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WD 2004/ 065866 PCT/ KR2003/ 002282 [ DESCRI PTI ON
[ TITLE] COOLI NG DEVI CE OF HYBRI D- TYPE [ TECHNI CAL
WO-RElDyssee The present invention relates to a CPOI/KRG003/002282
device for cooling a semiconductor integrated circuit
device, etc., and nore particularly to a hybrid (or
conposite) cooling device adopting both cooling
systens based on phase transition of noving fluid and
a fin and/or fan. [ BACKGROUND ART] 10 As design rule
decreases due to the trend towards |arge scale
integration of sem condpelswRigaYOREs, and thereby the
line width of electronic devices constituting
g@qigﬂnductor devices narrows, snall-sized and high
mance el ectroni ¢ equi pnent has been achi eved
owng to a larger nunber of transistors unit
area, which ca&é@@l—“‘ﬁﬁvﬁ\é‘rCEQFaHYﬁ@Dr-ﬁYEg of heat 15
enm ssion of a semi conductor device per unit area
[necepiepl AlFeDIncrease of the rate of heat enission
deteriorates the. performance of sem conductor devices

and I%gg 9?'%9(4?1? ldvEfti ﬁg%ﬁé&@gcl’otge%@&f g a(ﬁ‘éince for cooling a

event u ecreases a system
adopti ng sem conduct or d Vi ces. Par cul ar |

seemasalar Ibleoraled €t GRvigerte: i Bibrapateflagy to a hybrid

af fected by operation tenperatures, and 20 thereby
(éhedmpusitd)ecodliegedéicataesppng peth icosling systesgs basgd on phase
circuits. In response to the increase of the rate of

t%ﬁgﬁlf) 'Hf?ﬁ'é\ﬁﬁ%ﬂﬁ hd'd fintff8olapgi es have been
evel o

ped suc in-fan, peltier, water-jet,

BRRGARBUND ARTI

As design rule decreases due to the trend towards large scale
integration of semiconductor devices, and thereby the line width of electronic
devices constituting semiconductor devices narrows, small-sized and high
performanée electronic equipment has been achieved owing to a larger number
of transistors per unit area, which causes, however, that the raﬁo of heat
emission of a semiconductor device per unit area increases. The increase of the
rate of heat emission deteriorates the performance of semiconductor devices
and lessens the life expectancy thereof, and eventually decreases the reliability
of a system adopting semiconductor devices. Particularly in semiconductor
devices, parameters are too easily affected by operation temperatures, and
thereby that further deteriorates properties of integrated circuits.

In response to the increase of the rate of heat emission, cooling

technologies have been developed such as fin-fan, peltier, water-jet, immersion,
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coolers, etc., which are generally known. The fin-fan

W@ ye/063866 er whi ch conpul sorily cool s devi ces PGI/R§2003/002282

fins and/or fans has been used for tens of years, but

has sonme defects such as noise, vibration, and | ow

cooling efficiency conpared to its large volune. 5

Al t hough the peltier type cool er doesn't nake noi se or
vibration, it has a problem that it requires too nmany

heat dissipation devices at its hot junction needing
heatgépealtyipei cuplgreyetc. iwhiak @oe danerliwiknbwinhe | aw of
conservation of energy. The water jet type cooler

goes “‘ﬁié“?rﬁ\[f‘éﬁ”iy'p@ 88kt NWhieRVESRp pURBAR' esoléeeé\wgss Qsing fins
its efficiency, but Its structur onp I cate

to,the use of a thin, fil lo dr

SRYer T FatereRou iy on TR PP ye8isl e defects such as
affected by gravity, as well as a problen1that it is

npise,i yipratiano ardhi lewe aoohingt effieiengy edrapargdpito eits tlarge volume.
personal nobile electronic equipnment. Due to above

AR genbe pdteripsd coblBe db¥oet FRREGIoI$S oF GBRITIINY itMaded Problem
applied in various shapes as a conpact type cooling

I C e yRe: .
L 1R PEE GG mANY hedtTi BRI oefltes R itg%?%’fﬁén?tuorn needing
and eaS|Iy manuf actured. That is, as shown in Fig

laraeo ARG iRSNET 1B RAGORARRS, Witk the' law&%ﬁmwwmoﬁ@aergy The
pi pe and fin-fan includes a heat pipe 12 contacting a
water-jetdppe ceol2d gats onainendamhiaroooling alepicerrebeanchdiecause of its
fins 14 being di sposed at the other end of the heat

85035008, IR S SRS R 01 Ut o
¥eRg L aBmFiann! pRYEr SuPblomic & T BRI fRENtY ST RE vy, as
gas and liquid are opposite each other, it dries out
witleasaa Ipaokjem that it is difficult to achieve robust design when applied to
personal mobile electronic equipment.

Due to above problems, the heat pipe type cooler is recently widely
applied in various shapes as a compact type cooling device together with the fin-
fan type cooler because its advantages that it is simple in structure and easily
manufactured. That is, as shown in Fig. 1, a conventional cooling device 10
combining both heat pipe and fin-fan includes a heat pipe 12 contacting a heat
source 20 at one end thereof, a plurality of fins 14 being disposed at the other
end of the heat pipe 12, and a fan 16 being disposed near the fins 14, whereby
the heat absorbed from the heat source 20 is dissipated by the fins 14.

In the cooling device 10 using such heat pipe, since the flowing

directions of gas and liquid are opposite each other, it dries out when a large
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applied to the heat pipe, because the liquid returning

W oooas6ssew apor ation section froma condensati OPCEHBE&R2000/002282
is sucked again into a gas transfer section due to
the speed of the gas generated, so that it eventually
fails to return to the evaporation section. In
addition, there is a problemthat its 5 installation
| ocation is significantly restricted because the
evaporated refrigerant is transferred dependi ng on

qidHiitfiof Heae R ap ?I‘i’éd"’ﬁ?ﬂ]@%@ﬁﬁbfﬁé Hedapse s niquidirettifming to an
eat” pipe, and the liquefied refrigerant in the heat

o BREeBR i T Lt U shORrE ¢ i 8 g om

t he amount of heat produced by a highly t ated i .
transfeceectian die Ub’(hec%eﬁﬁjc% f the %ﬁis Q@%Qq”ét%ltsg E%LJ? §e%'|aﬂy fails

| arge that the conventional cooling device cannot
todRatlirvitd the hevappratiore sestiomelrc @ddition, deetecés alproblem that its
conbi ni ng heat pipe and fin-fan can manage to cool

in Hglétlg\qg&a? '|9|% rlfﬂﬁatrﬁlg rESfri%Eeoo?gtfr;]ésl}gleE;@\fel e%\mi)dﬁ%ﬁ refrigerant

el ement s ncrease as, ab f the dev
ieeoBEed cisPeRigS: oarhS futr easS hstubSh BugARph Al Fressure in

consunption by lots of the fans 16 al so increase
theohsatdeipapand tise lighefied refrigerant indke hleahpipenderendsen gravity

dlsadvantage of the convention heat pipe type cooler

ﬁﬂﬁy &ru&u@é\‘id EE@ drers nddilieadf the ae@ihsing akctitve. i ns

ves rapid drops in conparison to the heat

trans er, at the ase transict e

has t pUtPensTiace ﬁE%tamﬁPB é]rﬁ tlf]%}sg%?d'”ﬁlégp ge)k?ﬁgrgélgl\)/feﬁwtegrated
though utilizing 20 phase transition of flu
s¢DICODUOSIOREdExice NWENT| @] an nuprigwiate oCEY vig ?He'afge that the

probl enms above, it is an object of the present 3
conventional cooling device cannot deal with the heat, even the cooling device

10 combining heat pipe and fin-fan can manage to cool only when equipped with
three or four of the heat pipes 12 and two or more of the fans 16. If the elements
increase as above, the size of the device becomes too large, and besides noise
and poWer consumption by lots of the fans 16 also increase considerably, so that
it isn't useful any more. The disadvantage of the convention heat pipe type
cooler as above is that the loss of heat transfer at the fins themselves rapidly
drops in comparison to the heat transfer at the phase transition medium,
because it has to transfer heat through fins of large area even though utilizing
phase transition of fluid.
[DISCLOSURE OF INVENTION]

In order to solve the problems above, it is an object of the present
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a conpact type hybrid cooling device for performng

w@omhioerses bot h by | atent heat during phase tr aPGI/KRR03/002282

and by ventilation and convection. In addition, it is

anot her object of the present invention to provide a
conpact type hybrid cooling device capabl e of

i mprovi ng cooling performance 5 by m nim zing the

| oss of heat transfer through fins, as the hybrid

cooling device is disposed between the fins. In

indehttanoio, priovidesa Camiphet typediyibeid adgliagtdenicet foe perfesaimg cooling
i nvention to provide a conpact type hybri d cooling

BtﬁH'ngafé%Pﬁébﬁd@rﬁngJ@'i&éE ﬁhﬂﬁtl&ﬁ’% \Fé?ﬂﬁHtEJn cé’rﬁvectlon
addi ti

the éeffect of gravi I'n It 1's turther
ntlont

anot h f. the res

conpadt SESHy §is ArRUBHT RERGeF (B8 arBRett RESHPR de: ipvide 2
in inst aI lation location. In order to achieve the

aspeaat dyp® dybrid cas)ing i devieso chpaple efi igwproving censlling goerformance
heat from an external heat source, includes a phase

By eisiiZzing ti6 Mserofi HeaMiagBfer thfdughUirt 8nhé ¢eBri@fcosling device
refrigerant capable of phase transition is forned, the

IQ@?sﬁn%seé H&@Qéhtﬁ@ﬁn%om er including a br a_nchl ng

at oné side thereof, and a fan being disposed
in the branchi ng section of the phase transition

cool er agias; it s tw@qsr?a@éh@rremgt:wfahe@éeqs%}t inyRNtigads provide
an evaporat| on section being fornmed at one end of the
Ppbampatt typel hylwiu coalingr devibecapable ofi prrfandtgiceoling regardless
refrigerant is accunulated by capillary action in at
deRéteﬂ'@c’P rant the evaporation section, and 20 the

accumul at e uid state refrigerant is evaporated by

SZiteohéaee?iitfoE 3 FordiBe e oA S ofdBE ISP Vpton to provide
formed adjacent to the evapor ation section, where the
aoeippaal yde hybrid gephing deice qvithout restriction in installation location.

In order to achieve the objects above, a hybrid cooling device for cooling
heat from an external heat source, includes a phase transition cooler in which a
circulation loop of a refrigerant capable of phase fransition is formed, the phase
transition cooler including a branching section at one side thereof, and a fan
being disposed in the branching section of the phase transition cooler, wherein
the phase transition cooler includes an evaporation section being formed at one
end of the phase transition cooler, where the liquid state refrigerant is
accumulated by capillary action in at least a part of the evaporation section, and
the accumulated liquid state refrigerant is evaporated by heat transferred from

the external heat source, a gaseous state refrigerant transfer section being

formed adjacent to the evaporation section, where the evaporated refrigerant is
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the branching section, a condensation section being

wo eooamesse@dj acent to the gaseous state refri gePEIKR2003/002282

transfer section as at |least a part of the branching
section and dividing into at | east two branches, where

the gaseous state refrigerant is condensed into a

liquid state, a liquid state refrigerant transfer 5

section being forned adjacent to the condensation

section as at least a part of the branching section
tramsfemied iewvandsi the Wranehing seotitiea evagensationrsestion ibeing formed
where the liquefied refrigerant is transferred towards
4d)8cEt a8 M@ gh8Bo &S Slatd Pefrig@dfit ahbRer MBLtidMaY R idAR g part of the
section for thermally Instlating at |east a part o

the , evaporation, sect.ion fromthe liquid stat

e BB, S ARG detorl ot pumtitaheiestifisre e gaseous
DRAWNGS] Fig. 1 schematically shows an exanple of a
dealeviefiigasanl isireadepsekinty pdiquihslaitep liuid séate Fefjigerant transfer
shows a horizontally cross-sectional view of a hybrid

stibhneingl el adjgeedi wotheochddnsations BeetbmeRtatdéadths part of
present invention. 15 Fig. 3 shows an expl ode

ded
(BRI Lt S BHRS OOHLP G 67 My soton

cool i ng device 20Q according to a second enbodi ment i
V&herﬁh@gepm%‘md refUgeranb s tiengferiad avimig's dheepyapasatipn section,

perspective view of a condensation section 20 of a
dndbai thecnal insylatiewi sectddOfor rthéimgallyd imsukatipg aalessowspart of the
perspective view of a hybrid cooling device 220
EVeperatiditsd o fdth e AqRAGHAREAReraM Fandi¥raddon. S
[BRIEF DESCRIPTION OF DRAWINGS]

Fig. 1 schematically shows an example of a conventional heat pipe type
cooling device.

Fig. 2 shows a horizontally cross-sectional view of a hybrid cooling
device according to a first embodiment of the present invention.

Fig. 3 shows an exploded perspective view of a hybrid cooling device
100 in Fig. 2.

