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[ 0002] The present disclosure relates generally to the field of passive
cooling and nore particularly to passive cooling of electronics devices.
[0003] Legacy el ectronics device cooling technologies typically use a
forced air_cooling nethod to renmpve heat fromthe el ectronics device. Mire
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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



[0004] The majority of existing systens depend on a forced air cooling
nmethod, i.e. fans. In existing systens, fans are used to cool processors
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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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FIG. 1 is a perspective 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. 5A-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.



[0011] FIG 1 is a perspective view of a passive cooling systemin
accordance with a representative enbodi nent. [0012] FIG 2 is an expl oded
vi ew of twe praswsise cooling systemof FIG 1 in accordamrce/us2aio/ 0zn1is
representative enbodinment. [0013] FIG 3 is a top view of the passive
cooling systemof FIG 2 in accordance with a representative enbodi nent.
[0014] FIG 4 is a perspective view of the device nodule of FIG 2 in
accordance with a representative enbodiment. [0015] FIG 5A-5F are diagrans
of reprl@8¥Ht G, 44 entoppiigye of » peisbigiceslingenstaspredanien with h repr hegsedkdnt at i ve
enbodi : I ded view of the heat pipe assenbly of
FI G 2n“:%ﬁ&g?:‘gcg%gln%@p%steﬁaﬂé%r%%?Og&éf‘g%@ative enbodi ment. [0017] FIG 7 is a
di agr an0o2s]t e Gon b dgetoplvadve 064 phdslsie coolip antBuasysenvéontigaratiepiresent ati ve
enbodi nent. [0018] FIG 8 is a perspective view of the processor heat pipe
assenblaFeyflafaecyitiba represertaiesieediine™- a representati ve enbodi nent .

[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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[0019] FIG 9 is a perspective view of a passive cooling enclosure system

I n accordance with a representative enbodinent. [0020] FIG 10 is a front

vi ew of twe praswsise cool i ng encl osure systemof FIG 9 ipoTascawdante wWith a
representative enbodinment. [0021] FIG 11 is a top view of the passive
cooling enclosure systemof FIG 9 in accordance with a representative
enbodi nent. [0022] FIG 12 is a side view of the passive cooling enclosure
systemof FIG 9 in accordance with a representative enbodi ment. [0023]
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heat silnktlich iscmoes artieknowhistractuepraas dotiats are sieovironh simplified form to
facilitate description of the representative embodiments.
[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



[0025] FIG 15 is a top view of a passive cooling enclosure system
configuration in accordance with a representative enbodi nent. [0026] FIG
16 is a fworniwmiossy2of a passive cooling encl osure systemrctaskoigos@ats on of
FIG 15 in accordance with a representative enbodinment. [0027] FIG 17 is a
top view of a server roomin accordance wth a representative enbodi nent.
[0028] FIG 18 is a side view of the server roomof FIG 17 in accordance
with a representative enbodinent. [0029] FIG 19 is a top view of a server
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repr esaRLRLLYE 1ROt ITR domponent 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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[0033] FIG 23 is a side viewof a thermal joint of FIG 22 in accordance
wth a representative enbodinent. [0034] FIG 24 is a top view of a

pr ot ect edwbeat/qsje i n accordance with a representati verprerhsdineailis [ 0035]
FIG 25 is atop view of a portion of a passive cooling systemin
accordance wth a representative enbodinment. [0036] 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 enclosure system and net hod
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2011/ 0@sBARIBGUL U524 6f HBMIGEBiquid cooling system, and without the need for additional
power or costly maintenance.
[0044] 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,



invention. It will be evident, however, to one skilled in the art that the
representative enbodi nents nay be practiced without these specific details.
The drawiwgoarm®s3et to scale. In other instances, wel| Pkmasroistosaics ur es
and devices are shown in sinplified formto facilitate description of the
representative enbodi nents. [0038] Referring to FIG 1, a perspective view
of a passive cooling system 100 in accordance with a representative

enbodi ment is shown. In an enbodi nent, the passive cooling system 100 is
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[0042] The device nodul e 220 is renovably nounted on the heat pipe assenbly
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to the heat sinks 140 and filler strip 150. The heat pipe assenbly 210
draws heat fromthe device nodul e 220. The heat sinks 140 draw heat from
the heat pipe assenmbly 210. Each of the thermal couplings where two
separate pieces neet can include a thermal conpound to enhance the thermnal
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modul e egydpnccayighy qu&eér:mﬁﬂ‘@o%‘m@an%slm@ oteHSALRIRF assoBBLy ifdinclu
mot her hogt ¢ 280 Gﬂnagdaégglagshﬂ%d@ﬁwm@m@f@éﬂ) @zﬁpaﬁﬁlh&d@g fRO69G: THOT

exanpl e, a video car ernet card, a processor car or any ot her
conput éreac@pek. 63Dhee nmiphet foake bride(plate vl § dirsughhtbe deck Idenafrb@B 1680226¢ and

daught rboard 2 e h board can b o] ed through the. rack to
whi on T2 abe ol s Sorm g G AT SR ISRy SRR Ean. AThE T EHaP ROt 480

i ncl Udeh%gﬁ&?to(}he m&sbmﬁm&lg%la@%mﬁldtth@ﬁm dpeppl ed to the heat
sinks 1 by processor heat pipe assenbly 230. Alternatlvely, ot her devi ces

of the [ﬂﬁi%erﬂ@dﬁdigz@dﬁteﬁbp eradystiodh b S aDegs arfdor d@kacﬂbd@lceamp@me&%uppl Y,

can WO 1/ Ba2PTL US2 01 0 al. so be thernal d,to the heat
Si nks %Jb}go atte geo S e néeifeélo\l;gn ePnalg‘/ %%rfr?{'l el%%B%E?lOw

ef fect nﬂ@lmltatms tthe bﬂ“ﬂ@geqﬂa’tb &0 M%@%&l@ﬁﬁuﬁf&%@p@rﬁlosﬁ Thélendge
not her board 260 wi thout the use of a fan or liquid cooling system. and

Wi t houtPlatp 616 68HbE Hachiprg, W&&rﬁéﬁmﬁfé\@ﬁxwde@oﬁqaysmﬁ@d@fwa&@@mt{eém}l

Ref f f FIG 2
' acodndbiie it oty Put BN M0 b, BIRIAE GIB hA RYERETIISROL Mo
depi ct Algnariicty, tlfed’feaﬁ;blpaﬁﬁmml’ml‘edwyﬁem dfe thelat pta&n6l(} ayvglessinigher qpaasi ve

cooling. system 100 i ncludes a front panel 110, heat sinks 140, filler
stri psgfi%mn%nﬁé%%t Bl rﬁ@Vﬁg@@ﬁB@ 9165%1 CORBSALIOR. Aolemel compound inbeessor heat

pi pe a 10, and a power
supply%%gg?J%ﬁggaggggggkgﬁgggﬁk%bgggz6%£H§gefgeﬁﬁﬂ%%?ég 220 generate heat,

heat pi[f853HssBErudeyic2 iodilad®) delas ownaypafrrodineathyepair30e Tiro HedtespeB HO0 afkhe
fill t 150 t,. f t bl 210 Iy,
the hedidSrhRSTEAT i Barh L T FORPARE 2P B PEbFT SO r600 4P Ao pat &
the heafeai 0151}3@5 4302 FH R Trordl FOAEHNE b lesd MUGambRedRANIng 0RKBe Qﬂ)@icatfdrﬂ I er

strips 15 heat pi pe assenbly 210, and device nodul es 220 form an

open- | SBs hesonibergp9yase amanged5a Hlat ﬁ@e@aﬁpww@dule(lﬁmousﬂﬁéym? hextt pires 630

not her board 26 ener at a rocessotr .hea S$ 30 dr aws heat
vey. f e oReeR PR BBl SRS bt Rl R PR Yo ghin i

proces S‘e@fanE@ﬁ'&l Vatipeés @tﬁﬁ“ﬁgﬁﬁltlySnQ@tﬁund-a H@MbeSﬁodu’ﬂS sacmv@ﬁarthé tu@FHnyi bofein. Shown)
of the notherboard 260 generates heat Pomer suppl y. heat pipe assenbly 320
draws HewtheaiRipes ¢39sanhe nnds ob sl or prethrenglyssonkuctivegnatenal Rederablimy  f r om

the po éhéa!ﬂﬁ%e%’@@?{e rﬂéd% AR n%%on?lﬁlgtwé HaRBE s H?&Sag%pﬁc ggSPts do not

need a rtro coo or exa menory nodu cool ed by
t he anhil@ninuai m&ﬂherlﬁpes%ﬂaaahag;edm&pﬂated tohgcyas smvzletmod]“herl@asmpémﬁmoo

provi des ffec coolin o t he devjce ul e 220, processor power
suppl y W?’ %%%Stél?l% prgrtgded. Huse q;glalfr{larlgoggpgg ap be Apphied 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.



