27 December 2006 | A HEAT TRANSFER APPARATUS Field Of Invention The present invention
relates generally to a heat transfer apparatus. In particular, the invention relates to a heat transfer
apparatus for portable electronic systems. Background In recent years, there is a continuously
increasing demand for compact electronic systems such as portable laptop computerso@oupled with
this demand is a need for further miniaturizing of these electronic systems and the thirst for high
processing power. Elevating processin ower-to-si2e ratio results in an elevating level of heat
generated by these electronic sysféllﬁg.g& {RA8BfRRMR, %@W%ave fixed operating temperature
ranges, the heat generated by these electronic systems limits the extent to which the processing
power-to-size ratio can increase. Operating an electronic component beyond its rated operating
temperature'?éﬁlﬁé)édﬁ‘@&tr‘n%@e the electronic component. Conventionally, a heat sink is attached to

the heat generatiigseifGHEMHEGPFARGSEHEn Al to M Plea Ao PEPRaRaNs. Witlpartiialgteaieonic system
for conducting heat away from the electronic component. The heat sink typically has a base and an

array of fins 'BGBHAME alea { rAdrRaHEARSEE RPN P bPReNl: SleGRANICT¥SISAY surface area that
facilitates heat dissipation. A fan can be coupled to the heat sink for improving air circulation around
the heat sink. The improved air circulation results in more efficient heat transfer from the heat sink to
the surrounoﬁ‘?ﬁ'@q{\ﬂ%ent. However, the fan size is limited by the size of the electronic system onto

which it is mauriedinearthesmal tarcineUesHIySiitRINNWG RAMND RAPESIFRNGIEaRsRGUENtlY,

I heat di tion from the el ' t. Although i Ing th t of fins in th
one heat diespaton (71t Sige o componon. ALIQUA BeHE RS oMo ins n e

further miniaturizing of these electronic systems and the thirst for high processing

power. Elevating processing power-to-size ratio results in an elevating level of heat
generated by these electronic systems. As these electronic systems have fixed
operating temperature ranges, the heat generated by these electronic systems limits the
extent to which the processing power-to-size ratio can increase. Operating an
electronic component beyond its rated operating temperature range can damage the

electronic component.

Conventionally, a heat sink is attached to the heat generating electronic component,
for example a microprocessor, within the electronic system for conducting heat away
from the electronic component. The heat sink typically has a base and an array of fins
extending away from the base. The array of fins provides increased surface area that
facilitates heat dissipation. A fan can be coupled to the heat sink for improving air
circulation around the heat sink. The improved air circulation results in more efficient

heat transfer from the heat sink to the surrounding environment.

However, the fan size is limited by the size of the electronic system onto which it is
mounted into. The small fan size results in a lower cooling capacity and
consequently, lower heat dissipation from the electronic component. Although
increasing the amount of fins in the heat sink and the use of a larger fan can
substantially improves heat dissipation, the space limitation of these compact

electronic systems however constraints such an improvement.



substantially improves heat dissipation, the space limitation of these compact electronic systems
however constraints such an improvement. 27 December 2006 2 Hence, this clearly affirms a need for
an optimised heat transfer apparatus to improve heat dissipation of an electronic component.
Summary When a substantial amount of heat is generated by an electronic compomnentofor example
a microprocessor, a heat sink is used to remove heat away from the electronic component and a large
fan is typically used to cool both the electronic comp%nent and the heat sink. However, when the

electronic cdnfpERefiSSEamArBEMhanestisa@ePetiIRRe BeatdrANSEr SRAARIE ANBREEREK computer,

the size of thRaeapknGeysieMVeR B MeRsHAIbRshtA heat transfer apparatus includes a heat carrier
for conveying heat away from the electronic system into a radiator for dissipation. The radiator is

placed into a cooler for directing air through the radiator and expelling heated air, cooling the radiator
in the procesgmihgrgfore, in accordance with a first aspect of the invention, there is disclosed a heat
transfer apparatus for exhausting heat of an electronic component, the heat transfer apparatus

comprising: $R8Rt & MRS A AMOHY REASGEHR rat0E B IhRe LS ST mENRARE e Peat carrier

being thermaltyraplplechiecibgretesiopnig ¢RAIPSIARNI ausediatdrripicesaieiioiest srivenrd by the
heat carrier and for emanating heat into air, the radiator bein thermall;i coupled to the heat carrier;

and a cooler®lSHPRSI TG MPEREPhREH 3 ARt B ARLRN Wiefuie FRalaBottaNpre\eifgithe passage
of air therethsomgbnéhe dieglidton&gisakeaebies i, thid@anameictronic component is contained

in a compact electronic system, for example a notebook computer, the size of the

cooling system used is constrained.

A heat transfer apparatus includes a heat carrier for conveying heat away from the
electronic system into a radiator for dissipation. The radiator is placed into a cooler
for directing air through the radiator and expelling heated air, cooling the radiator in

the process.

Therefore, in accordance with a first aspect of the invention, there is disclosed a heat
transfer apparatus for exhausting heat of an electronic component, the heat transfer
apparatus comprising:

a heat carrier for receiving heat generated by the electronic component, the
heat carrier being thermally coupled to the electronic component;

a radiator for receiving heat conveyed by the heat carrier and for emanating
heat into air, the radiator being thermally coupled to the heat carrier; and

a cooler comprising:

a chamber in fluid communication with the radiator for providing the
passage of air therethrough, the radiator being received in the chamber,
wherein heat received in the radiator is dissipated by airflow through the

chamber, and the radiator being shaped for generating a substantially straight airflow
therealong.

