FILTER ELEMENTS

Disclosure of the Invention

[0001] The present invention relates to filter elementdiftering fluids. Filter elements
embodying the invention may include a pleated casiipdnaving a plurality of pleats which
extend generally parallel to one another. Thetpttaomposite includes at least one filter
medium layer which removes one or more substamoes & fluid flowing through the

pleated composite. Filter elements embodyingrkention may be used to filter any of
numerous fluids and remove any of a wide varietgasftaminants. For example, for some
embodiments, the filter element may be used terfdtviscous fluid, such as a molten
polymer, e.g., a molten thermoplastic. Molten paodys often include solids and/or gel-like
contaminants that must be removed before the mpligmer may be further processed.
Filter elements embodying the invention are paldidy effective for removing contaminants
from molten polymers.

[0002] In accordance with one aspect of the inventioterfiélements embodying the
invention may comprise a pleated composite andedit lfirst and second end elements. The
pleated composite has at least first and secondsiiepends. The first and second end
elements are mounted to the first and second dirttie pleated composite and serve to direct
fluid through the pleated composite.

[0003] Additionally, the pleated composite has a plurabtyleats extending between the
first and second opposite ends. Each pleat hapamend, a folded end, and a pair of pleat
legs that extend between the open end and thedfelde of the pleat.

[0004] Further, the pleated composite includes a filtedioma layer and at least one
grooved mesh drainage layer. The filter mediuneldnas first and second opposite sides,
and the grooved mesh drainage layer is pleatedth&tiilter medium layer along one of the
first and second sides of the filter medium layeor some embodiments, the pleated
composite may include first and second grooved ndeasimage layers pleated with the filter
medium layer, one extending along the first sidéheffilter medium layer and the other
extending along the second side of the filter mediayer.

[0005] The grooved mesh drainage layer may have a pllistrands and a plurality of
grooves which are formed in the strands and whit¢bnel along one or both of the legs of the
pleats. The grooved mesh drainage layer direaitd fb or from the first or second side of

the filter medium layer, and the filter medium layemoves one or more substances from



fluid flowing through the filter medium layer betes the first and second sides of the filter
medium layer.

[0006] Filter elements embodying the invention have matwaatageous features and
provide superior performance. For example, by jpliog a grooved mesh drainage layer
along one or both sides of the filter medium lafleid is much more evenly and uniformly
drained to and/or from the filter medium layer, edeep within the pleats. Consequently, all
of the filter medium layer is effectively and ef@atly used for filtration and the dirt capacity
and service life of the filter elements are sigrafitly enhanced.

Brief Description of the Drawings

[0007] FIG. 1 is a cut-away perspective view of one exangpla filter element
embodying the invention.

[0008] FIG. 2 is an end view of one example of a mesh.

[0009] FIG. 3 is an end view of a grooved mesh drainagerltBormed between opposed
rollers.

[0010] FIG. 4 is an end view of a grooved mesh drainagerlaf the filter element of
FIG. 1.

[0011] FIG. 5 is a plan view of the grooved mesh drairiager of FIG. 4.

[0012] FIG. 6 is an axial view of the pleated composit¢heffilter element of FIG. 1 and
also shows the sight line for FIG. 7.

[0013] FIG. 7 is a view of a portion of the outer periphef the pleated composite of
FIG. 6.

Disclosure of Embodiments

[0014] Filter elements embodying the invention may be ttanged in any of a wide
variety of ways. One example of the many diffembodiments of a filter element is
shown in FIG. 1. Generally, the filter elementri@y include a pleated composite 11 having
at least first and second opposite ends and dtflestsand second end elements 12, 13
mounted to the first and second ends, respectieéie pleated composite 11. For many
embodiments, the pleated composite 11 may havéi@whoylindrical configuration

including a central axis A, opposite axial endsplow interior 14, and a polygonal or oval
cross section or, as shown in FIG. 1, a circulasgisection. The first and second end

