10

15

20

WD 2008/ 045004 PCT/ S&007/ 000345 1 HEAT TRANSFER

DEVI CE AND METHOD OF PRODUCI NG SUCH A DEVI CE
WEAGKGROOND AND FI ELD OF | NVENTI ON 5 A heat traasier007/000345

device for transferring heat froma heat source to a

heat -di ssipating region is di,sclosed. The heat

transfer device is particularly useful in thernmal

managenent of el ectronic conponents including

m - e liqguid crystal displays (LCD),

m AR TRANSHER DIVIGE AYBORIHOBNES PRODUDING S0TH A

or radiating 10 and |i ke devices where the operation _

of such conmponents produceDEXKEEs heat that needs to

be transferred away or as a heating elenent for rapid

and controll ed heater. Many devices, due to their

operation and throughput, produce heat which

B&CHGROUED ANHNFH;L\ED“FQ?W t their performance
ans egﬁgg 15

unl ess the heat is tr away or di ssi pated.
This is particular true for sem conductor devices such

as processing devices (where the ever-increasing VLS
st Wy ed .and anount of data bits

p?%ct: Eelélgsgfga‘)s ‘,?évl‘ﬁ%q‘éf) ﬁansé‘?f?gg gFat dospp Bgat spwCB)q a heat-dissipating
r'LIunﬂpaEinamgﬁvices such as light-emtting diodes
‘%%E‘Ebﬁs, 13€¢l0setn dhe heat fansfer dayide is panistiletly desfiCi@ShaHiR]

bei ng enpl oyed for thermal managenent. 20 An exanpl e

menageTiaae! eleetrufiecompuicnadndladiag Realo-fbegsmk] IRfl B 0P
de loéﬁgg;n gb ertLbIe strrcture conpri si ng tké?e
1splay , nicto-gscttabcking G i y -Rat ent. s
6, 446, 706, in which Fi%ur es %ége%ldg @%*ﬁ?)’rl@%%%ﬁ%arradlatmg
i i ' . Fi 1 [
arhilile> devidel GHBRShd Bp&thd 8F s ﬁ’%bﬁéoﬁegg by 11| ls,lre ’%6’}93 gl %hat

a perspective view of a prerérre
| am nat e

nefégi g{ l‘)s@t(?e%zsfé%rf)dg%%g %%7 8 tﬁl%%l%%% lflg%?pi?i%g rcontrolled heater.
Many devices, due to their operation and throughput, produce heat which accumulates
and adversely affect their performance unless the heat is transferred away or dissipated.
This is particular true for semiconductor devices such as processing devices (where the
ever-increasing VLSI and processing speed and amount of data bits processed), liquid
crystal displays (LCD), illuminating devices such as light-emitting diodes (LED), efc.

where various heat transfer devices are being employed for thermal management.

An example of a heat transfer devices is a heat pipe which may be employed in a
flexible structure comprising multiple laminates such as that disclosed in U.S. Patent
No. 6,446,706 , in which Figures 1 and 2 are reproduced here as FIGURES 1a and 1b
(Prior art). Figure lais a perspective view of a preferred heat pipe (10) described in

US6,446,706 and includes outer laminate layers (12,14). As shown in Figure 1b, the
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i ncl udes a seal ed outer casing (26) conprising a
(28), a first netal foil PCager007/000345

(32) attached to the polypropyl ene |ayer (28) by a

first adhesive layer (30), a,second netal foil |ayer
(12) attached to the first netal foil layer (32) by a
second adhesive layer (34), and a wi ck | ayer (24)

Lch i s.f.ormed usi a 5 flexible and porous
}r{;%]% Bibe 70y inefides a@% QEter GASINE26) n@mpﬂagg a peBpasHdreayer
&gier (18) which sugports the wick layer (24) such

£ frhemeillelllayas (32)24tclutiay th polgdropReRORYALLSYbS B first
the outer casing (26) and allows vapour to flow i'n
afngvellayenBPhrsecondihea ORI NE: ()auaqRATEHIR | AYS]
1¢:1

(18) is preferably 10 realized as a nesh screen d

©F ok saonbydiaive I (W)clod AYEK 1H2D SRR Bl using o

copper felt material. The copper
20 mcro

ox®1®ahd fr8Ss .y havi ng a di anmeter of
i nches alﬁg a Ilng%%tg of 0.2 inches, and copper powder

filled in the wick structure in an anpunt of 20%to

60% of the total volune of the wick structure. 15
lexibility of the lamnated | ayers all ows

ilst.th
]?f’\? lh?% Ry Rrtnendapludoes Sapattion yer () whictesuppuitCiebAcbRyer (24)
S&%&Eetgth cc.)rlglact (E%resftaces bet ween the various | am nate
LD icit lager ayslie cleeatomaqevittie B8tefbS

t he flﬁxi ble material and configuration, tehus%&g) B allows
vagicuetet flowy iefriaay directidne o tHeQBINS! TR i :
several linmitations associat edgvvi tﬁse | élgg?ﬁi@?@sﬁ preferably
rellizestdsy thishi seredh bdde Ve ¢ heat pipe whi ch

has a conplexrinner stra%?ﬁ&gﬁggiE@%“?ﬁgﬁxgﬂﬁg)ﬁﬁﬁ¥b0fa
cdpp@ feltSnaTBSLS, r.felt.it i.s very difficult to

r?éi ntain r egulqgl? caﬁge? gffl];%%@pr@%fné@?' Hutsneath haveng awdiemeter of

of the outer casjing and the wick |ayer (24).

2 %ﬁ%‘g g‘?ewc s HdA %ﬂgtg‘f"%ﬁ’i%ﬁnsh%wscqpner ndvedenifitlied frathe wick

ﬂfﬂﬁ@% is irregular, causing non-uniformcapillary force
S © i qn Agaoung af 20%ko 60% of the total volume of the wick structure.

’g)il layer

Whilst the flexibility of the laminated layers allows it to be affixed over and conforms
to a device to be cooled, contact surfaces between the various laminate layers and the
flexible heat pipe may be affected by the flexible material and configuration, thus

affecting effective heat conduction.

There are several limitations associated with this prior art. Firstly it is difficult to make
the heat pipe which has a complex inner structure. Since the wick layer (24) is made of
copper felt it is very difficult to maintain regular and strong contact between the inner

surfaces of the outer casing and the wick layer (24). As such, forming of micro paths in

the wick layer (24) is irregular, éausing non-uniform capillary force that drives the flow.
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fl ow resistance which causes weak capillary force.
t he cool ant evapor at es duePCo/See@t /000345

froma heat source, the flow of the vaporised cool ant
may be cut off. Mreover, heat; conductivity varies
frompoint to point. Thus, reproducibility of the
heat transfer device is poor. Another limtation is
Lnness,of 5.the cqopper felt. Due to difficulty

Trﬁﬁ %%t?sgﬁélﬁ?%eﬁlﬁ?fweaﬁﬁﬁwuﬁ%ﬂ weakirepillanaforeen Avnaslingly, when
@% the heat pipe is limted by the thickness of the

(SpelAnk eyjaporates dumfo heat fomos heat squrid, thesflowaioe theavaporised coolant
pl ate-type heat transfer device according to Korean
1y baruticff. M@sever Pt bamhicvityNFe FrokDp AROG pbak OFhys Ne
heat transfer device 10 conprises an upper plate ’
repRdycibaitg ofthlediort tradks &k BevidOR)pobt. SRAGRS: HRIGS ort; ;
upper plate (200), having a )é)gp bet(\?\tg‘grnllI wéuolﬂlplgghrethmness‘)f
the abppef 20)D@NS di £400) . in which the
I ovvelrg) surface of I{Tﬁgitgg?mgﬁfﬁéﬁgﬁ% %%?ORPSF fegts%‘fﬁﬂf%l thélneSS of
tBOh r:at:l rt Pl and i in contact with a heat
sou%gg%fﬁielhgtegg{% §tt eatﬁk%\?ssd’é@?ec‘é’l’?ﬁrfg}ﬁer conpri ses

wi ck plates (120) disposed so as to be in close
contact with the upper surface of the |ower plate 15

Fﬁ{}rg&é due to the surface tension of |iquid cool ant,

& farderAtp) lpsratesioylatedype It trivasferi dvgicehecaHimbad K@rean

between the Iower plate (100) and the wick plate

Patep0}2id1Ppenl RudplicaticnaSinabér 10-2004L F163, @ﬁ&ﬁ@ﬁfﬂrahﬂgr deyice

evaporation part P 1 and a condensation part P2. That

comprisdsenlupget ate , &R104 1050 to the

evapor at iugﬁ plg?t f@@? by l%ile ﬂgfaa{;l{dlgg) dé%é)(%éfﬁi g‘?%/e\ﬁr#ber@é’er plate
| EHaed: t [ [ ate, enters a . )

(%g)goﬁ r p aés)dg’ B&?ﬁt eth%\a/g[%cr)&)%? § @Y’g%ﬁ‘f&%&a‘ﬁfm@%l 0p), ig which

oward the densation part P2, and

EARRL S BR0S B RIS R D SAFTesRPRAsHp anEapaspiierepart P1 and is

ipI a%e %%O) serves to naintain the distance between

D RRAChER adeat sourcgo Fhediet transfonilewicpfunther ¢atdtysebyvick plates

using the surface
(120) disposed so as to be in close contact with the upper surface of the lower plate

(100) due to the surface tension of liquid coolant, and a spacer plate (110) for

maintaining the distance between the lower plate (100) and the wick plate (120).

The liquid coolant circulates between the evaporation part P1 and a condensation part
P2. That is, the liquid phase coolant continuously flows to the evaporation part,Pl by
means of capillary force generated between it and the lower plate, enters a vapour phase
at the evaporation part P1, flows in a vapour phase toward the condensation part P2, and
condenses at the condensation part P2. The spacer plate (110) serves to maintain the
distance between the lower plate (100) and the wick plate (120) by using the surface

tension generated between of them.
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tensi on generated between of them WD 2008/ 045004

PCT/ S&007/ 000345 4 This second prior art has al so
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a thin and conplex structure to be inserted between
an upper plate and a lower plgte, thus Ilimting nmass
production. Accordingly, the device's enclosure can be
manuf actured no 5 thinner than several mmthick. The
device's configuration is structured according to the
liquid coolant flows in gaps fornmed between planar
,Wacs:ks provided in the wick plate (120), or gaps

RERGDE tife e hehdsaiiitatiorast Mi¢rbA0)chaiflg 1R el QB manufacture a
&a%%t Since the de'\;éi(;g [ ncofrngor ates mcro

1} angit qongdex stuchuraso @6l be
protrusions formed on the Iome‘?en%% glg aﬁlgaloggﬁplate thus
form 10

ithiii e, grder 1t
phiding nddss RIIEEHH. @&09}% i eg % Eréc WIS can. berganufactared no

uni form gaps and to be

f ci sely machi ne such
o Syt L LR B2

m cro structures,
1 X ar.e veral mllinetres thick. Al so,
ﬁlgl{r?){m g?ﬁ% 55?)5”@3 IEﬁtWe‘i’rhplélﬁa} iwigksoprovided fiththe wick plate
%%ﬁUId ? ase %golant at the evaporation part, thereby
sPrgP edibgtwegndhewidkindath €E20) and tisf lewver SRt Mncelthe
pa,rt i cular, mass production of such mcro structures
dpichincarngrates midro steictures, Kicl hebriddes ot Edhrost rguﬁﬁons formed
conpl ex and machining errors can occur. FIGU
on thalswenplaterandfthé Bpyes! phitd &r co%ﬁ&ct p%rfalr Fhic&heet. trﬁg Eorm

heat transfer device disclosed or ean exa

ufAtreNEapARAY kS BE Nt in &Q'gl%%‘é 1 r’%ﬁi elg gsugq, Thi5 difficult to

transfer device shown in
ate (350), a

preBisaly nl i L3k %%ro %{rugt\é\/{ee%,raé E‘%%ﬁm shiefues Igrqjmqmgle)oand are

pressSuring suppor
(322), the pressuring pressure

schvBlal bl Bl %Fﬁ @sz}g %9»1%8“ U fprinrgaps RamrashlainedryRAN) ofnd liquid

tension's
l'éﬁ (% bel i nterposed between the upper plate (300)
PRRgC oﬂ%nt|a5 revg]pcggt@or( BBY yherétaodausibig tfitel failure of the heat transfer

device. In particular, mass production of such micro structures is more difficult since

the structure is so much complex and machining errors can occur.

