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FI.LELD OF | This invention is in the field
dehumi dification and in particul ar_J ] i i mpr oved
efficiency of desiccant type deht 1r1§1ﬁ\4mm§95%w

BACKGROUND OF | NVENTI ON FIELD/OENSCBNFI@ONI dehum di fyi ng systens
based on a desiccating agent are associated Wt . two nmain problens.
One probl emis {Thig invertionis &g the field of sighumidifjgatiam and i patigalanis eancemed with
i nput . . This.r [ 4. : ing of the air froml atent
heat of evé’ﬁg’fogf%cllgﬁ&ggsn%{[ﬁgd%oﬁ:é%?u e cliegl%ld}ﬁ&%'enoved therefromand al so, to
a | essers degree by the heati ngBaAICKGROBIND OF INVENTION of heat 10 fromthe
general |y warner. desiccant, A sgcond m.is that regeneration af ébﬁth

robl e r
desi ccant @585 Scale arglebimiditymesysisms fgsed on a desiccating 3gent are AFSPOIRYS
systems ba LBitingh, Bme pfobRdh & HANM IS Ar Qithut 2y whRSE it the foldt hir input.
t hrough a '?g’ﬁlgg??ﬁog%n\%l Fﬁégesi ccf':lsrftﬂift The r?oirst tfjaliltr vevnters the tank Jilrélpué :
noi st air iTHietesudhis cdnseddy the heating o€ stictair froma latentheatiof exapbration asithe waistuae is

In one type of iccant system a shower of.desigcan fraqm a.reseryaoi.r
5 Spr ayed TPRPESY Tereram it Ae6.0b % R4 Bewde o T8 FERPk < e el . PO %
noi st ajgr, fidiR YheaRenerallyWadriier flesiivant. A Sdeendlpobiegaiyt thatSreptiRpationt dfrthe desikaithe
reservoir for reuse. Thi s causes an increase in the water content of

t he desi ccdgaquires considerable enejg¥.er sat urated desi ccant accunul ates in the
reservoir and i : o r - ek 1 ot b Sy
heated to dri ves%ﬂ |§g’lg%§%s?%%§mm%?eo?‘ léqg“{/g%)sg%gﬂ%edg%%@rda e%‘ %%&Idgt their
desi ccant, thtvugh a ekt filedpwitinddsiccant gFleameist air entgrs tipdankova la meistait inket and dried
reservoir, for .reuse. Since. . . the ter _absprptio rocess | eads . to
hoati ng. of Ameelshe Gl e drisshan okt B whe Seofissh HEn o Sowzae drsrant
subst anfsi al frdigat fefvéit id §Ray¥drintorthe Jarl ARE aslthd ABidcht dBplels RBGRH Rbrolph the
process. o An exanpl e of a device using a circul ating hygroscopic
| i qui d suchmeist zir,|they ahses) watghfrom it. Theqlegiseant isthen refuroe fetheresexyplr for reuse.

4, 939, 906. i i j { wth finned tubes 25 for
the flow ofhpﬁé%gsaﬁghgﬂéésgﬁ%?%n &érﬁﬁgﬁgﬁ%%ggé%' di scl oses pre-heating
the saturated Watetlesturatindesicedi raecuntulates ar thetrbeerinir et isfpumgedrthérefrom to a
regeneration by direct transfer, of heat. thereto fr desi ccant | eaving
he tank.  regcérator it By i3 heaep dRetie G QFOHRSOME TR VPR, Rpaqpersicd
desi ccagy slsitbdd®WhitRhests h}grﬂl@&iﬁ )]stdagss, is punfel LAEE itH A rekétvbl® B teusdoSince
4,635, 446, 4,691,530 and 4,723,417. Many of these systens 30 utilize
transf er ofthpaaterfabsprptioneproesss legds & heating 9& therfiiigard; the regsneratiernprocess hieatp they e

its efficienc . . [ L gk i - Lquid
desi ccant r%éaﬁcfgg’s%lbftgn thaé g%alnrr]l 5 o\fmt}{ehaﬁi;[ tﬁ.\gél%rl&e dg%ﬁ%ﬁ%ﬁagé&aﬂex e‘é%ﬁ t ﬁtlfsé' of
energy. An example of a device using a circulating hygroscopic BqiM/8ich 4sfa LiGV@eéidcant

The present, invention._in so e i ts. thereof,.is designed tq utjlize
heat transtigdescribed iy U3 ?f?é%tﬁ\] LR e Ig‘rtgﬁé’é?nbfgf”éae‘ﬁ SroRidedgvith Snned bt
desi ccagy tfaenRdYioRBARSd B&a],ctéd"ﬁeﬁc}fﬁﬁ@"ﬂ'his paten€hikd GiRNsYs Ple-hddeing NBE {Burat&i

In a preferred enbodinent of the invention a heat punp extracts heat from
l'i quid degissans bafore it gnisrseheibeiler for finahregereiratipndry] diveet toansfenof heat thereto from
transfers the. ing coil in a regenerator unit thereby
reduci ng th‘ge g\ggﬁgg alkl&gnqlelgga;ﬁk‘r equired by the system In addition, this

transfer of enerQthehasridtioas of kwtdmoiising fd-tirgldidiedd st Gahitiond ferhdehomidif g
the noi st air that rs the_system ir_which exits the

Thus, d
Systom i s cHbRErsoRarin U5 Kot Nosd 638 ARt 6015 Ebinchbd2 b1 7 Meme af Tose esins
In add;SdO?nutiliz@ REREET S et MR SRNpSHiBh dfMie’ ANGREIAL 8 QRLhENES Dhptdbe ORE

or nor
efficiency.

In general, regeneration of the liquid desiccant requires its heating with the

concomitant expenditure of energy.



noi sture | aden air which exits the regenerator, heated desiccant which

exits the regenerator and air which exits the dehumidifier is used to
heat the d®O W& t 0 be regenerated either on its WaPCTGLeK00553 t he -
regenerator tank. 15 According to an aspect of sone preferred

enbodi ment of the invention, aSIBMMARY OFRINVENTION provided in which the
relative hum di of treated air is self regul ati.n such.th he relative
i di Ly of t hd TAPFese ORI S oA PR R R ST Eieg s DRy OHERS e
t he tenperghwe® Wiy in the pfodBdsbftrdge@bratifieitaliquie MesitdangtHe®y dahatdingi thé 6Verall
drops. The air tenPer ature of the exiting air preferably depends on

t he i nput cHfidiencypfitheisystem. with the exit air tenperature dropping with 20

| ower i.nput te r r i i di. : i r Ay RN
accor dgnce W t ?g %&%?%éreec}% g%%é?zeq}ﬁ%ll% mil neaihﬁggﬁﬁgn%tg&y%ea Bgﬂldﬁ&m
dehum di f idesiceant tpeeferablypiniashumgidity collector unit and teansfersuthe disdtyto mcheatiagrbmt in it o
which noist air is jntraduced.and fromwhich |ess noi st air.is renoved
after dehdFREAFRIOL FIt ,’gbz’sfegucmg the'dve Py reanTeddy teisyteny ﬁh%f’cdétﬂmr 5t

| east one 1868 ¥Pbhergy has the effect of coblinp/thé deREEH WhithaonbcEthe @5diRCaNthat
solution is transferred fromthe at | east one reservoir to the

dehumi di f ghists Seasydlem, Tdus.odry Aiuwhich exits the sestem e goeler ghandit ayould e tin dhe
reservqir '!lgg isture fromthe noist air; a
regenelrgat ggée\t‘/\’gﬁ;%ﬁgggéc% vesfg%esi ccant solution fromsaid at |east one
reservoir and 3 additen e prefarreit anitedimans of the invention, heat energy inane od moea dfli t

via which desiccant i.,s transferyred fromthe at | east one.reservoir to

t he reg_ené*?‘%iitB‘ie,la@e&i Hr é”g‘F"g‘t TS TR Fesgneraiey HW@B& _thSIE%?PHW chy exits the, Frgenerator
reservoir ;a bigwhiehl exits it defiumidifieri@RTRY e6Ihéak 818 debiccaMP be regenerated either on its
2 ] a heat punp that transfers heat fromthe solution in
t he first wayrioor m thoregereraiot i@gnk.on i n t he second conduit.

