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its adsorption capacity. [0004] The adsorption el ement
adsorption pEdesissartsant hunidity control systemis conposed
of a first adsorption elenent and a second adsorption )
[0003| eRentexainpled e udasigicdnti hgmidiyncentrol system esqapsises 4 adsorption
sumer, the desiccant humdity control system adsorbs
cleméMi for Wdeorbing amdndesarbingnmbisenré iin soomdsioramidi arrefrigerann teircuit for
and, during the tinme, thermally regenerates the second
contrBiR@" 1Bk ©RpBIaRIFE Uf- rodRChir. RbOAN 2t 18 REiCaLHidRakt hfiRlity control
has "passed, the desiccant hum dity control system
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the first adsor.ption.ele t. . In other words, th .
heat gbapgcs i thhERTIEVEY CE oPe gareionHematining dorhgd moisture
) and second adsorption elenents so that both the
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adsorption and thermal regeneration while changi ng
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desiccant humdity control system continuously
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deteriorating dehumdification performance. [0005] The
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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
humidity control system continuously controls the humidity of room air without
deteriorating dehumidification performance.

[0005] The refrigerant circuit of the desiccant humidity control system essentially



2 22 January 2007 consists of a conpressor, a
regenerati on heat exchanger for regenerating the
adsorption el enent, an expgnsion nechani sm Pnlpnyary 2007
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of heat for thernmal regeneration of the adsorption
Pateng Dogument Particul arly, if the refrigerant used in the
refrigerant circuit is R22 (CHC1F2), which is a
[PateneDoiwgeerani JepanesnUnpexasuned Patemt Buhlicationdia Y0RHATI
systens, a sufficient amount of heat cannot be
[Sum@kirabheh@ theentibhpr mal regeneration of the adsorption
elenment. As a result, there may arise a probl emthat

[Probidifs Ut 9biv¥d 69 e’ IRbertionl em deteriorates its humdity
control performance. [0007] The present invention has
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enhance the humdity control performance of the
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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.

[Means for Solving the Problems]

[0008] The present invention intends to increase the amount of heat for thermal
regeneration of an adsorber (80) by providing a large sensible heat zone (R) for refrigerant

(106) in a refrigeration cycle.



3 22 January 2007 [0009] Specifically, a first aspect
of the invention is directed to a humdity control
system whi ch includes an adgorber (80) for c ottt 18Py 7§07
hechum dity o ir r ed . ' . g
10009 seapie o i bt g o BRERIGT is £ 38 o tumidity conwol
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systerOgR BB oo ot U 0B85 AR Rty B pirfa; b processed
- (106) in the refrigerant circuit (100). [001Q] i
usingRur adserbent prd puefrigetant eistwi A00){ostopsratiag On EdHggraqrycycle and
by being configured so that the adsorber (80) is
thernfaliy niederizyates slor plsopberh@8) vesrc heatgefi sefigddant @O8) in the refrigerant
connected to the refrigerant circuit (100) and having
circu(169ysor bent carried on their surface; and the
sensible heat zone (R) for the refrigerant (106) is
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_refrigerant discharged from the conpressor ter .
refriggrrant cH6wiH §100) coddrying Bhaderhgpb cprricd 198 @%ﬁ?@é% @nd the sensible
[0011] In the first aspect of the invention, a i
heat zamer(R) dowthe refrigetant (106D3)laigar than dat dersRedhwhem compgred in terms of
exchangers (103, 104) as adsorbers (80). The humidity
refrigefatidhrcyties hevipg eatstaedily she sadeatiivhdrdeyteraperatiso(Berfta compressor
carried on the surface of the adsorption heat

(1012 FGPANGRABe £ aturjeq)ﬁb refERIt8 b tepetabific B fsffigéramdisibatged from

exchanger$ (103, 104) serve as evaporators in a
Lgerat | C L efr t.nf i+ (100),
the ol Bbf Bt BLRKTSs SmirdRiGr kPR R cofbh Sl |
dsorhed_by the adsorbent. On the coptrar if.the .
001 fsBt e o ek SERerZRGuon Y e Ecrghyirghy (100) idctftes adsorption
condensers (radiators) in a refrigeration cycle qI t he )
heat exghenges dA03.c19Durs adspoers (Bhe JHS dwpridiy afeaif to be processed is
exchangers (103, 104) are heated fromthe inside by
adsotbbhe blyeat addorbene caefedi gre tlensur(ated)f, thosadsarbiion heat exchangers (103,
adsorbent is thermally regenerated. [0012] Here, the

104).r eHeie@er @nthe (k36nptivh ettbaf @kcldngemn(108.cd04)ccaie an efapbintors in a
adsor bent of the adsorption heat exchangers (103,

igtBftibon| forri @er v{ rcofffiedbine the air to b
el SAELY, G, AR SHIR (100, arbatgeopangip e i o e

refri.gerant, n,th co r ' r i1
AL S R
di sch e lenperature . _The sensi bl e heat zone
exchiigets Sl E T BB i 1orEisere RGO g ETRECrAgD e of the
_Figure 10 shows a T-S di a%ram showing a refrigeration
refrigeyant ecingyit d 08 Ahowadegiptien heat exchangers (103, 104) are heated from the

inside by the heat of the refrigerant (106), whereby the adsorbent is thermally regenerated.
[0012] Here, the refrigerant (106) used for thermal regeneration of the adsorbent of the
adsorption heat exchangers (103, 104) is refrigerant (106) having a larger sensible heat
zone (R) than R22, which is a commonly known refrigerant, when they are compared in
terms of their refrigeration cycles having substantially the same discharge temperature (B).
The sensible heat zone (R) will be described with reference to Figure 10.

[0013] Figure 10 shows a T-S diagram showing a refrigeration cycle using R22 which is



4 22 January 2007 a commonly known refrigerant. The
T-S di agram i ndi cates changes of state of Rzgé t he
refri geration cycle by laying off tenperatur ugry 2007
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on a refrigeration cycle shown rqoughly in the Io
thereaf -ag- absgissasp Thencyrye sL r isf ﬂ'qegéqtgﬁapgth g ésat\@rﬁ'@qaxprdpqmd line and
regeneration of an adsorbent is inplenented out by
saturdteatvapet Bagef ®22R22 in the period fromPoint Bto C
If the tenperature required for thermal regeneration
[0014f tThe remigeraheditcuitSusih®R22%pERteR, orbd tefriperdtiom epele shéwn roughly
rel ease heat at a higher terrperature t han 60C.

in the Eﬁeﬁs—tﬁd—)é—ﬁ) SIﬁQﬁfskljeﬁ Zc?'@ﬁ tHeBhall REed#tion of an adsorbent
genera

ctive for therma r i on of the adsorbent in
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state of refrlgerant effectively acting on the

needy tayeatensethieatnataf higher wennsraserattham 601Ch el herefare, ﬂse #@ﬂbk‘eheat zone
herein as the sensible heat zone (R) cited in

(R) fOCRAL reffectid forehérhml seyentération bé dite aisobeny i) ths pevied tfham Point B
area obtained fromthe refrigerant tenperature and

to C &MHeqRYohell REcAMrERI the 1&R1 8€6FA(DIEHB ?ﬁimza@ rapplb@matay 120eC which
| arger the anmount of heat release for th errra

is thd ﬁggﬁ‘eﬁ'[@@ ra@ﬁe hi‘)e s %ﬂ'@g ati*&ﬁﬁ?ﬁ; ThE 'a?eat ﬂl@lcates the

resen ntion, e sens one

state \Rgirgrfﬁ%grrgg € éc?ﬁgfgér q,cilﬂg Oélotﬁ.Flgl?ﬁﬁ 3%@%% 1pny Iprf‘%he wﬂsorben? and the area
humdity control systens, when they arg red
is defiradherein a5 ths sensibleicgisronei(Bh ctgrtine Claigyi n{}n‘f%@ e heat zone

di scharge tenperature (B). Therefore, the refrigerant
(R) {b66) thien ateheobtained geomantheciefiigarant {erPeyatuanaridn entsopse the wider
the amount of heat released to thermally regenerate

the séddtblatisgrAastiRYfs, thelargd sis phown dfdrit eiabafigahanial 6eneration
104). This enhances the efficiency of thernal

Ofthg&gg%haﬁécg&egf the adsorbent. [0016] A second aspect
of the invention is characterized in that in the
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gher than the i ) ) i )
control systems, when they are compared in terms of their refrigeration cycles having the

same discharge temperature (B). Therefore, the refrigerant (106) in the refrigerant circuit
(100) can increase the amount of heat released to thermally regenerate the adsorbent of the
adsorption heat exchangers (103, 104). This enhances the efficiency of thermal
regeneration of the adsorbent.

