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unit, in particular for installations with pressure exchangers 5 w §1 SEP 7006
.tubul ar chanbers through which flow occurs alternately, a rotatable control

el ement wit 9«@20‘34W0%C1§'¢’6 of flow paths being arra%d,ﬂ%@é@n/ﬁlgwsi ng,

the housing having a plurality of connections for connec nes, the
housi ng bei ng connected to a 10 first pipewrk systemand, in each case,
with an end of at |east one tubular chanber, a respective other end of a
t ubul-ar+ ehanber bei ng connected to a second pi pework systemwth the

i nt er nedi at yAEFEN ST DHFE INFIAHLATIONS NIRH tBRESIERE oBXCRBANGERBeNnt bei ng
provided with a 15 notor-driven drive shaft and the fl ow paths of the
control elenent being alternately ﬁﬁ§8§f%@9 [0 openings arranged in the
housi ng. Such pressure exchangers CONSI's o? two or nore tubular chanbers,

whose ends are provitted wWrkfnaloe r20a8dd s.tolhes tupulay chanber siare
alternately subjected tqQ flujds of different ener g cont ent correspondi ng
openi ng andPEFCSGHI R ERE VHIVER LR TOTT PHER (FECSFubRI & <t s
t heref or® pedsitbl ectbulaansfadiamenan athrosyhl | afHiogh or filbwa techm<al

installation, .25 process, a high pressure of.a fluid to another.fluid which
only has | O\ﬁlﬁreé%lsal}ree.y’Wtﬁ tk%mﬁpcf%?fe su%ﬁntﬁ?éssuer eer%ﬁﬁangér%g Shvi ngs in
ener gy cost ploamlitther eddr efbewnage thist hibeinst abkasngas amd thumps & or

i ncreasing R £ Calk bRBERSS ;e e @S QGESS s
often used g(r?l%%?lrgg'atl ng vvgggr 79 ;mb’lrﬁ g a%?%ﬁ’é%ﬁ%%? &1 J%c{g)lw to be

cl eaned is FOFCEPHICH ¥R ptEBSEY e thigr AARYF e aheCOBYSEERAWYCCIR i n the

case ofjdar g& riswels iGeamil | Bfsterk ONSH St Sn0baan! akge, nyaker of Jmtyane
nodul es. In such 35 nenbrane dul es, a separation into pure water and an
enni ched coﬁ&eﬁﬁaastte ks ‘F:Q%é theBEGh: a2nEREPEREIY S °§%I§r2(ﬁ§’(§1 CQEa
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 motor-driven drive shaft and the flow paths of the
control element being aiternately 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 clogsing of the wvalve. 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 ancother fluid
which only has low pressure. With the aid of such
pressure exchangers, savings 1n energy c¢osts can
therefore be made within installations and pumps for
increasing pressure can be made smaller.

30 A reverse osmosis process 1is 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 gquantities,
consists of a large number of membrane modules. In such

35 membrane moduleg, a separation into pure water and an

enriched concentrate takes place through a membrane



because, invariably, only a part of the fluid to be cleaned can flow

t hrough a nenbrane. The proportion flow ng through enmerges as pure-“?%fﬁi%ﬁ
or also as perneate, on the other side of the nenbrane as a usable25'
‘proportion. The part which does not flow through | eaves a nenbrane nodul e
as brine - a fluid concentrate enrichedl with salts and ninerals - as an
unusabl e proportion which is_at high pressure. This pressure is
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pressure ex%iangers Lﬂ thg formof tubular chanbers are usedq for the
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pressure, whechebsest ohnl thieghtlafr tdiedenef gyh«e i mémbrane abl awgbdway from
the nme ane l.e I.s nsm.t.ted .t fluid i ch ill has to be
Mg &gg%ggﬁ%. g%%vggﬁt &%1%%/@%33 notﬁfigy ?%rgupﬁ ieavgsin

cl eaned.”> A F6 power, € anou 0 I ncreas
pressure, is thembtene nmoduvsaryasn brdee to genefated20cpheechitglater essure

necessary fOh iRACKEVELER OSHPELS o 0GRSfeddn he 14y dobo Baatpaduced. | n

order to control and/or sw tch over the pat hs of rine in and out
of the tubuPEPPOERARBerBisH tie pEebighe RoaswarGer Tl YaPyESEHFE WiSth a 25

rotating cogppebxemarent, i35 wsedpdieget femorile othebt styeswhdt ©f Wth the
aid of this control elene g, the tubular chanmbers of the pressure exchanger
are aﬁ@brnﬁPBFQX%WBFEEFeg t 83he brine enmerging fromthe nenbrane rodul es.
The rotating controfFreimenentsi 5 306capgigured as aetgkicader iamolaiieh
connecting ducts arr.a in t.he of val ve. During the

: FUSE2190E1 08 ggd ln the manner of a 3 way valve. . o)
SWi t ch- over “procedures, éf? ?ﬂ%w?lom/pg€ s are gg%ﬁﬁe %$y B¥6tRked™ I'n order
to avoi d prebsufersuragfestulttangcbanhesai tock- mserd pfocetheesecpvesyur e
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oper at ilén opressure, which is still high, of the energy-rich brine
flowing away from the membrane module is transmitted to
a fluid which still has f£o be cleaned. A lower pump
drive power, by the amount of this increase in
pressure, is therefore necessary in order to generate
20 the high pressure necessary for the reverse osmosis
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 wvalve unit with a
25 rotating control element is used, together with other
(J valve 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
30 configured as a cylinder in which connecting ducts are
arranged in the manner of a 3-way valve. During- the
switch-over procedures, all the flow paths are
completely blocked. In order to avoid pressure surges
_ during such switch-over procedures, pressure balance
35 ducts are arranged within the cylinder.
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



the nenbrane and a fluid to be cleaned nust remain correspondingly |onger
within a nenbrane nodul e. For 25SEP2006 3 this reason, the sw tch-over
times of the cylinder are influenced, in the prior art, with the aigdsefp g
servonotor. This valve unit, however, is only suitable for small reverse
osnosis installations because the 5 flow cross sections within the valve
unit are approximately the sanme size a3 the flow cross sections of the

ducts to be _fi.l th ase.of . | j s | Jations, and the fluid
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reverse osnobsis installations, of producing a swtch-over device wth the
ai d of whi ch%ar §Beflui YeVEERE cFmDBLE st?¥ bt LAC1aBS sihRFgISHd &2 hout

difficulgy, rhetmeenrdiEf ergddcidntbul @ntehanbesise of the pr egsure exchanger.
In the case of a valve unit of the generic t er}the solution of this
's'ﬁgp
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el enent occufri npef r doctlhe ani abe20fahUéAr ragli atheli regdé oroand sanreout | et

fl ow occurri,ng,i the axial_direction fromthe contraol el ement.. A_m ninum
installati oﬁnlg’écr?gtll?t&fonﬁ‘{e av%‘?v%h%n#fu%%nc n%u%ﬁi g\% < idﬁspﬁgacggselnof axi al
supply and Ghelet afilowsheAl thoagh, cawsefie lmasechoisr adi alsuhgipint fdlow, on
the ot hange 2 & 1M 154 iS5 SOnEWhaty, e axial thrust

S B iad el et o

occurring can with nore easi]y. ment provides for the
control el enent be™H§ cobfVgBEealas ¥ holr&S®y| PRdrit &iflrdM el enent

and for a sepatalchneA¥al | i Vitteng clalke 3@ fholllaweCy ldardniseal zeidiel el enent
into two spacegﬁ;& different pressure regions. This perngits the fqrmation

of .additional® E&LF whP th B 996w et F e ST oS 9FB1°8 iR to be
exthanged, whehiaid hef vehvehudietrgel fludehsEmenceanabsl mdleerifutedyal | ed

comonsit WP S Raeaanda CoREAL LD, HhE UL Aol eSS
tubular chambers of the pressure exchanger. In the case
of a wvalve unit of the generic type, the solution of
this problem provides, within the housing, for a supply
flow to the control element occurring from the axial
20 and/or radial direction and an outlet flow occurring in
the axial direction from the control element. A minimum
installation length of the wvalve 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,
25 the wvalve unit is somewhat longer, the axial thrust
- occurring can be dealt with more easily.

(: One develcopment provides for the control
element being configured as a hollow cylindrical
control element and for a separating wall dividing the

30 hollow cylindrical control element intc two spaces of
different pressure regions. This permits the formation
of additional spaces, in which a flow deflection occurs
for a2 fluid to be exchanged, within the wvalve unit. In
consequence, a simple, thin-walled component, which is

35 easier to control during the switch-over processes, to
be used for the actual control and sealing functions of
the wvalve unit. To this end, a further development
provides for additional stiffening features to be

arranged in the spaces of different pressure regions.



the valve unit. To this end, a further devel opment provides for additional

stiffening features to be arranged in the spaces of different pressyrge
ri

regions. 2

‘wal | el ements subdividing a pressure region through which
the flow direction. The additional sfi?féning features can |ikew se be

S SEP 2006 4 Such stiffening features are configured as
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15 el ement, for a conponent, which transmts torque, to

defdepandernon it haesimpdraatar.abl e node of manufacture. In the
arrang t _of .the separati.n Ll _in_the central__.region of
cyIindri@gE%ggﬁFFol%aé}ﬁﬁ%?n%%eﬂgg %ﬁgﬂ?g%ggoﬁhﬁnﬁgawé%pressure
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ment or be connecte usi ng. 30 For this purpose,

devel opnent $PRETLEe HB1Tuche Tagepaiat FRRRYRFING owhE1f 58t BRe@FENYRS housi ng

wi tth  strut $ni RHh@drRGI0N g Pohi gh- PheSEUI EofNeySHRRkY caQPeRintd-o1Seal i ng
can.t hen be arranged between the segaratigg $a||, which_is then
b Re9H

el enent
statio
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20

fage:

arranged on one end surface of the hollow c¢ylindrical
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

£o the control element. This depends on the most

- favorable mode of manufacture. In the case of the

25

30

35

arrangement of the separating wall in the central
region of the hollow cylindrical control element, the
subdivision into two pressure spaces 1is ensured. The
separating wall, which subdivides the control element
into two pressure regions, can then be fastened
directly on the control element or be connected to the
housing.

For this purpocse, developments provide for the
separating wall to be fastened to the housing with
struts in the region of 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
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

&1 &% &R i ndri cal



control elenment. The separating wall and/or the separating wall with struts
corinecting to the housing can also be configured as an exchangeabl 2(;; %ESPQQBB'
This facilitates assenbly and mai nt enance operations and the 25SEPZ00

‘separating wall fastened to the housi ng_permts an arrangenent of the
control element which is free from axial “thrust. In another devel opnent ,

the control elenent, is onff| ured as afuII linder and a, plurality of
gr oove- shapEFHAYG 15 hé“’aflgr ) t SBr eEEﬁregoPﬁbP%nsp‘?ﬁ“’r‘E% et i pher al

- surface. Thisxrdirfdeaseant b¥peheofcomitd Acklerehaprdies t he Frieengirom

properties. aTo . i,s_end, further devel opnents provide for the flow 10 paths

of equal pressure Tegions to be arranged dianetrically opposite to one

anot her on the perl ri]mer@;hotbmfde@felbbu@n(t;r.eaihmgcenpreisaﬂ.eueqm ldisbri um

Provisiog ig & segljion 1 it C ove- w nat hs
connect eg to a ow op enl ng to 1% formthe conag{rcgl %pgnl ng o]fé he&%ontrol
el erent and gfr@rova?“pfé?quaFﬂQWnuI%ﬁlt}gﬁ OO\f@Iiﬂh tAefheusnag avgFRute the

peripheral s\dfiagss OintbﬁsC%ﬂl%e%la@”BiﬁrE&@e TRE EaRAeF dridrithe /201 on of a
radi al high-pr essure end sullﬁp}/fé’o peni nga Thi sﬁgr ovi des better additional
d
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zone is arrapged endihefepthesl ddesbsfmdietseetovdrits gbrt hehgr dtivar shaped
fl ow pa%gs of t:%_lhe dl%ferent pressure regions and seali gg el errents re
e I

arrang S r o9t on SH A he REATTHGS 20REI6R Fhe Ont 5 and/ or
on the housidigmefnd cal laxi appednust toebnef ahakbsr ph’la(télebaienemhenasl end

surfaces by %%eof &ﬂ%&n el %{e e d%ﬁ%‘f the control

el ement. In~ consequence, p055| "additional thrust
bele ngs. 30 The pr é’§§6’r1@ll%*hdiﬁg P h&afeusEay is sestilwzedfbytheont rol

podkets on b&%dﬁéiﬁhdﬁﬁdF¥E5W'ﬁéthéhéoﬁﬂéétéh @beEEEHOWT@§%hﬁﬁWﬂxﬂ forked
and/orujz%ep% nfl uratlgn and, are ﬂect ed tolc%rltermoelnto%%n nfgOr In
conseq Otrﬁbr e h PR AT ef aF Br E984re

a perlpheral annular groove in the housing and/or in

the peripheral surface of the control element to be

arranged in the region of a radial high-pressure end

supply opening. This provides better additional radial

20 connection possibilities. In addition, a closed annular
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

25 and/or on the housing. And an axial thrust relief takes

- place between its end surfaces by means of a pressure-
(; relief duct arranged in the contrel element. In
consequence, 1t i1s possible to dispense with additional

thrust bearings.

