
Description TitleofteInvention:Igicro-BubbleGeneratorandhlicro-Bubble
Generation Device Technical Field [0001]The present invention relates to a
micro-bubble generator and a micro-bubble generation device. Background Art
[0002]In recent years, gas-liquid mixture fluid containing micro bubbles is
used in various industries, such as, for dissolution of a dysoxic water mass
in a closed water area, an activation means of microorganisms in drainage
treatment, growth facilitation of plants in hydroponics and the like, arld
removal ofcontaminatingsubstanceson asubstance surface, as a technique capable
of supplying various gases into water by making such gases in the form of
micro bubbles.  [0003] For example, in Japanese Unexamined Patent Application
No. 2003-182158, a spare swirl portion is provided in order to rectify a
liquid introduced from a liquid introduction opening into a gas-liquid swirl
chamber, and a swirl flow is generated to a wall surface in which a gas
introduction opening is provided, the wall surface being orthogonal to a
surface in which the liquid introduction is arranged. While generating the
swirl flow, the liquid turns  backward at the wall surface in which the gas
introduction opening is provided, and a gas is drawn by utilizing negative
pressure of the swirl flow and discharged to a discharge opening toward an
opposite wall surface in which the discharge opening is provided. 



[0004]In Japanese Unexamined Patent Application No. 2008-272719, a plurality
of annular grooves is provided in such a manner that gas-liquid mixture fluid
introduced into a as-liquid swirl chamber is not expanded in the axial
direction, and a swirl flow of the gas-liquid mixture fluid is generated to a
wall surface in which a gas-liquid mixture fluid introduction opening is not
provided, the wall surface being orthogonal to a surface in which the
gas-liquid mixture fluid introduction opening is arranged. The
gas-liquidmixture fluid turns backward at the wall surface, goes toward an
opposite wall surface in which a discharge opening is provided while
increasing swirl speed, and is discharged to the discharge opening. Prior Art
Document Patent Document [0005] Patent Document I: Japanese Unexamined Patent
Application No. 2003-182158  Patent Document 2: Japanese Unexamined Patent
Application No. 2008-272719 Summary of the Invention 



Problems to be Solved by the Invention [ 000 5]Any of the above swirl type
micro-bubble generation devices reduces the size of bubbles but does not
efficiently generate bubbles having a particle size of a nanometer order.
[0007] The present invention is achieved in consideration with the above
background art, and an object thereof is toprovide a micro-bubble generator,
etc., capable of efficiently generating bubbles having a particle size of a
nanometer order. Means for Solving the Problems [0008]According to this
invention, in order to achieve the above object, configurations as described
in the claims are adopted. Hereinafter, this invention will be described in
detail. [0009]A first aspect of the present invention is a micro-bubble
generator, having: a swirl chamber;         a fluid introduction opening
connected to the swirl chamber, the fluid introduction opening for introducing
fluid along a line tangent to an inner surface of the swirl chamber; 



a discharge tube for guiding the fluid in the direction substantially
perpendicular to the direction in which the fluid is introduced, wherein
the discharge tube penetrates a wall surface of the swirl chamber and
protrudes to an interior of the swirl chamber.  [0010] According to the
present configuration, by isolating a path of the introduced fluid, a lass of
kinetic energy of a swirl flow of the fluid can be reduced. Thus, the
micro-bubble generator capable of reducing the size of generated micro bubbles
can be obtained. [0011]A second aspect of the present invention is the
micro-bubble generator according to claim 1, wherein         a central axis of
the discharge tube in the swirl chamber is provided in the direction
substantially perpendicular to the direction in which the fluid is introduced.
[0012]According to the present configuration, by isolating the path of the
introduced fluid, the loss of the kinetic energy of the swirl flow of the
fluid can be reduced. Thus, the micro-bubble generator capable of reducing the
size of the generated micro bubbles can be obtained. [0013]A third aspect of
the present invention is the 



micro-bubble generator according to claim 1, having: the swirl chamber;
the fluid introduction opening connected to the swirl chamber, the fluid
introduction opening for introducing the fluid along the line tangent to the
inner surface of the swirl chamber; and        the discharge tube for guiding
the fluid in the direction substantially perpendicular to the direction in
which the fluid is introduced, wherein        the fluid introduced from the
fluid introduction opening circulates around a circumference of the discharge
tube, and then flows from one end of the discharge tube to the other end, and
is discharged. [0014]According to the presentfiguration, by isolating the path
of the introduced fluid, the loss of the kinetic energy of the swirl flow of
the fluid can be reduced. Thus, the micro-bubble generator capable of reducing
the size of the generated micro bubbles can be obtained. [0015]A fourth aspect
of the present invention is the micro-bubble generator according to claim 3,
wherein 



the one end of the discharge tube is positioned close to a wall surface of the
swirl chamber facing the wall surface that the discharge tube penetrates.
[0016]According to the present configuration, by isolating the path of the
introduced fluid, the loss of the  kinetic energy of the swirl flow of the
fluid can be reduced. Thus, the micro-bubble generator capable of reducing the
size of the generated micro bubbles can be obtained. [0017]A fifth aspect of
the present invention is micro-bubble generation device, having: the
micro-bubble generator according to claim 4; and a fluid storage tank
accommodating the micro-bubble generator and storing micro-bubble containing
fluid. 



[0016]A sixth aspect of the present invention is a micro-bubble generator,
having:        a swirl chamber having a space in which a fluid is capable of
swirling;        a fluid introduction opening for introducing the fluid along
a line tangent to an inner surface of the swirl chamber; and a discharge tube,
wherein        the swirl chamber is provided with a first wall surface
substantially orthogonal to a surface of the swirl chamber in which the fluid
introduction opening is arranged, and a second wall surface facing the first
wall surface, and        the discharge tube penetrates the second wall surface
and protrudes to an interior of the swirl chamber.  isolating the path of the
introduced fluid, the loss of the kinetic energy of the swirl flow of the
fluid can be reduced. Thus, the micro-bubble generator capable of reducing the
size of the generated micro bubbles can be obtained. 



