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Description

[0001] The present application relates to the filtration
of particles from fluid streams, and more specifically to
filter systems and their use.

BACKGROUND OF THE INVENTION

[0002] Filter systems contain cleaning devices, such
as cleaning brushes, suction scanning devices, and back
flush mechanisms. These devices are driven by various
means including by hand, motor, turbine or vortex. How-
ever, existing fluid filtration devices have difficulty han-
dling large concentrations of solids in the fluid stream.
Generally cleaning mechanisms which can operate con-
tinuously while the system is filtering out-perform those
which require the filtration system to be stopped for clean-
ing. And still, existing continuous cleaning mechanisms
often suffer from premature fouling when the particle ac-
cumulation rate exceeds their limited cleaning rates.
[0003] US 4085050 (on which the preamble of claim 1
is based) discloses a filtration device with means for
cleaning the filter after the filtering operation has termi-
nated. Fluid to be filtered is introduced via a first conduit,
and clean water for cleaning the filter is introduced via a
second conduit during cleaning and distributed to the fil-
ter.

SUMMARY OF THE INVENTION

[0004] In accordance with one aspect of the present
invention, fluid filtration devices are provided. In some
embodiments a fluid filtration device comprises a hollow
housing comprising an inlet and filtered outlet, a hollow
filter assembly located inside the housing and a rotating
cleaning assembly located inside the filter, The hollow
housing and/or the filter assembly may be cylindrical. The
filter assembly comprises a filter material with an interior
surface and an exterior surface and expanding pores that
are narrower at the interior surface than the exterior sur-
face. The filtration device may comprise a motor that ro-
tates the cleaning assembly.
[0005] The filter material may comprise a smooth inte-
rior surface and may be, for example, an electroformed
nickel screen. The expanding pores may be slotted pores
and in some embodiments the slotted pores are oriented
substantially with the axis of rotation of the cleaning as-
sembly. The pores may be, for example, from about 1
micron (about 1 mm) wide to about 500 microns (about
500 mm) wide at the narrowest point.
[0006] The cleaning assembly may comprise one or
more wipers, such as brushes, squeegees or scrapers.
In some embodiments the cleaning assembly comprises
a wiper that is spiral shaped. The wiper may be preloaded
against the interior surface of the filter material. However,
in other embodiments the wiper does not touch the filter
material.
[0007] In some embodiments, the cleaning assembly

comprises a distributor having one or more openings.
The distributor may comprise a hollow tube oriented par-
allel to and extending the length of the cylindrical filter.
Further the distributor may comprise one or more open-
ings along its length. The distributor also comprises an
open end in fluid communication with the inlet in the hous-
ing.
[0008] A differential back pressure regulator may be
located at the filtered outlet of the housing. In some em-
bodiments the differential back pressure regulator is con-
figured to maintain pressure across the filter material at
less than 5 psi. In other embodiments a pressure regu-
lator may be located at the inlet and a back pressure
regulator located at the filtered outlet. In some such em-
bodiments, the pressure regulator and back pressure
regulator are configured to maintain pressure across the
filter at less than 5 psi (35 kPa).
[0009] In other embodiments, a filtration device is pro-
vided comprising a housing and an annular filter within
the housing. The filter may comprise pores that are nar-
rower at an interior surface of the filter than at the exterior
surface of the filter. In some embodiments the pores may
be slotted pores. The housing comprises an inlet that
communicates with the internal surface of the filter and
an outlet that communicates with a space between the
external surface of the filter and the housing. In addition,
the filtration device comprises a differential back pres-
sure regulator at the outlet that is configured to regulate
pressure across the filter at less than about 5 psi (about
35 kPa). The filter may be, for example, an electroformed
screen, such as an electroformed nickel screen.
[0010] In some embodiments a cleaning assembly is
located within the filter. The cleaning assembly may com-
prise a wiper.
[0011] In another aspect, methods of filtering a fluid
are provided. In some embodiments a filtration device is
provided comprising a housing, an annular filter located
within the housing and a cleaning assembly comprising
one or more wipers located within the filter. The filter may
comprise an internal surface, an external surface and
pores that are wider at the external surface than the in-
ternal surface. In some embodiments the filter is an elec-
troformed nickel screen.
[0012] Fluid is fed to the inside of the filter and passed
through the filter from the inside to the outside. In some
embodiments fluid is fed to the inside of the filter through
a distributor located within the annular filter. The cleaning
assembly is rotated inside the filter such that the one or
more wipers wipe the internal surface of the filter. In some
embodiments one or more wipers contact the internal
surface of the filter. In other embodiments the wipers do
not contact the surface of the filter.
[0013] At least one of the wipers may be, for example,
a brush, squeegee or scraper. In some embodiments the
wipers are spiral. The wiping may move filtered particles
from the internal surface of the filter to a collection region
at one end of the housing.
[0014] In other embodiments, methods of filtering a flu-
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id comprise passing the fluid through an annular filter
comprising expanding pores, wherein the annular filter
has an internal surface and an external surface and the
pores expand from the internal surface to the external
surface. The fluid passes from the interior of the annular
filter to the exterior of the filter. The pressure across the
filter may be maintained at less than about 5 psi (about
35 kPa). In some embodiments the filter comprises an
electroformed screen, such as an electroformed nickel
screen.
[0015] In some embodiments, the filter may be located
within a housing comprising an inlet in fluid communica-
tion with the interior of the filter and an outlet in fluid com-
munication with the exterior of the filter. Pressure may
be maintained across the filter using a differential back
pressure regulator located at the outlet. In other embod-
iments, pressure across the filter is maintained using a
differential pressure regulator at the inlet and a back pres-
sure regulator at the outlet. In still other embodiments,
pressure across the membrane is maintained using a
pressure regulator at the inlet and a back pressure reg-
ulator at the outlet.
[0016] The internal surface of the filter may be wiped
with one or more wipers. The wipers may be rotated in-
side the annular filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the attached figures various embodiments
are illustrated by way of example. Like reference numer-
als refer to similar elements.

Figure 1 is an exploded view illustrating each of the
major components of one embodiment of a filter sys-
tem.
Figure 2 is an illustration of a filter system where the
filter is sealed to the housing at either end, and the
cleaning assembly comprises wipers. The housing,
filter and lid are shown in cutaway form while the
cleaning assembly is not. It should be noted that the
filter system of Figure 2 does not fall within the scope
of the invention.
Figure 3 is an illustration of another embodiment of
the filter system where the filter assembly is sealed
to the housing at either end, and the cleaning as-
sembly comprises wipers and a distributor. The
housing, filter and lid are shown in cutaway form
while the cleaning assembly is not.
Figure 4 is an illustration of an embodiment of the
filter system where the filter assembly is sealed to
the housing at one end and the lid at the other end,
and the cleaning assembly comprises wipers and a
distributor. The housing, filter and lid are shown in
cutaway form while the cleaning assembly is not.
Figure 5 illustrates an embodiment of the filter as-
sembly comprising a filter support structure and a
filter material.
Figure 6 is a schematic illustration of a cross-section

of a filter material having a smooth working surface
and expanding pores.
Figure 7 is a schematic illustration of a cross-section
of a filter material having expanding pores and a
smooth working surface wherein the boundary of the
pore opening at the minimum width of the pore open-
ing (the narrowest part of the pore) substantially de-
fines the highest local point on the working surface.
Figure 8 illustrates a portion of the surface of a filter
material comprising an alternating pattern of slotted
pores.
Figure 9 illustrates a portion of the surface of a filter
material comprising a non-alternating pattern of slot-
ted pores.
Figure 10 illustrates a groove on a cleaning assembly
which captures the flexible backing of a wiper.
Figure 11 illustrates an embodiment of the cleaning
assembly comprising a distributor with evenly
spaced holes arranged in a spiral pattern.
Figure 12 illustrates an embodiment of the cleaning
assembly comprising a distributor with slots ar-
ranged in a spiral pattern.
Figure 13 illustrates an embodiment of the filter sys-
tem in cutaway showing the cleaning assembly sup-
ported by the inlet tube.
Figure 14 illustrates an embodiment of the filter sys-
tem in cutaway showing the cleaning assembly sup-
ported by a drive shaft at one end of the housing.
Figure 15 is an embodiment of the cleaning assem-
bly where the spiral wiper forms a divider which di-
vides the collection region from the distribution re-
gion of the housing.
Figure 16 is a schematic representation of a filter
system with an arrangement of various fluid system
components that may be used to operate the filter
system.

