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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 wth an adsorbent carried on the surfaces

of their fins. Background Art [0002] An adsorption

heat exchanger is hither )88 whi ch has an

adsorbent carried 10 S S its fins and

heat exchanger %%Q,RPJSB@# g&%ﬁgﬁéﬁ*\&gh Docunent

1. This Patent Docunent | al so discloses a

dehum di fier using two adsorption heat exchangers.

The hP idifier supplies cooling water cooled in a
Thc@BEPﬁﬁﬁ‘fgmer to the adsorption heat exchanger in

sorpti.on phase. and supplies hot water frama.hot . .

oo 5 T, i Reriog " Ferdosch bt Pt b st B8F. o passing

regeneration ase. The dehum.difier altern l.
thertGAEiRR Sty cORaR A A ador st EAEes oh She SbEFTR e fose

exchanger is in adsorption phase and the second

adsor pti on heat exchanger is in regeneration phase and

B Pa( m)d%r' n which the first adsorption heat exchanger
ackgroynd Atener ati on phase and the second adsorption

OO 3FRIBBEL B R RSP B e i
o S ERPRBEY | TR AR AR R OEABRAT i 1 T
raciERRRAPH) EN888 0k ORI AN 56 Bt cxcpmsen.
TGS g s BRI J g el atorpion e

exc}hﬁzgersig%ﬁl?ﬁrgﬁgﬁ %ﬁﬁe’ stﬁgﬁflleseﬁiﬁ ReR&efrom H fotHeht BRR& #%the other

throu st adsor on heat exchanger passes

. i e
adso?%’t?o?f HER é{@hﬁ:@ﬁr tﬁﬂgég’zeﬁéﬁﬁoﬂ Phise T&e ldfeﬁﬁngfiﬁﬁaﬂﬁa@%ely repeats a

ough betwe 5 fins and is thereby

moddGhWHieH eeirst 10Rrmal hed@ eXGaBber ik GMVaRshrbtisd PEdve g the second

heat exchange tube of the first adsorption heat

adso?ﬁﬁd?ﬂi&?éxdlﬁh%é 980k gferaida Phidd 4 A1h6ek ieshivh €t first adsorption

noi sture in the air s adsorbed on the adsorbent. On

heatt dxehaidefis B rchendrtidd phee@ddthe sedshdoidabiption/i®at exchanger is in

exchanger, the hot water flow ng through the heat
adsogptidieptaee. ' THe, the dblkurhidifier 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 debhumidifier 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 desorped fromthe adsorbent and
t he desorbed noisture is applied to the air passing
- through between the fins. 5 Patent Docunent 1:
adsorpiisn et axchapantete hohwaivr fIRpng Bupvalrhdieat ¢xshangs ube heats the

Di sclosure of the Invention Problens_to Be, Sgl ved b .
adsorbeat ppd & #ip RajssuOUrousl bebwesn thefinn Byhery 5 e secondadsorption

gradual Iy taken fromjihe air supplied to.the 10 . .
heat gxshanger.onolaue i desprbesh froph theqadserent, ang HE% desqrbed, goisture is
course qQf passage of the air fthrough bet ween t he .

appliedrig the 4ir passiog E%Pe‘?"l"rén_éher Massing through the
e o ESPARRE y ESRAR i

course of passage through between the fins, which is
acconpani ed by gradually decrease in relative

. bumidity. Generally, as the air relative hurridity' '
chﬂ%&r%aéé@,hm%%re inthe air is less likely to be 15

dsor bged_ an the_ adsorhent. Therefore, in conventional
P""Qﬂ%‘?" ?‘S‘%v‘?fi:&'hégﬁ‘f?g #rs, a smaller anpunt of
oo AL aEserioed bV i SBe e Tk oA AR ShART o the
adsoiglich ool s cnanfelip Sy Bl i Y orie BF nffendell the i through
beroid5 et R Sfer SRNBE IR PRl b BasoMARRL el Bfbbanger in
adsof AR bs "Falonl, asfOitpy, i BoRITE Rl ' ITCRPR: of passage
throlghhelbdfine ) Buh 1P Ko REA L0 B ARAN? Blor S| A AR midity.

Gen%r&léys,oz{svﬁcteﬁ‘nereﬂtﬂgl lﬁﬂﬁdﬁg dgglg%, Aoldtirs tin ¥R¢ alrl i9NeRflikely to be

present 1nvention | Irected to an adsorption

adsof¥a! on GKE %@%%Ent' nﬂlel’%li)fég iR RUntRREN ABERplIP Dest! Bchangers, a

through whic eat nediumcirculates and " fins (30) on

smalgegecuﬁﬂﬁli BE BRithreh hadbrBdl Sl aRIOSREs 1bsatéibWhRSreafiPintthe air flow

sorption heat exchanges 3 for bringing air passing

than 'oR8h&E PLBUBRatbd LPsteant iAGhe Wir ldw. PErtACEESRth 68Fdt o€ the amount

on the fins (30). Further, a part of said adsorption
of mitedlreCadzbdRAGh the cahe hdsdptioe avat ékchingek |cases a problem that the

constitutes an upstreampart (26) and a part of said
adsoffiaRb Sithhvt carobaxidbit itk abidt@e 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 angunt of noisture adsorbed
on the fins (30) from the upstreampart (26) to the
downstream part (27). [[0007] A second sol ution of the

for pringiag iy PASSING tbﬁreﬂgoué[b( intq eontaq with the adsorbent carried on the fins

wherein an adsorption layer (36, 38) cqontaipning the,
(30)adawtheent part phspdgadsamtion heat rexchangsy ?OQaFFé{] PP%E‘?&FBG‘} air flow

and the static capacity .of the adsorption |ayer 6,
congjfiytes an¥RSteME R Cionead & pert o %ﬁgﬁﬁm%ﬁ%/at(?égﬂ% located
t he downstream part (,27), thereby unif ing,th, .
dovaSERAR 1o fhe b LON, FnsHiites: » dAWBSEeRL DA 2@5‘( 989‘ spid pdspwption heat
upstream part .(26)..to the downsiream part (27).
exchaggerg canpgyed) S Bt c&moelnbomg*&ﬁ? 3ftiarbéi{ s fhe fins (30) from

directed tQ the first solutio wherein the anount of
the WnsiseamPBFISR} O e FORRESAMIIE BT hs (30) s different

00 RE BT BB e b SR 3 68 e sooon
L L
e B0 35 e A RGBT AR s B S P fyvoen e
o 8, T h55 R URGATSR) P B0 gl BB, B o
i Sl SR B LS00 B WAECASTRAEIASE, ool o
o0 AHRFVAEAR) BF e by KB AR iy i
e 5358 A5k B B ABIO8) ESATARE bk e o o
20 5 kil 29 B e MO S on

the 'g%sg)gpﬁ?ﬁ@ﬁgggﬁﬁe?@ A 2BlohadsRriRakSpRT TR [ ns

g the anpunt of noisture

[oo@gs 0% B8P Solution sf'Be bidisnt (BEhtibh Witdied B ShE AANSHBiN, wherein
(26) to the downstream part (27). [0011] A sixth

an a8&rplidP Tayef gd} 38PLAIE BF al hikARE 0P AdscTbElt A Esler @5 &fimed on the
adsorpti On heat "~ exchanger including a heat exchange

surfaced of (HEOfind (HOOUsHA the insdds BERENtERE a8ebrbént Gl dikFer ab thedadsorption
fins (30) ich is attached to the heat exchange tube

layef (&8) 38V areCdiffeltdt betiveas @k Gistralth Parta26) asth thelfwnstréam part (27),
carried, said adsorption heat exchanger for bringing

theréby urfi fosmiingg tHeh@h@in lof wadistutenidsorbed toacthe Vitrish(30 N érom the upstream
adsorbent carried on the fins (30). Further, a part of

part §26) do debsdviisiresam 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 invenﬁon 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 | ogated downstreamin the
air flow constitutes a downstream part (27), an

AT L 5 R L Uy 7 A b

R et i ki s

o ke P e e e B it i

Iwwaﬁégﬁwﬁ Iu%#%%Pa heﬁ? eﬁgg nge tUb%§%T9ﬁﬂ&E%ﬁ%§ﬁaPm“°f

saxdS g ?oggtgcgl 3% fhe th gg?ggf %E) B’garéd'},re L@en (hb constitutes .a
SRS %o%e@qﬁﬁfxfr G L 57800 et o

3

B b Y

the%‘% i?yreﬁﬁﬁgﬁyﬁé’ﬂ?%&%]ﬁgﬁm%%ﬁ H ed dgvvnstream in

[001:2:;I ,gl ! f l ihﬁbOSt 'f’ %?re ent {oheigrﬁlfé@{eh &)2%3 aﬁ?d}ﬂnon heat

as a rger armunt 0

exelB5EE S mg[%%%?g%%%.é Hibel (40 E el WAIER bl tnt B! tRlates and
fins (ORI T tlid REDE DRt ia0] r‘gﬁﬁﬁ“e oy ek an
ad”[mgitmﬁhéﬁ et ot ik bhRangcl for B 'gﬁ}l?ﬂ‘gﬁlgg eitongh
into%h Qﬁec‘ 9&%?&% c&rﬁaroh' 18 fin3 {86Y. REAREDhIpAR dFeald adsorption

exc anger ringing air passing theret rough into

heat%&?{lﬁ%%r Wchida &r  RERbWRNEERS A upstfeahd (#0))and a part of

a par sal d adsorption heat exchanger

said! @ U RS %&eamelalwca‘técpvammem Ujne $hed Mt (G eeuistitutes 2
part (26) and a part of said adsorption heat

dowR¥FdAAD ?ﬁ‘i (2 DC AP theRWHBrE AR Pait (27 Kasai Jardekr @itount of the adsorbent

constitutes "a 25 downstream part (27), an adsorption

carrieﬁ)bﬁrthé fiks ?ﬁ&aﬂ&ﬂ@uﬁﬁe&n"ﬁaﬁ(ﬁﬁ of adsorbent and

bi nder is forned on the surfaces of the fins (30), and

[oox3e piﬁvm%i th SRNGHIRA 6f (he7prebeas invéntiohes direted toomt ad¢orption heat
adsorbent in the adsorption layer (36, 38) than the

exchéppér DR 4 hda? €xchabge b8 (49) thraightwhislo hedtinedimh difvelates and
present invention is directed to an adsorption heat

fins @OheRigR s attehetdlione heftexchampeitabm@0) abdoy 4@) surfacesiofwhich an
whi ch heat mediumcirculates and fins (30) which is

adscabém Gh eatried, daid adwonstionxistatn exghabghyefof hohging dirqpassing therethrough
surfaces of which an

into contact with the adsorbent carried on the fins (30). Further, a part of said adsorption

