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treatment of water by reverse osnbsis. BACKGROUND TO
THE | NVENTI ON I n PCT application
PCT/ G3B96/ 03060 ( publi shed ad WO 97/ 21630) 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

a FL@@shsengurdberatd ot | B8e Thivervend Sorofiatdke se agivRgesEl emosTs
raw water inlet, the perneate outlet and the brine
out| et pass through the caps. Bet ween t he
cap through which the raw water inlet passes and the

FIELBDRTEHE MENTioNhe first of the nenbranes in the
casing there i1s a flow distributor plate. The plate

has a RSy ' ‘?l“&fh '
str earrsﬂqlllol$ IFr\law V\-Qpe'\? P%'?%\?ﬁ?ﬁﬁ%%ﬁhﬁ%ese b%ttreggpq%%rse
wat er streans inpinge on the end of the first nenbrane

OSMOZRY the water flows into the salt retention passages.

BACKGROUND TO THE INVENTION

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.



The flow distributor plate of the desalinator

di scl osed in WD 97/21630 has a flat front face and the
whesism t he pl ate can have their axes skew tRCT/IB2008/054465

flat front face of the plate. WO

2009/ 090510PCT/ 1B2008/ 0544657 2 The present

invention provides an inproved flow distributor plate

for rse osmosi s desal ipation a

DESOR! PAPaeeR ST HQUERPY S an ImBrBved ow giggpeislats for

one aspect of the present invention there is provided

reverge PEB\RSH ¢egalipation appatadus.or a reverse osnosi s

desal i nati on apparatus, the plate having a plurality

of bores through it froma front face thereof to a

rear face thereof, the front face having a recessed

BRIEEBRSCRIPFIONAOE TP{E WIWVERTIGNSet back fromthe
remai nder of the front fTace of the plate, the
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wi thin each recessed area. Each of said plura
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another formthere are two or nore bore entrances i n
face raidhg egeeessed area the surface of which is set back from the remainder of

the front face of the plate, the entrances 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.



Sone of the bores can straddle the boundi ng edges of
the recesses so that a first part of the entrance of
W@ 2wh/09f51@ hese bores is within the recessed arRaI/EB2a08/054465

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
bei ng circul ar and adj acent recesses being joined by a
recessed channel, the recesses and channels form ng
the recessed area. The channel s can be of the sane
dept h d§etwdth eiceacheehanngbcan be less than the diameter of each bore
2009/ 090510PCT/ 1B2008/ 054465 3 The wi dth

and tbéreeearhbe baanedstame el Fesdng sentraeceal irneatrechainetae bentre
bore and there can be at a | east one bore having its

part GThé BREANES tGaakh ehaEdel boras ey id tﬁérdwaﬂﬁeltéﬁtl two oPposed
entrance to each of these bores being in the channe
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THE DRAW NGS For a better underst andi ng

of the present invention, and to show how t he sane nay

be carrled into effect, reference will now be nade, by
IESERIRIHINOF (THIE PRAVWINGSanyi ng drawi ngs in whi ch:

Flgures 1 and 2 are respectively pictorial views of

t he fr &pr azredter eadetsiardingfof she 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



flow distributor plate in accordance with the present
invention; Figure 3 is an elevation of the front face
w@poovigospd at e of Figures 1 and 2; Figure 4 il|RSI/IBAESH054465
three nenbranes in an end-to-end array; Figure 5is a
section through the rrenbrani array of Figure 4 and
al so shows a casing; Figure™6 is an elevation of the
casi ng shown in Figure 5; and Figure 7 is an
2). elevation of the flow distributor pl ate through which
water enmerging fromthe salt retention passages flows.
DETAI LED DESCRI PTI ON OF THE DRAW NGS The
flow distributor plate shown in Figure 1 to 3 of the
dr aw nfs erxirdkrsg gpigoedlc pootaundkeshiasmahemreat facackt a2d has, on the
(Figures 1 and 3) and a rear face 14 (Figure
cylindrical outer face thereof, formations 18 which enable it to be fitted in a leakproof
manner into one end of the cylindrical casing (not shown) which receives the spirally

wound reverse osmosis membranes.

The front surface of the plate consists of a recessed area 20 which is
set back from the remainder of the front surface of the plate. The remainder of the
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.



