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Description

[0001] The invention concerns an apparatus and a
method for generating and distributing bubbles in a gas-
liquid mix transported in a flow path of a pipe.

[0002] The object of the invention is to obtain an effi-
cient dissolution and/or distribution of gas in liquid during
the transport in the pipe. A further object of the invention
is to reduce the size of the initial bubbles in the liquid and
provide for the bobbles to be distributed in the flow.
[0003] Methods and apparatus for providing smaller
sized bubbles to dissolve gas in liquid may be applied in
different technical fields. The dissolution of oxygen in wa-
ter is of special interest for the present invention, even if
the invention is applicable to other ranges of use wherein
different kinds of gases and liquids may be part of the
current process. Water to be used for fish farms has a
need for oxygen to be dissolved in the water transported
through a pipe into ponds or tanks for the inhabitation of
fish. The production and distribution of smaller sized bub-
bles in accordance with the invention, provides advanta-
geous for dissolving oxygen in water. Even if fish farms
are of special interest, the invention is applicable within
other technical fields, such as for instance addition of gas
(e.g. oxygen or carbon dioxide) to waste water, potable
water and various process fluids.

[0004] Devices for the generation of micro bubbles are
described in prior art such as JP 2006326484. The ap-
paratus disclosed in this publication has a box shaped
structure divided into three compartments. A gas-liquid
mix is introduced through an inlet into to the first com-
partment and the mixture flows from the first into the sec-
ond and from the second into the third compartment, via
small holes made in the common wall between two and
two compartments. The small holes generate micro bub-
bles in the liquid and the flow leaves the box structure
through an outlet arranged in the third compartment.
[0005] Due to the configuration of the device of JP
2006326484 a significant loss of pressure occurs when
mixture passes through the device. The velocity of the
mixture leaving the outletis low and the risk for coalescing
of the bubbles is therefore substantial. If this device were
to be used in the same application as the invention, given
the condition that the mixture flowing out from the outlet
needs to have a certain pressure level, an additional
pump needs to be installed in the third compartment, to
maintain the working pressure in the pipe arrangement
wherein the invention is to be installed. The installation
of an additional pump increases the level of costs as well
as the need for maintenance.

[0006] The apparatus in accordance with the present
invention has a cheap and fairly uncomplicated construc-
tion and no parts such as an additional pump needing
frequent overhauling, in addition to increased operating
cost, as the loss of pressure in the apparatus is low and
the flow is transported through the apparatus utilizing the
existing pressure in the flow path. Further, the device of
JP 2006326484 has an inlet and an outlet arranged in
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an angular relation ship, the device of JP 2006326484
would therefore not be suitable for adaptation into an
inline arrangement with an elongated pipe arrangement
as is the focus of the present invention. In the device of
JP 2006326484, the gas is dissolved in the liquid when
the mixture passes through the device due to the size of
the volume captured in the device and the retention pe-
riod the mix endures in the device, whereas the main
object of the inventive apparatus is to provide smaller
sized bubbles and obtain an even distribution of these in
the flow. When using the present invention the dissolution
process occurs in several steps, a part of the dissolution
process occurs prior to the flow entering the apparatus
in accordance with the invention, a further part of the
dissolution process occurs in the apparatus and the com-
pletion of the process occurs after the flow leaving the
apparatus, for instance in the fish pond. The size of the
holes between the compartments of device disclosed in
JP 2006326484, renders the device vulnerable to clog-
ging by leaves, sticks etc entering the device.

[0007] Reference should also be made to the publica-
tions US 6982968, WO 01/36105 and JP 2003117365.
[0008] US 6982968 shows a nozzle device for the
treatment of waste water, wherein the object of the in-
vention concerns the release and rise of micro bubbles
from the liquid. Thus the object of the invention of US
6982968 then being the opposite of the object of the
presentinvention, as an important aspect of the invention
is to avoid the accumulation of smaller sized bubbles at
the top area of the flow and to maintain an even distribu-
tion of smaller sized bubbles across the cross section of
the flow.

[0009] WO 01/36105 shows a nozzle arranged with
holes of different size for the introduction of liquid and
gasinto a pipe element. The publication does not concern
the disintegrating of bubbles into smaller bubbles or ob-
taining a certain disposition of bubbles in the flow.
[0010] JP 2003117365 concerns the reduction of bub-
bles into micro bubbles by the use of a pump providing
the stirring and pressurizing of a gas liquid mix. This
method is not applicable to the present invention.
[0011] Other prior art devices are disclosed in US
2004/0251566 and US 5810052.

