Lot SPECI FI CATI ON swRLI NG TYPEA42 3311 -0
M CRO- BUBBLE GENERATI NG SYSTEM FIELD OF THE |)BgNTI ON
The present invention relates to a m cro-bubble generating systen1b9
efficiently dissolving gas such as the air, oxygen gas, etc. into |qu
such as city water, river water, etc.,1 for purifying polluted water and
for effectively utilizing the water for reconditioning and renewal of

wat er environment . BACKGROUND ART In

conventional. type aeration SyStQQﬁmgf?ﬁbAf{qﬂWBt of aeration systens
usi ng m cro-bubbl e generating system i nst ed for culture and growt h of
aquatic animals, air bubbles are generated by injecting the air under
pressure into water through fine pores of tubular or planar mcro- bubble

generating systeng gt Abkefybp LRerb2BYesLE BkNeraTiING SYSTEM

FIELD OF THE INVENTION
The presentL Invention relates to a micro-bubble
gencrating system for efficiently dissolving gas such as the
air, oxygen gas, etc. into liquid such as city water, river
water, etc., for purifying polluted water and for
effectively utilizing the water for reconditioning and

renewal of water environment.

BACKGROUND ART

In conventional type aeration systems, e.g. in most of
aeration systems using micro-bubble generating system
installed for culture and growth of aquatic animals, air
bubbles are generated_by injecting the air under pressure
into water through fine pores of tubular or planar micro-
bubble generating system installed in the tank, or air
bubbles are generated by introducing the air into water flow
with shearing force or by vaporizing the air dissolved in
water by rapidly reducing pressure of the pressurized water.

In the aeration process using the micro-bubble

~ generating system with the above functions, operation is

basically controlled by adjusting the air supply quantity or
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bubbl.es are generated by introducing the air into water flow wth shearing
force or by vaporizing the air dissolved in water by rapidly reducing
pressure of the pressurized water. In the aeration process using the
m cro- bubbl e generating systemw th the above functions, operation is
basically controlled by adjusting the a@r supply quantity or

2 the nunber of Lhe m cro-bubble generating systens to be installed,
while it is necessary to efficiently dissolve gas such as air, carbon
dioxide, etc. into water and further to pronote circulation of the water.
However , iW'?h'é“'ﬁ%?ét1’5nLE?s'ﬁ“éﬁF%PHBbﬂﬁeqSBﬁ\Fé’n'th’Sn&IYSt?y‘}?’e'l‘ﬁ' &eo- bubbl e
generatlng system e.q. diffusion system based on injection, even when
fine poresl%?%ab%%Qrdﬁh‘lﬂhéﬁ 1gi PeEGBBPEY SPeefﬁPéé?é&lﬁnééﬁﬁﬁﬂé§saﬁ@

t hrough pores, volune of each of the air bubbles is expanded, and di aneter
of each aiFuBibdFeai’, | nerkasedipyideverhF- minkpneates and fustber dce

tension of the air bubbles during injection.
promote circulation of the water.

However, in the aeration system using the conventional
type micro-bubble generating system, e.g. diffusion system
based on injection, even when fine pores are provided, when
air bubbles are injected undér pressure through pores,
volume of each of the air bubbles is expanded, and diameter
of each air bubble is increased to several millimeters due
to surface tension of the air bubbles during injection.
Thus, it is difficult to generate air bubbles of smaller
diameter. Also, there are problems such as clogging of the
pores or increase of power consumption caused by the
operation for long time.

In the system to generate the air bubbles by
introducing the air into water flow with shearing force
using vanes and air bubble jet stream, it is necessary to
have higher number of revolutions to generate cavitation.
Also, there are problems of power consumption increase and
the problem of corrosion of vanes or vibration caused by
generétion of cavilLation. Further, there are problems in
that only a small amount of micro-bubbles can be generated.

In the system where gas-liquid two-phase flow collides

with the moving vane or prujection, fishes or small aquatic



JThus,«it is difficult to generate air bubbles of smaller dianmeter. Al so,
there are problens such as clogging of the pores or increase of power
consunption caused by the operation for long tine. In the systemto
generate the air bubbles by introducing the air into water flow with
shearing force wusing vanes and air bub®le jet stream it is necessary to
have hi gher nunber of revolutions to generate cavitation. Also, there are
probl ens of power consunption increase and the problem of corrosion of '
vanes or vibration caused b generation of cavitation. Further, there are
probl ens i ATLHEAE di ;'i‘aé'r“§ﬁ’él Lak@sumr Uiyt -HbE e die b herd at ed.

In the system where gas-liquid two-phase flow collides wth the noving
varie or pPHFe&PP§nFaP§§ﬁe§f@Pb§ﬁaPm &@@agqyelopment and maintenance

3 animal s in natural |akes or culture tanks may be injured, and this
causes tro@bl &henepiéd rgepsnégrie FONSHE Loa MeSRERAEY diok Hédre il avUHhef al

condi tion necessary for the growth of
fishes and other aquatic animals.

Further, in the pressurizing system, the system must be
designed in larger size and requires higher cost, and
operation cost is also high.

Tn none of the prior art in this field as described
above, it has been possible to generate micro-bubbles with

diameter of not more than 20 gm in industrial scale.

SUMMARY OF TIHE INVENTION

After fervent study efforts, the present inventors have
successfully developed the present invention, by which it is
possible to generate micro-bubbles with diameter of not more
than 20 gm in industrial scale.

As shown in Fig. 12, which indicates the principle of
the system according to the present invention, a micro-
bubble generating system is brovided, which comprises a

" conical space 100 in a container, a pressure liquid inlet
500 provided.in tangential direction on a part of
circumferential surface of inner wall of the space, a gas
introducing hole 80 opened at the center of the bottom 300
of the conical space, and a swirling gas-liquid outlet 101

near the top of Lhe conical space.



fizshes and ot her aquatic aninmals. Further, in the pressurizing system
the systemnust be designed in |arger size and requires higher cost, and
operation cost is also high. Tn none of the prior art in this field as
descri bed above, it has been possible to generate m cro-bubbles with
di aneter of not nore than 20 [err]min g4 ndustrial scale.
SUWWARY OF THE | NVENTI ON After fervent study efforts, the present _
i nventors have successfully devel oped the present invention, by which it
is possible to generate m cro-bubbles with diameter of not nore than 20
[err]min indudhe gntdegl system oxs adhdwdsitn Yhivg SWiZ 1 ipd @RI dittk®s the
principle of the systemaccording to the present invention, a mcro-
bubbl e generbiefigl8ystansrbmgragrddn, thei dhadflor P8 bY SEOHICA space 100
in a container, a pressure liquid inlet 500 provided in tangenti al
di recti on BReaspaet Lopuidi feamf penPirgrsygef ddavdd indet wlY igrta kdxspace,
a gas introducing hole 80 opened at the center of the bottom 300 of the
coni cal spaesicahdspasei A0Pngagawirildniod fdew de formegednsigie « pdof t he
coni cal space. ,

negative pressure is generated along the axis of the conical

tube. By this negative pressure, the gas is sucked through

the gas introducing hole 80. As the gas passes along the

axis of the tube where the pressure is at the lowest, a

narrow swirling gas cavity 60 is generated.

In the conical space 100, a swirling flow is generated

from the inlet (pressure liquid inlet) 500 toward the outlet

{swirling gas-liquid outlet) 101. As cross-sectiocnal area

of the space 100 is gradually reduced toward Lhe swirling

gas~-liquid outlet 101, both the swirling velocity and

velocity of the flow directed toward the outlet are

increased at the same time.

In association with this swirling, centrifugal force is

applied on the liquid and centripetal force is applied on

the air at the same time becéuse of the difference of

specific gravity between the liquid and the gas. As a

result, the liquid portion and the gas portion become

separable from each other, and the gas is turned to a narrow

thread-like gas swirling cavity 60, which is narrowed down

and runs continuously up to the outlet 101 and is then

injected through the outlet. At the same Lime as the



4., i The entire systemor at |east the swirling gas-liquid outlet 101
1.5 subnerged in the liquid, and by sending pressure liquid fromthe
pressure liquid inlet 500. into the conical space 100, a swirling flowis
formed inside, and negative pressure is generated along the axis of the
conical tube. By this negative pressurg, the gas is sucked through the
gas introducing hole 80. As the gas passes along the axis of the tube
where the pressure is at the lowest, a narrow swirling gas cavity 60 is
generated. I n the conical space 100, a swirLing flow is generated
fromthe i APSECEPPBssEN iU dsi nReLHlF00cadRacy e tdhet |setr rqundimd ng
gas-liquid outlet) 101. As cross-sectional area of the space 100 is
gradual | y péatéeaacywdplierne skiiend mpdigeal |dylfdreonceein1sdjrboby t he
swirling velocity and velocity of the flow directed toward the outlet are
i ncreased ¥elegétyapecurpebefore ppdagfberathen wictimit.hi sBeokubséngf
centrifugal force is applied on the liquid and centripetal force is
applLi ed onthe difference of swirling velocity, the thread-like gas

cavity 60 is cut off in continuous and stable manner. As a

result, a large amount of micro-bubbles, e.g. micro-bubbles
of 10 to 20um in diameter, are generated near the outlet
101 and are discharged.

