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This application is a continuation in part of US Patent Application
09/ 554,397, which is a US National Phase of PCT/1L98/00552 filed 11
Novenber 1998 and a continuation in part of 5 PCT application
PCT/ 1 LOO/ 00105, filed 20 February 2000. FIELD OF THE | NVENTI ON The present
invention is rel ated t@EHWlEHﬂERbﬂR&GONMM\@NIMSHSﬂ‘EMI systens and nore
particularly, to the field of 5, W ] 'ne dehum di ficati on and
air conditioning. BACKGROUND ‘ © In general, air
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mechani sns of the dehumdifler an. heal r condl t | oner are not integrated.

In such cases, while there4 gol i ng capacity of the
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system This systemsuffers froma nunber limtations., Firstly, it
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t he (o

dry al ready) I er does not re water fromthe air and
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Che. of £ ci GREy I B ERTREA [ BT QoL (5 Al O oBnlF PPREHS A Becond
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must be supgl led as part of the system Furthernore, adding a dehumdifier

to an .exi ciengy of the systram wiredb#ively '89ist em and i ntegrating the dehumidifier
and ai o condi t iyPQeFadn04.984 M4 describes an integrated system in which air to be cooled is first

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

e,

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 inputted 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  dehumtidifier 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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the systemof this patent appears to be inpossible. 51 12 AUG‘*Z@)O%‘J%n%P%er
type of dehum difying/air conditioning systemis also known. In this type
of system as described, for exanple in US patents 5, 826, 641, 4, 180, 985
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20 above is illustrated with the aid of Fig. 1. Fig. 1 shows a chart of
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in the ai fsedtdp@hgl@bmioas sththarne the othbe withnvaumaiow being dadity@d. t he air, it
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air is heated TR terafign of Yandgdpisgorditamie systemandgbe desiersny sysiemsidesrbed ¢ wi th
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'to achieve dehumdification is maj or cause of low efficiency in

humidity in which iso-enthalpy and iso-relative humidity curves are superimposed. Normal air

conditioners operate on the principle of cooling the input air by passing it over cooling coils.
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 cool_ing 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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such systens, under certain conditions. 30 Normal dehum difier syétzer%sw
actually heat the air while they renove air fromit. During

dehumi dification (curve 2) the enthal py hardly changes, since there is no
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. probl em apparently provided, by exi n tilizing US Patent

: 6,018,954, is to add water t%&@ﬁé&i—é&eﬁm evapor ated out of the
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~result in a waste of water 'so results in 25 a lowering of the
effici encjheofegttmmtlsxyshaamer Unuﬂed torosal tho refiigarant deavingi the cepanarationtsidsn The | |

resul t20I n ?e%é)nlt %%en ors ave ae 91&9 in meb%sgrge of some additional cooling of refrigerant, the

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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20 Some embodiments of the invention provide a combined dehumnidifier/air-conditioner in
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 dehumidifier 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 for 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 prior 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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air and the air conditioner will be cooling only relatively dry air. 25
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" This flow
: As indicated above, in the prior art, this is achieved by pumping ion-rich desiccant solution

from the regenerator to the dehumidifier section. In an exemplary embodiment of the invention,
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 dcéiccant
between the reservoirs or between the dehumidifier section and the regenerator, in either
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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- liquid desiccant. In an enbodi ment of the invention, the third heat
exchangerthg igaeratpa sestiomsuch thabsutaderairgprheatedprigetagnictng heregeweatoton of the
condid oned ai . t adj 4.0 I L t rg?¥ n an
enbooﬂ’ltslrrent of h{ %negﬁﬁ{l\;]g% ?8?\@3%%8{%’ &Hof %gta °%£e§<"8‘r’1§‘r?r§§? a?g 1&svlneg: Ga e(rzf‘tuart% an
ent r ance tham thd deeoriddgateeckahgar. secti on such that outside air is heated prior

to entering the regenerator, 15 ln epbodi.nent of. the invention he
(et heat exdhahGaROEnt ol e Figibn e BIEGRIPLSteri oPREE S BrRIehE

exchangerfrom 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 dehumidifier 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. Altematively, the apparatus includes a pump for pumping liguid désiccant bpfween
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;
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In an enbodi nent of the invention, the refrigeration systemis ol)gr ati'véto
transfer heat fromthe first heat exchanger to the second heat exchanger.
In an enbodi ment of the invention, the refrigeration systemconprises a
conpressor and 20 conduits between said heat exchangers configured such
.that heat is transferred fromthe first heat exchanger to the second heat
' exchanger. | n afirseai-dediceant confact helume e mthichngir tdde appditiated ss brooghide® a
‘conduit for water _nolecules, wherei.n the apparatus is configured such that
the air t6°%t85$lﬂﬁfsfm‘&]’9f§hel%ﬂp§f‘a?af"ed in the dehunidifier section and
~Wwherein vater JQpmdag-deflcdafiCofi@itBludtelih Gich @iksids aid & brbidREhRIcofbettwithtahe
~outside air in the regenerator, said water being transferred to the
- r egener at #condpagticnied thediqundidesiceayft i onal |y, no punpi ng of |iquid desiccant
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-t he regenérsaamirsecond vdlo@esand further provided, in accordance with an
“exenpl ary enbodi nent .of the invention, apparatus-for conditioning air,
conpri sing: a YEAWEAHSN FHOPCGUPY REEsi ccant; 6 a first air-desiccant contact
volume in which ai hatify PArsCIRACIxERMABGDsdosiatel Wit e ArktiBrtiof ONH@AA dddictdar;a first
‘portion of the |iquid desiccant; a second air-desiccant contact volune in
“whi ch outside air iasedondheghexchanger asensiated twithithesegondporion @f pond desiscast: t he
- 1'iqui g,desi ccant; b QU i i - O\is ] for at
| east q?r ansfer of \%att@}e% e%@%&\/\%%ga.ssglh"ggd glr ﬁ%} e%%%{%gggl%ﬂv%fl@{r}@é? qg% era
. refri ger aftilenessysfismicdesiocanscongct Yodume)gnd first heat exchanger associ at ed
‘with the first portign of |iquid desi cclant; ta%@e%%nd heat  exchanger

“associ ated with t h&EETEH 95N 08REhRE Heneriteol JTEiRgRRion YW third heat
-exchanger si t URt RCerhiRBinRRa LS ﬁféqia@éaa&l,%ébﬁ;piéunﬁ 66104bstd RNRH hadtlexdtlahgr. 1t

-l eaves the first air-desiccant contact volume; and refrigerant conduits
“connect i n§rbonatsrihe foyrth bedt @xchenge agbaratns ritusted Hrheat gxchangerivdasaiedtsidsf t he

i nventikon,; | Pﬁ?i . Optionally, the
fourt Fllsheglltr E@?ﬁﬁ%%@a%%ﬁ%ﬂ%&ﬁ%ﬁgh@ﬁ{tggé&é%d orgﬁgﬁ%‘@c ange with said
‘outside 15 ailn frefobedimenteolt Gresinvérgionethenefrigecant contnits tHapd at trmtrollab& de ai r
i's heated

cénrgieglrlr%ggri enabling a plurality of flow configurations, each said configuration providing a
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 refrigérant in

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

third heat exchanger. |

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

configuration in which heat is transferred from the second heat exchanger to the third heat
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I n an enbodi nent of the invention, the refrigerant conduits hdve }\’ér““ 2305
controllable configuration enabling a plurality of flow configurations,
each said configuration providing a different path of refrigerant between
the elenents of the refrigerant system Optionally, configuration is
+ sel ectabl e by valves. 20 In an enbodi nent of the invention, the plurality
~of confi gueclahg@nk anremibodigenicoffthe swentionnbr therthkitd cnfigurativm, tie ténaeraturs of

transferred fromthe first heat exchanger ,to the second. and.third eat
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i nvent i ohehichaB&OBHa &RbodfNED BN B8 inBREED hedt he tridfefdd It thexebanbex are at
a higher tenperature than the refrigerant in the first heat exchanger.