WD 2009/ 090510PCT/ 1B2008/ 054465 4 2). An
encircling spigot 16 protrudes fromthe rear face 14
w@e@42510 on the cylindrical outer face ther eoPCT/IB2008/054465
formati ons 18 which enable it to be fitted in a
| eakpr oof manner into one egd of the cylindrical
casi ng (not shomn) whi ch reteives the spirally wound
revers snpsi.s
Gur oo B TemTaPa eanaiigiont tegporgs candas Ganifigiacg fall into
which is set back fromthe remainder of the front o
Four gtaunse el g bortes qfithe érstoreup enmpasignated 3Ghé amdegach bore in this
surface of the plate is designated 22 and conpri ses
group les wholly withinaeneodf thieerepesdes 2vhi Theisecoond grageetieoresrisl

set back. The recessed area 20 is
desighattst 30.2tRd @a(cranor@ruhamsqrogpm@g Wollg(@\ﬂmﬁfé e The
series of channels 26. The recesses 24 are arranged in
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axis passes t the centré an openi ng
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joins two circul ar recesses 24. The perneate out]l et
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Bores 30.1, 30.2, 30.3 and 30.4 pass through the plate
recess(4. EBlot rérpaimden, thhse peaigeated 30 éwaremeathacoiingident with a
| ongi tudinal axis is not at right angles to the

chanselrZacAs thd dianeetpl ef @achlboie B®ans gidwitr thae thetwiathcef the
each bore is displaced circunferentially around the
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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.



5 In the illustrated enbodi nent the bores
can be considered to fall into Four groups. The bores
w@Roowigosio r st group are designated 30.1 and eaR¢il/IB20€8/054465

in this group lies wholly within one of the recesses
24. The second group of borgs i s designated 30.2 and
each bore in this group lieS wholly within the area
22. The remaini ng groups of bores, designated 30.3 and
30.4, straddle the areas 20, 22 and hence each has
part of its entrance within the area 20 and part
wi t hi nAt e inlel £nof esshempareane hergiis agtomglstrtbrmreplate 10
desi gnated 30. 3, straddle the edge of a circular

as shoerendi@dresThe 3.ehtethadertiet €hd ©f edels inggrabehe3Bede isaa Bow
each co-incident with a channel 26. As the dianeter of

dlstrltﬁﬂéhpl@@é 883Pighreé ¥).0rraplated N@ant B3 aeddttopositb@®nds of a sleeve
channel26, a centre part of each entrance is in the

peri pheral parts are outside

“mKﬂFﬁﬂﬁﬁﬁgﬁﬁg?”gﬁgﬁln t gﬂérea 22. Araised ring 32 is

provided on the rear face 14 of the plate 10.

Turning now to Figures 4 and 5, reference nunerals 34,

36, 38_and 40 designate four nenbranes

end-t oTBR P! %I?r@yhasr%e%&P@X'@dﬁgﬁgﬁmr%5@h6¥ ged 64 in it, the

menbrane array is contained is shown in Figures 5 and
boress6itdthiesmitisié gngteihgiargeribae tlossainstheédnnercanchogter rings 60,

cl ose-of f both ends of the casing 42 and the pipes 48,
64. Irb&ddition fikerehs aughtrahbpéning\8onhieh, maehes #te opading®d ia the

water flows are only illustrated in Figure 5. The
plateWdt er being treated flows through menbranes 34, 36, 38
and 40 in sequence. Each nmenbrane

i ncl udes sem - perneabl e | eaves 54 which are w apped
around a perneate pipe 56 in conventional manner. WO
2009/ 0 051OPCT/ B2008/ 054465 6 . h
inl et ERPESN 'Bad Wrﬁéﬁb‘?%é %ﬁé‘? e §h%rtPfRﬁﬁ§?§’§‘H%b‘Rﬂ%§r
plate 10 as shown in Figures 1 to 3. At the outlet end
thrOU@'ﬂ tRe openves Z8mnd Bl eadiconaert e RRro16at® RiRas 3 M serks. The
(Figure 7). The plates 10 and 58 are at opposite ends
plate &8 at tbé eatlet aid ohestieatdmsbiiaine isispagedfronetnecalated10 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.



The plate 58 has three co-axial rings of bores 60, 62
and 64 init, the bores 62 in the mddle ring being

wo 20090905than t hose in the inner and outer ringBCBB20@A54465
In addition there is a central opening 66 which
mat ches the opening 28 in the plate 10. As
seen in Figures 4 and 5, there are short pipes 68

whi ch ass t hr enl s 28 and
e’ peEasibe i dorkies henn et eprdopodne Tomt 1ch fihe plate
outl et end of each nmenbrane is spaced fromthe plate

