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DEVICE FOR FINING BUBBLES OF GAS CONTAINED IN LIQUID

Background of the Invention

1. Field of the Invention
The present invention relates to a device for fining bubbles

of gas contained in liquid.

2{ Description of the Prior Art

Production of fine bubbles of gas contained in liquid has been
desired particularly in a water purification plant, a swimming pool,
a rﬁanure handling and disposing shed, etc. for improving the
dissolving efficiency of ozone gas into water to be purified such as
a sewage and a waste water.

In order to produce fine bubbles of gas, there has been proposed
a system to use an air intake valve disposed on an inlet side of a
pump which is provided in a pipeline for pumping water to be treated.
With this conventional measure, the gas is mixed with the water at
an inlet of the pump and is then forced to form bubbles by the stirring
force applied by impellers of the pump.

Another prior art device for producing fine bubbles of gas
comprises an air intake valve and a baffle plate both provided on an
outlet side of a pump. With this device, water mixed with the gas

or air on the outlet side of the pump collides with the baffle plate,



so that the air is forced to form bubbles by the colliding force.
Such a system using this device is called "ejector system”.
However, with the prior art devices, the formation of the
bubbles relies merely upon the stirring force applied from the
impeller or the colliding force to the baffle plate, and therefore,
the bubbles produced by these devices still have a relatively large
diameter and may not prdvi_de a satisfactory result. For this reason,
these devices have never been practically used for treatmentl of water
in the water purification plant, the swimming pool, and the manure
handling and disposing shed described above, where the water is

required to be treated by a great f£low rate per hour.

Summary of the Invention

It is, accordingly, an object of the present invention to
provide a device which is adapted for fining bubbles of gas contained
in liquid and which is operable to provide fine bubbles having a
diameter small enough and to provide a great flow rate of the liquid
with the gas in the form of such fine bubbles.

According to the present invention, there is provided a device
for fining bubbles of gas contained in liquid, comprising:

at least two flow channel members confronting each other to
form a flow channel therebetween;

an inlet and an outlet provided on one side and the other side

of the flow channel members; and
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a recess surface including a first recess and a second recess
and provided on at least one of confronting surfaces of the flow channel
members, the first recess and the second recess extending from the
inlet to the outlet, respectively, and intersecting each other at
plural positions where the flow of the liquid premixed with gas in
the first recess collides with that in the second recess.

With this construqtion, the liquid premixed with gas enters
the flow channel through the first recess on one hand and through the
second recess on the other side, and the flow of the liquid premixed
with the gas in the first recess and the flow of the liquid premixed
with the gas in the second recess collide with each other at the first
intersection, so that bubbles of the gas are fined. The flow is then
div:ided into the flow on the side of the first recess and the flow
on the side of the second recess. Each of the divided £flow thereafter
collides with the other flow at the next inter_section where the bubbles
are further fined, and is then again divided to be brought to the
subsequent intersection. Thus, the bubbles of the gas contained in
the liquid is fined at many times at the intersections, and the liquid
containing the fine bubbles is ejected from the outlet.

In a preferred embodiment, the flow channel members comprise
an outer flow channel member and an inner flow channel member having
cylindrical configurations and disposed coaxially with each other,
so that the confronting surfaces comprise an inner surface of the
outer flow channel member and an outer surface of the inner flow channel

member and that at least one of the inner and outer surfaces comprises
R Satan S
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the recess surface including the first and second recesses. The
first recess is a right-hand helical recess and the second recess is
a left-hand helical recess.

With this construction, since the flow channel members have
a cylindrical configuration, the device can be easily manufactured.
In addition, since the flow channel is also cylindrical, a uniform
flow and a uniform mixing operation is performed all over the section
of the flow channel, so that the liquid containing homogeneously f£ined
bubbles can be obtained. Further, the helical recess as the first
recess or the second recess can be formed by an ordinary thread cutting
work, so that the device can be further easily manufactured.

Each of the right-hand helical recess and the left-hand helical
recéss may be a mualti-start recess, so that the number of inlet ports
of the flow channel is sum of the number of rows of recess parts of
the first recess and the number of rows of recess parts of the second
recess, resulting in that a great flow rate can be ensured. 1In
addition, since the number of the intersections may be increased, the
fining operation may be sufficiently performed while a great flow rate
is ensured.

The recess surface may be formed on only one of the inner surface
of the outer flow channel member and the outer surface of the inner
flow channel member. With this construction, the flow of the mixed
liguid in the radial direction of the flow channel is restrained, so
that the colliding operation at the intersections of the helical

recesses can be effectively performed and that the fining operation
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Preferably, a plurality of the inner flow channel members are

can be excellently performed.

provided and disposed coaxially with each other, so that an additional
flow channel is formed between each two adjoining inner flow channel
members which include additional confronting surfaces corresponding
to the confronting surfaces. With this construction, in addition to
the £low channel between the outer flow channel member and most outward
one of the inner flow channel members, the additional flow channel
is formed between each of the inner flow channel members. Therefore,
a great flow rate can be ensured while the fining operation is
sufficiently performed.

