qe3e6jjk|ndnTBo6xoTohx=r DESCRI PTI ON COOLI NG METHOD AND COOLI NG APPARATUS
TECHNI CAL FI ELD 28 August 2002 The present invention relates to an

apparatus for cooling air through use of a heat exchanges Awguibt 2002

parti mm”ﬁMCooling met hod and cool i ng apparatus which can nmaintain

t he rgNNMWMM“ ity in arefrigerator or a roomat a level close to 100%
whi ch 1 nproygs energy efficiency, and which allows humdity control.
BACKGROUND ART In order to cool apgscaip@renhas conventi onal ”mwﬂmmwm[m’mwed

a nmethod in which froma refrigerant that substitutes for f

thermal accunulating nedium or an antifreeze agent is caused tq.flow

t hrough a heat exchanger disposed inside a refrigerator or a room and in
whi ch f or cEOEING METHODNARP €QUINOAPBARMBYS of air is caused such that air
passes through the heat exchanger in order to cool the air. Also, in order
to obtain a high humdity, there has been devel oped and enpl oyed a cooling
nmet hod, c Eéﬁkébifﬂy gd schene” in which cooling is effected over an
entire wall surface through use of a simlar refrigerant. further, a

cooling scherte hgsqtkibrNSnehe |l 1RhREEE O diaiacigs cpgcent |y cone

into use) In order to I nprove heat absorption rigerant, 1 28

August 200€p01ing air through use of a heat exchanger, and more
particularly to a cooling method and cooling apparatus which
can maintain the relative humidity in a refrigerator or a
room at a level close to 100%, which improves energy

efficiency; and which allows humidity control.

BACKGROUND ART

In order to cool air, there has conventionally been
employed a method in which fron, a refrigerant that
substitutes for fron, water, a thermal accumulating medium,
or an antifreeze agent is caused to flow through a heat
exchangér disposed inside a refrigerator or a room, and in
which forced circulation or free convection of ailr is caused
such that air passes through the heat exchanger in order to
cool the air. Also, in order to obtain a high humidity,
there has been developed and employed a cooling method,
called a "chilled scheme" in which cooling is effected over
an entire wall surface through use of a similar refrigerant.
Further, a cooling scheme based on the Peltier effect or the
like has recently come into use.

In order to improve heat absorption by a refrigerant,



a netal having a high heat conductivity such as copper or alumnumis
utilized as a constituent material of a heat exchanger. In a Peltier

el ement as well, heat exchange is performed through a nmesghugistC®oam c
havi ng a high heat conductivity. In such case, due to high heat
conductivity, the tenperature of a refrigerant beconmes equal to the surface
tenmperature of a heater exchanger, and in the ease of fron, the surface

t enper at ur# netalethaninged higlh eatvapadadt heitye mpehahsr 8oppefren This hol ds
true in the case where water, a thermal accunul ating agent, or an

anti f r eezealhgeirtun dsustdlized amcla gooatitudnt traeadaluoé af héhe water,

t hermal accunul ating agent, or antifreeze agent becones equal to the
surface t egpchangere ointhPdidderceiemenferas Medild heat hewsclizaage kiskown to
contain water vapor. Although the amount of water vapor in humd air is

1- 2% by webgFformed dhyoughea |mgtad oFegerafic Havimgen haghrheat an ef fect

into account | esi g‘g f a cooling nethod and a
b

t hat t b ] the d
cogl i ﬂgsapﬁg?é\‘?%g&iﬁz&augb “é\ﬁi‘p&?gﬁ o‘ﬁ"%rrd’ cheat i e Ivid¥en at room
tenperat ur gy o The (X gy agpy%ef}[iﬁggkﬁ{:. ﬂé@ﬂesc%ﬁﬁxggpgg j{:ﬂeai r increases

W th tenperature. rcontaining maxi num anou water vapor is

cal | ed sat ggpf£ck AidmpetiRafe 306 A HeRtBENEGEihdet ! 'a‘adhj&ﬂheﬁ&lé felhe given

tenperature and pressure. Wien air in a certalnh state 1s cooled to have a
decreased penpesm! Wi sub€addt&ffEBatupboid daldimdn@d ByatRe SO that water
vapor, condenses. The tenperature at which air cones 2 f 28 August 2002
into a satavapechtini etempecatuns dhErdav piist hbeapetaderen ten wet air is
cooled to a tenperature bel ow the dew point tenperature, water vapor
condenses easé hdlier® plateapeaocthafmalewctanabi tiny ageats. ofhanges in the
state of air in a conventional cooling apparatus will be described with

ref erence aotifiredze clgent &f w4ed; in Pouchta Acdgwlitdet dempesabturei af whi ch air
has an absolute hum dity x| and a tenperature T1l. Yn order to cool the air,
the air istheréater edhermal paeupulatingnagenhaith@rdifgeraecagenperature td
equal to the tenperature td of a refrigerant. As indicated by the solid
line E, th&ef reé-’z‘{#e%fj’f thaesy ﬁaeﬁ??q%ioéh theo®€3%l ong the surface
of the heagx‘%ﬂl er-changes fromT1l to Tz, while the hum dity changes
fromxl to X" so"that the air reaches an equilibriumpoint D. By this tine,

the absol ute huammfyaﬂf hi§ Bldn hapwie AL 2adalin atdl Ugasdy f esponding to

t he maxi mrum anount of water vapor that can exist at the surface tenperature
td of the ReghoRyis A ¥moutli 6f Wftdrd@@pbeakn tiuiliie digmaer atakenpf the
refrigerant, so that the relative humdity of the circulated air decreases
accor di ngl weightté&e Tsvetheobatesy ddangofchketvatemviaport hassunf ace
tenperature of the heat exchanger becones,equal to the tenperature of the
ref ri ger aneffechcehdthanusir bec bakempitat aceouht tine tHeatdesignander decreases
and the dew point tenperature decreases accordingly, the absolute humdity
of air decreaidng methad iand RnceoliNLAPPRArALAS i PPGPEEEVAROTAEABRdI ngl v,
in such an heat exchange system noisture within air is cooled 3 28
August 20020gxEeadersation, aoeHE, 8¥SP AdWFOSRIEREREE AUHE -deTBE noi sture is
di scharged to.the outsi def' n %he form ofo \‘\:/ater oy fr.orst., cII__r(I%‘_i\oteger wor ds,
energy is WAXEEEM RBOYRIhOL WalRL WIRAS CORTEARRAI ) Y CTERAPSPSs known to
i ncrease W th,the e hym. dj qpﬁ{ afdre. Wen air
i s subject g&tpoleﬁ'élgglsace%(%a’ngtee{%?/é%}egg'\é\%{elﬂ?#%%a Jg'gl%n éﬁgﬁgi’r‘igé?, the air is

dried, and »}at&%ravgyai A dAheR! shedtatdl B Alhosle CABADGR & Halidg 90! V-

Therefore, a tenperature difference of 10C or nore between the inlét and
outlet of ti%etﬂﬁahiwm thasgbean waiperdenpd andgnassaime . CopRehai on for
effecting cooling. That is, since the amount of l|latent heat of air is

smal |, a regw radat eaPed &t Wrateansotodiedionhavaed det@smseal certain
tenperature difference is provided for the ipternal and external thermnal

| oads. Accaetipeghyurahetheadlr egmes jretrd ar maduratedgitatss, afo tthat
conventional heat exchanger, air is dried and energy is wasted, due to the
very nat ur evadfert repheatondesismsger Thavemperateos athtwhdedl adgolcopgsappar at us
and cooling nethod are applied to a cooling;apparatus in which a
refrigerant is caused to flow through a heat exchanger disposed in a
refrigerator or roomin order to perform heat exchange, the space inside
the refrigerator or roomis dried, and,in the case of the refrigerator, the
cool ing apparatus and cooling nethod are not suitable for storage of flesh
foods for a prolonged period of tinme. In the case of



.cooling the space inside the room air,is dried excessively, 4 f 28
August 2002 so that a larger anmount of noisture transpires fromthe akin,
whi ch causes cooling-rel ated di seases. Further, as descesbaguat2002,

noi sture within air is cooled and discharged outside a refrigerator or room
in the formof water, resulting in | oss of energy. D SCLOSURE OF THE

| NVENTI ON Recal |l ed here is cooling by use of ice. Conventional cooling
through usgmt® ai @@tiufake®Wrdte REO¥ATER ﬁwlaewmmtemfmldmg through
use of ice, the nelting tenperature of the ice is constant, and the surface
t enper at urtheaf wielteaiigeis scaderl Socansémpdratiiat beSow Whé ead@glaint exchanged
between the ice and air, heat is absorbed by the ice at the surface thereof
i n the fortenpferatureefwdus oraporheondensss dur ithgthaaphexaiemge dfet ween t he
ice and air, the dewpoint tenperature is constant, and only the

t enper at urdewpffoppatapn eeriHges Ghanges ia dberebake iof taie Hmmiadity of the

air, so that coql.ing.can pe effected whiJe a high humdity is maintained.
An obj ect TI™HH lBP%%eﬁWf’rf%r‘?ﬁpé‘ﬁaF‘és e ds ?Eaﬁr@a%‘lli‘ﬁéﬂhppar atus whi ch

