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| NVENTI ON PC T/1L98100552 This invention is in the field of

dehum di fi cw‘d@m@@d in particular is concerned with 5 inprpxgfegbdssei ency
- of desiccant type dehum difiers. BACKGROUND OF | NVENTI ON Large scale air

dehum di fyi ng systens based on %ﬂﬁﬁhﬁﬁﬁﬁ"lﬂﬁm re associated with 10
two main problens. One problemis that the drled.allwrle out put is warnmer than

the noist air input. This result EFELDOIINVINTHMNheating of the air from

| at ent heat of gvaporat.ion as.t Lsture i .enmoved therefrom and al so
to a |l esser deg?ﬁlé IBYFIHRR ‘ﬁg’aflﬁeﬁ?efl‘g?’%??@“%‘fi’rﬁﬁ o ?’&ﬁ’s?f 8?"‘8@%@6&0“?%% Vi
generally WapraREd B SeAGPM desibe S PR UcRiRMAiMM.1 S that regeneration of the
desi ccant requires considerabl e energy. Dehunidifying systens based on

li quid #lesiccants dehunidify Mﬁﬁaﬁwm through a tank
filled with desj 1o T j: i t A IS I I t
nd dried air okrEe ety SeflRRl gy REhEEmel UF o @fteih? sl Sl idied Bl
desi ccant sysinain moblemesDnoprodies is ciaan thefdrizthair cugsie isweariner shasplicient aininpuf. he
tank and, as. the_ desiccant droplets.descend through the noist air, they
absorb wat &PisFPgHhls e%ussrﬁgy H@sl}eg&%?f fESE Rom MH%éB%F@W%WPééQW‘?‘FwWF
reuse. Thi fntRig8RerdfohmUCARS td B 1Eds NEGT&S b}ﬁ%tl?éaﬁitéé’ﬁf Ttﬁ@ai?'%?'t{-‘a‘ﬁ?f@i of Y&k er
saturated desiccant accunulates in the reservoir and is punped therefiomto
a 20 reégenéoat e ganérallyarmger desicsartieAtseebndoprdblemels dlidt regenerabionobét desiceant as
vapor. Regener ated @esaibf:cant whi ch heats up in this process, is punped
back into TIREIFELEPYS! ,eef‘]SIfgyreuse. Since the water absorption process

| eads to heati nDeRimidifyiry fysRAR Badb&l 6@ UgHaAr &sicosntpactesdiffeat sy poeing the air
desi ccant, substantial heating of the air takes t%l ace during the water

absor pt i ontippesestank Afed withdeacent. Ihy agig airgafengthy tank e B girnylghand deisd
i quid such;.as; il desi - J ri I t 4 { 6.
In this pa? Ién?‘ 1t§ﬁ%(§%l\e9ﬁisds&%rﬂg%ﬁ %ngltvs\[nn S) E’éﬁﬂneﬁe eItSIE%aEeA? Sfég%rﬁt SgN?’Fro%(geg 1%{::%2
heat ed ifles frooaatreseiMoirsispataynd b sloe tink cindsesthprdesibesat idnopl¢th desandittadwsth the
desiccant before it enters the. boil foor. fipal,regeneration by direct
transfer of A IR8ABIE0 raieh TR dhi oSt RhaHBTFaRe BF REFrok (PEfPhs
of syst ens THfIdafsck @n Ghoréudt i B wies comamlor ) ddkiceas, for dehum di fying 30 air
are shown in US Pat. Nos. 4,635,446, 4, @1,530 and 4, 723,417. Many of these
systens utilizeWatemssfwategidesiecant AecHmuRS 1pdhe resarvefr andds pempad dicrefeom tpa
anot her to_j | ts f.i.cl reak 1.0 | L qui
Gosi coant _FRRRAE unbCufk P ERENeq 7 DRIk HEARELAIGCOR, Fhooh FedchBHlsh
2 3 APRo 20Q@2sidant) WD Rdnt SUMARY fdbcdsMENTInP_Y BTl ihtdBikQeshvoid Ifer &S Sitice
invention, in SOfTE%gandi ments thereof , igfg’gesi gned to utilize heat
transfer i fMEVHEWRRATPICR FPRESDIFBLEONBING RIER ST A A TOBEOHUR RIOTRES hertsate
thereby enlafedang shtiean@ueicdlihg 6f the GireNeY pRbe HikengSHS WRRr aBsorptich pb&ker red
enbodi nent of the invention a heat punp extracts heat fromliquid

desi ccant, pref évedamplaoiz daymedising aorchiagng hygrascoperiiuid suvbfae rdiChéestveatt
to a heating,cqld d1 K ra it r [of B he qv.er al | ergy
roqui red by facash Rl PRRACSE™030 508 i WIFERE, LECHE eI U Piped RREE,
of coolasng féhehedfioSwCefathe Watedhdestohmc Thist parertilsd datcloséshpie-lesatiey shd BRurated
system Thus,, dr¥/ air which exits the systemis cooler than it would be in
the lo absd&fecast belpgs iheniers thedpdlepfor final ggrncratign by idiret teanster athehbsuingems
of the inveption: 1B6aL tfgh@y in one or nore of noisture |aden air which
exits the regenerator, heated desiccant which exits the regenerator and air
whi ch exits the Qibtruvardiibiseof §ysteusaringorehn@tlateddealediesint caltiono fdyalehumidifying

regenerated.either on i to in t regener . 15.Accordin

to an aspeé” Bf SE%% ”brdc—,‘grS ]e)\?lfﬁﬁ’seﬁgg%ﬁ%%n{&&fﬁ%h@%l %@&%f?ﬁ%ar}y %@ﬁ?ﬁ S (R ]t

i s provpdeditilife Wansfar toTehda Ifdim \bRe NpuHich tof B¢ dehedidteraty ahéh&eld improve its
regul ating, such that the relative humdity of the air exiting the

dehuni di f i €ffi¢1@4eXi ns rel atively constant as the tenperature or humidity of
the air entering,t hypd di.f.i: ’r L: at ur. { he i t,i.ng
i preforably ipRaiiion AR e o 202 il b EREALE Bl be

t enper at ur eodempirEnn gxpantifiure of energy.
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" i ntroduced

. 20 lower input tenperature/relative humdity. There is thus Lﬁ\rﬁ‘%ﬁ?& @n
accordance wth a preferred enbodi nent of the invention, ﬂ

syst em conpg,l a dehum di fyi ng chanber into which noi st S s 552
y §9?Eg%2r6nv\h|ch | ess nmoist air is renoved after dehum c?ﬁtp?catlon

