PCT/ SG 2010/ 000229 t her nosyphon. Advantageously, this allows operation of
t.he wher mosyphon at- various physical orientations with nininal B¢ T/562010/000229
Per f or mance degradati on. Preferably, the condensate guide includes a -
plurality of pores, the pores of the condensate gui de being sizedto-all ow
vapour to pass through and prevent 5 condensate flow thr

Advant ageously, this aids in returning the condensate toi"ﬂﬂlﬂlmﬁwwwm’ﬂ or
'section. A boi ling enhancenent structure nay be cou

evaporator section. Advantageously, the boiling enhancenent Sttt ure
enhances nucl eate_boilin t he ey rato | t l.hcreases .
the boiling heaTHEWQSX?’FEé@fE(SBi@%&'Nﬁ%gﬁéﬂﬁm%mgﬁrsst ructure
may include a plurality of pin fins. Preferably, a separation between

adj acent ones of the pin fins is |less than a bubble characteristic I ength
of a workigg dfltHe thvehtidpe evapor at or section. Advant ageously, the bubble
-confinement erfect enhances nucleate boiling of the working fluid and
consequently increases heat transfer away fromthe heat source. 15ln a
preferred en‘gq{g t hhi h t ' opk

draw t he con ensgit? gé%rgcﬁrﬁrtegﬂ? e@eggoﬂ? §§m§%%ﬁ%drl:% ﬁggahﬁégeg%ﬂéwfa@?m‘d;
enhances themmosyphonsafost epolimgoetestronic compopests: isiighyas,t fos exampleg central

enhancenment structure js,integrally forned wt at .receivi ortion of
Che- evapanapersiag uits (CPM)c Sibebics aicpest o (ardG8] abf rehrentp i suRt,
resi st anggys. In yet another preferred enbodinment, a thermal interface
material 1s coupled to the heat receiving portion of the evaporator
section. Advantageously, this further reduces the heat transfer resistance.

Prefer ab'ﬁac@r&@ﬁé‘hﬂﬂwej InvbAtibs Provided in the evaporator section in an
anmount ‘

Thermal management is an important aspect in the design of -electronic
packaging. Proper thermal management of electronic devices ensures that

10 operating temperatures remain within a reliable operating range. Operating at
temperatures beyond'the set boundary is undesirable as it leads to lower device

performance, an increased probability of failure and a reduced lifespan.

With the introduction of multi-core processors and higthower electronics,
component heat fluxes have risen to new higher levels and there is concern that

15 current heat management technologies will not be able to cope with future heat load
re'quirements. Thus, there is a need for a cooling device that is capable of

dissipating waste heat generated by electronic components effectively.

Summary of the Invention -

Accordingly, in a first aspect, the present invention provides a thermosyphon

20 including an evaporator section, a condenser section co_upled to the evaporator
section, and a condensate guide lining an inner portion of the evaporator section

- and inner surfaces of the condenser section. The condensate guide defines a
vapour core in the evaporator and condenser sections and is configured to return

condensate to the evaporator section regardiess of an orientation of the

1 o ..
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25 sufficient to subnerge the boiling enhancenent structure. ;
Advat ageously, this maxinizes the boiling heat transfer. The \Ili’gr'rﬁsl%z&?/f)%cl)z&g
is preferably in a saturated state. PCT/ SG010/ 000229 One of a )
plurality of grooves and a pturality of knurls may be formed on the inner
surfaces of the condenser section for condensation enhancenent. In one
enbodi nent, a port is provided for charging the evaporation section with a
working fluid and for deaerating the thernosyphon. 5ln a second aspect, the

present invention provjdes.a therno h i ncl udi .ng an evaporator secti.on,
B ondendBBRoh cAieco e TS P et A GratEraRypRgt =t
enhanceng@ario&é physichFoléhiatiens WithminirRdPGI@ peffofRandePdegrabatiRi | i ng .
enhancement structure includes a plurality of pin fins. Advantageously, the

boi | i ng enhancenent structure enhances nucl eate boiling at the evaporator
section and Tyefeiablyathescondensate guisie inplydesaa plurality Pé porase the ppeas ofthe

cri i cal dRbabliixguide baRdL-B30RC oA daBHNPb28Rs Chrd I | ANEE b0 |

becone apparen | OWhg detal | escri _

conj unst icondehsétet flva tvoaghanXdvehtageoushgsthis hidedh refurnipg ke Wondehsateatapl e
the principles of the invention. Brief Description of the Draw ngs

15Enbodi r@gﬁyaB?rthes?WPQnt ion will now be described, by way of exanple
only, with reference to the acconpanying draw ngs, in which: FIG 1 is

an enl ar ged inSCEhR AN MY %r S [ | ne
enbodi ment o?( ?Egingrgétgnt |r?1é\'{/%tﬁ¥\(|r'§o)cfht?ﬁéan 68 é!cm]:f?%c? éé‘ tg&féy %Péc;tﬁf grbg‘@ )
per spect iAdvantageafsiya thei boiling earieancement sttuctureuerhdnmes2iucleatet beilingsatphon

of FIG jthe evaporator section and thereby increases the boiling heat transfer coefficient.