DETAILED DESCRIPTION

[0018] The methods, systems and components de-
scribed herein relate to filter systems for separating solids
from fluids. The fluids may comprise air or other gas; or
water, oil, fuel or other liquid. In some applications the
fluid is the end product. Such applications may include,
but are not limited to, drinking water, wastewater, recy-
cled water, irrigation, swimming pools, food and bever-
age processing, produced water from oil and gas pro-
duction, cooling towers, power plants, and marine ballast
or bilge water. By way of example, drinking water is often
produced by a series of filters removing ever finer parti-
cles and contaminants. A first or second level of filtration
may comprise an automatic strainer to remove particles
down to 10 microns (10 mm) in diameter. The filtered
water would then be conveyed to a finer filter like an ul-
trafilter, microfilter or reverse osmosis filter. Some em-
bodiments of the filter systems described herein are well
suited to this application.
[0019] In other applications, such as biofuel production
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and other biomass technologies, a particulate is sepa-
rated from a fluid stream and the filtered solid is the de-
sired product. By way of example, algae may be harvest-
ed from the water in which it’s growing for the purposes
of making biodiesel. The algae is first filtered from the
water and concentrated to a slurry. The oil is extracted
from the algae by solvent extraction or other means, and
then converted into biodiesel through a chemical process
called transesterification. Some embodiments of the filter
systems described herein are well suited to remove algae
from its liquid growth media for these purposes.

Housing and Lid Assembly

[0020] In some embodiments, a filter system compris-
es a hollow housing, a hollow filter assembly, a cleaning
assembly and a lid assembly. One embodiment of such
a filter system is illustrated in Figure 1. The filter system
10 as illustrated in Figure 1 comprises a hollow housing
100, a hollow filter assembly 200, a cleaning assembly
300, and a lid assembly 400.
[0021] The hollow housing may take any of a variety
of shapes. In the illustrated embodiment the hollow hous-
ing 100 is generally cylindrical in shape and comprises
of one or more parts coupled together, such as by fas-
teners, a v-band clamp or other suitable connectors. Ad-
ditionally the filter system 10 has a lid assembly 400 at
one end of the housing 100 which is also coupled to the
housing 100, for example by one or more fasteners, a v-
band clamp, or other suitable connectors. The housing
100 and lid assembly 400 may be fabricated from one or
more of a variety of materials, examples of which are
plastic, fibre glass, stainless steel, and epoxy coated
steel.
[0022] The filter assembly is typically annular in shape.
As illustrated, the filter assembly 200 takes the shape of
a hollow cylinder and is located inside and concentric
with the housing 100. The filter assembly 200 comprises
a filter material, such as a filter membrane, and in some
embodiments may comprise a filter frame or other sup-
port structure. In some embodiments the filter assembly
is generally open at both ends and contacts the housing,
for example through a seal at one or both ends. Examples
of seals are o-rings, x-rings, u-cups and gaskets. In the
illustrated embodiment, the filter assembly 200 seals to
the housing 100 at one end and the lid assembly 400 at
the other end. The lid as well as the other end of the
housing can be flat, semi-elliptical, hemispherical, or oth-
er suitable shape.
[0023] The housing and lid combination have one or
more each of an inlet, a filtered outlet and a drain outlet.
In some embodiments one or more inlets are generally
located at one end of the filter system, while one or more
filtered outlets and drain outlets are generally located at
opposite ends of the filter system from the one or more
inlets. In other embodiments, other arrangements may
be used. The one or more inlets and outlets may be po-
sitioned on any combination of the side wall of the hous-

ing, the end of the housing, and the lid. Inlets provide a
path for fluid to flow from a source to the interior of the
filter assembly where it contacts the working surface of
the filter material. The filtered outlet provides a path for
fluid that has passed through the filter material to exit the
housing. Drain outlets provide a path for fluid and/or sol-
ids that do not pass through the filter material to be re-
moved from the housing.
[0024] When the filter assembly is sealed to the hous-
ing, as illustrated in Figures 2 and 3, or the housing and
lid as illustrated in Figure 4, an unfiltered influent region
210 and a filtered effluent region 212 are created which
communicate only through the filter material 214. The
inlet 101, inlet region 118 and drain outlet 103 commu-
nicate with the influent region 210 at the inside of the filter
214, while the filtered outlet 102 communicates with the
filtered effluent region 212 at the outside of the filter 214.
The drain outlet 103 may be in communication with a
collection region 116 where unfiltered fluid and filtered
solids collect. Solids that collect on the working surface
of the filter material 214 during operation of the filter sys-
tem 10 may be moved by the action of wipers 316 to the
collection region. A divider 325 may be located between
the collection region 116 and the unfiltered region 210.
In some embodiments, for example when the filtered fluid
is a liquid, the filtered outlet 102 is located and the housing
oriented to facilitate the expulsion of air from the system.
This can be accomplished, for example, by positioning
the filtered outlet 102 at or above the highest point of the
filter material 214. In this way there is little to no need for
an air purge valve. However, such an orientation of the
filtered outlet 102 and housing are not required and in
some embodiments the housing 100 comprises an air
purge valve.
[0025] Figures 2 and 3 illustrate arrangements where
the inlet 101 is located at the same end of the housing
as the filtered outlet 102, albeit on opposite side walls.
Figure 4 illustrates another embodiment where the inlet
101 is located at the same end of the housing as the drain
outlet 103.

Filter Assembly

[0026] In some embodiments a hollow cylindrical filter
assembly 200 comprises a filter material 232 and a sup-
port structure 230, as illustrated in Figure 5. In some em-
bodiments, however, the filter material 232 will not re-
quire a support structure 230 and thus a support structure
will not be used. In some embodiments the filter material
is a surface filter. In the arrangements illustrated in Fig-
ures 2, 3 and 4, fluid passes from the influent region 210
at the inside of the filter to the effluent region 212 at the
outside of the filter. In this way filtered particles collect
on the inner, working surface of the filter 214. Suitable
filter materials include but are not limited to electroformed
screens, stacked disc filters, fabrics and membranes, wo-
ven metals, etched metal screens, and wedge wire filters.
The filter material may be arranged to form an annular
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structure, as in the embodiment illustrated in Figure 5.
[0027] In some embodiments a support structure is
used. For example, with thin filter materials, such as
screens, fabrics and other membranes, a support struc-
ture may be used to maintain the desired shape, typically
an annular or cylindrical shape. The support structure
may also contain seals at each end of the filter or make
contact with seals at each end of the housing. In some
embodiments a PVC plastic support structure is used to
support a hollow cylindrical filter material. In other em-
bodiments, a support structure comprises openings,
where the openings are covered with the filter material.
[0028] A support structure may consist of one or more
parts. As illustrated in Figure 5, the support structure 230
may be assembled from three pieces which include two
solid tubular end caps 201 and a supportive mid-section
202 with a mesh of ribs 238. The end caps 201 may each
comprise a seal. For example, each end cap 201 may
have an O-ring groove to contain an O-ring seal 220. In
embodiments where the support 230 is made of PVC,
PVC solvent cement may be used to join the three struc-
tural pieces and simultaneously capture the open ends
of the filter material cylinder. In other embodiments of the
filter assembly the filter material is placed in an injection
mould and the frame is moulded directly onto the filter
material in one or more stages. A plastic frame can be
made from any number of suitable plastics including, for
example, PVC, polypropylene and polycarbonate. In oth-
er embodiments of the invention the one or more support
structure parts are made from stainless steel or other
suitable materials and welded or bonded to the filter ma-
terial. In further embodiments the supportive midsection
is made from an overwrap of a screen material which can
be, for example, plastic or metal and can be welded or
bonded to the filter material. In other embodiments the
filter material may be supported by a wedge wire wrapped
in a spiral shape around the outside of the filter material.
[0029] The difference in pressure across the filter ma-
terial, also referred to herein as transmembrane pressure
(even though the filter material is not always a mem-
brane), causes flow through the filter material. The trans-
membrane pressure is typically maintained at a constant
value throughout the filtering process, but may be varied
in certain circumstances, such as for cleaning. In some
embodiments the transmembrane pressure may be
about 10 psi (about 70 kPa) or less, for example about
0.1 to 10 psi (about 0.7 to 69 kPa). In other embodiments
the transmembrane pressure may be about 0.1 to 3 psi
(about 0.7 to 21 kPa), 0.1 to 2 psi (0.7 to 14 kPa), or 0.1
to 1 psi (0.7 to 7 kPa). A sudden jump in the pressure
can occur if the filter suddenly plugs. For this reason the
filter is generally designed to sustain differential pres-
sures in the range of at least 20 to 30 psi (at least 140 to
210 kPa), but in some embodiments may sustain pres-
sures as high as 150 psi (as high as 1 MPa) or more.
[0030] As mentioned above, suitable filter materials in-
clude but are not limited to electroformed screens,
stacked disc filters, fabrics and membranes, such as

