MULTI MEMBRANE ELEMENT HOUSI NG The invention yelates to a
mul ti-element housing for the containment of nultiple nmenbran ”gﬁﬁéthion
el engnts, preferably spiral wound el enents, nounted in parallel in a

conptai nment vessel . _ In the past when nultiple el ements have
beén housed in parallel within a single prleSsure contai nment vessel the
tube sheets used to produce separate feed/retentate and perneate zones have
been nounted at opposite ends of the nmenbrane el enents. This has resulted
in difficulties being encountered in the installation of and replace- nent
of menbrane elenents in the housing because of space limtations between

t he nenbrane el enents and the short di stances between the

MULTI MEMBRANE ELEMENT HOUSING

The invention relates to a multi-element housing for the
containment of multiple membrane separation elements, preferably

spiral wound elements, mounted in parallel in a containment vessel.

In the past when multiple elements have been housed in
parallel within a single pressure containment vessel the tube sheets
used to produce separate feed/retentate and permeate zones have been
.mounted at opposite ends of the membrane elements. This has resulted
in difficulties being encountered in the installation of and replace-
ment of membrane elements in the housing because of space limitations
between the membrane elements and the short distances between the
opposing tube sheets. Normally, to replace even a single element, it
has been necessary to disassemble the top or bottom tube sheet from
all_ the elements in the housing. Alignment problems have also been
m;ncountered and strict machining protocols and procedures are required
to assure precise alignment between the element mounting flanges on'

the opposing faces of the tube sheets.



opposi ng tube sheets. Normally, to replace even a single elenent, it has
been necessary to disassenble the top or bottomtube sheet fromall the

el ements in the housing. Alignnent problens have al so been encountered and
sti ct machi ning protocols and procedures _are required to assure precise
ali‘gnment between the el enent nounting f1&nges on the opposing faces of the
t ube sheets. - 2- Descri ption
of the Invention A menbrane el ement housing is disclosed for the
contai nment of nultiple nmenbrane separation elenents, preferably spiral
wound el enerdescriptiparéd tRe . InMeatsdmenents are grouped in parallel within a
contai nnent vessel. A feed/retentate space is defined by two tube
sheets/flange plates arranged in parallel in close proximty to each other
and at the same end bfmdnbrané caienest dwodsing fisudisdlioged £orr &heecontaimmentt h
the interior ai s ES ou t h at
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invention will be described with reference to {)lral wound el enents.
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their construcf:lon Thus, in th spi ral und el.egent a
central nmandie® rso‘blems and s:.mp?lif:.es e emen pfacemen an% replacement beécause

of the additional space available within which to work. It also

eliminates the need for complete housing disassembly for element
replacement. The feed/retentate space is in open relationship with
the interiors of the membrane elements. The membrane elements are
preferably spiral wound elements and the invention will be described
with reference to spiral wound elements. Other elements may be
utilized such as hollow fiber elements with due attention being paid
to the specific requirements which must be met in their construction.
Thus, where in the case of a spiral wound element a central mandrel.is
described, in a hollow fiber element the corresponding element of

construction would be a permeate collection tube.

In spiral wound elements layers of selective membrane are
glued around three edges enclosing permeate spacer material defining a
permeate envelope, with layers of feed/retentate spacer material
between each complete permeate envelope. These alternating layers of
feed/retentate spacers and permeate envelopes are spirally wrapped
around a hollow central mandrel core which is in fluid communication
with the interior of the permeate envelope through the unglued fourth
edge of the permeate envelope, and define a membrane module. The
hollow central mandrel is closed at one end and open at the other.
The open end of the central mandrel extends beyond the spiral wihdings

of the membrane module. The exterior of the spiral module is enclosed



described, in a hollow fiber elenent the correspondi ng el enent of
construction woul d be a perneate collection tube. In spira
wound el enents |ayers of selective menbrane are gl ued around three edges
encl osi ng perneate spacer material defining a perneate envelope, wth

| ayers of feed/retentate spacer mat er i &l bet ween each conpl ete perneate
envel ope. These alternating |layers of feed/retentate spacers and perneate
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additional series of smaller secondary holes aligned with the feed/
retentate spiral windings of the spirél wound element and bounded by
the perimeter of the element whereby retentate passes from the element
through the secondary holes into a lower chamber as further described
below. Feed introduced into this upper chamber through feed entrance
means in the wall of the pressure containment vessel adjacent to the
upper chamber will be forced to pass through the spiral wound elements
and cannot by-pass those elements. Because of the holes into which
the elements are fitted, this first tube sheet is in open relationship
with the interior, e.g. the spiral windings, of the elements. In the
alternate embodiment, the secondary holes surrounding the central
mandrel enclosing holes are in open relationship with the interior,
e.g., spiral winding, of the elements. Thus, feed/retentate passing
through the elements passes through this first tube sheet. The
pressure vessel is also defined by a lower chamber, defined by the
bottom face of the first tube sheet and a top face of a second tube
sheet, both tube sheets arranged at the same ends of the elements in
parallel to each other and in spaced apart relationship and in fluid
tight communication with the internal walls of the pressure contain-
ment vessel. This lower chamber serves as a feed/retentate accumu-
lation zone. The accumulated feed/retentate is removed from this zone
through feed/retentate removal means in the wall of the pressure
containment vessel located adjacent to this zone. The second tube



additional series of smaller secondary holes aligned with the feed/
retentate spiral w ndings of the spiral wound el ement and bounded by the
perineter of the el ement whereby retentate passes fromthe el ement through
the secondary holes into a | ower chanber as further described bel ow. Feed
i ntroduced into this upper chanber through feed entrance neans in the wall
of 'the pressure contai nnent vessel adjacent to the upper chanber will be
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lengths of pipe and fit into the lengths of pipe. The spiral wound
element is end capped with an anti-telescoping device which serves
also as a mounting means for attaching the element to the first tube
sheet. This mounting means produces a fluid tight seal between the
exterior of the element and around the secondary holes in the first
tube sheet aligned with the feed/retentate spacers of the element.so
that the feed entering the upper chamber cannot by-pass the elements
but must pass through the elements. The feed/retentate passing
through the element passes through the secondary holes into the lower
chamber. The permeator collection zone is defined by a space in the
pressure vessel bounded by the walls of the pressure vessel and a
bottom face of the aforesaid second tube sheet. The collected
permeate is withdrawn from the permeate collection zone through
permeate removal means fitted into the wall of the pressure contain-

ment vessel in the area adjacent to the permeate collection zone.

Thus it is seen that in this embodiment the pressure con-
tainment vessel is divided into three distinct zones or chambers, an
upper chamber defined by the walls of the pressure vessel and the top
face of the.first tube sheet, a lower chamber defined by the walls of
the pressure vessel and between the bottom face of the first tube

sheet and top face of the second tube sheet, said tube sheets being



el enment) mgrates to the central mandrel and then passes through the
central mandrel past the second tube sheet and exits through the open end
of the central nandrel into a perneate collection zone. 1In the alternate
erpodi ment the two tube sheets are attachgd to each other by |engths of
pipe of internal diameter equal to the exPernal dianmeter of the centra
mandrel s and fluid tight attached, e.g., welded between the tube sheets
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sheets bei N@nd making maintenance and element replacement much simpler.