R L e

smal | er tenperature 8f a heat

exchanger ’Stihaot% inl %ﬂﬂ&ﬁsaﬁ.nqa%y alnoﬁﬁso#\ﬂ%‘%gﬁﬁ\ridﬁ.e;éaﬁhia%\(ie athe object, ina

cool i ng net and cooling apparatus o present i nvention,a materi al

having a |@Qudaa nguct yyi ' ; ri a, heat
exchanger &}“}1 pl g:(l:lggo?‘ 5 ﬁ{Z%Q’%ULZl}?{rﬁég%gﬂé@za&%\;g%h%ohg#l %errpl oyP. d

material heidilatedl ShePeRinda@NduehhNgdy HiARg2a §QPPSEe OF al umi num which
makes the surface tenperature of the heat exchanger equal to the

t enper at urgenfferatigtr t gRigaal . tduehd Cemperayiratt Obfaanpéerigérdvi ng a | ow
heat conductivity, a thermal gradient is produced between the refrigerant
and t he sukd dioelichtetebyietiie sadidnéne Bo ttheattemperatuperef whee at t he
surface of the heat exchanger becones higher than that of the refrigerant.
Sone nat er¢tculededeaihevideh €kowsirajemgt theaver tacrdfadhe degadr at ure cl ose
to the tenperature of circulated air. That is, since the heat exchanger has

an i ncr ease¥rhangeacechangas fropeT: theTogeWhddienthe chipeldiity chiangesases
accordi nglyro Q hum dity is _incr Since, cooling is

X t atx,j[, hSo Otl'. q:ﬁt% ch n eal?eg. .
performed Th a 8tat e n whrth the apSof tRe HuAWIAY 1S ﬁﬁ?'ﬁt%‘i”rfétd at_a high
hum oty an BE ShE e ATehaneRiiRe Rty MRS Ay 18 12 in The
formof. gecreased to a value corresponding to the maximum amount of

water vapor that can exist at the surface temperature t, of
the heat exchanger, which is identical to the temperature of
the refrigerant, so that the relative humidity of the
circulated air decreases accordingly. In the conventional
cooling scheme in which the surface temperature of the heat
exchanger becomes equal to the temperature of the
refrigerant, since the surface temperature of the heat
exchanger decreagses and the dew-point temperature decreases
accordingly, the absolute humidity of air decreases,

resulting in a dehumidification operation. Accordingly, in

such an heat exchange system, mgisture within air is cooled



~ sensible heat, only the tenperature of circulated air can be changed

W thout a decrease in humdity, because the surface tenperature of the heat
exchanger becomes higher than that of the refrigerant dug AGqddi2002
above-described thermal gradient. Further, since absolute humdity is not
decreased, the amount of |atent heat of air does not decrease, wth the
resul t that cooling can be perforned to a sufficient degree even when a

smal | er, tqeReEavele fid theeBBf dewRidHdeneddd an@&ie%&p%bﬁ%%eb%men the

i nlet and outl et of the heat exchanger as conpared wth the case of a

convent i olsciRpgeat t& . théoutkhide Sik ftee foeRPEf afarér Ay tfiraskeat rgxchanger
is controlled through adjustnent of the anmobunt and speed of a refrigerant

fl owi ng t ltheghwohéds hesterspyc hangastedudj ust nent of the tenperature and

hum dity of air becones possible. As described above, according to the
present inventi Yeanvhile, ddve lspechbf ¢ renthalpyobf mgetappiar atsusknalinch can
perform caqol i.ng operatjaon at an arbitrary tenperature and humdity through
fine adj udOndAFrErse HeLltdy thecabselpes umidisy ?WE“ Heatconst@afger . |1 n order

to enhancgzthe e;f ect % at ent, hea ther accunul ati ng nedi um havi ng
a hi gh spec™PELarifea Eﬁpﬁﬁt’y"l R’HFEF ei.‘?é:e&xﬁ aRgdeebYiderant. In

h , th |
oo ool IbhRL ROk SacRRAEY, Yhe ng@&rrgw B Bl E T Ty be
used as a ZRhGk 8k i&eeﬁm&a&neqwamerdecﬁéaﬁgu 3 rucﬁe‘f%er'ia materi al

i ncl ude synthetic resins such as plastic, synt and ceram cs:

As descri bggd,2Baye, t%nt%]ngﬁ-:;[ G20k nalf?é%%e B¢ ﬂ?‘éc 039n8RR2h3 LygeQf the

present i nventi on, exchanger as a Ssur e te era ur_e |ghe_r t han
t hat of atqm\mmtewﬂﬁa dfdlete $ENBRE HedtO kBHaRfe rmtaféea{ having a high

heat conductivity such as copper or alum num Dby an anount corresponding to
t he t her nedongrideéredt a oheddnsargt eonditivavifogy effectiveptcoandrichgetivity.
Therefore,.cpoling is effected 7
That is, since the amount of latent heat of air is small, a
required temperature cannot be maintained unless a certain
temperature difference is provided for the internal and
external thermal loads. Accordingly, when cooling is
performed through use of the conventional heat exchanger,
air is dried and energy is wasted, due to the very nature of
the heat exchanger.
When the conventional cooling apparatus and cooling
method are applied to a cooling apparatus in which a
refrigerant is caused to flow throdgh a heat exchanger
disposed in a refrigerator or room in order to perform heat
exchange, the space inside the refrigerator or room is dried,
and in the case of the refrigerator, the cooling apparatus
and cooling method are not suitable for storage of flesh

foods for a prolonged period of time. In the case of

cooling the space inside the room, air is dried excessively,



28 August 2002 while absolute humdity is maintained high. Therefore, a
hi gh absolute humdity is maintained within the cooling apparatus, and the
amount of excess dew condensation and frost formation | 28dagusages wth
the result that the anobunt of energy consunption can be decreased. In one
aspect of the present invention, there is provided a cooling nethod in

whi ch a heat exchanger is fornmed of a material having a | ow heat

conduct i vigby thatida a1 defdr Gabant 65 rdistulral efahdpuah dddm et sfighanger.
In a second aspect of the present invention, there is provided a cooling

met hod i nwhichhcausespsratimgerabated & skagiedi t Wwarkhdet eaked, and the anount
and/ or speed of circulation of a refrigerant is controlled based on a
result of delserdbeécabavg, wodstiune awvitddin aeirhasgesolexd famded of a materi al
having a | ow heat conductivity, and the refrigerant is circulated through
the heat «leighagaed eutsideniar gefspaenator prerpemsimtthienvfomm of, there is
provi ded a cooling Eﬁ%ﬁfd I n_which a tenperature and/or a humdity is

det ect ed, “@t§TrnEeq 9 d 3PPS1Rf §¥TY¥heat exchanger is controlled based
on a result of the detection, wherein.the heat exchanger is formed of a
material having a | ow heat conductivity, and a refrigerant is circul ated

through t h ea5uRY CHRER - INVENTION

Recalled here is cooling by use of ice. Conventional
cooling through use of ice is known to provide a high
humidity. In cooling through use of ice, the melting
temperature of the ice is constant, and the surface
temperature of the ice is always constant. That is, while
heat is exchanged between the ice and air, heat is absorbed
by the ice at the surface thereof in the form of heat of
fusion. Therefore, during heat exchange between the ice and
air, the dew-point temperature is constant, and only the
temperature of the air changes without a decrease in the
humidity of the air, so that cooling can be effected while a
high humidity is maintained.

