COLD ROW ENCAPSULATI ON FOR SERVER FARM COOLI NG SYSTEM TECHNI CAL Fl ELD The
present disclosure relates generally to cooling systens for data centers.
BACKGROUNROEh®/maqs2d growt h of Internet services such agchis2@omed3so Web
search, Web site hosting, and Web video sharing is creating increasingly
hi gh demand for conputing and storage power from servers in data centers.
Wil e the performance of servers is ipsngrovi ng, the 8ower consunption of
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circuits. For exanple, one of the nost w dely used server processors, AVMD s
Opteron processor, runs at up to 95 watts. Intel's Xeon server processor
runs at DEEGHNRCALFIBEDE 165 watts. Processors are only part of a server,
however; other_parts in serveI\r such as storage devices, consune additi onal
power. Serversl fgesteﬁ?b?hé‘gf’?‘?ebq%tﬁ%%enieﬁ 4 kQolmg systgme fordfp eentersther e are a
vari ety of physical configurations for racks. A typical rack configuration
i ncludes nmounting rails to which multiple units of equi pnment, such as
served bIRBYEKGROENMuUnt ed and stacked vertically within the rack. One of

t he nost w dely used 19-j.n rack is. a standardi zed tem unting
equi pment such%a@srap %?W%cfggﬁﬁ{}g} §e.rvﬁsesqggéﬁ%% e[madh%%l Sfa‘i"l?g@ 8t rack
typi cal | ysite hodtingd ahd e s/iddothaAidliskIeaiRg MeSeadind8; hibh GagkndRynt ed unit (RVMJ)

server that can be installed in one rack unit i's commonly designated as a
| U ser vercompytingand glerpge peweniremaatygrsdn datlcentsrsu sihil¢ theperfemnancpepul at ed
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accept abl e t enperat ur ejsvélg,nd humi dity for reliable operation of the servers,
especi al I§TEBPIreTiPEs & M s dpteronpreCes o L FPUrmdd ivGiisofntel s X890 densel y

stacked Wehfar BREVSPrACUBERMAY1 (ARIYE \Rliis XPRRRIALES 3R St aDe bet ween

7,000 and 15,000 watts. As a result, server racks can produce very

concent r acedr, hoatvém athsr paitsan heatvedsiwhiapatoeapellevichecesume rdditiondlhe racks is
exhausted to the data center room The heat collectively generated by
densel y T

15 Servers are typically placed in racks in a data center. There are a variety of physical
configurations for racks. A typical rack configuration includes mounting rails to
which multiple units of equipment, such as server blades, are mounted and stacked
vertically within the rack. One of the most widely used 19-inch rack is a standardized
system for mounting equipment such as 1U or 2U servers. One rack unit on this type

20 of'rack typically is 1.75 inches high and 19 inches wide. A rack-mounted unit (RMU)
server that can be installed in one rack unit is commonly designated as a 1U server.

In data centers, a standard rack is usually densely populated with servers, storage
devices, switches, and/or telecommunications equipment. In some data centers,
fanless RMU servers are used to increase density and to reduce noise.

25 A data center room should be maintained at acceptable temperatures and
humidity for reliable operation of the servers, especially for fanless servers. The
power consumption of a rack densely stacked with servers powered by Opteron or
Xeon processors may be between 7,000 and 15,000 watts. As a result, server racks
can produce very concentrated heat loads. The heat dissipated by the servers in the

30  racks is exhausted to the data center room. The heat collectively generated by densely
populated racks can have an adverse effect on the performance and reliability of the

equipment in the racks, since they rely on the surrounding air for cooling.



popul ated racks can have an adverse effect on the performance and
reliability of the equipnent in the racks, since they rely on the
surroundiwg@ 2aiw128@e cool i ng. Accordi ngly, heating, venti PATIUS2010829360
conditioning (HAVC) systens are often an inportant part of the design of an
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An important factor in efficient cooling of data center is to manage the air
20  flow and circulation inside a data center. Computer Room Air Conditioners (CRAC)
units supply cold air through floor tiles including vents between the racks. In addition
to servers, CRAC units consume significant amounts of power as well. One CRAC
unit may have up to three 5 horsepower motors and up to 150 CRAC units may be
needed to cool a data center. The CRAC units collectively consume significant
25  amounts of power in a data center. For example, in a data center room with hot and
cold row configuration, hot air from the hot rows is moved out of the hot row and
circulated to the CRAC units. The CRAC units cool the air. Fans powered by the
motors of the CRAC units supply the cooled air to an underfloor plenum defined by
the raised sub-floor. The pressure created by driving the cooled air into the
30  underfloor plenum drives the cooled air upwardly through vents in the subfloor,
supplying it to the cold aisles where the server racks are facing. To achieve a
sufficient air flow rate, hundreds of powerful CRAC units may be installed

throughout a typical data center room. However, since CRAC units are generally

installed at the corners of the data center room, their ability to efficiently increase air



the rai sed sub-floor. The pressure created by driving the cooled air into
the underfl oor plenumdrives the cooled air upwardly through vents in the
subf | oor ,weuppipseg it to the cold aisles where the sereer/usacks2e6e

facing. To achieve a sufficient air flow rate, hundreds of powerful CRAC

uni ts nayioleratdis hagdtRelytibpasedoThe dost ¥PbeRling@tadscl RbEEedcfAMN is h%\hever ,
since CRAC units are generally installed at the corners of the data center

room t hehd thersiopling effisieaty getesaltyl iy lowi dpetpsiaetdicient gnmoyementsnyidyjtiei vel y
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cool i ng. SrreerEhRorEendial s HafbREEme RR ol eat LD | 0, e
t he dat a tigengtenut teal¥sigh Anddelistiuction dfitke Hate atntomto @revieheshbltadrcuitiaptos requi res
careful planning_throughgut the design and con &%%chion of the data center
to prevestPRIRaIt Remormetipgiodix kel spety can fRuSRRioR Jhioughutihe $5%Mhot spot s
can cause problens throughout the system SUMVARY The present invention
provi des systens and nethods directed to efficient cooling of data centers
wher e failBdMARYKk nounted servers nmay be installed. In a particular

enbodi ment, t present invention provides,a ¢ol.d.row encapsul ation
structure co e§?%ﬁmdPV?5Q§P“3ﬂ@”§§$9@F??%Efﬁﬁg?9“%%%$@§%$Eﬁnto interface
Wi th one :g§liiPéRIaSEEREs WREK FardB raclCRelhtbd sdrpdbhRybenneslad he@ the top
surface of the cold row encapsul ation structure. The server rack ports are

conf ilgur edrticolas aypkgdintent theopresant inyeriéospreridehacold 1w satapslebonf a
rack-mounted unit installed in th ver, r i nt. it e interior
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capsu I'on structure. Tn sonme enbodi nents,

Server r agds soet Sclawhdsadostihg hidkk c@heediddibtthytopauifart&dhdyold kanps and/ or
seal ing gaskets to reduce_air |eakage into and out of the cold row
encapsul &nfansulstionsirusiwe. Sharseraeriack PRIFt e sonitavecd thvasigcdhe SYS ze one or
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structure roug ront face of the rack nmounted units in the server
r ackgsandntefa®) with tHedhtesibr sfacodefirted byabdk cdi dew eficaphdatiackruecbunt bd units. I n
sone enbodi nents,.the one or nore fags nma g% enclq?ed in a %an unit and

oper abl y SaPESEhediments, fervepeis PartsaRd serye ae PERILARIPRECEBY d 1 ow

encapsul 95 Hlfd %&ang ng[aﬁke@sot%l re@RE %R 18aKaBS hg(l) hiRPo@nf ttecokefower racks. Some

enbodi nents of the I nv ion obviate the need for raised subfloors, and the
f ans and encapsulation structure.

