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{54) "Tltle: FITTING FFOR INSTALLATIONS HAVING PRESSURL DXCHANGERS
(54) Bexelchnung: ARMATUR FUR ANLAGEN MIT DRUCKTAUSCHERN

(57} Absirucl: The invention relates o a fitting for

1 motor-operated drive shafl (303, und the {low poths of

LPR 1IFO swilching over [uid paths, particularly for installations

1 17 SR huving pressure exchangers with Wwhulur chambers (3),

\ ! i / which ere ailcmately Nown through, wherchy a olating

fll\' e 158 n wima control element {10, 10.1) having & nomber ol flow

51 A '_‘_.}‘EQ N paths is mounted inside a housing (§1%. The housing

y { ! | ,'”.‘\ 1 (11 comprises & number of connections (12, 16, 17,

4 s - TL 3 = "'| ‘:\ A6y Tur connection lipes, und is connecled o o Brsl pipe

—). ..t N ~1-12 syslem and 10 an end of al frast one pressure exchanger,

= [_l—raju__].'—-— £ Anather end of a peesswe exchanger is connected o

—1 vz IF n second pipe system with Lhe interconnection of other

] = fittings. The control element {10, 10.1) is provided with
A

RN ] the contrul clement (10, 10.1) are ahemately connecied w
e ‘sn" ‘e n openings inside the housing (113 A flowing to the control
clemeni (10, 10.1) ensues from an axial and/or ndial
direction, and a {lowing way lrom the conlral element

ensues in an axial direction,

ai{n=-Aa)

{57) Zusunimenjossung: Armatur zur Umschailung von
Fluidwegen, insbesondere (lir Anlagen mit Drucktaw-
schem mit wechselweise durchsirsmien Rohrkammem
(37, wabei innerhalb cines Gehduses (11 ein drehbares
Steucrclement (10, 10.1) mit mchreren Stiimungswegen
angeardnel sl Pas Geiuse {110 weist mehrere
Anschllisse $12,10. 17, 46) ITir Verbindungsleitungen sul’
und ist eineny ersten Rohricilungssysiem und mit joweils
L einer Cndscile von mindesiens einem  Druckisuscher
verbupden, waebcl vine juweils andee Badseile cines
Drucklazuschers  unter  Zwischenschaliung  weilerer
Anppturen mil einem  zweilen  Rohdleilungssystem
verbunden ist. Das Steocrelement (36, 1G.1) isl mil einer
motorbelriebenen Anwricbswelle (50 verseben und die

i S —— [

1T )
L] It o4p 35 1% 19

b B -B)

Stimunpswege des Sieuerelementes (10, 10.1) sind wethschveise milim
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openi ngs inside he housing (11). A Rowing to the control clenenl (10, 10.1)
ensues lron an axial and/or Indio) direction, and a flowing way fromthe
“control elenent ensues in an axial direction. VALVE UNIT FOR
| NSTALLATI ONS W TH PRESSURE EXCHANGERS DESCRI PTION The invention relates to
.avalve unit, in particular fcmv@ngggh)m%A\qnth pressure exchangers 5
with tubular chanbers through which flow occurs alternately, a rotatable
control element with a pl ural i ty of flow paths being arranged within a
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t ubul ar chanbers, whose ends are provided with valve 20 units. The tubul ar
chanbers are alternately subjected to fluids of different energy content by
correspondi ng opening and closing of the valve units. Wthin the tubular
chanbers, it is therefore possible to transfer, in an installation or in a
technical installation 25 process, a high pressure of a fluid to another
flurd which only has | ow pressure, Wth the aid of such pressure
exchangers, savings in energy costs can therefore be nade within

instal |l ati onsauvE ENTTS HON INSTAIAIY IUNSO WISTH TRESHURY Bgdeaneegrs er. 30 A
reverse osnosis process is often used for treating water. In this
arrangenent, a fluid flowto be cleaned is forced at high pressure through
a menbrane systemwhich, in the cd¥eSORIPEIYPE fuel quantities, consists of

a | arge nunber of nqurangng%g%hgﬁ Egﬁ%ﬁ%% 3§Onegbr@gq gndﬁhg% aj;

separation into pure water an concentrate takes Iace through
a nenbr ane E@ﬁﬁkﬁ?lﬁﬁwéﬁraMQPt&%ﬂ%ﬁkﬁ%%fwlﬁh1ﬂﬁ£3&%ﬁ% ?6Cbéngﬁé§ned can

flow throgygh 3 tFebE @&l ad Ne cpiaaBRs ONthiF bk NI whREBUGNE BIRT 08 cAS-sPUr €
water, or alsqQ as perneate, on the other side of the nmenbrane as a usable

proportion. PHEEFBATER ch YoeSORGEEW tFPRLEM. | eSV6TCBta ehER ané nodul e
as brine - apﬁ'ulﬁadlﬁz@/nCQj’ﬁl’aonwenﬁ)Bﬁhgd Welihcsal disradifbdn NRighsn- as an

unusabl e portlon ich is at hj ressur.e. hIS pressur
appr oxi mat bl SOPSER e i BORe Y ohARE B Bt duSiral W "abpr ORI RRECPSEs bar
10 From US 5£&ﬁ3Gﬁﬁheatranuﬂfmemsnbheshouaathbﬁung1adnd&mmmdlnomhich

press“reu?xc'%‘?&%%r? i tor?}[e Jg%r ngafr{#bL&r?rﬁz%?”P%é tHsgﬂ E% bize

recovery of “éner 'hese | ar cha ers, pressure,
which is stiBE Riegist sina HelsHeyychdwieny i merespective other end of

a tubular chamber being connected to a second pipework
system with the intermediate connection of further
valve units, the control element being provided with a

15 metor-driven drive shaft and the flow paths of the
control element being alternately connected to openings
arranged in the housing.

Such pressure exchangers consist of two or more
tubular chambers, whose ends are provided with wvalve

20 units. The tubular chambers are alternately subjected
to fluids of different energy content by corresponding
opening and closing of the valve units. Within the
tubular chambers, it is therefore possible to transfer,
in an installation or in a technical installation

25 ©process, a high pressure of a fluid to another fluid
which only has low pressure. With the aid of such
pressure exchangers, savings in energy costs can
therefore be made within installations and pumps for
increasing pressure can be made smaller.

30 A reverse osmesls process 1s often used for
treating water. In this arrangement, a fluid flow to be
cleaned is forced at high pressure through a membrane
system which, in the case of large fuel guantities,
consists of a large number of membrane modules. In such

35 membrane modules, a separation into pure water and an
enriched concentrate takes place through a membrane
because, invariably, only a part of the fluid to be



15 flow ng away fromthe nenbrane nodule is transmtted to a fluid which
still has to be cleaned. A lower punp drive power, by the amount of this
increase in pressure, is therefore necessary in order to generate the high
pressure necessary for the reverse osnosis 20 process in the fluid to be

i ntroduced. In order to control and/or-swtch over the fluid paths of the
brine in and out of the tubular chanbers of the pressure exchanger, a valve

unit with a cletatdngcamntilaiw elthm‘e:lm'ghi Sa Usehbitagel haheM phopbheior5 val ve
the t | ar__chanbers _of the

units. ld o co | eprent
pressure exc%gﬁggpgaréhgg Erng%efé subjecﬁhﬁxio fﬁ%3 ring efferdi n§ from the
menbr ane nodpeeBeathe ot &tiendg tdwm rsgldee|adiverite imemipomiie gas ed asakleyl i nder

i n which cong%{pb@aleﬂct Fhd a3l Wﬂg%égﬁ Ach;e f‘?éwe{h95u§‘h31\é@¥e¥al ve.
During the swich-over procedures, all the flow paths are letely

bl ocked. A n érd@?mp6a§90|H°GPé§su?§ SEF§€§ durfngfduih sﬁPPEﬁn vaFe

procedures, phressHed balencesadust Sar@denall’ri’m@ wi t Bsn khe GylhicAHee. 35 The
separation ca abllhég of .a nenbran reases as a function of the duration

e
of operationf Retbiiate Hheh Pﬁgﬁdpfgsﬁérglegﬁﬁﬁsﬂﬁg? STRMRI h
cor respondi ngbprbangeteiyt i rbar mbefivanea nowdkhée Fonlet hicgrassasaen, ofhe

sw tch-over t] C r are -3 influenced, in the prior art, with
the aid of a5b§g§§g&%%§§y %Elgggalve unit, however, is only suitable for

smal | réMerse osnosi Eromst al Vat boRB86bé28use the freVersess sesmdshs wit hin
the valve unahse%mgtitpﬂr Qd ”Eﬁﬁw the 3 Sﬁésgareheeﬁdr%gﬁ‘éxoés ﬁectlons

of the ducts case of large 1nstallations, and
fluid col ums gofggmdgﬁﬂgﬁggﬂqﬁ chambers are used for the recovery

of energy. With the aid of these tubular chambers, the
pressure, which is still high, of the energy-rich brine

15 flowing away from the membrane mcdule is transmitted to
a fluid which still has to be cleaned. A lower pump
drive power, by the amount of this increase in
pressure, 18 therefore necessary 1in order to generate
the high pressure necessary for the reverse osmosis

20 process in the fluid to be introduced.

In order ¢to control and/or switch over the
fluid paths of the brine in and out of the tubular
chambers of the pressure exchanger, a valve unit with a
rotating control element is used, together with other

25 wvalve units. With the aid of this control element, the
tubular chambers of the pressure exchanger are
alternately subjected to the brine emerging from the
membrane modules. The rotating control element 1is
configured as a cylinder in which connecting ducts are

30 arranged in the manner of a 3-way wvalve. During the
switch-over procedures, all the flow paths are
completely blocked. In order to avoilid pressure surges
during such switch-over procedures, pressure balance
ducts are arranged within the cylinder.

35 The separation capability of a membrane
decreases as a function of the duration of operation of
the membrane and a fluid to be cleaned must remain
correspondingly longer within a membrane module. For
this reason, the switch-over times of the cylinder are



them and the forces caused by this, a substantial dinmensioning problem
arises for the valve unit. 10 The invention is based on the problem
particularly in the case of large reverse osnosis installations, of
producing a switch-over device with the aid of which large fluid flows can
be distributed, sinply and w thout diif%cylty, between different 15 tubul ar
chanbers of the pressure exchanger. In the case of a valve unit of the

generic type;rifeecseldd,i onof tHei $raeebl %mtprowld%s £¥d hian 4 he shousi ng,
for a supply flowto t he cpntro# el ement oQccurring fromthe axial . and/or

radi al directBENARE T RSt VALBH BBhrri %Vr?rzo YheCBXY alSUditES on from
the control dloemepmalA nravveuge |mn@$isat|msd£1m@thcﬂ‘igthmoﬁaisfe whiet can be

achieved 1in t%ﬁ, cpﬁgog% axojeaét]ts%%%ol y ggg gut I &t fl ous,, JAlt I}S)utqh ar'en t he

case of radi aI sup ow, on & oth and S heV¥al've utit i s®Snewhat
| onger, the appaloxtimagstly 2Sr@ceame| ﬁgzeaﬁsbéﬂlﬁaﬁlow thoger sesgdiong. One

devel oprent pirovifles faEcthecgonbgol s ol eentybeiui condguied asgehol | ow

cylindrical _control elenment and for_ a separating wal ing t hol | ow
cylindrical dostadiladiomsnt ans o-hswol St 620 bEmzg Eﬁ)fP@r @h{SPé%@@uﬁé‘

regi ons. Thi shper meh8 t bRef OF GBEEON cHis@ddivy ondlisspagessubBrwhitglia fl ow
defl ection occurs .for. a flu q;\g‘to be exc&aﬁ‘g ?anmthln the valve unit. In
consequence, SATERFHPE 6L P ARHHSe # TGS 0rtE Ve Y% Yedsi er to control
during the sw tch- ovehepr onmsnsiomo K1 bebased focbnthe:lm:t u&troba:etnr ol and

seal i ng funct, f e v ni 0 IS a_f ment
provi des for%gg’gﬁfﬁ%ﬁgllgst:i e‘r?lclhlr%g %ggtgureg t%ggge regn e iﬁﬁe gpaces of
di fferent présstedlegdgomss. oSuphosucfihgniangsiveachreyear ed@omfe guiéd as ribs

or wall el emgpes SPd i hgnha1R-EES ¥1 81 EeHIML EAYIH YRl ERributed,
simply and without difficulty, between different
15 tubular chambers of the pressure exchanger. In the case
of a valve unit of the generic type, the solution of
this problem provides, within the housing, for a supply
flow to the contrel element occurring from the axial
and/or radial direction and an outlet flow occurring in
20 the axial direction from the control element. A minimum
installation length of the valve unit can be achieved
in the case of axial supply and outlet flows. Although,
in the case of radial supply flow, on the other hand,
the wvalve unit 1s somewhat longer, the axial thrust

25 occurring can be dealt with more easily.

One development provides for the control
element being configured as a hollow cylindrical
control element and for a separating wall dividing the
hollow cylindrical control element into two spaces of

30 different pressure regions. This permits the formation
of additional spaces, in which a flow deflection occurs
for a fluid to be exchanged, within the wvalve unit. In
consequence, a simple, thin-walled component, which is
easier to control during the switch-over processes, to

35 Dbe used for the actual control and sealing functions of
the wvalve unit. Tc this end, a further development
provides for additional stiffening features to be
arranged in the spaces of different pressure regions.

Such stiffening features are configured as ribs or wall



Il

flow occurs in the flow direction. The additional stiffening features can
| i kewi se be configured in the formof annular el enents. These can be

_segnments or 5 peripheral parts. They inprove the stiffness of the hollow

cylindrical control elenent when it is subjected to different pressure

rati os, thus acting against deformation of the conponent. Different

devel opments for actuating the hollow -1@ eylindrical control elenent
provide for the drive shaft to be connected to the separating wall so as to
transnmt tor qeigménors t sesEpardkmangawaltedoite atﬂgalmgledthi:oughe weith al

region of theshgll qyy:%yéé ndyd calpcontrpl 4l fory, C%?)@%I}%na]\!ml ch

transmts torque 15 arranged on one en SUI’I% ace O
cylindrical Fclteﬂrﬁtetﬂllreqr ehBAELTESr Gafe LbEpawase nanatontiopeedofind ghe

connected to #dwn C@”f”@hn@h@!fenél@rﬁeﬁ@é t hthes@parati Nge WBbdmiRedHe ol idly
connected to the, ah]gg A drive. shaft can therefore Ee conne ted directly
or i ndi reétltpez‘bllt EGtttSol  CREHemtMPEETS n8§*6ANERE ndSt tH%vorabl e

node of nmanuftastliowe. cylumrﬂ]emasecoﬁtfhe edenangewdeh af t;h;e:ﬁﬁpﬁmﬁtedtg wal |
in the centr r th I I oW cy ndr.i cal_,contraol .el ement

subdi vi si on ?Cncto %)P%tgeétsur p%"ées 'S Ejrtguredthjl“ﬁe tsl&?ar aatqams

whi ch subdi vidgotiat gante bl tlet epmrpondmt o two pressure regions, can then be

fastened direct!y om{fie.cani ralyelamRaicorche gaangeted tad t}fci ngysi ng.

