| NTEGRATED BUI LDI NG BASED Al R HANDLER FOR SERVER FARM COOLI NG SYSTEM

TECHNI CAL FI ELD The present disclosure relates generally to cooling systens
for data wenvew®e23 BACKGROUND The rapid growth ofPCIrAtSee10m148%r vi ces
such as Wb email, Wb search, Wb site hosting, and Web video sharing is
creating increasingly high demand for conputing and storage power from
servers in data centers. Wiile the performance of 10servers is inproving,
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used server processors, AMD s QQOOMAONGSYSEESDr, runs at up to 95 watts.
Intel's Xeon server processor runs at between 110 and 165 watts. Processors
are only part of a server, however; other parts in a server such as storage
devices c Lidyghnal 15 power. Servers are typically placed in
racks in gﬁggﬁgcgg%?gggﬂThere are a variety of physical configurations for
racks. A typical rack configuration includes nounting rails to which

mul tiple units_of equipmrent, such as server bl.ades, ar unt ed and stacked
vertically wit mo‘ﬁp¥eﬁ%mrdéﬁ9 surgfglatss gepdaniC IH%FXF“H%@%” E[gt?icﬁ%tﬁrsr ack is a
20 standardi zed system for nounting equi pnent such as 1U or 2U servers. One
rack unit on this type of rack typically is 1.75 inches high and 19 inches
wi de. A r BACKOGROIEAIDuUNnit that can be installed in one rack unit is
commonly designated as a 1U server. In data centers, a standard rack is
usual |y densely popul ated with servers, storage devices, sw tches, and/or

t el ecommuni cat iTRSafEd BIIWAR BF Int&A6: RfvidRISBcEA0WEeh Smha'WeB3edrely, Web nount ed
internally within a rack-nounted unit to cool the unit. In sonme data

centers, BigmhestingradkVebpuidee dharinigtis crgpiéngiwerpasingly héghedeseanddpsity and to

reduce noise. . Rack- mounted units. [ . e

devi ces, 8?%81’%%}%1% s&%?geo%ovﬁeé\/ffot%ge.rv%%é%ngr %ggﬁgnr:s)'un el%e[h%%@mﬁ%bg&?% atively
wi de 1@nge&ves id @hmbalk ahe pewait dongurhpiigres faktifees i@ Ao bismgdietpitereffpuisriement s.
For exanple, the system operating tenperature rar%\(%e of the Hew ett-Packard
(HP) Pr oLiampowersbsicamt dxfagraicd caonbt diod sxyrBiee¥sH BemeViRsdared i s bet ween
50F and 95E; e eP i el r dels is

bet ween 13%;?6‘11“%8%%%@%@ at'l \g/}Ee)% %éﬁ%@ﬁ{b? ggsg#k%nssa?g? g"mé%f)vé‘%tgﬂnﬁ%q?(eéﬁger ature
range of séreelNEbABROrFASEAMBtveenildd ahd [165 svaits Petewsers abS0Hy aad of5F; t he
system operat i hum djty range for the sane dels is bet n 20% and 80%
rel ative ﬁ‘iﬁf?rdgg‘y‘?vefh‘étb %‘Fté“grﬁﬁ?fvfﬂ el as SIPRgRAC YIRS QPSERe %‘ff@}o% parts of
t he n@gthgg‘%ﬁand nort hwest region of the United States where natural cool
air may be suitable to cool servers such as the HP ProLiant servers and the
Net App filers &aniersare typicaily phesed ouracks ing dagmeenter. 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

20  standardized system for mounting equipment such as 1U or 2U servers. One rack unit
on this type of rack typically is 1.75 inches high and 19 inches wide. A rack-mounted
unit 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. One or more cooling fans

25  may be mounted internally within a rack-mounted unit to cool the unit. In some data
centers, fanless rack-mounted units are used to increase density and to reduce noise.

Rack-mounted units may comprise servers, storage devices, and

communication devices. Most rack-mounted units have relatively wide ranges of

tolerable operating temperature and humidity requirements. For example, the system



10The power consunption of a rack densely stacked with servers powered by
Opteron or Xeon processors may be between 7,000 and 15,000 watts. As a
resul t, swower/aexks can produce very concentrated heat PCoA$2010DESheat
di ssipated by the servers in the racks is exhausted to the data center

room The heat collectively generated by densely popul ated racks can have
an adver sepahfiegtemparatire range fob theddeelett Pankhrd SHP abioLiany DEB65 K Qepdr prrent

installeddn the racks, since th rely on surroupdi ng air for cooling.
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often an himpQfityaahge@F theGhmt heoddRSE §otwetn a00ceihlliootemntatittahamediyt alhe A
typical data center consunes 10 to 40 negawatts of power. The nmmjority of
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power use ata centers translates to a savings o megawatts of power
whi ch i s dmdngterta; pavicds of hgemands of residential hones. The percentage of
power  used to ol the servers in a data center.is referred tg.as the
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data center design. For exanplé, for a 3040 ma?l_avvatt data center, the
nmont hl y ebaseerradhistoan postuce seryisoneengated deafi lpadsod ha dsatrdissipargdbytber s of
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nonth or  $enhcbdedby HemBlydpopaRted ratkt can BatCarc&IVeRE effoctvn th€ piEsniaBcks are
typically laid out in rows with alternating cold and hot ajsles between
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energy consumption is divided between the operation of servers and HVAC systems.
20  HVAC systems have been estimated to account for between 25 to 40 per cent of
power use in data centers. For a data center that consumes 40 megawatts of power,
the HAVC systems may consume 10 to 16 megawatts of power. Significant cost
savings can be achieved by utilizing efficient cooling systems and methods that
reduce energy use. For example, reducing the power consumption of HVAC systems
25  from 25 percent to 10 percent of power used in data centers translates toa savings of
6 megawatts of power which is enough to power thousands of residential homes. The
percentage of power used to cool the servers in a data center is referred to as the cost-
to-cool efficiency for a data center. Improving the cost-to-cool efficiency for a data
center is one of the important goals of efficient data center design. For example, for a
30 40 megawatt data center, the monthly electricity cost is about $1.46 million assuming
730 hours of operation per month and $0.05 per kilowatt hour. Improving the cost to
cool efficiency from 25% to 10% translates to a saving of $219,000 per month or

$2.63 million a year.




A factor in efficient cooling of data center is to manage the air flow and
circulation inside a data center. Conputer Room Air Conditioners (CRAC)

uni ts 10swippby/wed2d air through floor tiles including veaTASk@nnern9 t he
racks. In addition to servers, CRAC units consume significant amounts of
power as well. One CRAC unit may have up to three 5 horsepower notors and
up to 150 CRAdNmAWataConisy rHRMnwes(Rs dacks argypicall i bowdn s Withe CRAC units

col | ect Viﬁke\{réacfﬁgscgfﬁeanﬁi}%%ifsfeg %Q&e?ﬁﬂﬁg‘k' S%ﬁgerggr}éﬁfe fn@taﬁe@ﬁ&@%}?%@k@r . For

exanpl e, ta center Toomw row 15 contiguration, hot
ai r from fohehfeot a flonsto-Sackaudd wasitenf thhthdrahotonditered dirén fioul heedldt 0 t he

CRAC units. The CRAC units cool the. air. Fans po ed by the tors of the
CRAC uni t OV losRtgd oty Iﬂ%ﬁ’dra&lf’ranBSJe&W }Wﬁ%FFmngﬁ%Fgﬂh%“ﬁgﬁpﬁgdﬁ%y t he
rai sed Suﬁék{:l& Qe(iseé]%r PoSm abdi %rcgﬁ{rﬁﬁllpﬁséartb‘ébd?ﬁiﬁl@&t@é&?ﬁﬁﬁrﬁ(bdr into the
under fl oor plenumdrives the cooled air upwardly through vents in the

subf | oor , ais dispibpking systenh,ovhdre codediaip Desupblest thirmgh vehts is thevaised fleks ar e

faci ng. Tol acrhiqev a sufficient air flowrate, hundreds of powerful CRAC
uni ts may?BRe NS 41865t hr oughout a typical data center room However,

since CRAC uni A%@téﬁin&?ﬂ&éﬁ'o&liﬁ%‘&@t& eshiatlis IhBak@E iRy Sr Abwhhe data center
room their ability to efficiently increase air flowrate i s negatively
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requires gav@t WRACaNRE Behshimeigifdaht fheurdest gweand wellnOneRAGnnif t he

~data center to prevent short circuiting of supply air.. Renoyin iles to
fix hot speYbavay ©4hse SHosiPesr MAELFHoHR tOtlﬁg é%@ SRS H@&?@R/ﬂ%@f}eﬁhe
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5bui | di ng-based arr ng system iclent c Ing of data centers.
In a partpewrdn aeatacdhieetor ekdraplpyiasetata cemtee modrno withriww aukksoldmowncl osur e

conprising at |east one server rack port configured to interf wi th one
or ol semfguratigrihot atffeona ghehgt TOWER %Vreﬁé’uh‘?fgﬂﬁ gﬂtfrlo c?lrtcgﬁgeﬁdﬁge t he

server T aﬁ‘{é%lﬁ&@ hinfthath@cRaeKudiRCBolhe dirf FaKs PORREEDY tHaithotokSifahd ed in the
server racks interface wth the interior space
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 underfloor plenum
drives the cooled air upwardly through vents in the subfloor, supplying it to the cold
20  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 flow rate is negatively impacted.
The cost of building a raised floor generally is high and the cooling efficiency
25  generally is low due to inefficient air movement inside the data center room. In
addition, the location of the floor vents requires careful planning throughout the

design and construction of the data center to prevent short circuiting of supply air.

Removing tiles to fix hot spots can cause problems throughout the system.




