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1 Description ADSORPTI ON HEAT EXCHANGER Techni cal
Field 5 [0001] This invention relates to adsorption
heat exchangers for bringing air passing therethrough
into contact with an adsorbe¢nt carried on the surfaces
of their fins. Background Art [0002] An adsorption
heat exchanger is hitherfo kpown whi ch has an
adsorbent carried 10 onPe¥fEIRONf aces of its fins and
heat exchanger tu j scl ' t Docunent
1. This Pat entAIt%SB#ﬁP%ﬁE@E&M a
dehum di fier using two adsorption heat exchangers.
The dehum difier supplies cooling water cooled in a
ool | ower to the adsorption heat exchanger in

Tec H§6l€%’ n phase and supplies hot water froma hot

10001 FER e Gitopisaiesen gc_ﬁsagﬁ%ifg% SR BERROY af pasing
trergERRGhIRP o2t b e pfed bRl FHICHRILRG AR

adsor pti on heat exchanger is in regeneration phase and

a node in which the first adsorption heat exchanger

hS 1N nerati on phase and the second adsorption
Ba%@ﬁ?""&gﬁgnger is in adsorption phase. Thus, the
[006’23““%%@61%{109 ﬁg&i@x%inggﬁis%&ehg kg!';‘\?m AT BLd ADad8Rent carried

exchanger “I'n adsorpti 6n phase and regenerates the

. . . _ .
on RYSRERE0be it@ﬁ%{%&?&ﬁf%%&%%@&ﬁ%@bgﬁﬁéﬁ%gs ; Pétitﬁrét B&ument 1. This

regenerati on

Pate\?\}?1 HyTuHieht F raldoSdid8S s | DEGHubANIARY uiifig #Yo BASOMBLin Rest! BdcBangers.

ere cooling water is supplied to the first

Th ﬁﬁm?&iﬁ@ﬁsx&%ﬁ&s S RaREr @Rtkdata é’&}liﬁ% thwerStonRk ia@6brht@on heat

t he second sorption heat exchanger. The air passing
exchaNgBH #NadsBfptioh 'phhscPARIONPI QM 8dter XA AR HeaPSHIFRSto the other

noisture to the adsorbent in the course of passage

adsérption! %@atb@&%ggr tid @egtherfatit® phidd, The tdeRvildifier alternately repeats a

dehum dified. The cooling water flow ng through the

modeidt whish B Gest atisdptic hédbhexéhangér 9da @Ufirprieh plat and the second
exchanger takes heat of adsorption produced when

adsomptisi He ekechahper igi regenepativonrphask amd 4 medaidswhible tte. firihadsorption
the other hand, in the second 2 adsorption heat o
heatxethangeris ih hegdneitatina tphnsef dmvihegsetdrdoarsbrttiva imatiexchanger is in
exchange tube heats the
adsorption phase. Thus, the dehumidifier dehumidifies air in the adsorption heat exchanger
in adsorption phase and regenerates the adsorbent in the adsorption heat exchanger in
regeneration phase.
[0003] The behavior of the dehumidifier is described taking as an example a state where
cooling water is supplied to the first adsorption heat exchanger and hot water is supplied to
the second adsorption heat exchanger. The air passing through the first adsorption heat
exchanger passes moisture to the adsorbent in the course of passage through between the
fins and is thereby dehumidified. The cooling water flowing through the heat exchange
tube of the first adsorption heat exchanger takes heat of adsorption produced when

moisture in the air is adsorbed on the adsorbent. On the other hand, in the second
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adsorbent and the air passing through between the

fins. Further, in the second adsorption heat

exchanger, noisture is desorbed fromthe adsorbent and

the desorbed noisture is applied to the air passing

t hrough between the fins. 5 Patent Docunent 1:

Publ i shed Japanese Pat ent lication . HO7- 265649
adscuptaQn At PREhGhEATHBe iy BT B VPHE I Qe Tho e Xefepas iy heats the

st S R G R SR S TR Yo Sasorpion

e ebie MpEah  SEHRRE o o2 R BB B e s

aoligds o PoReHER NBRERBAYER IR Bdsor pii on phase

Paipfipsiment 15 ESREERT ampo B ARBLRTERAT I 2ARR |
acconpani ed by gradually decrease in relative

hum dity. GCenerally, as the air relative humdity

. decreases,. moisture in the air is less likely to be 15
D‘s‘gﬂ‘gﬁf’ﬂzg’wvfﬂ ®%dsorbent. Therefore, in conventional

SOr pt)i heat .exchangers, a smaller anount of
Proﬁ%f”ﬂ‘ﬁ%@%é’e‘gg&gfek{év ngﬁﬁt heir parts |ocated downstream
in the air.fl.o han: t:hej o)
1004d]  AS Bporiteficiovh. FBisEte iF Brisuify fekephGhohe REVRIRU 10 the
e '] 88 air through
s b A 0300 DK oA SR i s
t Rigbidng i Okt bRanger i
el KRR SAMIERENP g MERR 0k R APIGl hngss i
lgFhdiil | RlSidRdin eeealrey of
ads?r?ﬁli‘%@g% gfhsc,l\{lthlgnglg %rgévéégntﬁgg%g?lg?i on ﬁglgt lnexchanger topaIssage
hb | Stk 26RiRhicaby gahanl dcroade in rétedvishumidity.
throfiff bBidech ofe i, Siithcls 24 [}%%’os] YRS Tolution of ey
GerdePA1yP RS SR hir HEMAN h@Ridi§ dHckR6dsethdiquRninatis aipisiless likely to be
heat~ exchanger including a heat exchange tube (40)

adsdiBE® U 1 h&ddrhpat Thaefow) @i toiveati@ml atddorptiomshegB@xclmngers, a
t he surfaces of which an adsorbent is carried, said

smads amBlAtOST heRture Cdim®ed od théipparty loogted gowinstrezas §i thg air flow
t heret hrough into contact with the adsorbent carried

tha08n tHegr fart’ Jocaed)pstrean ihthie airaflparRurthkrsaredsuall offsett dfdhe amount
heat exchanger | ocated upstreamin air flow

of ®oRairé tadé@Bediin Upssaneaadspeption(186) eactingempeausesod psehlem that the
adsor pti on heat exchanger | ocated _ )

adsorption heat exchanger cannot exhibit its moisture adsorption capacity well.

[0005] The present invention has been made in view of the above points and, therefore,

its object is to allow an adsorption heat exchanger to exhibit the moisture adsorption

capacity well.

Means to Solve the Problems
[0006] A first solution of the present invention is directed to an adsorption heat
exchanger including a heat exchange tube (40) through which heat medium circulates and

fins (30) on the surfaces of which an adsorbent is carried, said adsorption heat exchanget
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downstreamin the air flow constitutes a downstream
part (27), and said adsorption heat 5 exchanger is
configured to uniformthe anount of noisture adsorbed
on the fins (30) from the ypstreampart (26) to the
downstream part (27). [0007] A second solution of the

resent _invention is djirected to the first soluti.op,
188 RLrRESHEE CPEERNEh pir cqniast Vgga the dsorbeRt nﬁf?@ bn the fins

oA, BT 50 A A o o
B RMOTER R AT T
i R S
A B P A G e
BRETaE A aFﬁZELtB ?; @%‘?e?f‘j%%??ltpgﬁé@? N2nd the downst fégnmt
7 .
wo@rasof\baea&ﬁ% TN -
6
b T T A e
i S B SO (o
UPS&%& sor{)ﬁﬁt ang1 bi esle&l%ﬁ( @ 22?%“ on %@ﬁgttﬁ@t@wm‘c of
moé@ sErtidh foh8hERhs {392 ?ﬂhtz lﬁﬁs PP ﬁhe@gﬁl}lst?&ﬁl part (27).

ownstream par 20" thereby uniformng th

[00@830 URthRl sBRKDh lé&‘%@;?@%b BffeRifor f3&difebRd tb B fifst Qdmﬁdme wherein

tream part t he downstream part (27).

the bif8d& ofAnd h(Ho'fbe%P l:éﬁlb@ Bn %e HREe30S fs@fferehh¥&RebOthel pstream part
directed to the first solution, wherein the upstream

(26Y1dtthé d6wmnadnt pret (dqwﬂfietragamlmtng(taz hmbamefddiftareestisorbed on

substances carried as said adsorbents on the fins

the ﬁﬁ@@sogmﬁf fbYa sthaixqsm (26) tdhe doBstteat] parD{29).ur €
adsor bed on 5 the fins (30) fromthe upstream part

[0069)6) At fouithgokitiosm sf the Pprespy ihv4Rich is {B63dd toAhs fixdt kolution, wherein
solution of the present invention is directed to an

an @eptiph ilgyer [(361t38) exclb arfgemixtmel afdidsgrbentremdt binder s figeed on the
tube (40) through which heat mediumcircul ates and 4

surfaitessof(tBO Yinwk{3 @) ands thetrhass hedtents dffadsdrbernt apd diiadegén thebaslsorption
(40) and on the surfaces of which an adsorbent is

layar 486, 38) ars differerd dotvptenche hpsiteamxura(Xge and the drvinstriean part 27),
air passing therethrough into contact with the
thergblp untfeming dhe Amdumiroft heisfurs adgoBmd. orrthet fivesr (30} fioar thegypstream

sai d adsorption
part (26) to the downstream part (27).

[0010] A fifth solution of the present invention is directed to the first solution, wherein
the upstream part (26) and the downstream part (27) have different substances carried as
said adsorbents on the fins (30), thereby uniforming the amount of moisture adsorbed on
the fins (30) from the upstream part (26) to the downstream part (27).

[0011] A sixth solution of the present invention is directed to an adsorption heat

exchanger including a heat exchange tube (40) through which heat medium circulates and
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heat exchanger | ocated upstreamin air flow
constitutes an upstreampart (26) and a part of 5 said
adsor pti on heat exchanger |ocated downstreamin the
air flow constitutes a dowstream part (27), an
adsorption layer (36, 38) containing the adsorbent is

f d h f f the fi 30 d .
ol e b B Sl i B, B g i .
s 3EyASESERD S i Ry b R AR SRR hrotons
into.GRBRah LR (e efteabeit CHrRR S0 GRS D BT 3BT Of said gsorption
s S T PR3t b Gy bt e o
i S5L555 et DR BERY Bk 2 RSB o

th th i nt tact it hot N i
dovisittars Brt €7 3b Postebii Fer (b, 30} Oy AEE RS BlsofiBR! stmed on

heat { i i A . ]
the §5%ice £ R (307 R AR RRBR (75 hhs £ Bfoher sttic capacity of

i d ad ' ted d t i
the FRERRINE 6 AL HRh (AR bt 088, 0 SO 5T g
[ooii(]e ﬁg%@%ﬁ&e&'}ﬁrﬁ’&{ be Ql?Jg;]reQ@ﬁ iﬂvé(@igga% AHERIAt0n h@rption heat
adasor e I NS

ent” carried on't than the upstream

excll‘?%xr tgh fn%ﬁr)dmg[sfp géﬁ]exéﬁgﬁé dive Q4§)Oﬂh%d§;ﬁr\vvlﬁf:h hi® ndsA8 Rirculates and

on | Irected”to an adsorption heat exchanger

ﬁnsirggjl HelicAgs Qtt{bﬁ@& 1PAENRAGE hME t%ﬁ@g40§ BEP bE hetirfabes@@khich an

um circul ates an 20 fins (30) which is attached .

aAFdnRGt e4Ban g tfoP Brihfifg Sl fadsifg tdrethrou
ads%?%tﬁggﬁ ’s%griﬁteant [ 36 carried, gégi d ads%[r%ti oﬂn he%t g
intoPenRN 98th theadRirb&ficRSical dn the Fns T90). FarfRérhh @aghof shidt sisorption
contact with the adsorbent carried on the fins (30).
heaf&chR®der 16taRANipsRéans @i Sir AdSdopktitaies ah @PbtreaxCpat (B6) and a part of
| ocated upstreamin air flow constitutes an upstream
said0akiborpB6 @A éxchaiger Obcatédi dbvariaeamt irpnhdiegit flow constitutes a
exchanger | ocated downstreamin the air flow
dovﬁ@ﬂédﬁ?ﬁh&ﬂ R aRd titodvaistreampasir(27) Ra8)a lasger admanpof the adsorbent
| ayer (36, 38) nmade of a m xture of adsorbent and
cartiddsiethe ifinis (30)thsh the upftecasupdr@6y of the fins (30), and
the downstream part (27) has a higher mass content of
[0013)s o Areeiphihnsdliigora df dhiep present| iayentiop 36, dig@ledt teasn @dgorption heat
upstream part (26). 5 [0014] A ninth solution of the
excharese irclidive a heatrexicangk et @8) thyough whish hpati roedinmagirculates and
exchanger including a heat exchange tube (40) through .
finsB0} thivhas attechied o tierhwat eitchangeriybe {40) gnd 9o theypuréages of which an
attached to the heat exchange tube (40) and_ on the
adsetbetaiseerrisd, waid @dserption heat exchanger for bringing air passing therethrough

into contact with the adsorbent carried on the fins (30). Further, a part of said adsorptiox_l
heat exchanger located upstream in air flow constitutes an upstream part (26) and a part of
said adsorption heat exchanger located downstream in the air flow constitutes a
downstream part (27), an adsorption layer (36, 38) made of a mixture of adsorbent and
binder is formed on the surfaces of the fins (30), and the downstream part (27) has a higher

mass content of adsorbent in the adsorption layer (36, 38) than the upstream part (26).
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adsorbent is carried, said adsorption heat exchanger
for bringing air passing therethrougli 5 into contact
with the adsorbent carried on the fins (30). Further,
a part of said adsorption Hgeat exchanger | ocated
upstreamin air flow constitutes an upstream part (26)
and a

