SYSTEM AND METHOD FOR MANAG NG WATER CONTENT I N A

FLU D CROSS- REFERENCE TO RELATED APPLI CATI ONS

This application clains the benefit of U S.

provi sional application 5Serial No. 60/840,312 fil ed
25 August 2006, which is hereby incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The present .invention

rel ates a syst [ %JQ}Nater
content in a ﬁ%@%éﬁ&@%&%ﬁ@ﬁ@%&l

Conventional |y, WaWATERCE@NTENTINAA FLUIDai r, or ot her
gaseous fluids, using condensation systens. An

exenpl ary condensati on system provi des a surface

cool ed t0 TRESHPREBERENCEN} REEATEDOAPPIHICATIONS dew
point of incomng air. As is well 15 known in the art,
the cooling of air at or below its dew point causes

t he condensathienpgicatiéi eaimsalobentfioof U!Se paivisicmlapplication

decy ease | 0 hung i t -4 i :
Shurseare 5o ARG By RupthlHb. b iiferfheordkificd heein
detwroefersicé.ve of the anount of water that can be
i ntroduced into, or renoved from the volune of air.
The humidity and tenperature of air varies, however,
fromregi on to ZPACKGROUNIMOFTHBINYENTHONIi d air in
tropical and semi -tropical regions, and cooler, |ess
hum d air in other parts of the world. The tenperature
andi.wat dield apthe Imventient of air also varies wdely wth
seasonal weat her changes in regions throughout the
year. Therefore, depending on the region of the world,
and dependi nFhepresént inventiomfelatesaa systemnped fethad ifemanaging
10ﬁgEuaTgrgéo];1{e%?itnlaoﬁhi£ay be desirable, for exanple, to

2. Background Art

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

15 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

20  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

25 environment more comfortable.
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25envi ronnent nore confortable. In
addition to increasing confort, managenent of the
anount of water in air may be inportant to industrial
applications. Mreover, it nay be desirable to renove
water fromair so that the water can be utilized, for
exanple, for drinking, or in other applications where
fresh water is desired. Regardless of the 5 reason
for managi ng the amount of water in the air, there are
times when GoRGish iPictasiipbahioNPARBELRA of MR JAlfr
undesirable [Imtations. For exanpl€&, when the dew
poinrir rady hehimpartant itasindusiyial gpplicatéans a Mareaysa it may be deserabioy
t ht% ﬂceﬁxsge[z Wﬁ%r W‘éiros% tﬁﬁt € waldr Jm%ebﬁﬂgé({ gﬁ)? léﬂun[ﬂé, for
i mpossible to remove the water using a corndensation
sydrinking, Onia ofhkey applications whergofresh watep g desirede \Regardigss of the
depa g 1'8& xha?na%iﬁg" the® alnBudt S& %Qt@r Y e Tir Uttekd 2he Bms when
desiccant to extract water rromthe arr. n
a eavinionshwaeymanagemenbiypiemehkave ypdesingbledinaitations; Fies example
t Oy Gnd cfe@ﬂ}orixﬁ Bf e ir i<100 SR wiRi 2§ E8RowHhe ?:E%z‘ﬁ}gtm%ﬁﬁ

I
are genera Icient” In at | east one of

|
t yQferaten it ﬂ\a&g%qﬁ@icult opimpossible togemengdhe Watensg 2 cgndensasian

t *’@st&ﬁm?‘ (03)3 Qlay &f refo® WAL SR Seh WRBSHE G b&ﬁt i91INEIE to use
whi'ch be” undesirabl e. For exanpl a desiccant 15

[ ma e,
V\myste@d%iligi@g @sleticaant tp SREAFE Wikt @Pg‘\%ﬁp‘éﬁ- from an
airflow, thereby transferring mass out of the air and
reducing the enthalpy of the air. At the sanme tine
however, a I drsiceanpiysiemepoth heat andeyasyare famsiemegyio aifrom
?Lmé @ir C I@@?ﬁgﬁﬁ@m WystemROf Afis type ayee«geﬁéraltlp ﬂﬂﬁféfeﬁﬁiln% lea?fone
e air; i S_causes, an increase i e ent ha 0
¢ e 3 0 S OIFADSBRair . ched QFE SN TpRSEcoRS B e TRy of e
?eiﬂﬁérait xrahtmim@mdimmeﬁ)nﬁ?wg@ieﬁraafe. FoLexdmpled & dddiccant
rom irst region ere it absorhs isture-i.e., a
» cBheelian g Feed g mQUHRAT T fEpm %%@P&%@%ﬁ%ﬁe&w mass
r eglit 9NtheART#d iréduehp @iesenfﬂi@%rﬂl’ kit dil, €Al the sameétime, however, a
regeneration station. In_ the case of solid desiccants,

t HP’f&etaanH@f Qrheptsmay: he é‘lpéél bbi)}h"phl}i’é? El_%ﬂng‘}/ OFRALHgASt the water
despngdnsditout 60 air dBRWHIES A inBi@assliR tHeQAthhPy B the air.
regeneration station, for exanple, by nounting the
desi ccant on a rotating wheel, 25 a belt or the I|ike.

In Ii gugd d@&h\}f‘eﬁﬁéﬁal Sés_‘idc@{fﬁ)at hsdd}/@h{mi_ md trﬁtgﬁleﬁaﬁﬂﬁ’é@iifeyme
provi ded: ope . for in e.liquid, e .
P RteaR: of R dosipert onLA s Ackion HieS jsPsqshsmpistre e 2
| i quilettibhi"osn tdeBunhRGEMELT ditiofN 16 b akdodd réglod Rbiere it expels the
dehunmi di f.yi ng stati.on. Ln gog errbc%di rqs(gets a ?qi%ngl e
pURPSHE T e TECTSTALAD PR JA Ehesps A SRl drsichants, fifig fransfer
Wi ik lacHiéved be tphysicallly avovingi thedgicaant fipnf £dehumidifying station to a
One such system.re i I om i irf h
sEsSllof YAhGTIGEIRAFE, B olff debicely BLA FordleDheet,
Thebakegitckire,  Indiguidelegicrahtexystpms, swo pombears genspalyyprolvided:
I _ . .
o Tor R e AE b B cBicherkonSBhibE b fhe Bthet RE pypping the
coliquid diomu thed regensrationndtation toothe edeherdidifying hstationt t &msome

a t] r i .
o BpRinci b QRpE BT Hmed B o 8k e Bl iR JAE, it e
i et Bow peing giavity fdsecond ai rfl ow, which renoves the
water fromthe desiccant, thereby leaving it nore

concentrated. The warm concentrated desiccant is
collected in the bottomof a regeneration chanber.