. Opt i onal I&xchanger toribe ffourdt hesb ptchangentinom evebodionent g& theninventigngor ths thisd ¢ e
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t r ansf er riedpdratarm of hefrigerars in the &icomiiehbngkamgeroOptimaky darttle third comfigutabtion heat
e invention, the refrigerant in the

exchangers. 11@& an enbod] n%nt of tp

second he¥reEReRul RS imihg fifst heah @ CRAUEEL h heat exchanger are at a hi gher
tenperature than the refgm@mmmlcﬁpopmgﬁnmm@gt exchanger .
Optionally, for the second configuration, no refrigerant flows in the
“third heat ex®ndicger embedimenteebdhe invientionf Mlhéei%%%ﬁd gyith rafgense dpathfty of
~configurations incl.udes ' iy i | I : | sferred
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| n an entideitiond ndiructires,helemenvse ot paots, whidr agpear inhinowt thambneg figwe iaon genetaby

. tenperature of ., refrigerant in the i rd heat .exchanger i.s_higher than the
t enper at t}?‘?le&fmp’e"f R gF sjpglas pymbedn é‘igﬁ rf’%meﬁ@a‘Ymé&thaﬁ’Bg"rt’. n thrfi"‘cgh enbodi ment
of the inventirg, shea cobng dndAsHeMidiBatioh @itved er ERGatidnd1@dlconditivhbignger to
the fourth heat exchanger. In an enbodi nent of the invention for the third

5 conf i guichumnigificetinn syeip®r at ure of refrigerant in the fourth heat exchanger
i's higher thar:}h rafur ef Ll : I nt ecan .
exchafr}i;ger. Q)?‘Il%n% I%ICE&F%F?[ he ?ﬁ%ré géllﬁl?rlﬁg%?}at'ihgth taﬁa(‘%))’ﬁ‘:re riqgg‘r%g{r?%ne lows in
t he fi r stdéhemidifeinglnnoaditionBglsisferhisaiRbidih@Witbian EhiboddRAMIORIMBS iMantidng ul ar
~enbodi nents of_.thg invent.i will be descrjbed.with. reference to,th 10
Fol low ng. desdlf prh GRHGHRUEAEHIOHFy* SHBOH ERTCEh Wn PR o LIS he
figures, y@nRIiMinglaHQBAdiGHingSIybtel W RSerd f1ce WIS MernBfvd Embikdintdt ap@ear in

. nore than one figure are generally |abeled with a sane or simlar nunber
"in all tHaventigyinwhich aatengithrspsapiaon ools irigarant]eaving the regenerator;

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,




Fig. 1 shows cooling and dehunidification curves for conventiondl2atil zap5
conditioning and dehumdification systens; 15 Fig. 2 schematically shows a
dehum difier unit, usable in a conbined dehum difyinglair-conditioning
system in accordance with an enbodi ment of the invention; Fig. 3A
»schematically shows a second dehum difier unit, usable in a conbined

- dehumi di fyi ng/Egr 5&cshdws iaoﬁfsngwﬂglmg%mnﬁignraamof @Gadehemidifid meording do reat i ve
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system in accordance with an alternative enbodi nent of the invention, in

~whi ch ai rpwoéwd,ng the dehumi difier cools refrigerant |eaving the
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entering pindudedgenerator cools refrigerant 25 |eaving the regenerator;

Fig. 4B schenut.i cal | h a,.dehum difier unit _ system rdance with
an alternati eﬁﬁsb[%? ﬁ’éﬁvﬁﬁ’f‘d‘??f’é“’? e PIoRme O}L“l saﬁe? “P%]a‘@ﬁa}ﬁsﬂeﬁe
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. schematically shows a dehunidifier unit system in accordance with an 30

al t er nat i $¥te@¥bodi ment of the invention, switchable between a first state
in whipgh air lﬁg"'?”%ho&J‘ea o &Wsdhéa'qﬁ o‘}o%tﬁmat?cfaﬁ* 98 @sﬂh%'tﬂ@"hﬂ&ni h&
regenerator an econd sta c rente d regenerator cools
refri geradd:huhmhﬁctalngn,tahda regenerat or; 8 Fig. 5A shows a first swtching

~confi uratlon dehym dj.fi,er acc dlrret of the .
ovention: i Wi CiF Sotieatc deram 1 g it 58 Hows o

second sm&gmmm‘@&%lc&%@ﬁlbﬂr@,ﬁm Iﬁwhtm warm dehum dified air is produced,
5 Fig. 5C shows a_thi rd SW t chi ng conf| guration in which vvarm hum di fi ed
air is pr d2H 1A 5'* D CRAPEIEINQF EX& AR HIVIBOI I MEBNT SO JH ¥ JHIhE of the
systegs descri r
conveg?l onal a@?&g%‘g@ﬁﬁn@%ﬁ%%the d.lgdd: 1‘%’8?}1‘1‘%. |ca1ﬁ%§h&§ﬁl§ e]thﬁl{%%ﬁ%Pb?
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dehuri di fN%\?etnlab%rn ’15‘93‘8n are used. The disclosures of these applications are incorporated herein by

reference. These applications were published on May 27, 1999 as WO 99/26025 and WO
95/26026 respectively and subsequently filed as US patent applications 09/554,398 and

© 20 09/554,397 respectively. In view of ﬁle 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 ex_nbodiment 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 2 fine spray of the
desiccant into the interior of chamber 12, which is filled, 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 dowm\i?ard 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



Fig. 8 is a schematic diagramof a conbi ned dehum difier/ai r-Tcdntlilt i 2568r
systemin accordance with an enbodi nent of the invention. DETAILED
DESCRI PTI ON. OF EXEMPLARY EMBODI MENTS OF THE I NVENTION 15 In sone

enbodi ments of the invention, the dehum difiers described in applicants’
PCT Applications PCT/|1L97/00372, filed 16 Novenber 1997 and

. PCT/ 1098/ @fab&iier afriid expellel thﬁ&@gleamf 16. FBervair 80 leRebralliicAdsonl the botm of t hese
applications are incorporated herein b reference. These applications were
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such pur pagesiter Mgoelthad dbv@bed, thubRgeletiogant is si rrpl y dripped on the
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“receives desi ccaﬂt frompipe 13 and sends. 5 part of the desiccant to
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desi ccant .
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). 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 to 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 2ir 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




