DEHUM DI FI ER/ Al R- CONDI TI ONI NG SYSTEM FI ELD OF THE | NVENTION Jtie Hfiksent
invention is related to the field of environnmental control systens and nore
particularly, to the field of systens which conbi ne dehum dification an

air conditioning. 5 BACKGROUND OF THE I NVENTION I n general, air '
condi tioning:systens not only reduce the tenperature of the anbient air,

but al so renove substantial anmounts of water fromit. This is especially
true when the air conditioner is treating "fresh” air inputted from

outside the controlle E@ﬂﬁﬁﬁ”ﬂg . @?_}c Mi ned air
condi ti oni ng/ dehum di g)l ation i w&éﬁé@éﬁ#ﬁrpﬁé |€¥en . Furthernore, since
10 sone of the potential cool FBGDEWEHE BFVEREION r-conditioner is used for

dehum di ficati.Qn, -the. effecti oql i.n apaci t f the air conditioner is
Significant @y PERUEER Mo ds felsand the R oTspPeptust ol stsmr el at i on
of air prpaicufanlyj toshefgEldaf sgstapkserhichl combie dehnoddBsytiot el areoiditingizs of t he
dehum difier and the air Cé)ﬂélk .Bfﬁl'i') ?HE(HWHQIH‘ rated. I n such cases,
while There is an increase“r‘n—{lh'e—m'o@ig—n'g—ta'pam-w i of the air conditioner,
the overal |l 1b gedetdl ciircmouditiofng dygersy it enlyireduce tha timvetagurpofthe arghi@it alPat ent
4,984, 434, describ i,nt d em.in ich air. oled.is first
dehum di fP'g %nyrerﬁgges ?u%ata]iﬂ%aia%h&}gﬁsgﬁsﬁaére@% éta\r??nst 135/ peep eccilgltrl?ﬁ H‘lgeglw?l?% IFh%baéli‘ ore

bei ng cootaditibyer i tertiag t'frash't 4ir mputted dpor attode HE canwoléd envwernent. dlveeyer,

Regener at | - des] & i rred i ng. t r .containi ng
desi ccant !:ug@ & ?&Pﬁgae & g %gé#\[gogir}ltggf ﬁltﬂﬁghga?lP ﬁrgso ﬁ%%’ialng ?\?e%&eglg/ s%ag%mé% ?&?es system
suf f el® f soom of the myentiabtodlingrpowtri afrike aifconditioper i usedehu dehdimfdiBetion, ltheof t he
air bein o - / (S the dehum difier is
T om tre SEEAR @il %@’égﬂf‘%aﬁg‘t"t“ﬁlﬁg“c? giSIr%ﬂymgét&%gqurrCée)dédy) the dehunidifier
does not renpJeisnmehnwathgrartftp gnevideedehimiddigationt dfiesr piwe g0 nobeing onoledelomuch
cooling f t C hs s ' | i.n;. the
t enper at u?oéneo(?%shtgl@ gg?dg%rgﬁgpg%g a rlégg%%%{lﬁ g}hea%?rn&:[lﬁ%lg%éfr |62% Eenc (t)ﬁlfd' oth the
dehumi di f fueh casnsl whHe thises iapy incroesdiin the weeling Aameitoefdhpaio pindinons, thhaverdiuch a
systemyi 5efﬂ&%nc‘}l‘gy‘i‘eril{rstenﬁ"@'[‘ﬁét%algﬁaﬁ& dehum di fi er nust be supplied as part

u addi

of the system rthernore, ng a dehumdifier to an existing air

condi ti oni ng dY:8t Batena Ad84.Mtdedgpcaibbsan integratdd liymwnal inf Which aineh B gooledndftsi oner to
form the J s p be, L1 [ : pe of
dehuni di &?‘ﬁ%}“ﬁﬁdo%oh%%‘?% gﬁf“ﬁ%@%?‘s‘f’%ﬁ&?‘%"% s‘%h ST b .ﬁ{%t %@%0%{}3% LA
syst em asrnthebeith treeyapdrapr ofen ap cenditipneySRegneation of g28sig4t is perf@oediss and
5,791, 153 %ﬁgg s j il ol » t

ai r - condi ais%rll%{h)_gtw Sgg‘?‘i? t he c}ekﬁ]gcljl? J %?I?g%‘&e%g%_r%&io? lttl{es'f1 h‘goo %Ogi.ifig Sg\ﬁ?sntl'e heat (in
the fé8m of tNisesyransufies fomagmmbereofdipndaenseliystlyy b dehumadiBesrallcdili 211 oner i s

then being cooled. Since most of the air inputted to the dehumidifier is from the controfled space

{and thus fairly dry already) the dehumidifier does not remove much water from the air and
thus does not provide much cooling for the condenser. This would cause an overall increase in
the temperature of the desiccant and a reduction in the efficiency of both the dehumidifier and
25  the air-conditioner. A second problem is that such a system is not modular, namely, the
dehumidifier must be supplied as part of the system. Furthermore, adding a dehumidifier to an
existing air conditioning system and integrating the dehumidifier and air conditioner to form

the system of this patent appears to be impossible.
Another type of dehumidifying/air conditioning system is also known. In this type of
30  system, as described, for example in US patents 5,826,641, 4,180,985 and 5,791,153, a dry
desiccant is placed in the air input of the air-conditioner to dry the input air before it is cooled.
~ Waste heat (in the form of the exhaust air from the condenser) from the air conditioner is then

brought into contact with the desiccant that has absorbed moisture from the input air in order to



brought into contact with the desiccant that has absor bed~fo3&Pup@sf rom t he
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it to the comfort zone, generally by mixing it with warmer air already in the space being cooled.
This excess cooling in order to achieve dehumidification is a major cause of low efficiency in
such systems, under certain conditions.

25 Normal dehumidifier systems actually heat the air while they remove air from it. During
dehumidification (curve 2) the enthalpy hardly changes, since there is no removal of heat from
the system of air/desiccant. This results in an increase in temperature of both the desiccant and
the air being dried. This extra heat must then be removed by the air conditioning system,
lowering its efficiency.

30 In all dehumidifier systems mechanical power must be exerted to transfer the desiccant
in at least one direction between a regenerating section and a dehumidifying section thereof.
For liquid systems, pumps are provided to pump liquid in both directions between the two

sections or between reservoirs in the two sections. While such pumping appears to be necessary




in at |east one direction between a regenerating section and~a SEP 2003
dehum di fyi ng section thereof. For liquid systens, punps are provided to
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efficiency, since the dehumidifier will be operating on only wet "fresh" air and the air
conditioner will be cooling only relatively dry air.

Thus, in preferred embodiments of the invention, the amount of waste heat generated by
the air-conditioner is relatively high and the heat requirements of the dehumidifier are relatively

low, since a major portion of the heat for regeneration is supplied by the heat pump.
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According to an aspect of the invention a simple method of integration of an air
conditioner and dehumidifier is provided. In accordance with a preferred embodiment of the
invention, the air conditioner and dehumidifier are separate units without conduits for air
connecting the units. However, unlike prior art unintegrated units, the present invention

30 provides advantages of utilizing waste heat from the air conditioner to provide regeneration

energy for the dehumidifier.



connecting the units. However, unlike prior art unint egr ated binf t €03t he
present invention 30 provides advantages of utilizing waste heat fromthe
air conditioner to provide regeneration energy for the dehumdifier. 3
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As indicated above, in the prior art, s is acﬁeved %y pumping 1on nsh §lsiccant solution

from the regenerator to the dehumidifier section. In a preferred embodiment of the invention,
the return flow of ioms is achieved, by diffusion of ioms, via the aperture, from the high
concentration regenerator reservoir to the low concentration reservoir. The inventors have
25  found that, surprisingly, diffusion is sufficient to maintain a required concentration of ions in
the dehumidifier section and that the return flow is mot associated with an undesirable heat
transfer associated with the transfer of (hot) moisture together with the ions, as in the prior art.
In especially preferred embodiments of thé invention, no pumps are used to transfer
desiccant between the reservoirs or between the dehumidifier section and the regenerator, in
30 either direction.
There is thus provided, in accordance with a preferred embodiment of the invention, an
air conditioning and dehumidifier system for controlling the environment of a controlled area,

comprising:




desi ccant between the reservoirs or between the dehunidifiér S68cfii3n and
the regenerator, in 30 either direction There is thus provided, in
accordance with a preferred enbodi nent of the invention, an air

condi tioning and dehum difier systemfor controlling the environment of a
controlled area, conprising: 4 5 SEP 2003 an air conditi-oner conprising: a
cooling unit in which air is cooled; a first inlet to the cooling unit
drawing air fromthe area, a second inlet to the cooling unit draw ng fresh
air fromoutside the area; 5 an outlet to the area via which cooled air is
transferred to;ﬁhﬁc@&mammamh@ahngxchanger at which heat renoved fromair by
the cooling unit is rquved 1 conditioner; an air inlet to the
heat exchanger into? “PéWéﬁ? éwys%8gﬁ outside air is drawn, heat being
transferred to saidaaﬁﬁlm&@mmsaxﬂn@mﬂnhawmhangenﬂmanﬁ 10 a heated air

outlet fromthe heat excha fron o a
dehumi di fyi ng unit &15?‘10?&“??8‘0@6&3. °dléls (r:a(‘:’%trb ﬁg@%&rﬁ?ﬁ‘jg%g@ﬁ%tﬁ&?yl ng unit
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drying unit exits and in which i.d d SI J ves
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dryi ng uni &oinhe difcongiioeed fromthe |iquid desiccant; a hot air inlet to
the regenerator uni t 3?’ I;r\lllv%et:rﬁ %‘F%ea lél}tclthz%gc{ %%%&&erefaﬁ%ngtfoﬁsﬁﬁd@ﬁffsd}ﬁhﬁ whi ch

air entering the hot nolsture i s transferred to it;
and a heat hpdiBEing Ba@isfetrednshidns ﬁhmamdﬁxcabmqheigaLMI y cooler liquid desi ccant
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condui t*“connecting t alr he air conditioner to the hot
air inlet of thedehdmhiuﬂmr@|uﬁ1yummngénqd1ddewmnm0mpcmm1ect| ng the dry air

outlet of the dehum d‘#};é avm %&Q%l&%ﬁ?%dﬂﬁﬁepﬁom ARh AlrTdried by

condi ti oner. 25 Prefée furs “r enova e desiccant_is alded by
provi di ng heatryihguihexits and m whlch hquld desiccant dries the air and removes heat from it;

a regenerator unit in which moisture removed from air by the drying unit is
15  removed from the liquid desiccant;
a hot air inlet to the regenerator unit;
a wet air outlet from the regenerator unit via which air entering the hot air inlet
exits after moisture is transferred to it; and
a heat pump that transfers heat from relatively cooler liquid desiccant in the
20 dehumidifying unit to relatively warmer liquid desiccant;
a conduit connecting the heated air outlet of the air conditioner to the hot air inlet of the
dehumidifying; and
a conduit connecting the dry air outlet of the dehumidifying unit to the second inlet of
the air conditioner.
25 * Preferably, moisture removal from the desiccant is aided by providing heat to the
regenerator.
In a preferred embodiment of the invention, the system includes at teast one pump to
pump desiccant between the drying unit and the regenerator.
Preferably, the relatively cooler liquid desiccant is in a dehumidifier sump that receives
30  desiccant after it has absorbed moisture from the outside air.
Preferably, the drying unit comprises a chamber in which said moisture is removed from
the outside air and wherein the heat is removed by the heat pump from liquid desiccant being

transported to the chamber. Preferably, the drying unit comprises a dehumidifier sump that




regenerator. In a preferred enbodi ment of the invention, thehs$st il

i ncludes at | east one punp to punp desiccant between the drying unit and
the-regenerator. Preferably, the relatively cooler liquid desiccant is in a
dehum difier sunp that receives 30 desiccant after it has absorbed

noi sture fromthe outside air. Preferably, the drying unit conprises a
chanber in which said noisture is renoved from the outside air and wherein
the heat is renoved by the heat punp fromliquid desiccant being
transported to the chanber. Preferably, the drying unit conprises a.
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a 10 regengsigd Rberttiidl dnll HheleRCBE UAS isARBECEAy RE belkasiBhShdil pura® bypin
renoved fromit and wherein the heat is trapsferre esi ccant bei ng