2-



The two chanbers may be connected, for exanple by an
orifice, to 10 allow m xing of the diluted and
concentrat ed desiccant pools. Because a concentration
gradient will exist between the diluted and
concentrated desiccants, diffusion between the two
chanmbers wll naturally occur. Al though the orifice

may be an efficient nechanismto transfer nass-i.e.,
the water i0R/S:] I Ak :

the war m coplaFh JeRfh rfich b Hoffs A8Ritbh B SpEing By fr
di lairfles with a liguididesiceant. Thiidesiosany mag be eeadqsk paior & beingsprgped.
PRy . . or b b L1 ahl.
ha\%étgra%}lg em ?ﬁ{étmg oagé Ir;]so Icéneig{g{j hgpﬁ)éhgt g%sn %r{aéiﬂ iéh bEeomes
t r amséasingly diluted. The coolyribiluted rdesigqant isfcob¢ctedcioritie boteom nfya

desji gcant enp i J ' S, P .

5 4. SR REBLEPY e BERERUOR Ind St e SRR aplgn iy peat
Petaad bomgltintalconteks siithi axesond airflowawhichremoves the s¥agar from the
i qui.d_desi . n als
e auao e BRIk i HPEF ReRARE ThE B RoRBirale Bliccan
surpcallected anthé bottoatiofl ntegeneratios ohegheser sunp, and
concentrated desiccant fromthe condenser sunp is
transferred back to the evaporator sunp. The transfer
mechani sm i nEhaiskeshambrrs map e penppeiedaier eramplejbysangrifice, to

109' A8 Vf?ﬁ)?ﬁ%s of Nl ARk 8la LhRe n&es?cfcaxgeﬁdo@&anﬁecause a
transterred between the sunps and the anount of i
desnecanatiaedradient vl ewisidetvesn dh ditperd; and cprygnigated desiccants,

On Qlitlf&sgﬂntb@{wiegﬁ]}hgftmg B6niBels Siff Ritu@lly Bcur SXRR&IEh 't orifice may

limted control over the anpunt of desi ccant

t r een efficient meehapisn to Hansfer s —he Hieryates| ipRp —ikaiimfagilitates
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SY SeMraBir S ShE aint) coRcStrated HleYicdant Bifxesl WA ihel @61, @iluted -

desi ccant bei ng punped between the two sunps jn order
15t o dedifftantubiis mpy be geseriabledn sofee RRRUFALioRh(bUL eelt {3g be
t eNREFAle4b Bar0dysteRAhSQR8n1eS13Béth heat bheneQNERERAT SUND
may be significantly higher than the tenperature of
the desiccant in the evaporator sunp, an undesirable

amount of hea{noteP Bk &I afrdndiG6iihg A&idche sh@Elgs aRESbedf in
liquid is transferred between the su h
Yy 15

] . i.S.C be
verly:S; RusmiNg. 41,324 iysuediOPeisraon et 8 € ALY ilé?(éﬁg??rso“ et
t hey RRE@IHEC mEhaddm toSymbRMidlid ddsic@st BethiRa b cndehsengeip and
to transfer heat _hetween thﬁ@&%&l ccant strea

S
201 1 eSARRFROT e PR dRSErRL RRFHIST SRR ST 1o
MBYhe QEfeRseh _csmag,ofmd Rendemtedtéd aéspeant, fréh eth® IcondRAser NAhp is
yet be undesirably inefficient_because of the |arge

quérrnsferred,packite e pVARATHET U sFhe,tFapgfer mechanism includes g pair

mi:’l?f Flinips e4m@Ni sf:ﬂi?' 6f5 gRbE -valvésl;j tha€ @BAtidli tdiafi®unt of desiccant

collecting water_fromair,. an eneratin pwWer, usin

o CERBIGEES bEWeRT e, SNTRRS 49 4he mauin el desisgant pivtpd i desiegant
25t r anigfiggtoref bot h heat and nass of one or nore

materials is inportant to the overall efficiency of

the process. Therefore, there is a need for a system
and net hod f One hmitaipn ofthe Petessen etral. systdneistlimited eorftdolio@r the

n : . .
of SRR ERCAT il neffelh ol Sty RelRARY, Fontbinnay
| eastultpanntesirhbly ldrge quantiti¢shdtdesicnantetfefiigcpumnped ybetsepan thel two
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30 of the desiccant in the condenser sump may be significantly higher than the
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15from t he desiccant. SUMVARY OF THE | NVENTI ON

Enbodi nents of the present invention provide a system
and met hod for managi ng water content in a fluid using
a desiccant that is at least partly liquid, and in

whi ch the mass transfer and the heat transfer of the
water to and fromthe 20desiccant are controlled. Such
a system and nmethod can be used in the areas of air
condi tioning, water production, environnmental contro

aqgjmeﬁe?ﬁ[lﬁyof cUAYELIOT the eva orator S I%)Eﬂipﬁiﬁbﬁﬁﬁfeim@ﬁmbhﬁ‘eat

I nv |onasoprOV|eassema met hod
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ow, an 'S CcOo ted in a sunp © acoIIectlon
c mmm hei exchagger 26 trars&ir heat etwieen the a’ffs¢<‘é}°Faé’él stfegmy as they

glgg%ﬁ%dag{}wg%aﬁganotwg ai r%duglll Thi s exf%&lggtbsrgﬁié%ﬁthe

r emfﬁabnayf thermocwas may fyetobn wndesitablyi iseffigient besapse pbthe datee
s collected in a sunp of the
‘g‘eng&af ﬁ 6erF€(mFEe desiccant in the sunps is
mxed in such a vvay as to efficiently control the
transfer of Irﬂ"nﬁ‘fy Rl ReRs-0f gt Qﬁc&ﬁhﬁﬁxng Jolléting water from

desi ccant pools I n one enhqdi nent ht%
t \mr surhgeneraiing ROVSH BEREAICOFPUEIPn SPRRG 1283 tghingy-coutroffing the
a{n'sfé?of W%gin_%ﬁl a9 8F BndiShére ﬁﬁien‘aﬁ iSipawes t theloherall

ection c its mass and vol une mcreaseqa @
r eefﬁme@y\/vétl@rprﬁm Thesefare; thepesis ameedyfos p sysiem andyRethord fog

t h natl: g#ﬁg e Witér HRfeR’ mf gitli ﬁnﬁlecaﬁ‘ bxtfdcPWater £r6m loRVMBlid bitler a

ection sun‘p rises. \Wen | t exceeds t

he
| evesietyoff amhisnigonditiens, utiliging a desi¢cant that is At degstpal] yétqaﬁlt and
eNh & Sin ek idnBY SRR teAPanSIRATPS It #iash ARt oFthdwhtbieto and

nore concentrated desiccant in the regeneration sunp;

t hirem ghadesiscanthe | evel of the desiccant in the
regeneration sunp to rise. When the desiccant in the
regenerati on chanber reaches ned |l evel, a
fl oat - act uat ed V§W MW of the

desi ccant to be punped back 10 into the collection
chanmber. In_this wa nass not ,transfterred fr th
col | ecti on &EfkRfiEen %48ffhﬁ€r‘?s%‘§étﬁ’§?t5)t“1p6?1‘“ FRHNER gl“fe °
t hyr ik gGawdted ¥Rht ih A flulibustglal desitdaonthathaarhest paedyclivpdd,

the orifice. Simlar nsfer ed .fr

t hencmgeiyie P e 2nd B tesrdrangts ST BAEL i o e
u nﬂésiccidﬁ Qre?.lﬁﬁﬂr(ﬁlréan Suélﬂ/@ktemmﬁﬂ hethod Icirelnet_l_ lisechindhaarbasrof 311‘
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heitoine wae mosmein ol Sinis 2t fadh bebaBis

that the nmass f|OWIS effici ently control |l ed.

