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Description
FIELD OF INVENTION

[0001] The presentinvention relates to a gas dissolver
that dissolves gas in liquid under pressure.

BACKGROUND ART

[0002] A gas dissolver is described in, for example,
PatentLiterature 1. The gas dissolver described in Patent
Literature 1 is a microbubble generator that generates
microbubbles in a bath. The gas dissolver in this literature
includes a gas dissolving tank (a gas-liquid dissolving
tank in Patent Literature 1) that dissolves gas in liquid, a
suction pipe channel extending from the bath to a pump
for the gas dissolving tank, an intake tube (an inlet pipe
channel in Patent Literature 1) extending from the pump
into the gas dissolving tank, and a discharge pipe channel
extending from the exit of the gas dissolving tank to the
bath. A gas intake (a gas intake tube in Patent Literature
1) forintroducing gas is located halfway along the suction
pipe channel. The gas-liquid dissolving tank is charged
with liquid to a predetermined height, thus defining a lig-
uid area and a gas area.

[0003] When the pump isdriven, the intake tube ejects
a gas-liquid mixture in the gas-liquid dissolving tank. The
ejected gas-liquid mixture collides with a collision section
on the ceiling of the gas-liquid dissolving tank. The col-
lision forms a local high-pressure part, at which the gas
dissolves more readily in the liquid. After colliding with
the collision section, the gas-liquid mixture falls from the
gas area to the liquid area, and air bubbles contained in
the gas-liquid mixture enter the liquid area. After entering
the liquid area, the air bubbles dissolve in the liquid while
being agitated by the flow in the liquid area, and decrease
in size. The air bubbles agitated by the flow in the liquid
area are discharged partially through the outletin the gas
dissolving tank together with the liquid. The partial air
bubbles and the liquid discharged through the outlet flow
into the discharge pipe channel.

CITATION LIST
PATENT LITERATURE

[0004]
4759553

Patent Literature 1: Japanese Patent No.

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0005] However, the gas dissolving tank in Patent Lit-
erature 1 cannot easily increase the dissolved gas con-
centration due to relatively large air bubbles flowing out
in large amounts through the outlet in the gas dissolving
tank, and also cannot easily increase the gas dissolving
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efficiency.
[0006] In response to the above issue, one or more
aspects of the present invention are directed to a gas
dissolver that increases the dissolved gas concentration
and the gas dissolving efficiency more easily than known
structures.

SOLUTION TO PROBLEM

[0007] A gasdissolver according to afirst aspect of the
presentinvention includes a gas dissolving tank that dis-
solves gas in liquid inside, a partition dividing an inside
of the gas dissolving tank into an upper chamber and a
lower chamber, an intake tube to introduce a gas-liquid
mixture into the gas dissolving tank from outside, and a
discharge pipe channel to discharge gas dissolved liquid
from the lower chamber of the gas dissolving tank. The
intake tube has a downstream end with an opening ex-
tending toward a center of a ceiling of the gas dissolving
tank. The partition includes a connecting path connecting
the upper chamber and the lower chamber. The connect-
ing path is off a center of the partition.

[0008] A gas dissolver according to a second aspect
of the present invention is the gas dissolver according to
the first aspect in which the ceiling may include a collision
section defining a protrusion-dent portion, and the intake
tube may be located to cause an ejected gas-liquid mix-
ture to collide with the collision section.

[0009] A gas dissolver according to a third aspect of
the present invention is the gas dissolver according to
the second aspect in which the protrusion-dent portion
may include protrusions having lower ends extending fur-
ther downward at positions more outward.

[0010] A gas dissolver according to a fourth aspect of
the present invention is the gas dissolver according to
any one of the first to third aspects in which the lower
chamber may have a volume smaller than an effective
volume of the upper chamber, where the effective volume
of the upper chamber is a part of the upper chamber
below the downstream end of the intake tube.

[0011] A gasdissolver according to a fifth aspect of the
present invention is the gas dissolver according to any
one of the first to third aspects in which the discharge
pipe channel may be connected to an outlet in a bottom
surface of the gas dissolving tank, and the outlet may be
off the connecting path as viewed from above.

[0012] A gas dissolver according to a sixth aspect of
the present invention is the gas dissolver according to
any one of the first to fourth aspects in which the intake
tube may have a smaller opening area atthe downstream
end than at an upstream end.

ADVANTAGEOUS EFFECTS

[0013] The gas dissolver according to the above as-
pects of the present invention increases the dissolved
gas concentration and the gas dissolving efficiency eas-

ily.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 is a sectional view of a gas dissolving tank in
one embodiment.

FIG. 2 is a sectional view taken along A-A in FIG. 1.
FIG. 3 is a diagram of a gas dissolver according to
the embodiment.

