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FILTER PROXIMITY NOZZLE

RELATED APPLICATIONS

This application claims the benefit of priority of PCT Application No.
PCT/1B2009/008061 filed 12 November 2009, the benefit under 35 USC 119(e) of U.S.
Provisional Patent Application No. 61/260,856 filed 13 November 2009, and the benefit
under 35 USC 119(e) of U.S. Provisional Patent Application No. 61/380,385 filed

7 September 2010, the contents of which are incorporated herein by reference in their

entirety.

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to self cleaning

filtration systems and, more particularly, but not exclusively, to a nozzle assembly used
for cleaning a filtration screen.

Over 80% of global trade volume is still transported by ship. Ballast water is
required to compensate when there is an absence of cargo. A major environmental threat
currently exists by the use of ballast water. Indigenous microorganisms, sediment, plants
and animal life are drawn into the ballast water, shipped to another part of the world and
then discharged into an alien environment. In response, the International Marine
Organization has introduced the mandatory specification of automatic filters within
ballast water treatment systems on all newly built and retrofitted vessels.

The cleaning of a filtration screen used for the filtration of water and sea water in
particular is difficult. The lower the size of the holes in the filter (usually under 100
microns) the more difficult it is to remove the trapped suspended solids that have
accumulated and imbedded on the filtration screen. Organic matter tends to stick to the
filtration screen making removal especially difficult.

Some examples of attempts to increase the efficiency of cleaning a filtration
screen include:

Nozzles that are fixed on the suction pipe collector at a preset distance from the
filtration screen without an ability to move closer and further from the filtration screen.

Patent application WO 2006/008729 discloses “The nozzle 34 comprises a

nozzle pipe 44 and nozzle cap 46 with an annular rim 47. The tubular basis 40 is closed
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by a cover 48. The nozzle pipe 44 is supported in the tubular basis 50 by an annular

guide 50 and an opening in the cover 48 so as to form an axially movable telescope joint.
The cylinder spring 42 urges the nozzle pipe 44 axially towards the inlet surface of the
mesh 20.” Furthermore, “the telescope joint and the spring 42 are protected from the
harmful particles by two tight sealing rings 52 and 54”.

Patent application EP 1785178 discloses a “nozzle 230 moves along guide 210,
or at least along upper portion 212, while extending towards the inner part of fine filter
40.” Further, “During the backwash operation fluid flows through the final filtering
chamber 30 toward the space defined within nozzle 240. Due to this flow the outer edge
242 of nozzle 240 is pushed away from the fine filter 40 while the inner edge is pushed
towards the fine filter. Because the area of the inner edge 244 is larger than the area of
the outer edge 242 of nozzle 240 the overall effect of the fluid flow is to push nozzle 240

towards the inner face of fine filter 40.”

SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is

provided a suction nozzle assembly, comprising:

a tube coupled to a pressure sink at a distal side thereof;

a nozzle;

a resilient element which couples said nozzle to a proximal side of said tube; and

a deformable housing which bridges a gap between said proximal side of said
tube and said nozzle. Optionally, said housing comprises an elastic tube. Optionally or
alternatively, said housing comprises a bellows, which bellows also acts as said resilient
element. Optionally, said bellows is formed of stainless steel.

In an exemplary embodiment of the invention, said housing is deformable to
extend in a direction perpendicular to a flow in said nozzle.

In an exemplary embodiment of the invention, the assembly comprises at least
one pressure-equalizing aperture formed in one or both of said nozzle and said housing
and providing fluid communication between said gap and an outside of said nozzle
assembly. Optionally, at least one of said at least one pressure equalizing aperture is
formed in said nozzle. Optionally or alternatively, at least one of said at least one

pressure equalizing aperture is formed in said housing. Optionally or alternatively, at
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least one of said at least one pressure equalizing aperture is located inside said nozzle

assembly and adjacent a section of said nozzle having a projection on a plane
perpendicular to a flow in said nozzle. Optionally or alternatively, at least one of said at
least one pressure equalizing aperture is configured to prevent and/or reduce
deformation of said housing by said pressure sink. Optionally or alternatively, at least
one of said at least one pressure equalizing aperture is configured to prevent and/or
reduce pressure reduction in said housing by said pressure sink. Optionally or
alternatively, at least one of said at least one pressure equalizing aperture is configured
to prevent and/or reduce retraction of said nozzle by said pressure sink. Optionally or
alternatively, said at least one pressure equalizing aperture reduces a pressure difference
between said gap and said outside by at least 50%. Optionally or alternatively, said at
least one pressure equalizing aperture have, in total, a total cross-section of between 60
mm? and 800 mm?>. Optionally or alternatively, said nozzle is configured to have
velocity flow through a cross section thereof, of at least 8 meters per second. Optionally
or alternatively, said at least one pressure equalizing aperture comprises a plurality of
apertures arranged at substantially equally circumferentially spaced apart locations on
said nozzle .

In an exemplary embodiment of the invention, said nozzle is a low friction
nozzle.

In an exemplary embodiment of the invention, said gap includes an axial gap.
Optionally or alternatively, said gap includes a radial gap.

There is also provided in accordance with some embodiments of the invention, a
filtering system comprising:

a filter layer;

an assembly as described herein; and

a movement actuator configured to move said nozzle assembly over at least 50%
of a surface of said layer,
wherein said assembly is configured to maintain a gap of 5 mm or less from said filter
over all of said movement of said at least 50% of surface. Optionally, said resilient
element advances said nozzle away from said tube with a force of between 100 grams
and 800 grams. Optionally, said force is maintained over a range of pressure

differentials between an inside of said tube and an outside of said tube of at least 2 bar.
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In an exemplary embodiment of the invention, the assembly comprises at least

one pressure sink coupled to said gap and configured to equalize pressure between said
gap and an outside of said nozzle assembly.

In an exemplary embodiment of the invention, said pressure sink comprises an
outlet to the environment.