elements 12, 13, for example, first and secondcapd, may be mounted to the opposite



axial ends of the pleated composite 11 to dirdltid outside-in or inside-out through the
hollow cylindrical filter element 10. The hollowlindrical filter element may further

include one or both of a perforated core 15 altvegriner periphery of the pleated composite
11 and a retainer 16 along the outer peripherp®pleated composite 11. For other
embodiments, the filter element may be very difieré=or example, the filter element may
have a generally rectangular configuration. Theafd composite may include front and
back sides and a pair of first and second oppesitis. End elements, for example, frame
members, may be mounted to each of the four entteeakctangular pleated composite and
joined to one another to form a panel filter, the elements directing a fluid through the
pleated composite between the front and back sides.

[0015] The pleated composite may include at least twortayee., a filter medium layer for
removing one or more substances from a fluid flgaimrough the filter medium layer and at
least one grooved mesh drainage layer for draifting to or from the filter medium layer.

For example, the filter element 10 of FIG. 1 mayab@nged in a housing (not shown) for
outside-in flow and the pleated composite 11 maiuite a filter medium layer 20, a first
grooved mesh drainage layer 21, and a second gitauesh drainage layer 22. The filter
medium layer 20 may have an upstream side 23 aongp@osite downstream side 24. The first
grooved mesh drainage layer 22 may be positiormtgahe upstream side 23 of the filter
medium layer 21, and the second grooved mesh draiager 23 may be positioned along the
downstream side 24 of the filter medium layer Zbr cylindrical embodiments, the upstream
side of the filter medium layer may be the innélesor, as shown in FIG. 1, the outer side,
depending on the intended direction of fluid flavgide-out or outside-in through the filter
element. Similarly, the downstream side of thiefimedium layer may be the outer side or, as
shown in FIG. 1, the inner side. For rectangulabediments, the upstream side of the filter
medium layer may be the front side, while the ddvaasn side may be the back side.

[0016] The filter medium layer may be configured in a gremriety of ways depending,

for example, on the nature of the fluid to be féi@ and the filtering conditions, including the
temperature at which the fluid is to be filterdebr example, the filter medium layer may be
configured as only one layer or as multiple subisyeach sublayer having the same or
different filtering characteristics. The filter diam layer may be fashioned from one or
more sheets of a filter medium comprising any wéaety of materials, including, for
example, metallic, polymeric, and/or ceramic oisglenaterials. The filter medium may be
formed, for example, as a sheet of sintered omters@d fiber metal or powder metal or as a

fine metal mesh; as a sheet of bonded or unbonolgdhpric or ceramic or glass fibers; as a



supported or unsupported polymeric membrane; arfage polymeric mesh. The filter
medium may be permeable, including porous, permneeabimipermeable, or permselective,
and the pore structure of the filter medium layayrbe uniform or graded. The filter
medium layer may have any of a variety of remoa#ihgs, e.g., a removal rating in the
micron range or coarser or in the submicron randgmer. For example, for some
embodiments, the filter medium layer may compris@ngle layer of sintered porous fiber
metal available from Pall Corporation under thelé¢rdesign DYNALLOY and having a
removal rating of about 20 microns.

[0017] Like the filter medium layer, the grooved mesh dagje layer may also be
configured in a great variety of ways. The groowezsh drainage layer may be configured
as only one layer or as two or more mesh sublamaignay be fashioned from a metallic
mesh having metallic strands or a polymeric mesiniggpolymeric strands. Any of
numerous meshes may be used for the grooved masiage layer, including, for example,
woven meshes or nonwoven meshes. A woven mesthaveyany of a variety of weaves,
including, for example, a plain weave, a Dutch wear a twilled weave. A nonwoven
mesh may be structured in any numerous of waykjdimg, for example, as an extruded
mesh, an expanded mesh, or a slotted mesh. Aimgoheshes may be symmetric or
asymmetric. Generally, a mesh may comprise a lghyud strands which intersect one
another to form mesh openings between them. Turalgly of strands may include a
plurality of first strands extending generally dbeleto one another in a first direction and a
plurality of second strands extending generallajp@rto one another in a second direction.
The first and second strands may intersect onéhanat a variety of angles, e.g., at 90°,
greater than 90°, or less than 90°.

