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CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority to U.S. Application Serial No. 12/716,888, filed
March 3, 2010, which is a Continuation-In-Part of U.S. Application Serial No. 12/488,818,

filed June 22, 2009, the entire disclosures of which are incorporated herein by reference.
BACKGROUND

[0002] The present disclosure relates generally to the field of passive cooling and more
particularly to passive cooling of electronics devices.

[0003] Legacy electronics device cooling technologies typically use a forced air cooling
method to remove heat from the electronics device. More recently, advanced cooling
methods, such as water cooling and phase cooling systems, have been explored. However,
there are many issues, for example with installation and maintenance that arise from the use
of these systems in electronics devices.

[0004] The majority of existing systems depend on a forced air cooling method, i.e. fans.
In existing systems, fans are used to cool processors and other internal components. Fans
suffer from multiple deficiencies. For example, fans require significant physical space, are
noisy because of high RPMs, require a significant ventilation space, produce heat as they are
working to reduce heat, and consume vast amounts of power to operate. Additionally, the
manufacturing process by which the majority of fans are made in some instances may use
harmful industrial chemicals that could be reactivated as the temperature of a fan’s blades
increases thereby releasing these chemicals into exposed environments. Thus, there are high
costs as well as potential health and environmental issues associated with operating fan-based
systems. Often, data centers are designed for more wattage then necessary in order to
account for necessary, but inefficient cooling systems. In addition, fan-based systems are

prone to failure due to accumulation of dust, motor malfunction or burn-out thereby
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[0008] Thus, improved cooling systems and techniques are needed.

SUMMARY

[0009] A representative embodiment relates to an apparatus for passively cooling
electronics. The apparatus for passively cooling electronics includes at least one heat sink
configured to be thermally coupled to at least one cabinet. When the at least one cabinet is
thermally coupled to the at least one heat sink, the at least one heat sink draws heat from the
at least one cabinet.

[0010] Another representative embodiment relates to a method for passively cooling

electronics. The method includes drawing heat from an electronic component through a
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[ 0008] Thus, inproved cooling systens and techni ques are needed. SUMVARY

[ 0009] A representative enbodinent relates to an apparatus for passively
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i ncludes at | east one heat sink configured to be thermally coupled to at
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cradle to at | east one heat p eat can drawn fromthe at | east
one heat pipe to at | east one heat sink through a bridge plate. The heat
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perspective view of a passive cooling systemin accordance with a

repr ese[%ﬁt]i Viic® rf‘%) g ip&%}?éCﬁVG view of a passive cooling system in accordance with a
representative embodiment.
[0012] FIG. 2 is an exploded view of the passive cooling system of FIG. 1 in accordance
with a representative embodiment.
[0013] FIG. 3 is a top view of the passive cooling system of FIG. 2 in accordance with a
representative embodiment.
[0014] FIG. 4 is a perspective view of the device module of FIG. 2 in accordance with a
representative embodiment.
[0015] FIG. SA-5F are diagrams of representative heat pipe topologies in accordance with a
representative embodiment.
[0016] FIG. 6 is an exploded view of the heat pipe assembly of FIG. 2 in accordance with a
representative embodiment.
[0017] FIG. 7 is a diagram of the bridge plate of FIG. 6 in accordance with a representative
embodiment.
[0018] FIG. 8 is a perspective view of the processor heat pipe assembly of FIG. 2 in
accordance with a representative embodiment.
[0019] FIG. 9 is a perspective view of a passive cooling enclosure system in accordance
with a representative embodiment.
[0020] FIG. 10 is a front view of the passive cooling enclosure system of FIG. 9 in
accordance with a representative embodiment.
[0021] FIG. 11 is a top view of the passive cooling enclosure system of FIG. 9 in
accordance with a representative embodiment.
[0022] FIG. 12 is a side view of the passive cooling enclosure system of FIG. 9 in
accordance with a representative embodiment.
[0023] FIG. 13 is a top view of the inside of a cabinet of FIG. 9 in accordance with a

representative embodiment.



100121 FIG 2 is an exploded view of the passive cooling systemof FIG1 in
accordance with a representative enbodinent. [0013] FIG 3 is a top view of
t he passiw®200dl0f33g systemof FIG 2 in accordance w t hPET/USpIe®sMiIAt i ve
enbodi ment. 100141 FIG 4 is a perspective view of the device nodul e of
FIG 2 in accordance with a representative enbodi nent. [0015] FIG 5A-5F
are diagrans of representative heat pipe topologies in accordance with a
representative enbodi nent. 100161 FIG 6 is_an expl oded view of the heat
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[0026] FIG. 16 is a front view of a passive cooling enclosure system configuration of FIG.
15 in accordance with a representative embodiment.

[0027] FIG. 17 is a top view of a server room in accordance with a representative
embodiment.

[0028] FIG. 18 is a side view of the server room of FIG. 17 in accordance with a
representative embodiment.

[0029] FIG. 19 is a top view of a server room with various alternate configurations in
accordance with a representative embodiment.

[0030] FIG. 20 is a perspective view of a passive cooling enclosure system in accordance
with a representative embodiment.

[0031] FIG. 21 is a front perspective view of a passive cooling enclosure system of FIG. 20
in accordance with a representative embodiment.

[0032] FIG. 22 is a top view of a thermal joint in accordance with a representative
embodiment.

[0033] FIG. 23 is a side view of a thermal joint of FIG. 22 in accordance with a
representative embodiment.

[0034] FIG. 24 is a top view of a protected heat pipe in accordance with a representative
embodiment.

[0035] FIG. 25 is a top view of a portion of a passive cooling system in accordance with a
representative embodiment.

[0036] FIG. 26 is a top view of power supply unit in accordance with a representative

embodiment.
DETAILED DESCRIPTION

[0037] A passive cooling enclosure system and method for electronics devices are
described. In the following description, for purposes of explanation, numerous specific

details are set forth to provide a thorough understanding of representative embodiments of the
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100201 FIG 10 is a front view of the passive cooling enclosure system of
FIG 9 in accordance with a representative enbodi nent. [0021] FIG 11 is a
top vi ew WD 20h1#00pB8si ve cool i ng encl osure system of FI GpC3/uspolams@nglance
with a representative enbodi nent. 100221 FIG 12 is a side view of the
passi ve cooling enclosure systemof FIG 9 in accordance with a
representative enbodi nent. [0023] FIG 13 Is atop view of the inside of a
cabinet, of FIG 9 in accordance with a resentative enbodi nent. WO
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[0038] Referring to FIG. 1, a perspective view of a passive cooling system 100 in
accordance with a representative embodiment is shown. In an embodiment, the passive
cooling system 100 is configured as a rack-mount chassis. The passive cooling system 100
includes a front panel 110, a drive bay 120, a cover 130, heat sinks 140, filler strip 150, and a
media drive 160. The front panel 110 includes holes 113 for mounting the passive cooling
system 100 to a rack (not shown). The rack can be a 19 inch rack, a 23 inch rack, a half rack,
or any other size or depth rack. Likewise, non-rack configurations are possible.
Additionally, the holes 113 can include quick connects, rails, or other fasteners. The front
panel 110 also includes handles 115 for moving the passive cooling system 100 and a latch
111 for securing bay doors 125 that cover the drive bay 120. The media drive 160 can be, for
example, a compact disc (CD) burner or a tape drive.
[0039] The passive cooling system 100 can be any height or depth. In particular, the drive
bay 120 can be a 1 unit, 2 unit, 4 unit, 8 unit, or 16 unit bay. The bays can be configured in
various configurations such as horizontal or vertical. Additionally, the passive cooling
system 100 can include other input devices such as removable media drives, keyboards,
displays, mice, or joysticks. Alternatively, the passive cooling system 100 can be a
programmable logic controller chassis, a blade chassis, a VMEDbus-type enclosure, a PCl-type
enclosure, a CompactPCl-type enclosure, a server, or any other electronic device with
modular bays and/or sub-bays. The passive cooling system 100 can also be a desktop
computer, a tower computer, an all-in-one system where the display is integrated, an
appliance, or a mobile platform such as a laptop.
[0040] Referring to FIG. 2, an exploded view of the passive cooling system 100 of FIG. 1
in accordance with a representative embodiment is shown. The passive cooling system 100
includes a front panel 110, a cover 130, heat sinks 140, filler strip 150, and a media drive
160. The front panel 110 includes handles 115 and a latch 111 for securing bay doors 125
that cover the drive bay. The passive cooling system 100 also includes a heat pipe assembly

210, a device module 220, a processor heat pipe assembly 230, a motherboard 260, a



100261 FIG 16 is a front view of a passive cooling enclosure system
configuration of FIG 15 in accordance with a representative enbodi nent.
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embodi MBBferably, the electronic component is a hot-swappable non-volatile storage device such as a
hard drive. Alternatively, the electronic component can be any electronic device; for
example, a 3.5 hard drive, a 2.5 hard drive, a 5.25” drive, an optical drive, a tape drive,
solid state drive, a card reader, a memory bank, a magnetic memory bank, a communications
module, a daughterboard, a sensor module, or an input/output module. The electronic
component is thermally coupled to the cradle assembly. The cradle assembly draws heat
away from the electronic component. The passive cooling system 100 can include a plurality
of device modules. The cradle assembly can also include a clamping or securing mechanism
as described in more detail below.
[0042] The device module 220 is removably mounted on the heat pipe assembly 210 via the
cradle assembly. The device module 220 is thermally coupled to the heat pipe assembly 210.
The heat pipe assembly 210 is thermally coupled to the heat sinks 140 and filler strip 150.
The heat pipe assembly 210 draws heat from the device module 220. The heat sinks 140
draw heat from the heat pipe assembly 210. Each of the thermal couplings where two
separate pieces meet can include a thermal compound to enhance the thermal characteristics
of the junction. Alternatively, the heat pipe assembly 210, heat sinks 140 and filler strip 150
can be one piece that is thermally continuous. The heat pipe assembly 210 can also include
electrical connections for the electronic component. The heat pipe assembly 210 is described
in more detail below.
[0043] The electronic component of device module 220 is electrically connected to the
motherboard 260. The motherboard 260 can also include daughterboard 250 which can be,
for example, a video card, an Ethernet card, a processor card, or any other computer card.
The motherboard 260 controls the device module 220 and daughterboard 250. The
motherboard 260 can be powered through the rack to which the passive cooling system 100 is
mounted. The motherboard 260 includes one or more processors which are thermally
coupled to the heat sinks 140 by processor heat pipe assembly 230. Alternatively, other
devices of the motherboard 260 and daughterboard 250, for example, a power supply, can
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100341 FIG 24 is a top view of a protected heat pipe in accordance with a
representative enbodinent. [0035] FIG 25 is atop view of a portion of a
passi ve cOl20nigos343t em i n accordance with a represent at PCE/USaHOMBITENT .
100361 FIG 26 is a top view of power supply unit in accordance with a
representative enbodi nent. DETAI LED DESCRI PTI ON [ 0037] A passive cooling
encl osure system and rret hod for electronics devices are described. In the
fol |l ow ng description, for purposes of explanation, numerous specific
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embodi NPP44- Referring to FIG. 3, a top view of the passive cooling system 100 of FIG. 2 in
accordance with a representative embodiment is shown. The block arrows depict the main
thermal paths through which heat can travel. The passive cooling system 100 includes a front
panel 110, heat sinks 140, filler strips 150, a heat pipe assembly 210, device modules 220, a
processor heat pipe assembly 230, a motherboard 260, a memory module 310, and a power
supply heat pipe assembly 320.
[0045] As device modules 220 generate heat, heat pipe assembly 210 draws heat away from
the drive modules 220. The filler strips 150 draw heat away from the heat pipe assembly
210. Finally, the heat sinks 140 draw heat away from the filler strips 150 and dissipate the
heat into the ambient atmosphere. Thus, the heat sinks 140, filler strips 150, heat pipe
assembly 210, and device modules 220 form an open-loop cooling system.
[0046] As a processor (not shown) of the motherboard 260 generates heat, processor heat
pipe assembly 230 draws heat away from the processor. The heat sinks 140 draw heat away
from the processor heat pipe assembly 230. Likewise, as a power supply (not shown) of the
motherboard 260 generates heat, power supply heat pipe assembly 320 draws heat away from
the processor. The heat sinks 140 draw heat away from the power supply heat pipe assembly
320. In some cases, components do not need additional cooling. For example, memory
module 310 can be cooled by the ambient atmosphere. Advantageously, the passive cooling
system 100 provides effective cooling to the device module 220, processor and power supply
without the use of a fan or liquid cooling system.
[0047] Referring to FIG. 4, a perspective view of the device module 220 of FIG. 2 in
accordance with a representative embodiment is shown. The device module 220 includes a
cradle assembly 410 and an electronic component 420. The electronic component 420 is
fastened to the cradle assembly 410. The electronic component 420 can be a non-volatile
storage device, such as a hard disc drive, as described above. The cradle assembly 410 can
be both a thermal sink and a docking mechanism for the electronic component 420. The