[0016] A second aspect of the invention is characterized in that in the humidity control
system of the first aspect, the refrigerant circuit (100) is configured so that the pressure of

the refrigerant (106) in the high-pressure side of the refrigeration cycle is higher than the



5 22 January 2007 critical pressure of the
refrigerant (106). [0017] In the second aspect, the
pressure of the refrigerant 4(106) in the hi ghedplaBuary 2907

... Side of t refriger circuit (100) during thernal
cnucaéﬁgﬁggé??ﬁ%“%?g?%ﬁ(ggébrbent of(the) adsorgtion heat
exchangers (103, 104) is nmade_hi gher. than the .crjtical
[0017ﬂr el g?eesqug@ wépecp,em)ei RJE$SHFR of 11@%;&{15&5%& (I(DEE in tile h(l:g%l-pressure
refrigerant (106) into a supercritical state, Further,
side phtheatkitgtrent cit@dl (109) tdwsingethpynal ggeensraiiordofuthengdsarbent of the
refrigeration cycle in a supercritical state (a
adsorptiperheni txchahgery qi163,. 10eis hde hédher ghamitiie ¢AG6A pressure of the
put into a supercritical state, the sensible heat
refrigePe (109) tb Put tHerefi®derid §1 #6)Linfold Superéritital taled FORRer] BRNadsorber
that for refrigerant in liquid or gas form(in a
beritigal ' r ef g DN 43
(80) 3¢ t%ehﬁdl%rreéﬁ%%ltraﬁ%il uyr?lg 4 Pé'fﬁ%erﬁt'ikﬁi PidNGn iosnga{:ntlcal state (a

rel ease generation of “the a rbent can
be .incre 018L.. A t hi aspect .of the i.nventio .
superpQtical Gy EL Qo SRt HOOHE BHLIRLG PP Bl e sensive

systemof the first aspect, the refrigerant (106) is a. .
heat z9neg(R) fosithe FeFigeranioflORE s Bade lasgsrdhan that ??fg@i‘%&f%am in liquid or
containing R32 in the range from 75 wei ght % i ncl usi ve
gas fooml Qi weswctitiesl etats).uThereforf,0teolamonnt lof heat riglease for thermal
aspect, R32 (CH2F2)-rich refrigerant having a |arger
regereffiivh R ehdwBbrberyaa beMcredsad R22 is used as the
refrigerant (106) in the refrigerant circuit (100).

(001N AC TR L aspetNf MPHVentiin ReBRark@reR8 €inf @kt i) & Rimidity control
egenerati on of the adsorbent of the adsorption heat

exchanger 103, 4] . hngre . ixed
syseef i PROER abtedhend ReieEG PROeh 7 a"ARE ekl ofR32 or @ mine
.that in the humdity controgl stem of, the secon .
refrigggint CoMaHRg el iny e, feoger Bep 73 eaBlt, & I o Go0 weight %
[0021] In the fourth aspect, CO2 having a low critical
exclusiper ature is used as the refrigerant (106) in the
refrigerant circuit (100). Thus, the refrigerant (106)
[0019anIibehedisitd ywspaott R H(CHaF ujwbr refiii garard| haying e, lavger cshnsible heat
i ncreases the sensible heat zone (R) for the

zone V(RP AR ENEs ustd @6)he rERRICRMO (H6) il cheagfrigetand birbgin(100). Therefore,
rel ease for thermal regeneration of the adsorbent of

e SAERCHEPB EPEp T RABREALO50 1600 IR isorion b

exchﬁ{g%fc’se(%l'fb\ﬁ?&tnﬂ n. can provi de the follow ng effects.

[0020] A fourth aspect of the invention is characterized in that in the humidity control
system of the second aspect, the refrigerant (106) is CO2 refrigerant.

[0021] In the fourth aspect, CO2 having a low critical temperature is used as the
refrigerant (106) in the refrigerant circuit (100). Thus, the refrigerant (106) can be easily
put into a supercritical state, which increases the sensible heat zone (R) for the refrigerant
(106). Therefore, the amount of heat release for thermal regeneration of the adsorbent of
the adsorption heat exchangers (103, 104) can be increased.

[Effects of the Invention]

[0022] The present invention can provide the following effects.



6 22 January 2007 [0023] In the first aspect of the
invention, the refrigerant (106) used for thernal
regeneration of the adsorbept carried on the 22 January 2007
dsgrpiion _he xchangers (103, 104). | ref L a
(00231758 R, Hhal 23becS o B S thsarighEnt, (fOQ] SHEYly ermal
when th are conpared .in ter of. their :
regenRYiop gl 1 ARSOEQRIY crarie, Pﬂgﬁ%" aRediion dfeet afhymegers (103, 104) is
~temperature (B). Therefore, the anmount_of heat
refrigerang 4H16) dravingea tasgarisgasiblathept pme @arthae R2A ovheastbey agp compared
inprove the efficiency of regeneration of the
in teragsafr theintrefrifhmtiof oyeles hinang the shinteydisahatgedempenafure (Bh cherefore,
of the humdity control system can be enhanced.
the dntf@d]ofl RedthR16a6€ PTOhaSRESEeraft {106) ican ey iiteastdiao improve the
pressure of the refrigerant (106) in the

efﬁcigﬁcghéf’fegéﬁé%tﬁmsi)fjﬁe Usdrbént” Fhérk 8L, 3R Wil dontrbPBrformance of
uring ar

efrigeration cycle is made highér than'the

crit.ical essure qf t refrigerant (106) to put the
the h?@]“f’éygcé)lngﬁ{sy(ﬁsf%‘jaﬁ tegﬂgnceg'uper critical state.
Further, the adsorbent of the adsorption. heat ... .
[0024] ¢ fin thsetesond e@,ectmﬁj € @veryioBy g Rfﬁﬁ%g%&eaﬂeﬁtﬁe{?é’i‘ (196) in the
a supercritical cycle of the refrigerant (106). Wwen
high-ptessure efidg g)érthntre%rm@)nt icircpitt (100 duang woeaftigeratien|cycle is made
state, the sensible heat zone (R) for the refrigerant
higher 184 theScrithde ptassige rof tthareftipatnt 106y &f putgihe anfrigerana (106) into a
subcritical state. Therefore, the anount of heat
supercBti®ASeatt OFurkie iR ads6@RAE b AtHeOas6Fptioh eheatl sReHaREerk 803, 104) is
can be increased thereby inproving the efficiency of
e j - 1 h . . 25]¢ i P
thern 0 BEALro A BtinG OF SOSCRAZY S o FRF Niraflah B106) (¥hen the
.as the refrigerant 106)..fo hermal regeneration
refrigepant a@gg} B%rﬁ% o‘i“POc Re g‘ﬁ’(ﬂ ]p?fl{ Sf?teh e{}ifr;1 See%lﬁge’n S‘S*?}s z?[fogf,() for the
- 104). Since R32 has_a |ar %er sensi bl e heat . zope éR)FhI n
refriggrans gHMa inmade lagen han thah Igersirigerant i Aibgriticpl sfatgy Therefore, the
release fromthe refrigerant (106) can be increased
amounh arfelpat irelensey forgthetneal eeénaratemc pf dlie adspebesr 80) ;anghe increased
the adsorbent. [0026] In the fourth aspect of the
therebin UBprol g, thE e icishe v s Lebgageritivm dfahd adyertan(80).106) f or
thermal regeneration of the adsorbent of the

[002909S & Bid M dNRAdct DX SRANRReATor( FB3.rickOftkrignsht tif @sed as the refrigerant
refrigerant circuit (100) operates on a supercritical

(106)f¥09'| &eﬂ%al%eqeﬁjﬂfb%e?% Q@s%{‘t?e(lt%g)th& rahgdbrg@r!n heertyexrgza%ngers (103,

enperature, e refrigeran can easl
into ercritical .state. Puttjing OCO2 into a
104) 358 BBl en Tocges snoifle et eants 0 9 o st fam R22, the
(R) for the refri %;ar ant, (106&. Therefore, the anmount |
amougt of deat redgasadont dhe rafidgerent (1BGkeaxy be insreased thegeby improving the
adsor ber (80) can be
efficiency of regeneration of the adsorbent.
[0026] In the fourth aspect of the invention, CO2 is used as the refrigerant (106) for
thermal regeneration of the adsorbent of the adsorption heat exchangers (103, 104) and the
refrigerant circuit (100) operates on a supercritical cycle of CO2. Since CO2 has a low
critical temperature, the refrigerant (106) can be easily put into a supercritical state. Putting

CO2 into a supercritical state increases the sensible heat zone (R) for the refrigerant (106).