25 a desiccant solution situat e%@#@dﬁm rvoir; a first condwt
via which desiccant solution is at | east one reservoir
to the dehuni di fThpgeseftcifiaation Sais6ins embbdigienRehdrgof, &tdesipael toutlizt HeAtrahsast
one reservair after absor bi ng rml sture fromthe npist air; a _regenerator

whi ch r eceill @eWe¥ax Bathe pmetﬁq faReanerting dls diayid desicsantdherehieeniapeing thepyendl
renoves no second conduit via which desiccant is
transferreﬁ?#%ﬁyt tyg‘ieren:st one reservoir to the regenerator, said

sol uti os bei ng rIetaupm&iredoemlmddnatt dfemstmmmonesbcatmmn;aﬁxmactsrrbcastfmm liqslid
renoved frcggt and. 2 3 APﬁtZUUﬁ tor WD.99J26026 P /ILE&JO#S? EI}
punp that t S TSt bty LS oot fE Restors f fegtpe god in
sol ution i RetdiRraf? aRNChErRPH tiducinf RS 8¥crkll ¥nerky fequfad bl URP sFRIHR ThR8itRAnS st
heat exchangeéer which receives heat fromthe solution in the first conduit
a second hdemsiexefhangey handle effactiof sgolingatherdegierariavhioh gontaets ithe Broishair that
second con d Pr.ef.er abl i se
regener at o%%ﬁ&la% r);§ te%)\mt{ ch ?%mh?éeh F)gipsr %éﬁﬁosyg%n{ ?%ﬁtglﬁ%?hgéllﬁ%g@ %ey?n e
cont actiow tatbsmcéofthamcatstralnmught into the chanber. Preferably, the

conpressor is caqol by said. a r toits entry into the regenerator
chanber, such t S&W@Xﬂ!&p&f@fr@{ ngﬁ‘ch})%n‘é&f s S?VS‘?t}/‘tnh eafiepengy 1n QR¢ BLEWEE of o
In a prefe rﬁﬁ@ltu?e”ﬁﬁ&l HRWhie ctifethb R ERELRR, hddd BaRcaRMUWRich &l dRSreBbherator

addi ti onal heat exchanger which transfers heat froma refri gerant afrter the
ref ri ger antandeéwdsch tvetsstb@mimtrh@ﬁt:r i ustibindent thpdesdienantiioybe regemeraggesitberadroits
conpri ses a_regenerator cha{rb in which noisture is renoved fromthe

sol ution by b /0 o Yot TR i i ?% is brought into the chanber. Preferably,

the addisti onal heabrdxeadigfped: Sf S pdfdied Saibddrhdnt BY tHRMinvéhtioh Sa @hufnydikigt O
the regenerator chanber, 15 such that the noisture renmoval ability of the

air is incrisngwifedinwhichthe elatvg humidity efdreatedainip self realatingrsuch fhal thegelative
| ud
i ncl udes aggn rt}%f AJE %m%ﬁle%e%ﬁﬁh?ﬁ@‘t%aﬁg ré]?t"i’\teh\}e E%@%@% ?h% g%péljﬁﬁ:@&at

punp. In a pre erre nt o e I nvention
reservoi r dompditses$ tie hir reatenngsber dehumiflifemdwiyisc A'hs Gliutengrrateetafahs fegiting chir

via the first_.c second. reser.voir frogm 20 which solution.is .
transf er r edTe %Pyhgepsegg al&eoH]@H{]f“r cﬁ?@%‘%‘? IR %ﬁ LU ET LrpeEtutey %@?l&% Nt
differepti qbwbﬁlnﬁalt%gb@@ge/mmgmmmg first and second reservoirs.
Preferably, the systemincludes a conduit that connects the first and

second rese?hﬁ@t s thusyprevideds in Recordapes Vb goprgfansd ¢mbadimant of shehintvaniomld v
t he sane. fnﬁﬁhdtﬁ?jé%tteﬁe{o E—@?ﬁkded in accordance with a preferred

enbodi nent 0 [ nven a dehum difier systemconprising: a
dehumi di fyi ng chaanﬁemmtdﬁfymg\nhmhbmnmt waich meisi airriodmceihceddnd fom whidhless
| ess noist air i.s. renoved af 5 ugu&?um dification; a desiccant sol ution

situat ed i AMgIst§if sremaued aftsr WOy onduit via which desiccant sol ution

is trangferred f ra"d@sfcbﬁltfsbﬁxﬁén §1ﬁ§?crd\4f?hfle£s‘?oﬁ@%sé@oﬁiehum di fying chanber,
said solution being returned to said at ' |east one’ reservoir after

absor bi ng noi st ur?e storangiié vidivdrchaidesiccantdedpidomng trapsfarreddrosh tthea e deaisth one

second reser\éor'v&t t0 the dehumidifying chamber, said solution being returned to said at least one

reservoir after absorbing moisture from the moist air;
a regenerator which receives desiccant solution from said at least one reservoir and
30 removes moisture from it;
a second conduit via which desiccant 1s transferred from the at least one reservoir to
the regenerator, said solution being returned to said at least one reservoir after moisture is

removed from it; and



.2 3 APR 20D2 WD 99/ 26026 PCTI | L98100552 a regenerator which PetcARR2002
desiccant solution fromthe second reservoir and renoves noisture fromit;
a second cowduwbieozba Whi ch desiccant is transferred from t h@CTatesadss2

" reservoir to the regenerator, said solution being returned to said second
reservoir after gdaSpung thas riesf@y ekt Frobt thdsblhutior irdthetfiRstaiondait saihstsalntiomin
tenperature differential is maintainned between the first and second
reservoi rstheﬁcéﬂéﬁ‘alﬁi“yt; t he systemincludes a conduit connecting the first
and second reserpgj ] I ' ' . b
substantially t h%ggg%}i’ l{%%h%P gﬁmél% ggﬁnbﬁyetg ﬁeﬂfgton t%dhgﬁ%é\f ?v(j)%@??@g?ﬁgsn{l%at from
i mted mthe sgjubied inethe firdt eondnt, 2 ssend/heéat sxchanger theatrecetves bedd ftoanthieablution in
f'lemperature differential .is naintained between them Preferably, the

t enper at ur ea?qoflgF uitgndjaLompressolst 5 oC, such as at |east | OoC or at

l.east | SoC. Prefmerbinty, thdeegnehmdomplisdies réRadatol @haRbey indivhgthaMoisture is
additional limted anobunt of m xing between the two reservoirs. 15 There is

further prigwosedifromrthe selbtiembeoniact with aprthatds proygletripiodhershambys. Rrgerably, the
i nvention, | RTINS i incl uding: re. el ydi
appar at uo. Sl LI kol fifer it it ko (ARG BEN b8, HER W e
havi ng an mbistupeltdnedval givilitylod theodh it ireeeasdd.; a first conduit having an

entrance for air. and an exi ommunicating. with the inlet; 20 a secon
condui 10 havi ng a# a@x?&%ﬁaﬁfaméﬁ@ﬁ%%ﬁ%n& n‘:ﬁ“EQP?trPg‘n\Bi lpﬁlu_fl?feanoaa&drt@p?ﬂeﬁaa a
mount i ng syUihatRr JBa Sfhsfep! hdiPudh NefifGal Wt theQRifePR TddvEOhe St iat

the enclosure i's on a first side of the partition and the entrance to the
first condexchanged Rrbferably, the regenerdier erpuises & tepdnératon charsbaruntvgdclomostgedond

O PERSE bl o FNBES O RSB SR O OSBRIy

t he nount i gditdHal BEk ekchaagant esblddoly sEIA ipFgr ENitenttyna@ths irkdenamtbrich@mber,
systemincludes a seal around the conduits that seals the first side of the
partition fuchihatihe mastryregioyel atlity pbthg aids IeiAssdhen a wi ndow i s cl osed on
the conduits. Lna gplg% I Bvenfdnn.: a u or
nodi fying air i glnaag‘gﬁ%ﬁ‘l&gi%ﬁbgr. B’EFRBEQ%\FJQ grrl’r e§ %knkgrgilrﬁééﬁfeso?%ﬁg& fhat

i nvent i on, cdritelsthp amatntoheat tranderfrgd ygthaheatipsman air condi ti oner i ncl udi ng
a heat punp that_cools air enterin he inlet by contact with a cold