Preferably, the he u 0 } | e n i I ecei-ves
neat Pom | Acpuoing R sfRPRO R ettt byiite St ERLRTRE, § S BREIREE
t hat receiig/mevidedin Whiohthehelaiod hiridity iofitréated dihis seifeeguthtingnslich thad k@ ralative
conpressor. .. . .. Preferably, the regeneragtor conprises a

r egener at E‘Pmefh%‘rféPe Pﬁ_%ﬁnéﬁﬁ?w‘g?@w% & Eﬂmmnsgreggﬁ‘%??é?ﬁn*%ﬁﬂﬂ?%te PAMTOR by
contact Whhhhidity' of thataid entbimd eiet dehiin@ifiéredropa MRS air Rindiepdtate! of the RRiting air
conpressor is cooled by said air prior to its entry into the regenerator
chanber, praferabliiadepends on the ippntpineanditionswith dks eXit gir demperatueg dropping with

i ncregged . ref.-erred enbodi nrent of the invention, the
heat g’ﬁnﬁ‘?“% Iuﬂpdlé%emapr?r% S%r F@‘ﬁ%ﬁ%g{ﬂ' exchanger which transfers heat
from a reflhegeisathius grdwded, He acedrdmger with d prefasedt kabsdimentd ofigkd invention, a
exchanger., Preferably, the regenerator conprises a regenerator chanber in
whi ch noi é‘F]E?F’é’d} T sysiem ¢ P'from the solution by contact with air that
i's brought intostRRmARRERE chakibef idWhich Bt air is iACShUck®RAl tReRwhsrCRanger
is cooled by said air prior toits entry into the regenerator chanber, 15
such t hat mdis airds removed plersighumidifidatieyy of the air is increased.

In a preferred i { NV, I ystemincl udes a control
t hat s contr pgﬁ%ﬁlgp%%ﬁhts}tgﬁe$eaa?thta%tgo%gf éesrglr% 8%’ by the heat punp.

In a preferred anfredicomiit v whieh idesiedunt Golutiblds ataniferred fne thearileasi one
conprises a first reservoir, fromwhjch solution is transferred via the
first cond®eoHn@ the lebRIf g PR ﬁ%ﬁ@éﬁon RFPgrecidned: Poraid gt least one
transf err gtheMioft dABFaREHMImERAK frdm A BbR{ AR Y. a substantial tenperature
differential ios ma??\t ai ned between the fi rst and second reservoirs.
Preferably, theagggsnentar vdlichimseisescdasibaint sphitipn domm eaid st 1dast drierrsseregiviand
' secon; reservoirs,. sn%_ch_ that the level of solution in themis

subst aft | é?rfl?/vetgﬁé)lg'érﬁéom” There is further provided, in

accordance W t hageqn@fcenditvie Witeh desitcardfis irivefedfed frdiy BiY dtQbast Bneiebervditlid | er :
system conpri si ng: -
Y r{l?e regene%ator, said solution being returned to said at least one reservoir after moisture is I

removed from it; and

i



a dehum di f.yi ng chanber into which moist air is introduced and from which

| ess -s% i.r 1s renoved after dehum dification;
S, : \ \ : ’ PCT/IL98/00552
desi ccant rs@lpd’ Pg‘h'ssl tuated in a first reservoir; a ‘]ll rst

aservoi 1 ot nd aa UGB A RS A Aok e RLEh T e S8R K G batuionin

to sai d atthkeéohd eoduiteservoir after absor bi ng noi sture fromthe noi st
air; a _desjccant solution situated in a second reservoir,;
3 Preferably, the heal, sUmp £omPrisgs; st heat exchanger vhigh receivss heat diom

fromthe sge g&qﬁﬁﬁﬁ%E! | %ﬁ@xgtglit, a secoh® BB R%cHR] e?tthﬁt?eéfe{\‘}ghéﬁ from the solution in

a second conduit via siccant Is transtferred fromthe second
reservd r the sédoad conduitrand@rvemptessqr. sai d sol ution being returned to said
second reservoir aJLt%rl isture is removed 5 f{omit' and .. . .
wherein a subst art1%° LeftpSPRTEHAE" (OTPEFEhE TegrFe AR, I hSh meisture ds
first and removed 86 We EEGE6YBY Edntact with air that is broughtSih&Y thB ambd?eP bt the
i ncl udes a conduit connecting the first and second reservoirs such
that the |eopnresspr isqlogleddyy saifl ainpriey t© it Aaniynto; the regeneratos ghamberpsuch that the
Preferably. a‘mﬂ’d. : ' ] limted m xi ng between the two
reservoi rsmo;sgﬁeguc { bé?&ﬁ]fg&g%lfss?ﬁacﬁ%é' tenperature differential is

mai nt aithed bet welara irbfemed Bimbbddimeht of th¢ mwention, thiedwpepuaipineludes 4readditional heas
at least 5 rr]C, ,sych as af least 1 Qf[err or, at lLeast .1 5[err]C.

Pr ef or bl y RS JReh it et o Soiasran S5 s P VB i Serin g
amount of  eychangdk *Proftrdbe), WEERgEAatbMBorh 8¢ ¥ YdeRerator chamber in which! Bfoisfurk s
further provided, in accordance with a preferred enbodi ment of the

i nvent i on, removad fromotlie s9lution bieoendact withalin fhiatig brought into the chambexnPrsferdbdy ithe
I ncl udi ng f 1Lf yi . o] ratus_via. an,al
et and RROTR! e sRenaB it P18 B) b B bl b B PRRY B Sgoholid Ypber,

condui 15 hastichghatheanbisafeenfovsl #bility afitheair ieiicteasedmmuni cating with the
inlet; 20 a se Oequb condui t. havi ng an exit and an entrance

conmuni cating wi Fh2tHees odigpept of the invention, the fystrm jingjudss, 3 fentrelgthst ed
for nmounti txtoﬁkethgﬁﬁbﬁxﬂo‘fﬂe@ch&ﬂﬁ%ﬂr&dﬁ’ﬂhﬁ%ﬂgﬁ t the enclosure is on a
d

first side of the partition and the entranceé t0 the first conduit and the

exit f r om t Inea prefeond embodiment ofrthe iventione theah leastome sesdrwintempiriseswefirst

partition. . . . Prefer.abl t .conduifs carry.air fromthe first
Prtie. of 1 iSSP o which PhcR o BiieratACvis 2Rt s SonkRieahiy fect Fslie toi
the mopmt i whichuohaivn isStragfepeé dvid dhie 5RO icORIUN) PReféfabIOW Siblstanfidl kemperatird1e
system i ncl udes a seal around the conduits that seals the first side of the
partition fiisrntiglis maintaged betyreen; e figst apdgecpnd FFEVOFS-when a wi ndow i s

closed on the copduirinly, th? %IrSterIrnD iéxlc%udcs a dhdiit a8 béireBd tlgpgﬁ%ﬁ]&gﬁ&oﬁ re%eg\‘?oirs,

i nvention, the apparatus ying alr is a I er.
I n a pref esuchdhat ol ehofi solufiort indhém vesubstentially ke sapygar at us for nodifying air

Is an air candi t.i oper includi.,ng a heat pu that cool.s ajr.enterin
the inlet by cont®&t %it E‘S{r @qub‘ged’ Tn %cﬁ?]i%ﬁréctp? g;{‘)tht AePIREEgEd pepbodiment o tHe

4 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;



