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{and thus fairly dry already) the dehumidifier does not remove much water from the air and
thus does not provide much cooling for the condenser. This would cause an overall increase in
the temperature of the desiccant and a reduction in the efficiency of both the dehumidifier and
25  the air-conditioner. A second problem is that such a system is not modular, namely, the
dehumidifier must be supplied as part of the system. Furthermore, adding a dehumidifier to an
existing air conditioning system and integrating the dehumidifier and air conditioner to form
the system of this patent appears to be impossible.
Another type of dehumidifying/air conditioning system is also known. In this type of
30  system, as described, for example in US patents 5,826,641, 4,180,985 and 5,791,153, a dry
desiccant is placed in the air input of the air-conditioner to dry the input air before it is cooled.

~ Waste heat (in the form of the exhaust air from the condenser) from the air conditioner is then

brought into contact with the desiccant that has absorbed moisture from the input air in order to
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such systems, under certain conditions.

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

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

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




in order to transfer noisture and/or desiccant ions between tHe 3hfo 2003
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Thus, in preferred embodiments of the invention, the amount of waste heat generated by
the air-conditioner is relatively high and the heat requirements of the dehumidifier are relatively

low, since a major portion of the heat for regeneration is supplied by the heat pump.
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W

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

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

energy for the dehumidifier.



wi t hout the necessity of transferring liquid fromthe regenératior?¥ack to
the dehumdifier. In general, in liquid dehumdifier systens, npisture nust
be transferred fromthe 5 dehumdifier section to the regenerator section.
Since the noisture is in the formof a noisture rich (low concentration)
desiccant, this is perforned by punping or otherwi se transferring the
desiccant. Since the desiccant al so contains desiccant ions, these nust be
returned to the dehumdifier to nmaintain the desiccant ion |level required
for dehum dification. This is generally achieved bx punpi ng hi gh
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regenerator, in 30 either direction There is thus provi dp.a rdance
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from the regenerator to the dehumidifier section. In a preferred embodiment of the invention,
the return flow of ioms is achieved, by diffusion of ioms, via the aperture, from the high
concentration regenerator reservoir to the low concentration reservoir. The inventors have
25  found that, surprisingly, diffusion is sufficient to maintain a required concentration of ions in
the dehumidifier section and that the return flow is mot associated vs_rith an undesirable heat
transfer associated with the transfer of (hot) moisture together with the ions, as in the prior art.
In especially preferred embodiments of thé invention, no pumps are used to transfer
desiccant between the reservoirs or between the dehumidifier section and the regenerator, in
30 either direction.
There is thus provided, in accordance with a preferred embodiment of the invention, an

air conditioning and dehumidifier system for controlling the environment of a controlled area,

comprising:




a cooling unit in which air is cooled; a first inlet to thé &8l 2803 unit
drawing air fromthe area, a second inlet to the cooling unit drawing fresh
air fromoutside the area; 5 an outlet to the area via which cooled air is
transferred to the area; a heat exchanger at which heat renoved fromair by
the cooling unit is renoved fromthe air conditioner; an air inlet to the
heat exchanger into which relatively cool outside air is drawn, heat being
transferred to said air fromsaid heat exchanger; and 10 a heated air
outlet fromthe heat exchanger fromwhich the heated air exits; a
dehum di fyi ng Uiialr chfdifidnét ddgnptisigli d desi ccant, conprising: a drying unit
having a wet air inlet and a. dry. air. Iet fronlmhlch air dried by the
drying unit exits aﬁdm?W@%HfPHﬂ%W&ﬂfﬂmﬁesiccant dries the air and renoves
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desi ccant being transpor chanber. Preferably, the drying unit
conpri siss  aerflelzd fiochi thd leqmcbdmpcanhat 5 receives desiccant after it has
‘absorbed ni sture from (06, QU1 d5er@hlor B Wherein the heat is
a wet air outlet from the regenerator unit via which air entering the hot air inlet
exits after moisture is transferred to it; and
a heat pump that transfers heat from relatively cooler liquid desiccant in the
20 dehumidifying unit to relatively warmer liquid desiccant;
a conduit connecting the heated air outlet of the air conditioner to the hot air inlet of the
dehumidifying; and
a conduit connecting the dry air outlet of the dehumidifying unit to the second inlet of
the air conditioner.
25 * Preferably, moisture removal from the desiccant is aided by providing heat to the
regenerator.
In a preferred embodiment of the invention, the system includes at teast one pump to
pump desiccant between the drying unit and the regenerator.
Preferably, the relatively cooler liquid desiccant is in a dehumidifier sump that receives
30  desiccant after it has absorbed moisture from the outside air.
Preferably, the drying unit comprises a chamber in which said moisture is removed from
the outside air and wherein the heat is removed by the heat pump from liquid desiccant being

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




renoved by the heat punp fromliquid desiccant being transpoltEd t%621 he
chanber fromthe sunp. In a preferred enbodi nent of the invention, the
regenerator unit conprises a 5 conpartnent that contains |liquid desiccant
bei ng regenerated and wherein the heat is transferred directly by the heat
punp to said desiccant in said conpartnent. Preferably, the regenerator
unit conprises a conpartnment that contains |iquid desiccant being
regenerated and wherein the heat is transferred by thé at | east one heat
punp to liquid desiccant being transported to the conpartnent. Preferably,
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i ncl udes afARbOJitcA by Bk heak Plrkh bREd BeRkaR ¥ChRNGRparing Wher ei n the fan is
al so operative to force air exiting the heat exchanger into {?Qcﬁf'hm air

inlet of the rdyefabli B respnraier Jpik FURRISES LEASHATTREN (PahPorfains HAAHEFSEH. ¢ he

air condit QReFeottelddiZRE whetef§ thé B&E ANtanbrred ¥y &b ahR&t ohsShdal pnsf orliqaill i n a
condenser in salrd cooling unit and from whi f;h refri ger ant heat is.

. . 20
t r ansf er r efesicran helgy FARPaRg o ithe wHPaREt Frelehn B8 ree Ty PrEfRrEs ¢
enbodi ABNt rQbnetdt sify &t teddvesldbfccai iGNkl 9B Ebeet S edRom Nt 2idiviereipace
and wherei nthe_ heat_ exchanger és out si de t he gpag‘%gﬁoPr f er abl t he wet

air inlet BEHA EAHEEYTR dsroRy BnE TRSe (e e S o
preferred embodinBhtfeedd d@dinMesttthORventibe BOME Ekitont: adhales & fattoldeast a
portion of a 25 buil di n?. l%a' pEe erred enbodi nent of. tt e in\z{ielqleitg , the
propor t i on2Birtaite coplBGAN FloVIEKE Y i‘sr?gso BAPEYEV? TAVRE B PV ARG S% Rond
inlets theuptdeyiksurdd | east partially controllable. There is further

provi ded, in accor datgce Wt erred enpodi e

dehuni dPfier syStaehir B%WE?HW%T‘P%L%“W%F’ HEE F%lg%iﬁfc’)gri h%ﬁcrfﬁﬁl% Q\rfaglgt tg Irdgag‘f r 2,
one of whi gh 16 McAeaSexdhddb@had wllesinahanh is cencwativatd brvetdraaidngehobdaer;; a
dehum difier unit,. into which ist air is introduced and from which | ess
noi st air F‘é“ha‘?'?@ﬁ‘ﬂwéhe W?‘éfﬂlﬁgﬁ%ﬁfeéi’”fefa&qét ion by liquid desiccant
transferred themefefehedSibodDRdt & thepeasibatiby aitituntitoddr akilizes cebfiiggardési ccant
sol ution t r'\]a%};«'.:hrlllae':ft isa t?a?ngtregee infarc%n BEI?C? innsgids C;[ooﬁlzilgrunit and from which refrigerant heat is
20  transferred in an evaporator in said heat exchanger.
In a preferred embodiment of the invention, the air conditioner cools an interior space
and wherein the heat exchanger is outside the space.
Preferably, the wet air inlet communicates to an area outside fhe controlled area.
In a prefeired embodiment of the invention, the controlled area is at least a portion of a
25  building.
In a preferred embodiment of the invention, the proportion of air drawn into the cooling
unit via the first and second inlets thereto is at least partially controllable.
There is further provided, in accordance with a preferred embodiment of the invention, a
dehumidifier svstem comprising:
30 a liquid desiccant in two reservoirs, one of which contains a higher desiccant
concentration than the other;
a dehumidifier unit into which meist air is introduced and from which less moist air 1s

removed after dehumidification by liquid desiccant transferred thereto;
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and renoves noisture fromit; and a passageway connecting the~6esgpv?mBs,
via whi ch passageway, during steady state operation of the dehum difier,
there is a net flow of noisture fromthe reservoir having the 5 | ower

desi ccant concentration to the other reservoir w thout there being a net

fl ow of desiccant ions through the passageway. Preferably, the passageway
is an aperture such that the level of liquid desiccant in the two
reservoirs is the sane. In a preferred enbodi nent of the invention, there
is no punping of liquid desiccant 10 fromone reservoir to the other.
Preferably, the rescanapRnitahichresivgs desicganksplyiion fiaf §as absqrogd Fpm e mpoi air

embodi ment . af...t he. LBve k@it daere is no transfer of |iquid desiccant

bet ween the reservoirs except via apertures connectin tge.reservoi s. In a

preferred embodi PASTRECHHH (ORBECHAY BISt IR O a2 (SR RSB S N8 T RaE ¥5™F | r st

reservoir  whiseh of BeaiN@SidFRE dndrd U Gkt GG TaAdItnuE M #Rirekedeirumyidg fhei ng
chanber aft'er said desiccant 15 absorbs nojsture &fh.ereat. Pr etfder.abl y
Hgtr%) esiccant

liqui d Beslovendrsicrast ¢qnaenariion i ghe qer FrasriihviRoyt gt Rgme @ St B he

first resefyOinfough the BadigRby.r ed embodi ment of the invention, the two
reservoirs include a secon reservoir which receives...sai.d |.igui.

