/MANI FOLD PLATES AND FLUI D TREATMENT ARRANGEMENTS | NCLUDI NG MANI FOLD
PLATES Di scl osure of the Invention The invention relates to
mani fold plates and fluid treatnent arrangenents which include

mani fold plates. A fluid treatnment arrangenent may include at | east
one manifold plate and one or nore fluld treatnent units nounted to a
mounting region of the manifold plate. Each fluid treatnent unit may
include a fluid treatnment nediumthat may be used to treat a fluid.
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di r ect iaPRast one first opening and at least one second opening, and the first and second openings are
fluidly isolated from one another. The manifold plate may further include a first fluid channel, a
second fluid channel, at least one first fluid passageway, and at least one second fluid
passageway. The first and second fluid channels may extend along the body spaced from the
mounting region, and each channe] may have a port that opens onto the exterior of the body
away from the mounting region. Further, the first and second channels may be in close
proximity to, and are fluidly isolated from, one another. The first fluid passageway extends from
the first opening in the mounting region to the first channel in the body, and the second fluid
passageway extends from the second opening in the mounting region to the second channel in
the body. Each passageway is defined by a wall, and at least a portion of the wall may extend at

an angle less than 90° to the mounting region. Further, a projection parallel to the z direction



2 fromevery point on the wall of each passageway may intersect the
correspondi ng opening in the nmounting region w thout passing through
the wall. The manifold plate nmay supply fluid to the fluid treatnent
units via the first channel, passagemgy(s), and openi ng(s) and/or via
t he second channel, passageway(s) opening(s). Alternatively or
additionally, the manifold plate may receive fluid fromthe fluid
treatnment units via the first channel, passageway(s), and _openi ng(s)
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sinmple step of pulling two halves of an injection nold apart. Brief
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bot t ompmna/wndhe tals ofthe padsaieplags m\@fdniéctgmwectﬁms to the openmgs the mamfold plate
can be reliably and inexpensively manufactured using a straight-pull injection molding
technique. Straight-pull injection molding is a fast, effective manufacturing technique that
allows the mounting region, all of the openings in the mounting region, and all of the fluid

passageways to be formed in one simple step of pulling two halves of an injection mold apart.

Brief Description of the Drawings

Figure 1 is a representative view of a fluid treatment arrangement.

Figure 2 is a top view of a manifold plate of the fluid treatment arrangement of Figure 1.

Figure 3 is a bottom view of the manifold plate of Figure 2.

Figure 4a is a cross-sectional view of the manifold plate of Figures 2 and 3 showing fluid
passageways in the manifold plate.

Figure 4b is a cross-sectional view of the manifold plate of Figures 2 and 3 showing

additional fluid passageways in the manifold plate.



Figure 4a is a cross-sectional view of the manifold plate of Figures
2 and 3 showing fluid passageways in the manifold plate. Fi gure
4b is a cross-sectional view of the manifold plate of Figures 2 and 3
showi ng additional fluid passageways in the manifold plate. 3
Description of Enbodi nents of the Invehtion Fluid treatnent
arrangenents enbodyi ng one or nore aspects of the invention may be
configured in a wde variety of ways. One of many different exanples
of a fReseintioasf Fewedimantsgdielaventioni s represented in FIG 1.
Generally, a fluid treatnment arrangenent may conprise at |east one
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arrangé redyinjanpide gadety pwaysafenesd eeny diffaiert gkamplpsefestiuid Aeatmept and
a plurall I, nj - '

o1 ot o6 rphgenfi 10 thelbrbich B0 K7Lk Rerdly, SR REER SRS BT bifibhe
and/ or at leegtiove mahifiold platoand dre of noirelfloid embiment unitsirthaunied, to W thanifold plaied
treat nent dium,13.in. each fluid treatnent unit 12 treat the

1 rcr T toe TSt tingehE e A St A D i O TS SRS Pty
of NuUMBRALBIdANEs 1 141011 8CnEG.phir@lity ©F 807 teatriént HhisCl 0GR ted BetWaéd B6
States Patent Application Publication Nos. US 2008/ 0135468 Al, US