plastic fabrics and membranes, woven metals, etched
metal screens, and wedge wire filters. In some embodi-
ments, the filter material comprises pores with a maxi-
mum width of about 0.1 micron (about 0.1 mm) to about
1500 microns (about 1.5 mm). In other embodiments, the
pores may have a maximum width of about 1 to about
500 microns (about 1 mm to about 0.5 mm) or about 1 to
about 50 microns (about 1 mm to about 50 mm). The
variation in pore width across a filter can be an important
feature of the filter material. In some embodiments the
absolute variation in pore width is minimized. It is also
common to measure the variation as a percentage of
pore width. In some embodiments the variation in pore
width may range from about 61% to about 630%. In
other embodiments such as with precision electroformed
screens the precision may be measured in microns rang-
ing from about 60.1 micron (about 60.1 mm) to about
65 microns (about 65 mm). In some embodiments the
filter material comprises expanding pores, which are nar-
rower at the working surface than at the opposite surface.
However, a variety of pore shapes may be used and a
filter material having pores with an appropriate width,
shape and other attributes can be selected by the skilled
artisan for a particular application.
[0031] In some embodiments the filter material is a pre-
cision electroformed screen. The electroformed screen
can be made from a number of materials for example
nickel, gold, platinum and copper. A filter material of this
type may comprise a substantially smooth working sur-
face and regularly shaped expanding pores. That is, the
pores are narrower at the working surface than at the
opposite surface. In some embodiments the pores may
be conical. Screens of this type may be used that have
pores ranging in size from about 1500 microns (about
1.5 mm) down to about 0.1 micron (about 0.1 mm) at the
narrowest point, but variations of the technology can uti-
lize larger or smaller pores. In some embodiments a pre-
cision electroformed screen is used for filtration in the
range of 5 to 50 microns (5 to 50 mm) and has pores with
a corresponding width at the narrowest point.
[0032] In some embodiments a filter material is used
that comprises a precision electroformed nickel screen.
One such screen is called Veconic Plus Smooth, fabri-
cated by and available from Stork Veco BV of The Neth-
erlands. Veconic Plus Smooth is especially well suited
to filtration in the range of about 5 to 50 microns (about
5 to 50 mm).
[0033] A filter material may comprise pores where the
internal surfaces of a pore may be straight, concave or
convex. In some embodiments, as illustrated in Figure
6, the filter material 232 comprises pores where the pro-
file of the pore is substantially narrowest at the working
surface 214 of the filter. In some embodiments where the
filter is a cylindrical or annular filter, the working surface
may be the internal surface. The pore may remain the
same width or become wider across the filter from the
internal or interior working surface to the external or ex-
terior surface. In some embodiments the pores comprise
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an expanding region 236 and open progressively wider
from the working surface towards the opposite surface.
In this way, particles 242 small enough to enter a pore
opening 234 have little or no chance of getting stuck in-
side a pore 236. Surface filters of this type trap particles
240 that are too large to pass through the filter material
on their working surface 214, often at the mouth of a pore
234, where they can be acted upon by a cleaning mech-
anism.
[0034] In some embodiments the working surface of
the filter is smooth. Though the smooth working surface
of the filter may be substantially flat, it may also have
small, uneven features, for example as illustrated in Fig-
ure 7. These uneven features may be sudden steps 238
or gradual valleys 239. However, the filter is preferably
structured such that during filtration particles that are not
able to pass through the pores are retained at the highest
local point on the working surface.
[0035] In some embodiments the narrowest part of the
pore opening 233 substantially defines the highest point
on the working surface 214 in the vicinity of the pore. In
other embodiments, the narrowest part of the pore open-
ing 231 may be slightly below the highest local point on
the smooth working surface 214, for example the nar-
rowest part of the pore opening may be at a depth less
than half the width of the pore opening. Thus, for a pore
with a narrowest opening of 20 microns (20 mm), the 20
micron (20 mm) opening would be less than 10 microns
(10 mm) below the highest point on the smooth working
surface in the vicinity of the pore. This makes it possible
for a cleaning mechanism to make substantial contact
with pore blocking particles 240 and wipe them away
from the pore openings. The area of filter material be-
tween the pores is referred to as the bars 252.
[0036] The pores can have many planform shapes, ex-
amples of which are circular, square or slotted. Slotted
pores 250 which are longer than they are wide, as illus-
trated in Figures 8 and 9, are used in some embodiments
and tend to offer less fluid resistance than a number of
smaller circular or square pores having the same com-
bined open area. The drawback of slotted pores 250 is
that they can pass long skinny particles that are essen-
tially larger than the slot width, but these particles are
much less common. Nevertheless, in some embodi-
ments circular, square or irregularly shaped pores are
used.
[0037] In some embodiments, filters may have a thick-
ness of about 10 to 10,000 microns (about 10 mm to 10
mm). This is illustrated as the bar thickness 253 in an
exemplary embodiment in Figure 7. Electroformed nickel
screens, as used in some embodiments, generally have
a thickness of 150 to 300 microns (150 mm to 0.3 mm),
though they may be thicker or thinner. A sheet of filter
material has many pores, and in some embodiments sub-
stantially all of the pores have approximately the same
length and width. The pores may be any shape. In some
embodiments they are circular. In other embodiments
the pores are longer than they are wide. In some embod-