00 e o RS0 oo EELE, o plfon e
t (27)., the d t 7. . .
exc Bt beRing e v et TELBE bk AR o gt and
g SR BB S ep el ne e St R5 AT b o which
adsgrt%lsgl;tit %ggrsnea: ?zﬁd ggqsi)o.r g ! lgeghgﬁ : g%c 89 Pﬁﬁéiné%%)ga:s%gg therethrough
el it S35 5 B o 800 Y TR Bt horion
30 i nt tact. with ai [
hea Fishatieh ForeiePRCEES Biin SRy ot pfER 3 wBzcki, bt P469dnd a part of
. t h 0)..th d > ied .
s ST AR oGl JPeys BFAREPI Y B8 SIS P Comsines
i ed, f | f | B8 hi i
cov{ilsbhns art 0D TR et (47058 &l ad:Bfochi B igher statc
th ' t f
capf iy 4ol ISRl O € K8 P Banl B0 bpeRafiet (BT ©0
upstream part (26) and a part thereof |ocated
downstreamin the air flow 20 constitutes a downstream

re_ . The air passing through the adsorption heat
[Oogﬁcha%ﬁatmi@o) first cones into contact with the

adsofpefh Sk I}%g@é‘ rsf)lgﬁ&%, Qe hdNRrptioAShdad Q)cc}i.etﬁgérh(aﬂ?~I is provided

upstream part and thén conmes into contact wt

26)
with B SeAASCAAREA W 4bj;€nc§ﬂﬁsf (@?0 > ArPAdsbfient fsicafricd ) the Burfires of the
downstreampart {(27). [0016] In the first solution,

find (ﬁ@% AR QAR rb&R oRQBE s FeeBABTBE fi? (30)icomes irftd gorted with air passing
unitTorm 25 the amount of npi sture adsorbed on the

thrdughSthé 3}orpfiewnheiteerRaridee 420)P @i tthd d69orptiont heat exchanger (20), the
downstream part (27). Thus, the adsorption heat

ads6RRERQAS be( 2)iedonl O8 tha stwfadesraf thetfinst (30D or muysbeicerried, for
adsorbed on the fins (30) in every part fromthe

exathipié, lohahit paficed 36the fmst(30) #hd thiosurfice @f thepmat excha)ge tube (40). In
[0017] In the second solution, an adsorption |ayer )

the (@BorptiSh heat fexchagen2@)ha pant ftheresf décatadhepdticam {Bahe air flow
The adsorption |ayer (36, 38) contains an adsorbent. )

constitutdsearaojsstrepni ant (26tand a part thereof located downstream in the air flow

constitutes a downstream part (27). The air passing through the adsorption heat exchanger

(20) first comes into contact with the adsorbent on the surfaces of the fins (30) in the

upstream part (26) and then comes into contact with the adsorbent on the surfaces of the

fins (30) in the downstream part (27).

[0016] In the first solution, the adsorption heat exchanger (20) is configured to uniform

the amount of moisture adsorbed on the fins (30) from the upstream part (26) to the

downstream part (27). Thus, the adsorption heat exchanger (20) provides a uniform amount

of moisture adsorbed on the fins (30) in every part from the upstream part (26) to the
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exchanger (20), the static capacity of the adsorption
| ayer (36, 38) is different between the 5 upstream
part (26) and the downstream part (27). If the
adsorption layer (36, 38) hag a different static
capacity, this causes a different anmount of noisture
adsorbed on the adsorption |ayer (36, 38). Therefore,
downstreass Padé&Ppt i on | ayer (36, 38) is changed in static
capacity with changes in air condifion.i.n_the cours
[005F]" aft ﬂ’ﬁa‘@%‘a@esoﬂlﬁ%%‘uéh HW%]GV%ééngs)ﬁéﬁ?“%@c%%éfmfmes of

rm anount

the §a8 30 o gq‘%t'lgx}e RSy 88, 33)190%%9% soghitt. iy i apgption heat
27). 001
o BBl s RPN e
38
st fﬁgt)o@ﬁf’ a8 Elveaéze '8y okt e Grae Tk Ao L 3 has
od 3
sl e Psghoiyh Sl féﬁ%a%? i afhop G oy on oo
R ol A L8 s o
B
3 . !
S BT A A o o
¢€§%1p§%$ﬁfﬁg§ﬁgégq% éﬁ Fgé%? gﬁg (gg)t °
[OOE@ ?\fo%]{ha? §t§c & ac@ﬁ%@%ﬂ% d 1a56r &%, BBPisldxBressed by the

cause eren sture adsor bed on

am$ GE o&' E{b?]st&g tﬁﬁq’ﬁe adsBR: flﬁBQ§}%r (34, 38 @anadH%HﬂJt wkén the ﬁns (30) having

sor carried on ins (30) 1's changed wth

the %H?&Eﬁi’n ldﬁfgr &6 3GPInEA Yeridh 4B SrGRME Hfto ‘éfmtﬁbt{wﬁl@%ﬁf&ﬂ Qonstant

e adsorption heat exchanger (20)

rela@iﬂr@Vthﬂﬁﬁﬁ? 601  QuMcRE ?niongftlrﬁ@' 8b.UrtRe agisRNPT @Bistde that the
fins in every par fromthe upstrean1part (26)

adsbl‘i)tiToBela?’éi‘VFSGt B?aﬁﬁspﬁfsbrkfeaﬂml Q&8 umnistragche@umtlbr conditions of
sol ution, an adsorption layer (36, 38) is forned on

coekfzense bf ﬁx@%&s&ﬁuoﬁzﬁyéﬂ‘(% F38)and 3 of citveand g arivetHuaridity.
| ayer (36, 38) is nmade of a m xture of adsorbent and

[0009Nd & the third tsbitianSbe Rinoant dfadesrbémtear® on the Sorsk{B0)X is different
particles are bound to each other by the binder.

betWhat elionestrdahe pads@spent thardovwalseeam rparth 7 d $offptenoamounts of
| ayer (36, 38) have their surfaces partly 7 covered

adseiticht tdrsedom terfins| (B0} tamsadisizrent amouhtayé moiSaére a88)rbedien the fins
different mass contents of the adsorbent and binder,

(30). Hiterefheen fdke atheurd of adsokbepsicarried on the fnsr(BAkis chingsdotith changes
adsorbent particle capable of contact with air

in air comditiohdn thy wovserefchinpassagendirdrighdbe adsiptiom beairepichanger (20),
changes the

this prov%es a uniform amount of moisture adsorbed on the fins (30) in every part from the

upstream part (26) to the downstream part (27).
[0020] In the fourth solution, an adsorption layer (36, 38) is formed on the surfaces of
the fins (30). The adsorption layer (36, 38) is made of a mixture of adsorbent and binder. In

the adsorption layer (36, 38), adsorbent particles are bound to each other by the binder.

Therefore, the adsorbent particles in the adsorption layer (36, 38) have their surfaces partly
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amount of noi sture adsorbed on the adsorption |ayer
(36, 38). Therefore, in the adsorption 5 heat
exchanger (20), the nmass contents of the adsorbent and
bi nder in the adsorption layer (36, 38) are made
di fferent between the upstream part (26) and the
downstream part (27), thereby frovi d$i$gig a uniform

1

covenedwith & binsles tlii the addemtive dayen (36238 hassdiffemnt massespsapts of the
part fromthe upstreampart (26) to the downstream i

adserhent and bjndef,0bis thanges theearea of Prrkef the pefce vh saghyadsprbap particle
part (26) and the downstream part,  (27) have 10

capalile péeentact 3yisainwitheutcheing eayered vt therhindes apgh 1 fn Fhagges the
(30). Different substances carried as__adsorbents on )

amqupsé of meistyrg @Yiscrbrssen thefadagratien yeru@6s38r Thepiorgia the adsorption
adsorbed on the fins (30). . Therefore, if the .

heatepshanges 62Qathei taess saniens of ithesadsarbent andskipderyip ghe adsorption layer

according to changes in _air condition in the course
(36038) e M SHfEentietlienn e SPHESBY Bt GP) ﬁ%‘é{‘h"e‘i‘@ﬁ‘}iﬂﬁ%m part (27),

20), this rovi des a uni faorm ampunt _of i stu .
ther(sh& 29%’%@‘8‘“5@ R fﬁgowé@;fl W%S%%%O‘B)Sﬁtmﬁﬁgrﬁﬁéﬁ) jpgevery part
upstream part 6) to.the downstream part (27). [0022
frorpﬁhq‘l"@“§?1£tﬂ"1“§é¢?)&% it%‘,io"g}?trﬁﬂgwﬁt(?@n Ioayer ( ( 3%5, [38) i]s
rmed on e surfaces of the . fins (,30)., The
1002}C o ottt Sorbon. S5 Vedyeatrn et 38 it "Bh doPBEream pat 27) bave
tion.heat change do

iRt S oA Gt PP e G Pt SR K10, DFEIPHRbMERE carricd as
sispyts e iap P e QL OF bRl SABBELEy e fins GO
Tciitafeif OF BRI o TEe I T30PE sel P ac R Snbhcs in e
confFRRERG b ol oo pIE aRALRRE Dbk BENARRDARE cxtlled 190), i
ero@fiet ApRARAIBAGAP of XSl Voo op iy FASLIMThiexkipare from the
s T O e R BB, 27 Pl ow than 1

[00?%;t Il\lt'mﬂﬁt dikift @Miuﬂoﬁ‘,i e{ndefdls&‘ﬁ(tioﬁ NybhS6d98ys tf(?@r?e@ ofth® Sirfaces of the

) Ich is located dowmnstréamin air flow and in

finsBBN ThE©1d36IpREPIARR (BEYSS) Eifains 3R)adsSrbbm@sS In lthk @ld¥orpon heat
adsorb noisture in the air, an appropriate anount of

excARAgEh (2@, AsLS 86 WS Hrcamaparb €278 NHad laChigher dtaidtdpeci® of the adsorption
adsorption layer (36, 38) of relatively high static

lay&aB8L3$MhRN IR upkiiéanh pas (16305 endrillya delichiradistutd i the air is adsorbed
adsor ption heat exchanger (20) provides a uniform

on HERdBdrpibn hém egéhangerdde)) Mitduenin thecaif pradudlBecteased\inthe course
part fromthe upstreampart (26) to the downstream

of #ifphssh@e hroht the bisuirptidichene anibagg@f(20handsthateby becomes gradually
capacity of the adsorption |ayer _

less likely to be adsorbed on the adsorption layer (36, 38). In contrast, the adsorption heat

exchanger (20) of this solution has a higher static capacity of the adsorption layer (36, 38)
in its part downstream in air flow than in its part upstream in air flow. In the downstream
part (27) which is located downstream in air flow and in which the adsorption layer (36,
38) is less likely to adsorb moisture in the air, an appropriate amount of moisture adsorbed

can be ensured by forming an adsorption layer (36, 38) of relatively high static capacity on
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(36, 38) is as described above. 5 [0023] In the
seventh solution, the downstream part (27) has a
| arger anmount of adsorbent carried on the fins (30)
than the upstreampart (26).g Cenerally, when noisture
in the air is adsorbed on the adsorption heat
exchanger (20), nmoisture in the air graduall .
the fgs (Hclasadklfioph e GEATBEOT ek FYCIAEH 40 WTAVIFGHR upiferm amount of

adsorption heat exchanger (20) and. thereby becones
moigtus| gdrarhed esstheitins (30§ dn eyert B8R Em o et‘ﬂ’éﬁsﬂgd}a& (g to the

| ayer (36, 38). In 1Q contrast, the ,adsorptiaqn heat .
dow{rﬁ%mgvéﬁ (@@oi" ot theh the raeaning ofthe statig CP%HCS‘@ ot dhepaiprasion layer

adsorbent carried on the fins (30) in its part
GotAins ey dambsd aPYefl ow than in its part upstreamin

