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; MNOPe3el FAz6BTnl DEHUM DI FI CATI ON UNI T AND ADSORPTI ON
ELEVMENT FOR USE I N SUCH A DEHUM DI FI CATION UNIT 5
TECHNI CAL FI ELD This invention relates to a

dehum dification unit for the, dehum dification of
hum d air by making utilization of the adsorptive
action of an adsorbent. The present invention rel ates
al so to an adsorption el enent for use in such a

mgggmgn;mama UNYTE A W ARELBMENT FOR USE IN SUCH

ication units maki I zat1 on of

Aﬁ ﬂﬁpﬁb\{ﬁ@gtm%m girgn adsorbent have been known in

€ prior art eferring to Figures 19 and 20, there
|s shown a structure of such a conventi onal
dehum dification unit by way of exanple. The
conventional dehumdification unit Zo is forned by
sequentially lam nating an adsorption el enent 31

nunber of air ventilation passages 35,
THNBA R e O YL )

supportlng on its interior surface an

ads é‘l?seg)%regac?ldv ailﬁsot?aat Muﬁlcﬁﬂgﬁ on 4@1%\[ hl%,gdﬁluhﬁax%%anon of humid

ion passages

air gzsglg @geué %zaﬁr}(gn gg%r g )c(ilgfggg 5?50&&1[ %igéxg érllaallslg eg ?EEQ §1esent invention
gL R BT ERNTE 4 /8 en'euchba“aeeh%%@@@ged% it
ALKRAENIE L, Ll Bassages 50, 35 Lol

Coo'%%m?éhrﬁcftfoonev@a IE‘%S?E Hén@h&%ﬁt gg_ihs!oattk\?ehnac%%ﬁs%%n adsorbent
R e P
T e T

gend S B By os el i LRGP S b BT OHCY NGB i gpminaing an
oo e B B TR e fpfo%?agﬂ@ﬁméﬁs%eg .05 e
RS PR R M S PR B
nu]t-ngpgres g.]gr gzgtq%tl\[g\%:plass&gﬁn%% t{%a | F Iedmeg t9OS etglresefp ane plyase so that the air
ventilation passages 35 are approximately orthogonal to the air ventilation passages 43.

And, in the dehumidification unit Zp, humid air (i.e., air to be processed) flows

through the air ventilation passages 35, 35, ... of each adsorption element 31, and. on the
other hand, cooling air flows through the air ventilation passages 453, 45, ... of each cooling
element 41. On the side of the adsorption element 31; the moisture contained in the humid
air is adsorption-removed by the adsorbent supported on the wall surface of the air
ventilation passage 35, and the humid air is changed into a stream of low-humidity air.
Meanwhile, heat of adsorption, generated by such moisture adsorption on the side of the

adsorption element 31, is absorbed by heat exchange with the cooling air flowing through

the air ventilation passage 45 of the cooling element 41. As the result of this, the
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And now, as shown in Figures 19 and 20, the
conventional dehumdification unit Zo is made up of
the adsorption elenments 31 and the cooling el enents
41; and each ~ adsorption elerent 31 is conposed of an
air ventilation passage form ng nenber 32 bent in the
shape of a corrugated plate, and a pair of tabular
si de- plate menbers 33; 33 respectively firnly attached
adg(ﬂ—ﬁ_ﬁ bﬁ%ﬁ ﬁfheta'a@or@ér{t WiiNel th&hiaRdRASARGEHSTIBVIYover a long
ot he air ventilation passage fofm ng
peﬂggg L 32 and the side-plate nmenmbers 33, 33 are forned
er paper nmade of ceram c fibers, and an

adsor Rﬁ@ gows HehoB% mir tﬁ‘@s 1243 %%oeﬁtﬁ ehe E(ﬁwellrt@oﬂﬁ dehumidification unit
supporte

on their sur ace. e ot her hand, each

Zo I%OIID 29,5 gngat ad%t!?ltt)lﬁn %rH? 3(ffarf'illn HR éoo\fﬁgt élElﬁEﬂt@Wl and each

passage rormng ne ent |n t e sh ape of a

adgo(%ﬂ;o(%'rgt?igﬁlgn 4]? 50 daotp yaru]p y i ?A‘;‘ Czligggf%% rgtn%trﬁember 32 bent

res |ve

in j&d%E (H%f 0{' I'eec@rhf aYe%n{)I! } a'n8n AR SGYEbh Rk rgnﬂsgplm% {nbels 33, 33

Re“ar reaVent i Iati'on’ assage form ng ne

resgﬁ&nﬁewj ﬂ]tn%]ySI t?%e@ltgto?tlﬁrﬁ?&ggeorf%‘hedﬁ vaRi A& pfag{ E,E%rkﬂ%ngmember 32.

eet Iate made O

Bo { GRlera Ilﬁl%tgl?l)lggsl\é% J ?r% %SIQEM%g’ %%M'e sftte- ﬁl?tetnli]&nbers 33,33 are

Trii i Ti'ca or e sequenti
H.ons of the e t
forgg@“ TSP AR AR SR g oo
% gﬁrsuﬁ%he adsorption el enent 31 and the air
lsﬂ%ﬁ? T%ﬁ? 1passage 45 on the side of the cool i ng

Slaret (?,F 66%9 (£ ad ,?tgaceg tl mgfemem Véfl RAad :A@gpgfyantm@llr ventilation

oné of the's
PeRE: CIraap gteg%ﬁgﬁ%i«’?ﬁt A e
sic e e PR sl gt € B85 M IR veniadon
LIl AP FH RRSPin o

rptlo ment 31. and, the ¢ n
st e e 481 RS LRl B8 mace o
1 nen g i.e., heat transfer fromthe adsorptlon
au&P@Wﬁ CQ?T towards the cooling elenment 41, is al ways

S e

resul.t, of .t. sfer r esl fanc

q 3” r{\é[ ?I’H%hl[] Eqsthgfecﬁ ﬁ;ltg Fa&’ﬁjgftgjllt b qxglgﬁ btyhsgque%tlal laminations of
1
R RER Aergant ah aad e Sl mety*lo?‘%r %ﬁ%@"ﬁﬂ%ﬁfn e 35 on

sor tlon b se o cool %galr decl i

s G{ e SORerp o P ema?é th i YFé“ Rl phihe s of the
lit f t f

CO@ﬁﬁf‘fﬁetﬂsn%tfafFa BerHP P Db G ae PP HAFRAT ﬁﬁ%ﬁébtﬁgachmem

of i BF Ui Efﬁ,'teg?ﬂe?nﬁgrs?&oéé ﬁﬁ@@%@@t&'ﬁ”%ﬁ%ﬁﬁ ik s e sice

N G L NN —

35 gpg belgaﬁr ?(Iéa‘pgq?tlg)%g:{a;ilésfglgg I&% ﬁgl:?rg gnaﬁj Io,&c%qara;élogfy %g t%glchangg between

acconpl i shing. rovenent i 0 the performance of. heat
theg A LB ks BT AR SR OTORR B AR BirgHsppRLion element 31 and
cooling elenent, and to provide an adsor$t|on el eqent .
thegigioliag i qrgine disl ol Ak f1CBH AGHLEES et BR caskag Slggent 41, ie.
DI SCLOSURE OF | NVENTI ON The resent i.nventjon_e S.
heat Heans{sr 1T flee adiormting: dementss hiovpdt the eookparide ngma‘tyah &s always
of providing solutions to the above-descri bed
problems. A first invention of the present application
provi des a dehum dification unit conprising alternate
Iantnatlons of an adsorptlon elenent 1 mhlch supports

o o 1 . ~ N o S
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In a third invention of the present application, there
is provided a dehum dification 10 unit according to
the first invention, which is characterized in that
the plate nmenber P is a side-plate nenber 22 which is
formed by a nmetallic or resinous nenber and which
constitutes a side wall of the cooling elenment 2
relative to the lanmi nation direction thereof, and that
cohdiR 1l t%fbu%'hahé? afRERRY twd2pl9iwACHdry nfade @p dfhike ﬁlkiéfi‘alat@lﬂem bers 33,
ventilation passage 3 of the adsorption elenment 1. 15
43ln a fourth invention of the present application,
there is provided a dehum dification unit according to

the fAEShe rEYVANG G 1ARI-GhnsiS &Bl@f&ﬁ@é e hzeed dinind BRL time of heat
the plate nember P i's a side-plate nenber 16 which is

trah GENBA W RYn ﬁter‘fdtsléxgltlbﬁ e%nernegﬂ RAY ShBIHIRL e@é?ﬂerﬂmlcbeciuse of which

constitutes a s of the adsorption el enent

thel @Apﬁhfh\f)e of Qerthbéal |0§'Hegta$f Moiif Y 0B JddeJreQblingnd delaﬁhes This

an ‘absorbent 1s supported on a surface of the Side 2

resdlt@6€i ﬁ?ﬁ% d]‘(gp w#lﬁrﬁefhﬁﬁl%ﬁtzﬁﬁmféa'b%lhﬁ} bf %nﬂéhhf;}ﬁéhgeatlon unit.

passage th invention of the present

ThERRLECEAONs GNP Sorlnsfo? %gﬁé}n%tdﬁh ﬂhfn'ﬁigattiﬁeo'EieHL'tHﬁmﬁcanon

accordlng to any one o Irst to fourt

CN§EM§P%%ﬂﬂﬁkmﬂﬁh£ﬁcﬁﬁ?ﬁ&ﬂraCter'Zed in that an air

["ati on passage form ng nmenber 21 of the cooling

e' eRB e of Shel oE %Qtypr&eggmemn%eg aH@m%eer@gdan object of

i kKE a corruga I'n SIXt I nventi o

the ﬁesgt{t &?E‘ﬁno%p&' ﬁfolvi)cﬂz atcﬂgt‘nﬁldnﬁceﬁloﬁv HQ?ga]gz?ble of maintaining its
['’cati1 on unit according to any one
de]{thrIrnt Eﬁca%on gclﬂgfgbrfht\y étel{]éllx R4 YO CDds %f ]g%}%rdﬁgtt ﬁ@hﬁ@’j %crlempllshlng

enti Fation passage

1mﬁé)n%1%gnt e othte gyg{fgin?ﬂt%g bof %eétstrgngfef%gtvpéénq}lp %?%ﬁgqrp%l%gnt and the

ape trapezol 'y corrugate
eventh enti o S p
cofifhg? RN Bod DS SPEVER, fs A06oRLE A APRULER il use in such 2
de@%é %Uogugpe first to fourth inventions, which |s 5
FAETE |zeé inthat an air ventilation passage

DISP B RREIF BN ION T ol a8 v P

arfr %gt prflse%lt t1g§en er]){'l Cehkl'?% gh & IV?II]% o‘{Oﬁlﬁ STB.?ISHJ t’ip g.‘:pElelC means

el e hveh

oG iRy e %Oﬂemeaéoo%% 5.9%"0625 o oEDA | fication uni
h d h 0 -
A AR it

ter

co eﬁgﬁgg:u&% 1agmgglgps ol in TRLRLAA ejeenCY &%P%Lu%gBttQQla adsorbent
A AR M 4 1
I A S bl s
b ey N
Tt o R i

si de- Iate 12, 12 are.each

SR HbT BPGT BB HeSBT it BT A oP o e &t /e Rayingy clement 2 are
adipgesy st 458 s Sl R FAHORPEE e, BESET g TAY ventilarion

tenth i nvention of the present application

paif»?%%%a%%ﬂ]&r?e%@o%tq“&# UOP@ARRES fn which a | arge number
of air ventilation passages 3, 3, ... are forned at an
interior surface 12b of a tabul ar side-plate nenber 12
and an absorbent is supported on the side of an
interior surface of each of the air ventilation
passages 3, 3, ..., and the adsorption elenent of the
tenth |nvent|on S characterlzed in that the

o, I AN " o o o ~ - e N | o
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characterized in that as the perneable .material of
whi ch the side-plate nenber 12 is fornmed, ceramc
fi ber paper, glass fiber paper, flane resistant paper,
or nonwoven fabric is 5 used. In a twelfth invention
of the present application, there is provided a
dehum dification unit according to the ninth invention
or to the tenth invention, which is characterized in
that the waterproofjing nmeans 14 is funned by
at t dBhieritcyK alnb?“é’é’ﬁ ©ff FhEm thﬁﬁeflh ea@lltcétﬂ%r theug £ ke eprovrded a
12a  of the side-plate nenbe pplication of
delprgiui catign gty aCferdtuag f%ﬂ‘l%@@%ﬁ’i"@?“% rvrfa%hs 15121%%@459 in that the
vapor deposition of a netallic material on th
plasg regrplsr Buis fansepiaie mopmbgr) 12 whichy is piade ecénﬁbrsr paper and which
i nvention of the present appllcatlon there is
coptiowiRe écside detlund ief adsamition alement sk sgdriéentp the laménation direction
ninth invention or to the tenth invention, which is
theserdr anest @et thediderplelanenelies 1alirsrthr Goes thg saecndsiinventidation passage
partially provided only in a 15 correspondi ng area of
4 phtheesxaoding orlersentt head, 1 Daadsitiathe $ipdwtiph ssheetneptret4 ranfigured to
to a non waterproofing structure portion of the
praygol thagasdagerefigafawhlighdfinéemet e cextréack of txusiflapkte member 12
12a. EFFECTS By virtue of the above-descri bed
onake adgehbatesontg yenekeny passegend.i on provi des the 20
followi ng effects. (a) The first invention of the
pr esentthiap plvieoaen ohthdipsekoisapplicateahtherdisfhredteda delniridification
conprising alternate | am nations of an adsorption
unilaeereding 1o Wd Gist swpptoort, svhach iadbordtterizedaindhattthe hlatessmember P is a
provided with a first air ventilation passage 3
sidetpldgeghemberch2 aviicl{ Aa)fomedbey pr ocedlsedr irssipassedmbandnd which
a cooling elenent 2 which is provided with a second
comtitut2ba vide twallatfi the c@asgaiameht 2helatigh tonhi ddmietdn dgeaion thereof,
(Ab) is passed, wherein the first air ventilation
ang dss ageside-platt hendes AR plitcothy Ecesrant fidkt aimd/chlintise pasrdge 3 of the
air ventilation passage 4 of the cooling elenent 2 are
adsdptamenierhgntflor mred, with a single plate nenber P |lying

In a fourth invention of the present application, there is provided a
dehumidification unit according to the first invention, which is characterized in that the
plate member P is a side-plate member 16 which is formed by a metallic or resinous
member and which constitutes a side wall of the adsorption element 1 relative to the
lamination direction thereof, and that an absorbent is supported on a surface of the side-
plate member 16 which faces the first air ventilation passage 3.

In a fifth invention of the present application, there is provided a dehumidification
unit according to any one of the first to fourth inventions, which is characterized in that an
air ventilation passage forming member 21 of the cooling element 2 is formed by a
bending plate member shaped like a corrugated plate.