—'ED

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 therethrough 5 into contact
Wi th the adsorbent carried o the fins (30). Further,
a part of said adsorption heat exchanger | ocated

upstreamin air flow constitutes, an_ upstream part é 21 h
[00bﬁid 4 pith sohution sofuthedprssenti WMCTHioN ise Qirph ﬁ% Qrgtion heat
downstreamin the air flowconstltuteslall dovvntrea d
exchpmger ineindingmbeat kscheogn sibed40) thaoueh  which hsat medium Circulates an
adsor bent of higher static, capacit carrled as_said
fins£3@)owhightis mchngtorthngle@mhmsﬁu%@% ad cahs gurfaces of which an

(26). 10 [0015 Oper ati ons e of, the above
adsagbenitis Gmlledt adsomtin ksat REshangsechor fjaging i) p3sgng therethrough

into{cDofact Rt RSP Faried ot 08 1 (B0 Hothe dcurt i adsorption
eatza%g;sxaqg@o atzat?.l‘ggtg%%{ g&{}}' ﬂggvH:toggql ufes g@ﬁﬁsﬁ%gn : :Pf? é@ﬁmd a part of
sald:] 25;0% %& n,ex?eat Eléa%ecgdg)&gnggﬁzfml M cg %.grt??\gt Shtitutes a
dowgRianR Farty G, Aot dovSORR ﬁﬁ%ﬁ by ARG of bigher statc

capcy emie S0 FORSRoR S5 o B gy S Pt B AL - o

| ocated upstreamin the air flow constitutes an
upstream part (26) and a part thereof |ocated
ream in the air flow 20 constitutes a downstream
[00 E?')"‘ OH%e air passing through the adsorption heat

Zﬁ?gﬁb%ef] oBe o, Fiuf R The RlBerth Rl pitliedn20) is provided
M B0 P 0 ot
o
throlﬂgljh fsﬂ?{ g%s) %%“Pnﬁ?ﬁ?@% Qx“g | kﬁeea&%ﬁﬁmeﬁea@ Rxbi@ger (20), the

e ups m'part (26) to

adsoqgg)ﬁ;%éf%@ c%.g:?éd &1%@)(316 A Surtdcle &%@Fﬂ%l(go) Bxeﬁiay be carried, for

rovi des a uni form anount ‘of noisture

xalﬁ‘gﬁ:oﬁﬁ’ﬁfé éﬁ?fa&&eof tgné‘ finé ?N) ahd tIRVREfacOdf ﬂleflfe@ﬁ'%)khﬂw.ge tube (40). In
hée (27).

streampart 6 downstream part

the %g%ﬂ:ﬁ% 8’§ Thebt x&ﬁﬁ Zﬂ?,h Wt h2D thékBofa iicated! isbirehmy BY the air ﬂow

I's orms e surfaces of the fins (30).
cons e 848 1 (%6) briP a pPD) tHeUdE dbdatedadovashireteint the air flow

In the a sorptl on heat
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 thf:
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
|l ayer (36, 38) is different between the 5 upstream
part (26) and the downstreanmgpart (27). If the
adsorption layer (36, 38) has a different static
capacity, this causes a different anmount of noisture
downstzasbpait W)t he adsorption |ayer (36, 38). Therefore,

i f the adsorption layer (36, 38) is changed in static
[0017}hp ol the segand sokitiegean pdsomptionclabier Poa3) 1 formedoRy thestrfaces of

et i rest copclof e oo bir 30 rd e
Upstede pars K26k ek e ddsnsumim el (ol e Grlsarphen tver (i 38) has a
R T R B R
sty T i 0 b e GRSt v S 8 TR i i
coepl SR P T b e B e ssrpion
heat| &3 oAneR R aE0) Bf® Didss f S5ROR ARPHR: of hpSFS AidaTh e fins (30)
in o7 b2k ol SR R A PR o™

oot G5TORCHS 2 oty SR RGP IEP . S8 biomosed by e
amcbRED RS Bl B g RBP Uh? ] FRLS A S0R0I BEnd ) having
the RREHRE Tbydt 136, 5] Blindd Bebddh dreBlonlehe G UGG+ air of constant
¥ BB S0P QIR 164 (A BR0Se Gl oo at the
s, (5 A6 BT 85bed S0 LB SRR Shadons of
coexiflette dtine AoAARATAcr 56, 38Y &id 406F cqtfltant RIBLTRMIAY.

4 ¢ . . .
[001?ﬁ Itnh3t§é gggdomﬁt?me ftheBarbutit WF 8dibafl eafr2an B8 $inB(FVIEE different

rption |ayer (t36, 38), adsorbent particles
betwebR ULtk SReh (M6)N8Ed e HbAmbtkdagieipart (75" Différent aMBunts of

adsorbent particles’in the adsorption |ayer (36, 38)

adsofBR chitfRidlonStHé FiR§ £30) Rakdel diffrenCaN MRS ofnblytirb @d$urbetesn the fins

It the adsorption | ayer (36, 38) has different nass

(30)CPRérefH:S iPthe ahfdunbaisalsbdeht canteddhe fins (30)ds chapge sith changes

the area of part of the surface of each adsorbent

in aR@ohdRiod inGBe abhise of afignRbagt thdouph ahe advotptivmt hdaeexchanger (20),
covered with the binder and, in turn, changes the

this provides 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 noisture adsorbed on the adsorption |ayer
(36, 38). Therefore, in the adsorption 5 heat
exchanger (20), the mass congents of the adsorbent and
bi nder in the adsorption layer (36, 38) are nade

di fferent between the upstream:%?rt 26). and the

covetedwwithrthe bindsr. (If fherdsorpting dastsy (36 38) hasdiffsrems mass pontents of the
amount of noi sture adsorbed on the fins (egc%) in very .

adsqpbent and binder, tis ghanges tha ases of partof the surfecef fach P@&‘i‘? nt particle
part (27). [0021] In the fifth solutiaon, the upstrealqzm

capabler of ¢anéact widh ainwithewirheingoeaversdrwith the)bipdes @and,ig tumn, changes the

ooy o e G Obe S heeBuby s b Borpion
am mpysture it
the fins (30) cause different annunti of, noi sture .
heatzexshanger (z(sla, %m angsp gententyof theragspibent and ipden B the adsorption layer
substance carried on the fins (30) is.selected
(36,383 sreminde dfecens gkec b psITcath Kt (29 ahf i, GOt part (27),
of air_,ngage tﬁ?ough t he adsorpjiqQn . heat exch er
thergbyoproviding 2 ynigym Aeeount TP REHSORRE G e o) T every pert
adsorbed on the fi Sed{?\”% in every part fromthe 15
frony, theuipatEeAm ATt (1{626?3% HSrERREE (4 part (27). [0022]
ot e 5k B0 9 Py ol ot P @) b
r ‘ _ ]
e R o edehs RS B384, RUAGE Bbrls comid s
t (27 hi ghey. st at i it f
et bt b 5 Pt oLt sy o e o 0
...Gener.a en no stur n r r S
ThobdSh. 58 bt 1A A ST ) s BRSO ithes n
. ' dual l.y.d ' . ' .
condifif 3 o PG 0 T PEAEET Bl e HESSBPIRE hefl oftfpecr Qo). this
t. by. '
g et i A
[ ut i
uPﬂ%%éhég{g?iyygéégﬁg%ﬁggﬂgsﬁgﬁé'adsorption | ayer (36,
0028) 3 i, B0 IBHGRASE Seri, NRR oebifcs of e
s 35, ) A SAOESLE M) AR b it 1 o e
ot . . ot )
xRS, ROTPHE B o) N s HBICRAR! B BF U adorn
. : . ot b q
e 9083 ke Kl e, s o

on tRESRORtioRheREAchegeh P SholsAR irPhe irdashallydet@ades in the course
amount of noi sture adsorbed on the fins (30) in every

of a{}éﬁaksa%é ol FIe thePsdsbRion At excBEiget (20)had tHerebs becomies gradually
part (27). te that the neaning of the static

less SkERCtotHE #dkorbB@ oadhe hdiotptibnl 1aye@1(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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_ he an a
the gigis ipdsarhed, pa d

(36, 38) is as described above. 5 [0023] In the

seventh solution, the downstream part (27) has a

| arger anount of adsorbent garried on the fins (30)

than the upstreampart (26). Generally, when noisture

in the air is adsorbed on the adsorption heat ‘
the Bns (3 deraddiziop, thewidsarptien heat eiehanger ép)mr@wdey a upiform amount of

decreases in the course of air passage through the
moistisn rltorbed hedhe dish@39ydn ¢veey pardiromnhihecppstisamopat (26) to the

gradually less likely to be adsorbed on the adsorption

dowinsiyeam 036 (28 Notq that) thegueaning of the statisFapagity; @frfhs adsorption layer
exchanger (20) of this solution has a |arger amount of

(36,383 ix asalescrihediabeve-on the fins (30) in its part
dowmnstreamin air flowthan in its part _upstreamin