[0018] Any of a wide variety of sizes of the openingshe mesh may be selected
depending, for example, on the nature of the féunid the size of the substances, e.g., the
contaminants, in the fluid to be removed by theefimedium layer. Generally, the size of
the openings may be large enough to allow the tigkadily flow through the grooved
mesh drainage layer to or from most or all of iltefmedium layer without producing a
significant additional pressure drop through theapéd composite. Further, the size of the
openings may be large enough to allow all or mbsing contaminants in the fluid to pass
through the grooved mesh drainage layer to ther fitedium layer, where the filter medium
layer may remove the contaminants.

[0019] One of many different examples of a mesh 25 that Ioeaused for a grooved mesh

drainage layer is shown in FIG. 2 in an edge vidlue mesh 25 may include first and second



opposite sides 30, 31, a plurality of first straB@sfor example, comprising the warp or
machine direction strands, and a plurality of secstinands 33, for example, comprising the
weft strands. For some embodiments, the mesh orapiise a woven mesh of metal wire
strands having a plain weave and a strand countlianaeter of about 30x30x0.012x0.012
inch or coarser; between 30x30x0.012x0.012 inch&@x®0x0.0075x0.0075 inch, e.g., about
40x40x0.0055x0.0055 inch; or about 60x60x0.0075%050inch or finer.

[0020] The grooves in the grooved mesh drainage layerbadgrmed in a myriad of
ways. For example, the grooves may be formed iy ame of the sides or in both sides of
the mesh. Where the grooved mesh drainage lagenhtiple sublayers, the grooves may
be formed in each individual sublayer or in thelayérs collectively. The grooves may be
formed parallel to the first strands of the meshamparallel and intersecting the first strands.
The grooves may be formed parallel to the secaaaids of the mesh or nonparallel and
intersecting the second strands. All or a firsiugr of the grooves may be formed parallel to
one another and spaced from one another by a ebmstaarying pitch distance, or the
grooves may formed to include first and second gsomhich intersect one another. For
many embodiments, all of the grooves may extendllghto one another in one direction
only, for example, parallel to the warp or machilivection strands. Further, each of the
grooves may be formed to extend continuously aratisnuously along the grooved mesh
drainage layer. For some embodiments, the plyrafigrooves 34 in the grooved mesh
drainage layer 21, 22 may be continuous and magndxparallel to one another and parallel
to the first strands 32 in only the first side 3@r@ mesh 25, as shown in FIGS. 4 and 5.
[0021] For many embodiments, the grooves may be form#éueimesh of the grooved
mesh drainage layer by passing the mesh betweasegpollers. The rollers may be
variously configured depending, for example, ondbsired configuration or pattern of the
grooves in the mesh. For example, both of therelnay include raised ribs which press
grooves into the mesh, which results in groovdsoit sides of the mesh. Alternatively, only
one roller may include raised ribs, which resultgiiooves in only one side of the mesh. In
the illustrated embodiment in FIG. 3, the body #the upper roller 35 may include a
plurality of raised ribs 41 which extend radiallgyond the body 40, while the body 42 of the
lower roller 36 may be generally smooth without aaiged ribs. The ribs may be variously
configured, depending, for example, on the desimadiguration of the grooves. For
example, in the illustrated embodiment, the ribsély be spaced from one another by a
constant pitch distance D and may extend continyaicumferentially around the body 40
of the upper roller 35. The mesh 25 may be fedutin the rollers 35, 36 with the first side