cradle assembly 410 can be made of metal, or any thermally conductive material. Preferably,
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al so bdq00sr ndfbyingao pl@d, tanekbledbréwbws:fmlkeshéhdﬁipe,ésbmﬁﬂﬁgﬁbmfsﬁlﬁ 2tile

passive co I|n 7 stem 100.. rOV|d s eff ctiv olin &@f gﬁ%lce nodul e
220 and‘cﬁ‘?g FE2 Fprospila P8 inB - Houfeat Wl asemby S0 aogrs
l'iquid a%?ﬁig'e'f;%té%% %macﬁﬁﬁn@’pﬁﬂt@&Elréﬁﬁb&%@@bél@i62%)0'@!1& h@a‘%% pePBYEI TRY costly

mai nt enance. 100441 Referring t 3, atop view of € passive coollng
syst emhe@0pipés ¢30Gre Louphedatody bllaqtgm)lw oho ehromhtés bmleplameP@Bﬁ@m wbat is

can-tr dike PHCOEREPUReLBh ﬁ%gﬁhe IR 166 nerBah g PP 10" hear

si nks IfPlied fol th€Epast bethseed 2, brﬁi§ gﬁite P1(Pedaas embt $rigsl 050. devi ce nodul es 220,
a processor heat pi pe assenbl 3 a not her board 260, a nennr% nodul e 310,

and a J80RY slhspidenedate él(b@anal@s@%a §h6312@l siplomes] dowk feedevies ¢ 830.220

gener at f h e
Todul o 1530 AT PRt RED o5 ) RSP MG Lo IRt pRTALTy ShC
asserrblmpl?ehﬁbntdﬁonaltheybndgeqﬂhte@tlo$smk@e dfah dﬂlﬁtﬁlﬂuhﬁﬁtcoppﬁ)all‘oyoﬁhé bedgd | | er
strips 150 and dj ssipate the heat |nto t he anbi ent at nosphere. Thu,s, t he

heat sitiks 610gan bg mpgiined, pashostarmppd gf extrudsidn dlcas sprpasiers omde eagderding e
modul esth‘fzﬁﬁ‘% eoﬂl%%“oogggghg%gpl%%b“Igcléd’eafa%@?lesld%‘%g@ﬂol&sfo th{t% $3p. (not

shown) o nmot herb gener ates heat ssor pe assenbly
230 dr aAscrhaatelyaweyheht pim:s &) qandaeef&ﬁemed td e Hmige phitaéd) nﬂﬁrem@mmw away

fromt r.ocessor  heat 230.. Li kew se, supply (not
shown) ToTCHRG 0T BRURAFA S8808 BRERALceB LAt Apiren SaBB YRRt o
assenblpy ﬁ&ptoqh@mc%@t%ve@ﬁ\%é Hrfd%@“pla!f'%m ALBES Qat pIRE cheat sinks 140 draw
heat away fromthe power supply heat pipe assenbly 320. In sone cases,

conpondA®S3]dolratevivsenodud22( didas ovwelpanefl hE@irplleﬁ)Szﬁﬁﬁl dhe hreatpripesmBbatee 310

o D (SRS et st By BRSO el PR e b DO BAST 15,

processht FEipsh (3OVRA radpeFtom Wstinenss ot Nes H}S&aﬁfeteﬁdép%ﬁd@g ohithlihlicon. ng
system 100471 Referring to FIG 4, a perspective view of the device nodul e

220 of Hecheatpipep @3@@@@ apresd v (it whee pdevienmedileds Bwpeierbahcatpingh6dA. The
devi ce ﬁﬂgé(gseﬁ%ﬁ eitﬂ s&‘ &5 e §EAN rﬁoc’ﬁﬁ% %ﬁ%ﬁﬁﬁé&@?g?ﬁgh@a p g?%%é o &

conpone roni c comnmponen ene e cradle
assenbl ayraﬁg&i 1n-Rhﬁoﬂﬂ mffgomlon@mme dtvidZBodan shch & onahe wPl antditoerosit or age
devi ce, ch as a hard disc drive, as described above. The craqle assenbl y

410 cant h@ eBioRReS:H X3P paImade 9k metr o5 aryiberpg) rsondustive matenialy Recterblyt r oni ¢
Corrponecﬂé hé’a%ﬁ &)eg-@% Gl R Jf%ﬁ&ﬂfg 1y ?éﬂtglcﬁ@@mgferlgpg&hois CBB[B&'&HO? br any

thermally co ctive material. Preferably,
aluminum. The heat pipes 630 can also be plated to prevent oxidation. The heat pipes 630

can be machined, cast, stamped or extruded. In use, a thermal compound can be applied to
the surface of the heat pipes 630 to promote thermal conductivity to an associated device

module 220 and to reduce oxidation. When the clamping mechanism of the device module
220 is set, the cradle assembly of the device module 220 presses against the associated heat

pipes 630 creating a thermal and physical connection.



WO 21) 11/1) 1) 5342PCT/ U S201 0/030118 the cradl e assenbly 410 is nmade of

al um num or copper alloy. The cradle assenbly 410 can be machi ned, cast, or
ext ruded.whleatl/®pieader s can be enbedded in the cradl e €3A4182019/030A8 A

t hermal conpound can be applied to the space between the el ectronic
conponent 420 and the cradl e assenbly 410. 100481 The cradl e assenbly 410

i ncl udes heat pipe conduits 430. The cradl e assenbly 410 is docked on heat
pi pes that match heat pipe conduits 430. The cradl e assemhly 410 can have

one or [803d1ur e kagk plang 5B ¢ jacludertlis pewarind W%@é%tloﬁﬁﬁ@t%%}m@c s 430
are di sposgdran fi Cftﬁh%k %délg%ﬁ 6§bd‘1§ cShr'E‘e%{er kit GOTRPBERL ﬁégeleél&n%s”at' vely,

the heat pipe conduits can ocate near a primry at source of the
el ect r akveec dhponendevik2Gnoditie22(bedn b qam}cdm:ttibalhy ddbcaahtodbe ﬂno&elrbtcahES or

smal | er r endln |.ication; ver. conduits
ore ar btk Pl PoRSERG et har SrabRays B RbhadR e ber B e r om
1.5 i najaeR plafe BCBI0NGAGEeS ddnfl FRE %prolﬁ‘ijeﬁlé Fdr@ﬁ@ﬁdrb{eulérhﬁn&‘@ﬁélecﬁfo%?c conduits
430 can each be a different size. For exanple, heat condui t/ heat pipe

| ocat edconpaaedsissosrtatentle theafevien nexdolco¥0r doc amrmee | velrqye thetdeaiive andvae

condui t{neat pi I he encl osur. he heat
ot pe- conus peBhBE witGrhEE okt e’ ORatbERsoB il BaR el 40 e nange
the si ZzgDH, DRI dhR&tGONUHIE, SvhéBQ usd&QRLId dEhiee draplenstos Wikysthd40 are
associated with a cl anpi ng mechani sm 450. Wen a cl anpi ng | ever 460 is

pr essedleviee masuladngagismgpares kanfioster 480a drigsennackes. Yhanghayses cogages o
ther eby, M{qﬂﬂé %{%:cﬂa%&nq &hd 8&%{)&8&1‘8 %g&%etsﬁo 4238 in gﬂﬁ% @ﬁ%b&gﬁg‘iﬁ@m&&e ates

a better coupl e cra € as
associ afagtc ldesgndal tpestlve@gddmgalgeﬂ&l doyinedtds o ltlepich @laetPiCB6Iast ens the cradl e

assenbly 410 to the heat pipes so that the cradle ssenbly 410 cannot nove
and mi[ﬁ%ﬁln l%fffelirmogb@iﬂow%g}am?ﬁd? brt%ép@rt%lél%o Sk RN peop1ernse i1

qui ckl I / or

it achh Rl A Rl TBE B B ¢ PR R T P QB RO B8

di agr anmeclofet o€ pea pgres aln e 1hqﬂa¢mqmtq1mn1 thedirrdge pl:ata 61 Oais @ undawo endvithtchheat
represent ati ve enbodi ngnt ar in FIG 5A. . a at .pi pe 510
Cah be SBIspe 05 Rads RberEn b [ BmeacrRadr il lassisd i Fa B briBilr s t hat

press igie i BeThd Qﬁdé&fplﬁﬂ’e%@b 81s83RQNRL YioRET20 AhiNRWMsddNo BltSzh tREheA heat
pi pe 530 can have fins to increase surface area. As shown in FIG 5D, a

heat pimpees54he bates 50 gotirpeghathd hbet spreaderet Oetthwt evheo theadheat pipsemil y 547 and
21y 101 13 nein & kse g st LR A el T n F1
5F, a haat ThkmeatxpRacary lDanstiseutarthantl bels%mﬁ@&ldyaiﬂm@ml@geqﬂute 6agsenbl y
207 andbyadlfegp I?é %e?hebrgfa} felQWS t’ISI? this example, the heat spreaders 710 are doughnut shaped.

Alternatively, the heat spreader could run horizontally as well as other configurations.

[0056] Referring to FIG. 8, a perspective view of the processor heat pipe assembly 230 of

FIG. 2 in accordance with a representative embodiment is shown. Motherboard 260 includes

processors 810. A first thermal mass 820 is attached to each of the processors 810. The first

thermal masses 820 are thermally coupled to second thermal masses 840 by heat pipes 830.

The second thermal masses 840 are each thermally coupled to a heat sink 140. A thermal

compound can be applied between the first thermal masses 820 and the processors; and the

second thermal masses 840 and the heat sinks 140.

[0057] As the processors produce heat, the first thermal masses 820 draw heat from the

processors. The second thermal masses 840 draw heat from the first thermal masses 820

through heat pipes 830. The heat sinks 140 draw heat from the second thermal masses 840.
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[ 0051] Referring to FIG 6, an exploded view of the heat pipe assenbly 210
of FIG 2 in accordance with a representative enbodi nent is shown. The heat
pi pe assewdl2g1120842ncl udes a bridge plate 610, a back plPamarspevMAB@EAS Ci r cui t
board (PCB) 620, and heat pipes 630. The heat pipes 630 are coupled to the
bridge plate 610 through the back plane PCB 620. The bridge plate 610 is
coupled to filler strips 150 by screws 655. A thermal conpound can be

applied to the space between the bridge ﬁ%ate 610 and the filler strips
150. 10083l thedent sigferel 49 disipatrrihe BaH e thotmbignt s rAdyaniieapusindha dock for

devi ce 20, I :
hor mal Ty o ToE v g AR Al el R PR ROl AELS! pnde ot
610 i s lnmitecafingnysatmm num or copper alloy. The bridge plate 610 can be

machi n ast, st ed or extruded. at spreaders cap be enmhedded in the
or dge 11050 BLePteGHENG: F DgRepTEPIS ca 6o He SRy Cauts e et SFkhol 5. f or
heat piRgsrHZ0 FASIBY BESH Vel alBRidieHa RLEES &g PR 5D@H £RBRIa& t he
bri dge plate 610 by pressing or other fastening neahs that provide a good

t her mal witlom repeesentativedermn bedimant is simpounbhapmtipeobppdssied codingrystspad@Obet ween

the brid | ate 610 and the at pipes  630. 100531 .The.device dul e 220
s+ des Baar R o By G DRt e e s U et one
end to kel 1501 NG 4 AetidedbaeE26mdyti&caB ske. t he heat pipes 630 easy. The
heat pipes 630 can range from 1.5 inches or |less in dianmeter depending on

t he apdPPTHt i dROWThaiphBat5 1ficge e §BomalecenmletHigdlae ket sinkt 4hhEhe Bowavi ce

nodul e | . I . 1,.SPO I i of the
deviceE%%@%?%Té§ﬁ?g%%§P?§§ﬁ§?kﬁﬁémﬁgg%ﬁggﬁg%&ﬁsg%g§§Q%§&%E§§%§8 %Pn vari ous
conf i gundtudonpriaedvitchiebahey 2870, it wet slpphsintigritbecit@ipt 2830, baicoadn  The
heat pipes 630 can be nade of netal or any thermally conductive material.
Pr ef er dI9MFT SERdY Héegratpd B]é"éﬂ%%}sd‘oa?‘gnﬁ%’&%ts31%59’1?&1%%%‘0’&%5%cj{he\l@wr?ﬁt erial,
such a r i : i ted to
o evend EPaa00 Sl B Eep AL TN 83 4DERNRUBEE PR, RIS RSBl o)

