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(54) Apparatus and method for generating and distributing bubbles in a gas-liquid mixture

(57)  The invention concerns n apparatus for provid-
ing and distributing bubbles in a gas-liquid mix transport-
ed in a flow path of a pipe. The apparatus is arranged in
line with the pipe and comprises in successive order an
inlet region, an obstacle unit and an outlet region. The
inlet region is arranged for the entering of gas-liquid mix
containing initial sized bubbles, the inlet region is provid-
ed to accelerate and direct the flow into the obstacle unit.
The obstacle unit is provided with structure elements to
produce a turbulence whereby reducing the initial sized
bubbles to smaller sized bubbles and dispersing the bub-
bles in the flow. The outlet region 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. The invention
also include an method.
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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
differenttechnical 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 outletislow and therisk 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 apipe element. The publication does notconcern
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] 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.

[0012] 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 aturbulence whereby reducing the initial sized bub-
bles to smaller sized bubbles and also disperse and dis-
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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.
[0013] In accordance with the second independent
claim the invention also includes a method.

[0014] 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.

[0015] 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
isinsertedinthe liquid. The gasinletis preferably situated
upstream from the entry of the inlet region and would be
connected to a gas supply by suitable means

[0016] The pipe wherein the gas-liquid mix is trans-
ported comprises at least one pipe element. The pipe
may be composed of anumber of pipe elements arranged
in an elongated relationship making up a pipeline. Each
pipe element is formed with at least one flow path, and
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.
[0017] 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.

[0018] 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.
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[0019] 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.

[0020] 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.

[0021] 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
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.

[0022] 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
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between the passage wall and the flow obstacle.
[0023] 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.

[0024] 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.

[0025] As the skilled person will realize, other provi-
sions of the inlet and outlet region may be provided within
the scope of the invention.

[0026] Inthe 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.

[0027] Fig 1showsthe apparatus 1 comprising an inlet
region 2, an obstacle unit, in the figure shown as a tur-
bulence 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
7afeeding 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,
preferably bubbles having a small size. The mix of liquid
and gas enters the inletregion 2, here shown as a venturi
like element, being formed with a narrow passage open-
ing into a conical increasing and decreasing passage re-
spectively. This narrow passage of the inlet region 2 en-
sures 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.

[0028] The flow obstacle 12 is shown as a plate or disc
element provided with openings 10 such as through
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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
theliquid and gas bubbles for further transportin the pipe.
[0029] 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.

[0030] 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.

[0031] 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-
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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.

[0032] 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. As the skilled person will understand
other positions of the pipe element is possible within the
scope of the invention. The pipe element 31 may be ar-
ranged with its central axis 32 perpendicular to both the
main flow direction 5a and the central axis 32 as dis-
played in fig 5. The use of a (rounded) pipe element as
flow obstacle gives reduced pressure loss compared to
a flat surface.

Claims

1. An apparatus for providing and distributing bubbles
in a gas-liquid mix transported in a flow path of a
pipe, the apparatus is arranged in line with the pipe
and comprises in successive order an inlet region,
an obstacle unit and an outlet region wherein

- the inlet region is arranged for the entering of
gas-liquid mix containing initial sized bubbles,
the inlet region is provided to accelerate and di-
rect the flow into

- the obstacle unit provided with structure ele-
ments to produce a turbulence whereby reduc-
ing the initial sized bubbles to smaller sized bub-
bles and dispersing the bubbles in the flow,

- the outlet region is arranged for the entering of
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10.

the gas-liquid mix containing smaller sized bub-
bles 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 claim 1 or 2,
characterized in that a flow obstacle is arranged in
a passage of the obstacle unit, providing at least one
opening between the flow obstacle and passage
wall.

An apparatus according to claim 3,

characterized in that the flow obstacle has an ap-
pointed flow stop area positioned essentially in the
centre of the passage, providing at least one opening
between the flow obstacle and the wall of the pas-
sage.

An apparatus according to one of the claims 3 or 4,
characterized in that the flow obstacle comprises
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 3 or 4,
characterized in that the flow obstacle has a cross
shaped cross section with arms of generally the
same length and an intersection being generally cir-
cular shaped.

An apparatus according to one of the claims 3 or 4,
characterized in that the flow obstacle comprises
an elongated element, in particular a pipe element.

An apparatus according to one of the claims 4-7,
characterized in that the size of the flow stop area
and/ orthe number of openings are worked outbased
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.
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An apparatus according to one of the proceeding
claims,

characterized in that 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 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, the apparatus
being arranged in line with the pipe and comprises
in successive order an inlet region, an obstacle unit
and an outlet region, comprising the following steps:

- the gas-liquid mix containing initial sized bub-
bles enters the inlet region, wherein provisions
of the inlet region accelerates and directs the
flow into

- the obstacle unit provided with structure ele-
ments produces a turbulence whereby reducing
the initial sized bubbles to smaller sized bubbles
and dispersing the bubblesinthe flow, thereafter
- the gas-liquid mix containing smaller sized bub-
bles enters the outlet region wherein the provi-
sions of the outlet region accelerate the flow and
maintain an even distribution of smaller sized
bubbles in the flow for further transport in the

pipe.
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