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DESCRI PTWOId8/43624 Al R CONDI TI ONI NG SYSTE%T/JPQS/01311
Technical Field 5 The present invention relates in general to
air conditioning systens, and relates n particular to a desiccant
assisted air conditioning systemutilizing a heat punp device or a
refrigeration device for desiccant regeRSCRIPBRONNnd cooling of process
air. 10 A Figure 11 is
an exanple of prior art disclosé%ﬁ$rF§§§§§£8ﬂ?gG4$&§8F§64 and conprises: a
process air passage A, a regeneration air passage B; two desiccant
beds 103A, 103B; and a heat punp 15 device 200 for desiccant regeneration
and cool i ng of process air. Th&erbaicpLnPierdice 200 is provided with

two heat g exch r sppabedded ;g wo Jdasjsceant; beds, 103 B, e
of the desiccant be isS%sed as alhi5%??6&}té%%ératur@lgeg§esou$%e?9§ 3
One of the desdndihiobing systemd,tand| ol pres css paint itom lzar ty. a0desidcant

dehum di fi catjon nd the other, desi.ccant bed is.used for flow ng .
regeneration §§i§€e€a?+§ %%?Sﬁ8§?8&§ﬂt s?’é%&ﬁ‘e}lgfﬁ&ﬁ%ng a hﬁﬁ:e?u’_f‘ﬁegg"lce
processes haver hepsreageratdiontdéPics T8 48Biccant FEHNEF i ON adld cé¥ting
process air are switched by neans of swi tching val ves 105, 106 to

carry out revef sRrQE@ps. azk. In the technology described above,
the highjl ow tenperature sources and the desiccant devices are

I nt egrated into one unit respectively, and an anount of heat
correspondi ng to the cooling ef fBatkgrauandArtthe air conditioning

t b h | . d t he heat fri ti )
machiney - The 30 CHATREE LErit BHcSRBPBERCSE PRIEEspEE L PELPhRE i uee
by the cappsdn ysed driechapr ipes: a%h@bcf@s@ati&apﬁééﬂﬁé ASadkdd&yEFation

W thin the, system Therefore, it nmay be concluded that conplexity of
the system i AHHiPIRS %t Be Evcpocflg_sz.ccant beds 103A, 103B; and a heat pump

15 device 200 for desiccant regeneration and cooling of process
air. The heat pump device 200 is provided with two heat
exchangérs embedded in the two desiccant beds 103A, 103B, one
of thedesiccant bed is used as a high/low temperature heat source.
One of the desicgant beds is used to flow process air to carry

20 out dehumidification, and the other desiccant bed is used for
flowing regeneration air to carry out desiccant regeneration.
After these processes have been carried out for sometime,
regeneration air and process air are switched by means of
switching valves 105, 106 to carry out reverse steps.

25 In the technology described above, the high/low
temperature sources and the desiccant devices are integrated

into one unit respectively, and an amount of heat corresponding
to thecooling effect A Q for the air conditioning system becomes

a thermal load on the heat pump (refrigerating machine). The

30 thermal efficiency of the entire system is thus limited by the
capacity of the heat pump, and no extra effect is achieved within
the system. Therefore, it may be concluded that complexity of
the system is not worth the effort.
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2 wo 98/43@34" €sol ve such a problem the follow ng typ TPOSO1311 . .
arrangenent nay be considered. That is, as shown in Fi gureeﬁ% 4 hi gh_
tenperature source 220 is disposed in the 2egeneration air passage to

heat the regeneration air, while a |ow tenperature 5 heat source 210 is

di sposed in the presesestilvpastete b0 peeblem, the PEeLesFidy' - tPHhe0.of
heat exchanger 104 may be provided for transferring sensible heat
bet ween post2XERNITRFRT RVt Lescappidered.heThaL- Hesiat wrhg@nmaurgnl? r.
In the exa dast [ ' desiged

r ot at abl e F???ﬁaé\}g%m%é(}ea%%%e proceés:egaé}l? d%ssag%é%\é%p%?tﬁg F%%%Ar}g%?’%]gnn
air passage #8ir passage to hieatsthhé regarstrat ias asi.lmvmhimea;} mswctlmsnlipmtatttﬁe t
chart in Flqure 13..total .cooling effect err .0f a cooling effec
produced®  P€3 %?%C%%O?&Sedﬁggpsggcﬁgnggﬁ éga«g&]stsc%t"ﬁepe_ﬁﬁf‘ﬁﬁgt fFR}
([err] tie grondsicdiby tAEsdpal hedtesterbagerayohanHptal pedvigbat fsr
entire 15 s ster‘r} thus resulting in a higher thermal efficiency and a nore
conpact desi%’ﬁa’bﬁ ERELRGFIRS e ifahhrivReR \peShrdeRACANt Procesg A e

11. n@gm% ' po uj hiLQh-
t enperat ure 1H(la(zai;lingeourcel of over Gé%};ar%jfggfag%y'de?cgzg%t éggg‘&iﬁt%‘gﬁw’io t%%d
a | owt enperdesiecamttdestigedsod damitcdnf eriidel tl]tﬂat rbuatam{ce B9 tra\;eﬁé‘@
rocess,air. igure 14 shows a Ml ljer diiagram of a . _refrigerant,
1942101 n 8PS AR et A T S 390 4 dind i1tk TRdendration BB BRF 4498 R
hi gh-tenperature angl s@oht£MPeseém| €as0Bh6RR. in a pPAYHIOMEY &I U & 1fn
the anount of tenperature rise by the 25 heat punp i's 55 [err]C such that
the pressureF ¥gire landatrl conpiagwffect (@ rohrca iy effectpmdiscede
heat punp for caqnventi onal % condi tioners based on the HCFC22

refri ger ant ,PY Hete s ihke t exchangayasided G%é:él.eaf@gﬂfé!n@s§§f§.§?.ﬁ éned
t HCF ' t " i.ccant - assjste r ndi ti.oni ng
System 50 ShERguited by HEE RS, A03RER HOSTLR Searkdx BRE e TR
of the Yuperssten, wpe ré80lteng] i ianhibhedi tiyefunhladf £ el €OEPRISAMmore
outlet, the 9&%ﬁ>§8€”&eéf&§”§£ aéﬁgnegjcg-rgagyg erl'][le% %Crll tt%ea system shown in

Figure 11.

The heat pump used for this purpose requires a high-
temperature heat source of over 65 °C for desiccant desorption

20 and a low~temperature heat source of about 10 °C that for cooling
the process air. Figure 14 shows a Mollier diagram of a
refrigerant, HFCl34a, in a vapor compression refrigeration cycle
operated by such high-temperature and low-temperature sources.

As shown in Figure 14, the amount of temperature rise by the

25 heat pump is 55 °C such that the pressure ratio and the compressor
power are almost the same as the heat pump for conventional air
conditioners based on the HCFC22 refrigerant, therefore, it may

be possible to use a compressor designed to use HCFC22 in the
heat pump of a desiccant-assisted air conditioning system.

30 There is a further possibility that, by using the sensible heat
of the superheated vapor (80 °C in the diagram) at the compressor
outlet, the desiccant regeneration air can be heated to a

temperature higher than the condensation temperature.
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PCT/ JP98/ W3 43024 3 PCT/IR98401I |
even in such an air conditioning system hea}'t utilization | eaves nmuch -
room for inprovenent, because of the relfati onship shown in Figure 15
bet ween the changes in the refrigerant, the desiccant regeneration air

and ent hal py when SHoslevedf, tewen cijerRic | am al¥ Fenpatdening SYGTere heat
hi gh- t enper.gt.ur e .heat, e 0 echeat ) Y &fldh

It can be see trﬁ&rﬁf%bctﬂ &%%&‘%]%Qﬂ?é%s%%%nﬁgg %‘ﬁgrilgrrgleﬁ\reé :‘ﬂinciHeérﬁ?y of 890
% for the trapgfie itnsidiplesnevhoinhadigire the begween thenpkangese imedthe
exchanger 220, the tenperature of regeneration 10 .air_Is raise b

20[ err] C fr omeEnigestind v [tre q‘iﬁ/ﬁfgﬁn‘i HSHERG TR LoD alaﬁiafr?# yer%t}Yafpf%hen

super heat VaRqr Lt h‘i@ge?iéﬁhﬂforb”'airuig/o assed theodugal theathigh-
ability o?’dt h%q%ea%gpu{r}ge, as’indicated in Fi gureqjc 14, therefore, when
the regener at itemperatsrédea exichangasof therheal MuRP RN dReFigure 12.

tenperature rise that can b C [ 0 1%@:
[err]C /0.88) Ie 6?1‘;% sgep &sﬁ%‘é‘é&de 13 %ﬁ%tf eséluﬁ trs t%%ltl?ntnﬁ.é %fefniéci?%%cy
heat of the syperggatedoraptie transfem bife comjeressuiomubeat dan ther diigh-

contribute to raising the regener at | erature, t he system
g g ¥e

ai.r te nd
is forced to cRRBERILURRheRsPEE ﬁf‘gﬁésgggt iOHe ke elra}:bgreafvgr%egener ion

(62. 7[err{ & in 40§ dl 2087y aboui it EsohWEtold@PC| haidwdvegetheiheating
condensatT on tenperature. When a desiccant material such as siljca gel

i s used, thereability of sepercheyteflavapas ﬁ{lghbfi Eﬁétt EHpEr apupRlyrl2 3 of
Fegener at ed 2o hesotalaa bb R aity o e PR R, SEPER datia e Lgure
Ther ef ore, 14} henetrefiorel, heheanubeatregensration eyeneiaitheatedrwibe this
Condi 11 oner f GFeRSB63d1 g Far BAE HENECTARITN Tl VL CpRcreyrpected is
the systegyis spyoygdutkf it is attenpted to raise the 30 condensation
tenperature of a tefrigerant to about 75 [err]C in order to achi eve
such a purpose of ra(20nif the. #Rsi ¥cntl2desar-bi n§ - tenperature, the
refrigeration %Kgl f‘egfll;[‘. hfs S‘Q/l'?at‘g,m’éhse dsiesr;[s%.rbtieéj heat of the superheated vapor
from the compressor outlet can hardly contribute to raising the
regeneration air temperature, and the system is forced to carry
20 out desiccant desorption at a temperature (62.7 °C in the diagram)
which is lower than the refrigerant condensation temperature.
When a desiccant material such as silica gel is used, there is
a tendency that the higher the temperature of regeneration air
the higher the dehumidification capacity of the regenerated
25 desiccant up to about 90 °C regeneration temperature. Therefore,
the higher the temperature of the regeneration air the higher
the processing capability of a desiccant-assisted air
conditioner for processing latent heat, and the cooling capacity
of the system is improved. If it is attempted to raise the
30 condensation temperature of a refrigerant to about 75 °C in order
to achieve such a purpose of raising the desiccant desorbing
temperature, the refrigeration cycle of the system is disturbed

to a dotted line shown in Figure 14 such that the condensation



to a dotted Iine shown in Figure 14 such that the condensation WO
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4 pressure required beconmes abnormally high (24.1 kg/% e{r?sw, and
consequenily, a conpressor designed for HCEC22 can no | onger be used -
as a conpressor for a heat punp in a desiccant-assisted air

condi ti oni ngpeeskaieantdqr T RSHed§ aBnOHARLL yCATRHEIDQ. 1 i&%g ,| 8aas
to a |l ower coefficient of performance. ) _ Di sCl osure
of Inventionctonsequently & goppragser gsigredr EasnHCFRZ@ncADNNDOlpngeirde

an ener gy ﬁé’@éee{é’ia_“t%ﬁ\b&e%%%‘y kb@é%%ﬁ;&ﬁ@ E%Vianaeéiéee‘ﬁ%i.g%ﬁi%gggr o

dehum dification capacity, raising ocessrng™ t
of regenerat Rdx epndibionapgreystengrad desompaessor of rathdighdr compRessor

desi - ' d.ai_r, condi_ti.oni ng sysiem. TIhe object has been
agﬁ: g\iggtﬁl ﬁsi:‘)?’te%o%%ﬁfdlso nd &ﬂ%ca’e%%&)ﬁ?s?ﬁgpeﬁfﬁff868§§'al r passage

for flow ng process air; a 15 regeneration air passage for flow ng

regeneration air; a desi ccant device which can be selectively _

communi cated with ei t her tRdsglosuxe gifr Ipasv&aenor Ehe _regeﬂer?t:con
ai r passage; d; a [ f g;&pl dnfihgatin eat. for
regelrcl)erati ng the dggi égaaﬁ Sgg:é?g' S);'fvttﬁ-ge eg%%erat%‘%ﬁ Iéléljr‘,ﬁt %18 gﬁovﬁggt an

punp devi ce Raergy soosepvdsspraindcendkahbaing myetess havimg raasupek vy

d regeneration aiy as ., a high tenperature heat
sour ce. Nhor SERUEYBLFAEaRAEn 2nSFEBPLEY" & Bbrpricsiing of fhgor SREOFPBRLAG

out fromthetenpprasage o¥ wegénerativresir %&QrféQ@an:aﬁﬁﬂgngr&éé?@cﬁﬁ%
in the regeneratign_ai,r 25 passage upstream of the” desiccan evi ce. Y

heating a polfF6rial ips aPe&&?é%fﬁ%Ta_eﬁ'-’ri%Qﬁ aiperprditionapgr syatvema

| arge amount OfhkhebY 88€NRES! HBnahEn 1 LYB4NSAL a&‘?pé‘Sh&xE%n&{{ﬁ sygtenm
regeneration air used for npisture desorption I's |owered so tHa

| ar ge sefRSMBFashegar ehdfgeessn g iprngsabr elbr r Ekowinggptbaesa amekl a30

TP 35 5 RERSEIL AP OELL At BLak IR Al et ion 1F)
- desiccant device which can be selectively communicated with
either the process air passage or the regeneration air passage;
and a heat pump device for supplying a heating heat for
regenerating the desiccant device to the regeneration air, the
20 heat pump device having a compressor and workable on process
air as a low temperature heat source and regeneration air as
a high temperature heat source, wherein superheated vapor of
a compressed refrigerant flowing out from the compressor is used
to heat a portion of regeneration air in the regeneration air
25 passage upstream of the desiccant device. By heating a portion
of regeneration air with superheated vapor, not a large amount
of the regeneration air, the heat capacity of the regeneration
air used for moisture desorption is lowered so that a large
sensible heat change can be introduced, resulting that a small
30 amount of superheated vapor at relatively high temperature is
used effectively to heat the regeneration air to desorb moisture
from the desiccant device.

The system may also be arranged so that the desiccant
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fromthe desiccant device. The system may al so be arranged so

that the dggioggsoal WD 98/ 43024 PCT/JP98/01311
PCT/ JP98/ 01311 5 5 device is
comuni cable with at |east a first passage Tegion for perform ng
dehum dification of the process air, a second passage region for

perforni ng adewiste isgenmmanicabpeodesh ot kerst a fgr§§¢cEaﬁFaG§vF€Slaﬁdf%r
third passage e&j%%‘ﬁifﬁgﬂﬁhﬁ‘&“@i%ﬁo% %%@Br&%&%@?éi‘ﬂ%s@&%ﬁ%aéﬁaéé‘e

desi ccant de® esi ccant devicel esigned so that a
desi ccant matRididin forsewiduininy pasSiast heefensratieronprandsshiofd the

 egi ons. that fhe high t t heat f th

Rovi co® ") Glagipmantreyice Tadce ERSTHoRASBRBRa TSR £ oh RO TOAHns EP

outf| ow Y r efdd Si6d APdgd £ OPAE D6n CHPBERSEOL ! kaes quistierasity alevice, famin the
d

first hi t enperat ure” heat exchanger into the second hi gh tenperature
heat exchangetesideant edendcet iih desigmederso thatov ngesHEsagt thRteEtdhd

hi gh tenperature heat ch er, .1 . Plait, .
porti on of ¢ RPTRTEA LY SAeREs £hE £innEP pebsd Al AAT pRESR R oqond,
second passagenh4€0tied high ttemsstocurée hpedtrsouregentrtheoheptopesp, denice
remai ni ng portion .of the regeneration air, after flow ng throygh.,th
first high 1stERPErdSEre Wéaf'%eibc?ﬁ?lbeft,wopa%"é%g Wé@g#nefopﬁ?}geghe
into j4he 6@tfﬁoa%§§aﬁéff§§eeanfe0fﬁsﬁf@w &ippeSeBe FrERBesatEess 2Pely
process. hough The desiccant device repeats alternating

cycl es of romuine f ¥58thd igho tempenatugial he@gjfgﬁé‘%aif&?zbfinttl‘?etaésﬁ ecand
material by esgébt%@%%gé\?#’%ﬁ%?ﬁ:'é&@ﬂXnﬁgPVeﬂﬁéﬁ”i‘égéﬁé&:gg‘ion airth fter

present syste hé régeneration process I's divi
into two stageTowin§ thedughetie sscamidrigrntiempestcdgere heati expbangerpdis

i th | t | at ti ' ' th . I
Stage i s per (OPREH SRR HHGNETaRRErS: Pethat “a BExhipn, F5 LS, FEHFRRERL ISR
gener at egisby Qeat Ngwd RArbugh ©hel PMassage riagayetiné i secend pasbage region

super heated refrigerant vapor. 30 In the present system, the .
desi ccant deviedsiEarm £herelrst regeneratchon Broces synaid F S RIHPEF LAAR

gg:;g;g% egieg'gfetﬁaabéséneratiaheaQs%i 5€88L FBLGANY theoueithd 2irhe higat
temperature heat exchanger, passes through other passage into
the third passage region to perform the second regeneration

20 process.

