LI NEAR HOLLOW SPOOL VALVE BACKGROUND [ 0001] Enbodi nents of the present
invention relate to an energy recovery system Mre particularly, the
enbodi menwve 20f1/teopr esent invention relate to a val ve pgstismifimsoorhe
energy recovery system [0002] An energy recovery systemis a device that
utilizes a fluid stream at a higher pressure to pressurize another fluid at
a | ower pressure. Energy recovery systens are general ly used in
desalination plants to pressurrze a_feed stream by using high pressure

concentrate. [0003] An ene?§§hﬁg€é@eﬁ§“%§%?¥%Hhé§ﬁﬁhclude a pressure

exchanger tube and a piston reciprocating inside the pressure exchanger
tube. Further, a valve systemmy control the flow of feed water into the
pressureg @@@@@fﬁﬂ%ube and the concentrate out of the pressure exchanger

t ube. ornro e energy recovery systemnmay include two or nore
pressure exchanger tubes, Various valve systens are known in the art, for
exanple,ﬁX@ﬂhryE&dﬁM@nsyswéM& anﬂwhﬁneaﬁevabhﬁ*SwstemsgyﬁﬂmﬂabvaBVBlsystens
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usual |y @@@ﬂhb?@&ﬁ@trhgg%ﬁy, expensive, and nore susceptible to failure.
Mor eover, |ndependent operation of the pressure exchanger tubes may not be

possi bl e, ‘ ‘ - ‘ *
{0002} An euergy recovery system is a device that utilizes a fluid stream at a higher

pressure to pressurize another fluid at a lower pressure. Energy recovery systems are
generally used in desalination plants to pressurize a foed stream by using high pressure

concentrate.

{00031 An energy recovery system may include a pressure exchanger tube and a
piston reciprocating inside the pressure exchanger tube. Further, a valve system may
control the flow of feed water 1nto the pressure exchanger tube and the concentrate out of
the pressure exchanger tube. One form of the energy recovery system may include two or
wmore pressure exchanger tubes, Various valve systerss are known in the axt, for example,

rotary valve systems and linear valve systems.

{00041 Valve systems are generally connected to the two pressure exchanger tubes
and synchronized with the movement of the two pistons, Such valve systems are usually
complicated, heavy, expensive, and more susceptible to failure. Moreover, tndependent

operation of the pressure exchanger tubes may not be possible.

00057 During operation, the valve systems are subjected to various hydraulic loads,
for example, radial loads and axial loads. Some of these hydraulic loads may be
unbalanced and may oppose an applied actuating load. Consequently, higher actuation
energy may be necessary to operate the valve system. This may increase the cost of
actuating the valve system and may also reduce the efficiency of the energy recovery

system. Also, unbalanced loads may reduce the overall life of the sealing system.



[ 0005] During operation, the valve systens are subjected to various
hydraul i ¢ toads, for exanple, radial |oads and axial |oads. Sone of these
hydr aul i cwbeadsiezery be unbal anced and may oppose an applpcedisaatioadorng | oad.
Consequent |y, higher actuation energy may be necessary to operate the valve
system This may increase the cost of actuating the valve system and may

al so reduce the efficiency of the energy recovery systen1 Also unbal anced

t oads may. .reduce, t verall life of the seali
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and val VBy SYSLERARY ek%uéﬁahbkﬁ%@dhﬁmm% ' &B&ngﬁa%d @k el empgneLt Gr
hydraul i ¢, pneumatic, and the . I'n the case of hydraulic or pneumatic

means, ohmglrasliony mc@h@ﬁq @nmyom‘a«u‘enm@ %b@%emmah@q tnpondites q@tce@s gresserchanger

tubes and the val ve s ms_throu a te sea lin

|ncrease‘¥%ém%6 bﬁhﬁxi5§p7 VFtV” Her gy %56%3?%5% Ste ﬁg“Tﬁ@ysealing
SyStenltﬁ@ﬂﬁﬁiﬁﬁﬁu@@%m@Qmﬁgﬁﬁﬁﬁaﬁ1@wt&wl%ﬁKﬁgﬁﬂxL@Q@%lﬁﬁ@rﬁﬁﬁﬁesyﬁﬁﬁre is a
need for a valve systemfor pressure exé%ange t ubés of an energy recovery

system Wit vevare biresingiiblsdo laghecot her rel ated probl ems. BRI EF
DESCRI PTI ON [ 0008] The present invention provides a val ve systemfor

pressur e{@é?fan%'éretfﬁg%m%fis a need for a valve system for pressure exchange tubes of an

energy recovery systen, which overcomes these, and other related problems.
BRIEF DESCRIPTION

{0008] The present invention provides a valve sysiern {or pressure exchanger tubes of
an energy recovery system that overcomes the aforementioned drawbacks. The valve
system ecunables appropriate actuation of the hgh-pressure ports and the low-pressure

ports to allow pressure exchange.

{00091 According to an aspect of the present invention, the valve system includes a
valve housing, a flow distributor, a hollow spool and a sealing systerm, The valve housing
may comprise a set of high-pressure ports and a set of low-pressure ports. The flow
distributor allows the flow to and from the sct of high-pressure ports and low-pressure
ports within the valve housing. The hollow spool may be counfigured to reciprocate
axially in a radial clearance between the valve housing and the flow distributor. The
hollow spool may connect the pressure exchanger tube o fluid communication with the
high-pressure ports or the low-pressure ports. The sealing system may be configured to
provide substantial hydraulic balance to the hollow spool. Due to the axial hydraulic
balance, lower actuation force may be required for controlling the movement of the
hollow spool. Accordingly, the low actuation force may permit the use of an externally
driven hollow spool which overcomes previous challenges with the actuators that

penctrate the pressure exchanger tubes or the valve body.



an energy recovery systemthat overcones the aforenentioned drawbacks. The
val ve system enabl es appropriate actuation of the high-pressure ports and
the | ow pvesswe29erts to all ow pressure exchange. [0009CAasesidiossy7t 0 an
aspect of the present invention, the valve systemincludes a val ve housi ng,
a flow distributor, a hollow spool and a sealing system The val ve housing
may conprise a set of high-pressure ports and a set of |ow pressure ports.
The flow di.stribyutor allows the flow to and fromthe s of . hi gh- pressure
ports a_n@%ﬁ i pﬁggw PO 8V R ¢ _ﬁ%ﬁvafr vé{ HoBer g IO EPool
be CO”f'QME&@MMQgH@&H&%?&@Hﬁﬁ&%b”hk%nﬁﬂd@m&ﬁﬂﬁﬁ%eﬁ&@@&ﬁﬂﬁ%ﬁ?%hﬂ@ﬁﬁiﬁhe

val ve housi ng and the ow distributor. The holl ow spool may connect the

pr essur ecaxetismgeith thalecdmpdnlyuigdireomgsni cati on with the hi gh-pressure ports
or the towpressure ports. The sealing systemmay be con-figured to provide

substant . hygiaul b DAl Anestiqct he:diol T ow spool . Due to the axial

hydr aul i € bal ance, wer actuation force may be required for controlling

t he novenent of the holl ow spool, Accordingly, the | ow actuation force may
permt theiuge afiGan ikxdnersal dtednyenahohdrowrspooly whiceh aouediagnean

previ ous challenges with the actuators that penetrate the pressure
exchangefTPUBEs G RhRcyt VB eBeRly. WO 2011/ 162929PCT/ US2011/ 039077

[ 0010] These and ot her advantages and features will be nore readily

under st oqf 157 omeifie; faldQu %%e%%%&ide%ic@&ﬁ? et 40Ny afc thegmhediaenbs of

the invention that is provided in connection with the acconpanyi ng

dr awi ngsan BRVERDESCRIPTION! OF . FI GURES [0011]FIG 1 illustrates a
schematic of an energy recovery system according to an enbodi nent of the

present {O’&Y? ti M. 3 illustrates a sectional view of the vaive system with a hollow spool ina

first axial position, according to an embodiment of the present invention.