An object of the present invention is to realize a
cooling apparatus which does not decrease humidity as in the
case of ice, and which produces a smaller temperature
difference between an inlet and an outlet of a heat
exchanger, i.e., reduces energy loss. In order to achieve
the object, in a cooling method and cooling apparatus of the
present invention, ‘a material having a low heat conductivity

is employed as a material of a heat exchanger, in place of



28 August 2002 In a fourth aspect of the present invention, there is
provided a cooling nethod in which a heat exchanger forned of a nateri al
having a | ow heat conductivity is disposed within a cool2Buget20027, and a
refrigerant is circulated through the heat exchanger. In a fifth aspect of
the present invention, there is provided a cooling nethod in which a
tenperature and/or a humdity is detected, and the anount and/or speed of

circul ati ancBhvant ER4 0/ ARb1hgad HiidliatInRFERy Lhil fl! of Lhe

detection, wherelin a heat e nger formed of a mater aving a | ow heat
conduct i Vidoydu&t sy $0P St hVakshicBope & ial@m$RGh | WihcraMhidae vhaf rigerant is
circul ated through the heat exchanger. In a sixth aspect of the present

i nvent i onsurlfare tempemativedod thellieat exthatdgén eiaih ta tedyeper at ure and/ or
a humdity is detected, and the anount of air fed to a heat exchanger is
control | edempesgtune 0f as yefrdferant debuet t@remplioyment bficaheat exchanger
Is fornmed of a terial having ,a | ow heat conductivity and di sposed within
a cool i ng MAEEELBH, BAVARG & deMi et RONAUCELVELY at 2 Ehehalg 9 redd engat

2 Cool ' e PRBAFHT RAER fha; cebtRARGBE Fof nle (RUF 4R G Ehehavi ng o
a coo RAONARCU cHs |- i e &

St uctur e Tar Beckahded” L ATt hRE, 10 SR et P out si de
and a ref igeraat bRehindall Betdnbbnpte Bisheela @t Iger . 11 an i ghth

aspect of the present 1nvention, there iIs provide ool ing nmethod in

Wi ch a t efgferigkhft andofle Rabéefidis Yause IERE UL cbHahferapgunt - and/ or
speed of circulation of a refrigerant is controlled based on a result of

t he det ecthawe, awserface ddrgpeiratncaariyare fror thd témpermivard alf having a | ow

circulated air. That is, since the heat exchanger has an
increased surface temperature, the dew-point temperature
increases accordingly, so that the absolute humidity is
increased. Since cooling is performed in a state in which
the absolute humidity is maintained at a high level, the
relative humidity is increased, and cooled air having a high
humidity can be obtained.

Although the refrigerant exchanges heat in the form of
sensible heat, only the temperature of circulated air can be
changed without a decrease in humidity, because the surface
temperature of the heat exchanger becomes higher than that
of the refrigerant due to the above~described thermal
gradient.

Further, since absolute humidity is not decreased, the
amount of latent heat of air does not decrease, with the
result that cooling can be performed to a sufficient degree

even when a smaller temperature difference is produced



heat conductivity is disposed within a cooling section having a structure
for being thermally insulated fromoutside, and the refrigerant is
circulated through the heat exchanger. In a ninth aspec8®uguse2@gr2esent
invention, there is provided a cooling nethod in which a tenperature and/ or
a humdity is detected, and the anount of air fed to a heat exchanger is
controlled based on a result of the detection, wherein the heat exchanger
is fornmedpatwaenBiky | @lldtaknddot]Wote Rhe CREGE! yicHalnyedN@dgdi sSposed within
a cooling section having a structure for being thermally insulated from
out si de, eabflparé@fwitgetiet cabeCof Glllcendnt D6LaD M- ate@t, eugdanger. In a
tenth aspect of the present invention, there is provided a cooling

appar at us thenpurfacy tenvexhtexe hafhigde heatreexciarsgermtiar icehtiralilag a | ow
heat conductivity; and a refrigerant circulating nechanismfor circulating
a refri gethmoughr adiistinenthofit tha cinovgsr angbspe@B ofugustef20garantan

el eventh aspect of the presepnt invention, there is provided a cooling

appar at us lnwing; W%F‘i‘,tgﬁf‘feope?éc‘?’f‘ﬂﬁ'\ﬂﬁﬁ haﬂja}éaﬁi'&'ﬁcﬂfoﬁhﬁeans f or
detecti ngg%a%%??@ﬁ@é uuafnec{ ?‘E}g‘/ig?‘tg c{#@ﬂj F%@@%ﬂ Wholacslk}_rP %nt rols the anount

and/ or sp circula erira itedtim or an

anti fr eezq 39e0hed agsldN akchfdihd & t%@epggééﬁé Lﬂgkebg;im% @ﬁhggti on means,

sai d apparatus conprising a heat exchange or e mat'eri al having a

| ow heat eQnduet b¥td nednd c@oﬁ.fﬁ%ié&ﬁia@:@ttuﬁi WRLeRIdAD JEGep sm for
circulating a refrigerant through the heat exchanger.” In a twelfth aspect

of the prespeltingnygetativon bear arbitarydeempetoirendhamddisyi ncl uding a
control section which has detection neans far detecting a tenperature

and/ or a. luhrodighy fine adjusitmennt ol thd sardavantempermturfecdft ehehe heat
exchanger based on a result of the detection by the detection rmeans, said
appar at us heapekshangehe heat exchanger forned of a material having a | ow
heat conductivity; and a refrigerant circul ating mechani smfor circul ating

a refrigerant tIfr oudArt¥e endancexeharrfdiect afalekent gt dspect of the
Cxchanger TS BPCURHATRENENLIR I entof RESE BRI WY and| di sposed
wthin a Cc%(i)laic'lesfgt{)P&exad%qYauQL& C&H aat irﬁgrgﬁerant. In this case,
no limitation is imposed on the material of the thermal
accumulating medium.,
Any material having a low heat conductivity may be
used as a material for the heat exchanger. Examples of such
a material include synthetic resins such as plastic,
synthetic rubbers, 'and ceramics.
As described above, in the cooling method and cooling
apparatus of the present'invention, the heat exchanger has a
gsurface temperature higher than that of a conventional heat
exchanger formed of a material having a high heat
conductivity such as copper or aluminum, by an amount
corresponding to the thermal gradient of the material having

a low heat conductivity. Therefore, cooling is effected



, 28 August 2002 nechanismfor circulating a refrigerant through the heat
exchanger. In a fourteenth aspect of the present invention, there is
provi ded a cooling apparatus includong a control secti @8 Adgust 2002
detection neans for detecting a tenperature and/or a humdity. and which
controls the anmount and/or speed of circulation of a thermal accunul ating
medi um or an antifreeze agent based on a result of the detection by the
detection neans, said apparatus conprising a heat exchanger forned of a

material whilagabsoBitedamidiRyutes iNainFadhedhiphsedhFEehPRea 2ool i ng
section'; _and a circul ating.mechanismfaqr gircul ati a ref.ri gerant through
t he heat @%6Haﬁb%?¥“q?:%¥mP3FF¥eﬁ?Hm5§ﬁ€3Pe§f“fﬁ%f$r ﬁf“ﬁﬁ&%ﬁtion, t here

the heat Bighanger: F it on,
ot bct on vBRRECRE ARG Aptint AL R aBR oS PerRia A L TE T

control s tdb}%s%memc?}ha@{o@iirs tiedrbfsad Neak ¥ rbapasa1 Paapst aimed result of the
detection by the detection neans, sald apparatus conprising the heat

exchanger Funedosf eferii eonaumpe¥onan bewdeeatagsedductivity and di sposed
within a cooling section; and a circulating nechanismfor circulating a
refrigerant through the heat exchanger. In a sixteenth aspect ,of the
present inventi &R OPRePEPESt Py it Pressat Agvestdrtrudhed®piiSsi ng a heat

exchanger P@B@‘iﬁe f aac%tl%xigahe%‘éid"'an‘_v)h‘i\@hh%a&xegcih exthanlglist 52002

conductivity and di sposed wthin a cooling section having a structure for

bei ng t her wakhed i ds W ﬁa@@r&éﬂ%%rﬁ*}@lo@nﬂe@tC&Jrﬁiﬂc‘%ﬂv‘l@:y@%“ﬁnhsm for
circulating a refrigerant through the heat exchanger. In & seventeenth

aspect of rhfrpgesantt iisnedrtubated dirouigh phevieled exdha@lgery appar at us
including a control section which has detection neans for detecting a

tenperat ure andiwra asdwsindi dspact $bi the CPPés@hE {hHecntDon, eRdirar speed of
circulation of a thermal accunul ati ng nediumor an antifreeze agent based

on a resuls @revdedtageohing pethedt ot vhicheantemperature

and/or a humidity is detected, and the amount and/or speed
of circulation of a refrigerant is controlled based on a
result of the detection, wherein

a heat exchanger is formed of a material having a low
heat conductivity, and the refrigerant is circulated through
the heat exchanger.

In a third aspect of the present invention, there is
provided a cooling method in which a temperature
and/or a humidity is detected, and the amount of air fed to
a heat exchanger is controlled based an a result of the
detection, wherein

the heat exchanger is formed of a material having a
low heat conductivity, and a refrigerant is circulated

through the heat exchanger.