10 defined by the enclosure. One or nore fans draw cooling air froma front
face of the rack-nounted unit and expel heated air to the interior space.
I'n sone ewbadivwni2g, the server racks ports and the ser PET/USACOHIBESL
engaged in a substantially seal ed manner to reduce air | eakage into and out
of the enclosure. In other enbodinents of the present invention, the
systens and net hods 15involve utilizing natural cool air to cool the
servers. kify gpbodi nent, val ved openings on the lateral walls of a data
center may be connected to a control systemwhich is operable to open up

t he val ved openi ngs when the difference in tenperature i nside and out si de

the data center, reaches certain threshold valu ternal cool air enters
the data cent e&h‘f RFSSY A YeREOR BIQY, SS%%WP%@'@ &8&%5Wé0%%e%fﬁg\ﬂrthe cool
20 airs frogydnd ok ai@foﬁdr?ﬁg §Hhen! Ar kB eslingiftdaBN@nRYP e sheat ed air
through t he back face of the rack-mounted unit to the interior space

def i ned byartineaeerobabmest, thEhEeﬁnt:llnM@'llm pr@VIdmlaﬁblbL@sm@mmlémgtab t he val ved
openi ngs Pn the roof of th
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cool external air comng fromthe val ved openings on the |ateral walls of
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opera connec I C Space. ate IS expe he attic

space andr&khmtﬁﬁ@mrﬁwndcﬁxpﬂrt&awataa 16 €l idterioh ssude Hn\sain\zemboﬂmmmgs coupl ed
to the roof. 30l n sone enmbodi nents, both a heéI row encl, sure and a cold row
encl osur eth§rservgs ggks pgtts ddheserrsr racks a5 egeed Baoly beigntigiiyisealedt ers the col d

row enclo er t ugs a1WJa§a%@1ﬂ§) Q{daoﬁtgﬂh‘% AblosdrtoOm the cold row enclosure

t hrough the rack-nounted untts to cool e servers and eject heated air to
t he hot row entl other enbddimemtsef tmt}xnchememvmnonhthecsyﬂbd;mmgﬁlan&loda)unt ed

inter thin the ra unt ed its draw the coalin rfromthe
col d Tow trbhsaidizing e soP Hels @at Bestrst B ohoempatmsne vabEs 6 I of her
enmbodi rrenbﬁemﬁg@.%n%e [9R4r8 WM AR laka/ @nke? %aém défhdcted@o® dénBel §y@teﬁ90| the
heated air. he follow ng detailed description together with the
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system enters the data center through the Valved openings. One or more fans draw the cool
20  air from a front face of the rack-mounted unit and expel heated air through the back
face of the rack-mounted unit to the interior space defined by the enclosure. The
enclosure is operably connected to the valved openings on the roof of the data center
and the heated air inside the enclosure is exhausted out of the data center through the
valved openings. In some embodiments, one or more evaporative cooling units are
25 used to cool external air coming from the valved openings on the lateral walls of the
data center. In other embodiments, a ceiling may be used in a data center. The roof
and the ceiling define an attic space. The enclosure is operably connected to the attic
space. Heated air is expelled to the attic space and exhausted out of the data center
through valved openings coupled to the roof.
30 In some embodiments, both a hot row enclosure and a cold row enclosure are
used. Air cooled by one or more cooling units enters the cold row enclosure. One or
more fans draw cold air from the cold row enclosure through the rack-mounted units
to cool the servers and eject heated air to the hot row enclosure. In some

embodiments, the cooling fans mounted internally within the rack-mounted units



FIG 2 is a diagram show ng an exanple server cooling system wherein the
server cooling systemconprises an attic space. FIG 3 is a diagram
show ng awoexarmob@7ser ver cooling system wherein air isPCEAS21008E5%d

i nside the exanple server cooling system 15FIG 4 is a diagram showi ng an
exanpl e server cooling systemw th a hot row enclosure and a cold row

encl osur edraw the cogling aipfrpm the goldgpwurenslaewr aod expebhentes air todhe bet 1evol i ng
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re-circula I Fisl Serveér coo tem I agram
show ng agodXRdTdatedSEr. ver cool ing systemw th a single- sloped roof.
FIG 7 is a di 3% am showi ng_a top.view of an exanple server cooling system

with a single- 6ééh)vvl%fietaniﬁ@eseﬂpt@néoa?thgr‘@ﬁh IR GG IRPARINGERPNES ser ver
cool i ng sysf gfgv‘ﬁﬂetzrb&tega@de?stgrﬁﬁﬁé){)]f the nature A:rld%dvgnth S ng@h@&fsam showi ng an

exanpl e server cooling systemw an alr m Xxing DESCRI PTI ON COF
EXAVPLE EbBODiMeNE(dB)thSfresent inveidtien. f ol | owi ng exarrpl e enbodi nents and their
aspects are described and illustrated in conjunction with apparatuses,

nmet hods, and systenms which are neant to be illustrative exanples, not

limting DESWP?ION@}GTHE DRhAYSINGS es an exanpl e server cooling system
conprising lateral walls 100, a floor 102, a roof 104, an encl osure 106,

and a server rack 108. The lateral walls 100, the floor 102 and the roof
sub- 1 Tbor . Thel Kol HEapvBa" B HaEP RS r B m0g © o

FIG. 2 is a diagram showing an example server cooling system wherein the
server cooling system comprises an attic space.

FIG. 3 is a diagram showing an example server cooling system wherein air is
re-circulated inside the example server cooling system.

15 FIG. 4 is a diagram showing an example server cooling system with a hot row
enclosure and a cold row enclosure.

FIG. 5 is a diagram showing an example server cooling system with a hot row
enclosure and a cold row enclosure wherein air is re-circulated inside the a server
cooling system.

20 FIG. 6 is a diagram showing an example server cooling system with a single-
sloped roof.
FIG. 7 is a diagram showing a top view of an example server cooling system
with a single-sloped roof.
FIG. 8isa diagram showing an example server cooling system with a gable
25  roof.
FIG. 9 is a diagram showing an example server cooling system with an air

mixing chamber.

DESCRIPTION OF EXAMPLE EMBODIMENT(S)
30
The following example embodiments and their aspects are described and
illustrated in conjunction with apparatuses, methods, and systems which are meant to

be illustrative examples, not limiting in scope.




5 and val ved openings 114 on the lateral walls 100. The val ved openi ngs may
be connected to a control systemwhich is operable to selectively open or

cl ose eachOovalvmwa20peni ng. The encl osure 106 nay have aPCTASR)1008138% S,
doors, and server rack ports. A server rack port is an opening in the

encl osure 106 that can be connected to one or nore server racks _108. The
encl osure 106 FHy- bidlugiries aF examplg seaysy coplingrrysicny sommsyigdatersyd wellge) |

conposite l&ataeﬁd.f?léﬁ%, aolroof gng 3@ Se{]@%{i%% ?{)@ aBH gtsergélfelaa%f lt@%h%fa&galdef ining an

interior spdce hat y seale romthe i1 nside space 118.

The encl oswulle 100)Ghefogarioead dic loefibl4 dafmenearivgde spack] IBorkloshidX2 radyt ows one

or nore rack-nmounted units instglled in the server. ralg 108 to '&ﬁerface
Q8 of oLy

with the PRIRY Petbeshiesed palgflopr, Hhese may be valyed ppengs ack port
is an eni i i : er contours
op Qﬁd’%l{;egia‘éﬂgﬁﬂ{g?q 15 8n %&swie%h %(r)yg_g q%@q .yTﬁ@oan%dwegnfgb %loa?tﬁe

of , and accomo , server rac e or nore edges t he server
rack port cormgcted¢d adenteol grsémtwihoch istoperabledapereivelt dren or closaeach t he server

rack 108 and forns aa_giubsa}nti aﬁ)}% segl ed %nterfaoe.dThe s(grver ragck 108 may
be 1 emovabyedGReRE dhe et LErEE e 3 BRTE B aoke “BEHR Ptk port i n
a subst anphd Y s @8k PRNMIQA opbilng HBe @AEOSIr8B04 that &REHUonAiB& toack- 20
nmounted units are installed in the server rack 108 such that respective

front facese of mpigsservae kacks g ebhagnclosuientOsrmaicks mpdhofidearieliseide space 118,
and that respective back faces.of the,rack-moun i i.nterf with the
intertor g’ﬁgégléfsffgﬁ 85(3%66 e((:j)r%rglosp ma%en%}s 8f&ir %;t%g\%lg@(atér%& f aeﬁoul%fh

I e enclosure e rac unt ed

unit may b@ﬁrﬂn%@ﬂi ugéridalspate, 1 1daha issudkagaaldr dealed Gionoiheeisidepaté dItal devi ce.
A front-to-back air flow through the rack-munted 25units installed in the

server radke poBoRFRlEd cwmssyatdeast PROJATYHaaGkRITHBaklovs one 8T BN expel s

heat ed ai | nt-er: I : e
connect edgﬁcg%/%%@%dd&%%égﬁﬁé@qﬁ% %%\%tr ﬁaeCkrlggftJi}g%?#% r@%gé&%%@%ctegr 112 on
a top si del@flnbheireplemestatien, thea scove reckomnt s@Ntopening eorfeguettoor 112 may be

made of metal ducts. In other enbodi nents, the connector 112 y be nade
of Sof1 Rt iambA bR 8 UL BT Of Rbd SHAMGSIAE AdymEE b8 abl v

connect ed @ of Bfory 8does df AREBHRIMCE Brt mhdY iRONEe £BRRE HRAILS cobpBn&fic! Osur e
106 may be nounted directly to the floor 102. In other enbodi nents, the

encl osur ethhogontagys thewervaheek $ 09 and foemb atstbyantaltiescaled intesfadse Tdgsetvgr noved

around in_a a center. | n.sqnme enbodi ts, .t erver, rack 108
may be sp?frcgg% f%&lﬁ rﬁ?lgﬁan’ﬂm?gﬁ;gé? g‘eaell?ﬁ OSWﬁégg@HﬁF%}}@%ts.wgﬁ r%glé servers
and ot her pef i PEERtandhly SdafskBshnée Th k6ak bimbvilitnts, bfeor a6k radlhie scarcity
may create open gaps to the interior space 116. Air may leak fromthe

i nt er2@r spasted 1ngs areribtigled inéhcoseyer Q%Fﬂisl.og'ﬁéc}pﬂ’éﬁl@ﬁﬁecﬁ%? fipatiRegseol the 5
aepe, ey, B LeRKGH DI, REIELA TR A0, 05 D Bl ek B Provert
enbodi mentwes ofthe eackrmoented tnibainefacgwith ithesinte?idr spaye di Gdefecddryrihe
enclosure 106. An example rack-mounted unit may be a server blade, data storage
array or other functional device. A front-to-back air flow through the rack-mounted
25  units installed in the server rack 108 draws cooling air from the inside space 118 and
expels heated air to the interior space 116.
The enclosure 106 may be connected to valved openings 110 on the roof 104
through a connector 112 on a top side of the enclosure. In some embodiments, the
connector 112 may be made of metal ducts. In other embodiments, the connector 112
30  may be made of soft and flexible materials so that the enclosure may be removably
connected to the valved openings 110. In some embodiments, the enclosure 106 may

be mounted directly to the floor 102. In other embodiments, the enclosure 106 may

have wheels on the bottom side and may be easily moved around in a data center.



