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CYLINDRICAL FILTER SCREEN WITH TENSIONING MECHANISM

FIELD
The invention is directed toward cylindrical filter screens, including those fabricated from

flat stock material (e.g. “band”) flexed into a cylindrical configuration.

INTRODUCTION

Cylindrical filter screens are used in a variety of filtration devices, including hydroclones
as described in: US7632416, US7896169, US8201697, US8663472, US8701896, US8882999,
US2012/0145609, US2014/0042083, W02013/181028, W02013/181029 and W02014/066036.
In a typical embodiment, the screen is fabricated from a rectangular flat metal band of porous
material that is assembled by flexing the band so that its opposing ends abut or overlap to form a
cylinder. The ends are permanently secured together by welding, adhesive, rivets, etc. The filter
screen is supported by an underlying support frame. The support frame helps maintain the
screen in a cylindrical configuration during operation. For reasons of cost and weight the
support frame may be fabricated from a material different from that of the filter screen.
Examples include polymers having linear coefficients of thermal expansion quite different than
that of a metal filter screen. As a consequence, the support frame undergoes significant thermal
expansion and contraction during operation. These thermal excursions can crack, craze or

otherwise compromise the integrity of the filter screen.

SUMMARY

In one embodiment the invention includes a filter assembly including a filter screen (27)
comprising a band (27) of porous material extending between two axially aligned opposing ends
(38, 38’) and defining a cylindrical periphery (29), wherein the ends (38, 38”) are each secured to
a dynamic tensioning mechanism (46) that permits the ends (38, 38’) to move bi-directionally
relative to one another about the periphery (29) of the filter screen (27). In another embodiment,
the invention includes a hydroclone including the aforementioned filter screen (27). Many
additional embodiments are described.

In another embodiment, there is provided a filter assembly comprising a filter screen
comprising a band of porous material extending between two axially aligned opposing first and
second ends which overlap each other from 10 to 100 mm and define a cylindrical periphery,

wherein the first end includes a radially inner surface and the second end has a radially outer

1
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surface and wherein at least one of the inner surface or outer surface includes a low friction
coating or covering having a coefficient of friction less than 0.3 as measured by ASTM
G115- 10 (2013), wherein the first and second ends are secured to a dynamic tensioning
mechanism that permits the first and second ends to move bi-directionally relative to one

5  another about the periphery of the filter screen.

BRIEF DESCRIPTION OF THE DRAWINGS
Various aspects of the invention may be better understood by reference to the
following description taken in conjunction with the accompanying drawings wherein like
10  numerals have been used throughout the various views to designate like parts. The
depictions are illustrative and are not intended to be to scale or otherwise limit the

nvention.
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Figure 1A an elevational view showing one embodiment of the invention.
Figure 1B is a cross-sectional view taken along lines 1B-1B of Fig. 1A.

Figure 2 is an exploded, partially cut-away perspective view of the embodiment shown in
Figs. 1 A and B.

Figure 3A is a perspective view showing the filter screen prior to assembly.

Figures 3B and 3C are elevational views showing an embodiment of the filter screen during

assembly and after assembly.
Iigures 3D and 3E are elevational views of alternative embodiments of the filter screen.
Figure 4A is perspective view of the embodiment shown in Figure 3C.

Figure 4B is a perspective view of the embodiment shown in Figure 4A including the filter

screen assembled about a support frame.

DETAILED DESCRIPTION

In one embodiment, the present invention includes a cylindrical filter assembly. While the
subject filter assembly may be used in a variety of filiration devices, for ease of description the filter
assembly is described in the context of a hydroclone. In another embodiment, the invention includes
a hydroclone filtration device and related methods of conducting cyclonic separation. For purposes
of the present description, the term “hydroclone” refers to a filtration device that at least partially
relies upon centrifugal forces generated by vortex fluid flow to separate constituents of a fluid
mixture. Examples include the separation of solid particles from a liquid mixture and separation of
mixtures including liquids of differing densities (e.g. oil and water). Specific applications include
the treatment of: pulp effluent generating by paper mills, process water generated by oil and gas
recovery, bilge water and municipal and industrial waste water. Specific examples are described in
the references listed in the Background section.