Therefore, the amount of heat release for thermal regeneration of the adsorber (80) can be
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efficiency of regeneration of the adsorber (80
Therefore, the hunidity cogtrol perfornance Jappary 2007
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detail with reference to the drawi ngs. [0028] The
[Bestiipderfor {Capyiner Gt thg Bventiaidcor ding to thi s enbodi nent
perfornms dehum dification and hum dification of room
[0027Fi r Aamgmidstyscoasrot bystenl siocdrding (t8CGn embodiment eftitherpresenth invention
heat exchanger (103) and a second adsorption heat

will BXdRan@ane(ohh) detdiDRRA kefb@nsd@Whe dawmgure 1, each of
the first adsorption heat exchanger (103) and the

[0028?60?[19 SRR | %‘mﬁﬁatsg%ﬁﬁ aﬁ&%fdiﬁéoﬂa kisis f QefPRdindnt @ performs

ross-fin-tube type fin-and-tube eat exchanger.

s B TS P ol OV b 00 0 o
104
o R

and copper heat transfer pipes (84) passing ¢thro ?

[002%]he Asi shewngs) Figue lacseh 9 e ﬁéﬁﬁ@ﬁsqmtl%é?qtteémh%ﬂ 103) and the
carried on the outer surfaces of the fins (83).

secorld0 83d}ptidne héat nexdhangee dho4)ols Rymed mfhasrassifinatube Hppd din-and-tube
rectangul ar paral | el epi ped casing (10). The internal

heat %&&Hﬁﬁgé&r & pREifichiby, Caieh N&F thbOfirsMaliborporll @84l EXeEnd¥rt(103) and the

referéence to Fi gure 2. The bottom of Figure 2B

secor{ﬁﬁﬁ&s‘sgﬁﬁﬂqﬁea{ A ifAf gﬂ@o Sﬁ‘ns%g tahﬁf‘grecfi’tﬁhw dflNmRen fins (83)

ereo to ear side of the

C 10) f ovmn description, "tight", .
cach f? SRR dplﬁf) coniape g Soreh Tigel Mapsist Bitice | B4) passing
he drawi ngs to which the descri ,ign n'ﬁkes
through tas GAe §83); dacadsorprats Gach ﬁ@zﬁm it ohipis pats ufoR gurfaces of the
shape of a flat box generally cubic in plan view The
fins (83dsi ng (10) is fornmed on the right by a first panel
(11) and on the left by a second panel (12). A |ower
[003@ar Thethuiidity téritiol Basten Kaklg flats hbllowpskctangalar pardabielepiped casing
front with an intake port (14) and forned toward the

(10). "BR" inWirid? sBlctid et db adhk (1696&1111 Szld&slaﬁbéu Reth BfRéhce @8 Figure 2.

upper part of the second pane is formed toward
r a
me Pl Sl ot 4o B 18 0, v o

thereo%J <t>c(»jr1(*)e%]rponS sctgltl?e rcpar side o]f%)lé casing (10). In the following description, “right”,

“left”, “upper” and “lower” refer to directionalities on the drawings to which the
description makes reference.

[0031] The casing (10) is formed in the shape of a flat box generally cubic in plan view.
The casing (10) is formed on the right by a first panel (11) and on the left by a second
panel (12). A lower part of the first panel (11) is formed toward the front with an intake
port (14) and formed toward the rear with an exhaust port (16). On the other hand, an
upper part of the second panel (12) is formed toward the front with an indoor suction port

(13) and a lower part thereof is formed toward the rear with an outdoor suction port (15).



8 22 January 2007 [0032] The interior of the casing
(10) is roughly divided into two spaces one tg the
right of the other. [0033] gThe space of the %@H@WZOW
003%10)[‘86 Oﬁtgﬁ?ogrt £ t‘ﬁ? 8n§1ﬁ%§101{) %u@%ﬂ glé%((eé)l}htg' %%(l)r %pse{)ne to the right
te (40). O the front and rear spaces, the rear
of h@ﬁb‘ﬁ% forms an exhaust channel (41) and the front
space forms an intake channel (42 [0034] The exhaust
[0033:'|h aRhelspics 10f thoeating CHD dermd: tloward the first paneb(1 s fugesm divided
t hrough the exhaust port (16). The exhaust channel
into {rddt) aridsrear epacdedyvd phrtition eldia(4d). Ofrth¢ It and rear spaces, the rear
conpressor (101). On the other hand, the intake

spaccfoa D 8h exithalt Hanie) ;qm@ha $harbit shie fHARMAN fnkbke B hnriehet2).
i ntake port (14). The intake channel (42) is provided

[003.z)g4 t H‘h@%iﬁfieg{s?‘F ”(4(1953, %eéélwﬁh pane?)e of tl‘ferl‘lgom through the

nned secon
exhalésﬁ :ﬁolﬁt: 16) b;ﬁl deg%sp ?@a %?p%?\zid?tg dxslt %bfeg(ﬁzp.lt (96) and a
compfiseet (H0Gh B MOS0 ang Ohe AP lahe DA bq%ﬁixﬁ%p%a?ees with the room

spaces one above the other. Qut of these two spaces,
through éhaiptse popdt4). The insake chaanel (43 é provided svith angsipke fan (95).
the | ower space forns a rear |ower channel (66). The

[0033]eaThe pece ofiahaalasia@5(10) dirnid niovatd shenis¢édond hganeli(tiz)ois further
suction port (15) but is divided off fromthe exhaust

dlwdEJP # %re@ ‘%ﬁces nd HefrithaTandadee, b)ﬁ 8 @edr AftitloAVySlate (20) and a front

channel conmuni cates with the exhaust channel

s divided off fromthe outdoor suction port
paﬂn&%é@?@#%%%7] The space in front of the front partition

| a 21) is.further divided.int a
10038} 7B Shedeobdhind s e Pl e Ao B ARG Rlo two spaces
space fornms a front upper channel (67) apd the | ower
one asbpa@ éhe ethes Quitefoiese WNRrPagefaifoPPREE SPaceTRENS Agier upper channel
upper channel (67) comunicates with the indoor
(65) and tthe towper spacd Fpmivut rear Wiwer channed f(66): drhet fear jupperkehannel (65)
channel (42). On the other hand, the front |ower

comBabaed wWifhBthe 0nitidti GadtRm Ybitt r(15)1 dut iiftdkded dhdmim the exhaust
(42) but is divided off fromthe indoor suction port

chanﬂép%ll ). OR38k diner TBAS CtHRCtMNR 8owEMN BhdrRaT (d%)r Ednhhﬂﬁlcates with the
late”(20) and the front partition plate (

conf 50 1 L R 6B . channe
[003‘bart ?Fsgggegﬁgfé%t 96) fﬁ%&l%grt}t%n Itj]late &flS is ffu%tﬂer an v1d%d into two
spaces one above the other. Out of these two spaces, the upper space forms a front upper
channel (67) and the lower space forms a front lower channel (68). The front upper channel
(67) communicates with the indoor suction port (13) but is divided off from the intake
channel (42). On the other hand, the front lower channel (68) communicates with the
intake channel (42) but is divided off from the indoor suction port (13).

[0038] The space between the rear partition plate (20) and the front partition plate (30) is
divided into a first channel (51) and a second channel (52) by a middle partition plate (50).

[0039] The first channel (51) is formed to the left of the middle partition plate (50). The



9 22 January 2007 first adsorption heat exchanger
(103) is placed in the first channel (51). The first
adsor ptl on heat exchanger 103) divides the 44 fagpary 2007

first a({' ﬁlg)? %ﬁ 6111%% ?}&cha&% l gﬂﬁg %g%de%\l\@g gsrg %13 ?Ee tﬁﬁSt dadsorptlon
heat gednett GRS R ORI Br ﬁr@é{:ﬁabﬁ&é’ﬁ?@@ %m?sa o, 19HE Spaces. On the

second channel (52). The second adsorption heat
otherdyenfathg secondodpnngl ($2ds fermedde émagletrﬁﬁh@ mlilcﬁzpartmoa plate (50).
upper and | ower spaces. [0040] As shown in Figure 2A,
The tdvend edsorption iHehiopxghlanges (1B9) id plated e dhenisedond clmanel (52). The
upper left opening (21), a rear upper right opening
secorld? ddsorptioneRéat | XeRdngkr (1040 REVIdBY the? Socond fasnel §B2) into upper and
| ower Tight opening (24). The rear upper |eft opening
ds forned in an upper part of the left side of
loweKﬁ)]'a'):rear partition plate (20), while the rear upper

o 8 3550 608 2o P B AT o e

Iovver |l eft opening. (23) is formed i ower

left oppaing &21), 3irers Wer Fghit REPINg2E). & 1677 1oMaE ieft Qmﬁnm&iﬁ cand a rear
the rear |lower right opening (24) is formed in a

lowet ugletropsaing @#). {The rearginpes lefleopehingh@1) isaforiped i1 i ypper part of the
plate (20). [00411 The openings (21, 22, 23, 24) of