Any number of eléments may be housed in a single multiple
element housing, depending only on the design requirements of the
operator. Typically the multiple elements will be housed in a cylin-
drical housing and mounted on a circular first tube sheet and arranged
in a simple, staggered geometric pattern, spaced far enough apart to
facilitate easy access to all elements for installation, removal or

other maintenance or replacement.

Elements are attached to the first tube sheet in fluid tight
arrangement by any of the typical attaching techniques. Elements can
be inserted into the holes then swag locked in place. Alternately the
element can be located over the hole in the first tube sheet and a
bead of sealant or adhesive can be run around the seam between the
element and the tube sheet. The element can be individually fitted
with attachment means such as flanges having holes which align with
screw threads projecting from the tube sheet. In the embodiment where
the tube sheet has a central mandrel hole and secondary holes within
the perimeter of the elements for passage of retentate into the lower
chamber, element mounting can be accomplished by fitting the end of

the spiral wound element with a mounting flange which is gasketed and



- 5- spaced apart and parallel to each other, and a perneate collection
zone underneath the | ower chanber and defined by the walls of the pressure
vessel "and the bottom face of the second tube sheet. In the preferred
enbodi ment the tube sheets are connected by the previously described
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lengths can be fluid tight secured by gaskets or "O" rings fitted
around the lengths of the mandrels inserted into the lengths of pipe
thus forming a seal between the exterior wall of the mandrel and the
interior wall of the length of pipe. The mandrels and lengths of pipe
can have circumferential groves cut into their complimentary faces
into which fit the "O" rings, but this is not necessary. The extended
ends of the mandrels can also be threaded and the elements thereby
secured to the second tube sheet by nuts or by threads cut into the
corresponding holes in the second tube sheet. The nuts can be either
individually and separately attached or they can be welded into place
at the end of the short pipe piece at the bottom face of the bottom
(second) tube sheet and the entire element simply screwed into place.
Similarly, if the short lengths of pipe are not employed the extending
central mandrels, threaded at the far end, can be secured to the
second tube by nuts welded to either the top or bottom face of the
second tube sheet or by threads cut into the corresponding holes in

the second tube sheet.

It is preferred that the attaching techniques employed be of
the reversible type, that is, that the attached elements be easily



chanber, elenent nmounting can be acconplished by fitting the end of the
spiral mnund el ement with a nounting flange which is gasketed and

- 6- bolted to the first tube sheet. This nounting flange can be a sepa-
rately added piece or it can be integrated with the anti-tel escoping
devices typically used in fabricating spt rfal wound el ements to produce a
singl e piece of hardware functlonlng as both anti-tel escopi ng devise and
nmounting flange. he prOJectlng ext ended_central mandrel, can be
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place parallel vessel side walls, in the case of a circular vessel, to
cylindrical walls. The lower chamber can be completely independent
and fitted as a separate assembly under the upper chamber. In this
embodiment the vessel wall corresponding to the lower chamber wall
comprises a circular collar fitted with flanges along both edges. The
upper flange corresponds to a flange fitted along the lower edge of
the upper chamber walls and the lower flanges corresponds to a flange
fitted along the edge of the bottom piece of the vessel defining the
permeate collection zone. The aforesaid tube sheets would fit between
the corresponding flanges and, after application of appropriate
sealing means, such as O-rings, beads of sealant, caulking, or gaskets
would be cinched down between the flanges forming fluid tight seals
and defining the aforesaid upper, lower, and permeate collection
chambers. Alternatively, the circular collar can be welded to the two
aligned, opposed tube sheets and this assembly is then fitted with
flanges with which to mate with the upper chamber walls and permeate
chamber walls of the pressure vessel. To insure structural integrity
and achieve desired stiffness the tube sheets can be appropriately
reinforced using beams running the diameter and/or chord lengths of
the tube sheets. Alternatively, or in addition, support members tying
the tube sheets together can be fitted between the opposing faces of
the tube sheets and secured by bolts protruding through the opposite
faces. When lengths of pipe are axially aligned with the holes
through which the element central mandrels pass and welded in place



at the end of the short pipe piece at the bottomface of the bottom
(second) tube sheet and the entire elenent sinply screwed into place.
Simlarly, if the short lengths of pipe are not enployed the extending
central mandrels, threaded at the far end, can be secured to the second
tube by nuts welded to either the top or” oft om face of the second tube
sheet or by threads cut into the corresponding holes in the second tube
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contacts the membrane and selected components permeate through the
membrane and into other permeate envelope. Permeate in the permeate
envelope moves through the envelope along the permeate spacer and
passes into the hollow central mandrel. Retentate from the element
passes through the element and exits into the lower chamber and is

removed through the retentate outlet.

Permeate passing into the central mandrel collects in the
permeate collection zone and is removed through the permeate outlet.
Depending on the mode of operation this permeate removal can be
accomplished either by simply permitting the permeate to drain from
the chamber or a vacuum can be applied to draw the permeate through

the membrane and withdraw it from the chamber.

Clearly, then, the multi-element housing lends itself to use
under various separation environments. The element housing can be
used under reverse osmosis or ultrafiltration conditions where the
applied pressure on the feed provides the driving force for the
separation. Alternatively, the housing can be used under pervapora-
tion condition wherein a vacuum drawn on the permeate side of the

element provides the driving force .for the separation.

To be useful for perstraction a modification would have to

be made to the elements.

Because in perstraction the driving force is provided by

means of a sweep fluid which maintains the concentration gradient the



enbodi nent the vessel wall corresponding to the | ower chanber wall
conprises a circular collar fitted with flanges al ong both edges. The upper
fl ange corresponds to a flange fitted along the | ower edge of the upper
chanmber walls and the | ower flanges corresponds to a flange fitted al ong

t he edge of the bottom piece of the vessel®? defining the perneate collection
zone. The aforesai d tube sheets would fit between the correspondi ng fl anges
and, after appli catlon of appropriate sealing neans, such as Orings, beads
of seal ant, TEBPFRY MPR18, hayss ket Be vRRAvdded ‘(‘Htﬁcﬂ%ﬁi‘sdgﬁﬁ HARIEERT thhe FYVeRRyes
formng fl uiﬂuﬁ.dght seal s and defining the aforesaid upper, |ower, and
pernmeate collection chanbers. Alternatively, the circular collar can be

wel ded to the two aligned, opposed tube sheets and this assenbly is then
fitted with fl anges \IhtéucAM'achesignn’aHe eliehént Would e fibrsdaithal lcentrul

t h t t |
ot eari ty addiatel Tpeh B pbBf BaEtoid St GRARH, el B Sadi BE e sprrar
appropri at elvsmdénmfair dethuends) dfccthe elementy t Mhe doemtradr mamibedr would cbe
lengths of tﬂg ﬁtg%tsgﬁcﬁftst é'&l%fétdfvﬁt%’ 1e§dl&%ﬁ Lrddaiy 'd@@iaﬁx‘éSI ngt"‘F ers

tying the tu ets toget can be etweenthe o aces of
the tube shel@te BWRl sectionsd bhe)spdsabwinding rﬂgftmrmghetmmspmsﬁnvelqm:es