Fig. 4a shows a perspective view of a hybrid cooling device 200
according to a second embodiment of the present invention.

Fig. 4b shows an enlarged perspective view of a condensation section
of a hybrid cooling device 200 in Fig. 4a.

Fig. 5a shows a perspective view of a hybrid cooling device 220

according to a third embodiment of this invention.
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view of a hybrid cooling device 220 in Fig. 5a. Fig.

w®a008keire6 a perspective view of a hybrid cool i POT/E&2006602282

230 according to a fourth embodi ment of this
invention. Fig. 6b is a side view of a hybrid cooling
device 230 in Fig. 6a. 5 Fig. 7 shows a horizontally
cross-sectional view of a hybrid cooling device
according to a fifth enbodi nent of this invention.
Fig. 8 shows a horizontally cross-sectional view of a

hybr i gigc 88lis BGkidél eleve 6f agbiidcodlingdaviee 220 irfipdarent
of this invention. Fig. 9 shows a horizontally

CroSsgsSectio Vi by oLi ; H C8evi
lzi_ccor Ic:ifngi% oﬂidvgsevagmgig%%{%i (r'rfgg{ %gf £1t ﬁ?%rlclf g:vdgﬁy? oﬁgvnce 230
9. shows a hori zontal |y c¢ross-sectional view of a
apgeing tocdfourth eudprEaenid é%ai"h\gerttwnan ei ght h
enbodi ment of this invention. Fig. 11 shows a
hor i zply. @bliy acsids vieveof & tiyhtid eoelingtiedcaysliid Riedia.ng
devi ce according to a ninth enbodi nent of this

i nveanOfv s%vYF %Shoﬂi?_%\?ténw choks-sbawrPrii@nsRhl Wybrid cooling

cross-sectional views a hybrid cooling device

according,.to, tenth and el eventh .enbodi.nen [
BHeaeEating 19 gathSBbaREerST SHSMINPRa cool i ng

devi ces according to other enbodinents of this

i nvenfignd $BEGT avbDHEzFURICARFSS-sEStaDR] THew| Rlveniyisg cooling
20 Hereinafter, exenplary enbodi ments of the present
deiEBNdcOrdilg kd anith diebsteseint Bethis mveatien! with

reference to attached drawi ngs. Fig. 2 shows a
20” Z?-'?gt.abl ghthé Sas'h%'ﬁ%ﬁt%ﬂ@Crg.ése-g’eeﬁor?al hobi 8 SOALBAE cooling
device according to a seventh embodiment of this invention.
Fig. 10 shows a horizontally cross-sectional view of a hybrid cooling
device according to an eighth embodiment of this invention.
Fig. 11 shows a horizontally cross-sectional view of a hybrid cooling
device according to a ninth embodiment of this invention.
Figs. 12a and 12b show horizontally cross-sectional views of a hybrid
cooling device according to tenth and eleventh embodiments of this invention.
Figs. 13a and 13b show hybrid cooling devices according to other
embodiments of this invention.
[BEST MODE FOR CARRYING OUT THE INVENTION]
Hereinafter, exemplary embodiments of the present invention will now

be described in detail with reference to attached drawings.

Fig. 2 shows a horizontally cross-sectional view of a hybrid cooling

6
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a first enbodi nent of the present invention. As shown
WO p00Ri068866 2, the hybrid cooling device 100 of PEIi/KR2003/002282

enbodi ment i ncludes a phase transition cooler 112 in

which a circulation |loop of a refrigerant capabl e of

phase transition is fornmed, in at |least a part of the

circulation | oop including a section (hereinafter, 5
"branching section”) in the shape of a hollow ring,

and a fan 120 being disposed in the hollow of the

devicecadengdingdoiaofirsbemblodinénisd the arasant gventionefs shown in Fig.
housi ng of the phase transition cooler 112 can be

thﬂé'f@%hél rc%%hﬁ? dvid& 60 'oﬁ{h|§ kéﬁ’fbo%ﬁnéﬁmrféﬁl&éﬁé ®hase transition
, a novel substance-|am nated

%Pr?g?eri@ W K}'ghé‘g K O%Aigt&bfg a‘g/{)egﬁéﬁyaﬁg %&é&ﬁ@ of PR&&L transition

conduct i vi té ceram c, a high nol ecul ar subst ance,
is fermegl, dr e leasha Rﬁi%ﬂtbﬁlqlfﬁélaﬁﬁﬂ &oominclusing asestiph ghereinafter,

‘Particularly, in case of a sem conductor chip as the

‘Brarohirg] séetRin”sipuheashapeeoflzobisliovg ringnaibe anfadel 20f b¢ihg disposed
sane material as that of the surface of the external

inHE ‘F\SII&\H o‘i’ﬁ?é Bremc'ﬁ' tfoﬂeofttﬁg gg%e ¢2sRoh cooler

resistance case transition cool er

112 i . of s m conduct or, the usi n can

i nt egr%ggys'f‘ar ISRt FIRQn koo ARG oy e S ffctured of a
the external source during the process of _
mateniahstich iasgsarhieondecto anduBt, dBa,cdiicp.a Nexel, suliséance-laminated
refrigerant to be injected into the phase transition

r?.afér%'r dd2Seh AxsBeIEd mrﬁﬁa;férg@chl? ReStaF aRaRr &116Y, e.g. Cu, Al

phase 'transition between |i qui 20 gaseous

due t external heat ) it .
S B migh Brb I SNTE Blard hiniet dlpEnEMSBELRRY, o'd: plastic, a
surface tension are high as the refrigerant, because
- erystalinggvpiedisl.es.godianoond P aitigularly.ainseaseesf afsegricoaductor chip
the refrigerant in 7
as the external heat source, the housing can be made of the same material as

that of the surface of the external source so as to minimize the thermal contact
resistance. In case that the phase transition cooler 112 is made of
semiconductor, the housing can be integrally formed as one piece with the
surface of the external source during the process of manufacturing the
semiconductor chip.

Next, the refrigerant to be injected into the phase transition cooler 112
can be selected from things capable of phase transition between liquid and
gaseous states, due fo external heat. In tﬁis embodiment, it is preferable to use
water whose laftent heat and surface tension are high as the refrigerant, because

it is desirable not to use any of a series of CFC as the refrigerant in
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environnental pollution. In addition, since the

WG 0fa686d ensi on  between the refrigerant and BCT/KR2@B/002282
wal | of the phase transition cooler 112 changes
dependi ng upon the material of the housing, a suitable
refrigerant should be selected. For exanple, any of a
series of al cohol such as nethanol, 5 ethanol, etc.,
may be used as the refrigerant besides water. In case
of water or alcohol as the refrigerant, it has an

cAHLIRSTEAGE of Ralviranmenas pototoh. bf atiditioncaincetthersiiriaceeignsion
ecause its heat capacity is large, and its contact

ngl e f8qe | ' ' idn @boler 112
o 360 bt oot R ph BREC R o1 Prege pfartibicn, egoler
the refrigerant becones hjgh eover,. water or .
changsisodepending uRen é‘??ifﬁé@egﬁ! ,Olyﬁﬁﬁ?ﬁi RRUTRS, a3 5ulahlg, refrigerant
cause any environnmental pollution even though it
sheal b selottetie Fphasamplia et oba sevieb ef alcmfﬁyswhyas methanol,
reason. The selection of the refrigerant is nerely of

e%nBPtétB”ﬂ#%l@é 1SEd T4 the! FERIRITBAL Bédigss WatéMirs case of water or

I nverti oh, ch does not Iimt the technical scope of

this inventj.on. 15 As sho 1n_Fi
alcohapt R repepiantat Dot e ant tata SdR, SBaR of heat can
104 being fornmed at one end thereof, where the |iquid
trahsfieeredr bécduger dntheat cananiyil ist @AoDYy apapls capipch@hds by the
and the accunulated liquid state refrigerant is

SEMARO tHsRsh With the ineatwall ehséralcoaduttoois amadxsetheadlthe current
eat source, a gaseous state refrigerant transfer

sé%% L&gl{hlegﬁe@gig{]%éagéﬁﬁﬁegﬂjggﬁe'ﬂﬁorfeevérlﬁ%gt%r or alcohol as the

( _ e the evaporat ed
réﬂ?i{elﬁa%g,,rl?rgitkgl&;sﬁézgggs; gqgtrge%@ziyqfﬁl q&?@ﬁ%@a?@c{lﬂ@éﬁ "Ken though
adj acent to the gaseous state refrigerant transfer
it9e5kd ROMIAE pradedianisitiomocdoieot taby aBy reason.

The selection of the refrigerant is merely of an optional matter for
implementation of this invention, which does not limit the technical scope of this
invention.

As shown in Fig. 2, the phase transition cooler 112 includes an
evaporation section 104 being formed at one end thereof, where the liquid state
refrigerant is accumulated by capillary action, and the accumulated liquid state
refrigerant is evaporated by the heat transferred from an external heat source, a
gaseous state refrigerant transfer section 106 being formed adjacent to the
evaporation section 104, where the evaporated refrigerant is transferred by a

pressure difference thereof, a condensation section 108 being formed adjacent

to the gaseous state refrigerant transfer section 106 and dividing into two

8



WD 2004/ 065866 PCT/ KR2003/ 002282 branches, where the

gaseous state refrigerant is condensed into a |liquid
war@ieesse@nd |iquid state refrigerant transferPGEER2@AH02282

102 and 110 being forned adjacent to the condensation

section 108 and thermally insulated fromthe

evaporation section 104, where the liquefied

refrigerant is transferred towards the 5 evaporation

section 104. In this enbodi nent, the condensation

section 108 and the liquid state refrigerant transfer

lraoches) vifi€recibesgaseous stateerdrigeraht isgcaredsnised. intoTadiquid state,

refrigerant inside the phase transition cooler 112

A Guidl fé‘f‘até'réf‘rl&e?érﬁt%hﬂs‘?@@sédhoh@@@ éﬁ&tﬂé%eﬂfg tdifed adjacent

arrow shown in“Fig. 2. I'n other words,

refriger |rcuI he ev orat ecti

tohe' GilsRelion $8:fh7 208 §nd dieidlh amufla?%%ipg? 1% evaporation
sec_tl on 106, the cond_ensa_tl on section 108, the | I(¥UI d
sacios 18fr | wheemt ther disseied seefrigerant1(s  HaBsfered) ifquatls the
state refrigerant transfer section 102 sequentially.

5 Vdperatidn s&dton 10%€ 1 hisis &b edifidnt OiheCaidensdtléh B8stion 108 and
further include a refrigerant storage section (not

h8Y Ed HBRSRs q;é Hﬁ{élﬁf@f%&@[ﬁ £1{Pkoridt ufeQQI?@br%hlng section.

pre ermne qudstaere
inth gfgld state refrigerant transfer sections 10

and 11 frigeranty ipsidg Hbﬁ»tphﬁset Heansitipm gostelt 12 forms  the
refri gerant transfer section 102 near the evaporation

grectdation loay ibéhaidieectfoor oft the aredw ishenanin Figt Br kgether words, the
secti on. The evaporation section 104 is adjacent to

RaGk Cirtdlales Vi heOlevhBBratith setbd $b4t ghe gaseous state

re rigerant transfer section 102 near the evaporation

o EfiddenuaieaerBiot b6l the behosteRieeaon” e, Geii state
of the tiny channels are filled with the refrigerant
refrigesanti mangfer becfiond 18@,aard tlge liquid state refrigerant transfer section
102 sequentially.

Alternatively, the phase transition cooler 112 may further include a
refrigerant storage section (not shown) whose volume is suitable for storing a

15 predetermined amount of the liquid state refrigerant in the liquid state refrigerant
transfer sections 102 and 110. For example, a part of the liquid state refrigerant
transfer section 102 near the evaporation section may be used for the refrigerant
storagé section.