[0023]r Tn ¢he seventhsobwinhs the dewpsireany payt m)cﬁa% 8 l%a%eat apount of
dowmnstreamin air flow and in which the adsorption . .

adsqrhend cayrsd, ondby fing (30)ghan theawpgtream part 616) Generally, dvhen moisture in

. the air, ropriate_ anount of .sture adsor bed
e pde0spyan hept exelaanger (A moiye mghe air gradually

ther g pocortsm AL et R 1920 SOEoBpec o8 TR XEpRROR 18 (36, 38). Tn
confggsofts, pasimiipopeat chuet | A0) o 1Bt Sl in, B o b pount of
adsigbery. SHRELI08 BF oD AL REF INEREAR rin b floky T s par
ps3an i b 10 Y Berdooiyeh pod R By o i Ry gB3pfiidho in air flow
and 5,58t e RBerpER e 430 P B8 Pl AR hERpge  the i, an
sppiopyjee "ot o oSl BaBhe b B chfn 8 DyOERERL o Hhatiyely lrec
il bg SrdiBEn it WSR3 Bha Ry A BB Fdt RRERARer 20
oot 20 st B mol it 35R5ed B (TR (303 ey part from the
upst A BB () B ORI B CFD, o part (27) hbs a

to034f) 36T 4 FRIE AL, 4 adsDTERIEN: (36, ST IR B surfaces of
the fé%k\iﬁg? mvgﬁ%rbﬁ@ma?l@% gﬁga%%)is Whide Bf h ik@eAélisorbent and binder. In

reamin alr I'n which the adsorption

the %(%éﬁftio(n?’ﬁyers&, B§), la@8ctbbrtkicléParddsuhd tHRasH iter bR the binder.

alr, an appropriate anmount of noisture adsorbed

ThefefbreDhe ARSHHHER pAMicldIGH BRSAdROrpHidR 14/ef @36) BSPB4Ve théir blitgaces partly
surface of each adsorbent

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 with air. In addition, the

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

amount of noisture adsorbed gn the fins (30) in every

part fromthe upstreampart (26) to the downstream

part (27). [0025] In the ninth solution, the . )
dovastrpan pag m{)avhm isApcated dawnsdreany et oW apd imwhicl the adsorption

capacity carried on the fins (30) than the upstream ,
layepéf . 38) is lessdikelistoragserbrmeistre indhp als gy appropylate ampypt.of moisture

solution, the static capacity of adsorggnt carri

d
adsarhed £ambe eayred byringrasng He #ea pf B Ridthe é&?f?‘ffa?f eftfiﬂ%dmrbem
partieky Sapshle 97 €t e Al A atdiian 1 SPREOB/PSHL PEager (20)

whi ch the adsorption | 36, 38) is less likely t
providhsch ot g ATOBRY 6 PSR 1S atec 1 s (SIS B from the

noi st ure_adsqrbed can be e red by carrying on the :

upstrgasa; pRcs (A6) ¢, w&%%ﬁe of adsorbing noisture

100257 Iy it oo iSRS SRENA A AT THER iigher sati
oL 5 o B S, Sl e
a0 3isp g B sl bt oF pdsoibesy strE ob % F A i figber n te
oS o648 e SRR KL 0 BBl 2 v
AR Bl A
adseff i iinhe ey L aobafBE BhoUAES mbRASL MRRdon be ensured by
carrlfi 3 8 SHET3L bl paiorb e bipdble bF RarkPHER Hlcithute WALl BF1F the air
oyl T, 491 B0, 080 B0 M it v
unifBAh t‘m@@f&? #ﬁgﬂ{&&sﬁaﬁs’éﬁ‘ dRAhE find gje())thg ¢ ﬁ ARYESHH HAFRstream part

ore, even int am part

p
(25)t(tﬁﬁe@cfwﬁsg@g@q%8(r(§%on heat exchanger (20) in which

e anount i sture adsorbed on the adsorbent

[oozggul RofeCUEMd oaat 'c)j?&ﬁ?f&aﬁ:%’ adsBfbedf R Bipredsed By fHeUArRount of

sorbed can be ensured”substantially as nmuch as in

moidtife 3B 1K addoRnt okt Glsorb GRRGE BHRBAI Ihto RBAAECIMMY 4iP of constant
each of the above solutions of the present invention,

relafiVte hugfi@ig forla SiSTenily 1868 ATRE; 0i.€ Afhd amiéihf OF hoRBture that the
every part of the adsorption heat exchanger

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 Draw ngs [002 [Fig. 1] Figure 1is a
refrigerant circuit diagramshow ng the configuration
and 10 behavior of a refrigerant circyit in
moigintsoarisashed oo Fhee adsosbent geald) gonveatienallys deqreasey dhe gmount of
a first node and Figure 1B jndicates its state in a
moigtareopdsorhedecar| be gnsurpd spbgigntially; as mugh as Ja the psiyeany, part (26).
of an adsorption heat exchanger in  Enbodinment 1. . .
Consequgntl ] aqcogding tg qash picthg abgve obitionp o1 he Jrptent, juvention, the
heat exchanger in Enbodinent 1. 15 [FLg. Fi.gure .4
amchgt of o 685 SOrIaGsan bo HEWPh eYrGy Pt of e 2dborpliihat xohenger
section of the adsprptggn heat exchan raéaken qﬁong h
(20); thergbiy rahancing therpaistuge adsopntion capacify; of the adsqrption heat exchanger
per spective view of an adsorption heat exchanger in a
(20%irst wvariant of another enbodinent. [Fig. 6] Figure
6 is a side view of the adsorption heat exchanger in

the first 20 variant of said another enbodi ment.
ig. igure 7 is a cross-sectional view show ng

Bri‘?[fi?”%c'élz '3"1:8 $aWLSt i on of the adsorption heat
0oL R L QR PSP Be, P e fpion
SIS SRR A e
frs e et Fapurg A olica B0 SRl B A SOBIE B0l £01 anat o of

S SRR MBS 9 B, ORS00 4 A S B8 i
EmBSdERLAY. On | aver

- [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 Qut
the I nvention [0030] Enbodi ts of the present
invention will be described belowin detail with
reference to the drawi ngs. [0031] <<Enbodi nent 1 of
ExplanatiomgfcReferenceNamensltlescri ption i s given of
Enbodi nent 1 of the present invention. A humdity
[0029hnt2hb| egsorptinnckeabexthangero this enbodi ment is
configured to be capable of carrying out a '
deh 6 di fipsteeainoparbper ati on for suppl yi ng dehuni di fi ed
air to aroomand a humdification operation for
sup@%i ndownstrealfpastl air to the room [0032] The
hum dity control systemincludes a refrigerant circuit
(10)30 Asfishown in 20 Figure 1, the refrigerant
circuit (10) is a closed circuit in which a first
ads@0pt i trstefzorpiien layer1)  a second adsorption el enent
(12), a conpressor (13), a four-way sel ector val ve
(14)37 ansecandadsarptimiclaiéred expansi on val ve (15) are
di sposed and js filled with refrigerant. The .
r ef 38ger titd adsprption 18eD) allows the filled refrigerant
to circulate therethrough to operate in a vapor
conlesshemt exeangg Bibst i on cycle. Further, the first
adsorption el enent (11) and the 25 second adsorption
el ement (12) are each constituted by an adsorption

Best Nious Farcharying éﬁ?_&m lg%%?{i%k(ﬂggégo} Bt 1 on' heat
. (20 ] A .12 033] JN.y s
1003c ittt et EGpoR HellcGe Aiabs] Py i gelil wit
connecied at its discharge side to a first port of
refer?ﬂ‘éetf’gfﬁg‘@mn%sel ector valve (14)fanﬂ c?nnect ed at its
033 E 7 S Apetimont S TERASRE o "t ne T r ot adsor pti on
e b b Y CERBaghent 1 OE 4 Bl Syl A pumidiy
contig e 308 Hg 0 (s MR s L RN R b MG U R out o

dehﬁﬁﬁ%gﬁcgtg é]gt{rgﬁuérg f}hr%bﬁﬂ?ﬁ"g deh@hidifilP a8 8 1068 %Ena hltfiidification

secon
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 configgred to be sw tchable
between a first position in which the first and third
ports comuni cate with each other and the second and

[0033) fhuthehefrigetant coowiti(lWathe campressac (3 tih epnifacted at its discharge
position shown in Figure 1A) and a position in which

 sidetthe firkt jsart efwhe fourwhy pdedter abvn(ld) end eoiected @hith sustiparside to a

and the second and third ports conmunicate with each

secaptltymnt of the fousivay selestoowalvier(1#). fdmecendBpf theoliss pdsasption element
descri bed above, the first adsorption elenment (11) and

(11)tis eosmestrddtozithindparbef thelfoweway selegtomvalve £t4). The other end of the,
constituted by an adsorption heat exchangerﬂ&ZO)

firstadsarption clement(13) ist connediedhthapughtby mosorgenseat e@amsxpn Valve (15)
reference to Figures 2, 3 and 4 gkOOSG As shown i

to ot gud ef the sebendaatisorptionelemeni (1B« Thenger end of thesseaond adsorption
so-called cross fin type fine-and-tube heat

elemsnt () gesonngeied taie Erusth noat ofdhe @&Wrﬁgchtqr zequ(ha udes
a plurality of heat exchange tubes %

[0034] ur Bhe faprorayt selastqramive (e 15 pond! f‘es‘@ﬁ%h«?b%?%aen a first

in the shape of a rectangul ar plate

pompemrawayédhaﬁr% pgad third PTG urieate Fifhgeh ¢ %ﬁ%@%mﬂd and

tube (40) is constitu a suyhstanti al I str
OW%mwgfég “ﬂﬂ’r%é ﬁﬂaehéhg patiep Qwvrt lgﬂp&gg& position
fins_ (30 ot her words, in the adsorption
in %@(ﬁ ) urtg pp ngmm with epch o gestd esecc»nd and third

rranged at equa terval s alo t he_axi di rection
pOrty FOrRRUAICRIEAYItR tionghown SpBiEpT B <o Shown

