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WD 2008/ 053367 PCT/ | B2007/ 004333 SYSTEM AND METHOD
FOR MANAG NG WATER CONTENT IN A FLUI D CROSS- REFERENCE

wa oRBEIRGFED APPLI CATI ONS Thi s application cl ai PETAB2807/004333

benefit of U S. provisional application 5 Serial No.
60/ 840, 312 filed 25 August 2006, which is hereby
incorporated herein by reference. BACKGROUND OF THE

I NVENTI ON thﬁ wg; @sent
invention re Y FlégkgAg]/)s em an?el%{{ é rmmanagl ng 10
wat er cont ent m%\ATERl(CDNIEl\HaINg\rEDUdDArt

Conventionally, water is collected fromair, or other
gaseous fluids, using condensation systens. An

exenpl ar yCROBYRIFHRENCEYEO) REIDA PEDUCPPRIGATIONS
cooled to a tenperature that is at or bel ow the dew

point of incomng air. As is well 15 known in the art,

the cool | NG rel aftiicadiin aamﬁ%ewehéfgrog%pgwsmﬂg.ﬁgucaﬁon

the condensati wat er vapor m th

Pedaleie c60/84@,3E2 ﬁtﬁdoliJAegusuaﬁ)Qﬁ twhidf is herebyaingorpdiated herein
hum'tiit of a volunme of air is substantially

(%trge Stive of the anount of water that can be

i ntroduced into, or renoved from the volunme of air.

The hum dity and r hovvever
fromregion toB @@éﬁﬁ@f&hﬁ?ﬁ"éﬁ& (ﬁﬁm dair
tropical and sem -tropical regions, and cooler, | ess
hum d air in other parts of the world. The tenperature
dnd wdiied of dppdnversionent of air also varies widely

W th seasonal weat her changes in regions throughout

the year. Therefore, depending on the region of the
wor | d, and Thepgaestinh gnventiorh eclatesra syStereand method for managing
hum d|f|c t|o dehum dificati on may be desirabl e,
AtCTESORIRD ﬁB%rrake an 25 environnent nore

confort abI e -1 WD 2008/ 053367 PCT/1B2007/004333 1In
addition to increasing confort, managenent of the
ZrountBagkgipBREATi n air may be i nportant to industrial
applications. Mreover, it may be desirable

Conventionally, water is collected from air, or other gaseous fluids,
using condensation systems. An exemplary condensation system provides a surface
cooled to a temperature that is at or below the dew point of incoming air. As is well
known in the art, the cooling of air at or below its dew point causes the
condensation of water vapor from the air and a decrease in the absolute humidity of
the air. The humidity of a volume of air is substantially determinative of the amount

of water that can be introduced into, or removed from, the volume of air.

The humidity and temperature of air varies, however, from region to
region, with hot and humid air in tropical and semi-tropical regions, and cooler, less
humid air in other parts of the world. The temperature and water vapor content of
air also varies widely with seasonal weather changes in regions throughout the year.
Therefore, depending on the region of the world, and depending on the time of year,
humidification or dehumidification may be desirable, for example, to make an

environment more comfortable.
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WQREBIsI6T ons where fresh water

to renove water fromair so that the water can be
utilized, for exanple, for drinking, or in other
is desired. Repa@r/iB265004333
of the 5 reason for managi ng the anount of water in
the air, there are tinmes when conventional water

managenent systens have undesirable |limtations. For

exanpl e, gﬁw_ mﬁh S]Eﬁa

parti cul arm] Eecjr%le[? a&%é?& %Hzel %égfdﬁé;% unt o¥water
waiie mayile m‘@prtbﬁ tdiifidustridl applicationso sMliobdavet ,ait magm)ceiesllnable
wat er usin condens 0 stem ,One.way fo reno

Kt eRoVE, BRSO SO 6 VAl i MOHEEL, A aBfiple. for
Hafking Ooxalnsdfﬁér%b}i&ddoh@ Wﬁ@reaﬁé’sﬁsshﬁ&aﬂtdeh?ecﬁxllé ﬁless of the
water fromthe air. In a desiccant system both heat
zendonHer mANeging At amowH afowaien iy G airnthese are times when

ISn‘éﬁ oe Y

CHRHRA 4P ARl AR SBARIBIS Y For crample
Whamsh‘eeiew pognt, of hluatir srlownpastitularhys When i ésdzelave thelfeeezing point

A S R

smnlneOus ady t@reh®Ive watendioni aiy aye wiienathe dew poinf isdowy is to use
t her eby ans rrln mass out qf the air and reducing
?ﬁ@“@‘ﬁt espﬁ%n 49 FXUraet Wajes %4he, however, a
| ar ge am)unt of heat may be added by the phase change
occurring as the water condenses out of the air; this
causes an i desiceant; systemebeth higatiang mess g dragsferred to and from
£n
i CoRBiof SyERS of HAS Foel - gEhcral REMRRIR & Ikt one
oEthedwo wypes of iransidys-dehheatodrgnass eransfer—begausedhe (ransférani'one

gD e P B o S 4 e

iwheelan be QﬁedStO kexﬁbvdwawapéxsﬂom lah sirflowneiefeby tiadsferring mass
achi eved si,cally noving the desiccant froma
Quhefqthe .afr gltca!eg s cnthalpy oTdhe Al A the same fimsy hoygyer, a
%gel Smbaf r t%]cgﬁfll k‘ e. Sﬁf'ﬁﬂ%el %"g" ggéslﬁzﬂc} 35 the water
symieam out mbﬂwwmpsthiap@sgem ingidage pr theicdthdlpy of m@ amr
punping the liquid to the regeneration station, and

the other for punping the 1liquid fromthe

r egener at I @onsémionalnddsixchrtebadedh dalildiliﬂyﬁemg generiliyo nequline the
sone tﬂ nts,

SHemeRt ot Henksrat RS TrgtBHOR muers B bsdrs PG - 2
gl of "delammyzrﬁg@&tﬁﬁ%sﬁz PEOHEIONFH WAESR 9O (e

such systemrenoves air froma first airflow by
Srsyfeng- & he regeperation station. In the case of solid desiccants, this transfer

is achieved by physically moving the desiccant from a dehumidifying station to a

regeneration station, for example, by mounting the desiccant on a rotating wheel,
a belt or the like. In liquid desiccant systems, two pumps are generally provided:
one for pumping the liquid to the regeneration station, and the other for pumping the
liquid from the regeneration station to the dehumidifying station. In some
embodiments, a single pump is used to pump from one station to the other, with the

return flow being gravity fed.
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W@Re08i05336Dl | ect ed by the desiccant,

airflowwth a liquid desiccant. The desiccant may be
cooled prior to being sprayed. Water renoved fromthe

increasingly diluted. The cool, diluted desiccant is
collected in the bottomof a 5 collection chanber. On
the other side of the system the diluted desiccant is

heated an [ ' 3 ' .

n et ow, “whng R e B fpfRfom i S5 4 Afraving the firs

hinfave bwithl adiguidh@esiccano The desicoant may b&:icoonul@rim torbeing sprayed.
ncentr at d desiccant. is coII ct in.the bojt of

it gerevet Tk (hragr is saseied B G AeticcA, Bhith etomes

ﬁﬁ%@ﬁl‘g}éﬁdllﬁtéﬁ %eraabﬁ &Mte@"kiééfcbiﬂtQ§ coll&@tedlh &k!Hfom of a

m xi ng | uted and concentrated desi ccant

paltsction gnzhese Oaa the otheeside af the sy gemdihe diluted|desiecantis heated