10 Chanber 34 includes a heat exchanger 36 which heats the degi?cc%-}ﬁ 2086
drive off part of the water vapor it has absorbed, thus regenerating it.
Regenerated |iquid 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 shown as being contained. in a chanber 58 which has, an_inlet 60
and an ouRd@tenggy reguiremeghiaethg sysient, thiseduntion Heenetgy usage san have smaRr effect he ai r
i s being | fi.e6, r : L r [ 11iPRl 3
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tube 42. Jhe air exitin outlet 62 carries away this noisture and also
noi st ure stﬁﬁikatepéﬁifg’é‘g&?lﬁ)m the desiccant. in the regenerator.
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enbodi mrents of the invention, a heat punp system 45 is provided which
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exchangerev%gmvt\%e%ﬁén?g@%%gor%%ln esn@g?fhg t he %@9 ?%Sé géggg%génrggﬁébétogg&changer
46 in r eshselgicontBlled. Miveher] sveh firetheseanpses dlicoegantratitreproyss evhichausds 8Brayh
expansi on val v 6. This, transfer. of .ener esults in a reduced
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gener al | yleg(capty whish ngregsesowith fncrpasing ﬁ@@g{fﬁe‘\ athiogyof mgapyring dhe,yolpme of

regener atyj : ' | Qr: ) for the
yar om T RERGERRcly b Redbrokn e TE Bl B RRR s LAP I GTRR ke |
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t he desicgant in he regenerat.or nmay_.be suppl emented by direct heating,
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desiccant in reservoir , 30 and in fhe, regenerated desiccant nust,K generally
be wi t hi ritg 8 baregenerairis fairy foasiant, this giyeyd groddndication of the amount of 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, Optionally, when the
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 to or in
chamber 34. If heat pumps are used, the source of the heat may be at a tempefanlre lower than

the desiccant to which it is transferred.
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turned of f. Cther factors which may influence the cut-in and cut-out
poi nt's ofcqnﬁélsroégéﬁéfﬁatl on process are the tenperature of the dry air, the

regeneration y. f ngy i rrent S
- of the invent ﬁ%{]hﬁﬁ 106%9 g%@lrgga{%h&%g&ﬁ%l#ﬁlg z Wﬁﬁl ?ﬂeﬁ‘éj@ﬁl ng of
desi ctant diffiarehdes. Emgdwesyaém dnesplbomqm& anymeasdmncneaﬁoatemﬂﬁeﬁt anll éak dpasnps  or
ot her heat transferI n%z_}ns éﬁl shtgwrgIF are grow ed to
transfer PEAEYE AoTRIYmRING meaghre, for ?’W@m Pﬂ%‘f" i‘? € heat ed

- moi st ai rplogidyd 2G shRGANQERE Tth<ORABEHecdhes O chiRaltratedde deSI ccant on its way
to or in chanber 34. |If heat punps are used, the source of the heat may be

at a tenper at uteeondptheheat pamp ttanﬁeraégatéewﬁn o siieran of gesicgant solptiondiemgd. | |
12 AUG 2 I i t he
reservoi %%g%hﬁ%?ﬁiﬁt@?cﬁ% rie h&gﬁgg %@@Fﬁépakld%“ﬁjm W 8 %ﬁ%ﬂ 3?%3 t he
same, 2br aphéotaaly pipea 3DC)eamdlp afiest atraamebeirzammiphdto nmtlstZabyra Emipesystag t he
dehum di f iﬁ)r viaa condinf 5&’ andoa &03nd sgr(gr!mtl Ibglgga lpumged t%r}géengrg%' Il]li‘illg 3? fby tah%m%r yair.

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 more is maintained,

30  optionally, 109C or more or 15°C or even more. Thus, in an exemplary embodiment of the
invention, reservoir portion 30A is at a temperature of 30°C or more and reservoir portion 30B

is at a temperature of 15°C or less.




This feature is especially useful where the dehunidifier is usedZif!notlls
climates in which the 5 anbient tenperature is already high: As indicated
above, one of the problens with dehum difier systens is the probl em of
determ ning the anmount of water in the desiccant solution so that the
dehumi difier solution water content may be kept in a proper range. A self
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300), narrel y a{eturnnﬁg toSKip Gﬁi’(ﬂhb&lpﬂgpﬁWdS teﬂrammétémn?mekiysimmmmpticsyim em
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- so that its major ect 1s to generate a common | evel of the solution in
25 porti oh# BOkerferl s@08.of Ithe beat dromt tha refiigerantdeaviap| heat meehangere 194nip feser voi r
portions hav | ff.erent a - Thi fferent
concent ra’ieg%’ﬁ? % al&e@ﬂ%%‘gﬁ’ |_?8}n %'/GE%T 5 %15050&% e%s%é rér%l(.if'rrge e?éﬁo@e\%ém rabl e
t o provi dehaoheairiswerythohaddiganl dit) aoseed inahsreghmrmmaypwmem@r cmlmgtﬂi@e
bypass pllpes shown s to transfer e fro one |on to the

0
ot her ! S“é%@‘&ir W@tﬁltwqulﬁﬁé tsP 1L4s ‘é“r%‘? ?‘%S'”Eﬁfferentlal of

50C or nore i iRl kR REfheragOadirl @Apkdsdor it Whis FhanfB Rsdis it WCrdrovaVeM Nor e.
Thus, in an exenplary enbodi nent of the invention, reservoir portion 30A

is at a teidponal air Gowr theopLerar which allewil theersSiagmnt systam foAPTOB &t ROWEr a
t t 5
o ot eBrShut Dhing G0 Spreh ol AR Bofledma? fouPinthd Rl

being too hot in the steady state to operate properly.

20 The resultant heating of the air entering the regenerator increases the ability of the air to
remove moisture from the desiccant. Heat pump 45 is set to transfer a fixed amount of heat. In
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 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 thé 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 dehumidifier section. Furthernore, in Fig. 3A neitfet AHctpgm
has a cellul ose sponge nmaterial. Such naterial nay be added to the

enbodi ment of Fig. 3A or it may be onmtted from the enbodinment of Fig. 2
and repl aced by the spray nmechanismof Fig. 3A. 5 In sone enbodi nents of

., the invention, applicable to either Figs. 2 or 3A, spray nozzles are not
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- PCT/1L98/ Q&RR. onRek Uulidig) tafd Find, theAembaatirePsie esitnt dhuthit eadigstheeat
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~amount  of orh@@tapatity of #e seRBGCipiEBd freth nbifesi2DME Pdldagdmoibfife, hum dity set point
Is determ ned by controlling the amount of heat transferred bet n the
two streans. dBagIcERps tpalr abialebif hogomes lpss hpgnigd (redgtive hpmydity ) the é?hmﬁg%rri ng

dehuni i f4 : % WeTRRYA r that
the- aruntEopa IR, Brdore rRidi0 RN, FRRTHENTLE Jo ool R R
wi t hout ribohugh g dohdnit H2ped dhapescentape ofhdesiceint inathe selytionhia 3Boeavhesofomeheat

; f d.b, h f d . SEl Ut d. b I h
heat of - GipoREY.ah 16 BBtk amo L s e Bk 130 oetRp R "0 T

| t enper at Ugccailratch @ndRSd Mbistte 18 @drbdvie® fron i ld1i tAG Happeds iLhey iv géts hadfedf.ram
. chanber 12 is at the sane tenperature as that which enters it, 30, except

that it hESeAeEStodyremoral apd phsomem At mewtuFDhYshe selutqngHon Heee dhg respeetine
furthes, doiHond BiedBURE SRLANISkSadHeecifato? Ueie 8 bRy PMTThe! BT At ur @
. and umdity, It renoves the sanme anount of water fromthe desiccant

