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

The/ present invention relates to a heat exchanger of a

hum dity control system using an adsorbent and a
refrigeration cycle to control humdity in the air.
BACKGROUND ART [ 0002] Patent Docunent 1 discloses a

heat exchange nenber of BESCRIPHION dehum difier

system i ncl uding a copper tube and plate-like fins

integrally fitted to t HEATIBXCIHANGE®r ence of the

copper tube. An adsorbent capable of adsorbing

nmoi sture fromthe air and desorbing the noisture into

the air is supported on the surfaces of the copper
TEGHENIGAL RIFE.D i ns such that the adsorbent is heated

or cooled by a refrigerant flowing in the copper

[G0GbE. Phe preseRubVéntiahirelated to ddpaneshatieeodn maddRaicentrol system
Publ i cati on No. H7-265649 15 (page 2, FIG 1)
udbhS@1 ViSOG dTHE i AT (Rl cRREBhfrdl hEikAdi 3T HriEthe MiYENTI ON

IS TO SOLVE [0003] If a heat exchanger is a
BASHGSRAUND ARY¥pe fin-and-tube heat exchanger

including a 20 fin set consisted of a plurality of

[0002k aPatemigdpcpment | kel disdoseach deiterxehimiga menmbentofhe dry-type
heat transfer tube having straight parts and U shaped
debymidifign dytentineludingia hoprise thha asdplate-Hike ffing inwetallysfitted to the
.generally surrounded by a framework such that the heat
clgRaHaspes of he gepramtehiat ¢th adsortent aapahte efyadsotbinghinotsture from the
.the framework to the casing. The U-shaped parts of the
aipayt desorbing thermeigiee el the aip isnvpperted o thef rfaces of the copper tube
connecting the heat transfer tube with a refrigerant
anglothe fins ek thatghe adsarbent ris beatad of canteddika rpldi@esnt fowing in the
in su a heat exchanger, an adsorbent is supported on
COPH%V%IEW aces of the copper tube and the fins in the

same_nanner as in the Patent Publication 1, |atent
heat Fatgnt Publication 1: Japanese Unexamined Patent Publication No. H7-265649

(page 2, FIG. 1)

DISCLOSURE OF THE INVENTION

PROBLEM THAT THE INVENTION IS TO SOLVE

[0003]  If a heat exchanger is a “cross-fin” type fin-and-tube heat exchanger including a
fin set consisted of a plurality of fins arranged parallel to each other and a serpentine heat

transfer fube having straight parts and U-shaped parts and combined with the fin set, the fin

set is generally surrounded by a framework such that the heat exchanger is accommodated

in a casing by attaching the framework to the casing. The U-shaped parts of the heat
transfer tube and a connector tube for connecting the heat transfer tube with a refrigerant
pipe are protruding from the framework.

[0004] If, in such a heat exchanger, an adsorbent is supported on the surfaces of the

copper tube and the fins in the same manner as in the Patent Publication 1, latent heat
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exchapgetivg

processi ng performance may be enhanced. However, if
the fins are fornmed larger to increase the adsorbent
supporting area for the purpose of further enhancing
procefitnd pbiEFGimaneatmayP b CRhahdRg, PRIVRENTINGRe fidCarsi B8Med larger to
t he heat exchanger increases. [0005] In view of the
increse e, adesibent sppdBing fardahfor bsel STVBAkdr @AhARYE: PeQitent heat
achieved. 5 Enbodinments of the present invention seek
processingyarfasendeh theaizeaf dic hidaeeadangd Gndredses. be i n
contact with the air w thout upsizing the heat
[0006% c hamgew. ofivEANS vEFerbhhditnii s DiithdReRinEMvieRddithave been achieved.
Accordi ng to enbodi nents of the present invention, an
Embadanerienf thegpreseppovertibn stek torihgreasn thderce o pier adsobeent to be in
(heat transfer tube) and the fins but also on the
contattivath the @irvdthpuhepsizing {tedR7] exthardger.nor e specifi c,
enbodi ments of the present invention are directed to a
{ @qﬂ? o b or bent supported thereon
MEgﬁ? (t)ﬁe 0 %%%E%QEL% be adopted. [0008]
According to a first aspect of the present invention,

- [000pher Acrerdingdipi el dimeriatof thepieaerd dnventiopy drsidsgrbeat {s supported

set (59) including a plurality of fins (57) arranged
not Bg],yaplp dhe cgrnes whe Hheathiwansfgrt fubgah andttbhe \figs but also on the other
t herebetween; a netallic framework (61) arranged to
compefepund end faces of the fin set (59) in the
arrangement direction of the fins and end faces of the
[0007] 1, Tede moyg specyfic, mbodigninwkite grosertiinvmtion aredirgotedsto a heat
and a a_{er pentine heat transfer tube (63) having
pbeptgnpportrdbercan and therfallowing seqang sy bepdopted.
Ee rrangenent t_di rection of the fins and U shaped
[0005 rt SFE: E&% for d st ASRECt Rt the roreseat fmvaRtgR rtheregg jprovided a heat

gk e b2, A conelt e o siser PR PSS
RS I MTHEN R RS
o SRS o R LIPS 5 e s
e O] AR PLShe 32 B
o P LSt 589 o o
fins b€ LCQRPES hoks Le4BS ptSGRiding out of the framework (61), wherein adsorbents
capable of adsorbing moisture from the air and desorbing the moisture into the air are

supported on the surfaces of the fin set (59), the framework (61) and the heat transfer tube

| (63), respectively.

[0009] In an embodiment, the heat exchanger may further comprise a connector tube
(65) for connecting the heat transfer tube (63) with a refrigerant pipe, wherein an adsorbent
capable of adsorbing moisture from the air and desorbing the moisture into the air is

supported on the surface of the connector tube {65).
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2 [0010] According to an enbodi nent of the present
i nvention, the adsorbents may be of the sane ki nd.
{0011 According to an enbodi ment of the present

[00FHy erfqcerling torpn enphaslkmertfdhe pigsent iysotidrenthe ladsoebents may be of
supparted on the surfaces of the fins (57) may be not

the yagickipthan 50 mand 5 not nore than 500 m [0012]
Accordi ng to an enbodi nent of the present invention

[00LL11 i Mvgspiding fmgn sanhpdimentealstherprasent nvenfigmd thetthiglress of the
tFan 3.5 mm [8013% According to an_enbodi nent of the

adsqgpent dayer syrported 9a the sufasss pbthefinsdRD wry baaot lepy than 59 pm and
fift ag cts, air velocity nay be not |ess than 0.5

not fpte G SWimnor o than 1.5 mis. 10 EFFECT OF THE

001 RSl 558 LR AEabii S P e
s 8 ok e 2ol heufdioe TEIP Thi o makes 1 posel ble (o
o0 SRR BBy S B Rhd  E P one o
it SRS, REVE R IE S i R B DL Bt KBRS o f s

i nvention, the adsorbents may be supported not only

EFRECT 0 THE ERVENEION t he framework (61) and the heat
transfer tube (63) but also on the connector tube

005S) o THB AT BT o Yot ARG B o
o FASEEDH LTPHRHIB S B0, BB . o

makbQit ?B SRS dRAbe Bk kot thY Q&tohl?eﬂ tol e IBY%nRAG: WRHSH air, thereby
i b t Py ane

possible to support the adsor ent nore easi
o ARk Bk SRR SRS bl LS Bl
3 g it _ : .
O Ay e Ao RO Mo MR st Bt e sgport

not &41$ 0h IR in & (BPL AR HEABRERSS 2

Ac_gor ding to (a?ferrbodi ment o?f% el nsgetﬁtb?ﬁcs)?}e?%%%g&gﬂmt also on
the &dHnekBLaHe(65."Bhi8 38HF RRRE it possible to further increase the area of the
adsorbent to be in contact with the air, thereby improving the latent heat processing

performance to a further extent.

