Recejvabpt 16 Q%I vAd. at: 1:27PM 4/ 8/ 2002 SPECIFICATION 5 10  Heat
Exchanger Met hod for Producing the Sane and Dehum difier

Sane Heat exchangers wherein fluids are nade to pass thro«mmmmn&mm m
passages and heat is exchanged between {hese fluids (the heat ex anger IS
hereinafter referred to as ''spiral heat exchanger” for convenl enc

known. For exanpl e, Japanese Lai d-open Patent Application (M mm Im F

56- 82384 di scl oses a heat exchanger conprising two spiral |ds
are made to pass through the respgphCyHCRAIHRPES i n counter dire®meons so
as to exchange heat through the walls of the passages. A simlar heat
exchanger HeatHahafl@sCMeBRA foPPr SRAE i1 AaR a Book",
publ i shed by Energy@gaw ng Cent edrdhgigaggéﬁgg thﬁtﬁalglconven?i?glﬁgpgspi ral
heat exchapggees, heat exchange is carried out 15 20 while passing the
fluids through the entire passages, they have an advantage that the
efficiency of heat exchange is hi gltechrfuatPRId since the fluids are nade to
enter the passages fromthe start and end points thereof, respectively, and
made 50 pass alHetthexchangersowhérein fasijeakinglean phat throu thBrs?ﬁréltﬁa@sdg@§S
(air-flow resrstance) is large, so that the amount of the fluid which can
be processamt heat & exchanded iretweenshese fluidinthesieat Bechahg@ugh@einafisr @f@tdd To

i ncrease the throughput, it is necessary to introduce the fluids into the
passages wiotds "apinaldieapexehangee’, fos cotventenae)sire &IGwWNDt Bor dxanipis; gagalkeye and t he
el ectricity consunption is large. Accordingly, an object of the present

i nventi on LaidtapepPatent Apalitetinn (EokkinNge 66-323 8vhidisolgses dihah eefHangérency of
heat exchange conparable to the conventional heat exchangers utilizing
spiral pasewgerEsingwo spitedpassgges. s hlilearepnaiesapess themghahe rebpativeesi st ance)
than the conventional heat exchangers of this type, and to provide a nethod-
for PP oduchasgagendn peunteraitshtionseo, asde ewsllangabeat shrpngly theevallscetbeni di f i er
Recei ved, at: 1:27PM 4/8/2002 utilizing the heat exchanger) The present

i nvent or s Passagesi vAlsymianiatabaxchengtir it alve deschibed by "Hiigh Pesloghangettieat f | ui d
after passing the fluid through the spiral passage for |ess than one turn
only, the qugwag«rr%aﬁoek grhrrgbarfﬁnecgye‘ﬁmyngee@tsr Paghl3% t hose of the
conventional spiral heat 5 exchan ers, while the pressure loss (air-flow
resi stance) is Wéﬁﬁéle&mamtl%a tspisa lmab%rg:hﬁmerr deptaxgbangeiip epaigd OHt t her eby
conpl eti ng That is, the resent ihventign provides a

heat exchaWbﬁ? p%@ tBE ﬂhg‘\ée nglgfhese&tlr%pasgag;g aFB%V ay es@é'@csiwan@gr that hsassage
o b s Rl aﬁl'eraé EeRREC g n ey CHRRIGE Fuis ere mad t0 SntefthE °29°

passages from the start and end points thereof, respectively, and made to pass all the

way to the respective outlets, the pressure loss (air-flow resistance) is large, so that
the amount of the fluid which can be processed in a unit time is small, and so the
throughput is small. To increase the throughput, it is necessary to introduce the

20 fluids into the passages with a high pressure, so that a strong motor is necessary and
the electricity consumption is large.

Disclosure of the Invention
Accordingly, an object of the present invention is to provide a heat exchanger

having a high efficiency of heat exchange comparable to the conventional heat

25 exchangers utilizing spiral passages, while having a smaller pressure loss (air-flow
resistance) than the conventional heat exchangers of this type, and to provide a

method for producing the. heat exchanger, as well as to provide a dehumidifier

-



Recpiyeapidl 11&Med/86P%%sai d first and second passages, respectively; a first
passage inlet consisting essentially of a group of openings fornmed in a
first region continuous along radial direction in said first end plate,
whi ch openings are open only to said first passage; a first passage outl et
consisting essentially of a group of openings fornmed in a second region
continuous along radial direction in said first or second 15 end pl ate,
whi ch openings are open only to said first passage; a second passage inlet

consi sti ng gisighRithahbat eREhahgey oup of openings formed in a third region
continuous along radial direction in said first or second end plate, which

openi ngs are operheGitksent MveRioss iINRASNEIYRARRADE di@dweﬁthﬁﬁsp&gcmgiﬁggﬁe out | et
consisting essentially of a group of openings formed in‘"a fourth region
cont i nuous fRiidaer fRdkiag tib 1WA thiongh thespirdl pdskfpe 8r RsPihafi A AEn VA, Blet €,
whi ch openings are open only to said second passage; said first passage
bei ng ti ghtovgratlllraeekobusging effivierefiidad high bs #R56 a0BeicBhedntidAS spitaDhdak r St
passage outlet; said second passage being tightly closed except for said

second passageangeispivhile thesfeshuicionn@iPBes agstaite) Rlredweeliiandko fileui d entering
said first passage fromsaid first passage inlet being discharged from said

first passageughtitéd laeddpincrmsead, tigerédy comglettngbths prabeht inséntdassage for | ess
than one turn only; a second fluid entering sand second passage from said
second inl et beiTigt #i tehregatinvestivrsgodidess aedt cpalefhageconiprisihg afitgr passi ng
t hrough said second passage for |ess than one turn only; heat being

Recei ved atspirdl:fiagdgk; 24RO Siral pairape fudmidd tabsakbfigt passsde, amibhsiecond
fluids through said walls during said first and second fl uids pass through
sai d first adjadertacsnid fpsigwaspes via wslbe dirst\ant yecobldend péseswhichwenér tath al so
provi des a heat exchanger conprising a first spiral passage; a second

spi r &0 passndgéacespheaid dirdmygd sedond fpasssges sespediivelynhifirst passagdjisleent to sai d
first passage via walls; first and second end pl ates which cover both end
faces of sa&PEsiftingsesseniially of a oupafapgings fameddr pfisstyegian tonténuyassage
inlet consisting essentially of a group of openings formed in a first

regi on conelongdadiakbdistegion dnipaid fiasticad plases whiclk epeningsrase openordy 4@ said whi ch
openi ngs are open only to said fjrst passage; a first passage outl et

consi st i ng fisstPaprape: 4 fjrshpassagy Qutlst eensistingicpagatially oleaigtonp £ SBEHAES r egi on 10
continuous along radial directign in said first or secaqond end pl ate, which
openi ngs af@MSIdR asseqnd 1sgion;centinyays adial dizection im saig Ass oy seqomdet
consisting essentially of a group of openings forned in a third region
cont itHuous °BF BiRF uhisH pPeinEsrs BPE GRIL LR 9 R paspesy SEFRPARAISIREARIEL whi ch
third region Lﬁ.locat dnat an_area other gﬁandsaigﬂglrst and .second

regi ons, whPEH® weemﬁ@ % Pba gpp g opgnings Lormgd 0.2 fhird tsglancontinlios 5 15
second passage outl et consi st.i essent i,al | f a.qroup.of openin f or med
'n a fourt ACBSTOR ISP b oad Se508 S5R0r 8nd Al othicohshides 4° Prorietly,
second end, pl a ich fourth region is | t ed at. [ other than said
Frret and Soudheorlld phrhenioh bbbt elibe (AR o Plind SRR et o o
ot her than j |.C j . Ld:et 300 S i ch
openi ngs. aPEOBEsERE Pyt b i da BB SO RRES Bt R LR bR WS 618 "y g
tightlhy cl i k a&; } ' LSt ssage
out | glto ; Sa?g&gﬁ%%ﬁ@%&g@%@%&%ﬁgﬁ%ﬁt ya[gil?}é{s%&c?%i%gg?ﬁ grggés’gl lg ﬁsrgt?ond
passage in ?enﬁ’e b ass@od inictank sk £RE4gag said
first passggea r o%ﬁgg%ﬁfﬁggﬁa %%gégggsé?%%sﬁbgsei %g éefstsagﬁasgige ﬁ o%nglgai d

first passgggetouil @écoﬁgtpfﬁfsa @B@liﬁg Gightly S166&H S@kpk ot 5AH sBdN33ASsaERnIkess than

one turn only; a secon urd enfering 2 5 said second passage fromsaid

second inl ghq g4 e&g@l@s&%gg 64t R st Fuih SREMTsAPAERPEssAEs 6t sald Afst passi ng
t hrough said second passage 1 n axial direction; heat bei hg exchanged

bet ween s ab&'ssﬁ%é et defhgsBsPREbel riont §aid Bt l&&a@@bﬂtlé@@h&ﬁﬂéﬂdﬂgﬂﬁmﬁgh d first
Recei ved, at: 1:27PM 5/8/20 2 and second flurds pass through sard first
and seconds4la HefGRssagk Fole thiebive tuf6nlPl £ S&ohd fubetedy did kdvdhd provi des a
heat exchanger conprising a first spiral passage; a second spiral passage
formed al opgssagd floini sakl seposd e beipi discthaged djome saitl s¢cwnd giaskape petletpfies age
via walls; first and second end plates which cover both 5 end faces of said
first and pasopthpaghagelsccombpssage\fet less thah ons turn ohbyt hedt beingst  passage,
consisting essentially of a group of openings forned in a first region

| ocated at about an outer half or about an inner half of an area continuous
along radial direction in said first end plate, which openings are open
only to said first passage; a first outlet of first passage, consisting
essentially of a group of openings forned in a second




- Recpyeq agi ‘oA 6C4%d at about an outer half of an area continuous al ong radi al
direction in said first or second end plate when said first inlet of first
passage is |ocated at said about outer half of said radially continuous
area, or located at about an inner halfjof an area continuous al ong radi al
direction in said first or second end plate when said first inlet of first
passage is |located at said about inner half of said radially continuous 15
area, which openings are open only to said first passage; a second inlet of

first passagghan 9&‘5&%@9&@%&%&%&%&#&% &%ﬁ!ﬁg $aid \Qﬁﬂtﬂ?&hga?d fRe in a

third region | oCated at about an outer n area contihuous al ong

radi al dir@ﬁ&k%npm@é&asﬂwéﬁg ai ﬁﬁ@&?d@é&gmﬁgfsgs%efe@gg?@irvglfifst inlet of

first passage is |located at sald about 1 nner agl' ally

continuous ar ea,THeprés2Afin0ehtiin ARAMbvRIEs Bﬂgétrexeﬁéﬂlgefgi%rgﬁréﬁgg g f%ftgpiral

continuous along radial direction'in said first o e when

said first [phi‘.;hgé; a¥econd ﬁﬁrapﬁaﬁs%é?ébefi'o' ed Q6aE 84ld FrstSakshe8POHIch QW hGhednttd | Of

said radially continuous area, ch openings are open only to"said first

passage; assiddRihagstpkSia WhIlS; iffrSitanB3ESRABnd A WhicALoPSIM LAd Fake®brf @
group of openings forned in a fourth region’|located at about an outer half

of an ar easgidfirbtundscildangsdgas irédpetlivedstd Mt pddsHiRl iﬁlelt boriistig SRRty 2 5

