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BACKGROUND TO THE I NVENTION I n PCT application
PCT/ GB96/ 03060 ( publi shed a? WO 97/21 630) there is
di scl osed desal i nati on apparatus which includes a
series of spirally wound reverse osnosis nenbranes in
a cylindrical outer casing. The casing has a cap at
each end. The caps close the ends of the casing. The
A FLOWAVWI¥BROTON ekt tFAR 18y MREtI®ENY tdretiataxd st esviRRESE osmosTs
outl et pass through the caps. Between the cap through
whi ch the raw water inlet passes and the adjacent end
of the first of the nmenbranes in the casing there is a

FIELD W THEBSINVENfNP! ate. The plate has a nul titude of
bores passing through it and streans of raw water flow
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end of THIS TFEFFION cMies BARE nRbkFBiTor FRELET Brber,
salt retention passages. The flow distributor plate of

OSMOSKe desal i nator disclosed in WD 97/21 630 has a flat
front face and the bores in the plate can have their
axes skew to the flat front face of the plate. The
present invention provides an inproved flow
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In PCT application PCT/GB96/03060 (published as WO 97/21630)
there is disclosed desalination apparatus which includes a series of spirally wound
reverse osmosis membranes in a cylindrical outer casing. The casing has a cap at
each end. The caps close the ends of the casing. The raw water inlet, the permeate

outlet and the brine outlet pass through the caps.

Between the cap through which the raw water inlet passes and the
adjacent end of the first of the membranes in the casing there is a flow distributor
plate. The plate has a multitude of bores passing through it and streams of raw
water flow through these bores. The water streams impinge on the end of the first

membrane and the water flows into the salt retention passages.

The flow distributor plate of the desalinator disclosed in WO 97/21630
has a flat front face and the bores in the plate can have their axes skew to the flat

front face of the plate.



reverse osnosi s desalination apparatus. BRI EF
DESCRI PTI ON OF THE | NVENTI ON Accordi ng to one aspect
W@Ro0vkeospr esent i nvention there is provided a PCDIB2008/054465

distributor plate for a reverse osnosis desalination
apparatus, the plate having,a plurality of bores
through it froma front facé thereof to a rear face
thereof, the fraont face hayvjng a reces area t
Surt acdereR YT e PRI S DFRTRESY Bt i UBY riatg for
front face of the plate, the entrances to at | east

reverse REMESIS ¢rsahoptaN BEPARIWS.t hi n sai d recessed area. In
one formthere is a plurality of recesses together
maki ng up the recessed area, there being the entrance
to at | east one bore within each recessed area. Each

BRIESIDESCRIPTIORIOKE WHE INCERTSON can encircle a single
bore entrance. Tn another formthere are two or nore
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ndi ng- edges 0 recesses So

the entrance.of e h of thes or es

flow Qb i Hieric S8 B R e FNeLBE AR iR LS ,otF* tm%te having
entrance of each of these bores is outside said

a pIura,thaofstpggggfthr@ugBﬁtrﬁrqrﬁeq kopkfage dheregf ig a 5¢a%1f>acgfthereof ‘the front
recesses, each recess being circular and adjacent

face m@\d@gge’eceﬁe@gaqe@i thedubface of sdues isdses ek dtom tieeremainder of
recesses and channels form ng the recessed area. The

the frohiefaicelos tis@plate, the driteances to at least some of the bores being within

said recessed area.

In one form there is a plurality of recesses together making up the
recessed area, there being the entrance to at least one bore within each recessed
area. Each of said plurality of recesses can encircle a single bore entrance. In

another form there are two or more bore entrances in each recess.

Some of the bores can straddle the bounding edges of the recesses so
that a first part of the entrance of each of these bores is within the recessed area

and the second part of the entrance of each of these bores is outside said area.

In a specific form there is a circular array of recesses, each recess
being circular and adjacent recesses being joined by a recessed channel, the
recesses and channels forming the recessed area. The channels can be of the

same depth as the recesses.



sanme depth as the recesses. The w dth of each channel
can be less than the dianeter of each bore and there
wW@209/02058 a | east one bore having its entranckCT/IB20eB54465

channel, a centre part of the entrance to each of
these bores being in the chgnnel and two opposed
peri pheral parts of each of Ythese bores being outside
t he channel. BRI EF DESCRI PTI ON OF THE DRAW NGS For a
better understandi ng of the present invention, and to
show how the sanme may be carried into effect,
r ef er edde Width ofnemfb@hamwé capyenlags BTarb&‘@rﬁjﬂ@etQ@ftQﬂ@h bore
acconmpanyi ng drawi ngs in which: Figures 1 and 2 are

and therepet be el g |pasttane Bdrevhaivgy it ehtrende oneéaancharesl, a centre
faces of a flow distributor plate in accordance with

part dfi8e RhEBABE td BUEMbF HEseM@IEE ®eihd ih tAE cRlhaMal Arntvid obb@sed
front face of the plate of Figures 1 and 2; Figure 4

