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DESCRI PTI ON HEAT EXCHANGER TECHNI CAL FI ELD 5 [0001]

The present invention relates to a heat exchanger. In

particular, it relates to a heat exchanger used for a
hum dity control systemor the |ike using an adsorbent
and a refrigeration cycle to control humdity in the

ai r. BACKGROUND ART 10 [ 000 As an exanple of a heat

exchanger having a funcbﬁ%ﬁ%fPTéﬁ%r bi ng noi sture

fromthe air and rel eas] g§? isture into the air,

Patent Publication 1 gﬁ%ﬁ?@ ‘gﬁﬁggt exchanger
“including a copper tube as a heat transfer tube and

plate-like fins arranged to fit the circunference of

TeBEAREBe A1 sdsorbent capatl e of adsorbing
OG0 SLBAC e g ESRE bEe  BS i
OB US AP 5 B 7 UL SEARHR
3Ll BB LA B O e, oY eomrol

is working, a hot refrigerant is supplied to the
copper tube of one of the two heat exchangers such

B&ﬁ?bﬁ@ﬁﬁiﬁ% xchanger functions as an evaporator,
ile a coo O refrigerant is supplied to the copper

[odoghe Ofs M?xaﬁﬁ £7of NeRdat %§Eﬁ%ﬂg&eﬁa\§ﬁ§c F fﬁl{?ﬁfont W?ﬁgﬂ%ﬂg moisture

exthanger uncti ons as a condenser. € COoOo

frofPthe B SADRIAN S tﬁ%‘gﬁksjtuﬁg iﬁtg thDQir, ﬁé’c@ﬂej}subtlild?tt?@r flrdfsc oses a heat

swtched alternate eat exchangers a na e]Iy

SRedii ¢
exdhdA&drlifdludifig EQ%}j%eg\ﬁ?&ocfs% K¥at ﬁ%fér%b&é&ﬁﬁﬁ&% qgcle RbeBhged to fit

Publicati on 1: anese Unexam ned Patent Publicatlon

theNBrcutiferd864She 35%@1‘ %@%@ﬁrh@ﬁ%ab%@ﬁ{aﬁ%rﬁi@%%ﬁh desorbing

When used in the hum dity control system e
mo&d dreeisd Neele bR iPSippdrtsibad 8@ samsbes @P{h%d:op}g@r tube and the fins.

repetitively to repeat adsorption and desorption of

[0008] st The héateRtigangder is used in a humidity control system using an adsorbent and
a refrigeration cycle to contro! humidity in the air as disclosed in Patent Publication 1.

[0004]  The humidity control system includes two heat exchangers. When the system
is working, a hot refrigerant is supplied to the copper tube of one of the two heat
exchangers such that the heat exchanger functions as an evaporator, while a cool
refrigerant is supplied to the éopper tube of the other heat exchanger such that the heat
exchanger functions as a condenser. .If the cool and hot refrigerants supplied to the
copper tubes are switched alternately, the heat exchangers alternately function as the

evaporator and the condenser.

Patent Publication 1: Japanese Unexamined Patent Publication No. H7-265649

DISCLOSURE OF THE INVENTION

[0005] When used in the humidity control system, the heat exchangers need to be
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heaied st ERRIcd FopRRI VAL K0 BHARE adsampbingiang desprptiRg pL mois

into the air. As a result, the conponents of the heat
exchangers, such as the fins and the adsorbent |ayer,
repeat thernmal expansion and contraction. [0006] In
general, the fins of the heat exchangers, the
adsorbent and a layer for 5 supporting the adsorbent
expansi on coefficients great[¥
ure from and

. terials. Therefore, if te rature is varied in the

inte, they air. o 443 Fryl.Loe P%Pﬂ%ﬂt%‘{’?t& geqtsexeeaﬁs?rax Bigh @s glet fgﬂs and the
dt g%ndi fference in Li near, tg:gcimil expansi on

adsohent layela fPegi dpsiBghensasign 8t sectiyer and the fins,

re caus,i n ear. stress at, a surfac ere the
[o0RE G T BY sEnial, o TG 0f il e Stigano i suraR nd  layer for
other.,As,a result, . the., 10 adsorbent | er nm .
surDgREeishG oD TeR Vel s theBnall HaaHeron ocheqts il different from
bove, , the..present. i nventi on., has been achieved. An,.
eacf TG opAHRE OF Theie RETAIR, o EPBIP Pl (T R e in the heat

xR IRl e of Bl ki diehe T ReanReRl Spansion

R YT TR CAORL o S B, B s o 5

surkaQ€ Wﬁlgfenlg? g%s((];rgﬂéé;ﬁ% ??#af %noc?{shtefﬂngsafe( écﬁgefeﬁncg elg&l gﬂg{pr %&tl result, the

capabl'e o uré Tromthe alr an
' %n? i ' the air. [0009] The
mhgﬁ%?g@ggg% Sggking%?gbgkgﬁe cov;red[mﬁth]an
or | r i Fl . en
oA BEky Y o2 L1 e b8, ARyt o

pre§dnt t¥enddd1S td ?%iirent%e stt)ft%hfeﬁg}?rhféd}? lfélﬂf?%"gf?f;tﬂgﬁlg@%rﬁeimprove the

expansi on coe cl ent between I NS

durBSH8S Sem adsbA¥Bf 1af@8) is smaller than a difference in
linear thernmal expansion coefficient between the fins

(57) and the adsorbent. [0010] According to the first
aspect of the present invention, the adsorbent is
MEANS OF SOLVANGOTHE'PROBIEESES Oof the fins (57). Wien
target air passes through the vicinity of the fins
[0008]7) , Arflbtsdspice of thetpicsedi ihvéBioads girdvest 18)a Helteamattich @itluding a
to dehum dify the target air. Heat generated by the
plurasiitys bfl fias R0t a0 Adiosbedd|chpatiie df BitsofbiAg ahoibtBNFbAY the air and
mediumin the heat 2 exchanger. If the heat transfer
desombdiguhe moidtive iktealie #xchanger does not col | ect but
supply .
[0009]  The surfaces of the fins (57) are covered with an adsorbent layer (58) containing

the adsorbent and a binder for supporting the adsorbent on the surfaces of the fins (57). A

difference in linear thermal expansion coefficient between the fins (57) and the adsorbent

-~ layer (58) is smaller than a difference in linear thermal expansion coefficient between the

25

fins (57) and the adsorbent.
f0010]  According to the first aspect of the present invention, the adsorbent is supported
on the surfaces of the fins (57). When target air passes through the vicinity of the fins

(57), moisture in the air is adsorbed by the adsorbent to dehumidify the target air. IHeat

- generated by the moisture adsorption is collected by a heat transfer medium in the heat
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the heat, the adsorbent is heated to desorb the
noi sture adsorbed thereto, thereby humdifying the
target air. Specifically, the heat exchanger is cool ed
and heated repetitively such that the heat exchanger
repeats the adsorption and desorption of npisture 5
rom a into the air. [0Q11] The adsorbent is
CXCHARKFT-d ﬂt?ﬁletahgmﬁ ‘FFsm?CB‘?}l ig dhe lrat & does Bgtgollegdyt supply
cont ai,ni n the .a tegent and the bi nder. Ea h. o

the shiFapa e s 25 Priek 1 | i) dp3orl Joermmeisiirg rpdpgiged therete; thereby
r bent e bi nde | ues particles of

hm?ﬁg? SHenirds tt%lé NSt BT g gthéx‘i@&%rbgeﬁf")le‘? and heated

rep?t 1V§ n%lrcgltha?iﬂ'w&egg g)ghgég%? %?a%s{)c a spﬁ:gl PQ?SI %{ht?(?ﬂlgil moisture

; Li n her mal expansion coefficients greatly
roralap % 4%t om each ot her ‘dependi ng on their
ter

r0ofF} oo PR Rsentfon Effveﬁe?eq'ﬁt the '51?13‘?#?2 agE%gb' R 15 58) conaining
the faﬁ?or{)é (Sflorem O[nnd H%C ﬁ glgei, sqr ac f é{jg‘ﬁt f;}r&ﬁ @;72 is {:ove?%d with the
ads%llrl])@ﬁtal%%er (s ma[lheteiqn n%:lues o‘i‘ tﬁeng ?rbe‘ilp & eq%is a;?c? Génds the

i‘hear anS|on coertirciren

adsfg'}}g%tﬁ%ﬁi’cﬁ&‘%@‘tt%ers}?ﬁ?&%fo‘}*tﬁe ﬁw% the fins (57) thermally

or con ener thermal strain, the

[00?%: O;Ig ngénetaqy Ble akbdnl earnﬁahlley ﬁ?j}dﬁa‘%r it ﬂh@lﬁﬁeﬁ é){banswn

manner  fo generate t strarn whic

coefidRn rgé@sﬁlm}en@?rohﬂ@acfl ot ﬁé;?e}m EQ)QL]tﬁ&r G, nQnttl‘Pe present

a seco pect o e present” Invéntion re ated t

invd®nf the Yinds REGdlected ARNOHAIGE RS Bednid] %Paﬁsﬂfﬁr %Tﬁmem of the

expansi on coefficient not |lower than the finear

ads&ﬂB@xﬁtrlﬁﬂrer (36 nhaias e £R6hEAGINARhe &Bd&h@ bf‘étfgﬁt (:l%zar to the linear
[O In general, a substance used as the adsorbent

theﬂﬁfﬁ e@pdnsleﬁ RbcAFHRRAIBS heFRa 0$7)QRan GO §hbdrGhemdal b@m@mh%efﬁc;em
the l'inear thermal expansion coefficient of the

of theh@ottiht. f OThekdTBref Wbsn tHebfils Bf7) tHeEmAIBAExRKE RRAREMERL to generate
(47, 49). According to the second aspect of the

theria¥ effdih,Ofie adidoebenaiger (B8 thrMally ¥gsndé bhcdni@steiindersame manner
having a |inear thermal expansion coefficient higher

to geherhth alferfohlestiaimeaichtihsmifat tethitastshaofino@@}.f i ci ent  of
the fins (57) such that the |inear thernal expansion
[00tef fAarioaditg Gf a tdvend dsmebeithe lpeggent iibdYioappnedahds fitseaspect,
i near thermal expansion coefficient of the fins
the b5Mer hads a linear thermal expansion coefficient not lower than the linear thermal
expansion coefficient of the fins (57).
[0014] In general, a substance used as the adsorbent has a linear thermal expansion
coefficient lower than the linear thermal expansion coefficient of the material for the fins
(57) of the heat exchangers (47, 49). According to the second aspect of the invention, the
adsorbent is mixed with the binder having a linear thermal expansion coefficient higher
than the linear thermal expansion coefficient of the fins (57) such that the linear thermal

expansion coefficient of the adsorbent layer (58) approaches the linear thermal expansion

coefficient of the fins (57).
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[0015] The linear thermal expansion coefficient of the

adsor bent | ayer (58) greatly depends on the linear

t hermal expansi on coefficients of the adsorbent and

the binder contained therein and the mass ratio

thereof. In the present invention, attention has been

i d the linear. thermal expansion coefficient.

1003} e Thp Jieen SErBel SRERSIOR SORIREnS o 1 (e ARSarFRaY ribjer &) greaty
anS| n coefficient raduall i,ncreases in the or .
oS R G oGBb RerEh oS s HiiEnth Of HES BisjdesRT spddhe binder

_ ati.o en the sor bent and the binder is
confaips HRFRR %@B@ﬁ&?%ﬁ&h Frat-a P PR ANt dREPnL AR iention has been

pafl GGG kR Y Speiomicy ﬁ?%%@i% bipfie” Sy ssleBieh such that the
hnﬁ'?%nvtim' P ettt PeSisaC Satiali wPBRH i dis SidpifiSp Mdsorbent, he

of the._.invention

fing TSP At B B RS PR B falHigie opad e binder s
018] Acc
Wik ebifnkdf e 3PP ST BRI oty R R JO L gorbent

MyE h|rd aspect, the water-based emul sion binder is
rethane resin, an acrylic resin or an

[oo%j;y' Re&} n%% a iRl peL 3t alecpqgs%wfﬁ%gménqgﬁgeh o\l fi{tspa%spect, the

resent 1 nvent

bm@é’qg?@g%anic%e{t%%ég&* amélgﬂo%ﬁ{de}y of fins (57) and an

capabl orbrng noisture fromthe air

[00"1“7}j ﬁ@@&ﬁ?b Qﬁ tﬁeﬁﬁlrﬁ@%p%t:g‘r{fefhé Hhenb e é@é 61‘??}1{19 Q205288 emutsion

surfaces o fins are cover @

bln@&%ﬁ REAEr ABHit S ifePRhR! B1hdds. 20 the adsorbent and

bi nder for supporting the adsorbent on the surfaces

[00@8] t hBcddrg (i E)fourtﬁr&%eéNﬁQﬁ@ﬁfétseﬂﬁMﬁnu()é Rlatk& to the third aspect,
configured to follow thernmal expansion or contraction

theQfatériised bmslsid/Din€arus 8 rdtiadeCRBR! a4 WES1iE RAnD6: éﬁi Eﬂﬁ?l&he—vmyl
falling off the fins (57). [0021] According to

acefdtd ¢dpogpect of the invention, the adsorbent |s
supported on the surfaces of the fins (57). Wen

[001 8 geA fHilr aspacSE shel presetiginvéttnMi @irsdtéd/ toof hdahexchhmifer including a
(57), 25 noisture in the air is adsorbed by the

plumdis)oof)ﬁm; (57 siehamiadsoflyent leapdbde 9€tadirbing Heaktuge fematiRdair and
by the noisture adsorption is collected by a heat
desprbanrgsthe monsrgielintoithe 4ihe heat exchanger. If the heat
transfer nmediumin the heat exchanger does not coll ect
[00BQit sThpduyfaces of the fins (57) are covered with an adsorbent layer (58) containing
the adsorbent and a binder for supporting the adsorbent on the surfaces of the fins (57).
The adsorbent layer (58) is configured to follow thermal expansion or contraction of the
fins (57) caused by temperature change without falling off the fins (57).
[0021]  According to the fifth aspect of the invention, the adsorbent is supported on the
surfaces of the fins (57). When target air passes through the vicinity of the fins (57),
moisture in the air is adsorbed by the adsorbent to dehumidify the target air. Heat

generated by the moisture adsorption is collected by a heat transfer medium in the heat

exchanger. If the heat transfer medium in the heat exchanger does not collect but supply
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4 the heat, the adsorbent is heated to desorb the
noi sture adsorbed thereto, thereby humdifying the
target air. Specifically, the heat exchanger is cool ed
and heated repetitively such that the heat exchanger
repeats the adsorption and desorption of noisture
fromand into the air. 5 [0022] The adsorbent is
thephestn BTl | SIcds ) AT e aop e SR brihprs(p) thereby
ont ai ni.ng. the adsqrbe nd the binder. Each of .the
hufg’&’ff%f the farsﬂﬁealf. ngp%csg&allas 10 Vit FXGanEer i cooled and heated

l‘ePFTilFéVﬁ o ni‘lﬁé?ﬁ 58) ggqe{dgli}fgt%e € %é%%g%hb%ﬂerguon of moisture

o artlcl to each of the surfaces of the fins (57).
d %ﬁﬁ % ‘the fins (57) thermally expand or contract

00f2F) " Pt ¥R ﬁvi&vﬁi%iﬁbwﬁls &%ﬁ%s adsé’%ﬂr%”m lexf%?%monwining
the ot pride” (sl Foboaf g eéf&aené R wih the
s fHEERE GhE° Jﬁﬁ%@eﬁ@%&%‘rﬁc?%séﬁb b el bonds the
adS?@%{* Riisd BBt B ARt Mo 8 (o o the

RS N b e e PR LB s,

ads@fb@ﬁt‘: f(Sé)hi% 18\5‘5‘&%”&13 M(?ﬂ]f)f ? ¥ %?’f)(?rf(ﬁfsth? gg? ?%ﬂd g%lerefore, the

|nc ura

ads&%gﬂgesor Q%gph& fglfl oﬂﬁé’ﬁﬁé {153% moi.sture fromthe air

|ngt e nol sture the air, wherein the

[00gs OF Q@é’btrdﬁl@)f@ B su&ﬁ %)s% X @gg El%e‘r ﬁrgsén{t Kovontt &1( Y@aﬁé@ 'td" tHe f;'n%t aspect,

a 't hi ckness layer

the %dso%@eﬂt r!%fe["@ét%)%ﬂﬂ%’e%tﬂlvk iy ER): 9% thﬁﬁnég gﬁhi?ed}{the adsorbent

| ayer in“the thickness direction.

layd¥O(58) %B@QL fs £ thdr@¥al @¥@RiRity QW/ﬁﬂ’(geéf' he eld@&%&nt layer (58) in the
containing silica gel and "about to 6 % vinyl

thicR@kaectiwsin in the weight ratio is formed on the
surfaces of the tube and the fins (Japanese

[00REjex aTha et Baherder Btdokdiggtd 0B stith 208 i khe prose@eieation may be
however, an adsorbent such as silica gel which

a hal Sﬁdﬁlﬁﬁgﬁndcld&mg rasturititys bifies (370mmand adsdrbert Repable oR bdsorbing
does not have a very high thermal conductivity val ue.

moiftuer Edorthe awreed debebaghhs mossthrayigto thebirswhéreia thelhdanbent layer
the like is formed on the surfaces of the fins as

(58 dsdishiesotd <diowkereinads a thickness (mm) of the adsorbent layer (58) and A is a

thermal conductivity (W/mK) of the adsorbent layer (58) in the thickness direction.

