ce3eVHH DI@XL6LTM f > 1 A HEAT EXTRACTOR Field O | nvention The present
invention relates generally to a heat extractor. In partic

invention 5 relates a heat extractor for rapidly dissipati HMMWQ@EMU"Wl on
of heat generated by sem conductor devices. Background | nprov
-performance and nulti-functionality of electronic systens are H#159*

unavoi dabl y acconpani ed by increment inlpower dissipation
power dissipation is projectedARBEATINIRAOTOR WcnR in comﬂmmmmmmmbr
‘hi gh performance integrated circuit (1C) chips, thereby pr esen;Gi ng, gr eat
chal l enges in thermal managenent. Therefore, |arge anmount of he must be
ef f ecti vel yFiebh@f/baeftiom t he | C chips to maintain the chip tenperature

bel ow a pre j . ] r %A, . to
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cannot nget rddies dihgdt qxoaeor thir spiglat dissipatieg)eoncententivs offheht gdnepedf yr mance
chi ps. Terrperaturetr e&iucti on is also required for high power |aser diode
arrays nounfeenac%qqu U= 6thts and with power dissipation at or exceeding
200W cnR2 based on the footprint of the sub-nmount. The | aser diode array
requires opgration at a 20 certain tenperature, for exanple 70 C, with

m ni mal tengéa‘(ﬁ'ﬁ lléiavari ation ~ 10 C across the | aser diodes. Typically,
fgrcg;j ConVﬁﬁIBriandn'tqu{ @eﬂ@ﬁiahébgaﬂb% tnlihlﬁciivﬁtfrﬁﬁonadiyebﬁ(‘elel’cirﬁni&isgsﬂ:rds (akeor exarrp:c e
FC 7 the 1] coolants . is utilised for renpving the sive anmobunt o
heat 25?é;en8‘i’aé(f’lé‘léﬁ¥/ rASFATRABEL Ry nEreRe BaRoW e fissipation therest. gﬁ?‘% POWE! 731, 954

by Cheon degggipdiRs & BRActe@Xtd a6dcRT 1MRONOVRAE &F ORI Heat @xahgngers
mount ed ont o heat - produci ng conponents in a conputer syStem Coolant is

punped t hr oBgfPrRRCeoRieeRedneirithdal chineHbirgly Prosenting egrenti thgllenses i
therefrom Heahainfinhflatint " @RGEGE BrkdimbiEoCRAl Akt V@R AVRMigePNe OF
more heat exchangers to an array of cooling fins whereat heat fromthe

cool ant gat fremsthe & chiby tcwaintaiythe Thie treparatatedislonye prerdefigebismpersivee i ses a
housi NG 194 { fhrdnbli o btdmpiOfs €, ¥d AikantRlokfiomBRtL) kit vEadiots]

communi cat i ng cool ant ow between an inlet and anh outlet of the heat
exchanger. BEzacboling tedhgologie comotmees threhigh pretratigsipatiorofeq@ineruamts of high

m ni aturize t | i -her rge flow
resi ot ance. PerfEteh Y ryRRIBIRERCICIE HRY GRNGBL I b et 8682 T 2" e
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Oy g e QSB35 e B e 8RR reqbBl G5hach bl £°7

20  certain temperature, for example 70 °C, with minimal temperature variation ~10 °C

across the laser diodes.

Typically, forced convection liquid cooling with water, dielectric liquid (for example
FC 72) or the like coolants is utilised for removing the massive amount of heat

25  generated from electronic devices.

United States Patent 5,731,954 by Cheon describes a heat extractor having one or
more heat exchangers mounted onto heat-producing components in a computer
system. Coolant is pumped through the one or more heat exchangers for removing
30  heat therefrom. Heat is then transferred by the coolant away from the one or more
heat exchangers to an array of cooling fins whereat heat from the coolant gathers for
air-cooling. The heat exchanger in Cheon comprises a housing with a plurality of

divider walls therein for dividing yet communicating coolant flow between an inlet



made t hrough bul k etching technique. Alternatively, mcro-channel heat
sinks of netallic material are made through bulk mlling processes.

Ef fective m cro-channel 10 heat sinks require advanced fabrication

techni ques for producing flow channels with sizes within a range of 0.050.2
-mm and aspect ratio of at |east 10. However, the m cro-channels are
featured by bul k renoval processes whi ch are time-consuning and expensi ve.
15 | nst ead, ang #epelet of theohaat exchangetir Eadnof he oge o8 mese heag s3¢hapgareef | ve

al t er nat i Ve chynl RemHdtReE RRE! 42 BihaflckhorklP BBy PR Apige IRAR! L1 € T OAM
structure is a good heat dissipating structure. per “or al um num f oam
struct ures Wskslangear flowhdsistanes egreprowispo the- lsqateemcmi eapabilisio o therlipat y known
as the aspe%; t@ti 0, can be obtained through avail able manufacturers

t hrough sophisticated foam manufacturing techni ques. The 20 general
porositySof the netallic foam for exarrple a copper foam structure, is
wthin ara This hi tructure allo fluid to
flow thr ougﬁlﬂéerﬂ CLa e ﬁ%:e ﬁsr“(él‘sﬁﬁa Qeen(?rovgn (%/lfeo %ges?tz&mé’ﬁ‘é"el lileafﬁe ef\gidm mat eri al
can al so befmmdhgnp@edrldyssxpaﬁfpr Byl tsldlccacllmoeoﬁehapﬂe‘lc)mttslxﬁ:s avd fypicallya r ange of
0.7 to 0.6. nme foam such .as Gra hi t oam.can, be used due (o the

hi gh thermafn'\g Hﬁ?fk@r Rhlk %Wgttﬁ@nr‘ﬂ&? er éqma%gelﬁ,sgrbcro-%%m 68h§1 Est P{Jcture
provi des a hetalrmiteddl aﬁ’XﬁMﬁ)ugﬂi Bﬁilk\lﬂnllhigrpréd&&eﬁaﬂﬁ'edtﬁb wlBroChsmal ed W th

the finned heat., sinks,., Unite ates Patent 397,450 B 1. (Ozpmat Uni t ed
Stat s Bht eHo EnE e A aicey GPHEPE EHASH (b ariEPe Som SRRy b, 004
(Qzmat 3) desigdsi WighikSerafde 6 mewlzl én S dspadisdo SICitUERL | O HEWVeE, NBE heat

generated by a heat source. matl, Ozmat2 and Ozmat 3, fl uidis directed
t hr ough the"r%aﬁbagrlrlaéfqﬁeéwm by arﬂkeremp% PERSFSSE Which 426 tim§-cORNHRg ect i on of
heat transfeﬁdgx?gnsn@at renoval . 3 However, the inplenentations in Gzmatl,
Ozmat 2 and Ozmat 3 results in high resistance to fluid flow and therefore

| ower volume flow rate through the foam structure. Lowering the volune flow

rate congeqyg %& Ya hESHIct Brrh @u@ct&d,evagﬁ bk %rsﬁreef @&%fféﬁfti@g%t%mﬁ@tt g@ the

fluid and the Toam structure an ower removal fromt oam
structure. mige-chainplghephsink:oTherbighlyonoreust reetoliic ffehnt sitpehwre isaa Bendglesat punp f or

creating a Brsggagr REESEM" ﬁegg{gﬁm&,nﬁn kS tﬁl%&lrawrhelarrﬁmgué R DU and

hi gher power Prement I cacl ous
port abl e comtsungatdze\also@omﬁrwmlyekmmnla theamctedan@kcanbe db@ired  thohgls cl earl y

affirne a nee freat trat f.or rovi ng. heat transfer nd
t herefore hgaat%a?lg rrnll)a\rllg actief sneélu%ugﬁ c?hé%‘é’i“ﬁ% ?gs%lbnaré%mgacéu rm&/\ghnrqélq‘hl rTgrre nts.

