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dehumidified by passing it through a desiccant type dehumidifier before being cooled by

contact with an evaporator of an air conditioner. Regeneration of the desiccant is performed by
passing the water containing desiccant over the condenser of the air conditioning system.

This system suffers from a number of limitations. Firstly, it dehumidifies all of the air

25  being cooled. Since most of the air inputied to the dehumidifier is from the controlled 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

the air-conditioner. A second problem is that such a system is not modular, namely, the

30  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.
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Assuming that the starting air conditions are at the spot marked with an X, the air is first cooled
(curve 1) until its relative humidity is 100% at which point further cooling is associated with

25  condensation of moisture in the air. In order for there to be removal of liquid from the air, it
must be cooled to a temperature that is well below a comfort zone 4. The air is heated to bring
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.

30 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
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system reaches a steady state at a high refrigerant temperature, at which the system is
inefficient. One solution to this problem, apparently provided by existing systems utilizing US
Patent 6,018,954, is to add water to the system, which is evaporated out of the system, cooling
the system to a substantial degree. Not only does this result in a waste of water, it also results in
25  alowering of the efficiency of the system.
Under most conditions, this construction will result in cooled dehumidified air being
generated.
In accordance with a second aspect of some embodiments of the invention, the
dehumidified air leaving the dehumidifying chamber is used to remove heat from the refrigerant
30 after it leaves the regenerator side. The result is heated dehumidified air.
In accordance with a third aspect of some embodiments of the invention, no heat is

removed from the chamber normally utilized for cooling. Refrigerant is cooled both by air
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tioner is relatively high and the heat

which only "fresh", untreated air is subject to dehumidification prior to cooling by the air
conditioner. This allows for both the dehumidifier and the air-conditioner to operate at high
efficiency, since the debumidifier will be operating on only wet "fresh” air and the air
conditioner will be cooling only relatively dry air.

25 | Thus, in some 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 fbr regeneration is supplied by the heat pump.

According to an aspect of some embodiments of the invention, a simple method of
integration of an air conditioner and dehumidifier is provided. In accordance with an exemplary

30 embodiment of the invention, the air conditioner and dehumidifier are separate units without
conduits for air connecting the units. However, unlike piior art unintegrated units, these
embodiments provide advantages of utilizing waste heat from the air conditioner to provide

regeneration energy for the dehumidifier.
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the return flow of ions is achieved, by diffusion of ions, 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 not associated with an undesirable heat

transfer associated with the transfer of (hot) moisture together with the ions, as in the prior art.
In exemplary embodiments of the invention, no pumps are used to transfer deSiccant
between the reservoirs or between the dehumidifier section and the regenerator, in ¢ither

30  direction. _

In accordance an aspect of some embodiments of the invention, a dehumidifier is
provided in which no pumping of desiccant liquid takes place between the two sides of the

dehumidifier.
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. associated with the second portion of liquid 10 desiccant and a third heat
. exchangerfthediguiddesicoawt andont act the -1iquid desiccant. In an enbodi ment of
- the invention LT . I I : i t he
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tenperature than the second heat exchan I n an, enpodi nent. of the

er. n. empod
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i invention, the refrigeratton system conprises a conpressor and 20 conduits
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from the first heat exchanger to the second heat exchanger.
In an embodiment of the invention, the refrigeration system comprises a compressor and
20 - conduits between said heat exchangers configured such that heat is transferred from the first
heat exchanger to the second heat exchanger.

In an embodiment of the invention, the apparatus includes a conduit for water
molecules, wherein the apparatus is configured such that the air to be conditioned is
dehumidified in the dehﬁmidiﬁer section and wherein water removed in the dehumidification is

25  transferred to the outside air in the regenerator, said water being transferred to the regenerator
via the conduit. '

Optionally, no pumping of liquid desiccant between the dehumidifier and the
regenerator. Alternatively, the apparatus includes a pump for pumping liquid désiccant b,gfween
the dehumidifier and the regenerator.

30 There is further provided, in accordance with an exemplary embodiment of the
invention, apparatus for conditioning air, comprising:

a quantity of liquid desiccant;




25 transferred to the outside air in the regenerator, said water bditig 2005
transferred to the regenerator via the conduit. Optionally, no punping of
| i qui d desi ccant between the dehunmidifier and the regenerator. '
Alternatively, the apparatus includes a punp for punping |iquid desiccant

-, between the dehum difier and the regenerator. 30 There is further
“provided, in acdiestdiralesicoant ontact exlempliarwhiemhiods rvendondifiodelids brawgktninicon,
-apparatus for copditioni.n | r. conprising: a quantity of |iquid desiccant;
619 OCTC%%WEQP#“F%POIB?’?Q%%]F%‘&@ ic Lt act volume in which air to be

condi tioned i s; R dekiBaRt corRBvARImeth Which olifside airRObrbugbin®f cohfag: withgii d
;desiccant; a second air-desiccant contact volune in which outside air is

“brought i tcendeatiencaf the ligriddesisesnlond portion of the Iiquid desiccant; 5 at
| east gne i qu%tﬁeageo% ﬁ@ﬁ@ﬁes?c%%ﬂ ‘dbr}duﬁé?ofﬂcﬂﬁrﬁ}ﬁr Ilt%ﬂgf"ﬂm'llsﬁ? whE BRG] saff Water
i vol unes; art a r t

bet ween said rstand secon efrigeration system
~conpri si ndirst avdecogd &oluinegtanheat exchanger associated with the first portion
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‘ different path of refrigerant between the elements of the refrigerant system. Optionally,
configuration is selectable by valves.

20 In an embodiment of the invention, the plurality of configurations includes a first
configuration in which heat is transferred from the first heat exchanger to the second and third
heat exchangers, thereby to heat the conditioned air. In an embodiment of the invention the
second heat exchanger and/or the third heat exchanger are at a higher temperature than the
refrigerant in the first heat exchanger. Optionally, for the first configuration no refrigerant flows

25  in the fourth heat exchanger. '

In an embodiment of the invention, the plurality of configurations includes a second
configuration in which heat is transferred from the first heat exchanger to the second and fourth
heat exchangers. In an embodiment of the invention, the refrigerant in the second heat
exchanger and/or the fourth heat exchanger are at a higher temperature than the reﬁ'ig.erant in

30  the first heat exchanger. Optionally, for the second configuration, no refrigerant flows in the
third heat exchanger. '

In an embodiment of the invéntidn, the plurality of configurations includes a third

configuration in which heat is transferred from the second heat exchanger to the third heat



refrigerant in the first heat exchanger. Optionally, for the ﬁia'&m 2095
configuration no refrigerant flows 25 in the fourth heat exchanger. In an
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Fig. 1 shows cooling and dehum dification curves for conventional air

condi t i ondehymidifitatichedystamgli fi cati on systems; 15 Fig. 2 schematically shows a

dehumdifier wnit,, usabl e | L n 1 di-f yi I £-congl ti0Ri ng
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~dehum difier unit, usable in a conbined dehunidifying/air conditioning
'system iinventionrieiwhish ainentbringriheregenerator ceads whizgenhiegyingdhe reg@erator;

20 Fig. 3B schematically shows a third dehumidifier unit, usable in a combined

dehumidifying/air conditioning system, in accordance with an alternative embodiment of the
invention, in which air leaving the dehumidifier cools refrigerant leaving the regenerator;

Fig. 4A schematically shows a dehumidifier unit system, in accordance with an
exemplary embodiment of the invention, in which air entering the regenerator cools refrigerant

25  leaving the regenerator; -

Fig. 4B schematically shows a dehumidifier unit system, in accordance with an
alternative embodiment of the invention, in which air leaving the dehumidifier cools refrigerant
leaving the regenerator; . a

Fig. 4C schematically shows a dehumidifier unit system, in accordance with an

30 alternative embodiment of the invention, switchable between a first state in which air leaving
the dehumidifier cools refrigerant leaving the regenerator and a second state in which air

entering the regenerator cools refrigerant leaving the regenerator;




i nvention, in which air |eaving the dehum difier cools refrlger@@tg@qaggmg
the regenerator; Fig. 4A schematically shows -a dehunm difier unit system in
accordance with an exenplary enbodi nent of the invention, in which air
entering the regenerator cools refrigerant 25 |eaving the regenerator;

+ Fig. 4B schematically shows a dehunmidifier unit system in accordance with
th al Ej e][ nat i \igg Fsmcsﬂ?mrat fired sﬁri&fmﬂgnMﬁlﬁTghlﬁfbn bf aV\dIHhﬁﬂnlcﬁﬁdercaﬂm;tgégo tdhe
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the i nvenpﬂo@@cdl n which cooled, dehumdified air is produced Fi g 5B shows
a second switching configuration in which warmdehum dified air ‘
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t hose forS}tstymszent ional air condi t [ on| ng and dehum dification systems; 10

Fi g. shows st rLuct ure us omat.i c t t of
dehumz%Ii fi cati 3B TafkoE ¢ g"“#gw u§e e t|a toﬁ%éﬁﬁ% dd‘fs coﬁbfnﬁo%@w
dehuni di fB@m{nﬁhﬁcaﬁmdhdl oner systemin accordance with an enbodi nent of
the invention._ DETAI LED DESCRI PTI ON OF EXENMPLARY. EVMBODI MENTS OF THE,
CINVENTI ON 15 Figr &énd s@wmalic fagem i corebingd, dshmisifievamconlinngs sstemelts