In a preferred enbodi ment of the invention, the apparatus for nodifying air
is a canbi nati on dehunidifier and an air conditioner including a heat
punp that &Wd9%26036r entering the inlet by contact wtPCE/RESYVWSRurface
of the heat punp. In a preferred enbodi nrent of the invention,
t he dehumi di fi er fegeneratesh avhichi kéceives ydssiesans solusion dfreror thoeskcbmd gessrvoir and
BRI EF DESCRI PTI O\I.%F W, NGS The present invention wll be
nore cl eaf??o‘ffﬁgmf‘ 'ﬁrle%ﬁlﬁgbrst ood fromthe foll ow ng detail ed
description of kRecopdebaduiediaeviticl desidast ik hansPied fromvthé etohll eeseAidl to the
reference nunerals in different draw_,ngs correspond to the sane

f eat ur es, T¢8SAEratoR kthpalntiqn beingretwmed do sayd sgcond; TRsfEVqIR, aflgr; maisture is removed
Fig. lsschempkifal !y shows a dehumidifier unit, in accordance with a
preferred " embodi ment of the invention; Fig. 2

schemati cal |y shbereinasubsiantiali déroperatisfei differentisl, isi maiataimed deetweenathe hfirah and
alternative preferred enbodi nent of the invention; 15 _ Fig. 3
schermt i c8F9°09 EHEWI™ system for wetting a sponge with desiccant sol ution,

in accor dapfeferdbliynthe spstehahéiodesenbsiduiiRbhndfing e firsy &t écRbnd AR&hvoirs
Fig. 4 shows a preferred caonstruction_for _a w ndow nounted dehum difier

unit in such thetdhe lexelod sojution in therafesubsigntialydhe sae: of the i nvention.
DETAI LED DESCRI | : P 3, di. fvi
oyoted 10, i abrirali e g RO olR M el mixine benfacll BB heuthlh

conpr i ses sudisthat the tsulstamtizhtespetanwe differetataliisi maifitained betveaeh dherd. 2Prafechbly, the

regener at or ni.t 32..Myist alt enters. de 1.di fyin nber 12 via a
noi st ai rtmeéﬁmfté‘tléﬂamlfﬂ fsgglle&?trsatgeé’is_f@‘ asaﬁleaémg a{%‘gilggé' dry air outl et
16. Piefer@blp! @b @ggt@ﬂ ifRIHRd mERAS R fpréviding RH QB4itiSRal 1HEEdCARINNt 88 1 S
punped by a punp 20 from25 a desiccant reservoir 30 via a pipe 13 to a
seri es of nhivingbetvepr thetwegesernons] es shower a fine spray of the

desicgant into inter) . e ' S ef er Sl ith
a Clglcel | ul osgﬂéﬁoﬁggﬁr}%{ é’?‘?véﬁ?éaggp s%cgé%ggy%qgﬁ %ehe?lgfer%gugg&da/ dlujiﬁ’%thgpér

for such jnveptsean aif eodifying dderk,docdndingl oW y percol at es downwar d t hr ough

t he sponge material .into. rglgervoi r 0.f Mi ai air. . er%eri ng .t he. chanber
via inlet 14 cofit RS IChEme PR B, moflyingajf sutering the ap Vip ANy
hygr oscopipflet dnll ha¥isg b sir Vi@ foMBO Hodifledi he noi st air and drier air is
expel l ed through outlet . 16. Preferably, reservoir 30 is |ocated on the
bott om of chanb@first pongyitthexingnentganse &orpif ang ep gxit commypisating with the|inlet;

directly into t [P : P . X

5 b RSt Bl muing o et n entramoe comppunfpeting with e outlet g,
35 and associ at eadnomitiog sBifaqeuadapted for roemiing dind dévicenoara partitiossisoch dfat the

reservoir 3Q into pi 3., A divider. 38 recei ves desj.ccant fr.om i pe
157 and sefdopt & & Bt Sasto bt pbftion ) She eh9ed Rt one: sagoni gus e
unit 32. Aowpth¥ Secdhd conduit af@§fihfel GhiaQBeond s{derotiRipakitona control | abl e val ve
or constricti on%J may be provided to control the proportion of the

] I

5
desi ccant whi chPreferatdy, the consyitn eata oiF from the firg; side of thsinagtifioa to shesscend side
const rict 'o?ﬁehgnﬂﬁﬁ%rekéﬁlﬁ B burtlng A6t 8 Rhapted 1BF AbGAGHY oh £ RiHlabR/slifthd "

response to
the system includes a seal around the conduits that seals the first side of the partition from the

second side of the partition when a window is closed on the conduits.
In a preferred embodiment of the invention, the apparatus for modifying air is a
dehumidifier.
30 In a preferred embodiment of the invention, the apparatus for modifying air is an air
conditioner including a heat pump that cools air entering the inlet by contact with a cold

surface of the heat pump.



amount of noisture in the desiccant. Chanber 34 includes a
heat ,exchawsrggé&zwi ch heats the desiccant to drive off parPIC'IﬁE%IDOSSZ t he
wat er vapor I'thas absorbed, thus regenerating it. 10 egener at ed

liquid desiccant is transferred back.to reservoifr 30 via i pe.40 and.a
tube © Caa o BhaeHet SpibRimERl ko BRRAYRIhs, Ppated drb BRSNS B e
40 is pref esrabingticiodéhairidifier sndean air conditibmibeinchdingh dat p@ap diht icodle bir@htering
an outlet 62. Air, generally fromoutside the area in which the air is

bei ng nodi ﬁeéﬁl,#@h?%‘%"t%@ alghgytacs phthe HFQSP“@G- and carries away additional
moi sture which i g eNARMLAERMoAINRR b fe ﬁ*v‘eﬁﬂiorﬂ%e_ AR TAAN s b AehitBRifde syddif
air exiting at exit" 62 15 carries away this noisture and al so noi stu¥e
whi ch was eedeseebedfhergint he desiccant in the regenerator. Preferably a
fan (not shown) at exit 62 syucks aj 0 age 3

Al ternatively or additionall% ea ' ghstert®d-from t he regenerated
l'iquid desi ccantThe preseftOnVéiftiofl afillCiermbreceleaty B Ailly indeR®oddeREMeha ollowikg
bringing the two desiccant streams into t hermal (but not physical)
cont act i ndetatlefedaseription pdthe pyefsrred renthodimentpihereofaliin evhieh ithe|spmerrefapence
addi ti onal -ﬁglégpd?@ ans it er. o)

t he cool er hgxggﬁ:szﬁglﬁt% egl\# r%H?%gn&r goggl%er ae?‘éa og’trtﬁégﬁ-g{:?@?m% gé i‘%@a@f’
ent ering t deawimgpdnevhddhor, such that the desiccant returning to the
reservoir is actual]y cooler than the desi, nt whi.ch enters the chanber
3 g o SoRERehiie R HD G HEREIE U 1R RPIdaREe 1ot PIBTHESS
system 44 g bBdithehtlStth¥vtiveition; extracts heat fromthe desiccant in
reservoir 30 to_provide energy to heat exchanger 36. 25 Preferably, this
heat punp incl ufs % isehenatically ehows ex shenndedelggnidifiier hinits it hacconiaten seéth e
t he SXﬁ%rgave%réfgﬁgcpgnggoﬁhe%?g%ﬁg%mi%ﬁgI n reservoir 30, which is the

evaporator 0O € ‘'systéem an expansi on val ve 56. This transfer of

energy 1sesul ts Fig. 8 schehiativdlly shpey alystem dbr whbeting @sdpoigivith desicvddlt 6blution, in
contacts the air bei_[;ggl drjed, thus, reducing the tenperature of the drie

air. Secon&?“?‘iﬂngewn_ prefsmed epbodimentof the neentieaandne overal | requi r ement

of energy for Opgs af ks DréreaN BERMA o for a FERRNA InhohnRd &Mﬂaﬁiﬁé Bt Gh

of 3. Since the energy util'ized by the regeneration process Is the

maj or ener ggcordeaod witheprefemed ethizodsmentafithetinventionduct i on in energy usage can
ne Q Q < e

have a maj or ef f eg QVEL A e >
Addi t conal 1y, this metl DDEYERATION OF PREFERRED EMROBIMENTS

re_glenerzat or may Abdekungifeing néysrnb Y 0diin ectorigrki With dlfpi'éfbriédé@mbobﬁ@éni W the
coil .