In accordance with a second aspect of the invention, there is disclosed a method for

heat transfer and dissipation comprising the steps of:



wherein heat received in the radiator is dissipated by airflow through the chamber, and the radiator
being shaped for generating a substantially straight airflow therealong. In accordance with a second
aspect of the invention, there is disclosed a method for heat transfer and dissipation comprising the
steps of: 27 December 2006 3 receiving heat generated by an electronic conpmremntriel® a heat
carrier, the heat carrier being thermally coupled to the electronic component; receiving heat conveyed
by the heat carrier into a radiator, the radiator being :fhermally coupled to the heat carrier; emanating

heat from the radiat6F§HMBGiPeahaeHEFErdLMG A AERIARKIGATBPORERHBIOMG: kRaLiFRITiSE fe&t received
by the radialﬁ@&t%?rféﬂb@i%@ BeingAigrespr MRl Ghafithenasshéhe chamber being in fluid

communication with the radiator, and the radiator being shaped for generating a substantially straight

airflow therealong. BREVBGSLER AN EY ShODRNRYSRITBO IR eniddiitie R £8P B8 scribed

hereinafter v reiRyees i thehtolewingriiawings, in which: FIG. 1 is a partially exploded
perspective view of a heat transfer apparatus according to an embodiment of the invention; FIG. 2 is a

front view of the heSARHEI8NSRLEPAIIES eI 8OR INIEIT338%, top view of a radiator of the heat transfer

apparatus of FIG. Igefithati mprdiati odethefugieeoigiarhibier 40is dissiatisgchenaladenyeal Byragiator
disposed in a cooler of the heat transfer. apparatus in FIG. 1; FIG. 5 is a front sectional view of a

radiator of tH@%@QfTr’Qﬁs’f@qiﬁﬁﬁaﬁ%‘P&Wﬁ dqwithin the chamber and the chamber being in

fluid communication with the radiator, and the radiator being shaped for generating a

substantially straight airflow therealong.
Brief Description Of The Drawings
Embodiments of the invention are described hereinafter with reference to the

following drawings, in which:

FIG. 1 is a partially exploded perspective view of a heat transfer apparatus according

to an embodiment of the invention;
FIG. 2 is a front view of the heat transfer apparatus of FIG. 1;

FIG. 3 is a top view of a radiator of the heat transfer apparatus of FIG. 1 with a partial

view of a cooler;

FIG. 4 is a front sectional view of a radiator disposed in a cooler of the heat transfer

apparatus in FIG. 1;

FIG. 5 is a front sectional view of a radiator of the heat transfer apparatus in FIG. 1

enclosed within a pair of coolers; and

FIG. 6 is a top view of a plurality of the heat transfer apparatus in FIG. 1 with heat

carriers sharing a common heat spreader.



enclosed within a pair of coolers; and FIG. 6 is a top view of a plurality of the heat transfer apparatus in
FIG. 1 with heat carriers sharing a common heat spreader. 27 December 2006 4 Detailed Description
A heat transfer apparatus for addressing the foregoing problems is described hereinafter. A first
embodiment of the invention, a heat transfer apparatus 20 is described with 1efetemee2tesFIG. 1, which
shows a partially exploded perspective view of the heat transfer apparatus 20, and FIG. 2, which
shows a front view of the heat transfer apparatus 20% The heat transfer apparatus 20 comprises of
three main RFHEIRE DEHER U rier 22, a radiator 24 and a cooler 26, with the radiator 24 being

encased by fhenggolghferT Bpheausarier 2R iasiides PRIFRbhrAtRIRe?S rouRiedipayl adjacent
to one another, a first heat spreader 30 and a second heat spreader 32. The pair of heat pipes 28
has two distAFEHBY ot shown) with the first heat spreader 30 coupled to one end and the second
heat spreader 32 coupled to the other end. The heat pipes 28 are generally flattened for the purpose
of space conservation. The first heat spreader 30 is planar and dimensigned for mounting{ onto a heat

producing elfclBHhieBBATBRRNP B HG PSRRI 4 PRl HEHRORe 8RBRATHR AR 4P AHF ST 16 AA Rircuit board

(PCB). Therérsidieatispreader dtishniponted pathidllestriisd gerepsiirat iéioorthécregonductive
resistance. It is preferred that thermal grease be used at the interface of the first heat spreader 30 and

the electronit ¥5HH AREATES t40indPFo T Eh e ICEnRR A6y 985 MY W AE RS oM ARG bnic

component 3fdsrdf@nzmitied Heepuandhe dsphReat 2pteadRissd oiaeenmantiebntest: reredved by the
first heat spreader 30 is trapsmitted to the ai)é of heattﬁi?es 28, Each heat gige 28 is an elongated rod

with a centré]ﬁ?rb%&gs@dr@ 'gm{e%rﬁﬂdsﬂ r 26, with the radiator 24 being encased by the

cooler 26. The heat carrier 22 includes a pair of heat pipes 28 coupled and adjacent to
one another, a first heat spreader 30 and a second heat spreader 32. The pair of heat
pipes 28 has two distal ends (not shown) with the first heat spreader 30 coupled to one
end and the second heat spreader 32 coupled to the other end. The heat pipes 28 are

generally flattened for the purpose of space conservation.