desi ccant fr omPsariably.c§e REF2ECERY B PerREEnihe ehﬁg?ls(ffd]rqgld dteﬂ%ctrg%{flgéhﬁ
Pref er abl yd kQHiods B65d @mant is transferred to the regenerating chanber

fromsaid 20 second reservoir. In_a pref errq% embodi ment ?fl' Eﬂedeisipﬁ\égtnti on,
the dehuni di fi df & MelFgigeembedifpest bR ERMD M dP ' EPHEAY HHomTeTat i vel y
cool er 1hi qgbd oHeRkdednb tiediep rRéftrnal, Yhermnsrerof mofpuirelisdggiastmnt . Preferably,

t he heat punp punps heat fromthe _reservair havin he .| ower co ation
of desiccant t® &Pg ”%Wﬁﬁ{p‘i“ﬁ% of itFhiBY Tl gh JBHE rlsag? E)[ﬁn & O\éﬁg?@c&a%%?&ﬁr n a
preferred gphegime@ier@irs theptf ipanesat dorectitghies feemtoipunp transfers heat from
desiccant in a condujt carryin esiccant to the dehum dif] it In a
preferred enbodPightiesid Et“??é’g‘i“ﬁg'e POHYeEO Erbestfﬂgﬁ?ﬁegfm% 1enrcrlrg)lcetgr %1?‘ {:JS}’ {.eé%r‘;olr
di f f er ent i ghich SeceitRl Biiailiagd desitaveenorh heidfdehwhiddyidg shadrd afteseidvissicent
Preferably, the tegger ture d&ffi%%ntial | e

g APdht

pref er riéd” ERBBAiAY reth £ R d"tsi‘fgan?g%%?sh i 2t°(c21:t|h? }%P‘g%??}g $is at
30 | east 1QganfVer ﬁémﬁﬁ&ﬁit rekbréoir.BRI EF DESCRI PTI ON OF THE DRAW NGS Parti cul ar
e ot o L e L PSS SR R
figures, WRgESbIAwhich 1&ERe2Q0Bliquid desiccant from said regenerator after removal of moisture
therefrom. Preferably, liquid desiccant is trmlgferred to the regenerating chamber from said
20  second reservoir.
In a preferred embodiment of the invention, the dehumidifier includes a heat pump that
transfers heat from relatively cooler liquid desiccant to relatively warmer liquid desiccant.
Preferably, the heat pump pumps heat from the reservoir having the lower concentration of
desiccant to that having the higher concentration of desiccant. In a preferred embodiment of the
25  invention, the heat pump transfers heat from desiccant in a conduit carrying desiccant to the
dehumidifier unit.
In a preferred embodiment of the invention, a substantial temperature differential is
maintained between the first and second reservoirs. Preferably, the temperarure differential is at
least 5 OC. In some preferred embodiments of the invention, the temperature differential is at
30 least 109C or at least 15CC.
| BRIEF DESCRIPTION OF THE DRAWINGS

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

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




identical structures, elenments or parts which appear in noré t3h&n Z8ie
figure are preferably |abeled wwth a sane or simlar nunber in all the
figures in which they appear, in which: Fig. I shows cooling and

dehum dification curves for conventional air conditioning and

dehum dification systens; 5 Fig. 2 schematically shows - a dehumdifier unit,
usable in a conbined dehum difying/air-conditioning system in accordance
with a preferred enbodi ment of the invention; Fig. 3 schematically shows a
second dehumi difier unit, usable in a conbi ned dehumi di fying/air

condi ti oni nﬂ@usglsstremlres, relearnis rod pacewhich lappear Bl mererthan ors figteF arermecEbodi ment
10 of the 0 Ruode My dinf@dh. uni t system
in accordancge%v‘\ﬁ”{hasameo nélﬁarrglggggﬂi)&@ﬂé }-%uregsrh?%lﬁethi %ventl (I)ln that is also
usable in a defign dlnd“yslcnwnaland d@nduchﬁ@mrngmgyﬁtréweiltwﬂala’@cféﬁfhﬁmlg #th a _
preferred gﬁg he invention; Fig. 5 shows the dehum dification
curves forcia e sy sp’%nggt%écrl bed with respect to Figs. 15 2-4, together
with those for ch;naerstheunmallal shayondi t debnmidefiean dnide arileli 1 cat FEMPIEYst ens;
and Fig. f aRor@ Qb ingd ferred embodiment of the

dehum di fi er?rglldirafy@% di .d%‘fr?é‘?‘%%%t?g]mgﬁ A %ccor &ancae "63 fi”r? aen;)roef erred

enbodi nment inedntiehe | nvention. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS
OF THE | NVENTI R eih%&E S130P YRR i%e 0 funt N GsabRY 8Nl ibideBe
dehum difiers SCT i Bl%g{mca Y Sﬂdlscant se f\pp“. cations PCT/ [, L97/00372,
filed 16 Ntehmda"mgz@mmﬁmm@wstmgy@%@ce wth wltmrnﬁﬂw%%é mpedientt he

di scl ogure are incorporated herein by reference, are used as
dehum 3?Jf|§rt&fﬁmlfﬁpse appl i cations were published on May 27, 1999 eﬁs WO
99/ 26025 and VW@. GQPMQ@UV@W filﬂhéfrl@lﬁefl'ﬁ’@ys‘{ﬁiémemp*’t?ﬁ‘l”ﬁ@ﬁ%&’“ﬁiatpéfffe

filing of AR GRS h Rbe, A is\Wb ﬁﬁbm{;‘a BAERa ndRRl dopatibdy ShahiE
priority and were i ncorporated by reference theréin. In 25 view of the
utility of accerdanse with e piethred embodiment plthdmEdEA: i nvention, the dehunidifiers

described thergj 3 ahe tﬂ@&%&hﬁﬁﬁaﬁdﬁ HRkiok B SYsRinid- deREbET Wit@setits FighO Fi 0.
2, a dehum difying system 10, as described in the above  ref erenced

appl i ca%i ofrd, togedhepwith these fagcqny@n@%@)awnﬁmg@eg angrsshumigifsRhon YR e hamber

12 and a regeng af Qr, ébﬂérﬁatr%?dla oF 22bmbBA 8fmmitehdirdohdtidier eRambrr 12
via a noist air inlet 14 O dried air exits chanber 12 via a dry air

outl et 16. awrémm%hypreé%@ﬂe@mm%ﬁ%eﬁﬁ%@@ by a punp 20 from a desi ccant

reservoi r 30h¥t A 8D ERKRIBIONOPPREFEESE EMBOATMENTRDF THESIEVENTZIONS shower
a fine spray of the desiccant into the interior of chanp |ch is

preferably fil Iidomet prefgreds pmbediaents 96 A NYaRHOP; 16 éﬂl‘l@éﬁ T%éie?“%‘b
20  applicants' PCT Applications PCT/IL97/00372, filed 16 November 1997 and PCT/IL98/00552,

filed 11 November 1998, the disclosures of which are incorporated herein by reference, are
used as dehumidifier 42, These applications were published on May 27, 1999 as WO 99/26025
" and WO 99/26026 respectively. They were published after the filing of the application from

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

interior of chamber 12, which is preferably filled with a cellulose sponge material 24 such as is