Some embodiments of the invention utilize one or more auxiliary fans to draw

20  cold air from the cold row encapsulation structure through the front face of the rack-
mounted units in the server racks and to eject hot air from the back side of the rack-
mounted units. In some embodiments, the one or more fans may be enclosed in a fan
unit and operably attached to the server racks to draw air from the cold row
encapsulation structure to cool servers installed on the server racks. Some

25  embodiments of the invention obviate the need for raised subfloors, and the fans and
other equipment for forcing cooled air into an underfloor plenum. In addition, some
embodiments obviate the need for rack-mounted units, such as servers, disk arrays,
and the like, to include internal fans. In other embodiments, the fans of the cooling
system can be used as an auxiliary or supplement to the internal fans of the rack-

30 mounted units. The cooling module installed on top of the cold row encapsulation
structure cools the hot air through cooling coils installed inside the cooling module.
In some embodiments, cold water is used inside the coils to exchange heat with hot air

in the cooling module.



ot her equi pnment for forcing cooled air into an underfloor plenum In

addi tion, sone enbodi nents obviate the need for rack-nmounted units, such as
servers, Wo2kars@ys, and the |like, to include internal PCans2010mB6her
enbodi nents, the fans of the cooling systemcan be used as an auxiliary or
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nodul e installed on top of the cold row encapsul ati on structure cools the
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pressure crea I NSI € rnterior space o row encapsul ati on
st ruct ur enoune] wiitsiwtle sears ratkavormettdd & the tchidavgtenciigulatiok stimupmteed units in

the server racks connected to the cold row encapsul ati on structure to cool
the servéps! 'Sﬁaef«‘éfrééflg Rise bt irrogiriierhech ik oL GBI 1S SBr9RE racks. | n
sone embdiyrBHhchts, HRerhans AliBs&@naladsLdnkn @ fan unit. In other embodi ments

of the present invention, the systens and methods invol ve m xing outside
cool 18i r Ineothepeinbodimestsrof éhespresemt prventeorh duti systams apéireihogs devoper s in a data

center may. be controlled b t enperature control unit.and opened up when
the. out s THETEAHRTEEIR 8 (e TR 1 B FeentreebaelieE evRdE 2l entors
the dat a dafidefifer 8¢ HRASHESIA YL@ peheure @Ohtdl GinREY bBeredsipaltadhon top of
the cold row encapsul ati on structure. One or nore fans draw the cold air
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advancenents. The follow ng detailed description together wth the
acconpan\espagialiyavihengbe outside air fails to meet the operating requirements for the servers

and other equipment, humidifiers may be used to condition the outside air. In recent

20  years, however, manufacturers of server equipment have significantly relaxed the
humidity requirements due to technological advancements.
The following detailed description together with the accompanying drawings
will provide a better understanding of the nature and advantages of various

embodiments of the present invention.

25

DESCRIPTION OF THE DRAWINGS
30 FIG. 1 is a diagram showing an example cold row encapsulation structure and
an example cooling module.
FIG. 2 is a diagram showing an example cold row encapsulation structure with

integrated server racks and an example cooling module.



wi |l provide a better understanding of the nature and advantages of various
enbodi nents of the present invention. DESCRI PTION OF THE DRAWNGS FIG 1 is
a di agr anwehow/ngesan exanpl e cold row encapsul ati on str BCTAISe018/020380
exanple cooling nodule. FIG 2 is a diagramshow ng an exanple cold row

encapsul at i on pa& et At dho WS SaBBISQY Riw ERGksul ANt stce¥awRhe cooling
nodule. FIG 3 is a diagram show ng an éxanple cold row encapsul ati on

st r uct ur éntegratedisptveryraake dn ssample servekglacedrmneorambitle ssevoy gackpleaded on one of
t he serverar@cks 1.r(;;md @‘Q exanpl e cooling nodule. FIG 4 is a diagram
showi ng SABRSHBPYESEPOYF and a fan unit that draws cold air conditioned by

an exanpl e co@IGNgiswdibt@am hb@indan eamplt @gvenhé B O gt Bt @xappdld dat a
center server cooling roomwth a cold row encapsul ation structure, a
cool i ig APdanditionsdbian exagrde eaplinBanedydt . and a mi xi ng chamber with danpers

that control s gyfes isfhdﬁ‘ﬂgéraﬁ-&%%agg%o xaﬁjp'ie &dtl CethatsbRRy cd:olhﬁg rrgorh Svifh di agram

showi ng an exanpl e col d“row encapsul atrron structure, one nmore server
racks w talohh@woencapsudatisvistraetuiee b soolarpdnadilarexhimist fanoopthesionfy anche or nore

fans attached to the server racks. F 7 | s a diagram show ng an exanpl e
col d rown%‘ﬁ’élg;fi‘ﬁl‘ing?li%ﬁh Q%IPH"CFF ﬁ%?orﬁﬁ’is Pl Ea%‘g?‘%}g‘?orlagcq%@u 18‘?1 one or nore
RVMU servers, afd @i AfafahfshdWidChedabipld 8d QI ¥laphidstich dut@uglnene or
nore tubes. FIG 8 is a diagramshow ng an exanpl e cold row encapsul ati on

st r ud ur er nomesayverracks veithy omrormaerk RMUtshrverse and a faprumitRVpsigingens or and one
or nore faons 0 egat}{gé at.t ached tg a top face of an enclosure. FIG 9 is a
di agr am %69\1@5’53‘ ACHER AP PISSCE ST BFFbw encapsul ation structure, one or nore

server racks WIGh7 enedigsraidhewiid-his@&iaklScol @ Rsly ef@pallatio Lrubang oaper abl y
attached to the outside faces of the cold row encapsul ati on structure.

DESCRI PTIOOROCFSEYRVEEKS VERBED! avenere SMtserviest, P frg wdaatigrkeddaiiesdi nent s and
their asBgr%lsra@%fth%ﬁ%ﬁroing%gm%?éjtuibjig_ust rated in conjunction with
met hods,

appar at uses, and systens which are neant to
15 FIG. 8 is a diagram showing an example cold row encapsulation structure, one

or more server racks with one or more RMU servers, and one or more fans operably
attached to a top face of an enclosure.

FIG. 9 is a diagram showing an example cold row encapsulation structure, one
or more server racks with one or more RMU servers, and one or more fans operably

20  attached to the outside faces of the cold row encapsulation structure.

DESCRIPTION OF EXAMPLE EMBODIMENT(S)

The following example embodiments and their aspects are described and

illustrated in conjunction with apparatuses, methods, and systems which are meant to
25  Dbe illustrative examples, not limiting in scope.