30 The pressure loading on the Thousing is
optimized by control pockets on the outer periphery of
the control element. These have a forked and/or stepped
configuration and are connected to control openings. In
consequence, there is a targeted internal pressure

35 loading of the housing with high pressure in the region
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



35 | oading of the housing with high pressure in the region of the control
pockets in order to act against external housing |oads. In addition; 7 5 ;[]g};
the control pockets, there is-a further flow path, with the aid of vvh

‘brief connection is permtted between the connected 25 SEP 2006 6 tubul ar
chanbers. By this means, a section of “tRe-flow transfer ducts is only
briefly displaced into the contro| ,element. By neans of a fork-shaped

confi gur at i FHSFL & heePamkReRT r oFY pbRkEt BS2BSpr GxiSFEEIR @nttihRickowol une
~flows- and peesfie rahicass arss Mgdithai ned af hhi nidie vadye bt @eing the
swi tch-over. Protrusion elenments located in the actual fork are arranged in
the pl ane of® oGP 1raed]l S ff eni ng ribs. This nmeasure |ikew se 10 inproves
the force transfer \Ew hnemam@eoﬂalavéouk-tshapedanoﬁﬁa{:yoga%oﬂamferthe

fork: shaped andlar, shepped, QLAY ALY ofoll N.BOSKEL U LA © 2l 50

connecte ow opénin e arrang I NAér per’i p ery of the
housi ng i nn@nd/\/aplresﬁﬁrliz-’n Batipserare cmweitmmﬂ v this | phentvalve a

plurality ofyfilow gf;ansker g&gt S GRRRGCIIAG- hep}gg%sggﬁm NgS-ALE arr anged
on and/or in the outer wall of the housing. Wth their aid, an exchange of

the fluid &lﬂcao?edarﬂdm«ﬁ% LR LbEPEK eﬁanﬁéaféln@'@éuﬂsl Fda wmjanke 2o wor ki ng
strokes of tdme presside eg@hﬂﬂg@imgt heipal ve Thuri t reRSHHMNg Thadwoach

connect t ubul ar _chanber i s |Iled romthe region of the entering
fluid aﬁ& PIEEBIS SRRt §OERE ‘é@'ﬁyfb#%‘? YhE éﬁer Sig"F U dunESr  Hh

adapt ati on ein t henedoyoals pemanderof therkrsekaped Z&mpdstanges"temm:ﬂ/i sionis

made for thec ’{ﬁ? q:%lqﬁ e cy?g ange i n cpcq(g%m ng k. % %ﬁ%ﬁt' ;ﬁsent parts

of an adjust indrica usi ng 1'nner ma
addi.ti onal mnwt@ﬂu ﬁ@rlééDWhOQE$1hfgn§i\ﬁll ¢an feshponadoad aosepdrat e

cor@onent anthr(eAN - HHARIRE 3hS hdlldind tihSeF OF2{ £d, together with the.

fl ow openi ngs arranged w.thin It{: relative to the hou5| ng. By this neans,
an overtap tinme can i@ r €46F PEERC hESTRLIOREY O OF nERBOAPVERESENI fys
arranged Oﬂ;ﬂﬁ&aﬂﬁﬁbrobfelED@WQtransfer 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

20 working strokes of the pressure exchanger, the wvalve
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 periods of the pressure

25 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 hollow c¢ylindrical housing wall is
fashioned as a separate component and can be arranged

30 so that it i1s rotated, together with the flow openings
arranged within it, relative to the housing. By this
means, an overlap time can, if required, be matched to

the control openings arranged on the control element.
Depending on the development configuration, this can

35 take place during an operation or when the valve unit

1s 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



Dependi ng on the devel opnent configuration, this can 35 take place during an
operation or when the valve unit is being built into an |nstallat|qp5P¢mz@5
addition, a plurality of access openings are arranged in the outer Wwa

‘the housing. In the case of a cast housing, they facilitate the manufacture
and 25SEP2006 7 nmchining processesT They are closed by known neans in

t he form of closln el enents, such as plugs, screwed _elenents and simlar
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advant ageoush¢, hpueisgnt Mlesepetithgee ex¥enaoed PAsinhghaples our endnd over an
15 angul ar pgnge-wWhiceha1s difdaieny fromibes of £he ageeghat edflpow

openi ngs, a switch-over with mninmum ressure sur%es occurs. The angle

bet ween themﬁﬁﬁﬁﬁﬁﬁgrlpg EQﬁﬁﬂﬁﬁmuﬁpﬁrﬁ%ﬁﬁ%P%.H%Q ?Hﬁtaﬁﬁeﬁrﬁﬁégﬁﬁbnlng for
t he tubularb@haggﬁrtﬁeh&&omu$&awsqggdd@mdxhas ended the 20 through-fl ow of

t he hi gh: pressure flow, openlng for g ﬁl%r %3? er_ 2 haﬁ jgﬁ{ opened
and it “therefore ﬂes C5y hi GRS pr EEETHETF | SHETRTES enflir e$Fhat a
fluid, whi cprssisulrehaexcbabgecl eaard lasad bsi¢bhoat exbratecttdd dicheonend of the
Lubul ar ChagREtficx! &x2l LAYS 0Pl 2 A0 NREES S HLE  n TN, Thous bpaRsf er duct s
can al so be con as external ul ar enen case

pl tal ity Bhecd?ﬁi@é}f@fbn@feﬁ?emhe ﬂébul@‘ﬁv@l"éﬂ@ﬁ%séh d%h%ng’@éiltéf@l that

f oR_easi er aﬁéﬁﬂii?&, eheynd e St%@UtEﬂgﬁyﬁfe§Quf@e edtier oReki phery of the
housing._ In erent enbodi nt c_1E1Jc)f%low-tr sfer q}cts e %onflgured

as fl dut S wAT ch* 81 ee; n‘f’]éb? t et %erﬁ%u

associated flow openings, a switch- over' with minimum

at o

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
20 through-flow of the high-pressure flow, the opening for
tubular chamber 2 has Jjust opened and it therefore
takes over the high-pressure flow. This ensures that a
fluid, which still has to be cleaned and is located at
the other end of the tubular chambers, is always under
25 high pressure.

(: . 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

30 the outer periphery of the housing. In a different
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

35 exchange between control element and the flow-transfer
ducts wvia, 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



Thi s reduces the nunber of sealing |ocations. Another devel opnent provides
for a fluid 35 exchange between control elenent and the flow-transfgg P 7006
ducts via, in each case, at least two nutually diametrically oppose ]SFOW
“openi ngs and control openings corresponding to them A symmetri cal
arrangenent of the openings and the fto# ducts 2 5 SEP 2006 s provides,

wi thin the housing, support of the control elenent which is free from

radi al t hr uPECOVESESgentE BT 1118 n§OUBEBOI si BIPRLr Fra@d f BRet Ienta®it r ol

- openings of ctikachel how ey lindalrepntria®b @lammnt to be configured as,

for exanple, elongated holes, polygans or in djfferent shape. The _position
on the control el enBht ngr’?%ienes‘@i'gcgud’fg't HT YOHETOR 18pBAPRgLBer®i® a flow

sW t ch- over cehiteli s obread nforsomo fpr edur @odlioge. cAldh@siirg 10f cwreartir ol
openi ng by dj pj.ni t . r is_similtaneously associ.ated
wi th an go)pe%iar?%h%él% ag%)r e%?o%%;glguorgeg?ggfffg?léntexacr%n%'ol %ﬁ@ﬁaﬁ‘f y a
further tubticdeschamlerowrs of cen verddarent cdmgenuchce pbstihéonnoreased

control opepiRIS i Qd4e to 1{ poshti eons_{?ﬁscggt r el el enent. jan 15

overl ap can be achieved by the Tlow transfer pa W th the flow openi ngs
solidly arr 8R§EATEF (RREMOusANGLOPheSWwhvelRt APpe¥ hehikls &S f Averaliiremef f ect on

the swi tchi pgespldel hauhiphavhoioDis i bEOW NBohtabhd dxadumme pynianienced by
it. 20 During .the . operation of the valve unjt, different pressure
conditiths & é%Pé?@nttl%ﬁ’“f C%@P‘Pﬁ’h‘eﬁf oF LTHEERDROLBLY e PSP 47

al ternati ngwitkgi ans. obendnder offo baciphiet-dbastibe sWliolseddt, overi fifefricoit of the
control ele the control. el eme b 5.provi.ded with l.urality of
pressure-r eﬁsgﬁ:rg&ctospeg{r;h{% ?ﬁe%ex{]%lr“%g& ngﬁﬁ%gfy.c}@nq??ﬁ saﬂgaﬁ’é,ces pecific
zo_r&s of tMerski.dilmg smsemerme slibjket tdcreaasdefrionsdoBaceringssur e.
Thils type ob Pr@ssuie:rehéef GitiCap abso B abhaRged Ofeddsr Outeyr wal .

surface of the control 30 el enent and/or. on_an opposite valve unit _housing

surf acet® Dep¥RILAG GA™Y RS PSHEPEAMNRY coRti §LPYt Fsansger paths with

the flow openings solidly arranged in the housing. The
overlap then has a favorable effect on the switching
and the Dbehavior of the flowing ligquid columms
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 control 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 subjected to a defined back
pressure., This type of pressure-relief duct can also be
arranged on the ocuter wall surface of the control

30 element and/or on an ocopposite wvalve 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 i1f 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 is supported on a surface, which

extends in meander shape, of the housing. Between the



continuous or alternating through-flow takes place in the pressure-relief
ducts. A favorable manufacturing possibility is 35 provided if the control
el enent is rotatably supported on a surface, which extends in maandz 06
shape, of the housing or if a housing inner wall configured as a éaﬁ@t@
conponent is supported on a surface, whisch extends in neander shape, of the
housi ng. Between the 2..5 SEP 2006 9 arns of the neander, a type of branch

ducts whi ch ..sidulj@aneeus! ¥eagheas: &! Md ans %rgg%s %Ebgn $hech housi ng,

is then formed.” By this means, such a housing e produced wth little

expendi t ur e eSS UTERY GDI ésun@%?‘éu¥§a%$%e§vdmﬂ@cﬁ byithinTheheont r ol
el ement can Hdueew$e be enkat affaﬁhempwt@ﬂl@nmaanal Ul Ya OhohSighhyi dual

surfaces of the h u5| n Oacjﬁ onl, ase of tl&g use of a control

ol nane St A B ik oduedd ik N G £8o e o e i o B Ee ORE ¢ he
control Bl ermrﬁad@raﬁbﬂm)omhdérdu&spraredWdeéﬂ nbyheLthousﬂh&g comttde case of
a control el erreenr'gtl ncé":’ﬂ" c?hf( Ql ghb%re SSNI %a%'id |s %ftgetg ed beévveen t wo

fixed separaeilng wal 1's earing” 1s, in prl hot~ reqwred In
the case of almafa&]Sl‘ct}atQ@rmmvmallSuhésceeetnffbhﬁdhadsangageous for an

annul ar space arranggd {n &HﬁhQHS't'?l% to e &g)ngﬁ%t ede 1@ the b ghspressure

end. This permts sinple sea 8 in the reglion of the connections. O her
devel opnent £lsws e W?btl?ht hEixedsi ﬁgpﬁéati-_mgbewﬁrldw ddtni th oferedhnect i on

L or hconm@ct 'kféhﬁl%@actﬂn hﬁ@éhartr@%&?ﬁd rlﬂde!\éﬁén@n@_scgsmﬂﬁﬁtfl&{ﬁ each for g

ig pressuree p ope and a | owpressure en out | et opening. By

this nmeans, lrﬂﬁf%tj) ‘g %]Fl §1ll1l SO i oﬁg & e sAl 98 l?nl‘fo%%lgog

m ni m zed. 'Iél”l@niéﬁz&lomsu nigh C&tn tthmw hEgthYEderm tdhdaniaxi@dngdwliosd radi al

arran ement SSHf e d suppl
9 1l L ah-ple Hly?e% }g&%ty 2P ﬂ&ﬂgws' A %kﬁél’:?.%%@m% pply

CI ng i s arranged on an ace o ewor k
sys em bei rig.ar fangedinaisleh alcm gtrqmuesmq}e énd @E@)plqa%{) opentlpg. This

configuiati onydash | 4t gact heSedlinge@ty 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
outlet opening. By this means, the number of sealing
locations on the wvalve 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 is 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 bhecause, in 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 installation length and

to improve the stiffness. And because the high-pressure



the valve unit in a sinple manner because, in this case, only one static
seal is necessary. in this connection, other devel opnents provide f‘%gvsﬁhgﬂ%
_high-pressure end supply opening to be fitted 35 downstreamof a fl

defl ecti on having support elenents and for the flow deflection to surround a
beari ng arrangenent for the control eliéhent. This measure |ikew se serves
to reduce the jnstallation |Iength _.and 0 inprove the stiffnessg. And because
he. i ghe pr 56k B-BBLEESRENS 107t Bahdt bR pt JProp BRENG iR ¢ REST 1010
~deflection amdiing deoanggnantapgenentraiged@riangedan pacap pdrdzethere

s | nproved ;sUPRAGLLAK tBEEORET Ofo P! GTRN! JMLBc3 shOMLhanegusly o
sinplified manufacturing possibrlity. e housing can [Tkew'se be provided
With an  axisaiiu t@mdonrs lnadi e hi Bired it fank pr isss ipesehidl L buy b et openi ng.
Exenpl ary enbodi ment$,c0f hHhg:1hgVvert:d 0N fEqi sehovd iR ckheied ayi pgs Aand are
described in nore detail 10 bélow,__In the drawingS, Fig. 1 shows an

i nst al | ati oR*aEddMdi riFEOCY he TaA15lilar HALaNg]Y 21SHoRESE&SHEPve T t in
cross secti @ntWdth opkmirgpr esentati ons of the section planes for Fig. 3a to
7, Fig. 3a & 3b shoyw two_sectional yiews, offset 9Q, . _of .,the valve unit
inafirst operating=SEEHER orf G taa %§4bt§%ow%ﬁ?n§é‘% orfd1€ vi ews,

of fset by 9&howaf irhetlal deawhntysi mnd secondeomeila¢dngn oord tdergilt he
control,ele t _bei eqﬁg ively rotated by 90 relative to Fig. 3a & 3b,
25 Fi g.l(ga g%g't?“ghg\?vlgttv\}{)et rg"r'emcﬁegn‘ensi onal views of the wvalve unit in
partial section, Fig. 6 shows a devel opnment with drive onto a separating

val |, Fig. %i3h0ws a val Ve diftihs Wk @eshidi 008 on 30 ccoRdidly Cybi ndgr .