~descri bed, dc@rdﬁ&@lvhﬁ%ﬂ%lﬁ%%dg %g@%‘glé"‘éﬂdnons PCT/1L97/ 00372, filed 16

- Novenber 1997 and PCT.
~di scl osured)

Th | | - 1099, as VO
50, 26658 cand 095}%?’?25%%% f?ﬁ%@@&ﬂgﬁtﬁOW Ry é%%t PR §P§°?§%??§ns

09/ 554, 398ppifdtiais E@TW/O@S'E r fisP et Neednyber | 199V 1 d PETAGR/QOSSEnfiled! 1lutility
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November 1998, are used osures of these applications are incorporated herein by
reference. These applications were published on May 27, 1999 as WO 99/26025 and WO

99/26026 respectively and subsequently filed as US patent applications 09/554,398 and

iled 11 Novenber 1998 are used The

" 20 09/554,397 respectively. In view of the potential utility of these dehumidifiers in the present
invention, the dehumidifiers described therein are described in detail herein, together with
embodiments of the present invention. _ ]

Referring first to Fig. 2, a dehumidifying system 10, as described in the above
referenced applications, comprises, as its two main sections a dehumidifying chamber 12 and a

25  regenerator unit 32. Moist air enters dehumidifying chamber 12 via a moist air inlet 14 and
dried air exits chamber 12 via a dry air outlet 16.

In the embodiment of Fig. 2, desiccant 28 is pumped by a 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 fitled, for example, with a cellulose sponge

30 material 24 such as is generally used in the art for such purposes. Alternatively, the desiccant is
simply dripped on the sponge material. The desiccant slowly percolates downvtrard through the
sponge material into reservoir 30. Moist air entering the chamber via inlet 14 contacts the

desiccant droplets. Since the desiccant is hygroscopic, it absorbs water vapor from the moist air




invention, the dehunmidifiers described therein are described§$ &gt ai605
herein, together wwth enbodinents of the present invention. Referring
first to Fig. 2, a dehum difying system 10, as described in the above
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ut not physical) contact in a thermal transfer station (not shown). Alternatively 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

25  returning to the reservoir is actually cooler than the desiccant which enters chamber 58.
In exemplary embodiments of the invention, a heat pump system 45 is provided which
extracts heat from the desiccant in reservoir 30 fo provide energy to heat exchanger 36.
Optionally, 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
30  an expansion valve 56. This transfer of energy results in a reduced temperature of the desiccant
which contacts the air being dried thus reducing the temperature of the dried air. Second, this
transfer of energy reduces the overall requirement of energy for operating the regenerator,

generally by up to a factor of 3. Since the energy utilized by the regeneration process is the

: : 10



20 Alternatively or additionally, heat is transferred fromthégréggné’%ﬁted
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bringing the two desiccant streanms into thermal (but not physical) contact
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increases above a preset value, the heat in chamber 34 is turned on. Optionally, when the

;
iy

moisture level falls below some other, lower preset value, the heater is turned off.

25 Other factors which may influence the cut-in and cut-out points of the regeneration
process are the temperature of the dry air, the regeneration efficiency and the heat pump
efficiency. In some embodiments of the invention, it may be advisable to provide some direct
heating of desiccant in the regeneration process.

In other embodiments, heat pumps or other heat transfer means (not shown for

30 simplicity) are provided to transfer heat from the dried air exiting chamber 12 and or from the
heated moist air leaving regenerator chamber 34, to heat the desiccant on its way fo or in
chamber 34. If heat pumps are used, the source of the heat may be at a temperature lower than

the desiccant to which it is transferred.
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opening placed in the liquid in the reservoir. A tube 52 |eads Fgoﬁﬁdegggl
50 to a pressure gauge 54. As the volune of desiccant increases fromthe
absorption of noisture, the pressure 20 neasured by gauge 52 increases.
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regenerator is fairly constan this a good. indication of the armunt
of “desi ccant  IaH@ukifeand st?q@eth%tﬁeeimg ASPISHaAl 8 s FEpeaY sl Tl e

desi ccant 5 YAGR fith Rl fdF SyhlcR RS th 'ga&ree@s&pa A “loBeP %uy@!hsaﬁm the

heat in c%%rrberg l%e(}es turned on. QDteI onal " 9 e’ r?oﬁl?sture Ievgl falls

 bel ow somaoist alemtering\bbrdebm&ter va&tnmnor toh@yhéétlmal mmunulrcneldlgmﬂhe depaicx her

- factors I nfl u nce th . <CUL - QU 0l N of .th
regenera}tl\llf1h ?eagﬁ%geg e %uﬁji:'él %‘Pff’ thuéed % {rnnat%gl Weﬁ%ﬁlgr ation

ef fi ci ®ncymiiet ténjRraheels apwaphlgqffl ciency. In sone errbodl ments of the

I nvention, it may be advisable to provide sqone direct heatjng of desi ccant

in the regener’st indisated ghoxeone Ioh hs e hidk Aekwpedifier ygtemp (ripe PoPleBk Her  heat

transfer [ [ er heat
RGHmIAg Bo LS Picr 1 e LERCAE bR EE off B LRl SAARRST

| eavi ng r‘afgelrmnanhnaydndmjnenaaszertrmgaeat the desiccant on its way to or in

char aber unp us urc .of the he be at a
Comperature. | dnatr PRARTEEREEARE Bl ol § SR ehforife wit FoBeChooP R ooy Ocr
?PP5 1@ sbfomé ded@@mursdlaﬁ@i RGhiid@des @00fcliife A hdagurelesit @€ @t voluind fevdt@ser voi r
can result in dried .air leaving the dehumdifier which has the sane, or

opt i onal | PREEnt BhBE desiseid selutine l&shawn {mBis. i lyrthermores heglehypidifispoperates
- dehum di f§ [ t ry air.
Thi's 1 eat roih e pEdEnbbidunldin AR feaniaht SR boRiy p ARty (e Bl MuidloCarth ¥,
climates ¢matm}a|oc¢ut10ffe 5 anbi ent terrperature is already high. As indicated

ot or i gt AROSHBERY 7 ki 1R Pl a0 EH R i o T

dehum s frili&éreﬁ&ls (RidsQ the sy\ﬁélﬁﬂo&(hﬂt RQiird @ n’ib@s&@ﬂetnt bmﬂerpfoﬁ@ﬁtranﬂmgﬁoesA sel f
regul ati nl% cl@pum difier 100, that is se regul ati ng W th respect to water
cont ent ¢ anyelyasliic meature; fr the &ﬁﬁ%’éf ﬁ‘?ﬂ@“’do rﬁ)fneﬁsé‘EﬁWPEm&MWe _
nmeasur enegtbviaéa ésQ%afé@r'rﬁ%u@ffﬂY@sBﬁﬁon 8&8&%0 Ednchfiredesi ccant solution, is
- shown in Fig. 3A. Furthernore, the dehumdifier operates wuntil a

- predet erni ned %mmdthpjneawumeamn&f@rs &erd beiwsen bensdams of desttoant selhiéonrheingdi ty,

- W t hout a@éﬁsfe%%ﬁ“ﬂ?x%ﬂ%e%og% V&uﬁlﬁ]cfh i5 c%@ugﬁtg (L ﬁld 00 t“'ro:SL%)S donﬂflﬁA nd 30B

dehum di frer severar Sl gni cant f'erences. First,
the syt econdentsl byqtipes 800, hemelyy firse SisdaimetiRi putiped Vit REzl6OT IBNd puaintlsystaris does

130, via a conduit 102 and a second stream being pumped to regenerator unit 32 by a pump

system 132, via a conduit 104.
In an exemplary embodiment of the invention, pipes 30C (including the bypass pipes
shown} are designed so that its major effect is to generate a common level of the solution in
25  portions 30A and 30B. In general, it is 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 some
embodiments of the invention a temperature differential of 5OC or ‘mqre is maintained,
30  optionally, 10°C or more or 15°C or even more. Thus, in an exemplary embodiment of the
invention, reservoir portion 30A is at a temperature of 300C or more and reservoir portion 30B

is at a temperature of 15°C or less.




" solution in

not have a volunetric nmeasure for the desiccant. However, such»;@
measur ement may be provided as a safety nmeasure if the solution lﬁ?ggor?ﬂ@
too concentrated. Second, the heat punp transfers heat between two streans
of desiccant solution being transferred fromreservoir 30 (which is
conveniently divided into two portions 30A and 30B 20 connected by pipes
300), namely g, gl 5k, SHFGH BRAGAUINREAARNEA B2 Aewhiifly SRS em
130, via a condul 02 and a second stréam being punped to regenerator unit
32 by a pthamf teydshenidif@Psectiona Fartteonatei in Fig A, neitherrseationhps avojlulesaspengdent of

the invention, pbipes, 30C (i,ncl.ydjng th asS. Pl PES ... I gned
so that | PaeHg; ﬁ}cl?&’fafeéléltm sb%%gﬁ%%%ea% ogﬁegﬁ%lﬁk.ﬁg}/g 1?%1?%%}3&@%? %? ;Elon in
25 porti ofg edBHime oBBIB: 2 drd rgRaRd BY theispray mecinBismalfFig. BRat the two reservoir
portions have different tenperatures, This necessarjily regglts in different

" concenf r at i ondn smejenhodiregats of thaigveation, applicable fHefiged o efePHY NS 1 abl e
to provid o PEAL | : hN\Ghich liduid

bypass pi %8?83 Sté\nmﬁ%ﬂggatgéa%po trg%ls aer?? %"gﬁ? S%P%qgsﬁgﬂp@gh [ é?lﬁltl%lt%:

ot her. | ndrippeaton éwtreliiloerspengefto tdntinionshmvetdie spongenPachatystewss atiefshawmden al  of
50C or nore is.mgingaine 3 | , 100C or nore or 150C or even

" nore. Thug’fanlipﬁlnﬁ‘e &%Vﬁﬁ? ﬁllrﬂvegmgﬁ%gﬁég%‘f the invention, reservoir portion

30A is at a teaghiak W B ij,&fé&gpu%Tsmm 48 RErAcGIRENVEIN tHealeticoant sSDBon ins at a

- tenmperature of 150C or Fes,s. 12 C 2005 In Fig, 3A a di fr%ﬂent. .