10 The boiling enhancement structure may include a plurality of pin .ﬁns.
Preferably, a separation between adjacent ones of the pin fins is less than a bubble |
characteristic length of a working fluid in the evaporator section. Advantageously,
the bubble confinement effect enhances nucleate boiling of the working fluid and

consequently increases heat transfer away from the heat source.

15 in a preferred embodiment, the boiling enhancement structure is configured to
draw the condensate back to the evaporator section. Advantageously, this

enhances the heat transfer process.

Preferably, the boiling enhancement structure is integrally formed with a heat
receiving portion of the evaporator section. Advantageously, this reduces.the heat
20 transfer resistance.

In yet another preferred embodiment, a thermal interface material is coupled to
the heat receiving portion of the evaporator section. Advantageously, this further

reduces the heat transfer resistance.

- Preferably, a working fluid is provided in the evaporator section in an amount
25 sufficient to submerge the boiling enhancement structure. Advantageously, this
maximizes the boiling heat transfer. The working fluid is preferably in a saturated

state_.



Det ai | ed Description of An Exenpl ary Enbodi nment The detail ed

description set forth bel ow in connection with the appended dr v H§G2919/000229
i'ntended as a description of a presently preferred enbodi nent of the
i.nvention, and is not intended to represent the only formin which the
present PCT/ SG010/ 000229 invention nmay be practiced. It is to be
under st ood that the sane or equival ent functions nmay be acconplished by
different embodi ments that are intended to be enconpassed within the scope
of the invention. Referring nowto FIG 1, a thernosyphon 10 for cooling

el ectronic cérpeméa plusaliyaf groovesangxamiumliticehknwils pray beormed mn the

 nc uties IRCCORTAER BAE ERBRset R eclon Tt Eondeh<2iB ennatfetishhi oo Fo the

‘evaporator section 12, and a condensate guide 16 lining an inner portion of

t he evaporat.dn mténﬁbbdiﬂieﬂndaimelis provided Foo thafying ahe esnvaporationt sectidrt. A

-vapour core 18 |swg(hai{hned in the evaporator and condenser 10 sections 12
and 14 bywitha wark @@"SJPH@eé@at'ﬂg%ﬂtl?Tg‘%erﬁQﬁBenent structure 20 is

coupled to the-evaporator section 12. A working fluid .22 is provided in

t he evgpor at ?@ﬁgggﬂt e g

enhancgment gf‘r%%teﬁ?@lzaésebrﬂéﬁ% iling e m%ﬂatgdcrg?rentdéss??Eﬂtgﬁé%ﬁoﬁsmgmkﬁg

i ntegral lan empmatomaemlanmwndera@nﬁiamgopmouplm ta4hefevaperaioasentmand a

ti 2. | fa terj 15 dfo the heat,
Fecei vi ng G ieSapReBien: rainiEiish PhiBIed 5F dhe e oAl sectsd. | ofhg it
for deaeréﬁﬂdﬂﬁemttmctmwﬁa%e&% BRaltp of P figs ngﬂ\d\hﬁ‘utﬁgémﬁlyatth@rboﬁlﬁfgj Ion

12 with the working fluid 22. A plurality of fins 30 is coupled to the
condenserenhancement sstrugiere: pahaness Musleate iboiling ﬁiatth%eﬂ\lap%@tar g@ctian and

Cour cd0raotesb ToY e ilod Pefl PEhGeL EBRRRLR SFoltBbARlE R Lo nei e,

but are not limted to, central processing units (CPUs), graphics

processi ng urDther (@Spbsls amdl adoantages affithg imantion agill isbcome apparenbérom the
enbodi mnent shown, the, heat: recel vi ng, porti on 24 of the evapor at or section
12 incl uof@ﬁo‘ﬁ'"ﬂa‘i%aﬂﬁf&fjﬁsg tiony, kakerip caniynctiop %Hy hecageamparyipg dpawings,

attached 'H&ﬁ*ﬁ?r@gﬁvgzcu &Smr‘r)a%]erl gﬁﬁmEI'e%t(ﬁ tﬁg dv%n%ﬁf erably fabricated

froma ther or exanple, alum nium
copper, silver or graphite.