10, and pseviding thelestragpes & seme aiélke bateindhe platetwithiathexyecessed
Wat er emergi ng under pressure from each of the

area,renianaes the8gerf@tnard® ohthewssatihatob.ohpsicadi atiZbated ti6is
does so as a series of streanms of water which inpinge

enhaﬁ@ed perfetmace fPtheffathdan irbuldRiadeteiows htt?trf%eéélﬁl%tentlon
he water entering the recessed area 20 in particul ar

paSS%?e%vé“%%ﬁu@%W”%%F%E%ﬁ’?* 55@%@%% O 1R FERIPrgpe which
5¥b 8 8 8 40, The gle of the bores 30.1,
can b§0°°£‘ e ﬁ‘ﬁaﬁ gads '%M'VHH‘ ‘ifon to the water which
i npi nges on the end of the nenbrane. The direction in
which the water is caused to swirl is the sanme as that
in which the | eaves 54 are wound around the pipe 56.
WO 2009/ 090510PCT/ 1B2008/ 054465 7
Experi mental work has shown that recessing the front
face of the plate 10, and providing the entrances to
sone of the bores in the plate within the recessed
area, enhances the perfornmance of the desalinator.
Applicant attributes this enhanced performace to the
fact that turbulent water flows into the salt
retenti on passages of each nenbrane after the first
and that the area of the nenbrane which can be
consi dered as a deadspot is mnimsed. WO
2009/ 090510PCT/ 1B2008/ 054465 8



CLAI MVE: 1. Aflowdistributor plate for a reverse
osnosi s desalination apparatus, the plate having a
w@bweadisty of bores through it froma front faR€I/1B2008/054465
thereof to a rear face thereof, the front face having
a recessed area the surface_of which is set back from
the renai nder of the front Pace of the pl ate, the
CI_Alegt_rances to at |east some of the bores being wthin
:d recessed area. 2. .Aflowdistributor plate as
claimed in claim1, wherein there is a plurality of
recesses together nmaeking up the recessed area, there
being the entrance to at | east one bore within each
1. recessAdlaw dstribuBor platd fow adieversebogrosipldasaliratior] appardtus,
in claiml, wherein each of said plurality of recesses

the pRit€ ha¢ihgs @uﬁélﬁ;@bﬁb&@s&hﬁ)’w}ﬁﬂﬁém a fronffddedtiereof to a rear face
distributor plate as clained in claim2 or 3, wherein

thereéﬂ‘?li@ %‘r%ﬁ?fag;:é@%ér?{ rﬁﬂ? rchﬁ%re% %@Brﬂ?ﬁ@%ﬁﬁagé‘ .o?%hbﬂ 8t Back from

[Tow ate as al ne

rec din e bo es strad
the re?hEREEt AbinE Rt Bf e BR TaCenlaeeSles: BREFSEME of the
first part of the entrance of each of these bores is
boreWQlﬁgwlmsa@crsggwda@r@a and the second part of the
entrance of each of these bores is outside said area.
6. Aflow distributor plate as clainmed in any
preceding claim and having WO
2. 2009/ 00 HaWrigirib B0 @fte =4488med 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 an array of recesses arranged in a circle, each
recess being circular and adjacent recesses being
WO 2i0neehsiby a recessed channel, the recesses anBCT/IB2008/054465
channels form ng the recessed area. 7. A flow
di stributor plate as claineqg in claim®6, wherein the
channel s are of the sane degth as the recesses. 8. A
flow di stributor ate as clainmed in claim6 or 7,
an ar(m’e‘?werieﬁe%?r?é @\'ir%i'?gm&l)'f” 25EHecRATThERCESS e Cirgidar anadjacent
di ameter of each bore and there is at |east one bore
recessasibeiNd joinashby ameeessedeeiannehdhe secesses andrengsaets erming
the entrance to each of these bores being in the
the retiegse@lareand t wo opposed peripheral parts of each of
these bores being outside the channel. 9. A
desal ination installation conprising a plurality of
menbr anes arranged end-to-end in an outer casing, each
menbr a r '
- ond t nariht GEGIRaFGERPL, ERRLHT BRINTE lerbRapsTEnels are
f theone of ckaina%l to 8. 10. An installation as clained
orthg ?P@F‘eﬂ% @?S fEi55&8ch menbrane has a flow
di stributor plate at the outlet end thereof, the flow
di stributor plate at the outlet end of each nenbrane
having bores in it fromwhich water energing fromthe
8. salt réAtflaw distripaesplgtsas cameaddn cladme oef ngheregafhe width of
between the flow distributor plate at the outlet end
each ghanne! igtedy thaa thedidrhetel bdwadh sbre bod dereligtae lexist bhe bore
inlet end of the next nenbrane.

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.