prior art,

(: Fig. 2 shows a valve unit in cross section with

15 representations of the section planes
for Fig. 3a to 7,

Fig. 3a & 3b show two sectional views, offset by 90°,
¢f the wvalve unit in a first operating
condition,

20 Fig. 4a & 4b show two sectional views, offset by 90°,
of the wvalve 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 section,
(:' Fig. 6 shows a development with drive onto a

separating wall,

Fig. 7 shows a wvalve unit with additicnal
30 control cylinder,
Fig. 8 shows a valve unit with two separating
- walls,
Fig. 9 gshows a wvalve unit with a control

element in the form of a full cylinder,
35 Fig. 1l0a & 10b show two sectional views, offset by 50°,
of a shorter valve unit in a first
operating condition,
Fig. 11l shows a perspective view of the control
element of Fig. 1l0a & 10b, and



Fig. 8 shows a valve unit with two separating walls, Fig. 9 shows a val ve
unit with a control elenent in the formof a full cylinder, 35 Fig, g@;ﬁmﬁeﬁ
10b show two sectional views, offset by 90, of a shorter valve unit Eh
first operating condition, Fig. 11 shows a perspective view of the control
el enent of Fig. 10a & 10b, and 2 5 SEPL2006 - 11 Fig. 12 shows a
perspective external view of the shorter valve unit. Fig. 1 shows a node of
operation ofi@-vhfve 5 unFRoHECEr BCAFPESTENE o it , VieW ngf athever se
-_osnosi.s.-installation as anspyafpkeva®vbi ghipressure punp 1 delivers a fluid
whi ch has to be cleaned, generally water in the formof |ake water, sea
wat er, brackish water or, indeed, drainage water, to one or a 10 plurality
of reverse osm)si s mglul Bs %ou&ecaum@é lfe oheghtasnotef presslive within

thi's modul .2, a o sepaaslno, ol fegl ogcyrs opeLhe gEgRLangs piapged wi thin

it. Behi'nd ranes, ~cl éane e So- pérneat €, Tl ows away
at | ow presfsm@SWS ingtablaeberd and a@ppkﬁmlﬁar Aur bheh-nressureuncl eaned

fluid flow pograway TdOmddies rLVeRg PLSIRIich Mdyl eg02, phhec50a6a8k! ed brine,
has a higher concentration density of pollutants, generally salts, after

the separ atyReHRbEEsWasRd 191 | Blcakey™ ©Dolake ¥EtEnalSebureESrBecause of

its high energykLomt gAteri B, helrtdzc.réa Of a4 BSsgE ewanrergy td wdréneai s led
via a al ve. uni 7 to._the energ recoveréo‘gugggsz in a 2-cha pressure
r

e
exchanddr. FHTELIFYbAfar s eemos s G <t abAbl o
separat i ng lnmigh ones3®tdcl, Bresswhich varghimderchtilse imbdlukace 2of paessure

and for m'a. soparation Derugen Lu0.LesPsgti VA SPAGES . LT eLenLhyesubj ect ed

to pressure. ns W th Ul ar - chanbers W sépara |ng pi st ons
e al so KnbWribut t unBebingbltaenimamniny spesne e adnedlivdeeent t13® $0ui ds can

Ocd:r in themidgt hgesyshem degards fr&My at low pressure, is
15 collected and supplied for further use.

2n 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 between 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 if the system departs from

equilibrium or the contreol periods are no longer

correct.,

With 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 onto a fluid located

in the chamber on the other side of the piston. The

high pressure is then transferred to a lower-pressure



equilibriumor the control periods are no longer <correct. Wth this
arrangenment, the high pressure of the brine forces a piston 4.1, vnglggpqg{]ﬁ
| ocated in a first 35 tubular chanber 3.1 (the upper tubular chanber in
"Fig. 1), toward the side |ocated renote fromthe valve wunit 7 and transmts
the pressure onto a fluid located in ftBe-chanber on the other side of the

pi ston. The gh pressure is then transferred to a | ower-pressure 2 5 SEP
2006 12 fELrdd. wihdlsthakaso toe ¢ eahcangAd 411 | beatlefat®d heo ItBFt of the

pi ston.. Thi §effl:u'c£tt€§@ fﬂm;sozput Tﬁtlsanflﬁde@ménhlms Pegsuge an the
|l eft- hand S|9e of t er tubul ar cha % and, _t hrough npon- return 5

valves 5, tB ’éeB@é%t PEESEHIEN T8 & rea WA n Si4eseRbndlFi pewor k
system Wthppbe aicdbafiatrthe dinogier 3)um) @mdpon’@l&ﬁsaghonnb& tleenrpr ovi ded

for the 5pressE grog WhICh its stil ga occurs duri, ?lthe
osmot i ¢ ¢l eXRIRGSpPoceSs J K e er%a%% ‘ﬁgjc%us?as of TIBPRE ¥AEFGT
recovery, thesle@@sztderpmﬁ!moﬂcoawma:s tmt}prbluielcelﬁhaif pthesbpesdletf erence
whi ch was | W|th| 50 i h-pr e pu 1
can therefore Be rraci'rb sé%f‘st |aI %%ﬁ EDr % g&e Ehg PSR pe e

d can erefore be nore cost
effective, €HaRn.itwhich nlt‘SheStlEélca%I@aHf awhllﬁ’@t a@ql(a‘tlrén diisut teker gy

recovery. VWghothe @1%"&1‘?1’1&&1 1p£§éé§§5 'hhecl?é‘aﬂgé{llégdz W ok, sbe ok rst
t ubul ar. chanber 3.1, val ve unit is switched over so that a connectl on

to the & notPRer@eRE ndGRCEVEIYed T’}B? B S5 st PEUIBul Gar OBRYnIEE  FRe 20
upstream prpssaﬁeevmthlajtn p&:ésmht@ndb_lfﬁérbﬁadl lwglltccm s DBsED pumpik iS

sufficient {i\}Q‘ faorce nmeans . of é 11 8_ be cl eaned, the.brine,

whi ch'i o notfer dsfar? | BRRBRAE athber ooty bR REFRREE B Lubul o

chagber 3. lcanoverarafvere i bt maden smll:tst@mttﬂaé.luzppemaﬂetfubmm chanber 3.1
that it {;h@%@f yay 4o hfge aé&?ép%gb éé%’é ”gﬁﬁgﬁo@@“ké' o, PR@gess of

t he brine rom-t eflrst t ubul ar second tubul ar
chamber 53. 201“1§esPﬁuﬁﬂaﬁ@éG§ﬂ9¢a§G@Fe@?tl§@% ERETIn| Feavesare of the brine

by neans of the valyge#Nidhe piston 4.1 reaches the chamber end
within the first tubular chamber 3.1, the valve unit 7
is switched over go 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 located in the first upper tubular
chamber 3.1, toward the right again out of the upper
25 tubular chamber 3.1 sc that it flows away to the
C atmosphere. During the expulsion process of the brine
from the first tubular chamber 3.1, the lower second
tubular chamber 3.2 is simultaneously subjected to the
high pressure of the brine by means of the wvalve unit
30 7. The expulsion process of a pressure-relieved brine

is shown in the second, lower tubular chamber 3.2.

By appropriate c¢yclic switching of the wvalve
unit 7, the two tubular chambers 3.1, 3.2 are
alternately subjected to pressure, thus providing an

35 efficient recovery of energy. Because of 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.

Additional special pressure compensation openings are



30 7. The expul sion process of a pressure-relieved brine is shown in the
second, |ower tubular chanber 3.2. By appropriate cyclic swtching @f5 §fre1006
valve wunit 7, the two tubular chanbers 3.1, 3.2 are alternately subjected
‘'to pressure, t hus providing an 35 effi CI ent recovery of energy. Because of
the 3-way function within the valve unit,” pressure surges can occur during

the switch-oye 0Ccess dthls nane t he es V\Athl t.he reverse
osnmosi s nodt f%rorﬁdﬁ? ‘ﬁaPré’b’ég% lg’r r‘éo%gﬁggn EXEMGH oSN HYs are

25SEP2006 - t&lvtehemefitr e 7t oibe prderdetioi mihiemipat rohiel efengenf the valve
unit 7 in or ‘%rthet‘} ’T%i’i' %ntt'é' % d 99@&5 ué “”he di sadyantage arises due

to a radial rus occC urlngt vmtc -over notion and for 5
whi ch therewhscﬂﬂo @@ﬂp@wsatdiu@nngl ntkeg. s‘zltahcwgg seetion tardughrm val ve

unit acgor NGy ¢ Hd Vel | Qwpd s SESL 1 onal planes A-A and B-B are

arranged offset by 90 to one anot her and, wth the aid of these, the node
of operation of theIR0 Riglve? urt tCTRSexPPAFAE FR*PHENS @bt tiTHtqur e

descri pti onsacclo&d.tlmgs tbouwes in"j@ﬁ@l@nar r@c)ﬁbzs%f&\&%nélhepﬂ.hﬁé/sdlx—eﬂl on
fromand to Ee t ybul ar chanber

ot ere - of a pressure exchanger;
the single e %%mErFﬁﬁgﬁat P& Sﬂt \}9 Ae]ct'i:%noﬁf" Enﬁr‘:&?sturaéxﬁw
relieved briwiehf| ohéngiclt obf tHeseval tzheurmdde Fog. o?gﬂe:@'tdmﬁ‘b sowhe n tvvo

secti onf]?vvhl %Iiv%reun ecspec§| vgJ{ l {ﬁg&ged of tC%%t @ﬁb @t%]nengeﬂt% er,

val ve unft accordi ng to tie if oR The posSition ns A—A and
B-B may be td@lse:mfgtamrmg ip amus 20ignrehe EcaQQUbﬁ-et heeseows e 8t | Bras

represent alins c10p aPOSLELOR Ofdh Nk OYeoHddEksal afOREabeeke Nt 10

al ways remai ns unaltered. Th ow cylindrical control elenment 10 is
rotatably affdngdPth £1F& housiPig 311P6?S§H6eva9>%fé'1w¢rr sheTHeliF i %he at
@(ﬁ pr essukeroiefer et othel Q)Wt&%thlﬂlfbvpr@ﬁﬁékﬁﬁlbﬁl BE EHPResdlaws out of

the rever se_osnosi madul es 2 and e t ressure space 14 of the
val ve Uit ERROGHH e S o KGR EEe Te S CUBRT
Fig. 3a and 3b show, in two sectlons 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 1in the case of these sectional representations, the
position of a hollow cylindrical control element 10
always remains unaltered.

The hollow cylindrical contrel element 10 is
rotatably arranged in the housing 11 of the wvalve 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 of 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 1l in



opening 12 with the aid of an upstream collector - not 30 shown. This

exanpl e shows a valve unit for connection to a tw n-tube pressure efglggpgm]s
anal ogous to the representation of Fig. 1. For this reason, the
‘representation of the tubular chanbers connected to the vaI ve unit has been
omtted. 35 The housing 11 of this va vié anit has two connections 16, 17 on

th t | I to wh k ted f
connect | on' (0 EUBIAPSe 105990 T kBl SEHBRT S T Brermi ary.
enbodi ment - dig-He dodsitwy Ehnul®xr S5sEEPe200%® , 147, t hiishartlamgedentofi s '
provi ded vt ihi €pr absfleLEoMa dighas 1orsde a00 LU0, ARAM! Lo 3RAGSS,ED, 27,

with the ai a connecti1on tdkes place T weehn € connections 16,
17 and the flifow dperdtrys 28 361awr avierrl oS t R@-@Gwoggmngglednemvmhe 28. For

devel Opr@”t Hd 91'&51 15{18:: W?élﬂ NG d NnehnellyE8ohbacher er&é?é‘éﬁgm Qhas a
hollow cylindrical wall elenment, which is arranged sqo that it seals in the

housi ng 11. housdang a+%%e36ewé‘~lf31 &R l@orfs‘?ﬁ@ uBRELAFUERE HousRndioEL Qhen t he

latter is, cgrﬁliﬁﬂ&fm'v%lﬁoéiéﬂéﬁﬁﬁj ahiencasd &mﬁgé@t Een.thhhe ihousi ng
I nner waII 2

[ ts,si mgh@angousl, as_t he radial %ﬁort for t ho | ow
cylindrical S& g ?851%fe harl Tbf TR cONt?olPRl éhe is

penetr at ed b:yon&tﬁltunreazlu tyf €hef eanting bDpenrhegs tIe 48atddr| st hefox

repres atign of Fl h r r ri whi ch nat ed by an
arrow , eé‘r?f“é’rs t%oq%ai& erdeg%%rg gﬁ%%ge% SS?uFﬁéLoﬁdum r‘ﬁag%f nrgrough t he
suppl y openiimger2 walhe Z"B g?m‘fpﬁ estnnbtapacesiy4ais ther aageéd Inistipprthe
control el epgpt 1R apd galNcbher8xi 8l flehechioon i amiend vall

13, which 1is solid W|ththe ousi n a separatin In this

exenpl ary efBoditferfonEfel sepamanin Ovvail{ﬂ nﬁn%ra%%%l gﬁ laelxéltqnﬁehttéfthe
cor(fpol el eggntcch@ Nait hbptéaﬁn@gj 3faseal s 49. And the separating wall 47 is

comnected, 2 o 1haL | Lol olale, by, sLLy Spd8 (quthe foygige 1L i

configurati prestshea dbatadl ewhich 1is des:ugnated by an arrow HPB,
enters the high-pressure space 14 of the housing 11
through the supply opening 12. The high-pressure space
14 is arranged within the control element 10 and is
20 Dbounded 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
C means of this development configuration, the rotatable
control element 10 is relieved of axial pressure forces
during its switching motions. Soluticns known per gse

30 can be used for the seal 49.
Control openings 37-40 arranged in the region
of the high-pressure space 14 in the contrel 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 appropriate
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



control elenment 10 is relieved of axial pressure forces during its
swi'tching notions. Solutions known per se 30 can be used for the segaj SEOI06
Control openings 37-40 arranged in the region of the high-pressure space 14
‘in the control elenent 10 have, in this configuration, a different opening
angle fromthat of the correspondi ng fll5ow openings 30, 31, 35 34, 35 in the
housing i nner wall 28. An appropriate selection of an opening angle

achi eves t hmeeffsecft hthe ¢onnacthons pefi odldurdrg tienshtiangousier by t he
control ele 104,41 the chamher S350 NQAL : e - {4 effective
connection \;‘\Ft@%rtlhglégl vﬁeygﬁ%ﬁﬁy 258EPZCOhOe6 gquia?egﬁgggéﬁ?hei%bnnfe{ti ons
16, 17 are SPRFISCNFEGSs| yehangsesrvgr prlessttatb¥¢owm ereéasdppipdopeif ng 12.