For this purpose, devel opnents provi separating vva to be
fast enedlPo t%@lﬁbtrswfgl VEOMET @ re%em@ﬁttﬁéove@%ﬁom talehudng& e&rfte end

supply openigy. mealddithed®ntis Cathd hesk g Aliranged et wRen ad heo
separating wall, which is then stat | onar and t he otating inner e\/(vial I

surface of tH& MBI dw QAFHRIri £QF the separating wall to be arrang

in the central region of the hollow cylindrical control

element, for a component, which transmits torgue, to be

15 arranged on one end surface of the hollow cylindrical

control element, for the separating wall to be solidly

connected to the control element or for the separating

wall to be solidly connected to the housing. A drive

shaft can therefore be connected directly or indirectly

20 to the control element. This depends on the most

favorable meode of manufacture. In the case of the

arrangement of the geparating wall in the central

region of the hollow cylindrical control element, the

subdivision into two pressure spaces is ensured. The

25 separating wall, which subdivides the control element

into two pressure regions, <¢an then be fastened

directly on the control element or be connected to the
housing.

For this purpose, developments provide for the

30 separating wall to be fastened to the housing with

struts in the region o¢f a high-pressure end supply

opening. Sealing elements can then be arranged between

the separating wall, which is then stationary, and the

rotating inner wall surface of the hollow cylindrical

35 control element. The separating wall and/or the

separating wall with struts connecting to the housing

can also be configured as an exchangeable insert. This

facilitates assembly and maintenance operations and the

separating wall fastened to the housing permits an



35 control element. The separating wall and/or the separating wall wth
struts connecting to the housing can also be configured as an exchangeabl e
insert. This facilitates assenbly and mai ntenance operations and the
separating wall fastened to the housing permts an -5 arrangenent of the
control elenment which is free from axiaf thrust. In another devel opnent,
the control elenment is configured as a full cylinder and a plurality of 5
gr oove- shape@ridpumeprirtts 6or mhei fderentl peesngne Wedicdnsid NFrbs mEfdnpher al
surface. This dlff ent type of manufacture inproves the strength

properties. further devel opnents provide for the flow paths
of equal pressure reQMMHnemh@m devahgededo, dMMaﬂcdmxﬂdy eppmehteimo one
anot her on t suyyf q t reati I| i um
Provi el on i s ARG R [ G° 2 tkeatin o RSElyr an. Bhapid ey hacts

connected5t09§quﬂNSﬁﬂﬁﬂd@ tdowf omathise céarmol dpeiereniof pme&mwmaol
el ement and fr%rfgl%%sa ﬂ?ri%eb@h?H@%Qr I GQVR | N8 BousbpEgnandipe in  the

peri pheral surface of the control eienent to be arranged in the Ffégion of a
radi al hi gh- ffesBaret éﬁ&ur§uppmyr6p%ﬁln@he1TﬁEF%ﬂQﬁhwﬂ§¥QQQQR%eﬁaddWPIonal

radi al conneeltllsoneﬁa$SIﬂuﬂmees devielageicnten, paoehqeedf@fmtﬂrﬁ_r 2Qoseal i ng
el enent bet ween t he oove shaped

zone is arrang&%ﬁpn t he cont& g
f1 ow paths of di T¥ er M2 pr ST T egi DR ERE séd i n%eel 3
arrangedl 0 n dilaenertegicarl lof dpnbsmnﬂ|Uq;ammeammtmee onnthelpekephetaland/or

on the housi E%rfé%‘lf arthqu E&Jretafyllﬁ%él ijlje s ar?’ﬁﬁ E_J between its end

surfaces by neans a pressure- he contr ol
element. In consequ@ﬁ@elsﬂpnqslposﬁﬁﬁlem@@edl@p@nse ﬂﬁ@hlgﬂdﬂlﬁoﬁéﬁ

groove-shaped flow paths connected to a flow opening to
form the control opening of the control element and for
15 a peripheral annular groove in'the housing and/or in
the peripheral surface of the contrecl element to be
arranged in the region of a radial high-pressure end
supply opening. This provides better additional radial
connection possibilities. In addition, a closed annular
20 sealing zone is arranged on the control element between
ends of the groove-shaped flow paths of the different
pressure regions and sealing elements are arranged in
the region of the sealing zone on the control element
and/or- on the housing. And an axial thrust relief takes
25 place between its end surfaces by means of a pressure-
relief duct arranged 1in the control element. In
consequence, it is possible to dispense with additional
thrust bearings.
The pressure loading on the housing is
30 optimized by control pockets on the outer periphery of
the contrel element. These have a forked and/or stepped
configuration and are connected to control openings. In
consequence, there 1is a targeted internal pressure
loading of the housing with high pressure in the region
35 of the control pockets in order to act against external
housing loads. In addition, due to the control pockets,
there is a further flow path, with the aid of which a
brief connection is permitted between the connected
tubular chambers. By this means, a section of the flow-



t hrust bearings. The pressure |oading on the housing is 30 optim zed by
control pockets on the outer periphery of the control elenent. These have a
forked and/or stepped configuration and are connected ,to control openings.

I n consequence,

housing with

neans, a SECtIOﬂ

the control

there is a targeted internal pressure |oading of the

hi gh pressure in the regiaong35 of the control pockets in order

to act against external housing loads. In addition, due to the control

pockets, theteansferfuiddies fiow qaip, mwidfihe ditbicedi cineo brhef

connection is £ﬁ%r§£tﬁp $$ ween the connected tubular chanbers. By t
0 oW

el enent .BBymegans obf sa fork-shaped configuration off ttke

control pOCkeé&nt?&PrﬁébHEngaﬁﬁ}tdﬂ%l 'e:l&@tiw %qnﬁeprm
ratios are naintained within thé val ve unlt duru%f e swi t ch-over..

Protrusi of el

transfer wt

TN ET VLA ed2FHOPhAER t TR TR

ous nner, fork-sha

in the vaIv uni t n anal o
bl or 5t eppolpeats | By the oabturls FonRoatRar L i At 1 ehe F0 SR
flom1openingsth@anrwélalraagsﬂfenlnge riihner parisphereasefret hd ilousisy | nner

wall. In a di

fl owtransfer

L{I}f]:tc?\g Us dene!l ot PE?rﬁ%ﬁle}” ?EB&B”’t 2 1a51\Pé”r§'l'tty 9

connectlng th gs are arrange

hi s

transfer ducts is only briefly displaced into

e

eWafFFaRgedtfn He'®| ane of
the radial studfeni agrings. dhés mRATWRE dvdeew SBrotﬂﬁé@MﬁS tdleem & €2

d
cted to

on and/or in
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inner periphery of the housing inner wall.

In a different development of the invention, a
plurality of flow-transfer ducts connecting the flow
openings are arranged on and/or in the outer wall of
the housing. With their aid, an exchange of the fluid
out of and into the tubular chambers occurs during the
working strokes of the pressure exchanger, the valve
unit ensuring that each connected tubular chamber is
always filled from the region of the entering fluid and
is emptied into the region of the emerging fluid. For
an adaptation of the control pericds of the pressure
exchanger, provision is made for the flow openings
arranged in the housing to be constituent parts of an
adjustable, hollow cylindrical housing inner wall. Such
an additional heollow c¢ylindrical Thousing wall 1is
fashioned as a separate componeﬁt and can be arranged
so that it is rotated, together with the flow openings
arranged within it, relative to the housing. By this
means, an overlap time can, 1f reguired, be matched to
the control openings arranged on the control element.
Depending on the development configuration, this can
take place during an operation or when the valve unit
is being built into an installation. _

In addition, a plurality of access openings are
arranged in the outer wall of the housing. In the case
of a cast housing, they facilitate the manufacture and

machining processes. They are c¢losed by known means in

wips fi-PPedPPeRIRIFe ﬁéﬁ}oﬁebfafﬁéngﬁ@er?%g‘#Fhld and



is enptied into the region of the enmerging fluid. For an adaptation of the
control periods of the pressure exchanger, provision is nmade for the fl ow
openings 25 arranged in the housing to be constituent parts of an

adj ustabl e, hollow cylindrical housing inner wall. Such an additional

hol I ow cylindrical housing wall is fashioned as a separate conponent and
can be arranged so that it is rotated, together with the flow openi ngs 30
arranged wit lthe i formelodt | wkos ng helkowsitsg. Bych hies pleans, @crewed ap tine

can, if requ%ﬁ%&ed@%rgﬂ&hEQmE@artQQ) s OPeRi NGH AT ranged, QR the

control el ement. Dependi ng on t he devel opnment configuration, this can t ake
pl ace during th§ opBPAEiDA orSW%frPﬁ%Erﬁa' valave RhE¥alasyi s Hei ngB& PRl nto an
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made for the control |n S0 the oW C cal el enent
to be confi glesdess t11'1@r fémr@nséle@nm hol es, pol ygons or in different

shape. The position ef tii6aMd,0l eh&meptnand t h%h%fnﬁfez%f the ceptrol

openings pernit a flow swtch-over which is free from pressure surge.
cl osi ng aPEEREMNSE oBSARFARIBY afd0 28 fimiafd %t useraeciipghbée | gne
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el enent, an ocopenings extend at the high-pressure end over an
angular range which is different £from that of the

15 associated flow openings, a switch-over with minimum
pressure surges occurs. The angle between the openings
is dimensioned in such a way that when the opening for
the tubular chamber 1 has just closed and has ended the
through-flow of the high-pressure flow, the opening for

20 tubular chamber 2 has just opened and it therefore
takes over the high-pressure flow. This ensures that a
fluid, which still has t¢ be cleaned and i1s located at
the other end of the tubular chambers, is always under
high pressure.

25 The flow-transfer ducts can also be configured
as external tubular elements, in which case a plurality
of connections for the tubular elements are arranged so
that, for easier assembly, they are distributed over
the outer periphery of the housing. In a different

30 embodiment, the flow-transfer ducts are configured as
flow ducts which are integrated into the housing wall.
This reduces the number of sealing locations.

Another development provides for a fluid
exchange between control element and the flow-transfer

35 ducts via, in each case, at least two mutually
diametrically opposed flow openings and control
openings corresponding to them. A symmetrical
arrangement of the openings and the flow ducts



15 overl ap can be achieved by the flow transfer paths wwth the flow
openings solidly arranged in the housing. The overlap then has a favorable
effect on the switching and the behavior of the flowing liquid colums
influenced by it. 20 During the operation of the valve unit, different
pressure conditions are present at the- petiphery of the control elenment in
alternating regions. In order to facilitate the switch-over notion of the
control el emegvitdes ,cowt chlinel 8menhocannhe 2bugwent ded wihd aopiddacdl ity of

pressure-rel igf “fgélctt Sy tihe Qgeerﬂgclm prfa[d&pc{ier%rﬁt this nmeans, specific
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zones of the sliding surface are subj. a defined back pressure.
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housi ng or ift%aeohocfjosflletr;:gm‘l nneglren\}\%rfrf c%%#g ?d 3%%% ggpgﬁgﬁe Eg%ﬁént IS
support ed on c@egumigscepemhi tha éXdteendswi ncheawveter wihape,iof frhe Howsi ng.
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versa. In consequence of the increased contrecl openings
or due to their position on the control element, an

15 overlap can be achieved by the flow transfer paths with
the flow openings solidly arranged in the housing. The
overlap then has a favorable effect on the switching
and the behavior of the flowing ligquid columns
influenced by it.

20 During the operation of the wvalve  unit,
different pressure conditions are present at the
periphery of the control element in alternating
regions. In order to facilitate the switch-over motion
of the contrecl element, the control element can be

25 provided with a plurality of pressure-relief ducts on
the external periphery. By this means, specific zones
of the sliding surface are subiected to a defined back
pressure. This type of pressure-relief duct can alsoc be
arranged on the outer wall surface of the control

30 element and/or on an opposite valve unit housing
surface. Depending on their shape and configuration, a
continuous or alternating through-flow takes place in
the pressure-relief ducts.

A favorable manufacturing possibility is

35 provided if the control element is rotatably supported
on a surface, which extends in meander shape, of the
housing or if a housing inner wall configured as a
separate component 1is supported on a surface, which
extends in meander shape, of the nousing. Between the



el enment with fixed separating wall that a thrust 10 bearing, on which the
control elenent is supported, is provided within the housing. In the case of
a control elenent in which the high-pressure end is configured between two
fixed separating walls, a thrust bearing is, in principle, not required. In
the case of the 15 latter variant, it hag been found advantageous for an
annul ar space arranged in the housing to be connected to the high-pressure
end. This perarnss sifnptkeseatamder n & heypegi of dbraheh canecs | ensi.ciot her

devel opment s AreMde ddls 1l 1eaBRUSLD 10, 2208 ALovided WM Al plie Gannect i on

for connection to each chanber "and with oné connection each for a
hi gh- pr essur &d supply bpeni AgTaAd - a Byowhisegeeamns enduchusl &ovsdas ng. By
this neans, tdae nugber pafodRAd NGwitRCaNIRRI ON dSeN@l VEr&N heamde
mnimzed, The - 10 nd suaglé ogenlng W th tge flow defl ection and the
beari ng a$rar\’éltfr‘_f'é’r‘?traﬁﬁé‘!E aPPIRGERTF n A CapVBaPED ther &t i sTRpCOHEE Cduppor t
for the cont redlemgmemeniarw thi leewisd érul banepdisd yalsi ypl shbpdraaauf aat ua ng
possibility. The .housi can . jkew se he ovi ded with .an axially and/or
radially ar ré’ﬁ e%ilg\)\i ﬁrfgggltﬁflevledﬁ%ﬁ c?ﬁltl]tlétce%;éanfi ﬁ%%e OeuerJInagry enbodi nent s of
the invention are shAéwis ronhe tnabhegsaanrd odr ¢ldesese bell an comterodet ai
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prior art, Fig. 2 shows a valve unit Tn cross section wth 15 .
represen%@ti@ﬁéﬁﬂnﬁwmg%é€$%6h pheneontred Elgmezy tbs 7surpgrted. &13b show
two sectionabréhawed abfeein b¥h800ousing. In the case of a control