Wien | engt hssoafid Pl ikewes€ baXiddiee ed! 410 @ﬁ& Winehmdahe! et rs%gburv&lha hcﬂéw
el enent central nandrels pass and wel ded in place bet weén

opposi ng t uRETEARER SPacekyimaterial wepld ber glued,gpend 31S4A%S (FRYTPRNAiRE the

needed. The peghéste fsiaeepfl ahdeard esddidiéndie et ih®rwould be rbpPasin tHR
perneate coll egt i on %ine can he |ikew se separat el ¥%re| nf orced by running

support mentSEPse € permeate spacer| in,bie ,interienRf jthe; RETRRALE B VSTt o
t he upper chmpsberpmmehd:o ndhet twegatralldl gdued ddyes uppPrextBadingr about

cont ai nment eﬂ%S%gLrg%ied length of the permeate envelope standing at the side

nearest the mandrel, thereby dividing the permeate envelope into two

separate internal zones near the mandrel with an open space between
the 2 zones at the far end of the permeate envelope. This envelope
would be in fluid communication through the fourth unglued edge with
the divided central mandrel. The first zone in the permeate envelope
would align with the first section of the mandrel while the second
zone of the permeate envelope would align with the second section .of
the divided mandrel. The block dividing the mandrel would align with

the glue line dividing the interior of the permeate envelope.

A sweep fluid would be introduced into the first section of
the divided mandrel. The sweep fluid would circulate into the first
section of the permeate envelope along the internal glue line then
circle around the end of the internal glue line and hove into the
second section of the permeate envelope, all the while sweeping any
permeate which passes through the membrane into the permeate envelope.
The permeate and sweep fluid would exit the second section of the
permeate envelope and pass into the second section of the divided
mandrel through which it would pass into the permeate collection zone.
Feed/retentate would still accumulate in the feed/retentate collection

zone for recovery.



Feed fills the upper chanber and, wunder pressure, is forced into contact
with the nenbrane |ayer in the spiral wound el enents. The feed flowinto
the elenment through the feed/retentate spacer material, contacts the

mewbr ane and sel ected conponents perneate through the nmenbrane and into
ot.her perneate envel ope. Perneate in the %aneate envel ope noves through

t he envel ope al ong the perneate spacer and passes into the holl ow central

mandrel. Retentate m the element passes thr h t.he, e nt d exits
into the | ower charrbgﬁf%iﬁéefs"r eTHe Fﬂ?'gcﬁgﬁ°?ﬁ£%reetié‘ﬁfﬁjf]§er%dfllg ¢ same
Per neat e pasayngsi aty dtherceleémenk, mbinglrssieep of1iidt beinyg timtrpducedatieato the
col l ection a 1S, 1 h e 0 : i
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si nply per miguchn@st hinddeiduadt esweepdfakid f tebest hiromh @rheexternal vaoune® cam be
applied to dngdugina BRédEF1E:1d Micuaht R ane adshrdtt NliiWald nhh&FELt he
chanber. 5 Clégfly,lthén, thggﬁﬁ¥???%lenent ﬁbuspﬂé%p%%dg ?tse f
to use underfiFfki MEE1eRHANE PSRN iRagAMS §rom BheinglensWeehdluidh gourre be
used under reverse osnosis or ultrafiltration conditions where the applied .
pressure on the feed grovides the driving force for, the separation.
Alternatively, the h8asiPRg TEATIFITCed UFROVaRLs HEGda- tiso ReSH diGaRorPe
wherein a veattathed aim fruildhe ight Meshturdicdeidf atrllgenel elfwelnh?fpérméhdmanam
driving forcg for the separation. . To be useful_for .perstraction
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In order to maximize the flow velocities in the elements in
the multi-element housing at a constant volumetric feed flow rate and,
thereby minimize the feed side mass transfer resistance and operate at
the highest feed Reynolds number possible resﬁlting in higher permea-
tion rates and improved element performance, the multi-element housing
design can be modified by partitioning the lower chamber into a number
of separate zones to thereby redirect the feed flow through separate
isolated groups of parallel elements resulting in sequential flow
through the separate groups of parallel element. The upper chamber
can likewise also be partitioned to maximize the number of separate
isolated element groups housed within a single housing.” By this
partitioning of the upper chamber and lower chamber a serpentine,
cascading, serial flow of feed through the separated isolated element

groups is achieved.

This partitioned embodiment will be best understood by

reference to the following descriptions of specific variationms.

The upper chamber of the aforesaid multi-element housing
defined by the interior walls of' the pressure containment vessel and
the top face of a first tube sheet to which are attached multiple
elements arranged in some pattern is treated as a single area. The
lower chamber defined by the space between the bottom face of the
first tube sheet and the top face of the second tube sheet is divided



el ement woul d have to be provided with neans for supplying the sweep fluid.
In such a design the elenent would be fitted with a central mandrel open at
bot h.ends and extendi ng beyond the edges of the spiral w nding at both ends
of«the el ement. The central mandrel woul d _be bl ocked at about the m ddl e of
its length thereby dividing the mandrel”i%t 3 two sections. The spiral

wi ndi ng defining the perneate envel ope would |ikew se be nodified in that

t he menbrane_sheets .surroundl n te s mat.er i al | ued
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si de near estmenhevensedis el | ther eby dividing the perneate envel ope into two
separate internal zones near the mandrel with an open space between the 2
zones at the far end of the perneate envel ope. This envel ope would be in
fluid communi cation Ferdbdghintmednend dntemgeuesi thggeonsst hthendinsy izgpe) in
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from the second group of elements is likewise collected in the

permeate collection zone beneath the second tube sheet and removed
through permeate removal means. In this embodiment a foraminous plate
can be fitted around the upper ends of the elements opposite the first
tube sheet. The plate need not be fluid tight around the elements nor
in fluid tight contact with the interior wvessel walls. Even a mesh
can be used. The sheet is fitted around the ends of the elements
slightly below the point at which feed exits or enters such element.
Feed exiting the element will spill over the element edges and then
pass through the plate to fill the body of the upper chamber. This
creates a stagnant zone wherein feed exiting the top of the first
group of elements fills the upper chamber under this plate and because
of the presence of the plate cannot theﬁ readily mix with additional
feed/retentate exiting the top of said first group of element. By
keeping such mixing to a minimum the elements of the second group are
not exposed to a feed mixture containing any stagnant fraction. This

should reduce element fouling.

