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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a shockwave
generation device and to a method of delivering a shock-
wave. In particular but not exclusively the invention re-
lates to a shockwave generation device for delivering a
flow of fluid into a gas lift pump apparatus.

BACKGROUND

[0002] Itis known to provide a gas lift pump for pumping
a fluid such as aliquid or sludge. JP2007113295 disclos-
es an air lift pump for excavating sediment and sludge
that has deposited and hardened on a sub-aqueous bot-
tom over a period of time. The pump has a riser pipe
whose lower end header reaches as far as the sub-aque-
ous bottom; a nozzle which is enclosed by the header
and sprays high-pressure fluid, and a blade for scraping
material from the sub-aqueous bottom.

[0003] JP1207535 discloses an air lift pump for pump-
ing mud from a water bottom such as a river bed.
[0004] In an entirely separate technical field, the prob-
lem exists that aquatic nuisance species (ANS) such as
Zebra mussels are being transported between locations
such as between the US and Asia in the ballast tanks of
maritime vessels. Aquatic nuisance species may be de-
fined as waterborne, non-native organisms that threaten
the diversity or abundance of native species, the ecolog-
ical stability of impacted waters or commercial, agricul-
tural, aquacultural or recreational activities. A variety of
measures for preventing invasion of an environment by
ANS have been proposed, including purging of ballast
tanks at sea before a vessel enters an area sensitive to
ANS.

[0005] However, purging of a ballast tank requires
emptying and refilling of the ballast tank. It will be under-
stood that such a procedure can have an adverse effect
on the stability of a vessel particularly in rough seas and
is not appropriate in certain cases.

[0006] Itis also known to kill ANS by pumping inert gas
into seawater. The inert gas can for example be supplied
by or derived from the combustion gases of a marine
engine such as a diesel engine.

STATEMENT OF THE INVENTION

[0007] Embodiments of the present invention may be
understood with reference to the appended claims.

[0008] In an aspect of the invention there is provided
gas lift pump apparatus comprising a column through
which a liquid medium may be pumped by gas lift, the
apparatus comprising a fluid delivery device for delivering
aflow of agaseousfluid into the liquid medium, the device
comprising means for generating an ultrasonic shock-
wave by the flow of gaseous fluid therethrough, the de-
vice being operable to launch the ultrasonic shockwave
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into the liquid medium in the column.

[0009] In one aspect of the invention there is provided
a fluid delivery device for delivering a flow of a gaseous
fluid into a liquid medium, the device comprising means
for generating an ultrasonic shockwave under the flow
of gaseous fluid therethrough, the device being operable
to launch the ultrasonic shockwave into the liquid medi-
um.

[0010] Embodiments of the invention have the advan-
tage that a gaseous fluid may be delivered into a liquid
inaballast tank of a vesselin order to killaquatic nuisance
species by exposure of the species to the shockwave.
[0011] Furthermore, embodiments of the invention al-
low a concentration of the gaseous fluid in the liquid me-
dium to be increased whilst at the same time generating
the ultrasonic shockwave. This allows the apparatus to
be employed to kill aquatic nuisance species (ANS) both
by increasing the concentration of the gaseous fluid in
the liquid medium and by means of passage of the ultra-
sonic shockwave through the liquid medium.

[0012] In some applications the ultrasonic shockwave
is arranged to kill bacteria present in the liquid medium,
such as one or more of toxicogenic vibrio cholerae, Es-
cherichia coli (E. coli) and intestinal enterococci.

[0013] Some embodiments of the invention employ an
arrangement similar to that of a Hartmann whistle in order
to generate ultrasonic shockwaves.

[0014] Preferably the device comprises a resonance
chamber, the device being operable to excite the reso-
nance chamber at a resonant frequency of the apparatus
due to flow of the gaseous fluid through the device there-
by to launch the ultrasonic shockwave.

[0015] Preferably the resonance chamber comprises
areceptor member, the receptor member being arranged
to reflect a pressure wave generated by passage of the
gaseous fluid through the device thereby to generate the
ultrasonic shockwave.

[0016] The receptor member may be provided by at
least a portion of a wall of the resonance chamber.
[0017] Alternatively orin addition the receptor member
may be provided by a member within the resonance
chamber.

[0018] Preferably the device is operable to cause the
gaseous fluid to pass into the resonance chamber there-
by to excite the resonance chamber.

[0019] Preferably the device is operable wherein gas-
eous fluid entering the resonance chamber impinges up-
on the receptor member.

[0020] The receptor member preferably comprises a
cupped portion, the device being arranged to direct a flow
of gaseous fluid into the cupped portion of the receptor
member, the receptor member being arranged in turn to
redirect the flow of gaseous fluid out from the cupped
portion.

[0021] Preferably, the device is arranged wherein im-
pingement of gaseous fluid on the receptor member
causes heating of the receptor member.

[0022] The device maybe operable wherein heating of
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the receptor member causes heating of the liquid medi-
um.

[0023] Preferably the receptor member is provided in
thermal communication with a surface of the device in
thermal communication with the liquid medium.

[0024] The device preferably comprises a nozzle
member, the nozzle member being arranged to deliver
the flow of gaseous fluid into the resonance chamber.
[0025] The device is preferably operable to cause a
pressure standing wave to be established in the reso-
nance chamber. Preferably the pressure standing wave
is an ultrasonic standing wave.

[0026] Preferably the resonantfrequency of the device
may be operably changed from a first value to a second
value.

[0027] Preferably the resonantfrequency of the device
may be operably changed by changing a position of the
receptor member.

[0028] Optionally the resonant frequency of the device
may be operably changed by changing a position of the
receptor member with respect to the nozzle member.
[0029] The resonance chamber may comprise a fluid
outlet, the device being arranged wherein gaseous fluid
flowing through the resonance chamber may exit the res-
onance chamber through the fluid outlet.

[0030] The device may be provided with amplification
means for increasing an amplitude of the ultrasonic
shockwave launched into the medium.

[0031] The amplification means may comprise means
for reducing a mismatch between an impedance of the
device and an impedance of the liquid medium.

[0032] The amplification means may comprise an am-
plification chamber, the amplification chamber being
acoustically coupled to the device.

[0033] The amplification chamber may comprise a gas
filled chamber.

[0034] The amplification chamber may have a cross-
sectional area that increases as a function of distance
from the device.

[0035] The amplification chamber may have a sub-
stantially tapered cross-section.

[0036] The amplification chamber preferably has a
substantially conical shape.

[0037] The amplification chamber may have a sub-
stantially frusto-conical shape.

[0038] Atleast one wall of the chamber may comprise
a resiliently flexible membrane arranged to transmit at
least a portion of the ultrasonic shockwave into the liquid
medium.

[0039] Theresilientlyflexible membrane may comprise
one selected from amongst a metallic membrane and a
polymer membrane.

[0040] Preferablythedeviceisarranged tobe provided
in a flow-stream of the liquid medium, the device having
an upstream portion and a downstream portion.

[0041] The upstream portion and/or the downstream
portion may be tapered thereby to reduce an amount of
drag experienced by the device in the flow-stream of the
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liquid medium.

[0042] Preferably the upstream portion comprises the
receptor member.

[0043] The gaseous fluid is preferably an inert gas.
[0044] The device is preferably operable to kill at least
one aquatic nuisance species by means of the ultrasonic
shockwave launched by the device.

[0045] The device may be arranged whereby an aper-
ture by means of which gaseous fluid passes from the
device into the liquid medium is arranged to generate an
ultrasonic wave by passage of the gaseous fluid there-
through.

[0046] In a further aspect of the invention there is pro-
vided gas lift pump apparatus comprising a column
through which liquid is pumped by gas lift, the apparatus
comprising a fluid delivery device according to the first
aspect.

[0047] Gaseous fluid flowing through the device may
be arranged to pass into the column of the gas lift pump
apparatus thereby to cause pumping of the liquid medi-
um.

[0048] Preferably pumping of the liquid medium by the
gaseous fluid occurs by gas lift.

[0049] The fluid delivery device may be provided in a
flowpath of fluid through the column.

[0050] Alternatively the device may be provided at a
location that is recessed radially outwardly with respect
to an inner wall of the column. For example the device
may be provided at a location that is displaced radially
outwardly with respect to the inner wall so that it does
not lie in a direct flowpath of fluid through the column. In
some arrangements the device may be at least partially
recessed with respect to the wall of the column.

[0051] The column may be of a substantially circular
cross-section or any other suitable cross-sectional shape
such as elliptical, square or any other suitable shape.
[0052] Preferably the apparatus is operable to kill ANS
present in the liquid by means of the ultrasonic shock-
wave generated by the device.

[0053] Preferably the apparatus further comprises a
microbubble generator.

[0054] Preferably the microbubble generator is ar-
ranged to generate microbubbles upstream of the device.
[0055] The microbubble generator may comprise a
venturi portion, the venturi portion having a converging
section, a throat section and a diverging section.
[0056] The apparatus may be arranged to generate a
flow of liquid into the venturi in the form of a vortex thereby
to generate microbubbles in the liquid.

[0057] The apparatus is preferably arranged to gener-
ate a flow of liquid into the venturi in the form of a vortex
by injecting a flow of liquid into the column of the appa-
ratus.

[0058] The apparatus may be arranged to generate a
flow of liquid into the venturi in the form of a vortex by
injecting a flow of liquid into the column of the apparatus
in a direction substantially tangential to the column.
[0059] The microbubbles may have a diameter in the
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range of atleast one selected from amongst from around
1 micron to around 1000 microns, around 1 micron to
around 500 microns, around 1 micron to around 100 mi-
crons, around 1 micron to around 10microns and around
10 microns to around 100 microns.

[0060] The column may have one or more apertures
in a sidewall thereof to allow flow of liquid that is pumped
by the apparatus to flow therethrough.

[0061] This has the advantage that circulation of liquid
in a volume of water in which the apparatus is provided
may be enhanced.

[0062] Advantageously the column has a plurality of
apertures formed in the sidewall thereof.

[0063] An end of the column downstream of the flow
of liquid may be closed thereby to force liquid flowing
through the column to flow out from the column through
the apertures.

[0064] In a still further aspect of the invention there is
provided a method of delivering gaseous fluid into a liquid
medium comprising the steps of: providing a flow of a
gaseous fluid through a fluid delivery device, the device
being arranged wherein the flow of gaseous fluid through
the device causes the device to launch an ultrasonic
shockwave into the gaseous fluid.