The invention will become more fully apparent from the claims

and the description as it proceeds in connection with the drawings.

Brief Description of the Drawings

FIG. 1 is a schematic view of a system for producing liquid
containing fine bubbles of gas incorporating a device for fining
bubbles of gas contained in liquid according to a first embodiment
of the present invention.

FIG. 2 is a vertical sectional view of the fining device
according to the first embodiment of the present invention:

FIG. 3 is a side view of an inlet connection member of the device
of the first embodiment;

FIG. 4 is a view in developed form of a part of a helical recess

i
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surface of an outer flow channel member or an inner f£low channel member
of the device of the first embodiment;

FIG. 5 is an explanatory view schematically showing how the
right-hand recess and the left-hand recess intersect each other;

FIG. 6 is a vertical sectional view of a device for fining
bubbles contained in liquid according to a second embodiment of the
present invention;

FIG. 7 is a side view of an outlet connection member of the
device according to the second embodiment ;

FIG. 8 is a vertical sectional view of a device for fining
bubbles contained in liquid according to a third embodiment of the
present invention; and

FIG. 9 is a side view of an outlet comnection member of the

device according to the third embodiment.

Detailed Description of the Preferred Embodiments

First to third embodiments of the present invention will now
be explained with reference to the attached drawings.

A system for mixing gas with liquid to produce fine bubbles
of the gas is schematically shown in FIG. 1.

The system includes a pump 2 for pumping sewage from a sewage
reservoir 1, a gas intake valve 3 for introducing gas such as ozone
into a pipeline connecting the sewage reservoir 1 and the pump 2 in

a suitable position (immediately before the pump 2 in this embodiment),
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and a device 4 for f£ining bubbles of gas contained in ligquid according
to a first embodiment of the present invention. The liquid or water
containing fine bubbles of gas produced by the device 4 is returned
to the sewage reservoir 1 via a pressure regulating valve 5.

The air intake valve 3 serves to automatically adjust the flow
rate of the intake gas in response to the flow rate of the liquid
outputted from the pump 2 such that a uniform mixing rate of the gas
with the liquid is always obtained. In addition, the air intake valve
3 is operable to vary the mixing rate itself. As the construction
of such an air intake valve, the construction disclosed in Japanese
Utility Model Publication No. 57-47439 in the name of the same
applicant as the present application may be utilized.

' Preferably, as the pump 2, a pump such as a volute pump
disclosed in Japanese Laid-Open Patent Publication No. 3-130598 in
the name of the same applicant is suitably used for premixing the gas
with the liquid.

The construction of the device 4 for f£ining bubbles will now
be explained with reference to FIGS. 2 to 5.

The whole device 4 is shown in FIG. 2. The device 4 includes
a tubular inlet connection member 6 adapted to be connected to the
downstream side of the pump 2, an outlet connection member 7 adapted
to be connected to the pressure regulating valve 5 described above,
a tubular cylindrical outer flow channel member 8, and a solid
cylindrical inner flow channel member 9. The outer flow channel

member 8 and the inner flow channel member 9 serve to form a flow channel
. Bttt habsiedh
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therebetween as will be explained later. The outer flow channel
member 8 and the inner f£low channel member 9 are fixedly connected
between the inlet connection member 6 and the outlet connection member
7 and are disposed coaxially with each other.

The inlet connection member 6 is threadably engaged with an
outer surface of one end of the outer flow channel member 8, and the
outlet connection member 7 is threadably engaged with an outer surface
of the other end of the outer flow channel member 8.

Here, the outlet connection member 7 has one end which includes
a flange portion 10 having a female thread for engagement with the
outer flow channel member 8, and the outlet connection member 7 has
the other end which includes a £lange portion 11 having a female thread
fof engagement with a casing of the pressure regulating valve 5. A
middle portion of the outlet connection member 7 between the flange
portions 10 and 11 has a disk member 12 formed integrally therewith
and disposed therein. The disk member 12 has a plurality of
communication holes 12a and a through hole 12b formed therein. The
communication hqles 12 are arranged on a common circle about the
central axis of the disk member 12, and the through hole 12b extends
along the central axis of the disk member 12.

