MODULAR SYSTEM FOR DATA CENTER BACKGROUND [ 0001] Organi zati ons such as
on-line retailers, Internet service providers, search providers, financial

i nstitutiwopiumsssersities, and ot her conputing-intensi PETAIS@N0I0ZEDE ONS

of ten conduct conputer operations fromlarge scale conputing facilities.
Such conputing facilities house and acconmpdate a | arge anmount of server,
networ k, and conputer equi pnent to process, store, and exchange data as
needed to carried out an organi zation's operations. Typically, a conputer
room of a conputing facMODULAR SESFEVREDEBAEA CBNTER Each server rack,
in turn, includes many servers and associ ated conputer equi pnent.

[ 0002] Because a conputing facility may contain a | arge nunber of servers, a
| arge anpbunt of electrical power BACEGREIINDed to operate the facility.
In addition, the electrical power is distributed to a | arge nunber of

| ocations spread throughout the conputer room (e.g., many racks spaced from
one anot her [p@@§ MBNY (F@hNRASods"RA SREKY rethidtal Internat §advick ipryvilg@gei ves a
power feed at a relatively hi 1gh vol tage. This power feed is stepped down to
a | ower vol seageh providers, Traugial mstiatinos, kingversities, iand othsy sop@pENg-HHoRsIve
connectors, and.power distribution unjts, is.usegd to,deliyv r at
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[ 0003] Conmpuggilitgdést Sudh Eop@ald Facilitfek UdRs@ ahd b&rmBiod £ ' RREN hfotukasdf
generate waste heat. Such components include printed circuit boards, nass
st or age devPuwer ngbvEk. aihpPTBYicT SIPHEBEWSRIOESSS, HoFe, aRd pyrhangs slgta as
conputers w I £ S e t at .
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mul ti pl e- pr acesgnitingofipiliterigcluied nahe wondri guked iRHch gedwds- raokinineclrn,
conponents, ,and then are subsequently positioned within a racking system
Some known FiEwdes many SEBieE 3KaSsemdata® campRier SEWPRETht ed conponents and such
racking sysgysogei |1t oe i t ste
heat. Moreover, ]sorre Ignkg\%\ﬁgedgt %aggﬁt% ga‘iqn | u gé%tl%glr laﬁl ihil%@o%&%%féhgfacki ng
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for any given data center y change rapidly as business needs dictate.
Most of t en, ntahgserviess ia eadethckpr Usurdlye a dailityorgrivésrgpesugrdeed gt aaelagivelycat i on.

Initially proyiding c utin apacity in a data center r e di ng the
exi sting cabjé%i‘f(i]/tag‘?' g[%gsa?%w%éf%?dg S%‘:ipﬁe‘# ﬁ%w?g? ?n?% IR g‘iag? g%%'rfse ‘e?‘s, f or
exanpl e), | getiR3RWFGabliNY, S| Bies, JteverBpnhedtSrs TBRAY piha Aisuisutiehl @bts; is
Substantial tine and resources are typically required to_design and build a
dat a cent er ugasktoaehizersthe powise pleide Jowerayoltagp e sumerisis specifio ermparaitidol i ng
syst ens. Adg{gtfi gﬂlﬁ time and resources are typically needed to conduct

i nspections nd ‘ain certifications and approvals, such as for electrical
and HVAC sy§soass. [ 00@anihgeseingnyiphally iaylube aenanbiit & @inpdneatsdahna

center is a fire. In . ) L
generate waste heat. Such components include printed circuit boards, mass storage

devices, power supplies, and processors. For example, some computers with
multiple processors may generate 250 watts of waste heat. Some known computer
systems include a plurality of such larger, multiple-processor computers that are
configured into rack-mounted components, and then are subsequently positioned
within a racking system. Some known racking systems include 40 such rack-
mounted components and such racking systems will therefore generate as much as
10 kilowatts of waste heat. Moreover, some known data centers include a plurality
of such racking systems. Some known data centers include methods and apparatus
that facilitate waste heat removal from a plurality of racking systems, typically by

circulating air through one or more of the rack systems.
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sone data centers, a fire that starts in one part of the data center is
likely to spread to other parts of the data center. For exanple, a fire

t hat starwe2n/m@ss48l ectrical transformer or sw tchgear ipoTaSdabas@ent er nmay
spread to the entire data center, knocking out all the servers in the data
center. Thus, a fire may carry a high cost, both due to equi pnent

repl acenment costs and down tine/loss of conputing resources. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0006] FIG | illustrates one enbodi ment of a
modul ar conpliodp syst i affdaY dFddmpitingscapacipvereded tbrang wivadn datd cweér | evel
of one enbodi nent of a nodul af conmputing system_ [O0008]FIG 3 is a side
vi ew of one BRBJFARREH TRy 2sberiness nestp dicitalg slvggte%%\%» dE@g]lﬁmne%l ?%r an
over head vi ew..i ' ' of I ey ’ﬂﬂ?ﬂ% ]
nodul ar comﬁtc#éggéiéiﬁdr%ﬂ%[%g%%‘ﬁ@% 1|ggg&lﬁosn ' alﬁﬁ%\lll‘grlﬁg\ggin%ad é)w | g?ﬁ %ﬁyng an
enbodi nent oifn adaatanteenr exparating thefexistmgragadigrofcodpatemgr Gy sheform of

[0011]FIG 6 |s.a side viewillustrating an.enbodi nent of .an air handlin
hodui & for CHle SNt U STEEIP I BRI ISR A BBH e MG oot

to effect. Substantial time and resources are typically required to design and build
a data center (or expansion thereof), lay cables, install racks and cooling systems.
Additional time and resources are typically needed to conduct inspections and
obtain certifications and approvals, such as for electrical and HVAC systems.

[0005] One problem that may be encountered in a data center is a fire. In
some data centers, a fire that starts in one part of the data center is likely to spread
to other parts of the data center. For example, a fire that starts in an electrical
transformer or switchgear in a data center may spread to the entire data center,
knocking out all the servers in the data center. Thus, a fire may carry a high cost,

both due to equipment replacement costs and down time/loss of computing

resources.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates one embodiment of a modular computing system.

[0007] FIG. 2 is an overhead view of a lower level of one embodiment of a

modular computing system.

[0008] FIG. 3 is a side view of one embodiment of 2 modular computing
system,
[0009] FIG. 4 is an overhead view illustrating an embodiment of an

electrical module for a modular computing system.

[0010] FIG. 5 is an overhead view illustrating an embodiment of a data
center module for 2 modular computing system.

[6011] FIG. 6 is a side view illustrating an embodiment of an air handling
module for cooling a data center module of a modular computing system.

[0012] FIG. 7 is a side view illustrating an embodiment of an air handling

module for cooling an electrical module of a modular computing system.



[0012]FIG 7 is a side viewillustrating an enbodi mrent of an air handling
nodul e for cooling an electrical nodule of a nodular conputing system WO
2011/ 0383%6RCTI/1382810/ 050408 [0013] FIG 8 is an over heagcritseniolobassg r at i ng
an alternate enbodi nent of an upper |evel of a nodul ar conputing system

I ncl udi ng stand-al one evaporative cooling. [0014]FIG 9 is a schematic

diagramillustrgating o epbodi nent of a ul ar co ting syst.em dat
center nodul 'ihout_g?ge é?ﬁli‘é’vﬁr_:llgi P”leggﬁfj%%mge?‘n W%‘?Iﬁréo%e& of”

i [l ustrates gpapsrediigi nRbiukE QUnglRSy SAIRHLIBEUERSAMEEH ot araBaul ar
conputing system 10016]While the invention is susceptible to various

nmodi fi cat i oneocding. al t ernative forns, specific enbodi ments thereof are shown

by way of ex e int dpaw n and. w,l | _her.gi cribed i ail.
" shautd belAEr st ool Ongrvbreh<pttie Vgredf dfihpfe YR dhr Bl BF%
description mbehgt corifutingt systdmengtes dedtdri Motluleh@ithouent kepardte élb@rical
particul ar form disclosed, but on the contrary, the intention is to cover

al | nodifica®o8Ws; equival ents and alternatives falling within the spirit

and scope of Egl Presertsi NMeN 088 G&d | ocﬁ%efnheofaﬁ:ﬁgﬂgﬁ% %Oﬁ{ﬂﬁ; p The

headi ngs use ein are for organi zational purposes orily and are not neant

to be used tshired withe sehpe oinpuiegdeseni pti on or the clains. As used
t hroughout this application, the word "may" is used in a perp ssive sense
(i.e., meani M1Rbvi ng tHals st iricaiion g5 supeaphible f%é(ﬁﬂ?‘l"r“em%{’fg]%ﬁt@%’? nse
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EMBODI MENTS the drawings and will herein be described in detail. It should be understood,
however, that the drawings and detailed description thereto are not intended to
limit the invention to the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and alternatives falling within
the spirit and scope of the present invention as defined by the appended claims.
The headings used herein are for organizational purposes only and are not meant to
be used to limit the scope of the description or the claims. As used throughout this
application, the word “may” is used in a permissive sense (i.e., meaning having the
potential to), rather than the mandatory sense (i.c., meaning must). Similarly, the

words “include,” “including,” and “includes” mean including, but not limited to.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Various embodiments of a modular system for a data center are
disclosed. According to one embodiment, a modular computing system for a data
center includes one or more data center modules having rack-mounted computer
systems. An electrical module is coupled to the data center modules and provides
electrical power to computer systems in the data center modules. One or more air
handling modules are coupled to the data center modules. The air handling
modules include at least one fan. The air handling modules provide air to at least
one computer system in at least one of the data center modules. Modules of a
system may be pre-fabricated prior to deliver to the data center site. In some

embodiments, a modular computing system is a stand-alone, environmentally



[ 0017] Vari ous enbodi nents of a nodular systemfor a data center are

di scl osed. According to one enbodi nent, a nodul ar conputing systemfor a
dat a centwp 20ni@i3szies one or nore data center nodul es havcmgse@olsemogint ed
conput er systens. An electrical nodule is coupled to the data center
nodul es and provides electrical power to conmputer systens in the data

center nodul es. or nore air handling nodul es are coupl.ed to the data
Conter modul ESiToNRE SomP R R HE D BRI PG Sace cEeRr e PONT . ai ¢
handl i ng modyl,gRnP4ieYd dserder to at |east one conputer systemin at |east

one of the data center nodul es. Mdules of a systemmay be pre-fabricated
prior to del [08dB] t o t hécdanding nererengbadimenty aslgtreccate oalidwbninsludgs adidstl ar

conmputing systemis a stand-al one nvi ronnent al | ontrolled co ting
cystem that smarrEs o Wl SRRy iR ferdis o SR a SepAT
operate. 10018lAR@QIatH Sshtdronodde PORAH MERIdingda Setoad ¢eWidTradBAf] @nipigdrudes a
first data center nodule portionincluding a first row of racks of conputer

systems and systsebndhedirst coamuingnpadile pegian ol thecicenhepapeion@delsw of
racks of CO"E&’I’E%E ¢ tiﬁe”?d f Tl'?r? af é({rﬁné)utﬁl%n%flé% %ego&'ﬁl &aPRN L Qn&ﬂgr m@
u ? I'ne T Torma co en

second conputing nmodul'e” portion €o computi hg” Space

coupl ed to opedareuiierbe pthdatridwdgsioray dbévepietiealard @ateditpri or to deliver
to the data center site. [00191Accordi na to one enbodi nent,,. a net hod of

provi di ng col®Pl ng r edweriding Fopne catedinaans emsthed Gf #s0HewR: SuEWRLone or
nore pre-fabp] e mdyle : a8 or MErdatlamte0ka] gamdul es
i ncl ude rack{éﬁgﬁlﬁgggqg%a%%t%&l%y@?%m. B?’srq{é?@g%roﬁlca%re Eaei hgnﬁ%{tng nodul es
i ncl udi ng at cdneashodiies ftansiiar eThodjh ednttomibtielcd atcdudeantlemowmttd| cesnpuldre ai r
handl i ng nodul es proyj de cpolin ir .o conmpyter tens .in the data center
nodul es. ThesﬁFe@?SEabrPF"c' thatracpdt _’fg@‘i‘flé?g tis fé’;smé‘f@%é‘f‘ A68Y E e“Site.
[0020] As usedyRelPiothe datalcch@PHddats TR &ir hEEATE ﬁo&@@é’b&vid&%oﬁﬁ%&irdes
air to one or re systenms or conponents external  to the nodule. [0021]As
used her ei n, toagpriimitel gystempainstha dapm centarexapdtles.on€ho prasfabacatad kigta §dO22] As
used herein, "gnbient" r «%fdar s,to.a condition of outside air at the
modules are operafed at the site.
[06020] As used herein, “air handling module” means a module that
provides air to one or more systems or components external to the module.
[0021] As used herein, an “aisle” means a space next to one or more racks.
[0022] As used herein, “ambient” refers to a condition of outside air at the
location of a system or data center. An ambient temperature may be taken, for
example, at or near an intake hood of an air handling system.
[0023] As used herein, “computing” includes any operations that can be
performed by a computer, such as computation, data storage, data retrieval, or
communications.
[0024] As used herein, “data center” includes any facility or portion of a
facility in which computer operations are carried out. A data center may include
servers dedicated to specific functions or serving multiple functions. Examples of
computer operations include information processing, communications, simulations,
and operational control.

