SYSTEM AND METHOD FOR MANAG NG WATER CONTENT IN A

FLU D CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
weppdiwedizon cl ains the benefit of U S. Provi sipomaB2006/003523

Application Serial No. 60/748,123, filed 7 Decenber

2005, which is hereby incorporated herein by

reference. BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates a system and

met hod for rERAGINIGNIBMETISODIEIK MANAGINGI d. 2.
Background Art Conventional | water is collected from

air, or other gd¥ASER GONTENT NeAKEWBndensati on
systens An exenpl ary condensat i on system provi des a
surface cooled to a tenperature that is at or bel ow

t he dew QRIOSS-REFERENGED RELATED ABPLEIATIONSW in the
art, the cooling of air at or belowits dew point
causes the condensation of water vapor fromthe air

and argig ﬁﬁ;ﬂ@%ﬁ’oﬂ dlaikRehebaetitiéfU. lsumodistoylampmi@eu@ $erial No.
The hum dity of a volunme of air is sulstant] al

60/748,423, it ?1@?¢ﬁeﬁé>eb?0(i5h§’h§hdﬂh?fﬂb‘>f IngerpaRted fgteit B tafience.
i ntroduced into, or renoved from the volune of air.
Conventional water generation and renobval systens
col | ect wat er BAGEGROBDIGISHEAY VENTIOd s usi ng
condensation systens that |ower the tenperature of
incoming air to a tenperature that is at or bel ow the

1. drid pohenvehtidohe air. Therefore, the quantity of water
produced by such systens depends on the hum dity of
the ambient air. The hum dity and tenperature of air

vari eghe BRUBY BfventidnRlatd is9fteth Gnd BRIHOE fohinhgh@twaattontent in
hum d air in tropical and semi-tropical regions, and

afluid.cool er, less humd air in other parts of the world.
The tenperature andwat er vapor content of air also
varies widely with seasonal weather changes in regions
2. Hackgrghalartt he year. Therefore, depending on the
region of the world, and depending on the tine of
year, hum dification or dehum dification nmay be
desi r @dh@entibedllyexafplstollb@edhris adflor 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 grt, the
cooling of ajr at or below its dew point causes the condensation of water vapor from the airand 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.

Conventional water generation and removal systems collect water vapor from
incoming airflows using condensation systems that lower the temperature of incoming air to a
temperature that is at or below the dew point of the air. Therefore, the quantity of water
produced by such systems depends on the humidity of the ambient 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



environment nore confortable. In addition to

i ncreasing confort, managenent of the anount of water
wOono@iose2TRYy be inportant to industrial appli caPComB2006/003523

Moreover, it nmay be desirable to renbve water fromair

so that the water can be utilized, for exanple, for

drinking, or in other applications where fresh water

i s desired. Regardless of the reason for managing the

v?ater vapSTUsREenP L MBI varis it Iy fth sdabéifa® wdkBerl dhages WRBions

conventional water nmanagenment systens have undeS| rabl e
throughauf thetyget. dsrefprerdepsading en thasgien ofdhewarlpomddepmdingeon the time
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of year, }?leld f?ca{;&i(l\vgr cfe%:?l[lﬁﬁd’?ﬁ%aﬁf)h ﬁae%?'faﬁl%la f foR? %&%& :cg Irxgaﬁ(g ﬁltg o
env1ronrncmtrm.oeetdmfomlbler usi ng a conventional system The use
of a desiccant material may be effective to renove
water fromair or other fluid streanms in such
Si t Ud h@fifen fOQRMENRIHgRRIfOrS, }tﬁdrﬁ@@meﬁt iof thzlaﬁg)uﬁheﬁ]v@eﬁanh air may
do not account_ for changes in en

r on
be impoe i T BMSIEPBliso e PGV ShBeP 2 GFaBlRdo FRIRT Y gerdpom ai
so that tﬁeh?atfal! ééh%e%hﬁ%d@@kﬁﬂplg%r é’t%l@r'igs %k }rh Ahdr@pplidalins where fresh

I ciency of the system Therefore, there is a need
water is ﬂcmreé Bygarém%afdhmemdomanaﬁmga?g@ srourh f Waieein the pir.dhere are
times W]'\l,%‘ 08n¥er§1 b ltwhcf’flér age?ﬁ%ﬁ'ﬁ %%{a?ﬁ@fa% ultlc[eg 10 Bmithid ' g}é{a%(ample,

ew poi ft so a nee

when th&ySi pﬂinamﬁihaeilr bsddwf erticrdarbgwixen N\ﬂﬂxetovxcﬁmtﬁeﬂ:tmg poiat of water, it