- sol uti on. whikh er fueny whish miotsture mmoimmlytirandfertedat (additionally to the heat

_available from 46488 haeRtSA hat 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




_ UG onn
13 1 2 AUG 2005 Further assune that the air entering the dehur#(;i1'“1&’('3"r2[}“’5
chanber has a lower humdity, for exanple 80% For this humdity, |ess
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15 beconme8eMEEths BYLSUPs, epve moi sture fromit. Thus, the solution is
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the sol ut irepBne?dtorin StdIE® réMevetRSRSiSte R Be 88 ddhrt R 2dAAE HeRBndeRtfation of
dehum di fi.er and regenerator chanbers are in stability with the air to

whi ch or FFYRFAHAN sum3ABsis mrgh joxverthanel i supp AA.cand ghe proportion of Hesiceant in

under 9500w abal Bis BBl REAscR%) U 36 USLRHPIE BRAN Dgalihe pount

of heat transferred between t utions 1 n con

L great er heegenerationiepfligh.ed, the desiccant in the dehunidifying chanber is
i cool er and the~desjccant. in.the regeneration 25 chanber js . hotter, This
o eveathe. wOREVHF & Phink Rk Ms HSPERGS Brish B iR RURRR i AnR A0S Pt Amper

and the r tigeewrathiy resiltt inheuibktrally ttye Bah DRI forl the| RWEdaBA - usEP FrohSS

mthe dehumdifier side to the regenerator side, a higher

heat L1 ) . |
1 humi di £y _aﬁ%ml‘ilgaﬁlﬁ? anq thathaiag £eseperateds dhis ssplisgpiadess of ¢ificiergyend somewhat on
fhergbative twTheuininRdnbl8e Riek, SOLRL BN AnSSRERE A Dlxe IEIBYLL SHOWN

.in Fig. 3A and described above,” results in dr
.| eavi ng owger e purep thsdiquidrfram pregpuinpite thelther. This allows for a temperature differential

er air 30

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 43B 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 addition, 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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Sonmetines, it is desired that the air |eaving outlet 16 be warﬁe%l ""a%bw@lgif

as dehumdified.  In order to achieve this effect, the device of Fig. 3B

can be used. The device of Fig. 3B is the sane as the device of Fig. 3A

except that heat exchanger 136 at the input of the 14 12 AUG 2005

. regenerator is noved to the output of the dehum difier and denoted 136'.

‘ Thg devi ﬁl&t\smm?] isﬂirn%sFE“gus, ngapmaﬂ(ﬂvHSiQS)ndemvﬁqdcdiﬁfshleﬁbns\m mﬂfe?ied frol 8. 4A
and 4B show anot her dehum difier, 200, i,n i ch no punpin siccant is

requi r ed. ESICRH SHOP R 4G PHERS: BRd Gy Meisg. B fehelibegss 4 H\g"}sgffeg %ﬁ‘e
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desiccant |iquid between the sunps 30A and 30B. (Figs. 4A and 4B do have a
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have syr pgisSi -an . L] | ; n i rteur e,
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lpr ovi ged r eaget arnddesﬁascamt&ﬁlebetwbmttmgjﬁm h;eitfhbmnsmmaﬁ*ablelﬂndum ottherrmal Iz‘an'ﬁfer,a

- liqui esi ccant. system such as that of Figs. 3 qor 4, sunp 30B (t sunp
~of dehuni ?fmﬁlafgﬂoeﬁﬁlﬁﬁvewrﬂ%weﬁmm% Iggmcmeoﬁ{mmﬁ&? 446 APEBE ERY inp 30A
(the sunpingEased, SO HafbP fulBdhumibificatia dhd HONYF HER Blewéh (b SmfCistagsferred

to sunp 30A or directly to the regenerator in order to renove the noisture
from t he aseentabdedlavel. Whencibielhale isrigo lakgs, bierecpprarsapibe s fofv ofdwsfi froemile hottersunp

30B i I r h | nd t.h oportio f desiccant in
15 sufly " SReneflF ARl o B Pl HiRdder RS P RRBRlE AL BRI A yi ng
capaci ty defermined by eteaduriog the tenprpiturd ngid the@ode ad\cotibaring(it 9Ghaviempertfitesinpr obl em

. is to use,a,sitngle sunp, as |.p the device of Fig. 2 Ho er,. this results
“in substaft P%S&u?%’emgﬁwntpe%@? oot s o e tb%s rﬂé%gmega\{ﬁ?ﬁ'sa & t
dehuni di fhgdal ABwaREn shiap 308110 uhB YRS VAfeRdhe g&e;;]zcgqg %édutﬁeﬁ' 30 nlcRS the Of

efficiency. 20 In the dehumdifiers of Fi e sunps are kept

s. 3A ,
" separate tmafemfrimsia:eéuce@@wh@wemmrpéﬁqiMY%irqdncgﬂ.from one sunp to the other.

Thi | o f I 1§ fer Lal .t e kNt ai ned hetween the
: sulrr;s%andwtS hug{ B&u&iggg{nﬁéer&?tgdgg{#e rﬂget g&'&écﬁ’amph(gf g‘@ﬁ'gﬁﬂkd@?;?ﬁg‘nays BEY }ed ns.. As
- i ndi cat edemparuere dififqpentidld Of ths s @ dergdrievat geatérhthbn thibseoFig) BAmhkd 3B.qui d

. transfer takesg,.place between the synps, preservjing.a relatively hjgh
tenperature di lfl_ @ﬁ@%i@%ﬁéyv%mwﬁggm 3 Q?Fg?é‘?r‘]i@?"q’ o S epfasy; éig 3A
~and 3B i snok MfitirgC b:gRFmeRthiNGSefle thk Gpattre isSecthdp@Ml WAl YuldeaRsmek Hadng hOM t he
 dehum di fying section to the regenerator and noisture is transferred to

- the dehun¥idibrafilrtens ueferobly fbwtir? cme ardaykaight af b0 cmpdepaetiing enthe rapadityddr t o
Presejve the system. Preferably, the hole is placed at the bottom of the partition between the reservoirs,
so as to take advantage of the higher salt concentration in fhe regenerator reservoir at the
bottom of the reservoir. The additional height allows the system to operate even under extreme
conditions when some crystatlization (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 abdve. In these
situations, the amount of diffusion of salt jons is dependent on the amount of liquid in the
system which is, in turn, 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 It 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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By provi d@xccﬁrﬁEﬂf&@&aﬁwﬁﬂfbeiﬁg%\wtthaalﬂsat ﬁfre§eh%1r$@ﬁ&iuﬁﬁgiﬁéad§(©fateeven greater)

than those of Fig. 3A and 3 Wiile the siz be empirically determ ned

as dedéribed aBmacticy saﬂeré@wg atesdy shale ﬂﬂf‘o&empmﬁufq ¢fghe dssiseant HEBEATOSy st ens
t he apert b 1-3 cm

{08 ig 30f S0 BRUR b oy by SELEORGHANY, B A b R ety
“of 20t heh!exycw; ginge tElseaa‘eestd:H)é salt wltheelamredy high pésiecghgatpacite Uubtumﬂmmfde ishe
partition_ between t

Dat Lonceherdr P MRiRRThYShriEs PR RS B R AhAGat shRSpObELT

- reservoi r magRginaddhdridenalcidae tigbideainll Qydurh BRlof ¥ Oetibr 1iquid @evichtts, ey ®ivwmder
~extreme conditions when some crystallization (which may block the

- aper t 8P e) IfBe gt mayglse brausgdt t om of the reservoir. Alternatively, the
.aperture is defﬁmﬂgaxtué ﬁlarcbﬁ&gquoﬂgegshés%ﬁ 38t Hb%%ﬁcﬂ?ﬁ“ﬂ'lﬁhouﬁﬁbe
- Alternatively, the aperture is define a slit at e bottom and spaced
- hol es abovederstoodithag $he concentration in reservoir 30A can be higher (without crystallization) than

that in reservoir 30B due to the higher temperature of the desiccant. When the system stops, the
conéent:rations 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 setting), among other factors.