[0025] As used herein, “computer room” means a room of a building in

which computer systems, such as rack-mounted servers, are operated.



| ocation of a systemor data center. An anbient tenperature may be taken,
for exanple, at or near an intake hood of an air handling system [0023]As
used her evo,20f10B838t i ng" i ncludes any operations that caoThs2penfansred by a
conput er, such as computation, data storage, data retrieval, or

comuni cations. [0024] As used herein, "data center" includes any facility

or portion o acility in i ch cqonput e oper at,j an re carri.ed out. A
data center E{’di ncl ud@ssélﬁ%%rﬂ%’di € IFIBH{efo§)Y§ B flfl?s,‘luwg%cﬁn?'oﬁg HH%Er vi ng
mul tipl e fungih Qs s r&onHonSQURMLESE, QDS StdngS of BEbiater R QEMEE hon

processing, co ni cations, sinulations, and operational control. [0025]As
used her ei n, ratk-onputet seroomAsmseah bergin, duneoh camputer i vy linritaghiod kst dlarseut er

systens, such_ as rack- mpunted rvers, are operated.
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i ncl udes anyp@tesds, i L YSveR MO HISOCSNESIRABa GhickUCRDUGR! & prdgfethablOlegiexanpl e
of a conputer systemis a rack-nmounted server. As used herein, the term
conputer is emrolieni (BloCh.o gnuseprlisaden | Apesifiat dteginiedui ¢icuitef 8pd e @t i n
the art as a_canputer, but. broad refer ver.,

ni crocont r ol ]i’rgg%gn%lg CEE8H grtl,hg%e %P%é%ﬁérrﬁo%% gﬁ%gg%égélgﬁfhr%ﬁpéreﬁl(%?q . an

appl i cati on &Rk debdditents airRehoey eyl incladed bat hehop tiagtedmonlal eomputendi t s,
and these terns are used interchangeably herein. In _the varijous .
enbodi ment s, readFde yneraym; §shuge 2 FRdoms asses manqrEdBAM)a AURBEHEFYr 8adabl e

medi um such random. S %'5&{ DM i Y ({mt di sc
- read only @n%%f/d?%[}%‘ﬁfgai Ir%agn X(-:optl cgfgdﬁgéﬁ%%g%ﬂaﬁgl}or a gi gi tal
versatil e di agl/¢DVdigityweadatite Bsc (PAMD) Alagmiscabdiusednallse,nplditictsdnmgits may
i ncl ude conputer peripherals associated with an operator interface.such as
a nouse and %hakl@?lﬁdléﬁ'yd!nc}l}qeeq‘ﬁ%‘}t‘?fe?eﬂpgﬁﬂ%?sseﬂﬁﬁat ﬁBr‘ipﬁFf’g‘?% eIfAgY al so

be used that s‘g%si apﬁioug@ and 9rke%ﬁgg.'ngal,né}nét%me&herFMﬁiﬁéWr%hefaﬂb g some

enbodi nment s, t1onal output”c s may iI'nclude an operator intefface
nmoni t or and/aso he psédtlet mayOomfésfonseampler eisngniedafartbenmage, imdbalsemenmeans
a nodul e that jngludes, .is suitable for housin nd/ or

supporting, YRR l HSr é‘dgir invat Ut < FRanRelsh Ay eo@fldgp%g%%hfq%%{gavce
resources f ofofitéhedid/ s Pifiter.
[0027] As used herein, “data center module” means a module that
includes, or is suitable for housing and/or physically supporting, one or more
computer systems that can provide computing resources for a data center.
[0028] As used herein, “electrical module” means a module that distributes
electrical power to systems or components external to the electrical module.
[0029] As used herein, “evaporative cool.ing” means cooling of air by
evaporation of liquid.
[0030] As used herein, “external cooling system™ means a cooling system
external to a modular computing system. For example, an external cooling system
may be a chilled water system that is coupled to a modular computing system. An
external cooling system may be located inside a facility or outdoors.
[0031] As used herein, a “free cooling” includes operation in which an air
handling system pulls air at least partially from an external source (such as air
outside a facility) and/or a return from a computer room, and forces the air to
electronic equipment without active chilling in the air-handling sub-system (e.g.,
fluid flow through the chiller coils in the air handling sub-system is shut off by

closing a flow control valve).



[0028] As used herein, "electrical nodule" means a nodule that distributes
el ectrical power to systens or conponents external to the electrical

nodul e. 1WO029j1As8used herein, "evaporative cooling” neamsTasediongi40$ air by
evaporation of liquid. 10030] As used herein, "external cooling systent
means a cooling systemexternal to a nodul ar conputing system For exanple,
an external cooling systemmay he a _chilled water systemthat,is .coupled to
a nmodul ar colfdtl ng sy8eetrd AFTER 2r mgdu disi%ﬁo@ygg%mcﬂ@mn&@%

inside a facidhiohefs ﬁ&ﬁl%ﬁ’; SouplAPRLEMRSabARS. NERidlle Ray if@EICRMLIiBEA]

i ncl udes operation i Ich anair handling systempulls air at |east
partial |y freementseantesystwimsscucl as (cugphtearssyaiemso uackisd bloavers cdudis, ypowatd/ or a

return froma conputer .ro and farces the air, to el.ectronic_equipnent
i thout | act | FETDRIPR | HG5s AITe LRI Ra gt ot SPRFUnT e =f HAE B o
through the ghichl-&rel&REAS, dulh biteard rhotlﬁﬂg,l b\ @nfdikerS Y Bl &hd SmBbdiineais] a by
closing a flow control valve). WO 2911/0 8348PCT/ US2010/ 050408 [ 0032] As
uied her ei n, madtlmisipreefabricated aionpoatamtolbsitairoonbidatace®ar. of conponent s
physically c ed to qQne another.. A ul e may include. f ' | el ements
and systens,ﬁ@g@h as p%ﬁﬁﬁ?@%e ;@%E%BEE %?“618%@P§¥%38§?§%b§%§8?%f
di stributi oncdsdrSntsfHahfheSy RBREERE, HbuSie! Glfne @NGthe0Stuclre IatHlBys ths el |
as structural el ements, such a frane, housing, or container. In sone
enbodi nent s, madwedalke movpd esfabnit dzam gt logatigsc i ABRLhSR - Ept ex9PRlfMm & dat a
center. 100331 e erel ) " nt | hation or
conponent s RBUT TS HRRCTR de miBYER £ wilFlE S ARERET, 1ELoBOTRAT:
al | ovvls t he niﬁdv%‘rlﬂe hﬁadgﬁaﬁ iy ae %;Eacﬁedltﬂ b portdon ohe fleabuibling, orgretheent For
exanpl e, a novabl e nodul e, may be noved as a unjt on flatbed trailer. In
sone cases, #rusBvapsthenmsalaye na§01b@<aa@31&cawgwﬂalean%ﬁ?w g%@tqqa‘é?o ¢
bui | di ng, or r [ : when depl oyed. For exanple, a novable
nodul e may bg&ﬁéﬁgg%ﬂ%%§%%g&%végr of a data center facility.

[0034] As used herein, “power distribution unit” refers to any device,

module, component, or combination thereof, that can be used to distribute
electrical power. The elements of a power distribution unit may be embodied
within a single component or assembly (such as a transformer and a rack power
distribution unit housed in a common enclosure), or may be distributed among two
or more components or assemblies (such as a transformer and a rack power
distribution unit each housed in separate enclosure, and associated cables, etc.)
[0035] As used hérein, a “rack” means rack, container, frame, or other
element or combination of elements that can contain or physically support one or
more computer systems.

[0036] As used herein, “mechanical cooling” means cooling of air by a
process that involves doing mechanical work on at least one fluid, such as occurs
in vapor-compression refrigeration systems.

[0037] As used herein, “source power” includes power from any source,
including but not limited to power received from a utility feed. In certain
embodiments, “source power” may be received from the output of a transformer.
10038] As used herein, a “space” means a space, area or volume.

[0039] FIG. 1 illustrates one embodiment of a modular computing system.
Modular computing system 100 includes data center modules 102, air handling

modules 104, electrical module 106, and air handling module 108. Air handling



[ 0034] As used herein, "power distribution unit" refers to any devi ce,
nodul e, conponent, or conbination thereof, that can be used to distribute
el ectri cavopon3s34dhe el enents of a power distribution eortuseey/obaogenbodi ed
wi thin a single conponent or assenbly (such as-a transforner and a rack
power distribution unit housed in a comon enclosure), or may be

di stributed . i :
tr ansf or ner SR 1Bl P RABRE 61 TANE CLARR Ross oS deBar e
encl osure, angdpag Adaleheaby E]%Vi&t@oolinF%3513&%&!&%?&06@11’6@06. a "rack"

nmeans rack, container, frane, or other elenent or conbination of el ecrlrents

that can coni08#8] or ph¥eéhcaf dgtaseepirsrmodides 492 ptledesdipdlimedulsy 5§

[ 0036] As used in, ' Li g i ir by
brocese. t hat P hbySs 8 nd 2R ARlEAREG. MEEA S PR Sl by BB o
OCCUrsS i N Vaper i LRSS irddksedy ingRida sk @italsysitseg), ed B0 A lwkedsdverai n,

“source power” includes power fromany source, including but not |[imted to
powelr3 r ecei viagkfnamies epmpytersysteas, (faf elartvaithe erBpHP gns AEJK SBOWBwer
may be receiye rgm . a aj hn, a

" space” means 1glés'p Ce?{]g?g;&gﬁdﬁ%ﬁhﬁ%&ﬁ g%@%?@k a%&%ﬁéds??ﬁta ggwgﬁg%
enmbodi ment  ofackes, nfoglul AtalceMPOtacie pyts tiem cebted uhaduleonipubnan gnipdineent, 160

i ncl udes data center nodules 102, air _harbdl i]r('l nodul es 104, el ect r}.%al

modul e 106, BALUIET CORBMANG AYPteRdRsked 0B 20nF %%q{aqnpw@, to a maximum o

racks (three data center modules) per system. In one embodiment, the overall size

of a modular computing system is about 63 feet x 26 feet (excluding generator).
[0041] Electrical module 106 may provide electrical power to data center
modules 102. Electrical conductors for distributing power from electrical module
106 to data center modules 102 may be provided in cables and/or buses running
internal or external to the modules. In some embodiments, cables are provided
through conduits or trays that run between the electrical module 106 and the
various data center modules 102,

[6042] In the system illustrated in FIG. 1, three data center modules 102
are shown. In other embodiments, however, a modular computing system may
include only one or two data center modules, or more than three data center
modules. In a similar vein, an electrical module for a modular computing system
may be sized to support less than three data center modules, or more than three
data center modules.

[0043] Each of air handling modules 104 provides air to one of half
modules 102A and one of half modules 102B. Each half module 102A and half
module 102B includes supply air opening 112 for receiving cooling air from its
respective air handling unit 104. Each half module 102A and half module 102B
includes return air opening 114 for discharging air back to the air handling unit
after the air has passed through server racks 110.

[0044] In the embodiment illustrated in FIG. 1, one air handling module
104, including air handling half module 104A and air handling half module 104B,
is provided for both half modules 102A and half modules 102B of data center
module 102. Air handling half module 104A and air handling half module 104B



nodul es 104 may each provide cooling air to one of data center nodul es 102.
Air handling nodul e 108 may provide cooling air to electrical nodul e 106.

[ 0040] Eacwoabiidassmscent er nodul es 102 incl udes hal f nodelce/use@s/o0sds hal f
nodul e 102B. Each half nodul e includes a row 116 of server racks. Each row
116 of server racks may include several racks 110, each rack including

several rack-nmounted conputer systens (for rity, ut
are not showhay gomlGto fyrm IarPOé‘H')éo%ﬁ'%H %fﬁ%ﬁ?ﬁ%ﬁ%gﬁ%mdat es
a row of 10 8GR 1048 m hﬁk%ﬂﬂur%ﬂnﬁ%&i@mﬁ{n AR asRURIc MRdulerodsn one

enbodi ment, a nodul'ar conputing systemis sized in 20-rack increments, to a
maxi mum of 60hg meks! a(ltﬁbﬁﬁthdaﬁ;ahmdhhghaiﬂfmmwksw%ané)l@ﬂﬁrmam be smplied

enmbodi nent, the overall of . a nodyl ar, ut.in 3 feet
et et { R gearble L oo v hmpls e SomRnar ORatee, Ths el RahE 4o
electrical paper .19 Qﬁ*:ﬁofﬂ@tmﬁsﬂ%%tﬁ& difABodiFlcaft ea&labf RN ety $01Q1

di stributing power rom electrical nmodul e 106 to data center nodul es 102
may be proviged 1D2B caby escanel/ar fvus es s¢pam1ﬁr@r ihandling imesulext By géitaipo t he

nodul es. In some_.enbodi nents abl e row ded .t hr trays
that run bet%@?‘fl‘@ﬁﬁtseﬁ%@lrr}faﬁlgf bﬁrﬁ? P%g t\(}’af%?cg%rs&%g?% %:02)}1?' gr

nmodul es 102. anlﬁgéll%g,}éyhgﬁ%mggﬁh@g@lﬁh@gﬁl@at ed in FIG 1, three data center
modul es 102 are shown. In other enbodi nents, however, a nodul ar cogﬁ uting

system may i [96Hsde onl jn membOdmnﬂan@lchbng #ﬁfddﬂ)]é% datgCeRisF 81 S5t hree

data center f dul ar
comput i g sy oeBR FeyopliEns b Vel bl ARl B R E R PO, for dls Golls

nodul es, or FRAeIRMMANbEFotM@ERNRS hitoey)lie svhifiD s3] dabhndiingainodhiand| i ng
nodul es 104 provides air to one of half nodul es 102A and one of half

modul es 102Bhalfemteshands tawaabalf nozalesl§2 Ha#nld Yedul e 102B includes supply
air opening &ﬁgﬁgor re e'sXh%gilﬁBc?dﬂél%ﬁta ?rﬂa!l 1%12Jd%fe°?9§AV%aﬁ' fol@Rd! i ng

unit 104. Ea | f nmodul™é B includes return air
openi ng 114 {@B,disahad@ignglfiodbkciO4 ehhhamllmgﬂmiﬁmadglwtﬂ‘tB adleatricalne air

T P hosuRnda wvrba o ot PO et B SHEAGRIRY deh BAf1 o 1"

104A and air i h nq?{gg e m diehdndri uI es
102A and hal ]fnraﬁﬂ%%llggAlgé@ %St gd%%re?%%%lgﬁﬂiﬁ%gﬁﬁfg r handl i ng hgl f

nodul e 104A maifl naiduleh264B elgethiaslf moddel €61 @ad Rir handling module 108 may be

separately transported to a site. For example, each of the modules or half modules

may be transportable on a semi trailer. At the site, half modules 102A and half
module 102B are coupled to form a data center module 102. When half modules
102A and 102B are fully coupled to form data center module 102, data center
module 102 may become a sealed module.