ext r udedtegtaredusenit 253 hendréie scamdpondr applbatappéd edutSMheasbe,fface of the

heat pipes 630 to pronote thermal conducti vi 0, an assocj ated devi ce
modul 6 BP0 PPBCT EHUNT GA AN BHPPRHBRC e THY GRS PRYCHUERLNCRI ¢ he

devi ce JRANLEIRAY the s8@hd pbier GpRf BtcdsS &8l Nitf54 Rgn, dEV GgmpTD Gfﬂt@h %@0

presses agai nst the associated heat pipes 630 creating a thernmal an
physi cal higlhyrete ot drder. towonver) 120y YAC) 16 3ae PCIY 1eass20 VINZ,G3GRCS 3 BOOBE or Bhe back

pl ane Pg? GZBainﬁky es %he.gogg{ and data connections for the device nodul e
220. THEBICR S HRL-BEEE26"% 8% onnect ed to the notherboard of the
el ectr qooer diR\une llustiitite erhb@ligien er frdiohver %ﬁgizﬂeoéﬂﬁe@@ﬁ&diWﬂO%H” cally

connected to the notherboard. The back pl ane is a custom PCB

desi gnédbe sesond poweigunplytine gttt ciispi d84@ 3w solfgredda akiry sidecof eppired i ncl udes

connect j. on:s r [ el i I i onent
associ Ut PRR 3R SGhnddhe BEF pBRGS M Iheell il deu R80 LATHE SCATRC L T au o
220 i s poowent@hlwintdprated airchitl 810,cah e pbsitikngal dreetl PeBifs? thd lvat sides4power and
serial ATA, EIDE, 1DE, .or SCSI connectors. Thus,. when a user inserts device
modul e tlﬂ?{é@’ caglly ¢nelipthedEstmonsr éu@ivggﬁ%atsg Bt 2B md dhotccat a dat a
connect pyer Wity bSHSEEirGRORARSo ! 4RI AN TREARRIGH i deybee modul e
becones | oc In ace. The cl anpi ng nmechani sm can be 5%3|gned to actively
engage supglycongetiaisuion(208e, 2540 kampl tha bed?CRkGIA0.cad 0@5Elt aRbémral cogpowndFl G

7, a diagram of the bridge plate 0 of FG i n_accordan ith a

epr esdnEabINGE e ET o S oAb Bl Sngbni HEE 10 o Oy S Rt
spread %gpgiz@ 16,0h peARIas 8he Afst E@\@@r RbPESntehAtANEGcLITRE SR @kis&bndt he bridge
plate 610 is alum num and the heat spreader 710 is made of copper all oy.
The heavspseadent@rged sirfwc2t4ddisidigiaite e hedisinkr [4dqgad gisatpeted itto ththe bri dge
plate 61Q.al so includes holes 720 which are used to attach the heat pipes.
The hoﬁ%%l956ngo t hrough the heat spreader 710 so that when the heat pipes
are at t[ggeRd, OthbepStsiof tie siw@supplhes Mmlsuaoi@eigoatnibes yeand tiacheat pipes
and the heat spreader 710. The %eat spreader 710 increases the thermnal

t r ansf e2508f fandicdogaiedatn & spsomst sidg el the ariated rarcpy bagrd @629.nghe ermpansptral f 1 ow
In this exanple, the heat spreaders 710 are doughnut shaped. Alternatively,
t he heat spreader could run horizontally as well as other configurations.
100561 Referring to FIG 8, a perspecfive view of the processor heat pipe
assenbly 230 of FIG 2 in accordance with a representative enbodi nent is
shown. Mot herboard 260 includes processors 810. A first thermal nmass 820 is
attached to each of the processors 810. The first thermal nasses 820 are
thermally coupled to second thernmal masses 840 by heat pipes 830. The
second thermal masses 840 arc each thermally coupled to a heat sink 140. A

o N o o o N NN o



WO 21) 11/1) 1) 5342PCT/ U S201 0/030118 Finally, the heat sinks 140 dissipate
the heat into the anbient air. Advantageously, the passive cooling system
provi des wpReti0g=2cool i ng to processors without the us@CHUSE@ENH3IQNS a
liquid cooling system 100581 As noted above, a power supply can al so be
thermally coupled to a heat sink. Referring to FIG 25, a top view of a
portion of a passive cooling system 2500 in accordance with a
representative enbodi nent is shown. The portjion of a passive cooling system

2500 i <2°4R ang FaRgcter 1968 apoiemesd phihgt e @ieaqil the prifted ciecuiiharrdidp 29y cen &

i ncl udi pg: a ashnk & ' | : r as
descrigggnggggg%ﬂi8gégﬁﬂgd§%ﬁé%4%ﬁgﬁﬁ%%%gi C%Hﬁﬂgm?%g?ﬁgﬁ#ggggggl 8“&0 t he
heat sith&fifisdSide dhthepoimerd Stepp lbyard>DA0 p Adterndaselpothe firdt powtheipphssi ve cool i ng
system. The power . | y 2510, can include a printed circuit board 2520, a
f1rst powara Ry R0l $0ea Beveuripranseralrdslicltas yhi copeys

| nt egr alssl, Gdrthdibdpadmst®s60 QEPBORRERd R eHe siABESf GRAAM I ircdR BBard D320 RAYET
supply 2510 can be attached to the heat sink 140 by standoffs 2570. The

first powegedswobhythe noegrapply ivicguthdci2EBO(2230, 236) samcmnthchhadicatssingpl y

integrated.circuit 2540 can be, for exanple, a r.transistor or a power
suppl'y T e Sl PSS AR atifn AP sfad BT b GBS indY: e
second ipRyRkedsdHRRItY (3530 £1548Y.eA1t6inbGwt] Y, 2D AUMBaNef foWer SN Isoraaii t ch at a
high rate in order to convert 120 VAC to one of at |east 12 6%0, 5 vDC, 3.3

N yioe Frtagen be heredly qpunlsd de thedichennk. pdodoizepwslnitle power
i |l ust i : ‘ ¢ ‘ ot coue pover |
illus rsgh%[\{z%ag Bp&gdl}g% {j}l;eciﬂh’{%g,gar Illae{ag %}nl? B%E.pt%&g‘g%%)og{r}% g%{g%e circuit an

t he sec power CI'r CUi ered to a first
si de of[0062] PRéfeirag t6IFIGLRE, abepvidwadiPowstiQtppthadit 2408 ifi at Sdrdgmoamrithsuppl y
integrated circuit 2530 and_ the second power SUQPI integrated circuit 2540
can be TPYSISVE SR iERaNf saa‘émnﬁe PRWCTHBRP LYk @ﬁ@ale @ FEERFACAENAAI | v
coupl i . jr i : L gL 3 nd
pover SaspledobEsy A TS HBRLY BHARI PR A don e B BB,
bet weersysthm. power supply integrated circuits (2530, 2540) and the heat sink

140 can,jnclude a thermal co nd to enhance th er characterjstics
ot ho I0NEH mf Bt Sy ER BE b RE P EPBy P Bl Sl beg S0 The
parti cWYoder shpply bé I(ﬁéanﬂfé\’tﬁém{%}l? Qg%pi%d‘fo_etﬁé atadinki 140UiThe $870r apdlyt M psecond

power supply integrated cirecui , is drawn to the heat sink 140 and
di ssi patedndluden privgeceibivetitoard 2520F @66t po@ehewplyantegrapdd ¢itrait@édRra suppl y

2o S O PR eI RS2 P 3058 " @
power supply 2610 can be attached to the heat sink 140 by standoffs 2570. The first power
supply integrated circuit 2530 and the second power supply integrated circuit 2540 can be,
for example, a power transistor or a power supply module.

[0064] In one illustrative embodiment, the first power supply integrated circuit 2530 and
the second power supply integrated circuit 2540 are soldered to a first side of the printed
circuit board 2520. The first power supply integrated circuit 2530 is coupled to a first heat
pipe 2630. The first heat pipe 2630 is coupled to the heat sink 140. Thus, the first power
supply integrated circuit 2530 is thermally coupled to the heat sink 140 via the first heat pipe
2630. Heat generated by the first power supply integrated circuit 2530 is drawn to the heat
sink 140 through the first heat pipe 2630 and dissipated into the ambient air. The first heat
pipe 2630 can be an “I-beam” shape; however, any other shape can be used. The joints
between the first power supply integrated circuit 2530, the first heat pipe 2630, and the heat

sink 140 can include thermal compound to enhance thermal coupling.
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WO 21) 11/ 1) 1) 5342PCT/ U S201 0/030118 2550 and capacitor 2560 are arranged
so that the area of the printed circuit board 2520 can be mnimzed while
provi di ngvolewve@sie for the power supply integrated cir®Gris2¢aB30,18 2540)
on the first side of the printed circuit board 2520. Alternatively, the
first power supply integrated circuit 2530, the second power supply
integrated circuit 2540, the conponents 2550, and the capacitor 2560 can be
| ocated on_one side of the printed circuit _ board 2520 and arranged so that
t he povi@P6yphhascrondapvea suprly pegrated coegb2 5453 geuniethtocoeeand haahaipReat  si nk
140. T e I Q ARG j o} t with the
power 2%3?)1 fﬁlle Eétcggcri ?alfé%&)?@%dégﬁ% %ﬁ@‘é@%@%&?ﬁgiﬁ?e?ﬁ%‘?ﬁﬁfg&ﬂ ny “hunber of
power supplyyntegtegrcatced 2640 suhdrmaty complpdtoaht heat amkbdOtviretheaédopdhoarpl ed to

t he heat. sink. Advantagepusly, the power s |y can be.cooled directly by a
neat o TS S0 St o BOUF rep oy BRE U0 HEd BFrias 00 Fn 96, a1t op
vi ew of, PRURKinRURD kYro i the 36QRdIHRaARFOT SANGR dMsifatcd ih@RhEABAL 4iV €The

enbodi ment is shown. e power supply unit 2600 can be integrated into a

passi vecowul licagpipy 264heanTieenpdrberms dippkeyhawdvier, 269 0thsr shipdsan powssd. et he

I W S D s e A S R i

coupl edinti@hd et KigRt 46 cakind e thbA@aPNRTousd BPédharEel cha cbmin%de a printed
circuit board 2520, a first &omer supply integrated circuit 2530, a second

pover dJ00¢fly Thefegt brabpipe i2p3Qirnd ths second hapariehiat 02038 e mndg of sprnst edey. 2560.
The po s 6 t at, sj 1 of fs
2570 TR AL st inf bl e e DR A A BB ST hover
suppl y 2630 agd eicadcaidrindi pip2 3640 carbchbffedeor hedasil @derao posd@imbdanticst or or a
power su&ply modul e, [0064] In one illustrative enboginent, the first power

suppl y diHeshy haigys f t.h[e dirgt POWSHSURRYY NiferdetIHAFowe A0S tsprgondoset at ed
circuit : o] I [ i i i rd
S50, THEPY IEESIRACER 3344, oAby ThESr flord 6 BEEALADELCTW Lo &,
heat pithep@63CGupflyeo therleht hielat Tin pev@680ply sac owpidedny oumher dfgatvesi nk 140.