In the assembled state of the device 4 shown in FIG. 2, the
disk member 12 is in abutment on an end surface of a small diameter
protrusion 9a (having a diameter smaller than a diameter of a circle
which inscribes on the communication holes 12a). The small diameter

‘protrusion 9a is formed on the inner £low channel member 9 and protrudes



therefrom in an axial direction. The outlet connection member 7 and
the inner £low channel member 9 are fixed in position relative to each
other by tightening a bolt 13 which is inserted into the through hole
12b of the disk portion 12 and which is engaged with a threaded hole
9al having a bottom and formed in the small diameter protrusion 9a.
Since the outer flow channel member 8 is threadably engaged with the
flange portion 10 of the outlet connection member 7 as described above,
the inner flow channel member 9 and the outer flow channel member 8
are fixed in position coaxially with the outlet connection member 7.

There is substantially no gap between the inner surface of the
outer flow channel member 8 and the outer surface of the inner flow
channel member 9, so that the outer f£low channel member 8 and the inner
flo;v channel member 9 nearly contact each other. However, the inmer
surface of the outer flow channel member 8 and the outer surface of
the inner flow channel member 9 have a helical recess surface 8A and
a helical recess surface 93, respectively. Each of the helical recess
surfaces 8A and 9A includes a right-hand four-start helical recess
14 and a left-hand four-start helical recess 15, so that the helical
recess surfaces 8A and 9A form the flow channel between the outer flow
channel member 8 and the outer flow channel member 9. The helical
recess 14 and the helical recess 15 have the same pitch and the same
pitch angle with each other. The helical recess 14 comprises four
recess parts 14a to 144, and the helical recess 15 comprises four recess
parts 15a to 154.

For illustration purpose, the recess parts l4a to 144 of the
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helical recess 14 and the recess parts 15a to 15d of the helical recess
15 in a part of the helical recess surface 8A (9A) are shown in FIG.
5 by lines representing their bottoms. As will be seen from FIG. 5,
the flow of the liquid premixed with the gas which entered the recess
part 14a from the inlet side and the flow of the liquid premixed with
the gas which entered the recess part 15a collide with each other at
a point A and is then divided into the f£low on the side of the recess
part l4a and the flow on the side of the recess part 15a. The divided
flow on the side of the recess part 1l4a subsequently collides at a
point B with the flow in the recess part 15b and is then divided again
into the flow on the side of the recess part 1l4a and the flow on the
side of the recess part 15b. The flow on the side of the recess part
14a- subsequently collides at a point C with the flow in the recess
part 15c and is thereafter divided again into the flow on the side
of the recess part l4a and the flow on the side of the recess part
15¢c. The flow on the side of the recess part 14a subsequently collides
at a point D with the f£low in the recess part 15d and is then divided
again into the flow on the side of the recess part l4a and the flow
on the side of the recess part 154. The flow on the side of the recess
part l4a subsequently collides with the flow in the recess part 15a
of the next turn.

On the other hand, the mixed flow flown into the recess part
15a from the point A collides at a point E with the flow in the recess
part 14b and is then divided into the flow on the side of the recess

part 15a and the recess part 14b. The divided flow on the side of
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the recess part 15a subsequently collides at a point F with the flow
in the recess part 14c and is then divided again into the flow on the
side of the recess part 15a and the flow on the side of the recess
part 14c. The flow on the side of the recess part 15a subsequently
collides at a point G with the flow in the recess part 14d and is then
divided again into the flow on the side of the recess part 15a and
the flow on the side of ’;he recess part 14d. The flow on the side
of the recess part 15a subsequently collides with the flow in the recess
part 14a of the next turn.

These operations of collision and division of the mixed flow
are also performed in connection with the other recess parts.

With the collision and the division of the mixed flow at the
:I.nt.ersection of the recess parts, the bubbles of the gas contained
in the mixed flow and each still having a relatively large volume
are divided to be fined. The fined bubbles are further fined at the
next intersection of the recess parts and are still further fined at
the subsequent intersection. Since the bubbles in the mixed flow of
the liquid with the gas are fined at many times at a number of the
intersections, the mixed flow becomes to include very fine bubbles
of the gas before reaching the outlet connection member 7. In
addition, the flow in the helical recesses 14 an 15 of the helical
recess surface 8A and the flow in the helical recesses 14 and 15 of
the helical recess surface 9A may be mixed with each other at positions
where the recess parts l4a to 144 and 15a to 15d of the helical recess

surface BA and those of the helical recess surface 9A confront each

This Sheet Has Been Replaced

]




other in the diametrical direction. Thus, the recess parts l4a to
144 and 15a to 15d of the helical recess surface 8A are not required
to be positioned in alignment with those of the helical recess surface
94,

Since the helical recesses 14 and 15 are incorporated in this
embodiment, the inlet of the mixed flow includes eight inlet ports
or four inlet ports of the helical recess 14 and four inlet ports of
the helical recess 15, so that a sufficient flow rate of the mixed
flow can be obtained. In addition, the number of the intersections
is greater than the number of intersections which may be-obtained
where single-start recesses are used. Therefore, this embodiment
ensures a sufficient flow rate while the bubbles can be sufficiently
finéd.