The first heat spreader 30 is planar and dimensioned for mounting onto a heat
producing electronic component 34, for example a microprocessor mounted on a
printed circuit board (‘PCB’). The first heat spreader 30 is mounted to the electronic
component 34 to reduce conductive resistance. It is preferred that thermal grease be
used at the interface of the first heat spreader 30 and the electronic component 34 to
improve thermal conductivity. Heat produced by the electronic component 34 is
transmitted through the first heat spreader 30 via conduction. Heat received by the

first heat spreader 30 is transmitted to the pair of heat pipes 28.

Each heat pipe 28 is an elongated rod with a centrally disposed channel (not shown).
The channel is injected with an evaporative fluid (not shown). The evaporative fluid
and its vapour circulate in the channel to convey heat from one end of the heat pipe 28
that is warm to the other end of the heat pipe 28 that is cool. Therefore, heat received
by the heat pipe 28 from the first heat spreader 30 is conveyed to the second heat

spreader 32 in the foregoing manner.

FIG. 3 shows a top view of the radiator 24 comprising a base 36 having a first end
portion 37a and a second end portion 37b. A plurality of fins 38 protrude from a mid-



The channel is injected with an evaporative fluid (not shown). The evaporative fluid and its vapour
circulate in the channel to convey heat from one end of the heat pipe 28 that is warm to the other end
of the heat pipe 28 that is cool. Therefore, heat received by the heat pipe 28 from the first heat
spreader 30 is conveyed to the second heat spreader 32 in the foregoing manneenkd@0B shows a top
view of the radiator 24 comprising a base 36 having a first end portion 37a and a second end portion

37b. A plurality of fins 38 protrude from a mid 27 Decré_mber 2006 5 section of an_upper face 40 of the
base 36 witStRENALAR hPGhdass ARiAG EpAase 3SpaHTWhA BUEAIKK SBTHSRS BaIBISPRS e other fin

38. Each fin s geianan ianBssheing haPAReRioAid Brriemblshaving fiiekprasstafaiRig-3mm to

0.9mm and a length 39b of preferably 30mm to 60mm. Passaﬂeways 41 are formed between each

pair of adjacBARshLBBafRED I REhARVINY SHURKES I AR E AP F5MILANE 2880 8rds the
second end pottisrpeterab e dasetS Bomte. radisteed4y3as aithmeddopefriablabie puaest 45mm and

55mm, the width 39d of the radiator 24 being a distance between_ the two furthermost fins 38. Each

passageway?dR¢RE Hi38alhenessaas wavg 4 ssEndinadram Gedustead partehafadanadth pair of

adjacent fingtaBseEbrd atie pbiibearbIftare Hudrackness RAmianaesdsenvant bTohvseBIio 4. The
second heat spreader 32 is cogled to a lower face 42 of the base 36. The upPer face 40 and the

lower face 496OVASE AAZENNE BRI 19 hoLtheT dResiRPIAIBSING arfistanges AW R ween the

second heattrpreasairteansttimoase Badrepagsdgeiapblyfidshfia qupisvseRofiacifestiiance
between the base 36 and the second heat spre%%der 32 ﬁ'ﬁie fins 38 then receive heat from the base

36. The arrafleSi%iHe S8 NprYURIRNGE DYWEED 44 0ae QhiRgiacent Loseatt iR %P%L?frgﬂrﬂﬁﬂg the fins
38 and betvgmenEeianhieiicod Bos dBgddiroiacilithies iaeiatitgiof heat from the fins 38 to the

atmosphere, cooling the radiator 24 in the process.
The second heat spreader 32 is coupled to a lower face 42 of the base 36. The upper
face 40 and the lower face 42 of the base 36 are outwardly opposing as shown in FIG.
4. The interface between the second heat spreader 32 and the base 36 being
preferably flush to minimise contact resistance between the base 36 and the second
heat spreader 32. The fins 38 then receive heat from the base 36. The array of fins 38
presents a larger surface area that is in contact with air surrounding the fins 38 and
between every pair of fins 38. This facilitates radiating of heat from the fins 38 to the

atmosphere, cooling the radiator 24 in the process.

The radiator 24 is coupled to the cooler 26, shown in the front sectional view of the
cooler 26 in FIG. 4, which has an internally disposed chamber 44 for receiving the
array of fins 38 therein, in which the chamber 44 is in fluid communication with the
passageways 41 shown in Fig. 3. The cooler 26 is shaped and dimensioned for
enclosing the fins 38 and the upper face 40 of the base 36, forming a rectangular-
shaped case. The cooler 26 has a top face 46 being inwardly opposite of the lower
face 42 and a side wall 48 (as shown and indicated in FIG.1) depended along a
portion of an outer periphery of the cooler 26. It is preferred that each fin 38 protrude
a distance of at least 12 mm from the upper face 40 of the base 36. The base 36 and

each fin 38 having a combined height 39c of preferably 15mm to 25mm.

A first opening 50 is disposed on the top face 46 of the cooler 26 proximal to the first
end portion 37a of the base 36. A second opening 52 is disposed on the side wall 48



The radiator 24 is coupled to the cooler 26, shown in the front sectional view of the cooler 26 in FIG.
4, which has an internally disposed chamber 44 for receiving the array of fins 38 therein, in which the
chamber 44 is in fluid communication with the passageways 41 shown in Fig. 3. The cooler 26 is
shaped and dimensioned for enclosing the fins 38 and the upper face 40 of thedaser3@sforming a
rectangular- shaped case. The cooler 26 has a top face 46 being inwardly opposite of the lower face
42 and a side wall 439Sas shown and indicated in FIG® 1) depended along a portion of an outer

periphery of #he¥o6RY Y620 RIPrETE! LR tharseseRdiASeRYSP00R7 R o stBh &5t 3B 1e 18 mm from
the upper fagedR<f the RsEiRe opbsiRRSe 3RexkbeRaNfEm3thbavidafdrmpned haeliyn3oc of

preferably 15mm to 25mm. A first opening 50 is disposed on the top face 46 of the cooler 26 proximal
to the first eft§ H&ﬁ%ﬁf&% of the base 36. A second opening 52 is disposed on the side wall 48 27
December 2006 6 of the cooler 26 proximal to the second end portion 37b of the base 36. Air is
received into the first openinggySO and expelled from the second opening 52 throh%h the chamber 44.