There is provided in accordance with some embodiments of the invention, a
method of approximating a nozzle coupled, with a gap to a pressure sink, to a filter,
comprising:

resiliently urging said nozzle towards said filter; and

allowing sufficient fluid flow between an outside of said nozzle and said gap, so
as to reduce a retraction of said nozzle by said pressure sink. Optionally, said resiliently
urging comprises resiliently urging using a bellows which also bridges said gap.
Optionally or alternatively, said allowing sufficient flow comprises allowing sufficient
flow through one or more pressure-equalizing channels in said nozzle.

There is provided in accordance with some embodiments of the invention, a
suction nozzle assembly, comprising:

a tube coupled to a pressure sink at a proximal side thereof;

anozzle; and

a deformable housing which bridges a gap between said distal side of said tube
and said nozzle and which couples said nozzle to a distal side of said tube and which

allows tilting motion of said nozzle relative to said tube.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example

only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the partiéulars shown are by way of example and for
purposes of illustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is a view of a filtration system, in accordance with an embodiment of the
invention;

FIG. 2 is a cross sectional view of a cleaning head, in accordance with an
embodiment of the invention;

FIG. 3 is a cross sectional view of a cleaning head, in accordance with another
embodiment of the invention;

FIG. 4 is a cross sectional view of a cleaning head, in accordance with another
embodiment of the invention;

FIG. 5 is a cross sectional view of a bellows, in accordance with an embodiment
of the invention;

FIG. 6 is a flowchart of a method of cleaning while also contacting the filtration
screen by a cleaning head with a low force during a cleaning cycle, in accordance with
an embodiment of the invention; and

FIG. 7 is a cross sectional view of a cleaning head touching the filtration screen

with a low force, in accordance with an embodiment of the invention;

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to self cleaning
filtration systems and, more particularly, but not exclusively, to a nozzle assembly used
for cleaning a filtration screen.

An aspect of some embodiments of the invention relates to approximating a
nozzle connected to a pressure sink to a filtration screen in the presence of flow from the
screen and through the nozzle. In an exemplary embodiment of the invention, the nozzle

is pressed against the screen with a low force. Optionally, the force is provided by a
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resilient element which is either sealed and/or enclosed. Optionally, the enclosure and/or

element deform, rather than and/or in addition to sliding, as the nozzle moves relative to
the pressure sink. Optionally, the movement is axial. Optionally or alternatively, the
movement includes tipping.

In an exemplary embodiment of the invention, retraction of the nozzle, directly
and/or indirectly is reduced and/or prevented by equalizing a pressure differential
otherwise associated with the nozzle. In an exemplary embodirhent of the invention, a
pressure differential between the enclosure and the volume outside the nozzle is reduced
and/or prevented. Optionally, such reduction reduces axial contraction of said enclosure
(and possible retraction of the nozzle thereby). Optionally or alternatively, a pressure
differential between axially front and back parts of the nozzle are reduced and/or
prevented. Optionally, such a reduction prevents direct retraction of the nozzle.
Optionally or alternatively, one or more gaps in the nozzle assembly which convey
pressure differentials from the pressure sink to other parts of the assembly are short
circuited using a pressure-equalizing element.

In an exemplary embodiment of the invention, pressure equalizing is provided by
one or more apertures formed in the nozzle and/or enclosure.

In an exemplary embodiment of the invention, the nozzle is coupled to a pressure
sink with a gap formed therebetween and protected by the enclosure. In an exemplary
embodiment of the invention, the gap allows free motion of the nozzle, possibly even in
the presence of sediment and/or other encrustations and/or interference. Optionally, the
enclosure reduces some types of encrustations and/or debris from clogging and/or
otherwise interfering with the nozzle assembly mechanism.

In an exemplary embodiment of the invention, the gap between any moving
parts, for example, sliding parts and/or parts that move apart, is at least 0.5 mm, at least
1 mm, at least 2 mm or other, smaller, intermediate or larger gaps.

In an exemplary embodiment of the invention, the pressure equalizer allows the
applied force to remain substantially the same, even if the strength of the suction force
created by the pressure sink changes. Optionally, by using a low force over a range of
distances, such as 1-5 mm, for example, 2-3 mm, the nozzle can match to various

irregularities in the filtering screen geometry without causing deformation thereof.
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An aspect of some embodiments of the invention relates to a nozzle assembly

including an ability to tip a nozzle to better match a surface plane of a filtering screen. In
an exemplary embodiment of the invention, the nozzle is attached to a pressure sink,
such as a tube, by a tipping sleeve, optionally a deformable sleeve. Optionally or
alternatively, the nozzle is resiliently urged away form said sink and/or towards said
screen by a resilient element, such as a spring.

An aspect of some embodiments of the invention relates to equalizing the
pressure on both sides of the bellows, allowing the bellows’ force to push the nozzle
towards the screen.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description and/or illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in various

ways.

Overview of filtration systems

For purposes of better understanding some embodiments of the present
invention, as illustrated in Figures 2-7 of the drawings, reference is first made to an
example of a filtration system 102, as illustrated in Figure 1, where exemplary
embodiments of the invention may be used.

Raw water (e.g., sea water) enters through a raw water inlet 1 to an inlet chamber
3. The water is then directed to a filtration chamber 4 where it then passes through a
filtration screen 26. Filtration screen 26 dislodges suspended particles from the water,
which are then retained. The filtered water flows out through a filtered water outlet 2
where it continues downstream to the rest of the system.

An accumulation of solids on filtration screen 26 creates a “cake” of dirt, which
slowly reduces the differential pressure across it. In an exemplary embodiment of the
invention, local reverse flow across filtration screen 26 is used to clean away this cake.

In an exemplary erﬁbodiment of the invention, reverse flow is applied based on a
determination of reduction in filtration efficacy. Optionally or alternatively, reverse flow

is applied continuously and/or periodically. In one embodiment, a pressure differential
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switch 20 monitors the pressure between raw water inlet 1 and filtered water outlet 2.

