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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Japanese
Patent Application No. 2022-175967 filed on November
2, 2022, in the Japanese Patent Office.

TECHNICAL FIELD

[0002] The present disclosure relates to a fluid mixing
output apparatus for mixing and outputting a plurality of
fluids and a fluid utilization apparatus using the same.

BACKGROUND ART

[0003] In various technical fields, a fluid mixing output
apparatus for mixing and outputting a plurality of fluids
is used. For example, there is a two-fluid nozzle that im-
proves a cleaning effect by mixing a gas with a liquid and
outputting it. Examples of such two-fluid nozzles include,
for example, Japanese Patent No. 3410385 and Japa-
nese Patent No. 6207366. In these examples, a gas and
a liquid are mixed, and the mixed fluid is sprayed from
the nozzle to be used to clean semiconductor wafers and
the like. Further, in the field of machine tools, for the pur-
pose of cooling while cleaning workpieces and knives, it
is also practiced to spray a mixture of cooling water and
air. In addition, fine bubbles are generated by mixing a
gas with a liquid, and a liquid containing fine bubbles is
used for cleaning, cooling, and other purposes. Exam-
ples of a fluid characteristic changing apparatus that gen-
erates ultra-fine bubbles in a fluid include Japanese Pat-
ent No. 6433039 and Patent No. 6534058 by the appli-
cant of the present application.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0004]

(Patent Document 1) Japanese Patent No. 3410385
(Patent Document 2) Japanese Patent No. 6207366
(Patent Document 3) Japanese Patent No. 6433039
(Patent Document 4) Japanese Patent No. 6534058

[0005] US2019091820 A1 discloses a fluid mixing ap-
paratus as per the preamble of claim 1. EP4063533 A1
discloses a static mixer with a secondary injection point
downstream of the first injection point.

SUMMARY OF INVENTION

Problem to be Solved by the Invention

[0006] According to the fluid mixing output apparatus
according to the related art, the apparatus for mixing a

plurality of fluids is often large, and it is difficult to mix the
plurality of fluids appropriately, for example, homogene-
ously. Further, in the case of gas-liquid mixing, the par-
ticle size of the gas mixed in the liquid remained large,
and the gas was not micronized.
[0007] The present disclosure has been made in view
of such circumstances. An object of the present disclo-
sure is to provide a fluid mixing output apparatus capable
of micronizing and sufficiently mixing fluids using the prior
inventions of the applicant of the present application for
fluid mixing.

Means for Solving the Problem

[0008] The present disclosure has the following con-
figuration in order to solve the above-described prob-
lems. In other words, according to an embodiment of the
present disclosure, a fluid mixing output apparatus in-
cludes a housing and an internal structure accommodat-
ed in the housing. The housing is provided with a plurality
of fluid supply ports for supplying at least a first fluid and
a second fluid and a fluid outlet at its downstream end
for outputting a plurality of fluids after mixing the plurality
of fluids. The internal structure includes a first portion, a
second portion, a third portion, and a fourth portion. The
first portion includes a shaft portion and a vane spirally
formed to generate a swirling flow in the fluid. The second
portion is located downstream from the first portion and
includes a shaft portion and a plurality of protrusions pro-
truding from an outer circumferential surface of the shaft
portion. The third portion is located downstream from the
second portion, and includes a shaft portion and a spirally
formed vane to generate a swirling flow in the fluid. The
fourth portion is located downstream from the third por-
tion, and includes a shaft portion and a plurality of pro-
trusions protruding from an outer circumferential surface
of the shaft portion.
[0009] One of the plurality of fluid supply ports of the
housing is formed in a portion corresponding to the vane
of the first portion, and the first fluid is supplied to the first
portion and supplied to the second portion as a swirling
flow, and one of the plurality of fluid supply ports of the
housing is formed in a portion corresponding to the vane
of the third portion, and the second fluid is supplied to
the third portion and supplied to the fourth portion as a
swirling flow while being mixed with at least the first fluid.
[0010] According to another embodiment of the
present disclosure, one of the plurality of fluid supply
ports of the housing is formed by opening an upstream
end, and the first fluid is supplied from upstream to the
first portion and supplied to the second portion as a swirl-
ing flow, and one of the plurality of fluid supply ports of
the housing is formed in a portion corresponding to the
vane of the third portion, and the second fluid is supplied
to the third portion and supplied to the fourth portion as
a swirling flow while being mixed with at least the first fluid.
[0011] According to another embodiment, one of the
plurality of fluid supply ports of the housing is formed in
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a portion corresponding to the vane of the first portion,
and the first fluid is supplied to the first portion and sup-
plied to the second portion as a swirling flow, and one of
the plurality of fluid supply ports of the housing is formed
at an upstream end, and a fluid which is the same as or
different from the first fluid is supplied from upstream to
the first portion, and one of the plurality of fluid supply
ports of the housing is formed in a portion corresponding
to the vane of the third portion, and the second fluid is
supplied to the third portion and supplied to the fourth
portion as a swirling flow while being mixed with at least
the first fluid.
[0012] According to another embodiment, one of the
plurality of fluid supply ports of the housing is formed in
a portion corresponding to the vane of the first portion,
the first fluid is supplied to become a swirling flow and
supplied to the second portion, and another one of the
plurality of fluid supply ports is formed in a portion corre-
sponding to the vane of the third portion, and the second
fluid is supplied to the third portion and is supplied to the
fourth portion while being mixed with the first fluid sup-
plied from the second portion.
[0013] According to another embodiment, one of the
plurality of fluid supply ports of the housing is an opening
at an upstream end of the housing, the first fluid is sup-
plied to the first portion, another one of the plurality of
fluid supply ports is formed in a portion corresponding to
the vane of the first portion of the housing, the second
fluid is supplied and mixed with the first fluid to be supplied
to the second portion as a swirling flow, and still another
one of the plurality of fluid supply ports is formed in a
portion corresponding to the vane of the third portion of
the housing, and the third fluid is supplied to the third
portion, further mixed with the mixed fluid of the first fluid
and the second fluid supplied from the second portion,
and supplied to the fourth portion as a swirling flow.
[0014] According to another embodiment, one of the
plurality of fluid supply ports of the housing is an opening
at an upstream end of the housing, the first fluid is sup-
plied to become a swirling flow and supplied to the second
portion, and another one of the plurality of fluid supply
ports is formed in a portion corresponding to the vane of
the third portion of the housing, and the second fluid is
supplied to the third portion, mixed with the first fluid sup-
plied from the second portion, and supplied to the fourth
portion as a swirling flow.
[0015] A fluid utilization apparatus of the present dis-
closure is configured to supply a liquid to the first portion
and a gas to the third portion, and output them in a state
where the gas is mixed in the liquid from the fluid outlet
of the housing to allow use in a gas-liquid mixed state.
[0016] Alternatively, a fluid utilization apparatus of the
present disclosure is, for example, configured to supply
a gas to the first portion and a liquid to the third portion,
and output them in a state where the gas is mixed in the
liquid from the fluid outlet of the housing to allow use in
a gas-liquid mixed state.
[0017] Alternately, it is possible to use more fluids (liq-

uids, gases, and mixed fluid thereof) in a state where
they are appropriately or homogeneously, stirred, dif-
fused, sheared, or mixed, and, in some cases, in a fine-
bubbled state.
[0018] According to a fluid mixing output apparatus of
the present disclosure, it is possible to appropriately mix
a plurality of fluids. More specifically, according to the
fluid mixing output apparatus of the present disclosure,
it is possible to homogeneously mix a plurality of fluids.
Further, when mixing a gas in a liquid, it is possible to
mix a large amount of the gas in the liquid. In addition,
without generating large bubbles, it is possible to mix the
gas as minute bubbles (in some cases, fine bubbles in-
cluding microbubbles or ultra-fine bubbles) into the liquid.
Alternatively, a plurality of fluids may be mixed homoge-
neously.
[0019] In addition, according to a fluid utilization appa-
ratus of the present disclosure, it is possible to utilize a
homogeneously mixed fluid from a fluid mixing output
apparatus. Alternatively, a fluid containing a gas that is
fine-bubbled (either a microbubble state or an ultra-fine
bubble state or both states) may be used.

BRIEF DESCRIPTION OF DRAWINGS

[0020] When the following detailed description is con-
sidered in conjunction with the following drawings, a
deeper understanding of the present disclosure can be
obtained. These drawings are illustrative only and do not
limit the scope of the present disclosure.

FIG. 1 is a diagram illustrating a utilization apparatus
using a fluid mixing output apparatus of the present
disclosure.
FIG. 2 is a three-dimensional perspective view of a
fluid supply pipe for a first embodiment of a fluid mix-
ing output apparatus of the present disclosure.
FIG. 3 is a three-dimensional exploded perspective
view of the fluid supply pipe of FIG. 2.
FIG. 4 is an exploded cross-sectional view of the
fluid supply pipe of FIG. 2.
FIG. 5 is a coupling cross-sectional view when a fluid
supply joint is coupled to the fluid supply pipe of FIG.
2.
FIG. 6 is a three-dimensional perspective view of a
fluid supply pipe for a second embodiment of a fluid
mixing output apparatus of the present disclosure.
FIG. 7 is a three-dimensional exploded perspective
view of the fluid supply pipe of FIG. 6.
FIG. 8 is an exploded cross-sectional view of the
fluid supply pipe of FIG. 6.
FIG. 9 is a coupling cross-sectional view when a fluid
supply joint is coupled to the fluid supply pipe of FIG.
6.
FIG. 10 is a three-dimensional perspective view of
a fluid supply pipe for a third embodiment of a fluid
mixing output apparatus of the present disclosure.
FIG. 11 is a three-dimensional exploded perspective
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view of the fluid supply pipe of FIG. 10.
FIG. 12 is an exploded cross-sectional view of the
fluid supply pipe of FIG. 10.
FIG. 13 is a coupling cross-sectional view when a
fluid supply joint is coupled to the fluid supply pipe
of FIG. 10.

DESCRIPTION OF EMBODIMENTS

[0021] Hereinafter, a fluid utilization apparatus using a
fluid mixing output apparatus S of the present disclosure
is described. Reference numeral 1 denotes a tank (a wa-
ter tank) for storing a first fluid (e.g., water) while it is
supplied from the outside. The fluid in the tank 1 is sucked
in by a pump 2 and supplied to the fluid mixing output
apparatus S through a pipe. Reference numeral 21 is a
tank (or a cylinder, etc.) for storing a second fluid (e.g.,
a gas) while it is supplied from the outside. The second
fluid of the tank 21 is sucked in by a pump 22 and supplied
to the fluid mixing output apparatus S through a pipe.
When the second fluid is air, the fluid mixing output ap-
paratus S only needs to take in outside air. As such, the
fluid mixing output apparatus S is supplied with two fluids
(one is a liquid and the other is a gas). Of course, a third
tank and a pump may be prepared to supply a third fluid
(which may be a liquid or a gas) to the fluid mixing output
apparatus S to mix the three kinds of fluids. Alternatively,
in the fluid mixing output apparatus S, more kinds of fluids
may be mixed. A plurality of fluids are appropriately mixed
and supplied to a target device 4 via a valve 3 from the
fluid mixing output apparatus S.
[0022] For example, when the first fluid from the tank
1 is water and the second fluid from the tank 2 is air, the
fluid mixing output apparatus S directly generates ultra-
fine bubbles (the inside of the bubble is mainly vaporized
water) and generates a large amount of microbubbles
(some of which may be ultra-fine bubbles) mainly con-
taining air inside the bubbles by, for example, agitat-
ing/spreading or shearing the sucked air. The fluid mixing
output apparatus S of the present disclosure may gen-
erate fine bubbles by boiling and vaporizing a fluid itself
by reducing pressure, or may generate fine bubbles by
precipitate a gas dissolved at room temperature in a fluid.
In this way, in the fluid mixing output apparatus S, it is
possible to generate ultrafine bubbles as well as micro-
bubbles, and the utilization apparatus may use the fluid
containing fine bubbles of various sizes. In addition, the
fluid mixing output apparatus S may mix, stir/diffuse, or
shear two or more fluids (liquid-to-liquid, liquid and gas,
gas-togas, or gas-liquid mixed fluids).
[0023] Based on output of a sensor 5 that detects a
state (water temperature, etc.) of the first fluid of the tank
1 or a sensor 6 that detects a state (flow rate, pressure,
etc.) of the fluid passing through the fluid mixing output
apparatus S, a control device 7 performs opening and
closing control of the valve 3, and displays a control state
clearly to an operator on a display panel 8. Further, the
fluid via the valve 3 is supplied to the target device 4.