Sunmary20n geaeal ;i@msner o/ﬁtlhd’maamw f&im, &ﬂrmmpleﬁ cbm:er foamestructore, istwithirea i S

di scl osed a heat tr or,, 15. risin I ct re_having a surface
and a pl uraf3€§° Bﬁé 1&8}53@@8% OFH S Pfr‘é@ °‘?%BP18:){P, O, hroue h tge[ ity of
por es bei ngstnithes e4h n&n&aﬁﬂ&y réispintdsalThd foadif materdd] Sart 8lso bé HiechagiRAMuINI cat i on

t her ebet ween, the ({ structure fghr?l est abl i Sh' ng t hernmal Ug)m‘runi cation

with a heat SYBMERS] By achieys Borasitigsat it 2 pingRof O¢/Ha t%é?%metﬁ A sHehi ng

as Graphite foam can be used due to the high thermal conductivity of the material
25 used. The porous structure provides a larger heat exchange area within the same

volume compared with the finned heat sinks.

United States Patent 6,397,450 B1 (Ozmatl), United States Patent 6,196,307 Bl
(Ozmat2) and United States Patent 5,402,004 (Ozmat3) describe use of a metallic
30 foam structure for sinking heat generated by a heat source. In Ozmatl, Ozmat2 and
Ozmat3, fluid is directed through the foam structure in a direction perpendicular to the

direction of heat transfer for heat removal.



20 a thermal nucl eus whereat heat is concentrated when heat is generated
fromthe heat generator; and at |east one barrier being shaped and

di mensi oned for blocking at |least a portion of the plurality of pores for
formng an intake and at | east one exhaust on the surface of the foam
"structure, the intake and the at | east one exhaust conprising at 25 | east
one of the plurality of pores being unb? ocked by the at | east one barrier,
wher eby mheﬁOWPW,dthﬁslmn}ﬁmQﬂéﬁMQ@j i RzmatlhOzmsgdnasd Qrmatd aesuliy dudight he i nt ake
gener a! ly ¢S9n&Nto! ﬂlu LA lafd gﬂér%}edg%r Wolufhet ﬁ'&v trptg.rtqﬁlu ﬁ“l!l?el Rin: U he
fluid is subsequently being redirected away rromthe in eb axis In a
plurality oftrudiuseekavamg dher etinofiev saibsinasnueatlyl rgsudts ang lawee rathef eat  pl ane
for creatin [(Wap o TR ale]’ : ition, i i i general ly
per pend; cul Sty HPRIBP I @Y oS SRRRdREd MweiGl R B8 M D00

gener at of i foanh gsicpat ethclepsingdhef Valurde flowwiategwbduld neduive at aeyermplmpfot eus al ong

the thermal pl.ane t.owards th t |least one exhaust 4 | n accordance with
a second asf)‘g%tfngoaf f"tgﬁ% B \S/lgﬁ'ﬁf%dn?t t?‘hg%agl? % CJFI%S@EEGQ pH@Btan‘g;ﬁ%grcti on
process conpéweiraghirementsit apgtictioup e dhplgmentddorithiata puitableecofpuiinyy a
surface and,a.pluyrality of res formed on the surface thereof, the
plurality o‘fievb‘t%r}éy’f?gf ainﬂ't%&?o%onnect ed by a plurality of ducts 5 for fluid
comuni cati on t herebetween, the foam structure for establishing thernmal
comuni cation with a heat_ generator along a thermal plane, the thernal

pl ane h&¥i nfenpet fisroiearly atfirms gesthior a beatsEtEictqr dorcigmeayine heebgrniffeAidheat i s
gener at ed f {hem¥drb Bedd RMovaIBAEH0AE BEreaspphddiafd pdber iERSEmeNE barrier being
shaped and di nensioned for blocking at 10 | east a portion of the plurality
of pores for formng an intake and at |east one exhaust on the surface of
the foam StSHﬁhMW, the intake and the at |east one exhaust conprising at

| east one of the plurality of pores being unbl ocked by the at | east one
barrier; inlrasgerdineg Withd trst atpecttaighef insgntionrthere iy diseloged udteat dxdragton ake
general Ly aL&ﬁiﬁi ?n:é inlet axis coincident with the thermal nucl eus; and 15
subsequent |y redi Fect i ng the fluid anay fromthe inlet axis in a plurality
of a foam structure having a surface and a plurality of pores formed on the

surface thereof, the plurality of pores being interconnected by a plurality of ducts for
fluid communication therebetween, the foam structure for establishing thermal
communication with a heat generator along a thermal plane, the thermal plane having
20  a thermal nucleus whereat heat is concentrated when heat is generated from the heat
generator; and
at least one barrier being shaped and dimensioned for blocking at least a
portion of the plurality of pores for forming an intake and at least one exhaust on the
surface of the foam structure, the intake and the at least one exhaust comprising at
25  least one of the plurality of pores being unblocked by the at least one barrier,
whereby when fluid is introduced into the foam structure through the intake
generally along an inlet axis coincident with the thermal nucleus, the fluid is
subsequently being redirected away from the inlet axis in a plurality of dispersion
directions substantially along the thermal plane for creating an impinging flow
30  condition, the inlet axis being generally perpendicular to the thermal plane,
wherein heat generated by the heat generator is dissipated by the fluid flowing

from the thermal nucleus along the thermal plane towards the at least one exhaust.



di spersion directions substantially along the thermal plane for creating an
i npinging flow condition, the inlet axis being generally perpendicular to

t he thermal plane, wherein heat generated by the heat generator is

di ssipated by the fluid flowng fromthe thermal nucl eus along the thermnal
-plane towards the at |east one exhaust. 20 5 Brief Description O The

Dr awi ngs Enbodi ments of the invention ate described hereinafter with

ref erence tB g¢rerdaatel with nty sepoadviasepst of rheniveptions trgsis disgloped adheptat es a
‘strai ght fl o £ O n structure received in a

straight-fl %aﬁﬁﬁt}ﬁr{,\%&é@h&%ggeﬁe&g% ates an inpinging flow condition

t hrough t he foarnretiding e deam sifucmrchavingragwefpsecdiapluxality pppored fognéd aw housi ng;
10 FIG 2 s i ' | Vi r

accor di ng 1 0eauite ARhihe pRAR 1R b RLILNE MBI BB L

bei ng retei feedlud térmmusicdiion shergbeametnh threi fogm cirectimet fak establdhingshemhbust s; 15
FIG 3a shows a partial.pl.an view of, view A of .the heat exiractor of FIG
2 FIG 3b uiuPlish imk i denllop ot Stherd e e Bime Reb Bl pea
extractor o4 tHetrfal nd¢le@Owhdréat hdat Shoonsemrateyd Sttemheiris pedfaddd fooin aechebd ui d Tl ow
di agram of the heat extractor of FIG 2; FIG 5 shows a partial front
sectional vEBRH the heat extractor of FIG 2 according to a second

embodi nent of t hgovidivgnt least otk tbarrieh Beih@®akapsd kit tinieasiamnd for BRBkingener at or 25
bei ng r?ﬁei ved wi thin _the housi rF]g; FI.G,. 6 .shows g partial front sectional

vi ew of [¥ helcAaPorionof degrurghity of gores fog forgying Hgnfake and afileagt QngissBaent of t he

i nventi on Wb the 8urbRS SPHE 1éhvn SRCARY 1R GhREAAH thett 1438 oh@atRaddt bty 30 FI G
7 shows a plan view of view B of the heat extractor of FIG 6; 6 FIG 8

shows a par ¥ileast e thegburplisn af parpsehfingrunblogkgd by thegtt leaptonpbeftiext r act or  of
FIG 6; and Fl G h@,RRWSM REY tB% Rant QB reSROLEIP AR intYieSWn&hiy AEnd 1AL

extractor of FIG 2 according t
inlet axis coincident with the thermal nucleus; and

15 subsequently redirecting the fluid away from the inlet axis in a plurality of
dispersion directions substantially along the thermal plane for creating an impinging
flow condition, the inlet axis being generally perpendicular to the thermal plane,

wherein heat generated by the heat generator is dissipated by the fluid flowing
from the thermal nucleus along the thermal plane towards the at least one exhaust.