- const Mt panduit 12 andgrmpeferadige therfepiceant incongiiinh{4. Heat EHMP SYLIFT St T gt of

t he dehum gifi ' (=TTAE | ;o A, i JcBihebBAS a

cel | ul os%&%hgseﬂéﬁc%{ﬂg%g‘s&@%@ﬁf%ﬁ?ﬁ]%c{allﬁggoggéa%ggﬁ ng{a% 1Ee?:‘t:er(r;bogi ment of

Fig. 3A ot36 to trmsfdpesomei dftthel heat orom tthee refrigendit reavingolicariexchaien i 84 tegheaced by

the spray nechanismof .Fig. 3A 5 In sone enhodi nents of the.i L.on, .
appl i cabl FBE5TaENg Ay VR .%” Ahepgomppessar 45 also ﬁg@?qd@g&egﬁ%en?%?n%as%?é wlgég%rher ,
t he spraywh@zigt &8 isd/es; KR RUAiG6h] by, ridt €hed BPRAE repysdracn fuap bt wietl €1 chalingithe i s

dri pped on the cellulose sponge to continuously wet_the afé%nge. Such
 syst edd apenmessqynd fhsrefrigss maivelpeonh gk alr russdReawh peling L os/ 00552.

. Returning to FkQa: Y. ; f Fccant
%&%ﬁﬁl{nﬁ t e&aﬂg @&' séor ﬁ)%hfsarﬁ&fﬁlepﬁ‘e@ﬁl,ts MmO thsovdesf

transfers it to the desiccant in conduit
104. Heat agiitinnaksgis them 46 sysamaiwhish allaws sl refiiigenant systéne te oppaiaahtaslowsnt ai ned

come of t REPRERES FRermelte P waRROR st AR B renyd Aok BERE L

. regener at bglgg Rb hot el stadY diite ttdperatepigpeigsor i s al so cool ed by the
regenerating air. However, when the air is very hot, agditlon

: . . | air,
~used PR the rcEhedesulipgheating of the aig splgringihe regelieriey pdeases the ability ofthe air to

remove moisture from the desiccant. Heat pump 45 is set to transfer a fixed amount of heat. In

not

an embodiment of the invention, the humidity set point is determined by controlling the amount

of heat transferred between the two streams.
Consider the system shown in Fig. 3A, with the air entering dehumidifier chamber 12 at
25 30°C and 100% humidity. Assume further that the amount of liguid 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 Tequire

an input of heat (additionally to the heat available from the heat ﬁump).
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15 conpressor and the refrigerant. Alternatively, only such airg ;@sﬂ%sf-egmgor
such cooling. Cooling the reftigerant and/or conpressor in this manfner®"
results in the renoval of additional air fromthe system which allows the
refrigerant systemto operate at a | ower tenperature. Qperating the system
. Wi thout such additional cooling, may result in the reftigera~t being too

- hot in the st Gadiieratsine thed thepareateringihe deluimidifid@hder hesallowanunhdigy, iforg of

~the air enterj t he regenerator jncreases e ability of the air t
renove nn‘?x%‘ﬁi‘egg%% gﬂ‘i @ﬁg‘“ﬂ’é‘{s‘fyc M‘iu“{—!éé?m??'ﬁarg“%%?esefééfn‘:ﬁ’(?}‘_fvﬁt_ﬁﬁwy é)la fixed
- anmount  of gA&Ris- onl the HRMIGRP UMY TRAL meftehP&aﬂufevsmlb%sicéahescklmmndlewngs&ie poi nt
is determned by control I'ing the amount of heat transferred between the
two str ea@@um@@%ﬁs ichmpber kg0 drpps. EloweYRBVIINCE deskivgter apers erdesieqant salution Py i ng
- dehum di fj er, .chap t 0 9 el : r that
the a un@ggF}%Fﬁggﬁ?’{fhrjaé}r}%vt@a %glr(%%h %(fr@@%ir%lg&ré% ucE:H esgits%!lgnﬁfﬁl#gﬁ{g%%ﬁ‘%S%
Wi t hout r slsbudrbpeg Thib eesiileriip e hew balace with Uss sateri@mioved, and e dasteranttsolufion feaat

transferred between the streans of .desi ccant .sol yti on._woul d be egual.to the
heat of PHFOEMPERES,AJWer fiRORREANE desisgapy Gavis g ﬁ?#ﬂ@ﬂaﬂﬂl{s’ @6‘@{%&?&{%@

t enper at ufyg e8find Fis ARS tAGRAL HSRVEE, tiRRelathRl Hulntfityiréth&ind REQANRILY the Ganhd. &M
chanber 12 is at the sane tenperature as that which enters it, 30 except

that it hehouldibe andrasioad that p rediuetion o input 2if temparaighas subgantiapthgsame offestyne

further, that nerator. | up, . 4 8 ' ;
' terrpe?%t ure an%erﬁgﬁ%%qg? ?%fﬁnl ¥ gr%@?aag ﬂg’h‘gﬁggﬁe&eglri%ﬂﬁm% v?%t%? rogfmatt he
- desi ccant soal huiridity. levilhi Bhe iamidityderiel & wideh thispaktes phcdoeill depaddint thocaphdity t o t he

heat available fromthe, heat . 13 20-95 Further assune that the air
encer g PHIB° UM PO AGS2ifo 8550 direuthin Sty Pb e PEiestone 006
For this Sk didadity drefSsolutisivépiayed froRHY26k X5 Ma&isé Meiskkd, | ci ency of water
renoval = depends on the hum dit % and thus, the tenperature .of the

desi ccant sol Unigensral eathie pig at inlst [4essomesdessihamidEeistie huaidiy) e dpymidiSever ,
S| ncelg es?ﬁmgsefess%l}l% %os{,t\a/a Ge ﬂ%?shﬁ& %3[‘1'% ﬁ.Oi" | 4 sf){ugﬁ B HEJ?ed %héé% %’aﬁéiter

chanbet, € anoun ef renoved fromthe so on I'n the regenerator
a | so dr ofhsougH lthesconéwitil (2sand nheaperenaba bhduszcant irhthe aslstiomined0Br eaheesbnend t he

. desiccant, sql yti.on at .a |ower.tenperature. A |ower .te at ure desi ccant
Tesul to i IV odf s 1o meSiine iR RBTRICTOR Hediio e THEOBR S04 B AT P8R | g0

- reduced. ERwa@ied ahd) Rsd RbRkuke/R riHeVed ifforh 1t SATRINBShappddS iaihhi Righty hedial).seme. |t
- shoul d be understood that a reduction of input air tenperature has

subst ant i sgmeypointeboiiy rrmozgifaad ebsompdiomehmpisiure by thi solyan dop siscedbs fespestiig at i ng,
o0 FRETS N . T e
bl B SR YA Bl S L 8 £

- the sol ut which spfiay edichmmisture saioasalRArahsfersddsor b noi sture and the ability of
- the solution gp

£

glould 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 transfer 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.
The device shown in Fig. 3A and described above, results in dry, generally cooler air
30  leaving outlet 16 than entering inlet 14.
Sometimes, it is desired that the air leaving outlet 16 be warmed as well as
dehumidified. In order to achieve this effect, the device of Fig. 3B can be used. The device of
Fig. 3B is the same as the device of Fig. 3A, except that heat exchanger 136 at the input of the

; ' ' 14



on the capacity of the solution sprayed fromnozzles 22'to rel b3s@CT 2005
noi sture. In general as the air at inlet 14 becones |less humd (relative
hum dity) the dehum difier 15 becones |ess able to renove noisture 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 sone |evel.

