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en 2 945 460
(13) A1

(57) Abrege(suite)/Abstract(continued):

bubble-generating nozzle (10) comprises a bottomed tube-shaped member (1) with a circular cross-section and a tubular member
(2) that Is fitted into the other end of the bottomed member (1). The roughly cylindrical space surrounded by the bottomed member
(1) and the tubular member (2) forms a gas-liquid loop flow stirring and mixing chamber (6). The center of the tubular member (2)
has an inflow hole (7) into which liquid and gas can flow and a first spouting hole (8a) and a second spouting hole (8b) capable of
spouting the liquid and the gas. The inflow hole (7) is formed In a tapered shape Iin which the diameter continuously expands from
the first spouting hole (8a) in the direction of the gas-liquid loop flow stirring and mixing chamber (6). The end face of the inflow hole
(7) on the gas-liquid loop flow stirring and mixing chamber (6)-side Is provided with multiple notches (7a).
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ABSTRACT

There 1s provided a loop flow type bubble generation

nozzle capable offimproving the bubble generation efficiency

compared to conventional nozzles without reducing the bubble

generation efficiency even when liquid containing impurities
1s used. A loop flow type bubble generation nozzle 10 includes

a tubular bottomed member 1 having a circular cross section and

a tubular member 2 which i1s fitted into the other end side of
the bottomed member 1. A substantially cylindrical space

surrounded by the bottomed member 1 and the tubular member 2

serves as a loop flow type gas-liquid stirring and mixing

Chamber 6. The tubular member 2 has, on the center thereof,

an inflow hole 7 which is capable of allowing liquid and gas

to flow therein, and a first jet hole 8a and a second jet hole

3b which are capable of jetting liquid and gas. The inflow hole

/7 1s formed 1in a tapered shape whose diameter continuously

expands from the first jet hole 8a toward the loop flow type

gas—liquid stirring and mixing chamber 6. A plurality of

cut—-away parts /a are formed on an end face of the inflow hole
7, the end face facing the loop flow type gas-liquid stirring

and mixing chamber 6.
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DESCRIPTION

TITLE OF THE INVENTION: LOOP FLOW TYPE BUBBLE GENERATION NOZZLE

TECHNICAL F1I]

[
-
-,

[0001]
The present invention relates to a loop flow type bubble

generation nozzle which generates bubbles (air bubbles)

including fine bubbles (nanobubbles and microbubbles).
BACKGROUND ART

[0002]

Conventionally, the inventor of the present application

has 1nvented a nozzle capable of generating bubbles as disclosed
1n Patent Literature 1. The nozzle is a loop flow type bubble
generation nozzle which includes a loop flow type gas-liquid
stirring and mixing chamber which stirs and mixes liquid and

o
p—

eed

gas by a loop-like flow to form a fluid mixture, a ligquid :

hole which 1s formed on one end of the loop flow type gas-liquid

stirring and mixing chamber and feeds pressurized liquid to the

loop flow type gas-liquid stirring and mixing chamber, at least

one gas 1nflow hole into which gas flows, a gas feed chamber

which is formed on the other end side of the loop flow type

gas—liquid stirring and mixing chamber and feeds gas flowing

in through the at least one gas inflow hole to the loop flow

type gas-liquid stirring and mixing chamber toward one end side

—~

of the loop flow type gas-liquid stirring and mixing chamber

through the entire circumference or part of the circumference
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while circulating the gas around a central axis of the liquid

o
—

feed hole, and a jet hole which is formed on the other end of

the loop flow type gas-liquid stirring and mixing chamber in

a manner to align a central axis of the jet hole with the central

F

axis of the liquid feed hole, has a diameter larger than the

”

diameter of the liquid feed hole, and jets the fluid mixture

from the loop flow type gas-liquid stirring and mixing chamber.

CITATION LIST

PATENT LITERATURE

[0003]
Patent Document 1: Japanese Patent Laid-open Publication

No. 2009-189984

-

SUMMARY OF THE INVENTION

TECHNICAL PROBLEMS

[0004]

However, when liquid (sludge water, sea water, etc.)
containing relatively large number of impurities such as
calcium and microorganisms (including plankton of shellfishes,
the same applies hereinbelow) 1is used to generate bubbles in
the bubble generation nozzle described in Patent Literature 1,
sludge (a solid body) or/and scale (so-called fur) formed from

1mpurities such as calcium and dead microorganisms may be

deposited and adhered between the loop flow type gas-liquid

stirring and mixing chamber and the gas feed chamber of the

nozzle by a splash phenomenon (a phenomenon of 1iquid splashing)
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caused by cavitation (a physical phenomenon in which generation

and disappearance of bubbles occur in a short time due to a

difference in pressure in the flow of liquid). In this case,

gas feed from the gas feed chamber to the loop flow type
gas—liquid stirring and mixing chamber may be obstructed to
reduce the gas feed amount. This may gradually reduce the
pubble generation efficiency. Further, in bubble generation

nozzles represented by Patent Literature 1, further improvement

1n bubble generation efficiency i1s demanded.

[0005]

Therefore, an object of the present invention is to

provide a loop flow type bubble generation nozzle capable of

improving the bubble generation efficiency compared to

conventlional nozzles without reducing the bubble generation

efficiency even when liquid containing impurities is used.

SOLUTIONS TO PROBLEMS

[0006]

(1) A loop flow type bubble generation nozzle of the
present 1invention 1includes: a loop flow type gas-liquid
stirring and mixing chamber that stirs and mixes liquid and gas

by a loop-like flow to form a fluid mixture; a liquid feed hole

-

formed on one end of the loop flow type gas—liquid stirring and

mixing chamber, the liquid feed hole feeding pressurized liquid
to the loop flow type gas-liquid stirring and mixing chamber;

at least one gas inflow hole into which gas flows; a gas feed
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chamber formed on the other end side of the loop flow type

gas—liquid stirring and mixing chamber, the gas feed chamber

| —

‘eeding gas flowing in through the at least one gas inflow hole
to the loop flow type gas-liquid stirring and mixing chamber

toward one end side of the loop flow type gas-liquid stirring

and mixing chamber through the entire circumference or part of

the circumference while circulating the gas around a central

axls of the liquid feed hole; a jet hole formed on the other

end of the loop flow type gas-liquid stirring and mixing chamber

1n a manner to align a central axis of the jet hole with the

central axls of the liquid feed hole, the jet hole having a

diameter larger than the diameter of the liquid feed hole and

jetting the fluid mixture from the loop flow type gas-liquid

stirring and mixing chamber; and a tapered section whose

diameter continuously expands from the jet hole toward the loop

flow type gas-liquid stirring and mixing chamber, wherein at

least one cut-away part is formed on an end of the tapered section,

the end facing the loop flow type gas-liquid stirring and mixing
chamber.

[0007]

In the configuration of the above (1), liguid is fed to

the loop flow type gas-liquid stirring and mixing chamber

through the liquid feed hole and gas is fed to the loop flow

type gas—-liquid stirring and mixing chamber through the gas feed

chamber. Accordingly, when the fluid mixture inside the loop
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flow type gas-liquid stirring and mixing chamber is Jjetted

through the jet hole, a loop-like flow (also referred to as “1loop

flow”) of liquid containing gas is generated inside the loop

flow type gas-liquid stirring and mixing chamber.

[0008]

The loop flow indicates a series of flow that flows along

the flow of liquid flowing from the liquid feed hole to the jet
hole, then reverses near the jet hole by outside gas or/and
outside liquid flowing in through the jet hole and flows along

’ and

the inner wall of the loop flow type gas-liquid stirring and

mixing chamber, and then again flows along the flow of liquid

fed through the liquid feed hole. The speed of a loop flow to

be generated can be controlled to some extent from a low speed

to a high speed by the feed amount and pressure of ligquid and

gas. Thus, 1t 1s also possible to form a high speed loop flow

by adjusting the feed amount and pressure of liquid and gas to

further increase the speed of the loop flow.

[0009]

When the fluid mixture inside the loop flow type

gas—-liquid stirring and mixing chamber is jetted through the

jet hole, the inside of the loop flow type gas-liquid stirring

and mi1xing chamber is brought into a negative pressure. Thus,

gas flows 1n fromthe gas inflow hole through the gas feed chamber.

In addition, since the diameter of the jet hole is larger than

the diameter of the liquid feed hole, outside gas or/and outside
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liquid flows into the loop flow type gas-liquid stirring and

mixing chamber through a gap between the inner wall of the jet

F

hole and the periphery of the fluid mixture in the jet hole

(outside gas or/and outside liquid flows in due to the external

environment) .