Although the desiccant device repeats alternating cycles
of dehumidifying process air and regeneration of the desiccant
material by desorbing moisture as in any conventional system,
the present system is unigue in that the regeneration process

25 is divided into two stages such that the first regeneration stage
is performed with a low temperature regeneration air while the
second regeneration stage is performed with high temperature
regeneration air which is generated by heating a portion of the
regeneration air with a superheated refrigerant vapor.

30 In the present system, the desiccant device maybe formed
as a rotator, so that a rotation of the desiccant device enables
the desiccant material to return to the first passage region

by passing through the first passage region, the second passage
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by passing through the first passage region, the second passage WO

98/ 43024 PCT/ JP98/ 013 . :
WO 98/43024 : : . ;
6 reg?on, and the third passage region, thereby |rrpro$>|]cﬁrémtg?1’%l3“
desor bi ng capacity of the desiccant devicebby perforning regeneration .
process in stages. The refrigerant tenperature can al so be

rai sed by hegegion,5 andectiaftioitrd epakgaganicegilonh | Ren&Lamy esaptofingNehe
heat punp wth . _super heated vapor of conpressed refrigerant. 3
By conpressi AGSORRING rFYRRAGHEY afdfer thecr dasingabhe dRYiee by performing

super heati ng,@ eh@%ait'lt:'no‘#pzfo%fers';sg‘”{rﬁ’%teétgeé.he conpr essor, the degree

of superheating at the cofipressor out I's increased, 10 and by utilizing

the heat of conden®hei veftigénantasempératiegeemn alscobesrpbsbealy hkathiag
refrigerant r. ¢h in he_ propor.tion,_of the | atent heat (from |
condensa?’ i on§:ﬁfaol ﬁje]g‘gg%éﬁkr&lge&’?e‘gﬁ Woﬁﬁe COm%?)ﬁ‘PlEfﬁqeﬁi}F h@at pump with
transferred baperheameld appresUicdmpress&d r+&eFagbrhftegeneration air so
as to increase the_ratio of 15 the sensible heat contributing'to raise the

regeneration air. BYcomppessing sherrefnbyesand afittey Angrensghgshe degree

tenperature raty | I3 | : Y her eb
bnabii g OF, superhRAtIs bEtIY iy ot gORLHP 0B B hohfgRSRLr,
The syst em nthebtegreanfeiiperhémt indatrelie cpmpaessdmwoutyelis iAcraased,

refrigerant S s 9 sCQMMUNicatin he first , high . t enper at ure heat
exchangér% Wi ?ﬁgm%g“elcl&ﬁ‘% gheﬁéﬁ?)groaf{ gPRdgasation g?dﬁﬁﬁ%ﬁlgg@%é@arﬁs
transfer heabftsupéfheat| ofv t1nd Hefidfdrant r dHithgGRIRIRS pRoportAbnChbs
rel easing the sensible heat contribution to heat” the regéeneration

air with thetBEpbrheBEdedy (fxamcardansatipm & drhe senisdble heiagel fnomi n

the first hi nat {a € t f t

refri Iger ant | ghpeflslegﬁggr%ﬁea%%d #?at?éﬁrg?%g%r?? R%gtg m%ﬁg‘eq&hw Egeﬁs'gre

heat of Eefiyagezansntofregenenatdonapdr so a5 tw® imresese thee rdedoesf

of supenrkeat i e LN ' to the.co essor, 30 .and then
perls {:H% ?é*ﬁs?_ﬁlé fl%g\‘_" Egﬁ{lkgg{l%gé_g g?h}cglse”gésp;esggﬁeﬁgphopsaﬁ&

t he superheate efrigerant I's conpress

~only to incr@hie tdppmbeaplecenhbliegerteatittain asf Hilyh ref Meggiaitudit oy

gﬁgg?hgat)?;;rgfgeﬁﬁgggggﬁt 'ag&aﬁ.?l?ta givetno éhrlacxrn?a Ses}stli?exg,e géﬁgrggy enabling

. to optimize the desiccant dehumidification performance.

The system may be arranged so that the refrigerant flowing

20 in a refrigerant passage, communicating the first high

temperature heat exchanger with the second high temperature heat

exchanger, is used to transfer heat to the inflow refrigerant

of the compressor. After releasing the sensible heat

contribution to heat the regeneration air with the superheated

25 vapor of the compressor outflow refrigerant in the first high

temperature heat exchanger of the heat pump, the refrigerant

is superheated in a refrigerant heat exchanger with the heat

of condensation of saturated vapor so as to increase the degree

of superheating of the inflow refrigerant to the compressor,

30 and then the superheated refrigerant is compressed. This

approach permits not only to increase the degree of superheating

of the refrigerant, but by using a part of condensation heat

to increase the degree of superheating of the refrigerant,
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7 adglig és3ads t hermal benefit can be obtained. |n the pors9$/01311
system a portion of the heat of condensation is utilized to super heat .
the refrigerant vapor, therefore, the proertion of the | atent heat

(from condensation) to the sensible heat (from5 superheating)
cont ri buti ngadditienadsahermpbrberefitf calme be obbgbnedat i &n Zhe exesant

mani pul ated. Thi s approach .enables to attain_as_Nhi . 3t
regener at i on S¥Stey & @C\Fgrf'on ° h%??rallie§9s?%mcopﬁgpg83qg%atb‘1%§rﬁal&ly8% Yo
optim ze the et the reFifieRiite vaklbr, therdfdeé itges ptogwetiion of

exchanger nmay bDe provided in a l'ow pressure refrijgerant passage
conmuni cat i nghe Latvensnheakt (Fsom copdgnpsakdrAigEr BREtHENH %ept%hgﬂ)t AW

w th the conpressor : refsd gepan | 1HL | 9E9ctb8 of th
conpr essof [ 5?(5}{%&?%&%% h?%%gg&ﬁggg ngicidangféawﬁé;\éﬁeﬂ?;efErgailrg%r ant of | owi eng
in other 15 rpargetdfon ke ehn bermanhipedatedchathés approach ¢rablesmtia
hi gh pressure passa communi cates the.firs mper at ur &

| ch hi . .
heat exchangéft%%%gate%w}s%}&oﬁdtﬁF‘Eﬁ% a‘?%r’ée?ntgﬁ?lrg@logxgh‘%nd‘&. ATE"

rel easing thecrh%eﬁﬁallb@ﬁ'@éﬁu,mwéﬂ | @hab®ing dzfaé?thﬂiﬁegew aldsiceant
with the superheated vapor of the 2 conpressor outflow refrigerant in the

first high tepqﬁ@mlgﬁrr@e- heat exchanger of the heat punp, the refrigerant
s Supeff at ed A kel s &1 9RE afbalie Uy Shay b8 g@gv&a%h 9 a low
of " sa ncrease th

condensatt on urateéd vapor so as to egree o
super heat i ng pressifré heefnigenantf pagenget commumigatiang av fenpeerperatineat

compr essor I e nAng S b Fb BRF a Ry ARTRST o i RE e BB e88or gucn
approach per nig$t Nehe Oe¥ riigerifiteasBoirifgddtee the comprpssbeatisichedtede
refrigerant, but by using a part of condensati,on heat to increase the

g .
degree of supeh¥redRngeat eKENIBIS &l ctRft FeRTAOFTER fhosriRg HbREher
can be O?ga' '}Féjssa $fe&he reft)ffzéfénﬁyﬁéﬁm efcR8hheenwhichhesheal efom a

condensation is utilized 0 Superheat the refrigerant vapor,

t heref ore, tHeighoporassire passfagehe wheitadnt cleamuniiqasgc otdieénsfirss) hbgh

the sensible @gﬁéeégi:.g% heat exchanger with the second high temperature heat
exchanger. After releasing the sensible heat contribution to
heat the regeneration air with the superheated vapor of the

20 compressor outflow refrigerant in the first high temperature
heat exchanger of the heat pump, the refrigerant is superheated
in a refrigerant heat exchanger with the heat of condensation
of saturated vapor so as to increase the degree of superheating
of the inflow refrigerant exiting the low temperature heat

25 exchanger (which is in a dry, saturated state) to flow into the
compressor, and then the superheated refrigerant is compressed.
This approach permits not only to increase the degree of
superheating of the refrigerant, but by using a part of
condensation heat to increase the degree of superheating of the

30 refrigerant, additional thermal benefit can be obtained. 1Inthe
present system, a portion of the heat of condensation is utilized
to superheat the refrigerant vapor, therefore, the proportion

of the latent heat (from condensation) to the sensible heat (from
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8 SURRY da738d4N0) contributing to the desorbing process gErhb&in1sir
regeneration air can be nmani pul ated. This approach enables to atnt ain as

high a tenperature of regeneration air in & given t hermal system

t hereby enabling to optim ze the desiccant 5 perfornmance. The
system may beupedtaiading f hcanyapbutlihguitd seipar aeebrbing prodes prexhy e
passage whi ch conmuni cates the first hi t enper at ure heat exchanger

gh :
with the secifFisHntigmhais 6r8 RehaniPulathdngeFDis RRPIIRED LRARSS to
phase of the &fyidelamn R éoteﬁgtei‘é%h% Ig¥ t &?@P&éibﬂuaﬁrsgﬁaéa?&n%geﬁﬁd

is led to the refrigerant he exchanger 0 condense. By usi

t he vaporthemald sephem: otherehyi |enabbily the optpiorizmatbe wieisdlecant
isin a dsiy sat 0ahﬁrgdcstate, of the inflowrefrigerant to the

conpr esso o T st ep‘urrp to increase the degree of 15 superheating of

the inflow refrigermid systenmsmagsbepeovddeé@culeh a vapda /Aniid eeparator
refrigerant flow ng through the refrigerant heat _exchan%glr; so that the
size of the pifpithd iy RIREHYR RAGFAFYYRich eapmypigagessilye first high

The syst em Merfierd R at Gk dRin el vt IPERS HEOHR PG Menpera fgee Heat

the vapor/liquid separator is conmunicated wt ere erant heat
exchanger, amkchangensisuoh dddteai svapor ppbaseedof nthed i pefdigesanyge is

fromth apar/ligui d, separator ch at,_ th ssage .beyo h

constri g’tdcl)r FoH% elél-iesd rrgr?géc < Va%’f’ﬁf%ﬂ%iai Sﬁpﬁfr@??&e Pl ﬁ%gg?%%tEQaﬁ\e
passage beyontkfitigyedant efiegrer anichmrdeexctangssndefsa. mer gsd RasIRge the
comruni cat ed vy't,h t he second high tenperature heat exchanger of the
heat punp  VaRSA/CELIRA FHRATRIRE £ Mstrizg Andh thfe Y3RAKN Phas&yaydictom

the vapor/li G drSePArYt BatudatAe staRe Alde RIRS W8 ow réﬁxfifc_ﬁéfd}{ﬂ 3o lthe
the high pressure refrigerant passage in the 30 refrigerant heat exchanger

can be assur @PURIRSSAY &fablthey heat pulppljoa trgresseurthed degrsge i w
R A R T
. the amount of refrigerant flowing through the refrigerant heat
exchanger, so that the size of the piping and the heat exchanger
can be made small.
The system may be arranged so that a high pressure vapor
20 passage from the vapor/liquid separator is communicated with
the refrigerant heat exchanger, and a constrictor device is
provided in a liquid passage from the vapor/ligquid separator
such that the passage beyond the constrictor device is merged
with the high pressure refrigerant vapor passage beyond the
25 refrigerant heat exchanger and a merged passage is communicated
with the second high temperature heat exchanger of the heat pump
device. By providing a constrictor in the liquid passage from
the vapor/liquid separator, a fore- and aft-pressure
differential in the high pressure refrigerant passage in the
30 refrigerant heat exchanger can be assured, thereby enabling to
supply adry, saturated vapor into the refrigerant heat exchanger
even if the refrigerant heat exchanger is remote from the first

or second high temperature heat exchanger.
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9 wo 9sMe240bj ect al so can be achieved in an air condiPOTERPSGE311
system conprising: a process air passage fof flow ng process air; a
regeneration air passage for flow ng regeneration air; a desi ccant

devi ce which can be selectively comunicated wth 5 _ either, the q{/jg_f:.ess. air
passage or the reg&her #binraidlsassagebe achigyed RGN cﬁiﬂf{ TYLng
suppl yi ng a heati : al thRg HAs QY FANEIMRYInS froddds
regeneration s&'%ﬁtl,e@r?#eb%ri%é%?' p%ngggg\%lg%e Eav%ng sa%"?"orrpr essor ar&’g_s\t/\or kabl e
on process aimi a aegernexatipeiat passage Tourlowing reegere@ten 23X as

10 a high tenperature heat sourge, wherei.n the refr] ] .
into the comfr 8&SICHY ﬁ%‘ﬁe‘%ﬁ ‘%hjrﬁJthe?}? &8s ee%%‘ég% f#ngﬁ&r?ﬂgg?%rvg‘ i
vapor of gLonyagsad thef Ekgéb%@t alig pasS&€gé drendey sbyeneratioh atppassage;
refrigerant so as to en

ance the heating ability , for heatjxgg hhe
regener ati on afid . altheat PUMedEVécéorg?%sﬁ‘}rPP Mg gér fifats §3{egtor
with the 3 Q{'?ﬁ i d&id ¢RePPhgen¥®BeN fberehy
I ncreasi ng tﬁreeoé)%;r%lgra u(széfgér deenstsjﬁéaﬁls&o ‘{Jhéeégs??‘ceg?rp?ggsor on @
super heat ed redat geumpt devjpoe hheielgy ar siogiprpsstr sondiwdkaeke on process

contribution of the high tenperature source of the heat_ pu . Th e
temperature X RS rd ?l‘érﬁgBBﬁrﬁi%Prres%r?@g:t égtf’utriﬁeou?dhf rdg & Qlé%%héjr?lﬁegg
with thegefri galgntepperbduriccHener sdhpde, wheteipahd ve€rigetrantefllandng
the dehum dification capacity of the desiccant _material is inproyed.
The system neinte thascPRBregsencRL kie MiratldamR ARViSe 1R/heated with a

comuni cabl e wa f . IeDJr:IO of‘oEié&ﬁpPéé§égeréﬁQﬂd¥E§ﬂ to rai®€'d PéfpBPature

dehum dification o cess alr, a second passdage region for
perforning regfroomiressed apelif igérantsseamitalenhemce the hpgting ability
desi ccant devjice i’és gesi gﬁgd SO th%{ a‘:doensié:flant mat eri al sequentially
passes the fit%t fat-sB80 ep§§§§§e rraeglr oh Tegions; 30 that the high
tenper at yse heat sovnee pieiBompeetspunpre€vigerant iis cheptiesiedwliyghat the

| east two heat exchangers so that .the outf | ow nl? refrigerant ggom Ehe
conpressor f|BOBtsGeRREEsFOry sSatunaffd, firedriggreibnpeY3PaFe hehPeredy

exchanger int9nareg69Ad Bh@Ntemperature or enthalpy of the post-compressor

superheated refrigerant vapor thereby raising the sensible heat

contribution of the high temperature source of the heat pump.

20 Thus, the temperature of the regeneration air is heated through

heat exchange with the refrigerant so that regeneration

temperature is raised and the dehumidification capacity of the
desiccant material is improved.