In a sixth invention of the present application, there is provided a dehumidification

unit according to any one of the first to fourth inventions, which is characterized in that an
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- singlepair af fabmlap aidsapjate memberpd

between the first air ventilation passage 3 and the
second air ventilation passage 4. As a result of such
arrangenent, the performance of heat transfer between
the air ventilation passages ;, 4 is further inproved
as conpared with a conventional construction in which
the air ventilation passages 3, 4 are adjacently
formed, with two sheets of plates laying 5
.t herehet apd the ' 0 ' e
air ye tﬁQ{on\gﬁ%gao%eo ?og{nlng% nﬁe&ﬁl%egrhl be %85(2?ﬂlgo E%&g{éﬂ‘f 2 [O¥Rhed by a

ed e coolin
.onot ed, a,resul.t 1.0 f | ' capability

beBfiny Raone P e ki P S F Sl Rt Foh

hi | evel s gver a | on iod of .ting:. I-her : B

Cont?i BusFis omaERiib o oPrefist ooBRisatOfy, ke is provided

co ci.al val ue of. the dehum dif.icatiqn ynit.. 10.. gk
e RFRHiseHEp ol Bkoftnt JF PRTLREMCR AR 1k ighgryios, which is

single plate nmenber (i.e., the plate nenber,.P)..is .
ch e 5B e b NN RSt P B P G AbE gopling clement

of the adsorption elenent.1 an e second air . .
2 Gelefs Ap; ap%lgga'g@'e Oﬁ pé‘gmtoﬂewegso?? N Bt R Refranged ipethe thickness
.dehumi djfication unih is made conpact in size relative
dirggfiqn of e FYHI8FI TR Pon (i.e., the | amination

direction of the adsorption ement 1 and the

( el cool.in )
el efnfn 27 8 AR O30 PERShORRRIGULD Bt ofovided a
in the nunmber of plate menbers.|lying between . the first
delapidlensiiAn a1 trocuRiiel 8 O opas LGRS Which & rhapgistized in that the

savi ngs are provided because of reduction_jn the ..
SeRMURHIBY STEFL 1aBripchie eTmirehbieatiachingyt ofifePladticofiln.i fiviamer deposition of
of the present appl.ication discloses a
a rerd iR te il ot hﬁ’rﬁPlHHF‘ttloé‘élféP@F%?@mtangﬁe first invention
in which the plate nenber P is.a side-plate nmenber 12 .
20 vhingKhigveniga off tei pygtenb apBlicalinn RIAYIERS @BradsPPlpR Slement in
a side wall of the adsorption elepent 1 relative t? L.
whitlea [l21gF maRsh o B HGHOP RS WEFS Jadd -t AER farfgd on the inside of a
si de-pl ate nenper 12 directlg faces the second air
cboFPHgIEl dppRtedatofagh offipr and an
addition, a separation sheet |ayer 14 confi ur$d to. —
abgpyrbsrdris SsupROTI0OGR S g48 Aran mtﬁmrosur@ci)ro&ﬁa%w dhe gir ventilation
surface of the side-plate nenber 12 on the side of the .
PasseEwsnY 3ai > AErLE PAITRIPAERERY T Ahe mEthyinyerlin is gharggerized in that
such arrangenent, in spite of enploying such a ,
thegfsplate meabersnkd 1216 81k 0BRed 91an gh aphEvagee pgrmgable material,
are separated from each qther_by the side-plate nmenber
and shatgiaeror Bath&f cREper SHEAFFh &2y agHdhe SEGriatp apsrpegst L2, 12 are
properties, these air ventilation passages 3, 4 are
preyvigahyite talgyrios§pamegnt Fom each ot her by the
separation sheet |ayer 14. This therefore ensures that _
t he % [loUh gRveRsioat Afr Beapigseat APPHGIHPR HEORdES PBrdspiRtippFlement in
passage 3 to the air ventilation_passage 4 (or vice
whielt 8 dres supbereimibyentidPiorsiagRedt 34 - #rIfataes dtqn interior surface
I nt erconmuni cate between the air ventilation passages .
128, of tabylis siflsepleteymemher £} pad g absongenrtels Fuppemed on tieside of an
~ above section (%) are attained wi thout fail. Besides,
intgiiprcairfane op Eagheofrtherpisveptilator pagserss P 8f -+ handsthg adserpitan element
menber 12 of fiber paper, further weight and cost
of ghwvlenigsinsiernsicat is sherecteiizedciorthatrthe side-rae mesabasi 1@, is gpmposed of an
the case where the plate nmenber P is forned by a ]
aimastdaivioi sturaerebeeable¢ ehatariad, and et janvexneiiansusface Hada of the side-plate
present application discloses a dehum dification unit
mehibead e os piomgletlovittheateipreefingwestsildn i n which the plate
menber P is a side-plate nenber 22 which is fornmed by
a netallic or resinous nenber and which constitutes a
side wall of the cooling elenent 2 relative to the
| am nation direction thereof, and that the side-plate
menber 22 directly faces the first air ventilation
passage 3 of the adsorption elenment 1. Needless to

o Y Y - . r . o o o o oy 7 0\ o
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In conparison with the case where the side-plate
menber 22 is forned of fiber paper of |ower heat
transfer rate than the netallic material. Besides.
because of the arrangenent that the side-plate nenber
16 directly supports an adsorbent, the efficiency of
i beration of heat of adsorption generated in the
adsorbent to the cooling air (Ab) is enhanced, thereby
5 phodatci dlgvemtls yinetigiost iof efef ecd¢setthatppiicationerthere is provided a
i mprovenent in the dehum dification capability of the
detdekigificdtiébn @aitisotordingttoahe nbeh éxpettedr to te tEite invention, which is
dehum dification unit according to the fifth invention
cha@fctéiedpine §R0tas app|pjearatdbdn npiterial dswhich thddide-glatet member 12 is
the effects as set forth in any one of the above
forfiRE! ¢cRific(fer (pdper, tlass fildripapigampeedifiart papdrect sonwaven fabric is
the fifth invention, the air ventilation passage 10
usddor m ng nenber 21 of the cool | ng elenment 2 is formed
by a bendi ng pl ate nmenber shaped |i ke a corrugated
pl atg, at ReNRRY fidedrkioh abf Nthel k¥t ?p@(fatibh,e tAbre is provided a
ventil ati on passage form ng nenber 2 The cost of the

delfig dlibh €t AR BordMet tol the HEHN GRENAYN @R tAtHRUBHth invention, which is
corresponding to reduction in the formation cost. (f)

chat8edeuRI BAifth€ dalePftobithd mREEOIAisNBrh&l b ersdhidet of a plastic film
invention of the present” 15 application provides, in

to t"ﬁg difek QP sbrPacehe a‘%ﬂcffd%%lée ?ﬁtesxﬁémf)&* 120 bl RpARALEN8f & ofdiBic bmder

above sections (a)- he fol I owi ng specific
to Hel B&difor dubrabd ?2§ ' 6&1 l?y 'vi%)b? rHebQé?tloﬁ be p %étal‘lﬁ@ Hhatk @] @Nthe exterior
passage form ng nmenb of the cooling elenent 2 is
cubReegd by a bending plate menber shaped like a
trapezoidally corrugated plate. As a result of such

arr @ﬂ&ﬁ?efﬁa a, thilEeeflORR RG] bPRR pRbaRCPlicdilS, 380N provided a

air ven tion passage 4 formed by the air

deﬁ‘ﬁﬁh}ﬁ&hb}q 'ﬁnﬁ ﬁ‘gﬁlc’f Rtk RehtR OnBABE or &L tHREERMBRvention, which is

simlar tot p&€ of a rectangle; and the effective

ch&ﬁ&éﬁzeﬁe%'ﬁﬁ@lthér@ﬁex@p&ffﬁﬁf nf{dan€- 14 D€ LHABS provided only in a

secti onal area of rtion of the second .ai'r

coH@SBBhélﬂF'aqga %@%ﬁ@%ﬁgeﬁo\“@hﬁgceeﬁﬁ?%tﬂ ¥elsyae d;’yiQt‘ét meR®eR32 to a non

alr Flowm ng part) increases correspondingly. As a
waE ifgr%t)g B8l EIAPGRAY 't}'ﬂaséootlﬂ?lﬁ ddMt 9f whids tﬁé@lth@ @xRHbr surface
) reases and the rate of flow thereof
%ncreases mhereby the capability of
leat - of - adsorption renmoval by the cooling air (Ab) is
EF§§E ganced. Accordingly, further inprovenent in the
um dification capability of the dehum dification

n
3 n : :Bygﬁ‘igtg? g)lf ﬁlg&?tg&vt%ﬁigsgg{/eg ntﬁ'&%}lige-:m&tg ehy B}e‘éiér{t' iG@d8R provides the

nvent’i on of the present

L n provides, in addition to the effects as
ﬁﬂﬁR@thﬁ%%QWn any one of the above sections (a)-(d),

t he Olﬂh@‘ﬂr&%m%&ﬁfb”dﬂh@ﬁfe@&h fl&tﬁ)ﬁ%ﬁ%ﬁﬁé@?ﬁ thun&gghﬁcatlon unit

|nv t|on e alr venti atlon assage ormng ne

cm%gm% taﬁk@m%&owgatﬁgg%g% aﬁsdr@tuﬁig@mléﬁt wa}gdpgab@ahg LY adsorbent

t|t|on verti Yy arrange

and Wh‘f‘#{' f o?rogfde %I{}PQ f(?gt aﬁp%n‘fffﬁlotnﬁ% ﬂlﬁ' h @fich air {Aa) to be

arrangenent ur avil ngs or

pr%g%ﬁd ; ]he bl gy B &%/dnx‘ijl%deleﬁ@ntc ?%[&hs gn rovfledS¥RAAPA &econd air

casé ere e alr ven I on assage

Verf:t Flt{ln%rg srage e‘{ thré %o r&ehggﬂrggol gll’ @ﬂg 1@8{333&% %HE‘F&’H%e first air

0SSl

veltég%]éﬂe I afsr\%/géqu r%‘ 450183a1fa| o?emen thé éc%%&' Prnveﬁﬂ atn%n passage 4

nountt accor

ej ghth.i nv nt| of t he
o S AR S S LIS RIS BT PR BT » i
section (b), the follow ng specific effects In the
ei ghth invention, the separation sheet layer 14 is
formed by attachnment of a plastic film by vapor
dep03|t|on of a netalllc naterlal or by appllcatlon
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In the dehum dification unit of the adsorption el enent
of the ninth invention, the pair of the side-plate
menbers 12, 12 are forned of a perneable material and
an absorbent 5 is supported an the side of an interior
surface of each of the air ventilation passages 3, 3,
formed on the inside of each of the side-plate
menbers 12, 12. As a result of such arrangenent, the
bet'v»rfgggr %og}r% l'afr \%% ila 1]:3g @?gsggg f.’, nlaethg aéco\ﬁg i \lfe]qxrtl a‘?@m Jassage 4. Asa

as an adsor pbent
et s %%g'gé@{%afga@ﬁ TRl Sfas Ao 0Er REQS gﬁ%ﬁgal ventilation
pa@sH%eslig fghe | grd%’%égi%itr%f (io%%?agr Wqé r?l)c? %Elgfontaﬁtr:c%{s%‘ugﬁon in which
thee@ﬁvta“lﬁﬁ{lcr%ta%aé‘%d@hf 3565%%%698% Bl BT b SuS of plates Laying

provid e side-

bR 2P tPe et GPIArS felnbo‘mﬂb fmeaﬁﬁéﬁg‘%fpmﬂ by the
colfiginaft 6385 TadnoBoRce ot i e Tl AP ARUTRIGR (ability of the

adsor tlon el e , i st y, travel fromth
QoSN FAIGH U5 ] SR G ESIET TG CErneie PeRy gf time, thereby
|nV|tes the possibility that not only CQﬁ]h
coptEpatng £ %@fnpﬂlﬁ@né OBt ‘H’&ﬁ@%%‘fﬂmlﬁﬁffﬂ |V§8“’t the dehumidification
adsorption capability of the adsorption el enent drops.
unitn t he adsorptlon el enent of the ninth invention,
however, i s arranged such that either or of
t he F@ktbamsﬁ lse@atfssaéghqgawtrf%orbﬁlaf ARlY S HBe 5|P§ftt% member (i.e., the
menbers 12, 12 are provided with_ the materproofln% ,
plawpmesben P) %@Wfﬁqsﬁﬁﬁ’ﬁﬁﬁéﬁtth%ﬁ&‘/ rHeenHRBOR HRISBEF AGT Sty adsorption
advantages. (1) The advantage of the first arrangepent
clemeat |k 1mad etheerdcond s fspielatian passpgg 4rf B ROYisy iekfé“t?m 2, the
with the waterproofing nmeans 14 is that, even when th
delpaidifirgtion amintssmadss FRBPIS ShysIzca EsLaty < Weiteewht g Cetion (1 €,
surfaces 12a, 12a have no materprooflng structure
langigaion disgsaion af she rispEmion akenc deanddhe F%‘%ln}ﬂ/d?fﬁém i) by'ah amount
wat er proofi ng neans 14. 25 (2% The advantage of
coREPOneingrip aﬂg@ﬂ@ﬁtmtfhaﬂu@bf«‘hé Phife msmberelyéng E@W@F«n the first and
surfaces 12a, 12a is provided with the waterproofin o
seqeadmé veRtilasion passagenbri. ARG K0T FaViBSD RieTIO Wl edrBsRru e Teguction in
the exterior surface 12a provided with the
thengirelgs 06 ePnpenasbassibe’s. 12 has no wat er proofi ng
structure, the seal properties therebetween are
secpedtsysceond WAERHIYT B fhen@ewaﬁgpl1%tloa§m&1qs@%ald@humldlﬁcatlon
hi gh adsorption performance is attained. As described
uniilpescadingite Herfirst inkentipngn vilheh drpdate sremdgr Pdg é§1dfzﬁate member 12
12a of the sideplate nenbers 12, 12 of the adsor ption
whigheigenadezaf dibsr paned and wihieh eomatitaser g wall 9§ tiresiserpgon element 1
14, thereby to secure the seal properties between the
relafd‘@dpﬁbfr bminttioretitechertberrol.opg dhatttee sdoplatymembaikt directly faces
in other words there is no need for providing a
theegeend pio oERtHgtion passadsreof derchelinpelemegt 2 radmnaddition, a separation
opposite to the exterior surface 12a provided with the
shmﬂ@ﬁp.l@@ﬁmﬁ@.lrpétmgeymt th flgwrad gak and Egmdh@ provided on a surface of
i nprovenent in the adsorption performnce of the
theaidoplatd membtrelern theafdend thx prsoné diryniiladompasargreheds a result of
that a part or large part of a lateral 10 nenber of
suttherrengdmeng & epigniof i gnployingffuck ca agnstockipn ihatt Hg air ventilation
cooling air (Ab) flowi ng through the cooling el enent
passages i 4 ext separateiciromi ¢doh tdikershydthepdide-plateemiomber1 22 afiade of fiber
the adsorption element for further inprovenent in the
paphrfiasirengas ofd lhpad pemagebleepropbtice bbbt seean veiftjltidthpassages 3, 4 are
tenth invention of the present application provides an
adsorption elenent in which a |large nunber of air
ventil ation passages 3, 3, ... are forned at an
|nter|or 15 surface 12b of a tabular S|de pIate nenber

A~ - o o T 1
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10 therebetween are secured by the waterproofing neans
14, and the adsorption elenment will denonstrate high
adsorption performance. As described above, the
exterior surface 12a of the &ide-plate nenber 12 of
the adsorption elenment is provided with the

wat er proofi ng neans 14, thereby to secure the sea

properties between the adsorption elenent and the _ .
coreﬂs@é,\f iwlatedframy carie peie 0y Hicotanaratien ?ﬁs?td@?fhi?-e Tlys therefore
no need for providing a waterproofing structure to the .
ensgiss| shag thel Bawnel BepYE Bedialr fRg e &F VSRtilapR pagsagn s 1o the air
provided with the waterproofing nmeans 14. As a result
verftilgtichie DAFSHEE ot ABAEIC VeE9e ARG RIEDNaRsbrandy gt e ipfallowed to
~ the adsorption el ement can be expected by the
inteyeoramyairaie batwagn Bepanventiatongesinges 3of. L ansewently, the effects as
nmenber of the cooling elenent is cut off so as to
set ferithip thhabevosectign &) rarg Alingd wilhay faihr Besidest Hiscebgpiatgmember
el ement 20 into direct contact wth the side-plate ‘
P isreprbposed fdhe sidephigsmepibenh? ef Bhermapeo duthar tweeght and cost savings
i mprovenent in the efficiency of heat transfer
aretatremet) én v parisok) foTlearapls owith itercasd whemstthaplotr wemen B is formed
the el eventh invention of the present application
by prevdldesieniber.addi tion to the effects as set forth in
any one of the above sections (i) and (j), the
f ol (Wl gytispleioivéntionelfitec pesent appifratieh diselosts 4 dshemididisation unit
as the perneable 25 material of which the side-plate
accoeliheto 12 fist dowpterdy wdeclatheoplitebeembapRs aglidesglate member 22
fi ber paper, flame resistant paper; or nonwoven fabric
which isi$@thed Ay ameadid ¢r efinsucihemabengemenh cofsituthea side wall of the
wei ght savi ngs and cost savings for the side-plate
coatimpbeemi Arelguive o dibd; lammatioh Adiconpartheent, andrthat the side-plate
exanple, with the case where the side-plate nmenber 12
meinbef B2 ribdculg ifavgs ahe Bsit nousenplaie mssage Pevathei alspipade element 1.
Especially, the use reliability of the side-plate
Nesidedseo sdp tveffedioasmed fath cethanbovd scbeon (B per attainaslf Additionally,
gl ass fiber paper is upgraded by their flane
espe@hldy déas Yornfidgiltel sideaplate, mutnber X2 fiom « esialicanstepalpehe transfer of
or nonwoven fabric is used to fom5 the side-plate
heatrbetveen 12 ait hesilpiovpaesch A1 4 hefurthesiceskrvdtas. copiparistrewith the
adsorption el enent according to the twelfth invention
casefwhehe ther édeplatcamphben?? o fgymed idddiber papaddilowenhdao transfer rate
the effects as set forth in any one of the above
thas gled inetsdlid mategiad Finthertiprdvalieaninntye sipbanfdiicatibh eepability of the
In the twelfth invention, the waterproofing neans 14
dehumidlidicameh tryit edri lecdwpected.of a plastic filmto the
exterior surface 12a of the side-plate 10 nenber 12,
by ap@) iThatfoonh ddveationbdn grefrinndpplidation dsckxstsea Herumidification
surface 12a, or by vapor deposition of a netallic
unin®icerdiag tothetfte ievdn@vh i whithftAe plal?@memBear B iy e sdé-pland member 16
such arrangenent, the waterproofing neans 14 forned by
whitRan forpfed dyya mvallaf ortlesinaomedbsacindoeltch eclytitwees sids wall of the
extrenely thin and, in addition, can be forned easily.
adséptidnred&tiéit, 1 wheiveaonbaleaniidihditdeon alseeoth end tHahan absorbent is
wat er proofing nmeans 14 is formed by a resinous 15 or
suppBitéd lonCa Bhath&: of whid brele-pladusémbn 16 Whidhindirbitdk fiees the first air
wei ght savi ngs, and cost savings for the adsorption
ven@il SITRNfaséiee 3provddiad 1o by, ke fidieas deh €orviairethplabofd fgtion (a) are
means 14 having any one of the above-descri bed
attaGAS LA QGO ESedlalf WIRhTBENRAThd ¥idedldd Rlehibet N6 &Y a metallic
area or region of the exterior surface 12a of the
ma@hHde iR fAR TSkt bhAvédh 14k aW vehtilelien hYsABsI308 is further accelerated
techni que thereof. Accordingly, 20 it is possible to
set the formation position or range of the
wat er pr oof i ng nmeans 14 according to the structure of a
cooling elenent facing an adsorption element (for
exanpl e, according to the presence or absence of a