In  consequeRe®ratie Pressufiee f | HetHatbonsspRdangerinkd A1he « ienbranes of the
reverse osnosis jnstallation are 5 avoided. The control elenent 10 is

rotatably af¥2Ag¥din the housing 11. Approximately in the central region
of the housing is ITheatrthtime sehanaii NDO Wak| rétavahileh drsanweidatironal |y

fastened to,the _housin by means of 10 strut,s 48. The.separating wall 47
it NS 17 o b ePEamn et v, Tl thite | cent thn: satidn, oo

effects, wit
45 with dif freeemoustegsure Iechiond. tHhessparetidg wallt Hi's edmfalgursation, is
continually Lgh-pre e k t ne
rodul o, 1 nTEATaePELd” Flfeetel 8 THIN CabBALAY T By RERIECHTIC
separ atihg w&rLts7 4§ FThe Fenaradoriecvedlt 47a ethemest i vAtHEnf dhea he

| oW pr essur @oheginan, e desdenat ed DHystbe:i L Eo¥h LRBrPfchdespressurer rel i eved
brine flow ng back fraomthe tubul ar chanbers. Because the 20_contyrol

el ement 10 ABves | ALEFETE Y NRY S8BT &t iMRPLGRE 1 2%e SREE 48: wiftch is
sui tabl e forhtlke ppagsuteatiah,0Siko BensetAlLeUlyi Scorortded. dhe wantr ol

eI@nt 10 is driven by a drive t 50, _one _end of which is led to the
out si de ZSHﬁﬁgoggrﬁsé‘:’%oeusFﬁalBgnz{ggatP%n %lﬁeafn Eaﬁn&/wlﬁ?g’égﬁ% %nd. The
rotati oial rotitgastakedigpladeropicratbylocated to the left of the
separating wall 47 in Fig. 3a is 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
ratics 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
C 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 unit according to the invention, as represented in
Fig. 3a and 3b, 1is as follows in the case of an
unaltered position of the control element 10:
A high-pressure brine HPB flows into the high-
pressure space 14 through a single suprly opening 12,
35 which is axially arranged in 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 wvalve unit must



in steps and the speed is determned as a function of the other system
conponents. The node of operation of the swtch-over valve 30 unit
according to the invention, as represented in Fig. 3a and 3b, is aszﬁqIEqu
in the case of an wunaltered position of the control elenent 10: A

"hi gh-pressure brine HPB flows into the high- pressure space 14 through a
single supply opening 12, 35 which isl&ially arranged in this case. This
devel opnent reduces the nunber of connections and the total volune of the
val ve unit t‘ﬁml sbhapky sopéonagr 1 Zzorfigrodmadiony &hé Hilgh- pnepdur endmt ne HPB

.. can.al so, u b adi u h % S 5 SEP
2006 16 then a%ggge ‘?er%gi ?éﬁ%é L?ratlggogn r}th‘ghggiﬁpec&grryuéstgyta% pl ace

in a housi ngvesgiadh Vhthnhi tCFf@?‘é'f@% géemesr | Hp wihh tlre-asmapirel ement

10. The | owspriessuren bisnedlké’ﬁaéé draimedHd oguthe vahye upkénfrgmthe 5
connect i on 46. Fundanental | he val ve unit _.ensures that, of the tubul ar

chanber s> cofPERSSH 35 t A& - c%%‘%%‘f“?%ﬁ% Y6 arfdi@17VadNE ofniheiTR %Ay s
filled wthHitgh-psessihe briwienbae, thembkhe ot&tﬁiuecﬁtlf@dl OWo prgssure

b whi ch t d be 10 f
short peri od TG e Lowth: dler THat Bot P Ehbaar > CHEkBers L ekel ve hi gh
pressure si mdltlaneogsiyredsuise bpenat ang, ccﬁmtintﬁdme(étl;;erSatémd 13w= 15 The
hi gh- press‘”% é Comﬁrf% O%Iéﬁmléggheﬁ' gggggﬁz%%ug%ﬁ%% & 1% E{”b%”gh

mut ual |'y op oSl rol’ opéni ngs and ocat é con
el ement1d0 mttﬂﬁd)ugﬁtf | 8% opehy ngBB0 aandhgtt aparhodmdwalty dpposite and

located in the helsing | RAgk wgblchOtaﬁulsapt oc@&nﬁéfyl afe SPAFE 2:17 qnmt egrat ed
in the housing 11, see Fig. . _Two separatl ng wal I's 24, 25,

partially b SR LHE a?ﬁ%leﬁar’s,eﬁébﬂ127 inthe axial direction, si rrul t aneousl y
forma support for the housing inner wall 28. The hi gh-pressure brine HPB

25 flows ou#ﬁ of tthe an Iar Sp 27 tn. the 3Fonne&téon 17 of a first
tubu] ar cha &r° 'ﬂ?eeéat &9 19 5\‘?950 G"sl

The high-pressure brlne HPB flows from the
high-pressure space 14 through mutually opposite
control openings 38 and 39 located in the control
element 10 and through 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 valve 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 valve unit i1is 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, an annular space 26 and,
through mutually opposite flow openings 33 and 36 and
via control openings 41 and 44, likewise mutually



1 35 to the ducts 20 and 21, which forma flow path to the annul ar space 26
and to the connection 16 within the valve unit, are bl ocked by the control
el ement 10. 30 By this neans, the first tubular chanber |ocated at 2t H&EP 7006
connection 17 is filled. At the sane tinme, the valve unit is in effective
‘connection, via the connection 16, with the other, second tubul ar chanber.
Fromthis, a low 35 pressure brine LPBl7pressure-relieved in the second

t ubul ar chanber, flows back to the valve unit and enters, via the
connection PEPOSHtENnENar GRieD6 iandthet KGR uesEMeRtoph®si tT&e | ow

openi ngs 331afdp3esande Viepacent 29l OpeohNgsShdéde andird, Hdvk@messung ual ly 2
and located in the cantrol .el ement .10, the

5 SEP 2006 _17 it
| ow- pr essur ¥ ceggé E}(B‘ﬁ?t HEE? he SPORSSTESSUr &5 br Phie HFE f1W® into a
connecti on 4;ﬁbui¢art hﬂtarhﬂsmr ﬁubtﬁz@“tmﬁarrber tihe artpmmhézoet kadat mddpher e

end. All e e 32 V\:h re r he

housi ng ?nng}l‘ vvacftr %%[sﬁ ’uci3 I cgﬁ gé %Egggﬁu? #f by the

control el etret h:k:@zsmm 1Isre@armalhg2ﬁelab§ Z’LeadZSt;o mhhehdparttsl y8beuwdd t he

annul ar e 2 n a |- dhgec n an M a rther
u Spaee 2§y.n & %t Xiogs %ﬁ‘ teh@n, Ig%'él@gtl %%%L 0, du

support for "the control el errent see pressure bri ne,
whi ch 1 ows SERREEFANS e ldehisbt | h: 17Whi el cDEKELY| b@pntiue@leaﬁr@h@mr

transfers i %@a@_@esz%'rﬁzeEﬁéglém%la dilrihi whi chi BastdResttll terhe eaned
and is |ocated in the first tubular _chanber, which fluid is subsequently

forced ¥ hifgk&herpr SRRF G o ERE r EVEr sEBEHRY s %%FH‘F%% Fhe r &4 i onal
speed of theidriwge.to the drive shaft 50 (not shown) and the sel ection of

t he openi ng cross S%%ltl ﬂ fx t he 20rcon]'%)rorl1 ope gs 37740 ensur hat
shortly before the “t'Ubuf*af-chafBEr &t Tht 80nn‘e n 4PN i’rﬁﬂ
fill ed Wi t hthieghepressudienbr ilife, itfte fithle ndiprsgcessitid art erdnamddeed. At t he
o ot o USSR T A0S e 6700 LDMLAE o6 AR T
15 Stlll to be cleaned and is located 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 i1is 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 connection 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.



The respective pairs of interacting and nutually opposite openings 38/ 30
and 39/31 at the high- pressure end, however, remain open sonmewhat I@@ggﬁ 7006
than the pair of the openings 41/33 and 44/36 at the | ow 30 pressur nd.
“I'n consequence, a tubular chanber |ocated at the connection 16 now obtains
pressure, which is already high, threugh t+he pairs of openings 37/34 and
40/ 35, the ducts 20 and 21 and the annul ar space 26, whereas the pairs of
openi ngs 38/B-ant @ me fosdiBbor| 68ing. 4Fhik) ensures that the second

‘operating condi ti o ki ber chapgerah Lhenthovedl eqli angdid-ddie o4 ubul ar
chanbers begi ns without pressurée surge. 2 5 SEP 2006 18 econd operating
condition (Fif ZEpaSsatatieyss fidfur EifepPésepndt i dhs, Fhecomres?lto the

represent at i onsneaft F19. 132 s¥lndbrotBeegOmMir aloo ey eaRIL 1Od Shehowy r ot at ed

by 900 within the_housi 5 11 and the flow ratios at the caonpnections 16, 17

to the Pubﬂ%ra%a%%rggﬂ‘ﬁvﬁa%%r &&d ERRn CPPRESEREESort ot 14 ntRridi at e

positions dufuliglar r aitadniosied MdveON tsvedad i edard ori Y pasorst Dén besf er

conpr ehensi hi Iité/. CLlf t he_pai.rs of_ openings 38/3% %nd 39/ 31 l;%\r.e in _10 the
BHE 3D &

cl osed posi ti°OrF uPRS TEaMSer SRATEH ow Fad 8 e FPFFEE it5furt her
filled at thenicormecidonrdGsonsn ofantiast , coterébosabithagber at the

connection 17 is e i t h_th : r e thr-ou
nmut ual |y opposite d[l% sﬁg% .%%%QOkangp%ﬂth%t S§P?§J fééogg)él %}péaim%ls of
openi ng 029/4re anto39¢ 4BCaAEIORN ol THer - pheanker ewdpabe MW dmE t he

connection 4§, yd £he1e§econeyPpabat kng1eandit iR, Je U ESHHINE engl gy of
the high-pressure brine HPB is transmtted into the tubular chanber at the

connecti on IR EHRTeastife Hbicdr SPRPRRbEE fthe heorBRABEPTOA /171§ s
enptied. Tovasstsi dde trashgd tdiee praceskar | Nspad@NNET, anghegeyts tend he first
opql 3Ly 0 coptlidohy Lhecmaiis of copen 0%, 3 34 and, 29L0° aid. ol sp 00130
into the5firgip@E topepatragoforngichiiogswiaholl agnéssdrd3swrge clampugince

agai n, takedﬂé"f%w—pressure space 45 and the connection 46. In the

gsecond 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 alsc 38/30 and 39/31 are simultaneously 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 is 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



The control elenent 10 is equi pped with a sealing elenent 49, on its inner
and/ or outer peripheral surface, in this case in the region of the %?EP 7006
separating wall 47. This prevents a transfer flow between the high- gssure
‘and | ow pressure ends and, in consequence, nmaintains the efficiency of the
overall system A plurality of such-sdad ing elenents 49 on the control

el enent 10 can also be used to suit the 35 dinensioning of such an

i nstal |l ati orelekeadrtisve Bhaffosfe wrahsfae hetdwebnwiirdlret lsdafecoitdr aindl enent
10 is put i t.atign, 1.5 Suppor, b entio aring nts and
secured agair}:tr(\%[trr%t eeg%en}éé'gcncgpbgf tftal Urd ﬁ%/fé)née%ns%f r}%\%@v\% séefal if\ég&ggS SEP
2006 19 eltemevitfer Theansr &d tkaeet e dset Heen Theisee Shaf besGtEES cont rol

el ement 10 tak8S Pl akenPY¥ MBANSHPT i@l mddRDS (AL MRS it kKROWT Rer Se.
These can be struts, _disk elenments or any other neans which permt a flow5

passage Fromasf@dow preSsurdi®pad@sbTEeSSUFE cBRReet i P 46L0Thethe

i ntroducti onRindcich tekesrd acgr+BdutbeogXaiPkeret klaes33 1t Abin at the
end surface of the contqr*ée)ldFele nt 10.. Fi t hr ee- di mensi_.onal vi ew

. Sa s
onto a 10 [di% ISHATP Goeted Fousi mota12Bf fhe 08l ¢8R L46R i HE housi ng
11, without ddigradpariatmeertousing i nner wall 28 wused in the exenplary
at

enbodi nent, is shovw%,. Thiss makes _ it Q ear,.t the total ducts 18
i 2 pdt e

of faur
to 21 emerging from annuiZar spaces Srleoﬁ‘lraelser}flee{vtyopﬁe)t%f A5 branch

ducts, ithe wadtigdrlns deemed beusben thenfh&benyalyenmearider Ghlapetheour se.
As aresult ndfigte e guthages 3 LML dhseagXt AR, GomRander shape
and which act as bearing surfaces for supporting t ousi ng i nner wall
28. The end Had akestbe rEerewasvdesizpligienthe s8pghavhng Thdls snakes o 25

si nul t aneouslty iag; thndk tihs €381 bherbupchiens afg heardnGmdrdaces. The
hoysi ng inner wall 28 can al so be desi %2ed as an integral constituent of

t he“housi ng HFPM By e RGBT s FRRGES 0rPi guf At iIGPIFSFHe F ofWBEi Rihce
within the rahmisidgtd, tlespeslivphytsutvahey Grposidne tHeaw hieisg