[0010]

(a) Gas fed to the loop flow type gas-liquid stirring and

mixing chamber through the gas feed chamber is broken up by a

turbulent flow generated on the boundary between the gas feed

chamber and the loop flow type gas-liquid stirring and mixing

chamber; (b) stirred and sheared by a loop flow; and (c) further

broken up by a turbulent 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 loop

flow 1s further broken up by outside gas or outside liquid

flowing into the loop flow type gas-liquid stirring and mixing

chamber through the jet hole. A mechanism of the generation

of air bubbles micronized in these steps (a) to (d) is a feature

P

of the loop flow type bubble generation nozzle and a superior

point which is not provided in other nozzles.

[0011]

Further, (e) gas flowing in through the gas inflow hole

i1s fed into the loop flow type gas-liquid stirring and mixing

chamber toward one end side of the loop flow type gas-liquid

stirring and mixing chamber through the entire circumference
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or part of the circumference while being circulated around the

central axis of the liquid feed hole in the gas feed chamber.

This step (e) improves the degree of vacuum inside the loop flow

type gas-liquid stirring and mixing chamber. Thus, it 1is

o
p—

possible to further increase the amount of gas flowing in

through the gas inflow hole to accelerate the generation of air
bubbles.

[0012]

Thus, bubbles having an average diameter of less than 100

um, 1n particular, fine bubbles including microbubbles and

nanobubbles having an average diameter of approximately 20 um

can be generated with a simpler configuration than conventional
products. Further, since the configuration is simpler than
that 1n conventional products, downsizing to a smaller size than

conventional products can be achieved.

[0013]

Further, 1n the configuration of the above (1), gas can

be stirred and sheared so as to be further broken up by a

turbulence flow generated by the high speed loop flow by the

cut—-away part of the inflow hole (the end of the tapered section
facing the loop flow type gas-liquid stirring and mixing

chamber). Further, (a) splash liquid which may get into the

gas feed chamber from the loop flow type gas-liguid stirring
and mixing chamber by a splash phenomenon caused by cavitation

occurring in a gas—-liquid boundary which is the boundary between
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the gas feed chamber and the loop flow type gas-liquid stirring
and mixing chamber or/and (b) fine bubbles near the gas-liquid

boundary may be dried, concentrated, or aggregated near the

gas-liquid boundary to cause scale or/and sludge of, for example,
calcium to deposit and adhere onto the wall of the gas feed

chamber. Even in such a case, since the cut-away part of the

inflow hole remains as a space, for example, a continuous

ring-like scale or/and sludge is not formed. Further, the

cut-away part of the 1nflow hole has a sufficient space. Thus,
even when splash liquid getting into the gas feed chamber around
the cut-away part forms scale or/and sludge, at least scale
or/and sludge deposited and adhered onto the side part of the

cut-away part can be destroyed by a shock wave generated by the

self-collapse of cavitation and a shock wave generated by the

collapse of fine bubbles colliding with another matter.

Therefore, since the gas feed chamber is not blocked (calcium

or the like 1s not deposited and adhered at least onto the space

part and the side part of the cut-away part), it is possible

Lo prevent gas feed from the gas feed chamber from being

obstructed. As a result, 1n the loop flow type bubble

generation nozzle of the above (1), the bubble generation

efficiency 1s not reduced even when liquid containing

impurities is used. Accordingly, since gas flowing in through

the gas Inflowhole is stably fed to the loop flow type gas-1liquid

stirring and mixing chamber, the high speed loop flow inside
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the loop flow type gas-liquid stirring and mixing chamber 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 from the at least one cut-away part

toward the gas feed chamber.

[0015]

In the configuration of the above (2), since calcium or

the like 1s not deposited and adhered onto the space part of

the cut-away part, it is possible to reliably prevent gas feed

from the gas feed chamber from being obstructed. As a result,

1n the loop flow type bubble generation nozzle according to the

present 1invention, a reduction in the bubble generation

efficiency is reliably prevented even when liquid containing

impurities is used. Accordingly, since gas flowing in through

the gas inflowhole is stably fed to the loop flow type gas-ligquid

stirring and mixing chamber, the high speed loop flow inside

the loop flow type gas-liquid stirring and mixing chamber can

be stabilized.

(0016}

(3) As another aspect, a loop flow type bubble generation

nozzle according to the present invention includes: a loop flow
type gas-liquid stirring and mixing chamber stirring and mixing

liquid and gas by a loop-like flow to form a fluid mixture:; a
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ligquid feed hole formed on one end of the loop flow type

gas—liquid stirring and mixing chamber, the liquid feed hole

feeding pressurized liquid to the loop flow type gas-liquid

stirring and mixing chamber; at least one gas inflow hole into

which gas flows; a gas feed chamber formed on the other end side

of the loop flow type gas-liquid stirring and mixing chamber,

the gas feed chamber feeding gas flowing in through the at least

one gas 1nflow hole to the loop flow type gas-liquid stirring

and mixing chamber toward one end side of the loop flow type
gas—-liquid stirring and mixing chamber through the entire
circumference or part of the circumference while circulating

P

the gas around a central axis of the liquid feed hole; a jet

hole formed on the other end of the loop flow type gas-liquid

stirring and mixing chamber in a manner to align a central axis

of the jet hole with the central axis of the liquid feed hole,

the jet hole having a diameter larger than the diameter of the

liquid feed hole and jetting the fluid mixture from the loop

flow type gas—-ligquid stirring and mixing chamber; and a recessed

gas reservolr section formed on the gas feed chamber at a side

facing the loop flow type gas-liquid stirring andmixing chamber

on the entire circumference or part of the circumference of the

gas feed chamber.

001 7]

In the configuration of the above (3), as with the loop

flow type bubble generation nozzle of the above (1), bubbles

10
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having an average diameter of less than 100 um, in particular,

fine bubbles including microbubbles and nanobubbles having an

average diameter of approximately 20 um can be generated with

a simpler configuration than conventional products. Further,

since the configuration is simpler than that in conventional
products, downsizing to a smaller size than conventional
products can be achieved.

10018]

Further, the gas reservoir section enables the amount of

gas flowing in through the gas inflow hole to be further

1ncreased to accelerate the generation of air bubbles. Further,

(a) splash liquid which may get into the gas feed chamber by

a splash phenomenon caused by cavitation occurring in a

gas—-liquid boundary which is the boundary between the gas feed
chamber and the loop flow type gas-liquid stirring and mixing
chamber or/and (b) fine bubbles near the gas-ligquid boundary

may be dried, concentrated, or aggregated near the gas-liquid

boundary to cause scale or/and sludge of, for example, calcium

to deposit and adhere in a ring-like form onto the wall of the

gas feed chamber (for example, a position several mm away from

the loop flow type gas-liquid stirring and mixing chamber in

F
p—

the gas feed chamber). Even in such a case, since a sufficient

space 1s ensured by the gas reservoir section, the gas feed
chamber 1s not blocked. As a result, in the loop flow type

bubble generationnozzle of the above (3), the bubble generation

11
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efficiency 1is not reduced even when liquid containing

1mpurities 1s used. Accordingly, since gas flowing in through

the gas inflowhole is stably fed to the loop flow type gas-1iquid

stirring and mixing chamber, the high speed loop flow inside

the loop flow type gas-liquid stirring and mixing chamber can

be stabilized.

[0019]

(4) In the loop flow type bubble generation nozzle
according to the above (4), a recessed stirring and mixing
section further stirring and mixing the fluid mixture inside

the loop flow type gas-liquid stirring and mixing chamber may

pe formed on an inner wall of the loop flow type gas-liquid
stirring and mixing chamber.

[0020]

In the configuration of the above (4), a further loop flow
can be formed. This enables the fluid mixture inside the loop

flow type gas-liquid stirring and mixing chamber to be further

stirred and mixed. Accordingly, it is possible to further

[ -

efficiently generate fine bubbles.

