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1 Description HUM DI TY CONTRCL SYSTEM Techni cal Field

5 [0001] This invention relates to humdity control

systens for dehum difying and humdifying air by

means of an adsorber. Background Art [0002] Known

humi dity control systens fof controlling the

tenperature and humdity of 10 room air include

desi ccant hum dity contr dDessyiptiens usi ng the action of

noi sture adsorption of desiccants. [0003] For

exanpl e, a desi c EHAVIIDUFYdCONWIROLSAS BNt em conpri ses

an adsorption elenent for adsorbing and desorbing

noi sture in roomair and a refrigerant circuit for

controlling the tenperature of roomair. Roomair |et
TechmitdldFieldsi ccant humidity control 15 systemis

hum di fied or dehum dified by the adsorption el ement |
[008hH HBus davantionowslases thg kumidest caniohatygemsi fort Hehumidifying and

refrigerant circuit. The adsorption el enent having

humititringeair hpmseng of anjaglsether nmal |y regenerated to recover

its adsorption capacity. [0004] The adsorption el enent

of the desiccant hum dity control systemis conposed

of a first adsorption elenment and a second adsorption
Bagkgnesnd Antn dehum difying roomair, for 20 exanple,

i n_sumrer, the desiccant humdity control system -
[009d or oy hwmighity coptreloasieRisHonepiteding the femaprraiurs gndhumidity of

el enent and, during the tinme, thermally regenerates .
Toqnh RIS JREJHEE  dedisernot BRIAEY eRIHEC] SHiEHLS Lfipg, thg actioh of moisture

pr edet efrcgi,ned ti me has passed, the desiccant humdity
ad gt dedist s adsor bs noisture in roomair on the

0 adsorption, el ement and, duri the tine .

(oL e ot e ity o] ypei cianBiies, an jagsorption

ot her, words, the desiccant 25 hum dity.control .system. .
CIegSEF SR PRENg APd CosHinteLBORN A S SV PR 2 A8t drisReena Circuit for

co%goﬁg%? tegfetg{f)%%ﬁ?rlgteogfrggrixdg’%tr lg‘t[)cip%tna%i’;\}r%a li“%] %lgc: %gﬁiéc\égt humidity control
o SRITEDELD A0S0, gD BARN AP o i by

heé:t%)n&}rla%l ers%.sc[ﬁﬁ géuf{igé}aﬁt%%\iﬁ.' ?‘hecgd%f:p?iloﬁ eldent? Hmﬂé b¥sofbed moisture

room arr W
is thermally regenerated to recover its adsorption capacity.

[0004] The adsorption element of the desiccant humidity control system is composed of

a first adsorption element and a second adsorption element. In dehumidifying room air, for
example, in summer, the desiccant humidity control system adsorbs moisture in room air
on the first adsorption element and, during the time, thermally regenerates the second
adsorption element. Then, after a predetermined time has passed, the desiccant humidity
control system adsorbs moisture in room air on the second adsorption element and, during
the time, thermally regenerates the first adsorption element. In other words, the desiccant
humidity control system operates the first and second adsorption elements so that both the
elements alternately undergo two behaviors of moisture adsorption and thermal

regeneration while changing off with each other (operates in batches). Thus, the desiccant
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exchpnast mseﬁoﬁor EFEPRIE

deteriorating dehum dification performance. [0005] The
refrigerant circuit of the desiccant hum dity control
system essentially consists of a conpressor, a
regenerati on heat exchanger for regenerating the
adsorption 5 elenent, an é&pansion mechani sm and a
heat exchanger for heating and cooling roomair. The _
hungiditpr exswl , systeen heatinexshangekslsatie thhmidigpafsiemm air without
mechani sm are connected to each other via piping. The
detergfratingadchnmidificgiontpeofoenances on a refrigeration cycle
by changing the state of refrigerant charged in the .
[00p5 i Ate wieliligerart ecirauftr pfdherdesictant (iuanidiy i qentrpk spsiemngssentially
In the refrigeration cycle, heat of condensation of .
consisfsr ofge campressprt hgegangeation dtepbexdhenger for esesherageg thesadsorption
used, for exanple, during thermal regeneration of the i
elemduipaptxpmsioh emshanismeand 7 beat exehipee, fop hgpimespd cooling room air.
Unexam ned Patent Publication No. 2003-97825). [0006]
The cnprigbsonsthe bedexehinger angdithsexngasian Sveshansnarhepnngetey to each
control system_ however, the refrigeration cycle OL i
othetheia méping g Eheare{tiggrant Aicuiwperatesion heefHagatien Bycle, by changing the
for thermal regeneration of the 15,adsorgti n . .
statg| of refitgeraph charged dy by pipipg vdlerthe relgeriant 1{8}2@6# i Pr@iping. In
refrigerant circuit |s R22 (CHCO E2),. . which is a i
they eefigegatiom cyelemieH| §f (FOREETSHIG ShieHigFTaH 1) thgteggperation heat
syst ens, sufficiqy ) unt . of heat c

UeiogaRam Feorrriore HRegrppyagcloment (e
for BTl LR BIed F BB SRR G B 008 B2 hur di ty
100f3E" sotmbnsdd B PRt o i ne above poi nie and.

amount bt KPS R oulh Pl sy O EFRSriddAion cyel
of BB SR ey dfkdn b ATCRR, 15 B, RpebMjon of e
g FARCTBERE R ichiRy” HEBE ARt ARl B EReireui i R22

contro ormance o

(C]?éﬁ: i %i&fg%%frig%éﬁteégmlﬁénlgﬁgd ﬁf‘HﬁMimﬁl ty ct:oontrol systems, a

nvent i on present "1 nvention I ntends

suffiDehE ARGyl 6t ]ggrfﬁ?ld%nogfberkgﬁﬁjnécpf rttg%mlregén_eration of the adsorption

regeneration an adsorber (80) by providing a |arge

cledRNS! RL & healt, 2008 LB e HEhbbRRr Mt the humidity control system

deteriorates its humidity control performance.

[0007] The present invention has been made in view of the above points and, therefore,

its object is to extensively increase the amount of heat for thermal regeneration of the

adsorption element in the refrigerant circuit of the humidity control system to improve the
efficiency of regeneration of the adsorption element and thereby enhance the humidity

control performance of the humidity control system.

Disclosure of the Invention

[0008] The present invention intends to increase the amount of heat for thermal
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(106) in a refrigeration cycle. [0009] Specifically, a

first aspect of the invention is directed to a

hum dity control system which includes an adsorber

(80) for controlling the humdity of air to be

processed 5 using an adsordent and a refrigerant

circuit (100) for operating on a refrigeration cycle
regamsdatidres el ddgorberé@0e batpesviding adaige stresiblé B&dt zan¢ R hfvatrefrigerant

of refrigerant (106) in the refrigerant circuit

- (1061809 reffi fddtin dyetet her, the humidity control systemis

characterized by belng configured so that the

[0098hsiSpeeifioaliy, @ dne {sPyctfafi thehiavendioni igedizasted( t08)humidity control
| arger than that for R22 when 10 conpared in terms of

systepf mihipdr iatudes oyadsesbeh 880) for subrotimgtthe himidityeofsdnte be processed
di scharge tenperature (B). The discharge tenperature

usipBpn pdfoebat tod & hdl‘lgemp@ﬂmum(éo@ffor efaritigr epna refrigeration cycle and
di scharged fromthe conpressor after undergoin

thepoally ecesheates ttho kdsorbert (§8) vavphess 96 relrigpaol 13068 rntthe refrigerant
first aspect of the invention, the adsorber (80) is

cirgiefdfB)- | y regenerated with heat of the refri ger ant
(1106 in arefrigeration cycle. Here, .the refrlgerga

[001 906 )Funthen theshyraidity irentvel sw@gxelﬁéh%rﬁ?téﬂﬂ'&f byt bring aafrayisd so that
(80) is refrlgerant (106) having a | arger sensible

thengeasible heat(7apet (Ranforzthe rgfsigermnt gl%klén‘ﬁ%ﬁﬁr yhaen Bigh for R22 when
refrigerant, when_ the arei: ngared nteg}s of the Nisch

COPATEd iy éﬁrméno%yeffr@gr 90 fFlesuBRYiRg Tukppgal o 5, fame  discharge

di schar nperature (B) sensi bl e heat zone
te%qrqtulfge -dé@gaggpttﬁmp%qag}r% Rgé rg grs,;tlog B éexgperfi@gﬁ Qf rgfrlgerant

disgléaggéie %‘glfﬂs g %@%ﬁ%& gh ?rg%%%vc\aﬁo af:{;?c&# L %he COMPIessor.

LA AR B

R e e
fort L g:r%%eﬁe{% [ Ve I Isﬁtéijsor | @l ?%'B%%J]ah{llﬁogrﬂ vm% a lar&ter sensible
heagtho% l? éﬁ&z R%EICBRE %he oo}}' %mrgﬁg Bg&{rgﬁt ﬁ?ﬂeﬂ:iﬁ‘ék Gre compared

in (G o9EAE %e(m%é}é(t% cycﬁ&q{a@ﬁlg n%uﬁtgtggﬁ% utﬂhg réalﬁ;ta cf?sQ:h arge temperature

adsor ption enen eat e ease

(B?ffhg‘%gnéﬂﬁe ha% BRI {']ig%lfllrl%rﬁeg 15&1 At ﬁf&enéefto 'F'fg—aure 9,

enperature requi ermal regeneration of the

[O(ﬁQTor[Iﬂg{n@@ LGABAE. S'cﬁagr&rﬁrshﬁ%ﬁlgrél RBfrigerat®f cele 'ﬁ?;l%g‘l@d@hlch is a
to rel éase eat at a higher tenperature than

comhBRnbf Rhdvn tdtRg &8RS TR ET-S diagram indicates changes of state of R22 in the
refrigeration cycle by laying off temperatures of the refrigerant as ordinates and entropies

therecof as abscissas. The curve L is the saturation curve (saturation liquid line and

saturation vapor line) of R22.

" [0013] The refrigerant circuit using R22 operates on a refrigeration cycle shown roughly

in the loop A—B—C—D. In this refrigeration cycle, thermal regeneration of an adsorption
element is implemented out by heat release of R22 in the period from Point B to C. If the

temperature required for thermal regeneration of the adsorption element is, for example,
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heat zone (R) for R22 effective for thernal
regeneration of the adsorption elenent in the period
fromPoint Bto Cis the hatched area fromthe | evel
at 60'Cto the point at approximtely 120" C which is
the di scharge tenperature (B) in the refrigeration
cycle. The 5 ., hatched area indicates the state of )
60°CeR22gerdto refeheechicat &t a/higheri tagperaturt gramei0°¢ e Blearefoss, itemsensible
of the adsorption element and the area is defined
heaheows (Rafor R dfbnsibfe themal zegeacraryn of thegadsarption element in the
“Clains". Since the sensible heat zone (R) shows th
perindefrowbPainh di t6 dns theehatehed greaafiem the gl a&tLﬁ%’CaWdthe point at
entropy, the wider the sensible heat zone (R) is, the
apriresrigpetely h20°4hwhich inthe dirsharge sdnepeseturedB) im ﬁwerfﬁfﬂgeratlon cycle The
regeneration of the adsorption_el enent becongs.

. hatplggliarga indicates the stgteraf refigerent efiectivaly asting |05|ﬂéerﬁ“@&fegenerat10ﬂ of

zone (R) for the refrigerant (106) is | ar
thetadsgrptiomelemsnt mubthe apgadh deiined hegqipjag él%%wmgkﬁ ﬁmpe (R) cited in
used for known humdity control systens, when

“Claires’c Sifrgribe senible bagt @pet(ﬁéﬁpowéfﬂpq y&h Qb;ag};dc"ggme%le refrigerant

having the sane discharge t; nperature er ef
tentméatW@fanﬁge@Fram tqu%(}er.thﬁ AT &@%&#}aﬁ ﬁhéﬂ figer the amount of

%100 can_ i ncrease the g%nt of he% reI eased to
heat peledsg fpntheranl Fegeneration, @6%05%?0% Bipent SOfﬁ*ﬁ% s
enhanczﬁ the efficiency of t,

(0%iab oo proye s hecsed Eer%%éelg 0R7Tteh dowetgh oo s
ma}élgzsléq%g?aﬁr @ﬁ}%%qrdl?.@ %b}_:’;tar ger ;Qlofnlé’}é%/l‘g?]?lgé({ fo&;gﬁl?wn humidity

oo R %?encsc&?ﬁea*s o AR Sy v e

o BELAREC S ! R B, B i
(I(II%E %%12 gnc%eagﬁ (flbd ¢ hl%lt %nf%%gt d%?eg?édt ﬁht(ﬁe][r?efllryj Iggér?e?gte (tl}epgasorber (80).

ure circu

Thgl%gncgy{lﬁngﬂ&gg Bln rﬁ[ﬂ? ASEALLAM B n H&so?@e?gédaef (80)

pressure O

O(ﬂg M QSLANR ff&:@of TR | U&ntLOQIQS eh ﬁb@féﬁéﬂqﬁl tﬁﬁ‘tqﬁ)the Ihﬁfnﬁh% control

ercrltlca state. sor ber

sy stté?l? o Ble frsf g%gpe [H?—:tr@glg%ﬁin"ﬂ Qiréuit (1005 E%nﬁ%hl%ﬁ S%y[HEL'[Qhé Bressure of

a supercrltl state (a supercritical cycle).

t ) f iHRlefrRefMiRR G Elelis Gidher than th
sltégtléggﬁtrth(e ggsf}ll{)ﬁ%ﬁhpégst%ufzezsﬁgy%%h@forr%tehe rec? r |egler21énte T e

cnﬁéa@g}esblﬁe SRR refr@é%[ (fggan that for refrigerant in

d or gas form(in a subcritical state).

[OO-EGT” Ghothe seddid aspBRUMe RbssiRAL R RBSRrdmRr(108)einn@k high-pressure

regenerati on of he” adsor ber (80) can be increased. 5
side QI4Rd réiridbiand casmectomfduing therentre@metaion of the adsorber (80) is

characterized in that in the humdity control
made higher than the critical pressure of the refrigerant (106) to put the refrigerant (106)
into a supercritical state. Further, the adsorber (80) is thermally regenerated using a
refrigeration cycle in a supercritical state (a supercritical cycle). When the refrigerant (106)

is put into a supercritical state, the sensible heat zone (R) for the refrigerant (106) is made

larger than that for refrigerant in liquid or gas form (in a subcritical state). Therefore, the

* amount of heat release for thermal regeneration of the adsorber (80) can be increased.
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systemof the first or second aspect, the refrigerant
(106) is a single refrigerant of R32 or a m xed
refrigerant containing R32 in the range from 75 wei ght
% inclusive to 100 wei ght % exclusive. 5 [0018] In
the third aspect, R32 (CH2F2) -rich refrigerant having
a larger sensible heat zone (R) than R22 is used as
[000AE rfefilirdjesmnt of d@Ghvémionhie chefaciegigedhint thet arc thet humidity control
(100). Therefore, the amount of heat rel ease for
systeme pfrthle frretg@'rsec(a’td wspeatfthe ndrigerant F06) is@oinglareiigerant of R32 or a
increased. [00191 A fourth aspect of the invention is
mixdiarefrigeemit zentaining 3R inithe ramge fiom @ wpighbht inelusive e d @Prweight %o
of the second aspect, the refrigerant (106) is C02
exqlesivd.gerant. 10 [0020] In the fourth aspect, C02
having a low critical tenperature is used as the
[00187 r ilggheauthird asyt, iRP2t G@é{ra%ézf)ﬂc@épﬁraer@f rheumg 8( @e@r sensible heat
Thus, the refrigerant (106) can be easjly
consuoran K2% sl used a8 @ ool (10PbbES rqfﬁserg@rmcmtélwaafherefore
zone (R) for the refrigerant (103 Ther ef or e,
themsut oblieah éqkase &yrdhereal HEeReTalR0 th% g@ﬁ?@%@‘ﬁﬁaabeﬂ%e%ed
adsor ber can_be increased. 15, [00

21
[0048pect f%lfl%% ARCPholeilByenpgn é%sliaé%‘tt%fﬁﬂééa t%ﬁﬁ iphg hwﬁldlty control

the humdity control system of .a of the first
SYSEQSDPBmetSﬁC%@F?éE?Cé the Fréngera(L24) ‘%%24‘3 igtHbosed of a

f t I d d ad t
b At ) &g%% I L e
AR B ST 0 RS e

adsor bs st ai

puiad ?ameaﬂ% St Enihien 1g§?a5i°§ i Sgaﬂélﬁ el (REIPTfhg retigerant

nd h he ref
g PheeiPEs eg@%éﬁnt Rl ety e e SRR sl sgroer o0
m},ﬂ% whi ch 4 he second adsorption elenent (82) adsor bs

WHEY N the first air and the first adsorption

[O(ﬁlligﬁ ty 1181%1960 of [h%gl'%ogl{t?)h aE%?iEécp% p%&gslttﬁ@hmﬁudity control

alr e re eran

sy{t) b %%Sf?ﬂ]te ({f‘.tﬁ(g? Hed t& %h Q%) ?e Rl Gbo¥ @0?%§ gﬂ)t}lﬁosed of a first

ween irst and secon havi oF s.
t r,
R
syéﬁﬁﬁqs Qﬁﬁ Eﬂgbnr ? ek ro@EfaﬂHré Qbndifin ;B8 befiB8Qdr in which the

sor conposed of a first adsorption

] ﬁrﬁI a@ﬂ&%ﬁoﬁ %mﬁﬁ 488) 38CPRInRARRERhI PHr| STBAI KB 2dcodl thdsorption

he 6 humdity control systemruns a batch operation
eleﬁ%@ (8 i geferhich Bl RMthgSORRAGeRRRAAN Wakdidp by the refrigerant (106)

in the refrigerant circuit (100) and a second behavior in which the second adsorption
element (82) adsorbs moisture in the first air and the first adsorption element (81) is
regenerated by heating with the second air heated up by the refrigerant (106) in the
refrigerant circuit (100) by alternately switching between the first and second behaviors.