20



a fourth enmbodi ment of the invention with two foam structures received
within a housing being nounted to two heat generators. Detail ed
Description A heat extractor is described hereinafter for addressing the
foregoi ng problens. A typical foamstructure has a surface with a plurality
-of pores formed uniformy 5 thereon. The pores are interconnected by ducts
for enabling fluid comunication betweeh the pores with the ducts being
forned by igf'é?EQfﬁﬁEEleﬁfFﬁgQﬁ%‘Mlﬂgs made from materials having high thernal
conduct i Vi t fmbffineMX PN inVEHBh Sar®" deSérbRl | AefeifleP Wit AofiRAle td AsT er
coefficient h, describing the heat transfer efficiency of the foam
structure, tdlawing despngssewhiels: 10 h=CKeg Rea /dP (1) In Equation 1, Re is
t he pore Reynol ds nunber in relation to the pore dinmension dP and the bul k
velocity VD (also typically known as Darcy velocity) where Re = Vpdp/v 15
with v b&i nglG.He iKistigtea tai straight Bowicoyditidn thneighlaufodm stipctoesi regeivddeingor e si ze
and Keff bej f tive thermal conductivity. Keff is typically
expressed ags&g%l&'?lggqﬁggﬁg +C |1 VD (2) 20 In Equation 2, Kstag is the
stagnant thermal conductivity in relation to the norphol ogy, the materi al

and the porgsity .of the foamstrycture. .lt is servabl e t ha i gher

FIui o vel ocrRy baflinsaEs an BiiThiits ik SpSaioam ciobe B5dp¥T rdstie of RRidr' on,

t he power i redéixedinian ifsingifig floy howdig, es to the fl ow configuration. An

i mpi ngi 9 flow condition results in a high value a, leading to a high heat
transfer-coefficient for large 25 Re flows. Wien the foam structure is used

for heat exFI@G itoRs aApatiITrdnd séctitinil Vsl bDa e \xeectér Reaafgte ahgad for
overcom ng the fl ow resistance through the foam struycture. \Wen i ntegrated

with a conptiRedimgntof the ipyentig withaiSam siHchye Yoy toerned vebrs & e¥siRth 30 and a

smal | si ze. anithavRg 68 inkdRE ahid WY dxBSIsk! ance, an inpinging flow condition
Wi thin the foam structure is created with one fluid intake and a fluid

exhaust arrangenent for 8 discharging the fluid in at |east two

directigas fpy 35%%9%“?‘?1@@?&:&@&&%@sméﬁeétgﬂmfcfb?mgk%ggture- The

pressure drop ~P acro oam structure is describe

FIG. 3b shows a partial plan sectional view of view X-X of the heat extractor of FIG.
2

20 FIG. 4 shows a system configuration and fluid flow diagram of the heat extractor of
FIG. 2;

FIG. 5 shows a partial front sectional view of the heat extractor of FIG. 2 according to
a second embodiment of the invention with the foam structure and a heat generator

25  Dbeing received within the housing;

FIG. 6 shows a partial front sectional view of the heat extractor of FIG. 2 according to
a third embodiment of the invention with a passageway formed adjacent to the foam
structure;

30
FIG. 7 shows a plan view of view B of the heat extractor of FIG. 6;



DP=AVp+B Vo (3) 5 Creating an inpinging flow condition results in snaller
coefficients A and B and thus smaller OP. Therefore, a higher velocity can
be obtained at the same pressure drop to thereby achieve a nore efficient
heat transfer. 10 FIG 1 a illustrates a straight flow through a foam
-structure 1000 with a length L. The foam structure 1000 is received within
a housi ng 1002 coupled to a heat eneraﬁor 1004. An interface materi al

1006, for ekKmSisows 2 prstighplanspationslyécew ofatiesy CAF of the heat pxfrastor oRdGrbusi ng 1002
‘and the heaj,generator 1004. The strai ght flow of illustrated by FIG 1 a
enters throug the intake 1008 and exits fromthe exhaust 1 Ol 0 of the
foam 15 structure 1000. The pressure drop for porous structure with

honbgeneous I i oy al

cquats on: B oEbYE Eplial SR QB 1E SRR Yl LG 8RR E B

pressure; xa |fsurt1h€nwgnd1t rodittiee aivem@namth ove doane stricomes #ceigedt WEhlpeer rreabl lity
of the foa re a t.he i ertlal coefficient, with VD being the
bul k nean nh$1 gﬁéﬁﬁguFﬁgdggpg%mmﬁmwék y, p being the dynanic vi scosity and
p being the density of the fluid. Equation 4 can be rearrange to obtain the
pressure drop across the length L: 25 Opa = (Avp + BWp2 )L (5) with A=K
(6), and 9 B=PAninpinging flowcondition is illustrated in FIG 1b
showi ng a foam structure 1012 being received within a housing 1014 and
havi ng an intake 10l 6 and two exhausts 5 1 O 18. The housing 10l 4 is
coupled to the heat generator 1004 of FIG 1 a with the interface materi al
1006 interfacing the housing 1014 and the heat generator 1004. Fluid fl ow
entering through the intake 1016 and exits fromthe exhausts 1018 of the
foam structure 1012 creates the inpinging flow condition. Additionally, the
fluid flowis directed towards a thermal nucl eus 1020 whereat heat
concentration is the 10 highest. For the inpinging flow condition where
flow through the foamstructure is divided into at |least two different flow
directions, as illustrated in FIG 1 b, the pressure drop is approxi nmated
as: 15 2 Lp2 =A 2v +B 4n 8 z Opb=~(AVp+B 2~ )<~~pa 20 It is apparent from
Equation 9 that the inpinging flow condition results in a substantially

| ower pressure drop as conpared to a straight flow condition through the
same foam structure. A first enbodi ment of the invention, a heat extractor
20 for dissipating heat froman 25 electronic systemis described wth
reference to FIG 2, which shows a front elevation of the heat extractor

20, FIG 3a, which shows a partial plan view of view A of FIG 2, and FIG
3b, which shows a partial plan sectional view of view X-X of FIG 2. As
shown in FIG 2, the heat extractor 20 conprises a foamstructure 22 and a
30 housing 24. The foam structure 22 has a surface wwth a plurality of
pores forned



10 thereon. The pores are interconnected by ducts for enabling fluid
conmuni cati on between the pores with the ducts being forned by
i_nterconnected |iganents. The pores are preferably for creating a turbul ent
flowwi thin the foam structure 22 when fluid passages therethrough. The
-foam structure 22 is typically nmetallic_for 5 facilitating thermnal
conductivity thereof, Alternatively, thé foamstructure 22 is made from
graphite haéF‘i"?@]e‘bB%"PH@? mal conductivity. Preferably, the foam structure
20 has a pop@estRRhdidr iVIdsBriBRd ReleRRBE @Jadagsgi@gztké%rw@spr@@éms.nch (ppi). The
foam structure 22 is enclosed in the housing 24. The housing 24 forns at

| east 10 one barrier for blocking a portion of the plurality of pores. The
at | east on ir L f i,n st u second
xhaus: 30, EALE opp R SHPAE WHp ey’ o p B Ay ot T east
one of the fhiegoml iThy pofespuoe dderbasinagiedhplduetk dof ¢ngblingeflaid dommumicatien barri er
formed by t usi . fer I J enbl ed
for renovi ng&‘gfg&r IZ‘}S Irbgfze?ﬁ‘élﬁrﬁhg Cﬁlggﬁ][le}sl r%@ﬁ %Jr@y%&?%@réggmép ﬁ%}ﬁe.n%TﬁlgéGES f oam
structure 2fgomsmigenalsbhengihigh thbenahcosiuagvig4 ferséxagipteo metals oo geaphibondi ng
techni ques, fpr e | razi older.in Ve L.NG.