; t array,;
peripl e D o L o B B o AR e e T ot
Figure 4 and al so shows a casing; Figure 6 is an
el evation of the casing shown in Figure 5 and Figure

: Nat'é JNg romthe salt retention
passages fI OWs. DETAI LED DESCRI PTI ON OF THE DRAW NGS
For a better understanding of the present invention, and to show how

the same may be carried into effect, reference will now be made, by way of

example, to the accompanying drawings in which:

Figures 1 and 2 are respectively pictorial views of the front and rear faces of a
flow distributor plate in accordance with the present invention;

Figure 3 is an elevation of the front face of the plate of Figures 1 and 2;

Figure 4 illustrates three membranes in an end-to-end array;

Figure 5 is a section through the membrane array of Figure 4 and also shows
a casing;

Figure 6 is an elevation of the casing shown in Figure 5; and

Figure 7 is an elevation of the flow distributor plate through which water

emerging from the salt retention passages flows.

DETAILED DESCRIPTION OF THE DRAWINGS

The flow distributor plate shown in Figure 1 to 3 of the drawings is

designated 10 and has a front face 12 (Figures 1 and 3) and a rear face 14 (Figure



The flow distributor plate shown in Figure 1 to 3 of
the drawi ngs is designated 10 and has a front face 12
W@ Ejogisesso 1 and 3) and a rear face 14 (Fi gur e2PCT/MB2008/054465

encircling spigot 16 protrudes fromthe rear face 14
and has, on the cylindrical ,outer face thereof,
formations 18 which enable fft to be fitted in a
| eakproof manner into one end of the cylindrical

2). casi ng (not shown) which receives the spirally wound
reverse osnosis nenbranes. The front surface of the
pl ate consists of a recessed area 20 which is set back
fromthe remai nder of the front surface of the plate.
The r eAnierdacling spiget 16 pnotrsded faom thé rebefgokeatdeand has, on the
desi gnated 22 and conprises the entire area of the

cylind?lcal sutehirgde therdsrt fdrefrrionsd sankich @inkdrkit td Be fitteaas s8dakproof
area 20 is constituted by an array of circular

manrlef GRS IR & aﬁﬂ’qe.acﬁﬁnﬁah@a %%g@“@%?@hmﬁ?whi eLBRBS RS spirally

are arranged ima circ rray around the axi
the plate 10, whi cﬁ axi s passes through the centre of
woungr{eggrgﬁiq%n%%sgqem '@"&&ntre of the plate 10 . Channel s
26 are arcuate in shape and generated about said axis.
Each channel 26 joins two circular recesses 24. The
perneate outlet pipe (not shown) passes through the
openi nghedronBsugacaof the plate eonsstsdf avecessed peess20 which is
through the plate 10 . Each bore In the plate is skew
set back fromt thetremadmdsriofdhé fonaxiusade ohidle @ibtg. | Té remgineer of the
to the surfaces of
front surface of the plate is designated 22 and comprises the entire area of the plate

which is not recessed and setback.

The recessed area 20 is constituted by an array of circular recesses 24
and a series of channels 26. The recesses 24 are arranged in a circular array
around the axis of the plate 10, which axis passes through the centre of an opening
28 at the centre of the plate 10. Channels 26 are arcuate in shape and generated
about said axis. Each channel 26 joins two circular recesses 24. The permeate

outlet pipe (not shown) passes through the opening 28.

Bores 30.1, 30.2, 30.3 and 30.4 pass through the plate 10. Each bore
In the plate is skew in that its longitudinal axis is not at right angles to the surfaces of
the plate. This means that the entrance to each bore is displaced circumferentially

around the plate from its exit.



the plate. This nmeans that the entrance to each bore
is displaced circunferentially around the plate from
WO e@®9e%s510 I n the illustrated enbodi nent the boPEBIR2808/054465
be considered to fall into Four groups. The bores of
the first group are designated 30.1 and each bore in
this group lies wholly vvith'n one of the recesses 24

gg?essﬁo{}]}% @ %F%ﬁa thtw deSI E?qta%t 38%%%@ ergsl to-fﬁlémto

remai ni ng groups of bores, deS|gnated 30.3 and 30.4
Four graupsdl e beregraidhe figst Poup ALe Hesigraiesc. fhandoeach lore in this
its entrance within the area 20 and part within the
groupliesawBRally Bidhie drer efstherretessesg?buphetsecord desuobbeds is
30.3, straddle the edge of a circular recess 24. The

de&gh@f&i s0lerand @@cﬁeb@l@mqnetg?@iuﬁﬂeé wrﬁlﬂl? VR tHeDaegRC2 ZlEMHe
a channel 26 As the di aneter of each bore 30.4

remaln%qg{;rb?fpggogth r i aﬁé@pgfﬁ *ﬁ%@ﬁhgﬁé 118 & 489528, 22 and
nencg RARR Eos e %h Sr% afeLifn 8%%% 2B Ao alANBR rhdtrea 22
rear face 14 of the plate 10 Turning now to Fi gures