[0022] In the fifth aspect, moisture in the first air is adsorbed on the adsorber (80) while
the second air is used for thermal regeneration of the adsorber (80). The adsorber (80) is

composed of a first adsorption element (81) and a second adsorption element (82) and the
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whi ch one adsorption el enent adsorbs noisture in the
first air and concurrently the other adsorption
elenment is thermally regenerated by the second air
heated up by the refrigerant (106) by alternately
swi tchi ng between the first®and second behavi ors.
Therefore, the 5 humdity of the air to be processed

hureilityhentondyisteaotisk v taaht spetdtied consibting ofatisioamk seoond behaviors in

br eakt hrough of the first and second adsorption
whithesmerddsorpldn eBZent pQOAB] moisthé acthe firknait hed tomesurently the other
aspect of the invention, the refrigerant (106) used
adsogptionredemadt is thegeaaldy migenamated by llee satsnd biehedt8d upity the refrigerant
refrigerant (106) having a |arger sensible heat zone
(106R)by alGerhdiely ReiEchike betwrey the dirstomphsednd rbehayines. dtherefore, the
their refrigeration cycles having the sane di scharge
humghtyeofathgr @r (B)be Prhegseddocan be kentammusly ehteled vidioshgdsorption
of the refrigerant (106) can be increased to inprove
brepkdraighiof itherfupt afd seegpatrsisaplion elsmentsd 8 hd0r ber (80).
Therefore, the humdity control performance of the
[OQ@ﬁhld1Eﬁﬂﬁbﬁtrol system can be enhanced. [0024] In the
second aspect of the invention, the pressure of th
r ef r lyetharfirs{ Bepct iof theeinvasion ghe gpgﬁm d0eje uéﬁfd ffpfe thermal
refrigerant circuit (100) during a refrigeration cycle
regenerpierect the @ﬁ%ﬂfbftfr(&?ﬂ i FTigerppg @&6 hpvingsy fagges sensitde cat zone R)
refrigerant (106) to put the refrlgerant (106) intao a
thag Jh&: when they) are camparetjp {418y oftheir ZpfEigriatipn cxelgs paving the same
thermal |y regenerated using a supercritica

disghaes empnegtrend)( Thaploruian ampent @ heah sslepse of i%%ye%ﬂgeram (106)

" nto a ercrit ta t he sepsibl.e he
cark%gfczqaﬁedfteflgﬁvﬁ%vert'é? 'Fffgc 2 (%Bﬁfa%'? e aﬁ%ﬂrgea(’s{’h deretore,

the i Gr g bl el ReTaae oo R SIDGEeL SRSP toidhghanced.
[0(:{228 2[ q:t %%Sggra]s%g{e ﬂfet g?r?\fregf %Clgoéfegglgag gl*egrtéfrggae% (106) in the

hird as ect ..of t

hl%}%ﬁ?ﬁ ORI I Wf :ke}lﬂrﬁ 1005 e S8R ERLaSh chO is mace
106

hlgilar %xrag%é a?rté al peessirg 0 3 egr Zgﬁ()gﬁr }Rlng'}n brfg%lé?r&t {106) into a

sulge?crﬁ%{alest% )Fulrthe? tﬁ“g%8%%6%3?#)?%@%%%}1%32&3%%81%%% 2(1: glﬁ)ercntlcal

ease

cyc?(g 5?9 nﬁ?ee{ a?‘?@?aﬂt ??ﬁbﬁ/}gﬁggﬁg%fﬁg?%gf(l%% E{%‘gg@% EFEupeﬁcriticai state,

§1Bf% }?eﬁpt&‘{e 1@&%?&1& P ERhP 1065 R2mh e HERS tBsh flefor refrigerant

rlgeran
in a subcrltlcal state. Therefore, the amount of heat release for thermal regeneration of the

adsorber (80) can be increased thereby improving the efficiency of regeneration of the

_ adsorber (80).

[0025] In the third aspect of the invention, R32-rich refrigerant is used as the refrigerant
{106) for thermal regeneration of the adsorber (80). Since R32 has a larger sensible heat
zone (R) in a regeneration cycle than R22, the amount of heat release from the refrigerant
(106) can be increased thereby improving the efficiency of regeneration of the adsorber

(80).
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thermal regeneration of the adsorber (80) and the
refrigerant circuit (100) operates on a supercritical
cycle of C02. Since CO02 has a low critical
tenperature, the refrigerant (106) can be easily put
into a supercritical state.7Putting CO2 into a
supercritical state increases 5 the sensible heat zone
[0028) flarthé Heurtiehspegesftie indétion, T &f aded, astthe rafrigorznt (106) for
of heat release for thermal regeneration of the
thefdslofcpeier{ti) ot ddeorbBe (88aad the réftipelast cireyir 1MO) bperates on a
ef ficiency of regeneration of the adsorber (80).
supERaltRbDER]le HHEORUSInt: CY2dentarioly crijieaf emperatee othe réfeigerant (106)
hum dity control system can be further enhanced.

* car] BO2FK]lylput irhe afduptroridep acite. PluttidpeCOA\inwt 4 superdritieal state increases

adsor ber (80) is conposed of first and 10 second

theaasiblet iean zaleg R b s the@frigdent 4106)1 Teerbions, dhe ymoanttafdieat release
systemruns a batch operation consisting of first and

forstheonal fegbrevitmmsof thewhdsotbeor{80)adsobptincomaset gnefutther improve the
adsorbs noisture in air and concurrently the other

effeisoy pof argedesationt of s thehedsmabéry (8@geflgrafossd the humidity control
alternately switching between the first and second

petfereance pSthe Tinevdifyoromtrol systemuedrobe fartber enhpecedi r t o be
processed can be continuously controlled w thout

[0023% orIptthe difthr espkethofothg inemties, theeadserbst (8hds semppged of first and
adsorption el enents 381, 82), thereby inproving the

secgafl uadsaiption aglewants @ f $2heand ethst hemutityypoerdrol ysysiat wups a batch
system Brief Description of the Drawi ngs L0028] [Fig.

operptign gansisting p§ first gadhaaeand behawiase inuwhich @na gismptidrosipment adsorbs
the structure of a 20 humdity control sy;ﬁem

moigtes g afgandorogcrrensty Baiothsr AdrATPEIN elementisdhermsily gagenerated by

the air flow in afirft behavi or
1

duri. e
alterapighi ehitshang beeerrih et a&éx,secpgdaqﬁ:_ﬁeru'i%%s bt the dppidity of
the?éjgqugéq groeéﬁlg (r %@nséggqré%%g\?ﬁ r@&?t%qfetg:v\éﬁ!fcét Qgs];og}gtgoen breakthrough of

nSIFTR o) el 0 a0l B SO0 LU LU B

nbodi me nd.t.he air flowin a second 25 behavior
pe W%eag{?ﬁ% 1351ch%\otqtr8}1_sys%nbur es 2A, 2B and 2C show

top, left side and right side views, respectively, of

the hum dity control system [Fig. 3] Figure 3 is a

S mat.i ¢ struyctural. di agram show ng the structure of
BTt e

ror” system according to the first

odizrent; and .t I ' | i 4.

t f
OGO, ALl BEnChlt LBt bRl e of s
hu}n?&ity SrdB1 @%%rﬁ 'agébtrdiﬁg 48 a first embodiment of the invention and the air flow
in a first behavior during dehumidification. Figures 1A, 1B and 1C show top, left side and
right side views, respectively, of the humidity control system.

[Fig. 2] Figure 2 is a schematic structural diagram showing the structure of the

humidity control system according to the first embodiment and the air flow in a second

behavior during dehumidification. Figures 2A, 2B and 2C show top, left side and right side

views, respectively, of the humidity control system.

[Fig. 3] Figure 3 is a schematic structural diagram showing the structure of the
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views, respectively, of the humdity control system
[Fig. 4] Figure 4 is a schematic structural diagram
showi ng the structure of the 5 humidity control
system according to the first enbodi ment and the air
flow in a second behavior &uring hum dification.
Fi gures 4A, 4B and 4C show top, left side and right

hurR{d#§ cofuBVBystéfSRestdinget theOfirst Rgnvodithétt tandcbdtaioflow in a first
system [Fig. 5] Figure 5 is an enlarged view of an

betRS R ALHAL hRARdifieftido €iduwed 3K 13IB eRNBCMhowsws! BRIV side and right side
according to the first enbodl ment. 10 [Fig. 6] Figure

vieQrs] @spechdgrBHthChBaidseehiryleyyegw showi ng the
structure of an adsorption elenent of the humdity
CONTFigl 43 ¥Feh@edageoEchen@tit Gurhibterad idigprart rhodingetit. structure of the
[Fig. 7] Figure 7 is a circuit diagramof a

huhRfityi @REBNEystdni Quddrdiag aorthé figst tenodéméntratl the air flow in a second
enbodi ment. [Fig. 8] Figures 8A and 8B are a schenmatic

betviag Klutihg andisibawnn Fiduie 20etBuhddC swolop) left side and right side
refrigerant circuit during dehumdification and a

- viesgrespcticelp) efake Biraghgraostioldysigm. t he operation of the

refrigerant circuit during humdification. [Fig. 9]
Fi gUFig. 9] Figute F-iSadieabirgenh whovifrg aseraiehppit ©f ofie Bumidity control
refrigeration cycle using R22 as refrigerant in the
systegih neqpediapto tefostiembodiFngnt. 10] Figure 10 is a T-S
di agram showi ng an exanple of a refrigeration cycle
20 (Bign@] A8gurass nehrichematit perspedtiae raéwi fewang the structure of an
circuit. [Fig. 11] Figure 11 is a T-S diagram show ng
adsrptonaiphent of the huafidity eeritol systep eterrdiag te thedirstrgmbadipent.
cycle) using CO2 as refrigerant in the refrigerant,
ci r dhig 7] Figuge 7 i9p citicyit déagtam jof agefsigesans cirpwib acaoeding o the first
an adsorption heat exchanger used in a humdity
empodhitedl. syst em according to a second enbodi ment of the
invention. 25 [Fig. 13] Figure 13 is a schematic, )
st r dEieu BhFigweseh A and BB #e ahichempits blogh diagram shayipg, the operation
according to the second enbodinment, [Fig. 1

¢ O L > 411 Fi é;ur e howi
of the reBrigerant cigpii dening Aemyfiieatien prdga pehmatic peRk diagram showing
accordin toﬁ%he 9 secqn e%di, t. [Fig. 15] Figure
thejaperadion of dheariigerant creit IS ygeA Yhowi ng t he
St U[I%}gu rQT F?éurg @eis a T-S diagram showing an example of a refrigeration cycle

" using R22 as refrigerant in the refrigerant circuit.

[Fig. 10) Figure 10 is a T-S diagram showing an example of a refrigeration cycle
using R32 as refrigerant in the refrigerant circuit.

[Fig. 11] Figure 11 is a T-S diagram showing an example of a refrigeration cycle (a
supercritical cycle) using CO2 as refrigerant in the refrigerant circuit.

[Fig. 12] Figure 12 is a perspective view of an adsorption heat exchanger used in a
humidity control system according to a second embodiment of the invention.

[Fig. 13] Figure 13 is a schematic structural diagram of the humidity control
system according to the second embodiment.

[Fig. 141 Figure 14 is a circuit diagram of a refrigerant circuit according to the
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hum dity control system according to the second
enbodi nrent and the air flowin a first behavior
during dehum dification. 5 [Fig. 16] Figure 16 is a
schematic structural diagram show ng the structure of
the humidity control systefn according to the second
enbodi nrent and the air flowin a second behavior
secddd emBodietear di fication. [Fig. 17] Figure 17 is a
schematic structural diagram show ng the structure of
t he [Flaunb PFigurec s Dbcheyatie siracteal diaggnt shavieg sersinature of the
enbodi nent and the air flowin a first 10 behavior
hustitfiiyneprinehrsghitérh eatdrding tbRhe sechdjl chilgpdirerttSanidstha air flow in a first
schematic structural diagram show ng the structure of
beliavior duving deliymidifivatioh. syst em according to the second
enbodi nrent and the air flowin a second behavior
dur i[R. hapFifufd bats oecheifatiBestctiviali diagom Saowipigrbe gucture of the
the Invention [0029] Hum dity control systens )
humddityr dintrgl $ysteenbadiding tethefsetdnd quuteslementianddhe pipflow inja second
be descri bed belowin detail with reference to the
belthvawi dugieg dplD0Bd]ficati@Bndbodi nrent 1 of the Invention A
description wll be made first of a humdity control
syst[Eip. 43L B l7 isoa schicinage strpgurahisgrare showigtthe structure of the
present invention. The hum dity control system

-~ huméditr etnigl spsteh eaceording toelp serard mbosiimenf anguthe @it gow in a first

operate to swtch between a dehum dification node for
bekaypp dpiring hymadifgation f i ed air to a roomand a
hum di fication node for supplying a. humdifjed air to
t he [Fabr8] Eigurh b8 is 4 Rehemati grgtud diagsim sheyimg the structure of the
conprises _an adsorber (80) and a refrigerant circuit
humidipy) contisl Fysta 2pG0TdBE 49 fhe] sgeend epbpdime itB%P'é Oppin 2 second
run a batch 25 operation. The structure of the
bebgyigruripe hymidigratiist em according to this enbodi ment
will be described here with reference to Figures 1, 5
and 6. In the description of this enbodi nent,
“right", "front", "rear" "in

Bepf]%ﬁ;?i%f%glag%g\g QEF lﬂ?‘{e#"é';e“ﬂ?)“ to directionalities when
8, SO0 £l G S R RSl vension i
o0 BT B kg 1 oo
[0030] <<Embodiment 1 of the Invention>>

A description will be made first of a humidity control system according to a first
embodiment of the present invention. The humidity control system according to the first
embodiment is configured to operate to switch between a dehumidification mode for
supplying a dehumidified air to a room and a humidification mode for supplying a
humidified air to the room. Further, the humidity control system comprises an adsorber
(80) and a refrigerant circuit (100) described in detail later and is configured to run a batch
operation. The structure of the humidity control system according to this embodiment will
be described here with reference to Figures 1, 5 and 6. In the description of this

embodiment, “upper”, “lower”, “left”, “right”, “front”, “rear” “in front” and “behind” refer
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casing (10). The casing (10) contains two absorption
el ements (81, 82) serving as the 5 above absorber
(80) and a refrigerant circuit (100). [0032] The
refrigerant circuit (100) is provided with a
regeneration heat exchangerl%(102), a first heat
exchanger (103), a second heat exchanger (104), a

to diemfiosalities wtitAthe hudidiyxpansi grstenabvesn {f Figste hirdviewed from in

second not or - oper at ed expansi on val ves) (121, 122).

froffthenlessafthérgeseanptcifid.cui t (100) operates on a
refrigeration cycle by circulating refrigerant (106)

[0030] c ey gfedvn m Fheure df 1they bommdityc condagl tsygtgmoyms a flattish rectangular
t heret hrough. The refrigerant circuit (100)

casopn(lilyuiThel casnp&1@niantdiab beo fabserption ehaments 631 i3 senang as the
which the first heat exchanger (103) acts as an

abaye absarherdB0Y andemrebiigerant icopuinth®®).i n whi ch t he second
heat exchanger (104) acts as an evaporator or Vvice

[0038} sal he[f@@%IanAslr@hfc{MO) in pRddedewish agegenergtion hpatiegphanger (102),
el emrent (81, 82) is forned by alternatel 15 st acki n?

a firslaheas| cxchangsnité93, asgyonthde@orichanaes d1fd)atrecorapisesos (101) and
(84). The corrugated plate nenbers (84) are stacked

expansign cYl yessifirstosnsd sesand (metosppaater ohpation jvalies) Gk21, 122). The
each adjacent two are shifted 90 degrees. from each

reﬁageﬁ@m CLERE 180 oRgpttFD AL &) r@#ﬁwat(ogllcyc by icircyating aqfrlgefam (106)

formed jn a_rectangul a uadr at i
chasgeds g theygefmeeragt égrewt e(élg‘i)r %mélggnih regfgr@é)mu“ (100) is
m d ty cont r ol ssages (85) and, cpol
conbigiesaiel b 30)c il Fore e sl i bE s e g xohaner

rection of the flat plate nmenmber 3
i @%E‘%B"ﬂ?ﬁ’&t‘@ rafeReios sodt HDISHNF ferpnp el gxchanger (104)

nmenber a% i nterposed between each adjacent pair of
acty ARathy cif06(Slff"ter"'ﬁfmpassage (85) and the cooling

oB3ES B0l G0k IS AP OR SR TR BT, KRB ety
stat\:lya ?la{ aﬁ e: 1%9 ersg a}%ﬁ d:togrgl fstlgtg t ls é%xt Eﬂggfsr@?jés%l(zg:%}mgated plate
mef] b%?s (895 aé"tlz? k%? B li g%lt?t%n%qﬁgtt th& %ireot%c%% %ﬂlc@aﬁ G e&éhead_] acent

orts eso menbe

tW(L g&%@% Qé‘éﬂe &EI né}Pch@% %&Eﬂ‘ad&%@mﬁ%& (81, 82) s generally

g water vapor

83) f th
S‘E%’?‘fyﬁ’%ﬁ @F‘Q‘E‘E‘S&S‘%g”‘ LR e(su)rfagglsngf °
O(%Efn glﬁre%&ig% qutfﬂnaél&n&ﬁrf@f r@g ﬁ’tﬂ}ndﬂ&r%ﬁgopﬁbsﬁ s (85) and cooling

(
_ Ity contro passages 5). AdSorbent's of such
padshdtd (867 hidRcShdtd]G AleBREd 11?9&1 étﬁ&lﬁ‘ dirb@QmeXCiha TBR plate members
resin.
(83) and the corrugated plate members (84) with one flat plate member (83) interposed

between each adjacent pair of the humidity control passage (85) and the cooling passage

- (86). The humidity control passages (85) are open at sides of each adsorption element (81,

82) in which the long sides of the flat plate members (83) exist, while the cooling passages
(86) are open at sides of each adsorption element (81, 82) in which the short sides of the
flat plate members (83) exist.

[0035] In each adsorption element (81, 82), an adsorbent for adsorbing water vapor is
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[0036] As shown in Figure 1, the casing (10) is forned
at the forefront by a first panel 5 (11) and at the
rearnost by a second panel (12). A lower part of the
first panel (11) is forned toward the left end with
an intake port (14) and forlfed toward the right end
with an exhaust port (16). On the other hand, a | ower
apidtto die surtaceeeftthd flapplate ihdirpers $83)dhcing thet lmmidi:ty tcbetrol passages
left end with an i ndoor suction port (13) and forned
(85) analst funtaced gihthe eadugrtédiplaemmembete §84)guadetl @n tho htimidity control
(15). 10 [0037] The interior of the casing (10) is
passageg i8%). didvirteds bhsuwwhtkival inplade silica gélheeodite @cltiboexciangeresin.
the front-side first panel (11) to the rear-side
[0086¢ onks glaoval in(Righre 1,008 83singh@ 03 pafoemed at the fomdiongby 2d)rst panel
formed toward the first panel (11) is further divided
(1t)rend atithd recamdst Bf & sspademsanbl () pAr lomter part pif dbe figgtqanel (11) is
O the right and left spaces, the right space forns
formed dscvandsthe défhemd vith4h)intke potte14)ednd opaektoveardrshearight end with
i ntake channel (42). 15 [0039] The exhaust channel

. an @4lgust penihe)c Snetbe withen bahd oloveir gartaff théscoond prndlr@yis formed

the exhaust port (16). The exhaust channel (41) is
towprdvhedleft andrwitlnan indeat suctipaportdd$) andhiormed tayyrad esaright end with
exchanger (104) and the conpressor (101). The second
an ﬁ@@PO@‘){J@h%g@ﬁt (33004) exchanges heat bet ween air
owi ng toward_the exhaust fan and refrigerant
0Q3jb6)Thq1nteg1|qé of g‘qerqaggg AHD 15 FQ‘-h&bet dlc@@é)mtom@ spaces in the direction
conpr.essor ISflOl is used in the conpressi on stroke of
fropyibe front-pide firg erngli(1byte dhy year- aléefewp@eas@ﬁl (B} t he ot her

oqs%ﬂ?nxﬁ%‘%a%fa@@%?ﬁé‘&%é T VAR e AP L e civided

it i i ro\éé?ggglagétrphﬂ(@% pladenao). aﬁ%fhgff) 7 g sases. the right
e

& i CUI 4(3‘\20% 00411.The sch t 511 h th
(OBELT % S0 il (AThPhmeRled g AR T By fogh! rough the
o I o RIS AT 001

secon th%atl eexfcf'xﬁfg%r %i(H% fd Qllleh o%np}ga%?s)o{ (11021) 19 Oée%%li%flgatse&@ﬁa%ger (104)

e ri ron

-ex%ﬁbé&eﬁeag *b¥fv6je%ﬁ’ r”ﬁ&m @opﬁﬁ%@%xﬁ&f‘m %Ot‘)?% r@fhg%fam (106) in

856 TWO 'sp e upper space

the{ ljleg‘ eragggﬁglgf lggg@he%%pg%ggﬂr@p% gcﬁglntﬁgémpés&&\{‘@&oke of the
refrigerant circuit (100).