[0065] Preferably the gaseous fluid is selected where-
by increasing a concentration of the gaseous fluid in the
liquid medium to a sufficiently high value results in death
of at least one ANS present in the liquid medium.

[0066] The gaseous fluid may comprise an inert gas.
[0067] The gaseous fluid may comprise at least one
selected from amongst carbon dioxide, nitrogen and ox-
ygen.

[0068] The gaseous fluid may substantially comprise

carbon dioxide, nitrogen and oxygen.

[0069] The gaseous fluid may consist essentially of
carbon dioxide, nitrogen and oxygen.

[0070] Alternatively the gaseous fluid may be carbon
dioxide.

[0071] The gaseous fluid may comprise one or more
combustion gases.

[0072] Preferably the liquid medium is ballast water of
a vessel.

[0073] More preferably the liquid medium is ballast wa-
ter in a ballast tank of a vessel.

[0074] Preferably, the method comprises generating
an ultrasonic shockwave by passage of gaseous fluid
through an aperture from the device into the liquid me-
dium.

[0075] The method may further comprise producing
microbubbles in the liquid medium and launching the ul-
trasonic shockwave into the liquid medium containing the
microbubbles.

[0076] The method preferably comprises trapping ANS
present in the liquid medium in or on a microbubble.
[0077] Preferably the method further comprises killing
the ANS by means of the ultrasonic shockwave.

[0078] In another aspect of the invention there is pro-
vided a method of killing aquatic nuisance species com-
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prising the steps of: providing a flow of a gaseous fluid
through a fluid delivery device, the device being arranged
wherein the flow of gaseous fluid through the device
causes the device to launch an ultrasonic shockwave
into the liquid medium thereby to kill aquatic nuisance
species therein.

[0079] In an aspect of the invention there is provided
a liquid storage tank comprising a device according to
the first aspect.

[0080] In one aspect of the invention there is provided
a ballast tank for a marine vessel comprising a device
according to the first aspect.

[0081] In a further aspect of the invention there is pro-
vided a vessel having a ballast tank comprising a device
according to the first aspect.

[0082] In a still further aspect of the invention there is
provided a liquid storage tank comprising apparatus ac-
cording to the second aspect of the invention.

[0083] In another aspect of the invention there is pro-
vided a ballast tank for a marine vessel comprising ap-
paratus according to the second aspect of the invention.
[0084] In a further aspect of the invention there is pro-
vided a vessel having a ballast tank comprising appara-
tus according to the second aspect of the invention.
[0085] Inone embodiment there is provided a fluid de-
livery device for delivering a flow of a gaseous fluid into
a liquid medium, the device being operable wherein the
flow of gaseous fluid through the device causes the de-
vice to launch ultrasonic shockwaves into the liquid me-
dium.

[0086] Itis to be understood that some embodiments
of the invention provide a Hartmann-type whistle struc-
ture to launch an ultrasonic shockwave into a liquid me-
dium. In addition, some embodiments of the invention
are arranged to inject gas flowing through the whistle
structure into the liquid medium.

[0087] Some embodiments of the invention are em-
ployed in combination with a gas lift pump to cause pump-
ing or recirculation of liquid in a tank such as a ballast
tank of a vessel.

[0088] Some embodiments of the invention are ar-
ranged to kill ANS and in particular bacterial and/or viral
or similar ANS by means of the ultrasonic shockwave.
Other arrangements are also useful.

[0089] In addition, in some embodiments the whistle
is arranged to have a gas passed therethrough that is
arranged to kill one or more ANS, for example by hypoxia
and/or hypercapnia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] Embodiments of the invention will now be de-
scribed with reference to the accompanying figures in
which:

FIGURE 1 is a cross-sectional schematic illustration
ofafluid delivery device according to an embodiment
of the invention;
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FIGURE 2 is a cross-sectional schematic illustration
of a fluid delivery device according to a further em-
bodiment of the invention;

FIGURE 3is a schematicillustration of agas lift pump
apparatus according to an embodiment of the inven-
tion installed in a ballast tank of a vessel;

FIGURE 4 is a schematicillustration of agas lift pump
apparatus according to a further embodiment of the
invention installed in a ballast tank of a vessel;

FIGURE 5is a schematicillustration of agas lift pump
apparatus according to a still further embodiment of
the invention installed in a ballast tank of a vessel;

FIGURE 6 is a cross-sectional schematic illustration
of a fluid delivery device according to a further em-
bodiment of the invention;

FIGURE 7 is a schematicillustration of agas lift pump
apparatus according to an embodiment of the inven-
tion provided with a fluid delivery device according
to the embodiment of FIG. 6;

FIGURE 8is aschematicillustration of a fluid delivery
device according to an embodiment of the invention;

FIGURE 9 is a cross-sectional schematic illustration
of a fluid delivery device according to a further em-
bodiment of the invention;

FIGURE 10 is a cross-sectional schematic illustra-
tion of a fluid delivery device according to a still fur-
ther embodiment of the invention;

FIGURE 11 is a cross-sectional schematic illustra-
tion of a gas lift pump apparatus according to an
embodiment of the invention provided with a fluid
delivery device according to the embodiment of FIG.
10;

FIGURE 12 is a cross-sectional view of a column of
the gas lift apparatus of FIG. 11 showing the orien-
tation of a tangential fluid injection port;

FIGURE 13 is a cross-sectional schematic illustra-
tion of a gas lift pump apparatus according to a fur-
ther embodiment of the invention provided with a flu-
id delivery device according to the embodiment of
FIG. 10;

FIGURE 14 shows a microbubble generator suitable
for use in some embodiments of the invention in (a)
perspective view, (b) side view, (c) front view and (d)
top view;

FIGURE 15 shows gas lift pump apparatus accord-
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ing to an embodiment of the invention having the
generator of FIG. 14 and a fluid delivery device ac-
cording to the embodiment of FIG. 10;

FIGURE 16 shows gas lift pump apparatus accord-
ing to a further embodiment of the invention having
the fluid delivery device of the embodiment of FIG.
10; and

FIGURE 17 shows gas lift pump apparatus accord-
ing to a still further embodiment of the invention hav-
ing the fluid delivery device of the embodiment of
FIG. 10.

DETAILED DESCRIPTION

[0091] FIG. 1 shows afluid delivery device 100 accord-
ing to an embodiment of the invention. The device 100
has a resonance chamber 110 forming a body portion of
the device 100 and a fluid nozzle 120 arranged to supply
a flow of gaseous fluid into the resonance chamber 110
through an outlet aperture 121 of the nozzle 120. In some
embodiments the device 100 is operated to provide a
flow of gas (such as air, nitrogen or other gas such as
another inert gas) outfrom the nozzle 120 at a supersonic
velocity of around 300ms-! or greater. Other velocities
are also useful.

[0092] In the embodiment shown the nozzle 120 is ar-
ranged to provide the flow of gaseous fluid into the res-
onance chamber 110 in a direction towards a first end
111 of the chamber 110 being a closed end.

[0093] Ata second end 112 opposite the firstend 111
the chamber 110 has openings 141, 142 arranged to al-
low gaseous fluid to flow out from the chamber 110.
[0094] Inthe embodiment of FIG. 1 areceptor member
130 is provided in the resonance chamber 110. The re-
ceptor member 130 is in the form of a cupped member
having walls 131 defining an open cavity 137, an opening
135 of the receptor member 130 facing in a direction to-
wards the nozzle 120.

[0095] The device 100 is arranged wherein gaseous
fluid entering the resonance chamber 110 is directed to
flow towards the opening 135 of the receptor member
130.

[0096] The flow of gaseous fluid through the nozzle
120 is arranged to occur at a substantially constant rate
and pressure. As the gaseous fluid exits the nozzle 120
the fluid expands generating a forward pressure wave
travelling in a forward direction towards the receptor
member 130.

[0097] A portion of the forward pressure wave imping-
es on the receptor member 130. A pressure of fluid in
the receptor member 130 thereby increases and a re-
verse pressure wave is generated, travelling in areverse
direction to the forward pressure wave. The reverse pres-
sure wave may also be referred to as a 'reflected’ pres-
sure wave.

[0098] The reverse pressure wave meets the forward
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pressure wave thus providing a 'feedback’ mechanism
to the propagation of the forward wave. Interaction of the
forward and reverse waves as gaseous fluid exits the
receptor member 130 may be arranged to result in the
generation of an ultrasonic shockwave.

[0099] Gaseous fluid entering the resonance chamber
110 is arranged to exit the resonance chamber 110
through a plurality of outlet conduits 141, 142. In the em-
bodiment of FIG. 1, fluid exiting the resonance chamber
110 flows over an outer surface of the nozzle 120 in a
substantially reverse direction to fluid entering the reso-
nance chamber 110.

[0100] The device 100 is arranged such that flow of
gaseous fluid into the resonance chamber 110 from the
nozzle 120 excites resonance of the chamber 110 at a
resonant frequency of the device 100 whereby an ultra-
sonic shockwave may be transmitted into a medium 102
external to the chamber 110. In the embodiment shown
the device 100 is arranged to be immersed in a liquid
medium thereby to launch the ultrasonic shockwave into
the liquid medium.

[0101] Itis to be understood that a resonant frequency
of the apparatus may depend on a distance between the
outlet aperture 121 of the nozzle 120 and the receptor
member 130. In the embodiment shown the position of
the receptor member 130 is fixed. In some embodiments
the distance between the receptor member 130 and the
outlet aperture 121 of the nozzle 120 may be changed
thereby to change a resonant frequency of the device
100. In some embodiments the position of the receptor
member 130 may be changed by means of a screw mech-
anism thereby to 'tune’ the resonant frequency to a de-
sired frequency. Other arrangements are also useful.
[0102] Itisto be understood that the selection of a res-
onant frequency of the device 100 may be important in
applications where killing of aquatic nuisance species is
desirable, such as bacterial species. This is because
some bacteria may be more susceptible to death when
exposed to ultrasonic waves of a prescribed frequency
or range of frequencies than by ultrasonic waves of one
or more other frequencies.

[0103] FIG. 2shows afluid delivery device 200 accord-
ing to afurtherembodiment of the invention. Like features
of the device 200 of FIG. 2 to those of FIG. 1 are provided
with similar reference numerals prefixed with numeral 2
instead of numeral 1.

[0104] The device 200 has a resonance chamber 210
into which a nozzle 220 is arranged to provide a flow of
gaseous fluid. A receptor member 230 is provided in a
wall of the resonance chamber and positioned in a direct
line of sight of gaseous fluid entering the resonance
chamber 210 through the nozzle 220.