,,,,, qu[u%l? t hat c control . desj ccant gar arrte [ f he £

may be téFH“B?RéI{ PP the@gter BERE & YYRSIAONa] fysterypihegyse of a

deswcan@ Hﬂ%iaﬂ O\I§ BY LIFQIHE B @ino@Rdict FrefSair WIMNRYid¥tred i in such
Enbodi ments of the present inventjion provide

s1tuatlona @vaaﬂ@ymﬁ@tdwrt&deﬁ@%\ﬁ dynetaeent fopphanesd i d
env1ronrﬁ¥n%]l Rk lﬁoﬂ{] oévﬁg gtt%ﬂl erht Qi an@ﬁgﬂgﬁﬂgﬁﬂ{tﬁe Bfid sB&m—which

ventl on ystem and nethod
rnayadVBEsBiy\ﬂffegtﬂvabﬁ'rcle&lD}anfheﬁjlsmnd using a desi ccant having
at | east one paraneter which can be controlled
tonodify the water renoval capacity of the desiccant
and nEiepdfadeNthsness £ neeaffbi éilé}@fb@yaﬂdrméth@hfor afanaging gierveater
.environnmental conditions. Enbhodi ments of the . nvi tifﬂereis

content iy f1yig tha P@V?’@’@Cfaw%t‘;fsff%ﬁﬂ?eé}ul YERgTHeE Rty PiBys
also a n%glffgtt"d st J,Ihﬁldsﬁriéth&mo'r Rah#E8S watef bdrtdnt GhANTBRM LAY BchtdN

o an outlet for
desiccant parameters to maintain system efficiency, for example, in light of changing

environmental conditions.
SUMMARY OF THE INVENTION

Embodiments of the present invention provide a system and method for removing

water from a fluid even when the dew point is low.

Embodiments of the invention also provide a system and method for removing

water from a fluid using a desiccant having at least one parameter which can be controlled to



facilitating novenent of a first fluid into and out of
the first chanber. A desiccant is capable of being
wonoredexaed into the first chanber for renovi ngCWaB®N6/003523

fromthe first fluid noving through the first chanber.

A second chanber is configured to receive at least a

portion of the desiccant after it renoves water from

the first fluid. The second chanber includes an inI et
modifyfqﬁ%}vgf% ﬁetlr%clvgfn%p%l Yo%%ﬁtgl%é*{é@ g%cg}%\é g @Fs?en:f%ﬁfs 1ency m light of
changifigaiviroh@mems! @ndpionat i on of wat er fromthe desi ccant

into the second fluid, thereby increasing water

content in the second fluid. A system heat exchanger

IS Ccomhitauinshtd 6 th&€meMRn zfumdr {ofbvtdetu stﬂ%ﬁﬁaﬁ%\vm

and to receive the second fluid fromthe second
contentdf gl Thep Syafem inelades adfirstrohpberhapingian anlef andrantontet for
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~ rehova wat er fromthe second
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after it S@MBRs araﬁ:a frefethe fir® fluldn hs Gé‘déﬁ@ chdnbbiedl irtdidRE ah Indet WAA 81 outlet
ent is increased. The sensor is conflalljred to

for fam@tﬂlﬁ& oypryas of asgeanh dluidinipand oppetdhe segondehasthes Bhis facilitates
evaporﬁﬁ)h%@'%ta?err frofihe d@glfzc‘iﬁf ﬁtoCtH@Eechllld Bidl fere &&/ %ré%glgg Bter gontent in

hird fluid through the system heat” exchanger
the SGCth‘]eﬂlQ@m Aeystparhentexehangdiie c@;fgueqda to agrelesighird ﬂhmlctherathrough

n [ ceive th
N O LTI
second iflsid totthodhird €bhid. rﬂ“lﬁs fadoitdtesrstocdl affvater frbhetht kdcohd A A valve

chan s arr. ed. w.t thevlve such that a )
s operRIGIABPTBH th AT S G heq Bui P el iR P GO BREEry d sgsor i
in comim(GIEARBEHitH e vhlveyunafis §dnfighdail kslsehbdi Harﬁll%t@fjgﬂhé B&ond fluid after
first heat exchanger Thi s increases the cooling

its wateg ﬁﬁlﬁ@iﬁtﬂymﬁmﬁﬂe Thesensonis spnfisussskin getput Highalsiiorthevalvofclated to
the sen§e|atepafaﬁ¥e?&t R deldbts IE?IF 89%%%ﬁ%{ Stsd ?c[ t mﬁgl% ngysttem heat

er content I1n a he system i el
eXChanm@Mrothwamgechpammétat and an outlet for faC| litating
‘ movenent of a first fluid into and out of the first
chanber. A desiccant is capable of being introduced

i nto Thesystens tanchigyielndd Ofirst RIEP¥:L RGN R LEH i duk Aty k& ive the third
first tluid noving through the first chanber. A second

fluid thexg and Q600 @ﬂe@ac% feredt i ntepdupeskisto the fes ehastbent The
first heitréﬁclﬁﬁgél{i§ aniakl %th'tﬁe ‘!?a@xf@%\ﬁ@l? h‘é@{t Rlauld g q}n%@\fa%f*&ﬁe;l&]nrd fluid

The second nmber |nc udes an I n
throughdb@ V@ve insreapesdhe ﬂmmof thg thivsl/Ruid throwgh the Siext bead ekéhanger. This

mcreasés%é)c@orhqg%yﬁacﬂ{, ob 8 sS6 5N Ghanher - This facilitates

Embodiments of the invention further provide a system for managing water
content in a fluid. The system includes a first chamber having an inlet and an outlet for
fécilitating movement of a first fluid into-and out of the first chamber. A desiccant is capable of
being introduced into the first chamber for removing water from the first fluid moving through

the first chamber. A second chamber is configured to receive at least a portion of the desiccant



evaporation of water fromthe desiccant into the
second fluid, thereby increasing water content in the
weecerdeXik ui d. A heat exchanger arrangenent harCmgBR06/003523
control | abl e heat exchange capacity is configured to
receive the second fluid fromthe second chanber to
facilitate cooling of the second fluid. This
' facilitates renoval of water fromthe second fluid. A
n aranet o
sfer it SERNRG wily SR P Rule® THE RS0 CPARTHGRaoR b ol gna gp e
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the sec@xCMaAIAreal &xRRLRRENan2BEeritMBviRe B SOMtrollhBR IféQtr@xQ:ﬁ’Ange capacity is
systemis configured to receive signals fromt