[0040] On the other hand, the intake channel {(42) communicates with the room through
the intake port (14). The intake channel (42) is provided with an intake fan (95) and the
first heat exchanger (103). The first heat exchanger (103) exchanges heat between air
flowing toward the intake fan (95) and refrigerant (106) in the refrigerant circuit (100).
[0041] The space of the casing (10) formed toward the second panel (12) is further
divided into three spaces, one to the right or left of another, by a right partition plate (20)

and a left partition plate (30).
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- (6T)00aBhuiTitates with theaintiks ebanm] 642 dupisi dnided e

(65) conmuni cates with the exhaust channel (41) but is
di vided off fromthe outdoor 5 suction port (15). On
the other hand, the |ower right channel (66)
conmuni cates with the outdoor suction port (15) but
i s divided off fromthe exH&ust channel (41). [0043]
The space to the left of the left partition plate (30)
[0043;: Urteh@hcdio/ihdthht B thelrht peRAGRDINO 2BL9 Rettehdivided into two
Qut of these two spaces, the upper space forns
spatBs P Soveaht oftehaDmedf thésé)twanghatdietheQider §faae Gorfrdrarspper right
a lower left channel (68). The upper |eft channel 10
chArfié) (659 At e Qe EiSspatd forhb e 1dwdrakeht ehanslele6). 42k uppér right channel
di vided off fromthe indoor suction port (13). On the
(6t tpimnEitgdes With thevethahefdhafihinae) b(68) diwhledustf daineshe outdoor
Wi th the indoor suction port (13) but is divided off
sudtioanpoih@ 5. nbakiee ethanineld, héApwet APAdhadied (66)communicates with the
adsorption el enents (81, 82) are placed between the
outdoghsuctian poit i 18) bk atdividéPOff famad tHeleahivast thapaelt(@1). on
plate (30). These adsorption elenents (81, 82) are
[0G31 arfedspane ttivehe 5 6ff tetleft artidam platee30) onfunhehdivided into two
predet erm ned di stance apart from each other.
spBpeond Abamlel the othee. Outr oft thewtstoroptpiaces, dlecuppat sge@¢ Yorings an upper left
pl aced toward the front, i.e., toward the first panel
ch:(rth]:) (67andd theloves spabeddsns pilower lefteniremc] (68)) The upperdefd channel
toward the rear, i.e., toward the second (12)
t%efmrg t]%egmdoor suction

82) are placed in positions that the 20 stacking .

poti (3% tQmtheosthehbarid, she Joiveer defirshiymet (6B Fpmameniedies with the indoor
corrugated plate nenbers (84) coincides with the

sugtiaginort @3) @ﬁtls dividedtafbiomfthe meake 2hpeng! (4%) I'n these

ositions, the humdity control passa open

0411 16 iy sfeonismestafdd. &) wheRosBoER b6 pétion plae
é the caoolin (Bgassa es (86) are og E’ he .

e dbolsh moeitonaide S 0nohes Raatom PR (Fh anet&\yranged in the
control passages, (85) l.i ng passa

freginteat SRR WHb cHRAdT TR Sistiae ePeth Pgb§a°gf %géfgﬁpeciﬁca"%
bet h t | at
thq Rt PP oo b apletpdsard O FopEiLy NG perpanel (1)
I d 2 t
and fisrepnd adeimprs rgent @25 fouiesecRbarEine(eedh 14 Pkg s second

aﬁﬁgg# channel (55), a second | ower channel (56) and a
Pafidlifle  channel (57). [00471 Further, as shown in

[()iﬂ?ﬂl'l; fli)egflrsli Qr?d fsecon a sorp {noenI eléme ts kﬁ,%% gr%%le;cgd filli ngiti(%s that the

stacking direction of the flat plate members (83) and the corrugated plate members (84)

- coincides with the right-to-left direction of the casing (10). In these positions, the humidity

control passages (85) are open at the top and bottom sides of each adsorption element (81,
82), the cooling passages (86) are open at the front and rear sides thereof, but neither
humidity control passages (85) nor cooling passages (86) are open at the right and left
sides thereof.

[0046] The space between the right partition plate (20) and the left partition plate (30) is

divided into a first channel (51), a second channel (52), a first upper channel (53), a first




10

15

20

25

adsorption elenent (81) (to the right thereof in
Figure 5) and comrunicates with the 5 cooling
passages (86) of the first adsorption elenment (81).
The second channel (52) is formed behind the second
adsorption el ement (82) (td3he left thereof in Figure
5) and conmmunicates with the cooling passages (86) of
lowd? @h&BROFY) K6 RT it ChBRBINGS5Y, 83keorld0648] chbfelf(86)54nd a middle
upper channel (53) is formed on top of the first
cha@so’ps.i on el enent (81) and communi cates with the
hum dity control passages (85) of the first adsorption
[0GR7E MERrthed Qs 6Bdn inlPRufd 3, ke figvElianabla@Snels fofMdd insfront of the first
formed under the first adsorptl on el enent (81) and
ad FIBANEICAERS (81) (o tie righiritdidoy i dFipwel S)pass agamupBajes with the
of the first adsorption elenent (81). The second
codlpREpaseiRBNBE) 6DMe fifst fadsorpiboeleiept (81)t Mhe secoridchannel (52) is
adsorption el enent (82) and conmunicates with the
forfiedi isbhind thendetold pdsegmpaseléiBént @2) (toeths defvribereof in Figure 5) and
adsorption elenent (82). The second | ower channel
colhbfihidates fdthntkel cosliherpastages@6pofitha dswng e sorpédrectement (82).
(82) 15 and comruni cates with the hum dity control
[0(¥8$ s dffesfifsBaYpeotharnel §583 onidrrack on i elithe éird radsarp(i@pylement (81)
[ 0049] The m ddl e channel (57) is forned between the
and commuaitates ptithothe diueniditit cqrBib) passagest(RS) slehodst adsorption element
adsorption element (82) and communicates with the

_ (8Y00he figstdawsagemmneBEHR) of fortet hindbethedést pdsogtios @ﬂ@mﬂs@l) and

(81, 82). The regeneration heat exchanger (102) for
comhumirates ywithOthe bymidityagdnirgl paseages (83) oditee Sest @‘i‘ﬁ@fpﬂon element (81).
adsorption elenents is placed in a substanti al |
Tha sedogH tuppgrothianied (5%)ris farmedioadre OEﬂWﬁfé}nd(%mmtlw glement (82) and
regenerati on heat exchanger (102) exchanges heat
copgtueseresavith theomidity vplighpastrgeri#th o 18R asted idé‘?l)tmon element
and refrigerant (106) .in the refrigerant |rcu
(831003 sccpnd Ip BeieriRat (G irdarmelBHish e qeond psTEEon clement (82)
functions as a, condenser to h at air f#sg Qﬁ}fihrog dsorpti
ang (remmgisatesc Rathnie umdity xepnfrg emfsa&%fﬁ t0 frgpnd adsorption

(61 pl aced as a partition between the mddle
el@@%ﬁ?@ﬁ (57) and the first |ower channel (54). On the

Rkl T TS WBERETRD lbre betaberLfbe qjg%a%gﬁrgﬁgﬂ glement (81) and
the? %gngﬁégqmﬁioégggggtl @%ggﬁ%rcgptg%ngcg \%%Ih]i}}eg%orog g tpags% es (86) of
bo{l}]tz)g P%!ﬁﬁ]? 1%? ?ﬁ?ﬁsﬁﬁpﬁﬁ g[%(e é%ﬁener \ﬁ’nat &Qc}@tn%glr ﬁf(ﬁ?’ for thermally
regeln rgl m%glgg 1rs|1 é g %)Bél%d?grﬁﬁg% efe'n%g s @gﬁﬁegag%z@bstaﬁnally upright

. position in the middle channel (57). The regeneration heat exchanger (102) exchanges heat

between air flowing through the middle channel (57) and refrigerant (106) in the
refrigerant circuit (100). The regeneration heat exchanger (102) also functions as a
condenser to heat air flowing through the middle channel (57).

[0050] A first shutter (61) is placed as a partition between the middle channel (§7) and
the first lower channel (54). On the other hand, a second shutter (62) is placed as a

partition between the middle channel (57) and the second lower channel (56). Both the first
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ri ght opening (24), a second upper right opening (25)
and a second | ower right opening 5 (26). These
openi ngs (21, 22, ...) are each provided with an
open/ cl ose shutter which is configured to freely open
and cl ose. [0052] The first!4ight opening (21) is
formed in the ower part of the right partition plate
shut20)61¥ avdbthe sédvadfshaimdr.(62)Veeacdrifzuegian frdelysepes nd those f or
the first right opening (21) is open, the first

_[008 hpnrel shobd) inafigutehl thewight parghion phaen (241) i§ 6&)med with a first right

communi cate with each other. The 10 second ri ght
openpreni2ny £ 2pnd sighoopadng R22)he frswepepapht efeninge(23),ghfirst lower
partition plate (20) toward the rear. Wen the
rightperhinga@d), shsecord upper righe opeviog d25) gitt a sgrenil dgwedght opening
is open, the second channel (52) and the | ower right
(263 HErse lop¢fiags Gdmddni.cedre eafht hrovided withen oppw/0BSE shtter which is
first upper right opening (23) is forned in the upper
configutedab fichky opeglnd pse.i ti on plate (20) adjacent the
first adsorption elenent §81)._V%en the open/close .
[00§RALt {Tde firgtrright epenisg {317 4t fomppéin thedoweoprahefithe (ighy pargtion plate
open, the first upper channel (53) and the upper right,
(200 beward the Bet. ¢ engrecloge thugtector dhehBrst rlghfeOﬁemngt 1) is open,
| ower rlqht opening (24) is fornmed in the | ower
thedirst ¢hanpel dAl) auk thedpwer fighichaneb(6 @dﬁoaa@mw%@ﬂﬂlu 1@ otber. The
adsorption el enent (81) When the open/cl ose shutter
sechis Tighe OpPHEE (PBneSr qmgqﬁtm S MWy Razﬁ? fithe gt parfifgn ‘plate (20)

first lower channel %ﬁ% and_ the | ower right ch
towasd fhedgamirhieadhe ongty Ho Rt RBFIe ssep Premas 2@56% gpen, the
er right opening (25

secghd Fh?@nﬂ. (§ht andhe squm%bmpé?&('g?gf Colaﬁ}li\@gﬁ Q‘Eﬁ*&ﬂgﬁeﬁﬁa

0 TR Bt S abomh D Soatie SP e opS T IHE HEh parition

platee@ﬁ? R REE %ﬁfﬁ%@g{ﬂgﬁgw 15 BB It $Chaﬂn§ef for the
firs ngRer B TR ég‘étl% Oe%f St ¢ %nnggg?ﬂ Ohe e right
BTt 0y PRI RTB g o
RUMR T Wt
the%rthé %Bgr[)%l?%eagh%ﬁ(sg’ o téé fi is? rlg'@& Q)S@lz glg (ﬂ) is %ﬁﬁ:n the first lower

secon

chéiﬁ%gﬁrscl | &ld thgﬁ) rr}%élg %?la(ﬁgj Eo?ﬁm{n‘ﬁ%%% V\Iflﬁlf cRB@RENg

secon t- openi ng a second

[Odasgge M@l 0P P& 9ri k13 CdpenihBE@S) ?so?d}hﬁg%n(tﬁé’upﬁgp part -of the right
partition plate (20) adjacent the second adsorption element (82). When the open/close
shutter for the second upper right opening (25) is open, the second upper channel (55) and

the upper right channel {(65) communicate with each other. The second lower right opening

. (26) is formed in the lower part of the right partition plate (20) adjacent the second

adsorption element (82). When the open/close shutter for the second lower right opening
(26) is open, the second lower channel (56) and the lower right channel (66) communicate

with each other.



each provided with an open/close shutter which is
configured to freely open and close. 5 [0056] The
first left opening (31) is forned in the |ower part of
the left partition plate (30) toward the front. Wen
the open/cl ose shutter for the first upper left
opening (31) is open, the first channel (51) and the

[0055ver Theelkft paktiivnellate §80)) is dormedi wist & firsttlbft eperding {319y a second left
The second | eft opening (32) is fornmed in the |ower

opgdng (32, 4 fist Lpper 1¢faopaningo(33plaafist (03@) left opwaimg (BHE a second upper
rear. Wien the open/close shutter for the second |eft

lefo ppeniimg) (353 2hd i ssscaprd lowdrdeft bpesieg dh6). dhasenepeniiz®)(38n30, ...) are
the |l ower left channel (68) conmunicate with each

eadt previded O0thah ophr/close suttepphichlietenfgueni tadregBA)pensind close.
formed in the upper part of the left partition plate

[0G580) Hu Acseleft opemidd () intsoedtin o bvempatt of 8hy lefipatition plate

- the open/close shutter for the first upper |eft

(3Wpewanigthe IB)Nt.i Whep e, opeh&ldse shuttargpe thecliratvipsier (&Bppenieg (31) is
the upper left channel (67) communicate wi th each

opert, ke firsTicharfiel €31) lapdwthe lowfer ledpehainne] (é@hyom@um@atﬁewth pach other.
the lower 15 part of the left partition plate (30)

The deemnshleftt dpsnfrigr $2) idfompd jin the laayasmart gfithe lofiavartitipa plate (30)
open/cl ose shutter for the first lower |left openi

tow®d the eappWhen thq:eoprervfcbxse shyiter femte sesonddaft opgring Hﬁ is open, the
| ower | eft channel conmuni cate with each other.

seqopd SBINIThES23 aeb g lawelﬁft chgrneb iy cogmuaspte; \§1ﬂ1 grchedhery
the u er art of the left partitigon plate (30)

(0GR acEh firsheprss defi @Pening (3 iis forgied i ke pppey Pathyi the Jdt partition
pl%%&ﬁ)%?%%@ftﬂg %itrg:j'agfﬁgrg){l%gggg@g}hgﬂlﬁp}}glep erpleéﬁctl?%ﬁhutter for the
ﬁr%?q%gitar e&wgelglrggl tq; gg\%ﬂ efflr 6@@%?%?%@? F%&"" t'hsh eacleft channel
(ﬁig?ﬁotggwgw{lg%@%éq gé%thgﬁ'lﬁﬁ g'glp&e} tJAVE art gglc{) 1s %wg#d ip the lower
gl O e h e G i o
-, oplirgv\f)%%lggf]cﬁt f? Iﬁbsé?ow r 1 Egédf}%é: @Iﬁ ];\M ! h thrs Rl\ev%{ channel (54)
an t}ﬁ 63! a%at OB bR RIL SR i (100

JescriB erence to t he

W ?QCSSBC(I[):IJICQIE[HP%I ?efi @)é:ﬂkn%daﬁﬁ' ;f ﬁeﬁ%@ﬁ@ lﬁﬂ)% of tlﬂ@ left partition

r gerant circult I'rst e

pla[tQ Eﬁg]a%ijzp&t\ﬁl\]ﬁsreh ?d%lépglpg (r%t e{lgé@@ )W'héré e gg@ﬁ)ﬁ] shutter for the
se(fo‘ﬁﬁrdlpg@f ARt 0;5%56%%%3:5% (es%, R SREM GG Whidhe! {53) and the upper left

conpressor (
channel (67) communicate with each other. The second lower left opening (36) is formed

in the lower part of the left partition plate (30) adjacent the second adsorption element (82).
When the open/close shutter for the second lower left opening (36) is open, the second
lower channel (56) and the lower left channel (68) communicate with each other.
[0059] — Refrigerant circuit configuration —

Next, the configuration of the refrigerant circuit (100) will be described in detail

~ with reference to the drawings. Figure 7 is a circuit diagram showing the refrigerant circuit
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regenerati on heat exchanger (102), the first heat
exchanger (103), the second heat 5 exchanger (104), a
receiver (105), the first notor-operated expansion
val ve (121) and the second notor-operated expansion
valve (122). This refrigerdft circuit (100) operates
on a refrigeration cycle by circulating refrigerant
(1603 QB ) het fiver @hbydamgit,. [ 00611 In the refrigerant circuit
(100), the discharge side of the conpressor (101) is
(0GB NeThe eeftigeraneciequdt (00 He ar elgestetatuioin fvedch refrigerant (106) is
exchanger (102). The other end of the 10 regeneration
chivged. @%ehefiggrant16i2juit §160)Nnizeot@dddd vatte thardcondpredser (101), the
recei ver (105). The other end of the receiver (105) is
redenemncibe chéantemchanget i(h82y, tha irsto hogtc trechahgero (k3gntheokecond heat
the first notor-operated expansion valve (121) and
extiumgeat (164), tacrecrieerd s o thet fist setwAperatat expangen atlyd (121) and the
expansi on val ve (122). The other end of the first
secomtionetopepatied eappaitsi wilve (2R Y Thid Rf)igérantouiremis (1@Q) apsrates on a
one end of the first heat exchanger (10321, whil e the
refvighetior agcloby thculangsrebigeaantot ) topethangl. expansi on
val ve (122) is connected to one end of the second
[00fedt lxtheanefegerqnt Gdnevit KlP@hdhe dishkarge isisle efhths esmprpgsor (101) is

first notor-operated expansion valve (121) and the

" copmastrddtaronoend pérthe aegenristinghsat gxehaaeer1(d9R). aTlte other end of the

connected to the suction side of the conpresso

regenemmion hegaxphamaet (198} wrronpreladig el ead gé fthes@ﬁ§rfﬁ1 @05) The other
heat zone (R) than R22 is preferably used as 20 th

end of itheyeeeeiner &lﬂ’ébys branched inte fwp Jes ine Coppgsited T("l‘@@)enéf"f the first
above configuration. More specifically, refri

mfﬁ%fwatsﬂyemaoasvalh% dBd erdefths g%thearntto (9056)<s g the second
single refrigerant a mxe frigerant

MSHPRATAEH 5xm210fléffa}veéé¥2an%ﬁ? ﬁthﬁwdr%iﬁg% B mtvsonﬁé#thpansm

a@e)gég lrlggm{)q\é%@t:e ﬁcél glgqer@é%h lé%ﬁ/ %%ﬁéﬁ/ag égé?:) w?uq.g the other end of
f 006 b h ,
th%&c@'p?%%@%owrﬂs sépw]awla i ﬁéﬁﬁw%%saditg Serdi F e second
e ST L 200 Bl KR i vt
R ey aler ‘é@%% g?eé‘?m%?iﬂ g e il o the suction

m al t erna repeats a first behavior and a
Sl(ieyosftotﬁdccbné?{a@so fﬁ)ltlx provi de dehum dification and

[066‘5]1 dt{gfrf:g%}ani)ﬂaving a larger sensible heat zone (R) than R22 is preferably used as
the refrigerant (106) in the refrigerant circuit (100} of above configuration. More
specifically, refrigerant preferably used as the above refrigerant (106) is a single refrigerant
of R32, a mixed refrigerant containing R32 refrigerant in the range from 75 weight %
inclusive to 100 weight % exclusive (for example, a mixed refrigerant of R32 and R125),
or CO2 refrigerant.
[0063] — Operational behavior —