[0016] According to an embodiment of the invention, it may be made possible to

~support the adsorbent more easily and efficiently by immersing an assembly of the fin set

(59), the framework (61) and the heat transfer tube (63) with or without the connector tube

(65) in slurry mixed with the adsorbent than by supporting the adsorbent on these

components separately.

[0017]  According to an embodiment of the invention, the thickness of the adsorbent

layer supported on the surfaces of the fins (57) may be made not less than 50 pm and not

more
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| ayer supported on the surfaces of the fins (57) may
be made not |ess than 50 pm and not nore 3 than 500
m As a result, pressure |oss may be reduced, fan
efficiency may be inproved and fan noise nay be
reduced. [0018] According to an enbodi nent of the
invention, the range of the fin pitch may be not |ess

th%JE 3o }m‘? mtr uﬂohe'gpl.{rg léégtq’ﬁ e‘; b%r eci:> %111 li&lrckl%&ynbe improved

ange, NBodi nen

@I B'nS i€ a%&%%‘f&ﬁ' eved by a commercially successful

nprtc ccording to an enbodi nent of the

[O'O'i‘ﬁ’]e ntj Qébrgﬁlgec%{agl athoimi o rahd w‘&&&t%%sttﬁ/e ﬁﬂge oPfe M pitch may be

| ess t to not nore

ndtatdsithiatl 80/ m 0 ddtinfork A 5 Wi, Fﬁﬁl@lﬁhlgfur H‘E@range the effect of the

enmbodi nent of the invention is sufficle y achieved

mﬁ%&ﬁ@nﬁﬁ%ﬁlﬁdfﬁ@ﬂmﬁs\?g Scibved aaéd'mm&%ia(l’i]‘?y sh¥cesdiill BR Egh
DESCRI PTI [0020] [FI G FIcS 1(a

[0big) aA@co?&ﬁ%rthahférﬁBo@‘i’}ﬁeﬂﬂdflﬂﬁé TRbA H{éeraﬁéé Hpth@raer @aﬁocuy may
a humdity 5 control system [FIG 2 an

beAid less Hn\0. $Y¥'s td hothdrathandl . ﬁnps [Plartebuar Bt ﬁrthi@,fra@ge the effect of the
refrigerant circuit of a humdity control system

~ erhfddimend] of tHe in¥ehtSor isd SUfFRRALY \eRhiV &bl the Sirk@idaN@ange of the air

first and second heat exchangers. [FIG 4] FIGS. 4(a)

vdlérid( c) are schematic views illustrating a humdity
control system 20 together with the flow of air
during a first action of dehum difying operation.
[FIG 5] FIGS. 5(a) to 5(c) are schematic views

BRI PRSI tﬁf fﬁ%i Winentrol system together
vvlththe ow of air during a second action of the

[oebghumi di fyi ng operation. [FIG 6] FIGS. 6(a) to 6(c)
are schematic views illustrating the humdity control

- [FRy.Shje nFIGSOinr%hgir]f@ L §cﬂ§m§1{19‘%e‘3\ts 1ﬁ{1£traqff1r |09 Bl Shr a humidity

action of
control system,

ng operat |

- [FIG. 2] FIGS. 2(a) and 2(b) are views illustrating a piping system of a refrigerant circuit

of a humidity control system.

- [FIG. 3] FIG. 3is a perspective view illustrating first and second heat exchangers.
- [FIG. 4] FIGS. 4(a) to 4(c) are schematic views illustrating a humidity control system
 together with the flow of air during a first action of dehumidifying operation.

- [FIG. 5] FIGS. 5(a) to 5(c) are schematic views illustrating the humidity control system

- together with the flow of air during a second action of the dehumidifying operation.

[FIG. 6] FIGS. 6(a) to 6(c) are schematic views illustrating the humidity control system

 together with the flow of air during a first action of humidifying operation.

[FIG. 7] FIGS. 7(a) to 7(c) are schematic views illustrating the humidity control system

together with the flow of air during a second action of the humidifying operation.
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25 [FIG 7] FIGS. 7(a) to 7(c) are schematic views
illustrating the humdity control system together
with the flow of air during a second action of the
hum di fyi ng operation. 4 EXPLANATI ON OF REFERENCE
NUVERALS [00211 47 First heat exchanger 49 Second
ERPLARATIONOF REFERENOEMUMERAES 61 Framework 63
Heat transfer tube 63a Straight part 10 63b U shaped
[0§2i1 65 Connector tube BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON [ 0022] Hereinafter, explanation of an
4Enbodiinseldat ekchahgerpr esent i nvention is provided 15
with reference to the drawings. [0023] FIGS. 1(a) to
49 (¢) Seeendsldatexthiangeri ews il lustrating the structure of
a humdity control systemto which a heat exchanger
S&ccofiing to the embodi nent of the present invention
is applied. FIG 1(a) is a sectional view taken al ong
5% he IFimgetX- X shown in FIG 1(b), FIG 1(b) is a plan

view illustrating the inside of the systemwth the

6% r onfrashiewdrs 20 system facing the bottomof the figure
and FIG 1(c) is a sectional view taken along the

6] | ne Heatvtragtséartuben FIG 1(b). The hunmidity control
systemincludes a casing (1) in the formof a

638cct AHaighbparbox. A first partition plate (3) extending
fromfront to back is arranged in the casing (1) in

638 deM-shgped paie space in the casing (1) into a first
spatial area (5) on the left and a second spati al

6y ealomyectrr tabe right which is snmaller in volune than
t he

BEST MODE FOR CARRYING OUT THE INVENTION

[0022]  Hereinafter, explanation of an embodiment of the present invention is provided
with reference to the drawings.

[0023]  FIGS. 1(a) to 1(c) are schematic views illustrating the structure of a humidity
control system to which a heat exchanger according to the embodiment of the present
invention is applied. FIG. 1(a) is a sectional view taken along the line X-X shown in FIG.
1(b), FIG. 1(b) is a plan view illustrating the inside of the system with the front of the
system facing the bottbm of the figure and FIG. 1(c) is a sectional view taken along the
line Y-Y shown in 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 ﬁont to back is
arranged in the casing (1) in order to divide space in the casing (1) into a first spatial area
(3) 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 spatial area (S} into a third spatial area (13) in the middle, a fourth
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flogppyb Rrsass (BNdsoel
_ gl.gtcie {9} respectively, such that the left and right
prayided yyithy fur anertares inglyslings fifthtot eighth anseures! (9ar toa 9d) which are

25 first spatial area (5). In the first spatial area
(5), a second partition plate (9) and a third
partition plate (11) extending fromside to side and
paral l el to each other are provided in order to
divide the first spatial area (5) into a third spati al

smatielbared 8)5)i a thdrfront atdll # fifth dpatidltdiea 875 BEtheHacR! €fhd #8ime of the
at the front and a fifth spatial area (17) at the

thirdcdpatidlhaen (3) e logert then tehvdldmePaf Hal foaftRand kih dpatial areas (15,
| arger than the volunes of the fourth and fifth

IBpat iThe thirdespatiflldrea (18 Is fulther dibided g atié@bpaAatarel %ﬂjaa and a right
is further divided into a left spatial area (13a) and

spatiali gha (13b) dlyi safoueth gart{tiod)late)(19) &@Hdidy Pekifdrit®9 back. The fifth
plate (19) extending fromfront to back. The fifth 5

spapialt argh (&V)pat (HiE7hacktistdieideddhtol &n dbpdrdnsh bkt @ BWet PRA! by a fifth