[0021]
(5) As another aspect, a loop flow type bubble generation
nozzle according to the present invention includes: a loop flow

type gas-1liquid stirring and mixing chamber stirring and mixing

liquid and gas by a loop-like flow to form a fluid mixture; a

P

ligquid feed hole formed on one end of the loop flow type

12
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gas—liquid stirring and mixing chamber, the liquid feed hole

feeding pressurized liguid to the loop flow type gas-—-liguid

stirring and mixing chamber; at least one gas inflow hole into

which gas flows; a gas feed chamber formed on the other end side

of the loop flow type gas-ligquid stirring and mixing chamber,

the gas feed chamber feeding gas flowing in through the at least

one gas i1nflow hole to the loop flow type gas-liguid stirring

and mixing chamber toward one end side of the loop flow type

gas-liquid stirring and mixing chamber through the entire

circumference or part of the circumference while circulating

P

the gas around a central axis of the ligquid feed hole; a jet

hole formed on the other end of the loop flow type gas-liquid

stirring and mixing chamber in a manner to align a central axis

of the jet hole with the central axis of the liguid feed hole,

the jet hole having a diameter larger than the diameter of the

liquid feed hole and jetting the fluid mixture from the loop

flow type gas—-liquid stirring and mixing chamber; and a recessed

stirring and mixing section formed on an inner wall of the loop

flow type gas—-liquid stirring and mixing chamber, the recessed

stirring and mixing section further stirring and mixing the

fluid mixture inside the loop flow type gas-liquid stirring and
mixlng chamber.

(0022 ]

In the configuration of the above (5), as with the loop

flow type bubble generation nozzle of the above (1), bubbles

13
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having an average diameter of less than 100 um, in particular,

fine bubbles including microbubbles and nanobubbles having an

g

average diameter of approximately 20 um can be generated with

a simpler configuration than conventional products. Further,
since the configuration is simpler than that in conventional

products, downsizing to a smaller size than conventional

products can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

LJ.

[0023]

Fig. 1(a) is a schematic sectional view showing a bubble

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

1s a sectional view on arrows I-I in Fig. 1l(a), Fig. 1l(c) 1is

a sectional view on arrows II-IT in Fig. 1l(a), and Fig. 1(d)

1s a sectional view on arrows III-III in Fig. 1l(a).
Fig. 2 1s a diagram for describing the operation of the
loop flow type bubble generation nozzle in Figs. 1(a) to 1(d).

Fig. 3(a) 1s a schematic sectional view showing a loop

flow type bubble generation nozzle according to a modification

1)

of the first embodiment, Fig. 3(b) is a sectional view on arrows

I-I in Fig. 3(a), and Fig. 3(c) is a sectional view on arrows

II-II in Fig. 3(a).
Fig. 4(a) 1s a schematic sectional view showing a bubble

generation nozzle according to a second embodiment, Fig. 4 (b)

1s a sectional view on arrows I-I in Fig. 4(a), and Fig. 4 (c)

1s a sectional view on arrows II-II in Fig. 4 (a).

14
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Fig. 5(a) 1is a schematic sectional view showing a loop

-

flow type bubble generation nozzle according to Modification

1 of the second embodiment, Fig. 5(b) is a sectional view on

arrows I-I in Fig. 5(a), and Fig. 5(c) is a sectional view on

arrows II-IT in Fig. 5(a).
Fig. 6(a) 1s a schematic sectional view showing a bubble
generation nozzle according to Modification 2 of the second

empodiment, Fig. 6(b) is a sectional view on arrows I-I in Fig.

o(a), and Fig. 6(c) 1s a sectional view on arrows II-ITI in Fig.

o(a).

DESCRIPTION OF EMBODIMENTS

[0024]

[FIRST EMBODIMENT ]

A first embodiment of the present invention will be
described below with reference to Figs. 1(a) to 1(d), and 2.
F1g. 1(a) is a schematic sectional view showing a loop flow type

bubble generation nozzle 10 according to the first embodiment,

Fig. 1(b) 1s a sectional view on arrows I-I in Fig. 1(a), Fig.

1(c) 1s a sectional view on arrows II-II in Fig. 1l(a), and Fig.

1(d) 1s a sectional view on arrows III-III in Fig. 1(a). Fig.

2 1s a diagram for describing the operation of the loop flow
type bubble generation nozzle 10.

10025]

(CONFIGURATION OF LOOP FLOW TYPE BUBBLE GENERATION NOZZLE 10)

As shown 1in Fig. 1l(a), the loop flow type bubble

15
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generation nozzle 10 includes a bottomed member 1 as a bottomed

tubular first member having a circular cross section and a

tubular member 2 as a second member which is fitted into the
other end side of the bottomed member 1. A substantially

cylindrical space surrounded by the bottomed member 1 and the

tubular member 2 serves as a loop flow type gas-liquid stirring
and mixing chamber 6.

[0026]

The bottomed member 1 has, on the side part thereof, a

gas 1nflow hole 3 which allows the outside and the inside of
the loop flow type bubble generation nozzle 10 to communicate
with each other to let gas flow therein. Further, two or more
gas 1nflow holes 3 may be formed. The bottomed member 1 has,

P

on the center of the bottom part thereof, a first liquid feed

hole Sa and a second liquid feed hole 5b to which liquid that
has been pressurized (liquid to which pressure is applied even

slightly, hereinbelow, may also be referred to as “pressurized

liquid”) is fed from the outside. The pressurized liquid fed
from the outside is fed to the loop flow type gas-liquid stirring

and mixing chamber 6 through the first liquid feed hole 5a and

the second liquid feed hole 5b in this order. The central axis

r~ =~

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]

16
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The second 1liquid feed hole 5b is formed in a tapered shape
whose diameter continuously expands from the first liquid feed

hole Sa toward the loop flow type gas-liquid stirring and mixing

e
o

champber 6. The second liquid feed hole 5b plays a role of

allowing a high speed loop flow to join a flow of the pressurized

liquid from a direction opposite to the flow of the pressurized

liquid to generate a violent turbulent flow inside the loop flow
Cype gas-liquid stirring and mixing chamber 6.

10028]

The tubular member 2 has, on the center thereof, an inflow

hole 7which 1s capable of allowing liquid and gas to flow therein,

and a first jet hole 8a and a second jet hole 8b which are capable

of Jetting liquid and gas. The central axes of the inflow hole

/7, the first jet hole 8a, and the second jet hole 8b are aligned

wlth the central axes of the first liquid feed hole 5a and the
second liquid feed hole 5b.

[0029]

The inflow hole 7 is formed in a tapered shape whose

diameter continuously expands from the first jet hole 8a toward

the loop flow type gas-liquid stirring and mixing chamber 6.

P

A plurality of cut-away parts 7a are formed on an end face of

the i1nflow hole 7, the end face facing the loop flow type

gas—-liquid stirring and mixing chamber 6. The inflow hole 7

plays a role of accelerating a high speed loop flow inside the

loop flow type gas-liquid stirring and mixing chamber 6. One

17



CA 02945460 2016-10-11

end of the first Jet hole 8a 1s connected to one end of the inflow

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

135 formed 1n a tapered shape whose diameter continuously expands

from the first jet hole 8a toward a direction opposite to the

loop flow type gas-liquid stirring and mixing chamber 6. The

second jJet hole 8bplays arole of adjusting the amount of outside

gas and/or outside liquid flowing into the loop flow type

gas—liquid stirring and mixing chamber 6 from the first jet hole

da and stabilizing a flow around the outer side of the first

F

jet hole 8a (Jetting of a fluid mixture from the first jet hole

gy

da and 1nflow of outside gas or/and outside liquid).

[0030]

The tubular member 2 has a groove 4b which is located on

an outer peripheral position facing the gas inflow hole 3 and

continuous 1n the circumferential direction. A ring-like

space surrounded by the groove 4b and the inner wall surface

of the bottomed member 1 serves as a gas feed chamber 4. The

gas feed chamber 4 communicates with the loop flow type

gas—liquid stirring and mixing chamber 6 through a clearance

da.

[0031]

As shown 1n Fig. 1(d), the gas inflow hole 3 and the gas

feed chamber 4 communicate with each other through the clearance

da. Gas flowing in through the gas inflow hole 3 passes through

18
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P
p—

the clearance 4a through the entire circumference or part o:

the circumference while being circulated around the central

F

axis of the

Ll

fi1rst liquid feed hole 5a in the gas feed chamber

4 to be ted to the loop flow type gas-liquid stirring and mixing

chamber 6 toward one end side of the loop flow type gas-liguid

stirring and mixing chamber 6. Accordingly, a film of gas, air

bubbles or/and microbubbles are generated on the inner wall of

the loop flow type gas-liquid stirring and mixing chamber 6,

and the high speed loop flow is accelerated.