_ dtod
t r anspor t efesicgant Reing Fapperedrp &b (oR@aRBgErIEisREl, DAoL RPEFY g
enbodi 7BNt rRfnetdif sy lat te0fvesdbBecaitafieOnelbthie 0AEHeeh Retovee ford if i viidredr aw ai r
into the cooling unit and wherein the fan is also o%ggneat}_ki ve to draw air

into the wiehggtss Fapplredgp desiqmant Bripg Frpspaied o Hechayby BRI S EH ment  of
the invention, mhherétied@fydiifretnsrthd ROdidLInaif eonditiond hisudedi fani tatdeewt he
heat exchanger and wherei

n the fap Ls.also operative to farce air.exiting
the heat &XErlgeslPaEH! i“ﬂé"q‘ﬁ*i‘}t‘l i o0 iR ePE TYeHR IR FE AP Segre: S et
preferred epliegidmiat of the invention, the air conditioner utilizes a
refrigerant to _which heat is tr%ngf erred bg a C%Bgenser li(p s?.aindmcdgag‘jing
unit ard from wiiOHCFRTT TRROAIRAT Hdat IV eioning #1h REFEPPEA T H A “EVEporat or in
sai d heat e¥6hamR@eHeat dxBhanrgraf @hter herhadi aeNbpeadive e forae\aimdxitong, the het ai r
condi ti oner cools, an int e.ri?{;oftgace and wherein the heat exchanger is

out si de t hEXEAREERINIOBRRRLAT ) RESHST™ i r inl et comunicates to an area

out si de the contrajrkfededdnit@ddiment of the invention, the air conditioner utilizes a refrigerant to
which heat is transferred in a condenser in said cooling unit and from which refrigerant heat is
20  transferred in an evaporator in said heat exchanger.
In a preferred embodiment of the invention, the air conditioner cools an interior space
and wherein the heat exchanger is outside the space. _
Preferably, the wet air inlet communicates to an area outside the controlied area.
In a prefeired embodiment of the invention, the controlled area is at least a portion of a
25  building.
In a preferred embodiment of the invention, the proportion of air drawn into the cooling
unit via the first and second inlets thereto is at least partially controllable.
There is further provided, in accordance with a preferred embodiment of the invention, a
dehumidifier svstem comprising:
30 a liquid desiccant in two reservoirs, one of which contains a higher desiccant
concentration than the other;
a dehumidifier unit into which meist air is introduced and from which less moist air 1s

removed after dehumidification by liquid desiccant transferred thereto;

6




In.a preferred enbodi mrent of the invention, the controlled ared Ggpagmjeast
a portion of a 25 building. In a preferred enbodi nent of the |nvent|on

the proportion of air drawn into the cooling wunit via the first and second
inlets thereto is at least partially controllable. There is further

provi ded, in accordance with a preferred enbodi nent of the invention, a
dehum difier systemconprising: 30 a liquid desiccant in two reservoirs,
one of which contains a higher desiccant concentration than the other a
dehumidifier unit into which nmoist air is introduced and.fro

moist air is PavEsYEHoRMiteThichoRtretdsiceaRt SoBItop hat hag absyT a%?r*&&%ﬁ{r‘“&

transferre%dtrgle(;vegﬁmsgr%g%a a regenerator unit which receives desi ccant
sol ution that has absorbed fromthe noist air. and renpves, moi sture fro

it; and a passagRANRFCEONINGRIHAY HeESPRER oD RAFEEGIY “fglés%%gy Ay
dur ng st e@&Yau%ﬁ 3t fhe RRGAALTeR NGRS ist et dl@hrLHﬂIﬁidlitmerfroni therreseiveirchaniag t}fel ow of

nmoi sture fromthe reservoir havi n%ﬁt he 5 | ower | ccant Qvng drg;tlgcaartul onto
the ot hér loasedeyisrant nEHGation i dePUsa ey ‘ﬁ’é}louﬂh 8‘?’%885‘1 atit > ons

through t he,pPagReraWRYsaddwef.er ably, the passageway is an aperture such that
the level of liquid desiccant in the two re eryoi! gdem%mlﬂg
preferred enbodirsferbly.ohe PrEASCHPEHER SR HUFL TEGR [’r@iqﬁl P

desi ccant 0efehRif R dapservoir to the other. Pr eferabl y, t he transfer of

noi sture is by gravity. In a reffrr ed enbodi nent of the | ny mratde? there
is no transfer Bf HrFf&‘E?ddf”Hté’éiFF:@aﬂ the JRNCHEN We‘sflgspéIWBIFrog W et Via

apertungs %&B%ﬁ&kkéﬂﬁnhﬁ%é&&@ rw&brﬁ}sy theraasfi o apishediseyigotityrent of t he

invention, the two r rs include a first reservoir ves
said |iquid dedfPc Fﬁe"' Bﬁk‘gjé?ﬂ“d’eﬁiﬁﬁ“&?nf’% it er‘&l’rsaﬁ?)éamf O\éﬁlqggr ({':ngggr ccant
15 absor bs b&nb&ttw&smeﬁept x&r@%mfrash:lom;ecmnuqhn @sethesis ccant is transferred to
the dehum di fying chanber ttht first reservoir., abk %Ise

enbodi nent of tH& H""?f%?‘i‘tﬁing‘ﬁdmleﬁle‘“ B yRER I e TFsE lﬁ%jlencal econ(fgeggoeﬂservm r
whi ch r eceiwsRs . redeed sdid Qidiid ddeisdaacBorh sﬁmoiehmdﬂymggmmeataﬂw safdt desicagirov al

Feqeneridt | AORR BRI Pt BRETD ciihrat oy Aoy g AEJRLRRERe © The
enbodi ment c@imbfeh@omﬂiéﬁﬂitlr&&,voﬁ-.he dehumidi fier includes a heat punp t hat

In a preferred embodiment of the invention, the two reservoirs include a second
reservoir which receives said liquid desiccant from said regenerator after removal of moisture
therefrom. Preferably, liquid desiccant is trmleferred to the regenerating chamber from said

20  second reservoir.

In a preferred embodiment of the invention, the dehumidifier includes a heat pump that
transfers heat from relatively cooler liquid desiccant to relatively warmer liquid desiccant.
Preferably, the heat pump pumps heat from the reservoir having the lower concentration of
desiccant to that having the higher concentration of desiccant. In a preferred embodiment of the

25  invention, the heat pump transfers heat from desiccant in a conduit carrying desiccant to the
dehumidifier unit.

In a preferred embodiment of the invention, a substantial temperature differential is
maintained between the first and second reservoirs. Preferably, the temperarure differential is at
least 5 OC. In some preferred embodiments of the invention, the temperature differential is at

30 least 109C or at least 15CC.
| BRIEF DESCRIPTION OF THE DRAWINGS

Particular embodiments of the invention will be described with reference to the

following description of preferred embodiments in conjunction with the figures, wherein




transfers heat fromrelatively cooler liquid desiccant to .rd atiPvélid war mer
liquid desiccant. Preferably, the heat punp punps heat fromthe reservoir
having the | ower concentration of desiccant to that having the higher
concentration of desiccant. In a preferred enbodi nent of the 25 invention,
t he heat punp transfers heat fromdesiccant in a conduit carrying desiccant
to the dehumdifier unit. In a preferred enbodi nent of the invention, a
substantial tenperature differential is maintained between the first and
second reservoirs. Preferably, the tenperature differential is at l|east 5
C. In sorradqnmeeflatrnmtesemtmdmsemtpgmnwhtcheppemelnmpmnhm ore Egnpaeareprably
dlfferentl t PTI ON OF THE
DRAW NGS IJ tlldgﬂ asame Ilsgrg g[rg o?@ﬂéﬂ%@%ﬁ?%@%tgﬁﬁggﬁﬁﬁ bed with
reference to t he. lthﬂwscmnlng ade deheinplificariorofuryss &ft epnvertioaprgondRning ¥4d
conjunct|q£hm%lpk&§ﬁ %%gﬁges wherein 7 5 SEP 2003 identical structures,

el ements or par appear in nore than one figure are preferably

| abel ed5 wi t h aFigamd orhesiafivallar shawsber dagumidifier hanif.i ggthds it whfEbiRehey
appear, | tdnfH3disieh 85 thk OF
conventloné%haﬁpy%g%%f?#gﬁgﬁgﬁgﬁaﬁ’g%%ﬁni%%??@ﬁ?%gﬁ%ﬁﬁgkiﬁg 5 Fig. 2
schenatlcaqumsmoms a dehumdifier unit, usable in a conbined

dehunt di Ty N9/ &4 - CABALLON NGoSY SF Yilond UAGRRHARNGE WbR f AT Erfthicad
enbodi ment of t i nventi on; E 3 schematical ly shows a secon

dehuni di f | dshumidifying/aic adsidisioning ays@e@nm W@ddmdfewﬁrﬁfbﬁltﬁwﬁh‘ﬁlpa‘?f?mééﬁ’aﬂq“ﬁﬁ| ng
system, |n §£&%ﬁ&¥e with an alternative preferred enbodi nent 10 of the
|nvent|on schematically shows a dehunidifier unit system

accor dance wi t fig 4pelesinarieatlyl shasprodehpidifico pnit fistemniPeieerdnce PHae H@e‘?\gso
usabl e i goglaht didohadfial, i QA LSRG SYSIE AT coRbEREANGEmN h 2
preferred e i ment o e invention; Fig. shows t he dehumi dification
curves formxwdm§9§ﬂbﬁﬁm8@§@ﬁ@bé@n%#?ﬁh?@g%@E% to Figs. 15 2-4, together
with those for opRYeRd ON@huRIdhGRRGORE B s?’s%sfh%ébﬁﬁldiw‘tﬂ R3jcbian Figy.St ens;