. - - - - N1 r o T
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10 correspondingly. Since in the portion where the

wat er proofing neans 14 is provided the cooling air
(Ab) on the side of the cooling elenent is in direct
contact with the side-plate q;nber 12, this inproves
the efficiency of heat transfer between the adsorption
el ement and the cooling elenment. Accordingly, further

i nprovenent in the adsorption performnce of the

. ad i on. el i || ..be. F

i RS L BB gt P e o g s o

o SR e €L AT S AP BBl g
f.th toi tian; Fi 2 i i t.udi i )

o B BT B e RO erion o

B RS ST SRR AL HIRE L B
e oA i G e B

rinpcipal..parts of a dehum djfication unit according
Ofﬁ'k'? %ﬁg@&hﬁ%t@ﬁﬁ@&i%ﬁﬁf’ eélfecfarcﬁ!le present invention;

Fi 5. | ong. t udi nal. tional vi howi ng |
akggkgbrghé<ﬁﬁw§g§ﬁﬁﬁphgﬁwaﬁiéghggﬁ?gﬁ% 1 Sggghﬂglethapmsmn

dehum di fication unit sho in Fi %%EEA; Figur? 6is a .
apjﬁ}g,aga%@{qvw%}n@gdgw ﬁ]@ef ecgnaseg@g WP a0 fig ot the above sections
principal parts of a dehunidif%cgélon uni t accordLE,
(a)(g).dhe Hp ey wappesfefticats: t Methp fHER HivepRR AbF Gi; ventt aglon passage
Figure 7 is a _|longitudinal sectjonal view showng in
forgﬁn%meg}bééal ﬁﬁﬂﬁé‘pobpg ﬁ]@p}ﬁg} 2 bsdfolr@e%py @rhending plate member shaped
_dehum dification unit shown in Figure 6;, Figure 8 is a .
11k§é,c§¥5§gqtq:d,gla(ﬁ, @Wr%bd’oﬁﬁﬂﬁéa“inﬁ f(arﬁnaésgﬂ qg‘algdmﬁﬁﬁ%gffmon passage forming
principal parts of a dehumdification unit accordin .
mempes 2 odbe Kodd dbe Aemmidiicaen wrbbdatused i Bpeuns corresponding
Figure 9 is a |ongitudinal sectional view show ng in
to gAUeIngp Jadiformatier ¢t nci pal parts of the
dehum di f.ication unit shown in Figure 8; Figure 10 is
an ouf) i Fee gelnupiddidaien yniacsprdinge toBikusicd FveRliqroaf the present
unit shown in Figqure 8; Figqure 11 is a perspective .
aprlicatio’ Rewidey ﬁﬂrﬁdgﬁloélﬁﬁlt%@fge%?ﬁwﬁ fogth wWanggme A tihesakgpe sections
10 a dehum dification unit according to a fifth |
(a)dabobe tellnwisg sprefiprediseiat Indbesbitlhiiveptigrtbe pir yegtifation passage
| ongi tudi nal sectional view showing in an enl arged
forpapg Bember Atiopaic qeahng slemenk detoumed by iadsnding péﬁ?ﬁ@ nember shaped
_shown in Figure 11; Figure 13 is a perspective view ,
likg gawipazpidailyasrrasesied ddee neyinerespt ioh Sh g agengnip thegcross sectional
dehum dification unit according to a sixth enbodi ment .
shape of e yseerbpir VERaien prssage 4 formed by the air ventilation passage forming

member 21 becomes similar to the shape of a rectangle, and the effective cross sectional
area thereof (i.e., the cross sectional area of a portion of the second air ventilation passage
4 which effectively functions as an air flowing part) increases correspondingly. As aresult,
resistance against the flow of the cooling air (Ab) decreases, and the rate of flow thereof
increases, whereby the capability of heat-of-adsorption removal by the cooling air (Ab) is
enhanced. Accordingly, further improvement in the dehumidification capability of the

dehumidification unit can be expected.
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15 Figure 14 is a |longitudinal sectional view show ng
in an enlarged nmanner principal parts of the
dehum dification unit shown in Figure 13; Figure 15 is
an outline perspective view of the dehumdification
unit shown in Figure 13; Figufte 16 is a |ongitudinal
sectional view showing in an enlarged nmanner 20
principal parts of an adsorption elenent according to
a seventh enbodi nent of the present invention; Figure
17 i 9gh Tlendghuoddifiahti seetii evvarding saihshswentl ipyeogpn of the present
enl arged manner principal parts of an adsorptiaon
apyet catiem proavodzoy ohi g ttam tanhetffivthasereh Suinirany ginetdh ghe above sections
present invention; 25 Figure 18 is a | ongitudinal
(a)gaytthofdlowihgwpezifonefiigtd. ninahe enlcathgiwslentannthe gor Yangilgsian passage
parts of an adsorption el enment according to a ninth
for8itho diembat 20bf tHeacoplieg eletehn esnhadeyp of d Flurilgy pepadtipn walls 23
a perspective view showing in an expl oded manner
vefiching kRpalcepan tise ickacsativetiti ofitie cdelmmtldinknicht Bom result of such
unit; and Figure 20 is a |longitudi nal sectional view

arrgrl'%e‘Meﬁhg furthen vengiar gethosesnesst paiings pat ppavided, ofi ¢dmeparison, for
ehu

mdification unit shown in Figure 19. 5 BEST MODE

ex@e%ﬁﬁ{md\@s%elﬁ\ww ANiiHeibaipabebogrming member 21 is formed by

dehum di fication units and adsorption el enents

a beHih2a Y 18e hdmbtge Hunthstiedte i ucoraesf passibleoto provids lighter-weight and
according to the present invention will be described

loW & ss@eehfiigRhtion Based on their respective

enmbodi nents. A DEHUM DI FI CATION UNI T 10 |I. EMBODI MENT
1 (h) The dehumidification unit according to the eighth invention of the present
application provides, in addition to the effects as set forth in the above section (b), the
following specific effects. In the eighth invention, the separation sheet layer 14 is formed
by attachment of a plastic film, by vapor deposition of a metallic material, or by
applicaﬁoﬁ of an organic binder. The specific effects are as follows. For exampie, when
the separation sheet layer 14 is formed by attachment of a plastic film, cost savings are
provided since plastic films are a low-cost material. When the separation sheet layer 14 is
formed by vapor deposition of a metallic material, the performance of heat transfer 18
further enhanced because the deposited layer is extremely thin (in other words, the
deposited layer hardly becomes heat transfer resistance). When the separation sheet layer
14 is formed by application of an organic binder, cost savings are provided because the
operation of such application is easy to carry out.
(i} The ninth invention of the present application discloses an adsorption element
in which a large number of air ventilation passages 3, 3, ... are formed on the inside of a
single pair of tabular side-plate members 12, 12 spacedely opposed to each other and an

absorbent is supported on the side of an interior surface of each of the air ventilation

passages 3, 3, ..., wherein the side-plate members 12, 12 are each formed of an air and
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Referring to Figures 1-3, there is illustrated a
dehum dification unit Zi formed in accordance with a
first enbodi ment of the present invention. The
dehum dification unit ZlI is the result of the
application of inventions as !det forth in claim1;
claim2; claimb5, and claim8. As shown in Figure 1,
the dehum dification unit Z, is forned in the

nSPIARAR Mo ol HLALLLY, O SESPLOLLOD, GHETPRLR 120 o i
e I i nat_ed tiall |t t el [
sl B es Al vl snataly i &L

FEN I AN BE AN SERY N b o S

Two. end plates 9, 9 are_connected.together by four .
a4 e HONBETSMEBIDUIE 2. 12 STSTERS G LPPIANGERR S Qrigd g gbsorbernt
~ four corners of the Ianina%ed POdﬁ’ 59 mhere?x.these 33
is JNPPBACAR S1catide QoDPiFEAr fuitase 81 sl Ehgipygniiiation passages 3, 3, ...

Herei nafter, specific _constructions for Ehe ad2§r$tiop
fomneshentthe 1avide oh&adlbf ithry SERIRMeNGET 1 20d 2gedérd Byt of such

As shown in Figures i and 2; the_ adsarption elengnt 1
ariaggeypeIpede| NIREORSHEGH 108 cashyelithe é?rd‘t’%‘aif’&loﬁéﬁésaﬁﬁs fq-- SETVES as

bel ow- nenti oned air ventilation passage form ng nber
an‘pdserhantdayer withpir @ﬁ@@abliar,@nﬁé%évéAigto h@?rowﬁﬂﬁﬂg through

for conveni ence of explanation; the 25 cooling el enent
each pig veetilaterepassaEederfsbe e e Hskle sl sceadsertent lapg. Therefore, the
cooling elenment 2 and the adsorption elepent 1 are in |
actigre of ag@rlpiﬁfah@l%ﬁayé’?l akths Hovisturhcatgined irp they e (ARl carried out

Is applied to Figures ~, 7, 9, 12, and 14). IS The
effagientiyeand high pdsorpiongugferhaonagiinprovidéBer 11 is forned of

fi ber paper made of ceramic fibers. Mre specifically, .

the aMeawehils,the sidnplasswagbetdin harerpset! anerngatje material, due

bendi ng pl ate nenber forned by alternately_ bending a
to stheet, vefenfobpimgpagrumidificaéon wiitkneegng cpeléng eigments so as to face

thereof. The air ventilation passage form ng nenber-11

botls sishapeficessf anwidsdpiion ddmentameityrggatedrayphfiem the adsorption

Furthernore; each of the pair of the side-plate _
elamamiv 6p sthe Zpoligg ietenfept.nekhinfinifepdhe papwbiligndet giot only the cooling
ceramc fibers; and is shaped into a flat plate. And, .
capdtalityi o pheateolmgnmement1 byt algo ghe afisarptign jcapatilely efothe adsorption
bath surfaces of the air ventilation passage formng .

elemamb eiropsl ; Invthe radbyptivre eksingat pf theenindinipuenfionp howpveing is aranged
the air ventilation passage form ng nenber 11 are

suclotial pigbriontbottaoibagkieripr svdcenhdn, 129 of thesidpplase membgrs 12, 12
a 10 conbination, a large nunber of first air ) .

are/ prowvidedt widln thpawstapeeofBig Beans. 14. ekuchrattangempntppipsidpethe following
wWith each other are fornmed by "valley" pans of the air

advaniagdsat i on passage form ng nenber 11. Additionally, a
proper adsorbent, such as silica gel etcetera, is
suppotl) ethoadwrhtags of radestofrrangementthaidhe pxtariponrtaces 12a, 12a are
passage form ng nenber 11 and on the surface of each

cacf ptdvedetiswihithe ofatarpreofngleaphal ¢ isrdrbegvsn tohenithe cooling elements
thereby to provide themw th a required adsorption

respapéaly facjng dedxerisepafats bin, dJRadiave ay svaterprooding Ghpetere, the seal
on an exterior surface of one of the pair of the

propetigesphatebetmenb eresedied b thel watetprgofurgymedrisd4adsor pt i on
element 1 is constructed. Here, the separation sheet )
| ayer (214 The sivapmgedfithe pe@ndnirrangempats hay eitbér epesobihg exterior
liquid through the side-plate nenber 12, and to

sufarm| Eael 12 asiepgavatied it fhersitegiroofingntmielat EHns 2M;t, even when the
passages 3 from second air ventilation passages 4

cobligs eleinkadfdcigahy exmribhairficd é2obrdvidedoenh ithegwetegmmesfing means 14
2. For exanple; the separation sheet |layer 14 is
formed by attaching a plastic filmto the surface of
t he side-plate nenber 12, by vapor-depositing a
metallic material (for exanple; alum num on the

r Y " o, N o o
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19 On the other hand, the cooling element 2 is shaped
i ke a single-sided cardboard nade up of an air
ventilation passage form ng nenber 21 (descri bed
| ater) and a side-plate nenber 22 (see Figures 1 and
2). Stated another way, the &Br ventilation passage
formng nenber 21 is nmade up of 5 a bending plate
menber formed by alternately bending a sheet netal of
al um num etcetera or a sheet resin in the thickness
hadinoeeaiegprod fing eofictusg dthe ssesh aperriigsk dierghgtvgeepnaicesecyred by the
corrugated plate. Additionally, the side-plate nmenber
wal2piosfinadeanpl df Aaastrbt hightdsorpiorapasirirmansees @Eiged or
a sheet resin, and is shaped like a flat plate. And, .
the shgdegptiate aberbeithribotlf pf theyexjasionsbfaces 1gael2a of the side-
surface of the air 10 ventilation passage form ng
platembeibeR112, Whef divyadsdrptisn diemshbare praesides w2 thgrwaterpeoofing means
air ventilation passage form ng nenber 21 are conbi ned _
14] thiefeba 1Bistglre tipi sabpropartichibstweay the hdsoatipneslerasrirangelfie opposite
cooling elenent 2 is obtained. And, as a result of
coSlufelamertti oratd words ahdraigeo nemitier roivides e mdtaproofing structure to
ventil ation passages 4, 4, ... extending in parallel
theMkddlin@atém eithphosteetof the rReE riby sinfadk! I@n"prpeided voth thihevaterproofing
air ventilation passage form ng nenber 21. 15 The
meadsorpt i 99 ke tfutheanignirbesreanl innthee hdsvepiton? penfprineince of the
are constructed as nentioned above, are arranged such
adédiplior BemehdemMead@eedrbg thel@ranizeibet thatsopapt dolarge part of a lateral
el ement 1 provided with the separation sheet |ayer 14 _
mdnShe QsH thi aRRUnE atandi if ace off §d a8l nowmingi the galitg aof (Ab) flowing
the air ventilation passage form ng nmenber 21 of the
thi6 A&k itRY cBbIGREBlenZat AME difRt lcanmataiédl e qudnplasl mpmber 12 of the
alfernately in a 90-degree plane phase relative to
ad§Rpllor DeRhefor kRS nplovsmetisn dike ¢ffitiantnaf fedt badyeraheebetween.
firmy joined together by the end plates 9, 9 and the
fr am@ﬁﬁ‘ﬂéﬁé&hl@venﬁ@m of the, prédt@t gylick@orppiovidde ah hdsorption element
dehum'di fication unit Zr having a r-ectangul ar C
in RhQek -l lake QuhBEr aPRiealcanREof SResakegBy 8, 3) .ard foiwdsat an interior
dehum dification unit Z~, humd air as the
sulfRc PP O 8BS RY sk pldtéderniter D238€ dn bbsovbgh id hepbitedon the side of
alr ventilation passages 3, 3, ... of each adsorption
anSheMBPkuka@Nek caéh oFhd hie vehflatioMaadagdstle 3¢ 00l imherea the side-plate
(Ab) is passed through the second air ventilation

mAAESALES cOmplsed of anQlir HAGHOIERSE péigheablenmnirial, anther ebgrjor surface
the noisture contained in the to-beprocessed air (Aa)