[0026] To be more specific, for example, an adhesive layer containing silica gel and

. about 3 to 6 % vinyl acetate resin in the weight ratio is formed on the surfaces of the tube

and the fins (Japanese Unexamined Patent Publication H8-200876). In general, however,
an adsorbent such as silica gel which adsorbs and desorbs moisture from and into the air
does not have a very high thermal conductivity value. Therefore, when the adhesive layer

of silica gel or the like is formed on the surfaces of the fins as described above, heat

.exchange between fluid passing through a fluid passage formed inside the tube and the
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‘exchange between fluid passing through a fluid passage
fornmed inside the tube and the 5 target air becones

|l ess efficient. That is, according to the conventiona
techni ques, the anount of sensible heat exchanged may

possi bly be reduced. [0027] According to the sixth
pect of t entio even if the | ayer for
taf%%&aof’tcmﬁs R g%%r b Lt i5rAcehling for e cenamtional testiaues, the
eat. exchanged 5 by

amipﬁlét 0%@3}3%&&%3%&2%&1 ’g‘;%s%t b!)? ?egﬁ?eﬁlecr easi ng.
(0023 e ereE P e R ieTbn §g€‘§}s e, R 15t dor upporting
9
*h%(caé%f?’a'?st tF% %f#CSt gﬁtﬁ@g@d%&m”%t i AP it Gighanged
ehea X Bo tpe » ed%%ﬁréﬁ 1a| r velocity is not |ess
by ftie ’% ekl R RID ‘f‘iﬁ%‘f n§h5 m's. 10 [0030]
O SR D SEREE o R PT yn s

| aﬁtng)?tcﬁl%srﬂ)rt?ﬁ%g%hahg?%ﬁxﬁn%%%%b%ﬂnOﬁlagg%sd?lhga?ooaOtSemnhand

- { th
[00§§ gg{ﬁcggr%hﬁ}g Gc‘? Er:i_:‘ ?%g{h acsg%g oL {he&:%seﬁiﬁ%%&y)%lggﬁ t? Fh)% sixth aspect,
[ 05 WnK 15
alf2%?%?%?@%a‘n)g%éﬁw%ﬁ%ﬁ Mording to an
t .
OB S RIS aithy %%Eef’ﬁ of Fedbrejeat ERE(Uh, FeBl el i Qixtn aspec,
thefthiBrRRe &Mﬁ?oﬂﬁ@%d @f 58§ g%@lesﬂfﬁﬂ@ Sr}‘ tcéﬁdanot more than
twel fth aspect o e pr I nvention re to the
05&mﬁst aspect, supposing that an adsor bent content
ratio in the adsorbent |ayer (58) is expressed by the
[0030] NMBAScor@ihk Qo RatRBpdcher BRSREREN nvaMthd Reéatdd fbﬁﬁ% s1xth aspect,

(mass of the adsorbent/mss of the binder), part

thetiematicomdbentity JagRmK P8 tha AarB&H: 1dyer 1489 1§h6tf1@é%,%ﬁf 0.05 W/mK
the fin (57) has a higher adsorbent content ratio

andivamoanthantt OMghKpart of the adsorbent |ayer (58) in

the thickness direction. [0034] The heat exchanger
[00aZ]cor Accvgdihg tb e ¢lwedntH BspRSPBE theOpretdne ihvin€ith irelateday the sixth

be a 25 heat exchanger including a plurality of fins
asp¢@,fthe henl cachaagaq®#bent9)i6 @ )finsandpabé keht exchahger.
[0033]  According to a twelfth aspect of the present invention related to the first aspect,
supposing that an adsorbent content ratio in the adsorbent layer (58) is expressed by the

mass ratio between the adsorbent and the binder (mass of the adsorbent/mass of the binder),

- part of the adsorbent layer (58) adjacent to the surface of the fin (57) has a higher

adsorbent content ratio than an outermost part of the adsorbent layer (58) in the thickness

direction.

f0034]  The heat exchanger according to the twelfth aspect of the invention may be a

~ heat exchanger including a plurality of fins (57) and an adsorbent (60) supported on the

surface of the heat exchanger and capable of adsorbing moisture from the air and desorbing

the moisture into the air, wherein the surfaces of the fins (57) are covered with an
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surface of the heat exchanger and capabl e of adsorbing
noi sture fromthe air and desorbing the noisture into
the air, wherein the surfaces of the fins (57) are
covered with an 6 adsorbent |ayer (58) containing the
adsor bent (60) and a binder (62) for supporting the

on the surfaces f the fins

d
ad%%d%%gﬁ%% cornina s Bl b DR 7 bitgr (€20 fof Mupporting the
ad%q?@enﬁﬁ@an% S I g %L%eé‘&so?bem content

, th bent 58
ragh § GiptissRE by % eSS RoR e e hrar A SO s of the

' adfoﬁ@;tél‘f/?r}aeégétihﬁ h} an an o (géd;sm a:]tepglgwrcggg) :tcgwgﬁj t%?[ ep seu%ace of the

ﬁ“g@ﬂ}eﬁﬁ aohgﬁ%ragl\é(grg%g?@g Elyﬁ'@P%r O| C abl ‘ %1)( Hgg{e adsorbent layer
(55‘3‘ &oqgle%nesﬁgecg]&be i mproved. An ava| I abI e means of

VI brptlon perfornance is to increase

b he f
OSSP TRl FFGTETAEED AL AEaiope! Brovron

| _ peljf AR8S SE AL %teexﬁﬂja%‘ggllﬂasqg B %ﬁ%v?c{\l Jf%.rtl]gvaﬂagl% s §P }naprovmg

unchangéd or he sufface area Nns 1S I nNCrease

thefa?%&ﬂﬁﬁgéérgﬁaﬁéegﬁ (rgo %f%%fhe%&x( ?.]LHF tﬁsor{)s%ﬂ{yht &H)pbtqu on the fins.
Foi ge thtlfh togsor E@ﬁ HsEhel is 19&6&(3ﬁ@%~{<}51%%e surface area of

t
unc e a ayer becones t

thel fisCik léﬂisﬁﬁckl)ﬁﬂéedl (ﬁ'ytﬁ %‘écagéa bfe iR i '119(!179:33%& t@gu}}pgﬁ a larger

adsorbent |ayef in t ness direction.

amb@;&tgftthe E{Jggrb@ﬁts&ﬁg@fghsl ayer is nore likely to faI | off
~ the fins and the adhesi on between the adsorbent Iayer

[0088F t ehé bASuntdtRE ARLAIREIs i63tedsB8 wRhNBE 3R arddl ofithE fins kept

surface area of the fins is increased, the adhesion

undb@b e hd BesodskpenBRA heb@NEY thivkd tiie tBicRSadsérb@ﬁﬂ Diya RREces the
but the size of the heat exchanger increases. This

riglde s theoadsbbetiPhiy@ iAghothitihessdifdclosy SAS Mrésit, the adsorbent layer
therefore it is not practical. 20 [0037] Accor di ng to

is théve likelsl thtfhll affftke finofind the atlhastont bedWeert the adssbedd ¢dVier and the fins
| ayer (58) is thick to some extent. In this adsorbent

detbrdyretes.( 58) thd bthemhisdy ifetht sodaveenda ¢bthe dineXp iresaeel, e adhesion
the adsorbent/binder nass ratio is not made uni form

betiveert the adkorbkmtdsperdind eled fiosis thaintadeed, butt hiee siael o6 thachdat exchanger
content ratio is varied between part of the adsorbent

incteasesr ([68)lealdjtatentpsizimgtdféhd Whole aystiera and theesfomest ispwat practical.
of the adsorbent |ayer (58).

[0037]  According to the twelfth aspect of the invention, the adsorbent layer (58) is thick

to some extent. In this adsorbent layer (58), the adsorbent content ratio expressed by the
adsorbent/binder mass ratio is not made uniform in the thickness direction. Instead, the
adsorbent content ratio is varied between part of the adsorbent layer (58) adjacent to the fin
and an outermost part of the adsorbent layer (58).

[0038]  Specifically, the adsorbent content ratio in the part adjacent to the fins is made
lower than that in the outermost part. That is, a relatively large amount of the binder (62)

is contained in the part adjacent to the fins and a relatively large amount of the adsorbent
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25 [0038] Specifically, the adsorbent content ratio in

the part adjacent to the fins is nmade |ower than that

in the outernost part. That is, a relatively large

amount of the binder (62) is contained in the part

adj acent to the fins and a relatively large amunt of

the adsorbent 7 (60) is contained in the outernpst
(60b§rq0ntf[“@@39}he1tﬂ’éer}§@ﬁftpaﬁfdj acent to the surface of the

in including the interface_between
[003813 or Eh% part adiapent g@}hea%’é]fat?‘h ef Wrﬁraé‘é’ ) 611101’#41%8 fherﬂn(esfﬂye between
contains a relatively |arge anount of  the binder

the\m%wherft UAHEE (3 gnca@eéhrf dhe/En (Shepatpipns 8 reletieely éﬂrge &ihount of
the M@S{BE} : glc%?fslgc];tlfogé gs Itaﬁnpéiig\ég?%g@aer er%lc glgt];?gt .Etc%gcefnlt r‘go the fin

adsor ben cont ?tl 0 is expressed b

R i 4 Rt e
con& {sbeé(pgeégegeby gx@ ad sqrﬂglté)&%/dgg éq(ﬂ %ﬂi‘r? s nt goutent Latio in the
S ke e e
be F fsa%ffﬁ%@ 18@%3&53)3 - thaper W%Sﬁ%m? %@ékﬁgﬁﬁ {foRgas pBlinea
(004} TO%he oagﬁggttﬁcgafitsc?r Bedl foy Eﬂéh)ls offermost of the
Tl ey P
a rélgthgep)E)'léJr raﬁ'loﬁl’f ?%Q}Oe % Srifehe k({o{)l | Tﬁgrgﬁygé, Pé hg orption property is

["ayer as a nu ayere Fuc
ﬁ@& h the adsorbent content 15 ratio varies in the
ness direction. [0042] According to the

[00k g|' Mt 8etirfing P %Cthrf%gnﬁigagg LE Pféserft ri?vag)qéﬂ tO8RY to the twelfth

ntent ratro in or bent ayer varil es

aspéc'%}’ﬁé agyorbéﬂf gjer ERRAS 4 ﬁﬁlﬁthé(yeréd"stﬁﬁmre of whies tl?éja?d%ﬂ%ﬁ\t. content

I ayer acent to the 'surface of the fin (57

ratigRaBél 1%@1%‘1!}11dkﬁé’sérdn(e§t§ﬁ1). containing a relatively | ar ge
anmount of the binder (62) is forned. Further, in part

[0082] t hacarsiashete thidk@ith 6§kt SO MVeAHBS the dﬂs&ﬂﬁ@n’c content ratio in
t hi ckness direction, an outernost |ayer (58d)

the GASHrBIMIlAGr 58) Ghakd M?ér)byl By@e Sppaiedlly0in pdreofutis QEfRBént layer
(60) is forned. [0043] Since the adsorbent |ayer (58)

(58) adjagdnt td theanbce dfhBe AT @Atad| @R ITaxed §384) Sohiagihy a relatively
resi stant agai nst cracks that occur in the thickness

largdi dne@init @f .thd-bindexx@2plie fortieppoBartiiddain part of the adsorbent layer (58)
outermost in the thickness direction, an outermost layer (58d) containing a relatively large
amount of the adsorbent (60) is formed.

[0043]  Since the adsorbent layer (58) is multilayered, the adsorbent layer (58) is highly
resistant against cracks that occur in the thickness direction. For example, suppose that
the adsorbent layer (58) is a monolayer and a bending load is applied thereto to generate a
crack in the thickness direction, the crack easily grows and reaches the surface of the fin

(57). According to the thirteenth aspect of the invention, however, the adsorbent layer

(58) is multilayered. Therefore, the growth of the crack stops at the interface between the
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the adsorbent |ayer (58) is a nonolayer and a bendi ng
load is applied thereto to generate a 25 crack in the
t hi ckness direction, the crack easily grows and
reaches the surface of the fin (57). According to the
thirteenth aspect of the invention, however, the

adsor bent | ayer _( is multilayered. Therefore, the

. 58) :
laygisothetsbp pravaaing the krask Siom wachingthe sudaqenf dhain (¥8n t he
8 layers, .therehy preventing the crack fromreaching _.
[Oﬂf‘ﬁL L AFFOIEBEGe a?wafqenw 5889 Of fhepasspntABvatign fefaied tthe thirteenth
fourteag%&@as ect of the present | vené%on related to

asPefle (e i4SPRRERY FPAIES palqe In fhecadsebsnbiaier OShierduped foyvard the fin

5 he adsorbent | ayer (58) is reduced toward the fin
('é57). 5 [0045] According to the fourteenth aspect of

o0 ! BERR B A ST SO B BB gretion o
me%gggrﬁgl{tﬁgﬁ?%géﬁ? }ﬁ%r d%%i)g%to(%}%ﬁﬁo %&1’?%%1 ﬁ]ée\:M g(%g%%ng Z’:H,S]l:,l Egs"i‘:? ?n contact
witi kS0t g gy (i b DR a6 St P eic n the

cub8] 1 EE PP el TR B LA e e

(S8 TRRAEl FpRERE RRR e BAPLE b Bloth L Sp RNy (5390
k8 S 5 LIl G A ool e e s

s DR o Sy 90 AL 1690 L9 QAR B i e

adjadlt £QBL 6832.0?{)&@&9,% FRHNES S lindile nRISAEREI +§?§?’(?§i‘f’> which is

prone’to a noi'sture in the target air.

likeN BN dodthd Wigy g{segcff'gat Eﬂ%nad:%ﬁfaﬁﬁ@ kY Shoum dfﬁﬁ% gﬁ%d?ﬁent (60) is

|ayers (58a, closer to the fin have exce

proAé REAIseMb R6IRES fnvthe Yibdt Qirl NEhatl i8I (RBRyer 88 IheR¥Grbent layer
great adsorption property. Thus, the nmultilayered

58paReNHRA (38aY S8b) 65} tb $hd FRIMAVE@x&leht hdheRAGHLAGARFhile th
( zdsor%?io% p¥opgrties. [0047],Accgrding to a ??%?ggﬁthle ¢

lay &S P58Y, 58&) IRdve Gréa® i@ pliEplopiitydS PEfik, the heuldhgercl@dborbent layer
(60) is zeolite, silica gel or a mxture thereof and

(58} hampiovde bothGR hdheich andeiibapgod gpértiean acrylic 20
resin or an ethylene-vinyl acetate copol ynmer. [0048]

[0OAEZ]C or Atsvgdihg td 4 Eftbéifth esprtivesqalao theoofwel file adpavie tel adsorbent (60) is
the urethane resin, acrylic resin or ethylene-vinyl

zeolipe biice gelb@od ywirturé thermif enéd Xleebindat (62 iy e sirdhakcesin, an acrylic
agai nst i npact

resin or an ethylene-vinyl acetate copolymer.

- [0048]  According to the fifteenth aspect of the invention, the urethane resin, acrylic

resin or ethylene-vinyl acetate copolymer is more excellent in resistance against impact
than inorganic binders such as cement.

[0049]  According to a sixteenth aspect of the present invention related to the first aspect,
the adsorbent layer (58) is a solid layer formed by drying an organic water-based emulsion
binder mixed with an adsorbent.

[0050]  According to the sixteenth aspect of the invention, the heat exchanger may be a
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than i norgani c binders such as cenent. [0049]

According to a sixteenth aspect of the present

invention related to the first aspect, 25 the

adsorbent layer (58) is a solid |ayer fornmed by drying

an organi c water-based enmul sion binder mxed with an

adsor bent. [0050]. According to the sixteenth aspect of

heat greliapgea o5 v3e, In @HBIHEEY CusiOhaYiER. Wesreanadseybeni4s supported on

exchanger for use in dity .control system

the\aHelpe aama@d&slwm‘tidf?ds‘?fﬁ{ynﬁ pOHEEY ArfinsBE Yeh fhat thegrdsgrbent is
heafapr CREOAGR0 ALETET ! Iiodbe dnare o iR Iipd 1o 4dsord or desorb
molsGib i S0Py SRR e By I AU ger (58) on
the StreEe 0 U 4 37) K Cp 827 iy Pb o ed 0 Y e 3 PTG er-based
emifbiB 4P p R L BELisagRb 0051] 11 general | at ent

ooBFE" BLO5RSEIe5 BAL ehiakabd SHPERREN uSRE Bh s e
GEREPEate aniche oL R BaERPUR bkl chioeft 0 gl fmount of the
sSSP DS BT L 0R! i Qb G30RRL Mg o gem e
prof B8 § 30015, 462 8Prhy 0N BRLIDEEY IR0 [N SedAE @l of
adr:ifn RASANARE AR nd 3B0rAY Gy TSN T ffoular, the fins and the

erence 1 n ermal expansi o

adsi-(l;%%{lﬁ flegfe? ’ QSBT' %a0dne \%}%@fﬁo‘aﬁg Rffdr¥ndeS if (RGfdal L&gﬂgﬁﬁqe 'eBefficient.

e “envi ronnent \ .re a rupt tenperatyre nge
Thég{%lﬁ)i'& $hd ld&hésﬂ)fnr %%ﬁ&ﬂt}‘ Y8 DAL QhcBRdinCRR! dnifonfBntt Bere abrupt

er hand, | t he amount of the adsorbent

terr%@ﬁ@&é tegghRodch QW haesSitRt Helnd hilf cbdlincedeme@e ott® hand, if

eat exchanger conponents nust be upsized to ensure

thetddgoun@ b€ Mhe RERbdM REGHTYA buCrRaRIrfatésy ofthe fi@AY fe@ced, the heat
[ 0052] Therefore, according to the sixteenth aspect of

exchigel RYBPbheils mubEbeatisstiedanendiaty ehie lafdmBhedtSracesshg dapability as
| ayer fornmed by drying an organic water-based enul sion
reqhirgitler m xed with 20 an adsorbent. [0053] According
to a seventeenth aspect of the present invention
[0062] at 'Ehbréibr@ astortlidgnd the sixteenth aspect of the invention, the adsorbent layer
(58) is a solid layer formed by drying an organic water-based emulsion binder mixed with
an adsorbent.
f0053]  According to a seventeenth aspect of the present invention related to a sixteenth
aspect, the adsorbent is zeolite, silica gel or a mixture thereof, the water-based emulsion
binder is a urethane resin, an acrylic resin or an ethylene-vinyl acetate copolymer and the
mass ratio between a solid portion of the water-based emulsion binder and the adsorbent is
not lower than 1:3 and not higher than 1:10.
[0054] According to an eighteenth aspect of the present invention related to the

sixteenth aspect, the thickness t (mm) of the adsorbent layer (58) is not less than 0.05 mm
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aspect, the adsorbent is zeolite, silica gel or a
m xture thereof, the water-based enmul sion binder is a
urethane resin, an acrylic resin or an ethyl ene-vinyl
acetate copolyner and the mnmass ratio between a solid
portion of the water-based enul sion binder and the
adsorbent is 25 not |lower than 1:3 and not hi gher
and pgmnote then Oj20M8Y]  According to an ei ghteenth aspect of
the present invention related to the sixteenth
aspect, the thickness t (mm) of the adsorbent |ayer
% g? isS not less than 0.05 mm 10 and not nore than
EFFECTHAF TREARYENHONE | NVENTI ON [ 0055] Accor d| ng to
the present invention, the differegnce in |jin
[008kr mArcadiparieithh preger&démﬁeneﬁﬁ BEergREniY ]Fféf’a’F .tl}%melswjpansmn
and the adsorbent ,% (58) is.set_ smaller than t H
coedfiiqient, gtween fhel ﬁﬁ%éﬁ 1 40 gl adseybsnt layar 3Brisiset empller than the
bet ween_the fins (57) .an e adsor ben

diffesnge in bnray ﬁlisﬂrmékﬁ%ﬂ%?ﬂ% CossBrE R EoRe (g’asa&ﬁbtéﬁﬁgsmbeﬂf
such ¥t Db DR, éﬁﬁiﬁ@%?o%? lc?%i‘%sﬁé‘ﬁewg%pe 30158 epproaches

fins

o 50 BT TR GRS P4
IR SRSl L 60 R o

oL A P ST
f 7
streﬁ]gaug%cg gc%?l%r faoe n ee?e;]t% u£ g %cisoﬁ% ?]ﬁgertages f(}rc]igtg e)ach other.