Further, with the above embodiment, since the helical recesses
14 and 15 are provided on both the inner surface of the outer flow
channel member 8 and the outer surface of the inner flow channel member
9, the flow rate is twice the flow rate which is obtained where the
helical recesses 14 and 15 are provided only one of them.

The mixed flow containing the bubbles fined through passage
of the flow channel between the outer flow channel member 8 and the
inner flow channel member 9 outgoes through the communication holes
12a formed in the disk member 12 of the outlet connection member 7
to return to the sewage reservolr 1 via the pressure regulating valve
5.

The applicant of the present application has obtained the

This Sheet Has Been Replaced

IR

12




following experimental results through measurement of the fined
degree of bubbles using air as the gas and using water as the liquid,
with variously changing the output pressure (flow rate) of the pump
2, the mixing rate of air at the gas intake valve 3, and the pressure

regulated by the pressure regulating valve 5.

Result of Experiment

Experiment A Experiment B
output pressure of pump (Kg/cm2) 7.0 9.0
mixing rate of air (%) 2 -2.5 2 - 2.5
regulated pressure at
pressure regulating valve (Kg/cm2) 6.0 8.0
finéd degree {second) 120 150 -

{time of disappearance of cloudiness)

Throughout the experiments, the outer flow channel member 8
and the inner flow channel member 9 having the specification set forth
below have been used. Inaddition, the measurement of the fined degree
was performed using water (which is not sewage but is ordinary city
water). The mixed flow was sampled at the downstream side of the
pressure regulating valve 5 into a glass beaker (having a capaci.ty
of 300 nf) by a level of about 100 mm. me mixed liquid sampled into
the beaker has exhibited cloudiness because of smoke-like fine bubbles
of air. The time of disappearance of cloudiness was measured. after

sampling into the beaker until the cloudiness cannot be substantially
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visually recognized. The time noted in the Result of Experiment is
the time thus measured. It may be judged that the fined degree may
be higher if the time of disappearance of cloudiness is longer.

Specification of outer flow channel member and jinner flow

channel member used in experiments

Outer flow channel member
inner diameter 50 mm

(ridge diameter of helical recess)

whole length 200 mm
pitch of helical recess 4 mm
pitch angle of helical recess 30°

{for both right and left-hand ones)

depth of helical recess 2 mm

Inner flow channel member

outer diameter

(ridge diameter of helical recess) 50 mm (+0 to -0.15 mm)
whole length 200 mm

(excluding length of axial protrusion)

pltch of helical recess 4 mm

pitch angle of helical recess 30°

(for both right and left- hand ones)

depth of helical recess 2 mm
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Here, the pitch angle of helical recess means an inclined angle
of the helical recess relative to a planer surface which is
perpendicular to the longitudinal axis of the outer flow channel
member or the inner flow channel member.

As will be seen from the experimental result, an excellent
result has been obtained in the Experiment B. The flgw rate of the
mixed liquid in the Experiment B was 30 &min or 1800 #hour which
is sufficient for use for a water purification plant, a swimming pool,
etc. where a great processing amount is required.

In the above embodiment, although one inner £low channel member
is provided within the outer flow channel member, the inner flow
channel member may be provided in a plural number as in a second
emb-odiment which will be explained with reference to FIGS. 6 and 7.

As with the first embodiment, a device 54 for fining bubbles
contained in liquid of the second embodiment includes an inlet
connection member 56 for connection to the downstream side of the pump
2, and an outlet connection member 57 for connection to the pressure
regulating valve 5. An outer flow channel member 58 and three inner
flow channel members 59A, 59B and 59C are fixedly connected between
the inlet connection member 56 and the outlet connection member 57
and are disposed coaxially with each other. Here, although each of
the outer flow channel member 58 and the inner flow channel members
59A and 59 B has a tubular cylindrical configuration, the inner f£low

channel member 59C which is one positioned most centrally has a solid

cylindrical configuration.
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The outer surface of the inner flow channel member 59C and the
inner surface of the inner flow channel member 59B disposed outwardly
of the inner flow channel member 59C are helical recess surfaces each
including a right-hand four-start helical recess and a left-hand
four-start helical recess which intersect each other in the same
manner as the helical recesses 14 and 15 of the helical recess surfaces
9A (9B) of the first embodiment. The outer surface of the inner flow
channel member 59B and the inner surface of the inner flow channel
member 59A disposed outwardly of the inner flow channel member 59B
are helical recess surfaces each including a right-hand five-start
helical recess and a left-hand five-start helical recess which
intersect each other. The outer surface of the inner flow channel
memﬁer 59A and the inner surface of the outer flow channel member 58
are helical recess surfaces each including a right-hand six-start
helical recess and a left-and six-start helical recess which intersect
each other. The five-start helical recesses as well as the six-start
helical recesses intersect each other in the same manner as explained
in connection with the four-start helical recesses in the first
embodiment with reference to FIG. 5 while the number of their recess
parts is greater than the number of the recess parts in the first
embodiment. Therefore, the illustration of the five-start helical
recesses as well as the six-start helical recesses is omitted.