12h SFAISQERbl8mEeRBBY EXlishyo i BEl A6th avhepioofiugpesahetd.on
t he adsorption 20 el enment 1, and heat of adsorption
resul ichgkdfdedim BUGR ARbSkivhecladsmr pf tienteexc hargasn,hiat side-plate
with the cooling air (Ab) and is |iberated towards the

m&AR 1WisAotméd\B) a pPEnaableaidlchial bitE iRE8@iKiph] ANadsorbent is supported
capability of the adsorbent is maintained at

onsigﬁ%iiﬁ'ﬂ‘eﬁ% Qi fade OYR! & Q¢RIofahd @G epelation pafsagdsnd,3, andormed on the
the dehum dification unit Zt denonstrates high

i L el £k caduk@ape P2per fhe kiR Se rd¥hthed @R, Subh hil@rgement enables the

ﬂ%@ﬂﬁg%g?ffpation unit Z, ofq?he present enbodi ment, .

to%ﬁ%rh@éﬁ?@r& hiPNAaRBoRalg MOdach JfAh€ hirivehdlati6h Phs¥agss 313i.mto easily
, and claim8 of the present application are applied

entte% th hsfRBFhYSdb MOy N eA 26 8QUR! he Ac@besPisorbtidn dnd eemoval of
the construction of thé cooling el ement 2, t her eby

th{%‘ﬁ#ﬁt‘g&g?%ﬁgﬁﬂ% ?L{Hecﬁf; (88 RecLOermicadohighidbaptibepetformance is

I'n e dehumidification unit Zt of the

iment, as shown in Figure 2, on the side
m%+]§%@5g?m%%g side-pl ate nenbers 12, 12 of the
adsorption elenent 1 provided with the separation
sheet layer 14, the first air ventilation passages 3,
3, ... of the adsorption elenment 1 and the second air
ventil ation passages 4, 4; ... of the cooling el ement
2 are adjacently forned, with only the one side-plate

I A= a1
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the side of the adsorption elenment 1 and the second
air ventilation passages 4 on the side of 20 the
cooling elenment 2. On the other hand, the other

si de-pl ate nmenber 12 of thengﬁgorption element 1 is
attached to the side-plate er 22 of the cooling
el ement 2. Therefore, on the side of the other
side-plate nmenber 12, two plate nenbers, i.e.; the

ot he?%?aﬁlq'%llgl ﬁLteesﬂEe %r %I%Bénpl Séj atcfé ‘3? agge?ﬁ%am'mzﬁérlai due to

22 0 e COoo exi s as resi stance

aj nst - heat 2 tran f g
WhlsclgdeH rr fo mm 4 ehu %Cgtu%rhum d@ %e?t %Jrc])ﬂ (QF e%eﬂ?etntslso as to face both

siado0PaY faﬁ%;r%ttbo‘s‘ %Ig%egl L Ioifld %%ﬁ?ra&% ey e PLRLBIR TR ent to the
Cooﬁlpgré?la?lﬁr oL RiEs TR AR o o bUER Gy R JoQRfpepabitiy of the
codp SR LR TP SreEron HE/ Bk Ll ”%%¥%>§138ﬁ PR, e
ads?ﬁ%ogfeeﬁ%{%ﬁ'fffit bl nRSE JPBeer R %%é%tﬁf’a%aﬁgﬁ e sice-

conpar th the cas. ere two plate nenbers, ex
PleEoTFaYrS 1 e Pragaphatich “iafeéwgf’@?g SRS o 1 R &gt of such
of the one sjde-plate nenber and on the side E
AITHERBIN P wllﬁ-‘-ﬁ e foRRY elf@lﬂ(l%%@ﬂﬁlﬁf‘em B sBrePbAdface 128 rovided
.dehum dification unit Zo shown in Figure 19 hgﬁ | .
with g P T eingo ey (L4 Z1asoR0 WrleTRrQedig: SRy Hisnpeal properties
thofgei a8 FoC R YIER T GPTOREAE PO & AT BF AUEE ot e inent will

t he dehun1d|f|cat|on unit ZI wll be nalntalned at
d“@%ﬁﬁ?@é&@bﬂ%°ﬂ%@éﬂ§rBVEWNS | ong period of tine.
Addi tional lLy, in the dehum dification uni
pr es e it A aherie,, the exiegon syracs dd0 S dh flﬁsiplat%ﬁleFﬂjéf 12 of the
side of the, one side- pl at e nenbe 12 of the adsorptio
adsgrpsigggiement bsn;pr9v1ldﬁ¢é wihdhg VaeIpPatiee meatseld il'zerqu to secure the seal
i nt erposed between the flrst and second air
propaiies 1bshvesh (hasadsgabion clome a9 %ﬁeeO}%P&PIé"céﬁ?]ll% elsmgag in other
in the |am natjgn direction. Conseq uently
worlsriaiceld Wi Peed K awiing 8 (v asrPrapTing; %Iﬂw s d 1B, copling clement
side of the one side-plate nenber 12 | ate
opHesHie & e exteor syrfase A2marovidedevith heeva mﬁzn%?ﬁa Ifpés aresult,
si de-pl ate nenber 22 of the cooling el enent 2 ?
furthgt émprsyerrele tindlesh agdseaptiqny §%rf<aﬁ@n§f‘e@gﬁae eﬁdﬁow ion element can be
ventilation passaggs 3, 4 (like on tge Sld% he
exp§Elsa bystha ergnggraeid it et Wg)or lgr g A OfliAnaissd dﬂera?eftcrfe‘he cooling
dehum dification unit Z, relative to the helq1 )
elempplos crbpil SA@S do bring thecensdiag amy(Adn %%%fhroug the cooling element
correspondi ng to reduction in the nupber of
intqyglivBetr contast math Heesidrorlelr mempeed2 ohdhe |af1§qrpta?m e@é@&h dor further
air ventilation passages 3, 4. In addition; costs are
impraverhd e ofheenyrfdeatgransEnisrdstvesenber s i s
reduced. In the present enbodi nent, one of the pair_of
the $kdélhsi adsernvemisderaent accardingf toAbe el enisiBvprtinof the present
element 1 that is provided with the separation_sheet
applliggtéan nipvides.rie 8pdiHES 1@ &GtEif@CtspﬂSéﬂefoﬁ%ﬁ%épy pne phiherpdove sections
clainms. Il. EMBODIMENT 2 22 Referring to Figures 4
(i) andl (B, thehfallowiing ispacifss e&ead dAndbpAMVENT BRERE, psithe permeable
formed in accordance with a second enbodi ment of the
majsriekefhwhichvtbe siderplatd neenehen J A isicompesedoperamia fiper papey, gdass fiber
result of the application of inventions as set forth
pagien ftdnz resistant papiem @ noowaien Bibrie inised~ Asahieselt of s armggement,
can be seen fromFigure 4, the dehum dification
further weight savings and cost savings for the side-plate member 12 are provided, in
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5 unit Z=is forned by sequentially alternately
lam nating a plurality of adsorption elenents 1, 1,
and a plurality of cooling elenents 2, 2, ... one
upon the other in a 90-degree plane phase. The
dehumidification unit Z= of the present enbodinent is
identical in basic construction with the
dehum dification unit Z, of the first enbodinent, with
t he exception that the adsorption element 1 of _th ,
corstrismnlioF Esamplonwithithe sz AYETReHS Sids-RIBRSPFRT 9r fsd vsing a
10 the adsorption elenent 1 of the dehum dificat.i on
resinoins plaite oo metaHie plate. nEsnrsiablys e pise seliadt drgftthe sige-platg member
dehum dification unit Zr accordin%_to the first .
12 evtisodomentt of ¢ehamisi fiker Papereorrasraias Toer papgsrip ypaededhy their flame
both sides of the air ventilation passage formng,
retaréatagt  Additiomliyhevhen Hlameregpigiant pareher deRAYH fapaais Bigd to form
unit ZZ of the present enbodi nent, the side-plate
thendeogateIRernberg2othicedviskes buthgr oot s&iegs. of 15 the air
ventilation passage form ng nmenber 11 and the
separ(@t i Bie stwegttidnaglemedrdadeording ¥ degd toel flninggaten; of the present
surface of the side-plate nenber 12. In other words, ,
apjilivatiag parviddspin aeldaivent te effecthas ssefruhi igi dniycarei o thaughiope sections
ZZ according to the present enbodi nent has a
(i) eed g, b€ followvims specifesaifertsofin tlertpel fhyinvbigic terwaterproofing means
side-plate nenber 12 fromthe adsorption element 1 of
14 ih fordedus stidchmani oha phistic Almaodbe dxtegot surfive Karaftthe side-plate
enbodi nent. 20 And, when enpl oyi ng the adsorption
me@lRAaN! bl sbpliciticanstanuetade dirdef or fengkterie surface 12a, or by vapor
dehum dification unit Z= by alternate | am nati ons of
defdi@ichd 80T ictdllie | rrarenidl dn ahel dxheioc cnkfang Idiaemefmt aesult of such

the air ventilation passages 3, 3, ... of each
arr@SiRaidat | 0B wheneaifink arand e feroahdy aneanseoft aapiont the above-
passages 4, 4, ... of each cooling elenent 2 are

de6ibag ethhiqub Ofsratreiielynthimnind, ihedditicre-qah dedomeerbesili.2 As a result,
of the adsorption elenent 1 |ying therebetween 25 on '

wheRQofipdfedofitome: cide fdee OF wherpemdingnyeaiseleistfoped by a resinous
whil e on the other hand they are adjacently forned _

or Widid11i@plate, tiiah&i deudploatie fiirnthékn22, okighheadogd, andjcost savings for
el ement 2 |lying therebetween on the side of the other

theSddshAtRn cS@@enh@uireviByd. The perfornance of heat 23
transfer between the first air ventilation passage 3 _
and thgtseeendtri watvepddfingt hmemspddsage ahyi eel ofphostede-described
in all the contact areas between the adsorption

cofdtRIvEBEs & ans fdrhrdcasly pgtiellenenhy Areaas mgroasefl the ekterior surface
whi ch the dehum dification unit ZZ is inproved further

12h Bf dehyad didtd mamben1 Tapabiv dftiye fdvinatow echnigue therded. Accordingly,
dehum dification unit ZZ of the present enbodi nent,

it 19osiiklepbats menbenatish pssifbpwrdedgeordfythenwereprsofde means 14
of the adsorption element 1. Therefore, when conpared

acéddinieQb (BX aRhae of Aeobbiiegement faoingtanuaisomprion rlewtent ffor example,
the side-plate nenber 12 is provided on each side of

ac&&@ir%dt%oﬂh@?réb@n@é eiEende 6f atireergedudimigditfuctat iima sidw surface of a
Z, of the first enbodi nent, the dehum dification unit

cobBngd SlefRA€or dbbiliete ©aARPPEditidmaed zags of aviaweprbOiih®stitcsure portion
height direction by an anount corresponding to

in HRAYEL k@faden hhendpEBienf afis,tihefaidaopraige ofeersrfidofing means
I'n addition, since the present. enbodinment is

14 g¢ rﬁe{p? ab e GAAfkhaHT Adegarpng 8RRE alti povsidy kb ngecomplish further
effects of the remaining conponents other than the

irr%p(g)é?ne Lt dderddidmy nhadivaRets béheks tleadsdrphdropleinent and the
mtted here by usihg the explanation made in the

E [ héd onally, in the present
coélr}‘g%gllehngﬁ?q?%?rgl?gg?sgﬁg}qg@nenber 12 of the adsorption
el enent 1 and the side-plate nenber 22 of the cooling
el ement 2 each correspond to the "plate nenber P" as
set forth in the clains. I11. EMBODI MENT 3 20

-~ p— ~ I ) '
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differ fromeach other in construction of the

adsorption elenent 1 as well as in construction of the
cooling element 2. The adsorption elenment's

construction difference is ppjnted out. For the case

of the adsorption elenent 1 of the dehum dification

unit ZI according to the first enbodi nent, 5 each side

of the air ventilation passage form ng nmenber 11 is
providgdrwallp B dsdBfoPtRERnIRIEDRInd & tedhirfeenth invention of the
separation sheet layer 14 is forned only on the

SUL 3688 i 8fs hRldRRinMto e dfhetssdsderfphatie citerioae 8f the above
pre%%.ﬁag@l?al(fgngﬁgﬂfis’rgt enbodi nent, for the case of the

dRorpt | | §eifRr egedtt. erb el mEiRkentkai@kention, the
s&%@ﬁ?ég %%?496$H§22H%?§%-6$§ie menbers 12 respectively

wa@ﬁr’%i)ggffg %ﬂssagg ?5] i bg'tﬁﬁllyoijrotvlik?edﬂﬂﬁﬁ (P4 icBRepboaBBtarch dfase exterior

on i rface, € Separation sheet |ayer 14.

surgl%cl)étn Zélggteth% %@Aléﬁ@gteeﬁlfxﬁﬁé}t 15 tC 2Rk Wb Rk fHRERRE Bortidn of the

out . cooling element 2 of “the Tirst

mbodi ty .S ; ; t i b O a le. with
cofi e GBIt e PrigidyBiaty LRC! Il Sl RisDASs Sfmple, wil
thedd her h%aengfe A8 9(9091{1@@9 £l a0t 2 Rf all HB&r RRESEBYOr surface 12a of
| e IBh s Rde Uup ConT y

of the air ventilation

thegg@%?p zﬁ?f o&g?ﬁ%g%;%ﬁ@ ﬁfg)rré#ﬁonlﬁan %J,? BIRL AL TR means 14 in the

enent 2 thus constructed

pr%?}?te];iﬁ\; mélﬁg fsh%m%ﬁ?ril" 'Elng' HeC AbbOTdf Ut aﬁs:eérﬁYon element is reduced

a amnating them one upon t ot her; the

cozglﬁsé:ﬁéﬁl{r]ltg!p’l Z%ii&g?ﬁg ﬁlzes g’gtﬁ%‘ Rherd the wa]ttﬂg{)ro%ﬁﬁ nRO801 ALt Bfbvided the

alrr venti I On passages 4,
s SO SRSy Tt
o SH T s O PRS0 AR 2 By e
o P55 R T4 TSR, Bl gt

nd the second air,,ventilation passage 4 is inproved
Off?llﬁﬁﬁ%ﬁpuloﬂ egeggﬁg PNiﬂégﬁe}\(tﬁe{‘ “ihe first enbodinent, and

A AR SUBNG al Tocaet, 1%
o Rt il o RSB Rabol prsof
N
e KB SRRk TETE S5 o momes i
pa?tis do? {}‘Eal daeBSmidiﬁcation unit shown in Figure 1;
Figure 3 is an outline perspective view of the dehumidification unit shown in
Figure 1;
Figure 4 is a perspective view showing in an exploded manner principal parts of a
dehumidification unit according to a second embodiment of the present invention;
Figure 5 is a longitudinal sectional view showing in an enlarged manner principal
parts of the dehumidification unit shown in Figure 4;

Figure 6 is a perspective view showing in an exploded manner principal parts of a

dehumidification unit according to a third embodiment of the present invention;
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25 nmenber 22 (see the cooling elenment 2 of the first
enbodi nent), the dehumdification unit Z3 is fornmed by
a | ess nunber of conponent nenbers; and cost savi ngs
are pronoted by an anobunt corg espondi ng to reduction
in the nunber of conponent nenbers. In addition, since
the present enbodinent is identical in construction
and 5 operation/working effects of the renainiqg o
coNPonent Y iohheigititinal sdtombeiesy stioting frearf ¢nlanged manner principal
enmbodi nent, their description is omtted here by using
partd 67 (BX AbIARGRIMALIMRAE! bliivvidia Higurs; enbodi ment .
Additionally, in the present enbodi nent, each of the
pai r okt e sipdapaltateidemerisg i2an ddlodedtrh@mner principal parts of 2
adsor pfion el enent 1 corresponds to the "plate menber
delRimiBgice8bn 48it bk dink fb 4 hurthl i boRimény.of ENBEDIeENTerkion;
Rg%erring to Figures 8-10, there is illustrated a o
dehung;gifiocati |9 iRirdal dectibRdl sy biroveiag o siaedergad tanaer principal
f ourt h“embodi ment of the present invention. The
pat Qq&ﬂé difiRRt QRS Bhi sfown inSFighke g:esul t of the
application of inventions as set forth in claim1, ‘
cl ai M;2y1eCl RisMPoutind peRfedival vidnd of Alie ditaiiidifftafroigune shown in
8, t he>dehun di f i cation unit Z~ is formed by
Iﬁéﬁggentially alternately lamnating a plurality of
sorption elenents 1, 1, ... and a plurality of
cool i | gnent Zue view sRAMGInd RO An thslo@dd@anien paincipal parts of
00- degpus s 6%5%%‘73 e T Ceat i on uni € 20 of
e py. ' tio hFifHoeRtdde@knt JF tRagieSent invention;
a‘%ﬁﬁ? #ﬁ%ﬁﬁ%ﬁﬁhﬁgﬁ&f etggﬁﬁhidif%cation un?t Z3 of the
thir -gn&oqE"gn%qo ihfidd &cBXGRPHIAR ddalind heYandefibsed manner
from each other Tn the cooling elenent's 2
.C 0N t : GioRhd tin Zigfre e
P T d e e e A i r

enbodi}igggg 13 8 ag?eggjﬁ_g!g‘?m&%_sﬁgwmé‘% ahlex¥Rakd hidhh@principal parts of

passag rmn 21 in the formof a corrugated
ndi L& B B8R B ihe & esaal émidn;

acgsgﬁ%ﬁﬁcﬁhgyﬁ¥ﬁ%gggﬁﬁﬁggféicgtionlunit Zngccording to

the present ,e i iha JBESAY PO $hofing@ iBSan enlarged manner

h~ape§1@ﬂuaealll4yggg?lpgggdédabendi r?g 6I ate nmenber.