FIGURE 3 is an illustration of third prior art of a flat sheet type heat transfer device
disclosed in Korean Unexamined Patent Application No. 10-2004-91617. The heat
transfer device shown in FIG. 3 comprises an upper metal plate (300), a lower rﬁetal
plate (350), a pressuring support structure (310), and a plurality of thin plates (320) and
(322), the pressuring pressure tension structure (310) and the thin plates (320) and (322)
being interposed between the upper plate (300) and the lower plate (350). Each of the
thin plates has through patterns that are parallel to each other, formed by a |

micromachining process. The pressuring pressure tension structure (310) is made of a
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thin plates has through patterns that are parallel to

each other, fornmed by a m cromachining process. The
i BCIEC2006/000345

a WD 2008/ 045004 PCT/ S&007/000345 5 porous nateri al
such as a nesh screen having through hol es dense
enough so that vapour, generated by the vaporization
of cool ant, occurring because the heat source is in

r surface of the |ower plate

g@% %k’mdigg%he Iom% )

? ?, fan #Siameshpeieen baving threughi lides denddhenough so that
pressuring pressure tension structure (310) presses at

B8 sgngstedibarthe vandnigatiar off doelant, patireinp Seiisé e hbli urce is in
phgégs' %%OLnsnd (322) when assenbl ed. Due to the

prndact witd the tower tsinfaqer af Sl bR e pIBEABS o B ot
paral l el patterns of the thinppF§$e2£?%%%@ggggggﬁag?%%amon
are formclose contact with the upper surface of the

| oner plate (350), so that mcro gaps, snaller than

T ssofi | ninitial state, are forned.
Thertsdiink BRoBAS KERAR ol @Dl arfsed B Boriomo aheparale
1.G te [ re difficult to realize by

ik e B TR E Fagh w82 en eswemblod Dvedrimprgsovietfiom
t%s an object of this invention to provide a heat

¥ BIYSTEINE JERR APlated S Ak the atadlel pasteothudithathiniplates (320) and (322)
deyi ce which addresses at |east one of the
e &W&@ﬂee@e@c@mm the yppeosurfatSofihe 1@l at%?sogir Quh&&nicro
the public with a useful choice. SUWARY THE

gepe/Enall@Nhamthasé of the pasRecin antilRhLsthS, 46 oyidad f heat
transfer device for dissipating he%t hmgg‘#’?egm ghéq}?bcm gaps

foreafing QOU1&ER patdledBAtart §ORSS rﬁ{crgﬁl\éhe?se Wﬁ%g%rr%allgg%m @fgq,ﬁze by

l'iquid coolant enclosed wthin a hous

t}ﬁprgéysgﬁggne@m%ﬁaggtcﬁi%gglﬁentag y.sorbing the liquid

coolant. I n a second asp “is provided a
nmet hod of producing a heat transfer device of the
first aspect, the nmethod conprising the step of

It is an object of this invention to provide a heat transfer device and method for
producing such a device which addresses at least one of the disadvantages of the prior

art and/or to provide the public with a useful choice.
SUMMARY OF THE INVENTION

In a first aspect, there is provided a heat transfer device for dissipating heat away from a
heat source, the heat transfer device comprising: liquid coolant enclosed within a

housing, and a layer of sorbent capable of completely sorbing the liquid coolant.

In a second aspect, there is provided a method of producing a heat transfer device of the

first aspect, the method comprising the step of:
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| ayer of sorbent capable of conpletely sorbing the
t he housi ng. Advant age®qsiS$2007/000345

the nmethod includes the step of wetting the |ayer of
sorbent with the 5 liquid COElant prior to arranging

the layer of sorbent within the housing.
Alternatively, the nmethod may further conprise the
e layer of sorbent within the

. of ,arranging th
o%%ln gt ’he !fﬁ’&r %tf@?%%‘f fapable)f semplageln seubirfy the #iqtidaselant within
he liquid coolant that is capable of being

f. t
tﬁ%ﬁ‘b‘llsé‘%%ly sorbed by the | ayer of sorbent. 10 Sorbent
materials inherently has m cro/nano channel s t hat

allows the transport of liquid coolant such as by
capillary action and thus, this reduces the cost of

Adwentagedusty, éeshethod HR¥ides O RAL Q.2 mesh ,

structure where nicro-nacﬁ?ﬁ?ﬁb istﬁ%%%FﬂgﬁmPiﬁgpggﬂEﬂ”he

LgbRl coBlk 8ri6NS : e use of .a sorbent material of

ig sufficl gﬂt a%ﬁ%‘lﬁ% lag%rﬂ&" Serbspi witlig theshqusing. Adfgingtively,
nt age. of preventing a possible

as_an adya
A bR Be R Sebamenbine ideyers ontbastovitin the

dry out
LIn oduction of the device, if sorbent is wetted

hé#t“?ﬁ’ g’f“ﬁ @‘OF 06T b8 atlisiens ampuontusithgliguid @b@est that is capable

ithin the housing, this sinplifies the manufacturing
ng"é‘bg <orppletelinsosbesbivy thedayeanf exbera, st ep of inj ecting

the liquid coolant into the housing of the heat

transfer device. 20 Preferably, the sorbent is capable

of sorbing the liquid coolant in an anmount 0.5 to 10

SarbemSnatéridls heMRly %Byﬂﬁcro/ﬁgﬂ&‘gﬁa%gglg ‘d%al'a ﬁggfgg &g%ﬁ%m of liquid

transfer device further conprises
codldn@ RERGhsthe daffi ont i nyous, pressure to at | east one
portion of 9,t h‘gim qé;oar %gﬁtanﬁﬁ] é’rt.hﬁfﬁ%‘cﬁf theeopst ofgheheat transfer
SO0 as to create greater vapour

ARk Q{ﬁgiﬁreﬁ E(Iég & glg straclyre gyheremigremadshining seeqtiredaasieate the

space
Qne .porti of the sorbent |ayer corresponds to
mlcro-c}%nnels.q'f]he use of a sorbent material of a sufficient amount that completely

sorbs the liquid coolant also has an advantage of preventing a possible dry out when the
heat transfer device is in use. During production of the device, if sorbent is wetted with
the liquid coolant prior to being arranged within the housing, this simplifies the
manufacturing step since this obviates an extra step of injecting the liquid coolant into

the housing of the heat transfer device.

Preferably, the sorbent is capable of sorbing the liquid coolant in an amount 0.5t0 10
times of its own volume. Advantageously, the heat transfer device further comprises a
pressure member arranged to impart continuous pressure to at least one portion of the
sorbent layer. The at least one portion is selected so as to create greater vapour space for

the vaporisation. Preferably, the at least one portion of the sorbent layer corresponds to
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heat transfer device that is arranged to contact with
that this increases the raC®S62007/000345

heat transfer. The at |east one portion of the sorbent

| ayer may correspond to a regi-on of the heat 5
transfer device that is spaced fromthe heat source.

The region may be near a condensation region to
condensati on of the vaporised

' . the rate. of

8 DG o the E?aéft’é‘l“%\fﬁ’f Jevigathatis amanged toreortet with the hamtgetree so
0, L.npart continuous pressure to at two distinct
B’@Fﬁ’ﬂ%ﬁge@ﬁ}“i@a@d}f@@mﬁwmﬁmr, the two distinct

portions correspondi ng 10 respectively to a first

region of the heat transfer device that is arranged to
contact with the heat source and a second regi on of

Theeathemt orerpoirG6e6f 16 ¥bBent] i Sk ed from t.he eat
source. This inproves the gﬁf%%encyg%?ndttﬂérﬁ%g?Oftq‘eheat
ttnafes HeVicSBER shid tes _greater vapour space when
the first regi g%gag?)era glg%g%tgsé’ﬁrcgvi‘ﬁmqndﬁaﬁ‘ Qhest aand
doh Jeplo g Lon operates as a condensation region.
olfenRat pr Seioh 1 nisase e Hals of cerdansationd the vapopised cdodae.
having two end regions and a bridge portion

connecting the two end regions, the width of the
ion is narrower than the width of the two

Pb# oége ort . _
&igraphyy eSsurednethesrds arramel tofmparecoRiitlub @ir8iSre to at two
d;?'”i es a plurality of projections to inpart pressure
ingtrportious ofitlet sorlsdnt Red, RS0 Fibghc2Bord L4 X2
projections my be arranged in an a ?Iglf/)ﬂg gljﬁégﬁon({mg

reapectivgls e ifEsiGeeibh 81 RleHedd trdnkrfie Pl jg-%? %,jkag}%%ga & contact with

envi saged to increase vapour —space
RSBl A AR Rk SRR e 2 L L1
h Qbufr&d, MRS proves %}?edetjﬁgiegqg of the \Illmeettt t?&raggfeer gigc\g\é this creates greater
vapour space when the first region operates as an evaporation region and the second

region operates as a condensation region.

The pressure member may also include a support base having two end regions and a
bridge portion connecting the two end regions, the width of the bridge pottion is
narrower than the width of the two end regions, and wherein each of the end regions
carries a plurality of projections to impart pressure at the two distinct portions. The

plurality of projections may be arranged in an array.

Other arrangements of the plurality of projections are envisaged to increase vapour
space between the evaporation and condensation regions. For example, the pressure

member includes a plurality of spaced projections arranged in a row, with the row
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WO 2008/ 045004 PCT/ SG2007/ 000345 8 extendi ng between
t he evaporation and condensati on regi ons.
menber may i ncl udeCaSG2007/000345
support base having two end regions and a bridge
portion connecting the two e?;d regi ons, the wdth of
the bridge portion is narrower than the wdth of the
two end regions, and wherein the row of spaced
grtgljldacti)ons extends from5 one end region to the other
end 18 %?W.e_eﬁr YR sligreandeedensatign waivps. SiRcifRERY,3hé Pressure
extending rib menbers. Preferably, the height of each
BFMOREmAY bjchisicianppors basthavi ewb Raa rGioRs M8 UFRRS gsﬁgn
10 fromthe top surface of the support base. At “suc
einredigigahs two endegiodsaRe iR §f IHaad: | §84d.00
inpart sufficient pressure onto théfggg?gg)h?é ﬁ%rr%vyeézlgaélthe
widetnd Rthe VP 08 rezRAS Candit S | ave a heat. transfer
device that is generally trﬁbr%ﬁé’?ﬁvec’fgﬁpgg YRR S temdy from
e chdt&EGER far wth the sorbent |ayer.
Al t er na (lsv{eo:tg?o%gg?%reegﬁpessure menber may form part
of the housing. The sorbent may include fibres such as
natural fibres, synthetic fibres or carbon nanotubes.
TPreferany, the longitudinal axes of the fibres are
HeiPESreimembaimaycompnise kederally extending Abthaheys par al | el
2
to the direction of heat transfer to enhance the
transfer of heat. 20 Advantageously, the fibres are
Ptf?\é‘ranged to create a continuous capillary channel
eralynthe it of é0R FBE HORAGHRAL LQNsof A e
heat transfer device. Evlgﬁﬁrmre g%gélt%g%aélo%&ny,heﬁ’lrﬁf’%ured
fib ik L b o'i‘h% i bres gre arranged to trap
Panp I RYL bi 8 sbndr ast. AY HEh gnﬂ"éﬂé’ﬂ“é bsem Huad that the

the liquid coolant™in mcro/ -
o . Si . bubbl es " expl ode" during WO
p 2{%’%?%%&33@? %Eﬁ-‘%l 6&E§§l}r6 (96?94 ¢ s@rbent to create greater vapour space

and still have a heat transfer device that is generally thin.

The pressure member may be integrally formed with the sorbent layer. Alternatively,

the pressure member may form part of the housing.

The sorbent may include fibres such as natural fibres, synthetic fibres or carbon
nanotubes. Preferably, the longitudinal axes of the fibres are aligned in a direction that
is substantially parallel to the direction of heat transfer to enhance the transfer of heat.
Advantageously, the fibres are arranged to create a continuous capillary channel
between evaporation and condensation regions of the heat transfer device. Even more
advantageously, fluid trapping cavities of the fibres are arranged to trap the liquid

coolant in micro/nano-meter size bubbles. At such sizes, the bubbles “explode” during
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evaporation and there is a sudden rel ease of energy to
enhance the heat transfer efficiency. Preferably, the

woizsagsmu e processed to withstand tenperat ur eBCoR8Ga407/000345

| east 200C without 5 decaying. A preferred exanpl e of
the sorbent is carbon nanotubeg. Preferably, the
average ratio of dianeter to I'ength of a strand of
fibre is < 0.05. Preferably, the fibres are capable

f sorbin he Jiquid coolant up to 90% of its vol une.
%‘éa‘ rajpn ?ﬁ‘élé@ef%’rsé‘ssuﬁé?l Tekpase eff enermydtd enhance Wikt heAF transfer

$ ssage in the order of mcro or nano- 10 neter for

YBEY-i bre capillary flow of |iquid or vaporised

cool ant. Preferably, the at |east one tubular

passage's average dianeter is less than 1.0 nrmwith a

cross-sectional area of less than 0.79 mmR. The at

Prefesdblpnke fiblesl b prO@SSRAAE iR at | east. 10% of the

fibre vol ume and the T bre vvafaﬁaﬁrfl%?{ﬁt@geé qug]%gggOpF%thout

dechyinana Frucd her i pres have diameters in the

r a%gggnof Eabggh? ega{? % {%R%Wen‘%ﬁ%%aég%ﬁ A& Bregarably, the
gées have been found to

f 15 t fi
a%{agg }Moe({%ﬁlga %fﬁ tf’lq‘gﬂg}ﬂ 3 geand pd dibraviss< 0.A5 rRraforablly, tthefibres

I NnCrease

heati@g\&?ff'ci enczﬁ. It is common for fibres to be
ALLHPEYC R BP0 Ighe Savidenplont wp o096 of #sislumiel agai nst

heat/fire, to provide electrical insulation or to be
anti-static. However, it has been found 20 that such

agents/chem cals are not preferred for the heat

Eaehothe fibdswmayehavi at feagtoneitlb 3 ags‘r%gg il @ gﬁjdetr %? h}é?rotqq pano-

preferably, the fibres should cessed SO

et frsings ELAOBp IS 0ok 1R Aol 8812 b1y, the at foast

r
and/or to the materti al e ho

n s rabl the tenperature is at | east
O e RSB R Pinter 5 15 B0 o s s st area

i and; these tenperatures w thout decaying or
01‘;12% %‘%&%ﬁ‘% £ G4IS8Y AnPEIUETIosPL0 003 4B ve Alllcast 10% of the
fibre volume and the fibre wall thickness is less than 1.0 mm. Further, the fibres may

have diameters in the range of about 5.0nm to 50um. These dimensions or structures of

the fibres have been found to increase the capillary effect and thus increasing the

heating efﬁciency.