Surf ace of Tt he. HEcA ipHg cmbodiment & the Bvhiohy (53t (flsBF sespeHeRes s

I'n a pref efkaidoR TR WHRIM sofiftioh B traf¥&rdl @8 the! et bt de@bndREbrk i Fdml 1
is a conbination dehum difier and an air conditioner including a heat punp

that c@l swhich slition Woiranstered | vaa theysesond senduil Preferablyl @ sibsfapid igmpengaure
heat punp. ;i nreter ' ' ;on, the dehumdifier is
a dehuni di ?ﬁffé?&é‘gfs‘? fé’ﬁ‘ﬁ“q_tm?f?g%&géeﬁ?}ﬁﬁsgg”‘?]%r%%édqn%gé}%ﬂ?% DESCRI PTI ON OF
DRAW NGS The pr eRefdrabipuvbasysem includedecandng thel earmeyts dmedfifstiandysenordionesdromcs,
fromthe follow n etai.l ed.descyiption of.the preferred enbodi nents

t hereof , i FP“EMMW?? %@e@aﬁ upiQn ‘é‘rtéﬂﬁés St‘i‘_gﬂ@‘?té?ﬁlg tﬁ“ﬁsamef ferent drawings _
correspond to thepgang fiRblpRvidddeatl AddordemicUngthi @Nprafddt BRbSHIABANGSE the

V\k]i C h : . - . . . .
25 invention, a dehumidifier system comprising:

a dehumidifying chamber into which moist air is introduced and from which less
moist air is removed after dehumidification;
a desiccant solution situated in a first reservoir;
a first conduit via which desiccant solution is transferred from the first reservoir to the
30  dehumidifying chamber, said solution being returned to said at least one reservoir after
absorbing moisture from the moist air;

a desiccant solution situated in a second reservoir;



. Fig. .1 schematically shows a dehunidifier unit, in accordanc® JVMAPR 2002
preferred enbodi nent of the invention; Fig. 2 schematically shows a second
dehumi di f i esygw8lzko26i N accordance with an al ternative preferrpcraspodsnent
" of the invention; 15 Fig. 3 schematically shows a systemfor wetting a
sponge with desigGaplnes@irUivh@R rdcBivas CRESAAE SoMtodl ol efce5é@Hd b iMeRl
of the invention, and Fig. 4 shows a preferred construction for a w ndow
mount ed detemrives fiogsturg fiiom itin accordance with a preferred enbodi ment of the
i nvention. DETAI LED DESCR| PTI. PREFERRED ENBOD| MENTS 20 A (dehum.dj f yi ng
System 10, in achSTARREENHT He A T FaIGoaY § MEOUEREnE OBt Be e VE o e
conpri ses, reagndritér, tsakd soRktionSedihd edemad debalfisdednd reerebianiier mbkugads femoved
regenerator unit 32. Mdist air enters dehum di fying chanber 12 via a noi st
air inl®t TAmdidndried air exits chanber 12 via a dry air outlet 16. In a

preferred enmbodi in0 12V 8L dg:s4 i28alrfai 0
from25 a desi cc‘gﬁ%lrneé g&%ﬂtﬂﬁé}ﬁ\}% égﬁgrep?igfg%ggg é)s glaisnzarlﬁééaggg%e%g% ggé%g
These nozztesndteserwoira fine spray of the desiccant into the interior of

chanmber 12, whicf i.s preferably .filled with a cell.ul gse.sponge material .24
such as is gener g’lewalﬂ)é’e%e isﬁﬁf"ﬁén%h“[lesf"o?o"gﬂﬁr?oﬂﬁ?cﬁag gée. ﬁﬁ%én S8F0BE &pervorrs
sl owl y per gahahfshellew \wRkslution RUEEm ihibsiaanaR mBkané.al into reservoir 30.
Moist air entering the chanber via inlet 14 contacts the desiccant _
dropl et®. Since Pigteradyi the gapduitprosidesy éircudio pmited imixgigshativeen e dwo yeggoroirs

fromthe i st Qi ! Lo r O\ t . oPr rahly,
reservoir l&%i tkslzﬂl t(%% g‘fr%lc[fg‘ (E)lh {eg@e%g{r? gﬁ%&%ﬁ%ﬂ%\% 'rn?#lgéas%&@%eg} tht% %épféé;rft@ ’Zﬁ?

f r om spongempérdnak Idiffaentat isl af Idast 00T hwach asarisast 10°CGor at2east KRR, ~f | a2 WO
991 26026 PCT/1L98/ Q0552 | n a preferred enbqdi nent. of the |{nvention, a punp
35 and associ at ebresseRyy, e Sbﬁﬁg@ 1%‘2%4%6%9@5 FFPRANS Aeaiditomabimpted apowitof 30
into pipe ﬁﬁxinéb&%ékﬁﬁ{et%%rés%%%?s desiccant from pipe 13 and sends part
of the desiccant to nozzles 22 and part to regenerator unit 32. A valve or
constrilgti on 39 Tlwrefisr fivthgr prevded; oinl adsbalaned weittora poafered cmibodimentyfbthe
provi ded to _control Ihe%i? B\ro%grti.onl g.f t he desiccant which is fed to

r egener at of2v4Hon, A AT Mgdityliie degics. Welgingy, constriction is used, the ampunt
of desiccant is pieh@sabd ihch@iy Apaets for HRUPYREEait entbhiny GRELIPPhradl VIdDAS il €
in the desiccant. Chanber 34 includes a heat exchanger 36 which heats the
desi ccant fetand havigg an pig otlejtfox the modifesd aypor it has absorbed, thus
regenerating it , houReARAGHSEh il MR SRAN o ool AL SHMARCH:O
reservoir 30 via a pipe h and a tube 42 of sponge materi a uch as that
which £011s chanmbeecoh corldnfitchattingias epit @fid pmbrtyance ndramnedating Witk Herdndet; &d1

whi ch has an inlet 60 .and outlet, 62. Air, generally fromoutsid he
area i n which tha TIPS BERRG HATAS (R dmolHner 0o dres i GPT RS P dhaioe
and carri egnavaye adeh bimaadiddTef SRt £1a ths auaRertolRe fifdt @Bhdli€ar®t the lexfiot
desiccant in tube 42. the air exiting at exit 62 1s carries away this

noi st ur e af@nhihs scapnil sordudt aip Figtataden & waeNdedds plohe parditigesi ccant in the
regenerator. Pre f . i k6 .-A] r er
58. Alternativel g%g%gdiﬁ icﬁda"\gqg%niggt I sﬁ{erfgﬁés %er%etggﬁ }é%l}rl]g{l Eloe{hf’ gégeoﬁg?gi?ed
| i qui d 26esiof derdartitiont Prefatelsiy cthantfountitgsvrfage isradepied fier megeing oataovindyw sill and
bringing the two desjccant streapg into .thermal (but nat physical) contact
"1 2t her mie DRSHSPEPOS RtsebArouRb e Bl (3 e R Kobnge B tagatiion fom e
addi ti onal Igysona si?l‘é%‘ftk&%_itw’v}% ARl 3s ElbAS e Bstduis.onal energy from
the cool er desiccant |eaving the regenerator to the hotter desiccant
entering the regénerpretemed spdiedirnent afHbe degingonnthe rapparahisniyr tmodifying air is a
reservoir ids acIdLhaIrI y cool er than the desiccant which enters the chanber
34. In a prgPue"ruré enbodi ment of the invention, a heat punp system44 is
provi ded whi ch et agedferrdibahbddimenttdfehs @femid thd dppaLsier f60idoddVink QirllE @M iafle

energy to heat .exchanger 36, 2s Preferably, this heat punp includes (in
addi tion t &oBLHPREEJBFIUGHE \hheal nuap: that sopitisHseHeds thselnlsy byesantagt ¥dthohgold
heat excha i oir 30, which is the evaporator of the system
and an expgﬁg?gﬁﬁygﬁgégégﬁﬂThis transfer of energy results in a reduced
tenperature of the desiccant which contacts the air being dried thus
reduci ng the tenperature of the dried air. Second, this transfer of energy
reduces the overall requirenment of energy4 or operating the regenerator, 30
generally by up to a factor of 3. Since the energy utilized by the
regeneration process is the major energy requirenment for the system this
reduction in energy usage can have a major effect on the overall efficiency
of the system Additionally, this nethod of heating of the