As taﬁx)eég (tﬁg )adsclrgg'é%y ?#) 1sp15e}'g{re§1rt%c??rﬁhlh?atl 1 g?gff lth@ l?ig{/(esr’l), thereby

expansi on CO o
im&*ﬁ‘é‘l?ﬂ?@@%@ﬁ@%@ﬁ%oe{f#’%. e tins (57 in

[00? g}; h 4 1%@13f‘e'rreHITﬁat ks eg.{eﬂl'éﬂ'gﬁye‘%ﬁ%ﬂsﬁﬁl) co@fﬁ-i:xérﬁ 8f fHeNdsorbent layer

substantl allyt sa hermal strain.

(SSmgﬁgﬁﬁﬁd | BRhmS la6 8RS1iRAF H¥mACEMafsiah chdIBciHl 51&&@ ﬁns (57).

ret n and the adsorbent |ayer are adhered

In ﬁ@ﬁha 043 the id%@?b%ht 1%?810(5#) nadtie e Serende %ﬁl&%ﬁtlaﬁ? the same

the invention, the Iinear thermal expansion

the@RAstrhil eMhe@fort ek M8 hdr8lySedcuRi 4IRS surfias vslhb% the fin and the
i near thernmal expansion coefficient of the fins (57)

adsStheht abdtard fdhetddie@ncH dikgrmal expansi on coeffici ent of
t he adsorbent |ayer (58)

[0057]  According to the second aspect of the invention, the linear thermal expansion
coefficient of the binder is set higher than the linear thermal expansion coefficient of the
fins (57) such that the linear thermal expansion coefficient of the adsorbent layer (58)
effectively approaches the linear thermal expansion coefﬂcient of the fins (§7).

[0058]  According to the third aspect of the invention, the organic water-based emulsion
binder is used. As the organic water-based emulsion binder is more flexible than
inorganic binders, the obtained adsorbent layer (58) is highly resistant against abrupt

temperature change and impact and less likely to fall off, thereby obtaining excellent

adhesion property. Even if the linear thermal expansion coefficients of the fins (57) and
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ef fectively approaches the linear thernmal expansion
coefficient of the fins (57). [0058] According to the
third aspect of the invention, the organic water-based
emul sion binder is used. As the organic water-based
enulsion bi nder is nore flexible than 25 inorganic
ders, the obtained adsorbent |ayer (58) is hi )
ther@é?@?@rﬂ@yeag(éﬁhéﬁ nabmtﬁh %ﬁ%&érth%rmaé S*é?ﬁﬁr?@éseénw @fnatch is
and | es Ilkel to fall t her eby obt ai n
absogbed 1yotbe flexanbi o nthﬁ,agggpw layep €58) sl o AS rgult, the adsorbent

léy;'zrlgﬂﬂgmﬁ% GrBEaTe: ingeling Beplay HedbemenAIBRict s Bntraction of
ey (%&ﬁ%?ﬁﬁ?vc%ﬂgf%égﬁéﬂﬁﬁnf "?QSQr ' 5a) Treot AL
ol 5berdrgotor Soﬁﬁﬁtaa@ecﬁ e S a R LA e s (57) repeat
fheara%ﬁ%%tl%%na%é BB ORCS 3 Mg ik 2t o dTig: rf n@%@@i{ﬁﬂb ayer (58)
fol Wﬁ the Y ﬁakp&ggf??a?&?ﬁ%ﬂ&%%f@ﬁt%‘tﬁ%&w R o tear stress
calsf 4 COR ShAERG Bt e S de BF s ReBert e s Wit iq gpcb, other s
redfnd TS SRR roeREHIEtSBE s AR Il SR RRAC GRIE7). "a 8 fesult, the
ads?’gﬂ%ﬁﬁ%??ﬁ?ﬁ R RS LR 2V PSlit) the 10 adsor bent
[00|6ﬁ]\ée;zlq)%tf5cﬁ2{i gzggpx %fktfe A5 BP0 ko BOR ABBRCH M
the o%HQctI é. A | iy o ﬂﬁdﬁ?%&}%st dlreénﬁx\(\’m? S@Ss&%ént layer (58)

ness orbent [ayer
sa‘tﬁﬂI y§f<y 16/ X éé‘i%re Yﬂ@%ﬁlfoﬁﬁteof Eé?ﬁib"l’éTHéH?tex@ﬁar%%Q% Bi&ented from
heat exchanged i s prevented from decreasing.
dedk@QBE] I n general, an adsorbent such as S|I|ca ge
whi ch adsorbs and desorbs noisture fromand into the

[0081] dRESenBA, HPNBofeMEsthsGNidanRY WRIchCAIREME taM i deYorbs moisture
val ue. Therefore, when the adhesive |ayer of silica

fro@€indOintot e id desi ot havdR dePnhighah&thal a6@mcality REluE] NTherefore,
in a conventional manner, heat exchange between the

whérethel @aesivd lagerdoft dikcd @l @)@ttheahlfe ResaR®Son lessrRtdd 6f Batfins in a
and the anmount of sensible heat exchanged nmay possibly

comventiczdl a@dner? Aedt (36RIngAdonebinnghe trofrigemns iaxd hha spgetaiobecomes
the invention, t/X 5 10 is satisfied. Therefore,

less efficient and the amount of sensible heat exchanged may possibly be reduced.

p=

f0062]  According to the sixth aspect of the invention, t/A < 10 is satisfied. Therefore,
when an adsorbent having low thermal conductivity is used to form the adsorbent layer
(58), the adsorbent layer (58) is made thin. On the other hand, when an adsorbent having
high thermal conductivity is used, the adsorbent layer (58) is made thick.

[0063] As a result, thermal resistance of the adsorbent layer (58) is kept low.
Therefore, the efficiency of heat exchange between the refrigerant circulating in the
refrigeration circuit and the target air is not reduced. In other words, the amount of

sensible heat exchanged in the first and second heat exchangers (47, 49) is prevented from
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when an adsorbent having | ow thermal conductivity is
used to formthe adsorbent |ayer (58), the adsorbent
| ayer (58) is made thin. On the other hand, when an
adsorbent having high thermal conductivity is used,
the adsorbent |ayer (58) is made thick. [0063] As a
result, thermal resistance of the adsorbent |ayer (58)
dmﬁﬁmﬁﬁbt low. 25 Therefore, the efficiency of heat

hange hetween the refri nt circulating int
fodegf | GEFRFINgHO dhe seypath aFRrCf pithe argatonitpe h 9ﬁ%ﬁhanger is provided
r ced. In other words, the a nt of senS| bl e heat
in @ﬁl&Hé‘ﬁg@& %rﬁaﬁrﬂ&gefi.argforawar%aé@cr}?ﬁ cheRitx changers (47,

[Ooﬁgior %CEfgfﬁi/n?&%ﬁge gigh Sﬁe%gg & eﬁ@?l?tfg% ﬂ{en\’ﬁ‘i‘?éﬂiycﬂf the freeet air is

heat excr@n‘%ir is provided in which the fins are
setd A RIAGECA'a3V°4 commercial Iy effective pitch. [0065]

005 oot o ch B@E PR i thegnytiopy B JeFisch ) of the
s B B A S A Eagecﬁly(%%cﬂs?” e SR oo hickness
JREA R .
coff eﬁzfz)z%ac'agéﬁégm%ﬁ%’effsés%gtengm@&g B ) of
ads%ﬁﬂgﬂﬁ it elal ﬁ%oqcx#b%é hLuTg)eg guEu hehr?&feaofé rtltlebggs)t and secctmd heat
exg{l:igﬁaérst EX (fhé\brfw{mé tﬂ%ﬁ %8 \%ﬁ% i I}Ed ce&StTﬂﬁ]sd tﬁ@%%dof the heat

gers ( ey are working

.eth ‘fse@ﬂ 35)1% dreHH@edStb Zdeco%flmél}aﬁl 18 %?%Ftl%&ﬁpm{hé ﬁz Ohf the first

IS reauce commercil a ective one an

47,
wapia s il e o g

[0063}30r Actiding thhRe twatth bpas Bedk 1ﬁ'§entt1hﬁ 1B \AR8rb& cohfRft ratio in
sorbent content ratio’in 15 part of the adsor bent

part 3Y €hie 6@BibendliBLLNES) Qljddes: fd thel Bn TRERIE RRIAlIEF tHahaRe adsorbent
the adsorbent ‘"content ratio in an outernost part of

coritd}® raits B iLAlitemn@se bart 28}the MSodehiteadrt(581. heaad s@ulemt adsorbent
| ayer (58) is inproved in both adhesion to the surface

layed (S8hés fohproted Jn bl saldsdsptd e Rffacdref felfie ($T)0dAdt &Borption of
air. [0068] According to the thirteenth aspect of the

moisture fivimothe airhe adsor bent | ayer (58) is '

[0068]  According to the thirteenth aspect of the invention, the adsorbent layer (38) is
multilayered such that the adsorbent content ratio varies in the thickness direction.
Therefore, the adsorbent layer (58) becomes resistant against cracks that occur in the
thickness direction.

[0069]  According to the fourteenth aspect of the invention, the adsorbent content ratio

in the adsorbent layer (58) decreases toward the fin (57). As a result, the adsorbent layer

(58) itself improves in adhesion and adsorption properties.

[0070]  According to the fifteenth aspect of the invention, the. adsorbent layer (58)

becomes highly resistant against impact as compared with when an inorganic binder such
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20 mul tilayered such that the adsorbent content ratio
varies in the thickness direction. Therefore, the
adsorbent | ayer (58) becones resistant agai nst cracks
that occur in the thickness direction. [0069]
According to the fourteenth aspect of the invention,
the adsorbent content ratio in the adsorbent |ayer
as gesgnt dewsedas Bherelovmithy felmerafhof iy pdsoens layersdi8) due freoscillation
adsor bent 25 (58) itself inproves in adhesion
or W dikg drslgs ﬂﬁ%ﬁmﬁﬁéﬁértles [ 0070] According to the
fifteenth aspect of the invention, the adsorbent |ayer
[00(7%) Aﬁé‘éré%stoﬁh@ era@sasmcarﬂf theyEvaRtion; thsaadsorpent layer (58) on
ared Wi g en .an inorgani ¢ binder such 13 as
thec ¢s pEthgsiaes (SThds érwold, laysretormpd byglrping ags oxgaRic water-based

RS B0 Sk o ety B ! ot
o} 5 e B, AL o BB, B g
[ f d d b
bR STt g ol gt %%Qagmf‘émexce?%@# éﬁg?%on ARoperty.
d
ThiRfR e thihanoit 08 hOabet Pay up etfars ng“f"?sé% feeexcellent
t { b t h
o RO B bas 0, BETRE Y it s v
f th bent
T g SV R g 5P B s o
u ﬂl@%&rt}%aﬂ&cﬁ% QLIS%.?%@ Thus, the Iatent heat
P pr &Bi |

essi ng cap s enhanced 10 wi t hout

[ooigrgfr eﬁ%&d}al g*i&‘ ﬂ{e@e%ﬂ?@e%ﬁq z%f eét%%tﬁedﬁ%ﬂﬁﬂt the%{ Erz{tﬁﬁ)etween the

an necessary or IZ ng t eat EXC angers

soli((c)l?gorhg‘r? bf tHeOQAed baég gﬁﬁlsﬁ]&l bRdt N dSHY %E§o ﬁéﬁpﬁ%r than 1:3

e i nvention, mass rati o between t

andJQJttﬂ%ﬁbrx;%aﬂ ﬁ"qowaﬁ“ﬁérefb?é el rRTaH SREkidH %?Sértya'ikdmtaﬂﬁamed even if

adsor I's not [ower than 1:3 and n hi'gher than

the-’eerﬁ&ratﬁfb%@ﬁﬁécﬁna%ﬁék&igﬁm adhesi on property is
mai nt ai ned even if e tenperature is varied in a

[oow_a]de Aoidging| B0h3] cigmeatilli APk Gt e Bl ARbRe M ASRRSS t of the
of " the invention, the thickness t of the adsor bent

| adsbﬂ))éﬁlr lalBrB(58) $s A ledsehain ONBNmh A1 ABR MBEE heh OMPHEN.t AR a result,

mm As a result, pressure loss is reduced, fan

. presasfufs Jokein @atluced, Ifﬁn)éfﬁ\tﬁﬂcﬁﬁdrrfpﬁﬂ/eﬂ@h§ﬁam oisedsltigaged.

BRIEF DESCRIPTION OF DRAWINGS

[0074]

[FIG. 1] FIGS. 1(a) to 1(c) are schematic views illustrating the structure of a humidity
control system according to Embodiment 1. |
[FIG. 2] FIGS. 2(a) and 2(b) are views illustrating a piping system of a refrigerant circuit
of a humidity control system according to Embodiment 1.

[FIG. 3] FIG. 3 is a perspective view illustrating first and second heat exchangers

according to Embodiment 1.
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20 BRI EF DESCRI PTI ON OF DRAWNGS [0074] [FIG 1]
FIGS. 1(a) to 1(c) are schematic views illustrating
the structure of a humdity control system according
to Enbodinent 1. [FIG 2] FIGS. 2(a) and 2(b) are
vi evvs i [ ustrati ng a piping systemof a refrigerant
a humdity control system according to
[Flﬁrrﬁbdﬂ%ﬁt 4(11) t({ g(«p arg pelematic yigwes dlugieatinget humidity] eowtrol system
illustrating first and second heat exchangers
togﬁf@ebwah Fh? Hoy ehaipdumineng fiest actipnyof ﬁ@umrplfmr@pewpal;l to
é’(i schematic views i|lustrating a humd g{’
[FiGoAt r EFG%yiﬁ')ew. S(Pbsr@tSﬁJéfrmwctwe%éluﬂr@iwgoﬁle émumlér £Q4eoh system
first act| dehum di fyi ng operati on.

togpiheigitly 41%0%% Jurfen schRdragtion of ﬂe«ﬂsehmnndy@%%@n%wn
[Fléf 8 FP%@‘} ey olek s e ‘?{E‘owew AR A o goniol system
oz attfl %'%Jm ékf %lhaurfllgefﬁﬁm} WE @ﬁlﬁécf &Cﬁgs?&%?aésm%hem ¢
FIfoff PR e s aehr Jw/?s“{ilue%at bey s Fhg e onpb system

tosBET R HE e W Gt { ReoRPaniee! ﬁ}erhu&a?ﬁfﬁﬁg tgﬁ%émd
(FIBESL RS 8 A ab b e B B Rbist s s Heionlifign resus
oGP 3 Graph accor i pLicn is
[FI %dwrg%s?a eé’T%qlL}Png%P?&C lhéllg)slti%%ggi eﬁy % ? %Q&}{xﬁeﬁ)ﬁll téfc ?%on results

i s [ Enmbodi ment 2 illustrating the
of @ 1‘%lltlor111%fr%é§{s,%Iltrkgmo Q Q@ when the fin pitch is 2.0

[FIMy oL oFic! £ % nbgogﬂlpacéo}%xhg t? ﬁﬁﬁ‘&fﬁ%htcz Sl ‘Piﬂ? th¥ 'cﬁtﬁ’ulatlon

accor di ng to ment ustratin an a

res»,h@)tﬁr(g/gymgﬁE}ﬁqirp@t&hgz%q{ﬁaces of the fins of the
heat exchanger IG 12] FIG 12 is a schematic

- [FIseti]i op@. 14iieW S@H&IQE&QI R E[E@yp&’dcﬁﬁf‘ﬁg ® EhbY&iicat BNBustrating

an adsorbent layer supported on the surfaces of the fins of the heat exchanger.