I't shoul d BEeRHMLFUNRIBYS:1a8dts WRNHR Sptions @ debymidifying chamber 1% andia regenpratonnt
I N reservoihi fot o aﬁﬂ{ ted. k t o
general ly ltljlfentv:’:llz‘h |0%1St gl é re%ltaelrsﬁ&hﬁ%ﬁ%l?‘ihﬁ“ C b??%ngfé\% st &P gg%?r?daﬂgrﬁ & exis
parti cul ar chasbharddvia admyairdoutlets. |init on the required noisture level is

t hat needed tq@ di,ssql ve the.desi ccant .such t t he siccant_is in
solution in the%pgﬁ%ﬁe&eﬂ@o imenh f, F}nv\g,ﬁgqp,ldﬁ%cqqﬂﬁg%pgn}pgggy ajpump 20 from

hi gh, t ke dasiegicédnt rddesoiresDd vilalfipc 1B a isErids@TAOEZ16s 22. TheséRbEAL Dolverahbe
air which enters chapber 12. Thus,it .is necessary that the noisture | evel be

moni t or ed &PAY BritF slesigennt dntentg| inteper A6 cbmbeat2, suhigh de prefershlys filled withqai d
even in theepylose sponge Er}ndateria"{l%eﬁ%ﬁ Afis ?&ﬁ%’aﬁf‘ﬁsgﬂ) lirP WY Gt 136 s hﬂfp%sés?ﬁ!e

in these des[ccants not be so clo controlle
However , evdesi¢aant slewly peacpdates doovivend theoughi thesponge matesial inltd rdservse S0ehioisy yix

shoul d 10 on e per.f d when the npisture level in_the . )
desi ccant FRlEHRg e §E%qure‘8élmg{ T4 contaets the desipgant drgpletso Singg therdesicesntis
gener alspy &zg:hedoﬁag it 6B SdteP VEIYr ffm tHRSndi H#BndOdrier air i expelled through outlet

desi ccant,whrch increases W th increasi n% noi sture. A prefe
measur i ng {lfcPreferably, reservoir 30 is located on the bottom of chamber 12 so that the desiccant from

sponge 24 falls directly into the reservoir.



volume of liqgiud in the reservoir is by measurement of the pressure in an
I nverted vessel 50 whi ch has its opening placed in the liquidiin the

reservoir. wWosnse%s?2 | eads fromvessel 50 to a 15 pr essur PGTALJRN0S2 As t he

vol une of the desiccant increases fromthe absorption of noisture,the
pressur e neasuiled posfergaligrbdattmentaf &lmsmsentﬁhmwmp] 85lahd aésdciiattdhimﬁommlmﬁp
and in the ator i.s fair '

t I, h
i ndi cat i Orqegpcaphgolg%&}%enslpn%gqsgxggﬁgﬁdﬁtgrﬁﬁgﬁj LA &w{d%’b? %/q%glvaﬁgﬁ}fpmgfﬁom

noi st ure @i B diddehds gahdfHeSdesicadit to WERs P BndPirblotegenkR¥R unitREr KIGRE or
above a preset value, the heat in chanber, 34 is turned on. In a

preferr ed conttaetioned9 (prsferally a| qqo@wiab!mvalve or consﬂgctwn)m betpsovigedsto pontroldhe |
falls I €ke IS

Q her ? or sﬁ\li;rﬁﬁll gﬁ%é deL uence tq%ﬁefé%u reﬁ ? (&){Jta %%nlﬂ{] gﬂ&?‘j fer

r egener at icomstriction is used theocmmsmabé detiecahe Iﬂ)pfeﬁrab‘ljt oohtroliedd i yesponse to hhe
regeneration eff ci.ency. %i t he heat punp efficiency. In sone
preferredag’t‘l’HB r%‘ﬁftgredP aesiChaMint i on, especially in cold air systens (as
for ice-skati n@:hwne&sé4 1'nEluH@sVa Rt SEYESAPBE WHRHHCBN e REE S AR offpak | o'
of desiccant in the regeneration process.

ot her preftlmrwatdrwbodhmahsgrbgd, thesoregengrating 8n heat punps or ot her heat

t r ansf | C rovid
tr ansflgr heat ﬁgg?ﬂef%]s&gqmég%aﬁcr W gcrmﬁ b8 ko ljeée}(%éﬂi%gra 1 gfj@doartu?er om
t he heat ed2 fwhﬁdngatﬂatdrﬁamch gs ﬂﬁg@h&heﬂll@ rchﬁhwherm 40ti9 preerhblly Iagntamﬁd ina

S are use t he

desiccant on jts 0 eat pu )
sour ce of chagb %é&wg‘ﬁb?’% nlet 6 P“téett &Fﬁ‘?réw 5my oytpide thenarea in
desi ccant lﬁ’%"\@k% i teing ﬁl&ﬁﬁé& %fe?éjme chamber via inlet 60 and &&n@%@ﬂ qeﬁlonal
under st oo at cooling-of the desiccant in the reservoir can r

dri ed moisture wlch is| anporntgdtﬁm;l theistiltihgl fAesiacanthin dkbed thenair exiting aboexit 62
preferably a | ower .t.enperatur nt er N he
Genum a1 1 Faies BYEh BiF ARy A AL olsBr, atich v meVRd dfomh e iR g A
7 regenerat'BhIRi'efeﬁaIde fani(fotehpen) ab kxiy 6218eks hir WORT chainber SlBEhumi difier is
used in hot clinmates in ' . anbient te rature%ﬁg al.ready hi gh.

h t
As indi cated abdigmatigely oB]aii&Hgn eob?"él‘ﬁs“@ﬂsf ed dFamithe regenerated ligyid desicqapt
probl em oty the desH@hnf! dHtdHnRdort ﬂpﬂ@%gafera@ér Wbﬁﬁ ihg tﬁmn&%ame&ﬁngue%ﬁ{s%wn

so that the dehumdifier solution ter con ent may ept 1 n a proper
r ange. thermal (but not/physicalyicanta¢tdn aithermal mraasfmtm@omhqwrﬂ Alternativelydor

ool 1 Pasiptat P HER Bl sprnt RERRD bR AoflRI etk iy cobl Segoapy

desi cc ant mairtgtth@fega:ﬁuﬂatbhmhd tetser m@ixcdaﬁqmtéxﬁmg&fw réﬁéﬂe&ubg rsaet thaf the desivcahtime
or water content of the de |cc SO utlon H r.t her nore,

th
dehuni di f FERmENgp heteseryair is agtuglly, ri gidasire ich gnfers thecham ﬁ%rc%and
then ceases topf Eﬂwfarédfb?nﬂuamashtw the\Tnbdh@ibh, 2R84t gﬂﬂars?étanqa 1§Efovﬁfeﬁ§vh1ch
Dehunidifier 100 s simlar to dehunmdifier 10 o , sever al
si gni fi caextracts heafli fidma rtheclesiccapt i reserviair 30y & emvmaegnemgn to dgati exshanggr 36.

nmeasur,.ene er nt ent VO |
reacur 1 Bree i naCRbaP lacfa i USGHRTD rotmgPCe BRI koA F s e
as a saf ekystéfRpsstcond heat Bechafden 6 ircb@ 0686, Witich EQH@WIﬁnbﬁtdi'dafﬂibEsystem, and -
Second, the heat, pu transfers heat bet ween .two streams of deﬁl ccant

sol uti on BBERRpnSion va Péﬁ&@ fransfor Of pRergsteswlisiip 2 sesuceghierperature ghthe dpsicrant,

di vi ded i Wlﬁ’chté’é% e the &R %e,%g%n%al @m%(}&mm p5 he thE ARG o@ﬂx@dr%%ﬁ@@o&dnﬁﬁ?l y

a first stream being punped”to nozzles 2 a‘‘punp system

condui t 1Mnsfudohemg30mdlus¢sr%amvbellngqlpmd of on@rggefmeoparaimgjmetre@emora
132, v

Py 3 ngSHRRBi A8 to hifhul GEDhCe 8 chrly yriierddhy e speealinppieeR B 50
ef fect i s nidord@iRRf feGuiterHYTTONthe SySlemO thié Reius@dr i &Ibrgyluﬁg[etdaﬂflﬁv@gﬁna}&d

30B. In general, 1t is desirable that the two reservoir portions have

di f f er ent effestar theuovesall gfficieney o8 Sheasystom. rAdditionallynthis metheidfgfcheating of the
concentra [ d rabl e
ooy aeAlnrt HERYGRAL miPUEA S et 5y AT IBERL,OAR ShlapSsl o0
bypass pi pes shown so as to 25 transfer noisture from one portion to the
other. In a preferred enbodi ment of the $nvention a
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tenperature differential of 5 [err]C or nore is nmaintained, nore

preferably, g Hhohegkl C or nmore and most preferably 15[erf&-ﬁ,g§m®g§n
nmpre. Thus, 1n a preferred enbodi nent of the invention, reservoir

por i on 307 1S iy YAMERALHGR ol AObSLASoPhlBPY G e oRSIekal i PRENS"

a di f f er enB0 cmdsihrthe tregomefatsd desipreant mustr ganetally e wdthivh osvbain \mmtsb vilticls lmﬂsar
t of the dehumdifier sectl&r;\P U{ther re, i.n Fig. nei t her