[OOQSEeFﬁg ggscnggd éﬁ% ﬁ&eg{sg ngyr;?t?ﬂy? %at S @ggalgcf @&(secgnd adsorption

clendF (42 it o B %91%3»05 o & &sﬂg%eéﬂ ) e adsorption

heat da%tg% egﬁlxi h‘glhg'éfg?f%g% KRk %nﬁggid? exann an gtePe( f2|0)r13

looz{;z?t fﬁy’fw@é} B & dBE oot Ploncttar PlBafics TP0 ao%jied cross fin
typeBifand g At oxgitiect l%%'*&?%ﬁ%%ﬁ%"%%ﬁ&wgﬁfﬂ%m? g plurality

of h{:eﬁ%)xc erﬁﬁe%rqtiﬁjjaﬁdcpa@ﬁfrﬂl' ioq'rfﬁrﬁ' (36} T@l@(hrfsg[gﬂf’hfe%ch Igormed in

ere al on the short e

N e L
tubec(ggt}i%r)hs%tﬁtgﬂﬁg s%ﬁilntml %ﬁ%ﬁt tu‘BE aﬁ@ ESSEQ(WQM 4hR8d-apart,

olum~al ong the I gedges of the
juxtdpgoded ﬁ@bﬂ).-rlﬁeother words, in the adsorption heat exchanger (20), a large number

of fins (30) are arranged at equal intervais 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 columms (41, 42, 4#8), each pair of adjacent
tube colums are offset by half a tier pitch
| engt hwi se of the fins (30) with respect to each
are aranged alse withte predetermiped prtehalong the short gdges ofthp fing; (30). The
_of adjacent heat exchange tubes, (40) are connected tilo
pitcke gf the heahexchaygetubes (492 along the dirgation ofthe long edges; of the fins (30)
. exchange tubes (40) forma single path. Qut of. th
is referrasktor asptierapiterand thy Pltqlz?hex@% ,afq ¢ idiregtign of the 6E%ﬁdges of
41) is constituted by a,tube columm |ocated nost :
meﬁ%épbwfeﬂeﬂma%wolmna\nﬂebo the left in Figures 3 and

038 e 555 DS ST i SRS Sl o
the 15 third thj&%,col m ((ﬁg)g‘ml co stituttfd b’ afﬁﬁjb@ Th
of b PR e mgnatgwh%d?4 5%%% 1315 lal?s:ehaeﬁsﬁﬂﬁ $'G0). The
t . .
Ay
thergi Doy SEhe e e ROURuRAn 400 A ol of AR D€ cotumns ae
ot Rer iy T2 el RS B B A e b
coi 4 o RGP T 07 B e o et
oo i P o SR O B . oo
e A T i
colu&#eﬁﬁfta@lni@% Splifidn e ARV IR e 3oh i T B W} e sccond
robe3BRERA (2 HECGRHERA B hibe bohful it 1 G RGBS Amh A1), and the
third 8¢ copf g‘gi%s%iﬁéﬁﬁﬁae%%%?’b&%%‘%ﬁé%}z 33 f‘“g?n%éﬁg the ai
flow (i iBerlfhe il Fbfes SROB0 1T ,9C003) 1o the rear edgb.
[003?20;31?1'111:3% gﬂ%bi[r?tzc%n héa? ekdBngdSROP I M8t EfahnPasanYalsecond column

colum part (21), the second ‘col um

part wgt arld22 AN AR phRi(2S) SeltbiReddRGhertAlly e the figbddiréttion of
order fromupstreamto downstreamin the air flow

air gabdipgnih®hih tR SdBfPtionheat exdhange? Saopl (i), the et A iEht difection in
the adsorption heat exchanger %20 , the first colum

Figubéy 3 ahd 1?. SPeOficAPS iR thedaddpipitiva deatsdchar(geP (209 e tfirst column part
third colum part” (23) provi des a downstream part

(21) (ig formddOP¢ @] patSofSthe\udsbrptibh Gestcexeharigee (30)r dxaawlinyf fromcthe front
fin (30) has three types of adsorption

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 adsorpti on heat exchanger (20),
the first adsorption |ayer i‘g is formed on a region
of the surface |ocated corresponding to the first
colum part (21), the second adsorption layer (37) is
(43f & RdraR edgelth ot Gored, ihhbie adsdption! iRaterchanger (20), the first
corresponding to the second col umm part (22), and the

coluirfih psht (2Wsieptédmd dobuter pArd @2)iand filty thitrd colunan paxy(23) acd formed in
the surface | ocated corresponding to the third colum

ord@rafkdm pstreancés Howaisteeapt incthe hizyfow (B6m 18fT to Bight insFigarte 3 and 4).

of an adsorbent of powdered zeolite and a bi nder,

Further; Ninathe Uidsbiptiog ieas ievchahgere@Oh, thasfirsptcobimn @yﬁr(ZlB@rowdes an
37, 38), zeolite particles constituting the adsorbent

ups@ezm part (26)tand thdhird vehinirt parpé3) providesandbwrstredrh part (3.

(30) by the binder. [0041] In each adsorption |ayer

[004036, A3'3ho@R)in Fighee Hathiecsubfataefeachhiin (Bdmbdee pds O adsorption
bi nder is set at a predeterm ned value. The ratio

layepe (36 A7, 138% fomisdr therebnaBpecifivally; imdeach finf(8@) of tiet ddsorption heat
each adsorption |ayer (36, 37, 38). Specifically, the

exchemger QO tha tfirstfadsatption tayer (36) isformed onor yegioorofl the surface located
(36, 37, 38) increases in order of the first

comestwoding torthé fixse colaaB)part(BE), e sseomhadserntiondayes 37)dy frmed on a
(37) and the third adsorption |ayer (38). In other

regignodthe surfaceflocatédeensrasponsiing thsthesetend 1:(&9@:133&@3(82), 3pd the third
38), one located nore downstreamin the air flow has

adserption fayer 38)sisclormedh on gt regiprophthet surfase legatedoearessponding to the
this manner, the third colum part (23) downstream.n

third [gelumn pﬂttcmh dkach adsergtien dans (8603 7.a3oisyapde eé%aéaorbent of
on the fins (30Q) than the first colum part (21

powdgredizeglitgnad achindarnsuch s yrethane éwrsdnteﬁai a‘%sﬁ@ﬂé’ﬂd%ﬁ?f (3 37, 38),
25 noi sture adsorhbed on the fins can be uni.form

zeolite gaFticles gomsttutipg themdsprbent qro ppunp tq ﬂ@er epatipig And the fins
part %HE& [0042] On the other hand, the mass content

(30} the Iin each adsorption |ayer (36 37, 15 38)

o0ffc G eaadiadion p{s’% égyé‘i 371" aniy e pdstrbeht and the
bindZ 361 1oh reApimed vaits” THplo Tty L b EFRC e the binder
drff%%%hb%@ﬁsagﬁ%ﬁﬁéé s %W@?#@Cﬂﬂ?%ﬁé%’*‘%ﬁ%@? S &dsorbent
i LS SR BB B0 Lo e o0,
sc@g‘g%ﬁg@“@ﬁ 1%)2%% e(??f é%xfﬂ%ﬁu ggﬁ%fs‘a%%'}’g rrbggc ofher words, out of
thesB ?ﬁr&é %t!isorptlo%r ﬁ?&g f3é, Ifﬁ, ?g)?&eol chgd Eno% dbkstream 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 aglsorption |ayer (36, 37,
38) increases. In other words, zeolite particles
serving as adsorbent in the adsorption heat exchanger
38) (2@}rasen in eader dfitke first @dsarpfiae ayar 36, the scopubidsorpition layer (37)
contact with air in order of the first adsorption
and ltkey third &Bprptiohdayes €38)n dhsatbscnilyedi abhove aiperack adjorptioh layer (36, 37,
third adsorption |ayer (38). This also uniforns the
38),aeplitet pasficlev saving e adswabentdire hounbtd other zeddite partiles ard the fins
first colum part (21) to the third colum E)art §2?g
(30)] B0 48] bisdex Sherdftred zeddite particlestineeaghl adsqyptiom layen(36, 37, 38) are
exchanger (20), the adsorption layers 15 (36, 37, 38) .
covéred @t ghaftf ef their srrfacerwith e binder. Asishsr pass cemfentyphbinder in the
As a result, in the adsorption heat exchanger (20), .
adsarptéors tayer (36c 3P AS) decredses zech zenlise partigls inergeses themremqf part of its
~ 38) forned on the fins (30)b increases in order of the
surfader eapablg of comiaphwith pisrwitleey beingecozered yith thg domdse japg, in turn, the
layer (37) and the third adsorption |ayer (38).
moisture #sprption capRSIt ¢ BRpAdsrptioRdeyer &6 n 3Ry ngeeses. Inpther words,
I ncrease of static capacity in order of the firgt | .
zeolitg portislesoserving @ agsehent ip dheadsomtipndheti sxhanges {2Phipsrease their
(37) and_the third adsorption |ayer 33) provi des a
surfagsi e bsapable of sontast withadr prdeny irgtiadserphien daysy (36), the

sec : a?z{gs%rg)%});ilg%é% %ﬂ%a%pﬁa%%@ggphgf%kg#* Csogllélgn uniforms the

adsorption | aye 36,. 37, i s herein expresse .
amopool BistHe “GRorhes Of B hinL0) e AR BFper a%&l(%% the third

37, 38&2'35’an adsorb when the fins (30) 25 having the
colupypartt23dn | ayer (36, 37, 38) forned thereon are