. part and a lower part by a fifth partition plate (21)

patitiem glabg (21) ek eading| Hoyizbially Fiohe side t6isie. THE upp@epart serves as a
part serves as a first flowin passage (23) and the

fitsbflew-ipgrassage (Bsandsha Idvdrgiart depviés Q8 ta. MESBAYDUE ?@sagc (25). The
The fourth spatial area (17) at the front is also

fourthispafinl aread1@natuhp Eonpiradscadisided oan uppert pddardl a lower part by a
sixth partition plate (27) extending horizontally from

siath partiteonsplas. (2 Thextenhieg hprzdntabyr frem sl @Sside. sefRNepper part serves
flowin passage (29) and the |lower part serves as a

asgegasAad flovininopassagrd@9pend (Bllpwef POR 4brvenas Asetdndr Gow-out passage
Eartiti on plate (11), four apertures including first

Glb fourth apertures (1la to lid) are provided at the
top left, top right, bottomleft and bottomright of

[09%5 t Hinrthe thigd parfition phitea(1d),(fon) aperesgsentliudiabyfirsistodburth apertures
ihat the left and right spatial areas (13a, 13b) of

(L{a e Y providsdiat she tap deft, (i3 ighio bottorh deft andibattont kight of the third
first flowin passage (23) and the first fl ow out

'pagggogxa@léte((ég), respeetivielyzsualy tips thefeft ahd right spetisleareasd(13a, 13b) of the

th.ig rtition plate (9) is also provided with four
ie‘m@le%re HdBL gPmarumigate) with degfirsh Bgyein passage 923) and the first
9d) which are rranged at the top left, top right,
amlfa)ghtmfher,h@es@cmdj ppuditiont plate (9) is also

e AR DR PP alehb N aeR ey botam righeer feGeoardpyition plae
X PRt i @ e Gt omfid ovey (Lioe et ind spatial aea
(13’3‘ éorllnnaur}ni(c) e %ﬁl &%eseggnlﬁoﬁgw-iﬂ%%gs%(éé i(ﬁ/9e)I a31/1'd t%mr:] gggorr]ldnf(l)cfw-out passagé
(31) (see FIG. l(é)). The first to fourth apertufes (11a to 11d) and the fifth to eighth
apertures (9a to 9d) are provided with an open/close damper, respectively, though not

shown.

23

[0025]  In arear part of the left side surface of the casing (1), an outside air inlet (33) is

formed to communicate with the first flow-in passage (23). Further, an exhaust outlet

(35) is formed in a rear part of the right side surface of the casing (1), The exhaust outlet

(35) is connected to an exhaust fan (37) arranged in a rear part of the second spatial area
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shown. [0025] In a rear part of the left side surface

of the casing (1), an outside air inlet (33) is 25

formed to communicate with the first flowin passage

(23). Further, an exhaust outlet (35) is fornmed in a

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

(2Phéo exthmuaicaeuvitkithe (i3 flowsowtqRBREE €T5) O IRA MR PHSLOf the left side
fan (37) arranged in a rear part of the second spati al

suafaea of the(@8ingt (@), corommnaie dilet @9Y s fot@ed itd SémhuBiWaRWrith the second
passage (25). In a front part of the left side _

flewsif passagé (29)e Fastherg ab br, s@ﬁryo@mem(nl)l R BfmdBR a if®ont part of the
formed to comunicate with the second flowin passage
rigiggide Funfackeof tharcaging @UppThe et dugbly( et i(31) B EBReétBd to an air
a front part of the right side surface of the casing
supply. fal {43)adirranged i ¥ front pat of ‘dﬁ)sectc&d%@ﬂﬁﬁ@r@cgﬂ & &dhm@uhicate with
5 supply fan (43) arranged in a front part of the
the ecoond flopaoutglassge§31)7) to communicate with the

second fl ow out passage (31). [0026] The

[00RGIs - cBnd tipsroed figarsd rgsifd )(1¥ ootaing 3. Rfifi@fririt gR¥cant(4s) as shown in
circuit (45) as shown in FIGS. 2(a) and 2(b). The

- FIGS 2()endr(bli rThe tefiigkSanticircait @3Sed oldsed eirtuit luding @ first heat

a first heat exchanger (47), a second heat exchanger

exchanger @ 70.0mprcend beat(exthangar (49 a vayprevdol ¢31)y alfore-widy switch valve
é53) and a notor-operated expansi on valve (55) and

(58) pnded mpgtotoperated ekparsiont valvih 655) tahd filledfwitigerraftigeismt. When the
circul ated, a vapor conpression refrigeration cycle

refigerans is Tiroplatadp pevapop eoifpressioa wiigehatigecyildecans aTo be more
sqg_ti on, side of the conpressor (51) are connected to a

SPEfifig: a disehargaside and a sueftongide oftthe chmpfessnr-(Gib)yare whhmdrted to a first
val ve (53), respectively. One end of the first heat

pazt aha gesond port ok thedfaneer switsh avatvsi (53), pospectively.heOne end of the
four-way switch val ve &53) and 15 the other end is

firslhrsb ¥ dgnes (@Rkiscpmnasted thar thisd pott dfdhe fouxotraraydtch(wdye (53) and
vi g, the _notor-operated expansion valve (55). The

the,rqfhsr enrdy 1preonpected dprenenend afxtisasrgend (lrey exchanger (49) via the
connecteg to a fourth port of the four-way swtch

mQIOr GBTPEd CXPAHOT VVE (RB). STHA etheneidel the Bespnd beat exchanger (49) is

configured to be able to switch between the state .
cOF o o PO IAnE AR YiEh G ().c b K frasasitch valve

BT ORI B R B STt o

state er.ﬁlth f'rstc?dfour hgorts . .
communicate with each other and the second and fourth ports communicate with each

other (the state shown in FIG. 2(a)) and the state where the first and fourth ports
communicate with each other and the second and third ports communicate with each other
(the state éhown in FIG. 2(b)). According to the switching by the four-way switch valve
(33), the refrigerant circuit (45) is switched between a first refrigeration cyéle 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 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
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conmuni cate with each other and the second and third

ports communi cate with each other (the state shown in

FIG 2(b)). According to the switching by the four-way

switch valve (53), the refrigerant circuit (45) is

switched between a first refrigeration cycle where the
ex¢hanger{d 2 isalisposedyiar thé 4ight Epmial a@agldy of thondeingatialaden (13), the
t he second heat exchanger (49) 25 functions as an

seopap beattearhangdr @93 satispbsedfir ihgdefakpatial aye (18aybEHR thi€ spatial area
first heat exchanger (47) functions as an evaporator

(Band e empregson i) indispasedén tehB)ddleisithé sonaspaial area (7) in the
condenser. As shown in FIGS. 1(a) to 1(c), in tﬂe
direqtiondeqradiont fo baskt  ([86hgh hotesHomms thehfeai-way s@iteh #AFR153) and the
(47) is disposed in the right spatial area (13b) of
mofs-apietate] eppansion valve 55) 189 also hranged dwtid sbaaid spatial area (7).
exchanger (49) is disposed in the left spatial area

[Q023h) dhe dinet antisechrsiplaeat ekclmngers (42,3)9) ard“drb&-fin” type fin-and-tube
conpressor (51) is disposed in the mddle of the

hepé exphanggraep ahoven aFIGr)3 dnd ¢aok of diemeitcludas & fiarsef (39 tconsisted of a
t o _back. Though not shown, the four-way switch val ve

Plogdy o plumeus e fing péihtasringed amslleintov edcheothsh Withr an interval

al so arranged in the second spatial area (7). [0027]

thepshetween;  Ahel cnd &seel ofithe fiaseh@Nyén she(aTangd@intadiesction of the fins