Next, a description will be made of the operational behavior of the humidity

control system. The humidity control system operates to switch the operation mode from
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[0064] <Dehum dification node> 5 In the refrigerant
circuit (100) during dehum dification, the
regeneration heat exchanger (102) acts as a
condenser, the first heat exchanger (103) acts as an
evaporator, and the second/heat exchanger (104) is
deactivated. [0065] As shown in Figures 1 and 2, when

 deltunsidiftatie td Bimi{dddatibs ofl vicearerdan Firftieer, atedesoiibed Jateat the humidity

node, outside air (OA) is taken into the casing (10)
conttiul aygtent htemutetho ogpeatkOa dirst betrmvixar ind| 253ecoih debaisi tte provide
air (OA) flows as a first air into the |Iower right
delamaidifedati(p end hinidifivation.her hand, when the exhaust fan
(96) is driven, roomair (RA) is taken into the
[005d$i ngD¢hMidifleatbarginoddre | ndoor suction port (13). The
roomair (RA) flows as a second air into the |ower
| ef t Inhhamefrigef®) cirf@0G6§0)Nbxing tthentidifisatidrg the irogenieration heat
the dehum dification node will be described with 15
exchahgergl02) dots & guomienderathd {58t hemhexdhangar (h8Haactsoss an evaporator,
i ncl udes an action to adsorb noisture in the outside
andathe,secang heat éxshanges (10d) s, deaetivatesl. f i r st adsor pti on
el enent (81) and an action to regenerate the second
[006d$or s isbowol isnbianrsas) ansy 2hcdennthel tntwier Fon Sirokiven in tre
air, i.e., the second air. In other words, during
delymidifidatipnmmiade, outpide pir O )45 faken infe Womeasing @O) Byoqalvethe outdoor
first adsorption elenent (81) and, concurrently,
sucgisacset AP)- The qutrideaitOd AhRowtavt Hesheir dpo ikl Owoﬂg@c%anel (66).
adsorgl on el enent (82) 0067]. As. shown in Fj ureall(
Oy theqikerrhaghs whan thet Pdauy fan é9®216)dr1"?%er°8}3’eﬁfé en into the

shutters for the first |ower ht openi

‘ cm%(@éé@ﬁagmﬁwépd?qrgﬁfm%w H&( rogPba, i‘ﬁﬁstaﬁésecond air

ST EL008 S00LI g Tor the remining openings (21

A o B L AT e
e Ve 0
the glgt;g]ld%tggle r‘[‘%o%'g g]p,ﬁg& i3 59% Ua?igmpu% néein‘? ?Fié,)o%d pp action to

GRS I R O il .
sec%gn’g ré’lgs o@tgs:ls\gérj'}élgs u§1 ggﬁ ﬁH?P%l{agiBg{tg% ﬁ’gst%ﬁgg Plé}glgrtu&&i%d by the first

adgé?ﬁtﬁ]&e!:le&%&t) (839 gn&, IEgncurrently, the second air regenerates the adsorbent on the
second adsorption element (82).
[0067] As shown in Figure 1, in the right partition plate (20), the open/close shutters for

the first lower right opening (24) and the second upper right opening (25) are open and the

- open/close shutters for the remaining openings (21, 22, 23, 26) are closed. In this state, the

lower right channel (66) and the first lower channel (54) communicate with each other
through the first lower right opening (24) and the second upper channel (55) and the upper
right channel (65) communicate with each other through the second upper right opening

(25).
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| oner | eft channel (68) communicate with each other

through the first left opening (31) and 5 the first

upper channel (53) and the upper |eft channel (67)

conmuni cate with each other through the first upper

left opening (33). [0069] F&ther, as shown in Figure

5A, the first shutter (61) is closed and the second )
[00s8Ut tTarthé 62X pinsitioperate K30) Miesomhitese shigensifddihe first left opening

channel (57) is communicated with the second | ower
(3Khaxingk {156 nppet Aeft OPenihg TBA) fhier spenaand thet open/dldse dhottens for the

ri ght channel (66) by driving the intake fan (95) then
rerfidining dphniogg (32, B, 35,136} atecslesedr Ingthts stggerthe dirgt Zhynrieh{3) and the

the first |ower channel (54). On the other hand, the

 lowsardefndhaxine] (68) commuhigat ovity edck fother Haowgll the 68yt lefy opening (31) and

driving the exhaust fan (96) then flows through the
thef firss tippezfohamed (31 gnd 3hg uppardeft kkarhi: €7) chmmyaicateswith each other
[0071] The first air in the first |ower channel (54)
thrbighwibeifimstorppiidefiopenng (330ont rol 15 passages (85) of
the first adsorption elenent (81). Wiile the first air
[0669%wsFurthenuaghshoma inhiigiigi 34 e dirstothufias €9 ds clogey) and the second
wat er vapor contained in the first air is adsorb dwgy
shyttes (623ds epere fn thistyiates the siiddle chanmngk (37 Fﬁﬁﬁn&p\“ﬁ"@%}e‘gw fiiae second
first adsorption elenent (81) flows into the first
lowgsdpneeh el (53). [0072] On the other hand, the
second air in_the first channel 1) .flows into the
(0981 i Reg ﬁ@@ﬂlﬁéﬁéé@ﬁ@éov%l)lglﬁfch@lﬁ?s ?ﬁ“)r)é’ff deiydng: the jigpke fan (95) then
el ement

g b o el LS KRB B 0n
oo RS i SRR T Ml o, SRR R e s i 90
ST

b F T EhE SR A0S ATB R0 e By conol

Uy SESREREE B LR 85 Ve M B g v e

OB O 7 B g s o
SR SR A0 Ry i ) v

thé;ﬁg}g e)fcﬁgﬂlgrg%passages (85) of the second

sorption e nt (82). In the humdity control
[0S 28R %hd Bikr hdde tRASLERERT i TreTHEL &ANKA (8Y) f1H&s into the cooling
passages (86) of the first adsorption element (81). While the second air flows through the
cooling passages (86), it absorbs heat of adsorption produced when water vapor is
adsorbed by the adsorbent in the humidity control passages (85). The second air having
taken heat of adsorption flows into the middle channel (57) and passes through the

regeneration heat exchanger (102). During the time, the second air is heated up to

approximately 60°C by heat exchange with the refrigerant (106) in the regeneration heat

. exchanger (102). Thereafter, the second air flows from the middle channel (57) into the

second lower channel (56).
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second air at approximately 60'C to desorb water
vapor. I n other words, the second 5 adsorption el enent
(82) is regenerated. The water vapor desorbed fromthe
adsorbent flows into the second upper channel (55)
together with the second ai%® [0074] As shown in
Figure 1, the dehumdified first air let in the first
[007pperTizheoonel ait hdjted bl aias firtiradsghtich elefrient (81 ppéthe edfgeneration
opening (33) into the upper |left channel (672 and t hen
hedtRkchantzére(102i) ia ket ioth alrenlamigit ontfdlepagsaget (88) of thasewsd adsorption
through the first heat exchanger (103) during 10
elefleani(8%). Ihrleulyimidity domtrak passhgasn@B), (the Jadswberiais Heatedsup by the
cool ed by heat exchange with the refrigerant (106).
secbhé ranft epprokimeatdg MIFCdIof dewrlanvterovtnse. T odier averdpgthe second
supplied through the intake port (14) to the room
ad§oBiBlel@nentt{82)ds kezendraied, Thwaleewaned dasorbgderom ihe asorbent flows
second upper channel (55) flows through the second
into pipesecondyimpen plemineld S5 P pethen with He sapgskair.j ght channel

(65) and then into 15 the exhaust channel

[0&%¢ ondis slmwrpmﬁgwetlhﬂv@humbﬁg@ﬁ@h air fetan ﬂ?xfélﬁza‘l’iﬁﬁf channel (53)

(104) duri flown hr ough t he exhaust channel 94
flongs thiough 1 rsttmerslégtmamnéz%?’)esv@ﬁb%wer lqft ehannely(67) arid then into
deactivated so that the second air js_neither heate &9 d
thvistake shpeng] (4Rehhe find acrashrs thioqugh thnfirsh heatexghamper si¥3) during

for coolln of the first adsorpti.on eI .
floménge Hhepagh h dhe ot etqlslén%f‘éc(a?-ad%&gaérﬂptsl o Bttt %@?{‘ge with the

i s exhausted throu t 6) .to the,.
refijgeiantid 06). oheERatiRG Th d{hv@ A0t o Bl 1 it % gyBlied Prough the
dehun1a%flc tion nDde w |l be described with
1“@%?%@% °FPYlres 2 and 5B. The second behavi or
the f t behavi or

0@% ad Brb; %gt?egtrl’{ag{rni {hﬁ Sleﬁ%ndoﬁ]f f: o the sec?ﬂd uppetrhglg#l&lp S(?S) flows
t

thrgltlél? B}%nspcéo e@%ﬁgﬁ Q}@pﬁﬁégﬁﬁ Slptoethg gﬁé]ﬁtr r%ﬁl?):}lla%ﬂgl c&then nto

the i ¢ hsﬁﬁe'ét@woﬁﬂs S AP sl sockl &?ﬁ%ﬁ%gef a04)

dugpgi%) al'lll%r ggj)u%mn c e%gus]; ¢ zg']rl??}/ 41! eﬁtc' BLEANMe gﬂ@ QR MRat exchanger

concurr econ

(Iﬁzﬁqeﬁ c%z%%l g@%ﬁﬂ%%&gﬁ? a8 n hﬂﬁerfh'egtéénaldéﬂﬂ&f @B, the second air,

erren own In Figure 2, in

] wl#u':lg HLst ﬁ@ernt el 98 choqﬁlﬁ c(fztﬁé firdt rﬁgs(%gﬁgﬁ EleRRRt B hE rrts,generaltlon of

rst upper “ri1ght openi and the second

thé 9. dréﬁP%pnBR%“érH&n( 88), i@Te&XhORRA ﬁﬁ‘&;ﬁxh&éazaﬂ%gét%zcg?ﬂﬁ) to the

ers he rena ni'ng openi ngs
mﬂﬁ&iclosed. In this state, the

[0076] Next, the second behavior in the dehumidification mode will be described with
reference to Figures 2 and 5B. The second behavior includes, contrary to the first behavior,
an action to adsorb moisture in the outside air, i.e., the first air, on the second adsorption
element (82) and an action to regenerate the first adsorption element (81} by heating it with
the room air, i.e., the second air. In other words, during the second behavior, the first air is
dehumidified by the second adsorption element (82) and, concurrently, the second air

regenerates the adsorbent on the first adsorption element (81).
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first upper channel (53) and the upper right channe
(65) communicate with each other 5 through the first
upper right opening (23) and the | ower right channel
(66) and the second |ower channel (56) conmmunicate

wi th each other through th&®kecond | ower right opening
(26). [0078] In the left partition plate (30), the

[00TPEN/ &4 @RRTSRAWiERe 2, Phetrbht patiaoa plad (2091868 bpg/clo@2shutters for
and the second upper |left opening (35) are open and

thetfh@t ﬂgﬁﬂhgh@&;ﬁnﬁigt(&sﬁérﬁi thokedohe lovié rightepeting (28 erd oga and the
4, 36) are closed. In this state, the | ower

opérﬂélbs&ﬂﬂtﬂ@@foﬁ 68 rerafidirghepetiggo (21, 2RI @5) a2Josed. In this state, the
conmuni cate with each other through the second |eft

fir® pPeN ehdnde) (S33ned tthe uppaoight Whpaitel ¢bSNcwhmhibjteanith each other
the upper left channel (67) communicate with each

throidiethetfirstoufgr fiblet geampd28paear the édwerapgnichgnneB)6) and the second
[0079] Further, as shown in Figure 5B, the second

lovediuhtgrie] (56) confmohioste dvitnghch hthdrithotigh 1 shotd kwef 6ight opening
is open. In this state, the m ddle channel (57) is

(2@omuni cated with the first |ower channel (54).
[0080] The first air let in the |lower right channel

[0078%) Taytheltdifvpartitiohplaten{3@k ehd apen(@eye shiers 6r thasecond left opening
t hrough the second | ower right opening (26) into the

(3¥endnte Isesvmd wpipanied ofeBBlg (3O aret dpenot e lpapricloss ghutters for the
second air let in the |lower |left channe

rerdaininigrogenings 634h 3334, Banare 2ps¢d @y thisnstatef the W@ﬂ%@@mel (68) and
the second left opening (32) into the second channel

" the(m_gnd flegdl 5T heonimpriratgwith each hthes tuongh thewegond Mﬂ@qﬂmg 32)

é flows into the humdity control passages (85)
and the sseewshepped shansel G7) end thsrppesizft chppaal éﬁ’{)m@nﬁmﬂ@@m With cach

air flows through the humdity control passages (85),
oﬂwatl@@uglhtb@rse@@dﬁiapwéaﬂioaertlﬁ%( rst ai r i s adsorbed by
he adsorbent. The first_air thus d %bgled b

uﬁf’fo

th
[0%7@&0@%&%%110&?9 v Bigaret 5B gy SPRSH 55 clpgtd and the first
secaond upper channel 0 he ot her
shyte (gle)c’é pon In Wi oie. e @@H@lea%a%fg@)s@)wm%w# ith the first
t he ?Ilng passages (86) of the second adsorption
lowgrehap Wi le the second air flows 21 through

' 86).,, it ab h .
B 0SS R B ey o 0 e
ﬂo%%?h%%éﬁ i Spepnd l#a»%? ﬁ%ﬂ“&ﬁﬂ'&%@ WP b EEPRP Y FRtet 50> on
the Other lt'lanecl meds%lcc?n it ?1'1 tl{6517))ve []e% &%ﬁg%ﬁﬁj’]ﬂ)p quvmg Rffe exhaust fan
(96) then flows through the second left opening (32) into the second channel (52).

[0081] The first air in the second lower channel (56) flows into the humidity control

| passages (85) of the second adsorption element (82). While the first air flows through the

humidity control passages (85), water vapor contained in the first air is adsorbed by the
adsorbent. The first air thus dehumidified by the second adsorption element (82) flows into
the second upper channel (585).

[0082] On the other hand, the second air in the second channel (52) flows into the

cooling passages (86) of the second adsorption element (82). While the second air flows
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regenerati on heat exchanger (102). During the tine,
the second air is heated up to 5 approximately 60' C by
heat exchange with the refrigerant (106) in the
regenerati on heat exchanger (102). Thereafter, the
second air flows fromthe mlddl e channel (57) into the
first |l ower channel (54). [0083] The second air heated
thréiight fhe @eling pasdger (B6)oN dsereriteal 82)adsuptidgtheroduced when water
regeneration heat exchanger (102) is let into the
vapound gdsoybeddnt theladpaberge shd Bapidify doneof passigea 8%y Fhe second air
10 elenment (81). In the humdity control passages
haviiblaket heatad dsdrpiidn flswhano dit mpldbe/clianeel§T oo @rssesahrough the
approximately 60' C to desorb water vapor. In other
regetration hbs &xahahgerad§2y. pDidng ehertemg, h813ecomd air is heated up to
regenerated. The water vapor desorbed fromthe )
apracisioraben 607C dwsheat exahavgeewithrtbe rafiperntc(1@hhisl theegeneration heat
together with the second air. [00841 As shown in i
exdhnnger €102). Theredfény thiedsdcped airi flws fiom thetmiddlet ¢hansed (§AHinto the
upper charnel 15 (55) flows through the second upper
first bfwerepamieh(F4)35) into t he upper |left channel (67) and
then into the intake channel (42). The first air )
(0083} s Bhetsheandghir heatedrtiyrtbe s¢rond adsarplionorlement@83) and fh¢ Frgeneration
flow ng through the intake channel (42) so that it is i
heat gathagey (198 his lek e thychumnidity copsol Rassagge (8 1of (thoFyst adsorption
Thereafter, the dehum dified and cool ed first air iﬁ
cleggpb(§ladin Hreolignidity Heonfrat arssagssrB5),1thy adeprbent 15 Jsated 1p by the
[0085] On the other hand, the second air |l et jn the

 secppd it @b RPPrevRAIGET 6053) tof fesRRb tWaEugAPOTt B §trspvords, the first

upper right opening (23) into the upper right chanpe
adsBBYoneeem e B hEceRsaict HiF ster ek ﬁeioﬂaeﬁl%fqm Hpscadscrbent flows
second air passesééhrou h the _second heat exchanger

intp heAyrsipnpenghanpeldR hig BehetoNdh hermscidfliist  channel
. At the tinme, th : ; 104) |
oAb e i W SRR 2 DEPPR LR e chme
| ed, Then, th d ai [ 25 h

(s oSBT o srgond UoneE 1ELOBrTa RS i T etk ) 67) and
e RO G o SR on Bt e Qb R T srghaneer 103)
oub 0 YR oy B 8 A TPEREE By o8 e v
ol RERDSUR AN, RFEL O I8Rh ) o 08y SRR v
theARAKL Bgnf(i‘{)% Mmedbexchanger (103) is deactivated.

[0085] On the other hand, the second air let in the first upper channel (53) flows through

the first upper right opening (23) into the upper right channel (65) and then into the exhaust

-, channel (41). The second air passes through the second heat exchanger (104) during

flowing through the exhaust channel (41). At the time, the second heat exchanger (104} is
deactivated so that the second air is neither heated nor cooled. Then, the second air, which
has been used for cooling of the second adsorption element (82) and regeneration of the
first adsorption element (81), is exhausted through the exhaust port (16) to the outside.

[0086] <Humidification mode>
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[00871 As shown in Figures 3 and 4, when the intake

fan (95) is driven in the 5 humdification node,

outside air (OA) is taken into the casing (10) through

the outdoor suction port (15). The outside air flows

as a second air into the | d&r right channel (66). On

t he ot her hand, when the exhaust fan (96) is driven,

r oomimithe (r%)ge'rsmttca’foait {100p duhieg lmasidifipa(id) thehragagdration heat

the i ndoor suction port (13). The roomair flows as a
exchangtr (H2) actstas atchadensewede seefiid Iehaenvbhnge6 8)04) a¢s poagegjaporator,

Next, the first behavior in the humdification node

" andnhk lfirfidhestesxchariged(1M3) 1s dergtivetednce to Fi gures 3 and 5A.

The first behavior includes an action to adsorb .
[0088] stAx shéwn ithBignmend aind, 4; when thheinfake sfana(9) isrdrivea in the
first adsorption elenent (81) and an action to
humgljieiontreodeh @utsateorit (Ad$ ov ke inte| therepting 61 tblgpugh the outdoor
heating it with the outside air, i.e., the second
sucgion . portn(15). Hdhe ovsvidis air dlowisrag & $esond pistintedtheawsr, nght shannel (66).
second air is humdified by the 15 second adsorption
Onethe ihrer hasd) whemndthecaxhewst rf@nf%) is drizem deompantRaf is tgken into the
first adsorption_ elenent ﬂ) adsorbs noi sture ipn the,
casing i) Hirpugh tb@agqowugmwrt 3 Hip wom aif Hopas g fg‘ﬁk ar into the
partition plate (20), the open/cl ose shutters for the
IOqull@ftChﬁn@hlt(ﬁgbem ng (21) and the first upper right
openi ng (23) are ogpen and the qpen/.close, sh ﬁteraescphed with

(006E i AlenGripetengs pabe Bipicsn 9y e

rffaEny ‘S"tcﬁtﬁgfﬁ%tﬁha?‘é%% e eebion s ah SRR adpdugRistre in
thec el (52) Dars %23 ABsts Thtg %o&?@aﬁé@%@ﬁ? and an action 1o
ARG Ghoriond 12 5 T L

| secggg) ir, (E]rtn] ghgg %fg)% 8“% gllétﬁ Bl]é)agvrrlor}, & seg% c{ a1r ?y\?\g{%cﬁﬁéd by the

secipélﬁma% ena&g%getﬁl? 5 ég%gé&d %ggc%%lﬂ ;he at%gr egt; %%H% first adsorption

are C

cleﬁ&é@ﬁﬁ%ﬁr %é%‘é/\%rthe% .ghannel (68) and the first

Cormunt éate with each ot her t hr ough

[Odiﬁg AL ovsIrnOW1 \l).\J)eeo'f in ﬁ{éﬁgh'g gaﬁﬁé% g?dt?gg?ge[hé Sﬁé}ﬂ 0s¢, shutters for

er c anne and upper nnel

thr-ic (ﬁm%fg ﬁlﬁp%m(gs E‘z)ﬁ a':i}@ Ogﬁf]hﬁl&t Qtugiléh{ Bgﬁﬁ% Q?% %@g ﬁfrﬁeél and the
opéﬁblogé]&ustg%%f t;}f%g%rtélgﬁm{gﬁdﬁz)eﬁ ng gitlg?gdz%i%) ?nféed@s%@ ORdhis state, the
ok chimél (66 mATHE Bt @h&theM(31) dohfin®EeANdith each other through
the first right opening (21) and the first upper channel (53) and the upper right channel (65)
communicate with each other through the first upper right opening (23).