left sideeofrtRé Feap phaititiongiatp l(20)e whil® thearear pppey inghtlopdnidg (22) is formed in
open/ cl ose danpers, respectively. The danpers for the

an uﬁ)@? BaAD (B ri ggt’2 sidé %f tﬁé1 Yea®pRrtitioRqARE AN tThy i TowRa e opening

bet ween open and cl osed positions. Wen the rear upper

(23) ](seﬂig;‘me@ Bueg'l&ger(éa}? of ?‘ﬁq?% @Idet:ff qhd ﬁ%{'g ?ﬁ p;fﬂgr(‘ml% gvthile the rear

comniini cat € upper space o

chapnel Whe r.i.ght. openi n 22 .-
lowe 828 BRen ik Lea BRI Sanaih et efE cighbaie o, g Tear partition
wi th the upper space of t he second channel (52).
plate @Mt her, when the rear lower left opening (23) is
open, the rear | ower channel (66) communicates with
[0041]he Tht epeningp 2k 2% 28ha4f of she maarpnnitlo(laﬂgtc (P@karet provided with
rear lower right opening (24) is open, the rear |ower
open&hﬁen@dm;g]&ﬁ) re3pevtivelyC alles dinpérst foe thewepenapa¢2l,oL2,t B8, 24) are
second channel (52). [0042] The front partition plate

mdeﬂeﬁ@énﬂys sWREHBE BEtwReR dpef rﬁnd“ﬂB?é’d F&flﬁorﬁp a0hé tl(e;‘ iaar wpper left

ron upper right opening ront | ower

opemﬁg &??gsnﬁ%? ’thgri]%é?{pp&o Qﬁannglv\ﬁ{él HMLFH&PG%%RH tﬂgﬁ})per space of

pper openi ng

e |Left side of. thefro partlt
the b EpahisDua EfeieF gRper gt OPITERE (Elcit TRy 3B rear upper
'S forned in an up
channel (65) communicates th the upper space of the second channel (52). Further, when

the rear lower left opening (23) is open, the rear lower channel (66) communicates with the
lower space of the first channel (51). When the rear lower right opening (24) is open, the
rear lower channel (66) communicates with the lower space of the second channel (52).

[0042] The front partition plate (30) is formed with a front upper left opening (31), a
front upper right opening (32), a front lower left opening (33), and a front lower right
opening (34). The front upper left opening (31) is formed in an upper part of the left side of

the front partition plate (30), while the front upper right opening (32) is formed in an upper



10 22 January 2007 part of the right side of the front
partition plate (30). The front | ower |eft opening

(33) is formed in a |ower grt of the left sfZiangpry2007
o B AR b Tl 0 e o
former e 798 qians Lefs g ol Misyons pogtRiommiela (3 Ba A tesiront lower

plate (21) are provided with open/close danpers, o
right jopspiaet B4k isy formied idanisaves gy of the gl rhidegof Y fram pagttion plate
34) are independently sw tchabl e between open and
(30).cl osed positions. Wien the front upper left opening
(31) is open, the front upper channel (67)
004F0 MR Iopakifss WI1L 132t BS, WPPES thePPeift pattitidnNlafel 23§ are provided with
: :f:]hannel 9(51 .W’V\ﬁen they‘?ront upperp(afr'til gh?ﬁopeor?i ?19 (%2)

o PRSP, By (B o SATRISE 8555, 30) o
TS, e, bkt B bR, b 0b o e e

the | ower space of the first_channel (51). Wen the

openingdd{l) fomRs, they FenbpRist shaqnsh {6 7)cogyppicates,wi rtB¢ pper space of
| ower channel (68) communicates with the | ower space

the foft ¢heanele(dhdWdivarthe|front 3@per fight4dpeningRE¥2)iigepgnt the front upper
circuit configuration Next, the configuration of the

chantfie f(67)0&n@Atnichtes With thd Afperphde drethd gseinid whanrieh (St Rinther, when
with reference to the drawings. Figure 3 is a circuit

the ﬁgyirr%g%v%'f‘ 1§ﬁ%ﬂeﬂﬂl§g(]§§)_r{]s25ﬂ;eg? BlcAfpbnt Qotwer i::ﬁannéllfgi?%) cBnfublicates with

odi nent. [ 00 rigerant circuit 0) is a

o £ HLAPBERAHEEIY Wheh U6 DU Rigy fMBE g s oo
e 5 R S SRRt S0 Ao 58 e

(120). This refrigerant circuit (100) operates on a
(52).refrigeration cycle by circulating refrigerant (106)

t heret hrough. [0046] In the refrigerant circuit (100),
[0044]he-Refupaageisiid eordigurstnconpr essor (101) is

connected to a first port of the four-way sel ector

val xex{, 0 rofihrtin Studkireftigetae cirfiet €100) ivall oddedbelin detail
to a second port of the four-way selector valve (107).

with gf@reﬁagtoofhegﬂ?vgfnig&fﬁhigu@dﬁﬁrzpéi'h"&fi‘t &1@@?11@3%%@ fle reffbd}ant circuit

IS connecte rrd port of the four-way sel ector
(1 ()())Vc‘%l 41§ embodiment.

[0045] The refrigerant circuit (100) is a closed circuit provided with the compressor
(101), the first adsorption heat exchanger (103), the second adsorption heat exchanger
(104), a four-way selector valve (107), and a motor-operated expansion valve (120). This
refrigerant circuit (100) operates on a refrigeration cycle by circulating refrigerant (106)
therethrough.

[0046] In the refrigerant circuit (100), the discharge side of the compressor (101) is
connected to a first port of the four-way selector valve (107) and the suction side thereof is
connected to a second port of the four-way selector valve (107). One end of the first

adsorption heat exchanger (103) is connected to a third port of the four-way selector valve



11 22 January 2007 (107), while the other end is
connected to one end of the second adsorption_heat
exchanger (104) through thq not or - oper at ed explARgay 2007
val.v cand

of the se s
aory é@eleéﬁ% Aty oo ffimietel Bl eid i B8 SS"%J}%?WP%‘@? £ exchanger
Qur - way sel ector valve (107) he

(104)r %Pugbayhes groé@rmer%ﬂ \PEPINSEPR) Valye &6?#). atL% opd Rfj the second
switch froma position to concurrently allow

adsorptiomnheiatc gxéhangére(idens chrndciadsto anf@urthipogt pbrthe famdway selector
comruni cati on between the second and fourth ports

valve((10%). posi ti on shown in Figure 3A) to a position to
concurrently allow conmuni cati on between the first and

[004T10UTHE fO@LY Sy 3E1ECtEPTANE I(E6H)| 9 RonRGIrKE ¢ ﬁteegr SEEANHoRNg position
third ports (the position shown in Figure or vice

to co}llvgm&r?%jlggmﬁ% ‘%{Hﬁ'\ﬂm&u 10%&’@941 R ?ﬁst Yl?!i Yﬁrc( é SQ and communication

position, rst orption

be’tw!%ﬂlegfél segagn&aﬁ& ‘S{ﬁﬂi)gftsa z&%h@%&@n i %/iglfc’ngglggr]e 3Al)1eto a position to

evaporator. On the other hand, when fhe four-way

concusggnskyt #low gppEnynigHipn htweshetie st phd %@owspegﬂ £ppunication
the first adsorption heat exchanger (103) acts as an

betwennathorsatamd andcthirti ports ¢termdsitids shpwn in Figiae 3B).cdravigerersa. When
(104) as a condenser. [0048] Refrigerant having a

the fbat @8y sERO®I MlaBeh@dY) ZwiichesRp thbairstRBdsiticn, pheffirstaidsprption heat
used as the refrigerant (106) in the refrigerant

exchzﬁié(:{: '('1638 (alﬁoﬁs PEorfIBRNE 288 The SEEbAA L@drptMl Reat exchanger (104) as an

eci f refrlgerant preferably used as th above
r Shig r n
evapo a{o(g d@)r%e reI %ter an%‘n s e Fﬂ%ngo 9 é :‘t(g.e%aell‘rll (1 %Wl?ches to the

range.from?7 % i nclusive 00, wei ht %
seco@egﬁtg%etheff%ﬁt é‘légﬁiﬂ"é‘ heat xehapspr %ﬁ?'ééfﬁn%s f craporatpg and the

R125), or CO2 refrigerant. [0049] - Qperationa
secorigiedslgQiption hmwch@gereaeﬂ 35t4 eondoRser. be nmde of the

oper ati onal behavior of the above humdity control
[0048]y s RefrigeTane havimgci layger censitile hsgtszomen (R ¢haat B22 ioprefdrably used as

the operation node fromdehum dification to

the R@REdthitl ¢RIG)OMm Qhe VieERgetitS dircitirbEY ,oft hlsoveukbaifiguration. More
control system continuously perforns dehum dification

sl AL A B R OISt anTg st
of R%; :?? %lég‘iﬁfﬁﬁ%% cPS‘tt Lo ?{32 relgr?gerrz%{trllngt%r ar%gé ?ro%p 95 weight %
inclusive to 100 weight % exclusive (for example, a mixed refrigerant of R32 and R125),
or CO2 refrigerant.