"cross-fin" type fin-and-tube heat exchangers as

andnihe snd fages of tp fim getd@@hirothetlprgthwise Idirdetioneoff the finstare surrounded
)559 con;}iﬁst ed of a plurality of alum numalloy fins

by & 75ctapgulas sasiallia fameatork §6Bac Hhetfirstrandisetondrheahexahangers (47, 49)
tlf}frebet.we n, The end faces of the fin set (59) in the

arg S&’Hﬁf‘éin’&fse &t aed right petigharess d3a1B3hired théhthizshspatialcarsa (13) via
of. t he fl(g fftiﬁsng) 'in the | engthw se direction of the

the frameyark (B, seshacityeliby Ther B sain@d) i powidad Iwith a heat transfer tube

kK. (61). The f]i d d h h
A5 B e g o e
13 13b) ,of th hird tial 13 '
oSSy TR e P . 5 s e
. i d i h f b . The h
T R ST O T

OREbEo B Al GHEREHL L S snneo e (et

oy DROREE TRl LiECleaS Gu Rompesu i 5 Biasiat: s (aokcitov) via the
oty nlIeC(ORTE b M b i, gfite avsbents (not shown)

f:atyﬁntg? %fsfﬁa{gl\%%ﬂﬂl% Iglgﬁh.gé Feottt the %Eregndt 8es%rbri§£ [cﬂegg{o?s%epilng)oe the air are

- supported on the outer surfaces of the fin set (59), framework (61), heat transfer tube (63)
and connector tube (65) that are in contact with air to be treated, respectively, i.e., the

- entire outer surfaces of the first and second heat exchangers (47, 49). The adsorbents on

these components are of the same kind.
[0028]  This structure makes it possible to increase the area supporting the adsorbent to

be in contact with the air. Therefore, latent heat processing performance is enhanced

without upsizing the first and second heat exchangers (47, 49). Further, if an assembly of
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connector tube (65). As a feature of the present
i nvention, absorbents (not shown) 20 capabl e of
adsorbing noisture fromthe air and desorbing the
noi sture into the air are supported on the outer
surfaces of the fin set (59), framework (61), heat
therfanseh €59)1 thedranfidyork #61), CRIHRRCHAsHdr R 68PInd MlcoRidtor tube (65)
_in contact with air to be treated, respectively, i.e.,
ist ememed iin eshawyt enixedirviide ee @bsdrbunt,f iheSidsaftinb € efihorted on these
heat exchangers (47, 49). The adsorbents on these
cauppensnisreacsilgfandheffisRmey khat whed thd@Bsrbdiftii§ supported on these
structure nakes it possible to increase the area
cauppentsisapprately. adsorbent to be in contact with the
air. Therefore, |atent heat processing performance is
[09afthnc &b thickresyiof the aigdrbent tder igpdtte@bd tBE68RReNGBNe fins (57) is
exchangers (47, 49). Further, if an assenbly of 8 the
prefematgpnol k689 thantse jim andwot lnotéthan 500 @b 6din tHeARSHSint of reducing
tube (63) and the connector tube (65) is inmmersed in
pressure yossg ieprowinghfanheffizivnoy hadtredidigy &dsabkent Thé thickness of the
supported on these conponents nore easily and
adspibient leier iy uskrlly ddtemingtbdepeadingantthé selatigyRblp Storthe number of
these conponents separately. 5 [0029] The thickness
regplutipes ofiibo five hlowiny syundiapd dar efficizncy. heNeswr & Aaidigfcontrol system
the fins (57) is preferably not less than 50 mand
ofiibe prasert anthodiBen (wizér BH12Ae DO HINS, héatrexdhaigegspecification: 4
pressure | oss, inproving fan efficiency and reducing
ropsinLhkavels, FRrHeb nim.cainaelocity 00hw/s, solsorchativ df digatr exichange chamber
usual |y determ ned depending on the rel ationship anong .
(thurtbsnatiabateak 0.4 0S5 is taken asfantdxemplen, Swppusenthasaaliowable limit
ait?d t{]tgn efficiency, Now, a humdity control system 10
vagie qifhe blavgngso iSndipds, it 49 preferalid Rooperal@Ghe xysi@9 Binder a static
heat e chanqer speci fication: 4 rows, 12 levels, FP
prgssgregh 384041 rmdy;. ¢ \Alput 3p¥aof theinteraalrstaticprossutseiatlost by the other
exchange chanmber (third spatial area): 0.4 to 0.5) is
Coflﬁlﬁéﬁﬂtgzsof%%%u@%a#pﬁlbwaélppfﬁé heptgxchangst isovadtllased byrtte formula:
val ue of tpe bl owi.ng sound is 55 dBA, it is preferable

to oPEFWRloshE (Syde Bivssecexigmal slatie progsure SuneAg) x387
0 41 : out 30% of the internal static pressure
to itbg @8%&%&3 %‘ﬁ%m&%‘lﬁ%r Agriglgalationdasqst ers therebtained value shows that
thal | owabl %llf or ”ﬂ}ﬁ' eat (%xchanger is calcul ated by the
¢ Blasimum allgwable thickpess of the tippeited Isyersis f09 umexIrereality, when FP

ﬁﬁtp?ttci])cispf.g % %Oem?n,ngﬁggloétyois%ﬁ to 1.2 m/s, the thickness of the supported
layer is 150 to 300 um and the pressure loss is about 10 mmAq, 500 pm is suitable for the
upper limit value of the supported layer. On the contrary, if the heat exchanger is
downsized, a thickness of 150 pm or less is not enough in consideration of the ability of
the adsorbent. Even if the upsizing of the heat exchanger is permitted, a thickness of 50
pm or more is required. 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 (57) to improve the
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to be about 22 to 24.5 mmAq. A trial calculation based

on the obtained value shows that the maxi num

al | onabl e thi ckness of the supported layer is 500 m
Inreality, when FP (fin pitch) is 1.4 to 2.0 nm air
velocity is 0.8 to 1.2 m's, the thickness of the
adsoppionfdesorpfion pydsrmiancd. 50 to 300 m and the pressure

| oss is about 10 mMMAg, 500 mis suitable for the

[W93pkr In odder toalchizvethd difvedeanivea dfftéy @k findttch§ preferably not less
contrary, if the heat exchanger is downsized, a

thahil Ganesandafot hbdde thanr3.§ ags. | Thid @ the PeseGbali tinge of the fin pitch. The
consideration of the ability of the adsorbent. Even

air felpbiey ofsotdessghaf 0.5 he/shadnoexehamaen . 5i/sHS kb r&Brabf to achieve
thi ckness of 50 mor nore is required. The adsorbent

thiezapeve-desopbed effectn ThheatiheeloiofROREN Hant N8N ge2Bze of the heat
fins (57) that does not affect very much on the

exchengease likely o dranase momsthae ngeessirhCthefebs "f&ﬂ@lﬂhgé@ hheless portion
the heat transfer tube (63) and the connector tube

whish)doesranpt Isentributeeth thehhek arantfean OhehadaRE IRRE, Ifae air velocity
supported on the fins (57) to inprove the 9 :

exceeds, 1.3 m/s,.a bypass factora(@isoambamufdgsessing @ver) increases to reduce the

erformance. [0030] In order to achieve the

clapge- descri bed effect, the fin pitch is preferably
not less than 1.2 nmand not nore than 3.5 nm This

[0031} heThs adsorksnt is antypaniculatly lirmitedoid ddng Fit hasi éxcellent moisture
velocity of not less than 0.5 m's and not nore than

adgorptipp Propertyl s Expmples thirtef Moy amdhidevzeofitd, IsHica gel, activated carbon,
abqve-described effect. If the air velocity is |ess