element in which the high-pressure end i1is configured
between two fixed separating walls, a thrust bearing
is, in principle, not required. In the case of the
15 latter variant, it has been found advantageous for an
annular space arranged in the housing to be connected
to the high-pressure end. This permits simple sealing
in the region of the connections.
Other developments provide for the housing to
20 be provided with one connection for connection to each
tubular chamber and with one connection each for a
high-pressure end supply opening and a low-pressure end
cutlet opening. By this means, the number of sealing
locations on the valve unit can be minimized. The
25 housing can then be provided with an axial and/or
radial arrangement of high-pressure end supply opening.
An axially arranged supply opening 1is arranged on an
end surface of the housing, the first pipework system
being arranged on such a high-pressure end supply
30 opening. This configuration facilitates the sealing of
the wvalve unit in a simple manner Dbecause, 1in this
case, only one static seal is necessary.
In this connection, other developments provide
for the high-pressure end supply opening to be fitted
35 downstream of a flow deflection having support elements
and for the flow deflection to surround a bearing
arrangement for the control element. This measure
likewise serves to reduce the ingtallation length and
to improve the stiffnesgss. And because the high-pressure



of the valve unit in a first operating condition, 20 Fig. 4a & 4b show two
sectional views, offset by 900, of the valve unit in a second operating
condition, the control elenment being respectively rotated by 90 relative to
Fig. 3a & 3b, 25 Fig. 5a & 5b show two three-di nensi onal views of the valve
unit in partial section, Fig. 6 shows -aidevel opnmrent with drive onto a
separating wall, Fig. 7 shows a valve unit with additional 30 control
cylinder, Fi@nd shpmdya oménvEnginimt thi t the wt 1sepadefilegtival |andFitdhe 9 shows
a valve unit C i r m. of ul i 35
Fig. 10a & 1&?%%5% t%‘%lg%??%hgrg\%em#g%&%%t £T]]By agé%,gpofi)%ggho_&?lgreval ve
unit in a fifst 1EpEP¥EChgSeBRAErEi ofPT Fitde 1¢0BRERE aepensplectWwitd visew of
the control sqlnﬁimnéa‘usﬁlﬂ-simi&i@,maai?ﬁactlﬂrirf% BodlA simoves, a
perspective external view of the shorter valve unit. FI,%. 1 shows a node of
operation®of a val ve T’ uRPESERE o @ hgltberhEepri®r PEPY1dgE| igt & r &Fer se
osnosi s i nst aldiatlilgn asn@ncexawpbealAyvhi ghrraressur elopuppedsdeki venst a fluid
whi ch has toot%lethl%lte% eeq'ii ggeneral ly water in the formof |ake water, sea

wat er, brackish St~ o7 .2 i ndeed, ~ dr ai nage water, to one or a 10 plurality
of reverse osnpbsi s micheimed a2y BemagsBmgntishe ohi ghhesnohivenpressuegan t hin

this module Zh@3m in the drawings and are described in more detail
10 below. In the drawings,

Fig. 1 shows an installation according to the
prior art,

Fig. 2 shows a valve unit in cross section with

15 representations of the secticon planes

for Fig. 3a to 7,

Fig. 3a & 3b show two sectional views, offset by %0°,
of the wvalve unit in a first operating
condition, '

20 Fig. 4a & 4b show two sectional views, offset by 90°,
of the valve unit in a second operating
condition, the control element being
respectively rotated by 90° relative to
Fig. 3a & 3b,

25 Fig. 5a & 5b show two three-dimensional views of the

valve unit in partial secticen,

Fig. 6 shows a development with drive onto a
separating wall,
Fig. 7 shows a wvalve unit with additional
30 control cylinder,
Fig. 8 shows a valve unit with two separating
walls, '
Fig. 9 shows a wvalve unit with a control

element in the form of a full cylinder,
35 Fig. 10a & 10b show two sectional views, offset by 90°,
of a shorter wvalve unit in a first
operating condition,
Fig. 11 shows a perspective view of the control
element of Fig. 10a & 10b, and



separating effect occurs on the nenbranes arranged wthin it. Behind the
menbr anes, cleaned water, the so- called perneate, flows away at | ow
pressure, is 15 collected and supplied for further use. An uncleaned fluid
flowing anay fromthe reverse osnosis nodules 2, the so-called brine, has a
hi gher concentration density of pollutanfis,- generally salts, after the
separation process and is led away to 20 the original source. Because of its
hi gh energy admf.erit2 in the dloowes of peesseceieacegyerhhe bikgeofs died via a

valve unit 7 to the energy Qﬁﬁﬁ*&&yxgiqﬁgéﬁ.Hp a 2-chanber pressure

exchanger. In its tubul ar chanbers are arranged di spl aceabl e
separating pistons 25 4.1, 4.2, which are under the influence of pressure

and forma separatignpetiwegh,{,uwo 4 egpact i ye pacesidl fherept Ly 9bj ected

to pressure. Installations with tubular chanbers w thout separating pistons
are al so Sknd¥H thuttQARFESINADIE nitkieng PEéORee®tthe diSANSr eft IEVE§SIs can

occur in themdnrfodite Sysiteméepant Sakr oan egdrhps | UR Ok jHhe pe@Rh@le peri ods
are no | onger correch.lVVth this g{ragge nt,, the high pressgre of_ t he
brine forces PR stonF11VeRRi cA i STEbactE TR 245 r° B8  GBEPREhanber

3.1 (the upperetadaillar whtwbedni nthie giordn , of olake tuer &t deséacakbeddrenot e
fromthe val it 7 transm he re onto a fluj | gcated in
\é)ﬁ:aﬁi(gs& A 158 Hﬂglé.e& 99%%%_% %'?;geﬂ:, dd uLdel g6¢ %h

the chanber Ot her”Si de” of e piston. pressuré rs then
transferted tduxdlower -pk esevierse ¢gmogiai todwiiesh hasBeoabee chéadd and i s

located to thggH efbspbribe RALLhralhi §iEhuhd thens fl ous, Wt & an, al ready
hi gher pressure on the left-hand side of the upper tubular chanber 3.1 and,
through non- E@P@Rting effect occurs on the membranes arranged

within it. Behind the membranes, cleaned water, the so-
called permeate, flows away at low pressure, is
15 collected and supplied for further use.
An uncleaned fluid flowing away from the
reverse osmosis modules 2, the so-called brine, has a
higher concentration density of pollutants, generally
salts, after the separation process and is led away to
20 the original source. Because of its high energy content
in the form of pressure energy, the brine is led via a
valve unit 7 to the energy recovery process in a
2-chamber pressure exchanger. In its tubular chambers
3.1, 3.2 are arranged displaceable separating pistons
25 4.1, 4.2, which are under the influence of pressure and
form a separation Dbetween two respective spaces
differently subjected to pressure. Installations with
tubular chambers without separating pistons are also
known but undesirable mixing between the different
30 fluids can occur in them 1f the system departs from
equilibrium or the control periods.  are no longer
correct.
Wwith this arrangement, the high pressure of the
brine forces a piston 4.1, which is located in a first
35 tubular chamber 3.1 (the upper tubular chamber in
Fig. 1}, toward the side located remote from the valve
unit 7 and transmits the pressure onte a fluid located
in the chamber on the other side of the piston. The
high pressure is then transferred to a lower-pressure



5 valves 5, to a booster punp 6, which is arranged within a second pi pework
system Wth the aid of the booster punp 6, conpensation is then provided
for the pressure drop, which is still small, which occurs during the
osnotic cleaning process in the nodules 2. Because of 10 the energy
recovery, the booster punp 6 only has to produce that pressure difference
-which was lost within the reverse osnpgies -nodul e. The hi gh-pressure punp 1
can therefore be nade substantially snaller, and can therefore be nore cost
effective, tHamid iwhighthRes 1® cagecdraned M@l fat ilorasschou® &her gy

recovery. \Werfitheopi sthen @i drseaches st herehameenend owd t Buk the hinrst
t ubul ar chan%ﬁ valve unit 7 i1s switched over sg that_a connection
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upstream pr espwee Wthdbulaar sutdtidndsed | ne. 1 eaghhdg t ohtbeghmahonpuepulni s
sufficie tQ,_f e, by Jrea f1ul st 0: pe , .brine,
whi ch i s%ow%grlg)é%ursé- X:( el (ra%%oo ta%:l I%l&sﬁﬁo%'at%}lclii?% %%ea?%gggggpggﬁ%tlgbul ar
chanber 3.1, a ;vegend helipeghrkagastesut Wit hehapped 28 ttibel aposhamber 3.1

S0 that it f Lo aaYchfldileac AHHOSRNERE, DHOIGdE SXPULST BBcRLACESS Of

the brine fromthe fir tubul ar _chanber 3.1, | ower seco t ubul ar
chanber 3.2 PEOBmiVRaFBodS ySEibleci®f ko whdChhi gRcpresSwdnst the brine

by neans of bthaotalverldtinid® prodBesexpultHoONmpreTess 20f Because of
pressur ond, | ower_tubul ar. chapber 3. 2.

e-relieved brine is shown in the se
By appr op iattg’ecy%lll?lég%vwrtec?ﬁ’lvr‘?&yof t?lp'% é)lc\?%erunﬁ)’t’ml?, & h8™ %o R&fbulFar
chanbers 3. 1prddacear ehal tprestely dubfeceérdet ehprdsswre, ledsmuswprbindi ng an
oo on oy ™ SHESCUSLN L s REAURE Ok en Sl e UOEL) Al LT 1 Lhe
t hi s endangefcgn therefore be made substantially smaller, and can
therefore be more cost effective, than it is in the
15 case of an installation without energy recovery.

When the piston 4.1 reaches the chamber end
within the first tubular chamber 3.1, the valve unit 7
is switched over so that a connection to the atmosphere
is now created for the first tubular chamber. The

20 upstream pressure within a suction line leading to the
main pump 1 is sufficient to force, by means of a fluid
still to be cleaned, the brine, which is now pressure-
relieved and 1is Jlocated in the first upper tubular
chamber 3.1, toward the right again out of the upper

25 tubular chamber 3.1 so that it flows away to the
atmosphere. During the expulsion process of the brine
from the first tubular chamber 3.1, the lower second
tubular chamber 3.2 1is simultaneously subjected to the
high pressure of the brine by means of the valve unit

30 7. The expulsion process of a pressure-relieved brine
is shown in the second, lower tubular chamber 3.2,

By appropriate cyclic switching of the wvalve
unit 7, the two tubular chambers 3.1, J.2 are
alternately subjected to pressure, thus providing an

35 efficient recovery of energy. Because c¢f the 3-way
function within the wvalve unit, pressure surges can
occur during the switch-over process and this endangers
the membranes within the reverse osmosis module 2.

aAdditional special pressure compensation openings are



t he menbranes wthin the reverse osnosis nodule 2. Additional special
pressure conpensation openings are - 13 therefore to be provided in the

" control elenent of the valve unit 7 in order to mnimze this danger. A
further disadvantage arises due to a radial thrust, which occurs during the
swi tch-over notion and for 5 which therl® is no conpensation. In Fig. 2, a
cross section through a valve unit according to the invention, two
sectional pl aiesrebore amd BeBpargidedarngedlof feetthyl 901ewenne cdndttteer and,

with the aidpfjddessid he mde 8{'d899r%' o Rfmibe l&vsal VEUL T s

explained in the subsequent figure descriptions. In this figure, a double
arrow Z showsURHRER | GWSAOVERERGR FRHRFERd FUF t e t BbiTad: Thafbemst: not

shown here - wafich pressitice axehaggethet hewst 8gt evear rmye Yorshqusd t pout | et
flom1d|regt|o dlgb Rressure. 15 relleved brine flow ng out of the valve

unit, Fig® 3d &t o> iT° (WSRO whi ch are respectivel y arranged

of f set by 90 to one a.'motl‘}‘n@ 22 aatwessinsectacenr dhngugb &heailmeemmiidn. The

posi ti on- of 4 08 Aefe, 206 BB BRY 05,4 2KERLEAM g o fe g 20 10

the case of t ese sec i onal ‘representations, the ositio
cylindrical co%t B e@éﬂeﬁrrqogeal REJSete ki r@%n@@t@m@damhbeﬁm&n@m

cylindrical ganty othel e@Ntod0 thesd, ot@a@bhﬁbd@r@flg%ér@ttl% hopsichg 11 of
the valve unit. 25 The brjne at hlqwggressur referred to bel qw as high

pressur el Bri Y@ IM9PB) I ¥Y ovisS ouR*RF2EPRA r eiRr sENBsnB5EPSCNERGI eL19UT%I enters
a hi gh- pr ess et 3aas dik of Ihhe:hl\sal ﬁ’fgmlﬁét Ehravgbla sixrghe hi ghropsessur e

op Supml Y SR ol Ui R LR B 0o0f a0 LESTARSDER £ Blaue 20 Shown
not shown here - of a pressure exchanger; the single
arrow Y shows the outlet flow direction of a pressure-

15 relieved brine flowing out of the valve unit.

Fig. 3a and 3b show, in two sections which are
respectively arranged offset by 90° to one another, a
valve unit according to the invention. The position of
the sections A-A and B-B may be taken from Fig. 2 and,

20 in the case of these sectional representations, the
position of a hollow cylindrical control element 10
always remains unaltered.

The hollow cylindrical control element 10 is
rotatably arranged in the housing 11 of the valve unit.

25 The brine at high pressure, referred to below as high-
pressure brine {HPB), flows out of the reverse osmosis
modules 2 and enters a high-pressure space 14 of the
valve unit through a single high-pressure end supply
opening 12 with the aid of an upstream collector - not

30 shown. This example shows a valve unit for connection
to a twin-tube pressure exchanger analogous to the
representation of Fig. 1. For this reason, the
representation cof the tubular chambers connected to the
valve unit has been omitted.

35 The housing 11 of this wvalve unit has two
connections 16, 17 on the outer wall 15, to which
pipework lines - not shown - are connected for
connection to tubular chambers 3.1, 3.2, likewise not
shown. The exemplary embodiment of the housing 11 in



to a twi n-tube pressure exchanger anal ogous to the representation of Fig.

1. For this reason, the representation of the tubul ar chanbers connected to
the valve unit has been omtted. 35 The housing 11 of this valve unit has
two connections 16, 17 on the outer wall 15, to which pipework lines - not
shown - are connected for connection-taatubular chanbers 3.1, 3.2, |likew se
not shown. The exenpl ary enbodi nent of the housing 11 in - 14 this

arr angenent tﬁlﬁﬂaﬂnkﬁbaMdﬂtiﬂHenﬁdﬁfﬂbdIthMUEﬁSegiﬁtad amdwtwuca@nular
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arranged Gy t mxnmp @ c eorrsigugiashrast al OCaiid ¢<snsmrtb©m@@d The t heuaknadl

direction bY1ﬁﬂe%n%dMy|28£%cﬁ@“é¥hulﬁéﬂ%3déh?“éi‘EH@ PRHSL N5 uARE R

separating wal | I n hi s exenplary enbodinent, the s%?aratlng wall 47 is

seal ed rel at £¢& ﬁ@etm@¥%9HIQ¥l rﬁﬁﬂliﬂPW&§Qﬂt¢kﬁ@ﬁ%F The wall

of the control element 10 is penetrated by a plurality
of control openings 37-44,.