In another embodiment the upper chamber of the multi-element
housing defined by the interior walls of the pressure containment
vessel and the top face of a first tube sheet to which are attached



zone for recovery. - 10 -

Mul tiples of such elenents could be installed in the sanme way as any ot her
el enent, the sweep fluid being introduced into the first section of the
divided mandrel by sweep fluid manifold nmeans such as individual sweep
fluid tubes froman external source or th¥ogh a sweep fluid circuit
connecting the separate extended mandrel first sections in series or
parallel froma_ single sweep fluid source. As an alternative a
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chanber and | ower chanber a serpentine, cascading, serial flow of feed

t hrough t he %eplis APRAT | GPEFE fctifpRpssure containhent vessel.

The lower chamber defined by the space between the bottom
face of the first tube sheet and the top face of the second tube sheet
is similarly divided by a first partition extending the height of the
space between the two tube sheets and in fluid tight attachment to
said tube sheets and opposing containment vessel walls in the lower
chamber, said first partition being substantially in a perpendicular
relationship to the partition in the upper chamber and dividing the
lower chamber into 2 separate zones. A second partition in the lower
chamber substantially perpendicular to the first partition but extend-
ing from only one face of said first partition and attached to only
one interior wall of the lower chamber is fitted to divide one of the
two zones yet again into two additional smaller zones, the two parti-
tions in the lower chamber thereby dividing the lower chamber into
three zones, a first large zone and 2 additional zones each of which
is approximately one half the size of the first zone (first and second

smaller zones).

Feed is introduced into the first of the two smaller zones
through feed inlet means in the lower chamber wall adjacent said first
zone. Feed in the first zone is forced up through a first group of
spiral wound elements and exits into the upper chamber, filling one of
the two upper chamber zones and thereby cascading into a second group
of spiral wound elements occupying said first zone of the upper

chamber. The feed passes downward through the second group of spiral



groups is achi eved. This partitioned enbodiment will be best
understood by reference to the follow ng descriptions of specific

vari ations. The upper chanber of the aforesaid nmulti-el enment
housi ng defined by the interior walls of the pressure containnent vessel
and the top face of a first tube sheet tot3which are attached nultiple

el ements arranged in sone pattern is treated as a single area. The | ower
chanmber defined _by the space between the bottom face of the first tube
sheet” and t HPURGpSheReBtDfanch 8x L R afeashEcketate; intg Fheickprge zone of theyy
partiti OE NERiWer P ehafH O#He]t:tiléiﬁ gtr&ai %ehub-atéﬁmh rets c_;its&ﬁ&sngcﬂrbegrspatce%iﬁ 0 2
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of the | ower chanber and is renoved there gh retentate renova
means in from which it is removed via feed/retentate outlet means in the wall

of the lower chamber adjacent to the feed/retentate accumulation zone.

Permeate collected in the central mandrels is passed through
the open ends of the central mandrels into the permeate collection

zone as previously described.

In this way the multi-element housing can be divided into
any number of individual zones within each of the upper and lower
chambers by the installation of partition barriers perpendicular to
the tube sheets.

Expressed in general terms, the upper chamber is divided
into 2 or more zones hy'the placement of a first or primary partition
in the upper chamber corresponding substantially to the diameter or a
major chord of the upper chamber, said first partition being perpen-
dicular to the first tube sheet and in fluid tight attachment thereto
and to the interior walls of the pressure containment vessel and
dividing the chamber into 2 zones. A top plate is fitted to the top
edge of the partition parallel to the first tube sheet and spaced some
finite distance above the upper edge of the parallel spiral wound
element mounted in the first tube sheet.

Additional 2zones are created by use of a second or more
partitions hereinafter referred to as secondary upper chamber parti-
tions fitted in the upper chamber extending from the first partition
barrier preferably extending perpendicular from the first barrier

thereby subdividing the original 2 2zones into - more numerous



the vessel wall adjacent to said | ower chanber second zone. Perneate from
the second group of elenents is |ikewi se collected in the perneate
col | ecti on zone beneath the second tube sheet and renoved through perneate
renoval neans. In this enbodi nent a foram nous plate can be fitted around

t he upper ends of the elenents opposite the first tube sheet. The plate
need not be fluid tight around the elenents nor in fluid tight contact with
the interior vessel walls. Even a nesh can be used. The sheet is fitted
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Embodiments of the invention will now be described with

accompanying drawings, in which:-

Figure 1 is a schematic of an embodiment of a multi-element

housing of the present invention.

Figure 2 is a schematic of an alternate embodiment of a
multi-element housing of the present invention wherein partitions are
employed to produce separate isolated element groupings for serpentine

cascade feed flow.

Figure 3 presents a simplified modification of the separa-
tive flow pattern housing of the embodiment of Figure 2 wherein only

the lower chamber is subdivided.

Figure 4 presents an embodiment of the element mounting in
the housing of the present invention.

Figure 5 presents a variation on the embodiment of Figure 4.
Figure 1 shows a multi-element housing comprising a pressure

containment wvessel (1) in which are mounted a plurality of spiral

wound elements (2) attached in fluid tight arrangement to a first tube



pressure contai nnent vessel walls. The end of the partition wall opposite
to its edge of attachnment to the first tube sheet is attached in fluid
tight "arrangenment with either the top of the contai nnent vessel or to a
separate top plate which is parallel to the first tube sheet and is itself
in fluid tight arrangenent with the intedSor walls of the upper chanber of
the pressure contai nnent vessel. The | ower chanber defined by

t he space between the bottom face of the first tube sheet and the top face

of the secoffieetifd)sheiah is in GPeRrrelagiongide with the ntepier jwingjngs of
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mandrels 6 passing through the second tube sheet (7) empty into
permeate collection zone 10 defined by the bottom face of the second
tube sheet (7) and the bottom of pressure containment vessel. Feed is
introduced via feed inlet (11) into the upper chamber (5) and passes
through elements (2). Permeate passes through the membrane leaves in
the element and into the central mandrels (6) which empty into
permeate collection 2zone 10 from which it can be withdrawn via
permeate collection means (12). Feed and retentate which passes
through the element empties into lower chamber (9) and is collected

via retentate outlet (13).

Figures 2a, 2b and 2c present an alternate embodiment of the
present invention comprising a containment vessel 101 in which are
mounted a plurality of spiral wound elements (102) attached in fluid
tight communication to a first tube sheet (103) which is in open flow
relationship through holes (H;) with the internal windings of the
spiral wound elements. This first tube sheet (103) is in fluid tight
communication along its outer perimeter with the interior wall of the
containment vessel at (104) thereby defining an upper chamber (105)
which is pressure resistant. The central mandrels (106) of the spiral
wound elements (102) extend into and through holes Hy in a second tube
sheet (107), the extended mandrels being in fluid tight communication

along their outer walls with the holes (H2) in the second tube sheet.