[0047] Referring to FIG 4, a perspective view of the device nodul e 220 of
FIG 2 in accordance with a representative enbodi nent is shown. The device
nodul e 2290i2nci/wss a cradl e assenbly 410 and an el ect r enrwseanpsrent 420.
The el ectroni c conponent 420 is fastened to the cradl e assenbly 410. The

el ectroni ¢ conponent 420 can be a non-vol atile storage device, such as a

hard di sc drive, as described above. The cradl e assenbly 410 can be both a
thermal sink and a dockigg}nechanisn1for the el ectronic conponent 420. The

cradl e [8438nbllye beeh phas PoS frliaclyfcsrbe apweiomnddiae eomaestians jordbnduded ve
ot or | oS4 AR Mook YRLZHH BOPRABEETISE MINGROME 1o eL8giassel ¥

410 is ma m num or copper a e cra can be
machi neftyiceaThus, tic @xvideutatile PRBREandfarcasiteclsctaiadlljbenaahatideate imotlidieaed.adl e

nbl 10, th | . d b lied to t ) bet th
Ssserbl 10, DR Tl SROun 80 be 2 e Lo Lie spscs hetyen the
assenbl%clgl%gnb PERURSInAGALs &hﬁﬁctﬁﬁ?%ﬂr&%ia‘!@ﬁwr é%{fasrﬁéi%%y lﬁ%féﬁéigé?}(ﬂ%ic‘llo I'S

docked on heat pipes that matc eat pl pe con e cradle assenbly
410 carcohgeecrgnssooratal witlhuthel devige ofodnkdi20pitoe cxamgl o wiscrd B@. deVive ninelate pi pe

condui t g 430 are di.sposed .0 it her si f .the el ectronic, canp nt 420.
At er naeOVamy IEA TSR AP Bt bk pEnloRah AT Sa SE TSR TEA DR e y

heat saupte IDE, Sl @ahERYs C TRNTRARE Blus&2Bsert Bvide flodRicRfoGRGUHeSs 430 can
be 1.5 inches or smaller in dianeter depending on the application; however,

| ar ger dswivd madslcagngagdssiopqes spiyicstor Bod a drtarephisctarh &Vimeethe pigyengagesithict s 430

f. N . . knch i I. diti I . th
A T R T T A R Sl D A e

condui tdah®adefipiel tb ac@kcty e @wa fittsconhectsie bh €lic Bfck phne@PCIP620.€ can be | arger
t han a heat conduit/ heat 8ipe | ocat ed towards the outside of the enclosure.
3

The hed®0P pRdeimngite §1G30 2 digrameof dhedisiea glade 61 GoLEIG. G ascosdmcpaithded t o
h i t 1R ' : i | ot

200" or dBEARHpbiRAE KBRS 160! Pl ARG RIP AP 0% O ° 460

I S presaeldsdtof htheipek apomgnpdahanatim dbbridkopkse 6 Idas alvarpumand klatisad 40

t hereby tighteni.ng the_heat pjpe_conduits 430. The cl anping actjqQn creates
a bet t SPTRA YIS BRdpPT ?@psfe%llweﬁ%@ﬁﬂéatépéﬁa %r@@slér%ﬁ'&?g&‘i%dea dhs bade

associ gjgd 6@@.%%@519@% pl AN b LR Ydes hBRs GL MM PhraGEddap fias |Pfcdthe cradle
assenbl'y 410 to the heat pipes so that the cradl e assenbly 410 cannot nove

and maimpai Theheles@R0 gothironghi thy hedthspssadertid Ocp dlHt evies slemiday piptOarcan be

qui ckly r ved and replaced. Alternativel y .ot her, .cl.anpin nd/ or
at t achASHT e LR & Alrotl Bl cheEion brosBem e At Bk Ao Ui REA wateder

di agr anmg 00fThe BR4QPpRAHE 1 108n 8RS ﬂieﬁﬁerﬁﬁpﬁﬁ%r@ﬁéi&lwm’ﬂ% pltt B1@
representative enbodi nent are shown. As shown in Fl 5A, a heat pipe 510

can be tiditegting theAbergabiipwi dn i xagmle, shalecat sptastersDl asadovehnot shapefer s t hat
press ipto the, si.deg of cradle senbly 525 As shown in Bl G 5C a heat
o po 599 QLI FLpbat S RIRE Rt 2ely o Rs 4380l Byl "o o

heat pi[pesdi4R&aminkao UV, @ pripcbrd PSS HEthched e heataihcassstifgaBy op47 and
a separate batten 545. As shown in FIG 5E, a heat pipe WO )
2011/ 0049943 prageosko e wish @ rgmesentative 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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550 can be triangular. As shown in FIG 5F, a heat pipe 560 can be circul ar
and be pressed between cradle assenbly 567 and a separate batten 565.

[ 0051] ReWerwimgsi4e FI G 6, an expl oded view of the heatrcpiyseoiassandly 210
of FIG 2 in accordance with a representative enbodi nent is shown. The heat
pi pe assenbly 210 includes a bridge plate 610, a back plane printed circuit
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
coupl edindly theihent snlesi 199 dissepagsthe Bpatigtoglmampcntyar. nhvapées an be

t
150,  [oB53y" RRUPERTRTLITEE G cetRe B REer bR ot AF i BRI R o

devi ce lipéitit@]ia@Qystdihe bri dge plate 610 can be nade of metal or any
thermal | y_conductivye material. In sonme inplenmentations, the bridge plate
610 i o IBGSRI ohS Boted phmHert AR OF" %BW&@“&\SP@?FheﬁH‘éth?‘aﬁ‘é{ 912418t §16 "can be
machi n ; : r &he in the
br i dge o1 3 2E¢ B0 Fa e ek p0RR diates IRt SRIRE 3y A0 2300 FIRSOREReL " o
heat pivp#sa 6deseithtier crabodimkyt, is simevihelic mrpesobBassian chalirfgaystemeZb00os t he

bri dge pl.at 10 b ressing or other fastening.neans that, provjde a good
Cher nal PABHTEEEF BN elRuPRB e Ol inge ik SBCH BT e eSSBS IR Detween
the briglge spipats®, Hi0) AbthettRrd 2R aPURLEL&BsHovE0053] The device nodul e 220
slides over a pair of heat pipes 630. The heat pipes 630 are tapered at one

end to [A8RY sAipdivagsuphly dPicer batlumellp ooupdast to thhkeahsiak 199 péke pBOcreasy. The
heat pipe can.range from 1.5 .inches or |less.in dianeter pendi ng on
the. apontBxceon PR RESe o P R e atmBod e Qo P arRRE 15 58y co

modul e ihduduptiedd ciriigt bead 2 PR eFirsi3dwar suphlys Pesededbir&iit 1580, sidten®f t he
devi ce nodul e. AlternatiyeL{ t he heat pipes 630 can be arranged in various
conf i guUIOREST sl Higived ciai ¥ Onerimnancais 2R S Gasing apasior 23 lardichiopesm  The

heat pi i ial.
Pr of or BTy 2 e Rl BBl HEh 3o 30 uuhiGITEy o) RRMHGWE IR 31
such asnegppelrci@lt@§30andihe stconthpoWeesupphit inpigpesd G40 absbe,lder pl ated to

prevent oxidation. The heat pipes 630 can be hi ned, cast,. stanped or
extr udé‘d‘.ampﬁ” BERWELITNNISIRAr 2 PEMSbEHRE eBAdYe: Eggﬁr%aowsr Stuaa@fyslmeg%‘éi of the

heat pigesii638 LR AL VR ng%f %@}fﬂ%i’b&éd Mkdutt 2590 fh, 38SQGh#HIEdwilsy hee
nmodul e 220 and to reduce oxidati on. en the clanpi ng nechani smof the
devi ce arﬁu'glm!faee gogderstosenyert Y ¥A&dbenasfetribisy 12VIRGe WP, 38 Duren220

presses ai nst the associ ated heat pipes 630 creating a thermal and
physi a3l et RS Rs Betaa2per) Us2010/ 0304118 [0054] The back pl ane

PCB 62Go0en! udesc iiNBtROVEEMBRIIMERL BcdRRNRGW Sip1Y Aftedrited eRMiiCEs3006udl e 220.
The back plane PCB 620 is connected to the notherboard of the el ectronics

devi ce.thTpagend poecidapplyaniveuiadeciizan 26 4hatgsokigridtg adirsietdej afdhd pritehnect ed to

t he not her boar d. e | ane PCB 620 i.S, a t.om.BCB, desi.gned to fit

ar ound e ki 2570 SuRRES R RETphER PR el A as T R LR et one

appr opryjoatee sifply toteprarad tirewil 2540kian Ge pbsigbRit diRvilE agan aeivat dais040 ated with
t he devi ce mpdul e 220. For exanple, where the device nodul e 220 i s nounted
with a thereby thegrallyt spapBag thedirsiovmesimgdpintegtad escpoisd addhaswernd  ATA,

El DE, | S | t i le into
= bay, Ths SR T AR ERLAL S0 10 o B e R e N B PR o
When t happiyeéttegragdgasuith@ 5808580 nandne henistilg 140ken delidee thehil eopaontes

| ocked in place. The cl anpi ng mechani sm can be designed to actjvely engage
the coreahusEs tshgal B@tﬁ%%ﬁ%og%et@z@? T%}@ﬁ%@- ﬁs%gfe%ep?rﬁtjdt 5 s e,

di agr a”é‘u?ﬁl%z,tzﬁ@o,qgggﬂf%uﬁh%@ﬁﬁ% oREr ﬁil;_ﬁy iﬁte}gﬁt&l‘-‘&r%ﬁ 3886 ay fhl sécond
representafive enbodi nent i s shown. € brrdge plate 610 1 ncludes heat

spr eaderosve? $ipplpmtegathd siecuit?Sdentdrpipasthe hpatomk 40pind Wewipatedonto thdhe bri dge
pl ate 61q§i§ al um num and the heat spreader 710 is made of copper all oy.
The hed™¥pPt'é8der 710 is located inside of the bridge plate 610. The bridge
plate 6! SOthensdrisdFshdisdwes sdgfly 81 G Rud & dbeffdnt@s at3RGhd thRcheat pi pes.
The holes 720 go through the heat spreader 710 so that when the heat pipes
are at t226Aextn betegaged an asagpresite phide printed simeic bpad 2589 whkpicarhpongatst pi pes
and the heat spreader 710. The heat spreader 710 increases the thernal
transfer efficiency of the bridge plate 610 by directing the thermal flow
In this exanple, the heat spreaders 719 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
assenbly 230 of FIG 2 in accordance with a representative enbodi nent is
shown. Mot herboard 260 includes processors 810. A first thernmal mass 820 is
attached to each of the processors 810. The first thermal nasses 820 are

v - o ~ AN o o NN ——



[ 0057] As the processors produce heat, the first thermal nasses 820 draw
heat fromthe processors. The second thermal nasses 840 draw heat fromthe
first thewoabiwvmssies 820 t hrough heat pipes 830. The heaCTdisnaés/0ivids dr aw
heat fromthe second thermal masses 840. WD 2011/ 005342PCT/ US2010/ 030118
Finally, the heat sinks 140 di ssipate the heat into the anbient air.