The evaporation section 104 is adjacent to one end (“exit side”) of the

20 liquid state refrigerant transfer section 102 near the evaporation section, and a

plurality of tiny channels are formed in the evaporation section 104, so that all or

a part of the tiny channels are filled with the refrigerant stored in the liquid state
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section 102 near the evaporation section by capillary

W@eao4065866 And t he evaporation section 104 is dPGDPER2@3/002282

adj acent to an external heat source (not shown), and
thereby the liquid state refrigerant accunulated in

the tiny channels by the heat transferred formthe

heat source is evaporated, so it 5 changes into the

gaseous state. Accordingly, the heat fromthe heat

source is absorbed to the refrigerant as nmuch as the
refigaranhizansfenssettbrby02 neaplias evaporatisn tsiectiorobytdapillary action.
refrigerant, and the heat fromthe heat source can be

ARS ¥ 8¢a J)&Htl&ﬁ’@g@ﬁbﬂ &4 ?é@s?éﬁaéja@ﬁf ﬂﬁgéﬂ 8¥eri#s heat source

described later. It 1s pre that the surface

h | h
GRb el ahd bty B i) sife s r%éf%fz}n%?%@n"ﬁ"%ﬁque%#he tiny

t he manl scus of the Ilqwd state refrigerant
chednels Syethel heah&ransigyrashiermeltbe heal seureeiis peaporated, so it
preferable. In order to do so, it is preferable that

dHageBnato Wl bassdud Statd. i Aycarbimghelthe beat fioesk dkaPkource is

treated with a hydrophilic material . For exanpl e, the

Jlfs% 8@&1 ttfie SR gq‘:erér‘?i{ ad MHHGLATRL tHeSlat‘P«%{tf I%%[Ega@éd by the phase

coat | ori ng, anodiza
treatnEnt | aser treatnent, etc. |In addition, the

teansitieot the ediigaranb@nd: the' heatdromdhe beat sprise; arybe lessened

channel s can be adjusted in order to inprove the rate
wf coredensinginef gaseowkirefigesantraasf destoibgdvwatehi n t he range
of about 1 Ato 100 pm Further, the cross-sections of

the tijpy EP@QF&JI@ tﬂ@tythtéesﬁﬂféé%”téﬁmor?'lrln Itk 'ti‘h?' ch nnels He larger

rect angu square, polygonal, etc. Particul ar
nitu face 20, tensi,on of the

FRAgUN AR addfifort e ralerelreniPTtac: Saalerig e meniscus o the
decreasing the cross-sections of the tiny channels in
lianiid biateyrefuderaal adturpulatexhin thertéyf ciannels, the mried)is preferable.
the transfer direction and velocity of the refrigerant
Iadydat 38 dies60tis PrbRiabldCthat the inner walls of the tiny channels be
formed of or treated with a hydrophilic material. For example, the hydrophilic
material treatment is performed by plating, coating, coloring, anodization,
plasma treatment, laser treatment, etc. In addition, the surface coarseness of
the inner walls of the tiny channels can be adjusted in order to improve the rate
of heat transfer, which is preferably within the range of about 1 A to 100um.

Further, the cross-sections of the tiny channels may be circular, elliptical,
rectangular, square, polygonal, etc. Particularly, the magnitude of the surface
tension of the refrigerant can be controlled by increasing or decreasing the

cross-sections of the tiny channels in the longitudinal direction thereof (i.e., X

axis), the transfer direction and velocity of the refrigerant can also be controlled

10
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plurality of grooves or nodes on the inner wall

W b@neefsss Next, the refrigerant evaporated i n PEEKR2003/002282

evaporation section 104 is transferred in the

opposite direction to the liquid state refrigerant

transfer section 102 near the evaporation section,

and the gaseous state refrigerant transfer 5 section

106 is formed adjacent to the evaporation section 104

to function as a passage through the gaseous state
ByefofrBry @plurakty tof gnrsdvesr@thodds arhianinher whik thetesfi ng,

the gaseous state refrigerant transfer section 106

may, i u [ i de ;
evapor%’dqﬁgﬁqf&#gm %éﬁ%%%r@ni?%?%ggﬁir%@ Jedfion 104 is
predeterm ned directjon (i.e,, jn.the opposite .
tEANsiRITED I 1 QW%‘[@#ﬁe@@%m the @ﬁ% Statg Teiger tigggfer section
The gui des 118 have the function of increasing the

102c haar diad evapoaatignhsedtionh eanph Hse geseoss tstate whigerant transfer
112. Accordingly, the guides 118 nay not be included

delctibhen® fssfoﬂﬂeeréibgé@éﬁtitB_tﬁ@%vﬁ%@@@n‘@éct@hrﬁﬂgté‘funﬂﬁén as a

condensation section 108 is the area where the gaseous

raega el Govatilr Jald A0St Fa /Bt AHAGyg in the

is condensed again and |iquefied. In this enbodinment,
drawingo niflen gaseous siatei sefrigemnt aisansier segpien o106 mayignclude a
havi ng two branches distanced fromthe evaporation
%Q@Iityoﬁf dGideon 18k Hamthedbvdisorat®l Bidyerahhcame transferred in a

rawi ng, the condensation section 108 has the two

EB0RHERE o8 %0 e SERSE YypEfod 104 Ry sorase
turns around to bring into the air fromthe outs'hde of .
380808 oHRandde: awdes cHIBoRave B funionedt InGreasIogahe mechanical

gaseous state refrigerant reaching the condensati on
stegigtioof 8phase ransitisn Icpoltir sidPpAtedrdingly, dhe galidess1thmay not
refrigerant to be 11

be included if there is no problem in the mechanical strength.

The condensation section 108 is the area where the gaseous state
refrigerant being transferred inwards through the gaseous state refrigerant
transfer section 106 is condensed again and liquefied. In this embodiment, the
condensation section 108 has the shape of a ring having two branches
distanced from the evaporation section 104 on the same plane. As shown in the
drawing, the condensation section 108 has the two branches at the branching
section, so that the fan 120 can be disposed between them. When the fan 120
turns around to bring into the air from the outside of the condensation section

108, the heat from the gaseous state refrigerant reaching the condensation

section 108 can be easily dissipated, which causes the refrigerant to be

11



10

15

20

WD 2004/ 065866 PCT/ KR2003/ 002282 condensed and
i quefied. Although the condensation section 108 has

wo b@4obsepe of a ring having two branches in tPCBKR2003/002282

enbodi nent, the branching section may have the form of
a |lozenge as a whole (cf. Fig. 13). Since the fan 120
i s disposed between the 5 branches, a structure for

i ncreasi ng the heat dissipation efficiency can be

achi eved. Meanwhile, the condensation section 108 may
include a plurality of tiny channels (not shown)
cindiehaed vodtliqeefieshy channels formed in the evaporation
section 104. The tiny channels of the condensation

secti gUthHgh e SdaNsali®y séetidte 108 HERItHeOsIRx3ee B atiihg having
the liquid state refrigerant transfer section 110, and

furt 0. the L gui e frige L Lr f
bRBEnaDi s phbeuS b bR FELEMsh AR kBl fye form of a
channel s of the condensation section 108 make the
legengeaata ahale (EhdigeflB)-geingatthedap 12hés gisposgd hatween the
surface tension, which causes the |iquefied
brahchagr anstriictuiee for dmseasing dtHeo\naat dissipatiory wfiicishept €an be
15 refrigerant transfer section 102 near the

ation section, to the refrigerant so as to
accel erate the conpletion of the refrigerant

circulation |ogp. The depth of the tiny chapnnels of . .
The' cofemdale dhe coatebsRtase tiony 48 Blavbhighidges eflralty of tiny
than that of the tiny channels of the evaporation

cheonetsn (rkd4show)i similes teothey iny robanhelsi fasthedoint fies evaporation
addi tion, the shape and change of the 20

SHCABR - 1DRC tThaNghy ERghidls BRIAO Boderid2ftiofRRYiBA 108, B8URSow, may

+ of the tiny channels of the condensation section 108

44 BBl SRR, DAL e MBS B0, an
fi?tgtte; ’(t)on thleoﬁduicljzstate refrigerant transfer section 102 near the evaporation
section. The tiny channels of the condensation section 108 make the
condensation of the refrigerant easy, and provide the surface ténsion, which
causes the liquefied refrigerant to be transferred towards the liquid state
refrigerant transfer section 102 near the evaporation section, to the refrigerant
so as to accelerate the completion of the refrigerant circulation loop.

The depth of the tiny channels of the condensation section 108 is
preferably deeper than that of the tiny channels of the evaporation section 104,
which is however not limited to this. In addition, the shape and change of the
cross-sections, the formation of the grooves or nodes o'f the tiny channels of the

condensation section 108 will not described in detail because they are similar to

those of the tiny channels of the evaporation section 104.

12
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to increase the efficiency of the heat dissipation, a

w@bkanabiseey of fins may be forned outside the PCT/KR2003/002282

condensation section 108 of the phase transition

cooler 112 (cf. Figs. 4 to 6). The fins may have a

radi al shape or other shapes outside the condensation
section 108. The air brought by the fan 5 120 touches

the inner wall of the fins facing each other, which

can maxi m ze the heat dissipation efficiency.

Al t er Mdorieorey in ordentalinargasd thh afficiencynef theoheabdissipsition, a
112 may be lam nated, and in this case, the | am nated

MORHE bf #AS r‘hbgnbé(?@hﬁéé outdideahe B6RIESHOM $dttibhn$08 of the
t her ebet ween i nce the tenper at ure di stribution

iRl aiien AR Mo KPL il f"*?”{%ﬁﬁ%‘?’er%%ﬁa' shape or

[ ncI ude m cro actuators, the air surroundl ng
afber shrpeseoutsidentie eendansatiearseation 1087 1hg alh@rm@éﬁ by the fan

di ssipated fromthe condensation section 108. [f the

fA0»ubBhye thie innay waillrefthe figsifacihg daeh othdvewhiet esit maximize the
conversi on devi ces, the heat di ssi pated fromthe

Hﬁg‘ﬁ @éqwmﬁl&ﬁdggnw%g%&@ rélﬁgncg%l@’a transmon coolers

%%n'g{@lb{\s/@[hﬁn d%étﬁl @8@4@{}%2%# gqjsra@atec? RhAse ﬁrgtnsglpn coolers

t he evaporatlon section 104, which can achi eve an
Hadiate qravided fwith firef tmérebem&mns%inbenthleytetmperiamréadistribution
area enlarged. The liquid state refrigerant transfer

inSakiRa flﬂlé% hﬁlf&h*? RRS @EofiiP paHofhence2bars B@%ﬂﬁé‘ﬁ infitoved.

section 108, and fornms a passage through which the
R R T I e
(&%Eéggg\?&é tn{laz;nsg; rm?c?u?etltlegn u%uﬁé%ng etaf{e tr?gate\é?s%?ga%tctetlj OProm the
condensation section 108. If the fins have a tiny structure including
thermoelectric conversion devices, the heat dissipated from the condensation
section 108 is converted into electricity which can be used‘ as the energy for tiny
driving.

In addition, the volume of the condensation section 108 may be larger
than that of the evaporation section 104, which can achieve an additional effect
of the condensation by the surface area enlarged.

The liquid state refrigerant transfer section 110 is disposed around the
condensation section 108, and forms a passage through which the liquefied

refrigerant condensed in the condensation section 108 is transferred towards the

liquid state refrigerant transfer section 102 near the evaporation section. As

13
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drawi ng, the liquid state refrigerant transfer section

walid4iessshermal |y i nsul ated and separated froPCT/R&2003/002282

gaseous state refrigerant transfer section 106, the
condensation section 108 and the evaporation section

104 by the thermal insulation section 116. 5 The

thermal insulation section 116 may be fornmed as

partitions inside the phase transition cooler 112,

spaces internally sealed in the phase transition

showinein the 2rawingotheniiquid stede réftigerant premsferasictign tiie is thermally
phase transition cooler 112. If the thernal

ihS\ A AN s §eirhtcNfrdrhbthe g dsBBus %@ét@&efr@e%mkén/sféﬁgé&@n 108,
in the phase tranS|t|on cool er 112, |t may be in a

tﬁ%&?ﬁ?ﬁ@%ﬁ% BEclb 158 A Bt BPagd 9ge pysne themma

lgwd state refrlgerant transfer section 110 is
pliomeestionytieet ry al.ong the |ongitudinal direction
of the phase transition cooler 112. The refrigerant

Ci r culTiel therinabmduttion Sedtivnd1 &y Mt by falrmed ddpartitions inside
| ongi tudi nal direction of the phase transition cooler

¢ : : . B

tﬁé?hla%g?{az%ﬁﬁ@a%&ﬁ?F’ﬂft%éia%el%gfnt\é éfﬂ a%%ﬁ?ﬂﬁ%épééb transition
. t wi dth r

colir 1170 o6 GBRN G lIGAN TR NP atape tadiormEaoler 112. i

the heat transferred fromthe heat source utilizing

thaehémmajensulafiat sector d16Tkitbe Hpdices dinteorally sealed in the phase
refrigerant circul ation | oop has an advant age t hat

t@h%ﬂlonzgoéleplﬂlgﬁ ANRaQbd e o GhELGRT Bl 6F Tifltd Qﬁnﬂpﬁﬁ |'n§ulat|on
liquid state refrigerant transfer section

E(ﬁproperby perfornmed because of the effect of
Sé' 3 Wsd‘é: (ﬁ'ﬁg upon the installation position of

the cooling device 100, the other refrigerant 14
As shown in the drawmg, the liquid state refrigerant transfer section 110

is preferably symmetry along the longitudinal direction of the phase tfransition
cooler 112. The refrigerant circulation loop being formed symmetry along the
longitudinal direction of the phase transition cooler 112 is a structure which is
very advantageous in dissipating heat if it has the shape of a thin plate, i.e. its
sectional length-width ratio is large, so that the cooling device 100 can radially
dissipate the heat transferred from the heat source utilizing the large surface
area.