F
secti on haae%@ném ¢ BaRicigp figticeant usedpAdpwey limpfinthe ragnitsd rﬁ?lé@%levelrls that
absent froguégel n@rdlﬁ%?veefﬁéoﬂésm%ﬂﬁt QichFingt tHe @Esiddat i©fin Ebfition in the- moisture.
8 a preferred enbodi ment of the invention, applicable
to eithér ﬁog@verlwaapn zhe wpistupe level is o highsthardesipennt hegomesmaetficient infremepingy

Dot e oo s Mot btk BRVEE: (BbE oL TR Mk Bibessary that Hié'oibelre Ty RS

shows a pr efonitord @dbeshitrgtied. Wfshouldrieppsied st el Osicdits i € ligRANGRN 24 then
this 5 system an open _conduit 200, preferably in the formof a_serrated
hal f - pi pe PABsepsq plogbsgibed moistureg Lhe é’féoaﬁtlresléY"&t"il Hhese desiquaptschesd aehhe se sloselyon

flow throu y
wets the s LanRHlHbRNE: VR IS, LERORE rGhentiifon procel (WA neB Encty) RbTH
pr ef erned snlyde pci'fenmexbwhdn the sxmlm}fe rlcs&hintthe desmd:ampe alsoversonie lekeki ccant
solution in the ai st _be rerm erefrom Oh met.hods _of
wetting sponge 3‘51 v&?‘PT‘lt%’@u@n‘ft&“pEr %‘i?ﬁ?uﬁfp & gﬁ m‘l_"aﬁ“ﬁeH?n%tP? thenplumg of
such met hodediGnt) SVHISIE therdasdshRitR liAcred ﬁlfcnsm@. A"b‘l@ﬂi‘l’&:& Mmethod of measuring the
Returning to Fig. 2, heat punp system 44 extracts heat fromthe desiccant
sol uti on i Wolume ofdigyiin the weserodr isrhyrmeasntement pHthetpaessursi incaaninvertedovesstliiSo

104. Heat , t

o ot WHh B e Sty BLELORTL Houid in GBI A e 39 Gbdak Hdnt esbd] 30 10 &
ﬁx c hange[1 piSsire ghu@gi;tt e\ts thcﬁmﬂumb dfkdesibaat ini:reasastﬂ‘tﬁ? itheef Toblsmaﬁ tof InfistirdOthe
eat exchan 15 104 to the regenerating.air, Preferably, ressor
s a1 S0 coBHSHTDmeREeA ol RBNER pAqaieases. Sincel HRCBH TRH DS A0H dnvey

hot, addi t r&RAérat is faltRf con§@ak, tis ?ﬁ@s b 885 RIdRLAEN of Th¥ aﬁﬁ)uﬂ§@pdésﬁ5ant and thus .
cool i ng the conpressor "and the re igerant. Alternatively, only such air is

used for s@&fhe amountefnpistyre entrained in the depiseanteWhen thetmoigturd kgeloﬁcreases ahave

entering t t. | ai.r .20 remve

nmoi st ure f?g’résg ég}eg%geﬁp %@‘%%1 1?&1-%% 9 sh}s/% re{‘%g 3}?895‘? 5 E"ﬁé‘a’ “Ui%hnt

of heat2o whenthemolpﬂueé leveslefallsehﬂmdsdmmbtheﬁ 1dwee prasetevahie) the Hebier 3uifned bff, set

point is deter ed controllin he amount of heaf transferred

bet ween t he tvvoog"fréb %Ers which may mﬂ“em%cfh% Chlsin Idecutyrut pRintt alihe; rseenegatiop

Wi th the aipkoceid £EitRE tElRpHRuFY &f Ble &Pk lﬁgéﬁ&a on ef@&a%?g&ﬁeﬁlecﬁeﬁfggmﬁg()%
? fromthe

hum dity. sunme further” that the anbunt I qui d renove
reduces i t sffivigncyi Inysoms peefosrod cmbtudlmleetd@tfﬂwgnvmonecspemahbunecold mrisj'st&ns (as

si tuation, nt nsferr. d bet str of

desi ccant férlhg ?%n%% ks Bégaé' Ea?é‘?%?%?%é’ MR S?me \,%"ﬁlﬁflg fg %?Faﬁff in the
wat er renoyeginération procesai r, so that the tenperature of the desi ccant
solution fallin gﬁ_}o re erv0| %qz*o from harrber 12 is at the sa

tenperature as efpreiprred embediments of; t eé&%@ﬁpnth?a& PYHIPH, 85 OQE’S&C%WM
certain anpydahs Plot "bwhWof sﬁﬁ;ﬁf&t?g %reagfowd%@ to transfer heat"Bof e’ dﬁeghﬁf exittlggt

t he regenerator Is set up, such hi's sanme tenperature an

humi dity, ichamesrolZeand hefmzmﬁleahaat&dtmoﬂst wintleavirtg ragendrator ehambarri4, o hohti the.
;‘I-Pl)rsn ,[rﬁ g ng#c':crg.ﬁm its way Pto ofan chamber%QtIf ixga %Iu}rfpg gr%l ‘Jsgd ttﬁ)e gorllgcehoefa tfle ﬁle\:/a?lmlag %lee
9 30 at a temperature lower than the desiccant to which it is transferred.

It should be understood that cooling of the desiccant in the reservoir can result in dried
air leaving the dehumidifier which has the same, or preferably a lower temperature than the
moist air entering the dehumidifier, even prior to any additional optional cooling of the dry air.

7
This Sheet Has Been Replaced

AR




Further assune that the air entering the dehum difier chanber has a | ower

humidity, . for exanple 80% For this humdity, less liquid is renoved
(si nce the WoP¥2ha02hcy of water renmoval depends on the PRFALIPP8F52 and -
thus, the tenperature of the desiccant solution |eaving t he

dehumi di f i Biis daturd ds espeaiallydnepfid. whepsvtheedehumidifier ik aisd inahad rclivratesris which the
desi ccant s I.utieon 5‘}“3'%5]?@1‘15'?}? dehum di fi er chanber, the anmount of water
renoved friom: rﬁé AR S il egh regenerator also drops. This results
in a new bal ancgs inidichteli abovajahe bf therpavtsiemandtht dehuelREfi&roBems is theg@bblem@T at
a lower tenpperature. A |ower terrperatare desi (i:c,ant results in cooler_air.

Thus, the determining e aponnt o wapeidn dhg desigsant; solytion sodthat g debymidifisrespition he
rel ati eﬁ*g{% i i : plslraﬁggiallythe sanme. It should be

under s;goo t %OBﬁnﬁglgﬁg??%prﬁl%?pﬂput alr tenperature has 10 substantially
the sanme effectA dehumidifier 100,1im accordahes math enpreftimed embwfdimers ofthenpresent
the systemis sel.f requl at.i W t . ehum. di fyi ng action cutting
o1 a1 somveds sheTbochis S ot defhuitfer s crf ERHTH vafh Pilps Skef Ko
pl ace wil lofdppaasccant otionandaisydoel nbheqsiod by MBashRdnAne @f HicOVBIRNAE Bk ater 2
to absorb noi sture and_the ability of the solution and on the capacity
of the solcgnieshoidhe dgsicsantsglntion. Fysthisemars, tho dehugidifieropsgateryniil g peedetermined

I n gengral ; ' ' . um s | Lkt V)
the 0 ° ey cBicheind Hifloadd REAIPRERRIY, Widlodoaly Bhiedls SRty

t he sol ution i Dehonlidifieod00 is simabac o tdehwmsidifierhibofj Fig.hk with davdrall€fignificahtt he

tage,.of desi inth |utian in 30B h | .
S | ar |y, ieep s iiles B 0o aRbTRIRG FEeEmERt SEHISORED B s 5 20
beconmes Nyge HaPS GEVEILALEd MbddutcCor th®idsdistatt. |IowseRVarh f4 ﬁfé‘aﬂrerfxﬁit'rgi;h%&

happens is that it gets heated. At sone point, both renoval an
absor pt i orprevidebdss safaty mpasureif $hel solution beeaspesdomeancentrated: hey r especti ve

o B et apiRy Bl blnkp Wbt B oM oDl of AREIR ERUBRbERY T

poi nt can ttasfedid Stoedressrvain 80 divhigphtih eodenientiy dividedfintoetsto portiorsf 3TA exid 30B

bet ween the sol utions | onduits.102 and, 104. |f qreater t 1S
Cranar or r camiged i EiRe IR § 55F SRR odhey SPESIF AL BhAREEP SRR 1 he
regener at Of3024#& a conduit 102 @A @tectnd strégm héiigHunped ad 2dpeherBRF Mhiti32 ByoApifs -

