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MICROBUBBLE GENERATING DEVICE AND
CONTAMINATED WATER PURIFYING
SYSTEM PROVIDED WITH MICROBUBBLE
GENERATING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to PCT Application
No. PCT/JP2014/078208, having a filing date of Oct. 23,
2014, based on JP2013-219791 having a filing date of Oct.
23,2013, the entire contents of which are hereby incorporated
by reference.

FIELD OF TECHNOLOGY

[0002] The following relates to a microbubble generating
device, and a contaminated water purifying system provided
with a microbubble generating device.

BACKGROUND

[0003] A liquid containing microscopic air bubbles, which
are called microbubbles, having a diameter of 0.5 mm or less
has heretofore been used in different fields, and various
devices for generating microbubbles in a liquid have been
proposed. The microbubble generating device comprises a
mixer provided with a venturi tube. In the mixer, a gas is
drawn in downstream of the throat part of the venturi tube to
generate air bubbles, and the liquid and the air bubbles are
delivered through a pipeline connected downstream of the
mixer to a redistributor while the air bubbles are dissolved in
the liquid. The venturi tube of the redistributor accelerates the
liquid and air bubbles again, and a jet flow with which
microbubbles are mixed is injected from a nozzle tip provided
downstream of the redistributor.

SUMMARY

Technical Problem

[0004] Microbubbles rise in a liquid with contaminants,
etc., adhered thereto. Such a property of microbubbles has
recently gathered attention, and attempts have been made to
purity contaminated water by allowing contaminants to
adhere to microbubbles generated by a microbubble generat-
ing device and allowing the microbubbles with contaminants
adhered thereto to rise. In relation to the attempts, to more
efficiently allow contaminants to adhere to microbubbles, it
has been attempted to cause contaminated water to directly
flow in a microbubble generating device to generate
microbubbles from contaminated water. However, in a
microbubble generating device, a supply path for supplying a
gas to a mixer is generally provided with an opening that is
formed in the surface ofthe wall that defines a liquid flow path
within the mixer in such a manner that the opening is perpen-
dicular to the direction of the liquid flow. Therefore, when
contaminated water is caused to directly flow in a
microbubble-generating device, contaminants get stuck, in
particular, in the vicinity of the exit of the supply path for
supplying a gas, which undesirably causes the microbubble
generating device to soon become unusable.

[0005] The following has been made to solve the above
problem, and provides a microbubble-generating device that
is capable of generating microbubbles from contaminated
water.
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Solution to Problem

[0006] The microbubble generating device according to
embodiments of the present invention comprises a liquid flow
path through which a pressurized liquid flows, a discharge
path through which generated microbubbles and a liquid are
discharged, a throat part that connects the liquid flow path and
the discharge path, and that has a flow path area smaller than
the area of the liquid flow path or the discharge path, and a gas
supply path for supplying a gas into the liquid flow path or the
throat part, wherein the gas supply path has an exit end that
opens toward the downstream side of the liquid flow.

[0007] In the microbubble generating device of embodi-
ments of the present invention, the gas supply path for sup-
plying a gas has an exit end that opens toward the downstream
side of the liquid flow. Specifically, the gas supply path has a
structure such that a liquid does not easily flow into the gas
supply path unless the liquid flows backward. This structure
does not easily allow a liquid to flow into the gas supply path
in a usual liquid flow. Therefore, even when contaminant-
containing contaminated water is caused to flow as a liquid,
contaminants do not enter the gas supply path, thereby pre-
venting the gas supply path from being clogged. In this way,
even when contaminated water is caused to directly flow into
the microbubble generating device, microbubbles are gener-
ated from the contaminated water.

[0008] The gas supply path of the microbubble-generating
device may be formed as atube. In this structure, the tube may
be disposed in such a manner that the exit end opens toward
the downstream side of the liquid flow. The gas supply path is
thus easily provided.

[0009] In the microbubble generating device, the tube is
L-shaped, and the exit end is provided at the horizontal por-
tion of the tube. The horizontal portion is disposed parallel to
the liquid flow direction, and the exit end is located within the
throat part. In this structure, the tube forming the gas supply
path occupies a part of the flow path area of the throat part,
reducing the flow path area in the throat part. In other words,
the flow path area of the throat part is easily changed by
simply changing the diameter of the tube. Therefore, the flow
rate of the liquid at the throat part is easily adjusted, which
makes it possible to easily adjust the amount of generated
microbubbles.

[0010] The contaminated water purifying system accord-
ing to embodiments of the present invention comprise the
microbubble generating device described above, a contami-
nated water tank for supplying contaminated water to the
microbubble generating device, and a flotation tank for effect-
ing flotation of microbubbles discharged from the
microbubble generating device.