' Sinilarly regaferhtesis nrovbd tothe outputrof HRvieHurhidifier idedepbied 13eTHe devitd owh tn 30A

concentrated and |less.noisture is renoved fromit (all that

- becones [ e .
happens ims?:zgc ﬁgtpr‘?dﬁlceéé“ﬁwg‘gﬁ%ﬂmﬂ?nsone poi nt, both renoval and
- absorption of ARk AR 4B/ sHolCans@kMichARidiP ROS iR $Richhe r%]ﬁ%gl?q;fldyﬁccglﬁ is

-solutions enteri'ng the dehum difier and regenerator cha |
* stabi | ity required. tBheephpy deseribedvhélow, ibis genasatlyvsirniday torthie sehumeidifiers 06 FigaBA ynd

S are In

C

st 8 B elekmidRR thel Bo KRR G AdBont lalo B ¥ BB AR B 1 i ons
- in condui (Bigdl GA anBl@d havefa @heahgrdiffiaalt liwut franshase befigs. 3 endiss) Thant in

t he dehum.di fyi chanmher s cooler and the desiccant in the regeneration
25 charrber‘n"le%%’ﬁgl%f"érs‘ﬁrpﬁ*ﬂp%lyifP&ﬂdotb@sant PRETORERSYLThered, adstizsd WeRtrs.tyckyas pot h

the dehumagifivd 7@ conhaRBEg iR LibSs 5&9@@;5%&%@@%6%0%0%9}&&%& Rakgpce

point is |owered. For |eSs heat punped romthe humdifier side to the
r egener at Setweerdlhe tvep iimpiler humidity will result. In addition, the

- PG} i l1.d d. . l,at i 1 di f ' [
he T aener at of e VIR @hist RSefer ol dok Yol 08 B Syl 7 "

in dry, gefidshablidifyhgoibamber 12) adlimuRey iaddtioiat hﬁisﬂ&@oiéﬂ%ﬁ‘m%ﬁb&r(ihegurhp\bﬁt 14.

- Sonet i nes,

; .
as dehumf%ﬁ'ﬁ?qﬂ'é% f'ﬁﬁha? additiqng! mesfuzs, wust hedrag

red that the air | eavi n&FoutIet 16 be warnmed as wel |

&R to spp 398\ qrcreiy teithe 3B

can be usegenctiibr i BMcER rBhovelthdmoidBrel font ME ISHFEN AR alldBort 8 cbfceRfbatibh §F 3A
. except that heat exchanger 136 at the input of thet 141 9 OC T 2005

r egener at gesiqeantipyusep 308 is mmch lowst than that ihsuatp A O a9 thecuropantibnd desiceatit 186" .

and aBSshouAnanihst ft SendiEeR] BRHGER 7S e MR I BRR hararihlBn,

required. rdgameqilonaskegelsigh.i bed bel ow, it is generally simlar to the

~desiccant |iqu

dehum difiers of Fig..3A and 5 3B, except that there i s _no punping _of the
Ore WX dfedhing R problsmAs e §5im8leRMPas inthe dpvicems il 2have a

~sonmewhat - giohbrirels kavauin fubeBhtdallpSBe UmEk@perabie A thaBickicdl used \HRW OF S

~have surpri si n‘%lfy found that an approg}rl atel'y shaped and sized aperture,
1 t

“such as d¢jupd
[ [ 2 I L. i
P i BBeotc oo ing BaHHBles 3P EHEPH LRE S8 e SUHRSge it o0 SBbune el

eatipp andcibpibeinr iteggnardied. tis resultpis agessof effisiercysui t abl e way to

used to purnp the liquid from one sump to the other. This allows for a temperature differential
to be maintained between the sumps and thus between the regenerator and the dehumidifying
sections. As indicated above, pipe 30C is so constructed that only minimal liquid transfer takes
place between the sumps, preserving a relatively high temperature differential.

25 However, the transfer of liquid in Figs. 3A and ‘3B is inefficient, since desiccant is
inevitably transferred from the dehumidifying section to the regenerator and moisture is
transferred to the dehumidifying section from the regenerator. In additioh, in order to preserve
the temperature differential, an undesirable balance of moisture and desiccants in the sumps is
also preserved, even if it is reduced by the pumping. (The desiccant concentration is higher in

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

The apparatus of Figs. 4A and 4B solves this problem by transferring the desiccants and

salts by diffusion between the liquids in the sumps, rather than by pumping desiccant solution
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of dehum di fyi ng chanber 12) accumul ates additi onal noisture ovér CE€dnpn@oA
(the sunp of regenerator 32). This additional -noisture nust be transferred
to sunp 30A or directly to the regenerator in order to renpove the noisture
fromthe desiccant. In addition, the concentration of desiccant in sunp

30B is-much lower than that in sunp 30A, and the proportion of desiccant in

15 sunp 3bktwésdsthe B@ni0 Third) bald et ibagis, oaBe desioRart alt idrdeare trbhsined Goniid dryi ng
capacity of regeneratlon is kept high. One way of coping with this problem

i's to usereEensfafyy|sEmy jashe pumpsy aﬂ%én]déf}?létéfeopnﬁl pet basis iggaRsieed fiof) they esyl t s
- in subst agd|Rldider b t%alﬁ@re SERE: e for the desiccants used from

- dehum dification and that Delng redenerated. This results in a | oss of
- efficiency. 20nkxenilay dehodingits bfthe imfenﬁrgsper@we &Q?dismvideﬂéewnlpsunaase. kept

- separate gnd sfre . used to.pump the | mon ot her.
Thie ol o Bl OB TR G AR il SRl APt shoseh RER s RRERRE MO e

- sunps andwit%dﬂ@shd@ﬁt%aﬂt bawe&gﬁ@ﬁﬁ@saﬁthaﬁtchntdn@esc}mu B 6kirft ysfmamasmtsfeans As
- indi cated above, B_g 30C is so constructed that only minimal liq

Lranster tsaredy GomBe tokende die tORer SIS, I Pesshsey i ARRARTR B gh
tenper at Ux'h@re ?(? FQER Mt & fulP @enbiaYY G lion, tRE ﬂBﬁ/ad'fSﬂeglr B?éveén' s ﬁs':dt% 3A

and 3B is icrent, since desiccant I's I nevi trans red fromthe
dehum di f@cwp@biﬁelevel Ofhencthe hele issige faegeathere @p@krmlbstauﬂoav @fsheattfrcmmﬁtémttﬂd to

t he dehunm dif section.fro ner at or. in order to
prese re%ﬂlg%koé S Rtu ethﬁlcfogfﬁ gﬁl} &% ﬁesffﬁ%fésp ag’lleoh?aér{@g B¥Y MiSi st ure
~and de5| Cdehdtinnetl By hit@suSiugNaR thfperadhre Qedd NIRSIRNY &, cofip@iing it to the tefpeietivecd by
the punpi ng The .desi ccant cgncentration is higher_in 3Q the re enerator

“‘'sunp t hanthf Ry retudemis the sunte When the hele s &0 lé@eﬁh%rﬁ will geperallyhe 8cignf
result i e BHWeHKE fhih 3%@BytocéFmg ttxh %o@f ;Iehs r&ﬁxlal?mog thi ! theThe

. apparatus of Figs. 4A an 4B so 'S prolem y transte rring the
desi ccant tsanafieriof igmlis wdined did theisverail dfﬁmmelrsmdheedl qU| ds in the sunps, rather

Thus, on'a et BT 5 Gl 1 dne 2ubpietinal B8 ¢RoHEE 4B, b PRI he

~ regener atm@in awmcﬁ@erézﬁﬁlswﬂmm@dtder%ﬂeoeﬁ@m&mﬁntm,@e@fmgtsAthB ls
~transferred fronl?éh dehum difier sunp to the regenerator sunp,
§ 4z

exenpl ary enbdd! ohaY breemRi@HY dermingdeas dgscabstppoye Hb?rb“-??ﬁe@@@r%é‘ﬂtv\een
sunps 5 AR %Qﬁnmm@l ShtéRs ﬁq%dap&ﬁﬁé id x‘a&gﬁggla?fwxfﬂ’ﬂfo%n@éa% fsehakzﬁ %hose“

“to pr ovi de transf er ons wat er an esi ccant salt et vvee
- sunps Wi twidth ofdrd dez;sﬁerahlylabommmtamba h¢iplg rofid 1 0toma defeading onetls\peapaezmgf f rom

o e PTG o S0 o i ploR P S st o hen T °

 between tdaeasstonpiee hdvamthgeddf the higher salt concentration in the regenerator reservoir at the

bottom of the reservoir. The additional height allows the system to operate even under extreme

conditions when some crystallization (which may block the aperture) occurs at the bottom of

the reservoir, Alternatively, the aperture is defined by a series of heightwise distributed holes.

25  Alternatively, the aperture is defined by a slit at the bottom and spaced holes above, In these

sifuations, the amount of diffusion of salt ions is dependent on the amount of liquid in the

system which is, in tum, dependent on the humidity. When there is more moisture in the

system, the liquid increases and the flow of water and ions (by diffusion in the reverse
direction) also increases.