10032]

For example, metals such as SUS304 and SUS316, resin, wood,
glass, ceramic, and ceramics can be used as the bottomed member
1 and the tubular member 2. Any solid materials may be used.
An appropriate material may be selected for each of the

it

components. When resin, glass, or ceramic is selected, the 1life

of the valve generation nozzle 10 can be extended due to its

resistance to corrosion.

[0033]

The loop flow type gas—-liquid stirring and mixing chamber

© 1s a space in which liquid fed from the second liquid feed

hole 5b and gas fed from the gas feed chamber 4 are stirred and

b

mixed by a loop-like flow. The second liquid feed hole 5b is

formed on one end of the loop flow type gas-liquid stirring and

mixing chamber 6. The inflow hole 7 is formed on the other end

F

of the loop flow type gas-liquid stirring and mixing chamber
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6. The gas feed chamber 4 and the gas inflow hole 3 are formed

F

on the other end side of

the loop flow type gas-1liquid stirring
and mixing chamber 6. Asperities (for example, a so-called
rough skin, one similar to a thermal spraying skin of ceramic,
or/and simple projections) are formed on the inner wall of the
loop flow type gas-liquid stirring and mixing chamber 6. The

asperities are not necessarily formed on the entire inner wall,

and may be formed only on part of the inner wall. The asperities

on the inner wall play a roll of accelerating the high speed

loop flow to increase the degree of vacuum inside the loop flow
type gas-liquid stirring and mixing chamber 6.

[0034]

(OPERATION OF LOOP FLOW TYPE BUBBLE GENERATION NOZZLE 10)

Next, the operation of the loop flow type bubble

generation nozzle 10 will be described with reference to Fig.
2. Fig. 2 1s a diagram showing the loop flow type bubble

generation nozzle 10 of Figs. 1(a) to 1(d), a hose 11 which is

.

connected to one end side of the bottomed member 1 of the loop

flow type bubble generation nozzle 10, a shower head 12 which

1s connected to the other end side of the tubular member 2 of

the loop flow type bubble generation nozzle 10, a gas feed tube

13 which 1s connected to the gas inflow hole 3 of the bottomed
mempber 1 of the loop flow type bubble generation nozzle 10, and

a throttle valve 14 which adjusts the amount of outside gas

flowing into the gas feed tube 13. For the sake of convenience,
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only the loop flow type bubble generation nozzle 10 is

1llustrated as a schematic sectional view. One end of the gas

feed tube 13 1s capable of taking in the outside air. A check

valve 13a 1s disposed inside the gas feed tube 13 so as to stably

generate bubbles.

[0035]
First, pressurized liquid is fed from the hose 11 to the

loop flow type gas—-liquid stirring and mixing chamber 6 through

the first liquid feed hole 5a and the second ligquid feed hole

ob. At this point, the pressurized liquid flows along a line

connecting the first liquid feed hole 5a, the second liquid feed
hole 5b, the inflow hole 7 and the first jet hole 8a of Fig.

2. Then, the pressurized liquid is mostly jetted through the

first jet hole 8a while being spread, and partially forms a high

speed loop flow (a substantiallyelliptical part insidé the loop
flow type gas-liquid stirring and mixing chamber 6 in Fig. 2)

py outside gas and/or outside liquid flowing in through the

second jet hole 8b and the first jet hole 8a. At this point,

g

part of the pressurized liquid further increases the speed of

the high speed loop flow.

[0036]
Since the inside of the loop flow type gas-liquid stirring

and mixing chamber 6 has a negative pressure, gas flows from

the gas feed tube 13 into the loop flow type gas—-liquid stirring

and mixing chamber 6 through the gas feed chamber 4.
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[0037]

Gas fed into the loop flow type gas-liquid stirring and

mixing chamber 6 through the gas feed chamber 4 is (a) broken

up by a turbulent flow generated on the boundary between the

gas teed chamber 4 and the loop flow type gas-liquid stirring

and mixing chamber 6; (b) stirred and sheared by a high speed

loop flow accelerated by the inflow hole 7 and the second liquid

feed hole 5b; (c) collides with the asperities on the inner wall

of the loop flow type gas-liquid stirring and mixing chamber

6; (d) further broken up by a turbulent flow generated when part

P

of the gas collides with pressurized liquid fed through the

first liquid feed hole 5a on the way; and (e) collides with

outside gas and/or outside liquid flowing into the first jet

hole 8a to be further broken up, and jetted as a fluid mixture
containing bubbles or/and fine bubbles such as microbubbles
through the second jet hole 8b.

[0038]

Further, (f) gas flowing in through the gas inflow hole

3 1s fed into the loop flow type gas—-liquid stirring and mixing

chamber 6 toward one end side of the loop flow type gas-liquid

stirring and mixing chamber 6 through the entire circumference

or part of the circumference while being circulated around the

central axis of the first liquid feed hole 5a in the gas feed

chamber 4. This improves the degree of vacuum inside the loop

flow type gas-liquid stirring and mixing chamber 6. Thus, it
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1s possible to further increase the amount of gas flowing in

il

through the gas inflow hole 3 to accelerate the generation of

alr bubbles.

[0039]

Bubbles or/and fine bubbles such as microbubbles are

continuously generated one after another by such a series of

operation.

[0040]

Since the inflow hole 7 formed in a tapered shape

accelerates the high speed loop flow and the second liquid feed

hole 5b generates a violent turbulent flow, gas inside the loop

flow type gas-liquid stirring and mixing chamber 6 can be

‘urther broken up.

|

[0041]]

Further, gas in the high speed loop flow can be stirred

and sheared so as to be further broken up by the cut-away parts

/a of the inflow hole 7. Further, (a) splash liquid which may

get 1nto the clearance 4a by a splash phenomenon caused by

cavitation occurring in a gas-liquid boundary which is the

boundary between the gas feed chamber 4 and the loop flow type
gas-liquid stirring and mixing chamber 6 or/and (b) fine bubbles
near the gas-liquid boundary may be dried, concentrated, or
aggregated near the gas-liquid boundary to cause scale or/and

P

sludge of, for example, calcium to deposit and adhere in a

ring-like form onto the outer surface of the tubular member 2
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or/and the inner surface of the bottomed member 1 inside the

clearance 4a. Even in such a case, since the cut-away parts
7a of the inflow hole 7 remain as spaces, for example, a
continuous ring-like scale or/and sludge is not formed.

Further, each of the cut-away parts 7a has a sufficient space.

Thus, even when splash liquid getting into the gas feed chamber

4 around each of the cut-away parts 7a forms scale or/and sludge,

at least scale or/and sludge deposited and adhered onto the side

part of each of the cut-away parts 7a can be destroyed by a shock

wave generated by the self-collapse of cavitation and a shock

)

wave generated by the collapse of fine bubbles colliding with

another matter. Therefore, since the gas feed chamber 4 is not

blocked (calcium or the like is not deposited and adhered at

least onto the space part and the side part of each of the

cut-away parts /a), 1t 1s possible to prevent gas feed from the

‘eed chamber 4 from being obstructed. As a result, in the

|

gas

loop flow type bubble generation nozzle 10 according to the

present embodiment, the bubble generation efficiency is not

reduced even when 1liquid containing impurities i1s used.

Accordingly, since gas flowing in through the gas inflow hole

3 1s stably fed to the loop flow type gas-liguid stirring and

mixing chamber 6, the high speed loop flow inside the loop flow

CLype gas—-liquid stirring and mixing chamber 6 can be stabilized.

[0042]

Further, the second jet hole 8b formed in a tapered shape
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adjusts the amount of outside gas and/or outside liquid flowing

into the loop flow type gas-liquid stirring and mixing chamber

6 through the first jet hole 8a and stabilizes the flow around

—
—

the outer side of the first jet hole 8a (jetting of a fluid

P

mixture from the first jet hole 8a and inflow of outside gas

or/and outside liquid).

[0043]

Since the loop flow type gas-liquid stirring and mixing

Chamber 6 1s a substantially cylindrical space, it is possible

Lo easily form the high speed loop flow and easily obtain the

above operation. Further, the asperities are formed on the

inner wall of the loop flow type gas-liquid stirring and mixing

P

chamber 6. Thus, collision of a fluid mixture of liquid and

gas in a high speed loop flow with the asperities makes it

possible to further break up gas inside the loop flow type

gas-liquid stirring and mixing chamber 6 and accelerate the high

speed loop flow to increase the degree of vacuum inside the loop

flow type gas-liquid stirring and mixing chamber 6.
(0044 ]

In the loop flow type bubble generation nozzle 10 having

Che above configuration, fine bubbles such as microbubbles each

having a diameter equal to or less than a conventional diameter

(approximately 20 um) can be generated by the above operation.