30 of the mesh 25 facing the ribbed upper rollea8 the second side 31 of the mesh 25
facing the lower roller 36. Further, the mesh 2&4yrbe positioned between the rollers 35, 36
with each of the raised ribs 41 located betweeaiagh adjacent first strands 32. The pitch
distance D may be arranged to span a pluralityrsif $trands 32, e.qg., two, three, four, or
more of the first strands 32. As the mesh 25 glsstwveen the rollers 35, 36, the grooves 34
are pressed into the mesh 25 by the raised ribantllthe bodies 40, 42 of the rollers 35, 36
may press against the first and second sides 3@f 3ie mesh 25. As the raised ribs 41
press the grooves 34 into the mesh 25, the straitldis the grooves, for example, the
second strands 31 near the bottom of the groovesay2e deformed, e.g., flattened and/or
stretched. The remaining portions of the secorathds 32, as well as the first strands 31,
may undergo little or no deformation by the raised 41, thereby maintaining the structural
integrity of the grooved mesh drainage layer. treoembodiments, both the first and
second strands may be deformed by the rollers. sirtaoth portion of the body 40 between
the ribs 41 of the ribbed roller 35 may maintaie tinst side 30 of the grooved mesh drainage
layer 21, 22 relatively flat between the grooves\8Rile the smooth body 42 of the lower
roller 36 may maintain the entire second side 3thefgrooved mesh drainage layer 21, 22
relatively flat as well. With the rollers 35, 36rfigured as shown in FIG. 3, the resulting
grooved mesh drainage layer 21, 22 may includeialitly of continuous parallel grooves 34
evenly spaced by the pitch distance D formed iy onk side 30 of the mesh 25, and
extending parallel to and between, without intelisg¢ adjacent first strands 32 of the mesh
25. Of course, differently configured rollers nragult in differently configured grooves in
the grooved mesh drainage layer.

[0022] The process, and the process conditions, for fagrtie grooved mesh drainage
layer may vary depending, for example, on the matfithe mesh. For example, the pressure
exerted on the mesh 25 by the rollers 35, 36 magelexted to permanently press the
grooves 34 into the mesh 25, e.g., to permaneefiyroh the strands, without breaking the
strands or unduly occluding the mesh openings. afmlymeric mesh, heat as well as
pressure may be applied to the mesh, for examiaehe rollers, to permanently deform the
strands without breaking or melting the strandsratuly occluding the mesh openings.
Further, the mesh may be calendered and/or anneaéedr more times before and/or after
the mesh is passed through the rollers, for exanplmake the grooved mesh drainage layer
smoother and thinner and to further enhance thetstal integrity and ductility of the

grooved mesh drainage layer.



[0023] The pleated composite may include additional lapersgond the filter medium
layer and the one or more grooved mesh drainagedayror example, where the filter
medium layer comprises a porous polymeric membridweecomposite may additionally
include a support layer located in contact withfthher medium layer on one or both sides.
The support layer may comprise a mesh or a fibsbegt that has more mechanical strength
than the more flimsy polymeric membrane and, thgrptovides additional mechanical
support enabling the porous membrane to bettesstaitid the pleating process. As another
example, where the filter medium layer comprispsm@us polymeric membrane or a fibrous
polymeric or glass fiber sheet, the composite nttenally include a cushioning layer
between the filter medium layer and grooved mesindge layer. The cushioning layer may
be a strong, smooth polymeric fibrous sheet thexrgats abrasion of the filter medium layer
by the grooved mesh drainage layer during the iplgatrocess and/or during filtration.
Various examples of cushioning layers are disclpiedexample, in United States Patent
No. 5,252,207, which is incorporated by referemckitther describe cushioning layers and
other aspects of the filter.