- 57 S[l-- P20 Bgenerally used in the art for such purposés Ntﬁ‘[-H
preferably, the desiccant is sinply dripped on the sponge material. The
desiccant slowy percol ates downward through the sponge. material into
reservoir 30..Mist air entering the chanber via inlet 14 contacts the
desi ccant dr opI ets. Since the desiccant is hygroscopic, it absorbs water
vapor fromthe noist air and drier air is 5 expelled through outlet 16.
Preferably, reservoir 30 is |ocated on the bottom of chanmber 12 so 0 that
t he desiccant fromsponge 24 falls directly into the reser In this
embodi menteenepallyusgl i8 Bheamtdoraydhopirprsesd Mot efebly plipfesiet @égwﬁy finped 4,

ext ensi on of e WHhekd 8ok Rl ed@géraCant
from pi pe ﬂlessmrﬁ% IIEAe(t%t)lj('fﬁ ﬁ@aéetgﬂch?tpélcﬁﬂyégxg?létggﬁt to nozzles Z%SI:gn%gp?rt to

r egener at dmto uesetvoid 20. Mova¢1verlt@mgdbﬁ1@tﬂmb@t‘il%%’iﬂ%é4 FOPIRohY 1BF AFSiEPR) PPl
controll al§1& A %e 1c§a§1t %%E%Edo%' ﬁ’@%so%}(va@? vBpdR Hodetle Tt'f%ts@@tﬁfaﬂ@l:inérhﬁ' is

propor ti on of i'céant which is fed to regenerat or 32 {, 3
cont r ol abkﬂellﬁ«éﬂvelabrouftkﬂiriétprrtfeltaﬁ’iﬁ:rf%eﬁoﬁs@ds locged onyip Borombet JEBPHEIAAR i s

preferably G Db ESRARIR dir&rlly Ao AFRUBLoRS NDi sture in the
desi ccant tha(é%{%r‘?’o%réag‘ O:HPnsg | udes a heat S’exchanger 36 whi ch heat s

desi ccant- to dii thés enbodiagnt. Hpump 55 R aaeeiated Jagiesr 37 ProR, Sesigsaty oéla t hus

regener at 'eg%néA& of'?@&fvaﬁrs@tlﬁé pigt qyi Qdﬁtﬁﬁt @@@E@wds Jesidca &afo@lrpi@dﬂm‘ﬁeﬂd@
reservoir via a pip a tube 42 of sp onge mat eri al such Hgg that
r

whi ch fi| Irertofishepiseiccant tombzées@@ and PR 15 BEARBTEPT BBh4ihadvs o S§OSLHY
whi ch Nias VSﬁ{%féﬁﬁ hel ccﬁ‘x@rom @J‘\re%tcb@stncﬁgn) iy be GEVI@IGAb Icyntfol €Y moostictenft he

area in he air bei ng nodified, for exanple from.an. air

condi t i oni thgydesiepaiy sthich a%feél EsiEgnpayr 39 IB% psolighiR e of ﬁ‘é"sgﬁg?ﬂ)‘érus‘?fii’ 0 nl et

60 and car &g @i\’\@éétc@ﬂlg'tst hieRablyNRinfbild 8n Wiip6ike i 16t @Raimabechoishirom thee stil |
hot desiccant 1 n tube 4 The air exiting at outlet 62 carries away this

noi sture dgAdcaat-so noi sture whi ch was renpved fromthe desiccant in the

regenerator. PrehgrabhYnchdbddheal XelansHPOWnichine@X iHe doscoantak drivd off parouh
chanber 58. Alternativel %gaor addi ti onaJ | y, heat is transferred fromthe

r egenetat ebie MriguvaRoiehds desarbed s ressng i@ fesi ccant entering or in the

regenerator by }%}%&d@&kéﬁgtqﬁlh%eé&ﬂltdﬁt%nﬁﬁﬁéﬁ basSk foxafBvoir B0 @ia epadll and (abite not
physi cal) contac

in a thermal transfer satlo (n tively
or  addi t i ¥#hefispgnge maaak sugh Atk ‘CBgnil%}@H‘ fiol 2 E‘é\tt‘?sqgé? prﬁ%{\%@%ﬂ%ﬁlﬁ engar gy
fromthe coplgtr sewhiel Aftan 1&1&@-8@ Agl fdheutlee GE NEIF, adetdrallyofréth @ulidn elie @esinccant
entering the regenerator, such that the desi ccant ...returni ng Ll ﬁed

reservoi r Waichge isyPetg srasticfnigh YAPI TR B8 47 CORHH BN RUBYS 218
30 Prehgr ahlidy, efreRERY chpipa? vﬁyﬁﬁt%maﬂrﬂcam&sﬁwndmat&nmmmewhmhmt@aﬂmetd f r om
the desiccant in _reseryoir 30 to I’hOVI de. ener% t% cf:]a%_zlaéts £ &%m\%g
Pr ef er abl yfrompesstilldigf dgstragt ithitbs B s he 21 cxinait F815 o exchang ichis
t he condenggr aief méibgreSytsinems rans@a Gnech hedtsiexeinngargedGaton Preferably a fan
(not shown) at exit 62 sucks air from chamber 58.
Alternatively or additionally, heat is transferred from the regenerated liquid desiccant to
25  the desiccant entering or in the regenerator by bringing the two desiccant streams into thermal
(but not physical) contact in a thermal transfer station (not shown). Altemnatively or
additionally, a heat pump may be used to transfer additional energy from the cooler desiccant
leaving the regenerator to the hotter desiccant entering the regenerator, such that the desiccant
retumning to the reservoir is actually cooler than the desiccant which enters chamber 58.
30 Preferably, a heat pump system 44 is provided which extracts heat from the desiccant in
reservoir 30 to provide energy to heat exchanger 36. Preferably, this heat pump includes {in
addition to exchanger 36 which is the condenser of the system) a second heat exchanger 46 in

reservoir 30, which is the evaporator of the system, and an expansion valve 56. This transfer of
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reservoir 30, which is the evaporator of the system and an expahsio al ve

56. This transfer of 9 - 5 SEP 2 0 0 3 energy results in a reduced
tenperature of the desiccant which contacts the air being dried thus
reducing the tenperature of the dried air. Second, this transfer of energy
reduces the oveéerall requirenent of energy for operating the regenerator,
generally by up to a factor of 3. Since the energy utilized by the
regeneration process is the major energy requirenment for the system this 5
reduction in energy usage can have a mmjor effect on the,overq%#gggaiciency

: j :
of the syswewy residn eiresiead| tgmperaiirg ofie AGHCHE WHISA CPIRFIIPe HhREIR t in

the regeneL@lcQiy tHBMnmBErambdY RIBMdOH:. SBndli thi€ Glendi@aifiefétgy tihdek Tengemliheat i ng
coil or waste ﬁeat froman associ ated air-conditioner. |t

> ! should b
under st ooFeHRmERtPE CRTBHISF PREGIHNG fheyipgersratoia gEieriy by 1R G fe%‘g‘r%r Sige ﬁ‘sser voi r
30 and in &BeyLEGRASY deashel8 s GRitkss ARt maRPEleRly Yquemu: tititie yeaehahis
limts, which limts depend 10 on the %fgrti Cﬁl ar g?shiccant%#]@ed. A | owner
limit oh tIREucHER I FISEBYNISRES: (R Lo daiqr StieH A1 e oyed! FECHresY) U8 SYHE:
desi ccant gafonkifAthil RRHEE ST KBaKY ofithe ddics@l th the FegaidehtdlaRs HeGlpleyamtedl | i ze.
However, when the noisture level is too high, the desj ccangj .becone

, S
i nef fici enty $HChEHBg: HILZRE P Beakpg cotkqr S5t Aedt BPT AR RHA s 8 % ber 12.
Thus, it is pref@brabhbe ohddatook gt MRIpSdpdftn lo€Weler Bior MORE deoiceslt Aneservoir
controlled. 1t should be noted that somf desi ccant s 1ar.e I i.ggli. d. eyen in the
absence 15°%andibieegensrandidetichan mushernirainahe W e WS, Y pedeRed nt <
need not bgh §6 paliaseldysicantusal hadwer HIGNSVBE reqeva@moiRui-Neskis cias ecededwe

regenerati gn process (which uses ener ._Shoul d ly b fo d when the
orot ur o | Ge i e UL R ASET hun SeRe e mPh e BREC HIF vl
function i shgenefmalstiye RO#1FiO tovade) Yhenmaistane bR bthesOihe fiibient\io lremeringf moistoiest ur e.
A preferred nmethod of neasuring, th esi.ccant i ¢h i.ncreases, Wt

i ncreasi ng™® HoREREE e‘i’tFr&Lﬁha‘g?fﬁ f‘%‘h Psesf}eﬂs\/g’iefer%g@e &Vt H%argﬁl?rgﬁeﬁ}t‘%lo t he
pressur e i foftbrddive tdnrdllade B SiEduldi nowh itehsohesiesitcante pehiqmig epdndc 6 absendehe
liquid int reservoir._ A tube 52 leads fromyvessel 50 tq a re
gauge 80 PSRRI B ST ST A CHCRUE PR Re S ear P ERT