(0014} FiG. 4 illustrates a scctional view of the valve system with the hollow spool in

a third axial position, according to an embodiment of the present invention.

(0015} FIG. 5 illustrates a sectional view of the valve systern with the hollow spool in

a second axial position, according to an embodiment of the present invention.
DETAILED DESCRIPTION

160161 Various embodiments of the present invention will be described in detail
below with reference to the accompanying drawings. It will be apparent, however, that
these erubodiruents may be practiced without some or all of these specific details. In
other tnstances, well known process steps or clements have not been deseribed in detail in
order to unot to unnecessartly obscure the description of the invention. The following
example embodiments and their aspects are described and illustrated in conjunction with
apparatuses, methods, and systerns which are meant to be dlustrative examples, not

fimiting in scope.

(0017} The invention provides a valve system for pressure exchanger tubes of an
encrgy recovery system. The energy recovery system is a device that utilizes a waste

stream of a sub-system to minimize the input of energy to the whole sysiera by exchange



[0012]FIG 2 illustrates a perspective sectional view of a valve system
according to an enbodi nent of the present invention. [0013]FIG 3

i1l ustratwe 2a11/wsex2vi onal view of the valve system w th @&cCThuskéioms®pool in
a. first axial position, according to an enbodi nent of the present
invention. [0014]FIG 4 illustrates a sectional view of the valve system
with the hollow spool in a third axial position, according to an embodi nment

of the present %nventio . %%915 FI % CLC strates a sectional view of the
val ve sySteis AT HE Wory “s‘ﬁo%"f)t *h "8 éalé%lﬁaméﬁ‘éqm“pé% Fiow, "aEto¥ding to
an embodiyiRAl Al HNRIPEEREMnstIVRNb Qe REIALLER mkp};i%@og%l@ixvar I ous

enbodi rrent s of the present invention will be descrl bed detai |
of a reverse osmosis system. More specifically, pressure may be Gxtraucd from the high

pressure concentrate solution and transferred to the low pressure feed water resulting in
improved desalination system energy efficiency. Thus, cost of production of potable

water may be reduced by employing the energy recovery systom.

[0018] FIG. 1 1s a schematic illustration of an cnergy recovery system 100 o
accordance with various embodiments of the present invention. The energy recovery
system 100 may inchude two pressure exchanger tubes 102 and 104 as illustrated in FIG.
1. A pressure exchanger tube 1s generally used for exchanging hydraulic pressure from a
fluid stream at relatively high pressure to a fluid stream at relatively low pressure.
Further, pistons 106 and 108 may be disposed respectively within the pressure exchanger
tubes 102 and 104 in slidable and sealing arrangement with the walls of the tubes. The
pistons 106 and 108 may be adapted to move longitudinally within each of the pressure
exchanger tubes 102 and 104. The pistons 106 and 108 may be actuated by various
actuating means, for example, electromaguetic means, pneumatic means, and hydraulic
means. Those skilled m the art will appreciate that other means of actuation could be
limited and the aforementioned examples are a non-limiting set. Pneumatic means may
invoive the use of a shaft with a seal for actuating the pistons 106 and 108, The energy
recovery system 100 may further include four valves 110, 112, 114 and 116 (two for cach
of the pressure exchanger tubes 102 and 104) for controlling the fluid Hlow nto and out of
the pressure exchanger tubes 102 and 104. Further, a housing (not shown} of cach of the
valves may include two high-pressure ports and two low-pressure ports, The cnergy
recovery systemn 100 may have one or more pressure exchanger tubes arranged tn various

possible configurations.

[0019] in an cxemplary embodiment of the present invention, the energy recovery
system 100 may be eraployed in a desalination plant. In a desalination system, the energy
recovery system 100 may be utilized to achieve pressure exchange between discharge
concenirate solution (at relatively high pressure} and feed water (at relatively low

pressure}. Referring to FIG. 1, on one side of the pressure exchanger tubes 102 and 104,



below with reference to the acconpanying drawings. It will be apparent,
however, that these enbodi nents nmay be practiced w thout sonme or all of
t hese spewOfoni/ded2ai | s. I n other instances, well known PCoams3e198®ps or

el ements have not been described in detail in order to not to unnecessarily
obscure the description of the invention. The foll ow ng exanpl e enbodi nents
and their aspects are described and illustrated in conjunction with

apparatuses, nethods, and systens which are nmeant to be Il atjvye
exanpl esPEHHe PRAPE PHGOFRC %ﬁé?“ﬁ‘?ﬁﬁ%ﬂ”‘? op Hye Nt \@%@55&@ P&‘giﬁaa‘i‘ﬂa‘?ﬁfre
system f ShePhESS Be @c&ﬁg@@t@@ & a H,H:,li},@ soRfn SRLENELOY hE BRGY exdhah gépm‘t;&@e
energy recovery systemis a device that utilizes a waste streamof a

sub- syst &# sl Hidaiont Zec thag bermpatectfd terike fppdtvaritrhiancvingltee syist bm gy drchange

of energy fromone sub-systemdto another. I|n desalination.systens, the

ener gy 1EUBIERY Ly in Ry 6 St 1 add ot PUbETEr it 8B 8 Beticen the
I ncom ngp@iirOblGahfg thtoVe0f ehel BYRI S8 ESIRSHEheYStEMpiMIES bepacifical |y,
pressure nmay be extracted fromthe high pressure concentrate solution and

t r ansf er feé&done o HES) bw pressure feed water resulting in inproved
desal i nati on system energy efficiency. Thus, cost of production of potable

vater mayh re?ﬁ?ﬁ%&r,%z ?{;(‘Rsln Gt &%ﬁ%ﬂ@E;El}‘mﬁee&z?a‘lp%%%itoﬂ&si%%%m %9&%&1»':' G 1

is a schematic on of "an’energy recovery ‘system I'n accordance

Wi t h var¢absngnivaed nEntsl of tichgorpr @Sbatvalvevand izod. 1 ITheasehecyyed doolier y

system 100 may i ncl ude two pressure exchanger .tubes 102 apd 104 as

i 11 ust r abeH i HEIREPss e oKe ressPe E%xé@rfglpf_@ewﬂi tsEorenifaiierdiiey- tisedvror
exchangi ﬁ@%b@@? W IGhPLASSU 1§ ;In'iioir’[hf’%‘n?w b s LE&RM Ble foe(:)__;ﬁ;h el ¥ndagh
pressure to a fluid streamat relatively | ow pressure. Further, pistons 106

and 108 pmssubepdispobedalvespechs weldywaitt (i reitthelypresyaseree xehydrgerwtubes
102 and 104 .in slidable and sealing arrangement with the walls of the
Lubea. THE Piedrone  Toeruia 158 Hay o aaaprea e mon e PEadE e i ) wi ¢ ni n
each of e ps assiy Suane Bangef itk UbRS oA 02napidiochOdis (ihenkhvsd ange1RBanrd 108
may be actuated by various actuating neans, for exanple, electromagnetic