- 13 - wound elenents and exits as feed retentate into the large zone of
the | ower chanber wherein the feed retentate cascades through a third group
of spi‘ral wound el enents and passes upward through the third group of
elements into the second zone of the upper chanber wherein feed/retentate
fills said second zone and subsequent|y~c¥s¢Cades into a fourth group of
spiral wound el errents and passed downwardly through fsai;:l fourth gr;)up of t
el enents, t ed/r tate fr he fourth group of e nts exiting into
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Expressed in _general_ terms, the up nber is | Into
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plate is fit h pedeofthe t|t| e firs ube
sheet and spéa e lgg%e??"{:ﬁ Y |thsarPc?€a %@FL 3@8 ?‘ﬁe Yyt A9 el

spi ral wouncsigiidasiyt impuibuid tmhtheoﬂmumitatininEasbﬂ;?tits per:.meter wikltli theonal
zones are Crﬁﬁ%?ﬂoxbywéﬁe o(}f t%es%ggggin%rengn (€ssel at attachment (aP) point,

thereby dividing the upper chamber 105 into two zones (105(a)) and

(105(b)). The lower chamber is similarly subdivided using partitions.
Referring to Figures 2a, 2b and 2c a first lower chamber partition 116
(Figure 2c) is fitted in fluid tight communication between the oppos-
ing faces of the tube sheets dividing the lower chamber into two
zones. A secondary partition (117) (Figures 2a and 2c) is also fitted
into the lower chamber extending radially from the first partition
(116). The two partitions divide the lower chamber (109) into three
separate zones, A, B and C. Feed is introduced through feed inlet
(111) Figure 2C into zone A, which feed flows up the spiral wound
elements of element grouping 1 (Figure 2b) into zone 105a (Figure 2b)
of the upper chamber and then down the elements of element grouping 2
(Figure 2b) into zone B of the lower chamber (Figure 2c) then up the
elements of element grouping 3 (Figure 2b) into upper chamber zone
(105(b) Figure 2b) then down the elements of element grouping 4 into
lower chamber zone C (Figure 2c) which functions as retentate collec-
tion zone (Fiqure 2a) from which retentate is removed via outlet
(113). Permeate collected in permeate collection =zone (110) is
removed via permeate outlet (114) (Figure 2a).

Figure 3 presents a modification of the embodiment presented
in Figure 2. Elements which are similar between the two



partitions hereinafter referred to as secondary upper chanber parti- tions
fitted in the upper chanber extending fromthe first partition barrier
preferably extending perpendicular fromthe first barrier thereby
subdividing the original 2 zones into nore nunmerous

- 14 - subdi vi si on zones. These setddAdary upper chanber partitions
are attached to the primary partition the interior upper chanber wall the
first tube sheet and top plate in flui.d tight arrangenent. _These zones and

subdi vi si onr?B’FFe?nFﬁt’t% GHBES comMOBemupeKitAl dRsigNatieRyyEleppRLe gihich

separ at e i salipferd apb erdRAt ifiedBY Nifmer fcdlnesipRt iciaTRcthe BbG dezibslions in
the | ower chanber are arranged taking the placenent of the upper chanber
partitions into consideration and installed in said |ower chanber so as to
result in serpentinelraigade 3|the abltielenert thhugugm doprisyganatentaiakat ed

cont af nant “0e Sadey) (P AR RAEH e, neiREed B FUBRL S, 0 SRR "bnnr

cont ai nnent vess wal | correspon
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vessel at (104) thereby defining an upper chamber (105) which is
pressure resistant. The central mandrels (106) of the spiral wound
element (102) extend into and through holes (H;) in a second tube
sheet (107), the extended mandrels being in fluid tight communication
along their outer walls with the holes in the second tube sheet. The
second tube sheet (107) is parallel to and spaced apart from the first
tube sheet (103) and is also in fluid tight communication along its
perimeter with the interior walls of the containment vessel at (108).
The space between the opposing faces of the two tube sheets and the
containment vessel walls defines a lower chamber (109). The extended
mandrels (106) pass through the second tube sheet (107) and empty into
permeate collection (110) defined by the bottom face of the second

tube sheet and the bottom of the containment vessel.

The lower chamber (109) is divided into two =zones by a
divider (211) which is placed perpendicular between the opposing tube
sheet and is in fluid tight communication along its edges with the
tube sheet and the containment vessel walls in the lower chamber.

Feed is introduced into the feed zone (212) of the lower
chamber through feed entrance means (111) and passes upwardly through
the windings of a first group of spiral wound elements (A) which are
in communication with the interior space of the first zone (212).
Feed exits from the top of said first group of spiral wound elements
and empties into the upper chamber, eventually filling the chamber
and, thereby, then being forced to flow down the spiral winding of a

second group of spiral wound elements (B) which are in communication



enpl oyed to produce separate isol ated el enent gfoupings for serpentine

cascade feed fl ow. Figure 3 presents a sinplified nodification
of t.hé separa- tive fIOM/pattern housi ng of the enbodi nent of Figure 2
wherein only the | ower chanber is subdivided. Figure 4 presents
an enbodi nent of the el enent nounting in ¥he housing of the present

I nventi on. Flgure 5 presents a variation on the enbodi nent of
Figure 4. gure 1 shows a .multi-element housi ng _conprising a

pressure cor\‘t’-&*‘n%tse%%%eﬁm(’lsz}rﬂ Rfi Eie deueRRIRmReF FHIChr SIMGtYORt aSpir al
wound el enertetedtitedtdciabeicdnN Zdrnd deidndhihith afl@en®illetted tet@itatobas
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at (4) and t g‘rhé%yly # naltj'%pe\r,\k?":"ﬁcth%J %gf ﬁ%ﬂ{)cen Ar?“al Hr?rg%dré 3%6)
of the spi rmecmmxml eiaarpgnmee(t@) celklexvtdlon meanand1ths ough holes (H2) in the
second tube sheet (7) the extended mandrels being in fluid tight

communi cation at their outer_malls mﬁth the hol es of the seconq t ube sheet.
The second tube sheeds (3 aptiparal fenaminoum daspie dR13paran fherfithed f peast

tube sheet (b @dpk bf tde bhidl Wb&d¥ element in the upper chamber.

This baffle is not fluid tight. Feed exiting the top of
spiral wound elements of group A can pass through the baffle and
accumulate in the upper chamber. Once the level of feed in the upper
chamber is higher than the baffle the presence of the baffle prevents
the feed exiting the tops of the elements from mixing with feed which
has accumulated in the upper chamber below the baffle. The feed below
the baffle is held in what is in effect a stagnant zone isolated from
fresh feed. Thus, stagnant feed is prevented from being fed into the
spiral wound elements of group B. This prevents exposure of such
elements to the sludge or other detrimental materials which might
build up in stagnant feed which could plug or seriously degrade
element performance. Periodically the stagnant feed below the baffle

plate can be withdrawn through stagnant feed removal means (S).

Figure 4 presents a preferred embodiment of the mounting of
the spiral wound elements to the tube sheet and the segregation of the

upper chamber from lower chamber and permeate collection zone.

A single spiral wound element is shown 301. This element
contains a central mandrel 302 surrounded by the winding of membrane
feed and retentate spacers 303. The ends of the element are capped.
At the top the element is capped with end piece (anti-telescoping
device) 304 which is open and permits fluid passage therethrough.