'sai d apparatus conprising a heat exchanger formed of a material having a

| ow heat conductivity and di sposed within a cooling section having a
structure for being thermally insulated from outside, ars fudgist@ebati ng
mechani smfor circulating a refrigerant through the heat exchanger, In an
ei ghteenth aspect of the present invention, there is provided a cooling
apparatus including a control section which has detection neans for
detecting a tenperature and/or a humdity and which controls the amount of
air fed to a hggi‘ axEnuntlraspach of e pyeisensf inventierctihgreist he

det ecti on_ BEaNSacdal AR L HEAML! Shidn! henDea!o RAChANIC e LgEed of a

mat eri al rng a | ow heat Tonductivity an i sposed W n a cooling

sect'on Nayiend fabdsiiol Wabihga PRl conliuctBUply 23021 IHRLAR | Y

i nsul ated from out si de; and circulating nechani'smfar citculating a

refri ger antrithiRuUghcddIEnde abceX6RANGR a QBEEE?%@%TIQ‘ME&HE DRAW NG5S

FIG 1 shows changes on an air chart in a cooling apparatus of the present
i nventi on &hdough atleoheatt emohanga@o] i ng apparatus; FIG 2 is a schematic
vi ew showi ng a net hod of heat exchange in the cooling apparatus of the

present inventiap an¢i#tHeLE88:0fofole PrIRNIL inGehBoh OMMESEd G2l COOl i Ng
apparatus; FIG 3 is a diagramshow ng an exanple of a refrigerator in

whi ch the esovidgdappareling cletthnd gmesdvichi avbemperateresed; and FIG 4 is
a diagram showi ng an exanple of an air conditioning facility in which the
cool i ng apPB4ES umiddty, 18 Aateqhedat ABA the ANQUNtERGH/RNEDEPEER CARRYI NG

OUT THE | NVENT] ON .The regent i pvention mﬁll be described in nore detai
with refer8hc@ Y 0%c8 n%a’F@f‘?fg]ed:F‘% gsconrglied dbaged-ABnatic view

show ng hegaﬁﬁpgEﬁp%$F£PP%§gtﬁgq]i%grgghhod and cooling apparatus of the

present inve / erant’ flows I'nsi de a heat exchanger (cooling
B2 S SOl BaelIPHAPY A %
convect i onhéheveorddicrughtynes "@alpdreaN@igRin 3a oling section, and
the refrigerant is circulated_through the heat exchanger.
In a sixth aspect of the present invention, there is
provided a cooling method in which a temperature
and/or a humidity is detected, and the amount of air fed to
a heat exchanger 1s controlled based on a result of the
detection, wherein
the heat exchanger is formed of a material having a
low heat conductivity and disposed within a cooling section,
and a refrigerant is circulated through the heat exchanger.
In a seventh aspect of the present invention, there is
provided a cooling method in which a heat exchanger formed

of a material having a low heat conductivity is disposed

within a cooling section having a structure for being
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28 August 2002 which is provided within a refrigerator or roomfor which
the cooling apparatus is provided. Heat exchange with the circulated air 2
is perforned on the surface of the heat exchanger 3, so FgAhghdtee0pr cul at ed
air 2 is cooled. The heat exchanger 3 of the present invention is forned of
a plastic, which is a material having a | ow heat conductivity, and
therefore has a thernmal gradient. Therefore, a difference is created

bet ween t henbenPEIRtifistildakelNEr&P Vastideyr ARG G hattaearaie §8fri gerant and
t he heat exchanger 3 and the surface tenperature of the heat exchanger 3,
and t hus t bereuldtet tiawpghathe chedt ekehliftgér exchanger 3 becones hi gher
than the tenperature of the refrigerant. Accordingly, the dew point
tenperature of traeahealqB¥e ticE C@@%&%@éntvﬂﬁ%ﬁﬁi&{,e%ﬁeoige 1, a
description will be given of changes in the state of air in the heat
exchanger BFoVhdegraseerling mathed im shichsaobemperptarrenir chart, changes
in the coolin9 met hod and coqol i ng apparatus of the present invention. Point
A i ndi cat e@nd/e¥ a3 humidigycps sAdetectedy apgstheamoith dndy ol skreda
tenperature T1, In order to cool {he air, the air_is circulated such that

it passes RFoGHECHIHELAN Sf-RLFBEFLIIRFANLgLS Soptrrkled @Pedtb. Since

the heat exchanger_is fo d of a terial having a | ow heat conductivity,
the surfac&®fl e‘?gt%}eec{'ag‘ésp?ﬂb "ngd:telé‘xchanger 3 becones higher than the

t t td of i i Nndi . | j C, th
omper atur o of Srbaf SEMEERETRbemel A1 RRLEPIRY BB Aok 0% ('

heat , exchagggt- CRNIAS ity M3 lal fpdBed WikRifl o SSbYMf!HactQBR the humidity

changes fromxl to x=, so“that t alr réaches an equilibriumpoint B. At

that "t e, piGengip el foi Yodlng RRchi1iF fIRRNFA8A0kan? | ovel cl ose

to a maxi mrum water vapor anount xb the surtace tenperature tb of the
heat exchaggedidé@ridahestafeiddrati AEabneulHed ThabRghebhel HOALFI G 1,

t he maxi num wat er vapor ampunt xb at the surface tenperature tb of the heat
exchanger ekchdwgex.esent invention is greater than the nmaxi mum water vapor
anount x, of the conventional heat exchanger whose surface tenperature
becomes equal tdntaeniwtpeispdate offf thBeptestsngeimndntitng theper asur e

di fference betweenp the tenperature T~ at_ the equilibriumpoint B and the

surface t eRPRYHHRA & (WU ghBekBat Skt (% W& TRed i n accordance
2;22a;32r?gﬁéé&gﬁgﬁg%gﬁg%éa?%gd'ﬂ%ﬁﬁkgfgagi%%gggggﬁﬁaé%;ﬂg%n%ggf@§?£cuIated
Shoun 10 LAehedP WiotingdPn 9k Desnt I A phBEa G '] IRGATL oknehle, Sxanpl €

shown in F ace tenperature o eat exehanger is

subst ant i ajjbyedtforsaheraihne tenperature at the equilibriumpoint H so
that the surface tenperature of the heat exchanger is close to the

dew poi nt t enpe¢ré WeatofextRBngaHi 1d HorBUPeE N dhteli@iehaiengt e absol ute
hum dity at the equilibriumpoint B reaches a |evel close to the maxi num

wat er vapoLo@iedtt diinduleieduy|add idippsedtwithin @ coblg@ngesattyen hum dity
reaches a very high level close to 100% Further, in the cooling apparatus
of the prebawning rvertiiuctprei fioe leimgghhbunally yinsnlakedt iroed, t he anount
10 28 August 2002 of latent heat of air is large, so that air can be
cool ed outside, and a refrigerant is circulated through the heat

exchanger.

In a tenth aspect of the present invention, there is
provided a cooling apparatus comprising a heat exchanger
formed of a material having a low heat conductivity; and a

refrigerant circulating mechanism for circulating a

refrigerant through the heat exchanger.
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sufficiently even when the surface tenperature of the heat exchanger is
slightly lower (e. g., 2C lower) than a desired air tenperature. That is,
control can be effected even when the m ninum differenceghggeserodehe inl et
tenperature and the outlet tenperature of air passing through the heat
exchanger is 2 to 5C. Conventionally, it has been considered that cooling
cannot be effected with such a small tenperature difference. However, in

t he cooling nethod and cool i ng apparatus of the present invention, due to a
hi gh absol ut e Hinmath televienthaaspettodf | ehenprdmait dhventiongrelases, so t hat
t he heat exchanger, can have a.sufficient | evel of heat reception

capapi;ané@sé§§1ﬁ??daah88?1Fﬁﬁd?PH?EﬁQHﬁwiﬂcyﬂﬂ&Pﬂh6 Saﬁtﬁ%lperforneq to a
Ferper at uriSaret Al il MeE " tehge P RERF Eof RS0 Arough ¢ he heat
and out et CTHNey aTe aBu/b8 R NELEN ARl B! Komek TR0t SEONRL ey
a refriger ghd/oPfsgdta preeepbnl Vi b¥Nat BRbrmA SRicumd18€indakbeiun
or an antifreeze agent based 6n a result of the detection by
the detection means,
said apparatus comprising a heat exchanger formed of
a material having a low heat conductivity; and a refrigerant
circulating mechanism for circulatihg a refrigerant through
the heat exchanger.
In a twelfth aspect of the present invention, there is
provided a cooling apparatus including a control
section which has detection means for detecting a
temperature and/or a humidity and which contrals the amount
of air fed to the heat exchanger based on a result of the
detection by the detection means,
said apparatus comprising the heat exchanger formed of
a material having a low heat conductivity; and a refrigerant
circulating mechanism for circulating a refrigerant through
the heat exchanger.
In a thirteenth aspect of the present invention, there
is provided a cooling apparatus comprising a heat exchanger