OTgaER Polysepic gnatetial having hydrhphilieat watx alismrptive fimctional group, ion
| jkely to increase nore than necessary, thereby

exﬁb%’&ecﬁeﬂ@ yaigsial bawng oy cabaxylwer siifadie scidogroopn furiciohal polymer
to.the heat transfer. On the other hand, if the air

mfenigcsych asRcleampstatus sansitive pojpass ahdoday niinkel anaterial such as
of ..ai [ passing over) increases to reduce the

sepipfife, frapgajite, fﬁopems Bpd fnelinites o lihe adsarbenimay be supported on the heat

_ rti cug\r.l y limted as long as it has excell ent
© R

1ZIREFIBE | Bp hisab seehapgemxiatpisburyt mikedbfwittaythe adsorbent.
Hinclu zeqlite, silica gel, activated carbon,
Brgahitee put fisuppertiagithg adsathenbisaonpartioplarlyilimised as long as the
ter adsfo tiive functional group, ion exchange resin
peﬁg‘?‘é?chlo Hé pASPrhent 48 i5BsUFed. or If igreseary.ca inder garp aghesive and other

kG PEL g Yer

[0032]  Referring to FIGS. 4 to 7, explanation of how the thus-configured humidity

control system performs humidity control operation is provided.
[0033] -Humidity control operation by humidity control system-

The humidity control system is capable of switching between dehumidifying
operation and humidifying operation. During the dehumidifying or humidifying
operation, a first action and a second action are alternately repeated.

[0034]  (Dehumidifying operation)

In the dehumidifying operation, an air supply fan (43) and an exhaust fan (37) are
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material such as a tenperature sensitive polyner and
clay mneral material such as 15 sepiolite, inogolite,
al | ophane and kaolinite. The adsorbent may be
supported on the heat exchangers by imersing the
heat exchangers into slurry mxed with the adsorbent.
opfratsden, the hemidityhamhtiof sgstR.or The Guinidityasli@iob 8ykterh $alttoutside air
(Sartl cularly limted as long as the perfornance of
(QAS thedsiordsefutst bis tenappledt td thenpeisSHTtHe r6oriandhkesdBom air (RA)
adhesive and other mxtures may be used. 20 [0032]
tiredie ps avgnd eirfd Ghaust it  the oasileaTalid @an0f how t he
thus-configured humdity control system perforns
[H36] di First onplavlatiopenfani fr3t i gtiph odtiriied thel @ORBhidifying operation is
-Hum dity control operation by humdity control System
prowvdet umithdiefgrenanb RIGSs3G) end 2¢h) cagFIGS. Ah) M (erighe first action,
bet ween dehumi di fying operation and hum difying
thsppeserbeninis réxavered it fikee fissh hedtcixbydnper oF7) b uttiAg air2BA) as the
operation, a first action and a second action are
figt eigisndabamidified dathedecdnd0d4] excheiyeri4li)f yi ng oper ati on)
| n the _dehum di fying operation, an air supply fan (43)
[0936] anDaxinguhe fifshacti @y theaforr-wi§ svyieshatabet §58) i the refrigerant circuit
hum dity control system The humdity control system
(4ShesWiohest thoenfer the( DA shoemeinnFES. 2a).st Waieh the cSmpRsYor (51) is
it to.the inside of the roomand takes roomair (RA)
oReFried imthissstateciba eefrigerantois eichelarst in thet i dvearn wirsid @150 fo execute a
the room [0035] First, explanation of a first action
firgbiFafrigeratien qedlenwherd therfirsohent aiclemges (475 fpnations e awiohlienser and
reference to FIGS. 2(a) and 2(b) and FIGS. 4(a) to
thﬁ(SESQHdF }Cﬂeactrf‘émh%qg@r ( ptionst #reamcvapdyator. i Fo recmver gebcific, the

re%r?ggtyar}gésip él't geg i%?ltg 91:@ éé 2321%?%@;(»;3(,7521&1 ?SP gcevfdlgi?wgtlﬁ: Zliletsj:grsg Ih;lat exchanger
B Bioaiag Tev fadh iatresusy t Nk morarsiperaget atssion valve (55)
fo%)%%ylé% 154 %%%ln Sfﬁémb%gﬁl;gqqélgggdn{%gérgé a%;grtbg yb;rtg?pm@dja;orate in the
se%:tg';fdrs p%jté ?égﬁfgarjfggr? g{ﬁ‘ﬁzaﬂn@?@;{? gécl'@fgég'g{ &%{rﬁ;ﬁ?&gésgr t(Shle) for combression.
B NS e e e o

[0037]  During the first action, the second aperture (11b), the third aperture (11¢), the
fifth apérh.u‘e (92) and the eighth aperture (9d) are opened, while the first aperture (11a),
the fourth aperturé (11d), the sixth aperture (9b) and the seventh aperture (9¢) are .closed.
As shown in FIGS. 4(a) to 4(c), the room air (RA) as the second air is supplied to the first
heat exchanger (47) and the outside air (OA) as the first air is supplied to the second heat

exchanger (49).

- [0038]  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 second air

passes through the first heat exchanger (47) from top to bottom, while the adsorbent

11
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the second heat exchanger (49) functions as an

evaporator. To be nore specific, the refrigerant

di scharged out of the conpressor (51) is condensed in

the first heat exchanger (47) by dissipating heat,

and then transferred to the notor-operated expansion

supglovted Oh3he datef surfare@f shy first BOAtGhcRIhgerd ) is heated by the refrigerant
pressure:reduced refrigerant absorbs heat "to evaporate

td desbttemoisarendThenbistxe asgbed by the RABSLERNES septe8% the second air
into the conpressor (51) for conpression. The

paimgribsmell thefirst gedtanthinped{455haTBe kB8R sapblicd wih the moisture
_conpressor (51). [0037] During the first action, the

irsthe dinst lepeerchaget 141) flowdsuttdiithé riﬁﬂejpbﬁélearéal 352 of R&hird spatial
fifth aperture (9a) and the eighth aperture (9d) are
argpéhdto thhifiret flow-duit rpaksage€23)utheodghlBe third Apédife (P! NThen, th
aperture (11d), the sixth aperturdeg (9b) andI_Jthe (P19) o, He
sesendairhis apied tiireugldte aheus fas (1) aAs dieRMBed BudfGRe room through
4(a) to 4(c), the roomair (RA) as the second air is
thegphavisedutied (3FH)asekhatst ain@@a).exchanger (47) and the

outside air (OA) as the first air is supplied to the
[0982bndThe first apxaritand e (@M bG8 loutRRCAf irled (33) istdest to the left
second air entered the systemfromthe roomair inlet

spedal) arpa (1323 of dine thinl spatiak argin(135thtough the Gest (Tb3bjn gdssage (23) and
the third spatial area (13) through the second flowin
thy seenngeapertote dab).t Ha the fleth sppial treme(188) the first altepasiegtbrough the
spatial area (13b), the second air passes through the
seppird hegt caxchangsh {AQe ot p for bottdropwhile lihé tadsarbari supported on the
t he adsorbent 11 supported on the outer surface of

surfage of fhe seqend hegteirahapger (497)adsarbh eatigidrebiy thdirst air. The heat of

'a(%efr_i gerant _to desorb noisture. The noi sture desorbed

OIPEIRB gepesaied ahthis ime iggbisprdbed by thewefgarantd The first air dehumidified

. passing through the first heat exchanger (47). The

m§€% $sand heat exphmeai(49) flaws ot efithe laft spatinlareyé13h) pEthe third spatial
heat . exchanger (47) flows out of the right spati al

arcg )(fqg?s)sewndt o8 papsagseBil hthroughr tha e?gt@) apasturd€9d). Then, the
first flowout passage (25) through the third aperture

ﬁr@ﬁ% )s S“ﬂ%@ﬁi’l thropgh theogip sEpRLY fan 6433 pedeupphiedbtogthetihgide of the room

fex aust faE%éSZH)q nd di scharged out of the room

r‘flﬁ?l%ﬁ@ﬁsuﬂp L taséﬂRHlléﬁlfggé)- as exhaust air (EA).