Except in the case where the supply fluid is consumed
in the target device 4, the fluid used in the target device
4 is filtered to remove foreign matter and impurities via
a filter 9 (in some cases, a chiller) and then returned to
the tank 1 (in some cases, after returning to its original
temperature) when circulating and reusing the fluid.
[0024] The fluid from the fluid mixing output apparatus
S of the present disclosure is used in various utilization
apparatuses. For example, the utilization apparatus is a
machine tool, and cools or cleans a machining part by
discharging the fluid from the fluid mixing output appa-
ratus S through a nozzle onto a workpiece or a blade
such as a whetstone and a drill. Alternatively, the utiliza-
tion apparatus may be a cleaning system on a production
line (in particular, precision instruments) in a factory. As
such, the supply fluid from the fluid mixing output appa-
ratus S functions as a coolant or cleaning agent for the
target device 4. In other words, the liquid containing the
fine bubbles lowers surface tension of the fluid and im-
proves its permeability, so that the fluid moves to small
areas, improving a cooling effect and cleaning capacity.
According to a cavitation phenomenon described below,
when the air pressure in the liquid is less than a saturated
vapor pressure, bubbles by water vapor generate when
the liquid is water. This bubbles are made of negative
pressure, and naturally disappears at a high pressure,
causing a large impact at that time. This impact is used
for cleaning to increase the cleaning capacity. Similarly,
the utilization apparatus may be a bottle, container, or
equipment cleaning device. Further, ozone is mixed as
the second fluid from the tank 2 in the water from the tank
1, and characteristics are changed to ozone fine bubble
water by the fluid mixing output apparatus S, and ozone
bubble water is discharged to a target product in the tar-
get device 4. In this way, effects of deodorization, de-
colorization, and sterilization may be obtained. Ozone is
decomposed into oxygen molecules, and OH radicals
are generated in the process, which improves steriliza-
tion performance. Thus, the supply fluid from the fluid
mixing output apparatus S is used, for example, as a
disinfectant.
[0025] Further, as the utilization apparatus including
the target device 4, there is a fluid system for such as a
washbasin, bath, washing, and washing in the home, and
the cleaning effect is expected. In this case, the tank 1
is unnecessary, and may be realized by passing tap water
(the first fluid) supplied from a water pipe directly through
the fluid mixing output apparatus S (the second fluid is
air). Similarly, it may be applied to fluid systems that di-
rectly use the tap water in factories, offices, and stores.
Alternatively, oxygen is mixed with water as the first fluid
as the second fluid from the tank 2, and characteristics
are changed to oxygen fine bubble water by the fluid mix-
ing output apparatus S, which may be applied to fluid
systems for water treatment in agriculture, fisheries or
other fields. The liquid containing fine bubbles may be
absorbed by organisms such as plants and fish, accel-
erating their growth rate. It is also used to clean food
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ingredients, such as rice, crops, and fish. Furthermore,
it may be applied to water treatment systems such as
purification of groundwater, well water, and contaminat-
ed water. Hydrogen, carbon dioxide, and other gases
may mixed with water as the second fluid from the tank
2, and the fluid mixing output apparatus S may change
characteristics into hydrogen fine bubble water, carbon
dioxide fine bubble water, fine bubble water having other
characteristics, or various functional water to use for var-
ious purposes.
[0026] In addition, the utilization apparatus including
the target device 4 may be applied to a fluid system for
heat exchange of heat emitted by various devices, and
it is also possible to supply the fluid from the fluid mixing
output apparatus S to such a heat exchanger to realize
cooling or heating. The fluid from the fluid mixing output
apparatus S (which includes fine bubbles and is expected
to have an effect of temperature changes) is passed
through a pipe in the heat exchanger in the target device
4. In the target device 4, the fluid passing through the
heat exchanger returns to the original temperature in a
chiller not illustrated and is circulated to the tank 1. In this
way, the fluid supplied to the target device 4 functions as
a heat transfer agent that realizes cooling or heating of
the target device.
[0027] For a fluid system that consumes a specific fluid
(and does not circulate the fluid for use), the tank 1 is
used by appropriately replenishing it with the fluid. Such
target devices are various manufacturing and production
lines, and may use fluids from the fluid mixing output
apparatus S for manufacture or production of various ar-
ticles (food, drugs, emulsion fuels, etc.).
[0028] Another utilization apparatus may supply a
mixed fluid of cement and water as the first fluid and
carbon dioxide as the second fluid to the fluid mixing out-
put apparatus S, mix carbon dioxide in the mixed water
of cement and water, and in some cases, prepare a ce-
ment fluid mixed with a larger amount of carbon dioxide
by finely bubbling it. By using this cement to build struc-
tures, carbon dioxide in the atmosphere may be reduced
(carbon dioxide is injected into concrete and fixed).
[0029] As such, the gas supplied to the fluid mixing
output apparatus S is any one of, but is not limited to, for
example, air, oxygen, hydrogen, nitrogen, ozone, argon,
helium, ammonia, carbon dioxide, chlorine, hydrogen
chloride, hydrocarbon gas, and natural gas. The liquid
supplied to the fluid mixing output apparatus is any one
of, but is not limited to, water, seawater, oil, alcohol,
chemicals, and a mixed fluid of cement and water.
[0030] In the present disclosure, the fluid mixing output
apparatus S may be an apparatus that generates fine
bubbles (microbubbles or ultra-fine bubbles) in a fluid, or
stirs/diffuses or shears the fluid to change characteristics
of the fluid, and includes a structure that is thought to
cause a change in a connection structure between mol-
ecules of the fluid. In addition, a plurality of such internal
structures may be arranged in series, arranged in paral-
lel, and the like as a configuration of the fluid mixing output

apparatus S.

(First Embodiment)

[0031] In a fluid supply pipe 1100 of an embodiment
of the fluid mixing output apparatus S according to the
present disclosure, there are two inlet systems that are
fluid supply ports and one outlet system that is a fluid
outlet so that two types of fluids can be mixed and output.
FIG. 2 is a three-dimensional perspective view of the fluid
supply pipe 1100 according to an embodiment of the fluid
mixing output apparatus S of the present disclosure, FIG.
3 is a three-dimensional exploded perspective view of
the fluid supply pipe 1100, FIG. 4 is an exploded cross-
sectional view of the the fluid supply pipe 1100, and FIG.
5 is a coupling cross-sectional view of the fluid supply
pipe 1100 when the fluid supply joints (151-1, 151-2) are
coupled on one side. (A) of FIG. 5 is a cross-sectional
view viewed from the side, and (B) of FIG. 5 is a cross-
sectional view viewed from the front of the output side.
[0032] As shown in these drawings, the fluid supply
pipe 1100 includes a pipe body 110, an internal structure
140 disposed in the pipe body 110, and a lid 113 screwed
to an upstream portion. The pipe body 110 is a pipe with
a rectangular parallelepiped appearance and has a cavity
therein shown in FIGS. 4 and 5. In other words, the in-
ternal cavity of the pipe body 110 consists of an upstream
cavity in which a female thread (or male thread) threaded
with a male thread (or female thread) of the lid 113 is cut,
followed by a cylindrical cavity of a certain length of a
large diameter, a cavity concentrically circular and ta-
pered, and a cylindrical small-diameter cavity having a
certain length at the final output end. In addition, the ex-
ternal shape of the pipe body 110 may be a cylindrical
shape, a polygonal prism, or the like, in addition to a
rectangular parallelepiped. This is similar in other em-
bodiments.
[0033] The upstream end of the pipe body 110 be-
comes a circular opening in which a screw is formed, and
one end of the upstream side is blocked by screw cou-
pling with the screw formed in the lid 113. The upstream
end is opened for cutting the cavity having the above-
described shape, and is sealed by the lid 113 during ac-
tual use. In addition to screw coupling between the lid
113 and the pipe body 110, methods such as press-fitting
or fitting of a lid member may also be employed, and
methods such as adhesion or welding of the lid are also
possible as long as fluid tightness is achieved. This is
also similar in other embodiments of the present disclo-
sure. The pipe body 110 is formed by a method of molding
a plastic, or the like, in addition to a method of processing
a prismatic member made of a metal such as steel. At
the other end of the downstream side, an outlet 112 con-
nected to the cylindrical small-diameter cavity is formed.
Inside the lid 113, a conical cavity 113-C is formed. The
fluid supply pipe 1100 is configured by inserting and fixing
the internal structure 140 to the pipe body 110 from one
end, and then closing one end with the lid 113.
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[0034] As shown in FIG. 2, in this embodiment, fluid
flows from two inlets 111-1 and 111-2 provided on one
side and flows to the outlet 112 side. As shown in FIG.
5, the first fluid (e.g., liquid) is supplied to the first inlet
111-1 via the fluid supply joint 151-1, and the second
fluid (e.g., gas) is supplied to the second inlet 11-2 via
the fluid supply joint 151-2. Of course, for the first fluid
and the second fluid, it is also possible to reverse the
way in which the liquid and gas are supplied to the inlets
111-1 and 111-2. In this embodiment, the diameters of
the inlet 111-1 and the inlet 111-2 are approximately the
same, and they are on the same line, slightly deviating
outwards from the center of one side of the pipe body
110 (see FIGS. 2 and (B) of FIGS. 5). This is because a
slight lateral deviation from the center relative to the flow
direction makes it easier to flow into the interior of the
pipe body 110 (in the example of (B) of FIG. 5, a fluid
flows while rotating counterclockwise as a whole). For
example, as shown in FIGS. 4 and 5, while the inlet 111-1
of the fluid supply joint 151-1 for liquid supply has a
straight cylindrical shape, the inlet 111-2 of the fluid sup-
ply joint 151-2 for gas is formed in a taper shape 111-2T
that changes from a large diameter to a small diameter.
Due to this shape, gas is injected from the inlet 111-2
under pressure in the internal cavity of the pipe body 110.
In the conical cavity 113-C formed on the inner side of
the lid 113, a portion of the first fluid inflowing from the
inlet 111-1 is collected, but flows downstream due to the
pressure of the fluid continuously injected from the fluid
supply joint 151-1.
[0035] The internal structure 140 is formed by, for ex-
ample, a method of cutting or grinding a cylindrical mem-
ber made of a metal such as steel, a method of molding
a plastic, or the like. Specifically, as shown in FIGS. 3 to
5, the internal structure 140 of the present embodiment
includes a swirl generating portion 143 which is a first
portion formed integrally on a common shaft member 141
having a circular cross-section, a bubble generating por-
tion 145 which is a second portion, a swirl generating
portion 147 which is a third portion, a swirl generating
portion 147 which is a fourth portion, and a dome-shaped
(or conical) guiding portion 150 located at the most down-
stream. In addition, a conical or dome-shaped diffusing
portion is not shown, but may be added at the upstream
end. This is also similar in other embodiments described
below. In addition, downstream of the fourth portion, it is
also possible to form a swirl generating portion which is
a fifth portion, a bubble generating portion which is a sixth
portion, and the like, in series in succession.
[0036] Each of the swirl generating portion 143, the
bubble generating portion 145, the swirl generating por-
tion 147, the bubble generating portion 149, and the guid-
ing portion 150, or in addition thereto, the diffusing portion
formed in the uppermost part is formed, for example, by
processing a part of one cylindrical member. In this em-
bodiment, the shaft member 141 includes the swirl gen-
erating portion 143 and the swirl generating portion 147
of small shaft diameters, and the bubble generating por-