[0105] As in the embodiment of FIG. 1 the receptor
member 230 is in the form of a cupped member. An ex-
ternal portion of the cupped member is arranged to be in
direct thermal communication with an environment ex-
ternal to the device 200.

[0106] In use, impingement on the receptor member

10

15

20

25

30

35

40

45

50

55

230 of gaseous fluid flowing into the resonance chamber
210 causes resonance of the device 200 and the launch-
ing of ultrasonic shockwave into a liquid medium 202 in
acoustic communication with the resonance chamber.
The device 200 is thereby operable to kill certain ANS
such as certain bacterial ANS.

[0107] Furthermore, impingement of gaseous fluid on
the receptor member 230 is arranged to cause heating
of the receptor member 230. Under certain conditions
the temperature of the receptor member 230 may rise
from ambient temperatures to a temperature in excess
of 300°C or higher due to impingement of the gaseous
fluid. It is to be understood that, advantageously, liquid
in which the device 200 is immersed may flow in contact
with an external surface of the receptor member 230 re-
sulting in heating of the liquid. This may further contribute
to death of bacteria or other ANS present in the liquid.
[0108] Insome applications a fluid delivery device 100,
200 according to an embodiment of the invention is pro-
vided in gas lift pump apparatus arranged to cause re-
circulation of liquid in a ballast tank of a maritime vessel.
[0109] FIG. 3 shows a gas lift pump apparatus 350
installed in a substantially J-shaped ballast tank 395 of
avessel. The pump apparatus 350 may also be described
as liquid circulation apparatus.

[0110] The apparatus 350 has an immersion member
360 in the form of a substantially hollow tube member
360 provided in a substantially upright orientation within
the ballast tank 395.

[0111] Inthe embodimentshown the tube member 360
is substantially 'L’-shaped, having a bend portion 361
arranged to enable a liquid inlet 362 at a lower free end
of the tube member 360 to project into a volume of the
ballast tank that is displaced in a lateral (i.e. substantially
horizontal) direction with respect to a free surface 397 of
liquid within the tank 395 when the tank is filled to a level
above this volume. The tube member has a liquid outlet
365 at an opposite end of the tube member 360 to the
liquid inlet 362.

[0112] The tube member 360 has two gas delivery de-
vices 300A, 300B provided at vertically spaced apart lo-
cations along a length of the tube member 360. The de-
livery devices 300A, 300B are supplied with gas through
respective fluid supply conduits 380A, 380B.

[0113] In the embodiment shown the delivery devices
300A, 300B are each of the type shown in FIG. 1. Other
devices 300A, 300B are also useful, such as that shown
in FIG. 2 or FIG. 6 (described below).

[0114] Valves 362A, 362B are provided in conduits
380A, 380B respectively, upstream of the respective de-
livery devices 300A, 300B to allow the apparatus to con-
trol a flow of gas into the tube member 360.

[0115] Inthe embodimentshowninFIG. 3 aliquid level
sensor 371A, 371Bis provided above each of the delivery
devices 300A, 300B. The purpose of the liquid level sen-
sor 371A, 371B is to provide a signal to a controller of
the apparatus 350 indicating that a level of liquid has
exceeded the level of the respective delivery device
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300A, 300B.

[0116] Other locations of liquid level sensor 371A,
371B are also useful. For example, in some embodi-
ments a liquid level sensor may be provided that is ar-
ranged to determine a liquid level in the ballast tank 395
by measuring a head of pressure of liquid at a prescribed
location, such as a location in a lower region of the tank
395, such as that labelled S in FIG. 3. Other arrange-
ments of one or more liquid level sensors are also useful.
[0117] The apparatus is arranged to supply a flow of
gas through delivery device 300A if the liquid level sensor
371A associated with device 300A indicates the pres-
ence of liquid at the level of sensor 371A unless liquid
level sensor 371B indicates the presence of liquid at the
level of sensor 371B. In this case, the apparatus is ar-
ranged to allow a flow of gas through delivery device
300B and not through delivery device 300A. This allows
gas of a lower pressure to be employed to recirculate
liquid in the ballast tank 395. This is because a head of
pressure in the tank 395 at the level of device 300A is
greater than that at the level of device 300B.

[0118] It is to be understood that more than two fluid
delivery devices 300A, 300B and corresponding liquid
level sensors 371A, 371B may be provided. In this case,
it follows that the apparatus may be arranged to allow a
flow of gas through the highest gas delivery device having
a liquid level sensor 371A, 371B associated therewith
indicating the presence of liquid at the level of that liquid
level sensor 371A, 371B.

[0119] Other arrangements are also useful. Thus, the
apparatus may be arranged to select a gas delivery de-
vice 300A, 300B through which a flow of gas is allowed
based on a level of liquid in the fluid tank as determined
by a separate fluid level measuring device such as a sin-
gle fluid level measuring device at location S as dis-
cussed above.

[0120] The tube member 360 (or ‘column’) has a plu-
rality of apertures formed through the wall thereof as
shown by the dashed outline of the tube member 360 in
FIG. 3. The apertures are arranged to allow fluid being
pumped by the apparatus 350 to pass therethrough
thereby to allow circulation (or ’recirculation’) of liquid
within the tank 395. Thus liquid may flow out from the
tube member 360 through outlet aperture 365 or through
the apertures in the sidewall of the tube member 360.
[0121] It is to be understood that apertures may be
provided in the tube member 360 or like component of
each embodiment described herein or any other embod-
iment to enhance circulation of liquid. This feature has
the advantage that liquid flowing through the tube mem-
ber 360 is not required to flow all the way to a free end
of the tube member 360 downstream of the flow of liquid
through the tube member 360 in order to be expelled
from the tube member 360.

[0122] This has the advantage that a flow path of liquid
pumped by the apparatus 350 may be optimised for a
given tank 395 in which the apparatus 350 is installed.
Furthermore, in circumstances in which the tube member
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360 is not fully immersed in liquid and the aperture 365
is exposed above a level of liquid in the tank 395 the
apparatus 350 is not required to pump liquid above the
level of liquid in the tank 395 in order to expel the liquid
from the tube member 360.

[0123] In some embodiments the apertures are large
enough to allow passage of aquatic nuisance species
therethrough in order to prevent blockage thereof. In
some embodiments the apertures are large enough to
allow passage therethrough of any other matter that
might be expected to be found in the ballast waterin order
to prevent blockage of the apertures.

[0124] Insome arrangements the free end at which the
outlet aperture 365 is provided, as shown in FIG. 3, is
not required to have an aperture 365. Rather, the free
end is a closed end and liquid pumped is required to flow
out from the tube member 360 through the apertures in
the sidewall of the tube member 360.

[0125] FIG. 4 shows a further embodiment of the in-
vention in which more than one tube member 460 is pro-
vided. In the embodiment of FIG. 4 three tube members
460A, 460B, 460C are provided. It is to be understood
that any suitable number of tube members may be pro-
vided.

[0126] In the embodiment shown each tube member
460A, 460B, 460C has a single gas delivery device 400A,
400B, 400C respectively coupled thereto through which
gas may be forced into an inner volume 465A, 465B,
465C of the respective tube member 460A, 460B, 460C.
Gas is supplied to each delivery device 400A, 400B,
400C by a respective gas supply conduit 480A, 480B,
480C.

[0127] A valve 462A, 462B, 462C such as a check
valve is provided in the respective conduit 480A, 4808,
480C upstream of each gas delivery device 400A, 400B,
400C in order to allow a flow of gas through each delivery
device 400A, 400B, 400C to be controlled.

[0128] Each tube member 460A, 460B, 460C has a
liquid level sensor 471A, 471B, 471C respectively pro-
vided above the corresponding gas delivery device 400A,
400B, 400C. Once a level of liquid in the ballast tank 495
reaches or exceeds a level of a given liquid level sensor
471A, 471B, 471C, the apparatus is arranged to allow
gaseous fluid to pass into the corresponding tube mem-
ber 460A, 460B, 460C associated with that level sensor
471A, 471B, 471C through the corresponding delivery
device 400A, 400B, 400C.

[0129] If gaseous fluid is being supplied to any other
tube member 460A, 460B, 460C when a further liquid
level sensor 471A, 471B, 471C is actuated, supply of
gaseous fluid to the other tube member 460A, 460B,
460C may be terminated, in a similar manner to the em-
bodiment of FIG. 3. Other arrangements are also useful.
[0130] Itis to be understood that the fluid delivery de-
vices of FIG. 1 or FIG. 2 may be used in the apparatus
450 of FIG. 4. Other fluid delivery devices according to
embodiments of the invention are also useful such as
that of FIG. 6 as described below.
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[0131] FIG. 5 shows apparatus 550 according to an
embodiment of the invention in which a tube member 560
is provided having a gas delivery device 500. The delivery
device 500 is arranged to be movable in a vertical direc-
tion along atleast a portion of a length of the tube member
560. In the embodiment shown the delivery device 500
is provided at a free end of a hose 580 arranged to be
wound on a drum 585. It is to be understood that the
delivery device 500 may be raised or lowered by rotation
of the drum 585.

[0132] The apparatus 550 is arranged to determine a
level 597 of liquid in the fluid tank 595 and to position the
gas delivery device 500 a suitable distance below the
liquid level 597 to provide effective circulation of liquid in
the tank.

[0133] In some embodiments a fluid level monitoring
device S is provided in a similar manner to that of the
embodiment of FIG. 4. The device arranged to determine
the level of liquid in the tank 595. The apparatus 550 is
arranged to determine a required vertical position of the
gas delivery device 500 based on the level of liquid in
the tank 595.

[0134] Thus, if the level of liquid in the tank 595 rises,
the apparatus 550 may be arranged to raise the fluid
delivery device 500 thereby to reduce a required pres-
sure of gas flow along the hose 580 in order to force gas
through the delivery device. Similarly, if the level of liquid
falls, e.g. below a prescribed level, the apparatus 550
may be arranged to lower the device 500 by a prescribed
amount or to a prescribed level.

[0135] In some embodiments, instead of providing a
fluid level monitoring device, the apparatus 550 is ar-
ranged to determine a level at which gaseous fluid is to
be supplied to the delivery device 500 through the hose
580 by providing a prescribed pressure of gaseous fluid
to the fluid delivery device 500 and lowering the device
500 until a flow rate of gaseous fluid through the device
500 falls to or below a prescribed value due to the in-
creasing head of pressure atthe device 500 as the device
is lowered.

[0136] Other arrangements are also useful.