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 created which make possible a

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

Fig. 5b shows, 1in a2 corresponding arrangement

30 to Fig. 5a, a section through an installed wvalve 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



C or flow openings can be created which nake possible a notion of the
control elenent 10 which is free from radial forces. Fig. 5b shows $§Eialﬂﬂﬁ
correspondi ng arrangenent 30 to Fig. 5a, a section through an msta%

‘valve unit which is ready for operation. Its connection stubs 16, 17 are
directly connected to two tubular chanb&rs- 3.2, 3.1. The hollow cylindrical
control elenent 10, which is provided with the control openings 37-44,
rotates 35 wiard n iies tesusi ngcoandzakdld 28uewhi Eh i stReovisretionah the

f1ow openi nqiey A3 calliordl | W& e I EONELO! thel erEpteddntakesnplsce at its

‘end surface means of the sealed drive shaft 50, which acts on a
st ar - shaped Fithr & t3¥hster el ement 51. The flow gui dance, which is 2 5 SEP

2006 20 here betterg.eagshéabl Gadb!@melEBédS%aﬂéﬂlaicticﬁpreﬁeﬁik@éI on,
corresponds tq the re resentrﬁg on of 6 shows a

Gl T Bd ST WEPEbn BANEAS O8It hoSBEOP R nt STRE R I on. 1 1
this case, diHee &Bﬂ@ﬁﬁtﬂg;mbélﬂ? 43 casfi gohddgased fiaged a cofisted uent of

t he control eIe e f ast enij of - the _separatin C t ake
pl ace by COI’FVOéjnSt naﬁnot an‘%he "° kggl efngntt ﬁ'@ sg%jarag\%gé% 47 is 10

configured atsheansemegtamgcmm tdientaof ttaifee cohteel byel@memngnilionahi ch is
possi bl e by of+.t h st ed ot t cal; type
I NG HefStay réﬁhéj O%%\ﬁ]’i‘fg ekl

connecti on. I's di'spenses wt e fastenl n € separating vvaII 47 by
means olOst rapsfimingse RSusithgintesaalshednsibtpant g eshea-atakk drive

of the cont reqen@rﬁfmmb 1Qsni@akes spl geesdbiectdy h@ahBhe Sepanat idcwsmal | 47 by
means of th i ve shaft 50, .which dled"ﬁ'i nses with further, ot hervm se

necessary ¢ 3 ngFmeah8eB1 IR e r V&2 s h5¥Pe50° an FEBRFot 01 enent
10. Because Tiies sé@papahiceg ZlehI | t e s‘ﬁ:mrea:tle@ t be |ﬂ5ed&;exfaﬁneny@l ve unit

into two re ns,.at |ffer pry re Les | tant axi.al for on the
cong'rol el errwga‘n 4073l ]%19 NOW" o éﬁ egcptsauc % to SEJ Hgﬁszﬁ% afﬁ' or%e %3) nent
acts inlbhe idi recgihoes odatde. w-qlﬂr:e*ssupé tienecePBrol owiliegnantt ol @ he

high-pressur®yes 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 wvalve 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 1l4. This acts on the separating wall 47 and

(: generates a force component in the control element.

This 4is taken by a simple additional axial support
element 54 and is fed into the housing 11.

An alternative development of the valve unit,

30 with additional control possibilities for wvariable

opening and closing times during the operation, is

shown in Pig. 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 component

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



25 space 14. This acts on the separating wall 47 and generates a force
conponent in the control elenment. This is taken by a sinple additi: O{]?lsEP 7006
axi al support elenment 54 and is fed into the housing 11. An alternative
‘devel opnent- of the valve unit, 30 with additional control possibilities for
vari able opening and closing tinmes durRilng the operation, is shown in Fig.
7. An additional control cylinder 55 is |located concentrically between the
housi ng i nnextwaltl o28 ahd tperd:phErpI etremBmbsd 0.cridws caaatulortyliisnder 55

35 has the LUaghien alagnogddid ignal Shak! ey oyl dndehgalos oy dpmipner wall,
' W t e

i's designed”as a Separat e componén can & Fotated
openi ngs ar fapgedopenings B@I—éﬁ v@ftﬁhﬁh&mmglnn?rha@lbp}%ﬁsl tRy t o t he

control el eﬁ%@hslo furd hero il -oneni e «26163, ¥R0SE 2 295Rm008 - 21

extent on t peri p ery or "'whose cross_section is snaller _than or of the
sane siz® aSXCRAEtcRF eSPEHEI RPTIIVPHEIT n§dO¥9-FBEHMIhe5hobdi nd b nner

wal | 28. By i smBadss mléntapmrmrueai& seﬂlé%p@m% t4es penbamﬁ@altl%eextent of
t hese corres o% iow openi 0SSi i_.nfl yence the

s
openi ng and® 1Y UBEEt %g( \?ﬁt\?etltﬂﬁtt ?/ ? ?EF?E Cﬁ’ﬁréngﬁ’ﬁt - cyl i nder
55. The adjrust nadguetmtahe cont rithe cyander] SEyQandtaakeSSpl@aze b;amans of a

hol | haft .64, h_ext end nt d f1_ 50 and
can be ~a) BEE8 DY mOMTRID1 OF { Pares 65 TG ‘dovERoptBHt T s et eq | 1
such a Wy tbatenhtirg cadrlyocay duhe ngdrilee ophaﬁtl 0A0f omnddapkat i dre to
di fferent oggr aty arlg)g ﬁ{?takﬁ A different pr gg{,g%ﬁﬁgﬁth@ al so be

15 used. The xenp shomn | I'st
adj ust ment . eRiegut@&dsHgnwssucholk W@Onhb@t‘-l @hlﬁetqm“erp@%@r duningl té“i%nent 10

and the sepapating osal | fé& TQ&§ téEBbﬁVeStcgr eail%’fééérfé ”e%'i)é%faélhfg control
el nt 10 in 20 the regqion, of % -pressure and gressure ends. In

order to de&PPREHORS -a a@lgﬁ‘?-‘ﬁ%?ttﬁé(ﬁeaﬂfea? Wtw atPPn§LEOWR t he
left-harsl diaeidng Tdéleskambl gry 8embadiiiehitersigaparad i gt Wakini®ed sarranged
whi ch this type of adjustment.

Fig. 8 shows a so0lid 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 1s arranged which
terminates the high-pressure space 14 inside 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 purpcse the

30 control element 10 and the housing inner wall 28 are
cdrrespondingly ilengthened. 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



term nates the high-pressure space 14 inside the 25 control elenent 10
toward the right. This measure additionally increases the stiffnessq ke 1005
drive takes place directly to the separating wall 47 by neans of t?1e rive
‘shaft 50. The high-pressure end supply opening 12 is radially arranged, for
whi ch purpose the 30 control elenment -1@2and the housing inner wall 28 are
correspondi ngly | engthened. The hi gh-pressure brine HPB flows through the
radi al supplpheoperpply 18peniogad 2, armmul filEpabe &ightbresgurtavwswacarore fl ow
openi ngs 68,l 69 in the housing inner wall 28 and through two or nore 35 :
openi ngs 70, 471 in the control elenent 10 into the high-pressure space 14.
In this exanpl e, th&igped ngbowg0,2 7eontrrhe ebement dlledenvhiohdoisot

exerci se any Qg fanchi egoRuto Oty ACLy1 { a8, MRRASE 2palagRus 40 2 5
SEP 2006 22cot erbtursupply open?ﬁg.ll to fi |Y t he ]r:ﬂ gh- presSsure space 14.

Fig. 9 showsurtéwit roineredds 1071 whieh iSE1RTgur eReEPE TR0l ful |
cylinder. Thigaw desda dbahefines1ipcr it i £ o8t | fipESS. 7T ReBPect i vel y
mutual ly and d angtj}écally opposite flow %Cts 72 7§> a{;d 74-f75 are_machi ned
into the peﬁ“ﬁjne? T73uPFECETHI IR LBROr &% RAEH G521 . SR TaGRsRfuence, a
suf fici ent | ywHei ckeaveldosur f atemestai ndobat weetint he cendekfhiaregi ons of the

gr oove- shaped. fl.ow ducts 72- 75 and-thei hi ckness can_be a ted in a

si npl e nannesrugéolctlheen%ﬁﬁfr e%}?(ﬁ‘]% VS %‘oguf“%gﬁée%e%n fnﬁ‘ﬁ. %fﬁges?ﬁla% 3 o?nclil he C

gr oove- $hapetediane dutttshd 2g76omeeshapetiedlow thetsmAlel7italasicdusgreim or der
to prevent ; S i ontro ; A N ngnner

anal ogous toq:%zi' 0 s{)s\?v %}%ﬁi nﬂélerai c]fagj[ég(ﬁeeo&si. %l p%e%l’eﬁ@fgt#gn%ﬁeorw Egct s 72, 73
execut e the FIEFAWEh ofaElies ghtpeesseresspage 3ARE t F&ablesw dufct sk, 75

execute the Junsid (hRfed #1004 PTBESIY € BRAcE. Adi GhainRssurs, brime HPB is

20 (supplied via g radially arranged hi gh-pressure supply opening 12 and
enters an aﬂiﬁ"tﬂ%rladlﬁ:tu?ﬁ‘% vﬁﬂcﬁrgﬁﬁ 9 t REFVBBEart dSERSFREShosi ng or,
as showns i rHdhecorondl olelenem@nt14011. I HomAnaasesand Teyannukar fluct

hollow cylindrical closing 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

(: control element 10.1 in axial direction, a pressure
exchange takes place between the surfaces on the axial
erid sgsurfaces. 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 being 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 contrecl element 10.1, from which emerge groove-
shaped flow ducts 72, 73, which each extend in the



76 is configured so that it is conpletely peripheral. 25 Wth the aid of a
relief duct 78, which penetrates the C control elenment 10.1 in axia]5SEP 2006
direction, a pressure exchange takes place between the surfaces on the
raxial end surfaces. At the sane tinme, a free space is arranged, in this
configuration, on the high-pressure 30 Zhd-surface of the control el enent
10.1, this free space being represented in the drawing by the line shown

t hi ck on thexiaht diasdtsicds, Byowhi theseads dhhersgrcdr fdow sdi¢tge for

the pressur e conpensahop1al qafyofdi ab WIS dieldilo diOrant egh 35,1 n the
arrangenment represented, the high- pressure brine HPB flows through a flow
openi ng 69 iandt & hagstAgretneinwatie 2P45itiPUThe SagNTISS- dUBE 76°8BT  the

control el enpnisdiO-d, £{6QMankiceh 2Eroe gnoeue- cehared fdomnductso72, 73,
whi ch each eéxtend in the 2 5 SEP 2006 ?1% axi al _direction. Frontilhese
l p

hi gh- pr e8sura“3eRw dbRes 1PY-PESSIHE 1 1RF T | olBBt o IR 1 I opbh?PYigs 30,
gl, 34 and @&emh ¢ ongq izlml lhg3pramd 0g@s frdegitriemedTEen: @te ppesﬁu@eif | ow
ucts 74, 75.in the control .e nt_..10. accept_ the |.aw pressure brine LPB
rom the {1 ou SEERi 08 95205 ThR ST S 6T Ror FEORAITT THE pi Vi BEES {1 gur es
and gui de t hegdin) dat davhemranest | bnidé. L& ealwagas nemarbew- pnessluee bri ne
LPB al ways engsrgessi axl hrectl far rol el 10. 1.
il Ui diP%égg?nt ﬁ!rgln @he %on&%ﬁlo%fﬁi%qqﬁﬁsparlgu&@fi

Mut ual Iy 10 Tdci'’hg €en € respective’ arra%ged at a
di st ancé0f r cfawireg armitdrer cind they mrespecwaae t idny adokdsedZarhul areseal i ng

zone 77. Thia'srraq{%é/&”ta?t ad | W duansd err el WeeR t BRCEWR,Pr §83UT Eorfy, F €01 ONS.

15 Fig. 10a and 10b show a valve unit with shorter installation |Iength and
sectional r &R athsHs, 2 wWRlOFeS ATTREN s &AL iagedOBEf Jet- byRo9
relative to panegeafot her . £16e pPeshhspar OfbéhLesECt RS twd aPfeBsBrei s

angl ogous to the representation of Fig. 2 and, here 20 again, the position
of the controf9Et®hent 10 remains unaltered. The valve unit of Fig. 10a and
10b hasla Fig. 10a and 10b show a valve unit with shorter

ingtallation 1length 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 length 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 respectively 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 contrel element.