The specification of an outer flow channel member and inner

flow channel members of a typical fining device embodying the second

embodiment are as follows:
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outer diameter{(mm) inner diameter (mm)

outer flow channel member 58 106 93
inner flow channel member 59A 93 70
inner flow channel member 59B 70 49
inner flow channel member 59C 49 --

Here, the outer flow channel member as well as the inner flow
channel members has the whole length of 200 mm, and the helical recesses
of the helical recess surfaces of the outer flow channel member and
the inner flow channel have the same pitch of 3 mm and have the same
depth of 2.5 mm.

The inlet connection member 56 is connected to a flange 58a
of t.:he outer flow channel member 58 by means of a plurality of bolts
{(not shown). The 'flange 58a is fixed to the outer periphery of one
end of the outer flow channel member 58 by means of welding or like.
On the other hand, the outlet connection member 57 is connected to
a flange 58b of the outer flow channel member 58 by means of a plurality
of bolts (not shown). The flange 58b is fixed to the outer periphefy
of the other end of the outer flow channel member 58 by means of welding
or like.

The construction of the inlet connection member 56 is
substantially the same as the construction of the outlet connection
member 57, and therefore, the explanation will be made only to the
outlet connection member 57. The outlet connection member 57 includes

an abutting portion 57a for abutment on the outer flow channel member
e =
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58 and three inner flow channel members 59A, 59B and 59C in their axial
direction. As shown in FIG. 7, the abutting portion 57a includes
annular grooves 60, 61 and 62 which are disposed coaxially with each
other and axially confront the four-start helical recesses of the
outer flow channel member 58 and the inner flow channel member 594,
the five-start helical recesses of the inner flow channel member 59A
and the inner flow channel member 59B, and the six-start helical
recesses of the inner £low channel member 59B and the inner flow channel
member 59C, respectively.

In addition, the abutting portion 57a includes four radial
communication slots 63 formed therein. The communication slots 63
are spaced from each other in the circumferential direction and serve
to éonnect the annular grooves 60, 61 and 62 to each other. One end
of each of the communication slots 63 in a direction toward the central
axis of the abutt'ing portion 57a is in communication with a
communication hole 64 formed in the outlet connection member 57 in
its axial direction. Further, the abutting portion 57a has a through
hole 67 formed therein for receiving a bolt 66 which is in engagement
with a threaded hole 65 formed in the solid inner flow channel member
59C which is disposed most centrally, so that the outlet connection
member 57 is fixed in position relative to the inner £low channel member
59C by tightening the bolt 66. The construction of the inlet
connection member 56 is the same as the construction of the outlet
connection member 57 as described above and its explanation will be

omitted while like parts are given the same reference numerals in the
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drawings. The through hole 67 of the inlet connection member 56 is
however not used for receiving a bolt.

With this embodiment, the sewage or the liguid supplied from
the reservoir 1 and premixed with the gas the pump 2 enters the
communication hole 64 of the inlet connection member 56 and
subsequently enters the annular grooves 60, 61 and 62 via
communication slots 63 formed at four positions. The premixed liguid
then enters a first flow channel between the outer flow channel member
58 and the inner f£low channel member 59A, a second £low channel between
the inner flow channel member 59A and the inner flow channel member
598, and a third flow channel between the inner flow channel member
59B and the inner flow channel member 59C to flow therethrough, so
tha:t the collision and the division of the premixed liquid is
repeatedly performed in each flow channel by the combination of the
right-hand recess and the left-hand recess of the helical recess
surface as explained in comnection with the first embodiment. The
mixed flows in the first to third flow channels then enter their
corresponding grooves 60, 61 and 62 and go out from the communication
hole 64 via the connecting slots 63 to return to the sewage reservoir
1 via the pressure regulating valve 5.

As described above, with this embodiment, a plurality of flow
channels are provided coaxially with each other, and each of the flow
channels serves to fine the bubbles by the dividing and colliding
operation as in the first embodiment. Therefore, a great flow rate

can be obtained while the device may have a compact construction since
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the size of the whole device is not required to be enlarged.