conﬁgl@%@dﬁceawdh? éecenq'l feid feamthespcoasl chawebeﬁ safacii@h awg@g of the
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te id using a.s m whi.ch. i nc] udes
outpurtlfy sl ST E Lo syt BB 2 ol Rt St one
controllend} tid@ani@fi®aion §vithath€heat é)QiHh@gef hﬂ’réigefn'ehlﬂ #hdusd ﬂﬂscﬁ The control
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capamt? enthe 'h%at%&cl?atn gbieAnhe SRR bRkd bhgad ﬁ%a‘fﬁﬁpﬁ‘le S@Ealg C8ived.
. .some of the de3|ccant havi ng i ncreased wat er cont ent
is introduced |nto a second fluid, thereby
facil fromthe.desiccant
 into t h@%g@% gﬁs %n%% 1|§IF1h\c@?éas dﬁ 2 et ecff ¢ SRPasite ypter

contenttine fegbwsg £ $ystech wfﬂoh nsmdtami dédiachnk atnﬂ amgssmdlewaxem@er. The

st em.heat changer _after the mat r .content of
method Gl g THRVIRE (et BOm LS a g h Peocbahpt ISP ekposing at least
some of helfir gluef totthedsaeamtd ThisuhdeABHhE QARY 3bnteft oM@t Rhst some of the
t heref rom Aigaraneter of the second fluid is sensed

desicoagt. t/strleqst somppleine desigearithayiaginsesasedswater egnient ientreditced into a
second $ED) AHeESy ??&%Tlﬁé/ e Eofaﬁtg? SHSLEMNE Ao cﬁ%ﬁ%@ %5 teSecond fluid

- controll éd at [east partly based on t sen
and mc;mmam@r corEmI@d theesetanddiuid. HEheeemdrftuid m\mmedohroag}sthe system
rOVId t hod f assin
heat exPl AL SRS R TNAEN TR R i Bt Eer e Spriaes ooling of
the secoralt fhrid and ﬁeh@ﬁ’@ll of.waldtehefBdr.C AfaradlkS@ o8 sheQec USRI DS sensed after
noi_st ur.e fron1thetg|r that conmes in contact with the

its watg QREt dhincrepsedod tBrdient E¥RbAvEe deRwiniof theoweigethsat exchanger is

control B8 81 &R Phrtl)Yoa RN R sédséd ﬁa?al’n%{&h a contact surface,
such as a Sponge, nedia, cooling coil, or cooling

tower, that has desiccant dispersed thereln The

Embodiments of the present invention also provide a system and method for
passing ambient air into a first chamber having a suitable desiccant material therein. The
desiccant absorbs or adsorbs moisture from the air that comes in contact with the desiccant. In
one embodiment, the air contacts desiccant by pumping air through a contact surface, such as a
sppn'ge, media, cooling coil, or cooling tower, that has desiccant dispersed therein. The
desiccant and/or first chamber may be cooled to enable the more efficient transfer of water from

the air to the desiccant. The desiccant absorbs or adsorbs water from the air, thereby transferring



desi ccant and/or first chanber may be cooled to enable
the nore efficient transfer of water fromthe air to
woOher7de&1izcant . The desiccant absorbs or adsor PeTaB1066/003523
fromthe air, thereby transferringlatent heat fromthe
air as the water undergoes a phase change and
condenses out of the air. Because the desiccant and/ or
first chanber are cool ed, sensible cooling-
latent lfe?g%brgghdé éHIaIES ec‘ WQI%I‘ u@c%?éo%? ggg?ste I%Eeg&g ?19(? E%Iidtgﬁgeg outs oﬁile atr.
Becauad:rthev\dleswuantfandfm ﬁﬂsteo}fa'nﬂ)st are lnastbd rSensT[ﬂe caoudinghyicy, @Ushng that is not

desi,ccant |l ects at th tto e first chanber
based G eiaREot FlfeTariulioreEodBt o Bt re dneodubin dravn out
ﬁnnlﬂ&hﬁmhﬁhmb&ﬁnSfer occurs either through active punping
or diffusion via a valve opening provided in a
partition between the first and the second chanbers.
The vahueoQRSAIRNE dé‘ﬁ&%&%ﬂ@&%‘ th@%t{o nfl} e B6E hﬁ&ﬁ@r and gets
levels in thé first and the second a
transfefredio asecorydichombenl eieseemmd Cbmbnrsraﬁsfom@hs eithﬂsfnrough active

pum 5TEBG 1 1, E5ROBATRGE 1 b e P e s

chambexss. fhepsde dspedfngwaalﬁiaséqnaﬁmlon of déﬁﬁbc&ﬁﬂ@féﬁ; if e andahe second
The desi ccant

be heated an aln exposed to
Chamb%farﬂ&éleﬁ ¥ 8 %}mld%?lscaeih%cceﬁafrﬁs% e f%fft RGO 7P Rlspsecond
chamb&f it tHe & el 6f tBE Bés%é@ntteﬂﬁal%§ i g tv{?(?%h{bers':%e QXRIER 6y pumped
,the first chanb g i'ncl ude spong | ul ose
m

hydrouﬁéfssé?qaaq inglgy S@afgﬁl qhamber qande hyatehansd m@antmwsed to air.
t'percol ates down to collect at the bottom of the
. chanber. Alternatively, the desiccant is made to
si npl yThddigicdant dah e firgraduodd idiodhs cHaltrﬂnTspigA amlySnathddéffective to