It is common for fibres to be coated with agents/chemicals to be resistant against
heat/fire, to provide electrical insulation or to be anti-static. However, it has been found
that such agents/chemicals are not preferred for the heat transfer device. In fact, it has
been found that preferably, the fibres should be processed so that the fibres are non-
reactive or inert to the coolant and/or to the material of the housing at high
temperatures. Preferably, the temperature is at least more than 200°C, Thus, it is

preferred that the fibres can withstand these temperatures without decaying or peeling.
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wdi2emsiopsii on r egi on.

Preferably, the fibres are laid to converge towards a

heat source region and diverge out to a heat
The fibres may be i nter woPem/SGR007/000345

forma structural shape. 5 Alternatively, the sorbent
may i ncl ude pul p, paper, fabri& or non-woven fabric.
Preferably, the liquid cool ant” has phase change
properti es between -40C and 200C. 1In a third aspect,
there is provided a heat transfer device for
di ssi pating heat away from 10 a heat source, the heat

ér?nsfer devi ce conprising a housing; a |ayer of

iRy, the figtAsarelssl taronee ge mvorésshéae sc!itﬁH@FefgicﬁﬁgﬂdQﬁ&que out
t;NIthI ndthe housi ng, the pressure nenber arranged to
orfifieat dissipationurogion PTIRsSbreemh baintbSRYE or tian gf

the sorbent layer. 15 Wth tﬁe pr essur%wng)ﬁ%ear%tmlcpur@§hape'
possi bl e to accentuate pressure at sel ected points

where it is necessary to maxi numthe surface area for

AahattRnd ued d thys,increases the efficiency of
t he heat[ngj t ragr?s Q?Hﬁ%gﬁlﬁqu @?%WP%fa&@acma?nw@fm.
features of the first and/or second aspect nay be

applied to third aspect and vice versa. The plurality
or cylindrical

f | ect.ions may have pol ygonal
Pg?fg‘%é&’ a‘ﬂw‘gl et ihesmphaseralianige psqmeting betdedi-30aNidd200°C.
in a range of about 0.2 to about 20 mm The ratio of

WO 2008/ 045004 PCT/ S&G2007/ 000345 11 di stance between
adj acent projections to a projection average di aneter

Titra shitsbesped, thde is PR ik OWALEL dBbictl ieiafing heat ayay from

di mensi ons, the projections inpart s i Cl

atheat s6111R8 the HER ¥afEfeV in the sorbent to
enhance the heat t?aﬁfg?éeé:c.(ﬁ%?%%éably, t he

a housing;
a layer of sorbent, liquid coolant and a pressure member enclosed within the housing
the pressure member arranged to impart continuous pressure to at least one portion of

the sorbent layer.

With the pressure member, it is possible to accentuate pressure at selected points where
1t 1s necessary to maximum the surface area for heat conduction and thus increases the

efficiency of the heat transfer.

It is envisaged that preferred features of the first and/or second aspect may be applied to

third aspect and vice versa.

The plurality of projections may have polygonal or cylindrical shapes. The projections

may be spaced equidistantly in a range of about 0.2 to about 20 mm. The ratio of



pressure nenber is arranged to inpart pressure to at

two distinct portions of the sorbent 5 |ayer, the two
wdi2easioasi4 por t i ons correspondi ng respectively POTAG2007/000345

first region of the heat transfer device that is

arranged to contact with the'Egat source and a second

region of the heat transfer vice that is spaced

fromthe heat source. In a fourth aspect, there is

${OVi ed a h%ﬁt transfer device conprising: 10 - at

§40¢° BRWeRphRbyAREDfectipy o mojestinretvendgefdidmesr mh§ Be 7:3. It
i nternal passages and holes capable of capillary

Raschegpbrond dhativithsudh dimensicns e bro@itions irh e QiFidientr8sure to
di ssi pation region and vice versa; a supply of coolant

dreate graater sapdiir epRtin HENGMenBRSQIHBES 8L hER %ﬁ%f@f%‘ ‘iirékgraggy, the

said fibres or sheet of fibres wth I nternal pass

mesufahesb &3P ﬁmnfgeﬁft% g‘lﬁgér# }ﬁ%rg%léer flogaé &{brs :ai,lglﬁéttpg?’éqqs&ﬁ ghe sorbent

l'iquids; pressure te

5 MEd thESkd | tructure placed within said confined
s%ézg ce g‘!r‘;{)j HI‘e%'g(i Ie}?tﬁ)loﬁt 3"%08 g&%‘)gg’é’ﬁ respeetivedy faeytstragion of the heat
or ,sheet of fibres with internal passages and

i bre
t{%‘%{q a%"é%eatﬂ}ﬁ S gFraRgfd; te (capipot with edeat sobirceland aisesond region of
I nst sai d heat source region and/ or heat
t@‘?gﬁ%ait pansterrevicgithad is spabed om thOheat soyakeir al i ty of
undul ati ons are provided on said pressure tension
menber ; and a casing enclosing hernetically the
aforesaid in a confined space. In a fifth aspect,

18 hmarti spRnOtodad poyIRUNA! Rns i ARSLELERAGREA oM

10 a heat, source 25 region to a heat dissi P OR regi on
of” a2hléat ap agasgate of ibres or slwepof Sbreg witieinsdrefl pasfagd¥and holes

2008 7/000345 12 providing a
ol ur ey oyl ERR o AR gy Homy Bt sguree resioar fodt
passdigsipatindrepohasad vice versa;

- a supply of coolant fluid in sufficient amount absorbed or contained by said

fibres or sheet of fibres with internal passages and holes capable of capillary
15 | transport of liquids;

- pressure tension member comprising a strong yet resilient structure placed
within said confined space and exerting pressure on said aggregate of fibres or
sheet of fibres with internal passages and holes capable of capillary transport of
liquids against said heat source region and/or heat dissipation region , wherein

20 - a plurality of undulations are provided on said pressure tension member ;
and

- a casing enclosing hermetically the aforesaid in a confined space.

In a fifth aspect, there is provided a method for transferring heat from a heat source

25 region to a heat dissipation region of a heat transfer device comprising the steps of:



capabl e of capillary transport of |iquids convecting

nmeans capabl e of capillary convection of cool ant
wohomisd4somMaer ei n sai d convecti ng neans are aggr eqaisedon7n00345

a formcontacting a heat source region at one end and

a heat dissipation region at ? anot her end; -

supplying coolant fluid in su% i ci ent anount, and

absorbed and/or contained by said fibres or sheet of

fibres wih internal gassages and hol es capabl e of

capi | PRY108 ¢ BREHEY of Bbres pyshegtsothmdsiivithimans] passages and holes

inpartingkpressure on said fibres or sheet of fibres

wi t h FapeRiepdraniHerydyespahef liguidshainesctiaaRadin cifable of capillary

capillary transport of liquids conduit nmeans with

pr es seAneectioandicoolanigfluie ARbereine] D Eet; kg ,
undul ati ng neans on said pressure tenslingﬁlﬁ%lsgngg%gfegated Ina

and -foearcoyiatighaheREAL %égﬂ) t in a. ,

hernetical ly céﬁfined gpac .“ﬁﬁéﬁéQ@E%“§%§%§P$$Paﬁm3&@0nat
5 THE RROMNGR:Enbodi ment of the invention will now be

described, by way of exanple, with reference to the

.acco ' awm,ngs in _which, 20 FIGURE 1 a (Prior

art) %ﬁ@%&%ﬂmuﬁﬁ? Peificignt ymewnt andtdbyeibed pid/astandised by

a pe%é' ctive_view and schematic cross-sectional view

of a’ T Pehaet o s avithnintssaal PassaGos7M: hoRsQRRED1E of capillary
(Prior art) is an disassenbled view of a heat transfer

devi ¢@ngnosicofdiguitls dondu{Rne@s?004- 0018107 (Unexami ned

Publ i cati on); WO 2008/ 045004 PCT/ SG2007/000345 13

- FI GURBDBtigPpiessuranh saitl Fibdeslir SH&ABF 8oy heat
transfer device disclosed in red it terfh passages and

10 holes capable of capillary transport of liquids conduit means with pressure

tensioning means, including

providing undulating means on said pressure tensioning means; and

carrying out aforesaid means and steps in a hermetically confined space.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiment of the invention will now be described, by way of example, with reference

to the accompanying drawings in which,

20 FIGURE 1a (Prior art) and FIGURE 1b (Prior art) respectively illustrate a

perspective view and schematic cross-sectional view of a heat pipe disclosed in US-
6,446,706;
FIGURE 2 (Prior art) is an disassembled view of a heat transfer device disclosed

in KR-10-2004-0018107 (Unexamined Publi cation);
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KR-1. 0- 2004- 91617 (Lai d-open Application); FIGURE 4a
shows a portion of a carbon nanotube sheet and FlI GURE

wohowslesm4 t he carbon nanot ube sheet of Fi gur ePd@sabaoen00345

comng into contact wwth liquid; 5 FIGURE 5 is a heat

transfer device of a first en‘P diment of this
invention in wunassenbled for Figure 6 is a heat
transfer device of a second enbodi nent of this

I nveni. ' unassenbled form FIGURE 7a is a cross
secti gtﬁ@ﬁb& Grior ) Weaadissemhledfview dby hem tahsfE i disclosed in

gggnég 10 the central axis; and FIGURE 7b is a
HFE0RA-9 1T (Laisvopeh Appdicttiad; t ransfer devi ce of
Figure 5 and 7a along the direction CGC . FIGJRE 8

showsFISWRE Matshows hoitida ofedhibbh aBsdies |
Figure 5; FIGURE 9 shows a variation eo%%?ﬂhagﬁhngPRE 4b shows

the @%b hattRbL el o /i GHE 9a Biter @gﬁﬁ% 6 gtlér%%(? \Aafl'gﬁc?uéd;g

section view of the heat trans evi
al ongrihRE xis.and Figure 9h is a . o
secti onal e%gs %/lﬁg%/tﬁ%hs '3 ’h%evhc&fg atﬁxgtr%? IgeRfiof ghig invention in

[ and 7a along the direction B-B'; FIGURES 10
@ﬁ%%ﬁle%rfgl%xanpl es of how a sorbent |ayer and a

pressure tension nenber of the heat transfer device

i |1 ustEHEEdS phettitynsies devieanf assenend debddimemrodithiy invention in
formed; 20 FI GURES 12a, 12b and 12c are perspecti ve,
uaé%sﬁﬁnbfe@afﬂ@n;expanded view of the circled portion of
Figure 12a) and cross sectional views of a base plate

of t HeGHRAR 7a ishansk SEctbAWIGE oPfhe FeGUL L6 nnel
on its inner surface; Fl GURES 13 ae%g[a%iggﬁ%\{}vgegﬁgmessalong

th(f?eh%ﬁl&%ﬁ%s 5F gr}]gﬁg?ﬁbnig alsQiohBeni&Rw bE %%Shfee%trtra%% eir %gvice of
Figure 5 and 7a along the direction C-C’.