Because the@ew I 0 B i enh e BT GEA Wyt 8 el for

sunps is i cant
comaﬂ@ﬁﬂgamtawmtebm ﬂgd dmwlhmh cbdleddesiveand dssdibicras i iempyRs

F e e h AL B ARPe I IMEN ! PR SRPAAnSmbdr® Difeita

25 e maesibicam g trarsfeeredar aegeneraivo ehamizr celhate #iis 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.

n



20 fromthe regeneration sunp is passed through a

heat exchanger-e.g., an evaporator of a refrigeration
systembefore it enters the collection chanber. This
cool s the concentrated desiccant, and nmay reduce the
required energy input into the system since the
desiccant in the collection chanber will not require

as nmuch cooling prior to its being sprayed on the
airflowin the collection chanb

embodi nent oﬂ;‘ PR STORPSES S %3e§ec%an%?%dﬁﬁapemre’
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f
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25 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

30  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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20 to dehum dify and cool the air in an interior
space. Alternatively, or in concert with the

envi ronnental control system the water retained by
the airflowin the regenerati on chanber can be

coll ected for use as potable or non-potable water.
Such water collection can be effected by passing the
noi st airflow | eaving the regeneration chanber through
an evaporator of a refrigeration system In sonme 25

; @é%cﬂlg{ﬁg%g\%m Shé ng% aﬁfell@é\;ﬁoﬂtﬁgﬁéﬁteg gxi}ﬁh&'QHb%ﬁlbﬁﬁ‘ tRSRkat

tron”c passed through heat
emaangannayobet & eomgerser ﬂvems naetofehensamedetriggration eycls s, the
%éﬁ%pﬁ of €sulting in condensation and water collection
fr e noist airflow At |east one enbodi nent of the
present invention can sterilize and filter the

condensed wa %ffect,toefﬁﬁ gtﬁ ntﬁﬁ)g OB Reafl bbiebd) theV¥¥oCdhambers, a

Accordi ngly, in one ment, condensed water _from
5 t Ieystemheat axcharger may beused. The wfs@st@a exghagggrca peconfigured

uly r@ce e %o st{eé#{g Pf adicRddk Qﬁtﬂe? ai% tFMsféi%& fiofh dreQBarhhte to
wat er ar

rom m Cr osco anl SIs.
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gani ¢ Conpoun scgqvcxl's and a pluralit
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10 We‘?i[c?ang_%e plRtgedf d Fﬁ@% SJsiRBY Rdat sRdhaigt eviheh $he @vtlciat @e
a

inafirst stora nk. "Addi ti ona] | 5vvat
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t N&chdnpst 1Rt Q%REMt bah uM?édetb the edletdia cfhhmsér @te@ rupgeat,
tank 1S recircul at ed roug the

pr‘é@&@? s Towne i ing feRpperan g hARPorLRiCKS v gt (1

1esEH&9ﬁg rm@aﬁxeqfofme;onécﬁs@ Blanibey @d3icca, 41 Yesa heaning
be conf [ %ur e

provi de for the i
15 f rigmeairedrivhe f%%ﬁf%’g Cgﬂn‘?% desirath n‘g‘fl ﬂﬁ%ﬁ%ﬁﬁ%‘l&ﬁg ‘I‘?’e
f OmBRtiaBsTer A6 66th AbiediNd tyrolidexd efficient systemnce such as a
muni ci pal supply faucet is attached through quick-
di sconnect fittings to supply supplenental water to
the f' rst Strae @ﬁ&ﬂs&!&&mb@ﬁﬂﬁ?e %S@BH@T&MGE iff kiBumber of

GURE 1 shows schema trol

o e Al By XA, SR AR gAY R peet i GHEORp et cgniro

20 f 14l Bhirfidie SR danBSairintahl idétior epdaadmanitwelfy ortia cmcasem
|nvent| on; 15and ure 2 shgws a s emat{he

di % r eviresmental  copirpl f%?feﬂha%g‘r*ﬂ Fedingd BY b ARTPY

f I HipehetafoRERAILERIAR Be Villettedfo Ldtals paratle di moariotable Waim Such

r‘%gt%p tcollgc\tllgrrll tc,!an nbe effected by passing the moist airflow leaving the

regeneration chamber through an evaporator of a refrigeration system. In some
25  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
30  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
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DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON
Figure 1 shows a system 10 for managi ng water content
ina fluid in 20 accordance wi th one enbodi ment of the
present invention. In particular, the system10 is
configured to nanage the water content in air-either
to collect water fromthe air for storage and
subsequent use, or to control the humdity of the air.
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cts desi ccant 22
whipgdsentiinventien mapalst becdnfighesdito pmvnip dorrthe IIUOF‘%C@B Pﬁ;‘?’é@f

B MR s TAD ol e g

t Ion C vapor | zed
10| s cRRNGERGEde csunh am chugnidipad supplyi fauset tseaténéhqdc@a?nghzfﬂuck-

] h
gney Tt SR, s A AR Al 1P

or absor bs the water fron1the air. Al though the
desi ccant 22 shown in Figure 1 is all liquid, the
present invention contenplates the use of dual phase
desi ccant s- e. BRIEFIPESCRIRFION @R BHE RRAWINGE cant
material effective to produce the desired result my
10 be used, including lithiumchloride ;Lln) and
cal ci um chi oFIGISRE Qzsiowy 2 sehemekic diagrany pf & SYStom 10T Hapaging
d es| Qé‘r%gxtltexft% ygfue S accOMRY %Jrlth ofid Bffodinditbhéiieicaciaention;
Li qui d desiccants such as
15po|q@o|s alone or in mxture, may be used. Typica
pol ycol s include liquid conmpounds such as ethyl ene
gl ycol, propylene 15 glycol, butylepe glycol, .
pe ntyl ene gl Vigote 2 gpyeap mattcrqlm %5 Sygﬂeé*gfah@mgmg water
50'3?@1 igqqm% MGRLorddnké Gith XhRRE efibY¥diflent df @le/ pReseiyih@nton.
glyco i propyl ene glycol, tripropylene glycol,
t ehapropyl ene gl ycol, and m xtures thereof. PonoI
CONMPOZAERITED ﬂEs@R@m@lNT@F IEVBODIMENDS OFVMHENNYENTION
substantlally sol ubl e i n anhydrous liquid, polyols or
liquid hydroxyl am nes, nmay al so be used. Typical of
these solid pgluyol sHoMIRQ 10 B nehsging whthr ¢conehnt in a fluid in
sorbitol, pentaerythrito nd | ow, nol ecul ar '
208 ugasearsaieg DR SR FYRRERSH oLt SR OGS I Rsihal B gem
sucip RSonpIRA O ARge BiFIWAG: colitéit Rbaiplcithiet acolléct wetlehflmu lthe
am ne, isopropanol "am ne, includi