[0011] The microbubble generating device of the contami-
nated water purifying system of embodiments of the present
invention is capable of generating microbubbles from con-
taminated water; therefore, it is possible to cause contami-
nated water (liquid) that flows out of the contaminated water
tank to directly flow into the microbubble generating device,
and to cause microbubbles discharged from the microbubble
generating device to flow into the flotation tank. If a
microbubble generating device that cannot generate
microbubbles from contaminated water is used, contaminated
water and microbubbles must each be separately caused to
flow into the flotation tank. However, this is not necessary in
the contaminated water purifying system of embodiments of
the present invention; thus, the contaminated water purifying
system can be simplified.
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Advantageous Effects of Invention

[0012] The microbubble generating device according to
embodiments of the present invention is capable of generat-
ing microbubbles from contaminated water.

BRIEF DESCRIPTION

[0013] Some of the embodiments will be described in
detail, with reference to the following figures, wherein like
designations denote like members, wherein:

[0014] FIG. 1 is a longitudinal sectional view of the
microbubble generating device according to one embodiment
of the present invention.

[0015] FIG. 2 is a schematic view of the contaminated
water purifying system according to one embodiment of the
present invention.

[0016] FIG. 3 is a longitudinal sectional view of the
microbubble generating device according to another embodi-
ment of the present invention.

[0017] FIG. 4 is a longitudinal sectional view of the
microbubble generating device according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0018] Anembodiment of a microbubble generating device
10 according to embodiments of the present invention is
described below with reference to the accompanying draw-
ings.

[0019] As shown in FIG. 1, the microbubble generating
device 10 comprises a liquid flow path 11 through which a
pressurized liquid flows, a discharge path 12 through which
generated microbubbles are discharged, and a throat part 13
that connects the liquid flow path 11 and the discharge path
12. The liquid flow path 11, the throat part 13, and the dis-
charge path 12 are sequentially connected to form a flow path
for a liquid that flows from the liquid flow path 11. The throat
part 13 is of a tubular shape having a diameter smaller than
that of'the liquid flow path 11 or the discharge path 12, and has
a flow path area smaller than that of the liquid flow path 11 or
the discharge path 12. The liquid flow path 11 is formed of a
tubular portion 11a having a diameter greater than that of the
throat part 13, and a truncated cone portion 115, which has a
diameter that is gradually reduced toward the throat part 13,
i.e., which becomes thinner toward the throat part 13. The
discharge path 12 is formed of a truncated cone portion 12a,
which has a diameter that is gradually increased to a large
diameter from the throat part 13, i.e., which becomes thicker
from the throat part 13, and a tubular shape portion 125,
which has the large diameter.

[0020] The end of the liquid flow path 11 on the side oppo-
site to the throat part 13 side is connected to a first pipeline 4
for delivering a liquid to the liquid flow path 11 from a liquid
storage tank, such as a contaminated water tank 2 shown in
FIG. 2. Further, the end of the discharge path 12 on the side
opposite to the throat part 13 side is connected to a second
pipeline 5 for delivering microbubbles to a tank, such as a
flotation tank 3 shown in FIG. 2, for discharging
microbubbles generated by the microbubble generating
device 10.

[0021] The microbubble generating device 10 further com-
prises a gas supply path 14 for supplying a gas into the liquid
flow path 11 or the throat part 13. The gas supply path 14 is
formed as a tube. This tube is L-shaped and formed of a
horizontal portion 141 and a vertical portion 142, which is
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vertically provided from one end of the horizontal portion
141. The other end of the horizontal portion 141 serves as an
exit end 143 for discharging a gas, and the other end of the
vertical portion 142 not connected to the horizontal portion
141 serves as an inlet end 144, into which a gas is injected.
[0022] The gas supply path 14 is inserted from an opening
formed in the surface of the wall defining the liquid flow path
11. The exit end 143 is located within the throat part 13, and
the horizontal portion 141 is disposed parallel to the liquid
flow. At this time, the horizontal portion 141 is preferably
located in close contact with the surface of the wall defining
the throat part 13.

[0023] The following describes a method for generating
microbubbles by using the thus-formed microbubble gener-
ating device 10. First, a liquid pressurized by a known pump
is caused to flow from a liquid storage tank into the liquid flow
path 11 through the first pipeline 4. At the same time, a gas is
supplied to the throat part 13 from the gas supply path 14.
Since the static pressure inside the throat part 13 is relatively
negative, the gas is naturally drawn into the throat part 13
through the gas supply path 14 without particularly requiring
a gas supply device or the like. The liquid that flows through
the throat part 13 is pressurized to a high pressure, which
causes the gas supplied to the throat part 13 to dissolve in the
liquid. The liquid in which the gas is dissolved then flows into
the discharge path 12 from the throat part 13. The flow path
area of the discharge path 12 is greater than that of the throat
part 13, and the pressure of the pressurized liquid is thus
reduced, causing the gas dissolving in the liquid to become
supersaturated. Then, the gas thatis no longer being dissolved
in the liquid becomes microbubbles, and in this manner,
microbubbles are generated.