means, phigtradbe mespse capdoggdigallive meansiticThogk tekfdcl erivtn Whea @et wi l |
appreci a{)igtctnhfg) r%gﬁa%g tﬁf?&%?@ﬁ?@f 1'i§1%t ;%%}tfognth%oiglh'gprggu g ﬁ%!%segf %@d%ﬁ\}}@ 110,

af or enenti oned "'exanpl es” are a non-11 m i ng sett "Pneu I ¢ nméans ‘may invol ve
the use gfd aishaé tcivkeli hTaisseahpltelr AcCkuatdingftihe Ptist ohgrclflfe andhd(8. The
energy recovery system 100 may further include four_ valves 110, 112, 114
and 116 {abHONe gaeRusht phdcgrdes dPe feve Rarnglrme dpé 0909 ¥nde Fodyveor
controll%a%yggﬁggluid flowinto and out of the pressure exchanger tithes
102 and 104.F urther, a housing (not shown) of each of the valves may

i nclude two high-pressure ports and two tow pressure ports. The energy
recover y[(§9si emid@Genmy indivel hneydr offprassipr essune:. eke haghgeesstiwhestsarfr anged

in varioys pos iﬁlg,pqpf{hgw ‘ippsk)%Q,JQ | n _an exenplary enﬁ).lnpnt of the
o esent TRVBRE R e GHEFby Fa0awer RSyt B T60P Ty DEGlipl By T o
desal i nafekoRiRlaalkh plRade ARS M RAY IORSY SARMprERBIENRE GeshBE QY EKY fRYSt em
100 may be utilized to achieve gressure_exchange bet ween di scharge
concent r atler solhamironug axchaie uvell §2 hiaghngees du the) pragrdrd dele watanirfiat
relatively |ow.pressure). Referr] to F 1, .on one side, of th r.essure
eXChange?i}{?ih IléSE%E%Zg 5_?{82%‘21?01 S 0} @1% vaive Ji% may then be Openeg, Al ex%ra %083{

may be provided to the piston 106 by an electromagnetic force. The concentrate solution

{at velatively high pressure) along with the extra boost may drive the feed water cut of the

high-pressure ports of the valve 114 resulting in movement of the piston 106 to the

extreme left position. The moverent of the piston 106 from the extreme right position to

the extreme left position defines the second half of the cycle of pressure exchange.

Pressure is thus exchanged from the high pressure concenirate solution to the low

pressure feed water. Further, these steps may be repeated to achieve pressure exchange in

L



one line may be connected to the concentrate solution |ine via valves 110
and 112 and the other line may be connected to a drain. On the other side
of the prwexurigieeseghanger tubes 102 and 104, one |ine neg¢ThsS2@onsm®et ed to
the feed water |ine and the other Iine may be connected to the high
pressure side of an a reverse osnpsis subsystem Operation of the pressure
exchanger tube 102 in one cycle of pressure exchange is expl ai ned bel ow

with reference to FIG 1. [00201lnitially, the piston 106 r be at the
extreme F¥FY CHOSi tIOHTHE it a%bés@&r%%ﬁ% RGN % die 105" BREPAI ¢ he
ports of thedk eshah 0 1and;kl4 may be closed. In this position, the
pressure exchanger tube 102 is filled with the concentrate solution. The

| ow- pressure ports of the valves 110 and 114 may then be opened. Due to
openi ng B2the Fowrprssisumeopbreaisdiovt hethgdpadewaigoouitHdbd erugxetcerery at
relatively,lo ressur he, drawn into the pressure exc | be 102,
The 1 eec istbr *hulRel Bhe B 08, 10T pE oS, SRATES G IR (he
concent r ak@:cEotititoh:Brbe JiteatRin sl Oyt RY S MVesyitha: fliee axtaraire of kght: and
the pressure exchanger tube 102 is now fined with the feed water. Wen the
pi st on 10% ¢a@arnesrCHE 2Bkt Rston ghtang 84 pIFeR 0¥ REvthsieprsdsvitie porsts of

t he valvgﬁ&&%gcﬁpg%ﬂ&§qa%e closed. This conpletes a first half of the cycle
of pressure exchange i™nvol ving the novenent of the piston 106 fromthe
extrene left position to the extrene right position. [00211lin a second half
of the chole] of Htelsilingrasschangescttvheriti gh-prass vyecpaiiisicoftht keergal ve 110

may be opened. The concentrate sol ution .push the piston 106 tqwards
"ot v L RO G P eQluinehe AL e b YRREHTFL §Cg HprteI PRI Hoe
pressur eyQfc LRt e08 R IR Lsdint NEsPEIRH O8N COBNIST kb8 L4 nABYuhACT ease
to the pressiure of the concentrate solution. The hlgh-pressure ports of the
val ve 1ldcrpagpsthencivegopehed?? ahthexnemyboosennayiche ! it dwitied contrdiiErpi st on
106 by an electromagnetic force. The concentrate salytion (at relatively

i oh-or o0e PEFN TR RS rer AT sORL AR SO PeeBo R ST o

t he hi ghiprirssul enpehds Bf cithifnvahve 1ddatRSabidsnGal herpyenenbnefl the
piston 106 to the extrene left position. The novenent of the piston 106

f r om t hePisnri@he! i RjRen p8SI disnoscd withiidhepicparieordpeep sdit i0n1eBEPHES t he
second hatf. of the cvcleqgaf ) [exchange.. Pl re.l nanged
From ¢ heCHr R Sl 0 S e o PPl e b B0 e
Fur t her , pitibbessshepsxmrignbeat epebtec toncaahd eyvehplesauie eXthange 20 every
cycle. The pressure exchanger tube 104 npy be operated in the sim]|ar
manner aSTDHE Preddiiie CeXER 4AG4RC PiIBRetiro2eld P R0 pEB R sk HY d8Rt i nuous

flow of tihefegdona 1?;51&% b oof cdiRecenel oy, LEGOVES Ymﬁ%ﬁ&@i@%% mB_t]&tn pi;stons
f the p 1 i

106 and 108 o essure exchanger "‘tubes 102 and 104 reéspectively nmay be

oper at i onfathkypigymndhe enilze thet wenpuweswhitigca tphat. di fofler embedpfenabolithe 180
degrees. S e?ichally,,the, iston 106 and the piston 108 may be @qtgated
with a p?]rgg%l dilif}f/ ?I&iﬁgn églﬁ?ﬁj}f i i(éb‘)‘ﬁd ét(j]u%i'ggg moans, such as, ponoumatic’ means ang

bydranlic means may be used to control the movement of the piston 106, Further, a seal
206 may be provided to seal the piston 106 with the walls of the pressure exchanger tube
102 to minimize mixing of the low pressure fluid stream and the high pressure fluid
stream. The secal 206 may also carry other loads such as weight, friction and
miscellancous loads while the piston 106 ¢ sliding within the pressure exchanger tube

162.