cool air into the inside space 118. The cool air enters the server cooling
system t hrough val ved openings 114 on the lateral walls 100. One or nore

fans dr awoOhe11106@eol air fromthe inside space 118 t hr @agluseée/oirdont faces
of the one or nore rack-nounted units and expel heated air through the back

faces of the one or nore rack-nounted units to the interior space 116. The
heated air paskesmeranhagimenia thosemesstrark HBmapbe spaselispapmltatédivish i or space

116 throu h the ved openings 110 on.t roof .11 nment s,
the cool i N8 eaned Rt co et oSt b e h gl SRR (ERRAN <

i nst al | edwithinttherdcRCike 3Q8citr @wy tRReew@peh g@psrtoftﬂid)lmdrhespdﬁs il d@ spansgy 118 and
expel heated air to the |nter|or space 116; no_additional air handling
units, i nleak&omihe dnenarapaesnl164hwugh e ansn galy TomeeveatXr leakageetheuni ts. I n

ot her se”bgagine egirt?e MO&e b&}%&?ﬁh‘hﬁﬁeﬁt le@%rfa@msa{a gfe@gﬁtaa'hﬂﬁ&nl n the

rack I08 nor e e |ns on one 5| e rack 108 to
draw air ¢desginghnd él&erﬁx@g:ﬂhet&ﬂdﬁﬁ@dl%\thr@ug&&he gapst he inside space 118 to the
interior space 116 to cool the rack-nounted unlts%égitalled in the rack

108. n SoRECSRIRENE-One OR BIoE #k anslling anifs L2 o man drmyse¥omabn t he
encl osur ecd'a:i-grrl OQH’J%EBE s8R The ORSI" ﬁ@nYe&ﬂf%@@ﬁfEﬁgo&lﬁ glhgeyal ved

openi ngs 120, the val ved openings 110 on the roof 104, and t he val ved
openi ngs thimlghrvahhd opertiegal 1 4wl ths 146@] walEsTHH). dbtuﬁtwrahom)fmseimwshﬁ)per able to

sel ec} | actlva e .each of v ased on te ratures
obser e 10 AT RiRe SR wcs hoFiiehdbe BRECGER IE Ga R St BRE or ror e
desi red afnbulfltE@Wﬁlts e pbNRaldairtkiRER e Bk Fit@s bl e SPAGE: thdB | S not
suitable to be |ntroduced to the inside space 118, the control system

cl oses t hwovaied editoiodhe mjerior spacerid 61 The heated @peaﬁ@em@rwgb thasapsgetobeni ngs
120. To C?ﬁ %I%&Saveg%ﬁeggtenﬁf gpa%? ‘??6 it % tilié‘ %alvgci] Spe n @%8 o(ﬁ(%ﬁ)é f*o%g uni ts may

be used. he’ coolt ng un evaporative cool ers

whi ch ar el e S@Be éMBbdigROlS, fhk kodliofghmbhigtes ﬁm&hell}ewﬁhmrtﬁé r@R- of water.
Conpared with refrigeration or absorption air .conditioning, evaporatlve

cool i hy nﬁ?uﬁéd#Bﬂ%nﬁﬁgﬁby”@?ﬁWEﬂQﬁ@“Wtﬂ@FPﬁbméﬁPnﬂgeHﬁéﬁﬁpﬂﬁdﬁlthe i nsi de
space 118, {4\ Hglgbg{e@%furt@qge@ IEI CEQ'lgsn@QféiitElgﬂI ﬁghﬁ{ecf n %nﬁéq?ﬁbé@d to the

interior spac i ne e encl osure i'nside the
encl osur elrﬂ;ﬂ&nmstamaom atesteed td oocﬂ e raclshobentdanés. 1 Bothérremigldirthérgs val ved

open ngs 120 SO0, ShROdLTenl o, g 0f T ! S TR, B2 el Lo exhaust
cooling Upd fn3tallBY ol EndISi8L o PYRL k&kePORES Qfw air through the rack-mounted units
20  from the inside space 118 to the interior space 116 to cool the rack-mounted units
installed in the rack 108.
In some embodiments, there may be valved openings 120 on the enclosure
116. A control system is operably connected to the valved openings 120, the valved
openings 110 on the roof 104, and the valved openings 114 on the lateral walls 100.
25  The control system is operable to selectively activate each of the valved openings
based on temperatures observed within and outside the inside space 118 to achieve
one or more desired air flows. When the air external to the inside space 118 is not
suitable to be introduced to the inside space 118, the control system closes the valved
openings 110 and 114, and opens up the valved openings 120. To cool air in the inside
30  space 118, one or more cooling units may be used. In some embodiments, the cooling
units may be evaporative coolers which are devices that cool air through the simple
evaporation of water. Compared with refrigeration or absorption air conditioning,
evaporative cooling may be more energy efficient. Cooling air is drawn from the

inside space 118 through the rack-mounted units and heated air is expelled to the



air is introduced to the inside space 118. The control system nmay open the
val ved openi ngs 110, 114, and 120 sinul taneously. Evaporative cooling units
may be uswo 20n/@b@3e proximty to the val ved openi ngs 1PAT4As201l0881450e
external air may be cool ed while being introduced to the inside space 118.
10l n yet ot her enbodi nent the control system may open the val ved openi ngs

110, and EItes&y spageid@ d@ﬁégfi biyyte enalogyre 1990 Heated aimjaside theaneloswreilfo

tenperatu %ﬁ i i.nsi.der e e certain
confi gur a%ﬁeéﬂﬁsr es 3%1%&\8/%&?5@509%1%@%?% rthg %’glgr?g%?ggs %%éqlg?)n Fol syst em may
cl ose val wabodipenisngs driforedit rapebe wied Yatstegdsiahehéangbaiddut ofnige 120. To cool

the air in the ipi%de space 120, 15 one or nore evaporative cooling units
may be pl SFUnllhe i nside space 120 to provide cooling. In sonme

embodigrent s, tﬂ?oth%m%&ﬁ?ﬂﬂe%ﬁﬁlcﬁeﬁ%dgg&%hﬁgﬁﬁ?%eru@&fwm&ge y be easy

to manufacture and i nst n other e irments, “other types of roof
conf i gur asir gnigjroduset tatheangddbirace dbF., Thragonbre! systeth nifhepérathevalvedal | s 100,

the floor 102 d th af 104 e pre-manuf.actured in a factory and
nssenb! edotgd 10o) it s Smultiieciing, S aPURIeF QOlpErtCey befsal | ¢

Pr e- manuf acdldegotififySto MRyvatvtigeh @81 1 4 sd @EUBE ckfdfhal 88 ndybelidbled a data
center. One of the cost advantages of the integrated buil ding based air

handl er f while beingintfagiupedioshe mgideyspaasnh8s t he conveni ence and | ow cost of

pre- uf act ur rt.s_of ,the system and the ease of 25installatiaon of

Dt 6 nhut act ur Bty el s Snkbdiglis bE TR SyEmGERo BBl ARk e Plrsd

i nt egr at ed] Quhd diosgvilackebeningshandh@ 126 Ghes te\EfferbaddmeQaApdrA@reyst em
illustrated in FIG 1 obviates the need for raised subfloors, CRAC units

and wat er beteen e outsrde apdfbe Hsidsespase ragghasseppinchaiigyuable fyedhpedd em may be

pr e- manuf r b S . =T g sed to cool
t he 305er€agpééjs.' qggg{%?ﬁglggghgen?shgjt%gﬁ {1@% ¥ %‘?@%ﬁ%} ?1;(‘;’9"'3&’ atlﬂéldnoﬂtgﬁ%lgggm;er S may
provi de t hel opeadpdabiet opbmingd b1 4araivi 200dloi qogl thierairtin tloinkide bgacsdp@ers; CRAC
units ind rai sed subfl oors NFX no, Ionggr {)e ,eeged., Effici %Bt evaporative
cool ebs nBBP YIPPECYARRBINGAHNE HIifY BRY PiRlage Brtae wsiderspased 208t al | and
operate. LMe[Rlbolitdre cooling systems described herein may significantly

reduce the construction cost, and electricity power and water usage, of
server farm depl sopreesmizodiments, théta@f 104 compses atseglasiopérbrooé whisblmayser ver

col 110, HELEDGRIBIGEMASAENSHR bRyt R BRRuriocl 204, an

configurations, such as a gable roof, may be used. The lateral walls 100, the floor 102,

20  and the roof 104 may be pre-manufactured in a factory and assembled on the
construction site where a data center is to be built. Pre-manufactured units may
significantly reduce the cost to build a data center. One of the cost advantages of the
integrated building based air handler for server farm cooling system is the
convenience and low cost of pre-manufacture parts of the system and the ease of

25  installation of pre-manufactured parts in a data center.