[FIG. 12] FIG. 12 is a schematic sectional view according to Embodiment 3 illustrating
the adsorbent layer with a crack generated therein.

[FIG. 13] FIG. 13 is a table according to Embodiment 4 showing adhesion property and
adsorption performance of adsorbent layers having different mass ratios between a solid

portion of a water-based emulsion binder and the adsorbent.

EXPLANATION OF REFERENCE NUMERALS

[0075]
47 First heat exchanger (Heat exchanger)
49 Second heat exchanger (Heat exchanger)

57 Fin

15




10

15

20

25

t he adsorbent |layer with a crack generated therein.

[FIG 13] FIG 13 is a table according to Enbodi nent 4

showi ng adhesi on property and 20 adsorption

performance of adsorbent |ayers having different mass

rati os between a solid portion of a water-based

emul si on bi nder and the adsorbent. EXPLANATI ON OF
58 REFERENOENNEIMERALS [ 0075] 25 47 First heat exchanger

(Heat exchanger) 49 Second heat exchanger (Heat

exchanger) 57 Fin 15 58 Adsorbent |ayer BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON [ 0076] Herei nafter,

BE§EMOLE FOD CARRYENGIPUE B INGRNTHIN he pr esent

inventionis 5 prowded with reference to the :
[00dplawi Hereinafton Adefaiietaxphimaiion of pmbadimeets, pb ther presest dnyaption is

cont r ol stem Q/erall structure of the systen)
Pfoﬂd@“”t (f§§yerqn6610( § dggngehematic views illustrating

tyre of a humdity 10 control systemto

[00 (tEé“ e’~’§>3éhanger according to the enbodi nent of

the resent .. invention is plied. FIG 1(a) is a
secfé‘)tgf?élfre\?ifg\}?l{détk’é’ﬁmé?léﬁ@eghe line X-X shown in FIG

of | %e%@tg%@wg&gg ont “of the system f ac 'nSSft e

? ZLE% iwéﬁ R R s Tipiatad G ool s Mimidiy
conlsfcnt o PR TSGR BE AR B ﬁbea?qﬁﬁ efigibhfhs present
1nvén§1)on81§( b ep%edngFf(]ﬁ glg}rn)f 1{'; O%ta?t%)%a %g% &éckeenl or{gﬁgg gg%?(g)é ETSVH in FIG.
1(b')§r1§1% 3(12)pat g %év@'ﬂ \%}%ﬁnrg El-i;%) m&'&e '%e[ m%%{g{gen@%thatqel front of the

econ ar ea
I
o M o 4082000, O v

line®Py @h&\bﬁ B FIG. 1(b). The humidity control system includes a casing (1) in the
form of a rectangular box. A first partition plate (3) extending from front to back is
arranged in the casing (1) in order to divide space in the casing (1) into a first spatial area
(5) on the left and a second spatial area (7) on the right which is smaller in volume than the
first spatial area (5). In the first spatial area (5), a second partition plate (9) and a third
partition plate (11) extending from side to side and parallel to each other are provided in
order to divide the first si)atial area (5) into a third spatial area (13) in the middle, a fourth
spatial area (15} at the front and a fifth spatial area (17) at the back. The volume of the
third spatial area (13) is larger than the volumes of the fourth and fifth spatial areas (15,
17).  The third spatial area (13) is further divided into a left spatial area (13a) and a right
spatial area (13b) by a fourth partition plate (19) extending from front to back. The fifth
spatial area (17) at the back is divided into an upper part and a lower part by a fifth
partition plate (21) extending horizontally from side to side. The upper part serves as a

first flow-in passage (23) and the lower part serves as a first flow-out passage (25). The
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partition plate (11) extending fromside to side and
parallel to each other are provided in 20 order to
divide the first spatial area (5) into a third spatia
area (13) in the mddle, a fourth spatial area (15)
at the front and a fifth spatial area (17) at the
back. The volunme of the third spatial area (13) is
fourty spatialt asem(1hat the ffienkis abfo diided duie eh ugpet perifand a lower part by a
_spatial areas (15, 17). The third spatial area (13)
sixths partjtiom elatei{27) etanding borzanaglly kemtsicel togidsa (Theappetrpprt serves
a right spatial area (13b) by a fourth partition
as g|sgeand Hoyy-ip pesseas (39) ppdhef lovist pab seraekas aaeeond filoyv-out passage
spatial area (17) at the back is divided into an upper
BGBart and a lower part by a fifth partition plate (21)
extending horizontally fromside to side. The upper
[0QyQd ¢ d#hipdairg padition iptale (¥ chpuy apepgesdgeluding first ey fouyh apertures
| oner part serves as a first f]ow out passage (25). i
(1ipde 11@@ are P tiecsas s 9P left.dap right) baffor feit %rrdgeﬂttorrsﬂ%n% the third

0 an upper

oo ) 2 R B B B0 e Ty, gy of o
i S5, o TR R RS SaRSGTED gpt e
oSS P U b bR B Wbl i
oY oGS el S, Sk BB O ) M e
o R R RBbsf o G20 Y SggPhriion
O} B e D AT, 1 e s e
SRR 5 SR g B 0 1 vt s
S el i N 8 gl g B o
apégflﬂg%sg@al( g; ba)ond 629&1&9&%!1195}{ og&%/ﬁﬂa?e aaqpad re%ﬁéétfv%l;)?glﬁ?ugh not

, respectively, suc at the left” and

~ showRatial areas (13a, 13b) of the third spatial area

(13) conmunicate with the second flowin passage (29)

[00B0F t iea 506 9AE of 1HRVER Yide RATRRAT thé 8als}ngl<@§? )Qm%ugéictleﬁiiﬁ Inlet (33) is
| an e

The first to fourth apertures (lla to

forfnked ttH domnfiniitdwith O ETrstUl®S-if Passhfe PIB). aFertidiOxh @RBaust outlet
wi th an open/cl ose danper, respectively, though not

(353 hofmed @08 tar part af thedghpaté s@facke theedakingi(te Shefeatigust outlet
of the casing (1), an outside air inlet (33) is

(35) is connected to an exhaust fan (37) arranged in a rear part of the second spatial area

(29) to communicate with the first flow-out passage (25). In a front part of the left side

surface of the casing (1), a room air inlet (39) is formed to communicate with the second

flow-in passage (29). Further, an air supply outlet (41) is formed in a front part of the

right side surface of the casing (1). The air supply outlet (41) is connected to an air

- supply fan (43) arranged in a front part of the second spatial area (7) to communicate with

the second flow-out passage (31).

[0081] = The thus-configured casing (1) contains a refrigerant circuit (45) as shown in

17




10

15

20

25

formed to communicate with the first flowin passage
(23). Further, an exhaust outlet (35) is forned in a

rear part of the right side surface of the casing (1).

The exhaust outlet 20 (35) is connected to an exhaust
fan (37) arranged in a rear part of the second spatia
area (29) to communicate with the first flow out
FIGHh 26agad(22b) . The rafrfgecamt cipauit (467 ist delokef tirasiitdacluding a first heat
surface of the casing (1), aroomair inlet (39) is
exchangre 0 soandihéat akehange(40he weporsdor (Sl bw-forr- pag swigeh valve
(29). Further, an air supply outlet (41) is fornmed in
(53nahe @nnotplameratﬁd ehpansionglatves{Sak awlififled avithfa refdgandi ndVhen the
(1). The air supply outlet (41) is connected to an air
refidgTans podiseutatad, @ 43porompression refligeiRHOMEYPapecust t he
second spatial area (7) to comunicate with the
[0082k ondo bE overe specyis ggg@h@gg)mde[a@ggqquctm@ side of the compressor (51)
t hus-confi gured caS|ng (1) contains refrlgera
are cequaegted (@3) figd RO  seopdppas, ofzt(ﬂa) oaﬁafaz(mltchm@\fe (53),
refrigerant circuit_(45) is_a claosed circuit includi
resmfcfwlgt Haaend ek tisdirgereat gyohanger {dDois SoReetedsto B, eROI’t of the
a co ressor ( ur-way switch va
fouamy&%b R {att ;fé?‘b%@dtshéﬂ&%@gﬁs W\?@te@ 5@Pn%ﬁaf5 PFF}Iee?fcgnd heat

refri gerant the, refri
exchpigdt 4D & am%woqpe&%?ﬁg?@égw% Valgt e "o § Bwew?ﬂ ¢f the second

heai“%an%qaie%g%’%g%é%sﬁg@?wﬁmﬁf B g opSyy SHEh Y S5, he
fouf 3 %@9 gem: Snaroetipns B Bl %’w@@f’ 6 et g prhere the
frsh 37 i f%fﬁf?l%%???/ hibch a8 pas b Ens Drbad it pors
COIIé]S[%E]ﬁIg% S h?(%% o%er(% 1}? ?at nﬁlowrg i g?( Szgggna%dqﬁgtstate where the first

Vi a or -oper Xpansi on va

and(figgth ngltase CO%IHS]{HC%@ qv\uﬁf o C P}%ﬁ gI?J‘?lt 19 Jh(%h 1 ::f?f&él~I ﬁmseéommumcate

S connec to a our - way

with Wb C&hé{'géi\é%tagegﬁ")ovmlﬁ%‘l(}ff j, ey Swi 'L ch val ve (53) 's

con to'swtch betvveen the state

[OO@@Er eAE(Q) dm%l t6 She Q‘E}g(‘,ﬁlﬂ% 'B? tH@T i@él{:%l@e 64 gf h4RaGRigerant

€ Ssecon ourt conmmunit C

mréﬁﬁtt (Psfﬁ,cﬁv&h&? betlclf 2SRt l%fﬁéh%(ﬁbd 6}/01_73' Gherd (188 Mir@N@al B&hanger

€ where the first and fourth ports conmuni cate

(47Wf‘§1ﬂct{%%§ hasO4, %ﬁd&%@r the HEeCRRshPMdatt Bkdn PR {49) functions as an

communi cate 15 with each other (the state shown in

evanﬁ’tor %08 kecohd Q&%heﬁﬁ&? EClIOGhER thdBrsb Wedt eREMRgEN 4T Rinctions as

our-way switch valve (53), the refrigerant
an evaporator and the second heat exchanger (49) functions as a condenser. As shown in

FIGS. 1(a) to 1(c), in the refrigerant circuit (45), the first heat exchanger (47} is disposed
in the right spatial area (13b) of the third spatial area (13), the second heat exchanger (49)
is disposed in the léft spatial area (13a) of the third spatial area (13) and the compressor
(51) is disposed in the middle of the second spatial area (7) in the direction from front to
back. Though not shown, the four-way switch valve (53) and the motor-operated
expansion valve (55) are also arranged in the second spatial area (7).

[0084]  (Heat Exchanger)
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circuit (45) is switched between a first refrigeration
cycle where the first heat exchanger (47) functions
as a condenser and the second heat exchanger (49)
functions as an evaporator and a second refrigeration
cycle where the first heat exchanger (47) functions as
20 an evaporator and the second heat exchanger (49)
f undiipdist anl second deriseichangsrssGwd9) are Taras:tinf'( &pe thig-and-tube
1(c), in the refrigerant circuit (45), the first heat

heag sxdhangres ag oy is KOs B @séachi of ther indlygdes adjraset £39) gprgisted of a
(13b) of the third spatlal area (1 ; the second heat
u&k@h&ﬁg’i@%mmm) allexs figh dpDseerngad tmaeallebtte caghnothar veittegn interval

(13a) of the third spatial area (13) and the
the??@ﬁ‘b‘feé%soThe ?rghfa%o t@ﬁas%.e@ ($%h e pirapgemest dirprsion of the fins

econd spatial area é in the directign fromfront to
andz@e s8¢ faceyRB thgniimert (SHothe kﬁg’ﬁhﬂfy&iﬁdlmyogﬂi ff@rﬁnﬁaar% éurrounded

t he pot.or - oper expansi on val ve
bY§ %%angm%éﬁgeé%l lig #3{fﬁ8’%§%€66 Efﬁaf?%ﬁnda?ﬁ'@amt beat ew@saqrs (47, 49)
18 The flrst

areé'é@@ﬂaﬂﬁgla e ?%‘783% ght gpatial REAYRE Ry ﬂgﬁf%@eﬁh}ﬁé spedial ge (13) via
e?ea%“g H§9qer% aiﬂshown in FIG 3 and each of them

the ftap) 8@% FIPTPeERYeY 50) conS|sted of allp:urallty of

REL IR L7l AR U R

oo 63 Lk S RO AETHO S e

parls @?m Bfl:J grrage rr{e f | ont E% %i@?r%n@%{n?en? érrelglil?rg Pg t]i;]e }fcms and the

U"ﬁﬁgﬁe%r%ﬁ%%g%ﬁ i}gg %ﬁfoéﬁ% % e}a?rl@r( %ﬁ fﬂ# ﬁ]lgat transfer

enpieeloes s oo by coprgof éﬁécfl S e s e

(63? gh:%ﬂﬁec‘ferdatesafrgfrlgte%? {géﬁ%tsﬁ&ﬁg theldo ARk %be)l&S%Ube

I's serpentine a s str t parts

[OO%]ShaR@l Rafks O@Q@EresJQQn%rﬁl@thﬁ adBAbint igiﬁéa@SS) containing an

penetrate the fin s I n the arrangement

adsgﬂbéﬁt%ﬁ%rblﬂciertﬁ@p}:fheﬂ% e thfﬁfés oprft%t}ﬁﬁ?%)[tﬁftﬁéﬁf&m second heat

protrude out of the framework (61). One ‘end of th

 exch@brst@angher zediuband Sethiape GRNNAEHEH 4O R8s Rt @ﬁd fhe binder,

connector tube (65) such that the heat transfer tube

resfeBByely.S TN M@eirefetral Sexiphdidrl ebeiiticRi PL ab NEmER@MAoy used as
via the connector tube (65). 15 [0086] As a feature of

mafefifl PiregRnting MEENGS @3.6 an 1@8s@ Yerthileastr 1iH&B) thermal expansion
cont ai ni ng an

coefficients of zeolite and the urethane resin are 4.5 to 6.1 x10¢ (K™} and 100 to 200 x10°®
(K" ), respectively.

[0087]  The adsorbent layer (58) contains zeolite and the urethane resin in the mass ratio
of 5:1 to 8:1. In the adsorbent layer (58) laminated on the fins (57), the binder glues the
adsorbent and the fins (57) together and particles of the adsorbent together.

[0088]  The linear thermal expansion coefficients of the fins (5§7) and the adsorbent

(zeolite) are significantly different from each other. Therefore, when the heat exchangers

(47, 49) are heated or cooled, their thermal strains are considerably varied. Suppose that
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adsorbent and a binder is applied to the surfaces of
the fins (57) of the first and second heat exchangers
(47, 49). Zeolite and a urethane resin are used as the
adsorbent and the binder, respectively. The linear
t hermal expansi on coefficient of an al um num all oy
used as material for the fins (57) is 23.6 x 10.6
the( gelsyrbexihis |suprasted| dnqfhe sutfanes i ltheipa ) oping@ binder having a linear
coefficients of zeolite and the urethane resin are 4.5
thegrgalgexpagsiqp cgemqiept avistantielly dho samxee- nof aigher than that of the
respectively. [0087] The adsorbent |ayer (58) contains
ad%mlﬁ t BeERY slhess udwtvednEome dhen difierens hefwsen dheip lingar thermal
1to 8.1, In the adsorbent |ayer (58) |am nated on
exﬂaﬁél%%gfﬁ(cms ist appligd ﬁaéhe%l%@éis thihe intesiapp bpipvesn dhe gdsorbent

g %@; tzt_oget her and particles. of the adsorbent

lay e300 i the 205006 hT LT et s i orRre e iR far s and holes of
ts of the fins and_ .t he_adsor bent

the k"éé%ht e)thiyig oge QEP“*FJOE S%Hsf%/‘)%ﬁhf:ff%l}l%f’f e aoseien layten €38) off the

f T&g ef ore, when the heat exchangers (47, 49) are

n ‘ed or cool ed, their thermal strains are

BTG 8, 1 TP ARE o SRR B o
d f

xegfief SRo T é‘eﬂ@ f?ﬁlg B oxstge Bhines deem @ﬁ?%éso%ﬁﬁ% I 6FS 57 and

betyjfr* th%%nglé:? c%f)%a lilt quOWS%\PIgF‘ ha{ %{:%lgﬁ%a[t%}'hal for the fins

(57? qeef i) g 'h%@%%%’xér%na?% | a'.ngx% ac%e%%ﬁeiantc g% ttlg)e/%gte?glgéor glﬁ dﬁ{l:h &57 ) comes

ace ween SOor

bet %lgtgg gﬁ%arh ‘{Pﬁq %&ﬁﬁ?ﬁﬁ E(fe%ﬁmef?% !%f &Qfﬁ?@qg&t im!l %eat}mgieqe
[oo?@gorsgg&aﬁag, tzﬁs?gg‘%ﬁﬂ{gﬁ@gffoggogﬁgfgp{)@ gggaﬁg%n layer (58)

is lﬁ‘o@h‘t Eﬁ)@életotihg q’iﬁéar the :[ € a%gmﬁ;&?@ffﬁmb B-fé il as compared

her mal expansi on coe ent er exi

w1tE’QﬁéN€%@ Wihge %ﬁﬁpfhgeaﬁgorﬁé}g 15 hged | Mhaf g’s”vgh%ﬁ%e 1"191 ’Qeexpand or

between the particles of the adsorbenf becones

contrB@Nby Nehtidd o N@olRg efhi aédsf)ﬂfeni 'Bﬁwﬁ% NS rdlaVely '10\%‘ hnéa!t1 &hermal

i near thermal expansion coefficient of the naterla

exphf¥ion b&effitiBs thy IheTRRES7) RRE WeLhukd thelthilefhint zﬁesﬁé’&ﬁficant as that

expansi on coefficients of the adsorbent and t

caubddigethe fin00P0]  Blyweterfdie méhdet Beistin edotBE H@éorbent particles and
expansi on coefficient of the adsorbent |layer (58) is

havirigoa gbllaticdlpdegh lidedrhBermal @pahidi® B tfieMAMSh Qhe fins (57) causes
coefficient of the fins (57) as conpared

thermal strain more considerably than the fins (57). As the binder makes up for the
thermal strain of the adsorbent, the adsorbent layer (58) is able to follow the thermal
expansion or contraction of the fins (57).