[0024] in an embodiment of the present tnvention, the valve system 200 may include
a valve actuator 208 for controlling the opemng/closing of the valve. Further, a sensor

may be used to sense the position of the piston 106. The valve actuator 208 may control

6



[0023]FIG 2 illustrates a perspective view of a valve system 200 for the
energy recovery system 100 in accordance with an enbodi nent of the present
i nventi orwOEhe/s2929e system 200 may be used in a desal i rariuseoigpsdoem Coil s
202 may be wound around the pressure exchanger tube 102 of the energy
recovery system 100, Further, a controller may be used to control an
electric current supplied to the coils 202. In an enbodi nent of the present
invention, an el ectromagneti ¢ actuating nmeans may be .used to cont t he

pi ston 106, SPPRBEFIENOL 08, VUYS JoRed A Thilt tHEspPEsLts & e H?H‘é‘ei&t'ube
102, maygGonsi8l, OfiRel MBS o TRENRLSHiZ04s\WouRd: a6oupd (dihguel Equpf gcence of
t he piston 106. Thus,” the piston 106 may experience an axial force

gener at epkekpre drechinmgee et 1080 aod thehepeobigl dop@2o e vplvagnishies edmsticd &ycur r ent

dth tic fiel th t _nmagnets 2 The electric t
Sopot | So eI hEubl ookl RS SnE Ty FRECRPE0h pUT PR BTt o

the pist@ned@6aWbf e ahRe 1ps.esisun &4 exE hangethe tubey 10dvelynsyetheroenhedi ment s
of the present invention, linear notion actuating nmeans, such as, pneumatic
means anthlhy drdan 280 weanyondipgte e etbstige covltane whe Advetie c@tﬁrqiiefé pi ston
10.6' F“er@ end@nS &ala g%i.nﬁyal\pee HLOVI %%dﬁteopﬁsegs@re te&%bﬂ‘! %E ngc-;l‘q@iw}ti]? t he
wails of 't pressure exc&ﬁanger ube 2" ol MIhi i 26 moxi ng of the Tow

pr essur ecdstridiostandamang dhee hilgh spiiaes 900 eén Mhtbhid @hlfigamiodhe csgalne206 may
al so carry other |oads such _as weight, friction and m scellaneous | oads

whi | e t he Gidt §rrotoecie yith § Eiﬁg%\}iii‘g ht A4 R pr egsiiie ex vranger! tavalveo2.
[0024] | n_.an i.nent . af  REE B ntJ €, VE SV S 0 may
el ude 30T ve aberarsr SOB% BT E T Y e ehL et B B S hE e ne

val ve. Fenpihesd imacospmsiorn waly Fie. uded. f,ondéSed tdhwpeqposiht i on of the piston
106. The val ve actuator 208 may control the opening/closing of the valve

dependin t he. sensed position of .the.piston 106. ecifically, timng of
the i st OH2Eb6 TAGORTAG T ES et PERe bost Tl eyt AEr W Taroy edr esgur o
exchangesgt i#b@e 102)axan dodihen, QREsHIRG/16 |20 M@ dRherk R iMah M nBY cR@c antr ol | ed

by the val ve actuator 208, Referring to FIG 1, the valve system 200 may be

i npl emenv@we sreter Aawelugne aofalthbowsalay é¢d. 1iig, valye howging and a6 hafe the
energy regovery. s St i A DE e Syste 0. COr di.ng it o the
oo R aBYR) S Mo S, PR A AICRLEESEANNG ABabDS,

val ve systemu ofchiidee fr eSisipheraxabangertd whea 1041 lohhersansbodeidNThand

wor ki ng of the valve system 200 in various confiqurations is explained. in
detai | i fF'CORFENREFOR W38 aayInclmicat agrigoppda!l Bighgperirg BYEY v Fewor ki ng
of the valye s¥stan.200;iwaluing . a.holkom:spool . in a.firsty. 1d, and
B S L ol R
FI G 4 respeéct oVekly-prds@@2ppEs@EegBek | Jiustiriaties sa of éot iponadre poaw3of nkahe

-valve system 200 with a hol |l ow spool 302 in_ the first axial position,
accor di né#@%?%ﬁﬁb%m e ?%\%pf%é&ﬁrpé%%nflqﬂﬁ&éﬁ%ﬂa R oSohay Og"yé% m 200
I ncl udes g ¥R} ¥eIRRHSLAY: 304 dEb& Y A Me-ROUSIFRG. 304, 1B RBugn@304 HAY! ar
shape and is connected to the pressure exchanger tube. Further, the valve
housi ng BoUdpryoi ingh-pdesae getts gehiighaeresisiivesoporats BO6band &8 darocof

t ‘ ts 308. T t of .hi gh- t tria. i | ud
SR dReg il S R RIS S S TR

between the two radi al high-pressure ports nay be about 360/ (nunber of

hi gh- preg®use potitisghl @yt e® SiusDhigt b atdtiulat hapselonoiioh dwwpit 8sspsecipeut s 308
tria.y include at |east two radial |ow pressure ports circunferentially
separ at edzbyhabnstioscof baukBerTGFUE oy eésduite pOrPEPIHR gPEESs MaRe8r ri ng
to FIG 3,. valave . .ROURI L Incl wde two hi gh-pr i r 306
ci rcunf e%%cﬁ{:%ﬁgiﬁks bgjg%g?“%@ég% b@oqéﬁg)%%ﬁl%g%é ‘ﬁég?‘légg"*an‘gq)f’%%?%ﬁ@ roggs%?e ports
308 ci r coraf &t entligh-byesseparat.ed by about 180 degrees. [0026] Al t hough FIG 3
illustrates a particular inplenentation, it will be appreciated

00271 As shown in FIG. 3, the valve system may include a flow distributor 319, The

flow distributor 310 may be tubular and hollow in shape and located inside the valve



that the position of the high-pressure ports and the | ow pressure ports
tria.y be interchanged. Specifically, the ports 306 may be the | ow pressure
ports andwohelipeed2s 308 may be t he hi gh-pressure ports, PCOARZHIA®I®ADWN | N
FIG 3, the valve systemmy include a now distributor 310. The flow

di stributor 310 may be tubular and hollow in shape and | ocated inside the
val ve housing 304. The flow di stri butor 310 nay be configured to

distribute the fl to and fromithe high- ssure ports 306 and the

| ow pr esSUFE YL LB AR A 39 GSUHRIS HFREY 0. Ahe 11 ow
di stri bufgf, t%éu%rgﬂﬁ robded HQJ% 24 hrﬁ@h»si@‘éw ObsGbd GO LN 1hal onORRNHAES 312

that are axially aligned with the gh-pressure ports 306 and a second set

of ci r cutrbgrenti avcwgpenihegdo8 iptishowhi 0 mafFiGiud)a firvtcarieciaxivatteytial i gned

eSS DR 0l A SHOAL DB TRLL Ly 06 oo

ci rcunf eu%ﬁﬂf@r‘enﬂﬁ&ﬂieﬁﬁ% s that(siedend FiG om thhe ki BhaiPr 88SUH 8yiPPEHSI0306 t o
the | owpressure ports 308. The circunferential openi ngs 312 and 314 nmay

facilitap@siifie ppﬁévﬁﬂtgo Tanan rxrr@mh@nm@mr es sl erpert srvgpBomnéot few
| ow-pr ©S3 g%nc {u@egérgg’Rﬁg S r Qgc&nqreﬂ n;r%ai gpen&r{l% t}Ya$|e¥%n§ YaLen ef urt her