end plate when said second inlet of first passage is |ocated at sai d about
out er hal f 06h gediptofiopehitih YorfiRed tin A iestTe@bR dontdiucu ERNE Fadihl @RRUbn &0 1 Nner
hal f of an area continuous along radial direction in said first or second
end pl ate whidfirstaind piee,onkich bbétingy ark opéd only tiRedia ifit@asdage;ld BrsPihssdgsd/ 2002
passage is |located at said about 1nner half of said radially continuous
area, Wwhi cbutigennsigingéssentztly ofalgrotpospetitgs feimedda aageondregdaond passage
inlet consisting essentially of-a group of openings formed in a fifth

regi @0 contomtimioss along gadialddisdction ireszid first onscand efd phite, whicieopenthgggle pl at e,
which fifth region is formed in an area 5 other than said first to fourth
regi ons, wopethonlpensaiddirstrpasmagen wobnd passagei idles eamidingassamtjelly af second
passage outlet consisting essentially of a group of openings fornmed in a
si xt h regi grouwmftopaviogs faineddn a ddrditegitinr@atingousi alorgiadial diredtiomrinseidond end
pl ate, which sixth region is formed in an area other than said first to
fourt h regfissior seavndicnd plateyechicmthitdgegion ds looated et amarea nthep ktancsaist fiwst t han
the one in which said second 10 passage inlet is forned, which openings are
open only #ud seeiond segionsd whishsengainga are epenionbytopaiskiegendpdsstgeaiand ai ght | y
connect said first outlet of first passage and said second inlet of first
passage; sasagnfippssegpauticigensigtingessengiatly pf 8 graywpiopenings fameddn @ fowitlst and
second inlets of first passage and said first and second outlets of first
passage; sHPLeISIRYOPLEeng tadid dirgetiqnymseid finsbasgcandenst plawys whighy second
passage inlet 15 and sai d second pgssage out]et; first fluid entering
sai d first [HtIggionts incatediatian prego eﬁﬁ@lsa*dérismdai?sg el a4 g said
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25 said second passage from said second inlet being discharged from said second

passage outlet after passing through said second passage in axial direction; heat being

exchanged between said first and second fluids through said walls during said first



Reqgiypett: NE&Ma*8FPPal ridge; stacking two filns conposed of a material having
flexibility and elasticity; wnding said filns such that said each film
contacts said each ridge while bending said filns such that central portion
in the direction perpendicular to |ongitudinal direction of said filns
protrudes to outer direction of said spiral. The 5 present invention stil
further provides a dehum difier conprising said heat exchanger according to
the present invention. By the present invention, a novel heat exchanger

with whi chaﬁ@%caﬁ@mwsqaabpﬁﬁo&%m ftPfitst ARdsdoBRd pasQEhRY eciti%]lgar ge, but
whi ch has a heat-exchangi ng efticiency as high as that by thé conventi onal

spiral heat exciTheg@edsent iaehtion fRthéprovidesa hedt exChdnpby Qitsrididp 4 Rigstf | Ui ds

may easily be connected, was provided. By the production nethod according

to the pressifdl pasiagatd RBond Sfirat adsake fopmed amp%amq;rsﬁﬁs@sg@i, WMichqs t he
present invention may be produced inexpensively in alarge anount. Further,

by the presadatent iy sdid fiest passage Manivalish ifedt ahd¥éddad andipBiled \WRICh @S GE1RG NY
efficiency, with which electricity consunption is small and which is

advantageoesd faees 6DsmRB kst and %_oM@a@ﬁ%esi, £ fectivel; a firétSnidt SLQIPAssggee X pl 0ded
view showi ng a preferred enbodi nent of the first invention. Fig. 2 is a

draw ng f ocomsigtingiessengallinef b grduperfopamigpnfhrekd in b €ifg Yegibn IdtatddentbautO
exchanger according to the present invention. Fig. 3 is a drawi ng for
expl ai ni ngamountet haldl of abov ko dnier helfiofien Asatcominian gtongaadial dirdvgiohdn t he
present invention. Fig. 4 is a schematic view show ng anot her enbodi nent of
the first saidéindtiead pldte,gvhibh operAngcdre opén onlyitevaid fiostipagsage; 4 firsaooddier
enbodi ment of the first 2 5 invention. Fig. d is a schematic view show ng
still anot befirse plssdgayennsisiing dseertially of b gvapt of@peningRéraieddnl o sed¢andl: 27PM
4/ 8/ 2002-
10 region located at about an outer half of an area continuous along radial direction in
said first or second end plate when said first inlet of first passage is located at said
about outer half of said radially continuous area, or located at about an inner half of
an area continuous along radial direction in said first or second end plate when said
first inlet of first passage is located at said about inner half of said radially continuous
15 area, which openings are open only to said first passage; a second inlet of first
passage, consisting essentially of a group of openings formed in a third region
located at about an outer half of an area continuous along radial direction in said first
or second end plate when said first inlet of first passage is located at said about inner
half of said radially continuous area, or located at about an inner half of an area
20 continuous along radial direction in said first or second end plate when said first inlet
of first passage is located at said about outer half of said radially continuous area,
which openings are open only to said first passage; a second outlet of first passage,
consisting essentially of a group of openings formed in a fourth region located at
about an outer half of an area continuous along radial direction in said first or second
25 end plate when said second inlet of first passage is located at said about outer half of

said radially continuous area, or located at about an inner half of an area continuous

along radial direction in said first or second end plate when said second inlet of first



- RecPivPY gf: 17R7AMs 4/4/28@hemati ¢ vi ew showi ng a preferred enbodi mrent of the second
i nvention. Fig. 8 is a schematic view show ng a preferred enbodi nent of the
third invention. 5 Best Mdde for Carrying Qut the Invention Fig. 1 shows a
preferred enbodi nent of the heat exchanger according to the present
i nvention. Fig. 1 separately shows the part of the passages and the two end
pl ates provided on both end faces thereof. The heat exchanger according to
the present invention conprises a first spiral 10 passage 10, and a second

e p ! sage 10, and a se

7t phosasted & (CAER, Gl iFe) WS ARERRIREBNTESA Wt T, Clch o
st _passige’ e Sare Y HRdE O 4 19 m sucn

T piast| QPrape: HEPPPEoRRD BRE R hepiell iptond pENLAY it kol 12, cor

i ncl ud ol Js | ;00 t

ostri ct oo s anaey GregroRR e PRI LRRET s P N BaBle OB T ° Fape

of the spi a&!ectiol% iﬂ%id[)&%@ &h{&@&& erfdflaBWhRRIFH reSRIARS fEPMEAQR 2R FRIOY €d.

Thus, the spiral may be ordinary spiral closé to true circle, or may be

oval er pobﬁﬁanﬂaah-smms%dfohﬁﬁg‘fgia{s, %%%gg@g?ﬂ%ﬁh%nﬁp%%raﬁﬂse%ﬁ@ a first

end plate 16 and a second end ate 18, tivel'y. THe term"end faces"”

means the Badshednal @echPpHsage GutiBEconSiRtiA@ERemially BT 253408 éﬂéﬁe?‘i'ir%@& fedhédrdr i cal

shape fornmed by the first passage 10 and the second passage 1 The first

passage 10;padixtRofACUNENRASSANE; rhdinftiBection ihis8tir¥t QREGHH eMdidlatehe fir st
end plate 1 d and the second end plate 18. In the first end plate 16, a

first passagch sik@lregidnGPtnel ingh 828 0fHek Hahnsaldf firdt @ folRh eégioRchhdGs for med
in a first region 20 continuous along the radial directionin

formed in the first or second end plate other than the one in which said second

10 passage inlet is formed, which openings are open only to said second passage; and a
third passage which air-tightly connect said first outlet of first passage and said
second inlet of first passage; said first passage being tightly closed except for said
first and second inlets of first passage and said first and second outlets of first
passage; said second passage being tightly closed except for said second passage inlet

15 and said second passage outlet; a first fluid entering said first passage from said first
inlet of first passage entering said third passage from said first outlet of first passage
after passing through said first passage less than one turn only, then entering said first
passage from said second inlet of first passage, and being discharged from said
second outlet of first passage afiter passing through said first passage less than one

20 turn only; a second fluid entering said second passage from said second inlet being
discharged from said second passage outlet after passing through said second passage
in axial direction; heat being exchanged between said first and second fluids through
said wall during said first and second fluids pass through said first and second
passages, respectively.

25 The present invention still further provides a method for producing the heat
exchanger according to the present invention, comprising the steps of holding said

first and second end plates in parallel, in which said openings are formed, each of



 Reepivgd a1y d:q7iM, &(8/280%%4 pl at e, whi ch openings are open only to the first passage
is formed. Although the nunber of the openings in the enbodi nent shown in
Fig. 1 is only 2 because each passage is wound only two turns for the
pur pose of sinplicity, since in Recei yed at: 1:27PM 4/8/2002 the actual
heat exchanger, the passages are usually wound 10 to 100 turns, the nunber
of the openings is nore than that shown in Fig. 1 accordingly. In the
enbodi ment shown in Fig. 1, the first region is substantially sector, but
t he shape i fd T-yeie ' j e hey 0t
may have a?hééﬁgﬁsrdas;p;ﬂalsﬁg%ééggcgﬁlg Ealgs?f Hr%gtccs) *é‘%’g%' %ftherthz%ﬂfﬂl }Eég?n%%g@é@j si nce

the di st anggd BRENGSH wifding @ﬁﬁtﬁlﬁg‘é‘uéﬂ(}ﬁaﬁ&’id Edch ROV BRIC LD hf[rEdegého” in

the vicinity of thé center of the end plate 16 {the anount o fluid to

be pr ocess%ina%naing@h{d ARR3ueH tHab Geribal boﬁ_ﬁnliﬁlmﬁairechsﬁge@éﬁ&leﬁﬁﬁd s not
wel | perfornmed on the fluid supplied to'this region. Therefore, 1n the
vicinity oforghitediandieéctionlofissid HiRk Prsthdies o SMELditfion iof §8id @pirhine TRRENI NYS
as small as ssible so 10 as to nmake the di stance between the openi nhg and
the outl et pagehtdngerdDnRaaSuRhe provigéLs adttumilliTRr sbAPAsiAf shideehi r st regi on
may preferably be a sector as shown in Fig. 1. Alternatively, to avoid the
pr obl em t hakcHahgerdicsbmitpetolibé peeenttilventiohet and the outlet is short, the
first region may not extend to the vicinity of the center of the end plate
16. For exanpl eBytthe ptesemttinveagion)a neye] beatfenclimdger with ehich thdtpesssdreIogsegi on
in the 15 radial direction in the end plate 16 (In this case, no openings
are formedis sindlhend the fisroaghpun és laides butpalsishges a WiteRchiangirngeffibienyy g9 nity of
the center). The openings nmay preferably be formed in all of the turns of
the first highsaghst bathe borveationd] kpirdlileat exchgigens, albwewhich duktstfbe openi ngs
are formed in about not |less than 80% of the turns of the first passage,
whi chOcr os inttddacingrthé flnielg intay, eatilyebecomestbsvanpronidey. nBy phicofrodnetiaa O

Al t hough the size of the openings is not restricted, if it is too snall,

t he t hr oughyetiod accemking to the greséntiihvansionothe kspirajdeatt dxehatiger acoediog td the
passage between the inlet and the outlet in which heat exchange is carried
out i s shoptesénthinventionmayote produdedunekpensibely pn o targs anoimt. a Further, hy ¢ése of t he
wall is large), so that the heat-exchanging efficiency is | ow Thus, the

si ze of t heresputrinvensionny deineiidifiep hgvipg agwuhealﬁxclmnemgcbé@ﬁew, with? 5 terns
of the central angle (the angle forned by the both edges of the arc in the
ci r cunf er efthich elegtrieity cosumptionds spahandywhich is #dvantageeys for campacsion pl at e) .
On the other hand, in the second end plate 18, a first passage outlet 26
Recei-Ped atvas proviged. 4/8/2002 consisting essentially of a group of openings
formed in a second region 24 _conti nuo ong the radial direction in the
second end plate, which openPhRgdlescHPdRAl RRILIAWIgShe first passage is
formed. Although,the nunber of the openings.in the enpodjnmgnt sh in Fig.
1is only 2 bechifs léaéﬁhﬁ%ggggepnggmgﬂ%ﬂngaﬁs‘cefe%é?ﬂphé?%m ?ﬁ’ggpurpose

.of sinplici t(,% in the actual heat exchanger, the passages are usually wound
10 to 100 fifftAaventign: hat the number of the openings is nore than that shown

in Fig. 1 accordingly. In the enmbodi.tent shown.in Fig..Z , t second
ogi on i 5 aubet L B pyrSupE S SRANRE S FabERdrReine Yoy e B S not
restricted thereto. Far ex le, it may have an arbitrary shape such as
rect gﬂgl e GFCHAREeT acRY IWWE%P{CQ%‘%‘FH%%“T he di stance between the

above-ment i OnedFEgl. 58k a ?e?vssli%g For eqclp?a&ni%é a%]e(%h(txp ?orfﬂrcgdsﬁtcing the heat exchanger

according to the present invention.
Fig. 4 is a schematic view showing another embodiment of the first invention.
Fig. 5 is a schematic view showing still another embodiment of the first
25 invention.
Fig. 6 is a schematic view showing still another embodiment of the first

invention.