Advant ageousl y, the passive cooling system provides effective cooling to
processors without the use of fans or a liquid cooling systen1:%9058] As
not ed 24980and sanssiir2590pt yrangad 80 Bt te ardeeriiRg pyntedeiptuiboatd 2520eat bsi nk.
Referripg.: : . I ' ' [ system
2500 § rgnBed e Bitviing BRath ENoPinchi sty Bep BRERLIE (ORI pIRITHS; O
of a pabsftiwesidool thegrmysit@rruiz Hodrdi2S2an Ailtetnagtv¢las thy Erppomer sipppl y area of a
passive cooling systemjncluding a heat .sink 140, a filler strip 150, and a
ot her HBREG eSERCI 25 dbadbs asee a%we@}lpﬁ@e%tg?raﬁ%iﬁmv 23Hp SIS comPAIcREn be

ther maldsy Cﬁﬁ‘th@ ehrfalitd 8 6?%% bSldakted 40 OHJQﬁe B?m:e;prﬁlﬁiggdlﬂzé%% %%Qrdpﬁ?ﬁ lLi@s

power for the passive cooling system The power supp can include a
pri nt edirengalsa thitthe doR@&2pply ihfegstedpomerts @3pH) 3540 hcagroataettheiheatsitk 2530, a

second p upply jntegrated citcyit 2540, conponents. 2550, and capacitor
3560 oD osERSiol 4 ST &k Bt aleads e TG RathEPoRer D Iy

st andofifiggrBlirclg (X550 15409 WRtermbidRIlY, ahghaﬂﬂb&t Sholel Sply &&@%Qate@d the
second power supply integrated circuit 2540 can be, for exanple, a power

t r ansi stgpitHer conpronerts sappt thermdy eoupiedéo fherhsat panet denpgegusintegpared
circuit 2530 and the secon wer .s integrat.ed circuit 2540 can, for
exanpl PRy PR RE spolge ARGV DML B BN s NSRRI s56UAC (o ome of at

| east 1[B084PC, Réfeividg to B1G. 2 t6) viewbfpbher supplit @ge260oleheqydgepeniftd ng heat .
[0060] In one jllustrative enbodi nent, the irst(gpmer supply integrated

ci rcui trepssutaivg cppedisss ohpue I'he pRYRLSUPALYEHEAOE can be iitegrdtsd mta e

sol der . fid |.d i hreui: 3 t he
first pondee SubbEshndheanepel P PR oAEl iblbenRRE ERe e hablEd, |

i nt egr aysdmci rcuit 2540 can be positioned directly agai nst the heat sink

140 th t |1 | the first i d ci it
2530 arb0cHe Hedunter Yoy Cetaid i hders BrEe SPpEIOr0 Suks g Std HebkS o1 nk
140. Tgﬁﬁdg&' tﬁl&ﬁgﬂ@@mﬁéa\eﬁ%nh&ﬂﬁlﬂpewle@%qﬁé Mledt@fnﬁglm@t %egbcvepé@g(z?@o, 2540)

and th a ink 140 can 1 nclude a thermal conpound to enha the thernmal
char acteniistludesa winteharduntdroasl 2 20up firsh gowklesupphentgatadcitppitt2380,power suppl y

2510, in rticular, the first power supply jntegrated circyj 30 and the
second SENEPGHARPY st BBl T e FBRinis s ST RS op R e s nik 140
and di spivRat@ply D61 ddndeamiBéRato dictheal 6140 63 fierddPRMsT00frhe st pewsr supply
2510, such as conponents 2550, and capacitor 2560, can be |ocated on a

second sspply ibgrated apichin 283 aid hasecopd apwengpoly Misarateshgiemeo40 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 2011/ 005342PCT/ US2010/ 030118 2550 and capacitor 2560 are arranged so
that the area of the printed circuit board 2520 can be mnim zed while
provi di ngvol2erwrmmssie f or the power supply integrated cirearis2qas3Q;8 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 pov@P6Yupbhascrenderfre suprly pdegratsd 2680254954 gyupiechtocoiseeid haahpipReat si nk

140. T e i . /ARG i o} t with the
power rskl;pé)‘?)] 3%? r%cgg(ri é?%é)?%rhréét gﬁ% g%&%ifé%%@%b?hﬁiﬁ@e?ﬁ%‘??l\/e:sfegoqﬂé%y “hunber of
power suppllyyntepiaedroadced 2640 Buhdrmally cogpipdteaint dea aimkbdOtvietheaédopnddearpl ed to
t he heat, sjnk. Advantagepusly, the power supply can be cooled directly by a
heat siMRe €40t rﬁeeabg@gerag %ﬁueiSﬁﬁ)@w@wquﬁjﬁo@ﬁgrﬁeé EFfUitngy40ds N 196, " a t op
vi ew of : i i i : i

R i e R S R St T
passi veccwul licagpipy S64HhranTieeanpdbeams slpgpeyhawd ver, 269 0ther shapdesn powed. flhet he

i | i t 0063] T | it 2600. incl
ool y J9BRPeR R aciphd e B Rl oty isbordhep aintngina [y "
coupl edinli@hd Rt BigRY 46 biKind Qe thth®aRAMRIousd RPEhad&B @i cbﬁiﬂln%de a printed

circuit board 2520, a flrst&ﬁomer supply integrated circuit 2530, a second

power d086Aly Thetfergr kaabpipei2p3Wind ths 4econd hapianenit0288 e nzadd of aprrst eldey, 2560.
The power suppl 610 can be attached to the heat, sink 140 st.andoffs
205 0P R P BR s v ang Aol i AP ATt A R A K B MBI v
suppl y J630agd eteadcsidiedi pip@2640 earbeaiffededt he@XA @ derdto POMRAMbAANEIeSt OF or a
power sugply mpdul e, [0064] In one illustrative enbodiment, the first power

suppl y difersp aighs ef tlh[é dirst PoFSOSURRY nfreraetgryitpowe ang thspegondosgr at ed

uep Y . o : f : ki q
Sioc SHEP BRSNS a8, Mt R REROLER LR el
heat pithep@6dGupdlyeo thctsht dislat T peva63Pply saic tishidedny auimber dfg@ivesi nk 140.

Thus, the first power supply integrated circuit 253Q is thermally coupled
to the HBRlY I%tﬁﬁqepeﬂwcw%a&dr@h?ﬁ CPEIPOREILS- %ﬂ?&&%@e&e Ak PIRRSPAREY by t he

first csdﬂ@i%\] i ; i it j [ 140
througﬁgﬁﬁgsfirstMﬂggég Fg%ﬁ 8%6&§%%&3§§§?1é?%%ﬁﬁﬁﬁékgﬁé&gﬁ%?gﬁ#§a?§? The

first heanpp pbecE @ahl tpenacrotd mbeaodmpdreps;or peretbe priategd cotiiebosthiape can
be used. The j.pints between the f|rst powe upply integrated circuiit 2530,
Do T 1 o ponenR Poibod BE ESTndmef LA B8P THRBRel pinf S s w1y
conmpouns; drwRENRBCRoh RS FolcrGaplY td the he¥QRiM@11/ 005342PCT/ US2010/ 030118

[0067] Passive Cooling Enclosure System

[0068] Referring to FIG. 9, a perspective view of a passive cooling enclosure system 900 in
accordance with a representative embodiment is shown. In one embodiment, the passive
cooling enclosure system 900 is configured as a rack. The passive cooling enclosure system
900 can include a support structure 905, heat sinks 910, cabinets 920, heat pipes 930, and
pipe connectors 940. Unlike 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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[ 0065] The second power supply integrated circuit 2540 is coupled to a
second heat pipe 2640. The second heat pipe 2640 is coupled to the heat

si nk 140.wOhwos/00633¢ second power supply integrated circ®RCtr/ud2e¢0/03@18
thermal |y coupled to the heat sink 140 via the second heat pipe 2640. Heat
generated by the second power supply integrated circuit 2540 is drawn to
the heat sink 140 through the second heat pipe 2640 and di ssipated into the

anbient air. The second heat pipe 2640 can be an "I-beant shaﬁkﬁ;( however,
any ot H@%%haﬂ@ stapobatrygdeg 90Tan juppattdepainks O 0 aRe caldedn 82 ohks supnpis| v

i ntegr t si nk 140
can i n(a:ﬁtn% u% %(glrjéﬁ&al b%?@%%(z)éuﬁie %:t%?%n §E§§%¥ E%a?lﬁ%a% qfo:llgrﬂlgﬁgﬂl& SQF‘\,(S%SE a]]LheThe first
heat pisppp@6&tucand 9051earsbaa:m)d1di@a,tdqptlpan<26xﬂ&hc§he beppordauciireciPpean al | oy,

al um num rretal or any er therpmally conductive material. As shown, the
first HBGHIG? peveesorking @ clsplapn EPrmeRcripg 5%5 BRI URSAIY ERUPBE It hei ght s
in ordecrab@gts% gomodate the different heights of the first power supply
integrated circuit 2530 and the second power supply integrated circuit

2540. ADO#EH nathedeatsinknl Ooran noled chieest cqpilpe shaaelsher anyedhdrdicatodissgmationhe
power su

bover SRy Finmeghatemts ckiied VBl wet MEGHSifan e eairks o 1t he

heat piRessiAIAN 1YL bY A0S aﬁgﬁﬁa@ %ﬁhirﬁﬁﬁald@?@ﬁﬂiy’"&h&ﬂh&ﬁﬁl Bdubter! ar
i npl enrent ation of the power supply. For exanple, a heat pipe could span

acr oss Ti’@ri;@at&mlﬁcﬂi@rwg ipludsi hepicwreadersps idasceied abasigi(notisbawd).t Bhedksat act t he

bott om of nent dvant eousl hea es cool the power supply
by dr s SRSAET be B R YRR ARSI b IR B T 00671 Pasel ve

Cool i nquml OBRY IesaBy Bk LIN0[ QA 6Rdludiefips tdrtgetbs FOGTHS pift ansResUye vi ew of
a passive cooling enclosure system 900 in accordance with a representative

enbodi rfbermally ceppiguthe hogt Hakes LhPdedicatanpes Bhe Thapmerenpesirs 440 extinglyde a

system |.i I stem
500" caribg aEeRbti bECl AR AR 10 TRARATY il i C%E%%c.‘?%‘éPEOS% heat
pi pes GBOhcapibepbpe theosbygesmotnDdtherrhliiltoke btiwecpasspipecamotiorgp4dystiem 100,

t he heah EI nks of asswe cogll i ng encl osure system 900 can be Iocgt ed on

the radRe Bt PESHP .Ws%déigamo e(pépe GomRngeiens O Bﬁal%%ecwéca% HarsHraithecabige®- mount
chassi s0Th %&@gﬁw Srf @Rk 908, ?H&b%% WbEnc¥ost 640 %%ecs%par% fforh AfckhchPdinks

nounting rack unt chassis. assive cool 1 ng enclosure system 900 can
be i nt €gat edegmated intorthdleeapsinks DF0. Bargtus wbmyrieg madtanmsa;aafoamd@myeélais ppi ng

contain a rized data center bui For t he
ont o1 SRS oM bEEN. TSR SrEnpE 10 P s o By RSP ai ner
WO 2013411@9%?@?%@%@1’&%@&&& [ 0069] The support structure 905 can
support heat sinks 910 and cabinets 920. The support structure 905 can be

t he si 4808% allstchinaisd20zek be i@pl’t@d(]alﬁmihé suppsrt sigiee AQP . s Bra/eabictsi suppor t

505 cart el RER OB A “oBIER STy SRRl s ThrhE by BB RRG gk €

communi &?Tolth& kieceonipd ddvice Nthe@abinBe80 9210be biOOHQght Dadehaaln §arﬁ&ﬂa19ﬂﬁt can
i nclude tins, coolant channels, or any other heat dissipation neans. Fins
are prerBigk9F0icar Bgtuseddysy @b ﬂ?%bwab%omﬁéaw&baéo SYBINEEIOUS | nks

ot her TRAPRREEn FororE ARt R TR DB e LD BB o
descri bephtaiboivz:as s(uabtas sdmowvaple nidtia beads, kgbeaderdisptays, icehadeysafcks.opper
alloy, Aolt[ergaﬂ%ei)y, a%lnetrsmao car? %g lél(f)groogrlrarnrnable logic controller chassis, a blade

chassis, a VMEbus-type enclosure, a PCI-type enclosure, a CompactPCI-type enclosure, a

server, or any other electronic device with modular bays and/or sub-bays. Alternatively, the

heat sinks 910 can support cabinets 920.