In the exemplary embodiment of the invention, there is no transfer of materials between
the reservoirs, except via tﬁe 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 null 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 (ie., it atllows flow) and valve 49 is closed (no flow), the embodiment of Fig. 4A will
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situations, the amount of diffusion of salt ions is dependentdn Al 28ount
of liquidinthe systemwhich is, in turn, dependent on the humdity. Wen
there is nore noisture in the system the liquid increases and the flow of
water and ions (by diffusion in the reverse directi on) aI SO increases. 30

It should be understood that the dj nensi.ons an.d oS, of t aperture
or apert &gl I %IY@Ved‘gdéﬁlﬂéﬁQtangﬁalﬁeaﬁ%/‘sf’aﬂ gfesmg’ﬁgl‘mce fj x'It‘ @l""\?’en above
was det e'iff{héhl %%él&ﬁﬂgﬁdr|h¥drau]§°ﬂﬂ€aﬁ¥éfa‘ﬂis%h@vﬁpﬁthé he cdﬁmiqy sfmtréﬁed)f Fi gs.
4A and 4B s d be note ere 1s anet flow of noisture, via aperture
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be expected. Durin peration, th centrati o ions .in reservoir 30A
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means that during this trgn5|ent period there is a net transfer of

desi ccantand dehemidifieefion beating and Gh@midificatin andipating pedymidifictiopdgs. SA-C
concentr g n
reservoi rgiﬁﬁﬁaﬁrﬁ%ﬂ% egg]&{? ({}aﬁtiéaé °5{e‘§9‘§r°§‘%%'n’g e’e%\éﬁtgstafeeﬂ]m uﬁlgj1 st eady
st at e15 t hidentiealpsfrerics hembdrs. Wdemdm clemarts, ab mdrcelsdabedow,rare A8Bhown.15C and t he
concentration,_js, 25% by wei ght S Option the s us

li thium chl ofigBasichugiast Es P’gtha r%f‘%efﬁ“é Systgn % g‘ﬁ %?W %eéﬂg

_desi ccat isads© aRAGdrpfessdrl mlhem é%magéilﬁ 156 an@fl!3@VEd1t lBdnb@ersd®s kfCaftand but i s
Tess stable: it too can bé used usabl e salts i ncl ude_ magnesi um

- chl ori de expabion ushveH. Yalvaedband 4 cad tharefipamt ppingyhawn if Fgueagadizednt s, as

for eyl SRl boffin HeRosRICH Fep it GIRA! BHULE pRAnCRTG B8 ! 0N

conceft r atientioned Romhpartity i Fig 3 needinotlbe clngéier (wi t hout crystal | i zatl on) than

Refrigerant system 500, comprises, in addition to the components 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. 5A shows a configuration which is functionally the same as that shown in Fig. 4A.
In this embodiment switch 508 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.




. transfer
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that in reservoir 30B due to the higher tenperature of the desi‘cCant. en
the system stops, the concentrations and tenperatures soon equalize. O
course, these nunbers will vary widely 25 dependi ng on the tenperature and
. hum dity of the air being conditioned and the "set point" of the

- dehumi di fier r m ned he heat, .pu ttin armn ot her factors.
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exists, t C r ig. 4C
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(no fl ovv)therf%oénE%Stﬁxwﬂgergfgﬁgdﬁﬂ%lw‘I“'Fhﬁt “result. If valve 47 is cl osed
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that to avoid cation t met ho for the
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- to the d|f er, of Fi B ,and also .to at of Fi

Shoul'd an S e PeBhs prihating oS pHEE st i Al treraigratlin g
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" Fig. 4C. air raulisHeah syghangerndd atgiocsobihe desicenntiin thedrgensyatord 32 5@0 in
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provilde a#baylr'eld ind fwlm thiaretth rtleezosdhamred anr b effecti thalﬁhmtlornafrmhwexcmmgérl mg and
dehumdlf n [ umdificatio heaj i d
humi di fi c%‘%&tgérl]%v ﬁgﬁm ?RS %fﬂ%‘ﬁ? aﬁ a'@ffsghg rgquehgﬁgtggglpat@@m 4C,
however, cbﬂr@mmnm @bl%kf&lﬁﬁﬁxﬂfa@gek mdﬂe&%mﬁn%ur 1] ﬁo&ﬁwhléﬁﬂéat ﬁ@danif&&%rt@nce

e

nunbers. Additional_ elepents, as indicated Iow are al so shown. The basic

“bui | di ng PE¥GEREngsrs 139and &34 Lheuld be Syrthernatedfhet hastexehangasi3q epprirg o achC and

. 5A-SC ar %gﬁﬁ’dmﬁ@m{iorﬂﬁty SteRy %&%@9@5 ﬂéﬁ @rgs}e}%gat &S% Sitagngers 36
and 46 an expansi on val ve 56. Val-ves ané & ret rigerant piping

show®0i n Hq“@vemm effast, r’t@p Ipme&ﬂ seiygs ltCheettsn,r tocthateves bxtomt riossible,giwat BARGE. The

:‘ ﬁs }:I gf JE& %g}h? g(%.lt %l atll tﬁ)e ex?ematl ﬁeat excganger S, 1? ISrI)?JQIa%l\%r']tg (IjCIT(l:ngggSO nents

much heat as possible frorn 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 of 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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Ref ri gerant system 500, conprises, in addition to the corrponent*s2 %%ng%
Fig. 4C, a series of pipes for refrigerant, a swtch 502, a second
expansi on 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. l.n.addi{i.0 t he
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4A. In t BTN makis condtRy tocshisrghess egdsosed and switch 510 is open, so
‘that there. isgnorfd : [ t : 6% 3 ; d
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The condi t,i 1 Bid PRRSEHK; t 11l fevd y
However, ianla{éﬁgooz%gle‘dn%e of ‘22’3{ %lgﬂ%ﬁertﬁg?’smgﬁgﬁgig?# f%?%?%é%g?gg?gggﬁ to
the aild r anlbte¥16tvivah fegds meone dir fiaamonduit 31Rdo apeepanaior 320 which pedsthe air.hingh
heat exchanger 136'.s0o that heated m difl ir. ults. Heat exchanger
26 ot ot Stebhe Ry is S e SRR 220 e el s TR tBorn Ah £ S o1 e
‘noi st ur e falr@mlét3ed aubshded.air. This noisture is transferred to the