A fan 54, prétefdbRAaRaEEARY LY RALPRS A5 IEROSER % HRMIEE FAtiveliP i VEY: M can be a

blower-type.fihefaaisedisnerdragibe TR eiacai4sbedde basapper fsiaaeniftentpainsss and the
first opening 50. The fan 54 draws air through the first opening 50 and channels the air through the

passageway  IBF L ARLRH RS #i7 ansBtne st RPEBINGyRd FSHHATha%ine s At o a8 g through

the passagewyngl50ststamiiaibiscarling ineolins Iteipiboginegssil benheaictiaifiig then expelled
through the second o enin%jj 52. A wall 56, also known_ as a g?uid , Is disposed adjacent to the second
opening 52 Aifit d5eCHAYEYES f%'b\fgﬁ I RE JUO i P RARSTBH AHBLR DL ANG RARRIRY ISt air from

the passagewiyadlafif/tieeding 3Bdomardsthe srcprstepenmBeSReatée sinliSthhasrpelled
through the second opening 52.

A wall 56, also known as a guide, is disposed adjacent to the second opening 52 and
the fins 38. The wall 56 disposed within the chamber 44 guides the heated air from
the passageways 41 of the fins 38 towards the second opening 52. The wall 56 has a
plane that is oblique to the plane of the fins 38. The wall 56 facilitates the expulsion
of heated air from the chamber 44 and greatly reduces the heat dissipation capacity of
the cooler 26. Facilitating the movement of heated air out from the cooler 26
improves cooling efficiency of the cooler and conveyance of heat away from the

electronic component 34.

The heat transfer apparatus 20 is preferably mounted onto a plate 58 to minimise

deflection of and consequentially damage to the heat pipes 28 as shown in FIG. 2.

A second embodiment of the invention, a heat transfer apparatus 20a as seen in FIG.
5, comprises of three main elements: a heat carrier (not shown), a radiator 24a and a
cooler 26a. The descriptions in relation to the structural configurations of and
positional relationships among the heat pipes 28, the first heat spreader 30, the base
36, the fins 38 and the fan 54 with reference to FIGS. 1 to 5 are incorporated herein,

in relation to the equivalent components of the heat transfer apparatus 20a of FIG. 5.

The radiator 24a further includes fins 38a protruding from the lower face 42a, the fins

38a being uniformly spaced apart as shown in a front sectional view of the heat



plane that is oblique to the plane of the fins 38. The wall 56 facilitates the expulsion of heated air from
the chamber 44 and greatly reduces the heat dissipation capacity of the cooler 26. Facilitating the
movement of heated air out from the cooler 26 improves cooling efficiency of the cooler and
conveyance of heat away from the electronic component 34. The heat transtemappsadaanes 20 is
preferably mounted onto a plate 58 to minimise deflection of and consequentially damage to the heat
pipes 28 as shown in FIG. 2. A second embodiment 6f the invention, a heat transfer apparatus 20a as

seen in FIG.8NH8mpRREal; iadMElTeremdits: %Pﬂ'@ét%@ariﬁe];%(ﬁr%ﬁw}?ﬁd@ﬂ%@ﬁa%rtb‘?la and a

cooler 26a. ThRfeserRignsiA ¢IrIoN40ishacirpsiate rriiowasiansrb@iithepesitenatifgjationships
among the heat pipes 28, the first heat spreader 30, the base 36, the fins 38 and the fan 54 with
reference to RIGS: Pidhs £HPIRESTorARETE AN, CAP R IAE o PR RIGHVARS (EYMPBBHEHE of the heat

transfer appappsiadasa-dkd the ThRdineiatos 2 afluithpsdadeglesTiescdSrmpel udenaitom the lower

face 42a, the fins 38a being uniformly spaced apart as_shown in a front sectional view of the heat 27
December 288N e Afra fahpat AN 0! P83 Es BeseHERbRdISHTH P AT eRibodiment of the

invention, as shown in FIG. 4, is incorporated in the second embodiment. Referring to FIG. 5, the
cooler 26a encloses and cogls the fins 38a ﬁ_rotrudin from both the upper face 40a and the lower

face 42a of thBeFHDERAANSHS HgHRLL Ddhe AMEIES I haheaeh SinS83 11 en9tP f£rSba as

described infine3§ssdreniRodiim@riod be wimedision24a igigtiefcieritetthirkmrsseapOingaehsiin 38a, the
length 39b of each fin 38a ﬁg}d the width 39d of the radiator 24a with reference to_the first embodiment

is incorporalBEPIRAFLECELHE SA%8HIFTBRPITENL Y dr NEVEE NIRRT RARGH: 91 898 A48E 36a and

the fins 38a pagdraeingh e finthetepuppatifRcr sHaahdibe ipaefircsdariahthebastagba is

referably 15mm fo 25mm, .
P 4 42a 0 the%ase 36a is preferably 15mm to 25mm.