[0091]  As the binder, a urethane resin which belongs to an organic water-based
emulsion binder is used. Therefore, higher flexibility is obtained as compared with the
case where an inorganic binder is used. Even if the adsorbent layer fails to follow the

thermal expansion and contraction of the fins (57) completely, thermal stress caused by the

failure is absorbed by the flexibility of the urethane resin.
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15 with the case where only the adsorbent is used.
That is, when the fins (57) expand or contract by
heating or cooling, the adsorbent having a relatively
| ow linear thermal expansion coefficient than the
fins (57) does not cause thermal strain as significant
as that caused by the fins (57). However,; the binder
[008%] st Peesificelliedie ehiditadsothbesdsorbant: laybe{5&nth fhider rie athermal
relatively high Iinear thermal expansion coefficient
CXREREAN tof ecopfradions gl thenliseSP0Ix eprawgd &y rtaingingithe linear thermal
consi derably than the fins (57 As the binder nmakes
eXPapsipp coelfisient pk ih?aaldsgthem Fyer (38 elosers br therlineat feermal expansion
adsorbent |l ayer (58) is able to follow the therma
coediieiani ot dhe ﬁms @ahwa& fheowatélrbftsﬁfé emplsipn(mrder apd gloz flexability of the
the binder, a urethane resin which belongs to an
“m@%Bﬁﬁﬂén%$W@¥mB@§é@e emul si on binder is used.
erefore, higher erX|b|I|ty i s obtained as conp
[0 hlh Theadsorbentiayen (R} s famnadiia thyalellewineaamer.s E}§°édhe fins (57)
Eve t he_adsor bent er fails to follow th
are Sy{E ﬁq Had tesuiRae FammsAy a&@ﬁéqna%lf%ﬂres%re@ R THixing t{els fgsorbent and a

i ot o S TSP, B bl B e i
(575 OO%Z(JH(L%%; t%f gatllf%flo:%h%tl}aeﬁasﬁ%\é Of trge ad o%‘%esr&rface treatment,
degfRiag el Ry it ool brr o PR G o Sy hoBkpeltent o

ﬂw@ﬂ? rbent layer (58) closer to the linear thernal
expansi on coeff|C|ent of the fins (57) u5|ng t he

[00 erl’ntfﬂ ﬁgat éers % glgﬁ andg?l%h]i% lgjlre?g%g 1ngt d%gteonly on

ase

the@gﬁ%epgfq ¢l %S bﬁﬁ) 5Jo on g oot bfe 40 eno%nne or tube (65)

manner . are su o) SUF ace

andttgsor Abrk gjj‘to 1ﬂﬁ) tHE 5&' 0 ﬁfr&% yof b déﬁgﬁ)'iéi’lg?%ers (47, 49).

nt er SO

[00 md d-lHlﬁﬁdft?cérﬁ}dig &xﬁ%n Bﬁ] mLchﬁ eﬂé&r &efn and the

are bon are the

adSRKefé%"ﬁ &%1@3%%@7 1atn!a§ &Hfﬁc%@ﬁl ttﬁ@saai Mmidity control
degrea3|ng treat nent ﬁ%& be carried out fgﬁgﬁﬁ%erI%Wﬁyconro

sys@H pRfeBSs Eﬁmfdnﬁscoﬁﬁgl)oﬁ%%fo%i@bﬂoe%dt o the slurry.
[0094] In the heat exchangers (47, 49), the adsorbent

[00Y6ly er THD Blmidsty| @mtoRbRAeNal capdt¥e 0P switbiEing LHCE@@E@LSd@lﬁJmldIfymg
the fins (57) but also on the heat transfer tube (63),

opetdtienC and eRingidiy e opBfion. During the dehumidifying or humidifying

operation, a first action and a second action are alternately repeated.

- [0097]  (Dehumidifying operation)

In the dehumidifying operation, an air supply fan (43) and an exhaust fan (37) are
operated in the humidity control system. The humidity control system takes outside air
(OA) therein as first air to supply it to the inside of the room and takes room air (RA)
therein as second air to exhaust it to the outside of the room.

[0098]  First, explanation of a first action during the dehumidifying operation is

provided with reference to FIGS. 2(a) and 2(b) and FIGS. 4(a) to 4(c). In the first action,
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and the framework (61) to inprove the adsorption
property of the heat exchangers (47, 49). 15 [0095]
-Hum dity control operation by humdity control system
Referring to FIGS. 4 to 7, explanation of how the

t hus-configured humdity control system perforns

o CEm ol SRETBLL R0 2 B2 55,0 9999 TS o) s e
Firg Sl T B ARG ORG PR RGObr humt &1 ying 20

BT B a8 DRy SRR B8, 0 Sy i
(s Sebgh it stier Yo D e BopufatGh i Whbh Ma ettt 50 is
g R A P L UL e
S RN RO T
o 8ok LS8 T gL b e, B e e
L eI L T T
A nd S Y BRI o e 59
ol D85BSR A5 15 GRARAESCKAS) OO B Ml 0 Bt i

L PERECR TN b 45D g 00kl 51 oo

circulated in the refrigerant circuit 5) to e?iecute

[0@of i r Phurigfthd Gedt ALHA) (kY SdcBndBpL Bt REIH) BRthR&Bberture (11¢), the
exchanger "(47) functions as a condenser and the

fifth @pemste 1ORf aRN BB AN afptfike [98)Ghd BPShe@Swhlle ARQN MePhure (11a),
To be nore specific, the refrigerant discharged out

theQbuith @p&F® ( ERBHOthe GBAN ap&ne® A9 Ghd Seveh@® dokftole (D€re closed.
exchanger (47) by dissipating heat, and then

- The c&ﬁﬁa{eﬁe@%fﬂéeﬁm 8 dilcRliBed 4dMn S&TIrHRELANredsSr (51

- Astshews EFIGS] 4(8) tohige)Dieqbora Rer @) thsakd 8tsh® Bir Yoduppliédh) the first

10 for pressure reduction. The pressure-reduced

heat ek¢laggera@d) adbthe beitsideadir (OA pyaperfatieait 3 suppliedseahngecond heat
heat exchanger (49) and then sucked into the

exchemgsr éB5or (51) for conpression. The conpressed
refrigerant is discharged again out of the conpressor

{O10B]) . Specifically, the second air entered the system from the room air inlet (39) is

sent to the right spatial area (13b) of the third spatial area (13) through the second flow-in
passage (29) and the fifth aperture (9a). In the right spatial area (13b), the sec;)nd air
passes through the first heat exchanger (47) from top to bottom, while the adsorbent
supported on the surfaces of the fins (57) is heated by the refrigerant to desorb moisture.
The moisture desorbed by the adsorbent is supplied to the second air passing through the
first heat exchanger (47). The second air 'supplied with the moisture in the first heat
exchanger (47) flows out of the right spatial area (13b) of the third spatial area (13) to the

first flow-out passage (25) through the third aperture (11¢). Then, the second air is
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[0100] During the first action, the second aperture
(11b), the third aperture (lle), the fifth aperture
(9a) and the eighth aperture (9d) are opened, while
the first aperture (1lla), 15 the fourth aperture
(1'1d), ‘the sixth aperture (9b) and the seventh

so R i AL 5% RS g ScBRG ohio L Tom lope dhp exhaust
oo eﬁh%mt FPGERLT e Suppl ﬂé : th Lgesggéﬁhdﬁei't r

O or qde e et e 0%45 SRE Pl alpideri g %ﬁ Fgént gp the et
SP%%Q%“?%C“W; iRl 16 bRk o ok ﬁﬂw-lwgeaae (23) and
o FE BT (11 oS et st B 1 9: B PRe P fough the
sodd e ER AR (87 obl 8 kRl fp 8000 8he Wiakfr, Shngripd on e
surfR e QA G eso&%@ dﬁc%ﬁfﬁs%%ﬁﬁ%orlgengsﬁlrsp aﬂm S[th% dl%tat c{E Sdsorption

ol st ure I'S Sup

ge&?ﬁ@&‘ di #if BRSS! goriagﬁ BEQFI %ﬂ\%ngéﬁtc | 5k ﬁ]rgta%tr %éﬁ‘tﬂ'ﬁ‘ﬂ?ﬁerd in the

(47). The secon alr su the nmoisture 1n

secbhd ﬁEatQ%@ﬁang@%@leﬂgﬁf oﬁﬁ t’th%1 1 VSpatid ar@% (I?r?nz gf %h%ggnrcg 8pat1a1 area

spatial area ird spatia

a3y I‘E&theféeééid ﬁd@wu ssdg@?@ﬁgtﬁm(u%ﬁ)thé& %%eﬁ%@ é%&‘)'k ﬂ’hen the first

aperture ( the second a|
air Eﬁu@k@th}d?%h@@ﬁﬂ ﬂpﬁf}aﬁn Q@E«/_ﬁ)ana @Qpﬂieﬁ%] HedBdOUE th@Fodn Erom the
room t hrough the exhaust = outl et as exhaust air

air Glpdly ot Q1) a}'h@pp‘lyams@) r enter ed the system fromthe

outside air inlet (33) is sent to the left spatial

[018Bka NizR)a dcohd@ctidi ﬁdn #id abhuaigdying DpetdiioRUs lexpned with
first flowin passage (23) and 5 the second aperture

ref¢rdrde) to FIG$.h2(a) efntl RPpRpiahal FI@Se & (1)1 825 (c)t B fHer Sdcofd faction, the
passes through the second heat exchanger (49) fromtop

adsbrbehbistrecgverda inetht becoad hesthmiaharipep 4 tadd tanotitkide air (OA) as the
surfaces of the fins (57) adsorbs noisture in the

firsf fir st dehiimidifibdintha firsb headscirappérqr7). generat ed at this
time is absorbed by the refrigerant. The first air

~ [018€hunDdiing bk iseconteactismcthadfoheahy esedtvanggdve (38)inf thewsfrigerant

out of the left spatial area (13a) of the third

ciroyf#h s saitehed ® qid)the gatelshowr doFEG T 2(bv oWhep desagepressor (51)
(31) through the eighth aperture (9d). Then, the first

is ogpratedgn ghig Riets, therrefighrantie cacwlated pipthe rbﬁtrge(amBQIrfalﬁcMS) to execute

supplied to the inside of the roomfromthe
a second refrigeration cycle where the first heat exchanger (47) functions as an evaporator

and the second heat exchanger (49) functions as a condenser. To be more specific, the

refrigerant discharged out of the compressor (51) is condensed in the second heat

- exchanger (49) by dissipating heat, and then transferred to the motor-operated expansion

valve (55) for pressure reduction. The pressure-reduced refrigerant absorbs heat to

~ evaporate in the first heat exchanger (47) and then sucked into the compressor (51) for

compression. The compressed refrigerant is discharged again out of the compressor (51).

[0105]  During the second action, the first aperture (11a), the fourth aperture (11d), the
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air supply outlet (41) as supply air (SA). [0103]
Next, a second action during the dehum difying
operation is explained with reference to FIGS. 2(a)
and 2(b) and FIGS. 5(a) to 5(c). In the second action,
the 15 adsorbent is recovered in the second heat
outside air (OA s the first

SIX xgg%;g% @?ﬁ)ﬁ%%)&itﬁ? ga‘tfqh fpatye (2¢) aﬁ%gpe@gwé}ﬂa dhe popppd aperture
AR i i dope R oS Geeaneris (986 and thes bt Sporte (94) are
cloffh' cviPuB B IS 5@ 1S EhrSpBads A (A1 as fscirst ting Supplicd to
e 545 D5 ok, 1 S B bR SO SHOB0 s to e

the,fi.rst. heat exchanger (47) functions as an
secgegggartgf(%}anggé the second heat exchanger (49)

oSBT SRS T8 U P8, BRSEL sk e o
wERUIFRSAMLS ASEER TRl FUTLAPEER 3)oPhe soond v
PO PRES TS BR on od BR i RSB soon
e 130, USRS kb 401 By LA O beren
B 85401 AT S50 8510 ) SR e

TheS SfoRcte 6Lt by ?ﬁeefdsBI%EnLaf@ Ll tb itﬂlé"ge(cB%{ ﬁ%kgys{i%%ﬂlrough the

aperture (lid), 23 sixth aperture

SRYB&H Bx N . i .
T iy | b SRR AR MR e BRI gocond hea

' exchR@tet g{gﬁ) o) o g tﬁéﬂﬁ:ﬂe&aemslzbg?@?ghg E)Igﬂ{egtﬁi)rd 3p&Kial area (13) to the

cl ose As shown in FIGS. ! 5(c), the outside
firs@iffowt- &) padsagk es)Y thk&ighditle foSrth UpRihed118). Menf tHeSlecond air is
heat exchanger (47) and the roomair (RA) as the

suckethnsigaithie ¢:xhatd fRl (399 abDdisbitirgdd e 6PIME rb@A FrofX FRIABALst outlet
(49). [0106] Specifically, the second air entered the

(353 ysdéxbaudthirdBgh the roomair inlet (39) is sent to the
| eft spatial area (13a) of the third spatial area (13)
[010Tr oulte filse as entnd] fileawstem thpaghahe o(2Re aanthldt (83 sis)Xkht to the
_aperture (9b). In the left spatial area (13a), the ,
righs spared asear(13tpadshs thitk spathl drbe (158 dandgthhatfiretxitdiaig @assage (23)
(49) fromtop to bottom while the adsorbent 10
andshg fot apation(tlay snrthacebt sphtitleecd (18b), (Eerfirst sir pestethrough the
by the refrigerant to desorb noisture.
first heat exchanger (47) from top to bottom, while the adsorbent supported on the surfaces
of the fins (57) adsorbs moisture in the first air. The heat of adsorption generated at this
time is absorbed by the refrigerant. The ﬁfst air dehumidified in the first heat exchanger
(47) flows out of the right spatial area (13b) of the third spatial area (13) to the second
flow-out passage (31) through the seventh aperture (9¢). Then, the first air is sucked
through the air supply fan (43) and supplied to the inside of the room from the air supply
outlet (41) as supply air (SA).

[0108]  (Humidifying operation)
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| (llmtthe tire ppsiRee (bley te, fif

The noi sture desorbed by the adsorbent is supplied to
the second air passing through the second heat
exchanger (49). The second air supplied with the

noi sture in the second heat exchanger (49) flows out
of the left spatial area (13a) of the third spatia

e 7 G Ay YR ol e olf QbR TG ool ckURHEH (37) e
op&h‘l‘é& el thb AHGE LB ¥ RUS! T‘M }ty% gt §i Z&Qﬁrt tHéJI'O_om air

of the room fromthe exhaust out S ex

(RAL fhefdifhs fit@ bR Ab elBgust i t%tthé1 bﬁtfﬁ@ to?rtﬁ@r&ol?r? ay {‘%ﬂ(@mhe outside air

rough the outside air inlet is sent to

(OA) @RfeiSRAebSMd AF ﬁ)asubﬂl Q@ toQﬁe bR btdospat i al ar ea
(13) through the firs | ow-in passage (23) and the

[01f00T St FRRe&tpiiticd bih- ﬁr.'strhchbﬁ dﬁhﬁ%‘ %he%fi‘ﬂlﬁ?ﬂ(lng o?@raﬁgl%@ provided

the first air passes through the 20 first

witBxefadge o MES. 2(:HNandonby andIESM d}‘”’[b | 6(5); h n ARS G eRton, the

supported on the surfaces of the ins (57) adsorbs

outSide i (@A) Bs tthe sédondt ainiid huhiBfitPal t1@f fidd IRaPEkMAnger (47) and
generated at this tinme is absorbed by the

molseirt irghe asdm aif R Af ks e fhbtraicie Boldcttid ih ek deboridigeat bxdhbnger (49).
heat exchanger (47) flows out of the right spatia

[01abpa Didhy theffikshaction] thd fepeivhpbwitiefalyd 33)tin thdefrigerant circuit
second flow out passage (31) through the seventh

(45apeswitcled( ®cgnterTthenstatt Ishown ris tFIGL 2(d)s SWidnethe Zmmpressor (51) is
through the air supply fan (43) and supplied to the

oparated crethisfstdtdyehe mediripdrany tinaulaed imsthp péfyigerant disnit((43) toaxecute a
supply air (SA). [0108] (Hum difying operation) 24 In

first efriperntiiati €xdle grheppethatiirstrheat lrechanger {dPpfpctians ds4B8yorledser and
the exhaust fan (37) are operated in the humdity

the sepond dratoychanger (#ARfungtiondias yn evaptoraibr. syst em t akes t he
roomair (RA) therein as first air to exhaust it to

[Ol{hk obuengieheofirst petiorodhe fired apatters (1 ha), dha &gt agierture (11d), the

. (OA) therein as second air to supply it to the inside

six iy anerrerer @hinand the sogpthpesiore Geplaenapdngd, while the pespnd aperture
action during the hum difying operation is provided