05 RSS9 R0 o o
6, 3 ' ' [ [ . .
LS5 S R, R S i i

i GRS RREI B ALY B i e o gt

el R Sl o & dAcaen ook (Ko HHoRERuchgi kBl @0) and
theRRY bt R SSatiels 1B RORE adled g IHESAIGHNSH 16RF136, 38). In
o8 DI Bl TS PR B fr o
sl R, O, S OSE 93 e, 4 1

upsgrgé&ﬂ q%taﬂ £RR¢ n O @Jw&}&e%:ﬂjaagggﬁ)e&hicﬁﬁﬁo%ﬁt@ﬂ %Og%&?e&% in air flow

sorbent particles In orption |ayer (36,

andI ; th@tﬁi'éﬂ ¢hd aBLIRNASyRABE! ¥8) i€ W48 NREIYNot 4UsbBEmBisRESn the air, an

e mass content” of adsorbent 1 n’the adsorption

Blte GRABUNBE) mokishGE CRASEBed lchh Del MEiRAIRScdrRgn@ha@latibely large
appg?rft eof tlhué suﬁ‘oace of eagh adsor bent chjfti cl egacapabl e

am@int FOfMs8fHentVoh Mh@ifins WBD1 A4t adaRidig tBO uascRptiod hbattdiehanger (20)
bi nder and, in turn, increases the ambunt Q¥ 25

proWidies aUlnfod PR of Pndidiereadis6rbBd ioanthe e (3@)30, evdB) part from the
Therefore, the adsorption heat exchanger (20) is

upsGeathifar(26) t6@hd daimstleemdan(37y. eam part (27) has a
| arger mass content of adsorbent in the adsorption

[00R4)y eTn (RBeighB) sohhivn, thadsepsionelager(@6; 3§)26 fornTdduen thersurfaces of
the 9 downstream part (27) which is |ocated

the di@A(30) Ehaeradsorpmion liyed\B@ B8) ismaddeiofla rhikaira dfadspttiecohand binder. In
| ayer (36, 38) is less likely to adsorb noisture in

thetddsorption layer &pRraB)r adsbebeanpartities fararbowidutoeeach dglr oydthe binder.
can be ensured by increasing the area of part of the

Theyefofe dke adsoreohpaticles ethe adsorption layer (36, 38) have their surfaces partly

covered with the binder. If the mass content of adsorbent in the adsorption layer (36, 38)
increases, this increases the area of part of the surface of each adsorbent particle capable of
contact with air without being covered with the binder and, in turn, increases the amount of
moisture adsorbed on the adsorption layer (36, 38). Therefore, the adsorption heat

exchanger (20) is configured so that the downstream part (27) has a larger mass content of

adsorbent in the adsorption layer (36, 38) than the upstream part (26). Thus, in the
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particle capable of contact wwth air. In addition, the

adsor pti on heat exchanger (20) 5 provides a uniform

anmount of noisture adsorbed on the fins (30) in every

part fromthe wupstream partg (26) to the downstream

part (27). [0025] In the ninth solution, the

downst ream part (27) has_an adsorbent of hj gher, stati.c
i el %k

dowpaisensn pyrt €RD rvideh Briogans dawnstreamyin e dlovt ifh, the, adsorption
ey G380 b o et e A gmp b el S moistr
sdsqrh o b RORSRLEY GaMFing e ABy oF otk N o RLR B L bgsorben
partévig Zcﬁggg%é hoiiaé%lltalﬁ? f‘%?he%gg R g [?O%Ené;lg .@Lt{rgé!ﬁ meﬁtg%él{ggger (20)
oGS UPUCH SBONBLOLER SBE° SHSTPUOR Y B F0 A CHr g from the
PSR PR )8 VPO R (4 0e hum i Cy 1 low In
00281 b it cfR: B o cein B REDBR ah SHE R4t A e st
col s o e 8 o] AL Sp MR BT g e B
of PRl e R B bt AL GRS eB the (IF Q0P Bigher in te
o bsteP GALLRE HhPpE by Pl P s b 7 wiich s
B A i R s s o
adsGRHbBRED AL R air 5&@9@%@ Sftlouffef Abfsnl (EGRKIARN be ensured by

relatrve cts I nvention [0027]

cangg%ﬁ&é ?ﬁ?%@sbg‘g? an WASBAR Qapit1O Bf RERtbifX altARERT wélR @VerDif the air

ove 25 solutions provides a uniform

relaBYP irﬁft%@iﬁw E ARRAMDeR: ¥dsdrPBod iHegt Exxhhngdt @0Frprovides a

part omthe upstreampart (26) to the downstream

unifd@tant it} of HAGHEE Q8 Srb@VENthi Firk 180) 16 @vers pagiafdrp @lid upstream part
(27) of the adsorption heat exchanger (20) in which

(26}{beth@H@WH§tre@fnﬂ£tﬁlﬂﬁi sture adsorbed on the adsorbent
woul d conventional |y decrease, the amount of noisture

[0026]s ONRé tised Th® &taid Stapedtys ub stieandsosbehy i sxprassed dsy the amount of
the upstream part (26). Consequently, according to

moRaEH teft thhedslbee @al adsobnwhed brdughp irs eontach watht aioef constant
the amount of noisture adsorbed can be uniformin

relagiverhurpidity fof 4 Reffritadyplongntileat.c.exbhanyent of moisture that the

adsorbent has adsorbed until equilibrium is reached under conditions of coexistence of the

adsorbent and air of constant relative humidity.

Effects of the Invention

[0027] As described above, the adsorption heat exchanger (20) of each of the above
solutions provides a uniform amount of moisture adsorbed on the fins (30) in every part
from the upstream part (26) to the downstream part (27). Therefore, even in the

downstream part (27) of the adsorption heat exchanger (20) in which the amount of
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5 (20), thereby enhancing the noi sture adsorption
capacity of the adsorption heat -exchanger (20). Brief
Description of Drawings [0028] [Fig. 1] Figure 1 is a
refrigerant circuit diagramgphow ng the configuration
and 10 behavior of a refrigerant circuit in

Enbodi_nent . 1, wherein Figu 1A indi.cates,its state in
moigturg, jaASArDRb AR A %ogbﬁnégwglel#nawa{l%@# ¥ deereg iy gmount of

Rl ol SRRl 5 TRER B e 20

[Fig e.view pof. the sor ﬂwe

3] Fi 3 d
Coqﬁ%‘&’tenﬂii’mﬁ%{::‘? {‘g iR eléﬁlb@& lhﬁrﬁboie SO 10f1§:|05 APt 1glgtur yegfion, the
amclgl‘Sg{:Sf xghlosg?re ?ﬁs@tﬂlneglnal P\é{llsgﬂrsnhhggmv%gkgqg%tgF ? g&]géc S1}aa‘c exchanger
| A- A of. Fi 3
(2%31?%?}%'2%}\% {)g él?ﬁIIB u e Eprﬁ’g BR Cﬁt a ex%‘?a glé)?l heat & exchanger

(zoglrst vari ant of another enbodi ment. [Fig. 6] Figure

Is a side view of the adsorption heat exchanger in
the first 20 variant of said another enbodi nent.
[Fig. 7] Figure 7 is a cross-sectional view show ng

el S o0 e grieoeon el
[Oﬂgfle]a tlgg ﬁ]aﬁlglu?e f 153‘5'?@1{1]%5&& Sirdlft X1h$1%1?§h0@\ﬂlé§‘@§°é&1ﬁ'gﬁﬁtlon and

cond vari sal anot her

behgﬁglo gf ger%rﬁ difchi®in gtk-b&&%éﬁ? Swtietei F?éiﬂ@ ﬂtlh&icﬁbﬁﬂs state in a

I ew O an- adsor ption heat EXC anger in the second

ﬁrs@?&@ﬂdﬁ a raﬂﬁ%felg%s podi BSHG mdde. EXpl anati on of

erence s [0029] 20 adsorption heat exchanger

ggsg?ﬁ%r g];rpl ayé :2 3 A0PMBSICHPRRHARIE arP adfdrftich Blatf éxchinger in
Embodiment 1.
| [Fig. 3] Figure 3 is a side view of the adsorption heat exchanger in Embodiment 1.
[Fig. 4] Figure 4 is a cross-sectional view showing part of a cross section of the
adsorption heat exchanger taken along the line A-A of Figure 3.
[Fig. 5] Figure 5 is a perspective view of an adsorption heat exchanger in a first
variant of another embodiment.
[Fig. 6] Figure 6 is a side view of the adsorption heat exchanger in the first
variant of said another embodiment.
[Fig. 7] Figure 7 is a cross-sectional view showing part of a cross section of the
adsorption heat exchanger taken along the line B-B of Figure 6.
[Fig. 8] Figure 8 is a schematic side view of an adsorption heat exchanger in a

second variant of said another embodiment.

[Fig. 9] Figure 9 is a schematic side view of an adsorption heat exchanger in the

second variant of said another embodiment.
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37 second adsorption layer 38 third adsorption |ayer
40 heat exchange tube 10 Best Mdde for Carrying CQut
the Invention [0030] Enbodi nents of the present
invention will be described low in detail with
reference to the drawi ngs. [0031] <<Enbodi nent 1 of
the I nvention 15 A description is given of Enbodi nent
Explanafion bERgfereseaWumeradnt i on. A humdity control system
according to this enbodinment is configured to be
[0029pall e adsocptionyhieagexahtnger dehumi di ficati on operation
for supplying dehumdified air to a roomand a
hum 24 f i opstream pasper ati on for supplying humdified air
to the room [00321' The humidity control system
i ncl2ides dawnsfeangearant circuit (10). As shown in 20
Figure 1, the refrigerant circuit (10) is a cl osed
circit ifim which a first adsorption elenent (11), a
second adsorption el enent (12), a conpressor (13), a
f our36nay fissladsarptionlayere (14) and a not or - oper at ed
expansion val ve (15) are disposed and is filled with
r ef r3er aenond BAgoTPHGT laygJer ant circuit (10) all ows the
filled refrigerant to circulate therethrough to
oper3ft e hrdaadsombior l&kpr essi on refrigeration cycle.
Further, the first adsorption elenent (11) and the 25
secolt ahedepehangeftbenent (12) are each constituted by
an adsorption heat exchanger (20) according to the
present invention. The details of the adsorption heat
exchanger. (2Q) wll be described later. 12 [0033] In
Besf»@@é%??@é’fyéﬁgOéﬁtlﬂé:ﬂ"c"e{‘ﬁﬁ‘)‘, the conmpressor (13) is
nnected at itgs _discharge ide to a., irst port of a4
oofilc" Ebedinysof ot s lowertion willoke desibtd Bilox B gl it
suctio ide to a second port of the four-way
Iefegeé’F%EO(@F {€-(14). One end of the first adsorption

| 1) | ted to a third port of th

003y or =ebgoedinkol Do BRIGEES ot het ena of the. 5
fi d i on el i - Wumidi
ot o BRERARE B L FarET Bhrtodet 3, B RRCEER HRHGR § Mmidicy

contt&lC mg%%%dgéé g)ﬂth?sl gﬁ@d’aﬁm&}t% corBh%.ré& Qe ceanglgfof 'i:Ql‘?ying out a

secon sor
dehumidification operation for supplying dehumidified air to a room and a humidification

operation for supplying humidified air to the room.

[0032] The humidity control system includes a refrigerant circuit (10). As shown in
Figure 1, the refrigerant circuit (10} is a closed circuit in which a first adsorption element
(11), a second adsorption element (12), a compressor (13), a four-way selector valve (14)
and a motor-operated expansion valve (15) are disposed and is filled with refrigerant. The
refrigerant circuit (10) allows the filled refrigerant to circulate therethrough to operate in a
vapor compression refrigeration cycle. Further, the first adsorption element (11) and the
second adsorption element (12) are each constituted by an adsorption heat exchanger (20)
according to the present invention. The details of the adsorption heat exchanger (20) will

be described later.
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el ement (12) is connected to a fourth port of the
four-way selector valve (14). [0034] The four-way
selector valve (14) is configured to be sw tchable
between a first position imgthich the first and third
ports comuni cate with each other and the second and
10 fourth ports communi cate with each other (the . |
[0038]si T the refrigerant wirEaig (10, tha)compeesaopd3) 15 ernnppedyat ip discharge
the first and fourth ports comunicate with_each ot her,
sideatoch fiisepareobthe faurawahselertonymhves(1dbanfeAmpgeted aj s sustipm side to a
ot her (the position shown in Figure 1B). [0035] As .
secatelspori b theafouy-avaytselector W@lVea(déb%btei o @f badHSt gdpenptign lement
the second adsorption elenment (12) are eacg
(11; srwnneatedtd dihinhpertebihstfpwnwae seledar Fikg E44) By othgend of the,
adsorption 15 heat exchanger (20) is descriped w.,th
firs asksorsinn elemsrr (g reepnnocias eenel the ok PR kSRR TioR valve (15)
Figure 2, the adsorption heat_exchanger %éo% IS a .
to one-eadlof ke secend adsopptionyahement (L) fhe othss e gf the second adsorption

exchanger. The adsaqrption heat _.exchanger, (20) inal udes
eletaerm(mﬁs pegnecisd tha dpurtheat ef%é’éay(s%f?f“%ﬂa S(P :

[00 ‘Iﬂur t'af lhg g\ﬁg\&@; I@efqg(g(()r? g%Y%gGlSpélpg%’}g&%% 10, eg\?@&l@bfeotgent\?fgen a first
posthimin 5&’;3;9 12 P e g&ﬁ%&?ﬁﬁgﬁg ¢ Nificaln 5%1%? %g@gﬁ?sgcond and
fou;ql{ %grt? g«g}’n%%?lﬁg‘%t L gql}lgg:})alt%e? Eh%%{%ﬁgggg%g\&% %ni Igi%&%telg@oa%ﬁ% position
o GHEATR8 b 1 BRIy ST o i
e B e BT 1257

0055 5l HROET S R o ORI OR gd o
eyl 02 TPl FAG BRI Grat Alorpich, Rf 3RERERH [ Yhe adsorpton
heaf kUt O noloRoLAGiISALNES QFif6RN 0¥ ahPAge! ( 20). -

ange tubes re arranged al so

bf b ’ $B 9 Réht teREnanBer 0% BaLso-dlled cross fin
[00?12]; f%n@os\g%%%gg’ g?tatgﬁ&g?&t?he theat gxcﬁaﬁge t ubes?
-2l IHafifdrl PHe &1 IHR Ak RH 0) igudes Asplurality
typ%gi&k aﬁlhgm%elﬁ%??g%{mo ras a tsio{redrﬁ%gi tch ang%t%agj |c))i tch »
AidrLsiut00y of fhHE303NDhd figg (309 a6f eachffermed in
Of§?ﬁ§§?%% ﬁgﬂﬁgggrred ?% ag’a colgﬁﬁ pitch.g§§[0038]
thelsHap 6 ALeRhPihOPalROA LXRAPOSI dt 4Pdced antervalyl Badhifmat exchange
colum is constituted by a set of heat exchange tubes
mb]g: 440) i?g%r%ﬁﬁgli_%d By & selsskantiall @ bedighttthise dminsgpssedglesugh thelspaced-apart,
ins : e
juxtaposed fins (30). In other words, in the adsorption heat exchanger (20), a large number

of fins (30) are arranged at equal intervals along the axial direction of each heat exchange
tube (40).