SO bpaiosiEe i Bseahen sy PSSR o1 By e ity lsora
t hepsiggites aftfougR teSexamples|piestnttateredrantilize whibtet aimys the fluid

whose water content is being managed, the present invention is capable of managing
25  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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25 a pure substance, or may conpri se an aqueous
solution of 40%Ilithiumchloride. The desiccant 22 is
punped into the conduit 24 by a punp 28. The punp 28
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
to renove water fromthe first airflow 20 is
increased. A fluid, such as a refrigerant i s passed
280\ 0, 5T B COMIAR it 3 9T Bl
evatiestiah ohamHle iiscoptacts agbsiccantey wg@hanrﬂtﬁﬁnd)pémm shown
Su f to control
it i GPE LRI ABRERR P2 Realaa’ 2 TON e
pur pose or purposes. The desiccant 22 is cooled in the

heat exchan %(g 55:039 '{‘&Cflﬁ‘wgﬂ ﬁfe%ﬁ%ﬁoxpﬁﬁ% t llga;,apglflzeh RSiter

first airfl
c o8 [cerileBsed Hut, angh gl lcpts “thhrtbm@qﬁwmé 224 @éltv‘rtm selﬁa%@r the
1250108 FRH Btefh@ Qhéﬁﬂ?cr 19, 1R ddGdane2 NodiRRdd 80t addoft8 @k

exchanger my aced inside the col]lection_chanber

Rt or0R 1wtk ToR th i o MU S0 10w FgvEiom A
hﬁ’(] Sthecﬁr@&ht %gexfﬁfoh %Bntéﬁapl'af%s fRMARY 6fldualpitasé B&lccanisdr-—e g

ecti on . regeneration chanb
al bd mar!:quwb SA%)hqu’ﬁF@E ma@rl etiye fupmogyce the dggired fpsult pay

f o dskd aﬁ&ucrﬁgvmﬁﬁﬁrchufnda (ﬁr@mﬂai cakiti! cﬁlUnﬁQ (@arctrg WHiéh are
out of the regener at| on mber 14. As

c o Pisdlt ploliauidh 4ftireants sol “ttoﬁ% W‘%‘@éﬂe (osfer éﬂ“’@h%q%%ﬂmsl@ay be
al gaplbyral udes a punp 42 which is used to punp the
desiccant 22 into the regeneration chanber 14 through
a conduit 44. The desiccant 22 is punped by the punp
42 through m@ﬁr:deﬁecahﬁaﬁch% BAGEHUE hloftor ifriure AaydR used.

added to the exchanger 46 from any conveni ent

solimz@l polygol &éﬂ?&lﬁetlsqumcowun%w%%a&ﬁw@ne tgicok, pepylene
Xgha Hatylhe gedl, %k@rty@en@ %ryésrng@&erbrh &hnétﬁydlrﬁm@éret diefhytlene

rerri eratlon a refri gerati on system can

beglr iisfsiene £bPglore r%rartéweg@&lr% dBrmylent By pdla ripropylene

F‘&ﬂ‘ Q@l&allqp?%byldne g%@l? adl lﬁﬂrﬁﬁes théteofh Glyof ?S&ﬁiﬁﬁﬁdﬁ Which are
ach. bé cannecte essor,
sl Biruch a6 Sl SRIVRI 16 RS Uyid golygls or

g emmicﬁmrdxysanqm Afdy Hl@@bé Bed. aTghicaPeN thed soMdtpdBl compounds
sour er nat.i vel

on an xt er nal t
B R Gl bR S Ja rolseIey Sriedicis. Tvical
s owdeml aﬁlurah iitfude QRLGIhinies, ESUEH AS MoAdetRAOE mainer 8iethanol
By ssing th t.he heat, exchanger..48, the
R B ictpo] QI IS5proGRdl e PRTEE e dinand i
t enpEopdnol #nind ort digyledaminel ai rf | ow 40, so that the
second 25 airflow 40 is heated as it passes through
t he regenerati on chanber 14. By heating the second
ai rflow 40, Asmoted aisuve,the d;esxevampm mtadiduidrdesicdahis which may be
t th .
1 o P, o7 by ' HnBRCR s po o 4o oy chigigey
0 u’{'hn MCdzahe22r1egmm®danto the cohrhmt%rby B4ump Zﬁe 5‘t1e poogn 28 yenps

(8 g B, HRELE MR D IE o RORIGATIY e
30erlieftiopvehafbarri2t Wy ecaoijop dreadesiorant B ritseability to remove water

¢ oh’hﬁ%é ﬁrsp a?ﬂ&v? 96 qg E{%I;e'a&ril 4 SA [FﬁldE %uéht ad ?r ?efhgér ﬂsﬁ%&\?ed

genera
40thr@gh thedpeat exchanger 30 via conduits 32, 34, For example the heat exchanger
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t he regeneration chanber 14 can be introduced into
anot her heat exchanger (not shown) to renpve water
fromthe airflow 40. As descri bed above,
the present invention provides an efficient nmechani sm
for transferring heat and mass in a system such as
the system 10. An 5 aperture, which in the embodi ment
shown in Figure 1 is an orifice 54, is provided in a

wal,}, 55 of th
8%3 giag Pﬁ]al},gvgso,ré ! hh?&fs ParL OFQ ﬁe'mfeg goé;?stt?rﬁ ahrefr igeration
12 systam camrbe usedxo dontmh mbxenMVMMan calitions, qgéor some other
II t
%e gﬁ{p%%ef é\%%%s%? 9 I’chg 22%[&?8”%? gl?glféq{ea% eﬂﬂéﬂg&%@m a
heitgideravire aplowalit whthe Iﬁyst Iuﬂlé)w @0 Inckbis avanli tnhg aigfiow Ris cooled

capaci t 10, of h dhePh

5, wat® |Jt P tmtou%lls rt}lee ?%@&? esl glcngﬁi? 1522%@5}3 e coﬁFZ‘?zt [ oneat
c hand:lmngei 30j mlmaeasbmgelt iney bepleded disidetihe epdlsptionghamber 12 %0

heXelfief ¥ GE R ed int
hg? &(L)h‘igéO t{%galgirawd %ﬁysfg%a@?{} tdﬁgeig%?l [ ut eede5| %ga?r?t e