In some embodiments, the integrated building based air handler for server
farm cooling system illustrated in FIG. 1 obviates the need for raised subfloors,
CRAC units and water chillers. A large number of parts of the cooling system may
be pre-manufactured and easily assembled. Natural cool air may be used to cool the

30  servers. Cooling fans installed internally within the servers may provide the needed
air flow to draw cooling air to cool the servers; CRAC units and raised subfloors may
no longer be needed. Efficient evaporative coolers may replace the water chillers

which are costly to install and operate. Overall, the cooling systems described herein



5210. The exanple cooling systemin FIG 2 is simlar to that in FIG 1
except that the ceiling 210 and the roof 204 define an attic space 220. The
| at er al wWaiDI2811206027t he fl oor 202 and the ceiling 210 defCmasSanoionsistle space
218. One or nore val ved openings 222 are coupled to the ceiling 210. There
may be val ved openi ngs 224 on the roof 204 and val ved openi ngs 214 on the

| ateral weday sigad@antiheedaerthe sapsrugtien pest.@nd clasitieity peyshand Wyt sathe attic
space 2200% hroug{}ma ¢hor 212. In some enbodi nents, one or nore

SCIver . . . .
ai r handl i'ng uni may draw external cool air into the inside space

218. One or noFEs.PaNsstehtavnbhier efmhplasesrvéxr@mmgneysitam bcdﬂpﬁq@mg:latei‘am t hr ough
the front faces of the one or_nore rack gted unit]?I bé? glleﬁlﬂlgn t he rack
PALETIE

208 and e¥pbi 2¢{batlogr 407 arapiotiifh 2% FRCIGHEG 240 ASSTVEY Taf ed units
to 1styie by efjd xa BC&OTRE sys é}gélg?ﬁti %s@lrﬁlld?%%?lrltﬁ@‘l'%lcéﬂ?%a@QﬁtneCt or

212 and enters t ttlcsace I'n sonme enbodi nents, the cooling fans
mount ed i edikmg21d gndwhe roaf 204 defizcdn attiaspaed 200 Te latesd a&alleaoﬁ’ the fleorr ack 208

draw t he ol i e interi spa 6 and no i tional

handl i ng ﬁ(ﬁ% Rdn %?éelﬁe%gééigeﬁf}? aé’tlﬂﬂﬁ &?383?% %OW@F@V |°é’§§mr‘-’>%%§i mount ed

uni ts ar e, lnghakl ﬁﬂthb@eﬂhiﬂg 2ﬁ@0*rh&@%1ay0&evawedm@éﬁn§§m sthebsof204nst al | ed on
one side of the rack 208 draw air fromthe inside space to the interior

space 216atdbvalvml Opterlmgs atk omtheriatethl wiails 209.n Jihglehddsura 29this operabbir rack 208.
Heat eﬂ? air |ste(§ t%\? He atti 22% angg 2§2exhausted out of the cooling
syst entl t hFYHGHCE e & Fed™s ﬁﬁ%‘ggff T illustrates another exanple
server cool i nglrﬁébide%ﬂlm%@ldiﬁ or A€ a@ir hadiingainits 230 thay drdw eaemaD3, a roof
304, an encl osure 306, a server rack 308, and a ceiling 310. The ] ateral

wal | s 300¢0q! ks ipfodle inside sare &lﬁe%uqrm&zjemdwth@éoa#wﬁ@mdéeg}ﬁ e 318.
The roof 304 %Pé’ggg? hift hJoH 204 billeoroRU Uy SRRAEPuRdnablNa 1 OI

val ved openin e cell i'ng ere nmay val ved
openi ngs 81%4a¢:kr12(18m1dre&pél }&at@dandhmaghdﬂa tapk ficagsf (B 4ackrmolneed aitsrtal wal | s

300. The enclosure 306 is 30 operably connected to the tic space 320
t hr oubh athedpiseet hacsto. Tigches @&I@S%WH@ SPBRBRCLH 2&? gémfgrs? E? mlar to

that in Flg s éacg gltntstoﬁf'%t ﬁxgaaﬁhﬁ‘lé&ﬁé tRd LooTRY AR ARt eftintR t he

i nsi de space hat alr in the attic space 330, at sonme points
intine, my nmmwrdambshmnaiieddnme able2Gudivdbe ofolingeirip dlnpinteroesrase cool i ng

system t he.heat ed a| be m xed, i.ntg the insid ace 318 as
needed to L&?’Pﬂ%ﬂ ?deé @fuf E‘?jn tFﬁrf fegdish 140 ﬁ}eé Simbodifents WA

fanless rack-mounted units are 1nstalled in the rack 208, one or more fans may be

20 installed on one side of the rack 208 to draw air from the inside space to the interior
space 216 to cool the rack-mounted units installed in the server rack 208. Heated air
rises to the attic space 220 and is exhausted out of the cooling system through the
valved openings 224.

FIG. 3 illustrates another example server cooling system comprising lateral

25  walls 300, a floor 303, a roof 304, an enclosure 306, a server rack 308, and a ceiling
310. The lateral walls 300, the floor 302 and the ceiling 310 define an inside space
318. The roof 304 and the ceiling 310 define an attic space 330. One or more valved
openings 322 are coupled to the ceiling 310. There may be valved openings 324 on
the roof 304 and valved openings 314 on the lateral walls 300. The enclosure 306 is

30  operably connected to the attic space 320 through a connector 312. The example
cooling system in FIG. 3 is similar to that in FIG. 2 except that external air may not be
introduced into the inside space 318 and that heated air in the attic space 330, at some

points in time, may not be exhausted to the outside of the example server cooling



I n one enbodi nent, the val ved openings 322, 324, and 314 are connected to a
control systemwhich is operable to selectively activate each of the val ved
openi ngs sOokaslaWe@n t enper at ures observed w thin and ouPSTAS201004148%i de
space 318. Wien the external air is not suitable to be introduced to the

i nsi de space 318, the control system closes the valved openings 314 and
324, and 8ysamm; raiher e Reatederdr e be miped3ntp, thasidg spacgidl 8jap negdeditpisi de space

318, one R&nghgﬁgggkgggggggﬁéggg&upg used. In sone enbodi nents, the

cool i ng uni coolers. Cooling air is drawn 10fromthe
i nsi de space 3lBondvmtughmedtethe aakedoperiiags 102 834, andl3 i hercheatietedxora 1 S

expelled to the interiqr. space 316 defiped by the encl osure 306. Heated air
her de ¢ heouiRl IS}S%‘%}P@V}@‘%GS Peeralivdnseledive _%ﬂéataﬁeﬁtofgﬁ%& vebepaiigsugh ¢ he
connecs or gés%a oﬁ@%P%égamFésro%kﬁr%cﬁQithﬂ ahh%u{sﬁ&' HEIRRGFacs 53 8t MyRiale t he val ved

openi ngs 322 cou to the ceiling 310. In some enbodi nents, one or nore
fans nmay beeuskbar tsooe xbitabit totbeantidheed wathainsidespacsf3 l8htheenstrasystem306 t o

the attic ace 320 and/or re-ci ate at least so of .th ted air to
the | nei qelobabe Ayl obeniies 3T Shd ) 6Bt BrES A GHEO BRI 22chbl | ng uni &s
nay be usggh1whyiih end iR§IdEXPRE BRY, delor nforé BEJIRGUMAS nfa® behGed. NBisdMmespace 318.
The control system may open the val ved openings 314, 322, and 324

si nul t aneembpgimgnisathe sedleng enitstoayee §viagorativuedolsrs. €oolmeaporsalrawe cool i ng
units yche used.in cl roximty to the valved ni.ngs. 314 so that
K 0 eyl et 8 Binteh Biarals Mo P e B RRUSY e

ext er i nsi'de space 318.

In yet ot bggelle@rodic iaBticn sphdte3 IGadufined b et édlod®y 309 Heied Aifinvidk igd
openi ngs 314 and 322, and cl ose the val ved openi ngs 324. Evaporative

cool i ng ufRalesuEsIOGs exbagtedio gieqdiec ek s tyoush thheonpsstordl op¥ierngs 314
and/ or the: E Y | Cl j i N the inside
space 318$H¥ﬁ&§?ﬁg$9?%g%%§%§%$§gm%ﬁgﬂ@%ﬁ%@%ﬁgg%gﬁgﬁg%%gﬂgFgggﬂyglved

openi ngs 3diing Al Impemelembodineads, ope nr mgse AR man e 3ReA tolemhasethenbodi nment ,

the contrpl system cl ose vagl ved openi ngs 4 and 322, and open up the
val velP opBeAFHAr ST e iclostia 6 16 s At R 801 andlfiera SRR EUREY i thi n
the insidg,5pae@e 3dded i N A& Jhatd §1EPace 320 and the tenperature

outside. 30 Wen the difference anong the three observed tenperatures
reaches one or Imether enprfdimentslying of oes hadlogwaite may bhasebwhilothesy st em may

e e e B PR LR S35 O 0P M ey FhShad B 2 e
402, a rooilvédddpenthddCl 41 10, SREIDSHMBIARBUSIR 0B 8 éRIctedfikesdR@vidaapl d  row
encl osure 410, and a ceil'ing 424. The exanple cooling systemin FIG 4 is
sim |4} Evaporative cooling units may be used in close proximity to the valved openings 314
so that external air may be cooled while being introduced to the inside space 318.
In yet other embodiments, the control system may open up the valved
openings 314 and 322, and close the valved openings 324. Evaporative cooling units
may be used in close proximity to the valved openings 314 and/or the valved openings
25 322 to provide efficient cooling in the inside space 318. In other embodiments, the
control system may close valved openings 314, and open up valved openings 322 and
324. In one embodiment, the control system may close valved openings 314 and 322,
and open up the valved openings 324. The control system monitors the temperatures
within the inside space 318, within the attic space 320 and the temperature outside.
30  When the difference among the three observed temperatures reaches one or more
configurable threshold vales, the control system may selectively open up or close each
valved opening.