. as .the t f d seco chanber
achiev{hE Yol gPing O PR Crechsaria P B BREPElF ey fRlulose materia
through Whivhithe hy@lkatéh@eskesd Perceaaiiaehn td\cd1RBE at SXCHROBES tRASHAMber.
as a heating el enent warns the spray of hydrous

Alternafiye|ye thalesiecant is mpde Eu P hedriop o o gfophyrom points within, such
as the t%¥ BB IhAirsNhdRBEohl EhEmBRS Gh Qﬁg ergﬁocﬂﬁiéﬁ)cr g(ae%lmaﬁt & Igﬁrayed into the

desi’ccant, generating hot arr
initerioy @fgbchamd ﬁ@mb@b% heat Iea¢Hangﬁh§1mS®dEauh$¢lmnarttwarﬂib éhe spray of

hydroug SESK: {éftg? ﬁlg@% tlei@ z%e ere%? gx?anl%oraélrﬁg g}bqas&%rg gg%qu?eél 9 élgforbed
into thabaurchm; genstatihe m hamuema,mnﬂ alsofggehtating@dudstamdlisdnbgdrogs
d a suitabl e cooling process such as classic boiling
e$°“¥$U|ds contained in tubes, thernoelectric elenents,

‘heat' pi pes, refrigerant- expansion coils or any ot her

system known to persons of ordinary skill in the
The hot, humid air leaving the second chamber can be directed to contact the

dew-forming surfaces of a heat absorber, such as an evaporator, that are cooled using a suitable
cooiing process such as classic boiling fluids contained in tubes, thermoelectric elements, heat
pipes, féﬁ’igefént:expansion coils or any other system known to persons of ordinary skill in the
art. A parameter of the hot, humid air can be sensed—e.g., the humidity or the temperature, and
the heat absorbing capacity of the evaporator can be appropriately controlled. For example, if
the sensed temperature drops below a set point, the heat absorbing capacity of the evaporator can

be reduced. At the same time, the desiccant entering the first chamber can be further cooled, for



art. A paraneter of the hot, humd air can be
sensed-e.g., the humdity or the tenperature, and the
woeat7/0aéxor bi ng capacity of the evaporator canPO®I1B2006/003523
appropriately controlled. For exanple, if the sensed
tenperature drops bel ow a set point, the heat
absor bi ng capacity of the evaporator can be reduced.
At the sane tine, the desi ccant entering the first
anber ca e f er cool.ed,. fore
cxamplq, R FSERITG CH e AR OBSP B 9  JNERpR Dfgehich the
desiccarf? x&,lkaaegie r‘nﬁmmughmm;zqadrben GRSt 6 i1Sthp aspethtorWhizh will
ultimately lead to an increased load in the

cause the \mpxmr@tmto rmmb,owe {tie1set poinis hevohy leadimgde an inceasgntheheat
| PR al =Y
sbsor L Y e B ol
accountedifor, aidahgoveglkefliciemrynd theadysteoridindressed- ar e account ed
for, and the overall efficiency of the systemis
i ncreased. At | east one enbodi nent of the present
i Nnvenai RAst eaneib&limbntaf tiendedent iheentivhearc geodléresad filtat the
to generate pure drinkin Accordi n

condenseAseRF b ATTerRORTE ASBEM BRI AFiFLPRG BORAEREagigent Sondensed

water erHll th€ E6Rendafe RXNBASESE e:h?bs@d’tot sakh$le WlttatAond (?J\@tra&lh}c\ﬁn ina UV
radiation in a U unit to free the water om har nfu

unit to fietho wetsp fromdragrafl srigroscapigiorgassrans yhdditipaally dhespedigted water is
serially Ipassg& thrg Cgiﬁt réh%co?fl fH@??bgg@g Q&?Qn%gﬁ‘tg' ShEQBlatifel & %{wt 0

am nant's an gani ¢ Conpound
Compo(lﬁ@((is’p(}‘ej dndha plunliny of minefal martritgas tocmineralidgas!/ Qrorltamlmze the

water, Th e Do T B bRt el PR Ml s e
water 1st1§h'§&d thdih APMdlgtdatortiREO¥BERE stofedi Sfeitst haragegBnlanWater from
oxygenat or before beln%}stored in the first storﬁgﬁ
the ﬁrSft starRee topl isreqivcslaediropgh de 5Y BPlé@Té’r?‘%‘ﬁlmﬂ d interva time to
nmnﬂmﬁﬁ?ﬁﬁ %kg%% through the UV unit at predetermnm ned
[ s of time to maintain quality of water. At

| east one enbodi nent of the present invention can al so

di s peR? f 8%1 %tnﬁ gngo&inltent "%%%%rese}t‘ﬂ%em on 3 gls? HR?Q[%QB&I and cold

wat er gravi
water. ThEEaOcEE @odindndvage froan keffirorstontgr tenk is grasntﬁl died iner a second

ot G s i O LS LEL, W e

second Q&?Age'?ﬁﬂcﬂﬁ SHRSSuSME s REbIRRb S preéds€ Silch @K Peltier-effect or
. chem cal /magnetic cooling, by the use of a typica

chemicahipagnstio podingpit the respiadypigal e@parmpnagy?pq;@tp@rcoﬁgtqﬁ by any other
method eff <6 \% %t {ﬁlgveatgg hENRd ﬁ degi E(ﬁg v&rafe?llg fhen di E E’f& & ﬂ#ough a first