[Oﬂﬂi ?nug? {dﬁéq%{bgd %8@\%;? ﬁ g}vgé#?]%'{ifr)% ?}faatf q?(ﬁé%na Q}- @io‘i' @% gaﬁgorption layers
6 S TR TR oS Sl A7 i e
adscfitn bl Sefingdt ol By ST ERally bR aoRhisR e 36, 7. 3)
08y T e LA At SREGE), e eon

s P TS pcr il e e, i g isorpion e
. P ol

xS0 RS P b A Rl .

seco&rhh %%derggl&; ¥3kS(3) Aa EERPY SdsoPtidnTafir\(38)protidd ¥ Gniform 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.e., 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 dehumi dification operation, the humdity
control systemtakes in an outdoor air (OA) as a
first air and roomair (RA) ﬁé a second air. During
hum di fication operation, the humdity control system
takes in roomair (RA) as a first air and an outdoor
coexiftenmder of(thi\dsasptiond ey 36,87y 38) Aid4iy offdonstant relative humidity.
description is given of the first node. During the
[0045] r s+ OpechtionsliBehaeioord air is sent into the first
adsorption elenent (11) and the first air is sent into
t he Becbmsiditydemntyol isysteml eaneperferi? p. dehnmidificstions pperation and a
node, the first adsorption element (11) is in L _
humidifjeatimaopearatiqrh Shwingneachhef dehoomidifisatéur ppératiore pedrdnmidification
(12) is in adsorption phase. 15 [0048] As shown in
operatigyrtbe homidity ¢dngrol eysténg ettamately repaats a(first mpde apba second mode
. first node, the four- way selector valve (14) is set
at speifteddinig intarvade §for exampleyas intervelsad fiyearisutes). 13) i s
driven, the refrigerant circuit (10) circul ates L
[00463f r Dyring dehumisiBedtionugperations (the hunidity roptpl isyEem: fakgs in an
cycle. In the refrigerant circuit (10) during.the

-outdppr pig, (QtAjeast 4 fiset aircrngy jeomorir §RApeate seeand pignPuripg sumidification

a condenser_and the second adsorption elenment (12)
opemtionithe humidity.gongrehpistenm takes fprqogpain (RA) ag piretalr gnd an outdoor
. refrigerant_ discharged fromthe conpressor (13)
air (DA)Ag As6condAir-i n the first adsorption elenent (11) to

air iéa?F%I%EC_lp = BV B TR RlEenb G130 e 188 SeDt 1010 the second
adsGTAGR GUECBt Up Bt 416 i FIE: SBEHEF AOBRIAT Slpment (11) is in
rog B PRLLH A Lo S aTRGIeR AIo et G P R PHRE Dhése.

100487 o AR S i Fighis 1 nipete BRfibstantitsbis (R BS B9 mode, the four
way 5008 JRlye kgt S0t the Fo® p351i0h, Bhen B Sriupo el Wiriven, e
refiggiolt S RRA] Pronlirs Seofa B B 58 opdiite A Alstigermson cyete.
In el 3nfists bRR (Aol M cSRERE B atsBbHEISRGRTEL) functions
as « BRAGkn RE AR ARG ol (17 (ifefofs b Wby,

10045} SHEIARY, foridepy dhebfored ko Mhe 08 Rbrettor (ASPRSheHbat in the
first SACSIPAGE efeHRBF (11993 become condensed. The refrigerant condensed in the first

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 exchangei'
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[0051] Further, during dehumdification operation, the
first air dehum dified by the second adsorption
el ement (12) is supplied to 4/he room and noi sture
desorbed fromthe first adsorption elenent (11) is
exhausted to the outside atnosphere together with the

(20)1 thes edsompticni fayen(36k3B)oothdhe unfates frthedins (30) are heated by the
‘hum di fication operation, the second air humdified :

refriggranh dn fthe heah ¢xohange oubey é4Bnand moisiuze desgsbed drom the heated
the roomand the first air dried by the second

adsospiéen pyetsn(36+38dnapplied) toj e @zmmismédlrt hetsgeonst gdsogetion element
at nosphere. [0052] Next, a description is given of the

(12)dikewnise eangtituteduby ﬁgadwa:ty@chﬂaa exehager; (R0), meipwre iy 1h<=|f§€t air is
sent into the first adsorption elenent (11) and th

adsosbedhpml the adsosptiem layerst @thﬁé on) thesBEHSES aﬁ&%ﬁ Bos 4%0) and heat of
el enent (12). In the _second_ node, the second

adsospticn thus Breduresis taken by)the @fngqsanté@ tiedieat exshangeubes(40)-
the first adsorptjon, el enment 'S |% adsoaphlon

r§tpr de

(0053} a surthepoduringade m\ﬂfﬁqﬂﬁomcmaéwmsthq umidified by the
ool 3 e el o e S5 Rt s fom e
frst P pAmY P ARt 0] 15 Eﬁ%usre o i pimospeie together with the
secopy] 4 07 BF %%g%aa#’ e muem?xffs?nérﬁ%%@%qi‘éﬁ CSpephd ofpymidified
o GRSt S ot i v

- sl 3@?@‘4&2} RhstBie e BifiFBEEphedl)

15

20

25

fo0f] fﬁ@@ng 'ﬁgi‘ﬁv@éﬁgég EvRATlE SPERRAbIE s WS”E% se@&f%mode the
frst 39 SR e ?ﬁ%&%aaﬁé‘%réégﬁ%‘e‘lﬁi S %%&2%*5 iy dg;sent into the
ey 04 A By i g o
in relg b e SUARETRSdrPb Aehlche 1 PRI LB P HIRRE
100539 TR SRR W RIS B0 ot SREATLRUR o] SO Beond mode, e
four%@ﬂ?éi% err]-%‘gﬁc i (bt 50thRY%e8dh & Wher B! compressor (13) is

exchan he "adsorption layers (36-38) on

dnvéyrﬁm@%&%mft %c‘;l]ﬁetnﬁloggcgﬁcu%& Fﬁﬁ%&gntbihereﬁhﬁoﬁgh to operate in a

réfrige t exchange tTubes (40) and

Wirifs IR B¥d1Qthe ¥&Ind adsorpti
BB BB LAR L, 0) gt D18 asorpin

elemRABARY iirRBofd &EAIndedsk} 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 kewi se constituted by an adsorption heat exchanger
(20), noisture in the first air is adsorbed on the
adsorption | ayers (36-38) onlé he surfaces of the fins
(30) and heat of adsorption thus produced is taken by
the refrigerant in the heat exchange tubes (40). 10
sucke@ Gty the compressatu(i3)gcainpressedi fhepsin i and disehangedongaithfrom the
first air dehumdified by the first adsorption
complessoriil3) 11) is supplied to the roomand noisture
desorbed fromthe second adsorption element (12) is
[0056k hdus thed stapnidh adsmuptiond elemnend s(1128 r eonstitpgechdyy ant adsotpgion heat
second air. On the other hand, during humdification
exchapgord20)p the ddserpgiendaytra(36-38) wndhé sedadey of the finse@@hare heated by
adsorption elenent (12) is supplied to the room and
the tefidgdrantsin thierhedt exchabge tutes f(#0)% and hioistursodespited from the heated
el ement (11) is exhausted to the outside atnosphere,
adsoflth7lydie X36-38) eappliedts the sesonyl sipnindthe fing adserption glement (11)
noi sture in the air being adsorbed on the adsorption
likewisg eopst{taed3sy) ah adsorptian deapexdhanpaat20dxmoistgerin(the)first air is
with reference to Figure 4. [0058] The alr sent into
adsottred onl sty pdsooptidre layersx@ha38yan theogurfacesref thet fing (3Veand heat of
between 20 the fins (30) and sequentially_ passes
adsorpitionuthbs priodugedris taken by the tgfigerqu iy thetheat @?@b@?ﬁf tb}beStlﬁﬂ)
part (22) and the third colum part (23). &30595
[0056he Rurther, dyoing sishwaidifigation oppwtlpnethé Suiptar léisé by the first
of air betvveentheflnsgheg the ai,r conpes into
adsomptisnoglement: (119 e supplisd te dhsorqem and mgjatpre drsprosd fffnlatthe second.
noi sture in the air i adual |l y adsorbed
adsorqtioseleraens (b2} s pbayterl q thsyoutside Hmospher fogst erwtﬁmée second air.

On Baratheean (GBS BRI aNOi MTHOBS tensecand 24 BpiATRGd by the
sccoptﬁgriepgétg?qqal-ggq%;f I é%&llpgggé]?o ﬁlg;rtsotomg;la“jgﬁ Jﬁ% ﬁx%l% gy the first
adsor efr Ieg‘aé%}qul)fgmg er, ElWh n t gsgqf [ r%t a%sg: :oglnolnsl ayer

s g SRR B B ek b B EBoroed on

e AR, sl o e ot skBak ) (g ptrence v

n t'he second coI urm part (22), the air reduced in
1at|ve hum dity in the course 5 of passage through

oo S B A e
the fﬁn'g;%fr))sar%v AqHal Yy 39525 BGudint ITﬁstsc%ftﬁ'Hﬂl pa@d $9)Pitle SBcond 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 anobunt of adsorbent
contained in the second adsorption layer (37) is
| arger than the anmobunt of adgprbent contained in the
first adsorption layer (36). In addition, as conpared
to the first adsorption layer (36), each of zeolite
moigtare; hedta asleprpting isiprodocesh vehiel flers ot decrengs g@@h@mperature 50
adsorption | ayer g37) has a greater area of part
muchhHenag; irathe coursp abpassage @fm&mg}m the, figst columpepast @#b the relative
the second adsorption |layer (37) can adsorb noisture,
humadigyhofithe air alse Q&ﬁlaﬂﬂﬂﬁﬁgasasreduced relative humdity,
as much as the first adsorption_layer (36) can. In

[0068] heln the sekond spbunn part (32)ctbe airdeduned in relative fusifity n the course

| ocated downstreamin air flowfromthe first colu
of ppssage thonigh ther eskBoIRTINGRI B 1540FES IBH-LPECHiS thesseapndadsorption

as in the first colum part_ (21) e ensured
layer (&0 o dhat meistwe imtherar i fadscgggfg ap dheptecgnq adsorption layer