[0012] US 2004/0251566 discloses a device for gen-
erating micro bubbles, wherein the device comprises
multiple cavitation generators. The device in its various
embodiments has an inlet for liquid and a passage for
inlet of gas down stream the liquid inlet. The passage for
inlet of gas is arranged so that gas is supplied into the
first cavitation generator which may be a baffle or other
constrictions to the fluid path, and is mixed with the liquid
at this location. Down stream the first cavitation genera-
tor, afirst cavitation field is generated. The flow thereafter
enters a second cavitation generator, and downstream
the second cavitation generator a second cavitation field
is generated. Any number of stages of hydrodynamic
cavitation can provided within the flow channel of the
bubble genereating device of US 2004/025 1566.
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[0013] US 5810052 discloses an apparatus for mixing
two liquids such as oil and water. Given that this device
is provided for the mixing of oil and water, high pressure
conditions are needed for obtaining mixing between the
two liquids. The pressure drop over the apparatus of D2
is quite large and the object of the apparatus is to produce
conditions for utilizing the cavitation effect.

[0014] The object of the invention is obtained by the
apparatus as defined in the independent apparatus claim
and the independent method claim. Further embodi-
ments of the invention is defined in the following depend-
ent claims.

[0015] In accordance with the first independent claim
an apparatus for providing and distributing bubbles in a
gas-liquid mix transported in a fluid path in a pipe is pro-
vided. The apparatus is arranged in line with the pipe and
comprises in successive order an inlet region, an obsta-
cle unit and an outlet region. The inlet region is arranged
for the entering of the gas-liquid mix containing initial
sized bubbles, and further the inlet region is provided to
accelerate and direct the flow into the obstacle unit. The
obstacle unit is provided with structure elements to pro-
duce a turbulence whereby reducing the initial sized bub-
bles to smaller sized bubbles and also disperse and dis-
tribute the bubbles evenly in the flow. The outlet region
is arranged for the entering of the gas-liquid mix contain-
ing smaller sized bubbles, and has provisions to accel-
erate the flow and maintain an even distribution of smaller
sized bubbles in the flow for further transport in the pipe.
[0016] In accordance with the second independent
claim the invention also includes a method.

[0017] In one embodiment of the invention, the pur-
pose of the apparatus is to produce evenly distributed
micro bubbles across the cross section of the flow to
achieve effective dissolution of the gas in the liquid. In
this embodiment small sized bubbles constitute the initial
sized bubbles and micro sized bubbles constitute smaller
sized bubbles.

[0018] Different kinds of gas and liquid preferably
transported in a mixture may be suitable for the apparatus
in accordance with the independent claims. The gas may
be present in various states and quantities in the liquid,
and the states may vary as the mixture is transported
through the apparatus. The gas may be present solely
as bubbles in the liquid or the gas may be present both
as bubbles and partly dissolved in the liquid. The gas
may also be introduced in liquid form. The gas is intro-
duced into the liquid flowing in the flow path of the pipe
through for instance a gas inlet situated in the fluid path.
Bubbles of an initial size may be generated when the gas
isinserted inthe liquid. The gas inletis preferably situated
upstream from the entry of the inlet region and would be
connected to a gas supply by suitable means

[0019] The pipe wherein the gas-liquid mix is trans-
ported comprises at least one pipe element. The pipe
may be composed of a number of pipe elements arranged
in an elongated relationship making up a pipeline. Each
pipe element is formed with at least one flow path, and
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preferably joined in an end-to-end arrangement. The
size, shape, flexibility and material of the individual pipe
element may vary, depending on the field of use.
[0020] The apparatus is arranged in an inline relation-
ship with the pipe. The fluid path of the pipe defines a
main flow direction. The flow is transported through the
apparatus in a direction corresponding to the main flow
direction. Contrary to the device of JP 2006326484, when
installing the apparatus in an existing pipeline the main
flow direction is not altered when the flow travels through
the apparatus. The inline arrangement of the inventive
apparatus provides for the gas liquid mix to be transport-
ed through the apparatus utilizing existing pressure in
the pipe.