[0047] FIG. 2 is an overhead view of a lower level of one embodiment of a
modular computing system. Data center modules 102 and electrical module 106 of
modular computing system 100 are positioned in line with one another. Each of
half modules 102A and 102B of data center modules 102 includes row 116
including racks 110. In the embodiment shown in FIG. 2, each of rows 116
includes 10 racks 110. Row 114 may include any number of racks, however. In
certain embodiments, each half module may include more than one row of racks.
Air may be supplied from one of handling modules 104 to data center module 102
through supply air openings 112. Air may be returned to an air handling module
from data center module 102 through return air openings 114. In certain

embodiments, air discharged from racks 110 may be vented to ambient air.



WO 2011/ 038348PCT/ US2010/ 050408 nmay couple to forma comon chanber. Air
fromfans 120 in air handling half nodule 104A nmay mx wth air fromfans
120 in aiwohandi3ssg hal f nodul e 104B. The m xed air fromrcrlis2@ionsdandl i ng
hal f nmodul e 104A and 104B nay be supplied to data center nodule 102, for
exanple, via supply air openings 112 in half nodul e 102A and hal f nodul e

102B. I n other enbodi ments, .each of half nodul e.102A and 102B nay [.ecei ve
air froma sOP8Slate ai Flhahin ? sllenden o onerf ep %tﬁ%z}m]aﬁﬁ’ﬁt"é’{%& D& r

] . ! .
andl I ng ”Dfs;&%nﬂﬁbﬁaec%ﬂﬁ%%ﬁl%ﬁm QEctREN \thEGuIE 906 foteh Aidwérdevel BT €

than one data center no 5] I'n one enbodi nent, an air handling unit
for a data ceofsr rocipheng syftemndd).byAgondidiinggnodehdi0deand piurhandhingl e, an
air handling unit for. data center ul e . 102 may. be for fr, t al ves,
in which eachodilp lﬁgﬁa@ﬁa %%ﬁ&eiﬂ@%@% %Oé’b%‘ﬁﬂ’@ VERBhE aﬁ?m%\éﬁjpgs 102A
and 102B. [ 0Q46MLAuR AR ASHIOH ARiMiBe HAFGHoA]le Ne4B aFDEidhfted @dAalabdulgpdul e
102B, air handling half nodul e 104A 7 air handl |a;8 hal f npdul e, 104B,

el ectrical nd@dl end dalf naertileil 2B aredpechiyelyo dbirdiandBng modytet Gy manaigd
dul . Each of half I 02 | f I . i i |
Todul o 104A Ot e REMAPPRe TP AotinelR syBRi) S5 hRREe AR Feh 9205 L

handl i ng noduhe bd Qe BeikaRA aireh Yiatar @sP Andddest T020argd Electribarmedadepl e,

each of the nodules or half nodul es nay be transportable on a sem trailer.
At the site,1%alf nodul es 102A and hal f nodule 102B are coupled to forma

Lo for m dat 00 or modly Sodbar ondlE AaRF BN CRrs Sytdtn e BT PO

to form dat er no cen econme ‘a seal ed
nodul e. [ 004]detdd baeill oratheoegi@achtyicfvhofdat tantar | Bureéxaofplonié seditadi nent

of a nodul ar conputing system Data center ul es 102 d el ectrical

modul e 106 &eﬂ%ngﬁlfﬁ‘ﬂﬂﬁb)r;‘p@??%3%§§?’%¥af5®ag&%a &y B Bei TSI AR h one

anot her. Eac hal ; 2
?gty 2 r{x%?% ék(?\gg%}; a??g&%l %@-t%%kotflatg %sﬁ‘tef: adRles KL Soulld

i ncl udes row inc e enbodi ment shown in FIG 2,
each of rowsactdmodateudes 40racks ksal),lod FRolitt Bimagpeiprovided vatnihregidfer of

racks, however. |In certain enbaodinents, each hal.f nmodul e.may i ncl.ude nore
than one rowagk dafiranterampdylss (i E‘uiﬁﬂlﬁl é’ﬁc‘?Wﬁ{i'ﬁ‘)tﬁeuPofo ﬁgr{ﬁ%{]‘fsngﬁ%du es 104
to data centgis;ndulg t%ﬁ_@, rh& QO HRRIdYd &) & nfRRR R8Sphie sydtdm BBy diae

returned to an air handling nodule fromdata center nodule 102 through
return air ogatdrifjtheldbmputingoepadiynnasdbddi therfaeilitaincraapes pad gudulessanr acks

110 may be vented to _.anbient, air. 2011/ 038348PCT/ e
[0048] FI G 3% wepvel oMy p Aupdsiar SmRNTRG oY ﬁg?e g%ﬁ%ﬁ%‘ﬁ#%’%%?%ﬁg‘f
system Dat ae @Bt@hutiiP a8y Alicandir! BElity étkeaypdul e 106 form a | ower
| evel of nodul ar conmputing system 100. Air handli nlg nodul es 104 _and é?i r
€€ 00

handl i ng nodi#E0108 f oF ¥ -ahillwspates ke pmbodimens @t paelesBipglimprdgles Fdedrsal 00.
Ai r handl i ng_half dul e, 104A ir ' 4B,a{ g gount ed
on hal f rmdulin8g‘ilﬁzw?’alﬁay ﬁglcpuﬂgeggtpgnlﬂggggir éedshlgceé(;?‘l{D %lee yQHjAE (r)‘;%énaf}l{ ng modul e
108 is nountg@iigTedl. ediedtaad] mvdllt €08 Ay distribhenelbétrigalnmondras dhdcenter| ude
fans 120. Fans 120 nmay be operated to circul ate %I rin cLat a i:gnt r odul es
102 and el ecmeilelss 18ddullectriggl module 106 includes switchgear/mechanical distribution

panel 124 and uninterruptible power supply (UPS) 126. Although only one UPS

is shown in FIG. 4, an clectrical module may in some embodiments have more

than UPS (for example, 5 UPSs). In certain embodiments, an electrical module for

a module computing system may have no UPS. Service access to the components

of electrical module may be through electrical module access doors 128.

[0051] Electrical module 106 may house all of the electrical gear

associated with the modular computing system. In one embodiment, electrical

module 106 includes a 1600 amp ATS, 2 UPSs at 550 k W each, a critical

distribution panel, main distribution panels, and a mechanical distribution panel.



[ 0049] The nunber of data center nodul es deployed in a system may be

sel ected based on the requirenents of the data center. For exanple, if a
data centwo 220n/Bs@B8l ity A needs 38 server racks and FaciPCirtus28onsmds 55
server racks, Facility A nmay be provided with two 20-rack data center
nodul es (which could accommbdate up to 40 racks total), and Facility B may

be provi ded th three .20- rack data cen | e whi coul

acconmodat e ﬁp‘oﬁ’[&? %g‘?cg’éfgtst %F%fpf".’" RW%@%%?%E : o‘{?itfléff }Srfg?mﬁﬂ%ﬁﬁgéfac&(ﬁn be -
added to a MAAAkPfcn&@MMIdUI0 system at a data center if the conputing
capacity needed at the facility increases, and nodul es can be renoved from

a modul ar cof®f2j ng sySvelnauirtfhecetapencntneferlecirichl meeps 6ednpiudingebut

T hstrates. 0 uhaboenbenrp IR acdr rhily 13608 BaredPRr ki iiline 1 o6

may be coupl gdddle 188 (SetEGRRI 2281 C ElQhricd aeddulC BI6 PoM@es clsbigitabmodulgt i ity
feed. Electrical nodule 106 may distribute electrical power to data center

nodul es 102. suBpbeair ppeitingrbiulekectig! medplereirs girtoprgiaa A dedmkaritair outlet
di stribution 3p4anel 124 and uninterrupti bl e power supply (UPS) 126. Although
only one UPSllS shown in FIG 4, an electrical nodule may in sone

enbodi ment s o888 nor e EhRiiddPhdduty 16K arpldes five VRS Essidmsysesmh dB6.  Fire
enbodi ments, an electrical nodule for a npdul e conpufing system.may have no
UPS. Servi ceSURBEeSEEn SESIEMEPTOBIE D HEN SUPPEFSS KMot Fleem%frw P 1Yy 3R SPMFough

el ectrical H(]Ecﬁm%ﬁﬁg,e Tite %gél%sélig@ ) sg%@\%? é}sL Et![uﬁ)gﬁe{t@:d: a‘n BRI WrthoHBcBYBous e

all of the electrical’ gear socl at modul 'ar conputing system In
one enbodi nesuipprestientsyseal 186dntleddOén i Fidlide Srea stff@essanp uAlS, iR ceikSe at

550 k Weach, a gritical distri.bution el , in distribution panels, and
a mechani cal erﬂb%‘%”_inieB‘iﬁ_t UpBITEFIOn SY%G@?}??E_‘% rﬂ%",nﬁéﬁ?&stt?mcfgﬁagﬁ%r at
4801277Y vol {ae8 | QhéEﬁa'bQél'itn?éﬁt,tﬁer%?f&séiﬁn@ 18mCRnkBls JRHEE8n supply

[ 0052] Cool ing alir for conponents of ectrical nodule 106, 'including but
not |imted dioopening éBO ptirblagr gentrz Bidhphg cxit@ir owtlet 184 pritte shwprasgioni r

handl i ng nodul e 1 see FI GS. and 2). FElectri.Cc modul e 106 incl.udes
el ectri gal nﬁyﬁm?gﬁhﬂyymﬁ?lpa%‘ffbﬁi cﬁ%sel &cFagngst lffiaziléﬁe 1ﬁ§18tﬁcgﬁrl&ﬂ?°%“§a?r
openi ng 132, ,gpdeaxbt air outlet 134. [0053] El ectrical nodul e 106 includes

fire suppression system 136. Fire s&gﬁp_r ession systemprovides fire
suppr essi on 0864kl ect r Elssiricabtiuwidelel b inclndss packampbeswiling systeny 1 3% In one

| . uidelcL Ul irchicsor ne .
1361 not udesSHRo B 0B R PERb i ristef 1 FRTRES TR teapdrale ARBRERIERAC YT C™

suppr essi on pPSSEM 136Fi@. soupbieded en ngiudtiment 6 at &m feonitef ndadde denter. | n
one enbodi ment, fire suppression _systemcontrols danpers on su(%;fli fli r
openi ng 130, mpdtlar pompytinghevsiony Dhda camer mepplcal (2 wghudgs halg modyle 402A

Sopor eSO LA AR OB VALY BORGPRIEENS 8 iy o

backup cool i agipfadstogethdi3sh sited Support columns 139 are provided at the junction of half
module 102A and half module 102B. Half module 102A includes row 116A of
server racks 110A. Half module 102B includes row 116B of server racks 110B.
Rear aisle 140A is behind row 116A. Rear aisles 140 arc provided in the space
behind row 116A of server racks 110A and in the space behind row 116B of server
racks 110B. The coupling of half modules 102A and half modules 102B forms
joint aisle 142 between row 116A and row 116B. Support columns 137 may be
provided between racks.
[0056] During operation of modular computing system 100, air handling
module 104 (shown in FIG. 1) may supply air to data center module 102 through
supply openings 112. Air may flow from supply openings 112 into joint aisle 142.
Air from joint aisle 142 may pass through front 144 of server racks 110A and

10



enbodi ment, backup cooling system 138 includes an evaporative cooling
system [0055] FIG 5 illustrates an enbodi nent of a data center nodul e
for a nodwbaniiossgast i ng system Data center nodul e 102 ipatlusd@s/obebs nodul e
102A and hal f nodul e 102B. Hal f nodul es 102A and hal f nodul es 102B nmay be
coupl ed together on site. Support columms 139 are provided at the junction
of half nodule 102A a alf nodule 102B. Half .npdul e 102A.Lncl udes row
T16A of ser vRVEAAR iU P eh BTIPES SERE i SHYET PR 1188 BH Serler

racks 110B. RRR¢ 1 BB |:Rd ¥ edibthR 8BIVRFrdcRWMhEI G exfRedr devisdsest6ldtDbake 48
provided in the space behind row 116A of server racks 110A and in the space

behi nd row 1a68refr radesvid0Ar anskserieromeksTHE e o lip Fohe embodimndntysaiilaisiram2 A and
hal f nodul es_102B f ol isle.14 .
alt modul €s :;s?rqrrﬁig?}acggll E{)A%%eg n‘g;re Deieeen rRY¥[ %%géf%}agslég‘m&ﬁ%