[0024] The following describes, with reference to FIG. 2,
one embodiment of a contaminated water purifying system 1
using the microbubble generating device 10, according to
embodiments of the present invention. A contaminated water
purifying system 1 comprises a microbubble generating
device 10, a contaminated water tank 2 for supplying con-
taminated water to the microbubble generating device 10, and
a flotation tank 3 for effecting flotation of microbubbles dis-
charged from the microbubble generating device 10.

[0025] The contaminated water purifying system 1 purifies
contaminated water as follows. Specifically, contaminant-
containing contaminated water in the contaminated water
tank 2 is pumped out of the contaminated water tank 2 with a
pump and caused to flow into the microbubble generating
device 10 through the first pipeline 4. In this process, the
contaminated water is pressurized with a pump and caused to
flow in the microbubble device 10 in a state of high pressure.
Then, in the liquid that is caused to flow in, microbubbles are
generated by the method for generating microbubbles by
using the microbubble generating device 10, as described
above.

[0026] The generated microbubbles are negatively charged,
and positively charged contaminants contained in the con-
taminated water thus adhere to the microbubbles when pass-
ing through the discharge path 12 of the microbubble gener-
ating device 10. The microbubbles to which the contaminants
adhere are delivered to the flotation tank 3 through the second
pipeline 5, together with the liquid from which the contami-
nants have been removed.

[0027] The microbubbles that reach the flotation tank 3
start to rise with contaminants adhered thereto within the
flotation tank 3 due to the rising property of microbubbles.
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The microbubbles then disappear in the process of rising, and
only the contaminants stay at the upper part of the flotation
tank 3. Since the microbubbles rise one after another, the
contaminants staying at the upper part of the flotation tank 3
remain at the upper part of the flotation tank 3. After the
contaminants are separated by flotation in this manner, the
floating and accumulated contaminants are scooped up with a
scraper 6 provided at the upper part of the flotation tank 3, and
collected. In this manner, the contaminants are removed, and
the contaminated water is purified.

[0028] As described above, in this embodiment, the gas
supply path 14 is formed as an L-shaped tube, and the exitend
143 of the horizontal portion 141 is disposed in the direction
of the downstream side of the liquid flow. In this structure, a
liquid cannot flow into the gas supply path 14 unless the liquid
flows backwards, making it difficult for a liquid to flow into
the gas supply path 14. Therefore, even when contaminant-
containing contaminated water is caused to flow in as a liquid,
contaminants do not enter the gas supply path 14, and the gas
supply path 14 is thus prevented from being clogged. There-
fore, even when contaminated water is caused to directly flow
into the microbubble generating device 10, microbubbles are
generated from the contaminated water.

[0029] Inthis embodiment, the tube forming the gas supply
path 14 is disposed such that the exit end 143 is located at the
throat part 13, and the horizontal portion 141 is disposed
parallel to the liquid flow. Specifically, the tube forming the
gas supply path 14 occupies a part of the flow path area of the
throat part 13. The amount of generated microbubbles gener-
ally varies according to the size of the flow path area of the
throat part 13. In the above structure, the flow path area of the
throat part 13 is easily changed by simply changing the diam-
eter of the tube forming the gas supply path 14. It is thus
possible to easily adjust the amount of generated
microbubbles.

[0030] Further, the microbubble generating device 10 of the
contaminated water-purifying system 1 according to this
embodiment is capable of generating microbubbles from con-
taminated water; therefore, it is possible to cause contami-
nated water that flows out of the contaminated water tank 2 to
directly flow into the microbubble generating device 10, and
cause microbubbles discharged from the microbubble gener-
ating device 10 to flow into the flotation tank 3. If a known
microbubble generating device that cannot generate
microbubbles from contaminated water is used, contaminated
water and microbubbles must each be separately caused to
flow into the flotation tank. However, this is not necessary in
the contaminated water purifying system 1 according to this
embodiment, and the contaminated water purifying system 1
can thus be simplified. Moreover, since microbubbles are
generated from contaminated water, the contaminants in con-
taminated water soon adhere to the generated microbubbles.
In this manner, contaminants more efficiently adhere to
microbubbles, improving the contaminant removal rate, com-
pared to a known case in which contaminated water and
microbubbles each separately flow into a flotation tank, fol-
lowed by allowing the contaminants to adhere to
microbubbles.