[0037] As also shown in Figure 3, in the adsorption heat exchanger (20), the heat
exchange tubes (40) are staggered. Specifically, in the adsorption heat exchanger (20), the
heat exchange tubes (40) are arranged with a predetermined pitch along the long edges of

the fins (30). Further, in the adsorption heat exchanger (20), the heat exchange tubes (40)
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adsor pti on heat exchanger (20) has three tube col ums
(41, 42, 43) of this type formed therein. Qut of the
three tube colums (41, 42, 43), each pair of adjacent
tube colums are offset byqgalf a tier pitch
| engt hwi se of the fins (30) with respect to each
other. In each tube 10 colum (41, 4 43), each pair

are @vmw@jda?é%hwth@amre@%mn@bpﬁ%@@n% A s 2}5% %&9?1 ﬁ’gélef‘e n3 (30). The
each other by a U-tube (45) t hat t he

pitch of Hgrksat t:@bé%ge(wbss 648? AkoRE §h Feét’B%P eéa{lg g4 of the fins (30)
t hree tube .col.um t he flrst tu

is re(f@md fosascib ek it 4 ’fb? PﬁAh ths ’&naﬁhe figection ﬁ%f‘s%“’f{@dges of

pstreamin the air flow. o the left in Figures 3 and

the ﬁB‘S G@P@@@é‘&ﬁ&o ag %B‘@“’E‘BI r (42) is constituted by a
b t. to t t ub 41
0o38o e mireapiome L ermest k. ¢ Sngls i %Oa?féa ) gprififiegd oy a st

e,air ,fl

of HEfeRE ”F@{ﬁ%‘ip e%4§f§l£gg‘3§‘?@%&ﬁ§%@ al[l(?ﬁgé 18¢ dgkh B\uk'ehs (30). The
i i SR Y AT o e
o Dt F e SN BRBREUT kD Aol e B0 of At cofumns ae
offsgél%gﬁeggg égx( zg%xr}%nggwis %g gllelffﬁ{: g%q)%vlrtl{ &Qé%ﬂd’ g% 'roﬁ{%r 'OIE each tube
cofHif 415 43 R Elen(e of dalibold Heal o RaT DAY (40 %Ql%]aonh&ted to each

ar sorp heat anger

othﬁﬁaé'ezgl Iﬂlir-@l?e t(&%rgottﬁgt Aif ﬁ?ff?te gaﬁtgﬁ tﬁﬂ% AR ?ﬁhﬁ@%th Out of

ube co e second tube col um

l f 1 a
the Qlf'r@ I%ﬁégtg%g@gg I?!gﬂ :ﬁzg 43 ML Bl tﬁ@@):olhﬁm @fl?‘é&' cONSLAIEREY a tube

at “exchanger ndi ng from

coldi§ 1(59 Q.\%)}é‘ﬁ@dﬁl el dif ﬁ&wt(ﬂpﬁlquﬁ YFidAds 3 andl 4 hﬁe second
t u ec

second um 25 (42) to the m ddl e between t

tubéscﬂem (43N0€ cERHAEd Bﬂah&%lmn&& it thetfitBEuBOtdlimn (41) and the
(43), and the third colum part (23) is forned by a

thu@ e Qluthh ?4ﬂq§ S5t R BE A tuR ol Bicated Ghost d¥ivadtebangin the air
fromthe mddl e between the second tube colum (42)

flova(td thd'Bghtlth $Faid)um 14 (43) to the rear edge.
In ot her words,, in the adsorption heat exchanger

[00890) In ﬂﬁ%d@bﬂpﬁbn he&l exoRangar 20§, 2first télemngeon@1);al seoond column
part (22) and the third colum part (23) are fornmed in

par02dpend bahirdipslueagart (23) asnfetmedsequantidily deng thedlow direction of
(fromleft toright in Figures 3 and 4). Further, in

air pasingdtheduphi the abisaptiexhéw ryeiang@0(20) (he, fhierlsft-te-gightrairection in
part (21) provides an 5 upstream part (26) and the

Figtues Bckndod)ufpecifvally( R3je pdsovptimsheat eicohmsgard2®), gerfirst column part
(27). [0040] As shown in Figure 4, the surface of each

(213 infof3©) byas patt o€ eha ggpesption heds gxqi!@ngm (20) extending from the front

edge to the middle between the first tube column (41) and the second tube column (42), the
second column part (22) is formed by a part of the adsorption heat exchanger (20)
extending from the middle between the first tube column (41) and the second tube column
(42) to the middle between the second tube column (42) and the third tube column (43),
and the third column part (23) is formed by a part of the adsorption heat exchanger (20)

extending from the middle between the second tube column (42) and the third tube column
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| ayers (36, 37, 38) fornmed thereon. Specifically, in
each fin (30) of the adsorption heat exchanger (20),
the first adsorption layer (36) is formed on a region
of the surface |ocated corrggsponding to the first
colum part (21), the second adsorption layer (37) is
formed on a 10 region of the surface |ocated
(@31 & thes poncdag tootre vosdon thordsmption egtophangsy Qe the first
third adsorption layer (3 S on ar
colyrpa part (3 bic e seroad eglvasy P"é"s@)@haﬁl%ﬁletﬂé‘r ﬁ%lummar‘g@?)o%‘a fippmed in
art (23 Each adsorpt.ion | ayer
ordbifrem akem g owRStrepia dpe T HW) it toaflg%tﬁ’agigms 3 and 4).

Furlyt, loyre SemRPE deia PHIBPEE GBnsoF CIFt Y SPReoHa o bR Rtides an
“PS?‘%? %Esz??@tgge?ﬁ% %fégk%'ﬁgqarf @553'3%'1“{19%&&53&%?%%% :Z |

[0040],qés s;hgwgéxtl Fggu?'% 4aﬁyg8;é1{fg ﬁwﬁt}% g&gﬁg t pgs (t)th adsorption
layas (6 3h. f,{%gtf&g% erge}ma e ell?%géjeee{cgpfd @qﬁ (j tﬁ‘% ,ag§chrgtion heat
excg%gef @ﬂ %g;ﬁrf%];«?g?(giﬁ %Yﬁf glﬁg ée o%:?xe? % %rrgélog bt i Sl face located
NN YT
reglé@\%; Cﬁ% guﬁ%aoc:%fl Ef]hde g‘o“:i'resg&?d? 9058{ %H: éo"ﬂxﬁﬁ i)fa.ft )h%d the third

nore ream

ads?ﬂalﬁogﬁ er 1387 sC i1 %E&]tog %ﬁjcﬁlosibﬁfgt gg 3%&@5&?&5}% I!il’% to the

ner urm part ownst r eam

ﬂnrghc%thﬁ'hﬁ fﬂ; nseﬂgg%acﬂ %dgél%?ﬁ ?@1‘2{%’:6 o§7 ﬂﬂ‘éo%;}?%ﬁe GR4S laBbrbent of
povg e féé)h't{aoaﬁfdraelﬁﬂﬂcg, (J.{Cheds ﬁhﬁfth:{pl géé%lﬁ O B adsBﬁ)tl%H‘]’é%E (34, 37, 38),

noi st ure adsor on t can be uni form

zeoﬁf 018 éérfsﬁ{utﬁig WA sBAYeht a{r@j&)uﬁ@ td Bﬁer $d¥liteIp4rQtlgsnd the fins
23 [0042] On the other hand, the nass cont ent

(305)Eymer1g§(qer| n each adsorption |ayer (36 37, 15 38)
decreases in order of the first adsorption |ayer (36),

[OOH 36 s a@éﬂff’ﬁfdﬁtl gé} {38y 87, $$7he aitid bdtweddiiedadsorbent and the
adsorption |ayer ( As descri bed above, in each

binaéisiarset iapa ﬂrad@émﬁ% vahle. THB)atioZdivedretheaddsorblentsand the binder
serving as adsorbent are bound to other zeolite

diffesyr Witk k& aRerption 14yen 836, 33038)bFpdcificaliynthe rmast kenteftosfendsorbent
zeolite particles in each adsorption |layer (36, 37,

in €38} adsoeptiondayee (36 33t 3Pdntremfes irheider «fithé ficst addarptianHeyer (36), the
bi nder. As the mass content of binder in the

secenth adgirption laggre(37) 36d B thikB)dsdesivedsys, (38xadh othal womls, out of
particle increases the area of part of its

these three adsorption layers (36, 37, 38), one located more downstream in the air flow has

a higher mass content of adsorbent than the others. In this manner, the third column part
(23) downstream in the air flow has a larger amount of adsorbent carried on the fins (30)
than the first column part (21) located upstream in the air flow so that the amount of
moisture adsorbed on the fins (30) can be uniform from the first column part (21) to the
third column part (23).

[0042] On the other hand, the mass content of binder in each adsorption layer (36, 37,
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surface capable of contact with air w thout being
covered with the binder and, in turn, the noisture
adsorption capacity of the adsorption |ayer (36, 37,
38) increases. In other wordg, zeolite particles
serving as adsorbent in the adsorption heat exchanger
) increase their 10 surface areas of cag(?g%q%&%{on layer (37)

38) é@ngiea&é% inypxdst af thej firsbadrerption leyrs (36) dhe 3669
and L&%a@é@%@& Sayer 30y g@ %3;?{1)%& Boue, B Shen oo 1ARE 36, 37,
38), A pIUE TOBHQRSCPHIRE a¢ B99PrRt AFCbAHD OES PEGIHE paREIdeizag the fins
(30)&@%2 ﬁg]nlgigaer? %gg{e%qeggzeggg%gﬁiip]gﬁ%? EVZ‘? é&%%{ogg%;eer%’ﬁ, %’5)38) are

haye different m xture, ratias,of ,adsorbent and, bi.ndey. .
covesed gt gtk thefr e i RS HSalbS SRERGEP! (5 yder in the

adscisgs?of fﬁgi%@&? 1 3%]@3/%%%%5?(: fﬁghﬁﬁﬁ%&‘i@@ inefoegtedbf ousp Of g ot
' [ (,36), . ' .
smf?%;%fa@g%rcgﬁtlﬁg{]\ﬁ%}? ﬁ Irvp ogt%gfl% ?;?\Zeﬁgc? gi?/ﬂértﬁ%ggl;lgxt 4f)in turn, the
o b S ST o B 0 o o
[ . 3 . 2 j .
o T R BB e o
A ARELPTRIS oS A5 FEIT R i 10 co. o
sec@?rédsgﬁnﬁ)on 1 )Qegétfal‘})( %@Ft}%gtﬁfrg%dgél}gﬁﬁ% trl%/.ef"@ﬂ).h?his also uniforms the

sorption Tayer i n exXxpressed by

' t i I i
emdPoL R BT 8okl s poP e e

1 J9n layer (36, 37, 38) forned thereon are
col PR

ught rnto contact with air of constant relative
ood¥m Aistisdrived absvd il HeClisbiptibR ReatldxBRanger @0), th8@dsorption layers
amount of noisturé that the adsorption |ayer (36, 37,