Thus, the first wer supply,integrated circuit 2530 is .thermally coupled
Lot he Healy ekl Ay atRigine o EPoRtt. SIUEoRIo Mot B EP Bt by L he
first pAwWehs &HiRudatibhd @éi{eg@éiﬁg ofi itk CpirticARIhplEn @AW drend Revdradplsl Pér 14oe

through the first heat pi 630 and dissipated into the anbient air. Th
first heamppi pbc®3 wakl dpen aprosy mhenedmpdngpts;or powestbe priatgyd cotwieboathape can

be used, The joints between the fjrst. powe upply integrated circuit 2530,
Che 11 2 eogel R Piond 8L A Bl R . TRt R SR Bl il Y
conpourt drewkipliRBcCRom s pelercapl khthe ht@0HHEL The second power supply
integrated circuit 2540 is coupled to a second heat pipe 2640. The second
heat pilBB6HcAnssiye Cookngplnelosurhavsierat si nk 140. Thus, the second power
supply gr . Ci kKt LS I ShAnk 140
Vi a théhgé o&%gggh t%?g%‘%%i%%p g%h%%ﬂ?#% g%%%%o?ﬁg%%g%%ﬁr oﬁg}mgﬁgply

i nt egr aiceskdandecuittt a 2pdd3cntativt abodimeitiestiveat. Iaionk cidOdinteneuhpdskiec second
heat pi pe, 2640 and di ssipated i tov£he a ieFt air. The secggd heat pi pe
2640 c&R0BRE &hflosurysiem QPalﬁéO‘Pffg@dé #S A Rk ApHRISSYR SPRINEFICISUTESYRICMThe

J o nts dplReRIidle SEHORGrRANELOSURAL Yink ¥ ROEHif: 30 hlpifR4Bo. ke second
heat pi pe 2640, an e heat sink 140 can include therml conpound to

enhanc giphaemmedtos®4p! iUmdike the passive cooling system 100, the heat sinks of passive

cooling enclosure system 900 can be located on the rack enclosure instead of (or in addition
to) the individual rack-mount chassis. The passive cooling enclosure system 900 can be a
rack for mounting rack-mount chassis. The passive cooling enclosure system 900 can be
integrated into, or be part of, a structure such as a standard shipping container, a
containerized data center, or a building. For example, the heat sinks 910 can be integrated

into the sides of a shipping container.
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100661 The first heat pipe 2630 and the second heat pipe 2640 can be nade
of copper alloy, alumnum netal, or any other thermally conductive

mat eri al . WOEIOMI2 the first heat pipe 2630 and the se®omdSh@aw3@ipe 2640
can be different heights in order to accompdate the different heights of
the first power supply integrated circuit 2530 and the second power supply
integrated circuit 2540. Alternatively, one or nore heat pipes can be used
to connect the power supply to the heat sink. The power supply can include
any nuriB@691of Thscimepors sissityrciORp e snpartdicriciled 19 3ad sttyagts 85@1) gort

Addi LT apable 90918 ahe 01 PSS, GRTNRRYEIBE LONSHICBE ki QAR depgndi ng on
the particular inplenentation of the power supply. For anpre, a heat pipe
coul d sppporastriesise Al yarconponents, deptipiaed eedth h@hpsippoedtrottiucd®S daoard to
contact. the bottom of a conponent.  Advant.ageously, the.heat pipes cool the
povier SUEEISA B e sAP WG GABoK PBRG {5 @OBGHAR Sed st up B Y pRlfibeia. 100671
Passi Ve tRelsing Encl osure System 100681 Referring to FIG 9, a perspective
vi ew of a passive cooling enclosure system 900 in accordance with a

repr esdA0AHY i vEhedrebbslnkeehit0 dag isdhadeniing| poadard charnetii ereaty, othdréhepladissipagionool i ng
encl osure system 900.i s,configured as,a. rack. Th sj ve .cpo) j encl osure
syst emBGHScSH® iaﬁecﬁ’rﬁ%égbéy Bﬁ?ﬁﬁ%ﬁ v ‘f‘ﬁc%‘& ﬂ?oe&ﬁﬁngl(ﬁedgﬁﬁes?%gglngﬁ%f,d']c i nets
920, hearht PhREE 030 be ande R PRNGEARNEGIAMSINPADY, bNddykehdrhBerfRs sdndacteRo! i ng
system 100, the heat sinks of passive cooling enclosure system 900 can be

| ocat edlhgrhephanks U0 can énchderheai spseadars asfegeaibed abaygdneti sbawinb) Theleeat ndi vi dual
rack-nmo i I c i em 900 can be a rack
for nnﬁﬁﬂ%ﬁ%gﬁgik$%%é%§f§ﬁ§§é¥§W’%ﬁ%ugg%%?%%ggg%ﬁwﬁé%%nclosure system 900
can be [00THQrBiedtbat sihls 9 10r cahéngbadd pipd conmestbrsuiOUMThe Pifgiroase@orsvandar d

shi ppi nge container, a containerized data center, or a building. For

exanpl herpadyieeurle sheeat gaks Lo heatimpesgBat dde piesonpretars a4 ey ingludnp ppi ng
cont ai . T r

cor vt armyeethdrent bid Bl RERRofinialy SO0 M RinG BRI 1o

st r uct uheh@0pipeaf3 b thetdby psometigS a thesharbdad tetvaek thed ppe eoraeptoss, 940@ndnount i ng

servers, The su t structure 905 can be y height, depth, and wi dth. The
Subpor s ey S5e0s e e comgueh Ger ediioallh Restig FErad e

power i neoahehCRPPIRLERiohY. TRYPIpLREntRerS o) Atk RRHatc R Gle HEREsiGAL
sinks 910 can include fins, coolant channels, or any other heat dissipation
means. B0 integrated erftetlaxbhaat pinkepltat atiopes clangang meghmnisntstren baegipthyedfas t he

heat sipks.91Q0. Th eat.,si nks 910 can, he de of alum.num .al um num all oy,
o - any BT D RS T GES conpeOR04P ol B gk o7 piiTifE] ffathlaly

spr eadellipy s eS8 BREmab@vaudtot shown). The heat spreaders can be nade of
copper alloy, or any other thermal conductor. [0071] The heat sinks 910 can

i ncl udd87e Ersrgsbinct920gap be Tsertey inéo Bie AR bYBICOUD I heFirtasabinctsld® e t he
heat si ' 93 ' 40. i
S T e e C R
connectak st Bletonibeddeal ThcpabinSi3020 ke Bbynyphidgntor dgpth. Tinpartiadlat) cied

bet ween t he pi.pe connectors 940 and the heat pipes 930._In additjon, the

pi pe cdﬁfalélemz CY LN e HAAPEH @%/a@éfeurTge bre @abrreriewent Briche support
Struct yoer9A3tion gg%_cmm%ﬂm&t B4 ARG, SRPARHLR B ézro%fim%&e(ﬁﬁers' nks
910 or integrated into the heat sinks 910. Various clanping nmechani snms can
be enplioyedcuscdeshas bbvabletrheatia bevowkeyboeardpi psplosnmest or oy@i@is.can be nmade

of alunmnum . al umi num al | , or any other, ther.mal conductor. 100721 The
0y norAlgRyiEln MaPedls Bligaf he 8 NodtmaplbsiebEpnEt b Er08, « A cabi net s
920 canhhgisda SAVFBEs-tyBe SNHIbGRe, 2P IOYhEENCIGuRL RIRHHBP(1G8pc ErcRAlEEEY

backup, electrical qulpnent,‘or any other electronics device. The cabinets
920 carseber.ampnheihghelegrondegeviice with pwdular baygrandfonsulehigisnetlenggelyathei ncl ude

bays, as_descr{hed above. The s can be configured in various

confi gf}'regﬁl?silﬁsdlgtfgﬂ S‘é%poﬁto%'albglgﬁ?%p or vertical. Additionally, the cabinets
920 caroo7syl unie @bhets 920R¥kh it@ydcaREt ﬁE@sm%).S TheMe¥Ep& IFedand be Eicvi@slly
keyboards, displays, mce, or joysticks. Alternativel t he cabi nets 920

. y (
can be Qupleeir mal easmpancisiof thsl qabincisiiRs iFer cxpmyiadhe b pwics 93¢ can
VMEbus-type enclosure, a PCl-type encl osure, a ConpactPCl-type enclosure, a
server, or any other electronic device with nodular bays and/or sub-bays.
Al ternatively, the heat sinks 910 canjgupport cabi nets 920.



[0073] The cabinets 920 can include heat pipes 930. The heat pipes 930 can
be thermally coupled to the internal conponents of the cabinets 920. For
exanpl e, wWheohig®s34pi pes 930 can WO 21) 11/1) 1) 5342PCT/ U 820USQI1088M1B be
thermally coupled to processors, disk drives, or other heat generating
conponents of the cabinets 920. On each side associated with a heat sink
910, the heat pipe 930 can be a single heat pipe or nultiple, individual
heat pipes. Alternatively, the heat pipes 930 can be part of the heat sinks
910 andetthemsilysoerlphicrieressaaalidadiivse. Yatherdeatigeacigtipg prpporgaty of the

Advant %E@H%'fgo. %aéaclﬁ] Eﬁg‘aﬁ%ﬂteﬂfwig@%hgaﬁgfn@tlé, tﬁ@ﬂea&%‘fbebﬁogc%g% aQiffgid 0 the

heat sin t hr oug eat pi pes pi pe connectors
Advant dgeopipt y; mebphe, afditideal halti mpdss ARMnatiyekyothleddatipipdsttaOreah be pado€t i on

t hereby. el i m nat| dust build-up on.internal c onents t he cabinets
020, - 10t hat pies i s ppiecobacord 040 e bt PR potenes &bi nets 620 can be
a ser Y@ﬁd%%a@eéﬂ%ﬁ‘;‘ hedt fRAY éacﬁ%f@&s%I&%@@%ﬂ ®e drdyPRaith ele Heht dsitd Al ve
enbodi nent, €ach of the cabinets 920 can be a seal ed rack chassis unit such

as a hehroegh bedtipypes @30 end papic tconatosin P4 eddisiniageaustys ghddofrthe kateics 82Gisuni t
b il d d cl d,. For. I f
Consi stPATIGH Pt G Rsie g el SStuit- Rk PSR sdmperar Ir ea ¢ hat

was exphseshiids @@i ohazard such as anthrax or to particul ate contam nation,
floods, or a hurricane. Personnel could easily renove and decontam nate or
sal vagd 00Tl slasinedllysgetvesrabadimentnpach of threcaietirit2Areian &e edeer withvaged

seal ed i 2 LS I I t LE.f n

facili tté Er eg§§p$eessére\9| arw?égéj'hfe31 %g%%ﬁﬁ@ﬁﬁ%‘%ﬁ%@y’gg%&g S?I[ehg C%%ﬁ{i%e seal ed
rack cheesias bunistded tack @blghsisivai sutthss shpmetitalBtscaled unie. 8dbamngtohsdata si nks
910 can be easily decontam nated. In addjtion, any power nodul es or other
el ect r ofpled rack sHaTSE W GANOR CRRE THREYS @dd%?ﬂnFﬁirgF‘érn‘iﬂaB% SURPEE 2ASTYD0 can be

seal ed ffi, %ﬂﬁg@% %?b?ssﬁl%ngﬁﬂg erﬂc@c%ﬁ?é]sggtgn@% h&latdd! th ‘dﬁtafé%ahé‘c%va% @ggéegg n:)ér t

t he passive co ng encl osure” system can be integrated Into,
of , a gbrbithwwsdsudhasasitiaas badartcusdie pmitaginaood,£loods, or a hoontaae.neri zed dat a

center,_or a bui|ding. For ex | e, the heat sinks 910 can be .i ntegrated
ot iRePsaneaul G eysieAG RS AGE o THE S S SHICHaG CBRHRETT0 can be
| ocat edripl RBghthRfhatlddRSalv AR dRRd 2R ANstsQmlts 86ulﬁ fﬂl‘i‘eélscty ARVt ed A Ner .

Advant ageousl y, heat egener ated by cabinets 920 can be drawn to heat sinks
910. Adi:ﬁfmea@é@nm therebpprdsevingsthakguipmont ankditbhdaa stopearan thé sealasl rebli ppi ng

contai ner, .can be copl.ed with apmhi ent aj.L. Advant sl a portabl e data
Cont or FhssiCRM o RERSE A BT R0l 3ok sud R SL R SR Bt BT eo it o
mai Nt enResRa@idtdde bl hidfon, 88§ ppRBEMolPlcOPEstAEE1NDdAicA aSoBMRAtWwie @k Sserver
farm 100761 In particular, sealed rack chassis units can be advantageous

in manyPasive eaplipg spelpsurasysems 0@ kewgristan aroreowbly whingksi gn of t he

cabi net QO’?&% O glah8: filiSe-KRR eﬂﬁ)toain?e%% the p Qs?iv\é@ogﬂﬂglér{cQs&9655§1§t%5%0%a§ $21

0/ 03011
integrated into, or be part of, a structure such as a standard shipping container, a

containerized data center, or a building. For example, the heat sinks 910 can be integrated
into the outside of a shipping container. The fins of heat sinks 910 can be located along the
sides (and top and bottom) of the shipping container. Advantageously, heat generated by
cabinets 920 can be drawn to heat sinks 910. Advantageously, the heat sinks 910, which are
part of the shipping container, can be cooled with ambient air. Advantageously, a portable
data center including the passive cooling enclosure system 900 requires minimal maintenance
and requires less power to operate than a conventional server farm.