[0073] The cabinets 920 can include heat pipes 930. The heat pipes 930 can be thermally

coupled to the internal components of the cabinets 920. For example, the heat pipes 930 can
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[0071] The heat sinks 910 can include pipe connectors 940. The pipe
connectors 940 thermally couple the heat sinks 910 to heat pipes 930. The
pi pe conmEoorimoBwId can i ncl ude a cl anpi ng mechani sm or pcrarspong3omeans t o
mechani cal |y secure the pipe connectors 940 to the heat pipes 930 thereby
pronoting a thermal bond between the pipe connectors 940 and the heat pipes
930. In addition, the pipe connectors 940 can nechanically secure the
cabinets 920 to the support structure 905. The pi pe connectors 940 can be
separ aths thergmwlly eupledito rpegesors.1dskodrivost @cthar dgati generatipg cerapencafsipi $ha10.

Vari ous HhAg i [ f r w. The
pi pe._coaiERer I gRata RS IR olaa i ET LA AN 918, HERCL R ot 380 RIS, .

t her malheaopigelot wultipl€) iRyidudl dcatgiipase tAdtediZBiveBnthodichtspestos0 canbo phtaef suppor t
structuLe 905, The c%finets 920 can ge a server, a switch, a router, a

st or ageneiBeAt ks 3G and e pingLorpgsiors PAL £3n eparkefithe radects 820-any ot her

el ectr oni i i | ght .

particu g%?m%ﬁﬁbﬁggfﬁgﬁgﬁg%%nﬁgﬁf?%%F§§§°§§§§?ﬂg§%h§§g??Eg§%§%@$§h@The bays
can be thengh geatedpes 930 and pips conmicioguPHt. | Sddsingagebushs chdr ofzbataiinas OUerst i cal .

Additional ly, .the cabinets 920 can include other input devices such as
v s i b Sty BeshaemiGaE Ay Dol ongn ] St

Al t er nahé ¥8Jidots dJte cabi nets 920 can be a programmable | ogic controller
chassis, a blade chassis, a VMEbus-type enclosure, a PCl-type enclosure, a
Conpact[P@T4]t yipene nltustretivesmbpdmenteeachmf thengabotehe20adan bt ropiver déhi ce wit h
nmodul ar__bays ,and/ or sub-bays, t er,nat,j vel t he heat sinks 910 can support
cabi nerBo8Hy IGH e e 0 LBUBE R e e, TSR R e3n e hea
pi pes 980 caabe B8edlbEraiRIchyssBamplsach dsn hidimetitdlBrsBalkd aRpPadenitsscotisiyhe

cabi nets 920. For exanple, the heat pipes 930 can WO

2011/ 005829 prck/chspE iR Pegaply remer edndcleanad| Ber ex@mplc w98t & Seryflsk

drives, he i f . i ) ach

ot do- adaf Qg 0P Bl RASER DRIGITRIRRRN IS o R SRE iR xR ele
heat pitpe bashamardtsugi & anthrdx vt Gysirtiduéat cEitpamatié, tfodator udluyricahbie heat pi pes
930 can. be p@rt ﬁ@?éhe heat sins 910, and tge piBe connectors 940 can be
part off FIENEA9M Ketas DOEIOVAGDA AP LLBRIERY OF RUHIEH D PRACEHC D FIaPHE URiEDhi net
920 canrie)ds aumifatd drQaib g dneaitd $AdkRa kAR toHd I et saRil PRRvEBR And pi pe
connectors 940. Advantageously, each of the cabinets 920 is cool ed by

t her maldifferdufetilignthtioby posewingntha agquipgediesitd thaddtdstopdom thasetalakclconponent s
of the cabinets 920,.[.0074] In one ill rative enbadi nent, each of the
cabi netDBsOTGn Thadhah fpbied At Ds B e sTRGL Frbbte S ve 1 n

anot herdeebithisiinagddl 1€ 28dTHOs B RbweLRBAu1e off SiBercARidBLcS aHPiakAviethe Sseal ed
rack chassis unit such as a hernetically seal ed unit. Advantageously, a
seal ed neavike ervdisgicaclosire syséam B0 easbd spaled b g semevidlacdabiebd. For exanpl e,
suppos eryer farm consisting. of ssive cqolin ncl osure St ens was

" ocat e FHlannanathel My PR lbsirnire e By aseiens eI Gm IR NEE 1o
par ti cuh@petcidntodst Fapdrosr, akireaehe,sueh afa Stbiidard hippinPeszeintgkh coul d easily
renove and_ decontam nate or_ salvage the seal ed rack chassis units. The
decont #eNtRétcaigchats seiegere Bekdiey Feackapples diedeatinks %8s be HEegrped saf el y
noved t; I aed | r Vi i t he data
atored 05 phbUGEEBEA shiBfine!chaldf PRYGR! GRRRLLAR IOk BY IR e ot ar o
905 andides@indstop lsd Bdtbmperf thestepsing yordeiaont Adtangigechsly, headdhérmed byany power
nodul es or other e|lectronics associated with the passive. c i ng encl osure
syst emcggwe@a?g [5&n _E%élra&dl Py Sﬂ‘gﬁ%_t?\lﬁb%éi%%%ﬁﬁéﬁ Y, 3?@151111%%3{%\? ghare

i1 ust natd oreh S TERHtaind N 8aPASSoYR widPhhBEneHE! RFWE RS LM Pdpean be
integrated into,” or be part of, a structure such as a standard shi ppi ng
cont ai nata ceatar orladimethic peshidatomliog mdesurosystenb 90 diqniges Ronmelxampicaandehe

heat sinks 910 can be integrgﬁﬁd into tEe iutsiqg of a shipping container.
The fi fOCSPIHERISE PARE 1§ LERLNHL? FOLEPENAPINY 'R si des (and top and

bot t om[0@fe]t B pahidaRirN@ale@ ki dMBYsis Y RBE BYRGMSLcoRaRmAoRSNialed by
cabi nets 920 can be drawn to heat sinks 910. Advant ageously, the heat sinks

910, whipthcagioss.pBertexemploh theshilpddegercoithaicatancts @athallevsctbe celingts P20 torksi ent

air. Advant ageously, a portable
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data center including the passive cooling enclosure system 900 requires

m ni mal mai nt enance and requires | ess power to operate than a conventi onal
server fawm20{1003F&p I n particular, seal ed rack chassi s eortts2@an3des
advantageous in many mlitary applications. For exanple, the seal ed design
of the cabinets 920 allows the cabinets 920 to be WO

2011/ 005342PCT/ US2010/ 030118 operated in extrene environnments such as the
desert, sea-side, or the arctic. For exanple, noisture entering a cabinet
in an a@etdted iapyirewa savitorEruisushas thy desais scactifelon s 4relic. thorisgampleon

el ectr %Jaiﬁtu eoag&ﬂ}%“i éabﬁ%‘r'ﬁl B d AlVidd %-em'?%% éa%ﬂ§ 08,56 2B NG040 bR
seal ed, dust, dirt5, sand, nolsturé, and other contam nates cannot get into
t he calinngé¢srogRCompddeits onaingys failve. Brssuseehcabidend20net ssilyde dsgt.sdigam 900
consunes significantly | ess power than a.typical  server rack. Therefore,
the pasePbeAsys ﬁreﬁ %%a GHRATRNEGS PP e 1R thssating il Adhlenatyofhiny
enviro ch

b1 et B i D B RO A P kel S
rack, anck.dfler¢foss thprpaseve codiag lenclesur Q@7 O0@ fsemasilnglapabk tGmabhy, a front
vi ew of the passiye cool.i.ng enclosure system 900 of FIG .9 | ccor.dance
Wi th o rruBERE M RHEBEPRERY RN, CPRHeGL Tis ebBe b0 anr o
syst emRRtmansdiHdasmAB et 185 P cPddn ace%man%cfk fParc M@ HrddcRE %aiRBD, and pi pe
connectors 940 as discussed above. [0078] Referring to FIG 11, a top view
of the [p8EHI Refermigitadlentl, adiome visysifdhe posiveoding englaswrezysonded with a
repres aLi-ve enhodi t 1S shown. The . passive cooling enclosure system
000 § nallGadY fesBRBE: FERG 765 SR e cGaBRIR ifo S0 a8 R cREMES oo

connecttks@4Qyasmdi0e eugsed haiautks ol 00481neReer hdangipt©9¥),@Gnd e a side view
of the passive cooling enclosure system 900 of FIG 9 in accordance with a
r epr es &RRBEGRrs dddBodiscHsped 3bovehown. The passive cool ing encl osure system