[0024] Prior to pleating, the composite may be formed Wgriaying the layers, e.g.,
overlaying the filter medium layer and the at leas grooved mesh drainage layer. For
example, a composite may be formed by overlayingpatream grooved mesh drainage
layer along the upstream side of the filter mediayer and/or overlaying a downstream
grooved mesh drainage layer along the downstredendfithe filter medium layer. A
grooved mesh drainage layer may be overlaid albadilter medium layer with the grooved
mesh drainage layer contacting the filter mediugedar with one or more additional layers
located between the grooved mesh drainage layethaniiter medium layer. Where the
grooved mesh drainage layer has grooves formedlynaofirst side of the mesh, the grooved
mesh drainage layer may be overlaid along the fiftedium layer with the grooved first side
facing away from the filter medium layer. The sed¢side of the grooved mesh drainage
layer may then be closer to the filter medium lapa@n the opposite grooved first side and,
for some embodiments, may contact the filter medayar. Further, for many
embodiments, where the grooved mesh drainage hegegrooves formed in only a first side,
the first side of the grooved mesh drainage layay be the side of the composite that is
situated most upstream or most downstream. Ir @tbads, for many embodiments where
the grooved mesh drainage layer has grooves ontloalfjrst side of the mesh, no additional
layers of the composite may be overlaid on the \geddirst side of the grooved mesh

drainage layer.



[0025] The composite, including the filter medium layedaat least one grooved mesh
drainage layer, may be pleated in any of numeraswo form a plurality of pleats, where
each pleat has an open end, a folded end, and afgdeat legs that extend between the
open end and the folded end. For example, for smitsodiments, the pleated composite
may be formed as a hollow generally cylindricalisture with axially extending pleats where
the height of the pleats is greater than the ratishnce between the inner periphery and the
outer periphery of the pleated composite. Exampleshollow cylindrical filter element
having a pleat height greater than the radial destdbetween the inner and outer peripheries
are disclosed, for example, in United Stated Patent5,543,047, which is incorporated by
reference to further describe pleats and othercéspé the filter. A pleated composite 11
embodying the present invention and having a smafiguration is shown in FIGS. 6 and
7. Each pleat 43 has an open end 44, a folded®athd a pair of pleat legs 46 extending
between the open end 44 and the folded end 4%hdfuthe height of each pleat as measured
along adjacent pleat legs is greater than thelrdditance between the inner and outer
peripheries of the pleated composite 11. For ndnlyese embodiments, the pleat legs 46
may be in intimate contact with one another alangstantially the entire height of the pleats
43. The pleated composite 11 may then include aothpstream grooved mesh drainage
layer 21 and a downstream grooved mesh drainage 22yalong the upstream and
downstream sides 21, 22 of the filter medium I&@to facilitate drainage of the fluid to and
from the filter medium layer 20. Where the groo¥iest side 30 of the grooved mesh
drainage layer 21 is on the outer periphery ofpfleated composite 11, the grooves 34 may
extend, for example, continuously, along the optgiphery from the open ends 44 of the
pleats 43 along the pleat legs 46 to the folded4&ndeep within the pleats 43. Similarly,
where the grooved first side 30 of the grooved ndrainage layer 21 is on the inner
periphery of the pleated composite 11, the gro@desay extend, for example,
continuously, along the inner periphery from thigléal ends 45 deep within the pleats 43
along the pleat legs 46 to the open ends 44 gblgeds 43. Within the pleats, the grooves on
adjacent pleat legs may either be aligned withawather or offset from one another.

[0026] As another example, for some embodiments, theqaleaimposite may be

formed as a hollow generally cylindrical structwigh axially extending pleats where the
height of the pleats is no greater than the ratisthnce between the inner periphery and the
outer periphery of the pleated composite. Exampleshollow cylindrical filter element
having a pleat height no greater than the radsthdce between the inner and outer

peripheries are disclosed, for example, in Unitedel Patent No. 5,252,207. For many of



these embodiments, the pleated composite may ie@wgfooved mesh drainage layer along
at least the inner side of the filter medium latgefacilitate drainage of the fluid to or from
the inner side of the filter medium layer.