Brief Description of the Drawings:

15 Embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

FIG. 1 is an enlarged cross-sectional view of a thermosyphon in accordance

~ with one embodiment of the present invention; and -

FIG 2 is an enlarged perspective view of a boiling enhancement structure for
20 the thermosyphon of FIG. 1.

Detailed Description of An Exemplary Embodir_nent

The detailed description set forth below in connection with the appended
drawings is intended .as a description of a presently preferred embodiment of the

invention, and is not intended to represent the only form in which the present



PCT/ SG2010/ 000229 The condenser section 14 is connected tg ?ygg
fluid communication with the evaporator section 12. In the enbo doftorocozz
shown, the condenser section 14 includes a tube 34 and a top cover 36, the"
top cover 36 sealing one end of the tube 34. To ensure that the

t hermrosyphon 10 is hernetically sealed, the tube 34 and the 5 top cover 36:
are bonded via a bondi ng process such as wel ding, soldering or diffusion.
The tube 34 is preferably made of a thermally conductive material such as'

f he enbod
shown o avanyfasMeb; BELarBRiRed., 1F i f5 ke hofleiiiond dhatthe. stihe AE SNGIeRoa
exchange fuAcidis frilynbéfacebmphished by diffefertCembbEiRtintd thatoael htdhded ¥ de34

.of the condenser section 14. The fins 30 are attached to the tube 34 with a
degr ee ofencempassedwthin therserpe ebthedoeepiather contact and thereby avoi d
the presence of gaps that could deteriorate the heat transfer performance

~of the fins ?lgefemfgoltub\n%%q aﬁ?gg%%érﬁé%ﬁihénn?@?or%oﬂﬁ @ﬁécr@glu%' ﬁ8 gHgﬁ Ve
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i nvent i orHNIts (GRUS) tsishewnsy Tha dhermasyrbonstthngludes a5y everasates seciing 12, a
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may be cooi ghggpséﬁmnﬂ?{)&@%%&ﬁ?ﬁods : cooFPrqrngsaﬁghryjas nosr%ﬁ&e gfr?r%l

evapor at |1£bl|mmgl amgnneér portioncobthiengyapqratyr seationn(2 ardi inmer rsyrfa;q:e;semf the

20Further, for cond%nsa on enhancemeng,. an Il nper,, surface of ta be 34 of
185 dRfineq)
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to the evaporator section 12 regardless of an orientation of
t her m)sypﬂfbns n:oupladetootd)ad@\ramrat02$eguo(ie1216A wopking dwich 2@ :shproptdeelsmomet he
condensat e

|zedto aIIo r to asst [9 h a r event

condens at &/R0GHHR: FPafih 24k B it SHHRRPY slpBRESE Bl Bt iuasE

gui de 16 s’tf&t@k@szmnerﬂemhdg eﬁmnswhstim@rel ww iihtégfraﬂ&e\‘di'n’ibﬁ thaaﬁeat
tension against liquid flow The condensate gw de 16 lines the boil

receiving portion 24 of the evaporator section 12. A thermal interface matenal 26 is

15 coupled to the heat recelvmg portion 24 of the evaporator section 12. A port 28 is

provided for deaerating the thermosyphon 10 and for charging the evaporation

~section 12 with the working fluid 22. A plurality of fins 30 is coupled to the

condenser section 14.

The thermosyphon 10 is hermetically-sealed and is configured to receive heat
20 from a heat source (not shown). The heat source may have a high heat flux and
examples of the heat source include, but are not limited to, central processing units

(CPUs), graphics processing units (GPUs) and concentrating solar cells.

In the embodiment shown, the heat receiving portion 24 of the evaporator

section 12 includes a base plate 32. The base plate 32 may be mounted or

25 attached to the heat source. The base plate 32 is preferably fabricated from a
thermally conductive material such as, for example, aluminium, copper, silver or

graphite.



enhancenment structure 20, the inner walls of the tube 34 and an_| I -
surface of the PCT/SG010/000229 top cover 36. Accordineg,Pgﬂ§§2gﬁﬁ5ﬁ?za
c¢ondensation occurs in the condenser section 14; the working fluid 22 in
vapour formis ‘allowed to pass through-the condensate guide 16 but the
condensate is prevented fromreturning to the vapour core 18, and the
condensate gui de 16 guides the flow of the condensate back to the 5 .
evaporator section 12. Orientation independence of the thernmosyphon 10 is

t hus achieved with the condensate guide 16. The condensate guide 16 may be
made from a p&ereandensessestion 44.iecannpeteg; tocang ihflyig cammypicatign with the

integrit - 0 [ ; ' n .