[0021] Also, the in line arrangement makes the instal-
lation of the apparatus in an existing pipe/pipeline quite
simple. Preferably, the installation occurs in situ, wherein
a part of the pipe is removed and the inventive apparatus
is inserted and connected to the remaining parts of the
pipe. If the inventive apparatus is to be used in a pipe
transporting liquid/gas to a fishpond, the installation may
very well be performed by the owner or maintainer of the
fish farm, as the installation procedure is quite simple
and does not require particular professional skills.
[0022] The apparatus in accordance with the invention
contributes to the dissolving of gas in liquid. In one em-
bodiment the dissolving of gas in liquid occurs at various
locations during the transport through the pipe and in-
ventive apparatus. A portion of the gas inserted into the
liquid may be dissolved upstream from the inlet area. A
further portion of the gas may be dissolved during the
transport through the apparatus and the remaining por-
tion of the gas may be dissolved downstream from the
outlet region, such as during the further transport in the
pipe or in a tank, wherein the mouth of the pipe is ac-
commodated. For instance a tank such as the fish pond
included in a fish farm.

[0023] The inventive apparatus offers a simple, cost
saving and effective alternative to obtain an efficient dis-
solving of gas, such as oxygen, in liquid, such as water.
One or plural of components; the inlet region, the ob-
structing unit and/or outlet region may be constituted by
pre made elements, such as for instance standard ele-
ments made of a plastic material or a metallic material.
[0024] In one embodiment a flow obstacle is arranged
in a passage of the obstacle unit. The flow obstacle is
arranged in such away that at least one opening appears
between the flow obstacle and the passage wall. The
flow obstacle may be constituted by a structural element
fixed by suitable means in the passage leaving one or
more openings between element and the passage wall
for the flow to pass through. By the introduction of the
flow obstacle which preferably is arranged with an ap-
pointed flow stop area positioned essentially in the centre
of the passage, the flow hits the flow obstacle and is
forced in a direction transverse to the main flow direction
before passing through the opening(s), preferably ar-
ranged at the perimeter of the flow obstacle. Due to the
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occurrences brought about by the impact on the flow ob-
stacle a turbulence is produced downstream of the flow
obstacle causing a reduction of the initial sized bubbles
to smaller sized bubbles and also dispersing the bubbles
in the flow.

[0025] The flow obstacle may by provided by various
structures, wherein the arrangement of a structure of sol-
id material arranged in the centre of the passage leaving
an opening for the flow to pass at the perimeter of the
structure, provides the basis for achieving a turbulence.
The flow obstacle may by provided by a disk shaped
structure arranged with one or more openings preferably
through bores. The bore(s) is/are preferably arranged in
vicinity of the perimeter of the disk and the centre portion
of the disk constitutes the flow stop area. Alternatively,
the flow obstacle is made with a cross shaped cross sec-
tion with arms of generally the same length and an inter-
section being generally circular shaped making up the
flow stop area. (The area of the arms may be included
in the flow stop area). In another embodiment an elon-
gated element, for instance a pipe element, arranged in
the obstacle unit makes up the flow obstacle. The elon-
gated element may be arranged transverse to the main
flow direction such that at least one opening is provided
between the passage wall and the flow obstacle.
[0026] The size of the flow obstacle or the flow stop
area and the openings are worked out based on the pres-
sure available in the flow path. The total open area of the
flow obstacle is calculated based on the total desired
and/or available pressure drop over the unit. This total
open area is then distributed on one ore more openings
so that the total open area of the flow obstacle , and thus
the pressure drop, is unchanged. The inlet region may
be arranged with various provisions to accelerate and
direct the flow into the obstacle unit. In one embodiment,
the inlet region is arranged with a passage provided to
reduce the size of the cross section of the flow passing
through the inlet, thereby obtaining an accelerating ef-
fect. The inlet region may be formed as a venturi like
element.

[0027] Further, the outlet region may be arranged as
a structure similar to the inlet region. In one embodiment,
the outlet region is arranged with a passage provided to
reduce the size of the cross section of the flow passing
through the outlet, thereby obtaining an accelerating ef-
fect. The outlet region may be formed as a venturi like
element.

[0028] In the following an example of the invention will
be described with reference to the attached drawings
wherein:

Fig 1 shows a first embodiment of the invention.
Fig 2 shows a first embodiment of the invention ar-
ranged in a pipe element.

Fig 3 shows a second embodiment of the invention.
Fig 4 shows the invention arranged in a pipe assem-
bly.