Accor di G fdieatdvaninUbtre4® differs from
prfn_ﬁﬁja([j% rB%%P? ?%:}g’ltn?gﬁ%gerl}% 213 In b(Ielndﬂg r{a ? orm of the

arr Vﬁﬂg 'rcl, 351i98n RAFRRY erspective view of the dehumidification unit shown in

Figure 13;

Figure 16 is a longitudinal sectional view showing in an enlarged manner
principal parts of an adsorption element according to a seventh embodiment of the present
invention,

Figure 17 is a longitudinal sectional view showing in an enlarged manner
principal parts of an adsorption element according to an eighth embodiment of the present
invention;

Figure 18 is a longitudinal sectional view showing in an enlarged manner
principal parts of an adsorption element according to a ninth embodiment of the present

invention;
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26 form ng nenber 21 and in cross-sectional shape of
the second air ventilation passage 4 fornmed by the air
ventil ation passage form ng nenber 21. Wen enpl oyi ng
the cooling elenent 2 thus cgrstructed and form ng the
dehum dification unit ZQ by alternate | am nati ons of
the cooling element 2 aid the 5 adsorption element 1,
first air ventilation passages 3.of the adsorption

el e leufe 105 1y ?&P&SQ@[ J&%&Q sh n‘g% 5:08%9bdddBafdlek principal parts of

vent i atlon pass orm ng menber 21 and their

ac@ﬁ@&%oﬁﬁﬁ%hﬁﬁ?&mgm%&m nY€Qid | ation passages 4 on the

e cool1ng el'erent 2 are adj acently forned

¥Mhteha1|£ ﬁ@redbﬁf renty rgq{uah‘faal NEARELS vdw Showide P AkL! %ﬂh %Ed manner

ventilatio passage ormi ng nenber 71 %an

pnﬁ!: ﬂ&l g;%{ﬁto?t Ghidific@lo gé,gr,ﬁp rg%ﬂeaﬁ{ ement 1) 10

ere ween an on e ot t he

Bﬂﬁ”‘@i@bﬁwé{*ﬁ{‘ﬁw‘%“ﬁ‘m?“fﬁjgﬁi?fsvim. I ati on

correspondln € opening o

pass alg {va %jegl?l{{%%ca%% %‘ﬂﬂs %Hc? aﬁsogﬁfq%célahgrﬂs 31? ?aoorl]% for use in

air ven assages are ad

sucﬁgﬁ%léugn ﬁgn %#101% ﬁ]él 3 &g%orrp%nlgotﬁ({hfe epreseP{1 v%h{j(?n \wﬁ be described more

as sho i n.Fi ur 9 Therefore t he

Spefcat?(‘tagy 8hede(fdsthﬁ]iré?§ch etnthd eFIor mance of heat
first tilat
A POV RSN S 11 5t on' passage 4 than the:

0 ~.therefore; the total heat transfer
L é bhgﬂﬁgT f the dehum dification unit Z, is higher

convéﬁ%'%ﬁ%ﬁg s B R ool X L e oy £ formed in
e i ASpe bt %%ﬁgﬁée'ﬁ%ﬁbg‘%nﬁasSi_ﬂiefg#welélé%a%rl it 24
is B arabff ot e ﬁﬁéﬁgwnﬂ%ﬁ%@e&% {ih T foint fegfEt gr Him 5, and
cafy teéé'n% ¥l ip égrlﬁgﬁt}ﬁe iR 24 e o hellowing
waf, 8 RLIGH e T PSR PISHa s 1zt GRS F TR Wl foo clements 2,2,
te%ﬁ%"lg%gfreﬁ'?% s%qq%ﬁiﬁfyogﬂwagte@ b 4o e s pBE BN St ThR such a

hecayse ,of whic the ctive sectl ar ea the .
langg;&tstxznogy hE Bxgmcr Flaat 163n Egggbxéelaéwesto }éer Exgunggm (Lrecnon, with end
for. ond air venti

plai %%dsiwwaw N gwﬂaﬁata §3e Comegielpasn by s rame
tgg’g@? Sﬁntﬁg "o ‘%“Fi%f%fé‘ GIHENDE oot TS K I wigred body,

oI|n alr |ncreases corres ondln

g

th"ﬁ" Ya SO Wov?r&%rﬁa iCORbatedn BYP Bt i o?ﬁqrenaﬁer specific
ronpted. fuyrt As a result, the .deh n1d|f|c ti

CO%QPF%QWJ%@ aﬂsqraeomeﬁeﬁﬁnd% e copl! Lf?m%t va?l bethescnbed
i nproved to a further ent. In additio nc
prese‘}’FtSQYﬂ'bHi ersllsaqddirfi‘? agforptipr ﬁeﬁahf a ?r@ﬁﬁghﬁae a double-

tion/workin ects of the remainin onents
sided pra W%mdﬁélpaoga&é QU1 PR KT R ge Torming mermber 11
enbodlnents their description i tted here by
and,aipay huideRigteamsmben lr?a(}g .Iﬂot@HEatf ?ersqonaﬁaem ¢fpxplanation, the
enbodi nents. 10 Additionally, in the presen
coQlipg SRR lséaﬁlﬁteéﬁﬂtqﬁereﬁam plgne phase g5 éféhi) F%ﬂlegrﬁé%evé and the
12; 12 of the adsorﬁtlon el ement 1 corresponds to _the
adsoptipneclg@sped a0 indhe same Gl Phasends shoxyhen Fgure 2 (the same is
EMBODI MENT ~ Referring to Figures 11 and 12, there is
applief & £ igwesdS. d» ae’r?-uﬁﬁ@?ﬂ cation unit ZzS 15 forned in
accordance with a fifth enbodi nent of the present
i nvention. The dehum dification unit ZSis the result
of the application of inventions as set forth in claim
1, cIa|n14 and cIa|n16 As shomn |n Flgure 11 the

——~ e
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pair of side-plate nmenbers 12, 12 each forned by a
sheet netal of alum numetcetera or by a sheet resin
and, in addition, a surface of each of the pair of the
side-plate nmenbers 12; 12 facing the air ventilation
passage form ng nenber 11 suﬂﬁorts t hereon an
absorbent to form an absorbent layer 18. 5 In
addition, like the cooling elenment 2 of the fourth

enbod; nt, the.coolin | enent of. .th rese

oo TTE R Vet GO R el SR et h i SRS er papeg made of

tra oi dally corr, ed bendi ng, pl ate which is forned :
o8 Tfins Mare SPei Rl to g aralRiah it 8. /o BicaEmber 11 is

resin, Wien_enmpl oyi he adsorption ele t 1 of .such. .
bel&fﬁﬂ% Pl BErbRT ye@@?:#tﬁ@a&eﬂveb Hh%eqq%hﬁeagfﬁg%étp@aw ify g thickness

.ZS. by alternate | am nations of the adsorptiagn el enment
dirgeligRthetalc g@lﬁiaﬁrgv tion Ressge fprapg Memis Jl; is sharsd. as a whole,
., passages grgé$the adsor ption Flenent 1 corresponding ,
likg g GORReBGE DS of VEthemsrs. spehhpf atRayro(The sulgeplate mpgmplers 12, 12 is
menber_ 21 and their associated second air ventilation i
formedof dibsr nansy made of peramag flpgrs angds shaged insora Alat plaggy ¢ind, the side-

adjacently forned;. with tw different plate nenbers
plagg n@.rr}b@trhﬁ%b% taFiemly Kantgd o \hef puraages ot 1he gifssengidation passage
form ng nmenber 21 and the side-plate nenber 12 of the
forguag msmbsh 11 whasphy thy sidgimge nraihepel hvd@rind ke aipmentietion passage
ot her hand, the remaining first air ventilation
forgasg Jpesba Ebrare syorinedg itte a Kmgbpeiticag ohdt Be airgsult of such a
ventil ation passage form ng nenber 21 and their _
corgbgtptaldreserianlrr if firglent Vindldton prasssayds3.4 - apgending in parallel
.adj acently fornmed, with only a single plate nenber
withjeagh otheparesforpebat @llgehpats ol 2he diy verfilather passaarderming member
as shown in Figure 12. 20 Therefore, the latter one is
11hj gher in the performance of heat transfer between the
first air ventilation passage 3 and the second air
vent iAdditiorallyas queper adsdrhentt sushfasrsmtiga gahetcetera, is supported on the
- Consequently, the total heat transfer performance of
surfage off g‘mm deritilatan prssagsi formzingingenmbeg Ha randiverthe omnfrencad each of the
for exanple, with the structure of a conventiona
paig eh thei did-plate ingmbensi 12, (2 cberby te erovdde thamwhith l raduiradrasisorption
first air ventilation passages 3 on the 25 side of the
capabidivy.panidom serlagatont sheetdayerald istthengkennad eatarior surface of one of the
ventilation passages 4 on the side of the cooling
paippitesidesplateancipeas dhtl2y Indhippady. the isarpdorstiemest lois constructed.
pl ates |ying therebetween. 29 Moreover; when the
si de-tpiratthe gepeveironl Sepslagerifeid disposedstoemevantttlal paskage of gas and
al um num etcetera, the transfer of heat between the
liquid throegh tHeatideoplapaseaber 12, andita tnenrdetelwsepariateahe Ginst air ventilation
passage 4 is pronoted further, when conpared with the
pasgzgse 3 framhisetpndhar sediglapompessaesrhér(ddBribed flgerech dfe side of the
fi ber paper as in the fourth enbodi nent, because in
codling derhentridbr Fonsragplehthe septratiomehest ilgler Adss domaghley attaching a
heat transfer rate. In addition, because of the
plastra &hygepetht sutfate aflder Hdaplats nengporiZe by diapectéposiimg a metallic
the side-plate nenber 16 of high heat transfer rate,
matehigl éfofri exagpdy abmiriuper an itom soffadeeaf thef sideplatptrhember 12, or by
generated in the absorbent towards the cooling air
app(Ab} an orgdnsobindpr swddchs adsemissyetbagi retin eteefdr g aint@thetsheface of the
above advant ages, the dehumdification unit ZSwll 10
sidrplage member i2.gher 1 evel dehumi dification capability.
In addition, since the present enbodi nent is identica
in configuration and operati on/working effects of the
remai ni ng conponents other than the above with the
first and fourth enbodi ments, their descriptionis
omtted here by using the explanation made in the
first and fourth enbodi nments.
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15 Additionally, in the present enbodi nent, each of
the pair of the side-plate nenbers 16, 16 of the
adsorption el enent 1 corresponds to the "plate nenber
P* as set forth in the clai VI . EMBODI MENT 6
Referring to Figures 13-15, there is illustrated a
dehum dification unit Z6 fornmed 20 in accordance with
a sixth enbodi nent of the present invention. The

dehunpifd GRLS Pdhay Rt co%ﬁné Sleld2ge & ]‘?§ éﬂa%e&’tiké B&ingle-sided cardboard

application of 1nventions as set forth in claim1,

Lai A Al . . _ . e
R LR s B ML S St M g 0 il
I ' [ I it f ad ti
SIS Pl BRERE 2 DU LY o cooling o ement s
2, 2, . . - .
ohases st R0l RAR LORERENG o8, ARRLEGHALARRN & e up o
t.hys | ' .
a bgﬁgl%g ﬁ?& g‘%&net%? g%%ﬁeﬁgor\rfg%@g{aieg? gi@f{\? 5 sﬁf[%ﬂ gﬁltaqto?ﬁlu?mm?m efcetera
or dae%lr& %sfull Cquttggqgl%mqéss Zd—?re?{ioﬁ I?l? B saﬁgti esﬂg}?e%l ﬂ?@,t ad 8 whole, a
) asi C |guréi|oh 0 the

A, 2 A ST g M o
SR TR g Fahdies ey aled by a

of a1 Sk hiih SoTERE PP TR APl Tnle LR B9 kR pf the ai
3RS B SPLL cERLE HRSURE ) B Tk Ne2UBE R 2 1 e i
v R0, ighaRb b oBa R S L PR T vy, o
R PS8 e, 3 8B b o,

s BeiaERERE Fom ke PSSO BE b &1 ombhEn g paglll with cah
o BEGRTTehBOUEIBH: T SHabee L of (e e JURLRS BETGH 2L
bai T O tRBIRPGTTRaR el A SoUBE SGELCh CUpOGotp gimcid &
N2 W TR T M K —
S ST e A, 5o T AR e i
"ol RATOA RS e g onpease itk ISP g cooling clemen

2, B i shsenttly A enonane I ArgeSal-RE g Hhive to each

othfex(').”lll?gs’e elements as a laminated body are firmly joined together by the end plates 9, 9

Q

and the frame members 10, 10, ..., thereby to provide the dehumidification unit Z; having
a rectangular block-like outer appearance (see Figure 3).

In this dehumidification unit Z;, humid air as the to-be-processed air (Aa) is
passed through the first air ventilation passages 3, 3, ... of each adsorption element 1 and,
on the other band, the cooling air (Ab) is passed through the second air ventilation
passages 4, 4, ... of each cooling element 2. Thereby, the moisture contained in the to-be-

processed air (Aa) is adsorption-removed by the adsorbent supported on the adsorption



10

15

20

25

with only the side-plate nmenber 16 |ying therebetween,

as shown in Figure 14. Consequently, the

dehum dification unit Z6 provides higher heat transfer

20 performance, when conpare for exanple, with the

structure of the conventionaf” dehum dification unit

(see Figure 19) in which all the first air ventilation

passages 3 on the side of the adsorption elenent 1 and

all the secon ir ventilati ' es heat
clegient hevgdor Rgegpaninge s G Pa AEE At PRaphen Shilanges

adjacently forned; w
two sheets of ates |.ying.,the : oI A it, the
withion g r Al 3 imiars 1oy EElmg R EYE s o ress
nmetal of 25 alum num etcetera,. the i beat t
adssetygse pAReRBITA o WEAUPPRETON BALLsd KPORERAY 1R over a long
venti |l ation passage 4. . romoteg fur A, ificat]
PeROPAr EHS WAt tl’t‘eng%&‘ﬁ%]éht?%gﬁﬂiu@ﬁt ? Illedé5|0 g&aﬁ a?l 2°hmceie ué}}1d1ﬁcat10n
16 is forned of fiber paper as in the fourth
pedayodicerent , because in the 31 fornmer case such a

nmetal material has a higher .heat .transfer rat )

addi t Aok, nopeciEuse éFh‘tnﬁ‘gﬂffﬁg%‘? gk 48y pgt}’et B%S%lnr ée‘@??‘%}me““ the

on the side-plate nenber, 1 f. hi.gh at tr fe o
inyeatiens asget &91Eh B ‘éﬁ’@ﬁl 1o¢lapy e‘l%ﬁ’ln? gnartg? gﬁlgé% og]gﬁ'e plresent application

adsorption generated in the absorpent towgrds, the . .
arc giliedgo dhe cguRbyCcien al 4 aidﬁcapg% afém\ganhg a\gg ggﬁl&e construction of the

Fgi'stic

effect of the above advantages; the dehum difd.cation
coolinig elZmeni 3, Ithenelpesesuiing dfmuaﬂgl?l%‘é AR Tt 10

capability. Furthernore, in the dehumdificatiaqn uni :
O Thiiefinabe Aehemg iR B! 2t PR S LIENR dsgshovm in
made up only of the air ventilatiopn S formn
FigeaBeon2ie siddef gpe of therﬁédEpplaFedPelﬁg?fF iq?'r iﬂggﬁﬁ ac{?gx;g%glg glement 1
23, 23. ... arranged in an opgogin .nanngg at 10 $3.3 of the
providetb ithrtha sxparation sheat dayephdribe SR AHeF RGP 8RR APT e 7
to the case where the cooling element 2 is QOHUEd £ the coolin
adusiptign &ldyestdi hgnp|the scernsodF  VePHRfIAR PAREEh Savings 8
or cost savings are provided. As result, it becones .
elgoasi Bl eret adjpeantiyddomitel, dehingHy tPeapPorrdpipic, Begpcan12 ving
is lighter in weight and lower in price. In ition,
thekhewet hed piresdhitorsribodirsett VPRILIARMPREAFES; ﬁdf .- @re’completely
configuration. and 15 operation/ wor ki ng{ye fects tof hge% laver 14
separmeidirany teoveporbait versilaion RA5EHECE et ab VMR T T8 S yer 2%
first, fourth, and fifth enbodi nents, thqir : Je-plate member
Acesdinglyt bothd Sdonf teee Kises By MeRbeg 12nenly T EGRIae

12 exists as resistance against heat transfer between the first air ventilation passages 3 on

1.

the side of the adsorption element 1 and the second air ventilation passages 4 on the side of
the cooling element 2.