Condonsayeforfle Fechgh ot TH B! ehibdiifieRiT WHWIE the chfialiitaro sBLtion1a
and aboulén?’tum?s a%@b’ét&vambartopmwe_ﬂ.%smmz ?clwem 3tosehl inﬁdr{ﬂf endpdthe tube
enerate romthe evaporator sectjon 0 )W i nt o .t he, condenser ction
3 ona | 34 1o ensiits ek M tnermosspham 10:is becmenraly Yealee, the tias 1 fed the
constrgc r i i [ at i
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evapor at dliffusiors.e dthieotub®234risl prefenably made offa thermally momaluctive materiak suche:
evapor at or §ect lon 12 now to FLG 2, the boiling

.. Ref '
enhancené@t %’ter’@ﬂQJfaeaIEU"BP"?'ei@%trp%bpﬁjﬁgglﬁhgi‘?%teof FIG 1 is shown. In the

enbodi ment shown, the boiling enhancenent structure 20 conprises a

plurality of |pitef bRfbodimeAt &Bbdn, thEossmdbrider "Settiond 1aNisaProvidéd | With an
surface.of the base plate 32. As can be seen fromFI G 2, a 20 circular
groove 4@<ernabmeasnsi of heat exchangedpdhgformof thegopling finse3Q gxtengling frophe
condenser, ' T il n r.uct ' V.
the bdP| itﬂg?ﬁééglt othe: gpndel® %%Cé%ﬁqéi ?ﬁgf@ﬁ?@,g&%h%&ﬁﬁ%@e@%?%Efg 54
nucl eat i a4t atdyrea f tierfeasricd inaorgee to Hiavé asroper eantadtidhd itikeveblyyavdidithe

boi | i ng enhancenment structure 20 al so i nmproves th
presence of gaps that could deteriorate tiqg heat transfeer performance of the fins 30.
The fins 30 ére preferably made of a thermally conductive material such as, for
example, copper or aluminium. Although the use of air-cooled fins is described in
15 the present embodiment, it should be appreciated by those of ordinary skill in the art
that the present invention is not limited by the cooling method employed to cool the
condenser section 14. In alternative embodiments, the condenser section 14 may
be cooled by other well known methods of cooling such as, for example, evaporative

cooling, liquid cooling, spray cooling and impinging jet.

20 | Further, for condensation enhancement, an inner surface of the tube 34 of the
condenser section 14 may be formed with a plurality of grooves or a knurled -

surface.

The condensate guide 16 is configured to return condensate to the evaporator

section 12 regardless of an orientation of the thermosyphon 10. The condensate

25 guide 16 is porous and the pores of the condensate guide 16 are sized to allow
vapour to pass through and prevent condensate flow through. More particularly, the
pores of the condensate guide 16 are designed small enough .such that liquid is held

by surface tension against liquid flow. The condensate guide 16 lines the boiling

enhancement structure 20, the inner walls of the tube 34 and an inner surface of the

5



25 critical heat flux by effectively mnimzing the build-up Oﬁxﬁﬁﬂﬂkﬁubb&ﬁﬁ.
in the evaporator section 12 which causes dry out. In a preferre

enbodi ment, a separation between adjacent ones of the pin fins 38 is |ess
than a bubble characteristic length of the working fluid 22 in the "
PCT/ SG2010/ 000229 evaporator section 12. Advantageously, it has been shown
through experinentation that the bubble confinenment effect enhances

nucl eate boiling of the working fluid 22 and consequently increases heat

t f f the h . The bubbl racteristic | ength of th
worki gt dveb 4. KecdiBhale s vRPEHE BB EsaRL BoElsoh e SBRbghE. ' 0°
r epr eésentsachion R thbeRdHang fllid X &% Sipdud faihtist Alsiadd a6 CSasy #irbagh the -

represents liquid density, and pg represents va&%:r density. The boiling
enhancemsandensatetguide A6 but thergangiensate is rrexantesiremngiuraing:to thenvapouro

t he evaporat ' [i4 I 1] n t
St uct ar $050 18eAGEINS Bordendic R 16 Bilils the fNFof Bl et fRAR A Bt
condensatewaporatot bectiomd2nserieAttioncindéBendence 6hthe thdrmiSyphbani@eiethus
structure 20 and the base plate 32 rnaln%/ﬁ be'_ fabricated froma thermally

! p 4 (
conduct i Aehipyegrwith the cendensatg, guidanifi-e Thel eppdansate aujdeci6 raay pgy made
from a perforated sheet, a metallic wire mesh for structural integrity, or other porous

medium. In one embodiment, the pores of the condensate guide 16 have a

diameter of between about 0.1 millimetre (mm) and about 2 mm.