A4 PSRt Otn 3o AR AR FEERONRE B oy from the

désictd:ant ﬂdetdwtleﬂvmg‘lenmre éomentrmgd ‘Dlee wmrm,fcfomcemnted desiccant
anlamﬁ{% transfer nmass-i he water ions-it

eply HOHOM Qf A EENeLIONEhAeE. |6 viar m

concentrat ed desiccant mxes with the cool, diluted 15
desiccant. This nay be acceptable in sone
appl i cat i oAge twechimbess may be copnsetsd, flr exgmple ipinotifice, to

BAY éxr?i}fgc‘tml'{?h @@ "ddd0 |c§n&ﬁﬁ'3te§ eddsictd PESIS. Because a

trans ype of alr con Itioning desi ccant
sgmteatram@ gradient delemt betyy&n thadinted Mod can@atratgd dlesiccants,

uegsb(??\?l{ %tﬂ% ook chﬁxtnbgljs w1ﬁ 'ﬁaﬂl?allryﬂc%url ggﬂhmf) é 3ffcé l{n

es a nec qUI eS|ccan
lbevameﬁ“rcmt cwechartise to HamﬁeranaissQ—G ea/the wapayriesor it slsonfacilitates

i | ute desiccant fromt apor at or sy 1.S .

e sl ot PR e RO G S QYD it aitfed
desit@afNThis'a) bdrgcceprablieris 86ms laﬁﬂldaﬁond ban&f ethesd itmey be
to the evaporator sunp. The transfer nechani sm

dpsirabieeto I@Vﬁ)a.systelafthewﬁfa@olahethahe@éande@a@ftrw%e val ves
that control the anmpbunt of desiccant transferred

bet ween the sunps and t he anobunt of desiccant

del i ver ed tAnothei typaf airx®nditioninighdasiscant sgstem is described in

U8 PREROS e h LS LB OhRlre o1 LG T INE 100, FBfrson et
bﬁtdallﬁfﬂbes hmeglwnm toSmcfef liqueit ldyslccantcﬂet\&efﬁyasdtbﬁdanmwump and
result in undesirab ar uantities of desiccant ..

8 SHRPBRIAG S e DHGIE AeE G 9 6 FAPOT RO B gstetred nto
GRNChiAsS! Shnhys IRT¥e EGicBndrdted AR SicEmR Trom BAE dR8erlsB€ sump is

tenperature 30 of the desiccant in the condenser sunp
ieansfisered ibaek fo thesvappratprysiamp.t Whe tllah%fer megchanism includes a pair

of pumps and a series of globe valves that control the amount of desiccant
transferred between the sumps and the amount of desiccant delivered to desiccant

distributors.

One limitation of the Peterson et al. system is limited control over the
amount of desiccant transferred between the sumps. Specifically, such a system may
result in undesirably large quantities of desiccant being pumped between the two
sumps in order to continuously regenerate the desiccant. Because the temperature

of the desiccant in the condenser sump may be significantly higher than the

3-
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WD 2008/ 053367 PCT/1B2007/ 004333 tenperature of the
desiccant in the evaporator sunp, an undesirable

wanwsns3zef heat transfer can occur as the | ar BET/IER967/004333

of liquid is transferred between the sunps. This can
be very inefficient. To help reduce this inefficiency,
the Peterson et al. system utilizes a heat exchanger

ot r nsf r at bet

b5 TR R R SO A e
ff&ﬂsf%r&ﬂﬂ otcus Qﬁrﬁlglﬂﬁrgb El&lfssf ofigfuld i gﬁnsfynred lbti:!wmri]nhe smnpsayThls
et be undesira i neffjcient, ause the | arge
it vory SRR TP b Fegucs SCPERREacy e Refison & & system
dlififes ra%ﬁt dxcRAEer &r tGanesfe@ héat%ﬂﬁ@eh'tﬁé‘ﬂvr‘&desfc@ﬁﬂt%ﬁéarﬁgas they
water from air, d generatin tg power using a

ampmwb hetsiegn e w0 @amptSur Aitheughothis dayi redueensome @f the
f
RSB e RLIRSTAR) v (BRSOl G Rietine o g e

qhmmy oﬂﬁqrﬁdbmrgrtm‘nefeﬁedt here is a need for a system

and nethod for nmnanaging the water content in a fluid
that can extract water fromthe fluid under a variety

of ambi ent I&ﬂﬁﬂy biffefsnt HElds--€ ignGhificon@Bioaiag dolledig waserdtom
| east partly liquid , and_ that can efficientl

e BneILECTETAENE PGSt CORBMIGHENEIS M SALRFIBS—tepurolling the
{3k s A0 mRDE B, HERbIERRb il KEARGHabF 1o M overal
affwatcgmfalne:ipmedsodrhefeforerrﬂmg lsrrgnmdtfer acymcm rand imetlod for
fluid using a de can east
maaping Sy (et an v i o lraer Bt Ry ipid ynder 2
tvaA8§ fof ambient Bshdivdims futiliging @dieﬁlb@ﬂit tHae is2 leiersparmwmular @nd
controlled. Such a system an hod c ed in

s can gEficieatly goptrok e dransish oh §oth s ranaﬂr?amfu tfls fvater to and
GROhh FRYSREA:. control, and ener gy production.
Enbodi nents of the invention also provide a system and

nmet hod for managi ng water content a fluid in which

cool ed desi ccantg VAR wat er from
an airflow, and |ﬂsl§1c1:\g{\F c?ﬁ(}qﬁr:r lg sunp of a collection
chanber. Diluted 25 desiccant is transferred to a
regenerati chanber ere

| heo" cont admbREREEh ot HEBrGebtipkehos BHEHIPT Bl 4 hernod

rfermuadgind whteecovérein ﬁ Iﬂom sz a destdcamtahat,is atridast partlydiquid,

conqentrat d desicca | ecte
8¢ d avhigh B Tp58 ST ef ﬂrrj?%t{%fﬁ?ef of thie, 3ol rfr‘bgmi E“’m the
eXigthnk Eresdé‘ﬁﬁoﬂed’vagucﬂsa dyStemPdnldi fi¢tBA Eah KeOived @ thefageas of air

transfer of heat and mass of the water in the
chenditioning, peisr production, environmental control, and energy production.

Embodiments of the invention also provide a system and method for
managing water content a fluid in which cooled desiccant is diluted as it removes
water from an airflow, and is collected in a sump of a collection chamber. Diluted
desiccant is transferred to a regeneration chamber, where it is heated and brought
into contact with another airflow. This effects removal of the water from the
desiccant, and the now concentrated desiccant is collected in a sump of the
regeneration chamber. The desiccant in the sumps is mixed in such a way as to

efficiently control the transfer of heat and mass of the water in the desiccant pools.
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wap@stossde7 such as an orifice.