Fig 5 shows a third embodiment of the invention.
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Fig 1 shows the apparatus 1 comprising an inlet re-
gion 2, an obstacle unit, in the figure shown as a
turbulence chamber 3 and an outlet region 4. A flow
of liquid is transported in a flow path 6. The liquid
flow is illustrated by arrows. Arrow 5a shows a main
flow direction of the flow path 6. Gas is introduced
in the pipe by a gas supply 7a feeding gas into the
liquid through a gas inlet 7b, such as a gas diffuser
or other suitable equipment. The gas is shown in the
flow path 6 as dots 8 illustrating gas bubbles, pref-
erably bubbles having a small size. The mix of liquid
and gas enters the inlet region 2, here shown as a
venturi like element, being formed with a narrow pas-
sage opening into a conical increasing and decreas-
ing passage respectively. This narrow passage of
the inlet region 2 ensures a fairly good concentration
of gas bubbles across the cross section of the flow
and accelerates the flow aiming for a flow obstacle
12 arranged in the turbulence chamber 3.

[0029] The flow obstacle 12 is shown as a plate or disc
element provided with openings 10 such as through
bores. Four openings 10 are shown arranged in vicinity
to the perimeter of the flow obstacle 12 in fig 1. The
number and the size of the diameter and length of the
opening may vary in accordance for instance with the
diameter of the pipe, the use of material, pressure avail-
able in the pipe and other design criterias. The flow ob-
stacle 12 has an appointed flow stop area 11 provided
by a solid portion of the disc structure positioned essen-
tially centred around the axial axis of the pipe. The flow
hits the flow stop area 11 in a main flow direction and
experiences a change in flow direction. The impact of the
flow on the flow stop area 11, forces the flow in a direction
transverse to the main flow direction towards the perim-
eter of the flow obstacle 12, before assuming main flow
direction passing through the openings 10. This causes
an initial reduction of the bubble size. A zone of turbu-
lence arises downstream from the flow obstacle 12 illus-
trated by arrows 5b, causing a further reduction of the
size of the bubbles preferably to micro sized bubbles,
and dispersing the bubbles across the cross section of
the pipe. The liquid gas mix thereafter enters the outlet
region 4, here shown as a venturi like element, being
formed with a narrow passage opening into a conical
increasing and decreasing passage respectively. In the
outlet region 4 the flow is accelerated causing and main-
taining an even distribution of bubbles across the cross
section of the flow to avoid the accumulation of bubbles
at the top and ensure efficient contact surfaces between
the liquid and gas bubbles for further transportin the pipe.
[0030] In fig 2 the apparatus 1 of fig 1, is shown built
up by several pipe elements with a cover pipe 14 ar-
ranged around the pipe elements. The pipe elements
making up the apparatus 1 are standard element for in-
stance made of some kind of plastic or metallic material.
The flow obstacle 12 may also be provided by a standard
element, for instance a metal plate.
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[0031] Fig 3 shows a second embodiment of the ap-
paratus 1, wherein the inlet region 24, the outlet region
26 and the flow obstacle 22, all are constituted by disc
or plate elements with screw holes 30 providing fixing
points for the elements. The other elements in the figure
correspond generally to the elements in fig. The disc el-
ements of the inlet and outlet regions 24, 26 respectively
are each arranged with a passage providing a restriction
in the flow path. The inlet region 24, outlet region 26 and
the flow obstacle 22 according to the second embodiment
have the same functions and causes the same effects
on the flow as mentioned in the description of inlet and
outlet regions 2, 4 and flow obstacle 22 above. The flow
obstacle 22 has a cross shaped cross section with arms
having generally the same length and an intersection
having a generally circular shape making up the flow stop
area 21. The arms define openings 20 for the flow to pass
through.

[0032] In fig 4 the apparatus 1 with the cover pipe as
shown in fig 2 is shown installed in a tube or pipe such
as pipe 15. The apparatus 1 is shown in an inline ar-
rangement with the pipe 15. When installing the appara-
tus 1, the existing pipe line is divided into separated parts.
The apparatus 1 is positioned in between the parts and
each end of the apparatus 1 is connected to the sepa-
rated parts of the pipe 15. The installation procedure oc-
cursinsitu and is fairly straight forward. As the installation
is quite simple it might be carried out and maintained by
the fish farmer, making installation and service persons
redundant in most cases. The arrangement shown in fig
4 is an arrangement to be used in a fish farm. The pipe
15 carries water (fresh water or salt water) illustrated by
arrow 16 and oxygen is inserted through the gas inlet 7
to be dissolved in the water. The end of the pipe 15 is
shown submerged in a fish tank 18 and is provided with
outlets for the flow of water/gas mix dispersed with micro
sized bobbles. Portions of oxygen may be dissolved in
the liquid before the flow enters the apparatus 1, further
portions are dissolved in the liquid in the apparatus 1 and
after leaving the apparatus 1. After leaving the apparatus
the dissolution may occur in the pipe 15 or/and in the fish
tank 18. A similar installation principle may be used for
other purposes than the said oxygen for fish farming. One
example is the addition of carbon dioxide to high pH
wastewater prior to sewer outlet.