[0090] In the left partition plate (30), the open/close shutters for the first lower left
opening (34) and the second upper left opening (35) are open and the open/close shutters
for the remaining openings (31, 32, 33, 36) are closed. In this state, the lower left channel

(68) and the first lower channel (54) communicate with each other through the first lower

left opening (34) and the second upper channel (55) and the upper left channel (67)
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| ower channel (56). 5 [00921 The first air let in the
| oner | eft channel (68) by driving the exhaust fan
(96) then flows through the first [ower |eft opening
(34) into the first |lower channel (54). On the other
hand, the second air let i®3he | ower right channel
(66) by driving the intake fan (95) then flows
comhrupirgte witteedohragherthrghgh thoentang yppey leftopening&39)i r st
channel (51). [00931 The first air in the first |ower
[0@H &nrisirthes As shbwmsin FigaretTe thefirsti shptten(fly s 0101@1 and the second
passages (85) of the first adsorption el enent (81).
shwieir (@2)tihepdni. frsthisgtatef thoweddln changisl (2 is crwmmml@a}ed with the second
control passages (85), water vapor contained in the
lowgrrobanrgl (56)s adsor bed by the adsorbent. The flrst air
from which noi sture has been taken by the fir
[0GE23 or Phe fonst air Eatémthe lpgay leftichamnel (&) bvrﬁiéwmgrté@ eﬁlﬁ’b‘éfr fan (96) then
channel (53). [0094] On the other hand, the secon

flows threaghithe first Hawerelefy apeni Gds intarthe dmy lowsy Pl%?@nellé" On the

passages (86) of the first adsorpti | e
ot hescsbb A 16 149 oW TAMAUGHRS RES) KaBTipgy e itake fan (95)
passages (86), .it absorbs heat of_ adsorptio Qﬁi oduced
thegrlawsikraueh jhenst right opgaige k2l inlp the, S GERRBLED i 1t he

[0Q Ko S5 it %gﬁ?éﬁﬁgﬁ% Shkined (§4¥ ﬁewm it echihiy control
pobsoade B0 PR B bR Eifee! POSSERILBR ARG Sy fope troueh e
e R SRRl e e o e
oG B ESLHENRE PR s 1o 2o SEERERG s AR BT element
<8éz§£%wspx%$°tﬁ5brs HEpd SR B e cgenor at on' “heat

pa S agg%ﬁf‘( éféozl)lq;n leestec6ﬁ21t nhﬁxel}ﬂgﬂ eégg’ tﬂ&urs 1nto the cooling

Secon adsor

paéjl gé (ti)ilﬁﬂ Pf‘ ﬂ%&éﬂmﬁ%ﬁﬁq&é ( 8 l%sthé §L5c)0nd taﬁ‘eﬂows through the

alr

co@l%’?%%ﬁ&ﬂﬁé gﬁyﬁgg%:gbg sd‘fn%&lrpf ‘9@ &ﬁ%&?%?&d\gcéd‘ wWhddelvater vapor is

nd sorption e

1 adgcg- Efr e gdso;rﬁé%t YRt hl}{ﬂlﬂﬁ& MBI pRbades Qﬁ‘S)t |T‘ﬁe second air having
sor e fy

ent 1s 24 given to t second alr to di

taleChSR GNslsBlgtion TH&wS 858N Ge alll’ﬁddtlé] WhafHeMi(§)f b.t‘i‘cﬂ pﬁé/seg RBrough the
second adsorption el enent (82) then floms into the

re%%‘é&'%n URRE lex SIRAREL (16295 Durin@ OR8] tie, howeeohd &t GsiMRated up to
the second air let in the second upper channel (55)
apf:)lldi‘ﬂﬁately 60°C by heat exchange with the refrigerant (106) in the regeneration heat
exchanger (102). Thereafter, the second air flows from the middle channel (§7) into the
second lower channel (56).

[0095] The second air heated by the first adsorption element (81) and the regeneration
heat exchanger (102) is let into the humidity control passages (85) of the second adsorption

element (82). In the humidity control passages (85), the adsorbent is heated up by the

second air at approximately 60°C to desorb water vapor. In other words, the second

adsorption element (82) is regenerated. The water vapor desorbed from the adsorbent is
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t hrough the second upper left opening (35) into the
upper left channel (67) and then into 5 the intake
channel (42). The second air passes through the first
heat exchanger (103) durin%¥Llomﬁng t hrough the intake
channel (42). At the tine, e second heat exchanger
(103) is deactivated so that the second air is neither

o LA g s s v
o . . .
w6 B0y 9,
pper-enant 3) 1T ow .
[OOPEE;H%SL%‘%t ARSRIA% (1 Qechﬁ‘& Qltrtlé’cgﬁ‘m@ co{\d}1 %?ﬁer%i}gﬁﬂa@ (55) flows

0 "t he exhaus anne

o3 B, ST R e o
thef@%aﬁégaéhah}l?l' (%%g 8@;5 gelc%ég I'ehzf?%ss’éé: Iﬂﬁ’ﬂﬁ’%h Yid Brdi MRat exchanger (103)

rigeran the Tirst air from

dur}ﬂ% glﬁ\év?]@t ﬁ%we@hﬁg qnﬁﬁ@%hﬂ?l\lég )(@?.eﬁt LRk Bhel theCtbautbhefd exchanger

aust port to the outside. 15

3 . . s . .
(ldﬁggg %ﬁam%d gs‘eth%?l%nge&%ﬁaéﬁ Q5 defthth Bedted b f dgodd, OThen, th

escribed wth reference to Figures 4

hm?mﬂﬁs?cﬁ%eggﬁ?aﬁ RCRBAREMANIAhE AEKIPBE. (1§ PBh&#Fn.0 the

Irs avi or, an action to adsorb noisture in the

" [0099PM @4 khe bth&r harldDehef fisB hir détlin (RO fitfA @ippeCEHatine] (53) flows through

adsorption elenent (82) and an action to regenerate
thel 8t ddpesti RRIRL (2F) iRloARE Bppdr Sibht Sanheldbsndi themintdithe exhaust
the outside air, i.e., the second air. In other words,
chael mg._tm SRESPgahiebaxb@th the Recomdarade:2Bamder (164) during flowing
hum dified by the first adsorption elenment (81) and,
thr6@EIC e leRRAsY chdniiel @d$ 66 BRpit i9tooltd by heatanxdhagsoript ihenefrigerant
el ement (82) adsorbs noisture in the first air. [0099]
(10%9. Bhwwdfter thEifigitragr fomiwhithenaistgltangdient havebeph sken is exhausted
(20), the open/close shutters for the second right
thropgnihe gxhaid) pandl 6) hethseasidt. upper ri ght openi ng (25)
are open and the open/close shutters for the ) ’
[0098irai Néxtg thepsmbmd belBdor @3the Zaymidijcatiors naddsswill be lescribed with
this state, the 25 | ower right channel (66) and the _
refeenonth Kiparendland 5B) Theseronil behayiwiintludese pondrapeto the first behavior,
through the second right opening (22) and the second .
an wptien te hdsone mci 86k iandie rpemaipde. theyfirst ait garfbe se@wyl adsorption
conmuni cate with each other through the second upper . . .
elemiegh 820 padh an getiopgp regepefae e firstadsarptionelemgat @il } g)bheatmg it with
plate (30), the open/close shutters for the first .
thegipeirle ist te., Bipsprang 43y ofss Words. dudi e sseRad pebpyior, the second

openi ng. ( are open and the open/cl gse shutt

- 36 rs, for
aitt iR dup mb?ygth@gf@ﬁi agerpian elegsent §3) a9d) capamenibsdhe afsprbent of

this state, the first uppeg channel .
the second adsorption element (82) adsorbs moisture in the first air.

[0099] As shown in Figure 4, in the right partition plate (20), the open/close shutters for
the second right opening (22) and the second upper right opening (25) are open and the
open/close shutters for the remaining openings (21, 23, 24, 26) are closed. In this state, the
lower right channe] (66) and the second channel (52) communicate with each other through
the second right opening (22) and the second upper channel (55) and the upper right

channel (65) communicate with each other through the second upper right opening (25).
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(53) and the upper left channel (67) communicate with
each other through the first upper 5 | eft opening (33)
and the lower |eft channel (68) and the second | ower
channel (56) conmunicate with each other through the
second | ower |eft opening (¥6). [0101] Further, as
shown in Figure 5B, the second shutter (62) is closed

m ddl e channe i§ conmuni cated with the first

op%tﬁﬂ\f £335ha87Rd sdeafla lo(v%ég)léi% 1P&lind (#6)fdré SperPhrid ihetopef/cldi€ shutters

ower [eft channel y driving the exhaust fan

for(iB8}erhdifiRg oﬁbﬁlﬁ@s (31 92BN, BHLare ERBA Th N ktateS e ﬁﬁﬁﬂ%ﬂé@ channel
(36) intothe second |I'ower channel (56). On the other

(sjgadﬁa,thé bSpr 9@ RBarde] (476 combninittd GNRreath gihkr thadtethe first upper

66) by dl?‘l ving the intake fan (95) then flows

left RpOUS (ngJEaﬁ@@mqbwérgllaﬁ EPpaninGgs) 23y thatsecdrndeldae ahdnnel (56)
channel (52). [0103] The first air in the second | ower

cofrmiate Wil tachl A& thiotigh thegekundi idvtyleft @pbiiag (3605
passages (85) of the second adsorption elenent (82).

[0M11] | eFdriter.fasr Sowail i FipoesSB,hthe wgdond hebuttexug62yliis ylosed and the first
control passages (85), water vapor contained in the

shitter §61)alk fopes. ladkiBrduael thy niilbéle chaset ENtis cdtenvhicastd it the first
from whi ch noi sture has been taken by the second

lowetcheicl (84). el ement (82) flows into the second upper
channel (55). [0104] On the other hand, the second air

[0102] t HEhesfsoaid lat rathedbwés2ft chhmed (68t driving the exluwisi fag (96) then
passages (86) of the second adsorption elenent (82).

flowsi thvugh ¢hes srcondi lawaer 1eft opsning 3@ Lghe thhseaad| lowgr channel (56). On
passages (86), it absorbs heat of adsorption produced

. [01?)22 tRenE i1ERt artﬁn)llﬁt ]g% (303) theSoRA%Nbse | dhuftés StoP iR Erst upper left

- thenbtber Ivatlethe seapulraii ket adtherlpedr tightt dhennad {6f)dendrivipg theeintake fan

hum dity control passages (85). The second air_ hayi n?
(9Dakemflorsithrefghabie second osht dnswngi (ALdntortbe Ascgad shamghFa)-
(57) and passes through the regeneration heat L
[01033 haRege first Bdr2in. thexsereng tomsr chamnel (3o Sewoite dhy hpmidity control
heated up to 25 approximately 60C by heat exchange
paggages BAkof drrseegadaadsorption pigment () %’@é‘ﬁé?"aﬁ%’sé qirfiogys through the
exchanger (102). Thereafter, the secand air flows fr
humpdityrpemral PassaBere(85)-o73ter KR crBtained 18 the it TR AsaPed by the

ki e L0510 SESOTOAE e 1 AESER s
S Pk s Sy (a0 1 cont ol

0] @t G B S SO OLecB 395 o Rbond BERLP I Hbus into the
cooling passages (86) of the second adsorption element (82). While the second air flows
through the cooling passages (86), it absorbs heat of adsorption produced when water

vapor is adsorbed by the adsorbent in the humidity control passages (85). The second air

* having taken heat of adsorption flows into the middle channel (57) and passes through the

regeneration heat exchanger (102). During the time, the second air is heated up to
approximately 60°C by heat exchange with the refrigerant (106) in the regeneration heat
exchanger (102). Thereafter, the second air flows from the middle channel (57) into the

first lower channel (54).
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second air at approximately 60C to desorb water vapor.
In other words, the first 5 adsorption elenent (81) is
regenerated. The water vapor desorbed fromthe
adsorbent is given to the second air to humdify the
second air. The second air 2fhus hunmidified by the
first adsorption elenent (81) then flows into the

[0 ]f()i5l S tTHé%@&nqqham%d KPR sedoga Q8dorporshiemanti (82 fé.r@llﬁ@ rékeneration

second air In the first upper channe
hezft'e&\éﬁang%ﬁ(ﬂ??li’s Feh ﬁltf) 'tﬁesﬁurHﬂPc? rcoh®b1t pRRQBS M)(&&he EiBsItCadsorptmn
he upper t channel and then into the

lehitha kel )C e huh iy cohitel pese 5 tﬁé%&&ﬁbéﬁtﬁ@%ﬁteﬂ by the
= |rsF@%eat exc%ang%}milos? dugﬁﬁg ¥Iomnng t hr ough th2$

sedofiadie £h 1m@143%) G60AC fohBedortrBratéh QasRC afdoth@atwords, the first

exchanger (104) is deactivated so that the second air

addc¥ptidi El@ﬁl’énthﬁ'} el rdpeheraed) The white Napbhéesbtb¥ddicdrnalle adsorbent is
second air 1s supplied through the intake port (14)

givefl tb Hige £R0AA air Q3 OiniddXy theSeqirdedir, Mhedecdndeaif thus thuaiidified by the

et in the second upper channel (55) flows through 15

firéth@sGpeaneempaB1y thei tlotp anb g {rdbippentimnhbleSBpper
ri ght channel (65) and then into the exhaust channe

[0106]) . AT BRoW S Figuire 4p@xsesond apughint the firecopskrvhatnel (53) flows
exchanger (104).during flow ng through the exhaust

throhgtntiel firk¥dppes teft baning (333 into theeupplay ldfecttanexiciédnged then into the
with the refrigerant (106). Thereafter, the first air

inthkeochanhélc(#2iol st secenchaidl pases thraugh teefirst héat rexclganger (103) during
exhausted through the exhaust port (16) to the

flosins itteugl2 the[ibRE hannehE2at Abthel tithe Hbw senond fheat exchanger (104) is
refrigerant circuit>> Next, a description will be made

deattivated sojest shd ssoend siebawitber heptedmer perfled. ddenrthe humidified second
circuit (100) of the first enbodinment in the

airde buppligdl tirougti e iniake prahild) fd barewn nodes with
reference to Figures 7 and 8. The flows of the firs

[OHIA s©u dhrdother kand nideufirstfitHegigrthe second BpRas sheieh (3% @OWS through

second behavi or. Further, the notor-operated expans

. the siopad upperirightoopenings(28} énte dke YPRETight chimngf §6%. and then into the

exiWEb L opE) U A ST %#%Séahx?&gmggfewa& HefiGERehanger (104)during
Mg fRa s Y0aG AR G4 DLRETp Kgf o558 by sl stgpeg it the

ntro d adequat

I
reiapanﬁ{fﬁghv 5605 5 ST BR 1o BB m Ses ol haviagen taken is
exbg%q%g gsl_&rqxi’é&sl(t)%mﬂ?la %nodtsﬁdet his conditions, the

[0108] <<Operational behavior of refrigerant circuit>>

Next, a description will be made of the operational behavior of the refrigerant
circuit (100) of the first embodiment in the dehumidification and humidification modes
with reference to Figures 7 and 8. The flows of the first and second airs shown in Figure 8
are those in the second behavior. Further, the motor-operated expansion valves (121, 122)

are not given in Figure 8.

- [0109] In the dehumidification mode, the second motor-operated expansion valve (122)

of the refrigerant circuit (100) is fully closed. On the other hand, the opening of the first
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(100) circulates the refrigerant (106) therethrough to

operate on a refrigeration cycle. In 5 this case, in

the refrigerant circuit (100), the regeneration heat

exchanger (102) acts as a condenser, the first heat

exchanger (103) acts as an &%vaporator (103) and the

second heat exchanger (104) is deactivated as shown

- 1 i i he operational

ok G e G v, (17 1 R Aul g aveontipgy oyt o
cofliidgRarged in a high-tenperature and hi gh-pressure

state fromthe conpressor (101) and 10 then

[0 bRNSKALY Btk EdnpiRSsof @URU)EE aliven iRaRk Rxefidngethe (rd@igkrant circuit
The hi gh-tenperature, hi'gh-pressure refrigerant (106)

(100) @ gtel RRO B g dAk {lﬁ}eﬂﬁféﬁﬂoﬁ@h & dberaiChin R Gefriged@idh cycle. In

exchanges heat with the second air to release to the

thi§ e&enth MerreiRRtank 2RIt PT00Y NAE FBdenef-6R MRAREIcEMGRE (101 acts as a
first adsorption element (81). This heat release

cofRHSE Sthe st 10faf eg@aagdr (1030&)s ddard BepbLERN@03) Arehtheaatond heat
exchanger (102) to gradually condense and reach a | ow

exchiang @ PBS)at BERtivIBE acHveniadioureBAL ger ant (106) passes

t hrough the receiver (105) and is then transferred to

[011hg fTHeS teffiptrant QPOY)addisbatixgiinsomprasaddv dy( th2lompiessor (101) is
the refrigerant (106) passes through the first

distidroed mpe hidiedneemans iand high-pes$ut tjate fromi the roedipeesdon {(101) and
pressure into a |lowtenperature and | ow pressure

theat ahesferfok toefthé gegartatichOGatr eselmadern f14R)esEhe chiglytemperature,
the first notor-operated expansion valve (121) is

highresshier refdgérant (k06 iffesting) ebriougl chemegemeation )heap @xctiapger (102)
| ow-tenperature, |owpressure refrigerant (106)

ex¢Haogdsnieat hwiduglie sévend jairsto rederse textbhaerpad il dgyt used for thermal
exchanges heat with the first air to absorb heat from |

regeheration of thei first Thgospthomatlemanys(@1 pt This heat sleaset ¢puses the refrigerant
refrigerant (106) in the first heat exchanger (103) to

(14$p dn ngﬁ: Irggeneratipn rhsplecxabengas {4 A2atoh Bgualbnpendsnss and Tepgh a low
evaporated refrigerant (106) is sucked_ into the ,

terppangiiies She condenyedaiefiigern (HI63 PRsses Bwoyghahe eeiver (105) and is then
conpressor (101). 25 [0112] In the humdification _,

trapgferaed tontherfirpsmotmsopetatidermeptor YplR I B WMhepdhe reffigerant (106)

pas?s.fﬁ%tthgqqug;ﬂel;]rgl ?r(q%%éog%lfprégﬂu v:afé)aégigg g{%llvg ét’abpld'%/iscrle uscgg in %ssure into

not or - oper at ed. expansi on val ve (.122) i ontrol l.ed
& 15AGIRTEIY. HELBRUPTG G See B EAET B S G EdrE isure by the

PRACEE I NS et RSN ER T SRR S
ThtF gﬁﬁ-g‘é{ﬂg?aﬁéﬁpﬁ?%g@w%h %f%tggrragy %106)0 ﬂ%el%gat O%.Eh Yhe first heat
exchanger (103) exchanges heat with the first air to absorb heat from the first air. This heat
absorption causes the refrigerant (106) in the first heat exchanger (103) to gradually
evaporate and reach a high temperature. The evaporated refrigerant (106) is sucked into the
compressor (101) and then discharged from the compressor (101).