15 In the xrepresentation of Fig. 3a, a high-
pressure brine, which is designated by an arrow HPB,
enters the high-pressure space 14 of the housing 11
through the supply opening 12. The high-pressure space
14 1is arranged within the control element 10 and is

20 bounded in the axial direction by an end wall 13, which
is solid with the housing, and a separating wall 47. In
this exemplary embodiment, the separating wall 47 is
sealed relative to the control element 10 with the aid
of seals 49. And the separating wall 47 is connected,

25 so that it cannot rotate, by struts 48 to the housing
11, in particular to the end wall 13 in this case. By
means of this development configuration, the rotatable
control element 10 is relieved of axial pressure forces
during its switching motions. Scluticons known per se

30 can be used for the seal 49.

Control openings 37-40 arranged in the region
of the high-pressure space 14 in the control element 10
have, in this configuration, a different opening angle
from that of the corresponding flow openings 30, 31,

35 34, 35 in the housing inner wall 28. An approprilate
selection of an opening angle achieves the effect that,
for a short period during the switch-over by the
control element 10, the tubular chambers - not shown

here ~ in effective connection with the wvalve unit by



of seals 49. And the separating wall 47 is connected, 25 so that it cannot
rotate, by struts 48 to the housing 11, in particular to the end wall 13 in
this case. By neans of this devel opnment configuration, the rotatable
control element 10 is relieved of axial pressure forces during its

swi tching notions. Solutions known per $g -30 can be used for the seal 49.
Control openings 37-40 arranged in the region of the high-pressure space 14
in the controkaasenefit e hawepedinidrd s lonf ilgur atrieons iault bheveslyopeni ng

angle from of di fl openings 30, .31, 35,34, 35 in the
housi ng i nnepg\%tglrl B%.BEA aép%sﬁ%g%]i af{}g)m sg 8ct|§%¢fg%{ aorpeonpléirﬁ n:lg;izaingllgﬁ
achi eves t hecenseauenisgr, therrressiore pducsdaddoinsg erndarsydr ohg otBe by t he

control el enpalptnekhe Jrubuh Ghafels -odibs SHOWMns P8I Bacib ehigctive
connection with the valve unit by 15 neans of the connections 16, 17 are

si nul t anedbusPyOifkder high pressure fromthe supply opening 12. In

consequence, the preggugrechtwel Uatlicmes tendangeridga tdsly nerbaages oh t he
reverse osm)}sf'gsﬁ install atjon are 5, avoi ged. The control .elenent 10.is
g

rotatably ar SPUSHRG Heb ho P RY 2 “Aphr 6%i el P15 3 hef C&htT aP *r egi on
of the housihg heusdcat é¢ tlheageghardte rppetdt 4y wdithd? s whtht isnal |y
fastened to i 1 s .of st . . - Th eparati ngewal | 47
effects, wi tl%lgﬁa?%l(esﬁhggxt E%%é/te‘%%nent_tgloggg sl{fg}l vnldt“gi ('-)L-rig ?br??q%t%v?%tsspges 14,
45 with I f f ecsntspridssufleer egPargtiThe wddced 14 efifectshi svidgnin gbhation, is

continual Iy gcgnrResheditendfie 1M 9R- RAARHWIS IR0l PRe 5PByEf §ﬂ?£cé§3”’91’4?”e
nodul es. In 15 contrast, the other space 45 | ocated to theleft of _the

separating wAPI WiEH nAgRf§ersRt| PIEHTEQ eiefoons. The space 14, in

this configuration, 1s continually connected to the
high-pressure region HPB of the membrane modules. In
15 contrast, the other space 45 located to the left of the
separating wall 47 in Fig. 3a 1is connected to a
connection 46 for the low-pressure region, designated
by the arrow LPB, of the pressure-relieved brine
flowing back from the tubular chambers. Because the
20 control element 10 moves relative to the separating
wall 47, a seal 49, which is suitable for the pressure
ratios to be sealed, is provided.
The control element 10 is driven by a drive
shaft 50, one end of which is led to the outside
25 through a housing penetration 52 at the low-pressure
end. The rotational motion takes place continually or
in steps and the speed is determined as a function of
the other system components.
The mode of operation of the switch-over wvalve
30 wunit according to the invention, as represented in
Fig. 3a and 3b, is as follows in the <case of an
unaltered position of the control element 1C:
A high-pressure brine HPB flows into the high-
pressure space 14 through a single supply opening 12,
35 which is axially arranged 1in this case, This
development reduces the number of connections and the
total volume of the valve unit. The supply opening 12
for feeding the high-pressure brine HPB can also, of
course, be radially arranged but the valve unit must



connection 46 for the | ow pressure region, designated by the arrow LPB, of
the pressure-relieved brine flow ng back fromthe tubular chanbers. Because
the 20 control elenment 10 noves relative to the separating wall 47, a sea
49, which is suitable for the pressure ratios to be sealed, is provided.
The control elenent 10 is driven by a drive shaft 50, one end of which is
.led to the outside 25 through a housitnglgenetration 52 at the | ow pressure
end. The rotational notion takes place continually or in steps and the
speed is detethenmedays azf uocgiesn ofnfiherathen syst ertheonpppént srudhe node

of operation pfy éh%1§\£¥' c{hoger%%@g M gg it ﬂgcgﬁghﬂg g}peg;gel nv&pti on,

as represent ed in IS as OWwWs I n e case of
unal t er ed pos@v%%a%f Wﬂﬁé e r@Pnér@her@tlemntA h@ghﬂ“bﬁes]sqw-é)mswws

flows into therth@h-Lyy essuUr arapaes lfrdhr augh a3hegl ensuppkyorpamay 12,
35 whi ch |s axi al I% arrag%?d Ln éhl S caﬁ. Thi.s devel opnent reduces the
nunber of 2confetEFOMCANE % heFUPERAFREBE Life Wh?hé’ e hit .EHE Suppl v

openi ng 12 feat eedbtig nhﬁahighbnlassumadmhersIﬂ%bmn&nﬁé@o tof woairse, be
radially arra ut al ve,unit hen have a | onger
configuration- (gnﬁlge?b Ortl l\é rrﬁ%t 17 tagg%)l é:’ce Fl'rlléa hléus?g‘ﬁa¥§gin%§]i%dv\hi ch
there is no wm&hlhpghkpneshereohrnob énghentra. tHhéeokber pr eédeurleow-bri ne
LPB is drain ewH fLo e cti Fgggp tally,

t he val ve unﬁ?r%%%%%%gﬁr ﬁé ?&%heétEEEPaP§e%g#%§r%eggﬁﬁggte @ﬁ%
connecti dfs 1¥RnEA7, Idneisf PREW | EOBI aySHOTEl eBeT pEh Migingr &)

brine and, f@m&m—@&é&ermﬂa{e le\Wh PEEBEULES DEh&ARpeMbI cfbde%l&é]emlgh

pressure- relleved can he
pressure simultaneously.

First operating condition (Fig. 3a and 3b):

15 The high-pressure brine HPB flows from the
high-pressure space 14 through mutually opposite
control openings 38 and 39 located in the control
element 10 and thrcugh flow openings 30 and 31, again
mutually opposite and located in the housing inner wall

20 28, into an annular space 27 integrated in the housing
11, see Fig. 3b. Two separating walls 24, 25, which
partially bound the annular space 27 in the axial
direction, simultaneously form a support for the
housing inner wall 28. The high-pressure brine HPB

25 flows out of the annular space 27 to the connection 17
of a first tubular chamber. The other flow openings 34,
35 to the ducts 20 and 21, which form a flow path to
the annular space 26 and to the connection 16 within
the wvalve unit, are blocked by the control element 10.

30 By this means, the first tubular chamber located at the
connection 17 is filled. ’

At the same time, the wvalve unit is in
effective connection, wvia the connection 16, with the
other, second tubular chamber. From this, a low-

35 pressure brine LPB, pressure-relieved in the second
tubular chamber, flows back to the wvalve unit and
enters, via the connection 16, arn annular space 26 and,
through mutually opposite flow openings 33 and 36 and

via control openings 41 and 44, likewise mutually



10 enptied. It is only for a short period during the swtch-over that both
t ubul ar chanbers receive high pressure sinmultaneously. First operating
condition (Fig. 3a and 3b): 15 The hi gh-pressure brine HPB flows fromthe
hi gh- pressure space 14 through nutually opposite control openings 38 and 39
_ located in the control elenment 10 and-thyough fl ow openings 30 and 31,
again mnutually opposite and located in the housing inner wall 20 28, into
an annul ar spappo%ltbntam aledated hénhailsd ngontolsest dhmdht 3.0, TWehe
separating mahls 24 whj.ch paié 54 bo§%% t he ?ﬁnulﬁr sBace 27 in the
axi al directi 8, PE.ﬁﬁPFSne%B%Fy for m & Sthpor £ or StisPhG FHAEr wal |
28. The hi gh- bressuthlbrlfrﬂeDVHPBlmdlavxscMeotione annulsar $fma(t:e RHet o the
connection 17 g r r. t p gs
to the ducts 588 dﬁ%ﬂ# #%rﬁ&gggpa hﬁh§og%&ﬁ%h§§%% gghgpaéngG and
to the coﬁhecth@nqn@aMtﬁﬂQW Pﬁ@nwag$e2ﬁmt32@f@hb¢bcﬁ§@ FEriangednino

el ement 10. 39h§¥hbﬁb§n69%$%eﬂfwhﬂﬂrﬁ@ éﬂéuhéédcﬁénﬁ%%|d%6ﬂ§“h@1aﬁﬁe
connection 17_is filled. the sane tine, the valve unit is in effective

connection, vidr th@réonﬁEBFloﬂf§6 DYi t AREheCORERRE, SLEBRUCL ubdt ar T¥Ranber .
Fromthis, a béplaSEtﬁlﬁQSSrullebQQDe 2BPB,wmrce}swza:1r3ﬁlbcamﬂ ﬂ_meténmﬁ;i&@nd

t ubul ar chanber %ﬁs to thelv Enlt and ters s%
connection 167 Qﬁea ul*dt $hac®*2%a areC AiPBugl¥ 1At QW%?Wﬁ%¥ " £ R ow
openi ngs 138 ahndr8Beand suppartontiat opeai ngendtoand edémenitkevliGe nskeaal |y -

17 opposite 998 | ggated in the control elenment 10, the |ow pressure space
45. From there, the [ow pressure brine LPB flows into a connection 46, so
t hat t he The high-pressure brine, which flows through

the connection 17 into the first tubular chamber,
transfers 1its pressure energy to a fluid, which has
15 still to be cleaned and is lcocated in the first tubular
chamber, which fluid is subsequently forced at higher
pressure to the reverse osmosis modules. The rotational
speed of the drive to the drive shaft 50 (not shown)
and the selection of the opening cross section of the
20 control openings 37-40 ensure that, shortly before the
tubular chamber at the connection 17 1is completely
filled with high-pressure brine, the filling process is
terminated. At the same time, the emptying process of
the second tubular chamber at the c¢onnection 16 is
25 likewise terminated.

The respective pairs of interacting and
mutually opposite openings 38/30 and 39/31 at the high-
pressure end, however, remain open somewhat longer than
the pair of the openings 41/33 and 44/36 at the low-

30 pressure end. In consequence, a tubular chamber located
at the connection 16 now obtains pressure, which is
already high, through the pairs of openings 37/34 and
40/35, the ducts 20 and 21 and the annular space 26,
whereas the pairs of openings 38/30 and 39/31 are just

35 closing. This ensures that the second operating
condition with the change of the flow direction to the
tubular chambers begins without pressure surge.



tubul ar chanber is enptied to the atnosphere end. All 5 the other flow

openi ngs 29, 32, which are arranged in the housing inner wall 28 and | ead

" to the ducts 18 and 19, are shut off by the control elenment 10. Two
separating walls 22, 23, which partly bound the annular space 26 in the
.axial direction, sinultaneously forma-10gfurther support for the control

el emrent 10, see Fig. 3a. The high-pressure brine, which flows through the
connection 17senbadt bpetarshgt cbukddtiochartBey,. 4urvansfers its pressure energy

to a fluid, which has % ?P |IIf1thu_J%eé_,ce&g:aetr%eegj1t'?aq:ollC;n:g%3 aggﬁt&g {:n é@e BI rst

tubul ar chanber, whiC subs orce pressure to
the reverse o§hﬁ5|§en§§ﬁ¢@§at1ﬁésro@él|EW&H 3%péﬁuﬂoﬁkmhethelveonbrphe drive

shaft 50 (not cshpwnt 1@ndl§h§h§%e&rdt%etaf 5&69996%&9@%%8%%99 of the
20 control_openings 37-40_ensure that, shortly before the tubular cﬁanber

at the conhectilofng7the é&ﬁb1éﬁ&%@s1ﬁqIQﬁF\MQWP¢ﬁEﬂ9%ﬁe%%ur%7bFPnEhethe

filling processbusart eeRhfiBbed. Abvehersageskine, ahhei erptyiagi phocgss of
t he second tubul a t he connect.ion 16 is 25 |likew se term nated.

at
The respectlvénﬁsﬂng’g g?FntQQ%&ﬁ19Rf TIRG udl 1P SHpd¥ite 8Pétiofyst 38/ 30

and 39/ 31 at theétheghfopr eeanpesend, bhaweverpmpeghensapedisgnewhat | onger

than the pair of the opepings;dl/ 33 apd 44136 Al de low 30, pressure end.

I n consequence, a tubu onnection 16 how obt ai ns
pressur e,Lthi thei slosiedeadys Hilgm. ttheughbuharpahrgbet ofdningwoB7had and

40/ 35, the dUEBSbgofQQQeéllgn%dgyﬁéynﬁﬂfi<§QQPQj%§mDHK§g the pahrs of

openi ngs 38/ 30 an are just 35 closin hi s ensures that the second
operating coRBPEFBAtw the h‘éu}élhh?@ecﬁfmpﬁé fAtovE e r eePneALEENt He 18

emptied through the annular space 27, through the
mutually opposite ducts 18 and 19 and the mutually

15 opposite pairs of openings 29/42 and 32/43 and through
the low-pressure space 45 and the connection 46. In the
second operating condition, the pressure energy of the
high-pressure brine HPB is transmitted into the tubular
chamber at the connection 16, whereas the tubular

20 chamber at the connection 17 is emptied. Towards the
end of the process, in a manner analogous to the first
operating condition, the pairs of openings 37/34 and
40/35 and also 38/30 and 39/31 are simultanecusly open
for a short period so that a transfer into the first

25 operating condition without pressure surge c¢an, once
again, take place.

The control element 10 1is equipped with a
sealing element 49, on its inner and/or outer
peripheral surface, in this case in the region of the

30 separating wall 47. This prevents a transfer flow
between the high-pressure and low-pressure ends and, in
consequence, maintains the efficiency of the overall
system. A plurality of such sealing elements 49 on the
control element 10 can also be used to suit the

35 dimensioning of such an installation.