FIG. 4 illustrates another example server cooling system comprising lateral

walls 400, a floor 402, a roof 404, a hot row enclosure 406, a server rack 408, a cold

10




tothat in FIG 3 except that one or nore cold row enclosures are used to
provide efficient cooling of servers installed in n the rack 408. The

| at er al wWaiDI2811406027t he fl oor 402 and the ceiling 424 defPCchaiSanoionsistle space
5418. The ceiling 424 and the roof 404 define an attic space 420. In sone
enbodi nents, one or nore val ved openings 426 nay be coupled to the ceiling
424. In smer@ﬂcbwre b onli areeitisg 424 éF hissxamply conlihDsyigtem mdﬁﬁ:énwtrsl@s at

| east one, sgrv.er hat al unt.ed units to
|t o f ace oot SRR el ERios e KRR Sho RIS TR U e 10
al so conpeffisRst édolingdF ber0fe is@iINalin AGhd REK4pRrt that allows one or nore
rack-nmounted units to interface wwth a cold rowinterior space 422. The

server rack 408h Wrﬁé’%@rﬂ@()aﬁﬁﬁ%bﬁ%@ﬁe@e F@hp&éz‘FléQﬁW ia¥ide tpage e 406

t hrou t I ppRner. The server
rack %8 HF& rerf%@é%ﬁ?%%%flg&ﬁ &Hﬁeé Co d FOW encl osure 410
t hr ough témb@chfmeﬁfs mﬁcdf nere tvalived apesmln@tmtm@l beycomprided theasilang 424n sonme

enmbodi nent s, 15the rack-nmounted units are installed in the server rack 408
such t hat W%’WP?Y\F@@F‘HH%HW&]&%@%?WFH opuie RONBOMPIAYS ghicas oPASEYFace with

the cold fagg’pbﬂttﬁa& LASwWSB @r rﬂgl.%’rﬁ&{‘ﬁnohﬂlga uh#SRERTtME RARY nbfsy Of the

rack- mounted units |nter ace wt row interior space 416. In sone
enbodi nmeninsgridr lspadedil 6r dhe eoldirowenelod@d 4irfylsb eompesabit jeastamesetved t o t he

attic_space, 420 thr h a connectqr 412 ne o odi nents, the
ool 0 B0 Gk e bl S e Srmas Tt At LSRR A CSRIRN e col
row int erin@éno?@ﬁé‘c% 4@221“}1@5&*&*}&1&1@@08‘ ﬁl@?be ?é%ﬁ@@bgffcohhé‘ctécﬁ{ékthgﬁét%&d units .
installed in the rack 408 to cool the rack-nmpunted units; the heated air is

ej ect ed tendldsaravHio theowgh thesseirver r&qkamet in peubstansiagi setled manters Beees of t he

rack- mount ed uni I n enbodj nent s re al r; _han ng units 432
may. dr aw %%EY%II?'I% @%%Tﬁ HF? nmvgl)gfﬁgnp%c&cﬂg tg%cé Vigndﬁ‘sf'nuée CLQH air enters
the servemhr&@nlthéersstsb@mdrhinaigstatiaBkeoloe Mangsr. 4440188 etbedinghey al wal | s
400. One or nore fans 422 draw the cool air fromthe inside space 418 to

the cbid tewadknnepnted uriseare inptbled i BegrrvsnErck A08rsred tbﬁéﬁﬁmg@fﬂ’ofﬁorﬁhe cold
row encl Oﬁaldéseoﬁfxggck(gn@%e ﬁ{h‘\gg R Sith ﬁ%}? A&I%Mn 2 ?f%% ggb'fa%d‘llo may be

oper ably connec openi ngs SO t at ‘external cool
air may beladreaymutz@bidkefacmlocﬁ therack-ntodniedruntp anefat2 avith the Sotmewointeeior

enbodi nents, t oolin ted internally thin the ack nount ed
units dra@PaPﬁépéo)g‘lsogie %?tfogfﬁl?lﬁ% ﬂg‘?ﬂ“& rpyenFlesr it 8&” J’Eé’pﬁ@éy The cool air
flows thrglglelbd® fheanic d @a&e@zo%rotu ﬁa%ﬁn&forrmaemﬁﬁﬁe@mnt ed units
installed in the rack 408 and expel” heated air through the back faces of

t he oife oemhwdimentacthe goldnvednglostrs may dootprisowfan unit 430 to draw air from

the cold row interior space 422 through the front faces of the rack-mounted units
installed in the rack 408 to cool the rack-mounted units; the heated air is ejected to the
hot row interior space 416 through the back faces of the rack-mounted units.
In some embodiments, one or mbre air handling units 432 may draw external
25  cool air into the inside space 418. The cool air enters the server cooling system
through valved openings 414 on the lateral walls 400. One or more fans 422 draw the
cool air from the inside space 418 to the cold row interior space 430 through one or
more openings on the cold row enclosure 410. In some embodiments, each cold row
enclosure 410 may be operably connected to the valved openings 414 so that the
30  external cool air may be drawn to the cold row interior space 422. In some other
embodiments, the cooling fans mounted internally within the rack-mounted units
draw the cool air from the cold row interior space 422. The cool air flows through the
front faces of the one or more rack-mounted units installed in the rack 408 and expel

heated air through the back faces of the one or more rack-mounted units to hot row

11




interior space 416. The heated air passes through the connector 412 and
enters the attic space 420. In sone enbodi nents, the heated air inside the
attic spawe242@oney be exhausted out of the cooling systPemiushelogtsse he

val ved openings 428. In sonme enbodi ments where fanless rack-nounted units

are installed in the 5 rack 408, one or nore fans % be installed on one
side of tméeriozeraceddss dheheatedir passenihranghithesanaedprtle andeniess thse interi or

416 I h :
ot hor ool sEREUaby o SBLeABURE it hooh ot Blditng Rob Sk 806 1YY L over
for the cb@d:xhaustedl outf dfake édomﬂgtsyacrﬁmﬂuduglotheivmvedlopemsgmm 422 to the hot

row interior space 416. 10FIG 5 | ustrates an ther exa rver cooling
system corrpri stthyy meaﬁnél?%lllm%ls W Bnle%F e HP“B@ urs ?rﬁd?nglﬁﬁ enot r ow

encl osr er,p0Gog o e ga%%aﬁ g}aﬂéa'&l&favglmtpéﬁmé@% 4@ ceiling
524. he 1%t eral oor 502 and the ceiling 524 define an
i nsi de spfiom th'&ﬁlSldEhpa@eﬂi1I8|tngj1d51'ﬁtbr1anspatchél6 todoob e rdré<f~mnen‘rad1 upits i ¢ space

520. The gexa ool | N9.SY min F in FIG 4
15except {nﬁféﬂg‘iﬂ’t%‘?ﬁ%ﬁk‘@igr he e’h?ﬂ’b‘?fhmieﬂtts’r%aﬁﬁ%ﬂrﬁnﬂfe A IH%Y de space 518
and that frsy%afd%dh@héedwp&xh@r fat EHeQ:o§paﬁP&‘> AP ¥Ry the ebldaswaxfausigee 4m t he

out si de of the exanple server cooling system I n some enbodi nents,
one or notoghgbptrew ivjseint snpse 326 nay be coupled to the ceiling 524. The

Syst o whi ch + EGpufles B0er ERE R PSRN SRRBEROER R PR e

openi ngs Rapesua NPT, atrdb £S04 b B6t mdeﬂMdshtdB%nals@u&@haesoma colisi de space
518 and/or the attic space 520. When the external air_is not suitable to be

i nt r oducet®vf enclgsarg hid ard & peibing 538, Thadaterghyakhy S, thedlqog 583 ard thse val ved

t I
the i na dE LAt affhe SHMAPSRS: S, TR ARES ARAMIABE 8P IR A0T T some
enbodi menitsic spdve 5200 Thagxaimple sodd systgmbia Pé@a@msaﬂnluetodhatlmf‘!ﬁ 4oo0ling air

is drawn from he|n5|des ace 518 t c w i nt ace 522. In
some ehbofiCRBtat extrigal i Mgt Rotbgat: g’lﬁo ”&% YSRGS g{% dc%‘g'i ing air into
the cold powERE n%ya@ic%g&e 5208nARt B GxRiusteliSo HeAWsidd Hhé Bangabd 1ow
interior space 522 through the rack-nounted units installed in the rack
508; the S@vdreatkup sisteni.s expel l ed to the hot row interior space 516
defined by the encl osul?ogd 506t Heat ed ai s e(?t ers t@g atti S sga%StSZO t hr ough
the connector S1SPNfiRbadiENts; g oF Mok VeIyeq RENINES 48 MAY RESORREIR  sugh t he

val ved opgRicBilinig326. TIRNIRA dpRninBe 5 C8iSDBNhdH2%.ard BpIebTe cofifeettidneat s, one or
nore fans may be used to exhaust the heated air out of the enclosure 506 to

the atti ccméys@zmdwr@lfs epereble o seledlively ackuate gaghoe! thpyeluedamenings| G 6
[ 1 trat t
I11ustratgs Félf)er arﬁﬁergc}l{é‘é %@%eg{)ead w}fqu%‘ﬂpé? Eheetﬁé‘{HQLd% g@%’ 3% aﬁﬁ)%} 19 system