The bottom of the element is end capped with an anti tele-
scoping device which also serves as a mounting flange 305. The upper
or first tube sheet 306 and the lower or second tube sheet 307 are



comuni cation with the interior walls of the pressure contai nnent vessel

(1) along its perineter at points (8). The space between the opposing faces
of the two tube sheets and the pressure containment vessel walls is
defined as the | ower chanmber (9). The extended mandrel s 6 passing

t hrough the second tube sheet (7) enpty RBtD perneate collection zone 10
defined by the bottomface of the second tube sheet (7) and the bottom of
pressure cngﬂbnnent vessel . Feed is_introduced via_ feed inlet (11) into
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the wall of the conduit pipe. The sealant can take the form of "O" rings
(311) fitted around the mandrel and/or a compressing gasket (312)
placed around the mandrel and fitted between the top face of the first
tube sheet and the bottom face of the anti-telescoping mounting flange
but not overlapping retentate passage holes 310. The element is
secured to the top tube sheet .using studs 313 in the tube sheet which
mate with holes in the 'mounting flange 305. Fluid tightness is
achieved by use of a gasket 314 placed at the interface between the

tube sheet and the mounting flange.

. Figure 5 presents a variation on the embodiment of Figure 4
wherein the holes (308) in the first tube sheet (306) and the second
tube sheet (307) are not connected by a length of pipe but rather
simply aligned and pierced by the central mandrel 302 of the membrane
element. Fluid tight connections are achieved by use of "O" rings
(311) between the opposing faces of the central mandrel and the holes
(308) in tube sheets (306) and (307). Gasket means (312) between the
top tube sheet 306 and the anti-telescoping device (313) can also be
used to create a fluid tight seal (see Figure 4).

07099301.RWP



first tmm also in fluid tight communication along its
peri rret rior walls of the contai nnent vessel at (108). The
space Mng faces of the two tube sheets and the contai nnent
vessel V\bl |% de ower chanber (109). The extended mandrels (106)
pass through the second tube sheet (107)y @d enpty into perneate coll ection
zone 110 defined by the bottom face of the second tube sheet (107) and the
bottom of the contai nment vessel. The upper chanber (105) is divided into
two separat e“IMEE by parti- tion (115) perpendicular to and attached to

the top of the first tube sheet 103 and the internal walls of the
cont ai nnent vessel and to a to | at e whi ch |1§ paraIIeI to the first
a

tube sheet and is simi‘l afl JeTRFaRRyRLERS h °E§J+ﬁﬂ,|r{| £Phnthe Gegtatnment of
perimeter wimlltipkeimdndirans elementy (Rewherdiai BEEAimMESPHd ellenditsAGREE Dh

AP i nt di vi di th hanb 105 into t 0
nd (105 b) ) PERRESY s Gemete, a0 BRI, FOPREABOT FAERE 40 AP pAPEI opd,
Referring tosubpgoting 2tybe2bshmetls 2dna af i cottalimvent crearelr wiparretint iboih 116be
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presents a ry@NR| cHement oflst h’él efud mup&medﬂmh ﬂhlegulfcalerZ chamber

El ements whiddd/rétéhtateMzbRd bOQJMRERnel H8rst WAnd second tube sheets and
wherein a central permeate mandrel (6) closed at the top and open at
the bottom in said membrane elements passes through the feed retentate
zone (9) between the two tube sheets and is in fluid tight communica-
tion with the second tube sheets but in fluid communication throﬁgh
its open bottom end with the permeate chamber (10), through holes (H3)
in the second tube sheet, whereby, in use, fluid at the exterior of
the elements is prevented from leaving the upper chamber through said
holes Hj;, except by passage through the membrane element attached to
said first tube sheet, said upper chamber being fitted with feed entry
means (11) in the wall of the containment vessel corresponding to the
upper chamber, said lower chamber feed/retentate zone between the
first and second tube sheeﬁs being fitted with retentate withdrawal
means (13) in the wall of the containment vessel corresponding to the
feed/retentate zone and said permeate chamber being fitted with
permeate withdrawal means (12) in the wall of the containment vessel

corresponding to the permeate chamber.



- 17 esent ations share comon nunerical designation. El ement s
whi ch u!” ﬂl 'm”n’f i ed by nunerical designations in the 200 series.
In Fi gu | ement housi ng conprises a contain- nment vessel

(101) in which are *modnted a plurality of_ spiral wound elenent (102)
attached in fluid tight comunication td % first tube sheet (103) which is
I n. open flow rel ationship through hol es (H[err]) in the first tube sheet
with the internal w ndin of the splral woun The first tube

ng
sheet (103) is in fldrd t1ght "LEHEni éat?lcﬁ’rma|bnd'%ﬁ’c‘%i'but“lé’r“p?éfeu RATRFaRG ¢ h
the interiorelenehtofarehseittent mumnhalesveﬁsaie girdtl @dbe tsheet byhidhf haliedgars

upper chanbe ug&og) g@etj §?p%%s r?ernrﬁgs!# Q%%éghﬁ'? 3%&%81 mandrel s (106)

of the splra TRGund BreRent Sas (Herr]) in
a second tube sheet (107) t he extended mandrels being in fluid tight

communi cati on al ong tshEI hguﬁﬁ%}g@l log \gﬁ%tfe F&lepﬁ tﬂet t&g Iea&or]iglpggfs

sheet. The second tubé sheet | el nd sp ace apar romt he
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space between the opposing faces of the two t he cont al nnment

vessel wal | S'Uep; Hesadd| kst tubenBheet apdareTin fARid fdeht mrrangenent) gbgh

pass througftﬂeheséwaanduwbens&tﬁezsdﬂ)ol}uta&qh SR icBhRuPRalRet Cwedl | @d | On
(110) defined bx@t he boitom face of the second tube sheet and the bottom of

the cont ai nrEffe3%] hamber through hodes (308 in,saLd, s¢ornd) trke fhgeledaitht o
two zones bywherdivisd@s ¢ehitthl whinabel hopbsfqadspeimpendi cirsar tdirl vrRest (b6s)
opposi ng tub sheet a

d fluid tight t I t d
o Tt he ¢ S REGRouRREE (Ve o BT SATEh S aoat Y Rafes (o fratis bt ot e
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with the feed/retentate zone (RCZ) between the two tube sheets.

4. The housing of claim 3 wherein the holes (308) in the
first and second tube sheets through with the central mandrel (302)
passes are connected by lengths of pipe (309) of internal diameter
sized to receive the external diameter of the extended central mandrel
and its sealing device and which pipes are in alignment with said
opposing holes and are in fluid tight attachment with the opposing

tube sheet faces.