and Fig. 6 is a schematic diagram of a _conbi
dehuni @5 f i 24/ tagsthes Wit thopesfargonssnsipnaiair ?Pna@e@flaﬁw@éhwé’rﬁ%% sEteEs: By

embodi ment of tHhe ¢ puehhiRiic gkt bER BREER FlhGhi S/ -RREMERREDssBORl MENTS
OF THE | NVENTI
accordance with a preferred embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
In some preferred embodiments of the invention, the dehumidifiers described in
20  applicants' PCT Applications PCT/IL97/00372, filed 16 November 1997 and PCT/ILO8/00552,
filed 11 November 1998, the disclosures of which are incorporated herein by reference, are
used as dehumidifier 42, These applications were published on May 27, 1999 as WO 99/26025
" and WO 99/26026 respectively. They were published after the filing of the application from

which the present application claims priority and were incorporated by reference thercin. In
25  view of the utility of these dehumidifiers in the present invention, the dehumidifiers described
therein are described in detail herein.
Referring first to Fig. 2, a dehumidifying system 10, as described m the above
referenced applications, comprises, as its two main sections a dehumidifying chamber 12 and a
regenerator unit 32. Moist air enters dehumidifying chamber 12 via a moist air inlet 14 and
30  dried air exits chamber 12 via a dry air outlet 16.
Preferably, desiccant 28 is pumped by 2 pump 20 from a desiccant reservoir 30 via a
pipe 13 to a series of nozzles 22. These nozzles shower a fine spray of the desiccant into the

interior of chamber 12, which is preferably filled with a cellulose sponge material 24 such as is
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In sone preferred enbodi nents of the invention, the dehum di f%"e‘f‘{“gL ddé¢ri bed
in 20 applicants' PCT Applications PCT/1L97/00372, filed 16 Novenber 1997
and PCT/1L98/ 00552, filed 1 I Novenber 1998, the disclosures of which are
i ncorporated herein by reference, are used as dehum difier 42. These
applications were published on May 27, 1999 as WD 99/ 26025 and WD 99/ 26026
respectively. They were published after the filing of the application from
whi ch the present application clainms priority and were incorporated by
reference therein. In 25 view of the utility of these dehum difiers in the
present i reeniliyomgd it e atdbuswltpupasess Motssrpieisly, (he SR8ICEATRISSIPIYEERPES Bd i n
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descri bed | “ ove referenced applications, conprises, as I‘{P?ﬁ two main
sections antdetsanpidi3PyMpigt ghembing tlleZCh&WéeTaVIa sty dh 6PTIASEY they Airsicoad dplitsst i r

enters de:#ﬂ:‘ qlif é’ési@ganpﬂ Ec:o?n% Y a@so?os Rk eS tvadbr Mok Hn€ tnodsé aid Ask IR afl i Ed air
exits cha via a al

outlet 16. Preferably, desic é %?
punped sby mpqzblmlrpu@@hfombthé Riefoteblcraterioisidrit iscptedsen (f Rottom ?ﬁ%‘ 9% ¢ 5%
series of NOgzlLSean: ﬁoﬁhﬁgﬁveﬂg?ﬂs%ﬁec?]?@;‘&@fhe@es@ﬂv@i@ spray of the deSI ccant
into the ‘interior of whi i's referablgfllled gité F‘&
Iy

cel | ul ose spon@‘ethmtléqu&nenma QER?B;’] 3ésa"1153558’°‘a o mator) §7 Purpp gesipogt

used in ”-E%: cSn 3%36%%@0%5 B$§Q§ A WRI®: B RE&¥8RbNocadt MOmMARSS rx@Kisedds Si rrpl y
dri pped on Eon ge material. The desiccant s OW%FBer col ates. d g\/nwa

t hr ough th@rtsqﬁ sicqpat terozdles 22rpd PRIk Koeg@RRIos gt fAiA YA ¢ SBATEFIRG” t he
chambey, vi eke?ib%F é&bmmaa@m &QSns@?c‘ﬁb@Qﬁﬂl bed§rOIEEL 16 .contDl AReprbfuetiotas| ccant
a

is hygrosc sorbs water vapor fromthe i st air. and. drle[Oh air
n

5 expel | edhe ﬁnswe@nﬁwéwbn%ﬁed toresmpiRioR B T § conmaliabls, vilye o3 Gonsicligftig sy the

bot t om of COANDEF aekReP is Qreﬁe]fh@fy doRRoiflaSh GERBikse fib ke sRaungef Avishad it rect |y
into the reservoir. In this enbodinment, a punp 35 and associ ated nmotor 37

punp desi cdesiggantr om an  extension of reservoir 30 into pipe 13. A divider

38 receives degihgeRtaficRMedl RE: 3hABE 366065 hePatte dediccinliao deed affpant oft 0
nozzles 22 and part to regenerator unit 32. A valve or constriction 39 10

( pr ef etabl e waigopedt hagBpsarbed |thus IegEnEBRELYr i cti on) may be provided to
control the pr %@éﬂefa% 1Qfid dbhiRadeskmeRAd ik freictrofrad vian pipgenedattare 32. | f
O SOLS b Shb ok BEe UG RSB BB
desi ccant . ChBEDRY wildh hRCIUERE 6@ alPal c@%E BANYE N geddalWhirah ohe@t she rea in
desi ccant ‘Evl?icl(lj rﬁ'ievaei:r gfb];ingafrgc}diﬁ%& for example from an air conditioning exhaust, as described
20  below, enters the chamber via inlet 60 and carries away additional moisture which is evaporated
from the. still hot desiccant in tube 42. The air exiting at outlet 62 carries away this moisture
and also moisture which was removed from the desiccant in the regenerator. Preferably a fan
(not shown) at exit 62 sucks air from chamber 58.
Alternatively or additionally, heat is transferred from the regenerated liquid desiccant to
25  the desiccant entering or in the regenerator by bringing the two desiccant streams into thermal
(but not physical) contact in a thermal transfer station (not shown). Altemnatively or
additionally, a heat pump may be used to transfer additional energy from the cooler desiccant
leaving the regenerator to the hotter desiccant entering the regenerator, such that the desiccant
retumning to the reservoir is actually cooler than the desiccant which enters chamber 58.
30 Preferably, a heat pump system 44 is provided which extracts heat from the desiccant in
reservoir 30 to provide energy to heat exchanger 36. Preferably, this heat pump includes {in

addition to exchanger 36 which is the condenser of the system) a second heat exchanger 46 in

reservoir 30, which is the evaporator of the system, and an expansion valve 56. This transfer of
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15 the water vapor it has absorbed, thus regenerating it. Regetlerate

liquid desiccant is transferred back to reservoir 30 via a pipe 40 and a
tube 42 of sponge material such as that which fills chanber 12. Tube 40 is
preferably contained in a chanber 58 which has an inlet 60 and an outl et
62. Air, generally fromoutside the area in which the air isbeing

nodi fied, for exanple froman air conditioning exhaust, as described 20

bel ow, enters the chanber via inlet 60 and carries away additional noisture
which is evaporated fromthe still hot desiccant in tube 42. The air

exi ting atenewsy resyltsgp 2 sefupqddemparginre phthe desisraY e copiRptsipe g WA 8% ch

was rendvedyfiRthd RepdiastLaand didl 4N 8edof@aRE ahdir of Rn@fe foaliley i dvamil (not
shown) at exit 62 sucks air from chanber 58. Alternati v%}&;{%s gddl ionally,

heat is triafFEeRiof cRTSHOr PRETUBE IR PSSR0 BTGTHIY BB ¥P & Bicg g

desi ccant &£Blokliigd 8y tHeRedeh@alRPLRES A 1BE madsr Bletd}Gbdigehfie fdrwie gaemaiant
streans_into thermal (but not physical) contgct i ag_‘ihernefl transfer
station’ (FEERcEAR WnFICISK| FSaIenGRRi hFET § Tor <HRdi ﬁ&l"?‘fgﬁ} effickney OL BRI be
used to transh@knRddi He@B@bs RAGKOY the SFctdMEinCIOO tptnetthisi ayastsupplammiedg t he
regenerator to the honer. desiccant ent eri%gfrt he reg‘gzg?ec{aat or,..such that the

desi ccant PYEECEHGHING ikizipg & heating pajlyirvasts hegt fromyap gss ROt he desi ccant
whi ch enters chakbas bs ufiersafdd i iR paddodtion af et vpLNip thy dsietantih reervpirovi ded
whi ch extracts heat fromthe desiccant lilp’nt;ft reservojr,. 30 tﬁ) tf)lr o) i%e ner gy

to heat extdrsf e rrgenepiedrdgsicogptymust ganerajlyng wi Tain e WESERT i on to

exchanger onlfie phiticikridssidche veandassearingf of Me rayisddamisaredaediathdeatiedechanger
46 in reservolr 30, whic

i.S the evaporataqr .of the system..and an
expansi on ¥sle hyglesiqggpisup E‘ﬁ%‘}’% es%ffa“gls-m%‘(’)@“@ aﬁdg" ‘{‘?%nghlg?"g% PeSits in
a reduced RHPEE aolshige Rieltibh@odeg, Gigaditicoshii BRoanheffitisntt iheeraivingreeistgredr i ed
thus reducing the tenperature of the.dri.ed air. . Seco this transfer of
energy redieRdhE 4B ‘6‘?}3?5&“1“5 ‘ih@‘a‘ﬂﬁrr]é)'meer S gt lseﬁlgiewﬁéf ﬁ‘?pgiﬁerrng ?ﬁgfe}t’ﬂ}e
r egener at Ofpnigeddana tdnyroldd. lighduld & rbad tiar soafe ddsiccshtnare ligiid evaprie thyybsshdel | zed
by the _regenerati.on.process i.s the maj.or ener regui renment fo system
this 517 oduicbraRedmp érﬁv e Ieé’SEdnﬁé?éee‘%é‘C??gfg&?e‘g‘?‘? B 10 Qﬂse{yh%“%%?m |
ef fi ci encyBehedeh)evay b @88e cadddhd feaamaialiyn piobdss (wiith osks aherbpathbuld ooly kehe
desiccant in_the regenerator y._he .suppl enent ed i rect heating,
utilizing Berﬁgﬁﬁqwggﬁimolwreﬁnglt%gﬁgﬁ é%g’}tb%%ﬁ‘ﬁe Sé’glsegééflgt ed air-conditioner.
|t shoul d be urmey sbainging Fadctibihe gheapy pérfommed bwatcesuranaqpoof the toenedelsi ccant
in-reservoir. 30 and in the regenerated.desi¢can st r : within
certain Ii fiﬁs’tcga}m’\/\‘ffa‘:}?"g'h“’lcfeﬁﬁef oK “g‘e‘B%rﬁ"i’?mgl Moo %eprﬁttacrrr‘%ﬁlugl ﬁhg&%gggaéc%g ?h “Used. A
| ower hini toime bhiquidiuhe edern@it &t hyr wedservdnt o tehmtssure édedinvertedivessel e t he

Egjvlegg??t \SPVHJ%E hgsqg.toptemhr?g p gcseld ?nct%g Eicpllig i e ?egér%i}. %”mé‘e”?.z f?:go%%rogp\tfes&ﬁ Y& el lize.
pressure gauge 54. As the volume of desiccant increases from the absorption of moisture, the
pressure measured by gauge 52 increases. Since the volume of desiccant in the dehumidifier
chamber and in the regenerator is fairly constant, this gives a good indication of the amount of

25  desiccant and thus of the amount of moisture entrained in the desiccant. When the moisture
level increases above a preset value, the heat in chamber 34 is turned on. In a preferred
embodiment of the invention, when the moisture level falls below some other, lower preset
value, the heater is turned off.