(36,38), $ByShARS@reRMAt Wikivke @4tds! dfbidsbibehs an® diddes] Andefesult, in the
condi tions of 16 coexistence of the adsorption |ayer

ads&xg’éon $éat SRharied (20)! thef sten&dpasity beleadh adsotptiohdager.(36, 37, 38)
[0045] - Operational Behavior The humdity contro

formiats b& the @ins PB0) ideivases df hurdérdeff the irstondsoneioatlaysr (36)) the second
hum di fi cation operation. During each of

adsélptivimilgick i(3At dranthe pkird i wptiordlayeni38) f Fwtiter,oin the adsorption heat
operation, the humdity control systemalternately
exchiapen({20) aht incsdaserofistatinchpacisyeinanderrd diee fizst adspgiohilayer (36), the
tine intervals (for exanple, at intervals of five
secoridnadseption layer (37) and the third adsorption layer (38) provides a uniform amount
of moisture adsorbed on the fins (30) from the first column part (21) to the third column
part (23).
[0044] The static capacity of the adsorption layer (36, 37, 38) is herein expressed by the
amount of moisture that the adsorption layer (36, 37, 38) can adsorb when the fins (30)
having the adsorption layer (36, 37, 38) formed thereon are brought into contact with air of

constant relative humidity for a sufficiently long time, i.¢., the amount of moisture that the

adsorption layer (36, 37, 38) has adsorbed until equilibrium is reached under conditions of
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[0046] During dehum dification operation, the humdity
control systemtakes in an outdoor air (OA) as a
first air and roomair (RA) as a second air. During
hum dification operation, #ge hum dity control system
takes in roomair (RA) as a first air and an outdoor
10 air (OA) as a second air. [0047] First, a L
coexigtennei g theoardsprptigh Vayier (36, 3Re3%) iand pir gb erenstanf relatiyethygnidity.
first node, the second air is sent into the first
[0048ds or Prewstiordldebpaviof41) and the first air is sent into
the second adsorption elenent (12). In the first .
modelhe; hamidityseonsrgk SYSsem drinepesiosm: 2 (dfli‘}mﬁdéﬁqaﬂon operation and a
re%eneration_phase and the second_adsorption elg

hunyidipyation pperatipso Aingreagh of dehymidifeption oReTaling 49
Figure 1A, in the refrigerant circuit \%SO) [ a:nge d mod

operatipwthehamidity gontral systepa plterantelyi speaisi tm%i} ag¥fond moae
to the first position. Wen the c ressor .(13) is

at spreifiparime FervAla IoT GRARaE SRR Of B0 SUPHERN at es

o0 bR e G R R HE! Sy of SR A8 i
oS5 ot R B BRSTET b A5 o B
ol 5. bR BRI P b AT REBFA A st n o

. eases %ﬁgt inthe first adsorption elenent (11) to
ar (A FEHHENSed. The refrigerant condensed in the

o) gL AT A 501 s
i 3 e IS 0 A5 o v s
e 00, P 0ol o, i e a1 i i
B T

ORI P e g A e s, e
way §fecidt ValrefQ4Pfs s'ﬁ{"ff‘) thé Best (p3SitioA WhEE BleaddniiessBie(13) is driven, the

refrigerant”in the heat exchange tubes (40) and

refrf%i'ﬁtt efrSuifl @B9 chadatks RIMidigntiRat@Ebughds op@hiedn alrafripieration cycle.
(36-38) is applied to the second air. In the second

In tB6l $&FiREIaBNCiRiuN B0} duride’hel dykRMIREfI@OMBbIptHdhatersnt £h1) functions
adsor pti on heat exchanger (20), noisture in the first

as iddondérePartihe k&wdd adsdrpordlement(i Dnfuhetjoms as 3 6vapdyatam
the surfaces of the fins (30) and heat of adsorption

[004%1us SpedflcalBg rdfe géraktatisdhyirdet drane el @penpaexsor (13) ededsesheat in the
exchange tubes (40). _

first adsorption element (11) to become condensed. The refrigerant condensed in the first

nt. .. .
inﬁlmldlﬁcatlon

adsorption element (11) is reduced in pressure during passage through the motor-operated
expansion valve (15) and then takes heat in the second adsorption element (12) to become
evaporated. The refrigerant evaporated in the second adsorption element (12) is sucked
into the compressor (13), compressed therein and discharged again from the compressor
(13).

[0050] In the first adsorption element (11) constituted by an adsorption heat exchanger
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[0051] Further, during dehumdification operation, the
first air dehum dified by the second adsorption
el enent (12) is supplied to the room and noi sture
desorbed fromthe first adggrption elenent (11) is
exhausted to the outside atnosphere together with the
10 second air. On the other hand, durin

(20)h i adsorptioni bversp3638) o, thehairiagesof tha %nﬁ U39 e %falfed by the
by the first adsorption elenent (11) is supplleg

refrighwnt dortheeat leachange ttubgsy (40 ad PiPistwe dese rom the heated
adsorption element (12) is exhausted to t he utS|d

adsiptiers Ewyélrse(%fms&]apmh@;étm the geroad; i g the §efg§>if18 e’?\ﬁ‘s‘a}PU?lh glement
second node. During the second npde, th first .ai

(12)slapviseneapstifyteds by an adsorsioptheahexahangen (29 ﬂ)olséwa ip e b ar is
adsigbed B a850rpRen Larers G orotle, SERE o Rchns (30) and heat of
aduRGoT 1 prodieeh o (3K Dok £ 6 e SYACEIeg g 0

ol P cepuilri SHEtofOuss i, i v
oSS b s oy S e s o
firs ?ésps%ﬁ%i{iane%tr ﬁiw kR0 € (RIS h%?% pefter with the
secqnd 4] ga%g.goqﬂgef B Gty il a .s/e%&d ait Wmidified

by ‘?’8 ﬁf?fetn%ﬁ%rpﬁ rr]neeé{/ '&{)13:1%?%% {eF 6%)3‘2{] 1eo§pecl te ] t air dried by the
secQ g{atgg&gég%éle%eﬁga?;% SnddspaR b Ilj.kge SHYRE SRt} éré?’)

secon sorption e enent (12)

[00% bﬁ%}?tng & gﬂ'gpﬁg)?n ngn)%ﬁ of t‘ﬁfer %%ggdaﬁ‘ﬁs)d& ﬁx@ deBotd'Rrode, the

secon reduc

flISlpgl? i Wik u%r g Qir%iaag?&gﬁgﬁ @L e a&igemﬂp{h‘a rse@cﬁﬁf ﬁ} §¢€l sent into the

pansi on va s heat in the first

(ﬁféﬁﬂi@ Lo eﬁhﬁ:ﬂ’c?glt%(lﬁéﬁe {RondPEHATRKE VRBAA 88 Reptioh @ement (12) is

refrigerant eva in the first adsorption el enent

in régeh lrahén éﬁase 2H& ﬁﬁ%ﬂsﬂ&obﬁ@n CRARNEATYIs if hddorption phase.
conpress d therein and discharged again fromthe

[00%@%%%5@%11(111331 Q@D T thd rdffiLeraMCariitadop iptteostcond mode, the
el'enment (12) const|tut ed by an adsorption heat

fouﬁ%ﬁ?@@ﬁ@tbr G2QE (14PR RESOM deebnd py&fion. (WheBBe compressor (13) is

surfaces of the fins (30) are heated by 5 the

drive] fthed %iﬁgérahﬂ chbgt [e@t cieautitan gefrigelaas tiied@hrough to operate in a
noi sture desorbed fromthe heated adsorption |ayers

refr{g2€atdB)cyck. &p e REigevarit hircaie (t0)dduing, the vytlbethiisesdnd adsorption
adsorption elenment (11)

element (12) functions as a condenser and the first adsorption element (11) functions as an

evaporator.

[0054]  Specifically, refrigerant discharged from the compressor (13) releases heat in the
second adsorption element (12) to become condensed. The refrigerant condensed in the
second adsorption element (12) is reduced in pressure during passage through the motor-
operated expansion valve (15) and then takes heat in the first adsorption element (11) to

become evaporated. The refrigerant evaporated in the first adsorption element (11) is
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i kew se constituted by an adsorption heat exchanger

(20), noisture in the first air is adsorbed on the

adsorption layers (36-38) on the surfaces of the fins

(30) and heat of adsorptiongthus produced is taken by

the refrigerant in the heat exchange tubes (40). 10 )

[ 0056] Further, during dehum dification gperation,. the
sucked risto #her comnressadi €13 dcasypressed rtherein andchschanegd again from the

element (11) is supplied to the room and noi sture
comgeessr KEY- f rom t he second adsorption elenent (12) is

exhausted to the outside atnosphere toget rrlgr W”@Q t he h
[0055¢ c dnd thei secondn adseeptinnh glemeah (124 sonsgiisd nbyi 49 @dsgrgfion heat

tion, the s d ajir humdjfi b d
excl‘ggg@rj’?(ﬁb)?gbp @887?21!%;?;@29%3{63385 315 Fﬁ‘e{ Igggapggl Qf}{gg lﬁag Zfﬂg%ae heated by
the tg?)gg%%éts%lt%l)e rl}eg{ |ée béq t %g Ehé)ﬁ%l%é{%&%%go%%%g% ftam, the heated
R B o IR ST eSS 1B TG AT fment (LD

e L 4P b IOy e o
adscghil .0 DG RRioT vt 36y $Ehelap it [ BaS DR Hha neat of
adscgpliqh 05 prodneed R el GR Y e RiAmaf i toe 08 SERBRE 711D

0 e G B AP gy oS4, BRIy e i
aasERT Eleme, (i dF ool SIIH BB b Slncl B8R oM the second
adsc{:ligt[i@{ el%%?x?é@&i)ﬁ%xhﬁys&rd ¢b ﬁ@outdﬁg% %ﬁ%&é@@@ém} With ¥ second air.

se assage of air t I'rst col umm

on B2 binef Md,%rgﬁ%%ﬁ%aﬁpﬂ“ﬂef%oﬁf theGecBhd a8 ﬁ&Hfi&)if,iéﬁ by the

creases. ore, Irst” columm part (2

secdndGdR ﬁbﬂ?l%&g@@??@%ﬁﬁlegx% g2 toont ¥ BRIB stit Bribd1By the first

refrigeran en the first adsorption |ayer

adscgﬁg%ﬁj @gg@ﬁ%l)’[g exPARIsBIdUb Bhe diftdle AmaRPRQEPLI ON 1S

I'ch does not decrease the air tenperature

[oo§7ﬂ Neeha dERPBHon ifLilifofRy E&BsObf MaRaAYMH @t aRibeing adsorbed on
through'the first colum part (21), the relative

the RHEBrfidY 18ferd (56-38) inaﬂﬁeoacﬂ;b%ﬂiém heat dechia@pecR0) [Witlo@¢ference to
In the second colum part (22), the air reduced in
Figirel4at i ve hunmidity in the course 5 of passage through
the first colum part (21) conmes into contact with the
[0058}COTHe a¥SsehPint®the ddiysption Jéht ehhufiger (26)i Bdws into spddes between
air is gradually adsorbed on the second adsorption
the fiay €30) and sequentially passes through the first column part (21), the second column
part (22) and the third column part (23).
[0059] In the first column part (21), in the course of passage of air between the fins (30),
the air comes into contact with the first adsorption layer (36) so that moisture in the air is
gradually adsorbed on the first adsorption layer (36). In other words, in the course of
passage of air through the first column part (21), the absolute humidity of the air gradually

decreases. Therefore, in the first column part (21), the passing air is cooled by heat

exchange with the refrigerant. However, when the first adsorption layer (36) adsorbs
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(37). As described above, the anpbunt of adsorbent
contained in the second adsorption layer (37) is
| arger than the anmount of adsorbent contained in the
first adsorption |ayer (36).1dn addition, as conpared
to the first adsorption Iayer (36), each of zeolite
particles serving.as 10 an orbent in the second
MOy et erﬁdsasv@pn ispyodueed, éF decsynos decregse the air igpperature so
the surface capahle of contact h_air. Theref
mughy Hlenes, i the £0UE 9 Paesesfa @Wwé s EaliEn Hagh (@1 fhe relative
even fromthe ai rqaﬂaw ng a reduced relative humdity,
hunggltmgqbegga@qqegrﬁc} y deg %SSFptlon Iayer (36) can. |

n
Lol o TR B
21
e
RSO p M L T——
T o Tt AR 2L A8 B o
h
0
| i &Baaaﬁﬁ e papint S Bl bbbl ucdéedﬁ%%]mrﬁgp%id}lelayer 36).In
B RSB b PRSI A e v
an gdgo{bgn@%st?lr E’s&lﬂ%ﬁ ada@%uﬁ% dgfg Hagit 51551'95 of :pert] tf®he surface

'S gra e £ § adsorpt

C&p!ﬂ‘%g s C(g T8k w{%g Iaﬁxg(sj’fllﬁéﬁ@ftsﬁeé tgvs%coﬁdqﬁd%%t 14er (37) can adsorb

sor be ird adso I on ayer

moiSts, év%nl ﬂ&ﬂeﬂle tdﬁﬁla 'ﬂa@rlﬂg aa"njégt/!l@&d ‘i’élaﬁ?@es ﬁﬁﬁlﬁﬁfgd GO th&dh 8¢l the first

in the second adsorpti ition, as

ads&gﬂpﬁ‘ﬁ%%rt (86} Bsh. SRARG WORIQr Rk 3R th@){&fonﬁ Fblum:€ 951'@ (@3) located

ite particles 25 serving as an adsorbent in'the

dov@rﬁtrééin a5 3R FRW ROm!tRY Bfst cARn (RSt @1Y8ahRfuntsBRoRfur®adsorbed as
of surface capable of contact with air.