Pref erably, czgpornl' né%eo%ﬁaenégf 5(3)?%'%%?@’ (d gsoc 'Lgl (;%ﬂlgggrgﬁsrf% etfﬁ‘%gh%ggg itlﬁleg 24 with,
for exanpl efoaarstatiest carbeexpaskdae (al so not shown). 20 The foam structure
22 is preferably box-shaped. The first exhaust 34 and the second exhaust 36
are forned on two outwardly opposing faces of the foam structure 22. The
intake 32 is forned arCK.fReedAd] acent to both the first exhaust 34 and the
second exhaust 36. 25 The housing 24 is preferably coupled to a heat
generator 38, for exanple, a mcroprocessor. An interface material 40

interfaces (heqh@ysiNRe #4heporetlgnbleahugigien adlfion IS tHeQiord aidehib@ti Ng
thermal communi cation between the heat generator 38 and the foam structure

22 encl osedawd the bk valeciioVis (akyg tgpicallykaowp aslPargy elpgitye whele ReG™ YedP4' t her mal
interf erjal. jn t i . of, t i ion. , Heate 30
Iggng;a? gg gf‘}'tl tﬁ L\Jeg‘%%léégh eg@ﬁeéliridé{c ?r’scggg'iog tF? zlhéd?gPrbgg‘glttgé/? ﬁgsg%aarlﬁ st rcht ure 22

acr oss a t heeingthe pffacize 42rmalleendubtivitya Keff iatypic4y rgsessedtader mal nucl eus 44
whereat heat concentration is the highest. 11 The housi ng 24 conprises an
inlet 46 being operatively aligned with the intake 32. When fluid is
introduced into the famLaeVyre 22 through the intgke 32 via the inlet
46, the fluid passages in a first direction 200 along an inlet axis 48
towards the thermal nucleus 44. The inlet axis 48 is generally

per pendigul & Hq@atidhe 2{ lis MeaB@gant 2hadidl ConduciidgNin Welhtiord he thdrer mal

nucl eus 44. When the fluid approaches the thernmal plane 42, the fluid is
redirected PORIGIPEY the Matennl ang shespagesity of g fp3m E)'é‘f“&gﬁdpd%‘i’lﬁ‘wa‘lge 4R awvay

from the i nhefigiRxifid Glbaiakss tbhenihdSheaithitstcoddicRAd It hadifiggansd exhaust
36 for creating an inpinging flow condition. Preferably, the fluid is
redirected B Flfl@ifnatlﬁebgq r(?)afeliﬁ%i to thg flay copfigyeatienal AY wangRe 9 opposi ng
directions. : LR E NG i <b i QF t by the
heat gener atc %Tghltyé&er? %lﬂgﬁem%?lggyfgg?évdl %t&g%%hﬁe%ﬂ%g&?%f%ﬁ%ﬁg&}tlﬁge t her nmal
pl ane 425t oRaf¥®st he first exhaust 34 and the second exhaust 36.
Preferably, the inlet 46 has a rectangul ar cross-section. The housing 24
further conprises a first outlet 50a and a second outlet 50b being 15

oper at i vel y Vétengheefoami stductuteeis fapadsfor keah extwicti@y aguuiptif eequisesotecdrevidaust 36

respectivel %fessure head for overcoming the flow resistance through the foam structure. When
integrated with a computer system, the pump should have low power consumption
30 and a small size. To reduce the flow resistance, an impinging flow condition within

the foam structure is created with one fluid intake and a fluid exhaust arrangement for



Fluid di scharged by the first exhaust 34 and the second exhaust 36 is
subsequently conveyed away therefromin a third direction 204 by the first
outl et 50a and the second outlet 50b respectively. Preferably, each of the
first outlet 50a and the second outlet 50b is circular in shape. 20 FIG 4
-shows a system fl ow di agram of the heat extractor 20. As heat along the
thermal plane 42 is conducted to the f18id, the fluid exits the first and

second out | discharming e Buidsintié lnastdwp| difeetiony fier disingaxesswedser 35006 (e her
‘conpri ses opLlhiety GaRdeht b BE bAGssS WA e b desriv@By:second out! et
50a/ 50b andH% hggt excha 6%%“%%.§§5 Fb?te u?%gﬁg carr}ed ¥ron1the first
and second outlets 50a/50b, along the outlet conduit 52 and di scharged into
t he heat exchanger 54P=A e Qé§0ir 56 is operationalléndisposed bet ween t he
heat exchanger 54 andta n% . The heat extractor 20/further conprises an
inlet conduit 60 extending between the 30 punp 58 and the inlet 46 of the
housing 24. The punp 58 .is_preferably a disp] acenent for conveyi ng
heated fl ui GT%PWW‘H@‘W%?‘}“S%HF u¥sa et %dﬁ% Y 24, and
the heat exghap@RP. Fflerbrd)h BlcBEARICIR AT KesdiBtbdla@theQ¥hE prbdurddbeat from and
t her eby coollng the heated fluid. Cooled fluid fromthe heat exchanger 54
is 12 contheiebyacdiiayng marectfigiceitheaidraagsfet 60 to the inlet 46 for
reintroduction into the foam structure 22 through the intake 32. A second
enbodi nent of the invention, a heat extractor 20 as seen in FIG 5 5

conpri sé¢ oFIG. e illsiratesed sraeght Sow dhrbeghm Hemstoceivure 1000 withl adengthusi Fleg 24. The
descriptiong _in ti 1ot b UC C i 1O f ositiona
rel ati onshi %’ghasr%%lﬁ%%t L@'@f%g%eg? ? 3{1: ﬁlréeﬁél%%ngt ngz hcg‘ll}g?&ng) gﬁ?a?tgﬁlg&%%lger voi r

54, the punmpo®@6 Aanidtetthe heaial édeh &mgeamd8a wietrhal igérdace meerialy ifkér@ses 1 to 4

are incorpopated.herein. 10.1n the. s d.enbodi pent of the .in tion, the
f oam struct B‘P%‘o'ﬂng 1;0%2 SEdpff'Saei{EgeI{eﬁ%orﬁ@g ' E‘éﬁrﬁ%‘?‘g&”&%ﬁfm‘ tﬁ?etdl?é’\i:?ﬁt erface
materi al (nod estaswhrdugh FheGintdke 1008 eanfl asxits) @roinh ¢hef ©hnuss t10LE tofintkee BAmand t he
heat generator 38 \Mtiithe interface materi al be%qﬁ a bonding pateri al

The bond? ngStHSEES 1410 | Therrgpsiys fiom T PREOUS SITYAILE ith oMol fHiclife heat
gener at or 38naeGbtatnedbade b eyfoldwahg Bshetal aquafisiient i onal bondi ng techni ques,
for 15 exanple, brazing or soldering. Both the foam structure 22 and the

heat generator 38 are received within the housing 24. The heat generator 3
8 is, for exanple, a mcr oc&asor Lo signal communication with a
substrate (not shown) thrgag{}h— &p § §D§4. The heat@4pgener ator 38
cooperates with the housi rﬂj‘ 24 %or f ing a barrier on at least a portion
of the surface of the foamstructure 22 for formng the
20 In Equation 4, p is the pressure, x is the coordinate along a flow direction, K is the

permeability of the foam structure and Cr is the inertial coefficient, with Vp being the

bulk mean velocity or the Darcy velocity, p being the dynamic viscosity and p being

the density of the fluid. Equation 4 can be rearrange to obtain the pressure drop across

the length L:

25

Ap, =(AVp +BVp?)L Q)

with A= (6), and

iad
K



20 intake 32, the first exhaust 34 and the second exhaust 36. The thernal
pl ane 42 is established along the interface between the foam structure 22
and the heat generator 38. The operational principle of the heat extractor
20 is simlar to that in the first 25 enbodi nent of the invention. Fluid is
“introduced into the foamstructure 22 through the intake 32. The fluid is
directed in a first direction 206 al ong9the inlet axis 48 towards the
thermal nucl eus 44 for estgaMGrshing an inpinging flowepondition. Heat
‘generat ed across the thermal Vgl ane 42 by the heat generator 38 is
di ssipated by the fluid redirected for flow along any direction 208
substantially perpendicular to the 30 inlet axis 48 which conducts the heat
avay from t ig ihpiagng flowcdoHdiford & MRt REFId. Ubdhbdwia¥a thain sirddiiré dodi rection
210 to the lir;e_at ex,cgjgn%ﬁr SI%élf_or ,-}{é?%lgriudnga a&dwsgll’?ﬁig tojentl tv;?gi rglt];ﬁ;t)sduced into
t he foam st PURs (FFEVERWHNE & MAISIHE 1d havyt PGS t he
i nventi og, ?OlQeafhe%Hiﬁ?tl@ﬁ ngﬁﬁecﬁﬁ)etﬂe ih@athE&ratév 1004 Gt FiGand with @e 8.
conprises of two nain efenments: a foamstructure 22 and a housing 24. The
descri pt i oniitdrigeq slateripb H006ointerfacing thechaysing 106hrndtheakidab gencsftoraH®4posi t i onal
[ el ati onshi p;ARRGnibiif AT e HEKY Al 6%Ay MIACHBRUAL Bthadds 10 RGBS Er VOl I
54, the punp 56 and the 5 heat exchanger 58 wth reference to FIGS. 1 to 4
are i ncor pofaamesirumreil M2 Gpated the impinging flow sendisiono didditienally,hibe fflyidm
structure 22 | ' ' ' i vel t he foam
structure 2 O‘EVQS téﬂ}%t%‘ﬂ{rﬁ("gé‘ﬁ {Es%gﬁg%ghg&%hgﬁ o@gﬁgggﬁ% %Cge%nggiolpulgtt%er e 22 has
t wo out War dhighespposi ng end-faces and four side-faces with 10 each of the
side faces being adjacent to both the end-faces. The foam structure 22 is
received in the housing 24, with the housing formng barriers on one of the
end-f aces oFort the ithpiaging tflowCdond@ior vher fldve iedyphfthe foaanstiustuek®d dvidah one of
A passagean bt et P AEIT ST HEHBUS R et 10N> 18 RN 65 as
shown in Fl ggproGmaedasl. 15 As shown in FIGS. 6 and 7, the housing 24 has an
inlet 70_in fluid comunication with the intake 64 and an outlet 72 in
fluid cofmunication with the passageway 68. As shown in FIG 7, the inlet
70 has a circular cross-segtiony, Flujd2is introduced into the foam
structure 22 through the i-AP Ag&-ﬂ/ﬁ-@?t he intake of tK& foam structure 22.
20 Flow of the fluid into t'He foham sthucture 22 is directed by the inlet 64
ina first direction 212 along the inlet axis 48 towards the thermal
nucl eus 44 of the thernmal plane 42 integfacing t he housi ng 24 and one of
the end-faces of the foam,gstrug e 22p ~Anl i npi ngi ng fhow condition is
created when the fluid ref%hém({% +t]%ezr nﬁﬂ% fane 42 Zéb)gnd is redirected in
a second direction 214 away fromthe inlet axis 48 towards the exhaust 66.
Fluid propagates away fromthe inlet axis 48 in an outwardly concentric
manner . 26lealt geagpamhedroby Bytuiohe@tthg ethe riapoging8flow asoatisiomaeadts ihhe t her nal
D 2 AR Ek kSO G5 SRt S bt R L
into the pasfmaguwa\tr&iurer avels in a third direction 216 towards the outl et
72. The fluid is then conveyed through the outlet 72 14 in a fourth
direction 218 to the heat exchanger 58 for cooling and subsequently

A first embodiment of the invention, a heat extractor 20 for dissipating heat from an

25  electronic system is described with reference to FIG. 2, which shows a front elevation
of the heat extractor 20, FIG. 3a, which shows a partial plan view of view A of FIG.
2, and FIG. 3b, which shows a partial plan sectional view of view X-X of FIG. 2.

As shown in FIG. 2, the heat extractor 20 comprises a foam structure 22 and a

30 housing 24. The foam structure 22 has a surface with a plurality of pores formed



reintroduced into the foamstructure 22 via the punp 58. A fourth

enbodi nent of the invention, a heat extractor 20 as seen in FIG 9
conprises 5 of three main elenments: a first foamstructure 80, a second
foam structure 82 and a housi ng 84 shaped and di nensioned for receiving the
-first foamstructure 80 and the second foam structure 82 therewithin. The
descriptions in relation to the struct d confiqurations of and positional
rel ati onshi {hereatyo e togees ek ditgepmpected By dm@% é?rv%‘lagh“&ﬂ“lfi [FEMBRSAE and t he
heat ~exchanggeeBm¥ipbfs WalheMme Nabts tb@l ?Ifg@nedlb}I Hltéccﬁihé'ctéephgdﬁfeﬁfspoﬂﬁt ed

herein. In the fourth enbodi nent of the invéntion, the first foam structure
80 and t he Bwewvad Prefernbly foraseating a durbulertdlaw, withini thofoam sracthen 2% Whens4 al ong a
t hermal pl ape+8 i 84 ] ety tor 88
and a secongﬁﬂ ti ggsﬁedr%g%{@lr(ﬂ%b, Tﬁéﬁ&%%&ﬁ&% rzgtlgf%@%?lgﬁ%ecturg&go and the
second fbanfas'tlitatmg tlreanBZOmblicth‘g'typthmcpfrrwltethdi}e thg fogm strecauregénsemadeor 88 and
t he second eat er at.or ctivel the rfa terial 91
i nterfaces %%’Elsf’r}llaw dt{}fleré%gﬁo% Cttl‘ﬁ%/ ﬁrgéé{a'i)ﬁrg tg’é‘ﬁe&ré{ tgrre 8 and the
second heatha;anmreadenmy%ltmmarang@ofﬁﬂtngsmbnﬁemdrixmhl(mhl)ct| vity and thereby

i nproving heat transfer therebetween. 20 Wen the first foam structure 80
and the second foam structure 82 are received within the housing 84, the
housi ng 84 Thafsamastheture 2 is @Aclasepdi thedousihg 2he ThalhdBing Mffoeﬁmh leakt t he first

f oam structure 80 e second fgam structure 82 first i nt ake
b9t 'S e Ao AGng ESOMEn o IS oS ab ATy Rt Berrigs The
first intakerdsarmtked2! st éxhbst 8K halbiecSH axhiust 96. "ELh o0 tHeligtald 3 ace of
the first foam structure 80, and the second i ntake 96 and the. second

exhaust 98 #kethe Grshexhayst Yhaviag at lgast opg of e Phwrlthn f Posesbeing wnblasked 82, Heat
generat ed f (PMePIdstidAE bhiriesforf&Bby @l@meﬁs%fgon BfteRAMLL 'il% o8& %@1 baat
generator 90 is transferred across the thernmal plane to the first foam
structure 8be disepserpied & gamovinaAl Kplaging uheefoaw %@f}éﬁt@? fl@reyvﬂhm oR%f t he
thermal 130 RlLaN&rRfire P98 bRdANOGHA fh@tlﬁﬂmﬂ% ;) agur; todvRRtidIR] bBtimeUs 100

situated between the first heat generator 8 e first foamstructure
80, and at teckrigusacfor exampld, brigwicipldeniop osactheat/eehpﬂdmwé’éﬁenahlar geiognd heat

gener at or ahds { %!]lﬂce
reservoir Sgo I'S g%)tﬁgeés;@gp%}g“jngm etglyﬁrgdrjlsfn #wabﬁ"g hﬁg’gur@r%% . The inlet
mani f ol d 10gadkagef(alsoreat showi)he housing 84 and is for directing fluid to the
first foam structure 80 and the second foam structure 82 via the first

i ntake 92 and the second intake 96 respectively. Fluid enters the first
f oam st eoict Thefddfh samctutet®2 is radirablp bbsosiupad rThet firsteexBahist 3¢ andfthe sdcont] rect i on