Regsiyekafgd UMt M¥(%°%6 i s short in the vicinity of the center of the end plate
18 (the anpbunt of the fluid to be processed per a unit area of the wall is
I'ar ge), heat exchange is not well perforned on the fluid supplied to this
region. Therefore, in the vicinity of the center, it is preferred to nake
the sizes of the openings as small as possible so as to 15 nake the
di stance between the opening and the outlet as |ong as possible. Therefore,
t he shape of the second region may preferably be a sector as shown in Fig.
1. Al ternativel ¥ig t70s2\4ehdnithtevidw QRO ®iMgtd FbrelR8 eHibOHARGR JPole\R8End he inl et
and the outlet is short, the second region may not extend to the vicinity
of the endjmpleatien.18. For exanple, the second region nay be forned in about
outer 2/3 region in the radial 2 0 direction in the end plate 18 (In this
case, no openi n@se &rie afsoligistic viewRRowingiSpreferrell @niboiher @8 #a&0hirdWhi ch run
in the vicinity of the center). The openings may preferably be formed in
al | of theidwhtion.of the first passage, which cross the second region.
However, if the openings are fornmed in about not |ess than $0% of the turns
of the first passage, whi 8k dsfor Itans oDk the iiveRtiof here is substantially

no problem 2 5 Although the size of the openings is not restricted, if it

is too small, tFég.tlhshouglapuefeirsd smbbdimeandf the heat éxsharper havogding tdthedi st ance
of the passage between the inlet and the outlet in which heat exchange is
carried oupresentditreentioft hEigaizepdrately showsfthepait othb @assagéeael the tyo and

1:27PM 4/8/2002 10 5 10 15 20 25 processed in a unit area of the wall is

| ar ge so t phtestprevidedion bathhaddacey thdrédfci ency is | ow. Thus, the size of the

openings may preferably be about 1 S to 60 degrees in ternms of the central

angl e (the angl &ht beatectchangehaccholihg tdife prasénttihecrdion domprises & first ypirdr ent i al
direction of the opening and the center -of the end plate). In the
enboddment paisaginl §,andiagecdnd spirel passage IRdosnerkalong dte D3t passdgeranddsi n t he

| eft side of the end plate 16, and the first passage outlet 26 is formed in

the right sdjdesnpto thedirstphsprgatvéa walls &b t T wallsearg preferaplysnadpof afilm 22 and

the first passage outlet 26 are formed at ,the positions shifted by about

180 degr ee8uchisi Rlestiss whithehas @8 iapprontinterigidity, sexiviliyvad wlasticibhe Fhe st

passage inlet 22 and the first passage outlet 26, however, is not

restrict edPlasies @@%ﬁrm&wdmamtre%ﬁynéazqf%m%@qwnpé?sgbpr@ﬁémcwdmy be enpl oyed.

However, if the fluid eptering fromthe [nlet, is_discharged i mediately

from the oB‘PlD’E’EOPY{"I‘?ES PelystyRaFyi rgiedhickpsss OF fhe Eim Bpot 1pEIcted @@3 it is

preferred to arran e inlet and the oufl et ch that the fluid entering
Pr omibne. r hselty PR35 0h0 fem Brebprobiieies nohhe Shere afhe Fira 1 gt TESHQEGeA gt | et
after passing through the first S e preferably for, about, 120 to 340
deareen. - PP RUAPRINS e rtBBRtl - 1005 e S ey b STy Sl SRSHE0 e

fluid ente[rllln?. fromthebfi raét afsa inlet 22 is discharged fromthe first
passage oulfPefirds Yrpay beay i°ﬁ§° YBPBtgh the first passage 10 for |ess than

e %3[ ot PF & BSe! (R et B B e cE RS e Bl é@%%f‘kﬁg abou
the e a AR | .

cuppl t oa 1 Bpb b PRI Frb R A CPreiinh Obld BesRodip e b ok sl

bt 120 b 1 e W08 Bl 8 o @SRRIl o D B PP PRHAL B [T,

desired t 0}11%‘@9%(%1%%%%2@?! Dhe st 'a;sagé waﬁg p{éz%e%x%@%%gé%n&em& g first

passage inlet i rst passage out ositions shifted

by about 18 ESLRASHA of iroliR fiReA60ndRN RESla g s [0 Fig. 1 - I

shoul d be I'n the I'ment shown 1 n Fi the first passage

inlet 22 and thg, fief RBecinfat hor, i dsBsntBinl fogrent end
pl ates, but the%%‘gﬁgﬁ%@%ﬁb@g?g?ﬁggﬁm ?%e s;necgﬁéc?lﬂplfgatse. ; ggei ved at:

1:27PM 4/ 8/528Q2 openings formed in a first region 20 continuous along the radial direction in

25 the first end plate, which openings are open only to the first passage is formed.
Although the number of the openings in the embodiment shown in Fig. 1 is only 2

because each passage is wound only two turns for the purpose of simplicity, since in



- Recpijveq g {11EPMf PB&P%end pl ate 15, a second passage inlet 30 consisting
essentially of a group of openings forned in a third region 28 conti nuous
along the radial direction, which third region 28 is |ocated at a position
other than the first region 20, which openings are open only to the second
passage 12, is forned. Al though the nunber 5 of the openings in the
enbodi nent 'shown in Fig. 1 is only 2 because each passage is wound only
two turns for the propose of sinplicity, in the actual heat exchanger, the

passages ag ¢tk cehiider Ind Pasddds b RBallP FolRdl 0 i oMHRRE khof the

openings is nore than that shown in Fig. 1 accordingly. In the enbodi nent

shown in Figmbés oftthe opéifigh is 2ire thansthauMstvanh Fad. | 1Yacesidinly. Oittht he shape of
the third region is not restricted ~. 0 thereto. For exanple, it nmay have

an ar bi t r aembsdiaget Shisin BEFigE A GER réfiod Rsubitiriallyaeetoe but sha hapé be

di stance between the inlet and the outlet bel ow described is short in the
vicinity othetfivet ghineis nof rebtietedntemiodt Fot exdrhiple, B fyHavebn bfigtrhlybhapd 0 be
processed per a unit area of the wall is large), heat exchange is not well
perfobnmed suchdsaedthngie osthedikeed Howvevit, Sinice gheodistandebawesetheiinlet il theci nity
of the center, it is 15 preferred to make the sizes of the openings as
smal | as postistibebrve desegibedisrshibe it Hie vicinitgiof ehelvehter ofi tHehemdqpataildqthend t he
outlet as long as possible. Therefore, the shape of the third regi on may
pr ef er abl yaineusnt cfdh¢ Onidae telpyoeessad ger g.unit.ared dfehe atallielayge)! beahexitdngdhe
probl em that the distance between the inlet and the outlet is short, the
third regi omatesellperfoemed od theofloidsuppliddiottyis oégivhe Tlhertfore,df thendcinitg pl at e
2 0 16. For exanple, the third region nay be formed in about outer 2/3
regi on i n dhthercanienlit Wiprefetredto inake the sines opthstapenidgs knsmail gs pessible sm
openings are formed in the turns of the second passage, which run in the
vi ci APty ofs tonpalesthe disfancyipetwrsathegrenig/ansk the epues ap lorg asopaseible.n al | of
the turns of the second passage, which cross the third region. However, if
t he openi ndbergfasefthe ghapeiof t ragian may preferably dew seetor peshawmin Bigsl.of t he
second passage, which cross the third regjion, there is substantially no
probl em ABMdtESagNelyhie %fpzbth@mrqm@nab@ﬁhﬁggtame besweer heripket ard thefoutlet i s t 0o
smal |, the, throughput is small, and if it is too |l arge, the distance of the
passage bels8eH, tRdirptiegion spay noi extenie theydeinidy of therepior ofithgepd@ata 2 out | et
in which higt xchan is carried out i? shar.t éthe ampunt of the fluid to
be processt® i Forexample. thetrspregionamay be fqrmned dn ghgut agter 2 regiqqein the

Rt G R RERE AR R e
le f by. t he both ed f.the. in th I nf tial
oL | o TEE B e ERon  ob Rust RS ERSAPLSREIERE o e

hand, i d d pl | i sti

a1 BRGRL FAPh  oReFEORAATIRE UM S hSRELS 1

along the [ al (8UERLPHd dhhGs bl GlmEDth Mol for (0N Gill BOWIded RN T
posit1on ot her an e above-nentl onhe second reglion 4,