_Specifically, the present invenltion provides:

(1) a swirling type micro-bubble generating system,
comprising a container main unit having a conical space, a
pressure liquid inlet provided in Langential direction on a
part of circumferential surface on inner wall of the space,
a gas introducing hole opened on the bottom of Lhe conical
space, and a swirling gas-liquid outlet arranged at the top
of the conical space;

(2) a swirling type micro-bubble generating system,
comprising a container main unit having a truncated conical
space, a pressure liquid inlet provided in tangential
direction on a part of qircumferential surface on inner wall
of the space, a gas introducing hole opened on the bottom of
the truﬁcated conical space, and a swirling gas-liquid
outlet arranged in the upper portion of the truncated
conical space; |

(3) a swirling type micro-bubble generaling system,



the air at the sane tine because of the difference of specific gravity
between the liquid and the gas. As a result, the liquid portion and the
gas portion becone separable fromeach other, and the gas is turned to a
narrow thread-like gas swirling cavity 60, which is narrowed down and
runs continuously up to the outlet 101 énd is then injected through the
outlet. At the same tine as the ' 5
injection, swirling is rapidly weakened by the surrounding stationary
water. Then, radical difference in,smﬁrLingE%velocity occurs before and

after that GOPN3ENBEC LAY O ML 1R e dtdY 9 shi tHATY Vel vyt he
thread-likﬁ,%%§ cavity GQ_is %pt ?ff,in_cSptinﬂpus_and stable(ganygr. As
a result, d%a,iePE0 PSS INE S dlet §rovides tubdiangeniab to
20[err]min di aneter, are generated near the outlet 101 and are
di schar ged It FeCtIgR O iFc AALF, Ath ELFHIEERT SR icht | B [RGvitesinner wgll) a
swirling t%ﬁecﬁkcg%b%%gbgeg %P%%%EB@%S?Q?‘?QLe opened on the bottom of

the ‘bottle-like space, and a swirling gas-liquid outlet

arranged at the top of the bottle-like space;

(4) a swirling type micro-bubble generating system
according to one of (1) to (3) above, wherein a plurality of
pressure liquid inlets are provided with spacings in
tangential direction on a part of circumferential surface
having the same radius of curvature on inner wall of the
space;

(5) a swirling type micro-bubble generating system
according to one of (1) to (4) above, wherein a plurality of
pressure liquid inlets are provided with spacings in
tangential direction on a part of circumferential surface
having different radii of curvature on inner wall of the
space;

(6) a swirling type micro-bubble generating system
according to one of (1) to (5) above, wherein the pressure
liquid inlet is provided on a part of circumferential
surface of inner wall near the bottom of the space;

{(7) a swirling type micré-bubble generating system

according to one of Xl) to (6) above, wherein the pressure

liquid inlel is provided on a part of circumferential



conprising a container main unit having a conical space, a pressure liquid
i-nl et provided in tangential direction on a part of circunferenti al
surface on inner wall of the space, a gas introducing hole opened on the
bottom of Lhe conical space, and a swirling gas-liquid outlet arranged at
the top of the conical space; (2)7 a swirling type mcro-bubble
generating system conprising a container main unit having a truncated

coni cal space, A O GSH £ Jd QUi fhd N £loPL Vi HedEiayt dB@eNsEathe direction -
on a part of " circunferential surface on inner wail. of the space, a gas

i ntroducin ;ggg‘gggned on the bottomof the truncated conical space, and
aswirlinggas-1iquid outlet arranged in the upper portion of the

truncated conjgal $PRERYr1ing thpl hitld dulh iy RiedE Oy s gener ating
system 6 ~ conprising a container

main unit having. a space of boif|l e- 1 KL ISHRRE: wRe PEEASHI Bak FOXI g1hDkeEt
provi ded i © %’ﬁcgler}ﬁitg(? ohe OP H) %o t }<a o ¢
is arranged immediately before the swirling gas-liquid

outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view of a swirling type micro-bubble
generating system of an embodiment according to the present
invention;

Fig. 2 is a plan view of the above;

Fig. 3 is a longitudinal sectional view at the center
along the line B - B in Fig. 2;

Fig. 4 is a lateral sectional view of a lower flow base
along the line A - A in Fig. 1;

Fig. 5 is.a drawing to explain triple swirling flows on
a cross-section of inner space of a covered cylinder along
the line X - X;

Fig. 6 is a drawing to explain swirling ascending flow
and descending flow and a gas vortex flow in the above
embodiment along the line Y - Y;

Fig. 7 is a drawing to explain generation of micro-
bubbles in the gas vortex flow;

Fig. 8 is a drawing to explain a micro-bubble



di.rection on a part of circunferential surface on inner wall -of the space,-
a gas introduci ng hole opened on the bottomof the bottle-like space, and
a swirling gas-liquid outlet arranged at the top of the bottle-like space;
(4) a swrling type mcro-bubble generating system according to one of
(1) to (3) above, wherein a plurality o§ pressure liquid inlets are
provided with spacings in tangential direction on a part of

circunferenti al surface havi ng the sane radius of curvature on inner wall.
of the space; a swirling type mcro-bubble generating system
accor di ng ?%"%ﬁ%thq(@3°?6“{§W hAaBYRY ﬁﬁé%eﬂﬂtalﬁﬂu¢APFh§ieﬁ PPEESSUHe
liquid inlets are PFOVIded W th spacings in tangential direction on a part
of circunf@refittet!stefhier onwalehg different radii of curvature on inner
wal | of the Face (6) a swirling type mcro-bubble generating
system accordfh@-t® bhieacHrp®)ngotp5Expbave, thremécmorhabplessure i quid
inlet is provided on a part of circunferential surface of inner wall near
t he bottonddRekdkl rpdeechanism gy aafifft| | agergpedischarpabpbet gefier ati ng
system according to one of (1) to (6) above, wherein the pressure |iquid
inlet is pfe%idd on a part of circunferential

Fig. 10 is a drawing to explain the micro-bubble
generating mechanism as seen on a side wall adjacent to the
first lateral discharge port of Fig. 8;

Fig. 11 is' a drawing to explain the micro-bubble
generating mechanism as seen on a second lateral discharge
port of Fig. 8;

Fig. 12 is to explain a system of another embodiment,
also serving to explain the principle of the present
invention;

Fig. 13 is to explain a system of another improved
embodiment of the present invention:

Fig. 14 is to explain a system of still another
embodiment of the present invention;

Fig. 15 is a graphic representation of the results,
showing diameter of each of the air bubbles and distribution
of air bhbble generation frequency, when a medium type
system according to the present invention was submerged into
water and micro-bubbles were generated using the air as the
gas; and

Fig. 16 is a drawing to explaih Lhe system of an



7 : surface-of inner wall type a point hal fway down of the space; and
(8) a swirlLing type mcro-bubble generating system according to one of
(1) to (7) above, wherein a baffle plate is arranged i nrediately before

the swirling gas-liquid outlet. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figt 1is afront viewo$ a swirling type mcro-bubble
generating system of an enbodi nent according to the present invention;
Fig. 2 is a plan view of the above; Fig. 3 is a longitudinal sect i onal
view at the center along the line B- Bin Fig. 2 Fig. 4is a

| at eral sexmbeshidienti eaf ofhe pearent | by Palskon avlvmy thel fi hespalladi anFi g.

1; Fig. 5is adrawing to explain triple swirling flows on a

cross-sectd omalofr itande. space of a covered cylinder al ong

BEST MODE FOR CARRYING OUT THE INVENTION

As shown in the drawing to explain the principle of the
present invention in Fig. 12, a micro-bubble generating
system comprises a conical space 100 formed in a container
of the system, a pressure liquid inlet 500 provided in
tangentialidirection on a part of circumferential surface of
inner wall of the space, a gas introducing hole 80 arranged
at the center of a bottom 300 of the conical space, and a
swirling gas-liquid outlel 101 arranged near the top of the
conical space.

By Eurcibly sending the pressure liquid into the
conical space 100 through the pressure liquid inlet 500, a
swirling flow is formed within the conical space, and
negative pressure is generated along the axis of the conical
tube. By the negative pressgre thus generated, the gas is
sucked into the gas introducihg hole 80, and the gas passes
alohg the tube axis where the'pressure is at the lowest.

As a result, a narrow swirling gas cavity 60 is generated.
In the conical space 100, a swirling flow is formed
from the inlet (pressure liquid inlet) 500 toward the outlet
(swirling gas-liquid outlet). As the cross-sectional area

of the space 10 is gradually reduced Loward the swirling



the lineX - X Fig. 6 is a drawing to explain swrling ascending

: enbodi nent
along the line Y - Y, Fig. 7 is a drawing to explain generation of
m cro- bubbles in the gas vortex flow, Fig. 8is adrawing to

f.low and descending flow and a gas vortex flow in the above

expl ain a m cro-bubble

8

generating

10
nmechani sm having four lateral discharge ports on a central reflux outlet;
Fig. 9is adranwing to explain the nicro bubbl e generating mechani sm at a
first lateral discharge port of Fig. 8; Fig. 10 is a drawing to
expl ain thzasmclrcu*tmtrbl\tel9tgehQ31tat$ngh1al¢‘hah3r%‘1'n ¥l eethy ofnd ¥PHRCHAY

adj acent to the first |lateral discharge port of Fig. 8;

Fig.

11 is a

drawi ng t mexpai fit duned intecoedubiward gerereut gt nethahisreasedeeh onv-a

second | ateral discharge port of Fig. 8;
same time.

In association with the swirling, due to the differcnce

of speciflic gravity between the liquid and the gas,

centrifugal force is applied on the liguid and centripetal

force is applied on the gas at the same time. As a result,

the liquid portion and the gas portion become separable from

each other. The gas is turned to a narrow thread-like gas

swirling cavity 60 with its diameter gradually reduced

toward the outlet 101, and the gas is injected through the

outlet. At the same time as this injection, the swirling

is rapidly weakened by the surrounding statidnary liquid.

Thus, radical difference of swirling velocity occurs.

the occurrence of the swirling velocity difference,

the

thread-like gas cavity 60 is cut off in continuous and

stable manner. As a result, a large amount of micro-

By

bubbles, e.g. micro-bubbles with diameter of 10 - 20 um,

are generated near the -outlet 101 and are discharged.