In addition, with the provision of the coaxial flow channels,
the path length along each recess part of the £low channel positioned
on the outer side may be longer than that of the flow channel positioned
on the inner side, and the distance between the intersections of the
recess parts of the former may be also longer than that of the latter.
For this reason, with this_ embodiment, the number of rows of the recess
parts in each helical recess of the flow channel positioned on the
outer side is greater than that of the flow channel positioned on the
inner side. Therefore, the distance between the intersections is
substantially uniform throughout the £low channels, so that the fining
operation in three flow channels may be uniformly performed.

' A third embodiment which includes eight inner flow channel
members within an outer £low channel member will now be explained with
reference to FIGS. 8 and 9.

As with the second embodiment, a device 104 for fining bubbles
of gas contained in liquid of this embodiment includes an inlet
connection member 106 for connection to the downstream side of the
pump 2, and an outlet connection member 107 for comnection to the
pressure regulating valve 5. An outer flow channel member 108 and
eight inner flow channel members 109A to 109H are fixedly connected
between the inlet connection member 106 and the outlet connection
member 107 and are disposed coaxially with each other. Here, although
each of the outer flow channel member 108 and the inner flow channel

members 109A to 109G has a tubular cylindrical configuration, the
e TeR Lo P es e
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inner flow channel member 109H which is one positioned most centrally
has a solid cylindrical configuration.

The outer surface of the inner flow channel member 109A is a
helical recess surface including a right-hand eight-start helical
recess and a left-hand eight-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109B is
a helical recess surface including a right-hand seven-start helical
recess and a left-hand seven-start helical recess which intersect with
each other. The outer surface of the inner flow channel member 109C
is a helical recess surface including a right-hand six-start helical
recess and a left-hand six-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109D is
a helical recess surface including a right-hand five-start helical
recess and a left-hand five-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109E is
a helical recess surface including a right-hand four-start helical
recess and a left-hand four-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109F is
a helical recess surface including a right-hand three-start helical
recess and a left-hand three-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109G is
a helical recess surface including a right-hand two-start helical
recess and a left-hand two-start helical recess which intersect each
other. The outer surface of the inner flow channel member 109H is

a helical recess surface including a right-hand single-start helical
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recess and a left-hand single-start helical recess which intersect
each other.

This embodiment is different from the first and second
embodiments in that the inner surface of the outer £low channel member
108 and the inner surfaces of the inner f£low channel members 109A to
109G have no helical recess but are smoothed. Therefore, a flow
channel having a smooth surface on the outer side and having a helical
recess surface on the inner side is formed between each of the outer
flow channel member 108 and the inner flow channel members 109A to
108H.

The specification of an outer flow channel member and inner
flow channel members of a typical fining device embodying the third
embbdiment are as follows:

outer diameter(mm} inner diameter(mm)

outer flow channel member 108 114 100
inner flow channel member 109A 100 88
inner flow channel member 109B 88 76
inner flow channel member 109C 76 65
inner flow channel member 109D 65 54
inner flow channel member 109E 54 44
inner flow channel member 109F 44 34
inner flow channel member 109G 34 24
inner flow channel member 109H 24 --
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Here, the outer flow channel member as well as the inner flow
channel members has the whole length of 200 mm, and the helical recesses
of the helical recess surfaces of the outer flow channel member and
the inner flow channel members have the same pitch of 4.5 mm and have
the same depth of 3 mm.

The inlet connection member 106 is connected to a flange 108a
of the outer flow channel member 108 by means of a plurality of bolts
(not shown). The flange 108a is fixed to the outer periphery of one
end of the outer flow channel member 108 by means of welding or like.
On the other hand, the outlet connection member 57 is connected to
a flange 58b of the outer flow channel member 58 by means of a plurality
of bolts (not shown). The flange 58b is fixed to the outer periphery
of fhe other end of the outer flow channel member 58 by means of welding
or like.

The construction of the inlet connection member 106 is
substantially the same as the construction of the outlet connection
member 107 and is also basically the same as the inlet connection member
56 and the outlet connection member 57 of the second embodiment.
Therefore, the explanation will be made only to the outlet connection
member 107. The outlet connection member 107 includes an abutting
portion 107a for abutment on the eight inner flow channel members
109A to 109H in their axial direction. The eight inner flow channel
members 109A to 109H have end surfaces which confront the abutting
portion 107a and which include coaxial anmular grooves 110A to 110H

formed on their outer peripheral side in communication with their
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corresponding flow channels.