In order to achieve the saving of the two
opening planes, four flow openings are arranged
distributed over the periphery in each of the opening

planes 79, 80, of which flow openings, the openings 29,



shorter installation length due to a different arrangenent of the flow
openings. In the housing 11 and 25 in the control elenent 10, the position
of -the flow openings 29-36 and the control openings 37, 40, 42, 439 asEp 2008
respectively referred to the opening planes 79, 80, which are arranged at
‘right angles to the drive shaft 50.2 of the control elenent 10. In this
embodi ment, 30 there is a saving of two2épening planes relative to the

ot her enbodi ments. This enbodi nent has, in total, only  three opening

pl anes, one Bpendhg pPad&esl igsinke usedFignl yORor IThESiHPEPRPLBREED t he

Er;ilg_h]; pggstsErvei@paEEe%wo :ﬁub§11@95§Flah@tet&t ﬁ&wséai{i’i Hl‘é_té"&?@@@tfléﬂg 3| ane

[ ere is an axial supp contro nt.. order to
achi eve the @%%igauﬁf ﬁ@’ﬁ%ﬁggﬁﬁﬁﬁigécpgéne 4t ink mﬁggeﬁﬂ%gsgére
arranged di®4rabyt edspeer itlee yperdmberad | of Bseth bi the apenitigre ptanes 79,
80, of ich flow openings, , ihe openings-.29, 2 SEP. 2006 _. 2 32, 34, 35
are visiBle Iﬁ%‘?gki%. g?nt{“ﬁi SPEH%B& ?&ﬁfleswiﬁih 'Itar?e Cfrb\otl}%élﬂ i %% anber s
whi ch can beimmomnectadd, 2tthe Waoh fthw opehi ngs 830nt3dl 3ppcBBtandd29, 32,
33, 36 are r Fvely a ffs 0 el gti o] other in
t he opening 1{){%%@%&79?580@&% {&%Zﬂhr%ulsi %Eegfgﬁgerolc\y/\’/al Z%I.ea%%%t %g gigd of
control pocKetshgoressiegreddarimet héPBonfroh cdrerentra@ing tpadseer80f a

hi gh-pressurg.drine HPB {rom ope, opemi Ng-pi dne 80-o0e6UrShdn Lhe:axi al
direction through the control (10 elenment 10 to the second _opening plane 79
of the lRousttRyemat THe fithctifh SEcaTConPPERipgckBLaBe i 4°npPé ERRarly

recogni zabl endu®ing hel perspeetih¥eiohepiresericalth-en gfodihe camtiolmetenent 10
in Fig. 11. Arranged in _the internal space of the ﬂoIIOM/ 15 qglindrical
control el edErff?4tY t herESHEHFR1T onal TX8H ffenf§ featRFEPCATER are

configured asprdseB3ati@? ahdtpenetnateltbbespates0ldn Bhginlthe axi al
dirction as a type o Sadigl Ly exiendifig Jdow (SpLELLes s pIhe, sid fheni ng
on 20 i i Fi teé

ribs 83, 89 shown in sec g. a ex over  t he whol e di anet er
of the lhol |aEydiyer} calondamtl oplementntld0 dferdenppoee ddditional

stiffening features, which are configured as ribs 83,
89 and penetrate the sgpaces 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. l0a 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°
C- relative to one ancother 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
gshape. Thege stiffening annular elements 84 also
improve, overall, the stiffness of the control element

35 10.

The supply opening 12 in this exemplary
embodiment 1s a constituent part of a cap part B85,
which i1s comnnected to the housing 11 so as to form a

seal and transmit forces. The configuration as a cap



stiffness relative to the external and internal, and continually

al ternating, pressure |oads which act on it. The planes of the stif-z?l%m@%ﬁ
ribs extending in the 25 direction of the drive shaft 50.2 are rotat y
relative to one another and, in addition, abut directly on the separating
wal |l 47. Stiffening features, in thef@&m-of annular elements 84 in this
case, are arranged in the internal 30 space of the control elenent 10.
These ext engaraditadd ychawaddahiteget trdaitnridre isddsoigt hé dent pelr ed@nent 10

and protr udg.l;ho, the | RhAnBal SpACCHhe:BS difn AN aren ShaRG.e These
stiffening gﬂr?r%&llglr el eme tslqgifla SO irrprgove r%%/era : tt e St ?ne.ss of the
control el ememufaggued TRORQpEyTeni Ay TAGW t3ffsiestamst ar8f  erbodi nent

is a constitusnhalt Wit fapRartedd, pt cleg s GaNNEGE et thrshousi ng

11 so as_ to forma, seal and transmt forces. The configuration as a cap

25SEP200%  Silegtiaias e Sl atFd@datht & h@ oty 1P5 s Pering,

XBHNV Sffr)élliéﬂ@ﬂ_ '%salsﬁeSWmchndxﬁﬁm L@epefﬁ@é@ilag dmnggmt @me_d;srmea@ fsi npl é
ow defl ect ian is _arranged w thin, the cap part : in.the flow

defl oct i on 86 e afﬁi@an‘@% R3pI u%a?l‘i & %Jfgkbé%’F?%ﬁur%I E’ﬁéﬁﬁ\s{% Li%h bound

a plurality tife fdroweaduct 8188 dutthi 88t hedcaptpaihg8axiAilyghaprcesshe e brine

HPB from t ar fhow duct nt.er i xially in t ap part
85 is defl etc&'?dgd ;&ntganésgof gghe%ﬁ%gﬁ%%%dgefkﬁ;ecg?%%n%G 8§réd, tlﬁ'l% cgfllsoe"guence,
fl ows ak®al Agidrectsam - 8% adhg, f riom chessausinde i nfoowhe ety ewnent 10

through its QpaNi-ngs1AQ Eg"ozﬁngh-bnto%ttsq%é%aﬁlgo\}mél?ﬁTg% ¢eRhr ol Hackets 82

connected to the contral openings 40, a forked configuration

) 7 )
in 15 thislfadEronad arfaRaniangy el out’eraigériprerinefspaeechhtrol el enent
10 and are | ocated dha"eidicall YooopPOSi 82 tenABetanoklerchd tdisHexenpl ary

eI Mo, IS ST OfL DO ol Sop o 1S BT SRl DR (1D 0 of, he
represemd at ittuls ldaseldi arenaxadweprd ngt the outer periphery of the
control element 10 and are located diametrically
opposite to one ancther. 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 21 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 ligquid-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 8%0° relative to Fig. 10a. By
this means, 1t 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 of the
separating wall 47, in contrast, the stiffening rib 89

located in the high-pressure space 14 1s now located in



arrangenment 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, theregis ggagg
plurality of access openings 92, which 25 are closed by closing elenen

‘'so as to be pressure tight and I|qU|d tight. These access openings 92 are
provi ded for manufacturing technol ogy-ressens and substantially sinplify
housi ng manufacture. They permt easy access to the holl ow spaces, in the
form of the ti38 shankarcfspibes d26widdg,. viirt hthet kecenpisimg. eﬂagdiméhtshoms a
I ongi t udi nal rrqﬂggd rofatg 0] to Fig.
10a. By thl%ﬁ%@%nggr? can b%tigg%gﬁﬁ%eglkﬁﬁiég ﬁln f% 90%%% elenent
10, the sti fa@nanglnitﬁgs‘gh §:qmwnai:tu@5: rpYyht aﬁglté@ tSﬁR&i@tpﬂfemeW@llthe

drawing and js, é‘ﬁéagﬂfﬁféﬁlh e aRnRar b%fln% fllgfas Pafd d hidd hglﬂnew
pressure space . On the right-ha separat i

n
contrast 5 the @@$$¥éﬁ?ﬁ@trpﬁr890fl6@&t§§ﬁ“¢tﬁﬂ?ﬂﬁgﬂﬁ%ﬁe@%ufelg%%E%dl4 is

now | ocat ed {x2oSEP2RB6 c2htrbhe @1@?@1@ tlme drq&y!m céﬂfia@rses@m ary
embodi nrent sho are co ured as an

afre %he stiffenin %&
integral con¥tT® epalbeofafHE 2§EPEFat \ﬂﬁqf HENG N %ﬁ ?Fenfd rib 83
bei ng al so, @@uah3y3@ﬁhltbaearﬁaag@anShlt@@n@g@mds(ﬁ4tfﬁ5cw1wwoﬁhaat part

50. 2 | ocated mﬁthln he_control 0 hi.s_confi.qurati sinplifies
t he manuf actUre; %‘e %?l?%enlﬁan%?enen st%aﬁhgequgﬁrafc %PIWS%Rar anged in

t he spaé@s 14, 45 wikhwutthe diodedt widveiold vef cohrediwicont tgutde $@parating
wal | 47. ﬁﬂk‘?m IEEe ”ﬁev'r%‘@d&lﬁzfedt hend yo E‘ngg{k‘l?é %Qﬁmonlgﬁl Lhemay be

recogn|zed t reg|on of space’ 4 cont 6peni ngs
and flow opesRags 441- Alhndhey catral, operdngscomddnddovn oPenRERI ng

plane 79. Ingihesregsonnef the space;ddared coilQgoys bndeHheking he
control openings and flow o peni ngs 37-40_- and 30, 31, 34, 35 are conbined in

t he “openi ng Ptaie B0, Iﬁhéhﬁpéﬁﬁﬁﬁnploénéh@l SRS IV US4 oRNe hRIPAE al
fl ow of 16he ifhént o thiee spAteold aswhidass Aald tfker pPRchingst he7snpt ch- over
processes. Q¥§£a553 . 4, 35 are combined in the opening plane
80. The opening plane 81 is only used for the radial
flow of the HPB into the space 14 and does not take
part in the switch-over processes. Qverall, in
20 consequence, there is a substantially shortened
embodiment of a substantially improved stiffness of the

overall valve unit.

Fig. 11 shows a perspective wview onto the
hollow c¢ylindrical control element 10, as shown in
25 Fig. 10a, 10b. It is the wview onto the 1ow~pfessure end
(: of the control element 10 with the drive shaft part
50.2 protruding out of the space 45, Clearly
recognizable is the rib 83, which is arranged within
the space 45 and extends in the flow direction or in
30 the direction of 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
0of 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.



20 consequence, there is a substantially shortened enbodinent of a
substantially inproved stiffness of the overall valve unit. Fig. 11 shows a
perspective view onto the hollow cylindrical control elenent 10, as)%gpmgils
in 25 Fig. 10a, 10b. It is the view onto the | ow pressure end of :
‘control elenent 10 with the drive shaft part 50.2 protruding out of the
space 45. Cearly recognizable is the 41b- 83, which is arranged within the
space 45 and extends in the flowdirection or in 30 the direction of the
drive shaft 50.2. Al thecewiierabPeriBharyt off chpagcanturdr elemet 84,

which is arf@ngegdopRrrspbgeal | B t@eaﬂr@wpeeﬁyr € oPRRER A5 cdittdE region
of its outlet flow end. A plurality pressure-relief ducts 78 e tendr ng

in the axi alPoEkehs ebti G r@rﬁ“PQﬁ&e&"}H}r@? r PE&t et oFEPRERE 1R8r i h of
the wal | surd@ce-sf bhencantr @7 el eoerit 16heWsidadehel4 alsdltﬁfectthae"ﬁeto

pressure relief ducts 78 onpen ion i ravi ed for an .axial thrust
| oad, by>whitHP RS e %E%Fnﬁ?r'r%hg@n%‘ﬁt 8@ SLEGESPENASHTSFS i T fi ed. 2
5 SEP 2006 2% tbdleer ochembeesi phenypeotetiheocaiter olaleteememtt, 10f a

for k. shaped A ALaeLLl sably-oRA9sar sPOLLOl., Pockets 2 que-arkanged whi ch

are in conn ion Wt control openi € sSpace ected to
5 hi gh- pressuf e e necHPBOIA elemedef | B8t ilnn beemsenofhethewocenied ar

chanbers, cqnpnacted, twlt:ﬁe er?é V&1 HNBE, eeqls'ﬂ m@hESSUI € o e&&@gﬁ%e Kes pl ace

on the outer periphery contr ol ement 10 by nean nt r ol

pocket s10W t ahjefa‘F]aeO?OFHF§1n€E§HF§95aa@ﬁs§I1§éve@ﬁnlI@Soflth ?REY cont r ol

openi ngs andrdd ow{peﬁeﬁgnqslarm 079nlys pBEs9BeRi Nk pkase ISvisro9sstdl e at

the | ow pressure br]$1 PB end. The configuration of the control pockets 82

in fork sh R STy vantage that a protrusion elenment 15 96 renains

betéreen t he fork shaped ¢bwfid gatasidbor oEd dhe tdosteobf pgukatisorg2 Thas is, in
d

an Gavant a050is TRONSE: IS LI, PLARE 8 RLRIAPUIBREAD 85
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 control 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 fhe switch-over motion of the control

(i 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 fliow 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



pressures between the rotating control elenent and 20 housing are opti m zed.
In-the case of a stepped configuration of the control pockets 82, ﬂgs 2006
arrangenent of the protrusion element 96 is dispensed with. AIthoug ﬁf
“increases the space available for a deflection, it |eads to sonewhat
unfavorable flow 25 ratios during the—s%teh-over notion of the control

el emrent 10. A representation of a type of kinematic reversal of the control
pockets has ﬁ)‘!ecerrs,om sfedr | el ahabugbusloenf i direeign ofthehe £bewr ol

pockets rot Mth.t captral element. ﬂrQ this '&?490 sihl e o @rrange
or

t hese contro oc ts int housi ng and then 1 n the of stationary
fl ow pocket scagnigl oWdé?FléctiP{éﬁlofdlrteﬁfé'lmﬂ nEr Pt Bheheugsémiend-Dl e 79

woul d then tﬁ@id@lﬁ?et}hélé dousi 9 ¥Rkl candrbn Ehemshationary flow 35
pockets. The openi n 1 arranged distributed on the EBerl phery can be

recogni zéd on the c%ri't‘-:fol 1%| BREWE To PPRSPRECIEGI I PRECsFactdi%e subj ect
to high- preamhrte é:)él nghdsﬁB Byt t liigy. rr&@nal a Weghodriessille bihnetidPB 2 5
SEP 2006 2 g rou%ht ow, thro%gjh t he flaé) dlgflectl on -
not shown h cé Slri‘% Th ez&a‘ﬁag r adiCRCSS WHLNES a7 di Y&ttion from
t he outsi de dam= t herangsiddein nthlee Geeet lldn obft heheontuiell ederemtiond Fig. 12
shows a pengPf%{% V%f‘“@l‘@’eo"éf’aonﬁstée’e@ V%lo%”'éu@éssﬁ%‘@éée'h Fi ch%% 1%11

Recogni zabl housi t he access openi (5392 whi ch
are arr afgechdus ire. dlimecth@n @fGMﬂ@WI ambe;»dlamton spihpde o¢1@$ﬂer@r ansf er

flow ducts logated yedhipsthe 3Q heusl ”%1osﬁnbhe R 2T y939”b061&1‘1‘§£‘t

sinple closure ™ plugs are used as the closing el enent 93, oth
const r uct i orfNHIMS e bei RGWEVSH . pBeIrEl élsaddas ke e&@@%@nal

reinfor Cemr&xtﬁix&f@lnt§e9ﬂf@f@eﬁ\éﬁ@n@@.@rr|eﬁhttsh@4 hgusi agrahglé@t waenthde
tra(rjsfer ducts 18-21.l.oc

t thin the. ho . Addi ti onal
mat &fi al ac H9 orfs 9 ":3%7(,{9&e thavé I ﬁ%#%g%ﬁ?& E ég ‘é%‘%l nts
and/ or %GEspensitdm the housing wall 15.