According to another aspect of the invention, as shown

in Fig. 6 for example, in a covered cylinder 4 in shape of

an inverted circular cone (truncated circular cone)

with its

diameter gradually increased toward the Lop, there occur

triple swirling flows, i.e. a swirling ascending liquid flow

20 running up along peripheral portion 4a, a swirling



Fig. 12 is to explain a system of another enbodi nent, also serving to

explain the principle of the present invention; Fig. 13 is to explain
a system of another inproved enbodinent of the present invention;

Fig. 14 is to explain a systemof still another enbodi ment of the present

I nvention; Fig. 15 is a graphic reptesentation of the results,

showi ng di aneter of each of the air bubbles and distribution of air bubble
generation frequency, when a nmedi um type systen1according to the present

|nvent|on S su rge nto _.wat and i cro: bubb enerat.ed usin
Lheci o0 BRetRl G gl e 2 SIS, Aty i 4 e DL O T Y
an nbodi nent of the resent

i nvention WPEELAN g R S-iirdd g, cay ik @?’ tHIfEr negative pressiré in

the central portion. In the swirling cavity 23 under
negative pressure, self-sucking gas component 26 and
dissolving gas component 27 are accumulated, and a gas
vortex flow 24 is formed, which descends and swirls while
being extended and narrowed down. When this vortex flow is
discharged through the central reflux port 6 in the lower
portion, it undergoes resistance from the discharge passage.
Then, difference of swirling velocity occurs, and the gas
vortex flow itself is forcibly cut off and broken down, and
micro~-bubbles are éenerated.

Fig. 12 is a drawing to explain the principle of the
system of the present invention. Fig. 12 (a) is a side
view and Fig. 12 (b) is a sectional view alony the line A -
A in Fiq. 12 (a).

A micro-bubble generating system comprises a conical
space 100 formed in a container of the system of the present
invention, a pressure liquid inlet 500 provided in
tangential direction on a part of circumferential surface ef
inner wall of the space, a gas introducing hole 80 arranged
at the center of a bottom 300 of the conical space, and a
swirling gas—liéuid outlet 101 arranged near the top of the
conical space.

Normally, the main unit of the system of the present



BEST MODE"FOR CARRYI NG OQUT THE INVENTION--- - As-.shown in the-drawing.to . ..
explain the principle of the present invention in Fig. 12, a m cro-bubble
generating system conprises a conical space 100 forned in a container of
the system a pressure liquid inlet 500 provided in tangential direction
on a part of circunferential surface ofl2inner wall of the space, a gas

i ntroduci ng hole 80 arranged at the center of a bottom 300 of the conical
space, and a swirling gas-liquid outlet 101 arranged near the top of the
coni cal space. |,

_ Q% forci 5 sendi ng ﬁhe 8 gssyr e Iiguid into the
coni cal spiR¥e4BECEnt BuyRSth %?egg P EPGUFACPRI BEEEB6-a swirling f1ow
is forned mﬁthig the conical space, agd nqgative pgessure is,genenated
al ong the axi sTBELEhBLEohNRaFaSEahe. TNBYCITR MRGET | VRS pPasU PRI ENGE
generated, the gas is_ sucked into the gas introducin?_hole 80 tand t he gas
passes al bR FRetembbs akStAherd PRAepr EREWRLPE SPriAce| sRdsthe masg
result, a narromksmirling gas cavité'GO is gﬁne[atedu ... In the conical
space 100, WheERi iti hg $PohAisefoPHEALAr, BRML AB FRIERCEpPésBure YRGS d
inlet) 500 toward the outlet (swirling gas-liquid outlet). As the
cross--sectPBRal area of the space 10 is gradually reduced toward the
swirlin
g According to the present invention, water is normally
used as the liquid and the air is used as the gas. In
addition, the iiquid may include solvent such as toluene,
acetone, alcohdl, etc., fuel such as petroleum, gasoline,_
etc., foodstuff such as edible o0il, butter, ice cream, beer,
etc., drug preparation such as drug-containing beverage,
health care product such as bath liquid, environmental water
such as water of lake or marsh, or polluted water from
sewage purifier, etc. Further, the gas may include inert
gas such as hydrogen, argon, radon, etc., oxidizing agent
such as oxygen, ozone, etc., acidic gas such as carbon
dioxide, hydrogen chloride, sulfurous acid gas, nitrogen
oxide, hydrogen sulfide, etc., and alkaline gas such as
ammonia.
In Fig. 12, reference symbol Pa indicates pressure in
the swirling liquid flow inside the conical space, Pb
represents pressure in the swirling gas flow, Pc represents
pressure in the swirling gas flow near the gas inlet, Pd is

pressure in the swirling gas flow near the outlet, and Pe

represents pressure in the swirling liguid flow at the



10- ‘gas-Tiquid outlet 101, swirling flow vel oci-ty and-vel ocity - of -t he
flow directed toward the outlet are increased at the sane tine. In
association with the swirling, due to the difference of specific gravity
between the liquid and the gas, centrifugal force is applied on the liquid
and centripetal force is applied on thg gas at the same tine. As a result,
the liquid portion and the gas portion becone separable from each other.
The gas is turned to a narrow thread-Li ke gas swirling cavity 60 with its"
di anet er gradually reduced toward the outlet 101, and the gas is i nj ected
t hrough th@UtdGtlet. At the sane tine as this |nject|on t he smnrllng IS

G Tt er nce of |9 ARG (PASEEALS (FSTT DOLL heks ct ot SdrF i ng
velocity difference, the thread-1jke gas cayit 0..s t of
cont i nuous PARFSUEa e tARGSEE 12 gsddﬁﬁftﬂqn ‘%ngtﬁﬁﬁ ﬁ&;%}
bubbles. e G M CfRerr Pl S5 M LNg HETR" €L §endPaied kSt U“e inlet 500
toward the swirling gas-liquid outlet 101. Because cross-
sectional area is gradually reduced toward the outlet 101,
both the swirling flow velocity and the velocity of the flow
directed toward the outlet are increased at the same time.
In association with the swirling, due to the difference
of specific gravity between the liquid and the gas,
centrifugal force is applied on the liquid and centripetal
force is applied on the gas at the same time. As a result,
the liquid portion and the gas portion.become separable from
each other. The gas is turned to a narrow thread-like gas
swirling cavity 60, and the gas flow in thread-like shape
under negative pressure is continuously sent to the outlet
101.
Then, the gas is automatically sucked (self-sucked)
into the gas introducing hole 80. The gas is then cut off
and broken down and sent into the swirling flow with the
pressure Pc, i.e. it is turned to air bubbles, and is
incorporated in the swirling flow.
As a result, the narrow thread—iike gas swirling cavity

60 in the central portion and the liquid swirling flow

around Lhe cavity are injected through the outlet 101. At



are generated near the outlet 101 and are discharged. -  -Accerding-to
anot her aspect of the invention, as shown in Fig. 6 for exanple, in a
covered cylinder 4 in shape of an inverted circular cone (truncated
circular cone) with its dianmeter gradually increased toward the top, there

occur triple swirling flows, i.e. a sw4&ling ascending liquid flow 20
running up al ong peripheral portion 4a, a swirLing :
11 descending liquid flow 22 running down inside the peripheral portion

and a swirling cavity 23 under nggative pre surp,iq, th%lcentral ortion
In the swi MenGaR ity HE LREF Ve ﬁ%%,%@f-ﬂ%wﬁd%%9W
conponent 26 and dissolving gas caonponent 27 are accunul ated, and a gas
vortex floWeskened byndde rdR U 88h F&aiPramY "e i1 e "B8Pmg ext ended
and narrowed down. Wen this vortex flowis discharged through the
central reFPE%Cﬁ&r916ﬁ9¥QHﬁ$IH&Mﬁ”lﬁiﬁqﬁ(ﬁﬁ]qqlﬁﬂuﬂﬁéﬁﬁﬁy r eBP&EHABe Ofr om
t he di scharge passage. Then, difference of swirling velocity occurs, and
the gas this difference of swirling velocity, the thread-Iike gas

cavity 60 at the renter of the swirling flow is cut off in

continuous and stable manner. T'hen, a large amount of

micro~-bubbles, e.g. micro-bubbles of 10 - 20 um in diameter,

are generated near the outlet 101,

In this fiqure, the following correlation exists:
d./d, = 10 to 15;
L % 1.5 to 2.0 x d,

where d, is diameter of the swirling gas-liquid outlet 101,

d, is diameter of the bottom 300 of the conical space, d, is

diameter of the gas introducing hole 80, and [. stands for

the distance between the swirling gas-liquid outlet 101 and

the bottom 300 of the conical space. The range of

numerical values for each type of the system is as given

below:

d, d, d, L

Large-size
system

1.3 - 2.5cm| 22 - 35cm 2.6 - 3.5 mm| 38 70 cm

Medium-size

5.5 - 12.0 mm| 10 - 21 cm {1.3 - 2.5 mm 15 - 36 cm
system

-

2.0 -4.5mm|2.0 - 5.0 cm}{0.7 - 1.2 mm| 3.5

Small-size
system

i
b
o
o
9}
3

Mini-size |Not more than | .
system 1.5 mm 0.7 21.5 mm| 0.3 1.0 mm|1.2 - 3.0 ¢




vortex flow'itself is forcibly cut off and broken-down, ~and - ni-¢r0- bubbl es

are gener at ed. Fig. 12 is a drawing to explain the principle of the
system of the present invention. Fig. 12 (a) is a side viewand Fig. 12
(b) is a sectional viewalong the line A- Ain Fig. 12 (a). A

m cr o- bubbl e generating system conprisegsa conical space 100 fornmed in a
contai ner of the systemof the present invention, a pressure liquid inlet
500 provided in tangential direction on a part of circunferential. surface
of inner wall of the space, a gas introducing hol e 80 arranged at the
center of a botIBnFad® of @ HRSLBYNTEST %@ sPUEEeManfCh C¥AIPPLPngagRY™PI i d
outl et 101 arranged near the top of the, conical space. . Normally, the
main unit o KWKE%@@t%ﬁﬁ?ﬁ34WkprwEQQQHW1th head of water of 40 m is

12 invention is installed under the water surface. There are two
cases: theuzede wWHr éhehesgapd Ghile §ystem, a large amount of micro-

bubbles can be generated. A layer of micro-bubbles of
about 1 cm in thickness can be accumulated over the entire
water surface in a water Lank with volume of 5 m’. This
system can be applied for purification of water in a pond
with volume of 2000 m* or more.

In case of a small-size system, e.g. with a pump of
about 30 W and 20 liters/min., the system can be used in a
water tank with volume of about 1 to 30 m’.