For | ess heat punped, a higher humdity will result. In addition, the
set - poi nt syptem 138pung cenhlf4t on the relative hunmidity of the air

enterijpg the r : : i : i - W w
rount A dehar dRrap: fires 3G Gpcluding thetfae it BRIAL s colerdlt Qi afel lfdp
enbodi nenteffeof is td generate atcommonllevel bf thesolntidn irepdrfionh0 Ao and B@B Uni gensabitris i n
Figs. 1 or, 2 i ontained in an enclosure. 112 whi ch hangs outside a w ndow
114 of o risrble that tgpvie Tepermply Pouiots Bave difereilsompsralinter s becssunbramily ™
support  urfifferdhl Concémd@tisnsOst dekiGERVY ISdwdver, it is considered generallg desirable to provide

10 118 and is firmy attached to enclosure 112, Passing through
wi ndow 11Zomeemixing besfyden the, seglions, by seme pumpig Yia b hyiase pinss shewn §p & ta 4
and dehum.dj { ' : j : ' : on
the to8 oftirptsFthsfilye 2t Gho S 1S Bthet 18 A hrctend Embodimett BER ielifiEs
120, tpdnperaturandifferenialvesi 5 80 tdr ehore i melimtaiing, wionel proferalsly SUPPCiczsngrevnd t o.
the dehum difier_unjt. Preferably,. . a panel is sjituated inside the w ndow
on whi oh GBPRBFEIRN LSS Ao et This 15 pistpdeebodignt b tie eron or
inlet 14 gpgriyit p&tiod B0ARS 6t a fenitlefddure 5980 dNbehoRCand Ydsepidit g&rﬁ@a 30B96lat a

to carry away noisture |aden warmair. Additionally, inlet 60 can provide a
cont r ol | akmperature iSRG oifssi resh air to the room In a further

preferyed enbodi fi i . i R f Ei i.s..used

10" T2 comiindnh on A RN ror A BeeRlok A B2 bl st 1 eidt 6

convent i ongt ofithie dshghidifierdediiion. Furthermore, in Fig. 2, neither section has a cellulose sponge
material, which may be present or absent from either the embodiment of Fig. 1 or that of Fig.

2.



mechani smi.ncluding a heat punp that cools air entering the inlet by
contact with, surface of the heat punp. For an ai rfﬂﬂ ner
bot h heat e%@%ﬁ%&%s woul d be out si de the Wi ndow wi th alf,(r: }0655
roombelngfed oth alrc |t| ens 0 n

A Py FRUGT R s BRRETLGBPIbR 6°RHL 1a°fd2 Fs

fromit via con ts su

those s howrholzﬂesFm@ noé upgdo Rather, ftbdi s;sx’aja nbmesrme seplm‘ed Syl dripper sysmdlftdno Rihigh
units with the convenj ence of .wi ndow nount | When used in the

fol | owi ng digaidds dripped erpthggelinlosesppageto GPH‘“}“HHIM’@* thg,spengs;

conj ugat es nean S5l e
present inventi g:ﬁ h@agsﬂégjge%rgg%%?%%%ﬁ I zaldrg) gﬂ %}fgfﬁgt;o%gzgm éggongmau In thf"
t hereof 5 | tsy@em shopérd chreluitnZ2@);, preferibiynint theafoymvefr a seirated haif mpe mﬁﬁéda writhd

Fol Tow g et shifoR B8E i eslotios sobion e et GRpiGy Hpba b iy of we

the art. condult and uniformly wets the sponge. In most instances the use of a s% nge, w1tlﬁuf~lsﬁ|ﬁy is
1. A dehum di fjer system conprising

chanber i ntraefgrrd pinge thetusgof 2 semms%@ Je dispamsipn; qf&wm ISOIFE% mﬁheﬁr syhich
air isr em:ﬁ{l?éii b?fréxﬁfsveg %Péﬂdi’ﬁ f(btﬁé’xlxhgtﬂods of wetting spong 34 d5f '08&13% érQJ)ﬂétdf%ﬂlllh
situated in at [east one reservol FrrSt Conaur PSR

desi ccamt gdalthd arbad mytsneitmfembd mhyrhemsed imehaprabm&:f tieniavergmoar voi r to

t he dehum di fyi hanber. i,d sol ution dt id at |east,
one reservoir a&t"é?mmg to Fé%rsg R FIST Fg%?ﬁ?st ﬁeét ?FB {)h é‘%f‘mc% solution in
a regener atQqhdih 10 ahEEMIGS it shé:@@smcmﬁqh bhdfit {640 fl‘leﬁﬁfnﬁnﬁ*syétéiﬂsm R&8rably
reservoir and renoves noisture fromit; second condU| t
via whi ch chegtaisain aditien miecompenents gontaigedin ﬂ@amquﬂmemeﬁeﬁlgol,rart eptional
the regener LUt ' e

reservoir alfe%l Exc}li'?%? 138 t&'gﬁﬂ&}’%{@g %&oﬁ%’&%g ?éﬁjg%émj Eéﬁﬁg et egc%aélg?r
punp thest tr0nefthe mghmatxrfgr AmPréferabby, thid cmmpmssbxhs aHSorwoldch}dthbtregeneﬁatiﬂg a1r
solution in t cond conduit. . A system accor d| ng t
claim1 \Aheﬁi‘é‘i"?l"ef’ﬁg‘%éﬁ £ Al dhYPTY gﬁ&a pditignal ajr; ?%ttus?ﬂa‘é‘tth%ﬁﬂ%‘ﬁ@‘é’ﬁ may be Yysridor
recei ves heghblihg @R chRipRRddd tdn@Ntht refripRrant. ! RiterfQRAY, lonlP s8GF atdish@RE for such
exchanger that Teceives 20 heat fromthe solution in the second condult
and a conpreeoling.. A system according to claim?2 wherein the

Femoved T rom t nelted ﬁ%%l?‘%%ﬁ%gﬂg SR g ook E\E ReenteRiol M iy o e g
chanber20 250 removelmoisture ﬁsomythé demmmﬁdaﬂmﬁﬂmisaem&ankﬁf eﬁned A@ount of heat.

conpressor js cooled b dair_prioqr tQi into, the
r egener at orlic ARG Feds%’é‘PP%lt“H%W o dherdaveption a’énB%Hdlté{b$q¥|R%lnfofs (dgtermingd j by

i ncreased. con@BllingFhe amourfoB Nk IR AR R GloAlBs Wher ei n the heat
punp i ncludes an additional heat

Consider the system shown in Fig. 2, with the air entering dehumidifier chamber 12 at

30 degrees C and 100% humidity. Assume further that the amount of liquid removed from the

25  air reduces its humidity to 35% without reducing the temperature. In this situation, the amount
of heat transferred between the streams of desiccant solution would be equal to the heat of
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).



exchanger which transfers heat froma refrigerant after the refri ger ant

| eaves t he second heat exchanger . 12
6. A sy ®R6026ccording to claim5 wherein the regener atPST/IER{AFI2ses a
regener at or chanber in which noisture is renmoved fromthe solution

by contact wi t fuether askume that Bxeomgmtemna the dehumidifi¢rechamberblas. a lower Sumidity,

A t di dit h
Posy o4 SEERHIRS sbf. S ol SuBRARE s D e R PRI b
such that réhévalrdesends on mﬂnmmty)bankilthgs, die tbllﬁperature of thaidesitcant ﬁtﬂm&msledvmg

8. A system a ing to any of__the recein cl aims and_ i ncludin
control. tﬁ%&ée%‘lﬁ’éf%% ‘ﬂW%F a%/“«?ﬁ’oﬂﬁ‘f’ev g%?rﬁ%rfeéﬁt‘?r% effesicpant ﬁ%‘&g

pUNP. 5 from the dehumidifie? YehhuBBera G aofsk 59 “aﬂsy Rholie ﬂ%ﬁﬁéﬂs&ansﬂ 3 f{§r om

wherein the at |east one reservoir rrprl ses a first reservoir
whi ch sol negeperafos _also drwseTmsemsudtsantamewmalaace with drss waten teneoved @nd the desiccant

f h ' f '
10" ey B Pt &0 nBrefits SRt ToRTR B Feciora Thum o

the first tasbrature of t}seeeﬁﬁdg raelsesr mbr&ducsedc IHdwevtr, tthe reRMed Haidig} wérhans i n
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themis substantlallyt As ystem according to_claim