FIG. 1 illustrates an example cooling module 100 and an example cold row
encapsulation structure 106. The cold row encapsulation structure 106 may have a
frame, panels, doors, and server rack ports. A server rack port is an opening on the
cold row encapsulation structure 106 that can be connected to a server rack. The cold

30  row encapsulation structure 106 may be made of a variety of materials such as steel,
composite materials, or carbon materials that create a housing defining an interior
space including at least one server rack port that allows rack mounted unit to interface

with the interior space. In some embodiments, the cold row encapsulation structure



be illustrative exanples, not limting in scope. FIG 1 illustrates an
exanpl e cooling nodul e 100 and an exanpl e cold row encapsul ation structure
106. The wol2diwiasséencapsul ati on structure 106 nay have acCrrsowp/opseel s,
doors, and server rack ports. A server rack port is an opening on the cold

row encanyy ki RNnStdidCditcly 10met MRl stdtc BRd GORNKEH BSbr iOreguisQT M@ rack. The
cold row encapsul ation structure 106 nay be nmade of a variety of materials

such as stalenter condimgiroenfert eoledl &t or carbon materials that create a

housi ng defi ni an.interior ace incl udi at. | east. one..servyer rack port
that allows r&n@g D 188*&%#@5@?’89%‘?@ caéﬂ\?ﬁo lho{“heonl P é’?ithc‘)arwg%%’(\:”e. In sone
enbodi MeRh&apstlbgort ahitireWe BedpsHbatkd nths topisirfacedOhe waM roe nount ed
directly to the floor surface and no raised floor is required in a data

centef ceBrapRdlatiesiucHIedBo! ehe sealing Tredulo ]G GRnTisEIPRS FORCIREYOIBE | ocat ed
and posi ti . : l.atd £ kA6 and
connect e%b?%ﬁ?zh gﬂﬁglp %saggrl?éa{glgldgﬁﬁ é[j%(%ﬁ%}% ?@?ﬁ%ﬁ r%]ltg:éa(%glf ?gﬁﬂg% Hé‘? r“alglt ure 106.
The cool irgigtivabg hbteaiffi3siagnipvugethe ecnelingy module 1 6@ dhdralgy cwiing tH0r. Toi qui d
passing inside the cooling coils 102 is used to exchapge heat wt

rel ativele ﬁﬁ‘goéfi“?enbé]_%es?% ng Iﬁ‘?%banlq%_l*fl@”t}?fcﬂom?&sﬁsoadlﬁnﬁpogbr@,m?ﬁtiuee%‘ﬁs cool i ng
the air. g R8s ORI R ocatdde THERbSINE ABEAME BnclOird bl R8Fe GRMRI 1 SES an
encl osure 1 nside which the cooling coils 102 are | ocated. The cooling

nmodullé emedrooperengral04rthxomgh méhidr ainenter thp emdlosyse. 1 0nsanhg eubgdimbntetthei r ent er

t he encl osur.e. somre_ enbodi.nent s, . he openin 104 nay_c rise air
fiters. oprtEyLh HRY FoltTe wEroThe e PE AR TR S IR SRS o
connect ey hfdré BFerlifid coHhdcsE0he fopSuFM OBV AN ERP Shdapbulfbrsdtfudaireir e 106,
t hrough whi ch openi ngqsj cold air exits the cooling nodule and enters the

i nterior 1§pabeoughivhietionspings soldativexiswhatnotips moduleomd $pkegeihgirerion sone
enbodi nent i i.Nsi I coils 102 as heat exchangers.
Wat er pu%B%,e dv%giijgcg bgé%‘ST&?)ﬁ‘groé‘g%*gﬁ%‘Wﬁ“%ﬁg&g%goci ated pl unbi ng (not
iIlugkrated) dupphtembodigiead, wateeis dsed ilsgleahotiotpgeoils $021&2heat N ot her

enbodi nents, other _types of liquid such as a water-glycol soluytion, steam
or a ref CXERAGFE: Mewm@ewateﬁgmi@gtqqélp&f@raia\ﬁ@ xRt m B8 Ras

chaped | T B o o e O A TR 162 rmy
) , g coils 102 may be
i n ot her otleapges sfiifuidsuch as a water-glycol solution, steam, or a refrigerant may be
used inside the cooling coils 102 as heat exchangers.
20 In some embodiments, the cooling coils 102 may be serpentine shaped lines of
tubing. In other embodiments, the cooling coils 102 may be in other shapes such as
straight lines of tubing. Depending on the size of the cold row encapsulation structure
106, the cooling requirements, the velocity of air flow, and the physical characteristics
of the cooling coils 102, the number of cooling coils in the cooling module 100 may
25  vary. In one embodiment, two cooling coils are used inside the cooling module 100.
Since cold air is generally heavier than hot air, the cold air cooled by the
cooling coils 102 generally moves downward into the interior space defined by the
cold row encapsulation structure 106 which may be located below and connected to
the cooling module 100. The cold row encapsulation structure 106 comprises an
30  enclosure which defines an interior space. The enclosure comprises at least one
server rack port 110 configured to interface with a plurality of server racks. The
server rack port 110 is configured to interface with the server racks such that a front
face of the server racks intersects the interior space of the cold row encapsulation

structure 106. In one embodiment, six standard server racks may be connected to the



straight lines of tubing. Depending on the size of the cold row

encapsul ation structure 106, the cooling requirenents, the velocity of air
fl ow, andwohelphye2cal characteristics of the cooling cecrasi@app24ske nunber
of cooling coils in the cooling nodule 100 may vary. In one enbodi nent, two
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general ly heavier than hot air, the cold air coole y the cooling coils
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| east one server rack port 110 configured to interface with a plurality of

servep rdeRach ofhgs. slasome othes kmbegimenixy sqaking orteripl ah eHEIKEEMIARE with the
server r %ggfto%%ilytcﬁ@]iegg}h%rsgﬂ}er Ia%ﬁ goxq fy 1b Qﬁd el s¥ifer {a@ﬁ§<. S]il?)egste?\lye?]se%ﬁz the

i nterior space row encapsul ation structure
enbodi nmentstalfdXnisttantakdtiosehieee afidaks-bak dx€looomnent et drawt heser ver rack

port 110. In .another enbodi nent, twelve standard serve acks y be
connect e§ORGtippRe alpinfzm ﬁ%ﬁ%m eri%?“%“i?“s%%‘é““é‘h%“ %fr%‘,m 'f“f‘fgas erver

racks and:d-ne S5 eehind%ie ReEL s 110 nmay be connected together through one
or nore cf anps 112. In other enbodi nents, the server racks and the server

rack lports 110neayechbodiineot thenmid ravoemapsulgionetructiure Emayptdmeprisnbodi ment s,
sealing materials such as, ga s, may be used tq tightly connect .the server
ack por (O e SHACL P B in Sk some gkt D ary N eadef PR ID the
racks t o sagingi@e Foht RI0E of Kras kr Ghel deh aistAled id MRlelepMEeroadithi oned air
in fromthe cold row enﬁgf)sul ation structure 106 in the front, and ejects

heat out thekiaipr spasedafiked by the gald rewtragnnseletion stiecteis| 16y dWisencapsul at i on
structur %01€6urggii<¥n SATRES g?roﬁ?&%e%cﬂ%ﬁﬂ&&ze a gxr Y Sh {e%%l% o?%o‘f %33‘19 drdw S€rver
¥iay engage”a’s GCH ¢ hat the i

rack port e erver rac ron ace of servers

or otiber agiefvrt @i inttsibakpaed ahdetta@sishr atedibyttbe pacesswd(§)antlehdrnt eri or space
defined by the cold row encapsul ati on structure 106. This confjguration
achi eves AMPpBes 0 thabacknapel avillystrated w Flighdr & smee groodmensahe draw air