When this pressure drops below a predetermined threshold, a signal is sent to the system
controller in order to activate a cleaning cycle. As noted, cleaning of filtration screen 26
may also occur during regularly scheduled intervals. Optionally or alternatively, the
cleaning cycle may also be manually activated by an operator.

In an exemplary embodiment of the invention, a cleaning cycle includes applying
reverse flow at one or more sections of filtration screen 26. Optionally, a cleaning cycle
includes traversing the entire filtration screen 26, or at least 30%, 50%, 70% or
intermediate percentages thereof.

In an exemplary embodiment of the invention, traversing includes motorized
movement of a cleaning head 70 over filtration screen 26. Other sources of movement
can be provided as well, for example, manual movement. While, in an exemplary
embodiment of the invention the cleaning head 70 is moved, optionally, the filtration
screen 26 is moved as well and/or instead.

In one example, a cleaning cycle begins when the system controller activates a
driving means such as a gear motor 6, which in turn rotates a suction pipe collector 21
and an attached cleaning heads 70. Motion can occur in a helical pattern so as to
eventually cover over at least 50% of the surface area of filtration screen 26. At the same
time, a flush valve 7 opens to a low pressure sink such as the atmosphere and/or to
another part of the system. The pressure differential causes a reverse flow of filtered
water through filtration screen 26. The reverse flow of filtqred water removes the
trapped solids from filtration screen 26 into cleaning heads 70 and through suction pipe
collector 21, which optionally drains through a flushing chamber 5 and/or through flush
valve 7.

In an exemplary embodiment of the invention, the time duration required for the
cleaning process is about 30 seconds. Optionally, the time can be automatically
increased if the cleaning was not performed to a satisfactory level as determined, for
example, by pressure differential switch 20.

In an exemplary embodiment of the invention, the method of cleaning requires
use of small amounts of water. Optionally, the method of cleaning may be a continuous

flush mode, wherein cleaning of heavy buildup on filtration screen 26 continues for an
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extended period of time until filtration screen 26 is sufficiently cleaned and/or whenever

the filter is in operation.

In many embodiments of the invention, more efficient cieaning occurs when the
flow is constrained to be across the clogged filtration screen 26. Such a situation may
occur when cleaning heads 70 are touching filtration screen 26 during the cleaning
cycle. If cleaning heads 70 are located some distance away from filtration screen 26,
there will be a flow of water from between the filtration screen 26 and the cleaning head
70, which will reduce the volume of water and/or the suction force that is available to
clean filtration screen 26.

The size of filtration chamber 4 can depend on the size of filtration screen 26

and/or is optionally adjusted to reflect flow rates. Exemplary, non-limiting flow rates are

3 3
about 1 m /hour, about 10 m3/h0ur, about 100 m /hour, about 1000 m3/hours, about

3
5000 m3/hour, about 8000 m3/h0ur, about 10 000 m /hour, or other, smaller,

intermediate or larger flow rates.

In an exemplary embodiment of the invention, filtration screen 26 consists of a
four layer stainless steel woven mesh sintered together. The structure of filtration screen
26 is optionally selected to be able to withstand potential high pressure differentials, for
example, at least 5 bar, at least 10 bar, at least 15 bar or intermediate numbers. The
weaved wire design of filtration screen 26, in some embodiments thereof, can retain a

higher rate of suspended solids, but it can also be more difficult to clean.

Potential advantages

It should be noted that some embodiments of the invention support relative
movement between cleaning head 70 and filtration screen 26, which may accommodate
distortion of the screen by a pressure differential.

In some embodiments, the power requirements of filtration system 102 are
reduced. Optionally the power requirements are reduced due to an increase in the
amount of debris removed from the filtration screen 26 per cleaning cycle, thereby
requiring less frequent cleaning cycles. Optionally, the system has a low operating
energy requirement of about 0.1 HP, about 0.5 HP, about 1HP, or other smaller,

intermediate or larger energy requirements.
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In some embodiments, the use of a resilient force to advance a cleaning head

nozzle towards the screen, allows the cleaning head to operate in’any orientation.

In some embodiments, filtration system 102 is installed horizontally, and/or at
other orientations. Optionally, the system supports installation at a range of angles
and/or a variety of orientations, for example, both horizontally and/or vertically.

As used herein, the terms proximal and/or proximally refer to positions and/or
movement respectively towards filtration screen 26. As used herein, the terms distal
and/or distally refer to positions and/or movement respectively away from filtration
screen 26.

Sofne embodiments of the invention have potential advantages over the use of a
spring inside a sealed chamber to push a nozzle on a telescopic joint towards filtration
screen 26. During a cleaning cycle the operative pressure across filtration screen 26
constantly changes, for example, as may occur if one area of the filtration screen has a
small amount of debris and/or another has a thick layer of debris. A spring needs to
overcome the highest possible operative pressure in order to be able to push the nozzle
against the filtration screen at all times. The practical result is that the nozzle presses
against filtration screen 26 with a higher force than would be required to simply touch
filtration screen 26. The excess force causes frictional wear and/or tear.

Some embodiments of the invention also have potential advantages by selecting
not to use a sealed chamber in order to protect the telescopic joint and/or the spring from
sticking with dirt. Thus, the high wear and/or tear due to friction created by the moving
telescopic joint and/or spring on the seals may be reduced and/or avoided. Optionally or
alternatively, by not having sliding seals, buildup at the seals which would otherwise
interfere with correct operation, may be avoided.

The described embodiments of the invention can potentially require less

expensive and/or less frequent maintenance and/or repairs.

Exemplary embodiment

Referring now to the drawings, Figure 2 illustrates an embodiment of a cleaning
head 70 that can approximate a nozzle to the surface of filtration screen 26 such that it
touches it with a low frictional force, providing a spring tension force of about 100

grams per mm, about 150 grams per mm, about 200 grams per mm, or other smaller,
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intermediate or larger spring tension forces. For example, the contact force can be

between 10 and 500 grams, for example, between 50 and 300 grams or between 100 and
200 grams. As shown, a proximity nozzle 23 is coupled to a pipe 22 by a bellows 24.
Optionally, bellows 24 includes a plurality of corrugations 51 which allow it to expand
and/or contract. In an exemplary embodiment of the invention, bellows 24 is configured
(e.g., length, position and/or resiliency) to urge proximity nozzle 23 towards filtration
screen 26. If reverse movement of proximity nozzle 23 is needed, bellows 23 optionally
accommodates such motion.