tion 145 and the bubble generating portion 149 of large
shaft diameters. The difference in the shaft diameters is
in consideration of the ease of flow of the fluid, and when
an inflow (injection) pressure of the fluid into the pipe
body 110 is set to high pressure, the swirl generating
portion 143, the bubble generating portion 145, the swirl
generating portion 147, and the bubble generating por-
tion 149 may have the same diameter. Choice of the large
or small shaft diameter of this shaft is also possible in
other embodiments.
[0037] The swirl generating portion 143 has a circular
cross-section, includes a shaft portion of a constant di-
ameter, and a plurality, for example, three spirally formed
vanes. As shown in FIGS. 4 and 5, in the present em-
bodiment, the length of the flow direction of the swirl gen-
erating portion 143 is shorter than the length of the bubble
generating portion 145. Each of the vanes of the swirl
generating portion 143 is formed in a spiral shape in the
counterclockwise direction at a predetermined interval
on an outer circumferential surface of the shaft portion
141 from one end of the shaft portion 141 to the other
end with a tip spaced apart by 120° from each other in
the circumferential direction of the shaft portion 141. For
example, when the number of vanes is four (4), they are
formed 90° apart. The number or shape of the vanes of
the swirl generating portion 143 is not particularly limited
if the swirl generating portion 143 is capable of generating
a swirling flow while the fluid entering the swirl generating
portion 143 passes between each of the vanes. The swirl
generating portion 143 has an outer diameter such that
it is close to an inner circumferential surface of the cavity
of the pipe body 110 when the internal structure 140 is
accommodated in the pipe body 110. In addition, as
shown enlarged in FIG. 4, at a location where the fluid
supply port 111-1 of the housing 110 is provided, a recess
143-H is formed concentrically in the vane of the swirl
generating portion 143. The recess 143-H, which is more
concave than other portions, is formed so as not to im-
pede injection of fluid.
[0038] The bubble generating portion 145 is formed
downstream from the swirl generating portion 143. As
shown in FIGS. 4 and 5, the bubble generating portion
145 includes a shaft portion 141 having a circular cross-
section and a constant diameter and a plurality of protru-
sions (convex portions) 145p protruding from an outer
circumferential surface of the shaft portion 141. In the
bubble generating portion 145, the plurality of protrusions
145p are formed in a net shape and each of the plurality
of protrusions 145p has a column shape having a rhom-
bus-shaped cross-section. Each protrusion 145p is
formed by, for example, grinding an outer circumferential
surface of a cylindrical member so as to protrude outward
in the radial direction from the surface of the shaft portion
141. More specifically, for example, according to a meth-
od of forming each protrusion 145p, a plurality of annular
lines with predetermined spacing therebetween in the
direction of 90 degrees with respect to the longitudinal
direction of the cylindrical member and a plurality of spiral
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lines having a predetermined angle (for example, 60 de-
grees) with respect to the longitudinal direction with pre-
determined spacing therebetween are intersected with
each other, and spaces between the annular lines in the
direction of 90 degrees are ground alternately, and spac-
es between the tilted lines are ground alternately. In this
way, the plurality of protrusions 145p protruding from the
outer circumferential surface of the shaft portion 141 are
formed regularly and alternately in the vertical direction
(the circumferential direction of the shaft portion) and the
horizontal direction (the longitudinal direction of the shaft
portion 141-3). The groove bottom surface formed by
grinding becomes the outer circumferential surface of the
shaft portion 141. In addition, in the present embodiment,
the outer diameter of the bubble generating portion 145
is such that it is close to the inner circumferential surface
of the cavity of the pipe body 110 when the internal struc-
ture 140 is accommodated in the pipe body 110. In ad-
dition, the shape of the plurality of protrusions 145p may
not be the rhombic protrusions as described above (for
example, triangles, polygons, etc.), and their arrange-
ments (angle, width, etc.) may be appropriately changed.
These changes are equally applicable to other example
embodiments. Further, in the above description, it has
been explained that the protrusions 145p are formed by
grinding, but by combining cutting and turning instead of
grinding to form the protrusions 145p, time can be short-
ened. In addition, this processing method is applicable
to protrusions 149p described later, and is also applicable
to other example embodiments.
[0039] The swirl generating portion 147 is formed
downstream from the bubble generating portion 145, as
shown in FIGS. 4 and 5. The swirl generating portion 147
includes a shaft portion 141 with a circular cross-section
and a constant diameter, and a plurality of, e.g., three
vanes spirally formed, similar to the swirl generating por-
tion 143. The length of the shaft portion 141 of the swirl
generating portion 147 (the length with respect to the
overall flow direction) is the same as the length of the
shaft portion 141 of the swirl generating portion 143, but
is not limited thereto. Adjustment of the length of the swirl
generating portion 143 and the swirl generating portion
147 may be changed according to the characteristics of
the fluid used. It is also possible to make the length of
this shaft portion 141 longer or shorter than the length of
the shaft portion 141 of the swirl generating portion 143,
and this is also applicable to other example embodi-
ments.
[0040] In this embodiment, the swirl generating portion
147 has an outer diameter such that it is close to an inner
circumferential surface of the cavity of the pipe body 110
when the internal structure 140 is accommodated in the
pipe body 110. As shown enlarged in FIG. 4, at a location
where the fluid supply port 111-2 of the housing 110 is
provided, a recess 147-H is formed in concentrically in
the vane of the swirl generating portion 147. The recess
147-H, which is more concave than other portions, is
formed so as not to impede injection of fluid. In consid-

eration of the shape of the fluid supply port 111-2, as
shown enlarged in FIG. 4, the width of a concave portion
of the recess 147-H in the shaft direction is smaller than
the width of a concave portion of the recess 143-H, but
they may be formed to have the same width.
[0041] The bubble generating portion 149 is formed
downstream from the swirl generating portion 147. Sim-
ilarly to the bubble generating portion 145, the bubble
generating portion 149 includes a shaft portion 141 with
a circular cross-section and a constant diameter and a
plurality of protrusions 149p, for example, having a rhom-
bus-shaped cross-section, protruding from an outer pe-
ripheral surface of the shaft portion 141, and the plurality
of protrusions 149p are formed in a net shape (see FIGS.
4 and 5). Each protrusion 149p is formed by grinding an
outer circumferential surface of the cylindrical member,
for example, so that it protrudes outward in a radial di-
rection from the surface of the shaft portion 141. The
protrusion 149p may be formed in the same manner as
the protrusion 145p of the bubble generating portion 145.
In addition, in the present embodiment, the bubble gen-
erating portion 149 has an outer diameter such that it is
close to an inner circumferential surface of the cavity of
the pipe body 110 when the internal structure 140 is ac-
commodated in the pipe body 110.
[0042] In the present embodiment, the length of the
shaft portion 141 of the bubble generating portion 149 is
longer than the length of the shaft portion 141 of the bub-
ble generating portion 145. In other words, the number
of the protrusions 149p of the bubble generating portion
149 is greater than the number of the protrusions 145p
of the bubble generating portion 145. However, the
present disclosure is not limited to this embodiment. The
length of the shaft portion 141 of the bubble generating
portion 149 in the overall flow direction may be equal to
the length of the shaft portion 141 of the bubble gener-
ating portion 145. However, in general, by making the
length of the shaft portion 141 of the bubble generating
portion 149 in the entire flow direction longer than the
length of the shaft portion 141 of the bubble generating
portion 145, the mixing effect of the fluids is increased.
[0043] The guiding portion 150 is formed, for example,
by processing an end portion of the downstream side of
the cylindrical member into a dome. As described below,
by inducing the fluid flowing through the inside of the fluid
supply pipe 1100 towards the center of the pipe by the
guiding unit 150, the fluid can be smoothly discharged
through the outlet 112. In another embodiment, the in-
ternal structure 140 does not include an induction portion.
Alternatively, the internal structure 140 includes a conical
guiding portion.
[0044] Hereinafter, flow of the fluid passing through the
fluid supply pipe 1100 will be described. The first fluid
(e.g., liquid) is supplied to the inlet 111-1 via the fluid
supply joint 151-1, and the second fluid (e.g., gas) is sup-
plied to the inlet 111-2 via the fluid supply joint 151-2.
The first fluid inflowing through the inlet 111-1 passes
between the three vanes formed in the spiral shape of
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the swirl generating portion 143 as a part thereof gathers
in the conical cavity 113-C formed on the inner side of
the lid 113. At this time, the recess 143-H is formed con-
centrically in the vane of the swirl generating portion 143
and the vane does not impede injection of the first fluid.
The fluid is sent to the bubble generating portion 145
through the shaft portion 141 as an intense swirling flow
by each vane of the first swirl generating portion 143.
[0045] The fluid then passes between the plurality of
protrusions 145p of the bubble generating portion 145.
These plurality of protrusions 145p form a plurality of nar-
row flow paths (intersecting flow paths of spiral flow paths
and the annular flow paths). When the fluid passes
through the plurality of narrow flow paths formed by the
plurality of protrusions 145p, a large number of minute
vortices are generated. In other words, mixing and diffu-
sion of the fluids are induced by a phenomenon of re-
peated collision and diversion of the spiral flow paths with
a steep flow and the annular flow paths with a gentle flow.
The above-described structure of the first bubble gener-
ating portion 145 is also useful for mixing two or more
fluids having different properties.
[0046] In addition, the internal structure 140 has a
structure that allows the fluid to flow from the upstream
side (swirl generating portion 143) with a large cross-
sectional area to the downstream side with a small cross-
sectional area (flow paths formed between the plurality
of protrusions 145p of the bubble generating portion 145).
This structure changes the static pressure of the fluid as
described below. The relationship between pressure, ve-
locity, and potential energy with no external energy to a
fluid is given by the Bernoulli equation. 

[0047] Here, p is the pressure at a point on a stream-
line, ρ is the density of the fluid, υ is the fluid flow velocity
at the point, g is the gravitational acceleration, h is the
height of the point with respect to a reference plane, and
k is a constant. The Bernoulli’s law expressed as the
above equation is the energy conservation law applied
to fluids and explains that the sum of all the forms of
energy on a streamline is constant for flowing fluids at all
times. According to the Bernoulli’s law, the fluid velocity
is low and the static pressure is high in the upstream side
having the large cross-sectional area. On the other hand,
the fluid velocity is increased and the static pressure is
lowered in the downstream side having the small cross-
sectional area.
[0048] In the case that the fluid is a liquid, the liquid
begins to vaporize when the lowered static pressure
reaches the saturated vapor pressure of the liquid. Such
a phenomenon in which a liquid is rapidly vaporized be-