One embodiment of the invention is illustrated in Figures 1-2 including a hydroclone
generally shown at 10 including a tank (12) having a removable lid (13), a fluid inlet (14), a filtered
fluid outlet (16), an effluent outlet (18), an optional process fluid outlet (20) and an inner peripheral
wall (22) enclosing at least one, but preferably plurality of vertically aligned chambers (24, 30).
While depicted as including two vertically aligned chambers (24, 30), additional chambers may also
be included. Also, the chambers may alternatively be horizontally aligned. Similarly, additional
fluid inlets and outlets may also be included. While shown as having a cylindrical upper section and
a frustro-conical base centered about a central axis, the tank (12) may have other configurations
including an entirely cylindrical shape.

A filter sub-assembly (26) is located within the chamber (24) (i.e. “vortex chamber”) and

comprises a circular filter screen (27) centered about an axis (X) and defining a periphery (29)
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concentrically located about the axis (X) and including a plurality of pores (32) passing
therethrough. The filter screen (27) encloses a filtrate chamber (36) which is in fluid
communication with the filtered fluid outlet (16). An optional effluent separation chamber (30) may
be located below and in fluid communication with the vortex chamber (24). The effluent separation
chamber (30) is adapted for receiving unfiltered fluid from the vortex chamber (24). An optional
vortex flow barrier (34) may be located between the vortex and effluent separation chambers (24,
30) and may be adapted to direct fluid flow between the vortex and effluent separation (24, 30)
chambers to locations adjacent to the inner peripheral wall (22) of the tank (12). The vortex flow
barrier (34) may be designed fo maintain vortex fluid flow in the effluent separation chamber (24)
and disrupt vortex fluid flow (28) as fluid flows from the vortex chamber (24) into the effluent
separation chamber (30). More specifically, the vortex flow barrier (34) includes an outer periphery
(40) extending to locations adjacent to or in contact with the inner peripheral wall (22) of the tank
(12) and may further include a plurality of apertures (42) located near the periphery (40) and
extending therethrough. In the illustrated embodiment, the apertures (42) are scalloped-shaped but
alternative shapes may also be used. An effluent opening or pathway (e.g. pipe} (187) is centrally
located in the lower portion of the tank (12) and is in fluid communication with the effluent outlet
(18) by which effluent may exit the tank (12). While not shown, the opening (18’) or outlet (18)
may optionally include a valve (e.g. one-way check valve) for selectively permitting effluent to flow
from the tank (12).

In operation, pressurized feed fluid (e.g. preferably from 4 to 120 psi) enters the tank (12)
via the {luid inlet (14) and [ollows along {luid pathway (28} and generates a vortex about the filter
sub-assembly (26). Centrifugal forces urge denser materials toward the inner peripheral wall (22) of
the tank (12) while less dense liquid flows radially inward toward the filter screen (27). A portion of
this liquid flows through the pores (32) of the filter screen (27) into the filtrate chamber (36) and
may exit the tank (12) as “filtrate” by way of the filtered fluid outlet (16). The remaining “non-
filtrate” flows downward from the vortex chamber (24) to the effluent separation chamber (30). The
vortex flow barrier (34) directs the majority (e.g. preferably at least 75% and in some embodiments
at least 90%) of such downward flow to locations along or adjacent to an inner peripheral wall (22)
of the tank (12). This arrangement is believed to help maintain vortex flow within the vortex
chamber (24) while disrupting the vortex flow as fluid enters the effluent separation chamber (30).
Fluid flow slows in the effluent separation chamber (30) and denser materials (e.g. particles)
preferentially settle toward the bottom of the tank (12) and then may enter the effluent opening (18)
and may then exit the tank by way of effluent outlet (18). The remaining liquid (hereinafter referred
to as “process fluid”) in the effluent separation chamber (30) flows upward into a centrally located
process fluid opening or pathway (e.g. pipe) (20°) in fluid communication with the process flnid
outlet (20). In most applications, process fluid represents a mid-grade product that may be re-used,

disposed of or recycled back to the fluid inlet (14) for further treatment. “Filtrate” typically
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represents a high grade product that may be disposed of or re-used. “Effluent” represents a low
grade product that may be disposed of or further treated. However, it should be appreciated that in
some applications, effluent may represent a valuable product.