When Lhe present invention is applied to seawater,
micro-bubbles can be very easily generated, and Lhe
conditions for application can be further extended.

Fig. 15 is a graphic representation of the results, i.e.
diameter of air bubbles and distribution of generation
frequency of air bubbles, when micro-bubbles were generaled
by installing a medium-size system as shown in Fig. 12 under
water surface and using the'éir as the gas. The results
when air suction quantity through the gas introducing hole
80 was adjusted are also shown. In this case, when suction
was set to 0 cm’/s, air bubbles of 10 - 20 um in diameter
were generated. This may be attributed to the fact that
the air dissolved in water was separated and was turned to

air bubbles. In this respect, the system accordiné to the



the systemis installed under the water surface-and the-case ~-where-it-is
irnstall ed outside and in contact with a water tank. According to the
present invention, water is normally wused as the liquid and the air is
used as the gas. In addition, the liquid may include sol vent such as

t ol uene, acetone, alcohol, etc., fuel 1guch as petrol eum gasoline, etc.,
foodstuff such as edible oil., butter, ice cream beer, etc., drug
preparation such as drug-containing beverage, health care product such as’

bath liquid, environmental water _such as ter of |ake or marsh, .or
pol | ut ed weEepeptoANVEBHRdQe Sari PiLEP, P&t H.S\Q%Flﬁ‘lst RedeaEta —é’égef:?a& 5151 ude
inert gas such as hydrogen, argon, radon, etc., oxidizing agent such as

oxygen, oz@aesodved 9a&i-di c gas such as carbon dioxide, hydrogen chloride,
sul furous acid gas, nitrogen oxide, hydrogen sulfide, etc., and a)kaline
gas such as ar“%\ﬁ*ﬂ' dhe syshap gegorting &b i & LSHBY P THIT Wht &3
pressure in the swirling liquid flow inside the conical space, Pb
represent s ipsgedded im the dnauidngagss PregFuree ligniesdm-g- pdure in
the swirling gas flow near the gas inlet, Pd is pressure in the swirling
gas flow neadegheressuae) disd spepliegh dader $hey sonddli sRase MG 1ing
liquid flow at: the

through the pressure liquid inlet 500 via the pressure

liquid introducing pipe 50 using storage pump, it is
possible to easily generate and supply micro-bubbles of 10 -
25 gm in diaméter in the liquid (e.g. water) by simply
connecting the gas introducing pipe (e.g. air pipe) from
outside to the gas introducing hole 80.

The above space may not always be in conical shape and
may be designed in cylindrical shape with its diameter
gradually increased (or gradually decreased). For example,
it may be designed in shape of a bottle as shown in Fig. 14.

The generating condition of the air bubbles can be
controlled by adjusting a valve (not shown) for gas flaw
rate control connected to the forward end of the gas
introducing hole 80, and geﬁération of optimal micro-bubbles
can be easily controlled as desired. Further, it 1is
possible to generate air bubbles having diameter of larger
than 10 - 20 um by such adjustment.

By the control of diameter of air bubbles tb be
generated, it is possible to generate micro-bubbles in size

“of several hundreds of um without extremely reducing the



13 ‘outlet. In the conical space 100, pressure liquid is- sent under
pressure in tangential direction through the liquid inlet 500. Then, a
swirling flowis generated fromthe inlet 500 toward the 'swirling
gas-liquid outlet 101. Because cross- sectional area is gradually
reduced toward the outlet 101, both thg swirling flow velocity and the
velocity of the flow directed toward the outlet are increased at the sane
tinme. In association with the swirling, due to the difference of )
specific gravity between the liquid and the %as, centrifugal force is
appl i ed onamABRE| §bi Bigne-bekblrpetrath A3PRETEE 8hpltPed SR #418- gas at the
sane tine. As a result, the Iiﬂuid portj.on d the asépqttion becone
separ abl e fromlNedéh eBPRE menfhshod 18 Figned dvo PLETEM SW tIE&l- 1 i ke gas
swrling cavity 60, and the gas flowin thread-li edsh?p% ugd%r negﬁtive
pressure i $"EEAAPKEBEsPYPeEnPl: 3nehaluers 1nFhelled al two different

points respectively, i.e. near the bottom 300 of the conical
space and at a point before the swirling gas-liquid outlet
101 (i.e. two or more pipes may be installed in Langential
direction with spacings bengen them on circumferential
surface of inner wall having different radius of curvature).
When the liquid is supplied by extensively increasing the
liquid introducing pressure from the pressure liquid inlet
500 on the left side to a value higher than the introducing
pressure through the pressure liquid inlet 500 on Lhe right
side. As a result, number of revolutions of the liquid on
the left side can be extensively increased, and air bubbles
can be generated.

By adjusting the pressure of the pressure water sent
through the pressure liquid inlets 500 and 500’, air bubbles
having any diameter can be generated. Reference numeral
200 represents a baffle plate, and this is helpful in
promoting generation and diffusion of micro-bubbles.

In the following, description will be given on a micro-
bubble generating system according to another embodiment of
the present invention.

Fig. 1 is a front view of a swirling type micro-bubble

generating system of an embodiment according to the present



Then, the gas is automatically sucked (self-sucked) into the gas

I ntroducing hole 80. The gas is then cut off and broken down and sent
into the swirling flowwith the pressure Pc, i.e. it is turned to air
bubbles, and is incorporated in the swirling flow As a result, the
narrow thread-like gas swirling cavity 160 in the central portion and the
liquid swrling flow around the cavity are injected through the outl et

101. At 14 the sanme time as
the injection, the swirling flowis rapidly . weakened by the surrounding
stationary wWatetionnfdy- 2 isadi eharyitiedt e dhs aRG¥e 4 n§ivel deilty @
occurs. Because of this difference of swirling velocity, the
t hr ead- | i kel ¢p@itudinalisscsbrng b e et e‘Fh%fC?ﬂ%‘*émﬁ’?“l"i"ﬁgt%?o@/\ﬂ‘g Bur of f
in continuous and stable mariner. Then, a | arge anpunt of

i cro- bubbl®sin g« ncr &subll d€ @ LAFerado gas4 M4 Hiethetlfera lowegre
generated near the outlet 101. In this figure, the foll ow ng
correl ati onfkow Jpase along the line A - A in Fig. 1; Fig. 5 is a

drawing to explain triple swirling flows on a cross-section
of inner space of a covered cylinder along the line X ~ X;
Figr 6 is a drawing to explain swirling ascending flow and
descending flow and a gas vortex flow in the above
embodiment along the line Y - ¥; Fig. 7 is a drawing to
explain generation of micro-bubbles in the gas vortex flow;
Fig. 8 is a drawing to explain a micro-bubble generating
mechanism having four lateral discharge ports on a central
reflux outlet; Fig. 9 is a drawing to explain the micro-
bubble generating mechanism at a first lateral discharge
port of Fig. 8; Fig. 10 is a drawing to explain the micro-
bubble generating mechanism as seen on a side wall adjacent
to the first lateral discharge port of Fig. 8; Fig. 11 is a
drawing to explain the micro-bubble generating mechanism as
seen on a second lateral discharge port of Fig. 8; Fig. 12
is to explain a system of another embodiment, also serving
to explain the principle of the present invention; Fig. 13
is to explain a system of another improved embodiment of the
present invention; Fig. 14 is to explain a system of still
another embodiment of the present invention; Fig. 15 is a

graphic representation of the results, showing diameter of



dlerr]/d[err]= 10 to 15; L 1.5to 2.0 x-d[err]---- where -

dierr] is dianeter of the swirling gas-liquid outlLet 101, dierr] is

di aneter of the bottom 300 of the conical space, d[err] is di anet er of
t he gas introducing hole 80, and |, stands for t he di stance between the
swirling gas-liquid outlet 101 and 1¢%e bottom 300 of the conical space.
The range of nuneri cal val ues for each type of the systemis as given
bel ow:. d, d[err] dierr] system °
1.3 -2.5cm 22 -35 cm I um 5-12.0
m 107 2% 04§ B Tipo143-20g. ‘é?ﬁ”é’%%éﬂfh SEnaiT. 868185 0. 14 s
mm 2.0 - 5.0 cmO0.7 - 2 mm3.5 - 10.0 cm , syste

M ni -si ze %ﬁﬁeFﬁﬁépﬁh%hﬁq“encéi hemn @, %Edlﬁ@ ﬁﬁ?e 15ysten Fceprdingstem

1. 5 mm 15 In case of a

nedlun}SIZet%?sﬁﬁm?eWBrl%&%mﬁ+%n %F%uﬂ%b%?zged into water and micro-

bubbles were generated using the air as the gas; and Fig. 16
is a drawing to explain the system of an embodiment of the
present invention when it is installed in a water tank.

In the fiqures, reference numeral 1 is a swirling type
micro-bubble generating system, 2 is a lower flow base, 3 is
a circular accommodation chamber, 4 is a covered cylinder, 5
is a liquid inlet, 6 is a central reflux port, 7 is a
lateral discharge port, 8 is a gas self-sucking pipe, 20 is
a swirling ascending liquid flow, 22 is a swirling
descending liquid flow, 23 is a swirling cavity under
negative pressure, 24 is a gas vortex flow, and 25 is a
cutoff sector.