cause the static pressure becomes lower than the satu-
rated vapor pressure (for water, 3000 to 4000 Pa) in ex-
tremely short time at almost constant temperature is
called cavitation. The internal structure of the fluid supply
pipe 1100 of the present disclosure causes this cavitation
phenomenon. Due to the cavitation phenomenon, the liq-
uid is boiled with minute bubbles of a particle size less
than 100 microns existing in the liquid as nuclei or many
minute bubbles are generated due to isolation of dis-
solved gas. In other words, many fine bubbles are gen-
erated while the fluid passes the bubble generating por-
tion 145.
[0049] In the case of water, one water molecule can
form hydrogen bonds with four other water molecules,
and this hydrogen bonding network is not easy to break
down. Therefore, the water has much higher boiling point
and melting point than other liquids that do not form hy-
drogen bonds, and is highly viscous. Since the water hav-
ing the high boiling point exhibits an excellent cooling
effect, the water is frequently used as the coolant for the
machine tool for performing operations such as grinding.
However, the water has a problem that the size of the
water molecule is large and its penetration to a machining
spot and/or lubricity is not so good. Thus, conventionally,
a special lubricant (i.e. cutting oil) other than the water
is frequently used alone or mixed with the water. In the
case of using the fluid supply pipe of the present disclo-
sure, the cavitation phenomenon described above caus-
es vaporization of the water and, as a result, the hydrogen
bonding network of the water is destroyed to lower the
viscosity. Further, the fine bubbles generated by the va-
porization reduce the surface tension of the water, there-
by improving permeability and lubrication. The improved
penetration results in increased cooling efficiency.
Therefore, according to the present disclosure, it is pos-
sible to improve machining quality (i.e. the performance
of the machine tool) even if only water is used without
using a special lubricant.
[0050] The fluid passing through the bubble generating
portion 145 passes through the shaft portion 141 and
between the three spiral-formed vanes of the swirl gen-
erating portion 147. At this time, the second fluid (gas)
inflowing from the fluid supply joint 151-2 through the
inlet 111-2 is injected between the three vanes spirally
formed of the swirl generating portion 147. The recess
147-H is formed in the vane of the swirl generating portion
147 and the vane does not impede injection of the second
fluid supplied through the fluid supply joint 151-2. Here,
while the second fluid is mixed with the first fluid from
upstream, the mixed fluid consisting of the first and sec-
ond fluids becomes an intense swirling flow by each vane
of the second swirl generating portion 147 and is sent
through the shaft portion 141 to the bubble generating
portion 149.
[0051] In the bubble generating portion 149, as de-
scribed with respect to the bubble generating portion 145,
the fluid passes through a plurality of narrow flow paths
formed by the plurality of protrusions 149p, and thus a
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phenomenon of generating a plurality of minute vortices
occurs. In the case that the second fluid is a gas, it is
possible to micronize the particle size of the gas by pass-
ing through these thin flow paths. In addition, the cavita-
tion phenomenon occurs due to the structure in which
the fluid flows from a large cross-sectional flow path (a
flow path formed by the three vanes of the swirl gener-
ating portion 147) to flow paths with a small cross-sec-
tional area (flow paths formed between the plurality of
rhombic protrusions 149p of the bubble generating por-
tion 149). As a result, as the fluid passes through the
bubble generating portion 149, a large number of fine
bubbles are generated.
[0052] As described above, the fluid supply pipe 1100
of the present embodiment is configured such that the
first fluid passing through the swirl generating portion 143
and the bubble generating portion 145 is mixed with the
second fluid injected from the inlet 111-2 via the fluid
supply joint 151-2 and they become a spiral flow by the
spirally formed vanes of the swirl generating portion 147
and pass through thin intersecting flow paths between
the plurality of protrusions 149p of the bubble generating
portion 149. By generating the swirling flow by the swirl
generating portion 147 provided upstream of the bubble
generating portion 149 and supplying it to the second
bubble generating portion 149, the effect of fine bubble
generation in the first fluid may be increased compared
to the case of having one bubble generating portion 145.
In addition, the second fluid is also micronized and mixed
with the first fluid, increasing the possibility (frequency)
that the mixed fluid is also fine-bubbled.
[0053] The fluid passing through the bubble generating
portion 149 flows towards the end of the internal structure
140. The flow path rapidly widens in a space between
the guiding portion 150 and the tapered portion inside
the tube body 110 from the plurality of narrow flow paths
of the bubble generation unit 149. At this time, a Coanda
effect is generated by the conical curved surface of the
guiding portion 150 of the internal structure 140. The
Coanda effect is the phenomenon in which a fluid flowing
around a curved surface is drawn to the curved surface
due to a pressure drop between the fluid and the curved
surface and thus the fluid flows along the curved surface.
Due to the Coanda effect, the fluid is induced to flow
along the surface of the guiding portion 150. The fluid
guided toward the center of the pipe by the guiding portion
150 of the internal structure 140 flows out through the
outlet 112.
[0054] In the first embodiment described above, one
of the plurality of fluid supply ports of the pipe body 110
which is the housing is formed in the portion (inlet 111-1)
corresponding to the vane of the swirl generating portion
143, which is the first portion of the internal structure 140,
and the supplied first fluid becomes a swirling flow and
is supplied to the bubble generating portion 145 which is
the second portion. Another one of the plurality of fluid
supply ports is formed in the portion corresponding to the
vane of the swirl generating portion 147 (inlet 111-2),

which is the third portion, and the second fluid is supplied
to the third portion and then supplied to the bubble gen-
erating portion 149, which is the fourth portion as a swirl-
ing flow while being mixed with the first fluid supplied
from the second portion.
[0055] Here, while the swirl generating portion 143 and
the swirl generating portion 147 of the internal structure
140 generate counterclockwise swirling flows (vortex
flows), both of them may generate clockwise swirling
flows (vortex flows). Accordingly, the spiral flow paths of
the bubble generating portion 145 and the bubble gen-
erating portion 149 may be clockwise. In addition, the
inlets (111-1 and 111-2) shown in (B) of FIG. 5 are also
biased to the left side (right from the direction of the over-
all flow) from the center of the drawing so that it is easy
for the fluid to rotate clockwise. This is also applicable
other example embodiments below.

(Second Embodiment)

[0056] Next, a second embodiment of the fluid mixing
output apparatus S related to the present disclosure will
be described. A fluid supply pipe 2100 of the present
embodiment includes three inlet systems that are fluid
supply ports and one outlet system that is a fluid outlet
so that three or more types of fluids can be mixed and
output. In addition, one input system can divide into three
directions to introduce fluid. Therefore, the same type of
fluid may be supplied to the inputs of the two systems.
Further, the entrance of one system divided into three
directions may be supplied with different fluids for respec-
tive directions. In addition, while the number of directions
of the entrance is 3, it may be increased to 4, or decreased
to 1 or 2. In particular, when injecting a gas, it is efficient
to inject by dispersing from a plurality of inlets, so that a
required amount can be mixed into the liquid without ap-
plying high pressure, and the gas can be mixed homo-
geneously and without forming large bubbles.
[0057] FIG. 6 is a three-dimensional perspective view
of the fluid supply pipe 2100, FIG. 7 is a three-dimen-
sional exploded perspective view of the fluid supply pipe
2100, FIG. 8 is an exploded cross-sectional view of the
fluid supply pipe 2100, and FIG. 9 is a coupling cross-
sectional view of the fluid supply pipe 2100 when a fluid
supply joint 251-1 from one direction and fluid supply
joints (251-2a to 251-2c) from three directions are cou-
pled. (A) of FIG. 9 is a cross-sectional view viewed from
the side, (B) of FIG. 9 is a cross-sectional view of the
position I, and (C) of FIG. 9 is a cross-sectional view of
the position II. As shown in these drawings, the fluid sup-
ply pipe 2100 is a pipe with a rectangular parallelepiped
appearance and includes a pipe body 210 having a sub-
stantially cylindrical cavity thereinside shown in FIGS. 8
and 9, an input side coupling body 213, and an output
side coupling body 212. In the internal cavity of the pipe
body 210, the internal structure 240 may be arranged
and fixed.
[0058] The pipe body 210 is formed by a method of
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processing a prismatic member made of a metal such as
steel, a method of molding a plastic, or the like. The up-
stream end of the pipe body 210 is, for example, a circular
opening in which a female thread (or male thread) is
formed, and is threaded and coupled with a male thread
(or female thread) formed in the input side coupling body
213. A female thread is formed at the downstream end
of the pipe body 210, and is screwed and coupled with
a male thread of the output side coupling body 212 in
which the outlet is formed. In the input side coupling body
213, an inlet 213-I and a substantially cylindrical cavity
213-C are formed. In the output side coupling body 212,
a tapered outlet 212-0 with a small diameter is formed.
The fluid supply pipe 2100 is assembled by inserting and
fixing the internal structure 240 into the pipe body 210
from one end, installing the input side coupling body 213
at one end of the upstream side, and installing the output
side coupling body 212 at the other side of the down-
stream side. In addition, the coupling between the pipe
body 210, the input side coupling body 213, and the out-
put side coupling body 212 may take other coupling forms
such as a fit in addition to the screws.
[0059] In FIG. 9, a first fluid (e.g., a liquid) inflows from
the opening 213-I (a first system) of the input side cou-
pling body 213, a second fluid (e.g., a liquid) inflows from
an inlet 211-1 (a second system) provided on one side
from the fluid supply joint 251-1, and a third fluid (e.g., a
gas) inflows from inlets (211-2a to 211-2c) (a third sys-
tem) provided on three sides from the fluid supply joints
(251-2a to 251-2c), and they flow toward the output side
coupling body 212 with the outlet. The fluid supply ports
211-2a to 211-2c of the third fluid are provided at corre-
sponding positions on a concentric circle of the swirl gen-
erating portion 247 of a third portion of a shaft portion of
the internal structure 240.
[0060] Compared with the diameter of the inlet 211-1,
the diameter of each of the inlets 211-2a to 211-2c formed
on the three sides is slightly smaller. This is because
when the fluid is a gas, the diameter of the inlet is reduced
and pressure is applied to inject the fluid, so that large
bubbles do not form in the gas. Similar to the first em-
bodiment, in order to facilitate inflow, the inlet 211-1 and
the inlets 211-2a to 211-2c are collinear slightly deviated
from the center of each side of the pipe body 210, as
shown in FIGS. 6 and 7, and (C) of FIG. 9. Each of the
inlets 211-2a to 211-2c of the fluid supply joint 251-2 for
gas has a tapered shape 211-2T that injects the gas by
applying pressure by narrowing the lower side, and an
injection port at the end is narrow.
[0061] Similar to the configuration described in the first
embodiment, as shown in FIGS. 7 to 9, the internal struc-
ture 240 includes a swirl generating portion 243 that is a
first portion integrally formed on a common shaft member
241 having a circular cross-section, a bubble generating
portion 245 that is a second portion, a swirl generating
portion 247 that is a third portion, a bubble generating
portion 249 that is a fourth portion, and a dome-shaped
(or cone-shaped) guiding portion 250 located at the most