I Spense hrou rst c proo _
chlldprsqsﬂ @tgot  Alss Owatexsin ehe thind tank ig lmatedl to anksited td:relaﬂradretto’ ggheating

element and élgpdentseednﬁrougﬁ 5 geecor?cy spé}gohce%trrllbr}«gnt temperature water is dispensed from
the second spigot when power is disallowed to the heating element of the third tank. In another
embodlment water from the first storage tank can be directly dispensed through a thlrd spigot to

provide water at ambient temperature.

Embodiments of the present invention may also be configured to provide for the

introduction of water from external sources in the event of low condensate formation.



el ement and di spensed through a second spigot. Anmbient
tenperature water is dispensed fromthe second spi got
woher/oeeer i s disallowed to the heating el enercTaB20061603523
third tank. In another enbodi nent, water fromthe
first storage tank can be directly dispensed through a
third spigot to provide water at anbi ent tenperature.
Enbodi nents of the present invention nay al so be
configured t rovide for. th Q
Accordip g e ERHEPBh Giebas o rRnisiEr syt Ppe b Re B RLgD guick
disconnb Q@ FifRids 96 sMpBPupbRAeNtal RiteEistile firkt stoE pAksUCh as a
muni ci pal supply faucet is attached through
qui ckdi sconnect fittings to supply suppl enmental 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 f or BREFIDESCRIPEION 61t EHE DRAWINGSi d i n
accordance wi th one enbodi nent of the present
i nvention; and Figure 2 shows a schematic di agram of a
syst eRIORE TRRA&EE Nghembity disgainerfta siysteid fod marchging water content in
_,.accordance w th another enbodi nent of.the present
a fluid in ggeondangR W“{b@ﬁAPt!}Etﬁi@E@cﬂﬁtWréﬁntﬁv‘T*ﬁ@ ERRED
EMBODI MENT(S) Figure 1 shows a system 10 for nmanagi ng
water content in a fluid in accordance with one )
enbodFigerst2 $ows hechamatie ﬁtagram/etﬁ %Wm tOﬁ nwa@&m&tyﬁtﬁt content in a

th f
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for storage and subsequent use, or to control the

nob Brafr o Srialbhion oLl AR B R 4"

the fluid whose water content is being managed, the
present invention is capable of managin theifa
cont ehiguest | ghomer systeind Toramgpagmegvajer cogleaiy 2 qléﬂﬂ aggordance
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or col lection’ chamb ', and a second
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- through the collection chanber 12, vaporlzed water is
and a second chamber, or regeneration chamber 14. The collection chamber 12 includes an inlet

16 and an outlet 18 which allow a first airflow 19 to flow through the collection chamber 12. As
the air flows through the collection chamber 12, it contacts a desiccant 20, which, in the
embodiment shown in Figure 1, is sprayed into the chamber 12 via a conduit 22.

o As the air moves through the collection chamber 12, vaporized water is
condensed out, and collects with the desiccant 20 in the bottom portion 24 of the chamber 12.
The desiccant 20 is diluted as it adsorbs or absorbs the water from the air. Although the
desiccant 20 shown in Figure 1 is all liquid, the present invention contemplates the use of solid

desiccants, or dual phase desiccants—e.g., solid and liquid. Any desiccant material effective to



condensed out, and collects with the desiccant 20 in

the bottom portion 24 of the chanber 12. The desi ccant
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the air. Al though the desiccant 20 shown in Figure 1

is all liquid, the present invention contenplates the

use of solid desiccants, or dual phase

desiccants-e.g., solid and liquid. Any desiccant
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material 23. The matrix 23 can be a sponge or other

medi uAs abtedabo R, Blfdesitdawe2( i@ aflidGidl debidéat, GRANEIRHAy comprise an
aciileiyc‘)‘lis solution of 40% lithium chloride. Inside the collection chamber 12 is a matrix material
23. The matrix 23 can be a sponge or other medium or media effective to facilitate contact
between the desiccant 20 and the air flowing through the collection chamber 12. The desiccant
20 is pumped into the conduit 22 by a pump 26. The pump 26 pumps the desiccant 20 through a
first heat exchanger 28 prior to its introduction into the collection chamber 12. By cooling the
desiccant 20, its ability to remove water from the first airflow 19 is increased. A fluid, such as a
refrigerant, is passed through the heat exchanger 28 via conduits 30, 32. The desiccant 20 is

cooled in the heat exchanger 28 to a temperature below that of the first airflow 19 In this way,



between the desiccant 20 and the air flow ng through
the collection chanber 12. The desiccant 20 is punped
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t he desiccant 20 through a first heat exchanger 28

prior to its introduction into the collection chanber

12. By cooling the desiccant 20, its ability to renove
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controller 46. In some embodiments of the present invention, a flow controller, such as the flow