[0020]A seventh aspect of the present invention is a micro-bubble generator,
having:        a swirl chamber having a space in whic:h a fluid is capable of
swirling;        a fluid introduction opening for introducing the fluid along
a line tangent to an inner surface of the swirl chamber; and a discharge tube,
wherein        a first wall surface orthogonal to a surface of the swirl
chamber in which the fluid introduction opening is arranged, and a second wall
surface facing the first wall surface are provided in the swirl chamber, and
the discharge tube is positioned on a substantially central axis line of the
swirl chamber, penetrates the second wall surface, and reaches toa position
close to the first wall surface. [0021]According to the present confiquration,
by isolating the path of the introduced fluid, the loss of the kinetic energy
of the swirl flow of the fluid can be reduced. 



Thus, the micro-bubble generator capable of reducing the size of the generatbd
micro bubbles can be obtained. [0022]An eighth aspect of the present invention
is a micro-bubble generation device, including:        a micro-bubble
generator having a swirl chamber, a fluid
introductionopeningconnectedtotheswirl chamber, the fluid introduction opening
for introducing fluid alone a line tangent to an inner surface of the swirl
chamber, and a discharge tube for guiding the fluid in the direction
substantially perpendiculartc)thedirectioninwhichthe fluid is introduced,
wherein the discharge tube penetrates a wall surface of the swirl chamber and
protrudes to an interior of the swirl chamber; and        a fluid storage tank
accommodating the micro-bubble generator and storing micro-bubble containing
fluid, wherein        the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained. [0023]A ninth aspect of the
present invention is a micro-bubble generation device, including: 



a micro-bubble generator having a swirl chamber, a fluid introduction opening
connected to the swirl chamber, the fluid introduction opening for introducing
gas-liquid mixture fluid alone a line tangent to an inner surface of the swirl
chamber,  and a discharge tube for guiding the gas-liquid mixture fluid in the
direction substantially perpendicular to the direction in which the gas-liquid
mixture fluid is introduced, wherein the discharge tube penetrates a wall
surface of the swirl chamber and protrudes to an interior of the swirl
chamber, and the gas-liquid mixture fluid introduced from the fluid
introduction opening circulates around a circumference of the discharge tube,
and then flows from one end of the discharge tube to the other end; and
a fluid storage tank accommodating the micro-bubble generator and storing
micro-bubble containing fluid, wherein         the micro-bubble containing
fluid discharged vertically up-ward from the fluid storage tank is obtained. [
002 4 ]A tenth aspect of the present invention is a micro-bubble generation
device, including:           micro-bubble generator having a swirl chamber, a
fluid introduction opening connected to the swirl chamber, the fluid
introduction -opening for introducing gas-liquid mixture fluid along a line
tangent to an inner surface of the swirl chamber, and a discharge tube for
gui-ding the gas-liquid mixture fluid in the -direction substantially
perpendicular to the direction in which the gas-liquid mixture fluid is
introduced, wherein the discharge tube penetrates a wall surface of the swirl
chamber  



and protrudes to an interior of the swirl chamber, the gas-liquid mixture
fluid introduced from the fluid introduction opening circulates around a
circumference of the discharge tube, and then flows from one end of the
discharge tube to the other- end, the gas-liquid mixture fluid turns backward
at a wall surface and flows in from the opened one end of the discharge tube,
and the wall surface is a wall surface of the swirl chamber facing the wall
surface that the discharge tube penetrates; and        a fluid storage tank
accommodating the micro-bubble generator and storing micro-bubble containing
fluid, wherein        the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained. [ 0 02 5 ]An eleventh aspect
of the present invention is a micro-bubble generation device, including:
a micro-bubble generator provided with a cylindrical gas-liquid swirl chamber
having a space in which a gas-liquid mixture fluid is capable of swirling, a
gas-liquid introduction cylinder including a gas-liquid introduction opening
for introducing the gas-liquid mixture fluid along a line tangent to an inner
surface -of the gas-liquid swirl chamber, a gas-liquid introduction cylinder
including a gas-liquid introduction opening for introducing the gas-liquid
mixture fluid along a  line tangent to an inner surface of the gas-liquid
swirl chamber, a first wall surface orthogonal to a surface in which the
as-liquid introduction opening is arranged, a second wall surface facing the
first wall surface, the second wall surface being positioned close to the
gas-liquid introduction opening, and a as-liquid discharge opening positioned
on a central axis line of the cylindrical gas-liquid swirl chamber, the
gas-liquid discharge opening penetrating the second wall surface and reaching
to a position close to the first wall surface;         a pump for supplying
the fluid to the micro-bubble generator; 



a suction piping connected to a suction opening of the pump;         a
discharge piping connected to a discharge opening of the pump and connected to
the gas-liquid introduction opening;           cvlindrical casing forming a
gas-liquid mixture fluid storage tank accommodating the micro-bubble generator
and storing micro-bubble containing fluid discharged from the micro-bubble
generator;         a semi-spherical third wall surface forming an upper part
of the gas-liquid mixture fluid storage tank;         a storage tank discharge
opening positioned in an upper part of a central axis line of the gas-liquid
mixture fluid  storage tank, the storage tank discharge opening penetrating
the third wall surface;        a semi-spherical fourth wall surface forming a
lower part of the gas-liquid mixture fluid storage tank; 



a drainage opening positioned in a lower part of the central axis line of the
gas-liquid mixture fluid storage tank, the drainage opening penetrating the
fourth wall surface;         a storage tank discharge pipe connected to the
storage tank discharge opening; and         a drainage pipe connected to the
drainage opening. [0026]A twelfth aspect of the present invention is a
micro-bubble generation device, including:         a micro-bubble generator
provided with a cylindrical gas-liquid swirl chamber having a space in which a
gas-liquid mixture fluid is capable of swirling, a gas-liquid introduction
cylinder including a gas-liquid introduction opening for introducing the
gas-liquid mixture fluid along a line tangent to an inner surface of the
gas-liquid swirl chamber, a first wall surface orthogonal to a surface in
which the gas-liquid introduction opening is arranged, a second wall surface
facing the first wall surface, the second wall surface being positioned close
to the gas-liquid introduction opening, and a tubular gas-liquid discharge
opening positioned on a central axis line  of the cylindrical gas-liquid swirl
chamber, the gas-liquid discharge opening penetrating the second wall surface
and reaching to a position close to the first wall surface;        a pump for
supplying the fluid to the micro-bubble generatct; a suction piping connected
to a suction opening of the 