390 L ORARS £ AESTERAC,) 195 LAk SO MUBRGRNISEL MR RS,
cabi net9 B2@catlatdeGritlba tapreasectati viestleodimtit igshosypr. €Bentaativy eocdimpedelonnt | s
e A R A R A L e T e
si de ofy;cabi-Agho220 shows a single heat pipe.
[0079] Referring to FIG. 12, a side view of the passive cooling enclosure system 900 of
FIG. 9 in accordance with a representative embodiment is shown. The passive cooling
enclosure system 900 includes cabinets 920, heat pipes 930, and pipe connectors 940 as
discussed above.
[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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[ 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. Thewbrhdgesjkat e 1350 can be thernmally coupl ed toPdexisec@olsats pi pes
1370. The devi ce heat pipes 1370 can be thermally coupled to devices 1310.
Devi ces 1310 can be, for exanple, hard drives as discussed above.
Processors 1320 can al so be thermally coupled to the internal heat pipes
1360 and/ or to‘brque pl ate 1350. Thus, heat generated by devices 1310 and
pr oces sHirEe 2 3ggnetdpcipdes g aonne@eRst hrat gengrasedby devicesdd 1 G et posesers1320 to

the heationi e 830 Al SENRMAEIYIQ YR AOINAOTHAPRGTL LRI QFA18 where o

cabi net "1 nc S pil pe conhectors, generate I ces and
pr ocesq0082]13P: dxaivebe3 I awiprbcassors Ma2 @i eadectiddillyanangetcddasaothsrbd3i0 t o
t he pipe ﬁonnectﬁrsgé%2082] The devices 1310 and praocessors 1320 ﬁggobe

el ect rilcdP1 YRRt dd by HesBeForButed skirEia dayacsiSmyet anrt
el ectripgy i%occfaﬂ@@mfﬁ@etfcﬂlﬂ%a%r@]bg@gas A1 RbRHGAoROK h 1380 oPgrt 1380 can

be hernetically sealed allow ng I cal connections wth cabl net 920
wi t houtwighquo sxprgingtke intdrealrampooerpooitht salwhettie t aditaretnadd0 t o

cont am S. 083] erring to FIG 14, a top vi.ew of assi ve cooling
onc oo PEEYS esirinet FIOr L p W bivan dioatiitio tolinB et s Bl Ao Tour

repres %ﬁ@gimymwm%&&w{cemtmpfmﬂtm@r&nmhﬁ&h@mom hg oRa@ssi ve cooling
enclosure systemwith a rear heat sink 1400 is configured as a rack. The

passi vendwdimery, thaphobgrceobysenohosnia tysany wih amesathesfismk HP00s pordigutisdsasa heat
sink 1410 abi net 1420, heat pipes 1430. and. pi nnect or 440.
0084] gk REECPATIER cdolif ol e R IGR ireol By SR IARERRERES S BeARY o1 her
heat disiSDpatdboiet MB20) Se@SihsSIa86s@d pakeadoanecthe 1he@t sink 1410 is | ocated
toward the rear. In sone enbodi nents, the heat sink 1410 al so provides the

st ruct UPBSYs Thechaahwipk 14 Hbem)ingtyde fesacoelppichanneds, enany ofberihsat disdpatipnpes
1430. . i 0 , | h i nk 1410.
;}F&Sgggglsgﬁfggéaﬁo%é Eggﬁ?mmﬁﬁ%ﬁﬂﬁ lo atSQ%%lagg%&eJF. §n 0GRL Sin

The he protr romthe heat sink n sonme enbodi ment s,
t he heaimtpidpeantd 4BOhaaasinbé4t@ples ebvided GGk ruttuec ofthe rek. 1420 can i ncl ude

pi pe connectors 1440. The pi pe connectors 1440 include recesses that match
t he hedpggﬁlpe@%lwwl el menely I%Féfpli)a%}%_()s %[]Wempfso“fﬁﬁéaﬁggsi ve
cool i ”Qh@fﬂfa'n?%ﬁﬁ_eéi’o%@E%%Msid%hglb?%e REALiSs ﬁﬁ3d§&%ud9ﬁ%ﬁl HEREAGHRr s 1440

slide over héat pipes 1430. pi pe connectors 1440 can i1 nclude a cl anping
mechani ki oin sinanpnbalimestssthe bearpairanntd@tdnbestepereéd t he pi pe connectors 1440

Lo e RS PR LSRR LD e R BRES e 2 e

1440 cancliBERBsEAhhYM SRR Hcthchh§ip&ahiz0etwhddRP chtindthazbeahoritbes thd30.
passive cooling enclosure system with a rear heat sink 1400, pipe connectors 1440 slide over
heat pipes 1430. The pipe connectors 1440 can include a clamping mechanism or clamping
means to mechanically secure the pipe connectors 1440 to the heat pipes 1430 thereby
promoting a thermal bond between the pipe connectors 1440 and the heat pipes 1430. In
addition, the pipe connectors 1440 can mechanically secure the cabinets 1420 to the heat
pipes 1430.
[0087] Passive cooling enclosure systems can be arranged in various configurations.
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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[ 0087] Passive cooling enclosure systens can be arranged in various
configurations. Referring to FIG 15, a top view of a passive cooling

encl osur eweystigwsxonf i gurati on i n accordance with a repPeTasL@niosE 18

enbodi ment is shown. In FIG 15, two passive cooling enclosure systens 900
are arranged side-by-side. Each passive cooling enclosure system 900

i ncl udes a support structure 905 and heat sinks 910 as di scussed above.

[ 0088] The two passive cooling enclosure systens 900 are separated by a
channel[088810. Ther{avodteasiviesooling gnelesure pypiams gp()paéfs sensyatedipy hekanngl Hid9. 910 from

each of i lJ I r ool C, | 1510 can
St Kfelahie? PP O RO TRE AL B R A o el 8A0E L 2
i nt egr ajoeting eridbosutdsstedatoDOC @ht ehanimohl 110rdan gctaiiad/ soduce @odonngn hiechnol ogi es.

In one jl]ustrative enbodi nent, the channel 1510 can be used to contain
cool aj4d lﬁlwaélaio@lﬁ@Paqnﬁfﬂ%kor%@it\?émé%@ ilperpther dae centshmenitamagy be used

to CO”F&BHg@te@%I@ &N Bne PlstAQbe thBddidnt fre cﬁhﬂnlel sy G fﬂeQﬁF?itor , air

conditioned air, nitrogen gas, or any other gas. In another ustrative
enbodi mentajn ¢dvd arhdmaedthd 5Hdtetne bebobmdnt, heobatrail 5 B ¢dnche wed tecdonésn  but

not limted to | ycol., .a ni. a ter, .or.any other .liquid. The channel
1510 cdreeustin Pueir il s helRureat o RS A GiESh sfudr STbo8S]
Ref er ridigerto@s. FinGnolier ilfusfri@t eniyb Rt &ft, @ RSV 85 1002h bR Gs& el Bftalfa Syst em
configuration of FIG 15 in accordance with a representative enbodi nent is

shown. Ijued sugb apdri notdinigest fonglyesiciromgni, syst.emengotenliquidr Thaghadnel

si de- by-Shde. . Each ssi ve ¢ooling,encl gsure system 900 i ncludes a support
structu¥§b§6%PeW%QF%§P?%§M5§6ﬁMé:gbgg CRETS™ pggg%iscussed above. [0090]
The twqopsssiR&eDd@ltb PYG EN; b Tt QicSYSEamBsiPOEbing chslpalrabpierhy a channel

1510. The channel 1510 is forped in part by two heat sinks 910 from each of
t he twrophbswitien el Ag i acortatee Wil sraprssatrdive TRdodmgnh i) shawno Tha fiveict

li ke a : : ' L [ raf. - j - . channel
1510 cdiohs SRUTERhALTE erkbRRe bk Rl B iy B PR R bMBaE o ¢ e
channelentbitesgstcin®00seduded agappat sinetdre Q05,theaf IS0 Adrrd cadimetsH20 ak hr ough

t he chapnel %g%o as represented by arrow 1610. The air flows over the two

heat siN¥¥5§¢G°P¥om each of the two passive cooling enclosure systenms 900

that f qomg nenchanigks I3 L0 B I ANRINRAL sLF Rk . BRBcb1 NS 910

[ 0092] The channel 1510 can be used to conduct air passively over the heat
si nks 9@, chanreel 1510 sdomest ingart blyriwadeatt simds,918ifront eavhiyd thcomegaissie ough

a8 el SEEARSA, MSPRE P R ERG1 L S8R ot

Advant gagarsivy embb@nfeRkhd\hadhdl 1610 EhebChRBRStontaiR A gagnntdnotiRach the
cabi nets 920 t hereby preventlnq contami nants fromentering el ectronics.

[ 0093] iAasieative gabediment, the deandl|1640 san browsedite Fentainladiqaic| e confi gurati ons,
gggl htea@b%ﬁ b:/%lg:clglll gltflﬁ(e) ﬂlrgl.?gql t%ie rcha?n%@fjht liOOars] ir&ges(eﬁ‘}éé@y a%yo%&;[ F. A a'i]rOt need to

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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WO 2011/ 005342PCT/ US2010/ 030118 Advant ageously, conputing and el ectronics
facilities can be arranged in a space-saving manner by reducing the anount
of duct wowk 20emexi2f or cool i ng server racks. [0094] Ref ecmiusgowo3@Eis. 17, a
top view of a server room 1710 in accordance with a representative

enbodi ment is shown. The server room 1710 can be arranged in various
configurations. In one illustrative enbodi nent, passive cooling encl osure
systens 900 are arranged in rows. Every two passive cooling enclosure

syst ensAGo0tageeuske samavian: B\ Aectivaieh &citep@an Yparraged dp 2 SPASAISAVIES can be a

bui | di : el i vehi or any ot her
encl os E[g %n.n%f gggeé}lakﬁf}ﬁen%@%égf ﬁé%gﬁgqeﬁg&{:ﬁégzﬁoelﬁg S%@fgtagg% draw heat from
heat si[08%4]ofRéfbeingas FiG el G aadp nigwarial sosur ooy $11@nB a®&ftdanthevitthannel s 1510

can be connected t .ductﬁgystenl Thus, the insidg of server room 1710 is
conpl et'SRFCEHLIVECBIPOL IR 15 EOW8o TR gerveaiRe™ 1Xd) AR 85 aBtRISH M ¥&ifni nat es

cannot Joﬁﬁgllﬁaf[i . ilﬁ ohd ﬁ}L@fratﬁfer éﬁ%od'ﬁﬁél{ﬂ ﬂa%%tge C(l)dliél%telﬂ?lrosﬁtje L USLhabO Sre

enbodi nment channel s 1510 can be configuredto contain a gas or
| i qui d,arasgetbmapivbelvalyowe pafsiaa®pliRRe twrlosungsysentsl WO atBseparagiddey ai ew of t he

server roo f FIG 17 i ccardance,.with epresent ati ve enbodi ment
o ehowaniends 08, fesergis som 101 EGR Yo Rt e Rl R FAE S ToneT gt &L fono.
I'n one RARRILIBRNY othBaSSIo¥RreCOOl i Ng encl osure systems 900 are arranged in
rows. Every two ‘passive cooling enclosure systens 900 are separated by a

channel[08%10. Afr 0897 thrmighéha/ehannele id 107020 dra Ihaatidsomapatsinkg pOtheqabiivang