iments the length of each pore is generally about 400 to
500 microns (about 0.4 mm to 0.5 mm), for example about
430 microns (about 0.43 mm), but may be larger or small-
er. The width of the pores may be selected for the par-
ticular filtration application. In some embodiments,
widths in the range of about 0.1 to about 1500 microns
(about 0.1 mm to about 1.5 mm), 1 to 500 microns (1 mm
to 0.5 mm) or 1 to 50 microns (1 mm to 50 mm) are used.
In some applications, like the harvesting of microalgae
or yeast cells without flocculation, widths from about 0.1
to about 1 micron (about 0.1 mm to about 1 mm) may be
used.
[0038] In some embodiments the pores may be gen-
erally arranged in an alternating checkerboard pattern
as with the pores 252 in Figure 8, but may also be ar-
ranged in a non-alternating pattern, as in Figure 9. The
bars 253 are also shown in Figures 8 and 9. Screens with
non-alternating patterns are generally more brittle than
those with alternating patterns, which tend to be more
flexible.
[0039] In some embodiments the cumulative open ar-
ea of all the pores for a filter material is maximized in
order to maximize the filtrate rate. For smaller pores the
number of pores per unit length can be maximized in any
given direction. With many screens, such as electrofor-
med nickel screens that have expanding pores, the max-
imum open area of pores tends to be inversely propor-
tional to the sheet thickness, i.e. thicker sheets have few-
er pores. The number of pores per unit length in a given
direction is influenced by many variables, one of which
is the lithographic process by which the screens are
made.
[0040] In some embodiments a screen may have a
thickness of about 200 microns (about 0.2 mm) with pores
which are about 20 microns (about 20 mm) wide by about
430 microns (about 0.43 mm) long and arranged in a
mesh of about 160 pores per inch (about 6300 pores per
metre) in the direction perpendicular to the slots and
about 40 pores per inch (about 1570 pores per metre)
parallel to the slots. This equates to an open area of about
9%.
[0041] In some embodiments the filter material takes
the form of a hollow structure such as a hollow cylindrical
or annular structure. Seamless hollow cylinders can be
used and can be fabricated, for example, in an electro-
forming process. In other embodiments, cylinders can be
made from sheets of filter material which are then seam
welded into a cylinder. Methods of joining seam edges
are known in the art and may include, for example, re-
sistance welding or soldering. In this way cylinders of
filter material of any size and length can be made.
[0042] In some embodiments a filter material, such as
an electroformed nickel screen or other type of electro-
formed metal screen, is initially made in a square sheet,
such as a sheet one meter on each side, and then
trimmed to the proper size for the filter. Filter material
may be made in larger or smaller sheets depending on
the way they are manufactured, for example depending
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on the available electroforming equipment. The trimmed
sheet is flexible and is held in the shape of a cylinder
while the seam edges are resistance welded, silver sol-
der or joined by another process known to someone
skilled in the art.
[0043] In some embodiments, the filter material is coat-
ed with one or more materials to provide or improve a
desired property. For example, coatings of nickel-phos-
phorus alloy, chrome alloy or other suitable metal alloys
may be used to impart attributes such as hardness and
corrosion resistance. In other examples, a filter material
may be coated with silver for its antimicrobial properties
or a composite containing PTFE for its low friction. In
some embodiments, an electroformed nickel screen gen-
erally comprises a nickel base and may include one or
more additional coatings, such as those described
above.
[0044] Filter fouling generally occurs in two stages. In-
itially particles block the pores of the filter material reduc-
ing the effective open area. This is simply called "pore
blocking." Secondly a layer of particles collects at the
filter material surface creating what is called a "cake" lay-
er and this causes an ever decreasing filtrate rate. Cross-
flow filtration has been shown to be effective in delaying
fouling, for example in conjunction with electroformed
nickel screens. This mode of operation is generally con-
sidered the elegant solution to filter fouling, but the cross-
flow stream limits the ultimate recovery rate of influent
where filtrate is the desired product; and consequently
limits the maximum solids concentration in applications,
such as algae and yeast harvesting, where rejectate is
the product.
[0045] Surface filters are well suited to be cleaned in
place through mechanical means. A number of automat-
ed mechanical cleaning technologies may be used, alone
or in combination, in various embodiments of the dis-
closed filter systems and methods. In some embodi-
ments backflushing may be used. In backflushing the for-
ward flow through the filter is entirely stopped and tem-
porarily reversed to dislodge the pore blocking particles
as well as the entire cake layer. This backflush liquid
containing solids is discarded through an exhaust valve,
such as a drain outlet. It is sometimes combined with the
operation of a cleaning brush or wiper to aid the cleaning
of the filter screen. In other embodiments suction scan-
ning may be used. Here one or more nozzles scan the
filter surface. These nozzles have a large suction force
causing liquid to flow backward locally through the filter
screen in the vicinity of the nozzle. This pulls the filter
cake off the screen and sends it to an exhaust valve
where it is discarded. In this way a small portion of the
filter screen is being cleaned while the rest of the screen
continues to operate normally. While general backflush
filters have downtime during their cleaning cycle, suction
scanning filters continue to operate albeit at a lower net
flux rate. As with crossflow filtration, the backflush stream
in both systems limits the ultimate recovery rate of influent
where filtrate is the desired product; and limits the max-

imum solids concentration where rejectate is the product.
[0046] In some embodiments of the invention de-
scribed herein, the filter material is cleaned exclusively
by use of a wiper. Thus, backflush and/or crossflow are
not employed. In other embodiments, the filter material
is cleaned by backflush or crossflow. In some embodi-
ments the filter material is cleaned by a wiper in conjunc-
tion with a backflush, crossflow or both. Electroformed
nickel screens which have expanding pores and a
smooth working surface are well suited to be cleaned by
a wiper.
[0047] During cleaning the rejected particles move
across the surface of the filter material, for example by
means of a wiper and/or a crossflow velocity. It is gen-
erally advantageous to orient the slotted pores of the filter
material with their long dimension substantially perpen-
dicular to the likely path of a rejected particle. Thus in
some embodiments the filter material comprises slotted
pores that are oriented such that the long aspect of the
pores is perpendicular to the direction of movement of a
wiper.
[0048] When a wiper is substantially straight and ro-
tates inside a cylindrical filter, particles move more cir-
cularly around the filter than axially down the filter. In this
case the slots may be oriented with the axis of filter.
[0049] A wiper may also take the form of a spiral in
which case the particles may be pushed along a spiral
path on the surface of a cylindrical filter. Depending on
the pitch of the spiral, the path may be more along the
axis of the filter or more along the circumference of the
filter. If the filter material comprises slotted pores, the
slots can be oriented perpendicular to that path, though
a pure axial or circumferential orientation is used in some
embodiments, for example due to manufacturing limita-
tions.

Cleaning Assembly - Wipers

[0050] A cleaning assembly is typically positioned in-
side the filter assembly and in some arrangements com-
prises one or more wipers, for example as illustrated in
Figure 2. Fluid may move from the inlet of the housing
to contact the inside wall of the filter material by passing
around the cleaning assembly, for example as illustrated
in Figure 2, or through the cleaning assembly, for exam-
ple as illustrated in Figures 3 and 4. Filtered particles
collect on the inner working surface of the filter and when
the cleaning assembly is rotated the wipers clean the
working surface of the filter generally by moving filtered
particles along the surface and collecting them ahead of
the wiper. The wipers may also lift particles off the surface
back into the fluid or on to the wipers themselves.
[0051] The one or more wipers may be straight or take
other useful shapes. In some embodiments the wipers
take a substantially spiral shape along the length of the
cleaning assembly. See, for example, wipers 316 in Fig-
ures 3 and 4. In some embodiments the cleaning assem-
bly comprises a single spiral-shaped wiper. In other em-
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bodiments, the cleaning assembly comprises two or
more spiral shaped wipers. Spiral shaped wipers push
particles along the filter surface towards one end of the
housing, where they can be collected in a collection re-
gion. The concentration of particles on the wiper will typ-
ically increase in the direction of the collection region of
the housing.
[0052] In some embodiments one or more spiral
shaped wipers have a fixed pitch and in other embodi-
ments they have a variable pitch. A typical pitch of the
spiral wiper, for example for a cylindrical filter that is 4
inches (100 mm) in diameter, would be one complete
turn for every 6 inches (150 mm) of cleaning assembly
or, in other words, 60 degrees per inch (per 25 mm), but
could be less or more. In some embodiments the spiral
wiper or wipers have a pitch of about 10 to about 360
degrees per inch (per 25 mm). Variable pitched wipers
have a pitch that changes along the length of the cleaning
assembly to accommodate the buildup of particles on the
wiper. By way of example, the pitch may change from 10
degrees per inch (per 25 mm) at the far end of the clean-
ing assembly to 360 degrees per inch (per 25 mm) at the
end closest to the collection region.
[0053] It is generally advantageous to limit the speed
of the wipers along the surface of the filter to less than
100 inches per second (2.5 m/s) but this value may be
higher or lower depending on the filter and wiper design.
In embodiments in which the wiper touches the filter ma-
terial, friction between the wipers and the filter material
causes wear of the wipers, filter material or both. Faster
wipers tend to create more turbulence in the unfiltered
region of the housing which may interfere with the move-
ment of particles towards the collection region. The wip-
ers may also break particles apart into smaller particles
which then pass through the filter material. When the
wiper speed is limited, the cleaning frequency on the ma-
terial can be increased by adding more wipers. A cleaning
assembly will typically have from about 1 to about 10
wipers, for example 2, 4, or 8 wipers, but may have more
or less.
[0054] Wipers may take many forms examples of
which are brushes, squeegees and scrapers and may be
rigid or flexible. In one embodiment multiple wipers all
take the same form and in other embodiments multiple
wipers take a combination of forms. Brushes are gener-
ally made from non-abrasive plastic fibres like nylon,
polypropylene, or polyester, though they may be made
from other suitable materials. As particles decrease in
size, brushes tend to be less effective and squeegees
become more effective. Squeegees may be made from
any number of common natural or synthetic rubbers, an
example of which is polyurethane. In other embodiments
one or more wipers may comprise a scraper. The scraper
may be made from any number of suitable plastics such
as polycarbonate and PTFE, or other suitable materials.
[0055] In some embodiments one or more of the wipers
are preloaded against the surface of the filter by deflect-
ing the wiper, such as a brush or squeegee. In other