formed of a material having a low heat conductivity and

disposed within a cooling section; and a circulating
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Tenp. inside refrigeratorinlet tenp.Qutlet tenp, Relative hum dity0COC 2C86C
Qutside air tenperatures 25C 11 28 August 2002 Next, a description wll
be given of a refrigerator or freezer for storing natur @8 Augpadt082 and
processed products in which the cooling nmethod and cooling apparatus of the
present invention is used. FIG 3 is a schematic di agram show ng a typical
cooling schene of a refrigerator. In the case of a refrigerator, a
refrigerant is _conpressed, b ns of a_ conpressor 32 so that the
refrigerat &ecg‘éei')%sg%a‘f’e'ﬁy‘\}gggpqh%v’f‘?fg“&el'ﬂaﬁﬁ Féﬂ%‘&%tﬂ}% a high
pressure. 'Qi%h%nggi.corrpr essed refrigerant is fed to a condenser 33 di sposed
outside the rerrrgefator, and liquefies there due to heat exchange
performed with ajr_o ide the refriger r by neans. of canvectjon. After
passi ng t hr oughi‘gnaeg%'g%g?%’hﬁ}/eﬁsyéa 4?:‘?%%3' Péﬁ% ‘?‘éd“?"e?"rl é’é’r’a%k’efsaches an
evapor at or i8lpradided td eedddfihigd appakatts e Beding ai lconitkBiln t he
refrigerator and evaporates. Subsequently, the refrigerant re-enters the
conpr essor sg2tidhi shiglk|las sleteptidrdnedns forhdeteetingerator, the
refrigerant flows through a pipe in order to absorb heat fromair or
product i ndieawerpturefand/mohumidithanbahingh centoelaihe caiqund
apparatus of the present invention, since a cooling pipe through which the
ref ri ger antand/gFsspeed pheirsulatigr et 4 theymal acewmmdaekng ediom vity, a
t enperature differgn e is producgd bet ween the_te eratg([e at. the contact
surface betfedR BRELELSRIHA9sntePafgd (M & ZEEPEE SR EDA ARYRFENN DY
tenperature,of .th ooling.pipe, so that the surface tenperature of the
cool i ng pi S@%&g&%ﬁﬁlﬂ%‘g‘ﬁ% %han the tenperature of the refrigerant. As a
result, the dewgpgjn POE[AL 2906 ing pipe
IS increased, ar?t%%%é?é?or e,ét%éngggéﬁ%%e t?rtﬁ %?tcﬁgggégl SO | n&c%géasé;d.

Ther ef or e, paterial ahhvend WG Yehasdfuck iNig) hRIehi Spase WE i34 so
that cooling can be effected while a high humdity is nmaintained. Next, a
descri pti ora wdolihg geveiowf and ai tipouhtiingneechanismvEay space which is
provi ded inside a building or a vehicle such as an autonobile and in which
t he cool i ngirealadingda comfyigprappathtasylofthiehbept eexeliangment i on i s used.
FIG 4 shows a typical exanple of an air conditioning facility. Air that is
condi tioned by HRARSePELadh @l ladpi UEORRE flebénsUnNdiiong &hbirei ng
space, and a correspondi ng amount of-air is ventilated fromthe living
space. Thuss prévidedfa aiqoling appazdtus incheding depaddopr oper
purification andgag"bust nent of tenperature and humdify in the air

condi t i onerSePEipd Whichhas rdetpckion; meansfioF fighedbing 3 he |iving apace

i i ly.duct 4 d i \Wh t t i
e o SRR S, AoRETE, B0 OB, TR S
heat ed i .t | i i | | t t t . Wh
the tenpor aitidn $eRi'ER & Rbdc REhARaG: TARH b B SUBHEE ofCHEES TS L/ Co0r

the space, fifedid¥n"g atﬁéq{@%&-ggv?é%'tenper ature is supplied. A device

for applying heat ene¥gy to al eating is called a heat source 47,

while a device foid QEpEtud ApRASLAY (RO chehafigal fggh%?f@f' ed a

heat sink 44. In the present enbodinenf, cooled grater “coo nmeans of
the heat sidlnaAfrialSHAPingh lawahea! éaiHubtilvi4g ahdt despessent invention

13
within a cooling section; and a circulating mechanism for
circulating a refrigerant through the heat exchanger.
In a sixteenth aspect of the present invention, there

is provided a cooling apparatus comprising a heat

exchanger formed of a material having a low heat
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28 August 2002 provided in the air conditioner 41 via a cooling water pipe
45. The heat exchanger of the cooling unit 46 of the present invention is
formed of a material having a |ow heat conductivity andafaugust pegarel
gradient. Therefore, a tenperature difference is produced between the
tenperature at the contact surface between the heat exchanger and the
refrigerant and the surface tenperature of the heat exchanger, so that the
surface tenperature of the heat exchanger becones higher than the
tenperature of the cooled water. As a result, the dew point tenperature of
the heat exefiangeivity andr agspoked writhih &06boéIthd Fedtdof hacigg while a
high humdity is maintained. The tenperature and humdity within the |iving
space are sbosctuxk fprubeing theowsldy 48sahatedcfrmmamamtsidet datiaaare sent
to the air conditioner 41. In accordance with detection signals fromthe
sensor, thelsfulatondg mechanian forcdysudatibog decrefsigenapg &hwanghof cool ed
wat er supplied fromthe heat sink 44, regul ates the amount of circul ated
air, and pEhPedreAt ¥ANGBRtrol s, thereby adjust the tenperature and

hum dity of air. In the above descriptions in relation to coolin
appar at uses for IR 3 cfeYQraadh aspest| Pfi khe sperent IWeRtigni okPRE® been
given of DasigrSPREld £ Udoilfg0bpBabiBhs AnsAflil) SXah@Bpln whi Ch the

cool i ng apparatus of the pres nvention. I's used. However, the cooling

appar at us gade £GP SN RhEOdefbot 1t Hn'éﬁﬁ@?%oi: WAEdiGhg & Not limted

thereto, and can be applied to any kind of cooling systemin which air in

the form otefipéfathdtecdndy/bri & mantdEdyt @ndcwRich ldbntréd sAtieSamd@Rg around a
refrigerant. 1 NDUSTRI AL APPLI CABI LI TY As descri bed above, the cooling

appar at us and/aodcipeegl oft bddcalativn pfeaehheimak idamudadingemadiGor
cooling a refrigerator or freezer for storing natural products and
processed Proamocantifrenzel agent drasasblonng resplt mf ddecdepegtidedbynsi de a
bui I ding or_a vehicle such as an autonobile. 15 28 August 2002 CraAl Vs 1.
A cool i ng kBendetesEigy ®8aBSheat exchanger is forned of a material having a

| ow heat conductiyjty, and a .
saf& Q%paratus comprising a heat exchanger formed of a

material having a low heat conductivity and disposed within
a cooling section having a structure for beiné thermally
insulated from outside; and a circulating mechanism for
circulating a refrigerant through the heat exchanger,

In an eighteenth aspect of the present invention, there

is provided a cooling apparatus including a control
section which has detection means for detecting a
temperature and/or a humidity and which controls the amount
of‘air fed to a heat exchanger based on a result of the
detection by the detection means,

said apparatus comprising the heat exchanger formed of
a material having a low heat conductivity and disposed

within a cooling séction having a structure for bheing
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.refrigerant is circulated through the heat exchanger. 2. A cooling nethod
In which a tenperature and/or a humdity is detected, and the anount and/or
speed of circulation of a refrigerant is controll ed bas28Aagust 20802ul t of

t he detection, wherein a heat exchanger is formed of a material having a

| ow heat conductivity, and the refrigerant is circulated through the heat
exchanger. 3. A cooling nethod in which a tenperature and/or a humdity is
detected, and the anmobunt of air fed to a heat exchanger is controlled based
on a result of the detection, wherein the heat exchanger is formed of a

naterial1ﬂgyln l,ow heat conduct|V|t% and a refrigerant is circul ated
t hrough t Wﬂéi;ye%ﬁﬁﬁﬁ%%ﬁ from\optsidey st RoGirfulRtE®g a heat exchanger

f d of h hea du di d hi
cool i ng A B S AR Jurlne PebefPank birbishote Dhheat

eXChangeerchanger.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows changes on an air chart in a cooling

apparatus of the present invention and in a conventional
cooling apparatus; FIG. 2 is a schematic view showing a
method of heat exchange in the cooling apparatus of the
present invention and a method of heat exchange in the