This bidirectional refrigerant circulation loop has an advantage that even
though one of the refrigerant circulations in the liquid state refrigerant transfer
section 110 is not properly performed because of the effect of gravity depending

upon the installation position of the cooling device 100, the other refrigerant

14
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mai ntai ned. The liquid state refrigerant transfer

W@ emtieis6d 10 may i nclude tiny channels so as POI/KRo00B©02282

affected by gravity, where a plurality of grooves (not
shown) may be forned in the tiny channels in the
direction facing the refrigerant 5 storage section
102. Meanwhile, a plurality of guides (not shown) may
be formed to define the transfer direction of the
liquefied refrigerant at a boundary between the |iquid
citcalladionedar lpe meaintaineansf er section 102 near the
evaporation section and the liquid state refrigerant

transfpie SRRid Oftakl Qe ran datrY sBefioeeMd NBay include tiny
condensation io section 108 and the liquid state

refrigerant transfer .sectjpn 110 ereb he,.

e Rl s hOCREDT rrEl BR otrie SHEE o bl 4 grooves (not
because the current path of the refrigerant rapidly
shawngdnaubeermed i the tiny gharmels snthesdirestiondaeing the refrigerant
perspective view of the hybrid cooling device 100 in

dtoehgesedbonstoawmn in Fig. 3, the phase transition
cooler 112 includes a 15 |ower housing 112a and an

upper [ e I ' ' .
connedlCaThl e Bt e LOGHES 1h6: SRRR) HER b8 formed to define
12a, and then the upper. housing 112b whose outer .
téﬁéi?é‘%?%f qifretion ok they I&eéieérr I'%rgﬁh@%%POWé%'WrPﬁtW@@Nbe liquid
the sane structure as the | ower housing 112a may be
dtatenedrigeranhirangfpesectioou$02 gedd e asaparhtion s@6ticnanthdine liquid

enbodi ment of the present invention will now be

daeCrdifgstahdirafiSibabbctic? $10 bRE 4 Bolhdity bhiwEeR thd tBndensation
4a shows a perspective view of a hybrid cooling device
sze(t):(illon115 08 and the liquid state refrigerant transfer section 110, whereby the
resistance of the refrigerant circulation occurring because the current path of the
refrigerant rapidly curves can be reduced.

Fig. 3 shows an exploded perspective view of the hybrid cooling device
100 in Fig. 2. As shown in Fig. 3, the phase transition cooler 112 includes a
lower housing 112a and an upper housing 112b. The structure described in
connection with Fig. 2 is formed in the lower housing 112a, and then the upper
housing 112b whose outer shape is the same is preferably bonded. Alternatively,
the s'ame structure as the lower housing 112a may be formed in the upper
housing 112b as well.

Another embodiment of the present invention will now be described in

detail referring to Figs. 4 to 6.

Fig. 4a shows a perspective view of a hybrid cooling device 200
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second enbodi nent of the present invention, and Fig.

waboogheirss an enl arged perspective view of a PCT/KR2003/002282

condensati on section of the hybrid cooling device

200. As shown in the drawi ngs, a plurality of phase
transition coolers 100a, 100b and 100c are arranged
vertically in this enbodi ment. The heat from5 the

external source is transferred to a region

corresponding to the evaporation sections of the

gucasding tarmssdécam embbéimeli@d,thd @ddsarridnddaion, and Fig. 4b shows
respectiVer inthe thick arrow direction. For this,

a”m Eﬁ%tr ﬁi&éﬁéctﬁé bRé@oea I dRBshISESEBGbn RELNE Efﬂlbhﬂ €cooling

ase tion cool ers 100a, 100b and 100c In

o%”yb °d35§u&s. SaBiaf i Bniniseea PhireQcer B ltf%pﬁlgon coolers

hase transition coolers 100a, 100b and 100c, and a
Qa, 190bi ancii 8o eEriarange vattivaily is e embretiment. igie heat from
unllke the conventional heat pipe nodule, the

the @Sl 66ukeSiktransfeeed th1 Sl #gyidr eofregSonding! o ftias Bviporation
mai nt ai ned, whi ch nmaxi m zes the cooling performance.

s-gaz'tﬁnglt‘)lf"t \yﬂggé tl@ﬁgftl ﬂ co%?&J (5’(9&1 dﬁ?ﬁfbcgngq%%%sg%ctlvely in the

dera I Ciency o
1s external heat source i . ba shows a

thisks perew wiregtieny 5er dhisyba i 'aeaioyﬁnﬁf@rd%\'h%%n%ez@an be inserted

according to a third enbodi nent- of this invention, and
detgeehlthe phass itd@sitiorwoofers t108ah§00b andokdlOcng devi ce
220 in Fig. 5a. As shown in the draw ngs, the cooling

devi cq,q2Q d béﬁh%n?'ﬁjﬁ%é'iﬁ?bf kins PR rBYiahp Rkl bfi8ide the

sections Inc udlng refrigerant storage sectl ons

b5 BB S i S pESfod B3, anc
sections including the condensation sections are not

s tard 820 bedisposad dn doe saiddle waqeaﬂqcmzhnglheunlm the conventional
heat pipe module, the temperature distribution inside the fins is uniformly
maintained, which maximizes the cooling performance. This multi-layer hybrid
cooling device 200 can considerably increase the cooling efficiency of the
external heat source.

Next, Fig. 5a shows a perspective view of a hybrid cooling device 220
according to a third embodiment of this invention, and Fig. 5b is a side view of
the hybrid cooling device 220 in Fig. 5a. As shown in the drawings, the cooling
device 220 in this embodiment is formed by bonding the sections including the
refrigerant storage sections and the evaporation sections of the phase transition

coolers 100a, 100b and 100c shown in Fig. 4a. The sections including the

condensation sections are not bonded but separated so as to maximize the
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by the fan 120, and the side structure of the phase

W e@ns6I8s®©Nn  cool ers of the | owest and mi ddl e PEI/ER2003/002282

are consequently nodified a little. Meanwhile, in this
enbodi nent, the liquid state refrigerant transfer

sections near the evaporation sections and the

evaporation sections, each of 5 which is included in

the three | ayer phase transition coolers, my be

formed in comon rather than independently. In this
\easilatioa gffend diyethei faed12® garah thebsilecstescive of tred plrasd transition
t he evaporation sections or the gaseous state

dodidrs O il lowdst AR RIdREBYER Sre écfns'éﬁ@eﬁﬂ;?ﬁﬁio%éooé‘)httle

sections are Iin common, a“current path (not sh

t owar each, of. t he phaetr sitio ol

et wedleMENES i, A5y STPoAadd; | bhe il LS Jebiastat transter
state refrigerant transfer sections, so that t he

sestiong ecantthe \ayeposatisn sections @mh;ism Rvieparaliont seglioniss each of
transferred towards each |ayer. Next, Fig. 6a shows a

VIGIER R fidlvded! ireeOthrae MenRri efs@oﬂrarmtlm\ébélérgi’qﬂay be formed in
according to a fourth enbodi mrent of this invention,

Cg)ew Q eggggr tﬁaﬁ‘ ﬁ'fdgge}ﬂ{igmypfln ]tﬁ,soggsgy%r pqﬁg&g"rlnm%d region

nent

the fins shown, in Fig. ba is adjusted within the
bsapehereverficalie ahihg GMWN'%@GPB% or ﬂ%gésﬁ?%ﬂqtﬁ’ sefrigerant
cool ers. Accordingly, the cooling device 230 can be

teasfdrysedtioas alf tesl evaperatigh sedticmobrenin cevimon, af curkang path (not
i nvention described above can be 20 manuf actured by

s}l‘%w tqi% \cl)\,r%?&§1 | nggj%él\//gbég%\nl\}/{ cro ggtMregé (I\I/%/?ﬁgﬁ?%g) stween the
e%po?ar{?o’n SSeC’[IO$1§ ealnfd fA%SgeansJ%L)us state rlerlg)é(rearrzt’ trans?ér sections, so that
the refrigerant evaporated in the evaporation sections is transferred towards
each layer. |

Next, Fig. 6a shows a perspective view of a hybrid cooling device 230
according to a fourth embodiment of this invention, and Fig. 6b is a side view of
the hybrid cooling device 230 in Fig. 6a. In this embodiment, the size of.the fins
shown in Fig. 5a is adjusted within the outline of the most upper and lower
phase transition coolers. Accordingly, the cooling device 230 can be easilyi
installed.

The hybrid cooling device of this invention described above can be
manufactured by various methods widely known such as MIM (Metal Injection

Molding), MEMS (Micro Electro Mechanical System), SAM (Self Assembled

Monolayer), etc.
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| ower nolds engraved with the shape of the phase

WO e@ns6I8sO©Nn cool er 112 are firstly fornmed, a neCT/KR003/002282

mat eri al containing polynmer and netal powder as a

bi nder is injected into each of the nolds, the nolded

body is separated fromthe nolds, the binder is

elimnated by a solvent and heat 5 treatnent, and

| astly the upper and | ower housings are bonded by

nmetal bonding such as Brazing. Alternatively, in case

of marofMtM uvpper. anddowenimolds drgiayedokith dleenisbapdwfttbe phase
referring to Figs. 2 and 3, the surface of the |ower

RN cddrea 119f a@ﬁr&lg%?mbﬂaﬁshﬁlt% ARALEAI édﬁ?cain%g polymer

etched to formthe evaporation section 104, io

and el PARIS: b4 Bihcery mEGRAC e BeBh oL hﬁ?%ghe molded

and the Ilnag‘w d state refrigerant transfer section 102
katy is s@pamied fronhiheipids, ior bindtpr s eliminated bieaselyent and heat
have a regular pattern in response to the |ower

thentfiong, dntlastipftie Upesr Aieloh@tedusings & boplded Bf hetal bonding
7

they touch each other, an anodic bondi ng may be

1;% ﬁ applying a 15 voltage to them Then, a
prede 8rtA ed amount of refrigerant is inserted into a

refrigerant insertion hole (not shown) being fojmed at
the pHEnglivedy tinorcassol ek ”‘PI‘Q'?Q%W aéh%c@ﬁPf'raSb fryice  of
liquid state refrigerant transfer section 102 near the

samipgonditictonreferingoto Figsa2 \eamdud,nthet satriaceanidheHewer housing 112a
refrigerant insertion hole is sealed. 20 Next, Fig. 7

SR s@ gfdréﬁﬂnaédd{erc’f 5% SEREY B RImY tr@"é\%&cﬁam@ sb&tion 104,

coo evice 700 of a fifth enbodi nment sh ovvn In
RSl 0 R b B O BT bty 1. e
c?ondle%sation section 108 and the liquid state refrigerant transfer section 102
and 110. Then, the upper housing 112b is formed to have a regular pattern in
response to the lower housing 112a, and they are boned. For example, after
they touch each othér, an anodic bonding may be performed by applying a
voltage to them. Then, a predetermined amount of refrigerant is inserted info a
refrigerant insertion hole (not shown) being formed at the phase transition cooler
112 being adjacent to the liquid state refrigerant transfer section 102 near the
evaporation section in a vacuum state, and the refrigerant insertion hole is
sealed.

Next, Fig. 7 shows a horizontally cross-sectional view of a hybrid cooling

device 700 of a fifth embodiment. As shown in the drawing, the phase transition

cooler 712 of the cooling device 700 of this embodiment has the form of a
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whol e where both ends (shown as a dotted box) of the

whe@aobsss are connecting to each other. Al so i PCT/RR2003/002282

case, the refrigerant <circulation loop is the same as

that described in connection with Fig. 2, as well as

the principle and effect thereof. Therefore, they wll

not be described in detail. 5 Although Fig. 7 shows

that the phase transition cooler 712 of this

enbodi nent does not include the guides 118 of the

@bsek ringapsi @i wholeowhere Idgth émdg H{shdwn sas earfslmdiede o)) of the
the guides 118 may be included or not dependi ng upon

Brapches 8. chitdoting! & Shdhhdterd A18hi wOMmhig! bé(se the refrigerant
cross-sectional view of a hybrid cool ing to device

800 dj t t d f

GODAERRED I 15 PR SrP PGB g 2. s we
device 800 in this enbodi nent, the evaporatlon

asethel pinciie andieffechiwient Thesefeaithey Bill Reidedeseripgd in detail

source (not shown) and evaporates the liquid state

ref ri geitrtighi Figdi B pstares abhiagentpHaget tranbitienckodler 712 of this
section near the center of the phase transition cooler

&b dlﬁ%t’@%@%q‘l c%lﬁg%tfﬁe? gi H%QOH 1B the! peady ﬁgqgg&g cooler 112

sec Ion consi s ensat 1 on section

whj ch, condenses and |i quefi the state
iPdhe fialreimbodiment e guiies: 148 3y bRfRGdIac At npf deeersing upon
section 110 where the Ilquefled refrlgerant 'S
ity desd@rer red again towards the evaporation section 104.
Accordi ngly, the evaporation section 104 is disposed

bet weq\extNEigI8SHRYS & hekifordally Sfdsb&%rcﬁﬁﬁalt\r @\K}S(ff%\r hybrld cooling
section 106 and t he branchlng section. Om ng to thi

Gois BB Secisirel B 3 Bh et of s hissh Eﬁv%ﬁéog-i /3% shown
of the branching section, and then reaches the 19

in the drawing, in the cooling device 800 in this embodiment, the evaporation
section 104 which absorbs the heat from the external source (not shown) and
evaporates the liquid state refrigerant is disposed adjacent to the branching
section near the center of the phase transition cooler 812.