[0137] The gas delivery device 500 may be arranged
to be self-centering within the tube member 580. In other
words, the gas delivery device 500 may be arranged to
be positioned substantially coaxially of the tube member
when gas is flowing out from the delivery device 500.
[0138] In some embodiments the delivery device 500
has gas outlet apertures or outlet nozzles through which
gas may flow out from the device 500. The apertures or
nozzles may be arranged to cause the gas inlet 332 to
be self-centering.

[0139] In some embodiments the nozzles may be ar-
ranged to direct gas out from the delivery device 500 in
a radial direction at circumferentially spaced positions
thereby to provide a centering thrust on the device 500.
[0140] FIG. 6 shows afluid delivery device 600 accord-
ing to a further embodiment of the invention. The device
600 is provided in a housing 601 arranged to be provided
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in a flowpath of fluid in a gas lift pump apparatus, i.e. the
device is arranged to be mounted in the tube member of
the gas lift pump apparatus.

[0141] Accordingly the device 600 has an upstream
portion 601A and a downstream portion 601B as defined
with respect to a direction in which fluid flow through the
tube member is expected to occur during a pumping op-
eration (normally an upward direction).

[0142] The upstream portion of the device 600 houses
a nozzle 620, a resonance chamber 610 and gaseous
fluid outlets 641, 642.

[0143] The downstream portion 601B of the housing
601 is tapered to reduce an amount of drag on a liquid
flowing past the device 600 as itis pumped by the ejection
of gas through the outlets 641, 642.

[0144] The device 600 has a receptor member 630
coupled to an upstream portion of a wall of the housing
610 and protruding therethrough. In the embodiment of
FIG. 6 the receptor member 630 projects to a location
upstream of the housing 610. This promotes exposure
of liquid flowing past the device 600 to the outer surface
of the receptor member 630.

[0145] In some embodiments such as that of FIG. 6
the receptor member 630 is arranged to be heated by
the flow of gaseous fluid through the device 600 whereby
certain ANS may be killed.

[0146] FIG. 7 shows gas lift pump apparatus 650 ac-
cording to an embodiment of the invention having a tube
member 620 provided with three fluid delivery devices
600. The devices are provided at vertically spaced loca-
tions along the tube member 620. Furthermore the de-
vices 600 are provided at locations spaced apart from an
inner wall of the tube member 620 away from a boundary
layer of liquid flowing through the tube member 620. This
increases an efficiency of the pump apparatus 650.
[0147] Itis to be understood that embodiments of the
invention have the advantage that ANS presentin a liquid
storage tank may be killed by passage of gaseous fluid
through a fluid delivery device according to an embodi-
ment of the present invention. This is at least in part be-
cause the delivery device is arranged to launch a shock-
wave into the liquid in the storage tank. As noted above,
heating of bacteria or other ANS through contact with a
receptor member at an elevated temperature may also
contribute to death of ANS.

[0148] Inembodiments of the invention in which a fluid
delivery device is installed in a gas lift pump apparatus,
the circulation of liquid through the pump apparatus en-
ables the volume ofliquid in the tank that may be exposed
to the shockwave to be increased. In other words, the
volume of liquid that may be treated by exposure to the
shockwave may be increased.

[0149] FIG. 8 shows afluid delivery device 700 accord-
ing to a further embodiment of the invention. The device
700 has a fluid nozzle 720 and a receptor member 730.
The receptor member 730 has a cupped shape as in the
case of the embodiments described above and defines
acavity 735. The nozzle member 720 is arranged to direct
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a flow of gaseous fluid into the cavity 735.

[0150] The receptor member 730 is coupled to a fluid
conduit or pipe 710 through which liquid may be arranged
to flow. In use, gaseous fluid is forced through the nozzle
720 and towards the cavity 735 of the receptor member
730. An ultrasonic shockwave is generated when the rate
of flow of gaseous fluid through the nozzle 720 is suffi-
ciently high. The device 700 is arranged such that the
pipe 710 serves as a resonance chamber whereby the
ultrasonic shockwave is launched into the liquid flowing
through the pipe 710. In the embodiment shown the pipe
710 provides the column of a gas lift pump apparatus.
[0151] The flow of gaseous fluid through the device
700 is further arranged such that gaseous fluid emanat-
ing from the nozzle ultimately flows into the pipe 710
thereby causing pumping of fluid in the pipe 710 by gas
lift. To this end, apertures 741, 742 are provided in a wall
of the pipe 710 to allow gaseous fluid into the pipe 710.
[0152] In some embodiments the apertures 741, 742
are themselves arranged to generate an ultrasonic
shockwave as gaseous fluid passes through them in ad-
dition to that generated by the flow of fluid from the nozzle
720 into the receptor member 730. Thus, the apertures
741, 742 may themselves act as 'whistles’ to generate
an ultrasonic shockwave.

[0153] It is to be understood that, alternatively or in
addition, gaseous fluid may be introduced into the pipe
710 by alternative means, such as a conventional gase-
ous fluid injector not being arranged to generate an ul-
trasonic shockwave.

[0154] Itis to be understood that a position of the re-
ceptor member 730 and nozzle 720 with respect to a
length of the pipe 710 may be important in some embod-
iments in order to enable or enhance the launching of
the ultrasonic shockwave into the pipe 710.

[0155] In some embodiments the receptor member
730 and nozzle 720 are located a distance of around A/2
from one end of the pipe, where 2 is the wavelength of
the ultrasonic shockwave, and a distance of around 31
from an opposite end of the pipe. Other arrangements
are also useful.

[0156] Itis to be understood that the length and diam-
eter of the pipe 710, the dimensions of the nozzle and
receptor member configuration and the flow rate of fluid
through the nozzle may be arranged to generate a de-
sired frequency of shockwave to optimise killing of ANS.
[0157] Furthermore, in some embodiments of the in-
vention the gaseous fluid delivered by the fluid delivery
device is arranged to kill ANS by increasing a concen-
tration of the gaseous fluid in the liquid. It is to be under-
stood that increasing the concentration of the gaseous
fluid in the liquid may in turn result in a decrease in a
concentration of one or more other gases in the liquid.
For example, increasing the concentration of carbon di-
oxide in seawater is known to result in a decrease in the
concentration of oxygen. This may alone or in addition
contribute to death of one or more types of ANS.
[0158] FIG.9is aschematic cross-sectionalillustration
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of the fluid delivery device of FIG. 2 fitted with an ampli-
fication chamber 290. The chamber 290 has a substan-
tially frusto-conical body portion 291 having a membrane
293 arranged to define a wall of the amplification chamber
290 at a basal (wider) end of the body portion 291.
[0159] Atan opposite end of the amplification chamber
290 the chamber 290 is coupled to the device 200 such
that an external surface of the receptor member 230
forms an apical wall of the chamber 290. Thus, the device
200 is arranged to direct shockwaves directly into the
amplification chamber 290.

[0160] The amplification chamber 290 is filled with gas
and the device 200 is arranged such thatin use the cham-
ber 290 enables an increase in the amplitude of shock-
waves launched into liquid 202 in which the device and
chamber 290 are immersed. In some embodiments this
is atleast in part because the amplification chamber 290
is arranged to reduce a mismatch in impedance between
the device 200 and the liquid 202 thereby more efficiently
to communicate energy from the device 200 to the liquid
209.

[0161] The amplification chamber 290 of the embodi-
ment shown is formed from a metallic material. Itis to be
understood that other materials are also useful including
plastics materials.

[0162] FIG. 10 is a schematic illustration of a fluid de-
livery device 600 according to the embodiment of FIG. 6
fitted with an amplification chamber 690 similar to that of
the embodiment of FIG. 9.

[0163] The chamber 690 is fitted to the device 600 so
as to enclose the receptor member 630 such that the
receptor member 630 provides a portion of a wall of the
chamber 690. Thus the device 600 is arranged to direct
ultrasonic shockwaves directly into the chamber 690
which in turn directs the shockwaves into the surrounding
liquid medium 602.

[0164] Itcanbe seenfromFIG. 10thatthe amplification
chamber 690 is oriented so as to face upstream of the
flow of liquid pumped. Other arrangements are also use-
ful. For example in some embodiments the amplification
chamber 690 may be arranged to face downstream of
the flow of liquid pumped. In some alternative embodi-
ments the chamber 690 may be provided normal to a
flow direction of liquid pumped.

[0165] FIG. 11 is a schematic illustration of gas lift
pump apparatus 750 according to an embodiment of the
invention. The apparatus 750 has a substantially J-
shaped liquid column 720 similar to that of the apparatus
650 of FIG. 7. A fluid delivery device 600 similar to that
shown in FIG. 10 is provided in the column 720 and ori-
ented as shown. Thus, the amplification chamber 690 of
the device 600 faces against a direction of flow of liquid
L, pumped by the apparatus through the column 720. In
the arrangement shown the amplification chamber 690
faces substantially vertically downwards.

[0166] The apparatus 750 has a microbubble genera-
tor 770 upstream of the fluid delivery device 600. In the
embodiment of FIG. 11 the microbubble generator 770
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is positioned below the fluid delivery device 600.

[0167] The generator 770 has a venturi portion 771
having the shape of a conventional venturi device. In the
embodiment of FIG. 11 the venturi portion 771 is ar-
ranged such that liquid flowing through the column 720
is forced to flow through the venturi portion 771. The ven-
turi has a converging portion C arranged to direct the
liquid through a throat portion T and subsequently
through a diverging portion D in the conventional manner.
[0168] A liquid injector 775 is arranged to inject a flow
of liquid L, into the column 720 upstream of the venturi
portion 771. A cross-sectional view of the column 720 at
position X-X is shown in FIG. 12.

[0169] It can be seen that the liquid injector 775 is con-
figured to injectliquid L, into the column 720 in a direction
substantially tangential to an inner surface 720S of the
column 720 such that the liquid L2 has a component of
velocity in a single angular direction within the column
720, i.e. the fluid swirls in substantially one direction. It
is to be understood that the fluid will also have a compo-
nent of velocity in an axial direction along the column 720
as it moves through the column 720. Thus, the injector
775 is arranged to promote the establishment of a flow
vortex within the column 720.

[0170] A gas injector 778 is arranged to inject a flow
of gas 778F into the column 720 upstream of the venturi
portion 771. In the embodiment shown the gas injector
778is arranged to injectthe gas at a position downstream
of the liquid injector 775.