~ conventional cooling apparatus; FIG. 3 is a diagram showing
an example of a refrigerator in which the cooling apparatus
of the present invention 1s used; and FIG. 4 is a diagram
showing an example of an air conditioning facility in which

the cooling apparatus of the present invention is used.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in more detail
with reference to the accompanying drawings. FIG. 2 is a
schematic view showing heat exchange in the cooling method
and cooling apparatus of the present invention. A
refrigerant flows inside a heat exchanger (cooling pipe) 3
from a refrigerant inlet 1 toward a refrigerant outlet 4.
Circulated air 2—which is circulated forcibly or by means

of natural convection—flows through the heat exchanger 3,
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5. A cooling nethod in which a tenperature 16 28 August 2002 and/or a
humdity is detected, and the anount and/or speed of circulation of a
refrigerant is controlled based on a result of the dete@8iAugust@d®2ei n a
heat exchanger fornmed of a material having a | ow heat conductivity is

di sposed within a cooling section, and the refrigerant is circul ated,:

t hrough the heat exchanger. 6. A cooling nethod in which a tenperature
and/ or a {Quuéri Irovdabs i ~?g§agg bbmf t eat
exchangermiis lgo%ﬁ/rﬂgl%l ed bgggﬂuotﬁ%gr%ggt t of I‘i%fg g?‘é‘c?lggnﬁhg%‘gr ein the
heat exchgnRgedodBirdappdratud IBibvaiedaVinedtackoaigaty GAN AL i vity and

di sposed within a cooling section, and a refrigerant 1s circulated through
the heat eictmlupsad air A teopérfprimedhof tie vihirdace BEathexgbapger forned
exchahger 3, so that the circulated air 2 is cooled. The
heat exchanger 3 of the present invention is formed of a
plastic, which is a material having a low heat conductivity,
and therefore has a thermal gradient. Therefore, a
difference is created between the temperature at the contact
surface between the refrigerant and the heat exchanger 3 and
the surface temperature of the heat exchanger 3, and thus
the surface temperature of the heat exchanger 3 becomes
higher than the temperature of the refrigerant. Accordingly,
the dew-point temperature of the heat exchanger is decreased.
With reference to FIG. 1, a description will be given
of changes in the state of air in the heat exchanger of the
present invention. FIG. 1 shows, on an air chart, changes
in the cooling method and cooling apparatus of the present
invention. Point A indicates a state in which air has an
absolute humidity x, and a temperature T,. In order to cool
the air, the air is circulated such that it passes around a
heat exchanger having a surface temperature t,. Since the
heat exchanger is formed of a material having a low heat
conductivity, the surface temperature t, of the heat
exchanger 3 becomes higher than the temperature t; of the
refrigerant. As indicated by the solid line C, the
temperature of the ¢irculated air—which flows along the

surface of the heat,exchanger—changes from T, to T,, while



of a material having a | ow heat conductivity is disposed within a cooling
section having a structure far being thermally insulated from outside, and
a refrigerant is circulated through the heat exchanger. 3 ady#20b#9 met hod
in which a tenperature and/or a humdity is detected, and the anmount and/or
speed of circulation of a refrigerant is controlled based on a result of
the detection, wherein a heat exchanger fornmed of a material having a | aw

heat condiygel nuhzaiﬁychtﬁaq@%@dfw.mntaﬁ OlsbNghSECLhOhir recf%&\eﬁugust 2002

having a structure for bei'ng t her mell l'y i isul at ed from out Si and t he

refrigeranin eguel (6t gbifltr sUght RaabeainexaanakolQte naR24i1HY et hod
in which a tenperature and/or a humdity is detected, and the anount of air

fed to a hefathexahanperddcreasetr bh | £d dvadecdlose atd e Wdx infurd k@ tdet ecti on,
wherein the heat exchanger is forned of a material having a
vapor amount x, at the surface temperature t, of the heat
exchanger, and that state la maintained. As is apparent
from FIG. 1, the maximum water vapor amount %, at the
surface temperature t, of the heat exchanger of the present
invention is greater than the maximum water vapor amount X,
of the conventional heat exchanger whose surface temperature
becomes equal to the temperature of the refrigerant.

The temperature difference between the temperature T,
at the equilibrium point B and the surface temperature t, of
the heat exchanger is determined in accordance with the heat
conductivity and thickness of the material of the heat
exchanger, the surface area of the heat exchanger, the
amount of circulated air, and the amount of sensible heat of
the refrigerant. In the example shown in FIG. 1, the
surface temperature of the heat exchanger is substantially
the same as the temperature at the equilibrium point B, so
that the surface temperature of the heat exchanger is claose
to the dew-point temperature of the equilibrium point B.
Therefore, the absolute humidity at the equilibrium point B
reaches a level close to the maximum water vapor amount at
the equilibrium point B, i.e., the relative humidity reaches
a very high level close to 100%.

Further, in the cooling apparatus of the present

invention, since a high humidity is maintained, the amount
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| ow heat conductivity and di sposed within a cooling section having a
structure for being thermally insulated fromoutside, and a refrigerant is
circul ated through the heat exchanger. 10. A cooling neRB@dhiguee00l ng to
any one of Clainms 4 - 9, wherein the cooling section is a storage contai ner
for natural products. 11. A cooling nmethod according to any one of Clains 4
- 9, wherein the cooling section is a storage container for processed

product s. 5¥23 afef@Udat9 oFehL NP di ACGREI, NHot Endta 13Nt bE 8bBRed -- 9.
wherein the cooling sectionis a living space. 13. A cooling nethod

accor di ngsh@fasyely @venl Rhah the sufanb et @mperdtareoolfi Bgesaehton is a
living space 18 28 August 2002 provided in a vehicle such as an

aut onobi | exchafféep, iamldighplentowdr t(leegl i ke°c 1éwep) CORhh NG d&s s accor di ng
to any one of Clains 4 - 9, wherein the cooling sectionis a |living apace
air temperature. That is, control can be effected even when
the minimum difference between the inlet temperature and the
outlet temperature of air passing through the heat exchanger
is 2 to 5°C. Conventionally, it has been considered that
cooling cannot be effected with such a small temperature
difference. However, in the cooling method and cooling
apparatus of the present invention, due to a high absolute
humidity, the amount of latent heat of air increases, so
that the heat exchanger can have a sufficient level of heat
reception capacitance against a heat load. Therefore,
cooling can be performed to a sufficient degree even when
the temperature difference between the inlet temperature and
the outlet temperature of air passing through the heat
exchanger is small. That is, energy is not wasted. Table.
1 shows the inlet and outlet temperatures of the heat

exchanger and the relative humidity in a refrigerator of the

present invention that is set to 0°C.

Table 1
Temp. inside X Relative
refrigerator Inlet temp. Outlet temp. humidity
0°c 0°c -2°C 86°C

Outside air temperature: 25°C
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provided in a fixed structure on the earth such as a building. 15. A
cool i ng apparatus conprising a heat exchanger fornmed of a material having a
| ow heat conductivity; and a refrigerant circul ati ng neg#angast 2002
circulating a refrigerant through the heat exchanger. 16. A cooling
apparatus including a control section which has detection neans far
detecting a tenperature and/or a humdity and which controls the anount

and/ or speed L rcl Hqr gal [ [ r .an
antifreeze aggﬁ? h%fgﬁggp?%%ﬁ‘%ﬂo Iigt%hgﬁglgitrler%c#t ia%)r#%ﬁ%ggg]g?eg?i on neans,
sai d appaggbésef OFBY istoRing ALAIrLX phaadsts fMdigdolesdeMpebialehaving a

| ow heat conductivity; and a refrigerant circulating nmechanismtor

circul ati Bg Qhief rilgeicanlihgreeeivd haaheaélmf@}ﬁ%tulﬂof%ﬁeol ing
apparatus including a control section which has detection neans for

det ect i ngpgesenpeimiantdoands oised hurigi ty iand wehelatodtdpdgrdme amount 19