2008/ 015510l plates Bl 1LB. Abograpifaligdaesn) 1A, 4ILB sy sphplyHiuig o and/or receive

i ncorp r ; : Ld gt reat: :

' angon o e D BORRERt i 2P P Roid ifmiio kLR R0l fuid reamen
flui d mpegd? menttreanthe Slugk bet ween a fluid treatnent unit and a
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between the fluid treatment units or between a fluid treatment unit and a manifold plate,
alignment rods for maintaining the fluid treatment unit({s) and manifold plate(s) properly aligned
within the fluid treatment arrangement, and/or compression rods for compressing the fluid
treatment unit(s) and the manifold plate(s) against one another. Alternatively, the fluid treatment

unit(s) and the manifold plate(s) may be compressively held within a mechanical and/or

hydraulic holder or press.

The fluid treatment arrangement may be arranged for dead-end flow or for tangential
flow. In dead-end flow, process or feed fluid is supplied to at least one manifold plate, which
then directs the fluid to the fluid treatment media of the fluid treatment units. The fluid treatment
units may be arranged to fluidly communicate with one another in a variety of ways, including a
serial, parallel, or combined serial/parallel manner. For dead-end flow, all of the feed fluid
passes through one or more of the fluid treatment media as permeate or filtrate. The filtrate is

then directed from the fluid treatment units to one or more manifold plates.

The fluid treatment arrangement 10 represented in FIG. 1 is arranged for tangential flow.
Process or feed fluid is supplied to at least one manifold plate 11A, which directs the feed fluid

via feed passages 14 to the fluid treatment media 13 of the fluid treatment units 12. Again, the



The fluid treatnent arrangenent nmay be arranged for dead-end flow or
for tangential flow hi dead-end flow, process or feed fluid is
supplied to at |l east one manifold plate, which then directs the fluid
to the fluid treatment nmedia of the fluid treatnment units. The fluid
treatment units may be arranged to flufdly conmuni cate with one
another in a variety of ways, including a serial, parallel, or
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fluid treatment unit may be constructed as an integral fluid treatment cassette. In FIG. 1, each
fluid treatment unit 12 may include a fluid treatment medium 13 sealed within a casing 22 to
define a feed side 23 and a permeate side 24 of the fluid treatment medium 13. One or more feed
passages 14 may extend within the casing 22 to and tangentially along the feed side 23 of the
fluid treatment medium 13. One or more retentate passages 16 may extend within the casing 22
from the feed side 23 of the fluid treatment medium 13 in fluid communication with the feed
passages 14. One or more permeate passages 15 may extend within the casing 22 along and from
the permeate side 24 of the fluid treatment medium 13. Although the permeate passages 15 may
fluidly communicate with the feed/retentate passages 14, 16 through the fluid treatment medium
13, the permeate passages 15 may otherwise be fluidly isolated from the feed and retentate
passages 14, 16. The feed, permeate, and retentate passages 14, 15, 16 may include openings on

one or both surfaces 20, 21 of each fluid treatment unit 12 which enable passages 14, 15, 16 in



Each fluid treatpent unit nmay have a nulti-piece or single piece
construction. For exanple, each fluid treatnent unit nmay be conposed
of a separate fluid treatnment nedium | ayer overlayed on or between
one or nore drainage |ayers, e.g., mesh |ayers. As another exanpl e,
the fluid treatnent unit may be constructed as an integral fluid
treatnment cassette. In FIG 1, each fluid treatnment unit 12 may
include a fluid treatnment nmedium 13 sealed within a casing 22 to
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6 may conprise a nounting region 26, and the fluid treatnent units 12
may be nounted to the manifold plate 11 at the nounting region 26.
The nmounting region 26 nay be generally flat and may incl ude one or
nore first openings 30 and one or nore, second openings 31. The first
and second openings 30, 31 may have ad@ regul ar or irregul ar shape.
Further, the first and second openings 30, 31 in the nounting region
26 are fluidly isolated fromone another and may be aligned with or
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a plurality of first openings 30 and first fluid passageways 40 and a
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passageways 40,41 are fluidly isolated fromone another, each first