10 and pr S¥hstAnfi! Eéﬂlea%met Ftoﬁli‘a}‘ldl hermdéatog#ﬁhﬁta ’f?fi“‘fﬂ% Hgnputzy tempefafise fag he

t wo rqgerg&sﬁmau e same efféct. A system according to claim 11l wherein the
limted mxing r sthl |nasolut|on concentration differenti al

bet ween the fi s quf&rrsécmbddmtapﬁmermvenﬁoﬂﬂle sys@m is seif sqgaiaa'ng awitihitili ng

to claim ubst rat re di re
mai nt ai ne %’P&@lﬂ Orhc 2{1 Cﬁfl 'gh umfalty leve_{ Af‘t Whlclhthls

syst em ac ¢4xesl| pnﬁe tvdll Cdepéria éﬁwwpﬁd:lfy bflﬂlefdohﬁfonr@%%&%din nbzZ1® 71 & ARkt a

first nperature and the second tenperature is maintained at a

second teﬁm‘memné the abdiy of he selption 3pd onrﬂﬂ@ [sapacity; pf thesolutips sprayed from

t enper gt u;lgzzé%sngu °tf31teﬁ915§ﬂ°l wure™ System according to claim 13 or claim14 and

at connects the
In general as the air at inlet 14 becomes less humid (relative humidity) the

inclu

dehumidifier becomes less able to remove moisture from it. Thus, the solution is cooled on
each transit through the conduit 102 and the percentage of desiccant in the solution in 30B
reaches some level. Similarly, as less moisture is removed from the air, the solution in 30A

20 becomes more concentrated and less moisture is removed from it (all that happens is that it
gets heated. At some point, both removal and absorption of moisture by the solution stop since
they respective sprayed solution is stability with the air to which or from which moisture is
transferred.

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

10
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first and second. reservoi rs such that the level of solution in themis

subst ant i al w%%ﬂz%? 16. A system ﬁéf/ﬁ.ﬁ)oé%zt o]

claim 15 wh e condwt prOV| des for only I|mted m xi ng

the t wo res VOII.S.S ch t at sai ture ren a |nt

oy i SR aleten S PafonSETEY, Bodind e Wiaton ! v e TP oS 4,
addl ti onal and515 cértdEpélﬁﬁlng’iEH)Hﬁltlnl@f 1mmurmhmmmm& RAtIEMDS o€ Fogsy Qi 4nid 2. The
18. A system according to claim17 wherein the limted mxing results in

a_sol uti on window clospr-emibeden effherenduits i seal the seame Sem the ogﬁm Acmwehcqrﬁéw
fist and segg %@m&ﬁ%%% ottlet W&Q the- Srindow 2nd'$ {Swn rpI) wet é@ e QBunll Wh%hﬁ.g

a dehum di fy er into nmoi st air |
| ess noisst Preferabl;amrpansl isestmated infidethedeindow dinf wiish icontyols are mounted and wéhich
desi ccant sol ution, .af, a st .t er,at Jt in a, fi 0| r
o en s ormvites s spiGihie it o8 b GATRRA Bhfe s, Pl BsS Sy Sl 6b iy, YT 5
reservoir tyg 6ah? wWay nfé@ire 18ddny wiln G2 RlitionaRY, Oink® | 60t EAN pRRAdRIa rcSﬁHélﬂl%ﬁe

to said at |east one reservoir after absor bi ng noi sture fromthe
moi st ai r; amount of fresh air togheg@emecant sol uti on, at a second tenperature,

said second t CIM4 aituythg‘r @f 184 & gbﬁiﬁr%ht of the 1nve1r’1 iS5t Elle%o%'.ﬁ%ﬂﬁhoﬁ '8%‘? ré:;:lf %'Péds t

tenperature, situateo second rese
whi ch raceifees dmsbmztmnt ais (abnmtmnerfmdrﬂehhmchﬁeromdfdres eﬁnmﬁomdmr étmbh/tﬁﬁungZO

noi sture from,i cond conduit . vi desi ccar]t
transferr edn?"rhéﬂﬁs’fnh’ém]é’g%n%i hP@s@%ﬁ}at {gOI§ 7 entering ﬁ’@g’@hﬁéq‘l gntact Jy1th a ‘cold
sol ution bedu?ﬁcé §f H{er}fégt faﬁ}nﬁ A&t AP BShAETHRF ¥6h heal E}?dhaﬁlgn 5 fw‘ﬁﬁ{ﬂu%éoﬁtﬁﬁp‘ﬂ?ed

fromit. A systemaccording to claim19 ar C
condui t cormmdowrvgth sipfipinrthe ropmibeing fed tg dheiticandgomers ¢€81,dem§twatohadu1t Heand

| evel of s %&lto‘}} dlglﬂelrgtégle\?ﬁgﬁttgggfﬁgelé&/ t he sane. 21. A

system accor erern conduit provides for only limted

m Xi ng 15 betmai‘subhes those klesar ndig.s4 ﬁtwidetfbﬁthedoﬁ'ubﬁde&ﬁ%pﬁﬂ aif €dHdaioning €
differential ,is naintained 30 et ween t hem A system

accor di ng t8uvihHhe ¢onycpieper ot FEnd MONAUDg. o provi di ng an addi ti onal
limted amount ofyme 4isB® ik Sh¥elowidg Lidfns GREMMs Scomprise” 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.

11



14 : AVENDED ' 23. A
system according to claim22 wherein the |imted anount of m Xi n@nrésul ts

in a MNP 2686 concentration differential between the FETHPPNHI t he
first and second reservoirs. 24. A system according to any of
claims 13-23 wherein the tenperature dik&BM8ntial is at 5 |east

10[err] C 25. A system according to claim24 wherein the
tenperature differential is at |least 15 err]C - 26. An air

nodi fyi ng devi caA delmimidifiersysteth comprising: an encl osure including appar at us

for nodifying air,enteri.ng the apparatus via an air I nl.ef and .hayi ng
an air outlet f @rd%‘é\bﬂ& Pgﬂnl?ﬁer‘?m which ‘molst air is iptoflpced g tvgbfgl&?{??@ an
entrance f@éisedifis dtHoved aB¥F deheRATHBItAL I N W th the inlet; . a
second conduit having an exit and an entrance comunicating wth the
outlet; and 2 desiccant solutgorruiyated iyatdenst enedesemégited for nounting the

par t1 1 on andt RettshoRHC vied Fhich "ot gt CRRRR, f Trigbpelfda e B of 1865 Bag °
second condséniointe i delmidifiing shanba) saidisdmtion Heltg peturhéd toBaid at least odd .

A devi ce accordi to cl.aim26 erein the conduits carry air fromthe
first siddetsrvaualter absorbing mostuse fom MO &dnd si de of the partition.

20
28. 1A devi ce ;3eetteflitdiOwhieh FdcRivat ddsidaR! RRioRDiHh sl 4 YsdsP6R: + er%ﬁ?ﬁ%ﬁidt .

for mounting on = a window sill and including a seal around the co
t hat seal gempeesmoisturesfrateithf t he partition - fromthe second side of the

partition when L ndow i, s, ¢l Qs.e n.the .condui t s 9. A devi ce
according to an% s\é\#onclcé’fl%ﬂ %%&\Aﬁ%sf%f“r’l 't %311 %B%?%%?rﬂéé? Btrzle??%afl? Visﬂaméi%? S
a deRhgrredehdrator, said soluticdObeing rdutled it€ €aid Cf G 6Ge teRer@Bir affer Edofitirs is

26- 28 wherein the apparatus for nodifying air is an air conditioner
i ncl udi ng rempAesdfromimandat cools air entering the inlet by contact with a

cold 3Q surfacg 1t fud MEAkarRffPheat from the solution in the first conduit to the solution in

the second conduit.

2. A system according to claim 1 wherein the heat pump comprises a first heat
exchanger which receives heat from the solution in the first conduit, a second heat exchanger

20 that receives heat from the solution in the second conduit and a compressor.

3. A system according to claim 2 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.

25
4. A system according to claim 3 wherein the compressor is cooled by said air prior to
its entry into the regenerator chamber, such that the moisture removal ability of the air is
increased.