Support col ums’ ovi ded ween racks. I Ng operation

of nodul ar ceaEAwWMIn®y Sieantifidg @bdulbahebuighgrotdubgenlidd 108howm icertiihG. 1)
may supply air to data center nodule 102 through, supply openjings 112. Air
may flow frofBeEPICisopRgRH g davieq htGisohites alpexitiagiiagm ofeoff By jregkst

ai sl e 142 may, pags LGN H{A0Gohfithedls AGULLILAGHE TAAARMe SETINEH racks

110B, pass over coirputer systens I n server rac
110B, and t heie eRiserveheadker MEYA fodcdésvek tacksghl X irhayaibe detidcésecdt§b6toonirback
148 of server racks 110A and server _racks 11 In sone enbodinents, exit

B.
air fromvarh g anqrle 194 105 venisd dieely tp ambdeif ai. s[recerigap emROdInGsy, | ear

ai sl es 140 nay: heqdrawiud MeRiadl loierd! i ng nodul e through return opening
114. In certaln enbodl nents, an exit air device 146 isolates air exiting

from one of H&BVEr racKervickOdccess setheefrontack serv@@Batk diDAhandasgrvemrackar

ai sl es 140. exanpl e, air,fromone qof server,ra 10A or server racks
1108 may be B B Bt i SRS atMT T doE 1 10a SEMUCHEBE 1 Pect 1y
to anmbi ent abfor JfRciSBEd AL 1 EHRAHH TBRESracRXi1DBahAy BE WSS hlABK lhBEsHdB88rs

| ouvers. [0057] Service access to the front of servers rack 110A and server

rack 110B malpe {theastaihenthodiments, srckmsdesssloatsonss beorrvidsioat bedh edsefaccess
to the back of servers rack 110A and server k 110B ;may, be through rack

hocess door s B S Rl sfore APR SoulBS oA L Srel S E B P o e
at bot h endsziphpdrh@ssriaak rows. For exanple, access doors coul d be provided

under each of return air openi ;%s 114. [0058]1n one enbodi nent, each half
modul e 102A BR88hal f niteneemboBmest, roeh half anadidn 1624 aed balfgeodulod02Ret

ong x 9T eet by g RSy RROLS, U AAYERENS) B Lihy R0BMRR, Hrpgks T @

hot row, col FoOw cont ai nnent arrangenen n I"e, e center

modul e has aheaphaiy ty holise2® fagkki a hot ome colbret cmnbdinnmeachrargelens dn
standard size rack, which can either he straight fromthe vendor or built
on site. |n BifecsaBBl: dbntdata seatqr modple hagra pppadty R€nlbhyragks- | Be9nfack,

Pt o0 T EUBLERhe, LD il CoE byl or it e ke
[ 0059] I n an thalvendoremtbuilaodaita beotecembatimlest, aretiudeXt iach 6k Woriadkbwi76 h
inch rack, such as may be available from Rittal. Each data center module may
have three points of egress, one per hot row and a third for the joint cold row.
[0059] In an embodiment, a data center module includes a 10kW rack with
a nominal usage range of 7.5-9.0 kW. The ambient temperature inside the data
center module may be raised to 95 degrees Fahrenheit at the intake side of the rack.
In one embodiment, the maximum load for the data center modules, electrical
module, and air handling modules does not exceed IMW.
[0060] In the embodiment illustrated in FIG. 5, the form and fit of half
module 102A and half module 102B are depicted as mirror images of one another.

For example, supply air opening 112 of half module 102A mirrors supply air
opening 112 relative to the dividing line between half module 102A and half

11



a nom nal usage range of 7.5-9.0 kW The anbient tenperature inside the
data center nodule nmay be raised to 95 degrees Fahrenheit at the intake
si de of twe 2nuaiss348n one enbodi ment, the maxi mum | oad f @CTiuseoidas@ogent er
nodul es, electrical nodule, and air handling nodul es does not exceed 1MW
[0060] In the enbodinment illustrated in FIG 5, the formand fit of half

nodul e 102A and hal f m)dul e 102B are de |ct [ i mages of one

anot her . Formgsulfpl0eB, sudptiy iy oppERe ﬂg %ﬁgamﬁg‘}ﬂ 1&8&[}‘?’@'9‘1%2‘%@54 Afors

supply air @%ﬂ#@g ?4% fgb@%\&g td?vﬁih% Hhy dhien! hAe hehyeanrRabid megul e
du 38 r

102A and hal B, and retu alr opening 114 of half nodul e 102A
mrrors retunndaler 08Bglidhgollrtthirn airatpewimgs d 14 beingi fartbiémigothithe dbedingdime hal f

dul e 102A and hal f dule 10 h of i i 14 i
o ther 11 onPRSUBRIYi T AEFARe! {han (S GBI oo DR e GO0 Frobbar
embodi ment s, , 1R& §rof dB:ARGhEH tho@ile R bBL (hSe Quch ﬂgﬁbﬂe cenfi QiratiBiflof demay be

the sanme, such that one configuration of the ‘hal f nodul e can be used
i nter changealbﬂﬁ/quum temebe pes mitawha(nghézly iiw cither pasitingy (thifeis] et either 1ihi?ght

pact ng as. rERAARA} Fabpel o acth e PR SBenty A pehifept i Farde Rl

ducting provigdemel & AthrmNAR dpeRthemPiH| WRht RithBlet Klapter Hlotes | MVt dwingnd
renmoval at the appropriate Iocatl ons in the data center npdule (for

exanmpl e, suchrovidad iai air jhendlingpriodyles goj teute aigifer dnserjorpped rerevdetithem rear
ai sl es 140 as_desecri above),, 1 E ) 0 nt of
an air handlefr% Qma&ﬁocapg??(:%ot ¥ d%? %%im Ja%oéi% ldo&’ cgi(r é?émﬁr@hﬁtg%dfqﬁ%

nodul e 104 igqighliees joanaisle 042 éﬂ%ﬁs;mb%d fiout Rktlgisi n4¢ antisscli6ed aﬁscexemrn air
vents 162, return air danper. 163, filters 164, and coil 166. VFDS nfle may
be coupl ed ti806khs 120F1@/Fﬁ)§11¥¥lat‘?§a?n Enbagimertdok an fic badlng Bpdilenioror use
in controlli S e r 104

i ncl udes a sélbg)é]%’g% da&gger%tépmgaﬁe p%)i %H%ir;ﬁ & r&ﬁgl 4llﬁ§%ﬁ§édl?ﬁgéﬁqdvh%y have
a slight sl artl, oatsptecsie péntyaber refuro mirsteatsdl 629 ranrrt fiedampsr 163, dfdterat@d i n

FIG 3, each hal f. rodul e _104A or 104B ma have osi tioned

al ongsi de orfddahodk H - VAP 41 max |°H5p aélséh\aﬁz}fﬁgﬂjﬁufné Y gy OupStever
have any numBey .G %p&b&%%ls@s}?c&{u&lﬁﬁ@ fmJSQ%ZIMﬂenan@&ﬁﬁﬁht QhctPhira

nodul ar conputing sys fans draw air fromoutside air vénts 160,
return air Jemtlsing62oduwe 184 donlodesatisomele hmteoffarandThhrrouﬁhOﬁ iafrt kanglling4, and
force the air iinto 168. oWs fr 8 thrqugh supply
vent 170. N’POﬁd?SW@%BW B\YSﬁ’tSl'#ﬁbSlﬁ’éts 19 HTRYS! é{vag% 501863 }ngn%ta&e “cOtpl ed
to air handllﬂlﬂ%if@&“&heFﬂ@AfS leAcio N1 e RRIdid B 05 A 6pl1lo4366nd she@pledfdng a
chilled water |oop. Chilled water passi ng through coil 6 may cool air
before it emcs:tmmﬂalwalec@ﬂ aothasduhe am hanghiag e léwadnﬁlfern@dulédmy,lae i's
coupled to atﬁf’ W?[{ter sug § | n c rta rrtbfodénents ai r handl i ng nodul e
104 may i nclHIEVeEMaER 2 %?" g ¢S con Ahi cal> cool i ng system and/ or an
evaporative [@062] ng syphfify opmlaﬂbié@mwewpusa@mt@ﬁpﬁﬁg1{2@&&&@ BG 7

illustrates an enbodi nent of an air handling nodul e for cooling
el ectrical nibel eutsidp raﬂhéimt‘ﬁllﬁﬁ FOUT il nefishéth domombination Tthﬁlﬁ’f)f jagd

general |y S:]tﬂ}ét%ilotél%rg kf@ﬁ a91d ﬁhre t?@%u g L‘q%gloﬁlr]@g\% fﬂ)ﬁ'pcl%fml?e'rr

handl i ng no awalir fromreturn air duct outsrde air
vents 182, orogathecudh sn@plwmrtt hGUQOfAH‘ doth fuppbe vaitrmaynpassdhanbeatalddter

causmgalrtobesup ied t hsuply |r uct 186, .in a na r..simlar
{0 that deschpida @helfd Weriathapdling nypRe { eﬁm@twﬁﬂﬂqgﬁm Ai r
handl i ng no I 1

Mechani cal S%Ho |er]%18t§sa;4§1?g%l %ge&l g?é?%ﬂd &ﬁﬂﬁsﬁggﬂl@ggﬁggﬂq%%&?%g uni t

192 i ncl udesaic bifose itOehtandhd dats cfeﬁﬁ:r Iﬁhnhﬂenslmgmjhnrtembﬁlmyt belldpﬁérlat ed on
an as-needed basi s to rovi de ag,eq ate coolin n eI ecbﬁfﬁ?ﬁ rrﬁ‘g ﬁ %
during vari o8P VT PP ﬁ’a@ﬁ‘sﬁ@?b nig; e 'ij & ent ed
through venty, g%lchﬁier opﬁggbﬁ;ﬂgd D AULEchhAR Al BEIHEESsRIATBASR AHERIpatidE T

i nt ake danper I'n ‘one énbodi ment, air handling nodul e 108
i ncl udes 3 ﬂawhngzyﬁ@m.nass air evacuation during the UPS charging cycle
and a single fan to control basic nodul e tenperature.
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[ 0065] Cool i ng conponents in air handling nodul es 104 and nay be coupled to
a control system |In sone enbodi nents, a separate control systemis

provi ded wonotinssaBectri cal nodul e and a separat e cont r BCTARIM1O050488

provi ded for each of the data center nodul es. Each control system nmay
measure conditions such as tenperature, pressure, flowrate, and humdity
for the data center nodul e, and adjust cooling system paraneter B{O t hat
data center 8631 e, suEHiad iflusiraiprean emhodingei @ anr?é%%é‘%fﬁ%l m@% eilg?é based

on the neas Ul & Condiléeééﬁgai mé)cﬂﬂé) n%ig ﬂ%gﬁh&%hdulggh?pf)e LNRndikdctdandhd /9

sub-syst ens and eRi T wat'er Sub-systens~at a datd center are controlled
Wi th a commogenesliyr @hilentd that of airfendind adidubsst K)4. s dizas 426 ofont holdliegs are

provi ded for each air handling sub-system and i1l ed water suh.systens, or
for a subsetmgfulgnd8amay rdaﬁwqm&oghbét%%%?@%ﬁg%?m@#ﬂ%&e%ﬁéi ora

sub-systens. . [evi ces %h’ér JeT %ﬁlgﬁ%é A @ F@Mﬁﬁ&”ﬁsﬁﬁ%ﬁﬂg lalred Mak@dplied

subsystens nmAy be controlle utomati ca manual |y, of a conbi nation
t her eof . [ 00H6high supplyaiindwett 86 imenmsnnea sooitdrrtolthaydssaiheid mbbvaiedatite theast

one programmhbl e | ogi.c . controller. The PLC.,may. anong,o0 r.thin gpen
and cl ose daii$er® f‘?fnaiéihﬁn‘ﬂ&’rgdmoﬁblenﬁgul e‘glrﬂﬁg\égn%ﬁ%?fg%%mﬁﬁosﬁnﬁﬁlgﬁ 4 rom
an operator foqchannelooihh §stht RUIMRHERLA e8bkRs 7Bk €90S impeRssary

§
for the preval?l ng operagi onal conditions. Alternatively, the PLC nay
nodul at e dangexisndieg weén 19211 | Gomjsesingnehif UPR yincludse gode 9 ok fans hfdul at e

airflow 006 dul ar computi nqg syst 100 _may. i 2 te t

nmeasur enent é%@@?gtlﬁlétt Mﬂlag ?P? ‘é%%‘g‘]r REAE S 8%1 égsﬁ}%%:ooﬁ%%% atleuate
Al ter nat i vel yoolihBain LRGSR IHG Rl 6B 06 WILERE Rlarid8Y nfikRes iofl ©peifition buloriieasdrot
limted to, resiStance tenperature detectors (RTDs) and any devi cfe t hat

facilitate ceuliairgedpustatiaynbayedied cthraveh vetel 98- For herdhipg anodule 0B ed
wat er thernocouple may be positian \é” I illed water subsystem 138 to
facilitate H@ﬁgﬁ??ﬁﬁmﬁl% télf(igtabrrné%g? gé{%ﬂ?l ed wat er upon di scharge from
a heat exchampgs} | n t heosnembodiadneid harglliah el ¢08 watwedes Befapgr2afur es
are controlled to within a desired_tenperature ran Sui t abl e