fluid gaddedesapedoe38inay beisoiadenthenthp fisd operdng BQi Bhaymanifold plate 11 may
also include at least one second fluid passageway 41 which extends between a second opening
31 in the mounting region 26 and the second fluid channel 33 in the body 25. The second fluid
passageway 41 may open into the second fluid channel 33 at a second aperture 39, and the
second aperture 39 may be smaller than the second opening 31. The manifold plate 11 shown in
FIG. 2 has a plurality of first openings 30 and first fluid passageways 40 and a plurality of
second openings 31 and second fluid passageways 41. The first and second openings 30, 31 may
be distributed along, e.g., may alternate along, the mounting region 26 generally parallel to the
first and second fluid channels 32, 33. The first and second fluid passageways 40, 41 are fluidly
isolated from one another, each first fluid passageway 40 being fluidly coupled and fluidly



7 communi cating directly between one first opening 30 and the first
fluid channel 32 and each second fluid passageway 41 being fluidly
coupled and fluidly comuni cating directly between one second opening
31 and the second fluid channel 33. Each fluid passageway 40, 41 nay
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Feed fluid nmay then be supplied to the feed inlet port 35 of the
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As anot her exanple, the enbodi ment of FIGS. 2 and 3 may be nodified
to provide a second nounting region in an outer surface on the
opposite side of the body of the manifold plate. One or nore first
openi ngs and one or nore second openig%s may be provided in the
second mounting region. Each first opehing in the second nounting
region may be fluidly coupled to the first fluid channel by a first
flui d passageway. Each second opening in the second nounting region
may be uSingiagirgigboppl witction miklingteomiquel (Tihd memanrstegiop. @ll @feth@ﬂuidfdpgmidgs
passag n it he fi
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scope of the invention as defined by the clains.

one embodiment may be combined with one or more features of other embodiments, without
departing from the scope of the invention. Even embodiments with very different features may

be within the scope of the invention.

For example, the embodiment of FIGS. 2 and 3 may be modified to provide third and
fourth fluid channels in the body which are similar to the first and second fluid channels but are
located, for example, along an opposite side edge of the body. One or more third openings and
one or more fourth openings, similar to the first and second openings, may be provided in the
mounting region near the third and fourth fluid channels. Further, each third opening may be
connected to the third fluid channel and each fourth opening may be connected to the fourth fluid
channel by third and fourth fluid passageways, respectively, similar to the first and second fluid
passageways. A manifold plate having four fluid channels may be the only manifold plate in a
fluid treatment arrangement, supplying all of the feed fluid to the fluid treatment units as well as

receiving all retentate and permeate from the fluid treatment units,

As another example, the embodiment of FIGS. 2 and 3 may be modified to provide a
second mounting region in an outer surface on the opposite side of the body of the manifold
plate. One or more first openings and one or more second openings may be provided in the
second mounting region. Each first opening in the second mounting region may be fluidly
coupled to the first fluid channel by a first fluid passageway. Each second opening in the second
mounting region may be fluidly coupled to the second fluid channel by a second fluid
passageway. The first and second fluid passageways coupling the first and second openings in
the second mounting region to the first and second fluid channels may be similar to the first and

second fluid passageways coupling the first and second openings in the first mounting region to



CLAI M5 1. Amanifold plate conprising: a body having
an exterior and a length, wdth, and thickness extending along x, vy,
and z directions, respectively, of a standard x, y, z coordinate
system wherein the exterior of the bqody includes an outwardly facing
nmounti ng regi on agai nst which one or re fluid treatnment units can
be nounted, the nounting region generally lying in an x, y plane of

t he bod mhereln the nmounting region includes at | east one first

openi ng et and seeendtfivichehannelond reanéieldiata heving avpuniong yupfagksyon opposite sides
connunl t n

oy, ¢RG op ey rgeythdl bR BB 3l o D B G bR e
anothemnnsonboﬂ1mdesbfﬁﬁtnmﬂﬂﬂd$en@nd f|UId channels extending al ong