controller 46, can have two inlets connected directly to respective pump outlets, and two outlets
cotmected directly to respective heat exchanger inlets, thereby eliminating the need for conduits
45,47. In some embodiments, the flow through the valve 46 is much less than the flow through
the réépective conduits 45, 47. For example, if the pumps 26, 40 have a flow rate of 200 liters
per minute (Ipm), the flow through the valve 46 may be 100 liters per hour (Iph). Thus, only a
fraction of the fluid pumped by the pumps 26, 40 is pumped into the opposite chamber 14, 12,

respectively. Conversely, other embodiments of the present invention may have pumps and flow



controller 46. In some enbodi nents of the present

invention, a flow controller, such as the flow
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to respective punp outlets, and two outl ets connected

directly to respective heat exchanger inlets, thereby

elimnating the need for conduits 45, 47. In sone
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The warm, humid air 38 leaving the regeneration chamber 14 can be introduced
into a system heat exchanger, or evaporator 54. The evaporator 54 includes a contact surface 56,
which causes. water 58 to condense out of the humid air stream 38. The water 58 may be
collected in a storage tank 60 for later use. Depending on the use intended for the water 58, it
can be sterilized and/or treated using a secondary system, or by expanding the system 10 to

include such elements. One such system is described in International Patent Application
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chloride solution to extract 2 liters per hour of
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wohomceriat ed at 250 nB/ hour. The result is a BEMABHIE003523
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3°C—the sensor 72 signals the valve 70 to close. This stops the refrigerant from flowing through
the evaporator 54, and increases the amount of refrigerant flowing through the other evaporator,
or fitst heat exchanger 28. In this way, the heat absorbing capacity of the evaporator 54 is
reduced—i.e., its cooling capacity is increased—while the heat absorbing capacity of the
evaporator 28 is increased. The increased cooling of the desiccant 20 entering the collection
chamber 12 results in more water being absorbed from the first airflow 19, and thereby increases

the vapor pressure of the desiccant 20. In other embodiments, a sensor, such as the sensor 72,

can include a hygrometer, configured to measure the humidity of the airflow 38. In such
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In the enbodi nent shown in Figure 1, the sensor 72 is
configured to sense the tenperature of the airflow 38
wonod7wesayapor at or 54. When the val ve 70 i s opedl/1B2006/003523
thereby allowing refrigerant to flow through the
evaporator 54, the evaporator 54 cools the airflow 38.
The sensor 72 is configured such that when the sensed
tenperature drops to a predeterm ned set point-e.g.,
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first set point. In the system 10, either or
the sensor 72 and the valve 70 may include one

Figure 2 illustrates a system 10' for managing the water content in air. As with |

the system 10, shown in Figure 1, the system 10' includes collection and regeneration chambers
12', 14, each of which has its own heat exchanger 28', 48' fof controlling the temperature of the
desiccant 20'. The heat exchangers 28', 48" are part of a refrigeration subsystem 62'. The
refrigeration subsystem 62' also includes a heat exchanger arrangement 74, which includes a heat
exchanger, or evaporator 54', and a refrigerant flow valve 70 Although the evaporator 54' is

shown separately from the flow control valve 70", it is understood that they can be integrated into
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or nore controllers which can be progranmmed, for
exanple, wth tenperature or humdity set points. In
waddiTioeex12 t he flow controller 46 can be progr aROmEB200€003523
appropriately manage the fl ow of the desiccant 20
bet ween the collection and regenerati on chanbers 12,
14. Thus, the system 10 includes a control system nmade
up of independently operating controllers.
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the inve@@Gi.r ol l er or controllers within the valve 70' and the
sensor 72'-to nmake up a control system As shown in
Figure 2, the systemcontroller 76 can be used to
control other elenents of the system 10', such as
punps 26', 40'. This configuration nmay conveniently
provide a centralized control of the various el enents
in a system such as the system10. Simlar to the
system 10, shown in Figure 1, the system 10" can
‘function to nodify the heating or cooling capacities
of various systemelenents to accommopdat e changi ng
envi ronmental conditions. Wile enbodi nents of the
i nvention have been illustrated and described, it is
not
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i ntended that these enbodiments illustrate and
describe all possible forns of the invention. Rather,
woOherwesxis used in the specification are wor dsPof/iB2006/003523

description rather than limtation, and it is

under stood that various changes may be made w t hout

departing fromthe spirit and scope of the

invention. WHAT IS CLAIMED IS: 1. A system for managi ng
VWEAngbgAlggﬂjﬁpt ina fluid, conprising: a first chanber

having an inlet and an outlet for facilitating

novenent of a first fluid into and out of the first

chanber; [ into

Cho i st “sREtpl FHtariBRE Nofe Sn O 114 DL SORBERNY

f 1 ui da fimvélambehhodghart inket fridrantoutihiiob Excilitatingaueveement of a first
ﬂuidlnlpﬁg(rirglégquﬁ%ﬁlisg re Ft Iot receive at |east a portion of

removes water fromthe first
f1 ui da ddshRarieepamle cttrmpdntroducédidiode dinstichdretber dovdemnving water

outlet for facilitating venent of a second fluid

from the fish flidaneying rougadh %%fébfﬁ*gmgﬁ%nber t her eby

facil} E&Bh@&aﬁ%{ﬁp%ﬂi{ghﬁﬁ t@fecéﬂa& Qtrleefslf Qlﬁbﬁﬁﬁ off el desiadiint after it
in the second chanb into the second fluid