According to this embodiment, the branching section consists of the
condensation section 108 which condenses and liquefies the gaseous state
refrigerant and the liquid state refrigerant transfer section 110 where the
liguefied refrigerant is transferred again towards the evaporation section 104.
Accordingly, the evaporation section 104 is disposed between the gaseous state
refrigerant transfer section 106 and the branching section. Owing to this

structure, the evaporated refrigerant is transferred from the evaporation section

104 to the opposite side of the branching section, and then reaches the
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al ong the circunference of the housing. The fan 120

wheionnesseé sposed in the holl ow of the branchi nECHERRI03/002282

circulates the surrounding air, and then the gaseous

state refrigerant reaching the branching section is
condensed and liquefied. Accordingly in this

enbodi nent, the condensation 5 section 108 which

condenses the gaseous state refrigerant is forned

around the Dbranching seetion. Particularly in this
hrabchihgesectionl alboy dive cireuniienemaé ofrtheal ausing.sEoee ifam 120 being
for insulation of the evaporation section 104 fromthe

deiléggciw'teéj it HeChbIRIW 08 8hé BranéHiAg Sekfios &tcliRies! #e sbirBghding air,

ionally fornmed, there is no problemin

Cl atjng i he refrigerant . |n er , e . :
ik S R0 0o Y e BB PR i bigTioheE section is
state ref;ri@gerant, transfer section 106 eventual ly : i
qosdensed tand Hipueiied. njccerdinglvin thisd epedimant et griedensation
away the heat fromthe gaseous state refrigerant to

seetide o8 witich thadenspicthicaghgeols iststeasfrigepaiti ig fiesned around the
traveling along the condensation 15 section 108

H}gﬁ{gpﬁg %%8%‘11 t he branching section and the |iquid
stare ve

rigerant transfer section 110, and then

retur .0 the evaporation section 104 again., The . .
conde&iad%'?ldﬁﬁléé%mwgr?ni [21=Y I ﬂgwqqgé\u’qh& tg;pgpgl insulation section

refrigerant transfer section 110 are sectioned by a
foriinsulatoon 81ahe Bvappeatidnt secti®il d Odefyomdthiet liguidl state refrigerant
function as the thermal insulation section depending

tEHRPerdsdtiBn - 1190s $idd GRIditany Fopvet itR8redis ndBidbleSin circulating
circulated by the fan 120 continuously touches the

B8 BRI 80, Roat B PO, SR 3 bl om e
g%%eous state refrigerant transfer section 106 eventually reaches the branching
section, and the fan 120 takes away the heat from the gaseous state refrigerant
to condense it.

The liquefied refrigerant continues traveling along the condensation
section 108 formed around the branching section and the liquid state refrigerant
transfer section 110, and then returns to the evaporation section 104 again. The
condensation section 108 and the liquid state refrigerant transfer section 110 are
sectioned by a partition 810. The partition 810 may additionally function as the
thermal insulation section depending upon design. |

Since the surrounding air which is circulated by the fan 120 continuously

touches the branching section of the evaporation section 104, the external heat

source itself can be cooled directly.
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enbodi nent, both ends of the branches may be connected

W 00g@cis6®©t her. I n addition, although Fig. 8 sSPOWKRRWA002282

t he phase transition cooler 812 of this enbodi nent

does not include the guides 118 of the phase

transition cooler 112 in the first enbodi nent, the

gui des 118 may be included or not s depending on its._
design. Next, Fig. 9 shows a horizontally

cross-sectional view of a hybrid cooling device 800

accor dilsg in thia esshashiment ot iemdatofdhe thiienghassmay be connected
invention. As shown in the drawi ng, the phase

té re@eﬁldth@rn £ aabgibn 2akhAight hig. ecgridwwth@emé:sh%wtrahﬂnon cooler
hi's enbodi ment has the formof a closed ring where

S AR DR SRRB R S 3R B

than the symmetrical circulation |oop, In other words
corterphit dn tthankyst iestbaciveet, te2ovidepulits may be included or not
evaporation section 104 being forned at one end

dependivig omitgaesigns state refrigerant transfer section
106 where the evaporated refrigerant is transferred

from N@dlﬁlge%%ﬂgmté RBriASHEAN ap&f%g%e'cﬂoﬁ%l A oF %rl'gj#s'?i@dcooling

direction ranchlng sectl ape

({?é{k‘%ogéglg‘}%?( ??%V%H gn‘g%cﬁl@ E\Qg%gmg]rggent IMvention. As

condensed at one end thereof and the condensed |iquid
shioatneinrtberdrgeing tthé phasetsinsitioadcdaoterad 151 efithteeeanlingddevice 900
direction and flows out of the other end thereof, and

it thisdBhfborfiAbARt MaEr e of rangddd siRgt Wﬁ@re?Qhéoc?ranches are
being forned adjacent to the other end of the

PRI S Feb o PR S bkt e irutatin
evaporation section 104. The evaporat| on section 104

raiier than Hesssumedical eirewation aamt

In other words, the phase transition cooler 912 includes an evaporation
section 104 being formed at one end thereof, a gaseous state refrigerant
transfer section 106 where the evaporated refrigerant is transferred from the
evaporation section 104 in a predetermined direction, a branching sect}on 108 in
’.che shape of a ring having a space in the middle thereof where the gaseous
state refrigerant flowing inwards is condensed at one end thereof and the
condensed liquid state refrigerant is transferred in a predetermined direction and
flows out of the other end thereof, and a liquid state refrigerant transfer section
102 being formed adjacent to the other end of the branching section 108 where
the liquid state refrigerant is continuously transferred towards the evaporation

section 104. The evaporation section 104 and the gaseous state refrigerant
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are separated fromthe liquid state refrigerant

WO e@ad6866 section 102 by a partition 116. ThePCT/KR2003/002282

partition 116 may be fornmed to function as a thernmm

i nsul ati on section. The cooling device 100 of this
enbodinent is simlar to that of the first 5

enbodi ment, except that the refrigerant circul ation

| oop is asymetrical, and the heat source is disposed
beneath the evaporation section a little out of the
trangtiresectiort HO6harss isegataded Haomt the tigaid Etaden refrigareat transfer
source can be absorbed to the evaporation section

steflon aod BWéﬁ)a'rﬂiud/M 116."MHe pR%E6A AGE th)I/ getdirhed N6 Xlinction as a

Fig. 10 shows a horizontally cross-sectional view of a

devi ce 1000 according to an eighth
tﬁ%@%qn&ﬁ?ﬂ&?%ﬁg&br esent invention. As shown in t he
drawi ng, the phase transition cooler 1012 of th
cool | diedernling daviem 10R afiihis embedimmnitis hsa@llamt@ that of the first
refrigerant circulation | oop of the opposite
ethisetitnent) dxeephitiat te tdfeageians eirtulaticn tdopnisceyhene®ital, and the
of the seventh enbodi ment. In other words, the

h‘:e\é?QSLrn%%i iQ'alsi)g)%%H%négﬁw Wy é\;é %Y&Rﬂ{ é‘écﬁ%n@ﬁtgetjﬁﬁ:{g of the middle

efrigerant | orne on adj acent

ranchi ng se sotha he, evaporate

q dbe ruitiht Soahel i hest am fhet heSbSpae Srhbeetksashed to the
of the branching section 108, whereby the evaporated
avapoiajienasctibh e, and shusié valhdobdlesaribedlin aletdil. ng

section 108 through the gaseous state refrigerant

transigixt Sefd.1 90 sHé aﬂh%n[z@ﬁtéllﬁ%r@é‘é BRI QyibWVBF &S hybrid
'S condense “and Ilquefled by the air 20 C|rculat|on

fan ein r med t he, hal | ow

cgﬁg wge i)ﬁ&% %Bg?o?ﬂeelgh@ueéppggm}eé}t ?éig? BFﬁsent invention.
flows into the evaporation section 104 a8al n _through
Ashshayviiit hiengrayéng, e piese teansition cooler 1012 of the coollng device

1000 in this embodiment has the refrigerant circulation loop of the opposite
direction to that of the phase transition cooler 912 of the seventh embodiment.
In other words, the evaporation section 104 which evaporates the
refrigerant is formed in a region adjacent to the branching section 108 so that
the evaporated refrigerant is transferred in the opposite direction of the
branching section 108, whereby the evaporated refrigerant flows into one end of
the branching section 108 through the gaseous state refrigerant transfer section
106. The refrigerant flowing inwards is condensed and liquefied by the air
circulation by the fan 120 being formed in the hollow of the branching section
108. The liquefied refrigerant flows into the evaporation section 104 again

through the branching section 108.
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enbodi nent, as described in connection with Fig. 8,

W b@4eeapor at i on section 104 is di sposed near PEEKR2003/002282

120, so that the surrounding air circulated by the

fan 120 can cool the external source itself. In

addition, the external source is preferably disposed
beneath the evaporation section 104. 5 Next, Fig. 11

shows a horizontally cross-sectional view of a hybrid
cool i ng device 1100 according to a ninth enbodi nent of

t he prAdserin thisvemtbiodimentAsasstieseritied irheodnastiorg withhEig. 8, the
cool i ng device 1100 in this enbodi nent includes a

mlpbralfonpé&%@nﬁr(ﬁl”@'oﬁéﬁ?ﬂ%e@q{é'a‘? fife %11?@0 aé?ﬁthé% ﬁ@surﬁ@%ﬁing air

of which has one end 'being curved by a pr eterm

at | ea 1o ..
FRlled by et B 120 B, BB I s ¥ allod sl 1A s, the
curved sections of the pair of phase transition

ednal souree sspeafarapiv disppsrdrbeneatbrtha sivapgrationt sastion 104.
when installed. The fan 120 is installed in the

hol | oWendt, Fite Bt ashdvina %ﬁk@lﬂ@llY'Dﬁ’O§§‘-@%’EI¢ﬁthWIGW &fL.a hybrid
each of the phase transition coolers 1112a and 1112b

é&foliﬁ@io%vﬁ:@b%mﬁ%?rjdﬁgtcﬂ ar{mtﬂ'&ﬁboéll éjﬁ ggsﬁrﬁ%ﬁt R¥ention.

eac the pair i pes

itself fupctions as a coql er based an

As: St THe SEving BB<HRING AavPSLI0gndnerRmhedimant igludes a
t he external source. Modreover, according to this
pairvehphass transiienacquders ﬁlﬂzarmctdoﬂ%b,seacth ef whieh has one end
region where condensation occurs (shown as the dotted

HeitecdiNBY Hys ptr@@etfa%me@lfar?glé iSB%s REfIRS: Qﬁ%stlb?( g%rt. of a hollow

predeterm ned angl e, and the fan 120 IS 1nst

R8T B i RocBy i do Wk Effias'PeRb i o egbafctions of the pair

di ssipation capacity far nore than that of the
Oéméﬂttrmlome@@lem pé12aaod Uil 2bHerpaihe lfanphiagesection when
transition coolers 1112a and 1112b is not 23

installed. The fan 120 is installed in the hollow of the branching section.

As shown in Fig. 11, each of the phase transition coolers 1112a and
1112b of this embodiment is a heat pipe. In this case, since each of the pair of
heat pipes 1112a and 1112b itself functions as a cooler based on phase
transition, it can absorb and dissipate the heat from the external source.
Moreover, according to this invention, since a part of the coolers, i.e. the region
where condensation occurs (shown as the dotted line 108) has the form of a ring
being bent by a predetermined angle, and the fan 120 is installed in a space in
the middle thereof to circulate the surrounding air, it is possible to achieve heat
dissipation capacity far more than that of the conventional heat pipe.

Each of the pair of phase transition coolers 1112a and 1112b is not
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pi pe. Such enbodi nent is shown in Fig. 12a. Fig. 12a

W@ bawe6sses hori zontal |y cross-sectional view of PEI/RRRI0BH02282

cool i ng device 1200 according to a tenth enbodi nent

of the present invention. The cooling device 1200 of

this enbodi nent al so includes a pair of phase

transition coolers 1212a and 1212b 5 constituting the
branchi ng section having a space in the m ddl e thereof

when installed, and a fan 120 being di sposed in the
meckdiserily maheatopipé h8ubh enbitdirgentiscthionn moFigi $2anBigofl2a shows
the pair of phase transition coolers 1212a and 1212b.