moi st ure, HbReveRIeO&S I ResdBASH edrebshegdioly probads i(witicle ase sner&y)mbeuld elyviel ume of
desiccant in_the dehum di.fier ch er_and in the regenerator is fairly
const ant , P?ﬁf"?nﬁii‘g?gﬁﬁrb%ﬁﬁmﬁ 8&‘52{1‘3”}38%“ Qlﬁl?gveasr%lﬁrlﬁvglgf 25 desi ccant and
thus of the anomhy meditoiag Fnttien &ngehakile derformed by deasucaant of Weevplinkeeof
noisture | evel increases aboye a preset. val ye he. he [ her, 34 is
turned on. dﬁsﬁcﬁ‘t’p‘%’]]@f}é}“r‘:‘éeases o‘BfrF(%th %?'Stf“ﬁ'exi '?{Sttgrﬁ 4 @ﬁ?‘g%ﬁgﬁ'& %%gmﬁoﬂlmst ure

| evel fal | soinat efvigsdra: it haeryoit GViBr mepsaseent of deypeessirhén remvetedivwsselidned
of f. O her hlaggor.s whi. .uence,t he cut -

regener at i 8" 3 IBrOB%%plgcgéhitﬁ%hf”&WetP ST {L}Plfg?%}re%/&;flh%%tsl%ggmosd of the
regener at i prssafefdaggeedic yis atrdvoling dfaisicqaumipereases from the absorption of moisture, the
pressure measured by gauge 52 increases. Since the volume of desiccant in the dehumidifier
chamber and in the regenerator is fairly constant, this gives a good indication of the amount of
25  desiccant and thus of the amount of moisture entrained in the desiccant. When the moisture
level increases above a preset value, the heat in chamber 34 is turned on. In a preferred
embodiment of the invention, when the moisture level falls below some other, lower preset
value, the heater is turned off.
Other factors which may influence the cut-in and cut-out points of the regeneration
30 process are the temperature of the dry air, the regeneration efficiency and the heat pump

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

some direct heating of desiccant in the regeneration process.
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efficiency, In some preferred enmbodi nents of the invention, it nhySb® 2603
advi sable to provide sone direct heating of desiccant in the regeneration
process. 10 5 SE P 2003 In other enbodi nents, heat punps or other heat
transfer nmeans (not shown for sinplicity) are provided to transfer heat
fromthe dried air exiting chanber 12 and or fromthe heated noist air

| eavi ng regenerator chanber 34, to heat the desiccant on its way to or in
chanber 34. If heat punps are used, the source of the heat may be at a
tenperature lower than 5 the desiccant to which it is tra&Fferred It

shoul d be undesPHhed BReHmENy| ey PEHTDS Plo OER Peat AFPSTFmTeRs MBS VS 7 can

resul t in griiRdy) 4 probidMo@ndilneatafoniting dfitesir Winglthiatser t hendamnim e
preferably a | ower tenperature than the_ noi st E\ir entering the :

dehuni di f | hepted @pish aj5 FAS IS TBECRFICR ARATEOFD Al 1 YRRt IBH TSI OP il BT P8 Bry air.
Thi s feat Whemb$ 38IPR&GE phihps MS@kall havdarce of thieheatiplay Bt gl of b@peritGreUset than  hot
climates in which the, 10 anbient tenperature is already high. As indicated

above, dbnehgfesiraat 9gbehs RSt edenuni di fier systems is the probl em of
determ ni ng the AGNEBE wtkerswak @far bddlihder BEGdsREAN N hOtettridifcas Gestih at drictie

dehum difier solution water content may be k in. a proper. range, A self
regul at i nUdEHIRE BF fiFl}éﬂmv‘\%éBr, Whigh pas; tge ?@%/ef o @5%?"%{33 Bnl‘j’“ﬁpfeﬂgflg eet@%‘ P8 wat er
cont ent Lﬁoi@c}fairteﬁﬁﬁﬁlglﬁle qeanlidisl seh pRoras ﬁhytaldtii?ioﬂbﬂ eptéldn@ltcomeqwfm danair.

nmeasur enment .of the volu or er content. of the.desiccant.soj.uti.on, is
shown in Fils feaurepy esngeipibopsin Pﬁa&red%%%ﬁm%ﬁ%fs ‘&Bfgf“a’e"éscﬁma‘ﬁ? 1 W{E&‘ the

pr edet eg M HigRenbitembetatuye ik sirda@agiBied and then ceases to reduce the hunidity,
wi t hout any caontrols or cut-offs. hum di fier .1Q0 is sim/lar

dehuni di fi er 16\56?d?‘fﬂfe&.ﬂrbi‘,"*= R tg%efgﬁﬁlfﬂs & ﬁ‘F‘r‘i“Bi‘%Fr SYSEY %P”e"%@%‘s".f First,
the. syst efadih@RigNBE amBEdiof &-akfyn theaissitcaitedlution syaiae hecdzhtreidifieamdutiohus does
not have a vol unetri chrSrEasure for the desiccant. However, such a

measur ement 2FFEIHY M PG GFR L PR ™8T ety measure if the sol ution becomes
too concentr at @dself_?pe@wﬂiﬁg deHuenididat10puhp id sensdubatisg hﬁh@resbm weestertonglest r eans
o e SRR R S SR R e
30C), nameoytedt Hfi ths Gestan dlutei, igshpuneEigt & Fuothahes:, 22 dejuraidifienppesyst em
130, 12 5 SO A2 30 B, 0RO S AR DO BB L CRGLA o
(i ncl udi ngcdnitels byyqasss.pi pes shown) are designed so that its major effect
50 95N L SRR el fly U AuRRg DL ICER0"L 005300 a0, 0
t enper ab ur @sfererdes. Finse the g Hoes mersedqutirs aiynmeasurement of water content and thus does
not have a volumetric measure for the desiccant. However, such a measurement may be
provided as a safety measure if the solution becomes too concentrated.
Second, the heat pump transfers heat between two streamns of desiccant solution being
transferred from reservoir 30 (which is conveniently divided into two portions 30A and 30B
25  connected by pipes 30C), namely a first stream being pumped to nozzles 22 by a pump system
'. 130, via a conduit 102 and a second stream being pumped to regenerator unit 32 by a pump
system 132, via a conduit 104.
Preferably, pipes 30C (including the bypass pipes shown) are designed so that its major
effect is to generate a common level of the solution in portions 30A and 30B. In general, it is
30  desirable that the two reservoir portions have different temperatures. This necessarily results in
different concentrations of desiccant. However, it is considered generally desirable to provide
some mixing between the sections, by some pumping via the bypass pipes shown so as to

transfer moisture from one portion to the other. In a preferred embodiment of the invention a
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different concentrations of desiccant. However, it is considefe8tfeddal |y
desirable to provide sone m xi ng between the sections, by sonme punping via
t he bypass pipes shown so as to transfer noisture fromone portion to the
other. In a preferred enbodi ment of the invention a it 5 SE P 2003
tenperature differential of 50C or nore is maintained, nore preferably, 10C
or nore and nost preferably 15C or even nore. Thus, in a preferred

enbodi nent of the invention, 'reservoir portion 30A is at a tenperature of
30C or nore and reservoir_ portion 30B is te of 1%00 or | ess.
5 In Fi g, WGeriue  REPRIH SCRSE PR BRI GEHEPRPs, |G ¥ =5 878

which is $icfardbf 199C o KR4 nidke. tiAes, Ge b ypmiretddl d@ibodigrhi afithe Ii-iwemdmar rmareqlr | n Fi g.
3, neither section has a cellulo mat eri a may be

ong
added to PPRECR AN HiHA MmASTATE ¢f 30 §8(9F te %3’2655‘3‘”63?‘%‘%% lrsoal el%Lun%odl nent
of Fig. 2.pmdcrepkaced by the spray nmechani smof Fig. 3. In a preferred

enbodi nent of the i nve ble to eithe ay 10
nozzl e are nof higedd2 d %FOHS‘FLE&%%F AR P AR I arlSeShgrge 1"5%8815531“2&95:? ri pper
system fr @i{ﬂ Whh€ Behuhidifdrdedtidn. dTut'tﬁ@&dreQi’m H@a aattetidcosm hap@ nqmlctsg sponge

cont i nuous wet the s C ste for t he
above ref @}aéqeleéuqb@?f}t?rﬁagg}%b@gg‘;ie ‘%(‘EFWFB rgc’ﬁ? §V’§f it b%)é’%r%dgfg/og? em 44
extracts fﬁféébinbbdhﬁﬁmtolﬂﬁwdesﬁm;ﬁmcdBja{ha’sprqnmbdmammnﬂhgw 102 and transfers it

to the desiccant in t..104. m.44. rahl v
contains, in add P’ief?ﬁ"e‘?(ﬁm%’%m%r?ﬁg{% n}gnﬁpﬁfcﬁgl P em?%elénﬁ%dl he%rgy of Fig.
2, an @pt ineAds et u@dCRﬁﬂ@’Qﬂxe Zhﬁﬁy harzles arestinces (bma dyippértegstéra ditonf wiich t he