Other factors which may influence the cut-in and cut-out points of the regeneration

30 process are the temperature of the dry air, the regeneration efficiency and the heat pump

efficiency, In some preferred embodiments of the invention, it may be advisable o provide

some direct heating of desiccant in the regeneration process.
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when the noisture level is too high, the desiccant becones ineffbcbleht2il
renmovi ng noi sture fromthe air which enters chanber 12. Thus, it is
preferable that the noisture | evel be nonitored and controlled. It should
be noted that sone desiccants are liquid even in the absence 15 of absorbed
nmoi sture. The noisture level in these desiccants need not be so closely
controlled. However, even in these cases the regeneration process (which
uses energy) should only be perfornmed when the noisture level in the

desiccant is above sonme |evel. This nonitoring function is gqufal
performed by nEn&bFeFERELBI, Hisal, BLBRe o PIRehBFA (RREer REHsemET FRY it hod of

measur i ng ghSicitfhesd HoRAbd toWahdrl HeRGTRAAHE Srivd dihexith@IBARIAY2 264 dddmie Of
liquid in the reservaoir is by nmeasurenent of the pressure.in an inverted
vessel 50 hepid g0ishakk leavBZJRERFAGT phatbet 4 o trRt the ﬁ?ﬂcaaqt PR PeSe¥fbir. A
tube 52 | eaggbd BONY QS H@hpsRR: §50d,ahe PLRS SUMShERHGE b4 a Bpdrhere @ dd than of
desiccant increases fromthe absorption of noisture, the pressure neasured

by gauge Sbe dssicraheadiichdisaansfaredy o) une of desiccant in the dehumidifier

chanber and i ntdpguid BgaRRIsRIR khat Sooking 61 tie 8GN the feliroidav esuln ighed
i ndication of the_ ampunt of 25 desiccant and %Eﬁéng t he anmount . of .noi sture

ent r ai ned 3intcrvRe e dehusidifier Yipieh hasHBe fgies PLPTE ower, EppgRE BEnle 5
preset val ggs drhareRfathe dehahdi@eeves ridrSo iyt adadiomd optionalaoplirefod tireaidy air.
enmbodi nrent _of _the invent] on,

n the i sture | eyel, falls bel ow . sonme
ohor T OBl FRBEE SRodt sl s dref TR RATY ot it hot SRS TLubeh Seui ch
may i nid uefeent RGpEdiurd iNaitdady Eigh.- out points of the regeneration 30 process
are the tenperature of the dr ir, the re erati.on efficienc nd .t he
heat punp. ot f ASTRREAPR PRV QRO TE PO FE gL fuSF RPRRR o i
may be advietabingigtiBe piowit @€ wase i thdi deg@inthehitibngo dfat desdebeaidifiet mwltthe
regenerati on process. ég@%.SE P 2003 I n other enbodi nents, heat punps or

ot her heat VHFrEALFRHMaYE PHOTRRERA" for sinplicity) are provided to
tr ansf er heat fp{ @IN rédudaticlp idetthnadifiered00 tthnds satfaegmning,@ithm@tpm tof wagen ciomgr_lt heat ed
T TR T e L
at a t enpegoateur & th@wrccidnaﬂutic&_, fishehosle i Eigamtlfuh-uhemqu; khei dehﬁmidtfreanw_ﬁ‘@evsr ed. It
should e ungc, 200040 RSk Aol G JSBEEFARll R UG SSEIA o
pr ef er abl ycoaatrblovedut-bEsper at ure than the noist air entering the
dehum di fier, Veﬁ@mi%{i{e(r) r106 (?s %in ilara %j idghiu%ri]cﬁherol%t 'IDP pl%l l,C %?t&ll gggerﬂf siénﬁ'i@caﬁr y air.
20  differences. First, the system does not require any measurement of water content and thus does
not have a volumetric measure for the desiccant. However, such a measurement may be
provided as a safety measure if the solution becomes too concentrated.
Second, the heat pump transfers heat between two streamns of desiccant solution being
transferred from reservoir 30 (which is conveniently divided into two portions 30A and 30B
25  connected by pipes 30C), namely a first stream being pumped to nozzles 22 by a pump system
'. 130, via a conduit 102 and a second stream being pumped to regenerator unit 32 by a pump
system 132, via a conduit 104.
Preferably, pipes 30C (including the bypass pipes shown) are designed so that its major
effect is to generate a common level of the solution in portions 30A and 30B. In general, it is
30  desirable that the two reservoir portions have different temperatures. This necessarily results in
different concentrations of desiccant. However, it is considered generally desirable to provide
some mixing between the sections, by some pumping via the bypass pipes shown so as to

transfer moisture from one portion to the other. In a preferred embodiment of the invention a
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This feature is especially useful where the- dehunidifier is-@s&8Pi Aot
climates in which the 10 anbient tenperature is already high. As indicated
above, one of the problens with dehum difier systens is the probl em of
determ ning the amount of water in the desiccant solution so that the
dehumi difier solution water content may be kept in a proper range. A self
regul ating dehum difier 100, that is self regulating with respect to water
content 15 of the desiccant solution and thus does not require any
measur enent of the vol une or water, content of t%g#@'@? ant solution, is

t

shown in IEperatre Gifierenisl plor s OF PRE HRATRGHIIET PG OFy aug miost

predet er nhReghpRHMEod ryevie® niceacingd] imadréfira dasietent o tlhed:uenmomhesdnwm dity,

wi t hout any controls or cut- off§ Dehum di fi er. ?{? 3%?”7* ar tOrre

dehuni di f pestion 804 s atp femppratify eAPOSEOBFAT H GHPFPIERATN 20 it f SPERCEE First,
t he. systgmabogsidapt require any neasurenent of water content and thus does
not have a volunetric asure for. the desiccant., uc

measur ément  majt 1% 3 pA g&fﬂé@“&@cﬁ%%éﬁgﬁneﬁéﬁsﬁﬂ@z i'F S V@W@ "gf(l)'ial F' (l)lﬁﬂatr)éocones

t 00 concepdaf at ®é de}@&ﬁ){l@‘,sedub@ HueRérmptelin Hig. o) adicessehimthab e tetbdose swogst r eans
of desiccant solution bein nsferre rom:. se VOI

conveni enfd¥engh vEddERE 8‘?\?5 ‘i?g?if(i ﬁgmgﬁf %8f 5B oﬁgmag%ﬁgg“?}[)y pi pes
300), namﬁ{eknég&xhkﬁtofﬁtofB&inrb@hd&gbpmﬂpﬁdym&gammbﬁ@g& by a punp system
130, via a conduit ec stream be u Legen or unit
32 by a punp 1%1“ Qf}a’&e gglﬁd ?’?ntli’bzﬁppfﬁﬁglfig?ae g Pﬂ% 202 38%%;

(1 ncl ug ngoizﬂ'@ a&ylﬂﬁ&&dpRM& fbepmy nedzies desegaed bga ctrlpatr system rfmpbwhiclef fect
is to generate conmon esolutlonl r In
general , Eilﬂ“‘flésg eﬂiéglﬂf‘%ﬁq\ﬁgkf‘%%n%%tg LRGP ussye?veto?lrg Itf)&n F;SSOI%Q ave %I fferent
t enper at USRSy, Tdﬂbﬁaﬁﬁmﬁs&albb\lreyeﬁﬁﬁuﬂPQTJ’ID%Z@UDTSEI‘ ent concentrations of

desi ccant . it Ls.considered ge II o€, sonme

m xi ng bet V\eeV\ﬁ?tH@msé%f 1o A5 IeAh DM YR o8 41 té\//klle(il!{a{?r hﬁlq@ %5%%“[{;%08%{30 shown so
as to trassfuariopandstatsers it anthe desigpant lm mmdt101®4’4éie@tmlam sy$t¢rnde4|mr@¢rétrly ed

nbodi t of. th t i S d | of
gocoolfgenrcgl%ﬁlgs ngild:q éﬁ Eo tlggc?%olgents co Eme i.nqgg%% ern%f‘ﬁ . 2 gI %@Bﬁiﬂhéa@- 0

éra
pr ef er abl yxdiafizenl 3Ewarmstar sameT)lﬁtlg heat rfrom l;he effagorat 1@@Y1b©l!¢ahﬂwbafzsﬁr to4eo

reservor  FErER g PERES e dnparderh ofo SIS Bt Gty Ml ® 1Y,

di f f er ent -@@n$teraitds veonhdtpadditien me,rmt wed inth¢ regheiatorshoiire, usedhior eooliBS BE i | ar

to compressor and the refrigerant. Alternatively, only such air is used for such cooling.

20 The resultant heating of the air entering the regenerator increases the ability of the air to
remove moisture from the desiccant. Heat pump 44 is set to transfer a fixed amount of heat. Ina
preferred embodiment of the invention, the humidity set point is determined by conwrolling the
amount of heat transferred between the two streams.

Consider the system shown in Fig. 3, with the air entering dehumidifier chamber 12 at

25 30 degrees C and 100% humidity. Assume further that the amount of liquid removed from the

| 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,

30  except that it has absorbed a certain amount of moisture from the air.

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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that of the dehum difier section. Furthernore, in Fig. 3, neFt%&»Vséc’ﬂicon
has a cellul ose sponge nmaterial. Such naterial nay be added to the '
enbodi mrent of Fig. 3 or it nay be omtted from the enbodi nent of Fig. 2
and repl aced by the spray nmechanismof Fig. 3. In a preferred.enbodi nent of
the invention, applicable to either Figs. 2 or 3, spray 10 nozzles are not
used. Rather, the spray nozzles are replaced by a dripper systemfrom which
liquid is dripped on the cellul ose sponge to continuously wet the sponge.
Such systens are shown, for exanple in the above referen

ce .
PCT/ | L98/ 00552 FurkRst aaskndigiatitee 4 gterigg theslghumyditier gube H?54a4‘°}§9&q}“§8‘?‘§” BZat from
the desi coant is@hddl k@it Rumi@ @Mt ligh@2 rémeveli @i eiditncy of whier gmsvatcant in
conduit 104. If—ﬂeat unp system 44 preferably 15 contains, in additjon to
t he conporisness €8 ﬁﬁ%lihhfé@“}’)naqdh@“% o SFPERUI G PT fﬂegf%m?c,antaf’f’h&?f'i SHAtE Keat
exchanger {136n{ilict £BRSESIsoRE. IMwdvBesiReakss waeedie theatkdicogarsathtiod #awi ng

heat exchanger 104 to the regenerating air. Péef &rqabll ‘éd i t'{ﬁz comressor i's
al so covl ele Bshumidifior shupRer.4bg faeuat P WileRdstreyed Troafh B SPIHROIR T BEF& hot
addi ti onal ;@i dropsNBis H§RE inl AhehlHR1ahQROANEER ater refRYedind UR@Esidoant solotéri g t he

conpressor and the refrigerant. Alternatively, only.such air is ed for
such cool i 'agyer topperaiwe 4 oWt Téﬁ?“h‘é&tdie‘ﬁﬁ’aﬁfresﬂlh%méf’ﬁqe‘élﬁ ng? Shtge {eﬁg “F %‘geeoger at or

i ncreases §0g @b di if MsPfeddcB® Rivevd Qhe R RINTBILS LIRS Subamttiethd estecBant .