embodiments at least one of the wipers 316 does not
touch the surface 214 of the filter but extends to a height
slightly above the surface. In some embodiments the wip-
ers may extend to between about 0.001 to 0.1 inches
(about 25 mm to 2.5 mm) from the surface of the filter,
0.01 inches (250 mm) for example. In this way, circulation
of the wipers may create a local crossflow of fluid which
tends to push particles along the surface, while the wipers
do not actually touch the surface of the filter material.
[0056] The wipers may be supported by a structure at
one or both ends and/or by a centre structure as in Fig-
ures 2, 3 and 4. The centre structure may be solid or
hollow and take any number of suitable cross sectional
shapes, examples of which are round and polygonal. In
one embodiment of the invention the center structure is
substantially round and has one or more grooves on its
exterior surface. As illustrated in Figure 10, a wiper 316
may have a flexible backing 322 which is inserted into
the groove 320 on the center structure. In some embod-
iments a wiper is glued into a groove 320. In other em-
bodiment the groove 320, as in Figure 10, has a dovetail
or other suitable shape to retain a wiper 316. In one em-
bodiment a wiper is held in place by friction along the
length of the groove. In other embodiments a wiper is
retained at each end by a plug, end cap, or other suitable
means. In other embodiments one or more wipers are
glued to a smooth support structure. As mentioned
above, in other embodiments the wipers are self-support-
ing and are not attached to a support structure that runs
the length of the wipers. However, they may be supported
at one or both ends.

Cleaning Assembly - Distributor

[0057] In some embodiments the center structure of
the cleaning assembly comprises a hollow tube which
can act as a distributor for the filter assembly. The hollow
tube is oriented parallel to the length of the filter. The
distributor comprises at least one open end which is in
fluid communication with an inlet in the housing. For ex-
ample the distributor may communicate directly with an
inlet 101 as in Figure 4, or may communicate with an
inlet region 118 which in turn is in communication with
one or more inlets 101 as in Figure 3.
[0058] The distributor may extend the entire length of
the filter and has one or more openings along its length
which distribute the fluid to selected portions of the filter
surface. The one or more openings in the distributor may
be substantially perpendicular to the length of the distrib-
utor. The openings may, for example, be circular holes,
for example for ease of manufacturing, but they may also
be polygons, slots or any number of suitable shapes. The
openings may include tubes or other features which ex-
tend outward from the distributor towards the filter sur-
face and direct fluid to the filter surface. A distributor 310
with openings 314 is illustrated in Figure 11.
[0059] In some embodiments, through a rotation of 360
degrees, the distributor can sequentially direct fluid to
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the entire working surface of the filter. In the embodiment
shown in Figure 11 there are multiple openings 314 which
all have the same size. By way of example the openings
may be circular holes with a diameter of about 0.25 inches
(about 6.4 mm) and a centre to centre spacing of about
0.50 inches (about 12.7 mm) along the length of the dis-
tributor. In other embodiments multiple openings in the
same distributor have different sizes. It is generally ad-
vantageous to size the openings in order to balance the
amount of flow and pressure being distributed to each
selected portion of the filter. Thus the openings may get
progressively larger as they get farther away from the
inlet and/or the opening in the distributor that is in com-
munication with the inlet. This may take the form of cir-
cular holes which get progressively larger in diameter as
they get farther away from the inlet in the housing.
[0060] In some embodiments the openings point radi-
ally outward from the axis of the distributor. In other em-
bodiments the openings are offset from the axis of the
distributor and point substantially along a line tangent to
the axis of the distributor. Openings which are offset from
the axis of the distributor produce flow with a velocity
component that is tangential to the filter’s surface. In
some embodiments of the invention the tangential veloc-
ity helps to rotate the cleaning assembly. Additionally,
this crossflow may delay fouling and increase perform-
ance.
[0061] When the cleaning assembly comprises both a
distributor and one or more wipers the pattern of openings
may match the shape of the wipers. This is illustrated,
for example, in Figures 11 and 12, where the pattern of
openings 314 generally matches the shape of the one or
more wipers 316. Thus a spiral shaped wiper 316 will
have a spiral pattern of openings 314. In one embodiment
the openings 314 are a spiral pattern of holes as shown
in Figure 11, and in another embodiment they are one or
more spiral shaped slots as shown in Figure 12. The size
of the openings may vary along the length of the distrib-
utor. For example, the slot width may vary along the
length of the distributor 310. The slot width may increase
with distance from the inlet into the distributor.
[0062] When there is more than one wiper, there will
generally be a pattern of openings associated with each
wiper. The pattern of openings may alternate with the
wipers such that each two wipers have a pattern of open-
ings between them.

Cleaning Assembly - Support and Drive

[0063] The cleaning assembly may be supported at
one or both ends by one or more bearings, examples of
which are ball bearings and journal bearings. In the em-
bodiments illustrated in Figure 4 and Figure 13, the clean-
ing assembly 300 is supported by a sleeve bearing 330
on the inlet tube 118 which extends into the housing. One
or more seals, such as O-ring seals 322 may also be
included to restrict fluid travel around the bearings. A
drive shaft 404, which penetrates the lid 401, may also

be supported by one or more bearings and sealed by one
or more seals. The drive shaft may be coupled to the
cleaning assembly 300 using, for example, a spline drive,
square drive or interlocking face gears. The lid assembly
400 comprises a motor 402 which couples to the drive
shaft 404 and drives the rotation of the cleaning assembly
300. The lid assembly with motor 402 and shaft 404 can
be removed from the housing, thus decoupling the shaft
404 from the cleaning assembly 300. In another embod-
iment the distributor does not get decoupled from the lid
assembly but instead gets removed together with the lid
assembly. In further arrangements, as illustrated in Fig-
ures 2 and 3 and further illustrated in Figure 14, the clean-
ing assembly is entirely supported by a drive shaft which
is supported by bearings and seals at one end of the
housing. A motor 402, outside of the housing, couples to
the drive shaft 404 and drives the rotation of the cleaning
assembly 400.
[0064] In even further embodiments the cleaning as-
sembly is driven by other mechanisms, such as by hand
or by turbine. A turbine may be located such that fluid
flowing into the housing passes through the turbine and
turns the cleaning assembly. For example, in the ar-
rangements illustrated in Figures 2 and 3 the cleaning
assembly may comprise a turbine (not shown) located in
the inlet region 118 of the housing. Fluid passing from
the inlet region 118 to the distribution region 210 would
pass through the turbine driving rotation of the cleaning
assembly. In the embodiment illustrated in Figure 13 a
turbine (not shown) may be located inside the distributor
310 such that fluid passing from the inlet tube 118 to the
distributor 310 causes rotation of the cleaning assembly
300. In this way no external power source is required to
drive the cleaning assembly 300. The power of the flow-
ing fluid may alone provide the drive mechanism.