FIG. 4 is a diagram showing a liquid flow in the gas
dissolver according to the embodiment.

FIG. 5 is a diagram of a collision section in a modi-
fication, corresponding to the sectional view taken
along A-A in FIG. 1.

DETAILED DESCRIPTION

[0015] A gas dissolver according to one embodiment
of the present invention will now be described with ref-
erence to the drawings. A gas dissolver 100 according
to the present embodiment is a device for dissolving gas
in liquid. The gas dissolver 100 includes a gas dissolving
tank 1, a suction pipe channel 2, adischarge pipe channel
3, apump 4, a gas introducer 5, and an intake tube 6. In
the presentembodiment, the gasis oxygen, and the liquid
is water. The gas may be a gas different from oxygen
(e.g., air, carbon dioxide, or nitrogen), and the liquid may
be a liquid different from water.

[0016] The gasdissolvingtank 1 dissolves gasin liquid
inside under pressure. The inside of the gas dissolving
tank 1 illustrated in FIG. 1 includes a first portion 7 that
is a substantially cylindrical space having a relatively
large diameter, a second portion 8 that is a substantially
cylindrical space having a relatively small diameter, and
a third portion 9 that is a substantially truncated-cone
space defined continuously between the first portion 7
and the second portion 8. The first portion 7 is defined
above a bottom plate 11 and inside a large-diameter cy-
lindrical section 12. The second portion 8 is defined below
a ceiling 13 and inside a small-diameter cylindrical sec-
tion 14. The third portion 9 is defined inside a conical
cylindrical section 16 tapering from the large-diameter
cylindrical section 12 and continuous with the small-di-
ameter cylindrical section 14.

[0017] AsshowninFIG. 1, the intake tube 6, a partition
17, and a collision section 19 are provided inside the gas
dissolving tank 1.

[0018] The partition 17 divides the inside of the gas
dissolving tank 1 into an upper chamber 22 and a lower
chamber 23. In the present embodiment, the partition 17
divides the first portion 7 horizontally. The partition 17
includes at least one connecting path 17a connecting the
upper chamber 22 and the lower chamber 23. The one
or more connecting paths 17a are formed off the center
of the partition 17.

[0019] The lower chamber 23 has a smaller volume
than the upper chamber 22. With the effective volume of
the upper chamber 22 being a part of the upper chamber
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22 below a downstream end 6a of the intake tube 6, the
volume of the lower chamber 23 is smaller than the ef-
fective volume of the upper chamber 22. In the first por-
tion 7 divided horizontally by the partition 17, the part
below the partition 17 has a smaller volume than the part
above the partition 17. As shown in FIG. 1, the liquid area
of the lower chamber 23 is smaller than the liquid area
of the upper chamber 22.

[0020] The intake tube 6 is located to introduce a gas-
liquid mixture into the gas dissolving tank 1 from outside.
The intake tube 6 is connected to the downstream end
of the suction pipe channel 2 with the pump 4. In the
present embodiment, the intake tube 6 extends along the
center axis of the gas dissolving tank 1, with an opening
in the downstream end 6a opposing the center of the
ceiling 13 of the gas dissolving tank 1. The intake tube 6
extends through the center of the bottom (the bottom
plate 11) of the gas dissolving tank 1 and the center of
the partition 17. To increase the rate of the gas-liquid
mixture ejected from the intake tube 6, as shown in FIG.
1, itis desirable that the intake tube 6 has a smaller open-
ing area at the downstream end 6a than at an upstream
end 6b (refer to FIG. 4).

[0021] The collision section 19 includes a protrusion-
dent portion on the ceiling 13. The protrusion-dent portion
of the collision section 19 on the ceiling 13 includes pro-
trusions having lower ends extending further downward
at positions more outward. In the present embodiment,
the collision section 19 includes multiple members that
are arranged concentrically, or specifically, a first cylin-
drical member 19a to a third cylindrical member 19c. In
the example shown in FIG. 1, the lower ends of the first
cylindrical member 19a to the third cylindrical member
19c are located lower at positions more outward. The
area of the ceiling 13 with the collision section 19 (the
area inside the outer diameter of the third cylindrical
member 19c designated by D in the example shown in
FIG. 2) is smaller than the area of a liquid surface 20 in
the gas dissolving tank 1. These dimensions allow liquid
colliding with the collision section 19 to fall outward in the
radial direction of the gas dissolving tank 1, increasing
the area of contact between the liquid and the gas and
thus improving the gas dissolving efficiency.