30 S A system according to claim 2 wherein the heat pump includes an additional heat

exchanger which transfers heat from a refrigerant after the refrigerant leaves the second heat

exchanger.

———
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15 ' 31. A devi ce according to any of clains 26-28 wherein

t he appar at:w@,gﬁgozgmdi fying air is a conbi nat i on dehumpdithiodoossrd an
air conditioner 1ncluding a heat punp that cools air entering th

e
inlet by cgntact ,w f f ‘t’vl\;ﬁinh t ‘#@a .
devi ce accg'rdi ngA\tA%;s %Pgiam %n%lr%c al mgSvi’Il ergl?nre? e é%%ﬁ‘r’n H??G?gar r?gsengtator
dehumi di f i ehiamber in sshichempiaticoisciemgved framythe fsolukian iy confbt with air thaG{3. broughf

dehum di fyin yit e? whi ch receives noist air and produces dryer air, the
system. melhgshampey. 19 a reservoir containing a quantity of a
desiccant solution at a first tenperature; a regenerator in

whi ch desiccant solution is_heated to a second tenperature, higher

than the fVrst tAngysiea acarding fooelaie 6ngharein the additional digpt egehanger is cooled by g
heat punp | E&Eh r S| i A r

desi ccant Mﬂi%ﬂ téﬁr°g3°s [trgan pgﬁ teﬂg t%é ntglgdrfcglg'gheel?a %‘rtﬂ%r&lggwg%gﬁ%cr}géﬁgiakhgy
second r eseftheiair is inctdagedr egenerator. 15 34. ~ A system according to
cl aim 33 wherein the heat punp transfers heat fromthe desiccant in

t he reservoir. 35. A system according to claim 33 wherein the
heat punp gransf grgysh@dlacdordile b %2%f 1he preedindCclaRORd HRRRENP R control that
36. A dehum di fying system whi ch recei'ves noist air and produces dryer
air, the spentrols the amoygufrpfihieatitragsferred by the heat pump. r eser voi r contai ning a
guantity of a desiccant solution at a first tenperature; 25 a
regenerator in which desiccant solution is heated to a second tenperature,
hi gher 9. t hanAtdystefn dc8brdingnto@ngiofl i precedmFrilame ikl thd dtdeRt byTesavsir
a heat punp which tf{rgmsfers geat from desiccant in the reservoir to

desi ccant Fempses a firstrpservory fiom vhigh-solytionds Eansferred via thy firstyoonduit apd a second

dehumi di fyiQgreust i hGButiss & tRsfefell $1a thd SecBitfcdiagguces dryer air, the

system conpri si ng: a reservolr containing a quantity of a
desiccdmt solution at a first tenperature; 16

10. A system according to claim 9 wherein a substantial temperature differential is

maintained between the first and second reservoirs.

11. A system according to claim 9 or claim 10 and including a conduit that connects the

20  first and second reservoirs, such that the level of solution in them is substantially the same.

12, A dehumidifier system comprising:

a dehumidifying chamber into which moist air is introduced and from which less
moist air is removed after dehumidification;

25 - a desiccant solution situated in a first reservoir;

a first conduit via which desiccant solution is transferred from the first reservoir to the
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;

30 a regenerator which receives desiccant solution from the second reservoir and

removes moisture from it;
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a regenerator in which desiccant solution is heated to a second

t enper at ure,_ hi gher than the first tenperature to renove nojsture
t her ef r om WhY/26026 a heat punp which transfers heZCTIF¥PO2si ccant
out side the regenerator to desiccant in or traveling to the

regenerator, w ereeAndiqondult wiarwiigh Hesiecart is tapsferred fromethn geeont aeferofr tedhe o
the 5 QEShEGRR! sailt Gy b&ihg e B335 'gqs%nd reservoir, After mois is removed
d ' 36 o Ry dutiis % B Roat

dehum di f yr'hg system according-to claim clarm rein

punp ftomaitsdndr s heat fromthe desiccant in the reservoir to the

desi ccant in the,regenerator.. 10 39. ... A.dehumdifier according to
cl ai m 38 wher ei WUFIFIN Acsypstantial terpparatire, diffepen} 1%’(9&‘?#3“? bptween g@e@éﬁﬁnd
reserve@ir gshddnl ferRggNer at or. 40. A dehum di fyi ng system
according to any of clainms 33-39 wherein the heat is transferred to

desi ccant being transported to the regenerator. 1 A system

5 41.
accordi ng .40 cl ai ' e : : | : €
"ot a [dder o A HEHARR b GABACTA LAY R R onh P LhoAel” iy, R
r egener at @écond reservoiré guch thatAheslgedl @fisclaiier iithan issubstyntially thesame. 33- 41
wherein the desiccant fromwhich the heat 20 is being transferred is at a
| ower tenperature than the desiccant to which it is being transferred.
43. A gyste ' : lo - ' i ;
CransfSrr g T RREF ARBrdifly RU 1F of cliu k3 Aertih I Bondel pOVITEORE 18
i s desi r edinuted meixingebatweent the dwo iregenoins rsuch thaga substantial tempsyature differemialiing
to claim 43i£; qg‘e‘iﬁ%%uditﬂgmneans for transferring regenerated desi ccant
havi ng a esee” EUYE cont ent from the regenerator to the reservoir.
45. A system according to claima44 wherein the desiccant from whi ch heat
I's being transferred | s regenerated_ desiccant |eaving the regenerator.
30 485 A s_y;s@frb%ﬁca@e&feﬁ%g °§ alaaﬂwl%wﬁ&hﬂ% tbsé-rnserﬁwrwﬁffewntlﬂés Abi st
i ncom gy gdst 4 6 br ought into contact with desiccant from said
reservoir, said noist air being thus dried and including a 17

16. A system according to claim 15 wherein the temperature differential is at least 100C.

17. A system according to claim 15 wherein the temperature differential is at least 150C,
20
18. A system according to any of claims 11-17 and including means for providing an

additional limited amount of mixing between the two reservoirs.

19. A system according to any of claims 11-18 wherein the limited mixing results in a

25 solution concentration differential between the solution in the first and second reservoirs.

20.  Anair 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;
30 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
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heat transfer device which transfers energy fromsaid dried air after it

| eaves the q@uspksdsfier to desi ccant entering or withi rP(Slamdt;/oossz
regenerat or. 47. A system according to claim46 wherein said
dried air is at g howing!SPRES Adpidd rd?afﬂoémngtth@ deoRE G2t a&‘tgldfpélﬁh tﬂﬁaﬁxe' S
transferred fromthe drled air. A system acé) Ing to any of
cl ai ms 33- 4Bclagwee isnen adirsicside plothe nanamfmd the ehizancattt dhe first condunarideths ewitat
fromthe r f es t . bve.t he enerator to

desi ccant n%lo%{ﬁ ?JOSH%XE&n JIQEEH} nﬁ;’%sogLa © Igf]sﬁ%e aa/ft%?pmﬁgg“ A system
according to claim48 \/\herel n said noi sture s at a | ower terrperature than
t he deS| ccant to which heat,is transferred, fromthe dried air.

A syst ém 2dccor & IRYIGeRCSPRHIngs to qlaimg0 whergin %ﬁé’P’éﬁ‘Wstq"}E’Y(ﬂryff@mrth%ﬁFﬁt |SK’Q °tf he

15 dehumﬂ&@ﬁdr@t’iodtétﬁé’é}h&{délﬁ%hh@g 1n§t air entering the dehumdifier.
51. A system according to any of ainms 33-49 wherein the dry air

exiting the ~ dehumdifier i s at substantially the sane tenperature as
Té' st air 39t eri R‘gdetvPceé\ a(cj:go%lng falm 21 wherein mounting surface is adapted for mounting on

a window sill and including a seal around the conduits that seals the first side of the partition

10  from the second side of the partition when a window is closed on the conduits.

23. A device according to any of claims 20-22 wherein the apparatus for modifying air is

a dehumidifier.

15 24, A device according to any of claims 20-22 wherein the apparatus for modifying air is
an air conditioner including a heat pump that cools air entering the inlet by contact with a cold

surface of the heat pump.

25. A device according to any of claims 20-22 wherein the apparatus for modifying air is
20 a combination dehumidifier and an air conditioner including a heat pump that cools air

entering the inlet by contact with a cold surface of the heat pump.

26. A device according to claim 23 or claim 25 wherein the dehumidifier is a
dehumidifier system according to any of claims 1-12.
25
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