pump;        a discharge piping connected to a discharge opening of the pump
and connected to the gas-liquid introduction opening;        a gas-liquid
ejection opening positioned on a negative pressure axis formed by a swirl flow
of micro-bubble containing fluid discharged from the micro-bubble generator;
a cylindrical casing forming a gas-liquid mixture fluid storage tank
accommodating the micro-bubble generator and storing the micro-bubble
containing fluid ejected from the gas-liquid ejection opening;        a
semi-sphericalthirdwall surface forming an upper part of the gas-liquid
mixture fluid storage tank;        a storage tank discharge opening positioned
in an upper part of a central axis line of the gas-liquid mixture fluid
storage tank, the storage tank discharge opening penetrating the third wall
surface; a semi-spherical fourthwallsurfaceformine a lower part  of the
gas-liquid mixture fluid storage tank; 



a drainage opening positioned in a lower part of the central axis line of the
gas-liquid mixture fluid storage tank, the drainage opening penetrating the
fourth wall surface;         a storage tank discharge pipe connected to the
storage tank discharge opening; and a drainage pipe connected to the drainage
opening, wherein the gas-liquid mixture fluid introduced from the  as-liquid
introduction opening circulates around a circumference of the gas-liquid
discharge opening, then turns backward at the first wall surface, flows in
from an opened one end of the gas-liquid discharge opening, and flows from the
one end of the gas-liquid discharge opening to the other end. [0027]It should
be noted that one example of other aspects may be a micro-bubble generation
device, including: a micro-bubble generator provided with a cylindrical
as-liquid swirl chamber having a space in a which gas-liquid mixture fluid is
capable of swirling, a cylindrical casing provided with the gas-liquid swirl
chamber, a gas-liquid introduction cylinder including a as-liquid introduction
opening for introducing the gas-liquid mixture fluid along a line tangent to
an inner surface of the gas-liquid swirl chamber, 



a first wall surface orthogonal to a surface in which the gas-liquid
introduction opening is arranged, a second wall surface facing the first wall
surface, the second wall surface being positioned close to the gas-liquid
introduction opening, and a gas-liquid discharge opening positioned on a
central axis line of the cylindrical gas-liquid swirl chamber, the gas-liquid
discharge opening penetrating the second wall surface and reaching to a
position close to the first wall surface;         a pump for supplying the
fluid to the micro-bubble generator; a suction piping connected to a suction
opening of the pump;         a discharge piping connected to a discharge
opening of the pump and connected to the gas-liquid introduction opening;
a gas-liquid ejector provided with a gas-liquid ejection opening positioned on
a negative pressure axis formed by a swirl flow of micro-bubble containing
fluid discharged from the micro-bubble generator;         a cylindrical casing
forming a gas-liquid mixture fluid storage tank accommodating the micro-bubble
generation device and storing the micro-bubble containing fluid ejected from
the gas-liquid election opening; a semi-spherical third wall surface forming
an upper part  



of the gas-liquid mixture fluid storage tank;        a storage tank discharge
opening positioned in an upper part of a central axis line of the gas-liquid
mixture fluid storage tank, the storage tank discharge opening penetrating the
third wall surface;        a semi-spherical fourth wall surface forming a
lower part of the gas-liquid mixture fluid storage tank;        a drainage
opening positioned in a lower part of the cent ral axis line of the gas-liquid
mixture fluid storage tank, the drainage opening penetrating the fourth wall
surface;        a storage tank discharge pipe connected to the storage tank
discharge opening; and        a drainage pipe connected to the drainage
opening. Effects of the Invention [0026]Accordingtothe presentinvention,the
micro-bubble generator capable, etc., of reducing the size oft.he generated
micro bubbles can be obtained.        Further other objects, characteristics,
or advantages of the present invention will he elucidated by detailed
description based on an embodiment of the present invention described later
and the attached drawings. 



Brief Description of the Drawings [0029]         Fig. 1 is an illustrative
view showing a configuration of a micro-bubble generator;        Fig. 2 is an
illustrative view showing the configuration of the micro-bubhle generator;
Fig. 3 is an illustrative view showing the configuration of the micro-bubble
generator;        Fig. 4 is an illustrative view showing a configuration of a
swirl type micro-bubble generation device; and        Fig. 5 is a graph
showing particle size distribution of micro bubbles generated in the
micro-bubble generation device Modes for Carrying Out the Invention [0030]
[Outline] 



[0031]Any of the conventional swirl type micro-bubble generation devices
reduces the size of bubbles but requires a great deal of energy for generation
and does not efficiently generate bubbles having a particle size of a
nanometer order. Thus, an object is to provide a more energy-efficient
micro-bubble generator capable of efficiently generating bubbles having a
particle size of a nanometer order, and a micro-bubble generation device
provided with the micro-bubble generator. [0032]For example, one micro-bubble
generator 1 of the present embodiment includes a gas-liquid discharge cylinder
9 provided with a gas-liquid discharge opening e penetrating a second wall
surface 7 positioned on a central axis line of a cylindrical gas-liquid swirl
chamber 3 and reaching to a position close to a first wall surface 6. Thus,
gas-liquid mixture fluid 10 introduced from a fluid introduction opening 4 so
as to go along an inner surface of a cylindrical casing 2 between the
gas-liquid discharge cylinder Sand the cylindrical casing 2 turns backward at
the first wall surface 6 while generating an outer swirl flow 11, and then the
gas-liquid mixture fluid 10 passes through an interior of the gas-liquid
discharge cylinder 9 provided with the gas-liquid discharge opening 8 while
generating an inner swirl flow 12, and is discharged from the cylindrical
gas-liquid swirl chamber 3. Thereby, the flows having contradictory vectors
can be prevented from being adjacent to each other, so that a decrease in a
flow rate of both the outer r wirl flow 11 and the inner swirl flow 12 can be
prevented, and hence the outer swirl flow 11 and the inner swirl flow 12 which
are further rectified can be generated. Therefore, regarding the gas-liquid
mixture fluid 10 introduced from the fluid introduction opening 4, swirl force
can be applied to the gas-liquid mixture fluid 10 in the gas-liquid swirl
chamber 3 more efficiently at lower pressure than the conventional swirl type
micro-bubble generation devices. Thus,  larger shear force is generated in a
gas contained in the gas-liquid mixture fluid 10, so that size reduction in
bubbles is facilitated. [0033]It should be noted that the fluid includes fluid