[0049] - Operational behavior —

Next, a description will be made of the operational behavior of the above
humidity control system. The humidity control system operates to switch the operation
mode from dehumidification to humidification or vice versa. Further, the humidity control
system continuously performs dehumidification or humidification while alternately

repeating a first behavior and a second behavior by changing the direction of circulation of

the refrigerant in the refrigerant circuit (100).



12 22 January 2007 [0050] <Dehum dification node> In
the first behavior during dehum dification, the
refrigerant circuit (100) tgkes the second po&{ anuary 2007
th L.tjen.shown in Figure 3B). In this position,
[OOﬂﬁhegpggéPhgﬁg%éﬁpﬁﬁﬁg heat exchanger (103) acts as an
evaporat ar and the second. adsor pt.i on_ heat. .exchanger
(10 theag‘fsé q%Fg‘a‘&% &H’a%%stP‘?mi‘Wt“?aﬁen’sB’éo‘i‘?g“&%ﬂ’éxﬁl'%P}t (100) takes
the refrigerant circuit (100) takes the first _
the segositnogitiopt (He prsitian hewahiovirignie 3B)gln thigpysitim, thefigst adsorption
position, the first adsorption heat exchanger (103)
heat ecthanges (A0F)oavtkeasar cvwapdratdrearslethe second sadsgpiiam hbea atxchanger (104)
exchanger (104) acts as an evaporator. [0051] As

acts 89)QWbridendet I €hetsecoh@ behiior, thelkfrigafnt Yguit $160)i tdREs the first
in the dehumdification node, outside air (QA) is

sl T ) Ty B 05
exchiyipeh (4] i S EBRIETSOORR g St FReolmy B AT Y RATsr(104) acts

taken into the casing (10) through the indoor suction
as angyARoIpPB) . The roomair (RA) flows as a second air
into the front upper channel (67). [0052] As shown in )
[005Hi gdsehdwniin Rigaefd, mdtenibé anvpker fag(PFhis driven in the dehumidification
dehum dification, the open/close danpers for the rear
modd)pReidd sit (OApentdken (1d)the tising € throwghi thel @ltloapsniiowg port (15).
(24), the front upper right opening (32) and the

The §dt90¢ alr QR AR asOPBRL BY ih3 e AP uPRe hiditel {48, On the other hand,

open/ cl ose ‘danpers for the rear upper right opening

(42) e 0 I i :
wher{ SlextipiF e Lo, ol AP RATH: ke juh P cabET10) through the
. openi.n 34 re, closed.. Therefore,, t.he fifst
indodt SUcHBY RoR (D THEFoRDr RAY IR T8 )55 A aipLfiront upper
the rear wupper left opening (21) into the upper space
changgl (e first channel (51). Then, the air flows
downwar d, passes through the first adsorption heat )
[00523x c Aangleowi{ 1iD3 Figurel 4,] amsthe nficst t behaviooweuringp alcburnidifi¢agion, the
first channel (51). During the tine, noisture in the

openiidse dEmPES TS réd uﬁfiﬁ ledpaiihe (X1)0he tdae 1dwdraight opening (24), the
adsor ption heat exchanger (103) acting as an

frOnthl\’%P P opeffid! (329 an@OBET RdritOrdwRE Q8 CpniAYT {389 akd'@pen but the

isutilized a§ heat of evaporation for

ovnl L U558 B8 by RRRERLT A28 Bl a0
frontfuip}r)grtlet(%l %ng{irrl)ft; i(301r)1 alrl](? a}e f?(;(n% fllgvge erlrghs (:I)']())e3 ngf 233}"§re closed.

[0053] Therefore, the first air let in the rear upper channel (65) flows through the rear
upper left opening (21) into the upper space of the first channel (51). Then, the air flows
downward, passes through the first adsorption heat exchanger (103) and flows into the
lower space of the first channel (51). During the time, moisture in the air is adsorbed on the
adsorbent of the first adsorption heat exchanger (103) acting as an evaporator. Heat of
adsorption produced during the time is utilized as heat of evaporation for refrigerant in the
first adsorption heat exchanger (103).

[0054] The first air thus dehumidified by the first adsorption heat exchanger (103) flows



13 22 January 2007 through the front |ower |eft
opening (33) into the front | ower channel (68%
Thereafter, the air flows through the intake % fraam 2007

throuf e B3R ke 158 oBPRER (PR 1 ﬂlgg@%ﬁaweﬁ HEGRRRR) fyifdaner, te
o S5 g 955 B85 0B} 7 bk BB Beb o 19

t he second channel (52). Then the air flows
to theio@kwar d, passes through the second adsor ption heat
exchanger (104) and then flows into the | ower space
[0058)f Umetlmeother Imhdndel sdcdR] . aiDleti img theh&ohé mppert bleannel (67) flows
adsorbent on the second adsorption heat exchanger
through QH9 fraft & r&@hﬁoﬁ@ﬁﬂ%mﬁm&h@ el dbpaée oft thatsecond channel (52).
0

moi sture a orbed n the adsorbent is desorbed Thus,

Then! E}feo ?Bme&i) :ﬁagségﬁhmgisgﬁ The §&o &5‘ Sd&rptiG Hedt I'Jz‘na(changer (104)

ent on con rption heat exchanger

eg 6 The con sed

and g eﬁ\%‘meﬁﬂsﬁs o HE RSP bOR SEnd rRd (38 LR B fime, the
heat exchanger ({5104) i.n the abov r‘T‘Enner flows {hrou 5]1

adsorbgpt ¢rethe seeRiisk adsprpion disainxg ar(gse‘f 3PS Bo? PRensed o eated so
channel (66). Thereafter, the air flows through the

that mpistus tdsivberhen tl@ﬂ&dsormms' desprbed. Ehratla desortiedongisture is given
t he exhaust port (16) to the outside. [0057] As shown

to thd #ir MdtheadSorbént ohhie seomhatisbaitiauihest etahdanger (104) is regenerated.
dehum dification, the open/close danpers for the rear

[OOSMppThe rsb&md ﬁp%géd‘gol( %%cncrﬁthﬁl SLMe ddRvent 8h tth@@&i&hﬂgadsorptlon
23), he front upper I eft opening (31) and the front

heat c\i\ﬁﬁgc{r (? ) 1?1}2 %Q'aggvé %@m&rtﬁg é’?soﬁl?o t’chla I?%é fg&gpﬁlghto(éﬁmmg (66)

e rear upper

o b3 AL SRS 9 2L 0 B0, HESSH 5L Ll gre 1)

cl osed. [0058] Therefore, the first air_let in the
and iy thgp eypisted dhipngl the(@abyust PRl BisghitsidRe rear  upper
ri ght opening (22) into the upper space of the second
[005ThaAsebhowdR)in Higerealy if | thessecomvbebavdor dudse sdehhmidifpation, the
t he second adsorption heat exchanger (104) and fl ows
openictise dafifersl orelic faAQPp&Trigh @pssiageR); ereat 1dwez)left opening (23),
During the tinme, noisture in the air is adsorbed on

the flédag u?{JaOfehesggenﬁfg gise 288 4RO Froadl wetﬂgﬁ dpefihg Y34 &3%&en but the

acting as ah evaporator. of "adsorpt’i on

N R N——
the frBEﬁnEna%ﬁEﬁ%%eeéw%t 3 @@eﬁe?ggétdg%? ehanenBa c i dnte:

[0058(] Oﬁcreforc, the first air let in the rear upper channel (65) flows through the rear
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, moisture in the air is adsorbed on
the adsorbent of the second adsorption heat exchanger (104) acting as an evaporator. Heat
of adsorption produced during the time is utilized as heat of evaporation for refrigerant in

the second adsorption heat exchanger (104).

[0059] The first air thus dehumidified by the second adsorption heat exchanger (104)



14 22 January 2007 flows through the front | ower
ri ght opening (34) into the front | ower channel (68).
Thereafter, the air flows thyough the intake Zhiamwary 2007

flowst FuB) g Strprl® Pt %‘%}f Spline sl 515 Wsnh‘%‘n& A@W%res%arwel (68).
Ther%a'ﬁr@ra'f sr?'ernﬂtmggﬁ%ﬁ t i Chann§ (f‘ﬁf eﬁdc E’bﬁ%ﬁ’ Ztg@ugh the

of the first channel (51) Then, the air fI ows

intake powt\ikd)do thetoems t hr ough t he first adsor ption heat
exchanger (103) and then flows into the | ower space

[006@f OmetHe ogier dhaadndle ¢&bpd dudétnm thee flohtreppérhehannel (67) flows
adsorbent on the first adsorption heat exchanger

through QB Ak i upPed fefop RSB intcS tHeeapRe sphcet bRthe ﬁ;rs;t] channel (51).

nD|sture adsor bed on the adsorbent i s desorbed.