The system may be constructed such that the desiccant

25 device is communicable with at least a first passage region for

performing dehumidification of process air, a second passage

region for performing regeneration step of the desiccant device,

and the desiccant device is designed so that a desiccant material

sequentially passes the first and second passage region regions;

30 that the high temperature heat source of the heat pump device

is comprised by at least two heat exchangers so that the

outflowing refrigerant from the compressor flows successively

from a first high temperature heat exchanger into a second high



WD 98/ 43024 PCT/ JP98/ 01311

10 tWwoe/sgyr € heat exchanger; that regeneration air f},%%’mm{
successively fromthe second high tenperature heat exchanger to the

first high tenperature heat exchanger, andlPhen flows t hrough the
second passage region; and that and a refrigerant 5 heat exchanger is

provided in atémpepaesser chextf r igilmg@pssageat redOf@HAtLehi NFip | PVbws
t enperature heat exchanger _of the heat p device with the conpressor

such that theSTEFFFuEYEht FTomi e Secopﬁggishet@mmr@ééme ikeafemxahanger
through heat gxctRaoeivét mife tempersthirgehant EB:%‘Hagﬂgnéxn, U a5 SPAES O

the refrigerant heat 10 exchanger which is led from I gh pressure
passage whi chithroughk gtheiriecand naasdge stediqm; tamperla urandentreficipngart

ith th ' Uy e. heat .exchanger.. .
\Amcf:or éli ﬁg?y, %5%%?%%“%‘25%%3}%%‘% é.ﬁx[éfllomrgg.sur er ?gﬁ%ﬁﬁFﬁPF@?%ﬁ_arge
and refri ger ardmibmicat by relowi vampetatakelibeatiest@itanger Qﬁeﬁﬂbaira]éé‘ﬁ phﬁn_p

first \ t. exchange step with the second hig _
Femper at Ur ¢ HESTLEkALHOPhE{CRRErRBsRT SachnthB tosbenmty Wenat flowing
condensati on {greefid WenPfedddr is h%ﬁiééggéﬁéehghﬁ%%ea?‘p%}éh%rgd%Svéitgc% the

anot her heat exchange step with irst hirg erat ur
exchanger of ﬁ@*&%ﬁa%rgl%m@pema@thgrapaaShggherf tedvep eredfiniigeranihcheat

[ h ' t tion tepperature is increaseq and
(ool gl tihaer ARILACOY TERCRRCR LTSRN &4 npnliige Thith
The desi ccantcatmmuricatys lwhef 6impt lbglk Yediptriturs® Hdid! exchah@ledty26h &he

t he desi ccant_ devi enabl es the desiccant material 25 to return to t he
first passages?%%’?cgﬁ’b‘é}" PR At RY S ulRaEheXchangerst passage region, the

second passage regixdtcviid fhigy  arrafiRpiSAPE JRM —cufF&Rtdipgly, Jde
t wo progesseg for the, d_c}?s'i ccay?]t devi ce?ﬁ’éehlﬁﬁjl I cation process ar?cfh
desi ccant reINIA I ¥ ovBd s redy igeraart  Bkbwut reganenatdashy aiz0 for

The syst VAR dd ratiqn deyice is
pr ovi )d/edf?nn nga/eh%)gch@%?gss ren%ér% r]gsnt é&a?sia{%etf ucnod'r?rere%% ?’a‘?"‘}%fxﬁ\f‘@ng‘a
first high tefrp withethesteaprchhnghbrtempetratthe sexorkdliaiydoEetvé Weat

heat exchangel;umpso &Ma@iﬁ@pogt the condensation temperature of the

refrigerant, and then to undergo another heat exchange step with
the first high temperature heat exchanger of the heat pump
20 operating at a higher temperature. The result is that the
desiccant regeneration temperature is increased and the
dehumidifying capacity of the desiccant device is improved.
The desiccant device inay be formed as a rotator, so that
rotation of the desiccant device enables the desiccant material
25 to return to the first passage region by passing through the
first passage region, the second passage region and the third
passage region. Accordingly, the two processes for the
desiccant device, dehumidification process and desiccant
regeneration process can be carried out continuously.
30 The system may be arranged so that a vapor/liquid
separation device is provided in a high pressure refrigerant
passage, communicating the first high temperature heat exchanger

to the second high temperature heat exchanger, so that a vapor
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11 9§4s0bgat he refrigerant is separated and Igad into PE?/JP980131
refri geraﬁ)’?éheat exchanger to condense SOB’ga/lS to provi de heat {o 1the

i i i i liquid
refrigerant flowing into the conpressor. using the vapor/
separgtor to separate only the refrigerant vapor 5 whichis in a dry,
sat urat ed stpRaseo @bt dihe areifgigeamrde 6 sepasapedheahdndgled tifid nithew

[ r t he heat , punp, the apmount of the high
bressar e rert CEEPERF AR ARAT Kotdier, oo SR shoe ERchayascchnste
bgérany fdowedyCentbethie @otbrRisRicld aB¢ Be3hg th
Attt tic a4 :?gnt gi rcg?t.n ofip The systgm maygbe ©

in th . refri > O
arranged so THERTALHABRA,PEBRRREOFaRE SeParapesondy FhenteRe gspont vapot
separat 05 i SyleDERUDECohed D saturhPeq’ 5&5&&%8”&&3% Sxié]rigﬁggggr%g )
constrictor device is provided In a I qui d passage'fro e
vapor /| i qui cSuppEReabing® f sihsh infdow e fpdgeagatheyotite idtmmessédi @fOthe

[ [ ] ' essure refrigerant vapor passage,.
beyond t he De¥€ pyme . Sid bl BF BRESBYGR RPesalEscnostibagantationing
communi cat edin thewitéfthgeserontelitghekenRagatUiciMeBt PERAGES EﬁeEQBy
heat punp vice. B roviding a constrictor in the liquid passage
from20 t heenaéﬁw |§%Lﬁ/%ﬁou%%§gﬁeagérz? Of PiptRY anghdeats tﬁm&mm the
differenyi alréfriderhghcpreagyre refrigerant passage in the
refrige?gnt %égf %ﬁghanggr can be assured, thereby enabling to supply

a dry, saturated VEpRrsyshem may hsf anparged mp:hatchgh@gh pressgi‘ﬁinv%{mihe
i ' on
refrigerant ég%agc eﬁhésvssggtliifq%g.ndq tshe%afrlartsg%rzjr%fcocgﬁgxggiﬁ;%gv@j.th

tenperature cnanger. _ _ \
Dr g\?\n ngs  the refrigersstlheand ehidlmmyeac)eandi 6 ¢ondtid tord *I?exaﬁéeée fiﬁo

hoa fhrst s RERCS ' 1Sa¥i bRhehle Fros” Ihe wancinel buid repandtone
desi ccald  sudtestigy ithe @H‘é@éé’%éﬁ@n@iEhé%éé?ﬂéf@rSaéefgésfg\%]efgned
Fi.gure 1v3ith the high pressure refrigerant vapor passage beyond the
refrigerant heat exchanger and a merged passage is communicated
with the second high temperature heat exchanger of the heat pump
device. By providing a constrictor in the ligquid passage from
20 the vapor/liquid separator, a fore- and aft-pressure
differential in the high pressure refrigerant passage in the
refrigerant heat exchanger can be assured, thereby enabling to
supply adry, saturated vapor into the refrigerant heat exchanger
even if the refrigerant heat exchanger is remote from the first

25 or second high temperature heat exchanger.

Brief Description of Drawings
Figures 1A and 1B are schematic drawing of the basic system
and a perspective view of various parts of a desiccant wheel
30 in a first embodiment;
Figure 2 is a psychrometric chart of the desiccant

desorption cycle for the air conditioning system shown in Figure
1;
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2 Fi gures 3A and 3B are schematic draw ngs of t ' .
system anav%9%ﬁpg‘pect ive view of various parts of a desi cca%’?Tm;d/d\}ﬁlelel in
a second enbodi ment ; Figure 4 isla Ml lier diagramshow ng the
refrigerant cycle 5 in a third enbodinent; Fi gures 5A and 5B are

schematic draw ngs gqf; the basi BSYSEEBCHMhA RETEPEFLAYE YECHhe! basic
various parts of afggg%ca%? gndw?”leel in a third enbodi ma%t;

Fingu(rj e 6 |t S ammmd;_adpmsm_cmrmmeritgatiqidmi@ﬁs hrpam:s aﬁ%h Gufdeficcant
enbodi nent ; Y Il gure er diagram showi ng the refrigerant
cycle i n ek At ¢h %%oo'hc?r%ﬁf?d%é“" Figgure 8 is g psychrome'?ri C
chart of the desicgaRfure 4 iteaoqlliisr diaheamashewbngithecoaflr igenany cyysieem
shown in Figure 15 ©6; . Figure 9 is a graph showing a relation
between the in a dipiihieRROGHICRRE ent hal py changes in the regeneration
air and the hi %cﬁfree%s%% A88" 583 ddhéndent &Haﬁiggbi B¢ @hed basic

hi gh-tenperature source I n the system shown in Figure 6; Fi gure

10 i s a schensgstemirand ry pefrspestbiase v bswtafnvar ious parks P a@shgaant

Figure 11 is schematic_.draw ng of. . nventional air condi ti oni ng
syst em V?heecfﬂ"btﬁ etlfz@émse‘gbégﬁ@ﬁé?i’c drawi ng of the basic systemin

25 a conventional @idu®neliisoai sghematee] drawing of Rihgubaslid isystem in
psychronetric chart of a desiccant desorption cycle of a desiccant in
a conveniPona® fewrth emkedimenbni ng system Figure 14 is a

Mol | i er diagram of ﬁfiuf@ﬁrigﬁrb%ﬁlfé!f|cﬁ.a§@an9§hbﬂ$n§¢ifh@ﬂéf9ﬂ§bréht cycle
condi tioning system shown in Figure 13; and Figure 15is a
graph showi ngim tkéafoentheempedimgat; tenperature and the enthal py

change in the refr 'lgleé@é %ndié h% psychrometric chart of the desiccant
desorption cycle for the air conditioning system shown in Figure
15 6;

Figure 9 is a graph showing a relation between the
temperature and the enthalpy changes in the regeneration air
and the high pressure refrigerant in a heat pump acting as a
high-temperature source in the system shown in Figure 6;

20 Figure 10 is a schematic drawing of the basic system in
a fifth embodiment; '

Figure 11 is a schematic drawing of a conventional air
conditioning system;

Figure 12 is a schematic drawing of the basic system in

25 a conventional air conditioning system;

Figure 13 is a psychrometric chart of a desiccant
desorption cycle of a desiccant in a conventional air
conditioning system;

Figure 14 is a Mollier diagram of the refrigerant cycle

30 of the conventional air conditioning system shown in Figure 13;
and

Figure 15 is a graph showing a relation between the

temperature and the enthalpy change in the refrigerant and the
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13 MY i on air in a conventional desiccant-assi stRal/m98/01311
condi ti oni.ng system Best de for Carrying Qut the .
I nvention 5 A first enbodinment will be explained with refterte_nce t]?
[ A 1B and 2. ) Figure 1A is a schematic representation o
tF Ihgu1[ ??stl | TegRBBURREAR Sif héndgéiee&r‘rtenéslgrsétleddgﬁﬂcm-taaﬁﬁ%ed air
system ¢BRAYEPBHiAEMBY8S&ON heat punp section of the system
conprises 10 a conpressor 260, a | owtenperature heat exchanger _
(evapor at or) 240, a first high-tenperature heat exchanger (sensible

heat exchanger) 23 cond. hi gh-tenperat yre.he exghanger .
(condenser) 220, and an%&%’a?&%n%ﬁ% %rﬁ&%go%b%%ﬁn nven i gerati on
cycles whérein a | o piessuembogimeatr wgenabe ExpMaiEdiwitR Peabrexebagpge

relationship with a p st-ﬁesi ccant process air in the evaporator 240, a
pre- desi ccant FL8BEREr &R¥ ohB anda@e js in heat exchange rel ationship with an

over - heat ed ref pigerantavaRorai BehBfRataRsi s Deah e SXCBANYY &R0 £80d2
hi gh- pressure wet rﬁf?i@ger ant vapa(l)r ics fﬁﬁ heat eé%%ange gg re atlonsﬁggl
with a pre-desbedamentand phre-desitdant desisted airhaondit28fing system.

' L 0 lnt exanpl e shown,  the
Gesi coant whedpeHPeL RN By pump 5ertieR f BE SYRS 9 GOBELLERE
passage AOandatdumpresscgeeer,d low-diempastadte Beat axBhadges! (LhsoLyebs )
in the sane 2 manner, as described in Figure 12. The process air passag
Ais cons?ﬁ’:ct &d &é’sfto% TeORSFAK T AAt s pXERaNTRY S( 2onsiml e ahedt

with the intokgenhngbe)bloves 1025tBeAMONLINA-BEABRUSLHOE hOSr oxSHLhSL

of the blower 102 iS communicated with a st section or the
wheel 103 for (EBRAEBELAY a2Ubhumnd f iadat EEPadE iqn ovedye hR6Wghtbheppassege
108; the di scpéf 103 i s

comuni cat ed Wi tﬂftl;%gétwﬁsgggfigﬁzwﬁeeé_:[e%_'ed;(C%;ﬁé%}?,‘%g%%ﬁ{é%f%&g% l;‘agggant

with thel5 vageneiationheat ekchagjet relpaisagnildWitihea opbselaéoictiRt

process air in the evaporator 240, a pre-desiccant regeneration

"air is in heat exchange relationship with an over-heated

refrigerant vapor in the sensible heat exchanger 230, and a

high-pressure wet refrigerant vapor is in heat exchange

20 relationship with a pre-desiccant and pre-sensible heat
exchanger 230 regeneration air in the condenser 220.

In the example shown, the desiccant wheel 103 is also
rotatable to traverse both the process air passage A and the
regeneration air passage B in a predetermined cycle in the same

25 manner as described in Figure 12. The process air passage A is
constructed as follows: a conditioning space 101 is communicated
with the intake of the blower 102 through the passage 107; the
outlet of the blower 102 is communicated with a first section
of the desiccant wheel 103 for conducting a dehumidification

30 process through the passage 108; the discharge for the process
air from the desiccant wheel 103 is communicated with the
sensible heat exchanger 104 heat-exchangeable with the
regeneration air through the passage 109; the outlet for the
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14 pw@@g?ﬁi r fromthe heat exchanger 104 is communi 8@&,891,9\%%%“ I
X outl e

the evaporator (cooling device) 240 through the passage 11 _
for the process air fromevaporator 240 i 44 conmmuni cated with the :
hum di fier 105 through the passage 111; 5 and the outlet for the process

air fromthephysbdsf b8t #P6mi he heBBMBUBhGALRE Wl 18N dofin RAUted QFith
suppl yi ng processed air t hrough t he passage 112; thereby conpleting a

processi ng cBPeeVapPOraEorhécppdingsdarice) 240 through fdenmansfde, 11he
o Srect o Ttk FaERR0° b A '0pobabolgir LR SRBLEITER. 43 15

connected to t of the we t hrough passage
taking in theommusidated with tlsechumidifieti0b aiiroudie thi lEdsfgd el 1;

bl ower 140 is [of0) icajed with the sensj bl e heat. exchanger, 104 for,
exchangi Ag 20dpERe WGY CPrioteREATSS 13- oﬁ‘?‘?“étﬂ’f%ryhuﬂféﬂ_@g%ﬁe]roafti%
air 15 fromcbhgusesatbiewheat a@uthﬁraer%a@él fércgﬂﬁpmyiﬁgeﬁrwcfe@sféae air
condenser 220 through the passage 126; the outlet for 1he Fegeneration

air from t hetBERYEB| the@ASsAghadder theneby gemplabing a prdcessing wyclme

of themis c ' Lt.h second section of the desiccant wheel
103 for condgggyggggb?gﬁg%grgggﬁeration 20 process via a restriction

devi ce 150 such asIm phecheagwhilel, the rbgenghatienpaisagaskdye mnik t4ie

h ' ' dwth th i bl e heat h er 230 through the
passage o 7BEOLRERS S OBiATde quoiLiaRneRydoPanReR Cat oy BReL WRLSERSTS e

heat exchangBlower 280 tEr6@§HUtheapadsdykh1gat kbid 3RO Ol Sutside
desi ccant wheel 25 103 for conducting a second regenerat’ion process

t hrough the a_.ir pis SaFEIBFARIRN LT bt Sheoputiets aferfdrat bbawarr 1#0onis he
second and tébﬂlﬂﬁﬁﬁéétea%ﬁfh EH@-%ﬁf&?ﬁ%ﬁ%ﬁcﬁgﬁgﬂgﬁ& excf%&ging

communi cated wt an outsi de envi ronnent .
t her eby conpheatrgith they@recesisoaixi;r tbpcoetiet fome 30 repurer=ticom ir .

oo hrerbHo B SR BLER Spanael SO RIS Ui

As il ustratednidenfFegurR0lB hrdiegieshec paissdejs cE26 yWhittle outlet for the

regeneraf.ion air from the sensible heat exchanger 104 is branched

off into two, one of them is communicated with a second section

of the desiccant wheel 103 for conducting a first regeneration

20 process via a restriction device 150 such as a punching metal

through the passage 128A, and the other is communicated with

the sensible heat exchanger 230 through the passage 127B; the

outlet for the regeneration air from the sensible heat exchanger

230 is communicated with a third section of the desiccant wheel

25 103 for conducting a second regeneration process through the

passage 128B; the outlets for the regeneration air from the

second and third sections of the desiccant wheel 103 merge to

be communicated with an outside environment through the passage

129; thereby completing an regeneration air cycle for the

30 regeneration air. In Figure 1A, the circled alphabetical

designations K~U refer to the thermodynamic states of the air
corresponding to those in Figure 2.