[0112] In the humidification mode, the first motor-operated expansion valve (121) of the

refrigerant circuit (100) is fully closed. On the other hand, the opening of the second

motor-operated expansion valve (122) is controlled adequately according to the operational
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this case, in the refrigerant circuit (100), the

regenerati on heat exchanger (102) acts as a 5

condenser, the second heat exchanger (104) acts as an

evaporator (103) and the first heat exchanger (103)

i s deactivated as shown in 48 gure 8B. [0114] The

refrigerant (106) adiabatically conpressed by the

ressor (101) is discharged in a high-tenperature

u“%ﬁ ™i gh- pressure state fromthe conpressor (101) and

[Ol:l?ﬁz) ansf e{c{rﬁgrfagsgr gpﬁ)l) dg %?1@%5%% :ﬂglﬁ_cgﬁcggigﬁgégﬂ@?&ﬁéerant circuit

(lﬂﬁgfg{ﬂ: %%% glcee%}qg()fa'%) (‘i%e)”&ﬁéeﬂggg@ﬂ é&apﬁerﬁtt%%%Fﬁ rr@ﬂi.g%tion cycle. In
thlsacgse 2 rgf?sg%a'h?ﬁfrg\gt fﬁ)‘ﬁ?n[ e Alde Qﬁ%n §:ﬁdexfc9{n§%§?fmlacts as a

e’nera Sor |on el ement

con-ﬁlahs?’er hlﬂ@tse(l:o%ld f efcﬂ%ﬁ%? é (arf§22g 'zgleéﬁpsrgto(r ](?@) drfd theFirst heat

eneration he
exc%éﬁ?e?ger Jﬁgﬁﬁg?g%g%ihgﬁ@ﬁ%ﬁigt he T eggfvgsnggggf ‘
[OIQEFOLﬁgLEE?g%&gmt gm;ﬁiﬁgg IBf E?ﬁgfﬁ?%&%{ n1the compressor (101) is

dlSE[%II% cﬂﬁlrélmg(h &ﬂ@@)attﬂ@%ﬁ@%émﬁ&%% the Iﬁ&ﬁQHQ compressor (101) and

r-operate xpansi on valve (1 is reduced

theR" €885 Sed NbO (1R | OYEdeRRBRT AL Sxé‘}ﬁﬂ%érm(‘l@') ESH¢r @11gh—temperature
state. The refrigerant (106) reduce pressure by

) hlﬁttﬁeéﬁféofé@rlé@mr 198% TRIE iR roghMatidd 283t Exchanger (102)

transferred to t e secon hea exchanger (104). The

exdHabdsCRARE RATH KR sdcoMd RICRSHIsE @b the SNt 1863t used for thermal
flow ng 20 through the second heat exchanger (104)

reg@M&BERD 85 tHeehist Wildobptideeléhéat(88). ITHiOhed selelsehaates the eefrigerant
the first air. This heat absorption causes the

(1068 fif itBe r&eherlalio )hehinetdhengee (0OT) foegladusdichanigese {rkDdach a low
to gradual ly evaporate and reach a high tenperature.

tenfjeeatercaPhe adeldnsadatfriggema(t06) pOGEs ibsoghake ceceiveo (10 and is then
conpressor (101) and then discharged fromthe

trangfenpsde & thie §dddh)l. maorppdratll exphhstan sabk @E2RpdWiemtthd refrigerant
Next, a description will be nmade of effects of the

(106i) I}Iai;see nirodglneint sached MRBG-dpsrated edpm1mh@lveef12|2gem anreduced in
(106) in the refrigerant circuit (100). [0116 )

pressuge ieo koloshienspesaturexadpow-pEssareTsiged [he) p'gﬁﬁggt]agw )} zeduced in
refrigeration cycle of the refrigerant circuit (100)

pressira &y RBQ secPhé mote-opcagjed xpangionaiabes (AZhigatnsfersd ¢ ehe second
of RR3 in the refrigeration cycle by laying off

heate ppbengarr 6H40f Thielovetempgeatanst lovamyssars seldigarantd106) flowing

through the second heat exchanger (104) exchanges heat with the first air to absorb heat

. from the first air. This heat absorption causes the refrigerant (106) in the second heat

exchanger (104) to gradually evaporate and reach a high temperature. The evaporated
refrigerant (106) is sucked into the compressor (101) and then discharged from the
compressor {101).
{0115] - Effects of Embodiment 1 —

Next, a description will be made of effects of the first embodiment when R32 is

used as the refrigerant (106) in the refrigerant circuzt (100).
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and entropies thereof as abscissas. The curve L is the

saturation curve of R32. 5 [0117] The refrigerant

circuit (100) using R32 operates on a general

refrigeration cycle shown roughly in the |oop

A-413-+C-4D. In this refrigation cycle, A-*B

i ndi cates the conpression stroke in the conpressor
[0108D1)FiguBe 110 shodk eatexamblreofcn TR dizgidno Bhating kerefriperdin cycle of

regenerati on heat exchanger (102), C*D indicates the
theaxpriBRNo Bir&dir V@) uging RE2. Tint DS dipgtat adicetep almigonof state of R23

valve (121, 122), and D--+A indicates the evaporation

“in terrefietatioh ytleebyf layiiy ¢fé atmgeeathaes gerthé tddyerant (106) as ordinates

second heat exchanger (104). In this refrigeration
andyntiopiesttheesfds absgeae (Tat icarvedf istthesaadsbomptirenoeR &2rent
(81, 82) is carried out in the condensation stroke in
[0ltIAR rgenfigetinooirbantl 00X abiagRS2 (pkBRys ¢ ogeiRwalteirBeraion cycle
C. Next, changes of state of refrigerant (106) from
shogi mugBlytin e Whdp AbeBdeSem. Jadhis[reftsiatian cpoients—BB indicates the
which is the discharge tenperature of the conpressor )
corfifi@d3ion RBtke il Hheccompresseed 0 h tBo—hi igdicatesthercandensation stroke in the
hi gh- pressure superheated vapor reaches approxi mately
regend@ionNdient dx@hanger PFi0R), B-eRcHndigess Haat expanbion strpke n the
the regeneration heat exchanger (102) in the period .
motqreperdexmniion Calv(ldlnd 22 end &H-rddindraetes gheeh#ppragion stroke in
decreases its tenperature by neans of heat rel ease to )
thet fiwst hpat exghangge K103 mroke saecKyhab exeipnge§104). fRnis wipeeration
?r adual | y condenses from saturated vapor to saturated |
cyqle.ieemylpregemsyytionRed the adeprpiien (dsmeah dBéd 82hip carried out in the
supercooled liquid (Point Q Since, in this

congepitiPReticke iméhe repprruufent csghange (K9 fime et B to C. Next,
chizgs o suth gLrRGRESTHT G e PEHLBAR covDl B HioaibShne (R

(o3aLGrA% PGt o7 Bhshtis "Ba ekt (GRS RF Aok RETRI ARV, RO2

cop e D SRS, B GESPES SPRFRFUS DT T Epproximately
td.al |y, t.h 25 di sch .t t ur g

12G O NERPRE punoE e et TR EE 1 FRERafhfort o Wobanger

(IO?EEJ? I(%lées erliqégc? 3 i’&fmt ?ﬁ%g:?%liarpnt&r t(l‘x:le'lop6 ioIanT%gregéaédrually decreases its

_ er an ClrCcul | ov ES a
R SRt of B0 e RS FLRSHERNGHIOS G 030

Théerﬁ gl?sge%r%%l%/a?l féaﬁﬁénsgg(frgﬁrkgﬁﬁatéé' anor td E&tﬁﬁg&?ﬁ@ﬁ& B { .—h+%2). R32 is

ermal regeneration o adsorption
furﬁ-#cf Rl (R4 a %ﬁ%erc& det QhuRH ¢PoiMAOVEABN tin! fhif Rénbodiment, the
erticlency of t rmal regeneration‘due to I ncrease in
temperature required for thermal regeneration of the adsorption elements (81, 82) is set at
approximately 60°C, the sensible heat zone (R) effectively acting on thermal regeneration

of the adsorption elements (81, 82) falls within the hatched area. The sensible heat zone

(R) for R32 is larger than the sensible heat zone (R) for R22 having substantially the same

discharge temperature (B) as shown in Figure 9. Therefore, since this embodiment employs
R32 as the refrigerant (106) in the refrigerant circuit (100), it provides a larger sensible

heat zone (R) than R22 to increase the amount of heat release to the air from the
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sensi bl e heat zone (R) can be provided |ikew se with
the use of an R32-rich mxed 5 refrigerant (a m xed
refrigerant containing R32 in the range from 75 wei ght
% inclusive to 100 weight % exclusive. [0120] Next, a
description will be made of3ffects of the first

enbodi nrent when CO02 is wused as the refrigerant (106)

re%sﬂerﬁth@n heh LhaRhARM(162) THistmbARR) the T cRREBSUhSmed régéﬁeratlon of
I'gh-pressure stde of the refrigerant circuit (100)

thetHdkbrploh g@n{egfsr(gg’qn?tl on cycle is higher 10 than the
critical pressure o so that the refrigerant

[011996)Such itpeovesfent %E@%fﬁ@ieh@u bf thefrh@Pregefdretfi¢n due to increase in
supercritical cycle. [0121] Figure 11A shows an

e e 86ned (R Sarflibagpratidsh Aiegseawitdl fhe O@deads @i REICHeh mixed
(supercriti caI cycle) of the refrigerant circuit (2100)

reﬂaigélﬁﬁt (@3ixed Periderdntioaghidiy RAdii€ #ieaginge framgEsweighsYaihelusive to
of C02 in the refrigeration cycle by laying off

- 100 ek &f eichssivel the 15 refrigerant (106) as ordinates

and entropies thereof as abscissas. The curve L is the
[0128] uré:ton deseriporOHilCo2 makla of bifscts of tHegfxsvdrhbolimynt when CO2 is
A~B indicates the conpression stroke in the
use&loApr s Sfrigetfit) (108)-Gni thdi esftigarahth eirbwiat(10@). €Bise pressure of the
stroke in the regeneration heat exchanger (102), C-D
highnstessateeside bé tlexpdbngiran diconk00)nduring the trefrigoméipategde is higher
expansi on valve (121, 122), and D~A indicates the
thaavthp ardcaloprestur@ ke (O, tshethfiti thet refrigarang X t9@nigethe 26frigerant circuit
(103) or the second heat exchanger (104). In this
(1062 entiegpen supewmiticglalyele. t hermal regeneration of the
adsorption elenent (81, 82) is carried out in the
[0RUperkigitei Had shees an ekample ofta Oke diagram showisgentafrggration cycle
heat exchanger (102) from Point B to C. Next, changes
(suptresitigalecyele) of derrefgerant cragsyl100) ypnREIPR- TBIGtTErScd%rmn indicates
be descri bed. 501221 In this refrigeration cy
changss o4 state gEnEPAt inotheorelgrsatiqny gyclady Mebgnefl temperatures of the
adsorption 25 elenents (81, 82) |s carried out in th
reffiggfanie (HY6) o ﬁrématféx@rﬁaﬁ@fé@p@@lﬂeq nag ﬁ%scb%ﬁ oT}wf %WP L is the
Point Bto C _1ln the period from Poi nt, (E‘t I S.
satuEtiph seeE P % In ﬂtjﬁ@%‘%f‘rfé%%?yél% KartB in ’§a¥?FF el“@EPPreSS“m stroke

: pressure i nt |t|C Stat to reac .
in é‘t?p?%’%lPrﬁﬁ%’é Ki}'@z@i‘? F1ES B Berbagieass srof b mgppipaion b

géﬂ@gg)e?qvgf in ca(tﬁet IeLtg{p%Qx? rs%ﬁl?eneﬁtet 113010 oeerated expansion
vagraa@zﬁl 195 BELEc 56 B BB P B vt
(1(53‘3 of eesetcgn(i Hgataexcr:hanger 6184)S 18 IS ’ref?igeraﬁon cycle thermzﬁl regeneration
of the adsorption element (81, 82) is carried out in the supercritical heat release stroke in
the regeneration heat exchanger (102) from Point B to C. Next, changes of state of
refrigerant (106) from Point B to C will be described.
[0122] In this refrigeration cycle, thermal regeneration of the first and second adsorption
clements (81, 82) is carried out in the regeneration heat exchanger (102) in the period from
Point B to C. In the period from Point B to C, CO2 is compressed to a higher pressure than

its critical pressure into a supercritical state to reach approximately 120°C (Point B). Next,
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supercritical state, it decreases the tenperature down
to approximately 40'C (Point C 5 while keeping a
supercritical state, wthout being condensed as in the
af orementioned R32 shown in Figure 10. [0123] Since,
in this embodinment, the temerature required for
thermal regeneration of the adsorption elenents (81,
CB23t PntSR texahandBP hat i Wik &irVin Gk fegehdieti GGt Rikehangat (102) in the
zone (R) effectively acting on thermal regeneration
perifd Hog 2HEAILbaD. Buepnths feBidd, 822 tralal sipatckitical d@te gradually
the hatched area. The sensible heat zone (R) for C02
dedréastaftgRmpeltiire bRen&@p st bt rdleat t@ treir. ((hif eiseR2ce CO2isina
havi ng substantially the sane di scharge tenperature
sufeRritizal staeywit devrddsguitie @mperbinae afowreto tpprexiandoelgi4080t (Point C)
enpl oys C02 as the refrigerant (106) in the
whilekeépieg antipeetritivdl state( MiBputtieinppendémsedns in the aforementioned R32
supercritical cycle, so that it provides a |arger

" shovanini Hip@el@at zone (R) than R22 to increase the

amount of heat release to the air fromthe
[0128} erfinay, i thih embodibhenk chateggreratdr® pquifdi for thmumel/wgeneration of
the efficiency of thermal regeneration of the
theaulsomppivn elemenlse(83n82) icSet at8Pproxfiipacly] 60CEEtrostinmbie heut zone (R)
of the Invention>> Next, a description wll be made of
effectivalyi atiting oodhermull reggserativiaof thedidsayption alemsasdfl, 82) falls within
enbodi nent of the invention. The hum dity control
thedyatthehazaae Thelsengitlohtdt coneinfer CLP isiengar tenthg sensible heat zone
configured to performdehum dification and
(RifoniRgDfHasieisohstotiallyohs same dsbargsdsmaeratuie (Bkschpen in Figure 9.
(80) a first adsorption heat exchanger 5103 and a

Thestsndhisesthogimen entbens €2 h%\ﬂ“@é?fﬂ(gf@!ll) 106p upte r%&lgerant circuit

shown in Figure 12, each of the first adsorptio

he
(108) gnapryele op FOVpershiticaltrycles s bt RERIGea larech sepsible Réat zone (R)
exchanger (104) is for cross-fin-tube ty
thap; 2% ) pcirse the; aﬁ@apt gggﬁ%m@ se g 7 ST Jhe Sgapepion heat

exé]gg%%lo(r a%)s g?:,&?r I on e%&@ﬁé&ga (gg_@éét %ﬁ’i}g ndig@ §%&he adsorption

| ar er of alummumflns (83) each fornmed in a
ele%&%éﬁg% pl ate shape and copper heat transfer pipes

. h 83 An ad bent
[Olgg% %2%% rP%th gf%&‘gﬂ‘rviﬂggo o%ntshé ozjter sﬁrfsgzzegnof

e e i S A AE B SR 008 o o
second embodiment of the invention. The humidity control system according to the second
embodiment is configured to perform dehumidification and humidification of room air and
uses as the adsorber (80) a first adsorption heat exchanger (103) and a second adsorption
heat exchanger (104).

[0125] As shown in Figure 12, each of the first adsorption heat exchanger (103) and the
second adsorption heat exchanger (104) is formed of a cross-fin-tube type fin-and-tube
heat exchanger. Specifically, each of the first adsorption heat exchanger (103) and the

second adsorption heat exchanger (104) comprises a large number of aluminium fins (83)

each formed in a rectangular plate shape and copper heat transfer pipes (84) passing
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(10). The internal structure of the casing (10) w |
be described with reference to Figure 13. 5 The
bottom of Figure 13B corresponds to the front side of
the casing (10) and the top thereof corresponds to the
rear side of the casing (182 In the follow ng
description, "right", I|'left", "upper" and "Il ower"

thréifh&he R, gﬂij).e?x&iaﬂ%jo%ﬁti, SRhOR ZebBte Ofs AWHMASor Bie Wites gultfiﬁhgs of the

ScCr | pltlS n makes refefence. [0127] The casing (10)
ﬁngfggz_ed_ in the shape of a flat box generally cubic in
ptah view 10 The casing (10) is forned on the right

[019%] 2 THe Htmi 8@ 8ntfol 3y st&N%hadA flabol18Hl r&ﬁn@uﬁ?%%ﬂglepiped casing
panel (12). A lower part of the first panel (11) is

(105.Or B e MRS thR S RO sing (1) 1N b AdkSbednOfth redfdidhced Figure 13.
On

ornmed toward the rear wth ‘an exhaust port (16).

Thé b6ttt FiaRd13BRorrtdHoads RAtHe Bbntl {ige SEERNeEhsBRNEID) and the top
(12) is fornmed toward the front with an indoor suction

theRQIF torréshdhd Podh@reh P¥IBE oPetcating (10 InitBe fllowia: HewoEption, “right”,
the rear with an outdoor suction port (15) 15 [0128]

“lefthe “ifflee i:08 Gbwehe refsitogdirekfipnilitics ontghthy dtbwingedto which the
into two spaces one to the right of the other. [0129]

desthiptiG@Pa@Resatickdigecasi ng (10) forned toward the first
panel (11) is further divided into front and rear

- [019pRC eRhelyisiag PEO)tis Foratedih alieeshafOdf a Gbt bdregdnemilly cabigt in plan view.

rear spaces, the rear space fornms an exhaust channel

Thé 44sin@(th)tik dorfrtedndn graightfbyr airatrpabelt @R ach anrtbé 1gfuby a second
20 [0130] The exhaust channel (41) conmunicates wth

parteh €1 2)usiosher phrt toffi ¢he Gicamptie] dlibhis tthenedetomand theplent with an intake
(16). The exhaust channel (41) is provided with an

porexXhdlusid faxmed 96yvarinthe acac vith rapseduugt @) (160nOnHbe etheerhand, an
hand, the intake channel (42) communicates with the )

uppeogart afthosaghnd handl (1 2kde fgpored towand thT ifreni withka iadeos se¢tion port
(42) is provided with an intake fan (95). chéBl]_ The

(133 pad e loveniaet thersdfnig fernoyd tovandebe regnaith antputdnes sygion port (135)
panel (12) is further 25 divided into three spaces, .

{0188k iThefinisrior of thysating (10)dy renchbydividad inte ity spacgs anc to the right
20) and a front partition plate (30). [0132] The

Oféﬁ@é}@fbehi nd the rear partition plate (20) is further
ivided into two spaces 33 oaone aboye the o

d ther.. t ..
(0130 t HEsespasioo b cadit (W8 1orsperiowrcbe i penel (1 bhjs Totther divided
. upper channel (65) and.the |lo ce.for a rear
intp SiR8F 2Bh AT SPACBEY .2 RHETPR RO 8@ Hhnent Tgoper spaces, the rear
spaég 0 sl gl[lstw slpﬁnpt n tﬁgﬁéiﬁéﬂ&grﬁoﬁy é:pt»alcg ?orﬁ%ratn irgt]éég cl?alflﬁlell (32).

" [0130] The exhaust channel (41) communicates with the outside of the room through the

exhaust port (16). The exhaust channel (41) is provided with an exhaust fan (96) and a
compressor (101). On the other hand, the intake channel (42) communicates with the room
through the intake port (14). The intake channel (42) is provided with an intake fan (95).
[0131] The space of the casing (10) firmed toward the second panel (12) is further
divided into three spaces, one in front of another, by a rear partition plate (20) and a front
partition plate (30).