t he body spaced fromthe nounting region, wherein the first and

second f 1 ui dhepeaserdlinveatien ismhltslrmt@smicmitmhewatt@ubndlnbdndjmdnty whaahl fatb/ed
from OReePRRLASY AR INSEALTLSERNL litdl CPONGLORL HAESARRALh, 1AL £y
opens oOfn e exterior o e pod y away rom 1 e nmounti ng re

and fall within thé sdopasf the nerehtidisds defisskigemhaylagnd. endi ng from t he first
opening to the first channel and at | east one second passageway
extending fromthe second opening to the second channel, wherein each
passageway is defined by a wall and at | east a portion of the wall
extends at an angle |l ess than 900 to the nounting regi on and wherein
a projection parallel to the z direction fromevery point on the wall
of each passageway intersects the crespondi ng opening in the nounting

regi on without passing through the wall. 2. The manifold plate
of claim1l wherein each of the first and second fluid channels
extends generally straight within the body. 3. The manifold

plate of claim1 or 2 wherein the first and second channel s extend
generally parallel to and al ongsi de one another within the body.



4. The manifold plate of any of clains 1-3 including a plurality of
first openings and a plurality of second openings in the nounting
region and a plurality of first passageways and a plurality of second
passageways, each first passageway fluidly connecting a first opening
to the first channel and each second éssagemay fluidly connecting a
second passageway to the second channel. 12 5. The manifold
plate of claim4 wherein the first openings are offset fromthe
second openi ngs. 6. The manif 6lldIMSate of claim4 wherein the
first openings are aligned with the second openi ngs. 7. The
mani fol d plate of any preceding clai mwherein the body has an edge
and the firgt samdnissld pht emgilegs extend within the body near the

edge. 8. Afluid treatnent anangenent conpr.i sing a manifold
plate of any pF@@@HF‘?’]‘@%‘F‘h‘?’?ﬁ%ﬂ‘i&n ALEnain. Hitte 9P G EkoR LSRG e -

mount egn§ 9 dErB&ioﬁPH@éﬂe&gvhe'h?%g QF‘taﬁ’cfar& Q,e;a DRBbiaHae ﬁkl@ﬁl‘?wﬁa_@in@% gfﬁﬂgl%q dffhe

fluidly comuni cate wt e first and second openings in
mani f o|bgdpir@{u§ps an outwardly facing mounting region against which one or more fluid treatment

units can be mounted, the mounting region generally lying in an x, y plane of the body, wherein
the mounting region includes at least one first opening and at least one second opening arranged
to fluidly communicate with fluid treatment units that can be mounted to the body, the first and
second openings being fluidly isolated from one another;

first and second fluid channels extending along the body spaced from the mounting
region, wherein the first and second fluid channels are in close proximity to and fluidly isolated
from one another and wherein each fluid channel includes a port which opens onto the exterior of
the body away from the mounting region; and

at least one first passageway extending from the first opening to the first channel and
at least one second passageway extending from the second opening to the second channel,
wherein each passageway 1s defined by a wall and at least a portion of the wall extends at an
angle less than 90° to the mounting region and wherein a projection parallel to the z direction
from every point on the wall of each passageway intersects the corresponding opening in the

mounting region without passing through the wall.

2. The manifold plate of claim 1 wherein each of the first and second fluid channels

extends generally straight within the body.

3. The manifold plate of claim 1 or 2 wherein the first and second channels extend

generally parallel to and alongside one another within the body.

4. The manifold plate of any of claims 1-3 including a plurality of first openings and a
plurality of second openings in the mounting region and a plurality of first passageways and a
plurality of second passageways, each first passageway fluidly connecting a first opening to the
first channel and each second passageway fluidly connecting a second passageway to the second

channel.
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5. The manifold plate of claim 4 wherein the first openings are offset from the second

openings.

6. The manifold plate of claim 4 wherein the first openings are aligned with the second

openings.

7. The manifold plate of any preceding claim wherein the body has an edge and the first

and second channels extend within the body near the edge.

8. A fluid treatment arrangement comprising a manifold plate of any preceding claim
and one or more fluid treatment units mounted to the mounting region of the manifold plate and

arranged to fluidly communicate with the first and second openings in the manifold plate.