from the . nberiRunG %%%1@@§C§&gggﬁﬁioﬂis{maﬁfélﬁgy Qe/s&g@ﬁnﬁﬁlgﬁs%%ef (s) and

ot her conponents out the as tllustrated 1n FI'G 4." I n sone
enbodi nerbsaditibhel edd wieinsidectke anetidrispaceaif dhe aid snw apspbdstianststuoct ur e may
be subst al%t6 iisa c|1r|a¥vn %/%ln%%;r more fans. In other embodiments, the server rack and the
20  cold row encapsulation structure 106 are placed next to each other so that conditioned
cold air inside the interior space of the cold row encapsulation structure 106 can be
drawn to the servers by one or more fans. The relatively hot air is circulated to the
cooling module 100 on top of the cold row encapsulation structure 106 and exchanges
heat with the cooling coils 102. Cold air from the cooling module 100 sinks to the
25  cold row encapsulation structure 106 and is drawn to the back of the servers by one or
more fans. In some embodiments, server racks are sparsely populated with servers
and other equipment. Since servers and other equipment are stacked vertically within
the rack, the scarcity may create open gaps to the interior space of the cold row
encapsulation structure. Cold air may leak from the interior space of the cold row
30  encapsulation structure 106, and hot air may circulate back to the interior space,
thereby reducing the cooling efficiency. To prevent air leakage, the gaps may be

blocked by panels mounted to the server rack that prevent air from escaping and

entering the cold row encapsulation structure through the gaps.



conditioned cold air inside the interior space of the cold row

encapsul ation structure 106 is drawn by one or nore fans. In other

enbodi mrerwe,20tie3®er ver rack and the cold row encapsul aPconssened3se e 106
are placed next to each other so that conditioned cold air inside the

Interior spacq,gfe LiGodRlet:, F&%o?@@ﬁﬁé#@g@&fbn%&rﬁﬁg%e“ﬂ% h@PrE@e, be drawn to

the servers by one or nore fans. Ively air I's circulated to
t he cool icomprsdsthialifyCdnonl trofs 1d# dnhtbe battahn.r tle saibfysawnadl wntssitiAuct ure 106

and exchanges heat with the coolng coils 102.. Cold air fromthe cooling
modul e 1GRTORKEISE GOMRRNSIE t&%&)ﬂ@ﬁé&ﬁ@@fv‘%g SHSBITHCHNE 186 8nd i s dr awn

to the baghrlldidabRrsSREN & SarfPuRS. N s Snb&fiSents thé EBIlBQRHoENL S, server
racks are sparsely popul ated wth servers and other equi pnent. Since

servebs amis dbthmay bava gavises farseradlingthetcandetquickly selagpedhiorpasibempeck, the

i . ' [Weld f. th I
encapsul 400 NS EEFHERRER Ry 8 VA ROERE Rl o s Ueidce or e

col d r owiRneAP il ahdaphulstidrigiudtive 106manBe rdisdd fedrh tHeptoGid. CAlY @te8ulpack to the
interior space, thereb% reduci ng the cooliq%ﬁgfficiency. To prevent air
| eakage, colfeaimpy logkyndBotaineregnisy rpaibe Bothasm side @f ths dolbroger ver rack t hat

prevent t%h&apfs{llgﬁb ﬁﬁﬂ:’?ﬁr@ 9 gggglo ﬁepé\nft%flf {fﬁlg&lg%egﬁl e oG St Bidapp Sstructure

t hrough the*gaps.In one e row encapsul’ation structure
106 nay fsidetdielhic addrpow siecapdiditidn styictmont Goay be tiscldskd bgra pahel thattsedmn  The

stability control units 114 may conpri.se conponents that are built to

wi t hst andhSRetom B TENEE aarst T @%ﬂongg{s%%i% MY AT 248Rer t hquakes.
I'n some enbodiigepl smbbdifeat BRE b fbr LAty 08 MBY bSinddficdBY tRavgld@xi ces for
scrolling that can be quickly released to easily nove the cold row

encapsul af itlercodd raycenpapsul@®n stheturest hi Thetdpor 6 may banpersdend closed used, t he
cold row encapsul ation structure 106 may, be raised .fromthe ground. As a
resul t, éB%ﬁgQﬁPC 1§rP%§%“§ﬁ@a%8?m%&?Cﬂ@fogﬁ?ﬁﬁmngﬂ?fﬂ%xggt o side of the
col d 150w aRERRTWsRE 5 a8lséiet MamtchaRce. TBe BEGVIDBIMA] be inSi@kRGes pricher@ne

enbodi ment, the bottom side of the cold row encapsul ation structure 106 may

be encl osell #yframdesiéng eyiar theenldravnendgpsulgiansiiue@ieel0%n whi ch panel the
stabi [1ty Contlgl%'dn%‘,'ﬂstifr}éﬁﬁe @&ﬁr%eﬁ&}p%ﬁﬁﬁgn sqr&ttﬁg%ggﬁg{)%gfm’ one of hore

doors 108 may b€ Tnsta on the enclosure’ o encapsul ation
st r uct ur eodfl@erablfelepaingl }Btherlysibel miperedf sanckrehds gile soolifgat data center

Personne lrecg{l?%/emeerrﬁseorf tflehs%r\(/:e%,%na (t)l\algz l(iakne(.: %Pl %lr{é: gsnibg(%msegl{’, lgg(t tg I:cv%el]c\f(e) I’stagdard
20  server racks may be connected to respective server rack ports110 of the cold row
encapsulation structure 106. Another six to twelve standard server racks may be
connected to the server rack ports on the opposite side of the cold row encapsulation
structure. The distance between the opposing server rack ports may be 4 feet. The
height of the cold row encapsulation structure 106 may be 12 feet and the depth may
25  also be 12 feet.

FIG. 2 illustrates an example cooling module 200, a cold row encapsulation
structure 206, and integrated server racks 208 and 210. The system in this example is
similar to the one shown in FIG. 1 except that the server racks are integral parts of the
system. In this embodiment, the connection and sealing between the cold row

30  encapsulation structure 206 and the server racks 208 and 210 are no longer required
since the server racks are part of the cold row encapsulation structure 206. The
servers may be installed into the integrated server racks 208 and 210 to achieve a
front-to-back airflow pattern. The front face of the integrated server racks 208 and

210 intersects the interior space of the cold row encapsulation structure 206. One or



variety of tasks such as server maintenance. The door 108 may be insul ated
to prevent cold air fromleaking out of the cold row encapsul ati on

st ruct ur ew0Q@610/1EB@2di nensi on of the cold row encapsul at iPom/Gseo0oeasse 106
can vary consi derably depending on the desired nunber of server racks, the

cool i NG EGUILANE Soff aif AEmIBL YAE Sow BNt NGidd Kiienh 02006 EBPAUI TNt Si X
to twel ve standard server racksS nay be connected to respectivé server rack
ports 11Gepkrddid oW dut ehitiwdlydps tir difonothe Pacluct the serd@iGaclAnddair isi X to

twel ve standard server racks may be cgnneﬁt ed to the server rack ports on

the opposPEeCIEUAichP thieolBrAedF it &PP SRMEFT QRepee 29T AR di st ance
betueen tRenRRBORANNIHhY G 6%&e%§%ﬁ%§/@% 202, 4t e@(shngm@dﬁ@zmgﬁlapf the

cold row encapsul ation structure 12 feet and the depth” nay al so
be 125f edte.logaited orPtoploif thet qodd mev encapxdatpinestiuomkd 2 anddodyeb2@@pecedol d row