A drive shaft 50, with the aid of which the
control element 10 is put into rotation, is supported
by conventional bearing elements and secured against

the emergence of fluid by means of known sealing



t ubul ar chanbers begi ns wi thout pressure surge. Second operating condition
(Fig. 4a/4b) In these figure representations, in contrast to the
representations of Fig. 3a and 3b, the control elenent 10 is shown rotated
by 900 within the housing 5 11 and the flow ratios at the connections 16, 17
.to the tubular chanbers have reversed- ™ 4llustration of internediate
positions during a rotational notion is omtted for reasons of better

conpr ehensi bi ¢leyentd. t Aee plicrseotrepsfengbeld@kan awd ve9/sdkfar &0 rand O t he

cl osed positigg..-i+He tap ch L C h t filleded urther
filled at the %%%n@%t [ onél‘li%?tl nwggt?\?%\%ét Tbit]%é%tu ul alfe%ﬁ%nb%# g%éf?fi'é
connecti on 17t¥3NS &Pt MEFREhrdUghNPWE RBIUI 6F - sFRES 27can hbEughtFiHes

nutual |y oppogise duemsnt8 and fyanstvdie muhdal nilh oppPEasit € apagl sy of
openi ngs 29/ 42 and 32/ the | owpressure space 45 and the

3 and thr oug’?;]
connecti ot 46P255P9%e Z80ond BPer AANMPTESTHTSG onSPERR priedssul® erdtQy of
t he hi gh- pr esstuiectiomed 5HPBThe tnansduttédni nfo fokect wakledr pladwarhar at the

connection 16 he.t | ax_ 20 _chanb t he .connection A7.is
enpti ed. Tom?@%%%ﬁsle%dgfof y?ﬁé gp?oggsg,g’i %Ea%kgn%&d %ﬁlarleff)égéoeuso otkjf%e first
oper ating conebntoml elemgrt rk0of openings 37/34 and 40/35 and al so 38/ 30

and 39/31 are sinmultangpusly open 5 f amasShanieREd sqQ,sthat cf’httscf ansfer
into the first elenments. The_force_ transtfer between drive shaft 50 and
control éPemsAT QiR kP ehdys fdnslop L hee vadvgnset .mOaHY Fh&known

per se. Thesen&@ihe 1! USthodicSkrRl Bt 1B6Ys Didel nBansawhi cip permit
a flowbs passlg?ge from {ﬁhe | ow- pressure space 45 to the connect 'r%} 46. The
i ntroducti on B84 ot B e LPEK EXSPAELY; (F RS0l £5 of VY. 3RS0 MAKSSt the

end surface oft tdleeacottaol tbegensl 10f four ducts 18 to 21 emerging

from the annular spaces 26, 27 represent a type of

15 branch ducts, the wall parts formed between them having

a meander-shaped course. As a result, there are

surfaces 53, which likewise extend in meander shape and

which act as bearing surfaces for supporting the

housing inner wall 28. The end surfaces or narrow sides

20 of the separating walls 22 to 25 simultaneously have,

in this case, the functions of bearing surfaces. The

housing inner wall 28 can also be designed as an

integral constituent of the housing 11. By"means of

such a configuration of the flow guidance within the

25 housing 11, respectively mutually opposite flow ducts

or flow openings can be c¢reated which make possible a

motion of the control element 10 which is free from
radial forces.

Fig. 5b shows, in a corresponding arrangement

30 to Fig. 5%a, a section through an installed valve unit

which is ready for operation. Its connection stubs 16,

17 are directly connected to two tubular chambers 3.2,

3.1. The hollow cylindrical control element 10, which

is provided with the control openings 37-44, rotates

35 within the housing inner wall 28, which is provided

with the flow openings 29-36. The drive of the control

element 10 takes place at its end surface by means of

the sealed drive shaft 50, which acts on a star-shaped

force transfer element 51. The flow guidance, which is



Fig. S5a is a three-dinensional viewonto a 10 partially opened housing 11
of the valve unit. only the housing 11, without the separate housing inner
wal |l 28 wused in the exenplary enbodinent, is shown. This makes it clear
that the total of four ducts 18 to 21 energing fromthe annul ar spaces 26,
27 represent a type of 15 branch ducts-~ tbe-wall parts forned between them
havi ng a neander-shaped course. As a result, there are surfaces 53, which
| i kewi se ext eheérien nbahtler shapecamizabwheéch ot asdearihey seetadesaflor

supporting theg,hQusi pper walled e end f r oW sides 20
of the separatﬁﬁg maPPgtiz to %@ s?ngf?ggeaﬁgl;§%%vg%%§ﬁﬁepﬁlglggge?gthe
functions of Eégriﬁé 80ff dPes. The housi ng i nner wall 28 can al so be

designed as an integrab.cengndwent ofinfdie filsi BendLruBYipBANSt Othesuch a
configuration of the fJOM/gUIdaDCE withip the here better r cggnlzable due
to the secti of8fVer ePtEseAtEPFOARY9 01T & 8n&§W?PQ%ﬁ?TeBPe§§Ht t FBA®of Fig.

3a and 3b. Fi ghe6 skpasaaisignphisfliled donsits uctdrofi pirdédie as val veéiuadt
according to i_n lon.. Ln thjs . .case, ,.the s rat.. ng 47 1S
%§%5£1%§Q5E %f.eﬁelqp(ﬁf§y1ele41nt.%ﬂ? afﬁ@ f%%£éqﬁ%gf8£tening

configured as I'Xxed “"constituen e control” el enent
of the separ&hengapddatdnaamatbké7plcege bykeopventi dnal comeantsiohalt he

exanpl e, the ﬁgaﬁgatimg wehb 4éx5ﬁpig,COBﬁ%Pgé%ﬂaﬁétﬁﬂgin%ggial4§0n§éituent

of the control elenent 10, which I's possi y nmeans of the cast, wel ded

or ot her ¥howRopEarKFredl aspenofinkrmieat i GANSLTRUSNY spbnddse WORtTad

fastening of themsaparyaj, nghiwal |i47pBYsiBaBS W) Slekwiks 60 the heysing 11,
as shown 15 in Eiggres 3a-4b. The drive of the, control Elenent 10, takes
pl ace direct!|yetd heogeﬁﬁﬁﬁFin RUP 9SSR GRANSYRE Phe TYRUECERERt 50,

whi ch di spensehiwi tdidpetdes , with the fastening of the separating

wall 47 by means of struts to the housing 11, as shown

15 in Figures 3a-4b. The drive of the control element 10

takes place directly to the separating wall 47 by means

of the drive shaft 50, which dispenses with further,

otherwise necessary connecting means 51 between drive

shaft 50 and control element 10. Because the separating

20 wall 47 separates the inside of the valve unit into two

regions at different pressures, a resultant axial force

on the control element 10 is now to be expected. Such

an axial force component acts in the direction of the

high-pressure brine HPB flowing into the high-pressure

25 space 14. This acts on the separating wall 47 and

generates a force component in the control element.

This 1is taken by a simple additional axial support
element 54 and is fed into the housing 11.

An alternative development of the wvalve unit,

30 with additional control possibilities for wvariable

opening and closing times during the operation, is

shown in Fig. 7. An additional control cylinder 55 is

located concentrically between the housing inner wall

_ 28 and the control element 10. The control cylinder 55

35 has the function of an additional hollow cylindrical

housing inner wall, is designed as a separate componernt

and can be rotated, with the flow openings arranged in

it, relative to the housing. It has, opposite to the

control element 10, further flow openings 56-63, whose



ot herwi se necessary connecting nmeans 51 between drive shaft 50 and control
el enent 10. Because the separating 20 wall 47 separates the inside of the
valve unit into two regions at different pressures, a resultant axial force
on the control element 10 is now to be expected. Such an axial force
conponent acts in the direction of the- high-pressure brine HPB flowing into
the hi gh-pressure 25 space 14. This acts on the separating wall 47 and
generates a fexcentonponettie i rpé¢hiploant r dr ekeimert . cr$b'ss tEsctaken by a

sinple additi up 54_an dinto the h ng 11.
An al ternatlvgﬂggvgfo%haﬂ Cpf {)ﬁe%\l?%r%un ?928' 8§ tt%h a%l%rfe%%aPayﬁgtrol
possi bi litiesflew meiramges dhehf ngfandhel b@pﬁgn‘gl rigmedur waglt A8 .opByati on,

i's shown in Rb@ns7. oﬁna%ddabpgaahseat r@él@d&i&@eroé%hé bOEBbREral
concentrically between the housi ng_ i nner_ wall __ 28 and the control el enent

10. The coht r BKEEDFi Rder t&®S85 CRIL SERETAIRS! i TOhPvbf CBRRNABEFt iPGHAIS hot F ow
cylindrical mgu@dgglmreertmxahhﬂuandesltgﬁe%ﬁ@am@eaﬁaatcﬂmrﬂ@n@ﬂhe and

b tated tht fl | at to_th
housi ng. 11 a5, BEpale 1B HesY cBAER b E1 ERENor Pt FErd Fou Bpeni ngs
56- 63, whose @héerﬂdmsttﬂm@erqﬂohﬁhye ocomhnsk anadsimdeEct 56N can swakéer than
or of the sang 1%&éer§§ h@apgorgfspaonﬂbﬂa Wl | QNG P e'B«angswfxﬁcﬁG é?xtéﬁ&s housi ng

i nner wall 287 an appropri ace selec i on ‘of € pefl pheral 5
extent oflG hes‘-}@n@@ntésp@hbifngtfﬁl owhepefiraye 56063t i 150 | supbsstdte bo

influence the,gpgsing rﬁéé’ﬁé ng ¢t '&Eflaﬁgéh%svm ¥&e U'&'ebeli)bpﬁr@:ﬁt ipg the
control cylinder 55. _  The ad Iustnent of the control cylinder 55 can take

pl ace by nean%x%?uﬁeﬂollpov? f@ BAY Wech EXitentR 10C68Ac MRl F5€t o t he

drive shaft 5¢pendtten befomrndj uslaptary oieansoof aiftenget65.odéeatitvgl opment

IS conditions. A different type of adjustment can also be

15 wused. The exemplary embodiment shown is not limited to
this type of adjustment.

Fig. 8 shows a solid connection between the
control element 10 and the separating wall 47. This
achieves greater stiffness of the control element 10 in

20 the region of the high-pressure and low-pressure ends.
In order to deal with an axial thrust then appearing
and acting toward the left-hand drawing side in Fig. 8,
a further separating wall 66 is arranged which
terminates the high-pressure space 14 1inside the
25 control element 10 toward the right. This measure
additionally increases the stiffness. The drive takes
place directly to the separating wall 47 by means of
the drive shaft 50. The high-pressure end supply
opening 12 is radially arranged, for which purpose the
30 control element 10 and the housing inner wall 28 are
correspondingly lengthened. The high-pressure brine HPB
flows through the radial supply opening 12 into an
annular space 67, through two or more flow openings 68,
69 in the housing inner wall 28 and through two or more
35 openings 70, 71 in the control element 10 into the
high-pressure space 14. In this example, the openings
70, 71 in the control element 10 do not exercise any

control function but only act, in a manner analogous to



executed in such a way that this can occur during the operation for
adaptation to different operating conditions. A different type of

adj ust mrent can al so be 15 used. The exenpl ary enbodi mrent shown is not
limted to this type of adjustnment, Fig. 8 shows a solid connection between
the control elenment 10 and the separatipg wall 47. This achieves greater
stiffness of the control elenent 10 in 20 the region of the high-pressure
and | ow pressthe ewply lopenidey 1, deal fdilllh tare axigh-phesstiréhepaappeari ng
and acting to?@rd the left-hand drawing side in Fig. 8, a further
separating wall 66 is arranged which the supply opening 12, to fill the

hi gh- pressure space §4g.FPg.slowhoas eonwom¥ oklemement1Q0l 1 wihiddh iis

configured ascankyBareh Bl la CHAOASE- £l S RAGVESS i d Ystbgigédcpease in
its stiffness. Respectively mitually and dianetrically g£§03|te,flom1ducts

72-73 and 74fR5tHREE matBEHRASENt 01 he 1561 i pRELALNEEFT aceRBFPEEREVESKL I Ol

el ement 10. 1. mhBug2NgEGENC R atetIUldalavenbbpos bt ek vedd swkcface7penai ns

bet ween the end 1% r %ions of tFe groov -shgﬁed flow ducts 72-75 and_their

t hi ckness can®Bg cila"gt ePTh R2SPABFE or 8% PREIPBFEEL LA RGO hen

exi sting. Thetskapesootrbhe grlemesrtshapdd If.l ow Thuct scoi?sdquenee nat caed to

the materialg E??giéﬂtf&d‘ﬁhitc% Wa%‘ie%{f%}%:%lh rserlr[aelissesb iy %t{ﬁeCSH&ro'
Phta ol "'ow ¢y11 nar i ar ¢

el enent 10. 1. ~a manner analogous’'to a o 0Si ng pi ece
10, the flbw deotens72f T3eexgove-tshapkedhdilicon dfcts iyt prasdutkespace

and the flow gHeERnéds 7QarfX bt 5%%8%&”%%9” %’Im 1e| QU ESSYRE space. A

hi gh- pressure brine HPB 1s 20 su led via a radially arranged higgﬁpressure
e

suppl y pressure ratios then existing. The  shapes of
groove-shaped flow ducts 72-75 are matched to the
materials used in order to prevent notch stresses in

15 the control element 10.1. In a manner analogous to a
hollow cylindrical c¢losing piece 10, the flow ducts
72, 73 execute the function of a high-pressure space
and the flow ducts 74, 75 execute the function of a
low-pressure space. A high-pressure brine HPB |is

20 supplied via a radially arranged high-pressure supply
opening 12 and enters an annular duct 76, which can
either be arranged in the housing or, as shown, in the
control element 10.1. In both cases, the annular duct
76 is configured so that it is completely peripheral.

25 With the aid of a relief duct 78, which penetrates the
contrel element 10.1 in axial direction, a pressure
exchange takes place between the surfaces on the axial
end surfaces. At the same time, a free space is
arranged, in this configuration, on the high-pressure

30 end surface of the control element 10.1, this free
space beling represented in the drawing by the line
shown thick on the right-hand side, by which means the
appropriate surface for the pressure compensation of an
axial thrust relief is created.