downstream. In addition, a conical or dome-shaped dif-
fusing portion for diffusing fluid from the center to the
periphery may be added to the upstream end of the in-
ternal structure 240.
[0062] Each of the swirl generating portion 243, the
bubble generating portion 245, the swirl generating por-
tion 247, the bubble generating portion 249, and the guid-
ing portion 250, or the diffusing portion at the upstream
end is formed, for example, by processing a portion of
one cylindrical member. In the present embodiment, as
in the first embodiment, the shaft member 241 has the
swirl generating portion 243 and the swirl generating por-
tion 247 with small shaft diameters, and the bubble gen-
erating portion 245 and the bubble generating portion
249 with large shaft diameters. In another embodiment,
the swirl generating portion 243, the bubble generating
portion 245, the swirl generating portion 247, and the
bubble generating portion 249 have the same diameter.
[0063] The swirl generating portion 243 includes a
shaft portion with a circular cross-section and a constant
diameter and a plurality of vanes. Further, the vanes of
this swirl generating portion 243 have the shape as
shown and enlarged in FIG. 8. In other words, at the
position where the fluid supply port 211-1 of the pipe body
210 is installed, a recess 243-H that is more concave
than other portions is formed concentrically, and is
formed so as not to impede fluid injection.
[0064] The bubble generating portion 245 is formed
downstream from the swirl generating portion 243. The
bubble generating portion 245 includes a shaft portion
241 having a circular cross-section and a constant diam-
eter, and a plurality of protrusions (convex portions) 245p
protruding from an outer circumferential surface of the
shaft portion 241. In the bubble generating portion 245,
the plurality of protrusions 245p, each having a column
shape and having a diamond-shaped cross-section, are
formed in a net shape. Since this structure, function, and
formation method are the same as the first embodiment,
descriptions thereof will be omitted.
[0065] The swirl generating portion 247 is formed
downstream from the bubble generating portion 145, as
shown in FIGS. 8 and 9. The swirl generating portion 247
includes a shaft portion 241 with a circular cross-section
and a constant diameter, and a plurality of vanes, simi-
larly to the swirl generating portion 243. The length of the
shaft portion 241 of the swirl generating portion 247 in
the overall flow direction is shorter than the length of the
shaft portion of the swirl generating portion 243. This is
the case where the lengths of the flow direction are dif-
ferent for the liquid (supplied to the swirl generating por-
tion 243) and the gas (supplied to the swirl generating
portion 247), but is not limited thereto, and the lengths
may be the same. The vanes of this swirl generating por-
tion 247 are enlarged and shown in FIG. 8. In other words,
at a location where the fluid supply port (211-2a to
211-2c) of the housing 210 is provided, a recess 247-H,
which is more concave than other portions, is formed
concentrically and is formed so as not to impede injection
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of fluid.
[0066] The bubble generating portion 249 is formed
downstream from the swirl generating portion 247. Sim-
ilar to the bubble generating portion 245, the bubble gen-
erating portion 249 includes a shaft portion 241 with a
circular cross-section and a constant diameter, and a plu-
rality of rhombic protrusions 249p protruding from an out-
er circumferential surface of the shaft portion 241. The
plurality of rhombic protrusions 249p are formed in a net
shape. Since this shape and function are similar to the
first embodiment, detailed descriptions thereof will be
omitted.
[0067] The guiding portion 250 is formed, for example,
by machining the end of the downstream side of the cy-
lindrical member into a domed or conical shape. The fluid
flowing through the inside of the fluid supply pipe 2100
is guided toward the center of the pipe by the guiding
portion 250, so that the fluid may be smoothly discharged
through the outlet 212-0 of the output side coupling body
212.
[0068] Flow during fluid passage through fluid supply
pipe 2100 will be described. The first fluid (e.g., liquid) is
supplied from the opening 213-I (first system) of the input
side coupling body 213 and becomes a swirling flow by
the swirl generating portion 243 via the cavity 213-C,
wherein the second fluid (e.g., liquid) from the fluid supply
joint 251-1 is supplied from the inlet 211-1 (second sys-
tem) provided on one side, and the first fluid and the
second fluid are mixed while turning and supplied to the
bubble generating portion 245. In the bubble generating
portion 245, a phenomenon of generating a large number
of minute vortices occurs for the mixed flow of the first
fluid and the second fluid. The Cavitation phenomenon
occurs by a structure in which the fluid flows from a large
cross-sectional flow path (a flow path formed by the
vanes of the swirl generating portion 243) to a flow path
with a small cross-sectional area (intersecting flow paths
formed between the plurality of rhombic protrusions 245p
of the bubble generating portion 245). As a result, as the
fluid passes through the bubble generating portion 245,
a plurality of fine bubbles are generated.
[0069] The fluid passing through the bubble generating
portion 245 passes between the spirally-formed vanes
of the swirl generating portion 247. In this case, the third
fluid (e.g., gas) inflowing through the inlets 211-2a to
211-2c from the fluid supply joints 251-2a to 251-2c is
injected between the spirally formed vanes of the swirl
generating portion 247. At this time, the recess 247-H is
formed in the vane of the swirl generating portion 247,
so as not to impede injection of the third fluid supplied
through the fluid supply joints 251-2a to 251-2c. Here,
as the third fluid is mixed into the mixed fluid of the first
and second fluids coming from upstream, the mixed fluid
consisting of the first to third fluids is sent to the bubble
generating portion 249 as an intense swirling flow by each
vane of the swirl generating portion 247. As shown in (C)
of FIG. 9, the direction of the supply of the fluid from the
fluid supply joints 251-2a to 251-2c is also in the direction

of accelerating the counterclockwise rotation of the fluid,
and each of them is at an angle rotated relative to the
direct direction.
[0070] As described with respect to the bubble gener-
ating portion 245, the bubble generating portion 249 also
generates a plurality of minute vortices as the fluid passes
through the plurality of narrow flow paths formed by the
plurality of protrusions 249p. If the third fluid is a gas, the
particle size of the gas is micronized by passing through
these narrow flow paths. In addition, the Cavitation phe-
nomenon occurs by a structure in which the fluid flows
from a large cross-sectional flow path (a flow path formed
by the three vanes of the swirl generating portion 247)
to a flow path with a small cross-sectional area (inter-
secting flow paths formed between the plurality of rhom-
bic protrusions 249p of the bubble generating portion
249). As a result, as the fluid passes through the bubble
generating portion 249, a number of fine bubbles are gen-
erated.
[0071] As described above, according to the second
embodiment, one of the plurality of fluid supply ports of
the fluid supply pipe 2100 that is a housing is the opening
213-I of the upstream end of the input side coupling body
213, wherein the first fluid is supplied to the swirl gener-
ating portion 243 that is the first portion, and another one
of the plurality of fluid supply ports is formed in the portion
211-1 corresponding to the vane of the swirl generating
portion 243 that is the first portion of the pipe body 210
that is the housing, wherein the second fluid is supplied
and mixed with the first fluid and supplied as a swirling
flow to the bubble generating portion 245 that is the sec-
ond portion. Still another one of the plurality of fluid supply
ports is formed in the portions (211-2a to 211-2c) corre-
sponding to the vanes of the swirl generating portion 245
that is the third portion of the pipe body 210, which is the
housing, and the third fluid is supplied to the swirl gen-
erating portion 247 that is the third portion, and is further
mixed with the mixed fluid of the first fluid and the second
fluid supplied from the second portion and supplied to
the bubble generating portion 249 that is the fourth por-
tion as a swirling flow. By generating the swirling flow by
the swirl generating portion 247 provided upstream from
the bubble generating portion 249 and supplying it to the
second bubble generating portion 249, the effect of gen-
erating fine bubbles in the mixed fluid of the first and
second fluids may be increased compared to the case
where only one bubble generating portion 245 is provid-
ed. In addition, the third fluid is also micronized and mixed
with the mixed fluid consisting of the first and second
fluids, and the first to third mixed fluids are also likely to
be fine-bubbled.

(Third Embodiment)

[0072] A third embodiment of the fluid mixing output
apparatus S of the present disclosure will be described.
The fluid supply pipe 3100 of the present embodiment
includes two systems of inlet and one system of outlet
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so that two or more types of fluids can be mixed and
output. In addition, one input system can be divided into
four directions to introduce fluids. At the entrance of one
system divided into four directions, a separate fluid may
be supplied in each direction. In addition, while the
number of directions of the entrance is 4, it may be in-
creased to 5 or more, or decreased to 1, 2, or 3. Similar
to the second embodiment, especially when injecting
gases, distributed injection from multiple inlets is efficient
because it allows the required amount to be mixed into
the liquid without applying high pressure, and allows the
gas to be mixed homogeneously without forming large
bubbles.
[0073] FIG. 10 is a three-dimensional perspective view
of the fluid supply pipe 3100, FIG. 11 is a three-dimen-
sional exploded perspective view of the fluid supply pipe
3100, FIG. 12 is an exploded cross-sectional view of the
fluid supply pipe 3100, and FIG. 13 is a coupling cross-
sectional view of the fluid supply pipe 3100 when fluid
supply joints 351-a to 351-d are coupled from four direc-
tions. (A) of FIG. 13 is a cross-sectional view viewed from
the side, (B) of FIG. 13 is a cross-sectional view of the
position I, and (C) of FIG. 13 is a cross-sectional view of
position II. As shown in these drawings, the fluid supply
pipe 3100 is a cylindrical pipe and includes a pipe body
310 whose interior is a substantially cylindrical cavity as
shown in FIGS. 12 and 13, an input side coupling body
313, and an output side coupling body 312. Inside the
pipe body 310, an internal structure 340 is accommodat-
ed and fixed.
[0074] The pipe body 310 is formed by a method of
processing a prismatic member made of a metal such as
steel, a method of molding a plastic, or the like. The up-
stream end of the pipe body 310 is, for example, a circular
opening in which a male thread (or female thread) is
formed, and is screwed and coupled with a female thread
(or male thread) formed in the input side coupling body
313. A male thread (or female thread) is formed at the
downstream end of the pipe body 310, and is screwed
and coupled with a female thread (or female thread) of
the output side coupling body 312. In the input side cou-
pling body 313, an inlet 313-I and a substantially cylin-
drical cavity 313-C are formed, and an outlet 312-0 is
formed in the output side coupling body 312. In the fluid
supply pipe 3100, after inserting and fixing the internal
structure 340 from one end to the pipe body 310, the
input side coupling body 313 is installed at one end of
the inflow side, and the output side coupling body 312 is
installed and assembled at the other end of the outflow
side. When the fluid supply pipe 3100 is assembled, the
swirl generating portion 343, that is a first portion of the
internal structure 340 described below, is located at the
location of the cavity 313-C of the input side coupling
body 313, and a guiding portion 350 of the internal struc-
ture 340 is located in the internal cavity of the output side
coupling body 312. The coupling method of the pipe body
340, the input side coupling body 313, and the output
side coupling body 312 may be changed in various ways

such as fitting in addition to thread as in the first and
second embodiments.
[0075] In FIG. 13, a first fluid (e.g., liquid) inflows from
the opening 313-I of the input side coupling body 313,
and a second fluid (e.g., gas) inflows via the fluid supply
joints 351-a to 351-d, from the inlets 311-2a to 311-2d
provided on four sides and flows toward the output side
coupling body 312 with the outlet 312-0.
[0076] Similar to the configurations described with re-
spect to the first and second embodiments, the internal
structure 340 includes a swirl generating portion 343 that
is a first portion, a swirl generating portion 345 that is a
second portion, a swirl generating portion 347 that is a
third portion, a bubble generating portion 349 that is a
fourth portion, and a dome-shaped (or conical) guiding
portion 350 located at the most downstream, formed in-
tegrally on a common shaft member 341 having a circular
cross-section. In addition, a conical or dome-shaped dif-
fusing portion may be added to the upstream end.
[0077] Each of the swirl generating portion 343, the
bubble generating portion 345, the swirl generating por-
tion 347, the bubble generating portion 349, and the guid-
ing portion 350 or the diffusing portion is formed, for ex-
ample, by processing a portion of one cylindrical mem-
ber. In the present embodiment, as in the first and second
embodiments, the shaft member 341 has the swirl gen-
erating portion 343 and the swirl generating portion 347
having small shaft diameters, and the bubble generating
portion 345 and the bubble generating portion 349 having
large shaft diameters. In another embodiment, the swirl
generating portion 343, the bubble generating portion
345, the swirl generating portion 347, and the bubble
generating portion 349 have shaft members of the same
diameter.
[0078] The swirl generating portion 343 includes a
shaft portion having a circular cross-section and a con-
stant diameter and a plurality of vanes. The bubble gen-
erating portion 345 is formed downstream from the swirl
generating portion 343. The bubble generating portion
345 includes a shaft portion 341 having a circular cross-
section and a constant diameter, and a plurality of pro-
trusions (convex portions) 345p protruding from an outer
circumferential surface of the shaft portion 341. In the
bubble generating portion 345, the plurality of protrusions
345p, each having a rhombus-shaped cross-section, are
formed in a net shape. Since this structure, function, and
formation method are the same as those of the first and
second embodiments, descriptions thereof will be omit-
ted.
[0079] The swirl generating portion 347 is formed
downstream from the bubble generating portion 345, as
shown in FIGS. 12 and 13. The swirl generating portion
347 includes a shaft portion 341 with a circular cross-
section and a constant diameter, and a plurality of vanes,
similarly to the swirl generating portion 343. The length
of the shaft portion 341 of the swirl generating portion
347 (the length of the overall flow direction) is shorter
than the length of the shaft portion of the swirl generating
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portion 343. This is the case when the lengths of the flow
direction are different for a liquid (supplied from the open-
ing 313-I of the input side coupling body 313 to the swirl
generating portion 343) and a gas (supplied via the fluid
supply joints 351-a to 351-d to the swirl generating portion
347) (the length for the gas is shorter than the length for
the liquid), but is not limited thereto, and the lengths may
be the same. As shown enlarged in FIG. 12, at a location
where the fluid supply port (311-2a to 311-2d) of a hous-
ing 310 is provided, a recess 347-H is formed concentri-
cally in the vane of the swirl generating portion 347. The
recess 347-H, which is more concave than other portions,
is formed so as not to impede injection of fluid.
[0080] The bubble generating portion 349 is formed
downstream from the swirl generating portion 347. Sim-
ilar to the bubble generating portion 345, the bubble gen-
erating portion 349 includes a shaft portion 341 having
a circular cross-section and a constant diameter, and a
plurality of protrusions 349p protruding from an outer cir-
cumferential surface of the shaft portion 341, and the
plurality of protrusions 349p are formed in the form of a
net. Since this shape and function are the same as those
of the first and second embodiments, detailed descrip-
tions thereof will be omitted.
[0081] The guiding portion 350 is formed, for example,
by machining the end of the downstream side of the cy-
lindrical member into a dome-shaped or conical shape.
The fluid flowing through the inside of the fluid supply
pipe 3100 is guided toward the center of the pipe by the
guiding portion 350, so that the fluid can be smoothly
discharged through the outlet 312-0 of the output side
coupling body 312.
[0082] Flow during fluid passage through fluid supply
pipe 3100 will be described. The first fluid (e.g., liquid) is
supplied from the opening 313-I (first system) of the input
side coupling body 313, and becomes a swirling flow by
the swirl generating portion 343 and is supplied to the
bubble generating portion 345. In the bubble generating
portion 345, a phenomenon of generating a large number
of minute vortices occurs for the first fluid. The Cavitation
phenomenon occurs due to a structure in which the fluid
flows from a flow path having a large cross-sectional area
(a flow path formed by the vanes of the swirl generating
portion 343) to a flow path having a small cross-sectional
area (intersecting flow paths formed between the plurality
of protrusions 345p of the bubble generating portion 345).
As a result, a large number of fine bubbles are generated
while the fluid passes through the bubble generating por-
tion 345.
[0083] The fluid passing through the bubble generating
portion 345 passes between the spirally-formed vanes
of the swirl generating portion 347. At this time, the sec-
ond fluid (e.g., gas) inflowing through the inlets (311-2a
to 311-2d is) injected between the spirally formed vanes
of the swirl generating portion 347. At this time, the recess
347-H is formed in the vane of the swirl generating portion
347, so as not to impede the injection of the second fluid
supplied through the fluid supply joints (351-a to 351-d).