[0033] Fig5 shows the apparatus 1 in accordance with
a third version of the invention, wherein the inlet region
2 and the outlet region 4 correspond to those shown in
fig 1. The embodiment of the flow obstacle arranged in
the turbulence chamber 3 comprises a pipe element 31
positioned so that two openings 30 appear for the flow
to pass through. The central axis 32 of the pipe element
31 is shown with an orientation transverse to the main
flow direction 5b. The pipe element 31 may be arranged
with its central axis 32 perpendicular to both the main
flow direction 5a and the central axis 32 as displayed in
fig 5. The use of a (rounded) pipe element as flow obsta-
cle gives reduced pressure loss compared to a flat sur-
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face.

Claims

1.

An apparatus (1) for providing and distributing bub-
bles(8) in a gas-liquid mix transported in a flow path
(6) of a pipe, the apparatus is arranged in line with
the pipe and comprises in successive order an inlet
region (2), an obstacle unit (3) and an outlet region
(4)wherein

- the inlet region (2) is arranged for the entering
of gas-liquid mix containing initial sized bubbles,
the inlet region (2) is provided to accelerate and
direct the flow into

- the obstacle unit (3) provided with structure
elements to produce a turbulence whereby re-
ducing the initial sized bubbles to smaller sized
bubbles and dispersing the bubbles in the flow,
and aflow obstacle (12)is arrangedin a passage
of the obstacle unit (3), providing at least one
opening between the flow obstacle (12) and pas-
sage wall, wherein the flow obstacle has an ap-
pointed flow stop area (21) positioned essential-
ly in the centre of the passage, providing at least
one opening between the flow obstacle (12) and
the wall of the passage,

- the outlet region (4 is arranged for the entering
of the gas-liquid mix containing smaller sized
bubbles and has provisions to accelerate the
flow and maintain an even distribution of smaller
sized bubbles in the flow for further transport in
the pipe.

An apparatus according to claim 1,

characterized in that the initial sized bubbles com-
prise small sized bubbles and/or the smaller sized
bubbles comprise microsized bubbles

An apparatus according to one of the claims 1 or 2,
characterized in that the flow obstacle (12) com-
prises a disk shaped structure arranged with one or
more openings preferably through bores, preferably
the bore(s) is/are arranged in vicinity of the perimeter
of the disk.

An apparatus according to one of the claims 1 or 2,
characterized in that the flow obstacle (12) has a
cross shaped cross section with arms of generally
the same length and an intersection being generally
circular shaped.

An apparatus according to one of the claims 1 or 2,
characterized in that the flow obstacle comprises
an elongated element, in particular a pipe element
(31).
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An apparatus according to one of the proceeding
claims,

characterized in that the size of the flow stop area
and/or the number of openings are worked out based
on the pressure drop available over the flow obsta-
cle.

An apparatus according to one of the proceeding
claims,

characterized in that the inlet region and/or the out-
let region each have a passage provided to reduce
the size of the cross section of flow to pass through
the passage.

An apparatus according to one of the proceeding
claims,

characterized in that the inlet region and/or the out-
let region are formed as an venturi like element.

An apparatus according to one of the proceeding
claims,

characterized in that t a gas inlet is situated up-
stream from the entry of the inlet region.

An apparatus according to one of the proceeding
claims,

characterized in that the inlet region and/or the ob-
structing unit and/or the outlet region are provided
by premade elements

An apparatus according to one of the proceeding
claims,

characterized in that the pipe transports liquid/gas
mix to a tank, such as a fish pond (18) included in a
fish farm.

An apparatus according to one of the proceeding
claims,

characterized in that a portion of the gas inserted
into the liquid is dissolved upstream from the inlet
area, a further portion of the gas is dissolved during
the transport through the apparatus and the remain-
ing part of the gas is dissolved downstream from the
outlet region.

An apparatus according to one of the proceeding
claims,

characterized in that the liquid comprises water
and/or the gas comprises oxygen.