35 In the arrangement represented, the high-
pressure brine HPB flows through a flow opening 69 in
the housing inner wall 28 into the annular duct 76 of
the control element 10.1, from which emerge groove-
shaped flow ducts 72, 73, which each extend in the



opening 12 and enters an annul ar duct 76, which can either be arranged in
the housing or, as shown, in the control elenent 10.1. In both cases, the
annul ar duct 76 is configured so that it is conpletely peripheral. 25 Wth
the aid of a relief duct 78, which penetrates the control element 10.1 in
. axial direction, a pressure exchange takgs-pl ace between the surfaces on
the axial end surfaces. At the sane tine, a free space is arranged, in
this configur atkiied, dibrébeibngh-Rpressthessa0 lehshspréaseref filhew cantreal

el ement 10. 1, ,thi g fr i r.epr n [ e awhng, by e line
shown t hi ck ogbthBfiS%F ﬁgggﬁgi égg%fﬁaﬁﬁ%% %@%ﬁs ?%angépﬁgprﬁgfe%gurface
for the pressang cdhperenitiomedf ian thei abreviows riidgwfess Geat @9w-35 In

the arrangenep, L8RS §IRA aldies M 8- 7Br essuhR Edme-dPBof Lavs t hpoygh a
flow opening 69 in the housing inner wall 28 into the annular duct 76 of

the contro? ePERERE 1G:NE fIOMTRFETFUERer BELIGR0OVER sHapY fFov dfiépy 72
ZS, hWni ch eacafpiemtmg@ 2ot 922‘7:2,333 %ﬁd} i‘?,Is. dh?xle@ic'b@éﬁ Eri']lon%cllié]eﬁeevipus 20
i gh-pressure f.l ow duct , t | yi ws to the flow opepings
23 Cand 36 IRUREFoRaR i HhevEbted FaurdE AR Tor ASeurE R o
ducts 74, 75 bgating contowtpeéssent b@ibedb REeplwape leowrgreessimetbei ne LPB
fromthe flow,,0ReniNgeR9ordZrdid A A (RN ionadehn §He1PraKigys,yfigur es
ection 46. r'e ~agai

and gui de theaﬁﬁqld to the conn . n, a [ow pressure brine
LPB al waysl endfagesgi nepde aki atheli reeanest fveomitlise celctol 78-dfengxre0. 1.

Mitual 1y 10 faei-RgqeRdsaef &4heg{esnecd | e dl OWlIChniEne? akAg akpafpged at a
di stance from one another and form _between them_a closed annular sealing

zone 77. Thi sbeseeent @19l f| 8w $¥eafRdG ePRBBLGEeF Y R0 ZPRBsslie This

prevents a flow transfer between the two pressure

regions,

15 Fig. 10a and 10b show a valve unit with shorter
installation length and sectional representations,
which are likewise arranged offset by 90° relative to
one another. The position of the sections A-A and B-B
is analogous to the representation of Fig. 2 and, here

20 again, the position of the control element 10 remains
unaltered.

The wvalve unit of Fig. 10a and 10b has a
shorter installation 1length due to a different
arrangement of the flow openings. In the housing 11 and

25 in the control element 10, the position of the flow
openings 29-36 and the control openings 37, 40, 42, 43
are resgspectively referred to the opening planes 79, 80,
which are arranged at right angles to the drive shaft
50.2 of the control element 10. In this embodiment,

30 there is a saving of two opening planes relative to the
other embodiments. This embodiment has, in total, only
three opening planes, one opening plane 81 being used
only for the supply flow to the high-pressure space 14.
It is possible to dispense with the opening plane 81 if

35 there is an axial supply flow to the control element.

In order to achieve the saving of the two
opening planes, four flow openings are arranged
distributed over the periphery in each o¢f the ocpening
planes 79, 80, of which flow openings, the openings 29,



regions. 15 Fig. 10a and | ob show a valve unit with shorter installation

| ength and sectional representations, which are |ikew se arranged offset by
90 relative to one another. The position of the sections A-A and B-B is
anal ogous to the representation of Fig. 2 and, here 20 again, the position
of the control elenent 10 remains unalt®red. The valve unit of Fig. |0a and
10b has a shorter installation Iength due to a different arrangenent of
the flow openihgs34| n3bharousisigplld amdr2§. i bodheTeontiicl @hsd@ithed®, the

position of the | Q}Q’e i@@? 29z 3@nandthe Gon ro(lj%lgp%réi A% e 49, 42, 43
are respectively referred to the opening planes 79, , CSwhich are afranged
at right angleset &ovhe fdomy OraHMas 5002 &L .t B .coift ramdep8red2.10334n this

embodi nent, 3k tApEerkSpRcsaviny Qfr taMyRPasy Nged! Bhes prellimMe o ¢de

ot her enbadi nents. This epbodj nent has, |g t ot al o%ly t hree openj ng

pl anes, oRe JP¥hi P HREhe B1EBEI RGERSBE PIAPESE Pt KE STppilie MBI t he

hi gh- pressur eimpace wkd.1 RB.i swpoBsi the tadli sgfensenvrbh tiheckeesni rge pl ane
81 if 35 there | axial _.supply .floqw to the cqontrol elenent. In order to
achi eve the s%’%/(i:l?}é&‘@o‘? tRe o C('ﬁ%‘é:ﬁio g %f%’ﬁ%%? four flo adﬁergrﬁ%gg@arae ‘
arranged di stigibtneecovee tihweiper ifptier yExom eaote ofondreirapem kane pl&Hhes 79,
80, of which peni n t eni 32y Vi Sl in Fig.
10a. in this cgeérg%%dél)nglm gg/%\nl?h t %&tm&%%b%ﬁ%ﬁéghtﬁb&ggﬁmﬁ'c CC}‘n IZOI
connect ed0 teemenk flbwtepetifgssegondl, opgning apdane, 32, B, tlss are

respectivel y igusnged of f-eeé Byn80Dohebat iaV@oh_QrélOE%cﬁ_@Qt Rer iid nid¥e openi ng
pl anes 79, 80 .on the housi n% i.nner. wall 28. Wth the aid of control pockets
82 included $5F3HE cont FEF €10, alfPBnsfertRf a Perspective

representation of the contreol element 10 in Fig. 11.
Arranged in the internal space of the hollow
15 cylindrical contrel element 10, there are additional
stiffening features, which are configured as ribs 83,
89 and penetrate the spaces 14, 45 in the axial
direction as a type of radially extending flow
splitters. The stiffening ribs 83, 89 shown in section
20 in Fig. 10a extend over the whole diameter of the
hollow cylindrical control element 10 and improve its
stiffness relative to the external and internal, and
continually alternating, pressure loads which act on
it. The planes of the stiffening ribs extending in the
25 direction of the drive shaft 50.2 are rotated by 90°
relative to one another and, in addition, abut directly
on the separating wall 47.
Stiffening features, in the form of annular
elements 84 in this case, are arranged in the internal
30 space of the control element 10. These extend radially
inward from the inner wall of the control element 10
and protrude into the internal spaces 14, 85 in annular
shape. These stiffening annular elements 84 also
improve, overall, the stiffness of the control element
35 10.
The supply opening 12 1in this exemplary
embodiment is a constituent part of a cap part 85,
which is connected to the housing 11 so as teo form a

seal and transmit forces. The configuration as a cap



hi gh- pressure brine HPB from one opening plane 80 occurs in the axial
direction through the control 10 elenent 10 to the-second opening plane 79
" of the housing 11. The function of a control pocket 82 is nore clearly
recogni zable fromthe perspective representation of the control elenment 10
.in Fig. 11. Arranged in the internal spagge of the hollow 15 cylindrical
control elenent 10, there are additional stiffening features, which are
confi gured aspeirbsh83, tIB9 airdapergt r chett heespaceint4,1145 4 n phe ari a
direction as - of, ¢r adi,al ndjzng: £l.ow, spl Ltier Th i f{ening
ribs 83, 89 s 8&%E?n égct?g%héérgﬁggi 5Q§6§£ex?2§d géér ?R%rﬁﬁgfé d%gneter
of the hol | oeByfpRERFEE]l BOXEr oFiBPéKent A10T4Ad | Apfoeetion 486p 48 | ~ 4

f- 1, 1 A4 laprgagbnualibyial t eneat bag, paessuss.| opdsnyhi chhact £0By it.
The pl anes. of _t ¢ sthfenEEg ri bs extending in tge gart has tge advant age
that the ﬁ%us?ﬁg $EERED pEP sBTC nAFRPPISE ¢l i RUPFRAl t¥esPin SRATERA

t heref ore be efrenehast #7ed wioreh sbophyl. aA glwove Mefy e6Ei @no86 disctsar ganged

wi thin the cap.pat . Wt hi he,fl o .defl ection 86 are nged a
plurality of ﬁégfgﬁ}%g%& \elcyr?é’ntéa}ati,sx;’mi}évhgﬁggerH%SSPEFa%l’tlﬁleo?ﬁé? og/ralﬂcts 88
wi thin the caphparrc8seAfioghducdss Bife dnd rntdRB rfg amiahky ainuat ehél ow
ducts 88 and gpieriagyaxigy |y; 4 nt D p rt S I d ans of
the flow 10 de?#ec?ioﬁ 8éﬁgndf in@%%ng%aﬁgncg? f %%?Sax?§{|§$%$ BYod®

sem -axi didy PedhPERECBUtES d@litht 0 1RheCRRFRTRNEE endtOWSI 0aKRBGYh PE S

openings 70, Z&mandxiBl0yt FeowPagf lducrdh@e COALHOkHROGKAIS P2 cDanested to
t he control en'g S g7’t40’ agd mﬁtﬂ a B rgea gggfi%gratiggeig4_15 this
case, are arr gEh ng hit8uPBFOBERFphlr y gf Phetnito the sp

The control pockets 82 connected to the control
openings 37, 40, and with a forked configuration in

15 this case, are arranged at the outer periphery of the
control element 10 and are located diametrically
opposite to one another. In this exemplary embodiment,
they extend on both sides of the stiffening rib 83 of
the low-pressure space 45 and are only partially

20 visible in this representation. In addition, a bearing
arrangement 90 and seal 91 for the control element 10
are arranged in the cap part 85.

Arranged in the outer wall 15 of the housing
10, there is a plurality of access openings 92, which

25 are closed by closing elements 93 so as to be pressure-
tight and liguid-tight. These access openings 92 are
provided for manufacturing technology reasons and
substantially simplify housing manufacture. They permit
easy access to the hollow spaces, in the form of the

30 annular spaces 26, 27, within the housing.

Fig. 10b shows a longitudinal section arranged
so that it is rotated by 90° relative to Fig. 10a. By
this means, it can be recognized that, within the
control element 10, the stiffening rib 83 is now at

35 right angles to the plane of the drawing and is
arranged in the manner of a flow part within the low-
pressure space 45. On the right-hand side o¢f the
separating wall 47, in contrast, the stiffening rib 89
located in the high-pressure space 14 is now located in



control elenment 10 and are located dianetrically opposite to one another.
In this exenplary enbodi nent, they extend on both sides of the stiffening
rib 83 of the | ow pressure space 45 and are only partially 20 visible in
this representation, in addition, a bearing arrangenent 90 and seal 91 for
the control elenent 10 are arranged in the-cap part 85. Arranged in the
outer wall 15 of the housing 10, there is a plurality of access openings
92, which 25theepdlapsedobytbkosinayigienent stha sxamp iaribeepbedsmerntt i ght

and liquid-ti T ac S ' 92..3re royided fo AU uring
t echnol ogy reggé‘ﬁg g?%g%'su s%aﬁ??gﬁeggggrr%lﬁsy %%’us?égg ar?aenu%%‘gﬁgyléggé}hey
pernmit easy @&c@¥s WH-aH@hotPReEshiers, PaRtt RE fréyem sfpatrRC 139 wahll ar

spaces 26, 2747w thbnsrta@faau&gn%bﬁsg- bR oS, @ donghd ughmal £ sget i on
arranged so that it.is rotated by %glrel ative to Fig. 10a, fly t hi s_means,
it can be ¥ ecBghPPEHIFHERT ReLhi 9%t e SFritvSoIsha EdmEmr 2020 thel Q3§ #€ni ng

rib 83 is nowwaath3h ricpght a@oglteslt o dllmepitana f thei ir avbdmi quda t Son

arranged in the nper _o flownpart within the low. pressure space 45. On

the right-han ”é‘ggé 6?st&le1% éngpélrfgtcitngeWall%the47g, Jiéntoecno ¢ aStEEHE st f eni ng

rib 89 | ocateduahlyhwehighepressngedspacehtd spparsw Idhcatedvi thabe @l ane of

the drawing. ancbbe exedpiacy eshadenegh shewd gsgsr?kﬁﬁgSﬁa&ﬁeabﬁg ribs
art "of°t

83, 89 are configured as an integral constituen the separating
wal | 471G he stiffenfhemr£besd Baitng @wsialg L t hbasamwe thiimmres al0a,

constituent papp, of;itt heaylr bie hafgniRald &Rae, | 9eatetd wehtbhba tre egatrol
el ement 10. This configuration s(éqr%l I fies the manufacture, The stiffening

el ements can SBEG8I 19 wett! bd b r GHYEEC T n OPRE18FSc N 4 T 12 \PRFRTIS
direct effectavesgonmectidn 80o,t s, separ akengomdiney. in one opening

plane 79. In the region of the space 14, in a analogous

15 manner, the control openings and flow openings 37-40

and 30, 31, 34, 35 are combined in the opening plane

80. The opening plane 81 is only used for the radial

flow of the HPB intc the space 14 and does not take

part in the switch-over processes. Overall, in

20 consequence, there is a substantially shortened

embodiment of a substantially improved stiffness of the
overall valve unit.

Fig. 11 shows a perspective view onto the

hollow cylindrical control element 10, as shown in

25 Fig. 1l0a, 10b, It is the view onto the low-pressure end

of the control element 10 with the drive shaft part

50.2 protruding out of the space 45, Clearly

recognizable 1is the rib 83, which i1is arranged within

the space 45 and extends in the flow direction or in

30 the direction cof the drive shaft 50.2. Also

recognizable is a stiffening annular element 84, which

is arranged peripherally in the low-pressure space 45

in the region of its outlet flow end. A plurality of

pressure-relief ducts 78 extending in the axial

35 direction are arranged distributed over the periphery

of the wall surface of the control element 10. With the

aid of these pressure-relief ducts 78, compensation is

provided for an axial thrust load, by which means the

bearing arrangement is substantially simplified.



10 Fromthe joint viewng of the two figures 10a, 10b, it may be recogni zed
that, in the region of the space 45, all the control openings and fl ow
openings 41-44 and 29, 32, 33, 36 are conbined in one opening plane 79. In
the region of the space 14, in a anal ogous 15 manner, the control openings
and fl ow openings 37-40 and 30, 31, 34, 235-are conbined in the opening

pl ane 80. The opening plane 81 is only used for the radial flow of the HPB
into the space 14 andOCdoesheobutekepegaphery tde Shiet clorovesl pedessses.