Here, the first and second fluids coming from upstream
are mixed, and the mixed fluids consisting of the first and
second fluids become an intense swirling flow by each
vane of the swirl generating portion 347 and are sent to
the bubble generating portion 349. As shown in (B) of
FIG. 13, the direction of the supply of the fluid from the
fluid supply joints 351-a to 351-d is also in the direction
of accelerating the counterclockwise rotation of the fluid,
and each of them is at an angle rotated in the direct di-
rection.
[0084] As described with respect to the bubble gener-
ating portion 345, in the bubble generating portion 349,
a large number of minute vortices are generated when
the fluid passes through a plurality of narrow flow paths
formed by the plurality of protrusions 349p. If the second
fluid is a gas, it is possible to micronize the particle size
of the gas by passing through these thin flow paths. In
addition, the cavitation phenomenon occurs due to the
structure in which the fluid flows from a large cross-sec-
tional flow path (a flow path formed by the three vanes
of the swirl generating portion 347) to a flow path with a
small cross-sectional area (intersecting flow paths
formed between the plurality of rhombic protrusions 349p
of the bubble generating portion 349). As a result, as the
fluid passes through the bubble generating portion 349,
a large number of fine bubbles are generated.
[0085] As described above, according to the third em-
bodiment, one of the plurality of fluid supply ports of the
housing is the opening 313-I of the upstream end of the
fluid supply pipe 3100 that is the housing, wherein the
first fluid is supplied to the bubble generating portion 345
that is a second portion as a swirling flow, and another
one of the plurality of fluid supply ports is formed in the
portion (311-2a to 311-2d) corresponding to the vane of
the swirl generating portion 347 that is a third portion of
the pipe body 340, which is the housing wherein the sec-
ond fluid is supplied to the third portion and is supplied
as a swirling flow while being mixed with the first fluid
supplied from the second portion to the bubble generat-
ing portion 349 that is a fourth portion. By generating a
swirling flow by the swirl generating portion 347 provided
upstream from the bubble generating portion 349 and
supplying it to the second bubble generating portion 349,
the effect of generating fine bubbles in the first fluid may
be increased compared to the case where only one bub-
ble generating portion 345 is provided. In addition, the
second fluid is also micronized, increasing the possibility
(frequency) that the first and second mixed fluids are also
micronized.

[Explanation of Symbols]

[0086]

S Fluid mixing output apparatus
4 Target device
1100, 2100, 3100 Fluid supply pipe
111-1, 111-2, 211-1, 211-2a~211-2c,
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311-2a~311-2d Inlet
140, 240, 340 Internal structure
143, 147, 243, 247, 343, 347 Swirl generating portion
143-H, 147-H, 243-H, 247-H, 347-H Recess
145, 149, 245, 249, 345, 349 Bubble generating por-
tion
151-1, 151-2, 251-1, 251-2A-251-2C, 351-A-351-D
Fluid supply joint
213-I, 313-I Opening

Claims

1. A fluid mixing output apparatus (S, 1100, 2100,
3100) comprising:

a housing (110, 210, 310); and
an internal structure (140, 240, 340) accommo-
dated in the housing (110, 210, 310),
wherein the housing (110, 210, 310) is provided
with a plurality of fluid supply ports (111-1,
111-2, 211-1, 211-2a~211-2c, 213-I,
311-2a~311-2d, 313-I) for supplying at least a
first fluid and a second fluid and a fluid outlet
(112, 212-0, 312-0) at its downstream end for
outputting a plurality of fluids after mixing the
plurality of fluids, and
the internal structure (140, 240, 340) comprises
a first portion (143, 243, 343), a second portion
(145, 245, 345), a third portion (147, 247, 347),
and a fourth portion (149, 249, 349),
wherein the first portion (143, 243, 343) com-
prises a shaft portion (141, 241, 341) and a vane
spirally formed to generate a swirling flow in a
fluid,
the second portion (145, 245, 345) is located
downstream from the first portion (143, 243,
343), and comprises a shaft portion (141, 241,
341) and a plurality of protrusions (145p, 245p,
345p) protruding from an outer circumferential
surface of the shaft portion,
the third portion (147, 247, 347) is located down-
stream from the second portion (145, 245, 345),
and comprises a shaft portion (141, 241, 341)
and a vane spirally formed to generate a swirling
flow in a fluid, and
the fourth portion (149, 249, 349) is located
downstream from the third portion (147, 247,
347), and comprises a shaft portion (141, 241,
341) and a plurality of protrusions (149p, 249p,
349p) protruding from an outer circumferential
surface of the shaft portion, and
characterized in that one of the plurality of fluid
supply ports of the housing (110, 210, 310) is
formed by opening an upstream end (213-I, 313-
I) and/or in a portion corresponding to the vane
of the first portion (111-1, 211-1, 211-1), and at
least the first fluid is supplied to the first portion

(143, 243, 343) and supplied to the second por-
tion (145, 245, 345) as a swirling flow, and
that one of the plurality of fluid supply ports
(211-2a-211-2c, 311-2a-311-2d) of the housing
(110, 210, 310) is formed in a portion corre-
sponding to the vane of the third portion (147,
247, 347), and the second fluid is supplied to
the third portion (147, 247, 347) and supplied to
the fourth portion (149, 249, 349) as a swirling
flow while being mixed with at least the first fluid.

2. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that one or a
plurality of fluid supply ports (211-2a-211-2c,
311-2a-311-2d) of the second fluid of the housing
(110, 210, 310) formed in the portion corresponding
to the vane of the third portion (147, 247, 347) are
provided in one or a plurality of corresponding posi-
tions on a concentric circle of the third portion of the
shaft portion of the internal structure (140, 240, 340).

3. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that at a location
where the fluid supply port (211-2a~211-2c, 311-2a-
311-2d) of the housing (110, 210, 310) is provided,
the vane of the third portion (147, 247, 347) is con-
centrically recessed (147-H, 247-H, 347-H) com-
pared to other portions and is formed so as not to
impede injection of the second fluid.

4. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that at a location
where the fluid supply port (111-1, 211-1, 211-1) of
the housing (110, 210, 310) is provided, the vane of
the first portion (143, 243, 343) is concentrically re-
cessed (143-H, 243-H) compared to other portions
and is formed so as not to impede injection of the
first fluid.

5. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that the internal
structure (140, 240, 340) comprises the first portion
(143, 243, 343), the second portion (145, 245, 345),
the third portion (147, 247, 347), and the fourth por-
tion (149, 249, 349) which are integrally formed on
a common shaft member (141, 241, 341) having a
circular cross-section.

6. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that each of the
first portion (143, 243, 343) and the third portion (147,
247, 347) of the internal structure (140, 240, 340)
comprises a plurality of vanes, and
a tip of each of the vanes is spaced apart from each
other at a predetermined angle in a circumferential
direction of the shaft portion (141, 241, 341).

7. The fluid mixing output apparatus (S, 1100, 2100,
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3100) of claim 1, characterized in that the plurality
of protrusions (145p, 245p, 345p) of the second por-
tion (145, 245, 345) and the plurality of protrusions
(149p, 249p, 349p) of the fourth portion (149, 249,
349) of the internal structure (140, 240, 340) are
formed in a net shape, and each protrusion (145p,
245p, 345p, 149p, 249p, 349p) has a column shape.

8. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that the internal
structure (140, 240, 340) further comprises a guiding
portion (150, 250, 350) at the downstream end con-
figured to guide a mixed fluid toward a center of flow.

9. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 5, characterized in that a diameter
of the shaft portion (141, 241, 341) of the first portion
(143, 243, 343) of the internal structures (140, 240,
340) is less than a diameter of the shaft portion (141,
241, 341) of the second portion (145, 245, 345) of
the internal structures (140, 240, 340).

10. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 5, characterized in that a diameter
of the shaft portion (141, 241, 341) of the third portion
(147, 247, 347) of the internal structures (140, 240,
340) is less than a diameter of the shaft portion (141,
241, 341) of the fourth portion (149, 249, 349) of the
internal structures (140, 240, 340).

11. The fluid mixing output apparatus of claim 1, char-
acterized in that the number of the protrusions
(145p, 245p, 345p) of the second portion (145, 245,
345) of the internal structure (140, 240, 340) is less
than the number of the protrusions (149p, 249p,
349p) of the fourth portion (149, 249, 349) of the
internal structure (140, 240, 340).

12. The fluid mixing output apparatus (S, 1100, 2100,
3100) of claim 1, characterized in that one of the
plurality of fluid supply ports (211-1) of the housing
(210) is formed in a portion corresponding to the vane
of the first portion (243), and the first fluid is supplied
to the first portion (243) and supplied to the second
portion (145, 245) as a swirling flow, and one of the
plurality of fluid supply ports (213-I) of the housing
is formed at an upstream end, and a fluid which is
the same as or different from the first fluid is supplied
from upstream to the first portion (243).

13. A fluid utilization apparatus (4) which is configured
to supply a liquid as the first fluid and a gas as the
second fluid to the fluid mixing output apparatus (S,
1100, 2100, 3100) of any one of claims 1 to 12, and
output the first and second fluids in a state where
the gas is mixed in the liquid from the fluid outlet
(112, 212-0, 312-0) of the housing (110, 210, 310)
to use in a gas-liquid mixed state.