The feed fluid inlet pressure and spacing between the periphery (29) of the filter sub-
assembly (26) and the inner peripheral wall (22) of the tank (12) may be optimized to create and
maintain a vortex fluid flow within the vortex chamber (24}. In order to further facilitate the
creation and maintenance of vortex fluid flow, the fluid inlet (14) preferably directs incoming feed
fluid on a tangential path about the vortex chamber (24), as indicated by dotted arrows in Figure 1A.

As shown in Figures 1-2, the filter sub-assembly (26) is preferably centrally located within
the vortex chamber (24) and evenly spaced from the inner peripheral wall (22) of the tank (12).
While shown as being cylindrical, other configurations may be used including conical shaped filters.
The hydroclone (10) further includes a cleaning assembly (48) for removing debris from the
periphery (29) of the filter screen (27). The cleaning assembly (48) may be mounted on the top
surface of the filter sub-assembly (26) and includes one or more spokes (50) extending radially
outward. A cleaning member (52), (e.g. nylon or brass brush) extends downward from the end of
the spoke (50) and engages the periphery (29) of the filter screen (27). While shown as a brush (52),
alternative cleaning members may be used, e.g. wipers, blades, rollers, squeegees, scrapers, etc.
From 2 (0 60 cleaning members, and more preferably from 6 (o 24 cleaning members are used. As
represented by curved arrows in Figure 2, the cleaning assembly (48) rotates about filter sub-
assembly (26) such that the brushes (52) sweep the periphery (29) of the screen (27) and remove
debris. One or more paddles (54) may be mounted to the end of at least one spoke (50) such that
fluid flowing into the vortex chamber (24) rotates the cleaning assembly (48) about the filter sub-
assembly (26). Spacing paddles (54) evenly about the filter sub-assembly (26) adds stability to the
rotating movement of the cleaning assembly (48) and may help maintain vortex fluid flow in the
vortex chamber (24). The paddles (54) and/or cleaning members (52) may lay normal to the
periphery (29) of the filter screen (27), or may be slanted, (e.g. from -5° to -30° or 5° to 30° from the
radial axis). Bearings may be used between the filter and cleaning assemblies (26, 48) to further
facilitate rotation without impeding vortex fluid flow. In alternative embodiments not shown, the
cleaning assembly (48) may be driven by alternative means, e.g. electronic motor, magnetic force,
ete.

Figure 3A illustrates an embodiment of an unassembled filter screen (27). In this
embodiment, the filter screen (27) is fabricated from a rectangular flat band (27”) of porous material
extending between two opposing ends (38, 38”). As used herein, the term “ends” refers to outermost
100 mm of the band (27°), i.e. the portion extending to the longitudinal (length direction) edge of the
band. The band (27’) preferably has a thickness of from 10 to 1000 pm but preferably from 100 to
300 pm and may be selected from a wide variety metals such electro-formed nickel and stainless