in which a gas is mixed into a liquid, fluid in which a gas is melted into a
liquid, and the like. Examples of a liquid can be water, a solvent, gasoline,
and the like. Examples of-a gas can he nitrogen, oxygen, carbon dioxide,
ozone, ethylene, hydrogen, and the like. Here, a case where the gas-liquid
mixture fluid is introduced into the micro-bubble generator will be mainly
described [0034]Hereinafter, the embodiment of the present invention will be
described in detail with reference to the drawings. [Micro-Bubble Generator]
[0035]Fig. 1 shows a configuration of the micro-bubble generator of the
present embodiment. A shows a vertically sectional view thereof, and B shows a
section by the line A-A' shown in the figure. [0036]In the figure, the
micro-bubble generator 1 is configured from the cylindrical casing 2, the
cylindrical gas-liquidswirlchamber3havinga space inwhichthegas-liquid 



mixture fluid 10 is capable of swirling, the fluid introduction  opening 4 for
introducing the gas-liquid mixture fluid 10 along a line tangent to the inner
surface of the gas-liquid swirl chamber 3, a gas-liquid introduction cylinder
5 provided with the fluid introduction opening 4, the first wall surface 6
orthogonal to a surface of the gas-liquid swirl chamber 3 in which the fluid
introduction opening 4 is arranged, the second wall surface 7 facing the wall
surface, the second wall surface being positioned close to the fluid
introduction opening 4, the gas-liquid discharge opening B positioned on the
central axis line of the cylindrical gas-liquid swirl chamber 3, the
gas-liquid discharge opening penetrating the second wall surface 7 and
reaching to the position close to the first wall surface 6, and the gas-liquid
discharge cylinder 9 provided with the gas-liquid discharge opening S.
[0037]As shown in the figure, the gas-liquid discharge cylinder 9 is
positioned on the central axis line of the cylindrical gas-liquid swirl
chamber 3 inside the gas-liquid swirl chamber 3 of the cylindrical casing 2,
penetrates the second wall surface 7, and reaches to the position close to the
first wall surface 6. By these two cylinders, the micro-bubble generator IL
forms a double-cylinder structure. The gas-liquid discharge opening e provided
in the gas-liquid discharge cylinder 9 is provided at the position close to
the  first wall surface 6. [0038]The gas-liquid mixture fluid 10 introduced
from the fluid introduction opening 4 of the micro-bubble generator 1 with the
above configuration flows between the gas-liquid discharge cylinder 9
positioned on the central axis line of the cylindrical gas-liquid swirl
chamber 3 and the cylindrical casing 2 so as to go along the inner surface of
the cylindrical casing. Thus, the rectified outer swirl flow 11 can be
generated in the cylindrical gas-liquid swirl chamber 3. 



[0039]The outer swirl flow 11 goes toward the first wall surface 5 of the
cylindrical gas-liquid swirl chamber 3 and turns backward at the first wall
surface 6, and swirl speed is increased inside the gas-liquid discharge
cylinder '9 having a smaller diameter than the cylindrical casing 2, so that
the inner swirl flow 12 is formed. This inner swirl flow 12 forms a high-speed
swirl flow, and a negative pressure hollow portion 13 is formed in the
vicinity of a center thereof by centrifugal force. [0040]As described above,
the micro-bubble generator 1 includes the gas-liquid discharge cylinder 9
provided with the as-liquid discharge opening 8 penetrating the second wall
surface 7 positioned on the central axis line of the cylindrical gas-liquid
swirl chamber 3 and reaching to the position close  to the first wall surface
6. Thus, the gas-liquid mixture fluid 10 introduced from the fluid
introduction opening 4 so as to go along the inner surface of the cylindrical
casing 2 between the gas-liquid discharge cylinder '9 and the cylindrical
casing 2 turns backward at the first wall surface 6 while generating the outer
swirl flow 11, and then the as-liquid mixture fluid 10 passes through the
interior of the gas-liquid discharge cylinder 9 provided with the gas-liquid
discharge opening 8 while generating the inner swirl flow 12, and is
discharged from the cylindrical gas-liquid swirl chamber 3. Thereby, the flows
having contradictory vectors can be prevented from being adjacent to each
other, so that the decrease in the flow rate of both the outer swirl flow 11
and the inner swirl flow 12 can be prevented, and hence the outer swirl flow
11 and the inner swirl flow 12 which are further rectified can be generated.
Therefore, regarding the gas-liquid mixture fluid 10 introduced from the fluid
introduction opening 4, the swirl force can be applied to the gas-liquid
mixture fluid 10 in the gas-liquid swirl chamber 3 more efficiently at lower
pressure than the conventional swirl type micro-bubble generation devices.
Thus, larger shear force is generated in the gas contained in the gas-liquid
mixture fluid 10, so that the size reduction in the bubbles is facilitated.
[0041] [Micro-Bubble Generation Device] [0042 ]Fig. 4 is an illustrative view
showing a 