10 The vapour core 18 serves as a conduit for vapour generated from the
evaporator section 12 to flow into the condenser section 14 and is therefore
designed in a manner such that vapour flow is not constricted so as to prevent

pressure build up in the evaporator section 12.

The boiling enhancement structure 20 is employed within the evaporator

15 section 12 and forms a part of the internal surface of the evaporator section 12.

Referring now to FIG. 2, the boiling enhancement structure 20 of the
thermosyphon 10 of FIG. 1 is shown. In the embodiment shown, the boiling
enhancement structure 20 comprises a plurality of pin fins 38 integrally formed or
mounted on an interior surface of the base plate 32. As can be seen from FIG. 2, a

20 circular groove 40 is formed in the base plate 32 for receiving the tube 34 of the

condenser section 14.

The boiling enhancement structure 20 improves the boiling heat transfer
coefficient by increasing the number of nucleation sites and the heat transfer
surface area. Additionally, the boiling enhancement structure 20 also irhproves the

25 critical heat flux by effectively minimizing the build-up of vapour film in the

evaporator secfion 12 which causes dry out.

In a preferred erhbodiment, a separation between adjacent ones of the pin fins

38 is less than a bubble characteristic length of the working fluid 22 in the

6



15 or graphite. The pin fins 38 may be bonded to the base plate 32 via .
known. bondi ng net hods such as, for exanple, soldering, brazing '&r7/5G2010/000229
di f fusion. In the enbodi nent shown, each of the pin fins 38 has a
square profile. I n one enbodi nent, each of the pin fins 38 has a height of
bet ween about 2 nm and about 20 nm and a thickness of between about 0.5 nm
and about 5 mm However, it 20 should be understood that the pin fins 38

‘are not limted to these geonetric parameters as optim zation of the.
geonetric paraneters such as fin profile, fin thickness and fin height is

det er ni nevapasatdr sectiare12 h&dvahtagespsly; itdwmasopeernshemn dhroyghfexperimentatiarhe

“boi 11 ng HBat MEreHe Popiprent eReSinidtEaR G SE e ROk, o
geonetry -andDéHﬁs%@l%m&QH&%%ges heat tfanafdreaway ifioen @i ddatrediifce. t TiRe ibRibbieng

enhancenment structure 20 may be other fornms of fins, grooves or an i
open- cel Ichasacteristi;atength of theeworling Jluid 22 maye bgr eemputeg withtthe fodlowing at e
32 helps to facjlitate bonding of the evaporator section 12 to the

conden ereqé'@é'spt)n 14. S5Referring again to FIG 1, the working fluid 22 is
preferably in a saturated state. Advantageously, this ensures that the

wor king fluid 22 undergoes phase change insfantganeously at any tenperature
wi t hi n t he conponenbultieckaracrgristimigagthExany, he worki k) fluid 22
include, for exanple, water, a refrigerant \&\(h—¢Pgl ectric fluid. In the

enbodi ment shown, the boiling enhancenent structure 20 is 10 fully imersed
in the working fluid 22. Advantageously, this maxim zes the boiling heat

transfer.yhere ol REPIRBHIRLUHAEES 1EMGION B! P6brRiseRfs GRIVItARoAA Acuisatibhe!HRl
i nterface resistance between the heat receiving portion 24 and the heét’

sour ce. The port 28 functions as_an evacuatiqn port that is seal ed
subsequerf€PfeseNs F‘Fléfaidé?'\?ﬁ&f%’?‘ﬂg()gﬁﬁp'@éggfsd‘(?mr qaeﬁ‘s!c{)‘re enbodi nent shown,
the port 28 is provided in the formof a tube and is | ocated on the top

cover 36. The operation of the thernmobsyphon 10 will now be descri bed
with ref er encEhe doiting enhancement structure 20 is configured to draw the condensate

10 back to the evaporator section 12. More particularly, the boiling enhancement
structure 20 serves as a thermally activated pumping unit that absorbs condensate

from the condenser section 12.

The boiling enhancement structure 20 and the base plate 32 may be fabricated
from a thermally conductive material such as, for exampie, aluminium, copper, silver
15 or graphite. The pin fins 38 may be bonded to the base plate 32 via known bonding

" methods such as, for example, soldering, brazing or diffusion.