Overall, in 2Qg consfe&wargqﬁa&)é&ersnas ﬁl%%@%fr@&ta'lqul y cﬁ%ﬁ#&ﬁ‘edcoﬁ@@i' ment

of a substantlally | nproved stiffness_o overal | ve unit. Fig. 11
shows a perspB@FWésw% Bhfo IFARFRI | BRAED! idHR i BI HMITIIAt eeBP 10, as

shown in 25 Eogrrdda,ofdéindd BS,t e voewroet Q;];Bé):@e| QW phashelttedndoof the
control elene O with the.drive ft,.p 5 rat rudi ng out t he
space 45. % g?f"b P EESYAE, &3S jﬁ%ﬁ %rl ‘c%qlsoré%%ﬁﬁ wFI"ﬁ t he
space 45 and ewbemdbuﬂartm@thﬁmahraannamtaﬂ ua1Eﬁbt?ﬁﬂwbrenitonoﬁfathe

drive shaft 50:3.c8l80 of@EAMLZaPLELES 130 [eniad iAo glegraL, 8,

which is arr ngea perlp pressure space e’ region
of its outl et ofl oV\h%ndlomtl'piPlJr@Letﬂ;ﬁfﬁf 1Qre§k§urfée31€$ i eﬁf debes ggnexeéndi ng

in the axial éécﬂb&gct W@ IAr endr hangest digtgi Rgbgqr%ver t&f ﬁ@%b@ﬂéﬁ% of
the wall surface of the control. elenment 10. Wt ? ese

pressure-¥&l i 6f addt P8 CASHMENSREHMISs angt oﬁA%ooE%ﬁlw akPBP PRE¥st

| oad, by whi cbnareemﬁerhheg beankeng ar [ angeiwyiblies substantiellyressutefi ed.
On the out er Ber|§ ggﬁ of .the control elenent 10, fork-shaped and
dianetrically dpPos CSHFVOl pockets 82 are arranged which are in
connection with The configuration of the controcl pockets 82 in

fork shape has the advantage that a protrusion element

15 96 remains between the fork-shaped flow paths formed by
this configuration. This is, in an advantageous manner,
arranged in the plane of the stiffening rib 83, by
which means the force transfer and the surface
pressures between the rotating control element and

20 housing are optimized. In the case of a stepped
configuration of the contrel pockets 82, the
arrangement of the protrusion element 96 is dispensed
with. Although this increases the space available for a
deflection, it 1leads to somewhat unfavorable flow

25 ratios during the switch-over motion of the control
element 10.

A representation of a type of kinematic
reversal of the control pockets has been omitted. In an
analogous configuration of the control pockets rotating

30 with the control element 10, it is possible to arrange
these control pockets in the housing and then in the
form of stationary flow pockets. A flow deflection of
the brine into the opening plane 79 would then take
place in the housing wall and in the stationary flow

35 pockets.

The openings 70, 71 arranged distributed on the
periphery can be recognized on the control element 10
in the region of the space 14 subject to high-pressure
brine HPB. By this means, a high-pressure brine HPB



control openings 37, 40 of the space 14 subjected to 5 high-pressure brine
HPB. A flow deflection between the two tubular chanbers, connected to the
“valve unit, of a pressure exchanger takes place on the outer periphery of
the control elenent 10 by neans of the control pockets. Wth the aid of
-this measure, a displacenent 10 of all-thg& €ontrol openings and flow
openings into only one opening plane 79 is possible at the | ow pressure
brine LPB endfldhe, cofiitgarr at the ofthrioegiviitioel, pocketsgB2 itme f of kowhape

has the advanﬁéﬂ%&b%@ P AGE ISPl BOPQL - 18 D8 reRlgS. %‘ilc:"ﬁef‘r&ﬁe

fork-shaped flow paths formed by this con |gurat|on
advant ageous ﬁﬁﬂhé% OTa S HgEK it tHe g RN of TeRe thei PRasisE r5® Bae by

whi ch neans t bes{@scent tRESEBECANdat Be suefashtrplessunesthet ween the
rotating control el enent a¥ﬂ 2g8hou5|n are Etlﬂlzed In the case of a

stepped confi gurati ot 9f WSr 5t BBERRESTAY¥E tHEY aPFEAgémeYALYE t he
protrusi on elentnt 86 i shdwapernsedFiw.t L.O-Allt.howRrHrddiiixdbler eaises the space

avai | abl e for def | a 0 t favo I
flows, after ?ﬁ% ﬁ% SSEE?I‘"&&tl égoggﬁ %ﬁ% gfg%%;de Jé¥)§bnd? thown here
- in the cap puet aITrlﬂmgedr aialther @erectioml odi refee @mfaﬂonextt@wrsi de to

the [nsideipithe shacentd Sfaibferonibdl @heEENt.ochHy. wiinshonna

perspective view onto a valve unit as shown In %g Recogni zabl e in
the houdi®hg Beweingal IT5thee BRIRERES s SHBEHIL 2, S%ﬁpéﬁ @F@SWF e anged

in the directpoagef &he ansab e&ben%@n cRloane gof etl@\etrftansgﬁr fdeveduct s
| ocated within the

| nbodi ]
plugs are USG%O%§tY%%t%?%§IngogﬁgﬁgntbﬁégggﬁﬁE% %DQ%JAYE A&%{%ﬁéhciosure

external reinforcement elements 94 are arranged in the
housing 11 betweenn the transfer ducts 18-21 located
15 within the housing wall 15.

Additional material accumulations 95, which
have the function of support elements and/or suspension
elements for the value unit, are arranged on the outer
wall 15 of the housing 11. They facilitate an

20 installation of the valve unit and simplify its
handling. In this exemplary embodiment, the connection
46 acting as a drain for the low-pressure brine is a
constituent part of a separate cap part. By this means,
the outlet flow direction of the low-pressure brine LPB
25 through the connection 46 can be adapted simply to
different local features in the simplest manner and by

a correspondingly rotated arrangement of this cap part.



constructions, however, being also possible. Additional external

rei nforcenent elenents 94 are arranged in the housing 11 between the
~transfer ducts 18-21 located 15 within the housing wall 15. Additi onal

mat eri al accumnul ati ons 95, which have the function of support elenents
and/ or suspension elenents for the value unit, are arranged on the outer
-wall 15 of the housing 11. They facilit&% -an 20 installation of the valve
unit and sinplify its handling. In this exenplary enbodi nent, the
connection J4ésictafhJdesignakiensfor the | owpressure brine is a

constituent part of a %@M.@éﬁemégg&ﬂ By this means, the outlet flow
direction o the | ow pressure brine LPB f% through the connection 46 can be
adapted sinpl¥d to diffRFERSE RMOFIERMRBESG n the sinpl est manner and by a
correspondi n@d y r & & edmngsyengefiberfs this cap part. List of designations 1
High-pres%ure ggnp Reverse osnosi.s nodule 3.1, 3.2 Tubul ar chanbers 5
4.1, 4.2 epé%"iﬁb%%i HE S NG R U val ve 6 Boost er punp 7 Valve unit
6 10 9 1u, 1® 1 ControlNai-emnisn viElvydousing 12 Supply opening 13 End wal |
15 14 Space, i gh- pres%g&é&ac&mpw Quter wall 16 Connection for tubul ar

chanber _
Valve unit

8
10 9
10, 10.1 Control elements
11 Housing
12 Supply opening
13 End wall
15 14 Space, high-pressure space
15 Outer wall
16 Connection for tubular chamber
17 Connection for tubular chamber
18-21 Flow ducts
20 22-25 Separating walls
26-27 Annular spaces
28 Housing inner wall

29-36.1 Flow openings

37-44 Control openings
25 45 Space, low-pressure space
46 Connection
47 Separating wall
48 Struts
49 Seal
30 50-50.2 Drive shaft
51 Force transfer means
52 Housing passage
53 Surface, bearing surfaces
54 Thrust bearing
35 55 Control cylinder
56-63 Flow openings
64 Hollow shaft
65 Flange

66 Separating wall



17 Connection for tubular Chanber 18-21 Flow ducts 20 22-25 Separating
walls 26-27 Annul ar spaces 28 Housing inner wall 29-36.1 Fl ow openi ngs

- 37-44 Control openings 25 45 Space, | ow pressure space 46 Connection 47
Separating wall 48 Struts 49 Seal 30 50-50.2 Drive shaft 51 Force transfer
means 52 Housing passage 53 Surface, bearing surfaces 54 Thrust rng 35 55
Control cylinder 56-'63 flow openings-640Hel | ow shaft 65 Flange 66
Separating wall 67 Annul ar space 68-69 Flow openings 70-71 Openings 72-75
Fl ow ducts 5 %8 Annul ar P808£-2r7¥P8E8l i ng zone 78 Pressure-relief duct 79-81
Openi ng pl anegg88gcont r gl opoekehing@ 83 Stiffening rib 84 Annul ar el enent,
stiffening

70-71 Openings
72-75 Flow ducts
5 76 Annular duct

77 Sealing zone
78 Pressure-relief duct
79-81 Opening planes
82 Control pocket

10 83 Stiffening rib
B4 Annular element, stiffening
85 Cap part
86 Flow deflection
87 Guide ribs

15 88 Flow ducts
89 Stiffening rib
g0 Bearing arrangement
91 Seal
92 Access openings

20 93 Closing elements
94 Reinforcement elements
a5 Material accumulations
96 Protrusion element

25 LPB Low-pressure brine

HPB High-pressure brine



85 Cap part 86 Flow deflection 87 Guide ribs 15 88 Flow ducts 89 Stiffening
_rib 90 Bearing arrangenent 91 Seal 92 Access openings 20 93 C osing

el ements 94 Reinforcement elenments 95 Material accunulations 96 Protrusion
el enent 25 LPB Low pressure brine HPB Hi gh-pressure brine - 31 Patent
-claims 1. A valve unit for swtching ovesifluid paths, in particular for
installations with pressure exchangers wth tubular chanmbers (3) through
which flow occurs 5 alternately, a rotatable control elenment (10, 10.1)
with a plural Payent €ladmpaths being arranged within a housing (11), the

housi ng (11) having a _plurtality.of . connectiqons (12, 16, 17, 46) for
connection lihes, the® HSEg?na%eglfoﬁeﬁﬁﬁ%E RECtRF ™ o3 #}%ﬂt petidr k
system 10 andpéotppoeland,fam éashatiseiont atitlleagtresserpr esstliangexshanger

anot her end %k@hprﬁﬁﬁ}‘fe& SXHAAA beh Fg t}&%l&@%.t %id;hn %i‘{sﬂ C@é@\]&réo a
second pi pework system wth internediate connection of further valve units,
the contr& edbhepnatedy. 102 1)rPeEtddln ogicaddodi t BlemestnofdP.dri@eh) drive

shaft (50) ang;theaf bawrRatihy &t tieow CoatRS! ek aFeRl-rblQedl Grilon el 29
alternately connecte openi ngs ar.ranged in_the housin

t 11).,
char act er i zed™¥H 1 ¥Rat! I lsuphl§ 8®1P§ke§1%)a@@VFPSWﬁéXPgPQQﬁ&FﬁT of

connections (12, 16, 17, 46) for connection lines, the
housing (11) being conmnected to a first pipework system
10 and to one end, in each case, of at least one pressure
exchanger, another end of a pressure exchanger being
connected, in each case, to a second pipework system
with intermediate connection of further wvalve units,
the control element (10, 10.1) being provided with a
15 motor-driven drive shaft (50} and the flow paths of the
control element (10, 10.1) being alternately connected
to openings arranged in the housing (11), characterized
in that a supply flow takes place from axial and/or
radial direction to the control element (10, 10.1)
20 within the housing (11) and an outlet flow takes place
in the axial direction from the Control element (10,
10.1).
2. The valve unit as claimed in claim 1,
characterized in that the control element is configured
25 as a hollow cylindrical control element (10} and in
that a separating wall (47) divides the hollow
cylindrical contrcol element into two spaces (14, 45) of
different pressure regions (HPB, LPB).
3. The valve unit as claimed in claim 2,
30 characterized in that additional stiffening features
are arranged in the spaces (14, 45) of different
pressure regions (HPB, LPB}.
4, The wvalve unit as c¢laimed in c¢laim 2 or 3,
characterized in that the stiffenihg features are
35 configured as radially extending ribs (83, 89) and/or
as annular elements (84}).
5. The valve unit as c¢laimed in claims 1, 2, 3 or

4, characterized in that the drive shaft (50) 1is



radial direction to the control elenent (10, 10.1) 20 within the housing
(11) and an outlet flow takes place in the axial direction fromthe control
el enent (10, 10.1). 2. The valve unit as clainmed in claim1, characterized
in that the control elenent is configured 25 as a hollow cylindrical

. control elenment (10) and in that a separating wall (47) divides the holl ow
cylindrical control elenent into two spaces (14, 45) of different pressure
regi ons (HPB, coPBect83 The vehee sepérasicdaiwedlin(etpi nie@, tRBd: it

characterized,_]j hatcadditignal stiffening features are arranged in the
spaces (14, 4% Q%% d%?fgggﬁ%g'pressupe regions (HPB, LPB). 4. The valve unit
as clainmed infel ai m 2The 3,vak¥Rr adtrdrti zedsi n chaimeHe stiif f emldbmfeat ures

are 35 configuiedcasriadhal iy exhgndifige ridspdB3:189) RO or (4B apgul ar
el enents (84). 5. The valve unit as claiped in clains 1, 2, 3

or ,
char act er PzedPFRERGEE t Hd? dr iRe shafRt¥ah) ixeaiop  @fnnebbed tlPlew
separating waty1{ddyiseltbehttbl &ransmttsroprque. 6. The valve unit as

| ai med i |l .ai m5, h ized in _that .th ti | J 7). i 5
arranged i the cont rRerE41ER BRFhEShATPANIc oyt RO G SOOI eFement
(10). 7. The &al vehanattasickdi med i mthene af doaipmneht o (5,) chatlactieri zed
he ot 8, 0TReRsth: (3 1Lor e s of LANSHIdCH T Wee ERAAGEANIRA h £1F N Of

the hol | ow drical “control "ele e valve unit as
cl ai red i@ onevbinérafas gopbroy ekemenkt ékPrzed in that the separating wal

(47) is 8. The valve unit as claimed in one of claims 1 to
7., characterized in that the separating wall (47} is
solidly connected to the control element (10).

9. The valve unit as claimed in one of claims 1 to

15 7, characterized in that the separating wall (47) is
solidly connected to the housing (11).

10. The wvalve unit as claimed in claim 9,
characterized in that the separating wall (47) 1is
fastened to the housing (11) with struts (48) in the

20 region of a high-pressure end supply opening (12).

11. The valve unit as claimed in one of claims 1 to
10, characterized in that sealing elements {(49) are
arranged in a sealing zone between the separating wall
(47) and the inner wall surface of the hollow

25 cylindrical control element (10}.

12. The valve unit as claimed in one of claims 7 to
11, characterized in that the sepa¥ating wall (47)
and/or the struts (48) are a constituent part of an
exchangeable insert.