refrigerant |eavin er 104 to the

Pref er abl YAUHR ¢ r°8 %?Cﬁ“@ §8§e v ﬁ’gt g’ggg‘("g % n?%“i“%s owever
when t he ahdwn sorwﬁmpiérmtmeaadwréﬂemmﬂparmwmsmsed in the regenerator, may
be used for I|n onpressor and th LLyel Y,
only such ai r 8‘860%61'% g%hplg?}]ofymm ) eﬂera{eg '?lggh es#%‘%elgcﬁ‘g of the air
entering tcb@ilﬂta@eraﬁr aimferd mcortaaamccminm edmdiuttie)«ﬁi éfeattm@paaystemé4 pradraie

moi st u £ fromthe desiccant. Heat Jx&d anount
of heat®. [AHADS: ﬂﬂ"'édgglropg R H:Pn ?H]ethigenn\?%trq nlgeg%&frﬂ% ﬁ{nﬁ% 8{1ty set
poi nt i s detanga DBtholansfardomelof thaghedt fom thenouingerat lehvng heat exebinger K et ween
the two streans. Con stem sh thepdveent eri ng
N S e Sss§re‘g\émt&°%1 e gsgeactibobadhel V. Assufe
further t hatentieairdsmomynbotpddditiongl i, noeueadraﬂhé regenetatng, may e usediigr eopling e
humidity to 35% wi thout . reduc e} bt Sofdet Uation, the
amount  of “REET™ ar"nansefrgf“lg t ‘L‘P%ne%ﬂg %{gs%tﬁé}g%ﬁég%ep f(Ic;ilssélyccglnt sol ution woul d
be equal to t hé‘hh&aﬂtam‘fheanngmﬁﬂlczam@mgihe tebancrter dcreassathpabilitt G #eoai r, so
that the tenperature-of Ih t &l L i5Rgh dnftul JrBSLIN QI T 20
from char’rbralgp '8 ftm{nﬁfée %5%%3{ %ﬁg ﬁglrﬂeésgtg&rﬁxs \/\/E9 enters it,

preferred embodlment of the invention, the humidity set point is determmed by controlling the

amount of heat transferred between the two streams.

Consider the system shown in Fig. 3, with the air entering dehumidifier chamber 12 at
25 30 degrees C and 100% humidity. Assume further that the amount of liquid removed from the
| air reduces its humidity to 35% without reducing the temperature. In this situation, the amount
of heat transferred between the streams of desiccant solution would be equal to the heat of
vaporization of the water removed from the air, so that the temperature of the desiccant solution
falling into reservoir 20 from chamber 12 is at the same temperature as that which enters it,

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

an input of heat (additionally to the heat available from the heat pump).
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30 except that it has absorbed a certain anount of noisture f“r%r%\ﬁt"hé’iiﬁicr.
Assune further, that the regenerator is set up, such that at this sane-
tenperature and humidity, it renoves the sanme anount of water fromthe
desi ccant solution. This may require an input of heat (additionally to the
heat available fromthe heat punp). 12 Further assune that thée air entering
the dehum difier chanber has a lower humdity, for exanple 80% For this
hum dity, less liquid is renmoved (since the efficiency of water renoval

depends on the hum dity) and thus, the tenperature of the desiccan
sol ution | eavi Rerthehassura et hanis nisring g darmdfieehampp das ﬁ&%ﬁﬁ‘ﬁ‘&@r lEL%’EEe | ess

wat er ent ef 5,110 @oAChIrGR RimiaR), Wk Afuifi {s38MSyel ignddakuumidincy of wakaisneval t he
amount of water renoved fromthe solution in then%gigéggr tor . also,drops.

Thi s resuldegends op theWBiitantd {ps Hhe LeweRByrer!t s UOR leY I . ant

SOl Uti ON  afen@nidl fRVET mb& IR R Boweder, OUE leds WIRE EREN R dddciamcattion Bsul ts in -

cooler air. Thus, the tenperature of the exi E&qr;gfair I.s also r o?d

s, t eduy .
HoweverS tthedehemigifiss chapher.dhe yoeuahal HeerrsBeYed heyolppgn i Eeg?r{era?s houl d
be under st 90diridaafnifrebufd Hod de@baRhcd IBUEss Aafer FRTTPET Al tedctiasnisulittrenti al | y
the sane effect. 10 Generally, the sg/_st em i E sel f1 rergyllé,’]attihn%fr1 V\llja h tehe
dehuni di f ylower temparastechiaehigrBfrrtutsdesicaprd s HIHREP S ATt MTIFEPRAT i t y
level at wWakghuddtuSs 518KR8ucRd. #oReWir] the SRAGNINdIL BRi6aPASriglly Gif sdufeelt
sol ution sprayed fromnozzles 22 tg absorb noisture and. g?n%ﬁabi 'éf%eé’t of the

Yy . .
sol uti on afhguid §pundsstosd ks Teguchen ¢ HEPUS BF [FMPEARMEAS SHOF T 8721€5°22' to
rel easgy NDI St URnerhilly, GRNEEEK i@ Selt RGuidids, #ithitd &huhilibiag acks dussg dfilati d

(relative humdity) the_dehum difier 5 hecones. | es ble to
noi sture fmﬁfi‘l{“}‘%{‘TH?}@; TP?]E“’%‘S’I%I‘*V%&‘W “’%gbﬁ ‘éjffsé’}fw%‘é'@h%%@nosﬁ f ¢ S‘\a{ig%}r{tgugh t he
condui t 10g @nghiias spejRehagRzief 2TiRsibseR Rloisiue dilehs aility o6 thei snluB@Bndeaches

sone level. Simlarly, as.|less m)gsturei rem)vedf&(lgmthe air, the

sol ution i o1 BOLEPREY. SpBHon SPRy WP%P@%]E%}? THePEEOSH st ure i s renoved
fromit (all thageRappensai & kikak etongetess hadt dlaiAthursdiy the demidifet h
renmoval and absorption of noisture the sol ution. sto ince .

r espect? vebTomEDieth PHL BROE: Tnﬁ‘émf%ggraéhﬁ‘ﬁ’r‘%iﬂﬁ ‘?ac’?u%gﬂds ?cggééin%lr g&tcg?ra% Nanber s
are in st apidugh YaeWohdlit 102 aail thetpRreeitidecdT desicchitaimivetsobtioni 3iBureechies samesr nal | y

transferred. It shoul d be understood at this humdit i
adj ust ed b¥FVeh 3 IES BRBUTR 'S T9ROYR E‘Pmt SALET Sfoéugwgé% \%g‘iéﬁg%oﬁgpg}gﬁuti ons
in condui t onk@RraBdAnd Qds mbiktufs i€ adrboved &ain it Gallt thansfens sdhat it gats tretsiedlant in

the dehum di fying chanber i s cool er and .the.desiccant Jin i QERgLAL i on
25 chanber S?‘%%’P(’J‘%tké’i‘m.‘ TeRQY Y @%%‘8@8%“%1 OlRHTED Sgeeso u%ﬁ%é'?éf&a tth ?t y of both
t he dehyni gblfititnk @ntetibadib dehudidifiérnad regaaapatiambens dret nestdbili diithyheoair gnce

point is lo ed For.bess heat punped .fromthe dehumdifier side to the
regenerat o ?’V\ﬁfcg‘ qetrom whic H?é’ﬁsnﬁ%ﬁinﬁﬁ%{wmsfmeg

reésult. In addition, the

set-point wll lﬂa@@m¢esammahaomistﬁumidielpamvqaﬁaudrjhdi:dhy @fangmﬂ_éh%lmﬂuéht ering

E)P € d;g?gg:rﬁ ?%Lt'ra?.ng ﬁ,lfzq,éea\gerég% BRALNSY A8 dlbd s, %%Qeatér BeaMyi s fdPuUNPI NQ
the desiccant in the dehumidifying chamber is cooler and the desiccant in the regeneration

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

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

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

somewhat different layout from that of Fig. 3.) The inventors have surprisingly found that an
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30 Except as described below, it is generally sinilar to the deh&nbEPf2H3
of Fig. 3, except that there is no punping of the desiccant |iquid between
t he sunps 30A and 30B. (Fig. 4 does have a sonewhat different |ayout from
that of Fig. 3.) The inventors have surprisingly found that an 13.- 53 SE P
2003 appropriately shaped and sized aperture, such as aperture 202
connecting the two sunps provides a suitable way to provide required
transfer between the two sunps. In general, in a liquid desiccant system
such as that of Figs. 3 .or 4, sunp 30B (the sunp__of dehunidifyin%lchanber
12) accumsAvarogsatelyl shaned fafl sived LPUTE, Gydy 2% aRRFUTS0702( FoRBeCEDg Y Cofvo Himps

regener at Qb ,3daks-a sdifib® A4 bb GBS eqilRi bt bBMStn R osaasf erred to sunp 30A
or directly to the regenerator in order to renove the noisture fromthe

desi ccant. | n Awginesabi 2 ioye degpeahiypiamisenl 2 fhat ofddgsct it SemP UhPhe3HBPi s nuch
| ower t hanyd faatmilifyisd ERmB 2) AR mhARs RIGRME! neBuRS ovdeSinG LR (thdsungplsTp 30A
must be continual Ly 1ncreased so that the efficiency and dryij n% ca&gci ty of
r egenerat iféanF@‘ORéét This gAditiang! RISTURFUS e SRR SFMR AYS OpPBETENR 1S to use
a single si‘é%@lera%?in' dadek ReremtOvd (BEmOiE el fbm Be destdoMEMEL kdditidA] te E@StHtiator dT
substantialTy the same tenperature for the desi ccgmts used fg%m .