€. 0 et point.
set points omassmpescheijomduringthe SRS depsng fudle and gé’c’\ﬁi@eﬁni‘f’ B%‘&F%lé’?s‘éel si us

(© and 28 dﬁ%ﬁ%%[ﬁﬁ&gﬁyg (C. [0068]In various enbodi nents, operation of
one or nore alr handiing nodul es of a cooling systemmay be controlled in

response to [@O6Spr nor €oelifglidongreenttoin eix ampidéingt medelont 08| kit mapy bee

programmed to swtch the air source for a Lr-handling sub-systemfrom
return air t%PWC’SWOO%C%WOI\/%H%Iﬁmopi‘?5?‘“%?@’%?‘188‘3?’&?ﬁ 8%9*&%&%’ S dre
met, such as {oggﬁﬁ(rﬁ} %eeel%@@icﬁgﬁﬁggﬂeyand 4 QOOR4te | AnBBIMByBIHR Q8lipFBRAYS fi T

handl i ng modl and air ' ng nodul’e 108 operate only in free
cool i ng nodegacand the datsf cémyar mntulemol Eagh centrd exysteimmey Heasarehodidiiss | one

or both of air_handling nodules 104 and air,  handli ule 108 per at e
inwth refr?‘&@@éﬁ?‘“@%‘%ﬁ%@?”?ﬁ’é%%é’? f e’lagéal}%ﬁgy&%'ﬁg%%{arcee erﬁltljngr]na("cji‘?’ty and
heat. In song,£ubodi B8 sydtdm Hanmhdtdd PdEAegatd QénRRdnédule, hawH dsnfannodul e
108 may use evaporative cooling (either selectively or continuously during

operation). §@8d03it noworemestsotaheenlingdfased ppdhe Mcaswrp GEPHYORY stl8ANesone

erbod ment s, SHORIHEG AP FRbeming EEES R WndiEIRANET s JeRE A

ot her enbodi agRAtEnteh Qe ¢BHIrolMBACHIRSa BBYINTMDL cdittrd asiie nad otheg etdbediménts,
sinmply be stacked or positioned next to one another. In sone en%oﬁlig{nant S,
adj oi ni ng noskpatate wapirelierd e PEPYided der erdnalt handlipg syb-syslems angyicpyledy,
keys. In certain enbodinents. qn QQEF] I VP8 01009 s TR @Rilleg two
adj oi ni ng haWP{eﬁﬁaﬁggsg‘%rgEﬁa@r forr]%] %&g&sea Qgﬁ{akrlrent élgsucﬁ@t atS a seal 1Is

aut omat i cal | wapmdabhettamen Dhdcadinoiinihagdléle mentystaseand hilledreatcoagh-ed t o
one anot her. S .
systems may be controlled automatically, manually, or a combination thereof.
[6066] In certain embodiments, a control system includes at least one
programmable logic controller. The PLC may, among other things, open and close
dampers in air handling modules based upon command signals from an operator to

channel air flow through a data center module as necessary for the prevailing
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WO 2011/ 038348PCT/ US2010/ 050408 [0071] I n sone enbodi nents, interface
features of adjoi ning nodul es of a nodul ar conputing system are arranged
such t hatwel2ecta3gzal and/ or cooling air connections arepramtuscebiosabs y made
when the nodul es are coupl ed together. For exanple, when air handling
nodul e 104 shown in FIG 6 is coupled to data center nodule 102 shown in
FIG 5, a supply.air opening 170 in, each of_gir handling half dul es 104A
and 1048 oy ORTHNa CRBIHIEEHo AHSTEAEEHHI P AL FHEPRGUIRE RPN P hat o

center half ﬁﬁgrﬂfﬁﬁaég elﬁ@l@séc?&:@iticﬁﬂ%?n&dﬁla‘ﬂééﬁrﬂ&&._ openi ng 162 in each of

air handling no s 104A and 104B may align wth a correspondi ng
return air off@ihg 114 Maoeduare ofmplding cemstesr HAA0f mapdulmedude0 2maetataig2B.

Simlarly, when air handlin dule 10 h in.,FIG 7 i | ed
oot il oul nBReTEReR i T e nbadiett e memhe Rl catE sty
handl i ng modyleeeMR8rAiT¥ MRbadfertrt SRR lidcIald, nRaRé Mot 1idfdfl oehegitindal

modul e 106, and return air opening 180 of air handling nodule 108 may align
with return mimpeoperi dejectdz (BT1) god ranyadevinsdiiie fard@ateTeneding mpgtatign as

conputing systeml may bhe ready to rate n it -handl. .

rodul es 104 SFEPRSUAFEIL: 55t RERRHIe, S BRI IR Bl Rl BSR4, |
handl i ng noduiBinl @8illes vweRetphigdydtomel Biy irdltatodedsridd 6, tetipdralecsf ikeal
connections made between el ectrical nmodule 108 and data center nodul es 102,

wi t hout the shiled wetdrygenidischenge fwnadett sxghenget.s In thsrons,eahpdineyesiiBen
nodul es. [ 0072 i S S . | QDML | system
may be spac e‘czll%ih%&(; nvfdgér%gelglﬁ%t%ﬂjégsg%ocﬁ Hggﬁ%%swﬁéﬂ?\%gggﬁg% gs ma%/ Ir%%en%de
wi th suitabl etgeatts Sutablduiet Boinel @Ciahg@ahay bb) dssonruaebodirkats, B&0Z8) 5| G 8
is an overhead view.illustrating an alter nato§ enbodi nent of an upper | evel
of a modul ar deBeRsUESIHYS §¥9taBMZS RGP h§ls8tsdnGlal one evaporative cool i ng.

Upper | evel ﬁﬁg%ncl Ud?@ \%}fgup%%&ﬁﬂerg%d%&?&ﬁ? Oggﬁllea(grr mandki H&lm%m e

214. Air han nodu may provi cooling air for a data center
nmodul e of t hmodeksl @ a coofing i sygtesy staymbe AiontroHed | in ngspardel te @l omagorer ovi de

i ir for,. | ectrical | f.th dul i ng. Al
Pandl | ng- mOCUTSIEES. | SarGE Ry B A OBEIRY 1 MEEFOORL e Aok Tt
handl i ng hal ;’OLHWHJredDZélg-@anMT% aangstand floal fetdMt €0 ShidRicaRiel wiich dWens i ng

hal f nmodul e 212B form common f1low chanber 215. Fans 120 may draw air
t hr ough r et umerapredepeninad chsditionndrs mps, sich as trompenguzlagd ymidity.onbi nat i on -

of both. Ar 2011/ 038348PCT/ US2010/ 050408. ma dr. t.hrough.filters
218 and evapg)rogﬁ ve 008‘? isﬂlaesexg_élifogﬂﬂlié& al]ég'amﬁﬁjén%f)g}%g%&a%ﬁnrﬁn g adraﬁ%ldé%l%ter
nodul e t hr ougldalPIRIgYoRkdte @RBNINBeel dlblink n6d, had Roohpdidie BbslinggisnBedani cal
cooling system may be provided instead of, or in addition to, evaporative

cool i ng syst bnpthenempodivapntsy ogeme hetbebipirdandling modulss 1@4tamdcanbardlmgdul es

102 and el ectri,cal dul e 104 i.ncl ude pervi-sor tro :
Acqui sition I(n§ A}@W o?peéétﬁ]ﬂi Vr‘{!(f:;[g ﬁgﬁ%gﬁngncio\égégt é’e{lr%g()%!\}é’) iocfalﬁgb%ﬁtﬁ
enbodi ment, gheensyhieityeasiieas hsorhe spdbdinenes, air Handliag moanbks diOdemnd

mechani cal systens (UPS, sw tchgear, for exanple) at a [ggul r interval and
sel f - adj ust s@ir | handlag Sopdrle s |48 angYc 5n GtVaRalellve HOOUPEr GEPfaselcediels tQent s,

t he system “@Aﬁtmﬁﬂﬁﬁgﬁ%ﬁghb&aﬁ@r@? system per sonnel .
[0070} In some embodiments of a modular computing system, some or all
of the modules may physically couple to one another. In certain embodiments,
modules may be fastened together, such as by bolts or pins. In other embodiments,
however, modules may not be fastened together, but simply be stacked or
positioned next to one another. In some embodiments, adjoining modules may
include aligning elements such as rails, pins, or keys. In certain embodiments, one
or both of two adjoining modules, or two adjoining half modules, may include seal
clements such that a seal is automatically made between the adjoining elements

when they are coupled to one another.
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[0075] I n an enbodi nent, electrical nodule and data center nodules in a
nmodul ar conputi ng system each include their own fire suppression system |f
a fire stwoteioszame of the data center nodul es, or anotrhemscavasisn®phi c
event occurs, or if any other problemcondition is detected in the data
center nodule, the control systemin that data center nodule nmay shut down
the data center nodul e. Shutting down the nodule may include, but is not
limted to, closing danpers on all airflow openings in the data nodule to
ext i ngui sh a[]d(h%g- The (2LeRE ThfiRkiDAY iftedAde FRGuEETRLMLHInG RoBURSHFar
nodul es in the dul ar “conputing systém may continue to operate while the
danage data sedukr condguliagisysteer meceﬂangm suehothed ebndlcabph@/oeatoolmg@mtal n

enbodi nents, el ectrical nDduI center dules i.nc
FM appr oved FR¥GFARISHHE WW“&% "’g’ﬁb Iwéiﬁﬂ%‘) esn‘?)tdtﬁogﬁ%ﬂfo% & For

FM appr oved. eytagl?,tﬁéuvﬂer?at%a@&m@%mwoﬂhM% TG CO PSP 0 Ycfih £ Baritsr

positioned in u as a certificed piece of equiprment (rather than a
per manent dvxaioldulegl,02fshnm>aarﬁj{}e)3 a buppdyp Az operiodiliferin sacheefcdir hamlling haffr i or

to shi pnent t certified.by a National n| zed
Testi ng Labo H%iaﬁ‘&t @Eﬁﬁ%’fﬁﬁﬂ’?g@oﬁg‘d‘é SERP ?Pend ﬂef tedand’ or
ETL-11isted. Aramdebaer ﬁ@zmaduta P2 848 1028 Fwﬁtdfb?&namnmhxﬁ)l@ﬁpdidhng
system may be ETL SEMKO, ETSI, or UL stanped In some odi nent s

havi ng a cer of firehandhing helf quwacw%@n@d&ﬁB oy saligm Wihng cPrSsadingn.  For
le, the_el ect. | t |
botween’ t ho. IPUASHS TR es AP b CehPERRE rdafics el g e6in one

nmodul e 106, Qimildi, Gaienast haisingfmadile adglishowiah FUG! 2 is Wipled to electrical
2011/ 038348PCT/ US 010/ 050408 cent er nodul es 102 added aft r the |lg| tjal

depl oyment . mognléul Mr shevyrpiit Fitg % pupriihafagpaniigs 1 §hos gire s'%e a
sel f-cont al nst%ﬁ Ii‘le\thshP%ih/hﬁr 68BRRE ixhYorlie 5tﬁ@éldm98ﬂle 6, Yhit NeRith YairMi NOT

utility and er =Connect géner a y require only
over - t he- coupp&iingd €80rof gir HaBflTnY inodsleni) ey dii gre mtith, reBomeirapening 02 ¢the
el ectrical conmponents included in ele rlcal nodul e 10 bed bove

with respectelte6m€§]u€%ﬁ’dﬁl§ 108 nt Erysu B9 mglﬁyﬁﬁefrbg 612\35\;3{ ‘Fté%f’) 8y be
provi ded on &5&1 Q%gn%%%ﬁh?ﬂ@ﬁgo@éﬁmgé F04 9rd SoblSEREIRN @ssHcAYE Wit

illustrating ne enbodi ment o ar conputing system data center
nmodul e wi t howdntar mepaent 62, edieharrdiimglmmrhdmll@é zd\mrdupﬂea}toc@mncalnm@@ﬂ@ﬁa 221

i ncl udes data center dul e .222 d.air nt er
odul e 322 1 e EeEHL PP GG 98 ARhe A P g s W apd SRl ERE |
modul e 222A ghduhal fOZTD\QHh&JtZ%gBnée'ilctd“i'ﬁ‘stzilﬁciﬁtef&ﬁﬁé&ﬂlg%tg2ﬁ)r afnple,

di stribution panel 228. Distribution panel may include breaker 230. Dat a

cent er nodul bet®2gn modubes. el ectrically coupled to source power. In certain

enbodi nent s, S is provided at.a serversl eve t nts, a
UPS may be o[‘r‘ﬁ#ﬁd al t esf’ﬁ’éererps% n%bd{ﬁ?dél}esc?)rrﬁultn %géf/:s @uﬁH?%gE; In the
enbodi ment s jakUsd §gtced fiotn bh&Rnother.2,Cotdctionsdrtwedeniodnlcsnoay &8 malz and
el ectrical nodule 106 of nodul ar conputing system 100 are positioned in

line with onwithroitalle ducts, esmduits, elgstinaheahles, PAswester | data center m)dul es
may be ar ranﬁﬁﬁsLn di T fgEeRt gﬁ%%e%fead"vfeﬁﬁ {raﬁr?%%ﬁ]glt?ng&téﬁml

For exanpl e | ectrical I"'e“may be sa ween two data cent er

modul es. As aﬂ@pb@ﬂeemmt ehodahr ebﬁ@nnng aystemdutiadimystirel-slone evaysheativey
three or nore nodul es (on all_ four_ sjdes,_ or _on thﬁ ﬁ?e (&rth and east
sides, for esetpize) Unpsr devel 210 wehusigs ménhandlingamadplsy 2 e apd G H’& ween

an e ectri cal i £, a0, Rafifihf AEALET 1T BrovRle %gtp HEG: fora dld ecmignt er

nodul es. [ 00 10 ‘1T es one e ovi di ng conput er
resour ces i nedoddlensf the mmdimllzarcommpng ispgemy sAie imndling2B0dula 2d#treay provide

provi di ng conputing.r sourc Wi a r c ti St em sel.ect ed.