| ati 20 d i d 208 and 210. Th
Syt om i 101 Pl o et i epcPfeil ShutERdih bt opnonn trat

the servahe fopGikse HtRe £d18 86K @hcapRilhSorP ktrlidiBre08 la@ilthel Bt Sdembodi ment, the
connection and seali ng bet ween the cold row encapsul ati on structure 206 and
n

t he servepoliagRredple@08n§oRligr gensrally mevrgeownagidsy espegpihcwhemenser ver racks
are part d&gretfﬁxes ﬁ%%hﬁ#él%#(ﬁ@%ﬁ%%% fle! Bk Bl C%ﬁsrugart]iﬁgg%&@% c??e{%i\ﬁgr s may be

installed’into't SEerver racks 0 achi @ve a

f r ontiot o-lb@ekaiAprctduasninas irérior spite dftlendold awe ewfapéligtionnitegitatedsser ver
racks 208 and 210 intersects the interior space of the cold row
encapsul at i on HEr dilypirates o cxample PP aHe 380 SUTOMENSARSUAEGH t he col d

row enca%’dkﬁ%ﬁk, §ér(rélgr%&!€sej0%%1&éﬁ &@gigll(i_ J%%ch?bg ﬁa%e@&&jﬁg’ér‘a& Qyt relatively

hot air fromthe back the server Is then circulated to
t he cool iThy systeml ie tiH6 Oxanhple ighmdaetodhe omr showpeniFigs2. Zhdaingedxadainges heat
with the one

r re cooling coils 20 The coql i ng,.nodul may be
ocat ed GHRBHESPIL Y QBrR RS BE IO POHE T CE LFE 288 Al mmy be
connggt eqh1iRdbifop ths ¥bldae® AtagstiRtieR siudt@w 360C aRe bt alorOfing Ut ure 206
t hrough an opening on the top side of the cold row encapsul ati on structure

206 and tdeaditionedbenld pigéromhthednistiphspaspeiiihe coldgowEptapsalationstnetee| y noves
downwar ds, ~especi.al,l y _whe ne or nore fans are drawing cold air fromthe
cold row%e()%gggs?ﬁ l tﬂlleyosﬁr‘fsetr?'gg'ture creating lower air pressure in the

interior spaceriof 4tiinguark dn eRMnsle capiing @biwa 460,/dacking €iRAO2, server
404 and a fan unit 406. Conditioned cold air from the cooling module 400 and

20 cooling coils 402 is drawn by the fan unit 406 and passes through the server 404 to
cool the server. In some embodiments, the fan unit 406 comprises one or more fans
enclosed in a case made of metal. The fan unit 406 may be attached to the rear face of
the server 404. In other embodiments, the fan unit 406 may be connected to the rear
face of the server 404 through a tube as illustrated in FIG. 6.

25 The cooling systems illustrated in Figures 1 and 2 can operate in an interior
space defined by a data center server cooling room, as disclosed above, to draw air
from the interior space, and provide cooled air to the interior of the cold row
encapsulation structure 106. In some implementations, however, the cooling systems
may also operate in connection with a data center cooling room that includes air flow

30  controls that allow outside air to be used. FIG. 5 illustrates an example data center
server cooling room 500 with one or more ceiling exhaust fans 516, ceiling dampers
514 which controls outside air intake, a mixing chamber 518, and dampers 512 that
control circulation of air entering into the mixing chamber 518. The cooling module

502 comprises one or more cooling coils 504 and is connected to the mixing chamber



FIG 3 illustrates an exanple cooling nodul e 300, cold row encapsul ati on
structure 302, server racks 304, and an exanple server 306 placed on a
server rawR.20MMe3&Estemin this exanple is simlar to tRreTarseoshensno i n Fl G
2. Conditioned cold air enters the cold rom1encapsu|ation structure 302

through the Gaoling, ARAUt 6300 Bl AGEHBLER Bl LIBG oldlEay engapsul ati on

structurée e or nore fans draw con |one alt e interior
space of cbhleng:mbduledwzeletazbsztablapbmﬂﬂdsmmbleﬁeloaﬁaoﬁmé coldabss t he server 306.
FIG 4 illustrates an exanple cooli npdul e 400, oling coils 402, server
404 and &"favighen stagsgure of "Earetqoaﬁ%faecgwae s e [8BSTVHE MA¥dul e 400

and cool 'b@gné%él!e'd%m%qge betva R t@Xcﬁlé\F‘e Jﬁ&t%'ﬂaclél%ﬂ@ﬂg atR35 S 8e kBhOUgh the

server 404 to cool the server. In sone enbodi nents fan unit 406
conpr bsedawnd the servareadka mmelsmi!; theaunteiior spacasktheraold rof emeapmiilatidine f an uni t

406 may b tothe ar fac of .the serve .ot her

oot ey Dot O e bR a8 fiong e golop @imsaPodhoe of ¢ he
server 4Qﬂ~u&thfeomho@o&uh@s@$eﬂs lahduéfeéﬂ{oedulffbnﬂh@ra&-mimﬁe@Qﬁlltg ng systemns
illustrated in Figures 1 and 2 can operate in an interior space defined by

a data ceémttalieddethestervessickngAs dbisiralgd inFKe| o sagompsrbodimengy Hw Qer from t he
interior B?o‘%@ w 'i@gea"ﬁo'ﬁg il ané ﬁ%érgﬁyapé&reh% %fse}\g?ra%?%d rrow

encapsula ion n sone i np I'ons omev e cooling

Syst e0s My saﬂvsoccﬁmmgab@nlsoo aeyteepemedinthafiegatfan®ient Br orzaabdd)gor oom t hat
includes air_ flow.controls that allow outside air . to be used. FIG 5
i |1 ust r a8t idsrpibis dprducerhiodhe seryercogbing erony of): itheghat g el asirg Wmﬁheone or nore

ceiling gxhal AREY: %%1,5 tgide air
i nt ake, g m xﬁ%éﬁgﬂang k5t§gf,léf§%g %arrperezsg%é dAﬁ‘at(:w(():o B{Pﬂllgisr@%lu ation of
air ent erann@er mbde, tolumdu colohgjr i:shatrb@xoe&l@the‘ﬁh@enmﬂmggoomdﬁﬂ) eTb®2 conpri ses
one or & cool i nl%iﬁ ils 504 a a conns%ed to the Xi nIg chanber 518.
The top SEHPRAAMBFISNE AEGPRFI VIS h% HBRTEPH o AR e NG 2BHET #E connected t o
the ool ich@edPAUlsRIcRBE] aiPBANES thiRGK tROEJoBing A dAR J0PGnaRAIRSIIE R the cold
row encapsul ati on structure 506 are connected to the server racks 510. The

servers Waydpb@atlmﬁtmqt@d 506t o the server racks to achieve a front-to-back

airflow patter The f ont face of the Sel) ck ersects e interior
space of the é%f’ae Fn(? gﬁﬁ eﬂhn & prelszC aéegﬁéedsa@%@h flarpr%crr% igns dr aw

col d air chribgninitigg Gﬁ)e{rﬁibdr@w &aRaapsH |oa'theCHbt air ejected by the servers is
exhausted outside of the server cooling room 500 through the one or more ceiling

20  exhaust fans 516; part of the hot air enters the mixing chamber 518 through the open
dampers 512. The hot air inside the mixing chamber is drawn to the cooling module
502 and exchanges heat with the cooling coils 504. Cold air then enters the cold row
encapsulation structure 506 through gravity and lower air pressure inside the interior
space of the cold row encapsulation structure 506.