14. A fluid utilization apparatus (4) which is configured
to supply a gas as the first fluid and a liquid as the
second fluid to the fluid mixing output apparatus (S,
1100, 2100, 3100) of any one of claims 1 to 12, and
output the first and second fluids in a state where
the gas is mixed in the liquid from the fluid outlet
(112, 212-0, 312-0) of the housing (110, 210, 310)
to use in a gas-liquid mixed state.

15. The fluid utilization apparatus (4) of claim 13 or 14,
characterized in that the gas supplied to the fluid
mixing output apparatus (S, 1100, 2100, 3100) is
any one of air, oxygen, hydrogen, nitrogen, ozone,
argon, helium, ammonia, carbon dioxide, chlorine,
hydrogen chloride, hydrocarbon gas, and natural
gas.

16. The fluid utilization apparatus (4) of claim 13 or 14,
characterized in that liquid supplied to the fluid mix-
ing output apparatus (S, 1100, 2100, 3100) is any
one of water, seawater, oil, alcohol, chemical liquid,
and a mixed fluid of cement and water.

17. The fluid utilization apparatus (4) of claim 13 or 14,
characterized in that the gas supplied to the fluid
mixing output apparatus (S, 1100, 2100, 3100) is air,
and the liquid supplied is water, and the fluid utiliza-
tion apparatus (4) use a fluid output from the fluid
outlet (112, 212-0, 312-0) for cooling and cleaning
after promoting generation of fine bubbles of the air
or the water by the second portion (145, 245, 345)
and the fourth portion (149, 249, 349) of the internal
structure (140, 240, 340) of the fluid mixing output
apparatus (S, 1100, 2100, 3100) to change fluid
characteristics.

18. The fluid utilization apparatus (4) of claim 13 or 14,
characterized in that the gas supplied to the fluid
mixing output apparatus (S, 1100, 2100, 3100) is
carbon dioxide, and the liquid supplied is a mixed
fluid of water and cement, and the fluid utilization
apparatus (4) promotes generation of fine bubbles
of the carbon dioxide and mixes the bubbles into the
mixed fluid of water and cement.

Patentansprüche

1. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100), umfassend:

ein Gehäuse (110, 210, 310); und
eine interne Struktur (140, 240, 340), die in dem
Gehäuse (110, 210, 310) untergebracht ist,
wobei das Gehäuse (110, 210, 310) mit einer
Mehrzahl von Fluidzufuhranschlüssen (111-1,
111-2, 211-1, 211-2a~211-2c, 213-I, 311-2a-
311-2d, 313-I) zum Zuführen zumindest eines
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ersten Fluids und eines zweiten Fluids und ei-
nem Fluidauslass (112, 212-0, 312-0) an sei-
nem stromabwärtigen Ende zum Ausgeben ei-
ner Mehrzahl von Fluiden nach dem Mischen
der Mehrzahl von Fluiden versehen ist, und
die interne Struktur (140, 240, 340) einen ersten
Abschnitt (143, 243, 343), einen zweiten Ab-
schnitt (145, 245, 345), einen dritten Abschnitt
(147, 247, 347) und einen vierten Abschnitt
(149, 249, 349) umfasst,
wobei der erste Abschnitt (143, 243, 343) einen
Schaftabschnitt (141, 241, 341) und einen spi-
ralförmig ausgebildeten Flügel umfasst, um eine
Wirbelströmung in einem Fluid zu erzeugen,
der zweite Abschnitt (145, 245, 345) sich strom-
abwärts vom ersten Abschnitt (143, 243, 343)
befindet und einen Schaftabschnitt (141, 241,
341) und eine Mehrzahl von Vorsprüngen
(145p, 245p, 345p) umfasst, die von einer äu-
ßeren Umfangsfläche des Schaftabschnitts her-
vorstehen,
der dritte Abschnitt (147, 247, 347) sich strom-
abwärts vom zweiten Abschnitt (145, 245, 345)
befindet und einen Schaftabschnitt (141, 241,
341) und einen spiralförmig ausgebildeten Flü-
gel umfasst, um eine Wirbelströmung in einem
Fluid zu erzeugen, und
der vierte Abschnitt (149, 249, 349) sich strom-
abwärts vom dritten Abschnitt (147, 247, 347)
befindet und einen Schaftabschnitt (141, 241,
341) und eine Mehrzahl von Vorsprüngen
(149p, 249p, 349p) umfasst, die von einer äu-
ßeren Umfangsfläche des Schaftabschnitts her-
vorstehen, und
dadurch gekennzeichnet, dass einer der
Mehrzahl von Fluidzufuhranschlüssen des Ge-
häuses (110, 210, 310) durch Öffnen eines
stromaufwärtigen Endes (213-I, 313-I) und/oder
in einem Abschnitt, der dem Flügel des ersten
Abschnitts (111- 1, 211-1, 211-1) entspricht,
ausgebildet wird, und mindestens das erste Flu-
id dem ersten Abschnitt (143, 243, 343) zuge-
führt wird und dem zweiten Abschnitt (145, 245,
345) als Wirbelströmung zugeführt wird, und
dass einer der Mehrzahl von Fluidzufuhran-
schlüssen (211-2a~211-2c, 311-2a-311-2d)
des Gehäuses (110, 210, 310) in einem Ab-
schnitt ausgebildet ist, der dem Flügel des drit-
ten Abschnitts (14 7, 247, 347) entspricht, und
das zweite Fluid dem dritten Abschnitt (147, 247,
347) zugeführt und dem vierten Abschnitt (149,
249, 349) als Wirbelströmung zugeführt wird,
während es mit mindestens dem ersten Fluid
gemischt wird.

2. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine oder eine Mehrzahl von Fluid-

zufuhranschlüssen (211-2a~211-2c, 311-2a-
311-2d) des zweiten Fluids des Gehäuses (110, 210,
310), die in dem Abschnitt, der dem Flügel des dritten
Abschnitts (147, 247, 347) entspricht, ausgebildet
sind, an einer oder einer Mehrzahl entsprechender
Positionen auf einem konzentrischen Kreis des drit-
ten Abschnitts des Schaftabschnitts der internen
Struktur (140, 240, 340) vorgesehen sind.

3. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass an einer Stelle, an der der Fluidzu-
fuhranschluss (211-2a~211-2c, 311-2a-311-2d) des
Gehäuses (110, 210, 310) vorgesehen ist, der Flügel
des dritten Abschnitts (147, 247, 347) konzentrisch
vertieft (147-H, 247-H, 347-H) im Vergleich zu an-
deren Abschnitten und so ausgebildet ist, dass er
das Einspritzen des zweiten Fluids nicht behindert.

4. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass an einer Stelle, an der der Fluidzu-
fuhranschluss (111-1, 211-1, 211-1) des Gehäuses
(110, 210, 310) vorgesehen ist, der Flügel des ersten
Abschnitts (143, 243, 343) konzentrisch vertieft
(143-H, 243-H) im Vergleich zu anderen Abschnitten
und so ausgebildet ist, dass er das Einspritzen des
ersten Fluids nicht behindert.

5. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die interne Struktur (140, 240, 340)
den ersten Abschnitt (143, 243, 343), den zweiten
Abschnitt (145, 245, 345), den dritten Abschnitt (1
47, 247, 347) und den vierten Abschnitt (149, 249,
349) umfasst, die integral auf einem gemeinsamen
Schaftelement (141, 241, 341) mit einem kreisförmi-
gen Querschnitt ausgebildet sind.

6. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass sowohl der erste Abschnitt (143,
243, 343) als auch der dritte Abschnitt (147, 247,
347) der internen Struktur (140, 240, 340) jeweils
eine Mehrzahl von Flügeln umfasst, und
eine Spitze jedes der Flügel in einem vorbestimmten
Winkel in Umfangsrichtung des Schaftabschnitts
(141, 241, 341) voneinander beabstandet ist.

7. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Mehrzahl von Vorsprüngen
(145p, 245p, 345p) des zweiten Abschnitts (145,
245, 345) und die Mehrzahl von Vorsprüngen (149p,
249p, 349p) des vierten Abschnitts (149, 249, 349)
der internen Struktur (140, 240, 340) in einer Netz-
form ausgebildet sind und jeder Vorsprung (145p,
245p, 345p, 149p, 249p, 349p) eine Säulenform auf-
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weist.

8. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die interne Struktur (140, 240, 340)
ferner einen Führungsabschnitt (150, 250, 350) am
stromabwärtigen Ende umfasst, der dazu ausgestal-
tet ist, Fluidgemisch zu einem Strömungszentrum
zu führen.

9. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 5, dadurch gekenn-
zeichnet, dass ein Durchmesser des Schaftab-
schnitts (141, 241, 341) des ersten Abschnitts (143,
243, 343) der internen Strukturen (140, 240, 340)
kleiner als ein Durchmesser des Schaftabschnitts
(141, 241, 341) des zweiten Abschnitts (145, 245,
345) der internen Strukturen (140, 240, 340) ist.

10. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 5, dadurch gekenn-
zeichnet, dass ein Durchmesser des Schaftab-
schnitts (141, 241, 341) des dritten Abschnitts (147,
247, 347) der internen Strukturen (140, 240, 340)
kleiner als ein Durchmesser des Schaftabschnitts
(141, 241, 341) des vierten Abschnitts (149, 249,
349) der internen Strukturen (140, 240, 340) ist.

11. Ausgabevorrichtung für Fluidmischung nach An-
spruch 1,
dadurch gekennzeichnet, dass die Anzahl der
Vorsprünge (145p, 245p, 345p) des zweiten Ab-
schnitts (145, 245, 345) der internen Struktur (140,
240, 340) kleiner als die Anzahl der Vorsprünge
(149p, 249p, 349p) des vierten Abschnitts (149, 249,
349) der internen Struktur (140, 240, 340) ist.

12. Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) nach Anspruch 1, dadurch gekenn-
zeichnet, dass einer der Mehrzahl von Fluidzufuhr-
anschlüssen (211-1) des Gehäuses (210) in einem
Abschnitt ausgebildet ist, der dem Flügel des ersten
Abschnitts (243) entspricht, und das erste Fluid dem
ersten Abschnitt (243) zugeführt wird und dem zwei-
ten Abschnitt ( 145, 245) als Wirbelströmung zuge-
führt wird, und einer der Mehrzahl von Fluidzufuhr-
anschlüssen (213-1) des Gehäuses an einem strom-
aufwärtigen Ende ausgebildet ist und ein Fluid, das
gleich oder verschieden von dem ersten Fluid ist,
von stromaufwärts zu dem ersten Abschnitt (243)
zugeführt wird.

13. Fluidnutzungsvorrichtung (4), die dazu ausgestaltet
ist, eine Flüssigkeit als erstes Fluid und ein Gas als
zweites Fluid der Ausgabevorrichtung für Fluidmi-
schung (S, 1100, 2100, 3100) nach einem der An-
sprüche 1 bis 12 zuzuführen und das erste und zwei-
te Fluid in einem Zustand auszugeben, in dem das

Gas in die Flüssigkeit vom Fluidauslass (112, 212-0,
312-0) des Gehäuses (110, 210, 310) gemischt ist,
um in einem Gas-Flüssigkeits-Mischzustand ver-
wendet zu werden.

14. Fluidnutzungsvorrichtung (4), die dazu ausgestaltet
ist, ein Gas als erstes Fluid und eine Flüssigkeit als
zweites Fluid der Ausgabevorrichtung für Fluidmi-
schung (S, 1100, 2100, 3100) nach einem der An-
sprüche 1 bis 12 zuzuführen und das erste und zwei-
te Fluid in einem Zustand auszugeben, in dem das
Gas in die Flüssigkeit vom Fluidauslass (112, 212-0,
312-0) des Gehäuses (110, 210, 310) gemischt ist,
um in einem Gas-Flüssigkeits-Mischzustand ver-
wendet zu werden.

15. Fluidnutzungsvorrichtung (4) nach Anspruch 13
oder 14, dadurch gekennzeichnet, dass das der
Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) zugeführte Gas eines von Luft, Sauer-
stoff, Wasserstoff, Stickstoff, Ozon, Argon, Helium,
Ammoniak, Kohlendioxid, Chlor, Chlorwasserstoff,
Kohlenwasserstoffgas und Erdgas ist.