On the other hand, the other side-plate member 12 of the adsorption element 1 18
attached to the side-plate member 22 of the cooling element 2. Therefore, on the side of
the other side-plate member 12, two plate members, i.e., the other side-plate member 12
and the side-plate member 22 of the cooling element 2, exist as resistance against heat
transfer.

The side of the one side-plate member 12 of the adsorption element 1 is

compared with the side of the other side-plate member 12 of the adsorption element 1. On
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made in each of the first, fourth, and fifth
enbodi nents. Additionally, in the present enbodi nent,
each of the pair of the side-plate nmenbers 16, 16 of
the adsorption elenment 1 corfesponds to the "plate
menber P' as set 20 forth in the clains. B. ADSORPTI ON
ELEMENT Next, the structure and others of adsorption
el enents suitable for use in the foregoing
the @Byl §iCalié-pnrrdikeinbeiil |thére idRSE hedvednsfor fesistance than on the
specifically in conjunction with enbodi nents. 25 VII.
sideEMBHR MENT side Bedte mbidniser 112, Bh@Uhe elfisierdchesfelibeatidronn tienheat of
adsorption elenent 1 formed in accordance with a

ads%ﬁﬁ@rﬂﬁ&re%@&ocgjrﬁ?ﬁﬁndﬂfgh‘ grgi %ﬁ%@ﬁchtﬁb«iﬁbﬁrfo@ﬁam%ﬁi@ also maintained

sorption elenment 1 t he present enbodinment is

at sﬁﬁ?&i&rg%\%ﬁs. as follows. The adsorption elenent 1 is
I sposed face to face with a cooling el ement having

sur f ?{f&'@f(}?@,iﬁ) Efa le,"‘@li}é-ff"cd?lﬁ?anﬁi Wath RRPERB T HEe two plate members
structure, like the cooling element 2 for use in the

exish Ep lr’é'gidsqérrcle Ca%&f.ngpﬁuéé'ﬂ b lﬂcgthtoliﬁQhE RidethrapdBH BRBIate Atehber 12
the adsorption el ement 1_ as a structure sui t abl e f or

and GRRE 'sh:“é.tdfﬂge Aty gﬁ@'ﬁ%;lg ifenfRt 10N 4t HRESHiBRAI dehtiRidification
f%e cool'ing element. "The adsorption element 1 is

unitg%qaﬁ]%% k8 gﬁre bie 'd%hlﬂﬁﬁii?&'ﬂg}? QA %, "Erdge PR sat e%bodiérrlent has,

oW nent’idned "air ventilation passage form ng nenb

as % é\ﬁ olr]?,aﬁilggl@ll el trﬁhg‘%’ laﬁ&%m’ﬁ%gbﬁrd? 242 e, the clﬁ‘:&l[lmidiﬁcation

n passage formng nenber 11 is basically
de of / terial . .
rel e e FEABL 1 2|l B HBBL BNy Ll overs
| 11 iﬁi%giﬁgrned of ceram c fiber paper, glass fiber
On%%%g%,of}aﬁe resi stant paper, or nonwoven fabric. The
air tilatio S {1 ' e . .
S ARG PEBARARA I PR Sk AL sl eeBodimen
ventilatjgn ssage 1 NG '
arraian %qcﬂlt%eaeorg%g g%cg: Off t?c! é?lé; ﬁd%@%ﬁflﬁr}x@elj 2 c&ﬁﬁ@ E@sor;ﬁﬁm%lement 1,

rugate a e the air
tilati i N . o it
onf B 2 SRR RASARRR I RORERDS), s8Rl Doty seond o
f.or.ned of | teri e N
ven&%ggi H%Sﬁ%g%sgg,g gﬁ%acgi_s at%ﬁe]la?réent e?m&%%i g[?%éraprérgmg%lon directio

Coq%gétfaeg%lgh{whg e[:or%%fr%& Wigll M2 %oﬁgtﬁ_\ggmﬂ) ”ﬁp%ﬁﬁcfhf LRIBn the side of the one

papery Of nonwoven ric and is shaped |ike

: flat plat d h W ti ' ' nd the
s Sgoe RS 32, QAP SeE EaD PRSpaRgIAG 5

eirpe e pair _
-
 IRE-ASAD NI I s,
dinwzefelgtgl Pﬁf%o#@ﬁﬁzﬁﬁ@g%@n%?ﬂg@ o th%r%.}gﬁ'ﬂ di% ®on thereof is reduced
Vent?l atti A PSR es,gun.g é' ’th’jlr o %E%Egéitépﬁea%rglth%k interposed
by W?Wo‘é’é&?;’f&?}ﬁf’é@”ﬁ% R orcuflal%y e"r\ﬁglf“f ey" ‘parts OF t he P
! oot e S ! .
i B SRS R, £
[ 25 i .
RN S
For mPhgShiTRRE TPCAHIETS: U o) 4 G ireour Shpp g SRMRATI, 12 of

e SRS e L B e S PR S ons

., adsorption abiljty.
the "plate 1%emger ﬁ'agl tge clam*\{s.

1. EMBODIMENT 2
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Mor eover, separation sheet |ayers 14, 14 (which
correspond to the "waterproofing neans 14" in the
clainms) are formed on exterior surfaces 12a, 12a of
the side-plate 5 menbers 12, 432, respectively. The
separation sheet layer 14 is provided so that, when
the dehum dification unit is fornmed by arranging the
cooling elenment 2 on each side of the adsorption

el emeRkfekind) & Hidh8s 40afPge HRONE N HuditatddS a RRESIR BcdtPn unit Z,
secure the seal properties between the adsorption

fofh€BAt adeofNElcLaGih CPQLIN € H@Hx?en@ oft Mhd %eﬁﬁ@%%tmn The
enbodi ment, the separation sheet layer 14 i's formed by

deﬁhﬁﬂﬁﬁ@ﬁﬁ% i B, RhASkL Gt (gf thfLb Qi n_ggn Sﬂn%ﬂétﬁfns 19 set forth in claim 1,

surface 12a of the side-plate ne

cIARP, | Sak PRI LOnPEARRSC A@'c@ﬁ%{? se%gmqfiﬂlﬂglﬁeﬁllé%fgumidiﬁcaticm

uret’hane resin etcetera to the exterior Surface

unf ZP% ﬂ.’)ﬂ'H 9(?131%111115(\&%1@;11& n‘gﬁn?llng nifﬁngﬁﬁlﬁﬁllltglof%ﬁs&ijg&l elements

eat tran or exa

1, gteergl ?hlu?eﬂlég H?ccft?f{ngr 1k flacef)?nfzﬁgoﬁﬁﬁlemtr 1195@6 -degree plane

’above: orp

phgggmdflh{ge huh’ﬁcil #%at?o%t %j ?fg hegélfﬁ en%}) gl%rg And il in basic

suppor e alr ve assage
I‘

co%@%on# that'tﬂg dgfng xdﬁlc%hgn urfit ﬂ{s} m%héh?nhen with the exception

si ng pi ece 8 a ed

theﬁjﬁ'\p gsogpgtgo delgr%rrg ﬁ]ﬁ%guxt h&a ﬁg'a%f%%ruqttl gégl %eet g S[lon from

orne e exterior sur

the Qc?sof;lit%%fe r—:lmaet ?ln?rﬁ)eec{e?lmmqlﬁczt%i] r eslr?Ct ively. As a

alr rangenen owi ng SpeCI fl C
adsor B HH8 B 2 BTy b Bt o Bt o accoraing
o3 5%[5%6 Ui HE 57555 G %&Qqafpr%‘ﬂgéck B ot e i
vl Pt P%iﬁgﬁ%g%?erpﬁp R oP 35 m@gﬁ%?taw%aumlg%eanon it
ey bl G Sk ﬂafeaff]?msﬁrnf?rsarerﬂzswe%?e&soaléggne sde of
g %@\JZ& PP 2B ”m?ﬁc‘i%i%e@téﬁ 76 B8 Frostached faver 14 is
RN g O LA NeN——

o fRa e PR o @%aﬁ'&% @ef%ﬂﬁfl ﬁaﬁ%i‘a‘%‘?@rﬁ?ﬁ% hs¥ iy @bodimen
conta

e A bR o %Svlﬁiqfﬁe%%@) Hﬁsg‘?%{ S g ALy 12 fiom the
ac P PR dedh B SRR A0 D AR orHEE M e fap embodiment.

S de i “39 %@?ﬁsﬁ%r%%fleﬂ glxgtent b FcEeBF st bpdLforming the
delb%@fﬁcgﬁ HBHvBO &N RRBHE ehgr g et ?P'gébf‘%?agem 1 and the

t.her of . cou rovi ded when ared to th
o HeLemeRes thess RS %a%Ség%ﬁéed quc %cn%aa%gﬂ%lr cléfient 1 and
hreS| or net and, in qf tion eci IIy
thec e @it ol atﬁ%@éﬂ%ﬁﬂs s fPB&FElge‘EB% ng Elefical|2 41p eadjacently

o LD e RO e DY LRI Lo et dantry e

f here is als an advantage _10 that further

on é@%ﬁ Exh s SEHE K8 1 he Caph ¢ et Ao Wi en H‘&n‘b‘ne‘i hand they are
the adsorptiaon elenent |1 of the present enbodi

adJﬁ?Félﬂge% Mg gﬂlée&hwsa%nﬂa@me@bﬁb?-%eﬂf Bh waline &ﬂer@% 2 lying
exterior suyrfaces_12a, a qf the S|deplate menbe

thegepetwern gnsthe side of fheo‘Ptl1§‘u§‘Hf%9ﬁr(é?’FgEkﬁé’h? )-eVidg Reffoménce of heat
cooling elenents 2, 2 opposite to the exterior
surfaces 12a; 12a do not have a waterproofing
structure (for 15 exanple, as in the structure of the
cooling elenment 2 shown in Figure 7), the sea
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accordance with an eighth enbodi nent of the present
i nvention. The adsorption elenent 1 of the present
enbodi ment i s disposed face to face with a cooling
el enent havi ng surfaces only one of which is provided
with a waterproofing structdde, such as the cooling
element 2 for use in the dehumdification unit Z, of
the first enbodi ment (see Figure 2). In 10 addition,
the adsorption elenment 1 has a structure uLtabLf for 4
trancfenbétntcat thegfimt dehentildidri pasdgs® M t%letswéaﬁéfr“‘\m* gyjon passage
such a cooling elenent. The adsorption el enent 1@%; i
is impaped ihidletha chotdt eress detivesar hib GaFUT RS RO fter cooling
ventil ation passage form ng nenber 11 and a, pair of :
clersirdez, phab eretioérshitl , tha ZehToidileation, withelratfs BRYPYGh further in
el emrent 1 of the present enbodi nent -has the sane 15
dehb@sdificaRAshpadlityon as the adsorption el enent 1 of the
- sevent h enbodi nent, but they differ fromeach other in |
the fQirbovst Rgith the dehematiSortiph iuoit Zelod tiempregend emppgiment, the side-
seventh enbodinment, it is arranged such that each of
platkNBeR¥éeId o pourdedcady bRamnelde of thehalseiption siement 1 Therefore,
menbers 12, 12 is provided with a respective _
whSERAMAELDOR, fretmpley tk fdxkgoif coieruotitein Whish thd fide-plate member
adsorption elenent i of the present enbodinent, it is
12 ﬁ{ﬂréﬂg&gm‘% wedh dibabf theedsepasmatlieman?D of teatehhmydficatipn;upit Z, of
provided on only one of the exterior surfaces 12a, 12a )
the HrstieRghodtiH@r piha tdehurBibRdasion Anit V2 iandde fiether kempact in size relative
exterior surface 12a remains exposed. In the _
o {RARPLRLiRBHS BYRAmbusf cdrisp@idasernt redndindi imsht puraber of the side-
shown in Figure 2, the side-plate nenber 12 on which
ma%QQmﬁgggqgﬁion sheet layer 14 is forned is made to
ace a surface of the cooling element 2 on which no
wat enpreafidhg st ugikUpRsis. dibdqaimuitdadidehteal etnangrifiguration and
-surface of the cooling element 2 of Figure 2 on which
opdefifordhub] @ TBIBETred@niry daipoTBMa bdtr dnal &e abiniectith the first
the air ventilation passage form ng nenber 21 is _
em%&iﬁﬁ:k{,xh&% RO Eion dEmitel Kdrel®y plshigethrenplnatdh wade in the first
I ch the separation sheet |ayer 36 14 is not forned
embé&ﬁﬁgﬁ to face a surface of the cooling element 2
provided with a waterproofing structure (for exanpl e,
a SUVA&S&O@JM t he ©@0hicBeh ehBbRIeR de Bidgeplete2member 12 of the
situated o Fhe side of the side-plate nmenber 22) and,
ad%z;%t?onr eitleht of a8che aidap@RMBItiibet B2 s€ahe prooPisg talesent 2 each
ween the adsorption elenent 1 and the cooling

Do fe 2hBteSBeMbadP b Bt fdd i @Radslahison sheet | ayer
Co§%$g§ S%eeste of the adsorption elenent 1 and by the

1H§'ﬁEBBTﬁﬁ@Eﬂﬁﬂper 22 of the cooling elenment 2 on the
ot her

side. Accordingly, the sanme operation/working

ef f e Sr At ARE eNRkdsS Beshddy, Hhee adsiisptiedn elebupiuifidation unit Zs
t he seventﬁ enbodi nent are attained. In addition, _
fosidAcen t e ofmhed | lth conglifduchiveningdnt t b thér presatti iraentgm.  The
passage formng 10 nenber 11 and the side-plate ‘ _
{iﬁ?rﬂl%% 12 AT Libeestidtci une afflichhien sepaertidnons sttdetth in claim 1,
de ayers&T% are the same as tho@i of the seventh _
bod) . ahdelfimeX P! ANAdVAN i FigoRd 6t @k bemenidifXation unit Z; is
Cl%#‘%’é Ref élg]ri ng to Figure F%S, there is

foiglqécyé%%%{:u%gtiﬁw S QLPL/ ﬁﬂi%xﬁitﬁﬁ%f;luﬂalft@bﬂ%dsdrption elements 1, 1, ...

ccor e wth a ninth enbodi nent of the present

anig %ﬁ%}aé&?f c%@éﬁa?gi%ﬂ{e%é. Py el eReRpod tefotdr ihhedOpdagsentlane phase.

sposed face to face with a cooling

el nt 5. f enhisCidentscap robdstteebnstruction
T By 7 B B e S bl 1
| ement, 2 .f ' h | ghinbd hoNnvidRithe &&epfion that they
Wﬁhghesg%}glﬁra d@%@%ﬁﬁgﬁtzk gfegl%%ugﬂggggi.ﬁkl n addition, 91{ he
adsorption elenent 1 has a structure suitable for
constituting a dehum dification unit together with
such a cooling el enent. Besides, the adsorption 20

Y e

o, o
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5 21 is directly exposed), and the side-plate nmenber
12 on which the separation sheet |ayer 14 is not
formed is nade to face a surface of the cooling

el ement 2 provided with a walerproofing structure (for
exanpl e, a surface of the cooling elenment 2 of Figure
5 situated on the side of the side-plate nenber 22)
and, as a result of such arrangenent, the sea

diftf ﬂ@ﬁ%ﬁ&l’?ﬁth@?fn"%ﬁﬁrﬂcﬁ%m afgRratérpnoetlenent 1 is eald as neconstruction
cooli ng el enent are secured by 10 the separation

Bink@Y&ferd4. ON one side of the adsorption elenment 1
Oftgagpe%mg ?: ge pl ate nmenber 22 of the cooling el ement