Instead of coupling the heat pipes 28a to a second heat spreader 32a as in the first

embodiment, the heat pipes 28a are received into the base 36a of the radiator 24a.

A third embodiment of the invention, a heat transfer apparatus 20c as seen in FIG. 6,
comprises of three main elements: a heat carrier (not shown), a radiator (not shown)
and a cooler 26/26a. The descriptions in relation to the structural configurations of
and positional relationships among the heat pipes 28/28a, the first heat spreader 30,
the second heat spreader 32, the base 36, the fins 38 and the fan 54 with reference to
FIGS. 1 to 5 are incorporated herein.

FIG. 6, shows a top view of the heat transfer apparatus 20c further including a
plurality of heat carriers sharing a common first heat spreader. Each heat carrier has a
pair of heat pipes 28/28a and a second heat spreader. Each second heat spreader of
the heat transfer apparatus 20c is coupled to an independent radiator coupled to an

independent cooler 26/26a.

In the foregoing manner, a heat transfer apparatus is described according to three
embodiments of the invention for addressing the foregoing disadvantages of
conventional heat transfer apparatus. Although only three embodiments of the

invention are disclosed, it will be apparent to one skilled in the art in view of this



Instead of coupling the heat pipes 28a to a second heat spreader 32a as in the first embodiment, the
heat pipes 28a are received into the base 36a of the radiator 24a. A third embodiment of the invention,
a heat transfer apparatus 20c as seen in FIG. 6, comprises of three main elements: a heat carrier (not
shown), a radiator (not shown) and a cooler 26/26a. The descriptions in relatiopetante®auctural
configurations of and positional relationships among the heat pipes 28/28a, the first heat spreader 30,
the second heat spreader 32, the base 36, the fins 38 and the fan 54 with reference to FIGS. 1to5

are incorportetl rEreiMaE RMET W IERPES AU BIAME PRl CaRche raSarAIRU leRaHNgr including a
plurality of hgaheaisiesshaiingricommonfistihigat spreader. Each heat carrier has a pair of heat
pipes 28/28a and a second heat spreader. Each second heat spreader of the heat transfer apparatus
20c is coupled to an independent radiator coupled to an independent cooler 26/26a. In the foregoing
manner, a heat transfer apparatus is described according to three embodiments of the invention for
addressing the foregoing disadvantages of conventional heat transfer apparatus. Although only three
embodiments of the invention are disclosed, it will be apparent to one skilled in the art in view of this
27 December 2006 8 disclosure that numerous changes and/or modification can be made without
departing from the scope and spirit of the invention. 27 December 2006 9 Claims 1. A heat transfer
apparatus for exhausting heat of an electronic component, the heat transfer apparatus comprising: a
heat carrier for receiving heat generated by the electronic component,



the heat carrier being thermally coupled to the electronic component; a radiator for receiving heat
conveyed by the heat carrier and for emanating heat into air, the radiator being thermally coupled to
the heat carrier, and the radiator comprising at least one of a plurality of fins extending from an upper
face of a base; and a cooler comprising: a chamber in fluid communication wittothensadacor for
providing the passage of air therethrough, the radiator being received in the chamber, a guide
disposed adjacent to a first opening formed in fluid cdmmunication with the chamber, wherein heat
received in thédHfator is dissipated by airflow through the chamber, and the radiator being shaped

for generating a subsiaatiatinsséraippaatiitoniRRrABLING- Ral b Hedkbibisietanpanaistrs in claim 1,

the base being cou)gled to the heat carrier and for providing heat received from the heat carrier to the

plurality of fins. 3. TF HAATELANBRUSRIRRISHin claim 2, wherein each fin is rectangularly-
shaped, planar and having adkiekRessivifeiRRirNEROEMEME 19 ARrmstaRc MergeRantace of the

base and a lower face of the base being outwardly facing and generally parallel. 4. The heat transfer

apparatus as in claiftf Seairarafy Baing fgHrally saurhdifthe IRt A HCIRMRItin gap being the
distance between each pajr elipdircestt fdosivang Haet fitogag andintieickaessahaingha miio between

the range of two (Zgntlgr{gt?rrlg(dft%éazt?ilr?tgcgmbﬁlrezroa%?at%ro being thermally coupled to the heat
carrier, and the radiator comprising at least one of a plurality of fins extending
from an upper face of a base; and
a cooler comprising:

a chamber in fluid communication with the radiator for
providing the passage of air therethrough, the radiator being received
in the chamber,

a guide disposed adjacent to a first opening formed in fluid
communication with the chamber,
wherein heat received in the radiator is dissipated by airflow through

the chamber, and the radiator being shaped for generating a substantially

straight airflow therealong.

2. The heat transfer apparatus as in claim 1, the base being coupled to the heat
carrier and for providing heat received from the heat carrier to the plurality of

fins.

3. The heat transfer apparatus as in claim 2, wherein each fin is rectangularly-
shaped, planar and having a thickness within a range of 0.3mm to 0.9mm, and
the upper face of the base and a lower face of the base being outwardly facing

and generally parallel.

4. The heat transfer apparatus as in claim 3, wherein each adjacent pair of fins
having a fin gap, the fin gap being the distance between each pair of adjacent
fins, and the fin gap and fin thickness having a ratio between the range of two
(2) to four (4).