Then! EIS \pse (Ao lér%ﬁ” tsée§ dtgf‘oYl th@ fﬁgthgds tlﬁﬁnﬁjeat I%% l}?gfer (103)

sorption heat e anger

ener 006 e.S nd ed f

and tlﬂ%fg@ﬂ%ﬁ é?tPgﬁ B AR AIPB BT CORe L1 D e it adsorbent
heat exchanger (tlemi\ in the above manner fl ows

on they fslg RsoRRiice A Angest (1 03 @piingy 2 o \copdanger {y,beated so that
rear |ower channel (66). Thereafter, the air flows

moistung @dsyitbedhen dké adsnrqu as |qle$orbeﬁ1)Tlmn,dthe| desotbed moisture is given to
exhausted through the exhaust port (16) to the

the a®4hé tibeadsiBemAdn thbifindt dddorpiadn lvat extienpel (1030 és fegértirated.
behavi or during hum dification, the refrigerant

[006 ﬂ' I §UL sedohd Qi ﬁ&'ﬁeﬁr tQRnerhli6d bf BRSAdsbARnd &0 ﬁueoﬁl%t hil@dption heat

shown in Figure 3A). I'n this position, the first

o0 A AR éé%& IR DA g0 o e
e 2585 RP LR B SRR e M el (o an

(the position shown in Flgéure 38 In this position,
is thenjgxhaysiask theepgh th exbaus eaxt lmem@mq 103) acts as an

evaporator and the second adsorpti on heat exchanger
[0062]104Huaudificataom modeyndenser. [0063] As shown in Figure
6, when the intake fan (95) is driven in the

humiglithd €iadtiteRavibDd@ringOhiirdidificatioh, heAkfrigerdnflsitounit (10D) takes the
the casing (10) through the outdoor suction port (15).

i ' I t
s RO R, A o0 18000, bl i e

excha%%gpl('f(i%’gfa%& z(sgg )ctaii%)ngérl %nthe s%?iﬂfﬁ&saéa%)a ﬁe% E%%ﬂ%er (104) acts

casing roug or suc I on
(13 The rogmair ro afirs ir
as arf ¥ yorator. fn %e seconcg RA%avmr Vge refngerant mtrcﬁt (ldlﬂ takes &e second

position (the position shown in Figure 3B). In this position, the first adsorption heat
exchanger (103) acts as an evaporator and the second adsorption heat exchanger (104) acts
as a condenser.

[0063] As shown in Figure 6, when the intake fan (95) is driven in the humidification
mode, outside air (OA) is taken into the casing (10) through the outdoor suction port (15).
The outside air (OA) flows as a second 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 first air into the front



15 22 January 2007 upper channel (67). [0064] As
shown in Figure 6, in the first behavior duriﬂg
humi di fication, the open/clqge danpers for t Tangagy 2007
upper .l eft opening (21), the rear lower right opening
1mpe?§ﬁTnd4ﬁ front upper right opening (32) and the
front |ower |eft openi ar.e en but, t
[0064pefisshows indigwets ip 3he f‘?ﬁ%%ﬂe of %S'ag wr@lmfh 13 @i thg open/close
(22), the rear lower left opening (23), the front
dammpao@n thefrearoynper teft eBaing ()t Fae fean fawerought apeging (24), the front
opening (34) are closed. [0065] Therefore, the second
P g
uppeatight epening (32¢ anéalie fppictoweh deth epenind 33 |abeveptrhbutuihh open/close
the rear upper left opening (21) into the upper space
damﬁéfs tdrant irkst uppln op é}ﬁﬂ (F)ethe febf 1dr 1bRt Bfening (23), the front

downwar d, passes t rough he first adsor pti on heat

i AR OO B
006 hea‘g ,atglg %é !QSPTTS er)é%thg} h%)&ggeﬁgzgfo g(P.Iﬁ)élgﬁ the rear

adsorbent is desorbed. Thus t he desorbed noj st
uppepyjafeppanéng () dnto, theowwe] spase of dbe st channeh (4. T en, the air flows

hum dified by the first adsorption heat exchanger
downwid@) pdsseanthrovgir thegfirst redlsérption Heatnexchangar (d03hiand flyg) into the
into the front | ower channel (68). Thereafter, the

loweRbpact lofwhe fifst @lginel (41)) Dusikg tiehamsethe (aﬂﬂ)rbemd)ﬂ the ffinstradsorption
supplied through the intake port (14) to the room

heat EQ&%berQ‘lOtSB‘ &chhg %E J‘@G]QienEJ?elsfﬁéa&H @ Ehak %mbﬁlret B&sorbed on the

front "upper” channel ovvst rough the front

adsor%@r?teg 8540%2&%% ?Bﬁ% gl‘gfdeg%z%d h{tl.)tls? < 51%’1? FJ the B g\i/n\a;r ghe
[006(% i‘;g é%cg)r 8uq%2ﬂ1u§ 1ﬁc§j By?ﬁﬁsﬁf gﬂggorgtgcglglée%)éggawgger (103) flows
second channel 52) During the tine, noisture in the

through th¢ &roatiksrasdeft enening (ABsarnihst frat lower coaneld(68). Thereaﬂer the

adsor pti on heat exchanger (104) acting as an

air flawaplooagiothe ingake otz 42)paridois thero suppdidd daroigly thehigtake port (14)
time is utilized as heat of evaporation for

to thd ®bfd.gerant in the second adsorpti on heat exchanger
(104). [0068] The first air used for regeneration of

[oosi]he dﬁlerd?ﬁé}th B, fﬂ%eﬁﬁﬁﬁi?rl% AARE Rt A %é}ecqfanné%hfﬂeﬁg through

ove manner flows throu the rear omer

e AP B AT b e b BB . 1o

d h h
the a(rlg))w? giomlgvs téqgaegx aus et?le tsgéo% ar,]dsz)rhp(%lorelXl'pe%tJ ?:)t(c aggér (104) and

then flows into the lower space of the second channel (52). During the time, moisture in
the air is adsorbed on the adsorbent of the second adsorption heat exchangér (104) acting
as an evaporator. Heat of adsorption produced during the time is utilized as heat of
evaporation for refrigerant in the second adsorption heat exchanger (104).

[0068] The first 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) and

is then exhausted through the exhaust port (16) to the outside.



16 22 January 2007 [0069] As shown in Figure 7, in
t he second behavi or during hum dification, the
open/ cl ose danpers for the rgar upper ri ght o%%?ﬁll‘l@ryzom

[006%552&5 %@(ﬁ/ % # ovver?ﬂ;e tﬂgpeeeglgn ﬁ%&lp \A/euFI%P gﬁ?ﬁdlﬁcatlon the
o i o BT R B i

openi ng (24), the front upper right opening g and

the fromé uppemieft epeaing EX1) 20gdhe fignt oyeraight cipewiad (3gDarrogpen but the
Therefore, the second air let in the rear upper

openhme aimpefsSior fthover uippeardgh dpbeing 1), thepear lowahight opening (24),
opening (22) into the upper space of the second

the ffORARIRE rigRZopenitizq 32y dndfth®Wont 16wnmrd§ema§§§3¥mé flogdagh

t he second adsorptl on heat exchanger (104) and fl ows

[007%t ?h&lg?chr% @%Ec&@aﬁeleﬁn ?ﬁ%ﬁﬂg ﬁﬁﬂﬂl@f‘@% %k ‘through the rear

the adsor e sec

ads tion xg¢han 104 t|n
uppef 2R Bpesine 6 rjafo T Setir e*f’%&?s%f; oG ﬁi%?biﬁ? air flows
i s desorbed. Thus, the desorbed nD|sture |s h )
downpred,gpasses] toomgh tha seeand adgomiion heais oxehangsr L 25591 pigs info the
second adsorption heat exchanger (104) flows through
lowet Ispader ofithd sewond réhghnel of§@hi RyriiBAhe itimeo thhadsarbent of the second
| oner channel (68). Thereafter, the air flows through
adsoriptien iheitadshadren {804) (4Hhg and dondérven isShiapddi edthiah roikgire adsorbed
the intake port (14) to the room [0072] On the other

on th@ @Hﬁ)rbérﬁ‘ & ddsbrbld aTl[usl ﬁ% dbSorbiEmbisRIAd isWpRAIto gpdinel

lows through the front upper | eft opening (31)