-4 WD 2008/ 053367 PCT/1B2007/004333 1n one
enbodi nent, the two sunps are connected by an
When the |i qui dPCT/IB2007/004333
desiccant is sprayed in the collection chanber, its
mass and volunme increase as it renoves water fromthe
air. As the desiccant continues to pickup nore water

fromthe rflow, level in the collecti S

1 ons Mol on Sbadient f s iy B oGt mp i Bpchre.
QfchtaBan %lﬁué eWhéﬁ&h&B?ﬁa desiécansis spfaged Bhe eolédction chamber,
chanber and m xes with the nore concentr at, ed&gﬁég%ant

ithmapeand: wJume iBGTFAsh a8 dhismaVes Svaes JEm the,iry siccant
{:(ﬂ'gmﬁ et g@@ﬂ%p nBre Watel HORNBE ARV, Sité'l'@vel i@ tHel Eotlectiiesump

I'n the regeneration chanber reaches a

ps&sd aVhemit eackeds thedével af the orifice.comgtaf dhe/dilujed dasicsantiegters
| ow so of t b u j Ot

P SEtR P, PGS i i o G AR ARk e

tegenerhesr afing;rthi datises ¢lo:d leeeltafale desimtaﬁrem the)rdghmeratlon sump

regeneyfat i on qgiﬁjarrber til the. decfhafq ant |evel

koo ISR The etban 1p Sip tegeter fisTherP L reatliehd nyelosbriined

(REE aiffoalludiddnbleadpeitholaliow sofi of KRaRBieEAl tode ;ﬂﬂ@éaemck
to the collection chanher until .the des; C%?EEPJ vel

inie thecollpasionicBambaia kh 81 WaY.c8ass gt tigastesr Eoljcggion
YidnYter tZUi ‘?Eéeg)bfaﬁoﬁ‘gﬂaﬁlbgr {lﬁtﬁ &he Jd@sn?&in? G&vef @R tRE collection

p05|t|one esire such that the mass flowis
ehafmhnrerﬂabl}escdm puﬁtﬁed SuméamuS gaghds tnatpeansfarreds fipm the -

T e

@qu)écﬁbn bhﬂﬁbdrhﬂo\féeslh@ﬂaaﬁto acmaté hhae mﬂgen &“habnﬁne and the float
mp-the invention also cont eaf an

Witk eh herpositipygs a3elepicach S R 15 i@ty Controlled.

enbodi nent, the warner, concentrat ed desi ccant 20 from
t he regenerat| on sunp is passed through a heat
exchanger - Begause 8§ t@vngewa@smf th‘?)deséix?@flrl itlepelie) SUG}PS is likely

gé/o ?ff (21 eﬁezl(—q{h% deglc ﬁ'{etge g@ffecﬁ% 5 Qg %96‘1 u s teﬁxgcant

concen e3|ccan
i1 Chigi re gethepation gympnphﬁ invertiontabs® cxmtrbksrthe healt traasfen‘tmtween the

de3|cc:ant i.n |l ecti.on.chanber will not require.
255 e PRBL UG r e PeRIEeH el LB B A fesiccan
Font the\tegenetalion Sithp RGjabsed tHib@gi heat exchhilpeprelghedn evaporator
enbodi mrent, of the invention, the desiccant tIh

b RITEEIECEHOB OIS REHSP deTirs %ﬂ%lee%{b%heee Rissgools the
] deé’i@éaﬁh and PR fed®e tRe rdqaired Gﬁér%% lifpue WAS @le system,
conpr essi on cycle, E{:I or to bel\wg1 brought into contact

winch therdesicgant fin theco qtionghamber;widl nob Fauife ag Migh cooling prior
9§ %gﬁgtspfarygm)ﬁ B LERSNE Ak BfectidiRnAmb&assed

In another embodiment of the invention, the desiccant in the
collection sump is cooled using an evaporative heat exchanger, which is part of a
refrigeration vapor compression cycle, prior to being brought into contact with the
airflow. Similarly, the concentrated desiccant from the regeneration sump is passed
through a heat exchanger to pickup heat prior to being sprayed on the airflow in the
regeneration chamber. In some embodiments, the heat exchanger may be part of a

separate refrigeration cycle, or alternatively, may be connected to another heat-

_5-
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t hrough a heat exchanger to pickup heat prior to being
sprayed on the airflowin the 30 regeneration chanber.

wo noesossseenbodi nents, the heat exchanger nmay bRCP@EBA07TH04333

a separate refrigeration cycle, or alternatively, nmay
be connected to another heat- -5 WO 2008/ 053367

PCT/ 1 B2007/ 004333 produci ng devi ce such as an engi ne
SR ahe PR pob AL g PRI 1o s Rpeieps
exdhah@e mady Bea ytdens@sthhhis paevaidthe ahme reffigesitibn a:iycle as the
eff|C| ent transfer of heat between the two chanbers, a
EVADORYm heat exchanger may be used. The system heat
exchanger can be configured to receive both streans

of desiccant as thﬂy are transferred from one chanber

to anot heflo effesteffi |t5ansfleh@f dsan bgtween the: byp chambers, a
S5 BOR AT 15 L' MR g 2ot

$o/ sdceive Ibedt stecaaisaofglesiccannds klrey care transferyed éroat onmchamber to

aahr. pes e polee, Gl SRey SR RERDIGLER shtpvten

Yhesched thel 1802 bf the drifRe. Teden @b ltlﬁﬂughltﬂ@ siyStetni @Bt exchanger
enough to actuate the float val ve. he system heat

and naiAgle TegHneTalion; chagber hePmdhe @mgédsl € Wmer, concentrated
?P did @6l ﬁ@ﬁurﬁﬁ%ﬁu@i HRSsyRn R84t excﬂﬁﬁée? wHes Hegkvt antthe

ow ng | he regenerati on chanmber picks_up heat.
regeneragion wamip is dégh envyeh e aptgatedhe ﬂpétdvaéYe -t Héthe system heat

S O CANIRR YRS o A0SR 05 .

twiglehkatediccansflewingridiot the regenemtion ahahleer picks pohdat. In this

control | e ro n f Th t
dBelihp igg o <Rk 56 B B pmBb et Sieartn b R ffing
giredbf fhie @bgberation ceatabiap|desiccane.h Thus \thé¢ Reat cransfbieand the

i n _environment aIH?(gontro ehum di fy and

é‘%?éﬁ trapgdersgre both eontrofedfq Hpv@ﬁé'&@fﬁ%?méWSWr vely, or

in concert with the environnental control system the
water retained by the airflowin the eneration
chanber cafhesyssems desceitied ahovgsan he a@ﬁi’[t@gfoé ugg in a number of

ot
SAGRILARLS E5 Sy S A NS 0oy o
(73 fﬁﬁﬁﬁﬁéﬂf){ ol @odtheair ih :an dxu@ﬁbresgzé@v anxbiméaatwelyo br i concert with
refrigeration system In , L :
5% EPUARITERRl PRIl oo e o 0| YACR A ASgoREr B¢ | GHIOW in the
GEAABGHSN BRYNDRE carPRSOAECtEd foR WS lasthdibid orednlbRs whter. Such

transfer heat between the two airfl ows, thereby
water collection can be effected by passing the moist airflow leaving the

regeneration chamber through an evaporator of a refrigeration system. In some
embodiments, the airflows leaving the collection and regeneration chambers may be
passed through a heat exchanger to transfer heat between the two airflows, thereby

resulting in condensation and water collection from the moist airflow.