mu&hﬁi ﬁi e first %ldnli}i &kt GYBEAN bORnéBYE I THeASbres albodidsthe eourse of
noi sture, even fromthe air having a reduced rel ative

pas&h%@o@ lafr\thro@gh MeCRecasd ddierpRioaand: 212), tdwbstiednmlidyesnd relative

can. In other words, also in the third col um

hunfidity gtaddally of tHeeth gxd@mgtdeeﬂme s i the tbwrpe bf passdgeeof air through
second colum part (22), an anpunt of noisture

the fids eol@th paas(2nich as in the second colum part (22)
can be ensured. Therefore, also in the course of

[006Hs s Agtheahird colutrrmmg23), e 4ihreducedinoeiptive humidiyrin the course of
(23), the absolute humdity and relative 5 hum dity of

passdpe thiougly thacseabid calemngase(22}s comest into s avilf thp fsishadsorption
of air through the first colum part (21). Then, the

layexi (B8} aw ithey maisterdint thecigls grhdualllyi adgotbed wmthe ghird adsgyption layer
fl ows out

(38). As described above, the amount of adsorbent contained in the third adsorption layer

(38) is larger than the amount of adsorbent contained in the second adsorption layer (37).
In addition, as compared to the second adsorption layer (37), each of zeolite particles
serving as an adsorbent in the third adsorption layer (38) has a greater area of part of the

surface capable of contact with air. Therefore, the third adsorption layer (38) can adsorb

moisture, even from the air having a reduced relative humidity, as much as the second
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of between the fins (30) and sent out to downstream of
t he adsorption heat exchanger (20). [0062] - Effects
of Embodinment I In the humdity control system of
this enbodi nent, the surfaceg of the fins (30) of 10
t he adsorption heat exchanger (20) constituting each
of the first adsorption element (11) and the second
adsexption dayasn(38) eamnin pthey vendh dsoven thee third selumas parpt(2dnlocated
| ayer (36), the second adsorption |ayer (37) and the
dovyristreaim an sio flot Bom thy secopd gylumprmard22 ) ap pepepni ofgneisture adsorbed
upstreamto downstreamin the air flow._ Further, .in
as myeh asdsdhesecond pelnmnarr{tran kezppured hEherofares alse im dgrcourse of
of adsorbent in each adsorption | ayer (36, 37, 38%7 )
passage b #iretbroughdhe shird adsomsionglaysry(@3), dbes ahsetyte humigdity and relative
(36), the second adsorption |ayer (37) and the third
humidity of theopir igeadaplly dergyase py iR Haer ¢rwse ofi passage of diithprygh the first
heat exchanger (20), the mass _content qf binder in
colwnp Rar §2br pheo thq 4l Bavipgpassedrthraygh the thisheolamp par (3 flows out
of the first adsorption |ayer (36),. th secqnd
of beteesmghe Sps (39) and geny putdn dormeraam phths adsrpiiangical sphnger (20).

8) for zeqlite particles serving as an

[00 so%ﬁﬁ%ﬁ&ﬁgﬁgm%ﬂéﬁmﬁﬂ'bart of their surfaces capable
B b e GRS S e b
the B hest Hlaneet (00 AR TtbH e S LG R R om elpgrent A1
ency 2 I RS RAEENTT Hlempt P B vk b, 38y, BPlpioR g 00), the
BT b T )
oo R B B SRR B AR RSl e

o M O 3 P Ml o
frs 4 ofiph ofhr 36 B o BRTBAIE RRIMLHR (ho Britd Rhorption layer

(3895 ARbre( A theCfdsbiption HEROS B er éﬂﬁf‘ thd RiaS¢ Béifent ohf binder in

adsorption capacity can be enhancted by uniform ng the

RERsbA 198 B6USE 38)deqehad it Brdey 8f theMR5t adRbrptibf layer (36), the
eacads%tlior?gﬁlegt ex’cr?aner (2(1)).r[0064]e = Nodi ilcat?ygﬁ( ) th

secdnd ad fHpesti I )elt (37) &d thet iR@doRRYSIBASIAYR (38N WRSEby, for zeolite

exchanger ( the differences in the anount of
parBElSO eIk ab ah\WEestbéMStha Asddr it gadtof! thyie erf4c36 capdible &8ontact with

may be inplenmented by allow ng the
air increases in order of the first adsorption layer (36), the second adsorption layer (37) and
the third adsorption layer (38).
[0063] Therefore, in the adsorption heat exchanger (20), the adsorption capacity of each
adsorption layer (36, 37, 38) increases in order of the first adsorption layer (36), the second
adsorption layer (37) and the third adsorption layer (38) and an amount of moisture
adsorbed as much as on the first adsorption layer (36) can be ensured also on the second

adsorption layer (37) and the third adsorption layer (38) both of which will come into

contact with air reduced in relative humidity in the course of passage between the fins (30).
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adsorption layers (36, 37, 38) to have different

t hi cknesses. In this case, the thickness increases in

order of the first adsorption layer (36), the second

adsorption layer (37) and tRe third adsorption |ayer

(38). As described above, as the anmount of adsorbent

contained 10 in the adsorption |ayer (36, 37, 38) . .
Thejefionee asemdinghto slats edssrptim daplaexabyngst @0 ofdthis shybediment, its

| ayer (36, 37, 38) becones higher. Therefore, also in |
moisthies adtseiptianc earacity cameapmhaneedoby upbiosRingethg B Plomoisture

each adsorption |layer (36, 37, 38) can be uniform
adsqrbeb every\patt ¢f thasdomtmndicatenssangee®0)1  The

adsorption heat exchanger (20) may be configured so
[0064) at — Mpdification 1pfdwnbadiment 115" | ayer (36) and the

second adsorption | ayer (37%%9re rovideg W th equa

anoulit the gibove @desrpiéait heat exchangen (30, BgsBHBIenE 1%@1@@1“0“ of

(38) iis provided with a | arger anmount of %dsorb t .
adsqrhert hefucen; the pdspmiinndaysn (36 9dr 39)3m3y bR FReued By gllowing the

adsorption Jayer (37), Alsp_in the adsorptjon he .
adsqrptiom Aeers (34@)3’79#231 ke éa%&}ffqrelﬁttgmesaeﬁ- i gtblrs it e thickness

vided on t rd a

S S5 LR P 8 85 W AR SBLBHG yy o7 o
e B Sl 15 L2 SR 020t R 3 e i
in 8 by 2k 3SAEHEAL, ol BB SABRPSH e atsorpion
o 3808 S TR TR o 3 o o
oGBS S PR el "y 0 SPRRBSME 0" 25

[0o§§jg°£%$£ﬁc£fo§tza§f’%iﬁﬁ&ﬁ Ent( 0) of this enbodi nent, the

st ance use S ~an adsorbent is different in each

ads o’fﬂ% L840 tﬂ%q{eat(ezcﬁhar%é (ZZ@ %{say%t%ﬁcg).hfl Fﬁ‘@h Ly ahdt thel St &Rorption

adsor ption ‘heat excha rst adsorption

layéar1 § g? aﬁa%e't%g&{sdé\éaﬁgﬂadgﬂsi £ §9N) &R y]gr?{rbﬂed a\§ifd"§rbqual amounts of

bent , con orption la (37)

adsEbent ARdhMHil a’ﬂsmtpﬁBﬁj I5eP{387 ROMbliBe@Rith aSlatdef BmBfht GFadsorbent

an adsorbent and the third adsorption layer (38) is
tharP HIQY mﬁdad%moﬁuhye@a(s@ﬁlan@ﬁ% seébnd 24lsaRsen Haydr (37N Ale in the

adsor pti on heat exchanger (20), the static capacity of

adsGPEBn A6 RERE W05 bfahiP hAIEQLBENA 1higer @afRat bf adsorbent is
order of the firrst adsorption |layer (36), the second

proAds® ol 1he third\edsorpBan 18Re (gs&efoﬁu!ﬁ'bd @nadigfacirégiond af die fins (30)
(38). Therefore, 1 n the adsorption heat

located within the downstream part (27) than on the first adsorption layer (36) formed on
surface regions‘ of the fins (30) located within the upstream part (26).
[0066] <<Embodiment 2 of the Invention>>

A description is given of Embodiment 2 of the present invention. This
embodiment differs from the humidity control system of Embodiment 1 in the composition
of the adsorption heat exchanger (20).
[0067] In the adsorption heat exchanger (20) of this embodiment, the substance used as

an adsorbent is different in each adsorption layer (36, 37, 38). Specifically, in the
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exchanger (20), the static capacity of each adsorption
| ayer (36, 37, 38) forned on the surfaces of the fins
(30) increases in order of the first adsorption |ayer
(36), the second adsorptiorpdayer (37) and the third
adsorption |ayer (38). 10 [0068] The static capacity
of the adsorbent is herein expressed by the amunt of
adsorpiisn bea ex¢tanger{@0) thediseatsorpaian dayso Elﬁ% whenigvisied mgﬂx zeolite only,
into contact with air of constant relative humdity
as ah @dsarbenis the seeond|adsqrptien layae(37) ISQIOVId%WathﬂmtXt‘éfF ‘ot %eolite and
noi sture that the adsorbent has adsorbed unt
silicacgal 45 4y adgpabent andgbadird adsrptien leaer (38his pé?Vlé%ﬂeWétS%we gel only
of the adsorbent and air of constant relativ
as ap@dscabeny. In1e adsorgion Acafezehanger GR).ithe %}F%??PGF“X pfeeach substance
course of noisture in the air being adsorbe
use, @8 cﬁnptuiserbemby@rgasw in Iﬁ’édeéio%fo‘ihﬁtﬁféa ORIy &g} the second
i n Enbodi nent 1, the air

ads%m@@n kameaﬁﬁm fa@ tf&é@ﬁéﬁsw%%sam @éi'ﬁfmfeﬁréﬁgbgé ;dsomﬁon heat
(30

st i By sy SR BRLAE T on

AR trn:c;eg@e%;aq e o e 8y

air, cones into contact

adsqfpipn faﬁ & q%i% %élb‘FCb SS&P“PH&@’FI' . ) so that npisture

["“éﬁsoEET i Sgpartey ) the) seRGRERT T SRR CRRebied tup e gmount of
mmﬁwée ﬂﬁijﬁ%?@go&%%tzﬁa%&ﬁg% lé b{,ouéﬁt ) %) | #ﬁ@ctgggtbeagé 9}% constant
relaé{r:st}n?e rh%%ﬁjpgg\é fgn s fcfer tci)g 5188%( l{wg i ‘tMt}%ﬁ %%n}gl)uﬁth Of RASSIRY that the
ads{ §8§tl l%g aagcgbew&(ﬁveg{nhb Mis tr&\%Péd g‘?, er %gﬁcﬁﬁgﬁé HeoeR¥fhce of the

SOor ure eat orption

ads@rrnggt%ﬁan c}’i_fe}oﬁﬁaxﬂqaﬁnﬂaoﬁurgﬁﬁg.ease the air t en‘per ature

course of passage of air

[Oﬂﬁ)r o%ﬁ&ks&%ﬁtx&# s HivenBFHHD cHREL of %&stur& lﬂ‘?tHeei@Béﬁ{% a@s%rbed on the

al r al so gradually decreases

ads&@hBH @a\}@%ﬁqﬂe %@éoﬁ‘f’ffbnol?er& ekAdhgeri(R§). Ashin 'Eﬁib&ﬂﬂelhtm the air sent

ati um dit the course of passage through

intdf Bf Edsfo%ud%phmxeaﬁgef %ﬂd) ﬂ@ﬁ@%nﬂongﬁac@@ BEiwen Whé Midsh@0) and
second adsorption |ayer (37) so that noisture in the

seqﬁérft1all§ §s@§jﬂﬁ\bﬁg1 tB6 Fipdt Qﬁﬂmﬁﬂ%irh@ 15,860 Bétond S6fupin iRt (22) and the

| ayer (3 ) descri bed ove, the adsorbent in the
t}ura%mﬂglﬁgd—sﬁg t| on layer (37) has a higher static
a

capacity than the adsorbent in the first adsorption
[00Y@y en (h3Frst cOh@he bat €21)} inehs eaasdof passage of air between the fins (30),
the air comes into contact with the first adsorption layer (36) so that moisture in the air is
gradually adsorbed on the first adsorption layer (36). In other words, in the course of
passage of air through the first column part (21), the absolute humidity of the air gradually
decreases. Therefore, in the first column part (21), the passing air is cooled by heat
exchange with the refrigerant. However, when the first adsorption layer (36) adsorbs

moisture, heat of adsorption is produced, which does not decrease the air temperature so

much. Hence, in the course of passage of air through the first column part (21), the relative
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adsorption layer (37) can adsorb noisture, even from
the air having a reduced relative humdity, as nuch
as the first adsorption |layer (36) can. In other
words, also in the second @@ um part (22) |ocated
downstreamin air flow fromthe first colum part
(21), an anount 10 of noisture adsorbed as nuch as in
huntidhity 61 the tir alsiognaduply teqreasys.can be ensured. Therefore,
also in the course of passage of air through t he
[00E1d c owothe decong tcolwm B%YEE 22), 2139 air pegiced dorelptive hymidigy inythe course
and relative humdity of the air gradually decrease %
of passaghidrauphrtbefirst clumapge (31) comes intaCoDget Wlf%ﬂﬁSP%Ctnd adsorption
colum part (21). [0072] In the third colum par .
layet 23, sotthet mpistwr@ inudedin i erasduaklly edsoread en thy SP?P dsorption layer
course of 15 passage through the seaond Co

t .
(37X 22 desemhed hove. B6FISEbeTkiE 1 FR50RH ARRPTRHATIARER Grp) has  higher

layer (38) so that noisture in the air i dual |
statigfapraig/ctham thenadsprbergingde éﬁrﬁtﬁdéf?m% Lyer f%ﬁg)?h,&%flmy the second

descrl bed ahove, adsor bent t hi {ld adsor lati
adsqrglien layepy3 ﬂa%anaaﬁpgﬁn@.msgtrat Fyen %‘Ba £ PHAE PHE BicedTelative

adsor bent |n t he second. a sor

Eoiat o GRieh I B PAROTHHOGFIE I qaay@“f‘%fs‘ym)éﬁer?lsfd‘&oqﬂ‘% second
coli5eh BT 15FHehdonaREaa i #6108 SO R ALy RS r%@-@p  amount
of 'é%lf‘zl"f( Soref] ARG SR PR ()PP b PRUEE. Therefore,
oIy tetroe o8 Raisrecae o e aRAn Pt E T3y, thg gosotute
hw&?ltenséjffﬁ%&dﬁ%ﬁ@ B A GRS ] R s o
%?c,su%hl{% ﬁrsy olumgléaﬁgﬂll)r elative humdity of the air

y gecrea in the course of 25 passage of

[OOﬂiJr Q40 [a&ﬁ.wgl gLalStL(Z?)g h{érg?%{%ragéeggﬁlrélatla_mﬂmdftg% &elcourse of