2 ong ' | Nfferbh&: & ted out. For the case of
%ll on%ﬁil &Eﬁ@x}’gts AGR ek gl diffe gdinted ou

opera ng effects as acconplished by the

the g?stsog]{]t n'de%}ﬂgxlgel ot the %elﬂlfmlaﬁi%at?f(?r}/&m 7, sedbatihgente dit@ embodiment,

side of the adsorption elenent 1

eacﬁnrsi@ t%et atﬁg lv%ntﬂ?@&ﬁa%s:{%rfgﬁﬁm Zneh e 13116 ptcAdded Witk €he side-plate

OW ng Inside of the air ventilation

me@g frie n%b’ﬁ%%ﬂgﬁ g]ﬁ& zB/';:PEQ ididreell ONbRERe Wrfdde hene of the

securing heat transfer

palfe ];Qfé gd%vmgt %.Jhlxl:rs ﬂh%rshkgvtﬁtsﬁrktn 8BRS Ofdr Whe Rase of the

e alr rought into contact

admg %@Cgtg ll: ﬁ }}e?l %r%sorg‘{lw‘{l%ﬁp dabg & aR- Pﬂuﬁtcﬂ the side-plate

'on el énment 1 of the eighth

meg@ﬁgt Jr?Ee ESSPSSH fvg]fya%ﬁl LMy b%'t?%}l%eg he tl@ﬁd’sﬁgﬁ on element 1 has, on its

arrven ation passage formng 20

surgqecputgte G%éar%t?o%t ﬂjggt 1S del4p|T@é‘ﬁsﬁxg nz%/ gi%m%ﬂps dH8truction difference

ar ati'on are the
as 't s of,. t he sevent
= st of s i FeBHER i tﬁﬁ%%%r%’ﬁ%{d%%ﬁf?%g‘é?i Pt e
has been describe 4
verll}ﬁ%tfqﬂ }iwsagﬁ lpﬁnalg% |néen¥ et gghﬁﬁn tléél?clitg g@?eglﬁgrgﬁilxt’ ?1 a%)é I%hé Sther han
adsor ption e s for use ip i
the fRQ E eler§gntc‘g%§|\}ée \RERSIY BV Mri/é:)pq g@ ﬂg)nb ly SCae! AP ventilation

dehum di fi catb :#lunl t conprising alternate | am nati ons
paﬁfigeaﬁﬁm&a%}lﬁp g)r el ement (1) which supports an

sgﬁ? |r v glitl 8%1% Eih | b OVI de gog\;\i”h 1@%&&5? 2%115 constructed and

for?éﬁéﬁ%ﬁ%@@aﬁfcﬁt?%%@?%qbyaaﬁ%mvaé%? SO R A1 e oo
the, iV PIGOn SRR Rat 1 off PabsiBalE Gomdd, 1ARUNE sccond ol
e o of e A o e
LD UL 2 PRI I R () Ftlg e
axaqrﬁ@?én;'r@r AR | R AP, o o
BT R 2 B o O
veﬁﬁﬁaggg;as(s'g%ﬁr %r&f@éﬁﬁﬁ%ﬁg' ﬁgﬁ%rastoln »951?{1{ Iet?l’s{ aﬁbodiment and the
e e gl

o1 gaddatann :%,f;,%dt% L A
colins P 2 oetie U “dnly of the air venilation passage forming member 21.

Therefore, when compared with the case where the cooling element 2 is made up of two

different members, e.g., the air ventilation passage forming member 21 and the side-plate
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on the side of said second air ventil ati.on passage
(4). 3. The dehum dification unit of claim1l1, wherein:
said plate nmenber (P) is a side-plate nenmber (22)
which is forned by a netallic _or resinous nenber and
whi ch constitutes a side wal [¥%f said cool i ng el enent
(2) relative to 25 the lam nation direction thereof,
and said side-plate nmenber (22) directly faces said

m eqqlger;re 2?('56(*e1¥1% nctobggé Iﬁl%r}‘?ﬁ%f g%&‘rﬁgl&? ﬁl%%(f’ ﬁ%ﬁt)uﬁ%%{eglﬂrk%?ﬁcaﬁon unit
Zsdp Qustple ?Féwgwb?f'i"%f Rrrhn( & @ewﬁmagdo@osa “ieg gup promoted by
resi nous utes a side wal

on 3T RSB GrfeLraifbA DLy e 8F FUasern] FEmoers.

Support %é"aﬂﬁéﬁ@fa% Al BTTL e R p P BT EH b c'@ris@y«wtwn and
Opg%lgglg’é’\{? ; ?faétgpﬁ‘g{?s%ﬁfair{ll&g g&ﬁé(!)l%}‘lltsg@tgga Sa%‘@ a(bove V\’lth the first
cribodyiest. WaF dosBIPAg® SMEHENOED) PS8 Sre By oan made in the firs
n&@gdln pl ate nmenber shaped |ike a corrugated pl at e.

‘he dehum dification unit of any of clains 1 4,
wherein:. mair ventilation passage form ng nmenbe 1)
of saidditiealivegnethenpatent Zmbodimeingactnpt 2he addi {;the side-plate
| at e _menber shaped |ike a trapezoidally corrugated \
mfgmb&e%lz 712 %t%leo@é?ala?flanfei%wncquor@ﬁ tanke oplaigagrmker P" as set
-4, wherein: an air ventilation passage form ng
ﬁ“ﬁbWﬁé?°@2&§ of said cooling elenent (2) is nade 15 up
lurality of partition walls (23) vertically

IVaEWHﬁ@@@VUﬁVTh% t hi ckness direction of said cooling

el ement (2).
Referrmo to Figures 8-10, there is illustrated a dehumidification unit Z4 formed

in accordance with a fourth embodiment of the present invention. The dehumidification
unit Z4 is the result of _thé aﬁplication of inventions as set forth in claim 1, claim 2, claim 6,
and claim 8. As shown in Figure 8, the dehumidification unit Z4 is formed by sequentially
alternately laminating a plurality of adsorption elements I, 1, ... and a plurality of cooling
elements 2, 2, ... one upon the other in a 90-degree plane phase. The dehumidification
unit Z4 of the present embodiment is identical in basic construction with the
dehumidification unit Z3 of the third embodiment, with the exception that they differ from
each other in the cooling element’s 2 construction.

The cooling element 2 of the dehumidification unit Z; according to the third
embodiment is made up only of the air ventilation passage forming member 21 in the form
of a corrugated bending plate member. On the other hand, the cooling element 2 of the
dehumidification unit Z4 according to the present embodiment is made up only of a
trapezoidally corrugated bending plate member. Accordingly, the dehumidification unit Zy4

differs from the dehumidification unit Zs in bending form of the air ventilation passage
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8. The dehum dification unit of claim2. wherein: said

separation sheet |layer (14) is formed by attachnent of

a plastic film by vapor deposition of a netallic

material, or by application p§ an organi c binder. 20

9. An adsorption elenent in which a | arge nunber of

air ventilation passages (3), (3), ... are forned on

the inside of a single pair of tabular side-plate
formend eresniet 2)1, andlid) crepaeetitalay sioppasatle secomdcdir otthaaticanpassage 4

an absorbent is supported on the side of an interior
formietdfoaake aif veatihtiof paesdgd faintiny érbideation passages (3),

(3), ..., wherein: 2~ said side-plate nenbers (12),

(12) When eagplofiag nibd afoliap éemednd Mk Stanseufred edbf@ming the

material, and 40 either or both of exterior surfaces
deubZad)ficalid2aynito?, @ dlisinde- Rhatfiomendens Cdading €k2knBR€and the

provided with waterproofing nmeans (14). 10. An

adReRmPllepitnel ENERL 4 WWhiiHoR padsdges MUrgTetheObdRirftion element 1
ventilation passages (3), (3), ... are forned at an

comg@xﬁdlﬁg 16 thief Beeont b2e it vantiiats px ? ss@dedRrRiRt S1eABRPRI and their
) and an 5 absorbent is supported on the side of an

assb&ih@HI ﬁEOI&Wafra@@ltlﬁtloﬁaﬁdasa%fes H2bsl tRd Gideestt tHedld®Rg element 2 are
passages (3), (3), ..., wherein: said side-plate

adj AR Tofrded) with 18 rd'i‘i?éjreﬂf 188 rdrfbead, erTQh§'bH{t§mQ€rtH@§i? l8ntilation
material, and 10 an exterlor surface (12a) of said

pas‘éégéefomnﬁ{ nfRIKRER1 GRENE Sidbroid oyt b JIALETRLARRAD Blement 1)
neans . The adsor ptl on elenent of claim

lyifd ﬁie?@b@gweemde bA th@%th%ﬁhgncp%é'f%ﬁng%r?ﬂ' hitlvelaMbt phssages 3

sai d si de-pl ate nenber (12) formed, ceramc
corresponding to the opening of the air ventilation passage forming member 21 and their

associated second air ventilation passages 4 are adjacently formed with only a single plate
member (1.e., the side-plate member 12 of the adsorption element 1) lying therebetween, as
shown in Figure 9. Therefore, the latter one is higher in the performance of heat transfer
between the first air ventilation passage 3 and the second air ventilation passage 4 than the
former one.

Therefore, the total heat transfer performance of the dehumidification unit Zy is
higher when compared, for example, with the structure of a conventional dehumidification
unit (see Figure 17) in which all the first air ventilation passages 3 on the side of the
adsorption element 1 and all the second air ventilation passages 4 on the side of the cooling
element 2 are adjacently formed, with two sheets of plates lying therebetween. As aresult
of such arrangement, the dehumidification unit Z4 will provide higher-level
dehumidification performance.

Moreover, in the dehumidification unit Z, of the present embodiment, the second
air ventilation passage 4 of the cooling element 2 has a trapezoidal cross section, because
of which the effective sectionai area of the second air ventilation passage 4 is large, as

compared, for example, with the second air ventilation passage 4 having a triangular cross
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fi ber paper, glass fiber paper, flane resistant paper,
or nonwoven fabric is used. 15 12. The adsorption

el ement of claim9 or claim 10, wherein: said

wat er proofing nmeans (14) is rmed by attachnent of a
plastic filmto said exterior surface (12a) of said

si de-plate nenber (12Z), by application of an organic
bi nder to said exterior surface (12a) or by vapor
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on vvater ro ure pOftIOﬂ of
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Lf il\]ﬁsidﬁ%%}a@&u SR AL AL FRLS LRl PERAE he pai cof e side-plate
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ca al] ca] ca] ca] ca] ca] ca] ca! bQe@ 2>Ul xsnid Z]ca
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WLOo%&' ()- 10 10
corresponding to the bottom of the air ventilation passage formmg member 21 and their
associated second air ventilation passages 4 on the side of the cooling element 2 are
adjacently formed, with two different plate members (i.e., the bottom of the air ventilation
passage formiﬁg member 21 and the side-plate member 12 of _the adsorption element 1)
lying therebetween and, on the other hand, the remaining first air ventilation passages 3
corresponding to the opening of the air ventilation passage forming member 21 and their
associated second air ventilation passages 4 are adjacently formed, with only a single plate
member (i.e., the side-plate member 12) lying therebetween, as shown in Figure 12.
Therefore, the latter one is higher in the performance of heat transfer between the first air
ventilation passage 3 and the second air ventilation passage 4 than the former one.
Consequently, the total heat transfer performance of the dehumidification unit Zs
is higher when compared, for example, with the structure of a conventional
dehumidification unit (see Figure 19) in which all the first air ventilation passages 3 on the

side of the adsorption element 1 and all the second air ventilation passages 4 on the side of

the cooling element 2 are adjacently formed, with two sheets of plates lving therebetween.
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10! yc| 0=040%& ()- =z>?C@AA6CZ[9P@!Y)/ YLO%PPE ()-
FORA 0% ()-!\ FORA09B3& ()-F Y%A0%& ()-1\F
94.0983& ()-!,c$10%& ()- 6CPDQDRDSDUDEI! FrP@!Yy)/
00%PP! \ %A0%& ()-!\ 940%& ()9s10%& ()- 10PP 10PP
10PP! y)/ Y%40%P& () -
| FSGHHIJr Lz[ 9P@ ! kc| 0=94.09%& () - c$9A0%& () -
I rc$9409%& ()- v " 109%& ()-!N Y%LO0%& ()-!\ |
94 0v&Moreaviet, Livhen NNOrsSid- Natk0 triimbkr (191 0980rf)ed9bP 10 %héed’ metal of
()-9, 109% ()- 10 10
aluiink | Cce@OYEe YrarCRRQIIBSThEIESL N AR WE0URLE) phssdee 3 and the air
0 0%& () - #! K&
veBHas@h 0Iss#E DRSOt OMANE, (VheddOMBare) wiTHUHEMhWIRAY the side-
NI\ 29409 s$10%1d&’ () - : | S$1090T& () - : 10%d& ()- 10 10
plat® 290 %& {5) Fol M B 2 phEeXGiR1ih! thk Goddi0 ¥k boirient, because in the
1\ &YA0%Id& () - 940%& () -! UAO%& ()-!\%40% ()-!\ Y4 0%&
forfyer tchep sutbh "t Arata]l matdrik! hbd O higher heat transfer rate. In addition, because of
94.0% $10%d& () - V! $109%9?& ()-V, 10%l& ()- 10 10 10(\|0
theirfiefent thal aboathXoiapbbte ZIQUEK ) thE side-plate member 16 of high

heat transfer rate, the efficiency of liberation of heat of adsorption generated in the
absorbent towards the cooling air (Ab) is also improved.

As a synergistic effect of the above advantages, the dehumidification unit Zs will
have still higher level dehumidiﬁcation capability.

In addition, since the present embodiment is identical in configuration and
operation/working effects of the remaining components other than the above with the first
and fourth embodiments, their description is omitted he;é by using the explanation made in
the first and fourth embodiments.

Additionally, in the present embodiment, each of the pair of the side-plate
members 16, 16 of the adsorption element 1 corresponds to the "plate member P" as set
forth in the claims.

VL. EMBODIMENT 6

Referring to Figures 13-15, there is illustrated a dehumidification unit Z¢ formed
in accordance with a sixth embodiment of the present invention. The dehumidification unit
Z; 1s the result of the application of inventions as set forth in claim 1, claim 4, and claim 7.
As shown in Figure 13, the dehumidification unit Zg is formed by sequentially alternately
laminating a plurality of adsorption elements 1, 1, ... and a plurality of cooling elements 2,
2, ... one upon the other in a 90-degree plane phase, and by firmly joining together the
elements thus laminated by the upper and lower end plates 9, 9 and the four frame

members 10, 10,.... The dehumidification unit Zs of the present embodiment is similar in
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,109%6& ()-=!\ 9%40%& ()-! 9%40%ld& ()-!N.%0%& ()-! @
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109%&' ()-109%& ()- 10 10 10!.Z% 0% ()-F

8j j kl whmozX6r S1! | kFf 294 0998/&: 6) -1 kFy& Y4.0%8& () -

I\ Fy& %0%& () - 3

Fl $10%& () -!\F| $10%& ()-! @$109%& () - 0" p#pSp%p( pgqg3sr Sl
| @A0%& ()-= %09 ()-=!*% 0% ()-=10%& ()- 10 10

bas}&iy}p@fﬁ 51;{%1%)/%@(% tl:le3 %gltll?nlilfd\l/ 10_3%% %rnﬁll"_’,s@ orf'C{ﬁg/df%&e;(n]JBgm(em, with the
A8 O TR O S AR (5 S0 ()

10 10 10! 0<% 0% ()-G . : .

| p| }Yin-Beyfitr sTh@ivestode opltg clesrold ) CaprkSIovkergine plate
m&%@?ﬁ%ﬁ%ﬁg&@é@g ?l%egg{gégﬁ égggl%n??{%%‘egce%e:ra or éusﬁee (r)eF')s}n<shaped like
ooy St it T oo o ot iegd § SO presen
embodiment is made up only of the air ventilation passage forming member 21 formed by
arranging, in a face to face manner and at given intervals, a plurality of strip-like partition
wall member 23, 23, ... each formed of a sheet metal of aluminum etcetera or of a sheet
resin.

Additionally, like the adsorption element 1 of the fifth embodiment, the
adsorption element 1 of the present embodiment is made up of the air ventilation passage
forming member 11 made of fiber paper and the pair of the side-plate members 16, 16 each
composed of a sheet metal of aluminum etcetera, or of a sheet resin.

When employing the cooling element 2 of such configuration and forming the
dehﬁmidiﬁcation unit Zg¢ by alternate laminations of the element 2 and the adsorption
element 1, all the first air ventilation passages 3, 3, ... of the adsorption element 1 and all
the second air ventilation passages 4, 4, ... of the cooling element 2 are adjacently formed,
with only the side-plate member 16 lying therebetween, as shown in Figure 14,

Consequently, the dehumidification unit Zg provides higher heat transfer
performance, when compared, for example, with the structure of the conventional
dehumidification unit (see Figure 19) in which all the first air ventilation passages 3 on the
side of the adsorption element 1 and all the second air ventilation passages 4 on the side of
the cooling element 2 are adjacently formed, with two sheets of plates lying therebetween.