[0031] The above describes one embodiment of the present
invention. However, embodiments of the present invention
are not limited to this embodiment, and various modifications
are possible without departing from the spirit of embodiments
of the present invention. For example, in the above embodi-
ment, the gas supply path 14 is an L-shaped tube; however, the

Aug. 18,2016

shape of the tube is not limited to an L.-shape. For example, as
shown in FIG. 3, the gas supply path 14a may be formed as a
straight tube and mounted with an inclination with respect to
the microbubble generating device 104, in such a manner that
the exit end 1434 is in the direction of the downstream side of
the liquid flow. Further, the gas supply path 14 is not neces-
sarily formed as a tube, and as shown in FIG. 4, the gas supply
path 145 may be provided as an opening formed on the
surface of the wall defining the liquid flow path 11 of the
microbubble generating device 105, in such a manner that the
exit end 1435 is in the direction of the downstream side of the
liquid flow. It is also possible to form this opening at the throat
part 13. Whichever the case is, it is sufficient as long as the exit
end 143a, 1435 of the gas supply path 14a, 145 opens toward
the downstream side of the liquid flow. If the above structure
with the use of the gas supply path 14a, 145 is employed, an
L-shaped tube is not required, nor is a tube even required. This
simplifies the production of the microbubble generating
device 10a, 105.

[0032] The contaminated water purifying system of
embodiments of the present invention may also be used, for
example, to separate tritium by flotation from contaminated
water containing tritium (tritiated hydrogen). Further, the
microbubble generating device of embodiments of the
present invention may also be used to produce carbon dioxide
gas-containing water or carbon dioxide gas-containing fluid
fertilizer for hydroponic culture use, or an emulsion fuel. The
following is a specific description. Water or a fluid fertilizer is
supplied from the liquid flow path of the microbubble gener-
ating device, and carbon dioxide gas is supplied from the gas
supply path, and in this manner, carbon dioxide gas-contain-
ing water or fluid fertilizer is produced. When this water or
fluid fertilizer is supplied to a hydroponic culture, the carbon
dioxide gas evaporates from the water or fluid fertilizer sup-
plied to the plant root, and the carbon dioxide gas is brought
into direct contact with the stomata on the back side of plant
leaves. This allows plants having properties of absorbing
carbon dioxide gas to efficiently absorb carbon dioxide gas
from the stomata on the back side of a leaf. Further, when
water and oil are supplied from the liquid flow path of the
microbubble generating device, the water is dispersed in the
oil, thus producing an emulsion fuel. In this way, emulsion
fuels are easily produced without using a surfactant that has
previously been used to produce emulsion fuels.

EXPLANATION OF REFERENCE NUMERALS

[0033] 1. Contaminated Water Purifying System
[0034] 2. Contaminated Water Tank

[0035] 3. Flotation Tank

[0036] 10. Microbubble Generating Device
[0037] 11.Liquid Flow Path

[0038] 12. Discharge Path

[0039] 13. Throat part

[0040] 14. Gas Supply Path

[0041] 141. Horizontal Portion

[0042] 143. Exit End

1-4. (canceled)

5. A microbubble generating device comprising:

aliquid flow path through which a pressurized liquid flows;

a discharge path through which generated microbubbles
are discharged;

a throat part that connects the liquid flow path and the
discharge path, and that has a flow path area smaller than
an area of the liquid flow path or the discharge path; and

a gas supply path for supplying a gas,

wherein the gas supply path has an exit end that opens
toward a downstream side of the liquid flow, and that is
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located at the throat part that has a smallest flow path
area.
6. The microbubble generating device according to claim
5, wherein the gas supply path is formed as a tube.
7. The microbubble generating device according to claim
6, wherein the tube is L-shaped, and the exit end is provided
at a horizontal portion of the tube, and wherein the horizontal
portion is disposed parallel to the liquid flow direction, and
the exit end is located within the throat part.
8. A contaminated water purifying system comprising:
the microbubble generating device of claim 5;
a contaminated water tank for supplying contaminated
water to the microbubble generating device; and
a flotation tank for effecting flotation of microbubbles dis-
charged from the microbubble generating device.
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9. A contaminated water purifying system comprising:
the microbubble generating device of claim 6;

a contaminated water tank for supplying contaminated
water to the microbubble generating device; and

a flotation tank for effecting flotation of microbubbles dis-
charged from the microbubble generating device.

10. A contaminated water purifying system comprising:
the microbubble generating device of claim 7,

a contaminated water tank for supplying contaminated
water to the microbubble generating device; and

a flotation tank for effecting flotation of microbubbles dis-
charged from the microbubble generating device.
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