1860, and,.fl oor 1850.. Th hannel s 1 an extend fromthe floor . .1850 to
tho coropibe SBlotReAtaeRe 3ROk RAR 1 3 BbEPRekd B7) PS8y THES

Al t er nahé ieldg.of 6@Rbi EMCEN 0hecdriiplctot ipafattd fosahy €60l in@amRahg10. [0098] The
channel s 1510 are connected to an intake duct 1890 bel ow fl oor 1850 and an
exhaustAdatagieBly. spyominags| capgpt 186 thq insigpef paryergeemtli/Ve Engibeli nent, cool

convect g ERRRLRARL Hehihell AR AR Ik B oL b Who M s i i

of the deasthicdebewol i ng encl osure systens 900. Thus, the air fromthe intake
duct 18 i s heated. Th eated air rises up in the channel s 1510 thereby
dr awi ndgﬁ%@e Joring e & e&a?rsmieﬁ’tl?i’v? e akogubt 0§30 fb@g@forﬁﬁ%ceheat ed

ai r - confiyeSrdBh@itdEm B3R is Wtkin. IBROscBVer CUN €10 O belhBinbepted air is

expelled to the outside. The convection properties of the channels 1510 and
r el at edvadious venfigucidiond elndms iegrbedinant gakiitd toodipe ehflosure yviant 900earpr operti es.

For exanpl e,, chi meys can be . :
arll}glngéd 1N rows. ﬁvery two passive cooling enclosure systems 900 are separated by a

channel 1510.

[0097] The server room 1710 includes walls 1870, ceiling 1860, and floor 1850. The
channels 1510 can extend from the floor 1850 to the ceiling 1860. Cable chases 1840 can run
underneath floor 1850. Alternatively, cabling can be run within the server room 1710.

[0098] The channels 1510 are connected to an intake duct 1890 below floor 1850 and an
exhaust duct 1880 above ceiling 1860. In one illustrative embodiment, cool air from outside
a facility is drawn into the intake duct 1890 by convection. The cool air is drawn through
channels 1510 and over heat sinks of the passive cooling enclosure systems 900. Thus, the
air from the intake duct 1890 is heated. The heated air rises up in the channels 1510 thereby
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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added to the exhaust duct 1880 in order to enhance the convection. In
addition, nmultiple floors can include continuous channels to enhance
convect i ONO 2VErG08348 passi ve and active cooling designs eam/useoionpliesrent ed
as known by those of skill in the art. Advantageously, heat fromthe

cabi nets of the passive cooling enclosure systens 900 can be passively
renoved t hereby reducing cooling costs, facilities costs, maintenance
costs, and devel opnment costs. [0100] Referring to FIG 19, a top view of a

server addeshiontha exhgustdugh } $&us oadar ée prlteacebsicppacteR olsaddifioge B ttdnice with a

repr es el al L8 QIROUHTRNbus harfld B o SBhVEEiph 09 éﬁsﬁ@@a@&a&%ff‘ged in

vari ous con#|gura i ONns. %n one |¥?ﬁ?§rat|ve enbodi ment., passi ve cooling
encl osuwoelisy d¢sts c800c anplemen@d geknovn ppdmse éf dkéll ivadhe ual Wdvamtageonkslyf ewer
passi ve cooling enclosu systens can be arranged in a pod. In addition,
the pod¥aclpmpae FseR] (hePdivs SopEElosHSTHERTS 08 Fsbe RissERkiance t he

packi n ab 1t
%&Bv%d‘ﬁe&@?%edu@m%ﬁceg%%é Godts2facHRRE %oséi,%lé?ﬂt]:n X€ Eé{ﬁti,%iéi& d@@&ogirfééj‘%l i ng

cool i ng encl osure” syste are separated by a channe 30 an
channel®stt920. The four passive cooling enclosure systens 900 and cabling

channel 2 e. arr ed back-to-hack to for hannel .1930. In this

cont 1 guPMTlonk teistip SO S e 35wv e fiad st e S B CRRFrinfancrsur o syst ems
900 canohfg@lasd@NgdcsRddmatvithhercpRadnt&iveksentRdn&liyshofnt MBeGRBRBARIomML930.
The server room 1910 can be a building, a nodular freight container, part

of a velfil@ican boarrangpd ot Wantous wenlaguateons] & o illastrativewimbgdmmmoughksivhe channel

1930 can draw heat from t sinks of th sive coolin ncl osure systens
500, TRaolhEMAR bR Rerchibelndelf BIGRCeT Rl v RDE ARHLE, P27 e
of ser «@blifi@emldsAidsys@n AR betath &dpat pbed if 4ddmidn) ehcgds cagbdmansd

Advant agequsly, contanm nates cannot reach the inside of server room 1910.
[0103] rFlating o deranpihey sy qraer to enkanse Hicragking 9 deinpds BvwppirHgulahyres ur e

syste h {10 S| ) ed i

a1 ter aPDAH1E g ef R DRk eoBlind GOt ltels b br S BRI BLI0 o e
syst emmandichblirg; ¢chaanclh &2f10. Sihekfoldfsinavenlingenbleaire Sysikms dtdirecabbnar ds t he

rear of the rack. Every four cooli|ng_.enclosure stens W th a rear heat
si nk 14@@%&@5@& Sirtech pock-nisiar f%@%@ﬂ%%@?%& iy cypﬁwﬁ%orbrathﬁf ever
passi v Goghidd tﬁé‘&hpgwsﬁve%xéﬁfg'@lcﬁ%ﬂr&%s@ﬁ{s 3p0esth bOd&i R so kit #ldichi on,
the pods can be rotated relative to one"another 1 n order to enhance the

packi ngidds atchenlpadtheicharmepd930. clHeaerspamen 19 W1Gu]beEHmilidong; a pasislave cool i ng
encl os systens with_.a r heat nk 1400 are arranged back-to-back to

i 3 PR M M
f or m cHEAHGICOHGUET PRH of B VSNE NPT YUr APT'SHCIOPHE: heat si nks of the four
passi VE[OI()@ 2Rk M&Q@ﬂ?&@mﬁ@éﬁ%ﬁél%@@ 18 80Q) AAOFEMHRBHAIS TR 1%§§ivw th a

rear heat sink 1400 are arranged so that the heat sinks are only in the
channelcoobugenclosure 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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[0105] Air noving through the channel 1940 can draw heat from heat sinks of
t he passive cooling enclosure systens with a rear heat sink 1400. The
channel MOQotizmsiae connected to a duct system Thus, tRreTiusséide3ais server
room 1910 is conpl eted separated fromthe cooling neans. Advantageously,
contam nates cannot reach the inside of server room 1910. [0106] The heat
pi pes and pi pe connectors can be inplenmented using various thernal
connection designs. Referring to FIG 20, a perspective view of a passive
cool i ngoehes ealesarassystearh vwitoordaphept sk d4A8 arasirtanged soethpictbe heatsinks are

enbodi ng) ﬁhﬁe&&%ﬂ&fd4@ FIG 20, the passive cooling enclosure system 2000
is confrgured as a s%andard rack. The passive cooling encl osure system 2000
i ncl udg9163] et hastngethsdugt clicictan2é0940 beatrasi idesfradHat dnlcalfitnepasi®20, heat
pi pes 203Q, and pi pe connectors 2040. [0107] The encl osure structure 2005
can sup9BHeS FEASUE] ARSI 2 fﬂ%ﬁ%ﬁélln!sslﬂpg ib? ShanaFiel S0 s5n ba FOBECERE i 26

of a stanfatdd@CHnyd 8B Rrv ek QoYU Y fsggv geréé’c?sflg ara?é*&effcﬁﬂﬁle%%!ﬁﬁ

structure 2005 can |ngFJ§% any el ectronics . e enclosure structure
2005 cancdns. adyariegeghsly, aepininatanchmbdtchch thhensedeodfesveereminr UEl0ur e 2005 can

i ncl ud ower supply and.a back plane. for powering. and .co ni catively
coupl i T8l i HERP ST PiPOSEFC P o5 e EE eI ST ECAFOT BFTRAL 1 ns,

cool antcoahamibgldssighy. RPrRbherident a fbspéRRt VR SRARSsivRERbolfTMBlosurEhe heat
si nks 2010 can be made of alum num alum num alloy, or any other therna

conductsystemTA80 e agcosdanke WD RocRraseniativk gadofieamt sphewdels FKs 28ether i bed
above (not. sho . The heat s ders.can, be mad f copper alloy.,.] 0109]
The. hedtotree Dk ratein Ayt ALRER SRR & MR G8 ok TS b Bl BRI or &
2040 t haerBhk¥yaeud oo itttudesah esdltduse &Gt Q00 AbatRinke 2020, 30cabiRe2@ope
connectors 2040 can nechanically secure the cabinet 2020 to the passive

cool i ndeahRiPessfBe. #igstiphramoeorsBPd0pi pe connect ors 2040 can be integrated

i nto t[]?g@%% iéh‘éﬁog&%jsﬁuctﬁ%‘é‘?dﬁsl%ﬁn %8&%%%3{ %ﬁ?lgs%ﬁpgé}gla ieﬂ&hﬂgg)sﬁ%cg%g 2072.