) Idési ccant in the regenerator may be suppl enmented by direct gfgi m
utilizing a heating coil. 6 2 3 APR 2002 It should be und ngt t he

proporti onyad osMbRr vapor in the desiccant in reservoir 30 potrigsodise

- regenerated desiccant nust generally be within certain limts, which limts
depend on the pgpt] Ef&k&fedd&ﬁwd@ﬁah 8584 infedtRWethd hpPatatRd f&rhﬁoﬂi?ﬁH% fafdis a
noi sture level is that needed to dissolve the desiccant such that the
desi ccant dombiimatin|dehurpidifier anéhen pisiconditienerindhading eheatpranp thatcondd sir emtering
l evel is t h e desi ccant bec ipefficient in renoving noisture
fromthe a’ﬁ? I{Xﬂ%é(ﬁog ‘iﬁﬁgﬁfacf %&p PPy s necessary that the

noi sture |evel tlﬁarmfbxtraf aﬁbmﬂexﬁmﬁﬁabbaﬂmnj the Slblwthidi fe 109ttt Bider $818M
‘desiccants are liquid even in the absence of absorbed noisture. The

noi st ure |aswescribgd berslle desi ccants need not be so closely controll ed.
However, even in these caseg%gagm@qujpngGQM| ch uses energy)
shoul d 10 only be perforned € noisture revel Tn the desiccant is
above sone LeveThe fithsent ﬁnmhiﬁtm wnigbﬁurm‘clodﬂarlysangeﬁuﬂyamdyrsp@dfﬁnnmhb following

measur enen e volune ant n ses i ncreasin

Tor ot ur e, Geleds Serianobh e BFTHERS GrpAd R PBaoth Rt ity SR Freterc
reservoir himdis Weastrantdwiags édifésj%xﬁisﬁ)tkh@ shifle fatirBy GEdeHh doRfERlioPRitWiheh
has its opening placed in the liquid in the reservoir. A tube 52 |eads from
vessel 1660 drawings 1 whisbsure gauge 52. As the vol ume of desiccant increases
fromthe absorpt.i o r h S u 5

i ncreases. Si n?%él tﬁegﬁhc&g{l%tu& ﬁ}oﬁ}s g rlrlggli&{g%dmﬁ %e%‘gﬁﬁgg%rg' }6ra2|preffrred
const ant, éditbcﬁjugemebftr&xg@@ﬁon,ndl cati on of the amount of deS| ccant and thus

of the armunt of noi st ure gagg ined in th SIC nt When t he noi sture
Level increasesii@hdvechsmsticaly sioyyue, S‘E"HB Erhélﬁﬁerlnﬁc?réla‘?‘iﬁnﬁ(éf off!

In a pref eilfe%tl%gg&@éﬁ@r&n%ﬁxrﬁé}@ofﬁ%%‘&e‘nﬂ@m 20 Wnen the noisture |evel
falls bel ow sonme other, |ower preset value, the heater is turned off. O her
fact or & whi ch nEig. 3 sthameaticallyt showswa systennfiet weiting atspprgenwith aiesicdast solution, in
regeneration process, are .t era of the dry air, the regeneration
ef fici ency? ﬁﬂ%af“f‘?e ﬁéﬁfm&ﬂ% eg}%gﬁ é‘:ﬂ8§§‘° VLB 3P ef erred enbodi ments of
the invention, Egpacikya bfef@Rlddcotisirudiont R (aflohondudRdSkhumn@fiéd 6 In | t

may be adV|sabIe to provi de sone direct heating of desiccant in the 25
r egener at i #gorsanksexidh a prefostedembedanet pbthedmssHPTrent s of the invention heat

punps or other heat trlgajsj\grﬁml&pﬁoﬁmE%mﬂmggﬂw@?sprOV| ded
to transfer heat fromTl ried alir exiting chanber t he

heat ed20mi st ai A ddmwididying gstemad @r irc lhegrpdanc84yith @ Ipetrrechemtledineotnf thn

t t hanber 34 t f the heat
mmy be” 30 EreRETARAS 1 SHR MRS IPHGE JgurRi e CRQREOHE fft § fogehttatdr *
transf err eghit 2. MbRUAid efrsWRBRARERRG dhitibet DDVia Akt diheictest SRaMed ialt ke

reservoir can result in dried air |eaving the dehum difier which has the
same, or pehanehenb? yiep drywioutlei®er ature than the noist air entering the

dehurt o 111, X kB RO A 50Ol

usef ul 2shes desibeandedsenvbni3Di via aipspeukieth a verfestof tlbrated :ez ThessvhozAtest sheweandb fiaat

tenperature is already. i.ndi.cat d above,_ onge of the wi th
dehuni di f i $81a% ttéﬁs@eﬁlgcaflﬂén‘BAgﬁl%ﬁ‘?{*B“f of ShERPRTN] T gVhigh is SEiRtD fﬁﬁg ity 4,
the desi ccafjule@! dpbohgd niuteriahal stubﬁr 2488 WEhelafly @k Whé QR for Vé(ﬁ&l?ﬁ)uﬁ)%gse'?he

may be kept in a proper range. A dehumidifier 100, in accordance with a
preferred émtméqrw yqaferqomespbéfs@md ihneushtthe sponge mmymlntqumgoxrzo Nflaisg air
dehum difier, i.s ul ati.n t pect t nt f

desi ccant Sotfu?gfﬁ §h"ﬂn us® olg%% nga?suﬁ]% de&cmne(g’rsoﬁfr%gsnesﬁ?ce&‘ ‘ﬁf:élccaqtuma

or wateo capgesdopif, ntdneordemtbeaﬁ;iorfmnutheoﬂmsﬁif aﬁuemﬁmraer istelpelibdbrotgh bt
oper at es unt|I a predetermned to humdity is reached and then ceases to

reduce t he lfhuhretratyy, reicriadit0 Hhgeatadrtnr §F LoBem Of chyrber. 12mseH the fesioapiderm s
simlar to lg{ﬂfség%qug(g{ecﬂfn@g their€ervbir. W th several significant differences.

First, the system oes not require any neasurenent of water content and
t hus does




not have a volunetric neasure for the desiccant. However, thg ﬂgg %q%
measur ement may be provided as a safety nmeasure if the soI ut C s too
concentrated. 15 Second, the heat punp transfers heat betwev\g %ggmggsrieams
of desi ccatYO %164 on ber ng transferred fromreservoir 30

tly divided t 30A and 30 te 30C
nanel y & 1175t 1 E AT HL PROUERBLY B0 0TS PA ﬁ%‘é%m@sf?ﬁ*@?ﬂr%?%w A
a condui t 402 ARGom AEEAEHIcH dfFBsBrRs mmrwgngedstn cﬁﬂaermgr@woestumtcaazﬁbm a

punp system 132, via a conduit 104. 2o Preferably, pes 30C (including the
bypass pi pége hamwn@m@m@fsthgd@s@pcg@t to mazzl¢st 23 andjpart t@fergémraﬁoéumb%eﬁqé%l&w a

common | evel af .th 0 Iy,
desirabl e CPH%{F‘[‘ ﬁ%ﬁ% a'b? v!(:)(?lru%gor ?(Q)%g Eave%@?ereﬁnge?%&e@a ﬁérn{e%dl%hlﬁhl S
necessari Iptopsfioh tof ihe absio‘cemewunmorncﬁm ltcatreanSram‘r Besifce amntrotible walve ot

i s considered generally desrrable to provide so xrn tween the
sections, dopstsgiien pukgAdndhs/i amepRt ‘Eﬁ/ﬁ‘g?%a‘ﬁr ‘ﬁe&re 9‘&@&‘8 rssponse, ey ks

moi st ure fM&pgﬁngg{&é%%?eg%pt her. In a preferred embodi ment of the

i nvention enperature differential of 5 C or nore is maintained, nore
preferably, 10 Chanberd4 inchndts mbsat guehdangenlsi yhich Geas thevdsniceant & driveedf parhofy
preferred enbodi nent .af ':?E {) glntl on ‘eservorr portion 30Ais at a

t enper at urt ety]ategﬁagfﬁl Foxbeth s S8 PeraiPE Wor t i on 30B is at a tenperature

of 15 QC or | eggegeRraten liult dediccdnt & trinefeBdl bekits redeidir30 ¥iok pifeoLnadattale
unit 32 is shown, which is simlar to that of the dehunm difier section,