In the embodiment shown, each of the pin fins 38 has a square profile. In one
embodiment, each of the pin fins 38 has a height of between about 2 mm and about

20 mm and a thickness of between about 0.5 mm and about 5 mm. However, it

20 should be understood that the pin fins 38 are not limited to these geometric
parameters as thimization of the geometric parameters such as fin profile, fin
thickness and fin height is determined based on the thermal properties of the
material from which the boiling' enhancement structure 20 and the base plate 32 are
made and the boiling. heat transfer coefficient of the working fluid 22 for a specific

25 georhetry.



In use, an el ectronic conponent generates heat. Heat fromthe s
conponent is absorbed by the base plate 32 and spreads fron1th§k§§%%£ﬁ?@9%89
32 to the boiling enhancenent structure 20 where nucl eate boiling of the
working fluid 22 occurs and the working fluid 22 changes froma liquid to a
vapour. Vapour bubbles are forned on the heated surface of the boiling g
enhancenent structure 20 creating a higher pressure region in the

evaporator section 12. The higher pressure at the 25 evaporator section 12

drives the vapo t hr ough t he vapour copre 18 to the cqndenser ction 14
where pr essu?@_#éerpﬁw,?r %m?@i?@ '16’/3086'359 enhancgmg eg%éqst\"? My be
Condenserotﬁé%hﬁ@_o*‘ﬂin@,r@'oé‘/eélob'Qw(férﬁémpfhéié!ff@arﬁprmar ed to the vapour, the
vapour condenses into a liquid condensate on the walls of the condenser

section 14 and rel eases | atent heat of vagori zation in the process. The

heat rel easedherprevisien ebihramavectl jit theeBase plate32chelps to fagilitate: bonding
medi UM Vi e EU?pSHaYbSr s‘oé(%'tiSRUI? @;‘}h{e%&%ﬁ%‘ﬂi@ﬁﬁée“ lon 14. The

| i qui d condehsat'e 1S encl ose he wa e c¢ondenser section 14 and
t he condensate guide 16 and is forced to flow between the walls of the
condenser se®eferringlagain td FGc dnihensatkingfluid 221i6 prefekalily i Aesatvratal stats.

section 12 by gravi nd the capillary force_proyided by the boilin
enhancondvaitaasaus s opsures thapdhe dwarkingefitics 24 Hndeedoes: eaaﬁwha%ge
di scussi [Ra\VACTe i ind ri mp%tn - ; 5 se
t her msygﬁ%ﬁhﬁgte Dé&?eqét ia\%l Sélltn?gﬁés% Feér/swﬁ@gt r{Pgolr%sa helgﬁ Pdéé@?})'gérﬁ%w@
conponentExamples afdthe wedkiog fluld\2th iradede) sfoy , exampleg watére prefrigerant of aa

condensat ui de L.ining, an inner rtion gf the evaporator section d. |
“ner 15 delpriscabiny 19 o Esniinat shewno fre bRinG EPRbEsRReR Shiciie Bl isent
I nvenipofumAimMRrRe IrftRIwakkiNg flu 22 P gV ahdgdtiush ithis AAKINzES the Bbflg or
no perfornmance degradati on. Wil e the preferred enbodi nents of the

i nvent i orhe®r@nBtesn il | ustrated and described, it will be clear that the
invention is not limted to these enbodi nents only. 20 Numerous

nodi ficati onsg, C . 0 aft id L j A be
apparent to fl' hh&ti\%gr%?ﬁnéééﬁéﬁ% gé}garl ?% vu#ﬁléoéutb %@gﬁﬁ ﬁ%@'ﬁé‘ﬁﬁﬁ%ﬁaﬁgt@%‘%é CSi
t he i nverietweenshel Beat rdzeiving poitionc24and the heat $sourtder, unl ess the cont ext
dearly requires otherw se, throughout the description and the clains, the
words " compri Sﬁne’ po?togg rf'ur%c':t? s ggdag e%acm'xa ?onarp(ca)rtt t%a?els sealed subsequent to

15 liquid charging and deaeration. In the embodiment shown, the port 28 is provided in

the form of atube and is located on the top cover 36.

The operation of the thermosyphon 10 will now be described with reference to
FIG. 1. | |

In use, an electronic component generates heat. Heat from the electronic

20 component is absorbed by the base plate 32 and spreads from the base plate 32 to
the boiling enhancement structure 20 where nucleate boiling of the working fluid 22
occurs and the working fluid 22 changes from a liquid to a vapour. Vapour bubbles

are formed on the heated surface of the boiling enhancement structure 20 creating a
higher pressure region in the evaporator section 12. The higher préssure at the

25 evaporator section 12 drives the vapour through the vapour core 18 to the

condenser section 14 where pressure is lower.