2dditional 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 wvalve unit and simplify its
handling. In this exemplary embodiment, the connection

46 acting asg 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
(j different local features in the simplest manner and by

a correspondingly rotated arrangement of this cap part.



el ements for the value unit, are arranged on the outer wall 15 of the
housing 11. They facilitate an 20 installation of the valve unit anﬁzs' P 7006
sinplify its handling. In this exenplary enbodi nent, the connection™ 2% ,
‘acting as a drain for the lowpressure brine is a constituent part of a
separate cap part. By this neans, the @uttet flow direction of the

| ow- pressure brine LPB 25 through the connection 46 can be adapted sinply to
c different Listalof desigmationfe sinpl est manner and by a correspondingly
rotated arrangenent ofyilhsS,£aRsRAE pudpd SEP 2006 29 List of designations
1 High-pressure punp 2 Reverse osnosis nmpdule 3.1, 3.2 Tubul ar chanbers 5
4.1, 4.2 Separating piBeVAESC5ORNBASEBtNPAYYEI ve 6 Booster punp 7 Valve unit
8 10 9 10, 40. 1 Lont robel gAeshsmbddsHousing 12 Supply opening 13 End
wal | 15 14 Space, rggh-géessure space 15 Quter wall 16 Connection for
tubul ar eharfbef 474 ConRRI Rbh¥oP*FhBEfar chanber 18-21 Flow ducts 20
22-25 Separaing wal | sNoR6érx@fuAnuhbtrespaces 28 Housing inner wall 29-36.1

Connect i on & Separ at | RECHEFT PP Strute - Tooo oW pressure space 48
7 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 Quter 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
(j 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



49 Seal 30 50-50.2 Drive shaft 51 Force transfer means 52 Housi ng passage
53 Surface, bearing surfaces 54 Thrust bearing 35 55 Control cylinde% SEP 200§
56- 63 Fl ow openi ngs 64 Holl ow shaft 65 Flange 66 Separating wall 25SEP2006
30 67 Annul ar space 68-69 Flow openings 70-71 Openings 72-75 Flow ducts 5
76 Annul ar duct 77 Sealing zone 78 Prggsure-relief duct 79-81 Opening

pl anes 82 Control pocket 10 83 Stiffening rib 84 Annul ar el enent,
stiffening g85 Cap parhn86akl ewadef | ection 87 CGuide ribs 15 88 Fl ow ducts
89 Stiffenigg r.i.b 90 Eﬁarin% anraggenent 91 Seal 92 Access openings 20 93
O osing el eRBAPS 94 REMAFOPEERERT el ements 95 Material accumul ations 96
Protrusi on befént 250CbPBibgw pressure brine HPB H gh-pressure brine -31-

255EP2006 patent cl aiphBy, gucts

5 76 Annular duct

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

10 83 Stiffening rib
B84 Annular element, stiffening
85 ' Cap part

- 86 Flow deflection
(- 87 Guide ribs

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

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

25 LPB Low-pressure brine

(; HPB High-pressure brine



1. Avalve unit for swtching over fluid paths, in particular for
installations with pressure exchangers wth tubul ar chanbers (3) th& %&$
which flow occurs 5 alternately, a rotatdlbl e control elenent (10, 10.%) 2006
with 'a plurality of flow paths being arranged within a housing (11), the
housing (11) having a plurality of connections (12, 16, 17, 46) for
connection lines, the housing (11) being connected to a first pipework
system 10 and, via the connections (16, 17) to one end, in each case, of at
| east one pressupateathalgdms another end of a pressure exchanger being
connected, in each case, ~ to a second pipework systemw th internediate
connection of -furtheP VALE uhiils, LeheSEoRERENT ePERENE L1E S DRLNED. T bei ng

provi ded wit Ba@tﬁ@h@hrdrfcyﬁn ﬁféti\éellas&léﬁﬂs (RQknansk-dhe. £k ow,paths, ofs the

control el ement bei n alternately connected to connections
arranged on YhE hoﬁ%bﬁ af]JSh ISy (FeansiePughe WRHFRChi IRy p&siditens of
t he cont rpl aue@ﬁhtélg},, 18. 1ﬁota@agmeer@@,ﬁtf@1 hi glherpessure f | uigd afyl ows

alternativel ssure ange and_ | ow pressure f1'yi flomnng
out “of t he. plebBure HBiheF of o ELREe Bt i | Bt St er ot o0

| ow pressur ehbhniidg cfidrjact ehezeatbusiadat(1lar rizngenmgnts wlerabdeyf af a
connecti on (%gﬁngeﬁi%ﬂsz§gﬁnt P%?ng Rressure ﬁﬁ é%ﬁégp§§9fgfor aectlon

(46) for omfpressure connecti ons | east
two pressurehexnshaggdis) Wﬁmﬂgeﬂqnneﬂueﬁrﬁﬂi&efyrﬁbaﬂeaewpth Isiygh-epr essur e

fluid andy | oghapr gIsurend | HhnekRibhat @esuppty thow takess pl age Liem 30

axial and/or radial direction to the control element (10, 10.71) MAt in the
housi ng (11) C&R#- aRToldt et RFEW Tt Pﬁ@SFB%ﬁpﬁﬁﬁﬁﬂﬁgqﬂul@HQQR@E ghélce in

the -axial dbreat igredana tdeckangesl velageorntdtek). Lnt 8athecagannection
for\ the | ow ressure fluid,and ,in that, on 35 the control el ement (10,

10. 1), contr peni MREON%7- RPN P ahge FYiST Fhe Fedifon oFCETRCGRENFessur e
space (14) banﬁeaﬂlonemfmeﬁgﬂérwbamhei&ndt%feﬁﬂni fobr32 215m8kER 2006

COLT SSRIR! oL 9P A (30,3t ot FPLac'a IRIEOB{ hhsa) (1
shaft (50) and the flow paths of the control element
{10, 10.1) being alternately connected to connections
arranged on the housing (l11) and, by means o¢f the
switching positions of the control element (10, 10.1},

20 an entering high-pressure fluid flows alternatively to
the pressure exchangers and low-pressure fluid flowing
out of the pressure exchangers reaches the connection
for outlet low-pressure fluld, characterized in that
arrangements are made for a connection (12) for an

C 25 entering high-pressure fluid (HPB), a connection (46)
for a low-pressure fluid (LPB) and connections (16,
17) for at 1least two pressure exchangers, which are
alternatively loaded with high-pressure fluid and low-
pressure fluid, in that a supply flow takes place from

30 axial and/or radial direction to the control element
(10, 10.1) within the housing (11) and an outlet flow
of the low-pressure fluid takes place in the axial
direction from the contrel element (10, 10.1) to the
connection for the low-pressure fluid and in that, on

35 the control element (10, 10.1), control openings
(37-40) arranged in the regiocn of a high-pressure space
(14) have an opening angle which 1s different from



with a high pressure of the supply opening during the 5 switch-over of the
control elenent (10, 10.1). 2. The valve unit as clained in Clainll"ZSSEPZ%B
characterized in that the control elenenfy.is configured as a hollow*
cylindrical control elenent (10) and in that a separating wall (47) divides
the hollow 10 cylindrical control elenent into two spaces (14, 45) of
different pressure regions (HPB, LPB). 3. The valve unit as clainmed in claim
2, C characi@rtaggoh@ihhatriaddi bberahgst i {igni ng feayuress, arg aghanged in
t he spaces (14, 4 of different 15 pressure regions (HPB, LPB). 4. The

val ve unit d®FH%ed th)cl aiff 2 e, cﬁgfeacttégq%]@df i chavalee¥he $Fiffening

features arerffonfigar esbrased @idial kit text eRdi ngalves 1B} 8%k andhged as
annul ar el enent,s é8%%ﬁ%$0 5. The val.wve .unit as.clai ned inéﬁlajns 1h 2, 3 or
4, charact erfZed n RHeSHT Ge Ofhatte (S85P1¥ ORSARESt Y hEhe

separ ati Bg waritdHQven dhathet cohtroinelismbarqyeo,6icThe .val ve unit as
clainmed in aimb5, .25 characterized in_that the_separating Ll (47) is
arranged in the cent‘Ir\% rg@a}%ﬁé of utrhl(ejC hol% ow cgf}llf“ﬁ ri car co(ﬁ;{\gﬁn érement
(10). 7. Thehatactemizedsicl| ahatdtihe coemtefolc|aliamertt tis Gponthavaederi zed
inthat a c one bl IF : r 1 tof IS angs one end
of the holl %{v? %y%%%r%al%oﬁﬁroﬁ# e%&%t@r%}%)g g{dgr‘ll'ﬁe i/a )I\’/e%u%jt %s
clainmed in di@tef &l aisPParaboing, vhatact@lilzeddiWieaat ttHe sehatdevng wal

(47) i sipsolddlynheonnect egntPot helepphok nebem®Rt does 3010, dbe yalve unit
as claimed in one of clains 1 to 7, characterized in that the separating

wal | (47) i SRRy ROt edt et PRe MBESi ngFP11). -33- 25SEP2006 10. The
val ve unit &s, clai nerhén ctslive 9, urthar aefer i zediBat haint hecsgparating wal |

(47)-is fastened to Ihedhousin 11 d}ﬁ/i.%h %5 uts g g% in the region of a
hldﬁ}pressuf i St odéhlﬁga%12§. 5°1 1% TheSh ? DHHPt g%aggﬁ?ﬁed in
one of claimxre tagranged in the spaces (14, 45) of different '
15 pressure regions (HPB, LPE).
4. The wvalve unit ag claimed in c¢laim 2 or 3,
characterized in that the stiffening features are
configured as radially extending ribs (83, 89) and/or
as annular elements (84).
20 5. The valive unit as claimed in claims 1, 2, 3 or
4, characterized in that the drive shaft (50) is
connected to the separating wall (47} so that it
transmits torgque.
5. The valve unit as claimed in claim 5,
25 characterized in that <the separating wall (47) 1is

)

arranged in the central region of the hollow
cylindrical control element (10).
7. The valve unit as claimed in one of claims 1 to
6, characterized in that a component (51), which
30 transmits torque, 1is arranged at one end of the hollow
cylindrical control element (10).
8. The valve unit as claimed in one of claims 1 to
7, characterized in that the separating wall (47) 1is
solidly connected to the control element (10).
35 9. The valve unit as claimed in one of claims 1 to
7, characterized in that the separating wall (47) is
solidly connected to the housing (11).



10, characterized in that sealing elenents (49) are arranged in a sealing
zone between the separating wall (47) and the inner wall surface of IH@EP 2008
hol low cylindrical control elenment (16)33-10 12. The valve unit as cla

in one ofrclains 7 to 11, characterized in that the separating wall (47)
and/or the struts (48) are a constituent part of an .exchangeable insert.

13. The valve unit as clainmed in claim1l, 15 characterized in that the

control elemgnt (10.4).1s aﬁcqygl gy, gd as a fuhllag?ﬁ}aldndegnand 1€J-2ﬁlhgt inits

peri pheral surface, a plur groove- shape ow paths 74y form
different préssAe ey s J(IHPB'-hatIF_PB}he 205 aRarghengal veldni €438 ctained in

claim13, chaaeialized dib thahsthg fdlqvv PRibE ALutE3: (44y 43) tBE equal
pressure regions are arranged di anetri call %PaPﬁiéOSIte to one anot her on the

peri pheral SFFRE Oz W S5 Rt SBe d°PREERS Mi23 -or 14, 25
charactesi zed i n t hatha webtde onmdt kbecgroave- shapet & fdm\zr.rpsatmté 72-75)

connected t flow 0 en| n 29-31, .3 35) orm; the control eni n of the
control el erefit h(af(ac% %eéTHel v E FEGEA cl(gngﬁr 14 or
30 15, char axtrerrigest] im ahaEaalmngﬂm&abeaweahathgr@@pﬁrdﬁﬁﬂg|wa1he

housi ng (11)4yyﬂcgnan EB% pegh&gera% g%y%égethgfcon%rm ﬁ% £ENt (10.1)

l;ur
is arranged |n thé region of "a Fadi aF ~hi gh- pressure end supply openi ng
(69). 35 17cymnadHNQﬂilﬂﬂntﬁﬂi(ﬁkﬁmmmtihl@he of clains 13 to 16,

charactepizag I n t hatn wlsed a0auber caahER0. 2 o8 GET)clal ANged on the

control el ement (10.1) -34- bet ween ends of roove shaped
f1 ow paths (Z2- 75}'1a51acf‘3r?€la"ieﬁ ellélnt tﬁﬁéssﬁ?@ rSYPIRBELRPB, wap._]:iB) (48, The

valve unit asd/lai nedel n.stfzhﬁién Yig) chasact erbzeditiehbatys8al bEg £ enents

are arranged i on of the sealing zone (77) on the control
el efrent (1051 eﬁﬁﬁﬁﬁgﬁﬁh ?ﬁnwlng (11). 19. The valve unit as clainmed in

one of claim3.1 to The wvalve unit as claimed in claim 1,
15 characterized in that the contrel element {(10.1) 1is
configured as a full cylinder and 4in that, 1in 3its
peripheral surface, a plurality c¢f groove-shaped flow
paths (72-74) form different pressure regions (HPB,

LPB} .

20 14. The wvalve unit as claimed in claim 13,
characterized in that the flow paths (72, 73; 74, 75)
of equal pressure regions are arranged diametrically
opposite to one another on the peripheral surface.