220 alongaflr inl X 106 _towards the first ther s 100 and
in a second®fi %é? nfe 05%}%8“13@ d&%‘?ﬂ?s‘lﬁfa@f’scﬁ esftoi’raﬁg?%?gs?ﬁ%e second
ther mal nucldks 3R0i2.forhie@ dni 4 Sice iadjh&dint fXbsth IHGfiRNekHatie 3demante soebmi axi s 108
are coincident wiith the first thermal nucleus 100 and the second thernal
nucl eus 102° Bﬁééti vely, and generally perpendicular to the thermal plane
86. 10 The fluid entering the first foam structure 80 and the second foam

structure 82 is subse uentl¥ redirected in any direction 224 substantially
per pendlzéul Abe thgusipg 2 wHyPre erably coupled to a heat "generator 38, for example, a

microprocessor. An interface material 40 interfaces the housing 24 and the heat

generator 38 for facilitating thermal communication between the heat generator 38
and the foam structure 22 enclosed within the housing 24. The interface material 40
is a thermal interface material in the first embodiment of the invention. Heat
30 generated by the heat generator 38 is transferred to the foam structure 22 across a
thermal plane 42. The thermal plane 42 has a thermal nucleus 44 whereat heat

concentration is the highest.



fromthe first inlet axis 106 and the second inlet axis 108 towards the
first exhaust 94 and the second exhaust 94. An inpinging flow condition is
t hereby created within 15 each of the first foamstructure 80 and the
second foam structure 82. Heat is substantially conducted and carri ed away
by the fluid travelling along the thernmal plane towards the first exhaust
94 and the second exhaust 98. Fluid exilfs the first and second exhausts

94/ 98 i nt o Bhephpysing 2deppmprieestagripti4tbging eparativelyrdigaed Wik theagtekedday 110 is

in fluid copmunngati Atoddctd il e WanPlmldde ipﬂhr&:gwﬁxhta& 32h8a fewhigs 20
thereto. Fluid |eaves the housing 84 in a fourth direction 226 through the

outl et 112 4Grthe Snidepassages ioatihet divesdon, 30 aloag arrielef pxis 48 towards ithe t he

first, Secopdd Bidifhsdad Uil hRURAGLIRAND pafbel Gy BRLhGREY I el ectric

fluids, for exanple, adle rnc udroca However,
25 wat ers i s4Dnad epiabidgnt ugigd thenthempll acdaesnd4. ofWhmethdlféhécappnoachN teds in the

first, thi rge ﬁi figurt qﬁr‘oodi i8Rt rsedgrréctedt he fgr Sgecltlglg N stanflall}eat

extract or esc‘?larb éa’accord’ hts of ‘the i nvention for
addr essi ng pdtﬁenﬁmnhgmamg adna;s&dmuhé dje axf48 comrénthe dind lexleost! 34rapd 3 devi ces.

Al t hough onl iments of the inventi Se Lt wll be
apparent to° %ﬁ@?‘%ﬂsfgg%r (FTEOHRE P MRS BW' c?f’n‘fﬁ? g‘l ge&%@sgl? ﬁi'{l?}éﬁ NUNEr ous
changes andfediredta@ichivfaly G the intaaxioes riﬁaﬁk@ g&hérhlwut\dﬁa@rdppds@lg‘ difzttidnee scope
and spirjt it he i_nv ntion t extractor_for extracting
noat 1 i o heiP R AaY sondiian BRIt Rt SRt HEA SRS B sur  ace
and a pl ur allisdipated bynhé ﬂ&dfmwﬁ@dalﬁig the ﬂl&aaaasyllaﬁ@motva@lﬁ %fﬁrsttehﬁaum aurality of
pores bei ng |nterconnected ural i of ducts for fluid comrunication

t her ebet weeffd tP%%eC?IB’aﬁﬁ@tSF%ﬁ:t}U?@aPBr théé‘tlﬁﬁplhéfh? TRGIA PR CEASSEEHMNI cat i on
with a heat generator along a thermal plane, the thermal plane having a
t hermal nucl eus whereat heat is concentrated when heat is generated from

the heat gehes h@l@rng Xntorther eomprisessa figsh uthes r50p @pd Beseoripd stillpledbabring
di nensi @5'ed01§e95t g'h thle%scttexﬁaugpji érﬁr\hpgecg)ﬂ?e)@llaﬁ’srt B'rés}fcéﬁfve@m es for

formng an Pt ake - an east one exhaust on the surface t he” f oam
structure, Flyid disghateed leith fiest exhapi3dtand ke eceprliethaesd 3pris subseuantly east one

aher by’ whe@ PPl BERRER B3 HAG SRERH M bl %kl BT RIS O 1l ake
general | y abeomgl autlet $ibatspastivelyc direfeiablgneackvof the tfins outﬂmﬁﬁmndrth@seeuml t he
outlet 50b is circular in shape.
20
FIG. 4 shows a system flow diagram of the heat extractor 20. As heat along the
thermal plane 42 is conducted to the fluid, the fluid exits the first and second outlets
50a/50b as heated fluid. The heat extractor 20 further comprises outlet conduits 52
extending between the first and second outlet 50a/50b and a heat exchanger 54.
25 Heated fluid is carried from the first and second outlets 50a/50b, along the outlet

conduit 52 and discharged into the heat exchanger 54.

A reservoir 56 is operationally disposed between the heat exchanger 54 and a pump
58. The heat extractor 20 further comprises an inlet conduit 60 extending between the
30 pump 58 and the inlet 46 of the housing 24, The pump 58 is preferably a
displacement pump for conveying heated fluid from the reservoir 56 to the inlet 46 of
the housing 24, and the heat exchanger 54 is preferably air-cooled for extracting heat

from and thereby cooling the heated fluid. Cooled fluid from the heat exchanger 54 is



fluid is subsequently being redirected anay fromthe inlet axis in a
plurality of dispersion directions substantially along the thermal plane
for creating an inpinging flow condition, the inlet axis being generally
perpendi cular to the 20 thermal plane, wherein heat generated by the heat
-generator is dissipated by the fluid flowng fromthe thermal nucl eus al ong
the thermal plane towards the at |east 1dne exhaust. 25 2. The heat
extractor aeonveyed ajgng the inlgjsonduit QOterthe, idet | $4 oy Eelmt{?éi“i’i’g‘“f"é)tf’ﬁ%fo@?‘ a housi ng

“for encl osi ﬁﬂlc&?@ﬁtﬁﬁﬂ%ﬂh‘é%&l&gﬁ therein, the housing having an inlet and

at | east one outl et e inlet being shaped di nensi oned and positioned for
directing fluid through the intake of the foam structure and the at | east
one outlet fo fan? .gﬂ” u [ e 0 3h d€ash ipNgaexhaust from
t he 30 hous?‘n%ecs Eéb . IFLt 6ﬁg]gtlﬁg%??gcg£f£ta§t€agﬁrc I ai I’% ﬁ GOUSI ng
conpri sihg eongassagbwey rham rvknheatj} acfoam stoictune Zématmthom‘ing Aé fBlem
structure f nveyin { one
outlet. ccl)esclrl"i)emi"isea regtl racg agﬂiﬁn c’ﬁ%u?%t%&gg{%q]po llt}%‘)a?l éﬁgtlo% I sper si on
directi ons aroony the ifoagn stmmttmmm/ahdhqusmgaésﬂmgesdnvoedm thapump. 56'|:'ainé theeat