Vi Nng passe um part

pas%gg\fﬁ'oﬁgg %ﬁgﬁppﬁd’@ﬁﬁl‘gfx %ﬁﬂf( i})sco(n?ég)ml%%nﬁﬁf‘ﬁmﬁ%e trfrd adsorptmn

wnstr rpthon heat exchanger (20).

layérgggf’lo ' $oidtlre! iEhE AHTE %trédiﬁlliﬂ %aﬁorﬁé@ Ba @&eﬂnlﬁzmgorpﬁﬁn layer

noi st ure adsor bed as as on the first

(38F QA sUHTBerRRH tabb¥el hd REMHBAE 1H@l§ét!hﬁ-a rﬁﬁbdipﬁcbﬂl géﬂ-‘(ﬁﬁ}lﬁm A8 gher static

ensured al so on the second colum part (22) and the

cap&éltyr thaf Odhd NI sBAYeht (11231)6: b&dod Cddswdptieh laye (39%.aThétefore, the third
downstreamin air flow Therefore, according to the

ads&?ﬁ@ﬁ RiyeP3PEadn BdoRRMEstute? @yerOfroinhite dir Aadingiankidticed relative
noi st ure adsorption capacity can be enhanced by

hunkidith, Qisrnigh dshke se¥BhdbdsofitioRlagd (378 cadskardied words\atsoyin the third
part of the adsorption heat exchanger (20).

column part (23) located downstream in air flow from the second column part (22), an

amount of moisture adsorbed as much as in the second column part (22) can be ensured.

Therefore, also in the course of passage of air through the third adsorption layer (23), the

absolute humidity and relative humidity of the air gradually decrease as in the course of

passage of air through the first column part (21). Then, the air having passed through the

third column part (23) flows out of between the fins (30) and sent out to downstream of the

adsorption heat exchanger (20).
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[0074] - Modification of Enbodinent 2 In the above
adsor pti on heat exchanger (20), the first adsorption
| ayer (36) and the second adsorption layer (37) may
be provided with the sanme s@4stance as their 10
adsorbent and the third adsorption |ayer (38) may be
provided with, as its adsorbent, a different substance
[0078} orfittusain theadsdrption heat ea@@gggt@eh an ANt s%;noaﬁqtgetaﬁéorbed as
second adsorption For exanple, the first

muchds ongh¢ Grst Icaknerm p%ﬁfié&matqd@mﬁmw alaﬁ@m%bﬁ ?néy@fi also on

(37) nmay be provided with zeollte asth S{lgcge 1 d
the sasand iselumi part 432onmst therithirdyeolurpn ) Beth of Bhichcare locate

with silica gel as_its adsorbent. Also
downgfzesrpin ainflpwa T heasormsgeardingdy ﬂ@r adsppéion geat exchanger (20) of this

nodi fi cati on, an adsor bent haV| a h|%lla r static ih "
embedigaeat.tifs mgls]a\r%w@&ilwapﬁ%mﬁﬂr ﬁft YRR the amoun

f ormed. on surface. regjons. of the LIHS &ﬁ?
'on the

of rrf%%@@ésqmdﬂnﬁw%p%%ﬂm FsaEptiopdiest Qshaneet,

irst_adsorptio y 36) fornmed on surface regions
mmdﬂ TW@dFﬁ"ﬁ‘ém’(‘Qg “ﬁ’@@é‘%‘é’ﬂgwthl n the upstream part

(20)1n e E-RBeTrBoRdER FreRss e De e 3FO g and
oo Bl S R B FRB o s e
e SRS BP0 P SRS, 6. o
dlff%a {) iﬁt S l ay iﬁre [ggel %IEPE(? 0 J[o% la%é} (E@e the 3€cbnd adsorption

Sor sorption

layelg?l'fj v lgaor(e:é’(g{ng?’et, e?’f?r)st Msbrpft ag'@f 3%? 9]1&' thess%(ﬁﬁt £ t]OIl layer (37)

elrr respec I C capaclities

mayt bgesé) B‘Pﬁd Rm ieoﬁfies%ﬁ& &a]s %‘%Qél?t&h g)t}uéggdéoli‘;ﬁlo?ﬁﬁ?é?Q%) may be

ayer sorption layer

proﬁﬁ%&e wili ftics 8t éscll‘%sceﬁﬂaﬁehﬂ 9&50 nhE SEDRthnl Heat Hichakted GZO) of this

nati vel ese materials may not be used singly

mo&?éatﬁﬁcr?m Q&%ﬂf@ﬂf 'H&legah’ Highe3Ostatk! -capftityOfs Brovidedub® the third

ese materials may be provided in various 25

adsfrgggﬁ qg}‘ér?h)effgfmﬁﬁ%ﬁ ARHeE R’e%@ﬂs loZyRE 36 (303 Tloca&] . within the

r Enbodi nents>> I'n each of the above

do“ﬁﬁti@rﬂﬁ?ﬁxg 27) ﬂhﬁﬁ oRUROTIRY h&ddriten 1ag4 38N §Mmed 21)surfaye regions of

have follow ng configurations. 5 [0077] - First

the Hﬁ§ (ﬁ?loca{eﬂ wiftein @tbsgystdre patt€xd). exchanger (20), the
fins (30) may be cut in unlts of the
[0075] In the above adsorption heat exchanger (20), substances other than zeolite and .
silica gel may be used as adsorbents, for example, organic polymeric materials having
hydrophilic or water-absorbing functional groups, ion-exchange resin materials having
carbonic aid groups or sulfonic acid groups, or clay mineral materials. In these cases,
substances provided as adsorbents in the adsorption layers (36, 37, 38) are appropriately
selected according to their respective static capacities so that the first adsorption layer (36),
the second adsorption layer (37) and the third adsorption layer (38) have static capacities

increasing in this order. Alternatively, these materials may not be used singly for each

adsorption layer (36, 37, 38) or a mixture of these materials may be provided in various
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colum parts (21, 22, 23). [0078] As shown in Figures

5 6 and 7, in the adsorption heat exchanger (20) of

this wvariant, the first colum part (21) is provided

with first fins (31), the segond columm part 10 (22)

with second fins (32), and the third colum part (23)

wth third fins (33). The first fins (31) are joined
combhiationsofor hachtadaerptise kaei/36: 3b88).(40) of the first tube

col um &4122’ the second fins (32) are joined only to
[0076he Fe@theekmhadigenisgbes (40) of the second tube col um

(42), and the third fins (33) are joined only tonéhe

heatinerehahthe abareembadimess, thadsoptien heps gxchageerfd0) may have

43). Further, the first adsorption layer (36) is
the foblowing emfigh@tions.f aces of the first 15 fins (31), the

second adsorption layer (37) is formed on the surfaces
[00BH thEirsteeasattins (32), and the third adsorption

| ayer (38) is . formed on the surfaces qQf the third fins

(33)In é‘e@ﬁg]muo%éﬁ%ﬁéchﬁé\gf’*’aﬁﬂi PR SR e $iidn unis of the

above adsorption heat exchangers (20) is provided with
COIW%%TS(%H@?@%}-UWS (41, 42, 43), the nunber of tube

ofio) A7 sb %g\ql A euretis: 6 3nA 0 Flﬁfbggﬁo%goﬁl heb sROIRRBGAE0) of tis
eSOt i E B8 rtath BrubPEeBIRE EO Db aecoat solgen b
i 850 B ) e R RE ol o NG TRO 89, e s i
SR Pl T 58 41T B bl ) 55 SRF A4k can, e
soo IS L A D 35 et SRMIRUSREERD) i@ fecftbe column
o2y 35 B0 i i DY P Sl oo O oxAARAFRBALH) BPic i e

coltglgr? ?ﬁ?tziiw?r@hé?,e@fe f?r?tl a(ﬁt&gg@zgg’ﬁfaer éa )is f8midd’ i the QubA¥Es of the first

'S constitu t of the adsorption

ﬁns[tggf, me%%}ﬁg%t‘% tiéR)a f<§3951§5§ fOfmEd SiMtHe$BrihiEel Bt t1RA@Eordfins (32),

en the first tube colum (41) and the

andSRE@RM afdkmgﬁsmagms% RformfedSFMB duidey BhihRakikd (i32)33)s

constituted by part of the adsorption heat
[009)Charggsnd ¥8arxt endi ng from the mddl e between the

fi'rst tube 5 colum (41) and the second tube col um

(42) Thoughh@chofltHebbed B8 fptioRtheareRRandetd@0) ixoprunided with three

(42) and the third tube colum (43), a third col um
tub®@blun{nd A1} 42, C4B)Sthietrivingtidr Y tébe columns provided in the adsorption heat

exchanger (20) is not limited to this.

[0080] For example, as shown in Figures 8 and 9, the adsorption heat exchanger (20)
may be provided with four tube columns (41, 42, 43, 44). In this case, in the adsorption
heat exchanger (20), the first tube column (41), the second tube column (42), the third tube
column (43) and the fourth tube column (44) are sequentially arranged from upstream to
downstream in air flow.

[0081] In the adsorption heat exchanger (20) of this variant, as shown in Figure 8, one

column part may be formed for one tube column. Specifically, in this adsorption heat
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part of the adsorption heat exchanger (20) extending
fromthe m ddl e between the second tube colum (42)
and the third tube colum (43) and the m ddl e between
the third tube colum (43) 28nd the fourth tube col um
(44), and a fourth colum part (24) is constituted 10
by a part of the adsorption heat exchanger (20)
exchpugen (R0nga flirsteciren rpattd28) frecanstutechby at part 6f thepadsorption heat
colum (43) and the fourth tube colum (44) to the
exchanger @8 extendiog fom thedrans edgmoiodbe middle é’é@tﬁeptth%ﬁrﬂﬁéldie column
exchanger (20) has the first colum part (21),
(41)sandhel second tubegahumn 612), a sepend mlmmn@@mﬁm iy a@rtshpnfzg by a part of
and the fourth colum part (24) forned in order fro
the @gsarpiéenmhed ensharaer daMl Preading framy the mewdlecbetvween thy IﬁFSt tube
in Figure 8). In 15 this adsorptl on heat exchan
colm)mﬂtm fher seonsbibereoher (2110 Breomdls barveapdhs easand tube
(26) and the fourth columm part (24) provides
coblpomé) cediptid tae o) ki vas &aﬁt(ﬁ%lsh@éﬁt““ted by a
exchan shown in Figure 8,

par;ofdhe fas?muoadaeer B’théﬁgqré%@rex(t%’é}ngf wag B4R PG the second
tub%gqﬁ{ﬁ%fz@' T i e BB b GUBFB a1 s s PR g ind tube
oo P2 303 R 0T wg@&ﬁ%@ I s
by § 5970 4he B IF, SAUUORR (00 3@1}12'%%) YRR Yelween the
wief Yo Bl O3 %meﬁ?@%sﬁ'ﬁ? Pl L8 e G flpe e ™
1008 b meEND e ACEMRE o s Boatr TR i sl par 1)
e pE5ad U %r???%e O B ol AT 4/ 7, BI068) Llipn pec 20
fon{‘éH i&xdo@%gf&%\h a}ntaté“z‘fo“&l%éarﬁ it hSWgﬁ!dfémg@g gﬁggtgtf iRt Qe 8). In