steel. The band (27°) includes a plurality of pores (32), the shape of which is not particularly
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limited, (e.g. V-shape, cylindrical, slotied, mesh, etc.) and may vary depending upon the specific
application. The pores (32) preferably cover more than 50% and more preferably more than 90% of
the surface of the filter screen and may be of varying or uniform size having average sizes from 1 to
250 pm and more preferably 5 to 200 pm as measured by SEM. In one preferred embodiment, the
pores (32) are axially aligned slots (with respect to axis X shown in Figure 2) with widths no greater
than 100 pm, and more preferably no greater than 50 um, (e.g. 1-100 pm, more preferably 5 pto 50
pm). The filter screen (27) is assermbled by flexing the band (277) into a cylindrical configuration
such that the ends (38, 38) of the band (27’) are drawn toward each other, axially aligned,
preferably with one end (38) overlapping the other (38°), e.g. (from 10 to 100 mm). The radially
inner surface (39) of the overlapping end (38) and/or radially outer surface (39°) of underlapping
end (38") may optionally include a low friction coating or covering (e.g. lubricant, PTFE tape, efc.)
preferably having a coefficient of friction less than 0.3 and more preferably less than 0.1 (as
measured by ASTM (5115-10 (2013)). The low friction surfaces facilitate movement of the ends
(38, 38") across one another. The combined thickness of the overlapping ends (38, 38) is preferably
less than 0.5 mm thick. In an alternative embodiment not shown, the ends (38, 38’) are drawn
toward each other to form a cylinder but are separated by an axial gap which is bridged by a separate
strip of material extending axially along the outer periphery (29) of the filter screen (27).

As best shown in Figures 3B, 3C, 3D and 3E, the ends (38, 38”) are secured together by way
of a dynamic tensioning mechanism (46) that permits the ends (38, 38) to move bi-directionally
relative to one another about the circumference of the screen’s cylindrical periphery (29). The
tensioning mechanism (46) includes at least one spring (56} secured (o each end (38, 38”) of the
band (27”). The term “spring” as used herein refers to an elastic object that stores mechanical
energy. While classic steel tension coil springs may be used (as shown in Figures 3B and 3C, and
4A and 4B), other materials of construction (e.g. rubber bands, etc.) and designs may also be used
(see for example a cantilever type spring in Figure 3D). The means for securing the spring (56) to
the ends (38, 38") are not particularly limited (e.g. adhesive, welding, rivet, etc.) but one preferred
embodiment allows for reversible attachment and detachment so that the spring (56) may be install,
uninstalled, re-installed or replaced without damaging the filter screen (27) and preferably without
the use of specialized tools. In one embodiment, the securing means includes a clasp (58, 58’) (e.g.
tab, hook, etc.) extending radially inward from each end (38, 38’). The shape of the clasp (58, 58°)
is not particularly limited and may be configured to easily engage with the ends of the spring (56).
For example, a tension coil or “helical” spring typically includes loops or a hook feature allowing
reversible attachment with a clasp. The clasps (58, 58’) may be directly attached to the ends (38,
38’) of the filter screen (27), or may be affixed to mounting plates (60, 60°) which are in turn
secured to the ends (38, 38’). The technique for securing the mount plates to the band (27°) is not

particularly limited and includes welding, bonding and riveting. Figures 3B and 3C are elevational
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views of a preferred embodiment showing the filter screen unassembled and assembled,
respectively. Figure 4A is a perspective view of the embodiment of Figure 3C.

Figure 3E illustrates another embodiment of the filter screen (27°) wherein the ends (38,
38”) of the band (27") are secured together by way of a dynamic tensioning mechanism (46) that
permits the ends (38, 38”) to move bi-directionally relative to one another about the circumference
of the screen’s cylindrical periphery (29). In this embodiment, the tensioning mechanism {46)
comprises an integral spring (56) formed by crimping a portion of an end (38°) of the band to form
an axially aligned and flexible channel (61). The underlying end (38’) is directly secured to the
overlapping end (3%), e.g. by way of welding, bonding, etc. While the ends (38, 38’) remain fixed at
their common point of attachment, the integral spring (56) allows for relative movement between the
ends (38, 38”) by flexing, e.g. the channel (61) may reversibly flatten in response to radially outward
forces and return to its original shape as radial forces diminish {e.g. in response to reduced
temperatures). A support (63) may be included within the channel (61) to provide a fluid seal at the
overlapping interfaces between the ends (38, 38°). Applicable support materials include polymeric
foams, flexible adhesives, etc.