(Dnamenirhedbvec s pLHSG 'aéf}fé@é%ff ymfeeh ‘g’%qrptm layer
(37h SsEgin e Aoy o?’%ﬂmmérgipﬁtw? ho s %@%ﬁ'ﬁr (36). In
o B b LS o B s e
e SSRGS S 8B e
e, o S S0, S LA SRR ) cn s
mo{:sf:f?@”ffm%’d Yk SN IR i o

o0 il € i e
iy i A
ety AP O i o o o
passggé gif]zﬂ{ ﬁirorg%he@le sé@dggtﬁ rBth ﬂﬁ?éi‘ %) athg QHsHHRE 1 ﬁnﬁw ¥4 relative

e'seco sorption [ayer

t -
) 3] L S A e SKER 41084 LD i o
art (22), an anount of noisture
the ﬁ%@%@% agﬁr%ﬂch as in the second columm part (22)
n r th £
[006cigS Slgecht?g?}éf W F&ﬁft gi’!r) fhe 0 RBuded ihhBaGRUMERIARY in the course o

ge a the third adsorption |ayer

passﬁ%éﬁlroﬂ 6th@ *&é&inutc%hﬂﬁms&lt (22)aRehdshidt donBichwitithelitisd gfsorption

alr gradually decrease as in the course of passage

layePfSﬂ?' do thh RN thé btis gfRMubIR aBsrbed &4 the ihidnadsbipgion layer

al r "havi ng passed through the third columm part (23)
(38).f A9WBs@bkd 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 Embodinent 1 In the humughty control system of
this enbodi ment, the surfaces of the fins (30) of 10
t he adsorption heat exchanger (20) constituting each

ads@ptibh ajer 37) aa6.0Ipotien vordsEilko (id the thind dohinsg asin@®@3) located

adsorption el enent (12) each have the first adsorption

dovmaitedm (B8l flowhomIRE sdvdnd dsabi pad (223 e ramodih} ofimdishire adsorbed
third adsorption |ayer (38) fornmed in order from

as mydhitasdf thd secopdvosium@gaxt (32) bah be ¢nsttedWIhdrefdréadlso dnrthe course of
t he adsorption heat exchanger (20), the nmss content

passaize ad i thesvighi the dlaied adsdgstiont Japer (23),ethe @Blutd huniifity and relative
increases in order of the 15 first adsorption | ayer

hunidify of theeais geadnally deareqst iasrin Ity esur{e3a]) passapet dfeait Hiroogh the first
adsorption layer (38). Furthernore, in the adsorption

colunera pare (23 aTigpy;, the2G) hatihg passsd tlrmxrglﬂhb thifd bélnoharpartr(23) flows out
each adsorption |ayer (36, 37, 38) decreases in order

of befweehdhd fins@0naixbsent outrio Idaymstrc(aaﬁatf the hdsorptdmoleht exchanger (20).
adsorption layer (37) and the third adsorption |ayer

[006238) - Bffectsaf FmHodimergdl-+t e particles serving as an
adsorbent, the area of part of their surfaces capable
of clorthebumidityropgobsysteimef thissasbadimentdtae sutfaces of thierfins (30) of
adsorption layer (36), the second adsorption |ayer

the adspyptiarcheat leschangemi(24) constituting ¢asherf thegirst a[dw@apn element (11)
Therefore, in the adsorption heat exchanger (20),

and aﬂ;g @pmndoadsc»aﬁm elpment 623 reach duwe pbe dhst @@smpt(os(slaym (36), the

increases in order of the first adsorption |ayer

secapgldsomionsleresd7) 4nd ho thish aeypion Byt ) FRecd €incgder fom
adsorption | ayer (38) and_an anpunt of npisture

upstEeap Fdevnslresr dn thesaip Howh Bumthersin they g@ﬁomqwqab?@hme@s f20), the

can be gtnsured al so on the second adsorgtl,on | ayer

maS§ 3?5&6% adserhent iyeachsasisorption laysy 636,338 ba%crﬁaé?s m)réﬁr of the
ﬁrstmsiﬁ?la’rlp o (410, B feeen st@ggg'ard@es Ui o ird adsdption layer
o e AP0 SR 46, BEREE, lF e
RS TSE o SesH BT B AR SR 0w
seccid o Ew'aﬁﬁ. e ) G e sy B O g, B ot
pareiES SPRAR =L tafiih dnd AH oD ot CagHo T gt Sepgfle of gpotact with
air 1%&5%?11{ gf@ e&ﬁﬂé %.rst l%Msoa}p é)nV\fag)g' (t_,'E)e 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 adsorpti | ayer (36), the second

adsorption layer (37) and the third adsorption |ayer

(38). As described above, as the anmount of adsorbent
Thefedodeqiagestding to) theadestptioptliean exelymper §80) 87 this8gmbodiment, its

i ncreases, the adsorption capacity of the adsorption
moiktayee adsoBftion3 éapadfRy damclmreshdniceddyy. udifemidgties amosnt iofi moisture

this nodification, the anobunt of noisture adsorbed on
adscrbehinasl@oy pdrt oftht agexpti@theaB@xchafger€28). be uni form

[0065] - Modification 2 of Enbodi nent 1 The adsorption
[0064 at — Madificagon 1(dEmbedimbat Lonfi gured so that the

first adsorption 15 layer (36) and the second

ads dinpthe cibovapdsorptdt) heateexshanged €20)ithehdiffpoetices i dlre gmount of

of adsorbent and the third adsorption |layer (38) is
adsqubent ibétkeni thé adsorptiopdayers§3m 1370 88)emiay bb émplentented hyhallowing the

first adsorption |ayer (36) and the second adsorption
adsdrptyar 14787 (36A1350 3B) ta heve duifferept thivknpssas. loxihimpaper the thickness

(20) of this nodification, a |arger anmount of
incregen itb erder jof thepfirsy adregptinn layer (365’,rthe secnod mdserptipayaver (37) and

§1_38) formed on surface regions of the fins (30) 20 )
the orption Hayer (3. Aswesartted mbpys, tas theramewntpfadserbent contained

. first adsorption |ayer (36) formed on surface regions .
in thef adseeptiamlaye®6, Bdc38ktncrgases, the adsorpsion, eapasipy pf the adsorption
(26). [0066] <<Enbodinent 2 of the_lnvention>> A
layer 43 r3{3t33§ aqcemgs \highent Thorpions, ralsn i this mosdificatiogefhe amount of
dinvention., This enbodinent differs fromthe humdity
moigfiieadsorbed on enstadsrpoRiaER (36, 37+ D) en BeHpaIR on 28
of the adsorption_heat exchanger (20). [0067] In the
lﬂoﬁbsmquéécq#@aﬁcémmw(m) of this enmbodinent, the

i orsios bk SO s 9 o B st
oy 561 R4 3 B SARARIAS! 1 20)a e f 50 R AP Bt o
sl L Bhe i S R BS sy Rifh et Emgnt of pdsorbent
than R R0 AARGTPHO 1veE 3G pnd 1R SEioB AR a7 "t in the
adsoffiih BitioPishonecs QOL AT dBis, fodieabit f "Ret aBRRE pf buSirbent is
o e A, B MR K o A 38 AP BEI 0 0
loca{eﬁs\lri‘thiy{ﬁé ﬁg%ﬁreah{]pirp &ﬁ%a?:\r & ith%rhljgfeﬁisorption 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



.

W

10

15

20

25

exchanger (20), the static capacity of each adsorption
| ayer (36, 37, 38) forned on the surfaces of the fins
(30) increases in order of t first adsorption |ayer
(36), the second adsorption Tayer (37) and the third
adsorption layer (38). t 10 [0068] The static capacity

adsarptibih heat @z clidhgeit (203 thefist adexptiaslape (B§) ishpeoddedwithakolite only
noi sture that the adsorbent can adsorb when brought

as annatisorbent; thetsevoridradaonption layen 37 1i¢ pravidedtwitle a mistute bf/zeolite and
for a sufficiently long tine, i.e., the anmount of

silicangebasuarcadshebtent drel the tink dusotption dayed 638) heprowited| with silica gel only
equilibriumis reached under conditions of coexistence

as aphddoneent Alnithe bdsorptiomcheat exchingeo (20)athe static appacity of each substance
hum dity. 15 [0069] A description is given of the

used asirapeadsbrivent Sareases mn tonderadt theefirst) adsrptibe dayen @hk the second
adsorption layers in the adsorption heat exchanger

adsqrpidon lager (37) Endbtiei third taddorptiore layer (383nTherefore, in the adsorption heat
adsor pti on heat exchanger (20) flows into spaces

exclrnpoe9); the dtaties capacity afi ¢acks ednoeptidnalaygr (Fs Sds 38hfamsd on the
the first colum part (21), the second columm part

surfaces Jof ghel fin (30} hicreasesoinerderpef the(fsh adspeptjcpolager (36).t the second
first colum part (21), in the course of passage of

adsqgptiorslayew3) anbthe ithisd adsorptionlayer £38). comes i nto cont act
with the first adsorption |ayer (36) so that npisture

[0068), {TFee statici eapagity i athe yadserhepb s hetein (expressesk by the amount of
,adsorption |layer (36). In other words, in the course

moigpre that theyadserbent can [pdenthHvkene brought mie coptachwith ip of constant
the absolute hum dity of the air, gradually decreases

relatiyee humigily, fo, a suilieicpdy long (jises phat-« the Anoupt, Of yaeisturg, that the
?dsq% @%5&%‘(&%@@5@%&?@% Frehed wder ga@gﬁa?ﬁ ofroexistgnce of the
QbR B ChRPRFA R T IR  oase  he a1 tenper at ur e