conpri sing a roo an encl osure 606, a
server r agc 6pdte 520d Whepehé extgrmbIldlr istoe sﬂu&ltb&f talbeidtrddnceD, the hresidel oor 602
and the ceilin? 610 define an jnside space 618. The rg%% 684 and the
ceiling 6XBceiefs.nke cantugl pysteny ploses th%zelve nEgs 1504 ard S EHEnA PPHIY an

interior §036Re818enitBs R TORES! HAMBLiRREPALS 18, one or more cooling

25  units 532 may be used. In some embodiments, the cooling units 532 may be

evaporative coolers. Cooling air is drawn from the inside space 518 to the cold row
interior space 522. In some embodiments, one or more fans 530 may be used to draw
cooling air into the cold row enclosure 510. The cooling air is drawn from the cold
row interior space 522 through the rack-mounted units installed in the rack 508; the
30  heated air is expelled to the hot row interior space 516 defined by the enclosure 506.
Heated air enters the attic space 520 through the connector 512 and is re-circulated to
the inside space 518 through the valved openings 526 coupled to the ceiling 524. In
some embodiments, one or more fans may be used to exhaust the heated air out of the

enclosure 506 to the attic space 520 and re-circulated to the inside space 518.
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622 are coupled to the ceiling 610. There nmay be val ved openi ngs 624 on the
roof 604 and val ved openi ngs 614 on the lateral walls 600. The encl osure
606 i s opEpablywosinected to the attic space 620 t hr ouglCa/uSoIMIBet46y 612.
In sonme enbodi nents, one or nore rack-nounted units are installed in the
rack 608 such that respective front 10faces of the rack-nounted units

i nterface wit hFiGe llysirafes & uaceedimensiongd yiavheak anexepipla seveer peliogf aces of t he
rack- moun i s i i i e | .Some

b ment e er PRk BACRAGl o, b Bl AR QU BB sl BEETE 616

t hr ough vadrvadack&l8, agda 6difing 6h@ TholateralrwalBY60Dethe flavh6 (Y aidh thdrecilimgs | de

space 618 cool i ng .fans mpunted i nter nal wi thin the rack-nmounted units
i nstal | ed6ﬁ¥d?fﬁ€ an4Bside gpace pgs. Thf’erméé%emia%ﬁ CFliméFé%B@épq G $8¢ nt er i or
space $16690d TROLALSs060G b rhfes SR AREXBald¥IQU Uhel e GOIRRED Bheriled 11

ot her enbodi nents ere nl ess rack-nounted units are insta
rack 608, 6Zhaeapupied & tharsilingy1d.e There dnaydbedradwed opehingg624i on the oooft he i nsi de

618 t i nteri 616. di t h i hand|
ohits oo b rerben Loyt VelS P b halRars e Bovenhle o1s
through vadnitReted® SRARIGAcHOEZD thidiBhhRbUEQRANT TYSorBldnb&Bthen@theb22 are

operably connected to a control systemwhich is operable to selectively
acti vat e emwpreghck-hwunigtlwads egganitaltpsl ih deadclon0§ suepeharespediveldswt ved wi t hi n

and oyt si de t inside space .6518 d/or, t.he attic s e 0. Wen the
xterfior et Mk BRk o BRBF iR ReBR P bicadls weR B Ref i space 615, (he
control syspestive badeRcdshs tetaeieth AR MS ikiddacRADBE intafiél sPREFBIGUP 25t he
val ved openings 622. To cool air in the inside space 618, one or nore

cool i ng uhi sosnegbadiments extarpal Soplaiempy B¢ Aeavisinto the insisispaes Usi t s may be
. _ e i g
Chrougn t HooGBRe oplitfeC R, e BhOL diTmal BUG=bYRh B RTL ERPBRES 220

air i s expetdduhgtfons heurted atdroallyspakia thd tack Heahed wmits iredlled $n theeadt ti C
space, 620 i nsi de

rough the connector 612 and is re-circulated to 30th
spac e156186<§%2rﬂ&}8%tqdr?ér 5 &i9v16d 1BiRERT MUEIoE 3pace G BRBA SR SHRIEBPPoRG2B10. I'n
sone enbogifRMlBe cHIRcBE 6T & Jtﬁé}%n{mﬁinpﬁltéj%%(%tfgﬁg% hausholited he@d ed air

out of the enclosure 606 to the attic space 6 re-circulate the air to

t he i nsi derespalleddn ghe rack 608, BhGor oid fans tagbe sisal toaipaw celingfaiafmorexanpl e
cool ing syste The eral.walls 700..and a ceiljng or roof. define an
el de s piEd g6 B ) B i SiorSeskadPda SR e ho Rt SRaid SR The
encl osur eudTRY228EmSOBY@eH €6l dfady SAEMAIcoBP4ietd @6 kkide0Badd b 1B thttagh aalvbal | Y
seal ed manner. One or nore rack-nounted units each conprising one or nore

cool i#fy fenspingsélindhavaled ppenings 61406247081 6Lhare opemblyeconatoitiogpeni ngs 714
00,1 Lo s 580, B M AR AL b PR 2P0

;
718. The co00 e space b g fans

mount ed i bdsed bakdnyperattifts Bbidrecd witkinad pustlcuhé inside Rpdceldl8dnd/or tHee server
racks, and the heated air is ejected to the interior space 716, In sone

enbodi menttiC Sprse 04P- MOk the exteiaalair isgiof sitablerts de ipfiodyeediodhe wsklel cool air
o the | “§;Ja9@6§80%@cci%(%)r§b ?}ls&-n?a%%&qugélﬂ%%ﬁen% 6@@%8'1 g S Bgéﬂsfﬁ%asur es

feet wide, 255 feet and f eet r enclosures are rnstalled
10i n e thooklived opsrsteM22ETghkbolraciknghaimside spaedil 8gdottecreamh cevslidgosur e on

each side i.n a substantially seal.ed nanner... Each rack conprises 16 1U
servers. THE W%?fléer‘éﬁegwiﬂ f‘gng?rﬁgo%@ie{“isn € CONIE B MaY R SVARCTBRY osures may

be pre- mBUHAS! PhE6ARLail NrAkh BSrPihe LEICPASE 6 LchidRih Shd BcRindifadat a

center. Conparing with other data center designs, the exanple cooling
syst em meynitsswd enstaltediin gheantk 60 throheatedfdit isiespallet do thsantatier space 616.
Heated air enters the attic space 620 through the connector 612 and is re-circulated to
30  the inside space 618 through the valved openings 622 coupled to the ceiling 610. In
some embodiments, one or more fans may be used to exhaust the heated air out of the
enclosure 606 to the attic space 620 and re-circulate the air to the inside space 618.

FIG. 7 illustrates a top view of an example cooling system. The lateral walls

700 and a ceiling or roof define an inside space 718. An enclosure 706 defines an
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15FI G 8 illustrates another exanple server cooling system conprising

| ateral walls 800, a floor 802, a roof 804, an enclosure 806, a server rack
808, and woOceilion7810. The |lateral walls 800, the fl ooPC80B2@0M4145%
ceiling 810 define an inside space 818. The roof 804 and the ceiling 810
define an attic space 820. One or npre val ved openings 822 are coupled to
the ceil i HYCTIOPacEdpe Thagngasuyampsde sparcipgdo gpaopmorgackse/ 0832 804 and

val ved Opﬁﬁs%ﬂﬁgl%?‘é‘éa%rﬁ ek 8ORE mm'rh&-ﬁ,gﬁgel E\ﬁ%iééggﬁbﬁﬁgghg%ﬁe ﬁOO' i ng

systemin Is simlar to the one In gabl e roof
804 i s userré esilingdarsfarainsiatligd 8r tht ek 080 0Onc 20 hordAvgatd @sbnimpsf714ray pr ovi de

better air, ¢ircul at.i in the attic space 818.. However he cost of
bui | di ng ﬁleéatslraﬁw B6?8w5}%8utﬁli G5! i enics elB‘Fl_l'g‘bﬁHaPWh% Thes PE- sl oped

roof . 25F|sGra¥n fohidt 'h?s"id‘e%pﬁ&%%é c@éﬂ?d%ﬂaﬁs £80¥Rd it ORI GiEdSheMcgonPr i si ng
|ateral walls 900, a floor 902,” a roof 904, an encl osure 906, a server rack

908, a ceirounigd ands inglatledin thé devevantks, aBDthe Tihaed xiampdjectabiovke intodiri ng
systemin_Fl is simlar,.to the one in.F|G, 8 exce t hat, t he roof 904,
the 11 oor 657 1€ nke o Reaod S "Ge0" Tuinet e e e HeTPL IS0 def i ne a
M Xi ng spaaerndPéol A€o thatigdidd spasd ¥ 8. A dne ehBdoliinR@k, (RO A spéhe ceiling
910 define an inside space 918. The roof 904 and the ceiling 910 define an

attic spateagps 60 fsctopide. Ertioetilorgirsd 16k high. Eoor enslesuregypreiastdiedn i nt o
the mxin . r ved i ngs 4 gn_ th utside wall s 930.
e Tk "th eSS SER BN AR AREILOHRE ndllab i BRI UEL |, Do

units 926sutstaptigith sealetimeannat. eFaah ried dosn236s 1606 serveDIMhe @6kt Walld)t ed units
each conprising a cooling fan are installed in the rack 908. The cooling
fans mounthegeilingethg spqfyang the prclonsesmakboprgrinanianired agd wgalledPr S air from

the insid - : i | ated air to
t he inter?ggﬂggggg*gfghk%ﬁ%nﬁggﬁé gﬁ? e ggﬁgﬂ#ﬂgagf?ggrg%gﬁéJggo t hr ough
one or noeangodapedingrsystSrhnayheaster apiestabllayd omnnefticienh® dpetats.i or Sspace 916

to thF attic sgﬁgﬁgﬁZO. I n sgpe enbqdi nents, ..the heated ai.r jn the attic
spacel D20 is e _ Brales RORECh g %S‘?rﬁ‘?rﬁﬁhn%?yéte&? BV a\tFé%} openi ngs
924. I n ofars s@TRIHFBOY, % rob 84N 8RERJoRA 8065 2 dEFWab R 80 anda ki@ SpPace 928
t hrough one or nore val ved openings 922 and is m xed with the ou§5|de cool

air. I'n y8t0.cthedaterativeads §00ittse flodre802zind gl expléng $isdeding an diside spack 924 may be

bl : whi. ch i bl I ivel
activats SRen ROk et SO GRIT A E N har PP RGO BaRR o 1D Lo

i nt r oducegpeningsee? aftssédiiplednaar Rilthg 810 Thertims bSyai@Ioehge 824 8h ved
openi ngs 914 and 924 and opens val ved openi ngs 922. Heated air in the attic
space2B20the $0¢fR0diand yrlyed gpemngsrd 4findhe tpieplakallsdPl. adde pxample s¢vernl ated to

the insidg,cHRgSPsidhn Fid. NGRS WU IR F161DE R g VSIS FRAPAI tors the

used instead of a single;sloped roof 204. A gabled roof may provide better air
circulation in the attic space 8§18. However, the cost of building a gable roof may be
higher than that of building a single-sloped roof.