25 construed in an inclusive as opposed to an exclu5|ve or exhaustive

sense; that is to say, in the sense of "including, but not I|inmRCIéSG2910/000229
PCT/ SG2010/ 000229 CLAI NG 1. A thernosyphon, conprising: an evaporator
section; 5a condenser section coupled to the evaporator section; and a
condensate guide lining an inner portion of the evaporator section and

I nner surfaces of the condenser section, the condensate guide defining a
vapour core in the evaporator and condenser sections, wherein the

condensate guide is configured to return condensate to the evaporator
section r egan“@l theswalis aftherdandemseoaection hé ate at hdowes ;qmparature corpargide

t her nosy of claim1, wherein the conde sat ui,de i.nclu |ty
of por ox 10 e YappuE' e’ yaRbli sobinndes B 8dils sghueSeteion 1 w8t

‘pass thr guabensestr &Ecﬁi()ﬁ”’m %ﬁﬂ%lh%%fe% |te?ity et @8 ¥BporAation in the Plo@ess. The

t her nosyphon of claim1, further conprising a boiling enhancenent structure

coupl ed” heat releageg &iom the serdengation process isjrejegtedita@mexippal mediup ¥iam 3,

wher ei t conprises a plurality of pin
fins. J mggRg?he%gﬂ;@n@%% 8?’%@%#3‘ ?ﬁher ein a separation between
adj acent ones of the pin fins is |less than a bubble characteristic |ength
of a wor ki ng ThHeuliguid rcdridensatepis ehclosed diy the walls of the condenser section 14

and the condensate guide 16 and is forced to flow between the walls of the
condenser section 14 and the condensate guide 16 back to the evaporator section
12 by gravity and the capillary force provided by the boiling enhancement structure

10 20.

As is evident from the foregoing discussion, the present invention provides an
orientation-free, two-phase thermosyphon that effectively transfers heat from a heat
dissipating component to a colder medium. Advantageously, through the provision -
of a condensate guide lining an inner portion of the evaporator section and inner

15 surfaces of the condenser section, the thermosyphon of the present invention can
' be operated at various _physical orientations with minimal dr no performance

degradation.

While the preferred embodiments of the invention have been illustrated and
described, it will be clear that the invention is not limited to these embodiments only.

20 Numerous modifications, changes, variations, substitutions and equivalents will be
apparent to those skilled in the art without departing from the scope of the invention

as described in the claims.

Further, unless the context dearly reduires otherwise, throughout the

description and the claims, the words "comprise"”, "comprising" and the like are to be
25 construed in an inclusive as opposed to an exclusive or exhaustive sense; that is to

say, in the senSe of "including,' but not limited to".



25 6. The thernosyphon of claim3, wherein the boiling enmg%gm -
structure is configured to draw the condensate back to the evaporator brooo2ze

section. 7. The thernosyphon of claim 3, wherein the boiling
enhancenment structure 30 is integrally forned with a heat receiving portion
of the evaporator section. PCT/SG010/000229 8. The thernosyphon of
claim?7, further conprising a thermal interface material coupled to the
~heat receiving portion of the evaporator section. 9. The

t her nosyphon of claim 3, further _conptﬁi WI a working fluid in the 5
evaporat or section, wherein the worki ';{i %i d is provided in an anount
sufficient to subnmerge the boiling enhancenent structure. 10. The

t hernosyphon of claim9, wherein the working fluid is in a saturated state.
10 11. The A thermesyphem eMpisingh 1, wherein one of a plurality of

grooves and -aﬂr{)%\hgpadréltoys%ﬁ&qurl s are formed on the inner surfaces of the

condenser sec '"12.- The thernosyphon of claim11, further

conpri i ng a Pesrddrer sbetich beuplbe td theewvmssratoraectiontamh with a working
fluid and for deaerating the thernmosyphon. 13. A thernosyphon, conpri sing:
an evapor at ora gerdensizte guideiiRing &n isbet periatueiihevaporater seakiRit angdnner

section; apflces of the condenser section, the condensate guide defining a vapour core in
the evaporator and condenser sections, wherein the condensate guide is configured
to return condensate to the evaporator section regardless of an orientation of the

10 thermosyphon.

2. The thermosyphon of claim 1, wherein the condensate guide includes a
plurality of pores, the pores of the condensate guide being sized to allow vapour to
pass through and prevent condensate flow through.

15 | |
3.  The thermosyphon of claim 1, further comprising a boiling enhancement

structure coupled to the evaporatbr section.

4. The thermosyphon of claim 3, wherein the boiling enhancement structure

20 chprises a plurality of pin fins.

5.. The thermosyphon of claim 4, wherein a separation between adjacent
ones of the pin fins is less than a bubble characteristic length of a working fluid in
the evaporator section.