FIGURE 8 shows a variation of the heat transfer device of Figure 5;

FIGURE 9 shows a variation of the heat transfer device of Figure 6;

Figure 9a is a cross section view of the heat transfer device of Figure 8 along the
central axis and Figure 9b is a sectional end view of the heat transfer device of F igure 5
and 7a along the direction B-B’;

FIGURES 10 and 11 are examples of how a sorbent layer and a pressure tension
member of the heat transfer device illustrated in F igures 5 and 6 may be integrally
formed;

FIGURES 12a, 12b and 12¢ are perspective, detail (and expanded view of the
circled portion of Figure 12a) and cross sectional views of a base plate of the heat
transfer device of Figure 5 with channels on its inner surface;

FIGURES 13 and 14 show variations of a housing for the heat transfer device of

FIGURES 5 and 6;
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WD 2008/ 045004 PCT/ S&007/000345 14 FIGURE 15 is a
schemati c diagramof a fibre having two tubul ar

woassage®y Fl GURE 16 i s an SEM phot ograph of aaTactaalooo34s

fibre having four tubular passages; FIGURE 17 is an
SEM phot ograph of another actuyal fibre that has a
single 5 tubular passage; FIGURE 18 is a scanni ng

el ectron m croscope photograph of fibres; FIGJRE 19
is a flowhart illustrating process steps for

pr oduElGGREHS e sehematignigzfozam déuifibee ndvify GRESIlaFpAIIREs;
20 is a further variation of the structure of the

pr essHI@UREBriSiioan SEN plevtixetiph b1 £ ¥ fibkShaise it fbdlar
view in the direction E-E along the centra

pasaget;udi nal axis of the pressure tension nmenber of

FI GURE 20; FIGURE 22 is an even further variation of

the StIGiGhpEne ; e tension er,; .and 15
FI GURE 23 15 gégénegtﬁﬁoﬁ[o\?‘?%%} %ft e, F‘?t&%{?ggﬁ thet fasy YRgle
| longitudinal axis of the pressure tension
ttrtrlg‘?r%lcel?ﬁ%%g%ﬂ GURE 22. DETAI LED DESCRI PTI ON OF PREFERRED
EVB Q Figure 5 is a heat transfer device (50)
of SD’%IFNJ@E égﬁ%?a?%ﬁwg@%%trﬁn gigragenpe ipbatographiif dbrest he
heat transfer device (50) conprises a cover plate (51)
and d1OAERE pP i efloBehardihsiniting pracesastbmofof BfodaeMs titheat

conmponents for the heat transfer device (50). In this

tesblodderget of FEREfiver and base pl ates (51,52) are
made of polynmer. The heat transfer device (50)

FIGURE 20 is a further variation of the structure of the pressure tension

member;

FIGURE 21 is a sectional view in the direction E-E along the central
longitudinal axis of the pressure tension member of FIGURE 20;

FIGURE 22 is an even further variation of the structure of the pressure tension
member; and

FIGURE 23 is a section view in the direction F-F along the central longitudinal

axis of the pressure tension member of FIGURE 22.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 5 is a heat transfer device (50) of a first embodiment of this invention in which
the heat transfer device (50) comprises a cover plate (51) and a base plate (52) defining
a casing for housing components for the heat transfer device (50). In this embodiment,

the cover and base plates (51,52) are made of polymer. The heat transfer device (50)



WO 2008/ 045004 PCT/ S&007/000345 15 further includes

a |layer of sorbent material (60) and a pressure
woensioaspomenber (70) arranged between the covecTand007/000345

base plates (51,52). The sorbent nmaterial (60) is able

to sorb (i.e. absorb and/or orb) completely the 5

liquid coolant that is required for the heat transfer

device to transfer heat from a heat source. In other

ant| of the |liquid coolant is such that
%.glim&%l aé(F’yO 5b§8F @étfnélr(%ﬁbm bpusduye teneion onddstiE: (70)
npl es of a sorbent material are

mat er |
?Wﬂng?@\g#&ﬁeli thsreeyerpinddaseplatb (%,53)r uct ure such as
pul p, paper, fabric or non-woven fabric or non-woven

fibres such as natural fibres |ike cellulose,
synthetic fibres or carbon 10 nanot ubes. Such sorbent

Thatsertieat mateRiaB(GBN1Y ableh@\/s%rﬂ (ﬂ%ee[ﬂé@%b dd%?o%%% bggomﬁletefy the

capabl e of carrying/hol di ng
th|

5 IR ddoMny that AYeRGEdd BF gJe ri o t{@g]&:r vice fo tga&s%g hpat om 2 hoat

| ayer of carbon nanotu
M The ¢ anotube | ayer is processed
“su Cﬁ l%e(r @p&%soé {aé'rﬂ(%nh 1¢ 6pQlamfis gk that it H%ompletely
e of f at given operating tenperature
200%??%??805%31% erS@H?,epgmétemalt xpinples bhie sorbengnmenilsre
of the device such as the cover and base pl ates

11('581'1" ox'on fikrpg of |ar§u1ta;iﬂ@ stsuptwe smsmlpmap&r fab#0 br non-woven fabric
Mor eover, carbon nanot ubes exhi bit good adsorption and

OQMprchﬁbnckl auchciseratusili fibvesAn Jehh%s& %gmﬂ@n@ﬁ&%s Bf Efhon

Fi gure 4a, which shows a |ayer of car nanotu
and

10 nprotubes t Such@BIbREt B ur e
4b whi ch shows 20 t héﬁﬂﬁéﬁlzﬁég%ﬁ?ﬁaﬂ@% fS5@able

0 h I
o e TN L& R haribor of P gas phase

ed c
transition that is in the range of - 40C to 200C and

in this enbodi nent, with carbon nanotube as the

rbent .material water is used as the liquid cool ant
Inztﬁ’d Ppedunti layer qficathon neessilzanis usel 4stthe kavest Wterial (60).

The carbon nanotube layer is processed such that it does not emit any form of gas or

15 vapour, or peal off at given operating temperature ranges and is non-reactive with the
other components of the device such as the cover and base plates (51,52) and the
pressure tension member (70). Moreover, carbon nanotubes exhibit good adsorption and
absorption characteristics and this can be seen from Figure 4a, which shows a layer of
carbon nanotube prior to coming into contact with a liquid and Figure 4b which shows

20  the wet state of the carbon nanotube layer after coming into contact with the layer.

A preferred coolant is a liquid having liquid-gas phase transition that is in the range of —
40°C to 200°C and in this embodiment, with carbon nanotube as the sorbent material,

water is used as the liquid coolant and the amount of liquid coolant to the layer of
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woOi2opsiodsomeol ant of up

WO 2008/ 045004 PCT/ SG2007/ 000345 16 car bon nanot ube

is such that the carbon nanotube is able to sorb the
to 80% of the carbon narorsBed0s/000345

vol une. The pressure tension nmenber (70) is arranged
between the cover plate 51 angkthe layer 5 of carbon
nanot ube (60) so as to provide support for the heat
transfer device 50. The pressure tension nenber (70)

Shes I 9] trong enough to wthstand
ext e r%é’lgﬁlb% F %%‘%B fg&\fﬁ%ﬁﬂ?‘ﬁ’en%@ﬁ%’etmr A taesorbl the limid soolant of up
t%tStO@Chfetgl to.a heat squrce and to maintain internal

VapgouP UpSPEOR Jangtmlsas volamseat transfer when exter nal

deformation occurs. In this respect, the pressure
tensi on nmenber (70) should al so be configured to have

10 maxi mum vapour space. It should also be rigid -
EﬁumgﬁutﬁmsunmmHMbhhﬁohﬁ&&mh Cipe | fr

col | apsing or inploding due %o exté?%%ﬁ%ggg§%%$é18?8ﬂklawﬂ
off oarben naioteheL(60Pso SE% Lpdpternal pressure due_to
excessi ve 0001 aﬁt vap r?‘ég%%@ﬁogt@r.tﬂﬂ?egt °f AcEreyRft dhe

i s enbodi nent has two

e e r (40).of t )
P SRl o TP Sy o e g s goeete itggand external
[ the, two .en ortions (74,76), the bridge
pgeg%{{}? g‘&leﬁ g}/el }heﬁt &arhs;efr £ 1§ ttached t9rhaahsourewandrntd maintain
ions (74,76). The Eir essure nenber (70) further

] t
1ﬁ%ﬁh\@8gura§@agq QO)E?}LIOM the hegtdensfeg whemretemal &Fprsaiohi Reurs. In

b%ﬁgach end portion (74,76) on upper and bottom
this fespreb shaypresuee fensios urembee (1199 Shéul@ hish "Eﬂ'e%fiﬁ%é d e
shows the upper surface whereas for a sectio aF Vi ew

mgximure vapauy epideny shRNIDaKS be BigR Qi %l‘rl jéJ‘ %Jé{})&q%ﬁ LD trgr?s?er

upper and bottom surfaces, s€e Fig

deviej (50} frévgl coIIEI.'F?g@; ?}r &g@gardth?%%%est l.;%‘t:etxfrlé%f %ﬁ\%él?rrg e %gg o?tdue to

| ocations on t

O R e B AL TR Vbt
As shown in Figure 5, the pressure member (70) of this embodiment has two end
portions (74,76) and a bridge portion (78) connecting the two end portions (74,76), the
bridge portion having a narrower width than the two end portions (74,76). The pressure
member (70) further includes an array of projecting members (80) carried by each end
portion (74,76) on upper and bottom surfaces of the pressure member (70) (Figure 5
only shows the upper surface whereas for a sectional view of the proj ecting members
projecting from both the upper and bottom surfaces, see F igure 7a) . The projecting
members (80) are selectively arranged at locations on the end portions (74,76) where
the pressure should be accentuated especially, at the regions operating as an evaporator

and condenser.
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WD 2008/ 045004 PCT/ S&G2007/000345 17 Figure 7a is a
cross sectional side view of the assenbl ed heat

wonrensgisn4 devi ce (50) of Figure 5 that shows PO®/SG2007/000345

projecting nenbers (80) extending fromthe upper and
bottom surfaces of the pressure nenber (70) and
Figure 7b is a sectional viewin the direction of
line CGC . The cross section view of Figure 7a shows

ear . .k e 5 4..56),that can.be

B 1 B Rt BURIOAALR B o 43R nil B Sfe e 50) of

rinciple.of erati.on will be descrjbed |ater. Each
Bleefih Bof s RO FoRsHBE ridmhsrs) GoE Shcidiag Samine Hpper and bottom
rectangul ar abutnment surface (80a) that is planar to
BhErSERohine PrestiEe member €10 padBigyre This arseptioal viewph dheedirection
51. The 10 projecting nmenbers (80) are integrally
¢idineec-Ghi The erhes sentibrpuiewiofifizurd 22 siywsohotehdearlyrtessud eegions
tensi on nenber (70) by noul d-pressing the appropriate

(54/56) €ifat tdnEbeised Bither as e REAPIPBESLEondERRr B BRrkiple of
each projecting nenber that protrudes out of the
HearwltRRbeaeater (70) is preferably less than 5
nm and each of the projecting nenbers is preferably

pl aced equidistantly with each other in a range of

about 0.2 to 15 about 20 mm The ratio of distance

e n adj acent oj ecting nenbers to projecting
RS Toledat webetgfr L abrpedrvih o Telten bwmobudhent misface
sggcich di mensi on of each projecting nenber (80) is
(§8) thetiis plapar thgngage wittethgiinnes surfadserf esiop centrpdate 61. The
adj acent projecting menbers (80) is P, and the |ength
1objecting mewmbens §80)aare ategratiynformad hatbeheéndpsitions (74,76) of the
projecting nenber is Q then the ratio P:Qis
eessivertaidion Medber@70F By DAl d fred i€ M6 AbSObEH ORI
takes a bul bce)uselgzaf)g%d thenﬁrtf)h%@gdi a?rg e? gtfgpt%ﬁe bssure
tEAk RO OfTRE hii i | dehsds!

o emBEOTTRE Bé@?%dﬁ%?ﬂéé@ber%gﬁg bl GOP ﬁ%)grr%d%;?ﬁt o:? the,

i s embodi nent, re ensi on ne
p?gsréﬁr%sceﬁ)sgoﬂ rﬁén%é"&%ﬂs rbllrcgler%bly less than 5 mm and each of the projecting

members is preferably placed equidistantly with each other in a range of about 0.2 to
about 20 mm. The ratio of distance between adjacent projecting members to projecting
member’s diameter is preferably 7:3. To elaborate, the specific dimension of each
projecting member (80) is not critical but if the distance between centres of adjacent
projecting members (80) is P, and the length of the rectangular abutment surface of each
projecting member is Q, then the ratio P:Q is preferably 7:3. Of course if the projecting
member takes a bulbous shape, then the diameter of the bulbous projecting member

should be considered.

In this embodiment, the pressure tension member (70) is a series of interwoven rigid

wires made of metal. Other types of material are also suitable such as polymers and



wires made of nmetal. Other types of material are also
sui tabl e such as polynmers and WO 2008/ 045004
wOCHsHEA0d7/ 000345 18 ceram cs. The material eoos6ER007/000345
shoul d al so be inert fromchem cal reaction with the
liquid coolant and should notiemt any gas. It is also
preferred that the pressure tension nenber (70) has
good thermal properties. 5 The pressure tension menber
. I 0% open .area wWi.th wires |

éh%%%nncéhgl[gc%? %ﬁ?le%h%g%nes(?%ﬁfgn%sot f P rﬁé’frhaﬁmi’ﬂ &eg5tign withdhe
fienéi o%l rreaggeh 1sléO) of . being _greater than 30%of the .
WP coyanhandisaauld netgpit pap e Iids als pesfemedihgtihe peessure tension
cutout area and this also gives flexibility for the
Brasei(78) hasrgood thermebitopertiey. t o be bent and stil l
rigid enough to sustain pressure. 10 Figure 19 is a
flowhart illustrating the process steps for producing
the heat transfer device (50) and at step (500), the

5 Tevgessarwtehdse e 0) SHoddhavdy £ 1&ERYE dpalded Withdyit &
renmove inpurities as is normally the case. At step
Ko I S e i .
4303 4% Rl o BET APBLUEs 5B B

erate is sorbed b

d, er.15 devige to.o0 y
e 3L 0TIk T im0 Cufiport basess thinsih hoayiout area
I r . of .carpop.nanotube (60) is placed agai nst the
RS s o s dlegioikty dotslie gresrie eeniompmenterd T @go bedentnd still
pressure nmenber (70) is aligned with the |ayer of
1igd B’éﬁ?ghéﬁéﬁﬁlﬁ@ép('@@)re- with the projecting nenbers (80)
of the bottom surface for asserting pressure on 20
10 correspondi ng portions of the |layer of carbon nanotube
(60). At step (508), the cover plate (51) is mated to

Rifge 19sie Ptlatwehdrb Austid I
a%get a8 Dliskaun ngusrre rlrb Qe?fse ﬂ(rg%sﬁ) asFeZé %Igggﬁggg% r%fg‘f] ﬂ%%etransfer

deAches0)RAA A URE (550 She (60 428 %agehﬁag%gfﬁel,ﬂ) are cleaned and dried to

remove impurities as is normally the case. At step (502), the layer of carbon nanotube
(60) is wet with water (as the coolant) so that coolant required for the heat transfer
15 device to operate is sorbed by the layer of carbon nanotube (60). At step (504), the layer

of carbon nanotube (60) is placed against the inner surface of the base plate (52).