The sl can have a w de faper I'ow eas I net

mount i P05 Thebs thetstze2D dtandardrrack, fbraxgmplee fatepduntiof sérversh@at esdloduse 2010.
The slots ZO?ﬁgFan slightly nger.fron]front t o back. [0%%%% Th% cabi net
2020 cafupdrg e eringiicany s cERpicy deiries stharelpseresspeurerillS capPraty 2020

can be i 3@rdph, aftl # 1Mtk CPhe enditEruchrs bOIAGR iHﬁM&&@po@e&%}gﬁlﬁfaﬁd Rackup,
el ectrical equi pnent, or any other electronics device. The cabinet 2020 can

be anylh@kghneﬁnrmamﬁhgahmcMﬁmmﬁmaﬁﬂﬁﬁGQQﬂKQIMEQmﬁ@t0@Eﬂ18 particular, the

R B R RSSO, S Y pn
means (not shown). The heat sinks 2010 can be made of aluminum, aluminum alloy, or any
other thermal conductor. The heat sinks 2010 can include heat spreaders as described above
(not shown). The heat spreaders can be made of copper alloy.
[0109] The heat sinks 2010 can include pipe connectors 2040. The pipe connectors 2040
thermally couple the heat sinks 2010 to heat pipes 2030. The pipe connectors 2040 can
mechanically secure the cabinet 2020 to the passive cooling enclosure system 2000. The pipe
connectors 2040 can be integrated into the heat sinks 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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[0111] The cabinet 2020 can include heat pipes 2030. The heat pipes 2030
can be thermally coupled to the internal conponents of the cabinet 2020.
For exanpWwe,2otimesdieat pi pes 2030 can be thernally coupl edTius2q@0o8ESSOr S,

di sk drives, or other heat generating conponents of the cabinet 2020. In
FIG 20, the heat pipes 2030 run along both sides of the cabinet 2020.
[0112] The heat pipes 2030 thermally engage the slots 2072 as the cabi net
2020 is inserted into the passive cooling enclosure system 2000. Ther nal
conpourfdrticatprpibe galdact292@ sammebide hays Rederaribedaheve nghdbaspecen behe heat pi pes
2030 a [ - - j 030 can include a
startiggnggggghg%ggggggﬁééééﬂﬁgggq%%gﬁgﬁgggk@%%ggﬁg and a second

conpr eg9i b} rHid caBe6202Z0hnshdidd gt pilpeck03D0Ghe deatdepest 2080 keabe pi pes 2030
as they are inserted into slots 2072. e starting bl ock 2062 protects the
edges ShEYy EpRRlpd Bt iHeEakemRgnFNtS § g‘%‘&ﬁh‘n?th%ozge@@hﬁx Tabhewn rai

2066. J | J : : I as
a1 uni e A e el ARBIc o FRICEOL, BisflUroR, B TR R kol
conpr essnpoeners bf thOeabiact020e IsEK0rRd, therpatgsds@30 air alafgbothaples of thea

slightg¥/la{gﬁﬁ width than the slots 2072, i.e. at the starting bl ock 2062
the w th e first conpression rail 2066 and the second conpression

rail 2Q6614)s Ahaitat piBad 2030 thélﬁ}aiﬂ Jaahdl1esk0202ihcREbine 020N IRARAS] t e

3hgd

end, the first conpression rai 06% and the second conpression rail 2066
ar e sl iigletthy pssisde coelingenchisufersypiemoldli dhemtal sbmpeuriDan be[ugadi ®) enfipeeef i r st
conpressign rail 206 nd the,second ression rail 20 flex to
maren: the B RLosg R R JE b RER OB S AT b B OB 1) and
t her maldijyes 2006 chi fnetude @pir@SSblotk LG4, a@ﬁ@oﬁ%@bs&ibﬁ rSE0OHE aDITICORSI On Tai |
2066 can have filleting or other relieving that enhances flexing. The first
conpr esSOMBRCSSRN|raib BK® - o Sﬁ%ngbl@ehao%ﬁoag@%s@? Beatpiics 209665 hanate nade of

1 oxi ‘ g . . .
7 oy, e imb IRECRIY THOURNEL MENRE rflecSiTedty B T AU THBLIILA T o
i nto a rsg064 asl tht Sccdd 2omptessisi adik 2009. Nho clartA(OHAoguR@RSis irtade bt & dtirable

conpression rail 2066, and the second conpression rail 2066 into the slots
2072, ABatpi Se%%b?%évmmfe ahgmau@w@ayfrqxrapﬁ ofher e ﬁegﬁ‘éé%rst%éﬂ%m i ng

encl os e 3Ys{oR M2 0K arddNfe §ddoRd ¢ H&Eﬁé@}aﬂ@%@itépe?%ﬁaﬁs@m 158 Seiand
conpression rail 2066 press against the WD 2011/005342 CTYUS 010/ 030118

si des ghart the skit2(57220d 2t theetaetiyg kioelaf06igtha widtbofitie formu@inprgsshetrag 8666 he
heat pi 2030 and the.pi nect o 2040. 11 ferrin o FIG 21,
2T onthdheeend Banr iR 20REEGHE! Sa Res bR Rk 0By b Yoo of i
20 i n appesitadhacthvifift cBnpeREies 841l 20doVmdeRbadbA® Bdmp R ssth1PMRl- 206bargpassi ve
cool i ng encl osure system 2000 i ncludes an encl osure structure 2005, heat

si nks 202btly wideaBianéhe fonmpenisatof plope¥ 72030, and pi pe connectors 2040. The
P P G IBLRE! OLR B3NS ER Gl BPoShRiMe 36 LB ISBL s AED AT S T

i ncl ud irst'c I"on rai conpression rail 2066.
FI G 2Ingbiow shwi DoTredtrcby pegagd{p3fe olbtsCIR meth MecanRagpahdeshdlys 1272 of

Pl pe Cofﬂgteccotrn(i)rrgssizo(l)ldlfrgﬂ 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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[0116] Referring to FIG 22, a top view of a thermal joint 2200 in
accordance with a representative enbodinent is shown. In one illustrative
enbodi mrenwg 20hiwosdaer mal j oi nt 2200 can be a thernmal andpogEalsaniooadiigoupl i ng
bet ween a heat pipe 2230 and a pi pe connector 2240. The heat pipe 2230 is
associated wth a cabinet 2220. The pipe connector 2240 is associated with
a heat sink 2210. [0117] The pi pe connector 2240 includes a heat pipe

conduit 2245. The Ei e connector 2240 is docked on a heat pipe Erotrusion
2235 t hides phtherpdass REE: theiche cregtiagi theppalscourhieg betpecrcha heettipes 2940 agdin have

one or rali at pipe conduits 2245. A heat pipe protrusion can
be disﬁg%g%ggﬁ&g%%ﬁgéoﬁﬁde of the cabinet 2220. The heat pipe conduit 2245

can be [01E5]i Réfesingrto Fih@l 2lek fiont gergpeeties videperadiangveocodling capiphire aystan;
however, |arger conduits are al so possi ble. For examle, the heat pipe
condui 2099 26T 14 P dgor ?@ﬁ“ﬂﬁ‘sﬁ TCRERBYT Y oI PARIARION. difgRspere

Addi ti %@iiﬁ%/ endlQ@rd R P2 (R iﬁ&ﬂ&’eﬁ' tnsen@ltosM?r hBYSre RB3! AP Sinkd2 @ oPASSI Ve
cool i ng encfosure system can eac Pe @ different size. For exanpl e, a heat
condui teabimat 2(i0pkesdt pipea2f¥aend pipppbynacains He40. CEre hee ¢angaprst2040 can heat

condui t./ heat pi o] server i net. The_.heat pipe condyit 2245 incl udes
o i dRRE B e S T hirel 208 1l Shatnd L e PRl R ek B oy o
condui tsegivomip&sid@ahil POGE EENduiskow¥Rh hedt PRRde0Y@bF Sibsnden0t0 tagmdch as
those depicted in FIGS. 5A-5F. When the cabinet 2220 is inserted 1n the

passi vela»ddT2hef mpetasaeterssifdfem the heat pipe protrusion 2235 engages

heat pi o] it.224 ernatively,.the heat,.-phpe. protrusi 2235 and
the. nodPFifidedblinhid Pic i EAAP KN Rrhp L% ISR 23R BT s o R BT M T 15,
Ref er r irggret@tdtiveemdddingens isowh e e @lutth@iveRimbo@inidnt, 20Otheathal it 220D i n

accordance wth a representative enbodinent is shown. The thermal joint
2200 caanbe aghermat prd machaniopisopphing bewsap pbgat PSRRI 080 2 PP IROBAIPC al

i - . pi ' -The heat
o po. 27300 JHEEE pif, D30 B D e e e P20 5 s
associ asetiartd Withedtatsink22210. [ 0119] The pi pe connector 2240 incl udes

heat pi condui t. 2245. Th i pe connector 2240 .is docked on heat pipe
protr us[B§1n7]22 Rlﬂ%@oq%@tehgéf %lltug?ﬁ Heat BIRGGPRIWHAS. [Thepirg copnectothe heat

pi pr_ Frﬂhg\l‘ﬂss&&@e@3§§ h@ﬁ%i]%éﬁ?ro{}ﬁﬁén P PLhGORShLs h%%ﬁﬁg@ BYRIuA 2245 Cihapipe

profile. ternatively, other various profiles can be used such as in FIGS

5A- 5F. connector 2240 can have one or a plurality of heat pipe conduits 2245. A heat pipe
protrusion can be disposed on either side of the cabinet 2220. The heat pipe conduit 2245 can
be 1.5 inches or smaller in diameter depending on the application; however, larger conduits
are also possible. For example, the heat pipe conduit 2245 can range from 1.5 inches to 0.25
inches in diameter. Additionally, the heat pipe conduits at various locations in a passive
cooling enclosure system can each be a different size. For example, a heat conduit/heat pipe
for a power supply cabinet can be larger than a heat conduit/heat pipe for a server cabinet.
The heat pipe conduit 2245 includes a clamping slot which can be used to change the size of
the heat pipe conduit 2245. The heat pipe conduit 2245 can have various profiles such as
those depicted in FIGS. 5A-5F. When the cabinet 2220 is inserted in the passive cooling
enclosure system, the heat 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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[0120] The pi pe connector 2240 can also include a clanping slot 2347. The
cl anpi ng sl ot 2347 can be used in conjunction with a clanpi ng nechani sm
For exanpWwe,2owmess4a cl anping | ever of a cl anpi ng nmechanipsmtsgopnsEsed in,

t he cl anpi ng nmechani sm coul d cl ose the clanping slot 2347 thereby
tightening the heat pipe conduit 2245. The clanping action creates a better
thermal coupling between the pipe connector 2240 and the heat pipe 2230.