(0045]

Although, in the above operation of the loop flow type
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bubble generation nozzle 10, there has been described a case

in which pressurized liquid is fed to the loop flow type

gas—liquid stirring and mixing chamber 6 through the first

liquid feed hole 5a and the second liquid feed hole 5b in this

order, the present invention is not limited thereto. Fine

bubbles such as microbubbles can be generated also by feeding
sludge water or sea water containing impurities or tap water.
(10046]

[MODIFICATION OF FIRST EMBODIMENT]

Next, a loop flow type bubble generation nozzle according

Lo a modification of the first embodiment of the present

invention will be described. Figs. 3(a) to 3(c) are schematic

sectional views showing a loop flow type bubble generation

nozzle 20 according to themodification of the first embodiment.

10047]

(CONFIGURATION OF LOOP FLOW TYPE BUBBLE G:

L+

NERATION NOZZLE 20)

As shown 1n Fig. 3(a), the loop flow type bubble
generation nozzle 20 includes a bottomed member 21 as a bottomed
tubular first member having a circular cross section and a
Cubular member 22 as a second member which is fitted into the

other end side of the bottomed member 21. A substantially
cylindrical space surrounded by the bottomed member 21 and the
tubular member 22 serves as a loop flow type gas-liquid stirring

and mixing chamber 26.

[0048]
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The tubular member 22 has a groove 24b which is located

on an outer peripheral position facing a gas inflow hole 23 and

continuous in the circumferential direction. A ring-like

space surrounded by the groove 24b and the inner surface of the

Cubular member 22 serves as a gas feed chamber 24. The gas feed

chamber 24 communicates with the loop flow type gas-liquid

stirring and mixing chamber 26 through a clearance 24a. A

recessed gas reservoir section 24c is formed on the clearance

24a at a side facing the loop flow type gas-liquid stirring and

mixing chamber 26 along the entire circumference of the

clearance 243.

[0049]

As shown in Fig. 3(a), the gas inflow hole 23 and the gas
feed chamber 24 communicate with each other through the
clearance 24a. Gas flowing in through the gas inflow hole 23

passes through the clearance 24a through the entire

circumference or part of the circumference while being

r—
.

circulated around the central axis of a first liquid feed hole

25a 1n the gas feed chamber 24 to be fed to the loop flow type

gas—-liquid stirring and mixing chamber 26 toward one end side

F

of the loop flow type gas-liquid stirring and mixing chamber

26. Accordingly, a filmof gas, air bubbles or/andmicrobubbles

are generated on the 1nner wall of the loop flow type gas-1liquid

stirring and mixing chamber 26, and a high speed loop flow is

accelerated. Further, the amount of gas flowing in through the
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gas 1inflow hole 23 can be further increased by the gas reservoir

section 24c near the gas feed chamber 24 to accelerate the

generatlion of air bubbles. Further, (a) splash liquid which
may get into the clearance 24a by a splash phenomenon caused

by cavitation occurring in a gas-liquid boundary which is the

poundary between the gas feed chamber 24 and the loop flow type
gas—liquid stirring and mixing chamber 26 or/and (b) fine
pubbles near the gas-liquid boundary may be dried, concentrated,
Oor aggregated near the gas—-liquid boundary to cause scale or/and

sludge of, for example, calcium to deposit and adhere in a

ring-like form onto the outer surface of the tubular member 22

or/and the inner surface of the bottomed member 21 inside the

clearance 24a. Even in such a case, since a sufficient space
1s ensured by the gas reservoir section 24c, the clearance 24a
(the gas feed chamber 24) is not blocked. As a result, in the

loop flow type bubble generation nozzle 20 according to the

present modification, the bubble generation efficiency is not

reduced even when liquid containing impurities is used.

Accordingly, since gas flowing in through the gas inflow hole

23 1s stably fed to the loop flow type gas-liquid stirring and

mixing chamber 26, the high speed loop flow inside the loop flow

type gas-liquid stirring and mixing chamber 26 can be

stabilized.

[0050]

The other configuration and operation are the same as
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those 1n the first embodiment. Thus, description thereof will
be omitted.

[0051]

(OUTLINE OF PRESENT EMBODIMENT)

As described above, the loop flow type bubble generation
nozzle 10, 20 of the present embodiment includes the loop flow

type gas—-lilquid stirring and mixing chamber 6, 26 which stirs

and mixes liquid and gas by a loop-like flow to form a fluid

mixture, the first liquid feed hole 5a, 25a and the second liquid

feed hole 5b, 25b which are formed on one end of the loop flow
Cype gas-liquid stirring and mixing chamber 6, 26 and feed

pressurized liquid to the loop flow type gas-liquid stirring

and mixing chamber 6, 26, the at least one gas inflow hole 3,

23 into which gas flows, the gas feed chamber 4, 24 which is

formed on the other end side of the loop flow type gas-liquid

stirring and mixing chamber 6, 26 and feeds gas flowing in

through the gas inflowhole 3, 23 to the loop flow type gas-1liquid

stirring and mixing chamber 6, 26 toward one end side of the

loop flow type gas-liquid stirring and mixing chamber 6, 26

through the entire circumference or part of the circumference

while circulating the gas around the central axis of the first

liquid feed hole 5a, 25a, the inflow hole 7, 27 which is formed

on the other end of the loop flow type gas-liquid stirring and

mixing chamber 6, 26 in amanner toalign the central axis thereof

with the central axis of the first liquid feed hole 5a, 25a and
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has the plurality of cut-away parts 7a, 27a, and the first jet

hole 8a, 28a and the second jet hole 8b, 28b which jet the fluid

mixture from the loop flow type gas-liquid stirring and mixing

chamber 6, 260.

[0052]

In the above configuration, liquid is fed to the loop flow

type gas-liquid stirring and mixing chamber 6, 26 through the

first liquid feed hole 5a, 25a and the second liquid feed hole
ob, 25b and gas is fed to the loop flow type gas-liquid stirring

and mixing chamber 6, 26 through the gas feed chamber 4, 24.

Accordingly, when the fluid mixture inside the loop flow type
gas-liquid stirring and mixing chamber 6, 26 is jetted through

the second jet hole 8b, 28b, a loop-like flow (also referred

to as "loop flow”) of liquid containing gas is generated inside

the loop flow type gas-liquid stirring and mixing chamber 6,

20.

10053 ]

When the fluid mixture inside the loop flow type

gas—liquid stirring and mixing chamber 6, 26 is jetted through

the second jet hole 8b, 28b, the inside of the loop flow type

gas-liquid stirring and mixing chamber 6, 26 is brought into

a negative pressure. Thus, gas flows in from the gas inflow

hole 3, 23 through the gas feed chamber 4, 24. 1In addition,

since the diameter of the first jet hole 8a, 28a is larger than

the diameter of the first liquid feed hole 5a, 25a, outside gas
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or/and outside liquid flows into the loop flow type gas-liquid
stirring and mixing chamber 6, 26 through a gap between the inner

wall of the first jet hole 8a, 28a and the periphery of the fluid

mixture in the first jet hole 8a, 28a.

[0054]

Gas fed into the loop flow type gas-liquid stirring and

mixing chamber 6, 26 through the gas teed chamber 4, 24 is (a)

proken up by a turbulent flow generated on the boundary between
the gas feed chamber 4, 24 and the loop flow type gas-liquid

stirring and mixing chamber 6, 26; (b) stirred and sheared by

a high speed loop flow accelerated by the inflow hole 7, 27 and

the second liquid feed hole 5b, 25b; (c¢) collides with the
asperities on the inner wall of the loop flow type gas-liquid

stirring and mixing chamber 6, 26; (d) further broken up by a

turbulent flow generated when part of the gas collides with

pressurized liquid fed through the first liquid feed hole 5a,

2o2a on the way; and (e) collides with outside gas and/or outside

liquid flowing into the first jet hole 8a, 28a to be further
broken up, and Jetted as a fluid mixture containing bubbles

or/and microbubbles through the second jet hole 8b, 28b. A

mechanism of the generation of air bubbles micronized in these

steps (a) to (e) 1s a feature of the loop flow type bubble

generation nozzle 10, 20 and a superior point which is not

provided 1n other nozzles.