and
removes wateeﬁsmr’tge ﬁtﬁé Tl @‘Iﬁ SG@ﬂﬂ ehambst inchulingaoiniet fxmqthr}joutlgt for
faCllltanhI%aIi:;l(aVee])l(’lf h 091&{ @ﬂg Srﬂﬁ Md &g '3? {}Q%E&qldtcﬂaﬂlﬁ&efh\éﬁbﬁ facilitating

ere 0 receive the second
evapordtiotiof whte ffbtnl’the amcmmt iz trersbemdtcharhbariihtotise woond fedghd

of heat fromth seco g fluid to the third fluid,
1n°reas¥1ﬁé}#ee‘ﬁiﬁe‘f‘%?gfeln}t? {0f FFOPLdal of water from the second

f 1 Ui d; héat ¥RNEBeRREEARINRNE on¥igid tdhecéivowafd flle tHedtirdugh, and

fluid; and a sensor configured to _sense a:éarﬁ@? gr of *
to receiyptheseqsnddluid fipa thy seepnd Cthémwarttelfa%l&ﬁ'teé%ﬂanﬁ I phhepbiiam dhe

@P&Jﬁ L1 a88 TRACHRAERAB AL,
second?lg%é%?%eggkgg%ﬁo LLe va%e‘@e tgac‘)1 dgonat rol the flow of
" the t hivalste bperdlale thvayy te flaveofshe thinch fhiéditandx changer
based on the

1 ! i
1, fu p S§NSPT ct%l Plieg ‘?% ge%geaggérg%etﬁ ol tthé1 gecﬁ%@ h&l@ a@tfer 1{(‘4 \%tQP content

exc
is increa¥dfah@ W @dpit@igneetlird tdihe tdrisedipdrhnieter ﬁofeéfeett dmﬂukﬁf ‘dam@lve to
to cool the deS|ccant bef ore |E is intro to t

controlfthg Bew ehheiird flyid dhppgisihe Rysiam Bsat Fsshigager B ﬁémé % S d

pmmnagﬁh the val ve such that a

2. The system of claim 1, further comprising a first heat exchanger
configured to receive the third fluid therethrough and to cool the desiccant before it is introduced
into the first chamber, the first heat exchanger being arranged with the valve such that 2
reduction in flow of the third fluid through the valve increases the flow of the third fluid through

the first heat exchanger, thereby increasing the cooling capacity of the first heat exchanger.

3. The system of claim 2, wherein the sensor is in communication with the

valve, and the signals related to the sensed parameter are output by the sensor to the valve.

-14 -



reduction in flow of the third fluid through the val ve
i ncreases the flow of the third fluid through the
woio®ocbat exchanger, thereby increasing the eooiiBg6/003523

capacity of the first heat exchanger. 3. The system of

claim2, wherein the sensor is in conmunication with

the valve, and the signals related to the sensed

parameter are output by the sensor to the valve. 4. The

syst em of ' ' .

arangement s HalGuR EE), St e e B R e ncludes
system\nadt\eschanpe agy sheeralfe, thelsgstern dimtirer somprisngoodtol sy, émluding

i ncl udi at | east. gne cgntroller,. in conmuni catio
ot teast A8 1AM, B corER R fER v e Rt ot bGP hE e g sensor,
the contloBsyeRA Hedlg GyiSpaiat BReicogve Sphdlgfibadhd @nsRaad ‘t/cﬁef%c%@ra&ion of
fromthe sensor and to _effect operation of the valve

the valygfoadjusicthe e9pding sapaciiy of e sr5teny heat epehengsfst em heat
exchanger. 5. The system of claim4, the desiccant
being at |east partially fluid, the system further
conpr Psi ngThasystent ofoflaipupies desiccang bping af least parpiatipilng, the
' ..nt.o the first and second chanbers; and a
Syswm?ﬁgﬂvs?g%ﬂérrl%ﬁ'er di sposed between the first and second
chanberpsir afipuropefoatdspectioell @ambingalkdcaxcimenge fiodt and second
h bde_si cant between the chanbers, the control system
cham %@ﬁﬁé further configured to control operation of the

PUNDS 2 RG doliollidrAp6 ARt def ihe st ahiQesond B Brs ShBdPTable to
wherein the sensor includes a tenperature sensor,

1,
facilitaterrxchangmaf desiseans betwisgn theshambrrs thetonizet systgrubairgBirther
cOn’ﬁgLEEd[ forb%nﬂcfl!opgra%ﬁ' Br B ?ultnﬁm ft H6& cﬁﬁt?é?eg Is at or

ow a st set point tenperature. The system of
claim1, wherein the sensor includes a hygroneter, the

The virve SRE RS RTHRER Fouth b0 afofr Biehlre sensor,

the sighaly @itpis @ thecdendor bfedtihigtaytlosthg ol ey vehenathe tdndeitvke sensed is at
furfher cqnprising a second heat exchanger confi gured

or beloyg firglsst RAINLIHBPERY 1 ui d t her et hrough and to add
heat to the desiccant before it is introduced into the
~second chanber, the second heat exchanger being
ar ranged wi'hisysteem efzdlaim Is sdnreithtae senspeioludésomhygromhétenthe

signals?&%pvﬂlvp%f tthtg héerg?{]%f?%gné QE:I%&%E OH?)% V\a{%le\\/zv eli1 t Cerheu%lsigl‘?y gerr]lged is at or

below a first set point humidity.