1o ch oDe S BUS0080 IR s SHE RGO PRSBARAS Bl 1 hovoh

t he nunber e ‘ope shown 1 n rrsonly 2

becayge eaginBagsiagileor iy isbfflists hilGelHERT, {8 s idICoRML ROSEAlahBLrR! L CT LY,

in thé actua exchanger-, € passages are usualTy Woun 00

turns, so Lhat @%ﬁ@ﬁ@%ﬁ%,ﬂ@@gs%ﬁem% ﬂagsa%erbteniééagrihé {iﬁet ahBEMn in Fig. 1

accordingly. I'n the empo own in Fig. our region is 15

subst ant i abhtyet 3£ Wik heatbxdhafe SRR 1Al ot REHoRYTHe bk A 8 tHeS1 QY0 bEST T Ct ed
thereto. For exanple it may have an arbitrary shape such as rectangle or

the like. Fi‘b‘é@éé@d in 8 LA Grealt? tkH WARDCIBrdeS Is0RRA thdReARRVIGMERY dfiBRAcysC ONd
passage inlet 30 and the second passage outlet 34 is short 1n the vicinity

of the cenfoe. Ofhdshhe@dd dTlthé Gpehndstrhay %’@Eﬂaﬁly 8¢ abbie 151tyi60 degrdeeirdr ocessed
per a unit area of the wall is large), heat exchange 2 0 is not well
perfosmed @Ak betHel dehttalsdngh (tiesariple fomned be dhoboth 'Eﬂgds&ff(ih@arciiﬁ tiehe vicinity
of the center, it is preferred to nake the sizes of the openings as snal
as possi bl eirasnfarential divdctioh of tht Gieningeaankdehsesitertdfehd edyplarhd t he outl et as
| ong as possible. Therefore, the shape of the fourth region nmay preferably
be a sector as ©haheother kagl, irltheAbtmrdreatliplat ¥ 8, 4 firsh paisdgd tglgp26bl em t hat

t he di stance between the inlet and the




- Reogived 4t 18R #@/8%ort, the fourth region may not extend to the vicinity of
the center of the end plate 18. For exanple, the fourth region may be
formed in about outer 2/3 region in the radial direction in the end plate
18 {In this case, no openings are forned Received at: 1:27PM 4/8/2002 13
in the turns of the first passage, which run in the vicinity of the
center). The openings nay preferably be forned in all of the turns of the
second passage, which cross the fourth region. However, if the openings are
fornmed in abmyidtingQdssdntially bhaBratp 6fpehings fotmea ivh séé&ﬁdss%eﬂdwassage, whi ch
cross the fourth region, there is 5 substantially no problem Al though the
si ze of theomthfidus ghngshdRididl ditétioni@dhe sdoond ehdplate) whithl dpenirps akd1r oughput
is small, and if it is too |arge, the distance o? t he passage between the
inlet and bpen enlylethe firsvipessdpelie frnrMc hAMOu IS the@ubitre opthe dpsningoid (t he
anount of the fluid to be processed in a unit area of the wall 1s |arge),
so that théechmabodimehtshgivmgn&ig.ilcis enby2 becalisereach passagd evsinteondy twhe
openings may preferably be 1. 0 about 15 to 60 degrees in terns of the
central angiras farhke purpbse dftsimpliciby it the dotlahhend gechanger tie mrkeagenadehe
circunferential direction of the opening and the center of the end plate).
| n t he enbostiabyrwowsdolMntoi ID0Fims, sb, thethtbe sembercb{jths speyengsnk @tordthanshator med i n
the right side of the end plate 16, and the second passage outlet 34 is
formed in shovii Figf 1 astaddingly. t e thermintpidanentsBowadn Figtl, theesesacimegiopassage
inlet 30 and the second passage outlet 34 are forned at the positions
shifted byiscubstantidly stetprcng theashape bfithe seciind rpgisn s motatstrieted thevetohi p
bet ween the second passage inlet 30 and the second passage outl et 34,
however, i Eonexampdstit nay hdve arearbiteary sirapeandhi 8s meianglesr theoliled. riddwdviennshi p
may be enpl oyed. However, if the fluid entering fromthe inlet, is 2 0
di schér gedsineerdidastance tetwenn the abeme-mentianied fitsiatassage frdetgd hapdethe ificstency i s
| ow. Therefore, it is preferred to arrange the inlet and the outlet such
that the fpassageentiet 2Ads shoshinthevisturd traesntayofithe end platedi8teaangmmnt f r om
t he second passage outlet after passing thr ougfh, t he second passage
pr ef er abl yof B¢ fhiid tn be processedner afwnt wes of thgalhis dareelaBeds ekghanggdtmot150 t o

340 degrees. .In any event, the fluid entering fromthe, 2 5 second_ passage
inlet 30 iyeﬁi@éﬁapgganﬂw lgﬁléplé@édﬂéhlﬁéf‘s%‘abe Terefere, fythg vdnity,gkieng

t hrough the secpnd ssage 12 for |ess than qne turn only (j,e., less than
360 degr eeSnter} Hl%aié@%%ﬁ@ﬁﬁe SIRPLPE the QPeTiReSAg Ml agrp@s%ﬂease@éao at

positions shjfted, by a degree Received at: 1:27PM 4/8/2002 14 ichis
ot Bout ¢ theghigauce betwren the opening and heqyulet apiongps pess! |011:hetr¥}3feo t he
fluid supp

% inlet. | re di ( . . n W eh
| onger pasg’lﬁg' ?Ig‘?o‘?lfttgga!%‘i%“gge%;’QF{?ﬁ%r%lﬁr@%Hlliﬁoagsqc?‘%ﬁggﬁ‘?s‘l?ﬂ?ﬂﬂ#@; ;?gefj 1? rom
th tl et fter i .1h t X t f.th Lot
oo Cou ¢ oARGEREVERR DBidMepraeh Mot Siahet Riedt 15 WP B LB, ctony”
- i 0 dt . tlet. 34 th LEi hi fted
Do out | Tisghat 8 BeediTedioh TS SEEREHE ik Vidind of el aBRE 14 P8 °7) 11
hould b |t i i . i i . t th d
roange | b Eifle diekedoa b f HG e TRl MU fludy 53 seiol Yllar e SCCON
diff t | LNt [ )
P 120 | Bt B ertd e TRIROCRE, doilitheb dre MEmERITRE RO LG,
inlet 30 i s j: i | at e,
ey oy oot badd, SiticIPRBGAI. ViRl ofthéeiier R "Bt dpdnird€ rpl TreBRbLP 21 &
inlet, th i d i : d
Dnsenye. ooy itied 38 89 st e 1St FRSARIWARERANR hehond LIS BECON
inlets andygitl&t f tH@XpQﬁnés%Meﬁ ifA¥onot 1A8s B3H 8BYRLEfe turns of the

first passage, which cross the second region, there is substantially no problem.

25 Although the size of the openings is not restricted, if it is too small, the throughput is
small, and if it is too large, the distance of the passage between the inlet and the

outlet in which heat exchange is carried out is short (the amount of the fluid to be



- Reqavef BtieVEP™ “/¥%%P% preferred to arrange the inlets and outlets such the two
fluids flowin the counter directions. Method fox operation will now be
described. Afirst fluid to be subjected to heat exchange is supplied to
the first region 20. This may be carriegygout by airtightly connecting a
duct not shown to the outer periphery of the first region 20, and 2 0 the
first fluid is supplied to the first region 20 through this duct. Since the
end plate is flat, the connection with the duct may easily be attai ned.
Upon suppl ybrogeséddeinfa vrt arbd &f t@e%llﬁb@.ré?!ﬁthﬁ?ﬁe%&t@ch@ﬁgiﬁ@@?ﬁbi&% he
broken arrows in Fig. 1, the first flurd enters the first passage XO
t hr ough t hdowi r%uﬂ&ﬁé@ieofthb%eﬁﬁﬁs hag ptdfe@blyf Helibdup BS 6£60 dliredsdh t he
first passage 10 for only about half turn, and is then discharged fromthe
2 5 first pessagaheuvédtel aRfle (e angle dnessdsbyythe dotteaipasiof theiate insthsuppl i ed to
the third region in the sane manner. As shown by the solid arrows in Fig.
1, the suppiicemnfarentia difbttivroofthe epenitiandthe eontepasthagad phité) om t he second
passage inlet 30, and is Received. at: 1:27PM 4/8/ 2002 J. 5 discharged
from tthe second Ipalssagbodimichietho84 iafRigr], gasBistpassagedulzn 22 ieformed dtheassage
12 fox only about half turn. It is preferred to nmake the first and second
flui ds fl odeft side@fititessnddilated 6] amistha firstipassage outhit@6 id forfeidin meyrigasidey be
attained by arranging the first passage inlet 22 and the second inl et
passage 30 ofitha ¢l platsi i8] smthabthe Hirttpadsagy inleR Hayl the firgpabsage betlet 26tmreugh
the first passage 10 and the second passage 12, respectively, heat exchange
i s carri ed foumed dtghepesitiensshified tyrabown] 8&deptees Fach biat. - Kshizosifiong!
efficiency is about the sane _as that with the 10 conventional spiral heat
exchanger s relaionshipbetwecrethefirst passhgp drleed? antd badinstinassagasvtlet® or only | ess
than 1 turn, the pressure loss is small and the throughput is largely -

i ncr ddsed. peyeris not sesiyigted therate, anddrbitremr pasiipnabrefatignsizip may kshown in Fi g.
2, a heat-exchanging filmhaving a surface area of Af is placed in the
center por o -a?'ba‘@é'a@éf the Fiuithentering emghe inletnis digphergedimmediately a

l ength of L, and fluids, each of 15 which has a flowrate of V, flowin
count er di feun therputlet e haatrexehanpinggiiigjorayris down cyherefore,isisiseferred éhanger
is expressed as

o e e B L SR S0 ot e ch
G S P AT W RTINS L
0 S T30 I 2R 15 e RASHT o ITARE, o o
9 €511 01 e O RS0 R PR B PRSRHBRE e,
(11 oo DRl A U 20 bl BT B b0 g LN, ,
threh 12 e By oS ecc TRRNRS B O 0 AR ol
o1 1Sl ency sty USRRHL Ao EAebhEH IO Bl i b ke e Pocesoec
41 8/ 2002 1@referred to give an initial velocity to the fluid supplied to the inlet, in the direction

for passing through the longer passage, in order to prevent the fluid from being

discharged from the outlet after passing through the shorter part of the passage. If it

is desired to avoid such complexity, it is preferred to arrange the first passage inlet 22

and the first passage outlet 26 at the positions shifted by about 180 degrees (i.e., 150

25 to 210 degrees) as shown in Fig. 1. It should be noted that in the embodiment
shown in Fig,. 1, the first passage inlet 22 and the first passage outlet 26 are formed in

. the different end plates, but they may also be formed in the same end plate.



- Reqefyed gfi: fl128MeABE2n t he tenperatures of the two fluids introduced is
constant, a heat exchanger having the sanme | evel of heat-exchangi ng
efficiency but having a | ow pressure loss is attained by dividing the
heat - exchanging f Imand to shorten the ength of the passage. In other
wor ds, a heat exchanger which has the sane heat s exchanging efficiency but
whi ch can process a large anount of fluids may be attai ned by increasing
the areas of the inlets and outlets of the fluids w thout changing the area

Ot oxerar - oxC R0 i dld e, 5ATRN Balthed et TR MAL:G R RLRRRG S, | e

heat exchanger according to the’presen n 1'on "W W Ccribed. On

each of th rdcupro?g)pgﬁ'lgg§ i lﬁgﬁl’é\pd fiofoh %Toé%ngﬂgﬁ]ég%@eﬁﬁégﬁgéifcﬁggf 36 is

formed. Thése en es are I n~par es oh which

the ridgeswhicrahfdfrogibR2s iflRaRAGNa g&éu%n othéPthhh h{esﬁﬁmg_i&{ 20 wiRkier i @l
having flexibility and elasticity are stacked, and the Tilms ‘axe wound such
that that eaglingd ArfopenbAGts tﬁe!’b%céﬁdjﬁa%%gm'ﬂ £ BRACH. NJA thSughl theBusseh t hat
central portion'in the difection perpen |Cpfar to longitudi nal direction of
the Tl M Bf MHelopeingd in e ehfRARHER shéWh BEFigdM iPbnll Dbt Mise@hcK ?@s@aé:é i9- 3).