é\@bggé@%w Eﬁg%éér%:tighéﬁﬁew (ﬂna':‘ih&bﬁﬁ‘ cPHORhG Gevi 1’?2)(?890ord|ng to

I ment ts sections 1 and 110

e bel ept by a . . .
§ienbraPhpaeag e Adral Deeffon iﬁ??&?oilaweafceﬂzoo of this
refrigerant capabl e of phase transition is forned,
embodimgniddso includesparpail ohpbase itransition canlers 122a and 1212b
liquid state refrigerant is accunul ated by capillary

dHstiflingnthat bla@@hingdsddtidn hAeh§a spaee it NRe afkMIM tiadresf when
liquid state refri gerant is evaporat ed by the heat

{ S :
bbaILA apd e Bl p0 Rha REEA HoheTEM Y e.c%?fet“# gnehing
adj acent to. the evapor atl on sectl on 104 where t
BFEAPBr eANsistinge Af it Rt of Phasgnaesitieny qoé\;%’ﬁdézi% aple1212b.
end 108 and 110, a condensation section 108 being

Mbrgvee teamntl af pzisettrarisitongessenss! Si2at and ¢2 1 2ly ér thig embodiment
transfer section 106 and formng at | east a part of

IHEE i%n%e%ﬁgnsmi;%ﬁc?mggi%oﬁ ghat onsefernljgerb@ﬂfq qwnc} by a

Ws into one Si and I's ense
refrjgerant 20 transfer sectiqgn 110 bei

dpdpBeindd fRuBhets o Erision 0abid SI0eTG Tapabig,f phase
form ng at least a part of the one end, where the
tranpitiah &t rmedefandgecladesian evaporsfien rsedtionvidddwhetes the liquid
evaporation section 104, and a thermal insulation 24
state refrigerant is accumulated by capillary action in at least a part thereof and
the accumulated liquid state refrigerant is evaporated by the heat from an
external heat source (not shown), a gaseous state refrigerant transfer section
106 being formed adjacent to the evaporation section 104 where the evaporated
refrigerant is transferred towards the one end 108 and 110, a condensation
section 108 being disposed adjacent to the gaseous state refrigerant transfer
section 106 and forming at least a part of the one end, where the gaseous state
refrigerant flows into one side thereof and is condensed, a liquid state refrigerant
transfer section 110 being disposed adjacent to the condensation section 108

and forming at least a part of the one end, where the liquid state refrigerant is

transferred towards the evaporation section 104, and a thermal insulation
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| east partial insulation of the evaporation section

wae4f6800 t he |iquid state refrigerant transfRBCT/KR2003/002282

section 110. Meanwhile, Fig. 12b shows a horizontally
cross-sectional view of a hybrid cooling device 1200
according to an el eventh enbodi nent of the present 5
invention. In this enbodinent, like the fifth

enbodi nrent shown in Fig. 7, both ends of the branches

are connecting to each other. Also in this enbodi nment,
seietion di0bdar at leant partishinsuksttiongefrthe tevapotatienssoiions! 04 from the
that of the tenth enbodi nent. Accordingly, the

lieorl stat: &eNgsrant #308eR8EctiPP 0.0f these enbodi ments
mai nl y have the advantages of the cooling devices of

the e ' t se.sh [ to_Figs. nd 9. Further, .

acoor AR FiGe ey shipwene o ontald] Feotseansiplal yipw of
sections are separately fornmed up and down, the heat
hypEhcpoling dgricey1 290 aecardingoter are sleyentiyerabpdingnt| of the present
installed can be dissipated. In addition, since the

irxeionatn dins ssbodin®ene/ likeh enep fifth erhb Gdifidnt SMoMPOIEFRy. 7, both
in the tenth and el eventh enbodi nents are forned

eT’lngQﬁ‘?ﬂ% b?%%%%&r@%&ﬁérecﬁw ﬁf"éa(ﬁ?H{h%‘?. R0 A5 Sib&if@nt. the

can pe co ernal structures are

changed i.n response to the position change of the
clgipYPRT e Elesiant ibarame s thatoTdbe sithereRodiment.
sections 104 of the tenth and el eventh enbodi nents

are f &ocedlinglytthe dndding davipeset20®andi @0’ ohdvesizyemnmbediments
effect of the phase transition cooler 800 shown in

nraifllythBRnha 2R aptdye8\Fdhe bBom{g{‘&évi&\S’é Qﬁthez&nbbgin?enés shown in
) of th clu

cool'i ng device (not shown Is case also In es

' ir hase _transition coolers,. which.formthe .
ysare AP SIRRE esing & BpseErhsdiments, i e SVaporation
thereof, and the fan being installed in the mddle
septiens afe sapangtelyndainmed upsand down, the heat from a plurality of heat

sources being separately installed can be dissipated. In addition, since the
evaporation sections of the phase transition coolers in the tenth and eleventh
embodiments are formed adjacent to each other, a heat source of a larger area
can be cooled. Other internal structures are changed in response to the position
change of the evaporation section.

Meanwhile, the evaporation sections 104 of the tenth and eleventh
embodiments are formed at the branching section side, whereby the effect of the
phase transition cooler 800 shown in Fig.8 can also achieved. In other words,
the cooling device (not shown) of this case also includes a pair of phase
transition coolers, which form the branching section having a space in the

middle thereof, and the fan being installed in the middle space of the branching
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the pair of phase transition coolers. Mreover, each

w@boothessehase transition cool ers of this enmboRPKTERR003/002282

has its one end being bent by a predeterm ned angle

where a circulation |loop of a refrigerant capabl e of

phase transition is fornmed, and includes an

evaporation section where the liquid state 5

refrigerant is accunmul ated by capillary action in at

| east a part thereof and the accunulated liquid state
sestiondermead hysthey ppioraft sey trahsitibe atooferenameover, each of the
external heat source, a gaseous state refrigerant

pHaRBsiransifes idodlerd & NHis’ empBdinmeharsdlts dr> ERA being bent by a
evaporation section where the evaporated refrigerant

' [ e osite direction of the nt
thSLCERT Bidlaoluarpa dPRERTOO ook PR e iysdent ertie of phase
adj acent to the bent one end and formng at |east a
tragisitiosy ist leEmpdnandincledre anvaveperatinn spalivpughereathe liquid state
refrigerant flows into one side thereof and is

rebigeeasicid, acvuchudatetddey dagillatyeadtrsr inger Rzt b(fj@é'l@ftl@éreof and the
section being disposed adjacent to the condensation

: . £t ,
BRI ERBIRIE IS Befboldifi3e BpPBidted by HE A B rtomal
towards the evaporatjon_.15 section. The coolin )
N2l 0L & SRS LRI R BHIHrAN TGN HES SeRko, Aokt Myasd gidiacent
the cooling devices of the enbodi mrents shown in Figs.

to tha@vaporationtsestion adweoe dhe gvaporatdd sefegbratit ietransferred in the
since the evaporation sections are separately forned

opPosREdirdeithn of iee BeAE ohe AR P isaYioRTsdiE8h being disposed
sources being separately installed 20 can be

i SSi I n,additiopn i nce the evaporati
BB e et BBR e Bon ThErRon eBS! BT A fhy bent one end
enbodi ment are fornmed adjacent to each other, a heat
vwhsilie c thenfgasgoyger state arafdgersst covedintx ore  side etheseof and s
structures are changed in 26
condensed, and a liquid state refrigerant transfer section being disposed

adjacent to the condensation section and forming at least a part of the bent one
end, where the liquid state refrigerant is transferred towards the evaporation
section.

The cooling device of this embodiment mainly has the advantages of the
cooling devices of the embodiments shown in Figs. 2 and 10. Further, according
to this embodiment, since the evaporation sections are separately formed up
and down, the heat from a plurality of heat sources being separately installed
can be dissipated. In addition, since the evaporation sections of the phase‘
transition coolers in this embodiment are formed adjacent to each other, a heat

source of larger area can be cooled. Other internal structures are changed in
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positi on change of the evaporation section. The

w@omhiergecdlevi ces shown in Figs. 7 to 12, |ike PEEKR2003/002282

cooling device 100 described in connection with Fig.
2, can also be forned as nulti-layer phase transition
coolers. Further, the branching section nmay al so be
provided with a 5 plurality of fins to inprove the
cooling efficiency. In addition, the gaseous state
refrigerant may exist in the formof Dbubbles in the
respaimestatthepasdion change dftilee evgporatiohateetiorf ri ger ant
transfer section of the phase transition cooler.

These Tingbdd mgrdidestsh@in il Fidie 7 ﬁﬁmﬁlelﬂ&ﬁmeoébohng device 100
section, and |n or der to discrinmnate themth hey are

W .S hed a ed regions
ofe%%ﬁ%%?%ngﬁﬂséﬁoﬁ} WASFZ e ARG PESS e B hie-8r phase
i I'lustration. Mreover, tiny channels simlar to those
tignsition eaalets: Lurker.sibet bf@aﬁcg’@ﬁ sedionomaydalba kenprovided with a
condensation section or the liquid state refrigerant

pluralityfafifinsge dinbesue ieasoslifg Elficiemsidensed and |i quefi ed
refrigerant can be easily 15 transferred. Next, Figs.

13a t @, 134ifs &fvﬁrﬁg%‘abagusd%‘fét%e%@p&%ﬁ r‘ﬁ%g}}gx@f hﬁrtpﬁ form of

enbodlnent present 1 nven

s, the anchi ng sectlon e cool
Eybbised Petﬁ%"{ﬁ"@égﬂ'ﬂ beRient Pona Wid: sfﬁaecerggrmrw transfer
the shape of a circular ring, and may be a |inear
sshiipre ¢fcfthe Fplpseal 3Immsition3applea ZThdsez dugbleshapistwat ot in the
its end being open or closed (cf. Figs. 13b, 13c, 13e

cBRdendatioh s&&tfon, Aéﬁﬁ‘d”r‘ﬁ'd?&éb’ to td”@crﬁﬁﬁ@?e SherhNey ?rrc]e separately

branchi ng secti on i s merel y an opti onal matt ef
t,hus, it obhvi oubsutttnat the echni

Ha\ggs %Pgﬁcﬁgdrﬁl@sgﬂye segions, e regiona separaf ion is not limited

to this illustration.

Moreover, tiny channels similar to those of the evaporation section may
be formed in the cbndensation section or the liquid state refrigerant transfer
section, whereby the condensed and liquefied refrigerant can be easily
transferred.

Next, Figs. 13a to 13f show cooling devices according to other
embodiments of the present invention. As shown in the drawings, the branching
sections of the cooling devices of the present invention are not necessarily the
shape of a circular ring, and may be a linear shape (cf. Fig. 13a or 13d), a
lozenge shape with its end being open or closed (cf. Figs. 13b, 13c, 13e and
13f), etc. Accordingly, the shape of the branching section is merely an optional

matter in design, and thus it is obvious that the technical ideas of the present
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limted to a specific shape of the branching section.

wWa\Raohoesshe t he present invention has been descrP@BEERRYN3/002282

way of exenplary enbodinents, it should be understood
that those skilled in the art m ght make many changes
and substitutions wthout departing fromthe spirit
and the scope 5 of the present invention which' is
defined only by the appended clains. For exanple,

al t hough the tiny channels are linear in the above
iRvebdidnrera tre} lititey to rmagpduificshrapedof thadrahehisg zectdn.t he
thermal insulation section 116 may be properly

desi QWMoﬁgh‘tﬁé Ifré’s%rﬁ e chitiBR hashstetdesdrbbBUS TR Nef exemplary
APPLI CABI LT'TY] 10 According to present invention,

cool i.ng 1 s .perfar,med based op, both the ..late heat .i
TRSRAMBplsh o Sha B eefol 1R aee ool the i frict make
addi tion, according to present invention, since a

pany ahangesodng sabstitutiong withpehderastieg froa éhe spirihanddhe scope
between fins of each |layer to nmaxi mze the cooling

offthecpresent afventienfivhih” sheefansl only b?_ftﬂﬁ@f appesddds claims. For
consi derably inproved 15 even using fins of the sane

Xa |&Sal{r{6%igﬁ3t@§ﬁwn&fﬂnéié Are liﬁébbrﬁﬂdrbéia%bve.a%éf}é&’ih%ts, they

resen I'S pPOSSI O provi

conmpact type hyprid cooling device capable of :
"é%\hngl?cf?%édb t%“ﬁ&'@ﬁ ISP Oﬁég?oﬂ“ﬁém@'e' I esstiyy 116 may be
gravity. In addition, according to present invention,
property gesigndd as wellpasothedshape tABraxdnpact type hybri d

cool ing device without restriction in its installation

[ AeBUSIRIAPAHEBSCBEINITYIN addition, according to
present i1 nvention, since the refrigerant is 28

According to present invention, cooling is performed based on both the
latent heat in phase transition and ventilation and convection.

In addition, according to present invention, since a plurality of phase
transition coolers are laminated between fins of each layer to maximize the
cooling efficiency of the fins, the cooling performance is considerably improved
even using fins of the same area as the conventional fins.

In addition, according to present invention, it is possible to provide a
compact type hybrid cooling device capable of conducting its cooling
performance regardless of gravity.

In addition, according to present invention, it is possible to provide a
compact type hybrid cooling device without restriction in its installation location
or position.