Heat punp 44 is set to transfer a fixed anmount qf heat..ln.a r rred
enbodi nent shepld ppunderppef fiiebhredyetien pRRRUGRF V“’é’%’fmb%aﬁf“%i“gmﬂ@( e Fh“}r?\ee"?"’g‘y

controding thesenanmymte SheRaakelt feaied Ry hat thedaveniifiing attivn sttingaiibat
Consi der the systemshown in Fig 3i \/\1’31 h the ai [ ent ﬁ#igg oqletﬁéjgg ?Jﬁ%l er

chanber 12some Hupiglitydevgl dhe Bumidioh fouel phBBIch i Bl placnyd UTt her Tthat t he
amount of g @alidhiioRRBMRA FonOmbztiee22 Bl dbsiredistase hidshhabifitgliof thetsoluB&Pendi t hout

reducing the tenperature. In this situatjon, the amount of heat
transferreﬂ‘”ﬁ%?%‘éﬁOF'H@S%IP?‘&?H@YW@%%?ZE{E%% tosrg]lezﬁff’fl}g’ﬁgum%ul d be equal to the

heat of vapor iIﬁ%&ﬂe@JﬂaﬂBe b iMet 1@ MeEda® wedhiniio (et mimidity} te dhlarndifier

tenperature of the desiccant solution .falli I Nt O _r.eser Vol m
chanber> 12b§c8meg 13?%@%%@%8?%%&%‘“&% %H%’?}gi/\fﬂl@ﬁn SFEd (lim[ ea%g:g%ﬁ Sgtxcept
that it hagwRsRdak Nerhaim Rremite didesimkstinte bhom ihidBaechepsmasme

further, that the regenerator is set such. that .at thi erature
and  humi diRS STRIaFE oS TERETS A RO AT BY et PR ¢ i B4R Fah

sol ution. TdHcsntARY ah@ed MBistufiis irdhivied Gbmhie gl thaiddpenoisahdtyit gats hdatedhakat
avai l abl e fromthe heat .. 12 .Further ass ha - Al &g the
dehuni di fi SPPCHEHORY WS‘S%E%GP@PTPHW%P‘E‘W% Hgg"'ese"i“é‘%%ﬁge’pgﬁgfi) @Eg‘%’t. s

hum di by, k&sSonk et the deRpbAiRd 48 iraeeertivectafubers iagnioystbilionail rthe dpéval

depends on, the DU o) ANS. L WS Ut ier at ure of the desi coant

Tt should be understood that this humidity point can be adjusted by changing the amount
of heat transferred between the solutions in conduits 102 and 104. If greater heat is transferred,
the desiccant in the dehumidifying chamber is cooler and the desiccant in the regeneration

25  chamber is hotter. This improves the moisture wansfer ability of both the dehumidifying
chamber and the regenerator and the humidity balance point is lowered. For less heat pumped
from the dehumidifier side to the regenerator side, a higher humidity will result. In addition, the
set-point will depend somewhat on the relative humidity of the air entering the regenerator.

Fig. 4 shows another dehumidifier 200, in which no pumping of desiccant is required.

30 Except as described below, it is generally similar to the dehumidifier of Fig. 3, except that there
is no pumping of the desiccant liquid between the sumps 30A and 30B. (Fig. 4 does have a

somewhat different layout from that of Fig. 3.) The inventors have surprisingly found that an
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dehuni di fi er chanber also drops. However, since |ess water enter§ BRB 2033
desiccant solution fromb5 the dehum difier chanber, the anount of water
renoved fromthe solution in the regenerator also drops. This results in a
new bal ance-with lLess water renoved and the desiccant solution at .a |ower
tenperature. A lower tenperature desiccant results in cooler air. Thus, the
tenperature of the exiting air is also reduced. However, the relative

hum dity remains substantially the sane- It should be understood that a
reduction of input air tenperature has substantially the same effect. 10
Gener al | y, appregriajgly shene sind sizpd Epgiiiroatsheigas aierthret HE PBRRFHIGI ey MRy S&i on

cutting off alies :3QIBIWIFSHLYi¢ RYGled wrhitGer BEieeH hytoa¥@bs.at which this takes
pl ace wi || depend on thé capacity of the sqlution sprayed from nozzles 22

to absorb noi stug@erghin  Faicdspirsapisysem sk 28 g12befifos- A" SupP (4R (REHTRI ty of

the sol uti gmesRhid¥are (HLBNR3 2b@RuRRs alidhidR] RaSArdWies §une30A fhganprdl as
the air at inlet 14 becones I ess humd (relative hum di(g%)é)rthe dehum di fi er

15 becofreseg@satonBlle This 2AGHIPETRIIE TPE DF (BRTITTED 'TARER S¢her doF iDICi
cool ed on @aghatof ANl 1o eRERUBNMbBRr-GRACHME teskOzht. anadditha, PetaRaiags f
desiccant in the solution in 30B reaches sone_ | evgjle. Siml a’él‘%’jﬁ as, | ess
moi st ur e i &siceathipaEmp FYRstreh dgvrer thap alig sypp S iaAd 1 Rrpatigh_Ldeyisragt in
concent r at &eghpafoAl thR6 Se NBBhSHLINE ircfeatc@NRV @t fcOMititndyaddd ik OBRAMGNST i S
that it gets heated, At.  sone point, both renmoval and absorption of

noi st ur e biFSTRRUAYE K1t Biglst op since the respective 20 sol utions entering

t he dehgimi di fi €neand of &PRRBEYIMALBIE pRHBRMIE fcSusah 8inkld s&hi Rk In thy dwidelf Flzez.air to
whi ch or from whi ch m)'hstur IS, orHaI ly transferred, It .should({)ﬁ ,
under st 0odHPHFED T ettt Byt the SSRGS &F B dEHSHE H°t F¥™anount

of heat trahehREAeGIRAE WREtkidgtescaalmd. ITaRSesults 6 @meebl ShidéRkyand 104. |f
greater heat is transferred, the desiccant in the dehum di f%l?cpg chanber is
r

cool er and t he TE¢;dehummdifier,ofifig 3 te SHEPSTF §FPt SH AR PE & PUBhi s
i nproves t{he 1¥RidSketh onkramef ©rthakitet. t Thiobildwat fortzhengpefnrd diffeyintg todeanber
and the_regenerator and the hum di al ance point is | red. For.l|ess
heat plhpedanRng W&erhéhﬁﬂmsfqngrthéﬁ B?}wf’%‘ ﬁ’ﬁéegeé‘géﬁéragg\é\ﬁe ?%ﬁ’@’,“gémﬁi gher
humi di ty Wiekfions esdihficatddubadipipk 8T istsb @onstedieduit Rhlywhihimatl Hpad ttasfereddsat  on
the relative hum di ‘thg of the air enlt er| the re eggffat grl. Fig. 4 shows
anot her deMai"aMeFRine S8EPS: FReRisd® ﬁ‘b"clsﬂﬁ%ﬂ‘ﬁ‘ap%?t JE5TTEERt is required. 30
Except as descridaederbtkaminstert of SquieineFial 3 ¥s miefficleat; since tidsiccaeisimeditdblyer of
Fig. 3, excepi that the 1,S .no_punpi of the desiccant |iguid ween
the sunps % A¥°§ﬁ‘g§%’5l§?e ‘{eg‘f”é‘fh%d“?d‘t‘fg%‘mﬁg\rt}% g en%‘a%%vﬁé?‘“‘%."f’ FEFERT ”Tdatgg%et from
t hat oboFi ghumidifyihgeediioy €omohs rdyaneeat@LiInpadidisiongh yrdeo ungregehat tharmpdature53 SE P
gggﬁ egf Prngﬁ)x%flﬁrg}lt?ql}iyenzﬁﬁ%ggﬂg Qaqan%é &6 ndloizsit%'eere;[n $€eiccants 1@1 §e s@nri)pesrig HES pr%s(,)egved,

even if it is reduced by the pumping. (The desiccant concentration is higher in the regenerator

sump than in the sump of the dehumidifier section.) Both these effects result in reduced
efficiency of both sections of the dehumidifier,

25 The apparatus of Fig. 4 solves this problem by transferring the desiccants and salts by
diffusion between the liquids in the sumps, rather than by pumping desiccant solution between
the sumps. Thus, on a net basis, only desiccant salt ions are transferred from the regenerator
sump to the pumps, and only moisture, on a net basis is transferred from the dehumidifier sump
to the regenerator sump.

30 In a preferred embodiment of the invention, aperture 202 is provided between sumps
30A and 30B. The size and positioning of this aperture is chosen to provide transfer of 1ons of
water and desiccant salt between the sumps without an undesirable amount of thermal transfer,

" especially from the hotter to the cooler reservoir. In practice, the size of the aperhue may be
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provi des a suitable way to provide required transfer bet wée ST hélBwo sunps.
In general, in a liquid desiccant system such as that of Figs. 3 or 4, sunp
30B (the sunp of dehum difying chanber 12) accunul ates additional noisture
over sunp 30A (the sunp of 5 regenerator 32). This additional noisture
must be transferred to sunp 30A or directly to the regenerator in order to
remove the noisture fromthe desiccant. In addition, the concentration of
desiccant in sunp 30B is nuch | ower than that in sunp 30A, and the
proportion of desiccant in np 30A nust be contihually |ncreased so t hat
the effi cuequ@yedan@hdh@twﬁgfuléaipta@vﬂzﬁ%m th@élew&falieﬁfow\"%eﬂk%ﬁl“?ﬁsg‘ﬁ a4 one

way of COP&%&%%H&& W}ﬁn ﬂ{e%le%mdo%arw tieREapBeatd AW Wheﬁiﬁdrmmﬁ h@ctedew ce
of Fig wever is results in substantially turefor

t h
t he deS| C oegPneralgs eaderveip e t@remmqrdfiehiuelétﬁi%ﬁesgﬁalrth&qeﬂbagie EﬂaF é‘@lé! ?Ya %d Thi s

results i fhe?enhﬂécﬁbmea@mﬂo%@faﬁmmm et slRd B dtiofrp@iingdf 1oRth@ienBeratifodn sUNps
are kept separate "an punps are used to_ pu the I'i qui dglfnbgm ne..sunp to