In the present specification, the term"eldasticity" neans that when the

filmis begloufdehly thal tufBTof fle pRGIdsk P sintplichs, iditheadthAheRESRAMHE ULAr O
| ongi tudi nal direction of the filns protrudes to the outer direction of the

spiral, thgadshgd¥ L asuiafly viudd 10Q01086 t@hS, soqhdthBe AithBérFthé Bgdagslive t wo
films are wound about different ridges, so that the separated first and

second pasgR@ethad tRatdhOwh ef FRS 1(a866dingly. lnkhe SiboEAChNGMALINRIENE tie
menti oned above, the longer sides of the filns can get over the ridges, so

that the f tHiRkbregivhyis bebstmitiatly &Ecdon, bhtethe@h&éxerof@me fhid régibh ¥ ndtQedtiibte@ut er
part thereof. To wind the fi?,ms whi | e bending the-f Ins as nentioned above,
a j i gowhi ctheestabl Bsr éxanigde it inhpe hivd arsarbirasy shinpa sbiehnds rettahgle mvayhdlékeaused.
That is, by preparing a jig having a dogl egged slit, and by carrying out
the 2 5 wi hidweyenpimcathedistahed etweaethe imgt addhe butllehbeluvodedeeibed istshotthe

wi nding of the filnms while bending the filns as nentioned above may be

att ai ned. imthewkanity ofthecehtor of the ehd plate  @(theamoustrofitheflniddgde 36, it is
preferred to formeach ridge 36 such that the Received at: 1:27PM

4/ 8/ 2002 1prosedsed per 20nit arearof thedwalbis latge), hiegtopxchangslippetoweld petiowedion Fi g.
1. preferably stands up perpendicularly to the end plate. The outer side of
the ridge 86 fBiidsupplieditnshis région.s Thexefdres iothg vidinityof the centdn il t he ri dge
36. This is shown in Fig. 3. Since the ridge 36 cannot be formed on the
openithgs i preféreedtndnghedhe sizes of the ppertings assmadl 35| possible sguisde mpkathe 38 from
the outside of the end plate, which guide E&ﬂate 38 .gi ves ridges 36 to the
openi ngs i Aistange befavepn shecopeming andrthe gutlel 98 lgng as popgblea | Therefore, Meart poi nt
and the end point of the spiral, it is preferred to air-tightly seal the
passages bghape &€ kiertird regionsnay nrefgrabliobe »sesor@sshewn inkiged i | ms about the

sane ridge for one to seyeral taons. By this operation, the start point and
the end goﬁ#pn@;iv?lﬂetot%}/f the probiep tb@%he distancd Getween the ingt and the outlet

is short, the third region may not extend to the vicinity of the center of the end plate

20 16. For example, the third region may be formed in about outer 2/3 region in the
radial direction in the end plate 16 (In this case, no openings are formed in the turns
of the second passage, which run in the vicinity of the center). The openings may
preferably be formed in all of the turns of the second passage, which cross the third
region. However, if the openings are formed in about not less than 80% of the turns

25 of the second passage, which cross the third region, there is substantially no problem.
Although the size of the openings is not restricted, if it is too small, the throughput is

small, and if it is too large, the distance of the passage between the inlet and the



- ReceiMsd pa it 37 1P/ - tightly sealed even if an additional treatnent such as
treatnent with an adhesive is not performed. After conpletion of the
W ndi ng, the guide plate 38 is renoved, and the end portions of the filns
and the ridges 36 are air-tightly bound.2 This may be carried out by, for
exanpl e, a nmethod by wel di ng under heat by, fox exanple, generating heat at
the connecting portions of the filnms and the plates by ultrasonication or
the like; a method in which the connecting portion are imersed in a
sol vent whoafletdh seitlykeat exchahpd Scapied) qut id dort (toaRoEA ofithd Puidkb Bet hen or
by a nethod in which an adhesive is applied to the edges of the | ong sides
of the f | procassd by a adherdand théreall dnlagd), seghmahé hemtexchaighipsfficRney Rove
adj acent to the outer side of each ridge may be provided, and the
ai r-ti ght nss. nilyud) ehef size dfthe opgringsadaypyreforsisly bie about s thidordegrdestim t he
grooves. O her nodes of the above-described present invention are shown in
Fi gs. 4 toté2msef thecehirgbangle (te finglaforined biyhke bethiedgss oftthevarecih thére openi ngs
are fornmed, only the regions are shown and the openings fornmed therein are
not shown. cifewmispéntial disectivagd sheonenitgsandithe cettawf the end platedrbodi nent shown
in Fig. 4, the first passage inlet and the second passage outlet are forned
in the first en®nghevther hagtl, iththefseeend endlatgd 8oaisdcond passaghoutdsd4nd passage
inlet are formed in the second end plate. in the enbodi nent shown in Fig.
5, all opepeusigdingressentiahedf & arovpef ppeningeiogmed in & fourth regiRuddi aontinaeus
1:27PM 4/ 8/ 2002 18 the enbodi ment shown in Fig. 6, the first passage inlet
and the fi plongpheseadind disetios: inshecfirspenebplaten whigh fpuﬁkfe@mwdpaate«f atghd t he
second passage inlet and the second passage outlet are fornmed in the second
end pl at e. DSt othgr thap dha shovemagntioned seopnd regiom?bavhiek epenings areopeting to
Fig..7. In5 10 15 20 25 Fi-g., 7, as_in Figs. 4 to 6, only the regions in
whi chOt he BpFrP Hagssesprd passtied isdfpemedh o whltagighithe npber ofghe ppamiegs infkbe ei n ar e
not shown. The spiral passages,are also not shown. The spiral first and
second pas slgg%@l,mephglqwn u Fignhisiondy < deeavge e nossageds waund prlyitvpdumsassage

| nvent i on ERSURPHORS of SPLER. (hibeanbiahiere sRcAGs LI PaBages gt 1SHBI% oc ond

e
ﬁegongupasglﬁg fa?ﬁ?rg{%%fyﬁl ﬁgt els%\t?\?]ﬁfrﬁh@@“’nf\ﬂ%gglrlg .e(a)t:?%f‘#l%%gm%gs, O\l/J\gi ch ©
posi tron | PRt ELE S e AP MarP ST RE BB bosfly ot BB 8Muge R et “ane
the second paRRRneaal el Bt tel BaletLE OIS e A IRMPT ShgLaRLY be about

240 t-o 300 €es | erns o € Second ‘passage inlet and

the second,passaue M et BinbShdlcthdfthneh deddhd rASEORMILINERI g, exCep!

for the size of the second passage in an e sec passage outlet, the

consti Lut i QARG RLA! S® Y4 IPARALIS DRISAE BOcdALR N cddlate 18 (the

above- descri I nventi on. r operation w

descri bed. ;hBudt tﬁé‘fiﬁi !E@%Eoc%%e%lg)ef B@nit af S lofithY &Rl 1 ORr A8 Sidat DRGaRES €1 1i ng

d
to Fig. 1, a first f UigBIS supp d tothe first passage’fromthe Tirst

passage i Nisalot 3Ll pEi@rhbd 84 tid fulid sUpHIRA 1688 b8 heTHerérdte, RRARAGEN

di scharged fromthe first passage outlet 26 after passing through the first

passage f opf BB l¥ntee $is PRFBTOND hekdthe el bLthelopeRinpadfsmall 8Lpsxsibld da1i d i s
supplied fromthe second passage inlet and is discharged fromthe second

passage oujd ®tmald Bé HRkanka Beivitdn Y AKE and BR ARleParioRgas aesible. t he axi al
direction. During this period of time, heat is exchanged between the first
and the seThégfdré,thélsShape of the fourth region may preferably be a sector as shown in Fig.
1. Alternatively, to avoid the problem that the distance between the inlet and the
25 outlet is short, the fourth region may not extend to the vicinity of the center of the

end plate 18. For example, the fourth region may be formed in about outer 2/3

region in the radial direction in the end plate 18 (In this case, no openings are formed



- Recepd & VEG " at @/ ®%27PM 4/ 8/ 2002 19 A third invention (claim8} will now be
described referring to Fig. 8. In Fig. 5 10 15 20 25 8, as in Figs. 4 to 6,
only the regions in which the openings are forned are shown and the
openings forned therein are not shown. The spiral passages are al so not
shown. The spiral first and second pas§§bes, and the first and the second
end plates are the sane as in the first invention. In the third invention,
af rst inlet 22 of the first passage is fornmed at about an outer half or

aboutan A0l ol B MR OHR A5 BRI B hEELRE, TR, o
b , i h f i I

sbout 2 OUklnllAbk B IR0V s BB A e o MR e BRESRERTS
150 g2 B 6L BBSARS Y SRR AL PO M BB B
7S PO AT PSR S AR B AR L o
5t 5PaSS BBl O ek AR o ol et il 9E81 O 1
o about {16 LOMES kBl SpaChal S OR. U GBI lsifiond e

A secon passag opens ohl'y o the

first passgggechthd AldTBHd ﬂ?e’%t%?iﬂvﬁfchihg}r;t;éx)ﬁh&%'??%ﬁgd #)Qt itsfgﬁo&;ahét out | et

26 of the rst passage via a duct not shown. en t rrst rnlet 22 of

the first Basamas heaher il phodReuh AhiGHELE: HEWalil 14O, SatHafinedi rect T on,
the second inlet 22" of the'first passage is formed at out an inner half
of in the hafiekbhsigifeéffiertnbyistib®, f IThes, tAE si2€ 6P oPRRInRS Ala§ profbaBl ke first
inlet 22 of the first passage is formed at about an inner half in'the

radi gb dirgditas t@fSOTngrefsé [rSlerBH6f e abtral tahigle(RreAd]d folRéd By theoth he first
passage is forned at about outer half in the radial direction of the first

or second edyks P @ecarc v tHetefcumerefidl ekeotid &t the Bperithg hinkthel desiter BRERAJE | S
formed. When the second inlet 22' of the first passage is forned at about
the outer bd plate). the direction in the first end plate, the second outlet
26' of the first passage is also forned at about the outer half in the
radi al directi o the coftedirnémtshownse&ind, thedeqndtpassagb élet I®isFomnatini nl et
22' of the first passage is forned at about R, ece~ved, at: 1:27PM

4/ 8/ 2002 athetripght sideaf thaérid platetlibe andtheakcahidrpasdage ouilet ddhie forntestt inahel pl at e,
the second outlet 26" of the first passage is also fornmed at about the

out el 5hal f lefinsiddef thaehd iplade i 8 csoithat thé séchad passsge inlet Sé@nddhesedopd ate. I n the
enbodi mrent shown in Fig. 8, a second passage inlet and a second 5 passage
out | et 34 passageooutieti 34 ard forged atthe positions stifiediby dlaue 80 degrepd eachother.
respectively. That is, the third region and the fourth regi on described in
the first irﬁepmitiomalaaletiomfgebetmecm ghcandepassago elepibandydeisetand i s not
shown in Fig. 8, a region of openings, which has the sane size as the
second paspatgegeountles B4 pwever, s noti résstictgd theretosandearhideiry positionalt he second
end plate. The size of the second passage inlet and the second passage 10
outl et 34 telatippshipgnay beemployahd Heyeymeif thefipig epteringdtam thpoinies, i800 degr ees
internms of central angle. The second passage inlet and the second passage
out | 8P maydiseharged imamedintely ffam;the patlet the heatwxchangingetlicigncy fplow here are
two inlets_and outlets) respectively, in the first passage and except for
the size oﬁem@rgé&we%ggéé@@rmeéﬁe et any éh%%@ﬁa“@afiléta@éﬂélﬂﬂ PRIEIIng pe
constitutign and preferred node are the farre as 15 those of .th

above- descHPBele speand nassagainlghis discharged from e sscand paswiee putlehatise
described. Afirst fluid is supplied to the first passaqge fromthe first
inlet 22 oPa¥HE tﬁrqugla thiasecapd pasage reRegably fariaogink teﬁﬁni@glfqe?,srfwrﬁassage i s
di scharged fromthe firs utlet .26 of the first passage, aft Ssi ng

t hr ough t hprefgrplly Bﬁ%@ﬁ‘éés&ﬂ gf%g%gr?%an&rbﬁ‘@' t§Ph tig v teéﬁ’gg%ﬁ[ shown
'n Fbg 8, second passage inlet 30 is discharged from the second passage outlet 34 after passing

through the second passage 12 for less than one turn only (i.e., less than 360 degrees).