Cleaning Assembly - Inlet Region Divider

[0065] In some embodiments, one or more dividers are
used to direct fluid in the housing, such as to direct fluid
from the inlet to the distributor. For example, when the
cleaning assembly, as in Figure 14, comprises a distrib-
utor 310 which is open at one end to an inlet region 118,
it can be advantageous to divide the inlet region 118 from
the distribution region 210. In this embodiment a divider
345 protrudes radially outward from the distributor 310
forcing fluid to flow through the distributor to reach the
filter. In one embodiment the structure engages the inside
wall of the filter assembly or housing through a bearing,
seal or both. In another embodiment the divider does not
engage the filter assembly or housing and instead allows
a small amount of fluid to leak around the divider. In other
embodiments the divider is attached to the filter or hous-
ing and protrudes inward towards the distributor.

Cleaning Assembly - Collection Region Divider

[0066] The rotation of the cleaning assembly drives
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particles towards one end of the housing where the par-
ticles collect in a collection region. The collection region
and the cleaning assembly are generally configured to
push particles towards the drain outlet. In some embod-
iments, a divider may separate the inlet region or unfil-
tered region from the collection region.
[0067] When the cleaning assembly comprises a dis-
tributor 310, the distributor may not have openings 314
in this region, as in Figure 3, to avoid turbulence, but may
or may not have wipers 316. Wipers 316 in the collection
region 116 may be straight, spiral or take other useful
shapes and may or may not engage the housing wall. In
the embodiment illustrated in Figure 4 the same wipers
which engage the filter continue through the collection
region 116 to the end of the housing. In other embodi-
ments additional wipers are arranged on the cleaning
assembly to engage the end of the housing.
[0068] It can be advantageous to physically divide the
collection region from the distribution region to avoid par-
ticles returning to the filter surface. In the arrangements
illustrated in Figures 2 and 3 and those illustrated in Fig-
ures 11 and 12 this is accomplished by a divider 325
which rotates with the distributor. In other embodiments
the divider is non-rotating and instead affixed to the filter
wall or housing wall. In further embodiments a rotating
divider 325 is used in conjunction with a fixed divider.
[0069] The divider may have one or more openings,
generally located adjacent to the filter wall, which are
configured to allow particles to easily enter the collection
region 116, but to resist particles returning to the unfil-
tered distribution region 210. Depending on their form,
the one or more openings may be fixed or rotating, or a
combination of the two. The divider may consist of a flex-
ible wiper like a brush or squeegee, or may take the form
of a rigid structure; or a combination of flexible and rigid
structures. In the embodiment illustrated in Figure 15 the
divider 325 is formed by a continuation of the cleaning
wipers 316 and protrudes from the rotating distributor
310. The wiper wraps around the distributor 310 forming
an external arc. An opening 332 is formed by ending the
arc before the wiper wraps back around on itself or an-
other wiper.

Cleaning Assembly - Operation

[0070] The cleaning assembly may be operated in one
or more modes. In some embodiments the cleaning as-
sembly is rotated at a single constant rate whenever a
fluid pumping system is turned on. In other embodiments
the cleaning assembly is rotated at one of multiple fixed
rates depending on the level of filter fouling detected.
Fouling of the filter material generally causes reduced
flow and increased transmembrane pressure. This can
be detected through pressure sensors, flow sensors and
others sensors known to someone skilled in the art. By
way of example, pressure sensors may take the form of
a pressure switch which turns on when a set transmem-
brane pressure level has been reached. They may also

take the form of an electronic pressure transducer which
produces an electrical output proportional to the differ-
ential pressure across the filter material.
[0071] The rotational rate of the cleaning assembly
may also be set to be proportional to the solids content
of the influent. This can be accomplished using one or
more sensors also known to someone skilled in the art,
examples of which are turbidity sensors and suspended
solids sensors. A still further mode would be to set the
rotational rate proportional to the concentration of only
those particles likely to cause fouling. This could be ac-
complished through the use of a particle counter on the
influent or a combination of suspended solids sensors at
the inlet and filtered outlet. Thus, the filter system may
be configured to adjust the rotational speed of the clean-
ing assembly in response to a signal from one or more
of a turbidity sensor, a suspended solids sensor and a
particle counter.
[0072] The cleaning assembly may contain one or
more wipers such that a single rotation of the cleaning
assembly will wipe a section of filter material one or more
times. The wipers may pass over a section of filter ma-
terial from once per second up to 20 times per second,
but each section of filter material could be wiped less or
more often. By way of example, a cleaning assembly
having 4 wipers and rotating at 150 rpm would wipe the
filter 10 times per second.

Cleaning Assembly - Efficiency

[0073] With a surface filter such as those described
herein, the retentive force on the pore-blocking particles
is created by the transmembrane pressure acting on the
area of the particles that is blocking the pore. Fouling
may result when the retentive force on the particles is
greater than the motive force imparted by the wiper. Dif-
ferent wiper designs will be more or less effective at
cleaning particles of different make up. The effectiveness
of the wiper can be characterized by a cleaning efficiency
factor. The cleaning efficiency for a given wiper design
is dependent, in part, on the pore width and transmem-
brane pressure. The cleaning efficiency generally re-
mains substantially 100% until a critical pressure is
reached at which time it quickly drops to 0% as pressure
continues to increase. At or above the critical pressure,
the wipers are not able to affect pore-blocking particles
of ever increasing diameter. Operating beyond the critical
transmembrane pressure creates a decaying flux curve,
or in other words, the critical transmembrane pressure
is the pressure above which the total filtrate rate drops
over time. By way of example the critical pressure for a
screen with 20 micron (20 mm) wide slots and nylon
brushes with 0.006 inch (0.15 mm) diameter nylon fila-
ments is approximately 3 psi (21 kPa) and may be as
little as 2 psi (14 kPa) or even 1 psi (7 kPa). In one em-
bodiment of the invention the filter system is operated
continuously below the critical transmembrane pressure.
In another embodiment the filter system operates above
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the critical pressure, but periodically drops below the crit-
ical pressure for a short period of time allowing the wiper
to clean the filter. The critical pressure can be determined
by monitoring filtration rates at various pressures over
time and determining the pressure at which cleaning ef-
ficiency drops off to unacceptable levels.