22 thecollpatiopshdmaker ildn chanber enters the regeneration
chanber 14 and mixes with the nore concentrated
desiccant 22 in the sunp 52. In this way, no nmass 15
transfer frobhenegenerstipeehambar thalsfiapludes atleﬂl?tr?é and an outlet

10" e%@”%h%l’i %l]ﬁﬁ@memlﬂt Qpﬁ%eéoddnﬁﬁﬂow t40i fto and out of the

Icient-i.e., until the desiccant in the sunp
r edegeaerationecligmbagiedtr rﬁsn‘éﬂh fhs\coflection chamber 12, FI}? "teﬁ"é‘er ation

I eQRARbeR 14 QR0 SORERGY pubth 42IWHchIR G348 @@?iu‘i;ﬂﬁﬂﬂes&?adt 03 B0 the
water as it (I)S sprapuglxﬂ’l nto .t he a|E ow 40; theref

t haegeagratiomehamber I4dhrougipeondpit ¢ T et 33 15, PUMPE ‘tr’ygfhe

ﬁxgs@ ﬂﬂhghrhcie@&ﬂehéaf‘ eic'ﬁ@ngéﬁ‘&liccﬂéﬂt che¥€eladded tohtBe heat
2 Wl “occur, however, when the dil ute_desi ccantthe

15 22 eaehaBEd 40hEOMARE FRIVERIEE SOU R Tisonduitsi4dy o gFor qrample,
or 'Hceth&c Fer&@%‘@:‘ d b’ondh%@r {h8Y Rrm8 park Bﬁad@ﬁu{g@xﬁﬁéﬁ system.

the regeneration chanbe 4 will reach,a maxi num
desﬁ“ﬁlee refsigetation gystsiyean '?f‘othe SAme 6?ﬁ13ﬂétl%%¥§‘e{ﬂr%§ﬁ§r the heat

fr %ﬁalﬂgerrﬁg qAQLEH 4 &R Ghanbe Exéh%née@s Wbtﬂd esdnl lﬁ(ﬁohﬁﬁtlted toa
chanmber "12, a | evel sensor js provid

entFEEPIAEIPL. I HefHigeTAR PRIOgherely allopung ﬂée\;gptexg ZR googenf:rgteéts own
Of | %Etu%}éﬁﬁ 86B1iaL witlo\R rdlyiagbn &%ﬁéx@di‘haﬁ Gourtes| AH@Batively, GRtheat

tached t0 an, actua whi ch o era es. a val ve
62 %&%@ﬁ@ﬂ%‘ﬁ reeRiye Beah @8’(‘9 OB‘GE PUrGsRsSuch ustion engines or
difagpt shown in Figure 1, the valve 62 i's located
dovvnstreamfrom a heat exchanger 64, the operation of
which is explained nore fully below. In other

enbodi ment s, Bapheiag teMphamgRat, exsmger?,mametdbﬁcdamaaz is heated
exchanger 64

e downstr v
Vindf Adstaperadiieaboik t?%tsma%eﬁ“a ?‘ w40, °§1r‘f"gr%?ft Segond
25C hadilipkv 404is heaahsa st pasdes ltlﬁbughrthdmgeuemtma dhamhﬂe 14. Bpydeating

fI t 58 h t uat 60 It
"B ecionf BT854 ool B B eviguhfs B b RHEGEEL)R0 e
aI | eesndsanieowofo. t Ae amIeBernaarntto e lpatpebarggr 4heviicnis lated

to b nsf er re

12, il i eietiop el 2. aleaeatlog i bblor T B hcaa
t r cinsife thea‘bgemsoﬂ clembeh é4.r eﬁgfwnéhﬂadqswﬂam: Raribeprajed qvgr the
300 N GR £Fh! e {h@%gﬁ cﬂagnbe* Yy, 1@&)11@&?994 fégéﬁerﬁlaf?%ﬁ 52 at
F gure 1 he v ve an el eCtro-nechani devi ce
sucthe hettan ebihe negeneratiomebamberd 4rroie eanmn, bimid pirflaw 0deaying
60 actuates a switch that allows current to energize a
coil to open the sol enoid. I other enbodinments, the

val ve 62 may be mechanically
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10 connected to the actuator 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 sensor, such as a capacitive sensor, which are
known in the art. \Wen the | evel of the desiccant 22
in the regeneration chanber falls bel ow a second
predeterm ned | evel, the actuator 60 causes the valve
62 to cl ose. The first and second 15 predeterm ned

t l:
offEreffiicenaith 1Akh B g AUl ot
d(sbewwdo rmmveam fronothe airlpeedbedl y for slight
fluctuations in the desiccant |evel. In
addition to controlling the nmass transfer, the system
10 al so confs eescribpk abevst ther pressnt invsatiane pievidpre an eficient

RIE Ky SRR TSt o el 0
c apgnres Wiigh i tbhemmlmmshm ﬂ@e@r 1 2D onifich 3, ghpriqmded
shpwh, s & 89 WeCeofl CélIOI‘l chaimbt? qg ra?% feﬁé&r[rﬁlmﬁ Inz?g% from a

exchanger can connecte xarrp

cotiont ¥ ebtheadamberalZ: efln iseae &mb%msgt&t @morts'xce otttiagy be

SYRhéay Retay é}%lﬁﬁ?’gﬁ’dpeglncgiéﬁgfsh ﬂ%\ﬁ%@%mﬁ‘of SppfNahnarki9-3

exxenitmayss (oY, andgdrighipfaprroximaielyclalt cnzsienegdmgp@ﬂ@ cppacity
PUYRRABER 0l hOnt BRok? 'g!tngs@): %ﬂﬁ%&%ﬂt&éd %2%& g s 29 e

ener gy |nput requi red I eat exch er 30. This
priesgodiession ehagtoes 1 ingreaseso fherleyel ofslardepicesnt 320p thetsamp 26 also

t rlﬁ'&ézfs%' (Vt’héﬁetﬂ: 18.1 WeRBdst fgt Glhﬁl@tlﬁ'ff&e 3, sdfte of the dilute

Fi gure | ustrates a system 10" for nmanagin

ecae&%@ the cpliection chapbér catstsdhafegenghation ‘%‘ﬂ’@b‘ﬁgf‘ and mixes
erdirineShdre @Bncteﬁ@atm &SRBInt RDE Mol Rfhp 52 eEMisSwa, nd MRS

system 10" are | abeled with the sane nunber as their

r deapefer froma thesqectippghamber 12 tojthe regeneration ehamber Jeygequps until