In cases where the inlet and the outlet are arranged at positions shifted by a degree



- Reepived 8 JiA ™ &1%2%%urn) . The di scharged first fluid passes through the duct
not shown and enters the first passage fromthe second passage 22' of the
first passage. The first fluid then passes through the first passage for
| ess than one turn (in the enbodi ment shown in Fig. 8, about half turn),
and is discharged fromthe second outlet 26" of the first passage. During
this period of tine, heat is exchanged between the first and 2 5 the second
fluids. The heat exchanger according to the second or third invention nmay

al 50 be_pr asiarid nby abdi 18 Hliates (1L bAferke bR SbRRARE, ARORAAT N0 1O

the first invention. , Recei ved~. at : :27P eat

exchanger g : i ] i : 10 15
g editd %ﬁt iflet MR tIRY SfRAbn FEVR4iHS TR B8 1&%% bﬁiﬁ%@ lﬁamege

20 25 use in "which heat is exchanged between fluids. d may

ei t her gastpreléritihfluiifréni deikiRhaleBe HRHEIRJubE: A& absing theodSBe Wher ei n
t he heat exchanger is applied to a dehumdifier. That is, the present

i nvention ﬂ’icmeirPQﬁ of tieahusgdgd] f Ifdt isatesivédliondotidsuch@oipRE@N! it igwRefdrtedn. | N

t he conventional dehum difieres, since a dehum dification elenment is
regensr at etb ardnige hitdeddndipissagenielet Be and theureshd gussdgegritiet 34 hthei s cool ed to
condense, heat is exchanged between the air before being heated and the air
after bei ngoditierh shifted Ipgsboex 280 depreckte.nes0 teeXihdupdess) acshigi indFig0l.t he
present invention nay preferably be enployed as such a heat exchanger of
the dehuni di fi elt.shétidtbeioted thet iprtks embodimeansliown iarkiy Jakheuglefhwm di fier
conprising at |east a casing, a dehumdification elenent held in the

casi ng; a hwehépawhpgenidicdtandahe second pagageeonalet 3 aref fothed thethetiffértntcat i on
el enent; a heat exchanger for exchanging heat between the air for

regener at i eml pititesy they gewaisatberfgridétbindké samelendd platel oFuetherygmthe which air is
hot and hum d, and the air for regeneration before being heated; and/or a
heat 1@xchaembodifrent stwodn ingFighk altbouginttie lsesvind passagé inletr ¥mmiathefirin af t er
regenerating the dehum dification elenment, or for further recovering heat

t her ef r om pashagecintet 28 ardfoamed ucthasge shd phta thdy miebtfamedsin tenger
according to the present invention. Such a dehum difier per se (the heat
exchanger digfegent end platésondhabisethe ifisstipabdagk irdeinthefirst passhgsonitlpeths n, for
exanple, U S. Patent No. 6,083,304 (U S. Patent No. 6,083,304 is hereby

i ncor por at e$opy passhes indetand tiRyseaprs] paspagetavdiehmay be farmedde any pf theengdr esent
invention to a dehum djfzer, even if the heat exchange is carried out with
a smal | er platessandanydiihg inlethandentletsmpy he foraeddn any of thewsdplatee sane or
nore_ heat - exchangi ng efficjiency may be attained, sqo that the consunption of
powetSmay Hewsssrel 1S prederraddo prpnge %15#115@ aﬁgd’éﬂ%fé Fpeltthe tworuds v imy;

1:27PM 4/ 8/ 2002 L.
the counter directions.

Method for operation will now be described. A first fluid to be subjected to
heat exchange is supplied to the first region 20. This may be carried out by air-
tightly connecting a duct not shown to the outer periphery of the first region 20, and

20 the first fluid is supplied to the first region 20 through this duct. Since the end plate
is flat, the connection with the duct may easily be attained. Upon supplying the first
fluid to the first region 20, as shown by the broken arrows in Fig, 1, the first fluid
enters the first passage 10 through the first passage inlet 22. The first fluid passes
through the first passage 10 for only about half turn, and is then discharged from the

25 first passage outlet 26. Simultaneously, a second fluid is supplied to the third
region in the same manner. As shown by the solid arrows in Fig. 1, the supplied

second fluid enters the second passage 12 from the second passage inlet 30, and is



* Regeivedopta| RATML 4/8K0%eat exchanger conprising a first spiral passage; a second
spiral passage forned along said first passage, which is adj acent to said
first passage via walls; first and second end pl ates which cover both end
faces of said first and second passages, 5 respectively; a first passage
inlet consisting essentially of a group™of openings formed in a first
regi on continuous along radial direction in said f rst end plate, which
openings are open only to said first passage; a first passage outl et

cont | nuouS SRR B8 secdal pRiRel bu i3 AR ue i b SRESH at o v on
OPeNi NGS AL BREM ARIokY SobPhA bk St 1I0oRATAAIE A SHERRY oBEFRRAS 1 et

consi sting up ‘of “openi ngs Tor na gi on

cont i nUOUS nRH QR Eadc%o%te‘i“dfrg&gdn%s sRowit Pl 1St TRY rﬁ%cé?ﬂg); g@%&h@& fy Which

openi ngs are open only to sald second passége, and 'a’sec passage’ outl et
st .y . . > .

cont | nuous oy aas € irk Sy FhRt D Ba 0k PRARR I0 & AOHBAES' 0N o,

openi Bgs agRfePey 180k¥grtes dRhIMA, second passage; said first passage being
tightly closed ekcept %or sald first passage inlet and said first passage

outlet; said sepRRdgRRASARIEND&IBAd HuARphYs ﬁk&:@ﬁqh@ﬁ&%pﬁsgﬁléaﬁdjﬂéecond

passage inlet and said second passage outlet; "a first entering said
first passaggnd b@é’éh%@l!! résgesﬁvaﬁ&ﬁag@cch&&%tis b&rried ot SeRAesRlnViPiReSai d
first passage outlef after passing through said first passage for |ess than
one turn o@hMs 12 O a second fluid entering said second passage from said
second inlet being discharged fromsaid second passage outl et after passing
through sai d seThdHePaseRaRidOsfibRASy {sHBBUOME sérié Bs Mat Withieat being
exchanged between said first and second fluids through said walls during
sai d1di r st carvénsand spirdl hebtex chagRrd, While gincs @h¢h fluid Pasko throaglotid passages,
respectively. 25 2. The heat exchanger according to claiml, wherein said
first passpapsagefoednlyiessshamnl surhsthaprdsart Yosald srhall msd the thmiughputist passage
crossing said first region; said first passage outlet opens to

subst ant i alatgelyihtraaseds Tis sall dowibesiesqritedagleringtodiip. s ahsishovireindiiged at :
1: 27PM 4/8/ 2002 23 second region; said second passage inlet opens to
subst ant i a2, aheat-kx¢changmgdilnshrvingseswrfite peersd el is plased irgths @knlet portidnr egi on;
and sai d second passage outlet opens to substantially all turns of said
second passfapassagedwiving saioss feotiondl arsagif A agl a [Ehethhdds, aed dluadsgeachadcor di ng
toclaiml1 or 2, wherein said first passage inlet 5 and said first passage
out | 8% ar ewhishrhes aiflow rtd ofh¥, Howfin ecurderclirestibiey. hhedivotiexcha@lging. The heat
exchanger according to any one of clains 1 to 3, wherein said first fluid
and sai d s¥éigieacy p&h@s st exchiangardhexpaessed as YYAband e porsdutgdessages,
respectively, in counter directions. 5. A heat exchanger conprising a first
spiral paszagessedas¥edhy Ls piangtherheatepshanger éemamagégrgats@manmgt passage,
which is adjacent to said first passage via walls; first and second end

pl at es whi BFnseagh of wdich kase qramsessctinak areg of ALQs pleser] B passagshavingdbe
respectively; a first passage jnlet consisting essentially of a group of
openi ngs fBmfeIosssegtional areaas geesribed abo ve adhayingd ¢ longihpf Hp o6t Bh | n sai d

Lo B et PP 155, S 2 S b £ B,
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passage; apd & Rerond PRSS29% Qb flbove, while the pressure loss is (V/AdXL)x1/5

25 which is the 1/5 of that of the heat exchanger described above (the thickness of the
films is ignored). That is, since the heat-exchanging efficiency varies depending on

the flow rate of the fluid to be processed per a unit area of the heat-exchanging film if



- Regeplab pia t'F ARy, 4868%t i al |y of a group of openings formed in a fourth region
continuous along radial direction in said first or second end plate, which
fourth region is located at an area other than said first and second
regions, and is forned in the first or ,second end plate other than the one
in which said second passage inlet is fornmed, which 2 5 openings are open
only to said second passage; said first passage being tightly cl osed except
for said first passage inlet and said first passage outlet; said second

econd pasiacutAte e §aaberi Gl YoMyl SREANCAR TR, bl BT, 3
ent et 19 SpkéhabldrtanBESAE GRS 198) et Lo ERARASLCY BhPhai Bo] SChar ged

fromsaid rst- passage o et after passin sal passage for

l ess than g&ssdryms@@wéin@ %Qﬂﬁhaéﬂgﬁa'ihgat%gﬁﬂgrﬁgg ﬁghqn&?&meﬂ sage from

sai d second inlet being discharge romsai d second passage outlet after
passing t hie ﬁﬁéﬂa§a$éCQH@t}E§$ﬁﬁ&§a'h@a%ﬁe\ng@f Whidh 128 thd'Gfte R&kNY

exchanged between said Tirst and second fluids through sard wall's during
said birst emﬁ@ag@ﬂm&wmmmﬁmba sbdarhbiftiof TN SREP BE aRRRSRIES,
respectively. 6. The heal exchanger ‘according to claimb5, wherein said

second DQSE?%rédﬁin‘gtth_@Eféﬁaft%e%@@raﬂd RafSa e tHRULig witheut hanBdgitie
substantially the entire area in each of 10 said end pl ates, réspectively,

whi ch ar eaaﬂegogtmeat-gﬁdhaﬁgihgfﬂﬂst and second regions. 7. The heat
exchanger according to claim5 or 6, wherein said first passage inlet opens
to substanti al | Wpadxamiply 6¥the meSddddof prephrifpteags: @{cﬁ&'ﬁ%eﬁgccﬁ)Q&iﬂgftéﬂﬁt

region; said first passage outlet opens to substantially all tonms of said
first passp@eerinemtiog willindwscduactibeRlgi @i eathiofl tieefenshdassrdend plagk opens
to substantially all turns of said L5 second passage crossing said third
regi 00; anti6 and 118, vespivatirigge 3G iyfonnidd. etThepeasd plates ubsheldin parallelastidht ur ns of
sai d second passage crossing said fourth region. 8. A heat exchanger

conpri si ngthat thersides opiwkith fesikipge 36 arcsfermeadi faepieact others s 8yeo filmsmtidal ong
said first passage, which is adj scent to said first passage via walls;
first and sfxconterishbayphaflesibility ahd elasteitylane staelred, fratthe fimssad dolmd st and
second passages, 2 0 respectively; a first inlet of first passage,

consi st i ngsushshbatithatidagh &itm sogtacts pheofidgep avhiiledendiog kel films suchithattcentgli on

| ocated at about an outer half or about an inner half of an area continuous
sl ang r adi portigh i thej direction perpendicylat todangipidinad diregtianrpfghe filmg prafudes pen
only to said first passage; a first outlet of first passage, consisting
essehbi al | tp tbe onteg dgapiosfofdhespirad fsee Fiigroa. i hn the prasentpeeification, thesterd at
about an outer, half of an area 2 5 continuous along radial direction in

sai d fir st "eastisiy omeansthatgvhandthofidm isberd speh thet eoptral pestioniin the Hepstiage i s

| ocated at said about outer half of said radially continuous area, or

| ocat ed at PeBeRficular todprgitudinal dgection of thafikpnpropudestodhe ayter dasdiondify ect i on
insaidfirst , .Received at: 1:27PM 4/8/ 2002 25 or second end pl ate when
sai d firstthegpisal, H’fefﬁn} eperigfareg fprestore &fi\?@ﬂgmal ghaps: aﬁ“ﬁﬁf\w %H@F%| f of
sai d radial | nti us area, which openin are en only to said first
passage; awgé‘é"'g%@“it ﬁﬁg"t‘m@}fr“&e?’s‘f’ db‘ﬁgléea%@?‘a& sl%?l}dg%c @B?%?%slaf/e of a group
of openings forned._dn third reqgion.l ocated at abput an .outer.half of an
ar eagﬁonti THEd ?S}F(#ﬁ% lg'r aﬁbaf‘dle}gF‘éec?masi'ﬂe’&%?Pagﬁﬁ?V& rlog%%rcf’h%sé’ﬁd pl at e

when said tfhle rt‘ﬁttns 'chll %&t oq}cer 'err%geg,as%scﬁaqcet\hé films may be wound from the center of

the spiral to the outer part thereof. To wind the films while bending the films as
mentioned above, a jig which enables to keep the films in such a bent state may be
used. That is, by preparing a jig having a doglegged slit, and by carrying out the
25 winding operation while inserting each film into the slit, the winding of the films
while bending the films as mentioned above may be attained. To make it easy for

the films to get over the ridges 36, it is preferred to form each ridge 36 such that the