"dehum di fying_15 chanber” 12 and fromthere tg the conditioned air. I
effect, the fuREHPbIImseEraRbiscoBRESHBELR compresser2AJahpvwania an pyside peftion of
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configuration, the cool est heat exchanger Is heat exchanger 36, from which
heat 2 t dzavef igtor eboling inhed 360 by e Ham @k Sleated ainnxitsi@side partianhi26| ik bavaster t her
-not ed thathea%%et%&:_hanger 136 appears to act

n

The cooled compressed refrigerant is expanded in an expander 336 and retums to
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 fo 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 control 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 déscribed, 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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- desirable to reduce” the anount of noisture renoved

agai nst the functionality of heat exchanger 36, which removed héWl 283m t he
outside air. 20 However, in effect, this process serves to return, to

what ever extent possible, heat to heat exchanger 136'. In addition, as '
with all the external heat exchangers, it is operative to renove as much

' heat as possible fromthe refrigerant before the refrigerant is fed to the
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. desi ccant

tition, 10 s, provided tq djre elncomng ir to the
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1004. Thibsat quigt ricicanditioner 242 ivath inlst 3Ekoftbe delveridifier. iSince ghe presswrer ed. 10
S Simlarl yg, romthe
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and r eduoddirebreitidner 319imm&edecﬁbglové%thlemrﬂuhﬂghdkeIdg@glfaa)lm of a conbi ned

dehum difier/ condi tiopey system 310, i .. C ext of .a split, air
~ conditioner 3 ls’ﬂéﬂmﬁgm{’]@‘ﬁﬁﬁﬂt‘l%wwﬁfgﬁa If"(fgg’(%?ﬁ SéWJP‘B’ér%‘ai’éF@&mguch as
- a large rdﬁOIfﬂo?éﬂodt of ahe @haRidifdr] suRRTEH b A€ Eoutd Be pheledt! F chvERleRS bs ERT M
conprises a roomair 15 inlet 316 which feeds roomair via a conduit 318 to

an evaporsasple 3b etangh plope dgfsmidifipreang; #ir coxditioners are to be integrated as described
herein.

Optionally, the air conditioner and dehumidifier share a common controt panel from
which both are controlled and from which, optionally, all the 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
dehumidifier 342, In these embodiments of the invention, 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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fromthe roomis drawn into evaporator 320 by a fan 322 and ex?gtéuﬁhgmm
evaporator via a room air outlet 324 to room 314. Heated refrigerant is
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- of dryingunit is relatively low, no air punp, additional to fan 322 of
the abr condiAicankination dgeiteesuah hythaadgsdribed above)iay effownon€0%reaolibg capatieovi ded,
I n some enbaqdi nent s, of the.ii}\églgtiqu Eesiccant wi th adsor bed ter is
t r ansf er PY %3G condiianen b e 3 FP%usilicieney dmpravemenk ayer thauseot @i er at ed

by renovidigitioRérh WsAf, f6raB safne ild¥orifubitg. t he desiccant. In an exenplary
. enbodi nent of the invention, this heating (and the carrying away of the

~ wat er vapor rEieowNEtiorn tag heenidescrbaslio Swrrontestof patonpinostiadtingenbadivienty. hot ai r
through {BGeAESifi& Adhbl2Rdds 323! bnatiBBng and dehumidifiers in accordance with the
20  invention, as defined by the claims will occur to persons of skill in the art. For example, in Fig.
2, the heat is removed from liquid desiccant in the sump. Alternatively, it could be removed
from liquid desiccant 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 diying chamber.
Alternatively, 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. Altematively, 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.




g 7 RUG 200
desiccant is in a mst or other finely divided form. The hot;}gléva qé
dry air enters the dehumdifier via an inlet 352 and exits via an outl et
354. This hot air is conveniently and 15 efficiently provided, in
accordance wth an enbodi nent of the invention, by connecting waste heat
outlet 334 of air conditioner 312 with inlet 352 of the dehumdifier. Since
" the pressure ' ' I ti fan or

ot her air punéqpﬁgg%lgi f”ﬁ%ﬁ% @afeg%regg% éhg}v}fgxlf ﬁlc(?o%%?l?& (frrll{e%rggib%gts’l s’Is&?]rele()gded to
- nove t he thése features glthouple destrgilncrahatressevifiall Bor dxamplewhitenthe gogitomk ofhedt he

invention, .no addjti |, fans are .required for noying 20 air, into or out
of 'the dciEHER (16 and 36 g sipvaas aina oL g e ft e askencriter ag gt Biies: | as

for  exaninethe delinadider e Rt/ reieBatimt dadidteH maA W iRbthaGARA! fnl ROSARMAIRohe be
integrated as, described herein. Optionally, the air conditioner and

dehunidi fembedigieais of theduyerten. elkugh sopapiche foatwres rolited with dherpogitionscshawn ol | ed
and frongm%h%hotoptionally, all the above functions can be turned on 25 or
of f or adj sted. In some enbodinents of the i nvention, one of the systens
of Figs. 1-4 iAs wsgkih the claited thei tehinfsi "eompdk”, "imtludae se "lendlocti thein tenjofates he

i nvention Qrt 348 of Fig. 4 corresponds to port 16 of Figs. 1-4, port
352 corré% n@gu%BngﬁPE%8¥“HBgt 346 corresponds to port 14 and port 354
corresponds to port 62. It should be further understood that dehum difier
342 is shown in very 30 schematic formin Fig. 7 and that, for exanple, the
pl acenent of the elenents may be different and many el enents are not shown
in Fig. 4. In addition, for the enbodi nents of Figs. 4 the punps shown in
Fig. 7 are not present. Furthernore, the heat-punps of Figs. 1-4 are not
shown in Fig. 4, although they are preferably present in the system 21 12
AUG 2005 System 3 10 has a nunber of advantages over the prior art. As can
be easily noted from Fig. 4, dehumdifier 342 can be an add on to air
conditioner 312, which nay be a standard unit, The task of drying incom ng
air, perforned in a nost inefficient manner by the air conditioner, has
been transferred to a nore efficient dehumdifier which utilizes waste heat
fromthe air 5 conditioner for nost of its energy (only energy to punp the
desi ccant between 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 wth increasing tenperature in contrast to normal air
conditioner systens. Wile the heat available is the heat devel oped by the
air conditioner in cooling all of the air, the dehumdifier