Fiigidrefficientan€. aml fhe dedihntde $h 16hdnBs {HPrétleichRined
(") synbol. Asvmththe system 10, the systemlO

i feYelides col I ection and regenerati on chanbers 12
14", each of which has its own heat exchanger 30 46

for control]i the tenp ur. f the desic
Unli ke the g&/@? ERBLAHRUOR S g?‘gb Hg BMeER fif’sé‘i‘ia‘ﬁ%gqoses Saier
r e@ e Ephye ints RRHEREOH 402therbforyyRiElcRd] LEGE dosticant abit banp

i NSt e ch 5other, the chanmhers 12
o 10 cTrage. bR By AR o ek il g v Tapgr,
f uiwev&nwﬁén b ditlle dGicexit R2kemned theregaeRtiieéambeOR thivugh

eff ct c Nt ol a%@é@%%esi‘%gntwﬁter%@%{ﬁ%@mber 14

l rwlluué@ﬁ aalﬁhxﬁﬁuxﬁ ues&e& Ievell in bider mbimﬂ tieamsc hanstee Ifroih2the
\éw)}gge@taxgefnlh gyafe'nlé)srep tgsthe ?Pi]%Ctlon cﬂambzer 12 levg sensoxng provxded

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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10 orifice 54', desiccant will flow fromthe

coll ection chanber 12' to the regeneration chanber 14
. This controls mass transfer fromthe collection
chanber 12' to the regeneration chanmber 14" . Unlike

t he system 10, however, the desiccant 22' does not
flow directly into the regeneration chanber 14',

rather, it flows through the heat exchanger 70. 15Li ke
t he system

system 56' 1&3w ﬁ‘g 1%\4?{&!]% &%éqc n lgn%aﬂgﬁgrtag?é t&ﬁ{ber 4
wh Iredahacatfﬁmltmsdemrmaied deveR 'the flabP8 eduses| tas/edtuatr 6Dne facilitate

d t 22
e pariing o, F valyf 62pin I Hoct s HGRHE Balfe B3 SHGHE LR Witne
Opeleﬁcdamzlﬁim@d&iy the Painp 42| todhestraefsited Hack mp the goligstion

I e re
Cor Pt 3 AR o Rodt i, B RSl hifrars e s from e
maSSgehémmm chamber 14 to theTaplledtion chamhen tl?,o|In the embadipgntishown
t r an f er n.t
P58 RIS 842 el ki
h eanovemelkta)ﬁgveractﬁﬂon & aspaisse suitch atabewy iriat fopuergigg a coil
thay ﬁ@xe{ﬁe e cﬁ? t lﬁﬁ)ﬁ‘xﬁr @Igbod?ﬂﬂ@x% tBé" QalV@by &ab Be ,mécﬂﬁucally
var moges ccant Tromthe sunp 52' punped through th
heabneected an theractpaior 6& speh thtgn@\@me@trofdlapsch@g}qﬁo gaechanically
Pasipes at.nlarc%égﬁt#% Qf@lvg %@t GHGNAHI8ImehR} thdyOiBetafon-contact level
CO|qutI0n “onits wa tothe re eneration
C haseier, steh 3s & qapgsitivksenspr, trdvigh are ¢t the level of
q}{é H&lctcg}g %ﬁ i) ﬁﬂ:e:re ﬁﬁo& BrambRr fallﬂ belo{vrh §et!d>x§1 [W@déterinhﬁd

esl ccant enterrng the regeneration chanpe 4'
vvarinml tHoaastuatrent cavses the Nalve 6Pl Beehin CHENDEH ai% Secmld

dpr&ﬁ&ngﬁ?de k 9%@&1@2& suﬁﬁfuﬁﬁ!l}nﬁe Ezﬂﬁe GP{hlE}eﬁlhj' %ﬂ‘s@ﬂﬂ’@ﬁhde

'S COO when 1t he r’egeneratj on
chambyﬂteriséls sucliithat the yakye tdees D‘Pte@i?ﬂe'%@ reggpe jrepeatediyyfor sheht
totﬁﬁ?ﬁﬁ&kHHﬁk&kBﬁ%&t@ﬂg cool the heat exchangers 46’
30", tThereby resu ng 1n an increase in efficiency,
and overall energy savings. In other enbodi nents,
nul tiple heaf, XA ELEhBMg8e WsRE trafdfer) (RS sBtem 10 also

conbi nati on of the heat exchanger 64 gogw n Fi r% ‘e
andcontiels ieaheab {ransEes gﬁ’é?we?@ ‘@H&’\Rﬁ‘"h?lﬁbqf?é 2" @e embodiment

W‘ ' Ah@wﬁ gﬁﬁq Nints i9 Bccbn'ﬂﬁhs'hédlﬁiﬂ_i ihe lﬂoitay@erb 66 Ih conjunction with
l'ustrate describ

t h elbe heatisuciiangsh 04 iA 1119%&1%%% éh%’\‘?dmgpé%? i bg nsg‘;le %erﬁgwgé gy the

forpm: @kchbfifer i GAVesmt bé Rendsdede for dxhﬁaplw@Scdnﬂﬁd; 66, 6heo a
specification are words of

escri.pti o
| i niefrigeration SysHan-ar ofher Systea} o R e good the
10n@gicbmt DRAEIt W ;iuh@ud ud@;ganma liegt dxcimamgérte. Spioling thadesiccant

S¢0 2ebeofc];re 1;1thlse pt{n?p\ég ack mto 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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WHAT IS CLAI MED | S: 1. A system for managi ng
wat er content in a fluid, conprising: a
first chanmber including an inlet and an outlet for
facilitating novenent of a first fluid into and out of
the first chanmber, the first chanber further 5
including a first sunp; a liquid desiccant
capabl e of being introduced into the first chanber for
reaning water fromthe first fluid noving through the

sk‘p ol mﬂ{ the eﬂﬁ:nijﬁﬁ 'ttﬁecs%iém ¢@!ih@fded &ﬂleétfbntaﬁ&regéﬂefahon

after 1t nmoves water fromthe first

< cabamtiere H2hbdA > ieadh Qfliwhichabesi ) ewnaiat gxrhanger S0 14y for
f a&h{r?ﬁlﬂ% kg&g@%{;}%@%%ﬁ% deﬁécaﬁt @ec QJ‘iiﬂkéC Jhb‘ lsfhtdnD i) vAREL the

hereby facilitatin
empmtm iandhregenepztion rChiFm‘lﬂfﬁ ua d4 anesd tféeamely abm%gmbmh
e EMCIISHQ 33 }fét&h for aF a AiREREnger 70,
uding a secon e deS|ccant

m:he ﬁ@cmdrvdu@hlamamedomemmémbbelw the first and
second chanbers including a bottomand a wall havi ng

an aperture therein directly connecting the first_ and
second sunpd0 efisct; gpatralel the mash @it §ead TepYEBety pengthe two

pr @debas mnes hﬁ'sﬂﬁém flO'QHélﬁd?:@ atb&‘iﬁdéFMSbiQﬁb édMliadtion chamber
desi ccant ove romthe and
au%%naWPerathF%VémféP%dqsﬁ&a%%éP% g4geeds thedgvel pihe
S e&?ft Ih&@ 55U aRScchitval ﬂbfqvtfﬂﬁn &lé’ %lledtﬁ(ﬁl dhﬁﬁﬁert lhetodﬁétegaﬁfﬂhon
in the one sunp reaches a a a

t hehampery r. dhisopely @aé%‘ﬁ?qséh fere'al 4‘% c‘ﬁg ‘Vi‘a‘é‘t%q@c fonhe
f r RBereREioR tiRMibes WD (ailidle £ sitet m(g h%We@eﬁ sme ﬁéllﬁdchntcm' do2s
faC|I|t ting.a flow of ccan

des er s
t o e GHEAS il hepereratm 0RO 44 Fat f i g F e
t hexchdngey 7. desi ccant fromthe other sunp to the one
sunp; a level sensor at least partially
di sposed within the other chanber and configured to