As illustrated in Figure 1B, the desiccant device, which
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15 r N@Ps430¥hi | e straddling both the process air passagecTimsdisine
regeneration air passage B, and a first pa§§age region is connected to
the process air passage A through passages 109 for adsorbing

moi sture; a second passage region is connected 5 to the regeneration air
passage B t hreRfptehsdddes stzaddling both the precessi alr passage A and the

regeneration progess h g)aas%.azge i gn

regeneration alé) pas‘-’}st:éllgoerTl Bhtg sa;ngcgeg &%@Qggg%gg p%r%‘-{}'rorﬂ nbsa

second regeneccmnem:epﬂ ouesshe procés5| alropatssmgteed\ schtdieh epads 9es | DOS pf
second and third passage

t he desi ccant (%1% (% asses throu h the fi ra

regi ons and 105 for g l’f‘%é“%sﬁé{ DhSsSBECPEPRIFSagde region igzonngekEed
conpr essi gn rgs rtwrﬁé?éﬁ\eﬁ#@i@n'é‘lihﬁassag@eﬁ AU AS Had 4y d '128A, 129
condi tioning system w be expl ai ned | ow. The Ttefrigerant vaporizes

in the evapor%@@rperQSa bﬁ%tvrﬂgenﬁé‘altmmmsw & dpuird gpassage
fromthe pro e 0 its_noisture in_the
desi ccant IO1063?'(3&?1'&1'k ént er sdll\{%r ough™ a gleé;sxgeg‘-g ‘%ggth{’% the %%%?ggs%rt%ugg

be conpr gsaseshgds d\zfth,hImlgbrapenfeag&nQOd sigtiond hegénéshtlibﬂh'frocess .
terrperature hleat exchar%ﬂ %EfnSI heat exchanger) 230 to_20 ease t he
sensi bl e heat!ofiS GPHTRAEET & JetafechRRreLon’ of fthe [asieeart wheel

regenerajpon pddsed thoudH eweh £arBassagecad’ ankdl thrd %QES%EQOPQ D588 ang
t enper ature heat exchanger (condenser) 220 to rel ea con ensation

heat to regene®&dEh @rt%f%:pésttpassagm Fegion.o the deS| ccant wheel 103

and the high tenper r r exc nger 0
t her eby condensi ng e evaf%:b a qltfﬁfdfggﬁgﬁco% ens@% 4}? ger a?’rﬁ 3 éh
forwarded to dmccane-)qmssm\d vainecaﬂaltlibm.gig a;y;:sa&maga.maoé Cexﬁm&iﬂ@d

expansi on (9 pre]%?ﬁl; educti Lop and r.efl uxes tg t he evaporat or
(cool i ng 1'Ce) tgérant THEPGFZ8S ohP oF NEHEVARSTFALSR -24%1 P¥d

air condisi OFM'étgelv1ngSytﬂieéma\Me|n|t headxpleaiyapd raiziht iloff QE@ﬁcﬁhEO?i:@@ess ai
psychrorretrl c ghhar resent ed in Figure 2. Return air admt Into the

system Aes9nbed of; At MRS EpEe pinvidie 1bes ieranighl 03 ;

enters through a passage 209 into the compressor 260 to be
compressed; flows through a passage 201 intlo the first high
temperature heat exchanger (sensible heat exchanger) 230 to

20 release the sensible heat of superheated refrigerant vapor to
pre-desiccant regeneration air; flows through a passage 202 into
the second high temperature heat exchanger (condenser) 220 to
release the condensation heat to regeneration air before it
enters into the desiccant wheel 103 and the high temperature

25 heat exchanger (sensible heat exchanger) 230, thereby condensing
into a liquid. The condensed refrigerant is forwarded to the
expansion valve 250 through a passage 206 to undergo expansion
and pressure reduction, and refluxes to the evaporator (cooling
device) 240.

30 The operation of the desiccant-assisted air conditioning
system will be explained with reference to the psychrometric
chart presented in Figure 2. Return air admitted into the system

(process air: state K) is drawn into the blower 102 through a
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16 ??l ?’%{ 97 to raise its pressure and is sent througETﬁpgsz(gl?i]gam

108 to th passage region for dehum dification by the
wheel 103, wherein the desiccant naterial B@sorbs noi sture in the
process air lowering its absolute humdity and, 5 concurrently, increasing

the air terrpe%u sd e D01 I&@, Bsageoits prediuyidbhan; kst ahe ﬂ-ﬁroféﬂ%%%s%'arge

with a | ower mdity and hi gher tenperature is sent through
passage 109 t108§ heo sthsi lStL@st Paﬁ§élgee)t¢,elqa-|¢@erfOEOAﬁQléjlfb?edl;ﬁbcéﬂlQBt bweu\t@e

i by heat excha‘ﬂé? e.Qyts Is

} process air i e#%%t ‘f’%?%gg g plgggggéhl%& to Dbe co%?%glh%Qs:FgggiN% P e
j evaporator moigtuneiingtievpreged@ir Towkedngr ttessbsvIute maidity hhrd,
hum di fiepr 105 to have its te erature ower.ed (state '

th
ham i 11 o5 TenSurreer byy S5PReR S HE ke Bh R At na by the heps gf
¢ i senthal pi c pA@sESSEidRd é@aﬁ@tl_?r neﬂrbeegbeaEEWﬁhOé\'l%éé hitPAfS ¥and a

. supply air through a passage In the nmeantine, regerieration
of the desi cdahghendeampegature ig Rt shxeyghna mSSﬂQ%\MOﬁgtnmlsens'ﬁ.}hé.e

out si de ai rto,be, %anage@aoﬁeesr%aéao%aa stgscteahs r% HeSad'd ﬁcgwha{sn“ & ”{310

bl ower 104 t hrough to ral e the essur e,
* the sensibl e e dmzalcha«ahmgaegkﬁérwh&bal a:.rt) co@d>:slédﬂq>m@6§§5aﬁt rismlidde
Is then sent to the

raising its o ratur

condensel®  TBHRUY %? 3&2’ ii b%z%" heSt e BY) tife Thet eVaperg& ot

vapor to rai S@cé@ﬁlﬁ@”ﬂ%ﬁb@)e 160 at echleBegeﬂgs $0Rid lis semtl 1459 tifePM
eg

t he condenser 220 is split into two paths eneration air in one path
is led to thehyekdtEler 1ifedo hage its tﬁwamaoysgﬁgéstegeom i grhe

O 0 o Anid £26r 105 EOOGRPEAId ALPIAF 235 (aLALA LUV nfi Y Mcation

desi ccant nmaterl atron-air
sensi bl e heatin an e;sdmé;rh@rplzsprMessu nantiels egsnermed do a:lhe tenddtdoming S

then i1 passclPRes ot iRy cTE iR URRCH Boserie hdthira | passage

region for performiy themeantide,cgegenakationr ogestte desicdfi€ Wwhed1 afo3
{ desorbing the, srmle%tf%rref\ned le %nee%giigvr;, IR Ch. hevg)u'gigl'ggoazf

PCT/ JP98/ 013111 P ing manner. T si r to be used

as regeneration air (state Q) is drawn into the blower 104 through

a passage 124 to raise the pressure, and is sent to the sensible

20  heat exchanger 104 wherein it cools the process air while raising

its own temperature (state R), and is then sent to the condenser

220 through the passage 126, is heated by the wet refrigerant

vapor to raise the temperature (state S). Regeneration air

exiting from the condenser 220 is split into two paths.

25 Regeneration air in one path is led to the desiccant wheel 103

in the second passage region, for p'erforming the first

regeneration process (state UA) for the desiccant material.

Regeneration air in the other path is led to the sensible heat

exchanger 230 wherein the regeneration air temperature is

30 further raised (state T) by the superheated refrigerant vapor

and then it passes through the desiccant wheel 103 in the third

passage region for performing the second regeneration process

(state UA) of desorbing the moisture. Regeneration air which



17 has passed through the third passage region after the second

r egener at WA 9%43¥¢ess nerges with regeneration air whi ch has PCT/RIS®SERd

t hrough the second passage region after the,first regenerati on process.
(state U) and is discharged to outside 5 through a passage 129 as an
exhaust gas. desi ccant - assi sted air conditi on| ng é_ﬁéem IS

oper at ed by Q%?pl%?srscﬁﬁieé{}lz?@lﬁthet JeeiEdsPaFsagsi cegien at HI\MNDy

the regener at d@fb@g: f n lq_Qj)é p e
air conditi orﬁér?;r%‘ﬂai%druglor spacéej% M?ggegl g’é'é:ha port?%%a%?s?hégreegzlﬁg%trl{%l

air, after pmsmgi othroupgh the cspdomderpagsages mBg/:Lmd afrier t hbepdtinsst

suchthat |no ducing. th Wratetor duc
t he heat eéerl% tf,lor{ g%nc%?%%?oﬁsg%?e ‘gdl%ygi' Eﬁg&F’hé‘& & etvsa];fg‘?
conpr essesl utttﬂwcﬁoraor;mﬁgellzs» Sa@oaﬁlékﬁatlﬁtr qnase the 15 regeneration

air tenperature t above, the condensation nper ature even wWth
only 12 % of the t pesicirntaRsisted, air; h€°§§|3r§P-SF’é-nI9ea15Yc§ftet“he is
super heat ed ate Uy { BempegoOng tiRgeNEhal | PR PEOEESS dteI%

desi ccant wheél 103 in The tﬁlﬁrff ep%gssa e regi IS carri edpou y i) ng

regener at i on regenerAtiprROby s tible ardgeexanpenanire.and t debunbdifyinghatnd

t he desi ccant | process._i s, much roved c ar d W th the
convent i onal cé)[?&rlna(ﬁg'%%'rh?éc\%glsl 565 S‘Zﬁl%?"ﬁe%f”?%{?h%n?‘ggl%gnp Oor SRAGHRF an
actual exanplsince a portiofuppate Tet@hersittior Adlr ! BEte@ObasgifYChRer he

represented 25 Fi gure 14 the tenperature at the inlet of t he
convent i onal c°n %{ﬁﬁfg J@ﬁ?énq‘%rﬁ@ RAFRS r i20Ch thatk (i e afhd

the refrigerane patl?é)ﬁd§f§é£‘9r%%%%n§]%ﬁe' 2189 rafd Go PERAECRRY '}Eéa[tge

t he present enbodi ment, since the "heat supplied by the condenser in
heat punmsapRcEd-Yy) Itﬁﬁ?ﬂ%?ﬁi@r% i TS dreatird eh}r the supteri®dted)iviagpo80

3?IV| di ng the R erneesrsaeﬁon j%rhe 2‘% 'ﬁfp%é&&)bf lt%ze i §og§§ble tgé]?rgig%reﬁrbed
with 12 26 of negenex#tiavai laixt e fempetraeusapetbeatbdve +th@D S9ndRGhtion
PCT/ JP98/ 013]temperature even with only 12 % of the total heat available from
the sensible heat of the superheated vapor. Thus, the second
regeneration process for the desiccant wheel 103 in the third
passage region is carried out by using regeneration air having
20 such a high temperature. It is obvious that the desiccant
regeneration process is much improved compared with the
conventional approach. This will be explained in the following

using an actual example.
Suppose a case such that the cooling cycle is represented
25 Dby Figure 14, the temperature at the inlet of the conventional
condenser is 40 °C, temperature rise is 20 °C, and the refrigerant
condensing temperature is 65 °C, then according to the present
embodiment, since the heat supplied by the condenser in the heat
pump is 88 %, the temperature Ts of the air at state S is given

30 Dby:
Ts = 40 + 20 X 88/100 = 57.6 °C

and after dividing the regeneration air, about 15 % of the divided

air is heated with 12 % of the heat available from the superheated



18 vapor, then the tenperature Tt of the regeneration air at state

T 1's gi venvwiyisusozs Tt = 57.6 + 20 X 12/100/0. 15 &% rr]C.
The thermal efficiency of the heat exchanger is given by: ?CT/\BSBIJ]?

[err] = (73.6 - 57.6) / (80 - 57.6) X 100 8= 71.4 % which is an
easily attainable value by using a counterf |ow type heat exchanger for

t he sensibl e kapbroxehamagdie EdfiperhtarenebloMghe regyenebbtiibnial enpersidte
rise for regeneratign air, which is 8.3 [err] C higher than the
condensati on TeAfelaVEReP8f 65 [err]C. 10 Accordi ngly, the present

; embodi ment enables to reggperate ¢ 561exd§§i/ci<6%r}to.vﬁee_4 7P3Z i the third

i passage region, which is for  performng the Second regeneration

process, at arhemezidlceffichefBfgr ofhéRet heatorsehSRigedn iLpiofe Wies
{ Therefore, the desorbing capacity of the desiccant materi al

i mredi atelb prior 15 to 9t & (i78g6t he57efenér 48BPon PpiebésX dD e 5 rick ehged
nore than I,n_the conventi onal aggéoach, t hereby ,presenting an air

condi ti oni ng Wéféﬁ?rﬂﬂ SRS ¥R HyR LRRRER iHG Ry PEdngr 3\GURLertloy type
superior desonphitULAAAfdE ¥Yor the sensiblé he%?%‘ié’h@ﬂg@?tﬁb L PRhs @HSing

air fromroomconditioning 20 process has w dely been used for desiccant
desorption, afe¢ ¢htain a kempesssureenbdeifahregsnsratimmedss whicheis 8.3

papplied to achheye o, {16 HddSsation temperitIpLe g ghovs a second
FESY st e e &R 8af - pu

enbodi ment. In"t y vapor— conpr essr on Section is

conpri seddy: a conpressdingby, A paekent tetnhuel et € ehadll cxEbaRgRnerate
(evaporator) 240; a fir erat ure, heat exchanger, (sensipble

first hj g e ) i
heat exchange)th%é?smcaats@{iﬁﬁii ﬂ?%l‘?’rﬁ)é‘?ﬁf‘erﬁ’c% RARRAH ’ _Wthh s
(condenser) 22 i forn HPRASIER ¥8g2RBrateoRAPREELYS £ ot & HeBAAN

cycle: and din addition, the refrigefation cycle further includes a 30
refri gerant h&dghexcHdyer theo candenfatioqs sfemperasugethe Therefore, the

AL e SR cEEHE Gl PR 10 dogdCetd ACOE AT G A0
exchangerl3®30 tol sterting tthieregadenatiof2frocess can be increased more than
' in the conventional approach, thereby presenting an air
conditioning system that is energy conserving and yet provides

a superior desorption capacity.
It should be noted that exhaust air from room conditioning
20 process has widely been used for desiccant desorption, and in
the present embodiment, such a process may be applied to achieve

the same effect.