At step 506, the pressure member (70) is aligned with the layer of carbon nanotube (60)
with the projecting members (80) of the bottom surface for asserting pressure on
20 corresponding portions of the layer of carbon nanotube (60). At step (508), the cover
plate (51) is mated to the base plate (52) so that the pressure member (70) and the
projecting members (80) are urged against the carbon nanotube layer (60) and the base

plate (52).
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plate (52). WO 2008/ 045004 PCT/ SG2007/000345 19 Next,
at step (510) the cover plate (51) and base plate (52)

wanreoslasded or wi el ded together. At step (512PCTAG2007/000345

di scharge orifice is created in between the cover
plate (51) and the base plat® (52) and air in the
encl osed space between the cover plate (51) and the
base plate (52) is discharged out of the casing

0 i sch | fige t.0 reduce ressure. in .
R E0ReB P B ERpRA L5t isSintEe PR R e’ ot wielded
tori ice.is ed,sq that . the heat transfer device
Phhey &t iip FEI2) Chbshobsarificednaropivd ihbaivees dipsiossr plate (51) and
gevice is ready to be used. Wth the above process,
the base plRte (A peshain am thauenclosed spacehebwern therdovergplatee(51) and the
liquid 10 coolant that is required for operation of
take phga(52) iadistieargaevitost, the kising livbagletheadiswbatbeadrificdno reduce
addi ti onal coolant injection process prior to the
mpesaRUnehd aﬁﬂ@ed%ﬁa&t ap step (3 ), tHRACHhEF U rificelil Sealed so that the
manuf acturing nethod is sinpli fied. An operation of

: ' fii odi_ment
AR dob RO i G al1y Staled ahd e P bR ready 10
bQQK%Ee (50) to dissipate heat away from an externa
heat "source such as an el ectronic conponent, a first
end region (54) of the base plate (52) is arranged to
be in contact with the el ectronic conmponent (not
shown). The contact may be achi eved by using a |ayer
With tthe: aheve prgisessi viace shadibor nahetube iscapabie pEgobingthe liquid
the base plate (52) to the el ectronic conponent. As a
cpelent that ishrequiitedstor epedaticage fthe hbat)traabfed fevias, @hisdBviafes a need of
evaporator while a second end region (56) operates as
af @adidendercoblafl) - injddash BRREIATRRr PYo g ?)R%?&:Eo%cﬁlction step
e (52) to

conmponent is transterred via the base pla

08 A s el AR "

An operation of the heat transfer device (50) of the first embodiment will now be
described. To use the heat transfer device (50) to dissipate heat away from an external
heat source such as an electronic component, a first end region (54) of the base plate
(52) is arranged to be in contact with the electronic component (not shown). The contact
may be achieved by using a layer of thermal adhesive to adhere the first end region of
the base plate (52) to the electronic component. As a result, the first end region (54)
operates as an evaporator while a second end region (56) operates as a condenser (56).
Heat generated by the electronic component is transferred via the base plate (52) to the
liquid coolant carried by the layer of carbon nanotube (60).The efficiency of the heat
transfer is improved due to the presence of the projecting members (80) carried by the

first end portion (74) of the pressure tension member (70) which corresponds to the first
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transfer is inproved due to the presence of the
projecting nmenbers (80) carried by the first end

weoanasioaso§ 74) of the pressure tension nenber (POY/S6GR00C000345

corresponds to the first WD 2008/ 045004

PCT/ S&G2007/ 000345 20 end regimon, so that the
projecting nmenbers (80) assert pressure on that
portion of the carbon nanotube |layer (60). This is

beca . Lecting nmenb 80
ont ogit% ’egd;tg?%g?l Elﬁlogéncglﬂ 2 %eéﬁ l{éasy@p? lf%ﬁst pﬁ%%lrﬁiogzﬂ%l?ém‘)n of the

[ face ea contact. .between the carbon-nanotube (60
S o R Bl R it e KRk sk 6 neglaid Dpbers (50)
of heat 5 fromthe el ectronic conponent to the |iquid
WU Fhsrftarkon o tehrilarerd0)aneximiseribe purfase draacohtact between the
absorbs the heat and when its evaporating tenperature
¢agbanenariebde (6Mend|thelrsd ptavo({5ah and thpe Hiaxasiseicbiiucien of heat
vapour diffusing through the porous carbon nanotube

from teaebettdntc soramMdnEDdhd BEi@Bod1at)to BRRHRIICRY Ayt he
condenser. At the condenser (56), 10 which is an

anbi ent tenperature, dissipates the heat fromthe
vapour to the surrounding environment and this causes

- ' nt _t.o condense. The.presence of th
R URPRl SR dp R, AP e ST SR 18 Granrests SPEART pgeached, te
Torely enﬁ%g coolant.gron1the .condenser (i.e. second
R G E850TISES WHE Tk vaperrdiffusipg through theporaugicerpon nanotube
(54)) by capillary action so as to return the cool ant
tp seach thessegont endaesivn (@ pearatinges fleaondensers Pdthe dondedses(56),
15 way, heat fromthe el ectronic conponent is
vduelt isrocutignt bempeyatdies dispipatedih@\iryt from eheeapolt &ethé kit dinding
(l'iquid cool ant and vapori sed cool ant) circul ation
cheiroveeent bh®thic CRYENBE K afceRid 806ladthe cOYRAYY. 1R Hhrdsedbe of the

under negative gravity conditions, the inner “surface

chideh }laﬂ(gmﬁ@ﬁ tﬁ@&%m?é] ge%gongég%% ams tlgeg&}‘llggmfsgg \g;)(t)lgntafrom the

plurality of mcro

' r i.n Fi.qur 12b and.12¢c ., These .
RIS SIS §PalBRell A aEo py it
nachining, r%isin or casting. The depth of these

agion soasd F%&m e coolant to the evaporator to repeat the heat transfer . In this

way, heat from the electronic component is continuously being dissipated away.

To maximise fluid (liquid coolant and vaporised coolant) circulation between the
condenser (56) and the evaporator (54) under negative gravity conditions, the inner
surface (52b) of the base plate (52) are provided with a plurality of micro/nano channels
(57) as illustrated in Figures 12a, 12b and 12¢ . These channels may be formed by wet
etching, dry etching, machining, pressing or casting. The depth of these channels is
preferably less than 500 micrometers and the cross sectional area should preferably be

less than 2.5mm? with the aspect ratio being less than 2.0 and greater than 0.01.
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preferably |l ess than 500 m croneters and the cross
sectional area should preferably be I|ess than 2.5m®

Woi2008/0ub0e4 aspect rati o being | ess than 2.0 andPgrsal@7/000345

than 0.01. WD 2008/ 045004 PCT/ S&007/000345 21 Figure
8 shows a variation of the fizist enbodi nent of the
heat transfer device (50) in which instead of one
| ayer carbon nanotube (60) as the sorbent naterial,

ST 1 P T S T et ey o
51 )
015 BB o BtV e 5

of cqolant quid that is used for the heat transfer.
sFand leyre of aﬂ'bﬁﬁltdﬁaté*ﬂal (P hiesanéwished betyieen thfe pressiyeriension member

nanot ube (60), the heat transfer device is no |onger

(79)einddle cayer plateil haidbsimsiarlgethe caben nafulesy also phahged to sorb

(51) or base plate (52) can be arranged to be in
acmribinafuantitylof@oblent i fAU IS vdb® or thdhét GRS BHifPthe addition of
i ncrease the efficiency of the heat transfer since

tﬁkﬁéﬁ:oﬁd Rp&f S daffdniafbhbE ?602 0&&8 ltﬁhgfeﬂ ?&)i% 8 0b1 nger limited

l'iquid coolant in the 10 con a er o e car

b?%g]l g%? 81|1 nﬁl’% ﬁ?e?l ret Q’Fr 3%’ (S (fr %‘g%&?{?JQEhe ek ggedto be

th| sS_way, reater anount of heat can be
%C%fﬁ?% o QoI5 108 Coul ElfoupeAse des i eieneont the heat
qptube Ia er it increases the capillary effect and
VEctnGsheat trapsharradrfsomm the coveupleted]) tarint higuid coolant in the
d| fference with the first enbodinent is that the

s¢nond dayepof the sarbpd Apnitabe (@) bavalesibavirtsfarddab iliquid coolant in
rectangul ar 15 cavity (79a) to create nore vapour

tiexfastlaye ofitit daffonaRofibedb0)MRdRA AEE Ry, aeittPRRbunY | ?H@at can
of the variation of the first enbodi nent” are shown

bEUBYbSSd I8 Y wihds, vASRE MR8 @B%gib_.mttw?gla&%] ellli ufl?c?%gges the

transfer device 150 IS shown I n ure

A el f“%fh?ﬁﬁgf‘ﬁ R AT r MO g atih thfirt

e..secon nt, the heat transf er deV| ce (150
eIgF%%qe Ellsg}&ezg e portion (79) is configured with a hollow regtangglar

cavity (79a) to create more vapour space to aid the vaporisation process.
Sectional views of the variation of the first embodiment are shown in Figures 9a and 9b.

A second embodiment of the heat transfer device (150) is shown in Figure 6 Wﬁh like

parts having the same reference numerals as the first embodiment but with an addition
of a hundred. In the second embodiment, the heat transfer device (150) also includes a
cover plate (150) and a base plate (152), both plates of similar construction as the first
embodiment, a pressure tension member (170) and a layer of carbon nano-tube (160)

arranged between the cover plate and the base plate (1 52). The function of the carbon
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cover plate (150) and a base plate (152), both plates
of simlar construction as the first enbodinent, a

wonresadsmw4t ensi on nmenber (170) and a | ayer of eariscero07/000345

nano-tube (160) arranged between the cover plate and
the base plate (152). The fumxion of the carbon WO
2008/ 045004 PCT/ SG2007/ 000345 22 nano-tube | ayer
(160) and the overall operation of the heat transfer

i f rhodi t .are simlar
RGeS 00 it o RGP Bl BIREH, 8 by Bt Qi o) or e
e wever, .th ifference ljes in_the structure
SO s BGAie flr By ol o dirognt anh s oy LAR b elaborated
t ensi on nenber (170) al so has two end regions
Ref0, 174) but instead of two substantially
rectangul ar regions, the two end regions include
|aterally extending rib nenbers (184) that extend
fromthe sides of the pressure tension nmenber (170) in

Towswenthe diffopdnca liesighoBtRhcturd D HOWBsstife Ehabt fefbeAG0). The
end region has a four pairs of 10 extending rib

PrESERRIEnsi e RbESE Yo i ' 159
carries Sflslo pl ﬁr aISIiS?y )g‘%ﬁﬁ%r%éﬁ’gé’?.& n %’%2%7%1@8?5{%&0&‘”0
| . |ong a.central .longitudinal . |

STRaRlal eyl Sl el sho b oty fhicrtly pipacing o
way, t 0 ecti nmepbers (180) creates pressure

“5%1\{‘?1‘?% @f‘gh@{ %’“B%‘Eg%@égg?lﬁﬁﬁ ?ég? ResuRp tensign srsnbes (BA)) in a
to maxim se surface area_ contact between the sorbent

syzynsiriqal sranggment. M shawa ipFiguee §,182) endwegtdntss adowr pairs of
efficient 15 conduction of heat between the two

extegilingsib rémbers HEheusessofe tpnsiprenicinbder (1POPSES c4#89) plurality of
this enabl es sel ective appl.ication of pressure and

ptdjedtingtrhemPure 6180) hab ! ar@bgdYintd Y@ widI 5S4 E&ltfaﬁﬂ)ggﬁﬁhiﬂal axis of
1 d§, " the

menber (176) is non-uniform As with most flu

Ty f ' [ I subj :
IR AT IDE L 00 LS B0 o
p%éé?tﬁg p8{nt§glgl§gsgf>§s’sag%alﬁ<liﬁ/g t&'lg Fwo (r:ecg?gl{susgta% to maximise surface area

contact between the sorbent layer (160) and the base plate (152) and thus more efficient

conduction of heat between the two regions.

With the use of projecting members (180), this enables selective application of pressure
and thus, the pre;ssure applied by the pressure tension member (176) is ﬂon—um'form.