[0076] In particular, sealed rack chassis units can be advantageous in many military

applications. For example, the sealed design of the cabinets 920 allows the cabinets 920 to be
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operated in extrene environnents such as the desert, sea-side, or the
arctic. For exanple, noisture entering a cabinet in an arctic environnent
coul d easwpbyotaws2condensation to build on el ectroni c ®OFASENN0301¢RUSI Ng a
failure. Because the cabinets 920 are seal ed, dust, dirt, sand, noisture,
and ot her contam nates cannot get into the cabinets 920. Additionally, the
passi ve cooling enclosure system 900 consunes significantly | ess power than
a typical server rack. Therefore, the passive coollng encl osure systen1900
c

i s easiqPfroAHBCABEEC LBVIFRIRENENCh ahtheescriviea-dd B e ATriEe- Jekeramg
chal | enggyy élﬁ&ﬂ’rgfﬁa!b}’net v %@tl?éa ﬂﬁh%n%% téo%ﬂyéarsﬁ% 6%1%% ?gllh(}e%dtﬁhﬁggggq

| ess power than a7ypical rack, are |l ess pron ure.
Ref er r iamgel¢adroklcGondpdnerats tawsintg a/fadwrcoBecese placsssiburetscPdl arespadmic Hos udig, syst em

900 of FI 9in a dance with a representati own. The
oS VSRR At S P Grthi: Sutol HETTaLE s Rl B oDy et s 950,
neat pijaes, 93 regclew@@ <GB0 61, 0,128 L RS AR o | ARTRLrver

m
Referring to Gg 1, a top view of the passive cooling encl dosure system
900 of kG Tlgsmfnread@qradsam:@qlmng lsneosuap s yssam P08 isvesibnitagialbrto nanyshown. The

| h nks, 91 bi 920,
ooy b Bounas B  RLRnE HR ke A ral e e ba s Bomt BppB3gpte' ©

Ref er r imhih8 drliffendnde, ®eIéHPoWeLMafh tipical RAKS hivEare 8k pRhce@HEliRSAr € system
900 of FIG 9 in accordance with a representative enbodi ment is shown. The

passi vd085d| i Refeshelto Sife el & y Sroahvgoootithe pasdies ce@mgrfélpb)sgrz@ystwaaﬁ%mfpes 930,

and pi %Gﬁﬂ?%&e’@?&aﬁe@é‘vﬂh@ a@gg%ﬁ%@ggﬁg& enf:fsé%g& £§s %oBf?n G 13, a

top Vi ew 0 e 1nsrde o I ne |nacor ance With a

r epr esasntbiré8yseia®00 nmutlidds hesthhindn 910 habiabi 926t hQ2Pipenslydes phpeat pi pes 930
as descri bed above. The riag)gt si de of cabinet 920 shows many i ndi vi dual
heat piGeBRccTs thas dispussed 3heVef cabi net 920 shows a single heat pipe.

1008111[31??8]he£@éfe191n%‘%§ F?éolIC%@oﬁigg%/fb?:ﬂg@]%%yiv%QW&%te%gloFﬁgisy%téﬁ% o?‘i-‘g([% pi pes

1360. The 1 nternal “heat ermal 'y “coupl e ate
1350. Thia docordgeepiigt erebﬁesentame debadieemas shovoo ufegristioe cmlingentleatre pi pes

1370. The deyj.ce 70 _can hermal |y coypled to devices 1310.
Do ceov e o o B By PaR D i Gl b eea oY oriad Dyt esigs 096 &

Processfissstd4aBowan al so be thermally coupled to the internal heat pipes
1360 and/or to bridge plate 1350. Thus, heat generated by devices 1310 and
pr ocesd80]1 Rdecrmg to&1Ar Bam sfdeomew héthde)amwopam@ cadiosupe systssB0&0f1320 to

whor o 4 GaBTRgieoRBrGubE AR Bbine CPUPAM AL R BRI Brvby BBl es 1310
and pr eseRs@tSykdaO00 aitliks dasEnss boo rnehmlaéksaaocaﬁi Pigd Boraetory BESSOr s 1320
Lo the P Rsed above oS

[0080] Referring to FIG. 13, a top view of the inside of a cabinet 920 of FIG. 9 in

accordance with a representative embodiment is shown. The cabinet 920 includes heat pipes

930 as described above. The right side of cabinet 920 shows many individual heat pipes and

the left side of cabinet 920 shows a single heat pipe.

[0081] The heat pipes 930 can be thermally connected to internal heat pipes 1360. The

internal heat pipes 1360 are thermally coupled to bridge plate 1350. The bridge plate 1350

can be thermally coupled to device heat pipes 1370. The device heat pipes 1370 can be

thermally coupled to devices 1310. Devices 1310 can be, for example, hard drives as

discussed above. Processors 1320 can also be thermally coupled to the internal heat pipes

1360 and/or to bridge plate 1350. Thus, heat generated by devices 1310 and processors 1320
can be drawn from the devices 1310 and processors 1320 to the heat pipes 930. Alternatively,
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[ 0082] The devices 1310 and processors 1320 can be electrically connected
by not herboard 1340. Mot herboard 1340 can be electrically connected to
ext er nal wWewota®si4pr ough port 1380. Port 1380 can be hepg@Eiise@blogoisgeal ed
all owing electrical connections with cabinet 920 w t hout exposing the

i nternal conponents of the cabinet 920 to contam nants. [0083] Referring to
FIG 14, a top view of a passive cooling enclosure systemw th a rear heat

sink 1400 in accordance with a representative enbodi nent is shown. In one

embodi MEHES 2 cpRingdRdndes PARFOTONABFIE gt Bene g adsviFos H 340 prhProRessTsSsi nk 1400
i's configyr r The: i i : ﬁﬁg& Lth a rear
heat s”ﬁgyfgggéﬁﬁg?ﬁﬂgétgé Sg%QZ?H{8%§%8%%§QEgg%%@ﬁﬁéﬁ%%¥§ eaf%%ipes 1430,
and pi 16082 riBet duviced 430N ark008&bsoFhé3Mecdn s aldctrdebll§ coameciaddiyudethbibosrd

| ant ther heat dissipati as di .
The. nedkd 0 Moo e o esSialy Rsechae SN B SyBHERT 2 L
heat - sipt IkbQaAbS AeRhQNLMESIdRBUIHCHU A ohRRbACKi LARRGDoThe heal

sink 1410 can include heat” pipes 1 > heat pipes 1430 can be thermally
coupl edvitheut bepdsegtths intdendl £0mpoTigngs bicthe cphipgP204@congroinende from t he heat

sink 1 I ne ijrents, the heat .pipes. 1430 can be tapgred. [0086]
The carPisll BISTRwI0 PGy (a1 peb it Soinds™clofl il MBRieEior o 1440
i ncl udenches@s $€1 ihhatordBmice ivithhercpaaéntpiRasnbbddlent Wigidwinhan eabi net 1420 is
nmounted to the passive cooling enclosure systemw th a rear heat sink 1400,
pi pe comthedimen. tha passiicicgelivy erclosee sypicpewith 430w hwsink HO0dserdEusds1s1440
can inc| cl appi C i I I S, t I .. §ecur e
the pi ptES  MuCr ARt B e e TR R BB O S RETIAL F R il
bond beltaneencdbirest pii 1k heapiestldss, ahdddhasvantdiersndd0. pi pes 1430. In addition,
t he pi pe caonnectors 1440 can mnmechapically secure the cabinets 1420 to the
heat pilB&&H1145t hqpyply |+ Bagaineudobrs: fee! B 05 bt ¥fEr ieahdigepdionanged
N vari fiss GORLAUEAIIRBS ThEREA NG 1 & 1BbRed bdvarFuticQBury IFYRL @ passi ve
cool ing encl osure systemconfiguration in accordance wth a representative
enbodi merttodirserg$)ohnheat ankllE 0 41Sq ptomalep desittmetucoof thagaokncl osure syst ens 900

are arr d si de- by- si Eac sive c i ncl asur yst em 900

ol uadBOSSTS BiscRat 6ok b8l e 50 ER Fibst P21t khedet BB OBREAET above.
100881 {flfignal1yRoPASS oV ORISR 40C TAS HEL peS 11258 pRRAIHBnSERREALGM bY a
channel 1510. The channel 1510 is fornmed in part by two heat sinks 910 from

each ofl4tlfe It wongpemsbidmmentsdght heptemsk d430 eanslyestapered.900. The channel 1510 can

act i dugt to.c in airn. Additionally, the,channel 1510 be

ot egr A0S i <sBinkF PR dn Bhdipad B horRER ek 44R R bF RGP RGTESARD ogi es.

I N one ihélhéstetalséyBaeihor iEiths pib&e1 charwikdn ths Eibisan 4be iskseehtédtocAt ai n
cool air. In another illustrative enbodi nent, the channel 1510 can be used

t 0 contiPHVRCAPAELE SHERsUES Syskm Witbta repihoaktink §400ipipe aeungcirts il é40 dide ovar r
o bt |. . e
condi t Ih%gtte@p?%jf%OmIthre ﬁ)%%%@éc’torg il 4?6%1101&]91%& 9@1%%11&)'17% %Qﬁ{agﬁh d&g&&%—ﬁﬁ%gf : \éﬁ t

enbodi nen e chann can be used to con I qui

not | i méaad td mecigiyail scammbripipe waheitors AA4@ythohbapipdsddB@thefdbe channel

1510 can be-adaﬁied to the particul ar cool ant nechg?isn1enplg%ﬁgg [ 0089]
e n

Ref er r iMgMPEng ey, bogd prayRen {emip6 ForcpaEsi 478 ap8 o1q gt Ripet syst em
conf | 9ulBkloMne hifel Gondchork 148E EAY MBNERIHY ocfrd BPERRRIL 430/8 EIROA! Ment s

shown. ssive cooling enc ure systens 9 are arrange
si de- bypipisdd30Each passive cooling encl osure system 900 i ncl udes a support
struct r&,ﬁOﬁ? heat ﬁinks 910, and cabinets 9%9.as di scussed above.

u[0 8 assive cooling enclosure systems can be arranged in various contigurations.

Referring to FIG. 15, a top view of a passive cooling enclosure system configuration in

accordance with a representative embodiment is shown. In FIG. 15, two passive cooling

enclosure systems 900 are arranged side-by-side. Each passive cooling enclosure system 900

includes a support structure 905 and heat sinks 910 as discussed above.
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100901 The two passive cooling enclosure systens 900 are separated by a
channel 1510. The channel 1510 is fornmed in part by two heat sinks 910 from
each of tWO 201pH3si ve cool i ng encl osure systens 900. PR&/USk@N081114510 can
act like a duct to contain air. In one illustrative enbodi nent, the channel
1510 can be used to contain a gas. In another illustrative enbodi nent, the
channel 1510 can be used to contain a liquid. 100911 Air can nove through

t he channel 1510 as represented by arrow 1610. The air flows over the two

heat silAR&IgTBhrtvermasdEncesting saclpipe petams Phaprnigriehey sstreckidlens 900
that f dh e(l:rl‘é‘{@%'ga%‘é&ﬁntpgerb‘g/gég%reé‘t%ﬂ& ﬂ@"ﬁon{ EQ Jrie @a%aﬁasﬁbé‘ks 910.

100921 e channe can'b to conduct air passively over the heat
si nks 2bOling creclosye yoruaODoMhe kharadd] li0anan aat likecaduch® domtadedirt hr ough
channel 10, for ipstapce, by using a fan. In one illustrative enbodi nent,
ool aihdFRi s chaal Foa ¢y reHalifcons EheceRamma ot o

Advant ag8akSl¥hndlBEeS 0aldnB YL Rkt derhB&IiMBAN IR chdmikd 1 SANARAtL RS the

cabi nets 920 thereby preventing contam nants fromentering electronics.
100931 cadtaamecnd ewudi gnothaiibedrafivoonbodiment, Hicsthenmed |1 81 Biéasl e wsohfd guntan i ons,

and heatin entjilation.a ail.r,conditionin /AC), systens _are not need to
oo e ey budish RS A RS SRl o GYRTEAY SR RS Rl ol v
conput igigeraas Bl SotHeeNliBHathRCInbddifentC@B cRandl 15I0gRH beiisél BRBERISAVI Ng
manner by reducing the anount of ductwork needed for coolln%bserver r acks.

[0094] IRefdeyuchng bubnet lgnitadrto, glyeddparpmeniaoiatsr. o epepthebbanid7 1be phanagkor dance
wth a ISRET BOL Ao I%aglrigﬁé}tcobﬁnf&%mnilﬁf‘%@t%&gfir Ve om 1710 can be

arranged I'n various con Ions.  In one e enbodi nent, passive
cool i ngoesy osefering\ts FEOE1 A Q0roat eicarsfangssvé coolipgencloviat yydtssd passi ve
cool ing encl osure_ _systens 900 arc separated by agﬁgannel,%glo. The server

r oom 17P0NEHRNIPEORFIGLIlP g ALFOrdnRD BP ATCRTCRINGHIEY C CBIRPEITHEY 1S spawR. dhc Vo
vehi cl Sasfle @&)Yin@teﬁa&tﬁ'@ %s@eﬁﬁg ®00 are arranged side-by-side. Each passive cooling

enclosure system 900 includes a support structure 905, heat sinks 910, and cabinets 920 as
discussed above.