1~,1hi%u

i ncludest oI I ow sent

i nvent i omigh- pﬁdsseurb@oh@ms potle iaﬁ%rmyrd;em@@nfsr gue edutmip&eﬁmpm&matce agially
in a radial _clearance between the val ve housing 304 and the flow

di st ri but®k 3 Bhoiay TRE G Fwiepdelandgormle S& @m%r gortorifedtd tHeloBiressure
exchange ok diPesd ) fdgui d communi cation with the high-pressure ports 306 or
the | ow ressu‘?e ports 308. In the first axial position, the holl ow spool
302 may be axially aligned in a way that it allows -qurd communi cati on
bet ween [Wathi giRaprresgtr Blpdr ts 306 sazsrdmtﬁuehprie‘sisdrrﬂehemlﬂmmg@rol BObdn

oot iy s B P E s BB it B E b e bR 18 ¢ e

ci rcunf ergifdale SPEIN NYS 342] AaBhOMBeiwkel NBe FhiGe BusihBUsd MOMhepngssure
fluid streammay flow into the pressure exchanger tube via the

hi gh- pr essiubutoperits TBObollEurphelr 307 may heloptivedy casdical ﬂpoisiwbrubhwtqiieﬂgm | ow
spool @be i rﬁLdsgerH&u&c%gon ot h%e mrgr%@y& r%ar}qmg REIEE T %%1' O\N-Oll%li gSsure

ports 308 and t re exchange her™ wor ow spool

302 may bEs. axtal ﬂhyr @dmgjmeﬂmﬁorhas@ﬂ@w pp&st3edendy w &1@&@1@@@1&@@@}@&%%
the | ow pressure ports 308 and the circunferential openi ngs 314. The hol | ow
spool 302 &y shawie oadnalicapantiyscnalr Meherreseigl Pekd Vo whi dhe masFsgFovi de

subst a”tls?c'hd@/ gr‘r il '%}p@fﬂpﬁ 10 €t Oy ﬂ%@v 'QE?M %zsﬁ%‘?'b Qﬁaﬂ Jheocly cuntgpenti al

Separation degrees’ bé&t ween ports’ of” gh-pressure ports
306 or theilligw phnes swrmrpmrmmn?ﬂi&tmr errhxabl}mg, pchant caahmr amr(al andf othee

bal ance of the hol |l ow spoql .302 WO 201 629 9PCT/ US2011/ 0 0029] The
val ve actiUFeons FRyTEont? o hrwn S danblt of (the! %urbwepfgag “gGZY I n

may flow mnto the pressure exchanger tube via the high-pressure ports 306. Further, i the

first axial posttion the hollow spool 302 may also preclude fluid communication between

the low-pressure ports 308 and the pressure exchanger tube, In other words, the hollow

spool 302 may be axially aligned so as to preclude fluid communication between the low-

pressure ports 308 and the circumferential openings 314, The hollow spool 302 may have

radial openings near the axial ends, which may provide substantial hydraulic balance to

the holiow spool 302. The circumferential separation of 180 degrees between the two

ports of the high-pressure ports 306 or the low-pressure ports 308 may enable mechanical

radial force balance of the hollow spool 302,



an enbodi rent of the present invention, the valve actuator 208 includes an
actuator housing 316, an actuator piston 318 and an actuator shaft 320. The
act uat or wousimig2246 may be tubul ar in shape and is conmrettusdotio3gohe val ve
housi ng 304" Actuator coils 322 nmay be wound around the actuator housing
316. Further, the actuator piston 318 nmay reciprocate within the actuator
housi ng 316. The actuator piston 318 may be hollow in shape. Further, the
actuat or_sh conne the actuator piston 318 to the W Spoo
365 Tor DR} o |i§1ﬁ@"FﬁéCWﬁvé§§%fnaaf60rlﬁeit bFT}f’oW‘f’s’b%It%%b%‘?ﬂ“rF@ g spool
302 may ﬁ@!@rb@dr%[‘%@tthé‘%rd@tﬁtb&'i ctfonOng €ade &qua{o@%jovin?ﬂtdt’@%n%hﬂ@% or
shaft 320. Further, the flow distributor 310 nmay have an opening to all ow
t he connkotsingg | r@embertuaim plyenholS| ow asim@otdtcgohdft 82%. eﬁworcoomrémb@mééﬁ

vari ous osrtHo%s et veen he f|r tron he seca @ gxra
posi ti on§% P LHE ol S oW s pool® Ach g‘tﬁ ‘Ti’ é( idEns” rraAV BETIEES

control #he aovereNiro@id ttttem%@ramrm@ StpFu3hS:, 1Hé1ect§£ttmgtstdaagjmaﬁ§ may

i ncl ude, for exanple, el ectromagneti c neans, pneunatrc nmeans draulic
means, amdiPEeral] wKBIn trhgsealkitonsEs Pt Hee anteaton ploapidResinbe bpﬁra ¥ iBt her
means of u n f | are a
il %r?aﬁ% gé%ﬁé} gogbﬁ?ﬁ)? dlir?‘lrj atf S Qta&él?m% a%&&ﬂ&%’%ﬁ{ngt‘% %ﬁﬁgﬁog w

pi ston sidodi ARG thdmm@thhg o3 ﬁ&@b&ﬁt@ﬁt&%ﬁhﬁh@i@rﬁ\ Tspkhlﬂ 300. Emﬂhﬁiﬁﬂw el 392

openrng/closrn of the val ve system 200. A sensor nay used to obtain the
posi t i one¥ Bred prEtesine Whgibséﬁ%‘éﬂ’ BEsPE FoR vy e s ra@édht% 3EHAYBFTt he
openi ng/ kb S r It € ports
308. The%%g%kpgﬁgﬁsﬁﬁféﬂlg? tag 3#3 oﬂgﬁﬁé‘%%gogggx%$&¥%gw%géggﬁﬁhgtneans
to cont risdlidvhepodvedEnd rofiptovelcabttwatorapst onsn@d;& Suthedrhédte tikke axiiati ng of

t he prston r eac its ext i at the glther of the pressure
xchanger OB T FHETO SR ROTATSer Hs o1 Cprwont i prelinad gt s Boe and
the | ow gt §§§t%%oﬁ%i 308 IR Be 18y Rahienbzed. 3 R0G8dlEntihe theathBiaval Ve
system 200 may include a sealing system provi ded inside the val ve housing

304. | n wnlvdablottmemtic o?ﬂea?tihe‘aagn@sentanﬁrtvenmaohmetntrfe hgdablingesyss tlretﬁhﬁay-

i ncl ude | at _bath the e f the fl.ow dj.stri

shown 1 itk hd el A9 kBB IS8 ofhes Ml o R LR PR S ea” and
reduce tﬁﬁttﬂ&dﬁﬁé{hd:tﬁtdnﬁ@@i@ﬁ@@s OF atdde-] iﬂxﬂhhg)\é\étSpom 302. Also, the sealing
system may include radial seals 328 with or without axial seals 326. The
radial _ seals 328 may minimze the fluid fl ow between the set of

hi gh- pr ek¥dPk pdiesac %ienaﬁaﬁftihén@ew%fhﬁrrérwwresgtiremﬁ@rttséidgrgswrmenﬁtfhe

hol | ow s 3 : D, 10 RN

posrtronﬁgqiur Q&%%§ ?Eﬁ%ggfg?%gggﬁéh%fé’Q§&h gg@éﬁ%.??%§%33%| ’tﬁ% fluid
connunrcamronrneﬁwgehmmhéuhmghﬁpr@Bque&pmrf&,QﬁﬁxhpdﬂthnMQWKpmeésure

ports 308. The radial seals 328 may include one_ or e sealrn ri ngs.
Furt her, “Ph‘el?r‘%df’%ﬁtm%%%m%?% ﬁh)‘? %nlé‘rti‘&ec gogurde ﬁPiiﬁéf' Pé‘“r*o g BHth the