In addition, the abutting portion 107a includes four radial
communication slots 113 formed therein, and the annular grooves 110A
to 110H are open into the communication slots 113. The communication
slots 113 are spaced from each other in the circumferential direction.
One end of each of the communication slots 113 in a direction toward
the central axis of the abutting portion 157a is in communication with
a communication hole 114 formed in the outlet connection member 107
in its axial direction. Further, the abutting portion 107a has a
through hole (not shown) formed therein for receiving a bolt (not
shown) which is screwed into one end of the solid inner f£low channel
member 109H disposed most centrally, so that the outlet connection
mem‘.ber 107 is fixed in position relative to the inner flow channel
member 109H by tightening the bolt.

With this embodiment, the sewage or the liquid supplied from
the reservoir 1 and premixed with the gas at the pump 2 enters the
communication hole 114 of the inlet connection member 106 and
subsequently enters the annular grooves 110A to 110H in the ends of
the inner flow channel members 109A to 109H via the coomunication slots
113 formed at four positions. The premixed liquid then enters the
flow channels between each of the outer flow channel member 108 and
the inner flow channel members 109A to 109H, so that the collision
and the division of the premixed liquid is repeatedly performed in
each flow channel at the intersections of the right-hand helical

recess and the left-hand helical recess of the helical recess surface
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as explained in connection with the first and second embodiments. The
mixed flow in the flow channels then enter the corresponding grooves
110A to 110H on the side of the outer connection member 107 and goes
out from the communicatibn hole 114 via the connecting slots 113 to
return to the sewage reservoir 1 via the pressure regulating valve
5.

With this embodiment, each of the flow channels has a smooth
surface on its outer side, and the helical recess surface is provided
only on the inner side of each flow channel. Therefore, in comparison
with the first and second embodiments in which the helical recess
surface is provided on both inner and outer side of each f£low channel,
the flow of the mixed liguid in the direction outwardly and inwardly
in.the radial direction is restrained, and the height of each flow
channel in the radial direction is relatively small. Therefore, the
operation of collision at the intersections of the recess parts can
be effectively performed, and this embodiment is advantageous in that
the fining efficiency can be improved in comparison with the f£low
channel having the helical recess surfaces on both inner and outer
sides.

With this embodiment, since each of the flow channel is small
inheight as described above, the flowrate in each of the flow channel
may be lower than that of the flow channel of the first and second
embodiments. However, with this embodiment, the inner flow channel
members 109A to 109H are eight in number which is greater than the

number of the flow channels of the first and second embodiments.
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Therefore, the total flow rate is by no means inferior to that obtained
in the second embodiment. Thus, by appropriately determining the
number of the inner f£low channel members according to the desired flow
rate, the mixed liguid having an appropriate flow rate and containing
very fine bubbles of gas can be obtained.

In addition, also with this embodiment, the number of the recess
parts in each helical recess of the flow channel on the outer side
is greater than that of the flow channel on the inner side, so that
the distance between the intersections is substantially uniform
throughout the flow channels. Therefore, the fining operation in the
eight flow channels may be uniformly performed.

With the third embodiment, although the inner surface of each
of 1;he outer flow channel member 108 ahd the inner flow channel members
109A to 109H is formed as a smooth surface to improve the fining
efficiency, such a flow channel having a helical surface on one side
and having a smooth surface on the other side may be provided also
in the device of the second embodiment by inserting cylindrical
tubes with smooth inner and outer surfaces between the outer flow
channel member 58 and the inner flow channel member 59A, between the
inmmer flow channel member 59A and the inner flow channel member 59B,
and between the inner flow channel member 59B and the inner flow
channel member 59C. Thus, each of the flow channels is divided into
a first flow channel having an outer helical recess surface and an

inner smooth surface and a second flow channel having an outer smooth

surface and an inner helical recess surface.
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In the second and third embodiments, although the pitch of the
helical recesses is uniform throughout the flow channels, it may be
differently determined in response to the difference in diameter of
the flow channel members such that the pitch of the helical recesses
of the flow channel member on the inner side is greater than that of
the flow channel member on the outer side. In particular, by
appropriately determining both the number of rows of the recess parts
of the helical recess and the pitch of the recess parts of the helical
recess parts to be different in each flow channel member (for example,
by determining the number of rows and the pitch such that the flow
channel member on the inner side has a smaller number of the rows and
has a greater pitch than those of the £low channel member on the outer
sidé) , @ uniform flow rate and a uniform fined degree of the bubbles
throughout the flow channels may be easily obtained to provide the
liquid containing fined bubbles with excellent homogeneousness.