5. A membrane element housing for the containment of
multiple membrane elements wherein said multiple membrane elements are
in parallel arrangement, said housing comprising a containment vessel
(101) wherein said containment vessel is divided into an upper chamber
(105) defined by the interior walls of the containment vessel and the
upper face of a first tube sheet (103) in fluid tight attachment (104)
to said interior walls, a lower chamber (109) defined by the interior
walls of the containment vessel anﬁ the bottom face of the first tube
sheet (103) and the upper face of a second tube sheet (107) parallel
to and in close proximity to said first tube sheet and a permeate
chamber (110) defined by the interior walls of the containment vessel
and the bottom face of the second tube sheet, multiple elements (102)
arranged in said upper chamber in alignment with holes (H1) in the



the wndings of a first group of spiral wound elenments (A) which are in

Comupy ' ' I nterior space of the first zone (212). Feed exits
from nmmmﬂmmnﬂﬂ' rst group of spiral wound el enents and enpties into
t he uppercc r,s eventually filling the chanber and, thereby, then being
forced to fl ow down the spiral w nding of221-second group of spiral wound
el ements (B) which are in comunication with the second zone

(214) of the | ower chanmber which functions as a retentate collection zone

from whi ch t flrstoruke: sheety dpeftuideticht, aktachaent withtsaidatube sheohlinnthes
(113). Per ”’E?;ﬁri Sn&ndlelkGite GhbPe i @ne Sidnbrhn8BIdnENES 1&f 18! F1dilae chRABRL-S

and is passed by the central mandrels into perneate collection zone (110)
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212) and a second” (21 zone, said partition means being in fluid
tight attachment to the opposing tube sheet faces and with the
interior walls of the containment vessel, said containment vessel wall
in the area of the first zone in the lower chamber being fitted with
feed entry means (111), and said containment vessel wall is the area
of said second zone being fitted with retentate removal means (113)
and the containment vessel walls in the area of the permeate chamber

being fitted with permeate removal means (114).

6. The housing of claim 5 wherein a foraminous plate (217)
is located near the top of the membrane element opposite the first
tube sheet.

7. The housing of claim 5 or 6 wherein the lower chamber
(108) is divided into multiple 2zones by multiple partition means
wherein a first partition (116) means perpendicular to the tube sheet
is in fluid tight arrangement with said tube sheets (103 and 107) and
with the walls of the containment vessel and a second partition means
(117) perpendicular to the tube sheets and perpendicular to said first
partition means (116) is in fluid tight arrangement with said tube
sheets and with the first partition and with the interior wall of the
containment vessel thereby dividing the lower chamber into 3 zones, a
first major zone (B) and first (A) and second (C) minor Zzones, and the
upper chamber (105), is divided into multiple zones by a partition
means (115) perpendicular to the first tube sheet (103) and in fluid
tight attachment to said tube sheet and the interior walls of the



el ement per . tedically the stagnant feed bel ow the baffle plate

can be stagnant feed renoval neans (S). : Fi gure
4 preermmg{!@mHﬂﬂ% nbodi ment of the mounting of the spiral wound
elementsste et and the segregation of the upper chanber from

| ower chanmber and perneate collection zoné3 - A single spiral
wound el enent is shown 301. This elenent contains a central mandrel 302

surrounded by the w nding of nmenbrane feed and retentate spacers 303. The
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el ement is Mydegdeminkensedd iriow (iR oGEN IR DBRGLE! id M@ separate zones in
the upper chamber (105).

8. The housing of claim 5 or 6 wherein the upper chamber is
divided into multiple zones by placement of a primary partition in the
upper chamber, said first partition being perpendicular to the first
tube sheet and in fluid tight attachment thereto and to the interior
walls of the containment vessel and by placement of secondary parti-
tion fitted in the upper chamber extending from said primary partition
and in fluid tight attachment to said primary partition and to said
first tube sheet and the interior walls of the containment wvessel
thereby dividing the upper chamber in numerous discrete fluid tight
zones containihg isclated multiple element groups, said lower chamber
being divided into multiple zones by means of partitions placed in
said lower chamber and arranged therein taking the placement of the
upper chamber partitions into consideration so as to result in serpen-
tine cascade flow of feed through the isolated multiple element group
in the upper chamber, wherein feed entry means are fitted in the wall
of the containment vessel corresponding to a first zone in the lower
chamber and retentate removal means are fitted in the wall of the
containment vessel corresponding to the last zone in the lower chamber

at the end of the serpentine feed flow path.
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the conduit pipe joining the axially aligned holes in the two tube sheets.
Fluid tight comunication is achieved by applying sealant in the space
between the outer wall of the central mandrel and the inner wall of the
conduit pipe. The seal ant can take the formof "O" rings (311) fitted
around the mandrel and/or a conpressing g&#sket (312) placed around the
mandrel and fitted between the top face of the first tube sheet and the
bottom face of the anti-tel escoping nounting flange but not overl appi ng
retentate pé@ggﬁgﬂholes 310. The elenent is secured to the top tube sheet

. using studs 313 in the tube sheet mhlch mat e mnth hol es in the nounting

fl ange 305. Fluid tightnes 3 _gasket 314 pl aced at
the interface between the tub fret picamuieleiny | ange.

Figure 5 presents a variation on the enbodlnent of Figure 4 wherein the

hol es (308) in the first tube sheet (306) and the second tube sheet (307)
are not connected by a Il ength of pipe but rather sinply aligned and pierced
by the central mandr 8| hagingf (1 hdsndisglosed efamneihe. CEnmmenigmf cwdbinlte ons

are achieve i b o] f
central rranélﬁreg?‘réa&?\eg stg e aE\acj)'loésg%?ﬂeﬁésl|1()r12)t lel?g (2%%)5 dér%go%? éa‘jiet
means (312) FeuRREnin Haradlek uﬁéhsﬁeéeemtmqeh@oam i dQ@-Ineéchxbl fQSPREE ce

(313) can alene1bfed /390 twd eubatdheats! 3.9t ithhng&d! atl e Ehﬂwen&l)of the
07099301. RWP Al MS:
elements (2). Each element (2) has a central mandrel (6) whlch passes

through the feed/retentate zone space, defined by the two tube sheets

(3,7) to a permeate collection zone (10) having removal means (12).
The tube sheet (3) directly attached to the element is in open
relationship with the interior .of the membrane element, whereby in use
retentate can accumulate in the space (9) between the top tube sheet

(3) and the bottom tube sheet (7) and can be removed by removal means
(13).

(Fig. 1)
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1. A nenbrane el ement housing (1) for the containnment of nultiple nmenbrane
el ements (2) wherein said nultiple:elenents are in parallel arrangenent,
sai d housing conprising first (3) .and second (7) supporting tube sheets in
a eontai nment vessel wherein both tube sheets are arranged.in parallel to
each other and located in close proximty/go each other within the
cont ai nment vessel in fluid tight arrangenent with the interior walls of

t he contai nment vessel and wherein a | ower chanber feed/retentate space (9)
is defined between the two tube sheets, an upper chanber (5) is defined by
t he space above the first tube sheet within the contai nment vessel and a
perneat e chanber (10) is defined by paceéﬁelom/the second tube sheet
wi thin the contai nment vessel, multi]pl nbrahe el ements in the upper
chanber are aligned with holes (Herr]) in the first tube sheet and are in
fluid tight attachment with said tube sheet wherein the mem brane el enent
is in fluid communication with the | ower chanber feed/retentate zone
between the first and second tube sheets and wherein a central perneate
mandrel (6) closed at the top and open at the bottomin said nenbrane

el ements passes through the feed rete e (9) between the two tube
sheets and is in fluid tight co fca- tion w t he second tube sheets
but in fluid communication throdgh its open bottom®Qd wi ffh the perneate
chanber (10), through holes 2) in the second tube s , Whereby, in use,
fluid at the exterior of thg elenents is prevented fromJl eaving the upper
chanber through said holes/Hl, except by passage through\tge nenbrane

el enent attached to said first tube sheet, said upper ch er being fitted
with feed entry nmeans (11) in the wall of the contai nmeft \vessel
correspondi ng to the uppgr chanber, said | ower chanber feegd/retentate zone

between the first and seqond tube sheets being fitted with| retentate
wi t hdrawal neans (13) injthe wall of the containnent vesse|l corresponding
to the feed/retentate zorje and said perneate chanber being{fitted with
perneate w t hdrawal neany (1 An t pval | off e C in nblvesse
correspondi ng to the perneat a ;;é ¢¢ﬂ ///
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- 21 - 2. The housing of claim 1 wherein nultiple
menbrane el enents are fitted into holes in the first tube sheet which hol es
are .equal in dianmeter to the external diameter of the elements.’