[0171] The apparatus 750 is arranged such that as lig-
uid from the liquid injector 775 and gas from the gas in-
jector 778 enter the venturi portion 771 microbubbles are
generated. The microbubbles act as sites to which bac-
terial ANS within the liquid may become attached.
[0172] A probability of death of bacterial ANS by ultra-
sonic shockwaves produced by the fluid delivery device
600 is increased by the formation of the microbubbles.
Thisis atleastin partbecause the shockwaves can cause
violent rupture of the microbubbles thereby causing dam-
age and death to bacterial ANS trapped by a microbub-
ble.

[0173] In some embodiments the column 720 has a
diameter of around 8 inches (around 20cm) and the liquid
injector 775 has a diameter of around 2 inches (around
5cm). In the embodiment shown having these dimen-
sions the injector 775 may be arranged to provide a liquid
flow rate into the column 720 of around 200m3/h.
[0174] The fluid delivery device 600 may be supplied
with a gas flow rate of around 50 normal m3/h at a pres-
sure of around 3.5-4.0 bar gauge (350-400kPa).

[0175] Other values of one or more dimensions and/or
one or more operating parameters are also useful in
some embodiments.

[0176] Itis to be understood that some embodiments
of the invention employing a microbubble generator 770
are operable more efficiently to destroy bacterial ANS.
Furthermore, embodiments of the invention employing
an amplification chamber 690 are also operable more
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efficiently to destroy bacterial ANS.

[0177] FIG. 13 is a schematic illustration of gas lift
pump apparatus 850 according to a further embodiment
of the invention. Like features of the apparatus of FIG.
13 to those of the apparatus of FIG. 11 are labelled with
identical reference signs or like reference signs prefixed
numeral 8 instead of numeral 7.

[0178] The apparatus 850 is similar to that of FIG. 11
except that the column 820 is closed at a lower end 820L
such that the only liquid entering the column 820 at the
lower end 820L is that from liquid injector 875.

[0179] A gas injector 878 is arranged to deliver a flow
of gas 878F into the column 820 immediately down-
stream of the liquid injector 875 and upstream of the ven-
turi portion 871.

[0180] It is to understood that in the embodiment of
FIG. 13 the pumping rate of the apparatus 850 may be
limited at least in part by the rate at which liquid L2 is
injected into the column 820.

[0181] In contrast, in the embodiment of FIG. 11 the
pumping rate may be limited by the rate at which liquid
L2 and liquid L1 are able to pass through the column 720.
It is to be understood that this rate may be controlled at
least in part by the rate at which liquid L2 is forced into
the column 720 and a rate at which gas is injected into
the column 720 via gas injector 778 and fluid delivery
device 600.

[0182] Inthe embodiments of FIG. 11 and FIG. 13 all
liquid flowing up the column from below the venturi por-
tions 771, 871 flows through the venturi portions 771,
871. In some embodiments some liquid is able to bypass
the venturi portion (see the embodiment of FIG. 15 de-
scribed below).

[0183] FIG. 14(a) is a perspective view of a microbub-
ble generator 970 suitable for use with embodiments of
the present invention.

[0184] The generator 970 has a body portion 970B
having a liquid injector 975 and a gas injector 978 at one
end arranged to inject liquid and gas, respectively, into
an internal fluid conduit 973 of the generator 970. The
conduit 973 is substantially circular in cross-section, the
liquid injector 975 being arranged to inject liquid into the
conduit 973 along a direction substantially tangential to
the conduit 973 as viewed along a longitudinal axis of
the conduit 973 similar to the arrangement of FIG. 12.
This is so as to promote establishment of a liquid flow
vortex as the liquid passes along the conduit 973 towards
a venturi portion 971. Establishment of the flow vortex
promotes mixing of the gas and liquid.

[0185] The generator 970 is operable to generate mi-
crobubblesin the liquid as the liquid and gas pass through
the venturi portion 971. Thus a flow of liquid having mi-
crobubbles entrained therein may be provided from a flu-
id outlet 972 of the generator 970.

[0186] Itistobe understood thatthe generator 970 and
afluid delivery device according to an embodiment of the
invention (see FIG.’s 1 to 6) may be employed either in
gas lift pump apparatus or separately in a ballast tank, a
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fluid conduit or any other suitable location.

[0187] FIG. 15 shows an embodiment of the invention
in which afluid delivery device 600 is provided in a column
920 of a gas lift pump apparatus 950. Like features of
the apparatus of FIG. 15 to those of the apparatus of FIG.
11 are labelled with identical reference signs or like ref-
erence signs prefixed numeral 9 instead of numeral 7.
[0188] A microbubble generator 970 substantially as
described above and illustrated in FIG. 14 is mounted in
the column 920 of the apparatus 950.

[0189] The generator 970 is operable to inject a flow
of liquid L, in which microbubbles are entrained into the
column 920 via outlet 972 and towards the fluid delivery
device 600. It is to be understood that the apparatus 950
is also operable to pump liquid L4 through the column
from an inlet 9201 of the column 920 by gas lift, by means
ofgas injected into the column via the fluid delivery device
600, as well as by a pressure of liquid injected into the
column 920 via liquid injector 975 of the generator 970.
[0190] Itis to be understood that injection of gas into
the column 920 in the form of microbubbles by means of
gas injector 975 may also assist in pumping liquid L,
through the column 920 by gas lift.

[0191] Itis to be understood that other arrangements
are also useful in which a microbubble generator 970
provides a flow of entrained microbubbles to a fluid de-
livery device according to an embodiment of the inven-
tion. Embodiments of the invention are operable to Kill
bacterial ANS as well as non-bacterial ANS.

[0192] Inthe embodimentof FIG. 15 the generator 970
is shown positioned in the flowstream of liquid L1. The
generator 970 may alternatively be provided at a base
of a column having a closed lower end, such as the end
820L of the column 820 of the embodiment of FIG. 13.
[0193] FIG. 16 is a schematic illustration of gas lift
pump apparatus 1050 according to a further embodiment
of the invention. Like features of the apparatus of FIG.
16 to those of the apparatus of FIG. 15 are labelled with
like reference signs prefixed 10’ instead of numeral 9.
[0194] The apparatus 1050 of FIG. 16 is similar to that
of FIG. 15 in that it has a substantially J-shaped gas lift
column 1020 having a fluid delivery device 600 provided
therein. It is to be understood that apparatus according
to embodiments of the invention may have any number
of fluid delivery devices 600 provided therein.

[0195] The apparatus 1050 has a microbubble gener-
ator 1070 provided upstream of the fluid delivery device
600. The generator 1070 is similar to that of the embod-
iment of FIG. 15 except that the generator 1070 does not
have a liquid injector 975. Instead, an upstream end of
the generator 1070 is arranged to receive a flow of liquid
L1 entering the column 1020 through an inlet 10201 at
the upstream end of the column 1020. (In the embodi-
mentshown the upstream end is also the lowermost end).
It can be seen that a portion of the liquid L4 entering the
column 1020 through the inlet 10201 flows around an
outside of the generator 1070. However a portion of the
liquid flows through the generator 1070.
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[0196] Aflowofgas 1078F is provided throughthe gen-
erator 1070 by means of a gas injector 1078. The injector
1078 isarranged such thatas liquid L flows therethrough
microbubbles are formed in the liquid L.

[0197] In the embodiment shown the column is 1020
is arranged to introduce swirl into the liquid L1 once it
has entered the column 1020 through the inlet 10201.
Swirl is useful in encouraging the formation of microbub-
bles in the flow of liquid L4 through the generator 1070
as discussed above.

[0198] Insome alternative embodiments the generator
1070 is arranged to introduce swirl in liquid entering the
generator 1070. For example, flow deflectors may be pro-
vided around the injector 1078 or other portion such as
aninnerwall of the generator 1070 to induce swirl in liquid
L1 entering the generator 1070.

[0199] FIG. 17 is a schematic illustration of gas lift
pump apparatus 1150 according to a further embodiment
of the invention. Like features of the apparatus of FIG.
17 to those of the apparatus of FIG. 15 are labelled with
like reference signs prefixed '11’ instead of numeral 9.
[0200] The embodiment of FIG. 17 is similar to that of
FIG. 16 in that the microbubble generator does not have
aseparate liquid injector, unlike the generator 970 of FIG.
15. Furthermore the column 1120 is substantially J-
shaped and has an inlet 11201 at an end of the column
920 being a lowermost end.

[0201] The generator 1170 of the apparatus 1150 of
FIG. 17 is similar to that of the embodiment of FIG. 13 in
that substantially all liquid L, entering the column (at the
single liquid inlet 10201) passes through the generator
1170. That is, none (or substantially none) of the liquid
L, passing through the inlet 11201 passes around the
generator 1170, but rather passes through the venturi
portion defined by the generator 1170.

[0202] The apparatus 1150isagain arranged toinduce
swirl of the liquid L entering the column 1120 so as to
encourage the formation of microbubbles by intimate
mixing of the gas flow 1178F injected upstream of the
generator 1170 and liquid L.

[0203] In some embodiments having the arrangement
of FIG. 16 or FIG. 17, swirl of the liquid L is induced by
introducing the flow of liquid L4 into the vertical portion
of the column 1020, 1120 along a direction tangential to
aninner surface 1020S, 1120S of the column 1020, 1120.
Other arrangements are also useful. For example guide
elements such as vanes or other elements arranged to
induce rotational motion of the fluid within the column
1020, 1120 may also be provided.

[0204] Other arrangements are also useful.

[0205] Reference hereinto avesselincludes reference
to any boat, ship or other floating structure having at least
one ballast tank in the form of a liquid storage tank.
[0206] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of the words, for example "comprising" and
"comprises", means "including but not limited to", and is
not intended to (and does not) exclude other moieties,



21 EP 2 588 760 B9

additives, components, integers or steps.

[0207] Throughout the description and claims of this
specification, the singular encompasses the plural unless
the context otherwise requires. In particular, where the
indefinite article is used, the specification is to be under-
stood as contemplating plurality as well as singularity,
unless the context requires otherwise.

[0208] Features, integers, characteristics, com-
pounds, chemical moieties or groups described in con-
junction with a particular aspect, embodiment or example
of the invention are to be understood to be applicable to
any other aspect, embodiment or example described
herein unless incompatible therewith.