[0090] The two passive cooling enclosure systems 900 are separated by a channel 1510.
The channel 1510 is formed in part by two heat sinks 910 from each of the two passive
cooling enclosure systems 900. The channel 1510 can act like a duct to contain air. In one
illustrative embodiment, the channel 1510 can be used to contain a gas. In another
illustrative embodiment, the channel 1510 can be used to contain a liquid.

[0091] Air can move through the channel 1510 as represented by arrow 1610. The air
flows over the two heat sinks 910 from each of the two passive cooling enclosure systems
900 that form the channel 1510 thereby drawing heat from the heat sinks 910.

[0092] The channel 1510 can be used to conduct air passively over the heat sinks 910, i.e.
by convection. In addition, air can be forced through channel 1510, for instance, by using a
fan. In one illustrative embodiment, cool air from outside a facility is drawn into the channel
1510. Advantageously, the cooling air in the channel 1510 cannot reach the cabinets 920
thereby preventing contaminants from entering electronics.

[0093] Advantageously, raised floors, hot aisle/cold aisle configurations, and heating

ventilation and air conditioning (HVAC) systems are not need to cool the cabinets 920.
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100951 Air noving through the channels 1510 can draw heat from heat sinks
of the passive cooling enclosure systens 900. The channels 1510 can be
connect edWODQOH/@6832 system Thus, the inside of server PODAS2NLO3(1138

conpl eted separated fromthe cooling neans. Advant ageously, contam nates
cannot reach the inside of server room 1710. In other illustrative

enbodi nents, the channels 1510 can be configured to contain a gas or

liquid, as described above. [0096] Referring to FIG 18, a side view of the
server Absriagsanlprompaingand deciopiss dehities\irp Re Arpngse d a spaseiseEngnbodi ment

I's showp, n-ggme?{[l,&%% PR h{ %PF&&%H&%H&F‘R&Jﬁgolir{gesr%}éfegg%éﬁs.cO”f I gurations.

I n one enbo assi ve cooling enclosure sys are arranged in
rows. H0894] tRefepaglo VEGCOHhitoygviewafasarver st MY iB@0cadacseptdrat ed by a
channel 1510. 100971 The server &,on11710 im&lﬁdes wal | s é870,.cei|ing
1860, dARFCFINGENC LRROIIMERL IShaWRe TEC 1976 10qm AP &AY bF ABHSCHL VA8 1850 to
the ceidohgurk86R. 1-8Ré ALERASRSIRAAN &R AMYe HoUIRILRA R b |sg§?ém§-§§{pare

Al ternatively, cabling can be run within the server room1710. [0098] The
channelagrah§dDingpes.c Brerg dwe gassovearvoling akaosgorsyste880P el owphtagwibyl850 and an

cr et SAROCROGIE e IR AR WS B RS SRR ot <00

convectychitic, bhent&Bbr diclosing. dr awn t hrough channel s 1510 and over heat sinks
of the passive cooling enclosure systens 900. Thus, the air fromthe intake

duct 1d9093]s Aveaaving threughdlg dynaglp 151 Gean dipw ibgattfram pnings of s T@stiver eby
drawi n e o) [ I Frpl i 0 T eat ed
o 1 conePRAE R URRhE 308, Tpb Shint B3 OhBI G (ke SR ofd S dp ad Rl T <
expel | abe in@ideto€ sautisioda. 17T0es coanpleet isepargedfromt thesosifngtie@anshannel s 1510 and

rel ated ductwork can be designed to exhjbit specific convective properties.
For exa%gwaéyagew%é9%ta@awt%éamé%ﬁ%hq inelde RhsRiver reiatl 7188k othetor der to

e“hancfillﬁﬁ&ﬁ% 664ihRRAts, I Addietd @0 bt E&{ff‘%}lfréd)t%r nfafila %&&‘Hr‘f ficcQt i nuous

channel's to enhance convection. Various passive and active cooling designs
can be despibedmbded as known by those of skill in the art. Advantageously,

heat fr he_ cabi net f_ the. passive.cooling en syre systens 900 can be
paasi vaPPHCRIERETaRIE, 1§ ARG EEne Ry cofert T Mt o, | Dl iearlance

Mai Nt eNARECL rGRSkRtati AE BEMSLATBIYwiE OBASserk® FUM 1R8] 8B d@rah@ed#nG. 19, a
top view of a server room 1910 with various alternate configurations in

accor danceuwgartigaratiops. eknemic atibpdinesmit, qabsrentooling shdwsure Tseerse0eare r oom 1910
can be arraQPed in #ariqus conf i ugations. I n %pedkhlustrat%vq%enbodinent,
passi ve EBBYT RGO Whic FEEHM A0 QIR EHEO8HS HI L UEs PEGES P HERA A Wet nat i vel y,
nor e orchhyenspmssi ve cooling encl osure systens can be arranged in a pod.
In addition, the pods can be rotated relative to one another in order to

enhancd09%8 phiaschgr etom hél Gogdpnwallpki70; euling 1&0aerd lagl§s9. Ehery four

i | i | d d
oo | ngTERAnhERO G- fofy L FeE: S B SARAL RS QOIALENSIREY cdEEl 206
cabl i ngindbapae ol 924D, akkecrastivang eablbgcden o rivaekhinahé edrmerabamnd101930. | n

this configuration, the heat sinks of the four passive cooljng enclosure
syst end c Oglémaf‘é%ﬁgl&eaae sennehise 1 puintaisdust fﬁé’é) b&i’%«v ﬁﬂ@ryl &Sﬁ 3@l channel

1930. ThRasehy&an s80amBvELL int 61@6@.61@?&%'!1{1&&@1% e&b?&iﬂié‘nﬁrco&_ra‘?} 8bh faai ner,
hi cl o [0102] AIr

part of a vehicle, or any ofCher enclosure. novi ng through the
channela fh8iB6y calmvdr ane theattake dumt 1820 b corvsctodn. t He qoabsi walrewoklirogghenc| osur e

PYSUST000), TH6 SISk 970 00 RS SR TBEEA e o BT B R
Advant ageus o infRB1das 18D EShGAU OtheRARH alrtRed S IBe Char®BiMSN 0 IRAHy1910.
drawing more cool outside air into the intake duct 1890.
[0099] The heated air continues into the exhaust duct 1880 by convection. The heated air is
expelled to the outside. The convection properties of the channels 1510 and related ductwork

can be designed to exhibit specific convective properties. For example, chimneys can be
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[0103] In another illustrative enbodi nent, passive cooling enclosure
systens with a rear heat sink MOO (of FIG 14) are arranged in an

al t er at i weopod/@sxangenent. As di scussed above, passi vePCHAISReIg/ 080188 osur e
systens with a rear heat sink 1400 have the heat sink |ocated towards the
rear of the rack. Every four cooling enclosure systens with a rear heat
sink 1400 are separated by a channel 1940. Alternatively, nore or fewer
passi ve cooling encl osure %éstens can be arranged in a pod. In addition,

t he podédedie the cxlpuatdigt F &0 opder te cilRacahscARYeCHipN o ittoy, BN e t he
% i | ' ' . .
packi ngy i éa!ﬁ%naﬁﬁ!écc%@nﬁo&a&h%hxﬁéﬁ %renﬁ%ﬁc%i‘c%%&ﬁgé] Vlﬂ&s;@g&ggglﬁcfé{c\é&gc ool ng

encl osure systens w a rear heat si are arran ack to
f or m chanheg d&s84i cah be irhplsmentedl g kn@atn bynthosdef skeldin the mkts Aalvatthgeduslyr

assive WD.21)11/1)1)5342PCT/ U S201 0/030118 cooli encl osure systens with
D Tl bl o B Hroriih SR Rati e oms 200 iR PRr ST o Tt he

channelh8¢Q4 thERB O Pddubink c@QNﬁ%‘Ebs%sb féeﬁfiﬁ:s £H&s, Ghamnegincd %65&5, GAR iV AYpdgaRt from

heat sinks of the” passive cooling enclosure systens with a rear heat sink

1400. Teestschannel 1940 can be connected to a duct system Thus, the inside

of serv o] 9.10Q is~cC leted separated fr t he cooling neans.

advant dIMlo S B a FT R EE Gy AORERT LG [ HE" St kP Room 1910.
[0106] cbhfigiteadénsihResorddide Hife: ©PRIGRIBIntRAiment iSTHoGRNE MR Gest RBnyVar i ous
t hermal connection designs. Referring to FIG 20, a perspective view of a

passi vel 9486 heasiged suVHiay sorigraoms; f eeciblusizite ciibodinent.aepesent at i ve

nmbodi . R he-. [ 2000
embodl %g%n%%&&%}%“ssytden adrog‘arezéc?ﬁntgﬁgp R ‘A?te&%%%15}3%18&‘3&%&&9@%%% em

i s confilgur as a sta ra assi ve coo encl osur'e system 2000

i ncl udesokfg emtdsasiysteaisrcit bubgadfddon alpeadt Iisadiksor? dikGoda caabd rette?020, heat
pi pes 2030, and pi pe connectors 2040. 101071 The encl osure structure 2005
can supp@Hre ipedtc a8pihirsinqydey to pRanss Hequgkiag of tedrods &1 2PVEHCHARSIEES-t he si ze

of a stgpgigr defag ifourfqg&fsagg%gggggél&sﬁrégﬁ{ggﬁsﬂs@oﬁ% é’e‘B_ﬁr%teedm an6ha9se

structure 2005 can | ectr Vi ce. closure structure
2005 camdleblarpychasnahi 920d éfiteHpuaprdsive dédling Enelosure spseme 9@ andcdablieg 2005 can

i ncl ude  a supply a back, pl ane for i hg,and communi catively
coupl | et b3 vadho o o Brhectnad THE0 BN aRn b e df | ne,

cool anthGhannedfihe Rur pAYIvRBSIindGRlosHSThRAL 000 cHEBNes{gheH 58 BRMhk-hedhe heat
si nks 2010 can be made of alumnum alum num alloy, or any other thernal

conductsbrks afthenljeatheshmis] 22800 Twrseivier Fagde 1 dhtandsradadiding, asadekier i bed

above (oL, AN, I 1SR APLERL Rerl B Tde of copper all oy,

[0102] Air moving through the channel 1930 can draw heat from heat sinks of the passive
cooling enclosure systems 900. The channel 1930 can be connected to a duct system. Thus,
the inside of server room 1910 is completed separated from the cooling means.
Advantageously, contaminates cannot reach the inside of server room 1910.

[0103] In another illustrative embodiment, passive cooling enclosure systems with a rear
heat sink 1400 (of FIG. 14) are arranged in an alterative pod arrangement. As discussed
above, passive cooling enclosure systems with a rear heat sink 1400 have the heat sink
located towards the rear of the rack. Every four cooling enclosure systems with a rear heat
sink 1400 are separated by a channel 1940. Alternatively, more or fewer passive cooling
enclosure systems can be arranged in a pod. In addition, the pods can be rotated relative to
one another in order to enhance the packing of the pods in a particular space.

[0104] The four passive cooling enclosure systems with a rear heat sink 1400 are arranged

back-to-back to form channel 1940. In this configuration, the heat sinks of the four passive
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101091 The heat sinks 2010 can include pipe connectors 2040. The pipe
connectors 2040 thermally couple the heat sinks 2010 to heat pipes 2030.
The pi pe wonndds¥4e 2040 can nmechanically secure the calBCHaS2@0260011® t he
passi ve cooling enclosure system 2000. The pi pe connectors 2040 can be
integrated into the heat sinks 20 10. The pipe connectors 2040 can include
slots 2072. The slots 2072 can have a wide taper at the front to all ow easy
cabi net mpunting. The slots 2072 can,  run _al ong the de%th of the heat sinks
2010. TaReliag grcdospeezsysicas vaith yraer heat sipkrl 499 ave aragaed soothpifbg heatginkg arethe
cabinegm%g%ghggﬂngglkﬂgerted into the enclosure structure 2005. The cabi net
2020 can be a server, a switch, a router, a storage device, a battery
backup,[0&0¥cct Air cadviregthiqrgbribg clanna P40 tiredrael leat fromihest deksi afehe fdseiveabi net

2020 can pe any height or depth. In | 11/1),1)5342PCT/ U S201 0/ Q30118
par ti ctiOgr1S PHES aéo%%ﬁ@m% f?&ﬁh?%éll\{]\gdé%%ra%? SR CBRbC SHBFEC The bays
can be LA LAECTh, URIhAUSo AR GHIR YD NS BHHILASPOhIAIRIR thcookRE LI Cal

[0111] The cabi net 2020 can i ncl ude heat pipes 2030. Tﬁe heat pi pes
can be méms mAldvyntegnopbledecontnmihetes eanpphighclchapondsnfscokr tdom EABL net 2020.