configuration of a micro-bubble generation device 21 provided with the
micro-bubble generator 1 shown in Fig. 1.  [0043]In the figure, the
micro-bubble generation device 21 provided with the micro-bubble generator 1
supplies micro-bubble containing fluid 27 from the micro-bubble generator 1, a
pump 22 for supplying the gas-liquid mixture fluid 10 to the micro-bubble
generator 1, a suction piping 24 connected to a suction opening 23 of the pump
22, a discharge piping 26 connected to a discharge opening 25 of the pump and
connected to the fluid introduction opening 4 of the micro-bubble generator 1,
and the gas-liquid discharge opening 8 of the micro-bubble generator 1.
[0044]A gas-liquid ejector 31 has a discharge piping connected to a gas-liquid
introduction opening 32, and a gas-liquid ejection opening 36 positioned on a
negative pressure axis 35 formed by a swirl flow 34 of the micro-bubble
containing fluid 27 discharged from the micro-bubble generator 1, and is
capable of efficiently diffusing the micro-bubble containing fluid 27 supplied
from the micro-bubble generator 1 to a gas-liquid mixture fluid storage tank.
[0045]By providing a cylindrical casing 43 provided with  a gas-liquid mixture
fluid storage tank 42 accommodating the micro-bubble generation device 21 and
storing the micro-bubble containing fluid 27 ejected from the gas-liquid ej
ection opening 36, a semi-spherical fourth wall surface 44 positioned in an
upper part of the gas-liquid mixture fluid storage tank 42, a storage tank
discharge opening 45 positioned in an upper part of a central axis line of the
gas-liquid mixture fluid storage tank 42, the storage tank discharge opening
45 penetrating the third wall surface 44, a semi-spherical fourth wall surface
46 positioned in a lower part of the gas-liquid mixture fluid storage tank 42,
and a drainage opening 47 positioned in a lower part of the central axis line
of the gas-liquid mixture fluid storage tank 42, the drainage opening 47
penetrating the fourth wall surface, the micro-bubble containing fluid 27 can
be obtained from the storage tank discharge opening 45. It should be noted
that a storage tank discharge tube connected to the storage tank discharge
opening 45 and a drainage tube connected to the drainage opening 47 may be
provided. [0046]IN the conventional swirl type micro-bubble 



generation devices, -There is a need for directly immersing a
generatorinwaterinordertogeneratemicrobubbles. However,
inthemicro-bubblegenerationdevicelofthepresentembodiment, by providing the
micro-bubble containing fluid storage tank 42, themicro-bubble containing
fluid 27canbethtained without immersing the release port 47 of the storage
tank discharge pipe 46. [0047]Asuction tube portion may be protrudingly
provided in a predetermined part of the suction piping connected to the
suction opening of the pump, or a gas supply opening may be provided in a
casing part of the pump. Alternatively, a gas supply piping connected to the
gas supply opening and connected to a gas discharge openingofa gas supply
pump, or a gas supply piping connected to a gas discharge opening of a gas
container may be provided.  [0046] [Particle Size Distribution of Generated
Micro Bubbles]  [0049] Fig.5 isagraphshowingparticlesizedistribution of micro
bubbles generated in the micro-bubble generation device. [0050]As shown in the
figure, many micro bubbles were observed within a range of particle size from
10 nm or more to 300 nm or less, and the number thereof was 100 million or
more. Many micro bubbles were generated within a range of particle size from
50 nm or more to 150 nm or less, further, within a range of particle size from
50 nm or more to 110 nm or less, and furthermore, withina
range(9fparticlesizearound 100 nm. This data indicates that bubbles having a
particle  size of a nanometer order can be efficiently generated by the
technique of the above embodiment_ 



[0051] [Material] [0052]Metal materials and various plastic materials can be
used as a material of the above described parts of the micro-bubble generator,
etc. For example, manufacturing can be performed with an alloy of iron,
chromium, and nickel, stainless steel, 3U5304, SU3316. The manufacturing can
also be performed with a resin material such as Teflon (registered trademark)
and polycarbonate. Moreover, Teflon-coating, surface coating, electrostatic
coating, plating, or the like may be performed for the micro-bubble generator,
etc. [0053] [Uses] [0054]Many uses of the above technique are considered. For
example, there is a possibility that the technique can be utilize(mi in the
following fields. [0055]Application to a food and agricultural field includes
inactivation of norovirus by micro bubbles, inactivation of viruses inside
oysters, sterilization and purification of hydroponic culture solutions using
micro-bubble ozone, sterilization of culture solutions and roots by
micro-bubble ozone, and agricultural utilization of nano-bubbles . Application
to a medical field includes clinical  