Transmembrane Pressure Regulation

[0074] Operation of the filter system to control trans-
membrane pressure, for example to operate below the
critical transmembrane pressure, can be accomplished
in a number of ways. In some embodiments of the inven-
tion the filter system is supplied by a variable speed
pump, which is controlled by drive electronics and a dif-
ferential pressure transducer. The drive electronics
change the speed of the pump impeller which varies the
flow and pressure output of the pump in order to produce
a relatively constant transmembrane pressure.
[0075] In other embodiments the filter system is sup-
plied by a single speed pump and additional components
are used to regulate the transmembrane pressure. An
exemplary filter system along with additional fluid system
components is represented schematically in Figure 16.
When the filter system is supplied by a single speed pump
512, the decreased flow of filter fouling causes an in-
crease in the pressure supplied by the pump and subse-
quently an increased pressure at the unfiltered region of
the housing.
[0076] Transmembrane pressure can be maintained
by reducing the pressure in the unfiltered region of the
housing or increasing pressure on the filtered region of
the housing. In one embodiment of the invention flow is
restricted at the inlet by a fluid system component 509
thus reducing the pressure at the unfiltered region, as
illustrated in Figure 16. This can be accomplished by a
passive regulator, examples of which are pressure reg-
ulators and differential pressure regulators; or a flow con-
trol valve, examples of which are ball valves and butterfly
valves. In another embodiment flow is restricted at the
filtered outlet 511 by a fluid system component 503, thus
increasing the pressure on the filtered region of the hous-
ing. This can be accomplished using a flow control valve
or a passive regulator, examples of which are back pres-
sure regulators and differential back pressure regulators.
[0077] In some embodiments the transmembrane
pressure is maintained with the combination of a pres-
sure regulator at the inlet and a back pressure regulator
at the filtered outlet. In some embodiments a differential
pack pressure regulator is located at the filtered outlet
and a pressure regulator is not located at the inlet. In still
other embodiments, a differential pressure regulator is
located at the inlet and a back pressure regulator is lo-
cated at the filtered outlet.
[0078] In some embodiments flow is increased at the
drain outlet 506 using a flow control valve or a pressure
release valve. The increased flow through the inlet lowers
the pressure supplied by the pump and thus lowers the

pressure on the unfiltered region of the housing. In even
further embodiments flow restrictors at the outlet are
used in conjunction with a pressure source to actively
raise the pressure in the filtered region of the housing,
thus reducing the pressure differential across the filter
material.
[0079] In some embodiments a passive fluid and pres-
sure reservoir 501 is located functionally between the
filter material and any regulator 503 at the filtered outlet.
This provides a reservoir to equalize the pressure and
flow across the filter material when fouling occurs. This
reservoir can take the form of an accumulator tank 501
or simply an air bubble trapped in the housing where it
can communicate with the filtered region of the housing.

Drain Purge

[0080] Particles collected in the collection region may
be purged from the housing by one or more methods. In
some embodiments, the pump supplying the system is
turned off and the drain valve is opened. The particles
and fluid in the housing then simply drain out. This could
be useful, for example, for swimming pools and other
consumer applications where cost is an issue and routine
maintenance is expected. In other embodiments the
drain valve is fully opened while the pump continues run-
ning. This flushes the collection region while also causing
a sudden drop in pressure in the unfiltered region of the
housing. The drop in pressure can help to unclog any
pores which might be retaining particles. When a pres-
sure and fluid reservoir exists at the filtered outlet a small
amount of fluid may flow backwards through the pores
of the filter further helping to dislodge stuck particles. This
passive back flush can be further aided by simultaneous-
ly closing a valve that is positioned at the filtered outlet
after the pressure reservoir, such as valve 503 in Figure
16.
[0081] In further embodiments the filter system is op-
erated while the drain remains only slightly open. A small
fraction of the fluid, generally in the range of 1% to 10%,
passes out through the drain taking with it the rejected
particles. A continuous drain of this nature is often called
a bypass flow or a brine stream.
[0082] In even further embodiments the system is op-
erated as a crossflow filter. In such a configuration a cer-
tain amount of flow passes out through the drain and
creates a flow velocity tangential to the surface of the
filter. This tangential flow acts as a cleaning mechanism
which can work by itself or in conjunction with the wipers
to reduce or eliminate fouling. In crossflow applications
the bypass flow is optimally run at about 50% but can
range from about 10% to 90%. In some embodiments
the bypass flow makes a single pass through the filter
system. In other embodiments the bypass flow is pumped
back into the system and makes multiple passes through
the filter.
[0083] It is also possible to purge particles from the
system without substantially impacting the pressure or
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flow of the system. Some embodiments use a rotary valve
located at the drain outlet. This type of valve has a valve
element with one or more cavities which can be opened
sequentially first to the collection region and then to the
drain by the rotation of the valve element. A seal around
the valve element maintains the pressure in the collection
region. The rotary valve can be driven by a motor or by
hand. In one embodiment the valve is coupled to the dis-
tributor and driven simultaneously. If coupled to the dis-
tributor it would generally be coupled through one or more
gears to reduce the rotational speed of the valve with
respect to the distributor. A typical gear ratio would be
1:100 but could be as low as 1:10,000 or as high as 1:1.
[0084] In one embodiment the valve is operated in a
continuous fashion whenever the filter is in operation. In
other embodiments one or more sensors or switches op-
erates the valve. The valve can be operated by a timer;
in response to filter fouling; or in response to solids ac-
cumulation in the collection region. Filter fouling can be
indicated by an increased pressure differential or de-
creased flow which can be detected by pressure and flow
sensors. Solids accumulation can be detected by a va-
riety of sensors, examples of which are optical sensors
and acoustic sensors. In one embodiment the valve is a
separate unit attached to the drain outlet. In other em-
bodiments the valve is integrated into the end or side wall
of the housing.

Claims

1. A fluid filtration device (10) comprising:

a hollow housing (100) comprising an unfiltered
inlet (101) and a filtered outlet (102);
a hollow filter assembly (200) located inside the
housing (100) and comprising a filter material
(232) with a smooth interior surface and an ex-
terior surface; and
a rotating cleaning assembly (300) comprising
a wiper (316) located inside the filter assembly
(200) which extends the length of the filter;
characterized in that the cleaning assembly
(300) comprises a distributor (310) having an
open end which communicates with the unfil-
tered inlet (101) in the housing (100) and having
one or more openings (314) along its length, and
which extends the length of the filter.

2. The filtration device of claim 1, wherein the filter ma-
terial (232) comprises an electroformed nickel
screen.

3. The filtration device of claim 1, wherein the filter ma-
terial (232) comprises expanding pores (236) that
are narrower at the interior surface than the exterior
surface.

4. The filtration device of claim 3, where the boundary
of the pore at the minimum width of the pore opening
(234) substantially defines the highest local point on
the inner surface.

5. The filtration device of any of claims 1 to 4, wherein
the filter material (232) comprises slotted pores (250)
oriented substantially parallel with the axis of rotation
of the cleaning assembly (300).

6. The filtration device of claim 1 wherein the wiper
(316) is spiral shaped.

7. The filtration device of claim 1, additionally compris-
ing a motor (402) that rotates the cleaning assembly
(300).

8. The filtration device of claim 1, additionally compris-
ing a differential back pressure regulator at the fil-
tered outlet (102).

9. The filtration device of claim 1, additionally compris-
ing a pressure regulator at the unfiltered inlet and a
back pressure regulator at the filtered outlet (102).

10. The filtration device of claim 8 or claim 9, wherein
the back pressure regulator is configured to keep the
pressure across the filter material at less than 5 psi
(35 kPa).

11. A method of filtering a fluid comprising:

providing a filtration device (10) comprising:

a housing (100) comprising an unfiltered in-
let (101) and a filtered outlet (102);
an annular filter (200) located within the
housing, the annular filter (200) comprising
a smooth internal surface and an external
surface; and
a cleaning assembly (300) comprising one
or more wipers (316) located within the filter
(200) and a distributor (310) located inside
the filter (200) which extends the length of
the filter (200), wherein the distributor com-
prises an open end in communication with
the unfiltered inlet (101) of the housing;

feeding the fluid to the inside of the filter (200)
through the distributor;
passing the fluid through the filter (200), and
rotating the cleaning assembly (300) inside the
filter (200) such that the one or more wipers
(316) wipe the internal surface of the filter.

12. The method of claim 11, wherein the filter (200) is
an electroformed screen comprising expanding
pores (234) that are narrower at the interior surface
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than the exterior surface.