At least one embodiment of the present invention can sterilize and
filter the condensed water to generate pure drinking water. Accordingly, in one
embodiment, condensed water from the condensate collector is exposed to suitable

ultra-violet (UV) radiation in a UV unit to free the water from harmful microscopic

-6-
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resulting in condensation and water collection from
the noist airflow At |east one enbodi nent of the

wWr@s®nt36T nventi on can sterilize and filter tP€T/1B2007/004333

condensed water to generate pure drinking water.
Accordingly, in one 30 enbodinent, condensed water
fromthe condensate coIIector i s exposed to suitable

Qﬁéﬁm\é »Ir . dll{g](.qlzf}\% tlilﬁ.g‘% 8&61](6&' is S%‘l%%ﬁ:@qag(glgg é?l?ircoal
e {oBrARDVE QRABRSRnarks gad Voldile Aigiric Cuaipopnds (EOC's) and a

radi ated water is serially passed, through a charcoal
hurql@y of gningngh ¢artidges 48 fﬂﬁlﬁfaélz%lﬁ‘&d b vARmiIRZ,the, water.  The
Smin¥ Gz Wﬁ@ldls %ollé%kédrlﬁla'ffrét s@ragd tafk. al‘\ddltlonally, the

artrl ges to mneralize and/or vitam nize the water,
Whter ispassedithroughan axygenaior befarakeing stored dp thedirsteriorage fank.

g\}aiegrte rtﬁ‘g S%Irsﬁ%oraééj lug{ g? ek cul&tpcg HBroiighCihel TV umt at

rou an ox ore el ng store
predetetrhined &ttawalgmftmdqo malatagr qlfahoynmft \Ma;elf i Esboémagé the
tank i,s recircu

BB BYSH AR Y AL o G e Y e Aigion gf wpee

E%h?éxter%ﬁfoé?ﬂkdé@ i theQvehthst loWI@f@dHsate Ty@iitioan ARYrdihglo, an
e configured to provide for the introductjon Ofgéiagulck

f:xtgmae ﬁ@@ﬂcﬁ aluck s r & aunigipal haipplye faucest is| tachesh dun

RGO R ECE0PE R picnd Pt B BRI RMbaR Bl 2°

di sconnect fittings to supply supplenental water to
the first storage tank. BRI EF DESCRI PTI ON OF THE
DRAW NGS FI GURE 1 shows a schenmatic diagram of a

system for nBRIEF MESCEPFIONOF §ME DRAWINGEd in
accordance wi th one enbodi nent of the present
invention; 15 and Figure 2 shows a schematic di agram

of a syst e@[(ﬁ@kﬂ@@ﬁ&k@g SeRdrRdtic EiYaBNbf h Rydlerh!foi ¢hainfging
accordance wth anot her enbodi ment of the resent

iwates gontent.in a HEINAREDrEESCRithoneRmbRdimeRe SeTOInveRion;
'a ENTI ON Figure 1 shows a system 10 for managi ng

water content in a fluid in 20 accordance with one
enbodi nent of the present invention. In particular,

e St S0 Sp et s SRR P g vt

fcohteit in2UAd aNskcoriageawih inother enodirfem @i thiepreseneinvention.
hum dity of the air. It is worth noting that although

the exanples presented herein utilize anbient air as
t heyfT AiI%ED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Figure 1 shows a system 10 for managing water content in a fluid in
accordance with one embodiment of the present invention. In particular, the system
10 is configured to manage the water content in air—either to collect water from the
air for storage and subsequent use, or to control the humidity of the air. It is worth
noting that although the examples presented herein utilize ambient air as the fluid
whose water content is being managed, the present invention is capable of managing
the water content of other fluids as well. The system 10 includes a first chamber,
or collection chamber 12, and a second chamber, or regeneration chamber 14. The

collection chamber 12 includes an inlet 16 and an outlet 18 which allow a first

-
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whose water content is being managed, the present
invention is capable of managi ng 25 the water content
The system 10 i ncl udrE€T/#B2007/004333
first chanber, or collection chanber 12, and a second
chanber, or regeneration chanber 14. The collection
chanber 12 includes an inlet 16 and an outlet 18 which

SRR Lo B AR ARSI A

A6lldctien etaimtel 0DSit botaugh désiccanc2, |vﬂﬁ¢h Qﬁl thehemiBodiméni? shown
it _contacts a desiccant 22, &I ch B Eg enbodi nment
#nbBignre {nis sprayecingo ﬂ}esChé'ﬁ‘Pé‘y viag ndpit 2¢hanber 12 vi a
a conduit 24. As the air noves through the collection
chanmber 12, vaporized water 5 is condensed out, and

col | ect's wiAslthe siemgues theaugh thexoflectionchambert 2o Mapouizgd pater
dsg% | dnld€nsell %%g%h‘&gﬁ%&@@ Ritnd ﬁ@l&%ﬁ@%) a]L%ile&nﬁ sump 26h1n the

ccant as It adsorbs or absorbs
wattem ffordon o dleacthambﬁt 1 Roulite dasiscamA2cisaditutebassii @dpprbs or

Fi 1.is al -

S el Ml R B S0 2R g 1

$1qhiéld Wﬁédng mv@ntl%ﬁwoxﬂ&;ﬁlglafeﬁ mﬁelici)mtbcffrdual pleisé dedicoantst-@.g.,
roduce esir resu e u

E?lequnlf%wie of\RY é‘esgiqa@j lylafﬁﬁaln%é%vmp& ‘l?Fu e&éweﬁeﬁ‘ﬁt may

Whingdy, %&udlﬁg/ Hihﬁﬁﬁ cRibrilé auiCY) ARaksan Ehl%ﬁhé' (Cé@l@ which are

howevér, other |iquid desiccants na npl oyed

Ity Rieal Pfdéniié dlgsiceans sohutigss; phﬂW@I,so¥1al élﬂbldodesm@ants may be

(g,r may be used. Typical polycols include |iquid
c@[ﬁp Gnds such as et hyl ene gl ycol, propylene 15

gl ycol, butyl ene glycol, pentyl ene glycol, gl ycerol
trlrrethyol rq col, .tri.et

gl ycol , tI1ri) ?ﬂe%ﬁ’gls g‘itl |P0R’&?lg %glg,q & R IHY fnay e used.

tTypRaP B?iﬂy@@l@ maha@ q)ihuldt &ﬁﬁ;ﬂﬁh@pxh@ﬂ fs Gh%rléﬁk: ,glf¢Wl, propylene
m Xt ur es "t her eof y oun S |1 C ar e normal

ghicpH bugylgne\ghiceh pam&lege Bbicahtgimm} @mqylw% prqpane, diethytlene

RO gl o DOLAS el LY Yo Ry in
@d»mpb uﬁd@rmlmeeglwcy; and miityres thetxiof o [Polyjok n@ramqudh wihigll are
glﬁ{dr}}!%l ?(ﬂ}é)i: ﬁgy %vgrck\;éﬁé gn)tﬁ}a?]l{é@?}r ?01%@]&’ ) gf]ﬂ drcﬂ%ﬁ %Xc?/bolyols or
aijuidehydenxgl hafies, m@gmllstﬁbe tised efnypiwll ofalgse solid dyul epmpoinds
am ne, [ncl i.sopropanol

u
3% By HEbSHRIAL PoRGSHYITYAL ooy mple BoRHRREN B TiFical
Ehyhfd?(yl dmEiRs | inCladd alkoholamid¥By s as monoethanol amine, diethanol

amine, triethanol amine, isopropanol amine, including mono, di, and tri,

isopropanol amine or digylcolamine.