[0209] Key: 100E: Ultrasonic Energy

Claims

Claims for the following Contracting State(s): AL AT
BE BG CH CY CZ DE DK EE ES FI FR GR HR HU IE
ISITLILTLULVMC MKMTNL NOPL PTRORS SE
SISKSM TR

1. Gas lift pump apparatus (350) comprising a column
(360) through which a liquid medium may be pumped
by gas lift, the apparatus (350) comprising a fluid
delivery device (100, 300A, 300B, 600) for delivering
a flow of a gaseous fluid into the liquid medium, the
device (100, 300A, 300B, 600) comprising means
for generating an ultrasonic shockwave (100E)
therein by the flow of gaseous fluid therethrough, the
device (100, 300A, 300B) being operable to launch
the ultrasonic shockwave (100E) into the liquid me-
dium in the column (360).

2. Apparatus (350) as claimed in claim 1 wherein gas-
eous fluid flowing through the fluid delivery device
(100, 300A, 300B, 600) is arranged to pass into the
column (360) of the gas lift pump apparatus (350)
thereby to cause pumping of the liquid medium
through the column (360).

3. Apparatus (350) as claimed in claim 1 or claim 2
wherein the column (360) provides a conduit through
which liquid medium is pumped, the conduit (360)
having atleastone aperture provided in a wall thereof
to allow liquid medium to flow out from the column
(360) thereby to allow recirculation of liquid medium
in a volume of liquid medium in which the apparatus
(350) may be provided.

4. Apparatus (350) as claimed in any preceding claim
operable to kill aquatic nuisance species (ANS)
present in the liquid by means of the ultrasonic
shockwave (100E) generated by the device (100,
300A, 3008, 600).
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Apparatus (350) as claimed in any preceding claim
wherein the means for generating an ultrasonic
shockwave comprises a resonance chamber (110),
the fluid delivery device (100, 300A, 300B, 600) be-
ing operable to excite the resonance chamber (110)
at a resonant frequency of the apparatus (350) due
to flow of the gaseous fluid through the device (350)
thereby to launch the ultrasonic shockwave into the
liquid medium in the column (360), the resonance
chamber (110) being provided with a receptor mem-
ber (130), the receptor member (130) being arranged
to receive and deflect a flow of the gaseous fluid
thereby to generate pressure waves in the gaseous
fluid.

Apparatus (350) as claimed in any preceding claim
provided with amplification means (290) for increas-
ing an amplitude of the ultrasonic shockwave
launched into the medium.

Apparatus (350) as claimed in any preceding claim
wherein the fluid delivery device (100, 300A, 3008,
600) is arranged to be provided in a flowstream of
the liquid medium through the column (360), the de-
vice (100, 300A, 300B, 600) having an upstream por-
tion (601A) and a downstream portion (601B).

Apparatus (750) as claimed in any preceding claim
in combination with a microbubble generator (770),
the microbubble generator (770) being arranged to
generate microbubbles of gas in the liquid medium,
the apparatus (750) being operable to direct a flow
of microbubbles entrained in the liquid medium to-
wards the fluid delivery device (600).

Apparatus (750) as claimed in claim 8 wherein the
microbubble generator (770) is arranged to deliver
microbubbles within the column (720) of the appa-
ratus.

Apparatus (750) as claimed in any one of claims 8
or 9wherein the generator (770) comprises a venturi
portion (771) through which the liquid medium is
forced to flow, the venturi portion (771) having a con-
verging section (C), a throat section (T) and a diverg-
ing section (D).

Apparatus (750) as claimed in any one of claims 8
to 10 arranged to provide a flow of the liquid medium
into the venturi portion (771) in the form of a vortex
thereby to generate microbubbles in the liquid me-
dium.

Apparatus (750) as claimed in any one of claims 8
to 11 arranged to generate a flow of liquid medium
into the venturi (771) in the form of a vortex by in-
jecting a flow of liquid medium into the column (720)
ofthe apparatus (750) in a direction substantially tan-



23 EP 2 588 760 B9 24

gential to an inner surface of the column (720).

13. A liquid storage tank (395) comprising apparatus

(350) as claimed in any preceding claim.

14. A vessel having a ballast tank (395) comprising ap-

paratus (350) as claimed in any one of claims 1 to 12.

15. A method of treatment of a liquid medium compris-

ing:

pumping the liquid medium through a column
(360) of a gas lift pump by means of gas lift;
generating an ultrasonic shockwave (100E) in a
fluid delivery device (300A, 300B) by passing
gaseous fluid through the device (300A, 300B);
and

launching the ultrasonic shockwave into the lig-
uid medium within the column (360).

Claims for the following Contracting State(s): GB

1.

Gas lift pump apparatus (350) comprising a column
(360) through which a liquid medium may be pumped
by gas lift, the apparatus (350) comprising a fluid
delivery device (100, 300A, 300B, 600) for delivering
a flow of a gaseous fluid into the liquid medium, the
device (100, 300A, 300B, 600) comprising means
for generating an ultrasonic shockwave (100E)
therein by the flow of gaseous fluid therethrough, the
device (100, 300A, 300B) being operable to launch
the ultrasonic shockwave (100E) into the liquid me-
dium in the column (360).

Apparatus (350) as claimed in claim 1 wherein gas-
eous fluid flowing through the fluid delivery device
(100, 300A, 300B, 600) is arranged to pass into the
column (360) of the gas lift pump apparatus (350)
thereby to cause pumping of the liquid medium
through the column (360).

Apparatus (350) as claimed in claim 1 or claim 2
wherein the column (360) provides a conduit through
which liquid medium is pumped, the conduit (360)
having atleastone aperture provided in a wall thereof
to allow liquid medium to flow out from the column
(360) thereby to allow recirculation of liquid medium
in a volume of liquid medium in which the apparatus
(350) may be provided.

Apparatus (350) as claimed in any preceding claim
operable to kill aquatic nuisance species (ANS)
present in the liquid by means of the ultrasonic
shockwave (100E) generated by the device (100,
300A, 3008, 600).

Apparatus (350) as claimed in any preceding claim
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10.

1.

12.

wherein the means for generating an ultrasonic
shockwave comprises a resonance chamber (110),
the fluid delivery device (100, 300A, 300B, 600) be-
ing operable to excite the resonance chamber (110)
at a resonant frequency of the apparatus (350) due
to flow of the gaseous fluid through the device (350)
thereby to launch the ultrasonic shockwave into the
liquid medium in the column (360), the resonance
chamber (110) being provided with a receptor mem-
ber (130), the receptor member (130) being arranged
to receive and deflect a flow of the gaseous fluid
thereby to generate pressure waves in the gaseous
fluid.

Apparatus (350) as claimed in any preceding claim
provided with amplification means (290) for increas-
ing an amplitude of the ultrasonic shockwave
launched into the medium.

Apparatus (350) as claimed in any preceding claim
wherein the fluid delivery device (100, 300A, 300B,
600) is arranged to be provided in a flowstream of
the liquid medium through the column (360), the de-
vice (100, 300A, 300B, 600) having an upstream por-
tion (601A) and a downstream portion (601B).

Apparatus (750) as claimed in any preceding claim
in combination with a microbubble generator (770),
the microbubble generator (770) being arranged to
generate microbubbles of gas in the liquid medium,
the apparatus (750) being operable to direct a flow
of microbubbles entrained in the liquid medium to-
wards the fluid delivery device (600).

Apparatus (750) as claimed in claim 8 wherein the
microbubble generator (770) is arranged to deliver
microbubbles within the column (720) of the appa-
ratus.

Apparatus (750) as claimed in any one of claims 8
or 9wherein the generator (770) comprises a venturi
portion (771) through which the liquid medium is
forced to flow, the venturi portion (771) having a con-
verging section (C), a throat section (T) and a diverg-
ing section (D).

Apparatus (750) as claimed in any one of claims 8
to 10 arranged to provide a flow of the liquid medium
into the venturi portion (771) in the form of a vortex
thereby to generate microbubbles in the liquid me-
dium.

Apparatus (750) as claimed in any one of claims 8
to 11 arranged to generate a flow of liquid medium
into the venturi (771) in the form of a vortex by in-
jecting a flow of liquid medium into the column (720)
ofthe apparatus (750) in a direction substantially tan-
gential to an inner surface of the column (720).
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13. A method of treatment of a liquid medium compris-
ing:

pumping the liquid medium through a column
(360) of a gas lift pump by means of gas lift;
generating an ultrasonic shockwave (100E) in a
fluid delivery device (300A, 300B) by passing
gaseous fluid through the device (300A, 300B);
and

launching the ultrasonic shockwave into the lig-
uid medium within the column (360).

Patentanspriiche

Patentanspriiche fiir folgende(n) Vertragsstaat(en):
AL AT BEBG CH CY CZ DE DK EE ES FI FR GR HR
HUIEISITLILT LU LV MC MK MT NL NO PL PT RO
RS SE SI SK SM TR

1. Gashebepumpvorrichtung (350) umfassend eine
Saule (360), durch die ein flissiges Medium durch
einen Gasheber gepumpt werden kann, wobei die
Vorrichtung (350) eine Fluidabgabevorrichtung
(100, 300A, 300B, 600) zur Abgabe eines Flusses
von gasférmigem Fluid in das flissige Medium um-
fasst, wobei die Vorrichtung (100, 300A, 300B, 600)
Mittel zum Erzeugen einer Ultraschall-Schockwelle
(100E) in dieser durch den Fluss von gasformigem
Fluid durch diese umfasst, wobei die Vorrichtung
(100, 300A, 300B) so betreibbar ist, dass die Ultra-
schall-Schockwelle (100E) in das flissige Medium
in der Saule (360) abgegeben wird.

2. Vorrichtung (350) nach Anspruch 1, wobei gasfor-
miges Fluid, das durch die Fluidabgabevorrichtung
(100, 300A, 300B, 600) flieRt, so ausgelegt ist, dass
es in die Saule (360) der Gashebepumpvorrichtung
(350) geleitet wird, wodurch ein Pumpen des flissi-
gen Mediums durch die Saule (360) verursacht wird.

3. Vorrichtung (350) nach Anspruch 1 oder Anspruch
2, wobei die Saule (360) eine Leitung bereitstellt,
durch die das flissige Medium gepumpt wird, wobei
die Leitung (360) mindestens eine Offnung aufweist,
die in einer Wand davon vorgesehen ist, damit das
flissige Medium aus der Saule (360) herausflieRen
kann, wodurch eine Rezirkulation von flissigem Me-
dium in einem Volumen von flissigem Medium er-
moglicht wird, in dem die Vorrichtung (350) bereit-
gestellt werden kann.