dehuni di f i ¢egicsaBhingHaP SPRS SR IRy er g et iR swap S%hiaad [hs STpPPLiop AL IPsicERaEn ¢

ef fici enCYSurernB»GAb%uQ? B NGofifubiBr iRfeafdddso that tRCeffitioms @dediBRt capapardt e an
punps are used to punp .the liquid fromone sunp to the other. This allows
for a tenp@pAFRHen §keH BigBntial to be 15 mmintai ned between the sunps and
thus begween t lpiechRganepaoGrithanid pioBRmae flik disiyle BEnS @€ in e 8eviodsf Fiadl.cat ed
above, pipe 30C is so construct e(ﬁ tﬂat onl%lx?m ni mal thi %gi.d trans%%r t akes
pl ace bet weRHEhdMs URfHYS hrUsERNAN GG STRY STRGRIYE FTgie (R e o

di f f er ent | @humidoweN®rand thebdidcaash@iieMThlsirguitdinianosFofeffidercs. | nef fi ci ent,

since desiccant is jpevitably transferred fromthe dehum difyi section
to the regener dF 8 WH‘@F%?%}:FE F gietsl‘ﬁﬁss?rﬁ}(?péaeﬂaﬁteﬁ?epm?ﬁ aﬁe%é% "¥i ng
section framiidhR regeerangro the ol THiOAllovsNfod ral empt@py differentalttheve
tenperature di ffgr ential, an undgs' ragl e bal.ance of noi %tll_]ll’ﬁ hand .desi ccants
in t hel3unfsgniancd bepveny dicopumpy amd Jlhus, byteqn, the JegeBHAPOE #°% /"¢ RERiHE g, (The
desi ccant gofGeNs ialitaal dbsvd pigherC isno theriegaha oalyaniningliliguid tranfer nkéshe sunp
of the dehulrri doiﬁfi er section.) Both 1t hefﬁ.g{fects rgsf#elﬁt t.iln reduced

ef fi ci encyP'Bte HEMA L8 SRS L ST e AT & PrRF WSS " A hpar at us of Fig. 4
sol ves this prapjvemrbihetifansted & KiuiDict Fig. 3lésineffaiehis sand dssikets iHynevithbiyf usi on

between the liLquids in e . s, rather than b unpi.ng.desicca ol uti on
ot noen 't ettt Bom ik AR SuRIRS ccf G e realla Y AR 1ERASENG R0
t r ansf enr egehfunGidying @ediieq GPEYT At CdgenesdidtPlnt @ditior, ipwhies jo grattin@rthy tempestier €, on

a net basis._.s tran . i,di fi .
sunp §xfflerent5al, anSJn gs{ra% e lf,va{la%rc% :[) ne101(sjt1e1rrt]=:uarﬁ1d !.esflécgrlits ?nutﬂp suntzp% 15 a go {n%&%ré&r at or

even if it is reduced by the pumping. (The desiccant concentration is higher in the regenerator
sump than in the sump of the dehumidifier section.) Both these effects result in reduced
efficiency of both sections of the dehumidifier,

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

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

" especially from the hotter to the cooler reservoir. In practice, the size of the aperhue may be
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30 In a preferred enbodi nent of the invention, aperture 2002 SE8 ﬁWBvided

bet ween sunps 30A and 30B. The size and positioning of this aperture is
chosen to provide transfer of ions of water and desiccant salt between the
sunps w thout an undesirabl e anmount of thermal transfer, especially from
the hotter to the cooler reservoir. In practice, the size of the aperture
may be 14 - 5 SEP 2003 increased. such that at full dehunidification, the
fl ow of heat between the sunps is at an acceptable |evel. Wen the hole is
too large, there appears to be a flow of heat fromthe hotter _r%?enerator

reservoir inweaside sesbothalr at sl dauandifieation.c8e owi ¢f. heghnbro¥sn 4BF RSt & fdw may

be detern 8L A GolN€ 1o BITRE hittd MpBeddERbe ol TR whi heatdioeh G:ORRRE i Ng i t
to the te%%§§%18¥%vg?n 5 tlﬁeobeulf( solution plg?] theesunp. en the hole is too

| ar ge, t hargeneuatbt regerver 49 (the peoies dehepidffiet asfervoir-nERdralFadle BR AP &UAD 30B to

sunp 3M Wign the: ok esSikand Smb&dueaRal RO &R coldperingtif @NBE @Mmpatuicons i s
reduced and the overall eff|C|enc¥ is reduced. underst?od t hat
y

era | t sEouI d ]b§
the enbioditheblk srutongdn the spmpt Whenhy hele ivipe) e bRsarLesely b APEPERY al s of

the same opdeb AQF SOUERNY & & Junl 180 tWAdn @ Holesize3is rddhcahicbandchethsi ze i s
preferably enpirically determ ned as described above, in an exenplary, but

not | i mititregsfereof fnmp isTadiced andyherayvpsall effigientyds #edy€di s rectangul ar, with
rounded coner $; Haui BYundRrsWod ikt OF edib&ii@BA of PIceh @feiddinty plooidts Pmpayurand a

hei ght of 1-10 cm depending on the capacity  of %he system Preferably,
the hol e |dffgenielsef ﬁ‘FSWTB?St(?Tc?H?fb%m%‘%b‘Bﬁ’a‘WPf F8n’ g between the
reserveirs. sovagie! et ake iAduanidgendirching dbleghifdd a8ldesceibaic @bdveatn @n in the
15 regenerator reservoir at the bottomof the reservoir. The ﬁ?q%&kgnm

hei ght .al | GREPlERe b aor Smitng. cusEmate FERs T FRFFTES 1% BRESERAYE SR then
some cryst ahldaatingn widhice -3rey (phiraaky tvar 2 appiddur iejghoeLHt & crat depéndingot t om
of the reservoir. It should be understogg th%é gge %ianSiQRﬁhéﬂ o

posi ti oni n@ft BE cERAsing Bk e ey PPy fhsgiole 15 lacgd A B SRTOB I ian Y™ T act or s
anld t hat tth’b%w&ﬁatg@|r@s.eﬁriﬁ1\fﬁ,gsoﬁﬁoib§ta¥&@5ad%$agé roif el h@ﬁaefdltrrmﬁcb alagion 2 GheSone
salient points about the dehum difier of . Fig. 4. s . no . reis a
net fl &§v OFSHSTAOr (e Yol piahe prtiom Afdhe g8 TOr g raéig‘élf’%agﬁlglg?g%w %’gg\gé%lr]@oi r 30A
when the systfmef@Sundeesahad enshicadwhal ainge aystallizeioni(whithndist bloris ther e

constant. I'n fact, since the ciiﬁ;%urri difier section is continuously adding
noi st ur e t BPEFRE) AEYF BIBHROGRP! (&P ¥GEner at or i s continuously renoving

moi st ure from if sholillibs nhderdidddBigat @ PEEdneidns 40d pbsigonieeif aie aparturé ieapertures

concentration of ions in reservoir 25 3QA .is general hi - hat in
reservoir SEEPende! en Ry fagiers ppd fhat theexam Eg]tvﬁbg’%%‘?%sc‘iae}r%{mﬁn%&q&%gkp%% i

conti nyggusly bejor@ saRme osihiabed tandbhtuRaifier of BRB4iskoud b¢ nered uldiese ibe ndi | ut ed.

This difierence | n concentyatipn causes, aodil {4l 4Psh GHehlud 905 bhom

reached a steady state and the air conditions are constant. In fact, since the dehumidifier section

is contimuously adding moisture to the desiccant and the regenerator is continuously removing

moisture from it, this is to be expected. During operation, the concentration of ions in reservoir

25 30A is generally higher than that in reservoir 30B. This will be true, because the desiccant in

30A is continuously being concentrated and that in 30B is continuously be diluted. This

difference in concentration causes a diffusive flow of ions from reservoir 30A to reservoir 308,

via aperture 202. However, this is balanced by the flow of ions from reservoir 30B to 30A

caused by the flow of soluticn in this direction. This results in no net flow of ions from one

30  reservoir to the other. During periods of changing conditions of the input air, there may be a
transient net flow of ions.