0
t he ot Her . therbils salytiopup thegrmp: Whsppbe BRIE Fséo?j L DNUET IV e 3 fEnifENt ai ned

bet ween t *}ﬁaﬁ&m&y afoch Ldﬂ&bs?,@ﬂaﬂ@ﬁﬁb 861C WRGEHENRIeOdizeal dedubsl Behurhdibtyi ng
sections. As Indicated above, pipe 30Cis so construct ed that only m ninal

l'i qui d tratrﬁﬁfefrOfﬂQilRésfed%Fda@étlt?é’c"?&é@ﬁfﬁfﬁ%cyﬁﬁﬂ'é“ preserving a rel atively

hi gh tenper at upggivi be gtk thaHMeRYBbdimbR @ f Fled B $Fetiratdf plovides ®mpanatiteg. 3 i S
inefficient, since desiccant is inevitably trans{ erred fromthe

dehuri di f ydiffeyemsielsiof &6 sape 9w (FreyahBrATHRehe ofbist-ure is transferred to the

20 dehyyri di fyi Rengeati gn g ?mférm reﬂﬂﬁﬁ@lﬂ)atd@ﬂérrmhéﬂ adldicéciipay, abaveptiden to
preserve the tenperature differential, a’gdem rabl e bal ance. of n&)dsture

and desi ccasmBlayy byt digHine. F@eam%alp?fét%% (FPETLYLE, S5 Teprpngufar; With fognded 4 by,

the punpi NGemelsHAGnE@SHEE NG - 3&@{1%951 Sehl h&lﬂtl’.Smhhr@lenghnoi heo tegiependagor
sunp than in the sunp_of the dehum

difi sec thth effects
result in ?fleﬂlﬁc,céﬁj‘“%Pf fhe; supien)- %rFfeE?B]t"hﬂ"segPll CP %W Gettm %3}% Elrtlt%%25 The
aplo?r all;) us %gﬁ;,%%hg[he 4es§ﬂltol\fgssot fghﬁ) sz@bhﬁﬂﬂa@éj OF Ltmﬁsﬂ@érr szrl\tgcddﬁmudmm m:ant s and
salts i ffusion between the |liquids in r at-her
punpi né%/ d eXSRPERIN TEFHIRE Pighe WWégﬁhqe TR oLy s %d%ﬂ%iélglﬁ a%lows %hte basi s only
desi ccant gakdie eRASuAEE ehifeaitSERAKISE: Mh@iTsdrie cfyergitineivat(ehich suayp block tive

punps, and only noisture, on net basis is transferred fromthe
dehum di f|@%‘m%rﬁh??c“rﬁB”FW?HP@@EH@F%?FIBPHSUW 30 In a preferred embodi nent of

the invention, agehikibe andestood$hap e \dikdciomneind@editicits the3PAaedr @etBuesThe

si ze and positioning of thls rture i S chos p i ons
of water HREPALT! eTHATY AP ‘”ng‘g é %’we Sodrﬁ A a%gduéﬁégg?{na 1

amount 29f t her rRkmet RS béikts ab&S pi&cdleahlhmﬁer @fTFi:,he shofid be noted. tTfiereoaelnetr
reservoir. ﬂl)wn o? rm%%%xlré: %m z}pgreturg I_,f757e from rtesgre\ o2l Séttg L Selver 39& when the system has
reached a steady state and the air conditions are constant. In fact, since the dehumidifier section
is contimuously adding moisture to the desiccant and the regenerator is continuously removing
moisture from it, this is to be expected. During operation, the concentration of ions in reservoir
25 30A is generally higher than that in reservoir 30B. This will be true, because the desiccant in
30A is continuously being concentrated and that in 30B is continuously be diluted. This
difference in concentration causes a diffusive flow of ions from reservoir 30A to reservoir 30B,
via aperture 202. However, this is balanced by the flow of ions from reservoir 30B to 30A
caused by the flow of soluticn in this direction. This results in no net flow of ions from one
30  reservoir to the other. During periods of changing conditions of the input air, there may be a
transient net flow of ions.

During a start-up transient, the total amount of liquid desiccant solution increases by the

addition of moisture removed from the air. This means that during this transient period there is
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14 - 5 SEP 2003 increased. such that at full dehunidification? £h8 £i%8w of
heat between the sunps is at an acceptable |Ievel. Wien the hole is too

| arge, there appears to be a flow of heat fromthe hotter regenerator
reservoir to the cooler dehumdifier reservoir. Undesirable heat flow may
be determ ned by neasuring the tenperature near the hole and conparing it
to the tenperature in 5 the bulk solution in the sunp. When the hole is too
| arge, there will generally be a significant thermal flow fromsunp 30B to
sunp 3M When the hole size is reduced too much, the transfer of ions is
reduced and péth@naser aésiccatt idns ifemayseiveir 3ol tcdih whith sdadts|inl tHegoneanieation ofod t hat

t he enbodi nt of ref er abl ovi des t.emme ferentl al s of
the sane of &&F lereﬁg'é’?{%%é’ﬁ’f%hwef%{%mpﬁl?tﬁréfese mf:gm‘ &@l{ngitg (\)/\%{afe the size is
preferably enpi mlaqmichyal dgttes, rdnﬁmgistaﬂy descthe bmj:eaibm/ef the desgpnant @xwﬁqﬂqarr y, but

pghn::lia(r:ln ¥ 3?&}3§1§ﬁ§6?¥59£§‘|°%& ”?50 tg’%Wepr%%{{’prefFJ é%%r%‘ﬁgtta ou lugﬁrfi,ls}r{%1 and a

hei ght of &hldfidecsihcediep srditably salmmth hmtwalpdmghtdymmaqump@c}KS tldinunpPyremuiead| v,

t he holels plac t he bo r O tud
reservoi r s * §& E‘%f:r E?Sgﬁaén &an 3y Stagl Q‘% %1 e‘?secsia ?‘%%@gﬁ%}rﬁgﬁ on in the
15 r egener aiagiesinmschiovide, rcalatunt dhdanrildotmctmfdmfn <thlhze1df: e3tbenligitid. desf¢ranta,cd kngvohal

hei ght al | ov\{?‘ t he s%lgtberﬂsg operat e even under extreme conditions when
sone cryst dt PF FAPPHR Wh may bl ock the aperture) occurs at the bottom
of the reservoiThe teipsiton|add bencenmdaerstfoogsdariat 3tthes W0Gens B&hslt ghepld be
positianin perture LS BB(Q%&E B ﬁg{ ors
and t ha 0 ﬁﬂgés)t(ooﬁgllla% elc\?lécr?mr lgeérprv?n%% é‘r%nr?g exper | mangygtla njc Sone

sal i ent ponlmtmraianfuir 3ﬂhdu¢j®hhﬁrhlghef uespera:flw@lf the ddsierhuty Wethide Fﬁ@ﬁ@bﬁtﬂwﬁbﬁk eis a
net flow of rggrht? 1grliseand e eq‘%glreg %32112@"@%&@%6?%9& flurl’i)’r?é%Bwﬁpvz[r?%ﬁ&éf}o ir 30A
when t he sysrf Fesch state an e alr conditions are
const ant . Idepehdmg pn Q‘nemwetme dlaﬁulm"ﬁty‘quéhe atehsingmendifiened and tha st 89" &8di ng
noi sture tqt | ?lg]g]; by, ok PSR MRS Y Tremovi ng

noi sture fror#éﬁfrgs?mc@?@%er@gg té?%g%gag 4 91 | ng 0o£era{t| on, the

concent¥sati on ol thoprsfeired erabadingant pf th@nmmon,sthgepfermatranyfeh@fgﬁaé?ﬂaiswng%at in
reservoir &5 thedesieaant in 30A s

conti nuouslgﬂg)eI seel;]:'ﬁlég%\ér?@evﬁé)@gt%ec reag at |Sn 358 I's continuously be dil uted.
This differ encﬁlol f sloows ediagram.i S@mlac@ﬁ’é@fflﬁhlﬁ Fxpspi/Batfthoyggsisrant SRS 0dm
reservoir FHAPGHLHA g 402 ¥ 8- debibdafit inSthe

bal anced b%q) hé f{rowgp(%%/s%:ﬁ%dng rlglﬁ:@r eservolr 30B %003 A caused by the flow
of sol uti ordehumidifierssidi pyetbe heshpumh resulisdw enly & smpl ‘ﬁ’éng?é'@ the (LR eEuTS #% om one

20  This means that the air treated by the dehumidifier need neither be cooled by the air conditioner

(as in the case of the desiccant systems of the prior art) nor need it be heated as is necessary if
air conditioning systems are used to remove the moisture. This allows the air conditioning
system to do the job they do best, namely removing heat from the air, while freeing them from
any side effects of having a dehumidifier coupled to them, for example, the heating of the air
25  into the air conditioner by the dehumidifier.
Fig. 6 is a block diagram of a combined dehumidifier/air-conditioner system 310 in the
context of a split air conditioner 312, such as is normally used to cool an enclosed area such as
a large room 314 in a house. Air conditioner 312, in its simplest form, comprises a room air
inlet 316 which feeds room air via a conduit 318 to an evaporator 320 which cools the air. Air
30 from the room is drawn into evaporator 320 by a fan 322 and exists the evaporator via a room
~ air outlet 324 to room 314.
Heated refrigerant is compressed by a compressor 324 (shown in an outside portion of

air conditioner 312) and passed to a condenser 328. Condenser 328 is cooled by outside air