As noted above, the desiccant 22 is a liquid desiccant, which may be
a pure substance, or may comprise an aqueous solution of 40% lithium chloride.
The desiccant 22 is pumped into the conduit 24 by a pump 28. The pump 28 pumps
the desiccant 22 through a first heat exchanger 30 prior to its introduction into the
collection chamber 12. By cooling the desiccant 22, its ability to remove water
from the first airflow 20 is increased. A fluid, such as a refrigerant, is passed

through the heat exchanger 30 via conduits 32, 34. For example, the heat exchanger
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25 a pure substance, or nmmy conprise an aqueous
solution of 40% lithiumchloride. The desiccant 22 is

w@oeemsassssnt o the conduit 24 by a punp 28. The pOTVEB22@7/004333

punps the desiccant 22 through a first heat exchanger
30 prior toits introduction into the collection
chanber 12. By cooling the desiccant 22, its ability

st ai 0o . .
AR YRRl BAPTpA B BB O S rtgertin
%Qtehhdiamttgzlfustdh &)hdfmbl gbieangsirodMentabconditibns f ar 82 sorielother
For exanple, the t .exch er 08/ 3367
PEPPI0 DTSRI SEhe aeslqﬁapt 229%00&%@5’0% ngeg 30 to a
Ratperd¥iredelod tHaf6H BE FiPd aBNGWDD. [RWUGE way | @ airﬂsw a0ii9ooled
system can be used to control anbient environnental

goidpassesndrough the colestionoehnatber gy pdsearopltgsnatissosthe heat
SR80 205 Rk SRl Er e bRk R SHELABRaREIR 120

cdfrilshw\ﬁl;st airfiew 20 rdideotly , 20 th soalabe desi®anis2 aftepatsis eprayed into
hr o th tion chanber 12. As an alternative
Ehg Ctongaﬁ’élac?lamgﬁc anger 30, a heat exchanger nay be
pl aced inside the coIIectlon chanber 12 to cool the
w 20 directly, t he

hiter o i TR Esanaation shatuiner 44 afep fRydcs A5 bl HoAn Gitle

ibe Wigae rf&m%teOHlocaﬁ&tzebf h4sRbAP difflot 49Sindd) anf! 6ﬁt 86 the
and an outlet 10 38, which facilitate novenment of

£egeneTation Fhameher 40 i A oVithh gheoenllegtion ﬁl@ambeégl@néheafqgéﬁeraﬂon
ERRRE14 Lo I&Tu ::glr% Ql%%ﬂ}ll‘l?ﬁ.tub W@ dé's?ocaﬁthﬁ lnto the
a a udes "a whi ch

regeneration SO inc punp 42
regensration dlarmhep 14 ﬂuowwsa candnit 422 Thetdesic¢aat 22 is pumped by the

regen ion chanb 14 t hrou ui t T.

BEEP L Mosh £ SEIR nedt X R Rt e 5140 e PR el the heat
%ﬁﬁﬁﬁgbrhﬁafroﬁ?(ﬁ?&fweéméﬁ soleat vis asnduits 480861 For éxyenple, the
heat 15 exchanger 46 from any conveni en}ésource Vi a

bea{ prrhangag46 sen be @ condensst ehat forans paskof a fefkigatipn gystem.
Sth Q%ﬁlg‘e%i%ﬁ NSGEmt Bt bd MerBmeaktrigdtatfon’ s@,fs{ehg&gﬁg kiRNheat

system “Such a’refrigeration system can he sanme

exdhanggar3) i vsush ataasa, ih¢ hept ienehangens walle nmhgl@r cappectedhto a
L onE ?%o? gﬁﬁ'gfr aé@&npﬁ%’ngss 2 &?chineé\ﬁllél gstﬁﬁ‘cib tcpg%lerate its own

hbe&fng hayid abdlimgi wichouheelyiyg be an;l@xtémagmuecreat Alternativelyy tROheat
i ng and cooli.n hout. rel ying o xternal

e5eed. B Aon TR Ry ORI Soore SR GURDHS crpeines or

%@ﬁe@h%g.heat from ot her sources, such as conbustion

eéngi nes or generators.

By passing through the heat exchanger 48, the desiccant 22 is heated
to a temperature above the temperature of the second airflow 40, so that the second
airflow 40 is heated as it passes through the regeneration chamber 14. By heating
the second airflow 40, more water is evaporated from the desiccant 22 into the
second airflow 40. As an alternative to the heat exchanger 46, which is located
outside the regeneration chamber 14, a heat exchanger (not shown) may be located
inside the regeneration chamber 14. After the desiccant 22 is sprayed over the
airflow 40 in the regeneration chamber 14, it collects in a regeneration sump 52 at

the bottom of the regeneration chamber 14. The warm, humid airflow 40 leaving
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wo emsesmbur e of the second airfl ow 40,

By passing through the heat exchanger 48, the
desiccant 22 is heated to a tenperature above the

second 25 airflow 40 is heated as it passes through
the regenerati on chanber 14. By heating the second
airflow 40, nore water is evaporated fromthe

Erefiarhioh ohbf. 14 Eon BEFRRMAL bl 13 Henanger got

m)d@rédit&rermanﬁbmtth@mirﬂmmer 14, a heat exchanger
(not shown) nay be located inside the regeneration
chanber 14. After the desiccant 22 is sprayed over the

30 ai rfl owadQuekdtitedCaBoREC AR, PidsOt DETHRAM prbdide tan efficient
col lects in a regeneration sunp 52 at the bot t om of

miechanisgye fos teansferringhzaaband mass lmmesyquqim the aystem 4@ An

e AR B R R VL AP,
heaﬁab]xiih afger cdlleotion E]Inarmm:%J 1120atrserrrevmedﬂemnn¢d hcrghthfrom a
ir scri.bed above, res
S I o eaPhAERE 2. T M oA GPoHE oErari e gs B, be
a&féraRSEecian \Aﬁﬁalsw&h @5unded Qories, tHaeing ) walih P appoxinfately 1-3

aperture, in the enbodi ment shown in Figure 1 1s,
eqntigeters {can)sand 3 height of pprIgximately JelDicms slemndmg@n the capacity

h
PSS AT ek 3 BA SO kot 2
thelvolkéctiom timmtieh é2 anciréasese tigdevehpf the desgmaet& inyhe sump 26 also
rectan Wit h r undedc ha t

Lot B g BP0 R BF e RLDS42 sl B aitute
aeuwcapm 2%6h ﬁil%/colledt%nﬁﬂamﬂﬁmmh they re:gen&rh@on:mambelt u dr@l mfxes

stem As t ano . | | ected
T S M
hﬁﬁs’f&éﬁ?&ﬁ thd &ﬁlel:tﬁ)fﬁdhaﬁfbei m?toOkﬁé !r&gleﬁéthu&ﬁcuaﬁlbéhm Sd¢01 until

26 al so increases. \Wen the |ev exceeds that of the

drip fefficiers1.esowtil dhe deiccany incthe sypi20ctapthes she preglefgrmined
| ection chanber enters the regeneration chanber 14

and m xes wth the nore concentrated desiccant 22 in

the sunp 52. In this way, no mass 15 transfer fromthe

col | ection cﬁlan‘?%ng}aéro% h%}}{ﬁ?rr &M ‘?ﬁ'e?& r%ﬁPsi{f%W[osésA'water

occurs unt IIIf

degiicsaayed ifitotthe aisfiop 496tmﬁm’reeﬂlet1m1 pf thd desicoannincthe sump
| evel . In the regeneration c

52 5 4 Becacinp o Aty n BSOS 18 lg‘i&.‘ 51/‘58 SyiRp g2 il occur,
ﬂb‘a’vuéi‘v"wﬁgn tHeRBIES SR carlt P8 ehRYSihe 2égenbRtiBR ShafR 1 4itRrough

the orlﬁce 54. Eventually, the level of the desiccant in the regeneration chamber 14
will reach a maximum desired level. In order to control the mass transfer from the
regeneration chamber 14 to the collection chamber 12, a level sensor is provided.
In the embodiment shown in Figure 1, the level sensor is a float system 56. The
float system 56 includes a float 58, attached to an actuator 60, which operates a
valve 62 between open and closed positions. In the embodiment shown in Figure
1, the valve 62 is located downstream from a heat exchanger 64, the operation of
which is explained more fully below. In other embodiments, a heat exchanger, such

as the heat exchanger 64, may be downstream from the valve 62.