8. The system of claim 1, further comprising a second heat exchanger
configured to receive the third fluid therethrough and to add heat to the desiccant before it is
introduced into the second chamber, the second heat exchanger being arranged with the valve
such that a reduction in flow of the third fluid through the valve increases the flow of the third
fluid thrbiigh the second heat exchanger, thereby increasing the heating capacity of the second

heat exchanger.
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fluid through the second heat exchanger, thereby
i ncreasing the heating capacity of the second heat
wexceitaagae. 9. A net hod for nanagi ng wat er cont eaT/IBW0&003523

fluid using a systemincluding a desiccant and a heat

exchanger arrangenent having at |east a system heat

exchanger, the nethod conprising: renoving water from

a first fluid using a process that includes exposing

at legst sone pf.the first fluid. to.ft desi . .

Cher oby i rresiB 5" Pt wob R S EsE 330y pstudin »
desicca@f arldichegliesichaiast srrdngeméntthating aless 8 syaierh heat ekectahga] thg method

passing the desiccant through a first heat exchanger
Compri§lgEicool the. desiccant before the first fluid is

expos fghdvihg Watert fAGHh @¥st MG &SI Nerob &S tiRNTIENIde®ExpdBing bt least

removed fromthe first fluid; Tntroducing at |east
some of thedirg fluicie thedgsicsanit thersby graaring Besederfanent ofahleasisome of

' f leliad, - ;£ Achli ' (Pr= VM
v P, RE RSy ARSI Lol paRarmie
exchanperao ea ithegles@tant befond tha firsd flutdie exywsehio if, thereby ipasasingghe
t econd fluwuid,_ through.the system heat exchanger
amount S FRR S st C oY Second Fl ui 4.1 g
i ncr eageducihHeriedy sdracbf the adsideant¢@cing igbréked WeteS&mesMdinto a
uid and renoval of water therefron .sensin

fl I ! .
second Slyich thereby feliiofiag swpaition pLivefeiiren thg degicgapt iyto thersesan fuid

and in&&siﬁ%%a%@%&ﬁént@?%@s@béﬁtﬂd?& the cooling capacity of
the System heat exchanger at |east partly based on the
sensegdagsmgdheteepnd il thrhegh thp eystasoheat gxehapeee iaftgr the watee content

' firsty, heat. exch .18 .aut. i;cal . Ust
o e S O SESLRD0G0 AU ATRLRE L AR alfrogove o
water thaefadrei er of the second fluid includes sensing a

hum dity, of the second fluid, .the cooling capacity of
the. sJevER AR aR A EroTsET " PP ARERR i oteased; and
sens eﬁdjhé&[ﬂfdhé Yodlihg dhpRity BEIhE W slerh héf lex@Rhgd?Ql éhst partly based
- humdity. TI1. The net%od of claim9, wherein the step
on the gensesknsdmpieruptahahibe spolar cepasity of Bisdirsthgptexchaneeids s

- Sensi t enperature of the second fluid, the cooling
w“m“%§%§§93$ﬂ€f the system heat exchanger bei ng reduced

“when the sensed tenperature is at or below a first set
poi nt 10.  The method of claim 9, wherein the step of sensing a parameter of the
second fluid includes sensing a humidity of the second fluid, the cooling capacity of the system

heat exchanger being reduced when the sensed humidity is at or below a first set point humidity.

11.  The method of claim 9, wherein the step of sensing a parameter of the
second fluid includes sensing a temperature of the second fluid, the cooling capacity of the
system heat exchanger being reduced when the sensed temperature is at or below a first set point

temperature.

12 The method of claim 9, wherein the step of adjusting the cooling capacity
of the system heat exchanger includes reducing the cooling capacity of the system heat

exchanger such the cooling capacity of the first heat exchanger is automatically increased.
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tenperature. 12. The nethod of claim9, wherein the
step of adjusting the cooling capacity of the system
woeat7/0esabanger i ncludes reducing the cool i ng eapaBiong003523
of the system heat exchanger such the cooling capacity
of the first heat exchanger is automatically
i ncreased. 13. The nethod of claim9, wherein the step
of adjusting the cooling capacity of the system heat
exchapger 4.ncl e
The et ert eapHE oh QERER Siltut B SRR R SARRE Lot Ricppacity
of the s{d1@m hedt skcHaagdr iroleda ﬁlgﬁdiasing tleeudooting ca:pahlt;yoﬁihe mmemeat
met hod of . cl |n19 further caonprisin atin
exchangssushde Ceae caeray ST I ettt Rip Pl der Het
the second fluid, thereby increasing the anmount of

wat er evaporated fromthe desiccant into the second
f1 ui dl4.15. Thevacthed Rbelaiar O dprheicamprisipg hesting theedesicesnt before the

deswcaﬁﬁ@‘iﬂ < e%%ngetﬁé Qc{;céﬁﬁ ﬂBSf gér?li)}; ﬁ@reQﬁﬁ% &g%ﬂ{ouhtsof water eljllaporated

Intro I'nto the secon I nc es passing t
from thd dsdieninntotthe sagghd 8uklecond heat exchanger that
cooperates with the system heat exchanger such that
when the cooling capacity of the system heat exchanger
i s regsicedThd methoeaf tlaign LA paetdy thefsteh o€ hefingnkt dRtant before
exchanger is_autqomatical]ly |increased.
the desiccant 1s introduced into the second fluid includes passing the desiccant through a second
heat exchanger that cooperates with the system heat exchanger such that when the cooling
capacity of the system heat exchanger is reduced, the heating capacity of the second heat

exchanger is automatically increased.
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