28 August 2002
showing a typical cooling scheme of a refrigerator. In the
case of a refrigerator, a refrigerant is compressed by means
of a compressor 32 so that the refrigerator becomes heated
vapor having a high temperature and a high pressure. The
thus-compressed refrigerant is fed to a condenser 33
disposed outside the refrigerator, and liquefies there due
to heat exchange performed with air outside the refrigerator
by means of convection. After passing through an expansion
valve 34, the liquefied refrigerant reaches an evaporataor
31, where the refrigerant is heated by air within the
refrigerator and evaporates. Subsequently, the refrigerant
re-enters the compressor 32. This cycle is repeated. 1In
such a refrigerator, the refrigerant flows through a pipe in
order to absorb heat from air or product inside the
refrigerator. In the cooling method and cooling apparatus
of the present invention, since a cooling pipe through which
the refrigerant flows is formed of a material having a low
heat conductivity, a temperature difference is produced
between the temperature at the contact surface between the
cooling pipe and the refrigerant and the surface temperature
of the cooling pipe, so that the surface temperature of the
cooling pipe becomes higher than the temperature of the

refrigerant. As a result, the dew-point temperature of the
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of air fed to the heat exchanger based on a result of the detection by the
detecti on neans, said apparatus conprising the heat exchanger forned of a
mat erial having a | ow heat conductivity; and a refriger @8tAuquse¢2bed i ng
mechani smfor circulating a refrigerant through the heat exchanger. 18. A
cool i ng apparatus conprising a heat exchanger forned of a material having a
| ow heat conductivity and di sposed within a cooling section; and a

circulati j f.06h . al ti igerant thr h _the heat
exchanger Egig.g&ia!giﬁqlﬁg lg_%%é%g%ﬁ's %}%c?tl}é?%gégg'cgﬁ}er oal%sg‘_:éi _tleon Wi ch has
det ect i on R[S s %ts%CtihBBeé‘séc?.”p%é}%‘f@reﬂ”Q/h%r ralagﬂw' ty and which

controls the anount and/or speed of circulation of a thermal accunul ating

medi um or hanianty f reprRsagenighas@kloR1dseetd! oo, e thakeebbingy the
detection neans, said apparatus conprising a heat exchanger forned of a

mat eri al lcani hg effentedicahitenaucigly ibyidhdy dis mesiact adinied.n a cool i ng
section'; and a circulating nmechanismfor circulating a refrigerant through
the heat exchalg¥k: polesgrdpsipngwibbhengdyennef vak miim control section

whi ch has detection nmeans .far detecting a tenperature and/or a humdity and

whi ch conCPBALtiPREL AL i¥Ang 8pace, sidchopsrrvided dagids a heat

h based l.t .of t detect i by. th tecti , id
appar at us "EHAFL 9 & HEHSAE EUEhARaR ABFRROE RS Anhidr MICHat PRy a | ow

heat condlé%liﬁ%ﬁ/m fia Qoggg%%%gpgﬁga?ﬁglg gtlf%éntqiqe%ge{ntand a circulating

mechani smtor crrculating a refr rough exchanger. 21. A

cool | N9 aRRGEALYSn CAMIde. 0 Fo N9 knBYE "E O ida0 KRdnBledofPhTagt having a

| ow heat conductivity and di sposed wthin cool i ng section having a

struct ure chanibebnng NeicTaliky.i nS &had {4 wbrtittSoded B?dméaﬁé regll ating
mechani smfor circulating a refrigerant through the healt exchanger. 22. A

cool i ng apmaadrueonditicmherg4d tendupgpliedctboa Wiy Epmcdgt andi an neans for
detecting a tenperature and/or a humdity and which controls the anount
and/ or speearesponding amoyntopfaaihekwienidtahed afiony thedilimiog an
antifreeze agent based on_ a.result of the detection by the detection neans,
sai d appafR@ge-c FptErsPn§lav Hehiaigdx dfaffertedy nrRdr obhat fndeyganeshavi ng a
| ow heat conductivity. and di spgsed.wi thin a_cpoling section having a
st ruct ure"fré’lpeﬁe?“ﬁl{'rfear 0y 9P‘$n§ ugtaent, 8h gﬁ"t‘%‘?‘%ﬁ“rfnd‘“g circul ating
mechani sm.f or. .¢i.[ C I a i hr, Qu £ exch er. 23. A
e SToigf K VI ESALPRERAL (oS8 Bl ed HonP S50

supply fan 42 to the living space via an air supply duct 43

aﬁd a supply opening. When the temperature is low, in order

to prevent decrease of the temperature of the space, air is

heated in order to supply air having a properly elevated

temperature. When the temperature is high, in order to

prevent increase of the temperature of the space, air having

a properly lowered temperature is supplied. A device for

applying heat energy to air for heating is called a heat

source 47, while a device for removing heat energy from air

for cooling is called a heat sink 44. In the present

embodiment, cooled water cooled by means of the heat sink 44

is supplied to a cooling unit 46 of the present invention

13



28 August 2002 section which has detection neans for detecting a
tenperature and/or a humdity and which controls the anmount of air fed to a
heat exchanger based on a result of the detection by t 28 Aegestt2002 neans,
sai d apparatus conprising the heat exchanger fornmed of a material having a
| ow heat conductivity and di sposed within a cooling section having a
structure far being thermally insulated fromoutside; and a circul ating

mechani S;BEeoi&éaqﬂ AHHeNdid E6AA1GRIRRM qh{rpyg& ééfgi_b,%g%{a%ggge@gsr- 24. A

cool i ng paratus according to any one ot Cains n the

cooling sgeti ofhd heatSbRERARSOVFALRB! cdOLiMAliNiR! 4B 8dUehs. 25. A cooling
apparatus according to any one of Clains 18 - 23, wherein the cooling

section i praseh®r dgeemdonaibefoimed POachatdr EDMHGEIRg 46104 Reati Ny
apparatus according to any one of Clains 18 -- 23, wherein the cooling
secti on i soadhtcvivityppacehad7a thaowll gradpeat at Chezefording to any one of
Clains 18 - 23, wherein the cooling section is a |living space provided in a
vehi cl e steppgsabwreudififierenge bo aqsduced hetyeemdhsy temperiakure2? 28

August 2002 28. A coolin%aaggaratus according to any one of  Clains 18 - 23,
wher ei n t R& EB8| FoRtacicBugtare betyssn, the heat gxshanger and theed structure

N e e S R

I's a syntReLhGnkER! "o that the surface temperature of the heat
exchanger becomes higher than the temperature of the cooled
water. As a result, the dew-point temperature of the heat
exchanger is increased, so that cooling can be effected
while a high humidity is maintained. The temperature and
humidity within the living space are measured by use of a
sensor 49 and the measurement data are sent to the air
conditioner 41. In accordance with detection signals from
the sensor, the air conditioner 41 increases and decreases
the amount of cooled water supplied from the heat sink 44,
regulates the amount of circulated air, and performs other
controls, thereby adjust the temperature and humidity of air.

In the above descriptions in relation to cooling

apparatuses for a refrigerator and a living space, a
description has been given of basic specifications of a
typical cooling system in'which the cooling apparatus of the
present invention is used. However, the cooling apparatus
and cooling method of the present invention is not limited
thereto, and can be applied to any kind of cooling system in

which air in the form of circulated air is caused to remain

14



.30. 'A cooling apparatus according to any one of Clains 15 - 23, wherein the
mat eri al having a | ow heat conductivity is a ceramc. 31. A cooling
apparatus according to any one of Cains 15 -- 23, wher28 Aughst 2082eri al
having a | ow heat conductivity is a synthetic rubber. 23
A, DAL AH AL A A959. ASL. Asé&. AF! LR AYLy. AFL. A9?. AY" ?. A9. AHL. A
I's. AL. An& A5L. A& A&, . A3H. AFH9e. AR. A] &e. A359?. A HI. Al L, . A9, 5SETU"'HI | NO
~ytoj e [ Unk6add & qadfidlyeshne] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal] c<a] ca] cal] cal] ca] cRa] ca] ca!
op_tuytojd_Yje [UU cU ca]cal] ca]ca] ca] cal cal] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
| H{ " $6" o" TNy TRENd PPPEI2MBEL KEYThD] Xj e [ UU] | ca] calU] ca] caU] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caU] ca] caU] ca
&'t (($) ***hs dgugribest above, \fhes cooling Jrpardtushieng eoplihgal] cal] cal]

RGeS AL A it 10 T
A R e S PR

V6 X666- 78 reod T i ;

o cecceprodfissd Mpduces po sl an. f0r copling & Living SRACE ) caj cal) cal
] caU] ca] cabhoaibe aisaidecal pailanisald aabbidra W Gal eal cal cal cal ca] caB???
?? B’ BCD1D7 DFDEEEEY&E&E- E@EFEf EoOEzEFzuoj d*XShc”YTj e] cal] caU] cal] ca] ca
U] ca] ca] capheakbbileal] ca] cal] ca] ca] cal] ca] caU] ca] calU] cal] caU] caU] ca] cal] ca]
calcaUcaU caUcaFG Il 1ol ~I111JJJKKPLYLLLL@NFNUNNNCeOgQOO PP