16




30 reservoir to the other. During periods of changing condi t FonSEdF bk
input air, there may be a transient net flow of ions. During a start-up
transient, the total amount of |iquid desiccant solution increases by the
addition of noisture renmoved fromthe air. This nmeans that during this
transient period there is 15 a net transfer of desiccant ions from
reservoir 30B to 30A which results in the concentration of desiccant in
reservoir 30B being | ower than that in reservoir 30A during steady state.
Inapractlcal System ste st f e

desi ccant i rnelgé’rav%ol ing ’?[?Eg byl% dﬁ%ﬁeg a%%%%%ﬁﬁg{ﬁb%\gnﬁggz 5By wei ght
of salt. PreftendhBy4. the salt used i s lithium 5 chloride, since this is a
stable salt with relativel [ I Mnad-i36RIL U DLQMgle 1s
an even better 485 coceéinfom%eﬁ%}:diqg grg‘lét E%B#Qefﬁfﬁfgoﬁégan EE user%[‘ ﬂ
usabl e sal tesaporadriddeto temgpdas taphibe kdogrdide, cal ci um chl ori de and sodi um
chloride. O her %tthr Y vHiG O akised.
The terrperatureAéth?tlg!Slﬂ"1ﬂ %grftct @%ﬁ%lz%gm@%%g%%ﬁr 15‘%13% C énd 35% It
shoul d be ifBroughdéer sttirodorh e qréngiticefifseinair atglemaltyrvoméélé‘i bbii rousgAr bahe be
higher (w t h r{n?)&;d’ %ﬁ# %Iuhér%g Brodg}h 151%& tbgﬁllte f'a-@) §£ﬁst§£v%'s{1p Q@d%dﬁlgoﬁ he

hi gher terrp Ta ediccant . \then ti’ue System sto

concent r at itonsnamtardaygser atnmobeves ho propofliah Pﬁ@esh@ regigeds &he ﬁﬁé%lh@ﬁeﬁ‘érs
will vary k8P, LE32and humidity of the air

bei ng condmpﬁﬁiﬁ% r%ﬁﬁﬁ?&hﬂ&ggﬁnﬁ%ﬁ%f "{he dehuni difi er (as determnined
by the Heat punpirsemngditiugy, Jlénmhges@tlb?ér ISf m}'é?t@)’ cpvenponah & gesiglerlp sgme
enbodi ment pgéfe&éa {Hbge{ﬁ@ﬁt Oftne :D&HiSn, 'oﬁtepf}ﬂésro@%t:ﬁfdnf&ﬁmgg}s%ﬂs%a% veetepgen the
reservoirs,” except via the aperturé and ho punps are used for transfer.
Fig. 5 shomplap@htagram simlar to that of Fig. 1, except that the

desi ccant systegp .okl GRodifiedt %tqhéﬁﬁelﬁﬁﬁntqghmdmbﬂem T hiifze8 hows
that the cooli néﬁSB% The gﬁg?lcg%?tt in the dehumdifi gr si de, lsE)y tﬁe heat
punp, r esulingedsnthe affigieacysand peolingeanamtyiof theg-cordif@fiat ure of the air. 20 This
means tpat the @eﬁmﬁl&?@t 88 Bya tﬁﬁnﬁ@dﬂwewmagl% BEeHsa driABE ubie 360hRA by

the air conditioner as in the case of desi.ccant systens of the prior
art) nor neegives ogdhanyies Wl lgleﬁ"@éég‘éa%%esldﬂed &y put ebhedadiag e 4% khems are

used 10 renpveqfibfin Wi §Myepassm,' @;hﬁdugw@ntmt@ Wke CONMLII d0REAR or B¥sidein t O do
the job they do best, namel'y renoving heat fromthe ajr, while fregl ng them

from any stoldonf¥eists lbﬂheh%’t/ls rgsoabed ke desicedit- RAupFERCY gmbodEmgt pHh

example, t hﬁvéﬁﬁ@&, 'dﬂgd of olitle 388 Fommmhidah QuithhBesBialr i10N$Hst drQiedontifiorteR 812,
dehum difier. Fig. s a block diagram of a conbined

dehumi d?§ i eﬁrstfatiahlyc‘éﬁamridsﬁ 9. Syaderehly. 3pge fhy ipprdance o dBds Wit isrelatively 1o
condi ti onery3A2,usHGlRdiAsnal & RARBRIRLE ¥cUSetnliokd N reghir-@NBbRSRE oAk @dyddch as

provided, in some embodiments of the invention.
Desiccant with adsorbed water is transferred to a regenerator 350 in which the desiccant
is regenerated by removing moisture from it, by heating the desiccant. In a preferred
25 ~ embodiment of the invention, this heating (and the carrying away of the water vapor removed
from the desiccant ) is accomplished by passing hot air through the desiccant (preferably the
desiccant is in a mist or other finely divided form). The hot relatively dry air enters the
dehumidifier via an inlet 352 and exits via an outlet 354. This hot air is conveniently and
efficiently provided, in accordance with a preferred embodiment of the imvention, by
30  connecting waste heat outlet 334 of air conditioner 312 with inlet 352 of the dehumidifier.
Since the pressure drop in regenerator 350 is very low, in preferred embodiments of the
invention, no fan or other air pump in addition to fan 332 of air conditioner 312 is needed to

move the air through the regenerator.
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a large room314 in a house. Air conditioner 312, in its sird &P 2683
conprises a roomair inlet 316 which feeds roomair via a conduit 318 to
an evaporator 320 which cools the air. Air 30 fromthe roomis drawn into
evaporator 320 by a fan 322 and exists the evaporator via a room air
outlet 324 to room 314. Heated refrigerant is conpressed by a conpressor
324 (shown in an outside portion of air conditioner 312) and passed to a
condenser 328. Condenser 328 is cooled by outside. air 16 -- 5 SEP 2003

drawn into a coghiidth 4 HleRired3AbdAind bathe 333nidiead adiRhil fam aTréSreQmifeﬂlfﬁi‘e
portion 326 via a waste heat outlet 334, Th cool(gd [ofo) sed efrigerant

i s expandeBoViag alﬁlfé%ﬁ%é?thgé@ug‘ﬁfﬂﬁ?reﬁuﬁ?ﬁgof S BRRK Ber%rf’%t 8“‘{38‘% used to

cool the repRydle if2tafddiohd QRdIlder @hd aif Coiitbh @8 &k 13 b2 intapransdi S eisscabddr esh
air inlet 338 through which fresh air is brought in to the room The

quantity of€™fiFesh air is generally controlled by a | ouver or baffle system
340, 343%. Eitheh QRErRE ehBédiméR Wy @BE Siveritiohahd ilﬁé‘on3tﬂlﬂner3.14ﬂ.de&mry1dif&r shappl i ed,

depending on the anpunt and t ghe of cont rolh e t heg‘%o IbB’ f fresh
air requir gcanmq:hgoqtrpbga}pelaﬁpm,vghl R AT O eﬂean i O efﬁ h&"%om and
is fed to %b@@ﬂ{naﬁc%cﬁaﬁmrﬁ&oﬁld%oﬁf@ﬂ@liﬁstaner 312, as described, is

conpl etely convention esign. |Ln some preferred ephodiments t he
i nvention, ot heff PSf EHPO‘HF]Fn‘EgEﬁ'Fﬁ’?"SH‘?%gO‘Ey%ft %WSW gg n?ls “Se‘P‘f‘S

appropri at ﬂehuhﬁﬁtﬂér@»ﬁeﬂﬁ ﬂx@seﬁaﬁib@@ihﬁﬂ@bﬁth@fnvéﬂﬂﬁn,lpmﬁem bENfig. %oddpmﬂdsdo fdarer uni t

342 is ut|I|z |nc ase the effici d cooli.n Cl 4 he
air-confiti 6 f’i 153 %‘ﬁ tprespgpdsyg port 6 p \rltgggrﬁ?rﬁs?ogas g’l pO%pl Séor?gs

conpri ses aoxﬁlarsydnﬂgtolﬁahtGZSHéhdMn el Furtiie eyt d Ghit Béhdeidifier 3\42&3 saovmtn @iy inlet
346 and passes dr T ouhltof a dri eld tﬁ“ r, out

d
in unit 345065 §§1? it P P P ATRRIE Q}?ce?lﬁ'étetfﬂ? isen[mfm?mauI H;f%%np“ .

esi ccant
or desi ccagid me®} tbmais aos b ihIFid. Mehaladtdmcm &olsy bxehbdbyent néFgediterant .

12 PreterLed enbod Moty ol Lhce, SINARLL SN Al i Lk AUl Sl %o
pref er algt y in M a4, altiagiiiie ar@ﬂr@feraBTﬁfrﬁExﬁﬁﬂ the sience t he i npedance of drying
O Soner o St e e PR O T R el
of the i nveE[g. #afthurhifiec 2rhn bé drheadd ds oF daeo:bnmmbm 31 whichmsiyér @ edndeg] git.
oo R L RS SR S5 e R ALL Bk SRR ot
' has been transferred to a more efficient dehurmd:ﬁer whlch utilizes waste heat from the air
20  conditioner for most of its energy (only energy to pump the desiccant between dryer 344 and
regenerator 350 is néeded). The capacity of the air conditioner system for cooling is enhanced
since it no longer needs to dry the air. The efficiency of the combined unit actually increases
with increasing temperature in contrast to normal air conditioner systems. While the heat
available is thé heat developed by the air conditioner in cooling ail of the air, the dehumidifier
25  dries only part of the air, namely that entering the room. This balance means that the heating
requirements for the dehumidifier are generally casily met by the air conditioner exhaust.
In addition, while air conditioning systems are not suitable for use in high humidity, low
temperature situations, the system of the present invention is effective in these sitations as
well.
30 A combination device such as that described above, has shown 2 60% cooling capacity

over the air conditioner itself and a 30% efficiency improvement over the use of an air

conditioner by itself, for the same indoor air quality.
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25 embodi ment of the invention, this heating (and the carrying 8ﬁﬁy2ﬁﬁ t he
wat er vapor renpved fromthe desiccant) is acconplished by passing hot air
t hrough the desiccant (preferably the desiccant is in a mst or other
finely divided form. The hot relatively dry air enters the dehumdifier
via an inlet- 352 and exits via an outlet 354. This hot air is conveniently
and efficiently provided, in accordance with a preferred enbodi nent of the
i nvention, by 30 connecting waste beat outlet 334 of air conditioner 312

with inlet 352 f t he. d i nce t ner at or
350 is very | ow einﬁe%ﬁoﬁgﬁs#gbéeé‘ﬁ%%mng gy J}P #Evﬁ%ﬁ%ﬁ{nﬁ% QnJb[a]dl}?-‘g[%?or
other air kuﬂ@exl r@&ﬁddrbrﬁhnﬂﬂﬂmﬁ@oﬂ‘ ain c&iﬁﬁzonhcand dclmmdﬂlﬁcr@nlem@l@meswﬁeéﬁed to
nmove the ajr throu ener at \ Haedi ment
of the i nvEHTEH S %mg‘gﬁ’f lﬁl 5 v\“aﬁgcuér elr.sgnsuoﬁ Sklc] n? ﬁle%%’s |E )Flagl{%ée?r i %t o or
out of thezdehps Birtmeved fﬁ)ﬂthqi.ﬁchdesmcanf anthe csmu;b cAlismapiveds éhtould e wBAEEni ent
as for_exanple if stand al one fi r @q&§m%{g to be
i nt egr at edg‘grg ligwid JepipeRpt D & msPorEHF?ﬁq{éa i é gfr?a(rjneb%} el?rb%g%ldjn%%f of the

i nvent i on, pinked ajrém ctixpﬁﬁ tdegitmant am:de diehanbeahgf itrenspeitedy o ghe @@ﬁ%ﬁhm r ol
panel fron1 i ch bo cont rold ed r i rabhiots cakide the
above funct* §W§§h gﬁgurne 5n 5%1%$#Hué(£ghﬁghg mﬁ%ﬁ$%é%§%réc '
enbodi nent Bqu@d frbrheha dryiegthaorer. Hige 2 elﬁowswlﬁgtstté}m Oéfegﬁllﬁ‘g%m thanzydoesFigs ed as
dehum difier, 342. In these f enti post 1348 pf Fig.
4 correspoﬂﬁ%i %WP pf%mfg OQEHEQE f9lhelﬂ&mh§%2&%o&?g§ oﬁdgéto port 60,
port 346 cmamm:pgmﬂs Phg) "paboWs thd hm(tielp@rransmd by thedspanaw te @Edmutd igshe | ¢
shoul d be furth StersddOWNighia Ae8EMnt
schemati c ngr}%l Qt%g] H@I Oggor exa)r ltegan?bé%rahgoe acenent of the