In operation, (e.g., during a cleaning cycle) suction pipe collector 21 is optionally
connected to a pressure sink, which forms a suction force 103 inside pipe 21 and/or in an
inner side of proximity nozzle 73. A potential problem of such suction force 103 is it
can retract proximity nozzle 23, for example, due to the proximal side of proximity
nozzle 23 experiencing a higher pressure than the distal side thereof. Optionally or
alternatively, suction force 103 can reduce the pressure inside bellows 24, causing
contraction thereof and/or possible retraction of proximity nozzle 23. It is noted that
some embodiments of the invention include generous gaps, to prevent or avoid sizing-
up, which can convey such suction force to various parts of the cleaning head. It is also
noted that the suction force, offset of the cleaning head from the filtration screen and/or
degree of clogging, as well as resistance of nozzle to retraction can change over time
(within and/or between cycles) and/or between systems.

In an exemplary embodiment of the invention, one or more pressure equalizers
42 are used to reduce and/or neutralize a retraction effect of suction force 103 on
proximity nozzle 23 and/or bellows 24. Optionally pressure equalization takes place by a
fluid communication between a gap 74 behind proximity nozzle 23 and/or an interior of
bellows 56 and/or an outside 105. Outside 105 can be close to the surface of filtration
screen 26. Optionally neutralization of suction force 103 on proximity nozzle 23
prevents the distal motion of proximity nozzle 23. Optionally neutralization of suction
force 103 on bellows 24 allows bellows 24 to maintain an expanded shape (or re-expand
if equalization is adjusted) and/or push proximity nozzle 23 towards filtration screen 26.

Optionally re-expansion is achieved by a spring-like action of bellows 24,
Optionally bellows 24 may be adjusted proximally or distally relative to its initial

position, for example -3 mm, -2 mm, -1 mm, 0 mm, +1 mm, +3 mm, +5 mm or other
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smaller, intermediate or larger distances relative to initial position, to push proximity

nozzle 23 all the way to contact filtration screen 26, but with a low force so there is low
friction. .

Optionally bellows 24 may be adjusted manually and/or automatically.
Optionally bellows 24 may be adjusted using an adjusting screw, an adjusting washer,
and/or an adjusting nut and/or other pipe and/or tension adjusting means, for example as
known in the art. Optionally the length of pipe 22 may be adjusted as well and/or
instead.

Optionally pipe 22 can have a narrowing 76.

In an exemplary embodiment of the invention, pressure equalizer 42 is a channel,
optionally valved. Optionally or alternatively, equalizer 42 is an active element, such as
an electronic valve and/or a pump.

In an exemplary embodiment of the invention, the flow velocity through
proximity nozzle 23 is at least 10 meters per second, at least 8 meters per second, at least
2 meters per second, at least 4 meters per second, at least 6 meters per second or other
smaller, intermediate or larger flow velocity.

A potential advantage of the described embodiment is providing a low frictional
force between proximity nozzle 23 and filtration screen 26 that is substantially
independent of the variation in suction force 103 and/or which allows for movement of
proximity nozzle 23, if needed. A potential advantage of a low frictional force is low
maintenance and/or repair requirements. A potential advantage of the use of bellows 24
instead of a spring and/or telescopic joint is that cleaning head 70 does not become
clogged due to an accumulation of small particles. Another potential advantage of
cleaning head 70 is that it does not have any seals which would suffer wear and/or tear
due to friction.

Another potential advantage of some embodiments is that maintenance can be
easy and/or can be accomplished by one person without special tools and/or lifting
equipment. Optionally or alternatively, maintenance is made easy in that proximity
nozzle 23 and/or bellows 24 can be removed in one piece and/or as separate parts.
Optionally or alternatively, maintenance is made easy in that cleaning head 70 does not
become clogged due to an accumulation of small particles. Optionally or alternatively,

maintenance is made easy due to low wear and/or tear as a result of low friction forces.



10

15

20

25

30

WO 2011/058556 PCT/IL2010/000935

13
Optionally or alternatively, maintenance is made easy in that filtration system 102

requires less frequent cleaning cycles.

Alternative embodiment

Figure 3 illustrates another embodiment of cleaning head 70, illustrating
apertures used as pressure equalizers. Also illustrated is an option of a fitting between
the pipe and/or the nozzle. Such features can be used with other embodiments described
herein. »

As shown in Fig. 3 pressure equalizer 42 is optionally embodied as a channel, for
example, as an L shaped channel 41. In an alternative embodiment, the channel is
straight and/or slanted relative to the flow axis of proximity nozzle 23.

In the embodiment shown, an outer end of hole 43 can be located on an outer
circumference 60 of proximity nozzle 23. An interior end of hole 44 can be located on
an inner rim 63 and/or in fluid communication with interior of bellows 56 and/or a gap
74 behind proximity nozzle 23.

As described above, pressure equalizer 42 can neutralize suction force 103 on
bellows 24 and/or suction force 103 on proximity nozzle 23. Optionally pressure
equalizer 42 equalizes the pressure in interior of bellows 56 and/or gap 74 with outside
105 by providing fluid communication. Qutside 105 can be located close to filtration
screen 26. Optionally or alternatively, outside 105 is located a distance of 0 mm, 0.2
mm, 1 mm, 3 mm, 5 mm or other smaller, intermediate or larger distance from filtration
screen 26. In an exemplary embodiment of the invention, four holes 41 are provided.
Alternatively, other numbers of holes are provided, for example, 2, 3, 5, 6 or other
smaller, intermediate or larger numbers of holes. Optionally, holes 41 are equally spaced
around outer circumference 60. Optionally, the holes are arranged so they cannot all be
clogged at a same time by a single piece of debris. Optionally, the holes may be
unclogged by providing increased forward (rather than reverse) pressure in pipe 21.
Optionally, such unclogging is provided periodically and/or manually and/or
automatically.