Figure 3 shows a second embodiment. 1In this system, the
vapor compression heat pump section is comprised by: a compressor
25 260; a low temperature heat exchanger (evaporator) 240; a first
high temperature heat exchanger (sensible heat exchange) 230;
a second high temperature heat -exchanger (condenser) 220; an
expansion valve 250; to constitute a refrigeration cycle: and
in addition, the refrigeration cycle further includes a
30 refrigerant heat exchanger 270, in the passage between the low
temperature heat exchanger (evaporator) 240 and the compressor
260, so that the high pressure wet refrigerant vapor exiting

the sensible heat exchanger 230 flows into the condenser 220
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19 WPE/43R4 f or mi ng heat exchange in the refrigerant reawsoimnger
270 with the pre-conpressor |low pressure rgigrigerant. In this system .
ot her heat exchange processes are the sanme as those in the first

enbodi nment : orator 240, 1]:oressure 5 wet refrigerant

i. e, in the e | .
vapor exchanb%gtﬁ’ébt%%"t%ﬁneva PgaEsﬁmﬂg%g\g he re&rd(g@srsarg; heatrexeleanger
sensi bl e heat2 2y GR¥19¥he? 3R e-ROMPIRT 2 Abw preskEgens gEggﬁgghﬁ:.exggg‘E’l@fé

heat with superheated refrigerant vapor; and 1n t nser
hi gh pressur eSYRteRrefother drpat exchangs peodessss areathe shmer asdehoseabh

regeneration g . . the sepsihl e heat excha r 230.
The mechani srr?ﬂll% f%/ﬁ:tes%%glgtggﬁ{aéﬁg'cgﬁgi'fibﬁi §V4&° ﬁ%ag%' EQVSQ%?I?'T’%’:G‘
the same &s twet reftibgefanstvapbederehhngbBeheh® §ith podthaid®idQmidigs
expl anations relate onj’%/;ht,o t he desi ¢cant regenerati on process in the

refrigerati orPESRRRS ALt hd s fhechenisbleheatrerlarnger a3 ipxes-des i¢rant
t 2 h | t h f ' |
evapor at or 24BegbNefLEEON| BYr exchBfghkat RBRtNGAL OS-uﬁgﬂ{éﬁde%%éfﬁ%% -

process air which had @ been procesSsed in the desi
enters througf@por; Anphdangderoondanserh22fef higbremessene wat hafeigerint

and after ' t,wiih t high ,pressure saturated vapor_in the
20 refri gera%%é(ﬁ%:?géegg g%gelrl%%o‘,ﬂgﬁt Bfg‘FEP&CFﬁ\@%CJmt air yet
be conpre8sedto Tetepnphessensibiei peadnexthawgerntxad.he sensi bl e heat

exchanger 230 through a passage 201, and after  rel easing the sensible
heat of superheated'?%® %@I&?fﬂ“\}&p%’f‘e Proges s ey eonddddonisyefddst 6rthe

air, and reacdpstémeid afid 8ameNhs2Phafest & ENAs! di‘)ﬁ@rhf—‘,i %4érefo e
exchanges heat. with dry saturated _low pressure refrigerant’ berore R
enters into tHeecdlassing explegaddsdenssedaper t bodyt heoedthe ddsivcant

Mto the Eerdircatiopdtaodfs Gifche HAgi Ak tIth SEIRE vid dyesien-
pr e- desi bsantThegety Byexantivapdi thedain ridte yatapiiet@s 24®, by rdddiSting
Condenses. | THEME AIAC AR FRgEPRAF LARFLoBs LEPM e Brodepsrai bR h b0
through a passege pfifcésseddaf GheqVIdAht wheel 103, and enters through
a passage 209 into the refrigerant heat exchanger 270; and after

exchanging heat with the high pressure saturated vapor in the

20 refrigerant heat exchanger 270, enters into the compressor 260

to be compressed. The compressed refrigerant flows into the

sensible heat e_xchanger 230 through a passage 201, and after

releasing the sensible heat of superheated refrigerant vapor

to pre-desiccant regeneration air, and reaches the refrigerant

25 heat exchanger 270, wherein it exchanges heat with dry saturated

low pressure refrigerant before it enters into the compressor,

to condense a portion thereof. High pressure refrigerant

exiting the refrigerant heat exchanger 270 flows into the

condenser 220, and releases the heat of condensation to

30 pre-desiccant regeneration air which has not yet entered the

first high temperature heat exchanger (sensible heat exchanger)

230, and condenses. The condensed refrigerant arrives at the

expansion valve 250 through a passage 206 to undergo expansion
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20 a re reduction, and refluxes back to the ev 1311
WOB§§§E§4O. This refri gerat ion cycle w ?PQ{‘)IEQ expl ai ned

using the Mol i er diagramshown in FigéPe 4. The refrigerant vaporizes

5 (state g) in the evaporator (cooling device) 240; arrives in t he

refrigerant hgali prebstuger radlcthoayghnd pasdages?hdlo to thecksaperheatr

i (state a) with the high pressure saturated vapor exiting the sensible

heat exchangefc98bingndeyica} ashlinto t he conpressor 260 to be

conpr essed therein.pp; Jhee¢piBeeasednl ey d1&f I HE aBk @s&ﬁﬁr@dfﬁemﬁ%i Rl
t he sensi bl e heat exchanger 230 and“rel eases (state c) sensible heat of
t he super heatMdlidgordiagram shewnicin dtignre dgen@hgt refrigeraty vepordizeshe

ry O R ur 4EBAERCHT B, BHE SPREREREL CPOSEL G Rebie) D 2a 0 BEEIEC un

subj ected to §XFBABERAeRt (RTR& adh¥Athn

' evapor ator (c&eturgte

conpressor angha pefrigerahtt heatekkichanger Aridarisesudlstat passagé) 200nto
this case, because the | ow pressure refrigeranl (states I S. not

-a) |
{LOASE he high Prafshiosa Vo
the heat tranghkefihg th&d&bii Hd® exchAngerPh88SUARASHE WAwH MARPeHe

the refrigerant heat exchanger 20 270 drops”its dryness to a state f and

' its enthal py compueesed, 260 tad beanahbressede therpirvssurhe ecompaessed

b heat ed t . ' b . d,
The - Hlgh BRSadPoape(FoarantT(SravE 1RCE, rhE SOpHEPRY PRsky SaE TR er
exchanger 27028bawsd relleasbs (Gatenegrsehiliblanieatrsienhessseplieaed vapdyy
rel easing the heat of condensation to 1Ere-desi ccant, regeneratiqn air

whi ch has not tPePTENEEF LACRAE FIHNSEIIPR AL} GV @ reiFlgprant

- condensed ref heger 8Rkh8RLBES2i70t €ot BRchangBXRaAS! @RthakVeowd Prandudd, eldry

expandi ng and reduci ng the pressure (State e), it refluxes back to the
gviltee@riazﬁm Vhiehi hambsatmyet patersd theto the

' ent hal py qf tg%\xlx\llhﬁeékgﬁr QH?hS Bﬁfﬁ%f’g‘t 6l Lnat rE?EiQQESBtt Qohﬁ%n“s%%d%tﬁ*%:e

: 220 is |l owere
: conpressor andl). Inttlds nhee,decdesgdisi bbw pressere refEig@3mt t(lsdates
; proportion

y I's 1 ncreased at the outlet of

g~a) 1is not subjected to a temperature higher than the
condensation temperature, the heat transfer is limited, énd the
high pressure saturated vapor in the refrigerant heat exchanger
20 270 drops its dryness to a state f and its enthalpy is lowered,
and meanwhile, the low. pressure refrigerant becomes a
superheated vapor (state a) and its enthalpy is increased. The
high pressure refrigerant (state f) exiting the refrigerant heat
exchanger 270 flows into the condenser 220, and condenses (state
25 d) by releasing the heat of condensation to pre-desiccant
regeneration air which has not yet entered into the sensible
heat exchanger 230. The condensed refrigerant enters into the
expansion valve 250 and after expanding and reducing the pressure
(state e), it refluxes back to the evaporator (cooling device)
30 240. Inthis embodiment, because the enthalpyof the refrigerant
(state f£) at the inlet to the condenser 220 is lowered while
the enthalpy is increased at the outlet of the compressor and

the inlet of the sensible heat exchanger 230, the proportion
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21 ofwdnesisobs ansferred in the sensi bl e heat exchanger PSJ/Jprgs/ 01311

i ncreased conpared with the first enmbodi meyy so that the anount of heat
transferred is 35 %in the sensible heat exchanger 230 and 65 % in the

condenser 220. 5 The operatjion of the air, conditiaoni systeqj,n .t he
air Ci rcmfathéhtsft@énéﬁeFE'ieél b ot fre SERSI YR gﬁﬁé f&qq%ﬂa%% ?%g 1

first enbodi FedEyRtANME Fixst 8mBodifiente8o that the amount
Nevert hel ess,ﬂﬁg% %%‘?gzog?%ngnt?soned that the air flowrate t hr ough t he

sensi bl e heato®imwngeanzderred be 3hch o ddhe Gangihila dieal gxqhangsy £30

enbodi nent. In_t efrigeratio | own in Figure 4, the
condensati on qré‘ﬁpgfa% ut ?l%e S%?ng?r?%%r er?Q] C by taking this effect into
account. Fhis will dige fagdhericopBivned aliel eonditieiing aysoenain e ix
According to this enbodinent, becauyse the anount . of tﬁga transfer i

. t 15
the condensercipoulationogide©f Ehgsr sRRPELpent; 15 sEame aS;%hat b YRR

18 580+ 20 K00t 100mporindifd ] C so  thECOMGRIRLRISE | Sakdien difiitided,

and if it is @ssuned super heat ed 'vapor uses about 35 % of the
heat to heat mévettBélés2p ibfsheyddebet memtdioned Herat hEheeddr fleve At

state T is given by: . 3 a3 / =
Cerric O RFerohsnslsens thke beak ehanden il oin e Dudleatgatohrare
fir f,t 10 erﬁbg@h@g& firEteehbopenehtl e B ftihe emf%cugmn'm %:ﬁn bgoeSIIgeahc):(Q?Oion
exchanger is given : . err] = {(73- - =
38.4 %g g\ﬁﬂéﬁei‘é thg fRiLDFIYIOR I’ﬁeg{l’e?dq%:qrr? S;(ﬁys?@ﬁt égc ﬁané&ﬁaw
regeneration gjk WL S AREELALE IBHPERAIW BelButehekCeRpUAthed below
than the condensation tenperature of 60 [err]C can be obtai ned. 30

In this systeusinfit an hehtahgexhABPLegeneration air with t he

(Cl LGNt VaRor | SUBBEREALH, Undd SaBd Sin, Hibanes (HATHRBSRE! oft Kodbe
and thenysrai sragstee degthe obndenser 220 is 65 %, the temperature Ts at
state S is given by:
s = 40 + 20 X 65/100 = 53 °C.
Regeneration air is then split, and if it is assumed that the
superheated vapor uses about 35 % of the heat to heat about 30 %
20 of regeneration air, then the temperature Tt at state T is given
by:

Tt = 53 + 20 X 30/100/0.3 = 73 °C .
which is about the same as the temperature obtained in the first
embodiment. The temperature efficiency ratio of the heat

25 exchanger is given by:

® = {(73-53)/(105-53)} X 100 = 38.4 %
which is realistically achievable in any heat exchanger, and
regeneration air which is heated to a temperature 13 °C higher
than the condensation temperature of 60 °C can be obtained.

30 In this system, after heating the regeneration air with
the refrigerant vapor, superheated at the outlet of the
compressor, in the sensible heat exchanger so as to remove the

sensible heat therefrom, and then, raising the degree of
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22 SURBBARLENg of conpressor inflow refrigerant exiti :
evapor at or ?XO |§ér21 a dry, saturated state with the | atent hegt&T}Jp&/%l?“

condensation of saturated vapor in the ref@2gerant heat exchanger 270.°
The tenperature increase in regeneration air is 5 further aided by

utilizing a pgupeeReatifgndensabingheBgatr fiHiflow reErdgeragt! héxiting the
superheating of the refri gerant W t hout raisin t he, conpression ratio
in the conpre8¥BPOLRROThZE0 kB R det Saturatrd shate with tthe 1Jptensdra .

| essence, !By SHRHBAANEDE cotlrafld LiBR RO EAENrEErigbeahc it

(from condensati on) an sensi eat (by superheating) to
transferred feachahgeli2ji0. Ther temperatufei Jerrerse dir eggreexbitionaair ikhe
result isgo nabl e neration.of the esiccaﬂt at. a tetgg

ercesding . SRsREs ALAea PR EELLTI8d 4 Boirio ShiGandshaaitos deds for

carry out ihbeeagsagit i€ RIRIMida iy @FeEhe JOEF EHOF nt WEL KIS Q‘Eﬁ@irﬂf
is provided with a higher dehum dification capability just prior _to the
desor ption pr &88sSORRARSEACRORGEAPL] dRalhey SPBRE eEE0&n4BiNe this Ebadiigent ,

} ener conser yi ' 2 L4 b O havi S '
dehugiydi ficat Fg%g%%%%ﬁ?%éﬁmyqe%%g%ur ekg%‘s ows. & #&g%yéeﬁ%%(ﬁnr?ebn][e.s
In this systempe vhey2bhevppeporbipn essilatdreathgainy fSem icomdens=dnion s exchd
by: a co essor. .. 60: | ow t enperatur eat exchanger apor at or.),

oho: a1 Bensipye Bean A HnbeRBER RN FE He EERS R X8 Shign
230; a sepyedsihireh reFHigediante irateqdwditsn (g0Adensre) rédditais to

expansi on val ve 250; to constitute a refrigeration cycle: in 25 addition,

the refriger afPER1IEEEECREF RPN iofcthacdesiceant @& artemperajepre sxanatiag

270, in the pangadshSidfeibrl tempeYatEFRSPEHER hird Bseéaﬁé to carr
(evaporator) 240 and the conpressor 260, so that the hig ressure

refrigerant vapdrtRiseqrpd regeneraddesi precess . heliersftnagathededianmnt
7L e 2RI PR LSS ZRULALD bR LERL EXR BRI Mot iy
i s-the sanme asottivs deisorpltd onepoodess thanbbricemtentionm/ke sy siterishts enedi am
the Ni gh presgyr g resent Clhbi) and 8P nS {1 M AE SEISIP & 08L (xehanger
230 is
superior dehumidification capability.
Figure 5 shows a third embodiment. In this system, the
20 vapor compression heat pump section is comprised by: a compressor
260; a low temperature heat exchanger (evaporator) 240; a first
high temperature heat exchanger (sensible heat exchange) 230;
a second high temperature heat exchanger (condenser) 220; an
expansion valve 250; to constitute a refrigeration cycle: in
25 addition, therefrigerationcycle further includes a refrigerant
heat exchanger 270, in the passage between the low temperature
heat exchanger (evaporator) 240 and the compressor 260, so that
the high pressure wet refrigerant vapor exiting from the sensible
heat exchanger 230 flows into the condenser 220 after performing
30 heat exchange with the pre-compressor low pressure refrigerant.
These aspects of this system is the same as those in the second
embodiment; however, in this system, the high pressure

refrigerant vapor exiting the sensible heat exchanger 230 is
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23 spiad osv43dz t WO passages in a vapor/liquid separator P8DJPEmiIstiat
t he passage for the vapor phase is led to t refrigerant heat
exchanger 270 through a passage 203, and that the passage for t he

l'iquid phase is provided with a constrictor 285 to lead to 5 a gassage 205,
which is nergebliitt Angopis RgSsagest bf & NaPRrdH 1quidpepayedoref P gestatrat
exiting the r | gerant h Qﬁg}g&{: s ot S 40 nidag
condenser 220. etfr% %grs’%%ggt %gkcﬁlﬁ%ge r%sceeslésesl%?reﬁ{ ﬁ:gl%gama asglt osehl n
the first and eaafpintger 27énthdiomeyht a passagen 208 evnsbdhatothi>Pasisage for
pressure wet 10 refri.gerant vapor excha esbgeat W th post - iccant 1
process  aithe il ?gP@?b?‘ %%Yl‘gﬁaﬁ‘% rd msﬁ:ggg‘égicj%%%n §Tead to
regenerati9n g paARRNE6S ,hALcH 18 nepgedoriell 4 glddge§a@niod foal¥ higykd
I n the condenser 220, hlgh_pressure wet refrigerant vapor exchanges
heat with pre-pressuesmrefsigasant exitding jhe refrigeranehesdexphangeri270,

exchanger Z?S'Erh%mggﬁgda%%}ﬁ%ﬁé??hﬁé et dr Slocy! r@%g%? Fede eXonaiye

system irst and second e ment s,

t heref ore, pxodesddre diréf ertenceamen ddie thefse genattilon €jcke vand Isecond
expl ai ned In the foll owing. 20 Inthgﬁthiﬁg errtloé)diment t he high
pressure refrigeR ent: \LeQr s (Wi cHPE s SHPROTATATF a24Py, 1ON PLERFULE A

exiting tig %i?éltﬁr?c $8pbr 4 RNERSs RAtiwitiPbbbtldled ildéantal B pridddss
vapor/|liquid slé?)ara or 280.§The vapor is |ed throggh t he vapor gqth to
the refrigeramihpatirexéhgengsensibleo peptor BXREANIET  @3Chan§Eemdels icgant

dry, t t fri i ) . .
the compr eosor o SPHEE SR AL G NAte HOLENyien BpoRRlsatEly Toitte dite
condensed i n twaporf ramgeianthaexindensex chahgeri@y pries sume Iwetheefirdgardant

| ow pressure refrigerant t.o bhe heated has a.low specific _heat and the
heat exchange Y8 S@x%}banq%s sté?%bfr b"fjeéélﬁlﬁef‘a§§l?ﬁ8“?e greéltelfraz:l(%leéuﬁotyet
ri se beyomng theo entépréemsitile®méenpexehangepr 28oding only a linmted

armount of heat transfer. Therefore, not all the vapor js condensed, and
t he li qui d anourkhe AREER |1 &he, D F igrlatien &idgahhe system

is the same as that in the first and second embodiments, therefore,
only thedifferences in the refrigeration cyclewill be explained
in the following.