Furt her m)r@ ofisporgeymatprialsurh pethatwlich §Hs phasnber 121 Tubed9ds pisfmaly rentainpdin 2

whi ch may | re e f at
of B, el MG nBeat e dBil Bitler o7 ATTRRMAR roflf oltile ik £ta b
enbodi mentwgith theair iy Beihg amodifiydpleheebthe chanbértie inl & @sandlcmeQawaypackiytlonal
nozzl es are not used.. Rather zles are re ce a dri
systemfro‘ﬁPW%WhrqhdﬁlcﬁaH"éatﬁqgr %géﬁl\rlh e(?éﬁcf“f}llgz‘eb ‘gjoﬁlbeealf X‘B ﬁ{itggél y
wet the spopge: a»EAﬂthlém%rg@me aAd rars%f Rbistfe VHRAN AL imdVEd Froh &W@ésno‘éélrﬁtlﬁrfhé or
wetting sponge 24" In this 5 system an open conduit 200, preferably in the
formof a rsgcneeatedPrﬁbrhblpﬂap@n(@tﬁmwle)dlt@mtﬁzﬁ@kii aic Som domber $h 28, The

desi ccant sol utign fI o thr t
el LA REmb 8&19&@@ & LR AR % $hd RGO héllﬁﬁ i
wi t hout Spfoamelc&siabﬂft anfe@dxg%rnmemkhegm&t@f byabfipgiay the swo tc&sxbcundlsﬁqsm51m
of desiccant solution in the air, @ rggst be renmover therefrom Clrfer
met hods  of thaemali (Agt aeScwyaicall caRtpet 1B cthermab tasigh atgy (nok shwnlo Altgmatiyely of
and any, su d fYEThE Edbl 'ﬁ’e&%dﬁk ng
o g0 5. EquuiIgs HE plfip 8 Bhet1F HRTE AAPHIoR, qrfiy MARTAL Bl CebiBEa 10
condui t 10Raving the mesfeeater iot the bofltfrreiesie@mt: wmng the gegederiator] Qgh thag the dgsigpant

system 44 preferably contains the co in

t he embodi FFé ngsto I‘—r?/egresefvméﬁ a8%‘f‘ﬁ%ﬁ°(f é exc (E’acr?mevrv g{];sst? Fans §£§£orre
of the heat frofR 4 BRf&Rid digsdanéntl ofahd Mgehaf a Bya Ip&ﬂ@@ystkﬁn mpmmdmewhlch
regenerating air. Preferabl the conpressor is also cool ed by

regener at i A¥Tasty heatigyamy dhe depierant i@ T&servolls 30 dp \provide ea%r&rttpohrar e %angeﬁoiﬁ
used ig.th e AR

refri ggr an rerf%?@gr {I}IIS.% l?é\%léfn%}{g%?ud&?q afdgilruro : ?g%ésﬂedé e?g? suc hﬁggﬂéqnﬁgﬁef Iethe
resul t ant lpgssém)@seabnd hent axcrhaagﬂrehﬁr ingestiveir3@gehichas the evaporgaselsthe Bbestfamrahdt y

of the air 20 to renoyve turefr t he delccan set _.to
O anator ok PXOAISARTANE S0 TRe Henstprotantras raRit & i T R g dhd destEin
i nvention, ih@ fuacHl thy af@leif2Qir¥d thés RBLEHRJTIHRGEMPHakeNsT B ldkiBg alr "Secan® Uhis
of heat transferred between the two streans. Consider the system shown in

Fig. 2, w thansfheofinergnreducey theeonarallirqanispment Afmmeray2fosopanting ghe egeneraing

200% DA SRR b B o ek BB e SSRGS JE 57

si tuation, nﬂdlj@r aipin teqfrementt fot iz syseant, etﬂlshedmmen it Feperptyresages cof halesi aegort
sol ution woul d be equal to _the he of vapo at i of. t he ter renov
from the aieffecisep theapvarpé offigignsy £ utrhé s¥fte hé\déré@rl@?yaﬁ[ussfaﬁa??(?ﬁ heaing ?1‘39"3
I nto reservikemdid t&@%g@ﬂ&%ﬂna Beisipmé &l HAdRcH Eéﬂﬁﬁ%ﬂltﬂfz&g%ehﬁ% codhi ch
enters it, except that 1t has absorbed a certain anmpunt of noisture from
the air. 30 Assune further, that the regenerator is set up, such that at
this sanme tenperature and hurri dity, it renmoves the sane anount of water
fromthe desiccant solution. This may require an i nput of heat
(additionally to the heat available fromthe heat punp). 9 WO 991 26026



2 3 APR 2002 PCT/1L98/ 00552 Further assune that the air ent elrzz')sg EREZUUZ
dehum di fi er chanber has a.lower humdity, for exanple 80% A S

hum dity, less liquid is renmoved (since the efficiency of water renoval

* depends on'the humdity) and thus, the tenperature of the desiccant
solution | eaving the dehum difier chanber also drops. However, since |ess
wat er enters the desiccant solution 5 fromthe dehum difier chanber, the
amount of wat sHoulEb®ueitrdtocdrtiahtheg@bpiriiomof Wateheagaede fies ddstucaitl i6 Geddvamis .
This results in a new balance with | ess water renpved and. the desiccant

sol uti 8f axd i theneserenisd rdesigeant ust BeBeratly Rsewithisy ecrdpss i lraknhtwinel Jinits | n
| . = g e
ey o B I i patifde ARECR LS 0 1008 bl del e Bebit ol AL SNP R |

under shemiddt tradissclvedtetdesiccaft sushuhatatie tHesiqpantaiubie sbaAsiohoins tHestmitural | y

the sape effect. In a preferred enbaodi nﬁnt of the inventign, the systemis
sel § r Elgwiexes. ghenvihe maisaredeve s Mo ighgha desiernt Deqoms siicient SisEiNg dity

| evel . - el : i hS i
capac iyt ShllLy s W ot Bt 1o°Tha Bs BoRblrpitiet sARBRECIVIG, |
abi | i t ynonftotdie asd lcottraliedadd siould ve wa@hdidt sonfe ddseccantt udre diquiprayeth tieom 15

nozzl es, 22' tg éel ease moisture. |n gﬁneral as the air at .inlet 14 becomes
|a

| ess h8PCHCE PERBIORRE MAKTWE Vie metstyEdeis dr thess dpuewRssngeddwt #5ise deseVenove
noi st u i | UL L : 3(‘%*?11 i t he
condui tE &it%cg%a@n EN ﬁggysg}r%nte%tet 33% %%ésgges ?e?gg%t%ﬁpﬁﬁgﬁsol u(%hlr 1?)Slr%§ ie}rllerggB&{réggc hes
sone | ewlylhe pirforinad when ds hestirertavsl intie deioccentoy elsbversometibeslai r, the
solution in_30A 20.becones nore concentrated d less noistyre is renoyed
fromit (all %a’tonﬁa%%ﬁnqt@ntlﬁa&enwﬁ)g@te?o off Gy mogsisERRt ﬁgiﬂPﬁ VOlGHenot
renmova .Qt: gaY| By, o] i t qﬁqﬂ

res pecl'fi F%gq?glrjgglé’g 12%118%%;87??&'1 gﬁcgag I I?l%{%ﬁbrmét %Lﬁrlﬁ%&giarﬂ?tgégmi C é%ﬁﬂ?g‘ éhnql

whi ch nolustauo£liqwdtin dims fesemvedt. is by mémsuletheheofithdepressandint drainveted véwsseli d t y