30 1t should be 'undersfood that the dimensions and positioning of the aperture or apertures

is dependent on many factors and that the example given above was determined experimentally,

Some points about the dehumidifier of Figs. 4A and 4B should be noted. There is a net

flow of moisture, via aperture 202 from reservoir 30B to reservoir 30A when the system has
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acceptable level. Wen the hole is too large, there appears t¢th&Cd £9Bw of
heat fromthe hotter 10 regenerator reservoir to the cool er dehumdifier
reservoir. Undesirable heat flow nay be determ ned by nmeasuring the '
~tenperature near the hole and conparing it to the tenperature in the bulk

sol ution t be a
signifi canetaChe? & rewﬁﬁt%%%% %)h‘rar'forsill gitﬁn%%%E%gtagﬁﬁgﬁgbi&%\}ﬁen t%dgﬁpﬁe‘ﬁ éle is
reduced t daontitiousty bdding maistafectd tloaf deisioeumt arsl ﬂ\enhgaenhtcansjcaﬂuauamvlgrrahmng
efficiency | s r duce 15 |t shou he und%r stood t errbodl nent of
os A HtrunE R s Tt cPEe PuRts SPEHUPR RO PR RO T iR TSRV cor

- (or even g5 %‘Jnrrﬁglﬁngghérrtﬁﬁﬁhﬁfm Fés&vo@éOB”ﬁné”@ﬂl b/, gedaﬁ@ tﬁé d&Ricomy ibe

~enpirically dete describ above, in an exenpla but not
Climti hg, 3ekperchntinnousdly being @mentrvéedapé!r that in pEB ﬁ%é@T&WQQHSBIr e dilgted. ' B ded

coners ha ‘ffé%rqg% IH\&MOIgctﬁnEl"«ﬁlgﬂ cau%e I%fRJI ﬁ%‘?‘t nsaﬂ)o(?llf'{es&'v re‘?{e&r a% ﬁl3g t of
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- (which may bl ock the aperture) occurs at 'the bottom of the reservoir.
- Al t er A8t i vransjent et fowpErongre i s defined by a series of heightw se
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understood that the di nensions and positioning of the aperture or apertures
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and 4B sh e no érer1san I a aperture 202
- from r esecMotide, Si0& this is £stebly piltrwiBOrlavibely high desqcsuugmajmﬁy JIﬁthﬁme:ﬁ)niﬂE i2005

‘reached a st ead e and _the air ndjtions are constant si nce
the dehunfdiehfTe ctge dpmiesatt Py B FAda §?°aﬁa.h‘?g“-°=ﬁ%@‘?1€frasa?185?‘r‘ﬁe tfst ccan
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- be expected. During o eration, the concentration of ions in reservoir 30A

is geﬁ@rallﬂtﬁehﬁtgﬁéﬁlw @¥sefhat in reservoir 30B. This will be true, because
. the desiccant mE Q{Atukes%}ﬁoc{%héeﬂ{fﬁgﬁ% orFedcRRirCHACE Wb LG 35901 (shdta be 30B
€

i's continuously erence in concentrafion causes a
_di f f usi ve uhdenstocaf that sisconcatraticsie reseivoir 30A cao be bigher\(withoud GFstallization) than

that in reservoir 30B due to the higher temperature of the desiccant. When the system stops, the

concentrations and temperatures soon equalize. Of course, these numbers will vary widely
25  depending on the temperature and humidity of the air being conditioned and the "set point” of
the dehumidifier (as determined by the heat pump sefting), among other factors.

In the exemplary embodiment of the invention, there is no transfer of materials between
the reservoirs, except via the aperture and no pumps are used for transfer. It is also noted that
where no pumps are used to transfer the liquid from one side to the other, if a steady state

30  exists, there must be a nuil net flow of ions across the aperture.

Fig. 4C shows a system in which either the embodiment of Fig. 4A or 4B can be

provided by switching valves 47 and 49 from open to closed states. For example, if valve 47 is

open (i.e., it allows flow) and valve 49 is closed (no flow), the embodiment of Fig. 4A will
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via aperture 202. However, this is balanced by the flow of i bifs CT%.%P%
reservoir 30B to 30A caused by the flow of solution in this direction.
This results in no net flow of ions fromone reservoir to the other.
Buring periods of changing conditions of the input air, there rray be a 10
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shows a syst ehid WSW'h“tlﬁmélbl‘}%? of; the relfigsaRt SESHRM Bt pie Sommen

provi ded Q%Sé‘% séfaJSV‘FéatAe?(cl?aH&rf'%é Wﬁ?@eﬂbai ExhbRRBE bt 86 andOr
“exampl e, i open (1.e., it al ovvs flow and valve 49 is closed

- (no fl ow)e;cpamrsnen eai‘b@iﬁ Nem:s 4% aidiag. anduhe\mﬂ'lgeram pivir shaws in Bigu4Q arereplapgd ve 47

Is cl ose I.S wOpe ogi f Fi |
~ Thus, yfﬁﬂ {%ﬁ @ggmé?gl 12‘%#:1 caq Oqﬁéggg& ﬁ“mlé t?%géﬁlowadrfe{%{)s S ovvn in
Fi g. 2®C G@dﬁn&%d@@rﬁpdr&ntswFigfmhee@ﬁdt\beemngedcool i ng dehunmi d| f ier state and a

heating dEhungflnfgergtgt s?rétgél eSOO bc%%ngn:\;lgs,txg a(rllcliﬂg ion o tLg L(?l’l!lp%rlllglyts shown in Fig. 4C, a

series of pipes for refrigerant, a switch 502, a second expansion valve 56', four on-way valves

504-507 and .two switchable stop valves 508 and 510. In each of the Figs. the portions of the

piping in which there is no flow are shown as dashed lines. In addition, the direction of flow is

25  shown throughout. As in the above explanation, open indicates flow is allowed and closed
indicates that it is not.

Fig. SA shows a configuration which is functionally the same as that shown in Fig. 4A.

In this embodiment switch-'SOS is closed and switch 510 is open, so that there is no flow of

refrigerant through heat exchanger 136' and refrigerant does flow through heat exchanger 136.

30 This results in cooling and dehumidification of the air being conditioned, as described above. In

this configuration, heat exchanger 46 is cold and heat is transferred therefrom to heat

exchangers 36 and 136, which are hotter.




5 It should be understood that to avoid duplication the net hodélg)dlﬁ bf20H g.
4C is shown only for the enbodinent of Fig. 4. It should be understood
that it can also be applied to the dehumdifier of Figs. 3A and 3B and

. also to that of Fi g 2. It should al so be understood that the valve |ayout

- shown in Fig. exenplary only. . unber of different, valyve
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refri gerant system 500, in accordance with an enbodi nent of the invention.
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The basic bui IelkRg 50] @6 ssitdn sh@ikewB02 Q;ed}ﬁﬁged%}ié%sﬂﬁ‘w‘@ﬁes%@ af® TPt O
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of the Figs. the portions of the g) i N which rels no tflow are
shown as EEdifier 2if reuts. Hept guhangen Ao aqtfnt@ @plr @gtdﬁmamnftheomgemra&“ Shoan

t hr oughoUas iA%sdri ﬁlﬁt iqﬁ)\ﬁ?th@)é ﬁ@%&'ﬁﬁ‘sggggﬁgl& {}ers?e?lte Og%Fa %OWECI and

closed indicates 't 'S no con Bh is
ft ui ctSi orchihbert harsifien deret thdlie cmhdmmeldmthgeffcétAthe flufctibh bSh@ﬂmHarigm‘k swi tch
510.i s

508 is closed,and at .there is.no flo
refr : ger 3R steﬂrogﬁfgﬁ‘men’é'atse é’?’i’:ﬁ%ﬁﬁ&@ ’ifég‘gs a#g apd, $B; &e?‘l%ﬂ’e dgted q‘“’rtdwﬂfﬂﬁr ough
heat exchonggiatibabhe &faleztmeat KGR éﬁs HeRt &%ga% ARfn H81H ﬂbf&'i fﬂaﬁﬁi&é&ﬂﬁ‘)f the

air being conditioned, as_descri above hi's configuration, heat
" exchangered@xshangesy 1Bozamd 13l Shoﬂldtheiwﬂfeemt@ﬂﬂlﬂﬂl@ﬁfed‘mhﬁmmrd 3peprears éxathanger s

30 7 IS RREIN e I O EL R DR
~this wrrbc}lnwmrt irg wiifitct; HthiS Tlodess ehes ¢al retird, Bwivhatéved laitentSpcmmble hao td hait t here
:c FO\r/]vO thr & gﬁ“%eé (]j g’.rﬂq g(%t?orr]lt ast v%hoalﬁgtge ex‘:f‘ernal %é:ﬁ g}?crfl egrers,llef ?s (%réx%tnrree t]:) rn!: c?vﬂa%?t does
much heat as possible from the refrigerant before the refrigerant is fed to the expansion valve,
Fig. 6 shows a diagram, similar to that of Fig. 1, except that the desiccant systems of
- Figs. 2-4 are represented by a line 3. This shows that the cooling of the desiccant in the
25  dehumidifier side, by the heat pump, results in only a small change in the temperature of the air.
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 it does best, namely removing heat from the air, while freeing them from
30 any side effects of having a dehumidifier coupled to them, for example, the heating of the air
into the air conditioner by the dehumidifier.

Fig, 7 shows a structure 1000 useful for the control 6f the amount of dehumidiﬁcation.

In low ambient humidity situations, the level of liquid in the system is reduced; at steady state,
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exchanger 136'. This results in heating and dehum dification ofl § HE Ti2005
being conditioned, as 5 described above. In Us configuration, heat

exchanger 46 is cold and heat is transferred therefromto heat exchangers
36 and 136', which are hotter. In Fig. 5C, the position of switch 502 is

.changed and bot h itches 508 and 510 are..closed. In this enbodi nent,
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t hat the t fa: FlLOs: 2-#nsa r . i .. This
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air. This aps that the air treate t he hum di fier need neither be
001 ed by THONEFON b T Bl SpTaer $20 Wb E AL e P EaaR e &yt of
the prior agfduliet304 tdv86e 314, be heated as is necessary if air conditioning

systens are used to renove the nmoisture. This allows the air conditiagning
systemto do t Heatpbrsirigeragbis sompressed hy psppiessabIdd{sharanin ap opiside pertign rof whi| e

freeing t : ' i 1AL dto
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dehumi28i f ideawn fatoga coblisginlat 380 by mufen 332 HedB aw sritudutfide pdrtien 339ntin alwastt t he
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of |iqui dhie ophe éystem is reduced, at steady state, 19 OCT 2005 over that

in high hunm di The SbdletBbb@ftessed Poffi QM UslefhandedSint MR LAfARGeri 1361 d abfmhs to
idesirable to reduce ) '
r evaporator 320 to be used to cool the room air.