0@&) 39],,The first air egteredt_he systemfromthe, ) ]
(087 flexti p serpnd aptiop) dpeing dhe delypidifyingr eperafinn isapxplained with

re%%e&%: (tf1> f}geﬁ§ok(tﬁgggéggéi)?g§ al%*aliﬁia;}. S%zrt)e ?o (S%c::g)) tIE rtl?g %Qcotnlgleaction, the
adsorbent is recovered in the second heat exchanger (49) and the outside air (OA) as the
first air is dehumidified in the first heat exchanger (47).

[0041]  During the second action, the four-way switch valve (53) in the refrigerant
circuit (45) is switched to enter the state shown in FIG. 2(b). When the compressor (51)
is opgrated in this state, the refrigerant is circulated in the refrigerant circuit (45) to execute
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

12
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10 the second aperture (11b). In the left spatial area

(13a), the first air passes through the second heat

exchanger (49) fromtop to bottom while the adsorbent
supported on the surface of the second heat exchanger

(49) adsorbs nmoisture in the first air. The heat of
cxadeogptOnbyeimsipatiedhedt, ih thehi thsfesreans M @E1dPbpeRed expansion
refrigerant. The first air dehunidified in the second
vilgat(56x domapgasure 4@ludtionns THe pefssiB@edebd rsPRbiaat BE&Bs beat to
(13a) of the third spatial 15 area (13) to the second
evdpovatoun tEafisshheat(Sthadder (4Mhaid ehefi Bbkdd RRLHeUWESRnpressor (51) for
(9d). Then, the first air is sucked through the air
cauppbsion.arT{eA)mmended tefinbdraat ik aigchﬁgema%aﬂeo@foﬁm(fm@sor (51).
fromthe air supply outlet (41) as supply air (SA).

[q0d}0] D\me,thases:end)adicﬁdeJﬁrsdu?érﬂﬁe () dab g i_pen%ge' (11d), the
operation is explained with reference to FIGS. 2(a)
sigthdagRftye M) #dGEe sblanth bperhire)(9¢) Bret RnEEORHIE ARt $e@Bad aperture
the 20 adsorbent is recovered in the second heat
(1ddbg.hthe gbird (apejtuan( 1t eho difdi sigeraire (Q@%ndametd’i@thfdfeﬁﬁue (9d) are
jair is dehumdified in the first heat exchanger (47).

clpgrgld 1 1Asoivmgn tFEES sFap tedS @y tthe butsideenid @XK)- asaie Hvdt airis supplied to
valve (53) in the refrigerant circuit (45) is
the\firstc heatl exchangee(47) laed shatrams Rin(RA N aF HiE: sedqitz) air Wenpplied to the
the conpressor (51) is operated in this state, the
secand heps exehanger @Px-cul ated in the refrigerant circuit

0&4%) to execute 25 a second refrigeration cycle where

[ODAR] 1 | Precifiendly, e shenngarr ¢mTed fthesystam shrasghathe room air inlet (39) is
evapaorator and the second heat exchanger (49)

- senffrthedal spatiad agesr(d3ased the Third epatinl eren(@d) tiraughtthe second flow-in

refrigerant discharged out of the conpressor (51) is

Pasegeiide and fhe mixths apastige 1(@)  Inhestethapafial afea9(l3by, the second air
di ssi pating heat, and then transferred to the :

PagsRso Q}fﬁélrfgﬁ Sgcadhieat peghangen (A8) f8®) tépto poteasuwhile the adsorbent
reduction. The pressure-reduced refrigerant absorbs

supgarted on theapwrn st phdhe iseeandhbeat eschhegey @) 49)heated by the
nd then sucked.into the conpressor él51) for ) X

refrigerant de fesorb mpistugny Fhe moistierdesorbed by thesadspehentisgupplied to the
agaj n_out ,of . the conpressor (51). 5{0042_} During the .

secandaiy passinedthrough dhg secepd hentexghanger (49)., Thresecoud ais supplied with

thg eg%elg L s?e)ﬁ?xg:f ]?%& 75%@q;2£%&§métﬁb thqilgg’t;ggtéeﬂa\ @rea (13a) of the
S ol e B Bt B i A5l e 10
Then, the second air is sucked through the exhaust fan (37) and discharged out of the room
from the exhaust outlet (35) as exhaust air (EA). |

[0044]  The first air entered the system through the outside air inlet (33) is sent to the
right spatial area (13b) of the third spatial area (13) through the first flow-in passage (23)
and the first aperture (11a). In the right spatial area (13b), the first air passes through the

first heat exchanger (47) from top to bottom, while the adsorbent supported on the surface

of the first heat exchanger (47) adsorbs moisture in the first air. The heat of adsorption

generated at this time is absorbed by the refrigerant. The first air dehumidified in the first

13
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closed. As shown in FIGS. 5(a) to 5(c), the outside

air (OA) as the first air is supplied to the first

heat exchanger (47) and the roomair (RA) as the

second air is supplied to the 10 second heat

exchanger (49). [0043] Specifically, the second air
henerdtadgéM@7pieH oot dTRUA P PRLHEICRM @BE) | i il

sent to tlﬂe Feft spati al éal}e% (113a) glf” %%%‘t'hﬁl}lﬁrdgﬁ)anhlsarea (13) to
thepatdndl flawent pdsdige (31 PHBEuIH e SECI ahdrRNE [d0). ir i
(29) and the gi xt% déol’p);rt_ure (Sb). Inaéhew? Qflt) @%ﬁa first air is
sukeditrd thetdﬂesugg@qﬁﬂ (48) andPRRSE&d 1dhe 5&% Heltcgﬁ%lg 266R %rom the air

heat exchanger (49) from'top to bottom

supPBos RO {41) 2s Skl on the outer surface of the
second heat exchangegm?EQ) is heated by the

* [004$) | g@@nidifyingigRtidnyoi Sture. The noisture desorbed

by the adsorbent is supplied to the second air

passiinghe hualdifyide epestioanthe8ALuDIF RANESS aﬂd“ﬁl)e-exﬁ%sé fan (37) are

second air supplied wwth the noisture in the secon

opeeattd axibbangddity é8htrol 5R¥Em OUThE huinig : ,
(13a) of the 1t)ﬁi rdrospyziﬁ?gl ar ea (13§)Jct?%ﬁrgﬁ£g%?a:n?{§ké§%room air

(RA )othexeirt ap fisst afreto(ezbjust R t0UBE olbedd SUhE RoFRARY YIS the outside air
(I'1d). 20 Then, the second air is sucked through the

(CGArthersin dsasecdrRi7ir mrmlppliydcioahe adidewf thd roblile room from
t he exhaust outlet (35) as exhaust air (EA). [0044]

[00#@ fiFisst, eiplartiveoéd firkteacsiys idobng ihoh@hidifyoosesitd is provided
air inlet (33) is sent to the right spatial area

with 3¢fprapte o FIGSI 2¢h) spdt2(h) and FGS1 BYa)t for 6ph Inhde ffikShction, the
flowin passage (23) and the first aperture (Ila). In

outside pirgt®Ax patthelsecnd saif i8hpmidified fihrthé fRitr hedhsxeBanger (47) and
through the 25 first heat exchanger (47) fromtop to

meisturom thakedm airliBAdds e festtaisisppedtedinahe sdvend tisdtagehanger (49).
of the first heat exchanger (47) adsorbs noisture in

[0048 f i Putingiithe firphactioaathedburaayp spitch valvg &Y iat the refrigerant circuit
this tinme is absorbed by the refrigerant. The first

(43) s grehecheddiof ender fhe state showstin HIG.[R{a) eWhémtgecohpi@sor (51) is
flows out of the right spatial area (13b) of the third

opstiad ia thisrséate, thayeftigerant ivcisedatnd id thewebigerapnsisage(453 19 execute a
t hrqugh the seventh aperture (9c). Then, the first air

firptsreirigeeateon explo whtretthe fiastrhest pydhangern(47) finctions as a condenser and
supplied to the inside of the roomfromthe air

the;$p58nd, heaterehangeri#9 hiunetionsiag anievagigtpr. 5 [ 0045]
6‘1§ij dﬂ)f yi n%1 oper ation)
[0 urmg the first action, the first aperture (11a), the fourth aperture (11d), the

sixth aperture (9b) and the seventh aperture (9¢) are opened, while the second aperture

(11b), the third aperture (11c), the fifth aperture (9a) and the eighth aperture (9d) are
closed. As shown in FIG. 6, the outside air (OA) as the second air is supplied to the first
heat 'exchanger (47) and the room air (RA) as the first air is supplied to the second heat

exchanger (49).