30 13, The valve unit as claimed in claim 1,
characterized in that the control element (10.1) is
configured as a full cylinder and in that, in its
peripheral surface, a plurality of groove-shaped flow
paths (72-74) form different pressure regions (HPB,

35 LPB) .

14. The wvalve unit as claimed in claim 13,
characterized in that the flow paths (72, 73; 74, 7%)
of ecqual pressure regions are arranged diametrically

opposite to one ancother on the peripheral surface.



solidly connected to the control elenent (10). 9. The valve unit as cl ai ned
in one of claine 1 to 15 7, characterized in that the separating wall (47)
“is solidly connected to the housing (11). 10. The valve unit as clainmed in
claim9, characterized in that the separating wall (47) is fastened to the
-housing (11) with struts (48) in the 203Begion of a high-pressure end
supply opening (12). 11. The valve unit as clained in one of clains 1 to

10, characterilzed in fThat webvé ngnektersnt sl@dBpdarin ailsamgéd ior aldeal i ng

zone between Eﬂﬁré%lﬁ%&@fz'e@lg ﬂ@' lenak4 73 %%q')ttl%% 'BE‘ertH’@' Lv;réU{zEagﬁaBEdt he

hol ow 25 cylindrical control el enent e unit as’_clained

in one of clafA®w7 REFh %jf7%ﬁ%§hc?%@$§%ﬁe@ntPhék ?M%NS@Q%Wb@gnézﬁaﬁﬂ (47)

and/ or the stpgtgs(4&orase thet Wsitrdledpaididg A arhe exghengeabl emensert. 30
13. The vgl ve %ltl as claimed in claiml, characterized in that the control

el ement (I configured as a full cylinder and in that, inits
peri pheral suibace, aThHMvﬁlvq uhigraﬂyee$hamed firowelpamh3d3(7244prf orm

di fferent pressur PB) | ve it_a med in
claim13, chgrgéctecerg ?L%le n l?hgh:al a %gﬁgf\ﬁ?fn%ar75§r%?bequal
pressure regi éAg)ar enarthﬁgéwwﬁmEt r(llddl I yﬂndo’m;rosﬂme tbeoneeahphhtalon t he

peripheral sugf,2¢gce -of ﬁheZ?conTﬂleolVaéYQmHHtt @ clal oed dirApepfjplaims 1
to 22, characterized in that a\f ural ity of flomftransfer duct s (18 21),
pl

whi ch conrfect thRe FEEdRN0 Pdnitn g i2d- i oh-prefpure rend s ariey SACBMAZor i n
the outer wal [£615)

17. The valve unit as claimed in one of claims 13
to 16, characterized in that a c¢losed annular sealing
zone (77) 1s arranged on the control element (10.1)

15 Dbetween ends of the groove-shaped flow paths (72-75) of
the different pressure regions (HPB, LPB).

18. The wvalve unit as claimed in claim 17,
characterized in that sealing elements are arranged in
the region of the sealing zone (77) on the control

20 element (10.1) and/or on the housing (11).

19. The valve unit as claimed in one of claims 1 to
18, characterized in that an axial thrust relief takes
place by means of a pressure-relief duct {(78) arranged
in the control element (10.1).

25 20, The valve unit as claimed in one of claims 1 to
19, characterized in that fork-shaped and/or stepped
configurations of control pockets (82), which are
connected to control openings (37, 40), are arranged on
the outer periphery of the control element (10, 10.1)}).

30 21. The wvalve wunit as claimed in claim 20,
characterized in that protrusion elements (96) of the
fork-shaped control pockets {82} are arranged in the
plane of the radial rib (83).

22. The valve unit as claimed in one of claims 1 to

35 19, characterized in that fork-shaped and/or stepped
configurations of control pockets, which are connected
to flow openings (30, 31, 34, 35), are arranged on the
inner periphery of the housing inner wall (28, 55).



5 of the housing (11). 24. The valve unit as clainmed in one of clains 19 to
23, characterized in that the fl ow openings (29-31, 33-36) are a
" constituent part of an adjustable, hollow cylindrical housing inner wall
(55). 10 25. The valve unit as clainmed in one of clains 1 to 24,
-characterized in that a plurality of accegs- openings (92) are arranged in
the outer wall (15) of the housing (11). 26. The valve unit as clained in
one or nore of3.15 cl &hes vhlive 2m1itclear atdieimeakdin notidas £ acphiimal it yoof
outer stiffeni erent : nged.i. n..t ouf e I f the
housi ng (11).bgg.q#he vé%?égﬁﬁ%?&gs@%%gi%e%%%%%%¥§¥ﬁé%lg%§@ %r%égkfg,
char act eri zedMALtEhAL 817 t.ubiirieh chanbess ¢hel,f1o0 P)ings t 89pBéssure
exchanger are3briglly HNNEELSEGEQ BAC MROIETr iRy chBe Julrew tyansf efsguct s
(18-21) during_a,_, notion.of the control elenment (10, 10.1). 28. The valve
unit as cli ngé FReoREUSETE) éilﬁn%'l to 27, characterized in that the
flowtransfer2ducts 2he( k124 wamet casficduietkdsinxbarnadf tobaias e@benents.
29. The val ve _unist, as ' i | al aracterized. in th
connecti ons (E}; 21?7) ?}(?)Arra%%%&%%eo(tﬁl%#méﬁ%%e%gg afraleo“gréfé%rgleﬁ %o(?fiéf}lf hey are
di stributed ovér3fhe aat e pensphevgnivf pahe kdusimpdBostai)e, 3BolThw val ve
unit as claingglgﬂdgggagfhghggﬁg 1nhgr %ZiéCWQB cterized in that the

18- 21

flowtransfer ducts are configured as flow ducts which are
integratéd i n€8-t he h&hsi N§Liwgl Mnigs ag) clpiaady|ive enf tohsckidmsrel £ one of

claims 1 to 3@, chaaagledEeddn thatrgat! uhd enehange betyeensceessr ol
el ement (10, 10,341,809 [ TLOW L1anstel St $he outer wall (15) of
the housing (11)}.
26. The wvalve unit as claimed in one or more of
15 c¢laims 1 to 25, characterized in that a plurality of
outer stiffening elements (94) are arranged in the
outer wall (15} of the housing {11).
27. The valve unit as claimed in one of claims 1 to
26, characterized in that the tubular chambers (3.1,
20 3.2) of the pressure exchanger are briefly connected to
one another by the flow-transfer ducts {18-21) during a

motion of the control element (10, 10.1).

28. The valve unit as claimed in one of claims 1 to

27, characterized in that the flow-transfer ducts
25 {18-21) are configured as external tubular elements.

29. The wvalve unit as claimed 1in claim 28,

characterized in that connections (17, 17) for the
tubular elements are arranged S0 that they are
distributed over the outer periphery of the housing

30 (11) .

30. The valve unit as claimed in one of claims 1 to
27, characterized in that the flow-transfer ducts
{18-21) are configured as flow ducts which are
integrated intc the housing wall.

35  31. The valve unit as claimed in one of claims 1 to
30, <characterized 1in that a fluid exchange between
control element (10, 10.1) and the flow-transfer ducts
(18-21) takes place wvia, 1in each case, at least two

mutually diametrically opposed flow openings (29, 32;



(18-21) takes place via, in each case, at least two nutually dianetrically
opposed fl ow openings (29, 32; 30, 31; 33, 36; 34, 35) and control openings
" (37-44) corresponding to them 32. The valve unit as clainmed in one of
claims 1 to 31, characterized in that position and size of the 5 control
.openings (37-44) permt a flow switch-eves free from pressure surge. 33.
The valve unit as clainmed in claim32, characterized in that the control
openi ngs (37-44), o3l; tBé,hald,owdéyl i3idrized controll ebmeeivigar d 3Gedidilgur ed

10 as el ongat |25 dAA¥Y FANS 1L, i n other shape. 34. The valve unit as
clainmed in C|§§§?%f%ordg39y %hgﬁaqferized in that a closing of control

openi ngs of  &2t-ubul afhEhamEére iWidi mA et yinaseosei afedlaitPs a&n topeni ng
of previously3al osedaeganteol zegeningsft poasavabher ahdbu aie chambenheand

Vi ce vers 35. The_val ve .unit clﬁined In one ff claims.1 to %4,
characteri edCPHtFﬁ&tQEﬁ&Hﬂ%§i¢€>7ﬁ4rﬂQﬁEﬁh?&arE P¥f SHUEFR-BVET afF&Rged on
t he outer wal frsur paeesafre slhwegeantrol el enent (10, 10.1) and/or an opposite

20 housi ng surface or . in a ing . jnner I ( ). .36. The.valve unit
as clainmed in3§ﬁe of gk%insbgy?% ,q%haggcteng%%ggn f%%t Sggl rgé’
plurality of cpesestesizeld efn duobes (M8 <eertaelapgedingst hed tohy obf

element (10, 1elnoPnd?cyTiRakabue WS obabeli Nt alona9gnredo

characterized in that a continuous or alternating _throu es pl ace
in the predsuPé EePRERLEGCOL1es38POoTNEORS| P& dRi CLASTCISERREd in one of

claims 1 to 3%, charaekervZpge i Ont hatad heigenkaolirel emeph §30,0:80330.1) is
roratably supponted 90:3.8VR8.{5Y  HLENy B <N L) TRander shage.  of
t he housing (£} g D g
a tubular chamber is simultanecusly associated with an
opening of previously c¢losed control openings of
15 another tubular chamber and vice versa.
35. The valve unit as claimed in one of claims 1 to
34, characterized in that a plurality of pressure-
relief ducts are arranged on the outer wall surface of
the control element (10, 10.1) and/or an opposite

20 housing surface or in a housing inner wall (28, 55).

36. The valve unit as claimed in one of claims 1 to
35, characterized in that one or a plurality of
pressure-relief ducts (78) are arranged in the control
element (10, 10.1).

25  37. The wvalve unit as claimed in claim 35 or 36,
characterized in that a continuous or alternating
through-flow takes place in the pressure-relief ducts.
38, The valve unit as c¢laimed in one of claims 1 to
37, characterized in that the control element (10,

30 10.1) 1s rotatably supported on a surface (53), which
extends in meander shape, of the housing (11)}.

39. The valve unit as claimed in one of claims 1 to
38, characterized in that the control element (10,
10.1) is rotatably supported on a plurality of surfaces

35 {53) of the housing (11).

40. The valve unit as claimed in one of claims 1 to
39, characterized in that a housing inner wall ({(28B),

which is configured as a separate component, is



39. The valve unit as clainmed in one of clainms 1 to 38, characterized in
~that the control elenment (10, 10.1) is rotatably supported on a plurality
of surfaces 35 (53) of the housing (11). 40. The valve unit as clainmed in
one of clainms 1 to 39, characterized in that a housing inner wall (28),
-which is configured as a separate conpenamt - is -- 3 6 - supported on a
surface (53), which extends in neander shape, of the housing (11). 41. The
val ve unit as sgipgiomwd nomne cflurflaaiens(331 0 +w4AQchcharaetd | zed meantdeat t he
control el ement, {10, 01561(;_, NodsSiy r@nged with at |east one shaft extension
in a bearing feature 31@0 42. The vaIve unit as clainmed in one of clains 1
to 41, charadtleri zed ThHe t¥kve MR idorits of Laiea@nin (2pe ciocipims dr tenged in

such a way that,it charbiceerfized 18 rediel and adal-dorcsnsht The,val ve
unit as clgl%lr} one of clalge Z.L characterjzed in that a gontrol
elenent (19, 101 W (A LERIK dw§5%aF§tlﬁ§§Mﬂqn?4%§a 5 PAEBALIEt With a
thrust bearing (edrintb febtuliee (8dl)ve unit as claimed in one of clains 1 to
43, characterijzed in E@%:ngé (%é¥¥¢#é) Afg@@t £19, . éQ the,

be

hi gh- pressure end (HPB) 1 s Configure WEENn tWo T1Xe sépg?‘gﬁ ng tal | s
(47, 66). 45. 4fthe vhievecteirtizad ciai neldetn Wne ofordiziins ed2mer20 430or 44,

characterized,ign yhafs an,-2pAYLAT 1$PAGEH 64) waRF ranged;in ltshef]pgémf?gml S

connected to the h| dPressure end (HPB). 46, The valve unit as clal ned
one of clja@msrf‘dtlél £330 SEPacti@ticf8d in that the housing (11 ) is provi ded
43, The valve unit as claimed in cne of claims 1 to

42, characterized in that a controil element {10, 10.1)
with a fixed separating wall (47) is in ccntact with a
thrust bearing (54).

15 44, The valve unit as claimed in one of c<laims 1 to
43, characterized in that on the contro: element (10,
10.1), the high-pressure end {HPB) is configured
between two fixed separating walls {47, 6&).

45 . The valve unit as claimed in one of claims 42,

20 43 or 44, characterized in that an annular space (67)
arranged in the housing is connected to the high-
pressure end (HPB).

46, The valve unit as claimed in one of claims 1 to
45, characterized in that the housing (11} is provided

25 with one connection (16, 17) each for connection to a
tubular chamber (3) and with one connection each for a
high-pressure end supply opening {1i2) and a low-
pressure end outlet opening (46).

47. The wvalve unit as claimed in claim 46,

30 characterized in that the housing (11} is provided with
an axially and/or radially arranged high-pressure end
supply copening (12).

48. The wvalve unit as claimed in claim 46 or 47,
characterized in that the supply opening (12} 1is

35 arranged downstream of a flow deflection (86), which
has support elements {87), and the flow deflection (86)
surrounds a bearing arrangement (90} for the control
element (10, 10.1).



25 with one connection (16, 17) each for connection to a tubular chanmber (3)
and with one connection each for a high-pressure end supply opening (12)
"and a |low pressure end outlet opening (46) 47. The valve unit as clainmed in
claim46, 30 characterized in that the housing (_1) is provided with an

.axially and/or radially arranged hi gh-pressure end supply opening (12). 48.
The valve unit as clainmed in claim46 or 47, characterized in that the

supply openi ng%.12) i she35vaivanged tdoawsicrledmeaf a- f k-Qwiceftleect 4Dn ox86) ,
whi ch has support ( 1 2ngh.Lhe tlow deflection (86).-surrqynds a
bearing ar ran%gﬁenﬁqj‘a%%%}}%o%g%%el%ogfl%gl tfhéal e"rrg)n”f o 10, ““110‘:“%?‘*?13_ %21 val ve
unit as cl ai mthie Zow4gedlecsggoncHBbdctand zelei iaehatt heeagarpe- (903 12)

with the floy,defld 8ty (86) %‘i'J tpt&ehf gatsure (90) are arranged in a cap
part (P5), 5 50. The valve unit as or ,,~ -f clains 46 to_49, characterized
in that prdvid8d witHFhgh VBIYE | YRhRdAST GeiaPYy -5~ Wpressareims 46

to 49, characterized in that ©kZe =ousiny .s provided

with an axially and/or radial.iy arzznged ow-pressure

end outlet opening (45}.

51. The valve unit as claimed ir one = claims 1 to

10 50, characterized in that control cupenmngs (37-44) of

the hollow cylindrical conzrsl slgmenToare, for

example, configured as elongated ncl.=s =<olygons or in
other shape.