-10-
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20 52 tends to decrease. An increase in the desiccant
level in the sunp 52 will occur, however, when the

waléosiassdesi ccant 22 enters the regenerati on chewigao071ed4333

through the orifice 54. Eventually, the level of the
desiccant in the regeneration chanber 14 wll reach a
maxi mum desired level. In order to control the mass

transfer f anﬁ;elevglecgetﬁgﬁeve Qe ﬁ‘m%rreée%e{a‘ﬁoglzgamg%r 14

col |l ection Seénsor i s°provi
teachidien mbpnédaemlned]temel ithre ffoay SBecadses ttllaeadtlmt(m 60sterfacititate

fl oat 6 Th fl pat | ud
PRRORRE St At oI T8 thesgpengiasiogy DovaltBLAIGNS Sapeet dhe
g%%éégn@ﬁ ?@ﬁlﬁ@@mg 1%13 dtZCiooﬁéeEfaﬁ’s%ﬂréd 8ack inkd tHeh&llection

odi men gure 1, the valve 62 is |ocated
damber A2afn thivway %ﬁ@at systeraAf epnteals therransfss phmagsrem the

%ﬁ%aﬁén vk rllg [H?:rc% bl (Jnychgﬁlbg%"u l % &Ué bod ent shown

a hea exc anger
axEigarege ItheG‘Aalverm;m blectd@mshmﬂrde\ncﬁn suﬂeas\ﬁeaomoslzvalvel and

%gg%o /2?5:367 ; ﬁ‘g e7/ 004333, Yhep. & lﬁgen éjleré%&eacou

&gener att on’ ch
tapdicte dofenoidt v (&tﬁﬁt aﬁmdimdntls;emel valteh62 hlagate mechanically

causes the actuato facilitat en ng .of
OWEte 30 thenacfl}?@rcé% guchythat mgyemeng g?;}lﬁ | %(9 Bgtkgmcally
ansa?ier 16Ks tﬁéef(dl@é:@@t OBerPdHRREmEMs ke LQH 'Hon(ﬂlzci(gﬁadl@%vel

back 1nto the collection 5 chanber )
s¢nsgr \sgh as heapheiting senpen, avhicieare knowa s therpst. t WAeR fh@rleY:ﬁ‘l of

U2 50 RTINSy predermined
Fivelr the lactiidher 66 samséss theen velve o6 0o nuesean The ﬁnbevandesecond
SR BOL A e SO R She b B o

QN sEHrsts §udh°tﬂat theOvAIRE Mok Qo6 @béif‘ ahdl clds® r@#d&ﬁa’dl for slight
enbodi nents, the valve 62 may be mechanically 10y

é]@ﬁmm@dntthﬁml@c@&tl@‘@ﬂor 60, such that novenent of

the actuator 60 nmechanically opens and cl oses the

val ve 62. Ot her enbodi nents nay use a non-cont act

| evel senimraddmonhoa@naOHagathletmm wanstay theyhyssem aklealso

kno art f d

R8s P e USR8, ooty B B8 odnen

gg@d@ trﬁ]Flginledd _T_hlk ts]\tmbompltsh%(hwtthl ﬂtegioaﬁﬁysm 5@ ¢dnfunetidnywith
to cl gse. e st _an econd_15

e, b Exelmies U b b SO MG B bt o Gehdgp et the

@A Bkchhfigd? " 6 ice bedcdhhieéted e SorS euniple ! Bt conbeits/ 65V %8 to a

does not ©Open and close r tgeat edly far slight

frefuigerasion Ghgemnnok pliergysicaLiak Prmé\siéff a flow therethrough to cool the
desiccant 22 as it is pumped through the heat exchanger 64. Cooling the desiccant

22 before it is pumped back into the collection chamber 12 reduces the energy input
required into the heat exchanger 30. This provides an efficient control mechanism

for the transfer of heat between the chambers 12, 14.

Figure 2 illustrates a system 10' for managing the water content in
air in accordance with another embodiment of the present invention. Elements of
the system 10' are labeled with the same number as their respective counterparts in

the system 10, shown in Figure 1, and are further designated with the prime (')
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In addition to controlling the mass transfer, the
system 10 also controls the heat transfer between the

wo amwsobibers 12, 14. In the enbodi nent 20 shP@IVIB2007/004333

Figure 1, this is acconplished with the float system

56 in conjunction with the heat exchanger 64. Al though

not shown in Figure 1, it is understood that the heat
nger. .64 0 a0f

AR 28 e Yy dh 16°AEREE 10 REEKAIRL ion i egencration

slymiters 11241 14, ceachiaxt whfchohast heromtrh theatgtxcmngeoo?:O t 46' for

d 22 [ . . h
A e dambeeaiyfs tighE HENant &6 arfiu 8o Sl 10, where ghe
QM[Héﬁgn Qﬁ’c?i‘egbﬁ@r@tléd"'ﬁtaﬁﬁiehepl 'lqﬂwé?re [MeeivelZatgdd agsinéthach

required into the heat exchanger 3

energ I nput
t%er@mrdvess 12h letf in die systers 0t argseppEaterhby a sat £xehapgss 70,
f ow. .12, 14. Figure 2
h{elafgé‘%t%ltdgsw@ag st gm grln;fﬁlir?e gag'%gg’?%g ‘the water
content in air in accordance with another enbodi nent
°f tgreep:r dent Ic%%?%}(%lg(g‘ tgglne@rs:% i tr%ﬁsnt‘épﬁet%ﬁfﬁ %8 two
cmmmt 1¥'e 14'quind sysiear I(E includds eanswytﬁteﬁml']m thetmlentiomchamber

125"Fuai i 16158 of e HetiSce T T ingho st 45 bokobd 1B |eVeL.f the
Whikibe $41e d&sicchftWwilOtow Ronsthe teMmeclion chatfberdes ik k@%hél@ﬂon

and regeneratlon chanmbers 12', 14', each of

Chambginl4he éthl%swmtﬁg@asswnsfeztér o ghe coéléﬁtqnoqhambgr {Beto the
&%@Hﬁﬁlﬁ&ﬁ' E@aﬁﬁﬁerggﬁ ec'iké%ﬁ@@ ngﬁ 10, Wb, i %eﬁﬁcgah?f@ does

ere on and regéneration chanbers
nat flawt dixectly mtofthctqgv@rgmatﬂhamb@r Hgatather, ibflows tronghdhe heat
cha rs 12 in the system 10' are separated
igc n%eeran;tbeexchanger 70, the function of which is
expl ained in nore detail below To effect control of
the mass and heat transfer between the \
ke @9§Ysé‘?ﬁli§ (e eviema0 alo graliies a f@&t SEE
gl ‘a'ﬂo%958 %d(‘akl%!%{or 602 whih ftudifia {aveb2 of wh@&the level
esl cant 22' 1n the su ‘26" exceeds the [evel t he
o6 thy désicsant522' | in dh;cssmmaﬁ weehes fal predetergtingchlevel, the ﬂoat 58
n t 1
SRS B80Sl g AP TR s SRR o
(phﬁipb@ ifrah2'the cegeheratiore ghamsyet 146110 cthanbklﬂctlﬂn-l chalhjbén k2, and
Vy tem 0& hO\AEVﬁrwthe desi ccant 22' does not
SW&W%QEF‘I' g mast (8% egener ation chamber 14',

rat her, it flows through the heat exchanger 70.