3.~ The housing of claim1l wherein the central mandrels (302) of nultiple
menbrane el enents (301) are fitted into holes (308) in the first tube sheet
(306) wherein said nmandrel s pass througqygfid holes in said first tube
sheet and are in fluid tight arrangenent*wi th the second tube sheet (307)
but in fluid comunication with the perneate chanber through hoI@b (308) in
sai d second tube sheet, and wherein said central mandrel holes (aﬂ8) in the
first tube sheet (306) are surrounded by a pattern of secondary Eotl_:ps
(310), said pattern of secondary hol es bei ng bounded by the perIWECEr of
the el ement through whi cfysecondary hol es the nenbrane el ement ifgjin fluid
communi cation with the fegd/retentate zone (RCZ) between the twot ube

sheet s. 4, housi ng i i
the first and second tubsg sheets

receive the er nal ended

seal i ng devi and whi \ gnne W t

and are in fl tig e op

5. A nenbrane el'e"t the cont

nmenbrane el ements whefern s ebr anes

arrangenent, d hougi ng cont a

said contain VeSSE n up

the interior{vwalls of t vgssel 4nd th fifst
t ube sheet (I in fluixytight attécphfent (104) to ss{d™ i a
| ower chanber (109) defi terior walls of th i nt vesse

and the bottom face of
second tube sheet (107)

rall el
tube sheet and a perneateg chanber (110) defined by the |ﬂner|ov—walls of

to and in close proxim

t he cont ai nnent vessel <
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and the bottom face of the second tube sheet, nultiple -elements (102)
arranged in said upper chanber in alignnment with holes (Herr]) in the

- 22 -° first tube sheet in fluid tight attachnment with said tube sheet in
t e upper chanber but wherein the nenbrane elenent is in fluid conmunica-
tion with the | ower chanber between the3p%rst and second tube sheets and
wherein central perneate mandrels (106) closed at the top and open at the
bottomin said nmenbrane el enents passes through said | ower chanber (109)
into holes H2 in the second tube sheet (107) and are in fluid tight
attachnment with said second tube sh v the =power chanber (109) but which
central mandrels are in fluid commFgﬁqn t%ough their open ends with

t he perneate chanber (110) and wherein the | ower chanber is divided by
partition nmeans (211) perpendicular to said tube sheets thereby dividing
the said | ower chanber into a first (212) and a second (214) zone, said
partition neans being in fluid tight attachnent to the opposing tube sheet
faces and with the interior walls of the_cgntai nnent vessel, said

contai nment vessel wall in the area of tWd first zone in the | ower chanber
being fitted with feed entry neaps=fTIl) Hand Sakg _contai nment vessel wal
is the area of said second zop€being fitted with réggntate renoval neans
(113) and the containnent’/f sel walls in the area of T™Nge pHibeate chanber
being fitted with perneatg rennvalfggans_@;LALg\at ¥ 6. TeQhousi ng
of claim5 wherein a fO/{ﬁinous plate (217) is | otated neaRgThe top of the
menbr ane el enent opposite the first tube sheet. A The housing
of claim5 or 6 whereip-t-he-+ r e hetbet-————— s ——
: % % ~217
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(109) is divided into nmultiple zones by nultiple partition nmeans wherein.a
first partition (116) means perpendicular to the tube sheet is in fluid
tight "arrangenment with said tube sheets (103 and 107) and with the walls of
the contai nnent vessel and a second par4 dgion nmeans (117) perpendicular to
t he tube sheets and perpendicular to said first partition nmeans (116) is in
fluid tight arrangenent with said tube sheets and with the first partition
and with the interior wall of the containnent vessel thereby dividing the

| ower chanber into 3 zones, a first major zone (B) and first (A and second
(© mnor zones, and the upper cha gaﬁlOS), is divided into nultiple
zones by a partition neans (115) pgga Lculét to the first tube sheet

(103) and in fluid tight attachnent to said tube sheet and the interior
wal | s of the - 23 - cont ai nment
vessel thereby dividing the upper chanber into two i nde- pendent fluid
tight zones (105(a) and 105(b)) and wherein the upper chanber partition
nmeans is in a substantially perpendi | ation- ship to the first
partition in the | ower chanber and rein ed entrance neans (111) are
fitted in the contain i_vessel corre- :nnnjing to th i rst mnor
zone (A) in the | ofer Aamlr/ (AOA] r et ent ak§ A bl 153 3) are

fitted in the contarnment vessel wafl] corresggndi ng to the secons. m nor
zone (C) in the |oyer chanber (107)\gnd per ter I s (204 are
fitted in the contarnnent "vessel” wall corresponding to the perneate zone

(110) thereby reSU|L+JML4JhéﬁH4HNHAT feed fkowti-ougithe—ethenents in the
separate zones in tlhe upper chanber%§105). N 8. The hqgébng of
claim5 or 6 whereiln the upper chanﬁ%r is dixjded into multip+He es by
pl acenent of a prirmary partition in\\he uppe\\chanber, said fifst partition
bei di cul to the first
ei ng perpendicularf to the firs N \//4302 301
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tube sheet and in fluid tight attachment thereto and to the interior walls
of the containnent vessel and by placenent of secondary parti- tion fitted
in the’upper chanber extending fromsaid primary partition and in fluid
tight attachment to said primary partiti and to said first tube sheet and
the interior walls of the containment veSsSel thereby dividing the upper
thanber .in nunerous discrete fluid tight zones containing isolated nultiple
el enent groups, said | ower chanber being divided into nultiple zones by
means of partitions placed in said | ower chanber and arranged therein
taki ng the placenment of the upper chFﬁPEB partf{i ons into consideration so
as to result in serpen- tine cascadelf d through the isolated
mul tiple element group in the upper chanber, wherein feed entry neans are
fitted in the wall of the contai nment vessel corresponding to a first zone
in the | ower chanber and retentate renoval neans are fitted in the wall of

the contai nnent vessel corresponding to | ast zone in the | ower chanber
at the end of the serpentine feed flo 07099301. RW\P
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