[0049]  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

péssage (29) and the sixth aperture (9b). In a second heat exchange chamber (42), the
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In the hum difying operation, the air supply fan (43)

and the exhaust fan (37) are operated in the humdity
control system The hum dity control systemtakes the
roomair (RA) therein as first air to exhaust it to

the outside of the roomand takes the outside air

figsoajr pasessethrough the senmhdaicat bactatign! (49} 'froirpto?hl% batnle In the left
of the room 10 [0046] First, explanation of a first

spatiel ama Liva) nthe tadsorbent diphyiteo® BRS difadd tHeSedIT2a¥drHE thoisture in the
with reference to FIGS. 2(a) and 2(b) and FIGS. 6(a)

first ag( cfThe Iheat be afsarptiom genavated tabehis Qe isI8bRiHed KPP efrigerant.
the second air is humdified in the first heat

Ths dhstngerthet4iyt thredmoteinst pitseesi thrduph the ofduAh 'apeRie A3d), the first
the first air is collected in the second heat

flewwstvapgesnagd £39) and[ 06 4Xhaudu B 7) he tifi lofder a6 tHediscHalRd out of the
four-way switch valve (53) in the refrigerant circuit

ropg framp)the exhewstiontleti35) asettansttahgE3at e shown in FIG

2%8{ Wien the conpressor (51) is operated in this

10858k e, Thehsecond rirgetenad the systang filoat @ dutsilld@ir inlet (33) is sent to the
.refrigerant circuit (45) to execute a first

rightsptipd ieeea) (43b)gitthe thind spatish erchi(1 3t thivegh thX GRAAWAV-in passage (23)
(47) functions as a condenser and the second heat

and,the St @perturg (1 1ajnc i Sresrighy spatiabaspdi Bb)o the §e00rBhir passes through
Dg,ring the first action, the first aperture (lla), the

the {5t feap gxohapeer (47) diom ttore to bOttsimyx whilaphe hdseebdfBupperted on the
the seventh aperture (9c) are opened, while the second

ousgtsface-of the fiEst heatrpxchanged (44 ix licated by tlhe Jefripérant tofdeborb moisture.
aperture (9a) and the eighth aperture (9d) are

The rpeistyre desog the ssarbest istsupplind: teittie seriond (A@assing through the

th@ﬁsec nd air is supplied to the first heat

firgt, 5?&%‘?"%3415‘7)an dherumiddied sieeondrby passest theoughrtbe saienth aperture
9is upgli %to the second heat exchanger (49). 25

( f)@dliﬂg]s Cgﬁg TY-QHt PySsagh £38)i ansk thei air evprdy dan t(#3) &y dtiemrder to be
fromthe rogmair inlet (39) is sent to the left

suppliEch g fhicingide of Sieyropm Tror thavir sipplynautist (40 easwdy air (SA).

rough the second flowin passage (29) and the sixth
[0 % rt 3\5]‘8“’( §b§e.°°‘P‘E a&“%c‘!}%lgh@ﬁt hapidifringe operatibe ris (explained with

h 4_f1 [ h h th d heat
reftgggglﬁ%ﬁ)gléfd% }&3)&411;1 S%’gis FTES}F{Z %Eq%dm7 (q%nsle1$1g1g| sgcqen% action, the outside

A tval,area (13a), the_adsorbent supported on the
airJOPD R FeEnd it 3 b B8 g sevand hecenchmmase (49 and moisture i

co%-%z%d;%%ta t {/rot%%i%? Mg%&lg E?rt%tireig tl?g ﬁ;sltq Lgat te;{cgleaniggr 7.

[0052] During the second action, the four-way switch valve (33) in the refrigerant
circt_lit (45) is switched to enter the state .shown in FIG. 2(b). When the compressor (51)
is operated in this state, the refrigerant is circulated in the refrigerant circuit (45) to execute
a second refrigeration cycle where the first heat exchanger (47) functions as an evaporator

and th¢ second heat exchanger (49) functions as a condenser.

[0053]  During the second action, the second aperture (11b), the third aperture (11¢), 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.
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The first air that |ost the noisture passes through

the fourth aperture (11d), the first 5 fl ow out

passage (25) and the exhaust fan (37) in this order to

be di scharged out of the roomfromthe exhaust outl et

(35) as exhaust air (EA). [0050] The second air

Asrshewadn tHIGSS V&) @0 7{¢)0 et RBP4k %I(Lil%a@\tﬁe ﬁl%L gfrtiﬁ ?gﬁdalfea to the first

sent to the right spatial area b) of 't
hepaxclringer 647) hd)thé bhldeit [BAS bE ale dboM hid ; éﬂ:@% '

(23) and the first aperturgg(jlla). Ien&)t{qwgélprl?g {8 10 the sceond
hepaketmhgar(ds). (13b), the second air passes through 10

the first heat exchanger (47) fromtop to bottom
[005%) e Specificisiyy BRnfirst MPRAERTME Ry4tha frok i

the first heat exchanger (47) isyheat é@b@%@éﬁgﬁqﬁeﬁs% 15 sent
tor thier fighe rspatialt el €531) oMbl Sthithl Spatial HEedTPI3S f -
by the adsorbent iﬁ?)suppl i ed tgatlhe sﬂ?oz(ilﬁg’??ggggéﬁ’g‘d flow-in
passageu(@h) arethe fifthsdpehaat (9a)xc t'Iﬁ'1:1@163i‘igl(t:”séitial The @E!H}, ?lgef iifég air passes
th?econd air passes through the seventh aperture c),

dughgbe fir htdtewchdigePETS &n (opld HBAGM! WRildkHe [HBMENt

fan (43) in this order to be 15 suppfieh tc?.the oAt supported on
the isyifaiee aff the Hestriwatreohanydr {87 padsofd RRbdivuftinl Bk frdllir. 2SThe heat of
supply air (SA). [0051] Next, a second action during
adsprptipnrgedérbiedray thiseime iionbsosbed ) ienefligthddl, TRELIBOESRst air that
to FIGS. 2(a) and 2(b) and FIGS. 7(a) to 7(c). In the

 logtegtbo moisiereipesses threugiuths itlied apirture @43), 8 fiREASRSRD gsa@hge (25) and
an

is humdified i'n the second heat exchanger (49)

thergkhaust fani(37) inchiserderdoftreatisdhhgred oo fihe ro&A)fr@a thd'echaust outlet
first air in the first heat exchanger (47). 20 [0052]

(Bus sxfansieirdBAdnd action, the four-way switch val ve
é53) inthe refrigerant circuit (45) is switched to

[08xler Thresesoud air shisvad tha spétan fadrh the MbaNait belet (33) is sent to the left
conpressor (51) is operated in this state, the

spaiddlrareretidng of shecthird spatidcarean(¥3) ehwoegh thgefisn flooi-incptistage (23) and
45) to execute a second refrigeration cycle where

the preondl aperture gH1hdx c Frnthgdeft gpatinl fien (t3a)/the ascomd air passes through the
evaporator and the second heat exchanger (49)

segqnichepbeichanges (4Drirum serr to Ixstop) 684l thriadsoghenh suppectod dn the outer

tio the second aperture (11b), the third aperture
suflgasc 9t the

ifecond; ket exghangai(d9) 8dicated bytthe refrightant to desorb moisture.