Structurally, the swirling type micro-bubble generating
system 1 according to the present invention can be roughly
divided to the following unit structures: a liquid swirling
introducing structure where-iiquid flow is forcibly
introduced and swirled into the circular accommodation
chamber 3 of the lower flow base 2, a swirling ascending
liquid flow forming structure positioned above the circular
accommodation chamber 3 and formed in a peripheral portion
4a of a covered cylinder 4 designed in shape of an inverted

circular cone with its diameter gradually increased upward,



2 kKW 200“titers/mn., and with head of water of40 mis used: "By the use:
of this system a |large anount of mcro- bubbles can be generated. A

| ayer of m cro-bubbles of about | cmin thickness can be accunul at ed over
the entire water surface in a water tank with volume of 5 [err]. This
system can be applied for purification2of water in a pond wth vol une of
2000 nB or nore. In case of a small-size system e.g. wth a punp of
about 30 Wand 20 liters/mn., the systen1can be used in a water tank mﬁth

vol une of about 1 to 30 [err] resent: .invention is
to seawat er, SWikéiBIbdBBFERIdST l}éq\?\/\’r:kyr}é%’l If”rﬁ'eﬁ‘gr 5tt§él'0%§rf§ tpﬁro‘”cppl

conditions for application can be Lprther xteq tio 4d g. 1§i5%31
gr aphi ¢ reﬁﬂeéeﬁ?éﬁﬂ@ﬁ 8b iReidestihes Pert a OF Of aVrdbi61es and

di stribution of generation frequency of air .bubble 3 ul%bi es
wer e gener kubllepgeprgasirong td Kt di l?mﬁof@ré‘fskt"&n f’wslﬁ wﬁ‘g rﬁ‘dlyngf

under water surface and using the air as .th

The .
sucti on quyndery NEHRSGYR PHESFAL S ﬁpﬁaﬁﬁkﬂﬁb%ﬁgiéenédauagoégfdgié wgﬁé also

shown. In this case, when suction was set to %ia%ﬂ i.r buyhbles of 10
- 20 [err] memrdlfa!ﬂétlelandvvéﬁe@tgfémlecforcﬂﬁ of M M5t he

fact that the air dissolved in water was S%Parated and was tgfned to
i.e. a swirling ascending liquid flow 20 and a swirling

descending liquid flow 22, a unit for forming a gas vortex
flow 24, which contains a self—sudking gas 26 and an eluted
gas 27 in the swirling cavity 23 under negative pressure,
descending and swirling while being extended and narrowed
down, the gas vortex flow 24 undergoes resistance when
entering the central reflux port 6, difference of swirling
velocity occurs between the upper portion 24a and the lower
portion 24b of the vortex flow, the vortex flow 24 is
forcibly cut off and micro-bubbles are generated, and a
swirling injection structure where the generated micro-
bubbles are incorporated in the swirling descending liquid
flow and it is discharged out of the system through the
lateral discharge port 7 as a swirling injection flow.

At the upper center of the lerr flow base 2 designed
in cubic shape, the circular accommodation chamber 3 is
provided. On inner peripheral surface 3a of the circular
accommodation chamber 3, a liquid inlet 5 is opened toward
the inner peripheral surface 3a in tangential direction.

To a water pipe connection 5a mounted on outer intake sector



ai.r bubbles. In this respect, the systemaccording to~the ==~ -~ - -
16 present invention can also be used as a deaerator for the dissolved
gas. . When the systemaccording to the present invention is installed
in the liquid, and pressure liquid (e.g. water wunder pressure) is supplied
into the conical space 100 through thlpressure liquid inlet 500 via the
pressure liquid introducing pipe 50 using storage punp, it is possible to
easily generate and supply mcro-bubbles of 10 - 25 [err]min dianmeter in
the liquid (e.g. water) by sinply connecting the gas introducing pipe
(e.g. air pifpdhef rigvhetodt,siadevalet W Rfadtd ity sitIaff e eviBch has ghe
above space nmay not always be in conical shape and may be designed in
cylindricalpusipagd Wicrh watse i st let (jraadddd)l \ancher ebksewl ot gphdial vy
decreased). For exanple, it may be designed in shape of a bottle as
shown in Filg (mhy be mollreqybrertatidey aywhdiali omdsgridiee mi rajgibbdwstedn be

at the middle of the water pipe 10. Water flow is forcibly

introduced to the inner peripheral surface 3a of the

circular accommodation chamber 3 in tangential direction

counterclockwise, and a swirling introducing flow running in

the direction of an arrow D (counterclockwise) in the figure

is formed.

On an opened step of the circular accommodation chamber

3, a cylindrical portion 42 at the lower end of the cylinder

is engaged, and the covered cylinder 4 designed in inverted

circular cone with its diameter gradually increased upward

is erected. Reference numeral 41 is a flat upper cover of

the cylinder. Along the central axis (C - C) of the upper

cover 41, a gas suction pipe 8 is inserted and directed

downward, and the gas is automatically sucked into the

swirling cavity 23 under negative pressure formed at the

central portion 4c as to be described later.

As described above, the gas-liquid mixed flow

introduced and swirled in the direction of D into the

circular accommodation chamber 3 is sent into the covered

cylinder 4 while maintaining its swirling force, and the

flow ascends and swirls along inner peripheral portion 4a

and forms a swirling ascending liquid flow 20. The



controll ed by adjusting a valve (not shown) for ‘gas flow rate control
connected to the forward end of the gas introducing hole 80, and
generation of optinmal mcro-bubbles can be easily controlled as desired.
Further, it is possible to generate air bubbles having diameter of |arger
than 10 - 20 pm by such adj ustnent. 22 By the control of diameter of air
bubbles to be generated, it is possible to generate m cro-bubbles in size
of several hundreds of [err]mw thout extrenely redu0|ng the
17 amount of mcro-bubbles with dianeter of 10 - % . _LIn an
enbodi nent sehowhngnasFpegnding pigsddr ELPrqERES FﬁPPSdGBP J Be§é§h§6a3nd 50
are installed at two different points respectively, i ar the bottom
300 of thesooﬁacalOfsphsecahdndﬁfawbéhnﬂtﬁeﬂbﬁgefﬁé QﬁPﬂPﬁﬁgygas-liquid
outlet 101 (i.e. two or nore pipes nmay be installed in tangentlal
di recti on whthespadi ngsdbehidengirhdirdAyci PEGRAEASAL LRE SYUrd®d of i nner
wal | having different radius of curvature).

veloc1ty and it reaches upper end of the cylinder 4. Then,.

it flows back in the direction of an arrow 21 toward the
inner portion 4b from the peripheral portion 4a and begins
to descend while swirling, and the swirling descending
liquid flow 22 is formed. Next, by centrifugal and
centripetal forces of dual swirling flows, i.e. the swirling
ascending liquid flow 20 and the swirling descending liquid
flow 22, the swirling cavity 23 under negative pressure is
formed at the central portion 4c of the cylinder 4.

Because the swirling descending flow area is gradually
reduced along tLhe central axis (C - C) in shape of an
inverted circular cone of the cylinder 4, the swirling
velocity is increased, while internal pressure is reduced.
Therefore, the shape of the swirling cavity 23 at the
central portion 4c is extended and narrowed down. With the
extension of the éwirling ca;ity, internal pressure is more
and more reduced. Thus, from the swirling descending
liquid flow 22 moving around the cavity, the air contained
in the water flow is eluted.

On the other hand, iﬁto the swirling cavity 23 under
negative pressure, which descends while swirling, the air is

automatically sucked via the gas self-sucking pipe 8. The



Vhen thée ITquid is supplied by extensively-increasing the 1iguid. . .
I ntroduci ng pressure fromthe pressure liquid inlet 500" on the left S|de
to a value higher than the introducing pressure through the pressure
liquid inlet 500 on Lhe right side. As a result, nunber of revolutions of
the liquid on the left side can be ext?nsively increased, and air bubbles
can be generated. By adjusting the pressure of the pressure water sent
t hrough the pressure liquid inlets 500 and 500', air bubbles having any

di ameter can be generated. Reference nujeral 200 represents a baffle

plate, and IS FUCHANPraRs i e POnbhT iy Yetrdrd T o’ ant™ e 1 LEPBntloe

m cr o- bubbl es. In the follow n descrlptlon wll| be given on a mcro-
bubbl e genef‘rvaﬂh’g‘%yfslt%fa%%o?%?‘ﬂf@” 2t e ot et e gy hine %?V‘\rﬁeéf)resent
i nventi on. Fig. 1is afront viewof a swirling type n1cro bubbl e

generatlng unde B ri A2 kY 2 iERIT IR . RRDrali FRS t TR Hex pf 3% n¢4 is formed,

which swirls and descends while being extended and narrowed
down.

Micro-bubbles cannot be generated only by the formation
of the gas vortex flow 24, which swirls and descends alongl
the central axis (C - C). In the micro-bubble generat:ng
system 1 according to the present invention, as shown in Fig.
7, during the process where the flow is discharged through
the central reflux port 6 with respect to the gas vortex
flow 4, the flow undergoes the resistance in the discharge
passage, and difference in swirling velocity is generated
between the upper portion 24a and the lower portion 24b of
the gas vortex flow 24. The gas vortex flow 24 is forcibly
twisted and cut off, and micro-bubbles are generated.

The smaller the diameter of Lhe cross-section of the
gas vortex flow 24 is, the more favorable condition is
obtained for generation of micro-bubbles. The diameter of
thé cross-section can be easily controlled by adjusting the
self—sucking amount of the air from the gas self-sucking
pipe 8 by the flow control valve 12 (Fig. 15). The more
the self-sucking amount of the air is, the more the diameter
of the cross-section of the gas vortex flow is increased.