25 In another embodiment, the ceiling dampers 514 are open and the dampers
512 on the mixing chamber are closed. The outside cool air enters the mixing
chamber 518 through the open dampers 514, passes through the cooling module 504,
and sinks to the interior space of the cold row encapsulation structure 506.

In some embodiments, the opening and closing of the dampers 512 and 514

30  may be controlled by a temperature control unit. When the outside temperature
reaches an appropriate level, the temperature control unit opens up the ceiling
dampers 514 to allow outside air to enter the room and closes the dampers 512 on the
mixing chamber to prevent hot air ejected from the server from entering the mixing

chamber. When the outside temperature is too hot for the server cooling room 500,
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structure 506 to cool the servers and eject hot air fromthe rack-nounted
units installed in the server racks. As illustrated in FIG 6, in sone
enbodi nerwe,20tiiie3@re or nore fans may be encl osed in a Pam/useé/0293d0
operably attached to the server racks. The server cooling room500 may be

oper at ed th@tefhp\é?a"t L8 e¥ndd1 dﬁﬂ%g%es hﬁ ecgﬂl‘ﬁ? ers%qél %rlgx%'vgrﬁ nzi‘t'r u'cﬁl I3} r oduced

to the server coo I'ng room ej ecte fromt rvers IS
ci rcul at edtsdecdir hmdod)ﬂseandlopengup:ﬂmrdampeﬁﬁs2aandllm\heot:améje¢tgd ﬁ'onluhe 502. In
anot her node, e cool air troduced to the Eerverlé,ccoo |ng room

500. The SE@FT%%IE ENSINEL a‘QP%r Ulb‘ AINGARSEIG REITREGGEFIE SIERBICEIIIY he mi xi ng

chamber %cﬁm@é OBl cEALBbASH 60@ta SdnfierP AR FOIALARE BHédfeel REcHP A IN@idodul e 502
and enters col d row encapsul ation structure 506. In one enbodi ent, the

ceilifg @ampletlsg Brauglrthe codingdnedvde 10k lasapercmbodmeants, ﬁhﬁeopwmgwgdcharrb_er
are open. clos qu{l El ergglf%ﬁf%f&ﬁ%ﬁ aplgn %F{h\é ﬁmé%xﬁg(urs]?ﬂﬁg g%out si de

of the serve co0 |n f ooM e one I 'Ng” eéxhaust fans

516; par tar@dll tdierolied biah cRBLr6iis deviee mohlalggtérhpéfbﬁfe &hrot tiiiothgh t he open
danpers 512. The hot air inside the mxing chanmber is drawn to the cooling

nmodul e 5ODOTHIES B derapRsRiarenasifde apd putpide ﬂwsweh godligIreom@nd opgpgs Hicr t hen
enters thef @9&%&31\{\4 ﬁ}qg?o%me%' pﬁmﬁféfﬂ%péfw%%@h{,%{ HRYgsmgravity and | ower

air pressure iInsi e Interiof space o row encapsul ation
strudtur e 506.Ddpendingbhelic londimai afelnt dats b@ltﬂehmmldgy@aﬁwmsl&ewboaam open and
t he danpers 512 ool air

the m xin anber, are c] osed. The outside
enters tH%ayrﬁ%QYng\H@Hé%@m’éigogﬁﬁdi}%dqwé’l 6‘6&1103%1%&“%51 %rmﬁég‘é\ées t hr ough

the cool iipge oBEHHiSncd Qs thA M Binffy 1Q el BBets MathAfenkPRES Ofiatihe cold row
encapsul ation structure 506. |In some enbodi ments, the opening and closing

of the damwpetien Sﬂmeanwesmlthm}glb@rmmangfalcemerbiaa\as mgnﬁwmhyutlexebth@r ol unit.

When the outside te a riate. the tenperature
tonrr ol ardtiepsEnes TR Al tolrlRE Shgnh PR o iniorSubei de arr to entor
the rneomy @ﬁﬁpﬁb@%ﬁnaﬂﬂﬁoﬁéﬂlﬁ@ﬁﬁauﬁ%&d@a dbfaR effleX sdtGer@aahimeioohDstRrigvent hot
air 6‘] ected fromthe server fromenteri n&et he m xi ng chanber. Wen the

out si de tiBppEwEtieihe nesformendsend reliabiliie of teraripess! nfylatoetBod t he
tenper at %%e%?r[i} B%en%“ohe 6l %F SR Jcrj,'ag%e HRMRes ?rhél%gn é%ﬁéﬁg‘t ‘o all ow

i ntroduci'ng "ho side arr in oors pens up
hot air e€jl8aed esnditi@mheh@midity of the air passing through the mixing chambcr
FIG. 6 illustrates an example cooling module 600, cold row encapsulation
20 structure 602, server racks 604, an example fanless RMU server 606 placed on a
server rack, and a fan unit 608 operably attached to the server racks. Conditioned
cold air enters the cold row encapsulation structure 602 through the cooling module
600 placed on top of the cold row encapsulation structure 602. However, since the
RMU servers installed on the server racks 604 comprise no server fans, the fan unit
25 608 is operably attached to the server racks 604 to draw cooling air from the cold row
encapsulation structure 602 to cool the servers installed on the server racks. The fan
unit 608 comprises one or more fans. In some embodiments, one or more fans 610
are installed on the face of the fan unit 608 that interfaces with the server racks 604.
In some embodiments, the fan unit 608 may be placed next to the server racks 604.
30  In other embodiments, the fan unit 608 may be attached to the server racks 604 by one
or more clamps or fasteners. The one or more fans 610 draw conditioned cold air
from the interior space of the cold row encapsulation structure 602 and cools the

fanless RMU servers installed in the server racks 604. In some embodiments, the rear
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servers back to the m xing chanber. Utilizing outside natural cool air
significantly reduces energy consunption of data centers, as it reduces the
need to cwol20tone3dézqui d circul ating through the cool i ngPeDAISR&0HAB60 | N sone
enbodi ments, the opening and cl osing of the danpers 512 and 514, and the

operati o, c%f faNeViE Rl el T AR She I)Iarﬂ&qu{ge Ao OFtE ko £RMAL L&D BY 0N

el ectroni c device such as”a tenperature unit that nonitors the
t enper at ulieefan it dO 8 sailhwong Et|t«zlératv¢mrﬁmu@rtthMUJﬂqvclmom and operates the

danpers and t f to achi eve optinmal e iency in cooli t he room
Dependi ng on &ﬁg ?Qﬁ’ﬁ{fﬁt&ﬁ%iﬂxme qlnese L\Jfr %(ﬁ ﬁ%édf’?"fnﬁiffps?%go%utsi de cool
air may \ahoture MeNsdrig k7l ! ah QlamfperafletSiadle nfoRfled &inft (RMUNvel he out si de
air may have to be conditioned so that the hum dity level neets the

requi P engfb plased @@ausmb@raglp@dtau fomunit 70helbesnwiensin thisthoupk isemiler
manuf act yr gr.s, ha}{owﬁ‘@ffhé '6CL tXhat‘?}'lea?éﬁ%m[t%{s ﬁ&% 1%?%%9% 019190\%“ ymdity for

rel i abl e 'operation o G "Ser equi p riate mdlty of

anbi ent  gi10 i qghe@edtoddt sero@nacs thRgR bn€ OPMbRGub&OM Sdmkl is inmportant to
t he performance and reliability of the equipnent in a data center. In sone