[0132] The space behind the rear partition plate (20) is further divided into two spaces
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| dividsd intet firspghanpel ranﬁ@\&éﬁwqdeﬁhﬁn%éﬁ)r‘?é

channel (41). On the other hand, the rear |ower
channel (66) communicates with the 5 exhaust channel
(41) but is divided off fromthe outdoor suction port
(15). [0133] The space in front of the front partition
plate (21) is further dividéd into two spaces one
above the other. Qut of these two spaces, the upper

oneSARGE thedbilier, Dt 0B fkestl PRE kpace) AR @ppdr Gpiceafdéing Beedraypper channel
space fornms a front |ower channel (68). The front

| (65Y RRE the Nwedtedpacd fofins COFEAL! Vet B@nd] t(b6} Hehei leglOOpper channel (65)

suction port (13) but is divided off fromthe intake
conlfusibaenetith 42) outdbort fietioh @it (BN chut tibalifideditoff foer the exhaust
channel (68) comunicates with the intake channel
chapAel) (4101t Onsthei othetekandf fthe reamlbWwer chamel (6G)ctdnomumpiontes with the
(13). [0134] The space between the rear partition
exhaligtitchafi0 {419 bdt ishiévifedaff fipar the bubopsuatien 3A)13)s
divided into a first channel (51) and a second channel
[0183R) Ty spacd dtdfrenpaf thet fromt prdfien pBE) (21)[i0 FBSher Theided into two
first channel (51) is fornmed to the left of the mddle
spapa trict dtanve theaotbey, EBY) of These 1o Spaces, thel sppyrtspere foeas a front upper
exchanger (103) is placed in the first channel (51).
chabhel (57) atd thel bovepspane fomesdt frextd aergehangdl (69). dhe frdasunpeechannel
first channel (51) into upper and |ower spaces. On the
(670 tchmmunagates Wik the dledr striienaor( H3) hus i§ drdad efd frame the intake
right of the mddle partition plate (50). The second
chaadelot43d.i On theaﬂh@ﬁmdn ther frontolpyver shpngt ¢68) eormmanicates with the
second channel (52). The second adsorption heat
intakechatnge (42) botis dmldw@@ fnoﬁethgel@@ﬁdsmnm@n @3R) into

r and 20 |ower spaces. [0136] As shown in Fig

| [Oliéﬁe Thespresdhetysenntthe resn Pﬁﬂtlﬁfﬂép 0) ang @Prﬁmﬁ ﬁmﬂﬁoa a plate (30) is

rear upper left opening (21), a rear upper

Apusile Sion plate (50).
(0155 Ei s Tstgtende S s dmibddh tedsbeor shs priglE Pigiion glege (50). The
frs OrP e S BrRare (109d s Tlader g ofz = c@en%lrﬁgl&pﬁﬁ? fisd pgsorption
heaiextitgtr Pl AiGasrtog 05 6o 28D inko PlpdheaicinbE binses On the
othg%s}nd &ﬁtspcgonlfiﬁ: gfﬁ)ﬁ%mtg?lgg eﬁF %gt%lthla?r?% 'at ition plate (50).
T BB bt 8 e L,Stnsﬁségé%zaﬂaﬁﬁé (52). The
secfig gl bOS SERaBEI 100 R ese§o%%) e 53 b5 doper and

se respec
10‘;39 pgclgg opening (21, 22, 23, 24) are

[0136] As shown in Figure 13A, the rear partition plate (20) is formed with a rear upper

left opening (21), a rear upper right opening (22), a rear lower left opening (23), and a rear

lower right opening (24). The rear upper left opening (21) is formed in an upper part of the

left side of the rear partition plate (20), while the rear upper right opening (22) is formed in
an upper part of the right side of the rear partition plate (20). The rear lower left opening
(23) is formed in a lower part of the left side of the rear partition plate (20), while the rear

lower right opening (24) is formed in a lower part of the right side of the rear partition
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i ndependently sw tchabl e between open and cl osed

positions. When the rear upper left 5 opening (21) is

open, the rear upper channel (65) comrunicates with

the upper space of the first channel (51). Wen the

rear upper right opening (24) is open, the rear upper

channel (65) communicates with the upper space of the
plate€g@Nd channel (52). Further, when the rear |ower

I eft” opening (23) is open, the rear |ower channel (66)
[o1&AMTYRE %?Eﬁﬁgé"’(illﬂ 2023, 149w itheS RAE Pafitioh atk (2@} are provided with

channel (51). Wen the rear |ower right opening (24)
opehR1RBEMmpRE rbSpdcBadly) Therdagdpeingdr {(He6ppartmgrydil,c22,e33, 24) are

with the 1 ower space of the second channel (52).

indéf2hd&ltyThRitdHaBRt bpaedn bpanaml alosed Poitiviss. fWhere thewienh upper left

front upper left opening (31), a front upper right

ope@@N2Nyis &, the fefuOlipet e@ine] S copemimigitds38jth tndpper space of
front lower right opening (34). The front upper |eft

the FRENEWGNEBHS )i WHearthe dedrmpmer vigheopgang (2) ishepeheflite rear upper
side of the front partition plate (30), while the

chahf€l 165 Ugupenhumitabs with e upper §je bbtht cecvnd chanreeh (32)pléurther, when
15 part of the right side of the front partition plate

the (&0 owdreft bpeihg (23 opeaf the ogaidwer (haB)el (66) doommmwsdcdtes with the
a lower part of the left side of the front partition

lowet apaze(Qhe fivdhichanehés1).r When Hevwear lomieg mighbpeaningy(243 49 open, the
is formed in a lower part of the right side of the

reaf Joswt chamel (E6doopinanieates 30h thy love9 sparhef thsersangchamnel (52).

32, 33, 34) of the front partition plate (21) are )
[01p8bviThedranittpartitk® plpter(38) sskormadpydthsa froat yepari lpB| qpening (31), a
The danpers for the opening (31, 32, 33, 34) are )
frontnefese nibh obgnisgi(3Bh abrent Jewere left epring tP) c gk @dront lower right

positions. When the front upper left  opening (31) i .
openiregn(34). Heeffras ippas psk omrﬂ@ ) sdoymedoii Al PP s At %) thé, Teft side of
t he upper s?ace of the first chanpel (

] ! 51) . W th
theffromt patitipa plate @99: ‘Blﬁéentlhﬁ ér opyppef §1ng(§W’Illqg%{é2} lrsgﬁﬂqmedein an upper

 parhpl it SBifcRIaha el PRSE9R DRl (Wor 1% T 1955 eET Pikgie (33) i

| ower | eft opening t he front

33) is, open, ower
for@ﬁghm@ﬂowgmmﬁftéﬁeég the frpnt Raﬁtéthrb%gﬁs (g{’!))a\é\vgnl&;he( ﬁ%nt lower
fi h | _(51),.. he f J i.ah e
e RO T e R B o R b S 5 Y nGREP o pie
omruni cates with the | ower space of the second
(3U§'hannel 35 (52). [0140] - Refrigerant circuit

o BT A 0 A5 pA0E G PR PRl g v
open/close dampers, respectively. The dampers for the opening (31, 32, 33, 34) are
independently switchable between open and closed positions. When the front upper left
opening (31) is open, the front upper channel (67) communicates with the upper space of
the first channel (51). When the front upper right opening (32) is open, the front upper
channel (67) communicates with the upper space of the second channel (52). Further, when

the front lower left opening (33) is open, the front lower channel (68) communicates with

. the lower space of the first channel (51). When the front lower right opening (34} 1s open,

the front lower channel (68) communicates with the lower space of the second channel
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with reference to the drawings. Figure 14 is a circuit
di agram showing the refrigerant 5 circuit (100) of
the second enbodi nent. [0141] The refrigerant circuit
(100) is a closed circuit provided with the conpressor
(101), the first adsorptiomheat exchanger (103), the
second adsorption heat exchanger (104), a four-way
(52§_el ector valve (107), and a notor-operated expansi on
valve (120). This refrigerant circuit (100) operates
[0130] @ I REfBRHALHQM PYfib@aliyn Ci rcul ating refrigerant
(106) 10 therethrough. [0142] In the refrigerant
Ci 1 Cjdyt (thOCInfiflisicH SOk gSlafecifuitl (160 CRTIPbE 8RS ibed in detail
(101) is connected to a first port of the four-way

withCle@Gb e t6ahéedrhwihgl. Biddrd e isUucCtir@iit 8lag@nt Besweiag ths refrigerant
connected to a second port of the four-way sel ector

ciral geniaﬂmsec@ﬁa_eﬁmd@ﬁeﬂ.he first adsorption heat
exchanger (103) is connected to a third port of the

[014QUr -TiRY reS6E@ektOFircual MO0 Es & kDoked dituit rovided tWithy thenebmpressor
is connected to one end of the second adsorption heat

~(1mxcthenst ad{ckpdon hét atigherighe (MOM)ptheogesmt adsceptianseanexchanger

val ve (120). The other end of the second adsorption
(103324 frxohangdctdrhdhe ([187) and aahewdr-bperatefl @upartsiquovalvef120). This
the four-way selector valve (107). [0143] The
reffiperenmaiycuite(1600) operutab wa A fefifyeraore oyiflé hurcaduliatng refekgrant (106)
switch froma position 20 to concurrently allow
thecashrough.cat i on between the first and third ports and
communi cati on between the second and fourth ports ]
[0142he Ipothk tretrigesdndwircinin (F9Quithe diseargo sisle pfsthe | apmpressor (101) 1s
concurrently all ow comunicati on between the first and .
cofinggtetl o p dirstspoatnef tho fvamvayaselestor vebe(dh and sheswisting sigda ghereof is
third ports (the position shown in Figure 14B), or
coniegigdvier & secondipart phdhe dur-wiy seledterlc velve «d#e Queomnd of the first
switches to the first position, the first adsorption
adgpepthmsnheat Reghangrs (193008 porneeted 4@ aghisd nerd ok Hhe 1apErwaK gclector valve
second adsorption heat exchanger (104) as

(18 apbilathsothasng feconaeed g, endtdihe %Ow%aﬁgﬂayn heat exchanger
(1G85 e e R P PoHeR Exparsian inige (100 Sfe dihg &yl b e second
ARG et eBECR L1 do ARSI [ 81BN BPRGL e Tppwpy selector

e jment, refrigerant having a |l arger sensible heat
valSg e

R) than R22 is preferably used as the
[0];431{/15"9}% Orl]ltr- ]y%gkec.o? VtaR/% (i&';)riis b 1gnl.}re<§: .{or 1‘%841& s*(v}tglg))fro(l)r{ a position
to concurrently allow communication between the first and third ports and communication
between the second and fourth ports (the position shown in Figure 14A) to a position to
concurrently allow communication between the first and fourth ports and communication
between the second and third ports (the position shown in Figure 14B), or vice versa.
When the four-way selector valve (107) switches to the first position, the first adsorption
heat exchanger (103) acts as a condenser and the second adsorption heat exchanger (104)
as an evaporator, On the other hand, when the four-way selector valve (107) switches to

the second position, the first adsorption heat exchanger (103) acts as an evaporator and the
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configuration. Mre specifically, refrigerant
preferably used as the above refrigerant (106) 5 is a
single refrigerant of R32, a mixed refrigerant
containing R32 refrigerant in the range from75

wei ght % inclusive to 100 wi ght % excl usive (for
exanple, a mxed refrigerant of R332 and R125), or CO2

sed‘cﬁfi%ﬂ&ﬁ?@éﬁheaﬁ%ﬁga (fpadhiconddnsiehavi or - Next, a
[

descr ion will be made of the operational behavior

[0Rf4]t hﬁk@ﬂ%’ﬁrst b AeRt, bofri SQRAY lvirRySlafi®r sehifblOHert dbhe/(R) than

control system operates to switch the operation node

RXY RrpreRhmng didd gptheafrigrdit 1 06)f ICik irefigefanV cizuiv E16BA.of above
Further, the humdity control system continuously

coﬂﬁgdr@tidias Mieh uptdfiddligatdfiogersit grefatably ieatas oe Adive @efrigerant (106)
alternately repeating a first behavior and a second

is bethgld efrigerart RAMRA2NG rhilked eiffigerahOtondinip IR etrigepardfin the range
the refrigerant in the refrigerant circuit (100). 15

fran® 18 6ighbehinaiudivkite 400 avighbteexchnivel®riekimplebe haxedoefrigerant of
during dehumdification, the refrigerant circuit (2100)

R¥ad R 126 or SE3Dreftigeeaitt i on (the position shown in
Figure 14B). In this position, the first adsorption

[0hEdt eOpharigedl beHHI)r act s as an evaporator and the
second adsorption heat exchanger (104) acts as a
conde¥sdy a dasctiptons eclbnet bekdaveiothe bvpeatiefat ibgbadot of the above
circuit (100) takes the first 20 position (the

hupidityt comirad lsystami. Thei hpoxidity 4itroll systehi spgrats ttd srvilch Hhe operation
first adsorption heat exchanger (103) acts as a

 magsrithen dehuraification sebwnifiGeision o vow vesat Fettih athg dumidity control

(104) acts as an evaporator. [0147] As shown in
syfemucentimousipi e perferensi dﬁmﬂﬂmﬂe@s?r ihpmidifigatior) whifee alternately
dehum dification node, outside air (QA) is taken into
repeing a §irsi e panaor mﬂraoa@gwdt hrbasior b shangiig thedirgetian gfioculation of
25 The outside air (QA) flows as a first air into the
th%@&#gwéﬁﬂﬁﬁsﬁwérantesguﬂ(éﬂo)e he other hand, when the
exhaust fan ( 62 is driven, roomair (RA) is taken
(040 o thRehwndificgtion mpdeh, ough the indoor suction port

second.air into

13
1S r o)ntlndgﬁé{rgtoé@rfnh%rgh @rlg& é#)wmfi?fic&s? e §ﬁ8&ﬂ@h°lﬁ?‘ﬁh$@") takes
thf‘oi?g?ﬂ}([;]?t O (e gile na Io?v{:\étg %‘Fegh%er I]{(Jsgkag}ghﬁxﬁéirst a%sorption

he:gt ex)changer (logﬁactzls gémeir{ evapgratcoroagg engecgnd c)idsorptlon heat exchanger (104)

acts as a condenser, In the second behavior, the refrigerant circuit (100) takes the first
position (the position shown in Figure 14A). In this position, the first adsorption heat
exchanger (103) acts as a condenser and the second adsorption heat exchanger (104) acts
as an evaporator.

[01471 As shown in Figure 15, when the intake fan (95) is driven in the dehumidification
mode, outside air (OA) is taken into the casing (10) through the outdoor suction port (15).
The outside air (QA) flows as a first air into the rear upper channel (65). On the other hand,
when the exhaust fan (96) is driven, room air (RA) is taken into the casing (10) through the

indoor suction port (13). The room air (RA) flows as a second air into the front upper
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(014 dBacofirsbatr Mt sehpmidiiedypy, b firgipdperptign

the front upper right opening (32) and the front | ower

| eft opening (33) are open but the 5 open/close

danpers for the rear upper right opening (22), the

rear |ower |eft opening (2%3 the front upper |eft

opening (31) and the front Tower ri ght opening (34)

are closed. [0149] Therefore, the first air let in the
chir@rl (g7pper channel (65) flows through the rear upper

| eft opening (21) into the upper space of the first
[or4sanngl shbwh. inl Fiitre t115¢ iR the f fiBhehslavn aridy dehasidification, the

through the first adsorption heat exchanger (103) and

- opbil/ohose dathgert i@ tROrdadvpperdpopertng (219, the redr Iohanigit opening (24),

(51). During the time, noisture in the air is adsorbed
thoofrofithgppeAcight ORMingof32) hed the Sbntadser ffi openivgn(33) are open but the
exchanger (103) acting as an evaporator. Heat of
opaslosptiraperp fardhe e dppérnipht bpedingre22) stharédrilawel lafi opening (23),
heat of evaporation for refrigerant in the first
thafisrypperdaft bpaiing 31h and) ére ftdd B)wer[rQzhb Opentihe(3H) astclased.
thus dehum dified by the first adsorption heat
[0 463 hahlgeeefofe] O fifst awslet thSthe eayupipet tlentielof@s) flowsrthioogh the rear
opening (33) into the front |ower channel (68).
upftrelefaipering (2 heintcaihe Wppemspatd pdthghfitshehannela(de). dienndk air flows
(42) and is then supplied through the intake port (14)
dowowatk passemthijo0gh the Ewttaldeorptim%efttaﬁrmhangl@e (b&0omd Bows into the
let in the front upper channel (67) flows through the
lowergpacaqfpbe first ghannel(Sh). Ayringhe fime ompisaire byibe aispnadsodied on the
t he second channel (52). 20 Then, the air flows
adgpsbenvient dhe fusisassortion hght exrhargss dhOB)aepsive i anetaparator. Heat of
exchanger (104). and then flows into the | ower space of .
adsqyptiqepreducedrhiing |thq By is w;qeﬁgls hpat afjevgporatia for refrigerant in the
adsor bent on the second adsorption heat exchanger
firgt pdagrotien heay exchaneg di¥nser is heated so that
moj. st.ure_adsorbed on the adsorbent is desgrbed. Thus
eaf eychanger (103) flows

B L TR M ——
o, e B b, R o b, B85 8 e por 09

; H?ovvs t hrough the rear |ower right opening (66) into
Ot 8ar | ower channel (66). Thereafter, the air flows

00U A SRR, 15 SRl 7 A S et (67 v
o PR A ORI LT B B hEorasD o A et 52

avi-or g m atr o, _
Th?@gi?g lfa%r mfé)?x;ﬁ (‘Ile \%agg{ﬁa%%g ?‘5%9;’@19 (e P& RBolfioh hehtMxchanger (104)

and then flows into the lower space of the second channel (52). During the time, the
adsorbent on the second adsorption heat exchanger (104) acting as a condenser is heated so
that moisture adsorbed on the adsorbent is desorbed. Thus, the desorbed moisture is given
to the air and the adsorbent on the second adsorption heat exchanger (104) is regenerated.

[0152] The second air used for regeneration of the adsorbent on the second adsorption
heat exchanger (104) in the above manner flows through the rear lower right opening (66)

into the rear lower channel (66). Thereafter, the air flows through the exhaust channel (41)
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the front upper left opening (31) and the front | ower
ri ght opening (34) are open but the 5 open/cl ose
danpers for the rear upper |eft opening (21), the rear
| ower right opening (24), the front upper right
opening (32) and the front 3&wer |eft opening (33) are
cl osed. [0154] Therefore, the first air let in the

and RaherHBRBlstED thEaanalibi P (167 RUER bl €ar  upper
ri ght opening (2 Into the upper space of the second

[0BRANNRY sk in TIGuRI 16, fhANE seEaN¥Eadior Qﬁt?ﬁl%sdéhﬁlﬁﬁdiﬁbaﬁon, the

the second adsorption heat exchanger (104) and fl ows

opérié10sd NenpkPs FRWES reaPager Hght Bﬁelﬁ%mg, 60 3 ebwéra2ht -opening (23),

During the time, noisture 1n the air’'is adsorbed on

thel fisntagsper RENSpedingt (32) 98¢ andfraptsener tight HRatngersaharasfen but the
(104) acting as an evaporator. Heat “of "adsorption
op8/E8sEC@RAN S forghd Rar LippeR 1666 oﬁéﬂiﬂlg't ?@, B8 r&e abw&right opening (24),

evaporation for refrigerant In e second adsorption

. thehfeaHt upmhaghga%erﬁt @R) ahddeFlont hevdriléfbbpadidg (3BYare closed.
y

dehum di fi ed e second adsorption heat exchanger

[0154D4) Thetdfofe, awsfifshhipUahintthe réar Q@Feﬂ ehelr (68N tloap eliongh the rear
(34) into the front |ower channel (68). Thereafter,

uppdreighit opbhiogg22)hinaLighe dpper sptcalod thdaguoal chdidel §32). The air flows
then supplied through the i1ntake port (14) to the

dowowand, pak&Sihrédphtthe sedondradb@pdon héwe exelcamger @i0d) het flows into the
the front upper channel (67) flows through the front

lowrpppacel odfthe spemd clgpna8l1(52). Ahoinghhe timeemospae én tike aithie adsorbed on
first channel (51). 20 Then, the air flows downward,

thepralserbsntt dfrtheisgrond edfarptiin lnchs exqhiangar (h@dtactrg s agevaporator. Heat
(103) and then flows into the | ower space of the first

of edrermion radyced Buring thet tiee td widljzetlne haatsefidyeporatiom fartrefrigerant in
first adsorption heat exchanger (103) acting as a

thesgprawlrisiserpiien hesdewchangen (B84). noi sture adsorbed on the
adsor bent is desorbed. Thus, the desorbed noisture is

[01g5) enlheofirst pis thpy defvanidified dus Bebrspend adsonesion; hegt exchanger (104)
adsorption heat exchanger (103) is regenerated. 25

flopy 1thmugtrnige sleerintewisr righd expeping (34 et g Gionbowerechannel (68).
adsorbent .on the first adsorption heat _exchanger

Thergaftar. ths aindowh dyavghnihsanptaks shpnnehd3y gad dhbep sipplicgiibrough the

ning (23) into the rear |ower channel (66).