[0055]
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Further, (f) gas flowing in through the gas inflow hole

3, 23 is fed into the loop flow type gas-liquid stirring and
mixing chamber 6, 26 toward one end side of the loop flow type

gas—-liquid stirring and mixing chamber 6, 26 through the entire

circumference or part of the circumference while beilng

circulated around the central axis of the first 1liquid feed hole

5a, 25a in the gas feed chamber 4, 24. This step (f) 1mproves

the degree of vacuum inside the loop flow type gas-liquid

[

stirring and mixing chamber 6, 26. Thus, it 1is possible to

further increase the amount of gas flowing in through the gas

inflow hole 3, 23 to accelerate the generation of air bubbles.

[0056]

Thus, bubbles having an average diameter of less than 100

um, in particular, microbubbles having an average dilameter

equal to or less than a conventional diameter, specifically,

—

an average diameter of approximately 20 um can be generated.

Further, since gas in the high speed loop flow 1is stirred and

sheared so as to be further broken up by the cut—-away parts 7a,

27a of the inflow hole 7, 27. Thus, it is possible to lmprove

the efficiency of generating bubbles or/and microbubbles
compared to conventional nozzles in the gas-liquid boundary
which is the boundary between the gas feed chamber 4, 24 and
the loop flow type gas-liguid stirring and mixing chamber 6,
26. Further, splash liquid may be generated by a splash

phenomenon caused by cavitation occurring in the gas-liquid
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boundary which is the boundary between the gas feed chamber 4,
24 and the 1oop flow type gas-liquid stirring and mixing chamber
o, 26. The splash liquid may get into the clearance 4a, 24a
and may be dried therein. The dried splash liquid may be

deposlited and adhered in a ring-like form as scale or/and sludge

of, for example, calcium onto the outer surface of the tubular
member 2, 22 or/and the inner surface of the bottomed member
1, 21 inside the clearance 4a, 24a. However, since a part in
which scale or/and sludge is not deposited is provided by the

P
p—

cut-away part /a, 27a or a sufficient space is ensured by the

gas reservolr section 24c, the clearance 4a, 24a is not blocked.

As a result, 1n the loop flow type bubble generation nozzle 10,

20 according to the present embodiment, the bubble generation

ﬁ
p——

efficiency 1is not reduced even when liguid containing

lmpurities is used. Further, since gas flowing in through the
gas 1nflow hole 3, 23 is stably fed to the loop flow type

gas—-liquid stirring and mixing chamber 6, 26, the high speed

loop flow inside the loop flow type gas-liquid stirring and

mixing chamber 6, 26 can be stabilized.

10057 ]

Further, since the inflow hole 7, 27 formed in a tapered
shape accelerates the high speed loop flow and the second liquid
feed hole 5b, 25b generates a violent turbulent flow, gas inside

the loop flow type gas-liquid stirring and mixing chamber 6,

26 can be further broken up.
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(0058 ]

Further, the second jet hole 8b, 28b formed in a tapered

shape adjusts the amount of outside gas and/or outside liquid
flowing into the loop flow type gas-liquid stirring and mixing

chamber o6, 26 through the first jet hole 8a, 28a and stabilizes

the flow around the outer side of the first jet hole 8a, 28a

n

(Jetting of a fluid mixture from the first jet hole 8a, 28a and

ﬁ

inflow of outside gas or/and outside liquid).

[0059]

Further, the asperities are formed on the inner wall of

the loop flow type gas-liquid stirring and mixing chamber 6,

26. Thus, collision of a fluid mixture of liquid and gas in

a high speed loop flow with the asperities makes it possible
to further break up gas inside the loop flow type gas-liquid
stirring and mixing chamber 6, 26 and accelerate the high speed

P

Loop flow to 1ncrease the degree of vacuum inside the loop flow

type gas-liquid stirring and mixing chamber 6, 26.
[0060]

[ SECOND EMBODIMENT]

A second embodiment of the present invention will be

described below with reference to Figs. 4(a) to 4(c). Figs.

4(a) to 4(c) are schematic sectional views showing a loop flow
type bubble generation nozzle 30 according to the second

embodiment.

[0061]
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L*J

(CONFIGURATION OF LOOP FLOW TYPE BUBBLE GENERATION NOZZLE 30)

As shown 1n Fig. 4(a), the loop flow type bubble

generation nozzle 30 includes a bottomed member 31 as a bottomed

tubular first member having a circular cross section and a

tubular member 32 as a second member which is fitted into the

other end side of the bottomed member 31. A substantially
cylindrical space surrounded by the bottomed member 31 and the

tubular member 32 serves as a loop flow type gas-liquid stirring
and mixing chamber 36.

[0062]

The tubular member 32 has, on the center thereof, an

inflow hole 37 which is capable of allowing liquid and gas to

flow therein, and a first jet hole 38a and a second jet hole

38b which are capable of jetting liquid and gas. The inflow

hole 37 1s formed in a tapered shape whose diameter continuously

expands from the first jet hole 38a toward the loop flow type

gas—liquid stirring and mixing chamber 36. A plurality of

cut-away parts 37a are formed on an end face of the inflow hole

37, the end face facing the loop flow type gas-liquid stirring

and mixing chamber 36. A plurality of cut-away parts 37b are

appropriately formed to extend from some of the cut-away parts

37a toward a gas feed chamber 34. The inflow hole 37 plays a

role of accelerating a high speed loop flow inside the loop flow

type gas—-liquid stirring and mixing chamber 36. The cut-away

parts 37a and 37b of the inflow hole 37 play a role of stirring
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and shearing gas in the high speed loop flow so as to be further
broken up. Further, splash 1liquid which may get into a
clearance 34a by a splash phenomenon caused by cavitation

occurring 1ln agas-liquid boundary which is the boundary between

the gas feed chamber 34 and the loop flow type gas-liguid
stirring and mixing chamber 36 may be dried, concentrated, or

aggregated to cause scale or/and sludge of, for example, calcium

|

to deposit and adhere in a ring-like form onto the outer surface

Ll

of the tubular member 32 or/and the inner surface of the bottomed

member 31 1nside the clearance 34a. Even in such a case, since
the cut-away parts 37a and 37b remain as spaces (calcium or the
like 1s not deposited and adhered onto the space part of each
of the cut-away parts 37a and 37b), the clearance 34a is not
blocked. As a result, in the loop flow type bubble generation

nozzle 30 according to the present embodiment, the bubble

generation efficiency 1is not reduced even when liquid

contailning lmpurities is used. Accordingly, since gas flowing

in through the gas inflow hole 33 is stably fed to the loop flow

type gas-liquid stirring and mixing chamber 36, the high speed

loop flow 1nside the loop flow type gas-liquid stirring and

mixing chamber 36 can be stabilized.

[0063]

The other configuration and operation are the same as

those in the first embodiment. Thus, description thereof will

be omitted.
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00064 ]

[MODIFICATION 1 OF SECOND EMBODIMENT]

Next, a loop flow type bubble generation nozzle according

F

to Modification 1 of the second embodiment of the present

invention will be described. Figs. 5(a) to 5(c) are schematic

sectional views showing a loop flow type bubble generation

nozzle 40 according to Modification 1 of the second embodiment.

[0065]

(CONFIGURATION OF LOOP FLOW TYPE BUBBLE GENERATION NOZZLE 40)

As shown 1n Fig. 5(a), the loop flow type bubble
generation nozzle 40 includes a bottomed member 41 as a bottomed

tubular first member having a circular cross section and a

tubular member 42 as a second member which is fitted into the
other end side of the bottomed member 41. A substantially

cylindrical space surrounded by the bottomed member 41 and the

tubular member 42 serves as a 1loop flow type gas-liquid stirring
and mixing chamber 46.

[0066]

The tubular member 42 has a groove 44b which is located

on an outer peripheral position facing a gas 1nflow hole 43 and

continuous 1n the circumferential direction. A ring-like

space surrounded by the groove 44b and the 1nner surface of the

tubular member 42 serves as a gas feed chamber 44. The gas feed

chamber 44 communicates with the loop flow type gas-liquid

stirring and mixing chamber 46 through a clearance 44a. A gas
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reservolr section 44c is formed near the gas feed chamber 44.