embodi mesPodigprats thefybes ﬂl?rrﬁr%imﬁij‘*eiagmﬁﬁﬂld%‘és i nthgregporimente thei xi ng chanber
518 to C‘?@fy&?‘lg@reﬁfb eM%@bfﬁex%lem?ﬁrﬁ'lr paSSI ng through the m xi ng
u

chanber strates an exanple cooling nodul e 600, cold row
encap8ul ati on Issmmebmlbedlﬁ&ﬁts ﬂmrt\ﬂms 7ﬂ2<aiﬁat616kﬂcd tan saadw(lsm}msfaanhleﬁaee)l?l\/u

server | aced o ver ck, an unit 608 oper y, attached to
Phe cor oy oft ngorecul s T kammiad it et af Teiihe o o PRE: 2k dBaut ot on
struct ur n8@mbbinRgRatihRaf et bNYrdtRINb RO Pinasass Lfort RPWREhkhe col d row
encapsul ation structure 602. However, since the RMJ servers installed on

t he ser véuberHekendo4onmmemdi She pae eanqugrfafsaHe), dr@\h@Olﬁd}hOm wld@sftpm operably

hed h fr I d
ancapsul 404 BTG S HeB05 st B ERRCR b s PER ST corver

rackss Thevilarrwd ihsta0& BaRPEdrs@Saddieroar nore fans I n sone enbodi nent s,
one or nore fans 610 are installed on the face of the fan unit 608 that
i nterfaces w tiGt hdlustpige pn pxample godling odBeB0Q splldoMeRCcapsuiaient an unit 608

AR D b L H e e S S i i
f ast ener Servﬁlﬂ)ﬁ)]ﬁlewalr omDseevdraak. 6l ssistamy ia ol 'E:idm]ﬂeds gtimblar talthe one
shown in FIG. 6 except that one or more fans 808 are operably attached to the top face
20  ofthe row encapsulation structure 802. The fans 808 pushes conditioned cold air
from the interior space of the cold row encapsulation structure 802 and cools the
fanless RMU servers installed in the server racks 804. In some embodiments, the one
or more fans 808 may be enclosed in a fan unit.
FIG. 9 illustrates an example cooling module 900, cold row encapsulation
25  structure 902, server racks 904, and an example fanless rack mounted unit (RMU)
server 906 placed on a server rack. The system in this example is similar to the one
shown in FIG. 6 except that one or more fans 910 are operably attached to one side
908 of the cooling module 900. The fans 910 pushes conditioned cold air from the
interior space of the cold row encapsulation structure 902 and cools the fanless RMU
30 servers installed in the server racks 904. In some other embodiments, the one or more
fans 910 may be operably attached on both sides of the cooling module 900. In yet
other embodiments, the fans 910 may be operably attached to the top face of the

cooling module 900.
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fromthe interior space of the cold row encapsul ation structure 602 and
cools the fanless RMU servers installed in the server racks 604. In sone
enbodi mrerwe,20tiie3deear f ace of a RMJ server may have one @cTmse@olo293ge air
ports to facilitate operation of the fan unit 608, allowing it to draw air
through the RMy.$RLMRIiRvdnhiGh his bidnxblafie@SvitefraimRe ssRMd ng modul e 700,
cold row encapsulation structure 702, server racks 704, an exanple fanl ess
rack noumtrbddumgnts. (E?Md)(arspllevwhlléaﬁbtpﬂlmeﬁ Oéme@rwnmwentmmavah@bna fan unit

708. The stemi.n this exa is simlar FIG 6
except tﬁ%%”ﬁﬁg%?gﬂe HFFG?6§EE§' ISPMPCRY S %?l 0?%ﬁ§m? 1‘F%mconnected
to the serygt wﬁl@g;kxﬁre&&é@lw i fRsent RbmBHatoh ub&ﬁnn%dﬂan@@ﬁa c itopet s, the
tubes 712 are nade metal ducts. In other odi nent s, e tubes 712 are

hoses 5 madeayctisa besden) ©threabodimentsivilobrecvidanb i thesn &, or@lﬁ@rytsmle@ tha2 are
attached t.0 h f e rack-nmount ed
units iné Iﬁegﬁegﬁfoﬁ?é&érﬁgﬁ%? tfrlr%?ée él%gﬁ?[ @%H%Hebeohmﬂp& ‘ra%g%ﬂ%rgnt each rear
face of andieaéd bpihetapPendaticlaimel udes a port to which a tube 712 can be
connected. The one or nore fans 710 draw conditioned cold air fromthe
interior space of the cold row encapsul ation structure 702 and cool the
fanl ess RMU servers installed in the server racks 704. FIG 8 illustrates
an exanpl e cooling nodul e 800, cold row encapsul ation structure 802, server
racks 804, and an exanple fanless rack nmounted unit (RWMJ) server 806 placed
on a server rack. The systemin this exanple is simlar to the one shown in
FIG 6 except that one or nore fans 808 are operably attached to the top
face of the row encapsul ation structure 802. The fans 808 pushes
conditioned cold air fromthe interior space of the cold row encapsul ati on
structure 802 and cools the fanless RMJ servers installed in the server
racks 804. In sone enbodi nents, the one or nore fans 808 may be encl osed in
a fan unit. FIG 9 illustrates an exanple cooling nodule 900, cold row
encapsul ation structure 902, server racks 904, and an exanple fanless rack
mounted unit (RMJ) server 906 placed on a server rack. The systemin this
exanple is simlar to the one showmn in FIG 6 except that one or nore fans
910 are operably attached to one side 908 of the cooling nodule 900. The
fans 910 pushes conditioned cold air fromthe
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interior space of the cold row encapsul ation structure 902 and cools the
fanl ess RMU servers installed in the server racks 904. In sone other

enbodi mrerwe,20thie3@re or nore fans 910 nay be operably atrCadaisedoopsbot h
sides of the cooling nodule 900. In yet other enbodinents, the fans 910 may
be operably attached to the top face of the cooling nodul e 900. The present

i nvention has been explained with reference to specific enbodi nents. For
exanpl e, GMAIMS enbodi ments of the present invention have been descri bed
with reference to specific conponents and configurations, those skilled in
the art will appreciate that different conbination of conponents and

confi gur i Ans.19RYdak.so be used. Other enbodinments will be evident to those
of ordinary skill in the art. It is therefore not intended that the present
invenbion be Iimted, except as indicated by the appended cl ai ns. CLAI M5
What is qlgkned I S: 1. Atserver cooling system conprising an encl osure,
wherei n the éﬁ%@5§ﬁ$@gﬁgﬁﬂﬁé§%ﬁp?4ﬁEHior space and conprises a rack port
confi gured toa8REABSUrE Wiken tike GRWsuRMANES 41 Midtidr sFelhed opapades e to
supply cooling air to the interior space defined by the enclosure; a rack

i ncl udi ng otgek pert gprftguretiocngageiackpunt ed units installed therein, wherein
the rack is e I ryer r . : ve front
faces of the %%gg%gg érlrl{l;irljieln(?ré% © %{f‘%}lﬁr? %ﬁaﬁﬁs@p‘ﬁ 1&%@?%%@5&?&%%@% nterior
spaceodef i ngdchbyefided benkd aslosare;and one or nore cooling fans operably

attached to respective rear faces_of the one or nmore fapless rack-nounted
units to draw2dp< PFFRIneEeion TS Wiﬁb%g'm?ﬂr’&?@wl?ﬁ%ﬂ%%@t T °fore fanl ess

rack- mount gL Ulint e retk il zag &l MGhe SQ0 B8k SHehmipd: rgﬁa&tmelﬁmﬁc@é n the one
or nore cooling fans are enclosed In a fan unit. 3. The server cooling

syst em of cofahepge whmoei mck-heufid units intérfacamtitiche thierorapirgckiifedey of t he
rack with which the reapective rear faces of the one or nore fanl ess

r ack- mount et GAFPEIEAREr f ace.