F , he heat pi 2030 be.th | | led t ,
AR 111 i R RN G R A I G R R R e
FI G 2Qonhéigion@adighy. FeFeri®3d@o FIM. 2, 0 Persp&dtive $icHest Dpastite c6aigneitlodsh0.

101121 The heat prpes 2030 thermally engage the slots 2072 as the cabi net
2020 i $yptamer008dn peropdanpe Wik $9pRiesasBIve §g0eAE s isrsdowys teHG@0othe Ther mal

2030 an i hecsioy 2lakRs SRR SHuh SEohIEREE s SRURLEBB B Sl odiR P! PES
st ar t i ngclhkoekylOa200a ifdudt at engloessstarturadR Ge4, sirkd @0a0,2e@bingdt 2020,

conpression rail 2066. The startjng block 2062 gui des the heat pipes 2030
as t heyeat RIPFsBP; @yl nipg epreeeles 20992, The starting bl ock 2062 protects the

edges Eméé'fsle THd e?fclo%ﬁ%g&ﬁg%léeoib%aciah é%&ag)?t A0S (5 6C g eﬁapa{ggc .Cgl,ger ai |

2066. tarting 2 1S m a durable materia
al um nu90s ahubhe themzzldf @ysfandardaagk, ébrexamplt &r.moimtje kawverst Hbe Enelagure

conpression rail 2066 and the second co ession rail 2066 taper to a

o Bt PP IS SRR X S TOT Gt Qethyol 1 cpfovue SHEiE 10 g PBHBEK 2062
the w q{e(i)ghfﬂfdebih? and vidth CORPERISURNtFRidre 2000 Anfclhiea §@&&%ﬂp@2%ﬂ gssion
rail 2066 is about that of the starting bl ock 2062, but, at e opposite

end, t Hack plase faqepresgianh corainunizede:npelpling threwbmgt 2&r ession rail 2066

are sli y Wi der . e front enin f.slots 2072.. 101131 The first
conpr eddTt By RRCad 0 tn Bl TR b or i sunt Wedityslidfot o

mat ch theans %ﬁﬁt%h&QR)Z THeeicetyinl8Tagichg bé hRdS bPilEm2RA2 AnghinunBglgnscall y and
thermalllyl/e.ﬂi he first congﬁession rail 2066 and the second conpression rai

2066 caihaiahempl pandoptay Bhe kransinky 2 [0spn arrlededicabyimeadeBas ideiskibag abopige fi r st
L o@vﬁé.LTl%eol?e% g&lga&egsecag%%%he%‘%%gﬁ%118. rail 2066 can be nade of

any flexible, erna conductive naterl such as al um num al um num

al | oy, [0109gnyTiathvat sinfed 2010 ch icd]de Piptsconnbaorst20¢0 c ahe pgt caddtars204tser t ed
into a set of slots 2072, the starting block 2062 guides the first

conpr es8s8Rly gPPlo saheahrinkhed 19de Srat PRSP Y sTBnPipa coneess 14052 he sl ot s

P R i AT S L R e
conpr essnoettora2D4Q 0B epntegmtapiatontht htdiainks 2010. The pipe connectors 2040 can
include slots 2072. The slots 2072 can have a wide taper at the front to allow easy cabinet
mounting. The slots 2072 can run along the depth of the heat sinks 2010. The slots 2072 can
slightly taper from front to back.
[0110] The cabinet 2020 can be inserted into the enclosure structure 2005. The cabinet
2020 can be a server, a switch, a router, a storage device, a battery backup, electrical

equipment, or any other electronics device. The cabinet 2020 can be any height or depth. In
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WO 21) 11/1) 1) 5342PCT/ U S201 0/030118 sides of the slots 2072 thereby
creating a thermal coupling between the heat pipes 2030 and the pipe
connect orw020U05340115] Referring to FIG 21, a front p@c3Aseanwsoivs ew of a
passi ve cooling enclosure system 2000 of FIG 20 in accordance with a
representative enbodi mrent is shown. The passive cooling enclosure system
2000 i ncl udes an enclosure structure 2005, heat si nks 2010, a cabinet 2020,

heat pi pes 2030, and Be connectors 2040. |pe connectors 2040 can
i ncl udePaEnHag, tiiewbmqfr?@ fea ing %@@am%d%ﬂb?ww@e Be Pys<en @8 npr essi on

rail chgggg%?&’é %%9@%%%{&1§§haﬁasr Irizo gﬁ@rveﬁ#% 21 shows both heat

pi pes abl net engagi ng slots pi pe connectors 2040.
[0116] [RefHr rThegcabmeFI(BO @3, indudadpat pipws m30a Tthie dcatglip¢sal030 c220€ i n

accorda ce esentati ve enbod one j ustrative
erbod M BTG RRE TG COPRIBRAAT 6 SAOERGTRAI TRRE RN B coupl | ng
bet ween,; ﬁes%@b ol BEU2AAA1 A0SRl S AORS IR 2248: o eainclipg 2230 1S

associated wth a cabi net e pi pe connector 2240 is aSSOCIated W th
a heat mplen@d of the @izt 2086. bi P .onthe dicatrpia4930) moi aldes bethivisizs opthge
condui t %%g(gﬁhe pi pe connector 2240 is docked on a heat pipe protrusion
2235 t H&Y"! % es heat pipe conduit 2245. The pipe connector 2240 can have

one or [a1 Aurmd He¥it PibeBEH0 thérBRiIIGRAGMC!Be d8B207AahERcabiInBE2 RV &N can
be di sposed on either side of the cablinet 2220. The heat pipe conduit 2245

can be intogh¢ peskizs ceplingeiiclaspre systginadieP e I herapyd ﬁ@lmngut&mcam’o@ uaerploi ahenasn;

h
e YA coR B S 1 AR RASBPLE SRR T BERAaP! P
Addi ti gripdsl2030 cheindRalt aptapnLODAUROE, atfirsabinpssion esit 2EGES andia secpassi ve

cooling encl osure system can each be a different size. For exanple, a heat
condui tPRWAEsSion pal ?%fr ing hlogk ¢0@asiAes the heat pipes 2P e s hR¥ATa heat

condut 6} iR R 8172 18R ABLD 0o FORCROM o« RERST GORIbnpRASohNC! udes

a clanmping slot which can be u n e the
condU|Uaﬂzaﬁsmﬁh@ebeamdpom@nﬁmnmuntmﬂﬁ4ﬁheamﬂm&MMOMGIMﬁhsnmﬂebfhdmabmch as

t hose depicted in FIGS. 5A-5F. When the cahi net 22 inserted in the
Dnaer vATBEGHNHER BrERIS LSOk RRR O ST Bl S0eu BN ITYe engages

heat piReprQRRHIrkil 286kPandAht S5BAL bc\(rﬁbﬁésm&rhﬁ'aﬂ%% PR PEIQINEIYIAQE wrddp and

the heat pipe conduit 2245 can be tapered fromback to front. [0118]
Ref er r ithap the skitsz0723i.c. at Hiedeartmgpblodf 2¢02t the mndth O]f dlerﬁlrsmu)r@ffswlﬁl @l 2006 i n

Bpe I UNAE T IEC S IR N
opposite end, the first compression rail 2066 and the second compression rail 2066 are
slightly wider than the front opening of slots 2072.

[0113] The first compression rail 2066 and the second compression rail 2066 can flex to
match the slots 2072 thereby engaging the slots 2072 both mechanically and thermally. The
first compression rail 2066 and the second compression rail 2066 can have filleting or other
relieving that enhances flexing. The first compression rail 2066 and the second compression
rail 2066 can be made of any flexible, thermally conductive material such as aluminum,
aluminum alloy, or any other metal.

[0114] Thus, when the cabinet 2020 is inserted into a set of slots 2072, the starting block
2062 guides the first compression rail 2066 and the second compression rail 2066 into the
slots 2072. As the cabinet 2020 is pushed further into the passive cooling enclosure system

2000, the first compression rail 2066 and the second compression rail 2066 press against the
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mechani cal coupling between the heat pipe 2230 and the pi pe connector 2240.
The heat pipe 2230 is associated with cabinet 2220. The pi pe connector 2240
i s associwDedimiosi#2zheat sink 2210. 101191 The pi pe conn@CTars2@a4601acl udes
heat pi pe conduit 2245. The pipe connector 2240 is docked on heat pipe
protrusion 2235 that matches heat pipe conduit 2245. in FIG 23, the heat
pi pe protrusion 2235 and the heat pipe conduit 2245 have a circul ar
profile, AIternatlve ot her variqus profiles can be used such as in FIGS.
5A- 5F. S1 b thepints 39 Fetheishr steting o thegmal-gounliagbstyestide hsatgiipewri0ag aad ot

2347 he @E@gﬁkggn§%@ﬁ)2347 can be used in conjunction with a clanping
nechanlsnP or exanple, when a clanping |ever of a clanping nmechanismis
pressed0ity] tRefeoingrpiFhg. IieaHemi pﬁ'spmutfdvre:bvusfel fiakevetariprgelsbot sAdeht

t her eby, t he heat pe condU|t 22 The cl.a acti.on creates
Lot L 200h L M et b e s SRR v Bt oat T At HE hemt ot pe
2230. %@h é&%shi/e sjsi%& SOODTREINGes3G dnOR s hi@ S8R Gt 005 Cl?éat §gks 2'-’(?1%0 to the
heat pi pe so that the cabinet 2220 cannot nove and so that the cabi net

2220 menahinai 220t heat proes 263, iandipipy conndstdre2040si Fie g GnnTitass, 20¢Asacabi net

oi anpt AR 2007 b RS Pirt A Shandhee HELEFRR ol RS A g o
FI G 24ccendi@inpréssiinGhil 2069, at1EC LedhdieabotRihpa pasIQ0B 0 o AEbM A 0DEeMalihga

representative enbodinment is shown. In one illustrative enbodi nent, the
heat pishs 20800fi ipaexwestarse®4@i t h a heat sink 2410. A matching pipe

connect B gnot BRI Fj6, ASR05] ALehr bl GANLASH i pabbh g a

Altern € I's associ a i ne

connectroprebshtaizs @aibat@etnnid shotvhe Ihesd 111$1|stf‘dﬂve [eﬁlbaal]méﬁlﬂ,&hdﬂﬂﬁtmﬂl jpiat 2280 i s
thermal |y coupled to the heat sink 2410. The heat pe 2430 includes a heat
pi pe predf bg&ithsmphan! meghanicabgoup|ing besen aé%@lpz @aﬁamﬁem@a?q Hus

profil es,5Ugde @Satip '322% is és@%égted Rifdl Oéa%ﬁltehg 20 "@%ﬁ) igé&ansltboesoqyer the

heat pi pe protru5| e protective IS spring-loaded by
Sprlngz@ﬂﬂﬂﬂaﬁhﬂhphﬁMﬂﬁMﬂ%ﬁOblOCk 2485 prevents the heat pipe protrusion

2435 fr etting bent or ) 1 n _a mat chi ng pipe
connectBN s b oogaiefhe S TSe b finticobhicibs THie rarooatside. bi bok
2485 r et SockEY 8RL Waki pipe NBLENES 22% P abhSicBXARECHpe JORIURI NG5 CPRAGHLOr can
engage the notches 2490 to secure the pipe connector to the heat pipe

pr ot r usiconccarPZ40 Ahm batwamewe layluralityedheasippee eontlhitp22stSe t heat pljicock can be

associ at ed mnth 2 eprese odi nent es to an
appar autis i e Bt an g S QIREHFRE IR, B BEREMETR B2t el §
cool i ngyeel. @ﬁichéyu@manleﬁinuﬁﬁﬁetaqt ddpeadihg of qle{mypllcwoﬁaeh@ﬂebeatlaﬂgeﬁ@dndqme heat
sink thermally coupled to a bridge plate en a cradle is thernauhzﬁ

ws

coupl edi¢ @lse pessiile. | Eersxagple, Heéleatmlpecortdﬁe 235 pepngd fiemne aincipsie
heat fr; éﬂe’s'l?dﬁﬁl% eAd&R%ﬁ é’ e'A? E%Bﬁ&ﬁ:ﬁﬁ%%ﬂ%ﬁ dpel nclf§ g%g} lates to a

met hod ' or pa55|v y ¢oolin ICS amnng heat
f r om arvoelieg tiodsbute SeFPOCHAMtCcH bef e)dg“t‘eralt sizadlFer &xangile, lagrat condeitheatpigy pe.