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

addition of moisture removed from the air. This means that during this transient period there is

15




via aperture 202. Hovever. this is balanced by the flow of iofsSEFofi3
reservoir 30B to 30A caused by the flow of solution in this direction.
This results in no net flow of ions fromone 30 reservoir to the other.
During periods of changing conditions of the input air, there may be a
transient net flow of ions. During a start-up transient, the total anount
of liquid desiccant solution increases by the addition of noisture renoved
fromthe air. This neans that during this transient period there is 15 a
net transfer of desiccant ions fromreservoir 30B to 30A which results in
t he COﬂCenEih&tdaﬁdTeerﬁ‘deyﬂeﬁitm%nﬂréserGﬁ‘éDBmd 30/3@Bichessuity ib thweencehteation at i n
reservoi r 30A duri n racti.c ng steady
state, the tEPaIHE P’ ‘rg’ﬁ-g %ﬁlgg g’é"’sef t(}:“é':nat}l1 I{Qﬁes?ré%refd\%@rﬁégtg@ng{éﬁoc and the
concentration il abfibyl sysedng hihnng st@dy statePihe fapetahys of the desigcqnt drs eyt

lithium 5 ince st ab Lt E

desi ccat i na&gﬁgétéﬁqf‘?/i tiff?”ﬁ?%#l%’r%isrﬁby S lhﬁo%\g/‘ler? g tEl Iﬁédﬁglu%e?a%ltnmu% i's

| ess st @bl ehloride, fine thiais absmbimkdwnEermrvelu@ghldems:ahmyapmy dd@lumr@gméfsllﬂjm
chloride, calciumchloride and sodi chl or € egants, as
known in PREF IUTR{ ng:asfld B lﬁzeésds elpttoé:'rn,:)aglrebét3 1%:@ gtndll g%%\lgesglfs? ations for
reservoir 3féndsismABEde rdlcBbDehldride sibwHitmbdloriie Qthddiqgidoisdecekiatas knewn
concentrati. otg in reéert\)/oulsé 30A can be higher (without crystallization) than
that in reddP9di PBOE (Ut o the higher tenperature of the desiccant. Wen
t he system st op’Ehe tbmperatm@mménmrcamaoms fancsdrenmpatiaisiA08s as@éﬁ%elwbﬂqldzbﬁ of
course,, t hes r € Egﬂtm% Al iHhe, and
hum di t]39 o] Sw gtlﬁat eelcﬁncegt(r)%axtu} roe%eg‘;dxra?’r?%‘ ‘?’ﬁ%g hsﬁg?lo(%t?lﬁ?" R

dehum di f i eat f(naesedzeiréﬁﬂldm@mi ﬂluahlgﬂﬂetememtmpwrﬁﬁlesle&l@mwh%mﬁﬁ@teﬁt%@ﬁ thict or s.
L5 10 the DEELALIGH SUROhdRDk: Qéont%gauz%mw& elPhiubcks B LARAIAY Of
materials Betwe € re ervolirs via the aperture and ho punps are
used for trdapmdheg on megemﬁraslhgw lamtiq'ﬁafg}falm aisheirig eendifiened jsad thef'serpyjnt” of
except tha 4t LothERicgrent ed by a line
3. This shghws({éﬁﬁg? ‘géct)% I%%gyg@eﬂ atplghlg%g%:%j [ nf% he Cdehum di fier side,
by the ¥eat puninthe msﬁerrp@embpdm:ﬁnyo%thsmcnuoeﬁaﬁges gorfranpfer YfapdEithsPEeHf t he
air. 20 Thi f hurdl fier need neither be
cool ed by t err%?draﬁ%te %}Jtt‘itl%ﬁlgr ca?éesaﬁ% ﬁngngaegge%? t he desiccant systens of
the prior art) Figr5 seed a diagyen,niletp Biet ¢iFinds exesnl thatj the degicpant EEME%ni ng
systens ar g;oééseql 19 rép?%gﬁﬁ?d EP% 1R S tT4[:8, ﬁhowp'ﬂrcat Al &Wﬁné Be iR desib@Rdint h@ni Ng

systemto do best, nane renoving heat fromthe air, while
freeing t hehiuﬁmdlrﬁﬁr mbssﬁldbeaérm fesultsfin miw ﬁ@alhcm@ammlﬁutmwnﬁwﬁbw to

them foy ﬁfﬁ?s’l}?éaﬁs tE&tQﬁ"e %F@Jg{eg g% afe df-:lﬁl?m@ihér neg@nétﬂér%etc&ﬂe aﬂ' th&APeintiiiener by

t he dehum I er diagram of a conbi ne
dehumi di fi day lalthM@Eﬁmi ithej dyﬁeqanwst@@mfsh@pqu agtheor negst B heatsyl g isqy5pssiangif ¢

condi ti oner,; 3124 SHED sRndsSard) QRS hdindte 88k FBisRROIThANIRAS RS A cafd@RnBYCh as

system to do the job they do best, namely removing heat from the air, while freeing them from

any side effects of having a dehumidifier coupled to them, for example, the heating of the air
25  into the air conditioner by the dehumidifier.
Fig. 6 is a block diagram of a combined dehumidifier/air-conditioner system 310 in the
context of a split air conditioner 312, such as is normally used to cool an enclosed area such as
a large room 314 in a house. Air conditioner 312, in its simplest form, comprises a room air
inlet 316 which feeds room air via a conduit 318 to an evaporator 320 which cools the air. Air
30 from the room is drawn into evaporator 320 by a fan 322 and exists the evaporator via a room
~ air outlet 324 to room 314.
Heated refrigerant is compressed by a compressor 324 (shown in an outside portion of

air conditioner 312) and passed to a condenser 328. Condenser 328 is cooled by outside air
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I s expandedeatoudsn 3@kpander 336 and returns to evaporator 320 to be used to
cool the room a Addi t1onal ' 15 QAP b A ft(gesh
air inlet 338 tk@%ﬁo% \/\f1':’méjfr1m%r%e‘J‘s3 glrlgilrlt 1s; &B%F%)dug{:?{ 3 {0 the r%giu 3
quantity ofe_vipbesdﬂa@rohemsaglemenoathbyoouomroI | ed by a | ouver or baffle system
Gomendi gy o e heS0Sl RS EE30000L L ESiIAR 133 ol SUPRE 0,
dependlng on anou e ‘'of control over e proportion of fresh
air requir esjbroirgheleuoelﬁroan rTheﬂumtlIoe%f fregli aihisteleeraliyrconirallash by ¢ avertee ba8em and

(s fed 10 eyanRha ol #afler obd 09;90#%50&1 BRI dr bRl 34%1%1 ) RS Apentig on

conpl etely “donventi ona erred od| ments of the

i nventi on, tot freyunt andagpecf Cralmol wnﬁlpprcxynﬂtlng0§§?®hémeqm§ﬂ Bbe Hiesh dirasmixed
appropri at {vabdiSiod PYENL i Oon, a dehumidifier unit
342 is uti ﬁ?ltzhetg %H&g\?}ri\f:rr&ggge t #?éclpevr%%y gnd' cooling capacity of the

ai r-conti t i oner Airl&nBigsihuari 2 ﬁfeﬂessnl@d isncemméteip| donveatons] &t Resigmadh #AMS

conpri ses 3::1: %bk&h%ntgéﬂhM'v&Bon LREELYED A EGIdfRnAL réstc'nﬁ ohyWRlusadiak 1 Nl et
346 and passes rlec alr out of a dried air outlet 348. air is dried
in unit 34%pppoyssi ng it through a mist, or the like, of |IC]UI d desiccant
or desi ccant ﬂlng;egp%réd e%bn?lﬁl@[ﬁ? of Mnd Hﬁrel‘ﬁioﬁ h%eﬁﬁ%&'ﬁ@@‘;mpﬁﬂ he uiigaiigeant .