Additionally, air conditioner 312 comprises a fresh air inlet 338 through which fresh air
25  is brought in to the room. The quantity of fresh air is generally controlled by a louver or baffle
system 340, 341. Either one or both louvers or baffles .340, 341 may be supplied, depending on
the amount and type of conirol over the proportion of fresh air required. The fresh air is mixed
with the air drawn from the room and is fed to evaporator 320,
Air conditioner 312, as deécribed, is completely conventional in design. In some
} 30 embodiments of the invention, other types of air conditioning systems may be used as
| appropriate.
In some embodiments of the invention, a dehumidifier unit 342 is utilized to increase

the efficiency and cooling capacity of the air-conditioner.
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- house. Air con |t|oner 3

the anount of noisture renoved fromthe anbient air. The straék GCd 8805Fi g.
7 is useful in providing automatic control to achieve these ends. Fig, 7

is simlar to Fig. 4C, except that a sponge-like material (as in Fig. 2),

replaces the 5 spray shown in Fi g. 4C, for the regenerator. However, not
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cools the air roomis I nto evaporator, 320 by a fan 322
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- refriger agtregeheaRITYyC RERMINEYmaistaRITREASH, by Réding SHOWBsidcAnte M QHteilelﬁﬁanor tion
of air conditioner 312) and passed to a condenser 328. Condenser 328 is

cool ed by*Redimanbobhe inverfiony nerhepinscard toshryieg swdyef t38Watlryvapor ramoBg2.
Heat ed i N ' Th
Heated ai g, fxjid &aﬁ%f)'rlg ?{co%gaﬁ&h?ﬁs' bgi)g%s}#gzhé)? m‘P’?}%BE n A€ %%slcc%égﬁhoﬁéﬁ}, N
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evapor at odesig@dt foinbe misteat dthercivmly tiviled cfom)ail"he hédchildtivelgadr) ir @iters the

- condition conpri s fr sh air inl 8_t hr,ough whi ch fr sh alr 25
i s broug h‘f El?ﬂgdfzq)e % B’Ef‘?s'n 3%% ad Gaikhtipey o etf 5)52 H‘L‘eill}m 1@ Sorvenient

cont r | egdfifiynt®y greHded! indiceddddntd &ith SN %ﬁleiHn%élQ 10f %]mveﬁhéﬂ" %’j{ c@rﬂﬁ':ctﬁ{g M@eh

| ouvers or baffles 340, 341 may be sup dependin t he anmount and

type of disatpuslet Seof @h@fﬁﬁwp@rilﬂdﬁﬁbm& ﬂé% Af ﬁlﬁrdeh@@fdi gd:‘»mcv ke pressuls air i s
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condi ti oner as descri conve nal
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RO T IR E MRS N SRR R A
. capacltty aixf intder @itfofaRNE¢HuiIRer, skl fan or fans could be present, if convenient, as for
example if stand alone dehumidifier and air conditioners are to be integrated as described
herein.
Optionally, the air conditioner and dehumidifier share a common control panel from
which both are controlled and from which, optionally, aIlrthe above functions can be turned on
25 or off or adjusted.
In some embodiments of the invention, one of the systems of Figs. 1-4 is used as
debumidifier 342. In these embodiments of the i_nvenﬁon, port 348 of Fig. 4 corresponds to port
16 of Figs. 1-4, port 352 corresponds to port 60, port 346 corresponds to port 14 and port 354
corresponds to port 62. It should be further understood that dehumidifier 342 is shown in very
30  schematic form in Fig. 7 and that, for example, the placement of the elements may be different
and many elements are not shown in Fig, 4. In addition, for the embodiments of Figs. 4 the
pumps shown in Fig. 7 are not present, Furthermore, the heat-pumps of Figs. 1-4 are not shown

in Fig. 4, although they are preferably present in the system.
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1 9 OCT 2005 Dehumidifier 342, in a sinplified bl ock di agram cofp?tEedila
drying unit 344 which receives outside air via a wet air inlet 346 and
passes dried air out of a dried air outlet 348. The air is dried in unit
344 by passing it through a mst, or-the like, of liquid desiccant or

desi ccant solutlon Moi sture in the air is adsorbed by the de5|ccant In
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via an outL s _hot. .ai canveni.ent Ly and .15 ef I ent.l

provi dedaw’11 l%gcger laegﬂ%evew?dhb e@ﬁﬁ@@ﬁ‘r‘?&?ﬁmﬁ?o%ﬁgﬂio B‘ﬁ Wﬂl\éﬁ%ectl ng
wast €0 hédds onbit ﬂmﬂ of3Betaiffnambly thadRoletih®OMe fochd. 2rhid bdlanice hﬁhns?tﬁ& 116 helatingy

dehum difier. g,cetbt he pressure drop in regenerator 350 is very |ow,

opt i onal TeguireRsnisfer the debpmmidifies are gsreﬁﬁlly %Slh’dmt ¥ & arpopdifomynexhagst. j

condi ti oner %%dhlﬁoﬁ‘%ﬂﬁdmﬁ &nﬁ?ﬁ&ﬁn &o?%mia%&%?ﬁ?etlﬁrm whi | e,
in some enbodi ment of the |nvent|o o aaéd lonal tans are required for
novi ng @nidity, lo\mtt@nmanuammtlonshmedgdtmpﬂﬂmpecspntsnttﬂntlmars effiectivars thesrul d be
present, . f.c ent, as for exanple if stand al one dehum difier and air
conditi o‘fﬁlkeuratéona(@glEée/&tanl be integrated as described herein. Optionally, the air
condils i oner aAdomkinativhdeviteduch bathet dRsibBAEIdVE AL EthwnlpdRh cdoliggcapabitych bot h

are controll ed and fromwhjc ptjonally, all the above functions can be
turned of\Ver ¢ {F copdftioger %Vd}tﬁﬁkﬂaég a §0v sHicienenHBPYRENG oWT thehise ¢f\ABrAil on, one

of the sy&lﬁﬁgﬁﬂqglgélg%rﬂksﬁnbﬁldyﬁ%@ﬁl dehum difier 342. In these
enbodi nents of e invention, port 348 tgf Fig. 4 corresponds to port 16 of

Figs. 1-4, potheisspatiandnas b@pdmsbetdan Perconted of paticul84endimitirespdodisents. port 14

and port r.es peort further, understood that
dehum di *I’bi\gﬁ/e\rgéfgﬁ ﬁrscos%%\g\hmoqs iy fvagrc n%omnc%g@?%p@%ﬁ%s iR %5 éd ance % t}l'fanat for

exanpd e, mtrbmwp,l aadefmﬂtby(ﬂie ddives elleseeintts pemynse sidil firf #e ant For axinpls EWF@J enent s

are not n In addjtion, for the enbodinents of Fig 4 the
punps shmmﬂ??t mg'?‘ada’?“é“ HS‘t“gﬁlF%%"@th the, furie ASPBLUVElnR dt sruld “p’i?ﬁ%%edof Fi gs.

1-4 are peh lﬁllﬁﬁl"\&bsiccant being transported to the drying chamber. In Figs 3 and 4 the heat is
pumped from liquid desiccant while it is being transported to the drying chamber.

Altematively, it could be removed from the liquid desiccant in a sump that receives carrier
25  liquid from the drying chamber. In some embodiments of the invention, one or both of the
refrigerant/desiccant heat exchangers is in the dehumidifying or regenerating chambers.