20 In the third embodiment, the high pressure refrigerant
vapor (which is almost in a dry, saturated state) exiting the
sensible heat exchanger 230 is split into two paths in the
vapor/liquid separator 280. The vapor is led through the vapor
path to the refrigerant heat exchanger 270 to perform heat

25 exchange with the dry, saturated low pressure refrigerant, which
has not yet entered into the compressor, and is condensed therein.
The amount of refrigerant condensed in the refrigerant heat
exchanger 270 is small, because the low pressure refrigerant
to be heated has a low specific heat and the heat exchange process

30 is sensible such that the temperature does not rise beyond the
condensation temperature providing only a 1limited amount of heat
transfer. Therefore, not all the vapor is condensed, and the

liquid amount represents less than 20 % of the refrigerant
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- 24 o%&l&l\‘% ate fromthe conpressor. Therefore, a smalbcg/iBsiAzAf

. high pressure refrigerant is needed to be supplied to the refrigerant

. heat exchanger 270 so that piping dianmeter 24n this path can be small. 5
" For the liquid path fromthe vapor/liquid separator 280, about 80 % of

i the outflow r fl%%%ﬁ@ £P0R 3RS bmp2Bs B8 rhY PARELEfore , Ci ISARillY amBuat! b
* condenser 220. For the desiccant-assisted air condi tioni ng_system

arrangenent, iltighs pessswbé erefizigerent isscreeded BeatbexEHBRRE&RA2I® ahpe
t he condenser 220 .be |ocated,1 ry. f . I : :
ﬁﬁzf%d'%cﬁﬁgc thea%%xg%l%ﬁg?% 27d &S Qe prléap.‘?mgaﬁléﬂ\%‘?:@%“?,fmo{:hls

directly suppl e conpressor ri‘gerant outflowto
the condenser pkth can e bypdsisi ng the refrigerant heat exchanger 270 is

effective in reducing the cost of, pipin If _there.is.no resistance,js
provided i% the pas§éﬁ%tg@5}lﬁllﬁﬁsﬁa‘&’|‘|f‘%¥m gﬁ? ?’@PPF&EF‘&HF‘%\FFF’aﬁEoEyggéS
the refriger arﬁbcﬂﬁ??O@‘GE%Bu%EQoﬁM@EQ&&tHé cbfipressoie688 Y yp&ssed
adj ust the bypass ow rate ratio by providing the constrictor 285.

However, the bijmestlnaistedihscopdenses®2ibt For the desdiceantaassdadied pig
.large flowrate of.refrigerant,i | t ts : | n t
" exchanger 270,c%'§f£][1-e]rﬂ o%?éﬁggl sa)x{faglg%gnenﬁdt %g agfe{%tg%é]kggiﬁfgugte Thet e

heat transfer g¢sndinlid ateats exqghandger 230 ambouvee condenser 22@cbedlaghayed
. by separating a dry and saturated refrigerant ci/a or.in thel . bout
. vapor/1iqlfd seea¥RY or Therefore nthe e gfpefeot d1 %‘éﬁi}é&u&fp ying abou

. superheating ofg tshg el €hé | Gpls Ar HoErageRaatsentENbet to Xhe dohdeizen 200
~high pressure refrigerant fl'owi ng through the refrigerant heat

" exchanger can e bypassing sthe eefrhgerane heat exchapgernd7pi ppngLérgtine

refrigerant heat h Mol . r.efri a ireuit.c ced.
Fu”hgﬁ by pr%vilgél(%%&gg& tl{é]cé;ons e B l?rﬁ't %grfl ?g‘ﬁ% %gt hoo?gtszgt%ﬁ@é 3

vapor/liqui d sppewided, iB&hei pabsageez0poadmoise adlsef ihe xedfirfiigarant will
pressure

TR e I L A S KL IGE T
therefore, evepetéstligy e hidgasanthbapypase fargerate rathbey providing the
constrictor 285. However, the bypass rate adjustment need not
be strict, andeven if a 1arge flowrate of refrigerant is directed
to the refrigerant heat exchanger 270, system performance would
20 not be affected because the heat transfer is limited as explained

above.

Accordingly, by separating a dry and saturated refrigerant
vapor in the vapor/liquid separator for use in increasing the
degree of superheating of the refrigerant at the compressor inlet,

25 the amouht of high pressure refrigerant flowing through the
refrigerant heat e:&changer can be lowered, so that that the size
of the piping and the refrigerant heat exchanger in the
refrigerant circuit can be reduced. Further, by providing a
constrictor in the liquid path of the vapor/liquid separator,

30 it becomes possible to secure a differential pressure between
the inlet and outlet passage for the vapor phase of the high
pressure refrigerant in the refrigerant heat exchanger,

therefore, even if the refrigerant heat exchanger is remote from
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25 tWO 98d3R4 bl e heat exchanger 230 and the condepser Zﬁﬁ:/ms/@fyl
saturated high pressure refrigerant vapor ggn be steadily delivered to
the refrigerant heat exchanger 270. Figure 6 shows a fourth

enbodi nrent of the basjc structure_ 5 of the desi ccan_t-assi sted air
condi ti oni ng 8% t28RS IRl euli’dt @Fchangern 710 @it iaandrrgen B30 sextdxy,
is conprised : £84P or, 280 Bf NMRer L Hb Qﬁﬁ{ écQgQ%e i1
(evangr)at or) %%%u?% fi rgl?'%ﬁ P e|Sgﬁ1 terr;l)-erg?' re heat eécﬁanger sensi %l y
! heat exchanged¢li@@red to athecomfirigesabtehkaat exchlanyger 2(7cn_andense|r) 220i:I
and an 10 expansigh val ve 250. to constitute the refrigeration cycle: an
in addition, a ref ?‘%%‘f%%% ﬁggvsead{?é’réé} e?‘%’ﬁ’diléneﬁ’rto\?rfdgﬁel S1c sygpcture
passage fpomdéheHeodesopantlaseibeall £X€ MLt {VARY ss¥am, in wRihthe
t he conpressor 260, so that after a heat exchange process bet ween the

| ow pressure Y3B9F §OFREESFdPNhPathPEMD SRCL 1 PR iffombﬁfb?@@.sbdr: aﬁ@ﬁﬂnéssor
[ ' | Ll I bl.e a .
hi gh pressureggt g %‘{ng ST 2 APRE 'h 22t Ek@%gpﬁf:&&%%?b%%%o@)l 8\%@, 2 £irsto

exchanger 230, the h pressure wet vapor f
condenser 220high [temperature beapoezatbangdéd, (senpiblefiégeredhamper) &f3dhe

| ow pressure ref.ri gerant, exchanges heat with the ost-desicqant
regeﬁerat i on azoseSPﬁfi i'l%erﬁfreb]s n8FBite FEGRARICRanFRNIERF Y he 2904- a8 c At

regener aldon ekpamsidmradven2sd ; Wd kongrarhard Q@le}@@?ii?&r&ﬂ%n cycle: and
refrigerant; and in the condenser 220, a wet refrigerani vapor of the

hi gh pressur et} 994t & acefantgar st hapt hexahangery ééénélsatpir@wiaja:s in
before it ent ' '

oxpl i ned | n CrePasade o Fhedy Melpstanre fand Uxditthaer ( syapprstar)
construct ed sith tohbhetdampredsama6onasertikat adfitdra heat adxchaegé procHged

whi | e straddly e o] Il passage A_and .t he regeneration
air passage é%%%%%%s%ggi %%%gs?sgfe r%g?gaﬁsnﬁﬂtsé:d’ e néEFPn_d:.he
the condibi ondompispesxer 260twicth alteigh presburbavdt eeEt i§e2ah® viSdr gk idiin
t hrough a pas&gqqﬁa 107; of the blower 102 to the desiccant whee

.oyt |
103 in the fi p&?é"&dgﬁte elt‘?%‘gi SHEURMIRT £3Passhhe 1obah( RrefauRe mat

the process atéfrigerant vapor flows into the condenser 220. In the
evaporator 240, a wet refrigerant vapor of the low pressure
refrigerant exchanges heat with the post-desiccant regeneration
20 air; in the sensible heat exchanger 230, the pre-desiccant
regeneration air exchanges heat with superheated vapor of the
refrigerant; and in the condenser 220, a wet refrigerant vapor
of the high pressure refrigerant exchanges heat with the
regeneration air before it enters into the sensible heat

25 exchanger 230.

As explained in the case shown in Figure 12, the desiccant
wheel 103 is constructed such that the desiccant material rotates
at a certain speed while straddling both the process air passage
A and the regeneration air passage B. The process air passage

30 A is comprised by connecting: the conditioning space to the inlet
of the blower 102 for return air through a passage 107; outlet
of the blower 102 to the desiccant wheel 103 in the first passage

region through a passage 108; the outlet for the process air
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26 fwemsligsdesi ccant wheel 103 to the sensible heat 8 &9&51110
for exchanging heat with regeneration air through a passage é@@ﬁ t he
outlet for process air fromthe sensible Ffat exchanger 104 to the

evaporator (cooling device) 240 through a passage 110; 5 the outlet for
process air fimm the qgspocahdrwizél @3t 86 the sdisivhid heatlBRchAhgugh 4

111; and the outlet for process air fromthe humdifiér 105 to
' The process #9* GHCReRILBAReAE VIth Eavenexafion ithEAREIGH paspaseslls
. 112, ; ek i |4 1R3$5888nEnbar1Poq
¢ conprised by tchoenngggtl:é%g?é?ﬁ%r out dogrﬁ:fc'?sllqn et %Eéél%z}%%wer 1%8 ng Fof

r egener at'i on t rtheheyaporatoas{sgoling, detéceyt 240 thnaﬁghea paisel%@;eV\BIOﬂAO
to the sepnsihlie h C ger.. 104 for, exgchangi eat Wi th process
air; thee%ut F:lerfe f(g‘?élfﬁé ?égeﬁ’é"gﬁs&n 4T FF%h che TYRPREFSTH| &4fedtc the
exchanger 10/uniidifiemadsnsieroRd at passgde 1 1 ;2apaseredouldet Ehe Prtd&ls
for the regeneratjon air condenser 220 to the sehnsi bl e heat

rom.the ! €
exchanger 23G%h the Eumlﬁ&§§-§§e19§7*}°tﬂéedEIW@@Sﬂ; oA i reutbeereenion
air fromthe ag 3 sﬁﬂiﬁxplﬁll@@ttm%e?a?{s%#é’t the desiccant wheel 103 in
egener at | Mg

t he second passage region for r e.?desi ccant material 20
t hrough a passage PX8;theheotlierehandr tthe megEmeration aairf passage B hes

_ _ ezt om sad
i ough =0 pacompripad i EoRRCEERARR B LGN Al dmisr To a asker o

adm tting outfianregeneratdonnaddprihrougidaspassghed 302he outldh! ££68m the
outdoors. In.,the drﬁ\%ngiﬂg rcled al phabets K-U refer 25 to the various

states of t h@XA4er hg sensible heatrgxchangeferktd dirxeichargine
desi ccant - asjiedtedidhl proce§O v, @RNGueYet HBAHY ngQnak}QségﬁW' Ly b].gro(,ﬂ or

explained in the foll ow ng. The refri gerant vaporizZes in e evapor
(cool i ng theyisens ible heptr @xehangen HO4 Aemhehemmdssap @2 @ athmudh om

wheel 103 o B qadOoTs f I Beelg0 PEETCAE  COR e AR, SIF HER the
exchanger 27@ongehsew Zayeso hthe wensibiie hiegit poesisamiger 230athirauRh a
vapor therei 'ﬁasté%%% em.;a;r Sth8t Qutle Sy egRe" rzegoeneration air from the
sensible heat exchanger 230 to the desiccant wheel 103 in the
second passage region for regenerating the desiccant material
20 through a passage 128; the outlet for the regeneration air from
the desiccant wheel 103 in the second passage region to outside
space through a passage 129, thereby completing the circulation
path for admitting outdoor air into indoors and discharging spent
air to outdoors. In the drawing, circled alphabets K~U refer
25 to the various states of the air in Figure 8.

The refrigeration cycle of the desiccant-assisted air
conditioning system described above will be explained in the
following. The refrigerant vaporizes in the evaporator (cooling
device) 240, by receiving the latent heat of vaporization from

30 theprocess air whose moisture had been desorbed in the desiccant
wheel 103; enters through a passage 209 into the refrigerant
heat exchanger 270, and exchanges heat with the high pressure

saturated vapor therein; then enters into the compressor 260
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27 t VD@83 r essed. Conpressed refrigerant flows i rdcr/ieg01sin
sensi bl e heat exchanger 230 through a passgge 201, and after rel easi ng_
sensi bl e heat of superheated refrigerant vapor to pr e- desi ccant

regeneration air, reaches refrigerant heat 5 exchanger 270 through a
passage 202, %dbéx&msﬁ%@t wi Gompresgieg smfinigexpnowigomssuipto the

. . . . kst
pressure ot Hos e APt GReRinbaf 230 EREBLAR AkasBoBR AT T e

~into the condesbsas P, sensibhed hehtasds supettesdted rofdegeshnen viapor to

RS S

rasm e s

the | ow pﬁl

eration air ich 10 has not entered jnto the sensible heat exchanger
;gg?nand %%h%Q&’e‘é.a%e TEHRTRWIR 13 er afi®aghes e L AT kFRF A ar8

val ve 250st hré&tﬂfhr@g@.@sﬁmetﬂ%u?ﬁ HNPEE8QgeXPBDS| ARgA RGeS $eat wt}i
reduction, and refluxes back to the evaporator (cooling device) —  240. 15
This refrigerd%y Sataratedylow peesspreai Feiirigengntwo thatvel portidhagf arhe

. ovaporator (oAt by STACheYATCHEAR prephitE Folyibhnati, gxiting

exchanger 27Cthéredfgigeramisheat 20&Hanger Zﬁmfmﬂaebilhﬁaihtbét@é@%éﬂséktz%%,he
hi gh pressure saturated vapor, 20 exiti t he ,sensi bl e heat exchanger 230;
ang i E dr awn af’?f?(Fetlﬁ ses %BSHIEJ?%E cﬁﬁggf‘@aﬁé%ﬁﬁr%%%%@?r%éoﬁoﬁﬁéﬂ@ﬁ
refrigerapt has (Ab8t @merddd®VEntdt enkhe sanahid enhaat e%e&{}gngé’f 338, ahq
pre- desi ccant .

rel eases sensi bl e heat of the superheated vapor to
regener at i on epndenges e Te candenseairafinigeranyamniverat 2he expaarsgeon

270 to exchangg ] : e refrigerant which
is yet to enter ‘Pﬁ?g"’m’%{"%‘@gﬁ §%$gé§&0§r¥°§ﬁ%%grﬁ%%xgﬁnfﬂ‘gnr%‘? P&
condenses (stzadudfion nanid sefisges bacharathe ¢WEpdpitPr QEOL Ein@ devdent
(state g-a) i 4 101 subj ect ed to a tenperature higher than the

condensation Tenperature, the 30 heat transfer is limted, and the high

pressur elSat ur at ed Mepor refrigerabeonelyicars api1eae ANHREd 2401 AGOR%e
its dryness to a . state f and its enthal py is | owered, and neanwhil e,

B $A95R SHVIh b FEIW & per RRgt s@fFigerand: yapox)izes
(state g) in the evaporator (cooling device) 240; arrives in
the refrigerant heat exchanger 270 through a passage 209 to
exchange heat (state a) with the high pressure saturated vapor

20 exiting the sensible heat exchanger 230; and is drawn into the
compressor 260 to be compressed. The compressed refrigerant
(stateb) flows into the sensible heat exchanger 230 and releases
sensible heat of the superheated vapor to pre-desiccant
regeneration air (state c); arrives at the refrigerant heat

25 exchanger 270 to exchange heat with low pressure, dry saturated
refrigerant which is yet to enter into the compressor and a
portion of the refrigerant condenses (state f). In this case,
because the low pressure refrigerant (state g~a) is not subjected
to a temperature higher than the condensation temperature, the