[0027] As yet another example, the pleated composite radgrmed into a generally
rectangular configuration having longitudinally extling pleats, two pairs of opposite ends,
and front and back sides, as previously descrifda: pleated composite may include a
grooved mesh drainage layer along the front sidbeback side or both.

[0028] End elements may be configured, and may be mouaotte ends of the pleated
composite, in any of numerous ways. For examphere/the pleated composite 11 has a
hollow cylindrical configuration, the end elemefs 13 may include first and second end
caps mounted to the opposite axial ends of thegdeaomposite 11, as shown in FIG. 1.
One, or both, of the end elements may be an opgelement 12 which has an opening 50
that fluidly communicates between the interior hdl ¢éhe exterior of the hollow cylindrical
pleated composite 11. One of the end elementsbmayblind end element 13 that closes off
the end of the pleated composite 11 and prevamts dommunication between the interior
14 and the exterior of the pleated composite. drigeelements 12, 13 may direct a fluid
radially outside-in or inside-out through the peshtomposite 11. Where the pleated
composite has a rectangular configuration, theed@shents may include frame members
mounted to each of the four ends of the pleatedposite and to each other at the corners of
the pleated composite between the front and bales sif the pleated composite.

[0029] The end elements may be fashioned from a varieitjmpérmeable materials,
including metallic and polymeric materials, and nhaye a great variety of shapes and sizes.
For some embodiments, one or more of the end elismesy be configured as a fitting to
facilitate attaching the filter element to a hogsirFor example, as shown in FIG. 1, the open
end element 12 may be configured as a threadetfitFurther, the end elements may be
mounted to the pleated composite in any of numen@ys. For example, the end elements
may be welded or bonded to the ends of the pleaisgosite.

[0030] The core and the retainer may also be variouslfigared. For example, the core
15 may serve to support the pleated composite sigtia forces associated with outside-in
fluid flow and may comprise a perforated metal olymeric tube or cylinder located around
the inner periphery of the pleated composite 1fe fietainer may serve to protect the pleated
composite during installation and to support theapdd composite against forces associated
with inside-out flow. The retainer 16 may compréskelical wire cage fitted around the

outer periphery of the pleated composite 11, agvghio FIG. 1. Alternatively, the retainer



may comprise a perforated metal or polymeric c@mgbsitioned around the outer periphery
of the pleated composite, or one or more metabbmperic wrap members wrapped, e.g.,
circumferentially or helically around the outer ipbery of the pleated composite. One or
both of the core and the retainer may be mountéidet@nd elements along with the pleated
composite.

[0031] Filter elements embodying the invention have malwaatageous features that
provide superior performance. For example, a ggdanesh drainage layer has a
significantly lower resistance to edgewise flow, iflow within the grooved mesh drainage
layer parallel to the opposite major surfaces efglooved mesh drainage layer, which
includes flow within the grooves.

[0032] In an experiment which shows the lower edgewise fiesistance of a grooved
mesh drainage layer, fluid is directed edgewiseugh a baseline mesh and through the same
type of mesh formed into a grooved mesh drainaggr laEach mesh is a plain, square weave
30x30x0.012x0.012 inch stainless steel woven wieshm For the grooved mesh drainage
layer, grooves are formed in only one side of tlesim The grooves are generally parallel to
the warp or machine direction wires and are spageal constant pitch distance of about
0.133 inch (e.g., about every fourth warp wireptiBthe baseline mesh and the grooved
mesh drainage layer are similarly calendered anéalad.

[0033] Two layers of the baseline mesh are sandwicheddesgtwpposite layers of a
Dynalloy 20 micron sintered fiber metal filter madi to form a first test composite.
Similarly, two grooved mesh drainage layers arels@érhed between opposite layers of the
same filter medium to form a second test compo#iitegrooved sides of the two grooved
mesh drainage layers facing one another. Thedayfdvoth test composites are pressed
against one another by a fluid at a pressure gitalan intended operating pressure of filter
element.