As with most fluids, the evaporation and condensation points would be subject to
pressure. Our present device may provide two types of pressure, namely the accentuate
pressure exerted by the undulations (projecting members) and, due to the 3-dimensional
void paésage way network created by the configuration of undulations of the pressure
tension member, vapour pressure arising from the amount of coolant evaporated in the

confined space. Depending on the amount of the coolant in gas phase, the temperature
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pressure exerted by the undul ati ons (projecting
menbers) and, due to the 3-dinensional void passage

woayosrasonr k created by the configuration of PCT/SG2007/000345

undul ati ons of the pressure tension nenber, vapour
pressure arising fromthe amamt of cool ant evaporat ed
in the confined space. Depending on the anount of the
cool ant in gas phase, the tenperature WO 2008/ 045004

SRR G2 Bl S 0B O 8 Bl

passage way, |.e€
e. a._vapour j ent y.ari se between

ssag ressure gr.ad

{’)an RGO Pgeés‘}f% %f a@ﬁf@ﬁl&y %B%& i)ﬁ%{?% deptoRurcs gegion and heat
%th m ght, assist in providing a suitable range of
ISHPALIOR AN o A Bis myightasgiskinfspvidngacuitalfe range ¥é tsmpegature and
phase transitions of the coolant for an efficient
prassureafor eBeatimgdbe désinad phasedransitionsiofithe thdastefopadefficient thermal
enbodi nment is shown in Figure 9 with the additional of
@ndsa@wand | ayer of carbon nanotube (161) to enhance

the functionality of the heat transfer device (150),

just like the variation of the first enbodi nment
illustrated in Figure S. 10 The descri bed enbodi nents

.ljmtative. For,exanple, |j

B ST P GRLEh bR shiich FL i Wi Sl ota
170)..are descri bed as jndependent _conponents fromthe
k1355 of E3b1 nacribe YRLER R ERe b Rimagnadisiot e heat Ransfer

orbent layer (60,160). However, the pressure tension

B &FSQyivst likeghe marjasioniod theeldrshembedimentillusteatadindFogee 8.
plate (51,151) and/or the base plate (51/151). In
ot her words, the projecting nenbers (80,180), the
extending rib nenbers (184) may be integrally forned.
Titetdesdrited eadodimdtadtRuldot b8 $dntRel BALEMHGHRL Fo¥ 8xample, in both
pressure can still be asserted onto the sorbent |ayer

ey dikolhs, 1 ﬁt@ssu}éqt%ni‘f}{%ﬁ tﬁ%gfblgrsgzg,siow afgedgp&{beq% ixpd%pendent

integrally foormed w a
components from the cover plate (51,151), base plate (52,152) and the sorbent layer

(60,160). However, the pressure tension member (70, 170) may be formed as part of the
cover plate (51,151) and/or the base plate (51/151). In other words, the proj ecting
members (80,180), the extending rib members (184) may be integrally formed with the
cover plate (51,151) so that selective pressure can still be asserted onto the sorbent layer
(10,160). Also, the pressure tension member may be integrally formed with the layer of
sorbent material (60,160) such as that shown in Figures 10 and 11. In Figure 10, sorbent
material (200) is preformed or cut into a desired shape and size to define projecting
elements (202) with the projecting elements (202) arranged near the ends of the iayer of
sorbent material (60) corresponding to the regions of the heat transfer device 50,150
that operate as evaporator/condenser. In this way, pressure is similarly asserted on the

layer of sorbent material (60) to increase the heat transfer efficiency.



sorbent material (60,160) such as that shown in

Figures 10 and 11. In Figure 10, sorbent 20 nateri al
wO0208)jo45m4 pref ormed or cut into a desired shapeCcasd2007/000345

size to define projecting elenents (202) with the

projecting elenents (202) arrmnged near the ends of

the layer of sorbent material (60) corresponding to

the regions of the heat transfer device 50,150 that

operate as evaporator/condenser. In this way, pressure

is simlarly asserted on the |ayer of sorbent

0) to increa heat transfer
t@f’ BF&?%P 8%5%91@9;32%5%%@ (e ngerssyy dependmasen
g pressure tension nmenber (70,170) nmay not be
§ﬁ?y depending on applications. 5 Figure 11 is
anot her exanple of having an integrated pressure
tensi on nenber and a |ayer of sorbent nmaterial having
spaced projecting nmenbers (204) arranged in a row
5 Fpaed Itifiendthdgixbmglentdhatnk an dtesated! Ifi‘é@ﬁre%ns'i"&f ReRber and a
material (60). The liquid coolant used in th

lﬂﬁ%fb&%%t%&%ﬂﬁ%{)ﬁlgugic Wg)hgfz gﬁlm%g& (ZS(HL éﬁ eglmarow

cool ants maybe used |qu

A R S S >

However, other types of sorbents may be used and it is
preferred that the sorbent nmaterial sorbs the liquid

coolant in an amount 0.5 to 10 tinmes of its own
ligid comlang usepsntheydeseribadeenthoditents & Waterjowdtien shitabls
since they have internal passages and hol es capabl e
10 coplagismhdyriee uské siichopsiattohobbrdijuidin@tad(sg Iaapat) e of
capillary transport of fluid. A nolecular structure
of a fibre can be seen fromFigure 17 which is a SEM
phot ograph of an open end of a single strand of

TR SRR A AL Bt i
Hwival A tyeplese § so(%gents r%ra}(;% O56d and it is preferred that the sorbent
material sorbs the liquid coolant in an amount 0.5 to 10 times of its own volume. Also,

15 fibres are particularly good sorbents since they have internal passages and holes capable
of sorbing the liquid coolant and also capable of capillary transport of fluid. A
molecular structure of a fibre can be seen from Figure 17 which is a SEM photograph of
an open end of a single strand of fibre. It can be seen that this strand of fibre has a single
hollow tubular fluid passage. Figure 18 shows a scanning electron microscope

20 photograph of an aggregate of fibres that shows the porosity of fibres with internal
passages and holes capable of capillary transport of liquid. Fibres having more than one
tubular passage are shown in FIGURES 15 and 16 in which Figure 15 is a schematic
representation of a fibre having two tubular passages (400) and Figure 16 is a SEM

photograph of a fibre having four-tubular passages.
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20 phot ograph of an aggregate of fibres that shows the
porosity of fibres with internal passages and hol es

woapsiusoof capillary transport of |iquid. Fi bPe$/5G2007/000345

havi ng nore than one tubular passage are shown in
FIGURES 15 and 16 in which Figgure 15 is a schematic
representation of a fibre having two tubul ar passages
(400) and Figure 16 is a SEM photograph of a fibre
havi ng four-tubul ar passages. WO 2008/ 045004

PCT/ S&2007/ 000345 25 The cover and base pl ates

(51,52, 151, 152) are shown as separate parts in the
descri bed enbodinment but this is not essential. For
exanpl e, Figure 13 shows a heat transfer 5 device
Thaoepyer #rd hage nigtes (51,624 Shi 8 arg Somn asiseparatelparts in the described
connected to a second plate (304) at one edge (306).
epfeodimengtbubithis isewobendeniahties ex8Fle SMiddreriByshbws alhesathnkfor
encl ose two |ayers of sorbent (308), |iquid coolant

&oidedB00)\indliiding arfpalaté BIB) pRBELIE RLAREI B a Se8ERI ke (304) at
menber (310) of simlar construction as the one

diRAkE BR8).IThetdis afnidrsééondﬁyg'%igs‘rj@g‘g%ibg)erg%gg%?lo%{h ﬂ.'giseng'lrclse two

end view of the heat tra gure

j ' h i I ' bet
e P b C5) SR o BGoPL S W onfP AP ER) s Bl
of .doubt ﬁ'it)(g hetap 1[;ransfer device (300) is
ST 10)ot! HTRUATERLTstion P therche describgg et firvley

are shown_as open to show the internal conponents.
epedasigiigvretids enpid vawafitomhest trannbertieaice (3G SF Bigure 13
device, distribution and 15 configuration of the

vidj dlsiratgs fre pbetal coBikcliB petaren tHeefirst dndrrecdidrateSE02,304).
may be adapted accordingly and may be symetrical or

Fa8 ya1eirce ©f ouBtOtheB¥dt Haf§fef 86ViQC® 00) 8 3eal 6PPéifel affilends but in
t hus maxi m se conduction of heat fromthe heat source

theéde W3Bres) ALY SheGROWAY he rib.
neﬁbgﬁr(84$§n§y g% r%gg%gggﬁggﬁggﬁg%%ﬁFéMeﬁgﬁﬁﬁed

pr ot uberances but other configurations are envi saged
and simlarly nay be used for the

Depending on the configuration of the heat transfer device, distribution and
configuration of the projecting members (80,180) and the rib members (84) may be
adapted accordingly and may be symmetrical or asymmetrical, to maximise surface area
contact and thus maximise conduction of heat from the heat source to the liquid coolant
to be conducted away. The rib member (84) may be regarded as generally H-shaped
protuberances but other configurations are envisaged and similarly may be used for the

first embodiment.

The projecting members (80,180) in the described embodiments are generally L-shaped
but hooked shaped, polygonal, bulbous or cylindrical-like shapes are also envisaged.

The projecting members may be formed by machining, casting, press-moulding or like
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20 first enbodi nent. The projecting nenbers (80, 180)
in the described enbodi nents are generally L-shaped

wouavoshesioed shaped, pol ygonal, bul bous or PCT/SG2007/000345

cylindrical-like shapes are al so envi saged. The
projecting nenbers may be forzgeed by machi ni ng,
casting, press-noulding or Iike W 2008/ 045004
PCT/ S&2007/ 000345 26 processes or conbination

Isetggéﬁp%‘;or CIHI%II’Lahg? ﬁger : Cfp'rl% dﬁg p%lﬂr@n%e 1o rﬁgér{s 2@ 180) {or

e%% rlaat efgt?“ the‘ﬁlar essure.tensi on nenber.

S el e otiats @eEing the BpTaBNap Pt ef @aslpyes@ere
fabrlca d fromnetals, polyners, ceramcs, silicon,
ERYRAEMPEL- | nor gani ¢ materials, stable such that it
does not emt any formof gas or vapour at given
wor ki ng tenperature ranges or peal off and
non-reactive with coolant. 10 The sorbent nmay be

‘Hel pessent téision m@mbﬁi\%lze' 1170 ma$§ preféablybe YR dm Ahis,

organic materials ich are stabl e and does not emt

PN drS) it Hhic Aich, ﬁﬁb‘ br ﬂl%fjgaaﬂgﬁhatgﬁgls lt%uc%r%]earji it dogs not

oper ati ng tenperatu ranges RON- T &act] Ve W

e devi uch as the casin
oty SRR IE S B el Bl HEP R e iBers otredl of and
rt| ularﬁl%ﬁo eferred material is carbon nanotubes.
fﬁw Mk E#PEIS, the tubular 15 structure of the
fibres may be industrially produced with one or nore
hol | ow tubul ar passage therein in the order of mcro-
or nano-netre for effective intra-fibre capillary
T sovboiit minebe sedéctent from dohemiétalliph@menetiE inbaniens beahic
di mensions of fibres, if this is used, the average

miatdriats WhicHiaR@ilE ahddZR do?&ﬂit %nﬁ?oﬁ?&f’gaﬁ% @%ugfané baﬁ Bff at

is preferable |l ess than 0. e preferred res
gBRE 8berating temperature ranges and non-reactive with the other components of the

device such as the casing’s inner surface and the pressure tension member. A
particularly preferred material is carbon nanotubes. With such materials, the tubular
structure of the fibres may be industrially produced with one or more hollow tubular
passage therein in the order of micro- or nano-metre for effective intra-fibre capillary

flow of the coolant in liquid phase.

On the physical dimensions of fibres, if this is used, the average ratio of diameter to
length of each strand of fibre is preferable less than 0.05. The preferred fibres or sheet
of fibres with internal passages and holes would be one that can absorb or contain up to
90% ofits volume. A preferred tubular passage diameter is less than 1.0 mm with a
cross-sectional area of less than 0.79 mm?. The tubular passage should ideally occupy

at least 10% of the fibre volume and the fibre wall thickness should be less than 1.0
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of fibres with internal passages and hol es woul d be
one that can absorb or contain up to 90%of its

woabasrmasooh preferred tubul ar passage di aneter PETIS63@7/000345

than 1.0 rmwith a cross-sectional area of |ess than
0.79 mmR. The tubul ar passage2’shoul d i deal ly occupy

at | east 10% of the fibre volunme and the fibre wall

t hi ckness should be less than 1.0 WD 2008/ 045004

Bﬁr / @@Q@%ﬁ@ﬁgl%égr sl?eZt br%/%tﬁ ullte épﬁ faérgzg gs élf:i@ s lgle of

fibres wth int erna passages an

a f dSId diameters are in
rgﬁ‘a%spo%t OZE@B@S g%ab {le)a e renge C&@E?lﬁ: ¥rumpeS5.0 mm.
channels must be | ess than 500 m croneters and the

cross sectional 5 area nust be less than 2.5m®2 with

t he aspect ratio being |l ess than 2.0 and greater than
‘Bhepdeptimpicthe chanaslsanuss ge &tss thfan 500 meisromietdrs hnd the Redss sectional
passages and hol es capable of capillary transport of
dreamisisertess then 2§@negdtietle bspeanmtis Beingés Ry, and Sfeffler than
a structure that may 10 range in density from| ooSe
g.01.packed form The aggregati on may be achi eved by a

sui tabl e treatment such as weavi ng, spinning, |aying,
aligning or sinmply grown and the |ike so that the
strands of fibres are laid longitudinally froma heat

regign to a .heat dissipation region so as to
cr e ‘%r%S ﬁ%S%é)fIﬁ??B‘?sﬁ’ga’ Ppssages %’QHPEWLF@H@ le absapillary
effect. For _exanple, the fibres may be interwoven to
tragspArhoiliquids mawPe agmspmated ining gelkablewhy by Bretarsmudture that may
spaced at |ess than 500 m Wth such close proximty

rgAgerin destityits lodse trepdvked farm. dttei dgigregation inlag be achieved by a
intra-strand capillary action through the holl ow

sbitkhié Greatmeasse@s weaviag, paming, 143, WheHnk B?s1ﬁ1@%l' 83%n and the

fluid is absorbed or contai ned therelnto

1€ $6 EHidk tHRIStARGL SOTH& d}g‘?aﬁ? 16 th@lﬁal‘ffﬁ‘laﬁln%héalt QALQC?OIQgIOH oa

external fibre strand sur
h%{ilgcfsﬂesp{/a'tlgﬁ g%gg(gp éa désgcg é:?] Aty %ngl%?dullaldac f%olrocgntmuous capillary
effect. For example, the fibres may be interwoven to form a structural shape with each
fibre strand spaced at less than 500 pm. With such close proximity of the strands
together, in addition to the intra-strand capillary action through the hollow tubular
passage inside each fibre when the coolant fluid is absorbed or contained thereinto, the
adsorption and containment of the coolant fluid on the external fibre strand surface may

also be promote inter-fibre or inter~strénd capillary action of closely placed adjacent

fibres as a result of the adsorption or affinity of the fibres® surfaces for the coolant fluid.