Moreover, when the side-plate member 16 is formed by a sheet metal of
aluminum etcetera, the transfer of heat between the air ventilation passage 3 and the air

ventilation passage 4 is promoted further when compared with the case in which the side-

plate member 16 is formed of fiber paper as in the fourth embodiment, because in the
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10%1& () - Y&010%1& () - =#$10%%& () - Y! 10%& () - ws@dEoP1<
10%7 %40%l& () -239610%1& ()-33"10%l& ()-Z
1) 10%& () - ZC010%&' () --%0%l& () -ZQ bC<  10%
o/R' - /R - R’ -
fon%glé%_sgfg% %r%‘ﬁ%{g@‘gt)fﬁéﬁéﬁ @)(}Zigl%e%ﬁggg%gnsfer rate. In addition, because of
0% ()-v" 109%& () -
the ]égs{)‘%'ge{ﬁ s&gp«}/rte:cll%l/r%ct@ 01\1/ the side-plate member 16 of high heat transfer rate, the
efficiency of liberation of heat of adsorption generated in the absorbent towards the
cooling air (Ab) is also improved.
As a synergistic effect of the above advantages, the dehumidification unit Zs will
have still higher level dehumidification capability.

Furthermore, in the dehumidification unit Zg of the present embodiment, the

cooling element 2 is made up only of the air ventilation passage forming member 21 made

up of the plural partition wall members 23, 23, ... arranged in an opposing manner at

predetermined intervals. When compared, for example, to the case where the cooling
element 2 is formed using a bending plate member, further weight savings or cost savings
are provided. As a result, it becomes possible to provide the dehuridification unit Zg
which is lighter in weight and lower in price.

In addition, since “the present embodiment is ide_:nticai in configuration and
operation/working effects of the remaining components other than the above with the first,
fourth, and fifth embodiments, their description is omitted here by using the explanation
made in each of the first, fourth, and fifth embodiments.

Additionally, in the present embodiment, each of the pair of the side-plate
members 16, 16 of the adsorption element 1 corresponds to the "plate member P" as set
forth in the claims.

B. ADSORPTION ELEMENT

Next, the structure and others of adsorption elements suitable for use in the
foregoing dehumidification units will be described more specifically in conjunction with
embodiments.

VII. EMBODIMENT 7
Referring to Figure 16, there is shown an adsorption element 1 formed in

accordance with a seventh embodiment of the present invention. The adsorption element 1
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emz&bbgg}n?{%:, g_ég%gh%%@%gﬂgﬁh%ﬁ%\%gg/ §8.6)s LR LG G e ]ng/s%tuting a
dehumidification unit together with the cooling element. The adsorption element 1 is
shaped like a double-sided cardboard made up of a below-mentioned air ventilation
passage forming member 11 and a pair of side-plate members 12, 12.

The air ventilation passage forming member 11 is basically made of a permeable
material. In the present embodiment, the air ventilation passage forming member 11 is
formed of ceramic fiber paper, glass fiber paper, flame resistant paper, or nonwoven fabric.

The air ventilation passage forming member 11 is bent alternately in its thickness direction

so that the air ventilation passage forming member 11 is shaped, as a whole, like a

corrugated plate.

~ Like the air ventilation passage forming member 1_1, each of the pair of the side-
plate members 12, 12, is basically formed of a permeable material. In the present
embodiment, each side-plate member 12 is formed of ceramic fiber paper, glass fiber paper,
flame resistant paper, or nonwoven fabric and is shaped like a flat plate.

And, the air ventilation passage forming member 11 is sandwiched between the
pair of the side-plate members 12, 12 from both the sides relative to the plate thickness
direction so that they are firmly jointed together and are combined into a single piece. And,
in such a combined state of the air ventilation passage forming member 11 and the side-
plate members 12, 12, a large number of air ventilation passages 3, 3, ... extending in
parallel with each other are formed by "valley" parts of the air ventilation passage forming
member 11 and interior surfaces 12b, 12b of the side-plate members 12, 12 situated face to
face with the valley parts.

Additionaily, a proper adsorbent, such as silica gel etcetera, is supported on the

air ventilation passage forming member 11 and side-plate members 12, 12 combined
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deilin%Ehﬁcatlon unit is formed by arranging the cooling element 2 on each side of the
adsorption element 1 in a face-to-face manner, it is possible to secure the seal properties
between the adsorption element 1 and each cooling element 2. In the present embodiment,
the separation sheet layer 14 is formed by attachment of a plastic film to the exterior
surface 12a of the side-plate member 12, by application of an organic binder, such as
aqueous urethane resin etcetera, to the exterior surface 12a, or by vapor deposttion of a
metallic material pf high heat transfer rate (for example, aluminum, copper etcetera) on the
exterior surface 12a.

As mentioned above, the adsorption element 1 of the present embodiment is
obtained as follows. An adsorbent islsupported on the air ventilation passage forming
member 11 and side-plate members 12, 12 which are combined into a single piece shaped
like a double-sided cardboard and the separation sheet layers 14, 14 are formed on the
exterior surfaces 12a, 12a of the side-plate members 12, 12, respectively. As a result of
such arrangement, the following specific operation/working effects are attained.

In the adsorption element 1 of the present embodiment, both the air ventilation
passage forming member 11 and the side-plate members 12, 12 are made of a permeable
material such as ceramic fiber paper, glass fiber paper, flame resistant paper, or nonwoven
fabric, and support thereon an adsorbent, as a result of which the inner surface of each of
the air ventilation passages 3, 3 is formed as an adsorbent layer permeable to air.
Accordingly, when the air (Aa) to be processed flows through the inside of the air
ventilation passages 3, 3, ..., the to-be-processed air (Aa) easily enters the interior of the

adsorbent layer, and the action of adsorption and removal of the moisture contained in the
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member 11 and the side-plate members 12, 12 are each formed of ceramic fiber paper,
glass fiber paper, flame resistant paper, or nonwoven fabric, weight and cost savings
thereof are, of course, provided when compared to the case where these members are
formed from plates of resin or metal and, in addition, especially when ceramic fiber paper
or glass fiber paper is used, the use reliability 1s upgraded by their flame retardancy.
Moreover, when using flame resistant paper or nonwoven fabric, there is also an advantage
that further cost savings can be attained.

On the other hand, in the adsorption element 1 of the present embodiment, the
separation sheet layer 14 is formed on each of the exterior surfaces 12a, 12a of the side-
plate members 12, 12. As a result of such arrangement, even if the cooling elements 2, 2
opposife to the exterior surfaces 12a, 12a do not have a waterproofing strudfuré (for
example, as in the structure of the cooling element 2 shown in Figure 7), the seal properties
between the adsorption element 1 and the cooling element 2 are secured by the separation
sheet layer 14. And the adsorption element 1 will demonstrate high adsorption
performance.

Moreover, as described above, the separation sheet layers 14, 14 are provided
respectively on the exterior surfaces 12a, 12a of the side-plate members 12, 12 of the
adsorption element 1, whereby the seal properties between the adsorption element 1 and
the cooling element 2 which faces the adsorption element 1 are secured. This means that
there is no need to provide a waterproofing structure on the side of the cooling element 2
facing the exterior surface 12a provided with the separation sheet layer 14. Accordingly,
for example, on the side of the cooling element 2, a part or a large part of its side surface
member is removed so as to bring the cooling air (Ab) flowing on the side of the cooling

element 2 into direct contact with the side-plate member 12 of the adsorption element 1,
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accofdlROLHh an eighth embodiment of the present mventlon. The adsorption element 1
of the present embodiment is disposed face to face with a cooling element having surfaces
only one of which is provided with a waterproofing structure, such as the cooling element
2 for use in the dehumidification unit Z; of the first embodiment (see Figure 2). In
addition, the adsorption element 1 has a structure suitable for constituting a
dehumidification unit together with such a cooling element. The adsorption element 1 is
shaped like a double-sided cardboard made up of an air ventilation passage forming
member 11 and a pair of side-plate members 12, 12. |

To sum up, the adsorption element 1 of the present embodiment has the same
basic construction a.s the adsorption element 1 of the seventh embodiment, but they differ
from each other in the following. In the adsorption element 1 of the seventh embodiment,
it is arranged such that each of the exterior surfaces 12a, 12a of the side-plate members 12,
12 is provided with a respective separation sheet layer 14. On the other hand, in the
adsorption element 1 of the present embodiment, it is arranged such that the separation
sheet layer 14 is provided on only one of the exterior surfaces 12a, 12a of the side-plate
members 12, 12 and the other exterior surface 12a remains exposed.

In the adsorption element 1 of the present embodiment, as shown in
Figure 2, the side-plate member 12 on which the separation sheet laver 14 is formed is
made to face a surface of the cooling element 2 on which no waterproofing structure is
provided (for example, a surface of the cooling element 2 of Figure 2 on which the side-
plate member 22 is not mounted and at which the air ventilation passage forming member

21 15 directly exposed), and the side-plate member 12 on which the separation sheet layer
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seal properties between the adsorption element 1 and the cooling element 2 are secured by
the separation sheet layer 14 on one side of the adsorption element 1 and by the side-plate
member 22 of the cooling element 2 on the other side. Accordingly, the same
operation/working effects as accomplished by the adsorption element 1 of the seventh
embodiment are attained.

In addition, since the material construction of the air ventilation passage forming
member 11 and the side-plate members 12 and the structure of the separation sheet layers
14 are the same as those of the seventh embodiment, their explanation is omitted here.

IX. EMBODIMENT 9

Referring to Figure 18, there is illustrated an adsorption element 1 formed in
accordance with a ninth embodiment of the present invention. The adsbrption element 1 of
the present-embodiment is disposed face to face with a cooling element having surfaces
only one of which is provided with a waterproofing structure, such as the cooling element
2 for use in the dehumidification unit Z; of the second embodiment (see Figure 3). In
addition, the adsorption element 1 has a structure suitable for constituting a
dehumidification unit together with such a cooling element. Besides, the adsorption
element 1 of the present invention is able to secure higher heat transfer efficiency when
compared to the adsorption element 1 of the eighth embodiment.

To sum up, the adsorption element 1 of the present embodiment is shaped like a
single-sided cardboard made up of an air ventilation passage forming member 11 and a
single side-plate memBer 12, wherein the separation sheet layer 14 is provided on the
exterior surface 12a of the side-plate member 12.

In the adsorption element 1 of the present embodiment, as shown in
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14 is not formed is made to face a surface of the cooling element 2 provided with a
waterproofing structure (for example, a surface of the cooling element 2 of Figure 5
situated on the side of the side-plate member 22) and, as a result of such arrangement, the
seal properties between the adsorption element 1 and the cooling element 2 are secured by
the separation sheet layer 14 on one side of the adsorption element 1 and by the side-plate
member 22 of the cooling element 2 on the other side. Accordingly, the same
operatiornyworking effects as accomplished by the adsorption element 1 of the seventh
embodiment are attained. And, on the side of the aa501ption element 1 without the side-
plate member 12, the air (Aa) to be processed flowing in the inside of the air ventilation '
paséages 3 is brought into direct contact with the cooling element 2, thereby securing heat
transfer efficiency at still higher levels in comparison with the case where the air (Aa) is
brought into contact with the cooling element 2 through the side-plate member 12 as in the
adsorption element 1 of the eighth embodiment.

In addition, since the material construction of the air ventilation passage forming
member 11 and the side-plate members 12 and the structure of the separation sheet layer
14 are the same as those of the seventh embodiment, their explanation is omitted here.
INDUSTRIAL APPLICABILITY

As has been described above, the present invention is usefully applicable to

dehumidification units and to adsorption elements for use in such dehumidification units,



20

235

10XX 10XX 10XX! y. 94.09%KX& ()-!y. YLOIXXE () -
109 ()-1v "S"$|];rSL!d) VSUL0UK<X<& () -

P" 109%& () - ! NFVS109B<B<& ()- !\ FV$10%P<P<&' () - Ss$10%<&’
()- SSSL0%& () - $$5E&8&&WI [ MLLLd) V$9A0% 10_< < 10_< <
10 < <l'k, 29%40% < <& ()-!y, 2080%<& ()-!, 2040%& ()-1\)V
SULOWP<P<& () - 8&(4)): *L*}A=MLI | 8p$10%& () - 1p$10%& () -
10%' ()-=!, | p$10%&' ()-! 1 p$SLO%E' ()- OL0%&: ()-L**, =-7.1..
WX9. 1 10< ¢: 10%&' ()- Ff 2040% ()-! Ff 2040% : & ()-!rc
Z040% , & ()-1c =940%: & ()-!c

~0a0%67& ()~ 0nOL, 2gHl dpsygids 9A0% ()- V1 os
9409 () - VF S$10%&' () - s! f SSTOOXE ()-SL10%' ()- 10

10, 234556662 XJ<1 10 10 10! PA" 10%& ()-! N<. %0%& ()-Vv S,
109 ()- Y! 8VIL0%&' () - ! NVILO%& () - 6666668n8UV71

100" (P ASEABREIR (oFouebe agr1
18?} ﬁg‘( )IP? i@&@}gﬁ%ﬁég(f%wé}%gl% g{'ﬁ‘g :(231]_81;':1;3}% laminations of an adsorption

element (1) which supports an adsorbent and which is provided with a first air ventilation
passage (3) through which air (Aa) to be processed is passed, and a cooling element (2)
which is provided with a second air ventilation passage (4) through which cooling air (Ab)
15 passed,

wherein said first air ventilation passage (3) of said adsorption element (1) and said
second air ventilation passage (4) of said cooling element (2) are adjacently formed, with a
single plate member (P) lying between said first air ventilation passage (3) and said second
air ventilation passage (4).

2. The dehumidification uni_t of claim 1, wherein:

said plate member (P) is a side-plate member (12) which is made of fiber paper and
which constitutes a side wall of said adsorption element (1) relative to the lamination
direction thereof, and

said side-plate member (12) directly faces said second air ventilation passage (4) of
said cooling element (2) and, in addition, a separation sheet layer (14) configured to
prevent the passage of gas and liquid is formed on a surface of said side-plate member (12)
on the side of said second air ventilation passage (4).

3. The dehumidification unit of claim 1, wherein:

said plate member (P) is a side-plate member (22) which is formed by a metallic or
resmnous member and which constitutes a side wall of said cooling element (2) relative to
the lamination direction thereof, and

said side-plate member (22) directly faces said first air ventilation passage (3) of

said adsorption element (1).
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6. The dehumidification unit of any of claims 1-4, wherein:

an air ventilation passage forming member (21) of said cooling element (2) is
formed by a bending plate member shaped like a trapezoidally corrugated plate.

7. ;i’he dehumidification unit of any of claims 1-4, wherein:

an air ventilation passage forming member (21) of said cooling element (2) is made
up of a plurality of partition walls (23) vertically arranged in the thickness direction of said
cooling element (2).

8. The dehumidification unit of claim 2, wherein:

said separation sheet layer (14) is formed by attachment of a plastic film, by vapor
deposition of a metallic material, or by application of an organic binder.

9. An adsorption element in which a large number of air ventilation passages (3),
(3), ... are formed on the inside of a single pair of tabular side-plate members (12), (12)
spacedely opposed to each other and an absorbent is supported on the side of an interior
surface of each of said air ventilation passages (3}, (3), ...,

wherein:

said side-plate members (12), (12) are each formed of an air and moisture

permeable material, and
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are provided with waterproofing means (14).

10. An adsorption element in which a large number of air ventilation passages (3),
(3), ... are formed at an interior surface (12b) of a tabular side-plate member (12) and an
absorbent is supported on the side of an interior surface of each of said air ventilation
passages (3), (3), ...,

wherein:

said side-plate.member (12) is formed of an air and moisture permeable material,
and

an exterior surface (12a) of said side-plate member (12) is provided with
waterproofing means (14).

11. The adsorption element of claim 9 or claim 10, wherein:

as said permeable material of which said side-plate member (12) is formed, ceramic
fiber paper, glass fiber paﬁer, flame resistant paper, or nonwoven fabric is used.

12. The adsorption element of claim 9 or claim 10, wherein:

said waterproofing means (14) is formed by attachment of a plastic film to said
exterior surface (12a) of said side-plate member (12}, by application of an organic binder
to said exterior surface (12a), or by vapor deposition of a metallic material on said exterior
surface (12a).

13. The adsorption element of claim 9 or claim 10, wherein:

said waterproofing means (14) is partially provided only in a corresponding area of
said exterior surface (12a) of said side-plate member (12) to a non waterproofing structure

portion of said cooling element (2) which faces said exterior surface (12a).