15 one or more cooling fans operably attached to respective rear faces of the one
or more fanless rack-mounted units to draw air from the interior space through the

one or more fanless rack-mounted units.

2. The server cooling system of claim 1 wherein the one or more cooling fans are

20 enclosed in a fan unit.

3. The server cooling system of claim 2 wherein the fan unit is attached to a back
face of the rack with which the respective rear faces of the one or more fanless

rack-mounted units interface.

25
4. The server cooling system of claim 2 wherein one or more tubes connect the fan
unit with the respective rear faces of the one or more fanless rack-mounted units.
5. The server cooling system of claim 4 wherein each tube comprises one or more
30 hoses.

6. The server cooling system of claim 1 wherein the cooling and mixing module
comprises one or more serpentine coils inside which chilled water runs to cool air

passes through the cooling and mixing module.
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4. The server cooling systemof claim2 wherein one or nore tubes connect
the fan unit with the respective rear faces of the one or nore fanless
rack- mourwecdowni2s&2 5. The server cooling system of cl aiPeTAISMI6/029360 each
t ube conprises one or nore hoses. 6. The server cooling systemof claim1l
wherein the cooling and m xi ng nodul e conpri ses one or nore serpentine
coils inside which chilled water runs to cool air passes through the

cool i ng andTim seirviy covlthy systZm dihdaisel whereoothk icog)irgyesitiemxofg moédilen 1 wher ei n
t he cooling ang nt}lxin . modul e sup lies the cooli a'% to.the interior
space from $¥PPEE e eeoliie A the i ‘%Eotfils%?‘ce r.orﬁ'ﬁé(’psfgg?/%tlrt & 6519 e sy st em of
claim1 wherein each fanl ess rack-nmounted unit conprises a bl ade conputer
rack server. 9. The server cooling systemof claiml wherein the air drew

by th& ofe ‘Oke seoras cooldng Hygtehaelscléimohvhpesin ¢ach fandess sgrkcmovieduigjh t he one or

nore fanl ess rack- mBhla ted umt{s?cﬁgo the one or nore fanl ess rack-nounted

I
units instafd"&d5Het elg?ir(r:lwtei eré%rr'ver cooling system conprising an

encl osure, wherein the enclosure defines an interior space and conprises a
rack port configured to engage_ a rack; a cooling and m xi ng nodul e

oper at i v&- t bhassspyargoeling svstgnnehclain | wberei Be ipBidfap iy eI RERPTBY t he

encl osure; s i i f 1 i

Tnstalled tfoar st etk eROP Ry TROG BOLASS: ma o ort such
t hat 10 espectnitseoblsahu ofcamranoreffarilbss rackemonnted nsity iasteHeburthedickni ts i nterface
with the interior space defined by the enclosure; and one or nore cooling
fans operably attached to a top face of the enclosure to push the cooling

air intophg ERELEAANIPAER, AMEpRMg t hrough the one or nore fanless
rack-nounted units. ng.. A server cooling system conprising an enclosure,

wher ei n t he enoleogoswe delidreisshaenclasurer dedines paiséermndpasoapd cemprisespack port
configured to cool i{,ng and m xi ng nodul e operative to

supply cool faﬁlé%gﬁgt%ggfé)&{r{“fg{:qkwgﬁ o]
15 a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure;

a rack including one or more fanless rack-mounted units installed therein,
wherein the rack is engaged in the server rack port such that respective front faces
of the one or more rack-mounted units interface with the interior space defined by

20 the enclosure; and |
one or more cooling fans operably attached to a top face of the enclosure to

push the cooling air into the interior space and out through the one or more fanless

rack-mounted units.

25  11. A server cooling system, comprising
an enclosure, wherein the enclosure defines an interior space and comprises a
rack port configured to engage a rack;
a cooling and mixing module operative to supply cooling air to the interior
space defined by the enclosure;
30 a rack including one or more fanless rack-mounted units installed therein,
wherein the rack is engaged in the server rack port such that respective front faces
of the one or more rack-mounted units interface with the interior space defined by

the enclosure; and
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space defined by the enclosure; a rack including one or nore fanless
rack-nmounted units installed therein, wherein the rack is engaged in the
server rawR2pwy3®ach that respective front faces of theCouS2a0/00936€
rack-mounted units interface with the interior space defined by the

encl osure; an ! s loB8:ab AN ORAN G BLY oABbACARINEQ iR OF T e
side faces ofggﬁgrg%gﬁgﬁﬁn ﬁ%sﬁggﬁng’ > le to Bush t he goollng air into

t he interi oroosipgard mmdngntodu}ertoqvgi;h thih eoalireg air infrothe iftamdrepsce andioutrount ed
units server coolin t hod si.ng substantially encapsul ati ng
an |nter|orﬁgﬁgéémh%VVﬁdn ﬁ%@%@f“%ﬂgoﬁﬁ?ip%F portion defined by a front
face of at |east one rack, wherein the at |east one rack conprises one or
nore fanl ess rack-nounted units installed therein; introducing a cooling
air sburda A@e@@pﬁk@n€®mﬂmnbC@hpﬂﬁngthe defined space; and operably
attachi ng one _or 00l | f ans. e one or
nore fanl ess fa cska gnc&pﬁugi%fn gl}lnlgteg Feﬁ ?ﬁ&#lﬁga{ﬁ 8%%%?%%§Orﬁc to draw

t he cool i ngdefined bfy@rﬁdnh&cé@f htleskt spaeek ) Whatighhd tdenenorackosmapfigsl ess
rack-mounted units. 13. The server COO|Inﬁ net hod of claim 12, wherein the
cool i ng ai roneglireac %ﬁ%ﬁF%%léﬁ@ﬁﬁhﬁﬂéﬂpgﬁ Shhgretlop face of the defined

space. 14. Th%lt?&ﬁlXﬁ%Ogcgg 1f1$:9ir g?%l'n o s Enpl%/ bﬁ?lﬁl]%r tdfRE uefifkdl PEcLBRg OF nore

cooling fans are enc e server coollng method of
cl ai 1914, whewopenablyratachingroneorn mbes:oohmglﬁms td teepdctime taai faced offthe hee

respectlve rear f s of the one or r.ack- nted units. 16.
The server UdBPien %’Eﬁ?ﬁﬁﬁﬂﬁw' é&a&ﬂ ﬂpﬁggﬁgﬁmfﬁ%%%8 es one or
mor e hoses. cooling air from the defined space through the one or more fanless rack- mounted

units.

15 13. The server cooling method of claim 12, wherein the cooling air source supplies

cooling air from a top face of the defined space.

14. The server cooling method of claim 12, wherein the one or more cooling fans are

enclosed in a fan unit.

20
15. The server cooling method of claim 14, wherein one or more tubes connect the fan
unit with the respective rear faces of the one or more fanless rack-mounted units.
16. The server cooling method of claim 15, wherein each tube comprises one or more
25 hoses.

16