0063 oo v o s Sl S S RES HE AR Ll s on e
s Tlab o b Pt R 555 B b e i s
ito i S0k e gaele B0 HORE P aeBCRO RSt (P ik g0) ana
seaufIR PR aRE e b Y S0 P @1 A e bl s B9 and the

. . As described above, the adsorbent in the
thlrdscgc'\éon %3133%%)@“ on layer (37) has a higher static

[007@5 gﬁ'd(aégggs@ @W&%ﬁ@%?ﬁ gie Joﬂrs‘eg)? phishgd ofEF BLet R the fins (30),

secon
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 |ayeg3(36) can. In other
words, also in the second colum part (22) |ocated
downstreamin air flow fromthe first colum part
hun(idity of tha aprsordraduallgfdecreasssur e adsor bed as much as i.n
the first colum part (21) can be ensured. Therefore,
[007H]] s Olni the tsbednd aohern prt (22)sthg @iratduied i melotighhuthidity in the course
second adsorption |layer (22), the absolute humdity
of passdge thraighvtke Arsticofumn it @k pcomes igtoeztmtdct withabe sexond adsorption
in the course of passage of air through the first
layer §3)rso thatrmoisats in fHe0iRis gradualiy adborbed onithgrsecond adsorption layer
(23), the air reduced in relative humdity in the )
(37) disrdescritfed d®vpathe agsorbentdndghe s¢rond adsortion layen (Brhas a higher
(22) cones into contact with the third adsorption
static aoppacity38an ghe adsatbenbinstha first adserptionilayer {3k dbersforg, the second
adsorbed on the third adsorption |layer (38). As .
adsatplien layer (3Dosas, adshed meisturbepven fromhthe aif baviag soredupesh relative
| ayer (38) has a higher static_capacity than the .
humiditss ab amichian thenbirst adsomtiondeyar{36)omn; byethey woyds, also in the second
Therefore, the third agsqrﬁti on | ayer (38) can adsorb
columyi part/22) laseted dommstreane ineair Hewirowm the fisticlumgn part421)y an amount
20 hum dity, as much as_the second adsorption | ayer
of ncistyrecagsorbied astpsh agondbe fisstsolymn pae (21 Ga9 beceristired. Therefore,
part (23) | ocated downstreamin air, flow fromthe
alsogp tbmeowren ehprsgageof @pthroygh the Serond agForREpPR Tayiex (22), the absolute

adsorbed. as nuch_ as in the secgnd colum part (22 an
o brd elative DRFAAIDY of Be o ERTAN e R A tht cqyied afasage of
. of gj}r through the thjrd adsorption layer (23), the
air thiough th ynppact(elr el ative humidity of the air

o0 b bR SR S5 B B G coue o
s RS2 U P e B e i
e B0 GRS BB RO B RS BRTL o e
5924k BB 3R B A B 0L e e
cn 058 5L B S B ST g 3 PR e i
s R e bR 1 o 366 LA e e
s, B R A RSER ABgBORIE] e 15 RESPRSE b in o i

coluBf parP(23)NGc AP AR G bir BFW HUE thel &ebnd 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 1In the above
adsor pti on heat exchanger (20), the first adsorption
| ayer (36) and the second Eorpti on | ayer (37) nmay
be provided with the sanme subStance as their 10
adsorbent and the third adsorption |ayer (38) may be
[0078] OVIBdinMhk hdsptibh heRbxehdfet (209, i hinetRif moktiaadorbed as
fromthat for the first adsorption |ayer (36) and the
much 6 @i the € cBlun@part £V odated upsheamenaiifilewr call befensiwred also on
adsorption | ayer I636) and the second adsorption |ayer
the €e3dnd cBRYnP Par®r(2Y) S th tHirdz esllunhepaas (23)ioth af swhibke e located
and the third adsorption |ayer (38) nay be provided
dowhtieanSinl di€ fo@eThéeforé, acostaiigethe adopstionrheatiexchanger (20) of this
adsorption heat exchanger (20) of this 15
embodidlicht, A&t hmoBura adsdastivibephcibavinpe entangéibby shifointing the amount
capacity is provided on the third adsorption |ayer
of moB®)re basorbell arevery parcef the gdsonstion heahexchamger (20)
| ocated wthin the downstreampart (27) than on the
[007H#] r st Madifivatibn 0N EmbydimenB8)- f or mred on surface regi ons
of the fins (30) located within the upstream part
(26)In thoabdle ddsotptien dizal exchdnger [(20)) thdBest adsnrptiory bayer (36) and
(20), substances other than zeolite and . 20 silica
the ggebndreadstptios ddyears(39)snapdet provided withntbe esamer gubstance as their
polymeric materials having hydrophilic or
adsoviznt and ibo third gdsomtioni layer (38) oways be iprovidedcwithges ite sidgorbent, a
materials having carbonic aid groups or sulfonic acid
diffegend spbstarwe fodraythatifoethel finvhedsoiption. layer (B6eansl thesseeond adsorption
subst ances provided as adsorbents in the adsorption
layet @ rFor 88nple7the S8t adserptipw laypr (34 and theseransk asdgorption layer (37)
accoro[i;? to their respective static capacities so ‘
may this provided withoeolite s thrir adsorbentand the)third sdsorptiondaysrd38) may be
adsorption layer (37) and the third adsorption_ |ayer .
provided)wilnsilica geltas dtsadperbenti Also ipike adsormtigniheat gxchangen £20) of this
Alternatively, these materials may not , be used, si.ngly ]
modifisatiomcpn adedrbent; having -3 dighes gtatis7 cappgity gis Brovided, o the third
of . these naterials may be provided [

adsosioni s 638 fosmed ot suefacs segions PSI}E? V(f%'e&’%iﬁs%gaésé within the

b B b R S5 385 ros o

e o SR S A B 1 3 L0077 o

[007gi "% (tﬁg )abcryr\?ey acpsgrp%%tn tixegt lé)r:]éhtaicige%f (ZE)ﬂesubstances 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 colzgm part (21) is provided
with first fins . (31), the second colum part 10 (22)
with second fins (32), and the third colum part (23)
combinktioks ok 8adhi adsorpldn laydh3ef 87,38)f i ns (31) are joi ned
only to the heat exchange tubes (40) of the first tube

[OU'EEI WROthéd Embbdignentsecond fins (32) are joined only to
t he heat exchange tubes (40) of the second tube col um

(42)In eacitlof the abbie embodimenB3)heaadsonption deateaxcharnger (309 may have
heat exchange tubes (40) of the third tube columm

the follSywingraonfigevatiotdie first adsorption layer (36) is
formed on the surfaces of the first 15 fins (31), the
[0079¢ conHirstd&iaat +on | ayer (37) is forned on the surfaces
of the second fins (32), and the third adsorption
| aydn th&@jisdrptidrohes exclmnighe (20)r fheectins (30) ohay bé cwtdinf upits of the
(33). [0079] - Second Variant Though each of the
coluainpaets 42k @2pe3on heat exchangers (20) is provided with
three tube colums (41, 42, 43), the nunber of tube .
[0078p] uAw shepwin FighrenSt G andds én fhe adsomptinn heag exshamaerye0) of this
(20) is not limted to this. [0080] For exanple, as
variarttothe first Gilgrun gertd2bhid rsovided valisishfins (B1hethe second column part
exchanger (20) may be provided with four tube col ums
(22) (with se¢ond figs (32))andithe thirdcobyme part £23)veithydird fsi(@3). The first fins
heat exchanger (20), the first tube colunmn (41), the
(31)swe Goined wly tothenbeat 425hange dubasi (49) ofighe {5y | tubs, cplamn (41), the
and the fourth tube colum (44) are se ﬁfn t:lhal Ig/
scond Fian 433 e inmesbenly s theiisat Sishamgiubsidll ot ihgsreopddybe colum

(42)yam B S BaNAFeU e GO do dhe B EXIaPERORSAD) bR ind ube
colufggé@nggtﬁ‘ftg—&xegg% tﬁ;.%ead?g%lgﬁ% baéfgp E%;IIS %al | r%’lt Exgt&pﬁsﬁ?ﬁs of the first
fins R0 1 &5 omg AGRP ROy 50 2B W et e E BetRgRoRefims (32),
ond gy adromRm R0 45 oo s g P BE53)°
100780 e e e (s andi g 11om the. m ddl o bet ween ¢ he

(231 mopER Rech e Bt boion o8 SERAR 2B isGRt IR with e
tubeé%ﬁm?&ngf’lt, h@, E‘:Igiﬁ ;tg? %ﬁ@@a\‘cg@&? cfoi‘iﬁ)ms &omeﬁqn%é léﬂgbrption 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 ( and the m ddl e between
the third tube colum (43) and the fourth tube col um
(44), and a fourth colum part (24) is constituted 10
excidhesr PE0)! adirst BSuRfSRPI2191s Readtitekd N8 Part( #Othe adsorption heat
extending fromthe m ddl e between the third tube
exclageiNT20§ ¢R0ending fidne thHeofodthedpe B theQhidale betden thelfivgt tube column
rear edge. [0082] In other words, the adsorption heat
(41)eatRBe §&dond 26be ddhEmh gﬂ )f 4 §&tbnd ebluFiR puat (22§ &ldonstituted by a part of
second colum part (22), the third coI um part (23)
the adsbrptien heatr exchesger 0P aktendidd Sfromoth¥emiddle Getiedenf thenfirst tube
upstreamto downstreamin air flow (fromleft to right -
cohinin FQU&R] fhe. second ubehtslumes@epte dhe hsiddle chethesigtie second tube
(20), the first colunmm part (21) provides an upstream
colupdt {42) (a26)theddrd tube foolimih (43)] & tihird aslump?ggrt (X3 \is demstituted by a
downstream part (27). [0083] In the adsorption heat
partef aheadsoipticzOheas bxokanger (E0)pentending faahtheimidiR®Metween the second
the first adsorption layer (36) formed on a region
tubet bduenf(4Rpand dek thindrtebp ooliinmg(43) ahd d¢hé nriddle bebhesnrthe third tube
part (21), the second adsorption |ayer (37) forned on
coluany @3) and theefoacth t@e codume (g didg fourth balusngenti(2dp suconstituted
part (22), the third adsorption layer (38) fornmed on a
by 7 pyt off thé edsopticnoheat spchaniger (200 extending fromdtbe middleabatween the
(23), and the fourth adsorption layer (39) forned on
thirditube g'ohamrt (48) et the dourdsiube dolngunt(d4) tecthé taar edgecol umm
part (24). Were this variant is applied to the
[008@?&5 ommthenwendst the adsesptiver heapechengerr(B@)dhasdhe finst colwgn part (21),
mass content of adsorbent in each adsorption |ayer
the gezandoplumcpart 23, the thirdsolun pare (23) and tha Sovrsh p@hmm part (24)
| ayer 25 (36), the second adsorption Iayer 37)
fonnqéumer%ﬁwpupwg pwostesanyinceix flewi(Bom [aft taagbtrlptﬁlg}ﬁe 8). In
. layer Where this varjant is applledtothe
this aéwtm b‘Pﬁt iexehanger G he firstopluran pari{dl) prswides anqypstream part
static capacity of adsorbent provided in each