PO SRR ML SIATEL pet e, 25 arour, of heat 41 ansterod bl veen
trapsf ?Ees?xﬁblﬂéa&%&: 95 ROuR \Fchﬁ?mlg%? H@Qiéﬁaﬁﬁ/ﬁaeﬁbaé‘éléaﬁﬂ?ﬁ rthéié'éjsoiﬂlﬁmr ANSied e ar e

i ncreased an e humdity balance point is lowered. For l'ess heat punped,
a hi ghereshuni dicagured by gamel 62 ihereasdsli Binen, the hequsétinptiienthanbdr abdpendhe

Fo. i TR T ST cOFO B R B BRTIERL e R oL JEReATRg i
accor dapae whbihtRTeissthietntiaied et dEsiebardt 'WheR ViR thbRure Idvet Rcfeagi¥hBgierent

the entire unit shown in Figs. 1 or 2 is contained in an enclosure 112
whi ch hapngsst syus,theheat i o 34 ivmedoson a Preédreadambpdingritad thelingerntiont her

i ngl,ud t i I m i . z & APR
7083 w58 D5 BB B BEltrs R b, il Bty YEE R Bt S Remedfofl e
112. Passi n@Dthbr eaegtis Wtﬂ&ohﬁa%rljﬁﬂaérﬁettn@ capidaid sut-chd piitts bF thorégRa@atich ng
to air inlet 14 and dehum dified air outlet 16 of Figs. 1 and 2. The w ndow
cl oses PERFeEharg 8is mperrsueopidiiet &yt ar, Jha regameration rifieisnsy Bed die Spaiepump
power ¢ : i r t. Loside - W - |4 es
Pover (oL LRE S o APyt BnBOEens? ¢ e 1 BRI it 30 B L AR G2

t he w rfooigeaskathg elikganimayl ise advésabizutat @dvide dowlei difecpheatingest desiidhritahl te
grill for inlet 14 and outlet 16. Fig. 3 also shows inlet 60 and outlet 62
used t 3CEACTAJLORRESLCHDI sture | aden warmair. Additionally, inlet 60 can
provi de a cant of fr i t I n

preferred eﬁ%o@?%eﬁl%kﬁeﬁgﬁg%%@gﬁ{si %ﬁdﬂf ﬁg{'%&é%f‘ i %%F 5’? ??rs\ cgf O@Fgﬂéaﬁ%sﬁged

| 0 for meansnfnbnahdvem fad singudiedy) eenprovaied tdetramstedi Haae from thodriad @aneeting onal

air conditioni chani sm i ncl ydi ng a heat. pu that ¢ools air epterjn
The | nICRmbg dO P RPEnT Keoied TaORt AEdSoHng KEECAERIO S afs i gy the
condi tiQERE.RANRsREAL to &F Gh BN S 3&@1@&1@&2@;@%&%& Rt i sWindd QWi Hebt @by bé gom

the roombeing fed to the air condition s condenser via conduit 14 an
fr am i tat aitemperatios lowe6 thao thdrdestavamh to evhiveh it okandferre8. Units such as t hose

shown in Fi 4 vide for . the |lgw naise.of spl.it,air conditioning . units
with the coryehTanBE BferiiPRAGK FRHE Tyt Risretsedny Frratan o g Sorh ms.
the t era‘ﬁsle'éﬁi%?nhé gehuridifidrNehiblel @as He dahRl br GRITEUBIRH £ fowdR aBmpérafird! eHanghdut
not necessarily limted to," The present invention has been described,
utili ziTagiskaippipeng B dshyoul fitneventisios &F any addiigonghepiienabeol e hodey Ahat
many variations of the preferred enbodi ment within the scope of the
invention, as defined in the follow ng7clains, are possible and will occur
to a person of skill in the art. 11




23 April 2002 CLAIMS 1. A dehumidifier systemconprising: a Z)&lﬁﬁmﬂg r
into which noist air is introduced and contacted with a liquid 5 desiccant
sol ution asgpfdokd W th the dehum difier to renmove noi st urepdhRbebdsss a

* regenerator having a liquid desiccant solution associated therewith and
cont act ed wi s Lch: j I I; Aahd | k-qui d - . Gcant
ol uti on berigeauts f ahgiallgIRHAR ARl SRR 0 Thea R B S SRR
associ at edambieht tetmpeciatmeisi adiiehdyeliigh 10 a refrigerati on systemthat conprises
a plurality of heat . .exchangers efrigerant. and a. conpressor, wherein the
refrigerant pasgéénqlf‘??%{]&? Fh‘édch%_ e@@ﬂ%@%%cgﬂgld : tsygﬁ'@ﬁé%ﬂ’é_rpamblem of
i ncl udi ng gebiiiingBatanRuAhaNGeer i tHeh®is18BAnt GOIiBA tso Whiththt RRhbANEL solution
desi ccant solution associated with said dehum difier, a second heat
exchang®r ater hentertimaydretkept Ing RIAPET anggesi ccant sol uti on associated with
said 15 regener gt PSR E YN h e FS. nNot..in.c act wth
sai d desi ccant g‘o?%‘%u?rgglsﬁ%énl an%raﬁr@%ﬁd?@% %pgc% ggﬁ%%rg& c\%rbé)figflﬁms afinﬁihe present
conpr essor irventicn) ikexhoed it Big i Thib deliuncidiflea isgetfyeptilatingath eaapeititd srate? corent
syst em accor. di 2(9 to cl aﬁi‘jm 1 anﬂtui ncl udi ng: .20 at | east one reservoir
cont ai ni ng©S HeCFICEARt SORHRR &b S SQPURGLIRAUIES 1Yy BEASHERTRARE of Hheavelrme or e d
desi ccant 3QhithtioPthel desicE AR S818HEE Fubth@Mordl ShdenhBRdieOdlR Jt@sslﬁ‘ﬁtﬁfag;re&e&r&,ﬂ%d
hum difier; and a second conduit via which desiccant Sol ution i
t ransf ¢ r etiumidityis teacked and slyin coasss texsduaeche huroidityewithes any avmtrals @Scus-offA

system accordin 0_clali wherein t fir at chan recei ves. heat
fromthe sol uti @ﬁﬁ?rﬁﬁ’ftﬁeén#q%r By st elﬁ‘dﬁ? {agh%lgﬁieﬁg%sgggx}ﬁjhﬁe‘gﬁﬁ eg%‘ﬁglnﬁlg?lﬁca“

recei ves h@aterdrcedNFIke tiQlybiknQides RottrBeuifem9 mtkas@oment of willerdoontns M&t B does
according to any of clains 1-3 wherein the regenerator conprises a

r egener at ofot haltebe rvolumeifi¢ creapsE solithe fdesigeanpviawevenniuche sishsirementpyay be
contact w | r I i e 3 April 2002 5. A
system acc%tr:bd/i?tl n°8 a% I(%%%: c%@%ﬂf&%gﬁm&sﬁﬁg ﬂ%ggcgﬁn%rgg%s%drm%aé%dgl ed by said air
prior tie its enSegondnthe heltepunggeaeiat beat bhvwebe two stredimd biddesideantsbiusiot being