- Regepedhted : &M 4470%bout inner half of said radially continuous area, or

| ocated at about an inner half of an area continuous along radial direction
in said first or second end plate when said first inlet of first passage is
| ocated at said about outer half of said radially continuous area, which
openings are open only to said first passage; a second outlet 10 of first
passage, consisting essentially of a group of openings forned in a fourth
region | ocated at about an outer half of an area continuous al ong radi al

direction idhesaide of teidgR'is SRHONEs ﬁﬁ%ﬁhaéig. MherheShitdt SRCOMHe 'ﬁag@se of first

passage is |located at said about outer halT of said radially continuous

area, or | peféablyatands hiperieniROREyRG He &id fitedr BY thiSthe FlAUS figk@ng radi al
direction in said first or second end plate when Said 15 second inlet of
first passagagitlite bendi@softhe $itigs 38D 0Thisi i BiRywid Figos. SSinde fRGidel 26
continuous area, which openings are open only to said first passage; a
second passaget baf@inedwnths bpagngsinahs el phitepft idp@Fated toiplapanuigs formed
inafifth region continuous along radial direction in said first or second
end pBat e, platd 3hfrbid the onsifdeat the eridplardwhichauide Hated8hgived didges 38itel tHei r st t o
fourth regions, which openings are open only to said 2 0 second passage; a
second passpemEngsinltht embplaiest iFnghes sestidval inFigf 1,at gremtart pbinbaehihegad f or med
in a sixth region continuous along radial direction in said first or second
end pl at e, point ohtheispirhl, itég preferied tbaimtightiyrsealthe passagasigrstadking thaitelof i rst to
fourth regions, and is fornmed in the first or second end plate other than

t he one i nfilth$ eid wavimdghe stackeddawgboirtrthe same riflige frdnewh several pamsngs ar e
open only to said second passage; and a 2 5 third passage which air-tightly
connect saPBul thisoperatign, the staft fointand phsenpointraf thatwb Skoomdyibal et of fir st
passage; said-first passage being Lightl¥_closed except for said first and
secohf i nl atbstagfially pisttightl¥ sealed evea ifan additipral tyaEnent sepsdtratmaent voith f i r st
Recei ved at: 3.: 27PM 4/ 8/ 2002 26 passage; .sai d second passage being.tightly
cl osed exc@pidiesivedsnet neatosmad paddsyeompleten afthe sundingcihg ﬁwdﬁa%a}ség putl et

a first fluid enterjng said first passage fromsaid first inlet of first

P ?ts sage e nfegfc?‘{[ﬁg’ %‘51 tﬁe Fﬂsgﬁ?’.ﬁ% fgﬂ'@ ffSlFE rﬁnlé dheyr lfgth% age pirgightly %lP}“P%: ) passage

after passjing rough sai irst passage |es an.one turn only, en

gnj[ eri gg s%ﬂ’é I‘FEW'%@ casrlﬁfﬁ_ggakyefqrregﬂm@% atr%fé?@av Wtﬁ ding epder hf"?tb}’p sage, and
ei ng di schar romsaid second out]et of firs ssage, af t er passing

t hr ough sa?’@ﬂ%ﬁ?:s&enw&g&eeaqaé&e GORBFCtEASPOtIRNS ¢ ﬁh@ﬁﬁas e BT @eq?ﬁ}?yd entering

S ue e SR REE RSN R L
Chr ough. 10° SSPb EHRH S AINER BE g SRR R et 0 8 oA BGRLE i bugh sai
any one. of TEHSR L RARAEAE R RS REAIIER of thelbaplf e BE Mna USRS aBREFLT N9 1
%Z'ra: ¥ :e : Qi'h é‘?*;k@éﬁﬂﬂﬁd*“&%ﬁ%ﬂ%@%? hfe’;r‘ffﬁ‘%&?%%?é‘%cﬁi?"ﬁ%ﬁéﬁ?%? ?‘%‘fgzﬁ? i;:EgS: e
of hol di n?@gir@%%ﬁiﬁ’8@ég’%gﬁﬁé‘?&g§F@E@%}Bg?&'ﬁ%?‘?@r}k%ych sai d

opensggs a?gg%%éﬁﬁgﬁhﬁgﬁﬁbﬁkg*@F%Q-has a spiral ridge; stacking two filns

conposed o teria avi n exibility and elasticity; winding said

films such thatoaghth&RS Bffﬂeld%eaa%@ﬁbéd E?Es&xtrih%ﬁ%n‘é&‘é JRWRERF I £Y 4581 d

films such that central portion 2 In the direction perpendiculfar to

l'ongi tudi ngl girigeld @15, @k fiahé rdgiddsin WHAH e @perdifpPate Formikld, 8aKItAO Of said
spiral. 11. The nethod according to claim10, wherein said fil'ns are
spirally wegishs W $iRwil ARl e opélifgPentd dferdth kit ot gHOWE. PTRE %ifmv' ng ridges
conpensating the ridges |acked due to the openings. 2 5 12. The net hod
accordi ng pdasagediard 16 A6t shdwnWh @i tielenstdidémémGhbwh it Fi, @, thelfirbtitkdagest acked
and wound together at the start point of the spiral, and after w nding said
fil nB5spi riamlétynd sled sbcbndpdsshgesonleearei formédintthy fisst and pthtegadd Weeufindt t oget her

at the

passage outlet and the second passage inlet are formed in the second end plate. In

the embodiment shown in Fig. 5, all openings are formed in the first end plate. In



- Recepyedaqt: 197M7pM2°%/ 8/ 2002 27 end point of the spiral. 13. A dehumidifier
conprising said heat exchanger according to any one of clairx~s 1 to 9. |

4. The dehunmidif er according to claiml 3, conprising at |east a casing, a
5 dehum difzcatian el ement held in saidgcasing; a heater which heats air
for regeneration of said dehumi dification elenent; a heat exchanger for
exchangi ng heat between the air for regeneration after regenerating said
dehum dification elenent, which air is hot and htunid, and the air for

regenerat i @ﬁehﬂfoqi@emha@nh@m@; thR TSt Yasshgh Rkt AEAREAERY aésqge 6Q%tiarg t he
hot and hum d air for regeneration after régenerating 2 (5) sard

dehuni di fi faine@in tHeefiNénd Mlatef Md thykEddaE paeagy BildtEd Teatecbh@paishgen Wwherein
sai d heat exchangers) is(are) the heat exchanger according to any one of

clainms | tmt%tarﬂorpﬁbdﬁxﬂx%sé&nﬁm%)%AL A% A9.A( .A; . AAN.A(.AA _.A_A
AL A2 .A3NL. A . Au9. ANL. Au9. As $-/234CFI] | +

. LDKCbk! ! #984 X Ardedond m&km&jrc(alacm]sga\}lnal]oaaﬂecah]seﬁl}eaa]efe&hﬁ@}csznﬂgc @] cg] ca] ca] ca
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about 240 to 300 degrees in terms of central angle. The second passage inlet and
the second passage outlet may be divided. In the second invention, except for the
size of the second passage inlet and the second passage outlet, the constitution and
preferred mode are the same as those of the above-described first invention.

20 Method for operation will now be described. In the same manner as in the
first invention described referring to Fig. 1, a first fluid is supplied to the first passage
from the first passage inlet 22. The first fluid which entered the first passage is
discharged from the first passage outlet 26 after passing through the first passage for
only less than one turn.  On the other hand, a second fluid is supplied from the

25 second passage inlet and is discharged from the second passage outlet 34 after
passing through the second passage in the axial direction. During this period of

time, heat is exchanged between the first and the second fluids.
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the openings formed therein are not shown, The spiral passages are also not shown.
The spiral first and second passages, and the first and the second end plates are the
5 same as in the first invention. In the third invention, a first inlet 22 of the first
passage is formed at about an outer half or about an inner half of a continuous area
along radial direction in the first end plate, and the first outlet 26 of the first passage
is formed at about an outer half or about an inner half of a continuous area along
radial direction in the first or second end plate. In this case, when the first inlet 22
10 of the first passage is formed at about the outer half in the radial direction in the ﬁrstv
end plate, the first outlet 26 of the first passage is also formed at about the outer half
in the radial direction in the first or second end plate. When the first inlet 22 of the
first passage is formed at about the inner half in the radial direction in the first end
plate, the first outlet 26 of the first inlet is also formed at about the inner half in the
15 radial direction in the first or second end plate. A second inlet 22' of the first
passage, which opens only to the first passage, is formed, and is air-tightly connected
to the first outlet 26 of the first passage via a duct not shown. When the first inlet
22 of the first passage is formed at about an outer half in the radial direction, the
second inlet 22' of the first passage is formed at about an inner half of in the radial
20 direction of the first or second end plate. When the first inlet 22 of the first passage
is formed at about an inner half in the radial direction of the first end plate, the
second inlet 22' of the first passage is formed at about outer half in the radial
direction of the first or second end plate. Further, a second outlet 26' of the first
passage is formed, When the second inlet 22' of the first passage is formed at about
25 the outer half in the direction in the first end plate, the second outlet 26' of the first

passage is also formed at about the outer half in the radial direction in the first or

second end plate, 'When the second inlet 22' of the first passage is formed at about
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second end plate.

In the embodiment shown in Fig. 8, a second passage inlet and a second

5 passage outlet 34 are formed in large regions in the different end plates, respectively.
That is, the third region and the fourth region described in the first invention are large.
Although the second passage inlet is not shown in Fig. 8, a region of openings, which
has the same size as the second passage outlet 34, is provided at the same position in
the second end plate. The size of the second passage inlet and the second passage

10 outlet 34 is not restricted, and may preferably be ab(;ut 240 to 300 degrees in terms of
central angle. The second passage inlet and the second passage outlet may be
divided. In the third invention, except for that there are two inlets and outlets,
respectively, in the first passage and except for the size of the second passage inlet
and the second passage outlet, the constitution and preferred mode are the same as

15 those of the above-described first invention.