QQXXR~xsmhb] W e] caU] ca] cal] ca] cal] ca] cal] cal] cal] ca] ca] ca] caU] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca kR| R} RSSkTpTTmJUUUVVSWNVWKVWV
XUXt XuX&Y' YZZZZ[ | [[[[ ~ysnid_ZUj e] ] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal]
ca] cal] caU] cal] ca] caU] ca] caU] caU] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca

[B\g\\\] C] D] X] ] ] A<rvAn r "7 Q "aclc3c~cytnic]We]]U cal cal ca]cal]ca
] caU] caU] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
aJ ca] ca] ca

~cccddeeeefiijj VkXkkkkgpaqrrrr+rDrzrdsgsjsys{vpj d*YS el ca] cal] cal] cal] cal]
ca] cal] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal]
ca] caU] ca] ca

yssss#t Nttt t uVuj uuuvvPvvvvwKwgwwwwwx xx<xoxxzupkf a\ V] U] ca] ca] ca] ca] ca] ca] ca
U] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal cal xxyNyyyy zFz{zH{s{{{{{];

[rlx[|]1}/}5}}}}%~| vgke _YTNU] ca] cal] caU] caU] caU] ca] caU] caU] cal] cal] ca] cal]
cal] cal] cay] cal] caU] cal] cal] cal] caU] cal] cal] cal] cal] cal] cal] cal] cal] ca~~$QZ
\ BKNKhi - U~| wr mhc”~YTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] c
aU] ca] cal] cal] ca] ca] cal] cal] ca] cal] cal] cal] ca] cal] ca

~, @ KgObdGsvy}w | f [ Va]]ca] cal] cal] cal] ca] cal] ca] caU] cal] cal] ca] caU] ca] ca] c
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

s|1!'"/dn/lz|}wlf [Va]]ca]cal cal cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca5ETi K-1L910% h& ()-110%
h& ()-110% h& ()-fl110% h& ()- 10% h& () - &&10% h& ()-3910% h& ()- TU| i K-

| 710% h& ()-9! 10% h& ()-M |1 10% h& ()-110% h& ()-1910% h& ()-z

15



| 10% h&' ()-#310% h& ()- iH1710% h& () YL09%& ()-Y10% U& ()-9! SMLO%
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109& ()-31 & 109& ()-&LO%& ()- 10 UL0 UL0 Uf < 10% 28 August 20
CLAIMS

1. A cooling method in which a heat exchanger 1is
formed of a material having a low heat conductivity, and a

refrigerant is circulated through the heat exchanger.

2. A cooling method in which a temperature
and/or a humidity is detected, and the amount and/or speed
of circulation of a refrigerant is controlled based on a
result of the detection, wherein

a heat exchanger is formed of a material having a low
heat conductivity, and the refrigerant is circulated through

the heat exchanger.

3. A cooling method in which a temperature
and/or a humidity is detected, and the amount of air fed to
a heat exchanger is controlled based on a result of the
detection, wherein

the heat exchanger is formed of a material having a
low heat conductivity, and a refrigerant is circulated

through the heat exchanger.

4, A cooling method in which a heat exchanger formed
of a material having a low heat conductivity is disposed
within a cooling section, and a refrigerant is circulated

through the heat exchanger.

5. A cooling method in which a temperature
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1Y310% ()and/A}@ hhamEdiv{ O dotetéd)%nd ) tiél Glieulnk- hnd/or speed

109&' () - d$$$$$$$$4' bC | 710% 1YMLO%OE' () -: L: 10%08' () -
of circulation of a refrigerant is controlled based on a
result of the detection, wherein
a heat exchanger formed of a material having a low

heat conductivity is disposed within a cooling section, and

the refrigerant is circulated through the heat exchanger.

6. A cooling method in which a tempeérature
and/or a humidity is detected, and the amount of air fed to
a heat exchanger 1s controlled based on a result of the
detection, wherein

the heat exchanger is formed of a material having a
low heat conductivity and disposed within a cooling section,

and a refrigerant is circulated through the heat exchanger.

7. A cooling method in which a heat exchanger formed
of a material having a low heat conductivity is disposed
within a cooling section having a structure for being
thermally insulated from outside, and a refrigerant is

circulated through the heat exchanger.

8. A cooling method in which a temperature
and/or a humidity is detected, and the amount and/or speed
of circulation of a refrigerant is controlled based on a
result of the detection, wherein

a heat exchanger formed of a material having a low

heat conductivity is disposed within a cooling section
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exchanger.

9. A cooling method in which a temperature
and/or a humidity is detected, and the amount of air fed to
a heat exchanger is controlled based on a result of the
detection, wherein

the heat exchanger is formed of a material having a
low heat conductivity and disposed within a cooling section
having a structure for being thermally insulated from
outside, and a refrigerant is circulated through the heat

exchanger.

lo. A cooling method according to any one of
Claims 4 - 9, wherein the cooling section is a storage

container for natural products.
11. A cooling method according to any one of
Claims 4 - 9, wherein the cooling section is a storage

container for processed products.

12. A cooling method according to any one of

Claims 4 - 9, wherein the cooling section is a living space.

13. A cooling method according to any one of

Claims 4 - 9, wherein the cooling section is a living space
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14, A cooling method according to any one of
Claims 4 - 9, wherein the cocling section is a 1living space
provided in a fixed structure on the earth such as a

building.

15. A cooling apparatus comprising a heat exchanger
formed of a material having a low heat conductivity; and a
refrigerant circulating mechanism for circulating a

refrigerant through the heat exchanger.

l6. A cooling apparatus including a control
section which has detection means for detecting a
temperature and/or a humidity and which controls the amount
and/or speed of circulation of a thermal accumulating medium
or an antifreeze agent based on a result of the detection by
the detection means,

said apparatus comprising a heat exchanger formed of
a material having a low heat conductivity; and a refrigerant
circulating mechanism for circulating a refrigerant through

the heat exchanger.

17. A cooling apparatus including a control
section which has detection means for detecting a

temperature and/or a humidity and which controls the amount
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Sald apparatus comprising the heat exchanger formed of
a material having a low heat conductivity; and a refrigerant
circulating mechanism for circulating a refrigerant through

the heat exchanger.

18. A cooling apparatus comprising a heat exchanger
formed of a material having a low heat conductivity and
disposed within a cooling section; and a circulating
mechanism for circulating a refrigerant through the heat

exchanger.

19. A cooling apparatus including a control
section which has detection means for detecting a
temperature and/or a humidity and which controls the amount
and/or speed of circulation of a thermal accumulating medium
or an antifreeze agent based aon a result of the detection by
the detection means,

said apparatus comprising a heat exchanger formed of a
material having a low heat conductivity and disposed within
a cooling section; and a circulating mechanism for

circulating a refrigerant through the heat exchanger.

20. A cooling apparatus including a control
section which has detection means for detecting a

temperature and/or a humidity and which controls the amount
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exchanger formed of a material having a low heat
conductivity and disposed within a cooling section having a
structure for being thermally insulated from outside; and a

circulating mechanism for circulating a refrigerant through

the heat exchanger.

22. A cooling apparatus including a control
section which has detection means for detecting a
tempera£ure and/or a humidity and which controls the amount
and/or speed of circulation of a thermal accumulating medium
or an antifreeze agent based on a result of the detection by
the detection means,

said apparatus comprising a heat exchanger formed of a
material having a low heat conductivity and disposed within
a cooling section having a structure for beiné thermally
insulated from outside; and a circulating mechanism for

circulating a refrigerant through the heat exchanger.

23. A cooling apparatus including a control
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24. A cooling apparatus according to any one of Claims
18 - 23, wherein the cooling section is a storage container

for natural products.

25. A cooling apparatus according to any one of Claims
18 -~ 23, wherein the cooling section is a storage container

for processed products.

26. A cooling apparatus according to any one of Claims

18 -~ 23, wherein the cooling section is a living space.

27. A cooling apparatus according to any one of Claims
18 -~ 23, wherein the cooling section is a living space
provided in a vehicle such as an automobile, a ship, an

airplane or the like.
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28. A cooling apparatus according to any aone of Claims
18 - 23, wherein the cooling section is a living space
provided in a fixed structure on the earth such as a

building.

29. A cooling apparatus according to any one of Claims
15 - 23, wherein the material having a low heat conductivity

is a synthetic resin.

30. A cooling apparatus according to any one of Claims
15 - 23, wherein the material having a low heat conductivity

is a ceramic.
31. A cooling apparatus according to any one of Claims

15 - 23, wherein the material having a low heat conductivity

is a synthetic rubber.
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