4. Vorrichtung (350) nach einem vorhergehenden An-
spruch, so betreibbar, dass sie in der Flissigkeit be-
findliche lastige aquatische Arten (Aquatic Nuisance
Species, ANS) mittels der Ultraschall-Schockwelle
(100E) beseitigt, die durch die Vorrichtung (100,
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10.

1.

300A, 3008, 600) erzeugt wird.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, wobei die Mittel zum Erzeugen einer Ultra-
schall-Schockwelle eine Resonanzkammer (110)
umfassen, wobei die Fluidabgabevorrichtung (100,
300A, 300B, 600) so betreibbar ist, dass sie die Re-
sonanzkammer (110) aufgrund des Flusses von
gasformigem Fluid durch die Vorrichtung (350) mit
einer Resonanzfrequenz der Vorrichtung (350) an-
regt, wodurch die Ultraschall-Schockwelle in das
flissige Medium in der Saule (360) abgegeben wird,
wobei die Resonanzkammer (110) miteinem Rezep-
torelement (130) vorgesehen ist, wobei das Rezep-
torelement (130) so vorgesehen ist, dass es einen
Fluss von gasformigem Fluid aufnimmt und umleitet,
wodurch Druckwellen in dem gasférmigen Fluid er-
zeugt werden.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, vorgesehen mit Verstarkungsmitteln (290)
zur Erhéhung einer Amplitude der in das Medium
abgegebenen Ultraschall-Schockwelle.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, wobei die Fluidabgabevorrichtung (100,
300A, 300B, 600) so ausgelegt ist, dass sie in einem
FlieRfluss des flissigen Mediums durch die Saule
(360) bereitgestellt wird, wobei die Vorrichtung (100,
300A, 300B, 600) einen stromaufwartigen Abschnitt
(601A) und einen stromabwartigen Abschnitt (601B)
aufweist.

Vorrichtung (750) nach einem vorhergehenden An-
spruch in Kombination mit einem Mikroblasengene-
rator (770), wobei der Mikroblasengenerator (770)
so ausgelegt ist, dass Mikroblasen aus Gas in dem
flissigen Medium erzeugt werden, wobei die Vor-
richtung (750) so betreibbar ist, dass ein Fluss von
in dem flissigen Medium mitgefiihrten Mikroblasen
zur Fluidabgabevorrichtung (600) gelenkt wird.

Vorrichtung (750) nach Anspruch 8, wobei der Mi-
kroblasengenerator (770) so ausgelegt ist, dass Mi-
kroblasen innerhalb der Saule (720) der Vorrichtung
abgegeben werden.

Vorrichtung (750) nach einem der Anspriiche 8 oder
9, wobei der Generator (770) einen Venturiabschnitt
(771) umfasst, durch den das flissige Medium ge-
zwungenermalen flielRt, wobei der Venturiabschnitt
(771) einen konvergierenden Abschnitt (C), einen
Verengungsabschnitt (T) und einen divergierenden
Abschnitt (D) aufweist.

Vorrichtung (750) nach einem der Anspriiche 8 bis
10, so ausgelegt, dass ein Fluss von dem fliissigen
Medium in Form eines Wirbels in den Venturiab-
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13.

14.

15.
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schnitt (771) zugefihrt wird, wodurch Mikroblasen
in dem flissigen Medium erzeugt werden.

Vorrichtung (750) nach einem der Anspriiche 8 bis
11, so ausgelegt, dass ein Fluss von flissigem Me-
dium in Form eines Wirbels in den Venturi (771) er-
zeugt wird, indem ein Fluss von flissigem Medium
in eine Richtung, die im Wesentlichen tangential zu
einer Innenflache der Saule (720) ist, in die Saule
(720) der Vorrichtung (750) injiziert wird.

Ein Flussigkeitslagertank (395) umfassend die Vor-
richtung (350) nach einem vorhergehenden An-
spruch.

Ein Wasserfahrzeug mit einem Ballasttank (395)
umfassend die Vorrichtung (350) nach einem der An-
spriiche 1 bis 12.

Ein Verfahren zur Behandlung eines fliissigen Me-
diums, umfassend:

Pumpen des flissigen Mediums durch eine
Saule (360) einer Gasheberpumpe mittels eines
Gashebers;

Erzeugen einer Ultraschall-Schockwelle (100E)
in einer Fluidabgabevorrichtung (300A, 300B)
durch Hindurchleiten von gasférmigem Fluid
durch die Vorrichtung (300A, 300B); und
Abgeben der Ultraschall-Schockwelle in das
flissige Medium innerhalb der Saule (360).

Patentanspriiche fiir folgende(n) Vertragsstaat(en):

GB

3.

Gashebepumpvorrichtung (350) umfassend eine
Saule (360), durch die ein flissiges Medium durch
einen Gasheber gepumpt werden kann, wobei die
Vorrichtung (350) eine Fluidabgabevorrichtung
(100, 300A, 300B, 600) zur Abgabe eines Flusses
von gasférmigem Fluid in das flissige Medium um-
fasst, wobei die Vorrichtung (100, 300A, 300B, 600)
Mittel zum Erzeugen einer Ultraschall-Schockwelle
(100E) in dieser durch den Fluss von gasformigem
Fluid durch diese umfasst, wobei die Vorrichtung
(100, 300A, 300B) so betreibbar ist, dass die Ultra-
schall-Schockwelle (100E) in das flissige Medium
in der Saule (360) abgegeben wird.

Vorrichtung (350) nach Anspruch 1, wobei gasfor-
miges Fluid, das durch die Fluidabgabevorrichtung
(100, 300A, 300B, 600) flieRt, so ausgelegt ist, dass
es in die Saule (360) der Gashebepumpvorrichtung
(350) geleitet wird, wodurch ein Pumpen des flissi-
gen Mediums durch die Saule (360) verursacht wird.

Vorrichtung (350) nach Anspruch 1 oder Anspruch
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2, wobei die Saule (360) eine Leitung bereitstellt,
durch die das fliissige Medium gepumpt wird, wobei
die Leitung (360) mindestens eine Offnung aufweist,
die in einer Wand davon vorgesehen ist, damit das
flissige Medium aus der Saule (360) herausflieRen
kann, wodurch eine Rezirkulation von flissigem Me-
dium in einem Volumen von fliissigem Medium er-
maglicht wird, in dem die Vorrichtung (350) bereit-
gestellt werden kann.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, so betreibbar, dass sie in der Flissigkeit be-
findliche lastige aquatische Arten (Aquatic Nuisance
Species, ANS) mittels der Ultraschall-Schockwelle
(100E) beseitigt, die durch die Vorrichtung (100,
300A, 300B, 600) erzeugt wird.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, wobei die Mittel zum Erzeugen einer Ultra-
schall-Schockwelle eine Resonanzkammer (110)
umfassen, wobei die Fluidabgabevorrichtung (100,
300A, 300B, 600) so betreibbar ist, dass sie die Re-
sonanzkammer (110) aufgrund des Flusses von
gasformigem Fluid durch die Vorrichtung (350) mit
einer Resonanzfrequenz der Vorrichtung (350) an-
regt, wodurch die Ultraschall-Schockwelle in das
flissige Medium in der Saule (360) abgegeben wird,
wobei die Resonanzkammer (110) miteinem Rezep-
torelement (130) vorgesehen ist, wobei das Rezep-
torelement (130) so vorgesehen ist, dass es einen
Fluss von gasformigem Fluid aufnimmt und umleitet,
wodurch Druckwellen in dem gasférmigen Fluid er-
zeugt werden.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, vorgesehen mit Verstarkungsmitteln (290)
zur Erhéhung einer Amplitude der in das Medium
abgegebenen Ultraschall-Schockwelle.

Vorrichtung (350) nach einem vorhergehenden An-
spruch, wobei die Fluidabgabevorrichtung (100,
300A, 300B, 600) so ausgelegt ist, dass sie in einem
FlieRfluss des flissigen Mediums durch die Saule
(360) bereitgestellt wird, wobei die Vorrichtung (100,
300A, 300B, 600) einen stromaufwartigen Abschnitt
(601A) und einen stromabwartigen Abschnitt (601B)
aufweist.

Vorrichtung (750) nach einem vorhergehenden An-
spruch in Kombination mit einem Mikroblasengene-
rator (770), wobei der Mikroblasengenerator (770)
so ausgelegt ist, dass Mikroblasen aus Gas in dem
flissigen Medium erzeugt werden, wobei die Vor-
richtung (750) so betreibbar ist, dass ein Fluss von
in dem flissigen Medium mitgefiihrten Mikroblasen
zur Fluidabgabevorrichtung (600) gelenkt wird.

Vorrichtung (750) nach Anspruch 8, wobei der Mi-
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kroblasengenerator (770) so ausgelegt ist, dass Mi-
kroblasen innerhalb der Saule (720) der Vorrichtung
abgegeben werden.

Vorrichtung (750) nach einem der Anspriiche 8 oder
9, wobei der Generator (770) einen Venturiabschnitt
(771) umfasst, durch den das flissige Medium ge-
zwungenermalien fliekt, wobei der Venturiabschnitt
(771) einen konvergierenden Abschnitt (C), einen
Verengungsabschnitt (T) und einen divergierenden
Abschnitt (D) aufweist.

Vorrichtung (750) nach einem der Anspriiche 8 bis
10, so ausgelegt, dass ein Fluss von dem fliissigen
Medium in Form eines Wirbels in den Venturiab-
schnitt (771) zugefihrt wird, wodurch Mikroblasen
in dem flissigen Medium erzeugt werden.

Vorrichtung (750) nach einem der Anspriiche 8 bis
11, so ausgelegt, dass ein Fluss von flissigem Me-
dium in Form eines Wirbels in den Venturi (771) er-
zeugt wird, indem ein Fluss von flissigem Medium
in eine Richtung, die im Wesentlichen tangential zu
einer Innenflache der Saule (720) ist, in die Saule
(720) der Vorrichtung (750) injiziert wird.

Ein Verfahren zur Behandlung eines fliissigen Me-
diums, umfassend:

Pumpen des flissigen Mediums durch eine
Saule (360) einer Gasheberpumpe mittels eines
Gashebers;

Erzeugen einer Ultraschall-Schockwelle (100E)
in einer Fluidabgabevorrichtung (300A, 300B)
durch Hindurchleiten von gasformigem Fluid
durch die Vorrichtung (300A, 300B); und
Abgeben der Ultraschall-Schockwelle in das
flissige Medium innerhalb der Saule (360).