In some embo8PRHEH &I Brsit &' C%“Q%L QI‘E"gDo?LiJ f cﬁt‘)ggﬁi ﬂ"}’d’%{ !f‘%%dl fMnts, a

site is an i Raofing ARANILCD12 SHFHrmAK HoRd GF Baii¥ngRUS fnodule 212A and air
handling half module 212B.  Air handling half module 212A and air handling half
module 212B form common flow chamber 215. Fans 120 may draw air through

return air opening 162, outside air opening 216, or a combination of both.  Air

15



[ 0080] At 252, conputing capacity needed for a data center is determ ned. At
254, a quantity of data center nodules for a conputing systemis determ ned
from t he wequiwvmsBsgonputi ng capacity. WD 2011/ 038348PCPLUER010/080E08108

[ 0081] At 256, nodul es are shipped to the site. The nodul es nmay include data
center nodul es, electrical nodules, and air handling nodul es. Each nodul e

or portion of a nodule (suc s hal dul e 102A) be tr orfed
separatel y, WFE P E2BR fgl‘%’@ -@qg?ﬂé@?ﬁq&gﬁﬁ%ﬁg@?&@ﬁ{%{l azggﬁﬂ(%gl,enor
portions of pRdi 6o &if Bhkr [AOIIIE LM ts@?% lbACBhdRy 1FUCh 86 carthiact ory,
and transported to a data center site at another location. In certain

enbodi ment s, ethboedirents, al mechansairecopling isysismofmayhlee poeiilesks ifstrada0fe @pat i ng

system may be, assepbl ed at.the data cen site. For exanple, the two
hal ves of da"[‘déﬁE‘érh OeFV%PSG%HVSé:ORg{}gB%S% égp'ed together at a site, racks may

be install edigongp dat apceRbfy oMtddifentd! c4RO0lfNGatS YEEn@Ts mosule 862 famds or
evaporative coolers, may be installed in an air handling nodule. in sone

tenb?gi ne_r]:s,elteﬁeicaﬂomﬂdel dod lim@d@ér@i&ll@ﬁ‘fi?ﬂfyoﬁoﬂ%dsﬁﬁ neAe SCqEREoRodul es
o] e site. , e u ti t
provi de com“ﬁ%@%@%&@%gﬁa@aﬁ%@yﬁéﬁg fét?%smg?ﬁfl%%’g , é)g%}ﬁ)%%ti ﬁ‘& needs

at a data cegfstim HRsheaISEaSGsbrathic @b6the dfldnd boRalmethanicalssysaynsh@/Ps,

transported and installed at_the site based on the reassessnent. onme
enbodi nent s, switehgsrr, for exarapke) @it Beulws duteael snd ugty) aIiEE t@? iséif’rrbé

rodul ar oMUt g e S ﬁf{gﬂﬁgﬁ%’a@%ﬁgkﬁtk,oﬂl% st bAICARbREGARGUl es

and an el ectriCca I'e”"I'n r uting systemare nonitoréed. At
264, one of gateasysenimirsomddll es is shut down in response to a warning of a
fire in the data center nodule. At 266, a fir

is renoved af¥®7Pbpl aced? apEMPodiRER e%ﬁfaﬁplegmg}lﬁgqn g‘ﬁag?l g?‘ﬁ% %%Htaleeé gt‘ﬁn'légglje
rocul T CEBMHI SohPRESSE NEh e i demosy dekaycontar il < 1
conpri sing: fire starts in oneooktherdatmcentetanadden tog anpihet catestraphpyr Pwinhgeons or
mor e rack- mgrnllfemdly %t liljtrc?brler%ycsoglgﬁa;n is detected in the data center module, the control
system in that data center module may shut down the data center module. Shutting
down the module may include, but is not limited to, closing dampers on all airflow
openings in the data module to extinguish a fire. The electrical module and the
remaining data center modules in the modular computing system may continue to
operate while the damage data center module is serviced, or removed and replaced.

In certain embodiments, electrical module and data center modules may include

FM-approved insulation.  In certain embodiments, a module may be FM-
approved.
[0076] In some embodiments, a modular computing system is positioned in

situ as a certified piece of equipment (rather than a permanent dwelling, for
example). In some embodiments, each module, prior to shipment to the site, may
be pre-certified by a Nationally Recognized Testing Laboratory. In certain
embodiments, modules may be UL-listed and/or ETL-listed. @A modular
computing system, or portions a modular computing system may be ETL SEMKO,
CFE/ ETSL, or UL stamped. In some embodiments, having a certified unit will
reduce the scope of a building inspection. For example, the electrical inspector
may only inspect the cable connections between the transformer/generator and the

external panel on electrical module 106, or the connections of any additional data
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one or nore electrical nodules coupled to at | east one of the one or nore
data center nodul es and configured to provide electrical power to at |east
one of thwoconpIsaB systens in the one or nore data centemr/useaulossyps and
one or nore air handling nodul es coupled to at | east one of the data center
Irmdul esi/\ov\,gere}n at | east one of the air handling nodul es conprises at

east 011/ 038348PCT/ US2010/ 050408 .one, f.an, wherein the at | east one

ai r handl i ngearisdumedyles d871addad edier ohe igirhdcRlPymey- o Medliar SOBRUEAB Ut er

systemin atg sféﬁ‘?%n@??h@ é}# QgF%aEﬁbsgi%&'is BRI Bf.cohBORA] GFsadta ewrh Tihe

nodul ar conputing system use 1, wherein the nodul ar conputing system
i s confi gur echphbiliopef asysid dephuyy twitin oebyt minval utdisy land fitey spemctibongehichause

3. The nmodul ar conputing system of clause 1,. wherein at | east one of the one
or nore air AN yﬁﬁq'ﬁged?fiﬁ@éw%&&'%%?mul e configured to free cool at
| east one of [dﬂ'??]ndata GERbRE é}REE{:‘li&%nééﬂ 56QHtorafl] XtRE N ctEad| dongpoystsem

[0087] O ause 4. The nodul ar conput i n% system of clause 1, wherein at |east
one of the omeluded nipr elegiricah ameflul d Ogodescabed aibpre swith gespeehde Gheh @i |

configured to.couple in fluid communi.cation Wth _ an r | i system
such that fluHgte BH@F%"“@&%‘PH@ 5 @%ﬁcﬁﬁ% %V%gerﬁr%gﬁg%éﬁc&r%&ﬁg@e%ﬂ r)c/)ugh
the at |east,gagesOFIG I PisCOQheatic dihghdif idistlatias bno BRbAdImdAaDHL mgiubmdul e.

[0088] A ause 5. The nodul ar conputing system of clause 1, wherejin at | east
one of the osmmprtingpsesternr dﬁan@ﬁlﬂﬁgﬂmﬁélﬁ edthoyt fp sARB#CopletiBigalom -or

more of the %td%la? %Qﬁl%ﬁtixqg g)lfgte%ﬁ 221 includes data center module 222 and air handling
module 224. Data center module 222 includes half module 222A and half module
222B.  Each of half module 222A and half module 222B include rack-mounted
UPS 226, and distribution pancl 228. Distribution panel may include breaker 230.
Data center module 222 may be electrically coupled to source power. In certain
embodimeﬁts, a UPS is provided at a server-level. In certain embodiments, a UPS
may be omitted altogether from a modular computing system.
[0078] In the embodiments illustrated in FIGS. 1, 2, and 3, data center
modules 102 and electrical module 106 of modular computing system 100 are
positioned in line with one another._ In other embodiments, however, data center
modules may be arranged in different ways with respect to the electrical module.
For example, an electrical module may be sandwiched between two data centef
modules. As another example, an electrical module may be surrounded by three or
more modules (on all four sides, or on the west, north, and east sides, for example).
In certain embodiments, space may be provided between an electrical module and
a data center module, or between two data center modules.
[0079] FIG. 10 illustrates one embodiment of providing computer
resources including a modular computing system. At 250, a site for providing
computing resources with a modular computing system is selected. In some
embodiments, a site is an outdoor location. In other embodiments, a site is an
indoor location, such as inside a warchouse.
[0080] At 252, computing capacity needed for a data center is determined.
At 254, a quantity of data center modules for a computing system is determined

from the required computing capacity.
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[ 0089] C ause 6. The nodul ar conputing system of clause 1, wherein at |east
one of the one or nore air handling nodul es conprises one or nore supply
ai r openiwQ0andsE8 | east one of the data center nodul epCTarspoiosssioone or
nore supply air. openings, wherein at | east one supply air opening of the at
| east one air handling nodule at |east partially aligns wwth at | east one
supply air opening of the at | east one data center nodule when the ajr

handH ng ][md[ﬂ(){Bﬁ] s _cou@lté’gf; mOﬂhl@;dfﬁt shippedt terthersidkil dhe sandnlesapay BGpRy air
can ow fro e ar n ng.. to t . ' h
| east partia&%@c thﬁﬁgg%ﬂﬁ%¥§“%ﬁP%§§§ﬁ?%5§$rF%%gﬁ%gﬁﬁﬁg%g?gﬁLg“ﬁ% u a? A

conputing Sysé@idhQff £hRdER GuchvaehalfMmadulé A83A) aiey bé tiahepoored sepamriy air
handl i ng nodul es conprises one or nore return air_openings and_ at | east one

3}1 the data swhtasoniowidmilennhn pems cpbedisrenip teodubisy PHPITPIGYRPAYSS,
erein at |east . r L1 [ 0 | & hr in
modul e at 1 60 s areT G BE pft oSSR, RO b oy SEFLRIEHE Lo AR 07
thet dat a ge{l&@ﬂerﬁﬁﬁﬂhﬁamﬁhﬂ Ideatian.r Thasedtaim gmiodinhents, shosawpt, eedl bo sbime dat a
center nodul e, such that return air can flow fromthe data center dule to
the air handP9THgNHEddhe MAdaleshior # cOBREINEySYSITR TR Pi%%?é@@&%?@? g?‘ia
openi ngs. 11/.0 9 .

Comput T ng sySTBm T clUhcarpis TR P RREVRT I CAl TSRS diaf uERoMpRy

el ectrical neguihes at @ siteyoveltd mayobtulivestal [ed0@2% Glagau sentdr Tivelubm durl eroling
conputing systemof clause , wherein at | east one of the.one or, nore data
center nodul BEEMRS. SPeh A% FA0S Oft FRPOTFHYHY §9 ¢4 G L28Y1 .ﬁ‘ﬁéaﬁ]]ergdﬁlaﬁra%g?fﬁ%’[“ﬁng

system of cl auggiel, iVReiELRbEdinlefRStheNEd0Es 4BHrOB& Gk PRLL tRdHiphaimdifi Ny
modul es is pre-fabricated. [0094] O ause 11. The nodul ar conputing system of

cl ause 1, whdwrenadules to the site. At 257, the modular computing system may be operated

to provide computing services for a data center.
10082] At 258, computing needs at a data center are reassessed. At 260,
additional modules may be transported and installed at the site based on the
reassessment. In some embodiments, one or more data center modules are added
to an existing modular computing system.
[0083] At 262, conditions of data center modules and an electrical module
in the modular computing system are monitored. At 264, one of data center
modules is shut down in response to a warning of a fire in the data center module.
At 266, a fire daniaged data center module is removed and replaced. Data center
modules other than the fire-damaged module may continue to operate while the
fire damaged data center module is replaced.
[0084}] Clause 1. A modular computing system for a data center,
comprising:

one or more data center modules comprising one or more rack-
mounted computer systems;

one or more electrical modules coupled to at least one of the one or
more data center modules and configured to provide electrical power to at least one
of the computer systems in the one or more data center modules; and

one or more air handling modules coupled to at least one of the data

center modules, wherein at least one of the air handling modules comprises at least

18



at | east one of the one or nore electrical nodules is pre-fabricated.