It is preferred that the fibres are laid in a manner that converge towards the heat source

region and diverge out to the heat dissipation region.
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20 fibres as a result of the adsorption or affinity of
the fibres' surfaces for the coolant fl uid. It is

wonrefsaasmod that the fibres are laid in a nmannePCrisa007/000345

converge towards the heat source region and diverge
out to the heat dissipation region. WO 2008/ 045004
PCT/ SG2007/ 000345 28 In the described enbodi nents,
the projecting nenbers (80,180) are arranged to 4 that
' : [ L: buf it i i sage .
P B Selrinkl PAbRAR, (SRRt bos [, PO é;eqﬁgraeéf$%rpr01wt
nl o.create, cancentyated, pressure points directly
B0mbep ot @RS pHCRE risgerd (i bR arvusctiBg megmbers may projeet from
Simlarly, in the first enbodinent, the projecting
?Féqq%écho‘(‘ goby te cegate coneenigted nresshreqwinth diredlyegaipistihe sorbent
(51) but it is envisaged that the projecting members
lege)ineny diregtionaliinitasty; acthe fine esxbobimnt|thy projebting edelnbers (80)
Further, there can be variations to the thl
aro nfraggadab ifesrsh®toveh plaky Gl BBt i APRRRUThSUENpRTech embers
shown in Figures 20-23. (‘?o)e el aborate, Fi gull‘r;i;pz shows
. O . . o
B e B e s O AL O »%‘%{eﬁﬁ%%g? Bons o
' ' ers _op the,sa 10 surface o
B Sl S U RO B P Bt B o Pien B 2023.To
i.rectian, the first, variation has alternate rows of
W e G Ore ViaeBin Ghibe At TRInE ABRSESERD) hat i
directions (simlar conponents of this variations have
simiay tgrthe ereshewmdn figvee byt iasteadof the pijeitimgmemnbers on the same
Figure 5 except with the addition of 200; i.e. cover
yutfaceof the piessuva samsiop nadnabef 28 dinp i bR eldeSid) the first
menber (270) and sorbent |ayer (260)?. F!g;é? 2% is a
vhbiai@Chasilidinatd @Wsdf @prbfestisEMefrdbrs! (O8] dxtahi!in 8¥bckin
view fromarrows E-E and jtéhil"égashows (tzﬂg pr o] g%tl ngl5 8
IREBE s B ko ?%&fstdﬁﬂis %gt{&}ﬂgglrg,l/%( solmt'i:lhlg%rf refide mSls as the

a second variatton that 1s sim A -

fai kon _of the pressure..menher shown in Figure
SR g5 RE TR o et A1 s
pﬂtg ?i’g}?,tp?gssure tension member (270) and sorbent layer (260)). Figure 21 is a

sectional view along the central longitudinal axis view from arrows E-E and this shows

the projecting members (280) projecting alternately.

Figure 22 shows a second variation that is similar to the configuration of the pressure
member shown in Figure 6 except that the projecting members (3 80) also alternates
projecting either from the upper surface or bottom surface of the pressure tension
member (370) and a sorbent layer 360 arranged between a cover plate 351 and the
pressure tension member (370) with the pressure tension member arranged between the
sorbent layer (360) and a base plate (352) (like components of this variation uses the

same reference numerals as the embodiment shown in Figure 6 except with the addition



20 projecting either fromthe upper surface or bottom

surface of the pressure tension nenber (370) and a
weanis@asook ayer 360 arranged between a cover pl BCE®/S82M07/000345

and the pressure tension nenber (370) with the

pressure tension nmenber arrarged between the sorbent

| ayer (360) and a base plate (352) (like conponents of

this variation uses the sarre ref erence nuneral s as

STROF TR T 0B o betPlfuscis i aobnabidioed g viayogrom

Fi qu 23 .1.S. sectional vi ew al ong the central
arr%‘%" iI‘te G s gl%?"%s RECISFHRS Bigmb ﬁli’sr(é&@ frojectingifromi cppesingisurfaces.
projecting nmenbers (380) projecting from opposing

surfaces. 1In the first enbodi ment, channels (57) are
formed on the base plate 52 to enhance 5 capillary

Incdhe Brst embodiment, sharmehr(62) e faynedenfths bR pdite 5D enHABE:
surface of the cover plate 51 and also for the cover

5 capiflabessionland eeniki chiiﬁxe&%%nl% RmRed b e inn ﬁ%ce of the cover

channels (57) may be forne wet et ching,
416 51 BAd /BN thE BYy
pgonbl nations thereot Qﬁﬁgﬁ?ﬁ%&tg%%fetﬁ@g’% Fg ‘3‘??8“%%“ e
n e heat transfer
é@%egse(%e%a{' ge ?%ep é’a‘?’ ‘ih%tgm%ﬁ}é?t 82 %cihnaag»d%x@ssmg or
ners, ,cer.am rystalline, inorganic or organic
Cﬁ’%i"éroréP@bH’ﬁ{}PPﬁg?‘ﬁ@Bg t hermal conduction, or
conposites. Preferably, the chosen materials results
in a housing that is resilient to increase internal
vapour pressure. The device's dinension is defined

10 Theicovsrpddte yndbthetbiase platerhatifomss 1t hbheng B itROhded tr\aﬁgfsﬂhevme
for practical reasons should not be nore than 10.0

mby®edalsidagedfedrh ntdifY! ddn-gRbusIRIRES, de Pﬁﬁ‘lh cgyﬂémﬁé] 11?(5’gamc or

wher eas the confi ned space enclosed casl ng

C?%ﬁﬁ mAtBRAs ﬁa\gn cir ﬁx%xf‘xgaq HLPC%%ne nbﬁ%glg)?)gﬁész r#g?éfa%?y, the

escription UCI
chosen materials results in a housing that is resilient to increase internal vapour

pressure. The device’s dimension is defined principally by the dimensions of the casing
15 which for practical reasons should not be more than 10.0 mm. The casing wall should
not be more than 5.0 mm thick whereas the confined space enclosed in the casing is less

than 5.0 mm.

The described embodiménts include description a method of producing a heat transfer
20  device that wets the sorbent layer prior to arranging the sorbent layer within the
housing. Of course, this may not be necessary and the sorbent layer may first be
arranged within the housing and after sealing the cover and base plates, pressure within
the housing is reduced by discharging air out of the housing through the discharge

orifice and liquid coolant is injected through the discharge orifice.
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20 device that wets the sorbent |ayer prior to
arrangi ng the sorbent |layer within the housing. O

woaoursges00t hi s may not be necessary and the sor BemiSG2007/000345

| ayer may first be arranged within the housing and
after sealing the cover and bgse pl ates, pressure
wWthin the housing is reduced by discharging air out
of the housing through the discharge orifice and
liquid coolant is injected through the discharge
orifice. WD 2008/ 045004 PCT/ SG2007/000345 30

t.he .housin space between the

terpg%%vglﬁ, ) q*éi.e. ) _
Craptively the gu%lpgaglgsfparcg wacadhoicoter anddiasaplateshis filled with
smal | anmount of the coolant is extracted fromthe-

opkamb apd aspalramaynt efiihe sooleitds pxteassadr feornfthd dpace iaader 6 reduce
The aforesaid configuration of the device and net hod

theprassire nfthespatieed in a device for heat transfer to
be in thermal contact with another device or article,

particularly for sem conductor devices, chipset,
circuit board or electronic conponents wherein excess

t opt i mal . .
R L
' i I.ed. .Havj.n ow ful]ly descriped the jnvention,
b i o e Sl i i dRaiey os atcle, partcyluily for
art tEat ny nodifications can be made hereto w thout
sa:gbcgp g(ﬁ@r s 19hpssls @ﬁ@lh@ar(bpraeplg@@mqg)nMnents wherein excess
2008/ 045004 PCT/ S&2007/ 000345 31 CLAI M5
heat produced has to be removed for optimal performance or where rapid and controlled

heating is required.

Having now fully desctibed the invention, it should be apparent to one of ordinary skill in
the art that many modifications can be made heteto without departing from the scope as

claimed.
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1. A heat transfer device for dissipating heat away
froma heat source, the heat transfer device

woaoprodsiomg: 5 |iquid cool ant encl osed wi thi n &CT/SG2007/000345

housi ng, and a | ayer of sorbent capable of conpletely
sorbing the liquid coolant. 21 A heat transfer device
according to claiml1l, wherein the sorbent is capable

of sorbing the liquid coolant in an anount 0.5 to 10
¢ Resrof its own volune. 10 3. A heat transfer device
according to claim1 or 2, further conprising a
pressure nenber arranged to inpart continuous
pressure to at | east one portion of the sorbent

I%yer. 15 4. A heat transfer device according to claim
1o A ot pransfer;dexics fandisyipating dgetravay from adigataiolsef the freat transfer
wth the sorbent layer. 5. A heat transfer device
dgricp cainpysing: cl ai m 2, wherein the pressure nember
forms part of the housing. 20 6. A heat transfer
“deliquié coclantr dicloged Withitya Wusflcdhd® 3 to 5, wherein said
at |l east one portion of the sorbent |ayer corresponds
t Oa Ruybe&li <9 HEUE 6y i

R e N R

2008/ 045004 PCT/ SG2007/ 000345 32 7. A heat transfer
devi ce according to any of clains 3 to 5, wherein said

al, .l east one portion of the sorbent |ayer corresponds

27% bS1Ene A Sov1o8 peeonbiag ta sl ] ovherewitbesarhert 1 epable of sorbing
spaced fromthe heat source.

the liquid coolant in an amount 0.5 to 10 times of its own volume.

3. A heat transfer device according to claim 1 or 2, further comprising a pressure
member arranged to impart continuous pressure to at least one portion of the sorbent

layer.

4. A heat transfer device according to claim 2, wherein the pressure member is

integrally formed with the sorbent layer.

5. A heat transfer device according to claim 2, wherein the pressure member forms part

of the housing.

6. A heat transfer device according to any of claims 3 to 5, wherein said at least one
portion of the sorbent layer corresponds to a region of the heat transfer device that is

arranged to contact with the heat source.
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5 8. A heat transfer device according to any of clains
3 to 5 wherein the pressure nenber is arranged to

wOnpmrousgu essure to at two di stinct portions oPCrise2007/000345

sorbent |ayer, the two distinct portions

corresponding respectively to3m first region of the

heat transfer device that is arranged to contact with

t he heat source and a second region of the heat

fra j [ fr h at. source.

TR B Hon Y ed Aoty SRR SRelel TR heSyihin S st e
wherei p.the, pressure nenber includes a . support base )
PRABPR ST ks Slen TR LG BHETRaRd 10 SrommPOLIas bebiorssr e it is
thg%%$o end regions, the width of the bridge portion
pacetbiregiet heah soPrethe wi dth of the two end regions,

and wherein each of the end regions carries a

plurality of projections to inpart 15 pressure at the
two distinct portions. 10. A heat transfer device

SicA dieali treghsfed deviae H0cBrdilhIRY iy ficEmB B U6 8l WhireRf the pressure
projections are arranged in an array. 20 11. A heat

théRb&fie Errﬁlifééeg g«? irﬁ%t@ggﬁ% {o%t th8 idﬁtific}:/ﬁ%bgé%ng‘é&?ilgeego?b ol fayer,

pressure ne udes a plura
' I in.a row 12 heat transfer
e B L oIS 2P mol e TP PertBhelS R Bt fftheat wanster
(g:errbgﬁ i.ncl udeé a sugg{or t. base having two end regions
WFeAAS 1Y HERepd I FAmtRcE Sithdhe heng seuree egha essandymeion of the heat

2008/ 045004 PCT/ S&2007/000345 33 regions, the width
tenster dees tghis spraei diom thedsatrsoweae. t han the width of

the two end regions, and wherein the row of spaced

proj ections extends fromone end region to the other

end region. 5 13. A heat transfer device according to
amyheat tradsiérievide bbcotding W ElaRh B, WHEreRY tBS $HsSure member includes a
support base having two end regions and a bridge portion connecting the two end
regions, the width of the bridge portion is narrower than the width of the two end
regions, and wherein each of the end regions carries a plurality of projections to impart

pressure at the two distinct portions.

10. A heat transfer device according to claim 9, wherein the plurality of projections are

arranged in an array.

11. A heat transfer device according to claim 3 to 5, wherein the pressure member

includes a plurality of spaced projections arranged in a row.