Revendications

Revendications pour I'(les) Etat(s) contractant(s)
suivant(s): AL AT BE BG CH CY CZ DE DK EE ES FI
FRGRHRHUIEISITLILT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Appareil de pompage par poussée de gaz (350)
comprenant une colonne (360) a travers laquelle un
milieu liquide peut étre pompé par poussée de gaz,
I'appareil (350) comprenant un dispositif de distribu-
tion de fluide (100, 300A, 300B, 600) pour distribuer
un flux d’un fluide gazeux dans le milieu liquide, le
dispositif (100, 300A, 300B, 600) comprenant un
moyen de génération d’'une onde de choc ultrasoni-
que (100E) dans celui-ci par le flux de fluide gazeux
qui le traverse, le dispositif (100, 300A, 300B) étant
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exploitable pour lancer 'onde de choc ultrasonique
(100E) au sein du milieu liquide dans la colonne
(360).

Appareil (350) selon la revendication 1 dans lequel
le fluide gazeux s’écoulant a travers le dispositif de
distribution de fluide (100, 300A, 300B, 600) est
agenceé pour passer a l'intérieur de la colonne (360)
de I'appareil de pompage par poussée de gaz (350)
pour ainsi provoquer le pompage du milieu liquide a
travers la colonne (360).

Appareil (350) selon la revendication 1 ou la reven-
dication 2 dans lequel la colonne (360) fournit un
conduitautravers duquel le milieu liquide est pompé,
le conduit (360) présentant au moins une ouverture
fournie dans une paroi du conduit pour permettre au
milieu liquide de s’écouler hors de la colonne (360)
pour ainsi permettre le recyclage du milieu liquide
dans un volume de milieu liquide dans lequel I'ap-
pareil (350) peut étre fourni.

Appareil (350) selon n’importe quelle revendication
précédente exploitable pour tuer des espéces aqua-
tiques nuisibles (ANS) présentes dans le liquide au
moyen de I'onde de choc ultrasonique (100E) géné-
rée par le dispositif (100, 300A, 300B, 600).

Appareil (350) selon n’importe quelle revendication
précédente dans lequel le moyen de génération
d’une onde de choc ultrasonique comprend une
chambre de résonance (110), le dispositif de distri-
bution de fluide (100, 300A, 300B, 600) étant exploi-
table pour exciter la chambre de résonance (110) a
une fréquence de résonance de I'appareil (350) en
raison du flux du fluide gazeux a travers le dispositif
(350) pour ainsi lancer 'onde de choc ultrasonique
au sein du milieu liquide dans la colonne (360), la
chambre de résonance (110) étant dotée d'un élé-
ment récepteur (130), I'élément récepteur (130)
étant agencé pour recevoir et dévier un flux du fluide
gazeux pour ainsi générer des ondes de pression
dans le fluide gazeux.

Appareil (350) selon n’importe quelle revendication
précédente doté d’'un moyen d’amplification (290)
pour augmenter une amplitude de I'onde de choc
ultrasonique lancée dans le milieu.

Appareil (350) selon n’importe quelle revendication
précédente dans lequel le dispositif de distribution
de fluide (100, 300A, 300B, 600) est agencé pour
étre fourni dans un courantdu milieu liquide a travers
la colonne (360), le dispositif (100, 300A, 300B, 600)
présentant une partie amont (601A) et une partie
aval (601B).

Appareil (750) selon n’importe quelle revendication
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précédente en combinaison avec un générateur de
microbulles (770), le générateur de microbulles
(770) étant agenceé pour générer des microbulles de
gaz dans le milieu liquide, I'appareil (750) étant ex-
ploitable pour diriger un flux de microbulles entrainé
dans le milieu liquide vers le dispositif de distribution
de fluide (600).

Appareil (750) selon la revendication 8 dans lequel
le générateur de microbulles (770) est agencé pour
distribuer des microbulles a I'intérieur de la colonne
(720) de l'appareil.

Appareil (750) selon I'une quelconque des revendi-
cations 8 ou 9 dans lequel le générateur (770) com-
prend une partie Venturi (771) a travers laquelle le
milieu liquide est forcé de s’écouler, la partie Venturi
(771) présentant une section convergente (C), une
section de gorge (T) et une section divergente (D).

Appareil (750) selon I'une quelconque des revendi-
cations 8 a 10 agencé pour fournir un flux du milieu
liquide dans la partie Venturi (771) sous forme de
vortex pour ainsi générer des microbulles dans le
milieu liquide.

Appareil (750) selon 'une quelconque des revendi-
cations 8 a 11 agenceé pour générer un flux de milieu
liquide dans le Venturi (771) sous forme de vortex
en injectant un flux du milieu liquide dans la colonne
(720) de I'appareil (750) dans une direction sensi-
blement tangentielle a une surface interne de la co-
lonne (720).

Cuve de stockage de liquide (395) comprenant un
appareil (350) selon n’importe quelle revendication
précédente.

Vaisseau comportant un réservoir de ballast (395)
comprenant un appareil (350) selon 'une quelcon-
que des revendications 1 a 12.

d’'un  milieu

Procédé de traitement

comprenant :

liquide

le pompage du milieu liquide a travers une co-
lonne (360) d’'une pompe a poussée de gaz par
poussée de gaz ;

la génération d’'une onde de choc ultrasonique
(100E) dans un dispositif de distribution de fluide
(300A, 300B) en passant un fluide gazeux a tra-
vers le dispositif (300A, 300B) ; et

le lancement de I'onde de choc ultrasonique
dansle milieuliquide au sein de la colonne (360).

Revendications pour I'(les) Etat(s) contractant(s)
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suivant(s): GB

1.

Appareil de pompage par poussée de gaz (350)
comprenant une colonne (360) a travers laquelle un
milieu liquide peut étre pompé par poussée de gaz,
I'appareil (350) comprenant un dispositif de distribu-
tion de fluide (100, 300A, 300B, 600) pour distribuer
un flux d’'un fluide gazeux dans le milieu liquide, le
dispositif (100, 300A, 300B, 600) comprenant un
moyen de génération d’'une onde de choc ultrasoni-
que (100E) dans celui-ci par le flux de fluide gazeux
qui le traverse, le dispositif (100, 300A, 300B) étant
exploitable pour lancer 'onde de choc ultrasonique
(100E) au sein du milieu liquide dans la colonne
(360).

Appareil (350) selon la revendication 1 dans lequel
le fluide gazeux s’écoulant a travers le dispositif de
distribution de fluide (100, 300A, 300B, 600) est
agenceé pour passer a l'intérieur de la colonne (360)
de I'appareil de pompage par poussée de gaz (350)
pour ainsi provoquer le pompage du milieu liquide a
travers la colonne (360).

Appareil (350) selon la revendication 1 ou la reven-
dication 2 dans lequel la colonne (360) fournit un
conduitautravers duquel le milieu liquide est pompé,
le conduit (360) présentant au moins une ouverture
fournie dans une paroi du conduit pour permettre au
milieu liquide de s’écouler hors de la colonne (360)
pour ainsi permettre le recyclage du milieu liquide
dans un volume de milieu liquide dans lequel I'ap-
pareil (350) peut étre fourni.

Appareil (350) selon n’importe quelle revendication
précédente exploitable pour tuer des espéces aqua-
tiques nuisibles (ANS) présentes dans le liquide au
moyen de I'onde de choc ultrasonique (100E) géné-
rée par le dispositif (100, 300A, 300B, 600).

Appareil (350) selon n’importe quelle revendication
précédente dans lequel le moyen de génération
d’une onde de choc ultrasonique comprend une
chambre de résonance (110), le dispositif de distri-
bution de fluide (100, 300A, 300B, 600) étant exploi-
table pour exciter la chambre de résonance (110) a
une fréquence de résonance de 'appareil (350) en
raison du flux du fluide gazeux a travers le dispositif
(350) pour ainsi lancer 'onde de choc ultrasonique
au sein du milieu liquide dans la colonne (360), la
chambre de résonance (110) étant dotée d'un élé-
ment récepteur (130), I'élément récepteur (130)
étant agencé pour recevoir et dévier un flux du fluide
gazeux pour ainsi générer des ondes de pression
dans le fluide gazeux.

Appareil (350) selon n’importe quelle revendication
précédente doté d’'un moyen d’amplification (290)
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pour augmenter une amplitude de I'onde de choc
ultrasonique lancée dans le milieu.

Appareil (350) selon n'importe quelle revendication
précédente dans lequel le dispositif de distribution
de fluide (100, 300A, 300B, 600) est agencé pour
étre fourni dans un courant du milieu liquide a travers
la colonne (360), le dispositif (100, 300A, 300B, 600)
présentant une partie amont (601A) et une partie
aval (601B).

Appareil (750) selon n'importe quelle revendication
précédente en combinaison avec un générateur de
microbulles (770), le générateur de microbulles
(770) étant agenceé pour générer des microbulles de
gaz dans le milieu liquide, I'appareil (750) étant ex-
ploitable pour diriger un flux de microbulles entrainé
dans le milieu liquide vers le dispositif de distribution
de fluide (600).

Appareil (750) selon la revendication 8 dans lequel
le générateur de microbulles (770) est agencé pour
distribuer des microbulles a I'intérieur de la colonne
(720) de l'appareil.

Appareil (750) selon 'une quelconque des revendi-
cations 8 ou 9 dans lequel le générateur (770) com-
prend une partie Venturi (771) a travers laquelle le
milieu liquide est forcé de s’écouler, la partie Venturi
(771) présentant une section convergente (C), une
section de gorge (T) et une section divergente (D).

Appareil (750) selon 'une quelconque des revendi-
cations 8 a 10 agencé pour fournir un flux du milieu
liquide dans la partie Venturi (771) sous forme de
vortex pour ainsi générer des microbulles dans le
milieu liquide.

Appareil (750) selon I'une quelconque des revendi-
cations 8 a 11 agenceé pour générer un flux de milieu
liquide dans le Venturi (771) sous forme de vortex
en injectant un flux du milieu liquide dans la colonne
(720) de I'appareil (750) dans une direction sensi-
blement tangentielle a une surface interne de la co-
lonne (720).

Procédé de traitement d'un milieu liquide
comprenant :

le pompage du milieu liquide a travers une co-
lonne (360) d’'une pompe a poussée de gaz par
poussée de gaz;

la génération d’'une onde de choc ultrasonique
(100E) dans un dispositif de distribution de fluide
(300A, 300B) en passant un fluide gazeux a tra-
vers le dispositif (300A, 300B) ; et

le lancement de I'onde de choc ultrasonique
dansle milieuliquide au sein de la colonne (360).
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