25
6. The thermosyphon of claim 3, wherein the boiling enhancement structure

is configured to draw the condensate back to the evaporator section.

7. The thermosyphon of claim 3, wherein the boiling enhancement structure

30 is integrally formed with a heat receiving portion of the evaporator section.

10



20a boiling enhancement structure coupled to the evaporator section, the

“boi ling enhancenment structure conprising a plurality of pin fi RCT/SG2010/000229
4. The t her nosyphon of claim 13, wherein a separation between adjacent

ones of .the pin fins is less than a bubble characteristic length of a
working fluid in 25 the evaporator section. 15. The thernosyphon of
claim 13, wherein the boiling enhancenent structure is configured to draw
-condensat e back to the evaporator section. 3016. The thernosyphon of claim
13, wherein the boiling enhancenent structure is integrally formed with a
heat recei vi rﬂg pdrhei d*nermoaybhoavabm:iainbﬂ datheorcommEiigGE2 themtaloR@erfacel 7.

The t hernos n_of -cl ai,m further | ath rmal .jnterface
mat eri al 'E%%"SPE‘EP‘EQ! h??eé?atr'@é’élv\wgﬁoﬁ c?fghe 8(/5 PRt or sect’i on.
'518. The thernmosyphon of claim 13, further conpri SI ng a wor k| ng fluid in

the evaporator section, wherein the working fluid is in a saturated state.
9. The thermosyphon of claim 3, further comprising a working fluid in the

5 evaporator section, wherein the working fluid is provided in an amount sufficient to

submerge the boiling enhancement structure.

10. The thermosyphon of claim 9, wherein the working fluid is in a saturated
- state.
10 _
11. The them\o'syphon of cléim 1, wherein one of a plurality of grooves and a

plurality of knurls are formed on the inner surfaces of the condenser section.

12. The thermosyphon of claim 1, further comprising a port for charging the

15 evapdration section with a working fluid and for deaerating the thermosyphon.

13. A thermosyphon, comprising:
an evaporator section;
a condenser section coupled to the evaporator section; and
20 - a boiling enhancement structure coupled to the evaporator section, the boiling
enhancement structure comprising a plurality of pin fins.

14. The thermosyphon of claim 13, wherein a separation between adjacent
ones of the pin fins is less than a bubble characteristic length of a working fluid in

25 the evaporator section.

15. The thermosyphon of claim 13, wherein the boiling enhancement

structure is configured to draw condensate back to the evaporator section.

30 16. The thermbsyphon of claim 13, wherein the boiling enhancement

structure is integrally formed with a heat receiving portion of the evaporator section.

11



19. The thernosyphon of claim 18, wherein the working fluid is I a
an anmount sufficient to submerge the boiling enhancenent structﬁ&fr-lzé.’/é%g/c’b&zg
20. The thernmosyphon of claim 13, wherein one of a plurality of grooves and
a plurality of knurls are formed on an inner "surface of the condenser

section. ' 21. The thernosyphon of claim 13, further conprising a :
port for charging the 15 evaporation section with a working fluid and for
deaerating the thernosyphon. 22. The thernosyphon of claim 13, further

conprising a condensate guide defining a vapour core in the evaporator and
condenser sections, wherein the condensate guide is configured to return

condensat e t g7t herhey GRATRISYpheR Ofi 618ink 016, elh@r &soingHsing P thatiiatihiifael t he
t her nosyphon. 23. The thernosyphon of claim 22, wherein the condensate

gui de i nanatgss! eoynled 10 the/heat reseiving pordiopsifdke evaporatrsaslinBat e gui de
- being sized to all ow vapour to pass through and prevent condensate flow
‘'t hr ough. :

5 18. The thermosyphon of claim 13, further comprising a working fluid in the

evaporator section, wherein the working fluid is in a saturated state.

19. The thermosyphon of claim 18, wherein the working fluid is provided in an
amount sufficient to submerge the boiling enhancement structure.
10
20. The thermo'syphon of claim 13, wherein one of a plurality of grooves and

a plurality of knurls are formed on an inner surface of the condenser section.

21. The thermosyphon of claim 13, further comprising a port for charging the

15 evaporation section with a working fluid and for deaerating the thermosyphon.

22. The thermosyphon of claim 13, further comprising a'_ condensate guide
defining a vapour core in the evaporator and condenser sections, wherein the
condensate guide is configured to return condensate to the evaporator section

20 regardless of an orientation of the thermosyphon.
23. The thermdsyphon of claim 22, wherein the condensate guide includes a

plurality of pores, the pores of the condensate guide being sized to allow vapour to

pass through and prevent condensate flow through.

12