In addition, according to present invention, since the refrigerant is
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hardly affected by gravity, if the surface tension in

W b@®4063896 channel s between t he evaporati on aneCT/KR2003/002282

condensation sections is larger than gravity, the

position and nmethod of the installation are not

restricted. In addition, according to present

i nvention, since the thermal insulation 5 section
thermally and physically insulates the liquid state
refrigerant transfer section fromthe gaseous state
nadfinally eirgnlated hasdlyraffestad by, grawity, ikthe gerface teraiom émtthe tiny
can be stabilized, and the cooling efficiency can be

dhaRhelseBetwenatil tevaporaaRRORAH NbridenBARSE HectiONE i [18yer than
the liquid state refrigerant transfer sections are

j . h er, cil st ances,of .t.he
diaTRP R pBaRaRE ahetyl e FlsieeBRERE Pt BrstfinG
| oops are formed, thereby increasing super cooling of )
t he r&f @dgitioan@ccaiging fo prrsanéfinveaydioansinegrthetthermal insulation
properly circulate in one of the liquid state

seefion ghemmaliyt aadspleysiciyt insnlateliehd diquldastdiy fe@egbrahh &ansfer
refrigerant flows through the opposite liquid state

JeBfibh n r i Q8 My i ng t .

SE151 08T ind GRekes 3851 Aoy Rbaids"SEaRH ho Rtigorans
PCT/ KR2003/ 002282 | MB] 1. hybrid cooling device
FEFTEGAN PRGUHE A BR ORI FRICHIEN:CasUR baprbved.
conprising: 5 a phase transition cooler in which a

ci r cullmtadditidno gecofdiag rtef pregentaimventiamatiiee lighidpstatee refrigerant
transition is forned, said phase transition cooler

t?ﬁ%ﬁr' SBNS ar8 ASSIIRDaRPGI AR BEeraN8irdirAstahbss @ fthe cooling
device, and bidirectional circulation loops are formed, thereby increasing super
cooling of the refrigerant, and if the refrigerant cannot properly circulate in one of
the liquid state refrigerant transfer sections due to gravity head, the refrigerant

flows through the opposite liquid state refrigerant transfer section, thereby

increasing the cooling efficiency.
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a fan being disposed in said branching section of said
phase transition cooler, 10 wherein said phase

W@ e@n®63I8®O©N cool er conprises: an evaporati on SBCI/K&R003/002282

being forned at one end of said phase transition
cooler, where said liquid state refrigerant is

accunul ated by capillary action in at |east a part of
sai d evaporation section, and said accunul ated |iquid
state refrigerant is evaporated by heat transferred

fromsaid external heat Jp|ggQmMgle; a gaseous state
refrigerant transfer section being fornmed adjacent to
sai d evaporation section, where said evaporated
refrigerant is transferred towards said branching

ectiqgn: a. condensation section being fornmed adjacent
0t hé @ﬂ%r&ieeohrwodgwgﬁefw &rpling heat ?rtonmgf extegealthast source,

as at least a part of said branching section and
apnpreliimgy i nto at | east two branches, where said
gaseous state refrigerant is condensed into a liquid

statep gRadOPRMRCEESEr RETWKIRROR 3@%@%0 ?br#gd @i refrigerant

state refri gerant t ransfer section bel ng

Lacen 0 ai d.condensatj on. sectiopn as.at least a .
BRRBRSD! wlie BRI iR BAEiee< RafSusn oSRF comprising a
i nsul ated from sai d evaporati on section, where said
hraaekipg sactioregt pne pidet thereafr andf er red t owar ds sai d
evaporation section; and 5 a thermal insulation

sect i arfahdreitid eigpalsbdl ihnssid @Pérﬁt&hir? sbe@st of sBRY phasd transition
sai d evaporation section fromsaid liquid state

eidri gerant transfer section. 2. A hybrid cooling
8eV| ce as clainmed in claiml1l, wherein at |east a part

of : . " .
wherein said phase transition cooler comprises:

an evaporation section being formed at one end of said phase
transition cooler, where said liquid state refrigerant is accumulated by capillary
action in at least a part of said evaporation section, and said accumulated liquid
state refrigerant is evaporated by heat transferred from said external heat
source;

a gaseous state refrigerant transfer section being formed adjacent
to said evaporation section, where said evaporated refrigerant is transferred
towards said branching section; |

a condensation section being formed adjacent to the gaseous
state refrigerant transfer section as at least a part of said branching section and
dividing into at least two branches, where said gaseous state refrigerant is

condensed into a liquid state;
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said liquid state refrigerant transfer sectionis a
refrigerant storage section for storing said liquid

wae@ume6ised ri gerant. 10 3. A hybrid cool i ng devPCEKRS003/002282

clainmed in claim1, wherein said gaseous and |iquid

state refrigerant transfer sections are separated from
each other by said thermal insulation section. 4. A

hybrid cooling device as clained in claim1l, wherein

said liquid state refrigerant transfer section

conprises at | east one tiny channel whose surface 15

t ensi on bet igpdd satedrefrigrradt sansfer settiorg bemgt foamddaadjacent to
inner wall of said liquid state refrigerant transfer

s3RF tdoPbehSatfft sbetidif dsaég%aéthérbegf %‘f'éﬁid t?rtan&lhgibéééhon and

cooling device as clainmed 1n claim1 erein sa

frigerant transfer section, conpr )
tg&gﬁéﬂ&;'{‘g@g@ Jﬁ?rae% cg eﬁpﬁ@ﬁ%ﬁ‘r??\ lorgalv\@eéedsgglgsshqueﬂed
state refrigerant towards said condensation section.
refigerant Iﬁyansf@rr@@ldpmgd&iwﬂ@amraim santionhandai m 1
further conprising a plurality of fins being forned

at a regi entheuhal theukiod HwiBA bF mhidugnngmaﬁ@g at Teast a part
response to said condensation section

h e P R or N Ko Sn e e B dagon
220 v o BTIA/RR)0 e KscrS Y B 41 WA ok easiianpart o

1 further conprising at |east one of said phase
saicaliguitli siatec aftigerant trahsfezi sectiah ds phasfeigeramt Stoiage section for
cool ers have said evaporation section in comon. 9. A

storhg ébi&‘ﬁ@hiﬂ"&ai‘é%frﬁb%réﬁt.d aimed in claim8 further
conprising a

3. A hybrid cooling device as claimed in claim 1, wherein said gaseous and

liquid state refrigerant transfer sections are separated from each other by said

thermal insulation section.

4, A hybrid cooling device as claimed in claim 1, wherein said liquid state

refrigerant transfer section comprises at least one tiny channel whose surface

tension between said liquid state refrigerant and an inner wall of said liquid state

refrigerant transfer section is set to be larger than gravity.

5. A hybrid cooling device as claimed in claim 1, wherein said gaseous

state refrigerant transfer section comprises a plurality of guides for transferring

said gaseous state refrigerant towards said condensation section.

6. A hybrid cooling device as claimed in claim 1 further comprising a

plurality of fins being formed at a region outside said phase transition cooler in

response to said condensation section.
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refrigerant current path being fornmed from said
evaporation section and vertically branching in order

W@ 200063866 er sai d gaseous state refrigerant i oPCT/KR2003/002282
evaporated in said comon evaporation section towards
each of said phase transition coolers. 10. A hybrid
cooling device as clained in claim8 further
conprising a refrigerant current path being forned
fromsaid gaseous state refrigerant transfer section
and vertically branching in order to transfer said
Tyaseobybridtaalifg dekiceger caimex mpcam 6dwhersinisdcroesasention on
evaporation section towards each of said phase

gl ANS plain@rbf &R Wt 3 ekl of $nill¥iREIid cGRAIG Ng device as
claimed in claim1 further conprising at |east one of

oot BIULTH <oy sedite 87 sRmelt R Bt IR cBBhing ot toast

t hermal |y connecting to each other. 12. A hybrid
aeotfisaid Bbase daasitiongopted, i n claim 1, wherein ends of
branches of said branching section are connecting to

each whbedintsaid phese teiredRm Ebdlers RAvdBaRPBI4PGREER section in
PCT/ KR2003/ 002282 13. A hybrid cooling device for
SRhbRY heat from an external heat source,
conprising: a phase transition cooler in which a
ion, loop of a.,refrigerant  capable of phase

circula , -

Sr ans’%\t {‘W'q SoPdngReviceiiag plaived: inasimi nfwrther epomprising a
conprising a 5 branching section having at |east two
réfirigecdrds catrenhepath dbeingerf@afed aframa shimh dveipogatidins Beston and
in said branching section of said phase transition

v@ﬂ@aﬁ{/’ branching in order to transfer said gaseous state refrigerant
evaporated in said common evaporation section towards each of said phase
transition coolers.

10. A hybrid cooling device as claimed in claim 8 further comprising a
refrigerant current path being formed from said gaseous state refrigerant transfer
section and vertically branching in order to transfer said gaseous state
refrigerant evaporated in said common evaporation section towards each of said
phase transition coolers.

11. A hybrid cooling device as claimed in claim 1 further comprising at least
one of said phase transition cooler,

wherein said evaporation sections of said phase transition coolers are

thermally connecting to each other.

12. A hybrid cooling device as claimed in claim 1, wherein ends of branches

of said branching section are connecting to each other to form a closed ring.

32



10

15

20

wherei n said phase transition cool er conprises: an
evaporation section being forned adjacent to said

whe@aobisng |0 section, where said |iquid statBCT/KR2003/002282

refrigerant is accunul ated by capillary action in at
| east a part of said evaporation section, and said
accunul ated liquid state refrigerant is evaporated by
heat transferred fromsaid external heat source; a
gaseous state refrigerant transfer section being
formed adjacent to said evaporation section, where
Bhi d Avaylwichceding:tevigerfantcooking haat fremm e exterdd rasat source,
opposite direction of said branching section; a
W@t ion section being forned in said branching
section, where said gaseous state refrigerant flows

I nwar gs [ en i.nto . l[iquid. state; and a ..

l'i qui % %l?éak%e t%@% ﬁ{?’g'epg?ﬁ?r {f a"ﬁ@?’gras I ?%Wnbjﬁorﬁ’g OF Gt fefgigerant
adj acent to 20 said condensatjon section, where said
qapagﬁ PfeRhasss ragwitianis fasmedagaidephase trangitiadr cosler ¢omprising a
evaporation section. 14. A hybrid cooling device as

braachieg seotiat having it lodst twod braricHesastton® §186 thébof: 3hd\O
2004/ 065866 PCT/ KR2003/ 002282 said liquid state

refri ; b ' J : o
ect i e oeihg R RS Brariid SEbeiEbF ByPhfied fansiton
15, A hybrid cooling device as clained in claim 13,

Bein said Ii quid state refrigerant transfer
section conprises at | east one tiny channel whose
sur f awberedn saidsplaseoieansiton saoldr tompridest at e
refrigerant and an inner wall of said liquid state

refrigeragh evansthon seetib® rbéirigeiﬁiméd) a*agde%'f Qg rsiatlncﬁ1 Yranching

gravity. 16. A hybrid cooling Ice as al me
s‘ékﬁéﬂpvaﬁere\@a% ?llqu}ias gt'age %”f‘?‘.&é’r%%t is accumulated by capillary action in

at least a part of said evaporation section, and said accumulated liquid state
refrigerant is evaporated by heat transferred from said external heat source;

a gaseous state refrigerant transfer section being formed adjacent
to said evaporation section, where said evaporated refrigerant is transferred in
an opposite direction of said branching section;

a condensation section being formed in said branching section,
where said gaseous state refrigerant flows inwards and is condensed into a
liquid state; and

a liquid state refrigerant transfer section being formed adjacent to
said condensation section, where said liquefied refrigerant is transferred towards
said evaporation section.