30 heat transfer is limited, and the high pressure saturated vapor
in the refrigerant heat exchanger 270 drops its dryness to a
state £ and its enthalpy is lowered, and meanwhile, the low

pressure refrigerant becomes a superheated vapor (state a) and
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28 Its e | py is increased. The high pressure refri Y te
f) exiti n&vq% 33’2# ri gerant heat exchanger 270 flows into t%ﬁfﬁ‘ﬁ;%/ggatrllgenser
- 220, and condenses (state d) by rel easi ng28he heat of condensation to

regeneration air which is yet to enter into 5 the sensible heat exchanger
230.  The COE@E@%JFM i geteased ENTRESIgH ?rbé%u&@ﬁ@ﬁrﬂdj\eﬂ@huq%eﬁnd
an

af ter expandi ng reduci ng t he pressure (state e), ref luxes back to
the evaporat @) exitfogokhrgredvigeyrantohept exrbasgeddilidntlomscdnte the

ent hal of .the retfri,gerant t [ RARN 20
10 i spl>/ovver EQNRRIPE ﬁébgnﬁﬁgl 5%?1{1%5?&%2 éggéggztd"?k’? g%%ég{%i&(aot he Hat?
conpressor apg tbadeAkatich tderspasdtuteideatirewhliahgés 989,to entdre into

proportion of heat transferred in the sensjble heat ea&han%gr .230 ist
i ncr eased cofp®r SENGIHeFilfRte S3CRIPIH2Ehe ahRONFOBACRSEd FftTLI9eran

transferred ichedss¥iold Rhd GhilardlPrdd (b AR 1280 ghal BELES chpandimigp drft

t he sensi bl eeheat exchanger 230 and 65 %in the condenser 220.
The oper at i oresfucting theipreasure (stabe &lir TESAUKEBIPAG to the §YARIRARA ng

a heat punp as. _a.t.hernpal . r wi Ll . 'ﬂﬁﬂ ] r rm%t a
psychronetri c&ﬁ’wgsﬂ%‘\ﬁ'iégx %eog'ur é[nSPEJZ%%?t arn natT s bggl%htgfegﬁiént ot leﬂ'
system (process tef reftaerknti gstate fiy awnthet dnllee¢ bbotke ditienmsend?G

assage 107 to raise the . ressure and is sent through a e 8 to
Phe: desi Ebantisseupred whibe THE SRENATEY: LponSirns ogith LAmERELRCrRE the

desi ccant n'a,tzgfxd'[}ﬂlessor BRE YN i Ui thle FenditiGe et fexdlthrider 230,
absolute humdity 25 1s [owered and concurrentl?{l the air_tenperature is

rai sed by  thehropbfbienoif hert keansferazgdoiptnesensiinke hest@xghanger
t i al t.at . | ' Lt
Torer bbbk Bl ba bl e BRI gl o

hi gher urers sen to the sensi bl e heat
exchanger 10shdar heransfearrddtiont S9V% f Hdeet totaElarhgating ahikitie S0 ther

(cool | nt Bevineat BRRE b e # i rery coeharser 23§ auf i & o ene
therein. Coolgshdsr¥es22)J IS sent to the hum di fier 105 to have its
tenperature | Vet edTh(esE)%Lg'aE)ioinno% r}:ehe desiccant-assisted air conditioning
system having a heat pump as a thermal source will be explained

with reference to a psychrometric chart shown in Figure 8.

20 Return air admitted into the system (process air: state K) is

drawn into the blower 102 through a passage 107 to raise the

pressure and is sent through a passage 108 to the desiccant wheel

103 in the first passage reg'ion, wherein the desiccant material

adsorbs moisture of the process air and its absolute humidity

25 is lowered and concurrently the air temperature is raised by

the effect of the heat of adsorption of the desiccant material

(state L). Process air which now has lower humidity and higher

temperature is sent through a passage 109 to the sensible heat

exchanger 104 to be cooled (state M) by heat exchange with outside

30 air (regeneration air). Cooled process air is sent to the
evaporator (cooling device) 240 through a passage 110 (state

N) to be cooled therein. Cooled process air is sent to the

humidifier 105 to have its temperature lowered (state P) in the
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29 hovo e8/4302¢ 105 by water spraying or evaporative hunPGiriyPesaiidon
in an isenthal pic process, and is returnedgo the conditioning sSpace as
supply air through a passage 112. In the neantine, regeneration

of the desiccant wheel 103 5 is perforned inthe follow ngmanner, The,

out si de ai rt bupddddder 103P¥ MRy SPLEY 180 OF faRPT§Livehunidificathen
bl ower 140 tRQroygh; 3%&] t 1€ SEH! €neddhnd 0
t he sensi bl elﬂl gghhle%?nggacgg%% 1%‘%% W%edrégil% f gﬁrrg%gneraaﬁlgn al (?J?%J(?)(g{ﬁs'nghe
process air wpake asi supplyt s iowthrovgr & passatatkElldR), and 10 the
regeneration air then _sent to the condenser 220 through a. assa ,

i s heated by the wef F@?r’?w&mevﬁﬁﬁeqe?f?ta*% Oéqt%ﬁgetséfﬁﬁ Uf‘ggi( i_&gte
S).  RegenenatpOPreimed®Xin tR fdlowingRadaBEer FHE diitd Bdk b ri 8 beensed! e
heat exchanger 230 wherein  the regﬁneratlon air tenperature is further
rai sed (stat@smjeasnerytion adgpestate 8l ieArayarinto asoplavwer dfdhthrough
passes through | visi.on.af %Sbf%§g n I e '

t he rege%e?%??%ﬁgglr%ic\e{:gsk%g?gt%ﬁ 0 esdr %P#S%ghseérgnéoiédt)ﬁpg,é%ﬁ%%m

i s di schar gethelat actiategdhr bOgh whpzeiagdh regenerationAlatiougpdols the
desi ccant - assi sted air, condi.tioni.ng system may 20 be operated L mpl
repeating t h®THCEEEs S SRS T : _ ltsd%ﬂ?ﬁi?“&ﬁ?%ﬁﬁ%htﬁﬁ?%yﬁhg ﬁﬁﬂ
cooling 1af PrOEETegeneraibn air Bhehi seffbedi BBt condaf¥eaPPROAEArbEghaken
so that the ratio of the heat added to the regeneration air in the,
sensi bl e heaPassagexdidngds heatasd thyatthe, wete r&f?@eﬁ‘%’é@nfzmpgrﬁ@aﬁ@éet 0
be 25 35 % % [ A58 the he : Qathes re §9$h | O

air in the sé:(r?;% b%%ﬁﬁ%g%{ég%hg%er 23 ,)'as %%%%’S?gg‘é&g O\I;%J.'f ¥ lglyefgpg,
t he tenper at wondenstere 220gisdrent itonthersemsilbke heati exchasgrehegondhehnein
condensation tenperature hy the actiaqn of the.s L ble_hea I th
cuper heat ed Ao Fedindzaritn 18,° Cenbrure SORPEINE FalS8h, [ERThPoRess
is inpraved egnpheesupéihedbed refricmmait vapalr aparoeeh.itlpassesl thbéugh

; | ai i he f ol ] i t ual | e. [ 9
?)s(paalgp:ghl gl;‘;t;}ﬁerfy?\pjeqojavgx?gﬂg hFBESI I 4 6rllct: uv?heeel).(a%3efor perform:l_:rllgu{:ge

regeneration process (state U) of desorbing the moisture, and
is discharged to outside through a passage 129.
Although desiccant-assisted air conditioning system may
20 be operated by simply repeating the processes of desiccant
desorption and dehumidifying and cooling of process air, but
in this embodiment, a new approach is taken so that the ratio
of the heat added to the regeneration air in the sensible heat
exchanger 230 to that in the condenser 220 is arranged to be
25 35 %: 65 %, so as to increase the heat added to the regeneration
air in the sensible heat exchanger 230, as described above.
Therefore, the temperature of the regeneration air can be
increased beyond the condensation temperature by the action of
the sensible heat from the superheated vapor. It is obvious that
30 the desiccant desorption process is improved compared with the
conventional approach. This will be explained in the following
using an actual example.

Figure 9 1is a graph showing relationships between
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30 t eqpe e and ent hal py changes in the regeneratio | : I n
t he high p%&%@{gg{“r efrigerant of the heat punp serving as '}&léjpgﬁyﬂgn

hi ght enper at ur esource forthesystem shown i n3&i gure 6. Wen t he '
refrigerant and the regeneration air exchanges heat, changes 5 in the
enthal py for refpl a rgﬂ@@§ | ORaRgEs @ik £th8 regendPBthBRAHSR and
i nput and out pg%ﬁ%ggéég%g gg?ance : Bg,&l so?ﬁ%i? under%oes an _
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so that the | atpatrd¥adigdianit and the pégéherat iph diacerehahgeszedta) changes
Therefore, if the tenperature at the reﬁeneration air outlet .is
deci ded, tRe té&mpEhatgpEhalpy forcpefEideraftaphRdaregrBesglion giri gLe the

sensi bl e heat gﬁg@igaeause i%%‘rﬁé:cg?xd?ﬁ:ﬁtﬁﬂ“ﬁéﬁg drOM50ghaBH . DahEBEE, air

regardl ess of t enper at eated refrigerant vapor taking
part in the unfeagoesarshpproximately com¥eant speciifiicrhgat s ans iinks hegs

refrigeration cycle is as_s L0 _Fiaur t f .
regeneration affange REOrHRzs ¥ g"?‘\g&otglﬁegggﬁge s.éear %%T@%rﬁ %(rét%r %@hﬁgﬁnﬁe
refrigerant 20jigopHENBEGLHS, tRDEhet ve€rigebanteindérgess ratent hes well as

condenser 220 .in the heat punp to be operatin ai_‘ thermal efficiency
of 80 % 10 Fﬁé%Pé?eh?aEﬁtaé\ﬂepPBeG@%eﬁrt%‘?rﬁéﬁagtG & Jatept hegtporsioy
be: = : 109h= rij€.

regeneration alorf 1|;1%e %Pehdﬂgmc§ﬂégglooﬁ%223%ﬁ%¥)'f th klllgrt@gto [;@’ ’ lgthhéegte hv%ie:r%%tuﬁee

super heat ed vaptr theheegenprabionecailx cutlkebtia slecided) jtheyitemperature of
Tt = 60 + 20 x_35/65 =.70.8_[er Ther r rati Wl
heated to a teﬁﬁgﬂ‘? raé“'\%% 8%%3%‘&11%.%“[1@@ Yty SR At Bycnahger

err] C higher an t he condensati on
tenperature of 289 fenrb€ calculated frismbrtearns) iHalsmme d degyanuileshd leeft the

haust air_f [ diti . h 1 dely Db
For desi cdint | Compengtnrs PR EnGFaned Re i Betnr BB EnE NG AL 18 Che
process my  heat\WRr3®s42e24
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Therefore, in Figure 9, when the refrigeration cycle is

as shown in Figure 7, the temperature of the regeneration air
at the inlet to the condenser 220 is 40 °C and the refrigerant
20 condensation temperature is 65 °C, assuming the condenser 220
in the heat pump to be operating at a thermal efficiency of 80 %,
the present system produces a temperature Ts at a state S to
be:
Ts = 40 + (65-40) X 80/100 = 60 °C.
25 If the regeneration air is heated with about 35 % of the total
heat with the superheated vapor, the temperature Tt at a state
T is give by: |
Tt = 60 + 20 x 35/65 = 70.8 °C.
Therefore, regeneration air is heated to a temperature which
300 is 5.8 °C higher than the condensation temperature of 65 °C.
As before, it should be noted that exhaust air from room
air conditioning process has widely been used for desiccant

desorption, and in the present embodiment, such a process may



31 be applied to achieve the sanme effect. Figure 10 shows
afifth enVENSMBMRA4. In this system the vapor conpressiErT/ieshizawnp
section is conprised by: a conpressor 60; a | ow tenperature heat
exchanger (evaporator) 240; a first 5 hi gﬁ t enper at ure heat exchanger

(sensi bl e heat exchange) 230; . a second hi gh tenperature heat exchanger
(condenser) a?ﬁ Bﬂflgg ta, pEhirYA 59?v§39809f28°50nst|tute a refrigeration

cycle: in addi rigirethe sidwd aeralit) embdBiddtit Nefn i LGS
“refrigerant heat@gxchanger 270, in the passage bet V\I/leen t%e Io@em' the

t enper at ur e 1VAPRE LOMBLEFFIGIY h?%ﬂ@p‘@mwqunasmnpneseQMeawmgﬁﬁihsm

heat exchanger (50! FPSLEEREREEtREC oA AERUERY, (B phigker k407 4 Thesk ©

i exchange it hhigk pempenarp\nesslmait @xqitanfay § seafyilges aféat exchalfiiSE 230;
; aspects of this s st niﬁ‘ p sanme as those in the fourth 15 enbodi nment;
" however, in ®nhFEC° gs &ah temperatRre heatserghanger; ¢rondenser vadd; an

exiting the 86ﬁ§a§éﬁoﬁeaaleéct@ogeﬁo2§Qns§1tute 8PLbk i BEPatWRPAZRAES

a vapor/liquid seEarat or 280, so that t he passage for the vagor phase

is led to theaddi %@@fé:rhteI\%ﬁtlgeratw@na'ng@rflmﬂhehnmwgim@s;ms:ﬁgag&&nt

| Constrictor 2Beet e 270° i SHe pRCETe athets e et chmpenature

| passage 204 fbeatFHdha;fger (evlapenutbmrzimagﬁ:l&mie eshmpiregsbhes 5 6f é&%fhad%t
heat exchange ath is led to the condenser 220

he ner
heat exc hangeJéhe lg&%’&%%%‘é’ée gﬁég’f?l@p%%ﬁ@’é{% VARGZ ¥kt ing from the m&m@&

i.e., 25 in hegt uanRimjedf 22¢61dwiViRE8SERK eottle r
exchanges heat with post-desiccant 163 pr ocesg ai rr{s@fx;hﬁﬁ Mef’gg‘ifforlmlng

. heat exchange?e?%@m&aéwew-‘ébéme PEGeRONRLESF Ol Low prapaizmges riigatranitt.h
et refri §Sr;ﬁ‘§é€§§%f¢%’x£§’%§2§ SoYRet e she BRHRCAR 1850 1 TS EBuE e,
i sensi bl elheat emkedunent ; hovzaoer, in thlsThsysmdma,nl Me Nhiildd apkessure
glmrgggl ﬁteln'f)g S}E%gzr‘zg% gr?tz%%égrm ex:.w%s egé%érgs1 16 gealtnegzggagrgg\g 930 is
PCT/ JP98/ 01314plit into two passages in a vapor/liqui4 separator 280, so that
the passage for the vapor phase is led to the refrigerant heat
exchanger 270 through a passage 203, and that the passage for
20  the liquid phase is provided with a constrictor 285 to lead to
a passage 205, which is merged with a passage 204 for the high
pressure refrigerant exiting the refrigerant heat exchanger 270,
the merged path is led to the condenser 220. Other heat exchange
processes are the same as those in the forth embodiment: i.e.,
25 in the evaporator 240, low pressure wet refrigerant vapor
exchanges heat with post-desiccant 103 process air; in the
sensible heat exchanger 230, pre-desiccant regeneration air
exchanges heat with superheated refrigerant vapor; and in the
condenser 220, high pressure wet refrigerant vapor exchanges
30 heat with regeneration air yet to enter sensible heat exchanger
230.
The mechanism in the air circulation side of the system

is the same as that in the previous embodiments, therefore, only



j the differences in the refrigeration cycle wll be expl ained in the

i foll ow ng. In the fifth enbodi nent, the high pre

i refri gergn‘?ogslﬁm\iapor (which is alnmost in a dry, sat ur at edﬁéy'g? *Y‘"é&‘. ti ng

! the 5 sensible heat exchanger 230 is splB2 into two paths in the

. vapor/liquid separator 280. The vapor is |ed through the vapor path to

i the refrigeranhehaaffexehaegein2¥fet Pepeiferathoal cycle @1ahange edigih itdi@

“dry, saturated | ow pressure refrigerant, which has not yet enfered
into the corrprl85§g? foddoMdngondensed therein. 10 The amount of

refrigerant condensgq ifet BgrEgf éinBS&iﬁlEnEeaE ggaeg%g%& 2045 m:

because the | ow pressure refrigerant Ras a1 ow Spec
heat and the mMepPrexwhanbeipraktmest in a |d§:ys,ers£atiﬂmatmmrsﬂdtm tebﬁtlng the

 providi ng Son SeReTBtet BRI AR 430 oE8 T PRISFertREo AR BRENS ndp e
the vapor is vapdem&dulanﬂepﬁt&ator 280.qUirH eai@pdE f@&éﬁsﬁﬂiéubﬁsﬁhé Raip o0
% of the refri erant outf]ow rate fromthe conpressor. Thérefore, "a

smal | amount BRtD to (kg ¥plcigprantef heatr sxchpngeze P tr bEesﬁpptmh éldiattg
i |
j the refrteqehaﬂbefwfeh enehggpeéﬁ%ﬁgaéed Pgeggﬂged%e vaféﬁ‘ﬂq. how%

" path can be snal romt QUl
separ at or 280has not'ay)etutemmdointmtahetﬁdlﬂpresmm, andnist dendenped T ian