seal i ng £dg%c Ji8d ;%@s'ﬂt ibRgr ¥SEEMm Hﬁ bBX&J&@é lh%%' tbétd?@hﬁr@t&seto QRBebokhl ow
spool 302 in the axial_ direction. lustrates a sectiona
vi ew of tnheemattv@ Sy stcemi@0O s t 1 8t hehhtbhﬂ thw tsipomt o302 pintonhwatihig disaxi al

position, accord nt of the res |nv ntion, In the third
el podRRGTHRE e OueERoEs Bos Bt RS PHET i it B L shir b 5Pe 06 and
the | ow BI@s siiheorBRlitesp o308 06 lhiid the obvhirk fudXxionds >D@$1k2§vﬂ@rhvn@ﬂ}@ntﬁéﬂ | ow spool
may be hydraulically balanced in the axial direction through fluid

conmmuni cation between the end faces through the center of the hollom1spool
302. Theléll owTspbel tzopalimyydm fbl atot bikbrlds: teekng FYsei ohe ¢ wsidaxi al
position a hi I (o] t he
Phird axis b BohshidOih St BerdBR & Bl prsh S0t MRORaliR S e

hi gh- preseunmﬂmhwts&SQﬁsahddthehph@smﬂnﬁthaﬁhangambmubétoahduahsmrhetmeen

t he pres ure e chan ube and the [ow pressure ports ecrfrcally,
the hol |§ rﬁa@ gr-? B aP Y Greanss &€ td&dprrirtqcut& PREVE Ui d
communi cetes%c%me%utthe\ Blrlgﬁ)"pr%@\%sﬁﬁ%oﬂﬁtrtrﬁmt%Qﬁn%ngtdtﬂi% r@trmrc\lént%@nt' al
openi ngs 312 and al so etmeen t he omrpressure ports 308 a

ci r cunf ewehtdralvitbpeningsscBb4326TheEcholdidvsesipodld 302 trmaymtzhﬁeﬁtebﬁuirioﬂ@d
towards left fromthe third axial position to reach the second axi al
position. The third axial position may be substantially between the first
and the second axial position of the @ ol  ow spool. The third axial position
may be a position froma range of positions between the first axial
position and the second axial position such that the holl ow spool 302

bl ocks the high-pressure ports 306 and the | ow pressure ports 308.
[00331FIG 5 illustrates a sectional view of the valve system 200 with the
hoIIom1spooI 302 |n the second axral position, accordrng to an enbodrnent

Y o " - o o N 1 T 1 )



as to facilitate fluid conmuni cati on between the tow pressure ports 308 and
the circunferential openings 314 as shown in the FIG 5, Thus, |ow pressure
fluid strwemflemoout of the pressure exchanger tube viPaTiuseol1o99opT essure
ports 308, Further, in the second axial position the hollow spool 302 may
preclude fluid comuni cati on between the high-pressure ports 306 and the
pressure exchanger tube I'n other words, the hollow spool 302 nay be
axially ne .t.o preclude ui onmrunij cati on bet wee
hi gh- pr e@éﬁg@ r‘-""t‘sO B heCE g({éwg‘éﬁ‘“e?ﬁt ‘Og GV‘OB&%W@EO%‘H& "Yﬁﬂéth“t he
hO"0“’Sﬂgﬁxm§&%ﬂ@@¥1£§9HEH%Q@£@&@&%M@%ﬂmI@eai&ﬁﬁﬂm@%ﬁﬁ%ﬁ@ﬁsrﬁﬁﬁﬁ apd the
second axial position. In an enbodi nent of the present invention, a radi al
cIearancewbewwée@2§me&h@uhemﬁeﬁadwosbzﬁaﬁdukhenmumeanhbaneﬁhmuénﬁg 304
may be minim zed subst ant i al edu fl ow. bet ween the
A it ot SRS TR ok e i RN Rl e s
spool 302 insrd §cansd tihNiMmehks ana e fkdlsBr@xial inplRst i @nid end hes sRegnd
axial position or Vi ce versa, [0034] I'n an_enbodi nment of the present
i nvent i omththe sHGNE G s pOlt sIODE rmiyichavey hadierlicaliyguiinagshmbaliow Keodxi al
ends 0 ubstantial hydraulic balance to the holl ow spool
302 mhenggamqﬁ0?$%vy%9§% 302 is in the first axial position or the second
axi al position. A Ieakage path nmay be provi ded between the hi gh-pressure
ports 30gand the&léWMpﬁe&aurexﬂonﬁsﬂ@@&ﬁ&ﬁheaheakagmﬁﬁﬁlhhhayeabI@M/nixing
of the high prgssure fluid s§rean1and t @ Iom1§r ure fluid strean1to
provi de Hpdhaliki @ Bl dHce ati8! PREVABI PERRIERBIP Fpom PlgaEhce BF Praci! eakage
path may;peavide, MQﬁlﬁy!l}hg %ki%cﬁwt}%lﬁaaaa hol 1(9\% §@&Qh BOR-drlusgubRt@ntial Iy
all positions of e hol | ow spool ? hough fluid coﬁhunlcatlon IS
al | oned 3@3mai@mdewHMQﬂm@q®es3@ﬁ Eﬂ@ht@nﬂdmﬁiMﬁéﬁmoﬁdeHSBOHEOB@Q}3Leakage
in and out . of p sure rts 306 and.t orts 308
U S S R R R e S e
M ni M zeeddhgichd mr@lu%f i 1rewcnel WeaRe $6Ho@fspbb oo DraesKiRwWakdS %@%@Mﬁet of
| ow- pressure ports 308 when the hollow spool 302 is at the first ‘axial
posi t i onmered Havasée biid rawi dic ok rtibnosif@0B5TwAl Vg thaulseénbirditiantidicof t he
present ent Y h I S, ned ction
W tn tnel DK ShoT il SR G ENTRER A A5: BRSRe B ARG b BBk B et o
boost t hectptesguriggiobrdshge heed 30ated ;hd—p*@e\aef exchhage tefe, endiRamyivedkhl 1 ed in
the art may appreC|ate that the valve system 200 may al so be ut|I|zed in
any revel & TEBHss PR hayaY diie dfi%ﬁle%aﬁﬁraébmfé%&bs?é}%ossﬁeeﬁéa%ygbeﬁﬁ Pévi ng

energy r¢ uqu’{ﬁy?%%ggﬁ di‘Q"a‘h nRPSSIM t‘?} ui&@ﬂ% Lot dﬁﬁw&ty@l %.t@'@% gEilizing

boost er présent 1nv ntlon escribed i n terns of
sever al eghodismentysrts 306 &nd the circumierential openings 312 and also between the low-

pressure ports 308 and the circumferential openings 314, The hollow spool 302 may then
be moved towards left from the third axial position to reach the second axial position,
The third axial position may be substantially between the first and the second axial
position of the hollow spool. The third axial position may be a position from a range of
positions between the first axial position and the second axial position such that the

holiow spool 302 blocks the high-pressure ports 306 and the low-pressure ports 308.