5. The heat transfer apparatus as in claim 4, wherein the fin has a length within a range of 30mm to
60mm, the length of the fin being generally parallel to the longitudinal axis of the base. 6. The heat
transfer apparatus as in claim 4, wherein the combined height of the fins and the base is within a
range of 15mm to 25mm, the combined height of the fins and the base beingrgeretatyogerpendicular
to the longitudinal axis of the base. 7. The heat transfer apparatus as in claim 4, wherein a distance
between the two furthermost fins is within a range ot%5mm to 55mm, 8. The heat transfer apparatus

as in claim 2-wherdife B8RSR ARPAaFTAP 37 SlALTdMECEIRe SIS deRAlEVERB Bf the base,

the fins extending frangetbe 3mper iaeomRiINthIsAE! aneheLrivakihy QRReRIIR Haaadine edending
from the lower face, 9. The heat transfer apparatus as in claim 2, the cooler comprising an air mover

for generating air chIHHEN MR 8RHRPISIr of fins. 10. The heat transfer apparatus as in claim 9,
the cooler further comprising: a second opening and the chamber extending from the first opening to
the second opening. 11. The heat transfer apparatus as in claim 10, the cooler further comprising: a

guide for dir8cting thEefIRALIF AP ROARABUIAT B F IR theVieIFBURaiReRAINGE Baie L fover is

disposed adjacent finthgngaendsenewinditheraaiddpveniar i0tpaeehaingatombTitdeingthg cooler into
the chamber. 12. The heat transfer apparatus as in claim 10, the guide for directing the flow of air

received into the cHAMPE} AU NERASR AR R EINORYRERIS DL K langBtsenal axis of

the base.

7. The heat transfer apparatus as in claim 4, wherein a distance between the two

furthermost fins is within a range of 45mm to 55mm.

8. The heat transfer apparatus as in claim 4, wherein a portion of the plurality of
fins further extends from the lower face of the base, the fins extending from
the upper face being parallel and outwardly opposite of the fins extending

from the lower face.

9. The heat transfer apparatus as in claim 2, the cooler comprising an air mover

for generating air circulation between any pair of fins.

10.  The heat transfer apparatus as in claim 9, the cooler further comprising:
a second opening and the chamber extending from the first opening to

the second opening.

11.  The heat transfer apparatus as in claim 10, the cooler further comprising:
a guide for directing the flow of air from the chamber into the
surroundings,
wherein the air mover is disposed adjacent to the second opening, the

air mover for introducing air surrounding the cooler into the chamber.

12.  The heat transfer apparatus as in claim 10,
the guide for directing the flow of air received into the chamber from
the surrounding atmosphere,



11 wherein the air mover is disposed proximal to the second opening, the air mover for extracting air
from the chamber into the surrounding atmosphere. 13. The heat transfer apparatus as in claim 1, the
heat carrier comprising an array of one or more heat pipes, each heat pipe for homogeneously
distributing throughout the heat pipe heat concentrated at any portion of the f1eatepipe200él. The heat
transfer apparatus as in claim 13, the heat carrier further comprising a pair of heat spreaders
constituting two ends of the array of heat pipes. 15. the neat transfer apparatus as in claim 14,

wherein at least one heat YHEaHENE LESTRYER BoUbROFHANERBIAL B SRe SHRANIAREIHIGr. 1S, The heat

transfer apparatus g ihfdaém ¥4 hekriingacirheasrmpigadenimiséianae afk sizadod@ichgstantial
contact with one of cooler or electronic component. 17. A method for heat transfer and dissipation

comprising the stepdBPSPBEving heat generated by an electronic component into a heat carrier, the
heat carrier being thermally coupled to the electronic component; receiving heat conveyed by the heat
carrier into a radiator, the radiator being thermally coupled to the heat carrier, and the radiator

comprising atieast ORI A BNTEI ARG RrdhalA bl e heah Ser 18t EoT I8 RY2 L A ating heat

from the radiator intF ajfieasid EieRE M GHRIEIOwathr olegh i s donbeseg eissiRayingistepitiageived by
the radiator, the radijator being disposed within the chamber and the chamber being in fluid

communication it YOYIRHLIOR 1534 RIRS PEEABPISOH Y ha ALY ROFIRHY thfRea Qifstantially straight
airflow therealong; and disposing a guide adjacent to a first opening formed in fluid communication

with the chamber. . . . .
14, The heat transfer apparatus as in claim 13, the heat carrier further comprising a

pair of heat spreaders constituting two ends of the array of heat pipes.

15.  The heat transfer apparatus as in claim 14, wherein at least one heat spreader

is coupled to one of electronic component or cooler.

16.  The heat transfer apparatus as in claim 14, wherein each heat spreader is
shaped and sized for substantial contact with one of cooler or electronic

component.

17. A method for heat transfer and dissipation comprising the steps of:

receiving heat generated by an electronic component into a heat
carrier, the heat carrier being thermally coupled to the electronic component;

receiving heat conveyed by the heat carrier into a radiator, the radiator
being thermally coupled to the heat carrier, and the radiator comprising at least
one of a plurality of fins extending from an upper face of a base;

emanating heat from the radiator into air; and

generating airflow through a chamber for dissipating heat received by
the radiator, the radiator being disposed within the chamber and the chamber
being in fluid communication with the radiator, and the radiator being shaped
for generating a substantially straight airflow therealong; and

disposing a guide adjacent to a first opening formed in fluid

communication with the chamber.