12. A heat transfer device according to claim 11, wherein the pressure member includes

a support base having two end regions and a bridge portion connecting the two end
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menber conprises laterally extending rib nmenbers. 14.
A heat transfer device according to claim9 or 12,

wohers@usot he hei ght of each of the projecti onBCasSE20001000345

nore than 5nm when nmeasured fromthe top surface of
t he support 10 base. 15. A hgat transfer device
according to any preceding claim wherein the sorbent
includes fibres. 15 16. A heat transfer device

[ . i erein the | ongjtudinal. of the
RERAS RO QIR FAAIRAS ARGS, Rothi GRS G L i

substantiially parallel to the direction of heat .
‘ier‘%%%’faélfi.wa*ﬁ?ym HO%t of parrdrEpiegtians cxterdt Gpw ong ond region to the
claim15 or 16 wherein the fibres are arranged to

tperand rggiednt i nuous capi | | ary channel between

evaporation and condensation regions of 20 the heat
transfer device. 18. A heat transfer device according

to any of clainms 15 to 17, wherein fluid trapping

W héae Fraaffert diRideiabEREina6 aRY bAAGERE 11 12 %\e;%li}?thle ke

coolant in mcro/ nano-neter size bubbles.

rgglggél%gg% s?%f @2&(@&{ g%)gﬂ: 9. A heat transfer
device a co? |né t'o anf cﬁgFﬁén%S to 18, wherein
the fibres are processed to withstand tenperatures of

at | east 200C wi thout decaying. 20. A heat transfer

devi ce accardjng to any of clainms 15 to 19 wherein the
I fy Reat Wanster devig acepaniven elaim 9 or AZnubereinytanbeisht of cach of the

devi ce according to any of clains 15 to 20, wherein
RrplscRnsraseyeot maeTe dhanomini velstreeastued| fong the top surfat oAt support
of fibre is < 0.05. 10 22. A heat transfer device
bmsgording to claim 15 or 21, wherein the fibres are
capabl e of

15. A heat transfer device according to any preceding claim, wherein the sorbent

includes fibres .

16. A heat transfer device according to claim 15 wherein the longitudinal of the fibres

are aligned in a direction that is substantially parallel to the direction of heat transfer.

17. A heat transfer device according to claim 15 or 16 wherein the fibres are arranged to
create a continuous capillary channel between evaporation and condensation regions of

the heat transfer device.

18. A heat transfer device according to any of claims 15 to 17, wherein fluid trapping
cavities of the fibres are arranged to trap the liquid coolant in micro/nano-meter size

bubbles.
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sorbing the liquid coolant up to 90% of its vol une.
23. A heat transfer device according to any of clains

was0asm4aA@4 wherein each of the fibres has at PeasSG2@®00345

tubul ar passage in the order of mcro or nano-neter
for intra-fibre 15 capillarysflow of liquid or

vapori sed coolant. 24. A heat transfer device
according to claim23 wherein the at |east one tubular

S mm.w,t h.. a
BF oS RoR L RUURRE LLARLTG ol of SR [ T i s are
heat t ans vi ce according ta claim 24 wherein the
Bt B VBl e aeRES bt 0aTC hont dwmrioe. { he
fibre voI ure and the fibre wall thickness is |ess than
1.0 nmm WO 2008/ 045004 PCT/ SG2007/000345 35 26. A
heat transfer device according to any of clains 15 to
205 Avleat s fertievicecas ding\te anydo Betringr 1S5 forl StwigersiaNBEABE is
about 5.0nmto 50m 27. A heat transfer device
acoarmino@gbeo C aim 15 to 26 wherein the fibres are
laid to 5 converge towards a heat source region and
di verge out to a heat dissipation region. 28. A heat
transfer device according to Caim 15 to 26 wherein

h ' r nto ral shape.

2f ngtgéapf&ﬁﬁeegtd%ylfans?%%g EQ,?% xgcg Sr{a ow eTR} gﬁ\?erage ratio
f,. 1to 14, in the sorbent includes pulp,

03 e%erfqgtg %“} \M‘l FF*F%Q% 30. A heat transfer

devi ce according to any preceding claim wherein the

liquid coolant 15 has phase change properties between

-40C and 200C.
22. A heat transfer device according to claim 15 or 21, wherein the fibres are capable of

sorbing the liquid coolant up to 90% of its volume.

23. A heat transfer device according to any of claims 15 to 22, wherein each of the
fibres has at least one tubular passage in the order of micro or nano-meter for intra-fibre

capillary flow of liquid or vaporised coolant.

24. A heat transfer device according to claim 23 wherein the at least one tubular
passage’s average diameter is less than 1.0 mm with a cross-sectional area of less than

0.79 mm>.

25. A heat transfer device according to claim 24 wherein the at least one tubular passage

is at least 10% of the fibre volume and the fibre wall thickness is less than 1.0 mm.
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31. A nethod of producing a heat transfer device
according to any preceding clains, the nethod

woanprusiong t he step of. arrangi ng the | ayer oPCSSG@M000345

capabl e of conpletely sorbing the |iquid cool ant
within 20 the housing. WD 2083/ 045004
PCT/ S&007/ 000345 36 32. A nethod of producing a heat
transfer device according to claim 31, further
26 Phdad bkt SR j ' | AY&IH Ol SO n{,
with the [1 qltl}ife Co0 %ﬁ%n\éﬁzr) %hof 8¥‘gg§nasr%tﬁg%5ﬁ‘6helrﬂgqﬁea Res have

withip,th ousing. 5 33. A nethod of
‘g%lé‘gﬁgﬁgﬁ%mﬂ%%ﬁ?ﬁ%ﬁé%?‘ taggf”cne according to claim
31, further conprising the step of arranging the
| ayer of sorbent within the housing, and thereafter
i njecting a sufficient amount of the |iquid cool ant
That Adedtdpabies deficmicnylinpiopllenell § to 2@ whedinbthetiibees are laid to
| ayer of sorbent. 10 34. A heat transfer device for
@Wnyeigpaiwards haedt sawey rdgicand diedbe @D @heatl BRiPRBh region.
transfer device conprising a housing; a |ayer of
sorbent, liquid coolant and a pressure nenber encl osed
wi thin the housing, the pressure nmenber arranged to
Jgparg HeQnt,| - pr Fe togat s} . ope tion of
B5" e PER Mo MU RS bRy § $RTE BPSalahe gbres e

4. wherein the pressure nmenber is

- or di to claim

uiqtﬁ% e%vreglr%ﬁ%orfno?%t‘wﬁtﬁ’]ilai’%e sorbent layer. 20 36. A
heat transfer device according to claim34 wherein the
pressure nenber forns part of the housing.

29. A heat transfer device according to claim any of claims 1 to 14, wherein the sorbent

includes pulp, paper, fabric or non-woven fabric.

30. A heat transfer device according to any preceding claim, wherein the liquid coolant

has phase change properties between -40°C and 200°C.

31. A method of producing a heat transfer device according to any preceding claims, the
method comprising the step of:
arranging the layer of sorbent capable of completely sorbing the liquid coolant within

the housing.



37. A heat transfer device according to any of clains

34 to 36, wherein the pressure nenber includes a
wohosausawy of projections. WO 2008/ 045004 PCT/SG2007/000345

PCT/ SG2007/ 000345 37 38. A heat transfer device

according to claim 37, wherei3g the plurality of

projections are arranged in an array. 5 39. A heat

transfer device according to claim 37, wherein the

1 pcl lurality.of space

4 DE PR LB A Runsfhy oSl o Rl gyrter

aims 37 to 39, wherein

i cordi 0 any, of ¢ X ]
PR TT Rog 0B eBe loversiteOrozst b fsdhmid spotantprior to
cylindrical shapes. 10 41. A heat transfer device
%%E@Pﬁi@?glal’% o saibenisvithindheheusinge proj ections are
spaced equidistantly in a range of about 0.2 to about
20 nm 42. A heat transfer device according to, claim
41 wherein the ratio of distance between 15 adjacent

5 3prAjreathodofprodudngs b Glah ey @é&%e%@ozﬁﬁr?g"f@tcﬁﬁm'ﬁ irther
43. A heat transfer device according to any of ¢lains
cfhptiSing Zhe &6 Bl e B . rranged, 1o
i mra)ar t épr essur e tgégl? tV\D%,gﬂl‘{gfsloﬁl{:Eﬁ{T%gthni tgi%go%sﬂn ARd Hereatier
S eLReY , distinct portion ,
G P Sl om b M L3l R P hina spenpletely

at . transfer .20 device that 'is arranged to contact

S&ﬁ?%b¥h5nﬁggfﬁ§gﬁp@e and a second region of the heat
transfer device that is spaced fromthe heat source.

WD 2008/ 045004 PCT/ S&007/ 000345 38 44. A heat

transfer device conprising:
10 34. A heat transfer device for dissipating heat away from a heat source, the heat transfer

device comprising

a housing;

a layer of sorbent, liquid coolant and a pressure member enclosed within the housing,
the pressure member arranged to impart continuous pressure to at least one portion of

15  the sorbent layer.

35. A heat transfer device according to claim 34, wherein the pressure member is

integrally formed with the sorbent layer.

20 36. A heat transfer device according to claim 34 wherein the pressure member forms

part of the housing.

37. A heat transfer device according to any of claims 34 to 36, wherein the pressure

member includes a plurality of projections.



10

15

20

- at | east an aggregate of fibres or sheet of fibres
Wi th internal passages and holes capable of capillary

wonrensgpst of |iquids froma heat source regi ORCTSGR@atn00345

di ssi pation region and vice versa; 5 - a supply of
coolant fluid in sufficient amunt absorbed or
contained by said fibres or sheet of fibres with
i nt ernal passages and hol es capable of capillary
transport of |iquids; pressure tension nenber
conprising a strong yet resilient structure placed

j t4hi n,sai d. confined ace and _exerting pressure on,
%gai‘%h%?é PR EVEF 3PP t%Flalr&égsWE%er%he plusplity ofiprojections are
i nternal passages and hol es capable of capillary
YraRgehBY a0 At | qui ds agai nst sai d heat source region
and/ or heat dissipation region, wherein a plurality of
undul ati ons are provided on said pressure tension
menber ; and - a casing enclosing hernetically the

MK or lesairahsfer devicentioneitg SPaaRn 37, 1Whd8in e PRIALE rleffber includes
transferring heat froma heat source region to a heat

AW18R8HBRSf PAced R8]eBiorkf %%% agj.b@zr.‘ sfer device
rovi di ng

conprising the steps of: a plurality of

fibres or sheet of fibres with internal passages and

hol es capable of capillary transport of |iquids
onvectin ans capabl e of capillar 20 convection

G A 551 AR 0aT e ScHRanBE o 3 of LM S0 A, ekt the plurality of
aggregated in a formcontacting a heat source region

PaQICefis daspeligons! peexlindrisalishapason regi on at  anot her
end; supplying coolant fluid in sufficient anmount, and
absorbed and/or contained by said fibres or sheet of
fibres with internal passages and hol es capabl e of

4¢ apitehtianster device according to claim 40 wherein the projections are spaced

equidistantly in a range of about 0.2 to about 20 mm.

42. A heat transfer device according to.claim 41 wherein the ratio of distance between

adjacent projections to a projection average diameter is 7:3.

43. A heat transfer device according to any of claims 34 to 42, wherein the pressure
member is arranged to impart pressure to at two distinct portions of the sorbent layer,
the two distinct portions corresponding respectively to a first region of the heat t?ansfer
device that is arranged to contact with the heat source and a second region of the heat

transfer device that is spaced from the heat source.



10

15

20

25

25 transport of liquids conduit means; WO 2008/ 045004

PCT/ S&007/ 000345 39 inparting pressure on said
woizbisggson sheet of fibres with internal passages/sana7/000345

hol es capabl e of capillary transport of Iiquids

conduit nmeans with pressure 3gnsioning nmeans,

i ncl uding providing undul ating neans on said pressure

tensioning neans; and 5 - carrying out aforesaid

TR} ShSRFallcABEEIELLSE | v confined space.

45.

at least an aggregate of fibres or sheet of fibres with internal passages and holes
capable of capillary transport of liquids from a heat source region to heat
dissipation region and vice versa;

a supply of coolant fluid in sufficient amount absorbed or contained by said

fibres or sheet of fibres with internal passages and holes capable of capillary

transport of liquids;

pressure tension member comprising a strong yet resilient structure placed

within said confined space and exerting pressure on said aggregate of fibres or

sheet of fibres with internal passages and holes capable of capillary transport of

liquids against said heat source region and/or heat dissipation region , wherein

- a plurality of undulations are provided on said pressure tension member ;
and

a casing enclosing hermetically the aforesaid in a confined space.

A method for transferring heat from a heat source region to a heat dissipation

region of a heat transfer device comprising the steps of:

providing a plurality of fibres or sheet of fibres with internal passages and holes
capable of capillary transport of liquids convecting means capable of capillary
convection of coolant fluid, wherein said convecting means are aggregated in a
form contacting a heat source region at one end and a heat dissipation region at
another end;

supplying coolant fluid in sufficient amount, and absorbed and/or contained by
said fibres or sheet of fibres with internal passages and holes capable of capillary

transport of liquids conduit means;
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- imparting pressure on said fibres or sheet of fibres with internal passages and
holes capable of capillary transport of liquids conduit means with pressure
tensioning means, including
- providing undulating means on said pressure tensioning means; and

- carrying out aforesaid means and steps in a hermetically confined space.