Additionally, the clanping action fastens the cabinet 2220 to the heat pipe
2230 sdnedhakicelreupling brivcapthe hedmin 2290ved diripocermgetor A&k abliedwet pipoo

mai nt ai .her AT N int i 5%& - T, . . I 2220
can be:%%Pgﬁﬁﬁ&géﬁgggﬁc%ﬁ%ég%%®a?ggﬁﬁ%f%%$§% ing9§Q%§%?£@$W§?B%¢§@%ing
and/ or 21bachnent nechani snms are possible. [0121] Referring to FIG 24, a
top view of a pratected he i pe 2400 in accordance with a representative
enbodi kPl TR conReighed 1P&1§Ei?saltqa§/@1°%ﬁ%%’dl‘iﬁr?§ﬁ§; T ﬁelméa{meﬁ%eﬁéﬁso is
associ i Lk i i g 0 thashaQwn) is
Reso0l o B e PR o R PP e e ke Ry
associ dteedpips protmsioa22deandithd hedtepipi padondAéThor 4 Grcabspoifdt.ed with the

heat sipk. [0122] The heat pipe 2430 is thermm C ed to the heat sink
D20, B bk SR B B redetchar 1k S 95 The neat
pi pe prigizejsipe ﬁg‘iéotﬁléaohg%ﬂ) Ml RUACIRAOS LhBPinpUldh 2897 ] mh&lﬁ%gir@;]&F- A

e

protective bl ock 2485 slides over the heat pipe protrusion 2435. '
pr ot ect33¢é chih be ksc@485onjgnejomi wigh 4 olathpthghycdpnismg Fraggampihewhinot demping bl ock

2485 prevenis Eﬁe.ge%tlgkre protru %p 2ﬁ§§i£r891ﬁft%%qg§gept ar ot herw se
danaged?w?B ﬁﬁ{nV%é% ScnaE%hﬁﬁbaﬁgge’cgﬁneé%oﬁ STy “BVe T Phe  heat pi pe
pr ot r usilanpidd st 23T theRbE Gibhi¢Rinpltincke a2 #HB cosduier4s. TheeRimpahd yctionot ches
2490 are exposed. The pipe_ connector can engage the notches 2490 to secure
t he pi pécatesrinkaticntherraalionrplingictyseqnethp pipecquncestpr 2448 anghthedepttipg 8130, a heat
pi pe wi . Chi . I j t i ] A
Fepr cocTARRUSahEKRnf SO St OO B0 bolthe Rl BcOZb0 59 ML g

el ect r anbimst 2Z2D0eaappan@tcusid fso thap dssdabaley2 220ahaingis| teathrabodresiitpelithdes  at

| east qne heaf pipe and at .le one, heat sink thernmally coupled to a

bri dge 5ra e S fenutc aaqlténqt?{z%é@m 15 Epnetrirad rridest. PUSSSRE. heat
pi pe, the _thér%ﬁpiﬁggndys@&ua%hﬁ%m%@aﬂam@ﬁ@farefaﬁo@ﬁbkhe cradle. [0125] Anot her
representdtive enbodrnent relates to a nethod for passively cooling

el ectrdAi2y. Riferrmgtth&dGi 2 khuoiesicdratwiprgtettedhedt parn 24100 eh eciordsmce watbrmponent

t hr ough le to at | heat. pipe. Th t f the at t
hont - TEEeTETEE sipdmit Rolietho Heonelbsfive SOeotgi A e gRes Al & and T <
di ssi pafstiattOVath hANAINEr410e R ASRAtRLIINERIBAs BNShdwWa) & BSodifed@With a

apparatus for passively cooling el ectronics. The apparatus for passively
cool i ngrakingtfnpbstiopdr)i Adicngtisely, the et @ineonisgoiated with a epbingandtheaupd e at

| east O%%n&u%%s%%8§F%QQWﬁﬂhehg%tﬂﬁn'C conponent. The apparatus for

. a g . . .
passi vel'y €oolT ng troni ¢scan al so include a cl anpi ng mechani sm

confi gyoez|t oTirtwangipe Lh fshiesrimally eouptd Pahehedt Rka4ad]l Ehé Bedt pepeata3beast
one heat pipe. [0127] Another representative enbodinment relates to an
appar atiddudesra hratripg erajruswsI Ay dhebedt picqsotrusien Hppaeahaxe Yasioupasdileel v
cool i ng., & §§ﬁ1r}*3@i§9 salgpe! A'gf‘o?e&lfve bRARDARH ﬁi&%%&eﬁﬂhﬁ 'ﬁea&?pﬁgé E&H{r&s‘i‘oﬁ Sa3e .
thermally coupled to at [east one cabi net. en the a ast one cabinet is
t her mal The proteptivetblock 2488 iatprirpalobdaalriey dpeiap 2480 kThd petaativé blask 248 heat si nk
draws heat frgnhthe_at | east Aﬂf cabi net . :

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.
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[0128] Another representative enbodinent relates to an apparatus for

passi vely cooling electronics. The apparatus for passively cooling

el ectroniwe 20naloszes a cabi net configured to be thernal PgTase@besii® at

| east one heat sink. Wien the cabinet is thermally coupled to the at |east
one heat sink, the at |east one heat sink draws heat fromthe cabinet.

[ 0129] Another representative enbodinent relates to a nethod for passively
cooling electronics. The nethod includes drawi ng heat from a cabi net

t hr ougH0824Ihet figreseatative ebedimentistatesie apapparatiupfor prsavaheseoling di ssi pat ed

inac . T . 1 f | t ]
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have bemd aplcastent ddatfsatk thermpolyesupled itd & balgeailaton Vélngh adradle scthephdlign. 1t is
not intended tgQ be exhaustive or to limt the invention to the precise form
di scl o%&?legﬁm&ﬁﬁ&l@%t@&?i HPRM A G2 Msrisaktiek gaasiheridrom the gadlcof t he
above t in i i ti | j.@n. For
R Ok i AL R A S S D oM

r epr esentcabnice. Thphethedtiadlides dodwiag WentZeohd A0 0E84@RPCTIUEAED 0D Eh 18

hori zont a riye configurati n rack- ppunt server. .The present
vent 1l fotidgrons tsThgpe: Ths B fon™ e pLBi suh bat e » ABMEHE BFon as
descri hed namdidleRidicfd britepaitskid ik aftsiptetthe art will recogni ze that the
devi ce and nmethods of the present invention may be practiced using various

combi nd01is Afotberrrpomsantaiive Addbodingmardlates totva ageyiase fembssretliodolmgy be
adapt ed Lo, (T TgLenb, oL £AM 0068y SYShEMBAal AEsth 8 Peueagliedicalie

embodi ment' s Wer e 'CHERER SN RRELYY 5 15 OF Gl to‘%§%ﬁalﬁiﬁﬁe ﬁ?l c?ples of
the i nvBérhially camisle aslcRstaat healpignmdiaaaldcadsicRbmpbeentNTROhpAfatbOfornabl e one
skilled in the art to utilize the invention in various enbodinents and with
var i ouPapawely celingahectiquics gt dlgo insludse glapping meghaniye coMigUERloABHICC| t i s

0 o B8R0 o YA e bt L ai e appended
[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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WHAT IS CLAIMED IS: 1. An apparatus for passively cooling electronics
conprising: a cabinet configured to be thermally coupled to at | east one
heat si nkwoO 2011/005342 wherei n when the cabinet is thermeCiryuSeaopB@Edst o t he
at | east one heat sink, the at |east one heat sink draws heat fromthe

cabi net . 2. The apparatus of claim1, wherein the cabinet further
conpri ses a pipe connector configured to be thermally coupled to at | east
one heat pipe of the at |east one heat sink. 3. The apparatus of

cl ai m dorigpipledrivergeafigigton om i s:ckgpoWs spIvEs eBhospresca sy pitfiie BPREPN &P not

confi gq[ﬁgﬁ] g%ﬁ%@e%‘?%&@%géﬂﬁ{e%lﬁo Qyﬁéskﬁg?cpindtc%ﬁic\?ﬁdbiﬁ%e %lﬁll&l"ﬁlgﬁé %J[teast

one hea apparatus o arm érelin the cabin

f ur t herwitlotgrgng&eshatthd éasde andenabedsrofsisd @osdhainvestinf mgybepratticgdrsig agai nst
a slot of the at. | east .one heat sipk. 5  The apparatus of claim1, erein
the cabieHeps %ﬁﬁp@tg& Of cBRTEA e AWl duignally, the deiee gndemethad maw bs adipted ai m 1,

wher ei Iyt g e&%‘%l’%@&mﬁat {eiRFh et ER-Ye @BRAOTHE egffyﬁﬁr?ﬁezntsawér@’ichggén afid"outer,

a storage device, a ery backup, and electrical equi pnent.
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.

6~



7. The apparatus of claim1l, wherein the cabinet is configured to be
renovably coupled to the at |east one heat sink. 8. The apparatus of
claiml, wbenaimsidse at | east one heat sink conprises atrCramsaioparis of a
channel, wherein the channel is configured to provide a cooling fluid.

9. The apparatus of claim8, wherein the channel is configured to be part
of a heating ventilation and air conditioning (HVAC) system of a buil ding.
10. A method for passively cooling electronics conprising: drawi ng heat
froman_el ectroni c_conponent through a cradle to at | east one heat pipe;
dr awi ngVHHAT ABLLAYMED ke at | east one heat pipe to at |east one heat sink
through a bridge plate; and dissipating the heat. 11. The net hod of

cl aim 10, erein - : .roni ¢ conponent to
whe i gfpa?dftﬁ‘sdfo? pﬁﬂﬁfemldglnggl&%gl?ﬁ% s%ﬁ'%ﬁs‘ﬁfgt mp

the at | east one he p! pe. he claim 10, wherein the
cradl e conpri ses acablrehpondiguralah dnitlsmme by toupliedetd at eastrimameat sitke t her nal
coupling of the cradle to the at |east one heat pipe.

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;
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13. The nmethod of claim 10, wherein the at |east one heat sink fornms at

| east part of a channel; and wherein the channel is part of a heating
venti | at iwo 2andoad4e condi ti oni ng (HVAC) system of a bui lpdirnig2010/030118 14,
The net hod of claim 10, wherein the el ectronic conmponent conprises at | east
one of a server, a switch, a router, a storage device, a battery backup,
and el ectrical equipnent and the electric conponent conprises a seal ed

cabi net . ~15. The nethod of claim 10, wherein the channel is

confi gured tdapasshe/kday figmeiic phlepyt epeihess pitedeiaplepst oe Aeatisinktthowughannel .

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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