25 FIG. 9 illustrates another example server cooling system comprising lateral
walls 900, a floor 902, a roof 904, an enclosure 906, a server rack 908, a ceiling 910,
and outside walls 930. The example server cooling system in FIG. 9 is similar to the
one in FIG. 8 except that the roof 904, the floor 902, the lateral walls 900, and the
outside walls 930 define a mixing space 928. The lateral walls 900, the floor 902 and

30  the ceiling 910 define an inside space 918. The roof 904 and the ceiling 910 define an
attic space 920. In some embodiments, outside cool air may be drawn into the mixing
space 928 through valved openings 914 on the outside walls 930. The cool air is
dréwn to the inside space 918 by one or more air handling units 926 coupled to the

lateral walls 900. One or more rack-mounted units each comprising a cooling fan are

14




15t enperature in the inside space 918, the attic space 920, the m xing
space 928, and the tenperature outside. Wien the difference in tenper anong
t he obserweaotigoperat ures reaches one or nore threshol dPCaIUSREI0041462 her
dynam c or predeterm ned | evels, the control system may sel ectively open or
cl ose each val ved opening. To cool the air in the inside space, one or nore
“cool ing umStaﬂedmythbéaOMs?@g-. Tha ceding fenpodintedirkernalhewithingbe ragly- units are

i nstall ed_w.thi m Xi pace 928, .1n _oth nbodient t he .cool i ng
uni te ar e HAPARPEEER ol R HoR e deid et 051 ARSI AR ma AT 1 e

cool i ng umhitssandlefecelepal it iotle GRSI®RIspace 6. Ihesesmtd hinéaiRid o attias been
explained with reference to specific enbodi nents. For exanple, while
enbodi nentRce P24 isoyghaone or masg eennesiRriidevhick Aparabis sernast e pieroy ef er ence

to spegcifi cﬁ@f@%ﬂﬁ?&&i&?&’cc@@f VS AL E&pédinﬁﬁﬁsﬁle%étké gﬁ’ ith ﬂxfe.tapcﬁz art will
appreciate that different conbination of conpohents and configurations nay
al so be usede 9Fbis egzkarspdao theadrggde tudighameor drAGlued dseningatodd. &hil | er, or

hum dity control units be used in sone enpbodi nents.. Seisnic control
devi ces aPRIcRTrBRAERiS, thiHe e icka %thegﬁ%lgﬁaw&@%éhﬁoua%m@s may al so

be used i foRly s RARAGYILR s nkBE B TRO RO S Wl ln b giddent to those

of ordinary skill i'n the art. Ist I's therefore not intended that the present
i nvent i onetbbodiingitsgitic velxed ppenaisgsitidi 222, end B34 g bappenblydonhaiaigo a WO
2011/ 006027PCT/ US201

cool i g sSEYENEEHHM lé ﬁégg‘%a%g %/fgec\%(%s é"lcﬁ?ééf:tlf’ g%%e‘%wegl:%%%g@ @ﬁr 1\’/3; nor e
lateral wakleSter@girds AARhLItaIOR K infBAR QRS HeNBRdHGatOOMm, itk doh@or 0Of or the
one or nore |lateral walls; an enclosure installed within the inside space,
t he encl oistean elesdsryialvgd @penings 914 and 924 and opens valved openings 922. Heated
air in the attic space 920 is re-circulated to the mixing space 928 and is re-circulated
to the inside space 918. In other embodiments, the control system monitors the
15  temperature in the inside space 918, the attic space 920, the mixing space 928, and the
temperature outside. When the difference in temper among the observed temperatures
reaches one or more threshold values or other dynamic or predetermined levels, the
control system may selectively open or close each valved opening. To cool the air in
the inside space, one or more cooling units may be used. In some embodiments, the
20 cooling units are installed within the mixing space 928. In other embodiments, the
cooling units are installed within the inside space 918. In one embodiment, the
cooling units are evaporative coolers.
The present invention has been explained with reference to specific
embodiments. For example, while embodiments of the present invention have been
25  described with reference to specific components and configurations, those skilled in
the art will appreciate that different combination of components and configurations
may also be used. For example, raised subfloors, CRAC units, water chiller, or
humidity control units may be used in some embodiments. Seismic control devices
and electrical and communication cable management devices may also be used in
30  some embodiments. Other embodiments will be evident to those of ordinary skill in

the art. It is therefore not intended that the present invention be limited, except as

indicated by the appended claims.
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interior space in fluid communication with upper regions of the inside
space; 10one or nore air-handling units operable to provide external air
into the wosbdéos@ace; and a rack installed in the insi @#€TApaee/0a3d9
engagi ng the enclosure in a substantially seal ed manner, one or nore
rack-nounted units installed in the rack such that respective front 15faces
of the ratkMd¥hted units interface with the inside space, and that
respective back faces of the rack-nmounted units interface with the interior
space defined by the enclosure, and one or nore cooling fans operable to
draw ai r Wiamsdigéiniedss:de space through the front faces of the one or nore
rack- mounted units and expel heated air 20t hrough the back faces of the one
or nore rack-nmounted units to the interior space. 2. The server cooling

syst eng of ; CA bk lcMna ‘E&é@erh%Sm R&n9r nore cooling fans are nounted

internally within cor espondi onés of the rack-mounted units. 25 3. The
server coollngamyskbmpmhcbﬁamhbﬂaﬁhothmconnmmﬁhsxﬂgwmmanﬂnunnfe cool i ng
units operable to cool air rver cooling

1
st e o L o ate aphingLaded 1B e 5ot RS tasson e 1t Bl S0ome

server rack pogg elidsayd iﬁgtaﬂgt?w[tﬁﬁl"th& thskR sb@d@oih%l%hyloblﬂé H@ﬁﬁxﬁg ahn the
encl osure. 5. The server cooling systemof claim1, further conprising a

control syst eninggrar ahiog ie dpivbemadunicatidnevidnappsr regiens of dheviaside pmmqgs to
sel ectjvely activate the one.or mobre valved openings base n. eratures
obsor tbd w ¢ hi Prednaliiet B o Shatls BaSREE L5 EAT o B ST T 1

system of cl ai gpage;fandt her conprising one or nore val ved openlngs coupled to

the one or nore enclosures and operably connected to the control system
a rack installed in the inside space and engaging the enclosure in a

substantially sealed manner,
one or more rack-mounted units installed in the rack such that respective front
15 faces of the rack-mounted units interface with the inside space, and that
respective back faces of the rack-mounted units interface with the interior
space defined by the enclosure, and
one or more cooling fans operable to draw air from the inside space through
the front faces of the one or more rack-mounted units and expel heated air
20 through the back faces of the one or more rack-mounted units to the interior

space.

2. The server cooling system of claim 1 wherein the one or more cooling fans are
mounted internally within corresponding ones of the rack-mounted units.

25
3. The server cooling system of claim 1 further comprising one or more cooling units

operable to cool air in the inside space.

4. The server cooling system of claim 1 wherein the each enclosure comprises at least

30  one server rack port allowing the rack to be removably installed in the enclosure.

5. The server cooling system of claim 1, further comprising a control system operably
connected to the one or more valved openings to selectively activate the one or more

valved openings based on temperatures observed within and outside the inside space.
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7. The server cooling systemof claim3, wherein at |east one of the
cooling units is an evaporative cool er. 8. The server cooling system
of cl ai mWO 20k1en06i2m t he roof conprises a singl e-sl oped POTASRI10/09145A server
cool ing system conprising an inside space defined by a floor, one or nore

| ateral walls, and a ceiling; an attic space defined by the ceiling and a
root 15one or nore val ved openi ngs coupled to the roof or the one or nore
lateral wgl i I s de c t he

encl osure ng?el' Sr??‘%r%g& %S&gtr%mo&scg%%ciﬂlgggé gébq]%/rssn%jgnnec({r & r? %tvg% one or nore
val ved opepinigs canplleﬂ lethatoht or SRAE&iclc3UfEE and bpdralsle coatectd t6 @id dopgobpeni ngs
coupled to the ceiling operable to exchange air between the attic space and
the insi d&&¥&ce; one or nore air-handling units operable to draw external
air indo the inside space; and a rack installed in the inside
space and engagi ng the enclosure in a 25substantially seal ed manner, one or
nor e r ack bherdeactr aowling systetadfl obadmi 1) villeeein aclkass undof thatoslegpedtsiivan f ront
faces of the rack-munted units interface with the inside space, and that
respectivgwﬁﬁng?ﬁgg?'of the rack-mounted units interface with the interior
space defined by the enclosure, and 30one or nore cooling fans operable to
draw air fromthe inside space through the front faces of the one or nore

r ack- moun8ebhassives coplthgeyplen dfedaimd , avherdimthsugdf donerisecksihglestopsfl t he one

or m: rac? mounted units to the interior space. 10. The server cooling
syst em of aim9 wherein the one or nore cooling fans are nounted
internally within corresponding ones of the rack-mounted units. 11. The

server cooling systemof claim9 further conprising one or nore cooling
units 9. A server cooling system comprising

an inside space defined by a floor, one or more lateral walls, and a ceiling;