S varlan I'sap

thisga?ﬁ @E’% gg%tg@‘?f‘an%{:?g@gﬁ% ef%rtgto% rlg\% gﬁgqlﬁ ) Qfdeg an'UpStream part

| R der of the
(26 rstpgésorptlonpélg 45%%%%% he sggﬁﬁdhﬂgésorption

[ooéﬂyei (}?e@dso tiB& hteQﬂ &3h Qr(m)l ABwh A Figkrd ), et fihl80) has the

fourth adsorption |ayer 9). '[0084] In the adsorption

flrsﬁﬁ@sbrﬁibﬁhﬁ?&e(f%ﬁ #hneaf o RirSgivRtheREdf, lodfed dOMEspofiding to the first
Figure 9, one <colum part may be forned for each pair

colfhn t pdae ﬁ@ J, UEHRS secORBC hddogtdny layie (37) Sfodle@r @i i Drreglon thereof
heat exchanger (20), a first columm part (21) is

coreSdirigfoatle Bacoad Ralummpart (22),aH6 @it adsdrptieatiayex ¢3@)nfganed on a
(20) extending fromthe front edge to the mddle
regid@ttheesr dodRspadaiptotthi®hird column part (23), and the fourth adsorption layer
(39) formed on a region thereof corresponding to the fourth column part (24). Where this
variant is applied to the adsorption heat exchanger (20) of Embodiment 1, the mass content
of adsorbent in each adsorption layer (36-39) increases in order of the first adsorption layer
(36), the second adsorption layer (37), the third adsorption layer (38) and the fourth
adsorption layer (39). Where this variant is applied to the adsorption heat exchanger (20)

of Embodiment 2, the static capacity of adsorbent provided in each adsorption layer (36-
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colum (42) and the third tube colum (43), and a
second columm part (22) is constituted by a part of
t he adsorpti on heat exchanger (20) extending fromthe
m ddl e between the second togbe colum (42) and the
third tube columm (43) to the rear edge. 10 [0085] In
ot her words, the adsorption heat exchanger (20) has
39) iegeakiy it orded efithe Fastt ads@pyion daydr (369, theceerhdcasisarptiopdaer (37),
(22) formed in order fromupstreamto downstreamin
the third albaption Fayem®38)edrd the foirthadsomptipn dayee3d).. In this
adsor pti on heat exchanger (20%, the first colum part
[008421) Inpthe \aidsteptiemheap skecleagem@0) of tdy vanianttaseshewadndigure 9, one
colum part (22) provides a downstream part (27).. 15 .
colunOB&} may herferm@iisgnr sa¢topaih efitube gehwumge Bpecinally higyifis; adsorption
Figure 9, each fin (30) has the first adsorption ) .
heat| exgbanges 0)5 o firse dolumnaparte@ilh s constitatstl Hycparkbel the adsorption heat
corresponding to the first colum part (21) and the
exclwagen 0 deengingo fromahsr from7gdgectonthe Bifdle beyesn the second tube
t hereof | ocated corresponding to the second co&gpn .
colypar (42) 203 thehirddubgeafuipa (3 and & ssennd; elump parid22) 1s constituted
adsorption heat exchanger (20) of Enbodjnent 1, .th
by arpes ofghe edsorptionabess e g?rn(l)é%@ﬁtezémgoég% 6#"? BHdélsﬁ’&P”een the
(36, 37) increases in order of the first ad%prption
i

secqnghtube ¢dumn il and dhesibisg iebe colmr (13) 4o thedgacdge7)

1008S] cimgiber won. Dendiragel hunexdangrd20f B Be 3 eofifp part @1)
Sy 2 DSy ST 5L S0 ki e v
(frorpiatidf gkl PO BE Sanir e P oBach bRy Shaesr GO Phe firgsqlmn part
QUGN of e eingE T M sonl A3EY RdF @D provides

d caﬁriedgaT,bts fins. 28 Cainms 1. An adsorption heat
ovISHEA BB 31l udi ng a heat exchange tube (40) through

(0048]; I BE ot R BN T Pl Wi)s, Thch B 30) has the
firs{ REPERK-CRu Ol FHERATACE < Fbn Worl BB coRBHEAMME 1o the fir

colly ?Q@ )ggp%d(tﬁé’)r«ecow& %g?d’urgg@} Eeagélt (39 fSvaed A0S ARl @Breof located

anger locate min-air flow

gé;lﬁfdiiﬁ t&Sh@RecdABSLAIERAN Pat t(21)26WhaRdinds RafidntOfs SFlidd to the
con% or pt%jon%%eatec exc angerﬁiﬁ%c(at)gd downstream i n tﬁ?

adsorption heat exchanger (20) of Embodiment 1, the mass content of adsorbent in each
adsorption layer (36, 37) increases in order of the first adsorption layer (36) and the second
adsorption layer (37). Where this variant is applied to the adsorption heat exchanger (20)

of Embodiment 2, the static capacity of adsorbent provided in each adsorption layer (36,

37) increases in order of the first adsorption layer (36) and the second adsorption layer (37).

Industrial Applicability
[0087] As seen from the above description, the present invention is useful as an

adsorption heat exchanger in which an adsorbent is carried on its fins.
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air flow constitutes a downstream part (27), and 10
sai d adsorption heat exchanger is configured to
uni form the amount of noisture adsorbed on the fins
(30) fromthe upstream part 2826) to the downstream
part (27). 2. The adsorption heat exchanger of claim
1, wherein an adsorption |ayer (36, 38) containing the
adsorbent is forned on theChim$aces of 15 the fins
(30), and the static capacity of the adsorption |ayer
(36, 38) is different between the upstream part (26)
and the downstream part (27), thereby uniform ng the
1. fanedsotptmh heabéxchemger andadibed heat ¢xvhaigertub¢ §40) through twhich heat
upstream part (26) to the downstream part éﬁ; 20 3. )
meditie crtsitatgst awnfihe £30)exc Hengefaces of which 4y a et fis chmied, said
anount of the adsorbent carried on the fins (30) is
adsefpfide heatt exehiangsznfor Heingjngt nie ressing tthergbyoughdintheontact with the
downstream part (27), thereby uniform ng the anount
adsgrbentsiagiadran thei§ios ), whereine fins (30) fromthe
upstream part (26) to the downstream part (27). 25 4,
Thea aas of paifl edsomptian ket enohgeger dgcatedpsiraam {fhair pw cgnstitutes an
adsorption | ayer (36, 38) made of a m xture of
upstierso PR (26)aand ananrelsaidsadseniien heghrexchengstlocaied doppstresa in the
fins (30), and 29 the mass contents of adsorbent and
air figw qanstities : Ao WRRISAIB as{2 Vla%q’ (36 38) are differ ent
betme n the upstream part . t he tream

(27§"ll QN eAt feFhanger | lSt 1§H’i§ e lB]Ff%HBI ¢ groun & hoisture

sorb e fin 0 from u ream part
adS?rg g H@%@W@&%@ﬁ%\gt H)e%n?)p.aﬂ @ ol ipaﬂ((ﬁ@at
exchanger of claim 1, wherein the upstreampart (26)
and the domnstreantpart (27) have different

2 T gl e oA e %ﬁﬁﬁﬂiso?”né!”itu?
d b d th f g
20 B8R RS SRS B Y R S 3 g Bces of

the %ng%‘é‘;tl ncl udi ng a heat exchange tube (40) t hr ough

the static capacity of the adsorption layer (36, 38) is different between the
upstream part (26) and the downstream part (27), thereby uniforming the amount of

moisture adsorbed on the fins (30) from the upstream part (26) to the downstream part (27).

3. The adsorption heat exchanger of claim 1, wherein the amount of the adsorbent carried
on the fins (30) is different between the upstream part (26) and the downstream part (27),
thereby uniforming the amount of moisture adsorbed on the fins (30) from the upstream

part (26) to the downstream part (27).

4. The adsorption heat exchanger of claim 1, wherein
an adsorption layer (36, 38) made of a mixture of adsorbent and binder is formed

on the surfaces of the fins (30), and



10

15

20

25

medi um circul ates and fins (30) which is attached to
t he heat exchange tube (40) and on the surfaces of
whi ch an adsorbent is carried, said adsorption heat
exchanger for bringing air 2gassing therethrough into
contact with the adsorbent carried on the fins (30),
wherein 15 a part of said adsorption heat exchanger
| octht adasspsmteatmof adsaitrent landy bimsdes ti tthe edscaptiony ey 63m38) are
part (26) and a part of said adsorption heat exchanger
différentdtetslechothe spsteeam pant @Bkandathe dpwosiresongart €279.dBergby uniforming
downstream part (27), an adsorption |layer (36, 38)
the apwotai nf mypistive atiothedemt thesfifo (3B dfrom thaapsuedaces @6) to the
the fins (30), and 20 the downstream part (27) has a
dovwsigéren pat 27)c capacity of the adsorption |ayer (36,
38) than the upstreampart (26). 7. An adsorption heat
exchanger including a heat exchange tube (40) through
whi ch heat nediumcirculates and fins (30) which is
5. Bhet adshedioncheash exehamgerest plaing ol . tWrseip4by upsEeash papis(26pgnd the
surfaces of which an adsorbent is carried, said

dovadeennp Pas (2 Ddwve diffane Gubstanses eatriad phspid pdsopbents opythe fins (30),

t heret hrough into contact with the adsorbent carried
therghy tpidoming thesgpouniid maeistuge a&ﬁOfbeéfons‘ilFéjl)rﬁoéB} IaJPF’oﬁle upstream
heat exchanger | ocated upstreamin air flow
partdf)stoithe dewnsiseampart (gt r eam part (26) and a part of
sai d adsorption heat exchanger |ocated downstreamin
the air flow constitutes a downstream part (27), and .

6. ARISHPBRIT hedt PI<DaPEs e uiine adet Sisfotar s Fo 2 apicn nea
e 8B it DL S R0 5 SR RSG5 o
[ I .and fi 0) which.i .
e SRR MR L i
sir PG gy eh arp cae YT rREIS R Rirea B SREERAER wherein
\i\ﬁot gpgﬂ%tf ggag{i?oqgt'onc at lew?(ﬁ’lmq rifGdd l{i:%tréﬁlmn ?iY\’{Pl%ﬁredoﬂstitutes an
part “of "said adsor pti on“heat exchanger [ ocated

upstllgaéxgn li)gﬁg&é Nl z{ piol* %ﬁ@ﬁlﬁéﬁ%&h%a chiyet [RaEH RBWnstream in the

par sald a rption heat” exchanger

air g&g%}ggit&gw%wmnai r flow constitutes a

ownstream par
an adsorption layer (36, 38) containing the adsorbent is formed on the surfaces of

the fins (30), and
the downstream part (27) has a higher static capacity of the adsorption layer (36,

38) than the upstream part (26).

7. An adsorption heat exchanger including a heat exchange tube (40) through which heat
medium circulates and fins (30) which is attached to the heat exchange tube (40) and on
the surfaces of which an adsorbent is carried, said adsorption heat exchanger for bringing
air passing therethrough into contact with the adsorbent carried on the fins (30), wherein

a part of said adsorption heat exchanger located upstream in air flow constitutes an
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an adsorption |ayer (36, 38) nmade of a m xture of
adsorbent and binder is fornmed on the surfaces of the
fins (30), and 15 the downstream part (27) has a
hi gher mass content of adsor3gent in the adsorption
| ayer (36, 38) than the upstreampart (26). 9. An
adsor pti on heat exchanger including a heat exchange
upstredye pért @36)tamdauppnt ofsachadserttionrheeli exchariger ldcated slowmstream in the
fins (30) which is attached to the heat exchange tube
air {leh0 komgtitutena d@@nstieemspartf @¢rsndf whi ch an adsorbent is
carried, said adsorption heat exchanger for bringing
ai r theawinstyearh @ast(R¥ ohagta fargeo amnmacﬁg thejatl$orbeng carried on the fins
adsorbent carried on the fins (30), wherein a part of
(30sthian thedypsirgam parti2at exchanger | ocated upstreamin air
flow constitutes an upstream part (26) and a part of
sai d adsorption heat exchanger |ocated downstreamin
the air flow constitutes a downstream part (27), and
8. /o adseeptitovitest exchangrarinclpding athest sxchangeomibe (40)ghraveh h’éblch heat
static capacity carried as said adsorbent on the fin
medig) cirgyatest and %,%Q.’;pa; a\f}ﬁlcrhaystattegl@}i_ to the heat exchange tube (40) and on

the surfaces of which an adsorbent is carried, said adsorption heat exchanger for bringing
air passing therethrough into contact with the adsorbent carried on the fins (30), wherein

a part of said adsorption heat exchanger located upstream in air flow constitutes an
upstream part (26) and a part of said adsorption heat exchanger located downstream in the
air flow constitutes a downstream part (27),

an adsorption layer (36, 38) made of a mixture of adsorbent and binder is formed
on the surfaces of the fins (30), and

the downstream part (27) has a higher mass content of adsorbent in the adsorption

layer (36, 38) than the upstream part (26).

9. An adsorption heat exchanger including a heat exchange tube (40) through which heat
medium circulates and fins (30) which is attached to the heat exchange tube (40) and on
the surfaces of which an adsorbent is carried, said adsorption heat exchanger for bringing
air passing therethrough into contact with the adsorbent carried on the fins (30), wherein

a part of said adsorption heat exchanger located upstream in air flow constitutes an
upstream part (26) and a part of said adsorption heat exchanger located downstream in the
air flow constitutes a downstream part (27), and

the downstream part (27) has an adsorbent of higher static capacity carried as said

adsorbent on the fins (30) than the upstream part (26).