renoval ability of .the air .is increased. 5 6, A systemaccording.to claim4
or cl i m 5 PR PRy it P G RieB A RGeS SRR S BHOR 30/ g a 0B
its entry ichiRcled®ypRE8RECH MAMBNATRE reafilbdhd Mahpdds ndRi1ed 2 By Eﬁﬁﬂé%lstem
ability of the air’i's increased. 7. A systemaccording to any of 'th

precedi ng dB&.i vis aweadwi h03 Aed ¢ Keqond isream beingpumed de regeasrsfasnwittidalty & pomp
the refri gerant tv%atcgn%ugtelfoﬁi gerant | eaves the second heat exchanger. 8.
A system a&dorai g to any of the preceding clainms and including a control
that caootrols t Pefaablynpiped 30®aERcltdiandedypad piyeks Whewn)tdie dédigimd saHight $:€ i
heat exchangers. 15 9. A system ac?ordi ng, to any of the preceding clains,
wher ei n t h&TEE! 1f E850eR 2 Pé@@mé‘?@ ebissPEED 3p portigps 34 @pd GPB- by grnetahiltis

sol ution i el ARShE!hEHyieBerl BiE pbitibal hAREHEn AR p A2 HRGOPHis MESREND Feshit O
whi ch solution is transferred via the second conduit, said first reservoir
form ng a pofferemconfentrhiorgedi esideani. dioveaydr, skis dosderad genesdhwddsiralflo torproyide
portion of the r.e?q%n‘lt)arator chtloo.s ﬁ\é%sgemmaccoriditﬁg to cl ai mﬁ% and ¢

i ncl udi ng 306 o %‘g?cncg’ﬁrfecfsflt TF PHTRRE L 8yPaeS§e°rl?ﬁ§i VR0t °
that thg | emabfeOhmoairefloNondpdriiéimtd te Dtestiant prafdned th®dodmi@ of the iv&itioham
according to claim 10 and providing an additional |imted amunt of m xing
bet ween t hdempgatess@ifigrsniial off5°q or more ys Maptaipeds menra graferablyail thCCronmereeind
the limte I %] &S 4 ti an ' 4 tial. ween
the first anoh SrlSbRRHse dribin S TRD SRCE PRLERL QRN W 2 ipRiEklR
9- 12 wher eireseavoiiuistiamB80Alis teapamngraine 3G0Ad dbement aml reservoiipottainnB is at a
bet ween the first ar@_mogd reservoirs. 13 23 April 2002 14. A system
accor di ng t'BRFAMA A3 wie? ¥ t he first reservoir is maintained at a first
t enper afpur e and h Fgs. 266 ANFerb:iR BASAICHEE fdrSegPRbRtR MR B 3L sBowRCRREh is similar to
tenperature at | east 5C higher than the first tenperature. 5 15. A system
accordi ng tthatef gierdelumidiBerescation FurtberpwratuFie. di pditheepactian haga gellulesgspougyC,
16. A syst cgordi cl.al ' t : re diff ntial. is
at 1 cast - 190RBIEORBIR AR AR & cBab 3t Bl g SRERAL Ak f & B
wherein the.conpressor is situated at an entrance to the regenerator
section such that outside air is heated by it prior to entering the
regenerator. 15 18. A dehum difier systemgconprising: a dehum difying
chanber into which noist air is introduced and from which



_less .noist air is renoved after. dehum dification; a desi ccanéoim ?8
a first ternperature, situated in a first reservoir; a first

whi ch desi ce@nd9nsaeuti on is transferred fromthe first reserRGI/HLIFOOSED t he
* dehum di fying chanber, said solution being returned to said at |east one
reservoir after Iimbgnefoirad embbéimene of teninvasionp agilicable; toceithes Fipgabtor 2, spray

solution, at a second tenperature, said second rat ure bei ng | east
5C hi gher DAZAES 3. DPY ‘t‘%eflnf‘éﬁ*fﬁfeﬁ%f’c ey NG fiﬁa?f"eEFP’ar‘iggg eFésé%emgqom which

regener at of [ ond reservoir and
25 renoves h%ol s}tgE?%ﬁeg?g\rﬁ?%gﬁgdsgg@%{gg%g%{???h%}rGam\/\?wllgg% esiccant is

{5 ransferred frofig Bshewsapetferescmbmidimens of hdrippgyspgeatior weitiag dpegk dt lorthis
eing r turn dto said s resg ir. oISt U noved o]
R <ybiem B i Rgit ooy BB Gt dert Bt Yk b SR A

30 19. Frel con
the first asdcRacsiationes® Thei dech;&iﬂ@hluhbﬁtﬂotvht@rdugh%brrﬁﬁorﬁcﬂl@ﬁg @B léryth betei S
substantially the same. 14 3 April_ 2002 20. A systemaccording to claim

19 wherein cw@xf&@ﬁd@rfpﬂrywmtﬁ% spRREeoli ostiinpianges thE ¥phef HEIRED Vitheut snfey is
reservoirs

bet ween thg?#ﬁgedtzé}%e&ﬂg ;ilg‘%)éﬁnga llg rrﬁéuﬁgﬂtﬁggé%gls?nqgggan F%‘g{““?}?‘r‘%ém %L;gﬁgvﬂfé or
provi di ng atusabklteimoynathetefont Qﬂhannmhmdsm‘f wettmgrnpobg Wewill béver tongersons of skill
reservoi rs. ﬁé Aﬁ yste aCCﬁ(ﬂ a im 21 vvherﬁign the |limted anpunt

of mixilfg Feligartandany sug T RO Y R B B AR PE S PYSHEOBet ween t he

sol ution in the gRehirsihg 3 #igs 2C g p%ﬁh rs@§t@ﬁqvm Exirac® hearomSthe AbA6GAT $Hlitibnt 9
claim 18 wherein the %errperature di fpferentl al is at least 10C. 24. A system

accordi ng tondiial(} 2@ tnsfess i te Hie desivpatt an consluli YoreHegftpump pistem 44 praferatily
| 50C. 25. A
S0C 25 ol O S8 A8 i YIS A g

having an akeit Qddhzhfgbr im td hmsmohofneecd the heathbna thd refiigezamdedvindhsat Bgctanger
entrance for air. and an exit co nicating with the inlet; a second conduit
havi ng lan d#f o RecFeasneriting ife ETCEAMRING hEaFP"“rﬁ’éeSWrtlﬁ alspoplgd ibyi the geggnepating air.
mount i N9 Syfdiacer AARALE RIvelPHAL hcﬂﬂuérﬂ?aﬁ%'t G6edOR tRe R%Eﬁér&tb?'?n Nk @
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vaporization of the water removed from the air, so that the temperature of the desiccant

solution falling into reservoir 20 from chamber 12 is at the same temperature as that which
enters it, except that it has absorbed a certain amount of moisture from the air.

30 Assume further, that the regenerator is set up, such that at this same temperature and
humidity, it removes the same amount of water from the desiccant solution. This may require

an input of heat (additionally to the heat available from the heat pump).
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It should be understood that this humidity point can be adjusted by changing the

25 amount of heat transferred between the solutions in conduits 102 and 104, If greater heat is

transferred, the transfer ability of both the dehumidifying chamber and the regenerator are

increased and the humidity balance point is lowered. For less heat pumped, a higher humidity

will result. In addition, the set-point will depend somewhat on the relative humidity of the air
entering the regenerator.

30 Fig. 4 schematically shows a window mounted dehumidifier system 110, in accordance

with preferred embodiments of the invention. In this embodiment, the entire unit shown in

Figs. 1 or 2 is contained in an enclosure 112 which hangs outside a window 114 of a room.