In an exemplary embodiment of the invention, the surface area of outer end of

2
hole 43 ranges from about 1 mm2 to about 10 mm , for example 2 mm2 to 5mm2. The

. . 2 2
surface area of interior end of hole 44 ranges from about 1 mm  to about 10 mm , for
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2 2 . . .
example 2 mm  to 5Smm . Optionally, the holes have a substantially uniform cross-
section. A total cross-section of surface area of outer end of hole 43 ranges between

0.1% and 20% of an area of proximity nozzle opening 45, for example 5% to 15%, for

i 2
example 2% to 5%. A total cross-section of holes 43 ranges between about 60 mm’ to

about 800 mm2 , for example 200 mm2 to 500mm2.

In an exemplary embodiment of the invention, cleaning head 70 includes an
optional proximity nozzle insert 31, which is mounted on pipe 22 and/or guides the
movement of proximity nozzle 23. In an exemplary embodiment of the invention,
proximity nozzle insert 31 includes a wide end 91 which mounts on pipe 22 and
optionally includes a flange for attachment thereon and/or preventing backwards motion
thereof. Optionally, the outer diameter of end 91 matches an inner diameter and fits flush
against an inner surface 92 of pipe 22. Optionally, the pipe has a non-circular cross-
section, which may assist in interlocking of insert 31 and pipe 22.

In an exemplary embodiment of the invention, a narrow neck section having a
reduced diameter 93 of insert 31, has a diameter smaller than that of the inner diameter
of a main lumen 61 of proximity nozzle 23. Optionally, the contact is flush, and friction
is reduced by suitable selection of materials (e.g., proximity nozzle 23 and/or insert 31
being formed of for example, Techpack or Teflon).

In some designs, a space 46 can exist between thin diameter of proximity nozzle
insert 93 and inner side of proximity nozzle 61. Optionally, proximity nozzle insert 31
separates the interior of bellows 56, gap 74 and/or holes 41 from a backflow of water 90.
A potential advantage of separation is assisting pressure equalization by pressure
equalizer 42 and/or the neutralization of suction force 103 on bellows 24 and/or
proximity nozzle 23. Proximity nozzle insert 31 can provide for a smaller surface area of
a proximity nozzle opening 45. A smaller surface area of proximity nozzle opening 45
can create a higher suction force 103 directed at filtration screen 26 that can result in a
more efficient cleaning cycle. The surface of lumen 61 of proximity nozzle 23 can slide
freely over thin diameter section 93 allowing for motion of proximity nozzle 23.
Exemplary dimensions of proximity nozzle opening 45 diameters may be 2 mm, 5 mm,
10 mm, 15 mm, or other smaller, intermediate or larger diameters. Exemplary

dimensions of outer circumference 60 diameter of proximity nozzle 23 may be 10 mm,
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25 mm, 32 mm, 35 mm or other smaller, intermediate or larger diameters. Proximity

nozzle insert 31 can be made from a durable material that provides low frictional forces,
for example Techpack or Teflon.

Proximity nozzle 23 can be annular in shape and/or can also comprise a rounded
edge 62. Optionally proximity nozzle 23 is made out of a durable material, for example
Techpack or Teflon that also provides a low frictional force against filtration screen 26.

Proximity nozzle 23 can be connected to bellows 24 using various connection
schemes, for example, using a split pin (not shown), and/or other methods. Additional
alternative connection methods include gluing, welding and/or pinning. The total cross-
sectional diameter of proximity nozzle opening 45 may range between 0.1% and 20%
relative to the surface area of filtration screen 26, or for example 5% to 15%, for
example 2% to 5, or be at a smaller or larger relative size. Typically, having a small
cross-sectional area concentrates backflow water 90, resulting in a high velocity flow,
higher pressures and/or a resulting higher removal rate of suspended solids and/or
organic suspended matter in particular from filtration screen 26. Optionally, proximity
nozzle opening 45 is made small enough in cross-section so that all areas being cleaned
achieve a sufficient backflow pressure.

Bellows 24 can be connected to pipe 22 with a split pin 25, and/or using another
connection method, such as gluing, and/or welding.

The long axis of pipe 22 can be about perpendicular to a tangent of a cross
section of suction pipe collector 21. Exemplary dimensions of external diameter of pipe
22 may be 10 mm, 15 mm, 20 mm, 25 mm, 30 mm, 35 mm or other smaller,
intermediate or larger diameters. Exemplary dimensions of internal diameter of pipe 22
may be 10 mm, 15 mm, 20 mm, 21 mm, 25 mm, 30 mm, 35 mm or other smaller,
intermediate or larger diameters. Pipe 22 is optionally made out of a durable and/or rigid

material, for example stainless steel, steel and/or plastic.

Alternative equalizer design

Figure 4 illustrates another embodiment of cleaning head 70, illustrating use of a
different location for pressure-equalization apertures. As shown, pressure equalizer 42
can be formed by a hollow space in nozzle 200 in fluid communication with a hollow

space in bellows 201 (optionally including a spacing 203 between the bellows and pipe
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22 for example 0.1 mm, 0.3 mm, 0.5 mm, 1.0 mm, 1.5 mm, 2.0 mm or other smaller,

intermediate or larger spacing) and open to an outside 206 through one or more bellows
hole 202. Optionally, bellows 204 is isolated from space 200, which is optionally served
by its own pressure equalizer. Optionally, different parts of the nozzle assembly have
different pressure equalizers associated therewith.