In a preferred e ment invention, dried air outlet 348

conmuni cat dscredse e Effisishcy-nd cqoling 2paag opFhe AIrcoRBFFR | oner 312, 20 _
preferaply, vi aD%h&l‘ilHﬁHf 842340, silpRh&d ﬁlmwdlagmcc%m ﬁfes 'a@%ﬂ%'ﬁﬁi@ 304 wilici Ng
unit is relativel no air punp, additronal of the air
condi t i onerregeives @éﬂﬁ?%ﬁ"la pRlealraplet i‘ﬁ‘ﬁéﬂﬁﬁ%ﬁs%é‘m%‘lﬁbﬂ’f{tﬂﬁﬁdﬂ@ﬂ“ﬁ’é}ﬂﬁ 388J58i ment s

of the inveptiaRed iPaRk SEAR pairtelt: ARROE 9%gstV@ttl?erhldeSoftlfqﬁala%feﬁécraﬁfbrH@sw%ant
regenerator 350 in which t'he desiccant is regenerated ﬁ% r enpvi ngf N st ure

fromit, byohéanMejstatedn d‘@s%@a?ﬁwbeﬂr?ydh?)ﬂ@ﬁ%?méﬁ a prefegph gabadimnt

i nvention, L in§oQREL B9 oﬁt?e'?@fig B&mﬁé‘lﬁd’a)@s REthaY afinfb 83 W8T co @B 6er B@ZTDVed
fromthe desiccant) is accon;) i shed by passing hot air thraough the
desi ccatft (Hﬁféﬂﬂb[b'a‘ﬁ# ¥ cerlgit 345. Preferably, since the impédance of drying umit is felatively low,

no air pump, additional to fan 322 of the air conditioner is required. However, one may be

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

move the air through the regenerator.
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shou e r{her understood that dehu ifi 342 | a¥

schemat!fc ﬂ‘gP igh 1@ gort Zgld‘f%‘efpﬁﬁ s to poyg 2@)&95&% OISR e\rpr@rq't 5 %54
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Fig. 4, al tibbghy tib@yhiase npt ﬂfoe/hableo pi &s editidnn farhiee eyisddenent 8 Sigemthe 10 has

a nunber of advanta over the i art R m

Fig. 4, deﬁﬂfﬁi’stﬁ%‘f’ %efgﬁtf Lt B@Sfph P&'&W“BWBILQSE a{apucng’n ? ;chnlesr ﬁ%ﬁghwch may

be a st1anda{ptgmjm&houg1il'they drapisfeaiblydirasemidn thasysmmg air, perfornmed in a nost

i nefficient nan er e air i tioner has be S t nore -

ef ficient dehu ﬁf&m tk\?%? RS ?{]%V%rgag\?\%%‘{ thﬁ@a?r%neg‘sc Qe Jagylgnged e

condi ti onerid @,rdehmﬁiﬁxfﬁf 342tcan BnaT g of mwiaycoameo@y 3t wpwmmab'tbe a dendaroumtt

bet ween dr 44 egener at IS -ne T i ot he a|r
P Xrggyaglf 18*1’ mg%xglpg ﬁlé, e mgﬁza Dam st me?gc?gx} a.mﬂ:?b ARG cExydlt

condi ti one since onger needs’ to dry
the air. Thes sfechitahdnmny (ofa hire effivivhi dehdmitifidr vdmhuaihlzgs ww@rmtsésm th #ih

i ncreasj.ng t era ure in.contrast, to n t Wi | e
he head sttt = R i AR Gy PaRRy Byt s SRR oLARS! aadohahs T 0
all of the r@enqratbmodemm@ﬂfheeapazﬁy ofithesr omldifioparsystof farlveolmigris enhanved y t hat
entering ther qom nger S0, 30E B qE'afr?e etfﬁ'f}érg% thg%gﬁblﬂ&i nl%?ﬂ:‘tﬁafl? HRRbhSs for

the dehuni §t'ff & Efer al Ty e4si € air conditioner exhaust.
with mcreasmg temperature in confrast to normal air conditioner systems. While the heat

available is the heat developed by the air conditioner in cooling ail of the air, the dehumidifier
25  dries only part of the air, namely that entering the room. This balance means that the heating
requirements for the dehumidifier are generally casily met by the air conditioner exhaust.

In addition, while air conditioning systems are not suitable for use in high humidity, low
temperature situations, the system of the present invention is effective in these sitations as
well.

30 A combination device such as that described above, has shown 2 60% cooling capacity
over the air conditioner itself and a 30% efficiency improvement over the use of an air

conditioner by itself, for the same indoor air quality.
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air and renpves noisture fromit; and a passageway connecting the- 5 SEF 2003
reservoirs, via which passageway, during steady state operation of the
dehum difier, there is a net flow of noisture fromthe reservoir having the
| ower desiccant concentration to the other reservoir without there being a
net flow @f apndgsi ccant ions through the passageway. 2. A dehumdifier
according to clraiml wherein the passageway is an aperture such that the

| evel of l.iqui deldesilideasystinncothpriging reservoirs is the sane. 3. A

dehum di fier according to claiml or claim2 wherein there is no punping of
liquid desi @dnApids A HHCBRlo T SUG FETYOITS Qo Yhesh cantains o hiskeridesieeant
accor di ng;oh@enﬁ@ﬁoﬁfhaﬁlt@&ﬁeé-3 wherein said transfer of noisture is by
gravity. 5. A dehum difier according to any of clains 1-4 wherein there is
no transfer @fdehpmpidifier edtinte whichbmoieainig inarodesd nudifrosn ekivhtss\haist air

apertures t kN he.reservqirs. .6, A dehumdifier according to any of
cl ai ns 1_1%%\?#;\%@@#@?%&%1 P@?&%Y&?%‘?ﬁ??b‘lcﬁ’ﬁfetm&sgfrﬁl gte“’rt‘é;ser voi r which

recei ves sai d rbidiaord el 98ia bect OB AN IRMT o0 4o DR is Sai d
desi ccant absorbs noisture thereat. 7. A dehurrindi fi ear accor |(§1I8%{l%ﬁg}sgi m 6,
wher ei n |4iandgenesesduaigtre omriteaderred to the dehuni di fying chanber from

the first re j - 0., 2 000). 3 8. A.dehumdifier according.to any
of clains 1- ﬁﬁ%ﬁé‘f"%ﬁ% et &%gg%srgﬁ%%lfss Vidh APPSR B ssg‘?f\%ﬁis MGhi ch
recei ves apafatioh ioff thectictiesiidifian) thek¢ 2 SR ifldw SUAORARS BbmAhE sefvoifiding (RE

nmoi sture therefrom 9. A dehumdifier according to claim8 whereinliquid

desi ccantlOVE! figsiGrant poncgnirasionnte theeofhererosenvaly witkowh dhere rhsings aingt lovond
reservoi rdeSié&ntﬁﬂ@%l%ﬂ%l?ihE?ﬁﬂsa &di ng to any of claims 1-9 and including
nsters heat tr

a heat punp that tra omrelatively cooler |iquid desiccant to
relatively warner |iquid desiccant. 11. A dehum difier according to claim

10 wherein the,heat. upps. heat fromth reservoir having the | ower
concentr ioF}‘g uggg]%ﬁngﬁfp)r‘{%g f%glf‘mhéﬂ%ﬁ@euﬂ INSIABEYaY BoRAPRItHS sueh thet
desi ccantthe kel o IRURE RRBIBSHR P HeFolrbiefoiis 1 ¢hd syhigr ei n the heat punp
transfers heat fromdesiccant in a conduit carrying desiccant to the

dehum difier unit. 13. A systemaccording to any of clains 1-12 wherein a

subst antisal t,e ature different.i i 5 .maj,ntai neq between the fjrst. and
second T esé er \‘}o@g?m&%er according {01 of Qaim 2 w%erem there 1s no pumping 0% liquid
desiccant from one reservoir to the other.

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

gravity.

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

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

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

said desiccant absorbs moisture thereat.

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

dehumidifying chamber from the first reservoir.
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14. A system according to claim 13 wherein the tenperature drfT eféncidl s
at least 5C. 15. A systemaccording to claim 13 wherein the tenperature
differential is at least 10C. 16. A system according to claim 15 wherein
the tenperature differential is at |east 15C. ABSTRACT

DEHUM DI FI ER/ Al R- CONDI TI ONI NG SYSTEM An air conditioning and dehum difier
system (310) conprising: an air conditioner (312) conprising a cooling

uni t; a fg.rsta ehehid{fRi Gdcokding e aﬁf@f bR g D7 whBY thE 1@ FesERB Snclude a
controlled area (314),; a second inlet (338) to the cooling unit draw ng
fresh ai rseeandniesasvris mwdiecht teeeiugseseid Hyuiyl: desigcanttitoat s4i@ 2¢pentmtor hficaremvaB14) ;
a condensgr O(ié%a%)thg},ieﬁgman air inlet (330) into which relatively cool
outside air rawi, ahd a heated air outlet (334) fromthe condenser
(328); a dehumdifying unit (342) utilizing liquid desiccant, conprising a
drying unit (344) having a wet air inlet (346) and dry air outlet (348); a
regener at’or énpghvyydier ageordigg tgjglaimnf eyhereis diquidadepiqeans is teansfesed (t@5k - and
a heat pypp. thal Eﬁﬁﬁ'&ér?oﬁm&?@gecfo{ﬂp%sefﬁ{ra“ vely cooler liquid desiccant to
rel ativel Yo war mer I qul esiccant; a conduit connecting the heated air
outlet (334) of the air conditioner (312) to the hot air inlet (352) of

t he dehum di fyi unit (342); and a conduit (349) connecting the dry air
outlet (348) ) eflymidi rﬂfﬁ?réiﬂfgyf%@nmftd@mzi-ﬁ’t Fid melugling Adheah pemp( élae) of

the air qpnghels RAEfroth 3diddivelf EoAM %R desiccant to relatively warmer liquid desiccant.

11. A dehumidifier according to claim 10 wherein the heat pump pumps heat from the
reservoir having the lower concentration of desiccant to that having the higher

concentration of desiccant,

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

in a conduit carrying desiccant to the dehumidifier unit.

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

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

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