[ 0095] Cl ause 12. The nodul ar conputing system of clause 1, wherein at | east
one of thwoebaai3gisgal nodul es distributes electrical poRemT/USR0NNS0408 NOr €
of the data center nodul es. [0096] C ause 13. The nodul ar conputing system of
clau?eblz mheée}n at | east one of the data center nodul es conprises a
pre-fabricate irst nodul e portion and _a pre-fabricated second.nodul e
portion. [Ocurfenavkacmiberpidesssans éﬁr%@%ﬁuﬁlﬁlcorpﬂ%ulgﬂ%‘f WEdthé)ﬁ%Edi?lra%erei n

at | east onegy, @l (gﬁﬁe‘[%lé 1 LR A0 WaSBorcUTRAd 848 céntbd Mdliuld@t a center

nodul e portion and a s data center nodule portion coupled to one
anot her, whd0ess] each Gfaush2. fi r The datdnla eotputing dytempdrlduse lamderdie

second data podul e portion conprises | east _one r f aone or .e racks
having at | B8 MAgHLr COMBHERS S é?ﬁon%%ﬁﬁgﬁaogﬁ@ge ‘fgﬁlqlﬁ[@%waalrcgg%ﬁ%uti ng
system of clgysg 1, wherein at |east one of the data center nodul es

conpri ses: a first data center nodule portion conprising a

first row of[0P8@ks of Chwpuder sybeemstular computing systery of cd@ig lodthgreddnt er

nodul e porti conpri si a second row qf rack o] ter t X

wher ei n the_q?inlre%sitn%éet Q%E{EWO@F fodtite aﬂ%%@%lﬁlgaﬁla&{uﬁeé %ggolﬁ V%‘%{t‘?aﬁé@%%er
modul e por t i QRfiseRAith FrdeQobPhiedstjodk IV tikd Gdte chebre@duleh eviftions bn exterrad  t he
first data centér nodule portion and the second row of the second data

cent er nodul@opog sysem. [ 0099] O ause 16. The nodul ar conputing system of
clause 15, [0087] Clause 4. The modular computing system of clause 1, wherein

at least one of the one or more air handling modules comprises at least one coil
configured to couple in fluid communication with an external cooling system such
that fluid from the external cooling system can be circulated through the at least
one coil to cool air in the at least one air handling module.

[0088] Clause 5. The modular computing system of clause 1, wherein
at least one of the one or more air handling modules is mounted on top of one or
more of the data center modules.

[0089] Clause 6. The modular computing system of clause 1, wherein
at least one of the one or more air handling modules comprises one or more supply
air openings and at least one of the data center modules comprises one or more
supply air openings, whe.rein at least one supply air opening of the at least one air
handling module at least partially aligns with at least one supply air opening of the
at least one data center module when the air handling module is coupled to the data
center module, such that supply air can flow from the air handling module to the
data center module via the at least partially aligned supply air openings.

[0090] Clause 7. The modular computing system of clause 6, wherein
at least one of the one or more air handling modules comprises one or more return
air openings and at least one of the data center modules comprises one or more
return air openings, wherein at least one return air opening of the at least one air
handling module at least partially aligns with at least one return air opening of the
data center module when the air handling module is coupled to the data center
module, such that return air can flow from the data center module to the air

handling module via the at least partially aligned return air openings.
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wherein at |east one of the air handling nodules is configured to supply
air tothe joint aisle, wherein at |east one of the racks of the first row
of racks weonf3sg@red to receive air fromthe joint ai ece/tsepaonsndexhaust
air fromthe rack, and wherein at |east one of the racks of the second row
of racks is configured to receive air fromthe joint aisle and to exhaust

air fromthe rack. 10100] C ause . The dul ar co tin stem qf cl ause
16, wherein E‘pgﬂeast o_%gaué?gt he (ﬂ?rﬁ iﬁ?&lwglrgg%ﬁns c@%‘fﬁeg'ur"@lﬁ’r%
renove at le@t%%as@oﬂ@ﬁﬁ%@%n@%r e Q¥éthicAGnaddied KAMhetatieastiuene of the
racks. 101011C ause 18. The nodul ar conputing system of clause 16, wherein

at | east onej0092) he fi €ktuseldt a cdibeenodubatudompitingisystemnef ¢liusesle sdweciat a
center nodul e portion.conprises a,hot aisle, wherein.at ast one rack
adj acent to E_Etﬂgas gee ‘éﬁé‘?gg? 8T &5t ﬁi"’gﬁF%%ertIgog?lgﬁﬁé?ra"gabﬁcta{%%hto the hot

ai sl e, wherejopogf |eastinnre10f t MBedhsdtadngiginBrgstersof dagent, vgiered to
renove at |east a portion of the discharged air fromthe hot aisle.

[ 0102] O auseatigasThes offtialoas or meptirir handinstrapdules isipaerbdricategherein a first

of the data WOREET moabise Thnor drs LB R R0 R fusd FyiehgR O

nmodul es i's canédspbrest the ofit BPhbratiecttitalansdilentd ppnéateicatele data center
nodul es. [010350 ause 20. The nodul ar conputing system of clause 1, wherein

the first onl08%] t he aClawahdl i ndhsoeedwdy sanpuiggaysiem eflvec heVisrei8t one
of the data Gzﬁggés%n?ﬁg leee%c?lggal%%u?&f(ﬁ%gg%ge%t&cgﬁp@&ér BanRdl dngorpul es

is installe ove e second one. o ata center nodul es.
the data center modules.

[0096] Clause 13. The modular computing system of clause 1, wherein
at least one of the data center modules comprises a pre-fabricated first module
portion and a pre-fabricated second module portion.
[6097] Clause 14. The modular computing system of clause 1, wherein
at least one of the data center modules comprises a first data center module portion
and a second data center module portion coupled to one another, wherein each of
the first data center module portion and the second data module portion comprises
at least one row of one or more racks having at least one computer system.
[0098] Clause 15.  The modular computing system of clause 1, wherein
at least one of the data center modules comprises:

a first data center module portion comprising a first row of racks of
computer systems;

a second data center module portion comprising a second row of
racks of computer systems;

wherein the first data center module portion and the second data
center module portion combine to form a joint aisle between the first row of the
first data center module portion and the second row of the second data center
module portion.
[0099] Clause 16. The modular computing system of clause 15,
wherein at least one of the air handling modules is configured to supply air to the
joint aisle, wherein at least one of the racks of the first row of racks is configured

to receive air from the joint aisle and to exhaust air from the rack, and wherein at
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[0104] A ause 21. The nodul ar computing system of clause 1, further
conprising a separate cooling air control systemfor each of at |east two
of the dawvewani3exsnodul es, wherein each of the cool i ngpconiseal/osoiss ens i s
configured to control operation of at |east one of the air handling

nodul es. [0105] C ause 22. The nodul ar conputi ng system of clause 1, wherein

at least of the air handlin dul es, conpti ses.a hanj cal cool i system
[0106] O aus <33 oRe! BTk 06 BIpEEPRUIRY B BifkofS ETHIEh O TGRaY e 2 east
of the air hﬁ@i&ihﬂ&sl@%&&@éﬂ%%ﬂ%&ﬁ@ra&:‘k@poratiVe cooling system

[0107] A ause 24. The nodul ar conputing system of clause 1, wherein at | east

two of the ni®d00ks eacBlawep?i se Thef imelwarpsoowytiog systeremof walered nl Gt

| east two of the. fire suppression systens are .ndepe n her .
0208 O ause"BESH tidfast BBRPE IR L UTUTE ARG 1 GPRRENEER rihoE BRPLIL,
center mdugﬁorﬁgﬁbfﬂﬁ&ﬁ diSfrbeh A 144st She 6%k @fcksacks of conputer systens;
WO 2011/ 038348PCT/ US2010/ 050408 a second data center nodul e

portion conpllilélhg a sEbtwne1Bow diher aredlasi compylingr sEj@nert; clause 16,

wherein at least one of the first data center module portion and the second data
center module portion comprises a hot aisle, wherein at least one rack adjacent to
the hot aisle is configured to discharge air into the hot aisle, wherein at least one of
the air handling modules is configured to remove at least a portion of the
discharged air from the hot aisle.
[0102] Clause 19.  The modular computing system of clause 1, wherein
a first one of the air handling modules is configured to supply air to a first one of
the data center modules, wherein a second one of the air handling modules is
configured to supply air to a second one of the data center modules.
[0103] Clause 20. The modular computing system of clause 1, wherein
the first one of the air handling modules is installed above the first one of the data
center modules and the second one of the air handling modules is installed above
the second one of the data center modules.
[0104] Clause 21. The modular computing system of clause 1, further
comprising a separate cooling air control system for each of at least two of the data
center modules, wherein each of the cooling control systems is configured to
control operation of at least one of the air handling modules.
[0105] Clause 22, The modular computing system of clause 1, wherein
at least of the air handling modules comprises a mechanical cooling system.,
[0106] Clause 23. The modular computing system of clause 1, wherein
at least of the air handling modules comprises an evaporative cooling system.
[0107] Clause 24. The modular computing system of clause 1, wherein
at least two of the modules each comprise a fire suppression system, wherein at
least two of the fire suppression systems are independent of one another.
[0108] Clause 25. A data center module, comprising:

a first data center module portion comprising a first row of racks of

computer systems;
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wherein the first data center nodule portion and the second data center
nodul e portion conbine to forma conputing space when coupled to one

anot her. Ww020B)@BBm8se 26. The data center nodul e of cl aupeTaBombsr4es n t he
first data center nodule portion and the second conputing nodul e portion
are prefabricated. [0110] d ause 27. The data center nodul e of clause 25,

wherein the first data center dul e portion and the second co t.i

nodul e portion are pref‘a?ﬁ?‘?r@afl%g qRiG" if%‘%‘ﬁfr‘%ﬁaﬁb@a‘bqnép%% aosﬁgo%ﬁg(f‘kgg .
[0111] O auser@fs Jhontikér SeRkR! nmodul e of clause 25, wherein the conputing
space conprises a joint aisle between the first row of the first data

center nodul e portion wbdreithdhes Seshritdta oontef modulesperting amdt e sepenst daigdul e
ti . [0112]1C 29.The d . of i t
Ponst one. of Citid RS PO esthpe i PO ar e find] iS ARy Eoup i B B

air fromtheyighdt aisle and exhaust air fromthe rack, and wherein at
| east one of the racks of the second row of racks is confiqured to receive

air from thel0l8Pht ai sCéaugndbexhdibstdasg centepmadie o lause 2P Fhsreiis®e30. The
dat t | f. cl : . [.Si Al
5 o AL P L SR P9 5 8,

handl i ng no i‘gure coup Irst data
cent er nodul gbgesttd.on and the second data center nodul e portion, wherein

the one or nore air handling nodul es are configured_t rovi de cooling air
to at |east EH&0konput @llau§9§?em iihet gpda cqpter mp Ql]"él“'ifﬂgﬁ %51.‘%??@31%

center nodul I : el I Rincthsaak bohaadis Ree-
nodul es conp%sgg%tgézg#@fgfbgglle\r,&ﬁgnd??cﬁ{gherrsgg(ﬁde po tingn and Ea)osecorllrdﬂair
handl i ng nodfiabeicsed bhdinteohpigesblemtith @renatiet.her, wherein the at | east one

modul'e por /BT 1 h af FTgP6eRded Ty 44k BiebmPas Raiie i moare B8r i on.
computing space comprises a joint aisle between the first row of the first data
center module portion and the second row of the second data center module
portion.
[0112] Clause 29. The data center module of clause 25, wherein at least
one of the racks of the first row of racks is configured to receive air from the joint
aisle and exhaust air from the rack, and wherein at least one of the racks of ‘;he
second row of racks is configured to receive air from the joint aisle and exhaust air
from the rack.
[0113] | Clause 30.  The data center module of clause 25, further
comprising one or more air handling modules configured to couple to at least one
of the first data center module portion and the second data center module portion,
wherein the one or more air handling modules are configured to provide cooling air
to at least one computer system in the rack.
[0114] Clause 31. The data center module of clause 30, wherein at least
one of the air handling modules comprises a first air handling module portion and a
second air handling module portion coupled with one another, wherein the at least
one air handling module is configured to mix air provided by first air handling
module portion with air provided by the second air handling module portion.
[0115] Clause 32. The data center module of clause 31, wherein the at

least one air handling module is configured to supply the mixed air to a joint aisle
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[0115] A ause 32. The data center nodul e of clause 31, wherein the at |east
one air handling nodule is configured to supply the mxed air to a joint
ai sl e fowvomdiigsidee first data center nodul e portion amrdTiuseoiseswngl dat a
center nodul e portion. [0116] C ause 33. A nethod of providing conmputing
resources for a data center, conprising: posi tioning one or

nore pre-fabgicated data center nodul es conprisj one ,0r nore rack-nounted
conput er sys{"é‘ﬁfég’ﬁ’ tge %’ﬁtéi%?t ConRE rHafye é’@ﬁ{%ﬁnd the sCond data 8‘3&% ]f‘lﬁéu%ne or

more pre-fabgigaghed air handling nodul es conprising at |east one fan to at
| east one of the data center nodul es, wherein at |east one of the air
handl i ng nodi#lé6] i s coffdugeddd t & prashodief qooviding e¢mputingatespergst fone
conmput er sys one or. .nore of the data center nodul es; and

operating ata$%ééﬁer

o i¥B*'e one or nore pre-fabricated data center
nodul es at the site. [QdskidEhauste 34 TH6reMgirb9shrivhtddr @aididegitce OMYdulesy

resources of clause 33, wherein operating the data center nodul es at the
site conpri sexnprigirg 0ge oemore maskempunisd jqemmweTasystamal Engtendldihcedateo
free-cool one or nore conputer systenms in at |east one of the data center
nodul es. [Ofi ‘¢ ause 35. The method of provi di ng conputing resources of
clause 33, wherein postéiitigN@nkheromgorer piefbrieadl aby i leatitol datoguzent er
nodul es conpri ses:
comprising at least one fan to at least one of the data center modules, wherein at
least one of the air handling modules is configured to provide cooling air to at least
one computer system in one or more of the data center modules; and
operating at least onc of the one or more pre-fabricated data center
modules at the site.
[0117] Clause 34.  The method of providing computing resources of
clause 33, wherein operating the data center modules at the site comprises running
one or more fans in the air handling modules to free-cool one or more computer
systems in at least one of the data center modules.
[0118] Clause 35.  The method of providing computing resources of
clause 33, wherein positioning the one or more pre-fabricated data center modules
comprises:
scparately transporting a first data center module portion and a
second data center module portion to the site; and
coupling, at the site, the first data center module portion to the
second data center module portion to form a data center module.
[0119] Clause 36.  The method of providing computing resources of
clause 33, further comprising coupling one or more electrical modules to at least
one of the one or more data center modules, wherein at least one of the electrical
modules is configured to provide electrical power to at least one of the computer
systems in the one or more data center modules.
[0120] Clause 37. The method of providing computing resources of
clause 36, further comprising:

positioning at least additional data center module at the site;
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separately transporting a first data center nodule portion and a second
data center nodule portion to the site; and coupling, at the
site, thewDinsto3sE8a center nodul e portion to the secon@&cuatsaoioesises nodul e
portion to forma data center nodule. [0119] C ause 36. The net hod of
provi di ng conputing resources of clause 33, further conprising coupling one

or more el ectrical ”de)l.tﬁﬁig%gatg ask %ﬁﬁﬁiloﬂé‘lfdz&& cfe&%n% Hibicuh! 1deCarIBAR o ”E o

nodul es, wherein at |eas the electrica es I's confilgure
provi de el ecéle¢tciad] padwde at the aite;lamdst one of the conputer systens in the one

or nore data center nodul es. [0120] C ause 37. The nmet hod of proyiding
conmputi ng resources of OR§AL% 6?%FﬁﬂﬁﬁéﬁdgﬁﬁﬁrﬁgﬁﬁﬁﬁmEBQ@WFﬁhT &t | east

addi ti onal d@trllgf]cent er cipduhe at ThRem3iHoR; of lpr(fviding computin CAUBYIRY At

| east additi data center nodule to the at |east one el ectrical nodul e
at the site;clams 36, further comprisiogeejmrataly doneroHingl ceakitg eimdomaidedsi omatlatdat a
center nodule at the site. [.0121] C ause 38. The net hod of providing

comput i ng ré§@5?@%§ﬁﬁﬁfﬁF €36, further conprising separately controlling

cooling air foapapt | eagiak¥ggdat gneenbibd"DOYRIdiRE dMeminkeresbtbéL]dEl ause

39. The met hod of” providing conmputing resources of
clause 36, further comprising shutting down operation of one data center module in
operation at the site in response to a problem condition in the data center module
while maintaining operation of at least one other data center module at the site.
[0123] Clause 40. The method of providing computing resources of
clause 39, further comprising replacing the data center module that has been shut
down while maintaining operation of at least one other data center module at the
site.
[0124] Although the embodiments above have been described in
considerable detail, numerous variations and modifications will become apparent
to those skilled in the art once the above disclosure is fully appreciated. It is
intended that the following claims be interpreted to embrace all such variations and

modifications.
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cl ause 36, further conprising shutting down operation of one data center
nodul e in operation at the site in response to a problemcondition in the
dat a centwo 20mc3BE8Whi | e nai nt ai ni ng operation of at | east/use@oonsdies dat a
center nodule at the site. [0123] C ause 40. The net hod of providing
conputing resources of clause 39, further conprising replacing the data

center nodul séﬁ?gﬂ hut down whil e maintaining operation of at
| east one ot her d??cen er Irgn')dul e at the site. [0124] Al though the

enbodi nents above have been described in considerable detail, nunerous

vari ati ons and nodi fi(gﬁtti ons will beconme apparent to those skilled in the
art once t hel-abov® TapEEHFOmRting sysipmfong gata CPRICE $OMMISING: | nt ended t hat t he

foll owi ng clains 1 ret.e - such. variati ]

modi 1 cati one. vk} BRPAFGER @ AORIRG Sollpkishi Cho B it ORGAted
dat a cent er ,comgniberisystagrs; one or nore data center nodul es conprising
one or nore rack-nounted.conputer systens; ne or e electrical
modul es coupl ed t¥%¢T m@afs?lggtﬁéﬁowﬁﬁss Erples oy Eotian Qe ahe RARTEs and
confi gured toPEQHEOR0BLIRE bhA CBALARYE 0 bRovide LRESIaOPSWA! tol e £PWRNIET
systens in the one or nore data center nodul es; and one or nore air

handl i ng nodb¢ esmpuolgpbetertoinghe beast moredad ceriter Maddegender nodul es,
wherein at |east one of the air,handljng nodyl.es ri ses..at |east, one
fan, wherein t he GI° a8t BrBRRL TN ORI P LIRS LR il SRS M ovi de
air to at | aasduled)SvicPen Uk 86ast ¥hd 8MlcaidhahdRd! meBEle®Ltombasdladtac e Rher
nodul es. 2. The nodul ar conputing systemof claiml, wherein at |east one

of the one dennwherci thelahast ong aipbuidbinginodnleyemifigursidel psovidafirgaraéd t o

free cool at, | on f t a center es w thout an external
cool i ng sys tigaﬁs]?%ﬁé comgutgr syspe?n gn étqeas?oﬁe of ﬁg%%{a center modules.

2. The modular computing system of claim 1, wherein at least one of the one
or more air handling modules is a movable module configured to free cool at least

one of the data center modules without an external cooling system.

3. The modular computing system of claim 1, wherein at least one of the one
or more air handling modules comprises at least one coil configured to couple in
fluid communication with an external cooling system such that fluid from the
external cooling system can be circulated through therat least one coil to cool air in

the at least one air handling module.

4, The modular computing system of claim 1, wherein at Iecast one of the one
or more air handling modules comprises one or more supply air openings and at
least one of the data center modules comprises one or more supply air openings,
wherein at least one supply air opening of the at least one air handling module at
least partially aligns with at least one supply air opening of the at least one data
center module when the air handling module is coupled to the data center module,
such that supply air can flow from the air handling module to the data center

module via the at least partially aligned supply air openings.
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3. The nodul ar conputing systemof claiml, wherein at |east one of the one
or nore air handling nodul es conprises at |east one coil configured to
coupl e i rwDl2oiih3szamuni cation with an external cooling PgItusaiswsdios hat
fluid fromthe external cooling systemcan be circul ated through the at
| east one coil to cool air in the at |east one air handling nodule. 4. The

nmodul ar conputi ng st of claj.ml, wherein at l.east e of t or
nore air han§|ingTﬁ%Bﬁﬁ@%“€8ﬁ$PPE%§Y%ﬂ8‘ﬁf%ﬁ%ﬁ%‘@ﬁ%ﬂ??gﬁﬁﬁ‘8ﬁaﬂﬁ%§§%§nd at
| east one of cdri@ HBEMeE @BIPHsEDE HreS dA8 THRhies @Sodile pOftidiDne] &URpbnd dita
openi ngs, wherein at |east one supply air opening of the at |east one air

handl i ng ;rod%ﬂnéeran(l)dtéamrﬁ;@arepualeﬂyo ah¢ gnethes. tvhersin pedsel thadirs gt sentgrr
i t t he. ai | j dul
openi ng o %gﬁlg pdg@éﬁ a@d]&g?s%srzrcgndﬁ&%{% %godicﬁﬁed%rglp%%ﬁ?}ﬁ@s A ko ondlb ut-e

i s coupled ' a cen supply arr can Tl ow from

the air handbregg mpgUhéestiavidpeat dadstoeningutemguietm. vi a the at | east
partially aligned supply air openings. W 2011/038348PCT/US2010/ 050408 5.
The nodul ar conmputing systemof claim1, wherein at |east one of the data

center nodul @s CORRL |, 3a%0 cghtr?%ﬁne%gifs@erﬁ%@tc%mr?g?ﬂe?ﬂﬁ% Ida@ o\ i BRGON

data center fnodul € portion co 0 one anot erein eac t he
first data cemtemaedded @ngoists:on and t he second data nodul e portion
conprises at |east one row of one o%bnore racks.having#at | eas

conputer system &@aIstatangenietamMadyif BETHRE SORPEHEf2 %tiFﬁ“i,mLI\/\if?gEgiQf at

| east one ofmkﬂﬁngg%gwﬁggter modul es conpri ses: a first data center
nodul e portion conprising a first row of racks of conputer systens; a

second data cent ea sewohd! datap oeriteromodelepporiom gompssog Adsecond ofw 108 caks off
conput er systens; wherein the first data center nodul e portion and
the second dH3PHEWEE ™ odul e portion conbine to forma joint aisle between

the first row of {grcld tsd fifRtdeL 888l nidadid foioh tdndnthd Ncbhie dac@mterr ow of
t he second data center nodule portion. 7. A data center nodul e

conpri si ng: module partiar eqmbiae & Kent ejointpisle defyaenitnfiss rpwiod ithyliest fatast row
of racks of et rurtn%(riuiseygér%gg;and the second row of the second data center module

portion.

7. A data center module, comprising:

a first data center module portion comprising a first row of racks of
computer systems;

a second data center module portion comprising a second row of racks of
computer systems;

wherein the first data center module poi‘tion and the second data center

module portion combine to form a computing space when coupled to one another.

8. The data center module of claim 7, wherein the first data center module
portion and the second computing module portion are pre-fabricated and

interchangeable with one another.
9. The data center module of claim 7, wherein the computing space comprises

a joint aisle between the first row of the first data center module portion and the

second row of the second data center module portion.
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a second data center nodule portion conprising a second row of racks of
conput er systens; wherein the first data center nodule portion and

t he secomslodatizn3sxant er nodul e portion conbi ne to form arPcomsativng4epace
when coupled to one another. 8. The data center nodule of claim?7, wherein
the first data cent er nodul e portion and the second conputing nodul e
portion are i cated. and ereh b, h .. The
data center duI iﬁ fdc % 81?“&? \%tg f:ﬁ]%t]tglgﬂc%r?rtpx\{ %%Bﬁggge%%tgo%pﬁ%%?r a

joint aisle hgidNagnmbiged |cbﬁﬁgt[r@&\/t@fccﬁlb% td mtlcadabae Qﬁfrtherﬁrﬁbdhlﬂaecemﬂfrtl on
and the second row of the second data center nodul e portion.
2011/ 038348 PoPAWs2otrn3040be seepndriaa $anter deefud? PREIG: éfV}E’Fel‘éltht’ [Py or

L oot CorPhiord B sARISE nfffufes ek AfELAto TROMIES0BRAL ik ool xtegstgﬁgp' eto

at least one 0 center ule ron and the secon ata
cent er nodul eorpputtt 9Rtenhetheiratkt he one or nore air handling nodul es are
configured to provide cooling air to at | east one conputer systemin the
rack. 11. A nmethod of providing conmputing resources for a data center

t : t
comprising: ppsithaRLMed ORBrRAdiPEEmBhE: %ﬁ-@&t&@ge@ 2% chRAL &in

conprising one or nore rac ter systens at a site at t e data
center; coupbsiticniog enepr nmrcepmﬁbhaaﬂed dattedntai modaled lcomprimmguings
conpri si ng at | east one fan to at | east one data center nodul es,

wherein at | ¥HEPICIRECGIOVIRE SOMPPURL TIPS aﬁﬁaﬁt %tstﬂ? Qatt?&ﬁ?ﬁebur ed to provide

cooling air to at C(I)Lﬁﬂﬁ’l% SHAEOC AP LRS- (Y hRA i hRin2! mBBiIes Rbmiphigindadta
center nodul es; and operating at | east one of the one or nore

pre-fabricat bdstctatéam: tmateleastoaalo sheadats hentsi medules.2vherpia ardeasbaneef the

provi ding co resources of. claim1l,. wher elnoe t he d

enter modur B napd e RERHES Eseimelisd Pt ConB P REpCrt et iRl
handl i ng nmodyls@sn trPodd @QnERIUS tNEat EedtB BogElERWLHEr Systems in at |east one
of the data center nodules. 13. The met hod of provi dlgr% conmputin

resources of cl a| aparatingiideast anp ok thejapaion gnarh erofrbrisatedpta gspier 8at ed
data center ntqg s conpri ses: separately transporting a first data
center nodul & Ption and a second data center modul e portion to the site;
and

12. The method of providing computing resources of claim 11, wherein
operating the data center modules at the site comprises running one or more fans in
the air handling modules to free-cool one or more computer systems in at least one

of the data center modules.

13.  The method of providing computing resources of claim 11, wherein
positioning the one or more pre-fabricated data center modules comprises:
separately transporting a first data center module portion and a second data
center module portion to the site; and
coupling, at the site, the first data center module portion to the second data

center module portion to form a data center module.

14.  The method of providing computing resources of claim 11, further
comprising coupling one or more clectrical modules to at least one of the one or
more data center modules, wherein at least one of the electrical modules is
configured to provide electrical power to at least one of the computer systems in

the one or more data center modules.
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coupling, at the site, the first data center nodule portion to the second
data center nodule portion to forma data center nodule. 14. The nethod of
provi di ngvoanmutsgsag resources of claim 11, further conpPCIiusgoions@bg ng one
or nore electrical nodules to at |east one of the one or nore data center
nodul es, wherein at | east one of the electrical nodules is configured to
provide electrical power to at |east -one of the conputer systens in the one
or nore data center nodules. WD 2011/038348PCT/ US2010/ 050408 15. The net hod
of providi ngsconyItied ngethed ol pesvidingc bamputidy funirdesr of octpim sidgfurther
positioning at | east one additional data center nodule at the site;
coupl i ng at CEREB"Ehe additional data center nodule to the at |east one
el ectrical modul 6l AlR] oAAAREAIAISARFRLulEARC Gite addi ti onal
data center nodul'e at the site.

coupling at least one additional data center module to the at least one

electrical module at the site; and

operating the at least one additional data center module at the site.
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