application of a micro-bubble ultrasonic contrast agent and the like,
adaptation of contrast-enhanced ultrasound to a hepatic disorder diagnosis, a
micro-bubble ultrasonic contrast agent, a clinical diagnosis, an angiogenic
remedy using breakage of micro bubbles, an angiogenic mechanism by ultrasound
and micro bubbles, ultrasonic manipulation of micro bubbles, acoustic
radiation pressure acting on micro bubbles in ultrasound, capture of micro
bubbles by ultrasound, ultrasonic capture of a yeast using micro bubbles, gene
transfer using ultrasound and micro bubbles, cavitation enhancement using both
ultrasound and micro bubbles (contrast agent) , gene transfer by using both
ultrasonic stimulation and micro bubbles, application to an animal model, and
medical treatment for cutaneous disorder and skin cleaning of a pet by micro
bubbles. Application to an environmental field includes a hybrid-type
environmental treatment technology using a micro-bubble method, introduction
of excited oxygen micro bubbles to a liquid phase, decontamination of
oil-contaminated soil by micro bubbles, decontamination of a contaminated site
by a bubble entrainment method, purification of water quality, degradation of
in-water organic substances and harmful substances by micro bubbles,
degradation of chemical substances such as organic substances, degradation of
harmful substances by ozone, dissolution of a  dysoxic water mass by micro
bubbles, generation of micro bubbles in a canal, application of micro bubbles
to an artificial brackish lake, application of micro bubbles in a shipping
route, water quality purification and increase in a dissolved oxygen
concentration of lakes, marshes, and rivers, an oil-water separation
technology in oil-water emulsion, treatment of dyehouse wastewater by a
biofiltration device using carbon fiber andmicro bubbles, a cleaning technique
utilizing micro bubbles, an eco-friendly cleaning technique by micro bubbles,
removal of oil stains by micro bubbles, a washer-dryer in which water-saving
is realized by injecting micro-bubble shape ozone, utilization for ships, a
ship resistance reduction technique by micro bubbles, and development of a
ship in-water noise predicting method by bubble dynamics. Device development
includes a low-power micro-bubble generation device, a Bubble Jet type
air-lift pump (Bubble Jet is a registered trademark) , combination with
micro-bubble generation through an orifice, and a household cleaning device
utilizing micro bubbles. Further, there is a possibility that the technique
can be applied to environmental improvement in a semi-closed water area
utilizing micro bubbles, gas hydrate generation utilizing micro bubbles, a
water treatment technique utilizing crushing of micro bubbles,
preservative-free kamaboko (Japanese processed  seafood product) by oxygen
nano-bubbles, and the like . [0055] [Conclusion] [0057]The swirl type
micro-bubble generator of the present embodiment has the cylindrical casing,
the cylindrical gas-liquid swirl chamber having the space in which the
gas-liquid mixture fluid is capable of swirling, the fluid introduction
opening for introducing the gas-liquid mixture fluid along the line tangent to
the inner surface of the gas-liquid swirl chamber, the gas-liquid introduction
cylinder provided with the fluid introduction opening, the first wall surface
orthogonal to the surface of the gas-liquid swirl chamber in which the fluid
introduction opening is arranged, the secondwall surface facing the wall
surface, the second wall surface being positioned close to the fluid
introduction opening, the gas-liquid discharge opening positioned on the
central axis line of the cylindrical gas-liquid swirl chamber, the gas-liquid
discharge opening penetrating the second wall surface and reaching to the
position close to the first wall surface, and the gas-liquid discharge
cylinder provided with the gas-liquid discharge opening.  [0058] According to
the present embodiment, by providing the gas-liquid discharge cylinder
provided with the gas-liquid discharge opening penetrating the second wall
surface positioned on the central axis line of the cylindrical gas-liquid
swirl chamber and reaching to the position close to the first wall surface,
the gas-liquid mixture fluid introduced from the fluid introduction opening so
as to go along the inner surface of the cylindrical casing between the
gas-liquid discharge cylinder and the cylindrical casing flows toward the
first wall surface while generating the swirl flow. Thus, the rectified swirl
flow can be generated without providing a structure for rectification on an
inner wall surface of the cylindrical as-liquid swirl chamber. [0059]By
providing the gas-liquid discharge cylinder 



provided with the gas-liquid discharge opening penetrating the second wall
surface positioned on the central axis line of the cylindrical gas-liquid
swirl chamber and reaching to the position close to the first wall surface,
the mixture fluid introduced from the fluid introduction opening so as to go
along the inner surface of the cylindrical casing between the gas-liquid
discharge cylinder and the cylindrical casing turns backward at the first wall
surface while generating the swirl flow, then passes through the interior of
the gas-liquid discharge cylinder provided with the gas-liquid discharge
opening while generating the swirl flow, and is discharged from the
cylindrical gas-liquid swirl chamber. Thereby, the flows having conttadictory
vectors can be prevented from being adjacent to each other, so that the
decrease in the flow rate of the gas-liquid mixture fluid flowing toward the
first wall surface introduced from the introduction opening can be prevented.
[0060]By providing the gas-liquid discharge cylinder provided with the
gas-liquid discharge opening penetrating the second wall surface positioned on
the central axis line of the cylindrical gas-liquid swirl chamber and reaching
to the position closet the first wall surface, the gas-liquidmixture fluid
introduced from the fluid introduction opening so as to go along the inner
surface of the cylindrical casing between the gas-liquid discharge cylinder
and the cylindrical casing turns backward at the first wall surface while
generating the swirl flow, then passes through the interior of the gas-liquid
discharge cylinder provided with the gas-liquid discharge opening while
generating the swirl flow, and is discharged from the cylindrical gas-liquid
swirl chamber. Thereby, the flows having contradictory vectors can be
prevented from being adjacent to each other, so that the decrease in the flow
rate of the gas-liquid mixture fluid passing through the interior of the
gas-liquid discharge cylinder provided with the gas-liquid discharge opening
while generating the swirl flow can be prevented.  [0061]As described above,
in the conventional devices, a mechanism for rectification is provided in
order to generate a swirl flow, and a swirl flowi is generated to a wall
surface orthogonal to a surface in which an introduction opening for
introducing a liquid or the like is arranged, the wall surface being away from
the introduction opening. The liquid or the like collides with the wall
surface, then turns backward, goes toward the side of a wall surface in which
a discharge opening is provided, and flows toward the discharge opening while
generating an inverse swirl flow inside the swirl flow flowing toward the wall
surface away from the introduction opening. Thus, since flows of contradictory
vectors are adjacent to each other, a loss is generated in a flow rate of both
the swirl flows. [0062]A swirl flow rate of the swirl flow of the fluid is
decreased by the above loss, so that there is a need for a great deal of
energy in order to pressurize the fluid by a pump and send the fluid into a
gas-liquid swirl chamber to generate the swirl flow. 



[0063]However, according to the present embodiment, by providing the
gas-liquid discharge cylinder pr=ided with the gas-liquid discharge opening
penetrating the second wall surface positioned on the central axis line of the
cylindrical  gas-liquid swirl chamber and reaching to the position close to
the first wall surface, the mixture fluid introduced from the fluid
introduction opening so as to go along the inner surface of the cylindrical
casing between the gas-liquid discharge cylinder and the cylindrical casing
turns backward at the first wall surface while generating the swirl flow, then
passes through the interior of the gas-liquid discharge cylinder provided with
the gas-liquid discharge opening while generating the swirl flow, and the
gas-liquid mixture fluid is discharged from the cylindrical gas-liquid swirl
chamber as the micro-bubble containing fluid. Thereby, the flows having
contradictory vectors can be prevented from being adjacent to each other, so
that the decrease in the flow rate of both the swirl flows can be prevented,
and hence the size reduction in the bubbles can be facilitated with small
energy. [ 00641According to the present embodiment, by isolating the path of
the introduced fluid, a loss of kinetic energy of the swirl flow of the fluid
can be reduced. Thus, the micro-bubble generator capable of reducing the size
of the generated micro bubbles can be obtained. Further, according to the
present embodiment, by isolating a path of the introduced fluid, a lass of
kinetic: energy of the swirl flow of the fluid can be reduced Thus, the
micro-bubble generator capable of 