‘ an attic space defined by the ceiling and a roof;

15 one or more valved openings coupled to the roof or the one or more lateral
walls;
an enclosure installed within the inside space, the enclosure defining an
interior space operably connected to the one or more valved openings and the
attic space;

20 one or more valved ceiling openings coupled to the ceiling operable to
exchange air between the attic space and the inside space;
one or more air-handling units operable to draw external air into the inside
space; and
a rack installed in the inside space and engaging the enclosure in a

25 substantially sealed manner,
one or more rack-mounted units installed in the rack such that respective front
faces of the rack-mounted units interface with the inside space, and that
respective back faces of the rack-mounted units interface with the interior
space defined by the enclosure, and

30 one or more cooling fans operable to draw air from the inside space through
the front faces of the one or more rack-mounted units and expel heated air
through the back faces of the one or more rack-mounted units to the interior

space.
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5operable to cool air in the inside space. 12. The server cooling system
of claim9 wherein the each encl osure conprises at |east one server rack
port al | oxoregirdeeo2rack to be renovably installed in thePemalSe&0e1459013.
The server cooling systemof claim9, further conprising a control system
operably connected to the one or nore val ved openings to selectively
activat e thellisrersr copling sysemetd chiysr wharemdhe anco merssepkng faps aghser ved

Wi thin and, GHILAERAS Witk fb‘?re%{?&fd%gséé%ft%{}gclé%&%d | ing system of

claim?9 erein the control systemis opera connected to the one or nore
val ved ceiling openings and is operable to selectively activate the one or

nore val v ei |l ing openi ngs based aon_t eratures observed within the
61 de sphbel e eoE et 6 G OGSO Jo oG e et ol ai m
11, wher epfergble k@aRI af1E tRfindifleg e8] i ng units is an evaporative cool er.
16. The server cooling systemof claim9, wherein the roof conprises a

singl e-sloped roof. 25 17. A server cooling system conprising an inside
space defi by a flqor, one qr,nore ] ateral lls, and a ceiling; an

2t o spabt HerenBce e HoE e aahgefht i enllondgipid 00, U2 e
openi ngs fastine@ertver fabR pb@ afloWingtth€raeR e Bé reifyvabllyahealRld id dnciosu@. col d row
encl osure installed mﬁtﬁln t he inside space, the enclosure defining an cold

row i nterior space operably connected to the one or nore val ved openi ngs;

10 13. The server cooling system of claim 9, further comprising a control system
operably connected to the one or more valved openings to selectively activate the one
or more valved openings based on temperatures observed within and outside the

inside space.

15  14. The server cooling system of claim 9 wherein the control system is operably
connected to the one or more valved ceiling openings and is operable to selectively
activate the one or more valved ceiling openings based on temperatures observed

within the inside space and the attic space.

20 15. The server cooling system of claim 11, wherein at least one of the cooling units is

an evaporative cooler.

16. The server cooling system of claim 9, wherein the roof comprises a single-sloped

roof.
25
17. A server cooling system comprising
an inside space defined by a floor, one or more lateral walls, and a ceiling;
an attic space defined by the ceiling and a roof;
one or more valved openings coupled to the roof or the one or more lateral
30 walls;

a cold row enclosure installed within the inside space, the enclosure defining
an cold row interior space operably connected to the one or more valved

openings;
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a hot row enclosure installed within the inside space, the enclosure
defining an hot row interior space operably connected to the attic space;
one or nowe 2dlower7cei |l i ng openi ngs coupled to the ceil iPaT/USpE0ADI489 t O
exchange air between the attic space and the inside space; 5one or nore’
air-handling units operable to draw external air into the inside space; and
a rack instal | @801 1ov ¢elqspss indallgdawishiaike wpiga gpase. thhendesude definiemal osur e

and t he hot ro%%Wiﬁéﬁéffﬂége ?%e??lﬁztcgﬁ%g@dltx tﬁg%ﬁ%g@nner, one or nore

rack-mounted units ins rack such espective front 10
faces of the rankermomrtvatiedreilingioptmingaarpldith theheiligl abefadie tont eri or space,
and that respective back faces of the rack-npunted units interface with the
hot row interi &fChapgicr defigerhihe affic spaseAnddhe INsKlerRH#S: operabl e to draw air

fromtiyie cold beorfibifdiOkaaRAL AWM. tifals/cRiind 8 B0 Me o one or more

rack-nounted units and expel ea air throug back faces of the one
or nore rack-nspaeteadunits to the hot row interior space. 18. The server

cool ing system of .claim,17 wher.ein the one or re cooling fans are nounted
Unternal Ly wi t REPKGBTALRG B iR o5 ees are Preagingdhe FIRRRATTIATIE ando 10, The

server cool i NgtRdt RIW Sclédufd M alstbbtthitidlS scSI0TBIahAdNY one or nore cool i ng
units operable to cool air in the insidé space. 20. The server cooling

system of cl ai pelqr mpreratkamphete@ apits ipftalledintibe rackwuenibriosspestigstinat t he col d

row el osure rd.ses at | east one server.rack rt allowing the rack to
be r eirﬂrtf;ovabl y i fr;lagfr:rsg ﬁtgﬁrﬁcg”W%@?% n%ql{(%%tlg%ce wih ﬁ*ﬁgpdgré’wgker@f)gﬁ’q%ﬁ’ga yst em of
claim 17, furthafregfutHivé BadkFades@P e @tk-MbThRMARS [rAdiate GAMHEE hetkolwo the one
or nore val ved, openings to selectively activate the one

interior space, and

one or more cooling fans operable to draw air from the cold row interior space

through the front faces of the one or more rack-mounted units and expel

15 heated air through the back faces of the one or more rack-mounted units to the

hot row interior space.

18. The server cooling system of claim 17 wherein the one or more cooling fans are
mounted internally within corresponding ones of the rack-mounted units.

20
19. The server cooling system of claim 17 further comprising one or more cooling

units operable to cool air in the inside space.

20. The server cooling system of claim 17 wherein the each of the hot row enclosure
25  and the cold row enclosure comprises at least one server rack port allowing the rack to

be removably installed in the enclosure.

21. The server cooling system of claim 17, further comprising a control system
operably connected to the one or more valved openings to selectively activate the one
30  or more valved openings based on temperatures observed within and outside the

inside space.

22. The server cooling system of claim 17 wherein the control system is operably

connected to the one or more valved ceiling openings and is operable to selectively
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30 or nore val ved openi ngs based on tenperatures observed within and
outside the inside space. 22. The server cooling systemof claim17
wher ei n tWe 200Mos@ system i s operably connected to thePCGRAISOOI10/0w1489 val ved
ceiling openings and is operable to selectively activate the one or nore
val ved ceiljng openi ngs based on_tenperatures observed within the inside
space andaqiiyafedhe pre aiypers valved ceiting opepipgy based P irgnpeyaivisprbiereadai m 19,
wherei n at . t | nits is an evaporative cooler. 24,
The serVeﬁ”%@@??H§ﬂ§§§%§ﬁ?@#ﬁ§@§Fn§¥¥; wherein the roof conprises a

si ngl e-sl oped roof. 10 25. A nmethod, conprising substantial ly

encapsul at | an interjor spac aving at | east one | ateral. portion defined
by a f ron%‘?ﬂ’@é’e’a’fdr cqoling S¥CIG Ay CE‘@T‘\}Qr Wﬁ%f@ﬁ‘, atj\?r?érr‘é?eri’ft%l*%c%@mg 884§ Sone
servers I agkeBORkive 8Sol0Ne or nore servers mounted therein, and wherein one

or nore val ved openings are operably connected to a top side of the
interior space; 15introducing a cooling air source froma back face of the

at | east server rack erei.n, the_one or re.servers mounted in the
Serverr otk TR oPIGELSARE SHMFRG Pl ek il ot BB AT SPBm ¢ he
cool i ng ajgofsource and expel heated air to the interior space to allow the
heated air to rise to upper regions of the inside space; and 20expelling
the heated air fromthe inside space. 26. The nethod of claim 25, wherein
t he i i ur G ri ses one or nore evaporative cool ers operable
to cggf aﬂgf?%gﬂﬁﬁaéﬁﬁnﬁﬁ ing air source; 25one or nore air intakes

oper abl e to i nubsdugalyeeticepsifidtingiah iftOridr¥PacOigividatht dddst GRUAREI paAdna control
system coupled to the one or nmpre air intakes and is operable to

sel ecti vel y d5HRGd/Ry @irppicfagmef 4 deagipne sarver raskarbareidbe at le#st PRmsaYEt ur es
observed wi tx‘él:'k’boﬂiﬁ’is@é%@ §8nd:B %e&@ﬁlrh(ﬂgltee& thereBULLE Whg’I%in one or more

valved openings are operably connected to a top side of the interior space;

15 introducing a cooling air source from a back face of the at least one server
rack wherein the one or more servers mounted in the server rack includes a
cooling fan operable to draw cooled air from the cooling air source and expel
heated air to the interior space to allow the heated air to rise to upper regions of
the inside space; and

20 expelling the heated air from the inside space.

26. The method of claim 25, wherein the cooling air source comprises
one or more evaporative coolers operable to cool air inside the cooling air
source;
25 one or more air intakes operable to introduce external air to the cooling air
source; and
a control system coupled to the one or more air intakes and is operable to
selectively activate the one or more air intakes based on temperatures

observed within and outside the cooling air source.
30
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