Someibgres ig thisgraveiess lgl,eg@gpgedgap 3zstraddle{Rg egge of a circular
desi gnate four nmenbranes in an end-to-end array. The

recessutder Thesémginderthose dehignatathBQde arg eagh ce-incident widta
is shown in Figures 5 and 6 and is designated 42. The

chanegiR6: aps tHeldiahtetahotdacH bee- 80 .1 ibgtdntenttanahetwidth of the
casing 42 and the pipes 48, 50 and 52 through which
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peripheral parts are outside the channel and in the area 22.

A raised ring 32 is provided on the rear face 14 of the plate 10.

Turning now to Figures 4 and 5, reference numerals 34, 36, 38 and 40
designate four membranes in an end-to-end array. The outer casing in which the
membrane array is contained is shown in Figures 5 and 6 and is designated 42. The
end caps 44, 46 which close-off both ends of the casing 42 and the pipes 48, 50 and
52 through which raw water, permeate and waste water flows are only illustrated in
Figure 5. The water being treated flows through membranes 34, 36, 38 and 40 in

sequence.

Each membrane includes semi-permeable leaves 54 which are

wrapped around a permeate pipe 56 in conventional manner.



Figure 5 . The water being treated flows through
menbranes 34, 36, 38 and 40 in sequence. Each nenbrane
WO p@bgss0 sem - per neabl e | eaves 54 whi ch are WeEHB2A08/054465
around a perneate pipe 56 in conventional nmanner. At
the inlet end of each nenbrage there is a flow
distributor plate 10 as sho in Figures 1 to 3 . At
the outlet end of each nenbrane there is a flow
di stributor plate 58 (Figure 7). The plates 10 and 58
are at oPp03|te ends of a sleeve which sheaths the
array Of Nesialad £nelof epe rpeanbsans thege is Arflow distribuiten plate 10
rings of bores 60, 62 and 64 in it, the bores 62 in
as shola imFdguiresrt wog3.b&ti thg dudlegend blﬁeaclh mosrabramet there isne flow
and outer rings 60, 64. In addition there is a centra
dlstrltﬂﬁéﬂp%@e 68 (Piyued 7TNELHBIRitd €0 @REMEEre28 dpboshe ePldalc? a sleeve

seen in Figures 4 and 5, there are short pipes

Wh,@ﬁ&élﬁ}h%'ﬂ%gﬁe S5y bRfegh g4he openings 28 and 66 and

connec rrreate pipes 56 in series. The plate 58
at the outl et end of each nenbrane is spaced fromthe
plate 10 at the inlet end of the next nenbrane in the
array. _Water energing under pressure fromeach of

menbr afBg Plafe SEehagres ComryialgS eses 60, @%889@46'@ I, the

does so as a series of streans of water which inpinge
boresopl irhhephigidie 1i0g deindthl@rgenthamsndseingdhiennnéreargkoutes rings 60,
The water entering the recessed area 20 in particul ar
64. Imagdition thdrens e dempal bpenihg 66t which matches the opening 28 in the

plate 10.

As seen in Figures 4 and 5, there are short pipes 68 which pass
through the openings 28 and 66 and connect the permeate pipes 56 in series. The
plate 58 at the outlet end of each membrane is spaced from the plate 10 at the inlet
end of the next membrane in the array. Water emerging under pressure from each
of the membranes 34, 36, 38 through the bores 60, 62 and 64 does so as a series of
streams of water which impinge on the plate 10 of the next membrane in the series.
The water entering the recessed area 20 in particular has turbulence imparted to it
and turbulent streams flow through the bores 30.1, 30.2 etc onto the end of the
membrane 36, 38, 40. The angle of the bores 30.1, 30.2 etc imparts a swirling
motion to the water which impinges on the end of the membrane. The direction in
which the water is caused to swirl is the same as that in which the leaves 54 are

wound around the pipe 56.