When the amount of self-sucking reaches zero, the diameter



invention; Fig. 2is a plan view of the ‘above; ~Fi'g. 3s a ~tongitudinal --
sectional. view at the center along the line B- Bin Fig. 2; Fig. 4is a
| ateral sectional view of a lower flow base along the line A- Ain Fig.

|.; Fig. 5is a drawing to explain triple swirling flows on a
cross-section of inner space of a cov@éed cylinder along the line X - X
Fig. 6 is a drawing to explain swrling ascending flow and descending flow
and a gas vortex flowin the above enbodinment along the line Y - Y; Fig. 7

is a draw to explain generaiion of mcro-bubbles in the gas yortex
flow, Fi gﬂg“g“?s‘s %%r’%ﬁvﬁ afo"%x‘fﬁ’ ai n "R (%?'8— Ubb e é’gntet St r?zlty_rrechani sm
having four_Ilateral discharge ports on a centtr reflux outlet; Fig. 9
is a draw mPTY AN it h%g’ﬁ‘i"crtbr-’e FiBoy & e ef!a?‘f ngI n{a%hgﬂf%‘ﬁf’a?néyfi rst

| at eral di scharge ort of Fi . Fig. 10.is.a drawing,to explain the

ni cr o- bufﬁ)‘f e“g“erf'ef‘étt‘f%gg"h%cﬁéngg‘?ﬂ'a%ﬁ%e%%’ '6%'51 s‘?%‘cécwg"lhr“%d?(g@%h to the
first lateral discharge rt of Fi.g. . 8 Fig. 11 i drawi ng .to_expl ain
the mcro- & gene &tgﬁﬁ Hﬂéﬁéﬁggﬁfgg Ogegﬁ%dHiﬁgsgééﬁﬁ'l Gy

di scharge port of Fi(gF 8; Fil(]g. 12_ is tolex(?I ain a system _o{ anot her

enbodi nent , CHR R 1AFY 2PIRK pPL ML IFRLTTS rPf YT 0f SRR Pt eS2RE Must
invention; Fig. 13 is to explajn a systemof another inproved enbodi nent

of the pre%ee%’(a'f%e‘?ﬂitb‘?‘ﬁ gy ¢ ?‘brgap?%‘i’rf"é' system of still

As described above, the micro-bubble generat.ing
mechanism in the system according to the present invention
comprises a first brocess where the swirling descending gas
vortex flow 24 is formed in the covered cylinder 4 and a
second process where swirling velocity difference occurs
between the upper portion 24a and the lower portion 24b of
the gas vortex flow 24, which swirls and descends while
being extended and narrowed down, the flow undergoes
resistance in the discharge passage, and micro-bubbles are
generated when the gas vortex flow is forcibly twisted and
cut off.

In the present system 1, a central reflux port 6 is
tormed, vertically along the central axis (C - C) of the
bottom 3b of the circular accommodation chamber 3, as a
discharge passage to discharge the swirling descending
liquid flow 22, which swirls and descends in the cylinder 4.
Further, four lateral discharge ports 7 are formed in radial
direction toward four lateral sides of the lower flow base 2

from the central reflux port 6.



anot heer~embodi mrent of the present invention; Fig: 15 is a  graphic
representation of the results, show ng di aneter of
19 each of Lhe air bubbles and distribution of air bubble generation
frequency, when a nmediumtype systemaccording to the present invention
was subnerged into water and mcro- bgbbles were generated using the air
as the gas; and Fig. 16 is a drawing to explain the system of an
enbodi nent of the present invention when it is installed in a water tank.’
In the figures, reference nuneral 1 is a smﬁrlin% type .m cro-bubble
generating sysMémro2bubbiekowse PEORIBASE wheps the SWidide &% modati on
chanber, 4 is a covered cylinder, 5 is aliquidinlet, 6 is a centra
reflux portiesZending pasevartaksEhargddpsst twastedaagss cud) LAducki M€ pi pe,
20 is a swirling ascending liquid flow, 22 is a swirling descendinq
liquid fl owic28 bsbhlewi akengheavpigchageerd RE§alitvEPFr s¥sted throug
vortex flow, and 25 is a cutoff sector.

four lateral discharge ports 7 via the central reflux port 6

A gas

together with the swirling descending liquid flow 22. When
discharged, the water flow is sent out as a discharge
injection flow 28 while maintaining its swirling force.

There may be only one lateral discharge port 7 instead
of a plurality of discharge ports. Or, the lateral
discharge port 7 may not be provided, and the central reflux
port 6 may be narrowed down, and the micro-bubbles, which
are generated by cutting and twisting of the swirling
descending gas vortex flow 24 and the swirling descending
liquid flow 22, may be discharged directly from Lhe central
reflux port. By the latter method, micro-bubbles can also
be generated.

Referring to Figs. 8 to 11, description will be given
now on micro-bubble generating mechanism when the central
reflux port 6 is provided with four lateral discharge ports
71, 72, 73 and 74.

The gés voftex flow 24 swirls and descends in the
central portion 4c of the covered cylinder 4. The vortex
flow 24 is sent toward the four lateral discharge ports 71,
72, 73 and 74 through the central reflux port 6 together

with the swirling descending liquid flow 22 in the direction



Structurally, the swirling type m cro-bubble generating- system 1l accordi ng
to the present invention can be roughly divided to the follow ng unit
structures: a liquid swirling introducing structure where liquid flowis
forcibly introduced and swirled into the circular acconmodati on chanber 3
of the lower flow base 2, a swirling asgending liquid flow form ng
structure positioned above the circular accommodati on chanber 3 and forned
in a peripheral portion 4a of a covered cylinder 4 designed in shape of an
i nverted ci cular cone W dils g)larretertgradggl ytlncrw éﬁé &pmard

20  d swi?tikie RERRY o hg | l&”u. P& 8

f1OWf 0 ructure prOV|J%d on a

portion 4b 1ns ?fs%ﬂe pﬁé;ﬁ??[ﬁg ort¥0p34§ E;rﬂlcigto nghgcggpsratlng

structure, ‘é% avl under negati ve pressure fo

in the central portion 4c by centri.fugal ntripetal forc of dua
swirling flBRE" 9111 013\ “&%rnd’ngstclé)ﬁ‘d%%) I %qﬁ:ﬁlc? fqéo F o telsstvl rling

descendi ng “3“'goé'soweb.?-éf_aangg'&hégué%gﬂ D9n? 933 YRE'SXiriing

velocity is decreased. Then, difference in swirling
Qelocity occurs between the lower portion 24b and the upper
portion 24a of the gas vortex flow. The vortex flow is
twisted and cut off, and micro-bubbles are generated.
Reference numeral 25 indicates a sector where the vortex
flow is cut off.

Fig. 10 shows the condition where the gas vortex rlow
24 undergoes resistance as it collides with an adjacent
reflux port side wall 6a while the vortex flow is advancing
toward a second lateral discharge port 72. Wheﬁ collided
with the side wall 6a, the lower portion 24b of the vortex
flow changes its swirling velocity, and micro-bubbles are
generated at the cutting sector 25.

Fig. 11 shows the condition where the gas vortex flow
24 is discharged into the second discharge port 72. With a
swirling velocity different from that of Fig. 10, the
cutting sector 25 occurs, and micro-bubbles are generated.

As described above, while the vortex flow is revolved
_by one turn, it is discharged into each of the four lateral
discharge ports 71, 72, 73, and 74 and repeatedly and

alternately collided with adjacent side wall 6a. Each time,



fl.ow 24, which contains a self-sucking gas 26 and-an etuted -gas-27 in the-
swirling cavity 23 under negative pressure, descending and swirling while
bei ng extended and narrowed down, the gas vortex flow 24 undergoes

resi stance when entering the central reflux port 6, difference of swirling
vel ocity occurs between the upper portppn 24a and the | ower portion 24b of
the vortex flow, the vortex flow 24 is forcibly cut off and m cro-bubbl es
are generated, and a swirling injection structure where the generated

m cro- bubbles are incorporated in the swirling descen 'ng liquid flow
and it is dvéchangededuriby fRELSYENEm PRFYEGhPERYSPat8FalPdi®char ge port
7 as a swirling injection flow. At the upper center of the.lower flow
base 2 desbgnbdoni Adeubnd shapdoweRePeIrtdNal *8c OdnibatCst Shdthér 3 is
provided. On inner peripheral surface 3a of the circular acco dation
chanmber 3, Thukiqtihg valk&exsflewopenedtt &fdr dndt Re 12196 3POMVYh&tal surface

3a in tangential direction. To a water pipe connection 5a nounted on outer
i nt ake secmdcro-bubbles are generated. 21

The number of the lateral discharge ports 7 is related
to the number of swirling of the swirling flow 22 and the
gas vortex flow 24.and the number of cutting sectors 25.

In order to increase the number of swirling, it is necessary
to induce the swirling of the liquid ih early stage using
high pressure pump. The more the number of the swirling is
increased, the smaller the cutting sector (area) 25 becomes.
As a result, elution of the gas due to negative pressure is
promoted, and a larger amount of smaller micro-bubbles can
be generated. When the number of the lateral discharge
ports 7 is increased, the number of micro-bubbles is
increased. The results of the experiment reveal that, if
the number of revolutions is at constant level; the number
of optimal discharge ports is related to the amount of the
introduced liquid. Under the condition where a pump of 40
liters/min. and with head of water of about 15 m is used,
the opﬁlmal number of discharge ports is four. |

At the outlet 7a of the lateral discharge port 7 in the
lower flow base 2, a connection pipe 9 for discharge is
connected. Because discharge direction is deflected at an

angle of 45" in the direction of the arrow D in association



of: the inlet 5 a water pipe 10 is connected, which has-a -punp-11-for
wat er supply (Fig. 12) and a flow control valve 12 (may be nbunted outside
and not underwater) are nounted at the mddle of the water pipe 10. Water
flowis forcibly introduced to the inner peripheral surface 3a of the
circul ar accommobdati on chanber 3 in tapgential direction counterclockw se,
and a swirling introducing flowrunning in the direction of an arrow. D
(counterclockwise) in the figure is forned. On an opened step of the’
circul ar acconmodation chanmber 3, a cylindrical portion 42 at the |ower
end of thewiybh fder diirecarigaged, fana thhe covier BTyl Harteln 4t Rfestjfreerd n
inverted circular cone with its dianeter gradually increased upward is
erect ed. Refydrigveg funstiglecsi ons of ftihet appsyt Roverhet theeswifiimer. Al ong
the central axis (C - C of the upper cover 41, a gas suction pipe 8 is
i nserted ardpdi mectred brdipdrnvarche rarkd nches yptsen sl v o irzd4snisucked into
the swirling cavity 23 under negative pressure forned at the central
portion 4c iaverd ilpm desdmisted legt din. a watews tveribed abovkd) 4 e
gas-liquid mxed flow introduced and swirled in the direction of Dinto
the circulcrcadedmmaddtlioon retmaxitvar i3 itheahitregition el ddweraigrow D is

formed around the swirling type generating system 1 as it is

discharged as a swirling injection flow from the discharge

connection pipe 9 into the water tank 13. As a result,

micro-bubbles containing oxygen are evenly distributed in

the water tank 13.