To effect control of the heat transfer between the two chambers 12°,
14', the heat exchanger 70 is also used. As shown in Figure 2, the heat exchanger
70 is connected to the valve 62', so that when the actuator 60' opens the valve 62,
the warm desiccant from the sump 52' is pumped through the heat exchanger 70.
As the cooler desiccant 22" passes through the heat exchanger 70 from the collection
chamber 12' on its way to the regeneration chamber 14', it picks up heat from the
desiccant 22' leaving the regeneration chamber 14'. In this way, the desiccant 22'
entering the regeneration chamber 14' is warmer than when it left the collection
chamber 12', and the desiccant 22' entering the collection chamber 12' is cooler

than when it left the regeneration chamber 14'. This means that less energy is
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15 Li ke the system 10, the system 10" al so includes a
float system 56', having a float 58 and an actuator

wWO0008/08836Th actuates a val ve 62. When t he | evePCT/o#200®4333

desiccant 22' in the sunp 52' reaches a predeterm ned
| evel, the float 58" noves the actuator 60', which
opens the valve 62'. This allows desiccant 22' to be

PRS0 e e BB b B i, 0 Wiy et
ihén iscasé liwefficlencef s dveralbenergy chvinge heathet embediarents,
bet ween t he .two changers 1

POMHIIS e GRERaBAETS RS D56, Svehas g FoIbInAtion of Hredheat cxefitger
30 that

BASHOPRE Eighit | nc RETREC Gidhct 70 ShOUY B Peure 22 L

desiccant fromthe sunp 52' is punped through the heat

exchanger . the copler . i
Ehrough t ndviics EnEdiriise PP v oi\RligH ke een fgffled and
GB@R@% itAs ron interdedathat thebd embediaiearsailiustiate lmdbdescribe all

4', it picks up heat fron1th desi ccapt 22'
PH%SII?I% dommasy oft the AnvanbAbe Rafhe . the VoS éIS%Qy‘ tz"ﬂ?@*’ﬂgca‘w% are
Q&%?dls‘:&ﬁﬁﬁcr?p%on rﬁiﬁéﬁﬁéﬂ"ﬁinftﬁ’tﬁmr SEPH & @ideRibod fﬁli’dibﬁlﬁo&‘bhanges
i's warmer than when it left the collection chanbe

1Ry, beapele; wishows depasting from the spisit iapd seape of gha %@ntm
chanmber 12' is cooler 30 than when it left the
regenerati on chanber 14'. This means that |ess energy
Is -12 WD 2008/ 053367 PCT/1B2007/004333 required to
respectively heat and cool the heat exchangers 46
30", thereby resulting in an increase in efficiency,
and overall energy savings. In other enbodinents,
mul ti pl e heat exchangers may be used, such as a
conbi nation of the heat exchanger 64 shown in Figure
1 and the heat exchanger 70 shown in Figure 2. 5 Wile

enbodi nents of the invention have been illustrated and
described, it is not intended that these enbodi nents
illustrate and describe all possible forns of the

i nvention. Rather, the words used in the specification
are words of description rather than [imtation, and
it 1s understood that various changes 10 nay be nade
W t hout departing fromthe spirit and scope of the

i nvention. -13 WD 2008/ 053367 PCT/1B2007/ 004333
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WHAT IS CLAIMED I S: 1. A system for managi ng water
content in a fluid, conprising: a first chanber

wopaBoaizay an inlet and an outlet for facilitaPCTgB2007/004333

novenment of a first fluid into and out of the first
chanber; 5 a desiccant capable of being introduced
into the first chanber for renoving water fromthe

%‘%E s(%‘t‘n‘gm%ﬁ Qg through the first chanber; a second
é ng an inlet and an outlet for
facilitating novenent of a second fluid into and out
of the second chanber, . thereby faci
evapor at i ofr of W?F“lff%mafl?géx%‘é@e%%? tuﬁgtq’féd » SQUBFiSing:

chanmber i nj Gidsheh&f¥e@ Ncluliitigdan 18le0Brd ahashiRE fof fidilitating
first and second chanbers |ncI udi ng a bottom and a

waNemeriof adirstiiuid jetotand eut ofcthe fiisteapbeed at a
predet er m neg E&P E&pai)fe(’&? ﬁe{:%eﬁﬁltodﬁggdsﬁl%‘ hﬁel"ﬁ'ltst chamber for

desi ccant &xit throu e aperture
vdmwmgwwatéeﬁnoncmntﬁrstrﬂuuhmaymg thcch@trtthtt ﬁrseahambﬁra | evel

at | east as hi s the.aperture, ,the ther

the first23RPHE °k Hlﬁﬁgiér}gsmb%?lﬁt a héh%m%ﬁht%ng
ﬁ%@@[inyﬁhi de%e@tﬁﬁifﬁﬁ@nﬁo al mlurw tﬁd‘ﬂe?cmde:haﬂ:ﬁelc kpdbgriacilitating
thro t eaperture a val.ve con |g t cei ve

awp ign of FRGHITEMmEhe deiGcant | fsssecond s awg?f. IH@ £S5, fluid,

iéﬂa‘nﬁfér bPheftRa Jnﬂts@édnﬁg:hé’mf)ér@\lﬁcﬁfdlﬁk%b&ﬁbﬁﬂﬁmf 4 WaN hidang
er chanber to the one chanber, and a cl os

pmgpccritum theseinj dispoped atrigpredetermiged bclghte&p@ctambomarwch that

tggsﬁ%cgil ts% Qr? ecrhaﬁ}%lelg {ﬂ? y&gﬁlslé: %% WPE‘IQ thd e@é&{nﬁ in the one
I‘i@ﬂl’hﬁ‘rrewmds a (I@J&I higlense ds highopethe hpﬁtutaj the oﬂi‘eera:hhmmr of the

level of the d t inthe ot
B cond e Pl pRTAURGH O ERRiYe DA ARl SO T gne

\éﬁ&;ﬁﬁerm%ﬂgﬁhfédp@ﬁﬁ}e of the desiccant in the other

chanber drops bel ow a second predeterm ned | evel; and
a punp confivglyesqnfignrgd spreceixe éé%?%@bﬁt’mfth% Athen ghaspbes and

%Qﬁ[}g Gh 0@8‘% %gsﬁ%&h%r SRASRE PROW Y ﬁ?m&?ﬁt ff@xln\’tﬁe btheP &ffber

managl n water o alm1, wherein
tdthe e sharobert andhe Closebpasitiandor inhitsting therflow af deFiseant from

B PR P Pl elests “and the other chanber i s

t he second adtvelrismsor at lebst partlally disposed within the other chamber and

configured to open the valve when the level of the desiccant in the other chamber
reaches at least a first predetermined level, and to close the valve when the level of
the desiccant in the other chamber drops below a second predetermined level; and

a pump configured to pump the desiccant from the other chamber to

the one chamber when the valve is open.

2. The system for managing water of claim 1, wherein the

desiccant includes a liquid desiccant.

3. The system for managing water of claim 1, wherein the one

chamber is the first chamber, and the other chamber is the second chamber.
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WD 2008/ 053367 PCT/ |1 B2007/ 004333 4. The system for
managi ng water of claim3, further conprising a heat

we@ezaisanipeT configured to receive desiccant punpemIB00004333

the second chanber to the first chanber and to renpve
heat fromthe desiccant before it enters the first
chanber. 5 5. The system for managi ng water of claim

