has a recessed

ring-1like shape, the present inventionis not [imtedthereto.
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One or nore sinple recesses (for exanple, depressions) or a
groove (recess) fornmed in a helical shape may be forned as t he
stirring and m xi ng section 55c as long as the fluid m xture
insidetheloopflowtypegas-liquidstirringandm xingchanber
can be further stirred and m xed.

[ 0083]

The bubble generation nozzle/loop flow type bubble
generation nozzl e of the present i nventi on may be manuf act ur ed
to have a large size or a small size. The bubble generation
nozzl e/l oop fl owtype bubbl e generati on nozzl e of the present
invention is applicable to all purposes that can use
m cr obubbl es. Specifically, the large bubble generation
nozzl e/l oop fl owtype bubbl e generati on nozzle is applicable,
for exanple, to industrial fields, sewage treatnent in, for
exanpl e, sewerage, purification of rivers and sea water,
renoval of water bl oom revival, breedi ng and cul ture of fishes
and shel | fi shes, and rai sing of rice and weedi ngi n paddy fi el ds.
On t he ot her hand, the smal | bubbl e generati on nozzl e/l oop fl ow
type bubbl e generation nozzle is applicable, for exanple, to
purification of water tanks and fish preserves, raising in
hydroponi ¢ cul ture, m crobubble bathes, washers, portable
ul tra-conmpact m crobubbl e generators, and small water tanks
when atenperatureriseisnot desired. Further, usein nedical
fields is al so under consideration. Furthernore, the bubble

generation nozzl e/l oop fl owtype bubbl e generati on nozzl e of
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t he present invention can al so be used in decol ori zati on and
sterilization.
REFERENCE SI GNS LI ST
[ 0084]

1, 21, 31, 41, 51: Bottoned nenber

2, 22, 32, 42, 52: Tubul ar nmenber

3, 23, 33, 43, 53: Gas inflow hole

4, 24, 34, 44, 54: Gas feed chanber

4a, 24a, 34a, 44a, 54a: C earance

4b, 24b, 34b, 44b, 54b: G oove

5a, 25a, 35a, 45a, 55a: First liquid feed hole

5b, 25b, 35b, 45b, 55b: Second liquid feed hol e

6, 26, 36, 46, 56: Loop flowtype gas-liquidstirring and
m xi ng chanber

7, 27, 37, 47, 57: Inflow hole

7a, 27a, 37a, 37b, 47a, 57a, 57b: Cut-away part

8a, 28a, 38a, 48a, 58a: First jet hole

8b, 28b, 38b, 48b, 58b: Second jet hole

10, 20, 30, 40, 50: Loop flow type bubble generation
nozzl e

11: Hose

12: Shower head

13: Gas feed tube

13a: Check val ve

14: Throttle val ve

a7



24c, 44c, 54c: Gas reservoir section

55c: Stirring and m xi ng section
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CLAI M5
1. A loop flow type bubbl e generation nozzle conprising:
aloop flowtype gas-liquid stirring and m xi ng chanber
that stirs and m xes | iquid and gas by aloop-like flowto form
a fluid mxture;

aliquidfeedholefornmedonone endof theloop flowtype
gas-liquid stirring and m xi ng chanber, the liquid feed hole
feeding pressurized liquid to the |loop flow type gas-Iiquid
stirring and m xi ng chanber;

at | east one gas inflow hole into which gas fl ows;

a gas feed chanber forned on the other end side of the
| oop flowtype gas-liquidstirring and m xi ng chanber, the gas
feed chanmber feeding gas flowing in through the at | east one
gas inflowhole to the | oop flowtype gas-liquid stirring and
m xi ng chanber toward one end side of the loop flow type
gas-liquid stirring and m xi ng chanber through the entire
circunference or part of the circunference while circulating
the gas around a central axis of the liquid feed hole;

ajet hole forned on the other end of the |l oop fl owtype
gas-liquid stirring and m xi ng chanber in a manner to align a
central axis of thejet holewiththe central axis of theliquid
feed hole, the jet hole having a dianeter |arger than the
di aneter of theliquidfeed hole and jetting the fluid m xture
fromthe |l oop fl owtype gas-liquidstirringand m xi ng chanber;

and
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a tapered section whose dianeter continuously expands
fromthe jet holetowardthe |l oop flowtype gas-liquidstirring
and m xi ng chanber, wherein

at | east one cut-away part is forned on an end of the
tapered section, the end facing the |l oop flowtype gas-1Iiquid

stirring and m xi ng chanber.