0|to$]n t he va%\g@ mmﬁ@teﬁm hxe\ssadtenoﬂ(f) tao iskdsdes & AOAt systerh b€,
0 er sumnp reaches at | ea a i rst re Qt

O S e Sh s ol e crahies kSO, S eve
dest 66 aedicchit mheh @te fa@mp sw'nﬂaa@w@@rehahmal raee: othel float 58
predeterm ned |

F A gheBatte 9 « Pt Spens ey 62 SRy s 2816 B8

S Updinpéb €tori fite l\égénéﬁatlbﬁ chfagber 14' to the collection chamber 12', and

effectively controls the mass flow.

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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30 2. The system for managi ng water of claim 1,
wherein the one sunp is the first sunp, and the other
sunp is the second sunp. 3. The system
for managing water of claim?2, further conprising a
heat exchanger configured to receive desiccant punped
fromthe second sunp to the first sunp and to renove
heat fromthe desiccant before it enters the first

o1 Apiisd e e HE s BB RpafEEAOR 30, RICH) sl
cr datag ircrédselimefficiticyb endvoeamalt energyi sagingaindn g@mmbodnnents
fggglf i S F)gcgé}%rfs%ag o%Uch 5 g&&nﬁﬁatlon Iof the hcat exc eger

fi r(ﬂtshswm Flgﬂmugimdtﬂkﬁeheapenchanger 7068hdwﬂ an:FigﬂIeal e f I ow

of the exiting desiccant fromthe first sunp to the
second sunp, and 10facilitate the transfer of heat
fromthe desmarﬁmﬂméimr@tspuﬁmdmfmmmtltaee Secwnldusgratedh and

t o hq?}bd ,S{t i ?lcr)]tt m%)ﬁhédsﬁlgtripge Sf ub rlﬂi?n snﬁ%l%%a{atg :ﬁ%& dggl?lbe all
Of pblssiblmfé?rmsvdfeneeinnemioa rRzmuer ethe Imendsarsed n thorspmﬂcedort ge

an e%(ftggﬁg%écﬁ{pp%ﬁa@?e U{],Qnah% m{a‘?{‘{?iﬂd@%{éoﬁ?ha@@ﬂoug Efilges

10 may be made without departmg from the spirit and scope of the invention.
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156. The system for managi ng water of claim 3, wherein
the heat exchanger is disposed upstream of the valve
such that it receives desiccant punped fromthe second
sunp prior to the desiccant flow ng through the valve.
7. The system for managing water of claim6, wherein
WiRARdEICTeXdERd8r i s connected to an external cooling
source for renoving the heat fromthe 20desi C(?nt ..
before it ént er@%m@mfor granagjpg water content maﬂgl.l FREPTISING:

systemfor nag f clai erein the . ... .
| evel sens8r l'sh cc;hﬁ‘gg Cﬁ‘?‘ﬁ gﬁqgn?rl‘fggfln%ud@;ﬁf%ﬁf?mhtaﬁng
afvdementasitau@dsofluid antoi apdroatl of the(‘fﬂ@tpéiaaﬂ)er whet first biganibeo divrther

and to a t he val ve between the open and cl osed
gdﬁ aﬁ}sltj%rgp’ 9. The system for managi ng

Wat er Of CLi Mdld swa%{tedagaﬁlp %; \Séllngqnt?oﬁide@d Hﬂ@?h@ﬁrst chamber

el ectro-nech nlca appar at us peni n cl osin
foeremgving water from the first fluig mqg(npﬂelﬂﬁgggq} dhe ﬁiﬁﬁaﬁ]aﬁg)er the

Wed @anCMebiittg ihMhéfifst Sirflp biSérNOreovEsvardt froal theliing flaid;
first chanber including an inlet and an outlet to

facilitat eanseyaitettiantfer anéludmtg, dd inlet armit an andetofor fatilitating
gxo?zelgllg{ltscif &ﬁ%@&gde {h:n tn@tg a dro%{ of %@Q@ond&lﬂsﬁlg%r Bﬂepéﬂg%&ﬂgatmg

esi ccant capa
evipoodivoed watdr dramhghefdesistars i ﬁmb@qndfcdwmbermnm the seeend dluid,

E‘L gmgbﬁk? chihSdr lfnl:ltau fgr@‘ééé&dts%ﬁ}l%} édm%ctﬁﬂg" &e &é@ﬁ!&b&f in the

esi ccant col int af t

pesRBY cBambgrepny ?}@mhteh@ e gt ﬁ%?f‘&on(& st 215 ing a bottom
enBaRRI Habigk Weiapertas tlhdﬂélﬁtdnaﬁt@y edhnettingethe fiedt and second sumps,

litat
b sl b Sonanbont € areisirr i el diip 4fs 8RR Such tat
dedi @anf overflowe frdesthe castsuinp andeusevaivdlly katetsethe iotitep sump of

{ﬂ%eﬁr%P&%”s%c£4&4u%cpsttpx% gﬁ@ﬁ%?%gmﬁén ) d'eaeéa%ﬁ IMheBne sump

d su I'ccant In the secon
cﬂaah@@rlevei@éleeﬁ@ﬁ‘béh asfthe mﬂﬂur%st and second chanbers
including a wall and a pottom the rrethg_ % h &1

the other sump and

a valve configured to receive desiccant
having an open position for facilitating a flow of desiccant from the other sump to
the one sump, and a closed position for inhibiting the flow of desiccant from the

other sump to the one sump;

a level sensor at least partially disposed within the other chamber and
configured to open the valve when the level of the desiccant in the other sump
reaches at least a first predetermined level, and to close the valve when the level of

the desiccant in the other sump drops below a second predetermined level; and

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

one sump when the valve is open.

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

sump is the first sump, and the other sump is the second sump.