[007{]nt ?h& *L%c(#@pg‘; tié&saﬁﬁmpcgﬁw% Tthé Ssls ﬁﬁghﬁl(aﬁlﬁeat LR&nger (104)

SES t rou

fows o B R B 16T R é%“?(a%némoh@nf) Wﬁ‘i"’ﬁ el (69).

ime, noisture in the alr is adsorbed on th
Ther%ai@brvbe ir flows feropgh the mirksrohanes) (ﬂ%)a@nde;éctlhslh guppliedsough the

acting as an evaporator. Heat of adsorption produced
intakel portiftd)tthe¢hetoom.i s utilized as heat of evaporation
for refrigerant in the first adsorption heat exchanger

[0074]10%h. th&hghdri Hanll, fHer fildBik NG @i thhe FronfRppérudhanie (bMeflows through
adsor bent on the first adsor pti on heat exchanger (103)

the fioRt Iy rqp[gé§ rﬂﬁ?gﬁ) 1ntUtﬁ<¥V§pII§etﬂmgé&rbfttH§ first %haﬂrﬁml)l Bhdn, the air

open the rear channel

o U e o P SRR S-S S 38 v

to the oytside. [0073 Efects f Errbd t.
into Ehe }ower space of the ﬁe}st Lhanneﬂ (51) uring thg time, Pnollsnn?rg in the air is

adsorbed on the adsorbent of the first adsorption heat exchanger (103) acting as an
evaporator. Heat of adsorption produced during the time is utilized as heat of evaporation
for refrigerant in the first adsorption heat exchanger (103). The first air having given
moisture to 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 is then exhausted through the exhaust
port (16) to the outside.

[0073] - Effects of Embodiment —



17 22 January 2007 Next, a description wll be made

of effects of this enbodi nent when R32 is useg t he
refrigerant (106) in the refjrigerant circuit 2139@"31'3’2007
[OOK@(’[ '(ﬁg{rﬁatﬁn%ﬂ% Iﬂhe%%ktg ?E‘Iugelr;[)?dlﬂfeﬂg&fﬂ R32 is used as

hvvlngarerlgeratlon cycle efrigeran

us Th S di agram i ndi cat es
the re?ﬂﬁ?fﬁ’ét (lég) t et?ﬁ%gergflrf”ﬁlt ﬁtﬂhf refrigeration cycle by
| ayi ng of f tenperatures of the refrigerant (106) as

(0074 aF e 8 shaws aa prawplecef & het digerans shgygng agghigemtion cycle of the
curve L is the saturation curve of R32. [0075] The

refrigeednt icirenia {1 0Q)i wsing R32.1009 TelS idingra®s indipatesaclsmgemofistate of R32 in
general refrigeration cycle shown roughly in the |oop

the réfrigBratioR Ryclerbyt hiythgr &fff tégpsraturedrofodie IrefrigbrahiB(106)lias drdinates and
the conpression stroke in the conpressor (101), B-C

entrohﬂeg ERLSFSs hB&i &SR0 %@%ﬁfv‘eqdnlsstﬁé' Qfatidh die oPRISRYr PLiON
eat exchangers (103, 104), G *D indicates the

5P AHSS 8,8 R n o
Show%f,]rro?l,gﬁ]gl 1trI]letli'lF S%l?g’tsob?-’by—@ at{lng)ﬁ ge alé ﬁ:&%@? IAo_ﬁg zpfilcates the

the adsorbent carried on t he adsor ption heat ) i
compsgssinanyks ip thacompreysor €104, B indigateshtherondensation stroke in the
condensati on stroke fromPoint Bto C. Next, changes
adsompiiont bhéat efchamders €03n104)106)-D rindica®ei the SxpapsiGnwstidke in the
be descri bed. [0076] At Point B which is the discharge
motob-@pBatedt ekpandibn VEke C(Qﬂprmzoﬁnd( 1HOL), infRB2tes BBV HBAEIAN stroke in
i nto hi gh-tenperature, pressure super heat ed vapor

the aEl théanc‘ h@ﬁ%eﬁdn\%@fseﬂl“3 %C{ o%f%%tlugltn cﬁ X0, therBhal regeneration

anges heat th alr 1n

.(,103,, 10 s0o,.that the ad . .
of tnf ﬁ‘@?%ﬁ%}%f% e EfomigR fieal %"Cﬁ’fm&f"% Pty £ ni igrg out in the
During the per I ecreases..its
cond@l@ﬁ%@% girakee oy B 1o Groaey Shpgetof Saidar reliptigt (106) from
reach approxi mately 60C (B-*Bl). Then, R32 gradually
Pointdh tal€rrsitlderdessribedt ur at ed vapor to saturated |iquid
(B1-+B2). R32 is further cooled into a supercool ed
[0076]i quitdPdifoiBniwhidB isSthec dischangd lémsperatored bfreind compeessor (101), R32
tenperature required for thermal regeneration of the

compFEEed BRBhigh-tdrSorAGE0 hishl R8seA buREARAORIpST (dddBes dfptdximately

is set at approxi mately 0C, the senS| bl e heat zone

kLI SRR L g o
1035, 59051 O o SR sl PR, MR AR o 85 o

di scharge tenper at ure (B) as shown in
During the period, R32 gradually decreases its temperature by means of heat release to the

air to reach approximately 60°C (B—B;). Then, R32 gradually condenses from saturated
vapor to saturated liquid (B;—B>). R32 is further cooled into a supercooled liquid (Point
C). Since, in this embodiment, the temperature required for thermal regeneration of the
adsorbent of the adsorption heat exchangers (103, 104) is set at approximately 60°C, the
sensible heat zone (R) effectively acting on thermal regeneration of the adsorbent 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



18 22 January 2007 Figure 10. Therefore, since this
enbodi nent enpl oys R32 as the refrigerant (102%Jin t he

refrigerant circuit (100), i provides a larg anuary 2007
ool PR B R G0BE o 100

.regeneration heat exchanger (10Q2). This ipmproves the
refrigeranit cirewe (1AD, it REYVIdES & lBERsh &Psthle heaiizons ERhHheB fyenio, increase the
[0077] Such inprovenent in the efficiency of therma
amoyng gefn deait raleasdute the iairc froms dhd meganeration| keah essichangee (102). This
(R) can be provided likewise with the use of an
impréR33 thid efficiehxe df themhdl irggohamntiof af thexdsbrbadts i ger ant
containing R32 in the range from 75 wei ght % i ncl usive

[007%] | IS&%Q iMBlARmeRb ﬁ%%&éfﬁéfénc% QR 7B Ermde XegerRraiRa CiiePid Mirease in

0
Vil e nmade of effects of this enbodi nent when CO2 is
Jdise t.h iqe 1 i . fri t . .
sensitfe Hept? 2orp R S P RRIacc HRdwis D AF (e i O B R32-4ich mived
.of the refrigerant circuit 00).. during. th . . .
rofrgRep 5 15T BT BgoMCaraHPg R P e de 7 ugieht % inchusive to
pressure of CO2, so that the refrigerant (106) in the
100 weight ‘gexalbIVei rcuit (106) enters a supercritical
cycle. [0079] Figure 9 shows an exanple of a T-S _
[0078]i adfeamasdesmiiptipnawilbbe imgde af effects p€ this epbogisrent vher §102 is used
cycle) of the refrigerant circuit (100) using CQ2. The
as thé-rofrtheadt AN06)Nigh atrefigetnnrRiesit (10091 The pedssirelofl the tHigh-pressure
refrigeration cycle by laying off tenperatures of the
side ggfﬂe' QS Rint (CHEG) (P60) Uudinb aﬁ@fer%g&aﬁaﬁ R SShiph6r B9k the critical

abscissas. The curve L7is saturation curve of

el his fri [ - +B.4 ndi t
pressiif 2ot S oie EERlr A QU8 Fu 108 PR by (066) cnters 2
i ndicates the heat release stroke in the adsorption
supetgpeal c¥glehangers (103, 104), C->D indicates the
expansi on stroke in the notor-operated expansion, )
[00790al Figuga D1 shawe)an exanmle *of & nkrSc diagem showingparigitigenation cycle
stroke in the adsorption heat exchangers (103, 104).
(supereritidal syclef of germfrigenant eoceit (1009rusalg €O3elbe dt-5 ahagyém indicates
the adsorbent carried on the adsorption heat
changesCBARERS Df(E03, inl M) réffig&afion @FclRUby i1Byihfeoff temperatures of the
supercritical heat release stroke fromPoint Bto C
. , e t . I . .
refti T3 nt(lgbf‘glg Cérv(\lnﬂ'{ate% e Riro 1g§e éh&?%%g% ]ablgél%%. The@Murve L is the

| be descr nthis

refrigerat.i l.e, 4n the period fxom.Poj .
saurgip % BRER S ot 8715y < Pl e BohBrSsion stoke
. .critical pressure into. a su&ercriti cal state. tal refch .
in thg comapressar d191), B—C indicates the heat release stroke in the adsorption heat

exchangers (103, 104), C—D indicates the expansion stroke in the motor-operated

expansion valve (121, 122), and D—A indicates the evaporation stroke in the adsorption
heat exchangers (103, 104). In this refrigeration cycle, thermal regeneration of the
adsorbent carried on the adsorption heat exchangers (103, 104) is carried out in the
supercritical heat release stroke from Point B to C. Next, changes of state of refrigerant
(106) from Point B to C will be described.