el enent s nhg&ng)maebtﬁ:emahtt revalndnwadwnéﬂémnfgsm@dﬁé)t ingHpaihileofshgvn in |
addi tion, for.the,e Qh’ﬁ?’ 04 R bt i 3 dn@le NOT
present. FLrt% & me%quﬁgﬁﬁgégEgE%%%mo#hﬂgm 3 are not shémm 15" in
Fig. 4, al mnmug:rauy helileamenypfeatiress afs shopn d diet prefirreh embgdimens sape PEME 10 has

a nunb I of, art. As can be easily noted from

Fig. 4el de ea%r f&g\%ﬁzlﬁg%@gna&%gmg%&%h on to air conditioner 312, which may
be a st andard ki tised i e dlaimk Ut teresy icrgpiiss’ SRS AP hapdr Fr ShsipePgaies npst

i nefficient an onditioner, has been transferred to a nore
efficient (ﬁne%P E‘Edfl@éb#ﬁ fyﬁguﬁl Tizes waste heat fromthe air 20

condi ti oner for nobst of |ts energy (only energy to punp the desiccant

bet ween dryer 344 -and regenerator 350 is -needed). The capacity of the air
conditioner systemfor cooling is enhanced since it no | onger needs to dry
the air. The efficiency of the conbined unit actually increases
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with increasing tenperature in contrast to normal air conditioner-&y$§téngii)
Wiile the heat available is the heat developed by the air conditioner in
cooling all of the air, the dehum difier 25 dries only part of the air,
nanely that entering the room This balance neans that the heating

requi remepf gifigr the dehumidifier are generally easily nmet by the air

condi ti oner exhaust. In addition, while air conditioning systens are not

sui t abl e ¥.or Aidehinndifiegbyshamniatinpiysing:ow tenperature situations, the system
of the present.invention is effective in these situations as_ well. 30 A

conbi nati on deliffitid desigrantsin fXp GETXIIScmeaphydicth sentains vin highsndlesisennt ng

capaci ty cop¥@hratibgtidhtheondi.tioner itself and a 30% efficiency inprovenent
over the use of an air conditioner by itself, for the sane indoor air

quality. is -2adebugiifi@0@st Mhe whivhenoisoar amtrbéerd ded dronbedidhriedsheoisosit ext
of partic nsLim.ting.enbodi nents. .However, other conbinations of air
condi ti oﬁ?%}%ﬁ%’%g a&%@%“ﬁ“%ﬁ&%ﬁ?ﬁ%ﬂ%‘iﬁ%ﬁ%@ %n’?f‘?rrﬁ&ugle“?t?ﬁvent ion, as

defined by t haegdnaiai® il Whick sateive® dBEE@RANSIRTonSthid Has Bsdrbi&l B6:h m&ﬁ%ist
exanple, in Fig. 2, the heat is removed fromliqui c? 3e5| ccant in the sunp.

Al t er nat i aieangd rempvesgupigtuetremritiwad 5 from | i qui d desiccant. being

transported i er. In Figs 3,and 4 the heat.is unped from
li qui d desi c%&ﬁa{s&%‘?% Cp%‘el%{s}ggg}enrﬁswgﬁss D&t PRI RpSEAREVAY: Wgcﬁﬁ%@ﬁﬁé ate

Al t er nat iopetayion iof theecddhdmifie tyett K Molhér hbidttirdl rIRSHE 6dBtvoirhadingUhP t hat
receives carrier |i ing chanber. Fig. 2 shows a different

iquid fromthe dr nbel S
type of reYendesiteant copcanizRsion o the. Otgef Eservalr witha faerprising pawt dlopodf nent s

of the i &REA® bnslBusIEsS ypes are 10 interchangeable. Fig. 2
shows the heat benisng ?gans{‘ﬁgésrg%%ﬁaﬁ{? the heat punp to the liquid in the

regeneration chanber. Alternatively, or additionally, it can be transferred
to liquid desicgant... being transported . to.the regeneration chanber, (as in
i gs. 3 dhd &) SRRHARS aelrdinE s SR fatherein o meteryey s BrrpeRUReudo e be
transf er riesllet@l dfiliquidtdsitesit TR 3 Ao r&erids i?@ﬁe%mﬁb.gs 3 and 4. Additionally,
while many features are shown in the preferred enbodi nents, sonme of these

15 features, although desirable, are not essential. As used in the clains

RN LR O L TR ER TR

desiccant from one reservoir to the other.

4. A dehumidifier according to any of claims 1-3 wherein said transfer of moisture is by

gravity.

5. A dehumidifier according to any of claims 1-4 wherein there is no transfer of liquid

desiccant between the reservoirs except via apertures connecting the reservoirs.
6. A dehumidifier according to any of claims 1-5 wherein the two reservoirs include a

first reservoir which receives said liquid desiccant from said dehumidifying chamber after

said desiccant absorbs moisture thereat.

7. A dehumidifier according to claim 6, wherein liquid desiccant is transferred to the

dehumidifying chamber from the first reservoir.
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L A dehum difier systemconprising: a liquid desiccant in twg T edér oy S,
one of which contains a higher desiccant concentration than the other; a
dehumidifier unit into which noist air is introduced and from which |ess
noist air is renmoved after dehum dification by liquid desiccant
transferred thereto; a regenerator unit which received desiccant solution
that has absorbed fromthe noist air and renoves noisture fromit; and a
passageway Conagfifniomick a@coraﬁg iy ahr S chirfs Y &ﬁeraastﬁ@%mmaﬁg gl £ady
state operation of the dehumdifi'er, there is a net flow of noisture from
t he resersgesind mgearveiy whith recejviesr Sadbhqmdahslccam(ﬁ@m said |rcg¢ntnatotr hfentdmaval
reservoi I’Of\% Q&%t éh [ e being a net flow of desiccant ions through the
passageway. . tﬁ KoM di fi er accor di ng to claiml| wherein the passageway
is an aperture such that the level of liquid desiccant in the two

reservoirs is the sane. A dehum difier according to claiml or claim?2
wher ei n t9ner é rlsh%drﬁmprrgdleg tpj g8 vehesein dignid fesigerpinis transferedite the t he

ot her. of clainms 1-3 wherein said
transfer o n%ﬁ%%%@%%&gé gévcpg?/.}e%g&eﬁ' dehum di fier according to any of
clainms 1-4 wherein there is no transfer of liquid desiccant between t he

reservoi r éﬁ; vj a. apertures connecting the reservojrs.
dehuni di filer E%Pﬁlid tA5cAingoto apyjofsclaims {gfeqns chl‘q“i]é“& adiqab@eamoﬂtats

i ncl ude granffefsHeal SR TU VMBI AE C}fcﬁ]‘f@ﬂé’s‘?&aﬁﬂb gelhﬁ gaﬂl?&'lﬁlﬁﬁf](?] eslck Sa' d

dehum di fyi ng chanber after” sail esi ccant a sor noi sture ereat .
dehum di fi er according to claim®, V\/nerel n liquid desr ccant is transferred

to the i.f chanb r fro rst eservoir. -20 o-. EP 2 000) 3
80 Gendh s fehiifithsr Aopding h Rmad Wil hEFely Bt pusns Meiigomdat vor o
i ncl ude aeseBRAOMAVINGS @/ AbivertiohBertRE6H VES d%@ﬂcgan!t' quitEatdagviag e highe} sai d
regenerator after renoval of noisture therefrom 9. A dehunidifier

accor di nGoResnEPReHeIElaRi¢eadi n | i quid desiccant is transferred to the
regenerating chanber fromsaid second reservoir. 10. A dehum difier
according to any of clains 1-9 and including a heat punp that

12. A system according to claim 10 wherein the heat pump transfers heat from desiccant

in a conduit carrying desiccant to the dehumidifier unit.

13. A system according to any of claims 1-12 wherein a substantial temperature

differential is maintained between the first and second reservoirs.
14. A system according to claim 13 wherein the temperature differential is at least 5°C.
15. A system according to claim 13 wherein the temperature differential is at least 10°C.

16. A system according to claim 15 wherein the temperature differential is at least 15°C.
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transfers heat fromrelatively cooler liquid desiccant to reIatYVéI@EM@@mmr
liquid desiccant. 11. A dehum difier according to claim 10 wherein the heat
punp punps heat fromthe reservoir having the | ower concentration of
desiccant to that having the higher concentration of desiccant. 12. A
system according to claim10 wherein the heat punp transfers heat from
desiccant in a conduit carrying desiccant to the dehumdifier unit. 13. A
system according to any of clainms 1-12 wherein a substantial tenperature

di fferentABSTRACTRI nt ai ned between the first and second reservoirs. 14. A
system according to claim13 wherein the tenperature differential is at

| east 5C. 15. A system according to claim 13 wherein the tenperature
differential is at |east 10C. 16. A system according to claim215 wherein
the tenperature differential is at |east 15C. ABSTRACT

DEHUM DI FI ER/ Al R- CONDI T1. ONI NG SYSTEM An_air condi tioni ng and dehum difier
system (310) conpri siHGHUMIDERIERAHR-GONBITIGNING § Ming a cooling
unit; a first inlet (316) to the cooling unit drawing air froma
controlled area (314); a second inlet (338) to the cooling unit draw ng
fresh air from outside the area (314); an outlet (324) to the area (314);

d 3 Broinket  (330) into which rel ativel
out ot do 2o oir Bftihind B ErfmiflBE sl o RaiRpEr po A Rl Qb
(328); aodﬁipumnglzi)cbﬂmlgmhit é3ﬁlr31) inlét (318) nG thé PebBng@BitCating §PMMRIHhSI Ng a
drying wunit &?44 havi ng air inlet (346) and dry air outlet (348); a

r egener atSRTeltad; atea8i4); é‘ Seﬁ@‘iid et (338btto (s epoling weit dwingirdshtaiy §5m) ;  and

heat | t t
2 Noat DURIUNRE kIR lR o1 Wl ELABNE ohRGE b R ee 0
out | et (3320) ioto whieh adlativetynctiol botsele a(r3d Aawir ahde hbgted airroutlad (884354 he of

the dehum di f nit (34 ndyit (34 connecting . the dry air
outl et (3385 erfe Gt ge IHH%%%;"EYW TP 11%3 foniccare SOMBPHSIRGR IYIEB) of
the air QﬁftCtBM)th‘%fng(a?’qv@ air (fTbi9BAE) &) dry air outlet (348); a regenerator unit (350); a
hot air inlet (352); a wet air outlet (354); and a heat pump that transfers heat from
relatively cooler liquid desiccant to relatively warmer liquid desiccant; a conduit
connecting the heated air outlet (334) of the air conditioner (312) to the hot air inlet (352)
of the dehumidifying unit (342); and a conduit (349) connecting the dry air outlet (348) of
the dehumidifying unit (342) to the second inlet (338) of the air conditioner (312).

(Figure 6)
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