[0067]

As shown 1n Fig. 5(a), the gas inflow hole 43 and the gas

feed chamber 44 communicate with each other through the

clearance 44a. Gas flowing in through the gas inflow hole 43
passes through the c¢learance 44a through the entire

circumference or part of the circumference while being

circulated around the central axis of a first liquid feed hole

45a 1n the gas feed chamber 44 to be fed to the loop flow type

gas—ligquild stirring and mixing chamber 46 toward one end side

—

of the loop flow type gas-liquid stirring and mixing chamber

40. Accordingly, a filmof gas, air bubbles or/andmicrobubbles

are generated on the inner wall of the loop flow type gas-liquid
stirring and mixing chamber 46, and a high speed loop flow is

accelerated. Further, the amount of gas flowing in through the

gas inflow hole 43 can be further increased by the gas reservoir

section 44c near the gas feed chamber 44 to accelerate the

generation of air bubbles. Further, splash liquid which may

get 1nto the clearance 44a by a splash phenomenon caused by

cavitation occurring in a gas-liquid boundary which is the

poundary between the gas feed chamber 44 and the loop flow type
gas—-liquid stirring and mixing chamber 46 may be dried,
concentrated, or aggregated to cause scale or/and sludge of,

for example, calcium to deposit and adhere in a ring-like form

onto the outer surface of the tubular member 42 or/and the inner
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surface of the bottomed member 41 inside the clearance 44a.

P
p—

Even in such a case, since a sufficient space is ensured by the

gas reservolr section 24c, the clearance 44a is not blocked.

As a result, in the loop flow type bubble generation nozzle 40

accordilng to the present modification, the bubble generation

F
—

efficiency 1s not reduced even when liguid containing

impurities is used. Accordingly, since gas flowing in through

the gas inflow hole 43 is stably fed to the loop flow type

gas—-liquid stirring and mixing chamber 46, the high speed loop

flow 1nside the loop flow type gas-liquid stirring and mixing
chamber 46 can be stabilized.

0068 ]

The other configuration and operation are the same as
those in the first embodiment. Thus, description thereof will

be omitted.

[0069]

[MODIFICATION 2 OF SECOND EMBODIMENT]

Next, a loop flow type bubble generation nozzle according

pi—

Lo Modification 2 of the second embodiment of the present

invention will be described. Figs. 6(a) to 6(c) are schematic

sectional views showing a loop flow type bubble generation

nozzle 40 according to Modification 2 of the second embodiment.

[0070]

(CONFIGURATION OF LOOP FLOW TYPE BUBBLE GENERATION NOZZLE 50)

As shown 1n Fig. 6(a), the loop flow type bubble
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generation nozzle 50 has a configuration substantially similar

to the configuration of the loop flow type bubble generation

nozzle 40 according to Modification 2 of the second embodiment

of the present invention. The loop flow type bubble generation

nozzle 50 differs from the loop flow type bubble generation

nozzle 40 1n that a stirring and mixing section 55c which further

stirs and mixes a fluid mixture inside a loop flow type
gas—liquid stirring and mixing chamber 56 is provided.

10071]

The stirring and mixing section 55c¢ is a ring-like

recessed groove which is formed on the midway part of a second

liquid feed hole 55b in a manner to substantially align the

central axis thereof with the central axis of the second liquid

L.l

‘eed hole 50b. A loop flow which is smaller than a loop flow

generated 1nside the loop flow type gas-liquid stirring and
mixing chamber 56 is generated in the stirring and mixing

section 55¢c. The loop flow generated in the stirring and mixing

section 55c¢ further stirs and mixes a fluid mixture inside the

loop flow type gas-liquid stirring and mixing chamber 56 to
efficiently generate air bubbles.

[0072]

The other configuration and operation are the same as

those 1n the first embodiment and Modification 1 of the second

embodiment. Thus, description thereof will be omitted.

[0073]
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(OUTLINE OF PRESENT EMBODIMENT)

As described above, the loop flow type bubble generation
nozzle 30, 40, 50 of the present embodiment includes the loop
flow type gas-liquid stirring and mixing chamber 36, 46, 56

which stirs and mixes liquid and gas by a loop-like flow to form

a fluid mixture, the first liquid feed hole 35a, 45a, 55a and

the second liquid feed hole 35b, 45b, 55b which are formed on

F

one end of the loop flow type gas-liquid stirring and mixing

chamber 36, 46, 56 and feed pressurized liquid to the loop flow

CLype gas—-liquild stirring and mixing chamber 36, 46, 56, the at

least one gas inflow hole 33, 43, 53 into which gas flows, the

gas feed chamber 34, 44, 54 which is formed on the other end

side of the loop flow type gas-liquid stirring and mixing

chamber 36, 46, 56 and feeds gas flowing in through the gas inflow

hole 33, 43, 53 to the loop flow type gas-liquid stirring and

mixing chamber 36, 46, 56 toward one end side of the loop flow

type gas-liquid stirring and mixing chamber 36, 46, 56 through

the entire circumference or part of the circumference while

circulating the gas around the central axis of the first liquid

feed hole 35a, 45a, 55a, the inflow hole 37, 47, 57 which is

formed on the other end of the loop flow type gas-1liquid stirring

and mixing chamber 36, 46, 56 in a manner to align the central

axis thereof with the central axis of the first liquid feed hole

35a, 45a, 55a and has the plurality of cut-away parts 37a, 47a,

>/a and 37b, 47b, 57b, and the first jet hole 38a, 48a, 58a and

41



CA 02945460 2016-10-11

the second jet hole 38b, 48b, 58b which jet the fluid mixture

from the loop flow type gas-liquid stirring and mixing chamber
36, 46, 56.

(0074 ]

In the above configuration, liquid is fed to the loop flow

type gas-liquid stirring and mixing chamber 36, 46, 56 through

the first liquid feed hole 35a, 45a, 55a and the second liquid

—e

feed hole 35b, 45b, 55b and gas is fed to the loop flow type
gas—liquid stirring and mixing chamber 36, 46, 56 through the
gas feed chamber 34, 44, 54. Accordingly, when the fluid
mixture inside the loop flow type gas-liquid stirring and mixing

chamber 36, 46, 56 1s jJetted through the second jet hole 38b,

48b, 58b, a loop-like flow (also referred to as “loop flow”)

of liquid containing gas is generated inside the loop flow type

gas—liquid stirring and mixing chamber 36, 46, 56. Further,

an effect similar to the effect of the first embodiment can be
Obtained.

[0075]

(MODIFICATIONS OF EACH EMBODIMENT)

The embodiments of the present i1nvention have been

described above merely as concrete examples and thus do not

limit the present invention. Therefore, the concrete

configuration can be appropriately modified. The action and

effect 1n the embodiments of the invention are described merely

as the most preferable action and effect arising from the
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present invention. Thus, the action and effect obtained by the

present invention is not limited to the action and the effect

described in the embodiments of the present invention.

[0076]

For example, 1n each of the embodiments and each of the

modifications, the loop flow type bubble generation nozzle may

be formed of a member whose surface 1s coatedwith resin or formed

of only resin. Accordingly, since the member surface is coated
with resin or the loop flow type bubble generation nozzle itself
1s formed of resin, corrosion can be prevented even in adverse

environments such as sludge water and sea water. As a result,

1t 1is possible to provide a loop flow type bubble generation

nozzle with long life and low cost.

[0077]

In each of the embodiments and each of the modifications,
the loop flow type bubble generation nozzle has the gas inflow

hole. However, the loop flow type bubble generation nozzle may

have no gas inflow hole when gas is dissolved in liquid fed from

the liquid feed hole. 1In this case, the gas dissolved in the
liquid 1s turned into bubbles in the loop flow type gas-liquid
stirring and mixing chamber.

[0078]

In the loop flow type bubble generation nozzle of each

of the embodiments, the bottomed member having the gas inflow

hole may further have an outside communication hole which is
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open on the peripheral surface of the loop flow type gas-liquid

stirring and mixing chamber in a direction parallel to a tangent

line of the peripheral surface of the loop flow type gas—-liquid

stirring and mixing chamber to communicate with the outside.

In this configuration, outside liquid and/or outside gas flows

into the loop flow type gas-liquid stirring and mixing chamber

through the outside communication hole. Thus, it is possible

to generate a swirl flow which flows along the peripheral

pr—

surface of the loop flow type gas-liquid stirring and mixing

chamber 1n addition to a loop flow to thereby tilt a flowing

direction of the loop flow with respect to a feeding direction

of liquid fed through the liquid feed hole. As a result, the

distance of one round of the loop flow can be extended, and gas

1s thus sheared more often by a turbulent flow generated by the

loop flow. Therefore, gas inside the loop flow type gas-1ligquid

stirring and mixing chamber can be further broken up.