[ I f b | ed he h
Gencrator wehOS BB Ty AT rTar Heng o S5 SeRiP e Bt ueen for

facilitating 10 heat transfer. 6. The heat extractor as in claiml1, the
housi ng o.the enerator, Wwith a thermal interface

ot o | S48 beltigS SrEnd et et aptudRen, e dei FRuih a2 iR - 15 7.
The heat exhéa@gbmRraterS3§ Witk Midbfacd hRtetigiatno0d@Mah HIGDS) ﬂ@rdbﬁ@cmeed Wi t hin
t he housing. 8. The heat extractor as in claim1, the heat@? ner at or bei ng

at | east on@’aQ’OStH‘iCB’F?)BF God i hea ggperator g8, i the dnterface mmaterist bEOEi% claim 1,

wherei n theb&ﬂﬂi@rﬁét&ﬁb@t mﬁ@bdnaln%%waﬁmeer boh@ing THEFoAE k@it PAWI@IthS i N
claim1, wherein the ducts wt he foam structure is 25 for creating a

turbul ent f hesheenceater 33 anddnprefambly prelisd yiaconyratienah bering teghniquehdoneat
extract Qﬁaﬁ a:rrH)lé: Ib?ajjz_mg%r s$1hﬁla§n'3%th B i£5n ARRNRE 2@ax§d fhe tnta %ﬁé?aanﬁi and a

square ¢ extractor as in claimi1 e foam structure
bei ng one oaren@mvedawﬁh@r thpHhoueingrier iThe heat ggen®r né, Hemexample. &t or as i n

claiml, ﬁltc%#é%lsso&%?; nB04cfin %aﬁ%i &iirteglb@tate ,Qarsﬁoa&)nata%hqt within a

range of 50 or s I'n heat extraction ‘process conpri sing
t he steps ohousﬁtgp24ovThh hept egelflewami 3% conpetates withy thachoasing 2f doefammihgaa pl ural ity

of pores forned onthe surfacet er eof Iur It f | ng
interconnec%’%r{fierb?f1 %1“5? flaﬂortton oftgedﬁué age %{rﬁeff} céuﬁtgr&zifglgﬁmgﬁg%é
t her ebetoeeintakelse, fhaa'mstsétht 84 end the seamalnkhalbum ﬂlmethamial q:tammziis:ati on

wth a heat ne n t her mal _pl.ane er Iane ng a
t her mal nucF%%’s‘SWﬁeﬁ? Hgftrglc% E%ﬁ?‘f’eﬁ? ﬁlmlcp“ 28 hBat generamv' ?

The operational principle of the heat extractor 20 is similar to that in the first
25  embodiment of the invention. Fluid is introduced into the foam structure 22 through
the intake 32. The fluid is directed in a first direction 206 along the inlet axis 48
towards the thermal nucleus 44 for establishing an impinging flow condition. Heat
generated across the thermal plane 42 by the heat generator 38 is dissipated by the
fluid redirected for flow along any direction 208 substantially perpendicular to the
30 inlet axis 48 which conducts the heat away from the foam structure 22 when the fluid
flows in a third direction 210 to the heat exchanger 58 for cooling and subsequently

reintroduced into the foam structure 22 via the pump 58.



I0 when heat is generated fromthe heat generator; providing at |east one
barri er being shaped and di nensi oned for bl ocking at |least a portion of the
plurality of pores for formng an intake and at |east one exhaust on the
surface of the foamstructure, the intake and the at |east one exhaust
-conprising at | east one of the pl uralitg of pores being 15 unbl ocked by the
at |east one barrier; introducing fluid3into the foamstructure through the
i nt ake genepdhifdenhodiaeninf the inventiori sheabexiapige} asgeemintilg. ¢.KdEnhsndhucl eus;
and subsequ .!SYCJn?ﬂiiisEse&fg_{vggna{ilpaeﬁll:ﬁ{k:da BURY%rhdrpre2t hRd b Rb&ingd. ST @
plurality of dispersion directions substantially along the thermal plane
for 20 creaddseriptians inrrplatiet togthé btowtued sanfigusations plcandpogifiona) yelatigastiRs general |y

per pendi cul r ll?e{‘ﬁq whenehb nedbir 38NGE 3LAH s8Ynk g heat
gener at or i%ﬁo |g§}sllé?)oga e%ﬁ’kc)g&%t%ié)t wuélW?I o’\?\nﬂlné ?l?olrrn the the rralannucl eus al ong
t he t heral hqal exchartgenvefy with teferme td &St 1 orrbare divapstatedBrelrls. The heat
extraction process as in claim14, the step of providing at |east one

barrier conprising the step of: providing a housing for formng the at
| east one bsinfilaeto thofirseembodirheny thddaihaancted 20di the ¢hitdrebediment sdokousi ng

having an inlet, a at. | east _.one outl ef.,. 30.the.inlet belng shaped,

di mengi onedaﬁﬂ?fi' p‘glgqr‘fai“ﬁﬂétfﬁ? Bqamdﬁt?'gt(‘;‘feﬁ? Sﬂ(')lmdﬂczilhrshﬂ’ﬁﬁ' ?h%g?ﬂ%hgg%ddof t he

]1: oam sL ruct ﬂ;lrael andtutd22 aﬁs benshtwarity epﬁdﬁiag e_fnﬂ-l’fad’eﬁlﬁﬁdg/ifdﬂlg Sid‘l?ﬁh&ri dvittchar ged
romt at ast. one exhaust f{romtne usi . ) L

ext ract ':?Q)n Eﬁcgé’gg? Séf’g’ fags SF‘BE Jgeent fo t@@%ﬁ“‘g?z“’?ﬁ'o eoffl’% Sﬁucﬁﬂﬁg?hsg

conpri sing fhsived iﬁﬁh@ﬁou@ih?‘lh,d\biﬂgtha hB@ite fofming bitriersPavnegeie ¥nd-aiceed

adj acent to the exhaust of the foam structure for cogveyi n? fluid
di schar ged ohil &amypiuchirg k2 toytherey &rmypeingske pdon one oizthe e Tacesit Thet r acti on

process as dir GhoibMRedAide! MBesSEbiR 105 FHPRCAUSHESY 66CTAT HiSdabBday b if | Ui d away
fromthe inlet axis in a plurality of dispersion directions conprising the
step of : sufesmedisrthe housing 24 adin¢enpiotthpeexhaust 66 aehgwr idAGSh@andd.et axis in two
10 out wigdl y opposing directions. 18. The heat extraction process as in
claim 14, the step of providing a foam structure conprising the step of:
coupl i ng t hasfshewn bt FIGS: Grasd (Tothehousiem4 hesna iated 70 v flhidecolnamvaioation 5
mat eri al bejr i ely Li.0 .t at er. 19.
The heat ext L BAREBE ahd B ERRH AR b coiihichd L PP TRl bBPWSET OO,
structure casphivai ingIGhg the mfet 30 hascotiphiangrosdiectinow Jilwid it introdveedhimént
generator wi,th a thernal,.,nterface. mat enial. bei | S e rebet ween
for facili }tMg}eihfﬂﬁn ﬁgﬁ?m’ierzgn@foélg}.l %?Ol.n?e'?‘?ﬁev l%ehgtmtglg ?Q@F ﬁlgarllggﬁ%cgueré ? ‘%as in
claim 140 t Fpwsbeheoluidrimyithd Agmastfuotune 22 risidiremtez] by thiehiatet ©dnipra Bisng t he
step of: digposin he heat. gener r wthin the housing. .25 21. The heat
extraction agﬁcé@ggl%gﬁ’f‘%%ﬁ lﬁgﬁf"i‘ﬁ,% '(t%(h Ardy Q‘ﬁ%?ﬁrmglr%\?téaf ﬁ‘g Ogﬁ}eotﬁ?ﬁngl ructure
conpri sing plage 41 Bferfating fe\hoakikRant @aevEthE eral-fate of dfe fommi pthicage 2 at | east
one m croprocessor device, the at | east one m croprocessor device
constituting the heat generator. 30

An impinging flow condition is created when the fluid reaches the thermal plane 42

25  and is redirected in a second direction 214 away from the inlet axis 48 towards the
exhaust 66. Fluid propagates away from the inlet axis 48 in an outwardly concentric
manner. Heat generated by the heat generator 38 travels across the thermal plane 42
and is thermally conducted by the fluid flowing along the thermal plane 42 towards
the exhaust 66.