Patentansprüche

1. Fluidfiltrationsvorrichtung (10) umfassend:

ein hohles Gehäuse (100) umfassend eine un-
gefilterten Zulauf (101) und einen gefilterten Ab-
lauf (102).
ein hohle Filtereinheit (200), die innerhalb des
Gehäuses (100) angeordnet ist, und die ein Fil-
termaterial (232) mit einer glatten Innenoberflä-
che und einer Außenoberfläche umfasst; und
eine rotierende Reinigungseinheit (300) umfas-
send einen Wischer (316), der innerhalb der Fil-
tereinheit (200) angeordnet ist, welcher sich
über die Länge des Filters erstreckt;
dadurch gekennzeichnet, dass die Reini-
gungseinheit (300) einen Verteiler (310) mit ei-
nem offenen Ende umfasst, welches mit dem
ungefilterten Zulauf (101) in dem Gehäuse (100)
in Verbindung steht und über seine Länge eine
oder mehrere Öffnungen (314) aufweist und
welcher sich über die Länge des Filters er-
streckt.

2. Filtrationsvorrichtung nach Anspruch 1, wobei das
Filtermaterial (232) ein galvano-geformtes Nickel-
sieb umfasst.

3. Filtrationsvorrichtung nach Anspruch 1, wobei das
Filtermaterial (232) expandierende Poren (236) um-
fasst, die an der Innenoberfläche schmaler sind als
an der Außenoberfläche.

4. Filtrationsvorrichtung nach Anspruch 3, wobei die
Begrenzung der Pore an der Mindestbreite der Po-
renöffnung (234) im Wesentlichen den höchsten lo-
kalen Punkt auf der Innenoberfläche definiert.

5. Filtrationsvorrichtung nach einem der Ansprüche 1
bis 4, wobei das Filtermaterial (232) schlitzförmige
Poren (250) umfasst, die im Wesentlichen parallel
zu der Rotationsachse der Reinigungseinheit (300)
ausgerichtet sind.

6. Filtrationsvorrichtung nach Anspruch 1, wobei der
Wischer (316) spiralförmig ist.

7. Filtrationsvorrichtung nach Anspruch 1, ferner um-
fassend einen Motor (402), der die Reinigungsein-
heit (300) dreht.

8. Filtrationsvorrichtung nach Anspruch 1, ferner um-
fassend einen differentiellen Gegendruckregler am
gefilterten Ablauf (102).

9. Filtrationsvorrichtung nach Anspruch 1, ferner um-
fassend einen Druckregler an dem ungefilterten Zu-
lauf und einen Gegendruckregler am gefilterten Ab-
lauf (102).

10. Filtrationsvorrichtung nach Anspruch 8 oder An-
spruch 9, wobei der Gegendruckregler konfiguriert
ist, um den Druck entlang dem Filtermaterial bei we-
niger als 5 psi (35 kPa) aufrechtzuerhalten.

11. Verfahren zum Filtrieren eines Fluids umfassend:

Bereitstellen einer Filtrationsvorrichtung (10)
umfassend:

ein Gehäuse (100) umfassend einen unge-
filterten Zulauf (101) und einen gefilterten
Ablauf (102);
einen kranzförmigen Filter (200), welcher
innerhalb des Gehäuses angeordnet ist,
wobei der kranzförmige Filter (200) eine
glatte Innenoberfläche und eine Außeno-
berfläche umfasst; und
eine Reinigungseinheit (300) umfassend ei-
nen oder mehrere Wischer (316), welcher
im Filter (200) angeordnet sind, und einen
Verteiler (310), welcher innerhalb des Fil-
ters (200) angeordnet ist, welcher sich über
die Länge des Filters (200) erstreckt, wobei
der Verteiler ein offenes Ende umfasst, wel-
ches mit dem ungefilterten Zulauf (101) des
Gehäuses in Verbindung steht;

Führen des Fluids zur Innenseite des Filters
(200) durch den Verteiler;
Leiten des Fluids durch den Filter (200), und
Rotieren der Reinigungseinheit (300) innerhalb
des Filters (200), so dass einer oder mehrere
Wischer (316) die Innenoberfläche des Filters
wischen.

12. Verfahren nach Anspruch 11, wobei der Filter (200)
ein galvano-geformtes Sieb ist, welches expandie-
rende Poren (234) umfasst, die an der Innenoberflä-
che schmaler sind als an der Außenoberfläche.

Revendications

1. Dispositif de filtration de fluide (10) comprenant :

un logement creux (100) comprenant une entrée
non filtrée (101) et une sortie filtrée (102) ;
un ensemble formant filtre creux (200) situé à
l’intérieur du logement (100) et comprenant une
matière de filtrage (232) avec une surface inté-
rieure lisse et une surface extérieure ; et
un ensemble de nettoyage rotatif (300) compre-
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nant un racloir (316) situé à l’intérieur de l’en-
semble formant filtre (200) qui s’étend sur la lon-
gueur du filtre ;
caractérisé en ce que l’ensemble de nettoyage
(300) comprend un distributeur (310) ayant une
extrémité ouverte qui communique avec l’entrée
non filtrée (101) dans le logement (100) et ayant
une ou plusieurs ouvertures (314) le long de sa
longueur, et qui s’étend sur la longueur du filtre.

2. Dispositif de filtration selon la revendication 1, dans
lequel la matière de filtrage (232) comprend un crible
de nickel électroformé.

3. Dispositif de filtration selon la revendication 1, dans
lequel la matière de filtrage (232) comprend des po-
res allant en s’évasant (236) qui sont plus étroits au
niveau de la surface intérieure que la surface exté-
rieure.

4. Dispositif de filtration selon la revendication 3, dans
lequel la frontière du pore au niveau de la largeur
minimale de l’ouverture de pore (234) définit sensi-
blement le point local le plus haut sur la surface in-
térieure.

5. Dispositif de filtration selon l’une quelconque des re-
vendications précédentes 1 à 4, dans lequel la ma-
tière de filtrage (232) comprend des pores rainurés
(250) orientés sensiblement parallèlement à l’axe de
rotation de l’ensemble de nettoyage (300).

6. Dispositif de filtration selon la revendication 1, dans
lequel le racloir (316) est en forme de spirale.

7. Dispositif de filtration selon la revendication 1, com-
prenant en outre un moteur (402) qui fait tourner l’en-
semble de nettoyage (300).

8. Dispositif de filtration selon la revendication 1, com-
prenant en outre un régulateur de pression différen-
tielle d’évaporation au niveau de la sortie filtrée
(102).

9. Dispositif de filtration selon la revendication 1, com-
prenant en outre un régulateur de pression au niveau
de l’entrée non filtrée et un régulateur de pression
d’évaporation au niveau de la sortie filtrée (102).

10. Dispositif de filtration selon la revendication 8 ou la
revendication 9, dans lequel le régulateur de pres-
sion d’évaporation est configuré pour maintenir la
pression de part et d’autre de la matière de filtrage
à moins de 5 psi (35 kPa).

11. Procédé de filtrage d’un fluide comprenant :

la fourniture d’un dispositif de filtration (10)

comprenant :

un logement (100) comprenant une entrée
non filtrée (101) et une sortie filtrée (102) ;
un filtre annulaire (200) situé à l’intérieur du
logement, le filtre annulaire (200) compre-
nant une surface interne lisse et une surface
externe ; et
un ensemble de nettoyage (300) compre-
nant un ou plusieurs racloirs (316) situés à
l’intérieur du filtre (200) et un distributeur
(310) situé à l’intérieur du filtre (200) qui
s’étend sur la longueur du filtre (200), dans
lequel le distributeur comprend une extré-
mité ouverte en communication avec l’en-
trée non filtrée (101) du logement ;

l’amenée de fluide à l’intérieur du filtre (200) par
l’intermédiaire du distributeur ;
le passage du fluide à travers le filtre (200), et
la rotation de l’ensemble de nettoyage (300) à
l’intérieur du filtre (200) de sorte que le ou les
plusieurs racloirs (316) raclent la surface interne
du filtre.

12. Procédé selon la revendication 11, dans lequel le
filtre (200) est un crible électroformé comprenant des
pores allant en s’évasant (234) qui sont plus étroits
au niveau de la surface intérieure que la surface ex-
térieure.
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