[0033] Fi(s. 5 illustrates a sectional view of the valve system 200 with the holiow
spool 302 in the second axial posttion, according to an embodiment of the present
invention. In the second axial position, the hollow spool 302 may be axially aligned 1
such a way that 1 allows fluid cormmunication between the low-pressure ports 308 and

the pressure exchanger tube. Specifically, the hollow spool 302 may be axially aligned so



solely for the purpose of illustration. Persons skilled in the art wll
recogni ze fromthis description that the inventionis not limted to the
enbodi mrenwe 2dagisei2bed, but nay be practiced with nodifi eariuses1asm77
alterations limted only by the spirit and scope of the appended clai ns.
CLAI M5 1. A valve systemfor an energy recovery system having at |east
one pressure exchanger tube, the val ve systen1conprising a tubul ar

val ve hou5|ng connected to the res ure ex er tube, the_ tubul ar valve
hOUS| ng Eord ﬁ%‘?‘ﬁé{“ ul Cmgn‘é‘“éf Erﬁﬂ‘r%r‘@%a@ ePHE S FBAprisitRY EE | east

t wo rad'@ka@thnQMQ%ﬁHh%bQQﬂhﬁs&b&ﬁqﬁﬁﬁx@@ﬁ'a'fﬂwﬁ@ﬁ@ﬁ@&@ﬁngxnéﬂﬁiﬁﬁ'”Ht3|y
360/ (nunber of radial ports) degrees: and a set ‘of ImMAi -pressure

pmmcﬁwmm@mmmmm@mmmmmwmwwwmwmeWMwmmmw
separ at ed

oo ¢ A ORGSR B T8 PRt e RO R RS vsstsi g

and Conf!hgllﬁ@ﬂptte@%@é §Mt4 bott end lhewréQuand ch4@m e, sesthafwhidghhandiiow
| owprk.ssure forts wi thin the tubul ar val ve housi ng; a hol | ow spool

confi gur mﬂ*@i 80% eehpboennly axiadd §o ik ta prosdidal uid eRTaGtivatweETETt e
tubul ar }Y \f‘y?es 81%2)09{9 @%qgl%i}{;\ Q{Q rqu Wf:nttl{dp(g; e?'agnof 'z%’ ﬂhgt he@HL&E %(Q(%l )”

sel ecti veFy ure éxcha
ConnunlCﬁhvoanwktﬂ*dﬂfwﬁﬁxﬁ&eﬁﬁehx@fphﬁghiﬂﬁ&&ﬁﬁ&ﬁi@ﬁhﬁ&ﬁ%ﬁdﬂkﬁﬁIﬁah of

| ow- pressure ports, wherein the hollow spool is substantjally hydraullcally
bal anced=abRdivighi Metlsparant Brewion i eﬂ”d@lﬁériggrmﬁ@cw@r 9" Sipshainy aprgt 302

and the tubular valve housing 304 may be minimized 1 order to substantially reduce
fluid flow between the high-pressure ports 306 and the low-~pressuare ports 308, wheu the
hollow spool 302 is transitioning from the first axial position to the second axial position

OF Vice versa,

(0034} In an embodiment of the present mvention, the hollow spool 302 may have
radial openings near the axial ends, which may provide substantial hydraunlic balance to
the hollow spool 302 when the hollow spool 302 1s in the first axial position or the
second axial posttion. A leakage path may be provided between the hgh-pressure ports
306 and the low-pressure ports 308, The leakage path may allow mixing of the high
pressure thad stream and the low pressure fluid stream o provide hydraulic balance to
the hollow spool 302. Presence of the leakage path may provide hydraulic balance to the
hollow spool 302 in substantially all positions of the hollow spool 302, Although fluid
communication is allowed to balance the forces on each end of the hollow spool 302,
lcakage 1 and out of the high-pressure ports 306 and the low-pressure ports 308 may be
minimized through the sealing system. The radial seals 328 may minimize the fluid flow
between set of high-pressure ports 306 and set of low-pressure ports 308 when the hollow

spool 302 is at the {first axial position or the second axial position.

{00351 In various embodiments of the present nvention, the valve system 200 has
been explained in conjunction with the encrgy recovery system 100, with pistons 106 and
108 configured to boost the pressure of the foed water, However, those of ordinary skilled

in the art may appreciate that the valve system 200 may also be utilized in any reverse



a sealing system provided inside the tubular val ve housing that
substantially hydraulically bal ances the holl ow spool in the axial

di rect i orworeoald6242be positions of the holl ow spool. PR2T/URh@ 103407 system
of claim1, wherein the hollow spool is configure( reciprocate axially
between a first axial position and a second axial position. 3. The

val ve systemof claim2, wherein in the first axial position the hollow
spool is axially allﬁged to preclude a fluid flow between the set of

| ow pr esSUFE PBFEE a Ct‘iﬁ‘@p%%t TVERS YGRS pY YT Eh PR BK ERERYET VU S ANA per it
a fluid 'f’vtiQ‘waQﬁttVﬁ@@ﬁu&h‘%ﬁﬁﬁmpﬂc@;b& ot 19?’1@%%‘—”0%%991’3&1}3 xand the at |east one
pressure exchanger tube, he val ve system of claim 2, wherein in the
second axi al position the hoIIOM/sgooI is axially aligned to preclude a
fluid fl b\ﬁﬁ@bt weén rtrh:érié ét‘/ﬁo?ﬁﬂrhbg‘i*n ﬁﬁ‘e@@&]ﬁ@«%m tsmand sehsalagmbehgenione
pressur esﬁ%(l gl? Spu (%%i iai'ﬂu“{ﬂpi o371} }tmgons ﬁ%il%d it %’% gi%t 2l wcotrgnfezc,si 5mqgnﬁ

Iom#pressur edst one pressure exc 5. The
val ve Sy@&@ﬂpt@fn ghaim Bversarieint: timiRd b hllhd dmﬁ@mﬁicn@qﬁmrmﬁ bitemhplbbow
spool is aX|aIIy aligned to preclude a fluid flow between the set of

hi gh- pr eB@aiedpbith §méie{épatiﬁ@% aitd plisgaifong ienindeadlihy B cRARgar sesed! WAd

bet ween ﬁﬁgnﬁli&§ﬁ§t one pressure exchanger tube and the set of
Iom#presé’re ports “and wherein the third axial position is between the
first axial position and the second axial position. 6. The val ve system
of claim1, wherein the hollow tubular flow distributor conprises one or
nore sets of circunferential openings axially aligned with the set of

hi gh-pressure ports and the set of | ow pressure ports. 7. The val ve
systemof claim2, wherein in the first axial position the hollow spool is
axially aligned to preclude a fluid fl ow between the set of high-pressure
ports and a first set of circunferential openings. 8. The val ve system
of claim2, wherein in the second axial position the hollow spool is
axially aligned to preclude a fluid fl ow between a. second set of
circunferential openings and the set of | ow pressure ports. 9. The

val ve systemof claim5, wherein in the third axial position the holl ow
spool is axially aligned to preclude a fluid flow between the set of

hi gh- pressure ports and a. first set of circunferential openings, and

bet ween a second set of circunferential openings and the set of

| ow- pressure ports and wherein the third axial position is between the
first axial position and the second axial position.