Method for providing and distributing bubbles in a
gas-liquid mix transported in a pipe, by use of an
apparatus (1) in accordance with one of the claims
1-13, wherein the apparatus is arranged in line with
the pipe and comprises in successive order an inlet
region (2), an obstacle unit (3) and an outlet region
(4), comprising the following steps:
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- the gas-liquid mix containing initial sized bub-
bles enters the inlet region (2), wherein provi-
sions of the inlet region (2) accelerates and di-
rects the flow into

- the obstacle unit (3)provided with structure el-
ements produces a turbulence whereby reduc-
ing the initial sized bubbles to smaller sized bub-
bles and dispersing the bubbles in the flow,
thereafter

- the gas-liquid mix containing smaller sized bub-
bles enters the outlet region (4) wherein the pro-
visions of the outlet region (4) accelerate the flow
and maintain an even distribution of smaller
sized bubbles in the flow for further transport in
the pipe.

Patentanspriiche

1.

Vorrichtung zum Erzeugen und Verteilen von Blasen
(1) in einer Gas-Flussigkeits-Mischung, die in einem
Strdmungsweg (6) eines Rohres transportiert wird,
wobei die Vorrichtung in Reihe mit dem Rohr ange-
ordnet ist und der Reihe nach einen EinlaRRbereich
(2), eine Hinderniseinheit (3) und einen Auslalbe-
reich (4) aufweist,

- wobei der EinlaRbereich (2) fur den Eintritt ei-
ner Gas-Flissigkeits-Mischung ausgelegt ist,
die Blasen mit einer AnfangsgréfRe enthalten,
wobei der EinlaRbereich (2) dazu ausgelegt ist,
die Strdomung zu beschleunigen und einzuleiten
in

- die Hinderniseinheit (3), welche mit Struktur-
elementen zu Erzeugung einer Turbulenz ver-
sehen ist, so dal} die Blasen mit einer Anfangs-
gréRe reduziert werden auf Blasen mit einer ge-
ringeren Gréf3e und die Blasen in der Strdmung
verteilt werden, wobei ein Strdbmungshindernis
(12) in einer Passage der Hinderniseinheit (3)
vorgesehen ist, das zumindest eine Offnung
zwischen dem Strémungshindernis (12) und der
Wand der Passage bildet, wobei das Stro-
mungshindernis einen bestimmten Strémungs-
stoppbereich (21) besitzt, der im wesentlichen
im Zentrum der Passage angeordnet ist, wobei
mindestens eine Offnung zwischen dem Stré-
mungshindernis (12) und der Wand der Passa-
ge vorgesehen ist,

- wobei der AuslaBbereich (4) fiir den Eintritt der
Gas-Flussigkeits-Mischung ausgelegt ist, wel-
chedie Blasen mitgeringerer GréRRe enthalt, und
Einrichtungen aufweist, um die Stréomung zu be-
schleunigen und eine gleichmaRige Verteilung
der Blasen mit geringerer GroR3e in der Stro-
mung fir den weiteren Transport in den Rohr
beizubehalten.
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Vorrichtung nach Anspruch 1,

dadurch gekennzeichnet,

daB die Blasen mit einer Anfangsgrofie Blasen mit
kleiner Grofie aufweisen und/oder die Blasen mit ge-
ringerer GréRRe Mikroblaschen aufweisen.

Vorrichtung nach einem der Anspriiche 1 oder 2,
dadurch gekennzeichnet,

daB das Stromungshindernis (12) eine scheibenfor-
mige Struktur aufweist, die mit einer oder mehreren
Offnungen, vorzugsweise Durchgangsbohrungen
ausgebildet ist, wobei die Bohrung(en) in der Nahe
des Umfanges der Scheibe angeordnet ist/sind.

Vorrichtung nach einem der Anspriiche 1 oder 2,
dadurch gekennzeichnet,

daB das Stromungshindernis (12) einen kreuzférmi-
gen Querschnitt mit Armen, die im allgemeinen die
gleiche Lange besitzen, und einer Kreuzung auf-
weist, die im allgemeinen kreisférmig ausgebildet ist.

Vorrichtung nach einem der Anspriiche 1 oder 2,
dadurch gekennzeichnet,

daB das Strémungshindernis ein langgestrecktes
Element, insbesondere ein Rohrelement (31) auf-
weist.

Vorrichtung nach einem der vorhergehenden An-
spriche,

dadurch gekennzeichnet,

daB die GréRe des Strémungsstoppbereiches und/
oder die Anzahl von Offnungen auf der Basis des
verfugbaren Druckabfalls Uber dem Strémungshin-
dernis eingearbeitet sind.

Vorrichtung nach einem der vorhergehenden An-
spruchen,

dadurch gekennzeichnet,

daB der EinlaRbereich und/oder der Auslalbereich
jeweils eine Passage besitzen, die dazu vorgesehen
ist, die GréRRe des Querschnitts der Strdmung zu re-
duzieren, die die Passage durchstrémt.