15. The valve unit as claimed in cliaim 13 or 14,
25 characterized in that a section of the groove-shaped
C flow paths (72-73) connected to a flow opening {(29-31,
33-35) forms the control opening of the control element

(10.1).
16. The valve unit as claimed in claim 13, 14 or

30 15, characterized in that a peripheral annular groove
(76) in the housing (11) and/or in the peripheral
surface of the contrel element (10.1) is arranged in
the region of a radial high-pressure end supply opening
(697 .

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



18, characterized in that fork-shaped and/or stepped configurations of
control pockets (82), which are 10 connected to control openings (37; 54@;3, 06
are arranged on the outer periphery of-3he control elenment (10, 10. }) ](9
The valve unit as clainmed in claim19, characterized in that protrusion

el ements (96) of the fork-shaped control pockets (82) are arranged in the
15 plane of the radial rib (83). 21. The valve unit as clained in one of

claims 1 to bé@weéhaéﬁ@ﬂse@fz%é rgﬁ&@&ei&ﬁéspé@apfgwaﬁgéﬁg %b@pﬁ%q of
configurations of ggntro Eockets whi ch are connected to flow openings

(30, 31, 34,°88)HEFETERFaRGETSHR 4 REDG I néF Berlifhery of the housi ng
i nner wal | (28, 55).TR2. Tm:wel veuulmt as claigededn one okiglkal my,1 to

21, characterized in_tha it f flowtransfer ducts 2 whi ch
connect the FIowg 85?%8@ (Jé %‘rié”‘t é?g 5\:{- ETSFY S o ‘ﬁrﬁﬁﬂ%SS ﬁl)th
outer walbl (45 :ﬁgﬁntl@é hohsi r@&lﬂ:)g Z3neThd 7Val venuritte asoeltaioded in
one of cl ai By é:%e Eo gg gﬁg#ﬁr iO eghi N togﬁl%rin"«ﬁ; fl)ow open| ngs (29-31,

g th ol

33-36) are a cons |tuent an adj us ow cylindrical housing
inner wall (5%). 30 Phe Tﬁévﬁaﬂmétumst wsigted el ¢meoné olashsi ABLD to 23,

charact eri zegk | n dfiala & BL1F @A h OLnAECERS I OPEINAgS AP0l cabbanged in

the outer wall (15) of, the haousing (11). 25. The vaI ve unit as ainmed in
one or nore SPNIBGIERALARS1 PE 2£OTEHElacRATREE i n(8hat avpicRal L of

out er sn,ioffe@c'b@@e@t@aeabScb%)roar @p@rmmgaed(jm the) , oaui@rawlahgéé%nof t he
housi ng (11) 5SEP2006 g?} val ve uyni as cI one of
clains 1to %e %lﬁ%?ﬁc?%ﬁ@ 8rVn°tfh etﬁé?nttﬁﬁ § )3.2) of

t he pressur eZCexchang'Ehear evdrvef | yndanneased dhalmmé armi her:lbymt he,

ot ransT g, cigh s (1821100000 38RO O chhe. 0N gL eqRt (10
Q). . eva VE Uuni i'moné of ¢Talns
char act er i zeﬁDE]ﬂ-$1h®me@héldﬂWl raﬁ§k@|tSdub$%) ers Zdl)“rangedornfn gthed as

ext er nak st u%ﬂﬂe%gn@ﬂésrangalTQ@bvqbg@_uni t as clained in claim 27,
21. The valvé unit as claimed in one of claims 1 to
19, characterized in that fork-shaped and/or stepped
configurations of contrecl pockets, which are connected
to flow openings (30, 31, 34, 35), are arranged on the
20 inner periphery of the housing inner wall (28, 55).
22. The valve unit as claimed in one of claims 1 to
21, characterized in that a plurality of flow-transfer
ducts (18-21), which connect the flow openings (29-31,

33-36), are arranged on and/or in the outer wall (15)
25 of the housing {(11).
(; 23. The wvalve unit as claimed in one of claims 19

to 22, characterized in that the flow openings (29-31,
33-36) are a constituent part of an adjustable, heollow
cylindrical housing inner wall (55).

30  24. The valve unit as claimed in one of claims 1 to
23, characterized in that a plurality of access
openings (92) are arranged in the outer wall (15) of
the housing (11).

25. The wvalve unit as claimed in one or more of

35 claims 1 to 24, characterized in that a plurality of
outer stiffening elements {(94) are arranged in the
puter wall (15) of the housing (11).



10 characterized in that connections for the tubular elenents are arranged
so that they are distributed over the outer periphery of the housing @%{PQWB
29. The valve unit as clainmed in one of-¥Wains 1 to 28, characterize%'in
that the flowtransfer ducts 15 (18-21) are configured as flow ducts which
are integrated into the housing wall. 30. The valve unit as clained in one
of claine 1 to 29, characterized in that a fluid exchange between contro

el errent (10,230.1) amdel be1tousiras! on £yl B0 48 21) ciakes Bl gge via

in each case2 | east two, nutual y dianmetric ﬁ pose | ow openi ngs
(29, 32; 30 81 Chpracgi@riged 380 SRt ool tepe ?ﬁgsclzas@% (3.1,
ggrg SSpOEdI ny.2p bﬂeﬁhe3i;re-§|3©r\éa|éé&ﬂaﬁgfjexa5aﬁ a:?f@élfh iy @aﬁn@f:tlehaltas 1to
characterize tion and size of t ontrol openings
(37-44) pernft€ a??g gh gé‘nﬁﬁgﬁﬁﬁ?5§§%r§1%u?§é égﬁlnﬁh@ val ve
unit as &l aimediom cfathe3éontﬁbara&é&enzedlﬂn tlbatt )t.he control openings
(37-44) of t he oW I| ri_cal ntroI elenent a onfigured as
el ongat ed hol es, poP@%%ns g¥ ﬁ 6Fh§ qi me@$§n R f %Eﬁﬁ?? gsg8lained
in claim31 28, 32¢hachatacL5ﬁdzedn|nuﬂaﬂ eihﬁ(xﬁlmwfﬁr@mmfenl dpehéngs of

a tubular chaqesq j s; Sk &:ﬁéﬂ&ﬁk‘éhyagség%éﬁéﬁ ‘é"u%ﬂﬁ%’% 23 “r‘l@sng of

previously cl osed contr openi ngs o anot her tu cha and vice
versa. 34. T val veT]%u‘ﬁl t Vsl g ai #BATi n ®%e Sfladmads 1Mo Céslm 27,

char act gni zegha fhdheti 2ed! Uﬁ_ﬁ"‘t)’lan @roeﬁ@atqm%ﬁ Zob SER: 2006nu18ki ef
ducts are arrﬁﬁged on the outer rface of the i ontrol el enent

10. 1) and/ orS&Ipposite 2hbasPR §8rF S¥h & g Phet ﬂﬁ?¥((28
55). 35. ThaﬂM@Jw&tewn@eﬁﬁphéﬁynaﬁ theoheueinglaﬂm$ 1 to 5 34,

chagacter! Zefh . {Nojy 01, o2, By oLl LY QhedbieoSie el LEL et . (70) are
in claim35 2%, 35¢hanm@IeELeedzednlnthhat ah@mnﬁhuwnﬁransﬁéxer@attﬂg 10
through; gl ow ikes) pl geg | neddes RIASSUT Bzl €ld18fy, dUSLSts  which are
integrated intc the housing wall.
30, The valve unit as claimed in one of claims 1 to
29, characterized in that a fluid exchange between
control element (10, 10.1) and the flow-transfer ducts
20 (18-21) takes place wvia, in each case, at least two
mutually diametrically opposed flow openings (29, 32;
30, 31; 33, 36; 34, 35) and control openings (37-44)
corresponding to them.
31. The valve unit as claimed in one of claims 1 to
25 30, characterized in that position and size o¢of the
(: control openings (37-44) permit a flow switch-over free
from pressure surge.
32. The wvalve unit as claimed in claim 31,
characterized in that the control openings (37-44) of
30 the hollow cylindrical control element are configured
as elongated holes, polygons or in other shape.
33. The valve unit as claimed in claim 31 or 32,
characterized in that a closing of control openings of
a tubular chamber i1s simultaneously associated with an
35 opening of previously closed control openings of
another tubular chamber and vice versa.
34, The valve unit asg claimed in one of claims 1 to
33, characterized in that a plurality of pressure-



37, The valve unit as clainmed in one of clains 1 to 36, characterized in
that the control elenent (10, C 10.1) is supported on a surface (53) g%ﬁ%@ﬁﬁ
housi ng (11), which surface (53) extends3§n nmeander shape and 15 is %

by the end surfaces of the separating walls (22 - 25). 38. The valve unit

as claimed in one of clains 1 to 37, characterized in that the control
element (10, 10.1) is supported on a plurality of surfaces (53) of 20 the

housi ng (11) rewhieh Ruacess (5§:}a@§§df @hrr&;@lebyod&er #adh supt-ages ofs the
separatlng l.ve Eﬁlt as. clainmed in one of clains 1

)
to chama%?eréfgﬁrpﬁ tﬁi?mﬁnﬁouéﬁﬂg i el ) waPRYY$8) | anyhperosd te
conf|gured ahoassagasaréacenpmnénlaa@@us&n@Bxﬁﬂﬁonaﬂl(Mnsifﬂﬁﬁace (53) of

t he housi ng rface .(53)_ extends_ in neand g ape and_is forned
by the end é%rfacesbgF ﬁg ﬁ%?a E%b ?%%??2%“ AN 46t'E %Wé al"%e uni t
as cl ai n&d |h4onechﬁrabaewaz£dt01n89thHEuemn@rlqnd an phataﬂheyconﬁrm

el emrent (10, 1 re I shaf X in a
beari ng arr an éQS&$ %8;§e§1d%%%§g QT%E %%Ft%gggn%%%' |%h§né%§ ?ains 1
to 40, char%b@@em2edlﬂm fifaft)the control elenment (10, 10.1) is arranged in

such a way thgt 1t [8nkr 8 yOMn3e ra@' ghathdaadal chasgess 4z Ige valve

unit as clained in one of clains 41, characterized in"that a hol |l ow
cylindrical €¥mtrererszeds SHSEIﬁh’EGOGaeI%ﬂm{@B@S 19¥ 1) anf eRnatingded

separ at iLng V\@ﬁioﬁéﬂ)flﬁwl Bakest g@tacw ih ankh %tssla%r—lﬂ&.l(e%)du&% The val ve
unit as clakgﬁd in ope_o Elalns racterlz?g n t hat on t he
control elemeht (10,78 Y8 YF, uPﬁ %ﬁﬁﬂﬁéh%?éﬁ%?( BY L#E™Eohf £Gur ed

bet ween two 34 xed:ksmmmtadai-hge@/alin; (t}’h]at 6@he 44onthelvaklemenitt as0¢l ai ned

0 gre of clfTe 4o 380,43 Char actariasd. i nobaton annuhar shace (67)

arranged in ousi ng connected to 0 pressure PB) . 45.
The val ve unitlhs whachedurfare oF3¢| aixkerty oln4mea@ﬁ@|racﬁmqwndn t hat

the housgng {d1}ol8eRr 9} d€6e end surfaces of the separating walls
(22 - 25).
38. The valve unit as claimed in one cf claims 1 to
37, <characterized in that the control element (10,
10.1) is supported on a plurality of surfaces (53) of
20 the housing (11), which surfaces (53) are formed by the
end surfaces of the separating walls (22 -25).
359. The valve unit as claimed in one of claims 1 to
38, characterized in that a housing inner wall (28),
which is configured as a separate compcnent and 1is
25 supported on a surface (53) of the housing (11), which
(;, surface (53) extends in meander shape and is formed by
the end surfaces of the separating walls (22 - 25},
40. The valve unit as claimed in one of claims 1 to
39, characterized in that the control element (10,
30 10.1) is arranged with at least one shaft extension in
a bearing arrangement (90).
41. The valve unit as claimed in one of claims 1 to
40, characterized in that the control element (10,
10.1) is arranged in such a way that it is free from
35 radial and axial forces.
42. The valve unit as claimed in cne of claims 1 to
41, characterized in that a hollow cylindrical control



wi th one connection (16, 17) each for connection to a

and with one connection each for a 15 hi gh-pressure end supply openi

and a | ow pressure end outlet opening {%p).

i'n claim45, characterized in that the supply opening (12) is arranged

downstream of a flow deflection (86), which 20 has support el enents
and the flow deflection (86) surrounds a bearing arrangenent (90) f

control el

46,

(85) connectgd to thepe h@&‘f{ragu&l;%) as4%1a’£%dvaﬂ Ve §r 85 &

char ac

clains 45
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control el e
i n ot herdashape. The valve unit as claimed in one of claims 41,
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t ubul ar chanber (3)

46. The valve unit as Cﬂg?ﬁ%@h%ﬁ

(87),
or the
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to 47, characterized t hat hou5|n provi

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

45. The valve unit as claimed in one of claims 1 to
44, characterized in that the housing (11) is provided
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 (12) and a low-
pressure end outlet opening (46)

46. The wvalve wunit as claimed in c¢laim 45,
characterized 1n that the supply opening (12} is
arranged downstream of a flow deflection (86), which
has support elements (87), and the fiow deflection (86)
surrounds a bearing arrangement (90) for the control
element (10, 10.1).

47. The wvalve unit as claimed in claim 45 or 46,
characterized in that the supply opening (12) with the
flow deflection (86) and the bearing arrangement (90)
are arranged in a cap part (85) connected to the
housing (11).

49. The valve unit as claimed in one of claims 45
to 47, characterized in that the housing is provided
with an axially and/or radially arranged low-pressure
end outlet opening (46).

49, The valve unit as claimed in one of claims 1 to
12 and 19 to 48, characterized in that control cpenings
(37-44) of the hollow cylindrical control element are,
for example, configured as elongated holes, polygons ox
in other shape.

dﬁéndebn one of

th an

of the hollow cylindrical

pol ygons