[0022] The suction pipe channel 2 has an upstream
end serving as a suction port for liquid. In the present
embodiment, the upstream end of the suction pipe chan-
nel 2 is submerged in a liquid 27 stored in a container 26
as shown in FIG. 4.

[0023] The pump4 islocated between the downstream
end of the suction pipe channel 2 and the upstream end
of the intake tube 6. Thus, when the pump 4 is driven,
the liquid stored in the container 26 is drawn into the
suction pipe channel 2 and pressure-fed through the in-
take tube 6 into the gas dissolving tank 1. The inside of
the gas dissolving tank 1 is pressurized when the pump
4 is driven.

[0024] The gas introducer 5 is located halfway along
the intake tube 6. The gas introducer 5 mixes com-
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pressed gas fed from a compressed-gas source 28 into
the liquid flowing in the intake tube 6. The compressed
gas is fed from the compressed-gas source 28 at a pres-
sure higher than the pressure in the suction pipe channel
2.

[0025] The discharge pipe channel 3 has an upstream
end connected to an outlet 29 in a bottom surface 1a of
the gas dissolving tank 1. The discharge pipe channel 3
has a downstream end located in the container 26. Liquid
is ejected through the downstream end with an increased
dissolved gas concentration into the container 26.
[0026] In the present embodiment, as shown in FIG.
3, the gas dissolving tank 1 is supported by a gas dis-
solving tank support 31. The gas dissolving tank support
31 illustrated in this figure includes a housing 33 support-
ing the gas dissolving tank 1 and also covering the gas
dissolving tank 1. In detail, the gas dissolving tank sup-
port 31 includes the housing 33 and a mount 34 fixed to
the housing 33, and the bottom plate 11 of the gas dis-
solving tank 1 is, for example, bolted to the mount 34.
The housing 33 also includes a top board 33a to which
the ceiling 13 of the gas dissolving tank 1 is, for example,
bolted. The pipes serving as the intake tube 6 and the
discharge pipe channel 3 protrude downward from the
mount 34 by predetermined dimensions and extend in
different lateral directions through the housing 33 to the
outside. In the example shown in FIG. 3, the gas dissolv-
ing tank support 31 is movable on casters 32 at the bot-
tom.

[0027] When the pump 4 is driven in the gas dissolver
100 with the structure described above, the liquid is
drawn from the container 26 into the suction pipe channel
2, and the gas introducer 5 mixes gas into the liquid flow-
ing in the intake tube 6 to form a gas-liquid mixture. The
resultant gas-liquid mixture is ejected through the down-
stream end 6a of the intake tube 6 into the gas dissolving
tank 1.

[0028] In the gas dissolving tank 1, the gas dissolves
in the liquid depending on the area of contact between
the liquid and the gas and on the pressure in the gas
dissolving tank 1. In the upper chamber 22 of the gas
dissolving tank 1, the gas area and the liquid area are
defined. The gas-liquid mixture ejected through the
downstream end 6a of the intake tube 6 first collides with
the collision section 19, forming a local high-pressure
part, at which the gas (air bubbles) dissolves efficiently
in the liquid. The gas-liquid mixture colliding with the col-
lision section 19 then passes through the gas area and
reaches the liquid area. When the gas-liquid mixture falls
through the gas area, the area of contact between the
liquid and the gas increases, thus promoting the disso-
lution of the gas in the liquid also in this area.

[0029] After the gas-liquid mixture reaches the liquid
area, air bubbles contained in the gas-liquid mixture are
agitated by the flow in the liquid area (the flow indicated
by arrows in FIG. 1) and dissolved in the liquid while
decreasing in size. The liquid in the upper chamber 22
moves to the lower chamber 23 through the connecting
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path 17a in the partition 17. The connecting path 17a,
which is off the center of the partition 17, is less likely to
allow air bubbles in the upper chamber 22 to move to the
lower chamber 23 than in the structure with the connect-
ing path 17a at the center of the partition 17 or at the
outer periphery of the partition 17. Thus, most air bubbles
are likely to remain in the upper chamber 22, and most
air bubbles dissolve in the liquid in the upper chamber
22 until they disappear or dissolve in the liquid as nano-
sized air bubbles.