23




10 dries only part of the air, nanely that entering the room iThiAlba08nce
means that the heating requirenents for the dehumdifier are generally
easily met by the air conditioner exhaust. In addition, while air
conditioning systens are generally not suitable for use in high humdity,
| ow tenperature situations, the systemof the present invention is
effective in these situations as well. 15 A conbination device such _as
that described above, has shown a 60%cg@a@iyng capacity over the air =
conditioner by itself and a 30% efficiency inprovenent over the use of an
air conditioner by itself, for the sanme indoor air quality. The invention
has been desari begydaRik RE c&RMbANS ai0torAkihg: CUl @ar non-1im ting embodi ments.
However, other conbi natigns of ,air conditioning and dehumdifiers in
accordance with th@anBnoliligyidALHHME as defined by the clainms will occur to
]E)er SO:’1$ OdeSléi |14 first Bi@-dé’sic}:ﬁ'ant kéitace Xl &, whith E}- & bﬁg?conﬁiﬁerlmgﬁﬁibmhﬁt ﬁmrgve](cj
rom | i qui esiccant .in the . Aternatively, it cou e renove rom
li qui d desi cccﬁmc(%ﬁ’g %arsE@%ngtH{T@od\;ﬁgsqcﬁlg, dryi ng chanber. In Figs 3 and 4
the heat is punpegedndairdtsicgant chntietsiolome it whidhiciiside dir is brobghk g conteohgploat ed to
the drying c o . b\ j;t could be renoved fromthe |iquid
desi ccant | nQ%ﬁé?gl%n@g{hg?‘@@%‘:’l%lgésﬁ%sg{flri er 25 liquid fromthe drying
chanber. I n sone ewrfigekimmsysenpfompisng nventi on, one or both of the
refrigerayy/desi ccant ,ipaphefXONRARORER sl with thk ARt ShAl TF GulddefaR)
regenerating chanbers. Fig. 2 shows a different type of regenerator than
does Figs. 3 and 4. | &s¥eifdheaterabangirasiopiatedyith frsepand gertions liayitéesiceglener at or
types are interchangealiQ hefriefhardeSRous hiitRatRRMnge Mith 884 tdnainsde8 b 8fkr DY t he
heat punp to the |IthId,I .t he rq?a%gréﬁzratl n chanber. Alternatively, or 30
addi ti onal |y, Fgvephinligiairdesicrat soa&y ol fGui d desi ccant bei ng transport ed
to the regeneration cdfiagebstcopduds éamndetiglenBnmoftaid yefrigeraiad dyptemwhi | e not
shown in the Figs., the heat could be transferred to liquid in sunp 30A
‘for all both Figs 3 and 4. 1 22 12 AUG 2005 Additionally, while many
f eat ur es ar e ZhowAppamiats hesceediegrpd alpin éndedimtatfzst dalbcalt contagselimsais ur es,
al t hough desi L0 ar . {.aln: QL ki e i.k4. ons of
heat exc hang‘!gﬁlglll%% glaaa(ﬁ%ﬁ%@&%%?gﬁ 15{1%!31\}\% agéo %)e%iglﬁl%&oglfd %%L%ﬁf"?bacr?@gé 'f’%)d]t he
regener at or afastaertioel thediquid desiceantt he dehumidifier, the air/refrigerant
radi ator may be in other places in the system in sone 5 enbodi nents of the
i nvention,_ although sone of thecl?gglitures related with the positions shown

may be 1 08¢ . Jas USRI apqouling 1ok f 105 clolst frsWherBie esend BirGeREaRffOTA
"have" -or thelofurk@joth@Ade@ $ s regensrator seclion 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 quui'd desiccant, and wherein conditioned alr is heated by the third heat
exchanger.
5. Apparatus according to any of the preceding claims, wherein the first heat exchanger is
at a lower temperature than the second heat exchanger,
30
0. 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,
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mean "including but not limted to". 23 12 AUG 2005 CLAI N5 | Aphahid (2805 or
conditioning air conprising: a quantity of liquid desiccant; 5 a first

ai r-desi ccant contact volume in which air to be conditioned is brought into
contact with a first portion of the |iquid desiccant; a second

ai r-desi ccant contact volunme in which outside air is brought Into contact
with a second portion of the liquid desiccant and a refrigeration system
conprising: 10 a first heat exchanger associated with the first porti‘on of

| i qui d desiccant; a second heat exchanger assaociated with _the second
portion of |iTqui dAPRagHuE @gsswdingdo ey GidhepRieseding cliath guerely the sfrigerad By fight

exchange W t hyosgiidds @&ﬂ?ﬁf&d@%@ dorlisits bRfwle @ said hiat bX@RMESs dolBgubddrssoh ik Keadesi ccant
contact volume; and refrigerant conduifs con ectlnﬁ el enents of said

. ! el F . .
refrigerati orff@sfeted Gpm the fisst hogheahanger o e seep AP ™ ai m | wherein the

first air-desiccant contact volune is conprised in a dehum difi%®er section

in which ajr o be conditioped is brqught [.ntq.contacl Wt afirst

bor 1o o> ¢ He_1 | SeeadeiRRne st JeBhisedife e ahding b ieul i Rt o
claim 2, whermdleukt)ewlwedotid siparatdess cadipirede eush atbdt they @iruivebel sondiionpdiised I n a
regenerator s I.s i 0 j e P Lo i \ Mth a
second porti o‘%ﬁ% ’81]? %de‘ﬂ%*iqg" nc?fgtts‘lﬁglglgrﬁlﬁd &ﬁére?nAg%%lr{a uga Qg%o#%gﬁ%agmﬁy of

t he precedi ngrao$ferradds thalowisids air frere tretskoond tnataet veluoalnlysyater Pengiisrasfenidtio cont act

the liquid degsfcdblimet ddheVieheiaAagondi tioned air is heated by the third
heat exchanger. 5. Apparatus according to any or the preceding clains,

whrcrein the first heat exchanger is at a | ower tenperature than the
seconf heat exchapggians3edding ROAKIAL 8| SWIREKOHENENY nb QuAbMs QF liplie dieerdi ng

~clainms, wherein the refrjigeration systemis erative to transfer heat
from the firdteoent emkiiyemargng 16 TELete: REHE Bt FEmgBI! comprioing e

second contact volume.

15 10.  Apparatus according to 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,

1I.  Apparatus according to 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 a
controllable configuration enabling z 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 L3, 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 whish heat is transferred from the first heat exchanger to the
second and third heat exchangers, thereby to heat the conditioned air.

25




1 2 AUG 2005 7. Apparatus-according to any of the preceding claﬂﬁﬁfuﬂhéﬁﬁin
the refrigeration system conprises a conpressor and conduits between said
heat exchangers configured such that heat is transferred fromthe first
heat exchanger to the second heat exchanger. 5 S. Apparatus according to
any )f the preceding clains, including a conduit for water nolecules,
wherein the apparatus s configured such that the air to be conditioned is
dehumidified in the first contact volunme and wherein water renoved in the
dehumidification is transferred to the outside air fromthe second contact
vol une, said water being transferred to the first contact volune via the

conduit. 10 9¢ Ap&@%%v%@cc@ﬁfﬁgrt@%ﬁﬂ 1 Oifekeil b RotrigbBRTIE R sbR! Ral SMiRePUNPI NG
an a aenum ai

of liquid desicc et ween J Tier comprising tie first contact
vol ume and a iy« @bighsr pmpperaeihenitheirefdcrabin thedies gt ePgEt vol une. 15 10.
Appar atus according to claim8, and including a punp for punping of |iquid
desi ccant _between a dehum difier, corrpr'gsi n‘% &Ihe, fi rsttr, cont act vghume and a
regener at of OnpriRRRES AHErdng & BRIl O 18R 18 SPerrB theprstrissint i B¢ B heak or di ng

to any of thex@kaeedhtitidbaénrafdt 18 thorefiga bl i e héawichinglieat 20

exchanger. 12. Apparatus according to claim 11, wherein the fourth heat
exchange apparatus is situated for heat exchange with said outside air
before It entidrs Apparatue genetimt torany Sfichintshidti 7t Wierdw fe itikefimi configuatine a¢ ed

t hereby. 25 %gﬂi%sﬁﬁfﬁéﬁtiﬁ'&c?o%ﬁﬁ’ﬁeq{&% claim1ll or claim 12, wherein said
urts 0

refrigerant con ave a  contr )l e configuration enabling a
pluralityl®f flow configurations, each said configuration providing a

different patjg of s QdofiHz B8hYSLAaiNE 9385 SIRRISHOblutdg Jrebirdanant
system 30 1419%@0%g§%%g€%%rtdﬁ%@tf)la]clglai m’13, whterEe’iunl@’acirfdt)cogglf%il uration

i s sel ect abl dngiifessie¢asd configuration finwlish heativ Epiameddromghefiglibgst exphgerd Be m 14,
wherei n the phash@bddtr@hes BRhdrg4s.ations includes a first configuration in
which heat is transferred fromthe first heat exchanger to the second and

third heat exchangers, thereby to heat the conditioned air. 25 1 2 AUG 2005
16. Appar & us0accapfiang abcordiigad cirikil9, whedie tha rdffigrahieh thegetond heat exchdagersecond

heat exchang ei[& at a higher temperature than the ref-igerant in the first heat exchanger.