WO 2011/ 162929PCT/ US2011/ 039077 10, The val ve system of claim 2, wherein a
radi al cl earance between the holl ow spool and the tubul ar val ve housing is
m ni m zedaworoow@es29t o substantially reduce fluid fl ow beCEasnottilossoset of

hi gh- pressure ports and the set of |ow pressure ports, when the holl ow
spooi is transitioning fromthe first axial position to the second axi al
position or vice versa. 11. The valve systemof claim2, wherein the
hol | ow sgg&ll %orrpri ses radi al openings proxinmate the axial ends to

subst ant I V hydraul i cal |y bal ance the holl ow spool when the holl ow spool
isin the first axial position or the second axial position. 12. The

valve system of elalakitheigidotdecssali QcHpl BB MR (ReR.aYial seat s

at both ends of the tubular val ve "housi ng he val ve system of
cl ai m 1, ewhergic m‘mh@us'ebzlu|smsgusycsmemmgrrpr| ses radial seals that

substantlally precl| udes a f7I | ow bet ween the set of h essure ports
and the set of |ow g&é‘%gu? CgB‘r“t“%% conncciy .Ot$ﬁé’r“\751}1§“/éxgﬂ7‘§%‘é?‘r¥‘h%($ Baim1,
further conpriygiRgvavyabemashuatalz: and wherein

a set of high~-pressure ports comprising at least two radial high-
pressure ports circumferentially separated by approximately 360/(number

of radial ports) degrees; and

a set of low-pressure ports comprising at least two radial low-
pressure ports circumferentially separated by approximately 360/(number
of radial ports) degrees;

a hollow tubular flow distributor located inside the tabular valve housing
and configured to distribute flow {0 and from the set of high and low-pressure
ports within the tubular valve bousing;

a hollow spool configured to reciprocate axially in a radial clearance
between the tubular valve housing and the hollow tubular flow distributor to
sclectively conmnect the at least one pressure exchanger tube i fluid
communication with oue of the set of high-pressure ports and the set of low-
pressure ports, wherein the hollow spool is substantially hydraulically balanced
during the operation of the energy recovery system; and

a sealing system provided inside the tubular valve housing that
substantially hydraulically balances the hollow spool in the axial direction n all

the positions of the hollow spool.

2. The valve system of claim 1, wherein the hollow spool 1s configured to

reciprocate axially between a first axial position and a second axial position.

3. The valve system of claim 2, wherein in the first axial position the hollow

spool 1s axially aligned to preclude a fluid flow between the set of low-pressure ports and



the val ve actuator conprises: a tubular actuator housing connected to the
tubul ar val ve housing; an actuator piston reciprocating inside the tubular
act uat or wousimgz92and an actuator shaft for connecting trhe/tsectlnaswr7 pi st on
to the holl ow spool. 15. The valve system of claim 114, wherein the
actuator piston is actuated by el ectromagneti c neans. The val ve
system of claim 14, wherein the actuator piston is actuated by pneunatic
nmeans. 2011/ 162929PCT/ US2011/ 039077 . 7.. The val ve system.qf claim
14, wher $Rit R e pifaror SHEPE Hie: 361 G %91 I BEINRET RSS! Fih-

pressure ports and the at least one pressure exchanger tube,

4. The valve system of claim 2, wherein 1n the second axial position the hollow
spool is axially aligned to preclude a fluid flow between the set of high-pressure ports
and the at least one pressure exchanger tube, and permit a tluid flow between the set of

fow-pressure ports and the at least one pressure exchanger tube.

5. The valve system of claim 2, wherein in a third axial position the hollow spool
is axially aligned to preclude a fluid flow between the set of high-pressure ports and the
at least onc pressure exchanger tube, and between the at least one pressure cxchanger
tube and the set of low-pressure ports and wherein the third axial position is between the

first axial position and the second axial position.

6. The valve system of claim 1, wherein the hollow tubular flow distributor
comprises one of more sets of circumferential openiugs axially aligned with the set of

high-pressure ports and the set of low-pressure ports.

7. The valve system of claim 2, wherein 1n the first axial position the hollow
spool is axially aligned to preclude a fluid flow between the set of high-pressure ports

and a first set of circumfercntial openings.

8. The valve system of claim 2, wherein in the second axial position the hollow
spool is axially aligned to preclude a fluid flow between a second set of circurnferential

openings and the set of low-pressure ports.

9, The valve system of claim 5, wherein in the third axial position the hollow
spool is axially aligned to preclude a fluid flow between the set of high-pressure ports
and a first set of circumferential opeunings, and between a second set of circumierential
openings and the set of low-pressure ports and wherein the third axial position is between

the first axial position and the second axial position.

14



18. The val ve system of claim 14, wherein the hollow spool further

conpri ses a connecting nenber to receive the actuator shaft. 19. The
val ve sysweormnofiéed2ai m 18, wherein the hol | ow t ubul ar fl @aTdissemiokaeror
conprises at |east one opening to permt the connecting nenber of the

hol | ow spool to reciprocate between a first axial position and a second
axi al position, 20, A valve systemfor an energy recovery system havi ng
at | east one pressure exchanger tube, the valve system conprising: a

t ubul ar val ve housi ng connected to the pressure exchanger tube; a holl ow

tubul ar flaw di stigiAnEQysitb@GALRGLINSHERIT herddbuhancyaliea@dsongy a hol | ow
spool configured to reciprocate axially in a radial clearance between the

tubul ar spacvenchibaSitwérr At e thivesihp IS i iy aerdel lowebitartinllbuedses flaid a val ve
actuat or o COMRLL LB set of high-pressure ports and the set of low-pressure ports, when the
hollow spool 1s transitioning from the first axial position o the second axial position or

VICE VEersd,

11 The valve system of claim 2, wherein the hollow spool comprises radial
openings proximate the axial ends to substantially hydraulically balance the hollow spool

when the hollow spool is in the first axial position or the second axial position.

12, The valve system of claim 1, wherein the sealing system comprises axial seals

at both ends of the tubular valve housing.

13, The valve system of claim 1, wherein the sealing system comprises radial
seals that substantially precludes a fluid flow between the set of high-pressure ports and

the set of low-pressure ports.

14, The valve system of claim 1, further comprising a valve actnator and wherein
the valve actuator comprises:
a tubular actuator housing connected to the tubular valve housing;
an actuator piston reciprocating inside the tubular actuator housing; and

an actuator shaft for conunecting the actuator piston to the hollow spool.

15. The valve system of claim 14, wherein the actuator piston is actuated by

electromagnetic means,

16. The valve system of claim 14, wherein the actuator piston is actuated by

pneumatic means.



a tubul ar actuator housing connected to the tubul ar val ve housing; an
actuator piston reciprocating inside the tubular actuator housing; and an
act uat or whabti/feee29connecti ng the actuator piston to thecnalsbawosponl .

21, The valve systemfor an energy recovery systemaccording to any of the
precedi ng clains, wherein the valve systemis configured for a desalination
system

17.  The valve system of claim 14, wherein the actuator piston is actuated by

hydraulic meauns.

18, The valve system of claim 14, wherein the hollow spool further comprises a

connecting member to receive the actuator shaft.

19, The valve system of claim IR, wherein the hollow tubular flow distributor
comprises at least one opening to permit the connecting member of the hollow spool to
reciprocate between a first axial position and a second axial position,

20, A valve system for an energy recovery systern having at least one prossure
exchanger fube, the valve system comprising:

a tubular valve housing connected to the pressure exchanger tube;
a hollow tubular flow distributor located inside the tubular valve housing;
a hollow spool configured to reciprocate axially in a radial clearance between the
tubular valve housiog and the hollow tubular flow distributor; and
a valve actuator comprising:
a tubular actuator housing connected to the tubular valve housing;
an actuator piston reciprocating inside the tubular actuator housing; and

an actuator shaft for connecting the actuator piston to the hollow spool.

21 The valve system for an energy recovery systern according to any of the

preceding claims, wherein the valve system is configured for a desalination systenm.