reducing the size of the generated micro bobbles can be obtained.  [0065] By
providing the micro-bubble containing fluid storage tank, micro bubbles can be
generated, for example, not only for a water tank. [0066] [Interpretation,
etc.] [0067]The present invention is described above with reference to the
specific embodiment. However, it is obvious that those skilled in the art can
correct or substitute for the embodiment within a range not departing from the
gist of the present invention. That is, the present invention is -disclosed in
a form of exemplification, and descriptive contents -of the present
-description should not be interpreted in a limited way. In order to determine
the gist of the present invention, the paragraphs corresponding to the claims
-described at the beginning should be taken into consideration. [0068]Although
it is clear that the embodiment for explaining this invention achieves the
above object, it is also understood that those skilled in the art can make
many modifications and implement other embodiments. The elements or the
components of the embodiment for the claims, the -description, the -drawings,
and explanation may be adopted with one of the others or in combination. The
claims are intended to include such modifications and other embodiments within
a range thereof. These are included in the technical thought and the technical
scope of this invention. Industrial Applicability [0069]The above technique is
a beneficial technique for 



efficiently generating micro bubbles having a particle size of a nanometer
order in a fluid. For example, the micro-bubble containing fluid supplied
bythe micrio-bubble generatuib device provided with the micro-bubble generator
of the present invention extends thepossibility& effective utilization of
micro bubbles in a wide range of fields such as oxygen supply to a water
environment, medical treatment, welfare, cleaning,
chemicalindustry,wastewatertreatment, bioactivity, fishery, and agriculture.
Explanation of Reference Numerals [0070] I: Micro-bubble generator z. Casing
3: Gas-liquid swirl chamber 4: Fluid introduction opening 5: Gas-liquid
introduction cylinder 6: First wall surface 



7: Second wall surface 8: Gas-liquid discharge opening  9: Gas-liquid
discharge cylinder 10: Gas-liquid mixture fluid 11: Outer swirl flow 12: Inner
swirl flow 13: Negative pressure hollow portion 21: Micro-bubble generation
device 



22: Pump 23: Suction opening 24: Suction piping 25: Discharge opening 26:
Discharge piping 27: Micro-bubble containing fluid 31: Gas-liquid ejector 32:
Gas-liquid introduction opening 33: Discharge piping 



34: Swirl flow 35: Negative pressure axis 36: Gas-liquid ejection opening 42:
Gas-liquid mixture fluid storage tank 43: Casing 44: Third wall surface 45:
Storage tank discharge opening 46: Fourth wall surface  



47: Drainage opening  Claims [Claim 1] A micro-bubble generator, having: a
swirl chamber;        a fluid introduction opening connected to the swirl
chamber, the fluid introduction opening for introducing fluid along a line
tangent to an inner surface of the swirl chamber; and        a discharge tube
for guiding the fluid in the direction substantially perpendicular
tothedirectioninwhich the fluid is introduced, wherein        the discharge
tube penetrates awall surface of the swirl chamber and protrudes to an
interior of the swirl chamber. [C]aim 21 The micro-bubble generator according
to claim 1, wherein        a central axis of the discharge tube in the swirl
chamber is provided in the direction substantially perpendicular to the
direction in which the fluid is introduced. 



[Claim 3] The micro-bubble generator according too laim 1, having: the swirl
chamber;        the fluid introduction opening connected to the swirl chamber,
the fluid introduction opening for introducing the fluid along the line
tangent to the inner surface of the swirl  chamber; and        the discharge
tube for guiding the fluid in the direction substantially perpendicular
tothedirectioninwhich the fluid is introduced, wherein        the fluid
introduced from the fluid introduction opening circulates around a
circumference of the discharge tube, and then flows from one end of the
discharge tube to the other-end, and is discharged.  [Claim 4] The
micro-bubble generator according to claim 3, wherein        the one end of the
discharge tube is positioned close to a wall surface of the swirl chamber
faring the wall surface that the discharge tube penetrates. 



[Claim 5] A micro-bubble generation device, having: the micro-bubble generator
according to claim 4; and        a fluid storage tank accommodating the
micro-bubble generator and storing micro-bubble containing fluid. [Claim 6] A
micro-bubble generator, having:        a swirl chamber having a space in
whicha fluid is capable of swirling;        a fluid introduction opening for
introducing the fluid along a line tangent to an inner surface of the swirl
chamber; and  a discharge tube, wherein        the swirl chamber is provided
with a first wall surface substantially orthogonal to a surface of the swirl
chamber in which the fluid introduction opening is arranged, anda second wall
surface facing the first wall surface, and 



the discharge tube penetrates the second wall surface and protrudes to an
interior of the swirl chamber. [Claim 7] A micro-bubble generator, having:
a swirl chamber having a space in which a fluid is capable of swirling;
a fluid introduction opening for introducing the fluid along a line tangent to
an inner surface of the swirl chamber; and a discharge tube, wherein        a
first ,gall surface orthogonal to a surface of the swirl chamber in which the
fluid introduction opening is arranged, and a second wall surface facing the
first wall surface are provided in the swirl chamber, and        the discharge
tube is positioned on a substantially central axis line of the swirl chamber,
penetrates the second wall surface, and reaches to a position close to the
first wall surface. [Claim 8] A micro-bubble generation device, =uprising:
a micro-bubble generator having a swirl chamber, a fluid introduction opening
connected to the swirl chamber, the fluid introduction opening for introducing
fluid along a line tangent to an inner surface of the swirl chamber, and a
discharge tube for guiding the fluid in the direction substantially
perpendicular to the direction in which the fluid is introduced, wherein the
discharge tube penetrates a wall surface of the swirl chamber and protrudes to
an interior of the swirl chamber; and 