27 December 2006 12 18. The method for heat transfer and dissipation as in claim 17, the base being
coupled to the heat carrier and for providing heat received from the heat carrier to the plurality of fins.
19. The method for heat transfer and dissipation as in claim 18, wherein each fin is
rectangularly-shaped, planar and having a thickness within a range of 0.3mnv @@®megsand the
upper face of the base and a lower face of the base being outwardly facing. 20. The method for heat
transfer and dissipation as in claim 19, wherein eacHZadjacent pair of fins having a fin gap, the fin gap

being the distince BERVBEHICEAEHN Bait SransfaEaReriSSIRATAM&TiMNgElpiEh 4 FifhfiERM881R9ving a ratio
between the range @fued(2d tthEoHedd katdier” BRITRINBELIRAIRG R dERNSIRN i FHépRiRRGIRAS in claim

20, wherein the fin has a length within a range of 30mm to 60mm, the length of the fin being generally
parallel to the longifGHitfaitatié BIURINEEBS . The heat transfer apparatus as in claim 20, wherein the
combined height of the fins and the base is within a range of 15mm to 25mm, the combined height of
the fins and the base being generally perpendicular to the longitudinal axis of the base. 23. The

method for hEht trah SfeMaRP it heabHansTer ARindisyPalinsramin Chmnte WRsIeEL AR o

furthermost fins is Withit@igueryeEKEpsIN ahamand2having Reatitiarstenagiparatyangs igfclaim 20,
wherein a portion of thegluralit of fins further extends from the lower face of the base, the fins

extending from the’uPP&t ROTBETh UL AR MPRSH 136a. M G RAs5 At ONEr RS AMRINATE from the

lower face. 27 Decggihgodf@dly facing.

20.  The method for heat transfer and dissipation as in claim 19, wherein each
adjacent pair of fins having a fin gap, the fin gap being the distance between
each pair of adjacent fins, and the fin gap and fin thickness having a ratio

between the range of two (2) to four (4).

21. The method for heat transfer and dissipation as in claim 20, wherein the fin
has a length within a range of 30mm to 60mm, the length of the fin being

generally parallel to the longitudinal axis of the base.

22.  The heat transfer apparatus as in claim 20, wherein the combined height of the
fins and the base is within a range of 15mm to 25mm, the combined height of
the fins and the base being generally perpendicular to the longitudinal axis of

the base.

23. The method for heat transfer and dissipation as in claim 20, wherein a distance

between the two furthermost fins is within a range of 45mm to 55mm.

24.  The heat transfer apparatus as in claim 20, wherein a portion of the plurality of
fins further extends from the lower face of the base, the fins extending from
the upper face being parallel and outwardly opposite of the fins extending

from the lower face.



13 25. The method for heat transfer and dissipation as in claim 18, further including the step of
generating air circulation between any pair of fins by an air mover, the air mover being coupled to the
cooler. 26. The method for heat transfer and dissipation as in claim 25, wherein the base includes a
second opening and the chamber extending from the first opening to the secomecaperdiong. 27. The
method for heat transfer and dissipation as in claim 26, further comprising the step of: directing the
flow of air from the chamber into the surroundings udtg a guide, wherein the air mover is disposed

ISMg ¢
proximal to the sechl BISEMAJOrHSah I aRstREARS StrRAARGSIP FAMHS sTHitbER iRl Sdosphere
into the channel. 2¢he Idiéh HEHeAE ING A tirnsieioandlissiPaiPPaasIn iRy 28, it heregomprising

the step of: directing the flow of air received into the chamber from the surroundings using a guide,
wherein the air moVB? RIdRPEERS196;SNEH ABERAVAY opening, the air mover for extracting air
from the chamber into the surrounding atmosphere. 29. The method for heat transfer and dissipation
as in claim 17, wherein the heat carrier includes an array of one or more heat pipes, each heat pipe

for homogeRBously BisTEHIAAJ IR RsaL HAN ARG SissiatintAcBhe iR ARdVeRER 1DBHIBTS of the heat

pipe. 30. The methastfoddienddians Bieant dissipatitarabaneZBnaiter eionthRdeat eperaig ferther
includes a pair of heat spreaders constituting two ends of the array of
the second opening.

27.  The method for heat transfer and dissipation as in claim 26, further comprising
the step of:
directing the flow of air from the chamber into the surroundings using
a guide,
wherein the air mover is disposed proximal to the second opening, the
air mover for introducing air from the surrounding atmosphere into the

channel.

28.  The method for heat transfer and dissipation as in claim 26, further comprising
the step of:
directing the flow of air received into the chamber from the
surroundings using a guide,
wherein the air mover is disposed adjacent to the second opening, the
air mover for extracting air from the chamber into the surrounding

atmosphere.

29.  The method for heat transfer and dissipation as in claim 17, wherein the heat
carrier includes an array of one or more heat pipes, each heat pipe for
homogeneously distributing throughout the heat pipe heat concentrated at any

portion of the heat pipe.

30.  The method for heat transfer and dissipation as in 29, wherein the heat carrier
further includes a pair of heat spreaders constituting two ends of the array of

heat pipes.



heat pipes. 27 December 2006 14 31. The method for heat transfer and dissipation as in claim 30,
wherein at least one heat spreader is coupled to one of electronic component or cooler. 32. The
method for heat transfer and dissipation as in claim 30, wherein each heat spreader is shaped and
sized for substantial contact with one of cooler or electronic component. 33. Z hreaitkrenefer apparatus
for exhausting heat of an electronic component, the heat transfer apparatus comprising: a heat carrier
for receiving heat generated by the electronic compéﬁ‘ent, the heat carrier being thermally coupled to

the electroniecompOHeRERIA IR HETH Sl ARHEStIPBHORAS I b e MOat¥ied? 8hl38F emanating
heat into air, the ragipipeReipgiberipatysiedrieshiodha daahicasiaponnst bieckaator comprising at

least one of a plurality of fins extending from an upper face and a lower face of a base; and a cooler
comprising: a chamber in fluid communication with the radiator for providing the passage of air

therethroughgzhe ragiaipeteinsoresrivegnifeind ¢ arpaiion BSIRIDIAIRRBICORIMRINR DR Hagiator is
dissipated by airflow through the chamber, and the radiator being shaped for generating a

substantially straigFR"8MRIWS RS RF 935128t dM D ERLAL  COMALIUNL SRS QRIS Ple base

being coupled to theldgrinieasiapamshfor providing heat received from the heat carrier to the plurality
of fins, wherein each fin is rectangularly-shaped, planar and having a thickness