Fig. 2 shows a different type of regenerator than does Figs. 3 and 4. In some
embodiments of the invention, the regenerator types are interchangeable. Fig. 2 shows the heat
being transferred by the heat pump to the liquid in the regeneration chamber. Aitematively, or

30  additionally, it can be transferred to liquid desiccant being transported to the regeneration
qhamber (as in Figs. 3 and 4). Finally, while not shown in the Figs., the heat could be
transferred to liquid in sump 30A for all both Figs 3 and 4.



in Fi i 15,06 &%

g. 4, although they are preferably present in the system' 21 005
System 310 has a nunber of advantages over the prior art. As can be easily
noted from Fig. 4, dehumidifier 342 can be an add on to air conditioner
312, which may be a standard unit. The task of drying incomng air,
performed in a nost inefficient manner by the air conditioner, has been
" transferred t . i cien ] Qi L i tili.zes ste heat from
the air 5 con |(@'}t{§ﬁ€g§” %{lé ﬁnllf)ns“f Ee(% ?elig;agg %ﬁ&bg@ tl}ggeﬁﬁlgpféﬂ'emg g\pl%U??f)mt e
_ dfesi ﬁ can_tthésetfbmd_ es, dithoagh Héﬁa'alﬂ,]ghre netgafpmtiait Bor a&ﬁpleswg@ed;e@))siti&ﬁmma?aci ty
of the air condi ner. systemfor cooling is enhanced since it no |onger
~ needs to ?}F@Fﬂsmﬁﬁ nd 1atare fhqvin % helpet théysatrensain deggsratonand, a fheyexit
- i ncr easesfroeehMGAFRS kG trhHiftod A '
~ conditioner systens. §ﬁilgm?ﬁg@ﬁgggaﬁ§$g??§§pgoggf@ﬁgsE@ggaﬁgg% Jﬁgﬁ by the
. ai r cohdi @ibediaentsref gwohyentjom |althayigh soree of the faahgesdelatedivdthfthepositionsishows onl y
. part of tIH@(l?GiIBSt nanely that entering the room This bal ance neans that the
* heating Trequirenments for the dehumdifier are generally easily nmet by the
air condi ti ondss wxhaltie. cldims dodiefsoomphse e"imiludet @ndhdve'otr their Syt ar e
" generally nog.spiiagle f?r,aﬁe"in high humdity, |ow tenperature

si t uat i orfgcany fgluding butpoblimitettion esent i nvention is effective in these
situations as well. 15 A conbination device such as that described above,
has shown a 60% cooling capacity over the air conditioner by itself and a
30% efficiency inprovenment over the use of an air conditioner by itself,
for the sanme indoor air quality. The invention has been described in the
. eontext of particular non-limting enbodi nents. However, other
conbi nations of air conditioning and dehumidifiers i'n accordance with the
- 20 invention, as defined by the clains will occur to persons of skill in
the art. For exanple, in Fig. 2, the heat is renpbved fromliquid desiccant
in the sunp. Alternatively, it could be renoved fromliquid desiccant
bei ng transported to the drying chanber. In Figs 3 and 4 the heat is
punped fromliquid desiccant while it is being transported to the drying
chanber. Alternatively, it could be renoved fromthe liquid desiccant in a
sunp that receives carrier 25 liquid fromthe drying chanber. In sone
enbodi nents of the invention, one or both of the refrigerant/desiccant
heat exchangers is in the dehum difying or regenerating chanbers. Fig. 2
shows a different type of regenerator than does Figs. 3 and 4. In sone
enbodi ments of the invention, the regenerator types are interchangeabl e.

" Fig. 2 shows the heat being transferred by the heat punp to the liquid in
the regeneration chanber. Alternatively, or 30 additionally, it can be
transferred to |iquid desiccant being transported to the regeneration
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chanber (as in Figs. 3 and 4). Finally, while not shown in théQF@§§.2mﬁhe
heat could be transferred to liquid in sunp 30A for all both Figs 3 and 4.
22 r, T 2005 Additionally, while many features are shown in the exenplary
enbodi nents, sonme of these features, although desirable, are not
essential. For exanple, while the positions of heat exchangers 136 and
136' are shown as being at the entrance to the regenerator and at the exit
fromthe dehumidifier, the air/refrigenamysradi ator nay be in other pi aces
in the system in some 5 enbodi nents o6f the invention, although sone of the
features related with the positions shown may be Iost. As used in the
clains the terms AgRRRE Sﬁﬁgmﬂﬁmb@%&yg@nngﬁ "have" or their conjugates nean
"includi ng but not Ilnlte 8 %005 CLAI M5 1. Apparatus for
condi tioning air %@ﬁﬂﬁ?%ﬁﬁ@Mdmﬁmﬁhantlty of liquid desiccant; 5 a first
ai r-desi ccant conj @t air-@bdibdnt iconash H6lim@lin which Bie w£ b dédditomads lbmuy'ﬂ astght into

contact with a firs ortion uid desiccant; a second

ai r - desi ccant®® %‘i‘if"é{&?P bicthig © f)'h bﬁﬁd‘#‘“q‘ﬂwm de air is brought into contact
with a second pos tecand abdkicdidamt bantpi vdluche S eidehtintsbin air & broagirt inreoathst otk 8y st em
conpri si ng: ]§%§ME&ﬂ&ﬁfnsﬁﬁmgégﬁaﬂgﬁghasSOCIatEd with the first portion of

| i qui d desi ccant exchanger associated with the second
portion of Iiqui da@&m@wmmmﬁm heat exchanger situated for heat :
exchange wth said congidianGehamid: S@Jcia%wmhch%@y&&m? Raifid desiteaft | - desi ccant
contact volune; and refrigerant conduits co rinecting ?enents of said
refrigeration system 38%ond hepisuchangs pssogieed i qh@sep@d@p@pmnhq\;%éqswt t he

first air-desiccant cgrﬂmq;eat\ésaéhmgergsﬁatemmatleﬁﬁﬂngamlﬁs&l@maﬁm@ﬁehlaﬁaﬁe?ectIon

in which air to be c d|t qned i s br into contact with a first
portion of tHEFFHES Breuisieptapreontaspvop eA?Jﬁar atus according to claim1 or
claim2, wherein the sﬁﬁ@mﬁt@ndlmtdasnmﬁwemﬂmmm refrigeration system.
15
2. Apparatus according o clain 1 wherein the first air-desiccant contact volume is

comprised in a dehumidifier section in which air to be conditioned is brought into contact with

a first portion of the liquid desiccant.

20 3. Apparatus according to ¢laim 1 or claim 2, whercin the second air-desiecant contact
volume is comprised in a regenerator section in which outside air is brought into contact with a

second portion of the liquid desiccant.

4, Apparatus according to any ¢f the preceding claims, wherein the third heat exchanger
25  does not contact the liquid desicoant, and wherein conditioned air Is heated by the third heat
exchanger.
3. Apparatus according to any of the preceding claims, wherein the first heat exchanger is
at a lower temperature than the secon heat exchanger.
30
6. Apparatus according to any of the preceding claims, wherein the refrigeration system is
operative to transfer heat from the first heat exchanger to the second heat exchanger.

24



volume is conprised in a regenerator section in which outsidé3ilCTi 2005
brought into contact with a second portion of the liquid desiccant. 4.
Appar atus according to any cf the preceding clains, wherein the third heat
exchanger 25 does not contact the liquid desiccant, and wherein
conditioned air is heated by the third heat exchanger. 5. Apparatus
according to any or the preceding clains, wherein the first heat exchanger
is at a lower tenperature than the second heat exchanger. 30 6- Appar atus

according to any o F the preceding c]ains, wherein the refrigeration system
is operative-to PPRAFLSEFCORingtio pRoHh theptecriing tlaiprs atherin ke FEEFAHY PHE second

heat exchangekmpidés deothpfeebr 2QQndiits bARPEY Al Ut BERMESH Mg figuBedatih tek hdabhie
precedi ng cl a e refri tion m _conpri ses a conpressor

[ ereint r st
and condui ts tf?g%%\é\%o@zl?eghﬂg%ex@@?@ﬁ%ﬁ’g}@?@“&%ﬁ% B&*such that heat is
transferred fromthe first heat exchanger to the second heat exchanger. 5
S. Apparatus accordi to a f recedi ng .cl ai .1 ncl udj condui t
for water é‘lno'ecuﬁgdsa&glm&ogp% tt%haé&gﬁﬁgrpeﬁcg%“gsa%@ﬁflflgsw S “Lcd}%‘l ?c%a‘%’ he air
to be condi t imreules, swhechh thei ghipfrated 9 ponfigaed such tthgothe alt tovisl comgitiamed iher ei n
water  emovedich il SARYR: ikl OBl RAnd Shordf FNFHERSEH LA SAGBHLILE al T
fromthe second contact volune, said water being transferre o the first
cont act vol urfEnsfereed iy he epipideipin from G gecopdhepatagttvaluma.cieigrvehion geinp rans g 1

wher ei n t her gud st dOnte V¥ dnOviPhe ¢l d desiccant "between a dehum difier
- conpri si ngqti e first contact volune and a regenerator conprising the

second contact volune. 15 10. Apparatus according to claim8, and including
a punp for pupi ngpgfanlsi Mtbrdingd RSéIgiAR twhehat WaRNs a0 Gk &F ligad desRiti Si ng
“the first contact vgl un%yand a.re tenﬁriato coppr i s‘ian?e the second contact
vol ume. 11. @EF%& AT BRI R AT SRR R SRLH TR RIL FHRTIEAE DS so

i ncl udi ng a fwsund tonhwetlatolun20 exchanger. 12. Apparatus according to claim 11,
wherein the fourth heat exchange apparatus is situated for heat exchange

Wth said outside air before it enters the regenerator, such that the
outsi de ail¥ 10s hAonaetistaprerdingyio claim 8, and including a pump for pumping of liquid desiccant

between a dehumidifier comprising the first contact volume and a regenerator comprising the

second contact volume,

11.  Apparatus according fo any of the preceding claims and also including a fourth heat

20 exchanger.

12, Apparatus according to claim 11, wherein the fourth heat exchange apparatus is situated
for heat exchange with sald outside air before it enters the regenerator, such that the outside air
is heated thereby. '

25
13.  Apparatus according to claim 11 or claim 12, wherein said refrigerant conduits have g
controllable configuration enabling « plurality of flow configurations, each said configuration
providing a different path of refrigerant between the elements of the refrigerant system.