.aperture é#%cg %e opened, while the first aperture

| pggsture fenarhed it the adsorbentes siprlied to ke séoonth agmpassing éhrough the

9h), and the seventh aperture (9c) are closed. 15 As
Seéﬂ%‘gvé%?a? ﬁX*TthFl@%.f (49h) Thenythe)humidifiedosaend eir (HRéges dbrougk the eighth

first (%ir IS sudoHIied to the first

aperture (9d), the second flow-out passage (31) and the air supply fan (43) in this order to
be supplied to the inside of the room from the air supply outlet (41) as supply air (SA).
[0056] The dehumidifying and humidifying operations in a full ventilation mode are
explained above. The humidity control system is also capable of performing
dehumidification in a circulation 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, as well as 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
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10

heat exchanger (47) and the outside air (QA) as the

~second air is supplied to the second heat exchanger

(49). [0054] Specifically, the first air entered the
systemfromthe roomair inlet (39) is sent 5 to the
right spatial area (13b) of the third spatial area

aif IBA) i tadeg s tthe sepadngt ddoswpblied RAGREE h
fifth aperture (9a). In theM?Fg%t spatigﬁéggéggggg%)?ﬁ“ﬁmﬂthe

huilifyicostrolasiystepais 9% caphitilo U Pertditifd dHunl8Mca® N CARNARE dificati
(47) fromtop to bottom while thegadsorbentasupporteof’lﬂca'tion

inoam it bepplumibde én ohidhhe bufside AHEEIA PN IRNRRIR hd gi?s)t air and the second
adsorbs moisture in the first air.” The heat o

aiadedr hd part gereifds eebplied ibidse kiR of SheARDA RSHHRYthe}Ss discharged
refrigerant. Then, the first air that 10 | ost the

outnifstharreonaas e@llt &y delgimilifeatidi bl ABAIIHERidn1HCAn ms%st mode in
first flow out passage (25) and the exhaust fan ?37

whichithd moor aie (RAD istakel sciaraadiomd (BE sdddBd LR #RMbart thereof is

the exhaust outlet (35) as exhaust air (EA). [0055
suppbedwdba thsalerofeld myoatlandbe st &ndiddhariet 8t HOOET .

inlet (33) is sent to the left spatial area (13a) of

the third spatial area (13) through the first flowin

assage (23) and 15 the second aperture (11b). In the

INRUSTRIAL APPRIGABILEEY, the second air passes through

t he second heat exchanger (49) fromtop to bottom

[0RAT] e Theepraskns diventios ippsfilefbrerample, asih Geat EehiRee oph humidity

the second heat exchanger (49) is heated by the
congrp} pysannfor eanteddling bummidityt inr the airThye niakisd Useofles adRRBent and a

by the adsorbent is supplied to the second air passing
refrigCEAligR cvele- second heat exchanger (49). Then, the
hum di fi ed second air passes through the eighth 20.
aperture (9d), the second fl ow out passage (31) and
the air supply fan (43) in this order to be supplied
to the inside of the roomfromthe air supply outlet
(41) as supply air (SA). [0056] The dehum difyi ng and
hum di fying operations in a full ventilation node are
expl ai ned above. The humi dity control systemis also
capabl e of performng dehumdification in a
circulation node in which the roomair (RA) is taken
as the first air 25 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 as well as
hum di fication ina circulation node in which the
outside air (OQA) is taken as the first air and
di scharged out of the room and the room
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25

16 air (RA) is taken as the second air and supplied to
the inside of the room Further, the humdity contro
systemis al so capabl e of perform ng dehum dification
and humdification in an air supply node in which the
outside air (OA) is taken as the first air and the

nd air such that part thereof is supplied to the
I'nStde of the roomand the other is discharged 5 out

as dehum di fication and

f th |l
hun-di 1 oaias §Xtifae: BhpESIE  Due Fn which the room

hum'di fi cation in

Such i Pk b b P BRIARG YR s oo el oo Ry inerval
therdagwdpom and the other is discharged out of the room

_I NDUST_RI AL_ APPLI CABI LI TY 10 [0057] The present

| e RN RatlSSbit! arr edgigg%mf-rsun@%n ﬂ??slt Rgnﬁgahn dies{gty in the

mdity control sy or contro um

arraﬁé’énieﬁ?dﬁ‘écﬁi_oﬁyof%.figg aﬂﬁ_{g&%{f(&f’ﬁoﬂgé ﬁk@ﬁpﬁl tﬂ@ije wise direction of

refrigeration cyc eat exchanger
the 3 Rikd Sing: a fin set including a plurality of fins
arranged parallel to each other with an interval

t hey REednime headirdnst&ibé hevihs R f Emﬁ ARE56hd the fin get in the

surround end faces of the fin se arrahgenen

arrarbierRGt dRBctRh éM@eflfiMiSardnG-Bagkd ﬁeﬁ"?s’?pl%ﬁuﬁﬁg Jult DrSRL flathework |
the | engthwi se direction of “the fins; and a

whe@if penti ne heat transfer tube having straight parts
penetrating the fin set in the arrangenent direction

of ddb@béntnsaguble &F shraReet ARIshire IRl Fhediip lﬂn(PH%soﬂ;iné B8R moisture

framework , 10 wherein adsorbents capable o

into St dre BEppORiedtourthe burfided bfthaifih s8N thel GafiehioRdadd®e heat transfer
noi sture into the air are supported on the surfaces

tubepfespideivélyn set , the framework and the heat transfer
tube, respectively.
2. The heat exchanger of Claim 1 further comprising
a connector tube for connecting the heat transfer tube with a refrigerant pipe,
wherein

an adsorbent capable of adsorbing moisture from the air and desorbing the

moisture into the air is supported on the surface of the connector tube .

3. The heat exchanger of Claim 1 or 2, wherein

the adsorbents are of the same kind.
4, The heat exchanger of any one of Claims 1 to 3, wherein

the thickness of the adsorbent layer supported on the surfaces of the fins is not less

than 50 pm and not more than 500 pum.
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15 2. The heat exchanger of Claim 1 further conprising
a connector tube for connecting the heat transfer tube
with a refrigerant pipe, wherein an adsorbent capable
of adsorbing noisture fromthe air and desorbing the
noi sture into the air is supported on the surface of
the connector tube . 20 3. The heat exchanger of Caim
1 or 2, wherein the adsorbents are of the same kind.

4. The hearhshabat@ho@iof 06f Claird &l inS:
wherein 25 the thickn%sg ggy?ﬁegggg%r ZE fé?%%n

supparfiresites hle SUERE 0SB ankihSt FloRSl '%nl ess
t han 50 gm and not nore thaﬁmBOg mo 1%ﬁ§?' e heat
exchanger of any one of Clains 1 to 4, wherein a fin
pitch is not less than 1.2 nmm and not nore than 3.5

m 8- 0. The MAabxkRpaRashy Ohe HVLRACT 8 4 SALER 1 1O

4, wherein air velocity is not ss than 0. and
not afrveldchis dotIes¥tBan 019 m/s and not more than 1.5 mvs.
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