[0034] The edgeflow of each test composite is then detexdhby sealing each test
composite between two impervious plates and dimgdaifluid between the plates edgewise
through the test composite. Because the edge#sistance of the filter media layers is so
large, edgeflow occurs substantially within the mkss/ers or the grooved mesh drainage
layers, and the edgeflow resistance of each tesposite is essentially the edgeflow
resistance of the mesh layers or the grooved meshagje layers within the test composite.
For the first test composite with the baseline maghars the edgeflow resistance coefficient
(Ke) is about 0.00128 (psnin)/(mL-cP). For the second test composite with the grdove

mesh drainage layers, the edgeflow resistanceiciggit (Ke) is about 0.00040
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(pskmin)/(mL-cP). Thus, the edgeflow resistance of the groonesh drainage layers is
about one third of the edgeflow resistance of th&ehne mesh layers.

[0035] Consequently, by providing at least one groovedmakeainage layer in the
pleated composite of a filter element embodyingitlention, fluid far more easily flows
edgewise through the grooved mesh drainage laj@the pleats along the pleat legs from
the open ends all the way to the folded ends opbtlte pleats along the pleat legs from the
folded ends to the open ends. Consequently, tevgd mesh drainage layer more readily
drains fluid to or from the entire filter mediuny&, even deep within the pleats, allowing all
of the filter medium layer to be effectively andigéntly used for filtration. Further, the
grooved mesh drainage layer drains fluid to or ftbmentire side of the filter medium layer
evenly and uniformly within the pleats, resultimga higher dirt capacity and/or a longer
service life.

[0036] One of many examples of a flow pattern within aapde composite may be
described with respect to the pleated compositehbivn in FIGS. 6 and 7. Fluid may flow
generally radially outside-in through the pleatedhposite 11, unfiltered fluid entering the
open ends 44 of the pleats 43 via the upstreanvgtbmesh drainage layer 21. The
unfiltered fluid then flows edgewise through thestipam grooved mesh drainage layer 21
via the grooves 34 and any interconnected operiigdong the pleat legs 46 all the way to
the folded ends 45 deep within the pleats 43. Rtwwupstream grooved mesh drainage
layer 21, the unfiltered fluid enters and flowsotingh the filter medium layer 20 from the
upstream side 23 to the downstream side 24, whdastances within the fluid are removed
by the filter medium. Because the upstream groowesh drainage layer 21 drains fluid to
all portions of the upstream side 23 of the fittedium layer 20, even deep within the pleats
43, the entire filter medium layer 20 is effectivaind efficiently used for filtration. From the
downstream side 24 of the filter medium layer 2@, filtered fluid, e.g., the filtrate or
permeate, may flow generally radially edgewise ulgfothe downstream grooved mesh
drainage layer 22 via the grooves 34 and any iaterected openings 29 along the pleat legs
46 from the folded ends 45 deep within the ple8tsodthe open ends 44, where the filtered
fluid enters the interior 44 of the pleated com&il and exits the filter element 10 via the
opening 50 in at least one open end cap 12. Bedhesdownstream grooved mesh drainage
layer 22 drains fluid from all portions of the dostream side 24 of the filter medium layer
20, even deep within the pleats 43, the entirerfithedium layer 20 is effectively and

efficiently used for filtration.
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[0037] Of course, in other embodiments, the pleated coitgo®y have only one
grooved mesh drainage layer along the upstreanosidi®ng the downstream side of the
filter medium layer and/or the fluid may flow gealty radially inside-out or laterally from
the front side to the backside. In all embodimgthis grooved mesh drainage layer enhances
the performance of the filter element.

[0038] The use of the terms “a” and “an” and “the” andl&tst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly

contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly

contradicted by context. The use of any and ahgxes, or exemplary language (e.g., open-

ended terms including “such as,” “for example”;'eg.”) provided herein, is intended
merely to better illuminate the invention and doespose a limitation on the scope of the
invention unless otherwise claimed. No languag@enspecification should be construed as
indicating any non-claimed element as essentitdégractice of the invention.