%@Pelﬁlﬁé Qabndiithe Fpld. aggtaye (9d) are

first action, the outside air

th oA
clogee g"ééb‘h‘t‘ﬂn FIG . st élé ©Aen shersepand %h&sugaphgd to the first

neof KEFHRRRRE (4D} 4 r«%?rapr?l"eaéf’ Fie thechrdouibusiRglisd  fhe Second hea

gxchaC@ (49) [0110] During the first action, the
exc $svv|tch valve (53) in the refrigerant circuit

[0112]  Specifically, the first air entered the system from the room air inlet (39) is sent
to the left spatial area (13a) of the third spatial area (13) through the second flow-in
passage (29) and the sixth aperture (9b). In the left spatial area (13a), the first air passes
through the second heat exchanger (49) from top to bottom. In the second heat exchanger
(49), the adsofbent supported on the surfaces of the fins (57) adsorbs moisture in the first
air. The heat of adsorption generated at this time is absorbed by the refrigerant. The
first air that lost the moisture passes through the fourth aperture (11d), the first flow-out

passage (25) and the exhaust fan (37) in this order to be discharged out of the room from
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10 (45) is switched to enter the state shown in FIG
2(a). When the conpressor (51) is operated in this
- state, the refrigerant is circulated in the
refrigerant circuit (45) to execute a first
refrigeration cycle where the first heat exchanger

the(eﬁﬂ%] ngﬂ%zﬁg%s??haﬁsﬁm ser and the second heat

exchanger ctions as an evaporator. [0111]

[0 1@9‘] | NGt B&ohl gt en@e%d £ sargtléﬁl frbiSthe %ﬁ%fcfe%xem@t J(g%)i iStSQIS[ to the

fourth aperture (11 si Xth aperture

right"Pag Qe 3BE§f e rtﬁrc( %S‘a%lalaér@a ?ﬁﬂ'ﬂ%@ﬁ |f?rstf1@&?r %ﬁ?@é@gge (23)

aperture the t d aperture

¢ MBS d
PR dBSNN0, KSR I Bk e s s

thet ﬁ‘x@t B&f Qﬁgh@x'%ér (45/) SRt bOtdhewhilé Se acﬁ@ﬂ)tent supported on the
exchanger (47) and the roomair (RA) as the first air

surfaes UPRlel Bk #57) i BeAQL BPthd RFFiger 8N ClaaRASH hfRdure. 20The moisture
[0112] Specifically, the first air entered the system

desbfteh B3h eher QixGILRNL id fp@hed 39)hhd Secvadtair ]E)stin@ethf dgh the first heat
spatial area (13a) of the third spatial area (1

exchbiigey (47)t h&hs oeidifiéd bhd air paseageoig@dihe adekntth @%eiiui(é [9c), the
aperture (9b). In the left spatial area (13a), the

secbnd Abwadut pp3sgeS1) it tugh supglyses o8 ihedd osetoaigRipplied to the
(49) fromtop to bottom In the second heat exchanger

insid4 9f thetrhemdrisw tHeauit supply patitad1 pas supplysiv Sages of the

. fins (57) adsorbs noisture in the first 25 air. The

[01héht NExtads esqhd amtige nbriapetheaburhidifFing operatsonalxs explethed with
by the refrigerant. The first air that |ost the '

refereicstto FEGP a2(gpand 2(bp aghFiGR: 7{uo t7lc)apbr the secofnd hdlion, tiheoutside
first flow out passage (25) and the exhaust fan (37)

air (@A) hs theoeend ainis hemidiSch iy the deound heht ¢xohangso (M) modumoisture is
25 the exhaust outl et 35h) as exhaust air (EA). [0113]

coﬂﬁh@di@@om regm ag{Réy esitheHstaysinghe firsbheat hechongsi(d®. ai r

let (33) is sent to the right spatial area (13b) of

[0111${Je t Rprigg dhaseend acten, (the) fonmwer ghvitchevalye (;53)fmome irgfrigerant

passage (ngdandtheflrst aperturgpélla In th

Cquuitgm%) i§ saitched toreager thawyte shewn 4o EHA hew the compressor (51)

) hroeégh 5 the flrstg heat. exchan fromtop

is opgatedr: thim ik, Ehﬁée 5gesnbie ﬁtr%laﬁsaém ff@rcre wefaﬁéclr%fr(ﬁé):%xecute

fins ( heat the refrj nt to

a S‘?ﬂ‘@%‘an F%“ﬁﬁf‘%?‘h? € VF ge Al gﬁlﬁé‘t CYLEH B, eedgbﬁmf’%%“s as an evaporator
sorb 0 fhe second air passing

oS 5T et B8 il S sso sl pessing.

(01365 ° " Bufthg #RASH abBO WSk Spaviirt (1B Hhe tird abSfre (11c), the

fifth aperture (9a) and the eighth aperture (9d) are opened, while the first aperture (11a),

the fourth aperture (11d), the sixth aperture (9b) and the seventh aperture (9¢) are closed.

As shown in FIGS. 7(a) to 7(c), the room air (RA) as the first air is supplied to the first

heat exchanger (47) and the outside air (OA) as the second air is supplié;dl to 'the second

heat exchanger (49).

[0117]  Specifically, the first air entered the system from the room air inlet (39) is sent

to the right spatial area (13b) of the third spatial area (13) through the second flow-in
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second fl ow out passage (31) and the air supply fan
(43) in this order 'to be supplied to the 10 inside of
- the roomfromthe air supply outlet (41) as supply air
(SA). [0114] Next, a second action during the
hum di fyi ng operation 'S explained wi th reference to
FI GS, Zé%i and 2(b) and FIGS. 7( to, 7(c).
Passagioltd) ard thedifthrapeltpigrdake In élilﬁrrlgwataé anep él@c@ﬁd-lf%ﬁ air passes
hum dified in the second hea exchanger (49). and
fhr%gfs@a fiastihgat exghanges &) %rpmﬁoaﬂﬁe P ‘Hl“? ¢ {hagisdgkent gupported on
first aig in_th i rst heat, exchanger (47) 5 [01
fh@owfaﬁas P @%E&%ﬁ’&’ga?é@?féﬁ meifrg auﬂl ' &ifi i \bﬁ@tv%fr’ adsorption
C|rc 45) s S

gerée%%téq af ﬁ}télrs]ggé&e is“g ggha? tlhy ﬁl}eare rzg nt. \\f, ?flt %tt%st air tgat lost the
5 . te t hi tat

mw%?#ir%%ﬁ?egﬁbr% & e Dirdrr ol T ggwg?ﬂt RaTagG(25) and the

o e R eSS 5 5 18, A ot 5

rat and the second heat exchanger (49)
as?%ﬁgé% n@Az;s a condenser. 20 [0116] During the second

: [Oﬁ‘ﬁj Q'h? %ec n fr%ﬁ%gegcp ﬁ%le&?éngtjagm é\l?'?om{)ﬁleaue]lng%t(%ﬂ 1S sent%o the left

PR g U 30, s PR ) s
the(sgmnd%gﬂg%&ﬁﬁ] ( gé E’lte‘r’lgﬁ (séz;{[a? fu%gt (arSOa ,nt]ﬁ% géc%fi%% r pa&séts through the
sec%ﬁ%%%a@%[ch@e? 3@@' %’gﬁila% %)O%St{drﬁ S%’lﬁ%g]g%g% n ot g@éported on the

Sur?a‘é@?'o Bt fi’sy?ﬁ?ﬁ &pby%ﬁe hEBLe A% at{l;&&rb l(nég;}ur [ OFe hnoisture

SpECI Irst"alr entere syst em rom

desbﬁ%dﬂ%‘ifﬁe addﬁorbéﬂt% sﬁﬁtﬁﬂed' 19 th€BEconl ‘%LuI ﬁ‘a%mﬁg IbusPd @cond heat

area of the third spatial area (13) throtugh th

l o f
IR it oL o B g i 00,

theea@osﬁqlowms\;%@&gb 181 ) dnkithe B 3hpfy ERARIEI &1#57ardéﬂt@metsq§phed to
to bottom | € the adsorbent "'supported on

thedtwideeRte 8font fiemfthgir 68pply 3G8Q NP ABiSI¥ i (SAI) t he
first air. The heat of adsorption generated at this

[01tlPe The dblaeiikiFdingyandneumdifyloges@fdtiond ke @, full heentilatish mode are
air that lost the 5 npoisture passes through the third

expdgined abose ( 1Tid hurhidery tomtsdl skétonmviouperitad aldgén (ha Fpliewig modes.
the exhaust fan (37) in this order to be discharged

0180} oTh¢ hemidigntdmtwinsyitemealbapstfomy Hetun{idBicatias in a circulation
exhaust air (EA).

mode in which the room air (RA) is taken as the first air and supplied to the inside of the

room and the outside air (OA) is taken as the second air and discharged out of the room.

[0121]  The humidity control system also performs humidification in a circulation mode
in which the outside air (OA) is taken as the first air and discharged out of the room and
the room air (RA) is taken as the second air and supplied to the inside of the room.

[0122]  The humidity control system also performs dehumidification in an air supply
mode in which the outside air (OA) is taken as the first air and supplied to the inside of the

room and the outside air (OA) is taken as the second air and discharged out of the room.
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[0118] The second air entered the systemfromthe room
air inlet (33) is sent to the left spatial area (13a)
of the third spatial area (13) through the first
flowin passage (23) and 10 the second aperture
~ (11b). In the left spatial area (13a), the second air
passes, through the second heat exchanger (49) fromtop
[0128] potbehym ‘iylcénFﬁ]egyéfé@cﬂl%’d?Wf%ﬁE}Wtdéﬁc niipan air supply mode
. surfaces of the fins (57) is heated by .the refrigerant
in ngcgé%%swﬁiagt (@), is tken g ths firse air od slivsaerepy otthef the room and

T R oL I -,
01340 ¢ he Binatis SD8 s R perog o paLCage feny it mode
o R B b A e o
and i FofR 7 R Rb ot 78 serba Ftkad PSR A OR M ar e
030! 2BE R S S RRRL Bl EHBLSEY et moce
i PR 6008 FEL) YT R 8 SR e
o8P 0 s LB 08 o 135

[012%937 f?cﬁgﬁ@?gfésém?f[b% Qut of the room [0121] The

systemal so perfornms hum dification

o TR U TR P i ol oA SR et loond et

SR, 1 TAGRU I b b, 3% LS agiapd i s
repBAMihY €R5nseh &Y@%@H@ir%lti% . Pelif HidsiAehy Qdﬁlsfo'ri%“%io\')lg?er (58)

t
in an air supply node ich the outside air

lardiSatéPethedarhid dcfitﬁesﬁnsmsfi) AR we YIRPERHs b ahd 8ortRSiiSE of the fins

t
of the roomand the outside air (OA) is taken as the

(Sﬁeﬁtﬁﬁﬂfﬁlih%@mihgiﬁﬁﬂmged out of the room 27 [0123]

he hunmidity control systemalso performs

[0109M dMoké BideliTtall, @B adkdrb&iiNPleY (F®0@ermdllyWpahds AR contracts in
outside air (OA) is taken as the first air and :

‘thediuhe hahgachsabé fiaf (37) ehdr@any axshnd tahé conkisk Becadbd the Ohear thermal

is taken as the second air and supplied to the inside
expafsidi eodfticient $OMRMdsdibentHayard58) iscaloder ol thay sf e fadss@G7). As a
perfornms dehum dification in an exhaust node 5 in
resvihitbdmiahsraso omsad befedy thesadsadbent lagert(B8) dridrtht fims (5Brisl reduced,
supplied to the inside of the room and the roomair
thefeRApréventigk e falding léf sfehe ndscabent daydr (B8 @hdigevong thefdurability
t he room
of the adsorbent layer (58). It is preferred that the linear thermal expansion coefficient of

| the adsorbent layer (58) is substantially equal to that of the fins (§7). The smaller the

difference between their linear thermal expansion coefficients is, the more the following
ability of the adsorbent layer is improved.

[0128] A urethane resin is used as the binder. The urethane resin has a linear thermal

- expansion coefficient higher than that of an aluminum alloy used as material for the fins

(§7). This makes it possible to bring the linear thermal expansion coefficient of the
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[0125] The humdity control system al so perforns

hum di fication in an exhaust node in which the room
air (RA) is taken as the first air and di scharged out
of the roomand the roomair (RA) is taken as the
second air and supplied to the inside of the room 10

ad%’g%‘“\%‘glaé;&’égﬁﬁg]té’éeo{?l}hg ﬁ}?e%ﬁr(%—r’b? E‘ggllg? @Pr} {Retp |er st and

OREE T iR tsHERRR Rbelies i an g, ik o3y nyligy binder.
W RESof 1 e eRe Paghe R fis Dy E‘%F?%!foﬁv%n{ RS (58) is given
W@Z‘ﬁ%f?eﬁff%ﬁi’fﬁsf@?f{*fe@ff‘%g@% 6459 P Fofdo a”%lh‘%?ﬂwsed Asa
resp iy e Belarra T e Ban e B ety %.i)&?%trﬁew%gr? < %hinge and
im &'Ef%nﬁ"i ”q{ke S B i ek B bublSI IR oS PR B perty.  When

ontract becausSe

IR e g 50 o

bro?lg%s a@ gé) ‘rﬁ;e L d&Eﬁe B&d?ﬁ A gtﬁﬂﬁw:hg%ga;%& St%glin%g ds]n%%e g rb%}@l%r at the
intQfack I?)@ v?ééﬁ?ﬁcbgﬂs% e ﬂéeg(r(é?athQHe il H?{Sgé 'dﬂcg tﬂﬂ@ mismatch. Even in

ur abl

thiPERE eﬂ'léeags&rh%%t l&)tkﬁ (5@33%%rb§ t&%‘ﬁ%hﬁﬁ%%‘i%ﬁﬂ its own flexibility, and

coefficient rbent layer

the%f&%tlﬁ[’dlkr FhilVore Hédinst @75, NathuQf thb 'aﬁrafbﬁ of ) ads??%@nt Layer (58) is

di fference between t hel r i near t
ﬁngépﬁmﬁbaaicoeff|0|ents is, the nore the follow ng
ability of the adsorbent |ayer is inproved. 25 [0128]
[01AQpr ethaBereb@pdsn 1S used as the binder. The urethane
resin has a linear thermal expansion coefficient
hi gEanbddiaentt heft the foreaentah¥biitiod M bodorfizaebdas HRWS. I ahlthough
for the fins (57). This nmakes it possible to bring
zeolifeeisl nsedads thbeds@bergxphasmarriebafali e artl Bflohhas i2Bas excellent
adsorbent |ayer (58) close to that of the fins (57)
mosshifre atisorplign pfopdR] Eatdphayr of thbanatetdl Haclads iica gel, a mixture of
bel ongs to an organi c water-based enul si on bi nder.
zeolle imdusBeagelt dntiveted anibon\wapetic pak@tkr emaitgdl having gdrophilicity or
the adsorbent |ayer (58) is given wth higher
waterl elxdolptidnt propetys dmpat‘Chahg&i ehin toheega davinger earboxy! or sulfonic acid
i norganic binder is used. As a 5 result, the adsorbent
grobipytanct{dsg)) piipmonmateriglsiush asntenmgmtmtsemwdymer and clay mineral
t enper at ure change and

material such as sepiolite, imogolite, allophane and kaolinite.