Vorrichtung nach einem der vorhergehenden An-
spruche,

dadurch gekennzeichnet,

daB der EinlafRbereich und/oder der AuslaRbereich
als venturi-artige Elemente ausgebildet sind.

Vorrichtung nach einem der vorhergehenden An-
spruche,

dadurch gekennzeichnet,

daB ein Gaseinlal’ stromaufwarts von dem Eingang
des EinlaBbereiches positioniert ist.

Vorrichtung nach einem der vorhergehenden An-
spruche,
dadurch gekennzeichnet,
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11.

12.

13.

14.

daB der EinlaRbereich und/oder die Hinderniseinheit
und/oder der AuslaRbereich aus vorgefertigten Ele-
menten vorgesehen sind.

Vorrichtung nach einem der vorhergehenden An-
spriiche,

dadurch gekennzeichnet,

daB das Rohr die Flissigkeits-Gas-Mischung in ei-
nen Behalter transportiert, beispielsweise einen
Fischteich (18), der in einer Fischfarm vorgesehen
ist.

Vorrichtung nach einem der vorhergehenden An-
spriche,

dadurch gekennzeichnet,

daB ein Teil des Gases, das in die Flussigkeit ein-
gefihrt wird, stromaufwarts von dem EinlaBbereich
geldst wird, ein weiterer Bereich des Gases wahrend
des Transportes durch die Vorrichtung gel6st wird
und der Ubrige Teil des Gases stromabwarts von
dem Auslabereich gel6st wird.

Vorrichtung nach einem der vorhergehenden An-
spriiche,

dadurch gekennzeichnet,

daB die Flussigkeit Wasser und/oder das Gas Sau-
erstoff enthalt.

Verfahren zum Erzeugen und Verteilen von Blasen
in einer Gas-Flussigkeits-Mischung, die in einem
Rohr transportiert wird, und zwar mittels einer Vor-
richtung (1) nach einem der Anspriiche 1 bis 13,
wobei die Vorrichtung in Reihe mit dem Rohr ange-
ordnet wird, und in einer Reihenfolge nacheinander
einen EinlaBbereich (2), eine Hinderniseinheit (3)
und einen AuslaRbereich (4) aufweist,

wobei das Verfahren folgende Schritte aufweist:

- die Gas-Flussigkeits-Mischung, welche Bla-
sen mit einer Anfangsgrofie enthalt, tritt in den
EinlaBbereich (2) ein, wobei Einrichtungen des
EinlaBbereiches (2) die Strémung beschleuni-
gen und einleiten in

- die Hinderniseinheit (3), die mit Strukturele-
menten versehen sind, welche eine Turbulenz
erzeugen, so daf} die Blasen mit einer Anfangs-
groRe reduziert werden in Blasen mit einer ge-
ringeren GroRRe und die Blasen in der Strdmung
verteilt werden, woraufhin

- die Gas-Flussigkeits-Mischung, welche die
Blasen mit geringerer GréRRe enthalt, inden Aus-
laBbereich (4) eintritt, wobei die Einrichtungen
des AuslaBbereiches (4) die Strémung be-
schleunigen und eine gleichmaRige Verteilung
der Blasen mit geringerer GréRRe in der Stro-
mung fir den Weitertransport in dem Rohr bei-
behalten.
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Revendications

Appareil (1) pour apporter et distribuer des bulles (8)
dans un mélange gaz-liquide transporté dans un tra-
jet d’écoulement (6) d’un tuyau, l'appareil étant
agence aligné avec le tuyau et comprenant dans un
ordre successif une zone d’entrée (2), une unité
d’obstacle (3) et une zone de sortie (4) ou :

- la zone d’entrée (2) est arrangée pour I'entrée
d’'un mélange gaz-liquide contenant des bulles
de taille initiale, la zone d’entrée (2) est prévue
pour accélérer et diriger 'écoulement dans

- I'unité d’obstacle (3) munie d’éléments struc-
turaux pour produire une turbulence, rapetissant
de ce fait les bulles de taille initiale en bulles de
taille inférieure et dispersant les bulles dans
I'écoulement, et un obstacle d’écoulement (12)
est agencé dans un passage de 'unité d’obsta-
cle (3), fournissant au moins une ouverture entre
I'obstacle d’écoulement (12) et la paroi de pas-
sage, ou I'obstacle d’écoulement possede une
zone d’arrét d’écoulement appropriée (21) po-
sitionnée sensiblement au centre du passage,
fournissant au moins une ouverture entre I'obs-
tacle d’écoulement (12) et la paroi du passage,
- la zone de sortie (4) est agencée pour I'entrée
du mélange gaz-liquide contenant des bulles de
taille inférieure et posséde des dispositions pour
accélérer I'écoulement et maintenir une distri-
bution homogéne des bulles de taille inférieure
dans I'écoulement pour un transport ultérieur
dans le tuyau.