[0030] After air bubbles move from the upper chamber
22 to the lower chamber 23 through the connecting path
17a, most of the moved air bubbles are not immediately
discharged through the outlet 29 and can again be dis-
solved in the liquid while being agitated by the flow of the
liquid in the lower chamber 23 with the outlet 29 posi-
tioned off the connecting path 17a as viewed from above.
[0031] This minimizes the amount of air bubbles dis-
charged through the outlet 29 without being dissolved in
the liquid, and the gas dissolved liquid fed through the
discharge pipe channel 3 to the container 26 has a high
dissolved gas concentration. In addition, the reduced
amount of gas discharged through the discharge pipe
channel 3 allows higher gas dissolving efficiency.
[0032] As described above, in the gas dissolver 100
according to the present embodiment, the gas dissolving
tank 1 includes the partition 17 with the connecting path
17a. With these components, air bubbles in the liquid
area cannot easily be discharged through the outlet 29,
and thus a larger amount of gas remains in the gas dis-
solving tank 1 and dissolves in the liquid. Thus, the gas
dissolver 100 according to the present embodiment in-
creases the dissolved gas concentration and the gas dis-
solving efficiency more easily than a known gas dissolv-
er.

[0033] In the gas dissolver 100 according to the
present embodiment, the volume of the lower chamber
23 is smallerthan the effective volume of the upper cham-
ber 22. Thus, the liquid area in the upper chamber 22
may have larger capacity than the liquid area in the lower
chamber 23. To maximize air bubbles held in the gas
dissolving tank 1 without being discharged through the
outlet 29, it is desirable that the liquid area in the upper
chamber 22 containing more air bubbles is larger than
the lower chamber 23 containing less air bubbles. In the
present embodiment, the liquid area in the upper cham-
ber 22 may have larger capacity than the liquid area in
the lower chamber 23, and thus the dissolved gas con-
centration and also the gas dissolving efficiency are more
likely to increase.

Other Embodiments

[0034] In the embodiment described above, the colli-
sion section 19 includes multiple members that are ar-
ranged concentrically, or specifically, the cylindrical
members 19a to 19c¢. In a modification, as shown in FIG.
5, a collision section may include concentrically arranged
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curved plates 19Aa to 19Ac having differentradiuses and
each including two pieces. The curved plates 19Aa to
19Ac also have lower ends extending further downward
at positions more outward. The collision section 19 is not
limited to these two examples and may have various
forms with a protrusion-dent portion on the lower surface
of the ceiling 13.

[0035] Inthe embodiment described above, the intake
tube 6 extends through the center of the bottom plate 11
of the gas dissolving tank 1 and the center of the partition
17 and along the center axis of the gas dissolving tank
1. However, the intake tube 6 may be located in other
forms. For example, as shown in FIG. 5 in Patent Liter-
ature 1, an intake tube may extend from the outside
through the side of the gas dissolving tank in a lateral
direction to the inside, bend upward at the center of the
gas dissolving tank, and extend along the center axis.
[0036] The presentinvention may be embodied in var-
ious other forms without departing from the spirit or the
main features of the presentinvention. The embodiments
described above are thus merely illustrative in all re-
spects and should not be construed to be restrictive.

INDUSTRIAL APPLICABILITY

[0037] The present invention is applicable to, for ex-
ample, a gas dissolver that dissolves gas in liquid under
pressure.

REFERENCE SIGNS LIST

[0038]

1 gas dissolving tank
3 discharge pipe channel
6

intake tube
6a downstream end of intake tube
13 ceiling
17 partition

17a  connecting path
22 upper chamber

23 lower chamber
27 liquid
29 outlet

100 gas dissolver

Claims
1. A gas dissolver, comprising:

a gas dissolving tank configured to dissolve gas
in liquid inside;

apartition dividing aninside of the gas dissolving
tank into an upper chamber and a lower cham-
ber;

an intake tube configured to introduce a gas-
liquid mixture into the gas dissolving tank from
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outside; and

a discharge pipe channel configured to dis-
charge gas dissolved liquid from the lower
chamber of the gas dissolving tank,

wherein the intake tube has a downstream end
with an opening extending toward a center of a
ceiling of the gas dissolving tank, and

the partitionincludes a connecting path connect-
ing the upper chamber and the lower chamber,
the connecting path being off a center of the par-
tition.

The gas dissolver according to claim 1, wherein

the ceiling includes a collision section defining
a protrusion-dent portion, and

the intake tube is located to cause an ejected
gas-liquid mixture to collide with the collision
section.

The gas dissolver according to claim 2, wherein
the protrusion-dent portion includes protrusions hav-
ing lower ends extending further downward at posi-
tions more outward.

The gas dissolver according to claim 1 to 3, wherein
the lower chamber has a volume smaller than an
effective volume of the upper chamber, where the
effective volume of the upper chamber is a part of
the upper chamber below the downstream end of
the intake tube.

The gas dissolver according to any one of claim 1 to
3, wherein

the discharge pipe channel is connected to an
outlet in a bottom surface of the gas dissolving
tank, and

the outlet is off the connecting path as viewed
from above.

The gas dissolver according to any one of claims 1
to 4, wherein

the intake tube has a smaller opening area at the
downstream end than at an upstream end.
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