[0131]  Other than the urethane resin, an acrylic resin or an ethylene-vinyl acetate
copolymer may be used as the binder. They have excellent flexibility and make it
possible for the adsorbent layer to follow the thermal expansion and contraction of the fins
(57). When mixed with the adsorbent to form the adsorbent layer (58), these materials
bring the linear thermal expansibn coefficient of the adsorbent layer (58) close to that of
the fins (57).

f0132]  (Embodiment 2)
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impact and less likely to fall off, thereby obtaining
excel | ent adhesi on property. Wen the linear thernal

expansi on coefficients of the adsorbent |ayer (58) and
the fins (57) are brought close to each other but do
not match exactly, thermal stress may occur at the

£ 1 o H a0 R BRHES F ERRGRICTEY O i Pragh APt ioRgprovided.
1013371 “RESTRR 19 b7 opery, SRRGIMERe @F ReHHadRy PRt thermal
congERFilgh ot ﬁ%ﬁﬁéw% DR (58 a5 SR Eeepr DNfubressnb gabpdiment may be
actgod Bhrese B n@%@ﬁ%i\%ﬁ*’e%%ﬁﬁ%ﬁ TR febfricients
of @%ﬁ%ﬂ@iﬂlt@%ﬁg BRE Mertotpr il Baddsselign 18 BufSodiment 1,
AERERTIY SRR AL b, TR LAl clyde SLLEREE i e

relddh mﬁtbsﬁ“egﬁg%%% .onhe&nc%p%}tﬁl%%@'?%? gﬂa%‘k% Sz ah? Blorel K02he fins
(57 dsélbep%d{{ﬂe Binda g)“ hed%h 13 9n' S qacid group,

unc I Ona ?enperature

[oggpg'ﬁ%ﬁl @&Jewn{)mﬁ? Q?& @ywn{ag ceﬁducaglt,gﬁ (gﬁf/hﬁ{) UG adsorbent

ane an

h
layélo a 5)9 it QaTOt ?hé‘[reﬁstrga%eﬁ 53'1 ﬁglrseo?ﬁlen?;ﬁ%léﬂgﬁ Se’leg;ﬁiéghennal

| ene=vi nyl "acetat’e copo

conﬁﬁ&u}?ﬂm fsrll'lsea- h&¥ af argg%r%t é 8 tl[S T iRl | ?ﬁl @B %oﬂﬁ%@, when an

It pOSS|befor t ayer to f ow t
adsbﬁ)%ﬁﬂl%ivn?g(&ﬁ | @Brrdd) %ﬁ&m&ﬁﬁ b fafhs&f thd) Edsfoi"tféﬁt la(g§17 {58) is made
When m xed wth the adsorben formthe adsor
thidkayer (58), these materials 25 brl ng the i near
t hermal expansi on coefficient of the adsorbent |ayer

[01658) whese/N & {(athedbal delistahddss &&e?hdsok&la&&yer (58) is kept low.
( Enbodi nent  2) 29 -« —---- --- Next, detail

- Thezefotea hedtieath-0ke babeeh ﬂﬁ%fr%eﬂfnt blﬁ’@l:ﬁﬁ%ﬁﬁ e ﬂeﬂ’{@ﬂétidﬂrblrcmt and

is provided. [0133] According to the present
the earpediin® rRburiet it hihdkglesficienand Aba rédifi( fRlamount of sensible heat

conductivity 2 of the adsorbent |ayer (58) are
exchpeet in #d firfirad peend heatexblodics®B 114 7,79Y isdfcreased.
[0136]  The relational expression t/A < 10 is appropriate from the following calculation
results.
[0137]  Suppose that the fins (57) are arranged at a fin pitch of 1.2 mm and t/A
(m*K/kW) and the front velocity (m/s) of the target air are variables, the ratio of the
amount of sensible heat exchanged in a heat exchanger with the adsorbent (e.g., zeolite)
supported thereon (Q) to the amount of sensible heat exchanged in a heat exchanger with
the adsorbent not supported thereon (Qq) is calculated. As shown in FIG. 8, the
calculation result is Q/Qp > 0.96 when t/A < 6.
[0138]  When the fins (57) are arranged at a fin pitch of 1.6 mm, the calculation result is

Q/Qqp > 0.88 when t/A < 8 as shown in FIG. 9.
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- [0138k1 f Whearthesfipg (

achi eved irrespective of the relationship between the
i near thermal expansion coefficients 5 of the
material for the fins (57), the adsorbent and the
bi nder explained in Enbodinment 1. Alternatively, the
present enbodi nent may be achieved in conbination wth
the relationship between the |inear thernmal expansion
%Pl arerpatageedt affgy pitaheo 2 ham, (thergaleylafion result is
dsarbent and the hinder expl ained in Enbodi nent 1.
Q/Qoz 30 wie T EQ Avshown ipfhg- Hhd t he t her nal
conductivity X (WnK) of the adsorbent 10 Iager 558
[Olé*ﬁ?i s%ﬂ% J¥ker theotin ey ig fl e, WA 281 ehi™ R QZQO > 0.80
ermal . conductivity ? is used, the adsqrben

isq %}'gfgfvi-t( B cpasierad thah plargeamenet ofsrpsilaleneat js sxchggged in the first
SRS RkoREa el ) Roar SRS hhlet Sasputsoren
sfR0 265 rtl b B liee e T oGk lhgaoe n
adspET GapLeRis T ottt IS PG BROURY T il hegiprchanged
in G e sotbl n e e FlaRER A 30Me 11 st and second heat

01FXF o TR S aci S S T RF IR ook BP0 IF and pej s dhan 1.5
o LML LB B0 S BTALLS (o7 AL UPROBRA R o e
o et PRI Al el AR HRLO Sl s

w/SERSIR L eal 2e%gAanged in a heat exchanger with the
adsorbent (e.g., zeolite) supported thereon (Q to

. t .
[014Be age emwm%ﬁ@%g?gggﬁ 99! m@%ﬁ@%ﬁ%ﬁo@%m lﬂ’t?aﬁ'ineetan/Qo > 0.80

exchanger wt orbent not s ereo

deckédlds 4sShéEah %ﬁkﬁ%@&me%%ﬂ%gwgf%e@egfgfe?for%xaﬁ@%é t/%% 5[ 163 1p§‘§f]‘erable if

calculationresult 1s Q when t/

the S NS HRe drthged ad iRPRIRST PO ARE ifdhe RedticAcRidgeh of 1.6
mm the calculation result iIs QQ > 0.88 when t/ X <

[0183RS ThoOWMitkinBssh! (Am Pof tBO ad Bir281 1a 8% B tHd A$rab&of tAE Ens (57)

arranged at a fin pitch of 2.0 nm the calculation
is i@ Sedst thi 0.09 &en 2and .30 nydteMhdn K5 a5 tish Bbkoes Elfam) of the

adsg)-g).ent layer (38) is within the specified range, pressure loss is reduced, fan efficiency is
improved and fan noise is reduced.

[0144] The adsorbent used in the adsorbent layer (58) may be zeolite, silica gel,
actrvated carbon, organic polymer material having hydrophilicity or water absorption
property, ion exchange resin material having a carboxyl or sulfonic acid group, functional
polymer material such as temperature sensitive polymer and clay mineral material such as
sepiolite, imogolite, allophane and kaolinite. The thermal conductivity of these materials
is not less than 0.05 W/mK and not more than 1 W/mK.

[0145]  The adsorbent layer (58) contains an adhesive in addition to the adsorbent. It is

considered that the thermal conductivify A of the adsorbent layer (58) in the thickness
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[0140] Thus, when the fin pitchis 1.2 mm 1.6 nmm or
2.0 mMmand t/X 5 10, QQ > 0.80 is obtained. It is
consi dered that a | arge anount of sensible heat is
exchanged in the first 5 and second heat exchangers
(47, 49) as long as QQ > 0.80. Therefore, if the
; [ t : ' 57
dirédma a?ﬁﬂ%tacﬁe/@%@fhg (v%%E 0P the tﬁ@rfrﬁl‘l‘ E&ﬁﬁ@ﬁwgf of.ttﬂceacﬁ'gfb%n& )

satisfies t ) , thermal resistance int

[01365 OF R A InckiRMbr fopBing the hLEDNERH 1ayk 3)3911/ {He REFRES oPthe fins (57),

t he anmount of sensibl’e heat exchang In the first

theadﬂgor%ﬁﬁtoﬁﬂ¥ e atp a8k SisH67) ‘ﬂ)?l)dipﬂiﬁ) .41'l]‘hegenﬁ>01fr%%§mayer (58)

velocity of the target air 1s not less than 0.5

ma@ e f(ﬁtﬁ{edf@rﬁytnﬁ@hbcﬂasﬁon%% 7tHé ggﬁ&%{hﬂ%@@f thé b&orRRdlis not impaired.

second heat exchangers are operat ed.
[018AEr effohe adédbertt Resuppbht@l b @l@%g@&h@iﬁs@%etﬁy @ger GBLis formed on
0

range of the front velocity is specifie e not
thel ol pahiaithad thenfias 8T, N8} tHEDEBnéNaR (810 tHY Ifeat Ir@ddet] tub$ (63) and
shown in FIGS. 8, 9 and 10, the value t/ X (n2K/ kW
thetcbaectiatise @550 I tie &orbe@ERAIES) 18 Soriled aldorbrthé 6ther parts than
beconmes | onger. Therefore, for exanple, t/a, <5 is
thedinsf (67 plthe adsorbehb ldybe(38) 08 thé éiheapartamaangadmidd thidked than the
pitch of 3.5 mmin the heat exchanger. [0143] The
adsbittieaklagars(58) omife fifis (3Tp bachuss Hend isl rysded (B8)kion tHehdegree of the
surfaces of the fins (57) 1is not |less than 0.05 nm
theomal stress inoragcduman 0.5 mm | f the thickness t (m) of
the adsorbent |ayer (58) is wthin the specified
[014&hgeOthsr Esuescardodecis sra thd sared as thase eff Ermbidiment 1. s
i nproved and fan noise is reduced. 20 [0144] The
[Olégﬁorﬁ‘?énbodiﬂ@emi)n t he adsorbent |ayer (58) nmay be
zeolite, silica gel, activated carbon, organic
pol We&h deailed pxnlanation agEmpadiopent B of theypresentiavestion is provided.
absorption property, ion exchange resin materi al
[01pQli ndceprdingiio ia presens embedimenh et of terupdsorhgntlayeon@8) adjacent
ol ymer material such as tenperature sensitive polymer
to {56 i PG 2 GREPTOSHREG therrols ey Alorase gHeTbare, content Tatios.  The

i rmg&l?i é,e, al | ophane, and kaolinite, The thermal .
pregegh GMOPHNRenY TRy Renadis VR dEpsPastve ofsthe gelaenshipsketivien the linear

0.05 WnK and not nore than 1 nK. [.0145] The
themal sxpansion § 101@5%)0%8?1%%%&1% é%%@ﬁ \ié;)i: ihey adorbeah and the

. to the .adsorhent. .|t i nsi dered that the ther.nal
bm@%n%i@‘iftlwf &% kﬁi{l_ﬁqﬂr‘m?ﬁeiadéitﬁwﬂvelwa%q Prasgyt hbefigent may be
ach{e:g{lgcf ﬁﬁﬁc%s o fdx: {yﬁ}? ;;Jt 3{:‘.&3? %E}rf g%%g&%g{q? l:e‘ialgi%ngh% L{a%t\géent 51% linear
thermal expansion coefficients explained in Embodiment 1 and the relationship between

the thickness and the thermal conductivity of the adsorbent layer (58) explained in

. Embodiment 2.

[0151] To be more specific, the adsorbent layer (58) has a multilayer structure
including a layer adjacent to the fin (58a), a second layer (58b), a third layer (58¢) and an
outermost layer (58&).

[0152] In FIG. 11, “0” represents particles of an adsorbent (60). The higher the

'- density of “o” is, the higher the ratio of the adsorbent contained is. In FIG. 11, the
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[0146] As a nethod for form ng the adsorbent |ayer
(57) on the surfaces of the fins (57), the adsorbent
may be supported on the fins (57) by dipping. The
adsorbent |layer (58) may be fornmed by any nethod as
| ong as the performance of the adsorbent is not

deﬂgﬁg@fr“%d (gzﬁm[:lgélélg Ihe!ddsd:B6nt246H éggégwt%ﬁ?or ngeggé%e?gt%(ﬂ%o show the

pl ng, adsorbent Tayer

adéa}ﬁb%{cd?ﬁérﬁat hagdshe fins (57), e.g., the franmework
61), the heat transfer tube (63) and t he connect or

[01t59Pe (Iﬁé)idsoMenE %tﬁﬁ%gﬁ@gﬁﬁuél ylﬁEre%%g)froh?wg%gj&a‘sé%ﬁ!iys& (58a) to

on the other parts than ~“the or ben

thel @Y&ﬁlogtqg}er sgdyhe TaE E&Ete%fttﬁ mrﬂéﬁt (6?5 [Gfe I(J@J{é%{(fﬁr the adjacent

than the ™ adsor bent I ayer on t I ns

1ay@1e§sau%d M6 hEeteSt QR 8@tenﬁést ‘la%f db herndgg aﬁs%ﬂs%,fm iRr (58), the
[Othe)

thermal stress into account. O her features

corﬁﬂﬁ RftheBinderd62) tBe 3RRsER thbadRcaf 1 aY8hd tHe lowest in
[ 0149] (Enbgg{ﬁént %%E detalled é&g?ﬁ%atlon of he

outEﬁii%kdleijfE;r(S &), of the pr esent i nvention is provided.
[ 0150] According to the present enbodi nent, part of

[016hE alsordeend fbayahe (ASrbéd] lagen(ss), ibe tsﬁrfhét@ df theafifk (57) are
an outernost part thereof have di fferent adsor bent

subfenddeto tsutfadei teatme and & et e Efb@dﬂe%@tmlm theadoktey @8) and a
irrespective of the relationship between the |inear

bintiéresohmionax ppyltad ahereeddd dricdnt Soldify. heThust e iadsorbart (60heand the
fins (57), the adsorbent and the binder explained in

ﬁnf(&ibcbrerénhdeﬁ toAbdchr othtr Yelthe bidder 6D semnd serbodharpaticles of the
may be achieved in conbination with at | east any one

adsofbetih é6) el At ithnghing Wedweien hohiag| different 2@sotteat mahtent ratios are
expansi on coefficients explained in Enbodi mrent 1 and

applié seqlentidllyn v pultidtynedmdsorenttlayar K5&)sis obmaihetiheIf the slurries are
t hermal conductivity of the adsorbent |ayer (58)

appdie [ ithreabcentlingEatslot o fridhret adsorbient] Sotitent gatiye thepadsorbent content ratio
specific, the adsorbent |ayer (58) has a nultilayer

decgqaﬁ@ctom\iagi thenBn li’é?)ngndamcsgaéfrs tmjasd dret outermdse lasien (58d).  As the
éig a second | ayer (58b), a third layer (58c) and

surfpe tioatmsnt, slegisating Apalnent gy, by @rHe owtrioppwier the surgaces of fins
represents partlcles of an adsorbent (60). The higher

(57} penrepralsaiteyhoflumy s, the higher the ratio of the

38" B SRS S el & 13- the 32

In the above-described humidity control system, when the first or second air passes

through the first or second heat exchanger (47 or 49) serving as an evaporator, the

- outermost part of the adsorbent layer (58) which is outermost of the first and second heat

exchangers (47, 49), i.e., the outermost layer (58d), adsorbs moisture in the first or second
air with efficiency because the outermost layer (58d) which is most likely to contact the air
contains a relatively large amount of the adsorbent (60).

[0156]  Further, since the layer (58a) adjacent to the fin including an interface between
the adsorbent layer (58) and the fin (57) contains a ‘relatively large amount of the binder

(62), the adsorbent layer (58) is firmly bonded to the fin (57).
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density of "o" (particles of the adsorbent (60)) is
depicted wth exaggeration to show the adsorbent
content ratio clearly. [0153] The adsorbent content
rati o gradually increases fromthe adjacent |ayer
(58a) to the out ernost |ayer (58d). The content of

T b Rl L o
e ge@zéﬂf’/e PRE et it el e g
bbbt ate:t%{egtyst%g[ 4 o
rel bR oy Itsﬁﬁgq(rﬁ#;g'@egﬁ%ﬁgtﬁm 5 1 S ved i both
of R AP E b tctineda N ey ?@ﬁt@ﬂﬂm %'gﬂhl'gftlr% Ogesjglﬁp et

S A o0 5 T IR o BB, Badif s

appglgé Je ﬁg%ﬁiso(rgegorzgﬁ Etos%etne?? rac u‘rﬁw thﬁch%v 1ae%t1on the growth
of @%’fcﬂt%&!sl%f’t?% letﬂe v@é{eﬁrtﬁg lagfg h]%,ﬂé th?%ggorlge%@la)le% (58) is

tal ne rrles are

res@%ﬁor |0 HRE lgﬁiettﬁlgke%gggg)&gtl cont ent ratio, the

ent content ecreases toward the fin

[015‘5]7) BHQ th 6L Fr‘rﬁﬁﬁl% 08RG Re o P ML RIDMent RHRE ééé&tﬁe adsorbent

surrace tr atnent egreasing treatne

con@e@lrt fdti% il Ynde ﬁllﬂ?e a?dj‘fcfeﬁtc erqg {)' t0%he éégrﬁnost layer (58d).

nonrepel lent"to t urry 0155 ect

Tha2 i $6MNSn1¢ AROLH; 1R At lairé? (’5% R QE&)HQEI% 98f s dideYsurface of the

cont r ol system when th first or second air passes

fin 597) talsoag Rx IRt hdHRbioR), rc%ﬁ:?t?ndFﬁﬁﬁ’ér Rxgaanseo tﬁézu@:f‘most layer
serving as an evaporatof, the outernpst part of

(588} ehaﬂmrlaﬁe}t(sts?y @se(15he Wit Burbie GRS anstbept 1atysle(ss) also has
first and second heat exchangers (47, 49), i.e.

excelline aigsptidray@pert 8 dhusptroidesrbe®t 18y dtr @8) Rsdlhe ﬂcrrltp’rﬁifed both in
or second air with efficiency because the outernost

adhksiyreand &Bdjptiohipedpettiesnost |ikely to contact the air
contains a relatively | arge anount of the adsorbent

[016®0) . If 2 §ifder§2)Hs n uleshanesesin,entadogylicaysn of &Bethylene-vinyl acetate
adjacent to the fin including an interface between

copplyeendtboradenbentdyer (§8)8) moddedevithi higlfes 7 sisiamteaagasnsa impact as
relatively |arge anount of the binder (62), the

comgdeadrbignthelcaseewhqrs 8) inosgduie hihgersockdadceneent saustd.n (57) .

f0161]  Other features and effects of the present embodiment is the same as those of

Embodiment 1.

[0162] (Embodiment 4)

[0163]  According to the present embodiment, the adsorbent layer (58) is a solid layer

obtained by drying an organic water-based emulsion binder mixed with an adsorbent.