and turbulent streans flow through the bores 30.1
30.2 etc onto the end of the nenbrane 36, 38, 40. The
wW@r@hewsio t he bores 30.1 , 30.2 etc inparts a BUI/IB20084054465
notion to the water which inpinges on the end of the
menbrane. The direction in ?hich the water is caused
to swirl is the sane as that in which the | eaves 54
are wopnd arou t he i ment rk _has
Shown ERaerEHEL itk PBRGNPHEr AT oessno he TRNs aoLe] the plate
and providing the entrances to sonme of the bores in
10, ap@@reNiding the enirancesta semesddhe bekes Brihamtate within the recessed
performance of the desalinator. Applicant attributes
area,tdmhanead #ne perfpren droenaictbetdesaliratoacApplitant atiritbuteshis
water flows into the salt retenti on passages of each
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menbrane which can be considered as a deadspot is
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haV|n | urali of .bores .through it froma front
can bpa%o&s?q%ia@ ge%ggpé)éljs Fﬁ%@'?%r eof, the front face

havi ng a recessed area the surface of which is set

back fromthe remai nder of the front face of the

pl ate, the entrances to at | east sonme of the bores

being within said recessed area. 2 . .A flow

di stributor plate as clained in claim1, wherein there

is a plurality of recesses together making up the

recessed area, there being the entrance to at | east

one bore within each recessed area.



3. Aflowdistributor plate as clained in claiml,
wherein each of said plurality of recesses encircles a
W@ ovglogosbor e entrance. 4 . A flow distribut or PCEIB0682054465

claimed in claim2 or 3, wherein there are two or nore
bore entrances in each recegs. 5 . A flow distributor
plate as clained in any preteding claim wherein sone
of the bores straddl e the boundi ng edges of the

CLAIM& essed area so that a first part of the entrance of
each of these bores is within the recessed area and
the second part of the entrance of each of these bores
is outside said area. 6 . A flow distributor plate as

1. cl ai meA fiow disjriqutecpldienfprd reiverseaosimbsis idegalinaticregppdratus,
recesses arranged in a circle, each recess being

the plaité ﬁd{/iﬁg aaﬁldraﬂlﬂ* BEBBlesItRFRRHPES BRI AFran@fdtRtthBYedt to a rear face
recessed channel, the recesses and channels form ng

thereéﬁzrimére ﬁ@ﬁ?ﬁa%@ r?é\fr‘r‘nr?%??%es%efdl é}?ﬁqﬁégﬁﬁge OF wWhicH is st%ﬁgack from

In clail erein e channels are o

sane depth t.he recesses . A flow distributor
the reifARGCER! oot 8 SE i mipis dpe SMranERefanat RaStadibe ogine
each channel is less than the di aneter of each bore
bores;pRing éthén paidJecesad a®3e bore having its entrance in
each channel, a centre part of the entrance to each of
t hese bores being in the channel and two opposed
peri pheral parts of each of these bores being outside
2. the chanfiel.distributor plate as claimed in claim 1, wherein there is a
plurality of recesses together making up the recessed area, there being the entrance

to at least one bore within each recessed area.

3. A flow distributor plate as claimed in claim 1, wherein each of said

plurality of recesses encircles a single bore entrance.

4. A flow distributor plate as claimed in claim 2 or 3, wherein there are two

or more bore entrances in each recess.

5. A flow distributor plate as claimed in any preceding claim, wherein
some of the bores straddle the bounding edges of the recessed area so that a first
part of the entrance of each of these bores is within the recessed area and the

second part of the entrance of each of these bores is outside said area.

6. A flow distributor plate as claimed in any preceding claim, and having



9 . Adesalination installation conprising a plurality

of menbranes arranged end-to-end in an outer casing,
weawb/omsnbr ane fromthe second onwards havi ng BET/IB2008/054465

Inlet end thereof a flow distributor plate as clai ned

in any one of clains 1 to 8,. 10 . An installation as

claimed in claim?9, wherei ndeach nenbrane has a flow

di stri but | at f th tl et d th f, th | Q)
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having bores in it fromwhich water emerging fromthe

recessgs e jomacoby paceesses ghannehibe reegsses@ndgchanggfs forming
between the flow distributor plate at the outlet end

the remeseee@ anearbr ane and the flow distributor plate at the
inlet end of the next nenbrane.

7. A flow distributor plate as claimed in claim 6, wherein the channels are

of the same depth as the recesses.

8. A flow distributor plate as claimed in claim 6 or 7, wherein the width of
each channel is less than the diameter of each bore and there is at least one bore
having its entrance in each channel, a centre part of the entrance to each of these
bores being in the channel and two opposed peripheral parts of each of these bores

being outside the channel.

9. A desalination installation comprising a plurality of membranes
arranged end-to-end in an outer casing, each membrane from the second onwards
having at the Inlet end thereof a flow distributor plate as claimed in any one of claims

1 to 8.

10. An installation as claimed in claim 9, wherein each membrane has a
flow distributor plate at the outlet end thereof, the flow distributor plate at the outlet
end of each membrane having bores in it from which water emerging from the salt
retention passages flow and there being a gap between the flow distributor plate at
the outlet end of one membrane and the flow distributor plate at the inlet end of the

next membrane.