In the micro-bubble generating system 1 according to

the present invention as described above, water flow

containing micro-bubbles with diameter of 10 - 20 gm in an

amount of more than 90% can be discharged through the

discharge port.

When the system is installed in the water tank 13, it

is preferable that a weighty material is used as the lower

flow base 2. In case it is made of plastics, a heavy

stainless steel plate may be attached on the bottom. IE

the covered cylinder 4 is made of a transparent material, it

is advantageous in that the formation of the swirling

ascending liquid flow and the swirling descending liquid

flow inside can be directly observed.

The system of Lhe present invention may be made of the

materials such as plastics, metal, glass, etc., and it is



cylinder 4-while maintaining its swirling force,-and - the flow-ascends and -
swrls along inner peripheral portion 4a and fornms a swirling ascending
liquid flow 20. The 22 swirling
ascending liquid flow runs along inner peripheral surface of the cylinder
with its diameter gradually increasedggand while gradually increasing the

swrling velocity and it reaches upper end of the cylinder 4. Then, it
flows back in the direction of an arrow 21 toward the inner portion 4b
fromthe peripheral portion 4d and begi ns lgfo descend whi rlin and
the swirli mFefes@dnid dd'aq itdif FIRRLY o?%asysmtar‘by"&e‘n‘??‘?'?%ﬁal
and centripetal forces of dual swirlin flows i.e. the swirling

ascendi ng Gt ey Ky IengHd @ h S Y I?‘%@f‘%‘é’c‘é’h’dﬁﬁbﬂ iquid flow 22, the

swirling cavity 23 under negative pressure is fornmed at the central
portion 4c of the cylinder 4. Because the swirling descending flow

area is gradually reduced al o &Jtr[t][‘el[gfnl'gtr,[z}hg&%lsl ,[Cr- C) in shape of an

By the swirling type micro-bubble generating system of
the present invention, it is possible to readily generate
micro-bubbles in industrial scale. Because the system is
relatively small in size and has simple construction, it is
easier to manufacture, and the syétem will contribute to
purification of water in ponds, lakes, marshes, man-made
lakes, rivers, etc., processing of polluted water using
microorganisms, and culture of fishes and other aquatic
animals.

Micro-bubbles generated by the system according Lo the

_ present invention can be used in the following applications:

(1) Purification of water quality in man-made lakes,
natural lakes, ponds, rivers, sea, etc. and
preservation of natural environment through growth of
animals and microorganisms.

(2) Purification of man-made and natural waters such as
biotope and promotion of growth of fireflies, water
weeds, etc.

{(3) Industrial applications
- Diffusion of high temperature in steel manufacture.

- Promotion of acid ecleaning of stainless steel plate



inverted circular cone of the cylinder 4, the swiriing-velocity is :
i'ncreased, while internal pressure is reduced. Therefore, the shape of the
swrling cavity 23 at the <central portion 4c is extended and narrowed
dowmn. Wth the extension of the swirling cavity, internal pressure is
nore and nore reduced. Thus, fromthesgw rling descending liquid flow 22
novi ng around the cavity, the air contained in the water flow is eluted.
On the other hand, into the swirling cavity 23 under negative pressure,

whi ch descends while swirling, the air is automatically sucked via the gas
sel f-sucki ng pi pe 8.2ndrig res. | 23

sel f-sucking gas 26 and the eluted gas 27 comng fromthe swrling flow
are accumul ated in RO Ir QTP EEIHS PPSUATHSTS nidydtl Ve e weternd a
gas vortex flow 24 is fornmed, A which swirls and descends while being

ext ended and nar r ow@RnufgEuring gk ABubbl es cannot be generated only by

the formation
-  Removal of organic substances in polluted water by

micro-bubble formation of ozone, increase of

dissolved oxygen, sterilization, manufacturc of

synthetic resin foam such as urethane foam product.
- Processing of various.types of waste water and

liquid.

Sterilization by ethylene oxide, promotion of
mixing of ethylene oxide with water in sterilizer.

- Emulsification of defoaming agent.

Aeration of poliufed water in activated siudge
treatment method.
{(4) Agricultural applications
- Increase of oxygen and dissolved oxygen to be used
in hydroponic culture, and lmprovement of
production yield.
{5} Fisheries
- Culture of eel
- Maintenance of life in cuttlefish tank
- Culture of yellowtail
- Artificial development of seeweeds
- Promotion of growth of fishes

- Prevention of red tide



of “the gas-vortex flow 24, which swirls and descends -atong - the central
axis (C- ©. In Lhe mcro-bubble generating system| according to the
present invention, as shown in Fig. 7, during the process where the flow
is discharged through the central reflux port 6 with respect to the gas
vortex flow 4, the flow undergoes thesnesistance in the discharge
passage, and difference in swirling velocity is generated between the
upper portion 24a and the | ower portion 24b of the gas vortex flow 24.
The gas vortex flow 24 is forcibly twi sted and cut off, and m cro-bubbles
are generat(d. Medicpe 2Rl it YHE® di aneter of the cross-section of the
gas vortex flow 24 is, the nore favorable c0nd{ti nis opga%mggdfor
generation of ni%s®-ofibbleso-buplles ahat RYTE PathHEC PERTCSE P BR%can be
easily controlled by adjusting the self-sucking appunt o E e air fromthe
gas self-sucki ngeipipbagioy apd £ o tBke B oL vatked ﬁﬁié?' 5). The nore
the sel f-sucking amount of the air is, the nore the dianmeter of the
cross-section of the gas vortex flowis increased. Wen the anount of

sel f-sucki ng reaches zero, the dianeter



24 "takes the miniml value. Wen the anount. -of the-self--—~sucking gas--
I.s zero, the gas vortex flow 24 is forned only by the eluted-gas—27- from

the swirling descending liquid flow 22. In the purifica
water, which contains |ess anmbunt of dissolved oxygen, !ﬁﬂﬂm,, ”
be taken on the ability of purificatioB2 As descri bed above, *
m cr o- bubbl e generating nmechanismin the systemaccording to the present
i nvention conprises a first: process where the swirling descendi ng gas
vortex flow 24 is formed in the covered C%Jinder 4 and a second process
where swirling velocity differenc&¥dcdts T S'he upper portion 24a
and the lower portion 24b of the gas‘vortexBLtom/24, which_swirls and
descends whi | el-beithgsweid bR d: ¥R TG FAWRPRILGNISTRE2 F1 3% BXAERToes
resistance in the_ discharge passage, and, m cro-bubbles are, ener at ed when
the gas vOFPBRT{FHNLI & FOPEAMNGTt RREPelPAhdha¥ENIoff CONICAL FPARE plesent
system1l, a central reflux _ port 6 is,  forned, vertical/l ,alqu the centra
axis (C - pyesfurfeligpitloin3stoPreRider, 0 5ANEBSATIEIFETIRINDE 23, as
a discharge passage to discharge the smﬁrling_descendipg ,

part of circumferential surface on inner wall of said space,

a gas introducing hole opened on the bottom of said conical

space, and a swirling gas-liquid outlet arranged at the top

of said conical space.

2. A swirling type micro-bubble generating system,
comprising a container main unit having a truncated conical
space, a pressure liquid inlet provided in ﬁanqential
direction on a part of circumferential surface on inner
wall of said space, a gas introducing hole opened on the
bottom of said truncated conical space, and a swirling gas-
liquid outlet arranged in the upper portion of said
truncated conical space.

3. A swirling type micro-bubble generating system,
comprising a container main unit having a space of bottle-
like shape, a pressure liquid inlet provided in tangential
direction on a part of circumferential surface on inner wall
of said space, a gas introducing hole opened on the bottom
of said bottle-like space, and a swirling gas-liquid outlet
arranged at the top of said bottle-like space.

4. A swirling type micro-bubble generating system

according to one of claims 1 to 3, wherein a plurality of



‘liqutd-flow 22, which swirls and descends in the cylinder—4~"Fart-her-

l'ateral discharge ports 7 are forned in radial direction

lateral sides of the |ower flow base 2 fromthe central Jﬂ“’g”ﬂ“ﬂﬂ"ﬂl""!’
25 M cro- bubbl es are generated when the swirling and descendi g gas
vortex flow 24 is twisted and cut off.33The mcro bubbles are then '
di scharged out of the systemthrough four |ateral discharge ports 7 via
the central reflux port 6 together with the swirling descending |iquid
flow 22. When discharged, the water flow is sent out as a discharge

i nj ecti on BIWPPE vihi 4ei dral Mt al fi M52 i PEO¥IRPH i ¥t oFRREINGS iffhere may be
only one lateral discharge port 7 instead of a plurality of discharge
ports. O, tangentgal AirgFsPareR HPILY dhyC hbtupke ppovidbdsuahdcene
central reflux port 6 may be narrowed down, and the mnicro-bubbles, which
are gener 1B A t53%e ararivF s2f nglbYabRee sof riPRET Wabtendli #yidas

vortex flow 24 and the swirling descending
space, .

5. A swirling type micro-bubble generating system
according to one of claim 1 to 4, wherein a plurality of
pressure liquid inlets are provided with spacings in
tangential directlion on a part of circumferentijial surface
having different radii of curvature on inner wall of said
space.

6. A swirling type micro-bubble generating system
according to one of claims 1 to S5, wherein said pressure
liquid inlet is provided on a part of circumferential
surface of inner wall near the bottom of said space.

7. A swirling Lype micro-bubble generating system
according to one of claims i to 6, wherein said pressure
liquid inlet is provided on a part ol circumferential
surface of inner wall near a point halfway down of said
space.