Part of the adsorbent layer (58) adjacent to the fin and an outermost part of the adsorbent

layer (58) are different in the ratio of the adsorbent contained therein. The present

embodiment may be achieved irrespective of the relationship between the linear thermal
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33 [0157] If the adsorbent |ayer (58) fornmed on the

outer surfaces of the first and second heat

exchangers (47, 49) is configured such that the

adj acent layer (58a) contains a relatively |arge

anount of the binder (62) and the outernost Iayer
(58d alnso?tt relatjvely |arge anmount of

eXR.?&%lB (59 Ce%’é%) e matpzigt denthe ApeS )58 ﬁ%sorbﬁﬁF av%dihe binder
et ool Rt ot S Ko

mul ti.l ayered. Th fore,
coffinghgonh ﬁtjl\é 4w Pl Og%‘ﬁlr?léﬁoﬁ R le'éwﬁ‘?i’s ¢ Bttt thl%%f%pamon
ack in_the thi ss dir

cogfiibelp P egy o Figb ey e : streé% SpgHP e aDg thiekiess of the
wdsPEerE st '@a' ?Wyﬁie@ﬂ%'fh%pftu?f SERAEHV %%ﬁf@édgiﬁmbéé ot 3 and the
rel b HhissP kiR ¢ ?%ftg% iR W dbt pRL AR 1 4 Bt e
ou Bl ff B Sa%u WORLERRR e e ﬁgﬁmﬁ'ﬁgﬁt@ aﬁﬁ[ only

[o158P, 38b3EShb: ﬁ)‘é?ﬁ{: %%ﬁryns%pgﬁfe‘%% i R0 b8 SGulsion

he sur ace 2150 h exc

blng%pg ?drcr}gés]’flgfigfégfrﬁya( %rggwi&]raﬁ %nqggt:g'gfyg r%lr%.@lété ?stzlint a%alfxst abrupt
ten‘%o@ﬁtt&gt Fllﬁng;% glﬁgaa&f antdhl@s k?c? @c‘hll_hﬁy eEvél Sﬁ‘) @hﬁ g"f’)sand the

exce rption prope ty sor

8 SRR B cadhes by
favbiaBly RIAEreH ]S | 'eﬁbh ARer@CTHE LEcelIBRt AMheEioR B é?ltSLtl}¥h %G&l ¥ittAmount of
acetate copolymer, the adsorbent [ayer (58

the ikier SR uMit tabbalis 38 RIced &5 IRt ARE ehafabRT lofi tAD ﬁ&‘orl%%t Therefore,
conpared with the case where an inorganic binder such

lated6 He@MBYcedstngU 8aMAbilRP i QhRAdce @ WRkot SBEMESRS: AN thickness of the

effects of the present enbodinent is the sane as those

adsOfbentHaOdbSEAbre than 12EE24ry (JERBSIEinFBRE hekt eX BdBrs (47, 49).

According to the present enbodi nent, the adsor bent
[0165ly er Thd BickusBob tHel gisbabyer layeb{38) I’lﬁﬂtl'léysﬁfayd:sn@f &R fins (57) is

organi ¢ wat er-based enul sion binder m xed with an _
prefecibdy bemnless thzib SPant amall ndt heora disor HENLm! feome the( H8ypoint of reducing
adjacent to the fin and an outernost part of the
pressd=eoliobe i ptoeayrer faf s8jciarce add frédrcargt fanmoishe Thd hdsoefent hger (58)
adsor bent contained therein. The present
may be formed on the other components than the fins (57). In this case, the adsorbent
layer supported on the other components than the fins (57) that does not affect very much
on the increase in pressure loss (e.g., the framework (61), the heat transfer tube (63) and
the connector tube (65)) may be formed thicker than the adsorbent layer supported on the
fins (§7) to improve the adsorption/desorption performance.
[0166] Examples of the adsorbent include, for example, zeolite, silica gel, activated
carbon, organic polymer material having hydrophilicity or water absorption property, ion

exchange resin material having a carboxyl or sulfonic acid group, functional polymer

material such as temperature sensitive polymer and clay mineral material such as sepiolite,

35




10

15

20

25

enbodi nent may be achi eved irrespective of the
relati onship between the linear thermal 34 expansion
coefficients of the material for the fins (57), the
adsorbent and the binder explained in Enbodi ment 1.
Alternatively, t he present enbodi nrent may be achi eved
i.nation w th at t any, one of_ the
lmqgé’ﬂlg% |aﬂgﬁfﬁ% %:Ekwél@ﬁet hE %@bhcn ﬁé}owwléﬁlﬁ%lﬁémawd as long as it
. coe fICJe s .expl ai.ned i n_Enbodi nent
is PXePdeoMsSEriiR Fodtivich e HonyeRin é%'%‘n%fdl ipseiglingget pisspsity into

| a 8)..and the ther nduct i y explained in
acepotsolitnbilish &ﬂd’rﬁﬁ%‘f‘“’ﬁgﬂﬁﬁ"&‘%ﬁ?? tafls weon ¢ he

101B7hSAE rE Hoie PRBSIO T BT ¢ ﬁ@ert%%d#%éﬁgﬁé%éw fesin or an
ethglBhd v D a%%fﬁﬁdé@lgan?ﬁog ﬂ%é‘?ﬂsﬁ)f e %wa%.ac solld Bortion of the

AP A P i G T S0 e
0

PR Bl e SR BBV A

pos?lﬂge? obe?@&re s&?f'%{en{ ?cﬁ*)esﬁp%vén g'%e J& ﬁ@n}atl}?e s h n‘% de Ii]ange The

expansi on COefTiIclent, are avora

adsBHAR rﬁgy b sﬁﬁgg rf {%ﬁ‘ e he-gp?xcﬁgﬂ:g%k*@qlb rﬁ%{g?@ tl%]héa? exchangers into

ensurea eve e anoun

Sluﬁ‘{r fix cﬁwftﬁ"ﬂ%ca%go Ont! NEfSRTEr 'ﬂﬂa &'Bf‘ L@%O{tﬂlg the adsorbent is not

adsor ent herefore, ~Tatent hea proc

parﬁﬂ.ﬂﬁ%h finfe¥q | ?SSIOE% Q@ﬁ%%@g\g‘gﬁ%ﬁg bf IHRGHGRBE gs dfdfired,

ess o 15"a ayer ) nmor e t han

[01@%&6515]@3: Y19'is Upshib %OW}?% Qﬁ@gdﬁé&?&? %’( Kmaﬂ%}a’ie) and the

65] The thi ckness of sorben

adsblli)@ioﬁ géxff&%%c@ﬁf thB8dhdsith lﬁy'iez)(s%%on@ﬁ%fn@fn%% ¥aﬂ9fon§ ?n?ﬁlass ratio
gm and not nore than fromthe viewoi nt

betﬁf:erf Bdwelid gortiBh ©$ M@atleﬂﬁzisedleﬁﬂls%ﬁ Badéramdahd h&doBReY. In FIG.
and reducing fan noi se. The adsorbent |ayer (58) may

13, beofifer eGse@nast e AsbAent QAP ANERIENE NB8n tiPaustd NS the Arater-based
In this case, the adsorbent 20 | ayer supported on the
emdlkibgbigieaponent s than the fins (57) that does not
affect very nmuch on the increase in pressure |oss
[016%]. 9. Refefitnef toadTOMIBK “606 Indicdtbethaedie ddhagish @rogetth eanflGdlorption
and the connector tube (65)) may be forned thicker
perfohaandehare atselteng rito™ aylamtes upmotht edhedion Ipeopettiy nesd( the )adsorption
to inprove the adsorption/desorption performnmance.

- perfodhefde &xastightty inferibhéo abser dfefd” bot dudegt danse exampddem, “x”

zeolite, silica gel, activated 25 carbon, organic
indisatey thet theatdspibeht haei (3§) sy dotophbleiteciuse of falatodf or the adsorption
absorption property, ion
performance is not sufficiently exerted and “-“ indicates that the adsorbent layer falls off
and its adsorption performance cannot be measured.
[0170]  As shown in FIG. 13, when the binder amount is reduced and the adsorbent
amount is increased such that the mass ratio between the solid portion of the water-based
emulsion binder and the adsorbent is set to 1:15, the adsorbent layer (58) becomes hard,

thereby causing a crack to fall off. On the other hand, when the binder amount is

increased and the adsorbent amount is reduced such that the mass ratio between the solid
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exchange resin material having a carboxyl or sulfonic
acid group, functional polynmer material such as
tenperature sensitive polyner and clay mnera
material such as sepiolite, 35 inpgolite, allophane
and kaolinite. The adsorbent is not particularly
limted i,S excellent in adsorb

as | [
POLHER O (fhe Waigy \%é%Férem‘flélRP e %@ﬂs—q #isprhept wntet @ 3dodha gdhesion
nto, .acco , . zeqlite, lic or a mxtu
Pfolcpﬁléﬁf &dﬂlﬂf%vuegr hils alkﬂ' aélsorlp?;'% %?r?erlﬁ@nﬁ%ﬁerﬁ u&‘&éed“ﬁwmt&? By3ss ratio
betgieRy Riendlih PTFOA CLcile éfai%&ép%;%mufs%ﬁ#e&ﬁééiér?daﬁa%oa?éorbem is not

1L.oNn

o g 4 0 ERbighgaree ﬂtIBf@tﬁafth SISﬁifp%fﬁg“aga&hen%qsomn
perﬁ%&lgﬁﬁgeg%ggrhsﬁ%ﬁolrg 8Bnrbef Sa g]%et ma%mlfg{lﬂhgtgvgeﬁ} the soﬂg portion of
oL B KL G BT S b 1y
thaﬂeagﬁ kP oy i R e detoe Lt
(0125 or BERF el SR bR ts'ﬁf?l?}e 1 RFEBCEELRIMEL ¢ e

perfornance of the adsorbent is ensured. [0168] FIG
13 is a table showi ng the adhesion property (initia

IN?t@ﬁ@ﬂ?gggPPﬂﬁCAﬁﬁﬁﬁfﬁt'0” performance of the adhesion

corresponding to variations in nmass ratio

weg t [
{01??{1 dor %%@erﬁ%\}e g%? el%s?ﬂﬂ ?é &P%d’@; {%&P;}%{jﬁn?%hg afl3dsorbent
ne resin is used as
mu%ﬁgﬂagﬁg%@ SedQE&ﬂﬁFg?@%h 1Héﬁ§£ﬁ{0169] Referring to
FIG 13, "o0" indicates that the adhesion property and
adsorption perfornmance are excellent, "o0" indicates
that the adhesion property and the adsorption
performance are slightly inferior to those of "o0" but
do not cause any problem "x" 20 indicates that the
adsorbent |ayer (58) is not usable because it falls
of f or the adsorption performance is not sufficiently
exerted and "-" indicates that the adsorbent |ayer
falls off and its adsorption performnce cannot be
nmeasured. [0170] As shown in FIG 13, when the binder
anount is reduced and the adsorbent anount is
i ncreased such that the mass ratio between the solid
portion of the water-based
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25 -emul si on bi nder and the adsorbent is set to 1:15,

t he adsorbent |ayer (58) becones hard, thereby causing

a crack to fall off. On the other hand, when the

bi nder amount is increased and the adsorbent anount

i s reduced such that the mass ratio between the solid
Cléggﬂgrtion.of the water-based enul sion binder and the

bent is set to 1:1, the adhesion property is
i nproved, while the adsorption performance is reduced.
When the mass ratio between the solid portion of the

(o e e F 18RS o e
cor BB 0 RRE R 3 SR PR bR REGHE! PRTfR Y Sherein
e BOA R O o) L0 AR s U R0 o8 e pine e

e adsorbeéen ower an

s 08 POGRL e B W 5 ARSI P v

ef f ect; i

o AR AR g LRI R enl £ (57 and he
dsbrbeHf i ‘ i i
O (87 b 1oL, B RS ISP Bfnion costicien
betWHEH @Ak s (37 LRG 1R ddsorBdnt CLAl M5 1. A heat exchanger

conprising a plurality of fins (57) and an adsor bent

capabl e of adsorbing noisture fromthe air and

.desorbing the noisture into the air, wherein 5 the

sur baces e Hehexohitet 67181 8, GAMBED W th an
adsorbent |ayer (58) containing the adsorbent and a

bi néles bindér BANOP Wil APSRIHERbefBBichd BotSWeRGRs Be linear
the fins (57) and a difference in |linear thernal

the@) @Rpamsioncoefficicat 6Mthe Bat y8yn the fins (57) and the
adsorbent layer (58) is smaller than a difference in
| i near thermal expansion coefficient between the fins
(57) and the adsorbent. 10 2. The heat exchanger of
Cl aBm 1, Tiedreei exchirgebeiTiaim hashereln near t her nal
expansi on coefficient not |ower than the |inear
the binder is an organic water-based emulsion binder.

4. The heat exchanger of Claim 3, wherein
the water-based emulsion binder is a urethane resin, an acrylic resin or an

ethylene-vinyl acetate copolymer.

5. A heat exchanger comprising a plurality of fins (57) and an adsorbent
capable of adsorbing moisture from the air and desorbing the moisture into the air, wherein

the surfaces of the fins (57) are covered with an adsorbent layer (58) containing the
adsorbent and a binder for supporting the adsorbent on the surfaces of the fins (57) and

the adsorbent layer (58) is configured to follow thermal expansion or contraction

of the fins (57) caused by temperature change without falling off the fins (57).
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t hermal expansion coefficient of the fins (57). 15 3.
‘The heat exchanger of Claim1, wherein the binder is
an organi c water-based emul sion binder. 4. The heat
exchanger of Claim 3, wherein the water-based enul sion
bi nder is a urethane resin, an acrylic resin or an 20
et hyl ene-vinyl acetate copolyner. 5. A heat exchanger
conprising a plurality of fins (57) and an adsor bent

bl d bj i f th [ d
GesBr bi no N nBTLReESt bR Ineb g aner ei n ¢ he
f f 1 fi 57 d with
adsdroaneenl Bt 555 sty mot recss Loy Aigimess, qam of the
ads?ﬁngtfe{%%% E%)%’Ir% Ol{ﬁ%{tﬁ%ﬂr%ﬂ?c&r?c@%ﬁ{d?f@/&%{ (tggtﬁes srofrgecnef‘?ay%; {(58) in
' ed..to foll th I [ t ti
5 o FRMACIRRAOE " Slsed by temperature change v thout

falling off the fins (57). 38 6. The heat exchanger of
Caim1, wherein the adsorbent | ayer (58) satisfies

t/?5 <1 ' ' I ¢k . f th

adsg'r ben?rq%éf&gg%}g]eg% %mi]g; g}ﬁ léll(r m 8ondugt ivity
W : ' t hi ck

gli rg@ipggﬁhq%t?%g%agg?gﬁ anlééet?@or?'t%ngi%mﬁlg? vvhle(r:einﬁsz

fin pitch is not less than 1.2 nmm and not nore than
3.5 mm 10 8. The heat exchanger of Caim6, wherein

10 ai r gvel ogipfe\hehiSexBRinobLSSCLAB, Jhatef S @and not nore
than 1.5 m's. 9. The heat exchanger of C aim 6,

whepi@ ivBlobifeistddt EkOB8R 015 /i hd bt be: BASOKRERt | ayer
(58) is not less than 0.05 nm and not 15 nore than

0.5 mm 10. The heat exchanger of Caim®6, wherein the
thermal conductivity 2. (WnK) of the adsorbent | ayer

(58). i s M Hegrsexchdn@dr 6F O@im Wwheraind not nore than
1.00 W nK.

the thickness t (mm) of the adsorbent layer (58) is not less than 0.05 mm and not

15 - more than 0.5 mm.

10. The heat exchanger of Claim 6, wherein

the thermal conductivity A (W/mK) of the adsorbent layer (38) is not less than 0.05
W/mK and not more than 1.00 W/mK.
20
11. The heat exchanger of Claim 6, wherein

the heat exchanger (47 or 49) is a fin-and-tube heat exchanger.

12. The heat exchanger of Claim 1, wherein
25 supposing that an adsorbent content ratio in the adsorbent layer (58) is expressed
by the mass ratio between the adsorbent and the binder (mass of the adsorbent/mass of the

binder), part of the adsorbent layer (58) adjacent to the surface of the fin (57) has a higher
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20 11. The heat exchanger of C aim 6, wherein the heat
exchanger (47 or 49) is a fin-and-tube heat exchanger.
12. The heat exchanger of Claim1, wherein 25
supposi ng that an adsorbent content ratio in the
adsorbent |ayer (58) is expressed by the mass ratio
bet ween t he adsorbent and the bjnder (mass of e .
adSQERES Gt Rl T SRRteTPScRerY of tB%P@SOétrenf 25 (89 T g hickness
d.l%%er (58) adjacent to the surface of the fin (57) has
Te&Pyher 39 adsorbent content ratio than an outernost
part of the adsorbent |ayer (58) in the thickness
direction. 13. The heat exchanger of Caim 12, wherein

5 1, SOSHAR rEis OEELaID, Brl L evered
T A R e N A
oG PRRSDlA L AP Spstagses (operd the i A0

adsorbent (60) is zeolite, silica gel or a mxture
thereof and the binder (62) is a urethane resin, an

acryli © IR ikaPhxBn Y BYLERR 14! oSt ALE | 15

copol ymer . 16. exchanger of Caim 1, wherein

t he.tl?edéﬁ%%m CL&XI%ZI‘ ra@itr? Ei)l tilé a o?l?énit q’egjiegx%i Irl]%%r'é@gs R%v&ird the fin

drying an organi ¢ water-base enmul er m xe

(S?F th an adsorbent. 20 17. The heat exchanger of C aim
6, wherein the adsorbent is zeolite, silica gel or a
m xture.thereof, the water-based ermul sion binder is a
urethane resin, an acrylic resin or an

15. The heat exchanger of Claim 12, wherein
the adsorbent (60) is zeolite, silica gel or a mixture thereof and
the binder (62) is a urethane resin, an acrylic resin or an ethylene-vinyl acetate

copolymer.

16. The heat exchanger of Claim 1, wherein

the adsorbent layer (58) is a solid layer formed by drying an organic water-based

emulsion binder mixed with an adsorbent.

17. The heat exchanger of Claim 16, wherein

the adsorbent is zeolite, silica gel or a mixture thereof,

the water-based emulsion binder is a urethane resin, an acrylic resin or an
ethylene-vinyl acetate copolymer and

the mass ratio between a solid portion of the water-based emulsion binder and the

adsorbent is not lower than 1:3 and not higher than 1:10.
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et hyl ene-vi nyl acetate copol yner and 25 the mass ratio
between a solid portion of the water-based enul sion

bi nder and the adsorbent is not |ower than 1:3 and
not higher than 1:10. 40 18. The heat exchanger of

G aim 16, wherein the thickness t (mm of the

adsofrbent I 8) IS t | s,than 0.05 mm and not
Tor gl 8f h anThéé@%gﬁ&&ﬁger of Efiim 196‘? Wherein

the thickness t (mm) of the adsorbent layer (58) is not less than 0.05 mm and not

more than 0.5 mm.
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