[0080] In this refrigeration cycle, 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



19 22 January 2007 120C (Point B). Next, CO2 at Poi nt
B exchanges heat with air in the adsorption heat
exchangers (103, 104), so that the adsorbent ¢4 January 2007

opxh I e Nyt [ f . POj o .
120°E i B SRET ST S otk e EBEEs, B i B g Bodoprion hea
radual | creases . its enper ature by neans,of heat .
exchiseEn 0% 40Tk o TR the piopbene s BermaTy epiepiE i ihg period from
_supercritical state, it decreases the tenperature )
Pomng tlo Bypnsxtheepesiog, A8 (Pl sepeyritigal |statk qgsprual]y adecreases its
supercritical state, w thout being condensed as in the
tempafature ymheams ed hed2reblasemo tha airFligthie c@e, §i0GBCP2SE e @, supercritical
in this enbodi nent, the tenperature required for
state;! M elcb®hsds GBE M@hPdratafe @wn kb eppdsidiaptdsoof (PBxt C) while keeping a
adsor pti on heat exchangers (103, 104) is set at
supeﬂpPEﬁx LR el Cbein% %ﬁﬁ&ﬁé{l blseiheRt a&'&@ﬁleﬁ@ned R32 shown in
effectively acting on thermal regeneration of the
Fi uadgor bent falls wthin the hatched area. The sensible
BMfedt zone (R) for C2 is larger than the sensi bl e heat
one. (R) . far. R22 having_substantially . the, sanme )
[008@ sSHgEgin ﬂéﬁﬁé’%&gm%‘t’(@? tSMPEIRFR Tediure ifaa?}ecnfe! regeneration of
Therefore, this enbodi nent enploys CO2 as the i
the adedrb¢njeqfathe dsopyion heathexchargers ad04Lisr satiat appEgimately 60°C,
operate on a supercritical cycle, so that it provides
the senditsle dent zaen®)dffectieddy azthmge of MertnbbregB@?aticihofthe adsorbent falls
I mproves the efficiency of thermal regeneration of

withihtBe A8RREDSRA.- ThdnSibleIRAE Lo (NP TONR 15¥gatMhaf Hle sensible heat
[0082] [Fig. 1] Figure 1 is a general perspective view

zone g(gﬂafbr g0 ﬁl%i}‘}g NyuB&a ia‘flglc&g Qe %‘g%?%é'e %@%ﬁgd{ﬁ% as shown in

trol systenTaccording to an e

rnf, Q01 ol AR Bt LRI BB b in

gure 3. is a circuit diagramof a refrigeration

Fi > 3, g :
refrigerang ikcuif c(d8PHity grersteann & suRsactHicat cvele; & that ikngayidesya larger
is a general structural diagramshow ng the structure
sensibfe keat oné (R) yhapoR22.0This ymprvesn theoefficiegey of drermal regeneration of

enbodi nent and the flow of air in the first operation
the addoibeng dehumidification. [Fig. 5] Figure 5is a
general structural diagramshow ng the structure of a
[Brief Description of the Drawings]
[0082] [Fig. 1] Figure 1 is a general perspective view of an adsorption heat exchanger
used in a humidity control system according to an embodiment.
[Fig. 2] Figure 2 is a general structural diagram of a humidity control system
according to an embodiment.
[Fig. 3] Figure 3 is a circuit diagram of a refrigeration circuit according to an
embodiment.
[Fig. 4] Figure 4 is a general structural diagram showing the structure of a
humidity control system according to an embodiment and the flow of air in the first

operation during dehumidification.

[Fig. 5] Figure 5 is a general structural diagram showing the structure of a



20 22 January 2007 humdity control system according
to an enbodi ment and the flow of air in the second
operation during dehum dificgtion. [Fig. 6] F24{gnuagy 2007
| neral structural diagram show t st r.uct ur
humlgﬁy }ogﬁafns%slt%n; ag(é'orirfhrngl 408 % € r]?]ogf 661? cﬁnﬁgth? gFogvn of Uit W fhe second
enbodi nment. and.the flow of air in the first operation
Operaﬂﬁpi‘lr‘ﬂ&nﬁﬁﬁ]i“ﬂmﬂi‘ P%n. [Fig. 7] Figure 7 is a general
structural diagramshow ng the structure of a
hunifdg-t §] dderreob is yas tgenerak sopeinray diegram eebgag nbatstagiure of a
the flow of air in the second operation during
humildityi abinfriot aystem. adcbrding 8 46 gmbeditnens and TthE flowgefanir in the first
showi ng an exanple of a refrigeration cycle using R32

opera%ﬁmfcﬁ?ihg%ﬁﬁﬁdiﬁcitfbnt. he refrigerant circuit. [Fig. 9]
Fi gure is a T-S diagram show ng an exanple of a

r ef /d: gepaty: cyGle, ( Ltig y : [ £
e (FAFTTELIENe Y 6 By (el RELARAY | et Bk OB yilchore of 2
Figure 10 is a T-S.di agram show ng. an.exanple of .a.

o ogispha St opsiia & Ay rpatiateh app ETRAY of ifljp the sccond
refrigerant circuit. [Description of the Reference

operatjorefuaing humigi§gaions go) adsor ber (100) refri gerant
circuit (103) first adsorption heat exchanger (104)
secldiigl $ldEigupt Bos ah €t dimgrinashewing(aoeyammplé of geredrigeration cycle
(B) discharge tenperature (R) sensible heat zone 21

usingZR3 2 adnefd geratfd O the[réirigierant cikdditai m 1] A humidity control
system whi ch includes an adsorber (80) for controlling
t he[F:ig. 9] Figure 9 is a T-S diagram showing an example of a refrigeration cycle (a

supercritical cycle) using CO2 as refrigerant in the refrigerant circuit.

[Fig. 10] Figure 10 is a T-S diagram showing an example of a refrigeration cycle

using R22 as refrigerant in the refrigerant circuit.

[Description of the Reference Numerals]

[0083]

(80) adsorber

(100) refrigerant circuit

(103) first adsorption heat exchanger

(104) second adsorption heat exchanger

(106) refrigerant

(B)  discharge temperature

(R)  sensible heat zone



hum dity of air to be processed using an adsorbent and

a refrigerant circuit (100) for operating on a
refrigeration cycle and thermally regenerates the
adsorber (80) with heat of oefrigerant (106) PhJanuwery2007
.reﬁri gerant circuit (100), wherein the adsorber (80)

[Claims] ¢ or ed by adsorption heat exchangers (103, 104)
[ClaigPNnected to the refrigerant circuit (100) and having

an ‘adsorbent carried on their surfaces, and the _
hufv bimidityoeantol systeme mhich owhides ane ddsotber h@0) tfhe controlling the

o BEP A A5 af Rt b BeshiL A bl aom o

operdtRigl orf) € réfrigeritioN @lyele anl aHémhSUosdn2 tdsatht \adbdiBerS@OF with heat of
_discharge tenperature (B) of a conpressor (101).

refrigecard () n theaefiigsiant eijcuidAPPol system of claim 1,

. o g , : is £i q

LAFERLR WRSaBRLSTPTL Bhhapnl, (ABBhch ol BERGER] 100, 100

conntdted teethel ghigatdnd gircyic (H0) and hiaghg rantddasrbéritecacidadt orc &leir surfaces,
pressure of the refrigerant (106). [Claim 3] The

and huymidity control systemof claimi1, wherein the

F et ITABRTARF cédrkf)sydtemaAs %bﬂﬁgﬁ%% %@ftﬁeﬁ YR kiR hEPZoRs gﬂ) for the

~m xed refrigerant”containing in the range from?7
refrigeedng I{106)is ilargénthiaw ¢hat GorIRZ2 whiey leompares ¢ tainsenf rpffigaration cycles

navirf bSO NP L S BufpredlBESA S e
[Claim 2]

The humidity control system of claim 1, wherein the refrigerant circuit (100} is
configured so that the pressure of the high-pressure side during the refrigeration cycle is
higher than the critical pressure of the refrigerant (106).

[Claim 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.

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

refrigerant.