2. The | oop fl owtype bubbl e generati on nozzl e accordingto
claiml, wherein a cut-away part is further forned to extend

fromthe at | east one cut -away part toward t he gas f eed chanber.

3. A loop flow type bubbl e generation nozzle conprising:

aloop flowtype gas-liquid stirring and m xi ng chanber
that stirs and m xes | iquid and gas by aloop-like flowto form
a fluid mxture;

aliquidfeedholefornmedonone endof theloop flowtype
gas-liquid stirring and m xi ng chanber, the liquid feed hol e
feeding pressurized liquid to the loop flow type gas-liquid
stirring and m xi ng chanber;

at | east one gas inflow hole into which gas fl ows;

a gas feed chanber forned on the other end side of the
| oop flowtype gas-liquidstirring and m xi ng chanber, the gas
feed chanber feeding gas flowng in through the at | east one
gas inflowhole to the | oop flowtype gas-liquid stirring and

m xi ng chanber toward one end side of the loop flow type
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gas-liquid stirring and m xi ng chanber through the entire
circunference or part of the circunference while circulating
the gas around a central axis of the liquid feed hole;

ajet hole fornmed on the other end of the | oop fl owtype
gas-liquid stirring and m xi ng chanber in a manner to align a
central axis of thejet holewiththe central axis of theliquid
feed hole, the jet hole having a dianeter |arger than the
di aneter of theliquidfeed hole and jetting the fluid m xture
fromthe |l oop fl owtype gas-liquidstirringand m xi ng chanber;
and

a recessed gas reservoir section fornmed on the gas feed
chanber at aside facingthe loopflowtype gas-liquidstirring
and m xi ng chanber on the entire circunference or part of the

ci rcunference of the gas feed chanber.

4. The | oop fl owtype bubbl e generati on nozzl e accordingto
any one of clainms 1to 3, wherein arecessed stirringand m Xxi ng
section that further stirs and m xes the fluid m xture inside
the loop flowtype gas-liquid stirring and m xi ng chanber is
formed onaninner wall of theloopflowtypegas-liquidstirring

and m xi ng chanber.

5. A loop flow type bubble generation nozzle conprising:
aloop flowtype gas-liquid stirring and m xi ng chanber

that stirs and m xes |liquid and gas by aloop-like flowto form
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a fluid mxture;

aliquidfeedholefornmedonone endof theloop flowtype
gas-liquid stirring and m xi ng chanber, the liquid feed hol e
feeding pressurized liquid to the loop flow type gas-liquid
stirring and m xi ng chanber;

at | east one gas inflow hole into which gas fl ows;

a gas feed chanber forned on the other end side of the
| oop flowtype gas-liquidstirring and m xi ng chanber, the gas
feed chanber feeding gas flowng in through the at | east one
gas inflowhole to the | oop flowtype gas-liquid stirring and
m xi ng chanber toward one end side of the loop flow type
gas-liquid stirring and m xi ng chanber through the entire
circunference or part of the circunference while circulating
the gas around a central axis of the liquid feed hole;

ajet hole formed on the other end of the | oop fl owtype
gas-liquid stirring and m xi ng chanber in a manner to align a
central axis of thejet holewiththe central axis of theliquid
feed hole, the jet hole having a dianeter |arger than the
di aneter of theliquidfeed hole and jetting the fluid m xture
fromthe |l oop fl owtype gas-liquidstirringand m xi ng chanber;
and

arecessedstirring and m xi ng secti on formed on an i nner
wal |l of the loop flow type gas-liquid stirring and m xing
chanber, the recessed stirring and m xing section further

stirringand m xingthe fluid m xture insidetheloopflowtype
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gas-liquid stirring and m xi ng chanber.
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