In an exemplary embodiment of the invention, 1, 3, 4, 5, 7, 10 or other smaller,
larger, or intermediate numbers of bellows holes 202 are provided. Optionally, a portion
of bellows 201 is made porous, for example, by a fabric and/or mesh coating.
Optionally, holes 202 are arranged to prevent multiple blockages thereof. Optionally or
alternatively, holes 202 are arranged along the length and/or circumference of bellows
201. Optionally or alternatively, holes 202 are arranged near a location of fluid
communication of bellows 201 with backflow 90. In an exemplary embodiment of the
invention, holes 202 are arranged so as not to interfere with a nozzle approximating

function of bellows 201.

Exemplary pressure equalizer parameters

In some exemplary embodiments, pressure equalizer 42 reduces 100% of the
pressure difference between interior of bellows 56 and/or gap 74 and outside 105.
Optionally or alternatively, pressure equalizer 42 reduces the pressure difference
between interior of bellows 56 and/or gap 74 and outside 105 by a range of about 100-
50%, for example 90%, 80%, 70%, 50% or other smaller, intermediate or larger pressure
differences.

In some embodiments, pressure equalizer 42 can be located on an outer
circumference 60 of proximity nozzle 23 where it can be on a plane perpendicular to
suction force 103. “

In some embodiments, pressure equalizer 42 can comprise a valve, for example,
a flap valve.

In an embodiment, pressure equalizer 42 includes a microelectromechanical
system (MEMS), including, for example, one or more of valves, pumps, pressure
detectors, pressure equalizers, pressure controllers, electrical control circuitry and/or any

other devices and/or components arranged to equalize and/or control pressures.
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In some embodiments, pressure equalizer 42 can be configured to equalize

pressures between any two and/or more areas such that suction force 103 on bellow 24
and/or suction force 103 on proximity nozzle 23 are neutralized.

In some embodiments pressure equalizer 42 can create a positive pressure
gradient to position proximity nozzle 23 on filtration screen 26 with a minimal frictional
force by increasing the size of gap 74 behind proximity nozzle 23 and/or decreasing the

surface area of proximity nozzle face 64.

Bellows

Figure 5 illustrates an exemplary embodiment of bellows 24. Bellows 24 can be
comprised of a thin tube 50 with corrugations 51. Dimensions of bellows 24 can be, for
example, an external diameter 52 ranging about 25 to 50 mm, or 27 mm, 35mm, 45 mm
or other smaller, intermediate or larger external diameter. An internal diameter 53 of
bellows 24 can range about 5 to 8 mm less than external diameter 52, or 6 mm or 7 mm
less. A length 54 of bellows 24 can range about 30 to 80 mm, for example 40 mm, 50
mm, 60 mm, or other smaller, intermediate or larger length. Number of corrugations 51
can range from about 10 to 25, for example 15 corrugations or 20 corrugations or other
smaller, intermediate or larger numbers of corrugations. Thickness 55 of the material can
range from about 1 mm to 1.5mm, for example 1.1 mm, 1.3 mm or other smaller,
intermediate or larger thickness.

Optionally the dimensions provide a spring tension force of about 100-800 grams
per millimeter, for example 150 grams/mm, 250 grams/mm, 300 grams/mm, 500
grams/mm or other smaller, intermediate or larger spring tension force, for a spring
extension of, for example, between 1 and 5 mm, for example 2-3 mm. Optionally
corrugations 51 provide for proximal and/or distal movements. If spaces 57 in between
corrugations 51 are increased equally around outer circumference of bellows 24, then
length 54 of bellows can be 24 increased. If spaces 57 in between corrugations 51 are
decreased equally around the circumference of bellows 24, then length 54 can be
decreased. Optionally bellows 24 can be made out of a stainless steel (SST) material for

long life and/or durability.
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In some embodiments, one end of bellows 24 can tilt, for example, in any

direction as illustrated by a direction arrows 81 82. Tilting can occur by an unequal
increase in spaces 57 in between corrugations 51 around the circumference. As an
example, if spaces 57 between corrugations 51 are increased at the bottom part of
bellows 24, while at the same time spaces 57 in between corrugations 51 are decreased
at the top part of bellows 24, the effect can be to tilt proximity nozzle 23 up, according
to direction arrow 81. In another embodiment, tilting force is provided by resistance of
filtration screen 26, which bellows 24 optionally accommodates.

Proximity nozzle 23 can be attached to the end of bellows 24, providing for the
tilting of proximity nozzle 23. A potential advantage of a tilt is allowing proximity
nozzle 23 to adjust to surface variations of filtration screen 26, such as may occur if
there is an excessive local accumulation of waste material, if filtration screen 26 has
local indentations and/or due to the geometry of filtration screen 26. The tilting ability of
bellows 24 can provide a smoother movement of proximity nozzle 23 with respect to
filtration screen 26 thereby reducing the amount of friction and/or providing the closest
possible proximity to filtration screen 26 without applying additional forces to filtration
screen 26. In an exemplary embodiment of the invention, a proximity nozzle face 64
can touch filtration screen 26 at a perpendicular angle. Optionally, a proximity nozzle
face 64 can touch filtration screen 26 at angles relative to a perpendicular angle, for
example -10 degrees, -7 degrees, -5 degrees, -3 degrees, 0 degrees, +3 degrees, +5
degrees, +7 degrees, +10 degrees, or other smaller, intermediate or larger angles, such as
20 degrees or more.

In some embodiments corrugations 51 can be hollow inside and in continuity
with interior of bellows 56.

In some embodiments corrugations 51 are not hollow inside, for example, having
foam therein.

In some embodiments bellows 24 with a spring-like function can be replaced by
a bellows lacking a spring-like function, the spring-like function being provided by an
attached and/or embedded spring.

In some embodiments bellows 24 is replaced by any resilient element and/or any

deformable housing.
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In some embodiments bellows 24 is replaced by a deformable tube (e.g.,

compliant and/or elastic) and/or a spring.