33. A heat transfer apparatus for exhausting heat of an electronic component, the
heat transfer apparatus comprising:

a heat carrier for receiving heat generated by the electronic component,
the heat carrier being thermally coupled to the electronic component;

a radiator for receiving heat conveyed by the heat carrier and for
emanating heat into air, the radiator being thermally coupled to the heat
carrier, and the radiator comprising at least one of a plurality of fins extending
from an upper face and a lower face of a base; and

a cooler comprising:

a chamber in fluid communication with the radiator for
providing the passage of air therethrough, the radiator being received
in the chamber,
wherein heat received in the radiator is dissipated by airflow through

the chamber, and the radiator being shaped for generating a substantially

straight airflow therealong.

34.  The heat transfer apparatus as in claim 33, the base being coupled to the heat
carrier and for providing heat received from the heat carrier to the plurality of
fins,

wherein each fin is rectangularly-shaped, planar and having a thickness
within a range of 0.3mm to 0.9mm, and the upper face of the base and a lower

face of the base being outwardly facing and generally parallel.

35.  The heat transfer apparatus as in claim 34, wherein each adjacent pair of fins
having a fin gap, the fin gap being the distance between each pair of adjacent
fins, the fin gap and fin thickness having a ratio between the range of two (2)



within a range of 0.3mm to 0.9mm, and the upper face of the base and a lower face of the base being
outwardly facing and generally parallel. 35. The heat transfer apparatus as in claim 34, wherein each
adjacent pair of fins having a fin gap, the fin gap being the distance between each pair of adjacent
fins, the fin gap and fin thickness having a ratio between the range of two (2)22B2eoember 2006 15 to
four (4), and each fin has a length within a range of 30mm to 60mm, the length of the fin being
generally parallel to the Io?%itudinal axis,of the basel®36, The heat transfer apparatus as in claim 33,

the cooler further cErgHEIKY: 875h526% d5ehRfSds 18RI IENA AP ey i Eh PBRE o fRing to the
other opening; and jarigidtsy taE iRasting derchany phrinéiapHeamasiAlqstbetRUsERENdINgS,

wherein the guide is disposed adjacent to one opening and an air mover is disposed adjacent to the
other opening, the air mover for introducing air surrounding the cooler into the chamber. 37. The heat

transfer appggatus apdmeiaimarstetapRealey fTHhaare PPHRINEE AP A SlPRemiREsRRd the chamber
extending from one opening to the other opening; and a guide for directing the flow of air received into

the chamber from the surPdRbRTPRERBEHRBANR ABRBIREHRRAE 9 HEh 8L QRENLSE: P one

opening and an air g@reipdaidigresed proximal to the other opening, the air mover for extracting air

from the chamber into the surrounding atmosphere. A HEAT TRANSFER APPARATUS
a guide for <directing the flow of air from the chamber into the

surroundings,
wherein the guide is disposed adjacent to one opening and an air mover
is disposed adjacent to the other opening, the air mover for introducing air

surrounding the cooler into the chamber.

37.  The heat transfer apparatus as in claim 33, the cooler further comprising:
a pair of openings and the chamber extending from one opening to the
other opening; and
a guide for directing the flow of air received into the chamber from the
surrounding atmosphere,
wherein the guide is disposed adjacent to one opening and an air mover
is disposed proximal to the other opening, the air mover for extracting air from

the chamber into the surrounding atmosphere.



Abstract The invention relates to heat transfer apparatus for cooling electronic components. There is
a continuously increasing demand for compact electronic systems such as portable laptop computers
and thirst for high processing power, leading to high heat generated by components residing within
these systems. These electronic systems have to be cooled due to their fixezy operatirrgotemperature
ranges. Operating an electronic component beyond its rated operating temperature range will damage
electronic components. Instead of conventionally utiﬂr@ing a bigger fan, a smaller sized solution is
required for cooling an electronic component contained in a compact electronic system, for example a

notebook computer. A heat transfey geparatysasitdessppeat par(ir for conveying heat away from
the electronic system into a radiator for dissipation. The radiator is placed into a cooler for directing air

through the radiator and expelling heated air, cooling the radiator in the process. Figure 1
Abstract

The invention relates to heat transfer apparatus for cooling electronic components.
There is a continuously increasing demand for compact electronic systems such as
portable laptop computers and thirst for high processing power, leading to high heat
generated by components residing within these systems. These electronic systems
have to be cooled due to their fixed operating temperature ranges. Operating an
electronic component beyond its rated operating temperature range will damage
electronic components. Instead of conventionally utilising a bigger fan, a smaller
sized solution is required for cooling an electronic component contained in a compact
electronic system, for example a notebook computer. A heat transfer apparatus
includes a heat carrier for conveying heat away from the electronic system into a
radiator for dissipation. The radiator is placed into a cooler for directing air through

the radiator and expelling heated air, cooling the radiator in the process.

Figure 1
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