8. ' A swirling Lype micro-bubble generating system
according to one of claims 1 to 7, wherein a baffle plate is

arranged immediately before the swirling gas-liquid outlet.



thuid'ffom122, may be discharged directly from the central-.. ~—refl ux- port.
By the latter nethod, m cro-bubbles can also be generated. Referring
to Figs. 8 to 11, description will be given now on m cro-bubble generating.
mechani sm when the central reflux port 6 is provided with four |ateral
di scharge ports 71, 72, 73 and 74. 34 The gas vortex flow 24 swirls and
descends in the central portion 4c of. the covered cylinder 4. The vortex
flow 24 is sent toward the four | at aBSTRAICIcharge ports 71, 72, 73 and 74’
through the central reflux port 6 together wth the swirling descending
liquid flow 22 i nSWARLANGeTYPENMICRO-BUBBLE GENERATING SYSTEM 26
of the arrow D. Fig. 9 shows the condition where the vortex flowis
di scharged intoThef svirlingetwpednscharbebbper gefierating Isywaremportion 24b
of the gas vortex flow undergoes resistance when it is sent and the
swirling \eteerdingstelechegseesenThbmyenitidereompriseswar kongainer
main unit having a conical space or a bottle-like space, a
liquid inlet provided in tangential direction on a part of
circumterential surface of inner wall of said space, a gas
introducing hole provided on the bottom of said space, and a
swirling gas-liquid outlet arranged at the top of said space.
According to this system, it is possible to readily generate
micro-bubbles in industrial scale, and the system is
relatively small in size and has simple structure and can be
easily manufactured. The system can be used in the
applications such as purification of water quality in ponds,
lakes, marshes, man-made lakes, rivers, etc., for processing
of polluted water using microorganisms, culture of fishes
and other aquatic animals, and increase of oxygen and

dissolved oxygen in culture solution in hydroponic culture

farm and improvement of production yield.

Figure 1



. velocity occurs between the |ower portion 24b and the upper portion 24a of
the gas vortex flow. The vortex fl owis twsted and cut off, and mcro
"bubbl es are generated. Reference nuneral. 25 indicates a sector where the

vortex flowis cut off. Fig. 10 shows the condition where the gas
vortex flow 24 undergoes resistancejagpit collides with an adjacent
reflux port side wall. 6a while the vortex flowis advancing toward a

second | ateral dischargGpott 72. When collided wth the side wall 6a,
the | ower portion 24b of the vortex flow changes its swirling velocity,
and m cro-bubbles are generated at the cutting sector 25. Fig. 11
shows the condition where the gas vortex flow 24 is discharged. into the . . .
second di scharge port 72. Wth a swifling velocity different fromthat of
Fig. 10, the cutting sector 25 ogcurs:-and m cro- bupbl es are generat ed.

As descri bed above, while the vortgx fikjow i revol yed by one turn, it is
di scharged into each of the four I-te&? di schgt/ge ports 71, 72, 73, and

74 and repeatedly an alternatel*-e_ "mjt adj acent side wall 6a.
Each tine, ' 1
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27 "swirling velocity difference occurs between the upper portion 24a
and the | ower portion 24b of the vortex flow. Thus, the vortex flow is cut
off and a | arge amount of micro-bubbles are generated. - The nunber of
the |l ateral discharge ports 7 is related to the nunber of swirling of the
swrling flow 22 and the gas vortex klfay 24 and the nunber of cutting
sectors 25. In order to increase the nunber of swirling, it is necessary
to induce the swirlingFéG.tBe |liquid in early stage using high pressure
punp. The nore the nunber of the swirling is increased, the snmaller the
cutting sector (area) 25 beconmes. As a result, elution of the gas due to
negative pressure is pronoted, and a arger anmount of smaller

m cr o- bubbl es can be generated. Wenjythe nuriber of the | ateral "discharge
ports 7 is increased, the nunber off i ¢ro-bubbles izl’increased. The

results of the experinent reveal that,fif -8he nu of revolutions is at
constant |level, the nunber of optimal§gli scharge ports is related to the -
anount of the introduced |iquid. < conllition where a punp of 40
liters/nmin. and with head of watek] of ?bgu 1L5ug is used,
= : 3 ;25
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the optimal nunmber of discharge ports is four. At the outlet 7a of the
| ateral discharge port 7 in the |lower flow base 2, a connection pipe 9 for
di scharge is connected. Because discharge direction is deflected at an
angle of 45[err] in the direction of the arrow D in association
~28" with the direction Lo Formthe gwhypling flowin the covered
4 (direction of the arrow D), when the swirling type mcro-bubble
generating system1l of the present invention is installed in a water tank
13 (Fig. 15), a circulating flow running in the direction of the arrow D
is fornmed around the swirling type generating systeml| as it is
di scharged as a swirling injection flow fromthe di scharge connection pipe

9 into the water tank 13. As a result, mcro-bubbles containing oxygen
are evenly distributed in ghe vater tank 13. In the m cro-bubble
generating systen11 according to the present invention as described above,

wat er flow

cyl i nder
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cont al ning micro-bubbles with diameter of 10 - 20 [err]min an anount of
nore than 90% can be di scharged through the discharge port. When t he
systemis installed in the water tank 13, it- is preferable that a weighty
material is used as the lower flow base 2. In case it is made of plastics,
a heavy stainless steel plate may besdtipached on the bottom [If the

covered cylinder 4 is nade of a transparent material, it 1is advantageous
in that the formation of the swirling ascending liquid flow and the
swirling descending liquid flow inside can be directly observed. The

system of the present invention may be made of the materials such as
pl astics, netal, glass, etc., and it is

29 preferabl e that ghe cpnponents of the Sésten1are integrated together

by bondi ng, screw connection, etc. 2
APPLI CABI LI TY 21 8~
(

41 | NDUSTRI AL

%2 o
o

303

7

N
(3]

S
rasds

EASY:

-y
o2

ve

N
[o8
p |
zd
{3k

N X
6---4 Rt
L--%ﬁ: ______________
25
"FIG. 8;
24a 72
73 L
-~
! 6a g
\\\‘L\ ,/’ //
~ -~ \‘\\\ ( ’ D
\\\\\ < 25
= , - 6a
6
e 28
74 . 4 \\ - L
t =<
. // ’f T\\\‘
RV 24D '
< 71



By the swirling type micro-bubble generating systemof the present
invention, it is possible to readily generate mcro-bubbles in industrial
scal e. Because the systemis relatively small in size and has sinple
construction, it is easier to manufacture, and the systemw || contribute
to purification of water in ponds, |gkeg, narshes, nman-nmade | akes,
rivers, etc., processing of polluted water using -mcroorganisns, and
culture of fishes and other aquatic aninals. M cr o- bubbl es generat ed
by the system according to the present invention can be used in the
followi ng applications: (1) Purification of water quality in man-nmade

| akes, . natural FaKes? ponds, rivers, sea, etc. and

preservation of natural environnment through growth of ani mal s and
.m cr oor gani sns. (2) Purafyi ion of man-nmade and natural waters such as
bi ot ope and pronotion of grow hyof fireflies, water weeds, etc.

(3) Industrial applications
st eel manuf acture. -
pl ate

- Diffusion of high tenperature in
R q‘ytion of acid cleaning of stainless steel

FIG. 11




30 and wres. Renoval of organic substances in

ultra-pure water manuf acturing factory. Renoval of
organi ¢ substances in polluted water by m cro- bubbl e formati on of
ozone, increase of di ssol ved oxygen, sterilization, manufacture of
synthetic resin foam such as urethanegfggm product . Processi ng of
various types of waste water and l'iquid. Sterilization by
et hyl ene oxide, promotion of m xi ng of ethylene oxide with water
in sterilizer. Enul sification of defoam ng agent.

Aeration of polluted water in activated sl udge treat nent net hod.
(4) Agricultural applications ' I ncrease of oxygen and di ssol ved
oxygen to be used FLiGy hydroponic culture, and inprovenment of

production yield. (5) Fisheries

a
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- Cul ture of eel - Miintenance of life in cuttlefish tank
Cul ture of yellow ail - Artificial devel opnent of seeweeds

Pronmotion of growh of fishes Prevention of red tide
31 (6) Medical applications Use of m cro-bubbles in hot bath to

pronote bl ood circulation ang §{§ maintain hot water in bath
32 (S CLAI MED | S: 1. Aswrling type

m cr o- bubbl e generating systen]
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conprising a container main unit having a conical space, a pressure |iquid
i.nlet provided in tangential direction on a part of circunferential
surface on inner wall of said space, a gas introducing hole opened on the
bottom of said conical space, and a swirling gas-liquid outlet arranged at
the top of said conical space.gsjg 2. Aswirling type mcro-bubble
generating system conprising a container main unit having a truncated
conical. space, a pressure liquid inlet provided in tangential direction
on a part of circunferential surface on inner wall of said space, a gas
introducingEque1gpened on the bottom of said truncated conical space, and

a swirling gas- liquid outlet arranged in the upper portion of said
truncated coni cal space. 3. Aswrling type mcro-bubble generating
system conprising a container main unit having a space of bottle- |Iike
shape, a pressure liquid inlet prqovided in tangential direction on a part
of circunferential surface on inn@ wall of said space, a gas introducing
hol e opened on the bottom of said bottle-|ike space, and a swirling
gas-liquid outlet arranged at the top of RHfIFPEt¥2TERke space. 4. A
swirling type mcro-bubble generating system accqéging to one of clains 1
to 3, wherein a plurality of A=
CEN‘l’RlI-‘UGALIP(a 1;500
FORCE___¢ :
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N

33 ‘pressure liquid inlets are provided with spacings in tangential
direction on a part of circunferential surface having the sane radius of
curvature on inner wall of said space. 5. Aswrling type

m cr o- bubbl e generating system according to one of claiml1 to 4, wherein a
plurality of pressure liquid igfl@s are provided wth spacings in
tangential direction on a part of circunferential surface having different

radii of curyatureson inner wall of said space. 6. Aswirling type
m cr o- bubbl € generating system according to one of clains 1 to 5, wherein.
said pressure liquid inlet is provided on a part of circunferetial

surface of inner wall near the bottom of said space. 7. Aswrling

type m cro-bubbl e generating system according to one of clains 1 to 6,
wherein said pressuré bi quid inlet is provided on a part of
circunferenti al T o -

— e
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-surf.ate of inner wall near a point halfway down of said space. 8. A
swirling type mcro-bubble generating system according to one of claims 1
‘to 7, wherein a baffle plate is ‘arranged i mediately before the swirling
gas-l iquid outlet.

10/10

FIG. 16,
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