14. A hybrid cooling device as claimed in claim 13, wherein at least a part of
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state refrigerant transfer section conprises a
plurality of guides for transferring said gaseous

W@ e@ume63sed ri gerant towards sai d condensati on SBCT/K&2003/002282

10 17. A hybrid cooling device as clainmed in claim13
further conprising a plurality of fins being forned

at a region outside said phase transition cooler in
response to said condensation section. 18. A hybrid

cooling device as clainmed in claim17, wherein a
cross-section on X-Y plane of at |east a part of said
Saiichdiquisl states eefrigbfart Irankféry sedtibncisoh ireffigéeamicstossge section for
claimed in claim13 further conprising at |east one

g&r,@ggdpﬁgﬁﬁsga{@@h%é%tcool er, wherein said phase
transition cool ers have said evaporatlon section in

nmoR.,. . 20.. A hybrid.cooli i C "
£ ot ity B, hliScdsvices 8 e Taify 1 fehiers shickiiuid state
path being fornmed from said evaporat| on section and
refigeran| rgnsieapesiion composdeat tleastrens tisy chandebabesasurface
state refrigerant evaporated in said common

tensipnhatiesn saiel liquid EenarsFigeaih a0t dhinteP Mafier 3t M@id state
2004/ 065866 PCT/ K 003/ 002282 transition cool ers. )

BRI QIR S8 B LAUIRh B sl m 19 Tur her

rrsing a geran ST Rt pat 'ng forned

from aseous st ate refrigerant transfer section
8nd vé%ﬁ’é%l PQolRIga ABWER S ﬁ'aﬁna@rmt%alm dRs Mhergigi gpid gaseous

gaseous state 5 refrigerant evaporated in said conmon
stateefrgerant sacsfepsetiiovacdspeaes soplusaitg of phuidess for transferring
transition coolers. 22. A hybrid cooling device as
seicPy AR UsstaleAeMidetaht {dwiiEs SAIIRdRich@aftbn 588N,
17. A hybrid cooling device as claimed in claim 13 further comprising a
plurality of fins being formed at a region outside said phase transition cooler in
response to said condensation section.
18. A hybrid cooling device as claimed in claim 17, wherein a cross-section
on X-Y plane of at least a part of said fins is curved.
19. A hybrid cooling device as claimed in claim 13 further comprising at least
one of said phase transition cooler,

wherein said phase transition coolers have said evaporation section in
common.
20. A hybrid cooling device as claimed in claim 19 further comprising a
refrigerant current path being formed from said evaporation section and

vertically branching in order to transfer said gaseous state refrigerant

evaporated in said common evaporation section towards each of said phase
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one of said phase transition cooler, wherein said
evaporation sections of said phase transition coolers

wW@e®@4/043866 her mal | y connecting to each other. 2BCT/KR2003/002282

hybrid cooling device as clained in claim13, wherein
ends of Dbranches of said branching section are
connecting to each other to forma closed ring. 24. A
hybri d cooling device for cooling heat from an

external heat source, 15 conprising: (a) a phase
transition cooler in which a circulation |oop of a
trastsitioescmiers. capabl e of phase transition is.forned,
sai d phase transition cooler conprising: a-1) an

2 apopahyst £e6ling Hdviddasf aBiBed ah @aen ery f@khsatbémprising a
phase transition cooler, where said liquid state

R8PS 61 i B SeT31 8B v

accunul ated liquid state refrigerant is evaporated by
geeHen t ARt sYRILIERY fhraprhiand irexerdenalo Heansfers sgid egasgpus  state
WO 2004/ 065866 PCT/ KR2003/ 002282 a-2) a gaseous state
refigerararevapotatad i saidsesrhinen dvapogatiopr seddioadpwasdy edch of said
sai d evaporation section, where said evaporated

p;lﬁ%éit%‘?fsﬁfbh dodlesr ansferred in a predeterm ned

Irection by a pressure difference thereof; a-3) a
BnccohdvPga SPaliaS dBior e datnad BrinGr Toduiherceppesng ot least
sai d evaporation section and having a space in the
amedefisaid phassiransitien coskerd gaseous state refri gerant
flows into one side thereof and is condensed, and
sai d whRarsMSa aldpbistiBafdRbons dfi 28H PMHaskStransition coolers are
thermally connecting to each other.
23. A hybrid cooling device as claimed in claim 13, wherein ends of
branches of said branching section are connecting to each other to form a
dbsedng.
24, A hybrid cooling device for cooling heat from an external heat source,
comprising:
(a) a phase transition cooler in which a circulation loop of a refrigerant
capable of phase fransition is formed, said phase transition cooler comprising:
a-1) an evaporation section being forméd at one end of said phase
transition cooler, where said liquid state refrigerant is accumulated by capillary
action in at least a part of said evaporation section, and said accumulated liquid

state refrigerant is evaporated by heat transferred from said external heat

source;
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transferred in a predetermned direction and flows out
of other side thereof; a-4) a liquid state refrigerant

W@ e@ns63856 secti on being formed to adjacent toPGHK#2003/002282
ot her side of said branching section, where said
liquefied refrigerant is transferred towards said
evaporation section; and_, a-5) a thermal insulation
section for thermall y insulating at least a part of
sai d evaporation section fromsaid liquid state
refrigerant transfer section, and is (b) a fan being
di sposed iaR2)sai dasea estalpacafrigérashitchrisfemsbceiiogn being formed
section of said phase transition cooler. 25. A hybrid

At God8XidC evhGbratieh! éé‘&ldﬁe AlhEFe? B eﬁ‘Péb%Fé’i@H Ré&derant is

sour ce, conprl sing: (a) hase transition cooler in

h a circulation a refri geran
st e eﬁ?f{mn?ﬁ dfFSF{‘r%byéaﬁ’rS ShBirefReE et
cool er conpri sing - an evaporation section being
formed at 2ohled é@fan@hmgaﬁezptlpnats@ng rfarBed iasiipessd|tersaid gaseous
where said liquid state refrigerant is accunul ated by

SGtpiLirigeyant a2 ARSHOREGEI BRANAA07 2B 2ormahl ORaving a

in at least a part of said evaporation section, and

ng lr’f"gﬁ‘mﬁny gL lje'of%f%r SIAd ga%,géué gﬁrté‘%frlpérant ﬂows |{\to one

vapor ranarert e rom Sai d éx
rce ‘%1 a gaseous state refr%j apt transfer
en

m%‘?Pf o ¢EIRIped 5aaajsc?¢%ﬁpn B”QJ'SHSP%‘# ireffigerant is
section, where said evaporated refrigerant is
ttanafesfeel inedpicdeterpirde daeofiorednd floastautof byher gide Hrareef,
di fference thereof; and a-3) a branching section being
formed adpapent [y asidieVRR)hhOransfer section being formed
adjacent to said other side of said branching section, where said liquefied
refrigerant is transferred towards said evaporation section; and.

a-5) a thermal insulation section for thermally insulating at least a
part of said evaporation section from said liquid state refrigerant transfer section,
and

(b) a fan being disposed in said middle space of said branching section
of said phase transition cooler.
25. A hybrid cooling device for cooling heat from an external heat source,
comprising:

(a) a phase transition cooler in which a circulation loop of a refrigerant
capable of phase transition is formed, said phase transition cooler comprising:

a-1) an evaporation section being formed at one end of said phase

transition cooler, where said liquid state refrigerant is accumulated by capillary
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section opposite said gaseous state refrigerant
transfer section and having a space in the mddle

W b@reefsss wher e sai d gaseous state refrigerantPET/ER2003/002282

into one io side thereof and is condensed, and said
condensed and liquefied refrigerant is transferred in
a predetermned direction and fl ows out of said .
evaporation section, and (b) a fan being disposed in
said mddl e space of said branching section of said
phase transition cooler. 15 26. A hybrid cooling
agdion de at tpast eqiarhgf $midteviapomatiom sedtienpahd Iseid ascumelated liquid
conprising: a pair of heat pipes, each of which
StAtaPraffgsrannas e\vhpphied BeNhedtY transRrRUCFOM M external heat
angl e, and forns a branching section having a space in

n .m ddl e thereof when installed; and 20 a fan bei ng
glspOSed in said mddl e space of said branching
section formed by bent sections of said heat pipes.

27. A hybPrd) @oepserisisiatecrafdgerendltrangfere sectiorvmeing formed
external heat source, 37 WO 2004/ 065866
aRfabeKRA0084id02282orationpséctiony: wheisaid fevBPaffed refrigerant is
transition cool ers, each of which conprises one end

. ot _ _ .

MRS BB ﬁgf@%f"&ﬁBZ%%f?ﬁS@%Sd%ﬁ%ﬁﬁs%:reoﬂ and

t hereof when ipstalled; and 5 a fan being di sposed in _
said m ddlaéés E@é‘c Ngssgioprbgian fargesadiaesnt tp sajavagoration
bent sections of said phase transition coolers,
sepiiareioppasits said gaseoud stale abfrigeradtr irgesfantsectiprtdng hiving a
phase transition is

space in the middle thereof, where said gaseous state refrigerant flows into one
side thereof and is condensed, and said condensed and liquefied refrigerant is
transferred in a predetermined direction and flows out of said evaporation
section, and

(b) a fan being disposed in said middle space of said branching section
of said phase transition cooler.

26. A hybrid cooling device for cooling heat from an external heat source,
comprising:

a pair of heat pipes, each of which comprises one end being bent by a
predetermined angle, and forms a branching section having a space in the
middle thereof when installed; and

a fan being disposed in said middle space of said branching section
formed by bent sections of said heat pipes.

27. A hybrid cooling device for cooling heat from an external heat source,
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formed in each of said phase transition coolers, said
each of phase transition coolers conprising: 10 a-1)

W@ro0eWe3es at i on section being formed at one enPCDKRI@B3602282

phase transition cooler, where said liquid state
refrigerant is accunul ated by capillary action in at

| east a part of said evaporation section, and said
accurmul ated liquid state refrigerant is evaporated by
heat transferred fromsaid external heat source; 15
a-2) a gaseous state refrigerant transfer section
aeeprésii@r mred adj acent to sai d evaporation section
where said evaporated refrigerant is transferred

t owar gspipidt Mé%'échgﬁggéﬁcédo@é}'s, %‘ag?m d@f ﬁ/ﬂfbﬂegéﬁﬁig?se one end

section being forne jacent to s gaseous

>f 1 nt_transfer. section to format |east a part .
e bR B biRisiinSd ol A RS € drengize segion having a
state refrigerant flows into one side thereof and is
sparadhthaimiddla therepf whied instalied;rasfcr i ger ant t r ansf er
section being forned 38 WO 2004/ 065866

PCT/ K&2aA3b&ifg 2@igpost af @Bld hiidaR Sp&@n @€ IPAnching section
section in order to format |east a part of said

R B Welsp ' .guefied refrigerant is

ﬂ?’lrr anspg:ﬂ)%ggg‘%%!/\%%goosf\%g ghg%ﬁl/gsh%'ﬁﬁﬁgﬁogé%t i on; and

a-5) a thermal insulation section for thernal IE]/ o
i nsul WPPYRIN & Ciredationnloop ¢faa refbigerant sapabisoptiphase transition is
section fromsaid liquid state refrigerant transfer

ferewed omeack&f shihyphasd travsitiongcoslers; &dideaeh alfi giadeefhinsition
froman external heat source, conprising: ,

coolers comprising:

a-1) an evaporation section being formed at one end of said phase
transition cooler, where said liquid state refrigerant is accumulated by capillary
action in at least a part of said evaporation section, and said accumulated liquid
state refrigerant is evaporated by heat transferred from said external heat
source;

a-2) a gaseous state refrigerant transfer section being formed
adjacent to said evaporation section, where said evaporated refrigerant is
transferred towards said branching section;

a-3) a condensation section being formed adjacent to said
gaseous state refrigerant transfer section to form at least a part of said
branching section, where said gaseous state refrigerant flows into one side

thereof and is condensed:;

a-4) a liquid state refrigerant transfer section being formed
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a pair of phase transition coolers, each of which
conprises one end being bent by a predeterm ned

wangheessed fornms a branching section havi ng aPCT/BR2003/002282

space in the mddle thereof when installed; and a fan
bei ng di sposed in said mddl e space of said branching
section fornmed by said bent sections of said pair of
phase transition coolers, wherein a circulation | oop
of a refrigerant capable of phase transition is

formed in each of said phase transition coolers, said

aeffadentftopdEd eondansatidroBectidn {0 o@IrstoC R b IdiEt Apddt of said
an evaporation section being fornmed at one end of said

t Pt . ' i- QUi .
P Roting SeEfioh, WS SO Tiau Sl FerBBbian S R fouggras saio
| east a part. of said evaporation section, and said
eé(@eﬂfﬁﬂoé't%ﬁ:tlpnq%'i"g state refrigerant is evaporated by

heat transferred fromsaid external heat 20 source;

a-2) a gaseblua themma insdlatige saotion fanthtenake atsutating at least a
being fornmed adjacent to said evaporation section,

elRes s sid ey ' dtid i
R S ﬁ%zbgg%'ﬁ g%%g@& q'tapgnit?teerg'%é%r ant transfer section.

pposite,direction of said branching_section; a-3) a
D aend i SEad s VinS Thg op it BedtBbL ap isedial et source,
branching section to format |east a part of said
CEOMMSHIdg section, where said gaseous state,

refrigerant flows into one side thereof and is

condeasgsl ofighageatrdnsifion icddicts Skatl drefvhicieé@prises one end
transfer section being forned adjacent to said

SGPLEBE L RREIL AP BB kT Mo TR Aot bavin o
s{agcf:er %ngt rear%tiddikg tﬁerrggfs \Evﬁtrarn (iendst;l?ev\cﬁra%% sai d

a fan being disposed in said middle space of said branching section
formed by said bent sections of said pair of phase transition coolers,

wherein a circulation loop of a refrigerant capable of phase transition is
formed in each of said phase transition coolers, said each of phase transition
coolers comprising:

a-1) an evaporation section being formed at one end of said phase
transition cooler, where said liquid state refrigerant is accumulated by capillary
action in at least a part of said evaporation section, and said accumylated liquid
state refrigerant is evaporated by heat transferred from said external heat
source;

a-2) a gaseous state refrigerant transfer section being formed

adjacent to said evaporation section, where said evaporated refrigerant is
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transferred in an opposite direction of said branching section;

a-3) a condensation section being formed adjacent to said
branching section to form at least a part of said branching section, where said
gaseous state refrigerant flows into one side thefeof and is condensed; and

a-4) a liquid state refrigerant transfer section being formed
adjacent to said condensation section in order to form at least a part of said
branching section, where said liquefied refrigerant is transferred towards said

evaporation section.
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