30
Fluid discharged from the exhaust 66 into the passageway 68 travels in a third
direction 216 towards the outlet 72. The fluid is then conveyed through the outlet 72



22. The heat extraction process as in claim14, the step of providing a
foam structure conprising the step of providing a foamstructure that is
box- shaped. 20 23. The heat extraction process as in claim114, the step
of providing a foam structure conprising the step of providing a foam
structure with ducts therewithin for creating a turbulent flow therein when
fluid passages therethrough. 5 24. The lheat extract ion process as in claim
15, the steid difoysthodirestion 248 otk hept cyehanees | R¥gfor iraokingepndosubseayentlyi ng a
“housi ng Wi t ;20 4443k e tHePGanh RhRhurdS) B9 1RPEmPlsga circular channel and a
square channel. 10 25. The heat extraction process as in claim114, the step
of providing a foam structure conprising the step of providing a foam
structure beiguOhthadlndiPbithe #ehh APl &aBbFId Mscertil G Cadiisext ract i on
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92, a first exhaust 94, a second intake 96 and a second exhaust 98. The first intake 92

25  and the first exhaust 94 are formed on the surface of the first foam structure 80, and
the second intake 96 and the second exhaust 98 are formed on the surface of the
second foam structure 82. Heat generated from both the first heat generator 88 and
the second heat generator 90 is transferred across the thermal plane 86 to the first
foam structure 80 and the second foam structure 82 respectively. Along the thermal

30 plane 86, heat is concentrated at a first thermal nucleus 100 situated between the first
heat generator 88 and the first foam structure 80, and at a second thermal nucleus 102

situated between the second heat generator 90 and the second foam structure 82.
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X{m r@a? nuaeus@oo and in a second direction 222 along a second inlet axis 108
towards the second thermal nucleus 102. The first inlet axis 106 and the second inlet
axis 108 are coincident with the first thermal nucleus 100 and the second thermal
nucleus 102 respectively, and generally perpendicular to the thermal plane 86.
10
The fluid entering the first foam structure 80 and the second foam structure 82 is
subsequently redirected in any direction 224 substantially perpendicular to and away
from the first inlet axis 106 and the second inlet axis 108 towards the first exhaust 94
and the second exhaust 94, An impinging flow condition is thereby created within
15 each of the first foam structure 80 and the second foam structure 82. Heat is
substantially conducted and carried away by the fluid travelling along the thermal
plane towards the first exhaust 94 and the second exhaust 98. Fluid exits the first and
second exhausts 94/98 into a passageway 110 formed adjacent thereto. The
passageway 110 is in fluid communication with an outlet 112 for conveying the fluid
20  thereto. Fluid leaves the housing 84 in a fourth direction 226 through the outlet 112

for conveyance to the reservoir 54.

The fluids used in the first, second, third and fourth embodiments of the invention are
dielectric fluids, for example, a dielectric fluorocarbon fluid like FC-72. However,
25  water is preferably used in replacement of the dielectric fluids in the first, third and

fourth embodiments.

In the foregoing manner, a heat extractor is described according to four embodiments
of the invention for addressing the foregoing disadvantages of conventional cooling
30 devices. Although only three embodiments of the invention are disclosed, it will be
apparent to one skilled in the art in view of this disclosure that numerous changes
and/or modification can be made without departing from the scope and spirit of the

invention.
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10 at least one barrier being shaped and dimensioned for blocking at least
a portion of the plurality of pores for forming an intake and at least one
exhaust on the surface of the foam structure, the intake and the at least one
exhaust comprising at least one of the plurality of pores being unblocked by
the at least one barrier,
15 whereby when fluid is introduced into the foam structure through the
intake generally along an inlet axis coincident with the thermal nucleus, the
fluid is subsequently being redirected away from the inlet axis in a plurality of
dispersion directions substantially along the thermal plane for creating an
impinging flow condition, the inlet axis being generally perpendicular to the
20 thermal plane,
wherein heat generated by the heat generator is dissipated by the fluid
flowing from the thermal nucleus along the thermal plane towards the at least

one exhaust,

25 2, The heat extractor as in claim 1, the at least one barrier being formed by a
housing for enclosing the foam structure therein, the housing having an inlet
and at least one outlet, the inlet being shaped, dimensioned and positioned for
directing fluid through the intake of the foam structure and the at least one
outlet for removing fluid discharged from the at least one exhaust from the

30 housing.
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6. The heat extractor as in claim 1, the housing being coupled to the heat

generator with a thermal interface material being disposed therebetween for

facilitating heat transfer.

15

7. The heat extractor as in claim 6, the heat generator being disposed within the

housing.

8. The heat extractor as in claim 1, the heat generator being at least one
20 microprocessor device.

9. The heat extractor as in claim 1, wherein the foam structure is box-shaped.

10. The heat extractor as in claim 1, wherein the ducts within the foam structure is
25 for creating a turbulent flow therein when fluid passages therethrough.

11.  The heat extractor as in claim 2, the inlet being one of a circular channel and a

square channel.

30 12.  The heat extractor as in claim 1, the foam structure being one of metal and

graphite material.
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providing a foam structure having a surface and a plurality of pores
formed on the surface thereof, the plurality of pores being interconnected by a
plurality of ducts for fluid communication therebetween, the foam structure
for establishing thermal communication with a heat generator along a thermal
plane, the thermal plane having a thermal nucleus whereat heat is concentrated
10 when heat is generated from the heat generator;
providing at least one barrier being shaped and dimensioned for
blocking at least a portion of the plurality of pores for forming an intake and at
least one exhaust on the surface of the foam structure, the intake and the at
least one exhaust comprising at least one of the plurality of pores being
15 unblocked by the at least one barrier;
introducing fluid into the foam structure through the intake generally
along an inlet axis coincident with the thermal nucleus; and
subsequently redirecting the fluid away from the inlet axis in a
plurality of dispersion directions substantially along the thermal plane for
20 creating an impinging flow condition, the inlet axis being generally
perpendicular to the thermal plane,
wherein heat generated by the heat generator is dissipated by the fluid
flowing from the thermal nucleus along the thermal plane towards the at least

one exhaust.

25
15.  The heat extraction process as in claim 14, the step of providing at least one
barrier comprising the step of:
providing a housing for forming the at least one barrier for enclosing
the foam structure therein, the housing having an inlet and at least one outlet,
30 the inlet being shaped, dimensioned and positioned for directing fluid through

the intake of the foam structure and the at least one outlet for removing fluid

discharged from the at least one exhaust from the housing.
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adjacent to the exhaust of the foam structure for conveymg ﬂuld discharged

therefrom to the at least one outlet.

17.  The heat extraction process as in claim 14, the step of subsequently redirecting
the fluid away from the inlet axis in a plurality of dispersion directions
comprising the step of:

subsequently redirecting the fluid away from the inlet axis in two

10 outwardly opposing directions.

18.  The heat extraction process as in claim 14, the step of providing a foam
structure comprising the step of:
coupling the foam structure to the heat generator with a bonding

15 material being disposed therebetween for facilitating heat transfer.

19.  The heat extraction process as in claim 14, the step of providing a foam
structure comprising the step of:
coupling the housing to the heat generator with a thermal interface

20 material being disposed therebetween for facilitating heat transfer.

20.  The heat extraction process as in claim 14, the step of providing a foam
structure further comprising the step of:
disposing the heat generator within the housing.
25
21.  The heat extraction process as in claim 14, the step of providing a foam
structure comprising the step of providing a foam structure for coupling to at
least one microprocessor device, the at least one microprocessor device
constituting the heat generator.
30
22.  The heat extraction process as in claim 14, the step of providing a foam

structure comprising the step of providing a foam structure that is box-shaped.
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24,  The heat extraction process as in claim 15, the step of providing a housing
comprising the step of providing a housing with an inlet, the inlet being one of

a circular channel and a square channel.

10 25. The heat extraction process as in claim 14, the step of providing a foam
structure comprising the step of providing a foam structure being one of metal

and graphite material.
26.  The heat extraction process as in claim 14, the step of providing a foam
15 structure comprising the step of providing a foam structure with a plurality of

pores being formed at a pore density of within a range of 50 to 150 pores per

inch.

20