[0039] Preferred embodiments of this invention are deedriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itleento be practiced otherwise than as
specifically described herein. Thus, while variagpects of the invention have been
described and/or illustrated with respect to sevardodiments, the invention is not limited
to these embodiments. For instance, one or matares of any embodiment may be
eliminated or modified or one or more featuresmd embodiment may be combined with one

or more features of other embodiments without depafrom the scope of the invention.
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Any combination of the above-described elementdlipossible variations thereof is
encompassed by the invention unless otherwiseateticherein or otherwise clearly
contradicted by context. Even embodiments witly eiiferent features may be within the
scope of the invention. Accordingly, this invemtimcludes all modifications and equivalents

of the subject matter recited in the claims appdritereto as permitted by applicable law.
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CLAIMS

1. A filter element for removing one or more substs from a fluid flowing through
the filter element, the filter element comprising:

a pleated composite having at least first andreopposite ends and a plurality of
pleats extending between the first and second ajepersds, wherein each pleat has an open
end, a folded end, and a pair of legs extendingéxn the open end and the folded end,
wherein the pleated composite includes a filteriomadayer having first and second
opposite sides and a grooved mesh drainage lagatepl with the filter medium layer along
one of the first and second sides of the filter miedlayer, the grooved mesh drainage layer
having a plurality of strands and a plurality obgves formed in the strands and extending
along one or both legs of each pleat, and whehargtooved mesh drainage layer directs
fluid via the grooves to or from said one of thstfiand second sides of the filter medium
layer and the filter medium layer removes one oravsmbstances from fluid flowing through
the filter medium layer between the first and secsides of the filter medium layer, and

first and second end elements mounted to thedindtsecond ends, respectfully, of

the pleated composite.

2. The filter element of claim 1 wherein the grodwveesh drainage layer contacts said

one of the first and second sides of the filter medlayer.

3. The filter element of claim 1 or 2 wherein thea@ved mesh drainage layer extends
along the first side of the filter medium layer afrdins fluid to or from the first side of the

filter medium layer via the grooves.

4, The filter element of claim 1 or 2 wherein theaved mesh drainage layer extends
along the second side of the filter medium layet drains fluid from or to the second side of

the filter medium layer via the grooves.

5. The filter element of any preceding claim wherie grooved mesh drainage layer
has first and second sides, the first side inclyde plurality of grooves, wherein the
grooved mesh drainage layer and the filter medayer are positioned in the pleated
composite with the second side of the grooved rdegimage layer closer to the filter

medium layer than the first side of the grooved m@rsiinage layer.
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6. The filter element of any preceding claim wherdie plurality of strands of the

grooved mesh drainage layer comprise metallic dgan

7. The filter element of any of claims 1-5 whertie plurality of strands of the grooved

mesh drainage layer comprise polymeric strands.

8. The filter element of any preceding claim whertéie plurality of grooves of the

grooved mesh drainage layer extend parallel toama¢her.

9. The filter element of claim 8 wherein the plitsabf strands includes a first plurality
of parallel strands that extend parallel to theallty of parallel grooves, each parallel groove

being positioned between and parallel to a paiirsff and second adjacent parallel strands.

10. The filter element of any preceding claim winetbe plurality of grooves of the
grooved mesh drainage layer extend continuoustygadaid one or both legs of each pleat

between the open end and the folded end.

11.  The filter element of any preceding claim wiretae pleated composite has a
cylindrical configuration and a hollow interior amgherein at least one of the end elements

has an opening fluidly communicating with the hallmterior.

12. The filter element of claim 11 further compnigia perforated core positioned within
the hollow interior of the pleated composite.

13.  The filter element of claim 11 or 12 whereir tieight of each pleat is greater than

the radial distance between the inner peripherytaa@auter periphery of the pleated
composite.
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