In addition, it is preferable that the pitch angle of the recess
parts of the helical recess (the angle of the recess parts relative
to the plane which is perpendicular to the axis of the outer flow
channel member or the inner flow channel member) is determined in
response to the depth of thé ejecting point of the fined mixed flow
measured from the level of the sewage in the reservoir 1. For example,
in case of the device of the third embodiment, if the ejecting point
is at the depth of 1 m from the level of the sewage, the pitch angle
of the recess parts of the helical recess surface of each of the inner
f£low channel members 109A to 109H is preferably determined as an angle

// .
Sheet Has Been Replaced

A

v

27

————



of about 15°. As the depth at the ejecting point increases, the pitch
angle may be increased from 15° to a greater angle (such as 17° and
18°).

Thus, a device suitable to an aimed use can be designed by
appropriately determining various parameters inciuding the inner
diameter of the outer flow channel member, the inner and outer
diameters of the inner flow channel member{s), the pitch of the recess
parts of the helical recess surface, the number of rows of the recess
parts, the pitch angle of the recess parts, etc.

Further, in the first to third embodiments, although the recess
in a helical form is used, such a recess may be of any other form than
helical. Thus, a plurality of recesses which are straight or curved
in ﬁeveloped form and extend from the inlet side to the outlet side
may be formed such that they intersect each other at plural positions.
For example, there may be provided a plurality of parallel first
recesses equally spaced from each other in the circumferential
direction and a plurality of parallel second recesses equally spaced
from each other in the circumferential direction and intersecting the
first recesses. Here, each of the first recesses extends from the
inlet side to the outlet side and is twisted in a right-hand direction,
and each of the second recesses extends from the inlet side to the
outlet side and is twisted in a left-hand direction.

The recess in helical configuration as in the first to third
embodiments is advantageous since such a helical recess can be easily

formed by an ordinary thread cutting work and since such a helical
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recess may provide a smooth flow of the mixed liquid.

Further, the flow channel members may have other configurations
than cylinder. For example, the flow channel members may be parallel
flat-plates confronting each other. The flat-plates have an inlet
side and an outlet side in a longitudinal direction and have both
lateral sides closed to form a f£low channel between each of the
flat-plates. A plurality of straight or curved recesses extending
from the inlet side to the outlet side and intersecting each other
may be formed on one or both of two confronting surfaces of the
Flat-plates in thé same manner described above. With this
construction, the fining effect of the bubbles may be also obtained
by the mixing operation at fhe intersections. However, with this
conétruction, it is difficult to uniformly distribute the recesses
all over the section of the flow channel and the flow may be influenced
by the closed lateral sides. Therefore, this construction is
disadvantageous since the mixed liquid may not £flow uniformly all over
the section of the flow channel.

Therefore, in order to obtain a uniform flow all over the
section of the flow channel and to obtain a mixed liquid containing
uniform fine bubbles, it is most preferable that the flow channel
members have a cylindrical configuration as disclosed in the first
to third embodiments.

Furthermore, although the devices of the above embodiments may
be advantageously used for the purpose of efficiently dissolving ozone

as the gas into sewage to be treated, they may be also used for
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dissolving other gas such as air or oxygen than ozone into water or
may be extensively used for every applications where liquid containing
fine bubbles is required and where the gas is not necessary to be
dissolved into the liquid.

While the invention has been described with reference to
preferred embodiments thereof, it is to be understood that
modifications or variations may be easily made without departing from

the spirit of this invention which is defined by the appended claims.
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What is claimed is:

1. A device for fining bubbles of gas contained in liquid,
comprising:

at least two flow channel members confronting each other to
form a flow channel therebetween;

an inlet and an outlet provided on one side and the other side
of said flow channel members:; and

a recess surface including a first recess and a second recess
and formed on at least one of confronting surfaces of said flow channel
members, said first recess and said second recess extending from said
inlet to said outlet, respectively, and intersecting each other at
plu:;:al positions where the flow of the liguid premixed with gas in

said first recess collides with that in said second recess.

2. The device as defined in claim 1 wherein said flow channel
members comprise an outer £low channel member and an inner £low channel
member having cylindrical configurations and disposed coaxially with
each other, so that said confronting surfaces comprise an inner
surface of said outer flow channel member and an outer surface of said
inner £low channel member and that at least one of said inner and outer
surfaces comprises said recess surface including said first and second
recesses, and wherein said first recess is a right-hand helical

recess and said second recess is a left-hand helical recess.
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3. The device as defined in claim 2 wherein each of said right-hand
helical recess and said left-hand helical recess is a multi-start

helical recess.

4. The device as defined in claim 2 wherein said recess surface
is formed on only one of said inner surface of said outer flow channel

member and said outer surface of said inner flow channel member.

5. The device as defined in claim 2 wherein a plurality of said
inner flow channel members are provided and disposed coaxially with
each other, and wherein an additional flow channel is formed between
each two adjoining said inner flow channel members which include
additional confronting surfaces corresponding to said confronting

surfaces.
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