" be b d di Ly he ¢ enser. 220. . For the de |ccant aSS|sted

i a|6r ypas§§ndl PSn:a%“g%s’}gtf F&?geé:r?éﬁ:t cqndensed 1n Hhe FR Flgﬁ§a2§ heat

. sensi bl e heat erehhagger 22601]§ngmhm$ faadaﬁslertﬂaolga Feéabaée &ea‘:'ﬁ%"é%ént

{ Th f t he 0 irectly supplying abou ()

corer{)rGegggr reFP%eeﬁSgFgg[}'ﬁq BvtabsPReLEdRdiaftepnd e heagexghrnge pyocess
refrigerant heatsexsiBI88ucl Arat %Bteee&fn5@rat3r§”d689%£‘9:£§1§ b%xptthe

~piping. If there is no resistance is irOV| I n the passage
. almost all of CPﬁéeﬂéﬁtngérfeﬁmpwaﬂure prbypelssgtdmly eflmgmemambam of heat

exchangen 52704 £ HE or & fér 9 ust th s flow

rate rat |lo bytg%ov?g?ng 1?1 © cons %‘8%’ %7 n?ﬁé"ét?%;aéélq'ﬂ’@
adj ust nent neédqgnod amounmxwm&s less than 20 % of the refrigerant
PCT/ JPo8/ 0131gjutflow rate from the compressor. Thegx’:géfore, a small amount of

high pressure refrigerant is needed to be supplied to the

it 4

refrigerant heat exchanger 270 so that piping diameter in this

20 path can be small.
For the liquid path from the vapor/liquid separator 280,
; about 80 % of the outflow rate from the compressor can be bypassed
directly into the condenser 220. For the desiccant-assisted air
conditioning system arrangement, it is desirable that the
25 sensible heat exchanger 230 and the condenser 220 be located
nearby. Therefore, the arrangement of directly supplying about
B0 % of the compressor refrigerant outflow to the condenser 220
by bypassing the refrigerant heat exchanger 270 is effective
| in reducing the cost of piping. If there is no resistance is
:; 30 provided in the passage 205, almost all of the refrigerant will
bypass the refrigerant heat exchanger 270, therefore, it is
necessary to adjust the bypass flow rate ratio by providing the

constrictor 285. However, the bypass rate adjustment need not



be strict, and even if a large flowrate of refrigerant is directed to
the refri gwoH843¢dat exchanger 270, system performance woul (PCT/JPIRO131be

af fect ed because the heat transfer is limt as expl ai ned above. 5
Accordi ngly, byseparatingadryandsat urat edrefTi gerant vapor in the
vapor/liquid separator for use in increasing the degree of superheating

of the refrigdraatricts Radevpr dfsblargedilov rateqf sgarEEAgesANY bhadressede
refrigerant fl.ow ' n e %ﬁ'?ﬁ%@fﬁ?&h
Iowergd, SO ttﬁﬁwtﬁ %a)%g%ﬁg&%é%@w ato% %hégg:égi %Z:]Bé?lé&’ the re rloger an(%@ﬁ’ggtld

exchanger in tiut be afifdatieggbbantusertthe hea&ntiens felndedl ikitedeas elrplained

providing a constrictor in the liquid path of the vapor/liquid
separ at or, ahQVeyecones possible to secure a differential pressure

between 5 the inl gfccihaigle! bpasgrtadtig by apars acer &d relfe igiedantd

pressure refrigerant in the refrigerant heat “exchanger, | t herefore,
even if the refapoeriantthee yapexdAdaydd isepagpdior ffiogmuse imhdngxessying fbs
exchanger 230 Qﬁﬁe‘éf . . r ' :
refrigerant va%gofr%glaﬁfgs&%%t ea ﬁl)%/?g%fq;c}llg?%%]r%%e?%ﬁ%%?g ﬁog@r%t e%ﬁlet’
exchanger 270.tR® amount o&frkighf pressurer dedidigemenit ablewiegr theoagh the

conpr essor is.to be uysed as a compressor 260 in.the prese i nventi,on,
oot % of ERAT AR NERty SRS RRABE S S PE LOVERFde b EOGSoFBat it 5428
the infloywgrefds gehantpigik@olandetnel vefPifdrait t heatonekehsfber in The
t hat overheating of the notor nay be a concern, but counter 25 "“neasures

can be taken teeEobgexart pieruibly eanpchearedycedw Furphessub¥ prPvidiag a

refrigerant in,gndagketof O{Mé‘rﬂ'{;’?ﬁ«% E’%t}sht Fifgl%%;r)b’?F’owj‘%{“q'%%gpta%tor’

refrigerant. cabiTity
The present i niertecomes magididle thosegsreas difdierentialc poeistsuns bgtween

cpparatus |1, UEHEL FSLIERS Bl UL 082007 £hTRL ppporlhdelEE e %

li ke. 150 98é4390Pd refrigerant in the refrigerant hed€l/ $RIHaRLRY],
therefore, even if the refrigerant heat exchanger is remote from
the sensible heat exchanger 230 and the condenser 220, a dry,
saturated high pressure refrigerant vapor can be steadily
delivered to the refrigerant heat exchanger 270.

20 Here, if a commercially available refrigerant compressor
is to be used as a compressor 260 in the present invention, most
of such commercially available refrigerant compressors utilize
the inflow refrigerant to cool the drive motor of the compressor,
so that overheating of the motor may be a concern, but counter

25 measures can be taken to cool the motor by circulating low
pressure saturated refrigerant in a jacket formed around the

motor or by spraying the refrigerant.

Industrial Applicability
30 The present invention is suitable for use as an air
conditioning apparatus in usual residential buildings or larger
buildings for use as super market stores, offices or facilities

for public use or the like.



CLAI M5 1. ~An air conditi-oning system conprising:

a process air age f ' air; 5 a @bien air
passage fo Ofﬂ_sg\;g\‘nﬁag regg;m]"ﬂ"lyaimuﬂ(nérﬂ[ a desi ccant ev%e whi ch
e mooswWif

can be sel ectively conmuni cat ei¥her said process air passage

or said regeneration air passage; and a heat punp device
for supplying a heating heat for 10 regeneratM®g sai d desiccant device to
said regeneration air, sai d heat punp device having a conpressor and
wor kabl e on process air as a low tenperature heat source and

regeneration air as 2 ) oy f AR NG Ly SO C€omprising: ~ Wherein

super heat ed vapor of a"conpresseéd refrigerant”1 flowng out ffromsaid
conpressor is used toahpadcespoairopassage foreftowingi progessi aizai d
regeneration air passage upstream of . sai d desiccant device. . ..
2. An air>conditionfrigf ok R0 Gridhi RGSERIE Y hn LW FRISAGF AR 21
systemis construct eda syicdl ddiat Seivilcdeqheehnéan be sdaeiord viedC eommindahited
with at |least a first passage region for | perform ng dehumdification,

] of said processwith, eitherofrild Progrss Ajd RAFTHIT OF F&IbIRITReF FGLOF alr
regeneration prggggg St nd sai d desiccant device and a third passage
region for perf na #288% second regeneration process of said desiccant
device, and said adéwiatc gnimpledevices foesi suppl ving hat heateisigchaat for
mat eri al uentiallg assgs sai,d fi second and .;third p

regi ons; tH& :ggﬂeﬂﬁﬁﬁt? HB@P& uﬁ@sﬁgﬁ%négthécgft?aﬁalﬁegfgené¥%§§§§ air,

device is conpriged kafuhpaidvid®nhedhgexebapgessortaidtorkiblesan process
outflowing refrigerant "from said congressor fl ows successi vely
X

from said firstaiEgnst anpevaterperakurexbratgsrurce ang: Fegen@raddeoiy HifgiRs
tenperature hea a X r ation air, after flown
oo S Sor{is, paag) gecaed 9

t hrough said secon
PCT/ JP98/ 01311 wherein superheated vapor of 3§ compressed refrigerant

15 flowing out from said compressor is used to heat a portion of
regeneration air in said regeneration air passage upstream of

said desiccant device.

2. An air conditioning system according to claim 1,

20 wherein said system is constructed such that said desiccant
device is communicable with at least a first passage region for
performing dehumidification of said process air, a second
passage region for performing a first regeneration process of
said desiccant device and a third passage region for performing

25 a second regeneration process of said desiccant device, and said
desiccant device is designed so that a desiccant material
sequentially passes said first, second and third passage
regions; that said high temperature heat source of said heat
pump device is comprised by at least two heat exchangers so that

30 said outflowing refrigerant from said compressor flows
successively from said first high temperature heat exchanger
into said second high temperature heat exchanger; that

regeneration air, after flowing through said second high



tenperature heat excha [ I" [ Eo two passages so that a
po?}t)i on ofW§bﬂ86392dgene::lm“”rmmlmlfllll M“ hrough one passage pcr/upsglopsigai d
second passage region to parfernmsaid*irst 5 regenerationprocess, o
andr ermai ni ngporti onof saidregeneration 5 & r, after flow ng through said
first high tenperature heat exchanger, passes through other passage
]into said thi pgelaa%agere hea?@@ﬁniﬁlperlﬁ)ﬁmlsm dngec twe pegeageatspntréat
brocess. a portidn ofAadii’ r68RAELRATLAISYSARACHH AN (s B 2
10 wherein said desiccant device rs tormed as™a rotator. _ ;
An air conditidntag sgidensecend dipassage! ?reqa_'l%n to\é\k;ﬁétﬁdmahﬁ%%e J?isrst
refrigerant flow ng into said conpressor of, sai .heat punp )
heated w th a SSPRREFAHLOR RO Lonp SENALES PFEigBatPaLs e ion
d i nGeF ; : - highn
tenperat ur g of agpppagseed £1eks h@emtaﬁfough said firs® hlﬁﬁ‘ _t%kn?eatf{{éi d ?&ﬁ%

system according to claim4, erei'n sald system cofrpri se eas

heat exchanger8*SBangery passes Ghé@ﬂlrgfb%hgrrmﬁﬁs'@@ae a‘ﬂrtd sat’rds*tahﬂrdhpastsage
Lvel . [;0 ' irst hi t enperature hea
compr essor 1 opsqZn eucheERbkAl KabhORERNA Cublh Ll demmeLalye oot

exchanger I nTo tenperat ur

refrigerant flowng into said conpressor is heated by heafm_ ] exchaniggat o
with a refrigerant flowing in a refrigerant passage, i.ch communi
said first high tenpétaturd®Hdht %9(’&%‘\ hieRing sM/th—ﬁmséF:&°§éé@ﬂdtm gHaim 2,

tenperatule herhe£xLhasged  desiccant device i fdietCRd 4 %g}% stem
according to claim4, wherein said system conprises at leas Wwo heat

exchangers so that said ouftjdlé)w ng Lgf rigerant from ﬁaig'? ggnﬁgﬁszcr)r
flows 30 successively fr s , egperature heat _ ,
into said second high te_rrpolgg# ature %%%i’texlg%éﬁggy,{:%ﬁdfgcor 108 °gé’8:%~h“‘ 1,
heat exchangervhergin\$alkd refmidemanpt efkowing int®fdd PR IRMpAAESAIOE said
conmuni cati ng ﬁleég‘%m%';&tc%r %s eéiéted with a saturated vapor of compressed

15 refrigerant to raise a temperature of compressed refrigerant.

5. An air conditioning system according to claim 4,
wherein said system comprises at least two heat exchangers so
that said outflowing refrigerant from said compressor flows

20 successively from said first high temperature heat exchanger
into said second high temperature heat exchanger, and said
refrigerant flowing into said compressor is heated by heat
exchange with a refrigerant flowing in a refrigerant passage,
which communicates said first high temperature heat exchanger

25 with said second high temperature heat exchanger.

6. An air conditioning system according to claim 4,
wherein said system comprises at least two heat exchangers so
that said outflowing refrigerant from said compressor flows

30 successively from said first high temperature heat exchanger
into said second high temperature heat exchanger, and a
refrigerant heat exchanger is provided in a low pressure

refrigerant passage communicating a low temperature heat
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t hat sai d refri g£e4r antﬁ \m\m% sal d conpressor is heated tﬁ'hough

heat exchange with said refrigerant flow nd8n other passage of said
refrigerant heat exchanger which is led from5 a high pressure passage

whi ch comuni exicd@ingRird offl IsHidingat puntgﬁnmrmejrv&ﬁmaiam(dmmsmr hsweti d
second hi gh terrperature heat exchanger

condi ti oni ng $pdtemadc sefirigarant £1awing dntghaatd, %%‘?QF%%/%‘T%&%O‘WF%%S
at |east two u?fﬁhﬁe%g‘.ere%c?ﬁnge Wit swidl st qudiee rﬂdvbﬂ@éaiﬁ St e

sai d conpressor fl successively fromsaid firtst hi t enperature
heat exchangemassagentaf saiidl ssforigenagt t@ﬂkr@t%@%tw }ha#'ge]lfed from

Foi 11 gorart pdb ol uRE eho RERBRFEACR dp i, TSR LrePed Bt EHE i

of said heat psipedemine Hddt sichamgr asbith ,saidl secondeibyin t?emperature
vapor/liquid separator is provided in a high pressure passage which

. comuni cat es @aF 9¥hang&Hr t enper at ure heat exchanger with said

second hi gh tenperature heat exchanger, such 20 that a vapor phase of said

" refrigerant is separated in said vapor/liquid separator and is led to
! said refrigerant heét. Aexmmndmmmwstem according to giaimré,

condi ti oni 9 S St & a%ﬁ%ﬂqd a:eQn %oﬁtgglseszgt WAgLE! BB Hég dg%mggﬁﬂégr%agg '

passage f arat or I's comruni ca
refrigerant h&ﬂiatexsﬁt&mg@tﬁtflow:\.ngnﬂeﬁrﬁger'ahltctf@:lbndésaiccb domprensdaiedf lowa

l'iquid passage from sai d vapor/l] separator such that said assa e
beyond oo - SUCGRARAYEL GHEQR AAIA | REFRE JLiblor £ RS SOWF G IeR et Bange

. refrigerant 30mﬁ’@p§éuﬁ’a§éé<9ﬁ‘dbﬁigﬁdtéﬁb@r'éQhrr'enge%tt ditarfychangesreid a
: nerged passage 1S communi cat e

w th said second_hi gh terrperature heat
exchanger of seg¥rigerapunpeasyiexchanger is provided in low pressure

15 refrigerant passage which communicates a low temperature heat
exchanger of said heat pump device with said compressor, and
wherein a vapor/liquid separator is provided in a high pressure
passage which communicates said first high temperature heat
exchanger with said second high temperature heat exchanger, such

20 that a vapor phase of said refrigerant is separated in said
vapor/liquid separator and is led to said refrigerant heat

exchanger to condense.

8. An air conditioning system according to claim 7,

25 wherein a high pressure vapor passage from said vapor/liquid
separator is communicated with said refrigerant heat exchanger,

and a constrictor device is provided in a liquid passage from
said vapor/liquid separator such that said passage beyond said
constrictor device is merged with said high pressure refrigerant

30 vapor passage beyond said refrigerant heat exchanger and a merged
passage is communicated with said second high temperature heat

exchanger of said heat pump device.
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10. An air conditioning system according to claim 9,

20 wherein said system is constructed such that said desiccant
device is communicable with at least a first passage region for
performing dehumidification.of process air, a second passage
region for performing regeneration process of said desiccant
device, and said desiccant device is designed so that a desiccant

25 material sequentially passes said first and second passage
regions; that said high temperature heat source of said heat
pump device is comprised by at least two heat exchangers so.that

said outflowing refrigerant from said compressor flows
successively from a first high temperature heat exchanger into

30 a second high temperature heat exchanger; that regeneration air
flows successively from said second high temperature heat
exchanger to said first high temperature heat exchanger, and

then flows through said second passage region; and that and a
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vapor passagBeftogxrshadgezpor/|i quid separator is comunicated with
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in aliquid passage from said vapor/liquid separator such that said
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12. An air conditioning system according to claim 10,

15 wherein a vapor/liquid separation device is provided in a high
pressure refrigerant passage, communicating said first high
temperature heat exchanger to said second high temperature heat
exchanger, so that a vapor phase of said refrigerant is separated

and led into said refrigerant heat exchanger to condense so as

20 toprovide heat to said refrigerant flowing into said compressor.

13. An air conditioning system according to claim 12,
wherein a high pressure vapor passage from said vapor/liquid
separator is communicated with said refrigerant heat exchanger,

25 and a constrictor device is provided in a liquid passage from
said vapor/liquid separator such that said passage beyond said
constrictor device is merged with said high pressure refrigerant
vapor passage beyond said refrigerant heat exchanger and a merged
passage is communicated with said second high temperature heat

30 exchanger of said heat pump device.