A filter sub-assembly (26) is shown in Figure 4B including the filter screen (27) supported
by an underlying support frame (44). The support frame (44) helps maintain the screen (27) in a
cylindrical configuration during operation. In the illustrated embodiment, the support frame (44) is
a cylindrical grid of circular ribs (62) and axial supports (64) which defines a cylindrical outer
periphery (45) (best shown in Figure 2). The filter screen is mounted concentrically about the outer
periphery (45) of the frame (44). The support frame (44) is fabricated from a material different from
that of the filter screen (27). Examples include polymers (e.g. polycarbonate) that have linear
coefficients of thermal expansion quite different than that of the filter screen (27). During operation,
the frame (44) may undergo significant thermal expansion and contraction which can crack, craze or
otherwise compromise the integrity of the filter screen (27). The tensioning mechanism (46)
mitigates this effect by allowing the filter screen (27) to concentrically expand and contract with the
support frame (44). For example, the expansion of the support frame (44}, e.g. when exposed to
heat, creates an outward radial force that expand the spring(s) (56) of the tensioning mechanism (46)
and allows the ends (38, 38") of the filter screen (27) to move relative to one another to define a
periphery (29) having an enlarged circumference. Similarly, upon cooling the support frame (44)
radially contracts and the process is reversed. Throughout the process of expansion and contraction,
the filter screen (27) is maintained in generally cylindrical configuration about the support frame
(44).

The filter sub-assembly (26) may additionally include an anti-rotation mechanism that
prevents the filter screen (27) from concentrically rotating about the support frame (44). The anti-
rotation mechanism may include an interlocking featurc such as slot (66) within the grid (62, 64)
and a tab (68) extending radially inward from the inner periphery of the filter screen (27). When
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assembled, the tab (68) rest within the slot (66) and abuts against an axial support (64). With respect
to the embodiment illustrated in Figure 3E and 4, the spring (56) may also serve as an anti-rotation
mechanism by resting within the slot (66) and abutting against an axial support (64). In an
alternative embodiment, the contact surfaces between the inner periphery of the filter screen (27)
and outer periphery of the support frame (44), (e.g. support ribs (62)) may include a high friction
coating or covering preferably having a coefficient of friction of at least 0.5 (as measured by ASTM
G115-10 (2013)). The high friction coating reduces concentric rotation between the two peripheral

surfaces.
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CLAIMS:

1. A filter assembly comprising a filter screen comprising a band of porous
material extending between two axially aligned opposing first and second ends which overlap
each other from 10 to 100 mm and define a cylindrical periphery,

wherein the first end includes a radially inner surface and the second end has a radially
outer surface and wherein at least one of the inner surface or outer surface includes a low friction
coating or covering having a coefficient of friction Iess than 0.3 as measured by ASTM G115-
10 (2013),

wherein the first and second ends are secured to a dynamic tensioning mechanism that
permits the first and second ends to move bi-directionally relative to one another about the
periphery of the filter screen.

2. The filter assembly of claim 1 wherein the dynamic tension mechanism

comprises at least one spring secured to each of the first and second ends of the band.

3. The filter assembly of claim 2 further comprising a clasp extending radially
mward from each of the first and second ends of the band, and wherein the spring is secured to
the clasps.

4. The filter assembly of claim 3 further comprising mounting plates secured to

the first and second ends of the band, and wherein the clasps extend radially inward from the
mounting plates.

5. The filter assembly of claim 1 further comprising a support frame comprising
a cylindrical grid of circular ribs and axial supports which define a cylindrical outer periphery,
and wherein the filter screen is mounted concentrically about the outer periphery of the frame.

6. The filter assembly of claim 1 further comprising a hydroclone comprising:

a tank including a fluid. inlet, a filtered fluid outlet; an effluent outlet and an inner
peripheral wall enclosing at least one chamber;

a filter sub-assembly located within the chamber and comprising the filter screen centered
about an axis, wherein the filter screen includes a plurality of pores passing therethrough, and
wherein the filter screen encloses a filtrate chamber in fluid communication with the filtered fluid
outlet such that fluid passing through the pores enters the filtrate chamber and may exit the tank
by way of the filtered fluid outlet; and

a cleaning assembly comprising at least one cleaning member biased against and adapted

to rotate about the periphery of the filter screen.

8
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