-14 -



10

15

20

25

removing water fromthe first fluid using a process

that includes exposing at | east sonme of the first

fluid to the desiccant, thereby increasing the water

15content of at |east some of the desiccant;

i ntroduci ng at | east sone of the desiccant having

I ncr eased 3wat erThegpitentfot Mgt sSeaenst diiti 2, fuithe ce@prising

faC|I|tat|ng evaporation of water fromthe desiccant
exqhangss coplgyred tarespiye idadsat prgredatrem the second smp to

I
tﬁagrszﬁﬁﬁﬁ%dsgz%ﬂ?g@ SO e G CRAAEE | BRI
second su Ps, 81151: }r’n%%aﬁgél d e%%? o7 é]ﬁlaif 8l%erein the heat

pr edet er m hed h|

el Ei5dng6rEiB posiN @dd t@\éﬁeafef Dl fp@th%%&wédﬁﬁﬁe fiffll and second chambers,
automatically enters the other sunp of the first and

agd dotvtheropigumsd dRigh t he aperture when the desi ccant

in the one sunp reaches a level at |east as high as

t he apert ueasivexBsigeantrhioncthe Iﬁyst swap 96 Erexiththedust S@mrthrough

(b BPRES eI Tl 9t S pilibe frdSSalRERnRe TR ER o the

Sg&ﬁg@m@pmﬁmreaches at least a first predeterm ned

| evel ; and automatically stopping the
transf er PhcifithR tﬂ@%ﬂaﬁﬁ&%f ﬁéa@ ol e UebiREart %@ﬁﬁtﬁﬁrﬂﬂéﬁ from
one sunp when the | evel he desiccant int ot her

tisesegontt S béh@dﬁsmantmmh@ﬁw surep threwegh the epdrture.

11. The nethod of claim 10, wherein the first

pr edet er mSned rTehe alysterm fgr emhaging kater tofielasmciy rwherein the heat
gredetern1ne

fhanger 18 coxmc?gt'eg t% grle 'ﬁgegla]e%oo(l)ipg aﬁqu%réér-rglgSYigg ttl?eolgea? I“rom the

detid0sf BEbieN PGS HRCARRE snfPm the ot her sunp to the one
sunp includes automatically 350pening a val ve when the

level of ghe degj %gﬁ% f'opnfaﬁ%l{?% er%"f“zgnﬁleja%l{%%lﬁtthe heat

| east the first predetermne
exchanger is disposed upstream of the valve such that it receives desiccant pumped

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

7. The system for managing water of claim 6, wherein the heat
exchanger is connected to an external cooling source for removing the heat from the

desiccant before it enters the first sump.

8. 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 actuate the valve between the open and closed positions.

9. 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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wherein the step of automatically stopping the
transfer of the desiccant fromthe other sunp to the
one sunp includes automatically closing the val ve when
the |l evel of the desiccant in the other sunp drops

gfel S}Nalt he ?@Con@t E{eﬁﬂﬁit e MnAfsbihe \(@Jlter &ﬂrﬁ%n-fhﬁ Mlh@dlsmg a
er npr i cool.,in e icca

By Bf H&@Ee‘? ﬁ%ﬁt 2 etrrfé‘c@fhﬁ‘gr arg st gBé tHe® %’é Q uf?ﬁlhtate

befvement df arﬁiat:ﬁmsl intoeandroant sfithe. first chamber, the first dhanitiee further

gﬁitj%gfﬁr <3 %qrq}]l%gés?dcg it &) bclg%? bein Clﬁﬁ’l)('hﬂ;gd L the first

elrn sferre he .ot ft fh
emﬂvuwe‘gatfofrpah%wéir?ﬁ {4 KRG HEPHABE frst charmber,
ti%Sde!SQaziﬂt cbRedingap lthenfirss sungp afteit eemates tvatérhfeoraythd @rst fluid,

g%c}]? secgnggﬁelxglg rrg%celgélgé fqill% %Q%t a‘ﬁﬁ%(r:l%n pgtre f)(()§ mltaﬂ%govement ofa
seeopd tfhmcb ingh antheutpk theuseeond phanther ﬁ@éaqlwwféflaporatlon of water
GORPhE Heflcane A thBGedond HembaCiamt thakédnd iffuidhd Sechi® chamber

befare it enters.the o
FETIBRE BrSEar S e SR oF e AKOR pgber, one
diesiler af theeﬁrlstemdl secaxdi dhembhies incladisg apvallrmdmtom the method
g&gﬁﬁgg ring heat to the exiting desiccant fromthe
ccant being automatically transferred fromthe

ot ?er SU”prén%\liﬁgﬂ valhe ﬁrblrﬂ'pthe IffrstTfiRids usihgm bevcessathag im@udes
wat er 20 aper.tur a
Szfpogmgraé}ﬁa%stog}eydffﬁmF Esg ﬂ{l d rﬁg%é (Qes c% ﬁ!leF 89 g(i,r'gasm%qhg Fvater
eppewif ableadt porhe vbtherdesiccant;

introducing at least some of the desiccant having increased water
content into a second fluid, thereby facilitating evaporation of water from the
desiccant into the second fluid and increasing water content of the second fluid;

providing an aperture in the wall of the one chamber to directly
connect the first and second sumps, the aperture being disposed at a predetermined
height from the bottom, such that desiccant overflows from the one sump and
automatically enters the other sump of the first and second sumps through the
aperture when the desiccant in the one sump reaches a level at least as high as the

aperture;

automatically transferring desiccant from the other sump of the first
and second sumps to the one sump when the level of the desiccant in the other sump
reaches at least a first predetermined level; and

automatically stopping the transfer of the desiccant from the other
sump to the one sump when the level of the desiccant in the other sump drops below

a second predetermined level.

11.  The method of claim 10, wherein the first predetermined level
is greater than the second predetermined level.

12.  The method of claiml1, wherein the step of automatically
transferring desiccant from the other sump to the one sump includes automatically
opening a valve when the level of the desiccant in the other sump reaches at least the

first predetermined level, and
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wherein the step of automatically stopping the transfer of the
desiccant from the other sump to the one sump includes automatically closing the
valve when the level of the desiccant in the other sump drops below the second

predetermined level.

13. The method of claim 10, further comprising cooling the
desiccant being transferred from the other sump to the one sump before it reaches

the one sump.

14.  The method of claim 13, wherein the step of cooling the
desiccant being transferred from the other sump to the one sump includes

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

15.  The method of claim 10, the other sump being configured to
receive the desiccant exiting the one sump through the aperture, the method further
comprising heating the desiccant after it exits the one sump before it enters the other

sump.

16.  The method of claim 15, wherein the step of heating the
desiccant after it exits the one sump includes transferring heat to the exiting
desiccant from the desiccant being automatically transferred from the other sump to

the one sump.

17.  The system for managing water of claim 1, wherein the
aperture has a width of approximately 1-3 centimeters (cm), and a height of

approximately 1-10 cm.
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