Exemplary method of operation

Figure 6 is a flowchart of a method of cleaning while also contacting the
filtration screen by a cleaning head with a low force during a cleaning cycle, in
accordance with an embodiment of the invention. The method will be explained with
references to figure 7. ‘

Figure 7 is optionally an initial configuration 300 of the I;osition of cleaning head
70. Optionally bellows 24 is adjusted to push proximity nozzle 23 such that it touches
filtration screen 26 with a very low force, the contact force ranging from about 100 gram
to about 300 gram, for example 150 gram, 250 gram, or other smaller, intermediate or
larger forces. Optionally, the forces remain substantially constant (e.g., within a factor of
2, over a range of negative flow pressures in pipe 22 over a range of 1:2, 1:4, 1:10 or
other smaller or intermediate ranges of pressures.

At 602, cleaning head 70 is positioned in an initial configuration 300, for
example as shown in figure 7.

At 618, the force exerted by the built in spring-like tension force of bellows 24
optionally pushes proximity nozzle 23 towards the surface of filtration screen 26.

At 604, the connection of suction pipe collector 21 to a pressure sink creates
suction force 103 in pipe 22. For example, as illustrated in figure 1, flush valve 7 can be
opened such that suction pipe collector 21 is connected to the atmosphere. Optionally,
suction force 103 can vary in strength throughout the cleaning cycle and/or can vary in
strength between individual cleaning cycles. Optionally, an existing suction force 103
increases in strength.

At 608, suction force 103 causes reverse flow through filtration screen 26 and
removes debris and/or waste from filtration screen 26.

Optionally as cleaning head 70 is moved along surface of filtration screen 26,
cleaning head 70 is re-positioned as in 602.

At 614, an equalization and/or reduction of pressure is optionally provided
between outside 105 and gap 74 behind proximity nozzle 23 and/or an interior of

bellows 56 as a result of sufficient fluid flow. The neutralization of suction force 103 on
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proximity nozzle 23 and/or suction force 103 on bellows 24 is optionally provided by an

equalization of pressures. Suction force 103 forms a negative pressure in gap 74 behind
proximity nozzle 23 and/or an interior of bellows 56. The pressure differential causes
fluid flow from outside 105 through apertures of pressure equalizer 42 to gap 74 behind
proximity nozzle 23 and/or an interior of bellows 56. Pressure equalizer 42 can allow
sufficient fluid flow in and out of interior of bellows 56 and/or interior of proximity
nozzle 74 from outside 105, for example 5 liters per hour, 10 liters per hour, 15 liters per
hour, or other smaller, intermediate or flow rates.

The neutralization of suction force 103 by pressure equalizer 42 as described at
614 can occur gradually as the suction force 103 is built up from zero, and/or as suction
force 103 varies throughout the cleaning cycle. A potential advantage of pressure
equalizer 42 is the capability of handling variable suction forces 103. The re-expansion
of bellows 24 as in step 618 optionally occurs at about the same time as the
neutralization of suction force 103 on proximity nozzle 23 and/or the neutralization of
suction force 103 on bellows 24. In effect 602, 618, 604, 614, optionally occur about
simultaneously, resulting in proximity nozzle 23 remaining mostly touching filtration
screen 26 while cleaning filtration screen 26. Furthermore, even if suction force 103
varies throughout the cleaning cycle, 602, 618, 604, 614, 608 optionally operate
substantially simultaneously to maintain mostly contact between proximity nozzle 23
and filtration screen 26.

Referring back to 618, the neutralization of variable suction force 103 can result
in that the amount of force required to push proximity nozzle 23 towards filtration screen
26 is about the same as if there were no suction force 103, which is about the same as in
initial configuration 300. The resulting configuration is the same as initial configuration

300 in which bellows 24 is adjusted to push proximity nozzle 23 all the way such that

- proximity nozzle 23 can touch filtration screen 26 with a low force. Optionally the force

required to push proximity. nozzle 23 to filtration screen 26 is maintained over a range of
pressure differentials between inside of pipe 22 and outside 105 of about O bar to 25 bar,
for example 3 bar, 5 bar, 10 bar, 15 bar, 23 bar or other smaller, intermediate or larger
pressure differentials.

In an embodiment an initial configuration of the position of cleaning head 70 can

be such that bellows 24 is adjusted to push proximity nozzle 23 such that it comes to
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within about O mm from filtration screen 26. Optionally proximity nozzle 23 can move

proximally and/or dis’tally a range of about -2 mm to about +4 mm relative to initial
configuration 300. Optionally negative distal motion of proximity nozzle 23 may occur
by a contraction of bellows 24. Optionally or alternatively, negative distal motion of
proximity nozzle 23 may occur due to pressure on nozzle 23, for example if filtration
screen 26 is distorted, if alignment of motion mechanism is offset, and/or if pipe 22 is
suddenly pushed against filtration screen 26.

Optionally the combination of bellows 24 with a pressure equalizer 42 results in
the ability to clean filtration screen 26 even under low pressure conditions across
filtration screen 26 of, for example, 1.5 bar or less.

Optionally the ability to clean filtration screen 26 even under low pressure
conditions across filtration screen 26 results in a lower use of flush water for cleaning
and consequently a lower percentage of wasted water.

Optionally filtration system 102 has the ability to operate in continuous flushing
mode.

In an exemplary embodiment of the invention, during normal operation mode,
filtration system 102 uses about 0.1%, 0.5%, 1%, 2%, 3% or other smaller, intermediate
or larger percentage of the flow for flushing.

In an exemplary embodiment of the invention, during continuous flush mode,
filtration system 102 uses about 1%, 5%, 7%, 10%, 13% or other smaller, intermediate
or larger percentage of the flow for flushing.

The function and/or structure of a single cleaning head 70 has been discussed for
illustrative purposes only. A plurality of heads, of same and/or different designs may be
provided in a filtering system, for example, the number of cleaning heads 70 vary
depending on the size and/or application of filtration system 102. Optionally, other
numbers of cleaning heads 70 are provided, for example, 1, 5, 10, 15, 20 or other
smaller, intermediate or larger numbers of cleaning heads 70.