Preferably, system 110 further includes a U-shaped support unit which rests on window sill
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U& () - S+10V@n%vﬂgloses on the top REMe conduits to seal the room from the outside. A power cord 120,
plugs into a power outlet inside the window and supplies power to the dehumidifier unit.
5  Preferably, a panel is situated inside the window on which controls are mounted and which
provides a suitable grill for inlet 14 and outlet 16. Fig. 3 also shows inlet 60 and outlet 62 used
to carry away moisture laden warm air. Additionally, inlet 60 can provide a controllable
amount of fresh air to the room.
In a further preferred embodiment of the invention the configuration of Fig. 4 is used
10 for a combination air conditioner and dehumidifier or for a conventional air conditioning
mechanism including a heat pump that cools air entering the inlet by contact with a cold
surface of the heat pump. For an air conditioner both heat exchangers would be outside the
window with air from the room being fed to the air conditioner's condenser via conduit 14 and
from it via conduit 16 to the room to be cooled.
15 Units such as those shown in Fig. 4 provide for the low noise of split air conditioning
units with the convenience of window mounting.
When used in the following claims, the terms "comprise" or "include" or their
conjugates mean "including but not necessarily limited to."
The present invention has been described utilizing a preferred embodiment thereof. It
20 should be understood that many variations of the preferred embodiment within the scope of the
invention, as defined in the following claims, are possible and will occur to a person of skill in

the art.
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5 desiccant solution associated with the dehumidifier to remove moisture therefrom;
a regenerator having a liquid desiccant solution associated therewith and
contacted with air which removes moisture therefrom, said liquid desiccant solution
being in liquid communication with the liquid desiccant solution associated with the
dehumidifier;

10 a refrigeration system that comprises a plurality of heat exchangers, a
refrigerant and a compressor, wherein the refrigerant passes through the heat
exchangers, the heat exchangers including a first heat exchanger in thermal contact
with the liquid desiccant solution associated with said dehumidifier, a second heat
exchanger in thermal contact with the desiccant solution associated with said

15 regenerator and a third heat exchanger that is not in contact with said desiccant
solutions and a plurality of conduits, wherein said compressor is connected to said
heat exchangers via said conduits.

2. A system according to claim 1 and including;:
20 at least one reservoir containing said liquid desiccant solution;

a first conduit via which liquid desiccant solution is transferred from the at least
one reservoir to the humidifier; and

a second conduit via which desiccant solution is transferred from the at least one
reservoir to the regenerator,

25
3. A system according to claim 2 wherein the first heat exchanger receives heat
from the solution in the first conduit, and the second heat exchanger receives heat
from the solution in the second conduit.

30 4. A system according to any of claims 1-3 wherein the regenerator comprises a

regenerator chamber in which moisture is removed from the solution by contact with
air that is brought into the chamber.
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8. A system according to any of the preceding claims and including a control that
controls the amount of heat transferred between the first and second heat exchangers.

15 9. A system according to any of the preceding claims wherein the at least one
reservoir comprises a first reservoir from which solution is transferred via the first
conduit and a second reservoir from which solution is transferred via the second
conduit, said first reservoir forming a portion of the dehumidifier and said second
reservoir forming a portion of the regenerator.

20 10. A system according to claim 9 and including a conduit that connects the first
and second reservoirs, such that the level of solution in them is substantially the same.

11. A system according to claim 10 and providing an additional limited amount of
mixing between the two reservoirs.

25
12. A system according to claim 11 wherein the limited mixing results in a solution
concentration differential between the first and second reservoirs.
13. A system according to any of claims 9-12 wherein a substantial temperature
30 differential is maintained between the first and second reservoirs.
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10
17. A system according to any of the preceding claims, wherein the compressor is
situated at an entrance to the regenerator section such that outside air is heated by it

prior to entering the regenerator.

15 18. A dehumidifier system comprising:

a dehumidifying chamber into which moist air is introduced and from which

less moist air is removed after dehumidification;
a desiccant solution, at a first temperature, situated in a first reservoir;

a first conduit via which desiccant solution is transferred from the first reservoir
20 to the dehumidifying chamber, said solution being returned to said at least one
reservoir after absorbing moisture from the moist air;

a desiccant solution, at a second temperature, said second temperature being at

least 5OC higher than the first temperature, situated in a second reservoir;

a regenerator which receives desiccant solution from the second reservoir and
25 removes moisture from it;

a second conduit via which desiccant is transferred from the second reservoir to
the regenerator, said solution being returned to said second reservoir after moisture is

removed from it.

30 19. A system according to claim 18 and including a conduit connecting the first and
second reservoirs, such that the level of solution in them is substantially the same.

14



_10'1 Y@10%VE' () - @ YAO0%VE ()-Y! SHLO0WE ()-YS @L0%E ()- YSHL0%E: () -
1090v& ()-rfff.gghi dEmb@ 10! f s3mPAO%VE () -1 - TH1O9VE () - S+mPA0%VE () -

1090V () -1 Y( 4109V ()-| &@*LO9VE ()-irii'j*j+i,j-j:jxnmb@ 10" &L0%& (
© 10M 10M 10M 109%VE () - @@ L0%VE () - 6- #109%VE () - S@109%VE ()-:j Ujjj kkl 1}

101 TH109GE () -! K 94.0%

3
) -
[

)
y
<nb@

& ()-1)10%: ()- QA TH10%C& () - @#10%& ()-1N &L0% () -yl | TnmedABE=EEy

18(%27%&_ |( )i gg\i%gé enbg%)g%@é %H%) /(eif'gl% é:@)ﬁ(ﬁlitf provides for only limited
10810%638&" ( )miRorgticde/essi (h)a-ty/#Z@:&@%w suyh Yhat 2 shbstiagial )erﬁpelﬁl@x@&diﬁ):pe‘ﬂtizl is

10968 () - + 2 @ 10! al s7#10%00% () -
MLOYOE () - %B%%ﬁﬁ%@gﬁ&é 10G 10G 10G 1096G& () rstiuuu3vz[ <b@
109' &109%0% () - F% 10%0% () @# 10008 ()-1S $10%00% ()- 1S $10%00% ()-

10%60G%" (1) - IMXV Ay V%W ACL Q:Tﬁmlﬂ?/ 4A% ihd bl é‘%r{m pravidling Bn additional

10968 () - - ) -! %L dxgxhxi xj xxx7yy zbCY
109%& () - Sl @%OWE‘%?%I@B@MWFW ;LSIU@/ e(‘)0“5100 100 100<10%C)& (0)-
zzzj{{c||aBbCY 10 S 10%& ()-SS 10%& ()--$109%& ()-

10%<& () -1 ]ﬁ%Q% g})stem a:{'cpc%fdlr‘%é Q cla%ln%l} %vherem the limited amount of mixing results in

a solution concentration differential between the solution in the first and second

10 reservoirs.

23. A system according to claim 18 wherein the temperature differential is at least
10°C.

24. A system according to claim 23 wherein the temperature differential is at least
15 15°C.

25.  An air modifying device including:

an enclosure including apparatus for modifying air entering the apparatus via an
air inlet and having an air outlet for the modified air;

20 a first conduit having an entrance for air and an exit communicating with the

inlet;

a second conduit having an exit and an entrance communicating with the outlet;
and

a mounting surface adapted for mounting the device on a partition such that the
25 enclosure is on a first side of the partition and the entrance to the first conduit and the

exit from the second conduit are situated on a second side of the partition.
26. A device according to claim 25 wherein the conduits carry air from the first side

of the partition to the second side of the partition.
30
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10 contact with a cold surface of the heat pump.
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