(26) z8d th cplyn parb@4) provigles ajdepmsteama Pk (Bder of the

lﬂﬂi’»i&?p B %%Y%h%ﬁ%t@.sﬁaseiﬁﬁggﬁgsm B ﬁpr@m has the

first réﬁﬂ@ﬂ%%@ &)( gﬁg‘ta%fontqﬁge}l%ho %]Io E&;\%dfsw 58 e first
llg}lﬂggpr@%e%%]a ge%' u(gn ?cgglra}gp{q?}/ay ({3& og&g :?ﬁe ?ag Ir}cglgn thereof

comBoRgiRE R @&geroédzyo%i A gpr G- Sk B néaﬁysiéﬁarfa@ed ona
regncé%&\)%eé) tcgﬁgs'pg %‘85 gon}l-t?btglrfd 3N t edeg'F (2t33) ant&ethe fou %1 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 layei'
(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
the adsorption heat exchangejz (20) extending fromthe
m ddl e between the second tQ%e colum (42) and the
third tube colum (43) to the rear edge. 10 [0085] In
39) Sideised\RT Sler bh theafigOad¥oktibnIaHér (B6Y; 1BE 8&ond 2d¥orptisn layer (37),

the first colum part (21 and the second col um part

the ﬂm?r&)adﬁ&bﬂ&ﬁi ldyer (8Y @hd fheonidpsdsoEaivnt Iaystqgst r eam i n

air flow (fromleft toright in Figure 9). In this :
[0081;5 Ol'noﬂlb%s fibn Buahaohaiget 2) oftihie viakiant, as ehowi i Bigure 9, one
(21) provi des an upstream part (26) and the second

colugt] pa @ He foRdsd fur@atkl pair af neteveahires Sppeifically) I thid adsorption
[0086] In the adsorption heat exchanger (20) shown in

'heatFéxghdrgze (20028 Kirst oolua) pdra1Y heconktifutéd byls phfitof dre adsysption heat

(36) formed on a region thereof |ocated correspondi ng

excliangéh 201 exaéndingo from thgafiont 2dge tthet hriddle dmiieen the second tube
adsorption layer (37) forned on a region thereof

colunorC @123 dnd ¢l théxdtobe colgming(48)) and acsendnd cdlunin peair (22 22gonstituted
Where this variant is applied to the adsorption heat

by epabafdhe ad@dpticaf hdatrteachamgert (2D) extendingsfomotht eniddlsf between the
adsorbent in each 20 adsorption |ayer (36, 37)

secoind ¢ateasodemn (42jrand thethirdebd ¢alwhn §48)do the rear ¢dgger ( 36)
and the second adsorption |ayer (37). Wiere this

{00854 | Birathérswendp) the ddsarptioreheat svelpnzem(28) has the drstrpdumn part (21)
(20) of Enbodinent 2, the static capacity of

and thessecousheolpmopadd22) formad in axdlenfrom epstieamdo dowestreagyin air flow
increases in order of the first adsorption |ayer (36)

(fromadefft teghtcindgure 83 dnphis @dsdrpijen hqag xchangey (RO the Firshgolumn part

Applicability [0087] As seen fromthe above

(21)dpmdq§tammp8trmn ppast R6) iandethei sacond eplwmn| part (3R provides a
adsor pti on heat exchanger in which an adsorbent is

downstreepeprrb@7)ts fins. 28 Cdains 1. An adsorption heat
exchantggr I ncl udi n a heat exchange tube (40) throu (gh

[0086h; dm the #dsorptien bea chngaf @)aﬁhewnulﬁsﬁg%)%&qcl% fig (30) has the
surfaces of which an_adsorbent is carrie

first pdserpHen diven dAe) OxRId Mhe? resien Mrerenfi lnget Pog%@ep@ﬂgg to the first

dsor bent car

colugyh gark CH5 89 (as03econihadsarstion asien (3% Rt R {ppredt Located
m%;aa@séaﬂg@%ew&g Faiat AT, Wk il S i gl o e
adso{f";s.»jﬁc'ocl)lr I?t It %Qoﬂ”a%%@r &)6? o?%gnebodlirgg %t £ g PaAss Eg&gﬂ? ofn adtsox%ent 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.



air flow constitutes a downstream part (27), and said
adsor pti on heat exchanger is configured to uniformthe
anmount of noisture adsorbed. on the fins (30) fromthe
upstream part (26) to the dénstream part (27);
wherein the amount of the adsorbent carried on the
fins (30) is different between the upstream part (26)
and the downstream part (27¢laimsereby uniforning the
amount of noi sture adsorbed on the fins (30) fromthe
upstream part (26) to the downstreampart (27). 2.
The adsaorption heat exchanger of claim1, where

Ladso ﬁﬁtaﬂgﬁpqth qxg@a,ggg]gl}lclﬁg]ag abeatgxchange fube (10) thr}m?gnh which heat
n%gﬁ)g{ %i%l;qtgs‘r;%}ﬂib rp§g(§ 1 élithfggr @qd?ﬁ g? EY&E . éri;ggt;ﬁ gzlrrite ,esaid
B B P e S e s
BT CONSRRAL (30) 1 rom tne upstream part (26)

to the  downstrea r 7). 3. adsorpti.opn heat .

b e
i red () fE PRt G R s el Bl in the
o e iRl R BB 17 06 ol s ng

r B B b1 Ao, ALy s s
o S S e S e B
a&gfb%Pféa}ﬁéﬁ SHERL £ Qﬂg %ﬁgﬁgtﬂ% tggﬂrﬁﬂt@ﬁ'%aal‘;?éﬂ gﬁ) idhe downstream

alr ow consti1 tut

pefﬁ'g;&g% Bekddy u.lnﬁ'bﬁ?rﬁné e am%ﬁ?t dt? ﬂ:{e&%? b8Grded®n Mst(ﬁ@tﬁdn? the upstream

d on"the surfaces o ns (30), and t

HoBpbRabRstdani pafd2Nas a hi gher static capacity of
pt he gtgsor ption Ialia?r( ?36, 38) than the upstream part
(26). 4. An adsorption heat exchanger including a heat
exchange tube (40) through which heat nmedi um

2Ci I C¥h@dRErpBtTheat & ofthirk ), wiker@th t ached to the heat
exchange tube (40) an
an adsorption layer (36, 38) made of a mixture of adsorbent and binder is forrned on the
surfaces of the fins (30), and
the mass contents of adsorbent and binder in the adsorption layer (36, 38) are
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. 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



on the surfaces of which an adsorbent is carried, said

adsor pti on heat exchanger for bringing air passing

theret hrough into contact with the adsorbent carried

on the fins (30), wherein %9part of said adsorption

heat exchanger | ocated upstreamin air flow

CoNnsh o€ Said Adsdiptidr B eRdahgdrdboatanibstremalih arfflodatehstitutes an
adsor pti on heat exchanger |ocated downstreamin the
updtreain patt Q6Nsid b phue of said adswwptiemheap ax¢haper) located dbwastream in the
downstream part (27) has a | arger anmount of the

aindioer doastitucarardoschstreash Ipert(2Hs  (30) than t he upstream

part (26). 5. An adsorption heat exchanger including a

heat amadsoaptipm laydrd3¢,48) comtaimingthehisirberttéaformmedon the surfaces of the
circulates and fins (30) which is attached to the heat
finxG30epd t ube (40) and on the surfaces of which an

adsorbent is carried, said adsorption heat exchanger

for the dewhsiream parp§28ihag athighesstatisirghaditit of theadserption layer (36,
with the adsorbent carried on the fins (30), wherein

3%) than thegipsedrd PaHSSPpt i on heat exchanger | ocat ed

upstreamin air flow constitutes an upstream part

(26) and a part of said adsorption heat exchanger

| ocated downstreamin the air flaow con titut%

4downéradapsppan heptepchanger ancludipe adicat g8 3@@9) through which
e ey GGU o TS 10D P BP is AHECISY 10 Chih R SR SHPgs fibe (40) and
ob e b PSR SRS G PRS0 RSR ki ipeer for
bifehe At o URE SRRSO R 0 oA N Meaee et gafie on (5 fins (0),
irculates and fins (30) which is attached to the heat
w@%’ﬂ’ange tube (40) and on the surfaces of which an

N
oy A8 B o et ARp b el e
o}/ BBV GRR e dot M AR T B o heat ~exchanger

! ocattﬁéjdgxgm%aﬂ?sgﬁ (& )tﬂlﬁ a larger amount of the adsorbent carried on the fins

(30) than the upstream part (26).

5. 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),

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

the surfaces of the fins (30), and



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)30

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

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

6. 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 focated 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).