The above description uses the filtration of ballast water only as an example. The
apparatus described herein can be adapted for other applications such as irrigation
systems, water desalination systems, and/or water purification systems. Furthermore,
applications are not limited to the filtering of water. Filtration screen 26 that is used to

filter any liquid, for example oil, may be a part of a filtration system that can be cleaned
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using the described embodiments. As an example, a filtration system for the filtration of

sea water could require the use of corrosive resistant materials. As another example, a
filtration system for the filtration of oil could typically use smaller cleaning heads 70.

General

It is expected that during the life of a patent maturing from this application many
relevant filtering screens will be developed and the scope of the term filtering screen is
intended to include all such new technologies a priori.

As used herein the term “about” refers to £ 10 %

The terms "comprises”, "comprising”, "includes", "including", “having” and
their conjugates mean "including but not limited to".

The term “consisting of means “including and limited to”.

The term "consisting essentially of" méans that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

As used herein, the singular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise. For example, the term "a compound" or
"at least one compound" may include a plurality of compounds, including mixtures
thereof.

Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range format
is merely for convenience and brevity and should not be construed as an inflexible
limitation on the scope of the invention. Accordingly, the description of a range should
be comnsidered to have specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example, description of a range such
as from 1 to 6 should be considered to have specifically disclosed subranges such as
from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well
as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral) within the indicated range. The phrases “ranging/ranges

between” a first indicate number and a second indicate number and “ranging/ranges
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from” a first indicate number “to” a second indicate number are used herein

interchangeably and are meant to include the first and second indicated numbers and all
the fractional and integral numerals therebetween.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A suction nozzle assembly, comprising:
a tube coupled to a pressure sink at a distal side thereof;
a nozzle;
a resilient element which couples said nozzle to a proximal side of said tube; and
a deformable housing which bridges a gap between said proximal side of said

tube and said nozzle.

2. An assembly according to claim 1, wherein said housing comprises an elastic
tube.
3. An assembly according to claim 1, wherein said housing comprises a bellows,

which bellows also acts as said resilient element.

4. An assembly according to claim 3, wherein said bellows is formed of stainless
steel.
5. An assembly according to any of claims 1-4, wherein said housing is deformable

to extend in a direction perpendicular to a flow in said nozzle.

6. An assembly according to any of claims 1-5, comprising at least one pressure-
equalizing aperture formed in one or both of said nozzle and said housing and providing

fluid communication between said gap and an outside of said nozzle assembly.

7. An assembly according to claim 6, wherein at least one of said at least one

pressure equalizing aperture is formed in said nozzle.

8. An assembly according to claim 6 or claim 7, wherein at least one of said at least

one pressure equalizing aperture is formed in said housing.
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9. An assembly according to any of claims 6 - 8, wherein at least one of said at least

one pressure equalizing aperture is located inside said nozzle assembly and adjacent a
section of said nozzle having a projection on a plane perpendicular to a flow in said

nozzle.

10.  An assembly according to any of claims 6 - 9, wherein at least one of said at least
one pressure equalizing aperture is configured to prevent or reduce deformation of said

housing by said pressure sink.

11.  An assembly according to any of claims 6 - 10, wherein at least one of said at
least one pressure equalizing aperture is configured to prevent or reduce pressure

reduction in said housing by said pressure sink.

12.  An assembly according to any of claims 6 - 11, wherein at least one of said at
least one pressure equalizing aperture is configured to prevent or reduce retraction of

said nozzle by said pressure sink.

13.  An assembly according to any of claims 6 - 12, wherein said at least one pressure
equalizing aperture reduces a pressure difference between said gap and said outside by at

least 50%.

14.  An assembly according to any of claims 6 - 13, wherein said at least one pressure

equalizing aperture have, in total, a total cross-section of between 60 mm” and 800 mm?.

15. An assembly according to any of claims 6 - 14, wherein said nozzle is configured to

have velocity flow through a cross section thereof, of at least 8 meters per second.

16.  An assembly according to any of claims 6 - 15, wherein said at least one pressure
equalizing aperture comprises a plurality of apertures arranged at substantially equally

circumferentially spaced apart locations on said nozzle.
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17.  An assembly according to any of claims 1 - 16, wherein said nozzle is a low

friction nozzle.

18.  An assembly according to any of claims 1 - 17, wherein said gap includes an

axial gap.

19.  An assembly according to any of claims 1 - 18, wherein said gap includes a

radial gap.

20. A filtering system comprising:

a filter layer;

an assembly according to any of claims 1 - 19; and

a movement actuator configured to move said nozzle assembly over at least 50%
of a surface of said layer,

wherein said assembly is configured to maintain a gap of 5 mm or less from said

filter over all of said movement of said at least 50% of surface.

21. A filtering system according to claim 20, wherein said resilient element advances

said nozzle away from said tube with a force of between 100 grams and 800 grams.

22. A filtering system according to claim 21, wherein said force is maintained over a
range of pressure differentials between an inside of said tube and an outside of said tube

of at least 2 bar.

23. A nozzle assembly according to any of claims 1 - 19, comprising at least one
pressure sink coupled to said gap and configured to equalize pressure between said gap

and an outside of said nozzle assembly.

24. A nozzle assembly according to any of claims 1 — 19 or claim 23, wherein said

pressure sink comprises an outlet to the environment.
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25. A method of approximating a nozzle coupled, with a gap to a pressure sink, to a

filter, comprising:
resiliently urging said nozzle towards said filter; and
allowing sufficient fluid flow between an outside of said nozzle and said gap, so

as to reduce a retraction of said nozzle by said pressure sink.

26. A method according to claim 25, wherein said resiliently urging comprises

resiliently urging using a bellows which also bridges said gap.

27. A method according to claim 25 or claim 26, wherein said allowing sufficient
flow comprises allowing sufficient flow through one or more pressure-equalizing

channels in said nozzle.

28. A suction nozzle assembly, comprising:

a tube coupled to a pressure sink at a proximal side thereof;

a nozzle; and

a deformable housing which bridges a gap between said distal side of said tube
and said nozzle and which couples said nozzle to a distal side of said tube and which

allows tilting motion of said nozzle relative to said tube.