T

ahéatiexcHangéhmnfigoretitg receive desiccant pinapeddiesn cleaserorid chamber

the first chanmber as it exjts the . fi.rst. .chanb

kP gt BB OV Pt B BE Rl T I fpgers the fis
eidnidepg desiccant fromthe first 10 chanber to the
second chanber, and facilitate the transfer of heat
fromthe desiccant being punped from the second

chanber togthe ' erfﬁ]ﬂa i hadp

t hr ough thg' ape?tﬁﬁ?}gs?%gq e%s s‘%gﬁrwéﬂoarlﬁﬁlaﬁagi ngﬁtheheat
esdhangenfis pdsitiomedito cubate @ finidt rath batweencthe Fesh gt secend chambers,
Cocgnﬁtﬁttﬁd t o.an g)&t,er nal cooling source for renoving

e 5has e:fcro&ﬁ‘g{mr? 915 desiccant before it enters the
first chambaeive desiddunt fryai thenfitsechambergis figexia tler fisf chamber
cl ai , -Wherein th at . exchanger...i s di.sposed
GisEueth S, Sheriore i Geit e Mopnar T ofing dghERRE Hom s firs
RRARSS to tHeOs¥cbiEcHRA®BRNthnghanber prior to the desiccant

f

owi ng through the valve. 8. The system for managi n%r
wat er of clasilipte theysapsésrpfthget frrpthe desiceantibginggrumped trom
e R e L e S e U
first chanber. 9. The system for managi ng water of
claim1, erei g, the | evel ensor t
Syotem haveng. a Thk gseert (5 maR SR ptbl SLRRT g Dy srBf e hear
eRehaggatieconntdtd fohm dxterndl caoling swubretfuptenmvingfthé heat from the
val ve between the open and cl osed positions. 25 10.
Tlﬁiéc%‘?‘s'f’gﬁ{"flb?mﬁﬁﬁgg%ﬁ% BT of claim1, wherein the
val ve includes an el ectro-nechani cal apparatus for

openi ng and closing the valve. -15 WO 2008/ 053367

PCT/ | B2007/70043T%e system fommaraging watchafelainhg, waarein the heat

%%Ha%g‘ér iis Bis%ogelci%pgtretéﬂ 0fth& valve such that it receives desiccant pumped

from the second chamber prior to the desiccant flowing through the valve.

8. The system for managing water of claim 7, wherein the heat
exchanger is connected to an external cooling source for removing the heat from the

desiccant before it enters the first chamber.
9. The system for managing water of claim 1, wherein the level
sensor includes a float system having a float and an actuator configured to cooperate

with the float and to actuation of the valve between the open and closed positions.

10.  The system for managing water of claim 1, wherein the valve

includes an electro-mechanical apparatus for opening and closing the valve.
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w0 ne0s/0833d7 out of the first chanber,

systemincluding a first chanber including an inlet
and an outlet to facilitate novenment of a first fluid
a liquid deeT/tR2a0m/004333
capable of being introduced into the first chanber

for removing water fromthe first fluid 5 noving
through the first chanber, and a second chanber

i ncl udi ng i nlye t i litatdr .
moverent o s oBobsaof BF mAHbiE el shitbhe {n A8 ueine o
syseaip dncludiog faafirst i chambere ireholing anrinief andtar odtled ot facilitate

desi ccant. i.n the, second ch r . intg the,. second
OGP Bha M ELFOHEO Ty ot S ekt ARG capabl
bNBdibg iMbdacetinto edirst chapibbofor remeving twatel feomphé Sirsidluid

10 renpving water fromthe first fluid usj a _proces
IeN g theugh e st hagse, and 4 seaand %WQ%PC{“H%& anyigfet and an
bhitth Sor! RciliAEng ARVERER of 2 SOSHE Rid I ABDUGE thé RV @famber

content o ast sone deS|_ ccant; 1 ntroducing
& fatitites¢ ewapomation of wated dxoine therdesibeant irgthe second shambertiato the

content.into eco flupd. .ther facilitati
s5aneid, G seri OF the ] e teDGe oo RE inp eyt and 2
56 dtht Ilbtibddudnprivegeasi ng water content of the

second fluid; providing an aperture in the wall of.the
one charrbeFeI%Q‘R% Wﬁfeécfg‘f@ s ﬁ‘éﬂ ﬁﬂ‘@ﬁdﬁtngﬁ BFRcEHethat inclides
BidsRilat leA@Is6Y of AeiflrbtifAfid RGthe désiccRit, HRfdby GRdéastnpQne water
the one chanber through the aperture when the

genfertcof ot loast sope of the dasigedRts reaches a | evel at |east

as high as; ner : k I '
Soer e oot FHIBPRE LS, <l SRR Myl PRI e
semtemtdinehandseorsl floid; [tkerebe fahlitating evdpomnationcofpwater tfhem the
l.evel of the _desiccant. in th her I -
HF e Cioed 88 s AR e e e ccHARTB e SRS T
aut omat i cabrovidingpm repettine tin ahsfwall odf thee olescmarbet at a

fromthe he ch er to _the ane.chanbe en th
pEsEered ho el Bt thedcby RO EERERELe! SE5Geas Ham the
R Entbes BRBHEh MEAPEiaE WHeAGhd @éRlant 17 the Ue chhb&desthes a
claim11l, wherein the first predeternmined level is

davehetdeast pnhightae thesaNSHYTYr edet er mi ned | evel . 13. The
met hod of Wy L f j I
transferri %{éﬁggggﬁ%’aeﬁ%]ﬁre?gﬂ ?Esg“%%lﬁg?&cwg#‘%%ﬁ%%ﬁ?ﬁe% the
ding avidasdoend charhbedeso t180ome) Clamshicr cehdnythe pelmnnthedeved| ofethe

AESRomaC i bl Prarbit® PR B0 Bt B o0RT ina

automatically stopping the transfer of the desiccant from the other

chamber to the one chamber when the level of the desiccant in the other chamber

drops below a second predetermined level.

12.  The method of claim 11, wherein the first predetermined level

is greater than the second predetermined level.

13.  The method of claim 12, wherein the step of automatically
transferring desiccant from the other chamber to the one chamber includes
automatically opening a valve when the level of the desiccant in the other chamber

reaches at least the first predetermined level, and

-16-



10

15

-16 WD 2008/ 053367 PCT/1B2007/ 004333 wherein the step
of automatically stopping the transfer of the

waoleans®mssat from t he ot her chanber to the one chaEViEg2007/004333

i ncludes automatically closing the valve when the
| evel of the desiccant in the other chanber drops
bel ow the second predetermned level. 5 14. The

dosi ccant BUEH te, slebe bF SheofRANN, oiphly el bl of he
tibsiccamerah didathercbimber to 1{123 (m\fhaxg;hgb%ﬁ 1th’1ﬁléldésstaémhﬂa’dcellly closing

he nethod. of. cl ai
Bovattic Whek Dlsdelott e saireat o AesBEL Geprptes (Ropscbelow the
Qé&ﬁdpﬁéa@f&ﬂ[neaqedehe one chanber includes 10

transterring heat fromthe desiccant to a cooling
source external to the system 16. The nethod of claim
11, the othgr Cﬁﬁ@ﬁﬁéth&@'o?% NG i R cbﬁllpn@ﬁl%' do1inf Ghe
desi ccant eX|t|ng e one c er t hrough
desicdant keing tmnsfetrbd dront thet diber chamber & thg dneahamber before it
deShCCﬁnt after. it exits the one chanber before it
FRERgSd ?HBCSIEW chanber. 15 17. The nethod of claim
16, wherein the step of heating the desiccant after

it exits the one_chanber includes transferring heat, to
the exitindd dedhedssthod ph glaim el 4y shesein the stspngf cooling the

ﬁﬁé&&iﬁl b&ﬁ% n%nét%ﬂ@&ff&ﬁﬂ 8l Stha@talibePid'fle Sttadigiber iR ludes
t he er. -17

one ¢
transferring heat from the desiccant to a cooling source external to the system.

16.  The method of claim 11, the other chamber being configured
to receive the desiccant exiting the one chamber through the aperture, the method
further comprising heating the desiccant after it exits the one chamber before it

enters the other chamber.

17.  The method of claim 16, wherein the step of heating the
desiccant after it exits the one chamber includes transferring heat to the exiting
desiccant from the desiccant being automatically transferred from the other chamber

to the one chamber.
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