30 14, Apparatus according to claim 13, wherein said configuration is selectable by valves,

15.  Apparatus according to claim 13 or claim 14, wherein the plurality of configurations
includes a first configuration in whizh heat is transferred from the first heat exchanger to the
second and third heat exchangers, thereby to heat the conditioned air.

25




13. Apparatus according to claim111l or claim 12, wherein said re?giggﬁaawﬁ
conduits have a controllable configuration enabling a plurality of flow
configurations, each said configuration providing a different path of
refrigerant between the elenents of the refrigerant system 30 14.
Apparatus according to claim 13, wherein said configuration is sel ectable
by val ves. 15. Apparatus according to claim 13 or claim 14, wherein the
plurality of configurations includes a first configuration in whi"h heat
is transferred fromthe first heat exchanger to the second and third heat
exchangers, thereby to heat the conditi.oned air. 25 116. Apparatus

accordi ng. {0 ¢l al Bhchrinys WoiBHalello L 155HE0RHE Niidefhut RehSBGRAN Rl BhangeX ChaNGET

is at a higher te erature re rlgerant in the first heat
exchanger . 17"S a‘A[BE’?féf{%TaWd‘PWY@mEWI"é Gfir Beabexchangi'm 16, wherein the
refrigerant in the third heat exchanger is at a higher tenperature tiara

the refrigerant in the first heat. exchange arat us .accqrding to any
of clains §5 W7, Sﬁwﬂﬁ‘ﬂﬂgﬁﬁ@a S °@%ﬁ ﬁd’&?@frﬁgﬂg ﬁ'@m’?télfﬁ‘?a@gé'ﬁ% fl ows
in the fourt mx&ﬁﬁgeraxﬁiﬁglﬁﬁémpei@:ré_ﬂan thppaieetnisn e fvrtdategehimpeany of cl ai ns
13- 15, wherein the plurality of configurations includes a second
configuration in which rich heat is transferred fromthe first heat
exchanger to lihe Apmoainscheandng oumy hf kiemts BxiGhahgen dor S fiR0 configpatioatnos
according to I igerant in the second heat exchanger
is at a hi ghe’%ﬁ?éermtﬁrggsti%gfc?’hgpléaPﬁ‘eﬁerﬁ JI’I gerant in the first heat
exchanger 1021, Apparatus according to claim 19 or claim20, wherein the

refrigerant ip thgp ﬁa%ﬂstahcdﬁfﬁ%]to aﬁi‘%b@iﬁﬁ%rﬁllg \aﬁaréi’nmc hedlint Srdekakuag than
the refri gerant in the first heat exchanger. paratus according to

any of cl ai msnd¥lepa secqpdsprfigpratiagin whigh @EBWSJ@B%&%@% iisigat RSP i ger ant
flows in the 4d:king ehd¥eath hexe gk. 23. Apparatus according to any of clains
13-15, wherein the plurality of configurations 25 includes a third
configuration in which heat is transferred fromthe second heat exchanger
to the ths ronmeahpﬁxmhan@eding 12 dlaimAp avhrartio sheaeftigaraht inghd @t hbareRBangwwher ei n
forthethlrdco i erat.ur f frigerant in the third
heat exchange- r}]%‘gﬂﬁeprmt rethg’{{ﬁ rtefnpnr%"ew“at ur"g;c})1 texcg |lgerant in the second
30 heat exchanger 25 Appar atus according to cl a| m 23 or claim24, wherein
for the thir dncont«bwu%ta\:&mmghe hmin@eorruaﬁzmsd ShbE e henSRERRt lgat

exchanger to the fourth heat “exc
exchanger is at a higher temperature than the refrigerant in the first heat exchanger.

20
22, Apparatus according to any <f claims 19-21, wherein for the second configuration, no

refrigerant flows in the third heat excranger.

23.  Apparatus according to any of claims 13-15, wherein the plurality of configurations
25  includes g third configuration in wh ch heat is transferred from the second heat exchanger to
the third heat exchanger,

24.  Apparatus according to claim 23, wherein for the third configuration, the ternperature of
refrigerant in the third heat exchange- is higher than the temperature of refrigerant in the second
30 heat exchanger.

25.  Apparatus according to claim 23 or claim 24, wherein for the third configuration, heat is
transferred from the second heat exchanger to the fourth heat exchanger.

26



26 19 OCT 2005 26. Apparatus according to claim25, wherein for gt@@;t AL
configuration the tenperature of refrigerant in the fourth heat exchanger
is higher than the tenperature of refrigerant in the second heat
exchanger. 5 27. Apparatus according to any of clainms 23-26, wherein for
the third configuration no refrigerant flows in the first heat exchanger.
28. Apparatus according to any of clainms 1-12, wherein heat is transferred
fromthe first heat exchanger to the second and third heat exchangers,

thereby to hegt tﬂ?pa%@%c%ld%%ﬁdﬁh@ﬁ WiredPtor PR %ﬁﬁur@cﬁ)ﬁﬁfe%nﬂﬁm&ﬁ 4l aim

28, wherein the re erant in the second heat exchan is at a higher

t enperat ure tREHCRN D ﬁ‘éff?‘F@é}eﬁrﬁwhaﬁg‘*f Fehighey dpn Wééﬁm@%g’ﬁaﬁdéﬁngcr% m Wepar at us
according to @&@uﬁaae&cmhge@l aim29, wherein the refrigerant in the third
heat 15 exchanger is at a higher tenperature than the refrigerant in the
first heat exchanger. 31. Apparatus according to any of clains 28-30,
wherein fos tive fApmiancondordiy @tanpof blaims 26026, gerdnfor flleotisd tonfiptaioh aur t h
heat exchanger ccording to any of clains 1-12, wherein
heat is transrlc@lg??d%%\?o@ﬁfﬁrﬁﬁ%?esx%mﬁéat exchanger to the second and fourth
heat exchangers 33 Appar atus according to claim 32, wherein the
refrigerant ip ]%ﬁﬁg t han
the refri gerant i np FITst tggﬁg%ﬂﬁg 5 lt W Esmglfm %pﬂﬁggcg@%&g?iﬁﬁl ng to
clai m 32 or cheafjensiamer ithesedord anp dirl beat ¢xg eﬁiﬁ ﬂwwbxqqéem@emnﬁmh@dtalr exchanger
is at a higher tenperature han the refri gerant in the first heat exchanger.
35. Apparatus_according to any of, c] ai ns wherein for the second
confi gurati on?” no P@@Fufsé"r’wdg‘&*&ﬁ]f‘m\‘?%%Br?‘ﬂﬂleﬁ‘“ef"@f;ﬂ“'?t‘}t'l‘f'es‘&?"“%k‘ia‘ fEbrgeT. 36.
Appar at us acciehdi et ten@iyurdhahakeMBerdnt dhe MiELRhdgal IS transferred from
the second heat exchanger to the third heat exchanger. 27 1 9 OC T 2005
37. Apparatus according to claim S6, wherein the tenperature of refrigerant
in the third ¥Heat Apexaisangeding ts chingbeor ddvangtwiercinahpefriztsaitdn di thigfheatger ant
in the segpnd GC to.claim36 or claim
37, wher e| n hegﬁ. écr%iﬁ?@ﬁ@% gt%rrn%%ﬁ?r?om @%%m%a%é%%%gﬁﬂ% ex%’x'égﬁanger to the
fourth heat exchanger.

31.  Apparatus according to any of claims 28-30, wherein for the first configuration no

refrigerant flows in the fourth heat cx:hanger.

20 32,  Apparatus according to any of claims 1-12, wherein heat is transferred from the first
heat exchanger to the second and fow:th heat exchangers,

33.  Apparatus according to claim 32, wherein the refrigerant in the second heat exchanger
is at a higher temperature than the reirigetant in the first heat exchanger.
25
| 34.  Apparatus according to claim 32 or claim 33, wherein the refrigerant in the fourth heat

exchanger i at a higher temperature :han the refrigerant in the first heat exchanger.

35,  Apparatus according to any of claims 32-34, wherein for the second configuration, no
30 refrigerant flows in the third heat gxchanger.

36.  Apparatus according to any of claims 1-12, wherein heat is transferred from the second
heat exchanger to the third heat exchunger.
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39. Apparatus according to claim 38, wherein the tenperature ofgraﬂﬁiawﬁant
in the fourth heat exchanger is higher than the tenperature of refrigerant
in the second heat exchanger. 10 40. Apparatus according to any of clains
36-39, wherein no refrigerant flows in the first heat exchanger. 41.
Apparatus according to any )f the preceding clains wherein said conditioned
air is heated by said third heat exchanger and is dehum dified by said
first air-desiccant volune. 28

37.  Apparatus according to claim 36, whersin the temperature of refrigerant in the third heat
gxchanger is higher than the temperature of refrigerant in the second heat exchanger.

38, Apparatus according to clair 36 or claim 37, wherein heat is transferred from the
5 second heat exchanger to the fourth heat exchanger.

39,  Apparatus according to claim 38, whercin the temperature of refrigerant in the fourth

heat exchanger is higher than the temperature of refrigerant in the second heat exchanger.

10 40.  Apparatus according to any ¢f claims 36-39, wherein no refrigerant flows in the first

heat exchanger.

41,  Apparatus according to any f the preceding claims wherein said conditioned air is

heated by said third heat exchanger and is dehumidified by said first air-desiceant volume.
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