21, Apparatus according to ¢claim 19 or claim 20, whertein the refrigerant in the fourth heat
exchanger is at a higher temperatore than the refrigerant in the first heat exchanger.

20
22, Apparatus aceording 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 a third configuration int wh ch heat is transferred from the second heat exchanger to

the third heat exchanger.

24.  Apparatus according fo claim 23, wherein for the third configuration, the temperature 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




is at a higher tenperature than the refrigerant in the first hdat AUC 2005
exchanger, 5 17. Apparatus according to claim15 or claim 16, wherein the
refrigerant in the third heat exchanger is at a higher tenperature t tan
the refrigerant in the first heat exchanger. 18. Apparatus according to any
if clains 15-17, wherein for the first configuration no refrigerant flows
in the fourth heat exchanger. 10 19. Apparatus according to any of clains
13-15, wherein the plurality of configurations includes a second
configuration,,n i.ch heat. | A f i nger to
the second %rqd f OtR" PE“S ﬁcé:g'%dmgioc%%"ﬁgg’r@{ekﬁ‘goégﬁwp%gﬁ dtmtrglglg %llag %@&ﬁ% B?o claim
19, wherein trefdgerat in thefamh hiegt ex¢hangseisdrigheniban the seotpemigeerof réfijesgant & he gher
tenperature t igerant in the first heat exchanger. 21. Apparatus
according to Sgtﬁ)g‘lj frﬁaﬁ%agﬁé&%ﬂ aim 20, wherein the refrigerant in the fourth
heat exchanger is at a higher tenperature than the refrigerant in the
first heats exghanggfareng Qccdiiing BRAY 3¢ HEimd 0606, didgkirt Rr aRYhiaf coaligh#in 39- 21,
wherein for the second confjiguration, no refrigerant flows in the third
heat exc rand@kigeram floysin the JrshRealexeh3p88-ng to any of clai ms 13-15, wherein
the plurality of configurations 25 includes a third configuration in which

heat is transferred fromthe second. heat changer t.o.  the ir t
exchanger. 248 appBPERiLeR rtaiaﬁyg&t%m%f 5“?%@@{3%@%W$8?&]{‘]Wég}eﬁs?d

confi gur at i orheattelehaiizgenp dratcandnand third het cichpagepntherchy t hat thbtanditiked irexchange

i s higher ,than the tenperature of refrigerant in the second 30 heat
exchanger. 25. Apparatus according to claim23 or claim?24, wherein for the
third confi gubat i éppardasatcording to clamsitevheseln fhe aaftigernat indhegnend bat exshediftinger to
the fourth h . Lys according to claim
25, wherein felg%tat egﬁﬂﬂfﬁ?‘“é%‘ﬁ?ﬁ]‘%ura i%ﬁ%ﬁgﬁ:ﬁggéggg}%@% of refrigerant in
the fourth heat exchanger is higher than the tenperature of refrigerant in

the second hgat AxshARGSordiny 18 Clainf PP Bl 99,48 R Cthd @ frlgBramiy the fihidl hadt s
23. 26, wherein for the t,m rd confi ur@tl n no, %eéﬁrﬁl %erant flows in the
first heat? exHASE S 2 DHERNEHRsE oL DRISFEPAY it B° Y OMEs 1- 12,

wherein heat is transferred fromthe first

31.  Appatatus 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 fou:th heat exchangers.

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

exchanger is 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 exchanger.

36.  Apparatus according to any of claims 1-12, wherein heat js transferred from the second
heat exchanger 1o the third heat exchanger.
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heat exchanger to the second and third heat exchangers, ther ebg ZOA%JIG% he
conditioned air. 10 29. Apparatus according to claim 28, wherein the _
refrigerant in the second heat exchanger is at a higher tenperature than
the refrigerant in the first heat exchanger. 30. Apparatus according to
claim28 or claim?29, 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 for the
first configuration no refrigerant flows in the fourth heat e ger. 20
32. Appar at ud7-ac ARPHRMEEEEIERED M ELWE‘“ the Tﬁfpereﬁ’\r&r”gfeh‘gﬁ&%h'" tf]%gﬁpﬁ?geg ferred
fromthe firsgkchadd@al nigieeManEetkmb@atirbef refeiganinaRcedondiidatextimager.exchanger s.

33. Apparatus according to claim 32, wherein the refrigerant in the second
heat exchanger is at a higher tenperature than the refrigerant in the
first heat exghangstrang2ccddingAppRinaBeisr eleibndTiwhgreincheat iaitmsBRred frow| thg m 33,
wherein the refrigerant i he. f.our exchanger is at a higher

t enper at ur'e tSFF%A%ﬁteex‘g‘é?geﬁagfeg%@%&?ﬁgh%%r'rst heat exchanger. 35. Apparat us
according to any of clains 32-34, wherein for the second configuration, no

30 refri geran {1 ouachd ol i) bl RALnES BRAGRleranAbot ARRAALLE RGRPT di NG

to any of clarns _ eat 1s transferred from second heat
 exchanger t o hettexdhirigerds kighst thandanigmprasture of zefiigerant o thesesgndheat eXpfigngen us
according to claim=,6, wherein the tenperature of refrigerant in the third
heat exchanger is higher than the tenperature of refrigerant .i he second
heat exchihgel). 34ppamBis apcarding t&é‘?:yo‘ffcﬁﬂﬁ% 52 VRGHSHY E‘Breg?gcgf“aﬁomséni&c\tmfgr ein
heat is transfgki@ehgttomthe 5 second heat exchanger to the fourth heat
exchanger. 39. Apparatus according to claim 38, wherein the tenperature of
refrigerant in the fourth heat exchanger is higher than the tenperature of
refrigerant i41. thapgensmoconat oexy hiithgerecedil oklms Kpgaein stid sondiounddiimig t o any
cf clainms 36-39, . wherei. ' | Ot i exchanger .

- b} Rid & afrlabsibant RGdHe. | 9
41. Appar at usheg%dcb rsa’id El{dgathgé?g{r@;n%rgﬁ%@%}lﬁé@gﬁg n{:] élfglﬁrarls vf’he?nel n seal d

conditioned air is heated by said third heat exchanger and is dehunidified
by said first air-desiccant volune. 28 : : '
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