.. left o
-~ Intago }sﬁo,tg?ﬁ%"%i r flows through the exhaust channel

TR S RERT AT A IR R
thr%ngglr {hlﬁr %H?u%ggli\,/ t?gﬁr ?Ige%iriggé%ls g&ggﬁié h@g&i é)prr}l’ce toP The first channel (51).
Then, the air flows downward, passes through the first adsorption heat exchanger (103)
and then flows into the lower space of the first channel (51). During the time, the adsorbent
on the first adsorption heat exchanger (103) acting as a condenser is heated so that
moisture adsorbed on the adsorbent is desorbed. Thus, the desorbed moisture is given to
the air and the adsorbent on the first adsorption heat exchanger (103) is regenerated.

[0157] The second air used for regeneration of the adsorbent on the first adsorption heat
exchanger (103) in the above manner flows through the rear lower left opening (23) into

the rear lower channel (66). Thereafter, the air flows through the exhaust channel (41) and
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first position (the position shown in Figure 14A). In
this position, the first adsorption heat 5 exchanger
(103) acts as a condenser and the second adsorption
heat exchanger (104) acts as an evaporator. In the
second behavior, the refrigdant circuit (100) takes
the second position (the position shown in Figure

is thé4Rxhalifted ?ji%“a%mé bk IRfist §drE(16) fothe BEGRIEPT I ON heat

exchanger acts as ‘an evaporator and the second

[0139 OrHiRiift@8bn ddBanger (104) acts as a condenser.
10 [0159] As shown in Figure 17, when the intake fan
(95) Ih $hedfiksy Béhavibridueind Wik Allificaainl o reﬁi%@ant QUtSit @F)0) takes the
air (OA) is taken into the casing (10) through the

firse pbslaek (the §biifibn BRdWm (nlBloure 1426). BUthSd plésitadd, tKest Ads@¥Stion heat
as a second air into the rear upper channel (65). On

exdhafp@1(183) achadtta coviiRAsdrhad eXdI34ehd haddrfiRf) hdab clihaddt. (104) acts
roomair (RA) is taken into the casing (10) through

as b evhpuiaor. kudkieforiobéhayibd) the Tlafrideemim oaichit () thk@Whe second
as a first air into the front 15 upper channel (67).

podidi6 Qthe AR siRivavehoiwn i Bigue: 14B).i1a thivepdsiticd, the lfiasti @sorption heat
during hum dification, the open/close danpers for the

exahaager (piBractsadfstanapepiragr 62d dhe stdumdradasrptionkeat ek gainger (104) acts
opening (24), the front upper right opening (32) and

~asdbendensmt | ower |eft opening (33) are open but the

open/cl ose danpers for the rear upper right opening

[01659D) ,Ad stmwreiarFipoweh7, vékeh topmtikedag 299), is drigerf ot hugdification

upper left opening (31) and the front |ower right

modpenitside $i84PAd netakew srol the] @3idg |(1MHbrafizbities outheorsaciomport (15).
air let in the rear upper channel (65) flows through

The patsideaair (UppBews ef v sopmdi aigint@ the et wppeh ehanppk(653.p@e ¢he other
of the first channel ('4%1).. Then, the air flows .

hango wiearthe ephanse dary RGugknvee mopmseir 4849riptiksn ihwathe casing (10)
exchanger (103) and flows into the |ower space of the

threyghsthe apdaes sietapmort G Hip roem eir ARA) fleavs agfofinsbpir ingp the front
the first adsorption 25 heat exchanger (103) acting as

upper ebHEh@d). i s heated so that noisture adsorbed on the

S orbent is desorbed. Thus, the desaqrbed npisture is

[013 iend‘st Poppdn digure 1 91g3he furﬁteb%bf@ﬁ gduripg hprpidafication, the open/close
hum di fied by the first adsorption heat exchanger

damppess for; thigarappet iﬁfb%eﬁnta@l&r%ﬁtrear QT Nghtorspgi Q). the front

33),into.th ront. | ower, chanpel (.68 Thereafter
up ﬂﬁé?ghmew% )eRd H&ﬁ%ﬂ@ﬁﬁfﬁ@@%ﬂ&?ﬁm arg 4psn Gihe gpen/close
dar%lg%nﬁquruﬁlglrégrduﬁpgrr %ggthogerr]nengl &Eiﬁﬁe e tl()\sve::LrA' eft (}p%nltnge(z.’,), the front

~ upper left opening (31} and the front lower right opening (34) are closed.

[0161] Therefore, the second air let in the rear upper channel (65) flows through the rear
upper left opening (21) into the upper space of the first channel (41). Then, the air flows
downward, passes through the first adsorption heat exchanger (103) and flows into the
lower space of the first channel (41). During the time, the adsorbent of the first adsorption
heat exchanger (103) acting as a condenser is heated so that moisture adsorbed on the
adsorbent is desorbed. Thus, the desorbed moisture is given to the air.

[0162] The second air thus humidified by the first adsorption heat exchanger (103) flows
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[0163] On the other hand, the first air let in the
front upper channel (67) flows through 5 the front
upper right opening (32) into the upper space of the
second channel (52). Then, the air flows downward,
passes through the second adkorption heat exchanger
(104) and then flows into the | ower space of the

thrE@SPME FERRNRRr 160 8PenifM(33)9nibNRe frbﬂﬂov@gpl:ﬁ‘atn%]e(@f‘ THeR@fter, the

alr i s adsorbed on the adsorbent of the second

 air FSQMBEJUR themtake chhard e42)(ha4) tRa lipflicdaBrodBh the 1ntake port (14)

evaporator. Heat of adsor ptl on produced during t
to theRBorhS utilized as heat of 10 evaporation for
refrigerant in the second adsorption heat exchanger

[016394)0On kR1&HAdr TRE, fherfikt At let W 8k FeHt uppaeaRhAdli (M) Bbws through
the adsorbent on the second adsor pti on heat exchanger

the( 6kt )uppbr fibig GJeaMe (BRNMES tHel \@per b 8@ lthet f@oNE Sianh&M@R). Then,
ri ght opening (66) into the rear |ower channel (66).

theTdie fleaktddmnwiah® mkdes fihiovwsh thy Sudehd hb@rsidnakst egéanpe! (104) and
(41) and is then exhausted through the exhaust port

thet iffigwd itd e lowesksiee of3hd EELOR] chsns @R, Diridg Giertemd,8noisture in
in the second behavi or during humdification, the

theope iy aisabed darhesdsoftant bhtherseasndugierptioh Gibit expkariger (104) acting
(22), the rear lower left opening (23), the front

as appaapbrtdr. dzeniofigdf{@plioramebdubed fdudng thowiste id ghitized as heat of
openi ng (34) are open but the open/close danpers for

evapleatioadpr nefpeerart éi theopemidrags¢ipliyn hedtexchaagerl (b0 ri ght
opening (24), the front upper right opening (32) and

[016HE {Fhorfirst dnesed fof tegepeatiomof B8 pdwrkent o siexisec@d adsorption heat

0166] Therefore, the second air let in the rear upper

ex d104)68 he slmys mameufhws Heowghathe uggsdowei Gt opening (66) into
opening (22) into the upper space of the second
theparaeer Q@@)lel (6hk Thiereafitnble it Bomsihrouehpths sebaushelsngel (41) and
t he second adsorption heat exchanger (104) and fl ows

is thept exhapeled theguesh thp sheustparhd 63 wdbe autsilannel (52).
During the tine, the adsorbent of the second

EOIéékorfg% ishowm dat FigwenaRg &t ﬂ(lelGﬂ‘)onécb‘?hﬁ‘@loésd‘ﬁmcgoh‘éF@H‘éféﬁ‘faﬂon the

eated so_that noisture adsorbed 25 on th
ovezid

persston dacoierpper fight opgiingdddy e Eardsver sfe opaning (23).
the i PPt gpenivg @A aﬁét%ﬁgﬁﬁ%%grﬁnag;qpteg%%m@w open but the
opegn%ci o et ot MRt 1 OB %ﬁggg\ Uk 108 N opening (24),
o5 S L L B TS B
o) e, R KB oo o Rl e
upper right opening (22) into the upper space of the second channel (52). The air flows

downward, passes through the second adsorption heat exchanger (104) and flows into the

lower space of the second channel (52). During the time, the adsorbent of the second

- adsorption heat exchanger (104) acting as a condenser is heated so that moisture adsorbed

on the adsorbent is desorbed. Thus, the desorbed moisture is given to the air.
[0167] The second air thus humidified by the second adsorption heat exchanger (104)

flows through the front lower right opening (34) into the front lower channel (68).
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the front upper left opening (31) into the upper space
of the first channel (51). Then, the air 5 flows
downwar d, passes through the first adsorption heat
exchanger (103) and then flows into the | ower space of
the first channel (51). Durding the time, noisture in
the air is adsorbed on the adsorbent of the first
Tha@sRérptHeodir Aeat tRsGtaf@antakd @BinreC42)GindSs &2 supplied through the
evaporator. Heat of adsorption produced during t%
inthltepori @ 4)to the Z&nas heat of evaporation for
refrigerant in the first adsorption heat exchanger
[016803)On THeeothér sdndathe fhiswvain it Gh veNfrd& uppesEhimaclt @7) flews through
adsorbent on the first adsorption heat exchanger (103)
thd filorit hippatieft e pang €31) irhtb avsupper opigh of e firsechahmsigs1) Ehén, the air
opening (23) into the rear | ower channel (66).

- floWsekoeaftadd, pasdech ehraiigh thedivst Adsomiigh Hehieexekinages (10 andehen flows

(41) and is then exhausted through the exhaust port

int$ 16¢ lowert tymce wif sheldirst] hb6A S1Ef Derhg thof tikreh oxbisterst il2the air is
15 Since the second enbodi nent uses as the adsorber

adgoBt®)d thehé iadsorbemtsof e dimst helbrption clkangachangl3 Y1) dacting as an
t he second adsorption heat exchanger (104), it can

evapordtar Mephef adsbmptiompmedusnd duded thel winé icetilizsd aardat of evaporation
hum dification to switch fromone to the other.

for] Gfrigdraniienthe Herst edsorpfemaheat sixcloanger (1036) The dustRaP haging given
the refrigerant (106), this provides a lar

moigweitpithe drsarberiorrethe Iﬂ)rSttalda@TPmIE heat eeie}mg¢rt(ég3mntthe above manner
reference to Figure 10 to 20 i ncrease the anount of

flops dhrongle thefrear lpwgelsérapening (33) intethgdeasrowen chahngl{66). Thereafier,
first and second adsorption heat exchangers élos

thel@ﬂﬂOW?r'ﬁhI@uglFrﬁreo@@Q‘lﬁtt tebanse] (4h)eaneyis dent gxbiangied through the exhaust

gq)nerau on of the first and second adsorption heat
PO’E)( theratgide3, 104). [0171] Such i mprovement in the
i ci ency o{ t her mal regenerat| on due to increase in

w@@isrbﬁ e‘ﬂ%ﬁ EgbadimepS 2 can be provided |ikewi se with
o7 K5 he S s Soeet e kg AOb Bl gipion ha
xapefieHis)fa ﬁ Shp vt pgmin B o Teieb el s i capgerform the
af°§isf5t ope PenTEReudr sl e BB BTt P can g e gther.
SN, th(ed)eff#??aélaglécwﬁ@"sﬂﬁ g P AR B i Cprovides
2 IEREETSIAL U Ol 1F) AORDPIL Alella Lk SLeRDRe 38980 10 o

i on angers
increase the amount of heat used for regeneration of the adsorbent of the first and second

adsorption heat exchangers (103, 104). This improves the efficiency of thermal
regeneration of the first and second adsorption heat exchangers (103, 104).

[0171] Such improvement in the efficiency of thermal regeneration due to increase in
sensible heat zone (R) can be provided likewise with the use of an R32-rich mixed
refrigerant (a mixed refrigerant containing R32 in the range from 75 weight % inclusive to

100 weight % exclusive.

.' [0172] Further, when the refrigerant circuit (106) uses CO2 as the refrigerant (106) to
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I mproves the efficiency of thermal regeneration of the
first and second adsorption heat 5 exchangers (1083,
104). [0173] <<Other enbodi ments>> In the present

i nvention, the above enbodi nent may have the foll ow ng
configurations. [0174] In #e above enbodi nent, the
adsorption elenents (81, 82) are regenerated by 10

opé?%tdnnagsﬁ é .tfcgl Eatkgeyﬁﬁi Ml@és a ﬂf?el %gns e hBat zonﬁ (R than R22 as

appr oxl regeneration eat exc

desh]lgga w1tﬁr}§fe§f§1@'9% g Cglﬁfeelf 1% mEr'éF&”ﬂile aeNSTRLE Q&kd for re eneratlon

however, 1s not essari | Imted to 60C. Dependi

of %&Oﬁdﬁﬁ%ﬁﬂt W@r@iﬁﬁ%n@rsg&ﬁﬁt é&%@%n%a@@%&ﬁ%&% 48sd 104) This
for the adsorption elenents , , thernal

im ﬁgﬁ‘ﬁfeaéfﬁ%n%f of RigerAEP %g@ﬁér@ﬁbl? be ﬁ?enfi%t @Rd el %Brptlon heat
e i nplenented by setting the tenperature of thernal

exd}ﬁﬂ(gé}%ﬁﬁg,l piy)at a hi gher or |lower 15 tenperature than
soin such cases, the efficiency of thernal

mmgyen&@hbmnmdlﬁl&ﬁp;adsor ption el enents (81, 82) can
be i nproved using the refrigeration cycle of R32 or

the I1super prekédtCaiveRicH, ethef ad ¥hRbsdIinmeAY endyam@ee the following
sensi bl e heat zones (R) effectively acting on thernal

- conifg@@nmmat i on. In the present invention, the first

enbodi nrent may have the foll ow ng confi gurations. 20

[017afudhrihalabéNaptmbadiineht, Yhd Bdsébtiopselckasms i(PEB2 airé a¢generated by
the present invention is useful in humdity control

heastingtiemsth thersectefduait dedtsyd np taapprlonimadtlly yGORG Bi theusgdrgration heat
an adsorber. 43 Clains 1. A humdity control system

exadahgdr (102). Udesteapeadso fbethetB8) reboeratomt holveverg id het necessarily
hum dity of air to be processed using an adsorbent

limdted ta@ 60¥E.rDerending upbn phydicdché®jcat properies af amgdsombant Hised for the
refrigeration cycle and thermally regenerates the

adsadgmmbdem¢8981482)) thermal wizeneritidnyel the adsofiide) clementh €81, 82) can
refrigerant circuit (100), wherein the humdity

be ¢gmplemsntedybst setting tlmowmpgmma o dherhel regeacrgtion iabkehighegtor lower
zone (R) for the refrigerant (106) is |arger than

tempesatuteothaR0° Gihalso do spelr eabes.rthe afligiensy of thermal regeneration of the

adsorption elements (81, 82) can be improved using the refrigeration cycle of R32 or the
supercritical cycle of CO2 which have large sensible heat zones (R) effectively acting on

thermal regeneration. In the present invention, the first embodiment may have the

- following configurations.

Industrial Applicability
[0175] As described so far, the present invention is useful in humidity control systems

for dehumidifying and humidifying air using an adsorber.
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refrigeration cycles having substantially the sane

di scharge tenperature (B). 10 2. The humdity contro
systemof claim1l, wherein the refrigerant circuit
(100) is configured so that the pressure of the
refrigerant (106) in the hidgh-pressure side of the
refrigeration cycle is higher than the critica
pressure of the refrigerang4idd6). 15 3. The hum dity
control systemof claim1, wherein the refrigerant
(106) is a single refrigerant of R32 or a m xed
refrigerant containing R32 in the range from 75 wei ght

1. Athuhi@ihsdnt®] btk e i88lud % £xXadsbibel €80) 4or c@olling the humidity
hum dity control systemof claim2, wherein the

of dietd b@pfortdsed $88¢ ah adédlent 40d hetfiggRnAbkcuiS(100for operating on a
hum dity control systemof claim1, wherein the
refidgtaatidie by S @hd itBerGRIP a8 ghefftesathk| ddsbrbad 810 piit®heat of refrigerant
el enent (81) and a second adsorption elenent (82),
(1080ih tRE rdftigerantgictuity10nt rol systemis configured to
run a batch operation consisting of a first behavior
I N witegdin thehifiridsty @aigol pistedm iet@ifignted(Blthattheaehsible heat zone
noi sture in a first air and the second adsorption
(Refenthint re(rdierart S 10€)g &n argdr etlab whadrefar i RAP wheh @ngmeminth terms of
air heated up 44 by the refrigerant (106) in the
refii gdfratiqyesyales having wilhst{nti@ly thersdme disshange tdmegeaatiicr (B)n
whi ch the second adsorption elenment (82) adsorbs
noi sture in the first air and the first adsorption
el ement (81) is regenerated by heating with the second

2. dhe Mheadisy aeptbly sysiemreff clagar hnwhereito@)e refrigerant circuit (100) is

refrigerant circuit (100) by alternately switching
corfiguyasesp thab thfe pressuan ¢f shectaftigerantydRBY irothe. high-pressure side of the

refrigeration cycle is higher than the critical pressure of the refrigerant (106).

3. The humidity control system of claim 1, wherein the refrigerant (106) is a single
refrigerant of R32 or a mixed refrigerant containing R32 in the range from 75 weight %

inclusive to 100 weight % exclusive.

4. The humidity control system of claim 2, wherein the refrigerant (106) is CO2

refrigerant.

- 5. The humidity control system of claim 1, wherein

the adsorber (80) is composed of a first adsorption element (81) and a second
adsorption element (82), and

the humidity control system is configured to run a batch operation consisting of a
first behavior in which the first adsorption element (81) adsorbs moisture in a first air and

the second adsorption element (82) is regenerated by heating with a second air heated up



44

by the refrigerant (106) in the refrigerant circuit (100) and a second behavior in which the
second adsorption element {82) adsorbs moisture in the first air and the first adsorption
element (81) is regenerated by heating with the second air heated up by the refrigerant

“(106) in the refrigerant circuit (100) by alternately switching between the first and second

behaviors.