a fluid storage tank accommodating the micro-bubble generator and storing
micro-bubble containing fluid, wherein         the micro-bubble containing
fluid discharged vertically up-ward from the fluid storage tank is obtained.
[Claim 9] A micro-bubble generation device, comprising:         a micro-bubble
generator having a swirl chamber, a fluid introduction opening connected to
the swirl chamber, the fluid introduction opening for introducing gas-liquid
mixture fluid along a line tangent to an inner surface of the swirl chamber,
and a discharge tube for guiding the gas-liquid mixture fluid in the direction
substantially perpendicular to the direction in which the gas-liquid mixture
fluid is introduced, wherein the discharge tube penetrates a wall surface of
the swirl chamber and protrudes to an interior of the swirl chamber, and the
gas-liquidmixture fluid introduced from the fluid introduction opening
circulates around a circumference of the discharge tube, and then flows from
one end of the discharge tube to the other end; and         a fluid storage
tank accommodating the micro-bubble generator and storing micro-bubble
containing fluid, wherein         the micro-bubble containing fluid discharged
vertically upward from the fluid storage tank is obtained. [Claim 10] A
micro-bubble generation device, comprising:         a micro-bubble generator
having a swirl chamber, a fluid introduction opening connected to the swirl
chamber, the fluid introduction opening for introducing gas-liquid mixture
fluid alone a line tangent to an inner surface of the swirl chamber, and a
discharge tube for guiding the gas-liquid mixture fluid in the direction
substantially perpendicular to the direction in which the gas-liquid mixture
fluid is introduced, wherein the discharge tube penetrates a wall surface of
the swirl chamber and protrudes to an interior of the swirl chamber, the
gas-liquid mixture fluid introduced from the fluid introduction opening
circulates around a circumference of the discharge tube, and then flows from
one end of the discharge tube to the other end, the gas-liquid raihture fluid
turns backward at a wall surface and flows in from the opened one end of the
discharge tube, 



and the wall surface is a wall surface of the swirl chamber facing the wall
surface that the discharge tube penetrates; and         a fluid storage tank
accommodating the micro-bubble generator and storing micro-bubble containing
fluid, wherein         the micro-bubble containing fluid discharged vertically
upward from the fluid storage tank is obtained. [Claim 11] A micro-bubble
generation device, comprising:         a micro-bubble generator provided with
a cylindrical gas-liquid swirl chamber having a space in which a gas-liquid
mixture fluid is capable of swirling, a gas-liquid introduction cylinder
including a gas-liquid introduction opening for introducing the gas-liquid
mixture fluid along a line tangent to an inner surface of the gas-liquid swirl
chamber, a gas-liquid introduction cylinder including a as-liquid introduction
opening for introducing the gas-liquid mixture fluid along a line tangent to
an inner surface of the gas-liquid swirl chamber, a first wall surface
orthogonal to a surface in which the gas-liquid introduction opening is
arranged, a second wall surface facing the first wall surface, the second wall
surface being positioned close to the gas-liquid introduction opening, and a
gas-liquid discharge opening positioned on a central axis line of the
cylindrical gas-liquid swirl chamber, the gas-liquid  discharge opening
penetrating the second wall surface and reaching to a position close to the
first wall surface;        a pump for supplying the fluid to the micro-bubble
generator; 



a suction piping connected to a suction opening of the pump;        a
discharge piping connected to a discharge opening of the pump and connected to
the gas-liquidintroductionopening;        a cylindrical casing forming a
gas-liquid mixture fluid storage tank accommodating the micro-bubble generator
and storing micro-bubble containing fluid discharged from the micro-bubble
generator;        a semi-spherical third wall surface forming an upper part of
the gas-liquid mixture fluid storage tank;        a storage tank discharge
opening positioned in an upper part of a central axis line of the gas-liquid
mixture fluid storage tank, the storage tank discharge opening penetrating the
third wall surface;        a semi-spherical fourth wall surface forming a
lower part of the gas-liquid mixture fluid storage tank;        a drainage
opening positioned in a lower part of the central axis line of the gas-liquid
mixture fluid storage tank, the drainage opening penetrating the fourth wall
surface;  



a storage tank discharge pipe connected to the storage tank discharge opening;
and       a drainage pipe connected to the drainage opening. [C]aim 121 A
micro-bubble generation device, comprising:        a micro-bubble generator
provided with a cylindrical as-liquid swirl chamber having a space in which a
gas-liquid mixture fluid is capable of swirling, a gas-liquid introduction
cylinder including a gas-liquid introduction opening for introducing the
gas-liquid mixture fluid along a line tangent to an inner surface of the
gas-liquid swirl chamber, a first wall surface orthogonal to a surface in
which the gas-liquid introductionopeningisarranged, a second wall surface
facing the first wall surface, the second wall surface being positioned close
to the gas-liquid introduction opening, and a tubular
gas-liquiddischargeopeningpositionedona central axis line of the cylindrical
gas-liquid swirl chamber, the gas-liquid discharge opening penetrating the
second wall surface and reaching to a position close to the first wall
surface;        a pump for supplying the fluid to the micro-bubble generator;
a suction piping connected to a suction opening of the pomp; a discharge
piping connected to a discharge opening of  the pump and connected to the
gas-liquid introduction opening; 



-gas-liquid ejection opening positioned on a negative pressure axis formed by
a swirl flow of micro-bubble containing fluid discharged from the micro-bubble
generator;         a cylindrical casing forming a gas-liquid mixture fluid
storage tank accommodating the micro-bubble generator and storing the
micro-bubble containing fluid ejected from the gas-liquid ejection opening;
a semi-spherical third wall surface forming an upper part of the gas-liquid
mixture fluid storage tank;         a storage tank discharge opening
positioned in an upper part of a central axis line of the gas-liquid mixture
fluid storage tank, the storage tank discharge opening penetrating the third
wall surface;         a semi-spherical fourth wall surface forming a lower
part of the gas-liquid mixture fluid storage tank;         a drainage opening
positioned in a lower part of the central axis line of the gas-liquid mixture
fluid storage tank, the drainage opening penetrating the fourth wall surface;
a storage tank discharge pipe connected to the storage tank discharge opening;
and a drainage pipe connected to the drainage opening, wherein the gas-liquid
mixture fluid introduced from the 



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