The heat fromthe at | east e hea e IS@& %mm to % | east one heat sink
t hr oug OéaB?Wﬁ§@P Yéﬁlngﬁﬁn lefigersh ﬂéﬁ ﬁ“cﬁ WHRCAARIHE Hly @ ¥%ﬁ¥é§@ﬁ@atlve

embodi ety Le) g& ‘é‘éncfuﬁ 2@@5 ?rEb‘Pt?cfe@ta lé?a Cﬁ?ﬁ%ﬁéﬁéhﬁéﬁ lodn B@RAe'dQS cﬁein%% thofLLse The

apparatus for passively cooling ele nics includes a cradl™e configured to
thernahhgh@mpgkemadmiéb%ﬁ’Bméwﬂeapepnmbnéﬁdsam1bheomnomumoﬁbﬂpmdemt The

mochani EorecBRIRgIP SO v AR B St HiEHAaR0 COBTIeAdn LR TR EFRiPe Lo Che
at | easdcRB&cRPAEmPIBBeat pipe protrusion 2235 engages heat pipe conduit 2245.

Alternatively, the heat pipe protrusion 2235 and the heat pipe conduit 2245 can be tapered

from back to front.

[0118] Referring to FIG. 23, a side view of a thermal joint 2200 of FIG. 22 in accordance

with a representative embodiment is shown. The thermal joint 2200 can be a thermal and
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[0127] Another representative enbodinent relates to an apparatus for

passi vely cooling electronics. The apparatus for passively cooling

el ectroniwe® 20niglosades at | east one heat sink configured POThIS210080ma8 | v
coupled to at | east one cabinet. Wien the at | east one cabinet is thermally
coupled to the at | east one heat sink, the at |east one heat sink draws
heat fromthe at | east one cabinet. [0128] Another representative

enbodi ment rel ates to an apparatus for passively cooling electronics. The
appar atlichppical souplingsbsiweduihe RgatarreciZ30rine shg pipf cewsctar 229 nklte heahiripgur ed
to be t al Jy. : e j : . [ IS
thermal Ty L SoUpTag oy 8 i abier220ARE pif koo M0 iy MO IS EMOR T i i
draws H2d0. fromthe cabinet. [0129] Another representative enbodi nent
relate a et hod for passjvely.caoling el ectranic The net hod i ncl udes
ar ani ngOhbd TrompscedsrRaaddineligh bt Rl R ioids. The RPocBRRE B A ent

si nk. Fbﬁo&&ébnih%aﬁﬂiﬁé%&%ﬁgn bM AhahARREEs helhFipatodRAST249N €, PRAWL3SIHRK forms
at | east part of the channel. [0130] The foregoi ng description of the

r epr esdrtapipy progubiodi2Adhtied thaheatiyepmcqnde’ 34 Bbiavicor cippulappsdde.of il lustration
and of scription. lt.is n i ntended,to,be.e i or tolimt the

i nvent i‘0NPE! teh'e OBPEX?%O&SPB%H?% A feied Such iy lﬂﬁmgﬁgﬁ‘ons and vari ations
are pogeifije The pip@bdnnettot MBI0eha B OlifAGHE NEISMPIng Bt 2087 ATHE Elamghidal Pon
practice of the invention. For exanple, the described representative

enbodi MBAY sait be useddn sanjan¢topvasien clamping meghlasiven ther cxample. whape clamping

21) 11/ . 0 rj . i 8 L. gurati on a

Fatk- ot SLAf Pt RE b R RS I A YR O LR BT

r epr esaitdraping slot P4 ethemrbatiphteniag titelsar pipedoadidt 205 dhedlampinssctioki | | ed in
the art will recoggi ze that the device and nethods of the present invention

may be §raAetd bdr (RsTRY coHPiRSLRCtH eI ARIPCSRENGSTOT S AP BRERCSICAlAURE £ hal |y,
the deVA%ﬁti@rﬁ‘ﬁPz,eWﬁE Q%gnmégﬁpm% E@incd b3 Bloant hgéégge{éggg%é 1Y §fems t hat

need to be coo nents were chosen and In order to
expl ai rcabinet 2120rahpitesovefant ke thatdentabmet 22X msnfirsdhéroml capplitg stithons  of

e D R S Sl Bl S
D e T e e i Toher s equi val ents. o "
[0121] Referring to FIG. 24, a top view of a protected heat pipe 2400 in accordance with a

representative embodiment is shown. In one illustrative embodiment, the heat pipe 2430 is
associated with a heat sink 2410. A matching pipe connector (not shown) is associated with a
cabinet (not shown). Alternatively, the heat pipe is associated with a cabinet and the pipe
connector is associated with the heat sink.

[0122] The heat pipe 2430 is thermally coupled to the heat sink 2410. The heat pipe 2430
includes a heat pipe protrusion 2435. The heat pipe protrusion 2435 can have various profiles
such as in FIGS. 5A-5F. A protective block 2485 slides over the heat pipe protrusion 2435.
The protective block 2485 is spring-loaded by spring 2480. The protective block 2485
prevents the heat pipe protrusion 2435 from getting bent or otherwise damaged.

[0123] When a matching pipe connector is slid over the heat pipe protrusion 2435 the
protective block 2485 retracts. Eventually, notches 2490 are exposed. The pipe connector

can engage the notches 2490 to secure the pipe connector to the heat pipe protrusion 2435.

Alternatively, a heat pipe with protective block can be associated with a cabinet.

4.



WO 21) 11/1) 1) 5342PCT/ U S201 0/030118 WHAT IS CLAIMED IS: |.An apparatus for
passi vely cooling electronics conprising: a cabinet configured to be

t her mal | ywocoplwa42o at | east one heat sink, PCTiise¢10i00 10 en t he
cabinet is thermally coupled to the at | east one heat sink, the at |east
one heat sink draws heat fromthe cabinet. 2. The apparatus of claim

1, wherein the cabinet further conprises a pipe connector configured to be

t her mal | co;gled to at |east. one heat pipe of the at |east one heat sink.
3. The lai%fﬂr geprefeniafixg gnbodigpeat wiatesttp @n gppasates fiddsvyele epplitgses a danpi ng

rechan LR 9 i RRRISS G BECI ok g, Aol gt 10
cabi netanflat tchgrone bnjprsirsethemtal lyeaspled tea bodgrr @stsi Ovihanad dradlond thgumaly t o press
agai nStco?lplseld (t)ot th%fat }eggt o%te hlea?te}osllge, t neeat Teea%‘;[ onsei hnela(lt' sink draws heat from the cradle.
[0125] Another representative embodiment relates to a method for passively cooling
electronics. The method includes drawing heat from an electronic component through a
cradle to at least one heat pipe. The heat from the at least one heat pipe is drawn to at least
one heat sink through a bridge plate and is dissipated.

[0126] Another representative embodiment relates to an apparatus for passively cooling
electronics. The apparatus for passively cooling electronics includes a cradle configured to
thermally couple at least one heat pipe and an electronic component. The apparatus for
passively cooling electronics can also include a clamping mechanism configured to enhance
the thermal coupling of the cradle to the at least one heat pipe.

[0127] Another representative embodiment relates to an apparatus for passively cooling
electronics. The apparatus for passively cooling electronics includes at least one heat sink
configured to be thermally coupled to at least one cabinet. When the at least one cabinet is
thermally coupled to the at least one heat sink, the at least one heat sink draws heat from the
at least one cabinet.

[0128] Another representative embodiment relates to an apparatus for passively cooling
electronics. The apparatus for passively cooling electronics includes a cabinet configured to
be thermally coupled to at least one heat sink. When the cabinet is thermally coupled to the
at least one heat sink, the at least one heat sink draws heat from the cabinet.

[0129] Another representative embodiment relates to a method for passively cooling
electronics. The method includes drawing heat from a cabinet through a thermal joint to at
least one heat sink. The heat is dissipated in a channel. The at least one heat sink forms at
least part of the channel.

[0130] The foregoing description of the representative embodiments have been presented
for purposes of illustration and of description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed, and modifications and variations are possible in
light of the above teachings or may be acquired from practice of the invention. For example,

the described representative embodiments focused on a representative implementation of a
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5. The apparatus of claim1, wherein the cabinet conprises a seal ed

cabi net . 6. The apparatus of claim 1, wherein the cabinet conprises
at | east wOeoOfooa348erver, a switch, a router, a storagePd@&tiseeo/030ipatt ery
backup, and el ectrical equipnent. 7. The apparatus of claim1,
wherein the cabinet is configured to be renovably coupled to the at | east
one heat sink. 8. The apparatus of claim1l1l, wherein the at |east one

heat sink conprises at |east part of a channel, wherein the channel is
conf i gutsEoRtal FHEonESHationen Agokrmpent server. ThegreseRbInypRfMahRNCSH. I8 nafi m 8,

wher ei n; 1'?&1 6 815‘:?%_?\7'/&%\7%% leﬂiéh%goﬁ Q%H&C Bed arff dc g c'fl%atTH%goéélﬁpéd indht @@ and

air con Itionin system o ui I I ng. passively
cool i ngmdall recignomiths tiooodgidesind gnetblodswif tige fresnt fnvomicnmey be praoticed usmgponent

the_at B85t CURGTHERE opFaRbe TR, ACath R ndarcs i ERS Ty o8 Brnitbe
plate; Bpgirdiee LRk JyB@nI8Rt need to be cooled. The embodiments were chosen and
described in order to explain the principles of the invention and as practical applications of
the invention to enable one skilled in the art to utilize the invention in various embodiments
and with various modifications as suited to the particular use contemplated. It is intended
that the scope of the invention be defined by the claims appended hereto and their

equivalents.
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11. The method of claim 10, wherein the cradle thermally couples the

el ectroni c conponent to the at | east one heat pipe. 12. The net hod
of cl ai mXO20@832N the cradl e conprises a cl anpi ng ne®banissemomaNis gur ed
to enhance the thermal coupling of the cradle to the at | east one heat

pi pe. 13. The nethod of claim 10, wherein the at |east one heat sink forns
at least part of a channel; and wherein the channel is part of a
heating ventilation and air conditioning (HVAC) system of a buil ding.

14. The_nethod of claim 10, wherein the el ectronic conponent conprises at

| east OWHAT IALAIMED B:switch, a router, a storage device, a battery
backup, and el ectrical equi pnent and the electric conponent conprises a

seal ed cabinet. ApapparatdSfor PRRIVIB! RUNLLICEHEHR ddmprivigy-ei n the channel is
configured to passively drawin fluid to dlssufate eat in the channel
a cabinet configured to be thermally coupled to at least one heat sink,

wherein when the cabinet is thermally coupled to the at least one heat sink, the

at least one heat sink draws heat from the cabinet.

2. The apparatus of claim 1, wherein the cabinet further comprises a pipe
connector configured to be thermally coupled to at least one heat pipe of the at least one heat
sink.

3. The apparatus of claim 2, wherein the pipe connector comprises a clamping
mechanism configured to enhance the thermal coupling of the cabinet to the at least one heat
sink.

4. The apparatus of claim 1, wherein the cabinet further comprises at least one

compression rail configured to press against a slot of the at least one heat sink.
5. The apparatus of claim 1, wherein the cabinet comprises a sealed cabinet.

6. The apparatus of claim 1, wherein the cabinet comprises at least one of a

server, a switch, a router, a storage device, a battery backup, and electrical equipment.

7. The apparatus of claim 1, wherein the cabinet is configured to be removably

coupled to the at least one heat sink.

8. The apparatus of claim 1, wherein the at least one heat sink comprises at least

part of a channel, wherein the channel is configured to provide a cooling fluid.

9. The apparatus of claim 8, wherein the channel is configured to be part of a

heating ventilation and air conditioning (HVAC) system of a building.

10. A method for passively cooling electronics comprising:

drawing heat from an electronic component through a cradle to at least one heat pipe;

27



WO 2011/005342 PCT/US2010/030118

drawing the heat from the at least one heat pipe to at least one heat sink through a

bridge plate; and

dissipating the heat.

11.  The method of claim 10, wherein the cradle thermally couples the electronic

component to the at least one heat pipe.

12.  The method of claim 10, wherein the cradle comprises a clamping mechanism

configured to enhance the thermal coupling of the cradle to the at least one heat pipe.

13. The method of claim 10,
wherein the at least one heat sink forms at least part of a channel; and
wherein the channel is part of a heating ventilation and air conditioning (HVAC)

system of a building.

14.  The method of claim 10, wherein the electronic component comprises at least
one of a server, a switch, a router, a storage device, a battery backup, and electrical

equipment and the electric component comprises a sealed cabinet.

15. The method of claim 10, wherein the channel is configured to passively draw

in fluid to dissipate heat in the channel.
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