Appareil selon la revendication 1, caractérisé en ce
que les bulles de taille initiale comprennent des bul-
les de petite taille et/ou les bulles de taille inférieure
comprennent des bulles micronisées.

Appareil selon I'une des revendications 1 ou 2, ca-
ractérisé en ce que l'obstacle d’écoulement (12)
comprend une structure en forme de disque ou sont
ménagées une ou plusieurs ouvertures, de préfé-
rence des trous traversants, de préférence le ou les
trous est ou sont ménagé(s) au voisinage du péri-
meétre du disque.

Appareil selon I'une des revendications 1 ou 2, ca-
ractérisé en ce que I'obstacle d’écoulement (12)
posséde une section transversale en forme de croix
avec des bras globalement de méme longueur et
une intersection de forme globalement circulaire.

Appareil selon 'une des revendications 1 ou 2, ca-
ractérisé en ce que I'obstacle d’écoulement com-
prend un élément allongé, en particulier un élément
de tuyau (31).
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6.

10.

11.

12.

13.

14.

Appareil selon 'une des revendications précéden-
tes, caractérisé en ce que la taille de lazone d’arrét
d’écoulement et/ou le nombre d’ouvertures sont réa-
lisés en fonction de la chute de pression disponible
au niveau de I'obstacle d’écoulement.

Appareil selon 'une des revendications précéden-
tes, caractérisé en ce que la zone d’entrée et/ou
la zone de sortie possédent chacune un passage
prévu pour réduire la taille de la section transversale
d’écoulement a travers le passage.

Appareil selon 'une des revendications précéden-
tes, caractérisé en ce que la zone d’entrée et/ou
la zone de sortie sont formées comme un élément
de type Venturi.

Appareil selon I'une des revendications précéden-
tes, caractérisé en ce qu’une entrée de gaz est
située en amont de I'entrée de la zone d’entrée.

Appareil selon I'une des revendications précéden-
tes, caractérisé en ce que la zone d’entrée et/ou
I'unité d’obstruction et/ou la zone de sortie sont mu-
nies d’éléments préfabriqués.

Appareil selon I'une des revendications précéden-
tes, caractérisé en ce que le tuyau transporte un
mélange liquide/gaz vers un réservoir, tel qu’'un
étang a poissons (18) inclus dans un établissement
de pisciculture.

Appareil selon I'une des revendications précéden-
tes, caractérisé en ce qu’une partie du gaz inséré
dans le liquide est dissoute en amont de la zone
d’entrée, une autre partie du gaz est dissoute durant
le transport a travers I'appareil et la partie restante
du gaz est dissoute en aval de la zone de sortie.

Appareil selon I'une des revendications précéden-
tes, caractérisé en ce que le liquide comprend de
I'eau et/ou le gaz comprend de I'oxygene.

Procédé pour générer et distribuer des bulles dans
un mélange gaz-liquide transporté dans un tuyau,
par I'utilisation d’'un appareil (1) selon I'une des re-
vendications 1 a 13, ou I'appareil est agencé aligné
avec le tuyau et comprend dans un ordre successif
une zone d’entrée (2), une unité d’obstacle (3) etune
zone de sortie (4), comprenant les étapes suivantes :

le mélange gaz-liquide contenant des bulles de
taille initiale pénétre dans la zone d’entrée (2),
ou des dispositions de la zone d’entrée (2) ac-
célerent et dirigent I'écoulement dans

I'unité d’obstacle (3) munie d’éléments structu-
raux produit une turbulence, rapetissant de ce
fait les bulles de taille initiale en bulles de taille
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inférieure et dispersant les bulles dans I'écou-
lement, ensuite

le mélange gaz-liquide contenant des bulles de
taille inférieure pénétre dans la zone de sortie
(4) ou les dispositions de la zone de sortie (4)
accélérent I'écoulement et maintiennent une
distribution homogéne des bulles de taille infé-
rieure dans I'écoulement pour un transport ulté-
rieur dans le tuyau.
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