16. Fluidnutzungsvorrichtung (4) nach Anspruch 13
oder 14, dadurch gekennzeichnet, dass die der
Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) zugeführte Flüssigkeit eine von Wasser,
Meerwasser, Öl, Alkohol, chemischer Flüssigkeit
und einem Fluidgemisch aus Zement und Wasser
ist.

17. Fluidnutzungsvorrichtung (4) nach Anspruch 13
oder 14, dadurch gekennzeichnet, dass das der
Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) zugeführte Gas Luft ist und die zuge-
führte Flüssigkeit Wasser ist und die Fluidnutzungs-
vorrichtung (4) ein Fluid, das aus dem Fluidauslass
(112, 212-0, 312-0) ausgegeben wird, zum Kühlen
und Reinigen verwendet, nachdem die Erzeugung
feiner Luft- oder Wasserbläschen durch den zweiten
Abschnitt (145, 245, 345) und den vierten Abschnitt
(149, 249, 349) der internen Struktur (140, 240, 340)
der Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) gefördert wurde, um die Fluideigen-
schaften zu ändern.

18. Fluidnutzungsvorrichtung (4) nach Anspruch 13
oder 14, dadurch gekennzeichnet, dass das der
Ausgabevorrichtung für Fluidmischung (S, 1100,
2100, 3100) zugeführte Gas Kohlendioxid ist und die
zugeführte Flüssigkeit ein Fluidgemisch aus Wasser
und Zement ist und die Fluidnutzungsvorrichtung (4)
die Erzeugung feiner Kohlendioxidbläschen fördert
und die Bläschen in das Fluidgemisch aus Wasser
und Zement einmischt.
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Revendications

1. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) comprenant :

un boîtier (110, 210, 310) ; et
une structure intérieure (140, 240, 340) logée
dans le boîtier (110, 210, 310),
le boîtier (110, 210, 310) étant pourvu d’une plu-
ralité d’orifices d’alimentation en fluide (111-1,
111-2, 211-1, 211-2a-211-2c, 213-I, 311-2a-
311-2d, 313-I) destinés à fournir au moins un
premier fluide et un deuxième fluide, et d’une
sortie de fluides (112, 212-0, 312-O) sur son ex-
trémité aval, destinée à faire sortir une pluralité
de fluides après le mélange de la pluralité de
fluides, et
la structure intérieure (140, 240, 340) compre-
nant une première partie (143, 243, 343), une
deuxième partie (145, 245, 345), une troisième
partie (147, 247, 347) et une quatrième partie
(149, 249, 349),
la première partie (143, 243, 343) comprenant
une partie arbre (141, 241, 341) et une pale for-
mée en spirale pour générer un flux tourbillon-
nant dans un fluide,
la deuxième partie (145, 245, 345) étant située
en aval de la première partie (143, 243, 343) et
comprenant une partie arbre (141, 241, 341) et
une pluralité de saillies (145p, 245p, 345p) dé-
passant d’une surface circonférentielle exté-
rieure de la partie arbre,
la troisième partie (147, 247, 347) étant située
en aval de la deuxième partie (145, 245, 345)
et comprenant une partie arbre (141, 241, 341)
et une pale formée en spirale pour générer un
flux tourbillonnant dans un fluide, et
la quatrième partie (149, 249, 349) étant située
en aval de la troisième partie (147, 247, 347) et
comprenant une partie arbre (141, 241, 341) et
une pluralité de saillies (149p, 249p, 349p) dé-
passant d’une surface circonférentielle exté-
rieure de la partie arbre, et
caractérisé en ce que l’un de la pluralité d’ori-
fices d’alimentation en fluide du boîtier (110,
210, 310) est formé en ouvrant une extrémité
aval (213-I, 313-I) et/ou dans une partie corres-
pondant à la pale de la première partie (111-1,
211-1, 211-1), et au moins le premier fluide est
fourni à la première partie (143, 243, 343) et
fourni à la deuxième partie (145, 245, 345) sous
la forme d’un flux tourbillonnant, et
en ce que l’un de la pluralité d’orifices d’alimen-
tation en fluide (211-2a~211-2c,
311-2a~311-2d) du boîtier (110, 210, 310) est
formé dans une partie correspondant à la pale
de la troisième partie (147, 247, 347) et le
deuxième fluide est fourni à la troisième partie

(147, 247, 347) et fourni à la quatrième partie
(149, 249, 349) sous la forme d’un flux tourbillon-
nant tout en étant mélangé avec au moins le
premier fluide.

2. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce qu’un orifice ou une pluralité d’ori-
fices d’alimentation en fluide (211-2a~211-2c,
311-2a-311-2d) pour le deuxième fluide du boîtier
(110, 210, 310) formés dans la partie correspondant
à la pale de la troisième partie (147, 247, 347) se
présentent dans une position ou une pluralité de po-
sitions correspondantes sur un cercle concentrique
de la troisième partie de la partie arbre de la structure
intérieure (140, 240, 340).

3. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que, à un emplacement où se
trouve l’orifice d’alimentation en fluide
(211-2a~211-2c, 311-2a-311-2d) du boîtier (110,
210, 310), la pale de la troisième partie (147, 247,
347) est en retrait de manière concentrique (147-H,
247-H, 347-H) par rapport à d’autres parties et est
formée de façon à ne pas entraver l’injection du
deuxième fluide.

4. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que, à un emplacement où se
trouve l’orifice d’alimentation en fluide (111-1, 211-1,
211-1) du boîtier (110, 210, 310), la pale de la pre-
mière partie (143, 243, 343) est en retrait de manière
concentrique (143-H, 243-H) par rapport à d’autres
parties et est formée de façon à ne pas entraver l’in-
jection du premier fluide.

5. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que la structure intérieure (140,
240, 340) comprend la première partie (143, 243,
343), la deuxième partie (145, 245, 345), la troisième
partie (147, 247, 347) et la quatrième partie (149,
249, 349) qui sont formées d’un seul tenant sur un
élément d’arbre (141, 241, 341) commun présentant
une section transversale circulaire.

6. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que chacune de la première par-
tie (143, 243, 343) et la troisième partie (147, 247,
347) de la structure intérieure (140, 240, 340) com-
prend une pluralité de pales, et
une extrémité de chacune des pales est espacée
des autres suivant un angle prédéfini dans une di-
rection circonférentielle de la partie arbre (141, 241,
341).
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7. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que la pluralité de saillies (145p,
245p, 345p) de la deuxième partie (145, 245, 345)
et la pluralité de saillies (149p, 249p, 349p) de la
quatrième partie (149, 249, 349) de la structure in-
térieure (140, 240, 340) sont formées en forme de
filet, et chaque saillie (145p, 245p, 345p, 149p, 249p,
349p) présente une forme de colonne.

8. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que la structure intérieure (140,
240, 340) comprend en outre une partie de guidage
(150, 250, 350) sur l’extrémité aval conçue pour gui-
der un fluide mélangé vers le centre du flux.

9. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 5,
caractérisé en ce qu’un diamètre de la partie arbre
(141, 241, 341) de la première partie (143, 243, 343)
des structures intérieures (140, 240, 340) est infé-
rieur à un diamètre de la partie arbre (141, 241, 341)
de la deuxième partie (145, 245, 345) des structures
intérieures (140, 240, 340).

10. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 5,
caractérisé en ce qu’un diamètre de la partie arbre
(141, 241, 341) de la troisième partie (147, 247, 347)
des structures intérieures (140, 240, 340) est infé-
rieur à un diamètre de la partie arbre (141, 241, 341)
de la quatrième partie (149, 249, 349) des structures
intérieures (140, 240, 340).

11. Appareil de sortie de mélange de fluides selon la
revendication 1,
caractérisé en ce que le nombre de saillies (145p,
245p, 345p) de la deuxième partie (145, 245, 345)
de la structure intérieure (140, 240, 340) est inférieur
au nombre de saillies (149p, 249p, 349p) de la qua-
trième partie (149, 249, 349) de la structure intérieu-
re (140, 240, 340).

12. Appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) selon la revendication 1,
caractérisé en ce que l’un de la pluralité d’orifices
d’alimentation en fluide (211-1) du boîtier (210) est
formé dans une partie correspondant à la pale de la
première partie (243) et le premier fluide est fourni
à la première partie (243) et fourni à la deuxième
partie (145, 245) sous la forme d’un flux tourbillon-
nant, et l’un de la pluralité d’orifices d’alimentation
en fluide (213-1) du boîtier est formé sur une extré-
mité amont et un fluide qui est le même que le pre-
mier fluide ou différent de celui-ci est fourni depuis
l’amont à la première partie (243).

13. Appareil d’utilisation de fluide (4) qui est conçu pour
fournir un liquide comme premier fluide et un gaz
comme deuxième fluide à l’appareil de sortie de mé-
lange de fluides (S, 1100, 2100, 3100) selon une des
revendications 1 à 12, et faire sortir le premier et le
deuxième fluide dans un état dans lequel le gaz est
mélangé dans le liquide, par la sortie de fluide (112,
212-0, 312-0) du boîtier (110, 210, 310), pour l’utili-
ser dans un état mélangé gaz/liquide.

14. Appareil d’utilisation de fluide (4) qui est conçu pour
fournir un gaz comme premier fluide et un liquide
comme deuxième fluide à l’appareil de sortie de mé-
lange de fluides (S, 1100, 2100, 3100) selon une des
revendications 1 à 12, et faire sortir le premier et le
deuxième fluide dans un état dans lequel le gaz est
mélangé dans le liquide, par la sortie de fluide (112,
212-0, 312-0) du boîtier (110, 210, 310), pour l’utili-
ser dans un état mélangé gaz/liquide.

15. Appareil d’utilisation de fluide (4) selon la revendi-
cation 13 ou 14, caractérisé en ce que le gaz fourni
à l’appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) est de l’air, de l’oxygène, de l’hydrogè-
ne, de l’azote, de l’ozone, de l’argon, de l’hélium, de
l’ammoniac, du dioxyde de carbone, du chlore, du
chlorure d’hydrogène, de l’hydrocarbure gazeux ou
du gaz naturel.

16. Appareil d’utilisation de fluide (4) selon la revendi-
cation 13 ou 14, caractérisé en ce que du liquide
fourni à l’appareil de sortie de mélange de fluides
(S, 1100, 2100, 3100) est de l’eau, de l’eau de mer,
de l’huile, de l’alcool, un liquide chimique ou un fluide
mixte à base de ciment et d’eau.

17. Appareil d’utilisation de fluide (4) selon la revendi-
cation 13 ou 14, caractérisé en ce que le gaz fourni
à l’appareil de sortie de mélange de fluides (S, 1100,
2100, 3100) est de l’air et le liquide fourni est de l’eau
et l’appareil d’utilisation de fluide (4) utilise un fluide
sorti par la sortie de fluide (112, 212-0, 312-O) pour
un refroidissement et un nettoyage après avoir pro-
voqué la génération de fines bulles de l’air ou de
l’eau par la deuxième partie (145, 245, 345) et la
quatrième partie (149, 249, 349) de la structure in-
térieure (140, 240, 340) de l’appareil de sortie de
mélange de fluides (S, 1100, 2100, 3100) pour chan-
ger les caractéristiques du fluide.

18. Appareil d’utilisation de fluide (4) selon la revendication
13 ou 14, caractérisé en ce que le gaz fourni à l’ap-
pareil de sortie de mélange de fluides (S, 1100, 2100,
3100) est du dioxyde de carbone et le liquide fourni est
un fluide mixte à base d’eau et de ciment, et l’appareil
d’utilisation de fluide (4) provoque la génération de fi-
nes bulles de dioxyde de carbone et mélange les bulles
dans le fluide mixte à base d’eau et de ciment.
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