Method for operation will now be described. A first fluid is supplied to the
first passage from the first inlet 22 of the first passage. The first fluid entered the
first passage is discharged from the first outlet 26 of the first passage after passing
through the first passage for less than one turn (in the embodiment shown in Fig. 8,

20 about half turn). The discharged first fluid passes through the duct not shown and
enters the first passage from the second passage 22' of the first passage. The first
fluid then passes through the first passage for less than one turn (in the embodiment
shown in Fig, 8, about half turn), and is discharged from the second outlet 26’ of the
first passage. During this period of time, heat is exchanged between the first and

25 the second fluids.

The heat exchanger according to the second or third invention may also be

produced by the method similar to the heat exchanger according to the first invention.

-
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applied to a dehumidifier.

5 That is, the present invention provides a dehumidifier according to the present
invention, In the conventional dehumidifieres, since a dehumidification element is
regenerated with heated air, and the air used for regeneration is cooled to condense,
heat is exchanged between the air before being heated and the air after being used for
regeneration. The heat exchanger according to the present invention may preferably

10 be employed as sucL a heat exchanger of the dehumidifier. That is, the present
invention provides a dehumidifier comprising at least a casing, a dehumidification
element held in the casing; a heater which heats air for regeneration of the
dehumidification element; a heat exchanger for exchanging heat between the air for
regeneration after regenerating the dehumidification element, which air is hot and

15 humid, and the air for regeneration before being heated; and/or a heat exchanger for
cooling the hot and humid air for regeneration after regenerating the dehumidification
element, or for further recovering heat therefrom, wherein the heat exchanger(s)
is(are) the heat exchanger according to the present invention. Such a dehumidifier
per se (the heat exchanger is a conventional one) is well-known and is described in,

20 for example, U.S. Patent No. 6,083,304 (U.S. Patent No. 6,083,304 is hereby
incorporated by reference). By applying the heat exchanger of the present invention
to a dehumidifier, even if the heat exchange is carried out with a smaller pressure
than in the conventional apparatus, about the same or more heat-exchanging

efficiency may be attained, so that the consumption of power may be saved, and the

25 motor can be made compact.
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1090 <9<&' (pespectively; a first passage inlet consisting essentially of a group of openings formed
in a first region continuous along radial direction in said first end plate, which
openings are open only to said first passage; a first passage outlet consisting
essentially of a group of openings formed in a second region continuous along radial
direction in said first or second end plate, which openings are open only to said first
10 passage; a second passage inlet consisting essentially of a group of openings formed
in a third region continuous along radial direction in said first or second end plate,
which openings are open only to said second passage; and a second passage outlet
consisting essentially of a group of openings formed in a fourth region continuous
along radial direction in said first or second end plate, which openings are open only
15 to said second passage; said first passage being tightly closed except for said first
passage inlet and said first passage outlet; said second passage being tightly closed
except for said second passage inlet and said second passage outlet; a first fluid
entering said first passage from said first passage inlet being discharged from said
first passage outlet after passing through said first passage for less than one turn only;
20 a second fluid entering said second passage from said second inlet being discharged
from said second passage outlet after passing through said second passage for less
than one turn only; heat being exchanged between said first and second fluids
through said walls during said first and second fluids pass through said first and
second passages, respectively.
25 2. The heat exchanger according to claim 1, wherein said first passage inlet

opens to substantially all turns of said first passage crossing said first region; said

first passage outlet opens to substantially all turns of said first passage crossing said
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3. The heat exchanger according to claim 1 or 2, wherein said first passage inlet
5 and said first passage outlet are formed in regions shifted each other by about 180°.
4, The heat exchanger according to any one of claims 1 to 3, wherein said first

fluid and said second fluid pass through said first and second passages, respectively,
in counter directions.
5. A heat exchanger comprising a first spiral passage; a second spiral passage

10 formed along said first passage, which is adjacent to said first passage via walls; first
and second end plates which cover both end faces of said first and second passages,
respectively; a first passage inlet cdnsisting essentially of a group of openings formed
in a first region continuous along radial direction in said first end plate, which
openings are open only to said first passage; a first passage outlet consisting

15 essentially of a group of openings formed in a second region continuous along radial
direction in said first or second end plate, which openings are open only to said first
passage; a second passage inlet consisting essentially of a group of openings formed
in a third region continuous along radial direction in said first or second end plate,
which third region is located at an area other than said first and second regions,

20 which openings are open only to said second passage; and a second passage outlet
consisting essentially of a group of openings formed in a fourth region continuous
along radial direction in said first or second end plate, which fourth region is located
at an area other than said first and second regions, and is formed in the first or second
end plate other than the one in which said second passage inlet is formed, which

25 openings are open only to said second passage; said first passage being tightly closed
except for said first passage inlet and said first passage outlet; said second passage

being tightly closed except for said second passage inlet and said second passage
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discharged from said first passage outlet after passing through said first passage for
less than one turn only; a second fluid entering said second passage from said second
inlet being discharged from said second passage outlet after passing through said
5 second passage in axial direction; heat being exchanged between said first and

second fluids through said walls during said first and second fluids pass through said
first and second passages, respectively.
6. The heat exchanger according to claim 5, wherein said second passage inlet
and said second passage outlet are formed in substantially the entire area in each of

10 said end plates, respectively, which area is other than said first anc; second regions.
7. The heat exchanger according to claim 5 or 6, wherein said first passage inlet
opens to substantially all turns of said first passage crossing said first region; said
first passage outlet opens to substantially all turns of said first passage crossing said
second region; said second passage inlet opens to substantially all turns of said

15 second passage crossing said third region; and said second passage outlet opens to
substantially all turns of said second passage crossing said fourth region.
8. A heat exchanger comprising a first spiral passage; a second spiral passage
formed along said first passage, which is adjacent to said first passage via walls; first
and second end plates which cover both end faces of said first and second passages,

20 respectively; a first inlet of first passage, consisting essentially of a group of openings
formed in a first region located at about an outer half or about an inner half of an area
continuous along radial direction in said first end plate, which openings are open only
to said first passage; a first outlet of first passage, consisting essentially of a group of
openings formed in a second region located at about an outer half of an area

25 continuous along radial direction in said first or second end plate when said first inlet
of first passage is located at said about outer half of said radially continuous area, or

located at about an inner half of an area continuous along radial direction in said first
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or second end plate when said first inlet of first passage is located at said about inner
half of said radially continuous area, which openings are open only to said first
passage; a second inlet of first passage, consisting essentially of a group of openings
formed in a third region located at about an outer half of an area continuous along
5 radial direction in said first or second end plate when said first inlet of first passage is
located at said about inner half of said radially continuous area, or located at about an
inner half of an area continuous along radial direction in said first or second end plate
when said first inlet of first passage is located at said about outer half of said radially
continuous area, which openings are open only to said first passage; a second outlet
10 of first passage, consisting essent?ally of a group of openings formed in a fourth
region located at about an outer half of an area continuous along radial direction in
said first or second end plate when said second inlet of first passage is located at said
about outer half of said radially continuous area, or located at about an inner half of
an area continuous along radial direction in said first or second end plate when said
15 second inlet of first passage is located at said about inner half of said radially
continuous area, which openings are open only to said first passage; a second passage
inlet consisting essentially of a group of openings formed in a fifth region continuous
along radial direction in said first or second end plate, which fifth region is formed in
an area other than said first to fourth regions, which openings are open only to said
20 second passage; a second passage outlet consisting essentially of a group of openings
formed in a sixth region continuous along radial direction in said first or second end
plate, which sixth region is formed in an area other than said first to fourth regions,
and is formed in the first or second end plate other than the one in which said second
passage inlet is formed, which openings are open only to said second passage; and a
25 third passage which air-tightly connect said first outlet of first passage and said

second inlet of first passage; said first passage being tightly closed except for said

first and second inlets of first passage and said first and second outlets of first



- Receyechiaty | #TO0A/BROR) - 1 ° . #10% - & () - Y% $10%& () -! nY% $10% +;
+& () -#10%/& ()-! #10% - & ()-Ta?C
10111 d!°, #109%WE' () - !, #10%<<& ()- !, #10%DTD& ()- @10%<& ()-10%& () -
1011 1011PV}[9+C 6
10X<X<! d. 9$10UX<X<& () -!d. 9$109X<X<&' (%- 3%#109%& () -! BUHL0YE<E<&E () - &$10%<&
"()-!" &$1090<T<& ()-*{dEC 10X<X<!d 10%g& ()-YYfz#10%gS& ()-! Yf z#10%
& ()-@0%& ()-3 10%& ()- 10X<X< 10X<X<NO-\ =EC

10X<X<!'| 9 % & . OB L) o5 40 R () er' V& 0@ () -
100G & () 190 Pt Bl G oML R I DU Joasn, B osbd palstidtif)

¥ndelout&; h Tr&FhAd Eﬁt%%h% %ﬁ%ﬁ&i&ﬁ%ag $PY8dd Grst!  $10%<

101°/° $10%@id!sgé(;,§1$gg 2
T<& ()-:$10%& ()-!d: SLOUR<X<&E' () - @L0Y%& ()-T >Ar S4 0% () - 10908 () -

100000 10GHIEPof first passage enterin%_said third passage from said first outlet of first passage
10CoQo! [ . #10%0C0& () -1 . #109<T<& () - 3% $109%<& () - ACH[ <r S40! Y$10%&' ()-![Y$

10% Q&' (aftet pasbiig iEigh aid O Fa8salgk 16SHIA Ge(thrn! ofbH kR ERering sa0dk Fingd{ YK=/
10XX 10XX 10XX! Q $109XX&' () -! V/ $10% O &' () -
VI $134 | &'paysay8@Hba@iid yecold UtdOSM b QRis{gge natticing didd4rged from said
10Xf 109& ()-1s109%& () -
second outlet of first passage after passing through said first passage less than one
turn only; a second fluid entering said second passage from said second inlet being
discharged from said second passage outlet after passing through said second passage
in axial direction; heat being exchanged between said first and second fluids through

10 ;aid wall during said first and second fluids pass through said first and second
passages, respectively.

9. The heat exchanger according to any one of claims 1 to 8, wherein at start
point and end point of the spiral, the walls constituting said first and second passages
are air-tightly stacked and wound together.

15 10. A method for producing the heat exchanger according to any one of claims 1
to 8, comprising the steps of holding said first and second end plates in parallel, in
which said openings are formed, each of which has a spiral ridge; stacking two films
composed of a material having flexibility and elasticity; winding said films such that
said each film contacts said ridges while bending said films such that central portion

20 in the direction perpendicular to longitudinal direction of said films protrudes to
outer direction of said spiral.

11.  The method according to claim 10, wherein said films are spirally wound
while closing said openings with a guide plate having ridges compensating the ridges
lacked due to the openings.

25 12, The method according to claim 10 or 11, wherein said two films are air-

tightly stacked and wound together at the start point of the spiral, and after winding

said films spirally, said two films are air-tightly stacked and wound together at the
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13. A dehumidi

comprising at least 2 casing, @

which heats air for

claims 1 10 9.

The dehumidifier according 10 claim 13,
ing, a heater
ement; & heat exchanger for exchanging heat

i dehumidiﬂcaﬁon el
ing said dehmnidiﬂcation element,

ation aftet regenerat

the air for regenerati

between the air for regener
on before being heated; and/or @
eneration after regenerating

r cooling the hot and pumid air for reg
wherein said

which air is hot and humid, and

heat exchanget fo
lement, OF for further recovering heat therefrom,

d dehumidiﬁcation e
{ claims 110 9.

10 sal
ording to any one O

heat exchan

ger(s) is(are) the heat exchangel acc