[0079]

P

The shape of the loop flow type gas—liquid stirring and

mixing chamber or the shape of the cut-away parts of the inflow

hole 1s not limited to the shape described i1n each of the

embodliments and each of the modifications. The shape of the

loop flow type gas-liquid stirring and mixing chamber may be
a substantially square tubular shape, a substantially
triangular pyramid, a shape whose cross section has a polygonal

shape such as a pentagon or a hexagon, or a shape whose cross
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section has a complicated shape such as a star shape (including
an l1rregular shape).

[0080]

In each of the embodiments and each of the modifications,

the gas inflow hole may be formed close to the jet holes.

10081]

In each of the embodiments and each of the modifications,

the gas reservoir section may be formed on the surface of the

tubular member. Although, in each of the embodiments and each

of the modifications, the gas reservoir section is formed in

a recessed shape (ring-like shape) along the entire

circumference of the clearance, the present invention is not

P

limited thereto. A recess may be formed only in part of the

P

outer surface of the tubular member or/and the inner surface

of the bottomed member 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]

In each of the embodiments and each of the modifications,
one simllar to the stirring and mixing section 55c¢ provided in
the loop flow type bubble generation nozzle 50 of Modification

2 of the second embodiment may be provided in any part of the

loop flow type gas-liquid stirring and mixing chamber.
Although the stirring and mixing section 55c¢c has a recessed

ring-like shape, the present invention is not limited thereto.
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One or more simple recesses (for example, depressions) or a
groove (recess) formed in a helical shape may be formed as the

stirring and mixing section 55c¢ as long as the fluid mixture

inside the loop flow type gas-liquid stirring and mixing chamber
can be further stirred and mixed.

10083]

The bubble generation nozzle/loop flow type bubble
generation nozzle of the present invention may be manufactured

to have a large size or a small size. The bubble generation

nozzle/loop flow type bubble generation nozzle of the present

invention 1s applicable to all purposes that can use

microbubbles. Specifically, the large bubble generation
nozzle/loop flow type bubble generation nozzle is applicable,

for example, to industrial fields, sewage treatment in, for

example, sewerage, purification of rivers and sea water,

removal of water bloom, revival, breeding and culture of fishes

and shellfishes, and raising of rice and weeding in paddy fields.

On the other hand, the small bubble generation nozzle/loop flow

type bubble generation nozzle is applicable, for example, to

purification of water tanks and fish preserves, raising in

hydroponic culture, microbubble bathes, washers, portable
ultra-compact microbubble generators, and small water tanks
when a temperature rise is not desired. Further, use in medical

fields 1s also under consideration. Furthermore, the bubble

generation nozzle/loop flow type bubble generation nozzle of
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the present invention can also be used in decolorization and

sterilization.

R

L*]

FERENCE SIGNS LIST

LJ.

10084 ]
1, 21, 31, 41, 51: Bottomed member
2, 22, 32, 42, 52: Tubular member

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

[ -

4, 24, 34, 44, 54: Gas feed chamber
4a, 24a, 34a, 44a, 5H4d4a: Clearance

4b, 24b, 34b, 44b, 54b: Groove

ca, 25a, 35a, 4ba, 55a: First ligquid feed hole

ob, 25b, 35b, 45b, 55b: Second liguid feed hole

6, 26, 36, 46, 56: Loop flow type gas-liquid stirring and
mlxing chamber

1, 27, 37, 47, 57: Inflow hole

la, 217a, 37a, 37b, 47a, 57a, 57b: Cut-away part

da, 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

nozzle
11: Hose

12: Shower head

13: Gas feed tube

13a: Check wvalve

14: Throttle wvalve
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24c, 44c, 54c: Gas reservolir section

55c: Stirring and mixing section
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CLAIMS

1. A loop flow type bubble generation nozzle comprising:

a loop flow type gas-liquid stirring and mixing chamber

that stirs and mixes liquid and gas by a loop-like flow to form

a fluid mixture;

a liquid feed hole formed on one end of the loop flow type

gas—-liquid stirring and mixing chamber, the liquid feed hole

feeding pressurized liquid to the loop flow type gas-liquid

stirring and mixing chamber;

at least one gas inflow hole into which gas flows;

a gas feed chamber formed on the other end side of the

loop flow type gas-liquid stirring and mixing chamber, the gas

feed chamber feeding gas flowing in through the at least one

gas inflow hole to the loop flow type gas-liquid stirring and
mixing chamber toward one end side of the loop flow type
gas—liguid stirring and mixing chamber through the entire

circumference or part of the circumference while circulating

the gas around a central axis of the ligquid feed hole;

a jet hole formed on the other end of the loop flow type
gas-liquid stirring and mixing chamber in a manner to align a
central axis of the jet hole with the central axis of the liquid
feed hole, the jet hole having a diameter larger than the
diameter of the liquid feed hole and jetting the fluid mixture

from the loop flow type gas-liquid stirring and mixing chamber;

and
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a tapered section whose diameter continuously expands

from the jet hole toward the loop flow type gas-liquid stirring
and mixing chamber, wherein

at least one cut-away part is formed on an end of the
Capered section, the end facing the loop flow type gas-liquid

stirring and mixing chamber.

2 . The loop flow type bubble generation nozzle according to

claim 1, wherein a cut-away part is further formed to extend

from the at least one cut-away part toward the gas feed chamber.

3. A loop flow type bubble generation nozzle comprising:

a loop flow type gas-liquid stirring and mixing chamber

that stirs and mixes liquid and gas by a loop-like flow to form

a fluid mixture;

a liquid feed hole formed on one end of the loop flow type

gas—liquid stirring and mixing chamber, the liquid feed hole
feeding pressurized liquid to the loop flow type gas-~liquid

stirring and mixing chamber;

at least one gas 1nflow hole into which gas flows;

a gas fteed chamber formed on the other end side of the

loop flow type gas-liquid stirring and mixing chamber, the gas

feed chamber feeding gas flowing in through the at least one

gas 1nflow hole to the loop flow type gas-liquid stirring and

mixing chamber toward one end side of the loop flow type
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gas-liquid stirring and mixing chamber through the entire

circumference or part of the circumference while circulating

P

tLhe gas around a central axis of the liquid feed hole;

a jJet hole formed on the other end of the loop flow type

gas—-liquid stirring and mixing chamber in a manner to align a

central axis of the jet hole with the central axis of the liquid

feed hole, the jet hole having a diameter larger than the

diameter of the liquid feed hole and jetting the fluid mixture
from the loop flow type gas-liquid stirring and mixing chamber;
and

a recessed gas reservolr section formed on the gas feed
chamber at a side facing the loop flow type gas-liquid stirring
and mixing chamber on the entire circumference or part of the

circumference of the gas feed chamber.

4 The loop flow type bubble generation nozzle according to

any one of claims 1 to 3, wherein a recessed stirring and mixing

section that further stirs and mixes the fluid mixture inside

the loop flow type gas-liquid stirring and mixing chamber is

formed on an 1nner wall of the loop flow type gas-liquid stirring

and mixing chamber.

5. A loop flow type bubble generation nozzle comprising:
a loop flow type gas-liquid stirring and mixing chamber

that stirs and mixes liquid and gas by a loop-like flow to form

ol



CA 02945460 2016-10-11

a fluid mixture;

a liquid feed hole formed on one end of the loop flow type

gas—-liquid stirring and mixing chamber, the liquid feed hole

feeding pressurized liquid to the loop flow type gas-liquid

stirring and mixing chamber;

at least one gas inflow hole into which gas flows;

a gas feed chamber formed on the other end side of the

loop flow type gas-liquid stirring and mixing chamber, the gas

feed chamber feeding gas flowing in through the at least one

gas 1inflow hole to the loop flow type gas-liquid stirring and

mixing chamber toward one end side of the loop flow type

gas—-liquid stirring and mixing chamber through the entire

P

circumference or part of the circumference while circulating

the gas around a central axis of the liguid feed hole;

a Jet hole formed on the other end of the loop flow type

gas—-liquid stirring and mixing chamber in a manner to align a

central axis of the jet hole with the central axis of the liquid

feed hole, the jet hole having a diameter larger than the

diameter of the liquid feed hole and jetting the fluid mixture

from the loop flow type gas—-1liquid stirring and mixing chamber;

and

a recessed stirring and mixing section formed on an inner

wall of the loop flow type gas-liquid stirring and mixing

chamber, the recessed stirring and mixing section further

stirring and mixing the fluid mixture inside the loop flow type
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gas—-liquid stirring and mixing chamber.
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